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Abstract: The reaction of radical copolymerization of N,N'-(p-phenylene)bismaleinimide with allyl ester of
salicylic acid was carried out. Conditions of the implementation of the copolymerization reaction, the rate,
content and molecular weight of the obtained copolymers, as well as the dependence of these parameters on
the composition of the initial mixture of monomers determined. It established that the copolymerization
reaction was accompanied by the formation of donor-acceptor complexes between monomer pairs. The
copolymerization reaction proceeded on radical-complex mechanism and the relative activities of monomers
in the copolymerization reaction calculated: (r;=0.03; r,=0.04). The copolymerization constant values close
to zero indicate the tendency of the monomer to copolymerization reaction and the formation of
macromolecules with alternating structure analyzed. The composition and structure of the obtained polymer
was determined by methods of physical-chemical and spectral analysis, and also its antibacterial properties
studied. It found that in spite of the fact that the investigated polymer showed an active effect on separate
cultures of microorganisms in the case of concentrate, it had weak antimicrobial activity. It also revealed
that the effect of the polymer on the cells of fungi (C.albicans) is more effective.
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Introduction

As is known, the polymer materials used
in the food industry, medicine and everyday life,
etc., along with properties such as mechanical
strength and impact resistance, are considered
important from availability of antibacterial
properties as well [1, 2, 3]. This is due to the
fact that that the products made of polymer
materials are widely used in everyday life and
contain various bacteria that pose a great threat
for human health. Therefore, there is a need for
polymer materials with sterile, bactericidal and
fungicidal properties [4, 5, 6].

Recently, in the field of macromolecular
chemistry, the attention has been paid to the
preparation of the polymer materials on the
basis of unsaturated cyclic (bis)imides. In
particular, the extensive investigations are being
carried out in the field of thermostable and
antibacterial polymers formed as a result of

radical, anionic, alternating and stepwise
copolymerization reactions of monomers on the
basis of itacon, citracone and maleimides [7-
11].

The development of technology of the
preparation of the antimicrobial polymer
materials (APM) is carried out in several
directions, one of which is the inclusion of the
natural and synthetic antimicrobial additives in
the process of processing the polymer materials
[12].

Washing them off the surface of the
antibacterial composite materials made with the
use of simple molecular additives reduces the
service life of products in a short period of time
and negatively influences on other properties. A
perspective direction in this field is the use of
polymers containing biologically active groups
as antibacterial additives in the preparation of
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the antibacterial polymer compositions for
extension of the service life.

In our previous investigations,
information on the synthesis of copolymers
containing biologically active groups on the
basis of bisimides of maleic acid and their use
as biologically active polymer additives in the
preparation of the antibacterial composite
materials has been provided [8, 9, 12-14].

The purpose of this paper is the
investigation of the regularities of the
copolymerization reaction of allyl ester of
salicylic  acid  (Ala)  with  N,N'-(p-
phenylene)bismaleinimide (PhBMI) for
preparation of polymers containing biologically
active groups and the properties of the
biological activity of the obtained copolymer.

Experimental part

Algy copolymerization reactions of N,N'-
(p-phenylene)bismaleinimide were carried out
in a glass ampoule in the presence of 0,2% of
benzene peroxide (BP) in a solution of methyl
ethyl ketone at temperature 650°C for 8 h. Total
density of the initial mixture of monomers is
constant and equal to 1.0 mol/l. The proportion
of monomers varies, as shown in Table 1. The
obtained copolymers are precipitated several
times from a solution of methyl ethyl ketone
into methanol, dried in vacuum (30-40 mm
merc.c) at 400°C until a constant mass is
obtained. The copolymers obtained as a white
powder are well soluble in methyl ethyl ketone
and chloroorganic solvents. The composition of
copolymers was determined on the esterification
number value [15].

'H and C NMR spectra of the
copolymers were recorded on “Bruker Fourier”
device with working frequency of 300 MHz
(solvent — CDCly).

The IR spectrum of the copolymer of
PhBMI with Alsgy was recorded on the
spectrometer Agilent Cary 630 FTIR of firm
“Agilent Technologies” in the range of 600-
4000 cm™.

The initial antibacterial and antifungal
action of the investigated substance was studied
by the disco-diffusion method [16]. To study
these properties, according to the generally
accepted rule as a test culture, Staphylococcus
aureus as a representative of Gram-positive
bacteria, which is the main causative agent of
purulent-inflammatory processes, from the
gram-negative  bacteria  Escherichia  coli
(intestinal bacteria), Pseudomonas aeruginosa
(blue-green pus bacillus) of pigment-forming
gram-negative  bacteria, Candida albicans
(candida) of yeast-like fungi as a representative
fungus, Bacillus anthracoides was taken as

representative of spore-forming gram-positive
bacilli and Klebsiella pneumoniae was taken as
representative of capsule bacteria.

In the disk-diffusion method, a suspension
containing 1 billion microbial cells per 1 ml is
prepared from a daily culture of
microorganisms, that is, a small amount is taken
from the daily microbial culture on the left agar
surface with a bacteriological loop on a sterile
physiological solution, a suspension is prepared,
and adjusted to the standard, it is brought to the
limit of 1 billion microbial cells in 1 ml. The
individual microbial suspensions are then
poured into Petri dishes containing MPA (meat-
peptone agar) and Sabouraud agar. The bowls
are gently moved to ensure that the suspension
is evenly distributed in all directions. The
remaining suspension was then vacuumed off
through a pipette and thrown into the
disinfectant solution. The bowls were kept at a
temperature of 37°C for 10 minutes for the
solution to dry slightly. After that, the bowls are
removed from the thermostat, and the sterile
disks soaked in the pre-presented substances for
3-5 minutes are arranged on the surface of the
nutrient medium planted with microbes, gently
pressed with tweezers so that the disks are well-
wet. The bowls with MPA are then placed in a
thermostat at 37°C and the seedlings in
Sabouraud medium at 28°C. When the disks get
wet, the substance they absorbed diffuses into
the agar and Kkills the microbe. After 24-48
hours, the bowls are removed from the
thermostat and the results are recorded.

The antimicrobial action of the
synthesized new polymer substances and
controls is studied. The investigated substance
shows a various influence on different types of
microorganisms, but all synthesized substances
have antimicrobial activity.
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The synthesized substance showed more
active antimicrobial properties against gram-
positive microbes and Candida. For example:
the preparations of PhBMI copolymer (5%)
with allylsalicylate at ratio 1:400 destroyed St.
aureus in 20 min. (in control was the end).

The  preparation of  Alg-N,N'-(p-
phenylene) bismaleinimide destroyed Candida
fungus at ratio 1:400 in 10 min. and at ratio

1:800 in 20 min. In the control there was an end
even in 1 h at ratio 1:800. The preparation
(drug) of Alg-PhBMI (10%) copolymer
destroyed Candida, as well as staphylococci and
green purulent bacillus at ratio 1:800 in 1 h.

It established as a result that the
investigated copolymer Algy - bismaleinimide
can be used both as a bactericide and a
fungicide.

Results and discussion

The purpose of the selection of allyl ester
of salicylic acid as a comonomer is the
preparation of polyfunctional copolymers
containing both phenol and imide groups and
the study of their antibacterial and antifungal

o OWT g &

properties. The formation of a complex of donor
(D) — acceptor (A) type between Alg and
PhBMI molecules (charge transfer complex) is
known in the literature [14].
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It has to be kept in mind that the NMR spectra of monomers were recorded separately and in a

mixture in various proportions. In the NMR spectrum of mixture of PhBMI and Alsy monomers of
various composition (A>>D), changes in the proton chemical shift values belonging to PhBMI
molecule indicate the formation of the complex of type [D]...A].
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Fig. 1. 'H NMR spectrum of Al copolymer of N,N'(p-phenylene)bismaleinimide
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Fig. 2. *C NMR spectrum of Al copolymer of N,N’(p-phenylene)bismaleinimide
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Fig. 3. IR spectrum of Al copolymer of N,N’(p-phenylene)bismaleinimide

The availability of C=0 (1710 cm™), C-O-
C (1152 cm™) absorption bands in the IR
spectrum of copolymers and the absence of
absorption band characteristic for C=C bond
(1630-1640 cm™) are the main factors proving
the formation of copolymers.

As mole fraction of the donor in the
mixture of monomers rises, the changes in the
value of this shift are grown. Independently of

the ratio of monomers in the initial monomer
mixture, the presence of links in the copolymer
is close to the equimolar ratio, which is one of
the factors proving that the reaction proceeds
with the formation of a donor-acceptor complex
(the complex formed with charge transfer). The
equilibrium constant (Cc) of the complex-
formation process was established as a graph
using the Ketaalar equation (Table 3.3).
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Table 1. Indices for calculation of the complex-formation constants of (Cc) of allylsalicates (D)
with N,N'-(p-phenylene)bis maleinimide (A)

[A] [D] | l/Acks, | 1D
mol/I mol/I ppm™ I/mol
Alg — 0.1 1.0 42.0 1.00
PhBMI 0.1 2.0 17.0 0.50
0.1 3.0 12 0.33
0.1 4.0 8 0.25
0.1 5.0 3 0.20
1/Aeks
A
80 |
60 _
40 |
20
] ] ] ] ] >
0 02 04 06 08 10 q/p

Fig. 4. Calculation of equilibrium constants of the complex formed between pairs of Alg,-
PhBMI monomers by NMR spectroscopy method.

According to calculations C.= 0.096 for
Algy-PhBMI monomeric pair.

Naturally, it can be concluded that the
complex formed between monomers shows a
serious influence on their relative reactivity.
PhBMI macroradicals formed from PhBMI
molecule from monomer pairs cannot be
combined with PhBMI molecule or the
formimng BMI-Alg; complex by means of
PhBMI component. The formed complex
behaves as a free monomer. The relative
activitities of monomers in the copolymerization
reactions are calculated by means of the Mayo-
Lewis equation [15]. The dependence of the
total rate of copolymerization reactions on the

composition of the monomer mixture for both
pairs of monomers is studied. As can be seen
from the Fig. 4, this dependence has an extremal
character. There is observed a displacement in
the maximum of the curves depending on the
total density of the monomer mixture. This fact
proves that both free monomers and the
complex participate in the copolymerization
reactions.

In this case, there are used a table and
graphics of the dependence of the composition
of copolymers on the composition of the initial
mixture of monomers in the copolymerization
reactions (Table 2 and Fig. 2).
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Table 2. Experimental indices of the radical copolymerization reaction of PhBMI (M) with Agy
(My): t = 65°C, solvent — dioxane (75%), initiator — benzoyl peroxide (0.2%), reaction time -8 h.

Quantity of
Initial monomer in Microstructure of
mixture of copolymer copolymers
monomers composition i o] e
mol%
M, M, m; my LM1 I—M2 R
10 | 90 43.5 56.5 1.003 1.36 | 84.62
25 | 75 50.3 49.7 w | < N 1.01 1.12 93.9
50 | 50 49.8 50.2 S| S S 1.03 1.04 | 96.61
75 | 25 51.7 48.3 o 1.09 1.01 | 95.09
90 | 10 55.8 44.2 1.27 1.27 | 87.93

Ly, and L, — ratio of monomer blocks; R —Harwood block coefficient
r;=0.03 and r,=0.04 for Als-PhBMI monomer pair.

Table 3. The influence of their composition on properties of copolymers obtained in
copolymerization reactions N,N'-(p-phenylene)bis maleimide (M;) and Alsy(M>).

Quantity of Algy in | Quantity of m; on
Ne the monomer the copolymer Yield, % [7] Viscous fluidity,
mixture, composition, mass dl/g. T°C
mass % %
1 0.0 0 84.0 0.78 83
2 5.0 0.32 20.5 0.66 77
3 10.0 1.20 15.2 0.43 72
4 25.0 2.5 12.00 0.30 70
5 50.0 4.0 10.5 0.22 66
. loo
=
£ 80 —
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Fig. 5. Dependence of the total rate of the copolymerization reaction on the composition of the
initial mixture of monomers.

The values of the relative activity of to zero prove that the copolymers have an
monomers in copolymerization reactions close alternating (alternating) structure.
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Conclusions
With the aim of preparation of the acid, the copolymers of an alternative

polymers containing a cyclic imide group, the
copolymerization  reaction  of  (N,N'-(p-
phenylene)bismaleinimide with allyl ester of
salicylic acid was carried out and the properties
of the biological activity of the obtained
copolymer investigated. It established that the
copolymerization reaction was accompanied by
the formation of donor-acceptor complexes
between monomer pairs. The copolymerization
reaction  proceeds on  radical-complex
mechanism. The results of investigation show
that as a result of the copolymerization reaction
of (bis)maleimides with allyl ester of salicylic

(alternating) structure are obtained.

The composition and structure of the
obtained polymer were established by methods
of physical-chemical and spectral analysis
(NMR, IR) and its antibacterial properties
studied.

The synthesized copolymer can be used in
the preparation of antibacterial polymer
materials with a long-term influence used in
agriculture and medicine. It was established that
the investigated copolymer Alsy — (N,N'-(p-
phenylene)bismaleinimide could be used both as
a bactericide and a fungicide.
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BiSMALEINIMIDLORIN SALISIL TURSUSUNUN ALLIL EFIRi iLO
BiRGOPOLIMERLORININ ALINMASI VO TODQIQi

A.IL. Olixanova, A.F. Mommadova, E.O. ibadov, D.R. Nurullayeva

Elm va Tahsil Nazirliyi Polimer Materiallar: Institutu,
AZ 5004, Sumqayt, S. Vurgun kiig., 124, e-mail: aygun81l@mail.ru

Xiilasa: N,N'-(p-fenilen) bismaleinimidin salisil tursunun allil efiri ilo radikal birgopolimerlogsma
reaksiyasi hoyata ke¢irilmisdir. Birgopolimerlosma reaksiyasinin aparilma soraiti, siiroti, alinmis
birgopolimerlorin torkibi vo molekul kiitlo gostoricilori vo bu parametrlorin ilkin monomer
garigigmin torkibindon asililigi miioyyan edilmisdir. Miioyyon edilmisdir ki, birgopolimerlosmo
reaksiyas1 monomer ciitlori arasinda donor-akseptor komplekslorinin yaranmasi ilo miisayat olunur.
Birgopolimerlogsmo reaksiyas1 radikalkompleks mexanizmi ilo bas verir. Birgapolimerlosmo
reaksiyasinda monomerlorin nisbi aktivliklori hesablanmisdir: (r;=0.03; r,=0.04) Birgopolimerlasmo
sabitlorinin giymatlorinin sifira yaxin olmasi monomerin birgopolimerlogsmo reaksiyalarina meylli
oldugunu vo novbali qurulusa malik makromolekullarin amolo galmosini gostorir. Alinmis
polimerin torkibi vo qurulusu fiziki-kimyavi va spektral analiz tsullar1 ilo miioyyan edilmis,
homginin onun antibakterial xassolori dyronilmisdir. Malum olmusdur ki, toqiq edilon polimer
konsentrat halda segilmis mikroorqanizm kulturalarina aktiv tosir gostordiyi halda zoif antimikrob
aktivliya malikdirlor. Polimerin gdbalok hiiceyralorine (C.albicans) tasirinin daha effektli oldugu da
misahido edilmisdir.

Acar sozlar: Bismaleimid, salisil tursunun allil efiri, donor-akseptor komplekslari, nishi aktivlik,
novboali quruluslu polimerlar, antibakterial polimerlar.
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HOJYYEHHUE U U3YYHEHUE COIIOJIMMEPA N,N'-(n-®@EHUJIEH)
BUCMAJIEUMHU /A C AJIVINJIOBBIM 3@UPOM CAJIMIINJIOBOU KUCJOThbI

A.N. AimxanoBa, A.®. Mamenosa, E.A. U0anos, /I.P. Hypy/iaeBa

Hucemumym nonumepnvix mamepuanos Munucmepcmea oopaszosanus u Hayku Azepoaiioxncana
AZ 5004, 2. Cymeaum, yn. C. Bypeyna, 124
e-mail: aygun8l@mail.ru

AHHOTAIHUA: [IpoBenena peakius paguKaIbHON COTMOJUMEPHU3ALIUU N,N'-(11-
(heHusIeH ) ONCMaIeMHUMUA C aJUTHIIOBBIM 3(UPOM CAHMIIMIIOBOM KUCIOTHI. OmpeeieHbl yCIOBUS
MPOTEKAHUS PEAKIMH COMOJIMMEPHU3AlNU, CKOPOCTh, COCTaB M TOKA3aTeNId MOJEKYISIPHOW MacChl
MOJTYYEHHBIX COTOJIMMEPOB, a TAKXKE 3aBUCHMOCTh 3THX IapaMeTPOB OT COCTaBa MCXOIHOW CMECH
MOHOMEpPOB. YCTAHOBJICHO, 4YTO PEAKIHs COTOJUMEPHU3AINH COTPOBOXKIACTCS 00pa3oBaHUEM
JIOHOPHO-aKIENTOPHBIX KOMIUJIEKCOB MEXAYy MOHOMEPHBIMU HapaMu. Peakius comoammepusanuu
MPOTEKAET M0 PAIAUKATEHO-KOMILIEKCHOMY MEXaHU3My. PaccunMTaHbl OTHOCHTEIBHBIC aKTHBHOCTU
MOHOMEpOB B peakuuu cononumepm3anuu:  (r1=0.03; r,=0.04). 3HaueHuUs KOHCTAHT
COIIOJIMMEPU3aIliH, ONM3KHUE K HYIIO, CBUICTCIBCTBYIOT O CKJIOHHOCTH MOHOMEpPA K PEaAKIHSIM
COIOJIMMEPU3allMi U OOPa30BaHHMIO MAaKPOMOJIEKYJ C 4Yepenyroliei CcTpyKTypoi. Metomamu
(DUBHKO-XMMHYECKOTO M CIIEKTPaIhHOTO aHAM3a OMPEICICHBI COCTaB M CTPYKTypa IMOJIYICHHOTO
MOJINMEpa, a TAaKKe U3YUEHBI €ro aHTHOAKTEepUaIbHBIE CBOMCTBA. Y CTAHOBJICHO, YTO HCCIEAYEMBIi
MOJIMMEPHBIA KOHILIEHTpaT oO0Jajaer ciaboid aHTUMHKPOOHONW AaKTUBHOCTHIO, OJHOBPEMEHHO
OKa3bIBaeT AKTUBHOE BO3JICHCTBUE HA OTAENBHBIE KYIbTYpbl MHUKpPOOPraHu3MmoB. Takke ObLIO
3aMEe4YeHO, YTO BO3/elcTBHE NonMepa Ha kieTku rpudos (C.albicans) 6omnee a3hpexTuBHO.
Knrwouesvie cnosa. bucmaneumu i, alauiaoBbiid 3QUp CaTUIIUIOBONW KUCIOTHI, TOHOPHO-KIICHTOPHBIE
KOMIUICKCBI, OTHOCUTEIIbHAS aKTHBHOCTD, aHTHOAKTEPHUATBHBIE TIOJTMMEPHI
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