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Synthesis of Tetronic Acid Enamine. 1335

Dienamine Derivatives from 3-(2H)Furanones
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The synthesis of 5-aryl (or alkyl) aminomethylene-3-(1-amino or l-alkylaminoethylidene)-2,4-
dioxo<(3H,5H)furans and S-arylaminomethylene-3-(1-hydroxyethylidene)-2,4-dioxo-(3H,5H)furans

(new 3-acetyltetronic acid derivatives) are described. The stereochemistry of these compounds

from the 'H nmr data is discussed.

J. Heterocyclic Chem., 16, 1335 (1979).

In preceding papers, our attention has been directed to
the behaviour of 2-arylidene-4-ethoxycarbonyl-3-(2H)-
furanones 1, upon treatment with ammonia or primary
aliphatic amines. The reaction afforded either the
enamines of the tetronic acids 2 (1), or the 5-hydroxy-4-
oxopyrroline derivatives 3 (2), depending on the reaction
conditions. However, 2-N-acetyl-N-arylaminomethylene-3-
(2H)furanones 4 (R = N(Ac)Ar) produced, under the same
reaction conditions, only the corresponding hydroxy-
pyrrolinones 3 (2) (Scheme I). As a continuation of our syn-
thetic studies on 3{2H)furanones and tetronic acids (3) we
have investigated the reaction of compounds 5 and 6 with
ammonia and primary aliphatic amines. This reaction pro-
vides an entry to the hitherto unknown tetronic acid
dienamine and enamine derivatives 7-14.
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Treatment of compounds 3 with ammonia, cyclohexyl-
amine and benzylamine in refluxing ethanol, resulted in
complete conversion to the corresponding dienamines 7, 8
and 9. The reaction of compounds 6 with an excess of
amines (3 moles) in refluxing ethanol afforded the
dienamines 10 and 11, with an exchange reaction of the
dimethylamino group. When this last reaction was carried
out in water at room temperature, the compounds 12 and
13 were isolated, by merely filtering, from the reaction
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mixture. Attempts at substituting the dimethylamino
group for compounds 10 or 11 with a cyclohexylamino or a
benzylamino group were unsuccessful; the starting
material was always recovered. This indicated that the
dimethylamino exchange takes place before the lactoniza-
tion (Scheme II).

The structure of the dienamines was assigned on the
basis of their analytical, physical and spectral data (Table
I and II). The ir spectra, in solid state or in solution of all
these compounds 7-13 show they exist only as an enamino-
ketonic tautomeric structure, being characterized by the
bands at 1720-1750 ¢cm™' (» C=0 lactone carbonyl) and
1675-1700 cm™* (» C=0 ketone carbonyl). Although other
possibilities could be expected, four major tautomeric
species A, B, C and D could be considered for com-
pounds 7-11. In the ir spectra, the NH stretching vibra-
tions at 3360-3110 cm™! indicate extensive hydrogen bond-
ing; however, the ir data do not allow positive elucidation
of the stereochemical nature of these compounds.
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The 'H nmr data for all the compounds 7-13 display two
sets of signals for the methyl groups, the vinyl protons and
the NH protons which are unaltered by dilution. This fact,
clearly show an E/Z isomeric mixture around the C-3 dou-
ble bond. The stereochemistry can be assigned by assum-
ing that the chemical shift of the NH proton resonates at a
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lower field when it is chelaied with the more electro-
negative carbonyl group (E isomer) than with the carboxyl
group (Z isomer). This interpretation is in agreement with
the data available for analogous compounds (4). The E/Z
tautomers exhibit a ratio of 65-80 to 35-20, which is not
significantly influenced by a variation of the solvent

(deuteriochloroform or DMSO-d,) (Table II).

The nmr spectra of the 5-N-arylaminomethylene sub-
stituted compounds 7-9 in DMSO-ds, exhibit a low field
doublet for the NH-Ar proton at 6 8.95-9.15 ppm, which is
unaffected by dilution, with a large coupling constant
(J H-C-N-H = 12.5-13 Hz). This is typical of a strong
intramolecular hydrogen bond in a chelated enamino-
ketonic structure (5,6). All these facts together show that
compounds 7-9 exist principally as the tautomeric ““dou-
ble hydrogen bond”’ form A, accompanied by a minor
amount of the tautomeric form B. Few examples of two
protons which are simultaneously associated with one
acceptor group have previously been described (7). The
NH-Ar chelation disappears in deuteriochloroform at
room temperature.

The 5-N-alkylaminomethylene compounds 10-11 show
substantial differences as compared with the 5-N-aryl-
aminomethylene compounds 7-9 in the nmr spectra. In
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DMSO-ds the NH proton of the C-5 substituent is not
chelated. In deuteriochloroform the signal for this NH
proton appeared at high field (6 4.77-5.17 ppm) with a
large coupling constant 3] Hg-C-N-Hp, = 13 Hz, thus in-
dicating that H; and H}, are held antiperiplanar to each
other. The chemical shift of the NH proton is independent
of the concentration, but its value is not consistent with
previous reports of nmr investigations of chelated N-alkyl-
enaminoketone derivatives (4,8-10). These findings could
be explained either by the presence of a C/D isomeric
mixture or by a weakening of the intramolecular bond in
the A/B tautomeric structure in replacing an arylamino
group by an alkylamino group, since various hydrogen
bonding strengths could occur between the NH protons
and the central oxygen atom. A choice between these alter-
natives cannot be made from the data in our hands.

The spectral analysis of compounds 12 and 13
(5-dimethylaminomethylene) did not enable a determina-
tion of the relative stereochemistry around the C-5 double
bond.

Selective hydrolysis, under basic conditions, of the
N-alkylamino or amino group of compounds 7-9 afforded
the corresponding 3-acetyl tetronic acid derivatives 14.
Treatment of compounds 10-13 under the same reaction
conditions failed to yield identifiable products. Com-
pounds 14 possess acidic properties and are soluble in
sodium hydrogen carbonate; they afford a green coloured
ferric chloride solution and react with ethereal diazo-
methane to yield only one enol ether derivative 13, as seen
from the nmr spectrum.

The nmr spectra of tetronic acids 14, in DMSO-ds, show
a doublet at low field (6 10.15-10.2 ppm) with a large coupl-
ing constant (*J H-C-N-H = 13-13.5 Hz), thus showing the
NH chelated enamino-ketonic structure. The spectra fur-
ther show a unique signal for the methyl protons and an
enol proton at 6 7.2-11.1 ppm, which can be brought to
higher field with dilution. These data are compatible with
intermolecular hydrogen bonding between the enolic pro-
ton and the DMSO-ds molecule. A variation of the
tautomeric equilibria in going from deuteriochloroform to
DMSO0-d, solution recently has been observed for 3-acetyl-
tetronic acid by an nmr investigation (11). Unfortunately,
the compounds 14 are extremely insoluble in any solvent
(eg. chloroform). Thus, evidence to distinguish between
the C-3 E or Z isomeric structure has not been found.

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 spectrophoto-
meters. 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 Recher-
che Scientifique, Villeurbanne, France.
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Table 1

Proton Magnetic Resonance Parameters of Compounds 7-15

Chemical Shifts (6 ppm) and Coupling Constants (Hz)
2.47 and 2.57 (2s, 3H), 6.8-7.6 (m, SH), 7.12 (d, 1H, ] = 12.5)(a), 8.95 (d, 1H, ] = 12.5} (b),
2.25 (s, 3H), 2.45 and 2.57 (25, 3H), 7.12(d, 1H)(a), 7.19 (5, 4H), 9.17 (d, 1H, ] = 13)(b), 8.79.9
2.47 and 2.57 (2s, 3H), 3.78 (s, 3H), 6.8-7.5 (m, 5H), 9.10 (d, 1H,J = 12.5) (b), 8.79.9 (1.75H)

1.1-2.3 (m, 10H), 2.58 (s, 3H), 3.5-4.2 (m, 1H) (), 7.11 (d, 1H, ] = 13)(c), 6.9-7.6 (m, SH), 8.97
(d, 1H, J = 13), 9.3-10.0 (0.3H) (c), 11.35 (m, 0.7H) {c)
1.1-2.3 (m, 10H), 2.60 and 2.74 (2s, 3H), 3.4-4.1 (m, 1H) (c), 6.7-7.7 (m, 7H), 9.8 (0.2H) and

2.61 (s, 3H), 4.81 (d, 2H, ] = 5), 6.7-7.7 (m, 10H), 7.12(d, 1H,] = 13)(c), 9.07(d, 1H,J = 13),
0.8-2.3 (m, 20H), 2.55 and 2.68 (2s, 3H), 2.8-4.2 (2H) (¢), 6.63 and 6.68 (25, 2H), 9.6-10.4 (0.25H)

0.8-2.3 (m, 20H), 2.60 and 2.73 (2s, 3H), 3.17 (m, 1H)(c), 3.73 (m, 1H}(c), 4.77(2d, I1H, ] = 13,])
= 7),6.75 and 6.80 (d, 1H, J = 13), 9.73 (0.2H) and 11.45 (0.8H) (c)

2.53 and 2.63 (2s, 3H), 4.40 (d, 2H,] = 5),4.72(d, 2H,J = 5),6.68(d, 1H,] = 12.5),69-7.6
(m, 1H), 9.8-10.3 (0.3H) (c), 11.62 (m, 0.7H)

2.55 and 2.67 (2s, 3H), 4.41 (d, 2H, J = 6), 465 (d, 2H,J = 6), 5.17 (m, 1H)(c), 6.73 and 6.80
(2d, 1H, ] = 13), 7.2.7.6 (m, 10H), 10.0 (0.2H) (c), 11.6 (0.8H) {c)

2.43 and 2.53 (2s, 3H), 3.08 (s, 6H), 6.50 (s, 1H), 8.7:9.5 (1.25H) and 10.1 (0.75H) (c)
1.1-2.2 (m, 10H), 2.61 and 2.73 (2s, 3H), 3.17 (s, 6H), 3.77 (1H) (¢), 6.47 and 6.52 (2s, 1H), 9.8

2.38 (s, 3H), 6.9-7.6 (m, 5H), 7.65 (d, 1H, J = 13.5), 10.2 (d, 1H, ] = 13.5), 11.1 (s, 1H)
2.27 (s, 3H), 2.38 (s, 3H), 7.0-7.5 (m, 4H), 7.65 (d, 1H,J = 13),9.25(s, 1H), 10.15(d, 1H, J = 13)
2.39 (s, 3H), 3.76 (s, 3H), 6.95 (d, 2H, J = 8.5), 7.20 (s, 1H), 7.37(d, 2H, ] = 8.5), 7.62 d, 1H,J

Compound
No. Solvent
7a DMSO0-d,
8.7-9.7 (1.25H) (c) and 10.0 (0.75H) (¢)
7b DMSO-d,
(1.35H) and 10.3 (0.65H) (c)
7c DMSO-d,
and 10.3 (s, 0.25H) (c)
8 DMSO0-ds
Deuteriochloroform
11.4 (0.8H) (c)
9 DMSO-d,
9.8-10.4 and 11.4 (1H) (c)
10 DMSO0-d,
(c), 11.8 (m, 0.75H)
Deuteriochloroform
11 DMSO0-d,
Deuteriochloroform
12 DMSO-d,
13 Deuteriochloroform
(0.2H) (c) and 11.5 (0.8H) (c)
14a DMSO0d,
14b DMSO-d,
l4c DMSO0-d,
= 13.5), 10.17 (d, 1H,J = 13.5)
15 DMSO0-d,

2.40 (s, 3H), 4.22 (s, 3H), 6.87.8 (m, 4H), 7.58 (d, 1H) (a), 10.06 (d, 1H, J = 13)

(a) Obscured by aromatic protons. (b) Obscured by NH; protons. (¢) Broad signal.

Compounds 5 and 6 were prepared as previously described (12).

341-Alkylaminoethylidene}-5-aryl (or alkyl) aminomethylene-2,4-dioxo-
(3H,5H)furans (7-11).
Preparation of Compounds 7a-c.

To a solution of 3a-c (0.01 mole) in hot ethanol (50 ml.), 10 ml. of 28%
aqueous ammonium hydroxide was added. The mixture was refluxed 10
minutes and then cooled, and the precipitated solid was filtered, washed
with cold ethanol and dried.

Preparation of Compounds 8-11.

A solution of 5 or 6 (0.01 mole) in ethanol (50 ml.) and cyclohexylamine
or benzylamine (0.015 mole in the case of 5a and 0.03 mole in the case of
6) was refluxed for 30 minutes. After removal of the solvent under reduc-
ed pressure, the remaining oil was triturated with ether. The resulting
product was then collected by filtration and recrystallized from the
appropriate solvent (see Table I).
3{1-Amino and Cyclohexylaminoethylidene)—S-dimethylaminomethy]ene-
2 4-dioxo{3H,5H)furans (12 and 13).

To a solution of 6 (2.25 g., 0.01 mole) in 20 ml. of water was added 6
ml. of 28% aqueous ammonium hydroxide or 2.5 ml. of cyclohexylamine.
The mixture was stirred and the solid product which precipitated after a
moment was collected by filtration, washed with water and recrystallized
from water (in the case of 12) or acetonitrile (in the case of 13).
3~(!-Hydroxyethylidene)—5~arylaminoethylene-2,4-dioxo-(3H,5H)furans
(14a-c).

A mixture of 7 (or 8,9) (0.01 mole), ethanol (10 ml.) and 1NV aqueous
sodium hydroxide solution (10 ml) was refluxed 15 minutes. The cooled
reaction mixture was then acidified with concentrated hydrochloric acid.

The solid which precipitated was collected, washed with water and dried.
Analytical samples were obtained by recrystallization from ethanol.

3-(1-Melhoxyethy]idene)—S-anilinomethylene-2,4-dioxo-(SH,SH')furan 1s).

The compound 14a was treated with an excess of an ethereal-alcoholic
solution of diazomethane overnight. After removal of the solvent, the
enol ether was recrystallized from ethanol.

The yields and physical data are given in Table .
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