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ABSTRACT: A new method for the synthesis of trifluoromethyl-allenes from easily accessible α-trifluoromethyl-propargyl
benzyl ether derivatives following a gold-catalyzed intramolecular hydride transfer has been developed. Various di- and
trisubstituted trifluoromethyl-allenes were obtained in good to excellent yields.

CF3-containing building blocks are privileged structural motifs
in medicinal chemistry and agrochemistry.1 As a consequence,
substantial efforts have been made over the years by synthetic
organic chemists in order to design and develop methods
allowing efficient access to a variety of trifluoromethylated
species.2 Given the unique reactivity of allenes3 and their ability
to react in a wide range of transformations to build up valuable
complex structures,4 special attention has naturally been
brought to trifluoromethyl-allenes and how to access them.
The first syntheses of CF3-allenes, which were reported several
decades ago,5 generally suffer from low efficiency and exhibit
limited scope. Current efforts in the domain are focused on
addressing these issues. From a general point of view, currently
available synthetic routes to CF3-allenes 1 can be classified into
two main categories A and B (Scheme 1, top). CF3-allenes can
be prepared starting from alkynyl or alkenyl substrates already
possessing a CF3 moiety (category A) by elimination
reactions,6 isomerizations,7 sigmatropic rearrangements,8 SN2′
reactions,9 and metal-catalyzed processes.10,11 A more recently
developed alternative access to CF3-allenes relies on the use of
a “Cu-CF3” reagent to introduce the CF3 moiety on an
activated alkynyl substrate (category B).12 Even if these
different methods are complementary with each other and
allow an overall access to a variety of functionalized CF3-
allenes, they are still suffering some limitations mainly in terms
of product formation selectivity and substrate accessibility.
Taking into account that alkyne derivatives are privileged

substrates for the synthesis of CF3-allenes 1 (Scheme 1, top)
and considering the remarkable ability of gold catalysts to
convert alkynes into a range of valuable structural motifs,13 we
envisaged gold catalysis as a potential useful synthetic tool for
the rapid, efficient, and selective synthesis of a range of
diversely substituted CF3-allenes.

14

Our strategy, which is presented in the bottom part of
Scheme 1, relies on previous findings by us and others that gold
catalysts could be used to convert propargyl benzyl ethers into
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Scheme 1. Synthetic Approaches to Trifluoromethyl-allenes
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allenes.15,16 We indeed conceived that an activation of alkyne
substrate 2 by an electrophilic gold species might induce a 1,5-
hydride shift that would lead to the formation of an
oxocarbenium intermediate 3. A subsequent elimination of
benzaldehyde with concomitant regeneration of the gold
catalyst would deliver CF3-allene 4. This approach, which
could lead to the formation of up to trisubstituted CF3-allenes,
appeared to be particularly appealing since the required
trifluoromethylated substrates 2 could be rapidly and
conveniently obtained in a three-step sequence starting from
the readily available and relatively cheap ethyl trifluoroacetate.
We started our investigations with model substrate 2a and

looked for catalytic conditions that could allow its conversion
into CF3-allene 4a. The main results are compiled into Table 1.

The activity of 5, a gold catalyst which proved its efficiency in
hydride transfer reactions,15,17 was first evaluated. Substrate 2a
was treated with 4 mol % of 5 in refluxing CDCl3,

18and the
reaction was monitored by 1H NMR spectroscopy (Table 1,
entry 1). The formation of CF3-allene 4a could be observed,
thus validating our approach, but the conversion of 2a was very
poor (<10%). In sharp contrast, a rapid conversion of 2a (1 h)
was observed when the more electrophilic phosphite and
phosphonite based gold complexes 619 and 7a20 were employed
as the catalysts (entries 2 and 3). Under these conditions, CF3-
allene 4a was obtained in 76% and 77% yield, respectively.
While lowering the reaction temperature to 23 °C noticeably
slowed down the conversion of 2a (entry 4), a slight
improvement in the yield was observed when CDCl3 dried
over 4 Å MS was employed as the solvent (entry 5).21

Interestingly, gold complex 7b, an analog of 7a with a more
coordinating NTf2

− counteranion, was completely inefficient in
catalyzing the desired transformation (entry 6).22 Given the
generally observed higher thermal stability of phosphonite gold
complex 7a when compared to 6,23 experimental conditions
given in entry 5 (4 mol % of 7a in dry chloroform at 60 °C)
were retained to perform the scope of the reaction.
As seen in Scheme 2, the reaction proved to be widely

applicable. A great variety of fluorinated substrates 2a−w were
converted into the corresponding di- or trisubstituted
fluorinated allenes 4a−w in yields ranging from 43% to 90%.
The reaction was shown to tolerate various functional groups

including silyl- and alkylethers (4b and 4d), esters (4c and 4j),
ketone (4j), imide (4e), and aromatics (4f and 4s−t). We were
pleased to observe that the transformation was applicable to
terminal alkyne substrates disubstituted at the propargylic
position. In this case, the reaction proved to be particularly
efficient as attested by the conversion of 2g−h and 2j into
respectively 1,1-disubstituted CF3-allenes 4g−h and 4j (87−
91% yield). Notably, none of the previously described

Table 1. Optimization of the Catalytic System

a4a is a volatile compound. The yield was assessed by 1H NMR
spectroscopy using 1,2-dichloroethane as an internal standard. bCDCl3
was dried over 4 Å MS prior to usage.

Scheme 2. Substrate Scope: Gold-Catalyzed Formation of
Trifluoromethyl-allenes,

aReaction scale: 0.08−0.2 mmol. CDCl3 was dried over 4 Å MS prior
to usage.18 bIsolated yields unless otherwise noted. cVolatile
compound: yield determined by 1H NMR spectroscopy using 1,2-
dichloroethane as an internal standard. d6 (4 mol %) was used as the
catalyst and the reaction was performed at 23 °C. eIsolated in mixture
with indene 8w (2w:8w = 5:1); see Scheme 3.
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methods6a,c,12h allows the efficient and selective formation of
alkyl-substituted CF3-allenes such as 4g and 4j. The conversion
of epi-cholestanol derivative 2j into allene 4j shows the
functional group tolerance of the method and the possibility
to apply it to structurally complex molecules. The formation of
the simple CF3-propadiene 4i is particularly representative of
the synthetic interest of the transformation. Indeed, the
preparation of 4i usually requires harsh experimental conditions
or stoichiometric amounts of copper reagents.5c,d,f Finally, it is
interesting to note that the method could be applied with the
same efficiency to substrates possessing other fluorinated
groups (2m, 2n, and 2v: CF2CF3; 2o: CHF2), thus expanding
the synthetic potential of the process.
We then explored the possibility for further functionalizing

the CF3-allenes produced using this new method. By
capitalizing on the possibility of gold catalysts to activate
allenes toward their nucleophilic functionalization at position α
or γ (see Scheme 3, top),13 we envisaged to perform a one-pot

sequence of gold-catalyzed allene formation/intramolecular
nucleophilic addition. To validate this proposal, substrate 2w
possessing a potentially nucleophilic phenyl group at the
propargylic position was subjected to the optimized catalytic
conditions (Scheme 3).24 We were pleased to observe the
efficient formation of indene 8w (81% yield) as the result of an
intramolecular gold-catalyzed addition of the phenyl ring at the
γ position of the intermediately produced allene 4w. A similar
result was obtained with substrate 2x. With propargylic alcohol
derivatives 2y and 2z, the nucleophilic addition of the hydroxyl
functionality at the alternative α position of the allene moiety
proceeded (Scheme 3).9a,19,25 This led to the rapid and efficient
formation of the synthetically valuable CF3-dihydrofurans 9y
and 9z.

The reactivity of disubstituted CF3-allenes utilizing other
transition metal catalysts was also rapidly explored. While
previous studies have shown the ability of 1,1-disubtituted
trifluoromethylated allenes to react under Ru, Pd, or Cu
catalysis,6c,12h no example of metal-mediated transformations of
1−3-disubstituted CF3-allenes has been reported so far. A Pd-
catalyzed diborylation of CF3-allene 4k was first attempted
(Scheme 4, eq 1).26 We were pleased to observe that a

regioselective reaction took place giving rise to the formation of
the diborylated CF3-alkene 10. This one was isolated in 60%
yield as a 1:2 mixture of E/Z isomers.27 The Cu-catalyzed
monoborylation of the same substrate proceeded with similar
efficiency to afford the regioisomeric boroalkene 11 as a 1:6
mixture of E/Z isomers (Scheme 4, eq 2).27,28 Notably,
borylated compounds 10 and 11 represent a useful springboard
for further (metal-catalyzed) functionalization.
In conclusion, an original access to polysubstituted

trifluoromethyl-allenes starting from an inexpensive CF3-source
was developed. The new synthetic method was found to be
easy to implement, efficient, selective, and applicable to a wide
variety of functionalized substrates. The reaction scope
highlighted the complementarity of the process with synthetic
methods previously reported in the literature for accessing CF3-
allenes. Preliminary studies on the subsequent functionalization
of these allenes by Au-, Pd-, or Cu-catalyzed reactions gave
promising results. Further studies in this domain are underway.

■ ASSOCIATED CONTENT
*S Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.6b02636.

Experimental procedures and characterization of all new
compounds including 1H, 13C, and 19F NMR analysis
(PDF)

■ AUTHOR INFORMATION
Corresponding Authors

*E-mail: olivier.riant@uclouvain.be.
*E-mail: fgagosz@uottawa.ca.
Present Address
§Department of Chemistry and Biomolecular Sciences,
University of Ottawa, K1N 6N5, Ottawa, Canada.

Scheme 3. Gold-Catalyzed Cascade Reactions Involving
Trifluoromethyl-allenes Intermediates

aReaction conditions: 7a (4 mol %), CDCl3 (0.2 M),18 60 °C. bYield
determined by 1H NMR spectroscopy using 1,2-dichloroethane as an
internal standard.

Scheme 4. Copper- and Palladium-Catalyzed Borylation of
Trifluoromethyl-allenes

aReaction conditions: 4k (1 equiv), B2pin2 (1.4 equiv), Pd(dba)2 (5
mol %), P(NMe2)3 (6 mol %), toluene (23 °C, 5 h). bReaction
conditions: 4k (1 equiv), B2pin2 (1.4 equiv), IMesCuDBM (5 mol %),
MeOH (6 equiv), THF (23 °C, 15 h).
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