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Synthesis of some 3-Ethoxycarbonyl-5-hydroxy-4-ox0-2-pyrroline

1215

Derivatives from 3(2H){furanones

Bernard Chantegrel and Suzanne Gelin*

Laboratoire de Chimie Organique, Institut National des Sciences A ppliquées,
20, Avenue Albert Einstein, 69621 Villeurbanne-Cedéx, France
Received April 6,1978
A number of 3-cthoxycarbonyl-5-hydroxy-2-methyl-5-or-1,5-substituted 4-oxo0-2-pyrrolines
have been prepared, respectively, by the action of ammonium hydroxide or primary aliphatic
amines on 2-arylidene or 2-N-acetyl-V-arylaminomethylene-4-ethoxycarbonyl-5-methyl-3(2H) tur-
anones. The structures of these prepared compounds have been determined by spectroscopic

data and chemical means.

J. Heterocyclic Chem., 15,1215 (1978)

Previous papers from this laboratory have demonstrated
the variety of ring trensformations which ensue by the
action of nucleophilic reagents on 3(2H)furanones (1-5).
Thus, for example, 2-aceloxy -4-ethoxy carbonyl-3(2H) ur-
anones 1 react with aliphatic and aromatic primary amines
giving rise to N-substituted-3-ethoxycarbonyl-5-hydroxy-
4-0x0-2-pyrroline derivatives 2 (4). Under the same con-
ditions, ammonium hydroxide was found to afford the
N-unsubstituted hydroxypyrrolinones (6). On the other
hand, we have shown that the reaction of the ammonium
hydroxide with various Z-arylidene-4-ethoxycarbonyl-3-
(2H)turanones 4, in refluxing ethanol, produced the en-
amines of the tetronic acid derivatives 3 (1). We now
wish to reporl an additional study on compounds 4 and
5 in an effort to develop a synthetic route to hitherto
unknown 53-hydroxypyrrolinones 6-12. A few examples
of these compounds are known (7-11).

C,H.00C o C_H_0OC O

The action of ammonium hydroxide on compounds
4 can be directed to the formation of compounds 6 by
proper choice of reaction conditions, in acetonitrile solu-
tion (0.1M in 3(2H)furanone) at low temperatuce (0°).
At higher concentration, at room temperature, the reac-
tion yielded a mixture of compounds 3 and 6. These
results indicate that lactonization of the open intermediate
formed by nucleophilic addition does not occur under
mild conditions and the heterocyclic enamino ketones,
stable tautomeric forms of the acyclic diketo enamines,
were obtained.

Similar behavior has been observed with primary ali-
phatic amines:  methylamine, benzylamine, cyclohexyl-
amine. Consequently, these reactions provide a simple
route to S-hydroxy-4-oxo-2-pyrrolines 6-12 (Scheme 1).
The aromatic primary amines do not react: the starting
material was recovered.

The structure of compounds 6-12 is supported by

2s 22_n 275 elemental analysis and spectral data. The infrared spectra
. ” l;o_co-cg3-——2-_> . ” I?oﬂ show strong OH stretching vibrations at = 3680, 3550,
s 0 CH, R N CH, 3300-3200 ¢m~! and the characteristic absorption of the
LZ B-amino-enones, vinylogous of y-lactams v C=0 = 1680
1 2 and » C=C-N 2= 1500-1550 cm~!' (10). The ultraviolet
- o C(NH) CH, - absorption spectra disclose a peak at A =~ 306-334 nm.
E_j The cyclic nature of these compounds was particularly
ArcEPN o~ 0 revealed in compounds 8 and 11 by their ' H-nmr spectra
which show that the signal of the methylene protons in
the N-benzyl group appears as an AB quartet due to the
? Scheme 1
o
¢, H 00C o , CH500C CH)-R C,H00C o
” I R -NH o ” I
H,e TN o Ncp-r! —> HC NH - H,CT NN S:Z-RI
4a-c, Ri= Ar l|22 _}!(_2
Sa-c, R = N(Ac)Ar 6a-c, R1= Ar, R2= n
ar Br = CeHg 7a,b, R'= ar, B%= &
b, Ar = 4-CH;C.H, 8a-c, Rl= ar, R’= CH,CH,
€, Ar = 4-CH30C.H, 9a,b, R'= ar, R’= cyclo-CgH, |
10a,b, R'= N(ac)Ar, R%=
1la-c, R1= N(Ac)Ar, R2= CHZCGHS
12a-c, R1= N{Ac)Ar, R = cyclo-C_H
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Compound

6a
6b

11b

Mc

12a

12

12
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Scheme 2
¢, H 00C o C,H 00C o
CHJ—(|3=('J—COOC2HS o CHg-CHO IFI
" H CH-C
H,N CO-CH,Cl H,C T 5C r'« eHs
H H
Hy
13
C,H00C o o, C,Hg00C 0
OH H
H,C T CH,-CH, H,C T CH,—C,H,
H H
6a
Table I1

Proton Magnetic Resonance Parameters
Chemical Shift, ppm 8 (deuteriochloroform)

1.25(t, 3H), 2.47 (s, 3H), 3.32 (br s, 2H), 4.22 (q, 2H), 5.55 (br s, 1H), 7.33 (s, 5H), 9.0 (br 5, 1H)

1.25 (t, 3H), 2.23 (s, 3H), 2.45 (s, 3H), 3.16 (br s, 2H), 4.18 (q, 2H), 5.75 (br s, 1H), 6.83-7.43 (m, 4H), 9.1 (br s,
1H)

1.25 (t, 3H), 2.43 (s, 3H), 3.11 (br s, 2H), 3.55 (s, 3H), 4.20 (q, 2H), 5.63 (br s, 1H), 6.75 (d, 2H, ] = 8 Hz), 7.16
(d, 2H, ] = 8 Hz), 8.80 (br s, 1H)

1.26 (t, 3H), 2.35 (s, 3H), 3.16 (s, 3H), 3.14 and 3.30 (2d, 2H, AB, ] = 14 Hz), 4.20 (q, 2H), 6.08 (br s, 1H), 7.26
(m, 5H)

1.25 (1, 3H), 2.30 (s, 3H), 2.35 (s, 3H), 3.16 (s, 3H), 3.09 and 3.25 (2d, 2H, AB, J = 14 Hz), 4.21 (q, 2H), 6.0 (br s,
1H), 7.08 (s, 4H)

1.20 (t, 3H), 2.13 (s, 3H), 3.20 and 3.31 (2d, 2H, AB, J = 14 Hz), 4.16 (q, 2H), 4.51 and 4.91 (2d, 2H, AB, J = 16
Hz), 5.90 (br s, 1H), 7.17 (s, SH), 7.30 (s, 5H)

1.23 (t, 3H), 2.16 (s, 3H), 2.28 (s, 3H), 3.11 and 3.27 (2d, 2H, AB, ] = 14 Hz), 4.16 (q, 2H), 4.51 and 4.91 (24, 2H,
AB, ] = 16 Hz), 5.55 (br s, 1 H), 6.98 (s, 4H), 7.30 (s, 5H)

1.21 (t, 3H), 2.18 (s, 3H), 3.11 and 3.27 (2d, 2H, AB, ] = 14 Hz), 3.76 (s, 3H), 4.15 (q, 2H), 4.55 and 4.92 (2d, 2H,
AB,J =16 Hz), 6.25 (br s, LH), 6.73 (d, 2H, J = 8 Hz), 7.08(d, 2H, J = 8 Hz), 7.35 (s, 5H)

0.9-2.20 (m, 10H), 1.25(t, 3H), 2.53 (s, 3H), 3.13 (br 5, 2H), 4.16 (g, 2H), 5.76 (br s, 1H), 7.15 (s, 5H)

0.9-2.2 (m, 10H), 1.28 (t, 3H), 2.3 (s, 3H), 2.6 (s, 3H), 3.15 (s, 2H), 4.25 (q, 2H), 5.70 (br s, 1H), 7-7.30 (m, 4H)
1.28 (1, 3H), 1.85 (s, 3H), 2.52 (s, 3H), 3.83 and 4.17 (2d, 2H, AB, ] = 14.5 Hz), 4.24 (q, 2H), 6.28 (br s, 1H), 7.0-
7.6 (m, 5H)

1.30 (t, 3H), 1.83 (s, 3H), 2.34 (s, 3H), 2.52 (s, 3H), 3.84 and 4.21 (2d, 2H, AB, ] = 14.5 Hz), 4.25 (q, 2H), 6.10
(s, 1H), 7.11 (s, 4H), 8.75 (s, 1H)

1.28 (t, 3H), 1.92 (s, 3H), 2.44 (s, 3H), 4.28 (q, 2H), 4.03 and 4.40 (2d, 2H, AB, J = 14 Hz), 4.80 and 5.13 (2d, 2H,
AB, ] = 18 Hz), 6.39 (br s, L H), 7.0-7.7 (m, 10H)

1.23 (t, 3H), 1.85 (s, 3H), 2.37 (s, 3H), 2.43 (s, 3H), 4.22 (q, 2H), 3.96 and 4.37 (2d, 2H, AB, ] = 14 Hz), 4.76 and
5.09 (2d, 2H, AB, J = 18 Hz), 6.4 (br s, 1H), 6.9-7.6 (m, 10H)

1.22 (1, 3H), 1.85 (s, 3H), 2.45 (s, 3H), 3.83 (s, 3H), 4.22 (q, 2H), 3.90 and 4.40 (2d, 2H, AB, ] = 14 Hz), 4.78 and
5.10(2d, 2H, AB, J = 18 Hz), 6.48 (br s, 1H), 6.93 (d, 2H, ] = 9 Hz), 7.13 (d, 2H, ] = 9 Hz), 7.41 (s, 5H)

1.28 (1, 3H), 1.1-2.5 (m, 10H), 1.87 (s, 3H), 2.69 (s, 3H), 3.5-4.5 (br, 1H), 4.27 (q, 2H), 3.88 and 4.42 (2d, 2H, AB,
J =15 Hz), 6.68 (br s, 1H), 7.1.7.6 (m, 5H)

1.32 (t, 3H), 1.1-2.5 (m, 10H), 1.88 (s, 3H), 2.38 (s, 3H), 2.70 (s, 3H), 3.5-4.5 (br, 1H), 4.30 (q, 2H), 3.79 and 4.48
(2d, 2H, AB, J = 15 Hz), 6.77 (s, L H), 7.25 (s, 4H)

1.30 (t, 3H), 1.1-2.5 (m, LOH), 1.87 (s, 3H), 2.70 (s, 3H), 3.5-4.5 (br, 1H), 3.87 (s, 3H), 4.29 (q, 2H), 3.79 and 4.46
(2d, 2H, AB, ] = 15 Hz), 6.78 (s, 1 H), 6.99 (d, 2H, J = 9 Hz), 7.29 (d, 2H, ] = 9 Hz)

Coupling constants ethoxycarbonyl group CH3-CH;: 7 Hz; br: broad.
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presence of an asymmetric center in the cyclic form. The
methylene at C-5 also displayed an AB pattern in com-
pounds 7, 8, and 10-12. These [indings are in agreement
with published literature on the tautomerism of 4-oxo-2-
pyrroline derivatives (7,10,12) (Tables | and II).

The structure of compound 6a was securely established
by chemical evidence, because it is known that the most
striking property of some 2,5-dimethyl-4-oxopyrroline
derivatives is their rapid autoxidation in air (10). The
same compound 6a (identity established by comparison
of infrared and nmr spectra) was obtained by the series
of transformations presented in Scheme 2: condensation
ol benzaldehyde with 3-ethoxycarbonyl-2-methyl-4-oxo-
pyrroline and subsequent autoxidation ol the resulting
material after catalytic hydrogenation.

EXPERIMENTAL

All melting points were taken on a kofler block. The ir and
uv spectra were obtained with a Beckman Model Acculab 2 and
DB spectrophotometers. The nmr spectra were measured using
tetramethylsilane as the internal standard, with a Varian A-60
spectrometer.  Microanalyses were performed by Microanalytical
Laboratory, Centre National de la Recherche Scientifique, Villeur-
banne, France. Compounds 4 (1) and 5 (5) were prepared as
previously described.

3-Ethoxycarbonyl-5-hydroxy-2-methyl-4-0x0-2-pyrrolines.
Preparation of Compounds 6, 7, and 10.

A suspension of furanones 4 or 5(0.01 mole) in acetonitrile
(100 ml) was cooled to 0° with stirring and 2.7 ml. (0.04 mole)
of 28% aqueous ammonjum hydroxide or 3 ml. (0.03 mole) of
33% aqueous methylamine was added dropwise. After 1 hour
at 0°, the mixture was kept al room temperature for a night.
The solution was concentrated to dryness in vacuo and the residual
solid was stirred with ether (50 ml.). After cooling, the precipi-
tated solid was filtered, washed with ether and recrystallized.

Preparation of Compounds 8and 9.

Benzylamine or cyclohexylamine (0.02 mole) was added to a
suspension of furanones 4 (0.01 mole) in acetonitrile (50 ml.),
al room temperature. The reaction mixture was left overnight
at room temperature and then poured over icefwater (100 ml.).
The solution was acidified (pH 4) with 30% aqueous hydrochloric
acid and the precipitate was extracted into chloroform. The
chloroform solution was dried and evaporated to give the products
which were purified by recrystallization.

Preparation of compounds 11 and 12

To a suspension of furanones 5 (0.01 mole) in ether (50 ml.)
was added the appropriate amine (0.02 mole). The furanones

3-Ethoxycarbonyl-5-Hydroxy-4-oxo-2-pyrroline Derivatives
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dissolved and the reaction mixture was allowed to stand at room
temperature for 2 hours. The precipitated product was collected,
washed with ether and purified by crystallization.

Data on all compounds are summarized in Tables I and 1L

5-Benzylidene-3-ethoxycarbonyl-2-methyl-4-oxo-2-pyrroline (13).

The condensation was carried out preparatively according to
reference (13). A mixture of ethyl-2-methyl-4-0x0-2-pyrrolin-3-
carboxylate (14), 1.68 g. (0.01 mole) and benzaldehyde, 2.12 g.
(0.02 mole), was refluxed for 15 minutes. After the mixlure was
cooled, the solid was collected and crystallized from 95% ethanol,
yield 1.9 g. (74%), m.p. 248° dec.; ir (chloroform): 3430, 3250,
1725, 1700, 1640, 1570; uv (ethanol) A max (e): 208 (5900),
251 (9100), 310 (10300), 402 nm (4500); nmr (DMSO-dg): &
1.27 (t, 3H, J = 7 Hz), 2.66 (s, 3H), 4.23 (q, 2H, | = 7 Hz), 6.6
(s, 1H), 7.38-7.71 (m, 3H), 7.74-8.0 (m, 2H), 11.0 (s, br,, 11).

5-Benzyl-3-ethoxycarbonyl-5-hydroxy-2-methyl-4-oxo0-2-pyrroline
(6a).

A solution of compound 13, 2.57 g. (0.01 mole), in ethanol
(50 ml.) was hydrogenated over 5% Pd/C (0.2 g.) at room tempera-
ture under 30 atm. of hydrogen. Uplake of the calculated amount
required 45 minutes; the catalyst was filtered off and the solvent
evaporaled in vacuo. The crude residue was exposed to air in
a thin film for two days being converted into solid mass from
ethyl acetate, compound 6a was obtained as white crystals, yield
0.25 g. (10%). The ir and nmr spectra of this compound were
identical to the product of the reaction with ammonium hydroxide
and furanone 4a.
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