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ABSTRACT: A novel Cu-mediated trifluoromethylthiolation of diazo
compounds has been developed that provides a convenient synthetic
route for the efficient α-trifluoromethylthiolation of simple esters
under mild reaction conditions. The reaction is typically carried out at
room temperature, and water could be used to promote the reaction.

The introduction of an organic moiety that increases the
lipophilicity of a drug candidate has become an important

strategy in drug design because the lipophilicity parameter
greatly contributes to the enhanced transmembrane permeation
and the overall potency of the drug molecule.1 In this context,
the trifluoromethylthio (CF3S) group has attracted much
attention since it possesses admirable lipophilicity (Hansch−
Leo π value = 1.44).2 Although the CF3S group has fascinated
researchers for decades, the past five years have witnessed a
“renaissance” of CF3S-related chemistry, and a rapid progress in
the development of new synthetic methods for efficient and
direct trifluoromethylthiolation has emerged.3,4 Among many
transition-metal-free or -mediated trifluoromethylthiolation
reactions, the selective introduction of the CF3S group into
the α-position of β-ketoesters has been intensively studied by
using electrophilic trifluoromethylthiolating agents (Scheme 1,
eq 1).4k−p However, the α-trifluoromethylthiolation of simple
carboxylic esters still remains an unsolved problem. Previously,
we developed a general procedure for the α-trifluoromethyla-
tion of carboxylic esters via Cu(I)-mediated trifluoromethyla-
tion of α-diazoesters (Scheme 1, eq 2).5 It was found that the
pregenerated “CuCF3” species (from TMSCF3/CsF/CuI) is

sluggish in the reaction with α-diazoesters, but the addition of
water or CuI could significantly promote the trifluoromethy-
lation reaction presumably by activating the “CuCF3” species.

5

We envisioned that a similar protocol might also be amenable
to the installation of a CF3S group at the α-position of a
carboxylic ester by using a nucleophilic trifluoromethylthiolating
agent (CuSCF3)

3 (Scheme 1, eq 3).
Initially, a structurally well-defined CF3S-transferring agent

[(bpy)CuSCF3]
4i was chosen to test the trifluoromethylth-

iolation reaction with diazo compound 1a. However, it was
found that the reaction was sluggish, and the desired product 2a
was obtained only in 13% yield (Scheme 2). It is possible that

the strongly coordinating ligand 2,2-bipyridine in [(bpy)-
CuSCF3] presumably decreases its reactivity toward 1a. When
CuI or water was added to promote the reaction,5 the yields
were only slightly improved (Scheme 2).
We then turned our attention to using a ligand-free CuSCF3

species.6 Initially, we tried to use Me4NSCF3 as a CF3S source
6a

and CuI as a copper source to in situ generate the CuSCF3
species. However, the subsequent reaction with substrate 1a
was not successful (Table 1, entry 1). When CuI or water was
added as promoter,5 only a trace amount of desired product 2a
was detected (Table 1, entries 2 and 3). Thereafter, AgSCF3
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Scheme 1. Electrophilic and Nucleophilic
Trifluoromethylthiolation and Trifluoromethylation of
Esters

Scheme 2. Trifluoromethylthiolation of α-Diazoester 1a with
[(bpy)CuSCF3]
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was chosen as the CF3S source, and the yield of product 2a was
significantly improved (Table 1, entry 4). However, when a
catalytic amount of CuI was used, the yield was significantly
decreased (Table 1, entry 5). It is noteworthy that no desired
product 2a could be detected when either Cu(II) or no copper
was added (Table 1, entries 6 and 8). CuCl showed better
activity than CuI in the reaction (Table 1, entries 4 and 7). It
was encouraging to find that when water was added as an
additive, the yield was remarkably improved (Table 1, entries
10−20)! After a careful screening, we found that a very good
yield (86%) of product was obtained when water was used as a
promoter (the volume ratio of NMP/H2O = 11.5:1) (Table 1,
entries 10−16). We also found that acetonitrile had a similar
effect as water to promote the reaction; thus, the addition of
acetonitrile significantly reduced the amount of water used

(Table 1, entries 17−20; for more details, see the Supporting
Information).
With the optimized reaction conditions in hand (Table 1,

entries 14 and 18), we further examined the substrate scope of
the reaction. The results are shown in Scheme 3. For most of

the α-diazo arylacetates 1, the reaction proceeded smoothly to
give the corresponding products 2 in moderate to excellent
yields. When the ester group adjacent to the carbenic carbon
was changed from methyl to ethyl to isopropyl esters, there was
no significant drop of the product yield (Scheme 3, 2a−c).
Furthermore, the yields were not affected when the substituents
were on the ortho-, meta-, and para-positions of the phenyl ring
(Scheme 3, 2d−p). Both moderately electron-donating or
-withdrawing substituents on the phenyl ring had no significant

Table 1. Survey of Reaction Conditions

entry
[Cu]
(equiv)

MSCF3
(equiv) solvent

additive
(equiv)

yielda

(%)

1 Cul (1.0) Me4NSCF3
(1.0)

NMP 0

2 Cul (2.0) Me4NSCF3
(1.0)

NMP <5

3 Cul (1.0) Me4NSCF3
(1.0)

NMP H2O (40) <5

4 Cul (1.0) AgSCF3 (1.5) NMP 41
5 Cul (0.2) AgSCF3 (1.0) NMP 27
6 CuF2

(1.0)
AgSCF3 (1.0) NMP 0

7 CuCl
(1.0)

AgSCF3 (1.5) NMP 60

8 AgSCF3 (1.0) NMP 0
9 CuCl

(1.0)
AgSCF3 (1.0) NMP 38

10 CuCl
(1.0)

AgSCF3 (1.0) NMP H2O (10) 59

11 CuCl
(1.0)

AgSCF3 (1.0) NMP H2O (40) 81

12 CuCl
(1.0)

AgSCF3 (1.0) NMP H2O (48) 84

13 CuCl
(1.0)

AgSCF3 (1.0) NMP H2O (60) 73

14 CuCl
(1.1)

AgSCF3(1.0) NMP H2O (48) 86

15 CuCl
(1.2)

AgSCF3 (1.0) NMP H2O (48) 85

16 CuCl
(1.32)

AgSCF3 (1.1) NMP H2O (48) 86

17 CuCl
(1.1)

AgSCF3 (1.0) NMP/CH3CN
(10:1)

H2O (1) 79

18 CuCl
(1.1)

AgSCF3(1.0) NMP/CH3CN
(10:1)

H2O (10) 89

19 CuCl
(1.1)

AgSCF3 (1.0) NMP/CH3CN
(10:1)

H2O (40) 84

20 CuCl
(1.1)

AgSCF3 (1.0) CH3CN H2O (10) 82

aAll reactions were performed by mixing a Cu(I) salt and MSCF3 in
NMP (2 mL) or CH3CN (if used) and stirring for 5 min (for entries
1−3, 30 min), and then 1a in NMP (3 mL) was added, followed by
the addition of an additives (if used). Yields were determined by 19F
NMR spectroscopy with PhCF3 as an internal standard. For entries 1−
3 and 9−20, 0.5 mmol of 1a was used. For entries 4−8, 0.2 mmol of 1a
was used. NMP = 1-methylpyrrolidin-2-one.

Scheme 3. Trifluoromethylthiolation of Diazo Compoundsa

aUnless otherwise mentioned, all reactions were performed by mixing
CuCl and AgSCF3 in CH3CN (0.5 mL) + NMP (2 mL) (for
conditions A) or NMP (2 mL, for conditions B) and stirring for 5 min,
and then 1 in NMP (3 mL) was added followed by water. bYields were
of isolated products by using 1 (0.5 mmol) under conditions A. cYields
are of isolated products, by using 1 (0.5 mmol) under conditions B.
dYields for reactions with compound 1a (5 mmol), AgSCF3 (5 mmol),
and CuCl (5.5 mmol). eThe reaction temperature was 70 °C. fThe
reaction temperature was 60 °C. gThe reactions were performed under
conditions A, and the yields were determined by 19F NMR
spectroscopy using PhCF3 as an internal standard. hThe reactions
were performed under conditions B, and the yields were determined
by 19F NMR spectroscopy using PhCF3 as an internal standard. i0.5
equiv of CuCl was used.
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influence on the yields of trifluoromethylthiolated products
(Scheme 3, 2e,f,i−o). However, the strong electron-donating or
-withdrawing substituents could resulted in a drop in reaction
yields (Scheme 3, 2g,h,p,q). It was found that heating was
needed to obtain higher yields in the case of 4-trifluorome-
thylphenyl- and 3-pyridyl-substituted α-diazo acetates (Scheme
3, 2p,q). Note that no aromatic trifluoromethylthiolation
occurred when the substrates bore halogen atoms (F, Cl, Br,
and I) on the aryl ring (Scheme 3, 2i−o). Pyridyl and indolyl
derivatives are well-tolerant in this trifluoromethylthiolation
reaction (Scheme 3, 2q,r). The reaction also tolerates vinyl and
epoxy moieties, and no intramolecular cascade reactions
occurred in the case of 2s and 2t. However, when alkyl-
substituted α-diazoesters were used, the yields dropped sharply
(Scheme 3, 2u-2v), which might be due to the fact that
migratory insertion of CF3S group to the carbenic carbon from
Cu center is slower than 1,2-H shifts.7 When more reactive
diazo compound 1w was used, the trifluoromethylthiolation
reaction became less efficient. The yield was slightly improved
when a substoichiometric amount of CuCl was used (Scheme
3, 2w). It is noteworthy that under both optimized conditions,
the reaction can be easily scaled up; for example, when 5 mmol
of 1a (0.95 g) was used, there was no appreciable drop of yield
(Scheme 3, 2a).
To gain more insight into this Cu-mediated trifluorome-

thylthiolation reaction, we carried out some control experi-
ments. A mixture of CuCl and AgSCF3 (CuCl/AgSCF3 = 1:1)
in NMP was stirred at room temperature for 5 min, and a
sample from this mixture was characterized by 19F NMR
spectroscopy (using PhCF3 at −63.0 ppm as an internal
standard). A new peak at −25.8 ppm was observed, which was
assigned as the “CuSCF3” species.8 Unlike the “CuCF3”
species,9 there was only one single peak in 19F NMR spectra
even when the ratio of CuCl/AgSCF3 was changed. For
example, the 19F NMR spectroscopy chemical shifts (in ppm)
were −23.7 (CuCl/AgSCF3 = 1:2), −25.2 (CuCl/AgSCF3 =
1:1.5), −26.4 (CuCl/AgSCF3 = 1.1:1), and −27.0 (CuCl/
AgSCF3 = 1.5:1), indicating that AgSCF3 (or CuCl) has a fast
equilibrium with CuSCF3 (for details, see the Supporting
Information).
Based on the aforementioned results, we propose a plausible

reaction mechanism as described in Scheme 4. First, AgSCF3 is

rapidly converted to “CuSCF3” by metathesis with CuCl in
CH3CN or NMP.6b,c Then, CuSCF3 reacts with diazo
compound 1 to form Cu-carbene intermediates I (the addition
of water could significantly activate “CuSCF3” species and
accelerate the reaction), which quickly undergo migratory

insertion to give intermediates II, and II is converted to the
final products in the presence of water.
As the mechanism of this trifluoromethylthiolation reaction

is very similar to that of a trifluoromethylation reaction,5 it
provides an opportunity to compare these two reactions. (i)
Both CuCF3 and CuSCF3 are stable in the presence of a certain
amount of water. (ii) There are similar ligand effects of the two
reactions; the spare ligand (e.g., I− and bipyridine) may
attenuate the reactivity of Cu toward α-diazoesters, while the
addition of water could promote the reactions.5 (iii) The in situ
generated “CuCF3” (from TMSCF3/CsF/CuI) usually contains
[(CF3)2Cu]

−, [ICuCF3]
−, and solvent-coordinated CuCF3

species,9 and these species can be detected by 19F NMR
spectroscopy, which indicates that they exist in relatively slow
equilibriums; however, as described above, there is a fast
equilibrium between CuSCF3 and AgSCF3 (or CuCl).
On the other hand, a competitive reaction of CuCF3 and

CuSCF3 with diazo compound 1a in one pot was carried out.
The results demonstrated that the reaction of CuCF3 with
diazo compound 1a was slightly faster than CuSCF3 (Scheme 5,

eq 4), which may provide some explanation to the low yields of
trifluoromethylthiolation when α-H-containing substrates 2u
and 2v were used. However, when the same experiment was
conducted with substrate 2u, the yields of both reactions were
decreased (Scheme 5, eq 5).
In summary, we have developed a novel Cu-mediated

trifluoromethylthiolation of diazo compounds that provides a
convenient synthetic route for the efficient α-trifluoromethylth-
iolation of simple esters. This reaction tolerates many
functional groups and is not susceptible to the steric hindrance.
The results indicate that similar to the CF3Cu-carbene,

5 the
CF3SCu-carbene species can undergo migratory insertion to
form a C−SCF3 bond.10 Further exploration of this chemistry is
currently underway in our laboratory.
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