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Abstract: A new one-pot strategy for the synthesis of a series of
new N-substituted 3-trifluoroacetyl pyrroles is presented. These
compounds were obtained by the reaction of 3-trifluoroacetyl-4,5-
dihydrofuran with primary amines, which generated 1,1,1-trifluoro-
3-(2-hydroxyethyl)-4-alkylaminobut-3-en-2-one intermediates. In
most cases these intermediates were not stable enough to be isolat-
ed. Thus, in the same reaction vessel they were directly submitted
to oxidation with PCC (Corey’s reagent) to furnish 1,1,1-trifluoro-
3-(2-ethanal)-4-alkylaminobut-3-en-2-ones, which under reflux un-
derwent intramolecular cyclization to give the desired N-substituted
3-trifluoroacetyl pyrroles, in moderate yields. All of these pyrroles
were tested against pan-susceptible Mycobacterium tuberculosis
H37Rv and clinical isolates INH- and RMP-resistant strain and
some of these compounds showed significant in vitro antimicrobial
activity.

Key words: pyrroles, 3-trifluoroacetylpyrroles, dihydrofuran, N-
substituted pyrroles, antimicrobial activity

Pyrroles are among the most important heterocycles due
both to their wide distribution in nature and to the fact that
they comprise the structure of numerous synthetic com-
pounds with significant pharmacological activities.1 In
addition, pyrroles are the main scaffold of biologically
important molecules such as, chlorophyll, hemoglobin,
and vitamin B12.

2

The presence of a pyrrole residue in important drugs such
as Lipitor®, a cholesterol-lowering agent;3 Chloripac® and
Keterolac®, potent nonsteroidal anti-inflammatory
agents;4 and Netropsin® and Distamicin®,5 antibiotics
with a wide range of antimicrobial activity, has consider-
ably increased interest in pyrrole chemistry in recent
years.

The two most widespread methods to introduce a trifluo-
roacetyl group in heterocycles is by direct trifluoro-
acetylation6 and through a cyclocondensation reaction of
a bis(trifluoroacetyl)vinyl ether7 and -amines8 with dinu-
cleophiles. Other methods include oxidative dimerization
of 1,1,1-trifluoro-4-arylbut-3-yn-2-one, carried out by
treatment of lead dioxide in a CH2Cl2–TFA mixture,9 di-
polar cycloaddition of diazo compounds10 and azides11

with a,b-unsaturated trifluoromethyl ketones,12 photoin-
duced cyclization of sulfimino uracil substituted with a,b-

unsaturated trifluoromethyl ketones, and intramolecular
cyclization of trifluoro(dimethoxyethylamino)alken-
ones.13 More specifically, the synthesis of 3-trifluoro-
acetyl pyrroles are much less reported and very few of
them are N-substituted.7a,13

It is widely known that 2- or 5-substituted pyrroles are
easily synthesized by aromatic electrophilic substitu-
tion,14 whereas a special strategy is necessary to obtain 3-
or 4-substituted pyrroles.15 In addition, the introduction of
N-substituents in pyrroles is a difficult task because N-
alkylation competes with C-alkylation.16 Therefore, it is
important to note that there is a clear demand for the de-
velopment of a modular and simple reaction to strategical-
ly access 3-substituted as well as N-substituted pyrroles.17

Trifluoromethyl-containing pyrroles are relatively rare,
however, some of these compounds have demonstrated
important insecticidal action and mitochondrial uncou-
pling activity.18

In this paper, we wish to report a new, simple, and highly
chemoselective one-pot method to synthesize N-substitut-
ed 3-trifluoroacetylpyrroles from the reaction of 3-trifluo-
roacetyl-4,5-dihydrofuran and primary amines, followed
by an in situ oxidation with PCC and intramolecular cy-
clization (Scheme 1). To the best of our knowledge, no
description of such a procedure has been reported for the
synthesis of the title pyrroles. In addition, all the pyrroles
obtained in this study are new and their in vitro antimicro-
bial activity was tested against pan-susceptible Mycobac-
terium tuberculosis H37Rv and clinical isolates INH and
RMP-resistant strains.19

Scheme 1 Reaction conditions: (a) RNH2 (2a–u), CH2Cl2, 0.5 h,
r.t., (b) PCC, CH2Cl2; (c) reflux, 3 h; (d) spontaneous conversion.
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Scheme 1 outlines the synthetic strategy used to synthe-
size the N-substituted 3-trifluoroacetylpyrroles. The 3-tri-
fluoroacetyl-4,5-dihydrofuran (1) was prepared according
to the literature.20 The reaction of compound 1 with pri-
mary amines 2a–r (1 equiv) and amines 2s–u (0.5 equiv),
in dichloromethane, furnished the enamino alcohols 3,
which were oxidized in situ with pyridinium chlorochro-
mate (PCC)21 to generate the corresponding aldehydes 4.
These aldehydes underwent cyclization to give the pyr-
roles 5a–r and the bispyrrole compounds 5s–u, in moder-
ate yields. The relative low overall yields (20–56%) were
probably due to the difficulty to isolate the pyrroles from
the oxidation medium22 and the partial solubility of these
compounds in water. However, if one considers that these
are overall yields of a three-step reaction, they may not be
considered so low (Table 1). In order to improve yields,
other oxidants such as pyridinium dichromate (PDC)23

and pyridinium fluorochromate (PFC)24 were used, but
both furnished the desired products in lower yields than
the PCC method.

During the development of this study, many efforts were
taken to isolate the alcohol intermediates 3. In fact, many
of these alcohol intermediates were isolated, however,
they were relatively unstable as they slowly decomposed
to the corresponding trifluoroacetamides (Scheme 1). The
spontaneous conversion of compound 3l to N-benzyltri-
fluoroacetamide was followed by 13C NMR spectroscopy,
where, during the spectral acquisition of compound 3l, for
example, the quartet of the C(O)CF3 (

2JCF = 30 Hz), at d =
173.8 ppm tended to decrease in intensity while a signal
of a new quartet appeared at d = 158.7 ppm, which is con-
sistent with the chemical shift of a carbonyl of a trifluoro-
acetamide. The formation of the N-benzyltri-
fluoroacetamide was also confirmed by GC-MS. To fur-
ther confirm the formation of N-benzyltrifluoroacet-
amide, this compound was synthesized by the reaction of
benzylamine and trifluoroacetic anhydride, which con-
firmed our expectation. Thus, the reactions were carried
out without the isolation of the alcohol intermediate 3.
The formation of alcohols 3 were monitored by TLC and
it was observed that the reaction was completed in ap-
proximately 30 minutes, at room temperature. After this
period, 1.2 equivalents of PCC were added to the reaction
vessel, and the reaction was refluxed for three hours to
give the pyrroles 5 in 20–56% overall yields. The alde-
hydes 4 were not isolated because cyclization began soon
after the addition of PCC, even keeping the reaction at
room temperature. An attempt to isolate aldehydes 4 fur-
nished mixtures of aldehydes 4, alcohols 3, and pyrroles
5. Based on these results, we decided to carry out the
reaction in a one-pot procedure to obtain the final pyrroles
without the isolation of their intermediates (see Table 1
for reaction conditions and yields).25

Reaction products 5 were isolated by the evaporation of
dichloromethane from the reaction mixture and the re-
maining black residue was dissolved in a 1 M solution of
sodium hydroxide and the alkaline solution was extracted
with ethyl ether. Compounds 5a–u were purified by col-

umn chromatography using basic alumina as the station-
ary phase and ethyl ether as the eluant.26

Under the reaction conditions reported in this study,
aniline and arylamines, such as 3-hydroxy-4-methyl-
aniline, 2-hydroxy-4-methylaniline, 2-chloro-aniline, 2,4-
dichloroaniline, and 4-fluoroaniline, failed to react with 3-
trifluoroacetyl-4,5-dihydrofuran (1). Additionally, reac-
tions of 3-trichloroacetyl-4,5-dihydrofuran with amines
furnished 3-aminomethylenedihydrofuran-2-ones27 in-
stead of N-substituted 3-trifluoroacetyl pyrroles. All pyr-
roles obtained in this study were tested for their
antimycobacterial activity. Four of these pyrroles

Table 1 Optimized Reaction Conditions for the Synthesis of 5a–u

Entry Compd Amine 2a–ua Yield (%)b Product

1 2ac NH4OH 28 5a

2 2bc MeNH2 36 5b

3 2c EtNH2 41 5c

4 2d PrNH2 46 5d

5 2e i-PrNH2 52 5e

6 2f allylNH2 43 5f

7 2g HO(CH2)2NH2 20 5g

8 2h HO(CH2)3NH2 45 5h

9 2i MeCH(OH)CH2NH2 56 5i

10 2j MeCH2CH(NH2)CH2OH 54 5j

11 2k HOCH2C(CH3)2NH2 41 5k

12 2l BnNH2 55 5l

13 2m Ph(CH2)2NH2 50 5m

14 2n (pyridin-2-yl)methylamine 47 5n

15 2o (pyridin-3-yl)methylamine 51 5o

16 2p (pyridin-4-yl)methylamine 39 5p

17 2q Me2N(CH2)2NH2 25 5q

18 2r Et2N(CH2)2NH2 41 5r

19 2sd H2N(CH2)2NH2 27 5s

20 2td H2N(CH2)3NH2 46 5t

21 2ud H2N(CH2)4NH2 34 5u

a Reaction conditions (except otherwise indicated): 1) amine (1 
equiv), CH2Cl2, 30 min, r.t.; 2) PCC (1.2 equiv), 3 h, reflux.
b Yields after purification by column chromatography.
c In aqueous solution. Amine was used in excess and the alcohol 3 was 
extracted with CH2Cl2 before reaction with PCC.
d Amine used: 0.5 equiv.
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(5f,h,l,m) showed significant in vitro antimycobacterial
activity against pan-susceptible Mycobacterium tubercu-
losis H37Rv and clinical isolates isoniazid (INHr) and
rifampin (RMPr) resistant strains.19

The intermediates 3 and 4 (Scheme 1) may exist in both Z-
and E-isomers, as shown in Scheme 2, by structures I and
II, respectively. The mechanism that such interconversion
may occur is represented by structures III, IV, and V. The
formation of the intermediate I (Z-isomer) is preferred in
nonpolar or low polar solvents, such as chloroform, due to
the hydrogen-bond formation between the N–H and the
carbonyl. In high polar solvents, such as DMSO, structure
II may be more favorable. Structure I has a wrong stereo-
chemistry for intramolecular cyclization, however, a low
energy barrier of the carbon–carbon double bond of the
enaminone III, driven by the push–pull effect of the car-
bonyl (p-acceptor) and the b-amino group (p-donor) al-
lows easy rotation around this bond as shown by
structures IV and V.28 Thus, because of the easy intercon-
version between the E- and Z-isomers (structures IV and
V), the aldehyde intermediates 4 can be completely con-
verted into the corresponding pyrroles 5 regardless of the
configuration of the carbon–carbon double bond.

Scheme 2

The mechanism of formation of pyrroles 5 begins with the
Michael addition of the amine nitrogen at the b-carbonyl
position of 3-trifluoroacetyl-4,5-dihydrofuran 1 to give
structure VI (Scheme 3), which, upon restoring the carbo-
nyl, opens the furan ring to give the enamino ketone VII.
Oxidation of VII with PCC affords the aldehyde VIII,
which undergoes intramolecular cyclization leading to
structure XIV, which eliminates a water molecule to fur-
nish the N-substituted 3-trifluoroacetyl pyrroles 5a–u.

In summary, we have developed a simple and efficient
one-pot procedure for the preparation of new N-substitut-
ed 3-trifluoroacetyl pyrroles, using mild reaction condi-
tions and leading to relatively good overall yields if one
considers that a three-step reaction is carried out in the
same reaction vessel. In addition, this method allows the

introduction of a large scope of N-substituents to the pyr-
role ring, especially hydroxylated substituents without
protection of the hydroxyl function. Furthermore, this
study showed that 3-trifluoroacetyl-4,5-dihydrofuran is a
convenient reagent for the synthesis of the title pyrroles,
since it is obtained easily and in excellent yield through
the trifluoroacetylation of the commercially available 4,5-
dihydrofuran. Compounds 5f,h,l,m showed significant in
vitro antimycobacterial activity against pan-susceptible
Mycobacterium tuberculosis (H37Rv) and clinical isolates
isoniazid (INHr) and rifampin (RMPr) resistant strains.
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