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General Methods. THF was distilled over sodium-benzophenone ketyl. 

Dichloromethane, was distilled over calcium hydride. n-Butyllithium was purchased as 2.5 M 

solution in hexane. Other reagents were commercially available and used without further 

purification. Thin layer chromatography (TLC) was performed on Merck 60 F254 silica gel. 

Merck Gerudan SI 60 Å silica gel (0.035-0.070 mm) was used for column chromatography. 

NMR spectra (1H, 13C, 31P, DEPT, COSY, HMQC, HMBC, NOE) were recorded at room 

temperature on a Bruker AVANCE spectrometer (400 MHz). Chemical shifts are given in 

ppm, referenced to the residual proton resonance of the solvents (! = 7.26 for CHCl3), to the 

residual carbon resonance of the solvent (! = 77.16 for CDCl3), or to the phosphorus 
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resonance of H3PO4 (! = 0.0 ppm). Coupling constants (J) are given in Hertz (Hz). The terms 

m, s, d, t and q refer to multiplet, singlet, doublet, triplet and quartet; br means that the signal 

is broad. When possible, 1H and 13C signals were assigned on the basis of DEPT and 2D-

NMR (COSY, HMBC) experiments. Low resolution mass spectra (MS) and high resolution 

mass spectra (HRMS) were measured by the Service de Spectrométrie de Masse de 

l’Université Pierre et Marie Curie, Paris VI. Triphenylphosphinegold chloride was purchased 

from Strem,  [bis(trifluoromethanesulfonyl)imidate](triphenylphosphine)gold (2:1 toluene 

adduct) and (Acetonitrile)[(2-biphenyl)di-tert-butylphosphine]gold(I) hexafluoroantimonate 

were purchased from Aldrich. Both were used as received. Infrared spectra (IR) were 

recorded on a Bruker Tensor 27 spectrometer. Absorbance frequencies are given in cm-1 at the 

peak maximum and at the medium C"C triple bond band. Due to the gold quadrupole, 13C 

NMR signals of carbon atoms of triple bonds attached to gold and in propargylic positions are 

very broad and are not observed. 

 

Procedure for the synthesis of gold acetylides. In a dry Schlenk apparatus under argon was 

dissolved 0.9 mmol of enyne or allenyne in 12 mL of THF. The solution was cooled down to 

0 °C then 0.9 mmol of n-BuLi (2.25 M in hexanes, 380 !L) was added. A brown color could 

appear. The mixture was stirred at 0 °C for 10 min, then 0.3 mmol of AuClPPh3 was added. 

The reaction was warmed up to room temperature and allowed to stir for 3 hours, after what 

the reaction was quenched with 6 mL of a saturated aqueous solution of NH4Cl. The organic 

layer was removed under vacuum, then 12 mL of CH2Cl2 were added. The aqueous layer was 

extracted with CH2Cl2, and the combined organic extracts were dried over MgSO4. After 

removal of the solvent, a gum was obtained that can be purified in several manners: direct 

precipitation in CHCl3/hexane followed by filtration on a fritted glass and washing with 

hexane; slow precipitation in a 5:95 CHCl3/hexane mixture at –25 °C when the direct 

precipitation was not effective; flash chromatography on neutral alumina in a 1:1 

pentane/CH2Cl2 mixture if the afore mentioned precipitation techniques were not able to 

furnish the acetylide with the desired purity. Any attempt to purify the acetylide on silica gel 

led to decomposition (PPh3 observed).  

 

1-Au 
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White solid, 83 % upon precipitation in CHCl3/hexane. 1H NMR (CDCl3): ! = 7.55 – 7.42 (m, 

15H), 5.93 – 5.82 (m, 1H), 5.11 (d, J = 17.1 Hz, 1H), 5.05 (d, J = 10.0 Hz, 1H), 3.36 (s, 4H), 

3.34 (s, 6H), 2.40 (s, 2H), 2.27 (d, J = 7.5 Hz, 2H). 13C NMR (CDCl3): ! = 134.9 (3C), 134.5 

(d, J = 13.7 Hz, 6C), 131.6, 131.2 (d, J = 21.9 Hz, 3C), 129.2 (d, J = 11.2 Hz, 6C), 117.6, 75.0 

(2C), 59.4 (2C), 41.9, 36.6, 23.8. 31P NMR (CDCl3) ! = 42.9. IR (neat) 649, 710, 750, 917, 

997, 1101, 1435, 1479, 2341, 2360. HRMS calculated for [C29H32O2AuNaP]+: 663.1698, 

found: 663.1703. 

2-Au 

Pale yellow solid, 37 % upon precipitation in CHCl3/hexane at –25 °C. 1H NMR (CDCl3) " = 

7.56 – 7.40 (m, 15H), 5.75 (dq, J = 10.0, 7.4 Hz, 1H), 5.20 (d, J = 17.0 Hz, 1H), 5.09 (d, J = 

10.1 Hz, 1H), 4.26 – 4.15 (m, 4H), 2.99 (d, J = 1.8 Hz, 2H), 2.93 (d, J = 7.4 Hz, 2H), 1.25 (t, 

J = 7.1 Hz, 6H). 13C NMR (CDCl3) " = 170.6 (2C), 134.5 (d, J = 13.8 Hz, 6C), 132.9, 131.6 

(3C), 129.2 (d, J = 11.2 Hz, 6C), 119.2, 61.5 (2C), 57.6, 36.7, 24.3, 14.3 (2C). 31P NMR 

(CDCl3) ! = 42.8. IR (neat) 692, 710, 742, 754, 921, 998, 1018, 1101, 1187, 1210, 1435, 

1731, 2360. HRMS calculated for [C31H32O4AuNaP]+: 719.1596, found: 719.1604. 

 

 

Preparation of the digold complexes. The gold acetylide (14 !mol) was dissolved in 0.2 mL 

of CDCl3. A solution of Ph3PAuNTf2 (2:1 toluene adduct, 14 !mol in 0.2 mL of CDCl3) was 

added to the former solution. The mixture was stirred for 5 min. The formation of the digold 

complex was checked by 31P NMR. A minor residual peak was always observed in 31P NMR 

which was attributed to (Ph3P)2AuNTf2 in analogy with the previous observations made by 

Fürstner and co-workers in their study of gem-diaurated species.1 Any attempt to precipitate 

or crystallize the digold complex failed. 

 

1-Au2NTf2 

 

                                                
1 Seidel, G.; Lehmann, C. W.; Fürstner, A. Angew. Chem. Int. Ed. 2010, 49, 8466. 
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1H NMR (CDCl3) " = 7.57–7.39 (m, 30H), 7.28–7.15 (m, toluene), 5.82-5.72 (m, 1H), 5.14–

5.03 (m, 2H), 3.32 (q, J = 9.2 Hz, 4H), 3.24 (s, 6H), 2.96 (s, 2H), 2.35 (toluene), 2.27 (d, J = 

7.6 Hz, 2H). 13C NMR (CDCl3) " = 134.0 (d, J = 13.7 Hz, 12C), 133.1 (6C), 132.8 (d, J = 5.6 

Hz, 6C), 129.9 (d, J = 11.8 Hz, 12C), 129.2 (toluene), 128.4 (toluene), 128.1, 119.1, 74.0 

(2C), 59.5 (2C), 42.6, 36.7, 25.4. 31P NMR (CDCl3) " = 36.4 (2P). 

 

2-Au2NTf2 

 
1H NMR (CDCl3) " = 7.44 – 7.37 (m, 30H), 5.68 – 5.63 (m, 1H), 5.19 (dd, J = 16.9, 1.7 Hz, 

1H), 5.10 (dd, J = 10.1, 1.7 Hz, 1H), 4.18 – 4.07 (m, 4H), 3.47 (s, 2H), 2.90 (d, J = 7.4 Hz, 

2H), 2.35 (toluene), 1.21 (t, J = 7.1 Hz, 6H). 13C NMR (CDCl3) " = 169.2 (2C), 134.0 (d, J = 

13.7 Hz, 12C), 133.1 (6C), 132.8 (d, J = 5.6 Hz, 6C), 131.2, 129.8 (d, J = 11.9 Hz, 12C), 

129.2 (toluene), 128.4 (toluene), 127.9 (not attributed), 125.4 (toluene), 120.8, 62.4 (2C), 

57.0, 36.9, 31.7, 25.4, 21.6 (toluene), 14.2 (2C). 31P NMR (CDCl3) " = 36.1 (2P). 

 

An oven-dried round-bottom flask was introduced in a glove box and was loaded with 

Ph3PAuCl (7.3 mg, 14.7 !mol) and AgBF4 (2.9 mg, 14.7 !mol). The solids were dissolved in 

0.2 mL of distilled and degassed CDCl3 and the solution was stirred for 5-10 min. The 

supernatant was then added via a syringe through a UptidiscTM PTFE (13 mm/0.45 !m) 

syringe filter to a solution of 1-Au (10 mg, 14 !mol) dissolved in 0.2 mL of CDCl3. The 

mixture was stirred for 5 min. The formation of the digold complex was checked by 31P 

NMR. A minor residual peak was always observed in 31P NMR which was attributed to 

(Ph3P)2AuBF4 in analogy with our previous observations in the generation of 1-Au2NTf2. 

1-Au2BF4 

 

1H NMR (CDCl3) " = 7.67 – 7.41 (m, 30H), 5.84 – 5.74 (m, 1H), 5.15 – 5.04 (m, 2H), 3.34 – 

3.28 (m, 4H), 3.25 (s, 6H), 2.80 (s, 2H) , 2.25 (d, J = 7.6 Hz, 2H). 13C NMR (CDCl3) " = 
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134.2 (d, J = 13.7 Hz, 12C), 133.6, 132.6 (6C), 129.8 (d, J = 11.7 Hz, 12C), 118.7, 74.3 (2C), 

59.5 (2C), 42.4, 36.7, 25.5. 31P NMR (CDCl3) " = 37.1 (2P). 

 

Preparation of the trigold complex. In round-bottom flask was introduced [(Ph3PAu)3O]BF4 

(54 mg, 0.037 mmol, 0.5 equiv)2 and CDCl3 (3 mL). Enyne 1 (13 mg, 0.074 mmol, 1 equiv) 

was then dissolved in the solution, and the mixture took instantaneously a pale yellow color. 

Formation of the trigold complex was checked by 1H and 31P NMR and complete 

disappearance of the free enyne and gold complex was observed after 30 min. 

 

7 
1H NMR (400 MHz, CDCl3) " = 7.57 – 7.37 (m, 45H), 5.82 (dq, J = 10.1, 7.5 Hz, 2H), 5.15 – 

5.02 (m, 4H), 3.33 (q, J = 9.2 Hz, 8H), 3.28 (s, 12H), 2.70 (br s, 4H), 2.27 (d, J = 7.5 Hz, 4H). 
13C NMR (101 MHz, CDCl3) " = 134.2 (d, J = 13.7 Hz, 18C), 133.9 (9C), 132.44 (9C), 129.7 

(d, J = 11.7 Hz, 18C), 128.8 (2C), 118.5 (2C), 74.5 (4C), 59.5 (4C), 42.3 (2C), 36.64 (2C), 

24.7 (2C). 31P NMR (162 MHz, CDCl3) " 38.3 (3P). HRMS calculated for [C76H79Au3O4P3]+: 

1739.4188, found: 1739.4181. 

 

Organic products. 

 

 
 

To a solution of enyne (0.2 mmol) in CDCl3 (8 mL) was added 2 mol% (4 !mol) of the gold 

catalyst. The reaction was carried out either at room temperature or under reflux when the 

catalyst was not effective at room temperature, and monitored by thin layer chromatography. 

After completion, the solution was filtered over a short plug of silica (eluted with Et2O) and 

the solvents were removed under reduced pressure to afford a colorless oil. 

 
                                                
2 Addition of only 0.33 equiv led to a mixture of free enyne and trigold complex. 
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Isolated after column chromatography (Pentane/Et2O 95:5). 1H NMR (CDCl3) " = 6.14 (dt, J 

= 2.0, 10.0 Hz, 1H), 5.77 (dt, J = 0.8, 8.8 Hz, 1H), 4.90 (dt, J = 0.8, 6.0 Hz, 2H), 4.21-4.10 

(m, 4H), 2.85 (t, J = 1.4 Hz, 2H), 2.68-2.66 (m, 2H), 1.22 (t, J =  7.2 Hz, 6H). Other spectral 

data identical to those reported.3  

 

 
Isolated after column chromatography (Pentane/Et2O 95:5). 1H NMR (CDCl3) " = 6.47 (dd, J 

= 10.8,  17.6 Hz, 1H), 5.57 (brs, 1H), 5.11 (d, J = 6.4 Hz, 1H), 5.08 (s, 1H), 4.20 (q, J = 7.2 

Hz, 4H), 3.12 (brs, 2H), 3.09 (brs, 2H), 1.25 (t, J = 7.2 Hz, 6H). Other spectral data identical 

to those reported.4 

 

 
Isolated after column chromatography (Pentane/Et2O 98:2). 1H NMR (CDCl3) " = 6.12 (dt, J 

= 2.0, 9.6 Hz, 1H), 5.69 (dt, J = 3.6, 9.6 Hz, 1H), 4.84 (s, 1H), 4.79 (s, 1H), 3.31 (s, 6H), 3.21 

(s, 2H), 3.20 (s, 2H), 2.26 (t, J = 1.6 Hz, 2H), 2.04 (d, J = 1.6 Hz, 2H). 13C NMR (CDCl3) " = 

141.3, 128.9, 127.7, 112.4, 75.9 (2C), 59.5 (2C), 38.8, 35.4, 29.8. 

 

 
This product could not be separated from the endo one described above. 1H NMR (CDCl3) " = 

6.50 (dd, J = 10.8, 17.2 Hz, 1H), 5.57 (s, 1H), 5.04 (d, J = 6.8 Hz, 1H), 5.00 (s, 1H), 3.35 (s, 

6H), 2.31 (s, 2H), 2.29 (s, 2H). 

 

 

                                                
3 Grigg, R.; Stevenson, P.; Worakun, T. Tetrahedron 1988, 44, 4967. 
4 Chatani, N.; Morimoto, T.; Muto, T.; Murai, S. J. Am. Chem. Soc. 1994, 116, 6049. 
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NMR Spectra of the Compounds Described Above 
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1-Au2NTf2 
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1-Au2NTf2 
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1-Au2BF4 
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NMR Monitoring Corresponding to Scheme 5 
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1,6-enyne 1 
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1 + 0.33 equiv of B after 5 min at rt. 
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1 + 0.33 equiv of B after 5 min at rt. 
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1 + 0.33 equiv of B after 1 h at rt. 
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1 + 0.33 equiv of B after 1 h at rt. 
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1 + 0.33 equiv of B after 24 h at 55 °C. 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2011



 S33 

 

1-d + 0.33 equiv of B after 5 min at rt 
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1-d + 0.33 equiv of B after 1 h at rt 
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1 + 0.66 equiv of B after 5 min at rt. 
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1 + 0.66 equiv of B after 1 h at rt. 
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1 + 1 equiv of B after 5 min at rt. 
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1 + 1 equiv of B + D2O (rt). 
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1 + 0.33 equiv of B at rt in anhydrous CDCl3 
after 5 min. 
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Mass Spectrometry Analysis. All the ESI mass spectra were recorded using a Quattro II 
triple-quadrupole mass spectrometer (Micromass, Manchester, U.K.). The data were acquired 
using Masslynx software (version 4.0). The ESI capillary voltage was maintained at 3.5 kV 
(positive mode), and the cone voltage (Vc) was tuned between 20 to 60 V for complex ion 
desolvation. Nitrogen was used as the desolvation and nebulization gas. The source and 
desolvation temperatures were kept at 80 °C. The stock solution (1 µg/µL) was made in 
CDCl3 (except for AgSbF6 prepared in acetonitrile) and the working standard was prepared by 
further diluting the stock solution with CDCl3 (the special use of CH3CN is mentioned) to 
achieve a final concentration of 10 µM for the catalyst (A, B, C or AgSbF6), 200 µM for the 
substrate (1 or 1-D) and 10 µM for 1-Au. The sample solution was introduced into the ESI 
source of the mass spectrometer using an infusion pump at a flow rate of 300 µL/h. The ESI 
mass spectra were recorded by scanning the first analyzer Q1. The collision-induced 
dissociation (CID) experiments were done by selecting the precursor ion of interest with Q1 
and by scanning Q3. The collision voltage was set to 15–60 V. Argon was used as the 
collision target gas, and the collision cell pressure was maintained at 7.10-4 mbar. All of the 
spectra were obtained as the average of 2 minutes. High-resolution mass spectrometry 
(HRMS) measurements were acquired with a recent ultra-high resolution mass spectrometer, 
the hybrid linear ion trap LTQ-Orbitrap (Thermo Fisher Scientific, Les Ulis, France). The 
analyses were performed using a syringe pump. Each direct introduction was carried out at a 
flow rate of 5 !L/min and solutions, previously analyzed, were diluted by a factor of 10 for 
HRMS measurements. The electrospray voltage was set to 3.7 kV, the capillary voltage and 
the tube lens offset was set to 40 V and 120 V, respectively. The sheath gas flow (nitrogen) 
was optimized at 12 (arbitrary units) and the drying gas temperature was set to 270 °C. The 
mass resolving power (full width at half maximum height) was set at 105 FWHM. 
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Fig S1. ESI mass spectra of 1 with A, 1-D with A, 1 with B leading to the formation of 1-Au2 
(m/z 1099) and 1 with C leading to the formation of 1’-Au2 (m/z 1171), (Vc = 40 V).  
 
One can notice the presence of oxygen-containing species: m/z 935 ion [(Ph3PAu)2OH]+ is 
observed in weak abundance compared to the corresponding m/z 1007 ion [((biphenyl-2-yl)(t-
Bu)2PAu)2OH]+. The corresponding protonated mono-gold species are present at m/z 477 
[(Ph3PAu)OH]H+ and m/z 513 [((biphenyl-2-yl)(t-Bu)2PAu)OH]H+, respectively. The 
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enlargement of the ESI mass spectrum of 1 with C leading to 1’-Au2 (m/z 1171) also shows [1 
+ ((biphenyl-2-yl)(t-Bu)2PAu)2OH]+ at m/z 1189, (Vc = 40 V). 
 

 
Fig S1bis. HRMS of 1’-Au2 (C51H71O2P2Au2

+, theoretical value m/z 1171.42548, -3.3 ppm) 
and [1 + ((biphenyl-2-yl)(t-Bu)2PAu)2OH]+ (C51H73O3P2Au2

+, theoretical value m/z 
1189.43605, -1.6 ppm). 
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Fig S2. Similar CID spectra of bimetallic ions: 1-Au2 (m/z 1099) is formed in the ESI source 
starting from different mixtures (from up to down): 1 with A, 1 with B, 1-Au with A, and 1-
Au with B (Vc = 60 V and collision voltage 40 V). 
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Fig S3. CID spectra of bimetallic ions. (1’’-Au2 (m/z 1135) and 1-AuAg (m/z 747) are formed 
in the ESI source using different mixtures: 1-Au with C and 1-Au with AgSbF6 (Vc = 60 V 
and collision voltage 50 V). 
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Fig S4. ESI mass spectrum of 1 with B (x = 1 equiv, see Scheme 5) prepared in CDCl3 but 
analyzed in CH3CN (400 !M) at low cone voltage (Vc = 20 V). Low cone voltage (low 
internal energy) allows the study of labile species. Note that trimetallic ion 7 (m/z 1739) is 
eight times less abundant when analyzed in CDCl3 instead of CH3CN, suggesting its 
decomposition in the ESI source during desolvation processes.  
 

 
Fig S4bis. HRMS of 7 (C76H79O4P3Au3

+, theoretical value m/z 1739.41823, -0.1 ppm). 
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Fig S5. CID spectra of the corresponding trimetallic ions 7 (m/z 1739, Vc = 20 V and collision 
voltage 15 V) and [7 - PPh3] (m/z 1477, Vc = 60 V and collision voltage 50 V). 
 

 
 
Fig S6. ESI mass spectra of 1 with B, with or without 5% H2O, leading to the formation of 1-
Au2 (m/z 1099) (Vc = 40 V). For these experiments CH3CN is used as solvent instead of 
CDCl3. Note that m/z 944 corresponds to [(Ph3PAu)2CN]+. 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2011



 S47 

 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2011



 S48 

Computational Details: All geometries of intermediates and transition states were optimized 

fully without symmetry constraints using the Gaussian 03 program.i The DFT computations 

were carried out using the B3LYP functional as implemented in Gaussian. The computations 

were done using the LACVP(d,p) basis set: the gold atom was described by a double-! basis 

set with the effective core potential of Hay and Wadt (LANL2DZ),ii and the 6-31G(d,p) basis 

setiii was used for the other elements. Frequency calculations were performed to confirm the 

nature of the stationary points and to obtain zero-point energies (ZPE).  

 
Coordinates of the species involved 

 

 
E(RB+HF-LYP) =  -1229.20066301 

 
 

E(RB3LYP) =  -407.534335752 
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!" $%$&(.)," $%'*++-'" #$%-.(',-"
!" #,%*')$&+" $%,,)'+," )%)'.&,&"
01" #$%*(),+(" #$%*($*-," #$%.$)-,,"
2" #)%*(.,+," #,%$+'($." $%$$*,$("
/" #.%,*)(,*" #,%-,,(((" )%.*+,'"
/" #,%),))$(" #,%.&,+*)" #$%&-,$*,"
/" #)%)*.-$(" #-%)&&,,-" #$%,+&+++"
/" #-%&+$-+)" $%)+($)." $%-,-)))"

!" #)%)+)+)" #)%$&'$(&" $%,*).,)"
!" #.%-'-*-." #)%(+.'(" $%+&++.,"
!" #,%+)*,,(" #)%.+*$''" #$%+$((-."
!" #-%)((,*" $%).(*.&" #$%,)*(()"
!" #,%...+))" )%.*(-*&" #$%,*,&.."
/" #.%'&$(*-" #)%,&-&,*" )%+(()+&"
/" #.%,'((++" #.%&-(+$&" $%+'()&"
/" #,%$-+)(." #)%,..&+*" #)%-*,$-."
/" #-%,)*,(." #.%$$*)+)" #$%-*+'+."
/" #-%*.*&'(" $%.,'$*+" #)%)$-+,*"
01" )%&,',+." $%$&+-'&" #$%$,***'"
!" #$%$,)(.)" #$%(,-+,(" $%..,*)&"
!" #,%),'.,," .%.(&)+'" $%+)(+*,"
/" #,%&+.-*," .%.(.''-" )%-)-+-+"
/" #.%-+$'(&" ,%$***&&" $%-$)&(-"
/" #-%&$-,." $%)+,,')" $%(,&$''"
/" #.%+',.$*" )%,,*).*" #)%.&+'&," 
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/" #,%&+*,&*" #$%-'&-(+" )%'())+."
/" #-%-)+,,'" .%-'),(-" #$%,$)..*"
/" #.%(,'(&)" )%(+-+&+" .%$*&-,." 

 
 

E(RB3LYP) =  -407.510945322 

(H3PAu)2OH+ 

 
E(RB+HF-LYP) =  -1032.92168266 

!" #.%-)+**-" $%+.-$+*" $%+)'(+&"
!" #.%($,&)." #$%*($(''" $%$&.((,"
!" #)%&-*.-)" )%-&+*.-" #$%+)+*(-"
!" #$%.-.*')" )%&-),-" #$%+.$$-*"
!" $%($,-(*" .%$-),--" $%+,*.*("
!" #$%)-.+.+" #.%$+.$&-" #$%)()--"
!" #)%,)*''*" #)%(++$,'" #$%$'..,*"
/" #,%-)(*," $%*.$.&(" $%&.-','"
/" #)%'&.,+(" $%+-)'-'" )%-(*-+("
/" #,%)',))-" #$%*'.*&," #$%'(),$*"
/" #,%..,(&'" #)%-+&,$." $%',$+''"
/" #.%$.$$)-" )%),*&'-" #)%+..*+"
/" #.%.$(-*+" .%-&$+)." #$%-$&-'."
/" $%)-.&+," )%*&&'$*" #)%+))**."
/" )%++&+&&" .%+.$&'&" $%,-+')*"
/" $%.+&)+(" .%$,(,'*" )%+('&-'"
01" $%&&-+()" #$%.$$&)," $%$$,.&+" 

01" )%'-(')'" #$%)-..+." $%$$$)*+"
2" ,%''*+--" $%'&+*&-" #$%$$+,**"
/" ,%*$),)," .%.-)$**" $%,.'&',"
/" -%',**&." $%,-,,$," $%''.+*+"
/" -%+'),&-" $%'(.-'-" #)%..'-.,"
3" #$%$$$$&)" #)%$*'+&-" $%$&(''"
01" #)%'-(&(-" #$%)-.)(-" $%$$$)'+"
2" #,%''*-'" $%'&(.++" #$%$$+."
/" #-%*$.+," $%)*().)" #$%&$..,"
/" #,%*-&)''" .%)($&)-" #$%+&.(,*"
/" #-%-&&()'" )%$'$,'&" )%.++$)"
/" #$%$$$$))" #)%*)$$()" #$%--*.)-" 

Au(PH3)2
+ 

 
E(RB3LYP) =  -821.581693988 

H3PAuOH 
 

E(RB+HF-LYP) =  -554.451632477"
01" $%$$$$,'" $%$$$)$+" #$%$$$$(+"
2" #.%,&'.*(" #$%$$$..," $%$$$)),"
/" #.%*'&.+" #)%$&(.-," #$%((&-*"
/" #.%*'&.,'" #$%$-$&.." )%.(+'-."
/" #.%*'&-)+" )%))($'" #$%+*&())"
2" .%,&')*+" #$%$$$.--" $%$$$$*+"
/" .%*'(,,*" #$%,+$)'." )%.)&+.,"
/" .%*'((*)" )%..'*&-" #$%,$-*)."
/" .%*'&-$," #$%'&*)*" #$%*)),,)" 

01" #$%.,()*." $%$$.&-(" $%$$$,.*"
2" .%$+,+(*" #$%$$.$-." #$%$$$$.+"
/" .%&)+,''" #$%'--,-." #$%*)'-&,"
/" .%&).-)*" )%.).'.." #$%.&&.,+"
/" .%&,$(*(" #$%,&).+'" )%)')($+"
3" #.%.)(()(" #$%).$+" #$%$$))+-"
/" #.%+(**+" $%&'$-*(" #$%$$..&)""

(H3PAu)3O+ 
 

E(RB+HF-LYP) =  -1510.97907197"

H2O 
 

E(RB+HF-LYP) =  -76.4197365721 
01" #)%.*'..+" #)%+-('.-" #$%$-)-&)"
2" #.%&&'.$(" #,%.((')*" $%)*'-.+"
/" #.%.,+$'." #-%+(-," $%)*((&"
/" #,%+,$++-" #,%.'&+*(" )%,''+-'"
/" #,%&*$*.'" #,%,'''--" #$%&&$.-("
3" $%$,.*('" #$%$)'(+)" #$%.(+.('"

3" $" $%))*)++" $"
/" $%&+*,.." #$%-&(()&" $"
/" #$%&+*,.." #$%-&((.)" $" 
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01" #$%&.,)(." )%'(.*&+" #$%$,&''("
2" #)%+&&(.." ,%*(&.*&" $%)'*+*."
/" #.%*&',$'" -%$&.)+'" $%.(&+&)"
/" #)%.'+'*." -%'*,('+" #$%'.'.*'"
/" #)%)'(,)-" -%(','+" )%,,+('&"
01" .%$,++$," #$%,.-,)(" #$%$,.),*"
2" -%.'.'+," #$%(+',,)" $%)'+,,."
/" +%$'&*'(" $%-*,+-" $%.--.+-"
/" -%*.$(.)" #)%,'(-&-" #$%',+..("
/" -%&)-)('" #)%,+-" )%,,)),-""

H3PAuOH2
+ 

 
E(RB+HF-LYP) =  -554.840541868"

 
 

E(RB+HF-LYP) =  -272.683213587 
01" #$%)'&,-+" $%$$$(+(" $%$$..-."
2" .%$*.',&" #$%$$)-'(" #$%$$&+.)"
/" .%(&(+)&" #$%&,)$++" #)%$++.$-"
/" .%(&&,*)" )%.(**&)" #$%))*)."
/" .%(',)+-" #$%+-).(*" )%)-(.-+"
3" #.%,&$,$&" #$%$$.-&*" $%$(,.+,"
/" #.%',+),," $%&&*.+," #$%.&)+&)"
/" #.%',)&'(" #$%&'(+&)" #$%.&$(+," 

!" )%&)()+*" $%--,'." $%))'+)*"
!" )%.+..,," #$%'&$,'&" $%+(($.("
!" $%)&$(-+" #)%+)()+" #$%,,.,*."
!" #)%.($()(" #$%*'&**+" #$%))(&+)"
!" #)%-(,-'(" $%-&)).(" #$%-..*('"
/" $%'&+)-&" #$%&*+-&" )%+*+$-"
/" .%))**-*" #)%+-),'(" $%()$+)-"
/" $%-().)(" #)%,*-.&-" #)%,'.,''"
/" $%)(&." #.%+*-,.'" #$%),,)*"
/" #)%*.(.&," #)%+').)+" #$%&()-*,"
!" .%),'.&)" )%+$'$,*" #$%.(&)-&"
!" #.%$-$,-," )%,-*$,+" $%,*&,)+"
/" #.%,*,*'&" )%$($+.'" )%,'-(."
/" #.%)&'&.)" .%,''(,+" $%))(,'+"
/" #)%+&-,.)" #)%)*$)" $%*)+&$,"
/" #)%))'&.)" $%'$(,)&" #)%-$),.*"
/" .%-*),," .%-+(,('" #$%+**-&+" 

H3O+ 

 

E(RB+HF-LYP) =  -76.7037352582 

 
 

E(RB+HF-LYP) =  -750.731790440 
3" $" $%$$$$,." $"
/" $%*+-'&-" #$%.$-+.*" $"
/" #$%(+-.,&" #$%&.+)-'" $"
/" #$%,$$(,(" $%*.*-.," $" 

!" )%&&.,''" #)%$***." #$%,+.*(&"
!" ,%)+$*(" #)%+&,((," #$%-'$.'("
!" -%))'''." #)%$+(-$." $%())-*'"
!" -%(+-*+-" $%,&),))" $%,'*'(."
!" ,%()+,-+" )%-+*)+&" $%,&),+("
/" ,%+-'))+" #)%,$(.,)" #)%-&$)*-"
/" ,%)-(.&(" #.%(&)*,+" #$%--&-*,"
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/" ,%(.$+)" #)%).)+(-" )%+'+*''"
/" -%*&*'*&" #)%&,+$-*" $%(+-+-"
/" +%,(**'" $%+'$$+." )%.$$+$)"
01" #)%.()$&-" #$%),+*," #$%$,,$,&"
2" #,%-*,*'," $%+&$-,&" $%.$-+.'"
/" #-%.(,))*" $%$,$)((" )%.+(,&&"
/" #,%&-*-(+" )%*-$))(" $%-.-((+"
/" #-%,'*+,*" $%,-&$)(" #$%'(..)-"
!" $%()-,+-" #$%&,.($," #$%.,$,-,"
!" ,%+)'*()" .%-$-*-*" #$%+(,((+"
/" -%)*.''&" .%-,+.,*" #)%-)&,$+"
/" .%&+*($&" ,%)&*'&+" #$%+)($$'"
/" +%.,.-*'" $%-$+.(+" #$%+-,-&'"
/" .%*))''-" )%-(.$$*" )%.$,'('" 

 
 

E(RB+HF-LYP) =  -751.109126020 

(H3PAu)2O 
 

E(RB+HF-LYP) =  -1032.48326477 

!" #,%+&$',&" )%-.'.))" #$%+$'&-."
!" #.%$')(*)" )%-.--(+" #$%$-)'+"
!" #-%+.'-+(" $%&,++.-" $%-(&(("
!" #-%-$++*(" #$%&&$+)," $%+-,,-,"
!" #-%)(&.--" #)%+'&&&&" #$%-'&($+"
!" #$%&*)&((" #$%*-.,'*" #$%$.-,)"
!" #)%-+.(+," $%)),-.," #$%$.&+$)"
2" ,%-*,,**" $%-$&$)-" $%$,'&')"
01" )%.),+-&" #$%)+*++(" $%$$-)-+"
/" #,%'-,&&+" .%-',(+'" #$%($.&-&"
/" #,%(,&-.," $%**(.&." #)%+)$*(,"
/" #.%$)..," )%'(&..)" $%*+*..'"
/" #)%+$&,&-" .%$+*)$)" #$%&.'.,+"
/" #-%,*-+++" )%)(-(+-" )%-(&'(-"
/" #+%+++&*'" $%**---)" $%)&(*)-"
/" #-%+&.'*&" #)%.)$).'" )%+.+,'*"
/" #-%),.,)" #.%((-()" #$%,+.))."
/" #-%$,)$)+" #)%.,$))+" #)%+$+)*-"
/" #$%'(&++" #.%$)((-." #$%$).*(."
/" ,%&*&.-&" )%&&-$'+" $%)+')&)"
/" -%.-.$-+" #$%)+&'&" )%$'+,')"
/" -%.,,*$'" $%$,,*+," #)%$*+''-" 

01" #)%(&-+$*" #$%)()),*" $%$$$.+("
2" #,%(*$'')" $%*)'&,-" #$%$$$,,*"
/" #,%(*,&," .%,.)'&." #$%)+-*.-"
/" #-%(--$&." $%+'')&(" #$%*'*,+."
/" #-%+)*'*," $%'.-))'" )%),*&'"
3" #$%$$$$$," #)%)*(.+)" #$%$$$$(*"
01" )%(&-+)." #$%)())-*" #$%$$$.-,"
2" ,%(*$'&." $%*)'&+-" $%$$$,)'"
/" -%(-,,.-" $%+'*('*" $%**$+-"
/" ,%(*,+&*" .%,..).," $%)+.&'&"
/" -%+.$&-)" $%'..--(" #)%),*$.+" 

H3PAu+ 

 

E(RB+HF-LYP) =  -478.355305184 

 

01" #$%--)-*." $%$$$$$)" #$%$$$$$+"  
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2" )%'-(,-*" #$%$$$$$&" #$%$$$$)&"
/" .%,*-,,," )%.''$'," #$%$*)'()"
/" .%,*,+'+" #$%+(-.(*" )%)()(+*"
/" .%,*-&," #$%&.,&&," #)%$(*),&" 
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