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The NCNN group is an essential part of vari-
ous heterocycles bearing high biological activities.
1,2,4-Triazines and their condensed derivatives
found applications as pharmaceuticals and in agri-
culture. For example vardenafil ñ phosphodiesterase
inhibitor, is useful in the treatment of male erectile
dysfunctions (1), apazone exhibit anti-inflammatory
and analgesic actions (2), lamotrigine is used as anti-
convulsant agent and in the treatment of bipolar
depression (3). Moreover, ceftriaxon ñ well-known
antibiotic (4) and also cytostatic nucleoside analog ñ
azaribine (5), possess in the structure the 1,2,4-tri-
azine ring. Pymetrozine represents a new chemical
class of insecticides (6, 7). There is an interest in the
synthesis and design of compound structurally based
on this heterocyclic system because of their higher
antimicrobial activity than that of standard drug and
antifungal activity comparable with the standard
drug (8, 9). They have been also reported to associ-
ate with antimycobacterial (10), antitumor (11, 12),
antiviral (13-15), anxiolytic and antidepressant (16,
17) effects.

In our previous study on the reaction of the N3-
substituted amidrazones with dimethyl acetylenedi-
carboxylate in absolute ethanol at the temperature of
-10OC, derivatives of dimethyl 2-[(1-aryl-amino-1-
arylmethylidene)hydrazono]succinate were obtain-
ed. Only synthesis with amidrazone containing two
2-pirydyl substituents gave methyl 2-[5-oxo-3,4-di-
(-2-pyridyl)-1,4,5,6-tetrahydro-1,2,4-triazine-6-yli-
dene)acetate under above-mentioned conditions.
Cyclization of other linear products was carried out
in methanol solution in the presence of triethy-
lamine. The following substances were obtained:
methyl 2-(5-oxo-3,4-diphenyl-1,4,5,6-tetrahydro-
1,2,4-triazine-6-ylidene)acetate (1), methyl 2-(5-
oxo-3-phenyl-4-p-tolyl-1,4,5,6-tetrahydro-1,2,4-tri-

azine-6-ylidene)acetate (2), methyl 2-[5-oxo-4-
phenyl-3-(2-pyridyl)-1,4,5,6-tetrahydro-1,2,4-tri-
azine-6-ylidene]acetate (3), methyl 2-[5-oxo-3-(2-
pyridyl)-4-p-tolyl-1,4,5,6-tetrahydro-1,2,4-triazine-
6-ylidene]acetate (4), methyl 2-[4-(4-nitrophenyl)-
5-oxo-3-(2-pyridyl)-1,4,5,6-tetrahydro-1,2,4-tri-
azine-6-ylidene]acetate (5), methyl 2-[5-oxo-3,4-di-
(-2-pyridyl)-1,4,5,6-tetrahydro-1,2,4-triazine-6-yli-
dene)acetate (6) (Figure 1, Table 1) (18). The acute
toxicity of compounds 1-6 in mice was low (> 2000
mg/kg i.p.). Depending on the type of substituent
methyl 2-(5-oxo-1,2,4-triazine-6-ylidene)acetate
derivatives show different activity. The role of com-
pounds 3 and 4 as biocidal plant protection agents
such as herbicides, bactericidal, fungicidal, antimi-
crobial, protozacides, anticoccidial, parasiticides,
insectides, acaricides and pestides, was presented in
earlier report (19). Compounds 1 and 3 at a 500 µg
mL-1 concentration did not affect the microflora of
the human digestive tract (20) nor at a 10 ñ 400 µg
mL-1 concentration, the morphotic elements of the
green monkey kidney cells (21). Depending on the
compound 3 dose and the viral species examined
(VSV, EMCV and AV-5) it decreased proliferation
comparable with the medical compound called
Vratizolin (22).

We present here more extensive antimicrobial
testing results for compound 6 because of promising
activity of this type molecules.

EXPERIMENTAL

Material and methods

Bacteria were used as follows: Acinetobacter
baumannii multidrug resistant (3 strains), Pseudo-
monas aeruginosa ATCC 27853, Pseudomonas
aeruginosa multidrug resistant (2 strains), Esche-
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richia coli ATCC 35218, Escherichia coli ATCC
25922, Escherichia coli multidrug resistant (1
strain), Klebsiella pneumoniae ATCC 700603,
Klebsiella. pneumoniae multidrug sensitive (2
strains), Enterococcus faecalis ATCC 21299,
Enterococcus faecalis ATCC 29219, Enterococcus
faecalis (1 strain), Staphylococcus aureus 209.P,
Staphylococcus aureus MR-3, Staphylococcus
aureus ATCC 43300, Staphylococcus aureus ATCC
25923, Staphylococcus. aureus ATCC 25213,
Staphylococcus aureus ATCC 29213, Staphylo-
coccus lugduensis ATCC 700328. The study was
run also on 24 strains of Candida albicans (6 strains
resistant on fluconazole and itraconazole), and 8
strains of Candida non-albicans (2 strains resistant
on fluconazole and itraconazole), isolated from var-
ious clinical materials in University Hospital in
Bydgoszcz. Antifungal activity was tested by the
disc-diffusion method under standard conditions
using Mueller-Hinton Agar (bio-MÈrieux) as
described by CLSI (Clinical and Laboratory
Standards Institute) (23). All chemical and solvents
(DMSO) were purchased from Sigma. The results
were read following 24 h incubation at 35OC.

Antifungal and antibacterial activity was expressed
as Minimal Inhibitory Concentration (MIC) values
in µg/mL.

RESULTS AND DISCUSSION

In vitro sensitivities to the 5-oxo-1,4,5,6-
tetrahydro-1,2,4-triazine derivative 6 were similar
for all tested bacterial strains, 20 strains of Candida
albicans and 7 strains of Candida non-albicans with
a MIC50 of 512 µg/mL. It was observed that the
growth of only two strains of Candida albicans was
inhibited by compound 6 at a concentration of 256
µg/mL. Surprisingly, this substance exhibited high-
er antifungal potency against three strains of
Candida. The much lower MIC values of 8, 16 and
32 µg/mL have been found against two strains of
Candida albicans and for one of Candida non-albi-
cans, respectively (Table 2).

According to the literature, Candida albicans
is an increasingly important opportunistic fungal
pathogen and the incidence of fungal infections has
risen significantly. Unfortunately, the arsenal of
available antifungal drugs has not expanded to meet

Figure 1. Structure of methyl 2-[5-oxo-3,4-di-substituted-1,4,5,6-tetrahydro-1,2,4-triazine-6-ylidene)acetate derivatives

Table 1. Distribution of MIC in µg/mL for bacteria and fungi.

Pathogen Number of strains MIC (µg/mL)

Gram-positive bacteria 10 512

Gram-negative bacteria 12 512

Yeasts:
Candida albicans* 20 512

2 256
1 16
1 8

Candida non-albicans** 7 512
1 32

* 6 strains resistant to fluconazole and itraconazole
** 2 strains resistant to fluconazole and itraconazole
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the problem, and this serious disease often leads to
death, even with treatment (24). Recently, Cernicka
and co-workers reported that one of condensed
derivatives of triazine, CTBT, displayed weak anti-
fungal activity and strongly inhibited growth of
yeast cells in combination with subinhibitory con-
centrations of other antifungals with a different
mode of action. CTBT increased the sensitivity to
fluconazole in multidrug-resistant cells overexpress-
ing the efflux pumps. This novel chemosensitization
by CTBT that can overcome multidrug resistance in
yeast may prove useful in combined treatment of
infections caused by drug-resistant fungal pathogens
(25). Considering these findings, we would like to
evaluate this type antifungal action of our compound
in further research.

REFERENCES

1. The Merck Index & Co. Inc., Whitehouse
Station, NJ, USA; 9935 (2006).

2. The Merck Index & Co. Inc., Whitehouse
Station, NJ, USA; 726 (2006).

3. The Merck Index & Co. Inc., Whitehouse
Station, NJ, USA, 5353 (2006).

4. The Merck Index & Co. Inc., Whitehouse
Station, NJ, USA, 1953 (2006).

5. The Merck Index & Co. Inc., Whitehouse
Station, NJ, USA, 904 (2006).

6. The Merck Index & Co. Inc., Whitehouse
Station, NJ, USA, 7950 (2006).

7. Ausborn, J., Wolf H., Mader W., Kayser H.: J.
Exp. Biol. 208, 4451 (2005).

8. Hegde J.C., Girisha K.S., Adhikari A.,
Kalluraya B.: Eur. J. Med. Chem. (2008; in
press); doi:10.1016/j.ejmech.2008.02.003.

9. Taha A.M.: Monatsh. Chem. 138, 505 (2007).
10. Mamolo M.G., Falagiani V., Zampieri D., Vio

L., Banfi E.: Farmaco 55, 590 (2000).

11. Diana P., Matowana A., Barraja P., et al.:
Bioorg. Med. Chem. 15, 343 (2007).

12. Sztanke K., Pasternak K., Rzymowska J.,
Sztanke M., Kandafer-SzerszeÒ M., Dyba≥a I.,
Kozio≥ A. E.: Bioorg. Med. Chem. 15, 2837
(2007).

13. El Gendy Z., Morsy J.M., Allimony, H.A., Ali,
W.R., Abdel-Rahman, R.M.: Pharmazie 56,
376 (2001).

14. Abdel-Rahman R.M., Morsy J.M., El-Edfawy
S., Amine H.A.: Pharmazie 54, 667 (1999).

15. Abdel-Rahman R.M., Morsy J.M., Hanafy F.,
Amene H.A.: Pharmazie 54, 347 (1999).

16. Russel M.G.N., Carling R.W., Street L.J., et al.:
J. Med. Chem. 49, 1235 (2006).

17. Koek W., Patoiseau J.-F., Assie M.-B., et al.: J.
Pharmacol. Exp. Ther. 287, 1 (1998).

18. Modzelewska-Banachiewicz B., Ka≥abun J.:
Pharmazie 54, 503 (1999).

19. Modzelewska-Banachiewicz B., Kowalski C.,
ZiÛ≥kowska G., Banachiewicz J.: Ann. UMCS
sec. DD 60, 2 (2005).

20. Modzelewska-Banachiewicz B., Szczeúniak Z.:
Ann. UMCS sec. DDD 14, 1 (2001).

21. TruchliÒski J., Kifer-Wysocka E., Modzelew-
ska-Banachiewicz B.: Ann. UMCS sec. D 60, 6
(2000).

22. Modzelewska-Banachiewicz B., KamiÒska T.:
Eur. J. Med. Chem. 36, 93 (2001).

23. Performance standards for antimicrobial sus-
ceptibility testing; sixteenth informational sup-
plement. CLSI M100-S16 (M2-A9 and M7-
A7), January 2006.

24. Ortega E., Algarra I., Serrano M.J., de Pablo
M.A., Alvares de Cienfuegos G., Gaforio J.J.:
FEMS Immunol. Med. Microbiol., 28, 283
(2000).

25. Cernicka J., Kozovska Z., Hnatova M., et al.:
Int. J. Antimicrob. Agents 29, 170 (2007).



<<
  /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


