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Abstract

Background and aims. In the context of the increasing phenomenon of microbial
resistance to usual drugs, the development of new treatment strategies and new
therapeutic protocols is a constant need. Thiazolidinedione and chromone represent
two important scaffolds in medicinal chemistry due to their large pharmacological
applicability.

Methods. We  synthesized a new  5-(chromene-3-yl)methylene-2,4-
thiazolidinedione starting from 6,8-dichloro-4-oxo-4H-chromene-3-carbaldehyde.
Then, by treating with different a-bromoalkylarylketones, we obtained N-substituted
derivatives. Allnew compounds were investigated for their antimicrobial potential, using
the diffusion method, against Listeria monocytogenes ATCC 13932, Staphylococcus
aureus ATCC 49444, Escherichia coli ATCC 25922, Salmonella typhimurium ATCC
14028 and Candida albicans ATCC 10231. Three concentrations, 10 mg/ml, 5 mg/ml
and 1 mg/ml of compounds were used. The results were evaluated by the measurement
of the inhibition zone diameters and compared to those of gentamicin and fluconazole
respectively, as reference drugs.

Results. All new synthesized compounds were characterized using physico-
chemical and spectrometric methods. They displayed modest to good antimicrobial
activity. New molecules 8, 9 and 10 may represent promising candidates, showing zone
inhibition diameters superior to those of reference drugs.

Conclusions. This work presents chemical synthesis, characterization and
investigation of the antibacterial and antifungal potential of 5-(chromene-3-yl)
methylene-2,4-thiazolidinedione derivatives, which may be worthy of future research
for designing new chemical entities.
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Background and aims

Bacterial infections can cause some of the most
serious diseases and widespread epidemics in the world.
With the increase in resistance of bacteria to antibiotic
treatment, it is essential to develop novel approaches and
new antibacterial agents, as alternatives to various existing
antimicrobial therapies [1-4].

Several studies have been reported that
thiazolidinediones have acquired much importance in
medicinal chemistry due to their diverse pharmaceutical
effects, such as antihyperglycemic [5], antitumor [6], anti-
inflammatory, antioxidant [7], bactericidal, fungicidal [8-
11], etc. Different possibilities of heterocyclic modifications
with a wide spectrum of pharmacological properties are the
most important grounds for investigation of this class of
compounds.

There have been many reports in literature depicting
that the presence of heterocyclic moieties such as chromone,
at fifth position of thiazolidinedione, proves to be more
potent and efficacious than a simple aryl group [12].
Chromone and related compounds are widespread in nature
and exhibit a wide range of pharmacological activity such
as antibacterial, antifungal [13,14], antitumor, antioxidant,
anti-HIV, antiulcerant, anti-inflammatory and immune-
stimulatory. Therefore, the vast range of biological effects
associated with this scaffold has resulted in the chromone
ring system being considered as a privileged structure in
medicinal chemistry.

Synthetic organic chemistry has always been a vital
part of highly integrated and multidisciplinary process of
various drug developments. Motivated by these findings
and in continuation of our ongoing efforts endowed with the
discovery of nitrogen and sulfur-containing heterocycles
with potential chemotherapeutic activities, we present here
the synthesis and screening of the antimicrobial activities
of new 5-(chromene-3-yl)methylene-2,4-thiazolidinedione
derivatives.

Methods

Chemistry

General

Solvents and reagents were obtained from
commercial sources. Analytical thin layer chromatography
was carried out on precoated Silica Gel 60F,,, sheets using
UV absorption for visualization. The melting points were
taken with MPM-H1 Schorpp melting point meter and
are uncorrected. The '"H NMR spectra were recorded at
room temperature on a Bruker Avance NMR spectrometer
operating at 500 MHz and were in accordance with the
assigned structures. Chemical shift values were reported
relative to tetramethylsilane (TMS) as internal standard.
The samples were prepared by dissolving the synthesized
powder of the compounds in DMSO-d, (6,=2.51 ppm) as
solvent. Mass spectra were recorded by Agilent 1100, type
SL spectrometer (positive ionization) and with a Varian

MAT CH-5 spectrometer (70 eV). Elemental analysis was
registered with a Vario El CHNS instrument.

Synthesis

General procedure

Synthesis of 5-(chromene-3-yl)methylene-2,4-
thiazolidinedione (3)

1 mmol of 6,8-dichloro-4-oxo-4H-chromene-3-
carbaldehyde 1 was refluxed for 3 h with 1 mmol (0.117
g) of 2,4-thiazolidinedione 2 and 4 mmol (0.328 g) of
anhydrous sodium acetate in 5 ml of acetic acid, according
to the literature data [12]. The reaction mixture was
cooled, and the crude product was filtered under reduced
pressure, washed with water on the filter and purified by
recrystallization from ethanol.

Synthesis of /N-substituted 5-(chromene-3-yl)
methylene-2,4-thiazolidinedione (4-10)

For synthesis, 1 mmol of 5-chromenyl-2,4-
thiazolidinedione 3 was stirred for 30 minutes, at room
temperature, with 1.1 mmol (0.062 g) of anhydrous
potassium hydroxide, in 6 ml of dimethylformamide
(DMF). After the potassium salt was formed, 1.1 mmol of
a-bromoalkylarylketones were added. The crude product
was filtered under reduced pressure, washed with water on
the filter and purified by recrystallization from ethanol.

Microbiology

The antimicrobial activity of the newly synthesized
compounds was evaluated according to the guidelines of
National Committee for Clinical Laboratory Standards
(NCCLS, 1997) using the agar diffusion method [15].
Gentamicin and fluconazole were purchased from the
drug market and used as reference for antibacterial and
antifungal activity, respectively. Petri plates containing 20
ml of Mueller Hinton Agar were used for all the bacteria
tested and Mueller-Hinton medium supplemented with
2% glucose (providing adequate growth of yeasts) and
0.5 g/l methylene blue (providing a better definition of the
inhibition zone diameter) was used for antifungal testing.

After 18h, the bacterial strains were put on a saline
solution of NaCl (0.9%), so that the turbidity would be that
of MacFarland (10° UFC/ml). The inoculum was spread on
the surface of the solidified media. Solutions of the tested
compounds were prepared in DMSO. There were three
concentrations tested: 10 mg/ml, 5 mg/ml and 1 mg/ml.

Six-millimeter diameter wells were cut from the
agar using a sterile cork-borer. A sterile swab was soaked
in suspension and then the Mueller-Hinton agar plates were
inoculated by streaking the entire surface. After drying
for 10-15 minutes, the six millimeter diameter wells were
inoculated with 50 pl from each solution. Gentamicin
(10 pg/well) and fluconazole (25 pg/well) were used as
antibacterial and antifungal reference, respectively. Plates
inoculated with bacteria were incubated for 24 h and those
with fungus 48 h, at 37°C.
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The effects of the new compounds were assessed by
measuring the diameter of the growth inhibition zone. Zone
diameters were measured to the nearest whole millimeter
at a point in which there will be no visible growth after
24-48 h.

All the tests were performed in duplicate and the
average was taken as final reading.

Results

Chemistry

5-(chromene-3-yl)methylene-2,4-thiazolidinedione
3 was obtained by the condensation of 6,8-dichloro-4-oxo-
4H-chromene-3-carbaldehyde 1 with 2,4-thiazolidinedione
2, according to the literature data (Scheme 1) [12].
The new derivatives were treated with various
a-bromoalkylarylketones, in order to obtain the new
N-substituted molecules 4-10.

Cl

Cl

7: R=H; Ar=

8: R=H; Ar:@

9: R=CH,; A= @
oH

(0]
10: R=H; Ar= 4@_{
NH,

Z

The purity of compounds was confirmed by TLC,
and all new molecules were characterized by elemental
analysis and spectroscopic data (NMR, MS).

5-((6,8-dichloro-4-oxo-4H-chromen-3-yl)
methylene)thiazolidine-2,4-dione (3)

Yield 80%. Light yellow powder, mp: 300°C. 'H
NMR (DMSO-d,, 500 MHz, ppm): 6 7.56 (s, 1H, C=CH);
8.00(d, 1H, C -chromone-H); 8.24 (d, 1H, C.-chromone-H);
8.93 (s, 1H, C,-chromone-H); 12.51 (s, 1H, -NH). Anal.
Caled. (%) for C ,H,CINO,S (342.15): C, 45.63; H, 1.47;
N, 4.09; S, 9.37. Found: C, 45.74; H, 1.47; N, 4.08; S, 9.39.
MS (EL, 70 eV): m/z (%) 343 [M+1] (100%), 313 (30%),
268 (40%), 183 (30%).

4-10

Scheme 1. Synthesis of new N-substituted 5-(chromene-3-yl)methylene-2,4-thiazolidinediones.
i: anhydrous sodium acetate/acetic acid, 3h reflux; ii: a-bromoalkylarylketones, anhydrous potassium hydroxide, DMF, 30
minutes, stirring, room temperature
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5-((6,8-dichloro-4-oxo0-4H-chromen-3-yl)
methylene)-3-(2-oxo-2-phenylethyl)thiazolidine-2,4-dione

“4)

Yield 75%. Yellow powder, mp: 224°C. 'H NMR
(DMSO-d,, 500 MHz, ppm): & 5.31 (s, 2H, -CH,-); 7.64
(t, 2H, phenyl); 7.74 (d, 1H, C -chromone-H); 7.75 (t, 1H,
phenyl); 7.78 (s, IH, C=CH); 7.92 (d, 1H, C,-chromone-H);
8.10 (d, 2H, phenyl); 8.90 (s, 1H, C,-chromone-H). Anal.
Caled. (%) for C, H, CLLNO.S (460.29): C, 54.80; H, 2.41;
N, 3.04; S, 6.97. Found: C, 54.59; H,2.41; N, 3.03; S, 6.99.
MS (EIL, 70 eV): m/z (%) 461 [M+1], 301 (100%), 271
(70%).

5-((6,8-dichloro-4-oxo0-4H-chromen-3-yl)
methylene)-3-(2-(4-nitrophenyl)-2-oxoethyl) thiazolidine-
2,4-dione (5)

Yield 65%. Light brown powder, mp: 234°C. 'H
NMR (DMSO-d,, 500 MHz, ppm): & 5.20 (s, 2H, -CH.-);
7.14 (d, 2H, phenyl); 7.68 (dd, 1H, C -chromone-H); 7.78
(s, 1H, C=CH); 7.95 (s, 1H, C,-chromone-H); 8.04 (d, 2H,
phenyl); 8.98 (s, 1H, C,-chromone-H). Anal. Calcd. (%)
for C, H CLN,O.S (505.28): C, 49.92; H, 1.99; N, 5.54;
S, 6.35. Found: C, 49.81; H, 1.98; N, 5.53; S, 6.36. MS
(EL, 70 eV): m/z (%) 505 [M+1] (100%), 279 (55%), 205
(35%), 149 (10%).

3-(2-(4-chlorophenyl)-2-oxoethyl)-5-((6,8-
dichloro-4-oxo-4H-chromen-3-yl)methylene)-thiazolidine-
2,4-dione (6)

Yield 65%. Light yellow powder, mp: 222°C. 'H
NMR (DMSO-d,, 500 MHz, ppm): & 5.24 (s, 2H, -CH.-);
7.14 (d, 2H, phenyl); 7.70 (dd, 1H, C -chromone-H); 7.78
(s, 1H, C=CH); 7.96 (s, 1H, C,-chromone-H); 8.04 (d, 2H,
phenyl); 8.98 (s, 1H, C,-chromone-H). Anal. Calcd. (%)
for C, H, CLNO.S (494.73): C, 50.98; H, 2.04; N, 2.83; S,
6.48. Found: C, 50.78; H, 2.04; N, 2.83; S, 6.50. MS (EI, 70
eV): m/z (%) 495 [M+1], 299 (100%), 271 (90%).

5-((6,8-dichloro-4-oxo0-4H-chromen-3-yl)
methylene)-3-(2-(naphtalen-2-yl)-2-oxoethyl) thiazolidine-
2,4-dione (7)

Yield 72%. Light yellow powder, mp: 220°C. 'H
NMR (DMSO-d,, 500 MHz, ppm): § 5.31 (s, 2H, -CH,-);
7.68 (d, 1H, C.-chromone-H); 7.68-7.74 (m, 1H, naphtyl);
7.70 (dd, 1H, naphtyl); 7.75 (d, 1H, naphtyl); 7.79 (s,
1H, C=CH); 7.95 (s, 1H, C,-chromone-H); 8.05 (d, 1H,
naphtyl); 8.09 (d, 1H, naphtyl); 8.17 (d, 1H, naphtyl); 8.90
(s, 1H, naphtyl); 8.97 (s, 1H, C,-chromone-H). Anal. Calcd.
(%) for C,.H ,CLNO,S (510.35): C, 58.84; H, 2.57; N, 2.74;
S, 6.28. Found: C, 58.63; H, 2.56; N, 2.75; S, 6.27. MS (EI,
70 eV): m/z (%) 511 [M+1], 372 (90%), 354 (40%), 328
(100%), 300 (30%).

5-((6,8-dichloro-4-oxo0-4H-chromen-3-yl)
methylene)-3-(2-(4-methoxyphenyl)-2-oxoethyl)

thiazolidine-2,4-dione (8)

Yield 70%. White powder, mp: 224°C. 'H NMR
(DMSO-d,, 500 MHz, ppm): 6 3.03 (s, 3H, -CH,); 5.24
(s, 2H, -CH,-); 7.12 (d, 2H, phenyl); 7.68 (d, 1H, C.-
chromone-H); 7.68-7.75 (s, 1H, C=CH); 7.94 (s, 1H,
C,-chromone-H); 8.06 (d, 2H, phenyl); 8.97 (s, 1H,
C,-chromone-H). Anal. Caled. (%) for C_,H ,CINOS
(490.31): C, 53.89; H, 2.67; N, 2.86; S, 6.54. Found: C,
53.68; H, 2.66; N, 2.85; S, 6.56. MS (EIL, 70 eV): m/z (%)
491 [M+1], 372 (95%), 326 (100%).

5-((6,8-dichloro-4-oxo0-4H-chromen-3-yl)
methylene)-3-(1-oxo-1-phenylpropan-2-yl)  thiazolidine-
2,4-dione (9)

Yield 70%. Light brown powder, mp: 220°C. 'H
NMR (DMSO-d,, 500 MHz, ppm): § 2.46 (s, 3H, -CH,);
5.45 (s, 1H, -CH(CH,)-); 7.64 (t, 2H, phenyl); 7.72 (d, 1H,
C_-chromone-H); 7.75 (t, 1H, phenyl); 7.79 (s, 1H, C=CH);
7.95 (d, 1H, C,-chromone-H); 8.10 (d, 2H, phenyl); 8.92 (s,
1H, C,-chromone-H). Anal. Calcd. (%) for C,H ,CINO.S
(474.31): C, 55.71; H, 2.76; N, 2.95; S, 6.76. Found: C,
55.60; H, 2.76; N, 2.96; S, 6.78. MS (EL, 70 eV): m/z (%)
475 [M+1], 299 (100%), 273 (60%).

5-(2-(5-((6,8-dichloro-4-oxo-4H-chromen-3-
vl)methylene)-2,4-dioxothiazolidin-3-yl)acetyl)-2-
hydroxybenzamide (10)

Yield 70%. Light yellow powder, mp: 299°C.
'H NMR (DMSO-d,, 500 MHz, ppm): § 5.30 (s, 2H,
-CH,-); 7.09 (d, 1H, phenyl); 7.44 (d, 1H, phenyl); 7.70
(d, 1H, C,-chromone-H); 7.76 (s, 1H, C=CH); 7.96 (s,
1H, C.-chromone-H); 7.98 (br, 1H, -CO-NH,); 8.10 (dd,
1H, phenyl); 8.42 (br, 1H, -CO-NH,); 8.94 (s, 1H, C,-
chromone-H); 13.90 (s, 1H, Ar-OH). Anal. Calcd. (%) for
C,H,CILN,O,S (519.31): C, 50.88; H, 2.33; N, 5.39; S,
6.17. Found: C, 50.77; H, 2.32; N, 5.40; S, 6.15. MS (EI,
70 eV): m/z (%) 520 [M+1] (100%), 371 (20%).

Microbiology

The new synthesized compounds were investigated
for their antimicrobial potential, using the agar diffusion
technique. Two  Gram-positive bacteria (Listeria
monocytogenes ATCC 13932, Staphylococcus aureus
ATCC 49444), two Gram-negative bacteria (Escherichia
coli ATCC 25922, Salmonella typhimurium ATCC 14028)
and one fungus strain (Candida albicans ATCC 10231)
were used in this screening. The compounds were tested
in three concentrations, 10 mg/ml, 5 mg/ml and 1 mg/
ml, respectively. The effects were quantified by the
measurement of the growth inhibition zone diameter (in
millimeters) and the comparison with those displayed by
the drugs used as reference: gentamicin for the antibacterial
activity and fluconazole for the antifungal, respectively.
DMSO was tested as control. It did not present growth
inhibitory effect. The registered diameters are presented in
Table 1.
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Table I. Diameters of the growth inhibition zones (mm) for the new 5-(chromene-3-yl)methylene-2,4-thiazolidinedione

derivatives.
Gram-positive bacteria Gram-negative bacteria Fungus
Cp E. coli . .
10/5/1 (mg/ml) L. monocytogenes S. aureus ATCC S. typhi C. albicans
ATCC 13932 ATCC 49444 25922 ATCC 14028 ATCC 10231
3 18/18/18 12/12/16 14/14/14 15/16/15 18/18/18
4 18/18/18 20/20/20 14/14/6 15/16/13 20/18/18
5 14/14/16 14/14/12 14/14/14 16/18/15 18/18/22
6 16/16/16 16/14/14 18/18/14 18/16/15 22/20/20
7 14/16/14 10/10/10 18/18/18 18/18/20 16/16/16
8 18/22/18 22/12/12 12/14/14 15/19/20 20/18/18
9 22/22/20 24/28/28 18/18/16 20/18/16 18/18/16
10 28/28/28 28/28/28 18/18/18 18/18/18 22/22/22
Gentamicin 18 22 18 NT
Fluconazole NT NT NT NT 28

NT: not tested

Discussion

The synthesis of the new N-substituted 5-(chromene-
3-yl)methylene-2,4-thiazolidinediones had two steps.
Firstly, 5-(6,8-dichloro-chromenyl)-2,4-thiazolidinedione
3 was obtained by Knoevenagel condensation between
6,8-dichloro-4-oxo0-4H-chromene-3-carbaldehyde and
1,3-thiazolidine-2,4-dione, in acetic acid and in the
presence of anhydrous sodium acetate. The substitution at
the level of thiazolidinedione nitrogen was realized with
different a-bromoalkylarylketones and took place in the
presence of anhydrous potassium hydroxide and DMF.

The purity of all compounds was verified by TLC.
The combined use of elemental analysis and spectral
methods confirmed the structures proposed for the
synthesized compounds. The 'H NMR spectra showed
characteristic singlets due to —CH= proton coming
from formyl group, at § 7.56-7.79 ppm, demonstrating
the synthesis of 5-chromenyl-thiazolidinedione. The
disappearance, in the spectra, of the signal due to the H
from —NH- in thiazolidinedione heterocycle and the
appearance of signals specific for the phenyl protons,
evidenced the N-substitution and thus, the synthesis of the
new derivatives.

The antimicrobial screening revealed modest to
good growth inhibitory effect against the standardized
strains used. Substances 3, 4 and 8 showed the same
activity as gentamicin, the reference drug, against the strain
of L. monocytogenes ATCC 13932, while derivatives 9
and 10 had a better effect. The most powerful inhibition
was demonstrated by compound 10, which, for all the
concentrations used (10 mg/ml, 5 mg/ml and 1 mg/ml)
displayed a 28 mm diameter of the growth inhibition zone.
The activity against the strain of S. aureus ATCC

49444 was promising for molecules 4 and 8 and

very good for 9 and 10. These 4 substances had a better
effect than the reference antibacterial drug.

The inhibition against Gram-negative strains
was not remarkable. All new synthesized chromenyl-
thiazolidinediones showed diameters lower than that of
gentamicin, in the case of £. coli ATCC 25922, while against
S. typhi ATCC 14028, compounds 5, 6, 7, 9 and 10 had a
similar effect to the reference. Molecules 7 and 8, both at 1
mg/ml concentration, and 9, at 10 mg/ml, displayed a better
effect than of the antibiotic used.

The growth of the strain of C. albicans ATCC 10231
was inhibited by all the investigated derivatives, but the
diameters were lower than of fluconazole. Compound 10,
in all three concentrations, displayed the most promising
effect.

We used three concentrations of the new molecules in
this screening, in order to see if there is a direct relationship
between the concentration and the antimicrobial effect. Due
to the fact that some substances showed a better activity at
a lower concentration and vice-versa, we can say that we
could not establish a direct influence of the concentration
on the inhibitory activity.

Conclusions

The present work describes the synthesis of eight
new 5-(chromene-3-yl)methylene-2,4-thiazolidinediones
3-10. The structures of all synthesized molecules were fully
confirmed by physical data, elemental analyses, MS and 'H
NMR spectroscopy in solution.

As far as biological activity is concerned, all new
compounds showed moderate to good antimicrobial effect.
Some of them exerted a growth inhibitory activity superior to
the reference drugs used. The screening showed promising
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potential for the new molecules 8, 9 and 10. There was no
direct proportionality between the concentrations used and
the inhibitory effect.

Our results suggest that selected 5-(chromene-3-
yl)methylene-2,4-thiazolidinedione derivatives may be
worthy of future research for designing new chemical
entities with antibacterial or antifungal activity.

Acknowledgement

This paper was published under the frame of
European Social Found, Human Resources Development
Operational ~ Programme  2007-2013, project no.
POSDRU/159/1.5/S/136893.

References

1. Liu XF, Zheng CJ, Sun LP, Liu XK, Piao HR. Synthesis of new
chalcone derivatives bearing 2,4-thiazolidinedione and benzoic
acid moieties as potential anti-bacterial agents. Eur ] Med Chem.
2011;46:3469-3473.

2. Tenover FC, McDonald LC. Vancomycin-resistant
staphylococci and enterococci: epidemiology and control. Curr
Opin Infect Dis. 2005;18:300-305.

3. Alagawadi KA, Alegaon SG. Synthesis, characterization and
antimicrobial activity evaluation of new 2.4-Thiazolidinediones
bearing imidazo[2,1-b][1,3,4]thiadiazole moiety. Arab J Chem.
2011;4:465-472.

4. Chopra I, Schofield C, Everett M, O’Neill K, Miller K, Wilcox
M, et al. Treatment of health-care-associated infections caused by
Gram-negative bacteria: a consensus statement. Lancet Infect Dis.
2008;8:133—139.

5. da Costa Leite LF, Veras Mourdo RH, de Lima Mdo C,
Galdino SL, Hernandes MZ, de Assis Rocha Neves F, et al.
Synthesis, biological evaluation and molecular modeling studies
of arylidene-thiazolidinediones with potential hypoglycemic and
hypolipidemic activities. Eur ] Med Chem. 2007;42:1263-1271.
6. Smith AG, Beaumont KA, Smit DJ, Thurber AE, Cook AL,
Boyle GM, et al. PPARgamma agonists attenuate proliferation
and modulate Wnt/beta-catenin signalling in melanoma cells. Int

J Biochem Cell Biol. 2009;41:844-852.

7. Faine LA, Rudnicki M, César FA, Heras BL, Bosca L, Souza
ES, et al. Anti-inflammatory and antioxidant properties of a new
arylidene-thiazolidinedione in macrophages. Curr Med Chem.
2011;18(22):3351-3360.

8. Mulwad VV, Mir AA, Parmar HT. Synthesis and antimicrobial
screening of 5-benzylidine-2-imino-3-(2-oxo-2H-benzopyran-
6-yl)-thiazolidin-4-one and its derivatives. Indian Journal of
Chemistry. 2009;48B:137-141.

9. Kallanagouda RA, Shankar GA. Synthesis, characterization and
antimicrobial activity evaluation of new 2,4-Thiazolidinediones
bearing imidazo[2,1-b][1,3,4]thiadiazole moiety. Arab J Chem.
2011;4(4):465-472.

10. Avupati VR, Yejella RP, Akula A, Guntuku GS, Doddi BR,
Vutla VR, et al. Synthesis, characterization and biological
evaluation of some novel 2,4-thiazolidinediones as potential
cytotoxic, antimicrobial and antihyperglycemic agents. Bioorg
Med Chem Lett. 2012;22(20):6442-6450.

11. Bozdag-Diindar O, Verspohl EJ, Das-Evcimen N, Kaup RM,
Bauer K, Sarikaya M, et al. Synthesis and biological activity of
some new flavonyl-2,4-thiazolidinediones. Bioorg Med Chem.
2008;16:6747-6751.

12. Bozdag-Diindar O, Evranos B, Das-Evcimen N, Sarikaya
M, Ertan R. Synthesis and aldose reductase inhibition activity of
some new chromonyl-2,4-thiazolidinediones. Eur J] Med Chem.
2008;43(11):2412-2417.

13. Hatzade K, Taile V, Gaidhane P, Ingle V. Synthesis, structural
determination, and biological activity of new 7-hydroxy-3-
pyrazolyl-4H -chromen- 4-ones and their o-p-D-glucosides. Turk
J Chem. 2010;34:241-254.

14. Ali TE, Ibrahim MA. Synthesis and antimicrobial activity
of chromone-linked 2-pyridone fused with 1,24-triazoles,
1,2,4-triazines and 1,2,4-triazepines ring systems. J Braz Chem
Soc. 2010;21:1007-1016.

15. National Committee for Clinical Laboratory Standards.
Reference method for broth dilution antifungal susceptibility
testing of yeasts; approved standard. NCCLS document M27-A.
Wayne, Pa: National Committee for Clinical Laboratory
Standards; 1997.

Clujul Medical 2016 Vol. 89 no.1: 122-127

127



