KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
Volume 1, Number 93(2026), 36-47 https://doi.org/10.51580/2026-1.2710-1185.04

VJIK 547.639.7+54-386+631.8

NEW N-BENZYLPIPERIDONE DERIVATIVES: SYNTHESIS AND
PLANT GROWTH-STIMULATING ACTIVITY

A.E. Malmakova *?*, K.B. Otegulova?, T.M. Seilkhanov ®

1 A.B. Bekturov Institute of Chemical Sciences, Almaty, Kazakhstan
2 Kazakh-British Technical University, Almaty, Kazakhstan
3 Sh. Ualikhanov Kokshetau University, Kokshetau, Kazakhstan

*Corresponding author e-mail: malmakova@mail.ru

Abstract. Introduction. Given their broad range of biological activities and potential for further
structural modification, piperidine derivatives, particularly N-benzylpiperidones, have attracted
considerable attention. Because of their easily accessible starting materials and relatively simple synthesis,
these compounds are particularly attractive because they facilitate the effective design and development of
novel molecules with specific physicochemical and biological characteristics. The objective of this study is
to synthesize a new series of benzylpiperidone derivatives, generate more complex nitrogen-containing
heterocycles through structural modification, and evaluate their plant growth-stimulating activity. Results
and discussion. N-benzylpiperidin-4-one was reacted with 1-(3-methoxypropyl)amine and
paraformaldehyde to vyield 3-benzyl-7-(3-methoxypropyl)-3,7-diazabicyclo[3.3.1]Jnonan-9-one. The
resulting ketone was converted to the corresponding oxime with a 76% yield under oximation conditions.
Subsequent acylation of the oxime with benzoyl chloride produced O-benzoyloxime in 65% vyield. At a
concentration of 0.001%, the complex (KhZR-107) was evaluated for its impact on the germination,
growth, and development of soybean (variety Zhansaya) and wheat (variety Kazakhstan-10) seedlings.
Conclusion. Treatment with KhZR-107 improved wheat performance, raising germination from 90% to
100%, increasing germination energy from 82.5% to 95%, and promoting taller seedlings, all without
compromising seed sanitary quality. In soybean, germination rates remained unchanged, but the seedlings
appeared slightly more uniform, suggesting subtle benefits in early development.
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1. Introduction

Heterocyclic compounds, particularly nitrogen-containing systems, are
widely distributed in natural products and pharmaceutical agents [1]. Owing to
their pronounced physiological properties and key roles in biological processes,
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nitrogen heterocycles occupy a central position in medicinal and agrochemical
research [2]. Among them, piperidine-containing compounds represent one of the
most important structural motifs in modern drug design. The high prevalence of
the piperidine ring in approved drugs is attributed to its synthetic accessibility,
conformational adaptability, and favorable pharmacokinetic characteristics [3,4].

Sustained interest in piperidine derivatives is largely associated with the
availability of diverse starting materials and well-developed synthetic
methodologies, which enable systematic structural modification. In particular, the
introduction of benzyl substituents allows fine tuning of lipophilicity, steric
environment, and intermolecular interactions, parameters that directly influence
biological activity and target affinity [5,6].

At the same time, analysis of the available literature indicates that most
investigations of N-benzylpiperidone derivatives have been primarily focused on
medicinal applications or on the development of synthetic approaches. Reports
addressing their potential agrobiological activity remain limited and fragmented.
In particular, systematic studies correlating structural modifications of the
benzylpiperidone scaffold with growth-regulating effects in plants are scarce.
Furthermore, the transformation of N-benzylpiperidones into more structurally
complex nitrogen-containing heterocycles and the evaluation of their growth-
stimulating properties have not been comprehensively explored [7-9].

Plant growth regulators are an essential component of modern crop
production technologies [10]. Even when applied in small doses, they influence
plant metabolism, significantly affecting growth, development, and yield, and are
regarded as environmentally friendly and cost-effective tools for enhancing crop
productivity and realizing the biological potential of plants. Therefore, studying
the effects of next-generation growth regulators on the yield and grain quality of
spring wheat under specific soil and climatic conditions remains highly relevant
[11-13]. However, despite the established pharmacological relevance of this class
of compounds, significant gaps persist in understanding their structure—activity
relationships in the context of plant growth regulation.

Although N-(4-substituted benzyl, phenyl, and imidazolyl)piperidones have
shown moderate plant growth-stimulating activity [14,15], the combination of a
3-methoxypropyl group with N-(4-substituted benzyl)piperidone has not been
investigated. Here, we report a series of novel 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one derivatives, whose structures were confirmed by
NMR, IR spectroscopy, and elemental analysis. Preliminary biological evaluation
demonstrates that the O-benzoyloxime derivative significantly improves wheat
performance, increasing germination from 90% to 100%, raising germination
energy from 82.5% to 95%, and promoting taller seedlings.

2. Experimental part

Chemical Part

Reaction progress was monitored by thin-layer chromatography employing
aluminum oxide with second-degree activity. Infrared spectra were recorded on a
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Nicolet 5700 FT-IR spectrometer. *H and *C NMR spectra were recorded on a
JEOL JNM-ECA 400 spectrometer at frequencies of 399.78 and 100.53 MHz,
respectively, using CDCls as the solvent. Syntheses sensitive to oxygen or
moisture were conducted under an inert gas atmosphere with dry solvents.

The synthesis of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]Jnonan-9-one and its derivatives followed procedures
previously described [16].

3-Benzyl-7-(3-methoxypropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one (2).
Yellow oil; 82%. Anal. calcd. for C1sH26N202: C 71.49; H 8.67; N 9.26; Found: C
71.20; H 8.73. IR (KBr) (vmax/ cm™): 1735 (C=0), 1118 (C-O-C). *H NMR (400
MHz, CDCls), 6, ppm (J, Hz): 1.66, 2.33 (H-3,7); 1.65, 1.68, 1.71, 2.40 (H-
2,4,6,8); 2.44 (H-10); 2.52 (H-11); 2.74 (H-12); 2.75 (H-13); 2.78 (H-15); 3.49
(H-16); 7.20-7.30 (H-18,19,20,21,22). *C NMR (101 MHz, CDCly), §, ppm (J,
Hz): 57.23 (C-3,7); 54.34, 61.11 (C-2,4,6,8); 214.5 (C-9); 52.98 (C-11); 27.67 (C-
12); 70.9 (C-13); 58.5 (C-15); 62.09 (C-16); 137.5 (C-17); 129.59 (C-18, 22);
128.48 (C-19,21); 127.03 (C-20).

Oxime of 3-benzyl-7-(3-methoxypropyl)-3,7-diazabicyclo[3.3.1]nonan-9-one
(3). Yellow oil; 76%. Anal. calcd. for CisH27N3O2: C 68.11; H 8.57; N 13.24;
Found: C 68.06; H 8.43. IR (KBr) (vma/ cm™): 3222 (OH), 1671 (C=N). '"H NMR
(400 MHz, CDClg), 8, ppm (J, Hz): 1.71, 1.71 (H-3,7); 2.26, 2.82, 2.186 (H-
2,4,6,8); 6.93 (H-11); 2.75 (H-12); 1.73 (H-13); 3.42 (H-14); 3.32 (H-16); 7.12-
7.49 (H-19, 20, 21, 22, 23). **C NMR (101 MHz, CDCl3), 8, ppm (J, Hz): 30.23
(C-3); 36.84 (C-7); 56.67, 57.16 (C-2,8); 58.06, 58.42 (C-4,6); 161.52 (C-9),
27.18 (C-13); 54.37 (C-12); 58.74 (C-16); 71.21 (C-14); 61.69 (C-17); 138.51 (C-
18); 128.99 (C-19,23);127.09 (C-21); 128.42 (C-20,22).

O-Benzoyloxime of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one (4). Yellow oil; 65%. Anal. calcd. for
C2sHa1Ns0s: 71.23; H 7.41; N 9.97; Found: C 71.42; H 7.21. IR (KBr) (Vmad/ cm’
1): 1742 (C=0), 1637 (C=N).'H NMR (400 MHz, CDCl3), 8, ppm (J, Hz): 2.8 (H-
3,7); 2.3 (H-2,4,6,8); 3.5 (H-14); 7.1-7.4 (H-16, 17, 18, 19, 20); 2.5 (H-21); 1.7
(H-22); 3.4 (H-23); 3.3 (H-25); 7.6-8.0 (H-27, 28, 29, 30, 31). *C NMR (101
MHz, CDCls), 3, ppm (J, Hz): 38.09 (C-3); 41.09 (C-7); 60.57 (C-2,8); 59.43 (C-
4,6); 168.99 (C-9); 158.91 (C-12); 62.04 (C-14); 138.86 (C-15); 127.03-132.12
(C-16,20,27,28,30,31); 27.67 (C-22); 70.49 (C-23); 58.5 (C-25); 133.35 (C-26).

Inclusion complex of O-benzoyloxime with g-cyclodextrin (CD) (5). Wight
power decomposed in 200 °C. Anal. calcd. for CeoHgsN2Os7: C 51.17; H 6.49; N
2.70; Found: C 51.05; H 6.24.'H NMR (400 MHz, CDCl3), §, ppm (J, Hz): 0.98,
1.05 (H-3,7); 0.96, 1.00, 1.04, 1.83 (H-2,4,6,8); 3.26 (H-14); 3.30-3.44 (H-
16,17,18,19,20); 3.45 (H-21); 3.46 (H-22); 3.6 (H-23); 4.84 (H-25); 7.2-7.27 (H-
27,28,29,30,31); 7.29-7.89 (H-32,33,34,35,36,37,38).

Biological part

Model samples of wheat and soybean were used to evaluate the effects of
stimulants, with the commercial preparation Baikal EM-1 serving as a reference.
Water served as the medium for seed germination. For the germination test, four
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replicates of 100 seeds each were selected from the main seed lot (combined
sample). In this study, 10 seeds were sown in each of four replicates,
corresponding to 100% seeding. Germination energy was assessed on day 3, and
germination rate on day 7. For germination energy (after 3 days for wheat and
soybean), normally germinated seeds were counted and removed, as were rotten
seeds. Ungerminated and abnormally germinated seeds remained for further
observation. For germination rate (after 7 days for wheat and soybean), all seeds
were classified as normally germinated, abnormally germinated, swollen, hard
(for legumes), or rotten, and the number of seeds in each group was recorded. The
germination percentage was calculated for each sample, and the reliability of the
results was verified. Both germination percentage and germination energy were
determined. Spring wheat variety “Kazakhstan-10” and soybean variety
“Zhansaya” from the collection of the Institute of Plant Biology and
Biotechnology were treated during seed germination, seedling growth, and
development for 24 hours according to standard protocols. Laboratory
experiments were performed to assess the effects of stimulants on germination
energy, germination rate, and germination intensity of wheat and soybean seeds.

The complex was evaluated at a concentration of 0.001% for its effects on
germination, growth, and early development of wheat (variety “Kazakhstan-10")
and soybean (variety ‘“Zhansaya”) seedlings under controlled laboratory
conditions. A 0.001% solution of Baikal EM-1 served as a comparative reference.
All experiments were conducted in triplicate, with at least 100 seeds per replicate.

Methodology

Seed germination and growth measurements

Seeds were sterilized in 1% sodium hypochlorite for 5 min, rinsed three
times with distilled water, and placed on moistened filter paper in Petri dishes.
Germination was monitored daily, and germination energy (percentage of seeds
germinated within 3 days) and final germination (%) were calculated. Seedling
height was measured at 7 days post-germination using a digital calliper, recording
mean = SD for each replicate.

Microbial contamination assessment

Microflora presence was recorded qualitatively: “-” none, “+” low, “++”
moderate, “+++ high contamination.

Statistical analysis

Data are expressed as mean =+ standard deviation (SD). Differences between
control and treated groups were assessed using one-way ANOVA, followed by
Tukey’s post hoc test. Differences were considered statistically significant at p <
0.05. Graphical representation includes error bars (SD) and asterisks for
statistically significant differences.

3. Results and discussion

Cyclization of 1-benzylpiperidin-4-one (1) with 1-(3-methoxypropyl)amine
and paraformaldehyde via a Mannich condensation in an acetic acid-methanol
mixture at 65 °C for 14 h afforded the bicyclic ketone (2) in 82% yield. The new
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bicyclic ketone (2) was isolated by column chromatography (Al.Os, eluent:
benzene/ i-propanol — 1:6), and the reaction product is a viscous oil.

NHZOH -HClI, pyridine
CH3CH20H 120°C,25h

HoN o (CH,0)n CH5COCI, K,CO
\ 2 ) 6515 y A2 3
W CH;0H,

CeHg, rt, 12 h
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The IR spectrum of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]nonan-9-one (2) displayed an intense absorption band at 1735
m*, characteristic of the stretching vibrations of the ketone carbonyl group at the
C9 position. Additionally, the band at 1118 cm™ indicated the presence of a
simple ether C-O—C linkage associated with the methoxypropy! substituent.

The 'H NMR spectrum showed signals for the protons of the bicyclic
framework in the range 1.65-2.40 ppm (H3,7 and H2,4,6,8). The methoxypropyl
fragment was identified by signals at 2.52 ppm (H11), 2.74 ppm (H12), 2.75 ppm
(H13), and 2.78 ppm (H15). Aromatic protons of the benzyl substituent resonate
in the region 7.12-7.35 ppm, confirming the presence of a phenyl ring. In the *C
NMR spectrum, the most downfield signal at 214.5 ppm corresponds to the
carbonyl carbon C9. Signals for the bicyclic skeleton carbons C3 and C7 were
observed at 57.23 ppm, while resonances for C2, C4, C6, and C8 appear in the
range 54.3-61.1 ppm, which is characteristic of a 3,7-diazabicyclic system.
Signals for the N-substituents (C10-C14) and the aromatic carbons of the benzyl
fragment (127.03-137.5 ppm) were consistent with the proposed structure.

The structure of the compound (2) was additionally confirmed by two-
dimensional NMR spectroscopy using COSY (*H-'H), HMQC (*H-*C), and
HMBC (*H-13C) techniques, which enable the identification of homo- and
heteronuclear spin-spin interactions. The observed 'H-'‘H COSY and 'H-C
HMQC correlations in the molecule are shown schematically.
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In the *H-'H COSY spectra of the compound, spin-spin correlations through
three bonds were observed between protons of neighboring methylene-methylene,
methyl-methine, and methane-methine groups: H12-H11 (5 1.87, 2.61 and 2.61,
1.87), H16-H15 (8 1.31, 3.59 and 3.59, 1.32), H12-H13 (5 1.86, 3.60 and 3.60,
1.86), and H3,7-H4¢q,6¢q (6 2.95, 3.16 and 3.16, 2.95 ppm).

Heteronuclear one-bond 'H-3C correlations were established by HMQC
spectroscopy for the following proton-carbon pairs present in the compound:
H16-C16 (6 1.33, 15.53), H12-C12 (5 1.83, 27.84), H11-C11 (8 2.71, 47.05),
H2ax,8ax, 2eq,6eq-C2,8 (8 2.61, 53.81), H4u,6a-C4,6 (8 2.94, 58.54), H4eq,6e4C4,6
(6 3.18, 58.58), H15-C15 (5 3.61, 66.60), H13-C13 (5 3.60, 68.68), H17-C17 (&
3.70, 61.51), H21-C21 (5 7.43, 126.88), and H19,23,20,22-C19,23,20,22 (5 7.47,
128.60 ppm).

Long-range heteronuclear *H-*C correlations through two or more bonds
were identified by HMBC spectroscopy for the following pairs: H16-C15 (5 1.31,
66.53), H12-C2,8 (6 1.85, 53.81), H12-C13 (5 1.85, 68.70), H17-C4,6 (5 3.67,
58.49), H17-C19,23 (4 3.67, 129.04), and H17-C18 (5 3.67, 138.71 ppm).

Bicyclic ketone (2) was heated with a strong oximation agent in an alcoholic
medium at 120 °C for 25 h, affording the corresponding oxime (3) in 76% yield.
The oxime was purified by column chromatography on Al.O; (eluent:
benzene/isopropanol, 1:20), and the product was obtained as a viscous oil.

In the IR spectrum of oxime (3), the characteristic C=0 absorption band of
the bispidinone fragment disappeared. A broad band at 3222 cm™, corresponding
to the stretching vibrations of the oxime hydroxyl group (C=NOH), and an intense
band at 1671 cm™, attributed to the C=N stretching vibration, were observed.
These features confirmed the transformation of the carbonyl group of the initial
ketone into an oxime.

In the *H NMR spectrum of the compound, the methylene protons H-13,13
of the methoxypropyl fragment appeared as a two-proton multiplet at 6 1.71-1.76
ppm. The methylene protons H-12,12 of this fragment were observed as a two-
proton broadened singlet at & 1.89 ppm. The methylene protons H-13,12, H-
14,14, and H-14,14 of the methoxypropyl fragment resonated as two-proton
multiplets at & 2.40-2.50, 3.41-3.45, and 3.49-3.76 ppm, respectively. The methyl
protons H-16,16,16 of the methoxypropyl fragment appeared as a three-proton
singlet at 6 3.32 ppm.

The diazabicyclohydroxyimino protons H-2.,8. were observed as a two-
proton multiplet at 5 2.45-2.62 ppm. The diazabicyclohydroxyimino protons H-
2¢q,8eq aNd H-4ax,6ax,4¢q,6eq appeared as a six-proton multiplet at 6 2.75-2.78 ppm.
The diazabicyclohydroxyimino protons H-7 and H-3 were recorded as a one-
proton multiplet and a singlet at 5 2.66-2.71 and 3.64 ppm, respectively. The
hydroxy! proton H-11 resonated together with the aromatic protons H-19-23 as a
six-proton multiplet at 6 7.22-7.34 ppm.

In the **C NMR spectrum, signals of the carbon atoms of the methoxypropyl
fragment were observed at 6 27.18 (C-13), 54.37 (C-12), 58.74 (C-16), and 71.21
ppm (C-14). Carbon atoms of the diazabicyclohydroxyimino fragment resonated
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at 6 30.23 (C-3), 36.84 (C-7), 56.67 and 57.16 (C-2,8), 58.06 and 58.42 (C-4,6),
and 161.52 ppm (C-9). The methylene carbon atom C-17 appeared at 6 61.69
ppm. Aromatic carbon atoms were detected at 6 127.09 (C-21), 128.42 (C-20,22),
128.99 (C-19,23), and 138.51 ppm (C-18).

The structure of the compound (3) was additionally confirmed by two-
dimensional NMR spectroscopy using COSY (*H-'H), HMQC (*H-**C), and
HMBC (*H-'*C) techniques, which allow the identification of homo- and
heteronuclear spin-spin interactions. The observed 'H-'H COSY and ‘H-**C
HMQC correlations in the molecule are shown schematically.

In the *H-'H COSY spectra, three-bond spin-spin correlations were observed
between protons of neighboring methylene-methylene, methyl-methine, and
methine—methine groups: H13-H12 (5 1.73, 2.42 and 2.42, 1.73), H13-H14 (5
1.73, 3.40 and 3.40, 1.73), and H-2ax,8a-H-7 (6 2.52, 2.77 and 2.77, 2.52 ppm).

One-bond heteronuclear H-*C correlations were established by HMQC
spectroscopy for the following proton—carbon pairs: H16-C16 (5 3.30, 58.72),
H12-C12 (6 2.41, 54.29), H13-C13 (8 1.74, 27.16), H-2ax,8ax,2eq,6e4-C2,8 (3 2.77,
56.54), H-4ax,6ax,4eq,6eq-C4,6 (6 2.76, 58.50), H-7-C7 (& 2.61, 36.88), H-3-C3 (5
3.63, 30.28), H-14-C14 (5 3.40, 71.27), H-17-C17 (& 3.49, 61.69), and H-
19,23,20,22-C19,23,20,22 (5 7.27, 128.60 ppm). Long-range heteronuclear *H-C
correlations through two or more bonds were identified by HMBC spectroscopy
for the following pairs: H13-C12 (6 1.73, 54.76), H13-C14 (6 1.73, 71.12); H12-
C13 (6 2.41, 27.09), H12-C2,8 (5 2.41, 56.17), H12-C4,6 (6 2.41, 58.42), H12-
Cl14 (5 2.41, 71.27); H14-C13 (5 3.40, 27.15), H14-C12 (5 3.40, 53.92); H16-C14
(6 3.30, 71.45); H17-C2,8 (5 3.49, 56.83), H17-C4,6 (5 3.49, 58.86), H17-C20,22
(8 3.49, 129.25), and H17, C18 (5 3.49, 138.92 ppm).

Acylation of oxime (3) with benzoyl chloride in absolute benzene at room
temperature for 12 h afforded the corresponding O-benzoyloxime (4) in 65%
yield. The product was purified by column chromatography on Al,Os using
benzene/isopropanol (7:1) as the eluent. The IR spectrum of compound (4)
exhibits an intense absorption band at 1742 cm™, corresponding to the ester
carbonyl group of the benzoyl fragment, as well as a band at 1637 cm™
characteristic of the C=N bond of the oxime moiety, confirming the formation of
the O-benzoylated derivative.

A crystalline inclusion complex (5) of compound (4) with B-CD was
prepared in an equimolar ratio. The resulting complex (5), designated KhZR-107,
exhibits high thermal stability, decomposing above 240 °C.

The inclusion complex of O-benzoylated derivative with p-CD (KhZR-107)
was studied at a concentration of 0.001% for its effects on germination, growth,
and development of wheat seedlings (variety Kazakhstan-10) and soybean
seedlings (variety Zhansaya) under laboratory conditions. For comparison, a
solution of Baikal EM-1 at 0.001% was used. The results of the study are
presented in Tables 1 and 2 and Figures 1 and 2.
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Table 1 - Influence of KhZR-107 on germination and growth of wheat seeds under controlled
laboratory conditions

Treatment | Germination, % Germination energy, % Mean height, Contamination

cm with microflora
Control 90+2 825+1.5 95+04 -
KhzZR-107 100+ 0 95.0+1.2* 11.0 + 0.5* -
*Significant difference compared to control (p < 0.05)

Figure 1 - Influence of KhZR-107 on germination, growth, and development of
Kazakhstan-10 wheat seedlings under laboratory conditions.

As shown in Table 1, treatment with KhZR-107 produced a pronounced
stimulatory effect on wheat seeds. Laboratory germination increased from 90% in
the control to 100%, while germination energy rose from 82.5% to 95.0%. In
addition, treated seedlings exhibited more vigorous early growth, as indicated by
a mean shoot height increase from 9.5 cm to 11.0 cm. The absence of visible
microflora contamination in both control and treated variants indicates that the
preparation did not negatively affect seed sanitary status. The simultaneous
improvement of germination energy and seedling height suggests that the
complex not only accelerated seed awakening but also supported subsequent
metabolic activity during early ontogenesis.

Table 2 - Effect of KhZR-107 on germination and seedling development of Zhansaya soybean under
laboratory conditions

Treatment Germination rate, % Seed germination Contamination with
energy, % microflora
Control 50+3 45.0+£2.0 +++
KhZR-107 50+2 450+1.8 +++

In contrast to wheat, soybean seeds showed no quantitative changes in
germination rate or germination energy following treatment with KhZR-107
(Table 2). Both indicators remained at the control level (50% and 45.0%,
respectively). Microflora contamination (+++) was observed in both experimental
and control groups, indicating that the preparation did not exert a protective or
inhibitory effect on associated microorganisms under the tested conditions.
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Nevertheless, visual observations in the moist chamber indicated more uniform
seedling development, suggesting that the preparation may influence post-
germination physiological processes rather than the initial germination stage in
soybean.

P ¢ -
- g &
v . : @ 3 &
- .9

Figure 2 - Effect of KhZR-107 on germination and early seedling development of
Zhansaya soybean under laboratory conditions.

Possible Mechanism of Growth-Stimulating Action of KhZR-107

The growth-promoting effect of KhZR-107 in wheat may be attributed to
enhanced bioavailability of the O-benzoylated oxime derivative resulting from its
inclusion into B-cyclodextrin.

Such complexation [17,18] is known to improve solubility and facilitate
penetration of the active compound into the seed during imbibition, thereby
enabling more efficient interaction with metabolically active tissues. The
observed increase in germination energy [19] suggests stimulation of early
metabolic processes, particularly activation of enzymatic systems involved in
reserve mobilization. Enhanced amylolytic activity and accelerated nutrient
supply to the embryo may account for both faster germination and increased
seedling height.

Furthermore, oxime-containing compounds may affect redox homeostasis.
Controlled modulation of reactive oxygen species [20] during early ontogenesis
could promote synchronized germination and stimulate cell division. The absence
of significant quantitative effects in soybean indicates species-specific sensitivity,
possibly related to differences in seed composition and metabolic pathways.
Nevertheless, improved seedling uniformity suggests that KhZR-107 may
influence post-germination physiological processes.

Overall, the findings indicate that KhZR-107 functions as a mild metabolic
activator rather than a classical phytohormone analogue [21], enhancing early
growth without exhibiting phytotoxic effects.
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4. Conclusion

A new series of 3-benzyl-7-(3-methoxypropyl)-3,7-
diazabicyclo[3.3.1]Jnonan-9-one  derivatives was synthesized from 1-
benzylpiperidin-4-one and structurally confirmed by IR, 'H/*C NMR, and 2D
experiments. Incorporation of the O-benzoylated oxime into a B-CD inclusion
complex (KhZR-107) enhanced biological activity. In wheat (Kazakhstan-10),
KhZR-107 increased germination from 90% to 100%, germination energy from
82.5% to 95%, and shoot height from 9.5 to 11.0 cm, without affecting seed
sanitary quality. In soybean (Zhansaya), germination remained unchanged,
although seedling development was slightly more uniform. These results highlight
KhZR-107 as a promising cereal growth stimulator, particularly for wheat, while
further greenhouse and field studies are needed to optimize its application and
confirm microbiological stability.
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KAHA N-BEH3WJIITUIIEPUJIOH TYbBIHABLIAPBI: CUHTE3I )KOHE ©CIMJIK
OCYIH BIHTAJIAHJBIPYLIbI OCEPI

A.E. Manmarosa*?, K.B. Omezynosa®, T.M. Ceitinxanoe®

1 O.B. Bexmypos ameindasgel Xumus svinelmoapsl uncmumymot, Aimamet, Kazaxcmarn
2 Kazax-Bpuman mexnuxanvix ynueepcumemi, Anmamot, Kazaxcman
8 [1l. Yanuxanos amvinoazvl Kexuiemay ynusepcumemi, Koxuiemay, Kazaxcman

Tyiiingeme.  Kipicne.  IlunepuamH  TybIHIBUIApBL,  ocipece  N-OeH3wImUmepuaoHIap,  KeH
(hapMaKoIOrHsUIIBIK QJIEYyeTKe He JKOHE dpi Kapail XUMHUSUIBIK TYPJICHIIPY YILIIH MepCHeKTHUBAIbBI OOIbII
tTaObutagpl. Omapra JereH KbI3BIFYIIBUIBIK 0acTanKbl —peareHTTepIiH KOJDKETIMAUINIMEH JKoHE
CaJIBICTBIPMAJIbI TYp/IC KaparmailblM CHHTE3 KOJIapbIMeH OaililaHbICThI, Oy OepiireH (HH3HKa-XUMHUSIIBIK
JKoHE OHMONIOTHSUIBIK KacueTTepi 0ap jkaHa KOCBUIBICTapAbl jkoOamayra MyMKiHaik Oepexmi. Ocsbl
HCYMBICHIBIY MaKcamsl - OSH3WINMHUIEPUIOH TYBIHABIIAPBIHBIH )KaHA KaTapblH CUHTE3JIEY, KYPbUIBIMIBIK
MoaMUKalMsuIay apKbUIbl KYpJeTipeK a30TKypaM/ibl TeTePOLMKIIeP I aly KoHe oJap/blH OCIMIIK eCyiH
BIHTATAHIBIPY OenCeHUTIriH 3epTrey. Homuowcenep owcone mankpinay. 1-Bemsummunepunna-4-ou 1-(3-
METOKCHIPOITII)aMUHMEH JKOHE TapaOpMaibIeruaneH apekeTTecin, 3-6eH3ui-7-(3-MeTOKCHIIPOIIHII)-
3,7-nuazaburmkio[3.3.1]-HoHaH-9-0H Ty311. KeToH okcuManmsinay xarnaibiHaa 76% MIBIFEIMMEH COKeC
OKCHMIe aWHaIABIPBULIBL. OKCHMI OCH3OMIXJIOPHAINICH anmijiey HoTmwkeciHne 65% mbrbeiMMer O-
GerzomnokcuM anbiaabl. X3P-107 kemreni 0,001% xonmentpammsima 6unaiinsie (Kasakcran-10 coptsr)
JKoHe costHbIH (YKaHcast copThl) TYKbIMIAPBIHBIH OHYIHE, 6CYl MEH JaMybIHA 9Cepi TYPFBICHIHAH 3ePTTEIIII.
Kopeimeinow. X3P-107 npemapatsiMeH eHzaey Ounail eciMiH >kakcapTThl: ecy kepcetkimn 90%-naH
100%-ra meiiin ecti, ecy sHepruscel 82,5%-man 95%-ra meHiH apTThl, an Oyl IOHAEP OMIKTIriHiH
apTyblHa OKEJITeHMEH, OyJ YpPBIKTHIH CaHHUTApJbIK camachiHa ocep ermeai. Cosi TYKbIMBIHAA ©cCy
KepceTKiurepi e3repmei, Oipak KeueTTep con Oipkenki Goibin Kepinai, Oyl epTe JaMmy Ke3eHiHAeri OH
acepiiepai KkepceTei.

Tyiiinai ce3gep: N-OeH3WINHIIEPUIOH, NHA3a0UIMKIOHOHAHOH, [-IHUKIOJECKCTPUHHIH HHKIFO3HSIIBIK
KeIlIeHi, 0CIMIIKTepAiH 6CyiH bIHTAIAHABIPY.
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HOBBIE N-BEH3UJINTANEPUTOHOBBIE IIPOU3BOJHBIE: CHHTE3 U
POCTCTUMYJIMPYIOLLASLI AKTUBHOCTb PACTEHUUA

A.E. Manmarosa*?", K.B.Omezynosa?, T.M. Ceiinxanos®

Y Unemumym xumuueckux nayx umenu A.5. Bexmypoea, Anmamol, Kazaxcman
2 Kasaxcmancko-Bpumarnckuii mexnuueckuii ynusepcumem, Anmamot, Kasaxcmar
3 Koxwemayckuii ynusepcumem umenu I1l. Yanuxanosa, Koxwemay, Kazaxcman

Pestome. Bsedenue. Ilpou3BonHble NUNEpUIUHA, B 4YACTHOCTH N-OCH3WINMIEPUAOHBI, MPOSBISIOT
MIUPOKHIT (hapMaKOIOrHUCCKHUI OTCHIMA U SBIISIOTCS MEPCICKTUBHBIME O0BEKTaMHU UL JaiabHeHIIeH
xumudeckoit momudukanuu. VHTepec kK HUM OOYCIOBIEH JOCTYHHOCTHIO MCXOIHBIX BELICCTB U
OTHOCHTEJIBHOH NPOCTOTOM CHUHTE3a, YTO MO3BOJISIET KOHCTPYHUPOBATh HOBBIE COCAMHEHMS C 33/laHHBIMU
(U3MKO-XUMUUECKUMHU M OHOJIOTMYECKUMHU CBOMCTBaMHU. []enblo OanHoli pabomul SBISETCS. CAHTE3 HOBOM
CEepUH NPOM3BOAHBIX OCH3WINUIICPHIOHA, IONTyYeHHE 0O0JIee CIOXKHBIX a30TCOACPKAIIUX I'eTEPOLUKIIOB
MyTéM CTPYKTYPHOH MOAMGMHUKAMU M H3Yy4YEHHE MX POCTCTUMYJIMPYIOIICH aKTHMBHOCTH B OTHOILECHHU
pactenuii. Pesynomamel u  obcyscoenue. 1-Bensunnmunepuaun-4-oH B3aumopeiictBoBan ¢ 1-(3-
METOKCHUIIPOIIMII)aMUHOM M IapadopMajbAeruioM ¢ obpazoBanueM 3-0eH3ui-7-(3-MeTokcunponui)-3,7-
nmurazabunukio[3.3.1]Honan-9-ona. Keton Obul mpeBpaiiéH B COOTBETCTBYIOLIMI OKCHM € BBIXOJIOM 76%
B YCJIOBUSX OKCHUMAalUH. ALMIMPOBAHHE OKCHUMa OCH30WIXJIOPUAOM IpHBENO K momydyenuto O-
Oenszomnokcuma ¢ BeIxogoM 65%. Kommieke X3P-107 Obur uccnenoBaH Ha BIUSIHHE Ha IpopacTaHue,
pocT u pa3BuTHE NpopocTKOB mireHuIs! (copt Kazaxcran-10) u con (copr JKaHcas) npu KOHIEHTpALUH
0,001%. 3axarouenue. O6padoTka X3P-107 ymyummia nmokasateiay MIISHUIBL: BCX0KECTh MOBBICUIIACH C
90% no 100%, sHeprus npopactanus yBenuuuiach ¢ 82,5% no 95%, a pocT cesHLEB cTajl BbIlIE, IPH
9TOM CaHHMTApHOE KaueCTBO CEMSH HE MOCTpajano. Y COM IIOKA3aTeIW BCXOXKECTH OCTAIMCh 6e3
H3MCHCHUH, OJTHAKO CESHIIbI BEITIIACIH HEMHOTO 60Jice PaBHOMEPHBIMH, YTO YKa3hIBACT HA YMCPCHHBIC
MOJIOKHUTETbHBIE Y)(EKTHI B paHHEM Pa3BUTHU.

KiaoueBbie caoBa: N-OeH3WImMMIepumoH, AWa3aOWIMKIOHOHAHOH, KOMIUICKC BKJIIOYCHHS f-
LUKIOACKCTPUHA, CTUMYJIMPOBAaHHE POCTA PACTCHHUH.

Manmaxoesa Auizyn Epbocvinosna PhD, accoyuposannuiii npogpeccop
Omezynosa Kamuna babascankuizol Mazucmp xumuu

Ceiinxanos Tynezen Mypamosuu Kanouoam xumuueckux nayx
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