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1. Introduction

Aryl trifluoromethyl sulfones are important structural motifs, 
which are frequently found in bioactive compounds (Figure 1) 
[1], chiral catalysts [2], and functional materials [3]. Therefore, a 
series of organic compounds with the structure of aryl 
trifluoromethyl sulfone have been designed and synthesized as 
frequent targets of recent synthetic organic chemistry efforts [4]. 
Many approaches for the preparation of aryl trifluoromethyl 
sulfones have been reported, such as oxidation of aryl 
trifluoromethyl sulfides [5], Friedel-Crafts triflylation [6], aryl 
Grignard reaction to (CF3SO2)2O [7], and nucleophilic 
trifluoromethylation reaction [8]. Unfortunately, these 
approaches have several shortcomings such as low yields, narrow 
substrate scope, use of expensive reagents, and formation of 
isomeric products, which restrict their extensive application 
opportunities in multiple industry fields.

To overcome these drawbacks, new Pd- or Cu-catalyzed 
cross-coupling reactions of diaryliodonium salts [9a], 
aryldiazonium tetrafluoroborates [9b] or aryl triflates [9c] with 
NaSO2CF3 have been developed. However, the low 
chemoselectivity [9a] and the use of explosive reactants [9b] and 
toxic and expensive transition metal catalysts [9c] may hinder 
their development in pharmaceutical and agrochemical industries. 
Alternative methods based on the trifluoromethylation of sodium 
arylsulfinates using Yagupolskii’s reagent [9d], Togni’s reagents 
[9e] or Umemoto’s reagent II [9f] have also been reported. But 
they still suffer from such disadvantages as high temperature 
reaction [9d, e], potentially explosive reagents [9e], very narrow 
substrate application [9d,f], and limited availability of sodium 
arylsulfinates [9d-f]. Therefore, a practical and efficient synthetic 
approach for the trifluoromethyl sulfones from readily available 
arylsulfinyl sources and safe trifluoromethylating agents with 
broad substrate scope under transition-metal-free and mild 
conditions is highly desirable. 

Arylsulfonyl chlorides are easily commercially available. In 
the past twenty years, various sulfonylation reactions using 

arylsulfonyl chlorides have been reported employing Zn [10a-c], 
In [10d], Fe [10e], Mg [10f] or Na2SO3 [10g-i] as a reducing 
reagent. Among the methods, the sodium sulfite-reduction 
method is considered as a simple and practical protocol, which 
shows potential development in pharmaceutical field [10g]. 
Recently, Qiu’s group developed a method for preparation of 
trifluoromethyl thiolsulphonates from sulfonyl chlorides by a 
tandem reaction strategy [11]. To the best of our knowledge, the 
preparation of aryl trifluoromethyl sulfones from sulfonyl 
chlorides by the tandem reaction method has not been reported. 
As a continuation of our eager interest into synthetic pathways to 
trifluoromethylated compounds using Umemoto’s reagent [12], 
we herein report a practical and efficient approach for the 
synthesis of aryl trifluoromethyl sulfones from inexpensive and 
readily available arylsulfonyl chlorides and safe Umemoto’s 
reagent II (2a) that is commercially easily available at a large 
scale.
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Figure 1. Structures of biologically active aryl trifluoromethyl 
sulfones.
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A practical and efficient method for the synthesis of aryl trifluoromethyl sulfones has been 
developed by a tandem reaction of arylsulfonyl chlorides with Umemoto’s reagent II. The 
advantageous features of this method are simple operation, mild reaction conditions, wide scope of 
substrates, high yield of products, and easy scalability.
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Scheme 1. Synthesis of phenyl trifluoromethyl sulfone 3a
Initially, we began our investigation with phenylsulfonyl 

chloride 1a and CF3
+ reagent 2a, Umemoto’s reagent II, as the 

model reaction, in which DMSO was used as a solvent for the 
trifluoromethylation step (Scheme 1). To our delight, the 
formation of the desired sulfone 3a (68% yield) could be 
evidenced by the 1H and 19F NMR spectroscopic analysis of the 
crude reaction mixture (Table 1, entry 1). 

Encouraged by this result, the influence of solvents for the 
trifluoromethylation was investigated (Table 1, entries 1-5). 
DMSO was found to be the best choice, while other solvents such 
as DMF, DMA, DCM and toluene were less effective. Next, 
different CF3

+ reagents 2b and 2c (Togni’s reagent) were 
investigated (entries 6-7). 2a and 2b were almost the same yields, 
but 2c was low yield. Thus, 2a was the best reagent since 2a was 
directly prepared by the one-pot method [9f]. Furthermore, the 
molar ratios of 1a/Na2SO3/NaHCO3/2a were investigated (entries 
6-9). Increasing the loading of 2a from 1.0 equiv to 1.5 equiv did 
not show any improvement. A molar ratio of 
1a/Na2SO3/NaHCO3/2a = 1.5:3:3:1 provided 81% yield (entry 
10). Furthermore, by the examination of the reaction temperature 
and reaction time (entries 12-15), it was found that 82% yield 
could be achieved at 25oC in a short time (30 min) (entry 14).

Table 1． Optimization of reaction conditions.a

Entry Solvent
Molar Ratio

1a/Na2SO3/NaHCO3/2a
T (°C) Time 19F NMR yield b (%)

1 DMSO 1:2:2:1 25 1 h 68

2 DMF 1:2:2:1 25 1 h 55

3 DMA 1:2:2:1 25 1 h 50

4 DCM 1:2:2:1 25 1 h n.d.

5 toluene 1:2:2:1 25 1 h n.d.

6c DMSO 1:2:2:1 25 1 h 66

7d DMSO 1:2:2:1 25 1 h 48

8 DMSO 1:2:2:1.5 25 1 h 70

9 DMSO 1.3:2.6:2.6:1 25 1 h 76

10 DMSO 1.5:3:3:1 25 1 h 81

11 DMSO 2:4:4:1 25 1 h 81

12 DMSO 1.5:3:3:1 50 1 h 60

13 DMSO 1.5:3:3:1 80 1 h 32

14 DMSO 1.5:3:3:1 25 30 min 82 (74)

15 DMSO 1.5:3:3:1 25 15 min 79
a Reaction conditions: a mixture of 1a, Na2SO3, NaHCO3 in 5 mL of H2O was stirred at 80 °C for 4 h in a Schlenk tube and the H2O was evaporated, and then 5 
mL of a solvent and 1 mmol of 2a were added.
b Yields were determined by 19F NMR using p-ClC6H4CF3 as an internal standard. The isolated yield is reported in parentheses.
c Tetrafluoroborate 2b was used.
d Togni’s reagent 2c was used as a CF3 reagent.

Table 2. Synthesis of aryl trifluoromethyl sulfones.
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[a] Reaction conditions: a mixture of 1a, Na2SO3, NaHCO3 in 5 mL of H2O 
was stirred at 80 °C for 4 h in a Schlenk tube and the H2O was evaporated, 
and then 5 mL of DMSO and 1 mmol of 2a were added.
[b] Isolated yield.

Under the optimized reaction conditions, the scope of 
arylsulfonyl chlorides was investigated (Table 2). The sulfonyl 
chlorides possessing electron-donating and electron-withdrawing 
groups afforded the corresponding products in moderate to 
excellent isolated yields. Halogens on the sulfonyl chlorides were 
well tolerated, providing good yields of desired products (3e−h), 
which may be suitable for further functionalization. However, the 
chlorine substituent on the ortho-position resulted in a lower 
yield than that on the para- and meta-positions, which may be 
attributed to the effect of steric hindrance. Disubstituted 
arylsulfonyl chloride 1l was also compatible under the standard 
reaction conditions. It should be noted that heteroarylsulfonyl 
chlorides such as quinoline-8-sulfonyl chloride, pyridine-3-
sulfonyl chloride and thiophene-2-sulfonyl chloride afforded the 
appropriate products (3n, 3o, 3p) in 85, 73, and 45% isolated 
yields, respectively. In addition, aliphatic sulfonyl chloride 3q 
was also able to afford the desired product (34%).
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To demonstrate the practicability and scalability of our 

method, a gram-scale reaction was performed with 1k and 2a 
under the optimized conditions. To our delight, the present 
reaction provided 4-nitrophenyl trifluoromethyl sulfone 3k in 75% 
yield (3.83 g), indicating an excellent potential application for 
large scale synthesis (Scheme 2).
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To gain an insight into the reaction mechanism, several 

control experiments were carried out (Scheme 3). When 2,2,6,6-
tetramethyl-1-piperidinyloxy (TEMPO) and hydroquinone were 
added as radical scavengers, CF3 radical was trapped and the 
trifluoromethylation reaction was greatly retarded (Scheme 3, eq. 
1 and eq. 2) [13]. Significantly, when 1,1-diphenylethylene (DPE) 
was added, phenylsulfonyl-coupling product 7 [14] was isolated 
in 28% yield (Scheme 3, eq. 3). This strongly indicated that 
phenylsulfonyl radical was generated in the reactions in addition 
to the CF3 radical.
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Scheme 4. Proposed mechanism.
Based on the above results, a possible reaction pathway can be 

proposed as seen in Scheme 4. Sodium benzenesulfinate 
resulting from 1a [15] undertakes counteranion-replacement with 
2a to give ion pair I [16], since the sulfinate anion is much more 
nucleophilic than triflate anion. Then, I provides a CF3 radical 
and benzenesulfinate radical II through single electron transfer 
(SET). As benzenesulfinate radical II turns into sulfonyl radical 
III [17], radical cross-coupling between III and CF3 radical takes 
place to form 3a [16].

3. Conclusions

In summary, we have developed a simple and effective 
procedure for the practical preparation of aryl trifluoromethyl 
sulfones from readily available arylsulfonyl chlorides and safe 
Umemoto’s reagent II under mild conditions. By means of this, a 
series of aryl trifluoromethyl sulfones could be synthesized in 
high yields. Thus, this approach may lead to many aryl 
trifluoromethyl sulfones which are important structural motifs of 
biologically active, chiral catalysts, and functional materials. The 
exploration of further applications of this method is ongoing in 
our lab.
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