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Aim. The research of antimicrobial and antifungal activity of 7-((3-thio-4-R-4H-1,2,4-triazoles-3-yl)methyl)theophylline S-derivatives has
been erformed.

Methods and results. Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Candida
albicans ATCC 885-653 have been taken as a set of standard test-strains. It has been proved that the most active alkyl-derivatives are 7-((3-thio-
4-R-4H-1,2 4-triazole-3-yl)methyl)theophylline. Among the synthesized salts, which turned to be active against Staphylococcus aureus, the
2-(5-((theophylline-7-yl)methyl)-4-phenyl-4H-1,2 4-triazole-3-ylthio)acetate ammonium has attracted our attention.

Conclusion. The perspective class of compounds for further research on this type of biological activity has been defined.

JocaizxkeHHss MPOTUMiKPOOHOI Ta MPOTHTPHOKOBOI AKTUBHOCTI S-MOXiqHNX

7-((3-tio-4-R-4H-1,2,4-Tpiazon-3-in)merua)reoditiny

A. C. Toyyns, O. M. Kamuwnui, H. M. Honiwyx, O. I. [lanacenxo, €. I Knuw

3ifCHIITN TOCIIIKSHHS IPOTUMIKPOOHOT Ta MPOTUIPUOKOBOT aKTUBHOCTI cepen S-moximuux 7-((3-Tio-4-R-4H-1,2,4-Tpia3on-3-in)MeTui)
teodininy. Sk Habip cTaHTApTHUX TecT-IITaMiB B3sTO Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Candida albicans ATCC 885-653. BcranoBuiny, 110 HaOLTBII aKTHBHIMHE CEPEJI CIIOMYK, SIKi OepIKallH, € aKiTIOX1THi
7-((3-tio-4-R-4H-1,2,4-1piazon-3-im)metmn)reodininy. Cepes CHHTE30BaHUX COJISH IPUBEPHYB yBary aMoHil 2-(5-((teodinin-7-im)MeTwn)-4-
¢enin-4H-1,2,4-rpia3on-3-iaTio)anerar, SKHi BUSBUBCS aKTHBHUM CTOCOBHO Staphylococcus aureus. Busnaunnm nepcrekTHBHUN KI1ac CHOIYK
JUIS HACTYIHHUX JOCITIKEHD 32 IIUM BHIOM 01010Ti4HOT aKTHBHOCTI.

Knrwuoei cnosa: 1,2,4-mpiazon, meoginin, anmumikpoOna, npomucpudkoea akmueHicmo.
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HccnenoBanne NpoTHBOMUKPOOHOH U MPOTUBOTPHOKOBOIi AKTHBHOCTH S-NIPOU3BOIHBIX
7-((3-Tn0-4-R-4H-1,2,4-Tpua3oia-3-uja)MeTwi1)TeopuILIMHA

A. C. Toyyns, A. M. Kamvuunenii, H. H. Ionuwyx, A. Y. Ilanacenxo, E. I Knviu

TIpoBeneHs! nccienoBaHus IPOTUBOMUKPOOHON U IPOTUBOTPUOKOBOIT aKTHBHOCTH Cpey S-Ipou3BoaHbIX 7-((3-THo-4-R-4H-1,2,4-Tpnazoi-
3-mr)mermin)TeodmuinHa. B kadecTBe Habopa CTaHAAPTHBIX TECT-IITaMMOB B3STHL Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, Candida albicans ATCC 885-653. YcTaHOBIEHO, 4TO HanOoIee aKTUBHBIMU CPEAN MOTYyUYSHHBIX
COEAMHEHUH SBISIOTCS anKkuminpon3Bogubie 7-((3-tno-4-R-4H-1,2,4-tpuazon-3-nmn)mermn)reodprminaa. Cpej CHHTE3NPOBAHHBIX CONEH
HaunOoJbliee BHUMaHHUE MPUBIEK aMMOHHHN 2-(5-((TeodmumH-7-mn)metun)-4-hennn-4H-1,2,4-Tprua3on-3-mITHO )alleTaT, KOTOPBIH OKa3acs
aKTUBHBIM IO OTHOIIEHHUIO K Staphylococcus aureus. OtnpenenéH NepcneKTUBHBIN KJIAacC COSAMHEHHH A AalbHEHIINX MCCIEIOBaHHN 11O
JAHHOMY BHy OMOJIOTMYECKOH aKTUBHOCTH.

Knrouesvie cnosa: 1,2,4-mpuazon, meopuinut, aHMuMuKpooOHas, npomueocspubKo8as akmueHoCmb.
3anoposcckuii meouyunckuil sycypuan. — 2015, — Ned4 (91). — C.95-99

of the most important areas of chemical and biological research
today [7].

The aim of the work was the research of the antimicrobial
and antifungal activity of 7-((3-thio-4-R-4H-1,2 4-triazole-3-yl)
methyl)theophylline S-derivatives.

Introduction. Infectious diseases caused by bacteria
are becoming more and more dangerous, despite many
important advances in antibacterial therapy. The explanation
lies in the broad and not always reasonable use of antibiotics,
which in turn leads to the appearance of resistant to antibiotics
strains of bacteria [2, 4, 7, 10].

In particular, the appearance of multidrug-resistant gram-
positive bacteria such as methicillin-resistant strains of the genus
Staphylococcus, vancomycin-resistant representatives of the
genera Streptococcus and Enterococcus, has become a serious
problem in the treatment of bacterial diseases [8]. Obvious for
the discussion remain the questions regarding the toxicity of
antibiotics (tetracyclines, aminoglycosides, cephalosporins,

Objects and methods of research

The sensitivity of microorganisms to newly synthesized
compounds was determined in accordance with the guidelines
“Determination of the sensitivity of microorganisms to
antibiotics” (approved by the order Ne167 from 05.04.2007) [3]
and methodical recommendations “Study of the specific activity
of antimicrobial drugs” [1]. During the research, from the initial

etc.), their effect on the immune system (allergic reactions,
immunosuppression), dysbiosis.

Thus, obtaining new compounds that would have shown
minimal negative impact on the human body has become one

drug concentration of 1mg/ml, there was prepared a series of
twofold serial dilutions of the drug in the broth Mueller-Hinton
in the volume of 1 ml, and then added to each tube 0,1 ml of
microbial veil (10°microbial cells / ml).
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The minimum inhibitory concentration (MIC) was determined
by the lack of visible growth in vitro with the minimal
drug concentration, the minimum bactericide / fungicide
concentration (MBtsC / MFtsC) — in the absence of growth on
agar after seeding with transparent tubes. Dimethyl sulfoxide
was used as a solvent of the compounds in the research.

For primary screening study of synthesized substances we
used standard test — cultures of both gram-positive and gram-
negative bacteria belonging to different morphological proper-
ties of clinically significant groups of pathogens of infectious
diseases. As a set of standard test-strains Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Candida albicans ATCC 885-653
were taken. All test-strains were obtained from the bacteriologi-
cal laboratory of the State institution “Zaporizhzhia Regional
Laboratory Center of the state sanitary-epidemiological service
of Ukraine”. Antibacterial drug trimethoprim was used for the
qualitative control of antimicrobial activity of compounds with
respect to the studied strains. Additionally, a control over nutrient
media and solvent using conventional techniques was performed.

As the table shows, the MIC for E. coli averaged 100.52 pg/ml
MBtsC — 325.4 pg/ml for S. aureus MIC — 78.4 pg/ml MBtsC
—380.3 pg/ml for P. aeruginosa MIC — 64.6 pg/ml MBtsK —
279.2 ng/ml. Minimum fungal activity averaged 75.4 ug/ml,
MFtsC — 114.6 pg/ml.

Studies have shown that the greatest antimicrobial activity
have alkyl derivatives 7-((3-thio-4-R-4H-1,2,4-triazole-3-yl)
methyl)theophylline, namely 7-((3-( heptylthio)-4-phenyl-
4H-1,2,4-triazole-5-yl)methyl)theophylline, 7-((3-(decylthio)-
4-ethyl-4H-1,2,4-triazole-5-yl)methyl)theophylline,
7-((3-(octylthio)-4-ethyl-4H-1,2 4-triazole-5-yl)methyl)theoph-
ylline, 7-((3-(nonylthio)-4-ethyl-4H-1,2,4-triazole-5-yl)-methyl)
theophylline. Changing the length of the alkyl fragment with
sulfur atom surely affects the activity. Thus, compounds with an
impair number of Carbon atoms turned to be more active than
binate one. The lengthening of the carbon chain first causes a
slight increase in activity (the transition to nonyl radical), and
then it decreases (moving from nonyl fragment to decyl). Com-
pounds with ethyl radical position 4 of 1,2,4-triazole fragment
were more active than with a phenyl radical.

Table

Antimicrobial and antifungal activity of 7-((3-thio-4-R-4H-1,2,4-triazole-3-yl)methyl)theophylline S-derivatives

N—N

el Lo

/ N R
HyC
The result of the research
The strains that were
Ne| R R, used in the research MIC, pg/ml MBtsC (MFtsC for C.
albscans), pg/ml
1 2 3 4 5 6
E. coli 62,5 125
H, /;D S. aureus 125 500
1| CH, —C —C P. aeruginosa 62,5 500
ONa .
C. albicans 125 125
E. coli 62,5 125
2 | cH _Hz_ J_,O H.*/ o S. aureus 62,5 250
3 C—C.. H N/ P. aeruginosa 62,5 250
C. albicans 62,5 125
o o E. coli 62,5 250
s | cn —Is—@—n—é’ S. aureus 15,6 500
8 é\) CH, P. aeruginosa 62,5 125
C. albicans 62,5 62,5
E. coli 250 500
S. aureus 31,25 250
4 |G H P. aeruginosa 62,5 250
C. albicans 62,5 62,5
E. coli 125 250
S. aureus 7,8 31,25
5 |G ~CeHr P. aeruginosa 62,5 250
C. albicans 31,25 31,25
E. coli 62,5 125
6 [ —CgHyg S. aureus 3,9 7.8
P. aeruginosa 62,5 125
C. albicans 62,5 125
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Table Continuation

1 2 3 4 5 6
E. coli 62,5 125
S. aureus 31,25 500
7| CHs CroHz1 P. aeruginosa 62,5 250
C. albicans 62,5 125
E. coli 62,5 125
s |leon Hy //0 S. aureus 125 500
zs —C —C, ~ P. aeruginosa 62,5 125
C. albicans 62,5 62,5
E. coli 125 125
S. aureus 62,5 125
9 | CoHs H P. aeruginosa 62,5 125
C. albicans 31,25 250
E. coli 125 250
S. aureus 62,5 500
10| CeH, CaHo P. aeruginosa 62,5 125
C. albicans 62,5 125
E. coli 125 125
S. aureus 31,25 250
11| CH —C+H )
es s P. aeruginosa 62,5 250
C. albicans 12,5 125
NO, E. C0|i, 125 500
S. aureus 7,8 250
12 H - -
CeHs ON% P. aeruginosa, 62,5 250
C. albicans 31,25 31,25
0 E. coli 62,5 250
| S. aureus 31,25 500
13 | CH A CH ' ’
65 [ 3 P. aeruginosa 62,5 500
O C. albicans 62,5 125
o E. coli 62,5 125
Hy 5 + S. aureus 31,25 250
14| CH —_r — . ,
6 s c C\d NH, P. aeruginosa 62,5 500
C. albicans 125 125
E. coli 125 125
Hz S. aureus 125 500
15| CH —Cc —C Ca
e ol » P. aeruginosa 62,5 500
C. albicans 125 250
E. coli 62,5 250
Ha o 3 S. aureus 125 500
1 H —Cc —C__| zn*
6] Cefs ( © 6/ 5 " P. aeruginosa 62,5 125
C. albicans 62,5 250
E. coli 62,5 250
| on He 2 N/C2H5 S. aureus 62,5 500
e —C—C Tz “CyHs P. aeruginosa 62,5 500
C. albicans 62,5 125
E. coli, 62,5 250
18l ch Hy (C2Hs) S. aureus, 62,5 500
shs| —C —C_ " H2 ~C,H4OH P. aeruginosa, 62,5 250
C. albicans 62,5 125
E. coli 125 250
QO H ~< > S 62,5 500
Hy . . aureus ,
19| CH —c = © N
e © CG u P. aeruginosa 62,5 125
C. albicans 62,5 125
o E. coli 125 250
Vi S. aureus 125 125
20| CH _
e C“‘O—CH3 P. aeruginosa 125 125
C. albicans 125 125

© A. S. Gotsulya, O. M. Kamyshnyi, N. M. Polishchuk, O. I. Panasenko, Ye. G. Knysh, 2015

Ne4 (91) 2015 3AMOPOXCKNM MEOVLIMHCKUA XYPHAJ ISSN 2306-4145



— — Bonpocsi papmauuu / Problems of pharmacy |
Table Continuation

1 2 3 4 5 6
E. coli 62,5 250
21l cH P S. aureus 7,8 125
6 s “NH, P. aeruginosa 62,5 250
C. albicans 62,5 62,5
gz C//o E. coli 125 250
T T N=N=C S. aureus 125 500
22| CHy h H@ P. aeruginosa 62,5 250
o C. albicans 62,5 125
e P E. coli 125 250
C =l n—e S. aureus 125 500
23| CH, . HQ P. aeruginosa 62,5 250
H;CO OCH, C. albicans 125 125
o OCH, E. coli 125 250
e S. aureus 125 500
24| CH, HNE@ P. aeruginosa 62,5 500
H,CO C. albicans 62,5 125
o cl E. coli 125 500

Hy
25| ch —C —C\N_N_CO S. aun.eus 7,8 500
6 '5 H H P. aeruginosa 62,5 125
F C. albicans 62,5 125
2 o E E. coli 125 250
cH —ed @ S. aureus 125 500
68 H*N=ﬁ F P. aeruginosa 62,5 125
C. albicans 125 125
H, O N E. coli 125 250
—<C /N S. aureus 125 500
27| CH N=C -

6 's H H o P. aeruginosa 62,5 125
C. albicans 62,5 125
F E. coli 125 250
28| oH g2_c/<0 S. aureus 125 500
e N—N=C F P. aeruginosa 62,5 125
C. albicans 125 125
NO, E. coli 125 250
H, C//O S. aureus 125 500
29 | CiH, —C- \N_N_CQ P. aeruginosa 62,5 500
HoH C. albicans 62,5 62,5
b0 E. coli 125 250
30| c.H —CZ-C//\ B S. aureus 125 500
es E'N’(H: NO, P. aeruginosa 62,5 500
C. albicans 62,5 125

Attention is also attracted by 7-((3-thio-4-R-4H-1,2,4-
triazole-3-yl)-methyl)theophylline S-sulfone derivatives. Thus,
3-(4-methylbenzene)thiosulfonyl-4-phenyl-5-((theophylline)-
methyl)-4H-1,2,4-triazole and 3-(4-acetamidobenzen)thio-
sulfonyl-4-methyl-5-((theophylline)methyl)-4H-1,2,4-triazole
showed bacteriostatic activity against S. aureus.

Obtaining salts also affected the activity. Comparing salts
with organic and inorganic bases, organic proved to be more
active. Among the synthesized salts of 2-(5-((theophylline-
7-yl)methyl)-4-phenyl-4H-1,2,4-triazole-3-ylthio)acetate
ammonium, which turned to be active against S. aureus has
attracted the attention.

Among the active compounds should also be noted
7-((5-(2,4-dinitro-phenylthio)-4-phenyl-4H-1,2,4-triazole-3-yl)
methyl)theophylline, 2-(5-((theophylline)methyl)-4-phenyl-4H-
1,2,4-triazole-3-ylthio)acetamid, piperidine 2-(5-((theophylline)
methyl)-4-phenyl-4H-1,2,4-triazole-3-ylthio)acetate, S-5-
((theophylline)methyl)-4-phenyl-4H-1,2,4-triazole-3-yl-2-(2-
chloro-6-fluorobenzyliden)-hidrazincarbothiomide.

The research of fungistatic and fungicidal activity of the
synthesized compounds against C. albicans showed that the
most active were alkyl derivatives 7-((3-thio-4-R-4H-1,2,4-
triazole-3-yl)methyl)theophylline. Among these compounds the
particular interest is caused by 7-((3-( heptylthio)-4-phenyl-4H-
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1,2,4-triazole-5-yl)methyl)theophylline (MFtsC — 125 pg/ml)
and 7-((3-(octylthio)-4-ethyl-4H-1,2,4-triazole-5-yl)methyl)-
theophylline (MFtsC — of 31,25 pg/ml ). Active has also been
7-((3-(2,4-dinitrophenylthio)-4-phenyl-4H-1,2 4-triazole-5-yl)-
methyl)theophylline (MFtsC — of 31,25 pg/ml).

Conclusions
1. The research of bacteriostatic and bacterial / fungal activity

of 7-((3-thio-4-R-4H-1,2,4-triazoles-3-yl)methyl)theophylline
S-derivatives has been conducted.

2. Some regularities of correlation between «structure-activ-
ity» have been established.

3. It has been proved that the most active alkyl-derivatives
are 7-((3-thio-4-R-4H-1,2,4-triazole-3-yl)methyl)theophyl-
line.
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