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Starting from the known inhibitory activity of (3-benzoylpyrrol-1-yl)acetic acid (I) and
(2-benzoylpyrrol-1-yl)acetic acid (II), a series of 3-aroyl and 2,4-bis-aroyl derivatives (54-75)
were synthesized and tested for inhibition of aldose reductase, an enzyme involved in the
appearance of diabetic complications. It was found that a number of the tested compounds
exhibited considerable activity in the micromolar range. Important structural features for the
potent compounds is the presence of substituents with relatively low Hammett σ values and/
or moieties which increase their overall aromatic area. The most active derivative was the
[2,4-bis(4-methoxybenzoyl)pyrrol-1-yl]acetic acid (75), with potency favorably compared to
known ARIs such as tolrestat, epalrestat, zopolrestat, and fidarestat. Four selected derivatives
were also evaluated for their ability to interfere with the oxidative modification of serum
albumin in an in vitro experimental glycation model of diabetes mellitus. All of them showed
considerable activity, comparable to the known inhibitor trolox. Our results, taken together,
indicate that compound 75 combines favorably two biological activities directly connected to a
number of pathological conditions related to the chronic diabetes mellitus.

Introduction

Diabetes mellitus is a universal health problem, and
Type 2 diabetes is a disease fast approaching epidemic
proportions throughout the world.1 The clinical profile
of diabetic subjects is often worsened by the presence
of several serious long-term complications,2 which mainly
account for the economic burden in the treatment of the
patients.3 The Diabetes Control and Complications
Trial,4 as well as related trials,5 demonstrated that the
more severe and sustained the degree of hyperglycemia,
the more likely it is that the chronic complications of
diabetes will develop. Ideally, lowering glycated hemo-
globin6 by intensive glucose control will help to prevent
the devastating complications of neuropathy, retinopa-
thy, nephropathy, and vascular disease. For many
people with diabetes, however, the achievement and
maintenance of euglycemia is extremely difficult,7 while
a correlation between hyperinsulinemia and coronary
artery disease is recognized.8 Consequently, researchers
have turned to pharmaceutical intervention as a way
to prevent complications in a background of hypergly-
cemia.7,9

Hyperglycemia causes ‘hyperglysolia’,10 within cells
of vulnerable tissues. Although the molecular basis for
the pathogenic effects of hyperglysolia remains to be
proven, substantial evidence point to certain biochemi-
cal processes. Glucose can be reduced to sorbitol by
aldose reductase (AR, EC 1.1.1.21), the first enzyme of
the polyol pathway. Sorbitol’s concentration is, thus,
marked increased in some cells possessing insulin
independent glucose transport. The increased accumu-
lation of sorbitol has been linked to cellular damage

(e.g., through hyperosmosis or depletion of NADPH,
myo-inositol, and taurine).11 In diabetic patients, fruc-
tose is also formed intracellularly from sorbitol by the
action of sorbitol dehydrogenase (SDH, EC 1.1.1.14) and
can reach the same concentrations of glucose in certain
tissues.12 Glucose and, especially, fructose can react
with proteins to form alpha keto-amines via Amadori
rearrangements. This can lead, through Maillard type
reactions, to advanced glycation end products (AGE) and
damage of proteins.13 Glucose and fructose can undergo
transition metal catalyzed oxidations, which contribute
to acceleration of modifications in the tissues that are
involved in late onset diabetic complications.13a,b,14

Oxidative stress also induces the activity with changes
in expression of the AR enzyme and transforms it to a
state that is less sensitive to several of its inhibitors.15

Furthermore, AGE induce increases in aldose reductase
mRNA and protein.16 Finally, oxidative stress and the
resulting lipid peroxidation is implicated in the alterna-
tion of glucose transport in Type II diabetes.17

Although a considerable number of compounds have
been synthesized and shown to be effective AR inhibi-
tors (ARIs),18 the only ARI available as a drug is Ono
Pharmaceutical’s epalrestat in Japan.19 However, as the
inhibition of the polyol pathway is considered to be a
promising approach to control diabetes complications,10,20

the already marketed epalrestat as well as new chemical
entities are investigated in clinical trials for their
efficacy.21

Various antioxidants,22,23 as well as compounds not
necessarily acting by an antioxidant mechanism,24,25

have been found to inhibit AGE formation. In clinical
trials,26,27 a number of them exerted beneficial effects
to diabetic patients.

Based on the above, in the present study we synthe-
sized the compounds 54-75 shown in Figures 1 and
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tested them in vitro for their ability to inhibit AR.
Furthermore, for selected more active ones we evaluated
their ability to interfere with the oxidative modification
of serum albumin in an in vitro experimental glycation
model of diabetes mellitus.22b

The compounds 54-72 in Figure 1 are derivatives of
(3-benzoylpyrrol-1-yl)acetic acid (I), which has been
previously shown28 that is an ARI. The changes, which
were made in the structure of I, were generally selected
as to confer variability to the physicochemical properties
of the target compounds. The biphenyl, naphthyl, and
benzofuran rings have also been identified to belong to
the class of privileged substructures for protein bind-
ing.29 In compounds 64-66 the additional pyrrole ring
was introduced in the premise to increase their overall
reductive ability.30

The compounds 73-75 (Figure 1) combine structural
features of I and of (2-benzoylpyrrol-1-yl)acetic acid (II).
The latter is also, although comparatively weaker, an
ARI.28 In compounds 73-75 there is a gradual addition
of methoxy groups, aiming to an increase of the parts
of the molecules, which could stabilize free radicals,
based on the captodative principle.31

Chemistry. For the synthesis of the target pyrrole-
1-ylacetic acid derivatives 54-75, we followed the
general methodology outlined in Scheme 1. Previously,
it has been reported the synthesis of the starting aryl-
(1H-pyrrol-3-yl)methanones 1-11 (Figure 2)32a as well
as of the 2-phenyl-1-(1H-pyrrol-3-yl)ethanone (12)32b and
of the (1H-indol-3-yl)phenylmethanone (13).32c Also, (3-
chlorophenyl)(1H-pyrrol-3-yl)methanone (14) was syn-

Figure 1. Synthesized target compounds 54-75 based on the structures of I and II.
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thesized in a similar way as the reported preparation
of its p-chloro isomer 4.32a

The sequence of reactions followed for the preparation
of (1H-pyrrol-3-yl)(4-pyrrol-1-ylphenyl)methanone 19 is
shown in Scheme 2. This involved the introduction32a

of a nitrobenzoyl substituent in position-3 of 1-benzene-
sulfonyl-1H-pyrrole (15), reduction of the nitro group
under hydrogen transfer hydrogenation conditions,33

and formation of a pyrrole ring with Clauson-Kaas type
methodologies. The experimental conditions studied for
the Clauson-Kaas type reactions utilized either 1,4-
dimethoxytetrahydrofurane and an acid catalyst (acetic
acid,34 phosphorus pentoxide,35 and 4-cloropyridinium

hydrochloride36) or 1,4-dichloro-1,4-dimethoxybutane
and Amberlyst A-21.37 The best results were obtained
under acidic conditions with 4-cloropyridinium hydro-
chloride as the catalyst. The formed intermediates 17
and 18 were used in the next steps without further
purification; the final ketone 19 was isolated after
hydrolysis of the benzenesulfonyl group of 18.

The sequence of reactions followed for the preparation
of (1,2-dihydrobenzofuran-5-yl)(1H-pyrrol-3-yl)metha-
none 23 and (benzofuran-5-yl)(1H-pyrrol-3-yl)metha-
none 25 is shown in Scheme 3. The methodology was
an adaptation of a previously reported preparation of a
number of benzofuran derivatives which, however, did

Figure 2. Structures of the previously reported32a starting pyrrolylmethanones 1-11.

Scheme 1. General Methodology Followed for the Synthesis of the Target Compounds 54-75

Scheme 2. Synthesis of the Pyrrolylmethanone 19
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not contain a pyrrole ring.38a It involved a Friedel-
Crafts condensation of 1-benzenesulfonyl-1H-pyrrole-3-
carbonyl chloride (20)38b with 2,3-dihydrobenzofuran
(21) at a low temperature, followed by either hydrolysis
to 23 or oxidation and then hydrolysis to 25. Attempts
to oxidize 23 to 25 resulted in a substantial bromination
of the pyrrole ring.

The synthesis of (5-aroyl-1H-pyrrol-3-yl)arylmetha-
nones (28-30, Scheme 3), from which 29 is a new one,
was attained under Friedel-Crafts acylation conditions
of aryl(1H-pyrrol-3-yl)methanones 26 and 27.39

The general method for the formation of the aroyl
heterocyclic ethyl N-acetate derivatives 31-49 involved
nucleophilic substitution under the previously re-
ported28 phase transfer catalysis conditions (Scheme 4),
while the reduction of ethyl (3-benzoylpyrrol-1-yl)acetic
acid ethyl ester 5128 for the preparation of 52 was
performed under mild reductive conditions40 with the
combination of sodium cyanoborohydride and zinc iodide
(Scheme 4).

The formation of the final carboxylic acids 54-56,
58-70, and 72-75 was attained under basic hydrolytic
conditions, with best results obtained in an equimolar
mixture of 5% sodium hydroxide and dioxane (Scheme
4). The synthesis of (3-benzoylindol-1-yl)acetic acid (71)
from 13, via the intermediate (3-benzoylindol-1-yl)acetic
acid ethyl ester (50), has been previously described.41

The formation of the phenolic carboxylic acid 57 in-
volved the effect of boron tribromide42 on 33 followed
by basic hydrolysis of the resulting mixture that con-
tained the phenolic carboxylic ester and acid derivatives
53 and 57 (Scheme 5). Attempts to O-demethylate 33
with chlorothrimethylsilane/sodium iodide43 was unsuc-
cessful resulting in the isolation of only starting mate-
rial.

Results and Discussion

The synthesized target compounds 54-75 were tested
in vitro for their ability to inhibit rat lens AR. It has
been shown that there is an approximately 85% se-

Scheme 3. Synthesis of the Pyrrolylmethanones 23, 25, 28-30

Scheme 4. Synthesis of Pyrrolylacetic Acids 54-56, 58-70, and 72-75
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quence similarity between rat lens and human AR,
while the proposed active sites of both enzymes are
identical.45 The performed assay was based on the
spectrophotometric monitoring of NADPH oxidation,
which is proven to be a quite reliable method.46

It was found (Table 1) that a number of the tested
compounds (56, 61-65, and 73-75) exhibited consider-
able activity in the micro molar range. The most active
derivative was compound 75, with potency favorably
compared to known ARIs. This is supported from the
indicative literature IC50 values, cited in parentheses,
for some well studied active inhibitors such as tolrestat
(35 × 10-9 M47a), epalrestat (10 × 10-9 M47b), zopolrestat
(3.1 × 10-9 M47c), and fidarestat (35 × 10-9 M47d).
Important structural features in the above-mentioned
potent compounds is the presence of substituents with
relatively low Hammett σ values and/or moieties which
increase their overall aromatic area. These mentioned
characteristics are not determinant for the biological
profile of the compounds 57, 66-68, and 71. An expla-
nation could be phenomena like the decrease of lipo-
philicity (i.e. 56: ClogP ) 1.936 vs 57: ClogP ) 1.619),48

possible steric hindrance during compound/enzyme
interaction (i.e. 66 vs 62, 68 vs 56 and 71 vs I) or the
reduced aromatic character of the benzofuran ring49 (i.e.
67 vs 63). Compounds 69 and 70 exhibited weak
inhibitory potency. Inspection of low energy conforma-
tions50 of these compounds reveals that their two
aromatic rings are almost perpendicular to each other,
while in the cases of the active methanone derivatives
these rings are almost in the same plane. This difference
could be an explanation of their low activity in the
particular in vitro experiment.

Compounds 64, 65, 74, and 75 were also tested for
their ability to inhibit in vitro the irreversible modifica-
tion of the model protein albumin (the most abundant
in the serum) in the presence of fructose (fructation) as
the glycating monosaccharide. Fructose, instead of
glucose (glucation), was chosen in the assay because is
known to be a more potent glycation agent.23 This
derives from the fact that its acyclic (open chain) form,
which is the reactive species, is approximately 10 times
that of glucose. Fructose is also elevated in those tissues
where the polyol pathway is active.12 The selection of

Scheme 5. Synthesis of Pyrrolylacetic Acid 57

Table 1. Aldose Reductase Inhibitory Activity

% inhibition (SEM)a at concn

inhibitor 10-6 M 10-7 M 10-8 M 10-9 M

54 46 (2.5)
55 41 (4.3)
56 72 (6.5) 26 (1.0)
57 45 (3.5)
58 41 (3.5)
59 47 (6.0)
60 18 (5.6)
61 76 (0.5) 37 (3.0)
62 58 (2.5) 59 (3.2) 49 (4.5) 20 (5.9)
63 79 (5.5) 72 (1.0) 22 (2.0)
64 67 (4.3) 39 (2.0)
65 80 (1.0) 39 (1.5)
66 38 (4.5)
67 40 (4.0)
68 42 (4.0)
69 29 (3.8)
70 9 (6.5)
71 38 (3.8)
72 44 (3.0)
73 82 (1.5) 62 (2.0) 27 (1.5)
74 93 (7.0) 51 (6.0) 13 (5.5)
75 96 (0.5) 94 (2.5) 59 (3.9) 41 (4.2) IC50 ) 2.36 (0.64)b nM
Ic 27 (2.0)
IId 36 (2.0) at 10-5 M
trolox 12 (0.0) at 10-5 M
sorbinil 48% (0.5) at 2.5 × 10-7 Me

a n ) 3. b Mean (standard error from three determinations). c (3-Benzoylpyrrol-1-yl)acetic acid. d (2-Benzoylpyrrol-1-yl)acetic acid.
e Reported28 IC50: 0.25 µM.
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the compounds to be tested was based on a suitable
combination of three criteria: (a) AR inhibitory activity
in the micromolar range, (b) absence of putative mu-
tagenic moieties (e.g. biphenyl51), and (c) presence of
chemical characteristics which could contribute to an
increase of the antioxidant potential (e.g. an additional
pyrrole ring30 or substructures with captodative proper-
ties31).

It was found (Table 2) that the examined compounds
were moderately less effective in inhibiting the glyca-
tion-iduced fluorescence changes of bovine serum albu-
min (BSA) than the known22b proteins’ glycation inhibi-
tor trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid). However, they were generally more
effective than trolox to inhibit the formation of DNPH-
reactive carbonyl groups in BSA. Furthermore, it should
be mentioned that trolox is a weak AR inhibitor (Table
1).

The above results, taken together, indicate that [2,4-
bis(4-methoxybenzoyl)pyrrol-1-yl]acetic acid (75) com-
bines favorably two biological activities directly con-
nected to a number of pathological conditions related
to the chronic diabetes mellitus. Finally, a preliminary
(n ) 6) toxicity test showed that compound 75, at a dose
of 1 mmol (0.39 g)/kg ip did not produce any mortality
to experimental rats after a 24 h period.

Experimental Section
General Notes. Melting points are uncorrected and were

determined in open glass capillaries using a Mel-Temp II
apparatus. UV spectra were recorded either on a Perkin-Elmer
554 or on a Hitachi U-2001 spectrophotometer, IR spectra on
a Perkin-Elmer 597 spectrophotometer, and 1H NMR spectra
on a Bruker AW-80 spectrometer with internal TMS standard.
Elemental analyses were performed on a Perkin-Elmer 2400
CHN analyzer. Fluorescence was recorded on a Hitachi F-2000
spectrophotometer.

(3-Chlorophenyl)(1H-pyrrol-3-yl)methanone (14). This
compound was synthesized in a similar way as the reported32a

preparation of its p-chloro-isomer 4 in a 76% yield: mp 104-
105 °C; IR (Nujol) 3200, 1610 cm-1; 1H NMR (CDCl3) δ 6.65-
6.80 (m, 2H, pyrrolyl-4,5H), 7.25-7.40 (m, 1H, pyrrolyl-2H),
7.40-7.85 (m, 4H, phenyl-H), 9.30 (br s, 1H, pyrrolyl-1H).
Anal. (C11H8NOCl) C, H, N.

(1H-Pyrrol-3-yl)(4-pyrrol-1-ylphenyl)methanone (19).
(1-Benzenesulfonyl-1H-pyrrol-3-yl)(4-nitrophenyl)methanone
(16)32a (1.63 g, 0.46 mmol) in tetrahydrofuran (20 mL) was
stirred with Pd-C (10%) (0.16 g), and to this suspension was

gradually added an aqueous solution of NaH2PO2‚H2O (30%).
Addition of the phosphinate solution was continued until no
starting material remained. The mixture was filtered and the
filtrate poured into water (20 mL) and extracted with CH2-
Cl2. The combined extracts were dried (Na2SO4), and the
solvents were evaporated under reduced pressure to give crude
(1-benzenesulfonyl-1H-pyrrol-3-yl)(4-aminophenyl)metha-
none (17) (1.5 g) which was used directly in the next step.

A mixture of crude 17 (1.5 g), 4-chloropyridine hydrochloride
(0.97 g, 6.47 mmol), and 2,5-dimethoxytetrahydrofuran (0.88
g, 5.8 mmol) in dioxane (30 mL) was refluxed for 3 h under a
nitrogen atmosphere. The resulting solution was evaporated
under reduced pressure, and the residue was dissolved in Et2O,
dried over Na2SO4, and evaporated under reduced pressure.
The residue was dissolved in dioxane (50 mL), and to this a 5
N solution of NaOH (50 mL) was added. The reaction mixture
was vigorously stirred at room temperature for 24 h. The
organic layer was collected, and the aqueous was thoroughly
extracted with EtOAc (2 × 50 mL). The combined organic layer
and extracts were washed with saturated NaCl solution, dried
(Na2SO4), and evaporated under reduced pressure. The residue
was flash chromatographed with EtOAc/petroleum ether (3:
1) followed by recrystallization from toluene/petroleum ether
to provide the title compound (0.26 g, 24%): mp 172-173 °C;
IR (Nujol) 3200, 1610 cm-1; 1H NMR (CDCl3) δ 6.20-6.50 (m,
2H, pyrrolyl(phenyl)-3,4H), 6.60-6.90 (m, 2H, pyrrolyl-4,5H),
7.05-7.20 (m, 2H, pyrrolyl(phenyl)-2,5H), 7.25-7.60 (m, 3H,
pyrrolyl-2H and phenyl-3,5H), 7.90 (d, 2H, phenyl-2,6H, J )
8.3 Hz), 10.80 (br s, 1H, pyrrolyl-1H). Anal. (C15H12N2O) C,
H, N.

(1-Benzenesulfonyl-1H-pyrrol-3-yl)(2,3-dihydrobenzo-
furan-5-yl)methanone (22). To a solution of 2,3-dihydroben-
zofuran (21) (0.52 g, 4.26 mmol) in CH2Cl2 (10 mL) at -10 °C
under a N2 atmosphere was added dropwise a solution of
1-benzenesulfonyl-1H-pyrrole-3-carbonyl chloride (20)38b (2 g,
7.42 mmol) in CH2Cl2 (10 mL) and then AlCl3 (0.6 g, 4.5 mmol).
After the addition was completed, the mixture was stirred for
an additional 1 h at -5 to -10 °C. The reaction was quenched
with ice and water and the product was extracted with CH2-
Cl2 (2 × 50 mL). The combined organic extracts were washed
with saturated NaCl solution, dried over Na2SO4, and evapo-
rated under reduced pressure. The residue was flash chro-
matographed with EtOAc/petroleum ether (5:1) followed by
recrystallization from toluene/petroleum ether to provide the
title compound (1.19 g, 79%): mp 168-170 °C; IR (Nujol) 1635
cm-1; 1H NMR (CDCl3) δ 3.30 (t, 2H, dihydrobenzofuranyl-
3H, J ) 9.6 Hz), 4.65 (t, 2H, dihydrobenzofuranyl-2H, J ) 9.6
Hz), 6.65-6.85 (m, 2H, pyrrolyl-4,5H), 7.10-7.30 (m, 1H,
dihydrobenzofuranyl-7H), 7.45-8.00 (m, 8H, pyrrolyl-2H, di-
hydrobenzofuranyl-4,6H and C6H5SO2). Anal. (C19H15NO4S‚
0.1H2O) C, H, N.

(2,3-Dihydrobenzofuran-5-yl)(1H-pyrrol-3-yl)metha-
none (23). Compound 22 (1 g, 2.83 mmol) was dissolved in
dioxane (50 mL), and to this a 5 N solution of NaOH (50 mL)
was added. The reaction mixture was vigorously stirred at
room temperature for 24 h. The organic layer was collected,
and the aqueous was thoroughly extracted with EtOAc (2 ×
100 mL). The combined organic layer and extracts were
washed with saturated NaCl solution, dried over Na2SO4, and
evaporated under reduced pressure. The residue was recrys-
tallized from toluene/petroleum ether to provide the title
compound (0.54 g, 90%): mp 111-112 °C; IR (Nujol) 3200,
1635 cm-1; 1H NMR (CDCl3) δ 3.20 (t, 2H, dihydrobenzofura-
nyl-3H, J ) 9.6 Hz), 4.60 (t, 2H, dihydrobenzofuranyl-2H, J
) 9.6 Hz), 6.60-6.80 (m, 2H, pyrrolyl-4,5H), 7.15-7.40 (m,
2H, pyrrolyl-2H and dihydrobenzofuranyl-7H), 7.60-7.85 (m,
2H, dihydrobenzofuranyl-4,6H), 9.50 (br s, 1H, pyrrolyl-1H).
Anal. (C13H11NO2) C, H, N.

Benzofuran-5-yl-(1H-pyrrol-3-yl)methanone (25). Com-
pound 22 (0.75 g, 2.12 mmol) was dissolved in CCl4 (75 mL),
and to the resulting solution was added N-bromosuccinimide
(0.368, 2.07 mmol) and a catalytic amount of dibenzoyl
peroxide. The mixture was refluxed under a N2 atmosphere
for 2 h, cooled to room temperature, filtered, and evaporated

Table 2. Glycation-Induced Fluorescence Changes of BSA and
Formation of DNPH-Reactive Carbonyl Groups in BSA Exposed
to Fructose. Effect of Inhibitors

compd C (mM)

relative
fluorescence

(R.U.)a
%

inhibn
carbonyl groups
(nmol/mg BSA)

%
inhibn

none - 27.8 ( 2.5 (13) - 5.03 ( 0.6 (14) -
64 5 16.4 ( 0.9 (4)b 41 not detectable 100
64 2.5 21.0 ( 0.6(3)b 24 not detectable 100
64 1 21.0 ( 1.1 (3)b 24 1.55 ( 0.4b 69
65 5 4.7 ( 0.4 (6)b 83 not detectable 100
65 2.5 9.8 ( 0.2 (4)b 65 not detectable 100
65 1 17.4 ( 0.7 (4)b 37 not detectable 100
74 5 6.9 ( 0.3 (6)b 75 not detectable 100
74 2.5 11.5 ( 0.9 (5)b 41 1.7 ( 0.3 (6)b 66
74 1 23.1 ( 1.1 (3)c 17 4.38 ( 0.6 (5)c 20
75 5 3.3 ( 0.4 (3)b 89 not detectable 100
75 2.5 11.8 ( 0.9 (6)b 57 not detectable 100
75 1 17.3 ( 0.5 (3)b 38 2.52 ( 0.8 (4)b 50
trolox 1 12.8 ( 0.5 (5)b 54 3.44 ( 0.9 (5)b 32

a Results are means ( SD with number of samples in paren-
theses. b P < 0.001. c P < 0.01 vs control according to Student’s t
test.
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under reduced pressure. The residue was dissolved in dioxane
(50 mL), and to this a 5 N solution of NaOH (50 mL) was
added. The reaction mixture was vigorously stirred at room
temperature for 24 h. The organic layer was collected, and the
aqueous was thoroughly extracted with EtOAc (2 × 100 mL).
The combined organic layer and extracts were washed with
saturated NaCl solution, dried over Na2SO4 and evaporated
under reduced pressure. The residue was flash chromato-
graphed with EtOAc/petroleum ether (4:1) followed by recrys-
tallization from toluene/petroleum ether to provide the title
compound (0.25 g, 57%): mp 140-141 °C; IR (Nujol) 3200,
1635 cm-1; 1H NMR (CDCl3) δ 6.65-6.95 (m, 3H, pyrrolyl-4,5H
and benzofuranyl-3H), 7.25-8.00 (m, 4H, pyrrolyl-2H and
benzofuranyl-4,6,7H), 8.05-8.25 (m, 1H, benzofuranyl-2H),
10.70 (br s, 1H, pyrrolyl-1H). Anal. (C13H9NO2) C, H, N.

[4-(4-Methoxybenzoyl)-1H-pyrrol-2-yl]phenylmetha-
none (29). A solution of benzoyl choride (1.94 g, 13.8 mmol)
in CH2Cl2 (5 mL) was slowly added, at room temperature, to
a stirred suspension of anhydrous AlCl3 (3.98 g, 29.8 mmol)
in CH2Cl2 (25 mL). After 10 min, a solution of (4-methoxyphen-
yl)(1H-pyrrol-3-yl)methanone (3) (2.5 g, 12.44 mmol) in CH2-
Cl2 (5 mL) was added dropwise at room temperature, and the
resulting mixture was stirred for 30 min. The reaction was
quenched with ice and water, and the product was extracted
with CH2Cl2 (2 × 50 mL). The combined organic extracts were
washed with saturated NaCl solution, dried over NaSO4, and
evaporated under reduced pressure. The residue was flash
chromatographed with EtOAc/petroleum ether (4:1) followed
by recrystallization from toluene/petroleum ether to provide
the title compound (2.28 g, 60%): mp 165-166 °C; IR (Nujol)
3250, 1625 cm-1; 1H NMR (CDCl3) δ 3.85 (s, 3H, (phenyl)OCH3),
6.80-7.10 (m, 2H, pyrrolyl-3,5H), 7.20-8.10 (m, 9H, (bis)phenyl-
H), 10.70 (br s, 1H, pyrrolyl-1H). Anal. (C19H15NO3) C, H, N.

General Procedure for the Preparation of the Ethyl
Acetic Acid Ester Derivatives 31-49. To a cold (ice bath),
stirred, and under a nitrogen atmosphere mixture of the
corresponding either (aroyl-1H-pyrrol-3-yl)methanones (1-
11;32a 14, 19, 23, 25), or 2-phenyl-1-(1H-pyrrol-3-yl)ethanone
(12),32b or (5-aroyl-1H-pyrrol-3-yl)arylmethanones (28,39 29,
3039) (15 mmol), ethyl bromoacetate (4.05 g, 24 mmol), and
[tris[2-(methoxyethoxy)ethyl]amine [TDA-1] (0.75 mL, 2.4
mmol) in toluene (225 mL) was added NaH (50% dispersion
in mineral oil) (1.05 g, 22.5 mmol). The resulting mixture was
stirred at room temperature for 24-48 h. After this period, it
was poured into a stirred, ice cold, mixture of Et2O (150 mL)
and 5% HCl (150 mL). The two phases were separated, and
the aqueous phase was extracted with Et2O (2 × 100 mL). The
combined organic extracts were washed with 10% NaHCO3 (2
× 100 mL) and saturated NaCl solution and dried (K2CO3).
The solvents were evaporated under reduced pressure, and the
residue was flash chromatographed with a suitable mixture
of EtOAc/petroleum ether followed (if solid material) by
recrystallization from either Et2O/petroleum ether or CH2Cl2/
petroleum ether (36, 41, 47). The yields ranged between 40%
to 80%.

[3-(4-Methylbenzoyl)pyrrol-1-yl]acetic acid ethyl ester
(31): mp 74-75 °C; IR (Nujol) 1740, 1620 cm-1; 1H NMR
(CDCl3) δ 1.25 (t, 3H, CH2CH3, J ) 4.8 Hz), 2.40 (s, 3H,
(phenyl)CH3), 4.20 (q, 2H, CH2CH3, J ) 4.8 Hz), 4.65 (s, 2H, CH2-
CO2), 6.65-6.80 (m, 2H, pyrrolyl-4,5H), 7.10-7.35 (m, 3H,
pyrrolyl-2H and phenyl-3,5H), 7.70 (d, 2H, phenyl-2,6H, J )
6.7 Hz). Anal. (C16H17NO3) C, H, N.

[3-(4-tert-Butylbenzoyl)pyrrol-1-yl]acetic acid ethyl
ester (32): mp 89-90 °C; Anal. (C19H23NO3) C, H, N.

[3-(4-Methoxybenzoyl)pyrrol-1-yl]acetic acid ethyl es-
ter (33): mp 77-78 °C; Anal. (C16H17NO4) C, H, N.

[3-(4-Chlorobenzoyl)pyrrol-1-yl]acetic acid ethyl ester
(34): mp 89-90 °C; Anal. (C15H14NO3Cl) C, H, N.

[3-(4-Trifluoromethylbenzoyl)pyrrol-1-yl]acetic acid
ethyl ester (35): mp 118-119 °C; Anal. (C16H14NO3F3) C, H,
N.

[3-(4-Nitrobenzoyl)pyrrol-1-yl]acetic acid ethyl ester
(36): mp 126-127 °C; Anal. (C15H14N2O5) C, H, N.

[3-(Biphenyl-4-carbonyl)pyrrol-1-yl]acetic acid ethyl
ester (37): mp 96-97 °C; Anal. (C21H19NO3) C, H, N.

[3-(Naphthalene-1-carbonyl)pyrrol-1-yl]acetic acid eth-
yl ester (38): mp 74-75 °C; Anal. (C19H17NO3) C, H, N.

[3-(Naphthalene-2-carbonyl)pyrrol-1-yl]acetic acid eth-
yl ester (39): mp 72-74 °C; Anal. (C19H17NO3) C, H, N.

[3-(1-Phenyl-1H-pyrrol-3-carbonyl)pyrrol-1-yl]acetic
acid ethyl ester (40): viscous oil; 1H NMR (CDCl3) δ 1.30 (t,
3H, CH2CH3, J ) 4.8 Hz), 4.25 (q, 2H, CH2CH3, J ) 4.8 Hz),
4.65 (s, 2H, CH2CO2), 6.65-6.95 (m, 4H, pyrrolyl-4,5H and
(phenyl)pyrrolyl-4,5H), 7.05-7.15 (m, 1H, pyrrolyl-2H), 7.40 (s,
5H, phenyl-H), 7.65-7.80 (m, 1H, (phenyl)pyrrolyl-2H).

[3-(4-Pyrrol-1-yl-benzoyl)pyrrol-1-yl]acetic acid ethyl
ester (41): mp 81 °C; Anal. (C19H18N2O3) C, H, N.

[3-(1-Methyl-1H-indol-3-carbonyl)pyrrol-1-yl]acetic acid
ethyl ester (42): viscous oil; 1H NMR (CDCl3) δ 1.20 (t, 3H,
CH2CH3, J ) 4.8 Hz), 3.70 (s, 3H, (indolyl)CH3), 4.20 (q, 2H, CH2-
CH3, J ) 4.8 Hz), 4.60 (s, 2H, CH2CO2), 6.50-6.70 (m, 2H,
pyrrolyl-4,5H), 7.10-7.30 (m, 4H, pyrrolyl-2H and indolyl-
5,6,7H), 7.60 (s, 1H, indolyl-2H), 8.15-8.40 (m, 1H, indolyl-
4H).

[3-(Benzofuran-5-carbonyl)pyrrol-1-yl]acetic acid eth-
yl ester (43): mp 74-75 °C; Anal. (C17H15NO4) C, H, N.

[3-(2,3-Dihydro-benzofuran-5-carbonyl)pyrrol-1-yl]ace-
tic acid ethyl ester (44): mp 91-92 °C; Anal. (C17H17NO4)
C, H, N.

(3-Phenylacetylpyrrol-1-yl)acetic acid ethyl ester (45):
mp 61-62 °C; Anal. (C16H17NO3) C, H, N.

[3-(3-Chlorobenzoyl)pyrrol-1-yl]acetic acid ethyl ester
(46): mp 59-60 °C; Anal. (C15H14NO3Cl) C, H, N.

(2,4-Dibenzoylpyrrol-1-yl)acetic acid ethyl ester (47):
mp 85-86 °C; Anal. (C22H19NO4) C, H, N.

[2-Benzoyl-4-(4-methoxybenzoyl)pyrrol-1-yl]acetic acid
ethyl ester (48): mp 105-106 °C; Anal. (C23H21NO5) C, H, N:
calcd, N 3.58; found 3.99.

[2,4-bis-(4-Methoxybenzoyl)pyrrol-1-yl]acetic acid eth-
yl ester (49): mp 112 °C; Anal. (C24H23NO6) C, H, N.

(3-Benzylpyrrol-1-yl)acetic Acid Ethyl Ester (52). To
a stirred, at room temperature, solution of (3-benzoylpyrrol-
1-yl)acetic acid ethyl ester (51)28 (2.87 g, 10 mmol) in 1,2-
dichloroethane (50 mL) were added zinc iodide (4.79 g, 15
mmol) and sodium cyanoborohydride (4.7 g, 75 mmol). The
reaction mixture was stirred at room temperature for 20 h. It
was then filtered through Celite. The Celite was washed with
dichloromethane (100 mL). The combined filtrates were dried
over anhydrous Na2SO4 and concentrated under reduced
pressure. The residue was flash chromatographed with petro-
leum ether/EtOAc (15:1) to provide the title compound (1.71
g, 63%) as a viscous oil: IR (neat) 1740 cm-1; 1H NMR (CDCl3)
δ 1.25 (t, 3H, CH2CH3, J ) 4.8 Hz), 3.80 (s, 2H, (phenyl)CH2),
4.20 (q, 2H, CH2CH3, J ) 4.8 Hz), 4.55 (s, 2H, CH2CO2), 6.00-
6.10 (m, 1H, pyrrolyl-4H), 6.25-6.40 (m, 1H, pyrrolyl-2H),
6.45-6.65 (m, 1H, pyrrolyl-5H), 7.25 (s, 5H, phenyl-H).

General Procedure for the Preparation of the Acetic
Acid Derivatives 54-56, 58-70, and 72-75. A mixture of
the previously described ethyl ester derivatives (6 mmol),
dioxane (100 mL), and 5% NaOH solution (100 mL) was stirred
at room temperature for 1 h. After this period, it was
concentrated to half of its volume, H2O (100 mL) was added,
and the mixture was cooled (ice bath) and acidified with
concentrated HCl. The formed precipitate was collected by
filtration, and the filtrate was extracted with CHCl3 (2 × 100
mL). The organic phase was washed with saturated NaCl
solution and evaporated under reduced pressure. The residue
was combined with the precipitate and recrystallized from
toluene/petroleum ether, except for compound 70. This acid
was purified by flash chromatography EtOAc/EtOH (9:1)
followed by recrystallization from toluene/petroleum ether. The
yields of the target acids ranged from 68 to 97%.

[3-(4-Methylbenzoyl)pyrrol-1-yl]acetic acid (54): mp
159-160 °C; IR (Nujol) 3300-2500, 1720, 1610 cm-1; 1H NMR
(CDCl3-DMSO-d6) δ 2.40 (s, 3H, (phenyl)CH3), 4.65 (s, 2H, CH2-
CO2), 6.40 (br s, 1H, CO2H), 6.55-6.80 (m, 2H, pyrrolyl-4,5H),

Pyrrol-1-ylacetic Acid Aldose Reductase Inhibitors Journal of Medicinal Chemistry, 2003, Vol. 46, No. 3 423



7.10-7.35 (m, 3H, phenyl-3,5H, and pyrrolyl-2H), 7.70 (d, 2H,
phenyl-2,6H, J ) 7.0 Hz). Anal. (C14H13NO3) C, H, N.

[3-(4-tert-Butylbenzoyl)pyrrol-1-yl]acetic acid (55): mp
155-156 °C; Anal. (C17H19NO3) C, H, N.

[3-(4-Methoxybenzoyl)pyrrol-1-yl]acetic acid (56): mp
172-173 °C; Anal. (C14H13NO4) C, H, N.

[3-(4-Chlorobenzoyl)pyrrol-1-yl]acetic acid (58): mp
175-176 °C; Anal. (C13H10NO3Cl) C, H, N.

[3-(4-Trifluoromethylbenzoyl)pyrrol-1-yl]acetic acid
(59): mp 169-170 °C; Anal. (C14H10NO3F3) C, H, N.

[3-(4-Nitrobenzoyl)pyrrol-1-yl]acetic acid (60): mp 185-
186 °C; Anal. (C13H10N2O5) C, H, N.

[3-(Biphenyl-4-carbonyl)pyrrol-1-yl]acetic acid (61):
mp 182-183 °C; Anal. (C19H15NO3) C, H, N.

[3-(Naphthalene-1-carbonyl)pyrrol-1-yl]acetic acid (62):
mp 178-180 °C; Anal. (C17H13NO3) C, H, N.

[3-(Naphthalene-2-carbonyl)pyrrol-1-yl]acetic acid (63):
mp 196-197 °C; Anal. (C17H13NO3) C, H, N.

[3-(1-Phenyl-1H-pyrrol-3-carbonyl)pyrrol-1-yl]acetic
acid (64): mp 168 °C; Anal. (C17H14N2O3) C, H, N.

[3-(4-Pyrrol-1-yl-benzoyl)pyrrol-1-yl]acetic acid (65):
mp 217-218 °C; Anal. (C17H14N2O3) C, H, N.

[3-(1-Methyl-1H-indol-3-carbonyl)pyrrol-1-yl]acetic acid
(66): mp 222-223 °C; Anal. (C16H14N2O3‚0.48CHCl3) C, H, N.

[3-(Benzofuran-5-carbonyl)pyrrol-1-yl]acetic acid (67):
mp 173-174 °C; Anal. (C15H11NO4) C, H, N.

[3-(2,3-Dihydrobenzofuran-5-carbonyl)pyrrol-1-yl]ace-
tic acid (68): mp 195-196 °C; Anal. (C15H13NO4) C, H, N.

(3-Phenylacetylpyrrol-1-yl)acetic acid (69): mp 153-
154 °C; Anal. (C14H13NO3‚0.1H2O) C, H, N.

(3-Benzylpyrrol-1-yl)acetic acid (70): mp 84-85 °C;
Anal. (C13H13NO2) C, H, N.

[3-(3-Chlorobenzoyl)pyrrol-1-yl]acetic acid (72): mp
151-152 °C; Anal. (C13H10NO3Cl) C, H, N: calcd, C 59.22;
found 58.78.

(2,4-Dibenzoylpyrrol-1-yl)acetic acid (73): mp 173-174
°C; Anal. (C20H15NO4) C, H, N.

[2-Benzoyl-4-(4-methoxybenzoyl)pyrrol-1-yl]acetic acid
(74): mp 158-160 °C; Anal. (C21H17NO5) C, H, N.

[2,4-bis-(4-Methoxybenzoyl)pyrrol-1-yl]acetic acid (75):
mp 200 °C; 1H NMR (CDCl3-DMSO-d6) δ 3.90 (s, 6H,
(bis-phenyl)OCH3), 5.10 (s, 2H, CH2CO2), 6.80-7.05 (m, 5H,
pyrrolyl-3H and (bis)phenyl-3,5H), 7.15 (s, 1H, pyrrolyl-5H), 7.60
(s, 1H, CO2H) 7.80(d, 4H, (bis)phenyl-2,6H, J ) 7.1 Hz). Anal.
(C22H19NO6) C, H, N.

[3-(4-Hydroxybenzoyl)pyrrol-1-yl]acetic acid (57). To
a solution of ester 33 (2.6 g, 9 mmol) in dry CH2Cl2 (35 mL) at
-80 °C under a nitrogen atmosphere was added dropwise a
solution of boron tribromide (7.5 g, 30 mmol) in dry CH2Cl2

(40 mL). When the addition was completed, the reaction
mixture was stirred at room-temperature overnight. Then, it
was quenched with a mixture of 10% HCl (50 mL) and EtOAc
(50 mL), the two phases were separated, and the aqueous was
extracted with EtOAc. The combined organic extracts were
washed with saturated NaCl solution, dried over Na2SO4, and
concentrated under reduced pressure. The hydrolysis, work
up and purification was similar to that described above in the
general procedure, to provide the title compound (1.33 g,
60%): mp 188 °C; IR (Nujol): 3420, 3300-2500, 1700, 1610
cm-1; 1H NMR (CDCl3-DMSO-d6): δ 4.75 (s, 2H, CH2CO2),
6.50-6.70 (m, 2H, pyrrolyl-4,5H), 6.85 (d, 2H, phenyl-3,5H, J
) 6.7 Hz), 7.25-7.45 (m, 1H, pyrrolyl-2H), 7.60-7.85 (m, 4H,
phenyl-2,6H, CO2H, and (phenyl)OH, after adition of D2O changes
to d, 2H, δ ) 7.70, J ) 6.7 Hz). Anal. (C13H11NO4) C, H, N.

In Vitro Aldose Reductase Enzyme Assay. The test
compounds 54-75, (3-benzoylpyrrol-1-yl)acetic acid (I), (2-
benzoylpyrrol-1-yl)acetic acid (II), trolox (6-hydroxy-2,5,7,8-
tetramethyl-chroman-2-carboxylic acid), and sorbinil (refer-
ence) were dissolved in 0.2 M NaHCO3. Lenses were quickly
removed from Fischer-344 rats of both sexes following eutha-
nasia, and enzyme preparation and assay were performed as
previously described.38b All experiments were performed in
triplicate. Results are shown in Table 1.

In Vitro Protein Glycation Assay. The assay was per-
formed as previously described.22b,44 It involved incubation of
bovine serum albumin (BSA, fraction V, essentially fatty acid
free) with fructose for 28 days. The test compounds 64, 65,
74, 75, and trolox (reference) were dissolved in water in the
form of their potassium salts. Results are shown in Table 2.
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