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Synopsis 

Dimethylaurate(I) is prepared as the crystalline tetrabutylammonium salt and its linear structure 
together with the square-planar structure of tetramethylaurate(III) are both confirmed by X-ray 
crystallography. The electron-transfer reactivity of these aurate salts toward some well-known 
one-electron oxidants is explored to probe the mechanistic details of their oxidative 
decomposition. 
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Abstract 

 

Dimethylaurate(I) has been prepared as the crystalline tetrabutylammonium salt for 
comparison with the known tetramethylaurate(III) analogue. The linear structure of 
dimethylaurate(I) and the square-planar structure of tetramethylaurate(III) have both been 
confirmed by X-ray crystallography. One-electron oxidation of dimethylaurate(I) by either 
ferrocenium or arenediazonium cations produces the metastable dimethylgold(II) intermediate, 
which can be trapped as the paramagnetic 9,10-phenanthrenequinone (PQ) adduct. 
Otherwise, dimethylgold(II) is subject to rapid reductive elimination of ethane and affords 
metallic gold (mirror). The analogous oxidation of tetramethylaurate(III) by ferrocenium, 
arenediazonium, or nitrosonium cations also proceeds via electron transfer to generate the 
putative tetramethylgold(IV) intermediate. The highly unstable (CH3)4AuIV spontaneously 
undergoes homolytic cleavage to produce methyl radical and the coordinately unsaturated 
trimethylgold(III), which can be intercepted by added triphenylphosphine to afford 
Me3AuIIIPPh3.  

Introduction 
Alkylmetalates are conventionally considered as nucleophiles and thus have been widely used as sources of the 
alkyl anion (R-) in a variety of alkylation reactions.1 Anionic alkylmetalates are also good electron donors (owing 
to the electron-donating property of R-),2 and this property should play an important role in alkyl transfer 
reactions. Indeed, we recently found that alkylation of pyridinium acceptors by tetramethylborate proceeds via 
an initial electron transfer to establish the significance of the electron-donor property of tetramethylborate in 
the formal transfer of an alkyl ligand.3 As such, a question arises as to whether the transition-metal counterparts 
can behave in a similar manner. Although the mechanistic dichotomy between nucleophilic addition and 
electron transfer in the alkylcuprate addition to electrophiles has been addressed,4 the electron-transfer 
reactivities of transition-metal alkylmetalates, in general, have been greatly hampered by their thermal 
instability and air sensitivity. In this context, our early study5 showed that the rapid oxidative decomposition of 
dimethylaurate(I) and tetramethylaurate(III) by dioxygen afforded ethane and metallic gold; unusual 
dimethylgold(II) and tetramethylgold(IV) species were proposed as transient intermediates.6 In this early study, 
however, dimethylaurate(I) and tetramethylaurate(III) were both generated in situ, and the fate of dioxygen was 
not identified. The recent availability of tetramethylaurate(III) as a pure crystalline tetrabutylammonium salt7 
encouraged us to isolate the pure crystalline dimethylaurate(I) analogue. As a result, we examined the 
structures of both dimethylaurate(I) and tetramethylaurate(III) by X-ray crystallography and explored the 
electron-transfer reactivity of these methylmetalates toward electron acceptors in order to clarify the 
mechanistic details of the oxidative decomposition. For this study, we chose ferrocenium, 
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decamethylferrocenium, arenediazonium, and nitrosonium cations as electron acceptors, since they are well-
known one-electron oxidants and widely used to probe electron-transfer processes.8  

Results and Discussion 
Synthesis and X-ray Structures of Dimethylaurate(I) and Tetramethylaurate(III). Dimethylaurate(I). 
Dimethylaurate(I) was prepared as the tetrabutylammonium salt by treatment of LiAu(CH3)2

9 (generated in situ) 
with tetrabutylammonium bromide; i.e. 

 

and the crystalline dimethylaurate(I) salt was obtained as colorless needles by the slow diffusion of ether into 
the THF solution at −30 °C. The X-ray structure of [N(C4H9)4][Au(CH3)2] is shown in Figure 1, and the bond lengths 
and angles of the dimethylaurate(I) anion are listed in Table 1. There are two symmetrically independent 
Au(CH3)2

- anions having nonequivalent crystalline environments. However, both dimethylaurate(I) moieties have 
a nearly linear structure with the same C−Au−C bond angle of 178.2°.10-12  

 

Figure 1 ORTEP diagram of [N(C4H9-n)4]+[Au(CH3)2]- (thermal ellipsoids drawn at the 50% level) 
showing the two symmetrically independent structural units. 

Table 1.  Bond Lengths (Å) and Angles (deg) of Au(CH3)2
- and Au(CH3)4

- 

Au(CH3)2
-  

Au(1)−C(1)  2.087(5)  Au(1)−C(2)  2.084(5)  

Au(2)−C(3)  2.076(6)  Au(2)−C(4)  2.053(5) 

C(1)−Au(1)−C(2)  178.2(2)  C(3)−Au(2)−C(4)  178.2(2) 

Au(CH3)4
- a  

Au(1)−C(1)  2.111(4)  Au(1)−C(2)  2.091(4)  

Au(2)−C(3)  2.103(3)  Au(2)−C(4)  2.096(3) 
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C(1)−Au(1)−C(1‘)  180.0  C(2)−Au(1)−C(2‘)  180.0  
C(2)−Au(1)−C(1‘)  88.3(2)  C(2)−Au(1)−C(1)  91.7(2)  

C(3)−Au(2)−C(3‘)  180.0  C(4)−Au(2)−C(4‘)  180.0  

C(4)−Au(2)−C(3)  89.2(1)  C(4)−Au(2)−C(3‘)  90.8 (1) 
a Atoms C(1‘), C(2‘), C(3‘), and C(4‘) are derived from C(1), C(2), C(3), and C(4), respectively, by 
corresponding centers of symmetry.  

Tetramethylaurate(III). The colorless crystalline tetrabutylammonium salt of tetramethylaurate(III) was 
obtained as previously described by Komiya and co-workers.7 Since the tetrabutylammonium salt of 
tetramethylaurate(III) was reported to decompose when the crystal was exposed to X-ray irradiation,7 we 
prepared two other crystalline tetramethylaurate(III) salts, [N(PPh3)2][Au(CH3)4] and [(PhCH2)2N(CH3)2][Au(CH3)4] 
(see Experimental Section), for X-ray structure analysis. The PPN+ salt of tetramethylaurate(III) was recrystallized 
as colorless needles by the slow diffusion of diethyl ether into the THF solution at −30 °C, but its X-ray structure 
was not resolved due to a crystallographic disorder in the anionic moiety. Using the same recrystallization 
technique, the dibenzyldimethylammonium salt of tetramethylaurate(III) was recrystallized as colorless prisms, 
and the crystal structure of [(PhCH2)2N(CH3)2][Au(CH3)4] was successfully solved (see Figure 2). The triclinic unit 
cell contains two cations and two crystallographically centrosymmetric anions. Therefore, the 
tetramethylaurate(III) anions have an ideal square-planar structure with a slight distortion of bond angles,10,13 
the C−Au−C bond angles between the cis methyl groups being 88.3(2) and 91.7(2)° in one anion moiety and 
89.17(12) and 90.83(12)° in the other (Table 1).14  

 

Figure 2 ORTEP diagram of [(CH3)2N(CH2C6H5)2]+[Au(CH3)4]- (thermal ellipsoids drawn at the 50% 
level) showing the ammonium cation and two centrosymmetric anionic moieties. The symmetrically 
independent atoms are labeled. 

Oxidatively Induced Reductive Elimination of Dimethylaurate(I). (I) Oxidation with Ferrocenium and 
Decamethylferrocenium Cations. Oxidation of dimethylaurate(I) with 1 equiv of ferrocenium (or 
decamethylferrocenium) cation in THF (or acetonitrile) afforded ethane and a gold mirror according to the 
stoichiometry in eq 2. 
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The ferrocenium (or decamethylferrocenium) cation was reduced to ferrocene (or decamethylferrocene) in 
quantitative yields, and the results are summarized in Table 2. A mixture of (CH3)3AuPPh3 and CH3AuPPh3 in 
equivalent amounts was obtained when the reactions were carried out in the presence of triphenylphosphine 
(Table 2).  

Table 2.  Oxidation of Bu4N+AuMe2
- with Cp2Fe+PF6

- or Cp*2Fe+PF6
- a 

entry no. solvent CH4 C2H6 gold product Cp2Fe/Cp*2Fe  

1  THF  0.06  0.86  Au (0.97)  0.94  

2  CH3CN  <0.05  0.95  Au (0.96)  0.96  

3  THF  0.05  0.88  Au  0.96  
4  CH3CN  <0.05  0.92  Au  0.93  

5  THFb  0.19  0.18  Me3AuPPh3 (0.34)  0.87  

        MeAuPPh3 (0.40)    

6  CH3CNb  0.10  <0.05  Me3AuPPh3 (0.40)  0.93  
        MeAuPPh3 (0.38)    

a For entries 1 and 2, Cp2Fe+PF6
- was used as oxidant, while Cp*2Fe+PF6

- was used for entries 3−6. The 
yield was moles of product based on the reactants normalized to 1.0 mol.b In the presence of 
triphenylphosphine. 

(II) Oxidation with Arenediazonium Cations. The treatment of tetrabutylammonium dimethylaurate(I) with 
2,4,6-trichlorobenzenediazonium hexafluorophosphate in THF (or acetonitrile) at −78 °C generated ethane and 
metallic gold according to eq 3, where Ar is 2,4,6-Cl3C6H2, p-ClC6H4, p-BrC6H4, p-CF3C6H4, or p-CH3OC6H4. 

 

Furthermore, the 2,4,6-trichlorobenzenediazonium cation was reduced to 1,3,5-trichlorobenzene with the 
evolution of nitrogen gas. The oxidation of dimethylaurate(I) with the other arenediazonium cations afforded 
similar results, as summarized in Table 3.  

  



Table 3.  Oxidation of Dimethylaurate Anion with Arenediazonium Cationsa 

 

a The yields were moles of products based on the reactants normalized to 1.0 mol. 

(III) Electrochemical Oxidation. The cyclic voltammogram of tetrabutylammonium dimethylaurate(I) showed an 
irreversible anodic wave at Ep = 98 mV (vs SCE) at a scan rate of v = 100 mV s-1. No reduction wave was observed 
during the reverse scan, and metallic gold was plated onto the surface of the platinum electrode. The latter 
suggested that dimethylgold(II) was generated but rapidly decomposed to ethane and gold(0) on the CV time 
scale (compare eqs 2 and 3).  

(IV) Trapping of Dimethylgold(II). The interception of the dimethylgold(II) intermediate was carried out with 
9,10-phenanthrenequinone (PQ) as the trapping agent15 using ferrocenium cation as the oxidant.18 When 
dimethylaurate(I) was treated with ferrocenium cation in the presence of 4 equiv of 9,10-phenanthrenequinone, 
a dark green solution was obtained immediately.19 A metastable green solid was isolated from the reaction 
mixture (see Experimental Section) and found to be stable at −78 °C. It decomposed at room temperature to 
yield a mixture of ethane, gold(0), and phenanthrenequinone in the molar ratio of 1:1:2.20 Ferrocenium cation 
was quantitatively reduced to ferrocene; i.e. 



 

The ESR spectrum of the green bis-PQ adduct (g = 2.0002) measured in THF solution at −80 °C and the simulated 
ESR spectrum are shown in Figure 3.21 The very weak (unresolved) coupling with 197Au22 suggests the unpaired 
electron to be primarily localized on the 9,10-phenanthrenequinone ligand (i.e. as PQ•-).16,17 The green adduct 
can thus be structurally assigned as (CH3)2Au+(PQ•-)(PQ). Further support for this assignment is provided by the 
UV−vis spectrum in Figure 4, which shows the broad band at 700 nm. This intense absorption band may be 
assigned to the interligand charge-transfer band from the phenanthrenesemiquinone to the 
phenanthrenequinone ligand.23 Interligand charge-transfer interactions of this type have been previously 
observed between the mixed-charge quinone ligands in structurally characterized copper(II) and nickel(I) 
complexes, i.e., [(TMEDA)Cu(PD)(PQ)] (TMEDA = tetramethylethylenediamine and PD = 9,10-
phenanthrenediolate) and [LNi(TCSQ)(TCQ)] (L = 2,4,4-trimethyl-1,5,9-triazacyclododec-1-ene, TCSQ = 
tetrachloro-1,2-benzosemiquinone, and TCQ = tetrachloro-1,2-benzoquinone).24 Furthermore, as the green 
solution of the bis-PQ adduct was warmed to room temperature, the 700 nm band bleached (Figure 4) and the 
hyperfine splittings in the ESR spectrum disappeared (the g value did not change; Figure 3a). When the resulting 
orange solution was immediately recooled to −78 °C, the color of the solution was restored to green; the UV−vis 
(700 nm) band and the ESR hyperfine splittings appeared concomitantly (although the intensities were 
somewhat reduced). After a few cycles of this warm/cool process, decomposition was observed, accompanied 
by the disappearance of the 700 nm absorption band and ESR signal. The bleach of the green color at room 
temperature could be interpreted by the following equilibrium in solution:  

 

As the temperature increased, the equilibrium shifted to the right side so that the charge-transfer interaction 
between the phenanthrenequinone anion radical and neutral phenanthrenequinone moieties was not observed. 
The absence of hyperfine splitting at room temperature was attributed to line broadening25 due to the increased 
rate of electron exchange between the phenanthrenequinone anion radical and neutral phenanthrenequinone 
at higher temperature.26  
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Figure 3 Experimental (a, room temperature; b, −80 °C) and simulated (c) ESR spectra of the adduct 
(CH3)2Au(PQ)2. The parameters used for simulation are as follows:  the hyperfine splitting constants of 
the two groups of H atoms of 9,10-phenanthrenequinone and 197Au are 1.75, 0.45, and 0.30 G, 
respectively; the line width is 0.60 G. 



 

Figure 4 UV−vis spectra of the adduct (CH3)2Au(PQ)2 in THF solution at −78 °C (___) and at room 
temperature (- - -). 

In summary, the oxidation of dimethylaurate(I) with ferrocenium, decamethylferrocenium, or arenediazonium 
cation proceeds via an initial electron transfer to afford a metastable paramagnetic dimethylgold(II) 
intermediate. This transient species is subject to facile reductive elimination of ethane to afford a metallic gold 
mirror.27 Furthermore, the dimethylgold(II) intermediate can be trapped by 9,10-phenanthrenequinone to give 
the adduct (CH3)2Au(PQ)2, as shown in Scheme 1,where A+ is ferrocenium, decamethylferrocenium, or 
arenediazonium cation and PQ is 9,10-phenanthrenequinone. 

 

Oxidatively Induced Homolytic Cleavage of Tetramethylaurate(III). (I) Oxidation with Ferrocenium Cation. The 
oxidation of tetramethylaurate(III) with 1 equiv of ferrocenium cation in THF (or acetonitrile) generated 
methane, ethane, and gold metal, according to the stoichiometry in eq 6.28  
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Ferrocenium cation was reduced to ferrocene in quantitative yield (Table 4). When the oxidation of 
tetramethylaurate(III) was carried out in the presence of triphenylphosphine, methane and (CH3)3AuIIIPPh3 were 
obtained in equivalent amounts; i.e. 

 

This indicated that the trimethylgold(III) was generated, and it could be intercepted by triphenylphosphine. 
(Note that the decomposition of trimethylgold(III) yields gold and ethane in a 2:3 molar ratio.) When the 
oxidation of tetramethylaurate(III) in acetonitrile was carried out at −40 °C, 1 equiv of methane was evolved but 
no ethane was detectable at this low temperature. One and a half equivalents of ethane were produced when 
the reaction mixture was warmed to room temperature. The stepwise evolution of methane and ethane 
suggested that acetonitrile stabilized the coordinatively unsaturated trimethylgold(III) at low temperature. 
Under the same conditions, tetramethylaurate(III) did not react with decamethylferrocenium cation (which is 
not unexpected if one considers the lower reduction potential of decamethylferrocenium cation8).  

Table 4.  Oxidation of Bu4N+AuMe4
- with Cp2Fe+PF6

- a 

entry no. solvent CH4 C2H6 gold product Cp2Fe  

1  THF  0.91  1.36  Au (0.95)  0.94  
2  THF  0.87  0  Me3AuPPh3 (0.98)  0.98  

3  Et2Ob  0.95  <0.05  Me3AuPPh3 (0.94)  0.95  

4  CH3CN  0.83  1.41  Au(0.98)  0.92  

5  CH3CNb  0.97  0  Me3AuPPh3 (0.89)  0.94 
a The yield was moles of product based on the reactants normalized to 1.0 mol.b In the presence of 
triphenylphosphine. 

(II) Oxidation with Arenediazonium Cations. Oxidation of tetramethylaurate(III) with 2,4,6-
trichlorobenzenediazonium cation in THF (or acetonitrile) at −78 °C afforded methane, ethane, and gold 
according to the stoichiometry in eq 8.28 Concomitantly, the 2,4,6-trichlorobenzenediazonium cation was 
reduced to 1,3,5-trichlorobenzene with the evolution of nitrogen gas; i.e. 

 

where Ar is 2,4,6-Cl3C6H2, p-ClC6H4, p-BrC6H4, p-CF3C6H4, or p-CH3OC6H4. Oxidation of tetramethylaurate(III) with 
the other arenediazonium cations (Table 5) followed the same stoichiometry as formulated in eq 8.  

  



Table 5.  Oxidation of Tetramethylaurate Anion with Arenediazonium Cationsa 

 

a The yields were moles of products based on the reactants normalized to 1.0 mol. 

When tetramethylaurate(III) as its tetrabutylammonium salt was treated with 1 equiv of 4-
chlorobenzenediazonium hexafluorophosphate in the presence of triphenylphosphine, a mixture of methane 
and dinitrogen was found in the gas phase in 92% and 96% yields, respectively; (CH3)3AuIIIPPh3 was isolated in 
91% yield from the solution (eq 9).  

 

(III) Oxidation with Nitrosonium Cation. Upon addition of tetramethylaurate(III) as its tetrabutylammonium salt 
to the brown solution of [NO+,HMB]BF4

- in acetonitrile,29 the solution rapidly bleached and a gold mirror formed 
within a few minutes. A mixture of methane, ethane, and nitric oxide in a 2:3:2 molar ratiowas produced 
concomitantly; i.e. 
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When the same oxidation was performed in the presence of triphenylphosphine, a mixture of methane and 
(CH3)3AuIIIPPh3 in equivalent amounts was obtained in high yields, as shown in Table 6.  

Table 6.  Oxidation of Bu4N+AuMe4
- with the EDA Complex [NO+, HMB]BF4

- in CH3CNa 

entry no. CH4 C2H6
a gold product NO  

1  0.94  1.41  Au  0.96  
2b  0.91  0  Me3AuPPh3 (0.94)  0.96 

a The yield was moles of product based on the reactants normalized to 1.0 mol.b In the presence of 
triphenylphosphine. 

(IV) Electrochemical Oxidation. The cyclic voltammogram of tetramethylaurate(III) (as its tetrabutylammonium 
salt) showed an irreversible anodic wave with Ep = 422 mV (vs SCE) at a scan rate of v = 100 mV s-1. No reduction 
wave was observed during the reverse scan, and metallic gold was plated onto the surface of the platinum 
electrode. In the presence of triphenylphosphine, an additional irreversible anodic wave appeared at Ep = 1.32 V. 
By comparison with the CV behavior of an authentic sample of (CH3)3AuIIIPPh3, the electrode process at Ep = 1.32 
V could be assigned to the anodic oxidation of (CH3)3AuIIIPPh3. This suggested that the highly unstable 
tetramethylgold(IV) was produced, but it spontaneously decomposed to generate trimethylgold(III), which was 
trapped by triphenylphosphine to afford (CH3)3AuIIIPPh3 all on the CV time scale.  

Since ferrocenium, arenediazonium, and nitrosonium cations are well-known one-electron oxidants, they 
provide powerful probes for the study of electron-transfer processes. The established complete stoichiometry in 
eqs 6−10 strongly suggests that the oxidation of tetramethylaurate(III) by ferrocenium, arenediazonium, or 
nitrosonium cation proceeds via an initial electron transfer to generate the putative tetramethylgold(IV) 
intermediate in Scheme 2, where A+ is ferrocenium, arenediazonium, or nitrosonium cation.30 Ready 
interception of trimethylgold(III) by triphenylphosphine in chemical and electrochemical oxidations (eqs 7 and 9) 
implies that the highly unstable tetramethylgold(IV) intermediate spontaneously ruptures to give methyl radical 
and trimethylgold(III) via the homolytic cleavage of the Au−C bond.31 The former abstracts a hydrogen atom 
from the hydrogen-donor solvent to give methane, and the latter is intercepted by triphenylphosphine to afford 
the stable (CH3)3AuIIIPPh3.5 In the absence of trapping agent (PPh3), the coordinately unsaturated 
trimethylgold(III) rapidly decomposes to generate ethane and gold via reductive elimination, according to the 
well-established decomposition pathway of trimethylgold(III).32 
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It should be noted that, in our early study, tetramethylaurate(III) was reported to react with dioxygen to afford 2 
equiv of ethane and gold metal.5 Thus, the evolution of methane and ethane in a 2:3 molar ratio in our present 
study of the oxidation of tetramethylaurate(III) suggests that the reaction of tetramethylaurate(III) with 
dioxygen may not be a single electron-transfer process to produce a tetramethylgold(IV) intermediate and that 
dioxygen may not necessarily act only as a one-electron oxidant.  

Conclusion 
Dimethylaurate(I) and tetramethylaurate(III) can be isolated as pure crystalline tetrabutylammonium salts, and 
their electron-transfer reactivities toward electron acceptors have been examined. One-electron oxidation of 
dimethylaurate(I) produces the metastable dimethylgold(II). This intermediate can be trapped by 9,10-
phenanthrenequinone as the adduct (CH3)2Au(PQ)2, or it decomposes via facile reductive elimination to ethane 
and metallic gold mirror. Analogously, the oxidation of tetramethylaurate(III) generates the putative 
tetramethylgold(IV) intermediate. In contrast to dimethylgold(II), the highly unstable tetramethylgold(IV) 
undergoes rapid homolytic cleavage to produce methyl radical and trimethylgold(III). The latter can be 
intercepted by triphenylphosphine to afford Me3AuIIIPPh3. We hope theoretical analysis will shed some light on 
the reason for the different cleavage modes of the Au−C bonds in tetramethylgold(IV) and dimethylgold(II) 
intermediates.  

Experimental Section 
All manipulations were carried out under argon or helium atmosphere using standard Schlenk techniques or 
gloveboxes. Solvents such as ether, THF, benzene, and pentane were dried over sodium benzophenone ketyl 
and distilled and stored under argon before use. Acetonitrile was treated with KMnO4 (1 g/L) and refluxed for 1 
h. The distilled acetonitrile was then refluxed over P2O5 and CaH2, respectively, and distilled and stored under 
argon. Methyllithium (1.4 M solution in ether), iodomethane, and phenanthrenequinone were used as received. 
Triphenylphosphine, tetrabutylammonium bromide, dibenzyldimethylammonium chloride, and Cp2Fe+PF6

- were 
recrystalized from the appropriate solvents. MeAuPPh3,33 Me3AuPPh3,9b [NBu4][AuMe4],7 Cp*2Fe+BF4

-, 34 and 
arenediazonium salts35 were prepared by the published methods. No special precaution was exercised (with 
regard to light sensitivity) in the handling of these methylaurates. The hydrocarbon gases were analyzed by gas 
chromatography using a Gow-Mac 550 gas chromatograph equipped with a thermal conductivity detector and a 
2 ft Porapak Q column. Quantitative analysis was performed by the internal standard (ethylene) method after 
calibration under reaction conditions. The methylgold products were analyzed by 1H NMR using toluene as the 
internal standard. Elemental analyses were conducted by Atlantic Microlab Inc. UV−visible spectra were 
measured on a Hewlett-Packard 8450A diode-array spectrometer. 1H and 13C NMR spectra were recorded on a 
General Electric QE-300 spectrometer. ESR spectra were recorded on a Varian E-Line Century Series EPR 
spectrometer. Cyclic voltmmetry was performed on a BAS 100A electrochemical analyzer using (n-Bu)4N+PF6

- (0.1 
M) as supporting electrolyte.  

Synthesis of [N(C4H9-n)4][Au(CH3)2]. An ether solution of LiAu(CH3)2 (1.40 mmol) was prepared by treating 
CH3AuPPh3 (0.65 g, 1.40 mmol) with methyllithium (1.40 mmol) at 0 °C.9 To this solution was added a solution of 
[N(C4H9-n)4]Br (0.45 g, 1.40 mmol) in 50 mL of benzene. After the reaction mixture was stirred overnight at room 
temperature, the solvent was removed and the residue was extracted with benzene (2 × 40 mL). Removal of the 
solvent from the combined benzene extracts afforded a white solid, which was washed with pentane and 
recrystallized by slow diffusion of diethyl ether into the THF solution to give [N(C4H9-n)4][Au(CH3)2] as colorless 
needlelike crystals (0.52 g, 78% yield). Anal. Calcd for C18H42NAu:  C, 46.05; H, 9.02; N, 2.98. Found:  C, 46.30; H, 
8.98; N, 3.00. 1H NMR (C6D6; δ (ppm)):  0.329 (s, 6H, Au−CH3), 0.951 (t, J = 7.2 Hz, 12H, CH3), 1.398 (m, 8H, CH2), 
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1.497 (m, 8H, CH2), 3.278 (t, J = 7.5 Hz, 8H, CH2). 13C NMR (C6D6; δ (ppm)):  10.837 (Au−CH3), 13.670 (CH3), 19.753 
(CH2), 24.096 (CH2), 58.433 (CH2).  

Synthesis of [N(PPh3)2][Au(CH3)4]. An ether solution of LiAu(CH3)4 (0.85 mmol) was prepared by treating 
(CH3)3AuPPh3 (0.427 g, 0.85 mmol) with methyllithium (0.85 mmol) at 0 °C.36 To this solution were added 
[N(PPh3)2]Cl (487 mg, 0.85 mmol) and 30 mL of THF. The reaction mixture was stirred overnight at room 
temperature. Workup similar to that described above gave [N(PPh3)2][Au(CH3)4] as colorless needlelike crystals 
(0.375 g, 55% yield). Anal. Calcd for C40H42NP2Au:  C, 60.38; H, 5.32; N, 1.76. Found:  C, 60.08; H, 5.29; N, 1.98. 1H 
NMR (THF-d8:  δ (ppm)): −0.312 (s, 12H, Au−CH3), 7.4−7.9 (m, 30H, C6H5).  

Synthesis of [N(CH3)2(CH2C6H5)2][Au(CH3)4]. A procedure similar to that described above was followed, and 
[N(CH3)2(CH2C6H5)2][Au(CH3)4] was obtained as colorless prismatic crystals (52% yield). Anal. Calcd for C20H32NAu:  
C, 49.68; H, 6.67; N, 2.90. Found:  C, 49.54; H, 6.62; N, 3.01. 1H NMR (THF-d8; δ (ppm)): −0.084 (s, 12H, Au−CH3), 
3.06 (s, 6H, CH3), 4.741 (s, 4H, CH2), 7.509 (m, 6H, Ar−H), 7.643 (m, 4H, Ar−H).  

General Procedure for the Oxidations of Dimethylaurate(I) and Tetramethylaurate(III). Oxidation of 
tetrabutylammonium dimethylaurate(I) with ferrocenium hexafluorophosphate is used as an example and 
described as follows. To a frozen solution of [N(C4H9-n)4][Au(CH3)2] (47 mg, 0.1 mmol) in 10 mL of THF at −196 °C 
was added Cp2Fe+PF6

- (33 mg, 0.1 mmol) under a helium atmosphere. The reaction flask was then sealed with a 
rubber septum and warmed to room temperature. During this period, the reaction mixture turned to an orange 
solution and a gold mirror formed concomitantly. At this point, 0.1 mmol of ethylene was added into the flask as 
an internal standard via a gastight syringe. The gas phase was then analyzed by gas chromatography to 
determine the yield of methane and ethane. The solvent was removed, the residue was dissolved in CDCl3, and 
0.1 mmol of toluene was added to serve as internal standard. The yield of ferrocene was determined by 1H NMR. 
The yield of gold metal was determined gravimetrically by digesting the samples in concentrated sulfuric acid. In 
the cases of arenediazonium cations as the oxidant, the reaction mixture was quenched with water and 
extracted with ether. The ether extract was dried over anhydrous Na2SO4 and analyzed by GC and GC-MS to 
determine the yields of arenes. The results are summarized in Tables 2−6.  

Trapping of Dimethylgold(II) with 9,10-Phenanthrenequinone. (I) One Equivalent of 9,10-
Phenanthrenequinone. 9,10-Phenanthrenequinone (21.0 mg, 0.10 mmol) was added to a tetrahydrofuran 
solution of [N(C4H9-n)4][Au(CH3)2] (47.0 mg, 0.10 mmol) at −78 °C. To the resulting orange solution was added 
Cp2Fe+PF6

- (33.1 mg, 0.10 mmol) at −78 °C. The mixture was stirred at this temperature until Cp2Fe+PF6
- dissolved 

to give an orange solution. Ethane was produced in 97% yield, as determined by GC analysis of the gas phase.  

(II) Two Equivalents of 9,10-Phenanthrenequinone. 9,10-Phenanthrenequinone (41.6 mg, 0.20 mmol) was 
added to a tetrahydrofuran solution of [N(C4H9-n)4][Au(CH3)2] (46.8 mg, 0.10 mmol) at −78 °C. To the resulting 
orange solution was added Cp2Fe+PF6

- (33.1 mg, 0.10 mmol) at −78 °C. The mixture was stirred at this 
temperature until Cp2Fe+PF6

- dissolved to give a dark green solution. A 1.0 mL portion of this solution was 
withdrawn via a gastight syringe and diluted with 1 mL of THF at −78 °C. The UV−vis spectrum of the dilute 
solution was measured at −78 °C, and a broad band at about 700 nm was observed. The gas phase was analyzed 
by gas chromatography, and no methane or ethane was observed. The reaction mixture was then warmed to 
room temperature. The dark green solution turned to orange, and a black precipitate formed. The orange 
solution showed neither the 700 nm band nor an ESR signal. GC analysis of the gas phase indicated that ethane 
was evolved in 95% yield.  
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(III) Four Equivalents of 9,10-Phenanthrenequinone. 9,10-Phenanthrenequinone (125.0 mg, 0.60 mmol) was 
added to a tetrahydrofuran solution of [N(C4H9-n)4][Au(CH3)2] (70.5 mg, 0.15 mmol) at −78 °C. To the resulting 
orange solution was added Cp2Fe+PF6

- (50.0 mg, 0.15 mmol) at −78 °C. The mixture was stirred at this 
temperature until Cp2Fe+PF6

- dissolved to give a dark green solution. A 1.0 mL portion of the solution was 
withdrawn via a gastight syringe and diluted with THF at −78 °C. The UV−vis spectrum of the dilute solution was 
measured at −78 °C, and a broad band at about 700 nm was observed. The gas phase was analyzed by gas 
chromatography, and no methane or ethane was observed. An ESR sample was prepared at −78 °C, and the ESR 
spectrum was measured at −80 °C. In another run of this experiment, the reaction mixture was kept at −78 °C for 
1 day and a green precipitate formed. The solvent was removed via a syringe to give a green solid in about 70% 
yield, but attempts to obtain crystalline material were unsuccessful. The green solid was dissolved in THF at −78 
°C, and its UV−vis and ESR spectra were measured at −78 and −80 °C, respectively. The green solid turned to 
black upon being warmed to room temperature. Analysis of the gas phase indicated that 0.93 equiv of ethane 
was evolved and no methane was detected. The residue was dissolved in THF to give an orange solution and a 
black solid. The orange solution was characterized by GC and GC-MS to contain 1.57 equiv of 9,10-
phenanthrenequinone and 0.42 equiv of phenanthrenehydroquinone. The black solid was identified as gold 
metal (about 1.0 equiv).  

Trapping of Trimethylgold(III) with PPh3. To a frozen THF solution containing [N(C4H9-n)4][Au(CH3)4] (50.4 mg, 
0.1 mmol) and triphenylphosphine (26.2 mg, 0.1 mmol) at −196 °C was added Cp2Fe+PF6

- (33 mg, 0.1 mmol) 
under a helium atmosphere. The reaction flask was then sealed with a rubber septum and warmed to room 
temperature. The reaction mixture turned to an orange solution. The gas analysis indicated that 0.087 mmol of 
methane was evolved, but no ethane was detected. The solvent was removed, and the residue was dissolved in 
CDCl3. 1H NMR analysis indicated that 0.098 mmol of Cp2Fe and 0.098 mmol of (CH3)3AuPPh3 were produced. 
(CH3)3AuPPh3 was identified by 1H NMR:  δ 0.03 ppm (J = 7 Hz) for cis CH3, 1.1 ppm (J = 9 Hz) for trans CH3.  

X-ray Crystallography.37 The cell dimensions and diffraction intensities of [N(C4H9-n)4][Au(CH3)2] and 
[N(CH3)2(CH2C6H5)2][Au(CH3)4] were measured at −150 °C with a Siemens SMART diffractometer equipped with a 
CCD detector and an LT-2 low-temperature device. The data were collected with graphite-monochromated Mo 
Kα radiation (λ = 0.710 73 Å) using the ω-scan technique over a hemisphere of the reciprocal space. The usual 
Lorentz and polarization corrections were made. The decay and extinction corrections have been considered to 
be negligible for the crystals investigated. Absorption correction was done using the SADABS procedure.38 All the 
structures were solved by direct methods39 and refined by full-matrix least squares on F2 in anisotropic 
approximation for all non-hydrogen atoms.40 All the hydrogen atoms in both structures were placed in 
geometrically calculated positions and refined using a riding/rotating model40 with the isotropic temperature 
factors constrained to be Uiso(H) = 1.2Ueq(C) of the adjacent carbon atom. Crystal data and refinement details are 
given in Table 7.  

Table 7.  Crystallographic Data and Details of Refinements for[N(C4H9-n)4]+[Au(CH3)2]- (1) and 
[(CH3)2N(CH2C6H5)2]+[Au(CH3)4]- (2) 

  1 2  

formula  C18H42AuN  C20H32AuN  

fw  469.49  483.43  
cryst syst  monoclinic  triclinic  
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space group  P21/n  P1 ̄ 
a, Å  15.9464(1)  8.5946(1)  

b, Å  16.0965(2)  10.0649(1)  

c, Å  16.2923(2)  12.2762(2)  

α, deg  90  86.281(1)  
β, deg  96.646(1)  76.216(1)  

γ, deg  90  68.936(1)  

V, Å3  4153.83(8)  962.19(2)  

Z  8  2  
cryst size, mm  0.4 × 0.1 × 0.06  0.4 × 0.35 × 0.3  

F(000)  1888  476  

Dc, g cm-3  1.501  1.669  

μ(Mo Kα), mm-1  7.078  7.643  
2θ range, deg  3.4−72.7  4.4−72.5  

hmin; hmax  −26; 26  −13; 14  

kmin; kmax  0; 26  −16; 16  

lmin; lmax  0; 27  0; 20  
no. of measd rflns  52 159  12 050  

no. of indep rflns  18 886  8298  

Rint  0.0815  0.0173  

no. of obsd rflnsa  17 704  8276  
total no. of variables  405  208  

Rb (I > 2σ(I))  0.0485  0.0255  

Rw
c (I > 2σ(I))  0.0842  0.0571  

Sd  0.921  1.111  
Δρmax/Δρmin, e Å-3  2.464/−3.581  1.414/−1.471  

wt scheme coeffe (a/b)  0.0333/0  0.0217/1.92 
a With I > 2.0σ(I).b R = ∑||Fo| − |Fc||/∑|Fo|.c Rw = {∑[w(Fo

2 − Fc
2)2]/∑[w(Fo

2)2]}1/2.d S = {∑[w(Fo
2 − 

Fc
2)2]/∑(N − n)}1/2.e w = 1/[σ2(Fo

2) + (aP)2 + bP], where P = (Fo
2)/3 + 2(Fc

2)/3. 
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	Dimethylaurate(I) is prepared as the crystalline tetrabutylammonium salt and its linear structure together with the square-planar structure of tetramethylaurate(III) are both confirmed by X-ray crystallography. The electron-transfer reactivity of these aurate salts toward some well-known one-electron oxidants is explored to probe the mechanistic details of their oxidative decomposition.
	Abstract
	/
	Dimethylaurate(I) has been prepared as the crystalline tetrabutylammonium salt for comparison with the known tetramethylaurate(III) analogue. The linear structure of dimethylaurate(I) and the square-planar structure of tetramethylaurate(III) have both been confirmed by X-ray crystallography. One-electron oxidation of dimethylaurate(I) by either ferrocenium or arenediazonium cations produces the metastable dimethylgold(II) intermediate, which can be trapped as the paramagnetic 9,10-phenanthrenequinone (PQ) adduct. Otherwise, dimethylgold(II) is subject to rapid reductive elimination of ethane and affords metallic gold (mirror). The analogous oxidation of tetramethylaurate(III) by ferrocenium, arenediazonium, or nitrosonium cations also proceeds via electron transfer to generate the putative tetramethylgold(IV) intermediate. The highly unstable (CH3)4AuIV spontaneously undergoes homolytic cleavage to produce methyl radical and the coordinately unsaturated trimethylgold(III), which can be intercepted by added triphenylphosphine to afford Me3AuIIIPPh3. 
	Introduction
	Alkylmetalates are conventionally considered as nucleophiles and thus have been widely used as sources of the alkyl anion (R-) in a variety of alkylation reactions.1 Anionic alkylmetalates are also good electron donors (owing to the electron-donating property of R-),2 and this property should play an important role in alkyl transfer reactions. Indeed, we recently found that alkylation of pyridinium acceptors by tetramethylborate proceeds via an initial electron transfer to establish the significance of the electron-donor property of tetramethylborate in the formal transfer of an alkyl ligand.3 As such, a question arises as to whether the transition-metal counterparts can behave in a similar manner. Although the mechanistic dichotomy between nucleophilic addition and electron transfer in the alkylcuprate addition to electrophiles has been addressed,4 the electron-transfer reactivities of transition-metal alkylmetalates, in general, have been greatly hampered by their thermal instability and air sensitivity. In this context, our early study5 showed that the rapid oxidative decomposition of dimethylaurate(I) and tetramethylaurate(III) by dioxygen afforded ethane and metallic gold; unusual dimethylgold(II) and tetramethylgold(IV) species were proposed as transient intermediates.6 In this early study, however, dimethylaurate(I) and tetramethylaurate(III) were both generated in situ, and the fate of dioxygen was not identified. The recent availability of tetramethylaurate(III) as a pure crystalline tetrabutylammonium salt7 encouraged us to isolate the pure crystalline dimethylaurate(I) analogue. As a result, we examined the structures of both dimethylaurate(I) and tetramethylaurate(III) by X-ray crystallography and explored the electron-transfer reactivity of these methylmetalates toward electron acceptors in order to clarify the mechanistic details of the oxidative decomposition. For this study, we chose ferrocenium, decamethylferrocenium, arenediazonium, and nitrosonium cations as electron acceptors, since they are well-known one-electron oxidants and widely used to probe electron-transfer processes.8 
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	Synthesis and X-ray Structures of Dimethylaurate(I) and Tetramethylaurate(III). Dimethylaurate(I). Dimethylaurate(I) was prepared as the tetrabutylammonium salt by treatment of LiAu(CH3)29 (generated in situ) with tetrabutylammonium bromide; i.e.
	/
	and the crystalline dimethylaurate(I) salt was obtained as colorless needles by the slow diffusion of ether into the THF solution at −30 °C. The X-ray structure of [N(C4H9)4][Au(CH3)2] is shown in Figure 1, and the bond lengths and angles of the dimethylaurate(I) anion are listed in Table 1. There are two symmetrically independent Au(CH3)2- anions having nonequivalent crystalline environments. However, both dimethylaurate(I) moieties have a nearly linear structure with the same C−Au−C bond angle of 178.2°.10-12 
	/
	Figure 1 ORTEP diagram of [N(C4H9-n)4]+[Au(CH3)2]- (thermal ellipsoids drawn at the 50% level) showing the two symmetrically independent structural units.
	Table 1.  Bond Lengths (Å) and Angles (deg) of Au(CH3)2- and Au(CH3)4-
	Au(CH3)2- 
	2.084(5) 
	Au(1)−C(2) 
	2.087(5) 
	Au(1)−C(1) 
	2.053(5)
	Au(2)−C(4) 
	2.076(6) 
	Au(2)−C(3) 
	178.2(2)
	C(3)−Au(2)−C(4) 
	178.2(2) 
	C(1)−Au(1)−C(2) 
	Au(CH3)4- a 
	2.091(4) 
	Au(1)−C(2) 
	2.111(4) 
	Au(1)−C(1) 
	2.096(3)
	Au(2)−C(4) 
	2.103(3) 
	Au(2)−C(3) 
	180.0 
	C(2)−Au(1)−C(2‘) 
	180.0 
	C(1)−Au(1)−C(1‘) 
	91.7(2) 
	C(2)−Au(1)−C(1) 
	88.3(2) 
	C(2)−Au(1)−C(1‘) 
	180.0 
	C(4)−Au(2)−C(4‘) 
	180.0 
	C(3)−Au(2)−C(3‘) 
	90.8 (1)
	C(4)−Au(2)−C(3‘) 
	89.2(1) 
	C(4)−Au(2)−C(3) 
	a Atoms C(1‘), C(2‘), C(3‘), and C(4‘) are derived from C(1), C(2), C(3), and C(4), respectively, by corresponding centers of symmetry. 
	Tetramethylaurate(III). The colorless crystalline tetrabutylammonium salt of tetramethylaurate(III) was obtained as previously described by Komiya and co-workers.7 Since the tetrabutylammonium salt of tetramethylaurate(III) was reported to decompose when the crystal was exposed to X-ray irradiation,7 we prepared two other crystalline tetramethylaurate(III) salts, [N(PPh3)2][Au(CH3)4] and [(PhCH2)2N(CH3)2][Au(CH3)4] (see Experimental Section), for X-ray structure analysis. The PPN+ salt of tetramethylaurate(III) was recrystallized as colorless needles by the slow diffusion of diethyl ether into the THF solution at −30 °C, but its X-ray structure was not resolved due to a crystallographic disorder in the anionic moiety. Using the same recrystallization technique, the dibenzyldimethylammonium salt of tetramethylaurate(III) was recrystallized as colorless prisms, and the crystal structure of [(PhCH2)2N(CH3)2][Au(CH3)4] was successfully solved (see Figure 2). The triclinic unit cell contains two cations and two crystallographically centrosymmetric anions. Therefore, the tetramethylaurate(III) anions have an ideal square-planar structure with a slight distortion of bond angles,10,13 the C−Au−C bond angles between the cis methyl groups being 88.3(2) and 91.7(2)° in one anion moiety and 89.17(12) and 90.83(12)° in the other (Table 1).14 
	/
	Figure 2 ORTEP diagram of [(CH3)2N(CH2C6H5)2]+[Au(CH3)4]- (thermal ellipsoids drawn at the 50% level) showing the ammonium cation and two centrosymmetric anionic moieties. The symmetrically independent atoms are labeled.
	Oxidatively Induced Reductive Elimination of Dimethylaurate(I). (I) Oxidation with Ferrocenium and Decamethylferrocenium Cations. Oxidation of dimethylaurate(I) with 1 equiv of ferrocenium (or decamethylferrocenium) cation in THF (or acetonitrile) afforded ethane and a gold mirror according to the stoichiometry in eq 2.
	/
	The ferrocenium (or decamethylferrocenium) cation was reduced to ferrocene (or decamethylferrocene) in quantitative yields, and the results are summarized in Table 2. A mixture of (CH3)3AuPPh3 and CH3AuPPh3 in equivalent amounts was obtained when the reactions were carried out in the presence of triphenylphosphine (Table 2). 
	Table 2.  Oxidation of Bu4N+AuMe2- with Cp2Fe+PF6- or Cp*2Fe+PF6- a
	Cp2Fe/Cp*2Fe 
	gold product
	C2H6
	CH4
	solvent
	entry no.
	0.94 
	Au (0.97) 
	0.86 
	0.06 
	THF 
	1 
	0.96 
	Au (0.96) 
	0.95 
	<0.05 
	CH3CN 
	2 
	0.96 
	Au 
	0.88 
	0.05 
	THF 
	3 
	0.93 
	Au 
	0.92 
	<0.05 
	CH3CN 
	4 
	0.87 
	Me3AuPPh3 (0.34) 
	0.18 
	0.19 
	THFb 
	5 
	 
	MeAuPPh3 (0.40) 
	 
	 
	 
	 
	0.93 
	Me3AuPPh3 (0.40) 
	<0.05 
	0.10 
	CH3CNb 
	6 
	 
	MeAuPPh3 (0.38) 
	 
	 
	 
	 
	a For entries 1 and 2, Cp2Fe+PF6- was used as oxidant, while Cp*2Fe+PF6- was used for entries 3−6. The yield was moles of product based on the reactants normalized to 1.0 mol.b In the presence of triphenylphosphine.
	(II) Oxidation with Arenediazonium Cations. The treatment of tetrabutylammonium dimethylaurate(I) with 2,4,6-trichlorobenzenediazonium hexafluorophosphate in THF (or acetonitrile) at −78 °C generated ethane and metallic gold according to eq 3, where Ar is 2,4,6-Cl3C6H2, p-ClC6H4, p-BrC6H4, p-CF3C6H4, or p-CH3OC6H4.
	/
	Furthermore, the 2,4,6-trichlorobenzenediazonium cation was reduced to 1,3,5-trichlorobenzene with the evolution of nitrogen gas. The oxidation of dimethylaurate(I) with the other arenediazonium cations afforded similar results, as summarized in Table 3. 
	Table 3.  Oxidation of Dimethylaurate Anion with Arenediazonium Cationsa
	a The yields were moles of products based on the reactants normalized to 1.0 mol.
	(III) Electrochemical Oxidation. The cyclic voltammogram of tetrabutylammonium dimethylaurate(I) showed an irreversible anodic wave at Ep = 98 mV (vs SCE) at a scan rate of v = 100 mV s-1. No reduction wave was observed during the reverse scan, and metallic gold was plated onto the surface of the platinum electrode. The latter suggested that dimethylgold(II) was generated but rapidly decomposed to ethane and gold(0) on the CV time scale (compare eqs 2 and 3). 
	(IV) Trapping of Dimethylgold(II). The interception of the dimethylgold(II) intermediate was carried out with 9,10-phenanthrenequinone (PQ) as the trapping agent15 using ferrocenium cation as the oxidant.18 When dimethylaurate(I) was treated with ferrocenium cation in the presence of 4 equiv of 9,10-phenanthrenequinone, a dark green solution was obtained immediately.19 A metastable green solid was isolated from the reaction mixture (see Experimental Section) and found to be stable at −78 °C. It decomposed at room temperature to yield a mixture of ethane, gold(0), and phenanthrenequinone in the molar ratio of 1:1:2.20 Ferrocenium cation
	was quantitatively reduced to ferrocene; i.e.
	/
	The ESR spectrum of the green bis-PQ adduct (g = 2.0002) measured in THF solution at −80 °C and the simulated ESR spectrum are shown in Figure 3.21 The very weak (unresolved) coupling with 197Au22 suggests the unpaired electron to be primarily localized on the 9,10-phenanthrenequinone ligand (i.e. as PQ•-).16,17 The green adduct can thus be structurally assigned as (CH3)2Au+(PQ•-)(PQ). Further support for this assignment is provided by the UV−vis spectrum in Figure 4, which shows the broad band at 700 nm. This intense absorption band may be assigned to the interligand charge-transfer band from the phenanthrenesemiquinone to the phenanthrenequinone ligand.23 Interligand charge-transfer interactions of this type have been previously observed between the mixed-charge quinone ligands in structurally characterized copper(II) and nickel(I) complexes, i.e., [(TMEDA)Cu(PD)(PQ)] (TMEDA = tetramethylethylenediamine and PD = 9,10-phenanthrenediolate) and [LNi(TCSQ)(TCQ)] (L = 2,4,4-trimethyl-1,5,9-triazacyclododec-1-ene, TCSQ = tetrachloro-1,2-benzosemiquinone, and TCQ = tetrachloro-1,2-benzoquinone).24 Furthermore, as the green solution of the bis-PQ adduct was warmed to room temperature, the 700 nm band bleached (Figure 4) and the hyperfine splittings in the ESR spectrum disappeared (the g value did not change; Figure 3a). When the resulting orange solution was immediately recooled to −78 °C, the color of the solution was restored to green; the UV−vis (700 nm) band and the ESR hyperfine splittings appeared concomitantly (although the intensities were somewhat reduced). After a few cycles of this warm/cool process, decomposition was observed, accompanied by the disappearance of the 700 nm absorption band and ESR signal. The bleach of the green color at room temperature could be interpreted by the following equilibrium in solution: 
	/
	As the temperature increased, the equilibrium shifted to the right side so that the charge-transfer interaction between the phenanthrenequinone anion radical and neutral phenanthrenequinone moieties was not observed. The absence of hyperfine splitting at room temperature was attributed to line broadening25 due to the increased rate of electron exchange between the phenanthrenequinone anion radical and neutral phenanthrenequinone at higher temperature.26 
	/
	Figure 3 Experimental (a, room temperature; b, −80 °C) and simulated (c) ESR spectra of the adduct (CH3)2Au(PQ)2. The parameters used for simulation are as follows:  the hyperfine splitting constants of the two groups of H atoms of 9,10-phenanthrenequinone and 197Au are 1.75, 0.45, and 0.30 G, respectively; the line width is 0.60 G.
	/
	Figure 4 UV−vis spectra of the adduct (CH3)2Au(PQ)2 in THF solution at −78 °C (___) and at room temperature (- - -).
	In summary, the oxidation of dimethylaurate(I) with ferrocenium, decamethylferrocenium, or arenediazonium cation proceeds via an initial electron transfer to afford a metastable paramagnetic dimethylgold(II) intermediate. This transient species is subject to facile reductive elimination of ethane to afford a metallic gold mirror.27 Furthermore, the dimethylgold(II) intermediate can be trapped by 9,10-phenanthrenequinone to give the adduct (CH3)2Au(PQ)2, as shown in Scheme 1,where A+ is ferrocenium, decamethylferrocenium, or arenediazonium cation and PQ is 9,10-phenanthrenequinone.
	/
	Oxidatively Induced Homolytic Cleavage of Tetramethylaurate(III). (I) Oxidation with Ferrocenium Cation. The oxidation of tetramethylaurate(III) with 1 equiv of ferrocenium cation in THF (or acetonitrile) generated methane, ethane, and gold metal, according to the stoichiometry in eq 6.28 
	/
	Ferrocenium cation was reduced to ferrocene in quantitative yield (Table 4). When the oxidation of tetramethylaurate(III) was carried out in the presence of triphenylphosphine, methane and (CH3)3AuIIIPPh3 were obtained in equivalent amounts; i.e.
	/
	This indicated that the trimethylgold(III) was generated, and it could be intercepted by triphenylphosphine. (Note that the decomposition of trimethylgold(III) yields gold and ethane in a 2:3 molar ratio.) When the oxidation of tetramethylaurate(III) in acetonitrile was carried out at −40 °C, 1 equiv of methane was evolved but no ethane was detectable at this low temperature. One and a half equivalents of ethane were produced when the reaction mixture was warmed to room temperature. The stepwise evolution of methane and ethane suggested that acetonitrile stabilized the coordinatively unsaturated trimethylgold(III) at low temperature. Under the same conditions, tetramethylaurate(III) did not react with decamethylferrocenium cation (which is not unexpected if one considers the lower reduction potential of decamethylferrocenium cation8). 
	Table 4.  Oxidation of Bu4N+AuMe4- with Cp2Fe+PF6- a
	Cp2Fe 
	gold product
	C2H6
	CH4
	solvent
	entry no.
	0.94 
	Au (0.95) 
	1.36 
	0.91 
	THF 
	1 
	0.98 
	Me3AuPPh3 (0.98) 
	0 
	0.87 
	THF 
	2 
	0.95 
	Me3AuPPh3 (0.94) 
	<0.05 
	0.95 
	Et2Ob 
	3 
	0.92 
	Au(0.98) 
	1.41 
	0.83 
	CH3CN 
	4 
	0.94
	Me3AuPPh3 (0.89) 
	0 
	0.97 
	CH3CNb 
	5 
	a The yield was moles of product based on the reactants normalized to 1.0 mol.b In the presence of triphenylphosphine.
	(II) Oxidation with Arenediazonium Cations. Oxidation of tetramethylaurate(III) with 2,4,6-trichlorobenzenediazonium cation in THF (or acetonitrile) at −78 °C afforded methane, ethane, and gold according to the stoichiometry in eq 8.28 Concomitantly, the 2,4,6-trichlorobenzenediazonium cation was reduced to 1,3,5-trichlorobenzene with the evolution of nitrogen gas; i.e.
	/
	where Ar is 2,4,6-Cl3C6H2, p-ClC6H4, p-BrC6H4, p-CF3C6H4, or p-CH3OC6H4. Oxidation of tetramethylaurate(III) with the other arenediazonium cations (Table 5) followed the same stoichiometry as formulated in eq 8. 
	Table 5.  Oxidation of Tetramethylaurate Anion with Arenediazonium Cationsa
	a The yields were moles of products based on the reactants normalized to 1.0 mol.
	When tetramethylaurate(III) as its tetrabutylammonium salt was treated with 1 equiv of 4-chlorobenzenediazonium hexafluorophosphate in the presence of triphenylphosphine, a mixture of methane and dinitrogen was found in the gas phase in 92% and 96% yields, respectively; (CH3)3AuIIIPPh3 was isolated in 91% yield from the solution (eq 9). 
	/
	(III) Oxidation with Nitrosonium Cation. Upon addition of tetramethylaurate(III) as its tetrabutylammonium salt to the brown solution of [NO+,HMB]BF4- in acetonitrile,29 the solution rapidly bleached and a gold mirror formed within a few minutes. A mixture of methane, ethane, and nitric oxide in a 2:3:2 molar ratiowas produced concomitantly; i.e.
	/
	When the same oxidation was performed in the presence of triphenylphosphine, a mixture of methane and (CH3)3AuIIIPPh3 in equivalent amounts was obtained in high yields, as shown in Table 6. 
	Table 6.  Oxidation of Bu4N+AuMe4- with the EDA Complex [NO+, HMB]BF4- in CH3CNa
	NO 
	gold product
	C2H6a
	CH4
	entry no.
	0.96 
	Au 
	1.41 
	0.94 
	1 
	0.96
	Me3AuPPh3 (0.94) 
	0 
	0.91 
	2b 
	a The yield was moles of product based on the reactants normalized to 1.0 mol.b In the presence of triphenylphosphine.
	(IV) Electrochemical Oxidation. The cyclic voltammogram of tetramethylaurate(III) (as its tetrabutylammonium salt) showed an irreversible anodic wave with Ep = 422 mV (vs SCE) at a scan rate of v = 100 mV s-1. No reduction wave was observed during the reverse scan, and metallic gold was plated onto the surface of the platinum electrode. In the presence of triphenylphosphine, an additional irreversible anodic wave appeared at Ep = 1.32 V. By comparison with the CV behavior of an authentic sample of (CH3)3AuIIIPPh3, the electrode process at Ep = 1.32 V could be assigned to the anodic oxidation of (CH3)3AuIIIPPh3. This suggested that the highly unstable tetramethylgold(IV) was produced, but it spontaneously decomposed to generate trimethylgold(III), which was trapped by triphenylphosphine to afford (CH3)3AuIIIPPh3/all on the CV time scale. 
	Since ferrocenium, arenediazonium, and nitrosonium cations are well-known one-electron oxidants, they provide powerful probes for the study of electron-transfer processes. The established complete stoichiometry in eqs 6−10 strongly suggests that the oxidation of tetramethylaurate(III) by ferrocenium, arenediazonium, or nitrosonium cation proceeds via an initial electron transfer to generate the putative tetramethylgold(IV) intermediate in Scheme 2, where A+ is ferrocenium, arenediazonium, or nitrosonium cation.30 Ready interception of trimethylgold(III) by triphenylphosphine in chemical and electrochemical oxidations (eqs 7 and 9) implies that the highly unstable tetramethylgold(IV) intermediate spontaneously ruptures to give methyl radical and trimethylgold(III) via the homolytic cleavage of the Au−C bond.31 The former abstracts a hydrogen atom from the hydrogen-donor solvent to give methane, and the latter is intercepted by triphenylphosphine to afford the stable (CH3)3AuIIIPPh3.5 In the absence of trapping agent (PPh3), the coordinately unsaturated trimethylgold(III) rapidly decomposes to generate ethane and gold via reductive elimination, according to the well-established decomposition pathway of trimethylgold(III).32
	/
	It should be noted that, in our early study, tetramethylaurate(III) was reported to react with dioxygen to afford 2 equiv of ethane and gold metal.5 Thus, the evolution of methane and ethane in a 2:3 molar ratio in our present study of the oxidation of tetramethylaurate(III) suggests that the reaction of tetramethylaurate(III) with dioxygen may not be a single electron-transfer process to produce a tetramethylgold(IV) intermediate and that dioxygen may not necessarily act only as a one-electron oxidant. 
	Dimethylaurate(I) and tetramethylaurate(III) can be isolated as pure crystalline tetrabutylammonium salts, and their electron-transfer reactivities toward electron acceptors have been examined. One-electron oxidation of dimethylaurate(I) produces the metastable dimethylgold(II). This intermediate can be trapped by 9,10-phenanthrenequinone as the adduct (CH3)2Au(PQ)2, or it decomposes via facile reductive elimination to ethane and metallic gold mirror. Analogously, the oxidation of tetramethylaurate(III) generates the putative tetramethylgold(IV) intermediate. In contrast to dimethylgold(II), the highly unstable tetramethylgold(IV) undergoes rapid homolytic cleavage to produce methyl radical and trimethylgold(III). The latter can be intercepted by triphenylphosphine to afford Me3AuIIIPPh3. We hope theoretical analysis will shed some light on the reason for the different cleavage modes of the Au−C bonds in tetramethylgold(IV) and dimethylgold(II) intermediates. 
	All manipulations were carried out under argon or helium atmosphere using standard Schlenk techniques or gloveboxes. Solvents such as ether, THF, benzene, and pentane were dried over sodium benzophenone ketyl and distilled and stored under argon before use. Acetonitrile was treated with KMnO4 (1 g/L) and refluxed for 1 h. The distilled acetonitrile was then refluxed over P2O5 and CaH2, respectively, and distilled and stored under argon. Methyllithium (1.4 M solution in ether), iodomethane, and phenanthrenequinone were used as received. Triphenylphosphine, tetrabutylammonium bromide, dibenzyldimethylammonium chloride, and Cp2Fe+PF6- were recrystalized from the appropriate solvents. MeAuPPh3,33 Me3AuPPh3,9b [NBu4][AuMe4],7 Cp*2Fe+BF4-, 34 and arenediazonium salts35 were prepared by the published methods. No special precaution was exercised (with regard to light sensitivity) in the handling of these methylaurates. The hydrocarbon gases were analyzed by gas chromatography using a Gow-Mac 550 gas chromatograph equipped with a thermal conductivity detector and a 2 ft Porapak Q column. Quantitative analysis was performed by the internal standard (ethylene) method after calibration under reaction conditions. The methylgold products were analyzed by 1H NMR using toluene as the internal standard. Elemental analyses were conducted by Atlantic Microlab Inc. UV−visible spectra were measured on a Hewlett-Packard 8450A diode-array spectrometer. 1H and 13C NMR spectra were recorded on a General Electric QE-300 spectrometer. ESR spectra were recorded on a Varian E-Line Century Series EPR spectrometer. Cyclic voltmmetry was performed on a BAS 100A electrochemical analyzer using (n-Bu)4N+PF6- (0.1 M) as supporting electrolyte. 
	Synthesis of [N(C4H9-n)4][Au(CH3)2]. An ether solution of LiAu(CH3)2 (1.40 mmol) was prepared by treating CH3AuPPh3 (0.65 g, 1.40 mmol) with methyllithium (1.40 mmol) at 0 °C.9 To this solution was added a solution of [N(C4H9-n)4]Br (0.45 g, 1.40 mmol) in 50 mL of benzene. After the reaction mixture was stirred overnight at room temperature, the solvent was removed and the residue was extracted with benzene (2 × 40 mL). Removal of the solvent from the combined benzene extracts afforded a white solid, which was washed with pentane and recrystallized by slow diffusion of diethyl ether into the THF solution to give [N(C4H9-n)4][Au(CH3)2] as colorless needlelike crystals (0.52 g, 78% yield). Anal. Calcd for C18H42NAu:  C, 46.05; H, 9.02; N, 2.98. Found:  C, 46.30; H, 8.98; N, 3.00. 1H NMR (C6D6; δ (ppm)):  0.329 (s, 6H, Au−CH3), 0.951 (t, J = 7.2 Hz, 12H, CH3), 1.398 (m, 8H, CH2), 1.497 (m, 8H, CH2), 3.278 (t, J = 7.5 Hz, 8H, CH2). 13C NMR (C6D6; δ (ppm)):  10.837 (Au−CH3), 13.670 (CH3), 19.753 (CH2), 24.096 (CH2), 58.433 (CH2). 
	Synthesis of [N(PPh3)2][Au(CH3)4]. An ether solution of LiAu(CH3)4 (0.85 mmol) was prepared by treating (CH3)3AuPPh3 (0.427 g, 0.85 mmol) with methyllithium (0.85 mmol) at 0 °C.36 To this solution were added [N(PPh3)2]Cl (487 mg, 0.85 mmol) and 30 mL of THF. The reaction mixture was stirred overnight at room temperature. Workup similar to that described above gave [N(PPh3)2][Au(CH3)4] as colorless needlelike crystals (0.375 g, 55% yield). Anal. Calcd for C40H42NP2Au:  C, 60.38; H, 5.32; N, 1.76. Found:  C, 60.08; H, 5.29; N, 1.98. 1H NMR (THF-d8:  δ (ppm)): −0.312 (s, 12H, Au−CH3), 7.4−7.9 (m, 30H, C6H5). 
	Synthesis of [N(CH3)2(CH2C6H5)2][Au(CH3)4]. A procedure similar to that described above was followed, and [N(CH3)2(CH2C6H5)2][Au(CH3)4] was obtained as colorless prismatic crystals (52% yield). Anal. Calcd for C20H32NAu:  C, 49.68; H, 6.67; N, 2.90. Found:  C, 49.54; H, 6.62; N, 3.01. 1H NMR (THF-d8; δ (ppm)): −0.084 (s, 12H, Au−CH3), 3.06 (s, 6H, CH3), 4.741 (s, 4H, CH2), 7.509 (m, 6H, Ar−H), 7.643 (m, 4H, Ar−H). 
	General Procedure for the Oxidations of Dimethylaurate(I) and Tetramethylaurate(III). Oxidation of tetrabutylammonium dimethylaurate(I) with ferrocenium hexafluorophosphate is used as an example and described as follows. To a frozen solution of [N(C4H9-n)4][Au(CH3)2] (47 mg, 0.1 mmol) in 10 mL of THF at −196 °C was added Cp2Fe+PF6- (33 mg, 0.1 mmol) under a helium atmosphere. The reaction flask was then sealed with a rubber septum and warmed to room temperature. During this period, the reaction mixture turned to an orange solution and a gold mirror formed concomitantly. At this point, 0.1 mmol of ethylene was added into the flask as an internal standard via a gastight syringe. The gas phase was then analyzed by gas chromatography to determine the yield of methane and ethane. The solvent was removed, the residue was dissolved in CDCl3, and 0.1 mmol of toluene was added to serve as internal standard. The yield of ferrocene was determined by 1H NMR. The yield of gold metal was determined gravimetrically by digesting the samples in concentrated sulfuric acid. In the cases of arenediazonium cations as the oxidant, the reaction mixture was quenched with water and extracted with ether. The ether extract was dried over anhydrous Na2SO4 and analyzed by GC and GC-MS to determine the yields of arenes. The results are summarized in Tables 2−6. 
	Trapping of Dimethylgold(II) with 9,10-Phenanthrenequinone. (I) One Equivalent of 9,10-Phenanthrenequinone. 9,10-Phenanthrenequinone (21.0 mg, 0.10 mmol) was added to a tetrahydrofuran solution of [N(C4H9-n)4][Au(CH3)2] (47.0 mg, 0.10 mmol) at −78 °C. To the resulting orange solution was added Cp2Fe+PF6- (33.1 mg, 0.10 mmol) at −78 °C. The mixture was stirred at this temperature until Cp2Fe+PF6- dissolved to give an orange solution. Ethane was produced in 97% yield, as determined by GC analysis of the gas phase. 
	(II) Two Equivalents of 9,10-Phenanthrenequinone. 9,10-Phenanthrenequinone (41.6 mg, 0.20 mmol) was added to a tetrahydrofuran solution of [N(C4H9-n)4][Au(CH3)2] (46.8 mg, 0.10 mmol) at −78 °C. To the resulting orange solution was added Cp2Fe+PF6- (33.1 mg, 0.10 mmol) at −78 °C. The mixture was stirred at this temperature until Cp2Fe+PF6- dissolved to give a dark green solution. A 1.0 mL portion of this solution was withdrawn via a gastight syringe and diluted with 1 mL of THF at −78 °C. The UV−vis spectrum of the dilute solution was measured at −78 °C, and a broad band at about 700 nm was observed. The gas phase was analyzed by gas chromatography, and no methane or ethane was observed. The reaction mixture was then warmed to room temperature. The dark green solution turned to orange, and a black precipitate formed. The orange solution showed neither the 700 nm band nor an ESR signal. GC analysis of the gas phase indicated that ethane was evolved in 95% yield. 
	(III) Four Equivalents of 9,10-Phenanthrenequinone. 9,10-Phenanthrenequinone (125.0 mg, 0.60 mmol) was added to a tetrahydrofuran solution of [N(C4H9-n)4][Au(CH3)2] (70.5 mg, 0.15 mmol) at −78 °C. To the resulting orange solution was added Cp2Fe+PF6- (50.0 mg, 0.15 mmol) at −78 °C. The mixture was stirred at this temperature until Cp2Fe+PF6- dissolved to give a dark green solution. A 1.0 mL portion of the solution was withdrawn via a gastight syringe and diluted with THF at −78 °C. The UV−vis spectrum of the dilute solution was measured at −78 °C, and a broad band at about 700 nm was observed. The gas phase was analyzed by gas chromatography, and no methane or ethane was observed. An ESR sample was prepared at −78 °C, and the ESR spectrum was measured at −80 °C. In another run of this experiment, the reaction mixture was kept at −78 °C for 1 day and a green precipitate formed. The solvent was removed via a syringe to give a green solid in about 70% yield, but attempts to obtain crystalline material were unsuccessful. The green solid was dissolved in THF at −78 °C, and its UV−vis and ESR spectra were measured at −78 and −80 °C, respectively. The green solid turned to black upon being warmed to room temperature. Analysis of the gas phase indicated that 0.93 equiv of ethane was evolved and no methane was detected. The residue was dissolved in THF to give an orange solution and a black solid. The orange solution was characterized by GC and GC-MS to contain 1.57 equiv of 9,10-phenanthrenequinone and 0.42 equiv of phenanthrenehydroquinone. The black solid was identified as gold metal (about 1.0 equiv). 
	Trapping of Trimethylgold(III) with PPh3. To a frozen THF solution containing [N(C4H9-n)4][Au(CH3)4] (50.4 mg, 0.1 mmol) and triphenylphosphine (26.2 mg, 0.1 mmol) at −196 °C was added Cp2Fe+PF6- (33 mg, 0.1 mmol) under a helium atmosphere. The reaction flask was then sealed with a rubber septum and warmed to room temperature. The reaction mixture turned to an orange solution. The gas analysis indicated that 0.087 mmol of methane was evolved, but no ethane was detected. The solvent was removed, and the residue was dissolved in CDCl3. 1H NMR analysis indicated that 0.098 mmol of Cp2Fe and 0.098 mmol of (CH3)3AuPPh3 were produced. (CH3)3AuPPh3 was identified by 1H NMR:  δ 0.03 ppm (J = 7 Hz) for cis CH3, 1.1 ppm (J = 9 Hz) for trans CH3. 
	X-ray Crystallography.37 The cell dimensions and diffraction intensities of [N(C4H9-n)4][Au(CH3)2] and [N(CH3)2(CH2C6H5)2][Au(CH3)4] were measured at −150 °C with a Siemens SMART diffractometer equipped with a CCD detector and an LT-2 low-temperature device. The data were collected with graphite-monochromated Mo Kα radiation (λ = 0.710 73 Å) using the ω-scan technique over a hemisphere of the reciprocal space. The usual Lorentz and polarization corrections were made. The decay and extinction corrections have been considered to be negligible for the crystals investigated. Absorption correction was done using the SADABS procedure.38 All the structures were solved by direct methods39 and refined by full-matrix least squares on F2 in anisotropic approximation for all non-hydrogen atoms.40 All the hydrogen atoms in both structures were placed in geometrically calculated positions and refined using a riding/rotating model40 with the isotropic temperature factors constrained to be Uiso(H) = 1.2Ueq(C) of the adjacent carbon atom. Crystal data and refinement details are given in Table 7. 
	Table 7.  Crystallographic Data and Details of Refinements for[N(C4H9-n)4]+[Au(CH3)2]- (1) and [(CH3)2N(CH2C6H5)2]+[Au(CH3)4]- (2)
	2 
	1
	 
	C20H32AuN 
	C18H42AuN 
	formula 
	483.43 
	469.49 
	fw 
	triclinic 
	monoclinic 
	cryst syst 
	P1̄ 
	P21/n 
	space group 
	8.5946(1) 
	15.9464(1) 
	a, Å 
	10.0649(1) 
	16.0965(2) 
	b, Å 
	12.2762(2) 
	16.2923(2) 
	c, Å 
	86.281(1) 
	90 
	α, deg 
	76.216(1) 
	96.646(1) 
	β, deg 
	68.936(1) 
	90 
	γ, deg 
	962.19(2) 
	4153.83(8) 
	V, Å3 
	2 
	8 
	Z 
	0.4 × 0.35 × 0.3 
	0.4 × 0.1 × 0.06 
	cryst size, mm 
	476 
	1888 
	F(000) 
	1.669 
	1.501 
	Dc, g cm-3 
	7.643 
	7.078 
	μ(Mo Kα), mm-1 
	4.4−72.5 
	3.4−72.7 
	2θ range, deg 
	−13; 14 
	−26; 26 
	hmin; hmax 
	−16; 16 
	0; 26 
	kmin; kmax 
	0; 20 
	0; 27 
	lmin; lmax 
	12 050 
	52 159 
	no. of measd rflns 
	8298 
	18 886 
	no. of indep rflns 
	0.0173 
	0.0815 
	Rint 
	8276 
	17 704 
	no. of obsd rflnsa 
	208 
	405 
	total no. of variables 
	0.0255 
	0.0485 
	Rb (I > 2σ(I)) 
	0.0571 
	0.0842 
	Rwc (I > 2σ(I)) 
	1.111 
	0.921 
	Sd 
	1.414/−1.471 
	2.464/−3.581 
	Δρmax/Δρmin, e Å-3 
	0.0217/1.92
	0.0333/0 
	wt scheme coeffe (a/b) 
	a With I > 2.0σ(I).b R = ∑||Fo| − |Fc||/∑|Fo|.c Rw = {∑[w(Fo2 − Fc2)2]/∑[w(Fo2)2]}1/2.d S = {∑[w(Fo2 − Fc2)2]/∑(N − n)}1/2.e w = 1/[σ2(Fo2) + (aP)2 + bP], where P = (Fo2)/3 + 2(Fc2)/3.
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