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ABSTRACT: The Pd-catalyzed diastereoselective trifluoromethylthiolation of acrylamides was developed to allow the formation
of the Z-isomer as a single product. Using a C−H bond functionalization strategy, the method was applied to a broad range of α-
aryl, α-alkyl, and α,β-disubstituted acrylamides bearing the amide derived from the 8-aminoquinoline as a directing group.
Mechanistic studies as well as postfunctionalization of the products were performed. This approach opens new routes to
unprecedented SCF3-containing scaffolds.

Organofluorine chemistry currently appears to be an
essential research field from both an academic and

industrial point of view.1 The unique features of the fluorine
atom and its ability to modulate the properties of the molecules
make this atom and more generally the fluorinated groups highly
attractive.2 Consequently, the quest for efficient methodologies
for their incorporation, the discovery of new fluorinated groups,
and the will to tackle original synthetic challenges are desirable
and inspire the scientific community to develop new tools.3

Over the years, special interest was focused toward the
emergent SCF3 group.

4 Indeed, this motif showcased interesting
properties such as its high electron-withdrawing character5 as well
as a particular and unique Hansch hydrophobic parameter (π =
1.44).6 These features afforded specific biological activities to the
molecules bearing this motif as illustrated with Fipronil,
Toltrazuril, and Tiflorex, for instance. Therefore, the interest to
develop efficient synthetic methodologies to introduce this motif
rapidly increased over the past five years.7 Although most of the
reported methods relied on the functionalization of aromatic
derivatives, the access to trifluoromethylthiolated olefinic
derivatives remains scarce.
From pioneering work by Harris in 1972,8 various strategies

were recently developed to synthesize vinyl trifluoromethyl-
thioethers. The copper-catalyzed or -mediated trifluoromethyl-
thiolation of vinyl boronic acids,9 vinyl halides,10 and pseudo
halides11 using either a nucleophilic or an electrophilic SCF3
reagent was depicted by several research groups such as Vicic,
Shibata, Billard, Lu and Shen, Rueping and Weng, among others
(Scheme 1, eq 1). In these cases, the stereochemistry of the
products resulted from the stereochemistry of the starting
material. Recently, a decarboxylative trifluoromethylthiolation
of cinnamic acids mediated by copper and using AgSCF3 as the
SCF3 source was reported leading mainly to the E-isomer.12

To avoid the use of functionalized substrates, Glorius reported
a photocatalyzed trifluoromethylthiolation of terminal alkenes

using the Munavalli reagent with moderate to high selectivity
toward the E-isomer (Scheme 1, eq 2).13a The same year, the
group of Shen developed a trifluoromethylthiolation of styrenes
using the N-trifluoromethylthiodibenzenesulfonimide as the
electrophilic SCF3 source (Scheme 1, eq 2).13b Alternatively,
SCF3-containing olefins were also prepared from enamines14
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(Scheme1, eq 3) and also alkynes,15 albeit limited to a few reports.
In the last case, the difunctionalization of internal alkynes was
independently developed by the group of Billard15a and Qing15b

(Scheme 1, eq 4), and more recently, Cao15c reported the
hydrotrifluoromethylthiolation of terminal alkynes (Scheme 1, eq
5). Quite surprisingly, no method for the selective formation of
the Z-trifluoromethylthiolated alkenes was reported to date.
Over the past decade, the transitionmetal catalyzedC−Hbond

functionalization appeared to be a powerful tool in performing
selective and atom economical transformations.16 Among the
targeted substrates, versatile olefins are challenging compounds
for C−H bond activation.16g Indeed, olefins are prompt to
undergo polymerization and required specific conditions to be
functionalized according to a C−H bond activation event. When
taking into account these considerations, the direct introduction
of the SCF3 moiety through a transition metal catalyzed direct
C(sp2)−H functionalization would be highly valuable in offering
an access to the difficult-to-synthesize Z-olefins, which still
represents a synthetic challenge.
In recent years, our group focused on merging transition metal

catalyzed C−H bond activation and organofluorine chemistry to
build original fluorinated scaffolds.17 Hence, we anticipated that
the use of a suitable directing group (DG) would allow the
selective formation of the challenging Z-SCF3-containing olefins.
Herein, we report the first Pd-catalyzed direct β-trifluoromethyl-
thiolation ofα- andα,β-functionalized acrylamides byC−Hbond
functionalization.
At the outset of this study, the trifluoromethylthiolation

reaction was conducted with the acrylamide 1a derived from the
8-aminoquinoline and an equimolar amount of the Munavalli
reagent I as the electrophilic SCF3 source (Table 1). When the
reaction was carried out using 10 mol % of PdCl2 as a catalyst in
DCE at 120 °C, no expected product was detected (Table 1, entry
1). To our delight, the replacement of DCE by DMF led to a
complete conversion of 1a and the expected product 2a was
obtained as a singleZ-isomer in an almost quantitativeNMRyield
and 74% isolated yield (Table 1, entry 2). Remarkably, the
transformation was fully selective toward the formation of the Z-
isomer as confirmed by 2DNMR experiments.18 Note that other
solvents such as toluene and 1,4-dioxane were inefficient, as no
trace of 2a was found (Table 1, entries 3 and 4). Moreover, the
reaction was not sensitive to water, since its use as cosolvent with
DMF (1:9 ratio) allowed the formation of 2a in 60% NMR yield
(Table 1, entry 5). Then, various Pd-catalysts were evaluated. A
total shut down of the reaction was generally observed (Table 1,
entries 6−8), except in the case of PdBr2 (Table 1, entry 9), which
afforded 2a in 93% NMR yield. Interestingly, other electrophilic
sources were also suitable such as the Haas (II) and the Billard
(III) reagents,4d furnishing the expected product 2a, albeit in
lower NMR yields (Table 1, entries 10 and 11). Finally, the
reaction temperature was investigated. Pleasingly, the trans-
formation proceeded smoothly at 80 °C for 14 hunder air, giving a
robust and straightforward access to 2a under mild conditions in
99%NMR yield and 78% isolated yield (Table 1, entry 12). Note
that all the other directing groups tested within the course of this
optimization led to no reaction.18

With the best conditions in hand, the scope of the reaction was
investigated (Scheme 2). A panel of various α-aryl-substituted
acrylamides was functionalized in good to high yields. In all cases,
the monotrifluoromethylthiolation reaction on the olefin
occurred and no product resulting from the side functionalization
of the quinoline part at the C5 position has been detected.

In addition, the scale of the reaction was increased to 2 mmol,
demonstrating the synthetic utility of the process. The reaction
was tolerant to aromatic rings substituted with electron-donating
(OMe, tBu, and Ph) (2b−d, 2h, and 2k) and electron-
withdrawing groups (CF3) (2i). Note that, in the case of
compound 2c, the stereochemistry of the olefin was unambigu-
ously ascertained through X-ray crystallographic analysis.18

Interestingly, olefins bearing a halogen on the aromatic ring
(Cl, Br, and I) were suitable substrates (1e−g, 1j, 1l), with the
halogen being intact at the end of the transformation allowing
further functionalization by cross-coupling reactions, for instance.
The substitution patterns on the aromatic ring did not affect the
outcome of the reaction as demonstrated for instance in the case
of an aromatic bearing a methoxy group (2b, 2h, and 2k) or a
chlorine atom (2e, 2j, and 2l). The scope of this transformation
was extended to the α-naphtyl-substituted olefin, and the desired
product 2m was obtained in an excellent 85% yield. Then,
acrylamides bearing a disubstituted aromatic motif at the α-
position were tested. Dichloride and dioxolane derivatives 1n and
1o furnished the corresponding products 2n and 2o in 77% and
62% yields, respectively. Due to the high interest of pyridine
derivatives in medicinal and agrochemistry, 1pwas reacted under
our standard conditions. Pleasingly, the reaction afforded the
SCF3-containing olefin 2p in a moderate 49% yield.
Finally, the functionalization of an acrylamide bearing amethyl

at the α-position was investigated. To our delight, using 30mol %
of PdCl2 and 2 equiv of I, the expected product 2qwas isolated in
30% yield, without isomerization of the double bond. This
approach was also extended to the more challenging α,β-
disubstituted olefin 1r. The corresponding tetrasubstituted
acrylamide 2r was successfully functionalized, albeit in a low

Table 1. Optimization of the Reaction Conditionsa

entry [Pd] SCF3
+ reagent solvent yield (%)b

1 PdCl2 I DCE NR
2 PdCl2 I DMF 99 (74)c

3 PdCl2 I toluene NR
4 PdCl2 I 1,4-dioxane NR
5d PdCl2 I DMF/H2O 60
6 Pd(OAc)2 I DMF NR
7 Pd(TFA)2 I DMF NR
8 Pd(acac)2 I DMF NR
9 PdBr2 I DMF 93
10 PdCl2 II DMF 91
11 PdCl2 III DMF 70
12e PdCl2 I DMF 99 (78)c

aReaction conditions: 1a (0.1 mmol), SCF3
+ reagent (0.1 mmol), [Pd]

(10 mol %), solvent (1 mL), 120 °C, 2 h, argon. bYields were
determined by 19F NMR using α,α,α-trifluoroacetophenone as an
internal standard. cReaction run on 0.2 mmol; isolated yield. dDMF/
H2O (9:1) was used as a solvent. eReaction was carried out at 80 °C
under air for 14 h. NR: no reaction.
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yield, showcasing the potential of this approach toward the
synthesis of fully decorated trifluoromethylthiolated alkenes with
complete control of the geometry.
To gain a better understanding of the reaction mechanism,

additional experiments with isotopically labeled olefins were
performed.18 Scrambling experiments revealed a H/D exchange
suggesting that the C−H bond activation step is reversible.
Therefore, a kinetic isotopic effect (KIE) experiment was
performed using 1a and [D]-1a in parallel reactions.18 A KIE
value of 2.4 was determined, indicating that the C−H bond
activation event was the rate-determining step. In light of these
results and the literature data,16 a plausible mechanistic pathway
has been proposed (Scheme 3). First, intermediate A resulted

from the coordination of the catalyst to the bidentate directing
group from 1a. Then, the formation of the metallacycle occurred
in a reversible fashion leading to the intermediate B.
Subsequently, it underwent an oxidative addition with the
electrophilic SCF3-source I to afford a putative Pd(IV) species
C. Finally, a reductive elimination regenerated the catalyst and
furnished the product 2a.

Then, the synthetic value of the approach was further
demonstrated by offering an efficient access to another high-
value added fluorinated group, the SO2CF3 residue (Scheme 4).

In the presence of m-CPBA, the SCF3 group was selectively
oxidized into the corresponding sulfone 3 in a good yield (74%).
Moreover, the removal of the 8-aminoquinoline group on 2a and
2j was realized in the presence of para-toluenesulfonic acid in
methanol leading to the corresponding esters 4a and 4b in 66%
yield and 54% yield, respectively (Scheme 4). Finally, when 2g
was engaged in a Suzuki cross-coupling reaction with the para-
methoxy phenyl boronic acid, 5was selectively obtained in a high
yield, without any alteration of the olefinic part.
In conclusion, we have developed a novel synthetic approach

for the synthesis of trifluoromethylthiolated olefinswith complete
control of the selectivity. TheZ-isomers were obtained in good to
excellent yields under mild conditions. The depicted process is
robust, straightforward, operationally simple, and air and
moisture tolerant. An array of functionalized acrylamides
featuring different substitution patterns (α-substituted and α,β-
disubstituted olefins) as well as various functional groups was
efficiently trifluoromethylthiolated by a Pd-catalyzed directedC−

Scheme 2. Substrate Scopea

a1 (0.2 mmol), I (0.2 mmol), PdCl2 (0.02 mmol), DMF (2 mL), 80 °C, 14 h; isolated yields were given. bReaction was performed on a 2 mmol
scale. cReaction was carried out with 20 mol % of PdCl2 and 2 equiv of I for 36 h. d30 mol % of PdCl2 and 2 equiv of I were used. Q = 8-quinolyl.

Scheme 3. Proposed Catalytic Cycle

Scheme 4. Post-functionalization Reactions

Organic Letters Letter

DOI: 10.1021/acs.orglett.7b02384
Org. Lett. XXXX, XXX, XXX−XXX

C

http://dx.doi.org/10.1021/acs.orglett.7b02384


H bond functionalization. A plausible Pd(II)/Pd(IV) reaction
mechanism was suggested. This transformation provided an
access to new fluorinated building blocks, inaccessible to this
point.
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