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Abstract: In this paper we describe the synthesis and reactivity of the diphenyl-
phosphine derivatives [Au(C¢F5)(PPh,H)] and trans-[ Au(C4Fs),(PPh,H),]ClO,. Re-
actions of the latter or the neutral [Au(C.Fs);(PPh,H)] with the appropriate
Group 11 metal reagents (M = Au, Ag, Cu) in the presence of acetylacetonate afford

a series of novel Au™-M phosphido-bridged complexes, which have been scarcely
represented to date. The crystal structure of the tetranuclear [{Au(C4Fs),(u-
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PPh,),Ag},] and the dinuclear [ Au(C¢F;5);(u-PPh,)M(PPh;)] (M = Au, Ag) complexes
were established by X-ray diffraction methods. The synthesis and deprotonating
activity of the anionic gold(irr) complex PPN[Au(C4Fs)s(acac)] (PNN = [N(PPh;),]*)

was studied.

Introduction

One of the most important features in the chemistry of gold™!
is the tendency of the metal to display short contacts or
interactions in the solid state.!l These have been attributed to
correlation effects that are strengthened by relativistic effects,
which are in turn most marked in the case of gold(1).’! Apart
from its fundamental interest, this aurophilic attraction! may
play a role in the medical applications of gold compounds™ or
be associated with useful optical properties.®]

The most common strategy for the synthesis of polynuclear
complexes that can display gold—gold interactions is the use
of polydentate ligands.’*7) The formation of monoatomic
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bridges has also been useful to obtain polynuclear gold(l)
derivatives;® in the case of gold(ir), although some doubly
bridged [Au,R,(u-X),] (R=alkyl, aryl; X=Cl, Br, I, Nj,
NCO, NMe,, NHMe, SEt) species are known,”! only recently
have the first examples of [(AuR;),(#-X)] (X =monoatomic
bridging ligand) been reported.['”]

The chemistry of phosphido-bridged transition metals of
Groups 8—10 has experienced considerable development in
the last few years,''-*¥ whereas few corresponding investiga-
tions of Groupll metals have been reported since
[{AuPPh,},] was first prepared in 1976.1'4 Particularly in the
case of gold, very few metal(l) derivatives that contain
PR,H! or PR, ligands!'*!'%l are known. The chemistry of
gold(imn) is even less well represented: only the dinuclear
complex [Au,Me,(u-PPh,),]l" had been reported until we
started our research in this field.

We have recently reported the synthesis of the first gold (1)
complex that contains a secondary phosphine, and its utility as
a precursor for the preparation of unprecedented Au™-M
phosphides.'’l In the course of our investigations, we have
now succeeded in the synthesis of the diphenylphosphine gold
derivatives  [Au(C¢Fs)(PPh,H)] and trans-[Au(C¢Fs),-
(PPh,H),]ClO,. The latter gold(i) species has also proved
to be a good precursor for the preparation of novel Au™-M
phosphides, such as the set of tetranuclear complexes
[{Au(C¢Fs),(u-PPh,),M},] (M =Cu, Ag, Au), the trinuclear
PPN[{Au(C4Fs),(u-PPh,),},Cu] (PPN =[N(PPh;),]*), trans-
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Scheme 1. R=CgFs; i) 2[AuR(tht)]; ii) [AuR,(OEt,),]ClO,; iii) 2[AuR(tht)]+ 2 NBuy(acac); iv) 2[Au(acac)(PPh;)] or %[O(AuPPh;);]ClO,; v) PPN[Au-
(acac),], AgClO,+2PPN(acac) or [Cu(NCMe),]TfO+2PPN(acac); vi) ¥2[Cu(NCMe),]TfO+ 2 PPN(acac).

NBu,[Au(CsFs),{(u-PPhy) Au(CeFs)l,]  or  cis-[Au(CgFs),-
{(u-PPh,)Au(PPh;)},]Cl1O,, or the dinuclear [Au(C4Fs)s-
(u-PPh,)M(PPh;)] (M = Au, Ag).

Furthermore, we have been able to prepare the C-bonded
acetylacetonate gold(1) complex PPN[Au(C4Fs)s(acac)] in
order to study its ability as a deprotonating agent in the
synthesis of gold(itf) phosphides. To the best of our knowl-
edge, this is the first reported triarylalkylaurate(ii) deriva-
tive.[]

Results and Discussion

The diphenylphosphanylgold(l) complex [Au(C4Fs)(PPh,H)]
(1) was obtained by the displacement of the weakly coordi-

Abstract in Spanish: En el presente trabajo se describe la
sintesis 'y estudio de la reactividad de los difenilfosfino
derivados [Au(C4Fs)(PPh,H)] y trans-[Au(C4Fs),(PPh,H),J-
ClO,. El tratamiento de este iltimo o del derivado neutro
[Au(C4Fs);(PPh,H)] con los sustratos adecuados de metales
del grupo 11 en presencia del anion acetilacetonato conduce a
la obtencion de complejos mixtos Au"'-M con ligandos fosfuro
puente, que hasta la fecha se encuentran muy poco represen-
tados. Se han determinado por difraccion de rayos X las
estructuras  cristalinas de los derivados dinucleares
[Au(C4Fs)s(u-PPhy)M(PPh;)] (M=Au, Ag) y la del com-
puesto tetranuclear [Au(C4Fs),(u-PPh,),Ag],. Por ultimo, se
describe la sintesis del derivado anionico de oro(in)
PPN[Au(C4Fs)s(acac)], cuya actividad como agente despro-
tonante ha sido tambien estudiada.
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nated tetrahydrothiophene (tht) ligand from [Au(C¢Fs)(tht)]
when treated with the free phosphine in equimolecular
amounts (Scheme 1). Complex 1 is isolated as a moderately
air- and moisture-stable white solid that is soluble in chlo-
rinated solvents, diethyl ether and acetone, and is insoluble in
hexane. It is nonconducting in acetone solutions. Its IR
spectrum shows absorptions arising from the CyFs~ anion
bonded to a gold(i) centre.'™! In its mass spectrum (LSIMS™),
although the molecular peak does not appear, a peak
corresponding to the fragment [Au(PPh,H)]" is observed at
m/z 383 (50 %).

The 3'P{'H} NMR spectrum of 1 displays a singlet at 6 =
11.8 that is shifted to low field relative to the signal of the free
ligand at 0 =—40.3, and the YF NMR spectrum shows the
three typical resonances of pentafluorophenyl groups bonded
to gold()). Furthermore, the 'H NMR spectrum displays one
signal of the expected doublet at 0 = 6.31, while the second is
probably located in the same region as the aromatic protons.

When the free PPh,H ligand is added to a solution of
[Au(C¢F;5),(OEL,),]CIO, in a 2:1 molar ratio, the novel
derivative trans-[ Au(C4Fs),(PPh,H),]ClIO, (2) is obtained,
which is the second diphenylphosphanylgold(iin) complex
described to date. Complex 2 is an air- and moisture-stable
white solid at room temperature and is soluble in chlorinated
solvents and acetone, and insoluble in diethyl ether and
hexane. It behaves as a univalent electrolyte in acetone
solutions.

In its IR spectrum, in addition to the characteristic bands of
the perchlorate anion,l'”] there are three vibrations corre-
sponding to pentafluorophenyl groups bonded to gold(i) at
#=1511 (vs), 967 (vs) and 800 cm~! (s). This last signal
appears as unique narrow band, which is in accordance with a
trans disposition of the ligands.['®!
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This arrangement is also confirmed in its 3'P{H} NMR
spectrum: the singlet at 6 = — 8.6 is not broadened as in 1, in
which the phosphorus is located in a trans position to a
CFs group. Its YF NMR spectrum shows three resonances
from the ortho, meta and para fluorine atoms of pentafluo-
rophenyl groups bonded to gold() and in its 'H NMR
spectrum only one signal of the expected doublet is clearly
observed, while the second is probably masked by the
aromatic protons.

As mentioned above, our interest is focused not only on the
synthesis of new diphenylphosphine compounds, but also on
their utilisation as starting materials in the preparation of
phosphido-bridged gold species. Thus, the reaction of 2 with
[Au(C¢F;5)(tht)] and NBuy(acac) (1:2:2 molar ratio) or with
two equivalents of [Au(acac)(PPh;)] leads to the formation
of the trinuclear mixed Au-Au-Au' phosphides,
namely trans-NBu,[Au(C¢Fs),{(u-PPh,)Au(CsFs)},] (3) or
cis-[Au(C4F5),{(u-PPh,) Au(PPh;)},]CIO, (4) (Scheme 1).
Complex 4 can also be prepared from [O(AuPPh;);]ClO,
(3:2 molar ratio) instead of [Au(acac)(PPh;)] as the depro-
tonating/aurating agent.

Complexes 3 and 4 are obtained as stable white solids,
soluble in most common solvents, but insoluble in hexane;
compound 4 is also insoluble in diethyl ether. Both of them
behave as univalent electrolytes in acetone solutions and their
analytical and spectroscopic data are in accordance with the
proposed stoichiometries.

Their IR spectra, in addition to the NBu,* (3) or C1O,~ (4)
absorptions at 7 =880 (m, br) (3) or 1090 (vs, br) and 623 cm™!
(m) (4), show bands at 7= 1505 (vs), 964 (vs) and 788 (s) (3) or
1505 (vs), 962 (vs) and 794 cm™! (m, br) (4) assignable to the
pentafluorophenyl groups bonded to gold(im)."¥! The last of
the three bands seems to indicate a trans arrangement of the
ligands in the case of complex 3, while its appearance as a
broad absorption in complex 4 suggests a cis arrangement;
this implies a trans/cis isomerisation. A strong band at 7=
954 cm~!, which corresponds to C4Fs groups bonded to gold(y),
appears in the IR spectrum of 3.

The 3'P{'H} NMR of complex 3 shows a singlet at  =38.2,
while there is an AB system in the case of 4, in which the
signals corresponding to the phosphorus of the PPh, groups
are broadened because of their coupling with the fluorine
nuclei of C4Fs. Their 'H NMR spectra confirm the deproto-
nation of the secondary phosphine and the mass spectra
(LSIMS) of both complexes show the molecular ion at m/z
1629 (5%, 3) and 1819 (25%, 4).

In order to increase the nuclearity of the products, we
treated complex 2 with other starting materials that contain
Group 11 metals, such as PPN[Au(acac),] (1:1 molar ratio) or
PPN(acac) and AgClO, or [Cu(NCMe),]TfO (TfO = CF;SO;)
(1:2:1 molar ratio) (Scheme 1). These reactions afford the
new tetranuclear Au™-M! complexes [{Au(C4Fs),-
(u-PPh,),M},] {M = Au (5), Ag (6), Cu (7)} that have a central
eight-membered ring formed by four diphenylphosphide units
and four metallic atoms. Compounds 5-7 are isolated as pale
yellow solids that are air and moisture stable and soluble in
most common organic solvents, but insoluble in hexane. They
are nonconducting in acetone and their analytical and
spectroscopic data agree with the proposed stoichiometry.
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Their IR spectra show absorptions arising from the C4F;
groups bonded to gold(ii) at #=1505 (vs), 961 (vs) and
790 cm~! (m, br). This last band is split into two, which
suggests a cis arrangement of the C¢F5 groups and therefore a
trans/cis isomerisation, which is necessary for the formation of
the ring.

Their 3'P{'H} NMR spectra again display broadened signals
(because of the coupling with the fluorine atoms), shifted to
low field relative to the starting complex 2, as singlets at 6 =
35.5 and — 2.7 for complexes § and 7, respectively. In complex
6 the signal is split into two complicated multiplets because of
coupling of the phosphorus with the magnetically active '7Ag
and 'Ag isotopes of two silver centres. In their YF NMR
spectra we observe again the typical pattern of a unique type
of C4Fs group bonded to gold(1) and their '"H NMR spectra
only show resonances attributed to aromatic protons. None of
the molecular peaks are detected in the mass spectra;
however, several peaks corresponding to various fragments
are observed (see the Experimental Section).

Layering a chloroform solution of complex 6 with hexane
afforded crystals of the silver derivative which were suitable
for X-ray diffraction studies. The molecule of complex 6 is
shown in Figure 1, and selected bond lengths and angles are
given in Table 1. The complex crystallises with one molecule
of chloroform and half a molecule of hexane. It consists of an

Figure 1. Molecular structure of complex 6 with the atom numbering
scheme. Hydrogen atoms have been omitted for clarity. Radii are arbitrary.

Table 1. Selected bond lengths [A] and angles [°] for complex 6.

Aul—C11 2.073(9) Aul—Cl 2.078(9)
Aul—P1 2.368(2) Aul—P2 2.394(2)
Au2—C31 2.069(9) Au2—C21 2.091(8)
Au2-P3 2.375(2) Au2-P4 2.390(2)
Agl—P3 2.383(2) Agl—P1 2.386(2)
Agl-Ag2 2.9435(10) Ag2-P2 2.400(2)
Ag2-—P4 2.400(2)

Cl1-Aul-Cl 89.2(3) C11-Aul-P1 90.5(3)
Cl-Aul-P1 170.9(3) C11-Aul-P2 1773(3)
Cl-Aul-P2 91.4(2) P1-Aul-P2 89.29(8)
C31-Au2-C21 87.2(3) C31-Au2-P3 91.6(2)
C21-Au2-P3 175.1(3) C31-Au2-P4 177.1(3)
C21-Au2-P4 93.9(2) P3-Au2-P4 87.50(8)
P3-Agl-P1 173.02(9) P3-Agl-Ag2 84.05(6)
Pl-Agl-Ag2 90.65(6) P2-Ag2-P4 169.14(9)
P2-Ag2-Agl 92.13(6) P4-Ag2-Agl 96.59(6)
Aul-P1-Agl 105.03(9) Aul-P2-Ag2 119.12(10)
Au2-P3-Agl 108.47(9) Au2-P4-Ag2 115.92(10)
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eight-membered metallacycle with an alternating metal —li-
gand arrangement and a twisted chair conformation. There is
a Ag-Ag contact of 2.9435(10) A, which is presumably
weakly bonding, whereas the Ag— Au distances of 3.773—
4.133 A are too long to be considered significant interactions.
The Ag atoms are in a distorted linear environment (P4-Ag2-
P2 169.14(9) and P3-Agl-P1 173.02(9)°) that is probably
associated with the Ag— Ag contact. The gold(11) centres have
a very regular square-planar geometry with mean deviations
for the best plane of only 0.06 A and 0.03 A for Aul and Au2,
respectively. The Ag—P bond lengths are 2.383(2), 2.386(2)
and 2.400(2) A and compare well with those obtained in the
complex PPN[{Au(C4Fs);(u-PPh,)},Ag] (2.386(1) A),l7 which
also contains a Ag—phosphide bond. The Au—P bond lengths
lie in the range 2.368(2)-2.394(2) A; the shorter ones are
similar to those in the complexes PPN[{Au(CFs);-
(u-PPh,)1,M] (M = Au, Ag) (2.365(2) A) and the longer to
those in PPN[{Au(CFs)s},(u-PPhy)] (2.390(2) -
2.396(2) A).% The Au—C bond lengths of 2.069(9)—
2.091(8) A are similar to those found in other tris(pentafluoro-
phenyl) complexes. The phosphorus atoms of the phosphide
ligands have a very regular tetrahedral geometry, as expected
in the absence of short Au— Ag interactions.

When the reaction between 2 and [Cu(NCMe),]TfO in the
presence of PPN(acac) is carried out in a 2:1:4 molar ratio
instead of 1:1:2, the anionic trinuclear derivative
PPN[{Au(C4Fs),(u-PPh,),},Cu] (8) is obtained. Complex 8 is
isolated as a stable yellow solid that is soluble in chlorinated
solvents, acetone and diethyl ether, and insoluble in hexane. It
behaves as an univalent electrolyte in acetone solutions. Its IR
spectrum shows, in addition to the bands corresponding to the
pentafluorophenyl groups, a new absorption at ¥ =534 cm™!
attributed to PPh; groups of the cation.

The presence of the PPN is clearly confirmed in its *P{'H}
NMR spectrum, in which a sharp singlet appears at 6 =21.1.
The resonance of the four equivalent phosphorus atoms is
located at d = —6.9, which again appears as a broad singlet
because of the presence of C4Fs groups in the trans position.
The “F and '"H NMR spectra of 8 are similar to those of
complex 7, and show a unique type of C¢Fs and aromatic
protons, respectively.

Complexes 5-7 are related to those previously reported
compounds PPN[{Au(C¢Fs);(u-PPh,),M] (M = Au, Ag, Cu),
which were similarly prepared from [Au(C4Fs);(PPh,H)]
instead of 2 as the starting material.['’l We therefore tried to
synthesize new tris(pentafluorophenyl)gold(iii) phosphides
starting from [Au(C4Fs);(PPh,H)]. When this compound
was treated with equimolecular amounts of [Au(C¢Fs)(tht)]
and NBuy(acac) in dichloromethane, the dinuclear anionic
complex NBu,[Au(C¢Fs);(u-PPh,) Au(CyFs)] (9) was obtained
as a white solid (Scheme 2). Complex 9 behaves as a univalent
electrolyte in acetone.

The 3'P{'H} NMR spectrum of 9 displays a broad singlet at
0 =230.2; its '°F NMR spectrum shows three groups of signals
attributed to the ortho, para and meta fluorine nuclei. In its
'H NMR spectrum, only the resonances of the NBu,* and
aromatic protons are observed. The mass spectrum (LSIMS")
displays the molecular anion at m/z 1247 (25%), with an
experimental isotopic distribution in agreement with the
calculated distribution.

The reaction between equimolecular amounts of
[Au(C4Fs);(PPh,H)] and [Au(acac)(PPh;)] or [Ag(CF;SO;)-
(PPh;)] and NBuy(acac) gives the dinuclear derivatives
[Au(C¢Fs);(u-PPh,)M(PPhs)] {M=Au (10), Ag (11)}. They
are white solids that are air and moisture stable and non-
conducting in acetone solutions.

R R—Au/—PPh2
R—A({—PPh, R
nBu| &7 A 12 PPN Mo PeN | R—Ad—cl
PhP——AU—R
R
9 R
M = Au, Ag, Cu \%
ii
R R

R— A —PPhH

R—Au/—PPh2

M NBuy

R—A
PPN | o o

\

Ehz
R R
N

\PPh3 4 \R R/ R

M = Au (10), Ag (11)

Scheme 2. R = CyFs; i) [AuR(tht)]+ NBuy(acac); ii) [Au(acac)(PPh;)] or [Ag(TfO)(PPh;)]+ NBuy(acac); iii) 2PPN[Au(acac),], 2 AgClO,+ PPN(acac) or
12[Cu(NCMe),]TftO+PPN(acac); iv) [AuR;(tht)]+NBu,(acac); v) Tl(acac); vi) ¥2[ Au(PPh,H),|TfO; vii) [AuR;(PPh,H)]
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The 3'P{!H} NMR spectrum of 10 displays an AB system
centred at d =37.8, in which the signals that correspond to the
phosphorus of the diphenylphosphide (those located at higher
field) appear broadened once again. In the case of complex 11,
its 3'P{'H} NMR spectrum at room temperature displays very
broad signals; however, when the temperature is lowered to
223 K, an AB system can be recognised, with each signal split
into four because of the coupling of the phosphorus with the
07 Ag and “Ag nuclei. Their Y’F NMR spectra show the
pattern characteristic of tris(pentafluorophenyl) derivatives.
In their 'H NMR spectra, only resonances from aromatic
protons (and from hexane in solid 11) are observed.

Compounds 10 and 11 (Figures 2 and 3), in contrast to
PPN[{Au(CFs);(u-PPh,)},M]7 are not isotypic (10 crystal-
lises with disordered solvent, 11 solvent-free) and thus the
comparison of metal -ligand bond angles and lengths cannot
be so direct. Nevertheless, these are similar in both complexes
(Table 2) and compare well with the bond lengths found in
analogous compounds. The silver atom in 11 and the gold
centre bonded to the triphenylphosphine ligand in 10 exhibit

C62

Figure 2. Molecular structure of complex 10 with the atom numbering
scheme. Hydrogen atoms have been omitted for clarity. Radii are arbitrary.

Figure 3. Molecular structure of complex 11 with the atom numbering
scheme. Hydrogen atoms have been omitted for clarity. Radii are arbitrary.

4120
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Table 2. Selected bond lengths [A] and angles [°] for 10 and 11.

10 (M = Au) 11 (M=Ag)
Au—C21 2.055(6) 2.064(3)
Au—Cl11 2.068(6) 2.073(3)
Au—C31 2.074(6) 2.063(3)
Au—P1 2.3734(17) 2.3821(9)
M-P2 2.3025(17) 2.4112(10)
M-P1 2.3168(16) 2.4172(10)
C21-Au-Cl11 88.3(2) 87.74(13)
C21-Au-C31 175.6(2) 176.27(12)
C11-Au-C31 90.6(2) 89.89(12)
C21-Au-P1 89.71(17) 88.55(10)
C11-Au-P1 177.99(17) 175.22(9)
C31-Au-P1 91.37(17) 93.96(9)
P2-M-P1 174.23(6) 170.50(3)
M-P1-Aul 116.45(6) 115.42(4)

linear geometries with P2-M-P1 angles of 174.23(6)° (10) and
170.50(3)° (11). The coordination around the other gold atom
is square planar with a mean deviation of 0.05 (10) and 0.04 A
(11). In both complexes, the metal —metal distances are long,
Aul—Au2 3.988 in 10 and Ag—Au 4.057 A in 11. The Au—C
bond lengths, 2.055(6)-2.074(6) (10), 2.063(3)-2.073(3) A
(11), are similar to those found in PPN[{Au(C4Fs);-
(u-PPh,),M]" (M = Ag, Au: 2.052(5)-2.078(5) A) and also
to those found in other tris(pentafluorophenylgold(imr) deriv-
atives.?™22 The Au"-P bond lengths, 2.3734(17) (10),
23821(9) A (11), are of the same order as those in
PPN[{Au(C4Fs);(u-PPh,)}),M] (M= Ag, Au) (2.365 A in both
complexes) or in NBuy[{Au(C¢Fs);(Ph,CHPPh,)},Au]?!
(2.367(2) A). The Au'—P bond lengths in 10 (2.3025(17),
2.3168(16) A) compare well with those found in
PPN[{Au(C¢Fs);(u-PPh,)},Au] (2.319(2) A) or in PPN-
[Mn(CO),{(u-PPh,) Au(C.Fs)},]1  (2.313(2), 2.322(1) A).
Ag—P bond lengths in 11 (2.4112(10), 2.4171(10) A compare
well to that found in [Ag{P(CH,CH,CN);},|]NO,
(2.3832(9) A), which is linear at the silver atom.!

Differences between the two derivatives are found in the
crystal packing. The main difference is furnished by the
Ag--F contacts found in 11 (3.051-3.288 A). This type of
contact between silver centres and fluorine of pentafluoro-
phenyl rings has been widely studied and our values for 11
resemble some of the higher values described so far.?¥

The trinuclear derivatives PPN[{Au(C4Fs);(u-PPh,)},M]
(M=Cu, Ag, Au) were obtained!! by reaction of
[Au(C¢Fs);(PPh,H)] with the acetylacetonate derivative
PPN[Au(acac),], which is a good deprotonating agent.”] We
have prepared the acetylacetonate derivative of gold(im),
PPN[Au(CFs);(acac)] (12), by reaction of PPN[Au(C¢Fs);Cl]
with Tl(acac) (Scheme 2). Complex 12 is a white solid that is
soluble in most common organic solvents, but insoluble in
hexane. In acetone solutions it behaves as a univalent
electrolyte.

Its IR spectrum shows, in addition to the absorptions
corresponding to the C¢F;5 groups at 7 = 1505 (vs), 966 (vs) and
790 cm~! (s, br), the v(C=0) stretching bands of the C-bonded
acetylacetonate ligand at 1673 and 1664 cm~.12%1 The 3'P{'H}
and F NMR spectra display the resonances arising from the
PPN cation and the pentafluorophenyl groups, respectively,
while in its 'H NMR spectrum, apart from the signals

0947-6539/00/0622-4120 $ 17.50+.50/0 Chem. Eur. J. 2000, 6, No. 22



Heteropolynuclear Phosphide Complexes

4116-4123

attributed to the aromatic hydrogens, two singlets of the
acetylacetonate protons appear at d =4.22 and 2.09 with a
relative integration of 1:6. The molecular anion is detected in
its mass spectrum (ES-) at m/z 797 (10%), with an exper-
imental isotopic distribution and in accordance with that
calculated.

The crystal structure of compound 12 was studied by X-ray
diffraction; however, the results are rendered very imprecise
by severe disorder phenomena. In view of this, we do not
present full data; however, the acetylacetonate ligand is seen
to be bonded to the gold centre through the C3 atom.

The reaction between [Au(PPh,H),]TfO and 12 (1:2) leads
to the trinuclear complex PPN[{Au(C¢Fs);(u-PPh,)},Au].
Although the reaction of [Au(C4Fs);(PPh,H)] with
PPN[Au(acac),] takes place at room temperature, the use of
refluxing toluene and a longer time are required in this case
and the yield is lower. Similarly, treatment of 12 with
equimolecular amounts of [Au(C¢Fs);(PPh,H)] affords
PPN[{Au(C¢Fs);},(u-PPh,)], which can also be obtained by
reaction of [Au(C¢Fs);(PPh,H)], [Au(CFs);(tht)] and
NBu,(acac),!'® but under less mild conditions and in lower
yield. Finally, when 12 is treated with [Au(C4Fs)(PPh,H)] (1),
the trinuclear species PPN[{Au(CF;);(u-PPh,)},Au] is ob-
tained instead of complex 9.

Experimental Section

Instrumentation: IR spectra were recorded in the range 7 = 4000200 cm ™!
on a Perkin—Elmer FT-IR Spectrum 1000 spectrophotometer with Nujol
mulls between polyethylene sheets. Conductivities were measured in ~5 x
10~*M acetone solutions with a Jenway4010 conductimeter. C, H and N
analysis were carried out with a Perkin — Elmer240C microanalyser. Mass
spectra were recorded on a VG Autospec by means of LSIMS techniques in
a nitrobenzyl alcohol matrix, and on a HP 59987 A ELECTROSPRAY by
means of ES techniques. 'H, ’F and *'P{'H} NMR spectra were recorded on
a Bruker ARX 300 in CDCl; solutions. Chemical shifts are quoted relative
to SiMe, (H, external), CFCl; (F, external) and H;PO, (85%) (*'P{'H},
external).

Solvent and reagent pretreatment: Dichloromethane and hexane were
distilled from CaH, and diethyl ether from sodium, under nitrogen
atmosphere. Diphenylphosphine and AgClO, were purchased from
Aldrich. [Cu(NCMe),]TfO was prepared as described?” from triflic acid
instead of tetrafluoroboric acid. [Ag(TfO)(PPh;)] was obtained by reaction
of equimolecular amounts of [AgCIl(PPh;)]*! and AgTfO.

Caution! Perchlorate salts of organic cations may be explosive.

Synthesis of [Au(C:Fs)(PPh,H)] (1): PPh,H (hexane solution, 0.96M,
208 pL, 0.2 mmol) was added to a solution of [Au(C.Fs)(tht)]®! (0.090 g,
0.2 mmol) in dichloromethane (20 mL). After stirring for 1 h, the solvent
was partially removed and cold hexane was added to afford 1 as a white
solid (0.065 g). Yield: 59 %; 3'P{'H} NMR (CDCl;): 6 =11.8 (s); "F NMR
(CDCly): 6 = —116.4 (m, 2F; 0-F), —158.1 (1, %/(F,,F,,) = 20.0 Hz, 1 F; p-F),
—162.3 (m, 2F; m-F); '"H NMR (CDCLy): 6 =7.75-749 (m, 10H; Ph), 6.31
(1H; HPPh,); elemental analysis calcd (%) for C,sH;;AuFsP: C 39.30, H
2.00; found: C 40.20, H 2.25

Synthesis of trans-[ Au(C¢Fs),(PPh,H),]Cl0, (2): PPh,H (hexane solution,
0.96M, 208 uL, 0.2 mmol) was added to a freshly prepared solution of
[Au(C4F;s),(OEL,),]CIO, (0.078 g, 0.1 mmol) in diethyl ether (20 mL),
and a white solid immediately appeared. The reaction mixture was stirred
for 1 h and the solid filtered off (0.088 g). Yield: 88 %; MS (LSIMS™*): m/z
(%): 903 (15) [M]*; 3P{'H} NMR (CDCL): d=-8.6 (s); “F NMR
(CDCly): 6 = —120.1 (m, 4F; 0-F), —154.3 (t,°J(F,F,,) =19.9 Hz, 2F; p-F),
—158.7 (m, 4F; m-F); '"H NMR (CDCl;): 6 =8.11 (d, 'J(H,P) =463.1 Hz,
2H), 749-7.32 (m, 20H; Ph); elemental analysis calcd (%) for C;H,,Au-
CIF,,0,P,: C 43.10, H 2.20; found: C 43.00, H 2.60.
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Synthesis of trans-NBu,[Au(C¢Fs),{(u-PPh,) Au(C¢Fs)},] A3):
[Au(C4Fs)(tht)] (0.090 g, 0.2 mmol) and NBuy(acac)P! (0.068 g, 0.2 mmol)
were added to a solution of compound 2 (0.1 g, 0.1 mmol) in dichloro-
methane (20 mL). The solution was stirred for 1 h at room temperature and
concentrated to ~5 mL. Diethyl ether (20 mL) was added to afford 3 as a
white solid (0.039 g). Yield: 25%; *'P{'H} NMR (CDCl;): 6 =38.2 (s); “F
NMR (CDCL): 6 =—115.1 (m, 4F; o-F), —160.3 (t, *J(F,F,)=20.2 Hz,
2F; p-F), —161.7 (m, 4F; m-F), —120.0 (m, 4F; 0-F), — 161.6 (t, *J(F,,F,,) =
20.2 Hz, 2F; p-F), —163.8 (m, 4F; m-F); '"H NMR (CDCl,): 6 =7.57-7.04
(m, 20H; Ph), 3.1 (m, 8H; CH,), 1.6 (m, 8H; CH,), 1.4 (m, 8H; CH,), 1.0
(t, 12H; CH,); elemental analysis calcd (% ) for CgHssAusF, P,N: C 41.05,
H 3.00, N 0.75; found: C 40.55, H 3.10, N 0.75.

Synthesis of cis-[ Au(C¢Fs),{(#-PPh,) Au(PPh;)},]C10, (4): This compound
can be synthesised in two different ways:

Method A: [O(AuPPh,);]CIO,P (0.148 g, 0.1 mmol) was added to a
solution of compound 2 (0.15g, 0.15mmol) in dichloromethane
(20 mL), and the resulting solution was stirred at room temperature
for 1h. The solution was concentrated in vacuo, diethyl ether (20 mL)
was added and a white precipitate of compound 4 was formed that was
filtered off, washed with diethyl ether and dried in vacuo (0.167 g). Yield:
58%.

Method B: Compound 2 (0.1 g, 0.1 mmol) was added to a solution of
[Au(acac)(PPh;)]* (0.112 g, 0.2 mmol) in dichloromethane (20 mL). The
resulting solution was stirred at room temperature for 1h and then
concentrated in vacuo to ~5 mL. Diethyl ether was added to precipitate
complex 4 as a white solid (0.088 g). Yield: 46 %; 3'P{'H} NMR (CDClL,):
0=429 (A, AuPPh;), 377 (B, PPh,) [J(A,B)=629.0Hz]; “F NMR
(CDCly): 6 =—121.7 (m, 4F; o-F), —1576 (t, *J(F,F,)=19.9 Hz, 2F; p-
F), —160.1 (m, 4F; m-F); '"H NMR (CDCl;): 6 =7.63-7.35 (m, 50H; Ph);
elemental analysis caled (%) for C;,Hs,Au;CIF,,O,P,: C 45.05, H 2.60;
found: C 45.75, H 2.40.

Synthesis of [Au(CgFs),(#-PPhy),Aul, (5): PPN[Au(acac),]"*! (0.093 g,
0.1 mmol) was added to a solution of compound 2 (0.1 g, 0.1 mmol) in
dichloromethane (20 mL). After 1 h of stirring the solvent was evaporated,
diethyl ether was added and the mixture was filtered to remove the
insoluble PPN(CIO,). The resulting yellow solution was concentrated in
vacuo and cold hexane was added to afford 5 as a pale yellow solid
(0.064 g). Yield: 58 %; MS (LSIMS™): m/z (% ): 1862 (5) [M — 2 C4F5]™, 1313
(100) [(CgFs)Auf(u-PPh,)Au},(PPhy)]*; *'P{'"H} NMR (CDCl): 6=35.5
(s): YF NMR (CDCl;): 6=—120.7 (m, 8F; o-F), —158.6 (t, *J(F,F,)=
20.0 Hz, 4F; p-F), —160.6 (m, 8 F; m-F); '"H NMR (CDCl,): 6 =7.45-7.09
(m, 40H; Ph); elemental analysis calcd (% ) for C;,H,0Au,F,,P,: C39.35, H
1.85; found: C 38.90, H 1.35.

Synthesis of [Au(C¢Fs),(u-PPh,),Agl, (6): A solution of AgClO, (0.021 g,
0.1 mmol) in diethyl ether (10 mL) was added to a solution of compound 2
(0.1 g, 0.1 mmol) and PPN(acac)P'! (0.127 g, 0.2 mmol) in dichloromethane
(10 mL). After 1h of stirring the solvent was evaporated, diethyl ether
(20 mL) was added and the mixture was filtered to remove the insoluble
PPN(CIO,). Concentration of the solution and addition of hexane (20 mL)
led to the precipitation of 6 as a pale yellow solid (0.035 g). Yield: 35 %; MS
(LSIMS™): mlz (%): 1117 (25) [M2+Ag]", 841 (100) [M/2 — C¢Fs]*, 489
(75) [Au(u-PPhy)Ag]*; 3'P{'"H} NMR (CDCLy): 6 =15.7 (dm); “F NMR
(CDCly): 6 = —120.8 (m, 8F; 0-F), —158.9 (t, *J(F,F,) =20.0 Hz, 4F; p-F),
—160.8 (m, 8F; m-F); '"H NMR (CDCL): 6=749-7.12 (m, 40H; Ph);
elemental analysis calcd (%) for C,H,Ag,Au,F,P,: C 42.85, H 2.00;
found: C 43.40, H 2.15.

Synthesis of [Au(C¢Fs),(u-PPh,),Cu], (7): [Cu(NCMe),[TfO (0.038 g,
0.1 mmol) and PPN(acac) (0.127 g, 0.2 mmol) were added to a solution of
compound 2 (0.1 g, 0.1 mmol) in dichloromethane (20 mL). The resulting
yellow solution was stirred for 1h, solvent was evaporated to dryness,
diethyl ether was added and the mixture was filtered to remove PPN(TfO)
and PPN(CIO,), both insoluble. The resulting solution was concentrated in
vacuo and cold hexane was added to afford 7 as a pale yellow solid
(0.053 g). Yield: 55%; MS (ES*): m/z (%): 1029 (35) [M/2+Cu]*, 797 (75)
[M/2 — C¢Fs]; ' P{H} NMR (CDCL): 6 = —2.7 (s); YF NMR (CDCL): 6 =
—120.7 (m, 8F; o-F), —159.0 (t, *J(F,F,) =20.0 Hz, 4F; p-F), —161.0 (m,
8F; m-F); 'H NMR (CDCl;): 6=728-7.08 (m, 40H; Ph); elemental
analysis calcd (%) for C,,H,Au,Cu,F, P,: C 44.80, H 2.10; found: C 44.10,
H 2.30.
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Synthesis of PPN[{Au(C¢F;),(u-PPh,),},Cu] (8): [Cu(NCMe),]TfO
(0.038 g, 0.1 mmol) and PPN(acac) (0.254 g, 0.4 mmol) were added to a
solution of compound 2 (0.2 g, 0.2 mmol) in dichloromethane (20 mL). The
resulting bright yellow solution was stirred for 1 h and then concentrated in
vacuo. Diethyl ether was added and the mixture was filtered to remove
insoluble PPN(TfO) and PPN(ClO,). The resulting yellow solution was
concentrated to ~5 mL and hexane was added to afford 8 as a bright yellow
solid (0.089 g). Yield: 37 %; *'P{'"H} NMR (CDCl;):  =21.1 (s, 2P; PPN*"),
—6.9 (s, 4P; PPh,); YF NMR (CDCl,;): 6 = —120.4 (m, 8F; 0-F), —161.9 (t,
3J(F,,F,,) =20.0 Hz, 4F; p-F), — 162.5 (m, 8F; m-F); 'H NMR (CDCl,): 6 =
7.65-6.84 (m, 70H; Ph); elemental analysis calcd (%) for C,gH;0Au,-
CuF,NP;: C 53.95, H 2.95, N 0.60; found: C 54.10, H 3.40, N 0.70.
Synthesis of NBu,[Au(CgFs);(u-PPh,)Au(CsFs)] (9): [Au(C¢Fs)(tht)]
(0.090 g, 0.2 mmol) and NBuy(acac) (0.068 g, 0.2 mmol) were added to a
freshly prepared solution of [Au(C4Fs);(PPh,H)]!""! (0.2 mmol) in dichloro-
methane (20 mL). After stirring for 1h, the solvent was partially
evaporated and hexane was added to afford 9 as a white solid (0.16 g).
Yield: 54 %; *'P{'H} NMR (CDCl;): 6 =30.2 (s); ’F NMR (CDCl;): 0 =
—115.3 (m, 2F; o-F), —159.5 (t, *J(F,F,) =20.2 Hz, 1F; p-F), —162.4 (m,
2F; m-F), —119.5 (m, 4F; o-F), —159.9 (t, *J(F,F,)=20.1 Hz, 2F; p-F),
—162.7 (m, 4F; m-F), —120.6 (m, 2F; o0-F), —160.2 (t, *J(F,F,,) =20.1 Hz,
1F; p-F), —162.7 (m, 2F; m-F); '"H NMR (CDCl,): 6 =7.69-7.20 (m, 10H;
Ph), 3.1 (m, 8H; CH,), 1.6 (m, 8H; CH,), 1.4 (m, 8H; CH,), 1.0 (t, 12H;
CHj;); elemental analysis calced (% ) for Cs,H,sAu,F,)NP: C 41.90, H 3.10, N
0.95; found: C 42.55, H 3.00, N 0.85.

Synthesis of [Au(CgFs);(u-PPh)Au(PPh;)] (10): [Au(acac)(PPhs)]
(0.112 g, 0.2mmol) was added to a freshly prepared solution of
[Au(C4Fs);(PPh,H)] (0.2 mmol) in dichloromethane (20 mL). Partial
evaporation of the solvent and addition of hexane led to the precipitation
of 10 as a white solid (0.153 g). Yield: 57 %; MS (LSIMS™): m/z (%): 1342
(5) [M]*; *'P{'"H} NMR (CDClL): d=44.6 (A, AuPPh;), 31.1 (B, PPh,)
[7(A,B) =297 Hz]; "F NMR (CDClL;): 6 = —119.2 (m, 4F; 0-F), —158.9 (t,
*J(F,.F,)=20.0 Hz, 2F; p-F), —161.9 (m, 4F; m-F), —121.1 (m, 2F; o-F),
—159.1 (t, *J(F,F,) =199 H, 1F; p-F), —162.0
(m, 2F; m-F); '"H NMR (CDCly): 6 =7.55-725
(m, 25H; Ph); elemental analysis calcd (%) for

0-F), = 160.5 (t, *J(F,,F,)) = 20.0 Hz, 2F; p-F), — 163.3 (m, 4F; m-F), — 121.8
(m, 2F; 0-F), —160.9 (t, %J(FF) =20.0 Hz, 1 F; p-F), — 163.2 (m, 2F; m-F);
'H NMR (CDCl,):  =7.64-742 (m, 30 H; Ph, PPN), 4.22 (s, 1 H; CH), 2.09
(s, 6H; CH;); elemental analysis calcd (% ) for CsoHs, AuF sNO,P,: C 53.05,
H 2.80, N 1.05; found: C 53.00, H 2.65, N 1.10.

Crystallography: The crystals were mounted in inert oil on a glass fibre and
transferred to the cold gas stream of a Siemens P4 diffractometer (6 and 10)
or a Siemens SMART 1000 CCD area detector (11), each equipped with a
Siemens LT-2 low-temperature attachment. Data were collected with
monochromated Moy, radiation (A= 0.71073 A), scan type (10 and 11) or
6-26 (6). Absorption correction was carried out by ¥ scans (6 and 10) or
multiple scans (SADABS) (11). The structures were solved by direct
methods and subjected to full-matrix least-squares refinement on F?
(SHELXL-93 6 and 10, SHELXL-97 11).5%l Hydrogen atoms were included
by means of a riding model. Further details are given in Table 3. In
compound 10, the solvent molecule (1,1-dichloroethane) is disordered. A
reasonable disorder model involved three alternative orientations with a
common central C atom.

Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication nos. CCDC 141094 -
141096 (compounds 6, 10 and 11 respectively). Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB21EZ, UK (fax: (+44)1223-336-033; e-mail: deposit@
ccde.cam.ac.uk).
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Table 3. Details of data collection and structure refinement for complexes 6, 10 and 11.

C,sHysAu,FsP,: C 42.95, H 1.85; found: C 42.65,
H 1.65.

6 10-C,H,Cl, 11

formula
crystal habit
crystal size [mm]

Synthesis of [Au(C¢Fs);(#-PPh,)Ag(PPh;)]-
C¢H,, (11): NBu,(acac) (0.068 g, 0.2 mmol) and
[Ag(TfO)(PPh;)] (0.104 g, 0.2 mmol) were add-

CrHusAgAUCLEF,Py  CsoHyoAu,CLF 5P, CisHpsAgAuF 5P,
colourless prism colourless tablet  colourless tablet
0.35 x 0.30 x 0.20 0.40 x 0.40 x 0.15  0.45x0.25 x 0.18

ed to a freshly prepared solution of crystal system monoclinic triclinic triclinic

[Au(C4F5);(PPh,H)] (0.2 mmol) in diethyl ether ~ SPACe group C2le Pl Pl

(20 mL) and a white solid immediately appeared. a [A] 30.549(2) 11.706(2) 11.529(2)

After stirring for 1 h, the NBu,(TfO) formed was b [A] 14.0760(10) 13.841(2) 14.026(2)

filtered off, the solvent was evaporated in vacuo ¢ [é] 36.7780(3) 16.298(3) 14.645(2)

to ~5 mL and cold hexane was added to obtain @ [»] 90 77.574(12) 98.258(10)

11 as a white solid (0.108 g). Yield: 40%; Ms P[] 107.559(6) 75.281(12) 100.494(10)

(APCI'): miz (%): 1087 (90) [M—CF: VLT 90 76.251(10) 108.411(10)

SPIH] NMR (CDCl,, —50°C): 0=14.7 (A, V [A3] 15078(15) 2447.0(7) 2157.4(6)

AgPPhy), 32 (B, PPh,) [/(AB)=158Hz, < . 8 2 2

J(AAg) = 541, 467 Hz]; F NMR (CDCly): 6=  Peaca [gm ] 1.922 1.956 1.930

“1199 (m, 4F; o-F), —1594 (t, Y(E,E)—= M 2181.05 1441.50 1253.46

19.8 Hz, 2F; p-F), — 161.8 (m, 4F; m-F), —121.0  £(000) 8376 1372 1208

(m, 2F; 0-F), 1592 (t, J(F,F,) =200 Hz, 1F; L ['Cl. —100 —100 -130

p-F). ~162.1 (m, 2F; m-F); 'H NMR (CDCL): ~ 20ma [ 48 50 56

6=752-715 (m, 25H; Ph), 0.98 (t, 6H; CH,,  #(MOxq) [em™] 4.67 6.3 40

CH,,), 0.87 (m, 8H; CH,, C;H,,); elemental transmission 0.455-0.291 0.902-0.463 0.999 -0.660

analysis caled (%) for CygHosAgAuF,sP, - CH,,: reﬂectlons me.asured 19758 9726 14579

C 48.40. H 2.95: found: C 48.05. H 3.10 unique reflections 11796 8528 10226
L RN R, 0.091 0.0188 0.0199

Synthesis of PPN[Au(CFo)(aca0)] (12): [‘F> 4o(FY 0.046 0.0339 0.0296

Tl(acac)! (0.030 g, 0.1 mmol) was added to a WwR [F2, all data]® 0.086 0.0824 0.0712

solution of = PPN[AWCE):CII® (01278, 1opecrions used 1179 8528 10226

0.1 mmol) in toluene (20 mL). The mixture parameters 965 639 604

was stirred for 8 h at 120°C, and the TICI formed restraints 0 613 574

was filtered off. The resulting solution was Slel 1011 0.982 1015

concentrated to ~35mL and cold hexane max. residual electron density [e A~%] 1.755 1.796 1.551

(20 mL) was added to afford 12 as a white solid

(0.091 g). Yield: 68%; MS (ES"): m/z (%): 797
(10) [M]"; *P{'H} NMR (CDCly): 6=21.1 (s,
PPN): “F NMR (CDCL): 6 =—120.8 (m, 4F;

4122
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[a] R (F)= Z||F,| — | F|IZ| F,|. [b] wR (F?) = [Z{w(F§ — F2YE{w(F3)*}]°%; w! =0*(F3)+ (aP)*+ bP,
where P=[F242F?]/3 and a and b are constants adjusted by the program. [c] S=[Z{w(F2—F2)*}/
(n—p)]°3, where n is the number of data and p the number of parameters.
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