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ESTERS OF CYCLOPROPANECARBOXYLIC ACID DISPLAYING
ANTI-INFECTIVE ACTIVITY

Abstract. A number of esters of cyclopropanecarboxylic acid of N-alkyl naphthylo-
xypropynylpiperidines antimicrobial activity have been studied in relation to the archival
strains of microorganisms. The activities of the given preparations have been assessed in
vitro in relation to Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922,
Salmonella enterica ATCC 14028 and Staphylococcus aureus ATCC 6538-P, among
which hydrochloride of 1-methyl-4-[3-(naphth-1-yloxy)prop-1-in-1-yl]-4-cyclopropane-
carbonyloxypiperidine has displayed the greatest activity in relation to the archival strain
of Bacillus subtilis ATCC 6633 in the concentration of 250 pug/ml.

Esters of cyclopropanecarboxylic acid of N-methyl phenoxypropynylpiperidine and
phenyl ethinylpiperidine have displayed antimicrobial activity in vitro in relation to all
seven strains of microorganisms, used in the experiment: Escherichia coli ATCC 25922,
Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneu-
moniae ATCC 700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus
ATCC-BAA-39, Candida albicans ATCC 10231.

Hydrochloride of ester of N-benzylpiperidine-4-ketoxime of cyclopropanecarboxylic
acid has a bactericidal activity in relation to the strains of the testing cultures of Eshirichia
Coli1257 and Staphylococcus aureus 209-P.

Key words: cyclopropanecarbonylchloride, piperidine, esters, antimicrobial activity.

Despite of a huge arsenal of available medicines, the problem of searching of
new highly efficient medicinal preparations remains topical. This is stipulated by
the lack or insufficient efficiency of medicinal preparations for treatment of
certain diseases; side effects of certain medicinal remedies; their validity period
limitations [1].

Based on the analysis of the scientific and patent literature the authors [2]
point out, that the search of new synthetic medicinal preparations is mainly
carried out in three directions:

1) modification or further development of the existing biologically active
matrices;

2) molecular design of the structures, including the fragments of natural
compounds;

3) molecular design of completely new classes of organic compounds, main-
ly of the heterocyclic series.

At present, the creation of innovative medicinal preparations include the
obtaining of new chemical products and synthesis of pharmacologically active
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metabolites or their isomers. The development of modern medicinal forms with
improved pharmacokinetic properties and new drug delivery means, creation of
multicomponent biotechnological or bioengineered preparations and medi-
cines.

The substances, containing in their structure as fragment of cyclopropane, are
considerable interest for the both organic chemists and biochemists. A three-
membered saturated carbocycle is a structural element with a huge synthetic
potential, stipulated by a high voltage energy (~ 27,5 kcal/mol) of an unusual type
of carbon-carbon bonds, called the “banana bonds”. By their nature, they are
intermediate between o- and n-bonds, due to which cyclopropane derivatives
enter into various reactions of cycle opening and extension, as well as the reac-
tions of cycloaddition [3, 4].

Many natural and synthetic compounds containing as cyclopropane fragment
with a simple functionality, possess a wide spectrum of biological properties [5],
ranging from enzyme inhibition to insecticidal, antifungal, herbicidal, anti-
microbial, antibiotic, antibacterial, antitumoral [6] and antiviral, antiestrogenic,
agonistic properties. The studies in the field of biosynthesis and metabolism of
cyclopropane derivatives provide the information, which is required for the
development of new medicinal preparations [7]. Heterocyclic compounds, posses-
sing a cyclopropyl group as a substituent, are of special interest [8-10].

Being present in animals, plants and microorganisms or temporarily appea-
ring upon primary and secondary metabolism, they provide convenient biological
probes for mechanistic studies, and make it possible to develop new medicinal
preparations.

In terms of medical use, it is noteworthy, that eight of the two hundred best-
selling pharmaceutical preparations are the compounds, containing a cyclopro-
pane fragment [5]:

Ciprofloxacin Ofloxacin
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Sparfloxacin Trovafloxacin

Thus, cyclopropane-containing antibacterial agents, such as ciprofloxacin
CPFX, ofloxacin OFLX, sparfloxacin SPFX and trovafloxacin, are members of
the principal class of broad-spectrum antibacterial medicinal preparations, and are
widely used for the treatment of patients.

A piperidine ring is the ubiquitous structural feature of many alkaloid natural
products and medicine candidates. Watson P.S. et al. [11] believe, that thousands
of piperidine compounds have been mentioned in clinical and preclinical studies
for the last decade. Nevertheless, the variety of functional and substituent struc-
tures, found in the piperidine targets, and the generally accepted concept, that the
biological properties of piperidines strongly depend on the type and location of
substituents on the heterocyclic ring.

The search for new compounds with antimicrobial and virucidal activities,
including those capable to induce reversion of medicine susceptibility, is related
to a priority direction in the field of development of new anti-infective medicinal
preparations. The importance of the scientific research, despite the availability of
a wide range of antibacterial medicinal remedies, is associated, first and foremost,
with the high adaptability of pathogenic organisms to the medicinal preparations,
including antibiotics [12-14].

This work is a continuation of the studies in the synthesis of new antibac-
terial medicinal preparations in a series of piperidine-containing derivatives of
cyclopropanecarboxylic acid [15, 16].

The compounds with the codes AIP and AGP have been studied for an anti-
microbial activity. The results of the biological tests are presented in tables 1-3.
The research model includes the required minimum of tests with different degrees
of sensitivity in vitro [17]. The research scheme has been implemented in accor-
dance with the current methodical recommendations, approved by the State
Pharmacological Committee of the Republic of Kazakhstan [18].

Study of a biological activity. The compounds with the codes AIP-30,
AIP-31, AIP-32, AIP-33 have been studied for an antimicrobial activity in rela-
tion to the archival strains of microorganisms, the activities of these preparations
have been assessed in vitro in relation to Bacillus subtilis ATCC 6633, Esche-
richia coli ATCC 25922, Salmonella enterica ATCC 14028 and Staphylococcus
aureus ATCC 6538-P:
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As it is seem from the results presented in table 1, the compounds AIP-30
and AIP-31 [19-20] possess an antimicrobial activity in relation to all strains of
microorganisms, used in the experiment. The compounds AIP-30 and AIP-31
display antimicrobial effects to different extents, AIP-30 has displayed the
greatest activity in relation to the archival strain of Bacillus subtilis ATCC 6633
in the concentration of 250 pg/ml. Streptomycin has been active in relation to the
gram-negative strains of microorganisms (Escherichia coli, Staphylococcus
aureus, Salmonella enterica), and its efficiency in relation to Bacillus subtilis
makes up only 50-60%.

Table 1 — Antimicrobial activity of AIP-30 - AIP-33

. MIC, pg/mi
Strain
Code Bacillus Escherichia Staphylococcus Salmonella
of the subtilis coli aureus enterica
compound ATCC 6633 | ATCC 25922 ATCC 6538-P | ATCC 14028
AIP-30 250 250 1000 500
AIP-31 250 500 1000 1000
AIP-32 1000 - - -
AIP-33 500 2000 - -

The compound AIP-32 [21] possesses an antimicrobial activity in relation
to the archival strain of Bacillus subtilis ATCC 6633 in the concentration of
1000 pg/ml.

The compound AIP-33 [22] possesses an antimicrobial activity in relation to
the archival strain of Bacillus subtilis ATCC 6633 in the concentration of
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500 ug/ml, and it displays an activity in relation to Escherichia coli in the high
concentration of 2000 pg/ ml.

Thus, it has been established, that AIP-32 displays a selective antimicrobial
activity to the one type of the archival strains, and AIP-33 — to the two types of
the archival strains, used in the experiment.

The compounds with the codes AIP-36, AIP-47 have been studied for an
antimicrobial activity in relation to the archival strains of microorganisms, the
activities of these preparations have been assessed in vitro for Escherichia coli
ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae ATCC
10031, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC
6538-P, Staphylococcus aureus ATCC-BAA-39, Candida albicans ATCC 10231:

Table 2 — Antimicrobial activity of AIP-36, AIP-47

) MIC, pg/ml
Strain Esche- | Esche- |Klebsiella|Klebsiella | Staphy- | Staphy- |Candida
Cod richia |richiacoli| pneu- pneu- [lococcus| lococcus |albicans
fo he coli ATCC- monia monia aureus | aureus | ATCC
of the d ATCC | BAA- | ATCC | ATCC | ATCC | ATCC- | 10231
compoun 25922 196 10031 | 700603 | 6538-P | BAA-39
AIP-36 1000 2000 1000 2000 2000 2000 1000
AlP-47 1000 2000 1000 HA 2000 2000 1000

As it is seen from table 2, the compound AIP-36 [23] possesses an antimic-
robial activity in relation to all seven archival strains of microorganisms, used in
the experiment: Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC
10031, Candida albicans ATCC 10231 in the concentration (MIC) of 1000 pg/ml,
and in relation to Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae
ATCC 700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus
ATCC-BAA-39 —in the concentration (MIC) of 2000 ug/ml.

AIP-47 [24] also displays an antimicrobial activity in relation to all seven
archival strains of microorganisms, used in the experiment: Escherichia coli
ATCC 25922, Klebsiella pneumoniae ATCC 10031 in the concentration (MIC) of
1000 pg/ml, and in relation to all other strains of microorganisms - in the
concentration (MIC) of 2000 pug/ml.

Hydrochloride of ester of 1-benzyl-piperidine-4-ketoxime of cyclopropa-
necarboxylic acid with the laboratory code AGP-6 [25] has been studied for an
anti-infective activity and acute toxicity. The data have been compared with the
indices of streptomycin. The results of the study are presented in table 3.

The toxic dose of the preparation AGP-6 is 833.3 + 17.8 mg/kg, which is
almost 4 times lower, than the toxicity of streptomycin, used as a reference. It has
turned out, that the preparation AGP-6 possesses a bactericidal activity in relation
to the testing cultures of Eshirichia Coli1257 and Staphylococcus aureus 209-P
both in the concentrations of 1% and 3%.
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Table 3 — Results of the biological study of AGP-6 and streptomycin

Bactericidal activity in relation to
Prepa- LDso 1 % concentration 3 9% concentration
ration ma/kg
E. Coli 1257 | St.aureus 209-P | E. Coli 1257 | St. aureus 209-P
Growth inhi- Growth inhi-
AGP-6 833.3+ bition of the 15 mm bition of the 25 mm
17.8 microorganis microorganis
m the well m the well
Growth inhi- Growth inhibi- Growth inhi- | Growth inhibi-
Strepto- 213.8+ bition of the tion of the mic- bition of the tion of the mic-
mycin 22.61 microorganis | roorganism the microorganis | roorganism the
m the well well m the well well

The total assessment score of a locally irritating effect of AGP-6 on skin and
ocular mucosa (cornea and conjunctiva) is equal to 3. This value is related to the
4" class of chemical hazard by toxicological properties according to Methodology
Guidelines 12.1105-02. Besides, slight erythema, scaling and irritation of skin
ha}ﬁe been observed for 10 days, all irritation signs disappearing completely on the
14" day.

Thus, according to the instruction for the experimental (preclinical) study of
new pharmacological substances, the test compounds may be used in additional
studies for revealing an antimicrobial activity on a wider range of microorga-
nisms.

Conclusion. Hydrochloride of 1-methyl-4-[3-(naphth-1-yloxy)prop-1-in-1-
yl]-4-cyclopropanecarbonyloxypiperidine (AIP-30) has displayed the greatest
activity in relation to the archival strain of Bacillus subtilis ATCC 6633 in the
concentration of 250 pg/ml.

Esters of cyclopropanecarboxylic acid of N-methyl phenoxypropynyl-
piperidine and phenyl ethinylpiperidine, AIP-36 and AlP-47, have displayed an
antimicrobial activity in vitro in relation to all seven strains of microorganisms,
used in the experiment: Escherichia coli ATCC 25922, Escherichia coli ATCC-
BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC
700603, Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus ATCC-
BAA-39, Candida albicans ATCC 10231.

It has been also shown, that hydrochloride of ester of N-benzylpiperidine-4-
ketoxime of cyclopropanecarboxylic acid (AGP-6) suppresses the growth of E.
Coli1257 and St. aureus 209-P with low toxicity.

Thus, it has been shown, that the directed introduction of a cyclopropanecar-
boxylic fragment into the structure of naphthyloxypropynylpiperidine, pheno-
xypropynylpiperidine, phenylethynylpiperidine and N-benzylpiperidine-4-keto-
xime leads to the compounds of an anti-infective activity.
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Pe3rome
I. C. Axmemosa, ¥. b. Hcaesa, ®. M. Caovipbaesa, K. /. Ilipanues, H. B. Kopomeyxas

NHOEKIUATA KAPCBI ©CEPI FAP
IMUKJIOIIPOITAHKAPBOH KbIIIKBIJIBIHBIH KYPIEJII DONPJIEPI

N-anKuIHAQ THIOKUIICHITPOITII MUMEPUIMHACPIIH IUKIOMPONAHKAPOOH KBIIIKBLIbI-
HBIH Kypzeni 3QUupliepiHiH KaTtapsl MHKPOOPTaHU3MICPAIH MYpaxkailbl mITaMMaapbiHa
KaThICThl MHKpOOKa Kapcel Oencenaimiri 3eprrenni. Bacillus subtilis ATCC 6633,
Escherichia coli ATCC 25922, Salmonella enterica ATCC 14028 sxone Staphylococcus
aureus ATCC 6538-P oOoiibiHIIa ocbl mpemapaTTapIblH ocepi OaraimaHIpl, OJapAbIH
apaceiama  1-metmn-4-[3-(aadr-1-umokcu)npor- 1-uH-1-wmi1]-4-1uKI0poTaHKap OO HIITOK-
cununepuaun ruapoxiaopuai Bacillus subtilis ATCC 6633 mypaskaiiabl IITaMMBIHA
KaTeICThl 250 MKI/MIT KOHIIEHTpAIHAAA dJIIeKaii1a )KOFaphl OeJICEHIITIK KOPCETTI.

N-MeTmI(hEHOKCHUITPONUHWIIHIEPUANH KoHEe (EHWITHHWINHICPUINHHIH LHUKIIO-
NpONaHUapOOH KBIIKBUIBIHBIH KYypaedi a¢upiepi ToxipuOere ajblHFaH OapiiblK JKeTi
MuKpoopranusMm mrammaapeiaa; Escherichia coli ATCC 25922, Escherichia coli ATCC-
BAA-196, Klebsiella pneumoniae ATCC 10031, Klebsiella pneumoniae ATCC 700603,
Staphylococcus aureus ATCC 6538-P, Staphylococcus aureus ATCC-BAA-39, Candida
albicans ATCC 10231 katbICcThI iN Vitro MUKpOOKa KapChl OEJICEHIUTITIH KOPCETTI.

HuknonponankapOoH KemKeUIel N-OeH3mnmmunepuanH-4-ketokeuMm >¢upinig 1%
xone 3% -me1 Tuapoxsopua epitinmizepi Eshirichia Colil257 sxome Staphylococcus
aureus 209-P MukpoopraHU3MAEpiHiH ChIHAMAa-IaKbUI MITaMIapbIHA KapChl OaKTEePHUIIHI-
TIK 9Cepre ue eKeHIIr aHbIKTaJIIbI.

TyiiiH ce3aep: UKIONPOMAHKAPOOHUIXIIOPU, TUTIEPUINH, KYpAeTi ddupiiep, MUK-
pobKa Kapchl OEICEHILTIK.
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Pe3rome

I. C. Axmemosa, Y. b. Hcaesa, @. M. Cadvipbaesa,
K. /. Ilpanues, H. B. Kopomeyxas

CJIOXHBIE ODOUPBI L[HKHOHPOHAHKAPEOI:IOBOPI KHCJIOTBI
C NIPOTUBOMH®EKIITMOHHBIM JEMCTBUEM

Psia cnokHBIX 3()UPOB IUKIONPOMAHKAPOOHOBON KHCIOTHI N-aikuia HaQTHUIOKCH-
MPOMUHIIHUIICPUTUHOB OBUTH M3Y4Y€HBI HA AaHTUMHUKPOOHYIO aKTUBHOCTh B OTHOIICHUH
MY3eUHbBIX [ITAMMOB MUKPOOPIaHU3MOB, OIICHEHBI ICHCTBHS JaHHBIX OPEnaparos in Vitro
B orrowenun Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922, Salmonella
enterica ATCC 14028 u Staphylococcus aureus ATCC 6538-P, cpean KoTOphIX Haw-
GOITBIITYI0 aKTHBHOCTH TIPOSIBIII THAPOXIOpU 1-MeTii-4-[3-(aadr-1-umokcu)npomn-1-uH-
1-wn]-4-uuKI0npONaHKapOOHUITOKCUITMIIEPUIHHA B OTHOIIEHHH MY3€WHOr0o IITaMMa
Bacillus subtilis ATCC 6633 B kounentparnuu 250 Mkr/mit.

CrnoxxHble 3QUPBI IUKIONPONaHKapOOHOBOI KHCIOTH N-MeTni GpeHOKCUIIpOnHHIMII-
nunepuarHa U QEeHUIDTHHUIHUIIEPUINHA TPOSBUIIA IPOTUBOMUKPOOHYIO aKTHBHOCTH N
Vitr0 B OTHOIIEHHH BCEX CEMHU IITAMMOB MUKPOOPTaHU3MOB, B3SITBIX B IKCIIEPUMEHTE:
Escherichia coli ATCC 25922, Escherichia coli ATCC-BAA-196, Klebsiella pneumoniae
ATCC 10031, Klebsiella pneumoniae ATCC 700603, Staphylococcus aureus ATCC
6538-P, Staphylococcus aureus ATCC-BAA-39, Candida albicans ATCC 10231.

Oxkazanock, uto 1 u 3% pacrBopsl ruapoxiaopuna 3dupa N-OeHsmmmunepuana-4-
KETOKCUMa IHKIIONPONaHKapOOHOBOM KHCIOTHI 00safiaeT OaKTepUIMIHBIM JCHCTBHEM
MPOTHB IITAMMOB TECT-KyJIbTyp MuKpoopranm3mos Eshirichia Colil257 u Staphylococ-
cus aureus 209-P.

KitroueBbie ¢J10Ba: [UKIONPONAHKAPOOHMWIXIOPU I, TUIICPUIIHH, CIOXKHbIC d(pu-
PBI, aHTUMUKPOOHAs! aKTUBHOCTb.
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