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Trifluoromethyl- and Fluoroalkylselenolations of Alkynyl Copper
() compounds.

Clément Ghiazza™, Thierry Billard®", Anis Tlili*/

Abstract: The successful perfluoroalkylselenolation of alkynyl s, few reports have
copper (I) compounds is described herein. The reaction occurs  been disclosed receglP ing® reported an
under oxidant free conditions at room temperature. This convenient  oxidative coupling i toichiometric amounts of
one-pot procedure is based on the in-situ generation of copper/ligand (cofer(ll)triflate/2,2’- ridine) in conjunction
trifluoromethylselenyl chlorides. The developed system shows high  with tetramethyla nium trifluorom Iselenate. Interestingly,
functional group tolerance and also promotes the employment of Scheme 1, a). Moreover
fluoroalkyl derivatives. orted a discrete copper

trifluoromethyls ([(bpy)Cu(SeCF3)].) able to
promote the triflu ethylselenolation of terminal alkynes.!'”
Herein tassium fluoride as base (5 equiv.) as
well a eriodinane, more than 3 equiv.) are

rimordial (Scheme rthermore, our group demonstrated
molecules have fostered developments in their synthesis. P ( group

o o ) that lithiated terminal alkynes undergo
Consequently, ,'t. s not surprising . to‘_’ay 'that quormat'ed tgfluoromethyjelenolation at -78°C. Even though high yields
m(?lecule[z? are fmgmg ? plethorg of appllcatlo.ns |.n all areas of life Ve been Jned, a limitation in the reaction scope has been
science. .EspeC|aIIy |n' drug discovery fluorlnat!on has bgcome rved (Scheme 1, b). It should be mentioned also that
an essential tool as it can be associated with a variety of

d ic off lecule’ . h b | trifluoromethyl selenide can be obtained via the direct
.rama't!c. © e9ts on @ mc') gcue's propertles.suc as better methylselenolation of alkynyl(phenyl) iodoniums using
lipophilicity, higher selectivity, increased efficacy or ea

o ) ] ammonium trifluoromethylselenate. However, the
administration. In this context, the

) . : of the iodonium starting material is major
trifluoromethylthiolating reagents has attracted much attention in

order to access a large panel of trifluoromethyligi
compounds (Hansch-Leo parameter, nr = 1.44).”! Mo
their advantageous, the introduction of other trif]
chalcogen groups has gained interest recently."
the trifluoromethylselenyl group  which
high Hansch-Leo parameter (g = 1.29)."

The introduction of fluorine or fluorine-containing groups into
organic molecules has gained considerable importance over the
last years. Especially the newly gained properties of such

Oxidative coupling ’

MeyNSeCF3
Cu(OTf),/bpy

stoichio.
= s

[(bpy)Cu(SeCF3)],
KF, DMP

From a retrosynthetic perspective, the direct intro
SeCF; group is the more elegant approach. From this poin
view, several methodologies have been developed usin
bonded  copper trifluoromethylselenyl™

’ Organolithium ’

trifluoromethylselenyl salts!”’ R=-t ~ [C"Séf’c':d RT="5¢Ck 0
trifluoromethylselenyl source. In co

revisited the use of trifluoromethylsele an ’ lodonium ’

electrophilic source. It is noteworthy that the ke s here

is the in-situ generation of this tile electrophilic reqgent. After /?TS

observing general activity is reagent in aromatic = \© _
electrophilic substituti i the presence of R * MedNSeers RT="5Ch 0
organomagnesium or we attempted = zormommeoreoeoeeoe e
to evaluate its reactivity of C(sp)-SeCF3; ’ This work ’

bonds. Regarding the s of the art” for the direct

R—=—=—cCu + [CI-SeRf] R——=——SeRf
5

Rf = CF3 CF,CF3 CF,CF,CF,CF,CF,CFy
F,SO,Ph, CF,H
MS-UMR CNRS 5246) CF2S0zPh, CF3

Scheme 1. State of the art of the trifluoromethylselenolation of alkynes
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alkynyl copper compounds.'”® The developed methodology
reveal a large substrate scope and encompass
selenyldifluoromethyl moieties (SeCF,H, SeCF,SO,Ph) as well
as higher fluorinated homologues. The key point is the in-situ
generation of perfluoroalkylselenyl chloride.

Initial investigation focused on the identification of the best
catalyst system. By employing (phenylethynyl) copper without
any additional ligand the desired product was obtained in 47%
yield. In order to improve the reaction we decided to test
ancillary ligands that are commonly used in copper catalyzed
cross-coupling reactions."”® In this context we investigated 4
different known families of ligand. (Scheme 2) Starting with
amines, by adding 1 equivalent of bipyridine (bpy, L1) the
desired product was formed in higher yield of 60%. No further
improvement was observed when 4,4'-Dimethyl-2,2"-dipyridyl
was used (L2) since only 58% was achieved. 1,10-
phenanthroline derivatives (L3 and L4) were not suitable since
less than 34% of the desired product was formed. TMEDA also
was less efficient than L1 and only 53% was observed. The use
of L-proline, dibenzoylmethane as well as triphenylphosphine
demonstrated obviously the presence of new species in fluorine
NMR. We confirmed the a-trifluoromethylselenolation of L7 with
less than 10% yield.!""

Scheme 2. Ligand optimisation for the trifluoromethylselenolation of
(phenylethynyl) copper

P Cu P SeCF3;
L
7 + [C-SeCFs) — —— =
THF, RT, 16h
Tsozczl2
1b
Ph~"™SeCF,
Y/ \Y
\ NEIN /
47% L1, 60%

R LR

L3, 32%

L~
N
N oH

\/\l\\l/

L5, 53%

L6, 51%
® Reactions were performed
mmol, 1 equiv.) and dry DMF (
hours at room temperature. The
containg alkynyl copper 0}

NMR spectroscop P O

was obtained in 60% yield in the
ntry 1). The yield could be further
ing the reaction time (Entry 2).
Afterwards, several solvents  Ttave been examined including
DCM (Entry 4), CH3CN (Entry 5), 1,4-dioxane (Entry 6). Only low
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conversions and yields have been observed. The use of DMSO
was deleterious to the reaction outcome since only 3% of the
product was observed. DMF fur the product in slightly
better yield of 64 % (Entry 8). The could be formed in
80 % with a slight excess of the trif]
reagent (Entry 10). Finally, once agai
in absence of any addition
formation (Entry 11).

nd reaction

With the best condis
attention to study th
particular focuses
demonstrated in
derivatives were

the reaction with a
t functional groups as
I, when aryl acetylene
n was tolerant to both
tituents and the desired

asically similar reactivity. In more detail,

when thynyl) copper was evaluated, we
were g e C-SeCF;bond formation (product
2a) and no trifluorom lenolation of the free oxygen was

detectable.

le 1. timization of the reaction conditions for the

romethylselenolation of (phenylethynyl)copper

p _ SeCF,
* [CISeChsl — e ©/
2b
Deviation from standard conditions Yield %
None 60
Reaction time 64h 81
50 °C 65
DCM instead of THF 29
CH;CN instead of THF 45
1,4-dioxane instead of THF 32
DMSO instead of THF 3
DMF instead of THF 64
1.1 equiv. of [CI-SeCF;] in DMF 71
10 1.2 equiv. of [CI-SeCF;] in DMF 80
11 No L1 in DMF with 1. 2 equiv. of [CI-SeCF:] 65

Bl Reactions were performed with BnSeCF; (0.3 mmol, 1 equiv.), SO,Cl, (0.3
mmol, 1 equiv.) and dry DMF (1 mL) unless otherwise noted. The reaction
mixture was stirred for 5 hours at room temperature. The mixture was added
to another schlenck tube containg alkynyl copper () (0.3 mmol), L1 (0.3 mmol)
and the reaction media was stirred for 16h at room temperature. Yields
determined by F NMR spectroscopy with PhOCF; as an internal standard.

In similar way, when the (phenylethynyl) copper substituted
in para position with an acetyl group was evaluated, the desired
product 2¢ was obtained with an excellent yield of 82% ('°F
NMR) with full selectivity. Furthermore, bromo as well as cyano
containing starting materials were also tolerated under our
reaction conditions, the desired product could be obtained in
excellent yield (products 2d, 2e). Interestingly, the
trifluoromethylselenolation of (triisopropylsilyl)acetylene copper
occur with an excellent yield of 88% (product 2f). Noteworthy,

This article is protected by copyright. All rights reserved.
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the products 2d and 2f could be used in follow up reactions
under transition metal catalysis. Finally, aliphatic alkynyl copper
underwent trifluoromethylselenolation in moderate to excellent
yields (2g, 2h, 2i, 2j). More specifically, the ester derivatives 2h
is also tolerated and undergo selective
trifluoromethylselenolation with good yield. Finally, this process
is highly selective toward alkenes. Indeed, no addition of
chlorotrifluoroselenyl to the double bound of product 2i is
detectable under this condition.

Scheme 3. Tifluoromethylselenolation of alkynyl copper compounds. @l

L1
R Cu *+ [CI-SeCF3] R——==—SeCF;
DMF, RT, 16h
1 2
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X
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2h, 41% (57%)
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SeCF3

SeCF,

2j, 75 % (88 %)

I Reactions were performed with BnSeCF; (0.4 mmol, 1.2 equiv.), SO,ClI, (0.
mmol, 1.2 equiv.) and dry DMF (1 mL). The reaction mixture was stirre
hours at room temperature. The mixture was agded to another schlenck]

was stirred for 16h at room temperature. Yi
products; yields determined by F NMR
internal standard are shown in parentheses.

After observing general re
aromatic alkynyl copper (I) d
to evaluate for the fi

the incorporation of Se
product 3b). Noteworthy,

the system turn
products 5b and
Furthermore,

higher homologues and

moderate to good vyield.

e benzoate derivatives were also

the corresponding desired product
ields.

Scheme 4. Fluoroalkylselenolation Ikynyl copper compounds. @l
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L1

R——Cu + [CI-SeRf] R ———SeRf
DMF, RT,
L1
SeCF P SeCF,H
e
e s Z
| A
=

2b, 73% (76%)

o

SeC CF,CF,CF,CF,CF,CF3
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S
X ‘ O/\
SeCF3 N _~ SeCF,H

3h, 37% (34%)P]

©)L kSeC&CFB @ /\SeCFZCFZCFZCFZCFZCF3

4h, 39% (50%) 5h, 24% (36%)

isolated products; yields determined by F NMR spectroscopy with PhOCF3
as an internal standard are shown in parentheses. " Reactions performed in
dry THF (1 mL).

n conclusion, we demonstrated herein that the direct
luoromethylselenolation of alkynes could be successfully
romoted by making use of alkynyl copper (I) compounds. The
system shows high functional group tolerance in comparison
with the reported systems and the desired product were
obtained in good yields. Moreover, aliphatic as well as aromatic
alkynes were effective under our reaction conditions.
Furthermore, we demonstrated that the procedure could be
extended to fluoroalkyl derivatives. The evaluation of other
nucleophile as well as catalytic version of such transformation is
under way and will be reported in due course.

Experimental Section

Synthesis of {2-
flame-dried-flask

Typical procedure:
[(trifluoromethyl)selanyl]ethynyl}benzene 2b: to a
equipped with a magnetic stirrer are added BnSeCF; (0.4 mmol, 1.2
equiv.), SO,Cl; (0.4 mmol, 1.2 equiv.) and dry DMF (1 mL). The reaction
mixture was stirred for 5 hours at room temperature under nitrogen. The
mixture was added to another flame-dried-flask containg phenylacetylene
1 equiv.), L1 (0.33 mmol,

reaction media was stirred for 16h at room temperature under nitrogen.

copper (I) (0.33 mmol, 1 equiv.) and the

This article is protected by copyright. All rights reserved.
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Conversion is checked by F NMR with PhOCF; as internal standard.
The reaction mixture is partitioned between DCM and water. The
aqueous layer is extracted with DCM and the combined organic layers
are washed with brine, dried over MgSO,, filtered and concentrated to
dryness. The crude residue is purified by flash chromatography to afford
the desired product "H NMR (300 MHz, CDCl3) d = 7.49 (m, 2H), 7.39-
7.33 (m, 3H). "°F NMR (282 MHz, CDCl3) 6 = -36.14 (s, 3F).

Acknowledgements

Clément Ghiazza held a doctoral fellowship from la Région
Rhoéne Alpes. The authors are grateful to the CNRS for financial
support. The French Fluorine Network is also acknowledged for
its support.

Keywords: Copper * Trifluoromethylselenolation * Alkynes ¢
Fluorine * Selenium

[1] a) K. Mdller, C. Faeh, F. Diederich, Science 2007, 317, 1881-1886; b)
W.R. DolbierJr., J. Fluorine Chem. 2005, 126, 157-163; c) P.
Kirsch, Modern  Fluoroorganic Chemistry: Synthesis, Reactivity,
Applications, Wiley-VCH, Weinheim, 2013; d) B. E. Smart, J. Fluorine
Chem. 2001, 109, 3-11.

[2] a) Y. 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; b) J.
Wang, M. Sanchez-Rosellé, J. L. Acefia, C. del Pozo, A,
Sorochinsky, S. Fustero, V. A. Soloshonok, H. Liu, Chem. Rev.
114, 2432-2506; c) M. Hird, Chem. Soc. Rev. 2007, 36, 2070-2095.

[3] a) A. Tlili, T. Billard, Angew. Chem. Int. Ed. 2013, 52, 6818-6819; b) F.
Toulgoat, S. Alazet and T. Billard, Eur. J. Org. Chem.
2415-2428. c) X.-H. Xu, K. Matsuzaki and N. Shibata, Che
115, 731-764.

41

(51
61

(71

(8l
101

[10]
1]

12

10.1002/chem.201702028

WILEY-VCH

A. Tlili, F. Toulgoat, T. Billard, Angew. Chem. Int. Ed. 2016, 55, 11726-
11735.

Q. Glenadel, E. Ismalaj, T. Billard,
a) C. Chen, L. Ouyang, Q. Lin, Y. Liu
Eur. J. 2014, 20, 657-661; b) C. Hou,
Weng, Synthesis 2015, 47, 969-975; c)
Weng, Tetrahedron 2014, 70, 8872-8
Chinese J. Chem. 2016,
J. Fluorine Chem. 2017, 19.
Weng, Tet. Letters 2015,

. Org. Chem. 2017, 530-533.

Y. Yuan, Z. Weng, Chem.
Huang, Z. Chen, Z.
ang, Y. You, Z.

Y Schoenebeck, Angew.
b) C. Matheis, T. Krause, V.
016, 22, 12270-12273; c) C.
. Eur. J. 2016, 22, 79-82.

I Chem. 2016, 81, 8268-8275..

Chem. Int. Ed.
Bragoni, L. J.
Matheis, V. Wa

ssen, Chem. Eur.
L. J. Goossen, Ch

s ou, H. Carreyre, S. Alazet, G. Greco, A.
Martin-Mingot, C. Loumpangou, J.-M. Ouamba, F. Bouazza,
T. Billard, S. Thibaudeau, Angew. Chem. Int. Ed. 2017, 56, 169-172; b)
Q. Glena S. Alazet, A. Tlili, T. Billard, Chem. Eur. J. 2015, 21,
14694-43; c) Q. Glenadel, M. Bordy, S. Alazet, A. Tlili, T. Billard,
Asian J. Org. Chem. 2016, 5, 428-433; d) Q. Glenadel, A. Tlili, T. Billard
Eur. J. Org. Chem. 2016, 2016, 1955-1957; e) E. Ismalaj, D. Le Bars, T.
illard, Angew. Chem. Int. Ed. 2016, 55, 4790-4793; f) A. Tlili, S. Alazet
Glenadel, T. Billard Chem. Eur. J. 2016, 22, 10230-10234.
per-Mediated Cross-Coupling Reactions (Eds.: E. Gwilherm
chard), John Wiley & Sons, Inc., 2013; b) F. Monnier and M
Angew. Chem. Int. Ed., 48, 6954-6971; c) G. Evano, N.
Blanchard and M. Toumi, Chem. Rev. 2008, 108, 3054-3131.

For leading reference see : E. Magnier, E. Vit, C. Wakselman, Synlett
2001, 1260-1262.

This article is protected by copyright. All rights reserved.



Chemistry - A European Journal

COMMUNICATION

RT

—  » R

[CI-SeRf]
6+
Rf = CF3 CF,CF3 CF,CF,CF,CF,CF,CF3
CF,SO,Ph, CF,H

SeRf

R———©Cu +

The successful fluoroalkylselenolation of alkynyl copper (1) is described herein. The
system shows high functional group tolerance and the applicability of the procedure
is extended to various fluoroalkyl derivatives. This convenient one-pot procedure
occurs under oxidant free conditions at room temperature.
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