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Bacteriochlorophyll a derivatives with maleimide as promising photosensitizers
for cancer PDT

Efimova V.1, Pogorilyy V.A, Ostroverkhov P.V., Grin M.A.

MIREAT RussianTechnological University, Institute of Fine Chemical Technologies,
Moscow, Russia
E-mail: efivaleria@yandex.ru

Maleimide-containing compounds are abundantly used in medical chemistry in
the development of new pharmaceuticals. The balance between thatigenand
elimination of the reactive forms of oxygen (ROS) and nitrogen (RNS) reactive units
is important for the normal functioning of the cells. The effect of ROS / RNS leads to
oxidative stress leading to the death of tumor cells. In addition, oxédstiigss forms
the basis of some methods of antitumor therapy. One of such methods is photodynamic
therapy (PDT), which consists in activation of intracellular oxygen under the action of
a photosensitizer administered into the body and laser irradiattbe obrresponding
wavelength. The result of photochemical reactions is the generation of ROS acting on
tumor cells and causing oxidative stress and death. The maleimide group can interact
with the components of the antioxidant system of tumor cells, matkia latter
vulnerable to photodynamic effec&his work describes the synthesis of a conjugate
of natural bacteriochlorins and maleimide derivatiyEggure 1) Presence in the
conjugate composition a photoactive bacteriochlorin subunit that geneiragést s
oxygen upon irradiation and a cytotoxic agent that targets antioxidant system tumor
cells causes an additive antitumor effect on cellular and organismkl leve

OC3yH;

tumor cell

Fig. 1. Scheme of action of drugs for
This work wasfinancially supported by thd&rkussian Foundation for Basic
Research (Proje®Mo. 20:33-90289).
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Study of antimicrobial properties of paint based on apis mellifera chitosan

Khay d &mnA,kiiyarovaG.A., JamilovaN.Q., KhaydarovA.A.
BukharaEngineering Technological InstitytBukharg Uzbekistan
E-mail: axtamxaydarov@mail.ru

The biodegradable aminopolysaccharideitosan, which is a promising
biomaterial in various branches of the textile, food industry, medicine, and is also
widely used in the synthesis of new natural compounds, occupies an increasingly
prominent place in the world among the important scientlfrections of rapidly
emerging in the field of natural polymers. The consumption of natural polymers in the
textile industry today reaches more than half of their total production. Therefore, one
of the urgent problems is a comprehensive study of biopatyin order to create new
properties that meet the requirements of the timéhis regard, we have developed a
new composition of thickening compositions for printing cofye fabric with
antibacterial properties based on biodegradable polymers @higymthesized from
Apis Mellifera dead bees with CMC with the addition of CMC and hydrolyzed acrylic
emulsion.Recently, the use of thickeners with biocidal properties has been considered
as a promising method of tissue bioprotection from the effectsotdsnWe have
studied the fungicidal properties of a developed mixed thickener for active dyes used
in printing fabrics.We used Czapekox's elective medium containingl&&ll wort,
which is a rich substrate for filamentous funghe medium with the inodated
sampl es, the thickener, was i ncubated
Determination of the fungicidal activity was carried out in vitro. Freshly prepared
thickeners were introduced into the medium under aseptic conditions in an amount of
1. 2. Optical density was measured in a spectrophotometer at 558seresult of
observations, it was revealed that new thickeners on the basis exhibit pronounced
antimicrobial activity against the micellar fung@ispergillus terreusThe absorbance
of the sanples shows that these thickeners are resistant to filamentousBasgd on
the above, it can be concluded that the first developed thickening-sohibie
polymer compositions with desired properties based on a synergistic polymer system
consisting otarboxymethyl starch and chitosan, a hydrolyzed acrylic emulsion can be
used instead of expensive imported ingredients. Revealed bactericidal properties of
mixed thickeners based on carboxymethylated starch and-satdrle polyacrylates.

They exhibit ponounced antimicrobial activity against various types of
microorganisms that cause deterioration of the thickener. This mixed thickener is stable
and can be used even on the second day for printing mixed fabrics with reactive dyes.
Thus, chitosan has valbl@ properties that can improve the antimicrobial properties of
finished textile materials and makes it a promising textile auxiliary substance in the
textile industry. Due to its biological activity, chitosan imparts fungicidal and
bacteriostatic propeds to textile materials, and increases the durability of textiles.
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Copolymerization of styrene and vinyl acetaten the presenceof pH-switchable
RAFT agent

Lipushkina E.A.Vlasov A.M,, Grigoreva A.O., Zaitsev S.D.
Lobachevsky State UniversityMizhry Novgorod Nizhry Novgorod, Russia
E-mail: lipyshkina.l@yandex.ru

Radical polymerization with reversible additidmagmentation chain transfer
(RAFT polymerization)s one of the most veatile processes which assigiigingo
characteristics toadical polymerization. The polymerization of mestyl monomers
can be controlled by the RAFT prosesiowever, the RAFT agent with [ZCHSR]
structure must be selected according to the monomer(s) ubkmte-activated
mononers (MAMs), such as styrené n hi bi t or retard p ol
activatedod monomers (LAMs), such as vi
for controlling polymerizations of LAMs tend to be ineffective with MAMs. Thus, the
synthesis of narme-polydispersity poly(MAV)-block-poly(LAM) is impossibleusing
conventional RAFT agents.

The main feature of pidwitchable RAFTagents is thathey can be used in
polymerization ofa wide range of both MAMs and LAMsy switching of condition
(pH in particuar), and help to synthesipoly(MAM) -block-poly(LAM) with narrow
molecular weight distributions.

In this work, we usd-cyanal-methylethylmethyl(4pyridinyl)dithiocarbamate
(CMPC) as a "switchable" RAFT agentpliovides good control over polymerization
of LAMs, andafter addition of oneaquivalent of a protic acithecome effective in
polymerization of some MAMs

The aimof this research is to studyppolymerization obtyrene and vinyl acetate
in presence of pkswitchable RAFT agent Copolymers ofstyrene and Vaawvith
different microstructure were synthesizetich as statistical arfllock-copolymes).
Molecularweight characteristics of obtained copolymers were studieGBg and
MALDI -TOF MS.
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Photochemical reactions of Go with tertiary carbon atoms

Markin G.V.,Ketkov S.Yu., Lukoianov A.N., Lopatin M.A Kuropatov VA.,
Belikov A.A., Cherkasov A.V.
G.A. Razuvaelnstitute of Organometallic Chemistry of RAS
NizhnyNovgorod Russia
E-mail: mag@iomc.ras.ru

Ceo reacts withdiisobutyl phthalatg1a) anddiisopentyl succinat¢lb) at UV
irradiation in the presents of O in 1:37:76 molar ratio to formi-(1-(2-
(isobutoxycarbonyl)benzoyloxyd-methylpropar2-yl)-1,2-dihydro[60]fullerene(2a)
and 1(4-(4-(isopentyloxyj4-oxobutanoyloxy)2-methylbutar2-yl) )-1,2-
dihydro[60]fullereng2b), that shows theossibilityof photochemical reactions og&£
with organic compoundsontainingtertiary carboratoms. Fullerene®a-b is insoluble
in hexane and acetone but soluble in chloroform and is stabile below 31\3/¥s
spectra indicatthe 1,2additionpatternof fullerene2a-b.The protons attached on the
fullerene coreof fullerenes2a-b havethe charactestic signals at 6.83 and 6.@pm
in the 'H NMR spectra (CDG). Bis(3,5-dimethyltertbutylbenzenehromium (1c)
reacts withfullerenes2a-b to form salts Is(3,5dimethyltertbutyloenzene)chromium
1-(1-(2-(isobutoxycarbonyl)benzoyloxyg-methylpropar2-yl)-1-hydrd 60]fulleride
(3@ and bis(3,5dimethyltertbutylbenzene)chromiuml-(4-(4-(isopentyloxy)4-
oxobutanoyloxyj2-methylbutar2-yl) )-1-hydro[60]fulleride (3b).

H

i = hv, benzophenone in o-dichlorobenzene

E e f toluene

o + 2ab —— 3 [2abg] (1]t

\E ;i: l:\’ 3a-b

1c

The work was carried outse "Analytical Center of the IOMRAS", "Ensuring
the development of the material aedhnical infrastructure of the centers for collective
useof scientific equipment "(Unique identifi®F---2296.6132X0017,Agree N 075
15-2021:670) andn the framework of the Russian state assignment
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6-Bromocinnolin-4-aminesas Favorable Building Blocksin the Synthesis
of Fluorescen 6-Arylcinnolin -4-amines

OdegovaV.S., Mikhaylov V.N., Danilkina N.A.,Balova |.A.
SaintPetersburg State UniversjtgaintPetersburgRussia
E-mail: odegova.vs@gmail.com

Recently, the attractive fluorescencef 6-arylcinnoin-4-amines in aqueous
medium has been developed
In this work, the study of new convenient methods for the synthesis of target

compoundsvascontinued As result thealternativeroutewasproposedFig. 1).
Ph. _Et Ph. _Et

) )
NH NH, R! Br N3
’ | I Z R'"  Br R
i i iii iv X v A
—_— - —_— —_— —_—
Br Br Br Br
64% 74% CH,OH 54% CH,0H 39%
R'= CgHyy 77% R'= CgHy 82% R'= CgHy 75%
Ph 65% Ph 72% Ph 72%
R2
1 - °
vi BFWR i C5H11 !._ I, KI, NaHCO3, H,0, 70 °C, 4d .
v . _ O ii = 1. NaNOj, HCI, 0 °C, 2. N-ethylanyline, AcONa, rt, 1 h
R" = CsHyy iii = R'-CCH, Cul, PPhs, PdCI5(CH3CN),, CH3CN / EtsN,
40°C,1-25h
OMe 59% o )
R1 = CsHy 81% RZ= CN 40% iv = HBr, acetone, rt, 15 min
Ph 86% = o v =NaN3, DMF, 50°C, 1-24 h
° CF3 64% vi = NaBH,, methanol, 1h
vii = R%-Ph-B(OH)y, Pd(PPh3),, K3POy, dioxane, 3d

Fig. 1. Synthesis of-@rylcinndin-4-amines

In this approachthe eductionof azido group by NaBldwas applied fod-azido
6-bromacinnolines to yield 6-bromcacinnolin-4-amines. Then PdcatalyzedSuzukt
Miyaura coupling okynthesized®-bromainnolin-4-amineswith various arjboronic
acids was carried out ascanstructive reactiofor the preparation d@-arylcinnolin-4-
amines To our pleasant surprise, this synthetic approach turned out to be successful
and resulted in the synthesis of ttesiredporoductan moderate yieldgup t064%).

This method looks more rational than the previous one [1], because it allows
changng the substituenat C6 positionin a cinnoline corat the lassynthetic step.

This work was financially supported by the Russian Sciémeadation (project
No. 21-73-00170).The authors are grateful to tl#bUResearch ParlRC CAMR,

RC MRR, RC XRD.
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New drugs for combined chemotherapy and photodynamic therapy in oncology
based on bacteriochlorins

Ostroverkhov P.\/.Stepankova S.N., Rostiashvili M,&rin M.A.
Lomonosov Institute of Fine Chemical Technologies,
MIREA-Russian Technologicélniversity, Russia, Moscow.
E-mail: ostroverhov@mirea.ru

Nowadays, there are many types of oncological diseases for which traditional
methods of treatment are not very effective. An example of such neoplasms are tumors
with multiple drug resistance (MDR). The use of combined methods is a solution to
this problem since it takes advantage of several types of effects on the tumor [1]. For
example, the use of a combined photodynamic therapy with chemotherapy shows high
efficacy against tumors with MDR or increased resistance to oxidative stress. In this
work, multifunctional targeted complexes based on natural bacteriochlorins and
chemotherapeutic agents, such as cisplatin and doxorubicin for implementation of
combined chemotherapy and photodynamic therapy (Figure 1 ). Presence in the
conjugate composition a photoaet bacteriochlorin subunit that generates singlet
oxygen upon irradiation and a cytotoxic agent that targets DNA tumor cells, causes an
additive antitumor effect on cellular and organismal level. The resulting systems can
become promising antitumor drughe development of which will solve one of the
main problems chemotherapyeducing the toxic effect on the body by increasing the
selectivity of accumulation in the tumor.

R
I
N . . .
[ Laser irradiation
Photoactive : (9]

bacteriochlorin 2
subunit Tissue Oxygen

ROS

Chemotherapy drug
Fig. 1. Scheme of action of drugs for combined chemotherapy and photodynanajgyth
This work was supported by the Russian Foundation for Basic Research (Project
No. 1933-90262).
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The first thio- and selenoanhydride andhioketone in the series of chlorophyla
derivatives

Pogorilyy V.Al, Sinicyn I.N%, Khovrenkov M.A?, Plyutinskaya A.%,
PankratovA.A.2, Grin M.Al

IMIREAT Russian Technological University, Institute of Fine Chemical
Technologies, MoscoWwussia
?Hertsen Moscow Oncology Research Institubeanch of the National Medical
Research Radiological Centre, Moscow, Russia
E-mail: pogorilviktor@gmail.com

Photodynamic therapy (PDT) is an efficient method of cancer treatment where the
optimal choice of the photosensitizer (PS) is the major factor in successful tumor
elimination. One of the promising approaches in the development of new PS involves
their chemical design based on molecules of known pigments, namely, by replacing
oxygen, nitrogensulfur and selenium atoms [1]. The aim of this study was to
synthesize previously unknown derivatives with sulfur and selenium atoms and study
its photoinduced cytotoxicity toward a culture of tumor cells of mouse sarce$ita S

[2].

The synthetic part ohe works includes the implementation of an optimal scheme
for obtaining target compounds, which allows the latter to be produced with high yields
for biological research. The structure and properties of the target compounds were
reliably characterized ugynvarious methods of physicochemical analysis, including
spectrophotometry, spectrofluorimetryH and *C NMR spectroscopy, mass
spectrometry and elemental analysis.

The target compound was characterized by spectral and physicochemical
methods. Stabilitgtudies showed that derivatives with selenium was more stable under
acid (pH = 4) and basic conditions (pH = 9) than the-tl@ovatives and the starting
purpurinl8. The photoinduced activity of compounds was studied with a culture of
tumor cells of mous sarcoma -37.

The synthesis of compounds and their characterization was financially supported
by the Russian Foundation for Basic Research (Project N83-20289). The study
of stability at different pH values and spectral properties was financigdpyosted by
the Russian Science Foundation (Project Nel200078). The study of photoinduced
activity in vitro was financially supported by the Ministry of Science and Higher
Education of the Russian Federation (Project No. &{0019).
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Drawbacks of individual therapy can be avoided by combining photodynamic
therapy (PDT) with other treatment methods, such as radiation therapy, neutron capture
therapy, chemotherapy, etc. In this work, potential drugs whose molecules contain both
photodynanic and chemotherapeutic pharmacophores were obtained for the first time
(Fig. 1). A derivative of natural bacteriochlorophalivith a tin(IV) complex, which
has chemotherapeutic activity, acts as an agent for PDT.

0C;H,

R: aminoacids l

Fig. 1. Scheme of obtained compounds and its potential targets

Two amino acids were chosen as ligands for the synthesis of tin complexes: non
proteinogenicp-aminobenzoic acid and-lysine protected at th& and Uamino
groups. At the first stage of our work, synthesis of tin complexes was optimized by
temperature and solvent changing. Attachment of both one and two amino acid ligands
was found. At the second stage of this work, we obtained conjugates of
dipropoxylacteriopupurinimide (dipropoxBPl) and prepared complexes.

This work was financially supported by the Ministry of Science and Higher
Education of the Russian Federation and performed using the equipment of the Center
for Collective Use of RTU MIREA.
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Synthesis of cationic porphyrins and their metal complexes for antimicrobial
photodynamic therapy

Usanyov A.Y, Savelyeva I.0O., Zhdanova K.A., Bragina N.A.
MIREAT Russian Technological University, Moscow, Russia
E-mail: alexeyOusanev@gmail.com

Infectious diseases caused by various pathogens are one of the most significant
problems worldwide. This is due to the development of their resistance to traditional
treatment methods. Since, eahiative approaches are necessanntiriicrobial
photodynamic therapy is new approach based on the reactive oxygen species cytotoxic
effect generated by the light and photoactive substance, called photosensitizer (PS).
This technology is effective against grguoositive and grarmegative baetria, viruses,
fungi and parasites. For several decades, porphyrin derivatives with positive charges
have been used to increase the photosensitivity of-gegative bacteria by improving
the interaction between PS and the bacterial cell membrane thréegrosatic
interactions. As the number of charges and their distribution in the macrocycle of
porphyrins strongly affect the photophysical, photochemical and antimicrobial
properties, it is necessary to select the optimal structure to obtain an effective
photosensitizing agent {3].

Therefore, in this work the number of cationic derivatives oflr@ge porphyrins
and their metal complexes (Zn(ll)) with different carbon chain lengths of substituents
at themesepositions of the porphyrin macrocycle anith different charge numbers
in the molecule were obtaine@ationic pyridinium groups were selected as charge
fragments.

To receive the porphyrin structures the condensation technique of pyrrole with
functionalized benzaldehydes according to the Lindsethod was chosen. The target
compounds were obtained by modification of the terminal substituents of the bromine
containing precursors. The structure and individuality of the compounds obtained were
confirmed by!H and*C NMR spectroscopy, LCMS (ESI), drelemental analysis
data. Currently, studies of the photophysical, photochemical and antimicrobial
properties of the target compounds are being carried out.

Acknowledgements. This work was supported by the Russian Science Foundation
(project No. 2673-00286).
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Synthesis of pHswitchable RAFT agent and its investigation in polymerization
of vinyl monomers

Vlasov A.M., Grigoreva A.O., Zaitsev S.D.
Lobachevsky State UniversityMizhry Novgorod, Nizhniovgorod, Russia
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Polymer science made a big step forward wingng ionic polymerization and
living free-radicalpolymerizatiorwere discoveredl hese methods allow to synthesize
polymers withsignificantly narrow molar mass distributiopolymers with exact
molecular structure as well agde range of dferent copolymers [1]. lving free
radical polymerization methods, such as St&le=Radical Polymerization (SFRP),
Atom Transfer Radical MPgmerization (ATRP) and Reversible Addition
Fragmentation chaiiiransfer (RAFT) show good result in teoular characteristics
control. The last method, RAFT polymerizatiastands out for high tolerance to
functional monomers and opens grepportunities for macromolecularchitecture

[2].

In recent years, new direction of researches has emerged in the context of RAFT
polymerization. Considering the fact thatlifferent monomers requires different
structured agents to maintain RAFT polymetima mechanismthere were attempts
to synthesize more versatile RAFT agents, which can be uspdlymerization of
wide range omonomers antheir copolymerization. prswitchable RAFT agents can
exist in neutral and protonated forms and skidverent ativity in MAMs and LAMs
polymerization [3].

pH-switchable RAFT agent -tyancl-methylethyl (phenyl)(pyridird-yl)-
carbamodithioate (CMPC) wasynthesized and reversible additivagmentation
chaintransfer (RAFT) polymerization of styrene, vinydcetate and methyl
methacrylate was carried out. It was shown that presence of CMPC affects molar mass
distribution and kinetic features and realizes supposed mechanism of RAFT
polymerization. Different effect o€EMPC on polymerization in presence of protic
acidswas investigated.

This work was supported by the Russian Foundation for Basic Research (Project
© 103-00843).
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Synthesis of a polydentate extractant based aryloxycyclotriphosphazene
containing aminophosphonate groups

YudaevMaPs lAenni kova V. V., Chistyal
D. Mendeleev University of Chemical Technology of Russia, Moscow, Russia
E-mail: yudaevpavel@gmailcom

Aminophosphonates attract much attemtas metal extractants from industrial
wastewater due to their multiple coordination centers, ease of synthesis, low tendency
to emulsify during extraction and high extraction capacity [1].

Il tos wel |l known that pol ydent ate ext
the distribution coefficients of metals increase significantly in comparison with
monodentate analogs [2].

Organocyclophosphazenes are heterocyclic compounds with high falityio
The ease of modification of organic radicals in the structure of phosphazene cycle
makes organocyclophosphazenes promising starting compounds for the synthesis of
polydentate chelating extractants.

Therefore, a polydentate extractant based onoxygyclotriphosphazene
containing six aminophosphonate groups was synthesized in the present work (Fig. 1).
In addition, the resulting compound contains allylic groups which, along with nitrogen
and oxygen atoms, can act as coordinationereror platium-group metals. At the
same time, this compound is insoluble in water, which will allow extraction without
loss of the extractant into the aqueous phase.

NiP3 [)4@*(\"11'\[1(“[11 CH=—CH2?

DZT—DCEHE.

0OC2Hs
Fig. 1. Aryloxycyclotriphosphazene containing aminophosphonate groups

In the future, it is planned to study the extraction properties of the obtained
compound in relation to platinum group metals as well as heavy metals.
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