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ABSTRACT: A convenient and efficient method for the
construction of aryl trifluoromethyl selenoethers from the
corresponding aryl halides in the presence of Ni(COD)2 and an
appropriate ligand is reported. Various aryl iodides, bromides,
and chlorides were smoothly converted in this reaction by
simply varying the ligand, which afforded aryl and heteroaryl
trifluoromethyl selenoethers in good to almost quantitative
yields. The reaction was also applicable to the synthesis of
druglike molecules. This work is the first report for trifluoromethylselenolation of aryl chlorides. Advantages of the present Ni-
catalyzed approach include mild reaction conditions, good functional group tolerance, inexpensive reagents, easy operation, and
no use of additional additives. This protocol allows for a straightforward and reliable access to trifluoromethyl selenides that are
latent screening candidates for new pharmaceuticals and agrochemicals.

Fluorinated groups are important functionalities in bioactive
molecules and advanced materials.1 The systematic

introduction of fluorine-containing moieties into a lead
compound has become a commonly invoked procedure in
modern day drug discovery units.1 Among all fluorine-rich
residues, the SeCF3 functionality has attracted a growing
interest in the past few years because of its unique electron-
withdrawing ability and high lipophilicity that can significantly
change the physicochemical and biological properties of a
molecule.2 Selenium is an essential element to humans and
other living organisms. Basic and clinical studies have revealed
that selenium supplements at an appropriate dosage have
protective roles and therapeutic effects against various types of
cancer3a−d and that inadequate levels of selenium increases the
risk of cancer.3 Since there has been no single SeCF3-containing
organic molecule found in nature, potential drugs or delivery
agents bearing this functionality have to be synthesized.1

Although the formation of C−SCF3 bonds has been
documented extensively, methods for direct trifluoromethylse-
lenolation are much less developed owing to the limited types
of SeCF3 transfer reagents4 and the relatively unexplored
applications of selenium compounds compared to the sulfur
derivatives.5 In view of their potential applications in the
pharmaceutical and agricultural industries, the development of a
convenient method for the synthesis of SeCF3-containing target
molecules is a subject of great importance. In particular, late-
stage trifluoromethylselenolation is highly sought-after to
explore the pharmacological properties of the SeCF3 group.
Traditionally, the incorporation of SeCF3 moieties into

organic scaffolds was mainly achieved by the nucleophilic
trifluoromethylation of diselenides and selenocyanates by CF3

anions, which were in situ generated from a mixture of
TMSCF3/fluoride,

6a−c HCF3/base,
6d,e CF3I/TDAE (tetrakis-

(dimethylamino)ethylene),6f,g and more.6h,i However, these
trifluoromethylation reactions suffered from harsh conditions,
low efficiencies, and/or a narrow range of substrates. To
overcome these disadvantages, direct trifluoromethylselenola-
tion was developed by using SeCF3 reagents like CuSeCF3,

7a

Hg(SeCF3)2,
7b [Me4N][SeCF3],

7c ClSeCF3,
7d,e and [(bpy)Cu-

(SeCF3)]2.
8 Among these reagents, [Me4N][SeCF3] is the

most convenient and easily accessed SeCF3 source.
9 Recently,

the Cu-catalyzed/mediated reactions of [Me4N][SeCF3] with
aryl diazonium salts, α-diazo esters, boronic acids and their
esters, and terminal alkynes allowed for several direct accesses
to trifluoromethyl selenoethers (Scheme 1).10 The Pd-catalyzed
conversion of aryl iodides as well as a few bromides into the
corresponding ArSeCF3 was also harnessed, which represents
the state-of-the-art method to incorporate the SeCF3 group into
aryl halides with [Me4N][SeCF3].

11 Nevertheless, trifluorome-
thylselenolation of aryl chlorides with a practical SeCF3 source
still remains unknown. [Me4N][SeCF3] is more thermally
stable [decomposes at 207 °C (DTA/TG) or 215−217 °C
(visible decomposition in sealed glass ampules)]9 than
[Me4N][SCF3] and, therefore, would survive better under
sensitive reaction conditions. Despite the aforementioned
studies, this reagent is poorly exploited in chemical synthesis
relative to the [Me4N][SCF3] analogue.

4

Nickel has become an attractive alternative to palladium
because of its higher abundance, low cost, and most
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importantly, power to activate a larger array of C−X bonds
(e.g., C−Cl) that are generally inert to palladium or
copper.12−15 In 2012, we reported the nickel-catalyzed
trifluoromethylthiolation of aryl iodides and bromides with
[Me4N][SCF3] that proceeded at room temperature in the
presence of bipyridine ligands.12 Later, Schoenebeck and co-
workers disclosed a nickel-catalyzed transformation of aryl
chlorides to the corresponding trifluoromethyl sulfides with
[Me4N][SCF3] and a sterically hindered electron-rich
phosphine ligand.13 Inspired by these early works on nickel
SCF3 chemistry, we wondered whether a related nickel-
catalyzed trifluoromethylselenolation of aryl halides (ArX, X
= I, Br, Cl) with [Me4N][SeCF3] would allow for a
straightforward and efficient installation of the SeCF3 group
in aromatic and heteroaromatic systems under mild conditions.
To our delight, we found that reaction of 1-iodo-4-

methoxybenzene (1a) with [Me4N][SeCF3] (1.5 equiv) in
the presence of 5 mol % of Ni(COD)2 and 10 mol % of 2,2′-
bipyridine (bpy) at room temperature for 6 h furnished (4-
methoxyphenyl)(trifluoromethyl)selane (3a) in 96% yield
(Table S1). Tables S1−S3 summarize important examples of
our screenings and follow-up optimizations. The results of
these screens indicated that diimine ligands outperformed
diamine, phosphine, and diphosphine ligands and also indicated
that THF, DME, and 1,4-dioxane were suitable solvents for the
trifluoromethylselenolation of 1a. Based on the exhaustive
screening data, we chose a combination of 1, [Me4N][SeCF3]
(1.2 equiv), Ni(COD)2 (5 mol %), relatively cheap 2,2′-
bipyridine (10 mol %), THF, room temperature, and 2 h as the
standard reaction conditions for the trifluoromethylselenolation
of aryl iodides (Scheme 2). Various aryl iodides bearing either
electron-donating or -withdrawing groups on the phenyl rings
under the standard reaction conditions were all smoothly
converted to the corresponding trifluoromethyl selenoethers in
good to quantitative yields (Scheme 2). The steric hindrance of
the substrates had a considerable influence on the trans-
formation. 1-Iodo-3-methoxybenzene (1e) and 1-iodo-2-
methoxybenzene (1f) reacted with [Me4N][SeCF3] yielded
86% of 3e and 79% of 3f, while the reaction of 1a provided 3a
in 92% isolated yield. By increasing the amounts of Ni(COD)2
and 2,2′-bipyridine to 10 and 12 mol %, respectively, the
reaction of 2-iodo-1,3,5-trimethylbenzene (1d) with [Me4N]-
[SeCF3] supplied 88% of 3d. The chloro, sterically hindered
bromo, free amino, and keto groups, amides, and ester were all
tolerated in the reaction (3k−r). Heteroaryl iodides such as 5-
iodo-1H-indole (1s), 1-(4-iodophenyl)-1H-pyrrole (1t), 6-
iodoquinoline (1u), 4-iododibenzo[b,d]furan (1v), and 1-

benzyl-4-iodo-1H-pyrazole (1w) reacted with [Me4N][SeCF3]
in the presence of Ni(COD)2 (5 or 10 mol %) and 2,2′-
bipyridine (10 or 12 mol %) at room temperature for 2 h to
form 3s−w in almost quantitative yields. It is remarkable that
treatment of (E)-1-(2-iodovinyl)-4-methoxybenzene (1x) with
[Me4N][SeCF3] under the standard reaction conditions gave
3x in 99% yield (E-isomer only). Similarly, the reaction of 4-
iodo-N-(2-morpholinoethyl)benzamide (1y, see the SI) with
[Me4N][SeCF3] afforded 3y, a fluorinated analogue of the
depression and anxiety drug moclobemide, in 92% yield.
Next, the nickel-catalyzed trifluoromethylselenolation of aryl

bromides with [Me4N][SeCF3] was studied. The reaction of 4-
bromo-1,1′-biphenyl (4a) and [Me4N][SeCF3] (1.2 equiv) in
THF in the presence of 5 mol % of Ni(COD)2 and 10 mol % of
2,2′-bipyridine at room temperature for 12 h produced 3b only
in 41% yield (Table S7). Increasing the catalyst loading of
Ni(COD)2 from 5 to 10 mol % could clearly promote the yield
of 3b (97%, Table S7). Diimine ligands such as 4,4′-di-Me-bpy,
4,4′-di-MeO-bpy, and 4,4′-di-t-Bu-bpy were also suitable
ligands for the trifluoromethylselenolation of 4a. It should be
noted that the reaction of 4a and [Me4N][SeCF3] with 12, 15,
or 20 mol % of diimine ligand and 10 mol % of Ni(COD)2 gave
lower yields of 3b than that using 10 mol % of Ni(COD)2 and
10 mol % of 2,2′-bipyridine (Tables S5 and S7). These results
suggested that the excess bipyridine relative to Ni(COD)2
inhibited the formation of 3b (Tables S5 and S7). This
consequence was different from the outcomes of 1a, for which
almost no obvious changes in the yields of the product were
observed when amounts of bipyridine ligand equal or two times
to Ni catalyst were used (Table S2).

Scheme 1. Previously Described
Trifluoromethylselenolations with [NMe4][SeCF3]

Scheme 2. Ni-Catalyzed Trifluoromethylselenolation of Aryl
Iodides with [Me4N][SeCF3] in the Presence of 2,2′-
Bipyridinea

aReaction conditions: 1 (0.2 mmol), [NMe4][SeCF3] (0.24 mmol),
Ni(COD)2 (5 mol %), bpy (10 mol %), THF (2 mL), room
temperature, 2 h. Isolated yields. bNi(COD)2 (10 mol %), bpy (12
mol %). cThe reaction was run on a 1.0 mmol scale (see the SI).
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Scheme 3 summarizes the trifluoromethylselenolation of aryl
bromides with [Me4N][SeCF3] at room temperature in the

presence of 10 mol % of Ni(COD)2 and 10 mol % of 2,2′-
bipyridine. For some elusive cases, satisfactory yields of the
desired products were also obtained under the standard
conditions, but increasing the catalyst loadings from 10 to 12,
15, or 20 mol % helped the complete conversion of the starting
bromides, making the purification of the products easier (see
the SI). Despite the catalyst loadings being relatively high at 15
or 20 mol %, these loadings are mitigated by the inexpensive
combination of all the reagents employed in the reaction
mixture. As a result, aryl bromides bearing either electron-
donating or -withdrawing groups on the phenyl rings readily
formed the corresponding trifluoromethyl selenoethers in good
to high yields under the standard reaction conditions or
modified ones (Scheme 3). This reaction was also applicable to
heterocycles such as 4-(4-bromophenyl)morpholine (4e), 2-(4-
bromophenyl)-1,3-dioxolane (4g), 6-bromochroman-4-one
(4i), methyl 6-bromopicolinate (4n), 5-bromo-1-tosyl-1H-
indole (4o), and 5-bromoquinoline (4p). In addition, bis(4-
bromophenyl)methanone (4q) reacted with [Me4N][SeCF3]
(3 equiv) in the presence of 30 mol % of Ni(COD)2 and 30
mol % of 2,2′-bipyridine at room temperature for 12 h to give
3aq (89%) as a doubly trifluoromethylselenolated product.
When the Ni(COD)2/bipyridine catalytic system was used

for the transformation of aryl chloride at 40 °C, only a trace of
the trifluoromethylselenolation product was formed (Table S9).
It was known that modulation of the steric and electronic
properties of the ligands can tremendously affect Ni-catalyzed
reactions.13−15 We envisioned that the bulky electron-rich
phosphine ligands would have a good partnership with nickel
for trifluoromethylselenolation of aryl chlorides,13 even though
such ligand gave poor catalytic efficiency in the nickel-catalyzed

reactions of aryl iodides (Table S2). A variety of screens
(Tables S9−S14) were carried out to determine the optimal
conditions for the trifluoromethylselenolation of aryl chlorides
with nickel. The combination of 5, [Me4N][SeCF3] (1.5
equiv), Ni(COD)2 (10 mol %), dppf (20 mol %), 50 °C, and
12 h was ultimately used to probe the scope of the reaction
(Scheme 4) with different aryl chlorides. For some challenging

substrates, varying the catalyst/ligand loadings of Ni(COD)2/
dppf from 10 mol %/20 mol % to 15 mol %/30 mol % or 20
mol %/40 mol % could accelerate the conversion of the
chlorides and consequently facilitate the formation of
trifluoromethyl selenoethers (e.g., 3ba, 3bb, 3bg, 3bk, and
3bm). Products with keto, formyl, or cyano substituent, ester,
or sulfamine groups (3ba−bd and 3bf−bg) were all
successfully constructed. Heteroaryl chlorides like 6-chloroqui-
noline (5h), 8-chloroquinoline (5i), 7-chloro-2-methylquino-
line (5j), 2-chloro-9H-thioxanthen-9-one (5k), 5-chlorobenzo-
[b]thiophene (5l), 5-chloro-2-methylbenzo[d]thiazole (5m),
and 5-chloro-2-methylbenzo[d]oxazole (5n) reacted with
[Me4N][SeCF3] under the standard conditions or modified
conditions to provide 3bh−bn in 49−95% yields. Notably, the
reaction of the cholesterol reducing drug Fenofibrate with
[NMe4][SeCF3] (1.5 equiv) in toluene in the presence of 20
mol % of Ni(COD)2 and 40 mol % of dppf at 50 °C for 12 h
gave the trifluoromethylselenolated analogue 3bo in 78%
isolated yields.
In conclusion, we have developed a comprehensive set of

mild and efficient methods for the preparation of aryl
trifluoromethyl selenoethers from the full aryl halide series (X
= I, Br, Cl) in the presence of Ni(COD)2 and ligand. In these
strategies, various aryl and heteroaryl trifluoromethyl sele-
noethers were synthesized in good to almost quantitative yields
with commonly used and relatively inexpensive reagents. The
best conditions for a particular aryl halide were obtained simply
by changing the ligand on nickel. Diimine ligands favored the

Scheme 3. Ni-Catalyzed Trifluoromethylselenolation of Aryl
Bromides with [Me4N][SeCF3] in the Presence of 2,2′-
Bipyridinea

aReaction conditions: 4 (0.2 mmol), [NMe4][SeCF3] (0.24 mmol),
Ni(COD)2 (10 mol %), bpy (10 mol %), THF (2 mL), room
temperature, 12 h. Isolated yields. bNi(COD)2 (12 mol %), bpy (12
mol %). cNi(COD)2 (15 mol %), bpy (15 mol %). dNi(COD)2 (20
mol %), bpy (20 mol %). e[NMe4][SeCF3] (0.6 mmol), Ni(COD)2
(30 mol %), bpy (30 mol %).

Scheme 4. Ni-Catalyzed Trifluoromethylselenolation of Aryl
Chlorides with [Me4N][SeCF3] in the Presence of dppfa

aReaction conditions: 5 (0.2 mmol), [NMe4][SeCF3] (0.3 mmol),
Ni(COD)2 (10 mol %), dppf (20 mol %), toluene (2 mL), 50 °C, 12
h. Isolated yields. bNi(COD)2 (15 mol %), dppf (30 mol %).
cNi(COD)2 (20 mol %), dppf (40 mol %).
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trifluoromethylselenolation of aryl iodides and bromides. Aryl
iodides appeared to require a low dosage of the catalyst, and
excess bipyridine ligand relative to Ni(COD)2 did not
significantly affect the yields. Aryl bromides required a higher
percentage of Ni(COD)2 and bipyridine, and an excess of
bipyridine relative to Ni(COD)2 considerably inhibited the
trifluoromethylselenolation reactions. These results suggest that
the activation of aryl iodides occurs more readily than the
bromides and that unproductive ligand coordination is
competitive with the activation of the aryl bromide substrates.
Importantly, the challenging aryl chloride substrates could be
trifluoromethylselenolated by employing dppf as the optimal
ligand on nickel. This work represents the first report for the
direct trifluoromethylselenolation of aryl chlorides. Finally, the
reactions developed herein are amenable to the synthesis of
potentially bioactive molecules and drug analogues and could
serve as a promising resource for the construction of
trifluoromethyl selenides for life science applications. A more
detailed investigation of the reaction mechanisms is currently
underway in our laboratories.

■ ASSOCIATED CONTENT
*S Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.7b01839.

Experimental information, reaction condition optimiza-
tion, and NMR spectra (PDF)

■ AUTHOR INFORMATION
Corresponding Author

*E-mail: cpzhang@whut.edu.cn, zhangchengpan1982@hotmail.
com.
ORCID

Cheng-Pan Zhang: 0000-0002-2803-4611
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
C.P.Z. thanks the Wuhan University of Technology, the
Fundamental Research Funds for the Central Universities, the
National Natural Science Foundation of China (21602165), the
“Chutian Scholar” Program from Department of Education of
Hubei Province (China), the “Hundred Talent” Program of
Hubei Province, and the Wuhan Youth Chen-Guang Project
(2016070204010113) for financial support. D.A.V. thanks the
Office of Basic Energy Sciences of the U.S. Department of
Energy (DE-SC0009363) for support of this work.

■ REFERENCES
(1) (a) Kirsch, P. Modern Fluoroorganic Chemistry: Synthesis,
Reactivity, Applications, 2nd ed.; Wiley-VCH: Weinheim, 2013.
(b) Ojima, I. Fluorine in Medicinal Chemistry and Chemical Biology;
Wiley: Chichester, 2009.
(2) (a) Hansch, C.; Leo, A.; Taft, R. W. Chem. Rev. 1991, 91, 165−
195. (b) Hansch, C.; Leo, A. Substituent Constant for Correlation
Analysis in Chemistry and Biology; Wiley: New York, 1979.
(3) (a) Ganther, H. E. Carcinogenesis 1999, 20, 1657−1666.
(b) Papp, L. V.; Holmgren, A.; Khanna, K. K. Antioxid. Redox
Signaling 2010, 12, 793−795. (c) Rayman, M. P. Proc. Nutr. Soc. 2005,
64, 527−542. (d) Ledesma, M. C.; Jung-Hynes, B.; Schmit, T. L.;

Kumar, R.; Mukhtar, H.; Ahmad, N. Mol. Med. 2011, 17, 134−143.
(e) Naithani, R. Mini-Rev. Med. Chem. 2008, 8, 657−668.
(4) Recent reviews (selected): (a) Chachignon, H.; Cahard, D. Chin.
J. Chem. 2016, 34, 445−454. (b) Sperger, T.; Sanhueza, I. A.;
Schoenebeck, F. Acc. Chem. Res. 2016, 49, 1311−1319. (c) Lin, J.-H.;
Ji, Y.-L.; Xiao, J.-C. Curr. Org. Chem. 2015, 19, 1541−1553. (d) Shao,
X.; Xu, C.; Lu, L.; Shen, Q. Acc. Chem. Res. 2015, 48, 1227−1236.
(e) Zhang, K.; Xu, X.; Qing, F. Youji Huaxue 2015, 35, 556−569.
(f) Xu, X.-H.; Matsuzaki, K.; Shibata, N. Chem. Rev. 2015, 115, 731−
764. (g) Toulgoat, F.; Alazet, S.; Billard, T. Eur. J. Org. Chem. 2014,
2014, 2415−2428.
(5) (a) Back, T. G. Organoselenium Chemistry: A Practical Approach;
Oxford University Press: Oxford, UK, 1999; Practical Approach in
Chemistry Series. (b) Wirth, T. Organoselenium Chemistry: Synthesis
and Reactions; Wiley-VCH: Weinheim, 2011.
(6) (a) Billard, T.; Langlois, B. R. Tetrahedron Lett. 1996, 37, 6865−
6868. (b) Billard, T.; Large, S.; Langlois, B. R. Tetrahedron Lett. 1997,
38, 65−68. (c) Nikolaienko, P.; Rueping, M. Chem. - Eur. J. 2016, 22,
2620−2623. (d) Large, S.; Roques, N.; Langlois, B. R. J. Org. Chem.
2000, 65, 8848−8856. (e) Potash, S.; Rozen, S. J. Org. Chem. 2014, 79,
11205−11208. (f) Pooput, C.; Medebielle, M.; Dolbier, W. R., Jr. Org.
Lett. 2004, 6, 301−303. (g) Pooput, C.; Dolbier, W. R., Jr.; Med́ebielle,
M. J. Org. Chem. 2006, 71, 3564−3568. (h) Cherkupally, P.; Beier, P.
Tetrahedron Lett. 2010, 51, 252−255. (i) Blond, G.; Billard, T.;
Langlois, B. R. Tetrahedron Lett. 2001, 42, 2473−2475.
(7) (a) Kondratenko, N. V.; Kolomeytsev, A. A.; Popov, V. I.;
Yagupolskii, L. M. Synthesis 1985, 1985, 667−669. (b) Feldhoff, R.;
Haas, A.; Lieb, M. J. Fluorine Chem. 1994, 67, 245−251. (c) Fang, W.-
Y.; Dong, T.; Han, J.-B.; Zha, G.-F.; Zhang, C.-P. Org. Biomol. Chem.
2016, 14, 11502−11509. (d) Glenadel, Q.; Ismalaj, E.; Billard, T. J.
Org. Chem. 2016, 81, 8268−8275. (e) Magnier, E.; Wakselman, C.
Collect. Czech. Chem. Commun. 2002, 67, 1262−1266.
(8) (a) Chen, C.; Hou, C.; Wang, Y.; Hor, T. S. A.; Weng, Z. Org.
Lett. 2014, 16, 524−527. (b) Chen, C.; Ouyang, L.; Lin, Q.; Liu, Y.;
Hou, C.; Yuan, Y.; Weng, Z. Chem. - Eur. J. 2014, 20, 657−661.
(c) Wang, Y.; You, Y.; Weng, Z. Org. Chem. Front. 2015, 2, 574−577.
(d) Wang, J.; Zhang, M.; Weng, Z. J. Fluorine Chem. 2017, 193, 24−32
and references cited therein.
(9) Tyrra, W.; Naumann, D.; Yagupolskii, Y. L. J. Fluorine Chem.
2003, 123, 183−187.
(10) (a) Matheis, C.; Wagner, V.; Goossen, L. J. Chem. - Eur. J. 2016,
22, 79−82. (b) Matheis, C.; Krause, T.; Bragoni, V.; Goossen, L. J.
Chem. - Eur. J. 2016, 22, 12270−12273. (c) Lefebvre, Q.; Pluta, R.;
Rueping, M. Chem. Commun. 2015, 51, 4394−4397.
(11) Aufiero, M.; Sperger, T.; Tsang, A. S.-K.; Schoenebeck, F.
Angew. Chem., Int. Ed. 2015, 54, 10322−10326.
(12) Zhang, C.-P.; Vicic, D. A. J. Am. Chem. Soc. 2012, 134, 183−185.
(13) Yin, G.; Kalvet, I.; Englert, U.; Schoenebeck, F. J. Am. Chem. Soc.
2015, 137, 4164−4172.
(14) (a) Tamaru, Y. Modern Organonickel Chemistry; Wiley-VCH:
Weinheim, 2005. (b) Han, F.-S. Chem. Soc. Rev. 2013, 42, 5270−5298.
(15) Kalvet, I.; Guo, Q.; Tizzard, G. J.; Schoenebeck, F. ACS Catal.
2017, 7, 2126−2132.

Organic Letters Letter

DOI: 10.1021/acs.orglett.7b01839
Org. Lett. XXXX, XXX, XXX−XXX

D

http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b01839
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b01839
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b01839/suppl_file/ol7b01839_si_001.pdf
mailto:cpzhang@whut.edu.cn
mailto:zhangchengpan1982@hotmail.com
mailto:zhangchengpan1982@hotmail.com
http://orcid.org/0000-0002-2803-4611
http://dx.doi.org/10.1021/acs.orglett.7b01839

