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4-Benzoyl-5-[(E)-2-phenyl- 1-ethenyl}-2,3-dihydro-2-,3-furandi
- one (1) reacts with various aminonucleophiles (2a-g) and gives the
hexadienoic acid derivatives (6-phenyl-3-benzoyl-arylamino-2-oxo-
3.5-hexadieonic acids) (3a-g). The structures of the synthesized
compounds were determined by being interpreted by their elemeptal
analysis and IR, 'H- and BC-NMR spectra. ‘
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INTRODUCTION

In early studies. 4-acyl-S-alkyl/aryl-2,3-dihydro-2,3-furandiones were ob-
tained from 1,3-dicarbony! compounds with oxalyl halides'. Recently, reactions
of cyclic oxalyl compounds were reported to give substituted heterocyclic
compounds. In addition, the reactions of substituted 2,3-furandiones have been
studied with several semi-/thiosemicarbazones, ureas, thioureas, oximes, various
hydrazines, some acetanilides and amides under different conditions®. Most of
these obtained compounds in general are well known for their potential biological
activities™.

In the present study, we carried out the reaction of 4-benzoyl-5-[(E)-2-phenyl-
I-ethenyl]-2,3-dihydro-2-,3-furandione (1) with phenylhydrazine, o-phenylene-
diamine, p-phenylenediamine, o-napthylamine, 4-methyl-o-phenylenediamine,
‘o-toluidine and 2-amino-4-methylphenole (2a—g). The compound (1) was pre-
pared from (E)-1.5-diphenyl-4-pentene-1,3-dione with oxalylchloride®. The
hexadienoic acid derivatives, which are o-keto-carboxylic acids were synthesized
from the reactions of the various amines (2a—g) with 4-benzoy!-5-[(E)-2-phenyl-
“1-ethenyl]-2,3-dihydro-2,3-furandione (1) (Scheme-2).

EXPERIMENTAL

- Solvents were dried by refluxing with the appropriate drying agent and distilled
" before use. Melting points were determined by using Biichi melting point
apparatus and are not corrected. Microanalyses were performed on a Carlo-Erba
_elemental analyzer model 1108. IR spectra were obtained as potassium bromide
pellets using a Shimadzu model 435 V-04 spectrometer. The 'H- and “"C-NMR
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spectra were recorded on a Varian 4200 Gemini spectrometer using tetramethyb
silane as an internal standard. All experiments were followed by TLC using DC
Alufolien Kiesel gel 60 Fasq (Merck) and with a model Camag TLC lamp (254/366
nm).

) (3Z, 5E)-3-Benzyl-6-phenyl-4-(phenylhydrazono)-z-om-?a,S-hexadien«)ic
acid (3a): To a solution of the compound (1) (0.30 g, 0.10 mmol) in benzene
(50 mL), phenylhydrazine (2a) (0.1 18 g, 0.10 mmol) was added dropwise. After
the reaction mixture had been stirred at room temperature for 1 h, the precipitate
was filtered and recrystallized from toluene and allowed to dry on P,Og; yield
0.12 g (38%), m.p. 145-146°C; IR (cm‘l\) (KBr): 3650-3100 v(—NH, —QOH);
1730, 1612, 1579 v(C=0, acid carbonyl, benzoy! C==0, =C—C==0 carbonyl),
1496, 1564 v(N—H), 1234 v(C==N ), 970 v(CH==CH), 741, 697 v(mono-
substituted benzene). 'H NMR (DMSO, 8): 8.576 (—NH and —OH), 7.834-
6.645 ppm (15H, aromatic H); B3¢ NMR (DMSO, 6): 184.322 (C-3), 177.435
(C-2), 163.400 (C-1),160.130 (C-4), 149.403 (C-5), 148.253 (C-6),(C-5 and C-6,
HC==CH), 144.070-114.194 ppm (aromatic C). Elemental analysis (%): Found
(Caled.): C=72.44 (72.81), H=4.75 (4.75), N = 6.60 (6.79).

(3Z,5E)-3«-Benzyl~6-phenyl~4-(o-phenylenediamino)«2-ox0-3,5-hexadiem)
ic acid (3b): To a solution of the compound (1) (0.30 g. 0.10 mmol) in benzene
(50 mL), o-phenylenediamine (2b) (1.108 g, 0.10 mmol) was added dropwise.

The reaction mixture had been stirred at room temperature for 24 h, the
precipitated yellow product was filtered and recrystallized from n-propanol and
n-butanol; yield 0.17 g (55.7%), m.p. 245.4°C; IR (cm“@) (KBr): 3600-3200
v(O—H and N—H), 1714, 1677, 1658 v(C==0), 1630 v(CH==CH), 1579
V(N—H), 1367 v(C—N, for C—NH,), 751 v(l,2-disubstituted benzene); 'H
NMR (DMSO, 8): 12.12 (s, O—H ), 8.88-8.60 (C—NH,), 7.97-7.19 ppm (m,
14H, Ar—H); *C NMR (DMSO, §): 190.273 (C-13, Ph—C==0 carbonyl C),
183.400 (C-2, CH=CH—C==0), 158.800 (C-1, —COOH), 148.230 (C-4,
— CH=C—), 141.977-111.333 ppm (Ar—C); Elemental analysis (%): Found
(Caled.): C =373.10 (72.82), N=6.75 (6.79), H=4.72 (4.85).

(3Z,5E)-3-Benzyl-6-phenyl-4-(p-phenylenediamino)-2-oxo-3,5-hexadieno
ic acid (3c): Toa solution of the compound (1) (0.30 g, 0.10 mmol) in benzene

(50 mL), p-phenylenediamine (2c) (0.108 g, 0.10 mmo!) was added. The reaction
mixture had been stimed at room temperature for 48 h, the precipitate was
separated by filtering and washed with hot ethanol and allowed to dry on P,0s,
yield 0.18 g (60.5%); m.p. 213-213.5°C; IR (em™") (KBr): 3600-3200 v(OH,
N—H). 1676, 1625, 1595 v(C=0), 3059 v(C—H), 848 v(C¢H,); 'H NMR
(DMSO, 8): 10.896-10.874 (OH and N—H), 7.880-6.930 ppm (14H, Aromatic-
H); 1*C NMR (DMSO, &): 164.600 (C-1), 143.120-122.140 ppm (aromatic C).
Elemental - analysis (%): Found (Caled.): C=7350 (72.81), H=490 (4.85),
‘N =6.57 (6.79). , TR :

(3Z, SE)-3-Benzyl-6-phenyl-4-(1-naphthylamino)-2-oxo-3, §-hexadienoic
acid (3d): To a solution of the compound (1) (0.30 g, 0.10 mmol) in benzene
(50 mL), o-naphthylamine (2d) (0.143 g, 0.10 mmol) was added. The reaction
mixture had been stirred at room temperature for 24 h, the precipitate was filtered
and washed with ether and allowed to dry on P,Og; yield: 0.18 g (62%), m.p.:
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140°C: IR (cm™") (KBr): 3650-3150 v(O—H and N—H), 1706, 1614, 1581
v(C=0), 797-763 v(o-substituted naphthalene); 'H NMR (DMSO, &): 8.020
(OH and N—H), 7.813-7.245 ppm (m, 17H, aromatic H); 13C NMR (DMSO, 8):
184.526 (C-3), 181.800 (C-2), 177.501 (C-1), 144.070-114.190 ppm (Ar—C).
Elemental analysis (%): Found (Caled.) C=77.40 (77.85), N =3.01 (3.13),
H=4.82 (4.69).
(3Z,5E)-3«-Benzyh-6-phenyl-44-(4—methyl-o-phenylenediamino)-z-oxowii,5-»
hexa-dienoic acid (3e): To a solution of the compound (1) (0.30 g, 0. 10 mmol)
in benzene (50 mL) 4—methyﬁ-o—phcnylenediamine (2e) (0.122 g, 0.10 mmol) was
added. The reaction mixture had been stirred at room temperature for 24 h, the
precipitate was filtered and recrystallized from ethanol and allowed to dry on
P,0s; vield: 0.18 g (58%); m.p.. 206-207°C; IR (cm™) (K@r): 3600-3100
V(O—H, N—H), 1635, 1630, 1628 v(C=0), 1447 v(—CH,); H NMR (DMS0,
© 8): 12.134 and 12.075 (—NH and —OH), 2,312-2.350 (CHy), 7.957-7.007 ppm
(m, 14H, aromatic H); °C NMR (DMSO, 8): 196.314 (C-13), 196.102 (C-2),
156595 (C-1), 148.896 (C-4), 148340 (C-3), 144.370-117.133 (aromatic C),
22.17 ppm (—CHa>). Elemental analysis (%): Found (Calcd.): C = 73.27 (73.240),
H=15.09 (5.16), N=6.73 (6.57). ‘ ‘ '
(3Z,SE)-B«Benzyﬁ—ﬁ-phenyﬂ-2-0xo~4-(o-toludino)-3,5-hexadienoic acid (30):
To a solution of the compound (1) (0.30 g, 0.10 mmol) in benzene (50 mlL),
o-toluidine (2f) (0.09 mL. 0.10 mmol) was added dropwise. This solution was
stirred in benzene at room temperature for 48 h. The crude precipitate was filtered
off and washed with ether and left to dry on P,Oys; yield: 0.16 g, (52%): m.p.:
192-193°C: IR (cm™") (KBr): 3600-3100 v(broad, O—H and N—H), 3061 and
3025 v(—CH,): 1666, 1685, 1640 v(acid, benzoyl, C,, C==0), 1590 v(C=C),
756 v(1.2-disubstituted Ar—H); "H NMR (DMSO. 8): 8 = 9.6 (O—H and N—H).
6.850-7.750 (m, 14H, Ar—H), 2.30 (—CHj). Elemental analysis (%): Found
(Caled.): C=76.22 (75.91), N=3.67 (3.41), H=5.14 (5.11).
(37.,5E)-3-Benzyl-6-phenyl-4-(2-hydroxy-3-methyl anilino)-2-0%x0-3,5-hexa-
dienoic acid (3g): To a solution of the compound (1) (0.30 g, 0.10 mmol) in
benzene (50 mL). 2-hydroxy-3-methyl aniline (2g) (0.123 g. 0.10 mmol) was
added. This solution was stirred at room temperature for 24 h. The crude
precipitate was filtered off and recrystallized from n-propanol and allowed to dry
on P,0q; yield: 0.17 g (56%); m.p.: 156°C: IR (cm™") (KBr): 36003100 v(O—H
and N—H), 3020-2920 v(—CHa,). 1684, 1649, 1627 v(C==0). 1535 v(N—H
egilmesi), 965 v(CH==CH), 885-813 v(trisubstituted Ar—H); 'H NMR (DMSO.
5): 9.80 (S, O—H) (—NH not observed), 8.20-6.20 (m, I3H. Ar—H). 2.20 ppm
(5.3 H, CHa). Elemental analysis (%): Found (Caled.): C=73.14 (73.06).
N =3.26 (3.27). H=4.64 (4.91). i s
RESULTS AND DISCUSSION .-

The cyclocondensation reactions of (E)-1 S-diphenyl-4-pentene-1.3-dione with
oxalyl chloride regiospecifically afforded 4-benzoyl-5-[(E)-2-phenyl- I -ethenyl]-
2.3-dihydro-2.3-furandione (1), which exhibits conjugation with double. bonds®
{(Scheme-1).
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Scheme-1

In the present study, we carried out the reaction of the furan-2,3-dione (1) with
phenylhydrazine and the various ammauc amine nucleophiles 2(a-g) yielding
3,5-hexadienoic acid derivatives (3a—g) (Scheme-Z) At room temperature in
benzene, mixing of furandione (1) and correspondmg phcnylhydmzme and
amines (1 : 1 mol) for about 1-3 d ﬂed m me formatmn Of me novel mmp@unds
(3a-g) in approximately 38-62% yxeld, In qucram p@ﬂdl“@n&. excellent yields
of the reactions can be explained by the chemical behaviour of furandiones similar
to the compounds 2(a—g) towards nucleophiles’.

101 | 1O

: Scheme-l

Addition of the nucleophiles to the furandiones usually starts with nucleophilic
attack at one of the C-2, C-3 and C-5 positions of the furan ring system®. In this
reaction, the formation of 3,5-hexadienoic acid derivatives (3a—g) may be viewed
as occurring via. a Michaeal type addition to C-5 atom of (1) (Scheme-3). The
reactions proceeded smoothly at room temperature in benzene for 1-3 d and
afforded the corresponding acid derivatives (3a—g) in yield 38—62%. The new
compounds (3a—g) can be used as substrate to obtain the new compounds like
the pyrrolidione derivatives.
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Scheme-3

Structures of synthesized compounds were assigned on the basis of analytical
as well as spectrocopic data. Product (3a) was obtained in 37% yield by treating
(1) with phenylhydrazine (2a) and stirring in benzene at room temperature for |
h. In the IR spectra of compound (3a), the —OH and —NH absorption bands of
—COOH, —NH, groups were found to be at 3650-3100 cm™'. The absorption
bands of (C==0) groups were found to be at 1730, 1612, 1579 cm™'. The 'H
NMR signals were at § = 8.576 ppm (—OH and —NH) and & = 7.834-6.645 ppm
(m, Ar—H). The '*C NMR signals were found to be at 184.322 ppm (C-13),
177.435 ppm (C-2), 163.400 ppm (C-1) and elemental analysis data also support
their structure (3a). The reaction pathway from furandione (1) with phenylhydra-
zine (2a) to hexadienoic acid (3a) is outlined briefly in Scheme-2.

Nucleophilic addition of o-phenylenediamine (2b) with furandione (1)
provided (3Z.5E)-3-benzyl-6-phenyl-4-(o-phenylenediamino)-2-oxo-3,5-hexa-
dienoic acid (3b) in %55.7. At the room temperature in benzene, mixing of
furandione (1) and o- phenylenediamine (2b) (1 : 1) for 24 h. In the IR spectrum
of (3b) characteristic absorption bands at about 3600-3200 ¢m™' (OH and NH),
1714, 1677, 1658 cm™' (C=0) were observed. The '"H NMR signals were at
§=12.12 ppm (—OH) and &= 7.970-7.190 ppm (m, Ar—H). The 'C NMR
spectrum of (3b) exhibits significant line broadenings for the carbons 158.800
ppm (C-1), 183.400 ppm (C-2, CH=CH—CO—), 148.230 ppm (C-4) and
190.273 ppm (C-13, Ph-CO—), 141.477-111.333 ppm (Ar—C). Other spectral
and analytical data of (3b) are in full agreement with its proposed structure
as well.
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