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ABSTRACT: The first example of the epoxidation reaction of
trifluoromethylketones with N-tosylhydrazones under transition-
metal free conditions is reported. This epoxidation reaction
provided tetrasubstituted trifluoromethylated oxiranes with excellent
yields and diastereoselectivities. The salient features of this reaction
include readily available starting materials, mild conditions, broad
substrate scope, high efficiency, and valuable further applications.
Remarkably, this reaction proceeded through an unprecedented nucleophilic addition process, and the ammonium O-anion
intermediate was detected and characterized by NMR and HRMS analysis.

Incorporation of the trifluoromethyl group into potential
medicines has positive influences that substantially improve

the lipophilicity, catabolic stability, and transport rate of the
parent molecules.1 Due to the impressive properties of the
trifluoromethyl group, trifluoromethylated building blocks are
privileged skeletons for library design and drug discovery.2

Among them, trifluoromethylated oxiranes, especially di- and
trisubstituted trifluoromethylated oxiranes, as all-pervading
structural motifs in synthetic and medicinal chemistry have
been tremendously investigated during the past decades.3 In
contrast, tetrasubstituted trifluoromethylated oxiranes, a class of
important but highly sterically congested compounds, received
limited attention, probably due to the lack of efficient and
practical methods for their preparation.4 In this regard, the
development of a general and practical method for the
diastereoselective synthesis of tetrasubstituted trifluoromethy-
lated oxiranes not only stands as a long-pursued research
subject but also as an impending challenge. Intuitively, the
epoxidation reaction of trifluoromethylketones would be a
highly competitive strategy.
In the past decades, the renaissance of N-tosylhydrazones to

efficiently construct molecular complexity under transition-
metal catalysis or transition-metal free conditions has already
attracted the attention of many researchers.5 The elegant early
works for the epoxidation of aldehydes or ketones with N-
tosylhydrazones under rhodium acetate and sulfide catalytic
systems were reported by Aggarwal’s group (Scheme 1, a).6 In
2013, Peŕez and co-workers documented that copper complex,
instead of rhodium acetate, could also promote this type of
epoxidation reaction.7 However, the reaction of trifluoromethyl
ketones with N-tosylhydarzones was described to afford
trifluoromethylated alkene compounds under copper catalysis,
while the epoxidation products were not obtained (Scheme 1,
b).8 As a part of our continuous effort twoard exploiting the

potential abilities of N-tosylhydrazones,9 herein we report the
epoxidation of trifluoromethyl ketones with N-tosylhydrazones
under transition-metal free conditions, which provides various
tetrasubstituted trifluoromethylated oxirane products in ex-
cellent yields and diastereoselectivities (Scheme 1, c).
Remarkably, this reaction underwent an unprecedented
nucleophilic addition process, and the ammonium O-anion
intermediate was detected and characterized by NMR and
HRMS analysis.
At the outset of our studies, we investigated this epoxidation

reaction of N-tosylhydrazone (1a) and trifluoromethyl ketone
(2a) under the well-established reaction conditions by
Aggarwal6 and Peŕez.7 Unfortunately, no desired product
could be isolated. Inspired by our recent progress on the
highly diastereoseletive cyclopropanation with N-tosylhydrazo-
nes,9g transition-metal-free catalysis became the logical follow-
up consideration. To our delight, the desired oxirane product
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Scheme 1. Reactions of N-Tosylhydrazones with Carbonyl
Compounds
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3a was obtained in 17% isolated yield with excellent
diastereoselectivity when the reaction was performed at room
temperature for 6 days in the presence of BTEAC
(benzyltriethylammonium chloride) as the catalyst (Table 1,

entry 1). Significantly, increasing the reaction temperature had
a positive effect on the yield. A temperature of 90 °C was found
to be optimal, affording the oxirane product 3a in 97% isolated
yield with excellent diastereoselectivity (Table 1, entries 1−4).
Furthermore, different types of bases, solvents, and catalysts
were investigated, but no superior results were obtained (Table
1, entries 5−17).
With the optimized reaction conditions in hand, we turned

our attention to the scope of this transformation. Gratifyingly, a
broad spectrum of N-tosylhydrazones with different substitu-
tion patterns could be tolerated in this reaction, delivering the
corresponding oxirane products in high yields with excellent
diastereoselectivities (Scheme 2). In general, the electronic
nature of the substituents on the aryl ring of N-tosylhydrazones
had little influence on the product yields and diastereoselectiv-
ities (3a−u). It is worth noting that the reaction system could
tolerate diverse valuable functional groups on the aryl ring of
the N-tosylhydrazones, such as F, Cl, Br, I, CN, CO2Me, CF3,
SO2Me, and NO2 substituents (products 3g−s), providing
ample potential for further synthetic applications. Significantly,
product 3l was proved to be crystalline, and the relative
stereochemistry of these tetrasubstituted trifluoromethylated
oxirane products was determined by means of X-ray crystallo-
graphic analysis.10 Furthermore, 1-(naphthalen-2-yl)ethan-1-
one- and 1-(pyridin-3-yl)ethan-1-one-derived N-tosylhydra-
zones were perfectly applicable to the current catalytic system,
delivering the desired products with excellent yields (3v,w).
Cyclic 3,4-dihydronaphthalen-1(2H)-one-derived N-tosylhy-

drazone was also found to be a good substrate, and the
corresponding product 3x was obtained in 94% yield. N-
Tosylhydrazones derived from ethyl-, propyl-, isopropyl-,
cyclobutyl-, and tert-butyl(phenyl)methanone were suitable
substrates for this transformation, giving the desired oxirane
products in excellent yields (3y−ac). It is worth mentioning
that the size discrimination between aryl groups (R1) and alkyl
groups (R2) could significantly interfere with the diastereose-
lectivity of these products (3y−ab). Interestingly, reversed
relative stereochemistry was observed for 3ac, probably due to
the larger steric hindrance effect of tert-butyl group compared
to that of the phenyl ring.
To further define the scope of our protocol, the substrate

scope was extended to different fluorinated ketones 2 (Scheme
3). Pleasingly, trifluoromethyl ketones with both electron-
donating and -withdrawing groups on the phenyl ring could
undergo this reaction smoothly, delivering the desired products
with excellent yields and diastereoselectivities (3ad−ai). In
addition, when the trifluoromethyl group of 2a was replaced
with a difluoromethyl group, the epoxidation product 3aj was
also obtained in 63% yield. However, when the trifluoromethyl
group was changed to a monofluoromethyl or methyl group, no
desired products were observed (3ak,al). These results
suggested that the strong electron-withdrawing di- and
trifluoromethyl groups were crucial for the success of this
epoxidation reaction.2,11,12

The synthetic utility of this transformation was next explored.
A gram-scale reaction of 2.88 g of 1a and 0.87 g of 2a was
carried out under standard reaction conditions, furnishing 1.32
g of the desired product 3a in 95% isolated yield with dr >20:1
(Scheme 4, a). Notably, further transformation of the obtained
oxirane product 3a gave a quaternary carbon center containing
trifluoromethyl ketone 4 in 96% yield, which was difficult to
synthesize by other methods (Scheme 4, b).

Table 1. Optimization of Reaction Conditionsa

entry catalyst base solvent temp (°C) yieldb (%)

1c BTEAC Cs2CO3 toluene 25 18 (17)
2 BTEAC Cs2CO3 toluene 50 44
3 BTEAC Cs2CO3 toluene 70 91
4 BTEAC Cs2CO3 toluene 90 98 (97)
5 BTEAC K2CO3 toluene 90 93
6 BTEAC Na2CO3 toluene 90 91
7 BTEAC t-BuOK toluene 90 72
8 BTEAC t-BuOLi toluene 90 94
9 BTEAC MeONa toluene 90 91
10 BTEAC Cs2CO3 toluene 90 79
11 BTEAC Cs2CO3 DMF 90 43
12 BTEAC Cs2CO3 MeCN 90 93
13 BTEAC Cs2CO3 THF 90 94
14 BTEAC Cs2CO3 DCE 90 86
15 (n-Bu)4N

+Br− Cs2CO3 toluene 90 81
16 (n-Bu)4N

+HSO4
− Cs2CO3 toluene 90 77

17 (n-Bu)4N
+I− Cs2CO3 toluene 90 94

aA mixture of 1a (0.2 mmol, 2 equiv), 2a (0.1 mmol, 1 equiv), base
(0.2 mmol, 2 equiv), catalyst (20 mol %), and solvent (2 mL) was
sealed in a 25 mL Schlenk tube at 90 °C for 12 h. bYields were
determined by 19F NMR spectroscopy with PhCF3 as an internal
standard, and all of the dr’s (diastereomeric ratios) > 20:1. cThe
reaction time was 6 days. The isolated yield is shown in parentheses.

Scheme 2. Substrate Scope of N-Tosylhydrazonesa

aUnless otherwise noted, the reaction was run at 0.1 mmol scale under
standard reaction conditions. dr >20:1. bThe average isolated yield of
two parallel runs. cORTEP representation with 50% probability
thermal ellipsoids of a crystal structure of 3l.
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To cast some light on the mechanism details of our reaction,
19F NMR and 13C NMR were used to monitor the reaction
process (for details, see the Supporting Information). Selected
NMR spectra are shown in Figure 1. A new single peak
simultaneously appeared at δ = −83.1 ppm on the 19F NMR
spectrum as soon as trifluoromethyl ketone (2a) was added to
the reaction mixture, which implied the formation of a new
species. The new peak rapidly reached its maximum intensity
(50%, based on 19F NMR) within 60 min and remained

unchanged for another 12 h at 25 °C (Figure 1, b).
Accordingly, a new quartet peak was observed at δ = 94.3
ppm (q, J = 31.6 Hz) on the 13C NMR spectrum (Figure 1, c).
The new species was then tentatively assigned as ammonium
O-anion intermediate 5 via the nucleophilic addition of N-
tosylhydrazone (1a) to trifluoromethyl ketone (2a) in the
presence of BTEAC.13 Remarkably, when the pH value of this
reaction mixture was adjusted to pH = 4 with 5% aq HCl
solution, the new peak (δ = −83.1 ppm, 19F NMR)
immediately disappeared and the ratio of 2a was enhanced to
97% (based on 19F NMR). Meanwhile, 1a was obtained in 91%
isolated yield (Figure 1, a). These results clearly reflected the
kinetic dynamic equilibrium between the tight ion-pair
intermediate 5 and its precursors 2a and 1a.14 It is noteworthy
that an ESI/MS analysis of the reaction mixture permitted
further identification of this counter O-anion motif of
intermediate 5 with the high-resolution mass data (HRMS
(ESI): [M − H]− calcd for C23H19F3N2O3S 460.1074, found
460.1079). In accordance with the 19F NMR studies at 25 °C,
ammonium O-anion 5 was also identified as the intermediate
when the reaction was carried out at 90 °C (see the SI).
On the basis of these experimental results and previous

works,5,9 we tentatively proposed the reaction mechanism as
outlined in Scheme 5. The deprotonation of N-tosylhydrazone
1 in the presence of bases afforded the insoluble cesium salt A.

Ion exchange of the insoluble cesium salt A gave the
corresponding soluble ammonium N-anion B as a tight ion pair.
Subsequent nucleophilic addition of the counter N-anion of
intermediate B to trifluoromethyl ketone 2 afforded the
ammonium O-anion C. Further intramolecular nucleophilic
attack of the O-anion species of intermediate C led to the
formation of ammonium N-anion D as a tight ion pair. The
elimination of Ts anion and ammonium ion from intermediate
D regenerated the catalyst BTEAC and also delivered the
oxadiazole compound E, which finally converted to the desired
oxirane product 3 with the release of nitrogen gas.15

In summary, we have developed a general and practical
epoxidation reaction of trifluoromethylketones with N-tosylhy-
drazones via an unprecedented nucleophilic process under
transition-metal free conditions. This novel protocol provided
an efficient method for the construction of tetrasubstituted
trifluoromethylated oxirane deravitives in excellent yields and
diastereoselectivities. Remarkably, the ammonium O-anion
intermediate of this unique transformation was characterized
by NMR and HRMS analysis. Efforts are currently underway in
our laboratory to elucidate the mechanistic details, investigate

Scheme 3. Substrate Scope of Fluorinated Ketonesa

aUnless otherwise noted, the reaction was run at 0.1 mmol scale under
standard reaction conditions. dr >20:1. bThe average isolated yield of
two parallel runs.

Scheme 4. Gram-Scale Synthesis and Transformation of the
Products

Figure 1. New species detected by NMR analysis.

Scheme 5. Possible Mechanism
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the catalytic asymmetric synthesis, and explore medicinal
applications of the products, the results of which will be
reported in due course.
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