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Abstract: The electrochemical synthesis of fluorinated allyl
silanes and boronates was disclosed. The addition of electro-
generated boryl or silyl radicals onto many α-trifluoromethyl
or α-difluoromethylstyrenes in an undivided cell allowed the
formation of a large panel of synthetically useful gem-difluoro
and γ-fluoroallyl boronates and silanes (64 examples, from
31% to 95% yield). In addition, a scale up of the reactions

under continuous flow was showcased using an electro-
chemical reactor with promising volumetric productivity
(688 g.L� 1.h� 1 and 496 g.L� 1.h� 1). Moreover, the synthetic
utility of these building blocks was highlighted through
versatile transformations. Finally, plausible reaction mecha-
nisms were suggested to explain the formation of the
products.

Introduction

Molecules containing a fluorine atom or fluorinated groups are
linchpins in the quest of pharmaceuticals and agrochemicals
and are key building blocks in material science.[1] This particular
role in organic synthetic chemistry results from the intrinsic
properties of the fluorine atom.[2] Indeed, its electronegativity
and small radius have a huge impact on the physicochemical
properties of the molecules. The incorporation of a fluorine
atom or fluorinated groups might alter the metabolic stability,
the lipophilicity, or the conformation of the molecule.[3] At last
but not least, the presence of fluorine can drastically change
the H-bonding ability of a neighboring functional group, as well
as its pKa, impacting the interactions of the molecules with
biological receptors, for example. These features account for
the ubiquity of fluorinated molecules in the portfolio of
bioactive marketed molecules.[4] Hence, the design of strategies
and reagents to efficiently forge fluorinated molecules is of
high demand. Allyl silane and allyl boron derivatives are well
recognized as strategic building blocks and reagents in the
arsenal of organic practitioners to increase the molecular
complexity.[5] Among the developed reactions, the highly
important Hosomi-Sakurai and Brown allylation reactions are

probably the most significant examples,[6] widely used in
organic synthesis. Although, highly functionalized allyl silane
and boronate derivatives were already synthesized, less atten-
tion was paid to the synthesis of the fluorinated derivatives,
despite their conspicuous synthetic utility to forge fluorinated
molecules. With respect to gem-difluoroallyl silanes, anionic
pathways relying on a SN2’ reaction manifold with trifluoro- or
bromodifluoromethylated olefins were initially reported
[Scheme 1, Equation (1)&(2)].[7] Then, transition metal catalysis
was beneficial to permit the addition of boron or silylated
species onto trifluoromethylated olefins,[8] starting from either
B2Pin2 or the Suginome reagent (i. e. PhMe2Si–BPin), respectively
[Scheme 1, Equation (3)]. Recently, as part of the impetus from
the community on the development of photocatalytic proc-
esses, the addition of NHC-stabilized 7-electrons boryl radical
was disclosed by Wu,[9a] Liu and Liu,[9b] independently
[Scheme 1, Equation (4)]. Likewise, during the preparation of
this manuscript, the addition of silyl radicals was reported using
an Ir-photocatalyst or 4-CzIPN along with a HAT catalyst from
silanes [Scheme 1, Equation (5)].[10] Noteworthy, the synthesis of
γ-fluorinated allyl boronates remained restricted to a single
example.[11]

Besides, organic electrochemistry is an attractive research
field, which has witnessed and impressive renewal of interest
over the last five years.[12] Indeed, taking into account the
contemporary environmental concerns, the use of electrons as
the reagent in chemical reaction is appealing. Electrons could
replace hazardous and/or toxic reagents and when electricity
arise from renewable sources (e.g. wind- or hydro-power),
electrochemistry might contribute to the elaboration of more
sustainable process. Hence, as part of our ongoing research
program dedicated to organofluorine chemistry and organic
electrochemistry,[13] we sought to develop a straightforward
access to di-, and monofluorinated allyl silanes and allyl
boronates. In that purpose, we conjectured that α-
trifluoromethyl and α-difluoromethylstyrene derivatives would
be the substrates of choice. These substrates, which have
already been successfully used in radical addition reactions,[14]
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would react with the electrogenerated boryl or silyl radical.
Subsequently to the addition, a reduction/fluoride elimination

(E1cB) sequence would deliver the corresponding gem-difluor-
oallyl or γ-fluoroallyl boronates and silanes [Scheme 1, Equa-
tion (6)].

Results and Discussion

To assess our conjecture, the α-trifluoromethylstyrene was used
as the model substrate and was tested in the borylation
reaction. After a set of optimizations,[15] we have been able to
obtained the gem-difluoroallyl boronate 1. The reaction carried
out in MeOH, using Et4NBF4 as the electrolyte (0.05 M), B2Pin2 as
the boron reagent, stainless steel electrodes with a constant
current of 10 mA and a charge of 3 F.mol� 1, allowed the
formation of 1 in 79% 19F NMR yield and 69% isolated yield
(Scheme 2A, entry 1). From this optimization, we found that
methanol as the solvent was crucial for the reaction outcome
(entry 2). Moreover, the use of stainless steel electrodes at both
the cathode and the anode was optimal, since other combina-
tions led to a decrease of the reaction yield (entries 3 & 4).
Other electrolytes were tested, but gave a lower yield into 1
(entry 5). Finally, a decrease of the current or the concentration
of the reaction led to lower yields (entries 6 & 7). Likewise, α-
trifluoromethylstyrene was used to optimize the synthesis of
the gem-difluoroallyl silane 2. After an optimization, we
delineated the optimal reaction conditions for the formation of
2.[15] The reaction with the Suginome reagent (PhMe2Si–BPin) in
a CH3CN:CH3OH mixture (9 : 1), using nBu4NBF4 as the electrolyte
(0.1 M), allowed the formation of 2 in a 95% 19F NMR yield and
87% isolated yield. The reaction was performed under a
constant current of 25 mA with a charge of 3 F.mol� 1, using a
stainless steel anode and a platinum electrode as the cathode
(Scheme 2B, entry 1). The CH3CN:CH3OH solvent mixture was

Scheme 1. State of the art and present work.

Scheme 2. Optimization of the reaction conditions. [a] Reactions conditions: α-trifluoromethyl styrene (0.2 mmol), B2Pin2 (0.4 mmol), Et4NBF4 [0.05 M] in MeOH
(4 mL), r.t., stainless steel electrodes (anode&cathode), under air, electrolysis for 97 min. [b] Reactions conditions: α-trifluoromethyl styrene (0.4 mmol),
Suginome reagent (0.6 mmol), nBu4NBF4 [0.1 M] in CH3CN:CH3OH (9 :1, 4 mL), r.t., stainless steel (anode), platinum (cathode), under air, electrolysis for 77 min.
[c] Yield determined by 19F NMR by using 2,2,2-trifluoroacetophenone as an internal standard.
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required to ensure the formation of 2 in a decent yield
(entries 2 & 3), while other electrolytes furnished lower yields
(entries 4 & 5). Finally, a current of 25 mA was the optimal one,
since an increase or a decrease of this parameter led to lower
yields into 2 (entries 6 & 7). Then, having settled the optimal
reactions conditions for the formation of gem-difluoroallyl
boronates and gem-difluoroallyl silanes, we moved on the
evaluation of the scope of these transformations (Scheme 3).
First, the substitution pattern on the aromatic ring of the
styrene derivatives was studied. The introduction of a methyl
group at the para or meta position did not affect the outcome
of the borylation and silylation reactions, since the products 3–
6 were isolated in good to excellent yields (from 66% to 88%
yields). The addition of the boryl radical to the alkene was
affected by the presence of an ortho substituent and 7 was
isolated in 31% yield, in contrast to the addition of the silyl
radical which provided 8 in an excellent 78% yield.

Then, both reactions were tested with substrates bearing
electron-donating groups. The gem-difluoroallyl boronates and
gem-difluoroallyl silanes 9–18 were isolated in good to excellent
yields. Interestingly, the OCF3 substituent, an important motif in
drug discovery programs,[16] was tolerated and the boronate 19
and silane 20 were isolated in 60% and 72%, respectively.
Acetal and benzylic alcohol residues were also compatible, as
highlighted with the products 21–23, which were isolated in
moderate to good yields. Surprisingly, the presence of a
phthalimide substituent did not affect the outcome of the
borylation or silylation event, since 24 and 25 were formed in
moderate to good yields (49% and 75%), however with the
concomitant partial reduction of the phthalimide into the γ-
hydroxylactam. Then, α-trifluoromethylstyrenes having a halo-
gen substituent or a trifluoromethyl group on the aromatic ring
were used in our reactions. Pleasingly, the borylated and
silylated products 26–33 were isolated in decent yields (from
41% to 78% yield), albeit slightly lower for the formation of the
allyl silanes. The presence of an ester residue was tolerated for
the addition of the boryl radical (34), while no formation of the
silanes was witnessed using the optimized reaction conditions.
Then, the reaction was tested with the α-trifluoromethylstyrene
bearing an olefin at the para position. Both borylation and
silylation reactions were selective toward the addition on the
fluorinated alkenes, since no addition on the vinyl residue was
observed. The corresponding products 35 and 36 were
obtained in good yields, albeit with lower isolated yields for the
silanes due to a tedious purification. However, the presence of a
terminal alkyne at the para position led to the concomitant
addition of the boryl radical to the alkyne and trifluorometh-
ylalkene, giving the bis-borylated product 37 in 44% isolated
yield. In contrast, the presence of a substituted alkyne at the
para position led to the sole borylation of the trifluorometh-
ylated alkene (38), the internal alkyne being untouched. Note
that the formation of the corresponding allyl silanes was
inefficient on these substrates bearing an alkyne. Other
aromatic substituents were used to evaluate the scope of these
transformations. 2-Naphthyl and 9-phenanthryl derivatives 39–
42 were readily obtained in moderate to good yields. Then, the
reaction was tested on indole derivatives and pleasingly both

allyl boronates and silanes 43–46 were isolated in moderate to
very good yields (from 47% to 95% yields). Finally, the silylation
of a cyclic trisubstituted trifluoromethylated alkene was
performed, and 47 was isolated in 59% yield. Surprisingly, no
reaction was observed with regard to the addition of the boryl
radical. Unfortunately, some substrates were reluctant in both
formation of gem-difluoroallyl boronates and silanes. The
presence of a phenol was deleterious, probably due to side
oxidation reaction. Likewise, enyne led to no conversion, while
other heteroaromatic (pyridine or thiophene) led to messy
reaction mixtures without trace of the desired products. Finally,
non-cyclic trisubstituted olefin remained unreactive under our
reaction conditions and starting material was recovered.

Next, we sought that our reactions conditions could be
extended to the formation of γ-fluoroallyl boronates and silanes
from α-difluoromethylstyrene derivatives (Scheme 4). Pleasingly,
under slightly modified reaction conditions the α-difluorometh-
ylstyrene was readily converted into the boronate 48 and silane
49 in excellent yield (85% and 82%, respectively) and a decent
85 :15 diastereoisomeric ratio. Then, the reaction was extended
to the formation of γ-fluoroallyl boronates and silanes bearing
electron-donating group on the aryl ring and the products 50–
55 were isolated in moderate to good yields (from 50% to 81%
yields) and moderate to good diastereoisomeric ratio (from
63 :37 to 88 :12). The reaction was also extended to the 2-
naphthyl derivatives 56 and 57. Chloride, fluoride and
trifluoromethyl substituents were also introduced and the
reaction efficiency was not altered (58-62). Finally, the ortho
substituted derivatives 63 and 64 were obtained in very good
yields and diastereoisomeric ratio.

Then, aware of the tedious scale up of electrochemical
transformations,[17] we aimed at showcasing the possible
extension of these transformations under continuous flow
conditions to address this longstanding problem under batch
conditions (Scheme 5A). After an extensive set of
optimizations,[15] the borylation of the α-trifluoromethyl-para-
methoxystyrene was developed in a 0.6 mL electrochemical
reactor. Using a current density of 16.7 mA.cm� 2 and a 10-fold
decrease of the electrolyte concentration, the gem-difluoroallyl
boronate 13 was isolated in 74% yield with a volumetric
productivity of 688 g.L� 1.h� 1. Likewise, we have been able to
extend the formation of the gem-difluoroallyl silane 14 under
continuous flow conditions. Using a current density of
12.5 mA.cm� 2 and a concentration of electrolyte divided by 10
in a 0.6 mL electrochemical reactor, the product 14 was
obtained in 78% yield with a volumetric productivity of
496 g.L� 1.h� 1. These results represent a promising proof of
concept for further optimizations of the scale up of these two
reactions, particularly on longer reaction time,[18] to tackle the
limitations of synthetic electrochemistry in batch.

Then, we highlighted the synthetic utility of the gem-
difluoroallyl boronates and silanes (Scheme 5B). The gem-
difluoroallyl boronate 13 was readily oxidized into the corre-
sponding allylic alcohol 65 in 92% isolated yield. Access to the
alkyl boronate 66 was showcased after the hydrogenation of
the olefin residue using Pd/C as the catalyst. Then, boronate 13
was used in a classical allylation reaction with benzaldehyde to
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Scheme 3. Evaluation of the scope of the electrochemical synthesis of gem-difluoroallyl boronates and gem-difluoroallyl silanes. Reactions were carried out on
0.4 mmol scale. Isolated yields were given. [a] Yields determined by 19F NMR by using 2,2,2-trifluoroacetophenone as an internal standard. [b] 1.6 F.mol� 1

instead of 3 F.mol� 1. [c] 4.5 F.mol� 1 instead of 3 F.mol� 1.
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Scheme 4. Electrochemical synthesis of γ-fluoroallyl boronates and silanes - scope of the reaction. Reactions were carried out on 0.4 mmol scale. Isolated
yields were given. [a] Yields determined by 19F NMR by using 2,2,2-trifluoroacetophenone as an internal standard. [b] Et4NBF4 instead of nBu4NPF6. [c] E :Z ratio
determined by 19F NMR on the crude of the reaction mixture. [d] Z :E ratio determined by 19F NMR on the crude of the reaction mixture.

Scheme 5. A. Continuous flow synthesis of gem-difluoroallylboronates and silanes 13 and 14. B. Synthetic utility of the products. [a] Isolated yield on a
2.5 mmol scale. [b] Volumetric productivity. [c] Yields determined by 19F NMR by using α,α,α-trifluorotoluene as an internal standard on a 0.5 mmol scale. (a)
13 (0.3 mmol), NaBO3*4H2O (0.9 mmol), THF:H2O (1 :1, 6 mL), r.t., 3 h. (b) 13 (0.3 mmol), PhCHO (0.45 mmol), (PHO)2PO2H (10 mol%), PhCO2H (10 mol%),
toluene (2 mL), 65 °C, 15 h. (c) 13 (0.3 mmol), Pd/C (10 wt%, 3 mol%), H2 (1 atm.), MeOH (3 mL), r.t., 12 h. (d) 14 (0.25 mmol), PhCHO (0.5 mmol), Me4NF
(0.3 mmol), DMF (1 mL), � 10 °C, overnight. (e) 14 (0.25 mmol), Ph(CO)CO2Et (0.21 mmol), SnCl4 (0.21 mmol), CH2Cl2 (1 mL), r.t., 20 min. (f) 14 (0.25 mmol), NBS
(0.38 mmol), CH3CN (1.1 mL), 50 °C, overnight. (g) 14 (0.25 mmol), H2O (0.75 mmol), TBAF (0.75 mmol), THF (1 mL), 0 °C to 65 °C, 2 h.
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provide the difluoromethylated homoallylic alcohol 67 in 93%
yield. In the same vein, the reaction of the allyl silane 14 with
benzaldehyde gave 67 in a 70% isolated yield. The synthetic
utility of 14 was further demonstrated in the bromination
reaction, giving 68 in 80% isolated yield. The reduction was
also carried out to afford the aliphatic derivative 69 in 82%
yield, while the α-difluoromethyl-para-methoxystyrene 70 was
obtained in 83% yield after reaction with TBAF in the presence
of water. Finally, 14 was used in a Hosomi-Sakurai reaction with
ethyl benzoylformate, giving the tertiary alcohol 71 in 62%
yield.

Then, to gain insights into the mechanism of these reactions
some control experiments were performed (Scheme 6). First,
the reactions were performed without current and no product
formation was observed, demonstrating the requirement of
electricity for this transformation [Scheme 6, Equation (1)]. The
addition of NaOMe (1 equiv.) to reaction mixture was evaluated
[Scheme 6, Equation (2)]. In the absence of current, the
reactions did not proceed, showing that the reactions were not
promoted by the sole in situ generation of methoxide anion,
resulting from the reduction of methanol. Then, to preclude the
involvement of released salts from the electrodes as possible
catalysts for this transformation, the electrochemical reactions
were stopped after 16 and 13 minutes (0.5 F.mol� 1), respec-
tively, and stirred for an additional 24 h [Scheme 6, Equa-
tion (3)]. As expected, no increase of the reaction yields was
measured, precluding the involvement of metallic salts as
catalysts/promoters in these transformations.

Complementary to these experiments, both reactions were
conducted in the presence of TEMPO ((2,2,6,6-tetrameth-
ylpiperidin-1-yl)oxyl) and no formation of the products 1 and 2
was observed [Scheme 6, Equation (4)]. These results suggested
the involvement of radical species in the reaction mechanism.

With these results in hand and the reports from the
literature,[14b,f,h] we suggested the following mechanism for
these transformations (Scheme 7A). First, B2Pin2 or the Sugi-
nome reagent reacts with the in situ formed methoxide to form
the corresponding borate A. Then, an oxidation event at the
anode generates the radical cation B, which quickly collapse
into either the boryl or silyl radical.[19] Note that in the case of
the boryl radical, the latter is probably stabilized as a 7-
electrons boryl radical by coordination with the solvent (i. e.
CH3CN or CH3OH) or a methoxide anion.[20] Then, a radical
addition onto the α-trifluoromethylstyrene affords the benzylic
radical C. A reduction of latter provides the anion D, which
subsequently undergoes an E1cB elimination reaction to deliver
the gem-difluoromethylallyl boronates or silanes. Regarding the
reaction with α-difluoromethylstyrene derivatives, a similar
reaction is suggested.

To explain the observed diastereoselectivity, a Newman
projection of the two possible conformers, leading either to the
E or Z isomers after antiperiplanar fluoride elimination is
suggested (Scheme 7B). The predictive model TS-1, suggesting
the formation of the Z-isomer,[21] exhibits a documented
unfavorable electronic repulsion between the fluorine atom and
the aromatic residue.[22] Conversely, the model TS-2, which
predict access to the E-isomer, does not showcase such
repulsion.

Scheme 6. Control experiments.
Scheme 7. A. Plausible reactions mechanisms. B. Stereochemical outcome of
the reaction with α-difluoromethylstyrenes.
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Conclusion

In summary, we disclosed herein the practical electrochemical
synthesis of gem-difluoroallyl boronates and silanes. In an open-
air undivided cell, the desired products were obtained in good
to excellent yields (47 examples, from 31% to 95% yields).
Under identical reactions conditions, the synthesis of γ-
fluoroallyl boronates and silanes was achieved in good yields,
and good diastereoselectivities (17 examples, from 40% to 86%
yields, up to 90 :10 diastereoisomeric ratio). In addition, a
possible scale up of these reactions was demonstrated under
continuous flow conditions with promising volumetric produc-
tivities. These reactions showcased an excellent functional
group tolerance, offering a large panel of interesting fluorinated
building blocks and their versatility was highlighted in syntheti-
cally useful transformations. Finally, plausible mechanisms were
suggested to explain the formation of these strategic mole-
cules. We hope that this practical method will be useful and will
contribute to the synthesis of complex fluorinated molecules.

Acknowledgements

This work was partially supported by Normandie Université
(NU), the Région Normandie, the Centre National de la
Recherche Scientifique (CNRS), Université de Rouen Normandie
(URN), INSA Rouen Normandie, Labex SynOrg (ANR-11-LABX-
0029), the graduate school for research XL–Chem (ANR-18-
EURE-0020 XL CHEM), Innovation Chimie Carnot (I2C) and the
Agence National pour la Recherche (ANR-CE07-0004-1). M.A.
thanks the Agence National pour la Recherche (ANR-CE07-0004-
1) for a doctoral fellowship. This work is part of the EFLUX
program supported by the European Union through the opera-
tional program FEDER/FSE 2014–2020. T.B. thanks the Labex
SynOrg (ANR-11-LABX-0029) and the Région Normandie for a
doctoral fellowship (RIN 50% program). P.J. and T.P. thank the
Région Normandie for funding (RIN TREMPLIN EFLUX). T.P.
thanks the Institut Universitaire de France (IUF) for support and
the Agence National pour la Recherche (ANR-CE07-0004-1) for
funding.

Conflict of Interest

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Keywords: allyl boronates · allyl silanes · electrochemistry ·
fluorine · trifluoromethylated alkenes

[1] a) P. Kirsch in Modern Fluoroorganic Chemistry: Synthesis, Reactivity,
Applications, 2nd, Completely Revised and Enlarged Edition, Wiley-VCH:
Weinheim, Germany, 2013; b) J.-P. Bégué, D. Bonnet-Delpon in
Bioorganic and Medicinal Chemistry of Fluorine, John Wiley&Sons:
Hoboken, NJ, 2008; c) Handbook of Fluoropolymer Science and Technol-
ogy, (eds.: D. W. Smith, S. T. Iacono, S. S. Iyer), John Wiley&Sons:
Hoboken, NJ, 2014.

[2] D. O’Hagan, Chem. Soc. Rev. 2008, 37, 308–319.
[3] a) B. M. Johnson, Y.-Z. Shu, X. Zhuo, N. A. Meanwell, J. Med. Chem. 2020,

63, 6315–6386; b) N. A. Meanwell, J. Med. Chem. 2018, 61, 5822–5880;
c) E. P. Gillis, K. J. Eastman, M. D. Hill, D. J. Donnelly, N. A. Meanwell, J.
Med. Chem. 2015, 58, 8315–8359; d) N. A. Meanwell, J. Med. Chem. 2011,
54, 2529–2591.

[4] a) E. A. Ilardi, E. Vitaku, J. T. Njardarson, J. Med. Chem. 2014, 57, 2832–
2842; b) P. Das, M. D. Delost, M. H. Qureshi, D. T. Smith, J. T. Njardarson,
J. Med. Chem. 2019, 62, 4265–4311; c) K. A. Scott, M. H. Qureshi, P. B.
Cox, C. M. Marshall, B. C. Bellaire, M. Wilcox, B. A. R. Stuart, J. T.
Njardarson, J. Med. Chem. 2020, 63, 15449–15482.

[5] For reviews, see: a) M. Yus, J. C. González-Gómez, F. Foubelo, Chem. Rev.
2013, 113, 5595–5698; b) M. Yus, J. C. González-Gómez, F. Foubelo,
Chem. Rev. 2011, 111, 7774–7854; c) C. Diner, K. J. Szabó, J. Am. Chem.
Soc. 2017, 139, 2–14; d) L. Chabaud, P. James, Y. Landais, Eur. J. Org.
Chem. 2004, 3173–3199.

[6] a) Roush, W. R. In Comprehensive Organic Synthesis, Trost, B. M.; Fleming,
I., Eds., Pergamon Press: New York, 1991, Vol. 2, pp. 1–53; b) H. C. Brown,
P. K. Jadhav, J. Am. Chem. Soc. 1983, 105, 2092–2093; c) A. Hosomi, H.
Sakurai, Tetrahedron Lett. 1976, 17, 1295–1298; d) A. Hosomi, Acc. Chem.
Res. 1988, 21, 200–206.

[7] a) T. Hiyama, M. Obayashi, M. Sawahata, Tetrahedron Lett. 1983, 24,
4113–4116; b) G. Coates, H. Y. Tan, C. Kalff, A. J. P. White, M. R. Crimmin,
Angew. Chem. Int. Ed. 2019, 58, 12514–12518; Angew. Chem. 2019, 131,
12644–12648; c) P. Gao, G. Wang, L. Xi, M. Wang, S. Li, Z. Shi, Chin. J.
Chem. 2019, 37, 1009–1014; d) Y. Xu, F. Jin, W. Huang, J. Org. Chem.
1994, 59, 2638–2641.

[8] a) H. Sakaguchi, M. Ohashi, S. Ogoshi, Angew. Chem. Int. Ed. 2018, 57,
328–332; Angew. Chem. 2018, 130, 334–338; b) S. Sakamoto, T. W.
Butcher, J. L. Yang, J. F. Hartwig, Angew. Chem. Int. Ed. 2021, 60, 25746–
25752; Angew. Chem. 2021, 133, 25950–25956; c) Y. Liu, C. Li, J. He, X.
Zhao, S. Cao, Tetrahedron Lett. 2020, 61, 151940; d) X. Zhao, C. Li, B.
Wang, S. Cao, Tetrahedron Lett. 2019, 60, 129–132; e) Y. Liu, Y. Zhou, Y.
Zhao, J. Qu, Org. Lett. 2017, 19, 946–949; f) R. Corberán, N. W. Mszar,
A. H. Hoveyda, Angew. Chem. Int. Ed. 2011, 50, 7079–7082 ; Angew.
Chem. 2011, 123, 7217–7220.

[9] a) W. Xu, H. Jiang, J. Leng, H. W. Ong, J. Wu, Angew. Chem. Int. Ed. 2020,
59, 4009–4016; Angew. Chem. 2020, 132, 4038–4045; b) G. Chen, L.
Wang, X. Liu, P. Liu, Adv. Synth. Catal. 2020, 362, 2990–2996.

[10] a) F. Yue, J. Liu, H. Ma, Y. Liu, J. Dong, Q. Wang, Org. Lett. 2022, 24,
4019–4023; b) C. Luo, Y. Zhou, H. Chen, T. Wang, Z.-B. Zhang, P. Han, L.-
H. Jing, Org. Lett. 2022, 24, 4286–4291.

[11] S. Akiyama, K. Kubota, M. S. Mikus, P. H. S. Paioti, F. Romiti, Q. Liu, Y.
Zhou, A. H. Hoveyda, H. Ito, Angew. Chem. Int. Ed. 2019, 58, 11998–
12003; Angew. Chem. 2019, 131, 12126–12131.

[12] a) C. Kingston, M. D. Palkowitz, Y. Takahira, J. C. Vantourout, B. K. Peters,
Y. Kawamata, P. S. Baran, Acc. Chem. Res. 2020, 53, 72–83; b) M. Yan, Y.
Kawamata, P. S. Baran, Chem. Rev. 2017, 117, 13230–13319; c) D. Pollok,
S. R. Waldvogel, Chem. Sci. 2020, 11, 12386–12400; d) A. Wiebe, T.
Gieshoff, S. Möhle, E. Rodrigo, M. Zirbes, S. R. Waldvogel, Angew. Chem.
Int. Ed. 2018, 57, 5594–5619; Angew. Chem. 2018, 130, 5694–5721.

[13] a) M. Aelterman, M. Sayes, P. Jubault, T. Poisson, Chem. Eur. J. 2021, 27,
8277–8282; b) T. Biremond, P. Jubault, T. Poisson, ACS Org. Inorg. Au.
2022, 2, 148–152; c) M. Bos, W.-S. Huang, T. Poisson, X. Pannecoucke,
A. B. Charette, P. Jubault, Angew. Chem. Int. Ed. 2017, 56, 13319–13323;
d) M. V. Ivanova, A. Bayle, T. Besset, X. Pannecoucke, T. Poisson, Angew.
Chem. Int. Ed. 2016, 55, 14141–14145; e) M. V. Ivanova, A. Bayle, T.
Besset, T. Poisson, X. Pannecoucke, Angew. Chem. Int. Ed. 2015, 54,
13406–13410; f) A. Pons, L. Delion, T. Poisson, A. B. Charette, P. Jubault,
Acc. Chem. Res. 2021, 54, 2969–2990; g) P. Poutrel, X. Pannecoucke, P.
Jubault, T. Poisson, Org. Lett. 2020, 22, 4858–4863; h) P. Poutrel, M. V.
Ivanova, X. Pannecoucke, P. Jubault, T. Poisson, Chem. Eur. J. 2019, 25,
15262–15266; i) W.-S. Huang, M.-L. Delcourt, X. Pannecoucke, A. B.
Charette, T. Poisson, P. Jubault, Org. Lett. 2019, 21, 7509–7513; j) W.-S.
Huang, C. Schlinquer, T. Poisson, X. Pannecoucke, A. B. Charette, P.
Jubault, Chem. Eur. J. 2018, 24, 10339–10343.

[14] For selected examples, see: a) X. Lu, X.-X. Wang, T.-J. Gong, J.-J. Pi, S.-J.
He, Y. Fu, Chem. Sci. 2019, 10, 809–814; b) A. Claraz, C. Allain, G. Masson,

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202202194

Chem. Eur. J. 2022, 28, e202202194 (7 of 8) © 2022 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Wiley VCH Mittwoch, 23.11.2022

2266 / 268262 [S. 149/150] 1



Chem. Eur. J. 2022, 28, e202103337; c) P. Bellotti, H.-M. Huang, T. Faber,
R. Laskar, F. Glorius, Chem. Sci. 2022, 13, 7855–7862; d) S. B. Lang, R. J.
Wiles, C. B. Kelly, G. A. Molander, Angew. Chem. Int. Ed. 2017, 56, 15073–
15077; Angew. Chem. 2017, 129, 15269–15273; e) J. Qiu, C. Wang, L.
Zhou, Y. Lou, K. Yang, Q. Song, Org. Lett. 2022, 24, 2446–2451; f) H.
Zhang, M. Liang, X. Zhang, M.-K. He, C. Yang, L. Guo, W. Xia, Org. Chem.
Front. 2022, 9, 95–101; g) A. A. Gladkov, G. N. Chernov, V. V. Levin, V. A.
Kokorekin, A. D. Dilman, Org. Lett. 2021, 23, 9645–9648; h) X.-T. Gao, Z.
Zhang, X. Wang, J.-S. Tian, S.-L. Xie, F. Zhou, J. Zhou, Chem. Sci. 2020, 11,
10414–10420; i) J. Shi, L.-Y. Guo, Q.-P. Hu, Y.-T. Liu, Q. Li, F. Pan, Org.
Lett. 2021, 23, 8822–8827; j) S. Yan, W. Yu, J. Zhang, H. Fan, Z. Lu, Z.
Zhang, T. Wang, J. Org. Chem. 2022, 87, 1574–1584.

[15] See Supporting Information for details.
[16] a) A. Tlili, F. Toulgoat, T. Billard, Angew. Chem. Int. Ed. 2016, 55, 11726–

11735; Angew. Chem. 2016, 128, 11900–11909; b) T. Besset, P. Jubault, X.
Pannecoucke, T. Poisson, Org. Chem. Front. 2016, 3, 1004–1010.

[17] a) T. Noel, Y. Cao, G. Laudadio, Acc. Chem. Res. 2019, 52, 2858–2869;
b) S. Maljuric, W. Jud, C. O. Kappe, D. Cantillo, J. Flow Chem. 2020, 10,
181–193; c) L. Buglioni, F. Raymenants, A. Slattery, S. D. A. Zondag, T.
Noël, Chem. Rev. 2022, 122, 2752–2906; d) M. A. Bajada, J. Sanjosé-
Orduna, G. Di Liberto, S. Tosoni, G. Pacchioni, T. Noël, G. Vilé, Chem. Soc.
Rev. 2022, 51, 3898–3925; e) M. Baumann, T. S. Moody, M. Smith, S.
Wharry, Org. Process Res. Dev. 2020, 24, 1802–1813.

[18] To date, we have not been able to produce 13 or 14 on longer reaction
time (>60 min). Further developments are required to intensify the
current process.

[19] a) M. Zhong, X. Pannecoucke, P. Jubault, T. Poisson, Chem. Eur. J. 2021,
27, 11818–11822; b) M. Zhong, Y. Gagné, T. O. Hope, X. Pannecoucke,
M. Frenette, P. Jubault, T. Poisson, Angew. Chem. Int. Ed. 2021, 60,
14498–14503; Angew. Chem. 2021, 133, 14619–14624.

[20] T. Taniguchi, Eur. J. Org. Chem. 2019, 6308–6319.
[21] For clarity the stereochemical outcome of the E1cB elimination is

described with regard to the boryl derivative. Indeed, according to the
CIP rules, the opposite configuration (i. e. E-isomer) is obtained with the
silyl derivative.

[22] a) G. Jin, J. Zhang, W. Wu, S. Cao, J. Fluorine Chem. 2014, 168, 240–246;
b) J. Wu, J. Xiao, W. Dai, S. Cao, RSC Adv. 2015, 5, 34498–34501; c) S.-L.
Xie, X.-Y. Cui, X.-T. Gao, F. Zhou, H.-H. Wu, J. Zhou, Org. Chem. Front.
2019, 6, 3678–3682.

Manuscript received: July 13, 2022
Accepted manuscript online: September 6, 2022
Version of record online: September 26, 2022

Chemistry—A European Journal 
Research Article
doi.org/10.1002/chem.202202194

Chem. Eur. J. 2022, 28, e202202194 (8 of 8) © 2022 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Wiley VCH Mittwoch, 23.11.2022

2266 / 268262 [S. 150/150] 1


