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ABSTRACT: A novel oxyfluorination of olefin reactions has been
developed. The reactions involve a metal-free and green catalytic system
for the synthesis of α-fluoroketones which is an important building block
for organic synthesis. Moreover, this reaction system exhibits great
functional group tolerance.

At present, fluorinated organic compounds have been
extensively used as pharmaceuticals, agrochemicals, fine

chemicals, and material science.1 In particular, approximately
20% of medicinal compounds contain fluorine.1b,2 When the
fluorine element is introduced into organic compounds, it
exhibits some unique and excellent properties: inductance
conformation changes, pKa, and dipole moments are altered,
and lipophilicity is increased.1e,3 As a consequence, the
development of new and efficient methods to synthesize
organic fluorides has become a hot topic in organic synthesis.4

α-Fluoroketones are extremely valuable building blocks in
medicinal and biological chemistry and can be easily
transformed into chiral α-fluoroethylamines5 and α-fluoro-
ethylhydroxys6,10b and a large number of interesting
molecules.7 Generally, α-fluoroketones are prepared from α-
hydroxy-substituted ketones,8 phenylketones,9 α-haloketo-
nes,9b,c,10 or phenylacetylene11 (Scheme 1) and other
methods.12,16a However, most of the methods suffer from
limitations such as environmental unfriendliness, low atom
economy, and complicated procedures. Therefore, an effective
and especially environmentally friendly method is still
required. Recently, transformations that result in the
difunctionalization of alkenes13,14 provide a powerful strategy
for the synthesis of various multifunctionalized organic
compounds for the difunctionalization step and atom
economy. Thus, difunctionalization of alkenes has made
tremendous contributions to organic synthesis. Herein we
wish to report an efficient and direct approach to α-
fluoroketones by olefin difunctionalization under metal-free
conditions. In this transformation, molecular oxygen as a co-
oxidant is used.15 In addition, 1-chloromethyl-4-fluoro-1,4-
diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) (Select-
fluor) is a stable, mild, and effective source of electrophilic
fluorinating reagents.16

Initially, we began our study with the reaction of styrene
(1a) and Selectfluor (2a) in the presence of 2 equiv of
K2S2O8 to provide 3a in 9% yield under an Ar atmosphere
(Table 1, entry 1). Then a number of peroxides were

examined first; tert-butyl hydroperoxide (TBHP, 70% in
water) was found to be the most effective oxidant to generate
the desired product 3a in 26% yield (Table 1, entry 2). When
TBHP reacted under an oxygen atmosphere, it gave the
desired product 3a in 36% yield (Table 1, entry 3). Different
additives including bases and acids were also examined (Table
1, entries 4−10); the results show that acetic acid had a better
effect on the reactant and gave the desired product 3a in 44%
yield (Table 1, entry 8). While the role of acetic acid remains
unclear, it might be to adjust the pH of the reaction system
and promote the production of fluorine free radicals.14j The
amount of acetic acid was also very crucial to the reaction
(Table 1, entries 11−13); which could give the desired
product 3a in 48% yield in the presence of 0.4 equiv of
CH3COOH. Surprisingly, using 2-iodoxybenzoic acid (IBX)
instead of TBHP at a 0.2 M concentration afforded 3a in an
excellent yield of 68% (Table 1, entry 14). We found that
increasing the concentration decreased the yield of 3a (Table
1, entries 15−16). In addition, using 1 equiv instead of 2
equiv of IBX gave the product 3a in 74% yield (Table 1, entry
17). Different fluorine sources were also evaluated, but only
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Scheme 1. Strategies for Synthesis of α-Fluoroketones
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Selectfluor could obtain the product (Table 1, entries 18−22).
With further optimization, the best yield (75%) was achieved
under the standard reaction conditions with styrene (1.0
equiv), Selectfluor (1.7 equiv), and acetic acid (0.4 equiv) in
CH3CN/H2O at a 0.2 M concentration under an oxygen
atmosphere (Table 1, entry 23). It is worthy to note that the
reaction could also proceed under an Ar atmosphere with
optimized conditions to afford 3a in 34% yield (Table 1, entry
24).
Having the optimized conditions in hand, the substrate

scope of the oxyfluorination reaction was investigated with a
variety of vinyl arenes. As shown in Scheme 2, the method
tolerates various types of functional groups including both
electron-rich and -deficient CH3, CH3O, t-Bu, F, Cl, and Br
groups which were obtained in moderate to good yields (3a−
3n). It is noteworthy that 2,5-dimethylstyrene was utilized to
also obtain α-F-substituted ketone 3o in 73% yield. Notably
the nonterminal alkenes were also tolerated in the reaction,
thus resulting in the desired products in moderate to good
yields (3p, 3q, and 3s) under the standard reaction
conditions. Compound 3r which has good medicinal value
as well as other applications17 could also be formed by this
method in 67% yield. Other unsaturated olefins, such as 1t

and 1v with some complex substituent, generated products
3t/3t′ and 3v/3v′, exhibiting regioselectivity. A heteroar-
omatic alkene such as 2-vinylthiophene also worked well and
gave the α-F-substituted ketone 3u in relatively low yield,
while 2-vinylpyridine had no desired product for the
oxyfluorination reaction. When we tried to use the 1-
dodecene as the substrate, we did not obtain a single product,
because the free radical transition state is very active in
changing its position.
In order to explore the possible mechanism, various control

experiments were carried out as described in Scheme 3. A
radical verification experiment (Scheme 3, eqs 1−2) suggested
that the reaction was likely to form a radical.18 In this
transformation, an oxygen source was a key issue in
investigating whether the O2 or H2O provided the oxygen
for the final products, and an 18O-labeling experiment
(Scheme 3, eqs 3−5) was performed. When H2

18O was
added into the reaction, 82% 18O-labeled product was
obtained (Scheme 3, eq 3).19 Under the 18O2 atmosphere,
we could hardly detect the 18O-labeled product in the
standard reaction conditions (Scheme 3, eq 4). With 10%
H2O in the reaction system, we could detect 23% of the 18O-
labeled product in the standard reaction conditions under a

Table 1. Optimization of Reaction Conditionsa

entry F-source (equiv) oxidant (equiv) additive (equiv) concn (mol/L) yield (%)b

1c F1 (2.0) K2S2O8 (2.0) − 0.4 9
2c F1 (2.0) TBHPd (2.0) − 0.4 26
3 F1 (2.0) TBHPd (2.0) − 0.4 36
4 F1 (2.0) TBHPd (2.0) pyridine (1.5) 0.4 3
5 F1 (2.0) TBHPd (2.0) NaOtBu 0.4 6
6 F1 (2.0) TBHPd (2.0) NaHCO3 (1.5) 0.4 3
7 F1 (2.0) TBHPd (2.0) HCOOH (1.5) 0.4 29
8 F1 (2.0) TBHPd (2.0) CH3COOH (1.5) 0.4 44
9 F1 (2.0) TBHPd (2.0) HCl (1.5) 0.4 20
10 F1 (2.0) TBHPd (2.0) KH2PO4 (1.5) 0.4 35
11 F1 (2.0) TBHPd (2.0) CH3COOH (0.2) 0.4 39
12 F1 (2.0) TBHPd (2.0) CH3COOH (0.3) 0.4 44
13 F1 (2.0) TBHPd (2.0) CH3COOH (0.4) 0.4 48
14 F1 (2.0) IBX (2.0) CH3COOH (0.4) 0.2 68
15 F1 (2.0) IBX (2.0) CH3COOH (0.4) 0.4 58
16 F1 (2.0) IBX (2.0) CH3COOH (0.4) 0.6 47
17 F1 (2.0) IBX (1.0) CH3COOH (0.4) 0.2 74(63)e

18 F2 (2.0) IBX (1.0) CH3COOH (0.4) 0.2 n.d.
19 F3 (2.0) IBX (1.0) CH3COOH (0.4) 0.2 n.d.
20 F3 (2.0) IBX (1.0) CH3COOH (0.4) 0.2 n.d.
21 F4 (2.0) IBX (1.0) CH3COOH (0.4) 0.2 n.d.
22 F5 (2.0) IBX (1.0) CH3COOH (0.4) 0.2 n.d.
23 F1 (1.7) IBX (1.0) CH3COOH (0.4) 0.2 75(65)e

24c F1 (1.7) IBX (1.0) CH3COOH (0.4) 0.2 34e

aReaction conditions: 1a (0.5 mmol), Selectfluor, [O], additive, CH3CN/H2O (2:1 v/v), O2 (balloon), 24 h. bGC yields based on 1a. cUnder Ar
atmosphere. dtert-Butyl hydroperoxide (TBHP, 70% in water). eValue in parentheses reflects isolated yield.
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18O2 atmosphere (Scheme 3, eq 5). These results indicated
that H2O and O2 competed to provide an oxygen source. In
addition, the presence of H2O in the reaction prompted the
dissolution of Selectfluor and IBX and the improvement of
the reaction efficiency.
Although the detailed mechanism remains unclear, a

plausible mechanism is proposed on the basis of the above
results and is shown in Scheme 4. The alkene of 1a first
generates a benzylic carbonium radical (1B) by single-electron
transfer [SET] under the oxidative conditions.20 This
nucleophilic 1B reacts with selectfluor to form the β-
fluorinated benzylic carbocation (1C) which is attacked by
H2O and further oxidized to afford the α-fluoroketone
product of 3a. On the other hand, we also could not exclude
another pathway; the β-fluorinated benzylic carbocation could
be oxidized by molecular dioxygen and selectfluor directly
under acidic conditions in the absence of IBX to obtain the α-
fluoroketones product.
In conclusion, we have successfully developed a metal-free,

efficient acylfluorination method to access α-fluoroketones.
Inexpensive and easily available unsaturated olefins, wide
functional-group tolerance, and atom economical conditions
are key features of the reaction. Moveover, this method
produced not only important building blocks of ketones but
also a wide range of applications in medicinal and
agrochemical research of the Csp3−F bond that will be

applied to other organic syntheses. Further studies on the
reaction detail mechanism and applications are ongoing in our
laboratory.
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Scheme 2. Synthesis of α-Fluoroketones from Olefinsa,b

aReaction conditions: Olefins (0.5 mmol), Selectfluor (0.85 mmol),
IBX (0.5 mmol), CH3COOH (0.2 mmol), CH3CN/H2O (2:1 v/v),
Concn = 0.2 M, O2 (balloon), 80 °C, 24 h. b Isolated yield.

Scheme 3. Experiments for Mechanistic Studies

Scheme 4. Plausible Mechanistic Pathway
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