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Summary 

ClAu(tht) and LiRRLi (RR = 4,4’-C,F,-C,F,; tht = tetrahydrothiophen) react to 
give (HRR)Au(tht) and (tht)AuRRAu(tht), which with neutral or anionic ligands, 
undergo two types of reactions: (a) replacement of the tht and formation of the 
complexes (HRR)AuL, LAuRRAuL (L = PPh,, SbPh, or phen), [(HRR)AuCl]- or 
[ClAuRRAuCl]-; (b) migration of the organic groups, leading to complexes of the 
types [AuL,][Au(RRH),] (L = SbPh,, L, = pdma), [Au(pdma),l,[Au,(RR),- 
Wma),l or [W’Ph)21W(WI. 

Introduction 

Several binuclear organogold(1) complexes, containing, the moiety Au( EL-L-L)Au, 
where the bridging ligand L-L is a C,C-donor, such as dialkylphosphonium-bis- 

methylide [l-3], an alkenyl group [4-51 or l,l’-ferrocenyl [6,7] are known, although 
no similar complex with an aryl group as bridging ligand has so far been reported. 
Our attempts to link two Au centres via a bridging 1,4-C,F, group proved unsuccess- 
ful and gave only mononuclear compounds. 

In the present paper we describe the preparation of binuclear gold(I) complexes 
containing 4,4’-octafluorobiphenyl (R-R in the following). In some cases the R-R 
groups undergo rearrangements (similar to those observed for C,F, groups between 
two Au centres [8,9] or between gold(I) and silver(I) centres [lo]) which give rise to 
the formation of tetranuclear gold(I) complexes. The synthesis and reactivity of 
complexes of the types: (HRR)AuL, LAuRRAuL (L = PPh,, SbPh,, 1,lO; 
phenanthroline (phen)), [AuL,][Au(RRH),] (L = SbPh,, 2 L = o-phenylenebis(di- 

methylarsine) (pdma)), [Au(pdma),],[Au,(R-R),(pdma),], [N(PPh,),]- 
[(HRR)AuCl] and [N(PPh,),][ClAuRRAuCl] are reported. 

Results and discussion 

Addition of solid ClAu(tht) (tht = tetrahydrothiophen) to a suspension of LiR- 
RLi, followed by exposure to atmospheric moisture leads to a solution which 
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contains a mixture of (HRR)Au(tht) (I) and (tht)AuRRAu(tht) (II) (eq. 1) 

2 LiRRLi + 3 ClAu(tht) + H,O --, (HRR)Au(tht) + (tht)AuRRAu( tht) + 

(I) (II) 

3 LiCl + LiOH (1) 

‘Owing to their different solubilities in ether-hexane, the two complexes can be 
readily separated (see Experimental). The white air- and moisture-stable solids are 

non-conducting and monomeric in solution (Table 1). 
The reactivity of I and II with neutral and anionic ligands has been studied; the 

results are listed in Schemes 1 and 2. 

(HRRlAuL 

(HRR)Au(dppm)Au(RRH) 

(P) 

t 

L = PPt$ UU), men US?) ~ d~Pu”“‘““~~~u’“‘““’ 

(HRR)Au(tht) 

““ph3~21~co~co~ k[Au(pdmo,$] [Au(RRH)2] 
[N(PPh&] [AU ~cO(co),~ *] 

[N(PPh312] CL 
nm) 

1 

SCHEME 1 

[twPh&,] [(HRRJAUCL] 

Cmx) 

[Au,(RR) (dwm)] 
(XIII 

LAuRRAuL ~ Adpp>m~i]f~;RR)~ (pdmo),] 

L = PPh3 (Ix). Sb? (Xl, phen Cm) 

(tht)AuRRAu(tht) 

[N(PPh3),] [M*-AU-M*] ‘N’y 

iM*= [COCCO),] , [Mn(C0J5] j 
+ 

[N @Ph&] [AU (RR)] 

SCHEME 2 

Complex I shows a behaviour which is similar to that reported for C,F,Au(tht) 
[9]. Thus, with L = PPh,, l,lO-phenanthroline (phen), or bis(diphenylphos- 
phino)methane (dppm), displacement of tht takes place, leading to the neutral 
complexes (III-V) (Scheme 1). In the last case the binuclear complex V is obtained, 
even if an excess of dppm is used. 
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With L = SbPh, or o-phenylenebis(dimethylarsine) (pdma) the substitution of the 
tht along with the migration of the HRR groups gives rise to the formation of the 
ionic complexes VI or VII whose cation is tetra-coordinated [9.11]. Nevertheless 
their conductivity in acetone (see Table 1) is lower than that of [AuL,][Au(C,F,),] 
[9] and also lower than the expected for a 1: 1 electrolyte, probably owing to the 
equilibrium represented in eq. 2 

~(HRR)AuL,+[AuL,,]++[Au(RRH),]- (2) 

L = SbPh, (n = 2) or pdma (n = 1) 

With anionic Iigands the same two types of behaviour are again observed; thus, with 
Cl- substitution, formation of the dichloro-organoaurate VIII takes place, whereas 
with [Co(CO),]- the complex [N(PPh,),][Au{Co(CO),}z] [12] can be isolated along 
with oils which could not be crystallized but which, in accordance with their IR 
spectra, are supposed to contain [N(PPh,),][Au(RRH),], resulting from the re- 
arrangement of the organic groups between the gold(I) centres. 

The reaction of complex II (see Scheme 2) with L = PPh, or phen affords neutral 
complexes of the general formula LAuRRAuL (1X,X1), with L = SbPh, the same 
result is obtained even if an excess (l/4) of the stibine is used, in contrast to the 
reaction observed for complex I. With L = dppm a white solid of the general 

formula Au,(RR)(dppm) is formed, which being insoluble in organic solvents is 

likely to be a polymer whose AuRRAu moeities are bridged by the diphosphine 
groups. 

Addition of L = pdma to dichloromethane solutions of II gives a white precipitate 
of the general formula Au,(RR)(pdma), (XIII), for which the ionic structure 
[Au(pdma),],[(pdma)AuRRAuRRAuRRAu(pdma)] can be proposed in accordance 
with the following observations: 
(a) Though only slightly soluble, its solutions in acetone are conducting. Conduc- 
tance measurements at different concentrations give a value for B in the Onsager 
equation [13] (A, = A, - S&?) of 920, pointing to a 1: 2 electrolyte [14]. 
(b) Its “F NMR spectrum (CDCl,) shows two multiplets at 6 - 118.6 and - 140.1 
ppm, corresponding to the orrho and meta fluorine atoms. 
(c) Addition of [NBu,][Au(C,F,),] to a dichloromethane suspension of XIII gives 
the white insoluble compound ~NBu~]~[(pdma)AuR~uR~uR~u(pdma)] (XVI), 
whilst the previously reported compound [Au(pdma~~][Au(C~F~)~] [9] can be iso- 
lated from the solution (eq. 3): 

[Au(pdma)zlz[Au,(RR)3(pdma),l+ 2 [NBu41[Au(C&)21 --) 

[NBu,l,[Au,(RR),(pdma),l + 2 IAu(pdmaf,31Au(C,I’,>,l 

(XVI> 

(3) 

Acetone solutions of complex XVI also conduct (value for B in the Onsager 
equation 850 (1 : 2 electrolyte)). Its “F NMR spectrum (CDCl,) shows two multi- 

plets at S - 115.6 and - 141.6 ppm. Furthermore, the presence of two types of gold 
atoms is also confirmed by r9’Au Mossbauer spectroscopy, though the signals are of 
different intensity. There is a strong doublet with parameters (IS 5.65(5), QS 
10.80(10) mm s-t, line width 2.12 mm s-i) similar to INBu~][AuR~] (R = C&, 
CSF3H2) [15] which must belong to the central gold atoms. The As-bound atoms 
also give a doublet, but the low-velocity peak is buried under the more intense peak, 
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and is difficult to locate accurately. It was therefore not possible to elucidate 
whether these gold atoms are bi- or tri-coordinated, i.e. whether in this case the 
pdma acts as a monodentate or as a chelating ligand. 
(d) The reaction of XIII with [NBu,]ClO, occurs similarly to that represented in eq. 
3, under formation of XVI and [Au(pdma),]ClO, (XVII), (eq. 4) 

[Au(pdma),l,[Au,(RR),(pdma),] + 2 [NBu,lClO, -+ 

[NBu,l,[Au,(RR)l(pdma)21 + 2 [Au(@m& ClO, (4) 

XVII is a white solid, which is conducting in acetone solution (1 : 1 electrolyte) (see 
Table 1). 

The rearrangement observed in the reaction with L = pdma (Scheme 2) is thought 
to take place via a mechanism, similar to a previously proposed one [8], involving the 
formation of an intermediate whose RR groups are capable of bridging two gold 
centres [16], as may be seen from Scheme 3. 

Addition of a stoichiometric amount of PPh, to complex XIII leads to the neutral 
complex IX, i.e. depending upon the character of the ligand the rearrangement of the 
organic groups can be reversed (Scheme 3). 

AL 

d 
3 I 

R 
I 

AU 

L = pdma 

L = PPh, 

L-Au- 

SCHEME 3 

,‘\ ’ 
/ 

8’ 

/RX,, 
/ 

, 
-RR-Au’ 

‘\’ 
’ ;A” 

/ 
/ XL/’ 

\L 

L = pdmo 

c i PPh3 

Complex II reacts with [N(PPh,),]Cl to give the chloro derivative XIV (Scheme 
2), a white solid, which is conducting in acetone solution (1 : 2 electrolyte). In its IR 
spectrum the vibration due to v(Au-Cl) is observed at 335 cm-‘. It reacts with 
AgC,FS according to eq. (5) 

[ N(PPh,),] ,[C1AuRRAuCI] + 2 AgC,F, + 2 AgCl + 

[N(PPh,),],[C,F,AuRRAuC,F,] 
(XVIII) 

(5) 

Complex XVIII is a white solid, which is conducting in acetone solution (I : 2 
electrolyte). 

The reaction of II with [N(PPh3)*]M* (M* = [Co(CO), ]- or [Mn(CO), I-) leads 
to the trimetallic complexes [N(PPh3)2][M*-Au-M*] [12] and to a white solid, 
whose elemental analyses coincide with those expected for the formula 
[N(PPh,),][Au(RR)]. Since it is only very slightly soluble in organic solvents it was 
not possible to determine its conductivity and thus elucidate its molecularity. 
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Experimental 

IR spectra were recorded with a Perkin-Elmer 599 spectrophotometer using 
Nujol mulls between polyethylene sheets. Conductivities were measured in ca. 

5 X 10e4 M acetone solutions with a Philips PW 9509 conductimeter. Molecular 
weights were determined in ca. 10e3 M CHCl, solution using the isopiestic method 
on a Hitachi-Perkin-Elmer 115 apparatus. 19F NMR spectra were recorded on a 
Varian FT 80A spectrometer with CFCl, as external standard. Analyses (C, H) were 
carried out with a Perkin-Elmer 240 microanalyzer. Au was determined by ashing 
the samples with an aqueous solution of hydrazine. 

The yields, melting points, C, H, N and Au analyses, conductivities, and molecu- 
lar weights of the novel complexes are listed in Table 1. 

Preparation of the complexes 

(HRR)Au(tht) (I) and (tht)AuRRAu(tht) (II) 

To a solution of 4,4’-BrC,F,-C,F,Br (1.140 g, 2.5 mmol) in 140 ml of diethyl 
ether at -78°C and under nitrogen, Li(n-Bu) (5 mmol) was added dropwise. After 
45 min stirring, AuCl(tht) [17] (1.683 g, 5.25 mmol) was added and stirred for 30 min 
while the temperature was maintained at -78°C. The mixture was slowly (3 h) 
allowed to warm to room temperature, and then filtered (in the presence of air) 
through a layer (1 cm) of anhydrous magnesium sulphate. The filtrate was con- 
centrated to ca. 8 ml, and 40 ml of hexane were added to separate the white solid of 
complex II. Concentration of the ether-hexane filtrate to ca. half the volume led to 
the precipitation of I, which was filtered off and recrystallized from dichloro- 
methane-hexane. 

(HRR)AuL (L = PPh, (III) or phen (IV)) and (HRR)Au(dppm)Au(RRH) (V) 

To a solution of I (0.116 g, 0.2 mmol) in 30 ml of ether or dichloromethane was 
added the appropriate ligand (L = PPh, (0.053 g, 0.2 mmol), phen (0.040 g, 0.2 
mmol) or dppm (0.038 g, 0.1 mmol)) and the mixture was stirred at room tempera- 
ture for 30 min. Evaporation to ca. 5 ml and addition of hexane led to the 
precipitation of the complexes III and IV. IV is very slightly soluble in ether and was 
precipitated upon addition of phenanthroline. 

[AuL,][Au(RRH),] (L = SbPh, (VI) or L, = pdma (VII)) 
To a solution of I (0.116 g, 0.2 mmol) in 25 ml of ether was added L (L = SbPh, 

(0.142 g, 0.4 mmol) or pdma (0.08 ml, 0.4 mmol)). Complexes VI or VII precipitated 
spontaneously as white solids. After 15 min stirring, they were filtered off and 
recrystallized from dichloromethane-hexane. 

[N(PPh,),][(HRR)AuCi] (VIII) 
To a solution of I (0.116 g, 0.2 mmol) in 20 ml of ethanol was added [N(PPh,),]Cl 

(0.115 g, 0.2 mmol) and the mixture was stirred at room temperature for 1 h. The 
white precipitate VIII was filtered off and recrystallized from dichloromethane- 
hexane. 

LAuRRAuL (L = PPh, (IX), SbPh, (X) or phen (XI)) and [Au,(RR)(dppm)J,, (XII)) 
To a dichloromethane (20 ml) solution or ether (50 ml) suspension of II (0.174 g, 

0.2 mmol) was added the appropriate ligand (L = PPh, (0.106 g, 0.4 mmol), SbPh, 
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(0.142 g, 0.4 mmol), phen (0.080 g, 0.4 mmol) or dppm (0.076 g, 0.2 mmol)) and the 
mixture was stirred at room temperature for 70 h. Complexes X, XI and XII, 
insoluble in ether, were filtered off. For IX. the dichloromethane solution was 
evaporated to ca. 5 ml and hexane was added to precipitate the complex. 

LMpdma),/ 2[Au4(W,(pdma12/ (XIII) 
To a solution of pdma (0.044 ml, 0.2 mmol) in 10 ml of dichloromethane under 

nitrogen was added II (0.087 g, 0.1 mmol). XIII, precipitated as a white solid, was 
filtered off after 15 min stirring (at room temperature). More of XIII was obtained 
after the addition of ether. 

[N(PPh,),J2[CIAuRRAuClJ (XIV) 
To a suspension of II (0.13 g, 0.15 mmol) in 20 ml of ethanol was added 

[N(PPh,),]CI (0.172 g, 0.3 mmol) and the mixture was stirred at room temperature 
for 16 h. The white precipitated XIV was filtered off and washed with (5 x 3 ml) of 
ethanol. 

Dry nitrogen was bubbled through a solution of II (0.174 g. 0.2 mmol) in 50 ml of 
dichloromethane and [N(PPh,)][Co(CO),] [IS] (0.284 g, 0.4 mmol) or 
[N(PPh,),][Mn(CO),] [19] (0.293 g, 0.4 mmol) was added. Under nitrogen, and at 
room temperature, the mixture was stirred for 10 min. Concentration to ca. 5 ml and 
addition of 30 ml of ether led to the separation of the white XV. The ether filtrate 

contained [N(PPh,),][Au{Co(CO),},] or, [N(PPh,),I[Au(Mn(CO), I21 PA. 

fNBu,J,[Au,(RR),(pdma),J (XVI) 
To a suspension of XIII (0.309 g. 0.082 mmol) in 15 ml of dichloromethane was 

added [NBu,][Au(C,F,),] [17] (0.126 g. 0.164 mmol) and the mixture was stirred at 
room temperature for 6 h. The white precipitate XVI was filtered off. The filtrate 
was evaporated to ca. 5 ml and 15 ml of ether was added to precipitate 

[Au(pdma),I[Au(C,F,),I [91. 

(Au(pdma), JCIO, (XVII) 
To a suspension of XIII (0.50 g, 0.13 mmol) in 15 ml of dichloromethane was 

added [NBu,]ClO, (0.089 g, 0.26 mmol) and the mixture was stirred at room 
temperature for 6 h. The precipitated complex XVI was filtered off. The filtrate was 
concentrated to ca. 5 ml and 20 ml of ether was added to separate out the white 
complex XVII. 

[N(PPh~)_7J~~C,F,AuR~uC~~~J (XVIII) 
To a solution of AgC,F, [20] (0.3 mmol) in 25 ml of ether was added XIV (0.275 

g, 0.16 mmol) and the mixture was stirred at room temperature for 15 min. The 
precipitated AgCl and XVIII were filtered off and washed with 3 X 5 ml of ether. 
Dichloromethane (30 ml) was added to separate the insoluble AgCl. The filtrate was 
concentrated to ca. 5 ml and XVIII was precipitated upon addition of ether. 
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