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Letters
Regioselective electrophilic trifluoromethylation of indolines,
oxindoles and indoles in superacid
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Abstract—Treatment of indolines and N-acylindoles with HF/SbF5/CCl4 yields 6-trifluoro derivatives (indole numbering) whereas
indoles and oxindoles give the 5-trifluoro derivatives in good yield.
� 2003 Published by Elsevier Ltd.
Trifluoromethylation of aromatics may modify the
physical and biological properties of such compounds,
and the several approaches that have been developed to
achieve this reaction have been reviewed.1;2 Direct elec-
trophilic trifluoromethylation can be carried out using
trifluoromethyldibenzothiophenium salts and ana-
logues3;4 or carbon tetrachloride in the presence of HF
and a Lewis acid.5

We have recently reported the regioselective electro-
philic trifluoromethylation of substituted anilines and
acetanilides in HF/SbF5 in the presence of carbon tetra-
chloride.6 Under the reaction conditions, the electro-
phile �CClþ3 � obtained from CCl4, reacts with the N- or
O-protonated substrate, the halogen exchange being
completed by treatment of the reaction mixture with
HF/pyridine.

We report in this paper the electrophilic trifluoro-
methylation of indolines, oxindoles and indoles under
similar conditions.7

The results reported in Tables 1 and 2 show that the
reaction of indolines and indoles is regioselective. Indo-
lines 1 and 3 which are N-protonated under the reaction
conditions are trifluoromethylated at C-6, the alkyl
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group directing the substitution,6 the poor electrophilic
nature of CClþ3 ion accounting for the regioselectivity of
the reaction. The efficient access to compound 2 should
be compared to the previously reported five-step syn-
thesis of this compound.8 Indoline is thus a good pre-
cursor of the corresponding 6-trifluoromethyl-indole.9

On the other hand, oxindoles 5, 6 and 9 selectively yield
the corresponding 5-trifluoro derivatives 7, 8 and 10,
respectively. An O-protonated amido group disfavours
less this orientation and further reduces the influence of
the C-3 methylene group as a directing group.10 Oxin-
doles 7 and 8 have been previously prepared by total
synthesis and evaluated as sleep inducers and tyrosine
kinase inhibitors.11

Hydroxylation of indoles with H2O2 in superacids yields
monohydroxy derivatives, substitution occurring on the
benzene ring.13 Under these conditions, indoles are
protonated on the carbon atom of the pyrrole ring b to
the nitrogen atom to yield iminium ions. Delocalization
of the positive charge in the resulting ions accounts for
the good reactivity of these substrates and for the poor
regioselectivity observed in the electrophilic substitu-
tion. Whereas the reaction of indole 11 in superacids
with CCl4 led only to a complex mixture of polymers
and of chloro and trifluoro derivatives, compounds 12
and 14a gave the expected trifluoromethylated products
13 and 15a, respectively, the intermediate iminium ions
being more stabilized by the substitution at C-2 (Table
2).14 The low reactivity of the trichloromethyl ion CClþ3
accounts for the selectivity of the reaction.
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Table 1. Trifluoromethylation of indolines and oxindoles

Substrate Product Reaction time (h) Temperature (�C) Yield (%)
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Table 2. Trifluoromethylation of indole derivatives

Substrate Product (%) Reaction time (h) Temperature (�C) Yield (%)

R
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H
11  

R = H or CH3, CH2CH2NHAc

Degradation products 0.25 )20 ––

N
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0.25 )20 60 (Ref. 14a)
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14b  R = Ac
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N
N

O

H

19

N
N

O

H

F3C

20

0.5 )20 50 (Ref. 12)

22 S. Debarge et al. / Tetrahedron Letters 45 (2004) 21–23



N
N

H

OH

N
NCl3C

H

OH

H

NCl3C
H

OH

H

+

+

+

+ +

+

+

+

"CCl3+"
N

Scheme 1.
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It should be pointed out that compound 14b is unreac-
tive, the diprotonation at the carbonyl group and at the
carbon atom a to nitrogen deactivating this compound.

Surprisingly, tetrahydrocarbolines 16 are unreactive
under the reaction conditions, the possible diprotona-
tion on both nitrogen atoms perhaps making the sub-
stitution very difficult. On the other hand, the N-acetyl
derivative 17 yields trifluoro derivative 18a which is
deacetylated to 18b.15 This result can be explained by the
O-protonated enamide system being less deactivating
than the protonated indole nucleus. Trichloromethyl-
ation meta to the nitrogen atom leads through a stabi-
lized intermediate to the product 18a (Scheme 1).

This reaction has been successfully applied to the tri-
fluoromethylation of vinburnine CERVOXAN� 19, a
vasodilator, to its analogue 20.

To conclude, it should be pointed out that the reported
reaction constitutes an efficient and convenient access to
trifluoromethylated indoles either directly from substi-
tuted indoles to give the 5-trifluoro derivatives, or by
reacting indolines, followed by aromatization to give the
6-trifluoro analogues.
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