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3-((Trifluoromethyl)thio)indoles can be synthesized by a palladium(i)-
catalyzed reaction of 2-alkynylaniline with trifluoromethanesulfanyl-
amide in the presence of bismuth(n) chloride. The presence of
bismuth(in) chloride is crucial for the success of this transformation,
which activates the trifluoromethanesulfanylamide during the reaction.

Currently, much attention has been paid to the introduction
of fluorine atoms into drugs or leading compounds, with the
aim of improving their medicinal properties."” Due to its high
hydrophobicity, the (trifluoromethyl)thio (SCF;) moiety has
been used as the fluorine source recently.® As a result, several
efforts have been made to incorporate the (trifluoromethyl)thio
moiety into small molecules.*> For instance, Qing and co-workers
reported a transition-metal-free oxidative trifluoromethylthiol-
ation of alkynes using elemental sulfur with the Ruppert-
Prakash reagent (CF,;SiMe;).** Buchwald and co-workers
described the trifluoromethylthiolation of aryl halides utilizing
AgSCF; as a reagent.” The reaction of alkenes or alkynes with
trifluoromethanesulfanylamide as an equivalent of the trifluoro-
methanesulfanyl cation (CF;S") was explored by Billard and
co-workers.> Recently, the progress of the formation of C-SCF;
bond through direct trifluoromethylthiolation was summarized
by Billard and co-workers.>*

Indole and its derivatives have attracted continuous interest
due to their presence in natural products and pharmaceuticals
with remarkable biological activities.® It is highly desirable to
incorporate the (trifluoromethyl)thio moiety into an indole
scaffold (Scheme 1). The most established methods for the
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Scheme 1 Incorporation of the (trifluoromethyl)thio moiety into an indole
scaffold.

formation of indoles are based on the palladium(u)-catalyzed
reactions of 2-alkynylanilines.” Recently, Liu and co-workers
reported a silver-catalyzed intramolecular oxidative aminofluori-
nation of alkynes to produce 4-fluoroisoquinolines and 4-fluoro-
pyrrolo[«Jisoquinolines.?” During the investigation, they found
that the presence of free N-H inhibited the fluorination process.
Inspired by these intriguing studies and in continuation of our
work on the synthesis of fluorinated heterocycles,® we envisioned
that N,N-dimethyl-2-alkynylaniline® could be employed in the
reaction of trifluoromethanesulfanylamide for the generation of
(trifluoromethyl)thio-substituted indoles (Scheme 1). Thus, we
started to explore this proposed transformation.

In order to achieve this proposed trifluoromethylthiolation,
our initial efforts focused on the model reaction of N,N-dimethyl-
2-alkynylaniline 1a with trifluoromethanesulfanylamide 2. The
optimization of conditions for the reaction is summarized in
Table 1. Initially, the reaction was carried out in dichloroethane
(DCE), in the presence of Pd(OAc), (10 mol%) at 80 °C (Table 1,
entry 1). However, no reaction occurred. It was reported that the
electrophilic addition of arenesulfinamide could be activated in
the presence of a Lewis acid.”” Thus, reactions using different
metal salts were examined. However, no reaction took place when
BF;-OEt,, FeCl;, InCl;, CuF,, CuBr, AgOT{, AgTFA, or AgNTf, were
added (Table 1, entries 2-9). Interestingly, the desired product
3a was obtained in 49% yield when BiCl; was used (Table 1,
entry 10). A control experiment without the addition of the
palladium(u) catalyst gave a lower yield (28%, Table 1, entry 11).
The presence of a quantitative amount of bismuth(m) chloride
is essential for the successful transformation. The reaction
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Table 1 Initial studies of the reaction of N,N-dimethyl-2-alkynylaniline 1a
with trifluoromethanesulfanylamide 2

NMe, ’ [Pd] (10 mol %) Me
_N. Lewis acid (1.0 equiv) N Ph
R Ph™ "SCFy solvent, T /
1a Fh 2 3a SCF;

Entry  [Pd] Lewis acid T (°C)  Solvent Yield” (%)
1 Pd(OAc), — 80 DCE 0
2 Pd(OAc), BF;-OFt, 80 DCE 0
3 Pd(OAc),  FeCl, 80 DCE 0
4 Pd(OAc), InCl, 80 DCE 0
5 Pd(OAc), CuF, 80 DCE 0
6 Pd(OAc), CuBr 80 DCE 0
7 Pd(OAc), AgOTf 80 DCE 0
8 Pd(OAc), AgTFA 80 DCE 0
9 Pd(OAc),  AgNTf, 80 DCE 0
10 Pd(OAc),  BiCl, 80 DCE 49
11 — BiCl, 80 DCE 28
120 — BiCl, 80 DCE Trace
13° Pd(OAc),  BiCl, 80 DCE Trace
14 Pd(OAc),  BiCl; 80 DCE 47
157 Pd(OAc), BiCl, 80 DCE 39
16 Pd(OAc), Bil; 80 DCE 0
17 Pd(OAc),  Bi(OAc); 80 DCE 0
18 Pd(OAc),  Bi(OTf); 80 DCE Trace
19 PdCl, BiCl, 80 DCE 25
20 PdBr, BiCl, 80 DCE 36
21 PA(TFA),  BiCl, 80 DCE 39
20° Pd(OAc),  BiCl, 80 DCE 59
23/ Pd(OAc), BiCl, 80 DCE 80
24/ Pd(OAc), BiCl, 70 DCE 47
25/ Pd(OAc),  BiCl, 60 DCE 36
26/ Pd(OAc), BiCl, 100 DCE 67
27 Pd(OAc), BiCl, 80 DMF 0
28 Pd(OAc), BiCl, 80 MeCN 65
29 Pd(OAc), BiCl, 80 Toluene 0
30/ Pd(OAc), BiCl, 80 THF 40
3t Pd(OAc),  BiCl, 80 1,4-Dioxane 33

“ Isolated yield based on N,N-dimethyl-2-(2-phenylethynyl)aniline 1a.
’In the presence of 0.5 equivalents of BiCl. “In the presence of
1.5 equivalents of BiCl;. % In the presence of 5 mol% of Pd(OAc),.
°In the presence of 2.0 equivalents of PANHSCF;./ In the presence of
3.0 equivalents of PANHSCF;.

failed when 0.5 equivalents of BiCl; were used in the trans-
formation (Table 1, entries 12 and 13). The results were not be
improved when the amount of BiCl; was increased (Table 1,
entry 14), or when the amount of the palladium(u) catalyst was
reduced (Table 1, entry 15). It seemed that the chloride anion
was important in the reaction. No reaction occurred when other
bismuth(m) salts were employed (Table 1, entries 16-18). The
results were poor when Pd(OAc), was switched to PdCl,, PdBr,,
or Pd(TFA), (Table 1, entries 19-21). The corresponding 3-((tri-
fluoromethyl)thio)indole 3a could be obtained in 80% yield
when 3.0 equivalents of trifluoromethanesulfanylamide 2 were
used in the reaction (Table 1, entry 23). Changing the tempera-
ture did not improve the final outcome (Table 1, entries 24-26).
Further screening of the solvents indicated that DCE was the
best choice (Table 1, entries 27-31).

With the optimal conditions established for this palladium(u)-
catalyzed fluorination process, we turned our attention to
exploring the substrate scope of this reaction, by using different
2-alkynylanilines. The results are summarized in Table 2.
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Table 2 Synthesis of 3-((trifluoromethyl)thio)indoles via a palladium(i)-

catalyzed reaction of N,N-dimethyl-2-alkynylaniline with trifluoromethane-
sulfanylamide in the presence of bismuth(i) chloride®

- NMe; Pd(OAc), (10 mol %) N,’"'e
1M H BiClz (1.0 equiv) X
R'T * N — = >Ry /) R2
= S Ph™ "SCFs peE. 80 oC >
1 R? 2 3 SCFg
Me Me Me Me
N N N N
/) Ph »)—Ph )—Ph )—Ph
cl F
SCF, SCF, SCF, SCF,

3a, 80% yield

Me Me Me

N N N

/ Ph / CGH4P'C| / CGH4p-Me
Et0,C

SCF3 SCF; SCF3
3e, 85% yield 3f, 50% yield 349, 87% vyield

Me Me Me
N N N
/) CgHyp-OMe Y, CgH40-OMe Y) CgHyp-CO,Me

SCF, SCF, SCF,
3h, 68% yield 3i, 67% yield 3j, 72% yield

Me Me Me Me

N N N Cl N

SCF3 SCF3 SCF3 SCF3
3k, 86% yield 3, 57% yield 3m, n.d. 3n, 78% yield

3b, 78% yield 3¢, 70% yield 3d, 71% yield

“ Isolated yield based on 2-alkynylaniline 1.

Various N,N-dimethyl-2-alkynylanilines with electron-withdrawing
or electron-donating groups on the aromatic ring worked well
under standard conditions. Different functional groups including
fluoro, chloro, methyl, and ester were all compatible during the
reaction process. Additionally, the substituents attached to the
triple bond of N,N-dimethyl-2-alkynylanilines were tolerated
as well. For instance, compound 3j with an ester group was
obtained in 72% yield. The alkyl substituted (cyclopropyl and
n-butyl) N,N-dimethyl-2-alkynylanilines were all good substrates
in the transformation. However, reaction of N,N-dimethyl-2-
ethynylaniline with trifluoromethanesulfanylamide failed to
produce the expected product.

A possible mechanism was proposed, which is shown in
Scheme 2. We envisioned that an intramolecular cyclization of
N,N-dimethyl-2-alkynylaniline would happen to produce inter-
mediate A. Subsequently, the methyl group of intermediate A
would be removed by attack of the chloride from bismuth(i)
chloride. In the meantime, the trifluoromethanesulfanyl cation
(CF;S") would be formed via an activation of trifluoromethane-
sulfanylamide 2 by bismuth(m) chloride, which would react
with the in situ generated indole to produce the 3-((trifluoro-
methyl)thio)indole 3.

Reactions of other 2-alkynylanilines with trifluoromethane-
sulfanylamide were then explored (Scheme 3). The reactions
also proceeded smoothly when 2-alkynylanilines 1o-1r were
employed. During the reaction process, the ethyl or benzyl
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Scheme 2 A possible mechanism for the reaction of N,N-dimethyl-2-
alkynylaniline with trifluoromethanesulfanylamide.
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Scheme 3 Reactions of other 2-alkynylanilines with trifluoromethane-

sulfanylamide.

group was selectively removed. This is reasonable based on the
above mechanism, since the benzyl cation or ethyl cation is

more electrophilic during the transformation. Interestingly,

substrate 1s was a good substrate under the conditions, which
reacted with trifluoromethanesulfanylamide to give the desired
product 3q in 60% yield (Scheme 3, eqn (3)). These results
indicated that the reaction underwent an intramolecular cycli-
zation, first catalyzed by Pd(u) to produce the indole ring, which
then went through electrophilic addition with trifluoromethane-
sulfanylamide in the presence of bismuth(ir) chloride to generate
the 3-((trifluoromethyl)thio)indole.

In summary, we have described a facile route to 3-((trifluoro-
methyl)thio)indoles via a palladium(u)-catalyzed reaction of
2-alkynylaniline with trifluoromethanesulfanylamide in the pre-
sence of bismuth(m) chloride. Different functional groups could
be compatible in this transformation. Exploration of the use of
trifluoromethanesulfanylamide for the trifluoromethylthiolation
of other heterocycles is ongoing in our laboratory.

580 | Chem. Commun., 2014, 50, 578-580

View Article Online

Communication

Financial support from the National Natural Science Founda-
tion of China (No. 21032007, 21172038) is gratefully acknowledged.

Notes and references

1 (a) R. Filler and Y. Kobayashi, Biomedicinal Aspects of Fluorine Chemistry,
Elsevier, Amsterdam, 1982; (b) Fluorine in Bioorganic Chemistry, ed.,
J. T. Welch and S. Eswarakrishman, Wiley, New York, 1991.

2 For some reviews on the synthesis of fluorinated heterocycles, see:
(a) Fluorinated Heterocyclic Compounds: Synthesis, Chemistry, and Applica-
tions, ed., V. A. Petrov, John Wiley & Sons, Inc., Hoboken, NJ, 2009;
(b) E. V. Nosova, G. N. Lipunova, V. N. Charushin and O. N. Chupakhin,
J. Fluorine Chem., 2010, 131, 1267; (¢) S. Zhu, Y. Wang, W. Peng, L. Song
and G. Jin, Curr. Org. Chem., 2002, 6, 1057; (d) M. J. Silvester, Aldrichimica
Acta, 1991, 24, 31. For some selective examples, see: (e) P. Kwiatkowski,
T. D. Beeson, J. C. Conrad and D. W. C. MacMillan, J. Am. Chem. Soc.,
2011, 133, 1738; (f) Y. Kishi, H. Nagura, S. Inagi and T. Fuchigami,
Chem. Commun., 2008, 3876; (g) S. Fustero, S. Catalan, M. Sanchez-
Rosello, A. Simon-Fuentes and C. del Pozo, Org. Lett., 2010, 12, 3484;
(h) T. Xu and G. Liu, Org. Lett., 2012, 14, 5416.

3 Bioorganic and Medicinal Chemistry of Fluorine, ed., J.-P. Begue and

D. Bonnet-Delpon, Wiley, Hoboken, 2008.

For selected examples, see: (a) C. Chen, L. Chu and F.-L. Qing, J. Am. Chem.

Soc., 2012, 134, 12454; (b) F. Baert, J. Colomb and T. Billard, Angew. Chem.,

Int. Ed., 2012, 51, 10382; (c) G. Teverovskiy, D. S. Surry and S. L.

Buchwald, Angew. Chem., Int. Ed., 2011, 50, 7312; (d) C.-P. Zhang and

D. A. Vicic, J. Am. Chem. Soc., 2012, 134, 183; (e) Z. Weng, W. He, C. Chen,

R. Lee, D. Tan, Z. Lai, D. Kong, Y. Yuan and K.-W. Huang, Angew. Chem.,

Int. Ed., 2013, 52, 1548; (f) C. Chen, Y. Xie, L. Chu, R-W. Wang, X. Zhang

and F.-L. Qing, Angew. Chem., Int. Ed., 2012, 51, 2492; (g) C.-P. Zhang and

D. A. Vicic, Chem.-Asian J., 2012, 7, 1756; (k) X. Shao, X. Wang, T. Yang,

L. Lu and Q. Shen, Angew. Chem., Int. Ed., 2013, 52, 3457; (i) L. D. Tran,

I. Popov and O. Daugulis, J. Am. Chem. Soc., 2012, 134, 18240.

(@) A. Tlili and T. Billard, Angew. Chem., Int. Ed., 2013, 52, 6818; (b) Y. Yang,

X. Jiang and F.-L. Qing, J. Org. Chem., 2012, 77, 7538; (c) A. Ferry, T. Billard,

E. Bacqué and B. R. Langlois, J. Fluorine Chem., 2012, 134, 160; (d) A. Ferry,

T. Billard, B. R. Langlois and E. Bacqué, J. Org. Chem., 2008, 73, 9362;

(e) A. Ferty, T. Billard, B. R. Langlois and E. Bacqué, Angew. Chem., Int. Ed.,

2009, 48, 8551; (f) A. Ferty, T. Billard, B. R. Langlois and E. Bacqué, J. Org.

Chem., 2008, 73, 9362; (g) Y. Yang, X. Jiang and F.-L. Qing, J. Org. Chem.,

2012, 77, 7538; (k) J. Liu, L. Chu and F.-L. Qing, Org. Lett., 2013, 15, 894;

(@) S. Alazet, L. Zimmer and T. Billard, Angew. Chem., Int. Ed., 2013,

52, 10814.

(@) J. E. Saxton, Nat. Prod. Rep., 1997, 14, 559; (b) M. Toyota and

N. Thara, Nat. Prod. Rep., 1998, 15, 327 and references therein;

(¢) J. A. Joule, Product Class 13: Indole and Its Derivatives, Thieme,

Stuttgart, 2001; (d) T. Kawasaki and K. Higuchi, Nat. Prod. Rep., 2005,

22, 761; () G. R. Humphrey and J. T. Kuethe, Chem. Rev., 2006,

106, 2875; (f) D. F. Taber and P. K. Tirunahari, Tetrahedron, 2011,

67, 7195.

7 For recent reviews on palladium-catalyzed synthesis of indoles,

see: (a) G. Battistuzzi, S. Cacchi and G. Fabrizi, Eur. J. Org. Chem.,

2002, 2671; (b) R. C. Larock, Top. Organomet. Chem., 2005, 14, 147;

(¢) S. Cacch and G. Fabrizi, Chem. Rev., 2011, 111, 215; (d) R. Vicente,

Org. Biomol. Chem., 2011, 9, 6469; (e) M. Shiri, Chem. Rev., 2012,

112, 3508.

(@) S. Ye, J. Liu and J. Wu, Chem. Commun., 2012, 48, 5028; (b) S. Ye,

G. Liu, S. Pu and J. Wu, Org. Lett., 2012, 14, 70; (¢) L. Zhang, Q. Xiao,

S. Ye and J. Wu, Chem.-Asian J., 2012, 7, 1909; (d) Q. Xiao, J. Sheng,

Z. Chen and J. Wu, Chem. Commun., 2013, 49, 8647.

For selected examples, see: (@) D. Yue and R. C. Larock, Org. Lett.,

2004, 6, 1037; (b) X. Feng, R. Kinjo, B. Donnadieu and G. Bertrand,

Angew. Chem., Int. Ed., 2010, 49, 942; (¢) B. Yao, Q. Wang and J. Zhu,

Angew. Chem., Int. Ed., 2012, 51, 5170; (d) B. Yao, Q. Wang and J. Zhu,

Angew. Chem., Int. Ed., 2012, 51, 12311; (e) X.-F. Xia, N. Wang, L.-L.

Zhang, X.-R. Song, X.-Y. Liu and Y.-M. Liang, J. Org. Chem., 2012,

77, 9163; (f) X.-F. Xia, L.-L. Zhang, X.-R. Song, Y.-N. Niu and Y.-M.

Liang, Chem. Commun., 2013, 49, 1410.

IS

[%2]

o)}

@

e}

This journal is © The Royal Society of Chemistry 2014


http://dx.doi.org/10.1039/c3cc45958f

