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Site-Selective Tertiary Alkyl–Fluorine Bond Formation from
a-Bromoamides Using a Copper/CsF Catalyst System
Takashi Nishikata,* Syo Ishida, and Ryo Fujimoto

Abstract: A copper-catalyzed site-selective fluorination of
a-bromoamides possessing multiple reaction sites, such as
primary and secondary alkyl�Br bonds, using inexpensive CsF
is reported. Tertiary alkyl�F bonds, which are very difficult to
synthesize, can be formed by this fluorination reaction with the
aid of an amide group. Control experiments revealed that in
situ generated CuF2 is a key fluorinating reagent that reacts
with the tertiary alkyl radicals generated by the reaction
between an a-bromocarbonyl compound and a copper(I) salt.

Nucleophilic fluorination reactions using fluorides are one
of the most important methods of forming C�F bonds from
carbon electrophiles, such as those with C–halogen bonds.[1]

Although the synthesis of aryl fluorides has been studied
extensively,[2] studies on the development of alkyl fluoride
synthesis are rare.[3] The Finkelstein reaction is one of the
conventional choices for synthesizing primary and secondary
alkyl fluorides by nucleophilic substitution, in which an alkali
fluoride[1] MF (M = Li, Na, K, Rb, Cs) reacts with alkyl
bromide, iodide, or tosylate. However, this reaction is not
attractive for the synthesis of fluorinated fine chemicals
because a Finkelstein reaction involving an alkali fluoride is
very sensitive to water, as the fluorides have a strong tendency
to form hydrogen bonds with water molecules to decrease the
nucleophilicity of the fluoride ions. Therefore, researchers
have focused on the development of new nucleophilic and
electrophilic fluorinating reagents, such as Selectfluor, NFSI,
DAST, PyFluor, Phenofluor, Deoxo-Fluor, XtalFluor, and
Fluolead.[4] These fluorinating reagents are very useful and
reactive, but they are also much more expensive than alkali
fluorides, and their cost might suppress further development
in fluorination chemistry for industrial purposes.

Other problems facing researchers in fluorination chemis-
try include 1) site selectivity in the fluorination reaction of
a substrate possessing more than two active reaction sites and
2) fluorination of tertiary alkyl groups with a cheap F source
(Figure 1a). Recent progress in this field has been achieved
by Ritter and co-workers, who reported a very interesting
site-selective deoxyfluorination of aliphatic alcohols using
PhenoFluor as an electrophilic fluorinating reagent.[5] How-
ever, the site-selective fluorination of alkyl substrates pos-
sessing primary, secondary, and tertiary alkyl–X bonds (X =

halogen, OH, boron, or another leaving group) remains

a highly challenging issue in fluorination chemistry.[1, 6–8] In
this context, we aim to achieve the copper-catalyzed site-
selective fluorination of tertiary alkyl bromides using CsF as
a low-cost fluorinating reagent (Figure 1b).

The Finkelstein reaction is very useful for obtaining C�F
bonds, but tertiary alkyl–F bond formation is very difficult.
For example, primary and secondary alkyl–F bonds formed in
the presence of CsF in yields of 47 and 14 %, respectively,[9]

but tertiary alkyl–F bonds did not form (Scheme 1).

Our first trial of the fluorination reaction employed
a-bromoisobutyryl carbonyl compounds (1) as model com-
pounds (Scheme 2). It is well known that the reaction of
a copper salt with 1 gives alkyl radical species by atom
transfer radical addition,[10] atom transfer radical polymeri-
zation,[11] and our previous tertiary alkylations of styrenes.[12]

There have been a few examples of radical fluorination
reactions,[13–15] but the site selectivity of radical fluorination
reactions has not been examined. In the presence of copper-
(I)/tris(2-pyridylmethyl)amine (TPMA) or 1,10-phenanthro-
line (Phen) and CsF, the desired fluorinated product 2 was not
obtained when using either an ester or a ketone, most likely
because electron-deficient radicals are not reactive toward
a fluorination source.[7a, 13, 14] However, the amide 1a under-
went the corresponding fluorination reaction to produce 2a in
19% yield. We speculated that an amide group affects the

Figure 1. Previous reports and the current study.

Scheme 1. Finkelstein reaction. THF = tetrahydrofuran.

Scheme 2. Fluorination of various carbonyl compounds.
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fluorination step with an active fluorination species, such as
CuF2. Recently, Loh reported copper-catalyzed amide-
directed trifluoromethylation with Togni�s reagent.[16] By
controlling the acidity of the amide moiety as a directing
group, they obtained stereoselective C�CF3 bonds. Similarly,
we expect that the nitrogen atom of the amide group plays an
important role in our fluorination reaction.

Based on our preliminary results, optimization studies
were conducted using the combination of 2-bromo-2-methyl-
N-phenylpropanamide (1a ; 1 equiv) and a fluorination
reagent (1 equiv) in the presence of CuBr2 (10 mol%) and
Phen (10 mol%) in THF under nitrogen atmosphere
(Scheme 3). We suspected that the Finkelstein reaction

would proceed under our reaction conditions. We observed
that the addition of the copper catalyst was crucial for
obtaining the desired fluorinated compound 2 a and the
addition of 2,6-bis(1,1-dimethylethyl)-4-methylphenol (BHT)
suppressed the reaction. This result is one bit of evidence
showing that the current fluorination reaction involves
a radical reaction rather than a nucleophilic reaction. The
choice of the fluorination reagent is very important, and use
of the alkali fluoride CsF resulted in an 80% yield of 2a.
Other alkali fluorides, including LiF, NaF, and KF, were not
effective, most likely because of their solubility. We also
examined various nucleophilic and electrophilic organic
fluorination reagents, such as tetra-n-butylammonium fluo-
ride (TBAF), but the reactions were sluggish. CuBr2 was used
in this optimization, but other copper salts, including various
copper(I) and copper(II) salts, were not effective. Although
a copper(I) species is required to obtain an alkyl radical
intermediate,[10–12] copper(II) may give a copper(I) and
copper(III) species.[17] In this reaction, a nitrogen ligand is
also important for obtaining 2. Our investigation of reactions
with or without nitrogen ligands revealed that N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA), which possesses
three nitrogen atoms, provided the highest yields.

Before attempting site-selective fluorination of alkyl
bromides containing two or more reactive bonds, we the
examined monobrominated substrates 1 to assess their basic
reactivities under our optimized reaction conditions
(Table 1). The sterically hindered substrates, which led to

2b–e, underwent smooth fluorination in good yields, whereas
the less hindered substrates, which led to 2g and 2h, provided
low yields because primary and secondary alkyl radicals are
less stable than tertiary alkyl radicals. In this case, 2g and 2h
are considered to form by an SN2 reaction.[9] The p-anisyl-
substituted substrate gave 2 f in good yield, thus illustrating
that substrates with tertiary alkyl–Br bonds and N-aryl-
substituted amides reacted smoothly with CsF in the presence
of a copper catalyst. In contrast, N-alkyl-substituted tertiary
amides, such as the substrate leading to 2 i, were not reactive.

We next evaluated functional-group compatibilities for
current fluorination using the a-bromoamides 3, which
possess either a primary or secondary alkyl–X or aryl–X
bonds (X = Cl, Br, I, OH, OTs) as a model compound
(Table 2).[18] The reactivities of alkyl halides in the fluorina-
tion reaction generally followed the order primary carbon
center > secondary carbon center @ tertiary carbon center,
according to the SN2 reaction rule. In particular, nonfunction-
alized primary and secondary alkyl halides and tosylates are
good substrates for SN2 nucleophilic fluorination reactions.[3,6]

Therefore, selective fluorination of tertiary alkyl substrates
containing more than one reactive site is challenging. How-
ever, our reaction system discriminated between different
reactive alkyl–X bonds and produced the corresponding
single-fluorinated product 4 in good yields. In the fluorination
of alkyl halides, alkene formation by an E2 reaction is
problematic,[6d] but no alkenes were formed under our
reaction conditions. In each reaction, the selectivity was
perfect. The only challenge was the generation of the proto-
debromination products of 3, as they hindered the separation
of 4. For example, substrates possessing primary or secondary
alkyl halide moieties (3a–e) underwent fluorination only at
the tertiary alkyl�Br to produce the desired products (4a–e)
in moderate to good yields. Although C(sp2)�Br and C(sp2)�I
bonds are also good reaction sites for catalytic fluorina-
tion,[2, 19] the substrates 3h–j underwent fluorination without
loss of the C(sp2)�Br and C(sp2)�I bonds (4h–j). The
substrate 3k, which possesses a tertiary alkyl–OH, is a good
substrate for electrophilic fluorination,[5] and the OH group
did not affect the reaction. The limitation of our reaction
system was observed in the reactions of 3 f and 3g, which
possess iodide and tosyl group moieties, respectively. Both the
fluorination of the tertiary alkyl–Br bond and the bromina-

Scheme 3. Optimization. Conducted at 80 8C for 23 h in THF with
10 mol% Cu salt, 10 mol% ligand, F source (2 equiv), and 1a
(1 equiv). Yields are those of the isolated products.

Table 1: Fluorination of 1 under optimized reaction conditions.[a]

[a] Conducted at 80 8C for 23 h in THF with 10 mol% CuBr2, 10 mol%
PMDETA, CsF (2 equiv), and 1 (1 equiv). Yields are those of isolated
products.
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tion of C�I and C�OTs bonds with in situ generated CsBr
proceeded to form the fluorobrominated product in 28 and
66% yields, respectively. We next examined multibrominated
substrates possessing various carbon functionalities on the
carbonyl a-position (3 l–o). As demonstrated in the reaction
described above, sterically hindered substrates with tertiary
alkyl–Br bonds also selectively allowed the fluorination
reaction to afford the corresponding products (4 l–o) in
moderate to good yields.

The obtained fluorinated products 4, possessing various
active functional groups, were easily converted into a wide
range of derivatives using conventional organic reactions
(Scheme 4). The compound 4 e reacted with NaI to produce 5

in 68% yield, whereas 4 i and 4n, possessing C(sp2)�Br bonds,
underwent Suzuki and Heck coupling reactions to produce
the corresponding arylated and 1-alkenylated products,
respectively (6 and 7). These results show that our fluorina-
tion reaction is a powerful technique for synthesizing
fluorinated building blocks.

We next conducted the following control experiments
(Scheme 5: 1) A radical capture test with BHT: The fluori-
nation reaction was inhibited by the addition of BHT, and
indicated that this reaction may involve a radical species.

Indeed, we detected alkylated BHT species in the reaction of
1a with BHT. 2) Copper fluoride effect: A stoichiometric
amount of CuF2 was used instead of CsF as the fluorination
reagent in the fluorination reaction of 1a. The product 2a was
not obtained when 10 mol% PMDETA was used, but it was
obtained in 33% yield when 150 mol% PMDETA was used.
Excess PMDETA is required to generate an active catalyst,
namely, the copper(I)/PMDETA complex, which is very
important for generating alkyl radicals from 1a.[10, 11] When
10 mol% PMDETA was used, no reaction occurred because
most of the PMDETA ligated to the copper(II) species rather
than to the copper(I) species. The fluorination reaction of 1a
with CuF2 also occurred in the absence of CuBr2 catalyst
(28 %). Although copper(I) species are required to generate
alkyl radical species from 1a, CuF2 may generate active
copper(I) species with concomitant formation of copper-
(III).[17] The reaction of a-bromoester in the presence of
a stoichiometric amount of CuF2 and the reaction with the
tertiary amide 1 (Table 1; 2 i) did not give the desired product,
likely reflecting that the amide group may act as a directing
group. The importance of the amide NH is also supported by
the reaction leading to 2 i. Since it is difficult to coordinate the
tertiary amide group to copper species, NH is required.[16]

From the above results, the catalytic cycle of our copper-
catalyzed fluorination reaction includes, at least, 1) a radical
generation step and 2) a fluorination step involving the alkyl
radical species generated from 1 and CuF2 (Scheme 6). In the
first step, the reaction of a copper salt with 1 gives the alkyl
radical species A. The resulting alkyl radical species react
with CuF2, which is generated from the reaction of CuXBr
and CsF, with the aid of an amide group (B). Then, the desired
product 2 is obtained with concomitant formation of a copper-
(I) species to complete the catalytic cycle. This cycle would be
a new copper-catalyzed site-selective radical fluorination
reaction.

Scheme 4. Utilities of the fluorinated building blocks. DMF= N,N-
dimethylformamide, dppf= 1,1’-bis-(diphenylphosphino)ferrocene.

Scheme 5. Control experiments. [a] Yields were determined by 1H NMR
analysis.

Table 2: Site-selective fluorination tests with model compounds 3.[a]

[a] Conducted at 80 8C for 23 h in THF with 10 mol% CuBr2, 10 mol%
PMDETA, CsF (2 equiv), and 1 (1 equiv). Yields were determined by
1H NMR spectroscopy and GPC. [b] Yield of fluorobrominated product.
[c] Yield of product isolated after flash column chromatography.
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In summary, we have developed the first copper-catalyzed
site-selective fluorination of a-bromocarbonyl compounds
with the aid of amide coordination to synthesize functional-
ized 38tertiary alkyl fluorides in the presence of inexpensive
CsF as a fluorination reagent. Moreover, control experiments
revealed that this catalytic cycle includes radical species and
CuF2 as an active fluorinating reagent. Because the obtained
products have C–halogen bonds which can be easily con-
verted into other functional groups by couplings and nucle-
ophilic reactions, the present fluorination methodology is
very attractive for synthesizing fluorinated building blocks.

Acknowledgments

Financial support was provided by Program to Disseminate
Tenure Tracking System, MEXT, Japan; Grant-in-Aid for
Scientific Research for Challenging Exploratory Research,
JGC-Scholarship Foundation; and Tosoh Award (SOCJ).

Keywords: alkylation · copper · fluorination · radicals ·
reaction mechanisms

[1] P. Kirsch in Modern fluoroorganic chemistry, Wiley-VCH,
Weinheim, 2004.

[2] a) D. A. Watson, M. Su, G. Teverovskiy, Y. Zhang, J. Garcia-
Fortanet, T. Kinzel, S. L. Buchwald, Science 2009, 325, 1661;
b) K. L. Hull, W. Q. Anani, M. S. Sanford, J. Am. Chem. Soc.
2006, 128, 7134; c) X. Wang, T.-S. Mei, J.-Q. Yu, J. Am. Chem.
Soc. 2009, 131, 7520; d) T. Furuya, H. M. Kaiser, T. Ritter,
Angew. Chem. Int. Ed. 2008, 47, 5993; Angew. Chem. 2008, 120,
6082; e) T. Furuya, A. E. Strom, T. Ritter, J. Am. Chem. Soc.
2009, 131, 1662; f) P. Tang, T. Furuya, T. Ritter, J. Am. Chem.
Soc. 2010, 132, 12150; g) E. Lee, A. S. Kamlet, D. C. Powers,
C. N. Neumann, G. B. Boursalian, T. Furuya, D. C. Choi, J. M.
Hooker, T. Ritter, Science 2011, 334, 639; h) M. Huiban, M.
Tredwell, S. Mizuta, Z. Wan, X. Zhang, T. L. Collier, V.
Gouverneur, J. Passchier, Nat. Chem. 2013, 5, 941; i) P. M�ller,
S. L. Buchwald, J. Am. Chem. Soc. 2015, 137, 13433; For a recent
review, see: j) M. G. Campbell, T. Ritter, Chem. Rev. 2015, 115,
612; k) T. D. Sheppard, Org. Biomol. Chem. 2009, 7, 1043; other
halogen-exchange reactions, see: l) A. Klapars, S. L. Buchwald,
J. Am. Chem. Soc. 2002, 124, 14844; m) L. Li, W. Liu, H. Zeng, X.
Mu, G. Cosa, Z. Mi, C.-J. Li, J. Am. Chem. Soc. 2015, 137, 8328.

[3] Reviews: a) C. Hollingworth, V. Gouverneur, Chem. Commun.
2012, 48, 2929; b) J. Wu, Tetrahedron Lett. 2014, 55, 4289; c) X.
Lin, Z. Weng, Dalton Trans. 2015, 44, 2021.

[4] P. A. Champagne, J. Desroches, J.-D. Hamel, M. Vandamme, J.-F.
Paquin, Chem. Rev. 2015, 115, 9073.

[5] Site-selective fluorination: F. Sladojevich, S. I. Arlow, P. Tang, T.
Ritter, J. Am. Chem. Soc. 2013, 135, 2470.

[6] With primary and secondary alkyl electrophiles: a) H. Moissan,
Ann. Chim. Phys. 1890, 19, 266; With KF: b) F. W. Hoffmann, J.
Am. Chem. Soc. 1948, 70, 2596; c) W. F. Edgell, L. Parts, J. Am.
Chem. Soc. 1955, 77, 4899; With TBAF: d) H. B. Henbest, W. R.
Jackson, J. Chem. Soc. 1962, 954; e) C. L. Liotta, H. P. Harris, J.
Am. Chem. Soc. 1974, 96, 2250; f) N. Yoneda, T. Fukuhara, S.
Nagata, A. Suzuki, Chem. Lett. 1985, 1693; g) B. K. Bennett,
R. G. Harrison, T. G. Richmond, J. Am. Chem. Soc. 1994, 116,
11165; h) J. E. Veltheer, P. Burger, R. G. Bergman, J. Am. Chem.
Soc. 1995, 117, 12478; i) P. Barthazy, A. Togni, A. Mezzetti,
Organometallics 2001, 20, 3472; j) D. W. Kim, D.-S. Ahn, Y.-H.
Oh, S. Lee, H. S. Kil, S. J. Oh, S. J. Lee, J. S. Kim, J. S. Ryu, D. H.
Moon, D. Y. Chi, J. Am. Chem. Soc. 2006, 128, 16394; k) D. W.
Kim, H.-J. Jeong, S. T. Lim, M.-H. Sohn, Tetrahedron Lett. 2010,
51, 432; l) M. H. Katcher, A. G. Doyle, J. Am. Chem. Soc. 2010,
132, 17402; m) Y. Liu, C. Chen, H. Li, K.-W. Huang, J. Tan, Z.
Weng, Organometallics 2013, 32, 6587; n) H. Dang, M. Mailig, G.
Lalic, Angew. Chem. Int. Ed. 2014, 53, 6473; Angew. Chem. 2014,
126, 6591; o) Q. Zhang, D. P. Stockdale, J. C. Mixdorf, J. J.
Topczewski, H. M. Nguyen, J. Am. Chem. Soc. 2015, 137, 11912;
For another example of selective fluorination, see p) L.-J. Cheng,
C. J. Cordier, Angew. Chem. Int. Ed. 2015, 54, 13734; Angew.
Chem. 2015, 127, 13938.

[7] With alkyl boron reagents: a) Z. Li, Z. Wang, L. Zhu, X. Tan, C.
Li, J. Am. Chem. Soc. 2014, 136, 16439; b) C. Sandford, R.
Rasappan, V. K. Aggarwal, J. Am. Chem. Soc. 2015, 137, 10100;
With aliphatic alcohol: c) W. Rosenbrook, Jr., D. A. Riley, P. A.
Lartey, Tetrahedron Lett. 1985, 26, 3; d) G. S. Lal, G. P. Pez, R. J.
Pesaresi, F. M. Prozonic, H. Cheng, J. Org. Chem. 1999, 64, 7048;
e) T. Umemoto, R. P. Singh, Y. Xu, N. Saito, J. Am. Chem. Soc.
2010, 132, 18199; f) M. K. Nielsen, C. R. Ugaz, W. Li, A. G.
Doyle, J. Am. Chem. Soc. 2015, 137, 9571.

[8] Deoxyfluorinations: a) W. J. Middleton, J. Org. Chem. 1975, 40,
574; b) P. A. Messina, K. C. Mange, W. J. Middleton, J. Fluorine
Chem. 1989, 42, 137; c) D. F. Shellhamer, A. A. Briggs, B. M.
Miller, J. M. Prince, D. H. Scott, V. L. Heasley, J. Chem. Soc.
Perkin Trans. 2 1996, 2, 973; d) G. S. Lal, G. P. Pez, R. J. Pesaresi,
F. M. Prozonic, Chem. Commun. 1999, 215; e) A. L’Heureux, F.
Beaulieu, C. Bennett, D. R. Bill, S. Clayton, F. LaFlamme, M.
Mirmehrabi, S. Tadayon, D. Tovell, M. Couturier, J. Org. Chem.
2010, 75, 3401.

[9] a) E. Fuglseth, T. H. K. Thvedt, M. F. Møll, B. H. Hoff, Tetrahe-
dron 2008, 64, 7318; b) Z. Chen, W. Zhu, Z. Zheng, X. Zou, J.
Fluorine Chem. 2010, 131, 340; c) Y. He, X. Zhang, N. Shen, X.
Fan, J. Fluorine Chem. 2013, 156, 9.

[10] a) K. Matyjaszewski, J. Xia, Chem. Rev. 2001, 101, 2921; b) M.
Kamigaito, T. Ando, M. Sawamoto, Chem. Rev. 2001, 101, 3689;
c) T. Pintauer, Eur. J. Inorg. Chem. 2010, 2449; d) J. M. MuÇoz-
Molina, T. R. Belderrain, P. J. P�rez, Eur. J. Inorg. Chem. 2011,
3155; e) K. W. Shimkin, D. A. Watson, Beilstein J. Org. Chem.
2015, 11, 2278; for a recent ATRA with alkyl halides, see: f) C.-J.
Wallentin, J. D. Nguyen, P. Finkbeiner, R. J. Stephenson, J. Am.
Chem. Soc. 2012, 134, 8875.

[11] a) T. Pintauer, K. Matyjaszewski, Chem. Soc. Rev. 2008, 37, 1087;
b) W. T. Eckenhoff, T. Pintauer, Catal. Rev. 2010, 52, 1.

[12] a) T. Nishikata, Y. Noda, R. Fujimoto, T. Sakashita, J. Am.
Chem. Soc. 2013, 135, 16372; b) T. Nishikata, K. Nakamura, K.
Itonaga, S. Ishikawa, Org. Lett. 2014, 16, 5816.

[13] Radical fluorinations by a Hunsdieker-type reaction: a) N. P.
Patel, R. A. Flowers II, J. Org. Chem. 2015, 80, 5834; b) F. Yin,
Z. Wang, Z. Li, C. Li, J. Am. Chem. Soc. 2012, 134, 10401;
c) J. C. T. Leung, C. Chatalova-Sazepin, J. G. West, M. Rueda-
Becerril, J.-F. Paquin, G. M. Sammis, Angew. Chem. Int. Ed.

Scheme 6. Proposed mechanism.

Angewandte
ChemieCommunications

4 www.angewandte.org � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2016, 55, 1 – 6
� �

These are not the final page numbers!

http://dx.doi.org/10.1126/science.1178239
http://dx.doi.org/10.1021/ja061943k
http://dx.doi.org/10.1021/ja061943k
http://dx.doi.org/10.1021/ja901352k
http://dx.doi.org/10.1021/ja901352k
http://dx.doi.org/10.1002/anie.200802164
http://dx.doi.org/10.1002/ange.200802164
http://dx.doi.org/10.1002/ange.200802164
http://dx.doi.org/10.1021/ja8086664
http://dx.doi.org/10.1021/ja8086664
http://dx.doi.org/10.1021/ja105834t
http://dx.doi.org/10.1021/ja105834t
http://dx.doi.org/10.1126/science.1212625
http://dx.doi.org/10.1038/nchem.1756
http://dx.doi.org/10.1021/cr500366b
http://dx.doi.org/10.1021/cr500366b
http://dx.doi.org/10.1039/b818155a
http://dx.doi.org/10.1021/ja028865v
http://dx.doi.org/10.1021/jacs.5b03220
http://dx.doi.org/10.1039/c2cc16158c
http://dx.doi.org/10.1039/c2cc16158c
http://dx.doi.org/10.1016/j.tetlet.2014.06.006
http://dx.doi.org/10.1039/C4DT03410D
http://dx.doi.org/10.1021/cr500706a
http://dx.doi.org/10.1021/ja3125405
http://dx.doi.org/10.1021/ja01187a505
http://dx.doi.org/10.1021/ja01187a505
http://dx.doi.org/10.1021/ja01623a065
http://dx.doi.org/10.1021/ja01623a065
http://dx.doi.org/10.1039/jr9620000954
http://dx.doi.org/10.1021/ja00814a044
http://dx.doi.org/10.1021/ja00814a044
http://dx.doi.org/10.1246/cl.1985.1693
http://dx.doi.org/10.1021/ja00103a045
http://dx.doi.org/10.1021/ja00103a045
http://dx.doi.org/10.1021/ja00155a012
http://dx.doi.org/10.1021/ja00155a012
http://dx.doi.org/10.1021/om010288g
http://dx.doi.org/10.1021/ja0646895
http://dx.doi.org/10.1016/j.tetlet.2009.11.058
http://dx.doi.org/10.1016/j.tetlet.2009.11.058
http://dx.doi.org/10.1021/ja109120n
http://dx.doi.org/10.1021/ja109120n
http://dx.doi.org/10.1021/om4008967
http://dx.doi.org/10.1002/anie.201402238
http://dx.doi.org/10.1002/ange.201402238
http://dx.doi.org/10.1002/ange.201402238
http://dx.doi.org/10.1021/jacs.5b07492
http://dx.doi.org/10.1002/anie.201506882
http://dx.doi.org/10.1002/ange.201506882
http://dx.doi.org/10.1002/ange.201506882
http://dx.doi.org/10.1021/ja509548z
http://dx.doi.org/10.1021/jacs.5b05848
http://dx.doi.org/10.1016/S0040-4039(00)98450-8
http://dx.doi.org/10.1021/jo990566+
http://dx.doi.org/10.1021/ja106343h
http://dx.doi.org/10.1021/ja106343h
http://dx.doi.org/10.1021/jacs.5b06307
http://dx.doi.org/10.1021/jo00893a007
http://dx.doi.org/10.1021/jo00893a007
http://dx.doi.org/10.1016/S0022-1139(00)83974-3
http://dx.doi.org/10.1016/S0022-1139(00)83974-3
http://dx.doi.org/10.1039/a808517j
http://dx.doi.org/10.1016/j.tet.2008.05.060
http://dx.doi.org/10.1016/j.tet.2008.05.060
http://dx.doi.org/10.1016/j.jfluchem.2009.11.008
http://dx.doi.org/10.1016/j.jfluchem.2009.11.008
http://dx.doi.org/10.1016/j.jfluchem.2013.08.006
http://dx.doi.org/10.1021/cr940534g
http://dx.doi.org/10.1021/cr9901182
http://dx.doi.org/10.1002/ejic.201000234
http://dx.doi.org/10.1002/ejic.201100379
http://dx.doi.org/10.1002/ejic.201100379
http://dx.doi.org/10.3762/bjoc.11.248
http://dx.doi.org/10.3762/bjoc.11.248
http://dx.doi.org/10.1021/ja300798k
http://dx.doi.org/10.1021/ja300798k
http://dx.doi.org/10.1039/b714578k
http://dx.doi.org/10.1080/01614940903238759
http://dx.doi.org/10.1021/ja409661n
http://dx.doi.org/10.1021/ja409661n
http://dx.doi.org/10.1021/ol502953w
http://dx.doi.org/10.1021/acs.joc.5b00826
http://dx.doi.org/10.1021/ja3048255
http://dx.doi.org/10.1002/anie.201206352
http://www.angewandte.org


2012, 51, 10804; Angew. Chem. 2012, 124, 10962; d) S. Ventre,
F. R. Petronijevic, D. W. C. MacMillan, J. Am. Chem. Soc. 2015,
137, 5654; e) M. Rueda-Becerril, O. Mah�, M. Drouin, M. B.
Majewski, J. G. West, M. O. Wolf, G. M. Sammis, J.-F. Paquin, J.
Am. Chem. Soc. 2014, 136, 2637; f) M. Rueda-Becerril, C. C.
Sazepin, J. C. T. Leung, T. Okbinoglu, P. Kennepohl, J.-F. Paquin,
G. M. Sammis, J. Am. Chem. Soc. 2012, 134, 4026.

[14] See another radical fluorination: T. B. Patrick, S. Khazaeli, S.
Nadji, K. Hering-Smith, D. Reif, J. Org. Chem. 1993, 58, 705.

[15] M. P. Sibi, Y. Landais, Angew. Chem. Int. Ed. 2013, 52, 3570;
Angew. Chem. 2013, 125, 3654.

[16] Amide as a directing group for copper-catalyzed trifluorome-
thylation: C. Feng, T.-P. Loh, Angew. Chem. Int. Ed. 2013, 52,
12414; Angew. Chem. 2013, 125, 12640.

[17] a) X. Ribas, D. A. Jackson, B. Donnadieu, J. Mah�a, T. Parella, R.
Xifra, B. Hedman, K. O. Hodgson, A. Llobet, T. D. P. Stack,

Angew. Chem. Int. Ed. 2002, 41, 2991; Angew. Chem. 2002, 114,
3117; b) A. E. King, T. C. Brunold, S. S. Stahl, J. Am. Chem. Soc.
2009, 131, 5044; c) R. Xifra, X. Ribas, A. Llobet, A. Poater, M.
Duran, M. Sol�, T. D. P. Stack, J. Benet-Buchholz, B. Donnadieu,
J. Mah�a, T. Parella, Chem. Eur. J. 2005, 11, 5146; d) T. Takeda,
R. Sasaki, S. Yamauchi, T. Fujiwara, Tetrahedron Lett. 1997, 53,
557.

[18] We used the aryl-substituted 3 as a model compound for easy
analysis and isolation.

[19] a) X. Mu, H. Zhang, P. Chen, G. Liu, Chem. Sci. 2014, 5, 275;
b) P. S. Fier, J. F. Hartwig, J. Am. Chem. Soc. 2012, 134, 10795.

Received: April 7, 2016
Revised: May 1, 2016
Published online: && &&, &&&&

Angewandte
ChemieCommunications

5Angew. Chem. Int. Ed. 2016, 55, 1 – 6 � 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

These are not the final page numbers! � �

http://dx.doi.org/10.1002/anie.201206352
http://dx.doi.org/10.1002/ange.201206352
http://dx.doi.org/10.1021/jacs.5b02244
http://dx.doi.org/10.1021/jacs.5b02244
http://dx.doi.org/10.1021/ja412083f
http://dx.doi.org/10.1021/ja412083f
http://dx.doi.org/10.1021/ja211679v
http://dx.doi.org/10.1021/jo00055a026
http://dx.doi.org/10.1002/anie.201209583
http://dx.doi.org/10.1002/ange.201209583
http://dx.doi.org/10.1002/anie.201307245
http://dx.doi.org/10.1002/anie.201307245
http://dx.doi.org/10.1002/ange.201307245
http://dx.doi.org/10.1002/1521-3773(20020816)41:16%3C2991::AID-ANIE2991%3E3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3757(20020816)114:16%3C3117::AID-ANGE3117%3E3.0.CO;2-U
http://dx.doi.org/10.1002/1521-3757(20020816)114:16%3C3117::AID-ANGE3117%3E3.0.CO;2-U
http://dx.doi.org/10.1021/ja9006657
http://dx.doi.org/10.1021/ja9006657
http://dx.doi.org/10.1002/chem.200500088
http://dx.doi.org/10.1016/S0040-4020(96)00981-7
http://dx.doi.org/10.1016/S0040-4020(96)00981-7
http://dx.doi.org/10.1039/C3SC51876K
http://www.angewandte.org


Communications
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Site-Selective Tertiary Alkyl–Fluorine
Bond Formation from a-Bromoamides
Using a Copper/CsF Catalyst System

A picky copper : A copper catalyst system
enables the site-selective fluorination of
multi-brominated tertiary-alkyl com-
pounds with the aid of an amide group.
As the fluorination reagent, inexpensive
CsF is used, and CuF2 was found to be
a reactive intermediate.
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