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Abstract

The effect of known synthetic compounds Ivin (N-oxide-2,6-dimethylpyridine), Methyur
(sodium salt of 6-methyl-2-mercapto-4-hydroxypyrimidine), Kamethur (potassium salt of 6-methyl-
2-mercapto-4-hydroxypyrimidine) and new synthetic compounds, derivatives of pyrimidine (No.
1 - 7) on the rooting of isolated stem cuttings of haricot bean (Phaseolus vulgaris L.) variety
Bilozernaya was studied. The growth regulatory activity of synthetic compounds Ivin, Methyur,
Kamethur, and synthetic compounds, derivatives of pyrimidine (No. 1 - 7) was compared with the
activity of auxins IAA (1H-indol-3-yl)acetic acid) and NAA (1-naphthylacetic acid). The conducted
studies showed that the regulatory effect of synthetic compounds Ivin, Methyur, Kamethur, and
synthetic compounds, derivatives of pyridine (No. 1 - 7) on the rooting of isolated stem cuttings
of haricot bean was similar to the auxins IAA and NAA. The synthetic compounds lvin, Methyur,
and Kamethur, and synthetic compounds, derivatives of pyrimidine (No. 1, 4, 5, and 7) showed
the highest auxin-like activity. The indicators of the total number of roots (pcs) and total length
of roots (cm) obtained on isolated stem cuttings of haricot bean immersed in a water solution of
synthetic compounds Ivin, Methyur, Kamethur and synthetic compounds, derivatives of pyridine
(No. 1, 4, 5 and 7), used at a concentration of 10-7 M, statistically significantly exceeded similar
indicators obtained on control isolated stem cuttings of haricot bean immersed in distilled water.
The practical use of synthetic compounds Ivin, Methyur, Kamethur, and synthetic compounds,
derivatives of pyrimidine (No. 1, 4, 5 and 7) is proposed to improve the vegetative propagation
of haricot bean plants (Phaseolus vulgaris L.) and other plant species of the family Fabaceae by
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stem cuttings.

Introduction

Auxins and cytokinins are known as the main
phytohormones that play a key role in the formation of
plant organs during embryogenesis and their subsequent
growth and development at the post-embryonic stage [1-4].
Auxins, together with cytokinins, control the formation
of primary shoots and root apical meristems during plant
embryogenesis, and the subsequent formation of the
main roots, leaves, and flowers from lateral or secondary
meristems at the postembryonic stage [1-5]. Today, natural
auxins such as IAA (indole-3-acetic acid), 4-CI-IAA (4-chloro-
IAA), PAA (phenylacetic acid), IPA (indole-3-pyruvic acid),
IBA (indole-3-butyric acid) or synthetic auxins such as NAA
(1-naphthylacetic acid), 2,4-D (2,4-dichlorophenoxyacetic
acid), 3,4-D (3,4-dichlorophenoxyacetic acid), 2,4,5-T
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(2,4,5-trichlorophenoxyacetic acid), 4-CPA (4-chloropheno-
xyacetic acid), dicamba (3,6-dichloro-2-methoxybenzoic acid),
picloram (4-amino-3,5,6-trichloro-pyridine-2-carboxylicacid),
BSAA (3-(benzo[b]selenienyl)acetic acid), 5,6-Cl2-IAA-Me
(5,6-dichloroindole-3-acetic acid methyl ester), TA-12
(1-[2-chloroethoxycarbonyl-methyl]-4-naphthalenesulfonic
acid calcium salt), TA-14 (1-[2-dimethyl-aminoethoxi
carbonylmethyl] naphtalene chlormethylate), as well as
natural cytokinin such as zeatin or synthetic cytokinins such
as kinetin (6-furfurylaminopurine), 2iP (N6-(2-isopentenyl)
adenine), BA (N6-benzyladenine), BAP (6-benzylaminopurine),
BPA (N-benzyl-9-(2-tetrahydro-pyranyl)-adenine), TDS
(thidiazuron) are widely used as plant growth regulators [6-17].

Nevertheless, a very urgent task for plant biotechnology,
agriculture, horticulture, and landscape architecture is the
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search for new synthetic compounds that exhibit activity
similar to auxins and cytokinins to improve the vegetative
propagation of plants by stem cuttings and microtonal
propagation of plants in vitro [18-22].

Recently, new classes of synthetic compounds based on
low molecular weight heterocyclic compounds, derivatives
of pyridine, pyrimidine, pyrazole, triazine, oxazole,
oxazolopyrimidine, and isoflavonoids have also been tested
for growth regulatory effects similar to auxins and cytokinins
[23-27]. The most promising among these classes of synthetic
compounds for practical use are pyridine and pyrimidine
derivatives, which are used in agriculture as herbicides,
fungicides, and plant growth-regulating agents [28-32]. The
main advantage of using pyridine and pyrimidine derivatives
is the broad specificity of their regulatory effects on the growth
and development of different plant species and varieties
during ontogenesis and on the organogenesis of plant shoots
and roots in vitro in low concentrations from 10°°M to 10° M,
which do not have toxic effects for humans, animals and the
environment [33-37].

The main goal of this work is the screening of synthetic
compounds, derivatives of pyridine and pyrimidine as new
effective substitutes for phytohormones auxins to improve
the vegetative propagation of haricot bean plants (Phaseolus
vulgaris L.) by stem cuttings.

Materials and methods

A study of auxin-like activity of synthetic compounds,
derivatives of pyrimidine was carried out using a specific
bioassay for rooting ofisolated (separated from the roots) stem
cuttings of haricot bean (P. vulgaris L.) variety Bilozernaya
[27,38]. It is known that this bioassay is based on the key role
of auxins in the regulation of the formation and growth of
adventitious roots on stem cuttings and leaf petioles of plants.

Synthetic compounds Ivin (N-oxide-2,6-dimethylpyridine),
Methyur (sodium salt of 6-methyl-2-mercapto-4-hydroxy-
pyrimidine), Kamethur (potassium salt of 6-methyl-2-
mercapto-4-hydroxypyrimidine) and synthetic compounds,
derivatives of pyrimidine (No. 1 - 7) were synthesized at the
Department for Chemistry of Bioactive Nitrogen-Containing
Heterocyclic Compounds, V.P. Kukhar Institute of Bioorganic
Chemistry and Petrochemistry of the National Academy of
Sciences of Ukraine (Table 1).

The growth regulatory activity of synthetic compounds,
derivatives of pyridine and pyrimidine was compared with
the activity of auxins IAA (1H-indol-3-yl)acetic acid) and NAA
(1-naphthylacetic acid) manufactured by Sigma-Aldrich, USA
(Table 1).

The seedsof haricotbean (P. vulgarisL.) variety Bilozernaya
were sterilized with 1% KMnO4 solution for 5 - 10 min, then
treated with 96% ethanol solution for 1 min, after which they
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Table 1: Chemical structure, name, and relative molecular weight of auxins IAA
and NAA, synthetic compounds lvin, Methyur, Kamethur, and synthetic compounds,
derivatives of pyrimidine (No. 1 - 7).
Chemical . Chemical name
Chemical structure . .
compound and relative molecular weight (g/mol)
OH 1H-indol-3-ylacetic acid
IAA | o
N MW = 175.19
o
oH 1-naphthylacetic acid
NAA
OO MW = 186.21
A N-oxide-2,6-dimethylpyridine
\
Ivin HsC” N CH,
(‘)- MW = 125.17
OH Sodium salt of 6-methyl-2-mercapto-4-
Methyur = )IN\ hydroxy pyrimidine
e -
HC™ N7 S Na MW = 165.17
oH Potassium salt of 6-methyl-2-mercapto-
Kamethur = JN\ 4-hydroxy pyrimidine
HG TS K
MW = 181.28
OH
2-ethylsulfanyl-6-methylpyrimidin-4-ol
1 N o
ch/\s)\N/ CH, MW = 170.23
OH
6-methyl-2-propylsulfanyl-pyrimidin-4-ol
2 NTS
H,C )‘\ Iz MW = 184.26
NN e, :
OH
N)j\ 2-benzylsulfanyl-6-methylpyrimidin-4-ol
3 )‘\ =
@AS N~ eH, MW = 232.31
OH
N 2-isopropyl-6-methyl-pyrimidin-4-ol
4 H,C ‘ =
N™ “CH, MW = 152.20
CH,
OH . -
Sodium salt of 4-hydroxypyrimidine--2-
NT thiolate
s A
- N
S N MW = 149.14
a
OH
2-methylsulfanylpyrimidin-4-ol
6 N‘ =
neo AL MW = 142.18
s N
OH
N 2-benzylsulfanylpyrimidin-4-ol
7 /H\ =
@A sTON MW = 218.28

were washed three times with sterile distilled water. After
this procedure, seeds were placed in the plastic cuvettes
(each containing 15 - 20 seeds) on the perlite moistened with
distilled water. Then seeds were placed in the thermostat for
their germination in darkness at the temperature of 23 °C for
48 h. After the emergence of sprouts, they were placed in a
climatic chamber in which seedlings were grown for 10 days
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at 16/8 h light/dark conditions, at the temperature of 23 °C
- 25 °C, light intensity of 3000 lux, and air humidity of 60%
- 80%. To stimulate the formation of adventitious roots on
stem cuttings isolated from haricot bean seedlings, they were
cut at a distance of 5 mm - 10 mm from the roots and then
were placed immediately to a depth of 30 cm into separate
glass conical flasks with a volume of 100 ml containing either
distilled water (control samples) or water solution of auxins
IAA and NAA, synthetic compounds Ivin, Methyur, Kamethur
and synthetic compounds, derivatives of pyrimidine (No.
1 - 7), used in a concentration of 107 M (experimental
samples). After 4 weeks, the indicators of the average total
number of roots (pcs) and the total length of roots (cm)
obtained on experimental isolated stem cuttings of haricot
bean were determined and compared with similar indicators
obtained on control isolated stem cuttings of haricot bean.

Statistical processing of the experimental data, performed
in triplicate, was carried out according to the Student’s t-test
with a significance level of p < 0.05; mean values #* standard
deviation ( SD) [39].

Results and discussion

The conducted studies showed that synthetic compounds
Ivin, Methyur, Kamethur, and synthetic compounds,
derivatives of pyrimidine (No. 1 - 7) revealed a regulatory
effect on the rooting of isolated stem cuttings of haricot bean,
similar to the auxins IAA and NAA (Figure 1).

The indicators of the total number of roots (pcs) obtained
on isolated stem cuttings of haricot bean immersed in a
water solution of auxins IAA and NAA, synthetic compounds
Methyur, Kamethur and synthetic compounds, derivatives
of pyrimidine (No. 1, 3, 4, 5 and 7), which were used at a
concentration of 107 M, exceeded similar indicators obtained
on isolated stem cuttings of haricot bean immersed in distilled
water (control) (Figure 2).

Auxins IAA and NAA, as well as synthetic compounds
Methyur, Kamethur, and synthetic compounds, derivatives
of pyrimidine (No. 4 and 7) revealed the highest regulatory
activity. The indicators of the total number of roots (pcs)
obtained onisolated stem cuttings of haricot beans statistically
significantly increased: by 11% - after treatment with 1AA, by
19% - after treatment with NAA, by 22% - after treatment
with Methyur, by 65% - after treatment with Kamethur, and
by 41% - 42% - after treatment with synthetic compounds,
pyrimidine derivatives (No. 4 and 7), compared to similar
indicators obtained on control isolated stem cuttings of
haricot bean immersed in distilled water (Figure 2).

It was also found that the activity of synthetic compounds
Methyur, Kamethur, and synthetic compounds, derivatives of
pyrimidine (No. 4 and 7) was higher than the activity of auxins
IAA and NAA. The indicators of the total number of roots
(pcs) obtained on isolated stem cuttings of haricot bean after
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Figure 1: The effect of auxins IAA and NAA, synthetic compounds Ivin, Methyur,
Kamethur, and synthetic compounds, derivatives of pyrimidine (No. 1 - 7), used at
a concentration of 107 M, on the rooting of isolated stem cuttings of haricot bean
(P. vulgaris L.) variety Bilozernaya for 4 weeks compared to control isolated stem
cuttings of haricot bean (K).

Control  IAA  NAA Methyur Kamethur Ivin 1 2 3 4 5 6 E

Figure 2: The effect of auxins IAA and NAA, synthetic compounds Ivin, Methyur,
Kamethur and synthetic compounds, derivatives of pyrimidine (No. 1 - 7), used at

a concentration of 107 M, on indicators of the total number of roots (pcs) obtained
on isolated stem cuttings of haricot bean (P. vulgaris L.) variety Bilozernaya for 4
weeks compared to control isolated stem cuttings of haricot bean (K).

treatment with synthetic compounds Methyur, Kamethur, and
synthetic compounds, derivatives of pyrimidine (No. 4 and 7)
statistically significantly exceeded: by 11% - 54% the similar
indicators obtained on isolated stem cuttings of haricot bean
after treatment with auxin IAA and by 3% - 46% the similar
indicators obtained on isolated stem cuttings of haricot bean
after treatment with auxin NAA, respectively (Figure 2).

Synthetic compounds, derivatives of pyrimidine (No.
1, 3, 5) showed less activity, indicators of the total number
of roots (pcs) obtained on isolated stem cuttings of haricot
bean after treatment with these compounds statistically
significantly increased by 7% - 10%, compared to similar
indicators obtained on control isolated stem cuttings of
haricot bean immersed in distilled water (Figure 2).

At the same time, indicators of the total number of roots
(pcs) obtained on isolated stem cuttings of haricot beans
immersed in a water solution of the synthetic compound Ivin
and synthetic compounds, derivatives of pyrimidine (No. 2
and 6), which were used at a concentration of 10”7 M, almost
did not statistically significantly exceed or were statistically
significantly lower than similar indicators obtained on control
isolated stem cuttings of haricot bean immersed in distilled
water (Figure 2).

The conducted studies also showed that the indicators of
the total length of roots (cm) obtained onisolated stem cuttings
of haricot beans immersed in a water solution of auxins IAA
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and NAA, synthetic compounds Ivin, Methyur, Kamethur and
synthetic compounds, derivatives of pyrimidine (No. 1 - 7),
which were used at a concentration of 10”7 M, exceeded similar
indicators obtained on isolated stem cuttings of haricot bean
immersed in distilled water (control) (Figure 3).

The highest regulatory activity was shown by the auxins
IAA and NAA, as well as synthetic compounds Ivin, Methyur,
and Kamethur, and synthetic compounds, derivatives of
pyrimidine (No. 1, 5,and 6). The indicators of the total length of
roots (cm) obtained on isolated stem cuttings of haricot beans
statistically significantly increased: by 191% - after treatment
with IAA, by 156% - after treatment with NAA, by 153% -
after treatment with Methyur, by 131% - after treatment with
Kamethur, by 113% - after treatment with Ivin, and by 108 -
181% - after treatment with synthetic compounds, pyrimidine
derivatives (No. 1, 5 and 6), compared to similar indicators
obtained on control isolated stem cuttings of haricot bean
immersed in distilled water (Figure 3).

Synthetic compounds, derivatives of pyrimidine (No. 2,
3,4 and 7) showed less activity, indicators of the total length
of roots (cm) obtained on isolated stem cuttings of haricot
bean after treatment with these compounds statistically
significantly increased by 63% - 100%, compared to similar
indicators obtained on control isolated stem cuttings of
haricot bean immersed in distilled water (Figure 3).

It was also found that the activity of the synthetic
compound, a derivative of pyrimidine (No. 1) exceeded the
activity of auxin NAA. The indicators of the total length of
roots (cm) obtained on isolated stem cuttings of haricot beans
after treatment with this compound statistically significantly
exceeded by 25% similar indicators obtained on isolated stem
cuttings of haricot beans after treatment with auxin NAA
(Figure 3).

Thus, the obtained data indicate that synthetic compounds
Ivin, Methyur, Kamethur, and synthetic compounds,
derivatives of pyrimidine (No. 1, 4, 5 and 7) revealed high
auxin-like activity on the rooting of isolated stem cuttings
of haricot bean (P. vulgaris L.) variety Bilozernaya. Synthetic
compounds, and derivatives of pyrimidine (No. 2, 3, and 6)
showed less activity.

Summarizing the results obtained, it should be noted that
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Figure 3: The effect of auxins IAA and NAA, synthetic compounds Ivin, Methyur,
Kamethur and synthetic compounds, derivatives of pyrimidine (No. 1 - 7), used at
a concentration of 107 M, on indicators of the total length of roots (cm) obtained
on isolated stem cuttings of haricot bean (P. vulgaris L.) variety Bilozernaya for 4
weeks compared to control isolated stem cuttings of haricot bean (K).
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synthetic compounds Ivin, Methyur, and Kamethur were
studied in our previous works [35-37], which showed their
both auxin-like and cytokinin-like regulatory effects on the
growth and development of various crops during ontogenesis
and organogenesis of plant shoots and roots in vitro in
concentrations from 10° M to 107 M.

In work [35], we investigated the use of synthetic
compounds Ivin, Methyur, and Kamethur to increase the yield
of grain sorghum (Sorghum bicolor L.) and sweet sorghum
(Sorghum saccharatum L.) of different varieties. It was shown
that the yield indicators (panicle length and fresh grain
weight) of sorghum plants grown for 4 months in the field,
treated with Ivin, Methyur, and Kamethur at a concentration
of 107 M, exceeded the yield indicators of control plants
treated with distilled water. Based on the obtained results, a
conclusion was made about the high growth regulatory effect
of synthetic compounds Ivin, Methyur, and Kamethur, similar
to phytohormones auxins and cytokinins.

In work [36], we studied the effect of synthetic compounds
Ivin, Methyur, and Kamethur on the growth and productivity
of the sunflower (Helianthus annuus L.) variety Bastion. It
was shown that the growth regulatory activity of synthetic
compounds Ivin, Methyur, and Kamethur was similar to or
higher than the growth regulatory activity of auxin IAA. It
was found that the treatment of seeds before planting in the
soil with synthetic compounds Ivin, Methyur and Kamethur
at a concentration of 107 M contributes to an increase in
morphological parameters (length of shoot and root, fresh
weight of plant and basket) and biochemical parameters
(content of chlorophylls a and b, and carotenoids) of sunflower
(H. annuus L.) variety Bastion, grown in field conditions for 3
months.

In work [37], we studied the effect of synthetic compounds
Ivin, Methyur, and Kamethur on the organogenesis of shoots
and roots of the miniature rose (Rosa mini L.) in vitro. It is
shown that the effect of synthetic compounds Ivin, Methyur,
and Kamethur, which were used in concentrations of 10° M,
10°M, and 107 M per 1 liter of MS medium (Murashige and
Skoog) on the organogenesis of shoots and roots of miniature
rose (R. mini L.) in vitro is similar or higher than the effect of
the plant hormone auxin IAA used in the same concentrations.
Synthetic compounds Ivin, Methyur, and Kamethur showed
the greatest influence on the organogenesis of shoots and
roots of the miniature rose (R. mini L.) in vitro when applied
in concentrations: Ivin in concentrations of 10°M and 10°
M, Kamethur in concentrations of 10°M and 10° M, Methyur
in concentrations of 10°M and 107 M. The plant hormone
auxin IAA showed the greatest effect on the organogenesis
of shoots and roots of miniature rose (R. mini L.) in vitro
when used as a component of MS medium in concentrations
of 10°M and 107 M per 1 liter of MS medium. The obtained
results confirmed both auxin-like and cytokinin-like effects
of synthetic compounds Ivin, Methyur, and Kamethur on the
plant cell elongation, division, and differentiation, which are
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the main processes of organogenesis of shoots and roots of the
miniature rose (R. mini L.) in vitro.

Analyzing the relationship between the chemical structure
and biological activity of new syntheticcompounds, derivatives
of pyrimidine (No. 1, 4, 5, and 7), it can be assumed that the
high auxin-like activity of these compounds is associated
with the presence of substituents in their chemical structure:
compound No. 1 contains an ethylthio group in position 2, a
hydroxyl group in position 4 and a methyl group in position 6;
compound No. 4 contains an isopropyl substituent in position
2,ahydroxyl group in position 4, and a methyl group in position
6; compound No. 5 is the sodium salt of 4-hydroxypyrimidine-
2-thiolate; compound No. 7 contains a benzylthio group in
position 2 and a hydroxyl group in position 4 (Table 1).

At the same time, a decrease in the auxin-like activity of
new synthetic compounds, derivatives of pyrimidine (No. 2,
3, and 6) can be explained by the presence of substituents in
the chemical structures of these compounds: compound No.
2 contains a propylthio group in position 2, a hydroxyl group
in position 4 and a methyl group in position 6; compound No.
3 contains a benzylthio group in position 2, a hydroxyl group
in position 4 and a methyl group in position 6; compound No.
6 contains a methylthio group in position 2 and a hydroxyl
group in position 4 (Table 1).

It is possible to assume that the high growth regulatory
activity of most active synthetic compounds Ivin, Methyur,
Kamethur, and new synthetic compounds, derivatives of
pyrimidine (No. 1, 4, 5 and 7), is explained by their specific
auxin-like stimulating effect on the proliferation, elongation
and differentiation of plant cells, which are the main processes
of the formation and growth of plant roots, as well on the
biosynthesis, metabolism and signaling of endogenous auxins
in plant cells [40-44].

It is planned to further compare the results obtained in
this work on the effect of synthetic compounds Ivin, Methyur,
Kamethur and new synthetic compounds, derivatives of
pyrimidine (No. 1 - 7) on the rooting of isolated stem cuttings
of haricot bean (P. vulgaris L.) variety Bilozernaya with the
regulating effect of all these synthetic compounds, used for
seed treatment, on the growth and development of haricot
bean plants (P. vulgaris L.) in the vegetative stage. These
studies will contribute to the further development of new
effective growth regulators used in agriculture to improve
the growth and development and increase the yield of haricot
bean plants (P. vulgaris L.).

Conclusion

The data obtained indicate the prospect of practical use
of synthetic compounds Ivin, Methyur, Kamethur, and new
synthetic compounds, derivatives of pyrimidine (No. 1, 4, 5
and 7) as effective substitutes for phytohormones auxins to
improve the vegetative propagation of haricot bean plants
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(Phaseolus vulgaris L.) and other plant species of the family
Fabaceae by stem cuttings.
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