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Abstract: The data on the synthesis of the new monomer benzamidmetacrylate are presented in the article.
Its composition and structure were established by physical and chemical methods of research. The
regularities of radical homopolymerization reactions in mass and in benzene solution were studied with the
aim of creating a new biocidal polymeric material for medical preparations.

It is shown that polymerization under these conditions proceeds through the vinyl bond, without an
induction period, at a constant initial rate without the formation of by-products, a monotonic increase in
conversion up to 92% with the formation of a soluble polymer is observed. The composition and structure of
the obtained polymer were established by elemental and spectral analyses. It showed that the polymer was
characterized by a low toxicity at a significant biocidal activity towards E.coli and St.Aureus and that this
polymer can be used in various fields, in particular as a biocidal preparation, a carrier of dosage forms in

medicine. In addition, this polymer also exhibites optical translucency and can be used in optics.
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Introduction

Recently, methacrylate polymers have
been widely used to create biocidal and
disinfectant agents, flocculants, as well as
composite materials with bactericidal and
fungicidal surface activity. Demand for biocidal
preparations is particularly growing. In contrast
to the data on the effect of benzamide
substituents on the polymerization of vinyl
monomers there are almost no data in the
literature on the effect of benzamide groups on
the radical polymerization rate, microstructure
and other properties of the corresponding
homopolymers [1-6]. The importance of
synthesizing and searching for substances with

biological activity still remains.

The aim of this work is to develop a
method  for  synthesis of a new
benzamidmethacrylate (BMA) monomer and
study its radical polymerization in order to
create a new antimicrobial material for medical
preparations. By choosing
benzamidmethacrylate as the object of research,
it was assumed that the introduction of amide
fragment into a metacrylate monomer is likely
to influence the rate of polymerization,
including its greater antimicrobial properties [7-
14].

Experimental part

In a flask with a reverse refrigerator, 0.5 mol
of benzamide was placed in the medium of
tertiary amine. Then at 30° C for 2 hours when
stirring on drops added 0.6 mole of
methacryloyl chloride to 30 ml of absolute

benzene. Upon completion of the reaction, the
mixture was extracted with sulfur ether, dried,
distilled into light fractions, and then into the
main fraction at a reduced pressure.

CHEMICAL PROBLEMS 2023 no. 1 (21)

www.chemprob.org



http://www.chemprob.org/
mailto:vusalavahabova@gmail.com

V.A. VAHABOVA 79

Yield (166 g.) — 95%, B. p. 110-112°C (3
mm merc.c.), n3'=1.510, d2%=1.030

Polymerization of the synthesized
monomer was carried out in sealed ampoules in
the atmosphere of nitrogen in a solution of
benzene.  The  polymerization  solution
containing the monomer and the initiator (DAK-
dinitrilazoisobutyric acid) was placed in a glass
ampoule, the mixture was purged with a stream
of oxygen-free nitrogen for 8 minutes, and then
the tube was tightly closed and placed in a
thermostat at 343 K. The amount of initiator
was 0.3% of total mass of the monomer. The
resulting polymer was purified by double
reprecipitation from benzene solution in
methanol and dried at reduced pressure (15-20
mm merc.c.) at 30 °C to constant mass. The
characteristic viscosity was established in

benzene in an Ubbelode viscometer. The
Q socl, Q
0=C—OH 0= C—Cl
. | DAK
-HCI CH2=T ?l) ’

O=— C—NH—C— 7\

The polymerization was carried out in a
benzene solution, as well as in a mass in the
presence of azoisobutyric acid dinitrile (AAD).
The concentration of monomer and initiator was
1 mol/l and 0.3 % respectively.

The polymerization process proceeds
under the studied conditions without an
induction period with a constant initial rate
smoothly, without the formation of byproducts,
monotonically observed increase in conversion
to almost 92%. The value of the characteristic
viscosity of the polymer is [n]=0.82 dl/g.. It
found that the acceleration of the
polymerization of the monomer synthesized by
us - benzamide methacrylate - in the transition
from methyl methacrylate to benzamide
methacrylate may be caused by the effect of the
substituent on the flexibility of growing

characteristic viscosity was ([n]=0.82 dl/g). The
determination of light transmission was carried
out using a photocolorimeter-nephelometer type
FEK-N-57.

The IR spectra of the polymer were
recorded on an ALPHA IR Fourier instrument
(Bruker, Germany), the spectra of ‘H NMR
were obtained on a Bruker AFR-300
spectrometer in CDCls, the chemical shifts were
established relative to tetramethylsilane. The
purity of the synthesized monomer was
controlled by gas-liquid chromatography (GLC)
and was 98.5%. Elemental analysis of
C1102H11N, calculated %, C=73.3 ; H=6.11;
N=7.77; found % C=73.1; H=6.11; N=7.76

Monomer  synthesis  and radical
polymerization were carried out using of the
following reaction.

I
- 0 o
N 0= Cc—cl
CH,
-

O
| i

O=—=C—NH—C —

polymer chains. Based on the IR and NMR
spectra of the monomer and the polymer
obtained on its basis the structure of the
polymer was established. The data from IR and
NMR spectroscopy show that polymerization
occurs on vinyl bond and are proof that
benzamidetacrylate is undergoing selective
vinyl polymerization by radical mechanism. In
the IR  spectrum of the obtained
benzamidmethacrylate (BMA) monomer (Fig.
1.) and its radical polymerization, absorption
bands 1710 cm™ and 1640 cm™ related to
oscillations >C=0 and >C=C< respectively, IR
spectra of BMA along with the indicated
absorption bands, contain bands at 960 and
2970 cm™ characteristic for CH,-C fragments
and CHj3 groups, respectively [15].
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Fig. 1. IR spectra of benzamidometacrylate

In the IR spectrum of BMA has
absorption bands of 1500 and 1600 cm™
vibrations of the phenyl ring.

When comparing the IR spectra of the
monomer and the obtained polymer based on

benzamidmetacrylate, it revealed that the 1640
cm™* absorption bands disappear and for the rest
of the groups remain unaffected in the
macrochain.
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Fig. 2. IR spectra of polybenzamidometacrylate

The nature of the dependence of the
polymerization rate on the depth of
transformation of benzamide methacrylate and
methyl methacrylate differs from most other
vinyl monomers, the study of the kinetics of its
polymerization indicates the presence of a self-
acceleration phase, which manifests itself after
the reaction to depth of 20-25% and is
explained by the decrease in the rate constant of
chain termination due to an increase in the

viscosity of the medium [16].

The polymer was precipitated twice in
methanol and dried in vacuo, the molecular
weight estimated by gel permeation
chromatography was 55000. The IR and NMR
spectroscopy data indicate the polymerization
on the vinyl bond and are evidence of the
polymerization of this benzamide methacrylate
by a radical mechanism. As a result, benzamide
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fragments remain unaffected in the side
CH,
I DAK
CH —C _—
benzol

O—C— H—C ﬁ >

In order to disclose the effect of the
benzamide substituent in the methacrylate
monomer, the polymerization of methyl
methacrylate was studied under similar
conditions. The results are presented in Fig. 3.

The Fig.3 shows that the polymerization
of benzamidmethacrylate proceeds at a high rate
above the polymerization rate of methyl

Conversion , *

macrochain.
CH,
I
O=C—NH—C— n
methacrylate, but is nearly over at 92%
conversion. In the presence of group

O

o= T NI C_O as a result of conjugation
and polarization of the vinyl group, the

reactivity of the monomer increases.

Time, min

Fig. 3. Kinetic curves of benzamidometacrylate (1) and metylmetacrylate (2)

uv spectra (Fig. 4) of
benzamidmethacrylate and methyl methacrylate
are removed under same conditions. As can be
seen from the Fig.4, the maximum absorption of
benzamidmethacrylate in the UV spectra
compared to the MMA is shifted towards long
waves (280 nm). This is due to the fact that the
conjugation effect of the substitutes is known to
cause greater shifts in the absorption spectra
than the inductive effect.

The synthesized polymer also has
bactericidal activity which is due to the presence
of benzoamide fragment links in the side chain.
The polymer exhibits the highest bactericidal
and fungicidal activity against some
microorganisms at the following concentrations
(wt%):E.coli — 1.8; St.aureus — 0.9; Can.alb. —
0.9.

It was shown that with significant biocidal
activity against E. coli and St. aureus the
synthesized polymer is characterized by low
toxicity.

Based on these studies it can be concluded
that the strategy for the creation of polymers
with high biocidal activity should include
polymerization  with  other  methacrylate
monomers.

In addition, the synthesized polymer also
possesses good optical indices n5"=1.510. It

was found that the obtained polymer retained its
translucency up to 100°C when exposed for 1.2
hours. It was shown that the transmittance in
the visible part of the spectrum is 90-92% and
depends little on the sample thickness up to 6-8
mm.
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Fig. 4. UV spectra of benzamidometacrylate (1) and metylmetacrylate (2)

Thus, this work describes the synthesis of  applications such as biocidal agent, dosage form
a representative of a new monomer and a carrier in medicine, it is also optically
polymer derived from it and proves their transparent material and can be used in optics.
structure. This polymer can be used in various
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BENZAMIDMETAKRILATIN SINTEZI VO RADIKAL POLIMERLOSMOSI
V.A. Vahabova
AMEA Polimer Materiallar: Institutu

AZ 5004 Sumgayit, S.Vurgun kiig., 124,
e-mail: vusalavahabova@gmail.com

Xiilasa: Mogqals tlizro togdim olunan molumatlarda yeni benzamidmetakrilat monomerinin sintezi
verilmigdir. Onun torkibi vo qurulusu fiziki-kimyavi tadqiqat iisullart ilo miisyyon edilmigdir. Tibbi
preparatlar ti¢lin yeni biosidal polimer material yaratmaq moagsadi ilo kiitlods vo benzol mohlulunda
radikal homopolimerlogsma reaksiyalarinin qanunauygunluglart dyronilmisdir. Gostarilmisdir ki, bu
soraitdo polimerlosmo yan makrozoncirdo saxlanilan ovozedici ilo vinil qrupunda gedir. Miioyyon
edilmigdir ki, polimerlogsma prosesi induksiya dovrii olmadan, miitomadi olaraq ilkin siiratls, heg bir
yan mohsul amals golmoadan, 92%-5 qador ¢evrilmalarin artmasi ils hall ola bilon polimerin amalo
golmasi ilo miigsayiot olunur. Alinmis polimerin element vo spektral analizlor iizro torkibi va
qurulusu miioyyon edilmisdir. Sintez edilmis yeni benzamid polimerinin bakterisid vo toksikoloji
siagqlar1 aparilmigdir. Miioyyan olunmusdur ki, polimerin E. coli va St. Aureusa qars1 shamiyyatli
biosid aktivliyi vo asagi toksikliyi ilo xarakterizo olunur. Gdéstorilmisdir ki, bu polimer miixtolif
sahalords, xtisuson do tibde biosidal preparat vo dozaj formalarinin dasiyicist kimi istifads edilo
bilor. Bundan slava, bu polimer hom do optik soffafliq niimayis etdirir vo optikada istifads edilo
bilor.

Acar sozlar: benzamid, metakrilatlar, polimerlasma, bakterisid aktivlik
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CUHTE3 U PAJIUKAJIBHASA NIOJIUMEPU3ALIUA BEH3AMUJIMETAKPUJIATA
B.A. BaxaGoBa
Unemumym Ionumepnovix Mamepuanoe Hayuonanvnoi AH Azepoatioscana

AZ 5004 Cymeatioim, yn C. Bypeyua, 124
e-mail: vusalavahabova@gmail.com

AHHOTanusi: B mpencraBieHHON craTbe NPHUBEACHBI JaHHBIE [0 CHHTE3y HOBOTO MOHOMEpa
OenzaMmuaMeTakpuiaTa. GU3UKO-XUMUYECKIMU METOAAMHU UCCIICAOBAHMS YCTOHOBIICHBI €70 COCTAB
U CTPYKTypa. V3yueHbl 3aKOHOMEPHOCTH PEaKIMH paJuKaIbHONW TOMONOINMEPU3AIMY B Macce U B
pacTtBOope O€H30iIe C ILENbI0 CO3JaHMS HOBOTO OHOIMIHOTO IOJMMEPHOTO MaTepuana [yis
MEIUIMHCKUX IpenaparoB. [lokazaHo, 4To mojauMepu3alys B yKa3aHHBIX YCIOBHUAX MPOTEKAET IO
BUHWIOBOW CBsI3M, 0€3 WHIYKIIMOHHOTO MEpUoJa C TOCTOSHHOW HAvalbHOW CKOPOCTBIO 0e3
00pa3oBaHMs MOOOYHBIX MPOIYKTOB, HAOIIONAETCS MOHOTOHHOE YBEJTMUYEHUE KOHBepCHH J10 92% ¢
00pa3oBaHMEM pACTBOPHMOIO IOJMMEpA. YCTAHOBJIEHBI COCTaB M CTPYKTYpa IOJYyYEHHOTO
MOJMMeEpa MO JTAaHHBIM 3JIEMEHTHOTO U CHEKTPaJbHOro aHanu3oB. [IpoBelneHbI OaKTEpUIMIHBIE
TOKCHKOJIOTHUECKUE HCIBITAHUSI CHHTE3MPOBAHHOTO HOBOTO OEH3aMHJHOTO IOJMMepa Ha psijie
KJIETOYHBIX KyJabTyp. IloKa3aHO, 4TO NMpW 3HAYUTENBHOW OMOIMIHON AKTUBHOCTU MOJHMMEpa IO
otHomreHno k E.coli m St Aureus on xapakTepusyercsi HEBBICOKOH TOKCHYHOCTBIO M MOIKET
UCMOJb30BAThCS B PA3IMUYHBIX 00JACTAX, B YAaCTHOCTH, KaK OMOLMIHBIN mIpenapaTr, HOCUTEIb
JIEKapCTBEHHBIX (OpM B MemulHe. Kpome Toro, moimmep mposiBiIsieT ONTUYECKYIO MPO3PAYHOCTD
Y MOJKET OBITh UCIIOJIb30BaH B OITHKE.

KiroueBble cjioBa: OeH3aMuI, METAaKPHJIATHI, TOJIMMEPU3alns, OaKTepULIUIHAS AaKTHBHOCTD.
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