Life Science Journal 2014;11(5s)

http://www.lifesciencesite.com

The synthesis and antimicrobial activity of new piperidine compounds
Manas Toktasynovich Omyrzakov1, Dauletkeldy Kerimovich Kiyashev1, Nurjan Bahtashevich Kurmankulov2,
Ksenija Aleksandrovna Bortnikova2, Kazbek Bekmaganbetovich Erzhanov2, Madi Toktasynuly Omirzak2
1

Kazakh National Medical University named SD Asfendiyarov, Tole str. 88, Almaty, 050012, Kazakhstan
2
Institute of Chemical Sciences of A.B. Bekturov, Sh.Ualikhanov str. 106, Almaty, 050010, Kazakhstan

Abstract. Year after year, we are seeing the increasing amount of scientific and patent data on the use of various
piperidine-containing compounds as medicinal drugs. This indicates that such a group of synthons has good
prospects for searching new biologically active compounds based on them [1, 2 and 3]. This paper contains the
findings of synthesizing new piperidinous heterocyclic compounds for creating medicinal drugs due to their high
biological activity. The structure and characteristics of synthesized compounds were analyzed using IR and NMR
(1H and 13C) spectroscopy. Nonpathogenic microbial strain tests detected new active substances with good
prospects. These compounds can take part in additional tests on detecting antimicrobial activity in a wider range of
microorganisms.
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herbal material [8]. This article contains the findings
of recent years in the synthesis and antimicrobial
activity of new piperidinous compounds. The vexed
problem of antibiotic resistance made for the urgency
of this research [9]. The ratings of leading
Anatomical Therapeutic Chemical Groups (ATC)
show that antimicrobial drugs are the most called-for
in Kazakhstan, both in drugstore market (the 1st
place) and in hospital purchases (the 2nd place): their
sales shares in 2012 made up 10% and 13%,
respectively [10, 11].

Introduction
The Republic of Kazakhstan implements The
State Program for Accelerated Industrial and
Innovative Development (2010-2014) aimed at
sustained and balanced growth of economy by means
of diversification and competitive recovery [4]. The
important line of this program is to develop the
priority sectors of economy which promote its
diversification
and
competitiveness.
The
pharmaceutical industry is one of such sectors. Its
growth is possible on the basis of domestic demand.
The government of the Republic of Kazakhstan
adopted Resolution No. 791 (August 4, 2010)
approving The Program for the Development of the
Pharmaceutical Industry in the Republic of
Kazakhstan (2010-2014) [5]. The positive results of
this program include the increase in production of
basic pharmaceutical goods in 2012 as compared to
2008 [6].
In order to make a significant and innovative
breakthrough in the pharmaceutical sector of
Kazakhstan, it is necessary to direct efforts to
producing the output with higher added value and
original medicines but not generics. ISPHC
“Phytochimia” achieved serious success in this
question. This company obtained scientific and
practical results in working out a production
technology for original medicines based on the herbal
material of Kazakhstan [7].
The Bekturov Institute of Chemical Sciences
also conducted the search and development of new
domestic original medicines made from synthetic and

Materials and methods
The Scopus database was used for the analysis
of publications by years, countries, branches,
companies and authors with key words “piperidine”
and “antimicrobial activity” [12].
New compounds were synthesized by means of
fine organic synthesis. The IR spectra were fixed by
tool Nicolet 5700 FT-IR in tablets KBr; the 1H and
13
C spectra were fixed by tools BrukerDPX 400;
JEOLJNM-ECА400 in CDCl3 and DMSO, internal
standard of HMDS and Rf were found on the plates
with silica gel “SilufolUV-254”.
The synthesis conditions for 3-propyl-2.6-bis
(2.5-dimethoxyphenyl) piperidine-4-one are given for
example (1). Methyl-butylketone 1 g (0.01 mole),
ammonium acetate 0.77 g (0.01 mole), 2.5dimethoxybenzaldehyde 3.32 g (0.02 mole) and Lproline 0.025 g (0.0021 mole) are dissolved in 50 ml
of ethanol and put in one-neck flask with magnetic
stir bar and reflux condenser. The contents of the
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(СН3СН2СН2), 43.08 (НС3-piperidone), 49.45 (Н2С5piperidone), 55.70 (ОСН3), 55.92 (НС2Ar), 56.15
(НС6Ar), 111.30, 111.75, 112.83,113.55 (C3´,4´,6´C6H3), 130.96 and 131.78 (Ci-C6H3), 150.66 and
151.38, 153.77 (C2´,5´-C6H3), 210.19 (C=O).
The antimicrobial activity was detected by agar
diffusion towards the following testing cultures:
gram-negative bacteria: Escherichia coli, Salmonella
gallinarum, Pasteurella multocida, Klebsiella
pneumoniae
444;
gram-positive
bacteria:
Mycobacterium B5, Staphilococcus aureus 209p and
the clinical isolate of Staphilococcus aureus 9; yeastlike fungi Candida albicans; microfungi Aspergillus
niger.
The assessment of the minimum inhibitory
concentration (MIC) aws conducted towards the
minimum set of museum microbial strains: Bacillus
subtilis ATCC 6633, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 9027, Salmonella
enterica ATCC 14028 and Staphylococcus aureus
ATCC 6538-P. The authors used the conventional
method of serial two-fold dilution in Mueller Hinton
broth. In order to make a basic solution with
concentration 4000 mcg/ml, a sample 0.2 g was
dissolved in 50 ml of 0.9%-solution of sodium
chloride. Then the serial two-fold dilutions from
2000 to 2 mcg/ml were made. The suspension of
microorganism in concentration 106 CFU/ml was
inoculated in prepared dilutions. The inoculations
were incubated in thermostat at 37° С during 18-24 h.
After incubation, the cultures from each dilution were
plated in Mueller Hinton broth. The Petri dishes with
cultures were incubated at 37° С during 18-24 h. The
MIC was found by the minimum concentration which
inhibited the visible growth of the microorganism
under testing.

flask are boiled during 4 hours in a water bath with
stirring. Then ethanol (40 ml) is vaporized from the
reaction mass using a rotary evaporator and left in
freezer for a night. The rest of the ethanol is
decanted, and the sediment is dissolved in 30 ml of
ethyl acetate. When the ethyl acetate solution is
flushed with hydrochloric acid, hydrochloride
precipitates as white sediment which is filtered. In
order to isolate the base, the obtained hydrochloride
is dissolved in ethyl alcohol and alkalified by the
aqueous solution of sodium hydroxide. The white
sediment is filtered and dried at room temperature.
Now 1.54 g of base is obtained.
Gross-formula: C24H31NO5
Molecular weight: 413.51 g/mole
Ultimate analysis:
Computed: C, 69.71; H, 7.56; N, 3.39; O, 19.35
Found: С, 69.88; Н, 7.37; N, 3.77; О,18.98
Yield = 37,4 %
Melting temp. 127 °С, melting temp.
hydrochloride 137 °С
Rf 0.62 (eluent – ethanol)
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Findings and discussion
The structural analysis of medicines for the
treatment and prevention of infectious diseases
showed that only one of 200 medicines contains a
piperidine fragment. This is mefloquine – an
antimalarial medicine from the group of remedies for
protozoan infections [13].
At the same time, if we search for information
in the Scorpus database by the word “piperidine”, the
database outputs 42494 sources. The last 5 years,
1800 publications appear every year. Figure 1 shows
the results of search by key words “piperidine” and
“antimicrobial activity”. These results indicate that
beginning with 2000 one can see a five-fold growth
(from 11 to 56) of publications about the antibacterial
characteristics of piperidine compounds per year.
Besides, one can notice a tendency that the number of
publications doubles every 5 year.

O
IR absorption bands, sm-1: 3307 (NH), 2836,
2961, 2995 (С-Н), 1711 (С=О), 1648, 1589 and 1499
(С=С), 1440, 1280, 1210, 1100, 1048 и 1022 (Ar-OCH3), 890, 800, 710.
NMR Н1 in СDCl3, [delta], ppm: 0.76 t (3H,
СН2СН2CH3), 1.00 m (2Н, СН2СН2CH3), 1.34 m and
1.67 m (2Н, СН2СН2CH3), 2.43 with (1H, NH), 2.67
– 2.73 (3Н, Н-С3,5-piperidone), 3.72 с and 3,78 with
(12Н, ОCH3), 4.18 d and 4.38 t (2Н, Н-С2,6piperidone), 6.69 – 6.81 m and 7.06 – 7.10 m (6H,
С6H3).
NMR С13 in СDCl3, [delta], ppm: 14.08
(СН3СН2СН2),
20.62
(СН3СН2СН2),
27.14
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Figure 2. The methods of synthesis and the
directed chemical modification of piperidine-4ones
14 new compounds were synthesized with the
help of the foregoing methods and schemes (Figure
3). It should be noted that the initial compounds 1517 are given by the colleagues from the Favorsky
Irkutsk Institute of Chemistry. Currently, the authors
together with these scientists are conducting joint
research on using them in the chemical
transformation of diarylpiperidones.

Figure 1. The number of publications about the
piperidine compounds with antimicrobial activity

O

The analysis of publications by country showed
that the most active research in this sphere takes
place in India (total 150 articles). Among authors, S.
Kabilan issued the largest number of articles. The
most quoted article (42 references) is dedicated to the
synthesis of some new benzoxazolilethoxypiperidons
and
their
antimicrobial
activity
against
Streptococcusfaecalis,
Bacillussubtilis,
Escherichiacoli,
Staphylococcusaureus,
Pseudomonasaeruginosa and antifungal activity
against
Candida-6,
Candidaalbicans,
Aspergillusniger, Candida-51 and Aspergillusflavus.
Moreover, the authors conduct research on the
synthesis of new piperidine compounds. The basic
schemes of directed synthesis and chemical
transformation are shown in Figure 2.
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Figure 3. New piperidones and their derivatives
The data on the antimicrobial activity of the
compounds shown in Figure 3 are presented in Table
1.
During the antimicrobial tests, 3 compounds
with high activity against Mycobacterium B5,
Staphilococcus aureus 9 and Candida albicans were
isolated. [15, 16].
The Mannich reaction is another available
method of building the C-N-bond and introducing
piperidine fragment. The authors synthesized various
phenyloxybutynil piperidines. Their structures are
shown in Figure 4.
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Table 1. The MIC data for new
diarylpiperidine-4-one and their derivatives
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Figure 5. The structural formulae of 1-R-4-(3naphthyloxyprop-1-inyl)piperidine-4-ols
The assessment of antimicrobial activity of new
potential antibacterial substances was conducted
towards the minimum set of museum strains of
microorganisms. The results are presented in Table 3.
Table 3. The MIC values of naphthoxypropargyl
piperidols

Figure 4. Phenyloxybutynil piperidines

It should be noted that the initial 1methylpiperidine-4-one
and
1-(prop-2inyl)naphthalene display the activity against only 2
strains. The largest number of strains is inhibited by
compound 5 with benzyl radical and with a nitrogen
atom in piperidine ring.

The results of tests on antimicrobial activity are
presented in Table 2.
Table 2. The diameter of retardation zones, mm.
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It was ascertained that compounds 18-24
display a pronounced antimicrobial activity only
against Pseudomonasaeruginosa. It is interesting to
note that derivatives [betta]-substituted in
naphthalene ring are more active in bacteria growth
inhibition as compared with [alpha]-substituted
derivatives.
More than 100 years passed since A.E.
Favorsky discovered the reaction of potassium
hydroxide ethylation of ketones. Today this reaction
is the most popular method for synthesizing tertiary
acetylenic alcohols. The authors synthesized
piperidine alcohols on the basis of 1-methyl-, 1propyl-, 1-benzyl-piperidine-4-ones. The structural
formulae of initial and synthesized substances are
shown in Figure 5.

Findings
The rating of leading ATC-groups shows that
antimicrobial drugs are the most called-for medicines
in Kazakhstan, both in drugstore market (the 1st
place) and in hospital purchases (the 2nd place).
The structural analysis of antimicrobial
medicines showed that piperidine fragment enters
into the composition of only 1 antimalarial medicine
mefloquine. At the same time, since 2000 we see a
five-fold growth (from 11 to 56) of publications
about the antibacterial characteristics of piperidine
compounds per year.
The Bekturov Institute of Chemical Sciences
synthesized new piperidine compounds in a row of
2.6-diarylpiperidine-4-ones, acetylenic piperidines
and piperidols, oxy-, tio-, selenophosphonate
piperidols. The tests on a wide range of pathogenic
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strains detected new substances with good prospects.
They display activity at the level of 3-125 mcg/ml.
These compounds can take part in additional research
on the antimicrobial activity on a wider range of
microorganisms.

7.
8.

9.
Corresponding Author:
Dr. Omyrzakov Manas Toktasynovich
Kazakh National Medical University named SD
Asfendiyarov
Tole str. 88, Almaty, 050012, Kazakhstan

10.

References
1. Karnovsky, M.J., 1968. Formaldehydeglutaraldehyde fixatives containing trinitro
compounds. The Journal of Cell Biology, 39:
168
2. Newman, G., В. Jasani and E. Williams, 1983.
A simple post-embedding system for the rapid
demonstration of tissue antigens under the
electron microscope. Histochem. J, 15: 543-555
3. Reynolds, E.S., 1963. The use of lead citrate at
high ph as an electron-opaque stain in electron
microscopy. J.Cell Biol, 17: 208-212
4. The Decree of the President of the Republic of
Kazakhstan # 958 of March 19, 2010. The State
Program for Accelerated Industrial and
Innovative Development of the Republic of
Kazakhstan for the 2010-2014 years. Date
Views11.05.2013www.nomad.su/?a=32010042200 39.
5. The Government Resolution of the Republic of
Kazakhstan # 791 of August 4, 2010. The
Program for the Development of Pharmaceutical
Industry of the Republic of Kazakhstan for the
2010-2014 years. "Kazakhstanskaya Pravda”
21.08.2010, issue 222 (26283), Date Views
01.04.2013
www.adilet.zan.kz/rus/docs/P100000791
6. The 2010-2012 implementation data of The
State Program for Accelerated Industrial and
Innovative Development of the Republic of
Kazakhstan for the 2010-2014 years. Date
Views
27.05.2013
www.mint.gov.kz/index.php?id=444

11.

12.
13.

14.

15.

16.

3/23/2014

214

The products of the ISPHC “Phytochimia”. Date
Views27.05.2013 www.phyto.kz/cat/262/863/.
The products of the laboratory of the Bekturov
Institute of Chemical Sciences. Date Views
22.05.2013 www.ihn.kz/laboratorii/.
Vasilevsky, I.V., 2008. Some Contemporary
Ways to Solve the Problem of Antibiotic
Resistance. “Medicine”, issue 1, Minsk, pp: 92
– 97.
The Drugstore Market of Kazakhstan: the
Results of the First 9 Months of the 2012 year.
Date
Views
05.06.2013
www.remedium.ru/analytics/numerals/sng/detai
l.php?ID=57154
The Hospital Market of Kazakhstan: the Results
of the First 9 Months of the 2012 year. Date
Views
20.05.2013
www.remedium.ru/upload/iblock/411/AIPM_R
emedium_1_13_kaz.pdf/.
www.scopus.com
Mashkovsky, M.D., 2010. Medicinal Drugs.
Doctor’s Handbook. 16 ed. Moscow: “Novaya
Volna”, pp: 902.
Ramalingan, C., S. Balasubramanian, S.
Kabilan, and M. Vasudevan, 2004. Synthesis
and study of antibacterial and antifungal
activities
of
novel
1-[2-(benzoxazol-2yl)ethoxy]-2,6-diarylpiperidin-4-ones, European
Journal of Medicinal Chemistry, Elsevier, 39
(6): 527-33.
The Innovational Patent RK # 23978. Oxym
2.6-bis(3.5-dimethoxyphenyl)-3-propylpiperidine-4-one with antimicrobial activity.
Bortnikova, K.A., I.A. Ratnikova, N.A.
Belogorlova, N.N. Gavrilova, K.B. Yerzhanov
and N.B. Kurmankulov. Bulletin # 5 of
16.05.2011.
The Innovational Patent RK # 25021. 2.6bis(2,5-dimethoxyphenyl)-3-propyl-4(diphenethylselenophosphoryl)piperidine-4-ol
with antimicrobial activity. Bortnikova, K.A.,
I.A. Ratnikova, N.A. Belogorlova, N.I. Ivanova,
S.F. Malysheva, K.B. Yerzhanov and N.B.
Kurmankulov. Bulletin # 12 of 15.12.2011.

