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compounds 

Guillermo Moreno-Alcántar,[a]* Hugo Hernández-Toledo, ‡[a]José Manuel Guevara-Vela, ‡[b] Tomás 
Rocha-Rinza, [c] Ángel Martín Pendás, [b] Marcos Flores-Álamo, [a] and Hugo Torrens[a]* 

Abstract: We examined the Au-P and Au-X chemical bonding 

scenario throughout the series of compounds of the general formula 

[AuX(LP)] wherein LP is triphenylphosphine or a fluorinated phosphine 

(PPhF = P(C6H5)2(C6F5) 1, P(C6H5)(C6F5)2 2 and P(C6F5)3 3) and X is 

chloride or a fluorinated thiolate (SRF = SCF3 a, SCH2CF3 b, SC6F5 c, 

SC6F4(CF3)-4 d). We found that the increase of the fluorination degree 

or the replacement of Cl- by a -SRF ligand decreases the stability of 

the compound. Furthermore, this substitution shifts the 31P-NMR 

signals to low field which indicates differences in the electronegativity 

of the phosphorus due to the distinct trans influences of the Cl- and -

SRF species. These effects correlate with the charge of the gold atom 

coordinated to phosphorus. Our investigation shows the high potential 

of fluorination as a strategy for the modulation of the properties of gold 

compounds, e.g. in catalysis, and the applicability of quantum 

chemical topology studies in the explanation of these features. 

Introduction 

Gold(I) tris(pentafluorophenyl)phosphine complexes have been 

extensively used as catalysts in organic conversions[1–8]. In 

contrast, the applications and properties of the related partially 

fluorinated phosphines have been relatively unexplored.[9–11] This 

circumstance occurs despite the interesting opportunities for the 

analysis of the ligand-induced influences over the catalytic center 

that these compounds offer. 

One of these effects is the trans influence, i.e., the set of 

modifications that one ligand induces over the metal bond to the 

ligand in its trans position, which concerns the stability, reactivity 

and properties of coordination compounds[12]. The understanding 

and use of this effect is one of the pillars for the improvement of 

synthetical and predictive capabilities of inorganic chemists. 

Particularly, the trans influence, can be studied in different 

ways[13–17]. If the atom of the ligand interacting directly with the 

metal center is an NMR active species, this technique becomes a 

powerful tool to get insights into this phenomenon.[18–20] Because 

gold(I) coordination compounds commonly exhibit linear 

geometries, they are ideal systems to study the trans influences 

among different ligands[20,21].  

Given this background, we investigated the trans influence 

that anionic ligands exert over phosphorus atoms in gold 

phosphine complexes. More specifically, we synthesized and 

characterized the three fluorophosphine gold(I) derivatives 

[AuCl(PPhF)] with PPhF = P(C6H5)2(C6F5) 1, P(C6H5)(C6F5)2 2 and 

P(C6F5)3 3. We also obtained the previously unreported crystal X-

ray structures of compounds 1 and 2. In addition, we prepared 8 

new derivatives via the substitution of chloride in 1 and 2 with 

fluorinated thiolates, yielding the compounds with the general 

formula [Au(SRF)(PPhF)] (where SRF = SCF3 a, SCH2CF3 b, 

SC6F5 c, SC6F4(CF3)-4 d). We report the crystal structures of 

compounds [AuSCF3(P(C6H5)2(C6F5))] 1a and [AuSCH2CF3 

(P(C6H5)2(C6F5))] 1b as well. We also synthesized the analogous 

derivatives of triphenylphosphine [AuSRF(PPh3)]. 

Later, we studied the relative stability of the three 

fluorinated-phosphine gold(I) chloride derivatives (1, 2 and 3) by 
31P-NMR. Finally, we performed electronic structure and quantum 

chemical calculations to investigate the chemical bonding 

scenario within these systems. Overall, our results show how the 

techniques employed herein can prove useful in the study of the 

trans effect in gold(I) phosphine complexes. 

Results and Discussion 

Chloro(fluorophosphine)gold(I) compounds [AuCl(PPhF)] were 
prepared by the reaction of chloro(tetrahydrothiophene)gold(I) 
with the corresponding fluorinated phosphine. The synthesis and 
experimental handling of the thiolate derivatives of compounds 1, 
2 and 3 show that compounds 1x are the most stable as they can 
be further characterized and crystallized. Compounds 2x are less 
stable and even if they can be characterized, their short lifetimes 
and low stability did not allow us to obtain crystals. Finally, thiolate 
derivatives of 3 could not be identified. To further examine the 
relative stability of the chloro(fluorophosphine)gold(I) compounds 
(1, 2 and 3), we performed ligand substitution reactions starting 
from compound 3. Figure 1 shows the 31P-NMR spectra of the 
reaction system in chloroform-d. The uppermost spectrum 
corresponds to a solution of compound 3 (-35.4 ppm). The 
addition of a stoichiometric amount of P(C6H5)(C6F5)2 to this 
solution yields P(C6F5)3 (-76.5 ppm) and forms compound 2 (-8.5 
ppm). Further addition of P(C6H5)2(C6F5) to the system results in 
the production of P(C6H5)(C6F5)2 (-48.1 ppm) and compound 1 
(12.4 ppm). Finally, when we added triphenylphosphine to the 
last-mentioned solution, we detected the formation of 
[AuCl(PPh3)] (31.1 ppm) and P(C6H5)2(C6F5) (-25.2 ppm). The 
coordination of phosphorus to the gold center unshields the 31P 
nucleus resulting in a signal displaced to low field as compared to 
the free phosphine, this seems to be a general behavior in 
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phosphinegold(I) complexes[22]. We performed geometry 
optimizations of the systems of interest in gas phase and in 
solution with density functional theory (see the Computational 
details section). The results indicate that the process of ligand 
exchange is thermodynamically favored in both phases, and 
therefore we refer only to the results computed in solution phase 
in the rest of the paper. Scheme 1 reports the calculated ΔG for 
the three successive substitution reactions. Additionally, Figure 2 
shows a correlation between cumulative ΔG values and the 31P-
NMR chemical shift of the product. We note that shielded 
phosphorus atoms give place to thermodynamically less stable 

compounds than unshielded P nuclei. this observed trend in 
stability is consistent with that observed in TGA results 
(FigureS13-S16 in the ESI). 
The shielding of the 31P nuclei is directly related to the equilibrium 
electronegativity of the atom in the molecule[23], a more 
electronegative phosphorus center is expected to be a worse σ-
donor ligand and vice versa, then the shielding on the phosphine 
P atom will be related to the strength of the Au-P bond to be 
formed. The weaker the gold phosphorus bond, the easier the 
substitution of the ligand, as observed for the largest values of ΔG 
for the substitutions reactions presented in Scheme 1. Moreover, 
the coordination of the phosphine to gold also increases the 
shielding of P, and thereby its equilibrium electronegativity, as 
discussed below. 
Figure 3 shows the crystal structures of compounds 1, 2 and 3. 
The three systems show similar conformations. The gold 
coordination geometry is almost linear and bond angles and 
distances are similar in the three monomeric units. Selected bond 
lengths and angles are shown in Table 1. P-Au and Au-Cl 
distances are affected by the changes in the fluorination of the 
phosphine ligand. Both bonds show the same trend with respect 
to the degree of fluorination of the ligand, i. e. the most fluorinated 
phosphine results in the shortest bonds. Whilst these changes are 
rather subtle for the Au-P bond distances, the corresponding 
variations for the Au-Cl interaction are more pronounced. These 
results evidence the different trans influence of the phosphines 
considered in this investigation. The shortest Au-Cl bond 
corresponds to the most fluorinated phosphine. This effect could 
result from the diminution of electron density at the Au center 
indicated by its QTAIM charge (Table 2). This rise in qAu increases 
gold electrophilicity and it causes that the metallic center attracts 
electron density from the chlorine atom more efficiently. 

Table 1. Experimental and calculated Au-P and Au-Cl bond distances along 

with the P-Au-Cl bond angle for compounds 1-3 and [AuCl(PPh3)]. 

Compound  DAu-P DAu-Cl θP-Au-Cl 

[AuCl(PPh3)]
a 

Exp. 2.228(1) 2.288(1) 179.17 

Calc. 2.2356 2.3069 179.79 

1 
Exp. 

2.224(1) 

2.229(1) 

2.278(1) 

2.281(1) 
178.48 

Calc. 2.2325 2.3014 179.47 

2 
Exp. 

2.222(1) 

2.227(1) 

2.276(1) 

2.280(1) 

173.75 

174.83 

Calc. 2.2277 2.2890 177.83 

3b 
Exp. 

2.206(1) 

2.215(1) 

2.269(1) 

2.271(1) 

172.69 

176.54 

Calc. 2.2277 2.2890 179.88 

[a] Experimental distances reported by Dunstan, 2014 [24] and [b] Chen, 2013[25]. 

 

Figure 2. Correlation between the cumulative change in Gibbs free energy 

associated to the phosphine substitution reactions of Scheme 1 and the 31P-

NMR shift of the product. (CDCl3). 

 

Scheme 1. Calculated ΔG values (kcal/mol) for the consecutive phosphine 

substitution reactions. 

Figure 3. ORTEP diagrams at 50% probability level of the X-ray structures of 
compounds 1-3. Colour code: orange, P; golden, Au; green, Cl; grey, C; white, 

H. 

Figure 1. Sequence of phosphine substitution reactions starting with 

compound 3 (top) monitored by 31P-NMR in CDCl3. 



    

 

 

 

 

 

The slight variations in the Au-P distances are baffling. The 
successive changes in Gibbs free energy in Scheme 1 indicate 
that the most fluorinated phosphine is associated with the 
weakest Au-P bond. But, in contrast with the common assumption 
about the relationship between bond length and bond strength 
(first suggested by Pauling)[26], the Au-P distance does not 
increase as the Au-P bond becomes weaker. Furthermore the 
widespread notion that π-acceptor ligands tend to make stronger 
bonds[27] contrasts with the preference of the gold atom for the 
worst π-acceptor of the group of ligands. A detailed analysis of 
systems 1 to 3 using the QTAIM (Table 2) gives valuable insights 
about the features of the Au-P chemical bonds. First, the value of 
the electronic density at the Bond Critical Point (BCP) ρ(rBCP) is 
essentially equal for the four analyzed compounds. Second, the 
delocalization Index (DI), which is a measure of the number of 
electron pairs shared by two atoms, decreases slightly with 
fluorination, indicating a small reduction of the degree of 

covalency of the bond. Third, ∇2ρ(rBCP), increases with the 
fluorination degree of the ligand (the Laplacian of the electron 
density being an indicator of the covalent or closed shell character 
of a bond). Fourth, the relation between the potential (|V|) and 
kinetic energy (G) at the BCP, also indicates that the Au-P bond 
is intermediate between a covalent and a closed shell interaction. 
Both parameters (∇2ρ(rBCP) and |V|/G) indicate a decrease in the 
covalent character and a rise of the closed shell nature of the Au- 
P bond as the degree of fluorination of the ligands is increased. 
Thus, the lack of change in the Au-P distances could be explained 
considering that while the covalent character of the bond 
decreases the coulombic attraction increases maintaining the 
length of the bond nearly constant.  

We observe the same trend concerning the covalent and 
closed shell features of the Au-P bond in compounds 1a-d and 
2a-d with respect to the fluorination degree of the ligands. Our 

results suggest that this reduction in covalency is related to a 
decrease in the stability of the examined compounds. 

Tong et al.[23] found that there is a good correlation between 
the 31P-NMR chemical shift and the atomic equilibrium 
electronegativity of the P atom. This parameter can be estimated 
as the sum of the group electronegativities of the moieties bonded 
to phosphorus. The shielding of the P atom increases with the 
electronegativity of this atom. This behavior is consistent 
throughout these phosphines and their complexes. We found a 
good indicator of P equilibrium electronegativity in the QTAIM 
charge observed in the gold atom. The change of fluorinated 
electronegative phenyl groups for less electronegative phenyl 
fragments reduces the equilibrium atomic electronegativity of the 
P atom. This circumstance influences the electron density 
distribution of the P-Au bond and this effect can be directly 
observed on qAu. 

 

Compound DI ρ(rBCP) ∇2ρ(rBCP) ε V G |V|/G qAu δ 31P (ppm) 

[AuCl(PPh3)] 1.0597 0.1280 0.0291 0.0006 -0.1500 0.0787 1.91 0.0239 31.1a 

1 1.0586 0.1284 0.0379 0.0051 -0.1526 0.0810 1.88 0.0538 12.4 

2 1.0614 0.1287 0.0488 0.0136 -0.1557 0.0839 1.86 0.0923 -8.5 

3 1.0497 0.1284 0.0591 0.0002 -0.1572 0.0860 1.83 0.1289 -35.4 

[Au(SCF3)(PPh3)] 0.9996 0.1211 0.0455 0.0369 -0.1386 0.0750 1.85 -0.0294 38.1 

1a 0.9965 0.1212 0.0544 0.0440 -0.1407 0.0771 1.82 -0.0040 15.7 

2a 0.9944 0.1210 0.0647 0.0529 -0.1428 0.0795 1.80 0.0282 1.3 

3a 0.9976 0.1213 0.0749 0.0408 -0.1457 0.0822 1.77 0.0590 * 

[Au(SCH2CF3)(PPh3)] 0.9966 0.1202 0.0546 0.0415 -0.1462 0.0762 1.92 -0.0588 35.94 

1b 0.9960 0.1204 0.0627 0.0442 -0.1431 0.0784 1.83 -0.0343 25.86 

2b 0.9941 0.1202 0.0728 0.0582 -0.1410 0.0806 1.75 -0.0023 7.82 

3b 0.9983 0.1206 0.0822 0.0335 -0.1387 0.0834 1.66 0.0298 * 

[Au(SC6F5)(PPh3)] 1.0072 0.1221 0.0449 0.0365 -0.1411 0.0761 1.85 -0.0474 35.00 

1c 1.0011 0.1216 0.0553 0.0540 -0.1429 0.0783 1.83 -0.0128 20.40 

2c 1.0037 0.1218 0.0651 0.0540 -0.1455 0.0809 1.80 0.0196 -3.28 

3c 1.0002 0.1215 0.0769 0.0301 -0.1468 0.0830 1.77 0.0485 * 

[Au(SC6F4(CF3)-4)(PPh3)] 1.0068 0.1221 0.0428 0.0366 -0.1408 0.0758 1.86 -0.0347 35.09 

1d 1.0048 0.1223 0.0516 0.0324 -0.1429 0.0779 1.83 -0.0110 17.95 

2d 1.0028 0.1219 0.0632 0.0535 -0.1453 0.0806 1.80 0.0322 -5.68 

3d 1.0013 0.1218 0.0743 0.0302 -0.1467 0.0826 1.78 0.0619 * 

*Compounds 3a-d have not been isolated. [a] Dunstan,2014[24] 

Figure 4. Relation between the gold atom charge and the 31P-NMR chemical 

shift (CDCl3). Colour code for anionic ligands: red, chloride; green, -SCF3; 

purple, -SCH2CF3; orange, -SC6F4(CF3)-4; blue, -SC6F5. 



    

 

 

 

 

 

Figure 4 shows the plot of the Au atom charge as a function 
of the 31P-NMR chemical shift for all the investigated compounds. 
The different colors indicate the distinct anionic ligands bonded to 
gold. The distance between the lines evidences the different trans 
influences of chlorine and fluorothiolate ligands. The difference in 
the y-intercept of the straight lines shown in Figure 4 is produced 
by the change in the shielding of the phosphorus atom due to the 
differences of the ligands in trans positions. The atomic 
equilibrium electronegativity of the phosphorus atom is smaller 
when the anionic ligand is a fluorothiolate as revealed by the low 
field chemical shift of the phosphorus atom which is related to a 
less positive charge of the Au atom. This result can be rationalized 
in view of the larger electron donor character of sulfur with respect 
to chlorine. Because S provides more electron density to Au, it 
decreases more markedly the electronegativity of the metal 
center. Therefore, the P equilibrium electronegativity is reduced 
as well, a condition which unshields the P nuclei. Small variations 
are observed within the different thiolate derivatives with changes 
in the fluorinated moiety since the effect over the 31P nucleus 
diminishes with the distance between P and RF groups.  

The Au-P and Au-S distance changes in the crystal 
structures of compounds 1a and 1b (Figure 5) are inconsequential 
and do not reflect the marked differences observed in the δ 31P-
NMR for these systems. We performed theoretical analyses of the 
phosphine exchange reactions for the compounds of the type 
[Au(SRF)(PPhF)] in a similar way that it was done for the chlorine 
adducts. We found that the most stable compounds are formed 

by the less fluorinated phosphines regardless of the considered 
thiolate ligand. Additionally, Figure 6 shows the cumulative ΔG of 
the phosphine substitution reactions for the different anionic 
ligands as a function of the 31P-NMR chemical shift. These plots 
reveal that the exchange of Cl- for -SRF anionic ligands reduces 
the stability of the compounds into the same phosphine family. By 
extrapolating the observed trend for the PPh3 derivatives, 1a-d 
and 2a-d to the not isolated compounds 3a-d, we could expect 
that the stability decreases with respect to that of compound 3 a 
condition which explains the problematic isolation of these 
complexes‡. The introduction of the thiolate groups also 
decreases the covalent character of the Au-P bond as it can be 
seen in the values of ∇2ρ(rBCP) and |V|/G, and hence, the stability 
of the examined compounds is directly affected by the covalent 
character of the Au-P bond.  

The charge of the Au center in the unstable compounds 3a-
d is positive. The subsequent reduction of the fluorination degree 
in the phosphines increases the electronic density over the gold 
center to the point that Au is slightly negative within 
triphenylphosphine compounds. The positive charge in the gold 
atoms of the set 3x make them good electrophilic centers.  

We proceed to discuss now the dissociative or associative 
nature of the mechanism of substitution of the considered 
phosphines as shown in Scheme 2. On the one hand, the above-
mentioned gold positive charge, the low coordinating nature of the 
solvent (CDCl3 in the experiment) and the known stability of some 
three-coordinated gold species[28,29] are factors that support an 

Figure 6. Correlation of ΔG for the phosphine substitution reaction and 31P-NMR 

chemical shift in CDCl3. The label indicates the phosphine in the data cluster, 

P(C6H5)3 0, P(C6H5)2(C6F5) 1, P(C6H5)(C6F5)2 2 and P(C6F5)3 3,  [AuX(PPh3)]. 

The colour code for the anionic ligands is as follows: orange, chloride; gray, -

SCF3; yellow, -SCH2CF3; green, -SC6F4(CF3)-4; blue, -SC6F5. 

 

Scheme 2. Proposed associative (top) and dissociative (bottom) 
mechanisms for the phosphine substitution reaction.  

Figure 5. ORTEP diagrams at 40% probability level of the X-ray structures of 

compounds 1a and 1b. Colour code: orange, P; golden, Au; yellow, S; green, 

F; grey, C. hydrogen atoms were omitted for clarity. 



    

 

 

 

 

 

associative process for the reaction of ligand substitution. 
Additionally, the dissociation energy of the phosphine from 
compound 3 has a calculated energetic barrier of 45.2 kcal/mol, a 
condition which suggests that this process is not plausible under 
the experimental conditions§. These results suggest an 
associative process in which after the nucleophilic attack of the 
less fluorinated phosphine, the dissociation of the more 
fluorinated phosphine (which is less covalently bound to the gold 
center) occurs, thereby forming the product of the reaction. On 
the other hand, we did not find NMR evidence of either the three-
coordinated species (TCS) related to the associative mechanism 
or the free phosphine linked to the dissociative mechanism 
(Spectra available in the ESI). We point out that it is possible that 
the signals of these species could not necessarily be detectable 
in the case that only a small fraction of the complexes dissociate 
or the concentration of the TCS intermediary is too low. A rapid 
equilibrium of the TCS with free and coordinated phosphine would 
also impair the detection of the first two-mentioned species. 
Overall, our analysis suggests an associative mechanism but a 
dissociative process cannot be conclusively discarded  

The catalytic activity of gold adducts is strongly influenced 
by the electronic environment of the Au centers[1,21,30–34]. The 
results of this investigation indicate that such catalytic activity 
could be modulated via the fluorination of the ligands. When the 
shielding of the phosphorus atom rises, the positive charge of the 
gold atom increases, and the compound becomes more 
susceptible to suffer nucleophilic attacks in the Au center. These 
conditions are indicative of an enhanced reactivity of the catalyst, 
but concomitantly, a decrease in its stability. Conversely, a 
reduction of the fluorination degree must give more stable 
compounds resulting in a higher selectivity. 

Conclusions 

We investigated the stability and trans influence in a series of gold 

compounds bearing fluorinated phosphines and thiolates. A rise 

in the fluorination degree of the ligands in the compounds shields 

the P nuclei. This change is related to the increase of the 

phosphorus equilibrium electronegativity. The change of chlorine 

for a thiolate changes the 31P-NMR chemical shift to low field due 

to the trans influence of the ligand along the Au-P bond. This 

influence is evidenced by the observed trends in the QTAIM 

charge of the gold atom. The electron density topological 

analyses of the examined systems show that the fluorination of 

the phosphines and the inclusion of fluorinated thiolate ligands 

decrease the covalent character of the Au-P bond. This 

circumstance is related with the loss of stability of the molecules 

of interest for this work. Overall, the observed variations in the 

electronic environment of the gold center could be used to 

modulate the selectivity and activity of the examined systems as 

potential catalysts via the valuable explanatory power of the 

QTAIM methodology. 

Experimental Section 

Instrumentation: melting points were obtained using a Fisher-Johns 

apparatus. Infrared spectra were recorded on a Perkin-Elmer FTIR/FIR 

Spectrum 400 spectrometer in the range of 4000 to 400 cm-1 using 

Attenuated Total Reflectance. Elemental analyses were performed using 

a Thermo Scientific Flash 2000 Analyser at 950 °C. 1H and 13C NMR 

spectra were registered on a 9.4 T Varian VNMRS spectrometer while 19F 

and 31P{1H} NMR were obtained on a 7.0 T Oxford Spectrometer. 

Chemical shifts are in ppm relative to internal TMS δ = 0 ppm (1H) and to 

external references of CFCl3 (for 19F) and H3PO4 (for 31P) at 0 ppm. J 

values are given in Hz, all spectra were collected from fresh solutions 

under sealed N2 atmosphere. Positive-ion fast atom bombardment mass 

spectrometry spectra were recorded on an MStation JMS-700 mass 

spectrometer operated at an acceleration voltage of 10 kV. Samples were 

desorbed from a 3-nitrobenzyl alcohol matrix by 3 keV xenon atoms 

employing the matrix ions as the reference material. 

All thiols and phosphines were purchased from Sigma-Aldrich Co. and 

used without further purification. Chlorotetrahydrothiophenegold(I) 

[AuCl(tht)][35], [AuCl(PPh3)] [36], [AuCl(P(C6F5)] (3)[25], [Au(SC6F5)(PPh3)][37] 

and AgSCF3
[38] were prepared following the procedures reported in the 

literature. Lead thiolates[39] were obtained by the reaction of 

stoichiometrical quantities of lead acetate dissolved in an excess of 

deionized water with the corresponding thiol dissolved in a small amount 

of methanol. AgSCF3 is used as source of -SCF3 because the equivalent 

lead thiolate is instable.  

Synthesis. Because compounds 1 and 2 were synthesized in similar ways, 

only the synthesis of 1 is explained in detail. 

Compound 1 [AuCl(P(C6H5)2(C6F5))]. 822 mg (2.56 mmol) of [AuCl(tht)] 

(tht = tetrahydrotiophene) were stirred in 50 mL of dichloromethane at 

room temperature together with 903 mg (2.56 mmol) of P(C6H5)2(C6F5) for 

3 hours. The formed colorless solution was reduced in volume to about 5 

mL and an excess of hexane was added forming a white powder. Yield 

91% (1.31 g, 2.33 mmol); mp 169-171 °C (from hexane/CHCl3), elemental 

analysis (found: C, 37.2%; H, 2.1%. Calc. for C18H10AuClF5P: C, 36.98%; 

H, 1.7%), FTIR: νmax/cm-1 534.70 and 688.12 (P-C), 1025.48 (P-Au), 

745.05, 1436.54 and 1644.23 (C=C), 979.39, 1093.36, 1478.42 and 

1516.93 (C-F), 3055.16 and 3038.06 (C-Har). Mass spectrum M/z: 584 (M+, 

5%), 549 ([Au(PPhF)]+, 100). δ19F (282 MHz; CDCl3; CFCl3): -126.9 (2F, m, 

oF), -148.3 (1F, m, pF), -160.4 (2F, m, mF); δ31P{1H} (122 MHz, CDCl3, 

H3PO4): 18.6 (1P, t, 3JFP = 15.70 Hz, PR3). Multi-day slow evaporation of 

solutions of the compound in dichloromethane gave X-ray suitable crystals. 

Compound 2 [AuCl(P(C6H5)(C6F5) 2)]. 82% (1.22 g, 1.82 mmol), mp 171-

173 °C (from hexane/CH2Cl2), elemental analysis (found: C, 30.9%; H, 

1.1%. Calc. for C18H5AuClF10P: C, 30.6%; H, 0.7%), FTIR: νmax/cm-1 

523.51 and 688.84 (P-C), 1025.52 (P-Au), 745.26, 1438.24 and 1644.96 

(C=C), 977.73, 1094.20, 1474.94 and 1520.19 (C-F), 3049.79 and 2935.53 

(C-Har). Mass spectrum M/z: 792 (15%), 639 ([Au(PPhF)]+, 100). δ19F (282 

MHz; CDCl3; CFCl3): -127.4 (2F, m, oF), -143.6 (1F, m, pF), -157.3 (2F, m, 

mF); δ31P{1H} (122 MHz, CDCl3, H3PO4): -5.9(1P, m, PR3).  

[Au(SCF3)(PPh3)]. 150 mg (0.256 mmol) of [AuCl(PPh3)] in 20 mL of 

dichloromethane and 53.6 mg (0.256 mmol) of AgSCF3 were mixed under 

continuous stirring in a 50 mL Schlenk flask. After 3 h, the formed white 

suspension was filtered off to obtain solid, white AgCl and a clear solution 

whose volume was diminished until about 2 mL by reduced pressure 

evaporation. An excess of hexane was added to the last-mentioned 

solution and a white powder was formed. Yield 80% (114.7 mg, 0.205 



    

 

 

 

 

 

mmol), mp 109-110 °C. Elemental analysis (found: C, 40.9%; H, 2.9%. 

Calc. for C19H15AuF3PS: C, 40.7%; H, 2.7%), FTIR: νmax/cm-1 689.82 and 

997.53 (P-C), 1026.34 (P-Au), 1435.35 and 1479.88 (C=C), 1078.11 br (C-

F), 3054.83 and 3073.18 (C-Har). Mass spectrum M/z: 459 ([Au(PPhF)]+, 

100%). δ1H (400 MHz; CDCl3; TMS) 7.7 – 7.6 (15H, m, PPh3); δ19F (282 

MHz; CDCl3; CFCl3): -19.0 (3F, s, CF3); δ31P{1H} (122 MHz, CDCl3, 

H3PO4): 38.1 (1P, s, PR3).  

Compound 1a [Au(SCF3)(P(C6H5)2(C6F5))]. 117 mg (0.2 mmol) of 1 in 20 

mL of dichloromethane and 42 mg (0.2 mmol) of AgSCF3 were mixed 

under continuous stirring in a 50 mL round Schlenk flask under N2 

atmosphere. After 3 h, the formed white suspension was filtered off to 

obtain solid, white AgCl and a clear solution whose volume was diminished 

until about 2 mL by reduced pressure evaporation. An excess of hexane 

was added to the last-mentioned solution and a white powder was formed. 

Yield 89%, mp 169-171 °C (from hexane/CHCl3), elemental analysis 

(found: C, 37.2%; H, 2.0%. Calc. for C18H10AuClF5P: C, 37.0%; H, 1.7%), 

FTIR: νmax/cm-1 534.70 and 688.12 (P-C), 1025.48 (P-Au), 745.05, 

1436.54 and 1644.23 (C=C), 979.39, 1093.36, 1478.42 and 1516.93 (C-

F), 3055.16 and 3038.06 (C-Har). Mass spectrum M/z: 549 ([Au(PPhF)]+, 

17%). δ19F (282 MHz; CDCl3; CFCl3): -126.9 (2F, m, oF), -148.3 (1F, m, 

pF), -160.4 (2F, m, mF); δ31P{1H} (122 MHz, CDCl3, H3PO4): 18.6 (1P, t, 

3JP-F = 15.7 Hz, PR3). 

Compound 2a [Au(SCF3)(P(C6H5)(C6F5)2)]. The protocol for the synthesis 

of this compound is equivalent to that of compound 1a with the difference 

that it starts with the mixing of 135 mg of 2 with 42 mg (0.2 mmol) of 

AgSCF3. Yield 67 % decomposes at 124 °C, elemental analysis (found: C, 

31.1%; H, 1.0%. Calc. for C19H5AuF10PS: C, 30.8%; H, 0.7%), FTIR: 

νmax/cm-1 520.19 and 688.05 (P-C), 741.30, 1439.15 and 1644.19 (C=C), 

979.83, 1081.75, 1475.45 and 1522.98 (C-F), 3053.44 and 2965.42 (C-

Har). Mass spectrum M/z: 741({M+1}+, 10%), 639(100), 442(31), 562(4), 

936(8), 275(47). δ19F (282 MHz; CDCl3; CFCl3): -20.3(3F, s, SCF3), -127.4 

(2F, m, oF), -143.5 (1F, m, pF), -157.2 (2F, m, mF); δ31P{1H} (122 MHz, 

CDCl3, H3PO4): 1.3 (1P, s, PR3). 

Compounds [Au(SRF)(PPh3)] (with RF = CH2CF3 and C6F4(CF3)-4, 1b-d 

and 2b-d were synthesized in an analogous way to [Au(SCF3)(PPh3)], 1a 

and 2a respectively but using the corresponding lead thiolates. 

[Au(SCH2CF3)(PPh3)]. White powder (146 mg, 88%), elemental analysis 

(found: C, 41.6%; H, 3.1%. Calc. for C20H17AuF3PS: C, 41.8%; H, 3.0 %). 

Mass spectrum M/z: 459 ([Au(PPhF)]+, 45%). δ1H (400 MHz; CDCl3; TMS) 

7.6 - 7.4 (15H, m, PPh3), 3.5 (2H, q, 3JH-F = 9.9 Hz, CH2), δ19F (282 MHz; 

CDCl3; CFCl3): -70.8 (3F, t, 3JF-H = 9.9 Hz, CF3); δ31P{1H} (122 MHz, CDCl3, 

H3PO4): 35.9 (1P, s, PPh3). 

[Au(SC6F4(CF3)-4)(PPh3)]. White powder (120 mg, 96%), elemental 

analysis (found: C, 42.3%; H, 2.1%. Calc. for C25H15AuF7PS: C, 42.4%; H, 

2.1 %). Mass spectrum M/z: 459 ([Au(PPhF)]+, 28%). δ1H (400 MHz; 

CDCl3; TMS) 7.6 -7.5 (15H, m, PPh3); δ19F (282 MHz; CDCl3; CFCl3): -

58.5–-58.2 (3F, m, CF3), -134.2 (2F, m, oF), -146.8 (2F, m, mF); δ31P{1H} 

(122 MHz, CDCl3, H3PO4): 35.1 (1P, s, PPh3). 

Compound 1b [Au(SCH2CF3)(P(C6H5)2(C6F5))]. Yellowish powder (155 

mg, 87%) decomposes at 126 °C, elemental analysis (found: C, 35.8%; H, 

1.6%. Calc. for C20H12AuF8PS: C, 36.16%; H, 1.82%), FTIR: νmax/cm-1 

526.32 and 692.98 (P-C), 1027.76 (P-Au), 748.91, 1438.37 and 1643.35 

(C=C), 979.70, 1090.28, 1477.93 and 1516.84 (C-F), 3077.93 and 2953.43 

(C-Har), 2923.87 (C-H). Mass spectrum M/z: 665 ({M+1}+, 10%), 549 (100), 

352 (5), 275 (9), 183 (18). δ19F (282 MHz; CDCl3; CF3CO2H): -68.2 (3F, t, 

3JHF = 9.83Hz, CF3), -125.9 (2F, m, oF), -145.2 (1F, m, pF), -158.0 (2F, m, 

mF); δ31P{1H} (122 MHz, CDCl3, H3PO4): 22.0 (1P, s, PR3). 

Compound 1c [Au(SC6F5)(P(C6H5)2(C6F5))]. Yellowish powder (172 mg, 

91%) decomposes at 145 °C, elemental analysis (found: C, 38.8%; H, 

1.2%. Calc. for C24H10AuF10PS: C, 38.52%; H, 1.35%), FTIR: νmax/cm-1 

531.69 and 689.03 (P-C), 1025.43 (P-Au), 740.27, 1437.22 and 1644.41 

(C=C), 979.81, 1078.21, 1478.42 and 1523.68 (C-F), 3077.93 and 2958.61 

(C-Har). Mass spectrum M/z: 748 (M+, 20%) 549 (100), 472 (6), 275 (25), 

199 (28). δ19F (282 MHz; CDCl3; CF3CO2H): -132.91 (2F, m, oF(SC6F5)), 

-162.6 (1F, m, pF(SC6F5)) and -164.6 (2F, m, mF(SC6F5)), -126.2 (2F, m, 

oF(C6F5)), -145.3 (1F, m, pF(C6F5)), -158.3 (2F, m, mF(C6F5)); δ31P{1H} 

(122 MHz, CDCl3, H3PO4): 20.4 (1P, s, PR3). 

Compound 1d [Au(SC6F4(CF3)-4)(P(C6H5)2(C6F5))]. White powder 

(172mg, 84%) decomposes at 120 °C, elemental analysis (found: C, 

36.85%; H, 1.19%. Calc. for C24H10AuF10PS: C, 37.61%; H, 1.26%), FTIR: 

νmax/cm-1 518.01 and 688.22 (P-C), 1025.70 (P-Au), 744.93, 1437.52 and 

1644.48 (C=C), 979.57, 1093.84, 1478.22 and 1518.34 (C-F), 3055.81 and 

1587.66 (C-Har). Mass spectrum M/z: 798 (M+, 3%), 549 (100), 352 (19), 

183 (73). δ19F (282 MHz; CDCl3; CF3CO2H):  -58.5 (3F, s, CF3), -134.4 (2F, 

m, oF(SC6F4CF3)), -146.8 (2F, m, mF(SC6F4CF3)), -128.8 (2F, m, 

oF(C6F5)), -147.5 (1F, m, pF(C6F5)), -160.7 (2F, m, mF(C6F5)); δ31P{1H} 

(122 MHz, CDCl3, H3PO4): 18.0 (1P, s, PR3). 

Compound 2b [Au(SCH2CF3)(P(C6H5)(C6F5)2)]. Yellowish oil (103 mg, 

61%) air sensitive. Mass spectrum M/z: 950 ({M+Au}+, 5%), 639 (100), 442 

(16), 562 (3), 459 (16). δ19F (282 MHz; CDCl3; CF3CO2H): -68.4 (3F, t, JHF 

= 9.7 MHz, SCF3), -128.5 (4F, m, oF(C6F5)), -148.8 (2F, m, pF(C6F5)), -

159.7 (4F, m, mF(C6F5)); δ31P{1H} (122 MHz, CDCl3, H3PO4): 7.8 (1P, s, 

PR3).  

Compound 2c [Au(SC6F5)(P(C6H5)(C6F5)2)]. Colorless oil (99 mg, 66%) 

air sensitive. Mass spectrum M/z: 1035 ({M+Au}+, 7%), 639 (100). δ19F 

(282 MHz; CDCl3; CF3CO2H): -132.49 (2F, m, oF(SC6F5)), -161.7 (1F, m, 

pF(SC6F5)), -163.9 (2F, m, mF(SC6F5)), -127.1 (4F, m, oF(C6F5)), -143.5 

(2F, m, pF(C6F5)), -157.1 (4F, m, mF(C6F5)); δ31P{1H} (122 MHz, CDCl3, 

H3PO4): -3.3 (1P, s, PR3). 

Compound 2d [Au(SC6F4(CF3)-4)(P(C6H5)(C6F5)2)]. Yellowish oil (91 mg, 

70%), air sensitive. Mass spectrum M/z: 1085 ({M+Au}+, 5%), 639 (100). 

δ19F (282 MHz; CDCl3; CF3CO2H): -58.6 (3F, s, CF3), -134.5 (2F, m, 

oF(SC6F4CF3)), -146.5 (2F, m, mF(SC6F4CF3)), -130.0 (4F, m, oF(C6F5)), 

-146.5 (2F, m, pF(C6F5)), -160.0 (4F, m, mF(C6F5)); δ31P{1H} (122 MHz, 

CDCl3, H3PO4): -5.7 (1P, s, PR3).  

Computational details. Geometry optimizations were carried out using 

Density Functional Theory along with the Zeroth Order Regular 

Approximation Hamiltonian.[40,41] We utilized the combination of the BP86 

exchange-correlation functional[42,43], the def2-TZVP-ZORA basis set[44] 



    

 

 

 

 

 

and the Grimme’s dispersion correction[45,46]. In order to speed up the 

computations, we consider the RI approximation together with the SARC 

auxiliary basis set[47–49]. For the solution phase estimations we used the 

conductor-like polarizable continuum model[50] where the cavities were 

built using the GEPOL algorithm[51–53] (Selected radii (bohr):Au 2.8029, S 

3.0818, P 2.9798, F 2.2503, C 2.7795, H 1.4566). We performed all the 

electronic structure calculations in the ORCA program.[54] This 

methodology has been successfully employed in the description of metal-

metal as well as metal-ligand bonding by others[55–57] and in our own 

research[58,59]. The Quantum Theory of Atoms in Molecules (QTAIM) 

methodology was used to investigate the chemical bonding scenario in the 

examined systems. QTAIM is a wave function analysis approach based on 

the topology of the charge distribution ρ(r) and results in an exhaustive 

partition of space into disjoint regions that can be identified with the atoms 

of chemistry.[60,61] The AIMAll package was used to perform the QTAIM 

analyses[62]. 
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