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The reactivity of the Au(I) fluorido complex [Au(F)(SPhos)]
(SPhos=dicyclohexyl(2’,6’-dimethoxy[1,1’-biphenyl]-2-
yl)phosphine) (1) towards several alkynes was studied. The
formation of fluorovinyl species by formal insertion of the
alkyne in the metal-fluorine bond was observed. Addition of
HCl to vinyl complexes resulted in protodeauration and
elimination of the hydrofluorinated alkynes. Treatment of 1
with the terminal alkyne 1-hexyne resulted in clean formation
of the alkynyl complex [Au(C�CC4H9)(SPhos)] (15), whereas with
an excess alkyne hydrofluorination was also observed. Various
Au(I) phosphine complexes including 1 were then compared in

their ability to catalyze hydrofluorination reactions of 1-phenyl-
1-propyne with Et3N · 3HF as HF source. Model reactions
suggested a reaction mechanism, which imparts a pre-coordina-
tion of an alkyne to a cationic gold center followed by
nucleophilic addition of a fluoride. Mechanistic investigations
included reactivity studies at [Au(SPhos)][B(C6F5)4)] (17), which
was treated with 4-phenyl-3-butyn-2-one and TMAF (TMAF=

tetramethylammonium fluoride). The reaction led to the
formation of the complex [Au(CH3C(O)C=C(F)Ph)(SPhos)] (13),
but not the fluorido complex 1.

Introduction

The ability of Lewis-acidic gold(I) complexes to activate organic
molecules in catalysis is well known.[1] A preference to react
with alkynes over alkenes is well established and this
“alkynophilicity”[1–2] has been used for the functionalization of
alkynes.[3] The transformations include hydrofluorination reac-
tions, which are of particular interest, because they open up
routes to access fluorinated building blocks. The latter are of
increasing interest in materials science as well as for pharma-
ceutical and agrochemical applications.[4]

While several research groups[3a,5] reported on catalytic
hydrofluorination reactions with gold(I) complexes as catalysts,
mechanistic insights are still scarce.[6] Transition metal catalyzed
hydrofluorination reactions at alkynes usually give addition
products with the fluorine and hydrogen atoms in a mutually
trans position. Although some exceptions with a cis stereo-
selectivity do exist,[5c] cis-isomers are only observed as minor
products. Transition metal free reactions, on the other hand,
often result in cis addition products.[7] The addition of the
fluoride is widely regarded to occur by an outer-sphere
nucleophilic attack at the alkyne coordinated to the Au(I)
complex.[8] To increase reaction rates, Brønsted acids are

commonly added as cocatalysts to facilitate the protodeaura-
tion, which can be the rate limiting step.[8a,9] Commonly used
acids include KHSO4 or para-chlorobenzoic acid.

Isolated complexes, which might be intermediates of
putative catalytic cycles include NHC (NHC=N-heterocyclic
carbene) gold derivatives. Sadighi et al. characterized the alkyne
complex [Au(3-hexyne)(SIPr)][BF4] (SIPr =1,3-bis(2,6-diisopropyl-
phenyl)-4,5-dihydroimidazol-2-ylidene) as well as the vinyl
compounds [Au(R1C=C(F)R2)(SIPr)] (R1=Ph, R2=CH3 as well as
R1=R2=C2H5).

[5a] In a recent contribution towards the hydro-
fluorination of terminal alkynes, the compound [{Au(SIPr)}2μ-
OH][FHF] as well as mono- and binuclear alkynyl species were
identified as potential intermediates.[6b]

In this paper we will present reactivity studies at Au(I)
fluorido phosphine complexes[10] towards alkynes. Studies on
the formation of fluorovinyl complexes allowed for a further
understanding of key-steps in hydrofluorination reactions with
Au(I) catalysts.

Results and Discussion

Treatment of the fluorido complex [Au(F)(SPhos)] (SPhos=

dicyclohexyl(2’,6’-dimethoxy[1,1’-biphenyl]-2-yl)phosphane) (1)
with an excess of 1-phenyl-1-propyne yielded the vinyl
compound [Au(PhC=C(F)CH3)(SPhos)] (2). The observed regio-
and stereoselectivity is similar to the previously reported one
for a reaction of the carbene complex [Au(F)(SIPr)] with the
same alkyne (Scheme 1).[5a] In the absence of any proton source,
the vinyl complex 2 is quite stable. In the 31P{1H} NMR spectrum
complex 2 exhibits a signal at 46.7 ppm with a coupling
between the phosphorous and the fluorine atom of 40 Hz
(Figure 1). This unusually large value is comparable to the value
previously reported for the vinyl compound [Pt(PhC=C(F)Ph)(F)-
{k2-(P,P)-Cy2PC2H4PCy2}] (4JFP =45 Hz).[11] Note that smaller 4JFP
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coupling constants of about 20 Hz have also been reported,
albeit for compounds with a cis configuration of the metal and
fluorine atoms.[12] The 19F NMR spectrum of 2 reveals a signal at
-85.4 ppm, which appears as a doublet of quartets with a 3JFH

coupling to the methyl group of 17 Hz (Figure 1) in addition to
the coupling with the phosphorous atom.

When HCl was added to the vinyl complex [Au(PhC=C-
(F)CH3)(SPhos)] (2), protodeauration occurred and the hydro-
fluorinated product (Z)-2-fluoro-1-phenylpropene (3) was ob-
tained as well as the respective gold complex [Au(Cl)(SPhos)]
(Scheme 1). The proton in the fluorinated olefin 3 is found at
the same position as the gold atom in the vinyl compound,
indicating that regio- and stereoselectivity are retained. A
reaction of the vinyl species 2 with various electrophilic fluorine
sources such as 1-fluoro-2,4,6-trimethylpyridinium tetrafluoro-
borate or Selectfluor did not result in the difluorinated olefin.
Instead, no reaction was observed, although fluorodeauration
has been proposed and demonstrated in other cases.[13]

With one exception, all literature reported gold(I) catalyzed
hydrofluorination reactions show the same regioselectivity as in
the reaction sequence of 1 into 3, i. e. addition of the proton to
the carbon atom with the more electron-withdrawing group to
give the major product.[3a,5a,b,d–f,14] However, a directing group
can reverse the regioselectivity by intramolecular interaction.[5c]

Note that other gold(I) catalyzed reactions like hydration and
hydroalkoxylation at internal alkynes are usually less
regioselective.[7a] For recent transition metal free hydrofluorina-

tion reactions on using HBF4 as fluoride source, the selective
production of E- or Z-isomers by kinetic or thermodynamic
control was reported. The best results were achieved on using
2,6-dichloropyridinium salts to mediate the conversions. The
regioselectivity, however, was reverse to the one found for
gold(I) catalyzed hydrofluorinations.[15] Note that for silver(I)
promoted hydrofluorination reactions both regioselectivities
were reported.[16]

The fluorido complex 1 was also treated with other alkynes.
Diphenylacetylene requires an excess of alkyne and 50 °C to
react with 1 to form the respective vinyl compound [Au(PhC=C-
(F)Ph)(SPhos)] (4) (Scheme 1). A reaction of [Au(F)(SPhos)] (1)
with 3-hexyne at room temperature only produced traces of the
vinyl compound (Au(C2H5C=C(F)C2H5)(SPhos)] (5) which is in
contrast to the reported conversion of [Au(F)(SIPr)] with 3-
hexyne to give full conversion to [Au(C2H5C=C(F)C2H5)(SIPr)]
within 30 minutes.[5a] Heating to 50 °C resulted in 50 %
conversion into 5; further heating led to decomposition. With
an excess of 2-butyne the vinyl complex [Au(CH3C=C-
(F)CH3)(SPhos)] (6) was generated, but a vinyl complex from the
reaction with 1,1,1,4,4,4-hexafluorobutyne was not observed,
even not at elevated temperatures. In general, when compared
to NHC complexes, phosphine complexes showed a diminished
reactivity towards alkynes to generate vinyl compounds,
although the electronic structures of complexes [Au(F)(L)] (L=

NHC, phosphine) are comparable according to DFT
calculations.[10] The obtained complexes 4–6 exhibit analogous
spectroscopic data as found for the vinyl compound 2, with 4JFP

coupling constants of 40 Hz. As in the reaction with 1-phenyl-1-
propyne, a huge excess of the alkynes is required to obtain
notable conversions.

Furthermore, a reaction of [Au(F)(SPhos)] (1) with one
equivalent of 4-phenyl-3-butyn-2-one was conducted to yield
the vinyl species [Au(CH3C(O)C=C(F)Ph)(SPhos)] (13) (Scheme 2).
Complex 13 shows also 4JFP coupling constant of 40 Hz for the
signals in the 31P{1H} and the 19F NMR spectra. After treatment
of 13 with HCl the olefin (Z)-4-fluoro-4-phenylbut-3-en-2-one
(14) was obtained with the expected stereochemistry.

Interestingly, a reaction of a freshly prepared solution of the
vinyl complex [Au(PhC=C(F)(CH3)] (2) with an excess of 4-
phenyl-3-butyn-2-one resulted also in formation of the vinyl

Scheme 1. Generation and reactivities of fluorovinyl complexes towards HCl. [a]only traces at T =293 K, [b]full conversion at T=323 K for 3 h, [c]50 % conversion
at T =323 K, extended heating leads to decomposition, [d]full conversion at T= 293 K; ratio: 7 :8 :9 :1 : 1.4 : 1.0 : 0.1 : 3.2.

Figure 1. 31P{1H} (left), 19F (right) and 19F{1H} NMR spectra of the vinyl complex
[Au(PhC=C(F)CH3)(SPhos)] (2).
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species 13 after several hours at room temperature (Scheme 2,
Figure 2). It can be assumed that cationic alkyne complexes
serve as intermediates, which are in equilibria with fluorovinyl
complexes since a direct metal-mediated reaction from 2 to 13
would require an unprecedented fluorine shift from one organyl
moiety to the other. Note that Sadighi et al. reported that the
reaction to form [Au(C2H5C=C(F)C2H5)(SIPr)] from [Au(F)(SIPr)]
and 3-hexyne can be reverted by applying vacuum for 2.5 h.[5a]

A consistent reactivity pattern for the vinyl complexes bearing
SPhos as ligand was found, although in the latter cases only
partial formation [Au(F)(SPhos)] (1) was observed. Thus, apply-
ing vacuum to the vinyl complex [Au(CH3C=C(F)CH3)(SPhos)] (6)
for 24 h lead to approximately 40 % reversion to yield 1 and 2-
butyne, which is the alkyne with the lowest boiling point. The
other vinyl species showed a reverse reaction to yield only 0–
5 % 1. When complex [Au(F)(SPhos)] (1) was added to a mixture
containing one equivalent of 1-phenyl-1-propyne as well as one
equivalent of 4-phenyl-3-butyn-2-one, the formation of both
vinyl species 2 and 13 was observed with a ratio of 1 : 11
according to the 19F NMR spectrum (Figure S2), again demon-
strating the preference to form 13 over 2. When compound 1
was added to a mixture containing ten equivalents of each of
the alkynes, the sole formation of 13 was observed in agree-
ment with the reaction of 2 to 13 described above.

In a next step, the behavior of a dialkyne was examined.
Thus, treatment of [Au(F)(SPhos)] (1) with an excess of 1,4-
diphenylbutadiyne resulted in the appearance of three sets of
doublets in the 19F as well as the 31P{1H} NMR spectra of the
reaction solution upon heating to 50 °C for several hours

(Scheme 1). However, complete conversion was not achieved,
even after prolonged heating. The three signals could be
assigned to the complexes 7, 8 and 9 (ratio: 1.4 (7, 37 Hz): 1.0
(8, 36 Hz): 0.1 (9, 17 Hz): 3.2 (unreacted [Au(F)(SPhos)] (1)) (see
Figures S3 and S4). There was no indication for the presence of
any binuclear species. Treatment of the reaction mixture with
HCl converted all of the compounds into [Au(Cl)(SPhos)]. In
addition, three new sets of doublets were observed in the 19F
spectra again, with couplings of 35 Hz, 33 Hz and 17 Hz to a
proton. The analytical data are in accordance with the data for
the previously reported compounds 10,[17] 11[18] and 12[19] (ratio
1.4 : 1 : 0.1, see Figure S5). No products of dihydrofluorination at
both alkyne moieties were detected by GC/MS either, support-
ing the assignment of 7–9 further.

It was not possible to observe metal-bound vinyl com-
pounds from reactions of 1 with terminal alkynes. Instead,
treatment of 1 with one equivalent 1-hexyne resulted in clean
formation of the alkynyl complex [Au(C�CC4H9)(SPhos)] (15)
(Scheme 3). Note that it was reported that [Au(F)(SPhos)] (1)
reacts with protic sources under HF elimination, and a reaction
with phenylacetylene results in formation of the alkynyl
complex [Au(C�CPh)(SPhos)].[10] When an excess of the alkyne
was used, the regioselective generation of the fluorinated olefin
2-fluoro-1-hexene (16) was also observed in addition to
complex 15 (Scheme 3). The structure of the alkene 16 has
been unambiguously determined by comparison with the
literature.[20] The alkynyl complex 15 shows a singlet at
45.7 ppm in the 31P{1H} NMR spectrum as well as signals in the
13C{1H} NMR spectrum at 124.0 and 102.2 ppm for the alkynyl
ligand, which is in good agreement with the signals reported
for [Au(C�CC4H9)(JohnPhos)] (JohnPhos =ditertbutyl(2-
biphenylyl)phosphane).[21]

To corroborate the above mentioned outer-sphere attack of
fluoride at a cationic alkyne complex, the compound [Au-
(SPhos)][B(C6F5)4)] (17) was treated with 4-phenyl-3-butyn-2-one
and TMAF (TMAF= tetramethylammonium fluoride). Indeed,
the reaction led to the formation of complex [Au(CH3C(O)C=C-
(F)Ph)(SPhos)] (13) but not the fluorido complex [Au(F)(SPhos)]
(1) (Scheme 4, left). In contrast, Sadighi et al. reported that the

Scheme 2. Synthesis and reactivity of [Au(CH3C(O)C=C(F)Ph)(SPhos)] (13).

Figure 2. 19F NMR spectra of the reaction of 2 to 13 in the presence of an
excess 4-phenyl-3-butyn-2-one over the course of several hours (*internal
standard OP(4-C6H4F)3).

Scheme 3. Reactions of [Au(F)(SPhos)] (1) towards 1-hexyne.

Scheme 4. Formation of the vinyl species 13 as well as [Au(F)(SPhos)] (1)
from [Au(SPhos)][B(C6F5)4] (17).
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complex [Au(3-hexyne)(SIPr)][BF4] transforms into the respective
fluorido complex [Au(F)(SIPr)] by reaction with [(Me2N)3P]2N

+F�

in CD2Cl2.
[5a,22] [Au(SIPr)][BF4] as well as [Au(SPhos)][B(C6F5)4] did

react with the same salt to produce the respective fluorido
complexes as well (Scheme 4, right). However, any other source
of nucleophilic fluoride such as TMAF, HF or MF (M=Ag, Cs) did
not induce this reaction.

After confirming that the complex [Au(F)(SPhos)] (1) could
form several vinyl complexes by formal insertion of alkynes into
Au–F bonds, catalytic conversions for a hydrofluorination of an
alkyne were studied (Table 1). Various Au(I) compounds were
treated with 1-phenyl-1-propyne as the model substrate on
using Et3N · 3HF as HF source. 2-Chlorobenzoic acid was added
as additional proton source, because Brønsted acids have been
used before to facilitate any protodeauration step in
hydrofluorination.[5a,e] These experiments did aim for a compar-
ison of various Au(I) catalytic precursors. The results and the
respective yields for the formation of the two regioisomers 3
and 18 are depicted in Table 1.

Without the presence of any Au(I) gold complex, no
hydrofluorination was observed (entry 1). The compounds [Au-
(F)(SPhos)] (1) and the respective vinyl species [Au(PhC=C-
(F)CH3)(SPhos)] (2) yielded the hydrofluorination product 3 as
the major product in agreement with the stereochemistry of
the vinyl species 2 (entries 2 and 3), which holds for all tested
catalysts. However, the best catalytic system under these non-
optimized conditions consisted of the NHC complex [Au-
(Cl)(SIPr)] in the presence of AgBF4 (entry 4), not only producing
the highest yields but also the highest ratio of 3 to the
regioisomer 18. [Au(I)(SPhos)] (19) did not catalyze any hydro-
fluorination (entry 5), but addition of AgBF4 enabled the trans-
formation (entry 6). The use of the cationic Au(I) species
[Au(SPhos)][B(C6F5)4] (17) resulted in a similar yield (entry 7). We
also tested the in situ generation of cationic species without
the use of silver salts and the complex [Au(CH3)(SPhos)] (20)
was chosen since CH4 formation in presence of acidic protons

can be envisaged. Indeed, a gas evolution was observed and
although the remaining cationic species did catalyze the
hydrofluorination, the yield was slightly lower (entry 8). This
catalyst was the only one for which an immediate red
coloration of the reaction mixture was observed, indicating the
formation of Au(0) nanoparticles. This suggest also that a
stabilization of cationic gold species by the anions is of a certain
importance.

Surprisingly, when all of the catalytic reactions were run
without addition of 2-chlorobenzoic acid, the yields increased.
This indicates that Et3N · 3HF itself is – in the presence of a
{Au(SPhos)}+ center – acidic enough to facilitate the protodeau-
ration. The presence of a weakly coordinating anion might in
addition avoid deactivation of the cationic catalytic species and
allow for a protonation step with Et3N · 3HF. Except for [Au-
(SPhos)][B(C6F5)4] (17) (entry 7), for all catalyst an increase of the
yields was found, but the ratio of 3 to 18 was comparable.
However, no distinct anion influence was observed,[23] on using
AgSbF6 and AgOTf instead of AgBF4 with [Au(Cl)(SIPr)] as well as
[Au(I)(SPhos)] (19) as catalytic precursors (entries 9–12). The
observed yields were mostly lower when compared the
literature,[3a,5b,d,e,6b] but higher than reported for [Au(Cl)(PPh3)]/
AgBF4, which showed only a stoichiometric conversion.[5a]

The preference to form the vinyl species [Au(CH3C(O)C=C-
(F)Ph)(SPhos)] (13) over [Au(PhC=C(F)CH3)(SPhos)] (2) from the
reaction of the respective alkynes with [Au(F)(SPhos)] (1) was
described above. Consequently, the competitive hydrofluorina-
tion between 1-phenyl-1-propyne and 4-phenyl-3-butyn-2-one
was examined by treatment of 1 with a mixture consisting of
equal amounts of the two alkynes on using the same amounts
Et3N · 3HF as used before. As might be expected, hydrofluorina-
tion of 4-phenyl-3-butyn-2-one was observed to be the main
reaction pathway (yielding olefin 14), but hydrofluorination of
1-phenyl-1-propyne was also observed. No regioisomer of 14
was detected, although for the hydrofluorination of 1-phenyl-1-
propyne only, both isomers were observed (Table 1, entry 4, see

Table 1. Catalytic hydrofluorination of 1-phenyl-1-propyne with Et3N · 3HF at various catalytic systems.[a]

Entry Complex [Au] Yield of 3[b] Yield of 18[b] Ratio (3 :18)[b] Yield of 3[c] Yield of 18[c] Ratio (3 :18)[c]

– 0 % 0 % – – – –
2 [Au(F)(SPhos)] (1) 37 % 5 % 7 : 1 54 % 7 % 8 : 1
3 [Au(PhC=C(F)CH3)(SPhos)] (2) 37 % 4 % 9 : 1 49 % 6 % 8 : 1
4 [Au(Cl)(SIPr)]/AgBF4 61 % 2 % 31 : 1 63 % 1 % 63 : 1
5 [Au(I)(SPhos)] (19) 0 % 0 % – – – –
6 [Au(I)(SPhos)] (19)/AgBF4 43 % 6 % 7 : 1 61 % 9 % 7 : 1
7 [Au(SPhos)][B(C6F5)4] (17) 44 % 10 % 4 : 1 26 % 4 % 7 : 1
8 [Au(CH3)(SPhos)] (20) 30 % 4 % 8 : 1 33 % 3 % 11 : 1
9 [Au(Cl)(SIPr)]/AgSbF6 – – – 54 % 2 % 27 : 1
10 [Au(I)(SPhos)] (19)/AgSbF6 – – – 55 % 8 % 7 : 1
11 [Au(Cl)(SIPr)]/AgOTf – – – 57 % 1 % 57 : 1
12 [Au(I)(SPhos)] (19)/AgOTf – – – 61 % 8 % 8 : 1

[a] Yields are calculated by integration of the 19F NMR spectra versus OP(4-C6H4F)3. [b] Reaction conditions: 0.15 mmol Et3N · 3HF, 0.3 mmol 2-chlorobenzoic
acid, 0.03 mmol OP(4 C6H4F)3, 0.3 mmol 1-phenyl-1-propyne, 0.03 mmol [Au], 0.045 mmol AgX (entries 7–12). [c] Reaction conditions: 0.15 mmol Et3N · 3HF,
0.03 mmol OP(4-C6H4F)3, 0.3 mmol 1-phenyl-1-propyne, 0.03 mmol [Au], 0.045 mmol AgX (entries 7–12).
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Figure S6). This is in contrast to the previously reported hydro-
fluorination of 4-phenyl-3-butyn-2-one by [Au-
(IPr*Tol)(NEt3)][FHF] (IPr*Tol =1,3-bis(methyl-2,6-di(di-4-tolylme-
thane)-4-methylphenyl)imidazole-2-ylidene), for which a ratio
for the two regiosiomers of 9 : 1 was obtained.[5d]

Mechanistic possibilities for the hydrofluorination reactions
involve either insertion of the alkyne into the Au� F bond or
outer-sphere fluorination of a coordinated alkyne, with liter-
ature suggesting the latter (Scheme 5),[8] resulting in an anti-
addition of the nucleophile.[6a] The above mentioned fluoride
attack at 17 in the presence of alkyne also supports the outer-
sphere fluorination mechanisms (Scheme 4). After formation of
the vinyl species, the protodeauration should provide the
hydrofluorinated compound and the catalytic cycle is com-
pleted (Scheme 5). In a recent paper regarding the Au(I)
catalyzed hydrofluorination of terminal alkynes with aqueous
HF, cationic complexes have also been postulated as
intermediates.[6b] In addition to mononuclear intermediates,
binuclear species involving Au(I) alkynyl complexes, were
proposed.

Conclusions

The formation of fluorovinyl Au phosphine complexes by
addition of alkynes to the Au(I) fluorido complex [Au(F)(SPhos)]
(1) has been demonstrated. A preference to react with 4-
phenyl-3-butyn-2-one over 1-phenyl-1-propyne was established
and demonstrated the importance of electronic properties of
the alkynes. Model reactions for the mechanism of hydro-
fluorination reactions suggest an outer-sphere mechanism by
pre-coordination of an alkyne to a cationic gold center followed
by nucleophilic addition of a fluoride. The regioselectivity
matched previously reported vinyl species bearing NHC
ligands.[5a] Various Au(I) complexes including 1 were then
compared in their ability to catalyze hydrofluorination reactions
of 1-phenyl-1-propyne employing Et3N · 3HF as HF source. It is
intriguing that the activity of the catalytic systems improved by
omitting an additional proton source for protodeauration.

Experimental Section
All samples were prepared in a glovebox and the reactions
performed using conventional Schlenk techniques. CH2Cl2 and
CD2Cl2 were dried over CaH2 and distilled or condensed before
usage. Hexane and thf were dried over Solvona® and distilled
before usage. All reagents were obtained from commercial sources.
Solids were dried in high vacuum and liquids were degassed and
stored over activated molecular sieves prior to usage. NMR spectra
were acquired at a Bruker DPX 300 or Bruker AVANCE II 300
spectrometer at room temperature. 1H NMR and 13C{1H} NMR
chemical shifts (δ) were referenced to residual CD2Cl2 (δ=5.32 ppm
and δ= 53.84 ppm, respectively).[24] 19F NMR spectra were calibrated
externally to CFCl3 and 31P{1H} NMR spectra to external 85 % H3PO4.
LIFDI-TOF-MS was measured with a Micromass Q-TOF-2 mass
spectrometer, equipped with a Linden LIFDI source (Linden CMS
GmbH). Elemental analyses (EA) were performed with a HEKAtech
Euro EA Elemental Analyzer. OP(4-C6H4F)3,

[25] [(Me2N)3P]2N
+F� ,[22]

[Au(Cl)(SIPr)],[26] [Au(Cl)(SPhos)],[27] [Au(I)(SPhos)] (19),[10] [Au-
(SPhos)][B(C6F5)4] (17)[28] and [Au(F)(SPhos)] (1)[10] were synthesized
according to previously reported protocols.

Formation of the vinyl species [Au(PhC=C(F)CH3)(SPhos)] (2),
[Au(PhC=C(F)Ph)(SPhos)] (4), [Au(C2H5C=C(F)C2H5)(SPhos)] (5)
and [Au(CH3C=C(F)CH3)(SPhos)] (6)

A CD2Cl2 solution containing 0.06 mmol [Au(F)(SPhos)] (1) was
transferred to a PFA tube loaded with the respective alkyne
(0.15 mL). The mixture was allowed to stand for 3 h at room
temperature (2 and 6) or heated at 323 K for 3 h (4 and 5). No full
conversion could be achieved for 5 (50 % conversion, see
Figures S11 and S12). Characterization was done in situ by NMR
spectroscopy. The signals for the two vinyl carbon atoms were
located with HMBC 1H,13C (2, 6) or 19F,13C (4, 5) NMR correlation
experiments and identified by their coupling to 19F. The 2JFC as well
as the 2JPC coupling constants could not be determined reliably due
to the low resolution in the 13C domain.

Analytical data for [Au(PhC=C(F)CH3)(SPhos)] (2): 31P{1H} NMR
(121 MHz, CD2Cl2, 298 K) δ=46.7 (d, 4JFP =40 Hz) ppm. 19F NMR
(282 MHz, CD2Cl2, 298 K) δ= � 85.4 (dq, 4JFP =40 Hz, 3JFC =17 Hz)
ppm. 1H,13C HMBC (300/75 MHz, CD2Cl2, 298 K) δ=2.30/153.7 (dd/d,
2JHC = 8 Hz, 3JHF =17 Hz/1JFC =255 Hz, AuC=C), 2.30/143.2 (d/s, 3JHF =

17 Hz, AuC=C) ppm.

Analytical data for [Au(PhC=C(F)Ph)(SPhos)] (4): 31P{1H} NMR
(121 MHz, CD2Cl2, 298 K) δ=46.0 (d, 4JFP =39 Hz) ppm. 19F NMR
(282 MHz, CD2Cl2, 298 K) δ= � 98.1 (d, 4JFP = 39 Hz) ppm. 19F,13C
HMBC (282/75 MHz, CD2Cl2, 298 K) δ= � 98.1/155.1 (dd/s, 4JFP =

39 Hz, 1JFC =264 Hz, AuC=C), � 98.1/138.2 (dd/s, 4JFP =39 Hz, 2JFC =

40 Hz, AuC=C) ppm.

Analytical data for [Au(C2H5C=C(F)C2H5)(SPhos)] (5): 31P{1H} NMR
(121 MHz, CD2Cl2, 298 K) δ=48.0 (d, 4JFP =40 Hz) ppm. 19F NMR
(282 MHz, CD2Cl2, 298 K) δ= � 99.5 (dt, 4JFP =40 Hz, 3JFH =20 Hz)
ppm. 19F,13C HMBC (282/75 MHz, CD2Cl2, 298 K) δ= � 99.5/159.5 (dd/
s, 4JFP = 40 Hz, 1JFC = 300 Hz, AuC=C), � 99.5/143.8 (dd/s, 4JFP = 40 Hz,
2JFC =20 Hz, AuC=C) ppm.

Analytical data for [Au(CH3C=C(F)CH3)(SPhos)] (6): 31P{1H} NMR
(121 MHz, CD2Cl2, 298 K) δ=47.1 (d, 4JFP =40 Hz) ppm. 19F NMR
(282 MHz, CD2Cl2, 298 K) δ= � 89.4 (dq, 4JFP = 40 Hz, 3JFH =17 Hz)
ppm. 1H,13C HMBC (300/75 MHz, CD2Cl2, 298 K) δ=1.89/154.7 (dd/d,
2JHC = 7 Hz, 3JHF =17 Hz/1JFC =257 Hz, AuC=C), 1.89/136.6 (d/s, 3JHF =

17 Hz, AuC=C) ppm.

Scheme 5. Simplified mechanism for the hydrofluorination of internal
alkynes.
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Formation of the vinyl species [Au(CH3C(O)C=C(F)Ph)(SPhos)]
(13)

A CD2Cl2 solution containing 0.06 mmol [Au(F)(SPhos)] (1) was
transferred into a PFA tube loaded with 4-phenyl-3-butyn-2-one
(0.06 mmol, 8 μL). The mixture was allowed to stand for 3 h at
room temperature and the quantitative formation of 13 was
observed by NMR spectroscopy.

Analytical data for [Au(CH3C(O)C=C(F)Ph)(SPhos)] (13): 1H NMR
(300 MHz, CD2Cl2, 298 K) δ= 8.05–6.93 (m, 10H, Har), 6.65–6.13 (m,
2H, Har), 3.53 (s, 6H, OCH3), 2.68–0.95 (m, 22H, HCy), 2.22 (s, 3H,
C(O)CH3) ppm. 31P{1H} NMR (121 MHz, CD2Cl2, 298 K) δ= 46.6 (d,
4JFP =40 Hz) ppm. 19F NMR (282 MHz, CD2Cl2, 298 K) δ= � 91.3 (d,
4JFP =40 Hz) ppm. 13C{1H} NMR (75 MHz, CD2Cl2, 298 K) δ=157.4,
154.7 (d, 1JCF = 260 Hz, AuC=C), 143.2 (d, JCP =15 Hz), 136.7 (d, 2JCF =

38 Hz, AuC=C), 133.3 (d, JCP =8 Hz), 133.0, 130.9, 130.1, 129.0 (d,
JCP =46 Hz), 129.0, 128.2, 127.8, 127.4 (d, JCP =7 Hz), 126.8 (d, JCF =

5 Hz), 118.8, 104.8, 55.4, 36.5 (d, JCP =30 Hz), 31.9, 30.7 (d, JCP =

5 Hz), 29.6, 27.2 (d, JCP =12 Hz), 27.1 (d, JCP =14 Hz), 26.4 ppm.

Exchange reaction between vinyl species
[Au(PhC=C(F)CH3)(SPhos)] (2) and
[Au(CH3C(O)C=C(F)Ph)(SPhos)] (13)

The vinyl species [Au(PhC=C(F)CH3)(SPhos)] (2) was prepared
according to the procedure above and all volatiles were removed in
high vacuum overnight. CD2Cl2 (0.3 mL) was added and the 1H, 31P
{1H} and 19F NMR spectra recorded, indicating the formation of small
amounts of [Au(F)(SPhos)] (1) and 1-phenyl-1-propyne. 4-Phenyl-3-
butyn-2-one (0.15 mL) was added and NMR spectra recorded after
2 h and 8 h reaction time revealed the formation of the vinyl
species [Au(CH3C(O)C=C(F)Ph)(SPhos)] (13).

Reactivity of the vinyl species [Au(PhC=C(F)CH3)(SPhos)] (2)
and [Au(CH3C(O)C=C(F)Ph)(SPhos)] (13) towards HCl

HCl (2 M in Et2O, 0.1 mL) was added to a solution containing the
vinyl species 2 or 13 in CD2Cl2 and allowed to stand at room
temperature for several minutes. Characterization was done in situ.
The spectroscopic data of the obtained products were in agree-
ment with these previously reported in literature: [Au(Cl)(SPhos)];[27]

from 2: (Z)-2-fluoro-1-phenylpropene (3);[29] from 13: (Z)-4-fluoro-4-
phenylbut-3-en-2-one (14).[5d]

Reactivity of [Au(F)(SPhos)] (1) towards
1,4-diphenylbutadiyne

A CD2Cl2 solution containing 0.06 mmol [Au(F)(SPhos)] (1) was
transferred into a PFA tube loaded with 1,4-diphenylbutadiene
(80 mg, 0.4 mmol). The mixture was heated to 50 °C for 3 h and the
formation of the vinyl species 7, 8 and 9 was observed. 7, 8 and 9
are present in a ratio of 1.4 (7) to 1 (8) to 0.1 (9) to 3.2 (unreacted
starting material 1) by integration of the 19F NMR spectrum (see SI).
No complete conversion was achieved by extended heating. HCl
(2 M in Et2O, 0.1 mL) was added after cooling down. The mixture
was allowed to stand at room temperature for 1 h after which the
formation of two products of monohydrofluorination, (Z)-1,4-
diphenyl-2-fluoro-1-buten-3-yne (10),[17] (Z)-(1-fluorobut-1-en-3-yne-
1,4-diyl)dibenzene (11)[18] and (E)-1,4-diphenyl-3-fluoro-3-buten-1-
yne (12)[19] (also in ratio 1.4 : 1:0.1 according to the 19F NMR
spectrum, see SI), was observed.

Analytical data for (E)-[Au(PhC=C(F)C�CPh)(SPhos)] (7): 31P{1H} NMR
(121 MHz, CD2Cl2, 298 K) δ=45.7 (d, 4JFP =37 Hz) ppm. 19F NMR
(282 MHz, CD2Cl2, 298 K) δ= � 88.9 (d, 4JFP = 37 Hz) ppm.

Analytical data for [Au((PhC�C)C=C(F)Ph)(SPhos)] (8): 31P{1H} NMR
(121 MHz, CD2Cl2, 298 K) δ=44.9 (d, 4JFP =35 Hz) ppm. 19F NMR
(282 MHz, CD2Cl2, 298 K) δ= � 79.5 (d, 4JFP = 35 Hz) ppm.

Analytical data for (Z)-[Au(PhC=C(F)C�CPh)(SPhos)] (9): 31P{1H} NMR
(121 MHz, CD2Cl2, 298 K) δ=44.3 (d, 4JFP =9 Hz) ppm. 19F NMR
(282 MHz, CD2Cl2, 298 K) δ= � 80.0 (d, 4JFP = 9 Hz) ppm.

Reactivity of [Au(F)(SPhos)] (1) towards excess 1-hexyne

A CD2Cl2 solution containing 0.06 mmol [Au(F)(SPhos)] (1) was
transferred into a PFA tube loaded with 1-hexyne (0.15 mL,
1.3 mmol). The mixture was allowed to stand for 3 h at room
temperature. The formation of 2-fluorohex-1-ene (16) was con-
firmed by comparison of the data with the literature[20] and all
volatiles removed in vacuo over two days. The residue was washed
with hexane (3 × 3 mL) and [Au(C�CC4H9)(SPhos)] (15) obtained as a
colourless solid.

Analytical data for [Au(C�CC4H9)(SPhos)] (15): 1H NMR (300 MHz,
CD2Cl2, 298 K) δ=7.70–7.30 (m, 4H, Har), 7.21–7.08 (m, 1H, Har), 6.67
(d, JHH =8 Hz, 2H, Har), 3.72 (s, 6H, OCH3), 2.18–0.90 (m, 31H) ppm.
31P{1H} NMR (121 MHz, CD2Cl2, 298 K) δ=45.7 ppm. 13C{1H} NMR
(75 MHz, CD2Cl2, 298 K) δ= 157.7, 143.1 (d, JCP =15 Hz), 133.4 (d,
JCP =8 Hz), 133.3 (d, JCP =3 Hz), 130.8, 129.9, 129.0 (d, JCP =47 Hz),
127.3 (d, JCP =8 Hz), 124.0 (d, JCP =132 Hz), 119.0 (d, JCP =6 Hz),
104.8, 102.2 (d, JCP =24 Hz), 55.6, 36.4 (d, JCP =31 Hz), 32.7, 30.5 (d,
JCP =5 Hz), 30.5 (d, JCP = 5 Hz), 29.7, 27.2 (d, JCP =12 Hz), 27.1 (d,
JCP =14 Hz), 26.3, 22.5, 20.0 ppm.

Reaction of [Au(F)(SPhos)] (1) with one equivalent 1-hexyne

A CD2Cl2 solution containing 0.06 mmol [Au(F)(SPhos)] (1) was
transferred to a PFA tube loaded with 1-hexyne (7 μL, 0.06 mmol,).
The mixture was allowed to stand for 3 h at room temperature and
the formation of [Au(C�CC4H9)(SPhos)] (15) was observed (for NMR
data, see above).

Synthesis of [Au(CH3)(SPhos)] (20)

CH3Li (1.6 M, 0.7 mL, 1.1 eq.) was slowly added to a stirred solution
of [Au(Cl)(SPhos)] (0.643 g, 1 mmol) in thf (30 mL) at � 65 °C. After
addition, the mixture was allowed to warm to room temperature
and stirred for 1 h. All volatiles were removed in vacuo. Toluene
(15 mL) was added to the residue and the mixture was filtered
through a pad of celite. After removal of the solvent from the
filtrate in high vacuum, [Au(CH3)(SPhos)] (0.416 g, 68 %) was
obtained as a colourless powder.

Analytical data for [Au(CH3)(SPhos)] (20): 1H NMR (300 MHz, CD2Cl2,
298 K): δ=7.63–7.30 (m, 4H, Har), 7.13–7.09 (m, 1H, Har), 6.60 (d,
JHH =8 Hz, 2H, Har), 3.69 (s, 6H, OCH3), 2.30–2.15 (m, 2H, HCy), 2.05–
1.90 (m, 2H, HCy), 1.84–1.11 (m, 18H, HCy), � 0.31 (d, 3JHP =8 Hz, 3H,
AuCH3) ppm. 31P{1H} NMR (121 MHz, CD2Cl2, 298 K): δ=49.7 ppm.
13C{1H} NMR (75 MHz, CD2Cl2, 298 K): δ=157.9, 143.3 (d, JCP =16 Hz),
133.6, 133.2 (d, JCP =8 Hz), 131.8 (d, JCP =37 Hz), 131.5, 130.4, 129.1„
127.2 (d, JCP = 5 Hz), 120.4 (d, JCP =5 Hz), 104.4, 55.6, 36.7 (d, JCP =

26 Hz), 30.4 (d, JCP = 6 Hz), 29.5, 27.4 (d, JCP =11 Hz), 27.3 (d, JCP =

13 Hz), 26.5, 9.1 (d, 2JCP =96 Hz) ppm. MS (LIFDI-TOF, CH2Cl2) for
C27H38AuO2P [M]+ calc. m/z =622, found m/z =622. EA for
C27H38AuO2P calc. C 52.09, H 6.15; found C 52.10, H 6.08.

Catalytic hydrofluorination reaction of 1-phenyl-1-propyne

The respective gold complex (0.03 mmol) was loaded into a
polypropylene vial. A CH2Cl2 solution containing OP(4-C6H4F)3
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(0.03 M), 1-phenyl-1-propyne (3 M), Et3N · 3HF (1.5 M) and 2-chlor-
obenzoic acid (3 M, only for experiments [b] (Table 1) ) was
prepared and 1 mL added to each vial. The reaction solutions were
stirred for 4 d at room temperature. An aliquot of 0.1 mL was taken
from each vial and topped with CD2Cl2 (0.2 mL) and 19F NMR spectra
were recorded with 128 scans and a d1 time of 30 s to make sure
that relaxation was complete. The integral of the signal for OP(4-
C6H4F)3 was set to 3.0 and the signals of the products integrated
accordingly. The spectroscopic data for the products is in agree-
ment with the literature ((Z)-2-fluoro-1-phenylpropene (3) (main
regioisomer),[29] (Z)-α-fluoro-β-methylstyrene (17) (minor
regioisomer)[30]).

Competing reactions of 1-phenyl-1-propyne and
4-phenyl-3-butyn-2-one with [Au(F)(SPhos)] (1)

a) A CD2Cl2 solution containing 0.03 mmol [Au(F)(SPhos)] (1) was
transferred to a PFA tube loaded with 1-phenyl-1-propyne (3.8 μL,
0.03 mmol, 1 eq.) and 4-phenyl-3-butyn-2-one (4.4 μL, 0.03 mmol,
1 eq.) and allowed to stand for 3 h at room temperature after which
the mixture was analysed by NMR spectroscopy. The same
procedure was repeated with loadings of 10 eq. of both alkynes.

b) A CH2Cl2 solution containing 0.03 mmol [Au(F)(SPhos)] (1) and
OP(4-C6H4F)3 (0.03 mmol) was added to a polypropylene vial. A
CH2Cl2 solution containing 1-phenyl-1-propyne (0.30 mmol, 38 μL,
10 eq.), 4-phenyl-3-butyn-2-one (44 μL, 0.3 mmol, 10 eq.) and
Et3N · 3HF (0.15 mmol, 25 μL, 15 eq. HF) was prepared and added to
the vial. The vial was stirred for 4 d at room temperature. An aliquot
of 0.1 mL was taken from the vial, topped with CD2Cl2 (0.2 mL) and
19F NMR spectra were recorded with 128 scans and a d1 time of
30 s to make sure that relaxation was complete. The integral of the
signal for OP(4-C6H4F)3 was set to 3.0 and the signals of the
products integrated accordingly. The spectroscopic data for the
hydrofluorination product of 4-phenyl-3-butyn-2-one agrees with
the literature ((Z)-4-fluoro-4-phenylbut-3-en-2-one (14),[5d] the other
regioisomer[31] was not observed).

Reactions of [Au(L)][BR4] with [(Me2N)3P]2N
+F�

[(Me2N)3P]2N
+F� (0.5 mmol, 180 mg) was prepared freshly.[22] A

CD2Cl2 solution containing [Au(SPhos)][B(C6F5)4] (19) (0.03 mmol,
38.6 mg) or [Au(SIPr)][BF4] (0.03 mmol, 20.2 mg) was added to a PFA
tube. [(Me2N)3P]2N

+F� (0.1 mmol) was added to the solutions,
resulting in immediate black coloration as well as precipitation. 19F
NMR spectra confirmed the formation of [Au(F)(SPhos)] (1)[10] as
well as of [Au(F)(SIPr)],[26] albeit in low yields.

Reaction of [Au(SPhos)][B(C6F5)4] (17) with
4-phenyl-3-butyn-2-one and TMAF

4-Phenyl-3-butyn-2-one (0.15 mL, 1.07 mmol, 36 eq.) was added to
a PFA tube containing [Au(SPhos)][B(C6F5)4] (17) (0.03 mmol,
38.6 mg) and TMAF (0.60 mmol, 56 mg, 20 eq.). CD2Cl2 (0.3 mL) was
added and the tube flame-sealed. Sonication for 1 h afforded the
vinyl species [Au(CH3C(O)C=C(F)Ph)(SPhos)] (13) (for analytical data
see above).
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