
A New Class of Substrates for the Nucleophilic 5-endo-trig Cyclization,
1-Trifluoromethylvinyl Compounds:

Syntheses of Indoline and Pyrrolidine Derivatives

Junji Ichikawa,� Takashi Mori, and Yu Iwai
Department of Chemistry, Graduate School of Science, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033

(Received August 2, 2004; CL-040907)

Disfavored 5-endo-trig cyclizations were achieved in 1-tri-
fluoromethylvinyl compounds with a sulfonamido group via (i)
intramolecular SN20 reaction with loss of a fluoride ion or (ii) in-
tramolecular addition to the vinylic group. These reactions pro-
vided indoline and pyrrolidine derivatives bearing fluorinated
one-carbon units such as difluoromethylene and trifluoromethyl
groups.

The 5-endo-trig cyclization has long been considered to be a
geometrically disfavored process according to Baldwin’s rules.1

Reported examples of this disfavored ring closures are classified
into three categories: nucleophile-driven,2,3 electrophile-driven,4

and radical-initiated cyclizations.5 Among them, nucleophile-
driven 5-endo-trig cyclizations have still rarely been observed
in synthetic chemistry, compared to the other two types of cyc-
lization.

In our recent studies, we have accomplished the normally
disfavored nucleophilic 5-endo-trig cyclizations with 1,1-di-
fluoro-1-alkene substrates (2,2-difluorovinylic compounds) bear-
ing functional groups such as NHTs, OH, SH, or CH2I (Scheme
1a). In situ generated N-, O-, S-, and C-nucleophiles successfully
undergo a vinylic addition–elimination (SNV) process to con-
struct 5-memberd ring-fluorinated heterocycles and carbocycles,
due to the unique reactivity of 1,1-difluoro-1-alkenes.2,6

In terms of nucleophilic substitution for fluorine, 2-trifluoro-
methyl-1-alkenes (1-trifluoromethylvinyl compounds) bear a
similarity to 1,1-difluoro-1-alkenes. They tend to react with nu-
cleophiles accompanying loss of a fluoride ion in a SN20 fashion
to afford 1,1-difluoro-1-alkenes.7 This fact prompted us to inves-
tigate an intramolecular version of their SN20 reaction (Scheme
1b). Recently, we have reported the synthesis of 6-membered
heterocycles, 4-difluoromethylquinolines via cyanide-ion-cata-
lyzed intramolecular cyclization of o-methyleneamino-substitut-

ed �-trifluoromethylstyrenes.8 In continuation of our research on
the cyclization of 1-trifluoromethylvinyl compounds, we sought
to apply the ‘‘intramolecular SN20 reaction’’ concept to the con-
struction of 5-membered rings. Herein we wish to report such 5-
endo-trig cyclizations yielding 3-difluoromethylene- and 3-tri-
fluoromethyl-substituted indoline and pyrrolidine derivatives.

We first designed �-trifluoromethylstyrene substrates 1 as
precursors of indoline derivatives, since an aryl group at this po-
sition in 1-trifluoromethylvinyl compounds is known to raise
their SN20 reactivity.7b Styrene 1 was easily prepared by the cou-
pling reaction of 2-bromo-3,3,3-trifluoro-1-propene and o-iodo-
aniline via 1-trifluoromethylvinyl boronic acid according to a
modified literature procedure,8,9 followed by tosylation of the ni-
trogen. The cyclization of 1a was attempted by treatment with
1.2 molar amounts of NaH in several solvents. While the reac-
tion in THF or 1,4-dioxane gave no cyclized products, the use
of DMF successfully promoted the desired 5-endo-trig cycliza-
tion via the SN20 reaction to afford 3-difluoromethyleneindoline
2a in 84% yield (Scheme 2).10

On the other hand, a similar reaction of 1 conducted in the
presence of proton source was expected to allow intramolecular
addition without elimination of a fluoride ion, leading to a tri-
fluoromethylated product. The cyclization was attempted by em-
ploying DBU instead of NaH, where the sulfonamide group of 1
and/or DBU.Hþ acted as a proton donor. Whereas the use of 1
molar amount of DBU gave 3-trifluoromethylindoline 3a only in
low yield (18%), treatment of 1a with 0.3 molar amounts of
DBU interestingly provided 3a in 81% yield (Scheme 2).11,12

These two types of 5-endo-trig cyclizations, the SN20 or the
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Scheme 1. Nucleophilic 5-endo-tirg cyclizations.
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Scheme 2. Reagents and conditions: i, NaH (1.2ma), 80 �C,
5–8 h, DMF. ii, DBU (0.3ma), 120 �C, 0.5–1 h, DMF. ma: molar
amount.
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addition reactions similarly proceeded with other sulfonamides
1b, 1c bearing a methyl group or a chlorine on the benzene ring.
Each indoline 2 or 3 was selectively obtained from a common
substrate 1 simply by choosing the base and the conditions
(Scheme 2).

Substrates 1 had a benzene ring as a tether connecting the
nucleophilic nitrogen atom and the 1-trifluoromethylvinyl
group, which could allow a 6�-electrocyclization process to
work. In order to rule out the possibility of the 6�-electrocycli-
zation mechanism and to broaden the scope for this type of 5-en-
do-trig cyclization, we investigated the reaction of a nonconju-
gated system, 3-trifluoromethyl-3-butenamides 4 bearing a
two-sp3 carbon tether. Whereas the trifluoromethylvinylic sys-
tem without an aryl group at the vinylic position is known to pos-
sess a reduced SN20 reactivity,7b we expected activation of the
substrates by conducting an intramolecular reaction.

Sulfonamides 4 were easily prepared via trifluoromethyl-
allylation of aldehydes13 and the Mitsunobu reaction of the re-
sulting alcohols with BocNHTs,14 followed by deprotection of
the Boc group. The cyclization of 4 was attempted to construct
pyrrolidine framework. Treatment of 4 with 1.3 molar amounts
of NaH in DMF successfully promoted a similar cyclization to
afford 3-difluoromethylenepyrrolidines 5 in high yield (Scheme
3).15 These results clearly indicate that (i) the reactions proceed
via the nucleophilic 5-endo-trig cyclization, not via the electro-
cyclization and (ii) substrates 4 preserve the SN20 reactivity due
to intramolecular reaction.

The cyclization of 4 in the presence of proton source was al-
so examined for the synthesis of trifluoromethylated pyrroli-
dines.16 On treatment of 4 with 5 molar amounts of KOH in
(CH2OH)2 or (CH2OH)2–THF (10:1), the desired 3-trifluoro-
methylpyrrolidines 6 were obtained in good to high yield with
good anti selectivity (Scheme 3).17,18

In conclusion, we have found that 1-trifluoromethylvinylic
system with a nucleophilic part constitutes a new class of com-
pounds that undergo the normally disfavored 5-endo-trig cycli-
zation. This methodology provides a versatile process for 5-
membered nitrogen heterocycles such as indolines and pyrroli-
dines bearing fluorinated one-carbon units (CF2= and CF3–
group), which have potential uses as agrochemicals, pharma-
ceuticals, and other materials.19 The difluoromethylene group

functions as a reactive site and a potential isostere of carbonyl
groups.20 Studies on the cyclization by using other intramolecu-
lar nucleophiles including carbanions are currently under prog-
ress in our laboratory.
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(2001). For reports on 3-trifluoromethylindoles, see: b) J. Chae,
T. Konno, T. Ishihara, and H. Yamanaka, Chem. Lett., 2004,
314 and references therein.

12 V. Martin, H. Molines, and C. Wakselman, J. Org. Chem., 57,
5530 (1992).

13 T. Yamazaki and N. Ishikawa, Chem. Lett., 1984, 521.
14 O. Mitsunobu, Synthesis, 1981, 1.
15 The intermolecular reaction of 5-phenyl-2-trifluoromethyl-1-

pentene with N-propyl-p-toluenesulfonamide gave only 2%
yield of the corresponding SN20 product under similar reaction
conditions.

16 For a report on 3-trifluoromethylpyrrolidines, see: D. Bonnet-
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Scheme 3. Reagents and conditions: i, NaH (1.3ma), 120 �C,
2–4 h, DMF. ii, KOH (5ma), 130 �C, 10–20 h, (CH2OH)2 for
6a, 6b. iii, KOH (5ma), 130 �C, 20 h, (CH2OH)2–THF (10:1)
for 6c.
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