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Abstract—Treating 4-aryl-2,4-dioxobutanoic acids with aromatic amines, 4-aminoantipyrine, and benzo-
phenone hydrazone furnished N-substituted 2-amino-4-aryl-4-oxo-2-butenoic acids that existed in solutions in
enaminoketone and iminoketone forms. The acids obtained underwent in the presence of acetic anhydride
cyclization into N-substituted 5-aryl-3-imino-3H-furan-2-ones.

Almost no published data exist on chemical reac-
tions of 5-aryl-3-imino-3H-furan-2-ones evidently
because no reliable synthetic method for preparation
of such compounds have been developed up till now.
For instance, derivatives of 3-R-hydrazono-3H-furan-
2-ones were mentioned in [1-3], and syntheses of
5-heteryl-3-arylamino-3H-furan-2-ones and 5-aryl-3-
heterylamino-3H-furan-2-ones were described in [4]
and [5] respectively. Therewith this rare type of
2-furanone derivatives seems very promising because
of high reactivity and possibility to find in the series

of furan derivatives substances exhibiting biological
activity. The target of this study was a development
of a versatile synthetic method for preparation both of
3-R-hydrazono- and 3-R-imino-5-aryl-3H-furanones.

First by reaction of 4-aryl-2,4-dioxobutanoic acids
la-e with arylamines, 1-naphthylamine, 4-aminoanti-
pyrine, and benzophenone hydrazone we prepared
respectively  2-arylamino-,  2-(1-naphthylamino)-,
2-(2,3-dimethyl-5-oxo-1-phenylpyrazolin-4-ylamino)-,
and 2-diphenylhydrazino-4-aryl-4-oxo-2-butenoic
acids lla-q (Scheme 1, Tables 1, 2).

Scheme 1.
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I, R= H (a), CH; (b), CH,O (c), Cl (d), Br (e); Il, R" = CgHs: R= H (a), CH; (b), CH,O (c), Cl (d), Br (e);
R = CH; R' = 4-CICHH, (f); R= H, R'= Napht (g); R' = 4-Ant: R= H (h), CH, (i), CH;O (j), CI (k), Br (I);
R' = (C¢Hs),C=N: R = H (m), CH; (n), CH;O (0), Cl (p), Br (g). Napht = 1-naphthyl, 4-Ant = 1,5-dimethyl-
2-phenyl-1,2-dihydropyrazol-3-on-4-yl.
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Table 1. Yields, decomposition temperature, and elemental analyses of compounds I1f-q, [Ila-m

Compd. | Yield, Tawom °C Found, % Formula Calculated, %

no. | % C H N C H N

If | 87 |175-176 (ethanol) 72.60 | 540 | 5.00 | C.H.NO, 7258 | 537 | 498
llg | 94 |157-158 (ethanol) 75.73 | 472 | 4.42 | C,H.NO, 7570 | 476 | 4.41
llh | 95 |189-189.5 (ethanol) 67.20 | 510 | 11.20 | C,H.N,0, 67.19 | 507 | 1119
i | 91 [171-172 (methanol) 67.49 | 545 | 10.75 | C,H,N,0, 6751 | 541 | 10.74
lj | 89 |158-160 (ethanol) 6540 | 523 | 9.98 | C,H,N,O. 6539 | 520 | 9.95
llk | 94 |182-184 (chloroform) 61.21 | 444 | 1020 | C,H,N,O.Cl | 6124 | 441 | 10.20
| 93 |170-171 (ethanol) 56.83 | 3.95 | 862 | C,H.N,OBr | 56.80 | 3.98 | 8.64
llm | 90 |180-181 (ethanol) 74.60 | 492 | 757 | CHN,0, 7458 | 490 | 7.56
lin | 86 |176-177 (acetonitrile) 75.00 | 520 | 7.30 | C,H,N,0, 7498 | 524 | 7.29
llo | 91 |178-179 (acetonitrile) 71.97 | 500 | 7.00 | C,H,N,O, 71.99 | 503 | 7.00
llp | 85 |185-186 (acetonitrile) 68.23 | 425 | 695 | C,H.CIN,O, | 6824 | 423 | 6.92
llg | 90 |187-188 (acetonitrile) 6151 | 386 | 625 | C.H,BrN,O, | 6148 | 381 | 6.23
llla | 69 |165-166 (acetyl acetate) | 77.56 | 5.01 | 533 | C,H,NO, 7755 | 498 | 532
b | 45 |198-199 (toluene) 68.60 | 411 | 472 | C_H,CINO, | 6858 | 406 | 4.70
e | 71 |173-1735 (toluene) 80.27 | 443 | 470 | C,HLNO, 80.25 | 438 | 468
l1d | 80 |235-2355 (toluene) 7020 | 473 | 11.68 | C,H.N,0, 7018 | 477 | 1169
llle | 75 |247-248 (toluene) 70.78 | 5.00 | 11.23 | C,HLN,0, 70.76 | 513 | 11.25
f | 73 |260-261 (toluene) 67.87 | 489 | 10.78 | C,H.N.0, 67.86 | 4.92 | 10.79
lllg | 78 |250-251 (toluene) 64.03 | 411 | 1065 | C,H,CIN,O, | 64.05 | 4.09 | 10.67
llh | 69 |255-256 (toluene) 5757 | 365 | 9.60 | C,H.BrN,O, | 57.55 | 3.68 | 9.59
i | 82 |159-1607 (benzene-hexane) | 7840 | 4.60 | 7.97 | CH.N,O, 7839 | 458 | 7.95
j | 74 |161-162° (benzene-hexane) | 78.65 | 4.94 | 7.65 | C,H.N,O, 7867 | 495 | 7.65
Ik | 84 |146-147° (benzene-hexane) | 75.39 | 4.75 | 7.35 | C,H.N,O, 7538 | 474 | 7.33
Il | 81 |85-86% (benzene-hexane) | 71.40 | 395 | 7.22 | C,H.CIN,O, | 7141 | 391 | 7.24
llim | 90 |140-141° (benzene-hexane) | 64.02 | 349 | 652 | C,H.BrN,O, | 64.05 | 351 | 6.50

& For these compounds are given melting points.

In the IR spectra of acids IIa—g, m-q is present a
broad absorption band in the region 3201-3275 cm™
(compounds IIa—g, n, o, q) or aplateau in the region
3100-3250 cm™ (compounds |1m, p) characteristic
of an amino group. In the carbony! spectral region of
acids lla-g, m-q absorption bands are lacking, but
in the region 1585-1636 cm?is present a group of
broad bands with a wide sloping shoulder at the side
of higher frequencies from 1615 to 1700 cm™. This
pattern of IR spectra suggests that compounds IIa—g,
m-q exist in crystals in a B form with aionized carb-
oxy group and with y-carbonyl C*=0 involved into
an intramolecular hydrogen bond. Unlike that in the
IR spectra of acids Ilh-l are present two broad
absorpti on bands in the region 3458-3468 and 3414-
3417 cm” (compounds ITh, k) or a plateau in the
region 3417-3467 cm™* (compounds I1i, j, I) char-
acteristic of NH group, an absorption band at 1730-
1735 cm™ belonging to the stretching vibrations of a
carboxy group, and a group of absorption bands in

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Val.

the region 1587-1669 cm™* from lactam carbony! of
the heterocycle, carbonyl group C*=0 involved into
an intramolecular hydrogen bond, and groups C=N,

C=C; assignment of the latter bands is difficult. The
appearance of the carbonyl absorption band in the IR
spectra and high-frequency absorption of the NH
group may suggest that compounds Ilh-m exist in
form C with an amino group not involved into a
hydrogen bond. The different pattern of IR spectra of
compounds lla-g, m-q and I1h-I is probably due to
the presence in the latter compounds of a bulky
heterocyclic substituent preventing intramolecular or
intermolecular protonation of the enamine nitrogen.

We investigated the 'H NMR spectra of com-
pounds Ilg-q dissolved in DMSO-d,. It was
established that acids I1g-l existed in solutions as
equilibrium mixtures of enaminoketone forms A and
C, i.e. as Z-,E-isomers with Z-isomer prevailing
(its content amounted to 80-91%). The spectrum of
A(Z) form contains a broadened signal from the
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proton of COOH group at 13.1-13.7 ppm, a singlet
of NH group proton involved into strong intra-
molecular hydrogen bond at 11.36-12.63 ppm, and
a singlet of CH group proton a 6.39-6.53 ppm.
The proton signals of NH and CH groups of the C(E)
form appear in a stronger field at 9.51-10.30 and
5.88-6.39 ppm respectively, and the carboxy group
proton of the C form is not found in the spectrum
apparently due to its considerable broadening. It was
shown formerly that compounds Ila-e could exist in
solutions in A and C forms [6]. The H NMR spectra
of compounds IIm-q have another pattern. In the
spectra appear signals from enaminoketone form A(2)
and B-ketoimine form D. Characteristic signals of the
A(2) form are the singlet from the proton of NH
group involved into an intramolecular hydrogen bond
at 12.64-12.73 ppm and singlet of methine proton at
5.97-6.04 ppm, whereas the characteristic signal of
the D form is the singlet of methylene group protons
a 4.38-4.42 ppm. We faled to observe the signal
from the carboxy group proton in the spectra of com-
pounds|Im, o, p, q due to its strong broadening. The
content of D form estimated from the integral
intensity of signals is from 9 to 23%. It should be
noted that for compounds of structure similar to that
of acids Il, methyl 4-aryl-2-dimethylhydrazono-4-
oxobutanoates, was formerly observed the presence
in solutions of B-ketoimine and ketoenamine forms,
the latter prevailing [7].

In the mass spectrum of compound I1q is present a
molecular ion peak with m/z 448, 450 [M*] of 9.5%
intensity, and also fragment ion peaks [M/z (.4, %)]:
404,406 (85) [M- CO,]", 265 (8.0) [M-BrCzH,CO]",
221 (12.0) [M-CO,-BrCgH,COl", 195 (3.0)
[(CgHs),C=N=NH]", 183, 185 (28.5)
[BrCsH,CO]*, 180 (100) [(C6H5)2+CEN]+, 155, 157
(10.0) [BrCgH ", 77 (93) [CeHs]™ in keeping with
the assumed structure.

We studied the intramolecular cyclization of acids
I1b, f, g, h-q in acetic anhydride in the temperature
range from 50 to 139°C; it was established that the
reaction afforded the corresponding N-substituted
5-aryl-3-imino-3H-furan-2-ones Illa-m (Scheme 2,
Tables 1, 2).

Furanones Illa-m are brightly colored from
yellow to purple crystalline substances. In the IR
spectra of compounds |11a-m appears an absorption
band a 1773-1820 cm' characteristic of the
stretching vibrations of the lactone carbonyl in the
furan ring. This band in the spectra of compounds
Illa-c, i-m is located at higher frequencies (1799-
1820 cm™?) than in the spectra of 2-furanones I11d-h

Scheme 2.
_N—R'
i, g SHCO0, X
H,0
IITa-m

IIl, R= CHy R' = CgHs (@), 4-CIC;H, (b); R= H,
R' = Napht (c); R' = 4-Ant: R = H (d), CH, (¢),
CH;O (f), Cl (g), Br (h); R' = (CHH.),C=N: R= H
(i), CH, (), CH;0 (k), CI (1), Br (m).

containing a heterocyclic substituent at the imine
nitrogen (1773-1785 cm™). In the *H NMR spectrum
of compounds Il1a-m signals of protons from amino
or methylene groups (for compounds 11 m-q) are lack-
ing, and the singlet from methine proton (C*-H) of
heterocycle is shifted downfield with respect to the
corresponding methine singlet in the spectra of initial
acids Il and appears a 6.89-6.95 ppm, 7.74-
7.87 ppm, and 6.92-7.21 ppm for compounds |1l a-c,
[11d-h, and I11i-m respectively. The downfield loca-
tion of the methine singlet in the spectra of com-
pounds I I1d-h is likely to be caused by shielding with
heterocyclic substituent attached to imine nitrogen.

The cyclization of acids Il into furanones 111 is
reversible, and the most labile are compounds |1 1a, b.
In their *H NMR spectra registered in DMSO-dg
containing a little water in 15 min appear the signals
from protons belonging to the A form of the initial
acids Ilb, f.

EXPERIMENTAL

IR spectra were recorded on spectrometers
FSM-1201 (Russia) and UR-20 (DDR) from mulls in
mineral oil. 'H NMR spectra were registered on
Bruker DRX500 (SF 500,13 MHz) instrument from
solutions in DMSO-d,, internal reference HMDS.
Mass spectra were obtained on MKh-1310 device at
emission current 1000 mA, ionizing electrons energy
70 eV, vaporizer temperature 120°C, ion source
temperature 200°C. Chemical purity of compounds
was checked and the reaction progress was monitored
by TLC on Silufol 254-UV plates, eluent ether-benz-
ene-acetone, 10:9:1.

Compounds Ila-e were prepared as in [6], and
their constants are consistent with the published data.

2-[N-(4-Chlor ophenyl)]amino-4-oxo-4-(p-tolyl)-
but-2-enoic acid (I1f). To a solution of 1.93 g
(0.01 moal) of acid Ib in ethanol (20 ml) was added

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 39 No. 6 2003
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1.29 g (0.01 mol) of p-chloroaniline in ethanol
(20ml), and the mixture was kept for 24 h at -2-0°C.
The separated precipitate was filtered off and
recrystallized from ethanol. Yield 2.65 g (87%).

In a similar way from acids la-e and appropriate
amines were prepared acids |1g-q (Table 1).

5-p-Tolyl-3-phenylimino-3H-furan-2-one (I11a).
In 8 ml of acetic anhydride was heated to 70°C for
1 h 281 g (0.01 mol) of acid Il1b. The precipitate
separated on cooling was filtered off, washed with
anhydrous ether and recrystallized from anhydrous
toluene.

Similarly from the corresponding acids 11f-q were
prepared furanones I11b-m.

Yields, decomposition temperature,and elemental
analyses of compounds obtained are compiled in
Table 1, the IR and *H NMR spectrain Table 2.
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