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Synthesis and the Antimicrobial Activity of Salt Carbenoid 
Compounds
Abstract
Aim. To synthesize aliphatic and aromatic derivatives of salt carbenoid compounds of the series of imidazole, benzimidazole, 
pyridine, pyrimidine and 1,3,4-oxadiazole containing fluorophenyl, cetyl or adamantyl substituents, and study their antimi-
crobial (antibacterial and antifungal) activities.
Results and discussion. New derivatives of heterocyclic carbenoid salts and zwitterions based on the imidazole, benzimidazole, 
pyridine, pyrimidine and 1,3,4-oxadiazole heterocyclic systems containing fluorophenyl, cetyl or adamantyl substituents were 
synthesized. For this purpose, reactions of cyclization of the corresponding diimines with ethoxymethyl chloride (imidazolium 
salts), quaternization of the corresponding azoles with cetyl bromide or 1-adamantyl bromide in organic solvents (benzimidazo-
lium, pyridinium and 1,3,4-oxadiazolium salts), cyclization of di(1-adamantylamino)alkanes hydrobromides with the orthoformic 
ester (4,5-dihydroimidazolium and tetrahydropyridinium salts) were used. Zwitterionic compounds were obtained by the 
reaction of the corresponding azolium salts with phenyl isothiocyanate in the presence of potassium carbonate. Some mac-
rocyclic and adamantyl substituted heterocyclic compounds showed antifungal and antibacterial activities.
Experimental part. The structure of the compounds synthesized was proven by 1H and 13C NMR spectroscopy methods. The an-
timicrobial activity was studied out by the agar diffusion method to determine diameters of the growth inhibition zones of 
microorganisms (bacteria and fungi) and by the method of serial dilutions to determine the minimum inhibitory concentra-
tion and minimum bactericidal and fungicidal concentrations.
Conclusions. The synthesis of new heterocyclic carbenoid salts and zwitterions based on the imidazole, benzimidazole, pyri-
dine, pyrimidine and 1,3,4-oxadiazole heterocyclic systems containing fluorophenyl, cetyl or adamantyl substituents has 
been performed. Compounds of macrocyclic and adamantyl heterocyclic series with antifungal and antibacterial activities 
have been found. 1,3-Dicetylimidazolium bromide, macrocyclic bis(decylenebenzimidazolium) bromides, azolium-N-phe-
nylthiocarboximides have been proven to be the most active.
Keywords: fluoroaryl, cetyl-, 1-adamantyl substituted heterocyclic salts; antimicrobial activity
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Синтез і антимікробна активність сольових карбеноїдних сполук
Анотація
Мета. Синтезувати аліфатичні й ароматичні похідні сольових карбеноїдних сполук ряду імідазолу, бензімідазолу, 
піридину, піримідину та 1,3,4-оксадіазолу, що містять флуорофенільні, цетильний або адамантильний замісники, та 
дослідити їхню антимікробну (антибактеріальну й протигрибкову) активність.
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Результати та їх обговорення. Синтезовано нові похідні гетероциклічних карбеноїдних солей і цвітеріонів на основі 
систем імідазолу, бензімідазолу, піридину, піримідину та 1,3,4-оксадіазолу, що містять флуорофенільні, цетильний 
або адамантильний замісники. Для цього застосовано реакції циклізації відповідних діімінів дією етоксиметилхло-
риду (імідазолієві солі), кватернізації відповідних азолів цетилбромідом або 1-адамантилбромідом в органічних роз-
чинниках (бензімідазолієві, піридинієві та 1,3,4-оксадіазолієві солі), циклізації гідробромідів ді(1-адамантиламіно)- 
алканів ортоформіатним естером (4,5-дигідроімідазолієві та тетрагідропіримідинієві солі). Цвітеріонні сполуки отри-
мано реакцією відповідних азолієвих солей з фенілізотіоціанатом у присутності калій карбонату. Виявлено речовини 
макроциклічного й адамантилгетероциклічного ряду з протигрибковою та антибактеріальною активністю.
Експериментальна частина. Будову синтезованих сполук доведено методами 1Н та 13С ЯМР-спектроскопії. Антимікробну 
активність досліджували методом дифузії речовини в агар з визначенням діаметрів зон затримки зростання мікроорганіз-
мів (бактерій і грибів) та методом серійних розведень із визначенням мінімальної інгібувальної та мінімальних бактери-
цидної і фунгіцидної концентрацій.
Висновки. Здійснено синтез нових гетероциклічних карбеноїдних солей і цвітеріонів на основі систем імідазолу, 
бензімідазолу, піридину, піримідину та 1,3,4-оксадіазолу, що містять флуорофенільні, цетильний або адамантильний 
замісники. Виявлено речовини макроциклічного й адамантилгетероциклічного ряду з протигрибковою та антибак-
теріальною активністю. Найбільш активними виявилися 1,3-дицетилімідазолій бромід, макроциклічні біс-децилен- 
бензіміда золій броміди, азолій-N-фенілтіокарбоксіміди.
Ключові слова: флуороарил-, цетил-, 1-адамантилзаміщені гетероциклічні солі; антимікробна активність
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■ Introduction

Heterocyclic salts have recently attracted 
researchers’ attention with their biological ac-
tivity (see, for example, a detailed review [1]). 
Compounds with antimicrobial, antitumor, anti-
protozoal and other types of activity were found. 
The bactericidal activity has been determined for  
derivatives of ionic liquids [2 – 6], which are mostly  
imidazolium salts with one long aliphatic N-substi- 
tuent. Oligomeric imidazolium salts with the anti- 
microbial activity are described in the works [1, 7].  
The authors of the article have been studying the  
antimicrobial activity of both organic salts and car-
bene complexes of silver, copper(I), nickel, cobalt  
and palladium, and have found a particularly 
highly active derivatives of adamantyl-contain-
ing 1,2,4-triazolium salts [8 – 12]. In the research 
[10], a highly active antimicrobial substance be- 
longing to macrocyclic salts of the imidazole se-
ries has also been revealed.

This study aims to synthesize aliphatic and  
aromatic derivatives of a series of imidazole,  
benzimidazole, pyridine, pyrimidine and 1,3,4-oxa- 
diazole with fluorophenyl, cetyl and adamantyl 
substituents and study their antimicrobial (an-
tibacterial and antifungal) activities. It is also 
important to compare active carbenoid salts and 
their methyl-substituted (non-carbenoid) analogs.

■ Results and discussion

1. The synthesis of imidazolium salts with  
cetyl and fluorophenyl substituents

A number of known antimicrobial compounds 
have long aliphatic substituents or fragments in 
their structure (e.g. 1-cetylpyridinium chloride, 
undecylenic acid and their derivatives). The ef-
fect of aliphatic groups on the antimicrobial ac- 
tivity of these compounds has not been fully elu-
cidated though.

We have synthesized ionic compounds with 
cetyl substituents based on imidazole and ben-
zimidazole, which are analogs of ionic liquids of  
the imidazole series. The reactions were carried  
out with the corresponding azoles and cetyl bro-
mide in dioxane in the presence of sodium acetate.  
As a result, salts 1a and 2 were formed with the 
yields of 40 – 75 % as colorless substances, which 
themselves might be of interest as potential bio-
logically active compounds (Scheme 1).

The structures of salts 1a and 2 were confir- 
med by 1H and 13C NMR spectroscopy. Typical C2H  
proton signals in the region of 10.1 – 10.3 ppm can  
be found in the 1H NMR spectra of the compounds.  
The signals of the aliphatic fragment are obser- 
ved in the region of 0.71 – 0.82 ppm (CH3C), 
1.08 – 1.40 ppm (CH2C), 1.76 – 1.94 ppm (CH2CN), 
4.20 – 4.47 ppm (CH2N). Resonances of imidazole 
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C4,5H protons of compound 1a are at 7.49 ppm. 
The 13C NMR spectra of compounds 1a and 2 con- 
tain signals of C2 carbon atoms in the range of 
136.5 – 142.6 ppm, C4,5 atoms of the imidazole ring  
of compound 1a at 122.41 ppm. The resonances  
of aliphatic fragments are at 14.08 – 14.19 (CH3C),  
22.64 – 22.75 (C2H2C), 26.22 – 26.63 (C3H2C), 
29.01 – 29.76 (other CH2C), 31.87 – 31.98 (CH2CN) 
and 47.79 – 49.99 ppm (CH2N).

The synthesis of fluorine-containing imidazo- 
lium salts 1b,c was carried out by the reaction  
of glyoxal with the corresponding amines and the  
subsequent cyclization of the diimines 1A ob-
tained under the action of ethoxymethyl chloride 
(Scheme 2). The salt yields are low (21 – 31 %).

In the 1H NMR spectra of salts 1b,c the cha- 
racteristic signals of C4,5H protons at 7.87 and 
8.43 ppm, and C2H protons at 10.08 – 10.35 ppm 
are observed.

Thus, new imidazolium and benzimidazolium  
salts with cetyl groups (1a, 2) and imidazolium 

salts with fluorophenyl substituents (1b,c) were 
synthesized.

2. The synthesis of macrocyclic ionic com- 
pounds of the imidazole and benzimidazole  
series 

In the work [10], we synthesized macrocyclic 
ionic compounds from imidazole, which proved to  
be effective as antimicrobial agents. Therefore, it 
was promising to synthesize related compounds,  
particularly from other azoles.

In this section, we describe the synthesis of 
macrocyclic analogs of the above carbenoids, which  
were obtained by quaternization of bis-azolylal- 
kanes with dihaloalkanes. In this case, decane 
units were used.

Initial compounds 3A, 4A were prepared in situ  
by heating the corresponding benzimidazoles and  
imidazoles with 1,10-dibromodecane in o-dichlo- 
robenzene followed by deprotonation of the bis- 
imidazolylalkane salts obtained by sodium acetate  
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Scheme 1. The synthesis of cetyl substituted ionic compounds 1a and 2
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in acetonitrile similarly to the methods of works 
[10, 11]. The interaction of 1,10-bis(1-benzimi-
dazolyl)decanes 3A with 1,10-dibromodecane in 
acetonitrile yielded macrocyclic salts 3a,b with 
the yields of 93 – 98 % (Scheme 3). Compound 3a 
crystallized well from acetonitrile. Compound 4b  
was similarly prepared from 2-methylimidazole  
in the yield of 32 %. The latter is analogous to  
compound 4a synthesized in the work [10]. Methyl- 
substituted compounds 3b and 4b are hygroscopic.

The 1H NMR spectra of compounds 3a,b, 4b  
contain specific resonances of aliphatic bridges in  
the ranges of 0.91 – 1.33 ppm (CH2C), 1.68 – 1.73 ppm  
(CH2CN), 4.13 – 4.27 ppm (CH2N), signals of aroma- 
tic protons, and for 3a proton signal at 10.62 ppm  
(C2H). In the 13C NMR spectra of compounds 3a,b,  
4b, signals of C2N carbon atoms in the region of  
141.78 – 147.06 ppm, resonances of aliphatic units  
of CH2N groups at 47.35 – 52.22 ppm and other 
atoms of these units at 26.07 – 33.96 ppm are ob-
served.

3. The synthesis of adamantyl-containing  
heterocyclic compounds 

It is well known that adamantane derivatives 
have been proven to be effective antiviral agents,  
for instance the influenza A M2 ion channel pro-
tein inhibitors rimantadine and amantadine.  
The latter is also used as an antiparkinsonian 
agent inhibiting a NMDA-type glutamate recep-
tor, increasing the dopamine release, and blocking 
the dopamine reuptake. Adamantyl-containing  
heterocyclic salts and their complexes have al-
ready been studied by the authors of the articles  

[8 – 10, 12, 13], which allowed to find new effec- 
tive antimicrobial agents. In this paper, we con-
tinue our investigations aiming at synthesizing  
similar salt systems with the adamantane group.

Thus, we have found out that heating of 2-phe- 
nyl-1,3,4-oxadiazole with 1-adamantyl bromide 
in acetic acid leads to the formation of salt 5 
with the yield of 40 %, which is very labile under 
the action of even weak alkalis (potassium car-
bonate or acetate) and gives the product of hy-
drolysis of an intermediate carbene (due to the 
presence of a minute amount of water) – acyclic 
hydrazide 6 with the yield of 81 % (Scheme 4).

The structure of salt 5 was confirmed by  
1H NMR spectroscopy. Characteristic signals in 
the spectrum are the meso-proton signal C2H 
(11.76 ppm), as well as the resonances of CH2-pro- 
tons (1.58 and 1.89 ppm) and CH-protons (2.10 ppm)  
of the adamantyl ring. Proton signals of aromat-
ic nucleus are observed at 7.63 and 7.65 ppm. 
Characteristic signals of adamantyl (1.58, 2.00, 
2.54 ppm) and formyl (9.79 ppm) protons are ob-
served in the 1H NMR spectrum of compound 6.

A similar adamantyl derivative 7a was also ob-
tained by heating pyridine and 1-bromoadaman- 
tane in acetic acid, followed by the ion exchange 
to perchlorate with the yield of 54 % (Scheme 4). 
The subsequent exchange of a perchlorate ion to 
iodide gives the corresponding salt 7b.

In the 1H NMR spectrum of compound 7a pro- 
ton signals of adamantyl groups at 1.75 – 2.30 ppm,  
as well as the resonance of C2,6H protons (9.31 ppm),  
C3,5H-protons (8.16 ppm) and C4H-proton (8.59 ppm)  
of the pyridinium cycle are present.
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To study the antimicrobial activity, the six- 
and five-membered formamidinium salts (tetra- 
hydropyrimidinium 8 and 4,5-dihydroimidazo- 
lium 9) recently described [14, 15] were also ob-
tained by the condensation of the corresponding di-
bromoalkanes with 1-aminoadamantane and the  
subsequent cyclization of the intermediate diami- 
noalkanes with the orthoformic ester (Scheme 4).

Zwitterionic compounds also have an ionic struc- 
ture although they do not contain external anions.  
Fluorine-containing zwitterion 10 (94 % yield) and  
for comparison the known compound 11 (81 % yield)  
were both synthesized by in situ conversion of 
the corresponding salts in the reaction with phe-
nylisothiocyanate in the presence of potassium 
carbonate in acetonitrile at room temperature. 
Previously, compound 11 was also obtained by the  
reaction of the corresponding carbene with phe-
nylisothiocyanate [16]. It should be noted that 
obtaining carbene from salt 1c is impossible due 
to its easy dimerization. Only in situ the approach 
was realized (Scheme 5).

4. The antimicrobial activity of the com-
pounds synthesized

In this work, the antimicrobial activity of the  
compounds synthesized against bacterial strains  
of Escherichia coli 67, Staphylococcus aureus 209 P  

and Mycobacterium luteum VKM B-868, as well 
as fungi strains of Candida tenuis VKM Y-70 
and Aspergillus niger VKM F-1119, was studied.  
The study was carried out by two methods [17, 18]:  
1) the agar diffusion method to determine diame- 
ters of the growth inhibition zones of microorga- 
nisms (Method A), and 2) the serial dilutions me- 
thod to determine the minimum inhibitory concen-
trations (MIC) and minimum bactericidal (MBC)  
and fungicidal (MFC) concentrations (Method B)  
(see Experimental part). The activities of the com- 
pounds synthesized were compared to the acti- 
vity of a known broadly used antimicrobial drug 
1-cetylpyridinium chloride 12, which characte- 
ristics are given under the same conditions in 
the article [16], and with the activity of selected 
compounds 13, 14 synthesized in the work [8].

The diameters of the growth inhibition zones 
of microorganisms are given in Table 1. The re-
sults obtained indicate that compounds 3a, 4b, 
8, 9 are among the most active in the concentra- 
tion of 0.5 %, but further dilution nullifies the 
activity. A comparison of the properties of com-
pound 4a synthesized earlier [10] with the com-
pounds studied, in particular, macrocyclic ones 
3a,b and 4b, also shows greater activity of the 
former derivative 4a. The same can be said 
about diadamantyl-containing salts 8, 9, which 
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Table 1. The antimicrobial activity determined by the agar well diffusion method (Method А)

Compound[a] Concentration, %
The diameter of the growth inhibition zones[b] (n = 3), mm

E. coli 67 S. aureus 209 P M. luteum  
VKM B-868

C. tenuis  
VKM Y-70

A. niger  
VKM F-1119

1a 
0.5 0 0 0 0 0
0.1 0 0 0 0 0

1b
0.5 0 0 0 0 8.0 ± 0.2
0.1 0 0 0 0 0

1c
0.5 0 0 0 0 7.0 ± 0.1
0.1 0 0 0 0 0

3a
0.5 0 10.0 ± 0.3 10.0 ± 0.1 0 10.0 ± 0.1
0.1 0 0 0 0 0

3b
0.5 0 0 0 0 7.0 ± 0.2
0.1 0 0 0 0 0

4a [10]
0.5 15.4 ± 0.4 21.4 ± 0.2 23.0 ± 0.3 18.0 ± 0.2 9.7 ± 0.2
0.1 7.0 ± 0.1 15.0 ± 0.2 14.0 ± 0.3 12.0 ± 0.2 6.0 ± 0.1

4b
0.5 8.4 ± 0.2 10.0 ± 0.2 15.0 ± 0.4 10.0 ± 0.2 7.0 ± 0.2
0.1 0 0 0 0 0

5
0.5 0 0 0 0 10.0 ± 0.1
0.1 0 0 0 0 0

7a
0.5 0 0 0 0 0
0.1 0 0 0 0 0

7b
0.5 0 0 0 0 8.0 ± 0.2
0.1 0 0 0 0 0

8
0.5 0 15.0 ± 0.3 12.0 ± 0.2 0 10.0 ± 0.1
0.1 0 0 0 0 0

9
0.5 10.0 ± 0.2 15.0 ± 0.4 15.0 ± 0.2 0 0
0.1 0 0 0 0 0

10
0.5 0 0 0 0 0
0.1 0 0 0 0 0

11
0.5 0 0 0 0 7.0 ± 0.1
0.1 0 0 0 0 0

12 [10]
0.5 0 0 14.4 ± 0.3 0 10.0 ± 0.2
0.1 0 0 12.0 ± 0.2 0 7.0 ± 0.1

13 [8]
0.5 0 22.3 ± 0.3 39.3 ± 0.2 0 15.6 ± 0.3
0.1 0 19.6 ± 0.2 32.3 ± 0.3 0 10.0 ± 0.1

14 [8]
0.5 11.3 ± 0.2 23.6 ± 0.4 35.6 ± 0.2 0 0
0.1 0 16.0 ± 0.2 24.0 ± 0.3 0 0

Notes: [a] compound 2 could not be studied due to its low solubility; [b] control values correspond to 0 mm
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are less active than diadamantyl-containing 
salts 13, 14 (Figure) synthesized in [8].

Table 2 shows the data of the minimum in- 
hibitory concentration (MIC) and the minimum  
bactericidal concentration (MBC) of the com-
pounds synthesized against the bacterial strains 
determined by the method of serial dilutions 
(Method B).

As one can see from Table 2, for most com-
pounds the antibacterial activity is low or absent 
in the concentrations studied. But macrocyclic 
compounds 3a,b have good indicators of both 
MIC and MBC (not more than 62.5 μg mL-1). 
The activity of compound 3a, for which the MIC 
reaches 7.8 μg mL-1, and MBC 15.6 μg mL-1 on 
the culture of M. luteum, is particularly high.  
For compound 11, the MIC observed is 7.8 μg mL-1.  
It should be noted that in most cases, a high ac-
tivity of the compounds studied is observed for 
only one culture – M. luteum. For comparison, 
the activity of compound 4a [10] previously syn-
thesized is much higher (MIC and MBC reaches 
3.9 μg mL-1 against the E. coli and M. luteum  

cultures). Compared to the activity of compound 12  
(MIC 3.9 and 7.8 μg mL-1 and MBC 7.8 and  
15.6 μg mL-1 on the cultures of S. aureus and 
M. luteum, respectively), the related imidazo-
lium salt 1a showed a substantially lower anti-
microbial action.

Table 3 shows similar indicators of MIC and 
MFC determined by the Method B on the cul-
tures of fungi C. tenuis and A. niger.

As can be seen from these data, a sufficient-
ly high activity is observed for compound 1a  
on the C. tenuis culture (MIC 15.6 μg mL-1, 
MFC 31.2 μg mL-1), however, these values indi-
cate a slightly lower fungicidal effect than that 
for pyridinium salt 12 (MIC 3.9 μg mL-1, MFC  
7.8 μg mL-1) and especially for macrocyclic salt 4a  
(MIC 1.9 μg mL-1, MFC 3.9 μg mL-1). The cul-
ture of C. tenuis is more sensitive to the action 
of carbenoid compound 3a (MIC 7.8 μg mL-1, 
MFC 15.6 μg mL-1) compared to that of non-car-
benoid compound 3b (MIC 31.2 μg mL-1, MFC 
62.5 μg mL-1 against the culture of C. tenuis and  
MIC 62.5 μg mL-1 against the culture of A. niger).  

N
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N
N

N

N
N
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Figure. The known compounds with a significant antimicrobial activity
 

Table 2. Minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC)[a],[b] of the compounds determined  
by the serial dilutions method (Method B)

Compound[c]

Bacteria cultures
E. coli 67 S. aureus 209 P M. luteum VKM B-868

MIC, μg mL-1 МBC, μg mL-1 MIC, μg mL-1 МBC, μg mL-1 MIC, μg mL-1 МBC, μg mL-1

1a + + 250.0 500.0 250.0 500.0
1b + + + + 250.0 500.0
1c + + 250.0 500.0 125.0 500.0
3a + + + + 7.8 15.6
3b + + + + 31.2 62.5

4a [10] 3.9 3.9 31.2 62.5 3.9 3.9
4b + + + + 250.0 500.0
5 + + + + + +

7a + + + + 250.0 500.0
7b + + 250.0 500.0 250.0 500.0
8 + + 31.2 62.5 31.2 62.5
9 125.0 250.0 31.2 62.5 15.6 62.5

10 + + + + + +
11 + + + + 7.8 N[d]

12 [10] 31.2 125 3.9 7.8 7.8 15.6

Notes: [a] “+” means no antibacterial effect was observed in the concentrations studied (growth of the microorganisms); [b] control values correspond  
to “+”; [c] Compound 2 could not be tested due to its low solubility; [d] no indicator of bactericidal effect was found in the concentrations studied
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Zwitterion 10 also noticeably inhibits the growth 
of A. niger (MIC 62.5 μg mL-1).

Thus, we have found new compounds 1a, 3a,b,  
10, 11 with the antimicrobial activity, which can  
be used as a basis for new improved series of com- 
pounds for biological research.

■ Conclusions

The synthesis of new heterocyclic carbenoid  
salts and zwitterions based on the imidazole,  
benzimidazole, pyridine, pyrimidine and 1,3,4-oxa- 
diazole heterocyclic systems containing fluoro- 
phenyl, cetyl or adamantyl substituents has been  
performed. Compounds of macrocyclic and ada- 
mantyl heterocyclic series with antifungal and  
antibacterial activities have been found. 1,3-Di- 
cetylimidazolium bromide, macrocyclic bis(decy- 
lenebenzimidazolium) bromides, azolium-N-phe- 
nylthiocarboximides have been proven to be the 
most active.

■ Experimental part
1H NMR and 13C NMR spectra were recorded  

using a Bruker Avance II 400 spectrometer  
(400 MHz for 1H NMR and 100 MHz for 13C NMR  
spectra) in DMSO-d6 or CDCl3 solution. The 1H NMR  
and 13C NMR chemical shifts are reported rela-
tive to tetramethylsilane (TMS) (solution). To as-
sess purity of the compounds synthesized, thin-
layer chromatography was performed on silica 

gel with chloroform or the mixture of chloroform 
and methanol (10:1) as an eluent, followed by de- 
velopment with iodine. Melting points were mea- 
sured on a Boethius chair (Nagema, Germany). 
The elemental analysis was performed in the 
analytical laboratory of the Institute of Organic 
Chemistry of the National Academy of Sciences 
of Ukraine. Commercial solvents and reagents 
were used in the syntheses, except specially in-
dicated cases.

1,3-Dicetylimidazolium bromide (1a) 
The mixture of imidazole (0.68 g, 10 mmol,  

1.0 equiv) and hexadecyl bromide (7.32 g, 24 mmol,  
2.4 equiv) in anhydrous dioxane (3 mL) was stir- 
red at 100  °C for 1 h. Then anhydrous sodium 
acetate (0.821 g, 10 mmol, 1.0 equiv) was added 
to the solution and stirred at 100  °C for 16.5 h. 
The precipitate of inorganic salts was filtered off.  
The solution was heated to boiling and cooled to  
room temperature. A colorless precipitate formed  
was filtered off, washed with hexane and dried.

Yield – 4.47 g (75 %). M. p. 65 °С. Anal. Calcd 
for С35H69BrN2, %: С 70.32; Н 11.63; Br 13.37; 
N 4.69. Found, %: С 70.40; Н 11.65; Br 13.29; N 
4.67. 1Н NMR (400 МHz, СDCl3), δ, ppm: 0.71 
(6H, s, 2 × CH3C); 1.08 (52H, m, 26 × CH2C); 1.76 
(4Н, s, 2 × CH2CN); 4.20 (4Н, s, 2 × CH2N); 7.49 
(2Н, s, C4,5HIm); 10.07 (1Н, s, C2HN). 13С NMR 
(100 МHz, CDCl3), δ, ppm: 14.08 (CH3C); 22.64 
(C2H2C); 26.22 (C3H2C); 29.01 (C4H2C); 29.32 
(C5H2C); 29.40 (C6H2C); 29.51 (C7H2C); 29.60, 
29.62, 29.63, 29.66 (C8-13H2C); 30.32 (CH2CCN); 

Table 3. Minimum inhibitory concentrations (MIC) and minimum fungicidal concentrations (MFC)[a],[b] of the compounds determined  
by method of serial dilutions (Method B)

Compound[c]

Fungi cultures
C. tenuis VKM Y-70 A. niger VKM F-1119

MIC, μg mL-1 MFC, μg mL-1 MIC, μg mL-1 MFC, μg mL-1

1a 15.6 31.2 + +
1b + + 250.0 500.0
1c 125.0 250.0 500.0 N[d]

3a 7.8 15.6 125.0 250.0
3b 31.2 62.5 62.5 250.0

4a [10] 1.9 3.9 3.9 62.5
4b 500.0 N 500.0 N
5 + + 500.0 N

7a + + + +
7b 250.0 500.0 250.0 N
8 250.0 500.0 500.0 N
9 125.0 250.0 + +

10 + + + +
11 + + 62.5 N

12 [10] 3.9 7.8 7.8 62.5

Notes: [a] “+” means no antifungal effect was observed in the concentrations studied (growth of the microorganisms was observed); [b] control values 
correspond to “+”; [c] compound 2 could not be tested due to its low solubility; [d] no indicator of fungicidal effect was found in the concentrations 
studied 
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31.87 (CH2CN); 49.99 (CH2N); 122.41 (C4,5
Im); 

136.48 (C2N).
1,3-Bis(2,3,4-trifluorophenyl)imidazolium 

chloride (1b) 
Step 1.    N,N'-Bis(2,3,4-trifluorophenyl)gly-

oxaldiimine. The solution of 2,3,4-trifluoroani-
line (4.9 g, 33.3 mmol) and 40 % glyoxal solution 
(4.83 g, 33.3 mmol) in 20 mL of isopropyl alco-
hol was stirred at room temperature for 7 days. 
The solvent was evaporated, and the resulting 
residue containing diimine 1A was used without 
purification in the next step.

Step 2. The cyclization reaction. Anhydrous zinc  
chloride (4.09 g, 30 mmol) and ethoxymethyl chlo- 
ride (5.67 g, 60 mmol) were added to the solu-
tion of diimine 1A obtained in the previous step, 
in chloroform (50 mL) and stirred at room tem-
perature for 3 days. The solution was evaporat-
ed, and the organic salt was extracted with hot 
water (100 mL). The water solution was evapo-
rated to a small volume. A colorless precipitate 
formed was filtered off and dried.

Yield – 3.1 g (27 % based on the starting ani- 
line). When conducting the experiment at a ratio 
of aniline/glyoxal of 2:1 the salt yield was 31 %.  
M. p. 244 – 246 °C (water). Anal. Calcd for 
C15H7ClF6N2, %: С 49.40; Н 1.93; Cl 9.72; N 7.68. 
Found, %: С 49.52; Н 1.89; Cl 9.69; N 7.63. 1Н 
NMR (CDCl3, 400 MHz), δ, ppm: 7.58 – 7.65 (2Н, 
m, ArH); 7.92 – 7.97 (2Н, m, ArH); 8.43 (2H, s, 
C4,5H); 10.35 (1H, s, C2HN). 

1,3-Bis(2-trifluoromethylphenyl)imidazo- 
lium perchlorate (1c)

Step 1. N,N'-Bis(2-trifluoromethylphenyl)gly- 
oxaldiimine. 40 % Solution of glyoxal (4.85 g, 
33.4 mmol) was added to the solution of 2-trif-
luoromethylaniline (4.66 g, 28.89 mmol) in iso-
propyl alcohol (18 mL). The mixture was stirred 
for 5 days at room temperature, the solution was  
evaporated and the resulting residue containing 
diimine 1A was used without purification for the  
synthesis of salt 1c.

Step 2. The cyclization reaction. Anhydrous 
zinc chloride (1.98 g, 14.5 mmol) and ethoxyme- 
thyl chloride (1.88 g, 21.7 mmol) were added 
successively to a solution of diimine 1A in chlo-
roform (40 mL), and the mixture was stirred at 
room temperature for 3 days. The solution was 
evaporated. The residue was extracted with hot 
water. The excess of sodium perchlorate was 
added to the water solution, and the colorless 
precipitate was filtered off.

Yield – 2.66 g (50 % based on the starting ani- 
line). M. p. 255 – 257  °C (water). Anal. Calcd for 

C17H11ClF6N2O4, %: С 44.71; Н 2.43; Cl 7.76; N 
6.13. Found, %: С 44.65; Н 2.44; Cl 7.81; N 6.17. 
1Н NMR (CDCl3, 400 MHz), δ, ppm: 7.84 – 7.90 
(3Н, m, ArH); 7.92 – 7.95 (3Н, m, ArH); 8.08 – 8.10 
(2H, m, ArH); 8.14 (2H, d, J = 8.0 Hz, C4,5HN); 
10.08 (1H, s, C2HN).

1,3-Dicetylbenzimidazolium bromide (2) 
The mixture of benzimidazole (1.18 g, 10 mmol),  

cetyl bromide (6.41 g, 21 mmol) and sodium ace- 
tate (0.82 g, 10 mmol) in anhydrous dioxane (4 mL)  
was stirred at 100 °C for 4 h. The solution was fil- 
tered from the inorganic precipitate in a hot sta- 
te and evaporated to give colorless salt 2, which 
was recrystallized from acetonitrile.

Yield – 2.6 g (40 %). M. p. 116 – 118 °C (acetoni-
trile). Anal. Calcd for C39H71BrN2, %: С 72.30; 
Н 11.05; Br 12.33; N 4.32. Found, %: С 72.42; 
Н 11.03; Br 12.26; N 4.29. 1Н NMR (400 МHz, 
СDCl3), δ, ppm: 0.82 (6H, t, J = 6.8 Hz, 2 × CH3C); 
1.18 – 1.20 (48H, m, 24 × CH2C); 1.24 – 1.40 (4H, 
m, 2 × CH2C); 1.94 (4H, t, J = 6.4 Hz, 2 × CH2CN); 
4.47 (4H, t, J = 6.8 Hz, 2 × CH2N); 7.61 – 7.64 and 
7.68 – 7.71 (4Н, m, ArH); 11.31 (1Н, s, С2HN). 13С 
NMR (100 МHz, CDCl3), δ, ppm: 14.19 (CH3C); 
22.75 (CH2C); 26.63 (CH2C); 29.13; 29.42; 29.46; 
29.58; 29.62; 29.66; 29.72; 29.76 (CH2C); 31.98 
(CH2CN); 47.79 (CH2N); 113.21 (ipso-C); 127.20 
(C5,6); 131.28 (C4,7) (Ar); 142.64 (C2).

1,3-Bis(1,10-decylenebenzimidazolium) 
bromide (3а) 

The solution of benzimidazole (1.50 g,  
12.72 mmol) and 1,10-dibromodecane (1.91 g, 
6.36 mmol) in o-dichlorobenzene (4 mL) was stir- 
red at 130 °C for 8 h, then anhydrous sodium ace- 
tate (1.04 g, 12, 72 mmol) was added, and the 
stirring was continued under the same condi-
tions for 4 h. A precipitate was filtered off, the 
mother liquor containing 1,10-di(benzimidazol-
1-yl)decane of type 3A with the additional por-
tion of 1,10-dibromodecane (1.91 g, 6.36 mmol) 
was stirred at 130 °C for 8 h. Then acetonitrile 
(10 mL) was added, and the solution was reflu- 
xed for 24 h. A colorless precipitate was filtered 
off, washed with acetonitrile and hexane, dried 
and recrystallized from acetonitrile.

Yield – 4.0 g (93 %). M. p. 122 – 124  °C (aceto- 
nitrile). Anal. Calcd for C34H50Br2N4, %: С 60.54; 
Н 7.47; Br 23.69; N 8.31. Found, %: С 60.68; Н 
7.41; Br 23.58; N 8.34. 1Н NMR (CDCl3, 400 МHz),  
δ, ppm: 0.91 (10H, m, 5 × CH2C); 1.01 (14H, m, 
7 × CH2C); 1.68 (8H, s, 4 × CH2CN); 4.27 (8H, s,  
4 × CH2N); 7.34 (4H, s, ArH5,6); 7.55 (4H, s, ArH4,7); 
10.62 (2H, s, C2HN). 13С NMR (100 МHz, CDCl3), 
δ, ppm: 26.07, 28.49, 28.76, 29.94 (CH2C, CH3C); 
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47.35 (CH2N); 113.33 (C4,7, Ar); 127.12 (C5,6, Ar); 
131.11 (ipso-C, Ar); 141.78 (C2N).

1,3-Bis(1,10-decylene-2-methylbenzimi-
dazolium) bromide (3b) 

The solution of 1,10-bis(2-methylbenzimidazol- 
1-yl)decane of type 3A obtained from 2-methyl- 
benzimidazole (1.64 g, 12.46 mmol) and 1,10-di-
bromodecane (1.87 g, 6.23 mmol), similarly to the  
preparation of salt 3a, was washed by hexane  
(15 mL) threefold, another portion of 1,10-dibro-
modecane (1.87 g, 6.23 mmol) in acetonitrile (8 mL)  
was added and refluxed for 8 h. Then another 
portion of acetonitrile (10 mL) was added, and 
the solution was refluxed for 24 h. The mother 
liquor was evaporated, and a colorless solid resi-
due was dried.

Yield – 4.29 g (98 %). M. p. 167 – 170 °C. Anal. 
Calcd for C36H54Br2N4, %: С 61.54; Н 7.75; Br 22.74;  
N 7.97. Found, %: С 61.64; Н 7.76; Br 22.69; 
N 7.92. 1Н NMR (CDCl3, 400 МHz), δ, ppm: 
1.01 – 1.49 m (24H, 12CH2C); 1.81 (6H, s, 2 × CH3C);  
3.06 (8H, s, 4 × CH2CN); 4.47 (8H, s, 4 × CH2N); 
7.50 – 7.80 (4H, m, ArH); 7.80 – 8.04 (4H, m, ArH).  
13С NMR (100 МHz, CDCl3), δ, ppm: 31.14, 33.67,  
33.96, 33.04 (CH2C+CH3C); 52.22 (CH2N); 118.58;  
131.93; 136.23; 147.06 (C2N).

1,3-Bis(1,10-decylene-2-methylimidazo-
lium) bromide (4b) 

The solution of 1,10-bis(2-methylimidazol-
1-yl)decane of type 4A obtained from 2-methyl-
imidazole (1.02 g, 12.46 mmol) and 1,10-dibro- 
modecane (1.87 g, 6.23 mmol) similarly to the pre- 
paration of salt 3A was washed by hexane (15 mL)  
threefold, another portion of 1,10-dibromodeca- 
ne (1.87 g, 6.23 mmol) in acetonitrile (8 mL) was 
added, and the mixture obtained was refluxed 
for 8 h. The resulting solution was evaporated to 
dryness, and an oily colorless residue was dried 
and solidified while standing. 

Yield – 1.20 g (32 %). M. p. 124 – 127  °C. Anal. 
Calcd for C28H50Br2N4, %: С 55.82; Н 8.36; Br 26.52;  
N 9.30. Found, %: 55.88; Н 8.32; Br 26.60; N 9.20. 
1Н NMR (CDCl3, 400 МHz), δ, ppm: 1.20 (10H, m,  
5 × CH2C); 1.25 (6H, m, 3 × CH2C); 1.73 (8H, m, 
4 × CH2C); 2.66 (6H, s, 2 × CH3C); 3.17 (8H, s, 
4 × CH2CN); 4.13 (8H, s, 4 × CH2N); 7.60 (4H, s, 
C4,5HN). 13С NMR (100 МHz, CDCl3), δ, ppm: 
9.87 (CH3C); 25.78, 28.47, 28.72, 29.40 (CH2C); 
48.18 (CH2N); 121.39 (C4,5); 142.63 (C2N).

4-(1-Adamantyl)-2-phenyl-1,3,4-oxadiazo- 
lium bromide (5)

The solution of 2-phenyl-1,3,4-oxadiazole (2.93 g,  
20 mmol) and 1-bromoadamantane (4.73 g, 22 mmol)  
in glacial acetic acid (3 mL) was stirred at 120 °C 
for 1 day. The mixture of methyl tert-butyl ether/

acetic acid (10:1) (10 mL) was added to the solu-
tion, and a colorless precipitate formed was fil-
tered off and dried.

Yield – 2.9 g (40 %). M. p. > 250 °C. Anal. Calcd  
for C18H21BrN2O, %: С 59.84; Н 5.86; Br 22.12; 
N 7.75. Found, %: С 59.72; Н 5.88; Br 22.20; N 
7.77. 1Н NMR (400 МHz, DMSO-d6), δ, ppm: 1.58  
(6Н, m, СН2 Ad); 1.89 (6Н, m, СН2 Ad); 2.10 (3Н,  
m, СН Ad); 7.55 (2Н, dd, J1 = 7.6 Hz, J2 = 7.6 Hz,  
ArH); 7.65 (1Н, dd, J1 = 7.6 Hz, J2 = 7.6 Hz, ArH); 
7.95 (2H, d, J = 7.6 Hz), 11.76 (1H, s, С5HN).

1-(1-Adamantyl)-1-formyl-2-benzoylhydra- 
zine (6) 

Anhydrous potassium carbonate (0.70 g,  
1.94 mmol) was added to a solution of salt 5 (0.3 g,  
0.83 mmol) in acetonitrile (2 mL) and stirred at 
35 – 40 °C for 12 h. The solution was filtered from 
inorganic substances and evaporated to dryness 
to give a colorless compound 6. 

Yield – 0.2 g (81 %). M. p. 154 – 156 °C. Anal. 
Calcd for C18H22N2O2, %: С 72.46; Н 7.43; N 9.39. 
Found, %: С 72.38; Н 7.40; N 9.50. 1Н NMR  
(400 МHz, DMSO-d6), δ, ppm: 1.48 – 1.66 (12Н, 
m, СН2 Ad); 2.00 (3Н, m, СН Ad); 7.46 (2Н, dd, 
J1 = 7.2 Hz, J2 = 7.2 Hz, ArH); 7.50 (1Н, dd, J1 = 
7.2 Hz, J2 = 7.2 Hz, ArH); 7.84 (2Н, d, J = 7.2 Hz,  
ArH); 9.79 (1Н, s, СHО), NH (in exchange).

1-(1-Adamantyl)pyridinium perchlora- 
te (7а)

Anhydrous pyridine (0.8 mL, 10 mmol) was 
added to a suspension of 1-bromoadamantane 
(2.15 g, 10 mmol) in acetic acid (2 mL). The mix-
ture was heated at 140 °C for 24 h under the ni-
trogen atmosphere and cooled to room tempera-
ture. Acetic acid was extracted with hexane, 
the precipitate was triturated with hexane and 
then with methyl tert-butyl ether. The precipi-
tate (2.12 g, 72 %) of bromide 7A was filtered off, 
dissolved by heating in water (5 mL), and fil-
tered after the treatment with activated carbon.  
The excess of sodium perchlorate (1.47 g, 12 mmol)  
was added to the hot solution. After cooling, a co- 
lorless precipitate was filtered off and dried.

Yield – 1.59 g (54 %). M. p. 238 – 240 °C. Anal. 
Calcd for C15H20ClNO4, %: С 57.42; Н 6.42; Cl 11.30;  
N 4.46. Found, %: С 57.35; Н 6.40; Cl 11.41; N 
4.44. 1H NMR (400 MHz, DMSO-d6), δ, ppm: 
1.75 (6H, s, CH2 Ad); 2.30 (9H, s, CH2+CH Ad); 
8.16 (2Н, dd, J1 = 7.2 Hz, J2 = 7.2 Hz, C3,5Hpyr); 
8.59 (1Н, dd, J1 = 7.2 Hz, J2 = 7.2 Hz, C4Hpyr); 
9.31 (2Н, d, J = 7.2 Hz, C2,6Hpyr).

1-(1-Adamantyl)pyridinium iodide (7b)
The salt was obtained by the exchange of 

ions from perchlorate 7a and potassium iodide 
in acetone.
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Yield – 94 %. M. p. 249 – 250 °C. Anal. Calcd 
for C15H20IN, %: С 52.80; Н 5.91; I 37.19; N 4.10. 
Found, %: С 52.87; Н 5.90; I 37.10; N 4.13. The 
compound has similar spectral characteristics 
to perchlorate 7a.

1,3-Bis(2-trifluoromethylphenyl)imidazo- 
lium-2-(N-phenylthio carboximide) (10)

The mixture of 1,3-bis(2-trifluoromethylphe- 
nyl)imidazolium perchlorate (1c) (0.30 g, 0.66 mmol)  
and anhydrous potassium carbonate (0.182 g, 
1.32 mmol, 2 equiv) in anhydrous acetonitrile  
(3 mL) was stirred at room temperature under 
the nitrogen atmosphere for 10 – 15 min, phenyl 
isothiocyanate (0.08 mL, 0.66 mmol, 1 equiv) was  
then added, and the mixture was stirred at room  
temperature for 20 h. The precipitate of inorga- 
nic salts was filtered off and washed with hot an- 
hydrous acetonitrile. The mother liquor was 
evaporated in vacuo, the residue was triturated 
with hexane. A pale yellow precipitate was fil-
tered off, washed with hexane and dried.

Yield – 0.29 g (91 %). M. p. 165°С. Anal. Cal-
cd for С24Н15F6N3S, %: С 58.66; Н 3.08; N 8.55; S 
6.52. Found, %: С 58.85; Н 3.01; N 8.49; S 6.46. 
1Н NMR (CDCl3, 400 MHz), δ, ppm: 6.41 (2Н, s, 
C4,5HIm); 6.73 (1Н, t, J = 6.4 Hz, ArH); 6.96 (2Н, 
t, J = 6.4 Hz, ArH); 7.53 – 7.94 (10Н, m, ArH).  
13С NMR (100 MHz, CDCl3), δ, ppm: 120.81; 
121.50; 123.60; 126.33; 126.97; 127.57; 130.10; 
130.82; 132.04; 132.53; 147.71 (ipso-C, PhN); 
150.89 (C2N); 162.77; 163.79 (NCS).

1-tert-Butyl-3-phenyl-4-(4-bromophenyl)- 
1,2,4-triazolium-5-(N-phenylthiocarboximi- 
de) (11)

A mixture of 1-tert-butyl-4-(4-bromophenyl)-
3-phenyl-1,2,4-triazolium perchlorate (0.30 g, 
0.66 mmol) and anhydrous potassium carbonate 
(0.192 g, 1.39 mmol, 2.11 equiv) in anhydrous ace- 
tonitrile (3 mL) was stirred under nitrogen atmo- 
sphere at room temperature for 10 min, and then  
phenyl isothiocyanate (0.08 mL, 0.66 mmol, 1 equiv)  
was added. The mixture was additionally stirred 
at room temperature for 4 h. A precipitate of in-
organic salts was filtered off and washed with 
anhydrous acetonitrile. The filtrate was evapo-
rated in vacuo, the solid residue was triturated 
with hexane. A pale yellow precipitate was fil-
tered off, washed with hexane and dried.

Yield – 0.27 g (84 %). M. p. 198 – 199°С (ben-
zene). Anal. Calcd for C25H23BrN4S, %: С 61.10; 
Н 4.72; Br 16.26; N 11.40; S 6.52. Found, %: С 
61.31; Н 4.54; Br 16.22; N 11.44; S 6.49. 1Н NMR  
(CDCl3, 400 МHz), δ, ppm: 2.00 (9H, s, tBu);  
7.02 – 7.57 (14H, m, ArH). 13С NMR (CDCl3, 100 МHz),  

δ, ppm: 28.7 (CH3C, tBu); 67.4 (ipso-C, tBu); 
121.4; 123.7; 129.2; 128.6; 128.8; 129.1; 131.1; 
131.9; 123.1; 125.4; 132.8; 149.9; 150.6; 150.0 
(C3

triaz), 166.5 (NCS).
Procedures for assessing the antimicro-

bial activities of the compounds synthe-
sized

Method А. 0.5 % and 0.1 % solutions of the test 
substances in DMSO were prepared and intro-
duced to the culture medium. The antimicrobial 
activity of the compounds synthesized was studied  
on test bacteria cultures of Escherichia coli 67, 
Staphylococcus aureus 209 P and Mycobacterium  
luteum VKM В-868 and fungi Candida tenuis 
VKM Y-70 and Aspergillus niger VKM F-1119 
by the agar diffusion method on a solid nutrient 
medium – meat-peptone agar (MPA) for bacteri-
al strains and wort agar (WA) for fungi. The mi-
crobial load was 109 colony-forming units (CFU) 
in 1 mL. The 0.5 McFarland standard test of tur- 
bidity was used to make the bacterial suspension.  
Counting of cells (spores) of fungi was carried out  
in the Goryaev’s chamber. The duration of in-
cubation of bacteria was 24 h at 35 °C, fungi – 
48 – 72 h at 28 – 30  °C. The degree of the activity  
of the compounds studied was assessed by the dia- 
meters of the growth inhibition zones for test cul- 
tures of microorganisms, assuming that at a dia- 
meter of 11 – 15 mm a microorganism is insensi-
tive to the drug, it is sensitive at 16 – 25 mm, and 
is highly sensitive at > 25 mm. Each experiment 
was repeated thrice.

Method B. The minimum inhibitory (MIC), bac- 
tericidal (MBC) and fungicidal (MFC) concentra- 
tions were determined by the serial dilution me- 
thod in a liquid nutrient medium. The initial so- 
lution of a substance was prepared in DMSO in  
the concentration of 10000 μg mL–1. The solution  
was then two-fold serially diluted with DMSO, 
and 0.1 mL of each dilution was then transfer- 
red to tubes and diluted to the volume of 1 mL 
with the nutrient medium reaching a concentra-
tion of the substance from 0.9 to 500 μg mL–1. 
The meat peptone broth was used as a nutrient  
medium for bacteria and the untouched beer wort  
of 6 – 8 °Blg – for fungi. Bacterial and fungal inocu- 
la were sown in the culture medium (the mic- 
robial load – 106 CFU in 1 mL). The seeded tubes 
were kept in a thermostat at the appropriate tem- 
perature (37 °C – for the bacterial strains; 30 °C –  
for fungal strains) for 24 – 72 h. The results were 
evaluated for the presence or absence of growth 
of microorganisms, the visual inspection was per- 
formed in transmitted light, comparing the degree  
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of microbial turbidity of the nutrient medium with  
the “negative control”.

To determine the minimum bactericidal con-
centration (MBC) and the minimum fungicidal 
concentration (MFC) from tubes, in which the me-
dium solutions were visually transparent, 0.02 mL  
of the medium was taken and applied to a ster-
ile MPA (for bacterial strains) or WA (for fungal 
strains) in sterile Petri dishes incubated in a ther- 
mostat. The results were evaluated for testing 

bacteria in 24 h, for testing fungi in 48 – 72 h. 
In the absence of growth of the microorganism 
colonies on the incubated Petri dishes, MBC or  
MFC of the test substance was determined. 
Each experiment was repeated thrice.
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