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carbacylamidophosphate-type compound, was synthesized and characterized by means of
IR, 1H and 31P NMR and UV-Vis spectroscopies and X-ray analysis. The molecule of the
synthesized compound has triclinic (P-1) symmetry, displays monomeric motif in crystal
and crystalizes as solvate containing methanol molecule, which is connected to
carbacylamidophosphate molecule through O(2)H(5A)–O(5) hydrogen bond. Through
– stacking interactions, the molecules of the synthesized compound are linked in the
chain along the a crystallographic axis. Several other intermolecular bonds connect these
chains along b and c crystallographic axes. The intermolecular interactions with HH and
OH contacts prevail in the crystalline structure of N-(dimethoxyphosphoryl)-1methylpyridinium-4-carboximidate, the contribution of planar stacking CC contacts
being equal to 4.1%. The synthesized compound was found to be well soluble in water. By
using computer program PASS, we established that the synthesized substance is likely can
exhibit 18 types of biological activity in experiment.
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Introduction
Carbacylamidophosphates (CAPh) are known
for their wide range of biological activity [1–3] as
well as for acting as powerful chelating ligands [4].
Gen eral
approaches
to
synthesis
of
carbacylamidophosphates are well established [4] and
allow obtaining a variety of compounds with different
substitutes. From the other side, quaternary nitrogen
atoms in the sp3 hybrid state (e.g., tetramethylammonium) or sp2 state (N-methylpyridinium) do
appear in molecules of biological interest. In
particular, N-methylpyridinium is under investigation
by scientists regarding its potential anti-carcinogenic
properties [5], chemopreventive action [6],

antioxidant capacity [7] and gastric-acid secretion
inhibiting potential [8]. Thus, the synthesis and
structure analysis of CAPh type compound with
N-methylpyridinium substitute have been of interest
in view of search for new drugs.
Herein we report synthesis, crystal structure,
IR, NMR and UV absorption spectra as well as
theoretical prediction of biological activity of new
CAPh type compound of N-(dimethoxyphosphoryl)1-methylpyridinium-4-carboximidate (Fig. 1).
Materials and methods
IR spectrum was recorded in the spectral range
of 4000–400 cm–1 using a Perkin-Elmer Spectrum
BX spectrometer on samples in the form of KBr

Fig. 1. Structural formula of possible tautomers for N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate
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pellets.
1
H NMR and 31P NMR spectra were obtained
for the titled compound solution in DMSO-d6 on
an AVANCE 400 Bruker NMR spectrometer at room
temperature.
The absorption spectrum was recorded on
KSVU-23 «LOMO» spectrometer.
Õ-ray diffraction data were collected on an
«Xñalibur-3» diffractometer equipped with graphitemonochromated MoK radiation at 100 K. The
structure was solved by direct methods and refined
by full-matrix least-squares on F2 using SHELX-2016
program [9]. Positions of the hydrogen atoms were
located from electron density difference maps and
refined by «riding» model with Uiso=nUeq of the
carrier atom (n=1.5 for methyl groups and n=1.2
for other hydrogen atoms). Final atomic coordinates,
geometrical parameters and crystallographic data have
been deposited with the Cambridge Crystallographic
Data Center, 11 Union Road, Cambridge, CB2 1EZ,
UK (E-mail: deposit@ccdc.cam.ac.uk; fax: +44 1223
336033). CCDC number 2062594.
Biological activity prediction for the titled
compound was performed using computer program
PASS (Prediction of Activity Spectra for Substances)
version 9.1, which predicts 3750 kinds of biological
activity with the average prediction accuracy of about
95% [10].
Results and discussion
Synthesis and spectral characterization
N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate was obtained in two stages
(Scheme 1). The known [4], but rarely used for
CAPhs synthesis approach by using azide as precursor
was applied to obtain the target compound.
Stage (1): to a stirred at 00C mixture of 1.37 g
(0.01 mol) of 4-pyridinecarboxylic acid hydrazide
in 13 mL of water, 7 mL of diethyl ether and 12 mL
of 1 N hydrochloric acid, the solution of 0.78 g
(0.011 mol) of sodium nitrite in 5 mL of water was
added dropwise. After complete addition, the mixture
was stirred for 45 minutes. Then the mixture was
carefully treated by 5.04 g (0.06 mol) of solid
NaHCO3 and extracted with three 100 mL portions
of diethyl ether. The extracts were combined, dried
over anhydrous sodium sulfate and filtered. The
filtrate was evaporated under reduced pressure to
O

N

the volume 20 mL and the obtained azide was used
in the next stage without further purification.
Stage (2): to the well stirred and cooled to
–50C solution of 4-pyridinecarboxylic acid azide in
diethyl ether, the solution of 1.24 g (0.01 mol) of
P(OCH 3)3 in 10 mL of dry CH2Cl 2 was added
dropwise during 30 min. The extrusion of nitrogen
was very intensive. The mixture was stirred at the
room temperature overnight and the resulting solid
was filtered off, washed twice by 20 mL of diethyl
ether and dried on air. The yield of the target
yellowish product was 2.1 g (86%). The obtained
compound is well soluble in methanol and water,
soluble in 2-propanol under heating and insoluble
in acetone and benzene.
Spectral characteristics of N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate:
1
H NMR (DMSO-d6): C–H 3.36 (s, 3H), 3.49 (d,
6H), 4.34 (s, 3H), 8.31 (d, 2H), 8.91 (d, 2H) ppm;
31
P NMR (DMSO-d6): 12.99 ppm; IR (KBr pellet,
cm–1): 3430vs ((OH)), 3126w, 2952w, 2849w,
1640m, 1598s, 1565vs, 1452w, 1381vs, 1292w, 1187s,
1043vs, 925m, 849m, 824m, 776m, 745w, 684w,
619w, 554m (Fig. 2,a). UV-Vis abs. (H2O, max, nm):
220, 268 (Fig. 2,b).
Crystal structure
A single crystal suitable for Õ-ray diffraction
studies was obtained during slow evaporation of
N-(dimethoxyphosphoryl)-1-methylpyridinium-4carboximidate solution in methanol. In the form of
crystal, the titled compound was found to be a
solvate, which contain a methanol molecule and
displays monomeric motif in crystal (Fig. 3). A
molecule of methanol is connected with CAPh
compound b y the hydrogen bond O(5)–
H(5A)O(2). The O(2)O(5) distance is 2.727 Å,
the H(5A)O(2) distance is equal to 1.888 Å and
the angle O(5)–H(5A)O(2) is 176.430. An oxygen
atom of the methanol molecule also participates in
creating weak intermolecular O(5)H(2)–C(2)
interactions with another neighboring CAPh
molecule The bonds length in the C(O)NP(O)
structural fragment of the titled compound are given
in Tabl e 1. The P=O bond le ngth in
N-(dimethoxyphosphoryl)-1-methylpyridinium-4carboximidate is comparable with that in CAPh type
compounds, while Ñ=Î bond is slightly longer and
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Scheme 1. Synthesis rout for N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate
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a
b
Fig. 2. IR transmission (a) and UV-Vis absorption (b) spectra of N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate

P–N and C–N bonds are slightly shorter as
compared with reported CAPhs (Table 1). Thus, the
tautomer form 1 (Fig. 1) can be assumed for the
obtained compound. The Ñ=Î and P=O groups are

Fig. 3. The molecular structure of N-(dimethoxyphosphoryl)1-methylpyridinium-4-carboximidate showing displacement
ellipsoids drawn at the 50% probability level

located in synclinal position, the O(2)–P(1)–N(2)–
C(C7) torsion angle is equal to 51.940 and the pseudotorsion angle O(2)–P(1)–C(7)–O(1) is 37.950. The
O(1)–C(7)–N(2)–P(1) torsion angle is 6.790. The
–C(1)–C(7)(O(1))N(2)– unit is planar, the sum of
the angles around C(7) atom is equal to 3600.
The carbonyl bond is co-planar to the aromatic
heterocycle (the O(1)–C(7)–C(1)–C(2) torsion
angle is 13.620). The length of C1–C7 bond in
N-(dimethoxyphosphoryl)-1-methylpyridinium-4carboximidate is equal to 1.515(3) Å and is
commensurable with C–C(O) bond length in CAPhs
with aryl derivatives in the carbonyl group. The
phosphorus atom environment has a distorted
tetrahedral configuration.
Through – stacking, P(1)=O(2)H(6A)’,
P(1)–O(3)H(6C)’’ and C(7)=O(1)N(1)’’
interactions, the molecules of the title compound
are linked in the chain along a axis (Fig. 4). Along c
axis, the CAPh molecules form a chain by being
connected through P(1)–O(40)H8A interactions
between the phosphoryl group methylate substitutes
of neighboring molecules (Fig. 5). Both C=O and

Table 1
Selected bonds length for N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate and some CAPh type
compounds

Bond type

Bond length

P(1)–O(2)
P(1)–N(2)
N(2)–C(7)
C(7)–O(1)
C(7)–C(1)
P(1)–O(3)
P(1)–O(4)

1.477(2)
1.623(2)
1.324(3)
1.252(2)
1.515(3)
1.5897(16)
1.5840(16)

HL1[11]
1.478(1)
1.684(2)
1.373(2)
1.216(2)
–
–
–

Bond length (data from literature), Å
HL2[11]
HL3[12]
1.475(4)
1.453(2)
1.671(5)
1.643(3)
1.376(8)
1.388(4)
1.211(7)
1.209(4)
–
–
–
–
–
–

HL4[13]
1.461(4)
1.667(5)
1.393(7)
1.219(6)
–
–
–
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P=O groups participate in connecting of CAPh
molecules along b axis and create C(7)=O(1)H(4)’,
C(7)=O(1)H( 6B)’ and P(1)=O )H( 4) ’
intermolecular contacts (Fig. 6).
Hirshfeld surface analysis and fingerprint plots
The intermolecular interactions for the titled
compound were also visualized by Hirshfeld surface
analysis, which has been known as an effective tool
for exploring intermolecular interactions and packing

Fig. 4. A section of a chain along the a axis formed by short
intermolecular contacts and – interactions (shown as blue
dotted lines). The methanol molecules are omitted

modes in molecular crystals, as they provide a visual
picture of intermolecular interactions and of
molecular shapes in a crystalline environment [14].
Using CrystalExplorer17 program, the Hirshfeld
surface mapped over d norm and selected twodimensional fingerprint plots for the title compound
were created (Fig. 7).
The dark red spots on the dnorm surface arise as
a result of the short interatomic contacts, i.e., strong
hydrogen bonds, while the intermolecular interactions
appear as light-red spots. The light red spots on the
dnorm surface obtained for the title compound are
located near the oxygen atoms of PO and CO groups
an d the nitrogen and carbo n atoms of
N’-methylpyridinium fragment of the molecule and
can be attributed to the OH and – stacking
contacts, respectively. A single dark red spot appears
from the hydrogen bond between the CAPh
compound and a methanol molecule, which was
discussed above in the previous section.
The two-dimensional fingerprint plots show
distances from the Hirshfeld surface to the nearest
exterior atom (de plots) and from interior atom to
the surface (di plots), specify atomatom contacts

Fig. 5. The crystal packing of the title compound viewed along the c axis. The methanol molecules are omitted

Fig. 6. A section of a chain along the b axis formed by short intermolecular interactions (shown as blue dotted lines). The
methanol molecules are omitted

V.A. Trush, N.S. Kariaka, I.S. Konovalova, S.V. Shishkina, V.M. Amirkhanov

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 3, pp. 137-144

141

Fig. 7. The Hirshfeld surface mapped over dnorm and selected two-dimensional fingerprint plots for the title compound

in a crystal and provide a quantitative idea of the
types of intermolecular contacts experienced by
molecules. The analysis of the obtained fingerprint
plots shows that the HH contacts have major
contribution to the Hirshfeld surface (46.3%). The
closest HH contact occurs at di=de~1.2 Å. The
second largest contribution comes from HO/OH
contacts (33.1%). The HC/CH and H/NH
interactions’ contribution to the Hirshfeld surface
are 8.1% and 4.2%, respectively. Participation in a
planar stacking arrangement of the molecules (–
stacking) shows up as a region near the centre of the
plot in the vicinity of (di, de) 1.6–1.90 Å. The
contribution of CC contacts to the Hirshfeld surface
is equal to 4.4%.
PASS analysis
The predicted activity spectrum obtained by
PASS program is presented by the list of activities
with the probabilities «to be active» (Pa) and «to be
inactive» (Pi) calculated for each activity (Table 2).
The list is arranged in descending order of Pa–Pi;
therefore, more probable activities are at the top of
the list. Only activities with Pa>Pi are considered as
probable for a particular compound [10]. If Pa is

higher than 0.5, it means that the substance is likely
to exhibit the activity in experiment [15].
Based on the structural data of the titled
compound, presented as MOL-file, the theoretical
prediction of the compound biological activity was
conducted by computer program PASS. The program
has given a list of 619 entries with Pa>Pi and from
which there are 18 entries with Pa higher than 0.5
(Table 2). No entries with Pa significantly higher
than 0.7 was found for N-(dimethoxyphosphoryl)1-methylpyridinium-4-carboximidate which indicates
low chance for it to be the analogue of a known
pharmaceutical agent.
Conclusions
A n ew carbacylamidophosphate type
compound, N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate, was synthesized.
It was found that the molecule of N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate
displays monomeric motif in crystal and crystalizes
as solvate containing methanol molecule, which is
connected to carbacylamidophosphate molecule
through O(2)H(5A)–O(5) hydrogen bond. Through
– stacking and several other intermolecular bonds
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Table 2
Predicted biological activity spectrum for N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate (only
activities predicted with Pa>0.5 are shown)

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Pa
0.712
0.714
0.638
0.608
0.591
0.604
0.577
0.597
0.538
0.542
0.509
0.552
0.508
0.528
0.528
0.582
0.501
0.557

Pi
0.026
0.050
0.036
0.013
0.049
0.069
0.048
0.069
0.016
0.038
0.005
0.055
0.012
0.044
0.044
0.104
0.083
0.144

Activity
Glutamate-5-semialdehyde dehydrogenase inhibitor
CDP-glycerol glycerophosphotransferase inhibitor
Mannotetraose 2-alpha-N-acetylglucosaminyltransferase inhibitor
Antineoplastic (non-Hodgkin's lymphoma)
Pseudolysin inhibitor
Nicotinic alpha6beta3beta4alpha5 receptor antagonist
Nicotinic alpha4beta4 receptor agonist
CYP2H substrate
Alcohol dehydrogenase (acceptor) inhibitor
Oxygen scavenger
Antineoplastic (pancreatic cancer)
Ribulose-phosphate 3-epimerase inhibitor
Antitoxic
Beta-adrenergic receptor kinase inhibitor
G-protein-coupled receptor kinase inhibitor
Aspulvinone dimethylallyltransferase inhibitor
Sugar-phosphatase inhibitor
Phobic disorders treatment

the molecules of N-(dimethoxyphosphoryl)-1methylpyridinium-4-carboximidate are linked in the
chains along a, b and c crystallographic axis.
There are numerous intermolecular interactions
in the crystalline structure of N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate;
the interactions with HH and OH contacts prevail;
the contribution of planar stacking CC contacts is
equal to 4.1%.
The theoretical prediction of biological activity
and good solubility of N-(dimethoxyphosphoryl)-1methylpyridinium-4-carboximidate in water make it
worth examining its biological activity.
REFERENCES
1. Novel acyl phosphate mimics that target PIsY, an essential
acyltranferase in gram-positive bacteria / Grimes K.D., Lu Y.J.,
Zhang Y.M., Luna A.V., Hurdle J.G., Carson E.I., et al. //
ChemMedChem. – 2017. – Vol.3. – No. 12. – P.1936-1945.
2. Oroujzadeh N., Gholivand K., Jamalabadi N.R. New
carbacylamidophosphates containing nicotinamide: synthesis,
crystallography and antibacterial activity // Polyhedron. – 2017.
– Vol.122. – P.29-38.
3. Pharmacophores modeling in terms of prediction of
theoretical physicochemical properties and verification by
EXPERIMENTAL correlations of carbacylamidophosphates
(CAPh) and sulfanylamidophosphates (SAPh) tested as new
carbonic anhydrase inhibitors / Amirkhanov V., Rauf A., Hadda T.B.,

Ovchynnikov V., Trush V., Saleem M., et al. // Mini Rev. Med.
Chem. – 2019. – Vol.19. – No. 12. – P.1015-1027.
4. Powerful new ligand systems: carbacylamidophosphates
(CAPh) and sulfonylamidophosphates (SAPh) / Amirkhanov V.,
Ovchynnikov V., Trush V., Gawryszewska P., Jerzykiewicz L.B.
// Ligands. Synthesis, characterization and role in biotechnology.
– New York: Nova Science Publishers, 2014. – P.199-248.
5. Coffees rich in chlorogenic acid or N-methylpyridinium
induce chemopreventive phase II-enzymes via the Nrf2/ARE
pathway in vitro and in vivo / Boettler U., Volz N., Pahlke G.,
Teller N., Kotyczka C., Somoza V., et al. // Mol. Nutr. Food
Res. – 2011. – Vol.55. – No. 5. – P.798-802.
6. Activity-guided identification of a chemopreventive
compound in coffee beverage using in vitro and in vivo techniques
/ Somoza V, Lindenmeier M, Wenzel E, Frank O, Erbersdobler
HF, Hofmann T. // J. Agric. Food Chem. – 2003. – Vol.51. –
No. 23. – P.6861-6869.
7. Antioxidant effectiveness of coffee extracts and selected
constituents in cell-free systems and human colon cell lines /
Bakuradze T., Lang R., Hofmann T., Stiebitz H., Bytof G., Lantz I.,
et al. // Mol. Nutr. Food Res. – 2010. – Vol.54. – No. 12. –
P.1734-1743.
8. Activity-guided fractionation to characterize a coffee
beverage that effectively down-regulates mechanisms of gastric
acid secretion as compared to regular coffee / Rubach M., Lang R.,
Skupin C., Hofmann T., Somoza V. // J. Agric. Food Chem. –
2010. – Vol.58. – No. 7. – P.4153-4161.
9. Sheldrick G.M. Crystal structure refinement with
SHELXL // Acta Crystallogr. Sect. C: Struct. Chem. – 2015. –
Vol.C71. – P.3-8.

V.A. Trush, N.S. Kariaka, I.S. Konovalova, S.V. Shishkina, V.M. Amirkhanov

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 3, pp. 137-144
10. Lagunin A., Filimonov D., Poroikov V. Multi-targeted
natural products evaluation based on biological activity prediction
with PASS // Curr. Pharm. Des. – 2010. – Vol.16. – No. 15. –
P.1703-1717.
11. Crystal and molecular structures of N,N’-diphenylN’’-trichloroacetylphosphorictriamide and N,N,-tetraethyl-N’’benzoylphosphorictriamide. The effect of various substituents on
the structural parameters of the [C(O)N(H)P(O)] moiety /
Amirkhanov V.M., Ovchynnikov V.A., Glowiak T., Kozlowski H.
// Z. Naturforsch. B. – 1997. – Vol.52. – No. 11. – P.13311336.
12. Highly luminescent diphenyl-N-benzoylamidophosphate based lanthanide tetrakis-complexes / Kariaka N.S.,
Trush V.A., Smola S.S., Fadieiev Y.M., Dyakonenko V.V.,
Shishkina S.V., et al. // J. Lumin. – 2018. – Vol.194. – P.108115.
13. Mizrahi V., Modro T.A. N-benzoyldimethylphosphoramidate // Cryst. Struct. Comm. – 1982. – Vol.11. –
P.627-631.
14. Spackman M.A., Jayatilaka D. Hirshfeld surface analysis
// CrystEngComm. – 2009. – Vol.11. – P.19-32.
15. PASS: prediction of activity spectra for biologically
active substances / Lagunin A., Stepanchikova A., Filimonov D.,
Poroikov V. // Bioinformatics. – 2000. – Vol.16. – No. 8. –
P.747-748.
Received 28.02.2021

143

SYNTHESIS, CRYSTAL STRUCTURE, HIRSCHFELD
SURFACE ANALYSIS AND BIOLOGICAL ACTIVITY
PREDICTION OF N-(DIMETHOXYPHOSPHORYL)-1METHYLPYRIDINIUM-4-CARBOXIMIDATE
V.A. Trush a, N.S. Kariaka a, *, I.S. Konovalova b, S.V. Shishkina b,
V.M. Amirkhanov a
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
Institute for Single Crystals of the National Academy of
Sciences of Ukraine, Kharkiv, Ukraine
a

b

e-mail: natalia_kariaka@i.ua
N-(dimethoxyphosphoryl)-1-methylpyridinium-4carboximidate, a new carbacylamidophosphate-type compound,
was synthesized and characterized by means of IR, 1H and 31P
NMR and UV-Vis spectroscopies and X-ray analysis. The
molecule of the synthesized compound has triclinic (P-1)
symmetry, displays monomeric motif in crystal and crystalizes as
solvate containing methanol molecule, which is connected to
carbacylamidophosphate molecule through O(2)H(5A)–O(5)
hydrogen bond. Through – stacking interactions, the molecules
of the synthesized compound are linked in the chain along the a
crystallographic axis. Several other intermolecular bonds connect
these chains along b and c crystallographic axes. The
intermolecular interactions with HH and OH contacts prevail
in the crystalline structure of N-(dimethoxyphosphoryl)-1methylpyridinium-4-carboximidate, the contribution of planar
stacking CC contacts being equal to 4.1%. The synthesized
compound was found to be well soluble in water. By using
computer program PASS, we established that the synthesized
substance is likely can exhibit 18 types of biological activity in
experiment.
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Íîâèé êàðáàöèëàì³äîôîñôàò – N-(äèìåòîêñèôîñôîðèë)-1-ìåòèëï³ðèäèí³é-4-êàðáîêñèì³äàò – áóâ ñèíòåçîâàíèé
³ îõàðàêòåðèçîâàíèé ìåòîäàìè ²×, 1H òà 31P ßÌÐ ³ ÓÔ àáñîðáö³éíî¿ ñïåêòðîñêîï³¿ òà ðåíòãåíîñòðóêòóðíîãî àíàë³çó.
Ìîëåêóëà îäåðæàíî¿ ñïîëóêè ìàº òðèêë³ííó (P-1) ñèìåòð³þ, º ìîíîìåðîì ó êðèñòàë³ ³ êðèñòàë³çóºòüñÿ ÿê ñîëüâàò,
ùî ì³ñòèòü ìîëåêóëó ìåòàíîëó, ÿêà ç’ºäíàíà ç êàðáàöèëàì³äîôîñôàòîì âîäíåâèì çâ’ÿçêîì O(2)H(5A)–O(5). ×åðåç
– ñòåê³íãîâ³ âçàºìîä³¿ ìîëåêóëè îäåðæàíî¿ ñïîëóêè ç’ºäíóþòüñÿ â ëàíöþã óçäîâæ êðèñòàëîãðàô³÷íî¿ îñ³ a. Ê³ëüêà ³íøèõ
ì³æìîëåêóëÿðíèõ çâ’ÿçê³â ç’ºäíóþòü ö³ ëàíöþãè óçäîâæ êðèñòàëîãðàô³÷íèõ îñåé b òà c. Ñåðåä ì³æìîëåêóëÿðíèõ çâ’ÿçê³â
â êðèñòàë³÷í³é ñòðóêòóð³ N-(äèìåòîêñèôîñôîðèë)-1- ìåòèëï³ðèäèí³é-4-êàðáîêñèì³äàòó äîì³íóþòü HH òà OH âçàºìîä³¿, à âíåñîê ïëàíàðíèõ ñòåê³íãîâèõ âçàºìîä³é CC ñêëàäàº 4,1%. Çíàéäåíî, ùî îäåðæàíà ñïîëóêà äîáðå ðîç÷èíÿºòüñÿ
ó âîä³. Ç âèêîðèñòàííÿì êîìï’þòåðíî¿ ïðîãðàìè PASS áóëî
âñòàíîâëåíî, ùî îäåðæàíà ñïîëóêà ç âåëèêîþ éìîâ³ðí³ñòþ
ìîæå ïðîÿâëÿòè â åêñïåðèìåíò³ 18 òèï³â á³îëîã³÷íî¿ àêòèâíîñò³.
Êëþ÷îâ³ ñëîâà: êàðáàöèëàì³äîôîñôàò, N-ìåòèëï³ðèäèí³é,
êðèñòàë³÷íà ñòðóêòóðà, ïîâåðõíÿ Õ³ðøôåëüäà, PASS.

1. Grimes KD, Lu YJ, Zhang YM, Luna AV, Hurdle JG,
Carson EI, et al. Novel acyl phosphate mimics that target PIsY,
an essential acyltransferase in gram positive bacteria.
ChemMedChem. 2008; 3(12): 1936-1945.
doi: 10.1002/cmdc.200800218.
2. Oroujzadeh N, Gholivand K, Jamalabadi NR. New
carbacylamidophosphates containing nicotinamide: synthesis,
crystallography and antibacterial activity. Polyhedron. 2017; 122:
29-38. doi: 10.1016/j.poly.2016.10.024.
3. Amirkhanov V, Rauf A, Hadda TB, Ovchynnikov V,
Trush V, Saleem M, et al. Pharmacophores modeling in terms of
prediction of theoretical physicochemical properties and
verification by EXPERIMENTAL correlations of
carbacylamidophosphates (CAPh) and sulfanylamidophosphates
(SAPh) tested as new carbonic anhydrase inhibitors. Mini Rev
Med Chem. 2019; 19(12): 1015-1027.
doi: 10.2174/1389557519666190222172757.
4. Amirkhanov V, Ovchynnikov V, Trush V, Gawryszewska P,
Jerzykiewicz LB. Powe rful new ligan d systems:
carbacylamidophosphates (CAPh) and sulfonylamidophosphates
(SAPh). In: Ligands. Synthesis, characterization and role in
biotechnology. New York: Nova Science Publishers; 2014. p. 199-248.
5. Boettler U, Volz N, Pahlke G, Teller N, Kotyczka C,
Somoza V, et al. Coffees rich in chlorogenic acid or Nmethylpyridinium induce chemopreventive phase II-enzymes via
the Nrf2/ARE pathway in vitro and in vivo. Mol Nutr Food Res.
2011; 55: 798-802. doi: 10.1002/mnfr.201100115.

Synthesis, crystal structure, Hirschfeld surface analysis and biological activity prediction of
N-(dimethoxyphosphoryl)-1-methylpyridinium-4-carboximidate

144

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2021, No. 3, pp. 137-144

6. Somoza V, Lindenmeier M, Wenzel E, Frank O,
Erbersdobler HF, Hofmann T. Activity-guided identification of
a chemopreventive compound in coffee beverage using in vitro
and in vivo techniques. J Agric Food Chem. 2003; 51: 6861-6869.
doi: 10.1021/jf034750e.
7. Bakuradze T, Lang R, Hofmann T, Stiebitz H, Bytof G,
Lantz I, et al. Antioxidant effectiveness of coffee extracts and
selected constituents in cell-free systems and human colon cell
lines. Mol Nutr Food Res. 2010; 54: 1734-1743.
doi: 10.1002/mnfr.201000147.
8. Rubach M, Lang R, Skupin C, Hofmann T, Somoza V.
Activity-guided fractionation to characterize a coffee beverage
that effectively down-regulates mechanisms of gastric acid secretion
as compared to regular coffee. J Agric Food Chem. 2010; 58(7):
4153-4161. doi: 10.1021/jf904493f.
9. Sheldrick GM. Crystal structure refinement with
SHELXL. Acta Cryst. 2015; C71: 3-8.
doi: 10.1107/S2053229614024218.
10. Lagunin A, Filimonov D, Poroikov V. Multi-targeted
natural products evaluation based on biological activity prediction
with PASS. Curr Pharm Des. 2010; 16(15): 1703-1717.
doi: 10.2174/138161210791164063.

11. Amirkhanov VM, Ovchynnikov VA, Glowiak T,
Kozlowski H. Crystal and molecular structures of N,N’-diphenylN’’-trichloroacetylphosphorictriamide and N,N,-tetraethyl-N’’benzoylphosphorictriamide. The effect of various substituents on
the structural parameters of the [C(O)N(H)P(O)] moiety.
Z Naturforsch B. 1997; 52(11): 1331-1336.
doi: 10.1515/znb-1997-1109.
12. Kariaka NS, Trush VA, Smola SS, Fadieiev YM,
Dyakonenko VV, Shishkina SV, et al. Highly luminescent
diphenyl-N-benzoylamidophosphate based lanthanide tetrakiscomplexes. J Lumin. 2018; 194: 108-115.
doi: 10.1016/j.jlumin.2017.09.027.
13. Mizrahi V, Modro TA. N-benzoyldimethylphosphoramidate. Cryst Struct Commun. 1982; 11: 627-631.
14. Spackman MA, Jayatilaka D. Hirshfeld surface analysis.
CrystEngComm. 2009; 11: 19-32. doi: 10.1039/B818330A.
15. Lagunin A, Stepanchikova A, Filimonov D, Poroikov V.
PASS: prediction of activity spectra for biologically active
substances. Bioinformatics. 2000; 16(8): 747-748.
doi: 10.1093/bioinformatics/16.8.747.

V.A. Trush, N.S. Kariaka, I.S. Konovalova, S.V. Shishkina, V.M. Amirkhanov

