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Abstract: The reaction .of thiosemicarbazide and sodium pyruvate has been
thoroughly studied and the novel crystal form of pyruvic acid thiosemicarbazone
(Hzpt) and its sodium salt were obtained. Compounds were characterized by IR
spectra, melting points, elemental analysis and conductometric measurements,
as well as single-crystal X-ray analysis. A detailed comparative analysis of
crystal structures of these compounds is given, as well as comparison with some
of the earlier known complexes containing H,pt. The two novel crystal structures
exhibit notably different hydrogen bonding patterns, mutually and in comparison
with previously reported crystal form of Hypt. All crystal structures are stabilized
by extensive network of N-H...O, O-H...O and N-H...S hydrogen bonds. The
cyclic hydrogen bonding motif involving the thioureido moieties of the ligand is
the only one which repeats in each structure.

Keywords: thiosemicarbazone; crystal structure; physicochemical properties;
metal complexes; hydrogen bonding.

INTRODUCTION

Thiosemicarbazones are a versatile class of compounds with a very wide range
of biological activities and numerous potential applications in pharmacology and
medicine'”, as well as analytical chemistry®® and industry.” '° The majority of
these remarkable features arise from the ability of thiosemicarbazones
[RiR2C=N"N*(H)C(S)N*H:] to strongly coordinate the transition metal ions. The
coordination usually occurs through the hydrazine N1 and thioamide S donors,
while other coordination modes are also available due to several potential donor

* Corresponding authors. E-mail: snovak@vin.bg.ac.rs; ** mirjana.lalovic@dh.uns.ac.rs
https://doi.org/10.2298/JSC240417050B
#Serbian Chemical Society member



mailto:snovak@vin.bg.ac.rs
mailto:mirjana.lalovic@dh.uns.ac.rs
https://doi.org/10.2298/JSC240417050B

BELOSEVIC et al.

atoms in the thiosemicarbazone moiety.'" ' Another very important feature of
thiosemicarbazones is their great structural variety achieved by the variation of
residues attached to the NNCS system. Thus, the thiosemicarbazone ligands; which
are generally obtained in the condensation reaction of thiosemicarbazide and
different aldehydes and ketones, also incorporate additional coordination and/or
interaction sites available at the carbonyl residues.''"* Equally important as the
coordination and structural variety is the ability of thiosemicarbazones to form
extensive hydrogen bonding with the closest environment. This is of primary
importance for biologically active molecules where the non-covalent interactions
lead the molecule recognition processes with the biological systems.'*'®

As the properties of thiosemicarbazones are dependable on their carbonyl
residues, a vast number of carbonyl compounds have been used in their synthesis,
including the keto-acids. Among the ligands of the latter type, particular attention
has been paid to the pyruvic acid thiosemicarbazone and its complex compounds
due to their evident biological activity.'”?! Pyruvic acid is the simplest of the alpha-
keto acids, known as an important component in several metabolic processes
within the living cell. Apart from incorporating biologically relevant fragment, the
corresponding pyruvic acid thiosemicarbazone gains additional coordination sites
in the form of two oxygen donors from the carboxylic group. Moreover, the
pyruvic acid thiosemicarbazone, a relatively small size molecule, joins together
three very interactive fragments, viz. hydrazine, thioamide, and carboxylate, all
with exceptional hydrogen bonding ability. This feature certainly increases the
ability for intermolecular interactions, as well as the possibility for polymorphic
crystallization.

This< paper presents a novel synthetic route for the pyruvic acid
thiosemicarbazone ligand. The structural analysis of the obtained compound
revealed that this is actually a new crystal form of the pyruvic acid
thiosemicarbazone (H,pt), dissimilar to the previously reported crystal structure*
(CSD refcode”: YEBBUC). In addition, the study includes novel crystal structure
of the sodium salt of pyruvic acid thiosemicarbazone, which is one of very rare
crystal structures of the alkali and earth-alkali compounds with the
thiosemicarbazone ligands in general. Considering the significance of different
crystal forms and dissimilar intermolecular arrangements for properties such as
biological activity and solubility, in the present study we aim to compare
remarkable hydrogen bonding features in different crystal forms of Hopt and its
sodium salt.

EXPERIMENTAL
Materials and physical measurements

All starting materials and solvents were purchased from Sigma-Aldrich Chemical
Company and were used without further purification. C, H, N, and S elemental analyses were
performed by standard micro-methods in the Center for Instrumental Analysis, ICTN, in
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Belgrade. Melting points were measured with a Nagema PHMT 05 hot-stage microscope. IR
spectra were carried out in a range of 400-4000 cm™ using Nicolet Nexus 670 FTIR (Thermo
Scientific) spectrophotometer. The molar conductivity measurements of freshly prepared
solutions (¢ = 1 mmol L") were performed on a Jenway 4510 conductivity meter.
Preparation of Hopt-0.5H-0 (1)

The initial solution of Hopt was obtained in the reaction of a mildly heated aqueous solution
(5 cm®) of thiosemicarbazide hydrochloride (0.64 g, 5 mM) and an aqueous solution (5 cm?) of
sodium pyruvate (0.55 g, 5 mM). The mixture was mildly heated for about 3 minutes. The
obtained white microcrystalline product was filtered off after 24h and washed with water. Yield:
55 %. Anal. Calc. for C4H7N30,S-0.5H>O (Hpt-0.5H,0): C, 28.23; H, 4.71; N, 24.71; S, 18,82
%. Found: C, 28.52; H, 4.60; N, 24.58; S, 18.74 %. M. p. 216 °C. Selected IR bands (cm™):
3414y, va(H20); 3293, 3182m, vi(NH2/NH); 1727, 1699, v(CO) of COOH; 16145, v(CN);
802, v(CS). A few single crystals suitable for X-ray analysis were obtained from the mixture
of CaCOs (10 mg) and the obtained ligand (32 mg) in water (5 cm?) heated at 60 °C for 15 min
and then cooled to room temperature.

Preparation of sodium pyruvate thiosemicarbazone {[Na(Hpt)(H20)3]-H20}n (2)

The aqueous solution (5 cm?®) of equimolar amounts of sodium-pyruvate (0.55 g, SmM)
and thiosemicarbazide (0.46 g, 5 mM), was heated at 50 °C for about 1.5 h. After solvent
evaporation at room temperature, obtained white single crystals were washed with EtOH-H,O
(1:1). Yield: 47 %. Anal. Calc. for NaC4HgN3;03S-3H,0: C, 20.70; H, 6.03; N, 18.10 %. Found:
C, 20.55; H, 5.89; N, 18.01 %./ M. p. 208 °C; Ay [Scm?mol']: 87 (H,0), 98 (MeOH). Selected
IR bands (cm™): 3458, v(H20); 3366m, 3315m, 3141, V(NHy/NH); 1622, v(CN); 1571,
va(COyY); 1381y, vs(CO2); 789, V(CS).

Crystal structure determination

The single-crystal X-ray diffraction data for 1 and 2 were collected using an Oxford
Diffraction Gemini S diffractometer. The reflection integration and data reduction were
performed with the CrysAlisPro.>* The crystal structures were solved by direct methods and
refined using full-matrix least-squares against 2 with the SHELX programs.?® The H atoms
bonded to N and O atoms were located from difference Fourier maps and refined isotropically,
or by applying DFIX restraints, with O—H and N-H distances restrained to 0.82(1) and 0.87(1)
A; respectively, and Uiso(H) = 1.2Ug(O, N). H atoms bonded to C atoms were introduced in
idealized positions and treated with a riding model. Crystallographic and refinement details are
given in Table S1 of the Supporting information file (SI). Mercury software?® was used to
analyze and graphically present the crystal structures. The CrystalExplorer?” was employed to
calculate intermolecular interaction energies at the B3LYP-D2/6-31G(d,p) level of theory using
the crystal geometry. Crystallographic data associated with this publication are deposited with
the Cambridge Crystallographic Data Centre under the CCDC Numbers 2347833 and 2347834.
The data are available free of charge at https://www.ccdc.cam.ac.uk/structures.

RESULTS AND DISCUSSION
Syntheses and characterization
In Fig. 1. the synthesis of both known ligand forms and the sodium salt is
presented. According to the previously described synthetic procedure®® %, the

pyruvic acid thiosemicarbazone could be obtained from the aqueous solution of
thiosemicarbazide hydrochloride and pyruvic acid. The same compound was
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obtained here, by the reaction of aqueous solution of thiosemicarbazide
hydrochloride and sodium-pyruvate. Interestingly, by heating the aqueous solution
of the pyruvic acid thiosemicarbazone and CaCQj3, instead of the expected calcium
salt, single crystals of a new crystal form of the initial ligand were obtained
(Hzpt-0.5H,0, 1). On the other hand, the reaction of the warm aqueous solution of
neutral thiosemicarbazide and sodium pyruvate resulted in the sodium salt of
pyruvic acid thiosemicarbazone {[Na(Hpt)(H20)3]-H20}, (2).  The molar
conductivity of water and methanolic solutions of 2 corresponds to a 1:1 type of
electrolyte.

S S QH
)]\ pyruvic acid/
NH;+ HCI  sodium pyruvate N ‘05H,0  caco.
~ _— —Zep
HoN N H,0 HoN H/ y

o o~ Hapt-0.5H,0 (1)

Hypt: 0.5H,0

H

s Y “Na
)}\ NH sodium pyruvate H20"" !
HoN N ’ H;0 ~Sn 1
2 \

{[Na(Hpt)(H,0)3 H,0]}# (2)

Fig. 1. Reaction scheme for obtaining H,pt and its sodium salt

In most structures of metal complexes containing Hopt, it is coordinated as a
monoanionic or dianionic tridentate ONS ligand through the oxygen atom of the
carboxyl group, the azomethine nitrogen atom, and the sulfur atom.”-** However,
in pentacoordinate [Zn(Hapt)(Hpt)C1]*, aside from the tridentate coordination of
Hpt', monodentate coordination of neutral H,pt through the sulfur atom is found.
In 2, another mode of monodentate coordination of this ligand is found, i.e.,
coordination via the oxygen atom of the deprotonated carboxyl group (vide infra).
Thus, in the IR spectra of 1 and 2 (Fig. S1 and S2, Supplementary Material),
v(C=N) and v(C=S) bands are found at nearly the same wavenumbers. A
significant difference can be observed in the positioning of carboxyl bands, found
at 1727 and 1699 cm™ in the spectrum of 1, and 1571 cm ™', vo(CO>) and 1381 cm™
', v(COy) in the spectrum of 2.
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Molecular structures of Hypt.0.5 H>O (1) and {[Na(Hpt)(H20)3]-H20}, (2)

Crystal structures of 1 and 2 have been determined by single crystal X-ray
analysis. The molecular structures of these compounds are presented in Fig. 2,
while selected geometrical parameters are compared in Table I. Both compounds
crystallize in the triclinic crystal system in space group P1. The asymmetric unit
of 1 contains two crystallographically independent molecules (denoted A and B)
and a molecule of crystal water (Fig. 2a), dissimilar to its previously reported
crystal form containing the three independent Hopt molecules.”” The compound 2
crystallizes as a coordination polymer with the Hpt™ anions neutralized by the
solvated sodium counterions (Fig. 2b).

(@) (b)
Fig. 2. Molecular structure of (a) 1 and (b) fragment of 2.

At the molecular level, the neutral Hpt ligand and its Hpt™ anion show little
differences. The main structural feature of these molecules is their approximately
planar form resulting from the intrinsic planarity of the pyruvate and
thiosemicarbazide components. The dihedral angles between the best planes
formed by the non-H atoms of two components are 4.21(8) and 5.02(8)° in
independent molecules Hopt A and Hopt B, respectively and 1.6(1)° in the Hpt
anion of the salt. Also, all molecules adopt the E configuration with respect to the
C2-N1 and the C3—N2 bond. This arrangement places the N1 and S ligators on
mutually opposite sides of the molecule, as typical for most uncoordinated
thiosemicarbazone ligands (Fig. 2).
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TABLE I. Selected geometric parameters (°, A)

Bond (A) 1A 1B 2
NI-N2  1.361(2) 1.361(2) 1.376(2)
NI-C2  1.283(2) 1.280(2) 1.272(2)
N2-C3 1.361(2) 1.320(2) 1.347(2)
N3-C3 1.312(2) 1.357(2) 1.312(2)
C3-S1 1.685(2) 1.686(2) 1.699(2)
C1-01 1.329(2) 1.310Q2) 1.258(2)
Cl-02  1.203(2) 1.212(2) 1.242(2)

Nal-Ol - - 2.457(2)
<Nal-Ow> — — 2.314
Angle (°) 1A 1B 2

NI-N2-C3 118.6(2) 119.02) 1183(2)
N2-C3-N3  117.32) 1176(2) 117.9(2)
N2-C3-S1  119.3(2) 119.52) 119.2(2)
01-C1-02  119.0(2) 123.9(2) 125.4(2)

The bond lengths and angles of the three molecules, compared in Table I,
confirm their close geometrical similarity. The bond distances are intermediate
between those of single and double bonds, indicating the electron delocalization,
as consistent with the molecular planarity. Among the three C—N bonds present in
each molecule, the C2-N1, at the junction of two fragments, has the highest double
bond character. A more significant bond length differences involve C—O bonds,
which obviously differ in H,pt molecules due to protonated O1 while having
similar lengths in the anion. It is interesting to mention that intra-ligand bond
lengths in 2-are in accordance with those found in the tridentate coordinated Hpt™
in [Zn(H,pt)(Hpt)C1].>° The C—C bonds are single bonds allowing for free fragment
rotation; indeed, the two independent molecules of Hopt show different orientation
of their carboxyl residues, with N1-C2—C1-O1 torsion angle of 179.0(1) and
4.8(2)° in molecules A and B, respectively.

In the crystal structure of 2, the sodium ion is six-coordinated by one
carboxylic oxygen atom from the thiosemicarbazone ligand and five oxygen atoms
from the water molecules (Fig. 2b). Two of these water ligands have the role of the
bridging ligands connecting the molecules into the one-dimensional chain, running
along the a crystallographic axis. The Na—O bond distance involving the Hpt
anion is 2.457(2) A, while those to water molecules are 2.314 A on average. The
central part of the formed coordination polymer is composed of Na,O, four-
membered rings arranged at the dihedral angle of 77.7(1)°. The thiosemicarbazone
ligand occupies the lateral sides of this chain and has a crucial role in the
interconnection of chains by intermolecular interactions.

Comparison of crystal packing features

The crystal structures of 1 and 2 are both stabilized by the extensive network
of N-H:--O, O-H:--O and N—-H---S interactions. Deprotonation of H,pt ligand and
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the presence of additional water molecules in the sodium complex significantly
change the hydrogen bonding pattern of pyruvate thiosemicarbazone relative to its
neutral (acidic) form, despite the pronounced structural similarity of ligands at the
molecular level. Nevertheless, even the two crystallographically independent
molecules in the crystal structure of 1 (Fig. 2a) have notably different hydrogen
bonding patterns, mainly related to the different orientations of their carboxylic
groups. Thus, in molecule A, the carboxylic proton is oriented -towards the
hydrazine N1 atom to form an intramolecular Ola—Hla---Nla hydrogen bond,
while in molecule B, the equivalent proton points out of the molecule to engage in
short O1b-H1b---O3 interaction with the crystal water of the asymmetric unit (Fig.
2a).

There are two strong and directional N3—H:--O hydrogen bonds (Table II)
joining the pair of independent molecules within the asymmetric unit of 1.
Although the molecules A and B employ the equivalent thioamide N3—H donors,
the dissimilar carboxylic oxygen atoms i.e. Ol and O2, serve as their acceptors
(Fig. 3a). Viewed in terms of these N3—H-:-O interactions, the cyclic hydrogen
bonding motif that links two.independent molecules within the asymmetric unit of
1 can be described in Etter’s graph-set notation®' as R%(16), Fig 3a. In addition to
the pair of N3-H:---O interactions, the Ola—H donor, already engaged in the
intramolecular Ola—H---Nla, also engages in Ola-H---O2b interaction,
reinforcing the binding between the independent molecules. This is the only
interaction in the crystal structure of 1 which directly links the two carboxyl
groups. In combination with the above N3-H:---O hydrogen bonds, the Ola—
H---O2b gives rise to two smaller ring patterns, R'2(10) and R%(10), Fig. 3a. From
an energy standpoint (Table III), this molecular pair exhibits the highest binding
affinity (£'= —64 kJ mol "), with electrostatic interactions notably prevailing. This
dominance is anticipated due to the mediation of two robust hydrogen bonds.

The remaining N3—H donor of molecule A interacts with the crystal water (£
=—27 kIl mol "), while the equivalent N3—H donor of molecule B serves to connect
the molecular pairs from the neighbouring asymmetric units through N3b—
H3c---02a interaction (£ = —30 kJ mol™"). Employing this latter interaction, the
pairs of AB molecules arrange into tetramers, generating the cyclic hydrogen
bonding motif R%(12), Fig. 3a.
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TABLE II. Hydrogen bonding geometry (°, A)

1 H--A D---A D-H---A  Symmetry codes
N3a-H3a'--02b 2.13(2) 2.98(2) 172(2) X, Y, Z
N3b-H3d---Ola 2.13(2) 2.98(2) 172(2) X, Y, Z

Olb-H---O3w  1.85(2) 2.65(2) 166(2) X, Y, Z
Ola-H---O2b  2.02(2) 2.79(2) 155(2) X, Y, Z
N3b-H3c--02a 2.11(2)  3.00(2) 177(2) —x+2, —y, =z+1
N2b-H---Sla  2.67(2) 3.54(2) 174(2) Xy, z+1
N2a-H---S1b  2.62(2)  3.50(2) 174(2) X, ¥, z=1

03-H3--Sla  236(2) 3.176(Q2) 176(2)  ~xtl,—y+2,~z
03-H4--Slb  2.452) 3.246(2)  166(2) ~ —x+1,—y+l, 7+l

05-H6-01  1.902) 2.736(2) 174(2) x+,y,z
O4-H4a--02 1.87(2) 2.731Q2) 1712 x+1,y,z
O4-H4b--02  2.23(2) 2.933(2) ' 148(2)  —xtl,-y,-z+1
N3-H3a--06  2.24(2) 3.070(2) - 166(2) X, Y, 2
06-H6--N2  2.652) 3.182(2)  127(2) X, Y, 2
N2-H2--S1  2.76(2) 3.584(2). 173(2) —x+2, —y, ~z

N3-H3b---S1  2.592) 3.445(2) 167(2)  —x+2,—y+l,—z

By contrast to present crystal structure 1, the previously reported crystal form
of Hopt (CSD refcode YEBBUC, in further text Hopt") contains three symmetry
independent molecules in the asymmetric unit, together with one molecule of
crystal water. Though generally of the same types, the intermolecular interactions
that stabilize the crystal structure of Hopt® lead to notably different molecular
arrangements in comparison to 1 (Fig. 3b). First of all, all three molecules of Hopt®
have an equivalent orientation of the carboxylic moiety with H donor engaged in
intramolecular. O1-H---N1 hydrogen bond. There are two hydrogen bonds
mutually connecting the independent molecules AY and BY, the O1-H---O2 and
N3-H+--02, both utilizing the O2 acceptor. The ring pattern R'»(10) formed in this
way 1s the only one based on N-H---O and O—H:--O interactions that is common
for 1 and Hopt” (Fig. 3a,b). Contrary to 1, the Ol of Hpt" does not serve as an
acceptor but only as an H-donor. Thus, two equivalent Ola—H:--O2b and Olb—
H---O2a interactions associate the pairs of independent molecules AY and BY into
a tetramer, generating the ring motif R*;(16) composed only of carboxylic residues
(Fig. 3b). As regards the independent molecule CY, the both of its donor sites N1—
H and O1-H are captured by the molecule of crystal water. The molecule C" links
to the AYBY -tetramer via the N3b—H---O2c interaction, where it provides the
acceptor, Fig. 3b.
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(@]

Fig. 3. Hydrogen bonding
patterns in (a) Hypt-0.5 (1),
(b) Hopt¥+0.33H20% and

(c) {[Na(Hpt)(H20)3]-H20}»
(2). The ring patterns
composed of one type of
hydrogen bond are marked
with ticker lines.
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All molecules belonging to crystal structures of 1 and Hopt” utilize their
thiourea moieties to mutually connect by cyclic N-H:--S hydrogen bonds (Fig. 3).
In the structure of 1, energy of this molecular dimer is estimated to —43 kJ mol ',
mediated by N2a—H2a...S1b hydrogen bond. The R*(8) ring motif formed by
these interactions frequently appears in thiosemicarbazide-based crystal structures
in general.”> In 1 and Hapt", all molecules form the R?,(8) motif by the pairs of
N2-H---S interactions. The exception is molecule CY, which, besides this one,
forms the additional R*(8) motif utilizing centrosymmetric N3—H---S interaction
(Fig. 3b).

Apart from the described interactions facilitated by hydrogen bonds,
which orient molecules of 1 to form a sheet approximately parallel to the (940)
crystallographic plane, three energetically comparable interactions emerge that are
not reliant on specific atom-to-atom contacts. These interactions occur between
stacked molecules. Unlike the electrostatically dominated interactions mediated by
hydrogen bonds, these stacking interactions exhibit a comparable contribution
from the dispersion component (Table III). These interactions, characterized by
cohesion energies ranging from —20 to =30 kJ mol ™', are the driving force behind
the stacking of hydrogen-bonded layers, as opposed to the O—H:-S hydrogen bond
with an estimated energy of —12 kJ mol™'.

TABLE III. Summary of relevant intermolecular interaction energies molecular pairs for 1

Yoy Symrpetry Interactions R/ E/kJ mol-1
operation on . Ived A
Y mvolve Eele Epol Edis Erep Etot
N3a-H3a---O2b
A--'B X,z Ola--*H3d-N3b 5.82 —80.59 —-20.57 —-20.44 8791 —-63.92
Ola—Hla --O2b

A--'B x,»,z—1  N2a-H2a---Slb 6.51 —56.96 —9.80 —19.57 66.65 —43.35
B-:-H20 Xz O1b-H1b---O3 6.17 —62.64 —15.68 —5.59 64.64 —42.77

BB _“_1;3”’ stacking 442 —1421 —2.35 —27.30 10.85 —33.84
B-A —szil—y, N3b-H3c-02a 8.89 —35.70 —6.52 -8.85 32.39 —30.27
A..A *x”;;y”' stacking 520 —18.14 546 -23.67 24.59 —28.64
A~H,0  xyz  N3aH2b-03 521 —2807 -526 —470 1682 —27.27
A-B *xtzz 3“’ offsetstacking 5.88 —14.47 —-3.60 —13.63 7.90 —24.96

X, Y are two molecules in interaction; R is the distance between molecular centroids.
Etot = keleEele + kpolEpol + kdisEdis + krepErep, Where kele = 1057, kpol = 0740, kdis = 08715
and krp = 0.618 for the B3LYP/6-31G(d,p) energy model used. Only Intermolecular
energies with —E > 25 kJ mol™ are listed.
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In the crystal structure of 2, there are five water molecules in the coordination
environment of the sodium ion and the molecule of crystal water (Fig.-2b).
Therefore, the O-H---O hydrogen bonds interconnecting the water molecules
within the coordination polymer seem to dominate this crystal structure (Table II).
In the dense network of O—H:---O interactions, the Hpt™ anion participates with
both oxygen acceptors of the deprotonated carboxyl group’ (Fig 3c). The
coordination of Hpt™ to solvated sodium cation reduces the number of direct
interactions between the thiosemicarbazone units. Nevertheless, the thiourea
moieties of Hpt™ again self-associate using the N—H S interactions to form a well-
known R?(8) ring motif (Fig 3c). Similarly to C" from Hapt”, the Hpt anion can
form two of these motifs, one by N2—H:--S and the other by N3—H:-S interaction.
In the crystal structure of 2, these hydrogen bonds have the role of connecting the
neighboring polymeric chains.

Apart from the extensive hydrogen bonding network and persistent R%(8)
motif formed by thiourea moieties, the.common feature of three crystal structures
is their layered three-dimensional crystal packing. Fig. 4 displays 3D structure for
compounds 1 and 2. The layered structure is not surprising considering the planar
form of the pyruvate thiosemicarbazone unit and the coplanarity of its hydrogen
bonding sites, with the exception of methyl H atoms. The distance between two
successive layers of ligands is 3.46, 3.34, and 3.64 A in 1, Hopt¥-0.33H,0, and 2.
The layers are interconnected by the hydrogen bonds involving water molecules
(Fig. 4).

Fig. 4. Packing diagram of (a) 1 and (b) 2.

CONCLUSION

By exploring novel synthetic routes for thiosemicarbazones with keto acids,
and their complex salts with alkali and earth-alkali metals, we were able to isolate
novel crystal form of pyruvic acid thiosemicarbazone, dissimilar to the previously
reported crystal structure of this ligand. The sodium pyruvate thiosemicarbazone
was also obtained in the form of a single crystal. Here presented crystal structure
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of the sodium complex is one of very rare crystal structures of alkali and earth-
alkali complexes of thiosemicarbazone ligands in general.

The thiosemicarbazone molecules display rather consistent planar form, due
to overall electron delocalization. The allowed rotation of carboxylic fragment and
its deportonation particularly affect the hydrogen bonding pattern. A detailed
comparison has been made regarding the remarkable diversity of hydrogen
bonding in novel and previously reported crystal form of pyruvic acid
thiosemicarbazone. The comparison to sodium salt is also performed. Among the
number of structural patterns formed by N-H..O, O-H..O and N-H...S
interactions the cyclic hydrogen bonding motif involving thioureido moieties is the
only one common for three crystal structures.
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H3BOJ

HOBA KPHCTAJTHA @OPMA THOCEMHKAPEA30HA ITHPOTPOXBHAHE KHUCEJIMHE U
IBETOBE COJIM HATPUJYMA
CBETJIAHA K. BEJIOIIEBHE ", CTABAHA B. HOBAKOBHR?*, MAPKO B. POJIR3*, BYKAIVH M. IEOBALI¥,
JbA/BAHA C. BOJMHOBHE-JELIME, TOPAH A. BOTIAHOBHR2 U MUPJAHA M. PATAHOBHES**

I@akyninenm WexHuukux Hayxa, Yuueepsuite y [Ipuwinunu, Kwasa Munowa 7, 38220 Kocoscka
Muiposuua; “UHciuiuitiyi 3a HyKiedpHeHdayke ,Bunua” — HHCTHUTLY T 0g HAUUOHATHOT 3HAUA]A 34
Peuyonuiy Cpbujy, Ynugepsuitiein y boipagy, Jlabopatiopuja 3a theopujcky Guuky u ¢usuxyxorngen3osare
mawepuje, 11001 Beoipag; *Yrusep3uiueini y Hosom Cagy, [Ipupogno—maimemaiauuxu paxynieim, Tpi /.
Oépagosuha 3, 21000 HosuCag

JeTasbHO je aHanM3UpaHa peakuydja THOceMHUkapda3uaa U HaTpHUjyM-TIUpyBata, Kao U HOBA
KpuctanHa opma nodujeHor THOoceMHKapbasoHa muporpoxhane kucenuse (Hqpt) u merose
COY HAaTpUjyMa. Jeoumema Cy okapakTeprcaHa IR ciekTpocKkonujoM, eneMeHTaTHOM aHaIU30M,
KOHIYKTOMETPUjOM U PEHATeHCKOM CTPYKTYpPHOM aHajau3oM. [laTa je ymopenHa aHaiausa
KPUCTalTHUX CTPYKTypa HOBUX jelueHa, M HBUX0BAa CBOjCTAa Cy ymnopeheHa ca MPEeTXONHO
OTIMCAaHUM KOMITIEKCHMa Koju cagpxxe Hzpt. [IBe HOBe KpUCTaimHe CTPYKTYpe MoKa3yjy 3HavyajHe
pasnuke y odpaciyma BOZOHUYHHX Be3a, kako MmelycobHo Tako u y mopehewy ca MpeTXOmHO
OTMCAaHOM KpucTanHOM ¢Qopmom Hjpt. CBe KpHCTalHe CTPYKType Cy CTadUIM30BaHe
pasrpaHatom mMpexom N-H:-0, O-H:-O u N-H:-S BopmoHM4yHUX Be3a. LIUKIMYHU MOTHUB
BOJOHUYHUX B€3a KOjU YK/bydyje THOAMUIHEe (PparMeHTe JIMraHia je jeIUHH CTPYKTYPHH MOTHUB
KOjU Cce MOHaB/ba Y TPH yriopeheHe KpUCTaaHe CTPYKType.

(ITpumrbeHo 17. anpuiia; peBugupano 21. anpuia; npuxsaheno 8. Maja 2024.)
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