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Abstract — Rapid trifluoromethylation of indole derivatives was achieved using
trimethylsilyltriflate as the catalyst. Good to high yields were observed within
only 5 min at room temperature. This reaction system is able to provide not only
the mono-trifluoromethylated products, but also the di-trifluoromethylated

derivatives, because of its high reaction efficiency.

Indole frameworks have often been found in many natural products and bioactive compounds. Therefore,
transformation of indole derivatives is of great interest in organic chemistry and many functionalizations
of indoles have been investigated for a long time." On the other hand, the trifluoromethyl group has
increasingly attracted attention in the pharmaceutical and agrochemical fields. This is because the
presence of the trifluoromethyl group often brings about unique properties to molecules, such as
improved metabolic stability and hydrophobicity. Accordingly, trifluoromethylated indole derivatives
would be an intriguing target.** The direct indole trifluoromethylation reaction, in particular the catalytic
version, has recently been developed.> In 2010, we reported the copper-catalyzed direct
trifluoromethylation of indole derivatives using Togni reagent 2° (Scheme 1a).” The
C2-trifluoromethylated compounds were selectively obtained, and it was found that the N-protecting
group affected the reactivity and selectivity for this reaction. In the course of this study, we encountered

curious results (Scheme 1b). The desilylated di-trifluoromethylated product 4b was obtained in 10% yield
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when  N-TMS-3-methylindole 1a was used as a substrate, while the reaction of
N-TBDMS-3-methylindole 1¢ provided only the 2-trifluoromethylated product 3¢ in 47% yield with the
di-trifluoromethylated product 4¢ not being detected. In the latter case, the TBDMS group remained intact
on the nitrogen of the indole ring. Based on these results, we hypothesized that the silyl cation would be a
good activator for trifluoromethylation using Togni reagent 2. In this communication, we disclose the
rapid trifluoromethylation of indole derivatives using trimethylsilyltriflate (TMSOTY) under mild

conditions.
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Scheme 1. Copper-catalyzed trifluoromethylation of indole derivatives

Based on our hypothesis, TMSOTT, which is a representative source of a silyl cation species was used as
a catalyst in CH,Cl, at room temperature. We initially examined the reaction with 3-methylindole 1b. To
our surprise, the rate of this reaction was remarkably fast. Compound 3b was obtained in 71% yield
within only 5 min, together with the di-trifluoromethylated product 4b in 7% yield (Table 1, entry 1).®
This remarkable result prompted us to examine the trifluoromethylation of other indole derivatives. The
electron donating group at the 5-position accelerated the di-trifluoromethylation and the desired products
3d and 4d were obtained in 60% and 19% yields, respectively at 0 °C (entry 2). Various functional groups,
such as aryl bromide, methyl ester, ether, carbamate and amide moieties, were tolerated in this reaction
(entries 3-7).% Trifluoromethylated products of the tryptophan derivative 3i and 4i were afforded in 48%
and 4% yields, respectively (entry 7). It is noteworthy that the enantiopurity of the derivatives was
conserved under this reaction condition. We next examined 1-substituted indole derivatives.
N-Methyl-3-methylindole 1j was transformed to produce the desired products in high yield (entry 8).
Analogous to the copper-catalyzed system, the N-TBDMS group was intact in this reaction system (entry
9). The reaction with 1k bearing no substituent at the 3-position provided the 2-trifluoromethylated
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product 3K, albeit in 26% yield (entry 10). In this case, dimer 5 was generated as the main product in 47%
yield? Unfortunately, we could not isolate 4k and a complex mixture of mono- and di-

trifluoromethylated indoles, with yet to be identified structures was obtained.

Table 1. Trifluoromethylation of indole derivatives using TMSOT{*

RY  TMSOTF (20 mol%)

R! CF; Rt
2 2
R3 2 (1.3 equiv.) R N R N
N CF3 + CFs3
N CH,Cly, rt, 5 min N N
RS R3

R3
1 3 4
entry substrate product [%]° entry substrate product [%]°
MeO NHAC
1 N 1b 3b; 71%, 4b; 7% 6 A\ 1h  3h; 63%, 4h; 10%
N
NHBoc
MeO
c . . ., ..
2 ’\T 1d 3d; 60%, 4d; 19% 7 Cone 3i; 48%, 4i; 4%
H
Br
3 N e 3e; 67%, 4e; 9% 8 1j 3j; 75%, 4j; 9%
N
H
COzMe
4 3f; 59%, 4f;, 5% 9 1c 3c; 55%, 4c; 0%
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NHBoc @
5 3g; 68%, 4g; 8% 10 N 1k 3k; 26%, 4k; ND“
\

* The reactions were carried out with TMSOTf (20 mol%) and Togni reagent 2 (1.3
equiv.) in CH,Cl, on a 0.5 mmol scale. ® Isolated yield. © The reaction was carried

out at 0 °C for 15 min on a 0.2 mmol scale. ¢ Not determined.

Inspired by these results, we investigated the reaction using an excess amount of Togni reagent 2 to
obtain a higher amount of the di-trifluoromethylated product (Scheme 2). The di-trifluoromethylated
compound 4d was produced under the described conditions in 42% yield, together with 3d in 35% yield.
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1d 3d: 35% 4d: 42%

Scheme 2. Trifluoromethylation using an excess amount of Togni reagent 2
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In summary, we achieved the rapid trifluoromethylation of indole derivatives using TMSOTT as a catalyst.
This reaction was operated under very mild conditions and the desired trifluoromethylated products were
obtained in high yield within 5 minutes. In addition, a reasonable amount of the di-trifluoromethylated
product could be obtained when an excess amount of Togni reagent was used. This reaction system

provides a quick method for the synthesis of trifluoromethylated indole derivatives.

ACKNOWLEDGEMENTS
This work was supported in part by MEXT (Grant-in-aid for Young Scientists (B) No. 23750116) and by
Funding from RIKEN.

REFERENCES AND NOTES

1. For selected reviews for indole transformations, see; S. Cacchi and G. Fabrizi, Chem. Rev., 2005,
105, 2873; L. Joucla and L. Djakovitch, Adv. Synth. Catal., 2009, 351, 673; M. Bandini and A.
Eichholzer, Angew. Chem. Int. Ed., 2009, 48, 9608; M. Zeng and S.-L. You, Synlett, 2010, 1289; C.
C. J. Loh and D. Enders, Angew. Chem. Int. Ed., 2012, 51, 46.

2. P. Krisch, Modern Fluoroorganic Chemistry, Wiley-VHC, Weinheim, 2004; J.-P. Bégué¢ and D.
Bonnet-Delpon, Bioorganic and Medicinal Chemistry of Fluorine, Wiley-VHC, Hoboken, 2008; 1.

Ojima, ‘Fluorine in Medicinal Chemistry and Chemical Biology,” Wiley-Blackwell, Chichester,
2009; P. Jeschke, ChemBioChem, 2004, 5, 570; M. Shimizu and T. Hiyama, Angew. Chem. Int. Ed.,
2005, 44, 214; M. Schlosser, Angew. Chem. Int. Ed., 2006, 45, 5432; K. Miiller, C. Faeh, and F.
Diederich, Science, 2007, 317, 1881; W. K. Hagmann, J. Med. Chem., 2008, 51, 4359.

3. For a review on the synthesis of trifluoromethylated indole derivatives, see; V. M. Muzalevskiy, A.

V. Shastin, E. S. Balenkova, G. Haufe, and V. G. Nenajdenko, Synthesis, 2009, 3905.

4. For selected reports on the synthesis of trifluoromethylated indole derivatives, see; Y. Kobayashi, 1.
Kumadaki, Y. Hirose, and Y. Hanzawa, J. Org. Chem., 1974, 39, 1836; A. Fiirstner and A. Hupperts,
J. Am. Chem. Soc., 1995, 117, 4468; K. Miyashita, K. Kondoh, K. Tsuchiya, H. Miyabe, and T.
Imanishi, J. Chem. Soc., Perkin Trans. 1, 1996, 1261; T. Konno, J. Chae, T. Ishihara, and H.
Yamanaka, J. Org. Chem., 2004, 69, 8258; J. Chae, T. Konno, T. Ishihara, and H. Yamanaka, Chem.
Lett., 2004, 33, 314; S. Debarge, K. Kassou, H. Carreyre, B. Violeau, M.-P. Jouannetaud, and J.-C.
Jacquesy, Tetrahedron Lett., 2004, 45, 21; F. Ge, Z. Wang, W. Wan, and J. Hao, Synlett, 2007, 447;
Z. Wang, F. Ge, W. Wan, H. Jiang, and J. Hao, J. Fluorine Chem., 2007, 128, 1143; Y. Chen, Y.
Wang, Z. Sun, and D. Ma, Org. Lett., 2008, 10, 625; V. M. Muzalevskiy, V. G. Nenajdenko, A. V.
Shastin, E. S. Balenkova, and G. Haufe, Tetrahedron, 2009, 65, 7553; H. Jiang, Y. Wang, W. Wan,
and J. Hao, Tetrahedron, 2010, 66, 2746; S.-X. Dong, X.-G. Zhang, Q. Liu, R.-Y. Tang, P. Zhong,



http://dx.doi.org/10.1021/cr040639b
http://dx.doi.org/10.1021/cr040639b
http://dx.doi.org/10.1002/adsc.200900059
http://dx.doi.org/10.1002/anie.200901843
http://dx.doi.org/10.1055/s-0029-1219929
http://dx.doi.org/10.1002/anie.201107575
http://dx.doi.org/10.1002/352760393X
http://dx.doi.org/10.1002/9780470281895
http://dx.doi.org/10.1002/cbic.200300833
http://dx.doi.org/10.1002/anie.200460441
http://dx.doi.org/10.1002/anie.200460441
http://dx.doi.org/10.1002/anie.200600449
http://dx.doi.org/10.1126/science.1131943
http://dx.doi.org/10.1021/jm800219f
http://dx.doi.org/10.1055/s-0029-1217080
http://dx.doi.org/10.1021/jo00927a010
http://dx.doi.org/10.1021/ja00121a004
http://dx.doi.org/10.1039/p19960001261
http://dx.doi.org/10.1021/jo048872x
http://dx.doi.org/10.1246/cl.2004.314
http://dx.doi.org/10.1246/cl.2004.314
http://dx.doi.org/10.1016/j.tetlet.2003.10.192
http://dx.doi.org/10.1055/s-2007-967950
http://dx.doi.org/10.1016/j.jfluchem.2007.04.023
http://dx.doi.org/10.1021/ol7029382
http://dx.doi.org/10.1016/j.tet.2009.06.120
http://dx.doi.org/10.1016/j.tet.2010.01.080

10.

HETEROCYCLES, Vol. 86, No. 2, 2012 983

and J.-H. Li, Synthesis, 2010, 1521.

T. Kino, Y. Nagase, Y. Ohtsuka, K. Yamamoto, D. Uraguchi, K. Tokuhisa, and T. Yamakawa, J.
Fluorine Chem., 2010, 131, 98; M. S. Wiehn, E. V. Vinogradova, and A. Togni, J. Fluorine Chem.,
2010, 131, 951; X. Mu, S. Chen, X. Zhen, and G. Liu, Chem. Eur. J., 2011, 17, 6039; D. A. Nagib
and D. W. C. MacMillan, Nature, 2011, 480, 224; Y. Ji, T. Brueckl, R. D. Baxter, Y. Fujiwara, 1. B.
Seiple, S. Su, D. G. Blackmond, and P. S. Baran, Proc. Natl. Acad. Sci. USA, 2011, 108, 14411; L.
Chu and F.-L. Qing, J. Am. Chem. Soc., 2012, 134, 1298; N. Igbal, S. Choi, E. Ko, and E. J. Cho,
Tetrahedron Lett., 2012, 53, 2005; E. Mejia and A. Togni, ACS Catal., 2012, 2, 521.

For selected reports for trifluoromethylation using Togni reagent, see; P. Eisenberger, S. Gischig,
and A. Togni, Chem. Eur. J., 2006, 12, 2579; 1. Kieltsch, P. Eisenberger, and A. Togni, Angew.
Chem. Int. Ed., 2007, 46, 754; R. Koller, K. Stanek, D. Stolz, R. Aardoom, K. Niedermann, and A.
Togni, Angew. Chem. Int. Ed., 2009, 48, 4332; K. Niedermann, N. Friih, E. Vinogradova, M. S.
Wiehn, A. Moreno, and A. Togni, Angew. Chem. Int. Ed., 2011, 50, 1059.

R. Shimizu, H. Egami, T. Nagi, J. Chae, Y. Hamashima, and M. Sodeoka, Tetrahedron Lett., 2010,
51, 5947.

Typical experimental procedure for trifluoromethylation of indole derivatives; 3-Methylindole 1b
(65.6 mg, 0.5 mmol) and Togni reagent 2 (205.4 mg, 1.3 equiv.) were added to a Schlenk tube,
which was flame-dried under vacuum. The tube was evacuated and back-filled with nitrogen.
Dichloromethane (5 mL) and TMSOTTf (18 pL, 20 mol%) were added to the tube and the reaction
mixture was stirred for 5 min. After quenching the reaction mixture with saturated aqueous NaHCO3
solution (5 mL), the organic layer was dried over Na,SO4. The solvent was removed in vacuo and
the residue was purified by column chromatography (SiO,; hexane/EtOAc 9:1) to give 3b (70.2 mg,
71%, R¢= 0.5 ; hexane/EtOAc = 4/1) and 4b (9.8 mg, 7%, R¢= 0.35; hexane/EtOAc = 4/1).

The reaction of substrates bearing an electron withdrawing group on the five-membered ring
proceeded in low efficiency, which was consistent with the reaction using CuOAc.

A. Berlin and A. Canavesi, Tetrahedron, 1996, 52, 7947; H. Yu and Z. Yu, Angew. Chem. Int. Ed.,
2009, 48, 2929; Y.-X. Li, K-G. Ji, H.-X. Wang, S. Ali, and Y.-M. Liang, J. Org. Chem., 2011, 76,
744.



http://dx.doi.org/10.1055/s-0029-1218686
http://dx.doi.org/10.1016/j.jfluchem.2009.09.007
http://dx.doi.org/10.1016/j.jfluchem.2009.09.007
http://dx.doi.org/10.1016/j.jfluchem.2010.06.020
http://dx.doi.org/10.1016/j.jfluchem.2010.06.020
http://dx.doi.org/10.1002/chem.201100283
http://dx.doi.org/10.1038/nature10647
http://dx.doi.org/10.1073/pnas.1109059108
http://dx.doi.org/10.1021/ja209992w
http://dx.doi.org/10.1016/j.tetlet.2012.02.032
http://dx.doi.org/10.1002/chem.200501052
http://dx.doi.org/10.1002/anie.200603497
http://dx.doi.org/10.1002/anie.200603497
http://dx.doi.org/10.1002/anie.200900974
http://dx.doi.org/10.1002/anie.201006021
http://dx.doi.org/10.1016/j.tetlet.2010.09.027
http://dx.doi.org/10.1016/j.tetlet.2010.09.027
http://dx.doi.org/10.1016/0040-4020(96)00366-3
http://dx.doi.org/10.1002/anie.200900278
http://dx.doi.org/10.1002/anie.200900278
http://dx.doi.org/10.1021/jo1023014
http://dx.doi.org/10.1021/jo1023014



