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Transition-metal-free catalytic hydrodefluoronation of
polyfluoroarenes via a concerted nucleophilic aromatic

substitution with a hydrosilicate

Kotaro Kikushima, Mary Grellier, Masato Ohashi, and Sensuke Ogoshi*

Abstract: The transition-metal-free catalytic hydrodefluorination
(HDF) reaction of polyfluoroarenes is described, which involves a
direct hydride transfer from a hydrosilicate as the key intermediate,
generated from a hydrosilane and a fluoride salt. The eliminated
fluoride regenerates the hydrosilicate to complete the catalytic cycle.
Dispersion-corrected density functional theory (DFT) calculations
indicated that the HDF reaction proceeds via a concerted nucleophilic
aromatic substitution (CSyAr) reaction.

The demand for the development of an efficient methodology for
the synthesis of organofluorine compounds is increasing.*? So
far, fluoroarenes have been synthesized by two complementary
approaches: the introduction of a fluorine atom into an aromatic
ring, or the substitution of a fluorine atom of polyfluoroarenes with
other atoms/groups. As far as the former approach is concerned,
aryl fluorides have been obtained from various fluorinations
methods, including transition-metal-catalyzed C-F bond
formations through the substitution of heteroatoms, or directing-
group-assisted C-H bond activation methods,! both of which are
alternatives to more traditional methods such as the Balz-
Scheiman reaction” or the halex process.! These reactions,
however, require the pre-installations of heteroatoms or directing
groups, which renders polyfluorinations difficult. The second
approach, i.e., the substitution of a fluorine atom of polyfluoro-
arenes with other atoms/groups, which includes nucleophilic
substitutions or the activation of C-F bonds in polyfluoroarenes!®-
1 circumvents these obstacles. The hydrodefluorination (HDF),
i.e., the substitution of a fluorine with a hydrogen atom, should be
a promising approach for the synthesis of polyfluorinated building
blocks from readily available fluorinated bulk chemicals.[’-'2
Substantial efforts have been devoted to transition-metal-
catalyzed HDF reactions via the activation of the inert C-F bond
(Figure 1a).["-*1 However, these reactions should represent a
severe drawback, given that employing elaborate catalysts
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Figure 1. Various Catalytic HDF Reactions.

usually increases costs significantly and inevitably leads to a
contamination of the obtained products with metal traces.
Moreover, transition-metal catalysts usually suffer from the strong
affinity between the metal and fluorine atoms, which leads in
many cases to catalyst deactivation. To accomplish catalytic HDF
reactions, the combination of electron-rich late transition metals
and fluorophilic reductants such as hydrosilanes has been
employed. Recently, photocatalytic HDF reactions using an Ir
complex®¥ or a pyrene derivativel*® with diisopropylethylamine as
the hydride source have been reported, wherein high catalytic
turnover numbers (TONs) were achieved due to the low
propensity to form deactivating M-F bonds. The reaction with
triethylphosphine has also been reported, albeit that the required
high temperatures and long reaction times.!Y! For aliphatic C-F
bonds, catalytic HDF reactions have been achieved by using
silylium cations, wherein the abstraction of fluorides from the alkyl
fluorides is the key step (Figure 1b).['? However, substrates were
limited in this case to alkyl fluorides, and uncontrollable multi-HDF
reactions occurred in the case of polyfluoroalkenes. Given these
circumstances, the development of more economical and
practical methods for the HDF of polyfluoroarenes in the absence
of transition-metal catalysts represents an eagerly anticipated
milestone on the road to effective and efficient syntheses of
functionalized polyfluoroarenes.
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Scheme 1. HDF reaction of octafluorotoluene using a catalytic amount of TBAT
with various hydrosilanes. General conditions: 1a (0.12 mmol), hydrosilane,
TBAT (5 mol%), and THF/THF-ds (0.50 mL) were mixed in J. Young NMR tube.
Yields were determined by '°F NMR.

To develop such transition-metal-free HDF reactions, we
have focused on pentacoordinated hydrosilicates, which exhibit
enhanced nucleophilicity of the hydride on the silicon center.[*3-15]
In fact, facile catalytic hydrosilylations of aldehydes and ketones
have been achieved by a hydride transfer from hydrosilicates
generated from hydrosilanes and fluoride salts.!*3! Moreover, the
copolymerization of perfluoroarene with disilylacetylenes in the
presence of a catalytic amount of fluoride salts through the
nucleophilic attack of alkynyl groups to perfluoroarenes have
been reported.*® In both reactions, the key to successful catalytic
reactions is the reactivation of the silanes by coordination of
anionic species such as alkoxides or fluorides to the silicon center
in order to regenerate the pentacoordinated silicates. These
reactions prompted us to investigate the possibility of a
hydrosilicate that could act as a highly reactive catalyst for the
HDF of polyfluoroarenes via a hydride transfer, wherein the
eliminated fluoride could regenerate the hydrosilicate to complete
the catalytic cycle (Figure 1c). Herein, we describe the first
example of a transition-metal-free catalytic HDF of polyfluoro-
arenes using pentacoordinated hydrosilicates. The underlying
reaction mechanism was elucidated by stoichiometric reactions
and density functional theory (DFT) calculations.

Initially, we optimized the HDF of octafluorotoluene (1a) as a
model substrate (Scheme 1 and Supplementary Information). In
the presence of 5 mol% of tetrabutylammonium difluorotriphenyl-
silicate (TBAT), the reaction with Ph3SiH, Me;PhSiH, or
MePh,SiH furnished 1-trifluoromethyl-2,3,5,6-tetrafluorobenzene
(2a) quantitatively as the sole product. Using Et,SiH,, the reaction
reached completion faster to afford 2a (96%) together with a small
amount of 3a (4%). The combination of TBAT and Et,SiH, was
highly efficient, i.e., 0.1 mol% of catalyst afforded 2a in 96% yield.

This catalytic HDF reaction can be applied to a variety of
polyfluoroarenes (Scheme 2). The reaction of hexafluorobenzene
(1b) with 1.08 eq of Et,SiH, afforded pentafluorobenzene (2b)
together with tetrafluorobenzenes (3-5b) via a twofold HDF.
Employing 2b furnished 1,2,4,5-tetrafluorobenzene (3b) in 90%
yield with high regioselectivity, which is consistent with the ratio of
twofold HDF products starting from 1b. The HDF of 3b was
sluggish, even at 100 °C. Decafluorobiphenyl (1c) reacted with
1.08 eq of Et,SiH; to afford the twofold HDF product 2c, wherein
a single HDF occurred on each ring. Ocatafluoronaphthalene (1d)
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Scheme 2. Hydrosilicate-catalyzed HDF reaction of various polyfluoroarenes
and octafluorocyclopentene. General conditions: 1 (0.50 mmol), hydrosilane,
TBAT (4 mol%), and THF (0.50 mL) were mixed in J. Young NMR tube. Yields
of the products with high volatility were determined by °F NMR. [a] Isolated
yield. [b] With 1 mol% TBAT.

also underwent the twofold HDF to afford the mixture of 2d and
3d. The reactions of 2,3,4,5,6-pentafluorotoluene (1e) and
2,3,4,5,6-pentafluoroanisole (1f) afforded the corresponding
products (2—4e, 2f, and 3f), albeit with decreased reactivity due to
the relatively high electron density. This HDF reaction tolerates
various functional groups including multiple bonds. Polyfluoro-
benzenes bearing nitro (1g) and cyano group (1h and 1i) afforded
the corresponding HDF products in high yields even when Ph3SiH
and 1 mol% of TBAT were used at 20 °C. In the case of

This article is protected by copyright. All rights reserved.
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Scheme 3. One-pot synthesis of polyfluoroarenes using the present HDF.

pentafluorobenzoic acid esters (1j and 1k) or amides (1l and 1m),
the HDF reaction proceeded exclusively at the 4-position.
Chloropentafluoro-benzene (1n) produced a mixture of HDF
products (2-4n) and a small amount of hydrodechlorination
product 2b. In contrast, Bromopentafluorobenzene (10)
underwent only hydridebromina-tion to afford 2b. Conversely, in
the reaction of 1p, the bromine atom bound to the non-fluorinated
phenoxy group remained intact and HDF product 2p was obtained
as the sole product. Polyfluoro-pyridines (1q and 1r) were also
converted into the corresponding products (2q and 2r) in high
yields. Furthermore, octafluoro-cyclopentene 1s could be
transformed, whereby only the HDF of the alkenyl fluoride
proceeded to afford 2s and 3s. In the present HDF reaction,
various solvents can be used and the only by-products are
fluorosilanes that should be innocent regarding further
transformations. Thus, we subsequently examined one-pot
procedures without purifications (Scheme 3). For example,
tetrafluoropyridine (2p), prepared by the present HDF in DMF,
was directly treated with 4-bromophenol in the presence of K,CO3
to afford fluorine-containing polyarylether (1s). This one-pot
procedure could be applied to the synthesis of 4-substituted
2,3,5,6-tetrafluoropyridines (1u and 1r) via the HDF reaction,
followed by nickel- or palladium-catalyzed coupling reactions.

To gain deeper insight into the reaction mechanism involving
the pentacoordinated fluorohydrosilicate,*3*142.151 we conducted
stoichiometric reactions between hydrosilanes and fluoride salts
(Scheme 4 and Supplementary Information). A mixture of Ph3SiH
and TBAT in THF-ds at room temperature did not show any
evidence for the formation of either fluorohydrosilicate or
dihydrosilicate on NMR due to their instability (Scheme 4a, top).
On the other hand, the same reaction in the presence of a small
amount of water afforded hydrogen and Ph3SiOSiPhs (Scheme
4a, bottom),[*d which was not observed in the absence of TBAT.
These results suggest that the combination of Ph3;SiH and TBAT
generates highly reactive hydrosilicates (Scheme 4b).
Fluorohydrosilicate A can generate difluorosilicate B and
dihydrosilicate C via a redistribution.*>”] DFT calculations using
Grimme’s DFT-D3 London-dispersion correction Becke-Johnson
damping (D3BJ)1¢l indicates in a qualitative trend that equilibrium
is possible between the different forms (estimated AG = 9.5
kJ/mol at 298 K). We next examined a stoichiometric reaction of
1la with 1.0 eq of dihydrosilicate (K*[18-crown-6]Ph3SiH2")

10.1002/anie.201708003
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Scheme 4. a) Stoichiometric reactions between PhsSiH and TBAT. b)
Redistribution reaction of fluorohydrosilicate. The DFT calculations were carried
out using the B3PW91 functional in combination with the 6-311++G** basis set
and Grimme’s DFT-D3 London-dispersion correction with Becke-Johnson
damping (D3BJ). c) Stoichiometric reactions of octafluorotoluene with
dihydrosilicate. Yields were determined by *°F NMR.

(Scheme 4c).1*®! The HDF proceeded smoothly to afford 2a (96%)
and difluorosilicate (K*[18-crown-6]PhsSiF;) along with PhsSiH
and probably KF. These results suggest that the present HDF
reaction involves the generation of hydrosilicates.

The proposed catalytic cycles, which involve a hydride
transfer from either fluorohydrosilicate A or dihydrosilicate C, are
shown in Figure 2. Initially, A should be generated by the reaction
of the hydrosilane with TBAT (B). In cycle | (Figure 2a, left), the
polyfluoroarene could coordinate to A via T-m stacking,['9
followed by isomerization to cis-D, which should undergo a
hydride transfer through TS D-E to afford intermediate E (Video
1). The eliminated fluoride should be trapped intramolecularly by
a fluorosilane or a hydrosilane to regenerate B or A, respectively.
Cycle Il (Figure 2a, right) shows an alternative path that involves
dihydrosilicate C as a key intermediate, which could be generated
through the redistribution of A. The hydride transfer from cis-F
could proceed via TS F-G to generate intermediate G (Video 2).
The eliminated fluoride should be trapped by a hydrosilane to
regenerate A under concomitant formation of the HDF product. In
order to get qualitative trends, the energy profiles based on DFT
calculations with D3BJ, carried out at 353.15 K using a polarizable
continuum model (PCM) for the solvent (THF), are depicted in
Figure 2b. The relative Gibbs energy of TS F-G (AG = +45.0
kJ/mol) was lower than that of TS D-E (AG = +79.4 kJ/mol), which
suggests that the reaction should proceed more likely via path Il
than path I. Furthermore, we calculated the regioselectivity of the
HDF reaction using pentafluorobenzene with PhsSiH involving A
or C, and compared the results to those of the experimental ratio
(Supplementary Information). The HDF reaction of pentafluoro-
benzene at 60 °C afforded tetrafluoro-benzene as an isomeric
mixture (p:m:o = 82:2:16), and the ratio was in better agreement
with the calculated values for B (p:m:o = 84:4:11 with Grimme's
DFT-D3 London-dispersion correction on with zero damping (D3);
p:m:o = 72:4:24 with D3BJ) than with those for A (p:m:o = 95:2:3
with D3; p:m:o = 95:1:4 with D3BJ). These results also support
the notion that the present HDF proceeds via a hydride transfer
from B. It should be noted that the DFT calculations showed
single transition states (TS D-E and TS F-G), while
Meisenheimer-type intermediates were not observed on either

This article is protected by copyright. All rights reserved.
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Figure 2. Proposed reaction mechanism and energy profiles for the present HDF reaction. The dotted lines in TS D-E and TS F-G represent the bonds involved in
the transition state, albeit that they are not representative of the degree of the activation. DFT Calculations were carried out using the B3PW91 functional in
combination with the 6-311++G** basis set and Grimme's DFT-D3 London-dispersion correction with Becke-Johnson damping (D3BJ). The solvent (THF) was
modeled by application of a polarizable continuum model (PCM). The energy profiles represent the relative Gibbs energies.

paths. These results indicate that the present HDF proceeds via
a concerted nucleophilic aromatic substitution (CSnAr) reaction
rather than via a classical two-step nucleophilic aromatic
substitution (SnyAr) reaction. Similar transition states are thus
suggested as a key step for deoxyfluorination or hydro-
dehalogenation reactions.?%

In conclusion, we have demonstrated a HDF reaction of
polyfluoroarenes catalyzed by pentacoordinated hydrosilicates.
DFT calculations suggests that the reaction should proceed via a
concerted nucleophilic aromatic substitution (CSnAr) reaction,
whereby Meisenheimer-type intermediates are not generated.
These findings should thus provide an alternative synthetic
approach to polyfluoroarenes.

Acknowledgements

This work was partially supported by Grant-in-Aid for Scientific
Research (A) (JSPS KAKENHI Grant Number 16H02276) and (B)

(JSPS KAKENHI Grant Number 16KT0057), Grant-in-Aid for
Young Scientist (A) (JSPS KAKENHI Grant Number 25708018),
a Grant-in-Aid for Young Scientist (B) (JSPS KAKENHI Grant
Number 16K17899), and Grant-in-Aid for Scientific Research on
Innovative Areas “Precisely Designed Catalysts with Customized
Scaffolding” (JSPS KAKENHI Grant Number 15H05803) from
JSPS. This work was also granted access to the HPC resources
of CALMIP supercomputing center under the allocation 2016-
[p0909], Toulouse, France and the LCC computer cluster. M.G.
acknowledge the ANR agency (ANR-15-CE07-0024 “N2CDFun”)
and specially appointed Prof. position at Osaka University 2016—
2017. M.O. also acknowledges The Noguchi Institute.

Keywords: fluoroarene « defluorination « hydride - silicate *
nucleophilic aromatic substitution

[1] a) P. Jeschke, ChemBioChem 2004, 5, 570-589; b) K. Midiller, C. Faeh,
F. Diederich, Science 2007, 317, 1881-1886; c) S. Purser, P. R. Moore,
S. Swallow, V. Gouverneur, Chem. Soc. Rev. 2008, 37, 320-330; d) Y.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

(2]

(3]

[4]
(3]
6]

[7]

8l

[0

Zhou, J. Wang, Z. Gu, S. Wang, W. Zhu, J. L. Acefia, V. A. Soloshonok,
K. Izawa, H. Liu, Chem. Rev. 2016, 116, 422-518.

a) M. Hird, Chem. Soc. Rev. 2007, 36, 2070-2095; b) P. Kirsch, Modern
Fluoroorganic Chemistry, 2" Edition, Wiley-VCH, 2013.

Reviews for transition-metal-catalyzed C-F bond formations, see: a) T.
Furuya, J. E. M. N. Klein, T. Ritter, Synthesis 2010, 1804-1821; b) T.
Furuya, A. S. Kamlet, T. Ritter, Nature 2011, 473, 470-477; c) C.
Hollingworth, V. Gouverneur, Chem. Commun. 2012, 48, 2929-2942; d)
T. Liang, C. N. Neumann, T. Ritter, Angew. Chem. Int. Ed. 2013, 52,
8214-8264; Angew. Chem. 2013, 125, 8372-8423; e) M. G. Campbell,
T. Ritter, Chem. Rev. 2015, 115, 612-633; f) P. A. Champagne, J.
Desroches, J.-D. Hamel, M. Vandamme, J.-F. Paquin, Chem. Rev. 2015,
115, 9073-9174; and references therein.

G. Balz, G. Schiemann, Ber. Dtsch. Chem. Ges. 1927, 60, 1186-1190.
H. B. Gottlieb, 3. Am. Chem. Soc. 1936, 58, 532-533.

Reviews for C-F activations, see: a) J. L. Kiplinger, T. G. Richmond, C.
E. Osterberg, Chem. Rev. 1994, 94, 373-431; b) H. Amii, K. Uneyama,
Chem. Rev. 2009, 109, 2119-2183; c) T. Ahrens, J. Kohimann, M.
Ahrens, T. Braun, Chem. Rev. 2015, 115, 931-972.

Reviews for hydrodefluorinations, see: a) M. F. Kuehnel, D. Lentz, T.
Braun, Angew. Chem. Int. Ed. 2013, 52, 3328-3348; Angew. Chem.
2013, 125, 3412-3433; b) M. K. Whittlesey, E. Peris, ACS Catal. 2014,
4, 3152-3159; c) J.-Y. Hu, J.-L. Zhang, Top Organomet. Chem. 2015,
52, 143-196; and references therein.

Selected examples for transition-metal-catalyzed hydrodefluorinations of
polyfluoroarenes, see: a) M. Aizenberg, D. Milstein, Science 1994, 265,
359-361; b) M. Aizenberg, D. Milstein, J. Am. Chem. Soc. 1995, 117,
8674-8675; c) J. Vela, J. M. Smith, Y. Yu, N. A. Ketterer, C. J.
Flaschenriem, R. J. Lachicotte, P. L. Holland, J. Am. Chem. Soc. 2005,
127, 7857-7870; d) T. Braun, J. Izundu, A. Steffen, B. Neumann, H.-G.
Stammler, Dalton Trans. 2006, 5118-5123; €) S. P. Reade, M. F. Mahon,
M. K. Whittlesey, J. Am. Chem. Soc. 2009, 131, 1847-1861; f) T. F.
Beltran, M. Feliz, R. Llusar, J. A. Mata, V. S. Safont, Organometallics
2011, 30, 290-297; g) W. Zhao, J. Wu, S. Cao, Adv. Synth. Catal. 2012,
354, 574-578; h) P. Fischer, K. Goétz, A. Eichhorn, U. Radius,
Organometallics 2012, 31, 1374-1383; i) D. Breyer, T. Braun, P. Kla"~
ring, Organometallics 2012, 31, 1417-1424; j) J.-H. Zhan, H. Lv, Y. Yu,
J.-L. Zhang, Adv. Synth. Catal. 2012, 354, 1529-1541; k) S. Yow, S. J.
Gates, A. J. P. White, M. R. Crimmin, Angew. Chem. Int. Ed. 2012, 51,
12559-12563; Angew. Chem. 2012, 124, 12727-12731; 1) H. Lv, Y.-B.
Cai, J.-L. Zhang, Angew. Chem. Int. Ed. 2013, 52, 3203-3207; Angew.
Chem. 2013, 125, 3285-3289; m) Z. Chen, C.-Y. He, Z. Yin, L. Chen, Y.
He, X. Zhang, Angew. Chem. Int. Ed. 2013, 52, 5813-5817; Angew.
Chem. 2013, 125, 5925-5929; n) J. Li, T. Zheng, H. Suna, X. Li, Dalton
Trans. 2013, 42, 13048-13053; o) T. L. Gianetti, R. G. Bergman, J.
Arnold, Chem. Sci. 2014, 5, 2517-2524; p) M. K. Cybulski, D. McKay, S.
A. Macgregor, M. F. Mahon, M. K. Whittlesey, Angew. Chem. Int. Ed.
2017, 56, 1515-1519; Angew. Chem. 2017, 129, 1537-1541.

S. M. Senaweera, A. Singh, J. D. Weaver, J. Am. Chem. Soc. 2014, 136,
3002-3005.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[29]

[20]

10.1002/anie.201708003

WILEY-VCH

J. Lu, N. S. Khetrapal, J. A. Johnson, X. C. Zeng, J. Zhang J. Am. Chem.
Soc. 2016, 138, 15805-15808.

A. Arévalo, A. Tlahuext-Aca, M. Flores-Alamo, J. J. Garcia, J. Am. Chem.
Soc. 2014, 136, 4634-4639.

a) V. J. Scott, R. Celenligil-Cetin, O. V. Ozerov, Am. Chem. Soc. 2005,
127, 2852-2853; b) R. Panisch, M. Bolte, T. Miller, 3. Am. Chem. Soc.
2006, 128, 9676-9682; c) C. B. Caputo, D. W. Stephan, Organometallics,
2012, 31, 27-30; d) M. Ahrens, G. Scholz, T. Braun, E. Kemnitz, Angew.
Chem. Int. Ed. 2013, 52, 5328-5332; Angew. Chem. 2013, 125, 5436—
5440; e) Related review, see: T. Stahl, H. F. T. Klare, M. Oestreich, ACS
Catal. 2013, 3, 1578-1587.

a) J. Boyer, R. J. P. Corriu, R. Perz, C. Reye, J. Organomet. Chem. 1979,
172, 143-152; b)R. J. P. Corriu, R. Perz,C. Reye, Tetrahedron 1983, 39,
999-1009; c) M. Fujita, T. Hiyama, J. Am. Chem. Soc. 1984, 106,
4629-4630.

a) C. Blankenship, S. E. Cremer, J. Organomet. Chem. 1989, 371, 19—
30; b) J.-H. Hong, P. Boudjouk, Organometallics 1995, 14, 574-576; c)
N. Rot, T. Nijbacker, R. Kroon, F. J. J. de Kanter, F. Bickelhaupt, M. Lutz,
A. L. Spek, Organometallics 2000, 19, 1319-1324; d) M. J. Bearpark, G.
S. McGrady, P. D. Prince, J. W. Steed, J. Am. Chem. Soc. 2001, 123,
7736-7737

P. D. Prince, M. J. Bearpark, G. S. McGrady, J. W. Steed, Dalton Trans.
2008, 271-282.

a) Y. Wang, M. D. Watson, J. Am. Chem. Soc. 2006, 128, 2536-2537;
b) T. Dutta, K. B. Woody, M. D. Watson, J. Am. Chem. Soc. 2008, 130,
452-453.

a) D. Albanese, D. Landini, M. Penso, Tetrahedron Lett. 1995, 36, 8865—
8866; b) A. Kolomeitsev, G. Bissky, E. Lork, V. Movchun, E. Rusanov, P.
Kirsch, G.-V. Rd&schenthaler, Chem. Commun. 1999, 1107; c) N.
Maggiarosa, W. Tyrra, D. Naumann, N. V. Kirij, Y. L. Yagupolskii, Angew.
Chem. Int. Ed. 1999, 38, 2252.

a) S. Grimme, J. Antony, S. Ehrlich, H. Krieg, J. Chem. Phys. 2010, 132,
154104-154118; b) S. Grimme, S. Ehrlich, L. Goerigk, J. Comput. Chem.
2011, 32,1456-1465; c) L. Goerigk, S. Grimme, Phys. Chem. Chem.
Phys. 2011, 13, 6670-6688.

The DFT calculations have been conducted using Grimme’s dispersion
correction in order to take into a better account the possibility of the
intermolecular non-covalent interaction. With the optimized structures of
intermediates, the polyfluoroarene or the HDF product are close to one
of the phenyl group attached to the silicon center. When the
combinations of Et2SiHz2 with tetrabutylammonoum fluoride (TBAF) or
tris(dimethylamino)sulfonium  difluorotrimethylsilicate (TASF) were
employed, the reactivity was decreased (see Supplementary
Information). These results suggests that the -1 stacking induced by
the phenyl group on silicon center may influence the reactivity.

a) C. N. Neumann, J. M. Hooker, T. Ritter, Nature 2016, 534, 369-373;
b) D. Y. Ong, C. Tejo, K. Xu, H. Hirao, S. Chiba, Angew. Chem. Int. Ed.
2017, 56, 1840-1844; Angew. Chem. 2017, 129, 1866-1870;c) S. D.
Schimler, M. A. Cismesia, P. S. Hanley, R. D. J. Froese, M. J. Jansma,
D. C. Bland, M. S. Sanford, J. Am. Chem. Soc. 2017, 139, 1452-1455.

This article is protected by copyright. All rights reserved.



Angewandte Chemie International Edition

10.1002/anie.201708003

WILEY-VCH

Entry for the Table of Contents (Please choose one layout)

COMMUNICATION

A simple but artful combination:
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a nucleophilic aromatic substitution
reaction (CSnAr).

Kotaro Kikushima, Mary Grellier, Masato
Ohashi, and Sensuke Ogoshi*

Transition-metal-free hydrodefluorination

Page No. — Page No.

Transition-metal-free catalytic
hydrodefluoronation of
polyfluoroarenes via a concerted

e nucleophilic aromatic substitution
&/ = with a hydrosilicate
Ho=
ths‘i\/O
| >x
Ph

This article is protected by copyright. All rights reserved.



