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Fluoroalkyl iodides are convenient sources of fl uoroalkyl radicals under photocatal ytic 
conditions. After the addition of a fl uorine radical to a double bond, the resulting radical 
can react in several directions, including abstraction of an iodine atom from the starting 
iodide, abstraction of a hydrogen atom from a reducing agent, intramolecular interception 
by an aromatic system, and one-electron oxidation. These reactions make it possible to 
obtain a wide range of organofl uorine compounds. The review summarizes data for the 
last fi ve years.
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Introduction

Organofl uorine compounds are widely used in 
medicinal chemistry2—6 and agrochemistry.7 The 
most accessible and convenient reagents for intro-
ducing a fl uorinated group are fl uorine-substituted 
alkyl halides. In the series of alkyl halides, alkyl 
iodides are the most reactive, which is due to their 
weakest carbon-halogen bond.8 They can produce 
alkyl radicals under reductive conditions, and these 
processes proceed rather easily because of the pres-
ence of fl uorine atoms.9—12 It should be noted that 
fl uorine atoms can aff ect the properties of free radi-
cals themselves.13,14

Photocatalysis is one of the most dynamically 
developing areas of organic chemistry as a method 
for carrying out free radical reactions.15—18 The use 
of redox-active systems, which are activated when 
exposed to visible light, opens up wide possibilities 

for the generation of radicals. Photocatalytic activ-
ation of fl uoroalkyl iodides is used quite often.10—12 
This review considers reactions of fl uoroalkyl iodides 
with unsaturated systems, viz., alkenes, with an em-
phasis on the work of the last fi ve years.

The most common representatives of fl uoroalkyl 
iodides are perfl uorinated alkyl iodides.19 However, 
there are many other types of reagents that diff er both 
in methods of synthesis and in reactivity. In the vast 
majority of examples, iodides containing fl uorine 
atoms at the α-carbon atom are used. Nevertheless, 
the eff ect of the fl uorine atoms is also very signifi cant 
in the case of β-fl uorine-substituted substrates, mak-
ing it possible to generate the corresponding radicals 
under redox conditions. 

One-electron reduction with the formation of free 
radicals under the action of a photocatalyst (PC) 
proceeds by two mechanisms (Scheme 1). One 
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mechanism involves oxidative quenching of the ex-
cited state of PC by electron transfer from the excited 
catalyst to fl uoroalkyl iodide (pathway a in Scheme 1). 
Photoexcited states of some catalysts cannot reduce 
fl uoroalkyl iodides. In this case, an alternative path 
is possible, which includes the preliminary reduction 
of the photoexcited catalyst (reductive quenching) 
and the subsequent reduction of the alkyl iodide 
(pathway b in Scheme 1). In addition, reactions 
involving fl uoroalkyl iodides can occur under irra-
diation without the addition of a catalyst, and ex-
amples of such reactions will also be given in this 
review.

Scheme 1

When a fl uoroalkyl radical reacts with a double 
bond, a new radical is formed. It reacts further de-
pending on specifi c conditions. Hydrogen atom 
transfer (HAT) is possible, and the source of the 
hydrogen atom can be either an additional reagent 
or a solvent (Scheme 2). The radical can abstract an 
iodine atom from the parent alkyl iodide, resulting 
in halogen atom transfer (XAT). It should be noted 
that the XAT processes are widely used in photo-
catalytic reactions.20 Another pathway of standard 

radical transformations consists in one-electron 
oxidation of the radical followed by reactions of the 
resulting carbocation (such as addition of a nucleo-
phile or abstraction of a proton). In addition, intra-
molecular interception of the radical by an aromatic 
system with subsequent one-electron oxidation is 
possible.

Atom-transfer radical addition reactions

Atom-transfer radical addition (ATRA) reactions 
represent the most atom-economical type of pro-
cesses in which the product molecule contains two 
parent compounds.21 The mechanism of these reac-
tions includes a chain process, in the course of which 
the organofl uorine radical is regenerated at the step 
of iodine atom transfer (Scheme 3). Despite the fact 
that the formation of cationic intermediates does not 
occur during the chain radical process, the elimin-
ation of hydrogen iodide from primary product 1 
under the action of a base can lead to the correspond-
ing alkene. It is necessary to note that in the presence 
of redox active systems, the oxidation of the radical 
to carbocation and the subsequent addition of an 
iodide anion are possible, which leads to iodide 1, 
the same transfer reaction product.

Scheme 3

The fi rst example of photocatalytic addition of 
trifl uoromethyl iodide to alkenes was reported in 
2011 (Scheme 4).22 The cationic iridium complex 
[Ir(dtbbpy)(dF(CF3)ppy)2][PF6] (PC1) was used as 
a photocatalyst. Complex PC1 has a very strong 
oxidation potential due to the presence of fl uorine 
atoms and CF3 groups in the pyridine ligand. There-
fore, the mechanism involving the oxidation of the 
secondary alkyl radical seems to be the most realistic.

Scheme 2
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An attempt to apply the above conditions to the 
conversion of other perfl uoroalkyl iodides such as 
C8F17I was unsuccessful. Later on, another photo-
catalytic system was proposed, in which the cationic 
ruthenium complex [Ru(bpy)3]Cl2 (PC2) was used 
as a photocatalyst.23 

The stoichiometric addition of sodium ascorbate, 
which acts as an electron donor for the reductive 
quenching of the excited state, sharply increases the 
reaction rate (Scheme 5). Under optimized condi-
tions, the addition of various perfl uoroalkyl iodides 
to a wide range of terminal aliphatic alkenes was 
carried out. 

Terminal alkynes also react to give the corre-
sponding vinyl iodides in excellent yield as mixtures 
of geometric isomers. In the addition to alkynes, the 
radical chain mechanism is most probable since the 
oxidation of vinyl radical to carbocation is diffi  cult. 
These conditions were successfully applied for addi-
tion of perfl uoroalkyl iodides to MIDA boronate 

bearing a vinyl moiety (2)24 and potassium vinyltri-
fl uoroborate (3).25

When potassium allyltrifl uoroborate is used as an 
alkene component, and the reaction is carried out in 
acetone, alcohols are formed. This reaction consists 
of allylboration of the carbonyl group and following 
reaction of the terminal double bond with the per-
fl uoroalkyl iodide. A method for the addition of 
2,2,2-trifl uoroethyl iodide (CF3CH2I) to aliphatic 
terminal alkenes using the neutral iridium complex 
fac-[Ir(ppy)3] (PC3) was suggested.26 It is found that 
an acceptable product yield can only be achieved if 
a signifi cant excess of diisopropylethylamine is used. 
The latter compound plays a role of a reducing agent 
quenching the excited photocatalyst.

Scheme 4

Reagents and conditions: i. 1% PC1, DMF, H2O, blue light, 
~20 C, 48 h. 

Scheme 5

Reagents and conditions:  i. 1% PC2, sodium ascorbate, MeCN/
MeOH, blue light, ~20 C, 0.5—48 h. ii. 1% PC2, sodium ascor-
bate, acetone, blue light, ~20 C, 24 h. 
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The above examples demonstrate the use of 
iridium and ruthenium complexes as the most com-
mon redox activators in photocatalytic processes. 
These complexes operate under the action of blue 
light (400—460 nm). However, it is possible to carry 
out the reaction under even milder conditions using 
green or red LED light sources.

An unusual system consisting of a platinum por-
phyrin complex (PC4) as a photocatalyst and oxalate 
anion as a reducing agent was used to carry out 
the addition of trifl uoromethyl iodide to alkenes 
(Scheme 6).27 

When a reaction mixture is irradiated with green 
light, a mixture of addition and addition—elimination 
products is formed from various terminal alkenes. 
Based on electrochemical data and results of photo-
kinetic experiments, it was found that the excited 
state of the photocatalyst is reductively quenched by 
the oxalate anion, which results in the formation of 
a carbon dioxide radical anion, which acts as a reduc-
tive agent with respect to CF3I similarly to the re-
duced catalyst. Therefore, two diff erent processes of 
one-electron CF3I reduction initiating subsequent 
chain reaction occur simultaneously.

The atom transfer reaction, which can be initiated 
by various photocatalytic systems, is shown in 
Scheme 7. It was suggested28 to use the PC5 sub-
phthalocyanine photocatalyst for carrying out the 
reaction of addition of perfl uoroalkyl iodides to al-
kenes and alkynes under the action of red light. 
Aliphatic terminal and internal alkenes of various 
structure and terminal alkynes can enter into this 
addition reaction. A mechanism proposed for this 
reaction includes a photocatalytic cycle with reduc-
tive quenching. Organic dyes can be used as photo-

catalysts. For instance, the addition of various per-
fl uoroalkyl iodides to terminal alkenes and alkynes 
was performed by irradiation in the presence of the 
Eosin Y (PC6),29 which is an organic photocatalyst. 
Quenching of the fl uorescence of Eosin Y under the 
action of perfl uorohexyl iodide was observed in 
fl uorometric experiments, indicating the occurrence 
of a photocatalytic cycle with oxidative quenching 
of the excited state. Sodium thiosulfate present 
in this system plays the role of a reducing agent 
that regenerates the neutral form of the photocatalyst. 
In the presence of the PC7 photocatalyst syn-
thesized on the basis of 1,4-phenylenediboronic 
acid, the addition of various perfl uoroalkyl iodides 
to derivatives of boronic acids containing dou-
ble bonds takes place under irradiation with blue 
light.30

The PC8 perylene derivative is an extremely ef-
fective photocatalyst of the atom-transfer addition 
processes with perfl uoroalkyl iodides. The photo-
catalytic conversions performed using PC8 required 
a record low photocatalyst loading.31 The reactions 
were carried out in the presence of sodium ascorbate 
under blue light irradiation. Structurally diff erent 
aliphatic terminal alkenes were used as substrates. 
Note that the reactions do not occur in the absence 
of sodium ascorbate (NaAsc). Therefore, it can be 
assumed that this compound acts as a reductive 
quencher of the photocatalyst excited state. However, 
the reduced form of this photocatalyst is a reducing 
agent not suffi  ciently strong to directly reduce a perft-
luoroalkyl iodide. Instead, two-photon absorption 
can take place, producing a stronger reducing agent. 
At the same time, this is also unlikely due to the short 
lifetime of the excited state.

Scheme 6

Reagents and conditions: i. PC4 (1%), (Bu4N)2C2O4, MeCN, green light, ~20 C, 48 h. 
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Another way of activation of perfl uoroalkyl iodide 
is the formation of a donor-acceptor complex with 
a reduced form of the photocatalyst, which, upon 
repeated excitation, undergoes fragmentation with 
the formation of a perfl uoroalkyl radical, which 
initiates a chain radical reaction. Using triethylamine 
as a reducing agent instead of sodium ascorbate, it 
is possible to achieve homogeneity of the reaction 
mixture and carry out the reaction in a fl ow reactor.32 
It is noteworthy that by increasing the residence time 
of the reactants in the reactor, it is possible to achieve 
complete conversion even in the case of less active 
substrates such as cycloalkenes and alkynes.

To selectively obtain the addition—elimination 
products, the photocatalytic reaction has to be car-
ried out in the presence of a strong base. In particu-
lar, trifl uoromethylation of terminal aliphatic alkenes 
was performed using [Ru(phen)3]Cl2 (PC9) as 
a photo catalyst and DBU as a base (Scheme 8).33

Photocatalytic reactions of fl uoroalkylation of 
alkenes catalyzed by palladium and platinum com-
plexes are also known. It was shown that the complex 

[Pt(ppy)(acac)] (PC10) can be a photocatalyst of 
trifl uoromethylation of terminal aliphatic alkenes.34 
A detailed study of the recation mechanism by photo-
chemical methods revealed the occurrence of the 
oxidative quenching of the excited state of the 
platinum complex by trifl uoromethyl iodide. A pro-
cedure for fl uoroalkylation of styrene derivatives in 
the presence of a palladium complex and a base 
under blue light irradiation was also developed. 
Partially fl uorinated alkyl iodides such as 2,2,2-tri-
fl uoroethyl iodide (CF3CH2I) and related com-
pounds were used as reagents.35

A photocatalyst of an unusual structure, tri(9-
antryl)borane (PC11), was used for perfl uoroalkyl-
ation of alkenes; it works when irradiated with light 
with a wavelength of 480 nm.36 In the presence of 
this catalyst and a base, perfl uoroalkylation of a wide 
range of terminal aliphatic alkenes is possible. In this 
reaction, DBU acts exclusively as a base and cannot 
act as a reducing agent because of the weak oxidizing 
activity of the excited state of the catalyst. Eosin Y 
(PC6) can also be used in the addition—elimination 

Scheme 7

 

Asc is ascorbate anion.

 
Reagents and conditions: i. PC5 (1%), sodium ascorbate, AcONa, MeCN/MeOH, red light, ~20 C, 1—6 h. ii. PC6 (1%), Na2S2O3, 
MeCN, white light, ~20 C, 1—6 h. iii. PC7 (1%), sodium ascorbate, DMSO, blue light, ~20 C, 48 h. iv. PC8 (0.05%), sodium 
ascorbate, MeCN/MeOH, blue light, ~20 C, 4 h.
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reaction with terminal aliphatic alkenes.37 In this 
case, cesium carbonate was used as a base. The avail-
ability of Eosin Y allows it to be used in amounts of 
a few mole percent and above.

It is well known that the interaction of perfl uo-
roalkyl iodides with various donor molecules results 
in the formation of donor-acceptor complexes con-
taining a halogen bond connecting the region of the 
positive potential of the iodine atom with the donor 
atom carrying a lone electron pair.38 Under the ac-
tion of visible light, these complexes can dissociate 
to the donor molecule radical cation, iodide anion, 
and perfl uoroalkyl radical (Scheme 9).39

Scheme 9

Aliphatic amines can be used as the Lewis bases. 
It is found that one of the most effi  cient activators 
of this type is N,N,N´,N´-tetraethylethylenediamine.40 
Addition reactions of perfl uoroalkyl iodides to ter-
minal aliphatic alkenes were carried out in its pres-
ence under white light irradiation (Scheme 10). 
A solvent can also play a role of a Lewis base. 
For example, the addition of perfl uoroalkyl io-
dides to various terminal alkenes was carried out by 
blue light irradiation of the reaction mixture in 
acetone.41

Scheme 10

Reagents and conditions: i. Et2N(CH2)2NEt2 (3 equiv.), THF, 
white light, 30 C, 36 h. 

In addition-elimination reactions, besides a pro-
ton, the substrates may contain another leaving 
group, for example, a trimethylsilyl fragment. Methods 
were developed for replacing the iodine atom in the 
difl uoroiodomethyl moiety with the vinyl42 and al-
lyl43 group (Scheme 11). CF2I-substituted alcohols, 
which can easily be prepared from aldehydes,44—46, 
were used as starting compounds. The alcohols were 
treated with a silylation reagent containing a vinyl 
or allyl group. The formed silyl ether was introduced 
into the photocatalytic reaction in the presence of 
an iridium photocatalyst, sodium acetate, and a sub-
stoichiometric amount (20%) of triphenylphosphine. 
Phosphine can perform several functions in this 
reaction: it can reductively quench the photocatalyst, 
remove residual oxygen from the reaction mixture, 
or facilitate the reduction of fl uoroalkyl iodide by 
forming a donor-acceptor complex with it. As shown 
in Scheme 11, the radical formed during the C—I 
bond activation can undergo an intramolecular attack 
on the double bond, which corresponds to the 5-exo-
cyclization in the case of vinyl fragment. The subse-
quent transfer of the radical chain leads to the form-
ation of an intermediate compound with a C—I bond, 
in which the Si—C bond is broken during the nucleo-
philic attack of an acetate anion. In the case of the 
allyl group, the reaction proceeds according to 
a similar mechanism, including 7-endo-cyclization 
at the key step. 

Scheme 8

Reagents and conditions: i. PC9 (1%), DBU, MeCN, white light, 
~20 C, 2—10 h. ii. PC10 (1%), DBU, MeCN, blue light, ~20 C, 
5—10 h. iii. PC11 (0.5%), DBU, MeCN, λ = 480 nm, ~20 C, 
2—8 h. iv. PC6 (5%), Cs2CO3, DMA, white light, ~20 C, 48 h.
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Reductive addition reactions

The reactions of reductive addition of perfl uori-
nated groups to alkenes (hydroperfl uoroalkylation 
reactions) are known for a long time.47 The advent 
of photocatalysis opened up possibilities for carrying 
out such reactions under milder conditions. The key 
role in these reactions is played by a hydrogen atom 
donor, which intercepts a radical intermediate 
formed during the addition of a fl uorinated radical 
to alkene (Scheme 12, reaction (1)). For the reaction 
to proceed successfully, it is necessary that the fl uo-
rinated radical reacts with the double bond faster 
than with the hydrogen atom donor to form a prod-
uct of the fl uoroalkyl iodide reduction (equation (2)). 
At the same time, the hydrogen donor should be ac-
tive enough to prevent the addition of a new radical 
to the next alkene molecule (equation (3)).

A method was developed48 for the reductive fl uo-
roalkylation of acceptor alkenes based on the use of 
sodium cyanoborohydride (Scheme 13). The reaction 
occurs under blue light irradiation in the presence of 
stoichiometric amounts of pyridine as a base. The 
reaction mechanism involves the hydrogen atom 
transfer from cyanoborohydride anion49 with the 
formation of the boron-centered radical, which ab-
stracts an iodine atom from the starting alkyl iodide. 
This process occurs in the absence of a photocatalyst, 
therefore, the question of how the process is initiated 
is non-trivial. It can be assumed that the reaction of 

fl uoroalkyl iodide with the cyanoborohydride anion 
forms a complex, which decomposes under the action 
of light to form radicals.

This method was applied to synthesize new fl uo-
rosilicon reagents by the addition of the silyldi-
fl uoromethyl group to electron defi cient alkenes 
(Scheme 14).50 The borane complex with N-hetero-
cyclic carbene as a reductive agent proved to be more 
effi  cient in this reaction. The obtained difl uoro-
substituted silanes can further react due to their 
silicon—carbon bonds or their functional groups.

The reaction of reductive trifl uoromethylation of 
styrenes with trifl uoromethyl iodide was performed 
in the presence of the iridium catalyst PC3 and 
a stoichiometric amount of 4-hydroxythiophenol 

Scheme 11

Reagents and conditions: i.NEt3, MeCN, ~20 C, 1—3 h. ii. PC3 (0.25%), Ph3P (0.2 equiv.), AcONa (2 equiv.), λ = 400 nm, ~20 C, 2 h. 

Scheme 12

Side reactions:
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(Scheme 15).51 In this reaction, thiophenol acts as 
a hydrogen atom donor. The replacement of thio-
phenol with cesium acetate and carrying out the 
reaction in N,N-dimethylformamide leads to the 
formation of unsaturated products: trifl uoromethyl-
substituted styrenes.

Scheme 15

Reagents and conditions: i. PC3 (0.05%), 
, 

DCE—EtOH (9 : 1), blue light, ~20 C, 24 h.

Tris(trimethylsilyl)silane was used as a hydrogen 
source in the reaction of fl uoromethyl group addition 
to electron defi cient alkenes (Scheme 16).52 It should 
be especially noted that the reaction was carried out 
under blue light irradiation without addition of PC. 
It is assumed that tris(trimethylsilyl)silane partici-
pates in the fl uoromethyl iodide activation.

Scheme 16

Reagents and conditions: i. (Me3Si)3SiH, MeCN, blue light, 
~20 C, 16 h.

Recently, an unusual method with the use of the 
Schwartz reagent (zirconocene hydrochloride) was 
proposed for reductive fl uoroalkylation of alkenes 
(Scheme 17).53 Initially, the reaction of hydrozir-
conation of the double bond occurs to form an alkyl 
zirconium compound. Then, under the action of blue 
light, this ZrIV complex undergoes homolytic cleav-
age of its zirconium—carbon bond, producing a ZrIII 
intermediate abstracting an iodine atom from alkyl 
iodide. Then, the fl uorinated radical adds to alkene, 
and the formed secondary radical abstracts a hydro-
gen atom from solvent (dioxane).

Reactions of addition to alkynes, 
which are accompanied by 

an intramolecular addition to aromatic fragments

Radical intermediates formed in the course of the 
addition to double bonds can react with the aromatic 
system that is a part of the substrate, giving products 
of the cascade transformation. In addition, the step 
of reduction of the aromatic system may be accom-
panied by the breaking of the carbon—carbon bond.

A reaction of reductive addition of fl uoroalkyl 
iodides to alkenes, which is accompanied by a 1,2-shift 
of aromatic fragment, was proposed (Scheme 18).54 
The reaction is carried out in trifl uoroethanol (TFE) 
under blue light irradiation in the presence of PC3 
and DBU and TMEDA bases. A wide range of sub-
strates with aromatic fragments of various structures 
can be involved into this reaction. An unstable alkyl 
radical, which is formed during the reaction, reacts 
with the aromatic system, producing an intermediate 
containing a three-membered cycle. The opening of 

Scheme 13

EWG = CO2R, C(O)NR2, CN, P(O)(OEt)2, SO2Ph

Reagents and conditions: i. NaBH3CN, Py, MeOH, blue light, 
~ 20 C, 20 h.

Scheme 14

Reagents and conditions: i.

 

, 400 nm (LED).
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the cyclopropane fragment leads to the formation of 
a radical, in which the radical center is stabilized due 
to conjugation with two electron-withdrawing func-
tional groups (EWG). The hydrogen atom transfer 
occurs from a molecule of DBU or the solvent, lead-
ing to the formation of the fi nal product.

Oxindole derivatives were obtained by the reaction 
of perfluoroalkyl iodides with N-alkyl-N-(aryl-
sulfonyl)methylacrylamide under conditions of the 
photoredox catalysis; the reaction was accompanied 
by elimination of sulfur dioxide (Scheme 19).55 Only 
moderate yields were observed for the majority of 
studied substrates. Transformation of N-aryl-N-
(arylsulfonyl)methylacrylamides (R = Ar) under 
similar conditions leads to an acyclic product with 
a low yield. The mechanism of the reaction involves 
generation of a perfl uoroalkyl radical in the course 
of oxidative quenching of the excited state of the PC3 
photocatalyst. The addition of the radical to the 
multiple bond of the substrate results in the formation 
of a radical intermediate, which sequentially under-
goes cyclization with the aromatic system and then 
fragmentation with the release of sulfur dioxide and 
the formation of an amidyl radical. The further fate 
of the latter depends on the ability of the substituent 
at the nitrogen atom to stabilize the radical center. 
In the case of aliphatic substituents, the radical ad-
dition to the aromatic ring takes place, and the reac-
tion ends with the oxidation of the dienyl radical 
under the action of IrIV and proton elimination. If the 
nitrogen atom bears an aromatic substituent stabiliz-
ing the radical intermediate, instead of cyclization, 
the hydrogen atom is abstracted from the solvent. 

Oxindole derivatives were also obtained by the 
reaction of addition of fl uoroalkyl iodides to N-aryl-

acrylamides.56 This process can be carried out using 
the organic catalyst PC6 (Scheme 20). The reaction 
includes the intermediate formation of an analogous 
dienyl radical capable of aromatization under the 
action of the oxidized form of the photocatalyst.

Similar transformations accompanied by dearo-
matization of the benzene ring are also known. In 
particular, reactions of perfl uoroalkyl iodides with 
N-benzylmethylacrylamides containing a methoxy 
group in the para position of the benzyl moiety lead 
to the formation of spiro-fused derivatives of cyclo-
hexadienone under the photocatalytic conditions 
(Scheme 21).57 The cyclization of the radical inter-
mediate formed during the reaction proceeds in the 
para position to the methoxy group and results in the 
fi ve-membered cycle formation. The subsequent 

Scheme 17

Reagents and conditions: i. Cp2ZrHCl, dioxane/NMR, blue light, 40—45 C, 12 h.

Scheme 18

Reagents and conditions: i. PC3 (1%), DBU/TMEDA, TFE, blue 
light, ~20 C, 12 h.
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Scheme 19

Reagents and conditions: i. PC3 (2%), dioxane, K3PO4, blue light, ~20 C, 24 h. ii. Dioxane.

Scheme 20

Reagents and conditions: i. PC6 (5%), Cs2CO3, DMA, white 
light, 65 C, 16 h.

one-electron oxidataion of the dienyl radical and 
nucleophilic demethylation lead to the formation of 
the cyclohexadienone system.

Conclusion

Fluoroalkyl iodides are very convenient precursors 
of fl uorinated radicals in reactions occurring under 
the action of visible light. The cleavage of the C—I 
bond may occur both under the conditions of one-
electron reduction by a photoexcited catalyst and 
under the action of light on donor-acceptor com-
plexes, the formation of which is characteristic of 

Scheme 21

Reagents and conditions: i. PC3 (2%), K2СO3, DMF/H2O, blue light, ~20 C, 18 h.
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fl uoroalkyl iodides. In addition, fl uoroalkyl iodides 
readily undergo iodine atom transfer in the reaction 
with alkyl radicals, which makes it possible to imple-
ment an atom economical reaction of addition to 
alkenes. These reactions make it possible to synthe-
size a wide range of products containing a perfl uor-
inated or partly fl uorinated group.

No human or animal subjects were used in this 
research.

The authors declare no competing interests.
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