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Organofluorine compounds often possess unique chemical, physical and biological properties and there-
fore, they play important roles in pharmaceuticals, agrochemicals, and advanced materials. Notably, the
introduction of CF2 motif as an oxygen surrogate could significantly improve the metabolic stability and
bioavailability of the target molecules. Therefore, selective introduction of the CF2 group into organic
molecules is an appealing task. It has been realized that the (phenylsulfonyl)difluoromethyl group is a
versatile CF2 building block, which can be readily transformed into other useful fluorinated functionali-
ties such as difluoromethyl (CF2H), difluoromethylene (–CF2–), and difluoromethylidene (=CF2) groups.
This article overviews the recent advance of (phenylsulfonyl)difluoromethylation reactions as well as
their synthetic applications in organic synthesis within the past decade. Five modes of difluoroalkylation
reactions have been developed, including nucleophilic (phenylsulfonyl)difluoromethylations, elec-
trophilic (phenylsulfonyl)difluoromethylations, radical (phenylsulfonyl)difluoromethylations, difluoro-
carbene reactions, and transition-metal mediated (phenylsulfonyl)difluoromethylations.
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Introduction

Organofluorine compounds have found wide applications in
pharmaceuticals, agrochemicals, and advanced materials [1]. Due
to the unique properties of fluorine atom, selective introduction
of fluorine atom and fluorinated groups into organic molecules
can improve the lipophilicity, bioavailability, and metabolic stabil-
ity of the target molecules [2]. In recent years, considerable atten-
tion has been paid to the selective incorporation of fluorine atom
(s) or the CF3 group; however, selective introduction of CF2 moiety
has been less explored [3]. Selective introduction of a CF2 group
into organic molecules is a very appealing task, since the CF2 motif
can be considered as an oxygen surrogate and significantly
improve the metabolic stability and bioavailability of the mole-
cules [4,5].

Difluoromethyl phenyl sulfones (1, PhSO2CF2H) is a commer-
cially available compound. It can be readily transformed into other
useful fluorinated functionalities such as difluoromethyl (CF2H),
difluoromethylene (–CF2–), and difluoromethylidene (=CF2) groups
[6]. Five types of reactions of difluoromethyl phenyl sulfone 1 and
its derivatives 2–8 are shown in Scheme 1: nucleophilic (phenyl-
sulfonyl)difluoromethylations, electrophilic (phenylsulfonyl)diflu-
oromethylations, radical (phenylsulfonyl)-difluoromethylations,
difluorocarbene reactions, and transition-metal mediated (phenyl-
sulfonyl)difluoromethylations. 1 was firstly synthesized by Hine
and Porter in 1960 [7]. The value of PhSO2CF2H as a nucleophilic
(phenylsulfonyl)-difluoromethylation reagent was not recognized
at that time, although they found that (phenylsulfonyl)difluo-
romethyl anion (PhSO2CF2–) could be formed by deprotonation of
PhSO2CF2H. Only four reports on (phenylsulfonyl)difluoromethyla-
tion reactions with PhSO2CF2H were available before 2003 [8]. A
summary of (phenylsulfonyl)difluoromethylation reactions was
published in 2009 by one of us [6b]. Herein, we wish to highlight
the recent advance in synthetic applications of PhSO2CF2H (1)
and its derivatives 2–8 since 2009. Representative
(phenylsulfonyl)difluoromethylation reagents include PhSO2CF2X
(X = H, Cl, Br, I, SiMe3, COOK), hypervalent iodine(III)-CF2SO2Ph,
as well as S-((phenylsulfonyl)-difluoromethyl)thiophenium
triflate (see Scheme 1).
Scheme 1. Transformations of difluoromethyl phenyl sulfone (1) and its derivatives
2–8.
Nucleophilic (phenylsulfonyl)difluoromethylation reaction

Using PhSO2CF2H reagent

In 2010, the highly stereoselective difluoromethylation of N-
tert-butanesulfinyl ketimines was achieved via in situ generated
PhSO2CF2– anion (Scheme 2) [9]. This synthetic method enabled
the preparation of structurally diverse homochiral a-difluo-
romethyl tertiary carbinamines, including a -difluoromethyl allylic
amines and a -difluoromethyl propargylamines. Proposed reaction
mechanism involved a cyclic six-membered transition state, which
was different from other reported fluoroalkylations of N-tert-butyl-
sulfinyl aldimines. Fortunately, the phenylsulfonyl group could be
readily removed by the treatment of Mg0 under acidic conditions.

In 2013, nucleophilic (phenylsulfonyl)difluoromethylation of
aldehydes was developed in the presence of substoichiometric
amount of base in situ generated from N(TMS)3 and catalytic
amount of Me4NF (Scheme 3) [10]. This work was inspired by
the trifluoromethylation of carbonyls with CF3H under similar
reaction conditions reported by Langlois [11]. Notably, the reaction
of PhSO2CF2H with ketones was relatively slow, and the selective
difluoromethylation of aldehydes over ketones became possible
[11].

In 2014, the [3 + 2] cycloaddition reaction involving (phenylsul-
fonyl)difluoromethylated N-tert-butanesulfinyl ketimine (15) and
2

benzyne was reported (Scheme 4) [12]. This reaction was facili-
tated by the presence of the electron-withdrawing PhSO2CF2 group
in imine 15. Furthermore, the phenylsulfonyl group could be
removed by the treatment of Mg0 under acidic conditions.

In 2006, it was reported that nucleophilic (phenylsulfonyl)diflu-
oromethylation of epoxides with PhSO2CF2H was unsuccessful
(Scheme 5A) [13a]. Later, it was found that the pre-coordination
of BF3�Et2O with PhSO2CF2H and an epoxide, and the subsequent
deprotonation of PhSO2CF2H enabled the nucleophilic attack of
PhSO2CF2- to the activated epoxides (Scheme 5B) [13b]. This
preorganization strategy afforded the desired product 22 with
38% yield (Scheme 5B) [13b].

In 2016, the (phenylsulfonyl)difluoromethylation of arylboronic
acids was realized by the in-situ formed ‘‘PhSO2CF2Cu” (Scheme 6)
[14]. A wide range of difluromethyl arenes were obtained in mod-
erate to good yields under air atmosphere. In 2018, a new protocol
to synthesize 2,2-diaryl-1,1-difluoroethylenes was reported by pal-
ladium-catalyzed difluoroolefination of a-[(phenylsulfonyl)difluo-
romethyl]benzyl tosylates (28) and arylboronic acids (Scheme 7)
[15]. The precursors 28 were generated by (phenylsulfonyl)difluo-
romethylation of aldehydes. Mechanistic investigations (Scheme 7,
path a and path b) elaborated that the reaction was proceeded
through the base-mediated dehydrosulfonylation reaction, fol-
lowed by palladium-catalyzed C(sp2)-C(sp2) cross-coupling reac-
tions. This strategy was considered as a new synthetic
application of PhSO2CF2H, providing an efficient method to prepare
a series of 2,2-diaryl-1,1-difluoroethenes from commercially avail-
able starting materials.



Scheme 2. Stereoselective difluoromethylation of N-tert-butane-sulfinyl ketimines.

Scheme 3. Nucleophilic (phenylsulfonyl)difluoromethylation of aldehydes.

Scheme 4. Applications of PhSO2CF2H in [3 + 2] cycloaddition reaction between
ketimine and benzyne.

Scheme 5. Nucleophilic (phenylsulfonyl)difluoromethylation of epoxides.
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Using PhSO2CF2SiMe3 reagent

In nucleophilic difluoromethylation of electrophiles with
PhSO2CF2H [6b], strong bases such as t-BuOK and LiHMDS were
required. Therefore, PhSO2CF2H is not an ideal nucleophilic
difluoromethylation reagent when substrates are sensitive to
bases. [(Phenylsulfonyl)difluoromethyl]trimethylsilane (5,
PhSO2CF2SiMe3), the synthetic equivalent of PhSO2CF2- , provides
an alternative option for nucleophilic difluoromethylation of
base-sensitive substrates.

In 2010, a new method for indirect preparation of gem-difluo-
roalkenes under the neutral reaction conditions via nucleophilic
fluoroalkylation of alkyl iodides or allyl bromides was developed
(Scheme 8) [16]. The gem-difluoroalkenes could be further con-
verted into trifluoromethyl compounds (Scheme 8) [16].

In 2011, the ‘‘PhSO2CF2Cu” species was prepared from PhSO2-
CF2SiMe3/CuI/CsF in DMF for the first time (Scheme 9) [17]. ‘‘PhSO2-
CF2Cu” was found to smoothly undergo cross-coupling reaction
with propargyl chlorides or alkynyl halides, giving PhSO2CF2-con-
taining allenes and alkynes, respectively. Compound 36 was desul-
fonylated to give difluoromethylated product 39 by usingMg/HgCl2
system. Furthermore, compound 36a was used as a nucleophilic
fluoroalkylating agent to react with 4-methoxybenzaldehyde, giv-
ing 40 in 65% yield. It was found that PhSO2CF2Cu/CuI/DMF system
could undergo oxidative coupling reaction to give PhSO2CF2I (37)
when air was present. A similar oxidative chlorination reaction
3

occurred and PhSO2CF2Cl (38) was obtained when CuCl2 was used
instead of CuI (Scheme 9) [17].

In 2012, nucleophilic (phenylsulfonyl)difluoromethylation of
iminium salts [prepared from quinoline derivatives, cyclic imines
and p-methoxybenzyl bromide (PMBBr) or methyl triflate (MeOTf)]
with PhSO2CF2SiMe3 (5) was reported (Scheme 10) [18]. This work
expanded the synthetic application of sulfur-based fluoroalkylsi-
lanes and provided a new approach to prepare a series of nitro-
gen-containing heterocyclic compounds [18].

At the same year, a new protocol was developed to synthesize
difluoromethylated tertiary amines by nucleophilic difluoromethy-
lation of activated N,N-acetals (47) (Scheme 11) [19]. Iminium salts
were in-situ formed with the assistance of Brønsted acid, which
was the key factor to efficiently react with PhSO2CF2SiMe3 reagent
(Scheme 11) [19].



Scheme 6. Cu-mediated (phenylsulfonyl)difluoromethylation of arylboronic acids.

Scheme 7. Synthesis of 2,2-diaryl-1,1-difluoroethylenes.

Scheme 8. Nucleophilic (phenylsulfonyl)difluoromethylation of 30 under neutral
reaction conditions.

Scheme 9. Copper-mediated (phenylsulfonyl)difluoromethylation with PhSO2CF2-
SiMe3 reagent.
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Meanwhile, DilmanandHu reportednucleophilic difluoroalkyla-
tion of imines or enamines with a-phenylthio-, a-(phenylsulfonyl)-
and a-diethylphosphoryl-substituted difluoromethylsilanes [20].
The results of the reactions between imines (or enamines) and
PhSO2CF2SiMe3 (5) are shown in Scheme 12.

In 2013, Dilman and co-workers reported one example of the
reaction between PhSO2CF2SiMe3 (5) and pinacolborane 53, in
which fluorine-substituted pinacolborane (54) was obtained in
55% yield (Scheme 13) [21].

In addition, PhSO2CF2SiMe3 (5) could be further transformed
into another bench-stable (benzenesulfonyl)difluoromethane-sul-
4

fonamide in the presence of diethylaminosulfurtrifluoride (DAST)
[22a]. This reagent could be applied in electrophilic aromatic sub-
stitution of arenes and electrophilic addition of alkenes or alkynes
for the synthesis of fluoroalkylthiolated compounds [22b].



Scheme 10. (Phenylsulfonyl)difluoromethylation of inactive imines.

Scheme 11. Nucleophilic difluoromethylation of activated acetals.

Scheme 12. Difluoroalkylation of imines or enamines with PhSO2CF2SiMe3.

Scheme 13. Nucleophilic fluoroalkylation of pinacolborane 53.
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Using PhSO2CF2COOK reagent

In 2018, it was reported that PhSO2CF2COOK and aldehydes
could undergo decarboxylative addition reaction without the use
of transition metals and ligands (Scheme 14) [23]. This approach
tolerated a variety of aldehydes under mild conditions, providing
a simple and effective method to synthesize various difluo-
romethylated carbinols. In these reactions, no difluoroolefination
products were observed.
Electrophilic (phenylsulfonyl)difluoromethylation reactions

Using hypervalent iodine(III)-CF2SO2Ph reagent

In 2008, (phenylsulfonyl)difluoromethylated hypervalent iodine
salt 7 was developed as an electrophilic (phenylsulfonyl)difluo-
romethylation reagent, which was able to react with S- and
5

O-nucleophiles [24a]. In 2012, it was discovered that hypervalent
iodine salt 7 could undergo decarboxylative (phenylsulfonyl)diflu-
oromethylation with a,b- or b,c-unsaturated carboxylic acids
[24b,c]. Catalytic amount of copper salt was added as Lewis acid
to both enhance the electrophilicity of 7 and promote the
decarboxylation of the a,b- or b,c-unsaturated carboxylic acids.
The (phenylsulfonyl)difluoromethyl group in the products could
be further transformed into difluoromethylidene (=CF2) and
difluoromethyl (CF2H) groups (Scheme 15).
Using S-(phenylsulfonyl)difluoromethyl sulfonium salts

In 2014, Shibata and co-workers developed S-[(phenylsulfonyl)
difluoromethyl]sulfonium salt 8 as a new electrophilic
difluoromethylation reagent. Reagent 8 was effective in the difluo-
romethylation of sp3 C-nucleophiles. Various b-ketoesters and 1,1-
dicyanoalkenes could react with 8 to give C-difluoromethylated
products in high yields under the mild reaction conditions
(Scheme 16) [25]. In particular, there was no O-difluoromethyla-
tion products formed in the reactions with b-ketoesters. However,
reagent 8 was not efficient in (phenylsulfonyl)difluoromethylation
of acyclic b-ketoesters and 1,3-dicarbonyl substrates.



Scheme 14. Decarboxylative addition of PhSO2CF2COOK to aldehydes.

Scheme 15. Applications of hypervalent iodine(III)-CF2SO2Ph reagent.

Scheme 16. Electrophilic (phenylsulfonyl)difluoromethylation of C-nucleophiles.
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Radical (phenylsulfonyl)difluoromethylation reactions

Using PhSO2CF2H reagent

In 2016, the synthetic application of PhSO2CF2H (1) as a radical
fluoroalkylation reagent for isocyanides was reported for the first
time under the transition-metal-free conditions (Scheme 17)
[26a]. Notably, PhSO2CF2H could produce PhSO2CF2 radical in the
presence of PhI(OAc)2, which enabled a facile method for the syn-
thesis of desired products 65. On the basis of this work, the substi-
tution reaction between difluoroalkyl sulfones 65 and O- or
C-nucleophiles (the phenylsulfonyl group as a leaving group), pro-
6

vides new carbon–heteroatom and carbon–carbon bond formation
methods [26b].

Using PhSO2CF2Br reagent

In 2015, it was reported that PhSO2CF2Br (3) could be reduced
by the excited photocatalyst fac-Ir(ppy)3* to generate fluoroalkyl
radical (PhSO2CF2�), which was captured by vinyl isocyanide to
form ortho-fluoroalkylated pyridines under visible light irradiation
(Scheme 18) [27].

In 2016, Hashmi reported the first gold-catalyzed photoredox C
(sp2)-H difluoroalkylation of hydrazone (70) by using PhSO2CF2Br
reagent (Scheme 19) [28]. The EPR (electron paramagnetic reso-
nance) spin trapping experiments showed that this reaction
involved difluoroalkyl radical intermediates.

In recent years, carbon-difluoroalkylation of unactivated olefins
was developed based on the combination of intramolecular func-
tional groupmigration and visible light photocatalysis (Scheme 20).
A series of functional groups including cyano, heteroaryl, imino,
formyl and alkynyl showed excellent ability of migration. The com-
bination of functional group migration and photo-redox catalysis
opened up a new way for the radical-mediated difunctionalization
of unactivated olefins [29,30].

Using PhSO2CF2I reagent

In 2007, Hu group reported the first free radical (phenylsul-
fonyl)difluoromethylation reaction with alkenes by using PhSO2-
CF2I (4) [6b]. Wang and coworkers used PhSO2CF2I (4) as a good
precursor to form (phenylsulfonyl)difluoromethyl radical. In
2014, it was reported that the Pd(0)-catalyzed and Fe-catalyzed
intramolecular aryl difluoromethylation of activated olefins with
4 for the synthesis of a variety of difluoromethylated indole
derivatives (Scheme 21) [31a,31b]. A new approach was also
developed to achieve the difluoromethylation of electron-rich N-,
O- and S-heteroaromatics under visible-light photoredox catalysis



Scheme 17. Radical (phenylsulfonyl)difluoromethylation of isocyanides and their
transformations.

Scheme 18. Fluoroalkyl radicals generated from PhSO2CF2Br.

Scheme 19. Gold-catalyzed photoredox difluoroalkylation of hydrazine.

Scheme 20. Carbon-difluoroalkylation of unactivated olefins.

Scheme 21. Transition-metal-catalyzed intramolecular aryl (phenylsulfonyl)diflu-
oromethylation of activated olefins.
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(Scheme 22) [31c]. Mechanistic investigations indicated that
(phenylsulfonyl)difluoromethyl radical was involved in these
reactions [6b,31a–31c].

In 2019, nickel-catalyzed 1,4-fluorocarbon alkylation reaction
of 1,3-alkynes was reported, which could be used to synthesize flu-
oroalkyated allenes (such as 84) (Scheme 23) [31d].

In 2020, atom-transfer radical addition (ATRA) reaction
between (phenylsulfonyl)difluoromethyl iodide and styrene under
visible-light promoted photoredox catalysis was reported
(Scheme 24) [31e]. Surprisingly, ATRA and Heck reactions could
be tuned by changing the organic or inorganic base in the



Scheme 22. Difluoromethylation of electron-rich N-, O- and S-heteroaromatics.

Scheme 23. Nickel-catalyzed 1,4-fluorocarbon alkylation reaction of 1,3-alkyne.

Scheme 24. Visible light-promoted ATRA and Heck reactions of PhSO2CF2I.

Scheme 25. Fluoroalkylative cyclization of activated olefins.

Scheme 26. Selective C3 difluoroalkylation of 2-pyridone.
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progress. This method provided a new solution for the
difunctionalization of olefins.

Others have also studied the reactivity of PhSO2CF2I. In 2015,
Mai group provided an example to construct fluorine-containing
3,3-disubstituted oxindole 89 by fluorinating/cyclization of acti-
vated olefin 88 without the metal catalysis (Scheme 25) [32]. It
should be noted that this reaction was promoted by the introduc-
tion of a simple reducing agent under the metal-free conditions.

In 2016, a highly selective C3 difluoroalkylation of 2-pyridone
(90) under visible light-promoted Ir(ppy)3 photoredox catalysis
was developed (Scheme 26) [33]. The introduction of Na2S2O3 in
the reaction was the key to facilitate direct C3 fluoroalkylation of
N-methyl 2-pyridone with PhSO2CF2I (4).

In 2017, Fu investigated visible light-promoted photoredox cat-
alytic regioselective (phenylsulfonyl)difluoromethylation of imi-
dazo[1,2-a]pyridine and benzo[d]-imidazo-[2,1-b]thiazole, which
was supplemental to Wang’s work (Scheme 27) [34].

Difluorocarbene reactions

Using PhSO2CF2Cl reagent

In 2007, the Hu group reported that chlorodifluoromethyl
phenylsulfone (PhSO2CF2Cl, 2) could be applied as a difluorocar-
8

bene reagent in O- and N-difluoromethylation [6b]. Later on, the
different reactivities of chlorodifluoromethyl aryl ketone
(ArCOCF2Cl) and chlorodifluoromethyl aryl sulfone (ArSO2CF2Cl)
as difluorocarbene precursors in O-difluoromethylation reaction
were investigated (Scheme 28) [35]. It was found that p-chlorophe-
nyl chlorodifluoromethyl sulfone and p-nitrophenyl chlorodifluo-
romethyl sulfone were effective difluorocarbene reagents.
Furthermore, p-chlorophenyl chlorodifluoromethyl sulfone was
also used for N-difluoromethylation of different N-heterocyclic
compounds.
Transition-metal-mediated (phenylsulfonyl)
difluoromethylation reactions

In 2010, Pd-catalyzed Heck-type reactions between [(bromodi-
fluoromethyl)sulfonyl]benzene (3) and heteroaromatic compounds
or styrene derivatives were reported, givinga-heteroaryl- or a-
alkenyl a,a-difluoromethyl phenyl sulfones (Scheme 29) [36].
The strong electron-withdrawing ability and coordination (with



Scheme 27. Visible light-catalyzed regioselective (phenylsulfonyl)
difluoromethylation.

Scheme 28. O-, N-difluoromethylation reactions with reagent 2.

Scheme 29. Pd-catalyzed Heck-type reaction with PhSO2CF2Br.

Scheme 30. Nucleophilic (phenylsulfonyl)difluoromethylation of aldehydes with
organometallic reagents.
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lone pairs of electrons) of the sulfonyl group could stabilize the
reaction intermediates, which might play an important role in
the coupling reactions.

In 2016, the Hu group developed a nucleophilic difluoromethy-
lation of aldehydes by using [(phenylsulfonyl)difluoromethyl]zinc
(‘‘BrZnCF2SO2Ph”) and [(phenylsulfonyl)difluoromethyl]cadmium
(‘‘BrCdCF2SO2Ph”) reagents (Scheme 30) [37]. The phenylsulfonyl
group had great advantages in improving the stability of the diflu-
oromethyl anion and activating the corresponding difluoromethyl-
metal reagents.

Conclusions

In this digest article, we have summarized recent advance in the
(phenylsulfonyl)difluoromethylation reactions since 2009. Five
modes of difluoroalkylation reactions have been classified:
nucleophilic (phenylsulfonyl)difluoromethylation, electrophilic
(phenylsulfonyl)difluoromethylation, radical (phenylsulfonyl)di-
fluoromethylation, difluorocarbene reaction, and transition-metal
mediated (phenylsulfonyl)difluoromethylation reactions. On the
basis of these methods, the CF2 group can be site-selectively intro-
duced into organic molecules under mild reaction conditions to
give difluoromethyl-, difluoromethylene-, and difluoromethyli-
dene-containing organic molecules. On the other hand, the direct
difluoromethylation using difluoromethyl phenyl sulfone in one-
pot has been less studied. We believe that this digest article will
inspire further development of innovative methods for the difluo-
roalkylation using difluoromethyl phenyl sulfone and its deriva-
tives. Furthermore, difluoromethyl phenyl sulfone and its
derivatives will find more applications in the synthesis of
organofluorine compounds. Notably, the wide investigation of
difluoromethyl phenyl sulfone and its derivatives was also greatly
promoted the chemistry of difluoromethyl (hetero)aryl sulfone
[38].
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