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The introduction of antimicrobial agents into
general clinical use represents one of the landmark
medical advances of modern medicine (1).
Investigations of new antimicrobial substances are
very useful because there are no medicinal for which
bacteria will not become resistant (2). Sulfonamide
drugs were the first antimicrobial drugs, which lead
to the antibiotic revolution in medicine (3). Use of
sulfonamides becomes rarer because of resistant
bacteria and side effects [4]. Thiazoles, being an
integral part of many potent biologically active mol-
ecules such as sulfathiazole (antimicrobial drug),
ritonavir (antiretroviral drug), abafungin (antifungal
drug) and bleomycin (antineoplastic drugs), have
been explored previously. It has been noticed con-
tinuously over the years that interesting biological
activities were associated with thiazole derivatives.
(5). Because of similar pharmacological activity,
sulfonamides and urea were used in clinical prac-
tice. According to previous literature data, scientists
tried to used both pharmacophores into one mole-
cule to receive active antibacterial agent ñ sulfany-
lamidothiourea or sulfanylamidourea. (6, 7). 

EXPERIMENTAL

Materials and Metods

New compounds were synthesized at the
Department of Pharmaceutical Chemistry in

Lithuanian University of Health Sciences. All reac-
tions were monitored by TLC (Kieselgel 60 F254,
Merck). Melting points were determined with
Koflerës melting point apparatus and are uncorrect-
ed. Elemental analyses were performed with ana-
lyzator Gerhardt Vapodest 20 (nitrogen) and by
Schonigerís method (sulfur). Infrared (IR) spectra
were recorded on Spektrum 100 FT-IR
(PerkinElmer) spectrometer. The NMR spectra were
taken on a Varian Unity Inova apparatus (300 MHz
for 1H). Purity was checked at the Department of
Analytical and Toxicological Chemistry, Lithuanian
University of Health Sciences by HPLC with sepa-
ration system Waters 2695 and photodiode array
detector Waters 996. 

Chemistry

Synthesis of allylsulfanylamides (1añd) [8]
The appropriate sulfanylamide (0.1 mol) and

allylisothiocyanate (0.2 mol) were dissolved in
anhydrous ethanol (100 mL) (1añb) or 1-butanol
(1cñd). After heating for 3ñ5 h, the reaction mixture
was cooled to room temperature and then the pre-
cipitate has appeared. The corresponding pure com-
pounds (allylsulfanylamides) were obtained by fil-
tration. For some special cases, the target com-
pounds could be purified by recrystallization using
2-propanol (1a) or mixture of ethanol and DMF
(1:1) (1b) or 1-butanol (1cñd). 
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Figure 1. Synthesis of 4-thiazolidinones containing sulfanylamides

Table 1. Characterization data of new compounds.

Elemental analysis
Compound Molecular Molecular Yield Melting calcd./found (%)

code  formula  weight %  point (OC) N, % S, %

1a C16H19N5O2S2 377.49 85 182ñ185
11.19 17.08
11.5 17.5

1b C13H14N4O2S3 354.47 91 192ñ195
15.81 27.14
16.0 27.4

1c C10H13N3O2S2 271.36 78 192ñ193
15.48 23.63
15.5 24.3

1d C13H15N5O2S3 369.49 79 179ñ181
18.95 26.03
18.7 25.7

2a C19H23N5O3S2 433.55 57 72ñ78
14.79 16.15
15.2 16.6

2b C16H18N4O3S3 410.54 52 63ñ65
13.65 23.43
13.3 22.8

2c C13H17N3O3S2 327.43 52 68ñ70
12.83 19.59
12.7 19.3

2d C16H19N5O3S3 425.55 40 75ñ77
16.46 22.60
16.6 22.8
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Synthesis of 3-allyl-2-sulfanylamido-1,3-thiazo-

lidin-4-one (2añd) [9] 
The appropriate allylsulfanylamide (0.1 mol),

chloracetic acid (0.1 mol) and ammonia acetate (0.1
mol) were dissolved in glacial acetic acid (25 mL).
After heating for 10ñ15 min, the white precipitate
has appeared. After heating from 2ñ3 h, hot reaction

mixture was filtrated, filtrate was cooled until room
temperature and then the precipitate has appeared.
The corresponding pure compounds (3-allyl-2-sul-
fanylamido-1,3-thiazolidin-4-ones) were obtained
by filtration. For some special cases, the target com-
pounds could be purified by recrystallization using
glacial acetic acid.

Table 2. Spectral data of new compounds.

Compound IR 1H NMR
code wave number (cm-1) (δ, ppm)

1425 (CH2), 2.58 (6H, s, -CH3), 3.91 (2H, d, -CH2-), 5.06 (1H, dd, CH2=), 5.13 (1H, dd, 
1a

1141 (C=S) CH2=), 5.87 (1H, m, =CH-), 6.56 (1H, s, =CH-), 7.40ñ7.65 (4H, m, ArH)

1b
1422 (CH2), 3.90 (2H, d, -CH2-), 5.06 (1H, dd, CH2=), 5.10 (1H, dd, CH2=), 5.87 (1H, 
1143 (C=S) m, =CH-), 7.12 (1H, d, -CH=), 7.36 (1H, d, =CH-), 7.95ñ8.11 (4H, m, ArH)

1c 
1428 (CH2), 3.90 (2H, d, -CH2-), 5.06 (1H, dd, CH2=), 5.10 (1H, dd, CH2=), 5.87 (1H, 
1140 (C=S) m, =CH-), 7.93ñ8,10 (4H, m, ArH)

1d
1421 (CH2), 2.17 (3H, s, -CH3), 3.90 (2H, d, -CH2-), 5.06 (1H, dd, CH2=), 5.10 (1H, dd, 
1145 (C=S) CH2=), 5.87 (1H, m, =CH-), 7.95ñ8.13 (4H, m, ArH)

1716 (C=O), 2.58 (6H, s, -CH3), 4.26 (2H, d, -CH2-), 4.80 (2H, d, -CH2-), 5.00 (2H, 
2a 1542 (C=N), dd, CH2=), 6.18 (1H, m, =CH-), 6.56 (1H, s, =CH-), 7.27ñ7.61 

1420 (CH2) (4H, m, ArH)

1715 (C=O), 4.24 (2H, d, -CH2-), 4.80 (2H, d, -CH2-), 5.00 (2H, dd, CH2=), 6.18 (1H,
2b 1544 (C=N), m, =CH-), 7.66 (1H, d, =CH-), 7.24ñ7,61 (4H, m, ArH), 8.25 (1H, d, =CH-)

1425 (CH2)

1710 (C=O), 4.22 (1H, d, -CH2-), 4.31 (1H, d, -CH2-), 4.79 (2H, d, -CH2-), 5.00 (2H, dd, 
2c 1543 (C=N), CH2=), 6.18 (1H, m, =CH-), 7.23ñ7.60 (4H, m, ArH)

1422 (CH2)

1714 (C=O), 2.17 (3H, s, -CH3), 4.25 (2H, d, -CH2-), 4.80 (2H, d, -CH2-), 5.00 (2H, dd,
2d 1544 (C=N), CH2=), 6.18 (1H, m, =CH-), 7.21ñ7,61 (4H, m, ArH) 

1430 (CH2)

Table 3. Minimal inhibitory concentrations of synthesized compounds.

MIC, µg/mL

Compound S.  E.  E.  K.  P.  B. P.  C. 
aureus faecalis coli pneumoniae aeruginosa subtilis mirabilis albicans

1a > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

1b 150 800 150 800 > 1000 150 > 1000 400

1c > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

1d > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

2a > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

2b > 1000 > 1000 > 1000 > 1000 > 1000 900 > 1000 > 1000

2c > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

2d > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 1000

SA-1 500 500 800 > 1000 > 1000 100 500 500

SA-2 > 1000 1000 100 > 1000 300 100 100 500

SA-3 > 1000 > 1000 > 1000 > 1000 800 300 >1000 800

SA-4 800 300 300 > 1000 800 100 300 800

SA-1 ñ sulfadimidine, SA-2 ñ sulfathiazole, SA-3 ñ sulfanilamide, SA-4 ñ sulfamethizole
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Determination of antimicrobial activity

Antimicrobial activity experiments were car-
ried out at the Department of Microbiology,
Lithuanian University of Health Sciences.

Antimicrobial susceptibility tests 

Antimicrobial activity of new compounds was
tested in vitro in Mueller-Hinton Agar (Mueller-
Hinton II Agar, BBL, Cockeysville, USA) in stan-
dard bacteria cultures: Staphylococcus aureus
ATCC 25923, Enterococcus faecalis ATCC 29212,
Escherichia coli ATCC 25922, Pseudomonas aerug-
inosa ATCC 27853, Klebsiella pneumoniae ATCC
33499, Proteus mirabilis ATCC 12459, Bacillus
subtilis ATCC 6633 and standard fungal culture:
Candida albicans ATCC 60193. These bacterial and
fungal strains were selected for research because of
different structure and functions. Also they are used
as standard microorganisms for determination of
antimicrobial activity. 

Preparation of standard microorganism cultures

Standard bacteria and fungal cultures were cul-
tivated 20ñ24 h on Mueller-Hinton Agar at
35ñ37OC. Bacterial and fungal suspensions were
prepared from cultivated cultures in physiological
solution according to turbinity standard 0.5
McFarland. 

Preparation of test compounds solutions

Test compounds were dissolved in dimethyl
sulfoxide (20 mg/mL) and then diluted to obtain
final concentration ranging from 1 to 1000 µg/mL.
Diluted solutions were mixed with 10 mL of
Mueller-Hinton Agar. Petri plates were incubated
for 20ñ24 h at 35ñ37OC. The minimal concentration
of antimicrobial (antifungal) compound that pre-
vents any growth of tested bacteria (fungi) was indi-
cated as minimal inhibitory concentration (MIC).
Sulfanylamides (sulfadimidine, sulfathiazole, sul-
fanilamide and sulfamethizole) were used as stan-
dard drugs.

RESULTS

All new compounds were synthesized success-
fully. It was determined that purity of new com-
pounds is not less than 95% (for the purest com-
pounds was 98.5%.). The structures of new com-
pounds were confirmed by elemental analysis (we
have determined quantity of nitrogen (N) and sulfur
(S) in each compound) and spectral analysis (IR and
1H NMR). All characterization data (molecular for-

mula and molecular weight, yield, melting point,
quantity of nitrogen (N) and sulfur (S)) are shown in
Table 1, spectral data are shown in Table 2.

Synthesis of intermediate compounds (1añd)
was performed in alcohol (ethanol or butanol),
because of ready solubility of allylisothiocyanate
and sulfanylamide. Compounds were purified by
recrystallization from 2-propanol or mixture of
ethanol and DMF (1:1, v/v) or 1-butanol (1cñd).
Yield of this reaction was 78ñ91%. Yield depended
on reaction time. By this experiment we determined
that the best conditions is heating for 3ñ5 h. It was
found out that yield of the product, obtained after
heating for 1ñ2 h, was less than 30ñ50%. 

Synthesis of final compounds (2añd) was per-
formed in glacial acetic acid with the presense of
ammonia acetate. Compounds were purified by
recrystallization from acetic acid. Yield of this reac-
tion was 40ñ57%. In this experiment we have found
that yield of the product depended on quantity of
solvent and catalyst. It was found out that using
sodium acetate instead of ammonium acetate, yield
of reaction was less than 50%. The influence of sol-
vent was very important because of solubility of
final product in it. So our goal was to use as small
quantity of glacial acetic acid as possible (it depend-
ed on solubility of initial reagents too). 

The results of antimicrobial activity showed
that new compounds can be characterized as antimi-
crobial and antifungal agents. No one of the tested
compounds showed activity against Pseudomonas
aeruginosa (MIC > 1 mg/mL) and Proteus mirabilis
(MIC > 1 mg/mL). One of new compounds (1c) had-
nít shown antimicrobial activity. Data of antibacter-
ial and antifungal activity are shown in Table 3.

DISCUSSION AND CONCLUSIONS

In our experiements we tried to integrate some
pharmacophores into one molecule and to investi-
gate their antimicrobial activity. By modification of
molecule of known medicinal products ñ sulfany-
lamides, we expected to synthesized new more
active antimicrobial agents. We used substituted
aromatic amino group, which is responsible for
antimicrobial activity, with allyl group (compounds
1añd) (4). Our experiments showed that such sub-
stitution eliminated antimicrobial properties, but
with the exception for one compound (1b), which
showed better activity than initial sulfanylamide
(sulfathiazole) against S. aureus, E. coli, B. subtilis
and C. albicans. New 4-thiazolidinones containing
sulfanylamide were inactive against tested bacteria
and fungi.



Synthesis and antimicrobial study of 4-thiazolidinone containing sulfanilamide 915

We concluded that substitution of amino group in
some cases did not eliminate antimicrobial proper-
ties as it was noted in previous experiments.

REFERENCES

1. Powers J.H.: Clin. Microbiol. Infect. 10 (Suppl.
4), 23 (2004).

2. Maciulaitis R., PetrikaiteÎ V., Aukstikalniene
A. et al.: Medicina 42, 999 (2006)

3. Hager T.: in Battlefield Hospitals to Nazi Labs,
One Doctorís Heroic Search for the Worldís
First Miracle Drug. Crown Publishing Group,
New York 2006.

4. Strachunskij L.S., Rumencev A.S., Prozopova
V.K., Igonin A.A.: in Clinical Pharmacology.

Kukes V.G. Ed., p. 944, Geotar-Media,
Moscow 2006.

5. Siddiqui N.N., Shaquiquzzaman, Rahman M.U.
et al.: Acta Pol. Pharm. Drug Res. 67, 239
(2010).

6. Byrkit G.D., Michalek G.A.: Ind. Eng. Chem.
42, 1862 (1950).

7. Northey E.H.: Chem. Rev. 27, 85 (1940).
8. Ivanov I., Popov D.: Comptes rendus de

líAcademie Bulgare des Sciences, 20, 697
(1967).

9. Mohareb R.M., Fleita D.H.: Heteroat. Chem.
13, 258 (2002).

Received: 10. 06. 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


