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Abstract
Twelve thiazolidin-2,4-diones were obtained by microwave assisted synthesis. All the synthesized compounds were physicochemically characterized and the IR (infrared spectra), 1H-NMR (proton nuclear magnetic resonance) and MS (mass spectrometry)
data were consistent with the assigned structures. All the compounds were tested for their in vitro antifungal properties
against several strains of Candida and all compounds exhibited efficient anti-Candida activity. Molecular docking studies
were performed to investigate the mode of action towards the fungal lanosterol 14α-demethylase. The results of the in vitro
antifungal activity screening and docking study revealed that the synthesized compounds are potential anti-Candida agents that
might act by inhibiting the fungal lanosterol 14α-demethylase and can be further optimized and developed as lead compounds.

Rezumat
Doisprezece compuşi, derivaţi de tiazolidin-2,4-dionă, au fost obţinuţi prin sinteză în câmp de microunde. Aceştia au fost
caracterizaţi din punct de vedere fizico-chimic, iar spectrele în infraroşu (IR), 1H-NMR și cele de masă au fost în concordanţă
cu structurile propuse. A fost evaluat potenţialul lor antifungic pe tulpini de Candida in vitro, toţi compuşii dovedindu-se a fi
activi. Au fost efectuate studii de andocare moleculară a acestora în centrul activ al lanosterol 14α-demetilazei fungice.
Rezultatele testării in vitro şi ale studiilor de andocare moleculară au evidenţiat potenţialul anti-Candida prin inhibiţia
lanosterol 14α-demetilazei fungice, acești compuși putând fi ulterior optimizaţi pentru îmbunătățirea activității lor antifungice.
Keywords: thiazolidin-2,4-dione, microwave assisted synthesis, Candida sp., lanosterol 14α-demethylase, molecular docking

Introduction

human fungal pathogen. Antifungal azoles, which act
by inhibiting lanosterol 14α-demethylase, are widely
used in fungal infections’ therapy, but they have some
systemic toxicity and pharmacokinetic deficiencies.
These aspects, corroborated with the risk of drug
resistance, lead to the necessity of novel antifungal
agents [2, 3, 11].
Based on the facts mentioned above and as a
continuation of our research on thiazole derivatives,
herein we report the synthesis, under microwave
irradiation, of new thiazolidine-2,4-dione derivatives.
The synthesized compounds were evaluated for their
in vitro antifungal potential and, furthermore, molecular
docking studies were conducted in order to establish

Nitrogen, oxygen and sulphur based heterocyclic
compounds are known for exhibiting a large variety of
biological activities [1, 14]. Thiazolidine-2,4-dione
nucleus, for example, is one of the most extensively
studied in the last decades, since the anti-tubercular,
anti-convulsing and anti-hyperglycaemic potential
of some compounds possessing this ring were
identified [1]. Potential inhibition of lanosterol 14αdemethylase by thiazolidine-2,4-dione derivatives
was previously reported [17].
Diseases caused by the pathogenic and invasive fungi,
especially in the immune-compromised hosts, represent
one of the most life-threatening infections worldwide
[2, 3, 15]. Opportunistic yeast Candida is the main
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their affinity towards the biological target and a
potential mechanism of action.

on Silica Gel 60F254 plastic sheets, spots being
visualized under UV light. The uncorrected melting
points were determined using an Electrothermal
melting point meter in open glass capillary. The
elemental analysis of the newly obtained compounds
was performed on a Vario El CHNS instrument.
MS analyses were performed on an Agilent 1100
series, in positive ionization with an Agilent Ion
Trap SL mass spectrometer (70 eV). IR spectra were
recorded using a Jasco FT/IR 6100 spectrometer,
after compression in anhydrous KBr under vacuum.
1
H-NMR analysis were performed in DMSO-d6
(δH = 2.51 ppm) as solvent, on a Bruker Avance
NMR spectrometer operating at 500 MHz, with
tetramethylsilane (TMS) as internal standard.

Materials and Methods
Reagents and solvents used for synthesis had
analytical grade purity and were purchased from
Merck (Darmstadt, Germany) and Alfa Aesar
(Karlsruhe, Germany). Microwave assisted synthesis
was performed unimode on a CEM Discover Bench
Mate reactor, in open vessel mode, at atmospheric
pressure, under condenser and with magnetic stirring.
The synthetic route adopted to obtain compounds
7a-f , 8a-f and the intermediates 2, 5 and 6 (Figure 1)
is based on some protocols reported in the literature,
with some modifications [1, 7]. The chemical synthesis
was monitored by thin layer chromatography (TLC)

Figure 1.
Route followed in order to obtain thiazolidine-2,4-dione derivatives 7a-f and 8a-f
Synthesis of thiazolidine-2,4-dione (2): in a glass
flask, 3.8 g (50 mmol) of thiourea (1), 4.725 g
(50 mmol) of 2-chloroacetic acid were suspended in
0.5 mL of 36.5% hydrochloric acid and 7.5 mL of
water. The mixture was further irradiated under
reflux at 150 W, for 15 minutes. After that, the hot
liquid was poured in a glass and left to cool
overnight, while white crystals appeared. The

suspension was filtered and the white solid was
washed with purified water. The final product was
recrystallized from water.
General synthesis protocol for 5-(hydroxy-benzylidene)thiazolidine-2,4-diones (5, 6): in a glass flask,
equimolar quantities (20 mmol) of thiazolidine-2,4dione (2) and aromatic aldehyde (2.44 g of 4hydroxybenzaldehyde (3) for synthesis of compound 5,
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respectively 3.04 g of vanillin (4) for synthesis of
compound 6) were mixed with 10 mL of glacial
acetic acid and 2.46 g (30 mmol) of anhydrous
sodium acetate. The mixture was further irradiated
under reflux, at 180 W, for 20 minutes, in order to
perform a Knoevenagel condensation. The hot liquid
was poured into a beaker and left to cool, while a
yellow solid appeared. The solid was crushed and
mixed with ice and water. The suspension was
filtered and the residue was washed with purified
water and the resulted intermediates 5 and 6 were
recrystallized from acetic acid.
General synthesis protocol for 3,5-disubstituted
thiazolidine-2,4-diones (7a-f and 8a-f): in a glass
flask, 1 mmol of appropriate 5-(hydroxy-benzylidene)thiazolidine-2,4-dione (5 or 6), 2 mmol of halidic
alkylating agent (compounds Ra-fX) and 2 mmol of
anhydrous potassium carbonate were mixed together
with 3 mL of anhydrous N,N-dimethylformamide
(DMF) and 5 mL of anhydrous acetone. For the
synthesis involving chlorine based halogenated
compounds - RcX (chloropropanone), ReX (chloroacetic acid) and R fX (2-chloroethanol) - 0.166 g
(1 mmol) of anhydrous potassium iodide was added
as catalyst. In the reactions in which chloroacetic
acid (Re-X) was involved, supplementary 2 mmol
(0.414 g) of anhydrous potassium carbonate were
added. The mixture was further irradiated under
reflux at 130 W for 10 minutes. The hot liquid was
then poured into a glass and left to cool overnight,
while acetone was evaporated. The obtained residue
was poured over ice cold saturated brine. 10% hydrochloric acid was added dropwise until neutrality.
The precipitate was filtered and the residue was
washed with purified water. The resulting solid
powder was crystalized from methanol (compounds
7a-d and 8a-d) or was recrystallized from water:
methanol 1:1 solution (compounds 7e-f and 8e-f).
Antifungal assay
Stock solutions (1 mg/mL) were prepared by dissolving
the test compounds 7a-f and 8a-f and the reference
antifungal (fluconazole) in sterile DMSO. These
solutions were stored at 4°C.
Diffusimetric method
The antifungal screening was based on disk diffusion
using the agar method against Candida albicans
ATCC 10231, according to the guidelines of the
National Committee for Clinical Laboratory Standards
[16]. 50 µL of each stock solution, corresponding to
50 µg of each compound in DMSO, were applied in
6 mm diameter wells cut from agar. Fluconazole was
used as antifungal reference drug. Plates inoculated
with fungus were incubated for 48 hours at 37°C.
The anti-Candida effect of the tested compounds was
assessed by measuring the diameter of the inhibition
zone. All tests were performed in duplicate and the
average was taken as final reading. DMSO, used as

solvent, didn’t show any inhibition area, being the
negative control.
Determination of Minimum Inhibitory Concentration
(MIC) and Minimum Fungicidal Concentration (MFC)
Values
For the compounds which exhibited in vitro antiCandida activity through the diffusimetric method
screening assay, MIC and MFC were determined.
The microorganisms used for this assay were obtained
from the University of Agricultural Sciences and
Veterinary Medicine Cluj-Napoca, Romania. The MIC
and MFC values were determined against cultures of
Candida albicans ATCC 10231, Candida albicans
ATCC 18804, Candida krusei ATCC 6258 and
Candida parapsilosis ATCC 22019. The cultures
were stored on potato dextrose agar (Sifin, Germany).
Prior to antifungal susceptibility testing, each strain
was inoculated on potato dextrose agar plated, to
ensure optical growth characteristics and purity. Then,
yeast cells were suspended in saline and adjusted
spectrophotometrically to RPMI (Roswell Park
Memorial Institute) 1640 medium to a final
concentration of 106 CFU/mL.
A series of double diluting solutions of the stock
solutions were prepared in RPMI 1640 medium,
obtaining final concentrations in the range of
500 µg/mL to 0.015 µg/mL. The broth microdilution method was employed for the minimum
inhibitory concentration test. Media were placed
into each of the 96 wells of the microplates. Sample
solutions at high concentration (100 µg/mL) were
added into the first rows of the microplates and
two-fold dilutions of the compounds were made by
dispensing the solutions into the remaining wells.
Culture suspensions of 10 µL were inoculated into
all the wells. The sealed microplates were incubated
at 37°C for 18 h. Antifungal activity was tested by
using the broth microdilution method according to the
Clinical and Laboratory Standard Institute (CLSI)
guidelines [13]. The medium used for susceptibility
testing was nutrient broth for bacteria and RPMI
1640 with L-glutamine, to pH 7.0 with 3-(Nmorpholino) propanesulfonic acid. The initial density
of Candida sp. was approximately 2 × 106 colony
forming units (CFU)/mL. Inoculums (density of 0.5 in
McFarland scale) were prepared in a sterile solution
of 0.9% NaCl solution. Then, tested strains were
suspended, in nutrient broth and RPMI 1640 media to
give a final density of 2 × 105 CFU/mL. Solutions
of the test compounds and suspensions of bacteria
and fungi were inoculated onto 96-well microplates. The growth control, sterility control and
control of antibacterial/antifungal compounds were
used. Plates were incubated under normal atmospheric
conditions at 30°C for 48 h (C. albicans ATCC 10231,
C. albicans ATCC 18804, C. krusei ATCC 6258, C.
parapsilosis ATCC 22019), and, next, MIC values
have been determined by adding resazurin (20 µL,
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0.02%) followed by incubation for 2 h. The MIC
was defined as the lowest concentration required to
arrest the growth of the fungi. For determination of
MFC, a 0.01 mL aliquot of the medium drawn from
the culture, tubes showing no macroscopic growth
at the end of the 24 h culture, was sub-cultured on
nutrient agar/potato dextrose agar plates, to determine
the number of vital organisms, and incubated further
at 30°C for 48 h. The MFC was defined as the lowest
concentration of the agent at which no colonies were
observed. All MIC and MFC experiments were
performed in triplicate.
Molecular docking study
The molecular docking study was carried out using
AutoDock 4.2 software [8]. Lanosterol 14αdemethylase has been extensively studied in the
past years, being a key enzyme in the biosynthesis
of sterols that are important for the fungal cell.
5EQB structure of lanosterol 14α-demethylase taken
from Protein Data Bank was used as target. Compounds
were docked in the active site of the enzyme, in a
cubic space, with edges equals to 28 Å. Search
space was defined by centre Cartesian coordinates
x = 19.692, y = 14.168, z = 16.077. Files of ligands
and macromolecule were prepared using a previously
reported protocol [13, 15].

and 6. The phenolic arylidene group gave specific
supplementary signals in the IR spectrum, compared
to thiazolidine-2,4-dione. Intermediate compounds
5 and 6 had a broad band at approximately 3400 cm-1
induced by stretching O-H phenolic bond. Bending
in plane of the O-H bond in IR spectrum gave
signals between 1314 - 1340 cm-1 and out of plane
at 696 cm-1. Stretching of the C-H bond from the
methylene group appears in IR spectrum between
3311 cm-1 and 3337 cm-1. For compound 6, the
signals corresponding to the alkyl-aryl ether were
identified at 1288 cm-1 and 1017 cm-1, as a
supplementary proof of the Knoevenagel condensation’s
success. The mass spectra of the 5 and 6 revealed
the molecular ion peaks (M + 1).
Reacting compounds 5 and 6 with specified aliphatic
halogenated derivatives (Ra-fX), in alkaline medium,
gave the expected disubstituted (phenolic oxygen
and thiazolidine-2,4-dione nitrogen) compounds, in
only one step. Previous reports suggested a longer
reaction time for N-alkylation (10 hours in acetone
at 40°C or 8 hours in DMF) [5, 14]. Column
chromatography purification was not needed, as
previous reports suggested. Another advantage of
our method is being as “one step synthesis”,
avoiding thus waiting for ionization of thiazolidine2,4-dione and phenol in the alkaline medium and
only later adding the alkylating agent [9, 14].
In the 1H-NMR spectra of the final compounds 7a-f
and 8a-f, the absence of a singlet signal of one
proton near 12.50 ppm and 6.5 ppm suggested that
N-alkylation and O-alkylation were successful.
More than that, in IR spectrum, the disappearance of
the broad band near 3427 - 3464 cm-1, corresponding
to the stretching of the phenolic O-H bond, and the
appearance of two signal between 1284 - 1228 cm-1
and 1047 - 1019 cm-1, corresponding to a alkyl-aryl
ether asymmetric stretching and symmetric stretching
respectively, suggested that O-alkylation was successful.
Disappearance of the signal corresponding to the N-H
bond from the thiazolidine-2,4-dione suggested that
N-alkylation took place. The mass spectra of the final
compounds 7a-f and 8a-f revealed the molecular ion
peaks (M + 1). The 1H-NMR spectra is consistent
to the expected data, presenting the total number of
protons, expected splitting and at the expected ppm.
Some signals in the 1H-NMR spectra were overlapping, because of having twice the same substituent
in the same molecule. The 1H-NMR spectra showed
one singlet for the methine proton between 7.70 8.03 ppm. All spectral analysis and elemental C, H,
N and S analysis confirmed structure of the title
compounds 7a-f and 8a-f. Compounds 2, 5, 6, 7d
and 8d were previously reported [1, 6].
Thiazolidine-2,4-dione(2): white solid; mp = 123 124°C; IR(KBr) νmax cm-1: 3405 (N-H str), 1736
(C=O str), 1654 (C=O str), 1554 (N-H bend).

Results and Discussion
The structures of the synthesized compounds were
confirmed by elemental analysis and spectral data
(1H-NMR, FT-IR and MS). All C, H, N and S
quantitative elemental analyses were in agreement
with the calculated values.
Starting materials thiourea (1) and chloroacetic acid
conducted, in acidulated water, to white needles of
2,4-thiazolidinedione (yield = 80%). Spectral analysis
confirmed the formation of the thiazolidine-2,4dione nucleus. Two strong bands were found at
1736 cm-1 and 1654 cm-1, due to the C=O stretching
from the thiazolidine-2,4-dione ring. One medium
intensity band was present at 3405 cm-1, due to N-H
bond stretching and one weak peak from the N-H
bending at 1554 cm-1.
Microwave assisted Knoevenagel condensation of
aromatic aldehydes (3 and 4) in position 5 of 2,4thiazolidinedione (2) lead to 5-(hydroxy-benzylidene)-thiazolidine-2,4-diones (5 and 6), with higher
yields and in a shorter time under microwave
irradiation, compared to the previous reports in the
literature when the heating under reflux method was
used [4, 7, 10, 14]. The method, based on a Knoevenagel
condensation under microwave irradiation in acetic
acid and sodium acetate as catalyst, is greener and
faster than those using toluene as solvent and
piperidine as catalyst in Dean-Stark apparatus [10].
The successful Knoevenagel condensation was proven
by spectral analysis of the obtained compounds 5
417
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5-(4-hydroxybenzylidene)thiazolidine-2,4-dione(5):
yellow solid; mp = 300 - 301°C; yield = 87%;
IR(KBr) νmax cm-1: 3427 (O-H str), 3306 (N-H str),
3011 (C-H CH= str), 1725 (C=O str), 1680 (C=O
str), 1592 (N-H bend), 1340 (O-H bend in plane),
696 (O-H bend out plane); MS: m/z = 222.1 (M + 1).
5-(4-hydroxy-3-methoxybenzylidene)thiazolidine2,4-dione(6): yellow solid; mp = 227°C; yield =
83%; IR(KBr) νmax cm-1: 3464(O-H str), 3335 (N-H
str), 3037 (C-H CH= str), 1736 (C=O str), 1678
(C=O str), 1600 (N-H bend), 1314 (O-H bend in
plane), 1288 (C-O-C asym str), 1017 (C-O-C sym
str), 696 (O-H bend out plane); MS: m/z = 252.6
(M + 1).
5-(4-(2-oxo-2-phenylethoxy)benzylidene)-3-(2-oxo-2phenylethyl)thiazolidine-2,4-dione (7a): C26H19NO5S,
calc: C 68.26%, H 4.19%, N 3.06%, S 7.01%,
found: C 68.22%, H 4.16%, N 3.07%, S 7.01%;
pale yellow solid; mp = 210°C; yield = 96%;
IR(KBr) νmax cm-1: 3010 (C-H CH= str), 1731
(C=O str), 1705 (C=O str), 1690 (C=O str), 1672
(C=O str), 1281 (C-O-C asym str), 1019 (C-O-C
sym str); MS: m/z = 458.5 (M + 1); 1H-NMR
(DMSO-d6, 500 MHz) δ: 8.19 (d, 2H, Ar), 8.01 (t,
1H, Ar), 7.95 (d, 2H, Ar), 7.85 (s, 1H, CH), 7.70 (d,
2H, Ar), 7.42 (t, 1H, Ar), 7.41(d, 2H, Ar), 7.40 (t,
2H, Ar), 7.39 (t, 2H, Ar), 5.58 (s, 2H, CH2), 5.42 (s,
2H, CH2).
2-(5-(4-(2-amino-2-oxoethoxy)benzylidene)-2,4-dioxothiazolidin-3-yl)acetamide (7b): C14H13N3O5S,
calc: C 50.14%, H 3.91%, N 12.53%, S 9.56%,
found: C 50.18%, H 3.93%, N 12.54%, S 9.57%;
yellow solid; mp = 246°C; yield = 98%; IR(KBr)
νmax cm-1: 3015 (C-H CH= str), 1744 (C=O str),
1670 (C=O str), 1662 (C=O amide stretching), 1640
(N-H str), 1256 (C-O-C asym str), 1031 (C-O-C
sym str); MS: m/z = 336.2 (M + 1); 1H-NMR
(DMSO-d6, 500 MHz) δ: 7.86 (s, 1H, CH), 7.72 (s,
2H, NH2), 7.70 (s, 2H, NH2), 7.62 (d, 2H, Ar), 7.48
(d, 2H, Ar), 4.25 (s, 2H, CH2), 4.22 (s, 2H, CH2).
5-(4-(2-oxopropoxy)benzylidene)-3-(2-oxopropyl)thiazolidine-2,4-dione (7c): C16H15NO5S, calc: C
57.65%, H 4.54%, N 4.20%, S 9.62%, found: C
57.68%, H 4.56%, N 4.24%, S 9.65%; pale yellow
solid; mp = 211 - 212°C; yield = 94%; IR(KBr)
νmax cm-1: 3018 (C-H CH= str), 1742 (C=O str),
1724 (C=O str), 1683 (C=O str), 1241 (C-O-C
asym str), 1027 (C-O-C sym str); MS: m/z = 334.4
(M + 1); 1H-NMR (DMSO-d6, 500 MHz) δ: 7.89 (s,
1H, CH), 7.60 (d, 2H, Ar), 7.39 (d, 2H, Ar), 4.85 (s,
2H, CH2), 4.66 (s, 2H, CH2), 2.25 (s, 3H, CH3),
2.20 (s, 3H, CH3).
ethyl 2-(5-(4-(2-ethoxy-2-oxoethoxy)benzylidene)-2,4dioxothiazolidin-3-yl)acetate (7d): C18H19NO7S, calc:
C 54.95%, H 4.87%, N 3.56%, S 8.15%, found: C
54.99%, H 4.88%, N 3.59%, S 8.18%; pale yellow
solid; mp = 115°C; yield = 98%; IR(KBr) νmax cm-

: 3021 (C-H CH= str), 1748 (C=O ester str), 1735
(C=O str), 1688 (C=O str), 1241 (C-O-C asym str),
1031 (C-O-C sym str); MS: m/z = 394.4 (M + 1);
1
H-NMR (DMSO-d6, 500 MHz) δ: 8.03 (s, 1H,
CH), 7.63(d, 2H, Ar), 7.38 (d, 2H, Ar), 4.74 (s, 2H,
CH2), 4.71 (s, 2H, CH2), 4.25 (m, 2H, CH2), 4.09
(m, 2H, CH2), 1.22 (t, 3H, CH3), 1.20 (t, 3H, CH3).
2-(5-(4-(carboxymethoxy)benzylidene)-2,4-dioxothiazolidin-3-yl)acetic acid (7e): C14H11NO7S, calc:
C 49.85%, H 3.29%, N 4.15% S 9.51%, found: C
49.88%, H 3.32%, N 4.18%, S 9.49%; pale yellow
solid; mp = 285°C; yield = 78%; IR(KBr) νmax cm-1:
3028 (C-H CH= str), 1762 (C=O acid str), 1730
(C=O str), 1684 (C=O str), 1421 (O-H acid
bending), 1241 (C-O-C asym str), 1026 (C-O-C
sym str); MS: m/z = 338.2 (M + 1); 1H-NMR
(DMSO-d6, 500 MHz) δ: 12.74 (s, 1H, COOH),
12.64 (s, 1H, COOH), 7.85 (s, 1H, CH) 7.64 (d, 2H,
Ar), 7.52 (d, 2H, Ar), 4.86 (s, 2H, CH2), 4.72 (s,
2H, CH2).
5-(4-(2-hydroxyethoxy)benzylidene)-3-(2-hydroxyethyl)thiazolidine-2,4-dione (7f): C14H15NO5S, calc:
C 54.36%, H 4.89%, N 4.53%, S 10.37%, found: C
54.38%, H 4.90%, N, 4.50%, S 10.40%; yellow
solid; mp = carbonization; yield = 74%; IR(KBr)
νmax cm-1: 3417 (O-H alcohol str), 3026 (C-H CH=
str), 1746 (C=O str), 1654 (C=O str), 1278 (C-O-C
asym str), 1018 (C-O-C sym str); MS: m/z = 309.4
(M + 1); 1H-NMR (DMSO-d6, 500 MHz) δ: 7.84 (s,
1H, CH), 7.60 (d, 2H, Ar), 7.28 (d, 2H, Ar), 4.62 (s,
1H, OH), 4.68 (s, 1H, OH), 3.81-3.82 (m, 4H, CH2).
5-(3-methoxy-4-(2-oxo-2-phenylethoxy)benzylidene)3-(2-oxo-2-phenylethyl)thiazolidine-2,4-dione (8a):
C27H21NO6S, calc: C 66.52%, H 4.34%, N 2.87%, S
6.58%, found: C 66.54%, H 4.35%, N 2.85%, S
6.55%; pale yellow solid; mp = 196 - 197°C; yield =
89%; IR(KBr) νmax cm-1: 3014 (C-H CH= str), 1735
(C=O str), 1691 (C=O str), 1688 (C=O str), 1677
(C=O str), 1284 (C-O-C asym str), 1025 (C-O-C
sym str); MS: m/z = 488.5 (M + 1); 1H-NMR
(DMSO-d6, 500 MHz) δ: 8.21(d, 2H, Ar), 8.01 (d,
2H, Ar), 8.05 (t, 1H, Ar), 7.70 (s, 1H, CH), 7.68 (d,
1H, Ar), 7.63(m, 3H, Ar), 7.44 (d, 1H, Ar), 7.42(t,
1H, Ar), 7.39 (t, 2H, Ar), 5.52 (s, 2H, CH2), 5.41 (s,
2H, CH2), 3.74 (s, 3H, CH3).
2-(5-(4-(2-amino-2-oxoethoxy)-3-methoxybenzylidene)-2,4-dioxothiazolidin-3-yl)acetamide
(8b):
C15H15N3O6S, calc: C 49.31%, H 4.14%, N 11.50%,
S 8.78%, found: C 49.30%, H 4.15%, N 11.54%, S
8.80%; yellow solid; mp = carbonization; yield =
84%; IR(KBr) νmax cm-1: 3008 (C-H CH= str), 1744
(C=O str), 1683 (C=O str), 1654 (C=O amide
stretching), 1632 (N-H str), 1269 (C-O-C asym str),
1047 (C-O-C sym str); MS: m/z = 366.4 (M + 1);
1
H-NMR (DMSO-d6, 500 MHz) δ: 7.78 (s, 1H,
CH), 7.75 (s, 2H, NH2), 7.71 (s, 2H, NH2), 7.64 (d,
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1H, Ar), 7.62 (s, 1H, Ar), 7.40 (d, 1H, Ar), 4.63 (s,
2H, Ar), 4.58 (s, 2H, Ar), 3.75 (s, 3H, Ar).
5-(3-methoxy-4-(2-oxopropoxy)benzylidene)-3-(2oxopropyl)thiazolidine-2,4-dione (8c): C17H17NO6S,
calc: 56.19%; H 4.72%, N 3.85%, S 8.82%, calc:
56.22%; H 4.71%, N 3.84%, S 8.81%; yellow solid;
mp = 193 - 194°C; yield = 90%; IR(KBr) νmax cm-1:
3013 (C-H CH= str), 1746 (C=O str), 1727 (C=O
str), 1682 (C=O str), 1237 (C-O-C asym str), 1028
(C-O-C sym str); MS: m/z = 364.4 (M + 1); 1HNMR (DMSO-d6, 500 MHz) δ: 7.70 (s, 1H, CH),
7.64 (s, 1H, Ar), 7.60 (d, 1H, Ar), 7.41 (d, 1H, Ar),
4.71 (s, 2H, Ar), 4.60 (s, 2H, Ar), 3.71 (s, 3H,
CH3), 2.28 (s, 3H, CH3), 2.21 (s, 3H, CH3).
ethyl
2-(5-(4-(2-ethoxy-2-oxoethoxy)-3-methoxybenzylidene)-2,4-dioxothiazolidin-3-yl)acetate (8d):
C19H21NO8S, calc: C 53.89%, H 5.00%, N 3.31%, S
7.57%, found: C 53.92%, H 4.99%, N 3.29%, S
7.58%; pale yellow solid; mp = 95 - 96°C; yield =
85%; IR(KBr) νmax cm-1: 3035 (C-H CH= str), 1743
(C=O ester str), 1730 (C=O str), 1664 (C=O str),
1247 (C-O-C asym str), 1032 (C-O-C sym str); MS:
m/z = 424.5 (M + 1); 1H-NMR (DMSO-d6, 500
MHz) δ: 7.71 (s, 1H, CH), 7.64 (d, 1H, Ar), 7.61 (s,
1H, Ar), 7.48 (d, 1H, Ar), 4.79 (s, 2H, CH2), 4.68
(s, 2H, CH2), 4.12 (s, 2H, CH2), 4.24 (s, 2H, CH2),
1.25 (s, 3H, CH3), 1.21 (s, 3H, CH3).
2-(5-(4-(carboxymethoxy)-3-methoxybenzylidene)-2,4dioxothiazolidin-3-yl)acetic acid (8e): C15H13NO8S,
calc: C 49.05%, H 3.57%, N 3.81%, S 8.73%,
found: C 49.03%, H 3.58%, N 3.84%, S 8.69%;
pale yellow solid; mp = 256°C; yield = 71%; IR(KBr)
νmax cm-1: 3007 (C-H CH= str), 1761 (C=O acid
str), 1740 (C=O str), 1673 (C=O str), 1418 (O-H
acid bending), 1228 (C-O-C asym str), 1026 (C-OC sym str); MS: m/z = 368.3 (M+1); 1H-NMR
(DMSO-d6, 500 MHz) δ: 12.75 (s, 1H, COOH),
12.69 (s, 1H, COOH), 7.70 (s, 1H, CH), 7.61 (m,
2H, Ar), 7.42 (d, 1H, Ar), 4.59 (s, 2H, CH2), 4.25
(s, 2H, CH2), 3.79 (s, 2H, CH3).
5-(4-(2-hydroxyethoxy)-3-methoxybenzylidene)-3-(2hydroxyethyl)thiazolidine-2,4-dione (8f): C15H17NO6S,
calc: C 53.09%, H 5.05%, N 4.13%, S 9.45%,
found: C 53.07%, H 5.09, N 4.09%, S 9.49%; pale
yellow solid; mp = carbonization; yield = 69%;
IR(KBr) νmax cm-1: 3419 (O-H alcohol str), 3031
(C-H CH= str), 1733 (C=O str), 1677 (C=O str),

1228 (C-O-C asym str), 1030 (C-O-C sym str); MS:
m/z = 339.5 (M + 1); 1H-NMR (DMSO-d6, 500
MHz) δ: 7.70 (s, 1H, CH), 7.61 (m, 2H, Ar), 7.45
(d, 1H, Ar), 4.89 (s, 1H, OH), 4.78 (s, 1H, OH),
3.95 (t, 2H, CH2), 3.80 (t, 2H, CH2), 3.78 (s, 3H,
CH3), 3.73 (t, 2H, CH2), 3.69 (t, 2H, Ar).
Antifungal activity
The results of the antifungal activity screening of
compounds 5, 6, 7a-f and 8a-f using the diffusimetric
method are presented in Table I. Compounds 7a-b,
8a-b and 8d showed anti-Candida activity, with
diameters of inhibition between 16 and 18 mm,
lower compared to reference fluconazole.
Table I
Zone of inhibition (mm) of tested compounds 5, 6
7a-f and 8a-f against C. albicans ATCC 10231
Compound
5
6
7a
7b
7b
7d
7e
7f
8a
8b
8c
8d
8e
8f
Fluconazole

Diameter of inhibition (mm)
12
12
16
16
12
14
12
12
18
16
14
16
14
12
24

Minimum inhibitory concentration (MIC) and the
minimum fungicidal concentration (MFC)
In the first in vitro anti-Candida screening, compounds
7a-b, 8a-b and 8d were similar to fluconazole
(Table I). So we decided to determine the MIC and
MFC values of these compounds. We used two
Candida albicans strains (C. albicans ATCC 10231
and C. albicans ATCC 18804) and two non-albicans
Candida strains (C. krusei ATCC 6258 and C.
parapsilosis ATCC 22019), in order to determnine
the minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC) values.
The broth microdilution method was employed for
the MIC test. Inoculum control growth in all
concentrations and broth control had no growth.
The results obtained are presented in Tables II and III.
Table II
Minimum Inhibitory Concentration (µg/mL) of compounds 7a-b, 8a-b and 8d

Compound
7a
7b
8a
8b
8d
Fluconazole

C. albicans
ATCC 10231
15.62
31.25
15.62
62.5
62.5
15.62

C. albicans
ATCC 18804
15.62
15.62
15.62
62.5
62.5
15.62
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C. krusei
ATCC 6258
15.62
31.25
15.62
62.5
62.5
15.62

C. parapsilosis
ATCC 22019
15.62
15.62
15.62
31.25
31.25
7.81
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Table III
Minimum Fungicidal Concentration (µg/mL) of compounds 7a-b, 8a-b and 8d
Compound
7a
7b
8a
8b
8d
Fluconazole

C. albicans
ATCC 10231
31.25
62.5
31.25
125
62.5
31.25

C. albicans
ATCC 18804
31.25
31.25
31.25
125
125
31.25

The most active compounds were 7a and 7b, having
similar anti-Candida activity compared to fluconazole,
used as positive control. For these compounds, for
both C. albicans strains and C. krusei, MIC and MFC
values were 15.62 µg/mL, respectively 31.25 µg/mL.
The same MIC and MFC values were found for
fluconazole. C. parapsilosis strain tested, seem to be
less susceptible to the tested compounds, compared to
fluconazole. On C. parapsilosis, MFC of compound
8a is similar with the reference.
The intermediate compounds 5 and 6 had an inhibition
diameter equal to 12 mm and are considered with low
antifungal activity. Substitution of intermediates 5
and 6, generally increases the anti-Candida potential.
In our series, the most active compounds were 7a and
8a, substituted with aromatic rings. An enhancement
of the antifungal activity was assured by the presence
of the OCH3 functional group on the aromatic linker
(8a-f compounds compared to 7a-f compounds).
Our results are consistent with previous reports about
the structure-activity relationship in thiazolidin-2,4diones with antimicrobial activity [12]. The most
active compound was 8a, having aromatic moiety and
OCH3 functional group, which enhances the antifungal potential, compared to the other compounds
in this series. Compound 8a have similar antifungal
activity with fluconazole.
Molecular docking study
Table IV
Predicted binding affinity (ΔG) of compounds 5, 6
7a-f and 8a-f to lanosterol 14α-demethylase and the
predicted inhibition constant (Ki)
Compound
5
6
7a
7b
7b
7d
7e
7f
8a
8b
8c
8d
8e
8f

ΔG (kcal/mol)
-7.57
-7.82
-13.35
-9.44
-9.27
-9.87
-9.87
-8.96
-13.48
-9.78
-9.79
-9.93
-9.03
-8.64

C. krusei
ATCC 6258
31.25
62.5
31.25
62.5
125
31.25

C. parapsilosis
ATCC 22019
31.25
31.25
15.62
62.5
31.25
15.62

The results of the molecular docking study, as
binding affinities of the title compounds into the
active site of lanosterol 14α-demethylase, and the
consequent predicted inhibition constant are
presented in Table IV.
Overall, the substitution of intermediates 5 and 6,
increases the binding affinity to lanosterol 14αdemethylase. The best binding compound is
considered 8a, with ΔG = -13.35 kcal/mol and Ki =
0.13nM. Further, its binding mode is depicted in
Figures 2 and 3. The best inhibitory potential of
lanosterol 14α-demethylase is predicted for Ra
derivatives (compounds 7a and 8a).

Figure 2.
The top binding conformation of compound 8a (carbon
atoms in orange) to the active site of lanosterol 14αdemethylase (enzyme carbon atoms in grey and heme
carbon atoms in cyan). Protein α helices are depicted
in green and β sheets in magenta.
Disubstitution of compounds with a large residue
such Ra might increase the enzyme inhibition potential.
The introduction of two large aromatic rings led to
probable π-π interactions with aromatic amino acids as
Phe384, His405 or His317, with a better inhibition of
the fungal enzyme. Other interactions which could
take place are with lipophilic amino acids Thr318,
Ala125, Leu380 and Leu383.
C=O group from the Ra-Re substituents are important
for the formation of hydrogen bonds with His381
and Tyr140 residues, that increases, overall, the binding
affinity. It is obvious that compounds 7f and 8f (being
Rf substituted and having no C=O group) have a
lower inhibitory potential predicted. Carbonyl groups
from the thiazolidine-2,4-dione did not interact with
the polar amino acids from the active site.

Ki (nM)
2825.61
1852.93
0.16
120.33
160.32
58.24
58.24
270.54
0.13
67.79
66.65
52.63
464.29
240.39
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2.

3.

4.

Figure 3.
The predicted interactions of 8a with the active site
of lanosterol 14α-demethylase

5.

Thiazolidine-2,4-dione nucleus acts more like a hinge
for the substituents in positions 3 and 5, rather than
like a pharmacophore. Compounds having a methoxy
group have also a better affinity for the enzyme,
compared to the unsubstituted derivatives. Presence
of the methoxy moiety in compounds 8a-f group is
favourable, compared to 7a-f, because it could lead to
the formation of a polar interaction with the N-H from
the peptidic bond Leu380-His381 from the enzyme.

6.

7.

8.

Conclusions
In order to find new antifungal agents, 12 compounds –
derivatives of thiazolidine-2,4,-dione - were obtained,
by microwave assisted synthesis, and tested in vitro
for their antifungal properties. The structures of all
synthesized compounds were confirmed by physicochemical and spectral (MS, 1H-NMR and IR) data.
The compounds tested exhibited moderate to good
antifungal activity, which could be improved by
future research. Substitution on the arylidene linker
proved to be favourable for the anti-Candida activity,
especially in the case of large aromatic fragments,
with C=O groups. For a better anti-Candida activity,
the arylidene linker is supposed to be substituted
with a methoxy group.

9.
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