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Abstract: Reported herein is an unprecedented synthesis of
C3-fluorinated oxindoles through cross-dehydrogenative cou-
pling of C(sp’)-H and C(sp?)-H bonds from malonate amides.
Under the unique and mild electrochemical conditions, the
requisite oxidant and base are generated in a continuous
fashion, allowing the formation of the base- and heat-sensitive
3-fluorooxindoles in high efficiency with broad substrate
scope. The synthetic usefulness of the electrochemical method
is further highlighted by its easy scalability and the diverse
transformations of the electrolysis product.

Organoﬂuorine compounds have attracted broad interest
from chemists due to their wide application in pharmaceutical
and agrochemical industries.!! Although trifluoromethyl- and
difluoroalkyl-bearing compounds can be prepared via radical
fluoroalkylation with relatively satisfactory efficiency, the
lack of convenient precursors and initiating systems for the
generation of monofluoroalkyl radicals has limited their
utility in the synthetic applications.’!! The few isolated
examples on formation of monofluoroalkyl radicals generally
rely on activation of a C-heteroatom bond.! Nonetheless,
Wang and Ji¥ have recently reported the oxidative radical
reactions of 2-fluoro-1,3-dicarbonyl compounds, although
a high temperature and an excess of Mn'" salt®! are needed
(Scheme 1a).

On the other hand, the promising therapeutic potentials of
3-fluorooxindoles have stimulated synthetic efforts toward
their preparation,’®’ which are achieved through derivatiza-
tion of existing oxindoles,” Pd-catalyzed cross-coupling
using arylbromide,"¥ or fluoroarylation of diazoacetamid-
es.’?l Although these methods provide very useful access to 3-
fluorooxindoles, they require functionalized or even hazard-
ous precursors. The groups of Kiindig® and Taylor®!
independently reported the synthesis of 3,3-disubstituted
oxindoles through straightforward cross-dehydrogenative
coupling® of N-aryl amides using stoichiometric amounts of
Cu" salt and Na(K)OrBu. Following these pioneering studies,
other oxidizers including Ag,O, I,, and DDQ were
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Scheme 1. Oxidative formation and reaction of monofluoroalkyl radi-
cals.

reported.'”) Aerobic oxidation using copper catalysis at
temperatures of above 100°C was also found to promote
similar reactions.!"!! Despite these progresses, it is still highly
desirable and yet challenging to develop mild catalytic
conditions for the synthesis of 3,3-disubstituted oxindoles
through cross-coupling of C—H bonds, especially in a reagent-
free fashion. Wel'?l have developed electrosynthesis of several
classes of heterocycles through radical-mediated cross-cou-
pling of C—H and N—H bonds.'! Herein we report a new
strategy for the generation of functionalized monofluoroalkyl
radicals through electrochemical activation of C—H bonds™*
and its application in the unprecedented synthesis of 3-
fluorooxindoles through cross-coupling of C(sp®)-H and C-
(sp?)-H bonds (Scheme 1b).0*!

The cost-effective organometallic compound ferrocene
(Cp,Fe) was employed as a redox catalyst for the electro-
chemical cyclization of the model substrate 1 because Cp,Fe*
is known to promote oxidative radical reactions
(Table 1).2219 After some experiments, the optimal reac-
tion conditions were defined as electrolyzing 1 at 0°C in
a mixed solvent of MeOH/THF (1:2) using 10 mol % of Cp,Fe
as the catalyst and 30 mol % of LiCp as additive. The constant
current electrolysis was conducted in an undivided cell
equipped with a reticulated vitreous carbon (RVC) anode
and a Pt plate cathode. Under these mild conditions, the
desired 3-fluorooxindole 2 was isolated in 82 % yield after the
consumption of 2.5 F of charge. Running the reaction without
Cp,Fe (entry 2) or in the presence of triarylamine-type redox
catalysts (entry 3-4) led to substrate decomposition and
either no or low yield of 2. The basic additive LiCp was also
important for optimal yield as its absence (entry5) or
replacing it with NaHCO; (entry 6), or Na,COj; (entry 7) or
LiOMe (entry 8) all led to inferior results."”? The proper
anode material was critical for success as the use of platinum
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Table 1: Optimization of reaction conditions.!

F_-CO.Me r"‘h R_CO,Me
QX ;
lil ¢} constant current N
1

undivided cell \ 2
Entry Conditions Yield [%]
1 2

1 Cp,Fe (10 mol %), MeOH/THF (1:2), LiCp 0 86(82)
(30 mol %), 4 A MS, nBu,NPF,, 0°C, 7.5 mA

2 entry 1 but no Cp,Fe 35 0

3 entry 1 but (4-BrPh);N as mediator 75 9

4 entry 1 but (4-MePh);N as mediator 70 9

5 entry 1 but no LiCp 43 33

6 entry 1 but replacing LiCp with NaHCO, 37 39

7 entry 1 but replacing LiCp with Na,COs 30 41

8 entry 1 but replacing LiCp with LiOMe 0 64

9 entry 1 but Pt or graphite plate anode 61— trace
(Temx1cm) 80

10 entry 1 but 15 mA 0 79

[a] Reaction conditions: RVC anode (100 PPI, 1.2 cmx1.2 cmx0.6 cm),
Pt plate cathode (1 cmx1 cm), 1 (0.3 mmol), nBu,NPF; (0.6 mmol),
solvent (6 mL), argon, 2.7 h (2.5 F). [b] Yield determined by '"H NMR
analysis using 1,3,5-trimethoxybenzene as the internal standard. Isolated
yield in parenthesis. [c] Reaction time=1.3 h.

or graphite plate as the anode led to only trace amount of
product formation (entry 9). The reaction may be conducted
using higher current of 15 mA to reduce the reaction time
with small yield loss (entry 10).

Subsequent investigation of the reaction scope revealed
a broad tolerance of substituents with diverse electronic
properties at all positions on the N-aryl group of the amide
substrate (Scheme 2). Highly functionalized oxindoles could
be conveniently prepared from substrates bearing a multi-
substituted N-aryl group (19-24). Meta-substitution resulted
in the formation of two separable regioisomers (21, 22). On
the other hand, oxindoles bearing diverse N-substituents
including functionalized alkyl groups (27-33) and an aryl
group (34) could be accessed. The electrochemical oxidation
process showed satisfactory compatibility with a multitude of
functional groups, including the full range of halogens (5-8),
alkyne (14-16), aminoester (15), alcohol (16, 27), pyridine
(25,26), silylether (28), ester (29), and redox sensitive pyrrole
(13), carbozole (22), and N-phenyl carbamate (30). However,
it should be noted that the oxindole products bearing
electron-withdrawing groups (5-7, 9-11, 25) were prone to
base-induced decomposition even at 0°C. Thus, the reaction
temperature needed to be lowered to —30°C to obtain
optimal yields (Table S1, the Supporting Information).

In the cases of synthesis of 32 and 33, the intended
oxindole products were obtained in high yields despite the
presence of better radical acceptors, that is, a C—C double or
triple bond, to compete with the phenyl group. Tertiary
amides bearing a phenyl group and an unhindered alkyl group
on the amidyl nitrogen existed predominately in the cis form
(asillustrated for amide 1in Table 1)."8 The activation energy
for the cis/trans isomerization of amide is usually higher than
that of radical cyclization.'”] As a result, the regioselectivity
was dictated by the conformational preference of the starting
amide.
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Scheme 2. Scope of 3-fluorooxindole synthesis. Reaction conditions:
Table 1, entry 1. [a] Yield of isolated product. [b] Reaction at —30°C.
[c] The reaction time was 4 h (3.7 F). [d] Reaction at reflux. [e] Two
separable isomers.

The electrolytically driven C3-fluorinated oxindole syn-
thesis could also be performed on a larger scale (Scheme 3).
The electrolysis of 10.2 grams (29 mmol) of 35 proceeded
smoothly to furnish the desired product 8 in 82 % yield in less
than 3 h, with similar yield and current efficiency to the same
reaction on a smaller scale (see Figure S1 in the Supporting
Information for reaction setup). The ester group in 8 was
activated by the neighboring fluoro and amide substituents,
which greatly facilitated its aminolysis by a primary or
secondary amine to afford amides 36-38. In the presence of
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Scheme 3. Gram-scale synthesis and product transformations. [a] Allyl-
amine, MeOH, 50°C, 94 %. [b] Propargylamine, MeOH, 50°C, 96 %.
[c] Pyrrolidine, ZnCl,, THF, 0°C, 60%. [d] 4-MePhNH,, AlMe;, toluene,
0°C-RT, 39%. [e] Propargyl alcohol, (iPr),NEt, RT, 93 %. [f] Allylbro-
mide, Cs,CO;, MeOH, RT, 71 %.
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p-toluidine and AlMe;,” both of the ester group and the C—F
bond underwent aminolysis to generate 3-aminooxindole 39.
In addition, the ester group could be removed (40) or
replaced in a single step by an allyl substituent (41). These
diverse transformations highlighted the potential of the
current electrochemical method in medicinal chemistry.

To investigate the reaction mechanism, we first compared
the cyclic voltammograms of Cp,Fe in the absence or
presence of 1 (Scheme 4). The absence of any detectable
changes between the two voltammograms (traces a vs. b)
suggested that there was no electron transfer between the
electrochemically generated Cp,Fe® and the starting sub-
strate, which could be rationalized by the large potential
difference between the two species (£,,=0.52 Vand 1.93 V
vs. SCE for Cp,Fe and 1, respectively). However, a catalytic
current was observed when a base such as LiCp (trace c) or
LiOMe (trace e) was included. The intensity of the current

0.3 04 05 06 07 08 0.3 04 0.5 086 07 0.8
EIVvs SCE

Scheme 4. Cyclic voltammograms of Cp,Fe (3 mm) in 2:1 THF/MeOH

(0.1 M nBuy,NBF,). a) Cp,Fe. b) Cp,Fe, 1 (36 mm). c) b + LiCp
(36 mm). d) b + LiOMe (18 mm). €) b + LiOMe (36 mm). f) b +

LiOMe (72 mm). g) b + LiOMe (108 mwm). a') Cp,Fe. b’) Cp,Fe, LiOMe
(36 mm), 1 (18 mM) c') Cp,Fe, LiOMe (36 mm), 1 (36 mm). d') Cp,Fe,
LiOMe (36 mm), 1 (72 mm). €) Cp,Fe, LiOMe (36 mm), 1 (108 mm).
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was shown to increase with the strength (trace c vs. e) and
concentration (traces d-g) of the base. In fact, this trend
continued even after the concentration of LiOMe exceeded
that of 1 (traces f-g), suggesting that 1 did not undergo
substantial deprotonation by methoxide.”!! On the other
hand, we discovered that the catalytic current also gained in
strength when a higher concentration of 1 was used while the
amount of base (LiOMe) remained unchanged (traces b'—¢’).
Taken together, these results suggested that 1 was oxidized by
Cp,Fe* through a rate-limiting deprotonation step followed
by a quick electron transfer.*!

Based on the above-mentioned findings, a possible mech-
anism for the electrochemical dehydrogenative cross-cou-
pling reaction was proposed (Scheme5). As a start, the
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Scheme 5. Mechanistic proposal.

application of a potential difference across the electrolysis cell
triggers the anodic oxidation of Cp,Fe and the cathodic
reduction of MeOH. The resultant MeO~ or added LiCp™
then abstracts the malonyl proton from 1 to give rise to its
conjugate base I with equilibrium lying far to the side of 1.*¥
This unfavorable deprotonation is driven forward by the
following reaction of I, which involves facile electron transfer
with Cp,Fe* to form the key carbon radical intermediate IT
and regenerate the redox catalyst Cp,Fe followed by radical
cyclization and rearomatization to furnish the final oxindole
2.

In summary, we have developed an efficient and highly
chemoselective electrochemical cross-coupling reaction of
C(sp®)-H and C(sp*)-H bonds employing Cp,Fe as the redox
catalyst, leading to a straightforward, modular and efficient
synthesis of functionalized 3-fluorooxindoles. The in situ
generation of the requisite oxidant and base at relatively
low temperature and in a continuous fashion allow the base-
and heat-sensitive fluorinated oxindoles to be formed with
high efficiency. Importantly, we have demonstrated that
electrochemical oxidation using redox catalysis can provide
an effective entry into functionalized monofluoroalkyl radi-
cals through activation of C—H bonds. Application of these
fluorinated C-radicals to the development of new fluoroalky-
lation reactions are currently underway in our laboratory.

www.angewandte.org

These are not the final page numbers!

Angewandte

intemationalEdition’y Chemie


http://www.angewandte.org

GDCh
~~—~

4
R

Acknowledgements
Financial support of this research from MOST (grant number
2016YFA0204100), NSFC (grant numbers 21672178 and
21402164), the “Thousand Youth Talents Plan”, and XMU.
Conflict of interest

The authors declare no conflict of interest.

Keywords: cyclization - electrochemistry - ferrocene - radicals -
redox chemistry

[1] P. Kirsch, Modern Fluoroorganic Chemistry, Wiley-VCH, Wein-
heim, 2013.

[2] a) W. R. Dolbier, Jr., Chem. Rev. 1996, 96, 1557-1584; b) A.
Studer, Angew. Chem. Int. Ed. 2012, 51, 8950—8958; Angew.
Chem. 2012, 124, 9082-9090; c) C. F. Ni, M. Y. Hu, J. B. Hu,
Chem. Rev. 2015, 115, 765-825; d) P. A. Champagne, J. Des-
roches, J. D. Hamel, M. Vandamme, J. F. Paquin, Chem. Rev.
2015, 715, 9073 -9174.

[3] a) Y. Fujiwara, J. A. Dixon, F. O’Hara, E.D. Funder, D.D.
Dixon, R. A. Rodriguez, R. D. Baxter, B. Herle, N. Sach, M. R.
Collins, Y. Ishihara, P.S. Baran, Nature 2012, 492, 95-99;
b) X. Y. Sun, S. Y. Yu, Org. Lett. 2014, 16, 2938 -2941; c) X.-J.
Tang, C. S. Thomoson, W. R. Dolbier, Org. Lett. 2014, 16, 4594 —
4597; d) J. Rong, L. Deng, P. Tan, C. Ni, Y. Gu, J. Hu, Angew.
Chem. Int. Ed. 2016, 55, 2743 -2747; Angew. Chem. 2016, 128,
2793-2797.

[4] J.J. Cao, X. Wang, S. Y. Wang, S. J. Ji, Chem. Commun. 2014, 50,
12892 -12895.
[5] Metal salts, particularly Mn', are typical oxidants for activation

of 1,3-dicarbonyl compounds. For reviews, see: a) B. B. Snider,
Chem. Rev. 1996, 96, 339-363; b) J. W. Burton, Encyclopedia of
Radicals in Chemistry, Biology and Materials, Vol. 2, 1st ed.
(Eds.: C. Chatgilialoglu, A. Studer), Wiley, Chichester, 2012,
pp- 901-943; c) M. Mondal, U. Bora, RSC Adyv. 2013, 3, 18716
18754.

[6] a) V. K. Gribkoff, etal., Nat. Med. 2001, 7, 471-477; b) P.
Hewawasam, et al., Bioorg. Med. Chem. Lett. 2002, 12, 1023 -
1026.

[7] a) Y. Hamashima, T. Suzuki, H. Takano, Y. Shimura, M.
Sodeoka, J. Am. Chem. Soc. 2005, 127, 10164-10165; b) T.
Ishimaru, N. Shibata, T. Horikawa, N. Yasuda, S. Nakamura, T.
Toru, M. Shiro, Angew. Chem. Int. Ed. 2008, 47, 4157-4161;
Angew. Chem. 2008, 120, 4225-4229; ¢) Y. Hou, S. Higashiya, T.
Fuchigami, J. Org. Chem. 1997, 62, 8773-8776; d) L. L. Wu, L.
Falivene, E. Drinkel, S. Grant, A. Linden, L. Cavallo, R. Dorta,
Angew. Chem. Int. Ed. 2012, 51, 2870-2873; Angew. Chem.
2012, 124, 2924-2927; ¢) K. Dong, B. Yan, S. Chang, Y. Chi, L.
Qiu, X. Xu, J. Org. Chem. 2016, 81, 6887 —6892.

[8] a) Y. X.Jia, E. P. Kiindig, Angew. Chem. Int. Ed. 2009, 48, 1636 —
1639; Angew. Chem. 2009, 121, 1664-1667; b) C. Dey, E.P.
Kiindig, Org. Synth. 2014, 91, 221-232; c) C. Dey, E. Larionov,
E. P. Kiindig, Org. Biomol. Chem. 2013, 11, 6734-6743; d) A.
Perry, R.J.K. Taylor, Chem. Commun. 2009, 3249-3251;
e) D. S. Pugh, R. J. K. Taylor, Org. Synth. 2012, 89, 438 —449.

[9] S. A. Girard, T. Knauber, C. J. Li, Angew. Chem. Int. Ed. 2014,
53,74-100; Angew. Chem. 2014, 126, 76—103.

[10] a) S. Ghosh, S. De, B.N. Kakde, S. Bhunia, A. Adhikary, A.
Bisai, Org. Lett. 2012, 14, 5864 —-5867; b) S. Bhunia, S. Ghosh, D.

(11]

(12]

[13

[

—
—
~

=

[15]

[16]

(17]

(18]

Angewandte

Communications e S Chemic

Dey, A. Bisai, Org. Lett. 2013, 15, 2426 -2429; ¢) Z. Yu, L. Ma,
W. Yu, Synlett 2010, 2607 —2610.

a)J.E.M. N. Klein, A. Perry, D. S. Pugh, R. J. K. Taylor, Org.
Lett. 2010, 12, 3446-3449; b) T. E. Hurst, R. M. Gorman, P.
Drouhin, A. Perry, R.J. K. Taylor, Chem. Eur. J. 2014, 20,
14063 -14073.

a) Z. W. Hou, Z. Y. Mao, H. B. Zhao, Y. Y. Melcamu, X. Lu, J.
Song, H.-C. Xu, Angew. Chem. Int. Ed. 2016, 55, 9168-9172;
Angew. Chem. 2016, 128, 9314-9318; b) L. Zhu, P. Xiong, Z. Y.
Mao, Y. H. Wang, X. Yan, X. Lu, H.-C. Xu, Angew. Chem. Int.
Ed. 2016, 55, 2226 -2229; Angew. Chem. 2016, 128, 2266 —2269;
c¢) H.-B. Zhao, Z.-W. Hou, Z.-J. Liu, Z.-F. Zhou, J. Song, H.-C.
Xu, Angew. Chem. Int. Ed. 2017, 56, 587-590; Angew. Chem.
2017, 129, 602 -605.

For selected recent reviews on electro-organic synthesis, see:
a) R. Francke, R. D. Little, Chem. Soc. Rev. 2014, 43,2492 - 2521,
b) B. A. Frontana-Uribe, R. D. Little, J. G. Ibanez, A. Palma, R.
Vasquez-Medrano, Green Chem. 2010, 12, 2099-2119; c) H. J.
Schifer, C. R. Chim. 2011, 14, 745; d) J. Yoshida, K. Kataoka, R.
Horcajada, A. Nagaki, Chem. Rev. 2008, 108, 2265-2299;¢) J. B.
Sperry, D. L. Wright, Chem. Soc. Rev. 2006, 35, 605-621; f) R.
Francke, Beilstein J. Org. Chem. 2014, 10, 2858-2873; g) S. R.
Waldvogel, B. Janza, Angew. Chem. Int. Ed. 2014, 53, 7122 -
7123; Angew. Chem. 2014, 126, 7248 -7249; h) S. R. Waldvogel,
S. Mohle, Angew. Chem. Int. Ed. 2015, 54, 6398 -6399; Angew.
Chem. 2015, 127, 6496—6497; i) E. J. Horn, B. R. Rosen, P.S.
Baran, ACS Cent. Sci. 2016, 2, 302-308.

Electrochemical generation of C radicals employing Mn-based
redox mediator in glacial acetic acid as solvent using a divided
cell has been reported: a) R. Shundo, I. Nishiguchi, Y. Matsu-
bara, T. Hirashima, Tetrahedron 1991, 47, 831 —840.

Selected recent examples of electrochemical C—H functionali-
zation: a) R. Hayashi, A. Shimizu, J. I. Yoshida, J. Am. Chem.
Soc. 2016, 138, 8400-8403; b) T. Morofuji, A. Shimizu, J.
Yoshida, J. Am. Chem. Soc. 2015, 137, 9816-9819; c) W.J.
Gao, W. C. Li, C. C. Zeng, H. Y. Tian, L. M. Hu, R. D. Little, J.
Org. Chem. 2014, 79, 9613-9618; d) S.J. Yoo, L.J. Li, C.C.
Zeng, R. D. Little, Angew. Chem. Int. Ed. 2015, 54, 37443747,
Angew. Chem. 2015, 127, 3815-3818; e) A. Wiebe, D. Scholl-
meyer, K. M. Dyballa, R. Franke, S. R. Waldvogel, Angew.
Chem. Int. Ed. 2016, 55, 11801 -11805; Angew. Chem. 2016, 128,
11979-11983; f) S. Lips, A. Wiebe, B. Elsler, D. Schollmeyer,
K. M. Dyballa, R. Franke, S. R. Waldvogel, Angew. Chem. Int.
Ed. 2016, 55, 10872-10876; Angew. Chem. 2016, 128, 11031—
11035; g) G. Q. Sun, S. Y. Ren, X. H. Zhu, M. N. Huang, Y. Q.
Wan, Org. Lett. 2016, 18, 544—-547; h) T. Broese, R. Francke,
Org. Lett. 2016, 18, 5896-5899; i) H. Ding, P. L. DeRoy, C.
Perreault, A. Larivee, A. Siddiqui, C. G. Caldwell, S. Harran,
P. G. Harran, Angew. Chem. Int. Ed. 2015, 54, 4818-4822;
Angew. Chem. 2015, 127,4900-4904; j) E. J. Horn, B. R. Rosen,
Y. Chen, J. Tang, K. Chen, M. D. Eastgate, P. S. Baran, Nature
2016, 533, 77-81.

a) U. Jahn, P. Hartmann, Chem. Commun. 1998, 209-210; b) F.
Kafka, M. Holan, D. Hidasova, R. Pohl, I. Cisarova, B.
Klepetarova, U. Jahn, Angew. Chem. Int. Ed. 2014, 53, 9944 —
9948; Angew. Chem. 2014, 126, 10102-10106; c) U. Jahn, P.
Hartmann, E. Kaasalainen, Org. Lett. 2004, 6, 257-260; d) U.
Jahn, M. Muller, S. Aussieker, J. Am. Chem. Soc. 2000, 122,
5212-5213.

For the cases with low conversion, prolonged reaction led to
substrate consumption but no increase in yield, suggesting the
decomposition of product and/or redox catalyst. LiCp probably
helped to stabilize Cp,Fe*, which decomposes in the presence of
coordinating nucleophiles: R. Prins, A.R. Korswagen,
A.G.T. G. Kortbeek, J. Organomet. Chem. 1972, 39, 335-344.
A. Itai, Y. Toriumi, S. Saito, H. Kagechika, K. Shudo, J. Am.
Chem. Soc. 1992, 114, 10649 —10650.

www.angewandte.org © 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2017, 56, 1-6

&These are not the final page numbers!


http://dx.doi.org/10.1021/cr941142c
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/10.1021/cr5002386
http://dx.doi.org/10.1021/cr500706a
http://dx.doi.org/10.1021/cr500706a
http://dx.doi.org/10.1038/nature11680
http://dx.doi.org/10.1021/ol501081h
http://dx.doi.org/10.1021/ol502163f
http://dx.doi.org/10.1021/ol502163f
http://dx.doi.org/10.1002/anie.201510533
http://dx.doi.org/10.1002/anie.201510533
http://dx.doi.org/10.1002/ange.201510533
http://dx.doi.org/10.1002/ange.201510533
http://dx.doi.org/10.1039/C4CC05324A
http://dx.doi.org/10.1039/C4CC05324A
http://dx.doi.org/10.1021/cr950026m
http://dx.doi.org/10.1039/c3ra42480d
http://dx.doi.org/10.1039/c3ra42480d
http://dx.doi.org/10.1038/86546
http://dx.doi.org/10.1016/S0960-894X(02)00101-4
http://dx.doi.org/10.1016/S0960-894X(02)00101-4
http://dx.doi.org/10.1021/ja0513077
http://dx.doi.org/10.1002/anie.200800717
http://dx.doi.org/10.1002/ange.200800717
http://dx.doi.org/10.1021/jo971173i
http://dx.doi.org/10.1002/anie.201200206
http://dx.doi.org/10.1002/ange.201200206
http://dx.doi.org/10.1002/ange.201200206
http://dx.doi.org/10.1021/acs.joc.6b01286
http://dx.doi.org/10.1002/anie.200805652
http://dx.doi.org/10.1002/anie.200805652
http://dx.doi.org/10.1002/ange.200805652
http://dx.doi.org/10.15227/orgsyn.091.0221
http://dx.doi.org/10.1039/c3ob41254g
http://dx.doi.org/10.1039/b903516h
http://dx.doi.org/10.1002/anie.201304268
http://dx.doi.org/10.1002/anie.201304268
http://dx.doi.org/10.1002/ange.201304268
http://dx.doi.org/10.1021/ol302767w
http://dx.doi.org/10.1021/ol400899e
http://dx.doi.org/10.1055/s-0030-1258584
http://dx.doi.org/10.1021/ol1012668
http://dx.doi.org/10.1021/ol1012668
http://dx.doi.org/10.1002/chem.201403917
http://dx.doi.org/10.1002/chem.201403917
http://dx.doi.org/10.1002/anie.201602616
http://dx.doi.org/10.1002/ange.201602616
http://dx.doi.org/10.1002/anie.201510418
http://dx.doi.org/10.1002/anie.201510418
http://dx.doi.org/10.1002/ange.201510418
http://dx.doi.org/10.1002/anie.201610715
http://dx.doi.org/10.1002/ange.201610715
http://dx.doi.org/10.1002/ange.201610715
http://dx.doi.org/10.1039/c3cs60464k
http://dx.doi.org/10.1039/c0gc00382d
http://dx.doi.org/10.1016/j.crci.2011.01.002
http://dx.doi.org/10.1021/cr0680843
http://dx.doi.org/10.1039/b512308a
http://dx.doi.org/10.3762/bjoc.10.303
http://dx.doi.org/10.1002/anie.201405082
http://dx.doi.org/10.1002/anie.201405082
http://dx.doi.org/10.1002/ange.201405082
http://dx.doi.org/10.1002/anie.201502638
http://dx.doi.org/10.1002/ange.201502638
http://dx.doi.org/10.1002/ange.201502638
http://dx.doi.org/10.1021/acscentsci.6b00091
http://dx.doi.org/10.1016/S0040-4020(01)87071-X
http://dx.doi.org/10.1021/jacs.6b05273
http://dx.doi.org/10.1021/jacs.6b05273
http://dx.doi.org/10.1021/jacs.5b06526
http://dx.doi.org/10.1021/jo501736w
http://dx.doi.org/10.1021/jo501736w
http://dx.doi.org/10.1002/anie.201410207
http://dx.doi.org/10.1002/ange.201410207
http://dx.doi.org/10.1002/anie.201604321
http://dx.doi.org/10.1002/anie.201604321
http://dx.doi.org/10.1002/ange.201604321
http://dx.doi.org/10.1002/ange.201604321
http://dx.doi.org/10.1002/anie.201605865
http://dx.doi.org/10.1002/anie.201605865
http://dx.doi.org/10.1002/ange.201605865
http://dx.doi.org/10.1002/ange.201605865
http://dx.doi.org/10.1021/acs.orglett.5b03581
http://dx.doi.org/10.1021/acs.orglett.6b02979
http://dx.doi.org/10.1002/anie.201411663
http://dx.doi.org/10.1002/ange.201411663
http://dx.doi.org/10.1038/nature17431
http://dx.doi.org/10.1038/nature17431
http://dx.doi.org/10.1039/a706879d
http://dx.doi.org/10.1002/anie.201403776
http://dx.doi.org/10.1002/anie.201403776
http://dx.doi.org/10.1002/ange.201403776
http://dx.doi.org/10.1021/ol036233n
http://dx.doi.org/10.1021/ja000565v
http://dx.doi.org/10.1021/ja000565v
http://dx.doi.org/10.1016/S0022-328X(00)80459-3
http://dx.doi.org/10.1021/ja00052a078
http://dx.doi.org/10.1021/ja00052a078
http://www.angewandte.org

QDCh Communications Anglydte
[19] a) D. P. Curran, J. Tamine, J. Org. Chem. 1991, 56, 2746-2750;  [23] The consumed Cp~ can be regenerated by the electrochemically
b) W. E. Stewart, T. H. Siddall, Chem. Rev. 1970, 70, 517-551. generated MeO™.
[20] M. F. Lipton, A. Basha, S. M. Weinreb, Org. Synth. 1979, 59,49~  [24] o-Fluoro substituent can decrease the acidity of a-carbonyl
52. carbon acids: a)J. Hine, L. G. Mahone, C. L. Liotta, J. Am.
[21] See Figure S2 of the Supporting Information for additional Chem. Soc. 1967, 89, 5911-5920; B. A. Vara, J. N. Johnston, J.
support. Am. Chem. Soc. 2016, 138, 13794 -13797.

[22] We do not rule out the possibility of a proton-coupled electron
transfer: E. C. Gentry, R. R. Knowles, Acc. Chem. Res. 2016, 49,  Manuscript received: February 7, 2017
1546 -1556. Final Article published: HIll HN. EEENR

Angew. Chem. Int. Ed. 2017, 56, 1-6 © 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org 5

These are not the final page numbers! *?


http://dx.doi.org/10.1021/jo00008a032
http://dx.doi.org/10.1021/cr60267a001
http://dx.doi.org/10.1021/acs.accounts.6b00272
http://dx.doi.org/10.1021/acs.accounts.6b00272
http://dx.doi.org/10.1021/ja00999a030
http://dx.doi.org/10.1021/ja00999a030
http://dx.doi.org/10.1021/jacs.6b07731
http://dx.doi.org/10.1021/jacs.6b07731
http://www.angewandte.org

GDCh
~~—~

6
R

www.angewandte.org

Communications

@ Cross-Coupling

Z.-). Wu, H.-C. Xu*

Synthesis of C3-Fluorinated Oxindoles
Through Reagent-Free Cross-
Dehydrogenative Coupling

&These are not the final page numbers!

Communications

Angewandte

intemationaldition’y) Chemie

D.. rh_ﬁ R\ _CO,Me
N F. L,Me N
RT R ¢ * B
N"o N,
H R? R

C—H functionalization: A ferrocene-cata-
lyzed electrochemical cross-coupling
reaction of C(sp®)-H and C(sp?)-H centers
has been developed to give access to C3-
fluorinated oxindoles using fluorinated

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

33 examples

malonate amides. The electrosynthetic
method is characterized by mild reaction
conditions, broad substrate scope, high
functional group tolerance, and easy
scalability.
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