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Aim. A number of new 3,5-R-4-(3-(5-nitrofuran-2-yl)allylidenami-no)-1-R -4/-1,2,4-triazole halides have been synthesized, the structure
of synthesized compounds has been proved by modern physical-chemical methods.

Methods and results. Experimental substantiation of the antimicrobial activity of newly synthesized derivatives of 3,5-R-4-(3-(5-nitrofuran-
2-yl)allylidenamino)-1-R -4H-1,2,4-triazole halides using disco-diffusion method on Mueller Hinton medium has been performed.

Conclusion. Analysis of the results of microbiological research allowed to determine the substituent’s influence on the antimicrobial activity
of 3,5-R-4-(3-(5-nitrofurans-2-yl)allylidenamino)-1-R -4H-1,2,4-triazolo halides derivatives. The results indicate the prospects for further study.
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-1-R -4H-1,2,4-Tpia3oiro rajoreniais
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Ynepme CHHTE3YBaJIM Psiji HOBUX IOXITHUX 3,5-'R-4-(3-.(5.-HiTpOd)ypaH'-z-iJ'I)aJ'IiJ'Ii):[eHaMiHO)- 1-R -4H-1 ,2,4-Tpia30ni}p FaJ'IOFeHi.}liB, CTPYKTypa
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noxinuux 3,5-R-4-(3-(5-niTpodypan-2-in)anininenamino)-1-R -4H-1,2,4-Tpia3oiro raoreHiais 3 BAKOPUCTAHHAM AUCKO-IHDy3iHHOTO METOTY
Ha cepenoBuilli Mromnepa — XiHToHA. AHaI3 pe3yabTariB MiKpoOiOJOTiYHOTO JOCIIPKECHHS 1aB MOXKJIMBICTh BU3HAYMTH BILTHB 3aMiCHHKIB Y
CTPYKTypi TPia30/10BOro MKy Ha AHTHMIKPOOHY aKTUBHICTb NOXiaHUX 3,5-R-4-(3-(5-HiTpodypan-2-in)aninigenamino)-1-R -4H-1,2,4-tpiazoniro
rajgoreHigiB. Pe3ynsraru cBigyaTh npo NEPCIEKTUBHICTh HACTYIHUX JOCIIIKCHb.
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Briepebie CHHTE3MPOBaH P/l HOBBIX MPOU3BOIAHBIX 3,5-R-4-(3-(5-auTpodypan-2-un)amnwmaenaMuto)-1-R -4H-1,2,4-tpuazonus rano-
TeHHUJIOB, CTPYKTypa KOTOPHIX IOATBEP)KAEHA C TIOMOIIBI0 COBPEMEHHBIX (PU3HUKO-XMMHYIECKHX METOJ0B. DKCIEPHMEHTAIbHO 000CHOBaHA
HPOTHBOMUKPOOHAS aKTMBHOCTb IIOMY4EHHBIX MPOU3BOAHBIX 3,5-R-4-(3-(5-Hutpodypan-2-un)amiminaeHamMuno)-1-R -4H-1,2,4-tpuaszonus
raJOTeHUIOB C NCIIOIb30BaHHEM JUCKO-TH(y3noHHOrO MeTosa B cpene Miomiepa — XHHTOHA. AHAJIN3 Pe3y/IbTaTOB MUKPOOHOJIOTHIECKOTO
HCCIIE0BAaHMS MTO3BOJIMII ONIPEAENUTD BINSHHAE 3aMECTHUTENEH B CTPYKType TPHA30JI0BOTO IIMKJIA HA aHTHMHKPOOHYIO aKTHBHOCTh IIPOU3BO-
nHbIX 3,5-R-4-(3-(5-nutpodypan-2-un)anmnuaesamMuno)-1-R -4H-1,2,4-tpuasonus ragorenunos. IloqyyeHHbIC JaHHbIC CBUICTEILCTBYIOT O
NIEPCIICKTUBHOCTH JAJBHEHIIIETO UCCIISJOBAHMS.
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3anopostcckuit meduyunckuil yxcypuan. — 2015. — Ne2 (89). — C. 97-100

he study of antimicrobial activity remains important step

in finding more safe and effective drugs that would be
able to satisfy the requirements of physicians [6]. Our attention
was caught by 1,2,4-triazoles, which are known to be structural
fragments of biologically active compounds with different types
of activity [3]. The investigation of scientific literature showed
that considerable interest is devoted to antimicrobial activity
of 1,2,4-triazoles derivatives [1,2,5,7,8]. Thus, we believe, that
introduction of nitrofuran cycle and lengthening of alkyl chain
within furan cycle can change the types of activities with primary
manifestation of antimicrobial activity.

The aim of the work was the synthesis and identification of po-
tential compounds with antimicrobial activity among 3,5-R-4-(3-(5-
nitrofuran-2-yl)allylidenamino)-1-R -4/1-1,2,4-triazole halides.

Materials and methods of research

The research of some physical-chemical properties of the syn-

thesized compounds was carried out according to the methods
described in the State Pharmacopoeia of Ukraine (SPU, Vol. 1).
The melting point was determined by capillary method on the
TAP-M device (a device for determining the melting point of
crystalline materials, Russia). The structure of the compounds
was confirmed by elemental analysis instrument on Elemental
Vario EL cube (Elementar Analysensysteme, Germany), IR
spectra (4000 — 400 cm™") were taken from modules ALPHA-T
spectrometer Bruker ALPHA FT-IR (Bruker optics, Germany).
Determination of elemental analysis of the compounds was
performed with the help of elemental analyzer Elemental Vario
EL cube (Elementar Analysensysteme, Germany), IR spectra
(4000 — 400 cm™) were taken from modules ALPHA-T spec-
trometer Bruker ALPHA FT-IR (Bruker optics, Germany). The
identity of the synthesized compounds was confirmed by thin
layer chromatography plates «Sorbfil» produced by JSC “Sorb-
polimer” in the solvent system acetone:hexane. Investigation
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of antimicrobial activity of the compounds was performed in
bacteriological laboratories of Zaporizhzhya Regional Hospital
by disco-diffusion method [4] on Mueller-Hinton medium using
the following test strains of microorganisms: gram-positive cocci
(Staphylococcus aureus ATCC 25923, Enterobacter aerugenes,
Enterococcus faecalis ATCC 29212), gram-negative bacilli
(Pseudomonas aeruginosa PSS27853, Escherichia coli ATCC
25922), facultative anaerobic gram-negative rods (Klebsiella
pneumonia). In determining the sensitivity a standard inoculum
was used, which corresponds to 0,5 standard Mack Farlanda,
that contains about 1,5-10% the numbers of colony forming
units (CFU) per cm?®. The standard inoculum was applied to
the surface of the Petri dish by pipette with nutrient medium in
a volume of 1,2 cm?. It was steadily distributed on the surface
by shaking; excess of inoculum was removed by pipette. On
the agar surface were deposited standard sterilized paper discs
(6 mm diameter), which were impregnated with a solution of
synthesized compounds of dimethyl sulfoxide (DMSO) (100 mg/
disk). The duration of incubation of dishes with bacteria was 24
h at 35 °C, while with fungi it was from 48 to 72 h at 28 — 30 °C.
The diameter of the zones of growth retardation was measured
with the accuracy within 1 mm. Only disks with DMSO did not
cause inhibition growth of specified microorganisms.

3,5-R-4-(3-(5-nitrofuran-2-yl)allyliden)-4H-1,2,4-triazoles-
4-amine (compound 1 and 5, table 1)

To a solution of 0,01 mole of 4H-1,2,4-triazole-4-amine or
3,5-dimethyl-4H-1,2,4-triazole-4-amine in 30 ml of ethanol and
a catalytic amount of hydrochloric acid is added 0,01 mole of
5-nitro-2-furyl and leave at room temperature for 12-24 hours.
The formed precipitates are yellow crystalline substances,
slightly soluble in water and soluble in organic solvents.

3,5-R-4-(3-(5-nitrofuran-2-yl)allylidenamino)- 1-alkyl-4H-
1,2,4-triazole halo-genides (compound 2, 3, 6 and 7, table 1)

To a solution of 0,01 mole of 4-amino-1-alkyl-4H-1,2,4-

triazole halogenides or 3,5-dimethyl-4-amino-1-alkyl-4H-1,2,4-
triazole halides in 30 ml of ethanol was added 0,01 mole of
5-nitro-2-furyl. The mixture was left at room temperature for
10-12 hours. The solvent was evaporated, the precipitates of the
compounds were washed with ether and dried.

3,5-R-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-
(carboxymethyl)-4H-1,2,4-triazole chlorides (compound 4 and
9, table 1)

To a solution of 0,01 mole of 4-amino-1-(carboxymethyl)-
4H-1,2,4-triazole chloride or 3,5-dimethyl-4-amino-1-
(carboxymethyl)-4H-1,2,4-triazole chloride in 30 ml of ethanol
was added 0,01 mole of 5-nitro-2-furyl and left at room tempera-
ture for 10-12 hours. The solvent was evaporated, the precipitates
of compounds were washed with ether and dried.

3,5-dimethyl-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-
(2-oxophenylethyl)-4H-1,2,4-triazole bromide (compound 8,
table 1)

To a solution of 0,01 mole of 3,5-dimethyl-4-amino-1-(2-
oxophenylethyl)-4H-1,2,4-triazole bromide in 30 ml of etha-
nol was added 0,01 mole of 5-nitro-2-furyl and left at room
temperature for 10—12 hours. The solvent was evaporated, the
precipitate was washed with ether and dried.

For the analysis 1-9 compounds were purified with ethanol.

The results and their discussion

As the result of interaction of 3,5-R-4H-1,2,4-triazole-
4-amine, 4-amino-1-alkyl-4H-1,2,4-triazole halides,
amino-1-(carboxymethyl)-4H-1,2,4-triazole chloride
4-amino-1-(2-oxophenylethyl)-4H-1,2,4-triazole bromide with
an equivalent amount of S-nitro-2-furyl were derived Schiff
bases (compounds 1-9, Tab. 1). The result of chromatographic
investigation proved that compounds 1-9 are individual matters.

IR spectrum of these compounds are characterized by signals
of C=N-groups of triazole cycle in the range of 1631-1618 cm'!
(V) While nitro group manifested in the form of absorption
bands in the range of 1351-1346 cm’! (VNOZ*‘S), 851-845 cm™ and

Table 1

Physico-chemical properties derivatives 3,5-R-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-R,-4H-1,2,4- triazole halides

N—N-R;

R(N \ FéHa‘l

s
egre=sd o,

Ne R R Hal m.p.,°C Formula Yield, % Found, %: Calculated, %
compound 1 c H N c H N

1 H H - > 230 C,H,N.O, 65 43,73 | 2,30 32,02 43,84 2,30 31,96
2 CH, H - 178-180 C,,H,N,O, 70 48,44 | 3,68 28,39 48,58 3,67 28,33
3 H CH,, Br 175-177 | C_H,BrN.O, 65 47,78 | 5,66 16,45 47,90 5,67 16,43
4 C,oHy Cl 123-125 | C,H,BrN,O, 67 55,51 | 6,83 17,15 55,67 6,88 17,09
5 CH,COOH Cl 170-175 | C,H,,CIN,O, 65 40,21 | 3,08 21,41 40,32 3,08 21,37
6 CH, CH,, Br >230 C,H,sBrN,O, 70 50,10 | 6,20 15,43 50,23 6,21 15,41
7 CH, C,oHy, Cl 180-182 | C,,H,CIN,O, 70 57,42 | 7,36 16,01 57,59 7,36 15,99
8 CH, | CH,CO-CH, | Br 108-110 | C,H,BrN,O, 69 49,43 | 3,93 15,26 49,58 3,94 15,22
9 CH, CH,COOH Cl 218-220 | C,H,,CIN,O, 70 43,78 | 3,94 19,73 43,89 3,97 19,69
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Table 2
Antimicrobial activity derivatives 3,5-R-4-(3-(S-nitrofuran-2-yl)allylidenamino)-1-R -4H-1,2,4- triazole halides
The diameter of the zones of growth inhibition of the test cultures synthesized compounds, mm
Ne Conc., Escherichia Pseudomonas Klebsiella Enterobacter Enterococcus Staphylococcus
compound mcg coli aeruginosa pneumonia aerugenes faecalis aureus
1 100 38 6 25 22 28 28
2 100 32 6 23 22 28 30
3 100 31 6 20 15 26 29
4 100 28 6 16 14 21 21
5 100 34 6 22 23 27 28
6 100 14 6 8 6 15 14
7 100 26 6 15 12 22 24
8 100 19 6 12 13 16 16
9 100 17 6 8 8 14 16
Furazolidone 100 25 - - - - 22
Furadonin 50 22 - - - - 22
Fluconazole 25 - - - - - -

1345-1335 cm (v, ®) 3105 (v_)), 2973 (v(,,), 2932 (v ), 1450
(V o) 1270 (v 1 o)-

'H NMR (DMSO-d,), 3, ppm: 10,35-8,92 (s, 1H, -N=CH);
7,75 (d, 1H, furan H-4); 7,60 (d, 1H, furan H-3); 3,35-2,40 (s,
3H, CH,).

The results obtained from initial microbiological screening
(Tab. 2) showed that the antimicrobial effect of derivatives
3,5-R-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-R -4 H-1,2,4-
triazole halides is common to all the compounds.

During the comparative characteristics of compounds 1-9 with
previously described derivatives 3,5-R-1-alkyl-4-(5-nitrofuran-
2-yl)methylenamino-4H-1,2,4- triazole halides [2] different
structure-dependent effect was observed.

So replacing of 5-nitrofuryl group by 5-nitro-2-furyl group
significantly increased the activity of the compounds relatively to
E. coli, KI. pneumonia, E. aerugenes, E. faecalis and S. aureus. It
should be noted that, both above mentioned compounds and the
derivatives of 3,5-R-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-
R -4H-1,2,4-triazole halides have lack of antimicrobial activity
for P. aeroginosa.

The attention should be paid to the introduction of methyl
group into the structure of triazole cycle (compound 5), which
resulted the increase of antimicrobial activity for E. coli, K.
pneumonia, E. aerugenes, E. faecalis and S. aureus. The replace-

ment of a hydrogen atom at N -atom of triazole cycle by octyl
(compound 6) leads to the reduction of the activity of radical
for the strains of these microorganisms. When the alkyl radical
is extended (compound 7) susceptibility to E. coli, KI. pneumo-
nia, E. aerugenes, E. faecalis and S. aureus. Thus compounds
that do not contain methyl substituents at the 3 and 5 positions
of triazole cycle (compound 2 and 3) on the contrary reduced
the sensitivity to the above mentioned strains. So, it must be
emphasized that the most active are the compounds with less
substituents that confirms the importance of nitrofuran group
in the structure of triazole cycle.

Conclusions

1. The synthesis of 9 new compounds among derivatives
3,5-R-4-(3-(5-nitro- furan-2-yl)allylidenamino)-1-R -4H-
1,2,4-triazole halides has been done. Their structure has been
confirmed by physical and chemical methods.

2. The analysis of antimicrobial activity of the synthesized
compounds has been done and the influence of substituents in
the structure of triazole cycle at the antimicrobial activity of
derivatives 3,5-R-4-(3-(5-nitrofuran-2-yl)allylidenamino)-1-
R -4H-1,2,4- triazole halides has been defined.

3. Substance which have an increased sensitivity relatively
E. coli, KI. pneumonia, E. faecalis and St. aureus. was found
among the synthesized compounds.
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