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Abstract: Reactions of pyrrole (2) or 1-methylpyrrole (4)
with readily available N-acylbenzotriazoles 1a-g (RCOBt,
where R ) 4-tolyl, 4-nitrophenyl, 4-diethylaminophenyl,
2-furyl, 2-pyridyl, 2-indolyl, or 2-pyrrolyl) in the presence
of TiCl4 produced 2-acylpyrroles 3a-g and 5a-g in good to
excellent yields. 1-Triisopropylsilylpyrrole (6) under the
same conditions gave the respective 3-acylpyrroles 7a-g.
Similarly, indole (9) and 1-methylindole (11) gave the
corresponding 3-acylated derivatives 10a-g and 12a-g.
These results demonstrate that N-acylbenzotriazoles
such as 1c,f,g are mild, regioselective, and regiospecific
C-acylating agents of particular utility when the correspond-
ing acid chlorides are not readily available.

The synthesis and reactions of acylpyrroles and acylin-
doles have received continued attention. Acylpyrroles are
intermediates in the multistep synthesis of chemothera-
peutic agents, occur in nature, and possess medicinal
value.1,2 Acylindoles are precursors to a variety of biologi-
cally important alkaloids.3

General methods for the introduction of an acyl sub-
stituent at C-2 of pyrroles include reactions with acid
chlorides, Vilsmeier-Haack reagents,4a,b seleno-esters,5a

thiol-esters5b nitrilium salts,6a,b and the use of R-(di-
methylamino)-R-pyrrolylacetonitrile7 or pyrrylmagne-
sium halide8 precursors. Similar synthesis of 3-acylpyr-
roles requires the presence of sterically or electronically
effective directing substituents on the nitrogen atom.9

The most common methods for the preparation of
3-acylindoles include Friedel-Crafts10a,b or Vilsmeier-
Haack11a,b acylations; use of nitrilium,6,12a,b dialkoxy
carbenium,13 or N-(R-haloacyl)- pyridinium14 salts; and
the acylation of indole magnesium15a,b or zinc16a,b re-
agents.

However, there are limitations associated with the
literature methods: selective direct Friedel-Crafts acy-
lations of electron-rich heterocycles can require the
presence of an electron-withdrawing substituent, diacy-
lation may occur, or mixtures of isomers may be
obtained.11a,17-19 Some heterocycles are sensitive to acids
such as HCl. Vilsmeier-Haack acylations are mostly
limited to formamide and alkylcarboxamides.11b

N-Acylbenzotriazoles have been previously reported by
us as mild neutral N-acylating agents for the preparation
of primary, secondary, and tertiary amides20a and specif-
ically for formylation20b and trifluoroacylation.20c We
have also used N-acylbenzotriazoles for the O-acylation
of aldehydes20d and for regioselective C-acylation of
ketone enolates into â-diketones.20e We now apply N-
acylbenzotriazoles for mild regioselective and regiospe-
cific C-acylations of pyrroles and indoles, including
preparations of several acyl-pyrroles and -indoles not
easily available by known methods.

Preparation of N-Acylbenzotriazoles. The present
work concentrated on (i) previously less studied arylcar-
bonyl or heterocyclocarbonyl examples as compared to
the more common alkylcarbonyl derivatives and (ii) cases
where the corresponding acyl chlorides are unstable or
inconvenient to prepare, for example, 4-diethylaminoben-
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zoyl, indolyl-3-carboxyl, or pyrrolyl-2-carboxyl deriva-
tives. The starting N-acylbenzotriazoles 1a-g with aryl
or heterocyclic groups (R ) 4-tolyl, 4-nitrophenyl, 4-di-
ethylaminophenyl, 2-furyl, 2-pyridyl, 2-indolyl, or 2-pyr-
rolyl) were prepared from the corresponding carboxylic
acids by treatment with 1-(methylsulfonyl)benzotriazole
following the previously reported one-step general
procedure.20e

Preparation of 2-Acylpyrroles. Regioselectivity in
the acylation of pyrroles is a function of the Lewis acid,21

reaction solvent,22 and the acylating agent.4a Accordingly,
we studied the effect of these parameters to optimize the
reaction conditions. Our initial results in the acylation
of pyrrole using 1H-1,2,3-benzotriazolyl(4-methylphenyl)-
methanone (1a) in the presence of ZnBr2 as the Lewis
acid in dichloroethane gave low regioselectivity: a 3:1
ratio of 2- and 3-isomers (4-methylphenyl)(1H-pyrrol-2-
yl)methanone and (4-methylphenyl)(1H-pyrrol-3-yl)meth-
anone, respectively, was detected in the reaction mixture
after 3 h (1H NMR analysis of an aliquot). This ratio
changed to 5:1 on continuing the reaction for 12 h, and
2- and 3-isomers were obtained in a combined yield of
75%. No diacylation products were formed under these
reaction conditions. Formation of mixtures of 2- and
3-isomers in the acylation of pyrroles and the intercon-
version of the isomers has been observed previously.19

The use of TiCl4 as the Lewis acid proved to be benefi-
cial: the acylation of pyrrole using 1H-1,2,3-benzotri-
azolyl(4-methylphenyl)methanone (1a) in dichloromethane
produced regiospecifically the 2-isomer, (4-methylphenyl)-
(1H-pyrrol-2-yl)methanone (3a), in 87% yield in a short
reaction time of 2 h. No formation of the 3-isomer was
detected in the crude reaction mixture by 1H NMR. Thus,

a set of appropriate reaction conditions was developed
for the regiospecific 2-acylation of pyrroles using N-
acylbenzotriazoles.

The above optimized reaction conditions were used for
the synthesis of a variety of 2-acylpyrroles. Reactions of
unsubstituted pyrrole (2) with N-acylbenzotriazoles 1b-g
gave 2-acylpyrroles 3b-g in 21-91% yields. Similar
results were obtained when N-methylpyrrole (4) was
acylated under these reaction conditions: the corre-
sponding 2-acylated N-methylpyrroles 5a-g were pro-
duced in 51-94% yields. Again, no formation of the
3-isomer was detected in the crude reaction mixtures.
Structures 3a-g and 5a-g are supported by their 1H
and 13C NMR spectra and microanalysis or HRMS data.
These results illustrate the general applicability of this
method for the preparation of 2-acylpyrroles under mild
conditions (25 °C) and short reaction times (2 h). In
comparison, literature procedures for the known com-
pounds usually involve at least one of the following: (i)
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Chem. 1983, 48, 3214.
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TABLE 1. 2-Acylation of Pyrrole (2) and 1-Methylpyrrole (4) Using N-Acylbenzotriazoles 1a-g

previous work

entry reactants R product (yield %) reagent yielda % ref

1 2 + 1a 4-CH3C6H4 3a (87) 4-CH3C6H4COAb/POCl3 86 4c
2 2 + 1b 4-NO2C6H4 3b (60) 4-CH3C6H4COAb/POCl3 91 4c
3 2 + 1c 4-Et2NC6H4 3c (21)
4 2 + 1d 2-furyl 3d (91) thiolester/Grignard methodc 90 5b
5 2 + 1e 2-pyridyl 3e (47) 2-pyridylCOCl/AlCl3 62 24
6 2 + 1f 2-indolyl 3f (39)
7 2 + 1g 2-pyrrolyl 3g (47) 2,2′-dipyrrylthioketone/KOH/H2O2 76 25
8 4 + 1a 4-CH3C6H4 5a (90) 4-CH3C6H4COAd/POCl3 65 26
9 4 + 1b 4-NO2C6H4 5b (74) 4-NO2C6H4COCle 73 27

10 4 + 1c 4-Et2NC6H4 5c (51)
11 4 + 1d 2-furyl 5d (94) acylation of furanf 76 28
12 4 + 1e 2-pyridyl 5e (54) 2-pyridylCOCl‚HCl/3 N NaOH 34 29
13 4 + 1f 2-indolyl 5f (51)
14 4 + 1g 2-pyrrolyl 5g (75)

a Isolated yield. b A ) morpholide (freshly prepared from acid chloride and an equimolar mixture of morpholine and triethylamine), 20
h, 25 °C. c 2-Furoyl-S-2-pyridyl, MeMgCl. d A ) morpholide, 45 h, 25 °C. e Refluxing in toluene for 18 h. f N-Methyl-2-pyrrolylCOOH,
(CF3CO)2O, phosphonic resin.

TABLE 2. 3-Acylation of TIPS-Pyrrole (6) Using
N-Acylbenzotriazoles 1a-g

entry reactants R product (yield %)a

1 6 + 1a 4-CH3C6H4 7a (92)
2 6 + 1b 4-NO2C6H4 7b (72)
3 6 + 1c 4-Et2NC6H4 7c (90)
4 6 + 1d 2-furyl 7d (89)
5 6 + 1e 2-pyridyl 7e (54)
6 6 + 1f 2-indolyl 7fb

7 6 + 1g 2-pyrrolyl 7g (78)
a Isolated yield. b Could not be isolated in a pure form.
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requirement of the preparation of morpholides prior to
acylation, (ii) low regioselectivity, or (iii) requirement of
long reaction times (25-45 h) (Table 1).4c,26

Preparation of 3-Acylpyrroles. Regioselective syn-
thesis of 3-acyl-1H-pyrroles have until recently been
time-consuming and problematic, requiring indirect meth-
ods.23 The most effective device has been the use of a
bulky group on the nitrogen atom: tert-butyldimethylsilyl
(TBDMS)9a and especially triisopropylsilyl (TIPS)9b groups
allow easy 3-acylation of pyrroles as sterically effective,
stable, and easily cleavable N-substituents. Accordingly,
following Tidwell and Muchowski, we have utilized the
N-triisopropylsilyl substituent for the preparation of
3-acylpyrroles using N-acylbenzotriazoles as the acylat-
ing agents. Thus, TIPS-pyrrole (6) was prepared from the
sodium salt of pyrrole and triisopropylsilyl chloride in
90% yield.9b Reaction of 6 with N-acylbenzotriazoles

1a-g in the presence of TiCl4 produced exclusively the
corresponding 3-acylated N-triisopropylsilylpyrroles 7a-g
in 54-92% yields, except 7f, which could not be isolated
in a pure form. 3-Acylated N-triisopropylsilylpyrroles
7a-e and 7g are all novel compounds and have been fully
characterized by 1H and 13C NMR spectroscopy and
elemental analysis or high-resolution mass spectrometry
(Table 2). Fluoride ion-induced desilylation9b of 3-acylated
N-triisopropylsilylpyrrole 7a occurred readily at room
temperature to give (4-methylphenyl)(1H-pyrrol-3-yl)-
methanone (8a) in 98% yield.

Preparation of 3-Acylindoles. The method devel-
oped above for the 2-acylation of pyrroles and N-meth-
ylpyrroles was applied to the acylation of unsubstituted
indole (9). 3-Acylindoles 10a-g were obtained exclusively
and in good yields in reactions of indole (9) with N-
acylbenzotriazoles 1a-g in the presence of TiCl4. Simi-
larly, reactions of N-methylindole (11) gave the corre-
sponding acylated N-methylindoles 12a-g in 27-92%
yields (Table 3). Novel 3-acylated indoles were character-
ized by their 1H and 13C NMR spectra and elemental
analysis. The previously observed complications in the
acylation of unsubstituted indole such as simultaneous
formation of 1-acylated and/or 1,3-diacylated products
were absent.11a,b Our method also removes the possibility
of decomposition or self-polymerization of indole com-
monly observed due to the release of HCl when acyl
chlorides are employed.22

In summary, we have introduced a convenient and
general method for direct access to isomerically pure
2-acylpyrroles, 3-acylpyrroles, or 3-acylindoles under mild
reaction conditions using readily available N-acylbenzo-
triazoles. Use of N-acylbenzotriazoles 1c,f,g illustrates
the preparation of acyl derivatives not easily available
by other methods.
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TABLE 3. 3-Acylation of Indole (9) and 1-Methylindole (11) Using N-Acylbenzotriazoles 1a-g

previous work

entry reactants R product (yield %)a reagent yielda % ref

1 9 + 1a 4-CH3C6H4 10a (92) EtMgI/4-CH3C6H4COCl 65 30
2 9 + 1b 4-NO2C6H4 10b (66) 4-NO2C6H4COCl/AlCl3 34 31
3 9 + 1c 4-Et2NC6H4 10c (66)
4 9 + 1d 2-furyl 10d (64) 2-furylCOCl/Et2AlCl 91 10b
5 9 + 1e 2-pyridyl 10e (73) indirect methodb 48 32
6 9 + 1f 2-indolyl 10f (86) indirect methodc 33
7 9 + 1g 2-pyrrolyl 10g (15)
8 11 + 1a 4-CH3C6H4 12a (92) 4-CH3C6H4COCl/AlCl3 40 34
9 11 + 1b 4-NO2C6H4 12b (74)

10 11 + 1c 4-Et2NC6H4 12c (79)
11 11 + 1d 2-furyl 12d (90)
12 11 + 1e 2-pyridyl 12e (70)
13 11 + 1f 2-indolyl 12f (27)
14 11 + 1g 2-pyrrolyl 12g (48)

a Isolated yield. b DDQ oxidation of 3-(2-pyridylmethyl)-indole. c From bis(N-phenylsulfonylindol-2-yl) derivative.
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Experimental Section

Melting points are uncorrected. 1H NMR (300 MHz) and 13C
NMR (75 MHz) spectra were recorded in CDCl3 (with TMS for
1H and chloroform-d for 13C as the internal references) unless
specified otherwise.

General Procedure for C-Acylation of Pyrroles (2, 4, 6)
or Indoles (9, 11) Using N-Acylbenzotriazoles 1a-g. To a
mixture of pyrrole (2, 4, 6) or indole (9, 11) (2.5 mmol) and
N-acylbenzotriazole (2.0 mmol) in CH2Cl2 (15 mL) was added
TiCl4 (1.0 M in CH2Cl2, 4 mL, 4 mmol), and the mixture was
stirred for a specified time and temperature (see Tables 1-3
for details). The reaction was quenched by adding MeOH (2 mL).
The solvents were evaporated under reduced pressure, and the

residue was subjected to column chromatography on silica gel
using hexanes/ethyl acetate (2:1) as the eluent to give the
C-acylated pyrroles 3a-g, 5a-g, and 7a-g or indoles 10a-g
and 12a-g in pure form.

Supporting Information Available: Characterization
data and general procedure for the preparation of N-acylben-
zotriazoles 1a-g, characterization data for compounds 3a-g,
5a-g, 7a-g, 8a, 10a-g, and 12a-g, and 1H and 13C NMR
spectra of compound 3f. This material is available free of
charge via the Internet at http://pubs.acs.org.
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