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Objectives. Given that microorganisms can become resistant to certain groups of drugs and
considering also their ability to form biofilms, the development of new drugs that are active
against adapted microflora is required. This study focused on the development of a new method
for the synthesis of a promising compound, the branched hydrosuccinate oligophexamethylene
guanidine (OHMGsucc), with high purity that meets the standards of the 14th edition State
Pharmacopeia of the Russian Federation (SPRF). Previously proposed methods have managed
to isolate this product, which, however, complies with the requirements of the outdated SPRF.
Therefore, the main aim of this study was to update the regulatory framework for the indicated
OHMG salt for its further use in the pharmaceutical industry according to modern standards.
Methods. To control the residual impurities of hexamethylenediamine (HMDA) and guanidine
hydrochloride (GHC), high-performance liquid chromatography (HPLC) was applied using a
Thermo Scientific Dionex UltiMate 3000 chromatograph, and the chromatographic signals of
the test solution with those of a standard sample solution obtained by a previously published
conventional method were compared.

Results. The HPLC experimental data indicated a significant difference in the quantitative
content of HMDA and GHC observed for the new and older preparation method of the branched
OHMGsucc, suggesting that the method disclosed in this article can be used to obtain highly pure
OHMGsucc.

Conclusions. The specified compound was standardized with the parameter “related impurities”
according to the current (14th) edition of the SPRF. The effectiveness and reproducibility of
the proposed method was experimentally confirmed. In addition, a process diagram for the
preparation of the indicated OHMG salt was prepared.

Keywords: biocide, antibacterial agent, purification, related impurities, oligohexamethylene
guanidine salt, disinfectant.
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Ienu. Ha ¢oHe npuobpemeHust MUKPOOP2AHUIMAMU PE3UCMEHMHOCMU K onpedeseHHbM 2pyn-
nam silekapcmeeHHblX cpedcmas, a makske cnocobHocmetl 06pazosvieams buonnieHku, mpebyromest
Ho8ble npenapamel, AKMUBHbLE NPOMUE A0ANMUPOBAHHOU MUKpod.iopbl. Cmambs. nocesiueHa
U3bLICKAHUIO cnocoba NOAYUEeHUsT NePCneKmu8H020 COeOUHEeHUsT — PA38emesleHH020 2UOPOCYKYU-
HOMA 0AU202eKCAMEMUNEH2YAHUOUHA C 8blCOKOU CmeneHblo wucmomsl, coomeemcmeyrouseii
Hopmam ['ocydapcmeeHHolli Papmaroneu 14 uzdarus. Tarx Kakx npeodsiolxeHHble paHee Memo-
0blL NO3BONANU NOAYUUML NPOOYKm, yooesremeopsirowuii mpebosaHusm ycmapeswetil I'ocyoap-
cmeeHHoll Dapmaroneu, mo OCHOBHOU UEnblo SA8ANACL AKMYANUAYUSL HOPMAMUBHOU 6a3bl 8
OMHOWEHUU YKA3AHHOU CONU OSlU202eKcamemuieH2yaHUuoUuHa 05l ee OaslbHeliulez0 npumeHe-
HUsl 8 hapmayesmuueckoli Ompacau Co2ACHO CO8PEMEHHbIM CMAHOApPMAam.

Memoobt. /[/ist KOHMPOJISL NPUMECHBIX COCOUHEHUTL — 2eKCAMEMUNEHOUAMUHA U 2YAHUOUHA 2UOPO-
XNI0pUOA NPUMEHSIU 8bLCOK0IPPEXMUBHYIO IUOKOCTHYIO XPOMAMOPAPUI0, KOMOPYH NPOo8ooU-
au Ha xpomamoepagpe Thermo Scientific Dionex UltiMate 3000 memodom eHewHezo cmaHoapma.
Pesynemamut. Ha 0CHOBAHUU IKCNEPUMEHMANbHBIX OAHHBIX, NOJYUEHHBIX C NOMOULLIO 8blCO-
Ko3ghherxmueHoll. IKUOKOCMHOU Xpomamozpaguu, omodpareHa pasHUUd 8 KOJAUUEeCMEEHHOM
CO0EePACAHUL 0OCMAMOUHBLX NpuMmecell 8 cocmage cYocmaHyUU pa3gemeieHH020 2UOPOCYKYUUHA-
ma osuzozeKcamemuieH2yaHUOUHA, NOAYUEHHOU 08YMsi pasHbiMU cnocobamu. OmmeueHo, umo
€cnocob, NpeodloskeHHbLI asmopamu Hacmosuwieli cmambu, No380slem CHU3UMb UX COOepIaHUEe
Nno cpasHeHU0 ¢ KOHBEHUUOHANbHBIM MEMOOOM.

Buteoodust. Coz2nacHo npedcmaesieHHbiM 0AHHbIM NPo8edeHa CMaHOApMU3ayUs YKA3AHHO20 coe-
JuHeHus no napamempy «PoocmeeHHble npuMecu» 8 COOMme8emcmaul ¢ AKMyaibHbM HA OAHHBLU
MomeHm uzoaHuem I'ocydoapcmeerHoli Dapmaroneu. Bernedemeue mozo, umo agpgpekmueHoCms
NPeONIOAEHH020 MEMOOA IKCNEPUMEHMANTLHO NOOMBEPOUNACH, HA 3AKTIOUUMENbHOM Imane pa-
6omobL 6bLIa coCMagieHa MEexXHON02UUECKAs. CXemMa NOAYUeHUsT YKA3AHHOU CONMU ONuz0zerKcame-
museH2yaHuOuUHaA.

Knroueevle cnosa: 6uoyud, aHmubaxmepuaibHblil azeHm, OUUCmKa, pooCmeeHHble NPUMeCu,
COJlb ONlUROZEKCAMEeMUNIEH_2YAHUOUHA, 0e3uHgermaHm
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INTRODUCTION

Infectious diseases are one of the most common
human pathologies in the modern world. At the beginning
of the last century, the fight against this group of diseases
was remarkably successful. However, an outbreak of
various epidemics is currently being recorded worldwide
[1], which is mainly associated with the tendency of
microorganisms to form biofilms and their increasing
resistance to various drugs [2]. In this regard, there is
a need to develop new pharmaceutical agents with

a wide spectrum of antimicrobial activity that could
serve as a basis for the development of effective drugs
against the highly resistant pathogenic microflora.
Oligohexamethylene guanidines (OHMG), which are
synthetic derivatives of the nitrogenous base guanidine,
are an example of such pharmaceutical substances.
Oligoguanidines are a class of polymeric biocides
that consist of repeating units of the macromolecular
chain of a positively charged guanidine moiety and
exhibit antimicrobial, antiviral, sporicidal, fungicidal,
insecticidal, pesticidal, and algicidal activity. In
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addition, they can be used against aerobic and anaerobic
microflora [3], while they can also destroy the biofilms
formed by pathogenic microflora [4]. It should be noted
that the biocidal properties of the OHMG derivatives are
significantly determined by their positive charge.

The mechanism of action of the OHMG derivatives
is activated after protonation of a guanidine molecule, as
shown in Scheme 1, which leads to the uniform distribution
of the positive charge throughout the molecule. These
polycations are then adsorbed on the cell membrane of
the pathogen, which is negatively charged due to the
phosphate groups. This, in turn, hinders the respiration
and metabolite transfer processes through the bacterial
cell wall, while the oligoguanidine macromolecules
penetrate into the cell, causing irreversible damage to the
cytoplasmic membrane and nucleotide structure, which
ultimately leads to cell death (Fig. 1).

Furthermore, the positive charge of the OHMG
derivatives enables them to act as organic bases or
form salts with various inorganic or organic acids such
as hydrochlorides, hydrocyrates, hydrosalicylates,
hydrosuccinates, etc. Especially the properties of the
branched oligohexamethylene guanidine hydrochloride
salt (OHMG-HC) have been earlier established [5, 6],

®
NH NH,

e

HN" NH, H.N" “NH,

Scheme 1. Protonation of a guanidine molecule.

protonated guanidine
molecules

indicating its low toxicity and antibacterial activity
against various bacteria and fungi [7]. Therefore,
it has been used as an active base for dental gels
[8] or for sprays to treat diseases of the oral cavity
[9]. Another promising OHMG salt is the branched
oligohexamethylene guanidine hydrosuccinate
(OHMGsucc), which exhibits modified activity. A study
conducted with a compound related to OHMG
showed that the succinic acid salt is similar to the
hydrochloric acid salt in the spectrum of antimicrobial
activities; however, succinate significantly exceeds the
hydrochloride in the disintegrating effect on the formed
biofilms of the microorganism P. aeruginosa [10]. This
is the modified activity of this compound. The branched
OHMGsucc can be used for the development of various
drugs, thus creating new possibilities in the medical
field to combat bacterial diseases. This salt has already
been synthesized with purity [11] that complied with
the earlier (12th) edition of the State Pharmacopeia of
the Russian Federation (SPRF). In this study, we aimed
to develop a new preparation method of this compound
with high purity and adapt its characteristics to the
requirements of the current 14th edition of the SPRF.

MATERIALS AND METHODS

Oligo(imnocarbonimidoylimino-1,6-hexanediyl)
hydrochloride was obtained from the [Institute of
Pharmaceutical Technologies (Russia). Chloroform
(GOST 20015-88), potassium hydroxide (GOST 24363-80),
and succinic acid (GOST 6341-75) were obtained from
CHIMMED (Russia). Ethyl alcohol (95%) was purchased

elimination of
proteins and
nucleic acids
from the cell

imbalanced i'unction of all
cellular systems and cell lysis

violation of thé cytoplasmic
membrane and nucleotide structure,
destruction of the cytoplasm

Fig. 1. Effect of OHMG on a bacterial cell.
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from Flora Kavkaza (Russia), hexamethylenediamine
(1,6-diaminohexane) from Acros Organics (Belgium),
and guanidine hydrochloride from Sigma-Aldrich
(USA).

The OHMGsucc samples were obtained using
a conventional (Method 1) and a novel (Method 2)
method, as described below.

Method 1. The conventional synthetic
methodology has been in detail described in ref. [11],
where carbon dioxide was used to fully saturate the
solution for the preparation of the OHMG base.

Method 2. For the preparation of the base, a
solution of potassium hydroxide (60 ml of 5-M KOH
solution) was prepared in ethyl alcohol, followed by
the addition of technical OHMG-HC (1 eq. per 1-4
eq. of solution). The resulting mixture was then added
upon stirring to 1 volume part of an aqueous solution
(40-60%) of OHMG-HC and the mixture was allowed
to stand for about 16 h, until the phases separated.
Afterward, 1-3 eq. of potassium hydroxide per 1
eq. of OHMG-HC were added to the phase with the
highest OHMG base content. The resulting mixture
was stirred for 3—4 h and then was allowed to stand for
16 h until phase separation. A portion of succinic acid
was subsequently added to the phase with the highest
OHMG base content until the precipitation stopped.
The precipitate was separated by filtration, the filtrate
was evaporated, and the dry residue of OHMGsucc
was dissolved in 1 mass part of water. Ethyl alcohol
and chloroform in a 2 : 1 ratio were then added to the
aqueous solution, followed by stirring for 1 h. After

phase separation, the lower phase, which contained the
purified OHMGsucc, was collected and evaporated to
afford the desired analogue as a solid salt. Its content
in impurities, i.e., hexamethylenediamine (HMDA)
and guanidine hydrochloride (GHC), was determined
by high-performance liquid chromatography (HPLC)
using a Thermo Scientific Dionex UltiMate 3000
chromatograph (USA), and the chromatographic
peaks of the test solution were compared with those
of the standard sample solution obtained by the
conventional Method 1.

RESULTS AND DISCUSSION

In this study, it was expected that the application
of Method 2 will provide better results and overcome
the significant disadvantages of the previously
developed Method 1 [11]. In order to confirm the
effectiveness of the proposed method, the OHMGsucc
salt was synthesized both by the conventional method
and the currently described method, which has not
been previously used in practice. Thus, a comparative
analysis of the amount of residual impurities
contained in the OHMGsucc salt was performed.
More specifically, the chromatograms of HMDA
(Fig. 2) and GHC (Fig. 3) were recorded to identify
the effectiveness of the proposed method (Method 2)
compared to the conventional process (Method 1). As
observed in Figs. 2 and 3, irrespective of the applied
method, the peaks of HMDA and GHC could be
detected at retention time ranges of 14.0—15.0 and
4.0-4.5 min, respectively. However, it is clear that
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Fig. 2. Chromatogram of the quantitative content of HMDA in OHMGsucc samples purified
by Methods 1 and 2.
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Fig. 3. Chromatogram of the quantitative GHC content in OHMGsucc samples purified
by Methods 1 and 2.

Method 2 was more efficient than Method 1, as the
respective HPLC peaks of the residual impurities
were lower in both cases.

Furthermore, to confirm the reproducibility of
the results, each purification process was performed
in triplicate, resulting in six batches. It is clear from
the data in table that the results of both methods were
reproducible, while the higher efficiency of Method 2
in purifying OHMGsucc compared to that of Method 1

was again indicated by the lower mol % values of the
residual impurities.

A process diagram of the proposed method was
also created, which shows in detail all the necessary
steps required for the implementation of Method 2 and
the acquisition of high purity OHMGsucc (Fig. 4).
This scheme clearly demonstrates the simplicity of the
proposed technology for obtaining compounds of high

purity.

Content of HMDA and GHC impurities

obtained after purification of OHMGsucc with Methods 1 and 2.

Batch Method HMDA, mol % GHC, mol %
1.1 0.076 0.18
1.2 Methtgdrelff‘[cfg]rding 0.071 0.17
1.3 0.077 0.16
2.1 0.048 0.14
2.2 Method 2 0.049 0.14
2.3 0.046 0.15
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Fig. 4. Process diagram of Method 2 for the preparation and isolation of high purity OHMGsucc.

CONCLUSIONS

A new synthesis and purification method was
developed to obtain the branched OHMGsucc salt
with high purity by limiting the content of HMDA
and GHC residues. The described method also
proved to be more efficient than an earlier reported
conventional method, as it can reduce the number
of toxic impurities in the composition of the target
compound, while complying with the requirements of

the most recent 14th edition of the SPRF. Therefore,
the suggested preparation process would be useful for
the effective production of highly pure OHMGsucc,
so that it can be further used in the pharmaceutical
industry to develop new drugs that can fight the
resistant harmful microorganisms.

The authors certify that they have no commercial or
associative interest that represents a conflict of interest in
connection with the manuscript.
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