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Synthesis and Fungicidal Activity of Some New
4H-Chromen-4-ones Containing Some 1,3-Thiazole,
1,3-Thiazine, 1,2,4-Triazole and 1,2,4-Triazine Moieties

Tarik El-Sayed Ali
Department of Chemistry, Faculty of Education, Ain Shams University,
Roxy, Cairo, Egypt

The potassium salt of carbamodithioic acid derivative 3 reacted with some elec-
trophiles reagents to afford the 2-thioxo-1,3-thiazoles 4-5 and 2-thioxo-1,3-thiazines
6-7 derivatives. Heterocyclization of compound 3 with amino-mercapto compounds
8-9 and /or hydrazine derivatives 12-13 yielded 3-thioxo-1,2,4-triazoles 10-11 and
3-thioxo-1,2,4-triazines 14-15, respectively. Structures of the products have been
determined by elemental and spectral methods. All the new compounds have been
screened for their fungicidal activity.

Keywords Chromones; fungicidal activity; heterocycles; sulphur-nitrogen

INTRODUCTION

4H-Chromen-4-ones and their derivatives have been reported to pos-
sess significant activity as protein kinase C inhibitors,! antiallergenic,?
antifungal,® and anticancer agents. On the other hand, a large num-
ber of 1,3-thiazoles derivatives have been reported to be of biological
interest,>% while 1,3-thiazines derivatives have been reported to pos-
sess antibacterial, antifungal, and other biological activities.” Further-
more, a number of substituted 1,2,4-triazoles and 1,2,4-triazines were
found to exhibit appreciable antimicrobial and antifungal activities.8~11
It was, therefore, thought worthwhile to incorporate the 1,3-thiazole,
1,3-thiazine, 1,2,4-triazole, and/or 1,2,4-triazine moieties into the
chromone nucleus. Thus, in the present article, we describe synthe-
ses of some novel 4H-chromen-4-ones containing some 1,3-thiazole,
1,3-thiazine, 1,2,4-triazole, and 1,2,4-triazine moieties with the aim
to obtain some novel heterocyclic systems with potentially enhanced
biological properties.
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RESULTS AND DISCUSSION

3-{[(4-Aminophenyl)imino]methyl}-6-chloro-4 H-chromen-4-one (2)
was prepared by condensation of 6-chloro-4-oxo-4H-chromene-3-
carboxaldehyde (1) with 1,4-phenylenediamine in dry benzene in the
presence of 4-toluenesulfonic acid as a catalyst.!? The potassium salt
of carbamodithioic acid derivative 3 was synthesized by reaction of
compound 2 with carbon disulfide in boiling tetrahydrofuran and
anhydrous potassium carbonate (Scheme 1). Assignments of the
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SCHEME 1

structures 2 and 3 were made by elemental and spectral methods. The
'H NMR spectrum of compound 2 (Table I) revealed the appearance
of NHy protons as a broad signal at § 12.08-12.15, while compound
3 recorded a singlet at §11.9 for one NH proton. Moreover, the mass
spectrum showed the expected molecular ions peaks at m/z 299 (M™,
1.23%) and 413 (M, 42.50%) for 2 and 3, respectively (Table II).

The potassium salt 3 as starting material was reacted with
chloroacetyl chloride and/or phenacyl bromide in boiling dimethylfor-
mamide and led to the formation of 2-thioxo-1,3-thiazolidinone 4 and
2-thioxo-1,3-thiazole 5 derivatives, respectively (Scheme 2). Their IR
spectra (Table I) showed the disappearance of the NH group, while 'H
NMR spectra (Table I) showed broad signals at § 4.12-4.15 for CHjy
protons in compound 4 and a singlet at § 8.40 for the Cs5—H thiazole
in compound 5. In addition, their mass spectra (Table II) gave in good
accordance with the expected molecular formulas.

Similarly, 2-thioxo-1,3-thiazine-4,6-dione derivative 6 and 6-imino-
2-thioxo-1,3-thiazin-4-one derivative 7 were obtained via cyclization of
salt 3 with diethyl malonate and/or ethyl cyanoacetate, respectively, in
boiling dimethylformamide containing a catalytic amount of piperidine
(Scheme 2). Structures 6-7 were confirmed by their analytical data and
'H NMR (Table I and II). The IR absorption (Table I) was void of the
NH group and showed new bands for C=0 and/or C=N in thiazinone
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TABLE I The Spectral Data of the New Compounds

Compd. no. IR (em™1) KBr 1H-NMR (DMSO, §)
2 3378 (NHy), 1641 (C=Opyrone), 6.60 (d, 1H, J = 6.7 Hz, H-8),
1604 (C=N) 6.92-7.28 (m, 7TH, Ar-H, H-7, H-9
and H-5), 7.76 (br, 1H, H-2),
12.08-12.15 (br, 2H, NH,)
3 3288 (NH), 1637 (C=Opyrone), 6.40-7.5 (m, 7TH, Ar—H, H-8 , H-7
1603 (C=N), 1188 (C=S) and H-9), 7.75 (s, 1H, H-5),
8.0-8.2 (br, 1H, H-2),12.0-12.2 (ss,
1H, NH)
4 1718 (C=O4pjazolidinone), 1644 4.12-4.15 (br, 2H, CH,), 6.93—-7.69
(C=Opyrone), 1604 (C=N), 1202 (m, 7H, Ar-H, H-8 , H-7 and H-9),
(C=N) 7.95 (s, 1H, H-5), 8.54 (s, 1H, H-2)
5 1639 (C=Opyrone), 1596 (C=N), 7.03-7.64 (m, 5H, Ar—H and H-8),
1217 (C=S) 7.83-7.91 (m, 2H, H-7 and H-9),
7.95 (s, 1H, H-5), 8.40 (s, 1H,
Cs—Hiniazole), 8.88 (s, 1H, H-2)
6 1719 (br, C=Otpiazinedione), 1625 4.06 (br, 2H, CH,), 7.06-7.43 (m, 5H,
(C=Opyrone), 1598 (C=N), 1219 Ar-H and H-8), 7.76,7.78 (ss, 1H,
(C=N) H-7), 7.86 (s, 1H, H-9), 8.04 (s,1H,
H-5), 8.89 (s, 1H, H-2)
7 3271 (NH), 1669 (C=Otpniazinone),  3.91 (s, 2H, CHj), 6.50—-7.35 (m, 5H,
1615 (C=Opyrone), 1581 (C=N), Ar-H and H-8), 7.38-7.44 (m, 3H,
1219 (C=S) H-7, H-9 and H-5), 7.45 (s, 1H,
H-2), 11.60 (br, 1H, NH)
10 3215,3338 (NH, NH), 1652 6.64-7.35 (m, 4H, Ar-H), 7.49 (d, 1H,
(C=Opyrone), 1607 (C=N), J = 8 Hz, H-8), 7.72—7.86 (m, 2H,
1175, 1126 (2 C=S) H-7 and H-9), 8.40 (s, 1H, H-5),
9.09 (s, 1H, H-2), 14.20 (br, 2H,
NH,NH)
11 3352 (NH), 1625 (C=Opyrone), 2.27 (s, 3H, CHj), 6.91-7.43 (m, 4H,
1605 (C=N), 1119 (C=S) Ar-H), 7.60-7.90 (m, 2H, H-8 and
H-7), 8.35 (s, 1H, H-9), 9.01 (s, 1H,
H-5), 9.50 (s, 1H, H-2), 10.62 (s,
1H, NH)
14 3422 (br,NH), 1650 (C=Opyrone), 4.20-4.43 (m, 2H, C5—Hj iazine)s
1597 (C=N), 1226 (C=S) 5.49-5.57 (q, 1H, Ce—Htriazine),
7.13-7.56 (m, 10H, Ar-H and
H-8), 7.74-7.86 (br, 2H, H-7 and
H-9), 7.92 (br, 1H, H-5), 8.01 (br,
1H, H-2), 8.96 (s, 1H, NH), 10.11
(s, 1H, NH)
15 3391 (NH), 1641 (C=Opyrone), 4.43 (s, 1H, C5—Hiyiazine), 7.16-7.40

1602 (C=N), 1209 (C=S)

(m, 17H, Ar-H, H-8, H-7 and
H-9), 7.51 (br, 1H,H-5), 7.77 (br,
1H, H-2), 7.95 (s, 1H, NH)
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SCHEME 2

moieties. The 'TH NMR spectra of compounds 6 and7 (Table 1) exhibited
broad signals at § 4.06-3.91 for the methylenic group. Moreover, the
mass spectra (Table II) displayed the molecular ion peaks at m/z 443
(MT, 12.20%) and 398 (M—CS, 0.30%) for 6 and 7, respectively.

Heterocyclization of salt of carbamodithioic acid derivative 3 with
some amino-mercapto compounds, namely methyl hydrazinecarbod-
ithioic acid ester (8) and/or 4-amino-5-methyl-3-thioxo-1,2,4-triazole (9)
in boiling dimethylformamide, afforded 3-thioxo-1,2,4-triazole deriva-
tives 10 and 11, respectively (Scheme 3). The IR spectra (Table I) of 10
and 11 showed absorption bands at 3215-3353 cm™~! corresponding to
NH groups and bands at 1119-1175 cm~! for C=S groups. In addition,
the 'H NMR spectrum of 10 (Table I) showed characteristic broad signal
at § 14.20 for NH,NH protons, while compound 11 showed singlets at §
2.27 and 10.62 for CH3 and NH protons, respectively. The mass spectra
of 10 and 11 showed molecular ion peaks at m/z 415 (M, 0.13%) and
438 (M+1, 3.23%), respectively (Table II).

Cyclocondensation of acid derivative 3 with hydrazine derivatives 12
and 13 in boiling pyridine yielded 3-thioxo-1,2,4-triazine derivatives 14
and 15, respectively (Scheme 3). Their IR spectra (Table I) showed the
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SCHEME 3

appearance of NH groups in triazine moieties at 3391-3422 cm~!. The
'H NMR spectrum of 14 (Table I) showed singlets at § 8.96, 10.11 for
NH,NH protons, multiplets at § 4.20-4.30 for the CHy and a quartet
at § 5.49-5.57 attributed to the C¢—H triazine. Compound 15 showed
two singlets at § 4.43 and 7.95 attributed to the C5—H triazine and NH
protons, respectively. The structures of 14 and 15 were also confirmed
by mass spectra that showed molecular ion peaks at m/z 460 (M-NH,
2.5%) and 549 (M™, 0.19%), respectively (Table II).

FUNGICIDAL ACTIVITY

The new prepared compounds were screened for their fungicidal activ-
ities against three species of fungi, namely Alternaria alternata, As-
pergillus niger, and Aspergillus flavips, using disc diffusion method.'®
The tested compounds were dissolved in dimethylformamide, which
was used as a control to get 1 mg/ml solution. The inhibition zones of
microbial growth surrounding the filter paper disc (2.5 mm) were mea-
sured in millimeters at the end of an incubation period at 30°C for 3
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TABLE III Fungicidal Activity Data of The New Compounds 2-15

Compd. no. Alternaria alternata Aspergillus niger Aspergillus flavips
2 ++ ++ ++
3 e ++ +++
4 ++ + ++
5 +++ +++ ++
6 ++ ++ ++
7 +++ ++ +++

10 ++ ++ ++H+

11 ++ o+ ++

14 +++ ++ +

15 +++ +++ +++

(flucanazole) +4++ +++ 4+

Lower activity = + (inhibition zone 1-10 mm); Moderate activity = ++
(inhibition zone 12-25 mm); and High activity = + + + (inhibition zone >25 mm).

days. Activity of each compound was compared with that of flucanazole
as the standard. The investigation of fungicidal screening data (Ta-
ble III) revealed all the tested compounds showed moderate to high
inhibition. The most active compound 15, which exhibited the maxi-
mum fungicidal activity against all fungi strains was almost equivalent
to that of the standard due to the presence of the 5,6-diphenyl-1,2,4-
triazine moiety. Compound 5 showed high activity against Alternaria
alternata and Aspergillus niger, while compound 7 showed the same
high activity against Alternaria alternata and Aspergillus flavips. This
may be due to the presence of two sulfur atoms as an endo—exo system
(S=C=S) in the thiazole and/or thiazine moieties.

EXPERIMENTAL

Melting points were determined on a digital Stuart SMP-3 apparatus.
Infrared spectra were measured on Perkin-Elmer 293 spectrophotome-
ter (cm™1), using KBr disks. 'HNMR spectra were measured on Gemini-
200 spectrometer (200 MHz), using DMSO-d; as a solvent and TMS (§)
as the internal standard. The mass spectra were measured on a HP—
MS 5988 mass spectrometer via a direct inlet operating at 70 eV. El-
emental microanalyses were performed at the microanalysis center at
Cairo University. 6-Chloro-4-oxo-4 H-chromene-3-carboxaldehyde (1),'4
methyl hydrazine-carbodithioic acid ester (8),!° 4-amino-5-methyl-3-
thioxo-1,2,4-triazole (9),'5 and hydrazine derivatives 12-13'¢ were pre-
pared by published methods in literature. The physical and spectral
data of the new compounds are listed in Table I and II.
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3-{[(4-Aminophenyl)imino]lmethyl }-6-chloro-4H-chromen-4-
one (2)

A mixture of 6-chloro-4-0x0-4 H-chromene-3-carboxaldehyde (1) (1.04 g,
5 mmol) and 1,4-phenylenediamine (0.54 g, 5 mmol) in dry benzene
(50 ml) in the presence of 4-toluensulfonic acid (0.1 g) was refluxed for
30 min. The solid obtained was filtered off and crystallized from the
proper solvent to give 2.

Potassium salt of (4-{[(6-chloro-4-oxo0-4H-chromen-3-yl)
methylenelamino}- phenyl) carbamodithioic acid (3)

To a solution of compound 2 (1.49 g, 5 mmol) in tetrahydrofuran (50 ml)
was added carbon disulfide (0.38 g, 5 mmol) and anhydrous potassium
carbonate (3 g). The mixture was refluxed for 10 h and filtered while
hot. The filtrate gave a precipitate after cooling that was crystallized
from the proper solvent to give 3.

3-(4-{[(6-Chloro-4-ox0-4H-chromen-3-yl)methylene]
amino }phenyl)-2-thioxo- 1,3-thiazolidin-5-one (4)

A mixture of compound 3 (2.06 g, 5 mmol) and chloroacetyl chloride
(0.56 g, 5 mmole) in dimethylformamide (50 ml) was refluxed for 4 h.
The solution was cooled and poured onto ice-water. The solid obtained
was filtered off and crystallized from the proper solvent to give 4.

3-(4-{[(6-Chloro-4-oxo0-4H-chromen-3-yl)methylene]
amino }phenyl)-4-phenyl-2-thioxo-1,3-thiazole (5)

A mixture of compound 3 (2.06 g, 5 mmol) and phenacyl bromide (0.99 g,
5 mmol) in dimethylformamide (50 ml) was refluxed for 4 h. The solution
was cooled and poured onto ice-water. The solid obtained was filtered
off and crystallized from the proper solvent to give 5.

3-(4-{[(6-Chloro-4-oxo0-4H-chromen-3-yl)methylene]
amino }phenyl)-2-thioxo- 5-hydro-1,3-thiazine-4,6-dione (6)

A mixture of compound 3 (2.06 g, 5 mmol) and diethyl malonate (0.8
g, 5 mmol) in dimethylformamide (50 ml) in the presence of piperidine
(0.2 ml) was refluxed for 10 h. The solution was cooled and poured onto
ice-water. The solid obtained was filtered off and crystallized from the
proper solvent to give 6.
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3-(4-{[(6-Chloro-4-oxo0-4H-chromen-3-yl)methylene]
amino }phenyl)-6-imino-2-thioxo-5-hydro-1,3-thiazin-4-one (7)

A mixture of compound 3 (2.06 g, 5 mmol) and ethyl cyanoacetate (0.56 g,
5 mmol) in dimethylformamide (50 ml) in the presence of piperidine
(0.2 ml) was refluxed for 10 h. The solution was cooled and poured onto
ice-water. The solid obtained was filtered off and crystallized from the
proper solvent to give 7.

4-(4-{[(6-Chloro-4-oxo-4H-chromen-3-yl)methylene]
amino }phenyl)-3,5-dithioxo-1,2,4-triazolidine (10)

A mixture of compound 3 (2.06 g, 5 mmol) and methyl hydrazinecarbod-
ithioic acid ester (8) (0.61 g, 5 mmol) in dimethylformamide (50 ml) was
refluxed for 6 h. The solution was cooled and poured onto ice-water. The
solid obtained was filtered off and crystallized from the proper solvent
to give 10.

7-(4-{[(6-Chloro-4-oxo0-4H-chromen-3-yl)methylenel]
amino }phenyl)-3-methyl- 6-thioxo-5,6-dihydro-7H-[1,2,4]
triazolo[4,3-bl[1,2,4]triazole (11)

A mixture of compound 3 (2.06 g, 5 mmol) and 4-amino-5-methyl-3-
thioxo-1,2,4-triazole (9) (0.65 g, 5 mmol) in dimethylformamide (50 ml)
was refluxed for 6 h. The solution was cooled and poured onto ice-water.
The solid obtained was filtered off and crystallized from the proper
solvent to give 11.

4-(4-{[(6-Chloro-4-oxo-4H-chromen-3-yl)methylene]
amino }phenyl)-5,6-dihydro-5-phenyl-3-thioxo-1,2,4-triazine
(14)

A mixture of compound 3 (2.06 g, 5 mmol) and hydrazine derivative
12 (1.07 g, 5 mmol) in dry pyridine (50 ml) was refluxed for 6 h. The
solution was cooled and poured onto ice-water. The solid obtained was
filtered off and crystallized from the proper solvent to give 14.

4-(4-{[(6-Chloro-4-oxo-4H-chromen-3-yl)methylene]
amino }phenyl)-2,5-dihydro-5,6-diphenyl-3-thioxo-1,2,4-
triazine (15)

A mixture of compound 3 (2.06 g, 5 mmol) and hydrazine derivative
13 (1.13 g, 5 mmol) in dry pyridine (50 ml) in the few drops of acetic
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anhydride was refluxed for 10 h. The solution was cooled and poured
onto ice-HCI. The solid obtained was filtered off and crystallized from
the proper solvent to give 15.
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