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Copper-Catalyzed Nucleophilic Trifluoromethylation of Allylic Halides: A
Simple Approach to Allylic Trifluoromethylation

Yoshihiro Miyake, Shin-ichi Ota, and Yoshiaki Nishibayashi+!*!

Considerable attention has been paid to the development
of efficient methods for the introduction of a trifluoromethyl
(CF;) group into diverse molecular skeletons!!! because a
wide range of organic molecules bearing trifluoromethyl
groups has been applied in the field of pharmaceuticals and
materials.” In fact, the introduction of a trifluoromethyl
group into aromatic rings (the formation of C,—CF; bonds)
through, for example, trifluoromethylation of aryl C-H
bonds,** aryl halides,” and aryl boronic acids® has been
extensively developed.

In sharp contrast to methods for the formation of
C,;—CF; bonds, methods for the formation of C:—CF;
bonds are still limited.'? The development of allylic trifluo-
romethylation methods is important because compounds
containing allylic trifluoromethyl groups are versatile build-
ing blocks for the preparation of CF;-containing com-
pounds.”) Recently, there have been some reports on
copper-catalyzed electrophilic allylic trifluoromethylation
reactions of terminal alkenes using Umemoto’s!” and
Togni’s reagents'!! (Scheme 1a).*!¥ Although the precise
reaction mechanism has not been reported, the oxidation of
allyl groups to give either allylic cations or radicals and the
reaction of electrophilic CFs—copper species with alkenes
have been proposed as key steps for these trifluoromethyla-
tion reactions. The nucleophilic allylic trifluoromethylation
of allylic halides using transition-metal complexes is also a
promising method for the synthesis of compounds contain-
ing allylic trifluoromethyl groups, but has been considerably
less studied.®™*°) Most of the reported reactions are
copper-mediated trifluoromethylation reactions of allylic
halides, where stoichiometric amounts of either copper
metal or a copper salt is required to obtain the products in
good yields (Scheme 1b).'Y Previously, Kitazume and
Ishikawa reported the palladium-catalyzed trifluoromethyla-
tion of allylic halides in the presence of a mixture of CF;l
and Zn under ultrasonic irradiation.”® However, examples
of catalytic nucleophilic substitution reactions are quite lim-
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Scheme 1. Copper-catalyzed and copper-mediated allylic trifluorometh-
ylation reactions.
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ited.>'! Moreover, in these reports, the generality of the
reactions was not explored. Herein, we report on the devel-
opment of an efficient catalytic allylic trifluoromethylation
reaction, specifically, a copper(I)-catalyzed allylic nucleo-
philic trifluoromethylation of allylic halides in the presence
of trifluoromethyltrimethylsilane (Ruppert-Prakash reagent;
CF;SiMe;)."" In this reaction, the CF; group was incorporat-
ed into the o position of the carbon-halogen bond with
complete regioselectivity. Herein, the scope and limitations
of the catalytic allylic nucleophilic substitution reaction with
CF;SiMe; are described.

Treatment of (E)-cinnamyl bromide (1a) with 1.5 equiva-
lents of CF;SiMe; in the presence of a catalytic amount of
copper(I) iodide (Cul, 5mol%) and a stoichiometric
amount of potassium fluoride (KF, 1.5 equiv) in tetrahydro-
furan (THF) at 60°C for 20 hours gave (E)-4,4,4-trifluoro-1-
phenylbut-1-ene (2a) in 67 % yield with complete regiose-
lectivity for trifluoromethylation at the a position, that is,
the product derived from v trifluoromethylation (3) was not
observed (Table 1, entry 1). The choice of solvent is one of
the most important factors that affects the trifluoromethyla-
tion reaction. In fact, when N,N-dimethylformamide (DMF)
was used in place of THF, in the presence of 5 mol% of
Cul, 2a was obtained in 29% yield; even when using
1.5 equivalents of Cul in DMF, 2a was only obtained in
18 % yield (Table 1, entries 2 and 3). These results indicate
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Table 1. Cu-catalyzed trifluoromethylation of cinnamyl bromide (1a).!

cat. [Cu] %
PhI_ A~ Br + CF,siMe; KE(1.5equiv)_pph - ® CF; PhY\
. 0°C CF3
1a 1.5 equiv 2a 3
Entry [Cu] [mol %] Solvent #[h] Recovery of Yield of
1a [%]" 2a [%]"
1 Cul (5) THF 20 0 67
2 Cul (5) DMF 20 0 29
3 Cul (150) DMF 20 0 18
4 Cul (5) NMP 20 0 16
5 Cul (5) DCE 20 36 20
6 Cul (5) toluene 20 52 7
7 Cul (5) hexane 20 82 0
8 CuTC (5) THF 48 0 83
9 CuTC (5) THF 20 36 57
10 CuCl (5) THF 48 0 75
11 CuOTf0.5 CiHq (5) THF 48 27 46
12 CuTC (2) THF 48 0 75
13L CuTC (2) THF 20 0 79 (75)4
14kl CuTC (2) THF 20 0 79

[a] All reactions of 1a (0.50 mmol) with CF;SiMe; (0.75 mmol) were
carried out in the presence of a catalytic amount of copper complex in
solvent (3mL) at 60°C. [b] Determined by 'HNMR spectroscopy.
[c] CF;SiMe; (1.5 mmol, 3 equiv) and KF (1.5 mmol, 3 equiv) were used.
[d] Yield of isolated product. [e] (E)-cinnamyl chloride (1a’) was used in
place of 1a. DCE =1,2-dichloroethane.

that the use of Cul in combination with DMF as a solvent is
not effective. The use of other solvents, such as N-methyl-
pyrrolidone (NMP), 1,2-dichloroethane, toluene, and
hexane, did not give better results (Table 1, entries 4-7).
Previously, when aprotic polar solvents, such as DMF, NMP,
hexamethylphosphoric triamide, and ionic liquids, were used
for copper-mediated allylic nucleophilic trifluoromethylation
reactions, the use of a stoichiometric amount of a copper(I)
salt was essential.' In sharp contrast to these previously re-
ported reactions, we found that less polar solvents, such as
THEF, are more effective for the Cu-catalyzed allylic nucleo-
philic trifluoromethylation reaction described herein.

The use of copper(I) thiophene-2-carboxylate (CuTC) led
to an increase in the yield of 2a, although a longer reaction
time was necessary (Table 1, entries 8 and 9). When CuCl
and CuOTf-0.5CsHy were used, 2a was obtained in 75%
and 46 % yields, respectively (Table 1, entries 10 and 11). In-
terestingly, the use of only 2 mol% of CuTC was sufficient
for an efficient reaction (Table 1, entry 12); the use of
3 equivalents of CF;SiMe;, 2 mol% of CuTC, and 3 equiva-
lents of KF, together with a reaction time of 20 hours gave
2a in 79% yield (75% yield upon isolation; Table 1,
entry 13). In addition, the reaction of (E)-cinnamyl chloride
(1a") also took place smoothly to give 2a in 79% yield
(Table 1, entry 14). When either cinnamyl acetate, cinnamyl
methyl ether, or cinnamyl tosylate were used as substrates,
no reaction occurred at all. In another experiment, we con-
firmed that 2a did not form in the absence of either CuTC
or KFE.

Allylic trifluoromethylation of a variety of cinnamyl ha-
lides in the presence of a catalytic amount of CuTC pro-
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Table 2. Cu-catalyzed trifluoromethylation of cinnamyl halides (1).!
CuTC (2 mol %)

RIALX + CFSiMe; KF@equyv) _ RL_~a CFs
3 equiv THF
1 60 °C, 20 h 2
Entry Allylic halide 1 Yield of 2 [%]™
1 R!=p-MeC,H,, X=Br (1b) 82 (2b)
2 R'=p-CICH,, X =Br (1¢) 74 (2¢)
30 R'=p-MeOC¢H,, X=Br (1d) 46 (2d)
4l R!=p-MeOCH,, X=Cl (1d) 58 (2d)
st R'=p-MeO(CO)C¢H,, X=Br (1e) 68 (2e)
6 R'=0-MeC,H,, X =Br (1f) 79 (2f)
7 R'=m-MeC,H,, X=Br (1g) 78 (2g)
8 R!=1-naphthyl, X =Br (1h) 68 (2h)
9 R!=2-naphthyl, X =Br (1i) 65 (2i)

[a] All reactions of 1 (0.50 mmol) with CF;SiMe; (1.5 mmol) were carried
out in the presence of 2 mol% of CuTc (0.010 mmol) in THF (3 mL) at
60°C for 20 h. [b] Yield of isolated product. [c] At room temperature for
48 h. [d] At 40°C.

ceeded smoothly to give the corresponding a-trifluorometh-
ylation products in good yields (Table 2). The use of cinna-
myl substrates bearing either a methyl or a chloro group, at
the para position of the aromatic ring gave good yields of
the corresponding product 2 (Table 2, entries 1 and 2). Al-
though the yields of 2d and 2e were low when formed
under similar reaction conditions, the reactions of 1d, 1d’,
and 1e at lower temperatures (room temperature or 40°C)
led to better yields (Table 2, entries 3-5). 3-Tolylallyl bro-
mides (1f and 1g) and 3-naphthylallyl bromides (1h and 1i)
were also good substrates for this reaction, the correspond-
ing products (2 f-2i) being obtained in good yields (Table 2,
entries 6-9).

Other primary and secondary allylic halides were investi-
gated as substrates (Table 3). The reactions of p-substituted
and v,y-disubstituted bromides (1j and 1k) proceeded
smoothly to give the corresponding a-trifluoromethylation

Table 3. Cu-catalyzed trifluoromethylation of allylic halides 1.

R? CuTC (2 mol %) R?
RWX + CF3SiMeg KF (3equiv) _ R\ CFs
2 R4 3 equiv THF 2 R4

R1R 60°C, 20 h RzR

Entry  Allylic halide (1) Yield of 2 [%]™

Me
1 Ph_h_Br (1j; E/Z=20:1) 7320
Ph Br
5 W:V aK) 60 (2K)
3l WX X=Br (11) 45 (21)
41 X=CI (1F) 59 (21
5l @_\ (1m) 81 (2m)
Br
6lel Rl_~__Cl R'=Ph (1n’) 44 (2n)
a0 R'=p-MeCH, (10) 45 (20)

[a] All reactions of 1 (0.50 mmol) with CF;SiMe; (1.5 mmol) were carried
out in the presence of 2 mol% of CuTC (0.010 mmol) in THF (3 mL) at
60°C for 20 h. [b] Yield of isolated product. [c] At room temperature for
48 h. [d] For 48 h. [e] In the presence of 10 mol % of CuTC (0.050 mmol)
at 40°C.
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products (2j and 2k) in good yields (Table 3, entries 1 and
2). Allylic halides containing no conjugated aromatic rings
(11, 11, and 1m) were also good substrates for this reaction,
the corresponding products (21-2m) being isolated in good
yields (Table 3, entries 3-5). Interestingly, the reactions of
secondary allylic chlorides 1n’ and 10’ gave 2n and 20 in 44
and 45 % yield, respectively; however, the use of 10 mol %
of CuTC was necessary to obtain the products in these mod-
erate yields (Table 3, entries 6 and 7).

To obtain some information on the reaction pathway, we
investigated the reactions of 1p and 1q under similar reac-
tion conditions (Scheme 2). When the reaction of 3-phenyl-

CuTC (2 mol %)
a) Ph._~_Br +CF,SiMe, KF(3€quiv) _ph__~_CF,

1 3 equiv THF 2p: 09
P 60 °C, 20 h p: 0%
CuTC (2 mol %
( Q) CFs

Br "
b [ +CFsSiMe; KF@eauv) Z
Ph 3 equiv THF Ph
1q (ZIE = 91:9) 60°C,20h 2q: trace

+Ph _~_ CF3
2a: 66%

Scheme 2. Trifluoromethylation reactions of 1p and 1q.

1-bromopropane (1p) was carried out, no formation of the
corresponding trifluoromethylated product 2p was observed
at all (Scheme 2a). This result clearly indicates that the
presence of the double bond p to the halide group is neces-
sary for the copper-catalyzed trifluoromethylation reaction.
Furthermore, in the reaction of (Z)-cinnamyl bromide (1q),
the E-configured product 2a was obtained in 66% yield
without the formation of Z-configured product 2q (Sche-
me 2b). We monitored reactions of 1q in [Dg]-THF at 60°C
both in the presence and in the absence of CuTC.""! The use
of 2mol% of CuTC promoted the isomerization of the
alkene moiety of substrate 1q, thus converting it into 1a;
following reaction times of 2 hours and 20 hours, the ratio of
1q/1a was 25:75 and 1:99, respectively. On the other hand,
the isomerization was very slow in the absence of CuTC, the
ratio of 1q/la being 83:17 even after a reaction time of
20 hours. In another experiment, we confirmed that no iso-
merization of 2q into 2a occurred at all under similar reac-
tion conditions.'™ These results indicate that CuTC medi-
ates the isomerization of 1q into 1a, which then undergoes
trifluoromethylation to give the product 2a (Scheme 2b); an
allylcopper species derived from complexation of copper
with 1 is probably a key intermediate.

Although a detailed reaction mechanism is not clear, a
plausible pathway can be proposed. Copper-catalyzed allylic
substitution reactions have been extensively studied,®!
and we believe that this allylic trifluoromethylation reaction
may proceed in a similar way. The initial step is the forma-
tion of CF;Cu' through a transmetalation reaction of CuY
and CF,SiMe;, as activated by fluoride anion.’*¢¢l Oxidative
addition of CF;Cu’ to allylic halide 1 results in the formation
of an allylcopper(ITT) species.”” Finally, the reductive elimi-
nation reaction of an allylcopper(III) species gives the corre-
sponding trifluoromethylated product 2 and regenerates
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CuY. As described above, DMF was an ineffective solvent
for our reaction; we propose that the coordination of DMF
to the allylcopper(III) species inhibits the regeneration of
CuY.l'

In summary, we have developed a copper-catalyzed tri-
fluoromethylation reaction of allylic halides 1 that gives the
corresponding allylic trifluoromethylation products 2 in
good to high yields and with complete regioselectivity. We
believe that this methodology, which is an efficient way to
introduce C,—CF; bonds, can form part of useful strategies
for accessing CF;-containing compounds. The development
of an asymmetric variant of this reaction and clarification of
the precise reaction mechanism is currently in progress.

Experimental Section

Representative experimental procedure: CuTC (1.9 mg, 0.010 mmol) and
KF (87.2mg, 1.5 mmol) were placed in a 20 mL Schlenk flask. Anhy-
drous and degassed THF (3.0 mL) was added, and then the mixture was
magnetically stirred at room temperature. After the addition of la
(98.5mg, 0.50 mmol) and CF;SiMe; (220 mL, 1.5 mmol), the reaction
flask was kept at 60°C for 20 h. The solution was poured into water
(5mL) and the resulting mixture was extracted with diethyl ether
(30 mL x3). The combined extracts were washed with brine, and dried
over anhydrous MgSO,. After concentration under reduced pressure, the
resulting residue was purified by column chromatography (SiO,, eluent:
hexane) to give (E)-4,4,4-trifluoro-1-phenylbut-1-ene (2a) as a colorless
oil (69.5 mg, 0.373 mmol, 75 % yield).

Acknowledgements

This work was supported by the Funding Program for Next Generation
World-Leading Researchers (GR025) and a Grant-in-Aid for Scientific
Research on Innovative Areas “Advanced Molecular Transformations by
Organocatalysts” from MEXT, Japan. We thank Dr. Koji Nakano, Dr.
Shingo Ito, and Prof. Dr. Kyoko Nozaki at The University of Tokyo for
the collection of ’F NMR spectra. We also thank the Research Hub for
Advanced Nano Characterization at The University of Tokyo for X-ray
analysis.

Keywords: allylic compounds - copper - fluorine -

homogeneous catalysis - trifluoromethylation

[1] For reviews of trifluoromethylation reactions, see: a) M. Schlosser,
Angew. Chem. 2006, 118, 5558; Angew. Chem. Int. Ed. 2006, 45,
5432; b) K. Uneyama, T. Katagiri, H. Amii, Acc. Chem. Res. 2008,
41, 817; c) J.-A. Ma, D. Cahard, Chem. Rev. 2008, 108, PR1; d) K.
Sato, A. Tarui, M. Omote, A. Ando, I. Kumadaki, Synthesis 2010,
1865; ¢) O. A. Tomashenko, V. V. Grushin, Chem. Rev. 2011, 111,
4475; f) T. Furuya, A.S. Kamlet, T. Ritter, Nature 2011, 473, 470;
2) S. Roy, B. T. Gregg, G. W. Gribble, V.-D. Le, S. Roy, Tetrahedron
2011, 67, 2161; h) T. Besset, C. Schneider, D. Cahard, Angew. Chem.
2012, 124, 5134; Angew. Chem. Int. Ed. 2012, 51, 5048.

a) M. Shimizu, T. Hiyama, Angew. Chem. 2005, 117, 218; Angew.
Chem. Int. Ed. 2005, 44, 214; b) K. Miiller, C. Faeh, F. Diederich,
Science 2007, 317, 1881; c¢) S. Purser, P. R. Moore, S. Swallow, V.
Gouverneur, Chem. Soc. Rev. 2008, 37, 320.

For recent examples, see: a) X. Wang, L. Truesdale, J.-Q. Yu, J. Am.
Chem. Soc. 2010, 132, 3648; b) R. Shimizu, H. Egami, T. Nagi, J.
Chae, Y. Hamashima, M. Sodeoka, Tetrahedron Lett. 2010, 51, 5947,

[2

—

[3

—_

www.chemeurj.org

These are not the final page numbers! 77


http://dx.doi.org/10.1002/ange.200600449
http://dx.doi.org/10.1002/anie.200600449
http://dx.doi.org/10.1002/anie.200600449
http://dx.doi.org/10.1021/ar7002573
http://dx.doi.org/10.1021/ar7002573
http://dx.doi.org/10.1021/cr800221v
http://dx.doi.org/10.1021/cr1004293
http://dx.doi.org/10.1021/cr1004293
http://dx.doi.org/10.1038/nature10108
http://dx.doi.org/10.1016/j.tet.2011.01.002
http://dx.doi.org/10.1016/j.tet.2011.01.002
http://dx.doi.org/10.1002/ange.201201012
http://dx.doi.org/10.1002/ange.201201012
http://dx.doi.org/10.1002/anie.201201012
http://dx.doi.org/10.1002/ange.200460441
http://dx.doi.org/10.1002/anie.200460441
http://dx.doi.org/10.1002/anie.200460441
http://dx.doi.org/10.1039/b610213c
http://dx.doi.org/10.1021/ja909522s
http://dx.doi.org/10.1021/ja909522s
http://dx.doi.org/10.1016/j.tetlet.2010.09.027
www.chemeurj.org

CHEMISTRY

Y. Nishibayashi et al.

A EUROPEAN JOURNAL

4

5

[6

[7

8

=

—_

—

= =

c¢) M. S. Wiehn, E. V. Vinogradova, A. Togni, J. Fluorine Chem.
2010, 731, 951; d) X. Mu, S. Chen, X. Zhen, G. Liu, Chem. Eur. J.
2011, 17, 6039; e) D. A. Nagib, D. W. C. MacMillan, Nature 2011,
480, 224; f) Y. Ye, S.H. Lee, M. S. Sanford, Org. Lert. 2011, 13,
5464; g) L. Chu, F-L. Qing, J. Am. Chem. Soc. 2012, 134, 1298;
h) A. Hafner, S. Brise, Angew. Chem. 2012, 124, 3773; Angew.
Chem. Int. Ed. 2012, 51, 3713.

a) N. D. Ball, J. W. Kampf, M. S. Sanford, J. Am. Chem. Soc. 2010,
132, 2878; b) Y. Ye, N. D. Ball, J. W. Kampf, M. S. Sanford, J. Am.
Chem. Soc. 2010, 132, 14682; c) N. D. Ball, J. B. Gary, Y. Ye, M. S.
Sanford, J. Am. Chem. Soc. 2011, 133, 7577; d) X.-G. Zhang, H.-X.
Dai, M. Wasa, J.-Q. Yu, J. Am. Chem. Soc. 2012, 134, 11948.

For selected recent examples of copper-mediated and copper-cata-
lyzed reactions, see: a) G. G. Dubinina, H. Furutachi, D. A. Vicic, J.
Am. Chem. Soc. 2008, 130, 8600; b) M. Oishi, H. Kondo, H. Amii,
Chem. Commun. 2009, 1909; c) C.-P. Zhang, Z.-L. Wang, Q.-Y.
Chen, C.-T. Zhang, Y.-C. Gu, J.-C. Xiao, Angew. Chem. 2011, 123,
1936; Angew. Chem. Int. Ed. 2011, 50, 1896; d) H. Morimoto, T. Tsu-
bogo, N. D. Litvinas, J. F. Hartwig, Angew. Chem. 2011, 123, 3877,
Angew. Chem. Int. Ed. 2011, 50, 3793; ¢) O. A. Tomashenko, E. C.
Escudero-Adéan, M. M. Belmonte, V.V. Grushin, Angew. Chem.
2011, 123, 7797; Angew. Chem. Int. Ed. 2011, 50, 7655; f) T. Knaub-
er, F. Arikan, G.-V. Roschenthaler, L.J. GooB3en, Chem. Eur. J.
2011, 17, 2689; g) A. Zanardi, M. A. Novikov, E. Martin, J. Benet-
Buchholz, V. V. Grushin, J. Am. Chem. Soc. 2011, 133, 20901.

For examples of palladium-catalyzed cross-coupling reactions, see:
a) T. Kitazume, N. Ishikawa, Chem. Lett. 1982, 11, 137; b) T. Kita-
zume, N. Ishikawa, J. Am. Chem. Soc. 1985, 107, 5186; c) E. J. Cho,
T. D. Senecal, T. Kinzel, Y. Zhang, D. A. Watson, S. L. Buchwald,
Science 2010, 328, 1679.

M. Débele, M. S. Wiehn, S. Brise, Angew. Chem. 2011, 123, 11737,
Angew. Chem. Int. Ed. 2011, 50, 11533.

a) L. Chu, F-L. Qing, Org. Lett. 2010, 12, 5060; b) T. Liu, Q. Shen,
Org. Lett. 2011, 13, 2342; ¢) J. Xu, D.-F. Luo, B. Xiao, Z.-J. Liu, T.-J.
Gong, Y. Fu, L. Liu, Chem. Commun. 2011, 47, 4300; d) T. D. Sene-
cal, A.T. Parsons, S.L. Buchwald, J. Org. Chem. 2011, 76, 1174;
e) N. D. Litvinas, P. S. Fier, J. F. Hartwig, Angew. Chem. 2012, 124,
551; Angew. Chem. Int. Ed. 2012, 51, 536; f) T. Liu, X. Shao, Y. Wu,
Q. Shen, Angew. Chem. 2012, 124, 555; Angew. Chem. Int. Ed. 2012,
51, 540; g) X. Jiang, L. Chu, F-L. Qing, J. Org. Chem. 2012, 77,
1251; h) B. A. Khan, A. E. Buba, L.J. GooBen, Chem. Eur. J. 2012,
18, 1577; i) A. T. Parsons, T.D. Senecal, S.L. Buchwald, Angew.
Chem. 2012, 124, 3001; Angew. Chem. Int. Ed. 2012, 51, 2947.

[9] C.Isanbor, D. O’Hagan, J. Fluorine Chem. 2006, 127, 303.
10] For selected examples, see: a) T. Umemoto, S. Ishihara, Tetrahedron
p

Lett. 1990, 31, 3579; b) T. Umemoto, S. Ishihara, J. Am. Chem. Soc.
1993, 715, 2156; c) T. Umemoto, Chem. Rev. 1996, 96, 1757; d) T.
Umemoto, K. Adachi, S. Ishihara, J. Org. Chem. 2007, 72, 6905.

[11] For selected examples, see: a) I. Kieltsch, P. Eisenberger, A. Togni,

Angew. Chem. 2007, 119, 768; Angew. Chem. Int. Ed. 2007, 46, 754;
b) P. Eisenberger, I. Kieltsch, N. Armanino, A. Togni, Chem.
Commun. 2008, 1575; c) R. Koller, K. Stanek, D. Stolz, R. Aar-

(12]

(13]

(14]

(15]

(16]

(17]

(18]
(19]

(20]

(21]

doom, K. Niedermann, A. Togni, Angew. Chem. 2009, 121, 4396;
Angew. Chem. Int. Ed. 2009, 48, 4332; d) K. Niedermann, N. Friih,
E. Vinogrdova, M. S. Wiehn, A. Moreno, A. Togni, Angew. Chem.
2011, 123, 1091; Angew. Chem. Int. Ed. 2011, 50, 1059.

a) A. T. Parsons, S.L. Buchwald, Angew. Chem. 2011, 123, 9286;
Angew. Chem. Int. Ed. 2011, 50, 9120; b) J. Xu, Y. Fu, D.-F. Luo, Y.-
Y. Jiang, B. Xiao, Z.-J. Liu, T.-J. Gong, L. Liu, J. Am. Chem. Soc.
2011, 733, 15300; c) X. Wang, Y. Ye, S. Zhang, J. Feng, Y. Xu, Y.
Zhang, J. Wang, J. Am. Chem. Soc. 2011, 133, 16410; d) R. Shimizu,
H. Egami, Y. Hamashima, M. Sodeoka, Angew. Chem. 2012, 124,
4655; Angew. Chem. Int. Ed. 2012, 51, 4577.

For a copper-catalyzed allylic oxidative trifluoromethylation reac-
tion using CF;SiMe; together with an oxidant, see: L. Chu, F.-L.
Qing, Org. Lett. 2012, 14, 2106.

a) Y. Kobayashi, K. Yamamoto, 1. Kumadaki, Tetrahedron Lett.
1979, 20, 4071; b) J.-P. Bouillon, C. Maliverney, R. Merényi, H. G.
Viehe, J. Chem. Soc. Perkin Trans. 1 1991, 2147; c¢) H. Urata, T. Fu-
chikami, Tetrahedron Lett. 1991, 32, 91; d) D.-B. Su, J.-X. Duan, Q.-
Y. Chen, Tetrahedron Lett. 1991, 32, 7689; e) Q.-Y. Chen, J.-X.
Duan, J. Chem. Soc. Chem. Commun. 1993, 1389; f) J. Kim, J. M.
Shreeve, Org. Biomol. Chem. 2004, 2, 2728.

For a palladium-catalyzed cross-coupling reaction of CF;lI with allyl-
stannane, see: S. Matsubara, M. Mitani, K. Utimoto, Tetrahedron
Lett. 1987, 28, 5857.

For Lewis-base-catalyzed allylic trifluoromethylation reactions of
Morita—Baylis—Hillman adducts with CF;SiMe;, see: a) T. Furukawa,
T. Nishimine, E. Tokunaga, K. Hasegawa, M. Shiro, N. Shibata, Org.
Lert. 2011, 13, 3972; b) Y. Li, F. Liang, Q. Li, Y.-C. Xu, Q.-R. Wang,
L. Jiang, Org. Lett. 2011, 13, 6082.

a) G. K. S. Prakash, A. K. Yudin, Chem. Rev. 1997, 97, 757; b) R. P.
Singh, J. M. Shreeve, Tetrahedron 2000, 56, 7613.

See the Supporting Information for experimental details.

For recent reviews of copper-catalyzed allylic substitution reactions,
see: a) H. Yorimitsu, K. Oshima, Angew. Chem. 2005, 117, 4509;
Angew. Chem. Int. Ed. 2005, 44, 4435; b) A. Alexakis, J. E. Bickvall,
N. Krause, O. Pamies, M. Diéguez, Chem. Rev. 2008, 108, 2796;
¢) S.R. Harutyunyan, T. den Hartog, K. Geurts, A.J. Minnaard,
B.L. Feringa, Chem. Rev. 2008, 108, 2824; d) C. A. Falciola, A.
Alexakis, Eur. J. Org. Chem. 2008, 3765.

a) E. R. Bartholomew, S. H. Bertz, S. Cope, M. Murphy, C. A. Ogle,
J. Am. Chem. Soc. 2008, 130, 11244; b) N. Yoshikai, S.-L. Zhang, E.
Nakamura, J. Am. Chem. Soc. 2008, 130, 12862.

For recent examples, see: a) R. Shintani, K. Takatsu, M. Takeda, T.
Hayashi, Angew. Chem. 2011, 123, 8815; Angew. Chem. Int. Ed.
2011, 50, 8656; b) M. Pérez, M. Fanands-Mastral, P. H. Bos, A. Ru-
dolph, S.R. Harutyunyan, B.L. Feringa, Nat. Chem. 2011, 3, 377;
c) H. Li, A. Alexakis, Angew. Chem. 2012, 124, 1079; Angew. Chem.
Int. Ed. 2012, 51, 1055 and references cited therein.

Received: August 9, 2012
Published online: Il I, 0000

www.chemeurj.org

SR These are not the final page numbers!

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Chem. Eur. J. 0000, 00, 0-0


http://dx.doi.org/10.1016/j.jfluchem.2010.06.020
http://dx.doi.org/10.1016/j.jfluchem.2010.06.020
http://dx.doi.org/10.1002/chem.201100283
http://dx.doi.org/10.1002/chem.201100283
http://dx.doi.org/10.1038/nature10647
http://dx.doi.org/10.1038/nature10647
http://dx.doi.org/10.1021/ol202174a
http://dx.doi.org/10.1021/ol202174a
http://dx.doi.org/10.1021/ja209992w
http://dx.doi.org/10.1002/ange.201107414
http://dx.doi.org/10.1002/anie.201107414
http://dx.doi.org/10.1002/anie.201107414
http://dx.doi.org/10.1021/ja802946s
http://dx.doi.org/10.1021/ja802946s
http://dx.doi.org/10.1039/b823249k
http://dx.doi.org/10.1002/ange.201006823
http://dx.doi.org/10.1002/ange.201006823
http://dx.doi.org/10.1002/anie.201006823
http://dx.doi.org/10.1002/ange.201100633
http://dx.doi.org/10.1002/anie.201100633
http://dx.doi.org/10.1002/ange.201101577
http://dx.doi.org/10.1002/ange.201101577
http://dx.doi.org/10.1002/anie.201101577
http://dx.doi.org/10.1002/chem.201002749
http://dx.doi.org/10.1002/chem.201002749
http://dx.doi.org/10.1021/ja2081026
http://dx.doi.org/10.1021/ja00304a026
http://dx.doi.org/10.1126/science.1190524
http://dx.doi.org/10.1002/ange.201105446
http://dx.doi.org/10.1002/anie.201105446
http://dx.doi.org/10.1016/j.jfluchem.2006.01.011
http://dx.doi.org/10.1021/ja00059a009
http://dx.doi.org/10.1021/ja00059a009
http://dx.doi.org/10.1021/cr941149u
http://dx.doi.org/10.1021/jo070896r
http://dx.doi.org/10.1002/ange.200603497
http://dx.doi.org/10.1002/anie.200603497
http://dx.doi.org/10.1039/b801424h
http://dx.doi.org/10.1039/b801424h
http://dx.doi.org/10.1002/ange.200900974
http://dx.doi.org/10.1002/anie.200900974
http://dx.doi.org/10.1002/ange.201006021
http://dx.doi.org/10.1002/ange.201006021
http://dx.doi.org/10.1002/anie.201006021
http://dx.doi.org/10.1002/ange.201104053
http://dx.doi.org/10.1002/anie.201104053
http://dx.doi.org/10.1021/ja206330m
http://dx.doi.org/10.1021/ja206330m
http://dx.doi.org/10.1021/ja207775a
http://dx.doi.org/10.1002/ange.201201095
http://dx.doi.org/10.1002/ange.201201095
http://dx.doi.org/10.1002/anie.201201095
http://dx.doi.org/10.1021/ol300639a
http://dx.doi.org/10.1016/S0040-4039(01)86506-0
http://dx.doi.org/10.1016/S0040-4039(01)86506-0
http://dx.doi.org/10.1039/p19910002147
http://dx.doi.org/10.1016/S0040-4039(00)71226-3
http://dx.doi.org/10.1039/c39930001389
http://dx.doi.org/10.1039/b412480b
http://dx.doi.org/10.1016/S0040-4039(01)81073-X
http://dx.doi.org/10.1016/S0040-4039(01)81073-X
http://dx.doi.org/10.1021/ol201490e
http://dx.doi.org/10.1021/ol201490e
http://dx.doi.org/10.1021/ol202572u
http://dx.doi.org/10.1021/cr9408991
http://dx.doi.org/10.1016/S0040-4020(00)00550-0
http://dx.doi.org/10.1002/ange.200500653
http://dx.doi.org/10.1002/anie.200500653
http://dx.doi.org/10.1021/cr0683515
http://dx.doi.org/10.1021/cr068424k
http://dx.doi.org/10.1002/ejoc.200800025
http://dx.doi.org/10.1021/ja801186c
http://dx.doi.org/10.1021/ja804682r
http://dx.doi.org/10.1002/ange.201103581
http://dx.doi.org/10.1002/anie.201103581
http://dx.doi.org/10.1002/anie.201103581
http://dx.doi.org/10.1002/ange.201107129
http://dx.doi.org/10.1002/anie.201107129
http://dx.doi.org/10.1002/anie.201107129
www.chemeurj.org

Copper-Catalyzed Nucleophilic Trifluoromethylation
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Trifluoromethylation: The treatment
of allylic halides with trifluoromethyl-
trimethylsilane in the presence of a
catalytic amount of copper(I) thio-
phene-2-carboxylate (CuTC) gives the
corresponding allylic trifluoromethyla-
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tion products in good to high yields

and with complete regioselectivity (see
scheme). The use of THF as a solvent
is crucial for obtaining good yields of
product.
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