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ABSTRACT

Treatment of 3-formyl-1-phenyl-4,5-pyrazolinedione 4-phenylhydrazone (2)
with hydroxylamine, gave the 3-formyloxime (3), which upon acetylation with
acetic anhydride, gave the acetoxime derivative (4). Also it gave the benzoyloxime
(5). On the other hand, treatment of (2) with benzoylchloride and pyridine for long
time gave the bicyclic (6). The 3-formylthiosemicarbazone (5) afforded the
pyrazole thiadiazoline derivative (7) and (8) upon treatment with acetic anhydride
or with benzoylchloride in pyridine. Hydrolysis of (7) with hydrazine hydrate
afforded the amine derivative that gave the pyrazole thiadiazole derivative (10)
upon oxidation.
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SOME HETEROCYCLES FROM DEHYDRO-L-ASCORBIC ACID

INTRODUCTION

Dehydro-L-ascorbic acid (L-threo-2,3-hexodiulosono-1,4- lactone) obtained by mild oxidation of L-ascorbic acid
is considered an excellent precursor for the synthesis of many nitrogen heterocycles [1-6] through its reaction with
hydrazines or diamines. It is known that some of the 4,5-pyrazolinediones and their derivatives were evaluated
[7-10] as potential drugs for central nervous system, and also as antidiabetic, antidiuretic, antiviral, and anticancer
agents. In this respect, we have tried to prepare some pyrazolinediones connected to heterocycles containing sulfur,
in the quest for new chemotherapeutic compounds, especially as potential carcinostatic or antiviral agents.

Thus, treatment of 1-phenyl-3-(L-threo-glycerol-1-y1)-4,5- pyrazolinedione 4-(phenylhydrazone) [11] (1) with
sodium metaperiodate, afforded 3-formyl-1-phenyl-4,5-pyrazolinedione 4- (phenylhydrazone) [11] (2), that gave
the 3-oxime derivative (3) upon treatment with hydroxylamine. Its IR spectrum showed a hydroxyl band at 3450
cm™!, in addition to an amide band at 1660 cm™. Acetylation of compound (3) with boiling acetic anhydride or
with acetic anhydride and pyridine, gave 3-formyl-1-phenyl- 4,5-pyrazolinedione 4-(phenylhydrazone)
3-acetoxime (4) whose IR spectrum showed an ester band at 1783 cm™! in addition to an amide band at 1700 cm™.
'H NMR showed one acetyl group signal at & 2.27 and the phenyl protons at § 7.22-8.07. Also a signal for one
proton C,—CH at  8.27 in addition to an NH proton signal at 6 13.27.

Similarly, benzoylation of compound (3) with benzoyl chloride and pyridine, gave 3-formyl-1-phenyl-4,5-
pyrazolinedione 4-(phenylhydrazone) 3-benzoyloxime (5). On the other hand, treatment of compound (3) with
benzoyl chloride and pyridine for long time, afforded the bicyclic triazine derivative (6), namely 6,7-dihydro-7-
oxo-2,6-diphenyl-2 H-pyrazolo[4,3-d]-1,2,3-triazine, on the basis of elemental analysis, IR and NMR data. Its
elemental analysis agreed with the molecular formula C,¢H; ,N5O and its IR spectrum showed an amide band at
1655 cm™! and there was no NH absorption. The '"H NMR spectrum of (6) showed one proton signal at & 7.23
C,—CH, in addition to the aromatic protons at 8 7.33-8.0, and there were no signals for NH. Treatment of
compound (6) with bromine in water, substitution occurred in the p-position of the two phenyl groups to give (7).

Similarly, treatment of 1-p-bromophenyl-3-formyl-4,5- pyrazolinedione 4-(p-bromophenylhydrazone) (8) [11]
with hydroxylamine, afforded the corresponding oxime (9) which, upon treatment with benzoyl chloride and
pyridine for a long time, gave compound (7).

Treatment of the formyl pyrazole derivative (2) with thiosemicarbazide, afforded 3-formyl-1-phenyl-4,5-
pyrazolinedione 4-(phenylhydrazone) 3-thiosemicarbazone (10), which on treatment with acetic anhydride and
boiling or with acetic anhydride and pyridine, gave 3-[2-(acetamido)-4-acetyl-A?-1,3,4-thiadiazolin-5-y1]-1-phenyl-
4,5-pyrazolinedione-4-(phenylhydrazone) (11). This reaction is similar to that conducted on thiosemicarbazones of
simple aldehydes [13]. The IR spectrum of (11) showed two acetyl bands at 1695 and 1639 cm! in addition to an
amide band at 1660 cm™, where its "H NMR spectrum revealed two acetyl group signals at & 2.10 and 2.20; the
first at 8 2.10 was assigned to the 2-acetamido group, and the second at & 2.20 was due to the N(4) acetyl group.
The C;—CH appeared at & 6.90 and the phenyl protons appeared at & 7.27-8.80. Similarly, treatment of the
thiosemicarbazone (10) with benzoyl chloride and pyridine, gave 3-[2-benzoylamido-4-benzoyl-A%-1,3,4-
thiadiazolin-5-yl]-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone) (12) whose IR spectrum showed two benzoyl
bands at 1724 and 1683 cm™! in addition to an amide band at 1643 cm™'. Furthermore, treatment of the diacetyl
derivative (11) with hydrazine hydrate, furnished the corresponding amino derivative (14) whose 'H NMR
spectrum showed only one acetyl group signal at 8 2.30 corresponding to the acetyl group at N(4). In the same time
the monoacetyl derivative (14) readily reverts to compound (11) upon treatment with acetic anhydride and boiling,
and to compound (13) upon treatment with benzoyl chloride and pyridine.

Oxidation of 3-[4-acetyl-2-amino-AZ?-1,3,4-thiadiazolin-5-yl]- 1 -phenyl -4,5 - pyrazolinedione -4 -
(phenylhydrazone) (14) with ferric chloride, resulted in the formation of 3-[2-amino-1,3,4-thiadiazol-5-yl]-1-
phenyl-4,5-pyrazolinedione-4-(phenylhydrazone) (15) which on acetylation with acetic anhydride and boiling,
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furnished the acetyl derivative (16), whose "H NMR spectrum showed one acetyl group signal at § 2.37 in addition
to the expected proton signals.

EXPERIMENTAL
General Methods

Melting points were determined with a Tottoli (Biichi) apparatus and are uncorrected. Infrared spectra were
determined with a Perkin—-Elmer 1430 spectrometer, and '"H NMR spectra were determined with a Varian EM-390
spectrometer, with tetramethylsilane as internal standard. Chemical shifts are given on the 8 scale. Microanalyses
were carried out in the Department of Chemistry, Cairo University, Cairo, Egypt.

3-Formyl-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone)-oxime (3)

A solution of compound (2) [11] (1.5 g; 5 mmol) in ethanol (30 ml) was treated with hydroxylamine
hydrochloride (0.69 g, 10 mmol) and sodium acetate (0.82 g; 10 mmol) and acetic acid (5 ml). The mixture was
heated under reflux for 2 h, and concentrated to small volume. Hot water (10 ml) was added, and the solid that
separated was filtered off, washed with water and ethanol, and dried (yield 1.5 g; 98%). It was recrystallized from
chloroform—ethanol to give orange needles, m.p. 248-249°C; vKBr 3141 (OH), 3045 (NH), 1658 (OCN), and 1601
cm™! (C=N); 'H NMR data (DMSO): 8 7.0-8.0 (m, 10 H, aromatic protons), 8.15 (s, 1 H, formyl proton), 11.86 (s,
OH) and 13.73 (s, 1 H, NH).

Analysis: Calc. for C,(H,;N;O,: C, 62.54; H, 4.23; N, 22.79. Found: C, 62.36; H, 4.15; N, 22.70.

3-Formyl-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone)-acetoxime (4)
Method (a)

A suspension of compound (3) (0.3 g; 1 mmol) in acetic anhydride (10 ml) was heated under reflux for 1 h. The
mixture was cooled and poured onto crushed ice. The product that separated was filtered off, successively washed
with water and ethanol, and dried (yield 0.3 g; 85%). It was recrystallized from chloroform-ethanol in orange
needles, m.p. 158-159°C; vKBr 3043 (NH), 1783 (OCOCH,), 1702 (OCN), and 1593 cm™ (C=N). 'H NMR data

(CDCly): 6 2.27 (s, 3 H, OCOCH,), 7.27-8.07 (m, 10 H, aromatic protons), 8.27 (s, 1 H, formyl), and 13.27 (s, 1 H,
NH).

Analysis: Calc. for C ;H,;N;O;: C, 61.88; H, 4.30; N, 20.05. Found: C, 61.60; H, 4.20; N, 19.90.

Method (b)

To a solution of compound (3) (0.3 g; 1 mmol) in dry pyridine (10 ml) was added acetic anhydride (5 ml) and
kept overnight at room temperature. The mixture was poured onto crushed ice, and the solid that separated was
filtered off, successively washed with water and ethanol, and dried (yield 0.3 g; 85%). It was recrystallized from
chloroform—ethanol in orange needles, m.p. 158-159°C alone or mixed with the product from method (a). Both
products had identical spectral data.

3-Formyl-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone)-benzoyloxime (5)

To a solution of compound (3) (0.3 g; 1 mmol) in dry pyridine (10 ml) was added benzoyl chloride (1 ml) and
kept overnight at room temperature. The mixture was poured onto crushed ice, and the solid that separated was
filtered off, washed with water and ethanol, and dried (yield 0.3 g; 75%). It was recrystallized from ethanol in
yellow needles, m.p. 159-160°C; vKB' 3057 (NH), 1746 (ester), 1700 (OCN), and 1597 cm™ (C=N). 'H NMR data
(CDCl,): 6 7.03-8.03 (m, 15 H, aromatic protons), 8.30 (s, 1 H, CH), and 13.30 (s, 1 H, NH).

Analysis: Calc. for C,,H,,N;O,: C, 67.15; H, 4.13; N, 17.03. Found: C, 67.05; H, 4.00; N, 16.85.
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6,7-Dihydro-7-0x0-2,6-diphenyl-2 H-pyrazolo[4,3-d]-1,2,3-triazine (6).

To a solution of compound (3) (0.3 g; 1 mmol) in dry pyridine (10 ml) was added benzoyl chloride (2 ml) and
the mixture was kept 3 days at room temperature. The mixture was poured onto crushed ice, and the product that
separated was filtered off, successively washed with water, ethanol, and ether, and dried (yield 0.2 g; 69%). It was
recrystallized from chloroform—ethanol in red needles, m.p. 188-189°C; vXB' 1655 (OCN), and 1592 cm™ (C=N).
'H NMR data (CDCl,): 87.23 (s, 1 H, C(4)H), and 7.33-8.0 (m, 10 H, aromatic protons).

Analysis: Calc. for C,(H; N,O: C, 66.43; H, 3.80; N, 24.21. Found: C, 66.20; H, 3.70; N, 24.10.

2,6-Bis-(4-bromophenyl)-6,7-dihydro-7-o0xo-2 H-pyrazolo[4,3-d]-triazine (7).

To a suspension of compound (6) (0.3 g; 1 mmol) in water (25 ml), bromine (1 ml) in water (10 ml) was added
in small portions with stirring. Stirring was continued for 2h at room temperature. Excess of bromine was removed
by passing a stream of air through the solution, and the product that separated was filtered off, successively washed
with water, ethanol, and ether, and dried (yield 0.4 g; 88%). It was recrystallized from chloroform—ethanol in red
prisms, m.p. 207-208°C; vXEr 1660 (OCN), and 1588 cm™ (C=N). '"H NMR data (CDCl,): § 7.27 (s, 1 H, C(4)H),
and 7.37-7.90 (m, 8 H, aromatic protons).

Analysis: Calc. for C,(HBr,N,O: C, 42.95; H, 2.01; N, 15.65. Found: C, 42.75; H, 1.90; N, 15.60.

1-p-Bromophenyl-3-formyl-4,5-pyrazolinedione 4-(p-bromophenylhydrazone)oxime (9).

A solution of compound (8) (0.5 g; 1 mmol) in ethanol (30 ml) was treated with hydroxylamine hydrochloride
(0.7 g, 10 mmol) and sodium acetate (0.8 g; 10 mmol) and acetic acid (5 ml). The mixture was heated under reflux
for 2 h, and concentrated to small volume. Hot water (10 ml) was added, and the solid was filtered off, washed
with water and ethanol, and dried (yield 0.3 g; 60%). It was recrystallized from ethanol in orange needles,
m.p. 226-227°C; vKB' 3200 (OH), 3100 (NH), and 1660 cm™' (OCN).

Analysis: Calc. for C(H,,Br,N;O,: C, 41.29; H, 2.36; N, 15.05. Found: C,41.42; H, 2.40; N, 15.37.

Reaction of Compound (9) with Benzoyl Chloride

To a solution of compound (9) (0.5 g; 1 mmol) in dry pyridine (10 ml) was added benzoyl chloride (2 ml) and
the mixture was kept 7 days at room temperature. The mixture was poured onto crushed ice and the product was
filtered off, washed with water and ethanol, and dried (yield 0.3 g; 67%). It was recrystallized from chloroform—
ethanol in orange red needles, m.p. 207-208°C alone or admixed with compound (7). Both products had identical
elemental analysis, IR and NMR data.

3-Formyl-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone)thiosemicarbazone (10)

A solution of compound (2) (1.5 g; 5 mmol) in ethanol (20 ml) was treated with thiosemicarbazide (0.55 g;
6 mmol) and acetic acid (5 ml), and the mixture was heated under reflux for 1 h, and then cooled. It was poured
onto crushed ice and the product that separated was filtered off, successively washed with water and ethanol, and
dried (yield 1.6 g; 88%). It was recrystallized from chloroform—ethanol in red needles, m.p. 228-229°C; vKEr 3150
(NH), 1650 (OCN), and 1595 cm™ (C=N).

Analysis: Calc. for C;;H;{N,SO: C, 55.88; H, 4.11; N, 26.85. Found: C, 55.75;, H, 3.90; N, 26.80.
3-[2-Acetamido-4-acetyl-A*-1,3,4-thiadiazolin-5-yl]-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone) (11)

Method (a)

A suspension of compound (10) (0.7 g; 2 mmol) in acetic anhydride (10 ml) was heated under reflux for 1 h,
cooled and poured onto crushed ice. The solid that separated was filtered off, washed with water and ethanol, and
dried (yield 0.8 g; 90%). It was recrystallized from chloroform—ethanol in orange needles, m.p. 268-269°C; vk
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3160 (NH), 1695 (NHCOCH,), 1660 (OCN), 1640 (NCOCH,), and 1597 cm’! (C=N). '"H NMR data (DMSO-dy):
$2.10 (s, 3 H, NHCOCH,), 2.20 (s, 3 H, NCOCH,), 6.90 (s, 1 H, C(5)H), 7.27-7.80 (m, 10 H, aromatic protons),
7.93 (s, 1 H, NH), and 11.80 (s, 1 H, NH, hydrazone).

Analysis: Calc. for Cy,H,N,SO,: C, 56.11; H, 4.23; N, 21.81. Found: C, 55.90; H, 4.20; N, 21.80.

Method (b)

To a solution of compound (10) (0.37 g; 1 mmol) in dry pyridine (10 ml) was added acetic anhydride (5 ml) and
left overnight at room temperature. The mixture was poured onto crushed ice, and the solid that separated was
filtered off, washed with water and ethanol, and dried (yield 0.35 g; 78%). It was recrystallized from chloroform—
ethanol in orange needles, m.p. 268-269°C; alone or mixed with the product obtained from method (a). Both
products had identical data.

3-[2-Benzamido-4-benzoyl-A%-1,3,4-thiadiazolin-5-yl]-1-phenyl- 4,5-pyrazolinedione 4-(phenylhydrazone)
(12).

To a solution of compound (10) (0.4 g; 1 mmol) in dry pyridine (10 ml) was added benzoyl chloride (2 ml) and
left overnight at room temperature. The mixture was poured onto crushed ice, and the product that separated was
filtered off, washed with water and ethanol, and dried (yield 0.3 g; 53%). It was recrystallized from chloroform—
ethanol in orange needles, m.p. 205-206°C; vKBr 3054 (NH), 1724 (NHCOPh), 1683 (NCOPh), 1643 (OCN), and
1593 cm™ (C=N). '"H NMR data (DMSO-dy): 8 6.90 (s, 1 H, C(5)H ), 7.03- 7.77 (m, 20 H, aromatic protons), 8.06
(s, 1 H, NH), and 12.20 (s, 1 H, NH, hydrazone).

Analysis: Calc. for C; H,,N.SO,: C, 64.91; H, 4.01; N, 17.09. Found: C, 64.70; H, 3.90; N, 16.90.

3-[4-Acetyl-2-amino-A2-1,3,4-thiadiazolin-5-yl]-1-phenyl-4,5- pyrazolinedione 4-(phenylhydrazone) (14)

A mixture of compound (11) (0.9 g; 2 mmol) and hydrazine hydrate (50 ml) was left for 3 h at room temperature
with stirring. The solution was acidified with acetic acid, and the solid was filtered off, washed with water and
ethanol, and dried (yield 0.7 g; 85%). It was recrystallized from chloroform—ethanol to give yellow needles,
m.p. 195-197°C; vEBr 3183 (NH), 1657 (OCN), 1628 (NCOCHS,), and 1594 cm™ (C=N). '"H NMR data (DMSO-

d¢): 6 2.30 (s, 3 H, COCH,), 6.80 (s, 2 H, NH,), 7.07 (s, 1 H, C-5), 7.20-7.93 (m, 10 H, aromatic protons), 12.33 (s,
1 H, NH, hydrazone).

Analysis: Calc. for C,(H;;N,SO,: C, 56.01; H, 4.18; N, 24.07. Found: C, 55.85; H, 4.12; N, 23.90.

3-[4-Acetyl-2-benzamido-A2-1,3,4-thiadiazolin-5-yl]-1-phenyl- 4,5-pyrazolinedione 4-(phenylhydrazone) (13)

To a solution of compound (14) (0.4 g; 1 mmol) in dry pyridine (10 ml) was treated with benzoyl chloride (1 ml)
and kept overnight at room temperature. The mixture was poured onto crushed ice, and the product that separated
was filtered off, washed with water and ethanol, and dried (yield 0.4 g; 78%). It was recrystallized from
chloroform—ethanol giving orange needles, m.p. 183-184°C; vKEr 3057 (NH), 1681 (NHCOPh), 1661 (OCN), 1641

(NCOCH,), and 1595 cm™ (C=N). '"H NMR data (DMSO-dy): 8 2.23 (s, 3 H, COCH,), 6.83 (s, 1 H, C-5), 7.0-7.76
(m, 15 H, aromatic protons), 7.90 (s, 1 H, NH), and 12.33 (s, 1 H, NH, hydrazone).

Analysis: Calc. for C,¢H,|N.SO,: C, 61.04; H, 4.11; N, 19.17. Found: C, 60.90; H, 3.90; N, 19.00.

Treatment of 3-[4-Acetyl-2-amino-A2-1,3 4-thiadiazolin-5-yl]-1- phenyl-4,5-pyrazolinedione 4-
(phenylhydrazone) (14) with Acetic Anhydride

To a solution of compound (14) (0.4 g; 1 mmol) in pyridine (10 ml) was treated with acetic anhydride (5 ml) and
kept overnight at room temperature. It was poured onto crushed ice, and the product that separated was filtered off,
washed with water and ethanol, and dried (yield 0.4 g; 88%). It was recrystallized from chloroform—ethanol in
orange needles, m.p. 268-269°C; alone or mixed with compound (9). Both products had identical elemental and
spectral data.
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3-[2-Amino-1,3,4-thiadiazol-5-yl]-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone) (15)

A suspension of compound (14) (0.8 g; 2 mmol) in a solution of ferric chloride (0.81 g, 3 mmol) in 50% dioxan—
water (10 ml) was heated under reflux for 3 h, and then cooled to room temperature. The solid that separated was
filtered off, washed with water and ethanol, and dried (yield 0.4 g; 55%). It was recrystallized from dioxan in
orange needles, m.p. 261-262°C; vKBr 3170 (NH), 1660 (OCN), and 1590 cm™ (C=N). 'H NMR data (CDCl,):
8 7.13-7.63 (m, 10 H, aromatic protons), 7.80 (s, 1 H, NH), 7.87 (s, 1 H, NH), and 14.60 (s, 1 H, NH, hydrazone).

Analysis: Cale. for C,H,;N,SO: C, 56.19; H, 3.58; N, 26.98. Found: C, 56.10; H, 3.50; N, 26.90.

3-[2-Acetamido-1,3,4-thiadiazol-5-yl]-1-phenyl-4,5-pyrazolinedione 4-(phenylhydrazone) (16)

A suspension of compound (15) (0.4 g; 1 mmol) in acetic anhydride (3 ml) was heated under reflux for 2 h,
cooled and poured onto crushed ice. The product that separated was filtered off, washed with water and ethanol,
and dried (yield 0.3 g; 73%). It was recrystallized from ethanol in brown needles, m.p.>300°C; v,’f,f; 3150 (NH),
1695 (NHCOCH,), 1657 (OCN), and 1592 cm™! (C=N). 'H NMR data (DMSO-d¢): 6 2.37 (s, 3 H, NCOCH,),
7.30-7.94 (m, 10 H, aromatic protons), 8.03 (s, 1 H, NH), and 14.37 (s, 1 H, NH, hydrazone).

Analysis: Cale. for C;oH,N,SO,: C, 56.29; H, 3.70; N, 24.18. Found: C, 56.10; H, 3.60; N, 24.10.
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