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A series of methylene-bis-tetrahydro[1,3]thiazolo[4,5-c]isoxazoles 6 were synthesized by the reaction of
chalcone derivative of methylene-bis-thiazolidinone 5 with hydroxylamine hydrochloride. The chemical
structures of newly synthesized compounds were elucidated by IR, 1H, 13C NMR, MS and elemental
analyses. The compounds 6aeg were evaluated for their nematicidal activity against Ditylenchus myce-
liophagus and Caenorhabditis elegans, compound 6e and 6f showed appreciable nematicidal activity.
Further the compounds 6aeg were screened for their antifungal activity against Candida albicans (ATCC
10231), Aspergillus fumigatus (HIC 6094), Trichophyton rubrum (IFO 9185) and Trichophyton menta-
grophytes (IFO 40996). The compounds 6b and 6f displayed notable antifungal activity against all the
microorganisms employed. The activity of these two compounds is almost equal to the standard. It is also
interesting to note that the compounds 6b, 6f and 6g showed activity towards C. albicans at the
concentration of 3.75 mM, which is less than the concentration of the standard Amphotericin B.

� 2010 Elsevier Masson SAS. All rights reserved.
1. Introduction

Thiazoles are familiar group of heterocyclic compounds pos-
sessing a wide variety of biological activities and their utility as
medicine is very much established [1]. Thiazole nucleus is also
integral part of all the available penicillins which have revolution-
ized the therapy of bacterial diseases [2]. Further the chemistry of
thiazolidinone ring system is of considerable interest as it is a core
structure in various synthetic pharmaceuticals displaying a broad
spectrum of biological activities [3]. The thiazolidinone nucleus
also appears frequently in the structure of various natural products,
notably thiamine, compounds possessing cardiac and glycemic
benefits such as troglitazone [4] and many metabolic products of
fungi and primitive marine animals, including 2-(aminoalkyl)-
thiazole-4-carboxylic acids [5]. Numerous thiazolidinone deriva-
tives have shown significant bioactivities such as antidiarrhoeal [6],
anticonvulsant [7], antimicrobial [8], antidiabetic [9], antihista-
minic [10], anticancer [11], anti HIV [12], Ca2þ channel blocker [13],
PAF antagonist [14], cardioprotective [15], antiischemic [16], COX
inhibitory [17], anti-platelet activating factor [18], non-peptide
thrombin receptor antagonist [19], tumor necrosis factor-a antago-
nist [20] and nematicidal activities. Moreover, isoxazole derivatives
are an important class of bioactive molecules, which exhibit
.
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significant activities such as antifungal [21], Ab precursor protein
[22], protein tyrosine phosphatase 1B inhibitors [23], antiviral [24],
antihelmintics [25], anti-inflammatory [26], anticonvulsant [27],
insecticidal [28], antitubercular [29], immunomodulatory [30] and
hypolipemics [31].

Nematodes are tiny worms, some of them are plant parasites,
and can play an important role in the predisposition of the host
plant to the invasion by secondary pathogens [32]. Plants attacked
by nematodes show retarded growth and development, as well as
loss in the quality and quantity of the harvest. The nematicide use is
slated for reduction due to environmental problems, and human
and animal health concerns. For example, effective nematicides
such as DBCP (dibromochloropropane) and EDB (ethyl-
enedibromide) have been withdrawn from the market due to their
deleterious effects on humans and the environment. Methyl
bromide, themost effective andwidely used fumigant for soil borne
pests, including nematodes, has already been banned. The use of
nonfumigant nematicides, based on organophosphates and carba-
mates, is expected to increase the withdrawal of methyl bromide,
which will bring about new environmental concerns. In fact, the
highly toxic aldicarb used to control insects and nematodes has
been detected in ground water [33]. Therefore, alternative nema-
tode control methods or less toxic nematicides need to be devel-
oped [34]. Oneway of searching for such nematicidal compounds is
to screen naturally occurring compounds in plants. Several such
compounds, e.g. alkaloids, phenols, sesquiterpenes, diterpenes,
polyacetylenes and thienyl derivatives have nematicidal activity
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[35]. For example, a-terthienyl is a highly effective nematicidal
compound [36]. Other compounds with nematicidal activity have
been isolated from plants, mainly from the family Asteraceae [35].
However, compounds of plant origin and their analogs have not
been developed into commercial nematicides, hence there is a need
to develop commercial synthesis.

Following the successful introduction of antimicrobial and
nematicidal agents, inspired by the biological profile of thio-
zolidinones, isoxazoles and their increasing importance in phar-
maceutical and biological fields, and in continuation of our research
on biologically active heterocycles [37], and in order to enhance the
biological activity of both isoxazole and thiazolidinone, it was
thought of interest to accommodate thiazolidinone and isoxazole
moieties in a single molecular frame work. In this article, we wish
to report the synthesis of a new class of methylene-bis-tetrahydro
[1,3]thiazolo[4,5-c]isoxazoles 6 in good yields from methylene-bis-
thiazolidinones 4 through their chalcone derivatives 5 (Schemes 1
and 2) and their evaluated in vitro antifungal and nematicidal
activity.
2. Chemistry

The key intermediate, 4 required for the synthesis of title
compounds was prepared according to the procedure outlined in
the Scheme 1. Condensation of salicylaldehyde 1 with trioxane in
the presence of a mixture of conc. H2SO4 and AcOH gave methy-
lene-bis-salicylaldehyde 2 in good yield [38]. Compound 2 was
then reacted with methyl iodide in the presence of K2CO3 in DMF
at room temperature to give 5-(3-formyl-4-methoxybenzyl)-2-
methoxybenzaldehyde 3. The one-pot synthesis of methylene-
bis-thiazolidinone derivatives 4 was carried out by the con-
densationecyclization reaction between compound 3, primary
aromatic amine and mercaptoacetic acid in the presence of ZnCl2
under microwave irradiation/conventional heating conditions
(Scheme 1). In the "classical" method, the reactions were per-
formed in dry toluene at reflux for a long time (2e4 h), often
leading to degradation processes and consequent low yields of
isolated products, whereas with the application of microwave
assisted technology, the reaction completed in 5e7 min and the
compounds, isolated by conventional work-up, obtained in satis-
factory yields, often higher than those achieved by the traditional
methods [37k]. Compound 4 was then reacted with p-fluo-
robenzaldehyde in the presence of anhydrous NaOAc in glacial
AcOH at reflux temperature to give chalcone derivatives of meth-
ylene-bis-thiazolidinones 5. Compound 5 on cyclo condensation
with hydroxylamine hydrochloride in the presence of anhydrous
NaOAc in glacial AcOH at reflux temperature gave methylene-bis-
tetrahydro[1,3]thiazole[4,5-c]isoxazole derivative 6 in good to
excellent yields (Scheme 2). The structures of the synthesized
compounds were confirmed by their IR, 1H, 13C, MS and elemental
analyses.
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Scheme 1. Reagents and conditions: (i) trioxane, H2SO4/AcOH, reflux, 81%; (ii) MeI, K2
3. Results and discussion

In the present work, a series of new compounds were synthe-
sized, Schemes 1 and 2 illustrates the path used for the preparation
of target compounds. As starting materials, salicylaldehyde and
trioxane were used to prepare thiazolo-isoxazole derivatives. The
structure of the compounds was elucidated by IR, 1H, 13C NMR, MS
and elemental analyses. In the IR spectra of compounds 6aeg,
disappearance of amide carbonyl (C]O) absorption band at
w1700 cm�1, which was present in compound 5, confirmed the
cyclization or involvement of a,b-unsaturated carbonyl system. The
C]N, NeO bands of the isoxazole moiety were observed at about
1600 and 1470 cm�1 respectively.

In the 1H NMR spectra of compounds 6aeg, recorded in DMSO-
d6, the signal due to methylene bridge protons appeared at
3.98e4.06 ppm as a singlet, the NeCHeS proton of thiazole ring at
7.37e7.40 ppm as a doublet, 5-CH fused proton at 4.70e4.80 ppm
as a doublet and CHeO proton of isoxazole ring at 5.70e5.80 ppm
as a doublet. These signals demonstrate that the cyclization step
had occurred. All the other aromatic and aliphatic protons of 6aeg
were observed at the expected regions.

In the 13C NMR spectrum of compounds 6aeg, recovered in
DMSO-d6, the prominent signals corresponding to the carbons of
thiazolo-isoxazole ring in all compounds observed nearly at 59.2,
64.7, 80.2 and 145.7 ppm, are proof of further evidence of their
structures. Mass spectra of all the synthesized compounds showed
Mþ/Mþ1 peaks, in agreement with their molecular formulae.

4. Pharmacology

4.1. Antifungal studies

The newly prepared compounds 6aeg were screened for their
antifungal activity against four fungal organisms viz. Candida albi-
cans (ATCC 10231), Aspergillus fumigatus (HIC 6094), Trichophyton
rubrum (IFO 9185) and Trichophyton mentagrophytes (IFO 40996) by
the broth dilution method, recommended by National Committee
for Clinical Laboratory Standards (NCCLS) [39]. The antifungal
activity of each compound was compared with the standard drug
Amphotericin B. Minimum inhibitory concentration (MIC, mM) was
measured and compared with controls; the MIC values of the
compounds screened are presented in Table 1.

The antifungal screening data showed moderate activity of the
test compounds, among the screened 6b and 6f in which thiazolo-
isoxazole moiety bearing p-chlorophenyl and p-fluorophenyl
nucleus on nitrogen respectively showed high activity against all
the microorganisms employed. The activities of these two
compounds are almost equal to the standard. It is also interesting to
note that the compounds 6b, 6f and 6g showed activity towards C.
albicans at the concentration of 3.75 mM, which is less than the
concentration of the standard Amphotericin B. The remaining
compounds showed moderate to good antifungal activity. Further,
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Scheme 2. Reagents and conditions: (iv) 4-FeC6H4eCHO, AcOH/NaOAc, reflux, 82e88%; (v) NH2OH.HCl, NaOAc/AcOH, reflux, 78e84%.
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the antifungal activities of dimeric compounds 6aeg were
compared to their monomeric compounds. The results reveal that
almost all the dimeric compounds showed enhanced activity than
their monomeric compounds (Table 1).

4.2. Nematicidal studies

The compounds synthesized 6aeg in this study were also
screened for their nematicidal activity against Ditylenchus mycelio-
phagus and Caenorhabditis elegans by aqueous in vitro screening
technique [40] at various concentrations. The nematicidal activity of
each test compound was compared with the standard drug Levami-
sole. The results have been expressed in terms of LD50 i.e. median
lethal dose at which 50% nematodes became immobile (dead). The
screeneddata reveal that, compounds6eand6f are themost effective
againstD.myceliophagus andC. eleganswith LD50190and 220�10�6,
respectively, the other test compounds showed moderate activity.
The LD50 values of the compounds screened are presented in Table 1.

5. Conclusion

In conclusion, a series of a new class of methylene-bis-tetrahy-
dro[1,3]thiazolo[4,5-c]isoxazole 6aeg has been synthesized. The
antifungal activity of these compounds was evaluated against
various fungi. Among the synthesized compounds 6b and 6f
showed good activity against test fungi and emerged as potential
molecules for further development. The compounds were also
evaluated for their nematicidal activity, 6e and 6f showed an
appreciable nematicidal activity.

6. Experimental section

Research chemicals were either purchased from Aldrich Co. or
Fluka and usedwithout further purification in the reactions or were
Table 1
Antifungal and Nematicidal activity of compounds 6aeg.

Compd. Antifungal activity

Minimum inhibitory concentration (MIC, mM)

Candida albicans Aspergillus fumigatus Trichophton r

6a 30.0a (120.0)b 60.0a (d)b 30.0a (d)b

6b 3.75 (30.0) 3.75 (30.0) 3.75 (30.0)
6c 15.0 (30.0) 30.0 (60.0) 30.0 (120.0)
6d 7.50 (60.0) 30.0 (120.0) d (�)
6e 15.0 (60.0) 15.0 (60.0) 7.50 (�)
6f 3.75 (120.0) 3.75 (60.0) 3.75 (60.0)
6g 3.75 (60.0) 3.75 (30.0) 3.75 (15.0)
Amphotericin B 7.50 3.75 3.75
Levamisole d d d

dIndicates fungi are resistant to the compound >120 mM conc.
a Activity of dimeric compounds.
b Activity of their monomeric compounds.
prepared according to procedures described in the literature.
Reactions were monitored by thin layer chromatography (TLC) on
silica gel plated (60 F254; Merck) visualizing with ultraviolet light or
iodine. Column chromatography was performed on silica gel 60
(0.043e0.060 mm), Merck. Melting points were determined with
a FishereJohns apparatus and are uncorrected. IR spectra were
recorded on a PerkineElmer FTIR 5000 spectrometer, using KBr
pellet. 1H, 13C NMR spectra were recorded on a Varian Gemini
spectrometer, operating at 300, 75 MHz respectively. Chemical
shifts (d) are reported in parts per million downfield from tetra-
methyl silane. Mass spectra were obtained on a VG micro mass
7070H spectrometer. Elemental analyses were performed on
a PerkineElmer 240 CHN elemental analyzer.
6.1. 5-[(Z)-1-(4-Fluorophenyl)methylidene]-2-[5-(3-5-
[(Z)-1-(4-fluorophenyl)methylidene]-4-oxo-3-phenyl-1,3-
thiazolan-2-yl-4-methoxybenzyl)-2-methoxyphenyl]-3-phenyl-1,3-
thiazolan-4-one (5a)

A mixture of compound 4a (0.01 mol), p-fluorobenzaldehyde
(0.02 mol) and sodium acetate (0.01 mol) in anhydrous glacial
acetic acid (20 mL), was refluxed for 3 h. The reaction mixture was
concentrated and then poured into ice cold water, the solid thus
separated, was filtered, washed with water and crystallized from
glacial acetic acid to afford pure 5a (83% yield) as yellow solid: m.p.
145e47 �C; IR (KBr): 3026, 2985, 1721, 1535, 1482, 686 cm�1; 1H
NMR (DMSO-d6): d 3.81 (s, 2H, CH2), 4.11 (s, 6H, OCH3), 6.61 (d,
J ¼ 9.1 Hz, 2H, ArH), 6.69 (s, 2H, ArH), 6.87e6.92 (m, 6H,
ArH þ CHeS), 7.09 (d, J ¼ 9.1 Hz, 2H, ArH), 7.21e7.30 (m, 6H, ArH),
7.40e7.45 (m, 8H, ArH), 7.80 (s, 2H, CH]C); 13C NMR (DMSO-d6):
d 42.0, 56.0, 64.1, 112.7, 117.0, 122.7, 124.9, 126.3, 128.4, 128.9, 129.7,
130.4, 131.1, 134.5, 135.6, 137.9, 140.8, 154.0, 161.8, 165.7; MS: m/z
795 (Mþ þ1). Anal. Calcd. for C45H36F2N2O4S2: C, 71.01; H, 4.56; N,
Nematicidal activity

LD50 values ( � 10�6)

ubrum Trichophyton mentagrophytes D. myceliophagus C.elegans

60.0a (d)b 790 760
3.75 (30.0) 850 770
7.50 (30.0) 560 360
15.0 (120.0) 600 550
7.50 (60.0) 190 240
3.75 (60.0) 270 220
3.75 (30.0) 950 870
3.75 d d

d 160 180
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3.52. Found: C, 69.91; H, 4.51; N, 3.55. The other compounds 5beg
were also prepared by the similar procedure.

6.2. 3-(4-Chlorophenyl)-2-[5-(3-3-(4-chlorophenyl)-5-[(Z)-
1-(4-fluorophenyl)methylidene]-4-oxo-1,3-thiazolan-2-yl-4-
methoxybenzyl)-2-methoxyphenyl]-5-[(Z)-1-(4-fluorophenyl)
methylidene]-1,3-thiazolan-4-one (5b)

This compound was obtained as dark yellow solid: m.p.
153e55 �C; IR (KBr): 3035, 2989,1719,1535,1182, 747, 686 cm�1; 1H
NMR (DMSO-d6): d 3.81 (s, 2H, CH2), 4.12 (s, 6H, OCH3), 6.61 (d,
J ¼ 9.1 Hz, 2H, ArH), 6.69 (s, 2H, ArH), 6.92 (s, 2H, CHeS), 7.12 (d,
J ¼ 9.1 Hz, 2H, ArH), 7.23e7.29 (m, 8H, ArH), 7.51 (d, J ¼ 8.3 Hz, 4H,
ArH), 7.63 (d, J ¼ 8.6 Hz, 4H, ArH), 7.71 (s, 2H, CH]C); 13C NMR
(DMSO-d6): d 42.0, 56.1, 64.0, 112.7, 117.0, 122.7, 124.9, 126.6, 127.1,
128.9, 130.6, 131.7, 133.4, 134.5, 135.3, 137.9, 139.1, 154.0, 161.8,
165.7; MS: m/z 864 (Mþ). Anal. Calcd. for C47H34Cl2F2N2O4S2: C,
65.35; H, 3.97; N, 3.24. Found: C, 65.37; H, 3.91; N, 3.19.

6.3. 5-[(Z)-1-(4-Fluorophenyl)methylidene]-2-(5-3-[5-[(Z)-1-(4-
fluorophenyl)methylidene]-3-(4-nitrophenyl)-4-oxo-1,3-thiazolan-
2-yl]-4-methoxybenzyl-2-methoxyphenyl)-3-(4-nitrophenyl)-1,3-
thiazolan-4-one (5c)

This compoundwas obtained as brown solid: m.p.189e91 �C; IR
(KBr): 3036, 2995, 1720, 1542, 1535, 1340, 1187, 684 cm�1; 1H NMR
(DMSO-d6): d 3.80 (s, 2H, CH2), 4.19 (s, 6H, OCH3), 6.57e6.60 (4H, m,
ArH), 6.92 (s, 2H, CHeS), 7.14 (d, J ¼ 9.1 Hz, 2H, ArH), 7. 32 (d,
J ¼ 8.4 Hz, 4H, ArH), 7.47 (d, J ¼ 8.4 Hz, 4H, ArH), 7.70e7.80 (m, 6H,
ArH þ C]CH), 8.18 (d, J ¼ 8.7 Hz, 4H, ArH); 13C NMR (DMSO-d6):
d 42.0, 56.1, 64.0, 112.5, 117.1, 123.1, 125.1, 126.7, 128.0, 128.7, 129.3,
130.7, 134.5, 135.2, 137.8, 145.6, 146.3, 154.0, 161.7, 165.6; MS: m/z
884 (Mþ). Anal. Calcd. for C47H34F2N4O8S2: C, 63.79; H, 3.87; N, 6.33.
Found: C, 63.73; H, 3.89; N, 6.27.

6.4. 5-[(Z)-1-(4-Fluorophenyl)methylidene]-2-(5-3-[5-[(Z)-1-(4-
fluorophenyl)methylidene]-3-(4-methylphenyl)-4-oxo-1-3-
thiazolan-2-yl]-4-methoxybenzyl-2-methoxyphenyl)-3-(4-
methylphenyl)-1,3-thiazolan-4-one (5d)

This compoundwas obtained as brown solid: m.p. 167e69 �C; IR
(KBr): 3062, 2990, 1720, 1530, 1270, 685 cm�1; 1H NMR (DMSO-d6):
d 2.10 (s, 6H, CH3), 3.81 (s, 2H, CH2), 4.10 (s, 6H, OCH3), 6.61 (d,
J ¼ 9.1 Hz, 2H, ArH), 6.70 (s, 2H, ArH), 6.90e7.15 (m, 8H,
ArH þ CHeS), 7.50e7.55 (m, 8H, ArH), 7.27 (d, J ¼ 8.3 Hz, 4H, ArH),
7.81 (s, 2H, CH]C); 13C NMR (DMSO-d6): d 20.3, 42.0, 56.1, 64.0,
112.5, 117.1, 123.2, 125.0, 126.9, 128.6, 130.5, 131.9, 134.5, 135.7, 136.7,
137.8, 142.7, 154.0, 161.3, 165.4; MS: m/z 822 (Mþ). Anal. Calcd. for
C49H40F2N2O4S2: C, 71.51; H, 4.90; N, 3.40. Found: C, 71.46; H, 4.92;
N, 3.34.

6.5. 5-[(Z)-1-(4-Fluorophenyl)methylidene]-2-(5-3-[5-[(Z)-1-(4-
fluorophenyl)methylidene]-3-(4-hydroxyphenyl)-4-oxo-1,3-
thiazolan-2-yl]-4-methoxybenzyl-2-methoxyphenyl)-3-(4-
hydroxyphenyl)-1,3-thiazolan-4-one (5e)

This compound was obtained as brown solid: m.p. 171e73 �C; IR
(KBr): 3410, 3035, 2962, 1722, 1530, 1271, 682 cm�1; 1H NMR
(DMSO-d6): d 3.82 (s, 2H, CH2), 4.12 (s, 6H, OCH3), 5.07 (s, 2H, OH),
6.62 (d, J ¼ 9.1 Hz, 2H, ArH), 6.70 (s, 2H, ArH), 6.80e6.92 (m, 6H,
ArH þ CHeS), 7.09 (d, J ¼ 9.1 Hz, 2H, ArH), 7.30e7.40 (m, 8H, ArH),
7.45 (d, J ¼ 8.3 Hz, 4H, ArH), 7.80 (s, 2H, CH]C); 13C NMR (DMSO-
d6): d 42.0, 56.1, 64.0, 112.6, 117.2, 119.1, 121.7, 122.6, 124.8, 126.5,
128.9, 130.0, 134.5, 135.2, 136.1, 137.9, 154.0, 157.1, 161.4, 165.5; MS:
m/z 826 (Mþ). Anal. Calcd. for C47H36F2N2O6S2: C, 68.27; H, 4.39; N,
3.39. Found: C, 68.24; H, 4.35; N, 3.44.

6.6. 3-(4-Fluorophenyl)-2-[5-(3-3-(4-fluorophenyl)-5-[(Z)-
1-(4-fluorophenyl)methylidene]-4-oxo-1,3-thiazolan-2-yl-4-
methoxybenzyl)-2-methoxyphenyl]-5-[(Z)-1-(4-fluorophenyl)
methylidene]-1,3-thiazolan-4-one (5f)

This compound was obtained as gray solid: m.p. 181e83 �C; IR
(KBr): 3065, 2992, 1720, 1530, 1270, 686 cm�1; 1H NMR (DMSO-d6):
d 3.81 (s, 2H, CH2), 4.11 (s, 6H, OCH3), 6.60 (d, J ¼ 9.0 Hz, 2H, ArH),
6.69 (s, 2H, ArH), 6.89 (s, 2H, CHeS), 7.10e7.15 (m, 6H, ArH), 7.22 (d,
J ¼ 8.7 Hz, 4H, ArH), 7.29 (d, J ¼ 8.4 Hz, 4H, ArH), 7.57 (d, J ¼ 8.4 Hz,
4H, ArH), 7.79 (s, 2H, CH]C); 13C NMR (DMSO-d6): d 42.0, 56.1, 64.0,
112.0, 117.2, 118.1, 122.7, 124.6,126.3, 129.0, 130.5, 130.7, 134.5, 135.6,
137.9, 138.1, 154.0, 159.3, 161.4, 165.7; MS:m/z 830 (Mþ). Anal. Calcd.
for C47H34F4N2O4S2: C, 67.90; H, 4.12; N, 3.37. Found: C, 67.84; H,
4.10; N, 3.40.

6.7. 5-[(Z)-1-(4-Fluorophenyl)methylidene]-2-(5-3-[5-[(Z)-1-(4-
fluorophenyl)methylidene]-3-(2-methylphenyl)-4-oxo-1, 3-
thiazolan-2-yl]-4-methoxybenzyl-2-methoxyphenyl)-3-(2-
methylphenyl)-1,3-thiazolan-4-one (5g)

This compound was obtained as dark yellow solid: m.p.
157e59 �C; IR (KBr): 3062, 2967, 1722, 1532, 1269, 685 cm�1; 1H
NMR (DMSO-d6): d 2.21 (s, 6H, CH3), 3.81 (s, 2H, CH2), 4.12 (s, 6H,
OCH3), 6.60 (d, J ¼ 9.0 Hz, 2H, ArH), 6.69 (s, 2H, ArH), 6.90e7.15 (m,
8H, ArH þ CHeS), 7.29 (d, J ¼ 8.4 Hz, 4H, ArH), 7.47e7.52 (m, 6H,
ArH), 7.79 (s, 2H, CH]C); 13C NMR (DMSO-d6): d 18.7, 42.0, 56.1,
64.0, 113.0, 117.1, 122.9, 124.8, 126.3, 126.8, 127.0, 128.6, 129.8, 130.3,
131.9,133.5,134.5,135.8,137.8142.7,154.0,161.4,165.3; MS:m/z 822
(Mþ). Anal. Calcd. for C49H40F2N2O4S2: C, 71.51; H, 4.90; N, 3.40.
Found: C, 7.46; H, 4.85; N, 3.39.

6.8. 3-(4-Fluorophenyl)-5-(5-3-[3-(4-fluorophenyl)-6-phenyl-
3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c]isoxazol-5-yl]-4-
methoxybenzyl-2-methoxyphenyl)-6-phenyl-3,3a,5,6-tetrahydro
[1,3]thiazolo[4,5-c]isoxazole (6a)

A mixture of compound 5a (0.01 mol), hydroxylamine hydro-
chloride (0.02 mol) and sodium acetate (0.01 mol) in anhydrous
glacial acetic acid (20mL),was refluxed for 8 h. The reactionmixture
was concentrated and thenpoured into ice coldwater, the solid thus
separated, was filtered, washed with water and crystallized from
ethanol to afford pure6a (87% yield) as brown solid:m.p.179e81 �C;
IR (KBr): 3065, 2970,1600,1562,1470,1270,1065, 820cm�1; 1HNMR
(DMSO-d6): d 3.40 (s, 2H, CH2), 4.17 (s, 6H, OCH3), 4.69 (d, J¼ 2.2 Hz,
2H, SeCH), 5.70 (d, J ¼ 2.2 Hz, 2H, CHeO), 6.64 (s, 2H, ArH), 6.75 (d,
J ¼ 9.1 Hz, 2H, ArH), 7.00 (d, J ¼ 8.6 Hz, 4H, ArH), 7.10e7.19 (m, 12H,
ArH), 7.32 (d, J ¼ 8.6 Hz, 4H, ArH), 7.45 (s, 2H, CHeN); 13C NMR
(DMSO-d6): d 42.0, 56.0, 60.2, 67.1, 82.1, 111.3, 116.2, 123.1, 125.3,
126.5,128.1, 128.7,129.7, 130.1, 135.1, 136.7,142.3,146.7,153.9,165.0;
MS:m/z 825 (Mþ þ 1). Anal. Calcd. for C47H38F2N4O4S2: C, 68.43; H,
4.64; N, 6.79. Found: C, 68.40; H, 4.58; N, 6.70.

6.9. 6-(4-Chlorophenyl)-5-(5-3-[6-(4-chlorophenyl)-3-(4-
fluorophenyl)-3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c]isoxazol-5-yl]-
4-methoxybenzyl-2-methoxyphenyl)-3-(4-fluorophenyl)-3,3a,5,6-
tetrahydro[1,3]thiazolo[4,5-c]isoxazole (6b)

This compound was obtained as dark yellow solid: m.p.
167e69 �C; IR (KBr): 3070, 2962, 1600, 1472, 1570, 1271, 1065, 820,
686 cm�1; 1HNMR (DMSO-d6): d 3.40 (s, 2H, CH2), 4.17 (s, 6H, OCH3),
4.69 (d, J¼ 2.2 Hz, 2H, SeCH), 5.70 (d, J¼ 2.2 Hz, 2H, CHeO), 6.64 (s,
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2H, ArH), 6.75 (d, J ¼ 9.1 Hz, 2H, ArH), 7.00 (d, J ¼ 8.6 Hz, 4H, ArH),
7.10e7.19 (m, 6H, ArH), 7.34e7.40 (m, 8H, ArH), 7.45 (s, 2H, CHeN);
13C NMR (DMSO-d6): d42.0, 56.0, 60.2, 67.2, 82.3, 111.1, 116.2, 123.2,
125.3,128.1,128.7,129.6,132.0,132.4,135.2,136.7,142.3,146.7,153.8,
165.0; MS: m/z 894 (Mþ). Anal. Calcd. for C47H36Cl2F2N4O4S2: C,
63.16; H, 4.06; N, 6.27. Found: C, 63.10; H, 4.10; N, 6.21.

6.10. 3-(4-Fluorophenyl)-5-(5-3-[3-(4-fluorophenyl)-6-(4-
nitrophenyl)-3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c]isoxazol-5-yl]-
4-methoxybenzyl-2-methoxyphenyl)-6-(4-nitrophenyl)-3,3a,5,6-
tetrahydro[1,3]thiazolo[4,5-c]isoxazole (6c)

This compound was obtained as red solid: m.p. 210e11 �C; IR
(KBr): 3065, 2990, 1570, 1600, 1472, 1340, 1271, 1046, 820 cm�1; 1H
NMR (DMSO-d6): d 3.40 (s, 2H, CH2), 4.17 (s, 6H, OCH3), 4.69 (d,
J ¼ 2.2 Hz, 2H, SeCH), 5.70 (d, J ¼ 2.2 Hz, 2H, CHeO), 6.64 (s, 2H,
ArH), 6.75 (d, J ¼ 9.1 Hz, 2H, ArH), 7.00 (d, J ¼ 8.6 Hz, 4H, ArH), 7.21
(d, J ¼ 9.1 Hz, 2H, ArH), 7.34e7.40 (m, 8H, ArH), 7.34 (d, J ¼ 8.6 Hz,
4H, ArH), 7.45 (s, 2H, CHeN), 8.20 (d, J ¼ 9.1 Hz, 4H, ArH); 13C NMR
(DMSO-d6): d42.0, 56.0, 60.2, 67.0, 82.0, 111.4, 116.4, 123.1, 125.3,
126.6, 127.3, 128.0, 128.7, 135.3, 136.8, 140.7, 146.0, 146.7, 154.0,
165.0; MS: m/z 915 (Mþ þ1). Anal. Calcd. for C47H36F2N6O8S2: C,
61.70; H, 3.97; N, 9.19. Found: C, 61.74; H, 3.92; N, 9.12.

6.11. 3-(4-Fluorophenyl)-5-(5-3-[3-(4-fluorophenyl)-6-(4-
methylphenyl)-3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c]isoxazol-5-
yl]-4-methoxybenzyl-2-methoxyphenyl)-6-(4-methylphenyl)-
3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c]isoxazole (6d)

This compoundwas obtained as yellow solid: m.p.152e54 �C; IR
(KBr): 3062, 2991, 1600, 1472, 1570, 1271, 1045, 821 cm�1; 1H NMR
(DMSO-d6): d 2.30 (s, 6H, CH3), 3.40 (s, 2H, CH2), 4.17 (s, 6H, OCH3),
4.69 (d, J¼ 2.2 Hz, 2H, SeCH), 5.70 (d, J¼ 2.2 Hz, 2H, CHeO), 6.64 (s,
2H, ArH), 6.75 (d, J ¼ 9.1 Hz, 2H, ArH), 7.00 (d, J ¼ 8.6 Hz, 4H, ArH),
7.10e7.20 (m, 10H, ArH), 7.34 (d, J ¼ 8.6 Hz, 4H, ArH), 7.45 (s, 2H,
CHeN); 13C NMR (DMSO-d6): d 22.0, 42.1, 56.0, 60.2, 67.1, 82.1, 111.4,
116.3, 123.2, 125.3, 128.3, 128.6, 129.7, 129.0, 135.2, 136.6, 137.4,
146.7, 143.8, 153.3, 165.1; MS: m/z 854 (Mþ). Anal. Calcd. for
C49H42F2N4O4S2: C, 69.00; H, 4.96; N, 6.57. Found: C, 68.94; H, 4.98;
N, 6.51.

6.12. 4-[3-(4-Fluorophenyl)-5-(5-3-[3-(4-fluorophenyl)-6-(4-
hydroxyphenyl)-3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c] isoxazol-5-
yl]-4-methoxybenzyl-2-methoxyphenyl)-3,3a,5,6-tetrahydro[1,3]
thiazolo[4,5-c]isoxazol-6-yl]phenol (6e)

This compoundwas obtained as brown solid: m.p.164e66 �C; IR
(KBr): 3410, 3062, 2970, 1600, 1472, 1570, 1269, 1042, 822 cm�1; 1H
NMR (DMSO-d6): d 3.40 (s, 2H, CH2), 4.17 (s, 6H, OCH3), 4.69 (d,
J ¼ 2.2 Hz, 2H, SeCH), 5.10 (s, 2H, OH), 5.70 (d, J ¼ 2.2 Hz, 2H,
CHeO), 6.64 (s, 2H, ArH), 6.75 (d, J¼ 9.1 Hz, 2H, ArH), 6.80e7.00 (m,
12H, ArH), 7.19 (d, J ¼ 9.1 Hz, 2H, ArH), 7.34 (d, J ¼ 8.6 Hz, 4H, ArH),
7.45 (s, 2H, CHeN); 13C NMR (DMSO-d6): d42.0, 56.0, 60.2, 67.2,
82.3, 111.3, 116.2, 117.3, 123.1, 125.3, 128.1, 128.4, 128.9, 135.2, 136.7,
137.8, 146.7, 154.0, 154.8, 165.1; MS: m/z 856 (Mþ). Anal. Calcd. for
C47H38F2N4O6S2: C, 65.87; H, 4.47; N, 6.54. Found: C, 65.90; H, 4.42;
N, 6.50.

6.13. 5-(5-3-[3,6-di(4-Fluorophenyl)-3,3a,5,6-tetrahydro [1,3]
thiazolo[4,5-c]isoxazol-5-yl]-4-methoxybenzenzyl-2-
methoxyphenyl)-3,6-di(4-fluorophenyl)-3,3a,5,6-tetrahydro-[1,3]
thiazolo[4,5-c]isoxazole (6f)

This compound was obtained as gray solid: m.p. 176e78 �C; IR
(KBr): 3064, 2970, 1600, 1570, 1470, 1269, 1046, 821 cm�1; 1H NMR
(DMSO-d6): d 3.40 (s, 2H, CH2), 4.17 (s, 6H, OCH3), 4.69 (d, J¼ 2.2 Hz,
2H, SeCH), 5.70 (d, J ¼ 2.2 Hz, 2H, CHeO), 6.64 (s, 2H, ArH), 6.75 (d,
J¼ 9.1 Hz, 2H, ArH), 6.90e7.00 (m, 4H, ArH), 7.19e7.22 (m, 6H, ArH),
7.34 (d, J ¼ 8.6 Hz, 4H, ArH), 7.45 (s, 2H, CHeN); 13C NMR (DMSO-
d6): d 42.0, 56.0, 60.2, 67.0, 82.4, 111.2, 115.0, 116.1, 123.2, 125.3,
128.2, 128.9, 129.3, 135.1, 136.6, 141.4, 146.7, 153.2, 164.2, 165.2; MS:
m/z 860 (Mþ). Anal. Calcd. for C47H36F4N4O4S2: C, 65.57; H, 4.21; N,
6.51. Found: C, 65.60; H, 4.17; N, 6.45.

6.14. 3-(4-Fluorophenyl)-5-(5-3-[3-(4-fluorophenyl)-6-(2-
methylphenyl)-3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c]isoxazol-5-
yl]-4-methoxybenzyl-2-methoxyphenyl)-6-(2-methylphenyl)-
3,3a,5,6-tetrahydro[1,3]thiazolo[4,5-c]isoxazole (6g)

This compoundwas obtained as brown solid: m.p.156e58 �C; IR
(KBr): 3062, 2990, 1600, 1570, 1470, 1271, 1040, 822 cm�1; 1H NMR
(DMSO-d6): d 2.15 (s, 6H, CH3), 3.40 (s, 2H, CH2), 4.17 (s, 6H, OCH3),
4.69 (d, J¼ 2.2 Hz, 2H, SeCH), 5.70 (d, J¼ 2.2 Hz, 2H, CHeO), 6.64 (s,
2H, ArH), 6.75 (d, J ¼ 9.1 Hz, 2H, ArH), 6.90e7.00 (m, 4H, ArH),
7.10e7.20 (m, 8H, ArH), 7.34 (d, J ¼ 8.6 Hz, 4H, ArH), 7.45 (s, 2H,
CHeN); 13C NMR (DMSO-d6): d 17.1, 42.0, 56.0, 60.2, 67.1, 82.1, 111.1,
116.3, 120.1, 123.1, 124.1, 125.4, 128.3, 128.7, 129.0, 129.7, 131.0, 135.2,
136.7, 139.6, 146.7, 153.1, 165.4; MS: m/z 854 (Mþ). Anal. Calcd. for
C49H42F2N4O4S2: C, 69.00; H, 4.96; N, 6.57. Found: C, 68.95; H, 4.91;
N, 6.60.

6.15. Antifungal assay

The newly prepared compounds 6aeg were screened for their
antifungal activity against four fungal organisms viz. C. albicans
(ATCC 10231), A. fumigatus (HIC 6094), Trichophyton rubrum (IFO
9185) and T. mentagrophytes (IFO 40996) by the broth dilution
method. The C. albicans was grown for 48 h at 28 �C in YPD broth
(1% yeast extract, 2% peptone, and 2% dextrose), harvested by
centrifugation and thenwashed twicewith sterile distilled water. A.
fumigatus, T. rubrum and T. mentagrophytes were plated in potato
dextrose agar (PDA) (Difco) and incubated at 28 �C for two weeks.
Spores were washed three times with sterile distilled water and
resuspended in distilled water to obtain an initial inoculum size of
105 spores/mL. Each test compound was dissolved in DMSO and
diluted with potato dextrose broth (Difco) to prepare serial two-
fold dilutions in the range 120e0.9 mM. Tenmicro liters of the broth
containing about 103 (for yeast) and 104 (for filamentous fungi)
cells/mL of test fungi was added to each well of a 96-well microtiter
plate. Culture plates were incubated for w48e72 h at 28 �C.
Minimum inhibitory concentration (MIC, mM) was measured and
compared with controls; the MIC values of the compounds
screened are presented in Table 1.

6.16. Nematicidal assay

The compounds synthesized 6aeg was screened for their
nematicidal activity against D. myceliophagus and Caenorhabitis
elegans by aqueous in vitro screening technique. The D. mycelio-
phagus was extracted form the cultivated mushrooms (Agaricus
bisporus) infectedwith the nematode, and C. elegans, was grown on
10 cm 8P plates on an Na22 bacteria diet, which grow in a very thick
layer and constitute an abundant food source for large quantities on
nematode. The nematode water suspension was collected in Petri
dishes. Suspension of adult worms from five day old culture was
diluted with approximately 100e250 nematodes/mL of water.
100 mL of the nematode suspension was introduced into a solution
of each test compound at various concentrations in a well of 24-
well plates and incubated at 25 �C. The percentage of immobile
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nematodes was recorded after two days. The LD50 values of the
compounds screened are presented in Table 1.
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