
Tetrahedron Letters 67 (2021) 152864
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/locate / tet le t
Visible-light induced radical aryldifluoromethylation of
N-arylacrylamides by [bis(difluoroacetoxy)iodo]benzene
https://doi.org/10.1016/j.tetlet.2021.152864
0040-4039/� 2021 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: lukui@tust.edu.cn (K. Lu).
Kui Lu a,⇑, Lingyu Lei a, Qijun Wei a, Ting Zhou a, Xiaodong Jia a, Quan Li a, Xia Zhao b

aChina International Science and Technology Cooperation Base of Food Nutrition/Safety and Medicinal Chemistry, College of Biotechnology, Tianjin University of Science &
Technology, Tianjin 300457, China
bCollege of Chemistry, Tianjin Key Laboratory of Structure and Performance for Functional Molecules, Tianjin Normal University, Tianjin 300387, China

a r t i c l e i n f o
Article history:
Received 21 December 2020
Revised 10 January 2021
Accepted 18 January 2021
Available online 4 February 2021

Keywords:
Photo-catalysis
Difluoromethylation
Activated alkene
Hypervalent iodine(III) reagent
a b s t r a c t

Visible light-induced radical aryldifluoromethylation of N-arylacrylamides using [bis(difluoroacetoxy)
iodo]benzene as a difluoromethylation reagent is reported for the first time. The inexpensive and readily
accessible reagents and the mild reaction conditions render this method an alternative and practical
strategy for the synthesis of difluoromethyl substituted oxindoles.

� 2021 Elsevier Ltd. All rights reserved.
Introduction

The strategy of incorporating fluoroalkyl groups into organic
molecules is widely employed in agrochemical, pharmaceutical,
and materials science research as it can change the physicochem-
ical properties and biological activities of compounds significantly
[1]. Among the fluoroalkyl groups, the difluoromethyl group (HCF2)
has attracted particular attention in the field of drug discovery as it
can be used as a lipophilic hydrogen donor and also because this
group is an isostere of the hydroxyl, thiol, and amide groups [2].
However, unlike the well-developed trifluoromethylations [3,4],
efficient and environmentally friendly methods for the corre-
sponding difluoromethylations have not yet been developed
considerably.

In the past decade, radical-based difluoromethylation has
emerged as an advantageous synthetic strategy for introducing
HCF2 groups. Elegant work was performed by Baran et al. by using
Zn(SO2CF2H)2 as a novel difluoromethylating reagent that could
generate a difluoromethyl radical with the aid of tert-butyl
hydroperoxide [5]. Notably, the species generated upon the oxida-
tion of sodium difluoromethanesulfinate (NaSO2CF2H) can also be
used as a difluoromethyl radical precursor [6]. Besides, NaSO2CF2-
H, difluoromethanesulfonyl chloride [7], difluoromethylsulfone [8],
difluoromethyl sulfoximine [9], and difluoromethylphosphonium
salts [10] can be used as difluoromethyl radical sources in photore-
dox processes.

Oxindoles are important heterocyclic scaffolds found in a wide
range of pharmaceuticals and bioactive natural products [11].
Thus, extensive efforts have been devoted to the synthesis of oxin-
dole derivatives, especially to the synthesis of difluorinated 3,3-
disubstituted 2-oxindoles (Scheme 1). In 2014, Tan’s group
reported a synthesis of difluoromethylated oxindoles through sil-
ver-catalyzed aryldifluoromethylation of N-arylacrylamides by
using Zn(SO2CF2H)2 as the difluoromethyl radical source and
(NH4)2S2O8 as oxidant [12]. Dolbier’s group described a visible-
light-induced difluoromethylation/cyclization of N-arylacry-
lamides with HCF2SO2Cl for the synthesis of difluoromethylated
oxindoles [13]. In 2019, Zhu and coworkers also realized this trans-
formation by employing difluoromethyl benzo[d]-thiazol-2-yl sul-
fone as CF2H source [14]. Ruan and Ackermann reported a catalyst-
free, direct electrochemical aryldifluoromethylation of N-arylacry-
lamides by NaSO2CF2H [15]. In 2017, Maruoka and coworkers
firstly employed [bis(difluoroacetoxy)iodo]benzene, which was
prepared from the inexpensive and commercially available difluo-
roacetic acid, as a novel difluoromethyl radical source to realized
the direct difluoromethylation of heteroarenes under visible-light
irradiation [16]. In 2019, Gouverneur reported a hydrodifluo-
romethylation of alkenes by a in situ generated [bis(difluoroace-
toxy)iodo]benzene [17]. Wang reported a Rhenium-catalyzed
decarboxylative difluoromethylation of styrenes with [bis(difluo-
roacetoxy)iodo]benzene [18]. Due to our continued interest in
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Scheme 1. Aryldifluoromethylation of N-Arylacrylamides with different difluo-
romethylation reagents.
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the fluoroalkylation of alkenes [19], We report herein the visible
light-induced radical aryldifluoromethylation of N-arylacrylamides
by [bis(difluoroacetoxy)iodo]benzene to construct fluorinated 3,3-
disubstituted 2-oxindoles.
Results and discussion

We began our investigation by treating N-methyl-N-phenyl-
methacrylamide (1a) with [bis(difluoroacetoxy)iodo]benzene (2)
Table 1
Optimization of the aryldifluoromethylation of 1a by [bis(difluoroacetoxy)iodo]benzene (2

Entry 2/equiv. Light Source (LE

1 1.6 Blue 18 W
2 1.6 Blue 18 W
3 1.6 Blue 18 W
4 1.6 Blue 18 W
5 1.6 Blue 18 W
6 1.6 Blue 18 W
7 1.6 Blue 18 W
8 1.6 Blue 18 W
9 1.6 Blue 18 W
10 1.6 Blue 15 W
11 1.6 Blue 21 W
12 1.6 Blue 24 W
13 1.6 White 24 W
14 1.6 Purple 24 W
15 1.6 Green 24 W
16 1.4 Blue 24 W
17 1.8 Blue 24 W
18 1.8 In dark

a 1a (0.30 mmol), 2 (0.42–0.54 mmol), solvent (2 mL) under LED irradiation for 12 h
b Isolated yield.

2

in tetrahydrofuran (THF) under 18 W blue LED irradiation. Fortu-
nately, the desired aryldifluoromethylation product 3a was
obtained in 62% yield. Various solvents were screened to improve
the yield (Table 1, entries 2–7), and the maximum yield (80%)
was obtained in 1,4-dioxane. Following this, the reaction was
conducted in 1,4-dioxane in different types of visible light.
Decreasing the power of the light to 15 W diminished the yield
slightly (78%), while increasing the power to 21 W increased
the yield to 86%. Further increasing the power to 24 W increased
the yield to 90%. While the use of white or purple LEDs decreased
the yield, a green LED did not give the desired product. Finally,
loading of the difluoromethylation reagent was examined.
Decreasing the loading of 2 to 1.4 equiv. diminished the yield,
while increasing the loading of 2 to 1.8 equiv gave 98% yield.
Notably, when reaction was carried out in dark, no desired pro-
duct was observed. Thus, the optimised reaction conditions for
the aryldifluoromethylation of 1a were as follows—1a: 0.30 mmol,
2: 0.54 mmol, and solvent: 1,4-dioxane (2 mL) under 24 W blue
LED irradiation at 40 �C.

With the optimized reaction conditions in hand, we examined
the substrate scope of this reaction using a series of N-Arylacry-
lamides (1b–1z). The results are summarised in Scheme 2. N-
Methyl-N-phenylmethacrylamides bearing electron-donating or
electron-withdrawing substituents in the ortho-, meta-, and para-
positions of the aniline ring (1b–1p) could be smoothly trans-
formed to the corresponding oxindoles in moderate to good yields.
Notably, when N-methyl-N-naphthylmethacrylamide 1o was
employed as the substrate, the desired product 3q was obtained
in a moderate yield. Other N-substitutes-N-phenylmethacry-
lamides (1r–1u) gave the desired aryldifluoromethylation products
in good yields. N-Acetyl-N-phenylmethacryl amide 1u was an
exception, which gave 3u in 20% yield due to the electron-with-
drawing property of the acyl group. Examination of the a-substi-
tuted acrylamides (1v–1z) revealed that benzyl, acetoxy, and
methoxy substituents were well-tolerated and could afford the
desired products (3v–3z) in good yields.
).a

D) Solvent Yield (%)b

THF 62
DCE 9
DCM 49
MeCN 31
MeOH Trace
DMF 75
DMSO 22
Toluene Trace
1,4-dioxane 80
1,4-dioxane 78
1,4-dioxane 86
1,4-dioxane 90
1,4-dioxane 88
1,4-dioxane 83
1,4-dioxane 0
1,4-dioxane 86
1,4-dioxane 98
1,4-dioxane 0

at 40 �C.



Scheme 2. Scope of aryldifluoromethylation of N-Arylacrylamides.

Scheme 4. Possible reaction mechanism.

Scheme 5. Scale up of the aryldifluoromethylation reaction.
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Based on literature [16,20], we speculated that difluoromethyl
radicals might be the key intermediates in this reaction. Two rad-
ical trapping experiments were carried out under the optimised
reaction conditions to detect the presence of such an intermediate
(Scheme 3). When radical scavenger 2,2,6,6-tetramethylpiperidin-
1-oxyl (TEMPO, 3 equiv) or 1,1-diphenylethylene (4 equiv) was
added to the reaction mixture under the optimised conditions,
the yield of 3a decreased to 50% and 10%, respectively. Further-
more, (3,3-difluoroprop-1-ene-1,1-diyl)dibenzene (4) was
obtained in 48% yield when 1,1-diphenylethylene was used as a
radical scavenger, thus confirming the formation of an intermedi-
ate free radical species in this transformation.

Based on literature and the abovementioned results [16,20], we
proposed a plausible mechanism for this transformation
(Scheme 4). First, the photolysis of [bis(difluoroacetoxy)iodo]ben-
zene 2 generated difluoromethyl carboxyl radical 5 and iodanyl
radical 6, which degraded to 5 and iodobenzene 7. Following this,
decarboxylation of 5 afforded difluoromethyl radical 8, which
reacted with N-Arylacrylamide 1 to give alkyl radical intermediate
9. Intermediate 9 could cyclise to form aryl radical 10. Finally, oxi-
dation of 10 by 2 or 6, followed by deprotonation, afforded the
desired product 3.

Finally, to illustrate the possible practical application of this
transformation, a gram-scale aryldifluoromethylation reaction of
1a was conducted (Scheme 5). To our delight, the desired product
3a was obtained in 90% yield.
Scheme 3. Additional reactions for investigating the mechanism.
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Conclusion

In summary, we developed the visible light-induced radical
aryldifluoromethylation of N-Arylacrylamides to synthesise difluo-
romethyl-substituted oxindoles using [bis(difluoroacetoxy)iodo]
benzene as a difluoromethylation reagent. The inexpensive and
readily accessible reagents and the mild reaction conditions render
this reaction an alternative and practical strategy for the synthesis
of difluoromethyl-substituted oxindoles. Investigations on difluo-
romethylation of other organic compounds with [bis(difluoroace-
toxy)iodo]benzene are currently underway in our laboratory.
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