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Abstract: 6-Hydroxy-2-oxo-2H-chromene-4-carbaldehyde (2), 6-chloro-2-oxo-2H-chromene-
4-carbaldehyde (3) and 6-hydrazinyl-4-methyl-2H-chromen-2-one (5) were prepared as
single-pharmacophore motif key intermediates. Compounds 2, 3 and 5 were incorporated in
a series of multicomponent reactions (MCRs), under microwave assistance as well as
conventional chemical synthesis processes, to afford a series of three and/or
four-pharmacophoric-motif conjugates 8a.,b, 11, 13, 16, 17, 19 and 20 in good yields. The
newly synthesized compounds were characterized by IR, NMR, *C-NMR, MS and
elemental analyses. Finally the synthesized compounds have been screened for their
biological activity whereupon they exhibited remarkable antimicrobial activity on different
classes of bacteria and the fungus.
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1. Introduction

Green chemistry is a new and rapidly emerging field of chemistry. Its growing importance is in
utilization of the maximum possible resources in such a way that, there is negligible or minimum
production of chemical waste. It is one of the best alternatives for traditional chemical synthesis
processes. By applying the green synthesis method, we can not only avoid the use of hazardous, toxic
solvents, but also the formation of by-products is avoided. Thus, they are perfectly amenable to
automation for combinatorial synthesis [1]. In 1986, Gedye and Giguere reported for the first time that
organic reactions could be conducted very rapidly under microwave irradiation.

Coumarins are a group of compounds that play important roles as food constituents, antioxidants,
stabilizers and immunomodulatory substances, as fluorescent markers for use in analyses, in stains, and
in clinical use for their [2,3] diuretic [4], anti-coagulant, anti-cancer [2], anti-HIV [5], antitumor [6],
anti-inflammatory [7], anti-Alzheimer’s [8], anti-leukemic [9,10], antibacterial [11], anti-malarial
activities [12], emetic [13], and anti-anaphylactic activities [14]. Moreover, they can also be employed
as cosmetics and pigments [13] and utilized as potential biodegradable agrochemicals [15]. Some of
these compounds have been already prepared in the presence of piperidine [16], diammonium hydrogen
phosphate (DAHP), S-proline [17], K2CO3 under microwave irradiation [18], HsP2W1sOe2- 18H20 [19],
MgO [20] and tetrabutylammonium bromide (TBAB) [21]. Each method has its own advantages
and disadvantages.

Finally, as third motif in this preface, 4-thiazolidinones are among the most common and important
groups among the small ring heterocyclic compounds. There are many references reported in the
literature highlighting their chemistry and uses. 4-Thiazolidinones exhibit various biological activities
such as analgesic, antibacterial, antifungal, anti-oxidant, anti-inflammatory, anticonvulsant, anticancer,
anti-HIV, anti-tubercular and anthelmintic properties [22-26].

In connection with our previous work [27-31] on the synthesis of heterocyclic compounds, in the
present study we describe the preparation of some new phenylthiazolidinone derivatives and heterocyclic
bases from 6-hydroxy-4-methyl-2H-chromen-2-one.

2. Results and Discussion
Chemistry

The synthetic strategies adopted for the synthesis of the intermediate and target compounds are
depicted in Schemes 1-8. A one-pot, microwave assisted reaction condition was applied as well as
conventional synthesis, by using 6-hydroxy-4-methyl-2H-chromen-2-one (1) in DMF containing 3—4
drops of glacial AcOH and selenium dioxide to give compound (2) (Scheme 1, Table 1). The latter
compound was easily chlorinated via treatment with phosphoryl chloride in anhydrous EtOH yielding
6-chloro-2-oxo-2H-chromene-4-carbaldehyde (3) (Scheme 1, Table 1). The hydroxyl group in
compound 1 was easily transformed into a chlorine to afford the 6-chlorocoumarin derivative 4, which,
in turn was reacted with hydrazine hydrate in anhydrous EtOH to give 6-hydrazinyl-4-methyl-2H-
chromen-2-one (5) (Scheme 1, Table 1). The IR spectrum of 2 showed the presence of absorption bands
at 1695, 1710 and 3431 cm ™! due to (2 C=Oy) and (O—Hg) functions respectively. Its 'H-NMR spectrum
showed three singlet signals corresponding to the coumarin-C3, formyl and hydroxyl protons at 6 6.70,
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10.45 and 12.01 ppm, respectively, and aromatic protons in the 7.70-7.98 ppm region, while the *C-NMR
spectrum of 2 showed the following signals: 91.1 (coumarin-C3), 119.8, 125.7, 126.6, 128.8, 133.7 and
150.1 (Ph), 162.4 (C=0), 192.5 (CHO). The mass spectrum of 2 displayed an intense ion peak at m/z
190 (M*, 51%) corresponding to C10HeOs. The structure of 3 was established on the basis of its elemental
analyses and spectral data, as well as its independent synthesis via oxidation reaction of chlorocoumarin
derivative 4 with selenium dioxide which afforded a product identical in all aspects (mp and IR spectra)
with that obtained previously from the reaction of 2 with phosphoryl chloride. The IR spectra of
compounds 3 and 4 do not show any absorption bands corresponding to O—H groups while they show
absorption bands at 1695-1710 cm™' due to C=Og functions. The mass spectrum of 4 showed a
molecular ion peak at m/z 194 corresponding to its molecular formula (C10H7ClOz2). The mass spectrum
of 5 showed a molecular ion peak at m/z 190, corresponding to a molecular formula CioH10N202. Its
"H-NMR spectrum displayed new signals representing a hydrazide structure that appeared at 4.28
(-NHNH>) and 9.21 (-NHNH:2) ppm (exchangeable with D20) integrating for two protons and one
proton, respectively.

Scheme 1. Synthesis of 2H-chromen-2-one derivatives 2—-5.
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Method A: Microwave-assisted synthesis: AcOH, DMF as a solvent, 120 °C, 8-10 min;
Method B: Conventional synthesis: AcOH, DMF as a solvent, reflux 4-7 h; Method C: Conventional
synthesis: Anhydrous EtOH as a solvent, stirring at r.t. for 1 h, then refluxes for 2 h at 60 °C.

Spiro compounds represent an important class of naturally occurring molecules characterized by
highly pronounced biological properties [32]. In this context, we explored the synthetic versatility of
6-hydroxy-4-methyl-2H-chromen-2-one (1) for the synthesis of spiro compounds containing the
coumarin moiety. Thus, a one-pot, three-component, microwave assisted reaction condition was applied,
as well as conventional synthesis, using cyclohexanone (or cyclopentanone), malononitrile (1:1 molar
ratio) and 3-4 drops of glacial AcOH with DMF as a solvent and compound 1, to give the
pyrano[2,3-flchromene derivatives 8a,b, as indicated by elemental analysis and spectral data
(Scheme 2, Table 1). Formation of the spiro compounds 8a,b was proceeded according to the proposed

mechanistic pathway (Chart 1).
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Table 1. Physical data of the synthesized compounds 2—16.

19651

Time (min/h) Yield (%)
Melting
Compounds Mol. Formula Mol. Wt. Microwave Conventional
Microwave Conventional Point (°C)
(min) (h)

2 Ci0HeO4 190.15 8 5 97 85 217-219
3 Ci0HsClIO3 208.60 - 1 96 75 145-147
4 C1oH7Cl102 194.61 - 1 - 80 236-238
5 CioH10N202 190.20 4 97 85 126-128
8a CisHi6N203 308.12 4 98 78 167-169
8b CioH18N203 322.36 10 5 95 82 151-153
11 Ci9Hi13N30s5S: 427.45 9 7 96 89 251-253
13 Ci9H16N203S 352.41 8 4 98 80 278-280
16 C20H12N205S2 452.46 10 5 97 70 211-213
17 C20H15N303S 377.42 8 6 96 80 182-184
19 C27H19N504S3 573.67 10 6 96 73 198-200
20 C27H22N40:82 498.62 10 7 95 85 217-219

Scheme 2. Synthesis of spiro[cycloalkane-1,1'-pyrano[3,2-f]Jchromene]-2'-

@Hﬁﬁm

’

Method A

Method B

o~ 6a 6b

Method A: Microwave-assisted
Method B: Conventional synthesis: AcOH, DMF as a solvent, reflux 4-6 h.

synthesis:

AcOH, DMF as a

solvent,

120 °C,

carbonitriles 8a.b.

8-10 min.

Chart 1. Mechanistic pathway of 3'-amino-10'-methyl-8'-ox0-8'H-spiro-[cyclohexane-1,1'-

pyrano-[3,2-flchromene]-2'-carbonitrile 8b.

%”\»

NC.

H migration

Me



Molecules 2014, 19 19652

The IR spectrum of product 8b, as an example, revealed absorption bands at 1695, 2217 and 3361 cm™!
characteristic for C=0, C=N and NH: groups, respectively. Its 'H-NMR spectrum showed multiplet
signals for protons of the methylene groups centered around & 1.00—1.70 ppm in addition to the presence
of two singlet signals, one at 2.43 ppm attributable to methyl protons and the other at 6.82 ppm,
exchangeable with D20, attributed to the NH2 protons. The mass spectrum of compound 8b revealed a
molecular ion peak at m/z 322 (M, 57%), and a base peak was observed in the spectrum at m/z 176
(100%), which is compatible with its molecular formula Ci9H1sN20s3.

4-Formylcoumarin 2 reacted with 5-amino-2-methylthieno[3,4-d]pyrimidin-4(3H)-one (9) and
thioglycolic acid according to Method A and Method B, to give 5-(2-(6-hydroxy-2-oxo-2H-chromen-4-
yl)-4-oxothiazolidin-3-yl)-2-methylthieno[3,4-d|pyrimidin-4(3H)-one (11) (Scheme 3, Table 1). Its IR
spectrum displayed absorption bands at 1681-1708, 3156 and 3480 cm™! due to three carbonyls, imino
and hydroxyl groups, respectively. The mass spectrum of the product revealed a molecular ion peak at
m/z 427 corresponding to its molecular formula C19H13N305Sz. Its 'TH-NMR spectrum shows five singlet
signals at 0 2.43, 3.97, 6.46, 6.51, 6.61, 12.21 and 12.50 ppm due to the methyl, thiazolidinone-H5,
thiophene-HS5, coumarin-H3, thiazolidinone-H2, NH and OH groups, respectively, and multiplet signals
in the 6 7.03—7.51 ppm region due to the aromatic protons.

Scheme 3. Synthesis of 5-(2-(6-hydroxy-2-oxo0-2H-chromen-4-yl)-4-oxothiazolidin-3-yl)-
2-methylthieno[3,4-d]pyrimidin-4(3H)-one (11).
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Method A: Microwave-assisted synthesis: AcOH, DMF as a solvent, 120 °C, 8-10 min.
Method B: Conventional synthesis: AcOH, DMF as a solvent, reflux 4-7 h.

Similarly, 3-((4-methyl-2-ox0-2H-chromen-6-yl)amino)-2-phenylthiazolidin-4-one  (13) was
synthesized via reaction of 6-hydrazinyl-4-methyl-2H-chromen-2-one (5) with benzaldehyde (12) and
thioglycolic acid (10) under the previous conditions (Scheme 4, Table 1). In the corresponding IR
spectrum an absorption band due to the (C=Oy) of the thiazolidinone was observed at 1708 cm ™!, and
another (N-Hy») band was found at 3280 cm™!. The 'H-NMR spectrum of 13 showed singlet signals of
the cyclized thiazolidinone at 3.95 and 5.91 ppm corresponding to -CHz- in the ring and the NH proton,
respectively. In its *C-NMR spectrum the up field resonances of the carbonyl carbon were observed at
170.4 beside that of the other coumarin carbonyl at 160.1 ppm.

The reaction of thiazolidinones 11 or 13 with dimethylformamide-dimethylacetal (DMF-DMA) (14)
and hydroxylamine (15) as potential precursors for thiazolo[5,4-d]isoxazoles was also investigated.
Thus, a one-pot, microwave assisted as well as conventional synthesis, by using 5-(2-(6-hydroxy-2-oxo-
2H-chromen-4-yl)-4-oxothiazolidin-3-yl)-2-methylthieno[ 3,4-d]pyrimidin-4(3 H)-one (11) or
3-(4-methyl-2-ox0-2H-chromen-6-ylamino)-2-phenylthiazolidin-4-one (13) with dimethylformamide-
dimethylacetal (14) and hydroxylamine (15) in DMF as a solvent containing 3—4 drops of glacial AcOH
yielded 5-(5-(6-hydroxy-2-ox0-2 H-chromen-4-yl)thiazolo[5,4-d]isoxazol-6(5 H)-yl)-2-methyl-
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thieno[3,4-d]pyrimidin-4(3H)-one (16) or 4-methyl-6-(5-phenylthiazolo[5,4-d]isoxazol-6-ylamino)-
2H-chromen-2-one (17), respectively (Schemes 5 and 6, Table 1).

Scheme 4. Synthesis of 3-(4-methyl-2-ox0-2 H-chromen-6-ylamino)-2-phenylthiazolidin-4-one (13).
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Method A: Microwave-assisted synthesis: Glacial AcOH, DMF as a solvent, 120 °C, 8-10 min.
Method B: Conventional synthesis: Glacial AcOH, DMF as a solvent, reflux 4-7 h.

Scheme 5. Synthesis of thiazolo[5,4-d]isoxazole derivative 16.
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Scheme 6. Synthesis of 4-methyl-6(5-phenylthiazolo[5,4-d]isoxazol-6-ylamino)-4a,8a-
dihydro-2H-chromen-2-one (17).
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Method A: Microwave-assisted synthesis: AcOH, DMF as a solvent, 120 °C, 8-10 min.
Method B: Conventional synthesis: AcOH, DMF as a solvent, reflux 4-7 h.

The IR spectrum of 16 showed absorption bands at 3453, 3263, 1,696 and 1681 cm™! corresponding
to O-Hsir, N-Hsir and two C=Oy:- functions, respectively. Its 'H-NMR spectrum showed two sharp singlet
signals at 6 4.95 and 8.14 and two broad singlet signals at 10.56 and 12.52 characteristic of thiazole-H2,
isoxazole-H3, NH and OH protons, respectively, besides a multiplet in the 6 7.28-7.80 ppm region
distinctive for aromatic protons. Its mass spectrum showed a molecular ion peak at m/z 452,
corresponding to its molecular formula (C20H12N205S2).

Moreover, the reactivity of the 4-thiazolidinone derivatives 11 and 13 a key intermediates for
the synthesis of fused thiazolo[4,5-d|pyrimidine derivatives has been investigated. Thus, a one-pot
three-component condensation reaction of 5-(2-(6-hydroxy-2-oxo-2H-chromen-4-yl)-4-oxothiazolidin-
3-yl)-2-methylthieno|3,4-d]pyrimidin-4(3H)-one (11) or 3-(4-methyl-2-0x0-2H-chromen-6-ylamino)-



Molecules 2014, 19 19654

3-phenylisothiazolidin-4-one (13) with benzaldehyde (12) and thiourea (18) proceeded smoothly in
DMF containing 3-4 drops of glacial AcOH acid via microwave assisted as well as conventional
synthesis to give 5-(2-(6-hydroxy-2-o0x0-2H-chromen-4-yl)-7-phenyl-5-thioxo-5,6,7,7a-
tetrahydrothiazolo[4,5-d|pyrimidin-3(2H)-yl)-2-methylthieno[3,4-d]pyrimidin-4(3H)-one ~ (19) or
6-(2,7-diphenyl-5-thioxo-5,6,7,7a-tetrahydrothiazolo[4,5-d]pyrimidin-3(2H)-ylamino)-4-methyl-4a,8a-
dihydro-2H-chromen-2-one (20), respectively, (Schemes 7 and 8, Table 1).

Scheme 7. Synthesis of 7-phenyl-5-thiazolo[4,5-d]pyrimidine derivative 9.
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Scheme 8. Synthesis of 2,7-diphenyl-5-thioxothiazolo[4,5-d]pyrimidine derivative 20.
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Method A: Microwave-assisted synthesis: AcOH, DMF as a solvent, 120 °C, 8-10 min.
Method B: Conventional synthesis: AcOH, DMF as a solvent, reflux 4-7 h.

In the IR spectrum of the latter product absorption bands were observed at 1378, 1684 and
3250-3486 cm! corresponding to (C=Ssr), (C=Os) and (N-Hgy) vibrations, respectively. The
"H-NMR spectrum of 19 indicated the presence of five singlet signals at § 2.41, 6.46, 6.51, 6.71, 12.20
and 12.52 ppm due the methyl, thiophene-HS, coumarin-H3, thiazole-H2, -NHCO- and OH groups,
respectively, and two doublets centered around 3.41 and 4.21 ppm attributed to the -NH-C=S of the
pyrimidine ring and pyrimidine-H6 respectively, and multiplet signals at 7.03—7.51 ppm due to aromatic
protons. Its mass spectrum showed a molecular ion peak at m/z 573, corresponding to a molecular
formula C27H19N40O4S3. The mass spectrum of 20 showed a molecular ion peak at m/z 498, corresponding
to a molecular formula C27H22N402So.

3. Experimental
3.1. General Information

6-Hydroxy-4-methyl-2H-chromen-2-one,  dimethyformamide dimethylacetal (DMF-DMA),
phosphoryl chloride, cyclohexanone, cyclopentanone, benzaldehyde, thioglycolic acid, glacial AcOH,
thiourea and N,N-dimethylformamide (DMF) were purchased from Sigma Aldrich (Seelze, Germany).
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Reaction progress was monitored by TLC on silica gel precoated F254 Merck plates (Merck, Dublin,
Ireland). Developed plates were examined with ultraviolet lamps (254 nm). All melting points were
determined on a Gallenkamp Electrothermal melting point apparatus and are uncorrected, IR spectra
were recorded as potassium bromide pellets using a FTIR Vector 22 spectrophotometer (Bruker,
Manasquan, NJ, USA). 'H-NMR and '3C-NMR spectra were recorded in DMSO-ds solvent,
respectively, on a WP spectrometer (300 MHz for 'H-NMR and 75 MHz for '3*C-NMR) (Bruker,
Marietta, GA, USA), and the chemical shifts are reported in & units downfield from TMS used as an
internal standard. Mass spectra were recorded on a MS-5988 spectrometer at 70 e.v. (Hewlett Packard,
Palo Alto, CA, USA). Elemental analysis was carried out at the Microanalytical Center of Cairo
University, Egypt.

3.2. Synthesis

3.2.1. General Procedure for Microwave-Assisted Synthesis of 6-Hydroxy-2-oxo0-2H-chromene-4-
carbaldehyde (2), Method A

An equimolar amount of 6-hydroxy-2-oxo-2H-chromene-4-carbaldehyde (1) (1 mmol) and selenium
dioxide (1 mmol) was added in DMF (volume) along with 2-3 drops of glacial AcOH. This mixture was
placed in a 100 mL round bottom flask and subjected to MW irradiation (800 W), at 120 °C temperature
for 6 min. The completion of the reaction progress was monitored by using TLC (5% ethyl acetate-n-
hexane). The product obtained was poured into crushed ice, filtered and washed with petroleum ether
and ethyl acetate (1:4, 3 x 10 mL). The combined solvent extracts were concentrated in vacuo. The
product was finally recrystallized from EtOH to afford product 2 in 97% yield.

3.2.2. General Procedure for Conventional Synthesis of 6-Hydroxy-2-oxo0-2H-chromene-4-
carbaldehyde (2), Method B

6-Hydroxy-2-oxo0-2H-chromene-4-carbaldehyde (1, 1 mmol) was dissolved in boiling DMF
containing 2-3 drops of glacial AcOH, and to this boiling solution was added portionwise, with stirring,
powdered selenium dioxide (1 mmol). After complete addition, boiling and stirring were continued for
3 h The completion of the reaction progress was monitored by using TLC (5% ethyl acetate-n-hexane).
The product obtained was poured into crushed ice, filtered and washed with petroleum ether and ethyl
acetate (1:4) (3 x 10 mL). The combined solvent extracts were concentrated in vacuo. The product was
recrystallized from EtOH to obtain pure product 2 as a yellow solid, in 85% yield; mp 217-219 °C; IR
(cm™): 1695, 1710 (2C=0g), 3431 (O-Hs); 'H-NMR: 6.70 (s, 1H, coumarin-H3, 7.70-7.98 (m, 3H,
Ar-H), 10.45 (s, 1H, CHO) and 12.01 (s, 1H, OH). 3C-NMR: 91.1 (coumarin-C3), 119.8, 125.7, 126.6,
128.8, 133.7 and 150.1 (benzene), 162.4 (C=0) and 192.5 (CHO). MS (m/z%) = 190 ([M]", 51%). Anal.
Calcd. for Ci10HsO4 (190.15): C, 63.16; H, 3.18; N33.66%. Found: C, 63.01; H, 3.10; N, 33.46%.
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3.2.3. Synthesis of 6-Chloro-2-ox0-2H-chromene-4-carbaldehyde (3)
Microwave-Assisted Synthesis, Method A

Compound 3 was prepared according to the general procedure 3.2.1 (Method A) described for
compound 2 via the reaction of an equimolar amount of 6-chloro-4-methyl-2 H-chromen-2-one (4, 1 mmol)
and selenium dioxide (1 mmol) to obtain pure product 3 in 96% yield.

Conventional Synthesis, Method B

Prepared according to the general procedure 3.2.2 (Method B) described for compound 2 via the
reaction of an equimolar amount of 6-chloro-4-methyl-2H-chromen-2-one (4, 1 mmol) and selenium
dioxide (1 mmol) to obtain pure product 3 in 75% yield.

Conventional Synthesis, Method C

To a stirred mixture of 6-hydroxy-2-oxo-2H-chromene-4-carbaldehyde (2, 1.90 g, 1 mmol) and
anhydrous EtOH (30 mL) was added dropwise POCI3 (5 mL) at 5-10 °C. The reaction mixture was then
stirred for an additional 1 h at room temperature and then heated for 2 h at 60 °C. After the reaction was
completed, the mixture was poured onto crushed ice (200 g) under vigorous stirring. The mixture was
kept overnight at 0 °C; resulted solid was collected by filtration and washed successively with water and
then was air-dried to provide 3, and finally recrystallized from EtOH, as an orange solid, in 60% yield;
mp 145-147 °C; IR (cm™'): 1695-1710 (2C=Og); 'H-NMR: 6.70 (s, 1H, coumarin-H3, 7.70-7.98 (m,
3H, Ar-H) and 10.35 (s, 1H, CHO). *C-NMR: 91.1 (coumarin-C3), 119.8, 125.7, 126.6, 128.8, 133.7
and 150.1 (benzene), 162.4 (C=0) and 189.5 (CHO). MS (m/z %) = 208 (M", 71%). Anal. Calcd for
Ci0HsClO3 (208.60): C, 57.58; H, 2.42; Cl, 17.00; O, 23.01%. Found: C, 56.48; H, 2.22; Cl, 16.89;
0, 22.81%.

3.2.4. Synthesis of 6-Chloro-4-methyl-2H-chromen-2-one (4), Method C

This compound was prepared according to the general procedure 3.2.2.3 (Method C) described for
compound 3 via the reaction of hydroxylcoumarin (1, 1 mmol) with POCI3 (5 mL) to afford 4 as a yellow
solid which recrystallized from a mixture of EtOH/ DMF (3:1) as yellow crystals; in 80% yield,
mp 236-238 °C; IR (cm™!): 1695-1710 (2 C=Os1); 'H-NMR: 2.48 (s, 3H, CH3), 6.63 (s, 1H, coumarin-H3,
7.02-7.53 (m, 3H, Ar-H). *C-NMR: 18.9 (Me), 115.6 (coumarin-C3), 119.8, 125.7, 126.6, 128.8, 133.7
and 150.1 (benzene), 161.4 (C=0). MS (m/z %) = 194 (M", 45%). Anal. Calcd for C10H7CIO2 (194. 61):
C, 61.72; H, 3.63; Cl, 18.22; O, 16.44%. Found: C, 61.67; H, 3.45; Cl, 18.13; O, 16.24%.

3.2.5. Synthesis of 6-Hydrazinyl-4-methyl-2 H-chromen-2-one (5)
Microwave-Assisted Synthesis, Method A

Prepared according to the general procedure 3.2.1 (Method A) described for compound 2 via the
reaction of an equimolar amount of 6-chloro-4-methyl-2H-chromen-2-one (4, 1 mmol) and hydrazine
hydrate (1 mmol) to obtain pure product 5 in 97% yield.
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Conventional Synthesis of 6-Hydrazinyl-4-methyl-2H-chromen-2-one (5), Method B

A mixture of chlorocoumarin 2 (1.90 g, I mmol) and hydrazine hydrate (0.5 mL, 1 mmol) in EtOH
(30 mL) containing triethylamine (0.1 mL) was refluxed at 80 °C for 4 h, the reaction mixture was
concentrated under reduced pressure and the residue washed with acidified cold water and then triturated
with MeOH. The pale yellow product was filtered, washed well with MeOH, in 85% yield; mp 126—128 °C.
IR: 1695 (C=Oyx), 3212-3423 (NH and NHay). 'H-NMR (DMSO-dp): 1.32 (s, 3H, CH3), 4.28 (br., s,
2H, NH2, D20-exchangeable), 7.21-7.65 (m, 3H, Ar-H), 9.21 (br., s, 1H, NH, D20-exchangeable);
BC-NMR (DMSO-ds): 19.7 (Me), 112.6 (coumarin-C3), 119.8, 125.7, 126.6, 128.8, 133.7 and 150.1
(benzene), 161.8 (C=0). Ms: m/z 190 (M", 70%). Anal. Calcd for C10H10N202 (190.20): C 63.15, H 5.30,
N 14.73%. Found: C 63.01, H 5.12, N 14.54%.

3.2.6. General Procedure for Microwave-Assisted Synthesis of Spiro Compounds 8a and 8b, Method A

An equimolar amount of hydroxycoumarin (1, 1 mmol), cyclopentanone (6a, 1 mmol) or
cyclohexanone (6b, 1 mmol) and malononitrile (7, 1 mmol) were reacted according to the general
procedure 3.2.1 (Method A) to give 8a,b. in 98% and 95% yields respectively.

3.2.7. General Procedure for Conventional Synthesis of Spiro Compounds 8a and 8b, Method B

An equimolar amount of hydroxylcoumarin (1, 1 mmol), cyclopentanone(6a, 1 mmol) or
cyclohexanone (6b, 1 mmol) and malononitrile (7, 1 mmol) were reacted according to the general
procedure 3.2.2 (Method B) to give 8a,b. in 78% and 82% yields respectively.

2"-Amino-10"-methyl-8"-oxo-5'"H-spiro[cyclopentane-1,1'-pyrano[3,2-f]chromene]-3"-carbonitrile (8a).
Brown crystals (EtOH/DMF (1:1)); mp 167-169 °C; IR (cm™!): 1695 (C=Osz), 2210 (CNy), 3363
(NHzg); 'H-NMR: 1.00-1.07 (m, 3H, Cy-H), 1.24-1,35 (m, 2H, Cy-H), 1.53-1.70 (m, 5H, Cy-H), 2.43
(s, 3H, CH»), 6.23 (s, 1H, coumarin-H3), 6.82 (br., s, 2H, NH2, D20-exchangeable), 7.42 (d, 1H, J =4,
Ar-H), 7.53 (d, 1H, J = 4, Ar-H). ’C-NMR: 23.7 (Me), 20.5, 24.4, 26.4, 35.2 (Cy-C), 112.6 (coumarin-C3),
117.4 (CN), 119.8, 125.7, 126.6, 128.8, 133.7, 150.1 (benzene), 67.1, 175.6 (Py-C), 160.8 (C=0). MS
(m/z%) =308 (M", 25%). Anal. Calcd for C1sH16N203(308.12): C, 70.12; H, 5.23; N, 9.09%. Found: C,
70.02; H, 5.11; N, 8.99%.

3"-Amino-10"-methyl-8"-oxo-8'H-spiro[cyclohexane-1,1"-pyrano[3,2-f]chromene]-2"-carbonitrile (8b).
Reddish brown crystals (EtOH/DMF (1:1)); mp 151-153 °C; IR (cm!): 1695 (C=Og), 2217 (CNyz),
3361 (NHze); 'H-NMR: 1.00-1.05 (m, 3H, Cy-H), 1.53-1.65 (m, 5SH, Cy-H), 1.66-1.70 (m, 2H, Cy-H),
2.43 (s, 3H, CH3), 6.43 (s, 1H, coumarin-H3, 6.72 (br., s, 2H, NH2, D20O-exchangeable), 7.42 (d, 1H,
J =4, Ar-H), 7.53 (d, 1H, J = 4, Ar-H). 3C-NMR: 23.7 (Me), 20.5, 24.4, 26.4, 35.2 (Cy-C), 112.6
(coumarin-C3), 117.4 (CN),119.8, 125.7, 126.6, 128.8, 133.7, 150.1 (benzene), 67.1, 175.6 (Py-C),
160.8 (C=0). MS (m/z%) = 322 (M", 57%). Anal. Calcd for C1o0H1sN203 (322.36): C, 70.69; H, 5.63; N,
8.69%. Found: C, 70.72; H, 5.46; N, 8.76%.
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3.2.8. Microwave-Assisted Synthesis of 5-(2-(6-Hydroxy-2-ox0-2H-chromen-4-yl)-4-oxothiazolidin-3-
yl)-2-methylthieno[3,4-d]pyrimidin-4(3H)-one (11)

An equimolar amount of 6-hydroxy-2-oxo-2H-chromene-4-carbaldehyde (2, 1 mmol), 5-amino-2-
methylthieno|[3,4-d]pyrimidin-4(3H)-one (9, 1 mmol) and thioglycolic acid (10, 1 mmol) was reacted
according to the general procedure 3.2.1 (Method A) to give 11.

3.2.9. Conventional Synthesis of Compound 11

An equimolar amount of 6-hydroxy-2-oxo-2H-chromene-4-carbaldehyde (2, 1 mmol), 5-amino-2-
methylthieno|[3,4-d]pyrimidin-4(3H)-one (9, 1 mmol) and thioglycolic acid (10, 1 mmol) were reacted
according to the general procedure 3.2.2 (Method B) to give 11 as a yellow solid, mp 251-253 °C; IR
(cm™): 1681-1708 (3 C=Ogz), 3156 (br, N-Hz), 3480 (O-Hyr); 'H-NMR): 2.43 (s, 3H, CH3), 3.97 (s,
2H, CH2 of thiazolidine), 6.46 (s, 1H, thiophene methine), 6.51 (s, 1H, Coum-H3), 6.61 (s, 1H,
thiazolidine-H2), 7.03-7.51 (m, 3H, Ar-H), 12.21 (s, br., 1H, -NH), 12.50 (s, 1H, OH). *C-NMR: 21.8
(CH3), 33.8 (C-5-thiazolidine), 117.4 (C-2-thiophene), 124 (C-3-thiophene), 126 (C-4-thiophene), 152.8
(C-5-thiophene), 161.2 (C-2-thiazolidine), 154.8 (C-2-pyrimidine), 161.0, 162.4, 171,2 (3C=0) and
119.8, 125.7, 126.6, 128.6, 133.7 and 150.1 (Ph). MS (m/z %) = 427 (M", 60%). Anal. Calcd for
C19H13N3058S2 (427.45): C, 53.39; H, 3.07; N, 9.83%. Found: C, 53.21; H, 3.01; N, 9.67%.

3.2.10. Microwave-Assisted Synthesis of 3-((4-Methyl-2-0x0-2 H-chromen-6-yl)amino)-2-phenyl-
thiazolidin-4-one (13)

An equimolar amount of 6-hydrazinyl-4-methyl-2/H-chromen-2-one (5, 1 mmol), benzaldehyde
(12, 1 mmol), and thioglycolic acid (10, I mmol) were reacted to according to the general procedure
3.2.1 (Method A) to give 13.

3.2.11. Conventional Synthesis of Compound 13

Equimolar amounts of 6-hydrazinyl-4-methyl-2H-chromen-2-one (5, 1 mmol), benzaldehyde (12,
1 mmol), and thioglycolic acid (10, 1 mmol) were reacted according to the general procedure 3.2.2
(Method B) to give 13 as a brown solid, mp 278-280 °C; IR (cm™'): 1681-1708 (2 C=Osz), 3280
(br, N-Hg»); 'TH-NMR: 2.43 (s, 3H, CH3), 3.95 (s, 2H, CH> of thiazolidine), 6.23 (s, 1H, Coum-H3), 5.91
(s, br., 1H, -NH-), 5.91 (s, 1H, thiazolidine-H2), 7.03-7.51 (m, 8H, Ar-H). *C-NMR: 19.1 (CH3), 36.0
(C-5-thiazolidine), 58.2 (C-2-thiazolidine), 160.1, 170.4 (2C=0) and 119.8, 125.7, 126.6, 128.6 and
133.7, 150.1 (Ph). MS (m/z %) = 352 (M", 65%). Anal. Calcd for C19H16N203S (352.41): C, 64.76; H,
4.58; N, 7.95%. Found: C, 64.56; H, 4.32; N, 7.87%.

3.2.12. General Procedure for Microwave-Assisted Synthesis of Thiazolo[5,4-d]isoxazole Derivatives
16 and 17, Method A

Equimolar  amounts of  5-(2-(6-hydroxy-2-oxo-2H-chromen-4-yl)-4-oxothiazolidin-3-yl)-2-
methylthieno|[3,4-d]pyrimidin-4(3H)-one (11, 1 mmol) or 3-(4-methyl-2-0x0-2H-chromen-6-ylamino)-
2-phenylthiazolidin-4-one (13, 1 mmol), dimethylformamide-dimethylacetal (DMF-DMA) (14, 1 mmol),
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and hydroxylamine (15, 1 mmol) were reacted according to the general procedure 3.2.1 (Method A) to
afford pure products 16 and 17, respectively.

3.2.13. General Procedure for Conventional Synthesis of Synthesis of Thiazolo[5,4-d]isoxazole
Derivatives 16 and 17, Method B

Equimolar amounts of  5-(2-(6-hydroxy-2-oxo0-2H-chromen-4-yl)-4-oxothiazolidin-3-yl)-2-
methylthieno|3,4-d]pyrimidin-4(3H)-one (11, 1 mmol) or 3-(4-methyl-2-0x0-2 H-chromen-5-ylamino)-
2-phenylthiazolidin-4-one (13), dimethylformamide-dimethylacetal (DMF-DMA) (14, 1 mmol), and
hydroxylamine (15, 1 mmol) were reacted according to the general procedure 3.2.2 (Method B) to obtain
pure products 16 and 17, respectively.

5-(5-(6-Hydroxy-2-oxo-2H-chromen-4-yl)thiazolo[5,4-d]isoxazol-6(5H)-yl)-2-methylthieno-[3,4-d]-
pyrimidin-4(3H)-one (16). Pale brown solid, mp 210213 °C; IR (cm™): 1681, 1696 (2 C=Og), 3263
(br, N-Hgr), 3453 (O-Hger); 'H-NMR: 2.71 (s, 3H, CH3), 4.95 (s, 1H, thiazole-H2), 6.42 (s, 1H, methine
of thiophene-HS5), 7.28-7.80 (m, 3H, Ar-H), 8.14 (s, 1H, isoxazole-H3), 10.56 (s, br., 1H, -NH), 12.52
(s, 1H, OH). *C-NMR: 21.4 (CH3), 70.71 (C-2-thiazole), 100.0 (C-5-thiazole), 125.0 (C-4-thiophene),
129.4 (C-5-thiophene), 137.0 (C-2-thiophene), 142.0 (C-3-thiophene), 150.0 (C-3-isoxazole), 154.5
(C-2-pyrimidine), 160.8, 161.0 (2C=0) and 109.8, 125.7, 126.6, 128.6 and 133.7, 150.1 (Ph).
MS (m/z %) = 452 (M", 25%). Anal. Calcd for C20H12N4OsS2 (452.46): C, 53.09; H, 2.67; N, 12.38%.
Found: C, 53.01; H, 2.56; N, 12.23%.

4-Methyl-6-(5-phenylthiazolo[5,4-d]isoxazol-6-ylamino)-4a,8a-dihydro-2H-chromen-2-one (17). Brown
solid, mp 182-184 °C; IR (cm™!): 1681 (C=Og), 3263 (br, N-Hgr); 'H-NMR: 2.43 (s, 3H, CH3), 4.95 (s,
1H, thiazole-H2), 6.43 (s, 1H, Coum-H3), 5.93 (s, br., 1H, -NH-), 7.03-7.51 (m, 8H, Ar-H), 8.17 (s, 1H,
isoxazole-H3). >*C-NMR: 19.1 (CH3), 72.4 (C-2-thiazole), 100.0 (C-5-thiazole), 150.0 (C-3-isoxazole),
160.8 (C=0) and 119.8, 125.7, 126.6, 128.6 and 133.7, 150.1 (Ph). MS (m/z %) =377 (M", 35%). Anal.
Calcd for C20H1sN303S (377.42): C, 63.65; H, 4.01; N, 11.13%. Found: C, 63.53; H, 3.98; N, 11.02%.

3.2.14. General Procedure for Microwave-Assisted Synthesis of Thiazolo[4,5-d|pyrimidine
Derivatives 19 and 20, Method A

An equimolar amount of 5-(2-(6-hydroxy-2-oxo-2H-chromen-4-yl)-4-oxothiazolidin-3-yl)-2-
methylthieno[3,4-d]pyrimidin-4(3H)-one (11, 1 mmol) or 3-(4-methyl-2-0x0-2H-chromen-6-ylamino)-
2-phenylthiazolidin-4-one (13), benzaldehyde 12 (1 mmol) and thiourea 18 was reacted according to the
general procedure 3.2.1 (Method A) to give pure products 19 and 20, respectively.

3.2.15. General Procedure for Conventional Synthesis of Thiazolo[5,4-d]isoxazole Derivatives 19 and
20, Method B

Equimolar  amount of  5-(2-(6-hydroxy-2-oxo-2H-chromen-4-yl)-4-oxothiazolidin-3-yl)-2-
methylthieno|[3,4-d]pyrimidin-4(3H)-one (11, 1 mmol) or 3-(4-methyl-2-0x0-2H-chromen-6-ylamino)-
2-phenylthiazolidin-4-one (13), benzaldehyde (12) and thiourea (18) was reacted according to the
general procedure 3.2.1 (Method A) to afford pure products 19 and 20, respectively.
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5-(2-(6-Hydroxy-2-ox0-2H-chromen-4-yl)-7-phenyl-5-thioxo-5,6,7,7a-tetrahydrothiazolo[4,5-d]pyrimidin-
3(2H)-yl)-2-methylthieno[3,4-d]pyrimidin-4(3H)-one (19). Yellow solid, mp 198-200 °C; IR (cm™!):
1378 (C=Ss), 1684 (C=Og), 3250-3486 (br, 2NHy»); '"H-NMR: 2.41 (s, 3H, CH3), 3.20 (d, 1H,
thiazole-HS), 3.41 (d, 1H, NH-CS-), 4.21 (d, 1H, pyrimidine-H6), 6.46 (s, 1H, thiophene-H5), 6.51 (s,
1H, Coum-H3), 6.71 (s, 2H, thiazole-H2), 7.03-7.51 (m, 8H, Ar-H), 12.20 (s, br., 1H, pyrimidine-NH),
12.52 (s, 1H, OH). 3*C-NMR: 21.4 (CH3), 33.8 (C-5-thiazole), 117.4 (C-2-thiophene), 124 (C-3-thiophene),
126 (C-4-thiophene), 152.8 (C-5-thiophene), 161.2 (C-2-thiazole), 154.8 (C-2-pyrimidine), 160.8, 161.0
(2C=0) and 119.8, 125.7, 126.6, 128.6, 133.7, 150.1 (Ph), 187.0 (C=S). MS (m/z%) = 573 (M", 45%).
Anal. Calcd for C27H19Ns504S3 (573.67): C, 56.53; H, 3.34; N, 12.21; S, 16.77%. Found: C, 56.27; H,
3.21; N, 11.89; S, 16.46%.

6-(2,7-Diphenyl-5-thioxo-5,6,7, 7a-tetrahydrothiazolo[4,5-d] pyrimidin-3(2H)-ylamino)-4-methyl-2 H-
chromen-2-one (20). Yellow crystals, mp 217-219 °C; IR (cm™!): 1378 (C=Ssx), 1684 (C=Osz), 3250-3486
(br, 2NHsx); 'TH-NMR: 2.43 (s, 3H, CH3), 3.20 (d, 1H, thiazole-H5), 3.41 (d, 1H, pyrimidine-NH), 4.2
(d, 1H, pyrimidine-H6), 4.95 (s, 2H, thiazole-H2), 6.23 (s, 1H, Coum-H3), 5.91 (s, br., 1H, -NH-), 7.03-7.51
(m, 13H, Ar-H). *C-NMR: 19.4 (CH3), 68.0 (C-2-thiazole), 164.0 (C-5-thiazole), 160.8 (C=0) and 119.8,
125.7,126.6, 128.6 and 133.7, 150.1 (2Ph), 187.0 (C=S). MS (m/z%) = 498 (M", 70%). Anal. Calcd for
C27H22N402S2 (489.62): C, 65.04; H, 4.45; N, 11.24; S, 12.86%. Found: C, 64.86; H, 4.34; N, 11.12;
S, 12.67%.

3.3. Antimicrobial Evaluation

Some strains of bacteria and fungi were obtained from Assiut University Mycological Center
(AUMC) and other strains were obtained from Aswan Teaching Hospital, Aswan, Egypt. All the
synthesized compounds were screened for their in vitro antimicrobial activity, against three Gram
positive bacteria; (BS): B. subtilis (MTCC 443); (CT): C. tetani (MTCC 449); (SP): S. pneumoniae
(MTCC 1936); three Gram negative bacteria; (EC): E. coli (MTCC 440); (ST): S. typhi (MTCC 98);
(VCO): V. cholerae (MTCC 3906); and two fungal strains; (AF): 4. fumigates (MTCC 3008); (CA): C.
albicans (MTCC 227). The results are presented in Table 1, expressed in the form of MIC in ug mL. The
antibacterial activity of compounds was monitored by observing their Minimum Inhibitory
Concentration (MIC, pg/mL) as previously mentioned by broth dilution method [33] with A: ampicillin;
B: ciprofloxacin; C: norfloxacin; D: chloramphenicol as control drugs. The antifungal study was carried
out by the standard agar dilution method with E: nystatin and F: griseofulvin as control drugs, DMSO,
which exhibited no activity against any of the used organisms, was used as a blank, (Table 2).

An examination of the data prescribed in Table 1 revealed that, some of the compounds were
more potent or equipotent to the standard drugs against the Gram-positive bacteria C. tetani and a few
against S. pneumoniae and B. subtilis. Against the Gram-positive bacteria B. subtilis, compound 17
(MIC = 65.5 ug'mL ") was found to be more potent, whereas 2, 4, 8b, 13, and 20 (MIC =250 pg-mL™")
shows comparable activity to ampicillin (MIC = 250 pg-mL™'). Moreover, compound 17
(MIC = 65.5 ng'mL™") was found to more active as compared to norfloxacin (MIC = 100 pug-mL™).
Against C. tetani, compounds 3, 11, 17 and 19 (MIC =100 pug/mL), and 4, 5, 8a and 13 (MIC =200 ug-mL™")
were found to be more potent, whereas 20 (MIC = 250 pg-mL™') showed comparable activity to
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ampicillin (MIC = 250 ug-mL™"), while compounds 3, 11, 17 and 19 (MIC = 100 pg-mL") were equally
potent as compared to ciprofloxacin (MIC = 100 ug-mL™'). Against S. pneumoniae, compound 16
(MIC = 50 pg-mL™") showed comparable activity to chlormphenicol and ciprofloxacin (MIC = 50 pg-mL™).

Table 2. Antimicrobial activity of compounds 1-20 (minimum inhibitory concentration

(MIC) pg mL).
Gram-Positive Bacteria Gram-Negative Bacteria Fungal Species
Compound
(BS) (CT) (SP) (EC) (ST) VO) (AF) (CA)
1 500 500 500 250 500 500 1000 >1000
2 250 500 250 500 500 100 500 100
3 1000 100 500 250 500 200 250 100
4 250 200 250 500 250 200 500 250
5 500 200 500 250 250 200 500 500
8a 500 200 500 100 500 250 250 250
8b 250 500 250 100 100 250 1000 500
11 500 100 500 250 65.5 250 1000 1000
13 250 200 250 250 250 200 500 250
16 500 500 50 250 500 500 1000 500
17 65.5 100 250 100 65.5 200 1000 1000
19 500 100 500 200 500 200 500 500
20 250 250 500 100 65.5 250 250 250
A 250 250 100 100 100 100 0 0
B 50 100 50 25 25 25 0 0
C 100 50 10 10 10 10 0 0
D 50 50 50 50 50 50 0 0
E 0 0 0 0 0 0 100 100
F 0 0 0 0 0 0 100 500

A: ampicillin; B: ciprofloxacin; C: norfloxacin; D: chloramphenicol; E: nystatin; F: griseofulvin. “0” represents
“not tested”.

Towards the Gram-negative strain E. coli, compounds 8a, 8b, 17 and 20 (MIC = 100 pg-mL™")
showed comparable activity to ampicillin (MIC = 100 pg-mL™'). Compounds 11, 17 and 20
(MIC = 65.5 ng-mL™") were more potent, whereas 8b (MIC = 100 pg-mL ") showed comparable activity
to ampicillin (MIC = 100 ng-mL™") towards S. fyphi. Also the compound 20 (MIC = 100 pg/mL~") show
comparable activity, to ampicillin (MIC = 100 ug/mL™") towards V. cholerae.

Against the fungal pathogen C. albicans, compounds 3 (MIC = 100 pg-mL™") 4, 8a, 13 and 20
(MIC =250 pg-mL ") showed good to excellent activity, whereas 2, 5, 8b, 16 and 19 (MIC = 500 pg-mL™")
were equipotent to griseofulvin (MIC = 500 pg-mL™"). Compound 3 (MIC = 100 pg-mL™") was found
equipotent to nystatin towards C. albicans. The remaining compounds showed moderate to good activity
in the inhibition of the growth of bacterial pathogens and were all less effective than the standard drugs.

4. Conclusions

In summary, an efficient synthesis of some new 2H-chromene derivatives 1-20 bearing the
phenylthiazolidinone nucleus via a facile one-pot three-component reaction under microwave irradiation
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as well as conventional chemical synthesis processes has been reported. Most of the synthesized
compounds showed mild to moderately active against the C. tetani, a gram positive strain and E. coli, a
gram negative strain. The antifungal activity of the compounds shows that most of the compounds were
more potent against C. albicans than against A. fumigatus. Compounds 3, 4, 8a, 13 and 20 exhibited
remarkable antifungal activity against C. albicans.
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