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A SUPRAMOLECULAR STRUCTURE
OF PHOSPHORYLATED N-PHENYL-1,2,4-TRIAZOLE-
3-THIONE AND ITS CRYSTAL SOLVATE

A. 1. Samigullina'*, I. A. Krutov’,
E. L. Gavrilova?, D. R. Islamov?, K. S. Usachev*,
and A. T. Gubaidullin®

A comparative analysis of the molecular and crystal structures is performed for 5-[(diphenylphosphoryl)
methyl]-4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (1) in individual crystal (1a) and a crystal solvate
with dimethylformamide (DMF) in the 1:1 ratio (1b). The crystals of both modifications have the identical
geometries of the molecule of the key compound, and the crystals (despite their different crystal systems
and unit cells parameters) are characterized by the formation of an identical one-dimensional
supramolecular motif in them due to classical N—H...O hydrogen bonds and weaker noncovalent — C-H ... S
interactions in crystal 1a and CH ... N in crystal 1b. A tetragonal packing of one-dimensional motifs
oriented along the smallest unit cell parameter are observed in both cases. Solvate molecules are localized
in zero-dimensional cavities in crystal 1b. Despite a denser molecular packing in crystal 1b, the solid-state
phase transformation is observed for its polycrystalline sample, and the powder X-ray diffraction method
shows that it partially transforms into form 1a with time. The latter form is characterized by a less dense
molecular packing in the crystal.
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Keywords: 1,2,4-triazole-3-thione, crystal solvate, supramolecular structure, intermolecular interaction.

INTRODUCTION

The heterocyclic 1,2,4-triazole system is a unique heterocyclic platform [1—3] whose modification makes it
possible to obtain a compound with a wide spectrum of the biological action, including antimicrobial, antibacterial, analgesic,
anticancer, anti-inflammatory, etc., on its base [4—9]. Derivatives of 1,2,4-triazoles and 1,2,4-triazole-3-thiones are also used
as insecticidal, herbicidal, antifungal, and plant growth regulating compounds [10, 11].

Such a wide spectrum of the biological activity stimulates the search for new synthetic approaches of obtaining
polyfunctional compounds based on 1,2,4-triazoles in order to combine the pharmacological properties of separate fragments
due to the synergetistic effect. Our scientific group has previously elaborated the synthesis of new phosphorylated derivatives

of 1,2,4-triazole-3-thiones (Scheme 1) with substitution at the N atom by heterocyclization of respective
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Scheme 1.  Structure of
phosphorylated derivatives
of 1,2,4-triazole-3-thiones.

diphenylphosphorylacetyl thiosemicarbazides and reported the results in [12, 13]. The occurrence of only a pair of proton-
donor and proton-acceptor centers in a molecule of a derivative of this class of compounds substantially decreases the number
of possible combinations of intermolecular interactions involving these centers. However, even when several acceptor centers
are present in the molecule of the compound and there is a possible competition between them, the formation of the primary
supramolecular motif in a crystal occurs with the participation of a phosphoryl group as a hydrogen bond acceptor [14, 15]. It
may be assumed that for the crystalline derivatives of this series of compounds the formation of an identical supramolecular
synthon involving these functionally active groups is observed. Note that crystal structure data for compounds whose
molecules include a phosphorus-containing moiety and a planar triazole ring unsubstituted at the N2 position are absent in
publications, which additionally actualizes structure studies of polyfunctional heterocyclic compounds of this type.

In this work, we consider the features of molecular and crystal structures of N-phenyl-2,4-dihydro-3H-1,2,4-triazole-
3-thione (1) presented as two crystalline modifications.

EXPERIMENTAL

Single crystal X-ray diffraction (XRD) experiments were performed on a Rigaku XtalLab Synergy S
diffractometer [(MCukK,)=1.54184 A] at T=100 K. Data collection, edition and refinement of unit cell parameters were
carried out using the CrysAlisPro program. Absorption correction was applied using the ABSPACK program. The structures
were solved by a direct method using SHELXT [16] and refined by the leas-squares technique in the isotropic, first, and then
anisotropic approximation (for all non-hydrogen atoms) using SHELXL-2014 programs [17] in the Olex2 program package
[18]. Coordinates of hydrogen atoms were calculated based on stereochemical criteria and refined in the respective riding
models. Intermolecular interactions were analyzed and the figures were drawn using PLATON [19] and Mercury [20]
programs. Crystallographic data for compounds 1a and 1b obtained in this work (Table 1) have been deposited with the
Cambridge Crystallography Data Center and can be obtained by request at www.ccdc.cam.ac.uk/data request/cif.

Powder XRD patterns were measured on an automated Bruker D8 Advance diffractometer equipped with a Vario
attachment and a linear position-sensitive Vantec detector. Cuk,; radiation (A = 1.54063 A) monochromated by a curved
Johansson monochromator was applied; the X-ray tube mode was 40 kV, 40 mA. Experiments were performed at room
temperature in the Bragg—Brentano geometry with a planar sample. A polycrystalline sample for the XRD experiment was
obtained by evaporating a DMF solution at room temperature. The ready powder was slightly mashed and without strong
pressing deposited on a silicon plate decreasing the background scattering. XRD patterns were measured in a 260 scattering
angle range 3—50°, step 0.008°, point acquisition time 1 s. To remove the effect of the preferred sample orientation and data
averaging the sample was rotated in its own plane with a speed of 15 rpm. The obtained data were processed using the EVA
program package [21].

RESULTS AND DISCUSSION

The studied sample of the triazole derivative was obtained as a result of the previously described reaction [12] of 2-
[(diphenylphosphoryl)acetyl]-N-phenylhydrazine-1-carbothiamide ~ with  phenyl isothiocyanate. Reaction product
5-[(diphenylphosphoryl)methyl]-4-phenyl-2,4-dihydro-3 H-1,2,4-triazole-3-thione (1) is white powder that according to the

453



TABLE 1. Experimental Crystallographic Data for Compounds 1a and 1b

Parameter la 1b
Formula C,HsN;OPS C,HsN;OPS, C3H,NO
M, g/mol 391.41 464.51
Shape, color Colorless prisms Colorless needles
Crystal dimensions, mm 0.10x0.17x0.23 0.08x0.20x0.25
Crystal system Monoclinic Triclinic
Space group P2/n P-1
YAVA 4/1 2/1
Cell parameters: a, b, ¢, A 15.0475(2), 8.1604(1), 16.0776(2) 8.3115(1), 11.2673(2), 13.5366(2)
a, B, v, deg 90, 90.617(1), 90 108.890(2), 96.786(1), 101.519(2)
v, A 1974.11(4) 1152.17(3)
F(000) 816 488
Peale, g/cm’ 1.317 1.339
u, mm-' 2.345 2.139
0 range, deg 4.002—76.436 3.520—76.539

Reflections measured / unique, (Rjy)

Parameters / restraints
Reflections with 7> 26(/)
Ry / wRy (I>20(]))

R, / wR, (all reflections)
Goodness of fit
Pmax / Pmins e/A3
CCDC number

13513 /3992, (0.0344)

244/0
3615
0.0378 /0.0957
0.0413/0.0976
1.055
0.355/-0.396
2023782

13134 /4637, (0.0277)

291/0
4453
0.0321/0.0852
0.0331/0.0859
1.056
0.323/-0.373
2023781

powder XRD data is crystalline. As is found, the sample is practically insoluble at room temperature in most standard
solvents, except dimethyl sulfoxide (DMSO) and DMF. Thus, single crystals suitable for the XRD analysis were obtained by
long crystallization from DMSO (compound 1a) and DMF (compound 1b) at room temperature.

In the individual form, the phosphorylated derivative of 4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione (compound
1a) forms monoclinic crystals with one molecule in the asymmetric unit of the unit cell whereas a solvate with DMF in the
1:1 ratio is presented as triclinic crystals (compound 1b), but also with one independent molecule of 1,2,4-triazole-3-thione in
the unit cell. Molecular geometries in crystals 1a and 1b are depicted in Fig. 1. Selected bond lengths and bond angles of the
molecules are listed in Table 2, and their values are in general within standard limits characteristic of organic compounds. In
the crystals of compounds 1a and 1b, the planes of the phenyl substituent at the N position are turned relative to the triazole
ring plane at dihedral angles with close values of 84.15° and 83.4° respectively (Fig. 1), while two phenyl rings of the
diphenylphosphoryl moiety are turned relative to each other at dihedral angles of 72.36° in 1a and 80.47° in 1b.

On the example of several crystalline modifications of initial N1-(diphenylphosphoryl)acetyl-N4-phenyl-
thiosemicarbaside, we have previously shown that in different crystals of this compound, despite the close geometry of their
acyclic core, there is a noticeable distinction in the turns of phenyl rings in the diphenylphosphoryl moiety [15], up to their
orthogonal arrangement. As we expected, it was related to the adjustment of supramolecular structures for the formation of
the close molecular packing in the crystal. Nonetheless, in crystals 1a and 1b of 1,2,4-triazole-3-thione we do not observe this
lability in the spatial arrangement of the planes of phenyl rings in the diphenylphosphoryl moiety, which may be due to their
possible identical supramolecular morphology. Thus, two crystal modifications of 4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-

thione are characterized by minimum distinctions in the molecular geometry.
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L
la 1b

Fig. 1. Asymmetric units of the unit cells of crystals 1a and 1b. Non-hydrogen atoms are represented by
thermal vibrational ellipsoids (p = 50%); hydrogen atoms are shown by spheres of an arbitrary radius.
Atomic numbering of the 1 molecule is identical in crystals 1a and 1b and is shown only for one of them.

TABLE 2. Selected Geometric Parameters: Bond Lengths (A) and Bond Angles (deg) for the 1 Molecule In Crystals 1a and 1b

Bond length, A Angle value, deg
Bond Angle
la 1b la 1b
NI1-N2 1.376(2) 1.376(1) N2-C3-S3 127.3(1) 127.5(1)
N2-C3 1.339(2) 1.339(2) N1-N2-C3 113.3(1) 113.6(1)
C3-N4 1.380(2) 1.379(2) C3-N4-C8 125.1(1) 125.6(1)
N4-C5 1.383(2) 1.381(2) N4-C5-C6 124.2(1) 123.9(1)
C5-C6 1.487(2) 1.488(2) C5-C6—-P7 114.7(1) 114.85(9)
C6-P7 1.825(2) 1.823(1) C6-P7-07 109.40(7) 110.05(6)
P7-07 1.489(1) 1.4937(9) C6-P7-Cl14 105.32(8) 105.70(6)
C3-S3 1.674(2) 1.675(1) C6-P7-C20 109.38(8) 109.19(6)

It should be noted that the comparison of the experimental powder XRD pattern of the initial crystalline phase with
XRD patterns (Fig. 2) calculated for crystals 1a and 1b indicates in favor of the fact that the starting reaction mass is either
the pure unknown crystalline form of 4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione or additionally contains a very small
amount of its individual crystalline form whose single crystals were obtained by recrystallization from DMSO. The
preliminary indexation of the powder XRD pattern for the determination of unit cell parameters did not unambiguously
answer the question about the meaning of the non-individual character of crystallization of this compound.

As previously mentioned, the 4-phenyl-2,4-dihydro-3H-1,2,4-triazole-3-thione molecule contains several functional
group capable of participating in intermolecular interactions of different natures and strengths. Parameters of intermolecular
interactions occurring in the crystals of compounds 1a and 1b are given in Table 3.

A linear H-chain formed by N—H...O interactions involving the O7 oxygen atom of the phosphoryl group (N2—
H2...07) and oriented along the least unit cell parameter b can be distinguished as the primary crystal-forming motif in
crystal 1a (Fig. 3a). Similar one-dimensional H-chains are linked in pairs with each other by weaker — C—H...S interactions
(C21-H21...S3) involving a hydrogen atom of the diphenylphosphoryl moiety, forming a secondary supramolecular
cylindrical motif so that aromatic hydrophobic fragments of molecules of two bound H-chains are located at the external

surface of cylindrical structures (Fig. 3b).
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Fig. 2. Theoretical powder XRD patterns of 1a and 1b samples and the
experimental powder XRD pattern of the initial crystalline phase —
synthesis product.

TABLE 3. Intermolecular Interaction Parameters in Crystals 1a and 1b

D-H---4 D-H, A H--4, A D4, A ZDHA, deg Symmetry operation
1a
N2-H2---07' 0.86 1.81 2.652(2) 166 x, 4y, z
C21-H21---S3" 0.93 2.88 3.696(2) 147 1=, 1y, 1z
1b
N2-H2---07' 0.86 1.83 2.682(2) 169 ~l4x,p,z
C9-H9---N1" 0.93 2.72 3.529(1) 146 1=, 2y, 1z
C16-H16---030 0.93 2.57 3.405(2) 150 -
C30-H30C---07" 0.96 2.58 3.519(2) 167 ~l4x, y,z
q c

- ~7N2 c

v

Fig. 3. Fragment of the one-dimensional linear H-chain in crystal 1a, formed by N-H...O bonds (shown by
a dashed line) (a); projection along the 0b axis on the secondary supramolecular cylindrical motif involving C—
H...S contacts (b).

A similar one-dimensional H-chain is formed also along the least unit cell parameter « in crystal 1b due to the N2—
H2...07 interaction. However, the formation of the secondary supramolecular structure (a one-dimensional cylindrical motif
similar to that observed in crystal 1a) occurs already due to C—H...N interactions (C9—H9...N1). Here the solvate molecules
are weakly bound with the molecules of the main compound only by non-classical intermolecular C—H...O interactions and
are located in island voids (Table 3, Fig. 4, 1b).
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Fig. 4. Fragments of crystal packings of crystals 1a and 1b in directions corresponding to the smallest unit cell
parameters. Solvent molecules are represented as a ball-and-stick model.

The DMF molecule contains an oxygen atom that can participate in competing intermolecular interactions with
molecules of the main compound. The inclusion of this molecule into the crystal structure seems to affect both molecular
structure of the compound and supramolecular organization of the crystal as a whole. Meanwhile, on the example of
4-phenyl-2,4-dihydro-3 H-1,2 4-triazole-3-thione it is shown that two crystal modifications 1a and 1b are characterized by not
only the identical geometry of molecules and the supramolecular organization in crystals, but also the maintenance of the
tetragonal type of packings of one-dimensional cylindrical motifs in the crystals (Fig.5) and the orientation of these
supramolecular structures along the least cell parameter. We have previously shown that the observed phenomenon is
universal and was noted in crystals of benzodiazepine derivatives [22], derivatives of enantiopure and racemic terminal ethers
of glycerin [23] and a series of other compounds. The absence of significant interactions in directions appears to imply that
they are least stable directions in the crystal along which its destruction should be expected at the initial stages of the process.

The inclusion of solvate molecules into the crystal structure of 1b resulted in the filling of voids present in the
crystal and a corresponding increase in the Kitaigorodskii packing coefficient [24] of 68.9% — the middle part of the range

characteristic of crystals of organic compounds (0.65—0.75).

£ * 6
t *M\ | :
L

Fig. 5. Theoretical powder XRD patterns of 1a (2) and 1b (/) samples
and experimental powder XRD patterns of the polycrystalline sample
(3-8) obtained by rapid crystallization from DMF.
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At the same time, the packing coefficient is substantially lower in crystal 1a and is 65.7%, although its analysis
indicates the absence of vacant cavities in the crystal, which have a volume enough to accommodate solvate molecules.
However, the features of the arrangement hydrophobic fragments of molecules in crystal 1a and the occurrence of small
cavities in the hydrophobic regions (Fig. 4, 1a) do not reject the possible formation of solvated forms of crystals with
embedding solvent molecules just into these crystal parts.

Despite a closer molecular packing in crystal 1b and the presence of a weak intermolecular binding between solvent
molecules and molecules of the main compound, in the polycrystalline form, the compound is subject to solid-phase
modifications, which we detected by powder XRD. As seen from Fig. 5, the first experimental powder XRD pattern (3) of the
polycrystalline sample in general corresponds to the theoretical powder XRD pattern of crystal 1b (/) calculated based on
single crystal data. In first XRD pattern (3), the appearance of the diffraction peak can be noted at 26 = 8.3°, and in
subsequent XRD patterns (4—38), there is an increase in the intensity of this peak. It is quite probable that first experimental
curve (3) in Fig. 5 is obtained already during a change in this crystalline phase. One of the reasons for the observed solid-
phase transition may be the removal of DMF solvent molecules from the crystal lattice and a transition of a part of the crystal
solvate into the solvate-free form. However, the possibility that rapid crystallization from DMF results in the formation of the
crystal solvat with it and a minor part of the initial sample crystallizes as the individual form of phosphorylated 4-phenyl-2,4-
dihydro-3H-1,2,4-triazole-3-thione cannot be excluded. In Fig. 5 the position of a new diffraction peak corresponds to the
position of the most intense diffraction peak of the theoretical powder XRD pattern of crystal 1a (2). Moreover, despite the
similarity of the crystal structures, their rearrangement turned out to be long enough.

CONCLUSIONS

Thus, by the single crystal XRD analysis it is found that two crystalline modifications of 4-phenyl-2,4-dihydro-3H-
1,2,4-triazole-3-thione, obtained by crystallization from DMSO (crystal 1a) and DMF (crystal 1b), despite different crystal
systems and cell parameters, are characterized by the identical molecular structure, the supramolecular organization, and the
tetragonal packing type of secondary supramolecular structures — one-dimensional cylindrical motifs. Solvent molecules are
located in crystal 1b in island voids formed by aromatic fragments of the molecules and are weakly bound with the molecules of
the main compound. At a closer molecular packing in crystal solvate 1b, its polycrystalline sample is subject to solid-phase
modifications, and as is found by powder XRD, because of the identity of the supramolecular organization in the modifications,

it partially transforms into solvate-free form 1a with time, which is characterized by a less close molecular packing.
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