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Abstract: The biocidal activity of the aminomethyl derivatives of 2-mercaptobenzoxazole synthesized by us
and being of interest as potential antimicrobial additives to petroleum products and cutting fluids, was
studied. The aminomethylation reaction proceeded with the participation of methylene-bis-amines. As a
result, the appropriate N-substituted benzoxazolin-2-thiones were obtained. Their structure was proved by
NMR 'H. Due to the poor solubility of the synthesized compounds in petroleum products, their salts with
petroleum naphthenic acid were obtained for microbiological testing. The results of tests in lubricating oil
M-8 show that the naphthenic salts of the synthesized compounds exhibit biocidal activity and their
fungicidal properties are higher than bactericidal ones. The petroleum naphthenic acid used in the test in its
pure form in the composition of the M-8 lubricating oil is not biostable and is affected by microorganisms.
N-piperidinomethylbenzoxazolin-2-thione in the composition of the coolant proved to be a biocide, and its
bactericidal properties are higher than fungicidal ones. The results of a microbiological study of an aqueous
solution of this compound showed high bactericidal properties in the absence of effectiveness against mold
fungi.
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Introduction

Derivatives of 2-mercaptobenzoxazole,

along with derivatives of 2-
mercaptobenzothiazole and 2-
mercaptobenzimidazole, are of interest as

heterocyclic compounds with diverse functional
properties. Unsubstituted benzoxazole has little
practical application. This notwithstanding, its
numerous derivatives are widely used in various
fields, including industry (for example, as
optical brighteners for detergents) [1, 2].
According to Osipova et al. [2], the
heterocyclic nucleus of benzoxazole is the
starting cyclic system for the synthesis of
biologically active compounds. The reason of
relative stability of benzoxazol is its
aromaticity. In addition, it has active sites for
functionalization [3]. Benzoxazole derivatives,
both natural and synthetic, have a wide range of

biological activity [4]. Namely, they exhibit
antibacterial [5], anti-inflammatory [6], antiviral
[7], anti-allergic [8], antifungal [9, 10],
anthelmintic [11] properties and are inhibitors
of cyclooxygenase-2 [12]. The benzoxazole
moiety is a constituent of flunoxaprofen, a non-
steroidal anti-inflammatory drug.  Besides,
substituted benzoxazoles and related
heterocycles have low toxicity and high
chemotherapeutic efficacy as evidenced by
recent studies [13].

Bio-damage of fuels and lubricating oils
manifests itself in the deterioration of their
performance properties, results in corrosion of
tanks, fuel and lubrication systems of engines.
In  addition,  microorganism-contaminated
petroleum products and cutting fluids (coolants)
can cause skin, allergic, and other diseases
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among persons in contact with them [14]. For
many decades, the laboratory of protective
additives of acad. A.M. Guliyev Institute of
Chemistry of Additives (ICA) is engaged in the
synthesis of chemical compounds with biocidal
activity, exploring the possibilities for their use
as antimicrobial additives for petroleum
products and cutting fluids. In continuation of
these studies, aminomethyl derivatives of 2-
mercaptobenzoxazole were synthesized.

Synthesis and study of their physiological
properties are given in the article [15]. The
results showed that as inhibitors of a number of
enzymes, all tested compounds outperform the
standards used in world pharmaceuticals. The
purpose of this study was to evaluate the
biocidal activity of aminomethyl derivatives of
2-mercaptobenzoxazole, considering them as
potential antimicrobial additives to petroleum
products.

Experimental part

2-Mercaptobenzoxazole has tautomeric
properties and, depending on the reaction

conditions, can react to form compounds having
a thio-keto- or thio-enol structure:

0 o)
=y

There are literature sources in which the
thio-keto structure of 2-mercaptobenzoxazole is
confirmed by physio-chemical methods,
completely excluding the presence of the
thioenol tautomer [16]. However, in substitution
reactions, both S- and N-substituted derivatives
of the above heterocyclic thiol are obtained
[17].

To obtain aminomethyl derivatives of 2-
mercaptobenzoxazole, we used methylene-bis-
amines or aminals, according to Boehme. The
method for obtaining methylene-bis-amines

used in this study was developed by researchers
from the laboratory of protective additives of
the ICA and consists in the condensati of
secondary amines with formaldehyde in a ratio
of 2:1 or amino alcohols with formaldehyde in a
ratio of 2:3. The results of the synthesis and
study of the properties of these aminals are
presented in the article [18],

Aminomethylation of 2-
mercaptobenzoxazole was carried out by us
according to the scheme [15]:

NR,
‘a

(@)
N/>—SH + RN __NRy —> ©[0>=S + R,NH
Na o Nl )
Ry = (C2Hs)2 (1), (2), 0@, \/O 4), O ()

As a result of the interaction of 2-
mercaptobenzoxazole  with  methylene-bis-
amines, crystalline substances were obtained
and purified by recrystallization from absolute
methanol. Physio-chemical characteristics of the

synthesized compounds, along with the
aminomethyl derivatives of 2-
mercaptobenzoxazole and 2-aminothiazole, are
given in the article [15].
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The results of *H NMR spectroscopy 3.15-5.2 ppm, which is characteristic for two
analysis of the synthesized compounds [15] protons of NCH,;N group was observe in their
prove the obtaining of N-substituted derivatives 'H NMR spectra. The spectra of some
of benzoxazolin-2-thione, namely a singlet at synthesized compounds are shown in Fig.1, 2.
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&

Fig. 2. *H-NMR spectra of N-oxazinomethylbenzoxazoline-2-thione

Attempts to conduct X-ray analysis of N- that the crystals were destroyed when X-rays hit
aminomethyl derivatives of benzoxazolin-2- them.
thione every time came to failure due to the fact
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Results and discussion
In common with N-substituted derivatives protection system. Cooling lubricant. Bio-

of benzothiazoline-2-thiones [15, 19], the
derivatives of benzoxazolin-2-thione obtained
by us are poorly soluble in fuel, lubricating oils,
hexane, and readily soluble in ethanol and
acetone. To study into the microbiological
activity of the synthesized compounds, their
salts with petroleum naphthenic acid were
preliminarily obtained at an equimolar ratio of
heterocyclic thione and petroleum naphthenic
acid [19, 20], which were well dissolved in
lubricating oil. Petroleum naphthenic acid
fraction 200-250°C with an average molecular
weight of 200 was taken.

Tests for biocidal activity of 1% solutions
of these salts were carried out in M-8
lubricating oil using a mixture of the following
types of bacteria: Pseudomonas aeruginoza,
Mycobacterium lacticolum, according to 'OCT
9.082-77 “Unified protection corrosion and
ageing system. Oils and lubricants. Methods of
laboratory tests for resistance to bacteria
action”, as well as in relation to mold fungi
Aspergillus niger according to TOCT 9.052-88
“Unified system of corrosion and ageing
protection. Oils and greases. Laboratory test
methods for mould resistance”. In parallel, the
bio-stability of a 1% solution of petroleum
naphthenic acid in M-8 lubricating oil was
studied. N-piperidinomethylbenzoxazolin-2-
thione (2) was dissolved in water and tested in
the form of an aqueous solution, as well as in
the composition of coolant in line with TOCT
9.085-78 “Single corrosion and ageing

resistance test methods”. The test results are
presented in Table. 1.

As can be seen from Table 1, salts of
aminomethyl derivatives of benzoxazolin-2-
thione with naphthenic acid proved to be
biocides and their fungicidal action is higher
than bactericidal. Petroleum naphthenic acid
itself is not biostable and is attacked by both
bacteria and fungi during testing. The result of
the study of N-piperidinomethylbenzoxazolin-2-
thione (2) in the coolant composition is
indicative that it exhibits both fungicidal and
bactericidal ~ activity, with  the latter
predominating. Evaluation of a 0.5% solution of
compound (2) in distilled water showed that
bactericidal properties were higher than the
properties of its salt with naphthenic acid in M-
8 lubricating oil, as well as in the coolant
composition. At the same time, this solution
turned out to be absolutely ineffective in respect
of mold fungi.

The fungicidal activity of the studied salts
of naphthenic acid increases from compounds
with a linear structure substituents at the
nitrogen atom to compounds with substituents
with a cyclic structure. The maximum result is
given by N-oxazolidinomethylbenzoxazolin-2-
thione (4). When analyzing the bactericidal
activity of aminomethyl derivatives of
benzoxazolin-2-thione, no such regularity was
observed. It is also impossible to speak of a
clear increase in both fungicidal and bactericidal
activity as the substituent becomes heavier.

Table 1. Antimicrobial properties of N-aminomethyl derivatives of benzoxazolin-2-thione

NFN\/ -
©: =5 RCOO
o] gt
Naphtenic salt of N-diethylaminomethyI-
benzoxazolin-2-thione

Ne/ Compound Oil product/ Concen- Microbial growth inhibition
Ne solvent tration, zone diameter, cm
%
Bacteria fungi
1 — Lubrllt\::_téng oil 1 25-23 25-22
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NrN B
@[ =s RCOO
(0] H

Naphtenic salt of N-
piperidinomethylbenzoxazoline-2-thione

-« -«

2.0-1.8 3.6-3.5

Coolant 0.5

2.5-2.0 1.5-15

Distilled water 0.5

2.6-2.5 +

RCOO

Naphtenic salt of N-
morfolinomethylbenzoxazoline-2-thione

Lubricating oil 1 +
M-8

3.0-3.0

4 /M
I’N\/O
L
(e} at
Naphtenic salt of N-

oxazolidinomethylbenzoxazoline-2-
thione

RCOO

-« -

23-23 40-4.0

-« -

Naphtenic salt of N-
oxazinomethylbenzoxazoline-2-thion

-« -

10-1.1 28-28

-« -

6 Petroleum nathtenic asid

-« -

-«- + +

7 Lubricating oil M-8

Coolant 5 % without biocide

++++ ++++

8
9 Distilled water

+ - growth of microorganisms

Conclusion

By condensation of 2-
mercaptobenzoxazole  with  methylene-bis-
amines, we synthesized a number of
aminomethyl derivatives of benzoxazolin-2-
thione. Two compounds, namely, N-
oxazolidinomethylbenzoxazolin-2-thione 4)
and N-oxazinomethylbenzoxazolin-2-thione (5),
were synthesized for the first time. The structure
of the obtained compounds was established by
'H NMR.

The synthesized compounds were tested
for biocidal activity in M-8 lubricating oil. The
results of the study showed that the naphthenic
salts of these compounds exhibited bactericidal

and fungicidal properties. Since petroleum
naphthenic acid is not biostable, it can be
concluded that the tested compounds exhibit
antimicrobial activity against microorganisms
affecting oil products, which means that these
substances can be recommended as potential

biocides to protect oil products from
microbiological damage. In addition, N-
piperidinomethylbenzoxazolin-2-thione 4

showed biocidal activity in the composition of
cutting fluids, which makes it possible to use it
as an antimicrobial additive in coolant. The
bactericidal activity of an aqueous solution of

CHEMICAL PROBLEMS 2022 no. 4 (20)



L.R. SAFAROVA

this compound also makes it necessary to study
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2-MERKAPTOBENZOKSAZOLUN AMINOMETIL TOROMOLORININ BiOSiD AKTIiVLiYi

L.R. Safarova

Akad. O.M. Quliyev adina Asqarlar kimyasi institutu
AZ 1029 Baki, Béyiiksor sossesi, mahalla 2062
e-mail: leyla.aki@mail.ru

Xiilasa: Neft mohsullar1 vo yaglayici-soyuducu mayelar ti¢iin potensial antimikrob agqarlar kimi maraq
doguran 2-merkaptobenzoksazolun aminometil téromolari torofimizdon sintez edilmis vo onlarin biosid
aktivliyi todqiq edilmisdir. Aminometillogmo reaksiyasi metilen-bis-aminlorin istiraki ilo aparilmigdir.
Noticede qurulusu 'H NMR spektroskopiya tsulu ilo tesdiq edilmis mivafiq N-ovozedilmis
benzoksazolin-2-tionlar alinmigdir. Sintez edilmis birlosmalor neft mohsullarinda pis hall olduguna goérs
mikrobioloji todqiqatlar {i¢lin onlarin neft naften tursusu ilo duzlari alinmigdir. M-8 siirtkii yaginda
aparilan sinaqglarin naticalari gostarir ki, sintez edilmis birlogsmalarin naften duzlari biosid aktivlik niimayis
etdirir vo onlarin fuhgisid xassalori bakterisid xassalorden yiiksokdir. M-8 siirtkii yaginin torkibinds tomiz
halda olan neft naften tursusu biostabil olmadigina gors sinaq zamani mikroorqanizmlorin tasirine moaruz
qalir. Yaglayici-soyuducu mayenin torkibinde N-piperidinometilbenzoksazolin-2-tionun biosid oldugu
siibut edildi vo onun bakterisid xassasi fungisid xassasindon daha yiiksokdir. Mikrobioloji tadgiqatlarin
naticalarine asason, demok olar ki, bu birlosmonin sulu mahlulunun kif gébsloklorine qarsi effektivliyi
olmasa da, o, yiiksok bakterisid xasso gdstarir.

Acar sozlar: 2-merkaptobenzoksazol, N-avaz edilmis benzoksazolin-2-tionlar, aminometillasma, metilen-
bis-aminlor, biosid aktiviik, antimikrob asqarlar, neft mahsullar, yaglayici-soyuducu maye, neft naften
tursusu.

BUOINIHAA AKTUBHOCTb AMUHOMETHWJIBHBIX ITPOU3BOJHbBIX
2-MEPKAIITOBEH30KCA3O0JIA

JI.P. CajapoBa

Hnemumym xumuu npucadok um. axademuxa A.M. Kynuesa
AZ 1029 baky, beroxwopckoe wocce, keapman 2062
e-mail:_leyla.aki@mail.ru

AnHoTaumus: MccnenoBana OwonumHas aKTUBHOCTh CHHTE3UPOBAHHBIX HAMHU  aMHHOMETHIIBHBIX
MPOU3BOAHBIX  2-MEpPKanTOOEH30KCa30Jia, NPEACTABISIONIMX HWHTEPEC B KAueCTBE IOTCHIMAIBHBIX
AHTUMHUKPOOHBIX TIPUCAZOK K He(PTENpPOAyKTaM U CMa304YHO-OXJXKJIAIOINIMM IKUJAKOCTSAM. Peakiiuro
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AMHHOMETHJIMPOBAHUSI TPOBOAMIM C YydYaCTHEM METWIEeH-Ouc-aMHHOB. B pesynpTare mOIydeHBI
COOTBETCTBYIOIIHE N-3aMeIIeHHbIe OCH30KCAa30JIMH-2-THOHBI, CTPYKTypa KOTOPBIX JOKa3aHa METOJaMu
amMpP 'H CIEKTPOCKONMM. BBHIy IIOXOH pacTBOPUMOCTH CHHTE3UPOBAaHHBIX COCAUHEHUH B
HEPTEPOAYKTaX AN MUKPOOHMOJIOTHYECKHX HWCIBITAHUH TMOJyYeHbl UX CONMU C HeTAHOW Ha(TEeHOBOU
KHCTOTOW. Pe3ympTaTel WCHBITAHWA B CMa304HOM Macie M-8  TOKa3bIBalOT, 4YTO HA(PTEHOBBIE COIHU
CHUHTE3UPOBAHHBIX COCIUHEHUI MPOSBISIOT OMOLMIHYIO0 aKTUBHOCTb, IPUYEM MX (YHIMLUAHBIE CBOWCTBA
BBIIIE OaKTEPUIUIHBIX. VCcNOIp30BaHHAS B MCIBITAHUM He(TsSHAS HAaQTEHOBas KHUCIOTa B YUCTOM BHIE B
COCTaBe CMa304YHOrOo Maciaa M-8 He OWocToiika ©  TOpakaeTcs MHKpOOpraHW3MaMmu. N-
MHUIEPUTTHOMETHIOCH30KCAa30JIMH-2-THOH B COCTaBE CMA30YHO-0XJIAKIAIOMIEH KUIAKOCTH TPOSBHI ce0s1 KaK
Oouorua, W ero OaKTCPUIUIHBIC CBOWCTBA BBINIC (YHTHIMIHBIX. Pe3ylbTaThl MHKPOOHOJIOTHYECKOTO
WCCIIEIOBAaHUSl BOJHOI'O PacTBOpa 3TOI0 COEAWHEHHUS MOKAa3aJld BBHICOKWE OaKTePHLWAHBIE CBOWCTBA HPHU
OoTCyTCTBHU Y(PPEKTUBHOCTH MMPOTUB TUIECHEBBIX TPHOOB.

Knrouegole cnoea:. 2-MepranmoOeH30Kca3oll, N-3amewennvie OeH30KCa30MUH-2-MUOHDI,
AMUHOMEMUNUPOBAHUe, ~MemuleH-0Uc-amMunbl, OUOYUOHA AKMUSBHOCMb, AHMUMUKPOOHbIE NPUCAOKU,
HegpmenpooyKkmol, CMA304YHO-0XIAHCOAIOUWASL HCUOKOCHb, HeDMAHAS HAPMEH08As KUCIOMA.
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