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Abstract. Introduction. Aminophosphonate derivatives attract considerable interest as a class of
low-molecular-weight compounds capable of exerting regulatory effects in biological systems of different
origin. Early-stage characterization of biological potential can be achieved by combining predictive
approaches with experimental investigation. The aim of this study is to synthesize a new
aminophosphonate, obtain its water-soluble form and evaluate its biological activity in a “prediction-
experiment”  format. Dimethyl((3-phenoxyphenyl)((pyridin-2-ylmethyl)amino)methyl)phosphonate
(PMAAPNh) has been synthesized by the Kabachnik-Fields reaction, and then its succinate salt (PMAAPh-
Suc) has been obtained to improve the solubility in water. The structure of the compound has been
confirmed by the methods of a physicochemical analysis (NMR and IR spectroscopy). The predicted
biological activity, pharmacokinetic properties, and toxicity have been assessed, using in silico tools.
Experimental studies have been performed, using plant models in vitro, and a model of experimental
pancytopenia in vivo. The computer screening has shown that aminophosphonate PMAAPh meets the
main criteria for pharmacological similarity and belongs to toxicity class IIl. The experiment has
demonstrated that PMAAPhA-Suc stimulates the germination and vigor of wheat seeds, and also stimulates
hematopoiesis. Taken together, these findings provide a basis for the further investigation of the biological
activity of this aminophosphonate.
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1. Introduction

In recent years, a clear trend has emerged towards the use of integrated
approaches that combine the computational prediction methods with the
experimental studies [1,2]. The application of in silico tools makes it possible to
assess drug-likeness, potential biological activity, and toxicological risks of new
molecules at the early stages of the research, whereas subsequent in vitro and in
vivo investigations allow for the characterization of their effects on the growth-
related and regenerative processes in biological systems of different origins.

Such an integrative strategy is regarded as an effective means of identifying
promising low-molecular-weight compounds with a regulatory activity and a
balanced safety profile, thereby underscoring the relevance of the further research
in this field.

2. Experimental part

The IR spectra were recorded on a Nicolet 5700 FT-IR spectrometer, using
thin-films. The *H and **C NMR spectra were obtained on a JEOL JNM-ECA 400
spectrometer in CDCls.

Dimethyl ((3-phenoxyphenyl)((pyridin-2-
ylmethyl)amino)methyl)phosphonate (PMAAPH). A round-bottom flask equipped
with a mechanical stirrer, a Dean—Stark apparatus, and a reflux condenser was
charged with pyridin-2-ylmethanamine (0.02 mol), 3-phenoxybenzaldehyde (0.02
mol), and dimethyl phosphite (0.03 mol) in 150 mL of absolute benzene. The
reaction mixture was refluxed for 48 h. After the completion of the reaction, the
solvent was removed under reduced pressure, and the crude product was purified
by column chromatography on Al.Os using chloroform/acetone (20:1, v/v) as the
eluent. The second fraction was collected to afford PMAAPh as a yellow oil.
R=0.43 (chloroform/acetone (20:1, v/v))

Molecular formula: CxH2sNO4P. Yield: 6.23 g (80%). np*=1,382. IR
(film), v, cm™: 3459 (N-H); 1252 (P=0); 1056 (P-O-C); 1040 (C-O-C); 3020,
1585, 1491,756, 683 (Ph). *H NMR (400 MHz, CDCl;) &: 8.48 (d, J = 5.3 Hz, 1H,
pyridine-H), 7.55 (m, J = 7.0 Hz, 1H, pyridine-H), 7.27 (q, J = 7.3 Hz, 3H, Ar-
H), 7.16 (d, J = 7.0 Hz, 2H, Ar—H), 7.09 (d, J = 5.4 Hz, 2H, Ar—H), 7.04 (q, J =
6.8 Hz, 1H, pyridine—H), 6.93 (dt, J = 24.3, 6.8 Hz, 3H, Ar—H, pyridine-H), 3.85
(dd, J = 14.3, 5.6 Hz, 1H, CH-P), 3.73-3.62 (m, 4H, CHs, N-H), 3.58 (dd, J =
10.6, 5.7 Hz, 3H, CHs), 3.14 (s, 2H, CH,). *C NMR (101 MHz, CDCls) §: 158.83
(Cq, pyridine), 157.54 (Cq, Ar-0), 157.11(Cq, Ar-0), 149.39 (CH-N, pyridine),
137.48 (CH, pyridine),136.54 (Cq, Ar), 129.97 (CH, pyridine), 129.83 (2CH, Ar),
123.62 (CH, Ar), 123.56 (CH, Ar), 123.42 (CH, Ar), 123.21 (CH, Ar), 122.44
(CH, Ar), 119.09 (2CH, Ar), 118.52 (CH, Ar), 60.57 (CH-P), 53.70 (CHa),
53.62 (CHs), 52.72 (CHy).

PMAAPh Succinate (PMAAPhA-Suc). PMAAPhH (0.01 mol) and succinic acid
(0.01 mol) were thoroughly ground in a mortar with a small amount of ethanol
until a homogeneous mixture was obtained. The ethanol was evaporated at 50—
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55°C in a drying oven. PMAAPh-Suc was obtained as a yellow powder.
M.p.=176-177°C.

Biological Assays. The procedures for determining the seed germination
energy, laboratory germination, and germination intensity of wheat seeds, as well
as the methodology for evaluating myelostimulating activity, were carried out
according to the previously described protocols [3].

In silico tools [4-6].

3. Results and Discussion

At the initial stage of the study, the target aminophosphonate derivative
dimethyl ((3-phenoxypheny)((pyridin-2-ylmethyl)amino)methyl)phosphonate
(PMAAPH) has been synthesized, using the three-component Kabachnik—Fields
reaction, which is one of the most common and efficient approaches for the
preparation of a-aminophosphonates. The obtained compound has been isolated
in an individual form. To improve the aqueous solubility of PMAAPHh, its
succinate salt (PMAAPhA-Suc) has been subsequently prepared by treating the free
base with a succinic acid.

HO

N 0 z-—\_(o
| 0ol | || 0
/ N / \ ~~ succinic
1—1 H I O Benzene O acid | ||
—
T i O~ \o/
O\ PMAAPh O\
PMAAPhA-Suc

The IR spectrum of PMAAPh exhibits an absorption band corresponding to
the N—H stretching vibrations at 3459 cm™, as well as the characteristic bands of
the dimethoxyphosphoryl fragment, namely the P=O and P—O-CHs stretching
vibrations at 1252 and 1056 cm™, respectively. The presence of the
phenoxyphenyl substituent is confirmed by the aromatic ring bands at 3020, 1585,
1491, and 756 cm™, along with the C—O—C stretching band of the ether linkage at
1040 cm™.

A key diagnostic feature of PMAAPhH formation in the NMR spectra is the
signal of the methine group at the phosphorus-containing center (CH-P). In the
3C NMR spectrum, this signal is observed at & 60.57, while in the *H NMR
spectrum the corresponding CH-P proton resonates at & 3.85. Its chemical shift
and splitting pattern (dd, J = 14.3, 5.6 Hz, 1H) reflect the influence of the adjacent
heteroatoms (P and N), which is typical for a-aminophosphonates. The N-H
proton falls within the signal region of the OCHs groups of the phosphonate
moiety (6 3.73-3.62, m, 4H), so it is not considered as a separate resonance.

The in silico methods are an effective modern tool for the early-stage
biologically active substance evaluation. They enable simultaneous assessment of

17



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XYPHAJI KA3AXCTAHA

the drug-like properties, predicted biological activity, pharmacokinetic profile,
and potential toxicity of the new compounds, enabling a rational selection of the
most promising structures even before the experimental work.

In our initial study, an in silico analysis has been used for a comprehensive
evaluation of the aminophosphonate (PMAAPh). The first step has been to
evaluate the biological potential (predict the spectrum of the biological activity)
of PMAAPh, using the PASS program (Table 1). The analysis indicates a notable
cardiometabolic and regulatory potential of the compound. The types of activity
with the highest probability of manifestation (Pa>0.5) are: cholesterol antagonism
(Pa=0.605), treatment of restenosis (Pa=0.539), antianginal activity (Pa=0.504),
and potential effectiveness in the treatment of Alzheimer's disease (Pa=0.505).
The predicted inhibitory activity against glutamate-5-semialdehyde
dehydrogenase also reaches high values (Pa=0.531), which demonstrates the
possible effect of the compound on amino acid metabolism and energy
metabolism. The moderate Pa values for the regulation of calcium metabolism
(Pa=0.479), hypolipidemic effect (Pa=0.356) and treatment of atherosclerosis
(Pa=0.410) also demonstrate the potential of the studied aminophosphonate in
terms of cardiovascular and metabolic disorders.

Table 1 — PASS-predictive analysis of the biological activity of PMAAPh

Pa Pi Activity Pa Pi Activity
0.605 |0.019 |Cholesterol antagonist 0.410 |0.035 Atherosclerosis treatment
0.539 |0.005 |Restenosis treatment 0.351 |0.030 Stroke treatment

0.505 |0.012 |Alzheimer's disease treatment 0.346 |0.025 HIV attachment inhibitor
Glutamate-5-semialdehyde Neurodegenerative diseases

0.531 |0.054 0.340 |0.106

dehydrogenase inhibitor treatment
0.473 |0.004 |Antischistosomal 0.332 |0.015 Bone formation stimulant
0.504 |0.041 |Antianginal 0.299 |0.003 Factor Vlla inhibitor
0.479 |0.018 |Calcium regulator 0.356 |0.071 Hypolipemic

The activities predicted at lower Pa values, such as inhibition of HIV
attachment, stimulation of bone formation, and inhibition of factor Vlla (Table 1),
have not been a priority in this study. These areas require the further experimental
verification. Based on the PASS profile, PMAAPh can be classified as a
promising structure, primarily in the context of cardiometabolic regulation and
enzyme inhibition. This justifies the further in vitro and in vivo studies.

Since the PASS algorithms are primarily focused on predicting the biological
activity without considering the pharmacokinetic characteristics of the compound,
an additional computational evaluation has been performed in the next step, using
the SwissADME platform (Table 2). The data in Table 2 indicate that PMAAPhH
has a balanced physicochemical profile that meets the generally accepted
requirements for orally active compounds. The compound is characterized by
moderate lipophilicity (Consensus LogP = 3.03) and a high predicted
gastrointestinal absorption rate. Furthermore, the bioavailability index has an
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acceptable value (0.55). The topological polar surface area (TPSA = 79.49 A?)
indicates a predominantly peripheral pharmacological action. This is consistent
with the lack of penetration across the blood-brain barrier predicted by the
BOILED-EGG model (Figure 1a). Within this model, the white-colored region
corresponds to a high probability of an intestinal absorption. The yellow zone
indicates a potential permeability across the blood-brain barrier. Thus, the
localization of PMAAPhHh within the white region and outside the yellow zone
indicates a favorable absorption profile. This also indicates a predominantly
peripheral pharmacological action.

Table 2 — The key calculated ADME and drug-likeness parameters of PMAAPhH

Parameter Value Extended comment

Molecular 398.39 | MW complies with Lipinski’s rule (below 500 g/mol). MW places the
weight (MW) g/mol | compound within the classical lead-like range (300-450 g/mol).
This value falls within the range of moderate lipophilicity, indicating a
good balance between membrane permeability and water compatibility.
3.03 This means absorption in the gastrointestinal tract without an excessive
hydrophobicity, which could lead to nonspecific binding or increased
toxicity.
The TPSA assay shows that the standard threshold for blood-brain barrier
penetration is exceeded. This indicates a primarily peripheral
pharmacological profile and also explains the lack of a predictable CNS
penetration.
A relatively high number of rotatable bonds reflects an increased
conformational flexibility, which may reduce an oral exposure
consistency and contributes to the lead-likeness violations, but can
enhance an adaptability to diverse biological targets.
The differences between the ESOL/Ali and SILICOS-IT models indicate

Low— |the marginal solubility of PMAAPh in water, which significantly limits
moderate |the ADME profile. Therefore, the formation of PMAAPh-Suc is
necessary.
Despite the limited intrinsic solubility, a high predicted gastrointestinal
Gl absorption High absorption suggests that PMAAPhHh retains sufficient permeability,
consistent with its moderate lipophilicity and BOILED-Egg analysis.
The lack of the BBB permeation reduces the risk of the side effects upon
No the central nervous system, and supports the development of PMAAPh
for peripheral therapeutic applications.
The predicted interaction with P-glycoprotein suggests that efflux
P-gp substrate Yes mechanisms may partially limit a systemic exposure, potentially
contributing to the interindividual variability in pharmacokinetics.
The compliance with multiple drug-likeness filters confirms a generally
Passed |well-balanced physicochemical profile suitable for the further

Consensus
LogP (Po/w)

TPSA 79.49 A2

Rotatable bonds 9

Water solubility

BBB
permeation

Lipinski / Egan

/ Muegge pharmacological development.
. - A moderate bioavailability score indicates a reasonable oral exposure
Bioavailability - . . - A
score 0.55 potential, while leaving room for the improvement through the chemical

or formulation optimization.

The radar diagram (Figure 1b) shows how the compound meets the key drug-
likeness criteria, such as lipophilicity (LIPO), molecular size (SIZE), polarity
(POLAR), solubility (INSOLU), saturation (INSATU), and molecular flexibility
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(FLEX). As the diagram shows, most parameters are within the optimal ranges,
with only flexibility and solubility showing slight deviations. Based thereupon, it
seems justified to obtain succinate salt (PMAAPh-Suc) to improve solubility.

a. WLOGP b.
LiPO

o PMAAPh FLEX SIZE

INSATU POLAR

INSOLU

L]
W o= N s N W s O N

o 20 40 60 80 100 120 140 160 TPSA

Figure 1 — An illustration of the predicted ADME properties and pharmacokinetic profile of PMAAPH
(a— BOILED-EGG diagram, b — radar plot).

To obtain a more comprehensive safety profile, the ADMET analysis has
been supplemented with the computational toxicity prediction, using the ProTox-
3.0 platform (Table 3). Overall, the compound exhibits a generally favorable
predicted toxicology profile.

Specifically, hepatotoxic effects are not predicted (DILI: inactive, probability
0.74), and cardiotoxicity is also not expected (inactive, 0.71). The model also
does not predict neurotoxicity or nephrotoxicity, with the corresponding inactive
probabilities of 0.53 and 0.59. These results support the rationale for considering
this compound early in the evaluation of the drug candidates. ProTox-3.0 does not
predict the carcinogenic, mutagenic, immunotoxic, or general cytotoxic effects
(inactive, probability range 0.57-0.86). Taken together, these results suggest the
absence of the structural features typically associated with a significant toxicity.

However, there are several predicted endpoints: potential respiratory toxicity
(activity, 0.69), ecotoxicity (activity, 0.66), food-related toxicity (activity, 0.60),
and blood-brain barrier-related toxicity (activity, 0.70).

According to ProTox-3.0, the predicted LDso value for PMAAPhH is 200
mg/kg. This places the compound in toxicity class Il (out of six), corresponding
to a moderate acute toxicity.

Overall, the obtained data allow the compound to be considered an
acceptable lead-like candidate in terms of its toxicological profile, with certain
parameters requiring the further experimental validation and optimization. Thus,
the results of the in silico evaluation provided a well-founded basis for the
transition from the computational prediction to the experimental verification of
the biological activity of the compound in vitro and in vivo.
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Table 3 — Toxicological profile of PMAAPh according to ProTox-3.0

LDso (mg/kg) Toxicity class Toxicity endpoints
Endpoint Prediction | Probability
200 "

Carcinogenicity Inactive 0.57
Organ toxicity Immunotoxicity Inactive 0.86
Endpoint Prediction | Probability Mutagenicity Inactive 0.66
Hepatotoxicity Inactive 0.74 Cytotoxicity Inactive 0.70
Neurotoxicity Inactive 0.53 BBB-related toxicity Active 0.70
Nephrotoxicity Inactive 0.59 Ecotoxicity Active 0.66
Cardiotoxicity Inactive 0.71 Clinical toxicity Inactive 0.52
Respiratory toxicity Active 0.69 Nutritional toxicity Active 0.60

Although PASS primarily predicted cardiometabolic and enzymatic activity,
the study sought to expand the scope of the study and evaluate the compound's
effects on plant growth and hematopoiesis as a manifestation of the broader
metabolic potential of aminophosphonates. It should be noted that PASS
algorithms are primarily focused on pharmacological and biomedical effects and
are not intended to predict phytostimulating activity.

Given the previously reported ability of aminophosphonates to influence the
growth-related processes in the biological systems of various origins [7], the next
stage of this study has focused on investigating the plant growth—stimulating
activity of PMAAPhH-Suc. Under the laboratory conditions, the effect of the novel
aminophosphonate, tested at a standard screening concentration of 10° M, on the
germination energy, laboratory germination, and germination intensity of wheat
seeds (cultivar Kazakhstan 10) has been evaluated (Figure 2).

The seed treatment with PMAAPh-Suc has resulted in an increase in
germination up to 100% and an enhancement of the germination energy up to
95.0% compared with the control group. At the same time, the average height of
seedlings has slightly decreased, which may indicate a redistribution of the
growth processes at the early stages of ontogenesis.

Previously, aminophosphonates of this structural series have been shown to
exhibit myelostimulating activity, providing the rationale for further investigation
of the obtained compound [8]. PMAAPHh-Suc has been evaluated for the
myelostimulatory activity (a stimulatory effect influencing the proliferative
activity of erythro-, thrombocyto-, and leukopoiesis) (Table 4).
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Figure 2 — The diagram illustrating the effect of PMAAPhH-Suc on the germination, growth,
and development of wheat seedlings under the laboratory conditions.

Table 4 — The key hematological parameters

Blood parameters | PMAAPh-Suc Control group Placebo group Intact group
WBC, -10%L 7.58+3 .47 6.25+0.85 3.65+0.7 7.74£1.11
RBC, 10%%/L 7.85+1.07 7.42+1.12 5.23%+1.75 7.14+2.17

HGB, g/L 145+16.7 126.5+£2.06 101+10.9 124.5+1.31
PLT, -10%/L 797429 698+17.2 617+14.6 745.0+£15.71
NEU, -10%/L 4.12+1.82 3.18+0.44 1.86+3.26 3.16+0.44

Against the background of pancytopenia induced by the cytostatic agent
cyclophosphamide, an administration of the studied PMAAPh-Suc has been
accompanied by the pronounced leukopoiesis-stimulating activity, exceeding the
effect of the reference drug methyluracil (control group (CG)). The compound
moderately and in a balanced manner has stimulated proliferation in the
erythrocytic, leukocytic, and thrombocytic lineages of hematopoiesis. The
erythrocyte count (RBC) has recovered to (7.85£1.07)-10'%/L, exceeding the
placebo group (PG) and corresponding to the control group (CG). Hemoglobin
concentration (HGB) has been (145+16.7)-g/L, exceeding the CG level
(126.5£2.06)-10°/L. The total leukocyte count (WBC) has reached
(7.58+3.47)-10°/L, which is slightly higher than in the CG (6.25+0.85)-10°/L and
2.07 times higher than in the PG (3.65+0.7)-10°/L. The Garkavi index has
indicated a rapid recovery of hematopoiesis without disturbance of the
lymphocyte-to-granulocyte ratio. The platelet count (PLT) has increased to
(797429)-10°/L, exceeding the PG (617+14.6)-10°/L and CG (698+17.2)-10°/L.
Effective restoration of the granulocyte—agranulocyte balance has been observed:
the absolute neutrophil count (NEU) has been (4.12+1.82)-10°/L, which is 1.29
times higher than in the CG, while the absolute lymphocyte count has reached
(2.98+1.40)-10°/L, exceeding the PG. Thus, PMAAPh-Suc has exhibited
moderate leukopoiesis-, erythropoiesis-, and thrombocytopoiesis-stimulating
activity, reaching the levels comparable to those of the intact animals. The
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observed stimulation of hematopoiesis, a peripheral biological process, is also
consistent with the proposed lack of BBB permeability (SwissADME). Further
research is needed to clarify the underlying mechanisms.

4. Conclusion

A new aminophosphonate, dimethyl ((3-phenoxyphenyl)((pyridin-2-
ylmethyl)amino)methyl)phosphonate (PMAAPh), has been synthesized via the
Kabachnik—Fields reaction, and its structure has been characterized by the IR and
NMR spectroscopy. To improve an aqueous solubility, the succinate form of the
compound (PMAAPh-Suc), has been obtained.

Based on the in silico analysis (PASS, SwissADME, ProTox-3.0), PMAAPhH
has been shown to possess a balanced physicochemical profile, meet the main
criteria of drug-likeness, and exhibit the moderate predicted bioavailability with a
predominantly peripheral activity. The toxicity prediction has indicated a
moderate acute toxicity (LDso = 200 mg/kg, toxicity class 1) in the absence of
the pronounced organ-specific or genotoxic risks. The obtained in silico
predictions, indicating the potential cardiometabolic activity of the compound,
create a reasonable basis for further targeted research in this direction.

The results of the in vitro studies have demonstrated that PMAAPh-Suc
affects the early plant growth processes, manifested by changes in the seed
germination energy and laboratory germination of wheat seeds, indicating its
potential as a regulator of growth processes.

Under the in vivo conditions in an experimental pancytopenia model,
PMAAPhA-Suc has exhibited a moderate and balanced effect on the main
hematopoietic lineages, promoting restoration of the erythro-, leuko-, and
thrombocytopoiesis parameters without a significant disturbance of their ratios.

Overall, the obtained data allow PMAAPh and its succinate form to be
considered as promising lead-like compounds of interest for the further in-depth
studies in the biomedical and agrobiological fields.
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HU3KOMOJICKYJISIPHBIX COGHHHGHHﬁ, CITOCOOHBIX OKa3bIBATH peryiaupyromiee JIEHCTBUE B OMOJIOTMYECKUX
CUCTEMax pammtmoﬁ TIPUPOMBI. Coueranue NPEAUKTUBHBIX U OKCIICPUMCHTAJIBHBIX ITOAXO0A0B MO3BOJIACT
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MOJIy4YUTh KOMIUIGKCHYIO XapaKTepPUCTHKY HX OHOJIOTMYECKOro MOTEHIMada Ha PpaHHUX O3Tamax
uccnenosanus. Llenblo HacTosme paboThl SABISIICS CHHTE3 HOBOIO aMHHO(MOC(HOHATHOTO MPOU3BOAHOIO,
IOJly4eHHE €ro  BOAOpacTBOPUMOH  (opMBI U  IpOBEIEHHE  KOMIUIGKCHOH  IPEIUKTUBHO-
IKCIEPUMEHTAIBHOMN OIICHKH OHOIOTHYECKOiT aKTUBHOCTH. Cuntes dimethyl ((3-
phenoxyphenyl)((pyridin-2-ylmethyl)amino)methyl)phosphonate (PMAAPh) ocymiecTsisiin 1o peakiuu
Kabaynuka—®unzca; 171 HOBBIICHHUS PACTBOPUMOCTHU IOJTy4eHa ero cykuuHatHas ¢opma (PMAAPhH-
Suc). Ctpykrypy coenuneHHl noarsepsknann Meronamu SIMP- u MK-cnekrpockonuu. In silico-ananms
BKJIIOYA] OIEHKY OHOJIOTMYECKOH aKTHBHOCTH, (papMAaKOKHHETHYCCKHX M TOKCHKOJIOIMYECKHX
[apaMeTpoB. DKCHePUMEHMANbHble UCCIe008aH s TIPOBOAMIM HA PACTUTENIBHBIX MOJEAX U B YCIOBUAX
9KCHEPUMEHTANIBHOM MaHIMTONCHUK iN Vivo. YcraHosieHo, yTo PMAAPHh cooTBeTCTBYyeT KpHUTEpHsIM
nekapcTBeHHOMonoOuss u  otHocutess kLI kmaccy Ttokcmunoctn. PMAAPh-Suc  mposiBisier
peryaupyoniee BIMSHAE HAa POCT DAcTeHUWH M TIOKa3aTend KpoBeTBopeHHs. IlomydeHHBIE naHHBIE
MO3BOJISIOT PAcCMATPUBATh COCIMHEHHE KAaK IEPCIEKTUBHbIA OOBEKT ISl AaJbHEHIIMX HCCIeN0BaHUN
OUOIOrMYeCKH aKTUBHBIX COCAUHEHUI.

KiaroueBbie cioBa: 2-(aMHHOMETHIT ) TUPHIHH, amuHO(pochoHar, in silico aHaNu3,
MHEJIOCTUMYJIMPYIONIas aKTHBHOCTh, CTAMYJIMPYIOIIAst POCT PACTEHUI aKTHBHOCTS.
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Cepoanvt /lana Mazucmp xumuu

Ceiinxanos Tynezen Mypamosuu  Kanouoam xumuueckux nayx, npogeccop

1O Banenmuna Jlokmop xumuueckux Hayk, npogeccop
Koncmanmunosna

KAHA MUPUTUHAMUHO®OCPOHATTDIH LEAD-LIKE KACUETTEPI: CUHTE3,
HNPEJUKTUBTIK BAFAJIAY )KOHE BUOJIOT'UAJIBIK 3EPTTEYJIEP

AJO.Ten*", /1.T.Cepoanvi’, T.M.Ceiinxanos®, B.K. FO*

L «B.B. Bexmypos amvindagst Xumus euinsimoapul uncmumymoly AK, Anmamol, Kazaxcman
2Kasax-bpuman mexuuxanvix ynusepcumemi, Anmamol, Kazaxcman
311 Yonuxanos amvinoaser Koxwemay ynusepcumemi, Koxwemay, Kasaxcman

Tyiiinaeme. Kipicne. AMUHODOCHOHAT TYBIHABLIAPHI OPTYPIl TaOUFATTaFrbl OMOJOTHSUIBIK JKYienepe
perreymi ocep KepceTyre KaOUIeTTI TOMEH MOJISKYJalbl KOCBUIBICTAp KJIAchl PETiHAE YJIKEH
KbBI3BIFYIIBUIBIK TYABIPaAbl. [IpeIUKTHBTIK KOHE SKCIEPHUMEHTTIK TOCUIAEP/l YIITACTBIpA KOJIAHY
3epTTeyAiH OacTankbl Ke3eHICpiHIC OJapiblH OMONOTHSIIBIK JJIEyeTiHe KEIIeH[I cumarrama Oepyre
MYMKiHIIK Oepemi. Ocbl ocymbicmbly makcamol xaHa aMUHO(POCHOHAT TYBIHIBICHIH CHHTE3JIEY, OHBIH
cyla JKaKChl EpUTIH TYpIH Iy >KoHE OWONOTHSUIBIK OCJICEHAUNIH KeMeHII IPeIUKTUBTIK-
IKCIIEPUMEHTTIK Oaranay GOJIIBL. Dimethyl ((3-phenoxyphenyl)((pyridin-2-
ylmethyl)amino)methyl)phosphonate (PMAAPh) Ka6aunnk—®uiac peakiuschl OOMBIHIIA CHHTE3IENI;
epirilTiriH apTTHIPY MakcaThIHAA OHBIH CyKUMHATTHIK Typi (PMAAPH-Suc) ansiaael. KochuibicTapabiH
kypsutbiMel SIMP xoHe MK-cniekrpockornust omicrepiMen morengenni. In silico Tamnay GHOIOTHSIIBIK
OenceHaTiKTI, (apMaKOKMHETHKAIBIK JKOHE TOKCHKOJIOTHSUIBIK TapaMeTpliepdi Oaranayibl KaMThIIbI.
Dkcnepumenmmik 3epmmeyiep OCIMIIK MOJIEJbAEPIHAE oHE IN VIVO sKaFmalblHIa SKCIEPHUMEHTTIK
MAHUUTOIGHUST  MojenmiHAe okyprisinmi. 3eprrey Hotwkecinme PMAAPh  mopire  ykcacThik
KpHUTepHiliepiHe cafikec KeneTiHi xoHe ysITThUIBIKTHIH |11 KiachiHa sxaraTeiasl ausikrangsl. PMAAPH-
SuC eciMIIKTEpaiH ecy MpOIECTEepiHe KOHE KaH TY3y KOpCETKIIITepiHe peTTeyili acep KepCeTeTiHi
Oalikanapl. AJIBIHFAH JIEpeKTep OYJI KOCBUIBICTHI OMOJIOTHSIIBIK OCJICEHII 3aTTapibl opi Kapail 3eprrey
YILIiH IepCIeKTHBAIIBI HBICAH PETiH/AE KapacThIpyFa MyMKIHIIK Oepei.

Tyiiin cesmep: 2-(amuHOMeTHN)MPUANH, amuHOBOChOHAT, IN SiliCO aHamM3i, MUETOBIHTATIAHIBIPFBIIL
OesceHIiTiK, OCIMIIKTEP/IiH OCYIH BIHTATaHABIPYIIEl OEJICEHILTIK
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