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ABSTRACT: A mild and efficient synthesis of N-substituted-
2-fluoroindole derivatives was achieved via Buchwald−Hartwig
couplings and a sequential, base-promoted intramolecular
nucleophilic reaction−β-fluorine elimination. By employing
easily obtained gem-difluorostyrenes and primary arylamines,
the scope, advantages, and limitations of this reaction were well
investigated. Furthermore, this strategy distinguishes itself by
high modularity, operational simplicity, and a wide substrate scope, giving rise to a broad array of 2-fluoroindole derivatives in
moderate to excellent yields.

Indoles, as one kind of very important heterocyclic scaffold,
are widespread in natural products, bioactive compounds,

and other functional molecules.1 Indole derivatives display
various and unique properties, such as the drug for depression
and anxiety (1, Naratriptan),2 potential plant growth hormone
regulated transcription factor 2-fluoroindole-3-acetic acid (2),3

inhibitor of sortase A, and isocitratelyase (3)4 (Figure 1).
Furthermore, the inhibitors targeting Gp41 (4)5 and the
cytosolic phospholipase A2α (5)6 can also be found to have an
indole scaffold.

The unique physical and chemical properties of fluorine atom
or fluorine-containing groups, such as acidity and basicity, lipid
solubility and metabolism stability, are known by organic and
medicinal chemists. Additionally, fluorine can also control the
reactivity and stereochemistry in asymmetric reactions.7 During
the past decade, the introduction of fluorine atoms to bioactive
scaffolds has gained more and more attention in organic and
medicinal chemistry.8,9

Based on the importance of indole and fluorine in medicinal
chemistry, constructing fluorine-containing indole derivatives
has attracted great interest. In recent years, some related

research has been reported for the synthesis of 2-fluoroindole
derivatives. Among several typical examples (Scheme 1),
Widdowson’s group synthesized 2-fluoroindole derivatives for
the first time from stannylated indoles reacting with cesium
fluoroxysulfate in 1997 (a).10a Later, the same group obtained
2-fluoroindole derivatives by the fluorination of arylheteroar-
yliodonium salts(a).10b In 2013, Daugulis’s group obtained 2-
fluoroindole derivatives by directing group-assisted, copper-
catalyzed fluorination (b).10c Then, Huang’s group developed a
RuCl3 catalyzed fluorination of indoles from N-fluorobenzene-
sulfonimide in 2015 (c).10d In the protocols mentioned above,
poisonous reagents or directing groups are employed. Minami’s
group synthesized 2-fluoroindole derivatives by a cyclization
reaction after incorporation of fluorine atoms (d).10e In
addition, Ichikawa’s group developed some new methods to
synthesize desired products from β,β-difluoro-o-sulfonamidos-
tyrenes or gem-difluoroalkenes via base (t-BuONa, KH etc.)10f,g

or AgSbF6 (e).
10h Furthermore, the synthesis of 2-fluoroindole

derivatives was achieved via the palladium-catalyzed 1,1-
difluoroallylation of heteronucleophiles followed by an intra-
molecular Heck reaction (f).10i It was noted that the
requirement of specific substrates for these reactions limited
their applications to some extent. Therefore, development of a
convenient approach to synthesize 2-fluoroindole derivatives
from simple and readily available starting materials is still in
high demand.
Due to the high polarization of the CC bond caused by

the two fluorine atoms, gem-difluorostyrenes possess specific
reactivity and have become useful building blocks for fluorine-
containing compounds.11 Some pioneering and important
works constructing fluorine-containing molecules were re-
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Figure 1. Representative examples of bioactive indole derivatives.
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ported by Cao and co-workers.12 Also, the introduction of the
trifluoromethyl group from gem-difluorostyrenes has partic-
ularly gained some attention.13a,b Based on the previous work
of our group in fluorine chemistry,14 we continued to pursue
new synthetic strategies to construct novel, interesting, fluorine-
containing compounds with potential bioactivities such as N-
substituted-2-fluoroindoles from gem-difluorostyrenes. We
predicted that N-substituted-2-fluoroindoles could be obtained
by Buchwald−Hartwig type couplings and a sequential
intramolecular nucleophilic aromatic reaction, and two C−N
bonds would be formed to complete the reaction from
accessible gem-difluorostyrenes.15

At first, we tried to synthesize 2-fluoroindole derivatives
directly using 1-bromo-2-(2,2-difluoroethenyl)benzene and 4-
methoxy-aniline as the substrates via a Pd-catalyzed one-pot
reaction but failed. We did not detect any desired product and
only obtained the Buchwald−Hartwig coupling product.
Afterward, we initiated our investigation by screening the
coupling reaction conditions of 1a with 2a and different Pd
catalysts were examined (Table 1). Pd2(dba)3 was found to give
a coupling product in 65% yield with t-BuXPhos and Cs2CO3 in
toluene under an argon atmosphere at room temperature
(entries 1−3). After the reaction mixture was slightly warmed
to 40 °C, the reaction was found to be complete with a yield of
67% (entry 4 vs 2). The ligands were also screened, and t-
BuXPhos was found to be better than other ligands (entries 2,
5, 6, 7, 8). Encouraged by this promising result, we further
screened different bases and solvents. Finally, t-BuONa and
toluene were found to be the most effective with an 84% yield
(entries 9−15). In addition, reducing the amount of the Pd
catalyst and ligand decreased the yield of 3a to 42% (entry 16).
Therefore, the optimal coupling reaction conditions were

determined, including the catalyst Pd2(dba)3 (10 mol %), the
ligand t-BuXPhos (20 mol %), t-BuONa as a base, and the
solvent toluene (2.0 mL) at room temperature under an argon
atmosphere.
Subsequently, we turned our attention to the rapid

cyclization of 3a to produce a N-substituted-2-fluoroindole.
However, because of the high bond energy of C−F, the fluorine
atom of the vinylic C−F bond was not easily substituted by
other atoms. By screening bases, solvents, and temperature
(Supporting Information p S2), we determined that t-BuONa
promoted 3a to 4a with a 73% yield in DMF at 70 °C (Scheme
2). Based on these optimizations, we developed a mild and
effective method to synthesize N-substitued 2-fluoroindole
derivatives.

With the optimized reaction conditions in hand, we explored
the substrate scope of this method (Scheme 3). First, the
reaction between 1-bromo-2-(2,2-difluoroethenyl)benzene (1a)
and various anilines and analogues were investigated (4a−4p).
The steric effect of the substituents affected the yield of the
coupling reaction slightly. For example, the coupling reaction of
1a with para-, meta-, and ortho-methoxyaniline gave similar
yields (84%, 75%, and 79%), while the cyclization gave quite

Scheme 1. Synthesis of 2-Fluoroindole Derivatives Table 1. Optimization of Reaction Conditionsa

entry catalyst ligand base solvent yield (%)b

1 Pd(PPh3)4 t-BuXPhos Cs2CO3 toluene 0
2 Pd2(dba)3 t-BuXPhos Cs2CO3 toluene 65
3 Pd(dppf)Cl2 t-BuXPhos Cs2CO3 toluene 0
4c Pd2(dba)3 t-BuXPhos Cs2CO3 toluene 67
5 Pd2(dba)3 XPhos Cs2CO3 toluene 27
6 Pd2(dba)3 BrettPhos Cs2CO3 toluene 30
7 Pd2(dba)3 JohnPhos Cs2CO3 toluene 41
8 Pd2(dba)3 BINAP Cs2CO3 toluene 30
9 Pd2(dba)3 t-BuXPhos t-BuONa toluene 84
10 Pd2(dba)3 t-BuXPhos t-BuOK toluene 50
11 Pd2(dba)3 t-BuXPhos K3PO4 toluene 48
12 Pd2(dba)3 t-BuXPhos t-BuOLi toluene 34
13 Pd2(dba)3 t-BuXPhos t-BuONa dioxane 50
14 Pd2(dba)3 t-BuXPhos t-BuONa THF 58
15 Pd2(dba)3 t-BuXPhos t-BuONa DMF 25
16d Pd2(dba)3 t-BuXPhos t-BuONa toluene 42

aReaction conditions: 1a (0.4 mmol), 2a (0.6 mmol), catalyst (10 mol
%), ligand (20 mol %), base (0.8 mmol) in solvent (2.0 mL) at 25 °C
for 12 h under Ar. bIsolated yields. cAt 40 °C. dCatalyst (5 mol %),
ligand (10 mol %).

Scheme 2. 5-endo-trig Cyclization of 2-(2,2-Difluorovinyl)-
N-aryl-anilinesa

aConditions: 3a (0.4 mmol), t-BuONa (0.8 mmol), DMF (1.5 mL).
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different yields of 73%, 48%, and 59%, respectively (4a, 4b, 4c).
Notably, treatment of 3,4-dimethoxyaniline with 1a also
proceeded smoothly and gave the desired product 4d with a
coupling yield of 82% and a cyclization yield of 49%,
respectively.
According to the yield of 4d and 4f, polysubstituted aromatic

amines are well tolerated in this reaction. After the introduction
of the electron-withdrawing F group on different positions of
aniline, both the coupling reaction and cyclization gave
acceptable yields (4j, 4k, 4l).
The electronic properties of the substituents on the phenyl

ring had some effect on the cyclization yield of this reaction. In
general, the aromatic amine bearing electron-donating sub-
stituents [−OCH3, −CH3, −N(CH3)2] produced a similar
yield of products to those analogues bearing electron-
withdrawing substituents (−NO2, −CF3, −F) in the coupling
reaction. However, the cyclization yields of electron-donating
substituents are usually higher (4a, 4g vs 4h, 4i, 4j, 4m, 4n).
In addition, 2-pyridinamine, 3-pyridinamine, and 2-pyrazin-

amine also generated the desired products in moderate yield
from the coupling reaction (51%, 77%, and 56%, respectively)
and in moderate yield from the cyclization reaction (60%, 49%,
and 73%, respectively) for 4m, 4n, and 4o. A substrate with
base-sensitive group was also tolerated in the coupling reaction
and the cyclization step (4p). To demonstrate the synthetic
utility of the reaction, the procedure was successfully scaled up
to 2.0 mmol of 1a with 2l, and the yield of 3l/4l was 64% and
90%, respectively. In brief, various aromatic primary amines
were tolerated under the optimized reaction conditions.

We next examined the scope of the gem-difluorostyrenes, and
they showed very good reactivity (Scheme 4, 4q−4w). For

example, substrates with either electron-donating (−CH3 and
−OCH3) or electron-withdrawing substituents (−F and −Cl)
were all effectively converted into the target products (4q−4t).
A similar yield was observed with −CH3 (55%) or −Cl (58%)
in the cyclization step. Notably, we also obtained 4u in good
yield (87% and 85%) from the coupling reaction and
cyclization. In addition, 5-trifluoromethyl-2-fluoroindole was
obtained in good yield from cyclization, while 5-methoxy-2-
fluoroindole was not obtained (4w vs 4v). This implies that the
electronic properties of substituents on the 5-position have a
great impact on the reaction. Furthermore, when Br was
replaced by Cl on the phenyl ring of gem-difluorostyrene, the
yield of the coupling reaction was reduced to 43% from 84%.
Based on all these observations and Ichikawa’s work,10f−h we

propose a possible mechanism for synthesizing N-aryl-2-
fluoroindoles from gem-difluorostyrenes. The reaction was
achieved via Buchwald−Hartwig couplings and a sequential,
base-promoted nucleophilic 5-endo-trig cyclization.
In conclusion, here we report a new and mild method for the

synthesis of diverse N-substituted-2-fluoroindoles via a Pd-
catalyzed coupling reaction and a base-promoted intra-
molecular nucleophilic addition−β-fluorine elimination in
moderate to good yields. This protocol is easy to carry out
and has a wide scope of substrates. Furthermore, as important
building blocks or bioactive scaffolds, studies of N-aryl-2-
fluoroindoles in medicinal chemistry are still in progress in our
laboratory.
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Scheme 3. Synthesis of N-Substituted-2-fluoroindole
Derivatives of 1a with Various Aromatic Aminesa

aConditions: (1) 1a (0.4 mmol), 2 (0.6 mmol), Pd2(dba)3 (10 mol
%), t-BuXPhos (20 mol %), t-BuONa (0.8 mmol), toluene (2 mL), 25
°C, 12 h, Ar. (2) 3 (0.4 mmol), t-BuONa (0.8 mmol), DMF (1.5 mL).
Isolated yields were presented as (yield of the coupling reaction, yield
of the cyclization reaction).

Scheme 4. Synthesis of N-Substituted-2-fluoroindole
Derivatives of 2a with Various gem-Difluorostyrenesa

aConditions: (1) 1q−1x (0.4 mmol), 2a (0.6 mmol), Pd2(dba)3 (10
mol %), t-BuXPhos (20 mol %), t-BuONa (0.8 mmol), toluene (2.0
mL), 25 °C, 12 h, Ar. Isolated yield. (2) 3 (0.4 mmol), t-BuONa (0.8
mmol), DMF (1.5 mL). Isolated yield were presented as (yield of the
coupling reaction, yield of the cyclization reaction). bThe coupling
yield of 1-chloro-2-(2,2-difluorovinyl)benzene.
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Experimental procedure and characterization of new
compounds (1H and 13C NMR spectra) (PDF)
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