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Abstract: A novel electron-donor-acceptor (EDA) com-
plex-mediated direct C—H trifluoromethylation of arenes
with Umemoto’s reagent has been developed. This trans-
formation has been enabled by an unprecedented EDA
complex formed by Umemoto’s reagent and an amine,
which was supported by experiments and theoretical cal-
culations. The radical-based methodology presented here
allows to access highly-functionalized trifluoromethyl
arenes in up to 81 % chemical yield. D

Electron-donor-acceptor (EDA) complexes, also called charge-
transfer (CT) complexes,”" were introduced by Mulliken® to
define a new type of adducts. This new molecular aggregate,
generally associated with conspicuous color change and are
proved to absorb radiation in the visible region, can be gener-
ated by the molecular interactions between electron donors
and acceptors. Over the last six decades, the photophysical
properties of EDA complexes have been extensively studied.’*
Although EDA complexes are considered as key intermediates
in some reactions, especially in single-electron transfer (SET)
events, their use in chemical synthesis is limited since electron
transfers from donors to acceptors in EDA complexes are fast
and reversible. Recently, some useful transformations, such as
asymmetric alkylation, perfluoroalkylation and arylation of aro-
matic compounds, have been achieved assisted by EDA com-
plexes.™ These promising results imply that EDA complexes
may find more applications in organic synthesis.

Introducing fluorine-containing functional groups into the
molecular scaffold of organic compounds greatly alters their
intrinsic properties.”! It is not surprising that tremendous ad-
vances have been achieved in direct C—H trifluoromethylation
of arenes.” Radical-based trifluoromethylation has received in-
creasing attention because direct C—H trifluoromethylation
could be realized relatively under mild conditions using active
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CF;’ radical species.”'” There are three major ways to generate
CF;" radical (Figure 1a): i) oxidation of nucleophilic trifluorome-
thylating reagents, such as TMSCF,®9 Langlois's reagent
(CF3SO,Na)® and (CF;S0,),Zn;®" i) reduction of electrophilic
trifluoromethylating reagents, such as CF,SO,Cl"*™® Umemo-
to’s reagent,”™ Togni's reagent® and CF,1;*™ ii)) homolysis
or mesolysis of trifluoromethyl halides."” Recently, Melchiorre
group reported photochemical aromatic perfluoroalkylation
driven by the photochemically activated EDA complexes.*”
Despite these great advances, generation of CF;" radical
through an EDA complex is rare.!"

a) Major ways to generation of CF3( radical

CFaX
® homolysis

CF3 l or mesolysis ©cF,
CF3S0,Cl reduction oxidation TMSCF5,
Umemoto's or Te > [*CF3 e CF3SO,Na

Togni's reagent CF3S0,),Zn

this work T via an EDA complex
Umemoto's reagent

b) C-H Trifluoromethylation of arenes via an EDA complex:
this work

NR3

+ —_—

Y ©

CFy T4

2 an EDA complex (1)

CF3 e CF3 e CF5
o - [z

* [0] ®
] n v

Figure 1. Radical trifluoromethylation.
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It is known that tertiary amines are able to form EDA com-
plexes with electron-accepting molecules, which can facilitate
SET events.'? We envisage that electron-deficient Umemoto’s
reagent (2) can serve as an electron acceptor to form an EDA
complex with a tertiary amine. Thus, we propose a radical
C(sp?)—H trifluoromethylation by taking advantage of this EDA
complex. As shown in Figure 1b, the lone pair of a tertiary
amine can engage in an EDA complex (I) with 2. The reduced
Umemoto’s reagent generated from electron transfer of the
EDA complex can collapse into CF; radical irreversibly. The CF5’
radical is then added onto an arene (1) to give a radical inter-
mediate II. The radical Il is oxidized to cation Ill. After deproto-
nation, trifluoromethylated arenes is produced. This EDA com-
plex-mediated process could render direct C—H trifluoromethy-
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lation of arenes without a directing group and transition-metal
catalyst under mild conditions.

Our rationale was evaluated by selecting tryptamine deriva-
tive 1a and Umemoto’s reagent 2 as reaction partners. To our
delight, the trifluoromethylated product 3a was obtained in
63% vyield based on "F NMR analysis when a solution of 1a
and 2 in DMF was treated with trimethylamine (TEA) at room
temperature for 18 h (Table 1, entry 1). This result prompted us
to investigate a series of secondary and tertiary amines. All the
amines we tested could promote this transformation to give
3a with 45-73% NMR yield (entries 2-11). N-Methylmorpholine
(NMM) was superior to other amines with 73% NMR yield
(64% isolated yield) (entry 4). Solvents were also examined.
However, none of them gave improved results (entries 12-18).
Oxygen had no obvious effect on this transformation
(entry 19).

Table 1. Reaction condition optimization.”

NHCbz NHCbz

N\ + O o O organic base N\ CF,

N S DMF, RT N

H T O H

CF3 BF4
1a 2 3a

Entry Organic base Solvent Yield® [%]
1 Et;N DMF 63
2 iPr,NEt DMF 45
3 TMEDA DMF 63
4 NMM DMF 73 (64)
5 morpholine DMF 71
6 DMEDA DMF 72
7 iPr,NH DMF 63
8 dibenzylamine DMF 61
9 piperidine DMF 53
10 pyrrolidine DMF 59
n Et,NH DMF 57
12 NMM DMA 61
13 NMM NMP 64
14 NMM DMSO 64
15 NMM MeOH 31
16 NMM MeCN 53
17 NMM THF 46
18 NMM DCM 50
191 NMM DMF 72

[a] Reaction conditions: A solution of 1a (0.1 mmol), 2 (0.2 mmol) and
amine (0.2 mmol) in the indicated solvent (1.0 mL) was stirred at room
temperature for 18 h. [b] Determined by '®F NMR with PhCF; as the inter-
nal standard. [c] Isolated yield. [d] Under N, using degassed solvent.
TMEDA = N,N,N',N'-Tetramethylethylenediamine, NMM =4-methylmorpho-
line, DMEDA = N,N'-dimethyl-1,2-ethanediamine.

With establishing this simple and efficient trifluoromethyla-
tion protocol, we proceeded to explore the scope and limita-
tions of this transformation (Table 2). Firstly, various indole de-
rivatives were examined, including biologically important trypt-
amine, tryptophan and melatonin derivatives. We were pleased
to find that all the indole derivatives could undergo this reac-
tion smoothly to give desired product 3a-3n in 43-75% iso-
lated yield. The N1 position could be free or protected (3a vs
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3b, 3j vs 3k) without affecting this transformation significant-
ly. C3 Substitution had a positive effect on this reaction and
C3-free indoles gave lower yields (40% for 3m and 43 % for
3n). Pyrrole derivatives could also go through this trifluorome-
thylation frequently without protecting nitrogen atom. Di-, tri-,
tetrasubstituted trifluoromethylated pyrroles 3 0-3u were pro-
duced in up to 81% yield. 2-Trifluoromethylated benzofurans
3v (43% yield) and 3w (78% yield) could also be prepared by
means of this method. Electron-rich benzenes, such as 1,3,5-tri-
methoxybenzene and hydroquinone, were suitable substrates.
The desired products were isolated in acceptable yields (51 %
for 3x and 50% for 3y). Cyclic enamides could also be trifluor-
omethylated to give 3a and 3aa with 51 and 70%, yield, re-
spectively. Attempts to trifluoromethylation of electron-neutral
and deficient benzenes, as well as pyridine derivatives, failed.

Table 2. Substrate Scope and limitation of trifluoromethylation.®*!

H ) CFs3
—_—
@ NMM, DMF, RT

NHCbz NHBoc NHAc
MeO.
N—cF, N—cF, N—cF,
N N N
H Me H
3a: 64% 3b: 65% 3c: 75%
CO,Me CO,Me

NHBoc

Ph
R2
N
H

3f:R2=H, 70%

2

N—cF, @E\CCFE,
N

3g:R2=F, 62%

3d: 58% 3e:61% 3h: R2 = Cl, 58%
3i: R2 = Br, 68%
Me Bn
X
@E&ca ®CF3 R1@\\ﬁca
N N u
R3 H
. R = 4.4 0,
3j: R® = H, 72% 31: 64% Z"T'g - ;c?’\':”':gf
3k: R3 = PMB, 63% n:R°=0-Ole, 457
Eto,c_. J/ \
2 \QCFa Ph
) ; B S
N~ CF3 3r: 59% N~ CFs
R H H
Et Et 3s:53%
30: R = H, 62% Z/—\S\
3p: R = OMe, 80% CF
R= N 3
3q: R = CF3, 73% N EtO,C  Me
R 3t: 69%° n
Me N CF3
MeO o /ﬁ:[m:3 3u: 81%
3v:R= Me, 43% MeO OMe OH
3w: R = Ph, 78% CF
3x: 51% 3
CFs3 CF3
ﬁ (T OH
0" N N 3y: 50%
Bn Cbz
3z: 51% 3aa: 70%

[a] Reaction conditions: A solution of 1 (0.2 mmol), 2 (0.4 mmol) and
NMM (0.4 mmol) in DMF (1.0 mL) was stirred at room temperature.
[b] Isolated yield. [c] Determined by 'F NMR with PhCF; as the internal
standard.
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In order to gain some insights into the mechanism of this re-
action, a series of control experiments were carried out
(Scheme 1). As shown in Scheme 1a, this transformation could
be terminated completely by introducing TEMPO. No desired
product 3a was observed, and CF;’ radical trapping product 3
was obtained instead in 3.3% yield based on '°F NMR analysis,
which implied the radical nature of this reaction. When the re-
action was carried out in dark, the desired product 3a could
be generated in 71% yield, which showed that the light did
not affect this transformation. When the loading of NMM was
reduced to 0.1 equivalents, 3a could be obtained in 23 % yield,
which suggested that NMM was served as an initiator or could
be regenerated. In the absence of NMM, the starting material
1a was fully recovered (Scheme 1b).

a) TEMPO (3.0 equiv)
. ) NMM (2.0 equiv) Me Me
a + — > 3a +
DMF, RT, 24 h Me™ "IN” "Me
1.0 equiv 2.0 equiv 4 O‘CF:,
0% 3.3%
b
) 4a + 2 __DMFRT.24h 3a
1.0 equiv 2.0 equiv
NMM (2.0 equiv) in dark  71%
NMM (0.1 equiv) 23%
NMM (0 equiv) 0%

Scheme 1. Control experiments. The yield and conversions were determined
by '®F NMR with PhCF; as the internal standard.

The CF; radical could be observed using electron paramag-
netic resonance (EPR) in the presence of a spin trap tert-butyl-
a-phenylnitrone (PBN) (Figure 2). When PBN was added into
the reaction mixture under the standard conditions, a spectrum
at g=2.00646 (298 K) was recorded that could be clearly
traced to the CF5-PBN spin trap.™

Given the weak reductive capacity of NMM (
1.2 V vs SCE)™™ and oxidative capacity of Umemoto's reagent 2
(E¥*~=-0.35V vs SCE),"™ intermolecular SET from NMM to 2
is thermodynamically disfavored. It is known that tertiary
amines are able to form EDA complexes with electron-accept-
ing molecules, so this SET event can be facilitated by an EDA
complex of 2 with NMM (Figure 3a)."? The existence of the
EDA complex could be supported by the 'H NMR spectroscopy
and UV/VIS spectrum."™'® Using Job’s method of continuous
variations, a molar donor/acceptor ratio of 1:1 in solution for
EDA was readily established."” Concomitantly the equilibrium
constants K (Kepa=18.7) for formation of the EDA complex
were determined spectrophotometrically (using the Benesi-Hil-
debrand method)."® Theoretical calculations showed that the
formation of the EDA complex was thermodynamically favored
(for details, see Supporting information) (Figure 3d). This band
is associated with an electron-transfer transition from HOMO
(H) to LUMO (L) of this complex. For details, see Supporting In-
formation). The formation of the EDA complex was further sup-
ported by NMR titration (Figure 3b). The appearance of a new
set of signals in the 'H NMR spectroscopy of the mixture of
NMM and 2 provided proof of the EDA complex.

ENMM/NMM -+ _
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Figure 2. X-band EPR spectrum obtained in DMF at 298 K in the presence of
PBN. Line I: A solution of 1a (0.1 mmol), 2 (0.2 mmol), NMM (0.2 mmol), PBN
(0.2 mmol) in DMF (1 mL). Line IlI: A solution of 1a (0.1 mmol), 2 (0.2 mmol),
PBN (0.2 mmol) in DMF (1 mL). Line llI: A solution of PBN in DMF (1 mL).

Based on our experimental observations, a possible mecha-
nism is proposed for this transformation (Figure 4). In contrast
to recent examples where the photo-activity of EDA complexes
is responsible,“= the reversible electron transfer (ET) in the
EDA complex 5 is activated thermally and lead collapse of 5
into CF," radical and NMM ™ irreversibly.*™"'¥ The CF;" radical
is then added onto arene 1a to give radical 7. Radical 7 is oxi-
dized by radical cation NMM+" to generate cation 8 and re-
generate NMM (path A). Ultimately deprotonation of cation 8
assisted by NMM yields the final product 3a. At this stage, oxi-
dation of 7 to 8 by Umemoto’s reagent 2 cannot be ruled out
completely (path B).

In summary, we have described originally a simple and effi-
cient method for direct C—H trifluoromethylation of arenes
with Umemoto’s reagent. The CF; radical is generated by an
EDA complex formed by Umomoto’s reagent and an amine,
a novel medium which is different from the reported methods.
Some experiments and theoretical calculations were furnished
to support the EDA complex. Transition-metal catalysts, direct-
ing groups and external oxidants can be avoided. The method-
ology presented here allows to access highly-functionalized
CF;-containing indoles, pyrroles, benzofurans and electron-rich
benzenes at room temperature in good chemical yields. Fur-
ther application using this EDA complex, as well as more de-
tailed mechanism investigation, are underway in our laborato-

ry.

Experimental Section

A 3 mL nap vial was equipped magnetic stir bar and was charged
with a solution of arene or heteroarene 1 (0.2 mmol, 1.0 equiv),
Umemoto’s reagent 2 (0.4 mmol, 2.0 equiv), NMM (0.4 mmol,
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Figure 4. Proposed mechanism.

2.0 equiv) in DMF (1 mL). After the reaction was complete (as
judged by TLC analysis), the mixture was poured into a separatory
funnel containing H,O (15 mL) and Et,0 (15 mL). The layers were
separated and the aqueous layer was extracted with Et,0 (2%
15 mL). The combined organic layers were dried over Na,SO, and
concentrated under reduced pressure after filtration. The crude
product was purified by flash chromatography on silica gel to
afford the desired product 3.

Acknowledgements
Financial support from the 973 Program (2011CB808600), the

863 program (2013AA092903), the National Natural Science
Foundation of China (21472084, 21290192), the Natural Sci-

Chem. Eur. J. 2015, 21,1-6 www.chemeurj.org

Kochi, J. Am. Chem. Soc. 1983, 105,
6167.
[4] For selected reactions via EDA

complexes, see: a)S.R. Kandukuri,

A. Bahamonde, I. Chatterjee, I.D.
Jurberg, E. C. Escudero-Adn, P. Melchiorre, Angew. Chem. Int. Ed. 2015,
54, 1485: Angew. Chem. 2015, 127, 1505; b) M. Nappi, G. Bergonzini, P.
Melchiorre, Angew. Chem. Int. Ed. 2014, 53, 4921; Angew. Chem. 2014,
126, 5021; c)E. Arceo, A. Bahamonde, G. Bergonzinib, P. Melchiorre,
Chem. Sci. 2014, 5, 2438; d) E. Arceo, |. D. Jurberg, A. Alvarez-Fernandez,
P. Melchiorre, Nat. Chem. 2013, 5, 750; e) M. Tobisu, T. Furukawa, N. Cha-
tani, Chem. Lett. 2013, 42, 1203; f) T. Dohi, M. Ito, N. Yamaoka, K. Mori-
moto, H. Fujioka, Y. Kita, Angew. Chem. Int. Ed. 2010, 49, 3334; Angew.
Chem. 2010, 122, 3406; g) G. Berionni, P-A. Bertelle, J. Marrot, R. Gou-
mont, J. Am. Chem. Soc. 2009, 131, 18224; h) T. Gotoh, A.B. Padias,
J.H. K. Hall, J. Am. Chem. Soc. 1991, 113, 1308.
a) K. Muller, C. Faeh, F. Diederich, Science 2007, 317, 1881; b) B. K. Park,
N. R. Kitteringham, P. M. O’Neill, Annu. Rev. Pharmacol. Toxicol. 2001, 41,
443.
For reviews on direct trifluoromethylation of the C—H bond, see: a) C.
Ni, M. Hu, J. Hu, Chem. Rev. 2015, 115, 765; b) M. Zhang, Y. Zhang, X.
Jie, H. Zhao, G. Li, W. Su, Org. Chem. Front. 2014, 1, 843; ¢) C. Zhang,
Org. Biomol. Chem. 2014, 12, 6580; d) H. Liu, Z. Gu, X. Jiang, Adv. Synth.
Catal. 2013, 355, 617; e) F. Pan, Z.-J. Shi, Acta Chim. Sin. 2012, 70, 1679;
f) T. Besset, C. Schneider, D. Cahard, Angew. Chem. Int. Ed. 2012, 51,
5048; Angew. Chem. 2012, 124, 5134; g) T. Furuya, A. S. Kamlet, T. Ritter,
Nature 2011, 473, 470.
For selected reviews on radical trifluoromethylation, see: a)S. Barata-
Vallejo, B. Lantafo, A. Postigo, Chem. Eur. J. 2014, 20, 16806; b) T. Koike,
M. Akita, Top Catal 2014, 57, 967; c) E. Merino, C. Nevado, Chem. Soc.
Rev. 2014, 43, 6598; d) H. Egami, M. Sodeoka, Angew. Chem. Int. Ed.
2014, 53, 8294; e) S. Barata-Vallejo, A. Postigo, Coord. Chem. Rev. 2013,
257, 3051; f) A. Studer, Angew. Chem. Int. Ed. 2012, 51, 8950; Angew.
Chem. 2012, 124, 9082.
For selected examples using TMSCF;, see: a) Y.-F. Wang, G. H. Lonca, S.
Chiba, Angew. Chem. Int. Ed. 2014, 53, 1067; b) X. Wu, L. Chu, F-L. Qing,

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

KK These are not the final page numbers!


http://dx.doi.org/10.1016/j.molstruc.2012.08.032
http://dx.doi.org/10.1016/j.molstruc.2012.08.032
http://dx.doi.org/10.1021/ar300102t
http://dx.doi.org/10.1021/ar700256a
http://dx.doi.org/10.1021/ar700256a
http://dx.doi.org/10.1021/jp9533077
http://dx.doi.org/10.1021/jp9533077
http://dx.doi.org/10.1021/cr00017a015
http://dx.doi.org/10.1021/cr00005a007
http://dx.doi.org/10.1021/cr00005a007
http://dx.doi.org/10.1021/cr00083a010
http://dx.doi.org/10.1021/cr00083a010
http://dx.doi.org/10.1021/j100454a006
http://dx.doi.org/10.1021/j100454a006
http://dx.doi.org/10.1021/j150499a001
http://dx.doi.org/10.1021/j150499a001
http://dx.doi.org/10.1021/ja01157a151
http://dx.doi.org/10.1021/ja01157a151
http://dx.doi.org/10.1021/ja954242o
http://dx.doi.org/10.1021/ja954242o
http://dx.doi.org/10.1021/ja00357a042
http://dx.doi.org/10.1021/ja00357a042
http://dx.doi.org/10.1002/anie.201402008
http://dx.doi.org/10.1002/ange.201402008
http://dx.doi.org/10.1002/ange.201402008
http://dx.doi.org/10.1039/c4sc00315b
http://dx.doi.org/10.1038/nchem.1727
http://dx.doi.org/10.1246/cl.130547
http://dx.doi.org/10.1002/anie.200907281
http://dx.doi.org/10.1002/ange.200907281
http://dx.doi.org/10.1002/ange.200907281
http://dx.doi.org/10.1021/ja908747j
http://dx.doi.org/10.1021/ja00004a035
http://dx.doi.org/10.1146/annurev.pharmtox.41.1.443
http://dx.doi.org/10.1146/annurev.pharmtox.41.1.443
http://dx.doi.org/10.1021/cr5002386
http://dx.doi.org/10.1039/C4QO00068D
http://dx.doi.org/10.1039/C4OB00671B
http://dx.doi.org/10.1002/adsc.201200764
http://dx.doi.org/10.1002/adsc.201200764
http://dx.doi.org/10.6023/A12040135
http://dx.doi.org/10.1002/anie.201201012
http://dx.doi.org/10.1002/anie.201201012
http://dx.doi.org/10.1002/ange.201201012
http://dx.doi.org/10.1038/nature10108
http://dx.doi.org/10.1002/chem.201404005
http://dx.doi.org/10.1007/s11244-014-0259-7
http://dx.doi.org/10.1039/C4CS00025K
http://dx.doi.org/10.1039/C4CS00025K
http://dx.doi.org/10.1002/anie.201309260
http://dx.doi.org/10.1002/anie.201309260
http://dx.doi.org/10.1016/j.ccr.2013.07.004
http://dx.doi.org/10.1016/j.ccr.2013.07.004
http://dx.doi.org/10.1002/anie.201202624
http://dx.doi.org/10.1002/ange.201202624
http://dx.doi.org/10.1002/ange.201202624
http://dx.doi.org/10.1002/anie.201307846
http://www.chemeurj.org

:@2 ChemPubSoc
x Europe

)

[10]

Chem. Eur. J. 2015, 21, 1-6

Angew. Chem. Int. Ed. 2013, 52, 2198; Angew. Chem. 2013, 125, 2254;
c) A. Hafner, S. Brdse, Angew. Chem. Int. Ed. 2012, 51, 3713; Angew.
Chem. 2012, 124, 3773; for selected examples using Langlois’s reagent,
see: d) A. Deb, S. Manna, A. Modak, T. Patra, S. Maity, D. Maiti, Angew.
Chem. Int. Ed. 2013, 52, 9747; Angew. Chem. 2013, 125, 9929; e)D. J.
Wilger, N.J. Gesmundo, D. A. Nicewicz, Chem. Sci. 2013, 4, 3160; f) Y. Ji,
T. Brueckl, R. D. Baxter, Y. Fujiwara, I. B. Seiple, S. Su, D. G. Blackmond,
P.S. Baran, Proc. Natl. Acad. Sci. USA 2011, 108, 14411; for selected ex-
amples using (CF;SO,),Zn, see: g) A. G. O'Brien, A. Maruyama, Y. Inoku-
ma, M. Fujita, P. S. Baran, D. G. Blackmond, Angew. Chem. Int. Ed. 2014,
53, 11868; h) Y. Fujiwara, J. A. Dixon, F. O'Hara, E. D. Funder, D. D. Dixon,
R. A. Rodriguez, R.D. Baxter, B. Herlé, N. Sach, M. R. Collins, Y. Ishihara,
P. S. Baran, Nature 2012, 492, 95.

For selected examples using CF;SO,Cl, see: a) D. A. Nagib, D. W. C. Mac-
Millan, Nature 2011, 480, 224; b) B. R. Langlois, E. Laurent, N. Roidot, Tet-
rahedron Lett. 1991, 32, 7525; for selected examples using Umemoto’s
reagent, see: c)S. P. Pitre, C. D. McTiernan, H. Ismaili, J. C. Scaiano, ACS
Catal. 2014, 4, 2530; d) A. Carboni, G. Dagousset, E. Magnierb, G.
Masson, Chem. Commun. 2014, 50, 14197; e) J.-J. Dai, C. Fang, B. Xiao, J.
Yi, J. Xu, Z.-J. Liu, X. Ly, L. Liu, Y. Fu, J. Am. Chem. Soc. 2013, 135, 8436;
f) S. Mizuta, S. Verhoog, K. M. Engle, T. Khotavivattana, M. O'Duill, K.
Wheelhouse, G. Rassias, M. Médebielle, V. Gouverneur, J. Am. Chem. Soc.
2013, 135, 2505; g)Y. Yasu, T. Koike, M. Akita, Angew. Chem. Int. Ed.
2012, 51, 9567; Angew. Chem. 2012, 124, 9705; h) 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,
133, 15300; for selected examples using Togni's reagent, see: i) F. Wang,
X. Qi, Z. Liang, P. Chen, G. Liu, Angew. Chem. Int. Ed. 2014, 53, 1881; j) B.
Zhang, C. Muck-Lichtenfeld, C. G. Daniliuc, A. Studer, Angew. Chem. Int.
Ed. 2013, 52, 10792; Angew. Chem. 2013, 125, 10992; k) X. Liu, F. Xiong,
X. Huang, L. Xu, P. Li, X. Wu, Angew. Chem. Int. Ed. 2013, 52, 6962;
Angew. Chem. 2013, 125, 7100; I)R. Zhu, S. L. Buchwald, J. Am. Chem.
Soc. 2012, 134, 12462; for selected examples using CF;l, see: m)N.
Igbal, J. Jung, S. Park, E. J. Cho, Angew. Chem. Int. Ed. 2014, 53, 539; n) Y.
Ye, M. S. Sanford, J. Am. Chem. Soc. 2012, 134, 9034; o) C.-J. Wallentin,
J. D. Nguyen, P. Finkbeiner, C. R. J. Stephenson, J. Am. Chem. Soc. 2012,
134, 8875.

For selected examples, see: a) T. Xu, C. W. Cheung, X. Hu, Angew. Chem.
Int. Ed. 2014, 53, 4910; b) V. M. Labroo, R. B. Labroo, L. A. Cohen, Tetra-
hedron Lett. 1990, 31, 5705; c) T. Akiyama, K. Kato, M. Kajitani, Y. Sakagu-

[l

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

CHEMISTRY

A European Journal
Communication

chi, J. Nakamura, H. Hayashi, A. Sugimori, Bull. Chem. Soc. Jpn. 1988, 61,
3531; d) E. S. Huyser, E. Bedard, J. Org. Chem. 1964, 29, 1588.

Y. Macé, C. Pradet, M. Popkin, J.-C. Blazejewski, E. Magnier, Tetrahedron
Lett. 2010, 51, 5388.

For selected examples, see: a)J. O. Singh, J. D. Anunziata, J.J. Silber,
Can. J. Chem. 1985, 63, 903; b) J. Anunziata, J. Singh, J. J. Silber, Can. J.
Chem. 1981, 59, 1291; c)R. Foster, R. K. Mackie, J. Chem. Soc. 1962,
3843; For selected reviews, see: d) G. A. Artamkina, M. P. Egoroy, I. P. Be-
letskaya, Chem. Rev. 1982, 82, 427; e) F. Terrier, Chem. Rev. 1982, 82, 77;
f) M. J. Strauss, Chem. Rev. 1970, 70, 667.

a) C-P. Zhang, H. Wang, A. Klein, C. Biewer, K. Stirnat, Y. Yamaguchi, L.
Xu, V. Gomez-Benitez, D. A. Vicic, J. Am. Chem. Soc. 2013, 135, 8141;
b) D. L. Haire, U. M. Oehler, P.H. Krygsman, E.G. Janzen, J. Org. Chem.
1988, 53, 4535; c) E. G. Janzen, B. J. Blackburn, J. Am. Chem. Soc. 1968,
90, 5909.

For the electrochemical behaviors of some aliphatic amines, see: a) T.
Tajima, T. Fuchigami, Angew. Chem. Int. Ed. 2005, 44, 4760; Angew.
Chem. 2005, 117, 4838; b) A. Adenier, M. M. Chehimi, I. Gallardo, J.
Pinson, N. Vila, Langmuir 2004, 20, 8243; c) J. R. L. Smith, D. Masheder, J.
Chem. Soc. Perkin Trans. 2 1977, 1732; d) C. K. Mann, Anal. Chem. 1964,
36, 2424.

For the electrochemical property of Umemoto’s reagent, see: S. Mizuta,
S. Verhoog, X. Wang, N. Shibata, V. Gouverneur, M. Médebielle, J. Fluo-
rine Chem. 2013, 155, 124; also see refer 9g.

a) E. Bosch, J. K. Kochi, Res. Chem. Intermed. 1993, 19, 811; b) A. Man-
nschreck, P. Roza, H. Brockmann Jr., T. Kemmer, Angew. Chem. Int. Ed.
Engl. 1978, 17, 940; Angew. Chem. 1978, 90, 995; ¢) I. Prim, J. W. Verho-
even, T. J. de Boer, Org. Magn. Reson. 1977, 9, 543; and references cited
therein.

P. Job, Justus Liebigs Ann. Chem. 1928, 9, 113.

H. Benesi, J. Hildebrand, J. Am. Chem. Soc. 1949, 71, 2703.

For selected examples on EDA-thermal activation, see: a) T. Miyashi, M.
Kamata, T. Mukai, J. Am. Chem. Soc. 1987, 109, 2780; b) K. N. Houk, L. L.
Munchausen, J. Am. Chem. Soc. 1976, 98, 937; c) R. Noyori, N. Hayashi,
M. Kato, J. Am. Chem. Soc. 1971, 93, 4948.

Received: March 6, 2015
Published online on Il K1, 0000

www.chemeurj.org

These are not the final page numbers! 22

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://dx.doi.org/10.1002/anie.201208971
http://dx.doi.org/10.1002/ange.201208971
http://dx.doi.org/10.1002/anie.201107414
http://dx.doi.org/10.1002/ange.201107414
http://dx.doi.org/10.1002/ange.201107414
http://dx.doi.org/10.1002/anie.201303576
http://dx.doi.org/10.1002/anie.201303576
http://dx.doi.org/10.1002/ange.201303576
http://dx.doi.org/10.1039/c3sc51209f
http://dx.doi.org/10.1073/pnas.1109059108
http://dx.doi.org/10.1002/anie.201407948
http://dx.doi.org/10.1002/anie.201407948
http://dx.doi.org/10.1038/nature11680
http://dx.doi.org/10.1038/nature10647
http://dx.doi.org/10.1016/0040-4039(91)80524-A
http://dx.doi.org/10.1016/0040-4039(91)80524-A
http://dx.doi.org/10.1021/cs5005823
http://dx.doi.org/10.1021/cs5005823
http://dx.doi.org/10.1039/C4CC07066F
http://dx.doi.org/10.1021/ja404217t
http://dx.doi.org/10.1021/ja401022x
http://dx.doi.org/10.1021/ja401022x
http://dx.doi.org/10.1002/anie.201205071
http://dx.doi.org/10.1002/anie.201205071
http://dx.doi.org/10.1002/ange.201205071
http://dx.doi.org/10.1021/ja206330m
http://dx.doi.org/10.1021/ja206330m
http://dx.doi.org/10.1002/anie.201309991
http://dx.doi.org/10.1002/anie.201306082
http://dx.doi.org/10.1002/anie.201306082
http://dx.doi.org/10.1002/ange.201306082
http://dx.doi.org/10.1002/anie.201302673
http://dx.doi.org/10.1002/ange.201302673
http://dx.doi.org/10.1021/ja305840g
http://dx.doi.org/10.1021/ja305840g
http://dx.doi.org/10.1002/anie.201308735
http://dx.doi.org/10.1021/ja301553c
http://dx.doi.org/10.1021/ja300798k
http://dx.doi.org/10.1021/ja300798k
http://dx.doi.org/10.1002/anie.201402511
http://dx.doi.org/10.1002/anie.201402511
http://dx.doi.org/10.1016/S0040-4039(00)97937-1
http://dx.doi.org/10.1016/S0040-4039(00)97937-1
http://dx.doi.org/10.1246/bcsj.61.3531
http://dx.doi.org/10.1246/bcsj.61.3531
http://dx.doi.org/10.1021/jo01029a077
http://dx.doi.org/10.1016/j.tetlet.2010.07.154
http://dx.doi.org/10.1016/j.tetlet.2010.07.154
http://dx.doi.org/10.1139/v85-150
http://dx.doi.org/10.1139/v81-189
http://dx.doi.org/10.1139/v81-189
http://dx.doi.org/10.1021/cr00050a004
http://dx.doi.org/10.1021/cr00048a001
http://dx.doi.org/10.1021/cr60268a003
http://dx.doi.org/10.1021/ja4030462
http://dx.doi.org/10.1021/jo00254a022
http://dx.doi.org/10.1021/jo00254a022
http://dx.doi.org/10.1021/ja01023a051
http://dx.doi.org/10.1021/ja01023a051
http://dx.doi.org/10.1002/anie.200500977
http://dx.doi.org/10.1002/ange.200500977
http://dx.doi.org/10.1002/ange.200500977
http://dx.doi.org/10.1021/la049194c
http://dx.doi.org/10.1039/p29770001732
http://dx.doi.org/10.1039/p29770001732
http://dx.doi.org/10.1021/ac60219a014
http://dx.doi.org/10.1021/ac60219a014
http://dx.doi.org/10.1016/j.jfluchem.2013.07.006
http://dx.doi.org/10.1016/j.jfluchem.2013.07.006
http://dx.doi.org/10.1163/156856793X00406
http://dx.doi.org/10.1002/anie.197809401
http://dx.doi.org/10.1002/anie.197809401
http://dx.doi.org/10.1002/ange.19780901217
http://dx.doi.org/10.1021/ja01176a030
http://dx.doi.org/10.1021/ja00243a035
http://dx.doi.org/10.1021/ja00420a012
http://dx.doi.org/10.1021/ja00748a070
http://www.chemeurj.org

:@2 ChemPubSoc
x Europe

COMMUNICATION

CHEMISTRY

A European Journal
Communication

I C—H Functionalization
Y. Cheng, X. Yuan, J. Ma,* S. Yu*
EN-EN

Direct Aromatic C—H
Trifluoromethylation via an Electron-
Donor-Acceptor Complex
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New complex in town: Direct C—H tri-

fluoromethylation of arenes with Umo-
moto’s reagent is described. This strat-

EDA complex

egy is enabled by a novel electron-
donor-acceptor (EDA) complex formed
by Umomoto’s reagent and an amine.
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