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OF ETHYL 5-CHLORO-4-FLUORO-1H-INDOLE-2-CARBOXYLATE
AND ETHYL 5-CHLORO-6-FLUORO-1H-INDOLE-2-CARBOXYLATE
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Via Ponte Don Melillo, I-84084 Fisciano (Salerno), ITALY
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During a search for novel anti-HIV-1 agents, we planned the synthesis of the indolyl aryl
sulfones 7 and 8, whose preparation required ethyl 5-chloro-6-fluoro-1H-indole-2-carboxylate (5) and
ethyl 5-chloro-4-fluoro-1H-indole-2-carboxylate (6) as starting materials, respectively (Fig. 1).!
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Compounds 5 and 6 were obtained according to literature procedures?* from commercially available
3-fluoroaniline in five steps via 4-chloro-3-fluoroaniline (2) as a key intermediate. This compound
was obtained by hydrolysis of N-pivaloyl 4-chloro-3-fluoroaniline (1) prepared as reported* by chlori-
nation of N-pivaloyl 3-fluoroaniline® with N-chlorosuccinimide. Coupling of the diazonium salt of 4-
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chloro-3-fluoroaniline (2) with ethyl 2-methylacetoacetate according to the Japp-Klingemann
reaction® afforded the 4-chloro-3-fluorophenylhydrazone of the ethyl pyruvate (4). Subsequent
intramolecular cyclization of 4 following Fischer indole cyclization, in the presence of polyphosphoric
acid (PPA)® as a catalyst, gave the required indole esters 5§ and 6 (Scheme 1).
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Scheme 1

In order to simplify the above procedure, to lower its overall cost and to increase the yield of
indoles 5 and 6, we synthesized the hydrazone by a different procedure. We thus prepared compound
4, the immediate precursor of indoles 5 and 6, by treatment of the ethyl pyruvate 3-fluorophenylhy-
drazone (3), obtained from 3-fluoroaniline via the Japp-Klingemann procedure, with N-chlorosuccin-
imide. The latter three-step procedure allowed us to prepare indole esters 5 and 6 from 3-fluoroaniline
in a very simple and more efficient way with overall yields increments of 50%, and with a cost lower
than that of the five-step procedure described in Scheme 1.

EXPERIMENTAL SECTION

Mps were determined on a Biichi 510 apparatus and are uncorrected. Infrared spectra (IR) were run on
a Perkin-Elmer 1310 spectrophotometer. Proton nuclear magnetic resonance (1H-NMR) spectra were
recorded on a Bruker A-300 (200 MHz) FT spectrometer in the indicated solvent. Chemical shifts are
expressed in & units (ppm) from tetramethylsilane. Column chromatographies were packed with silica
gel Merck 60 (70-230 mesh). Fluka aluminum oxide/TLC-cards (aluminum oxide precoated
aluminum cards with fluorescent indicator at 254 nm), Fluka silica gel/TLC-cards and Macherey-
Nagel Alugram® Sil G/UV254 (silica gel precoated aluminum cards with fluorescent indicator at 254
nm) were used for thin layer chromatography (TLC). Developed plates were visualized by Spectroline
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ENF 260C/F UV apparatus. Organic solutions were dried over anhydrous sodium sulfate. Elemental
analyses were performed by the laboratory of Dr. M. Zancato, Dipartimento di Scienze Farmaceu-
tiche, University of Padova (Italy). Analytical results were within + 0.3% of the theoretical values.

4-Chloro-3-fluoroaniline (2).- A solution of N-pivaloyl 4-chloro-3-fluoroaniline (1) (5.0 g, 0.022
mol), 4N HCI (20 mL) and dioxane (40 mL) was stirred at room temperture for 1.5 h and then
refluxed overnight. After cooling the reaction was diluted with water and made basic with solid
sodium hydrogen carbonate (CO, evolution!). After extraction with diethyl ether, the organic solution
was washed with brine and dried. Evaporation of the solvent gave 3.1 g (98%) of pure 2 as a brown
oil which solidified on standing, mp 65-67°, lit.® 61°, after crystallization from n-hexane.
Ethyl Pyruvate 3-Fluorophenylhydrazone (3). The compound was prepared by the Japp-Klinge-
mann procedure starting from 3-fluoroaniline. Yield 38%, mp 98-101°, lir.? 103°, after crystallization
from ethanol. 'H-NMR (DMSO-d,): & 1.22 (t, J = 7.0 Hz, 3H), 2.03 (s, 3H), 4.15 (g, ] = 7.0 Hz, 2H),
6.30 (m, 1H), 6.95-7.10 (m, 2H), 7.24 (m, 1H), 10.03 ppm (broad s, IH, disappeared on treatment
with D,0).
Ethyl Pyruvate 4-Chloro-3-fluorophenylhydrazone (4). From compound 2.- A solution of NaNO,
(4.76 g, 0.069 mol) in water (6.3 mL) was dropped into an ice cooled mixture of 2 (10.0 g, 0.069
mol), 37 % HCI (17 mL) and water (17 mL). After stirring for 20 min. at 0°, sodium acetate trihydrate
was added (12.87 g, 0.094 mol) and the mixture was added by portions to an ice cooled and well
stirred solution of ethyl 2-methylacetoacetate (90%, 11.0 g, 0.069 mol), potassium acetate (13.54,
0.138 mol) and methyl alcohol (67 mL). The reaction was stirred at 0° for 3 h, then diluted with water
and extracted with diethyl ether. The organic solution was washed with brine and dried to give, after
evaporation of the solvent, an oily residue (7.9 g) which was treated with ethanol (100 mL) and stirred
at room temperature overnight. The red salmon solid which formed was separated by suction to give
5.4 g (30%) of pure 4, mp 161-163° after crystallization from ethanol. 'H-NMR (DMSO-d,): 4 1.28 (t,
J=7.1Hz, 3H), 2.07 (s, 3H), 4.21 (q, ] = 7.1 Hz, 2H), 7.05-7.23 (m, 2H), 7.54 (m, 1H), 10.08 ppm (s,
1H, disappeared on treatment with D,0O). IR (nujol): v 3285, 1674, 1661 cm’l,
Anal. Caled for C, H,CIFN,0,: C, 51.08; H, 4.68; N, 10.83; Cl, 13.71; F, 7.34.

Found: C, 51.02; H, 4.66; N, 10.80; CI, 13.59; F, 7.30.
From compound 3.- N-Chlorosuccinimide (0.65 g, 0.0049 mol) was added to a solution of 3 (1.0 g,
0.0044 mol) in anhydrous DMF (38 mL), then reaction was heated at 80° while stirring for 20 min.
After cooling the reaction was diluted with water and extracted with ethyl acetate. Organic extracts
were washed with brine and dried. Evaporation of the solvent gave a crude residue which was crystal-
lized from ethanol to afford 0.79 g (70%) of 4, whose mp. 'H-NMR and IR data were identical to
those of the analytical sample prepared starting from 2.
Ethyl 5-Chloro-6-fluoroindole-2-carboxylate (5) and Ethyl 5-Chloro-4-fluoroindole-2-carboxy-
late (6). Ethyl pyruvate 4-chloro-3-fluorophenylhydrazone (4) (5.00 g, 0.0193 mol) was added by
portions to PPA (50 g) pre-heated to 110° then stirred for 30 min. After cooling at room temperature,
ice water was added while stirring. The solid which formed was filtered, washed with water, dried.
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The mixed isomers were separated by subsequent silica gel column chromatographies (n-hexane :
ethyl acetate 1:2 as eluent). First fractions furnished ethyl 5-chloro-6-fluoroindole-2-carboxylate (5),
(1.85 g, 40%), mp 160-164° after crystallization from ethanol. 'H-NMR (DMSO-d,): 8 1.34 (t,J =7.1
Hz, 3H), 435 (g, J = 7.1 Hz, 2H), 7.14 (s, 1H), 7.36 (m, [H), 7.89 (d, J = 7.35 Hz, 1H), 12.15 ppm
(broad s, 1H, disappeared on treatment with D,0). IR (nujol): v 1675 and 3280 cm".
Anal. Calcd for C\H,CIFNO,: C, 54.67; H, 3.75; N, 5.80; Cl, 14.67; F, 7.86.

Found: C, 54.59, H, 3.72; N, 5.77; Cl, 14.60; F, 7.77.
Further elution with the same eluent gave ethyl 5-chloro-4-fluoroindole-2-carboxylate (6) (0.9 g,
19%), mp 186-190° after crystallization from ethanol. 'H-NMR (DMSO-d,): § 1.33 (t, ] = 7.1 Hg,
3H), 4.35 (q, I = 7.1 Hz, 2H), 7.16 (s, 1H), 7.26-7.38 (m, 2H), 12.41 ppm (broad s, 1H, disappeared
on treatment with D,0). IR (nujol): v 1680 and 3290 cm™'.
Anal. Calcd for C,,\H,CIFNO,: C, 54.67; H, 3.75; N, 5.80; Cl, 14.67; F, 7.86.

Found: C, 54.47, H, 3.69; N, 5.68; Cl, 14.65; F, 7.80.
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of the manuscript.
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