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Based on literature data on alkylating agents belonging to alkyl/aryl sulfonamides
and sulfonates class, a docking study was conducted on enzymes involved in the
proliferation of tumor cells located in the colon. In this approach several molecular
structures were designed and investigated for their potential inhibitory activity on
cyclin-dependent kinases. Based on computed promissing results, their synthesis was
performed. The selected compunds are: 2,6-dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-4-amino-benzenesulfonate (C-1) and N-(2,6-Dimethylphenyl)-2-(2,6dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-oxy)acetamide (C-2). The biological targets used for screening are isoforms of the cyclin-dependent kinase, retrived
from Protein Data Bank. The synthetized compounds were characterized by UV-Vis,
FT-IR and 1H-NMR. Their purity was verified by HPLC chromatography. The
molecular docking study revealed a possible inhibitory effect of the investigated
ligands on certain cyclin-dependent kinases, but these in silico preliminary results
constitute indicative data offering only the starting points in structural modeling for
the obtainment of new valuable molecules pharmacologically actives. The toxicity
test of the synthesized compounds, C-1 and C-2, was performed on the plant cell,
using wheat caryopsis, Triticum vulgare Mill, by applying a bioassay, called the
Constantinescu phytobiological method.

INTRODUCTION*
Starting from literature data on alkylating
agents from the class of sulfonamides and alkyl or
*

aryl sulfonates, a specific docking study on several
enzymes involved in the proliferation of tumor
cells located in the colon, was considered useful.1-4
Thus, several molecular structures were designed
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and investigated to assess their activity as inhibitor
agents of cyclin-dependent kinases. Following the
conclusions of the docking studies, two molecules,

C-1 and C-2 (Figs. 1-2), respectively, were
selected and characterized.
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Fig. 1 – Structure of C-1.

Fig. 2 – Structure of C-2.

C-1 structure belongs to the class of aryll
sulfonates and it contains two important
pharmacophore groups for antitumor potency: a
primary amino group and an N1-substituted
pyrimidine ring. It is well known that in the large
group of antitumors, structurally modified
pyrimidine bases play important therapeutic role
(example given the chemotherapy drugs 5fluorouracil or nucleoside derivatives such as
gemcitabine5,6). The C-2 compound contains a
modified pyrimidine heterocycle and an
amidoether group in an extended conjugation
system. The two selected structures belong to a
larger group of candidate molecules differently
substituded at the N-1 nitrogen atom on the
pyrimidine or benzene ring.

EXPERIMENTAL
Synthesis
of
2,6-dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-4-amino-benzenesulfonate
(C-1):
the
synthesis of 2,6-dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin4-yl-4-aminobenzene-sulfonate (C-1) was started from 4amino-benzenesulfochloride and the sodium salt of N3phenylbarbituric acid. Studying the specialized literature,
several possibilities of work were indentified, taking into
account the polarities of the raw materials and the need to
purify the product in a convenient way (Fig. 3).
The synthesis took place at room temperature and had a
yield of 17-48%, depending on the used solvent (Table 1). The
reaction time varied between 6 and 8 hours and did not
influence the yield after 8 hours.

Fig. 3 – Reaction 4-amino-benzenesulfochloride and the sodium salt of N3-phenylbarbituric acid
Table 1
Working options chosen for the synthesis of the compound C-1
Solvent

Time, (hours)

Temperature, (°C)

Yield, ( %)

Acetonitrile
Methylene chloride
Acetone/sodium acetate
Acetone/NaOH
Methylene chloride/pyridine

7
7
8
8
6

20
20
20
20
20

32
30
48
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Fig. 4 – Reaction 2,6-dimethyl-choloroacetanilide and the sodium salt of N3-phenylbarbituric acid.
Theoretically, a neutralizing agent should not be added
because the reaction takes place with the direct formation of
NaCl. However, literature data indicates that it is useful to use
a small amount of neutralizer. Some recipes even suggest
water as a medium in which sodium carbonate is dissolved.7-10
Given the reactivity of 4-amino-benzenesulfochloride in the
hydrolysis reaction, we chose working variants in methylene
chloride/pyridine or other weakly polar solvents (acetone,
acetonitrile) anhydrous. The removal of the reaction medium
can be done quite easily by azeotropic distillation; unreacted
4-amino-benzenesulfochloride is entrained in an azeotrope.
Recrystallization of the product after removal of the solvent
was made of absolute ethanol. The final compound has a
melting point of 199°C.
Synthesis of N-(2,6-dimethylphenyl)-2-(2,6-dioxo-1-phenyl1,2,5,6-tetrahydropyrimidin-4-yl-oxy) acetamide (C-2): the
compound was obtained by condensing 2,6-dimethylcholoroacetanilide with sodium N-phenyl barbiturate. We
initially used absolute ethanol, absolute ethanol + DMSO or
anhydrous toluene on sodium as the reaction medium. The
yields were very low when we used toluene as the reaction
solvent, but we obtained better results when the reaction
medium was strongly polar. The use of DMSO, however,
raised serious problems in precipitating and washing the
compound. The removal of DMSO is done with a large
amount of water and after several washing operations, which
lead to large losses of reaction product. Using the mixture of
absolute ethanol + HMPA (hexamethylphosphorotriamide) we
obtained the best yields at an average heating time of 6 hours,
according to the scheme illustrated in Fig. 4.
The precipitation of the compound was made from
saturated sodium chloride solution, on an ice bath under
continuous, slow stirring, about one hour. For recystalization
we used isopropyl alcohol. Drying was done in the oven, at
about 80°C.
Working recipe
To a 10 mL reflux flask were added: 2,6-dimethylchloroacetanilide 1.977 g (0.01 mol), sodium Nphenylbarbiturate 2.261 g (0.01 mol) + a small excess,
absolute ethanol 5 mL and 6 drops of HMPA. A water-cooled
rising refrigerant fitted with a calcium chloride tube was fitted
to the reflux flask. Heating was performed on an electric bath
for 6 hours at 135°C. At regular intervals, the course of the
reaction was verified by the Beilstein test. After 6 hours the
sample was negative, indicating the total consumption of the
chloroacetanilide intermediate. The reaction mixture was

brought into a 100 mL Berzelius flask in a saturated solution
of sodium chloride and crushed ice. The vessel was placed on
a magnetic stirrer and stirred for 4 hours. The crude product
was precipitated and filtered under reduced pressure and then
dried in a desiccator for 24 hours. The crude product was
weighed and the yield was calculated (12.5%). The reaction
product was recrystalized twice from isopropyl alcohol and
the melting point was determined (165°C). A large amount of
product was lost to crystallization when used in the DMSO or
HMPA reaction medium. If a less polar or non-polar solvent is
used, the reaction proceeds more slowly and with a lower
yield, in the reaction mass is found the chloroacetylated
intermediate, very difficult to remove later. The purity of the
compound was verified by determining the melting
temperature but also by HPLC using a UV spectrometer as a
detector.
Spectral characterization: the UV-Vis spectrum was
performed on an absolute methanol solution with an Analitik
Jena Specord 40 device.
The UV-Vis spectrum of 2,6-dioxo-1-phenyl-1,2,5,6tetrahydropyrimidin-4-yl-4-aminobenzenesulfonate (C-1)
The analyzed molecule has two chromophores that
determine through the transitions * benzenoid bands (B).
The two bands are partially overlapping, the device causing a
slightly displaced bathochrome band at 271 nm, assigned to
the ring substituted with the amino group (auxochrome) and a
second band with a maximum at a lower value (247 nm)
assigned to the benzene ring grafted to N-1 on the primordial
ring. The SO2-O- group through the n* transitions of the
S=O system determines the band at 221 nm less characteristic
and partially superimposed over the ethylene band.
The UV-Vis spectrum of N-(2,6-dimethylphenyl)-2-(2,6dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-oxy)
acetamide (C-2)
The N-substituted barbitoxyacetanilide molecule does not
have many chromophores leading to a spectrum with multiple
absorption bands. The main chromophore is the benzene ring
which can give * transitions leading to ethylene (E) and
benzenoid (B) bands. n* transitions can also occur due to
the presence of heteroatoms but difficult to assign. It is found
that there is a single wide absorption band with a maximum at
237 nm that is not symmetrical indicating that several bands
are covered.
In order to characterize the compound, the second and
fourth derivatives were also registered, which highlight the
existence of the ethylene bands, E1 and E2, of conjugation, K
and benzenoid B bands. It is noted that the benzenoid band has
max at a lower value (251 nm) than unsubstituted benzene
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(254 nm). The simple substitution of benzene with an
acetylamino group has a weak hypsochromic effect. The
existence of some methyl radicals on the benzene nucleus has
a bathochrome effect max reaching 268 nm.
Vibration-rotation spectra (FT-IR) were performed using
two Fourier transform spectrometers, Bruker Vertex 70 and
BIORAD FTS 135, respectively, for potassium bromide
tablets.
2,6-dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-4aminobenzenesulfonate (C-1)
The primary aromatic amino group determines through the
elongation vibrations C-N a narrow band of medium and
characteristic intensity, at 1338 cm-1, in the imprint region.
Symmetrical and antisymmetric elongation vibrations N-H
occur in the form of wide bands of medium intensity at about
3380 cm-1. These strips are partially overlapping. Analyzing
the IR spectrum of the raw material, 4-aminobenzenesulfochloride, we find the disappearance of the band from
1262 cm-1 attributed with certainty to the symmetrical
vibration SO2 and the change of the band from 1392 cm-1
attributed to the antisymmetric vibration. In the product C-1
the elongation vibration band due to the group S=O is at 1410

cm-1 and is probably the one due to the antisymmetric
vibration.
N-(2,6-dimethylphenyl)-2-(2,6-dioxo-1-phenyl-1,2,5,6tetrahydropyrimidin-4-yl-oxy)acetamide (C-2)
The FT-IR spectrum of N-(2,6-dimethylphenyl)-2-(2,6dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-oxy) acetamide
shows the existence of the band due to NH valence vibration
in the amide group, at 3300 cm-1 the band assigned to both
associated and unassociated molecules (Fig. 5). Narrow and
low intensity band from about 3200 cm-1 could be mainly due
to vibration N-H for unassociated molecules, it being not
identical to the sodium salt of the intermediate barbiturate
derivative. For the methyl groups the bands due to
antisymmetric vibrations are present, at 2964 cm-1 and for the
methylene groups the same bands are at 2931 cm-1.
The symmetrical valence vibrations for the two groups
occurring at close values of the wave numbers form practically
a single band at an average value of 2872 cm-1 (Fig. 5).
The valence vibrations corresponding to the C-H bonds on the
benzene rings are at 3064 cm-1. We estimate at 3126 cm-1 the
production of the band corresponding to the methylene group
on the pyrimidine ring. The methylene group in the
-NHCOCH2-O- bridge cannot be exactly determined, as it
produces bands superimposed over those of the methyl group.

Fig. 5 – Vibration-rotation spectrum (FT-IR)
of N-(2,6-dimethylphenyl)-2-(2,6-dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-oxy)acetamide (C-2).
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Fig. 6 – a) 1H-NMR chemical data shifts for C-1.
The vibrations of the carbonyl groups in the amide groups
(amide band I) and oxopyrimidine have different force
constants and lead to the existence of at least two absorption
bands: one at 1659 cm-1, due to the diketopyrimidine structure,
higher value, corresponding to a stronger C=O bond and
another at 1606 cm-1 corresponding to the weaker amide bond,
-NHCOCH2-. Both bands are very intense, the most intense in
the spectrum. A band present constantly, practically at the
same value of the wave numbers, for all the analyzed
compounds is on average at 1582 cm-1, and was considered the
amide band II. The bands due to ring vibrations (aromatic)
have values that differ more from each other depending on the
nature and number of substituents on the benzene ring. The
deformation vibrations and also lead to the corresponding
absorptions, but partially overlapped at 1414 cm-1 (wide
band). The newly formed ether bond following O-alkylation is
highlighted by the presence of the 1310 cm-1 band, a band that
is missing in the raw materials. A clear proof that the
condensation reaction of chloroacetanilide intermediates with
barbiturate derivatives took place, is the disappearance of the
C-Cl band from the 800-600 cm-1 region. The other absorption
bands in the imprint region are more difficult to assign, many
of them being harmonics of the bands described above. The
infrared absorption bands of the new compounds confirm the
production of the sodium salt O-alkylation reaction of
barbiturate derivatives with chloroacetanilides, a new reaction
not mentioned in the literature.
Proton magnetic resonance spectra, 1H-NMR were
performed on solutions in CDCl3 and DMSO-d6, with a
90 MHz Varian apparatus.
1H-NMR
of
2,6-dioxo-1-phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-4-aminobenzenesulfonate (C-1): the spectrum
reveals the flattened signal of the protons of the amino group
(singlet) at 4.01 ppm (2H). Aromatic protons give signals
between 6.7 and 7.8 ppm, the 90 MHz device being able to
distinguish between the positions on the ring. The methylene
group on the pyrimidine ring causes a singlet at 2.31 ppm (Fig.
6a).
1H-NMR
of N-(2,6-dimethylphenyl)-2-(2,6-dioxo-1phenyl-1,2,5,6-tetrahydropyrimidin-4-yl-oxy)acetamide (C2): the protons on the aromatic rings show characteristic
chemical shifts at 7.76-6.85 and 7.00-7.64 ppm (Fig. 6b),
respectively, but the signals partially overlap and are more
difficult to assign.
The proton of the amido group has the highest chemical
displacement being strongly de-shielded, its signal being at 8.0
ppm (singlet). The protons of the methyl groups give a
characteristic signal at 2.35 ppm. The methylene group on the
bridge and the methylene group on the pyrimidine ring,
respectively, give signals at higher chemical displacement
values, due to the shielding produced by the neighboring

Fig. 6 – b) 1H-NMR chemical data shifts for C-2.
carbonyl groups. These signals appear as singles because the
respective protons do not couple. It should be noted that in the
partially deuterated CDCl3+DMSO solution the tautomer
equilibrium is almost completely shifted to the ketopiperidine
form, the signal of the methylene group being easy to identify.
Molecular docking procedure
A virtual molecular docking study was conducted to
estimate the ability of the two synthesized compounds (C-1,
C-2) to interact inhibitively with the ATP site of several
cyclin-dependent kinases, with recognized role in the
development and progression of the cancers of the colon.
Molecular docking is a wide used technique in the field of new
drug discovery, aiming to predict the binding affinity of
various chemical compounds to their biological targets
represented by proteins (enzymes or receptors) or nucleic
acids.11-14
The biological targets used in this study were several
isoforms of the cyclin-dependent kinase class. The threedimensional structures of co-crystals in the complex with the
corresponding cyclins (active conformation) and native
inhibitors were downloaded from the RCSB-PDB database:
cyclin-dependent kinase 1 (CDK1) in the complex with cyclin
B and the inhibitor AZD-5438 (PDB ID: 6GU3), cyclindependent kinase 2 (CDK2) in complex with cyclin A and
inhibitor NU-6102 (PDB ID: 1H1S), cyclin-dependent kinase
5 (CDK5) in complex with p25 and seliciclib inhibitor (PDB
ID: 1UNL), kinase cyclin-dependent 6 (CDK6) complex with
cyclin V and palbociclib inhibitor (PDB ID: 2EUF), cyclindependent kinase 8 (CDK8) in complex with cyclin C and
inhibitor 0SQ (PDB ID: 4F6S), cyclin-dependent kinase 9
(CDK9) ) in complex with cyclin T and SLQ inhibitor (PDB
ID: 3LQ5)15. The structure of the co-cristallyzed ligands are
given in Figs. 7-12. The kinase structures were prepared by
removing solvent and inhibitor molecules using UCSF
Chimera 1.13.1 and loaded into the PyRx 0.8 interface with
the help of which polar hydrogen atoms and Kollman partial
charges were added. The coordinates of the three-dimensional
structures of the synthesized compounds were generated using
OpenBabel 2.4.1. The 3D structures of the experimental CDK
inhibitors in the co-crystallized complexes were downloaded
from the PubChem database and considered positive controls.
The 3D structures of the ligands were loaded into PyRx and
prepared for screening by adding polar hydrogen atoms and
Gasteiger partial charges. The docking algorithm used was
AutoDock Vina 1.1.2, which generated the conformations of
the protein-ligand complex and the corresponding free binding
energies (ΔG), expressed in Kcal⋅ mol-1. The search space
chosen for the docking algorithm was represented by the ATP
binding site.
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Fig. 7 – Structure of NU-6102.

Fig. 10 – Structure of Seliciclib.

Fig. 8 – Structure of AZD-5438.

Fig. 11 – Structure of Palbociclib.

Predicted interactions between enzymes and ligands were
visualized and analyzed using the BIOVIA Discovery Studio
Visualizer program (Dassault Systèmes BIOVIA, Discovery
Studio Modeling Environment, Release 2017). The free
binding energy was converted to predicted values of the
decimal logarithm with changed sign of the inhibition constant
(pKi), as a measure of the affinity for the enzyme, according to
Eq. 1. The affinity for the biological target varies inversely
with the free binding energy and directly with pKi.
,

(Eq.1)

where pKi - decimal logarithm with changed sign of the
inhibition constant; Ki - inhibition constant (mol·L-1); ΔG free binding energy (Kcal·mol-1); T = 298.15 - absolute

Fig. 9 – Structure of SLQ.

Fig. 12 – Structure of 0SQ.

temperature (K) equivalent to a temperature of 25°C; R =
1.98719·10-3 - universal gas constant (kcal·K − 1·mol− 1).
Molecular docking results and discussions
A virtual screening based on above-mentioned molecular
docking methods was performed to estimate the affinity of the
synthesized C-1 and C-2 compounds for several cyclin-dependent
kinase isoforms. Thus, the interactions between the 2 molecules
and the structures of 6 kinases with implications in the pathology
of colon cancer were simulated: CDK1, CDK2, CDK5, CDK6,
CDK8 and CDK9. The simulated conformations of the known
protein-inhibitor complexes showed a good superimposability
with the real ones, thus conferring the validity of the model used
(as shown in Fig. 13).

Fig. 13 – Overlapping the conformation generated by the docking algorithm with the real one of the known inhibitors:
A). CDK1; B). CDK2; C). CDK5; D). CDK6; E). CDK8; F). CDK9;
green - the conformation of the co-crystallized ligand; purple - the simulated conformation of the inhibitor.
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The free binding energies, the values of the decimal logarithm
with changed sign of the inhibition constants and the amino acids
involved in the formation of hydrogen bonds are presented in
Table 2 for all the 6 CDK isoforms. Following the molecular
docking study, values of free binding energy between -9.6 and 7.8 Kcal/mol were obtained for the two compounds, respectively
values between 5.72 and 7.04 for Ki.
Both CK1 and C-2 had higher potencies for CDK1 than the
experimental inhibitor AZD-5438. Instead, it should be borne in
mind that software packages used for molecular docking studies
may have an error in estimating the free binding energy of
approximately ± 2-3 Kcal/mol. The AZD-5438 inhibitor formed
hydrogen bonds with 2 amino acids: Ile10, respectively Lys89 and
showed a free binding energy of -8 Kcal/mol. The strength of the
interaction of compound C-1 with the CDK1 isoform was
characterized by a ΔG value of -8.9 Kcal/mol. The protein-ligand
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complex is stabilized by the formation of 2 hydrogen bonds,
between the oxygen of the phosphoric ester and Asp86,
respectively between the aromatic amine and Glu8 (Fig. 14).
Also, between CDK1 and C-1 there are a series of interactions alkyl, -sigma, -cation, and hydrophobic forces to which the 2
phenyl radicals contribute. The CDK1-C2 complex is
characterized by a minimum binding energy of -9.6 Kcal/mol,
corresponding to a pKi of 7.04, showing a high affinity for the
enzyme. The formation of 3 hydrogen bonds (Ile10, Asp86,
Gln132), a carbon-hydrogen bond with the rest of Asp86, alkyl, alkyl, -sigma, -cation and hydrophobic interactions contribute
to the stability of the complex (Fig. 15). The hydrogen bond with
the amino acid Ile10 was also observed in the case of the
interaction between the positive control, AZD-5438 and the
enzyme.

Table 2
Enzyme ligand affinities and amino acid residues involved in the formation of hydrogen bonds
ΔG - free binding energy (Kcal/mol); pKi - decimal logarithm with changed sign of the inhibition constant

-8,9

CDK1
Hydrogen
pKi
bonds
6,53
Glu8, Asp86

C2

-9,6

7,04

AZD-5438
NU-6102

-8,0
-

5,87
-

Selicyclib

-

-

Comp.

ΔG

C1

Ile10, Asp86,
Gln132
Ile10, Lys89
-

C1

-8,9

CDK6
Hydrogen
pKi
bonds
6,53
-

C2

-9,6

7,04

Palbocyclib
0SQ

-11,1
-

8,14
-

Ile19, Val101,
Asp104
Ile19, Val101
-

SLQ

-

-

-

ΔG

ΔG

CDK5
pKi

-9,3

CDK2
Hydrogen
pKi
bonds
6,82
Glu8, Asp86

-8,7

6,38

-9,5

6,97

Ile10

-8,6

6,31

Hydrogen
bonds
Glu8, Asp86,
Asn144
Cys83, Lys89

-9,9

7,26

-

-

-

-

-

Asp86,
Gln131,
Asn132
-

ΔG

-8,4

-8,3

CDK8
Hydrogen
pKi
bonds
6,09
Glu55, Arg65

-7,8

-8,6

6,31

-8,3

-9,4

6,89

-

-

ΔG

Arg65,
Asp173
Glu66,
Asp173
-

ΔG

6,16
Glu12, Cys83
CDK9
Hydrogen
pKi
bonds
5,72
Ile25,
Asp109,
Lys151,
Asn154
6,09
Ile25

-

-

-

-8,9

6,53

Phe30,
Ala153,
Asp167

Fig. 14 – A). Conformation of the CDK1-C-1 complex; B). Interactions between C-1 and CDK1.
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Fig. 15 – A). Conformation of the CDK1-C-2 complex; B). Interactions between C-2 and CDK1.

Fig.16 – A). Conformation of the CDK5-C-1 complex; B). Interactions between C-1 and CDK5.

Fig. 17 – A). Conformation of the CDK5-C-2 complex; B). Interactions between C-2 and CDK5.
Both analyzed compounds showed higher binding energies
than the positive control (NU-6102) in the case of CDK2 isoform,
having binding energies of -9.3 (C-1), -9.5 (C-2) and -9.9,
respectively (NU-6102). Of these, only C-1 formed a common
hydrogen bond with that of the positive control, thus interacting
through a strong interaction with Asp86 amino acid residue. Both
synthetic compounds had lower binding energies than the
seliciclib positive control, corresponding to higher affinities for
the CDK5 enzyme. C-1 showed an energy of -8.7 Kcal/mol and
formed hydrogen bonds with 3 amino acids residues (Glu8,
Asp86, Asn144). Weak interactions, such as -alkyl, -sigma, cation, - and hydrophobic, also contribute to the stability of the
complex with CDK5. (Fig. 16). C-1 forms 2 hydrogen bonds with
the amino acids Cys83 and Lys89, the former being also found in
the case of the interaction between seliciclib and CDK5 (Fig. 17).
In this case, the pyrimidinedione nucleus participates in the
formation of both hydrogen bonds. Aromatic nuclei are involved

in the formation of interactions with biological targets such as
alkyl, -alkyl, -, -σ, -anion, -cation and through van der
Waals forces.
Concluding the analysis of the interactions between CDK6
and the two new compounds, only for C-2 it was observed the
formation of hydrogen bonds. Thus, C-1 interacts with CDK6
exclusively by weak forces, and C-2 participates in the
formation of 3 hydrogen bonds (Ile19, Val101, Asp104), two
of the amino acids involved being common with those
observed in the reference substance, palbociclib (Fig. 18). A
value ΔG of -9.6 Kcal /mol was obtained for C-2 and formed
hydrogen bonds through the amide group (a donor and an
acceptor) and the pyrimidinedione nucleus (donor). The
CDK6-C-2 complex is also characterized by alkyl, -alkyl,
van der Waals forces interactions, but also by an unfavorable
donor-donor interaction. In both CDK8 and CDK9, lower
protein affinities were obtained than those of the positive

New 2,6-pyrimidindione derivatives
controls. In the case of interaction with CDK8, only
compound C-2 forms a common hydrogen bond with 0SQ
(Asp173). No compounds showed common hydrogen bonds
with the control SLQ in the case of CDK9 enzyme uptake.
For both compounds, affinities comparable to the positive
controls for CDK1 and CDK5 enzymes were predicted, with
favorable interactions with them. A good affinity for the active
site of the CDK6 enzyme was observed for compound C-2,
but an unfavorable interaction also occurs between the two
molecules.
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bath (Elmasonic P70H). From the two basic solutions (10%)
dilutions were made by which solutions of concentration
6.66%, 5%, 3.33%, 0.66%, 0.06% were obtained (Table 3).
The wheat cloves, selected to be as homogeneous as
possible, were soaked in water for 24 hours at room
temperature (18-25oC) and then germinated in Petri dishes
with a diameter of 15-25 cm on a paper substrate, filter
moistened with water. When the main roots reached a length
of 1 cm, 10 sprouts of germinated wheat were placed in a Petri
dish containing 15 mL of test solution. Root elongation was
assessed at the same time for 5 days. The test was repeated to
verify the reproducibility of the results obtained.
Observations were made on morphological changes such
as the appearance and number of roots, the appearance and
length of the epicotyl.
For the purpose of the microscopic study, the wheat embryo
root was sectioned, more precisely in the meristematic area of the
main roots at a distance of about 5 mm from the top and stained
(by slight heating) with dilute acetic acid, high affinity dye for
chromatin in acid medium (the acidic pH is required for the
hydrolysis of the chromatic material in the meristems, which then
turns purple red). Orcein is a natural dye extracted from lichens of
the genera Rocella and Lecanora.
The colored preparations were then examined by
immersion in cedar oil under the Nikon Labophot II optical
microscope (Ob. 10X and Ob. 100X) with digital camera.
These macroscopic observations completed with the
microscopic examination revealed:
• the effect of the tested solutions on the root elongation
and the development of the shoots in the seedlings of Triticum
vulgare Mill.
• influence of tested solutions on the frequency and
development of mitosis in root meristematic cells of Triticum
vulgare Mill.

Determination of toxicity of synthesized compounds
C-1 and C-2 on the plant cell
A bioassay using wheat caryopsis, Triticum vulgare Mill,
was used to determine the toxicity of C-1 and C-2 compounds
synthesized and purified on the plant cell. This biotest is called
the Constantinescu phytobiological method.16,17
The biological material used was the embryonic roots of
wheat caryopsis (Triticum vulgare Mill. Dropia variety 2005,
from I.C.C.P.T. Fundulea), germinated and treated in
laboratory conditions. The principle of the method consists in
determining the maximum active dilution of the studied
solution which, depending on the duration of action,
influences the root elongation and the karyokinetic film.
Wheat testing method developed by Prof. Dr. Doc. D. G.
Constantinescu is convenient for our test, because wheat
caryopsis reacts immediately to the action of substances, thus
allowing research to be carried out in a short time of 4-5 days,
while ensuring the accuracy and reproducibility of results.
Also, the diploid karyotype is 2n = 42 chromosomes, this large
number of chromosomes allowing all the alterations of the
mitotic film to be easily observed.
10% of the synthesized and purified compounds were used
for testing, and the dissolution was performed in an ultrasonic

Fig. 18 – A). Conformation of the CDK6-C-2 complex; B). Interactions between C-2 and CDK6.
Table 3
Methodology for obtaining the tested solutions
Sample

Solution (mL)

Distilled water (mL)

X1
X2
X3
X4
X5
X6

15
10
7.5
5
1
0.1

5
7.5
10
14
14.9

where X = C-1 and C-2 synthesized and purified compounds

Total solution
(mL)
15
15
15
15
15
15

Concentration (g% active
substance)
10%
6.66%
5%
3.33%
0.66%
0.06%
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Plant cell toxicity assessment results and discussions
Macroscopic examination
The Triticum test was performed to assess root growth
compared to the control for each solution. These were coded
as follows: A - compound C-1 and B - compound C-2.
The average values of root elongation for each sample
tested in the five days, using the technique of linear
measurements, are shown in Fig. 19, 20.
The results of macroscopic observations on day 5 are
shown in Fig. 20.
From the analysis of the data presented on the elongation
of the embryonic root of Triticum vulgare produced by the
aqueous solutions studied, it was found that:

• in the case of the two solutions (compound C-1 and
compound C-2) at high concentrations (10g%, 6.66g%, 5g%,
3.33g%, 0.66g%) there is inhibition of root elongation by over
80 % to control, indicating a particularly strong inhibitory
effect;
• in the case of the lowest active substance concentration
(0.06%) taken into account, it was found that for compound
C-1 the inhibition of root elongation compared to the control
occurs in proportion of 17.94%, which means that compound
C-1 does not induce obvious inhibition at this concentration,
compound C-2 instead inhibits root elongation by 50.52%.

Root elongation (cm)

Fig. 19 – Graphical representation of the variation of Triticum embryonic root elongation (cm) as a function of C-1 concentration.
Root elongation (cm)

Fig. 20 – Graphical representation of the variation of Triticum embryonic root elongation as a function of C-2 concentration.
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A5

A6

B5

B6

Control M-blank solution
Fig. 20 – Photographs representing the effect on root elongation
in the case of solutions of A - compound C-1 and B - compound C-2.
Microscopic examination
The observations were made on embryonic wheat roots,
colored with acetic acid. Optical microscope readings were
performed every 24 hours.
The main karyokinetic changes produced are shown in
Fig. 21. The observation of these changes was made in
comparison with the control sample (Blank) in which the
phases of the normal mitotic division appear, the aspect of
which is shown in Fig. 22.

A1

B1

A2

B2

A3

B3

The legend:
A1-precipitated nuclear material, A2-corrugated cell wall,
A3-inhibition of kinesi and hypertrophied nuclei, A4disorganized metaphase with hypertrophied nucleoli, A5telophase with bridges, A6-elongated nucleus.
B1-corrugated cell wall, B2-disorganized metaphase with
hypertrophied nucleoli, B3 -elongated nuclei, B4- anaphase
with bridges and interfaces with hypertrophied nucleoli, B5precipitated nuclear material, B6-telophase with bridges.

A4

A5

B4

B5

Fig. 21 – Microphotographs representing the effect on the phases of cell division
in the case of solutions of A - compound C-1 and B - compound C-2.

A6

B6
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Fig. 22 – Microphotographs representing the stages of cell division observed in the control sample
(normal mitotic phases: prophase, metaphase, anaphase, telophase).
Microscopic examination of wheat embryonic roots in the
case of tested solutions showed:
• an inhibitory effect induced by most aqueous extractive
solutions tested on Chinese at high concentrations of 10% and
5%, sometimes even at low concentrations (0.66%) for both
analyzed solutions, but much lower;
• cell divisions such as anaphase, metaphase and telophase
in tropokinesis, telophase and prophase with bridges,
disorganized metaphase, most often at concentrations of
0.66% and rarer at concentrations of 10% and 5%;
• changes in the mitotic film indicating statokinetic,
mitoinhibitory effects, some chromatoclassic at high
concentrations of 10% and 5% in the case of both compounds,
nuclei with aberrant shapes, elongated appearance, with 1-3
hypertrophied nucleoli and the existence of cytotoxic or
mitodepressive effects.

CONCLUSIONS
In this paper we reported the synthesis and
spectral characterization of two compounds not
previosly mentioned in the literature, with potential
antineoplastic action. Molecular docking approach
was carried out on several cyclin-dependent
protein kinases involved in the proliferation of
tumor cells located in the colon.
The results can be summarized as follows:
1.) Values of free binding energy between -9.6 and
-7.8 Kcal/mol were obtained for the two
compounds, respectively values between 5.72 and
7.04 for pKi. Both CK1 and C-2 had higher
potencies for CDK1 than the native ligand AZD5438; 2.) Both compounds C-1 and C-2 had lower
binding energies than the selicyclib positive
control, corresponding to higher affinities for the
CDK5 enzyme. C-1 showed an energy of
-8.7 Kcal/mol and formed hydrogen bonds with
3 amino acids (Glu8, Asp86, Asn144); 3.) The
pyrimidinedione nucleus participates in the
formation of both hydrogen bonds. Aromatic

nuclei are involved in the formation of interactions
with biological targets such as alkyl, -alkyl, -,
-sigma, -anion, -cation and through van der
Waals forces; 4.) The CDK6-C-2 complex is also
characterized by alkyl, -alkyl, van der Waals
forces interactions, but also by an unfavorable
donor-donor interaction. In both CDK8 and CDK9,
lower protein affinities were obtained than those of
the positive controls. In the case of interaction with
CDK8, only C-2 forms a common hydrogen bond
with 0SQ (Asp173). No compounds showed
common hydrogen bonds with the control SLQ in
the case of CDK9 enzyme uptake; 5.) Affinities
comparable to positive controls for CDK1 and
CDK5 enzymes have been predicted for both
compounds, with favorable interactions with them.
A good affinity for the active site of the CDK6
enzyme was observed for compound C-2, but an
unfavorable interaction also occurs between the
two molecules.
Therefore, the molecular docking study
revealed a possible inhibitory effect of the two
compounds on certain enzymes of cyclindependent kinases class, but these computational
studies are preliminary and offer indicative results
that could represent a new starting approach for
molecular design of
new pharmacologically
valuable compounds. Furthermore, in vitro studies
are impreiossly necessary to confirm these
estimations and to identify a possible utility in the
therapeutic treatement of colonic neoplasms.
Plant cell toxicity studies showed a low toxic
effect at low concentrations for both compounds,
but much less for compound C-1. Solutions with
high concentrations of the active substance in both
compounds produced a toxic effect, but not very
strong. Future clinical trials will more explicitly
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highlight the toxic effect of the synthesized
compounds.
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