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506. The Reaction of Ethyl 2-Oxocyclopentanecarboxylate with Aryl-  
amines. Part II.* The Preparation of 2,3-Dihydro-p -quinindones 
(2,3,4,9-Tetrahydro-9-0~0- 1H-cyclopenta[b]quinolines). 

By R. J. BROWN, F. W. S. CARVER, and B. L. HOLLINGSWORTH. 
Substituted 2,3-dihydro-P-quinindones have been prepared by cyclisation 

of the corresponding ethyl 2-anilinocyclopent-1-enecarboxylates a t  245". 
The required starting materials were obtained by condensation of arylamines 
with ethyl 2-oxocyclopentanecarboxylate at  room temperature. 

THE reaction described in Part I * has been extended by the condensation of ethyl 2-0x0- 
cyclopentanecarboxylate with arylamines a t  low temperatures and the cyclisation of the 
products to derivatives of 2,3-dihydro-p-quinindone (2,3,4,9-tetrahydro-9-oxo-lH-cyclo- 
penta[b]quinoline). In contrast to the high-temperature condensation (Part I), which 
gave moderate yields of the 2-oxocyclopentanecarboxyanilides and 2-anilinocyclopent-l- 
enecarboxyanilides, the room-temperature condensation now described gave nearly 
quantitative yields of the ethyl 2-anilinocyclopent- 1 -enecarboxylat es. 

Blount, Perkin, and Plant condensed ethyl 2-oxocyclopentanecarboxylate with aniline 
at room temperature, and obtained ethyl 2-anilinocyclopent-l-enecarboxylate (I) as an 
oil which cyclised to 2,3-dihydro-P-quinindone (111) at  260" within a few minutes. Linstead 
and Bao Lang-Wang repeated the preparation and claimed to have isolated the anilino- 
ester (I) crystalline. 

In  the present work, we found ethyl 2-anilinocyclope1it-1-enecarboxylate to be a very 
pale yellow oil which resisted all attempts a t  crystallisation, in agreement with Blount 
et al. Examination of the infrared absorption spectrum of the condensation product of 
aniline with ethyl 2-oxocyclopentanecarboxylate showed that the compound was ethyl 
2-anilinocyclopent-l-enecarboxylate (I) and not the tautomeric ethyl 2-phenyliminocyclo- 
pentanecarboxylate (11). 
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With few exceptions, substituted arylamines condensed smoothly with ethyl 2-0x0- 
cyclopentanecarboxylate at room temperature in the presence of a trace of acetic acid as 

* Part I, Brown, Carver, and Hollingsworth, J. ,  1961, 4295. 
1 Blount, Perkin, and Plant, J., 1929, 1983. 
2 Linstead and Bao Lang-Wang, J. ,  1937. 807. 
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2626 Ethyl 2-Oxocyclopentanecarboxylate with A rylamines. Part II. 
catalyst to give the corresponding aryl-substituted ethyl 2-anilinocyclopent-1-enecarb- 
oxylates as crystalline compounds of rather low melting point. Cyclisation of these com- 
pounds proceeded smoothly under nitrogen at 245" in 30 minutes, to give the substituted 
2,3-dihydro-p-quinindones in high yield. As was expected, attempts to cyclise the nitro- 
substituted anilino-esters proved unsuccessful. 

Monosubstituted arylamines with the substituent in the meta-position gave anilino- 
esters which were oils a t  room temperature, but which crystallised readily at -5". 
Cyclisation of these compounds could give rise to either the 6- or 8-substituted 2,3-dihydro- 
P-quinindones, but in each of the cases examined we have found only one compound in 
the cyclised product. We have been unable to assign the position of the substituent in 
these compounds with certainty, but have treated them provisionally as the 6-substituted 
2,3-dihydro-p-quinindones. Further work is in hand in attempts to confirm this structural 
assignment. 

All the 2,3-dihydro-p-quinindones described herein melted with decomposition at 
temperatures above 300". They were markedly more soluble in organic solvents than 
the corresponding 2,3-dihydro-a-quinindones described in Part I. 

EXPERIMENTAL 
Yields quoted are isolated yields of purified compounds. 

Ethyl 2-AniZZnocycEo~ent-l-eneca~boxyZate.-Ethyl 2-oxocyclopentanecarboxylateJ3 b. p. 
108-109"/13 mm., nD20 1.44765 (0.05 mole), aniline (0.05 mole), and acetic acid (0.1 ml.) were 
mixed in the cold and kept over sodium hydroxide pellets for 14 days. The resulting pale 
yellow oil (yield 85%) resisted all attempts a t  crystallisation and was purified by repeated 
distillation under reduced pressure. It had b. p. 142"/0-5 mm., nD20 1-5926 (Found : C, 72.6; 
H, 7.3; N, 6.2. Calc. for C,,H,,NO,: C, 72.7; H, 7.4; N, 6.1%). Infrared spectra, 
determined in carbon tetrachloride solution on a Grubb-Parsons double-beam spectrometer 
model S3A, contained: (1) an NH band at  3333 cm.'l; this did not shift on progressive dilution, 
showing intramolecular hydrogen bonding; (2) an aniline-type C-NH band at 1307 cm.-l; 
(3) a carbonyl band a t  1653 cm.-l; this is too low for a non-conjugated system, but is com- 
patible with the hydrogen bonded NHCCCO system. The infrared spectrum is thus com- 
patible with the structure ethyl 8-anilinocyclopent-1-enecarboxylate, but incompatible with 
the tautomeric ethyl 2-phenyliminocyclopentanecarboxylate. 

Ethyl 2-oxocyclopentanecarboxylate 
failed to condense with 9-aminobenzoic acid, anthranilic acid, 2-aminopyridine, or cyclo- 
hexylamine. 

2,3-Dihydro-P-quinindone.-Ethyl 2-anilinocyclopent- 1-enecarboxylate (10 g.) was heated 
in a vapour-bath under nitrogen a t  245" for 30 min. Ethanol was slowly evolved, and in 25 
min. the mixture solidified. The cooled solid was refluxed with benzene (100 ml.) for 30 min. 
to remove coloured impurities. The resulting 2,3-dihydro-p-quinindone recrystallised from 
ethanol as needles (80%), m. p. 325" (decomp.) (with previous coloration) (Found: C, 77.7, 
H, 6.1; N, 7-5. Blount, Perkin, and Plant 
give m. p. 327" (with previous blackening). 

All melted a t  temperatures above 
300", with previous darkening, softening, and, ultimately, decomposition. The following notes 

These hydrates were very stable; the water of crystallisation 
On exposure to a 

Attempts to cyclise the nitro- and methyl-nitro-derivatives of ethyl 2-anilinocyclopent-1-ene- 

The authors thank Mr. G. V. Howell for determining the infrared spectra. 

MINISTRY OF AVIATION, EXPLOSIVES RESEARCH AND DEVELOPMENT ESTABLISHMENT, 

The cowz$ounds in Table (A) were prepared similarly. 

Calc. for C,,H,,NO: C, 77-8; H, 5-95; N, 7.6%). 

The c o m 9 o u n d s  in Table (B) were prepared similarly. 

apply : 
Table (B) . Nos. 3, 5, and 8. 

could only be removed by heating the compounds at 120"/1 mm. for 4 hr. 
moist atmosphere, the anhydrous materials were rehydrated in 6-8 hr. 

carboxylate proved unsuccessful. 

WALTHAM ABBEY, ESSEX. [Received, December 15th, 1961 .] 
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