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A CH;COCI-promoted allylic trifluoromethylthiolation of allylsilanes with trifluoromethanesulfanamide has been described. The method allows for
an efficient synthesis of a wide range of allylic trifluoromethylthiolated compounds under mild conditions.

The trifluoromethylthio moiety (CF5S—) is one of the
key structural units found in pharmaceuticals and agro-
chemicals mainly due to its strong electron-withdrawing
effect and extremely high lipophilicity.! Consequently,
extensive efforts have been devoted to the incorporation
the CF3S group into a series of pharmaceutically and
agrochemically related agents. Earlier studies in this area
primarily focused on indirect methods, including nucleo-
philic fluorination of perchloroalkyl sulfides® and trifluoro-
methylation of sulfur-containing precursors,® while more
attention has been recently turned toward the direct and
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attractive trifluoromethylthiolation.*'! For example, signif-
icant progress has been made in the construction of C—SCF;
bonds using CF3SM or CF3SNMe, as a nucleophilic CF3S
source, including nucleophilic substitution® of aryl halides
or diazonium salts and trifluoromethylthiolations of aryl
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halides,® aryl boronic acids,” and terminal alkynes® in the
presence or absence of transition metal catalysts. These
methods allowed efficient access to a wide range of
CF;S-containing compounds under relatively mild reac-
tion conditions. However, the utility of electrophilic tri-
fluoromethylthiolating reagents to construct C—SCF;
bonds, which would broaden the scope of direct trifluo-
romethylthiolation reactions, remains less extensively ex-
plored. Until now, only several examples of the direct
electrophilic trifluoromethylthiolation reactions have been
reported.” ™" Steppard®® and Bogdanowicz-Szwed®® re-
spectively reported the electrophilic reactions of arylmag-
nesium halides and enamines with CF3SCI as the elec-
trophile. Remarkably, Daugulis and co-workers described
the first example of a copper-promoted direct trifluoro-
methylthiolation of aryl C—H bonds using CF5SSCF; as
the electrophilic trifluoromethylthiolating reagent.” Never-
theless, these electrophilic protocols have significant limita-
tions including the modest substrate scope/generality
and the use of gaseous and/or highly hazardous reagents.
Recently, Billard and Langlois reported that trifluoro-
methanesulfanamides (2)'° could be used as a new and
easy-to-handle electrophilic CF3S source, enabling the
direct trifluoromethylthiolation of a series of nucleophiles,
such as alkenes, alkynes,'’° electron-rich arenes,'® and
organometallic reagents'® in the presence of acidic initia-
tors. Most recently, our group also accomplished an acid-
promoted trifluoromethylthiolation—cyclization cascade
with trifluoromethanesulfanamide 2a."" In our continuing
efforts to develop new and efficient trifluoromethylation
and trifluoromethylthiolation reactions, herein we de-
scribe a Lewis acid promoted electrophilic trifluoro-
methylthiolation of allylsilanes to afford a range of
allylic trifluoromethylthiolated products under mild con-
ditions (Scheme 1a).

Compounds carrying a fluoroalkyl group at their allylic
positions are versatile building blocks for the synthesis of a
variety of fluoroalkyl-containing compounds.'? Currently,
strategies for the preparation of allylic CF; compounds
have been developed.'? For example, Buchwald’s,'*
Liu’s,®® Wang’s,'** and our group'? successively re-
ported the Cu-catalyzed allylic trifluoromethylation of
olefins, providing a series of trifluoromethylated allylic
compounds. To further expand the substrate scope of these
reactions, Sodeoka'*® and Gouverneur'® subsequently
developed the Cu-catalyzed trifluoromethylation of allyl-
silanes using Togni’s reagent.'* However, a similar trans-
formation employed in the trifluoromethylthiolation,
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which would be an efficient method to access allylic
SCF; compounds, has hardly been demonstrated. A single
example of this type of reaction was disclosed by Billard
and co-workers, in which allylic SCF3 products were
obtained when hindered olefins were employed in the
electrophilic trifluoromethylthiolation of alkenes with tri-
fluoromethanesulfanamides (Scheme 1b, 1¢).!°® The scope
of the reaction was considerably limited, and the reaction
efficiency was low. Inspired by the work of Sodeoka’s and
Gouverneur’s groups,'® we surmised that the utility of
allylsilanes as the substrates, in which the pendant tri-
methylsilyl group could enhance the nucleophilicity of
olefins and control the regioselectivity via the 3-silyl effect,
would facilitate the selective formation of allylic SCF;
products in the electrophilic trifluoromethylthiolation re-
actions (Scheme 1a).

Scheme 1. Electrophilic Trifluoromethylthiolation Reactions
with Trifluoromethanesulfanamides
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Considering the fact that an acidic initiator is required
for the transfer of the SCF; group from the electrophilic
trifluoromethanesulfanamides,'®!" we initially examined
various Bronsted acids and Lewis acids for the electro-
philic trifluoromethylthiolation of allylsilanes (Table 1).
(2-Phenylallyl)trimethylsilane 1a was chosen as a model
substrate, and the reaction was conducted with trifluoro-
methanesulfanamide 2a as a source of the electrophilic
CF;S reagent at room temperature in dichloromethane
(Table 1, entries 1—5). However, BF3-OEt, and TsOH-
H,O0, the most common Lewis acid and Bronsted acid
employed for the electrophilic trifluoromethylthioltion
reactions,”>*!! gave the desired product 3 in 26% and
13% yield, respectively (entries 1 and 2). Both a weak acid
(CH53COOH) and strong acid (CF;COOH) were found to
be ineffective in the current reaction, leaving reagent 2a
essentially untouched (entries 3 and 4). The biggest pro-
blem is that most of the allylsilane substrate underwent
desilylation under the acidic reaction conditions to give the
desilylated byproduct 4a and/or its dimers (entries 1—4).
To overcome this problem, we surmised that a proper
acidic initiator, which would preferentially activate
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trifluoromethanesulfanamide rather than allylsilane, should
be employed.

Table 1. Optimization of the Reaction Conditions”

TMS phk o dimer
/g , H acid " 4a
N — SCF3
Ph Ph™ "“SCFs solvent,rt, 10n PN X
1a 2a sa ph)\_,scn
5a

Lewis acid solvent yield of
entry (equiv) [0.05M] 3a (%)
1 BF3-Et,0 (5.0) CH,Cl, 26
2¢ TsOH-H,0 (2.4) CH,Cl, 13
3 CH3C02H (24) CH2C12 none
4 CF3COqH (2.4) CHyCly trace
5 CH3COCl1 (2.4) CH,Cl, 37
6 CH3COCl (2.4) CH,Cl, 29
7 CH3COCl (2.4) MeOH 25
8 CH3COCl1(2.4) DMSO 23
9 CH3COCl (2.4) DMF 78
10 CH3COCl1(2.4) DMAC 84
114 CH;3COCI (2.4) DMAC 86
12%¢ CH;COCl1 (2.4) DMAC 92 (75)

“ Reaction conditions: 1a (0.1 mmol), acid, 2a (0.1 mmol, 1.0 equiv),
solvent (2 mL), room temperature, 10 h. * Yield was determined by '°F
NMR analysis using PhCF; as an internal standard. “ Reaction was
conducted at 50 °C. “2a (0.12 mmol, 1.2 equiv). ‘DMAC (I mL).
TTsolated yield.

After surveying some other Lewis acids, we found that
the trifluoromethylthiolation proceeded in the presence of
CH3COCl, affording the desired product in 37% yield as
well as certain amounts of byproducts 4a and 5a (entry 5).
Interestingly, the use of CH3COCI as an acidic initiator in
the trifluoromethylthiolation has not been reported. Based
on previous studies,'®!" we conjectured that the in situ
generated acetylated form of reagent 2a was the reactive
intermediate in this reaction. Consistent with the hypothesis
proposed by Langlois and Billar that the acid-promoted
trifluoromethylthiolation reactions with trifluoromethane-
sulfanamides might proceed via an Syl pathway,'® we
expected that the acetylated species would be more reactive
to transfer the CF5S group than its related protonated
species due to the better leaving group ability of the
acetanilide moiety than the aniline group. More impor-
tantly, the observation of a large amount of acetanilide
implied that the reaction between CH3COCI and trifluor-
omethanesulfanamide 2a occurs faster than the one between
CH;COCI and allylsilane 1a, providing a promising model
for retarding the undesired desilylation of allylsilanes.

To improve the reaction efficiency further, various
solvents were screened (entries 5—10). Gratifyingly, the
use of N,N-dimethylformamide (DMF) and its analogue
N,N-dimethylacetamide (DMAC) as a solvent could re-
duce the amount of the desilylated byproduct 4a to less
than 10% (determined by GC-MS) (entries 9 and 10).
Particularly, DMAC significantly improved the yield of
the trifluoromethylthiolation reaction to 84% (entry 10).
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Table 2. CH3;COCI-Promoted Trifluoromethylthiolation of
Allylsilanes”
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entry substrate 1 product 3 yield (%)°
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“Reaction conditions: 1 (1.0 mmol), 2 (1.2 mmol), CH;COCI
(2.4 mmol), DMAC (10 mL), rt, 10 h, isolated yields. ®On a 10 mmol
scale, isolated yield is given in parentheses. “At the end of reaction,
CH;COOH (0.4 equiv) and TBAF (1.0 M in THF, 4.0 equiv) were added
and the resulting mixture was stirred for another 10 h at room tempera-
ture; please see Squportlng Information for details. “ Under the standard
conditions, the "F NMR yield is given in parentheses. “1n used as
a mixture of isomer, Z/E = 1.8:1. 710 used as a mixture of isomer,
Z/E = 1.7:1.
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A slightly higher yield was observed when reagent 2a was
used in excess (entry 11). Further investigation of the sub-
strate concentration showed that the highest yield could be
obtained by increasing the reaction concentration to 0.1 M
(entry 12)."°

With the optimized conditions in hand, we next investi-
gated the substrate scope of allylsilanes (Table 2). A series
of 2-substituted allylsilanes were found to undergo the
desired trifluoromethylthiolation smoothly under the
standard reaction conditions, affording the corresponding
allylic SCF; products in 40—89% yields (Table 2, entries
1—11). Several functional groups, including chloro, het-
eroaromatic rings, trimethylsilyl, and alkynyl groups, are
easily tolerated under the acidic conditions (entries 6, 8,
10—11). The position and electronic nature of the substi-
tuents on the aromatic rings have no significant influence on
the reaction efficiency, and the substrates bearing electron-
donating or -withdrawing substituents on the ortho-, meta-,
or para-positions could be trifluoromethylthiolated in mod-
erate to good yields (entries 1—8). Additionally, 2-naphtyl,
2-pyridyl, 2-phenylalkynyl, 2-styryl, and even 2-cyclohexyl
substituted allylsilanes were compatible with this protocol,
and all reactions occurred smoothly to give the desired
products (3i—3m) in moderate yields, albeit with slightly
lower yields of products 3k, 31, and 3m (entries 9—13).

Next, more substituted allylsilanes were examined to
evaluate the electrophilic trifluoromethylthiolation reac-
tion further. Both acyclic and cyclic allylsilanes bearing

(15) To further illustrate the important role of the pendant trimethyl-
silyl group, the reaction of a-methylstyrene 4a with trifluoromethane-
sulfanamide 2a was conducted under the optimal reaction conditions,
while the desired product 3a and byproduct 5a were obtained in 9% and
8% yield (determined by '°F NMR analysis using PhCF; as an internal
standard), respectively.
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substituents at both the 2- and 3-position are acceptable
substrates, generating the branched allylic SCF; com-
pounds in 44—56% yields (entries 14—17). However, the
yields of these transformations were generally lower than
those of the 2-monosubstituted allylsilanes, probably due
to the steric hindrance effects (Table 2). In addition, the
reaction of 1aona 10 mmol scale also proceeded efficiently,
indicating the good scalability and reliability of the transfor-
mation (entry 1). Notably, manipulation of the trifluoro-
methylthiolation reactions is very simple, and all reactions
are carried out at room temperature on unprotected systems
without the need for solvent purification (Table 2).

In conclusion, a mild and convenient method for the
efficient allylic trifluoromethylthiolation of allylsilanes
based on a combination of trifluoromethanesulfanamide
and CH3COCl has been developed. The utility of CH3;COCI
as an acidic initiator was observed to play a pivotal role in
the success of this trifluoromethylthiolation. Due to the
potential utility of the resulting allylic SCF; compounds, the
mild conditions employed, and the simple manipulation, we
expect this method to be widely applied in the pharmaceu-
tical and agrochemical fields.
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