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Abstract: A new salt of Schiff base of aminoguanidine and 2-acetylpyridine,
and its zinc(I) complex were obtained and their physicochemical and struc-
tural properties studied. The reaction of an aqueous solution of the chloride
ligand salt and NH4NCS resulted in formation of the dithiocyanate ligand salt,
L-2HNCS, while the reaction of the obtained salt with zinc(Il) acetate gave a
neutral complex of the formula [ZnL(NCS),]. In this complex, chelate ligand is
coordinated in its neutral form, in a common tridentate NNN manner, via pyri-
dine, azomethine and imino nitrogen atoms of the aminoguanidine fragment.
This coordination mode results in formation of two strained five-membered
metallocycles. Zinc(Il) is situated in a distorted square-pyramidal environment
of the tridentate ligand and one thiocyanate ion in the equatorial and the other
thiocyanate ion in the apical position. The crystal structure of the ligand salt is
stabilized by N-H---N and N-H:-S interactions formed between the cationic
and anionic species, while the three-dimensional crystal packing of the com-
plex units is based on weak N—H:-S interactions which involve the S acceptors
from both NCS ligands.

Keywords: Schiff base; crystal structure; physico-chemical characterization;
metal complexes.

INTRODUCTION

Schiff bases are one of the mostly used ligand classes due not only to the
ease of their formation and both chemical and structural variety, but also very
versatile application possibilities.! Pharmacological applications of aminogua-
nidine and its derivatives are thoroughly investigated.2 The guanidine group is
found in a large number of biomolecules and it is important for the research in
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the field of natural product synthesis and drug development.3 The pronounced
alkalinity of this group,? thus its positive charge, make it important for recog-
nition in chemical and biological systems.# Considering the fact that the bioact-
ivity of metal complexes is usually increased and the side-effects are decreased
as compared to the ligands themselves,”? it is not surprising that this field of study
attracts much attention.6-8

On the other hand, complexes of zinc(Il) are particularly interesting because
zinc is the second most abundant d-metal in organisms, it is essential for the
structure and function of a large number of macromolecules’ and has a specific
role in numerous bioinorganic processes. Namely, zinc(Il) could be four-, five- or
six-coordinated, its complexes are kinetically labile and the inter-conversion
between the states of different coordination number is fast.?

In this paper, the synthesis, physicochemical, and structural properties of
2-acetylpyrydine-aminoguanidine Schiff base ((2F)-2-[1-(2-pyridinyl)-ethylid-
enelhydrazinecarboximidamide) dihydrothiocyanate (L-2HNCS) and its zinc(II)
complex, of the formula [ZnL(NCS),], are discussed.

EXPERIMENTAL
Reagents

All commercially obtained reagent-grade chemicals were used without further purific-
ation. 2-Acetylpyridine-aminoguanidine Schiff base dihydrodichloride was synthesized
according to a previously described procedure. !0

Synthesis of L-2HNCS

2-Acetylpyridine-aminoguanidine Schiff base dihydrochloride (0.50 g, 2.0 mmol) was
dissolved in 10 mL H,O, NH4NCS (0.30 g, 4.0 mmol) was added and the reaction mixture
was slightly heated for a few minutes. The obtained solution was left at the room temperature
and after 24 h, the colourless crystals were filtered in vacuo and washed with EtOH. Yield:
0.36 g (61 %).
Synthesis of [ZnL(NCS),]

The ligand, L-2HNCS (0.15 g, 0.50 mmol) was dissolved in 15 mL of H,O and

Zn(OAc),-2H,0 (0.11 g, 0.50 mmol) was added. After one week, the formed rod-like single
crystals were filtered off and washed with EtOH. Yield: 0.12 g (67 %).
Analytical methods

Elemental analyses (C, H, N and S) of the air-dried compounds were carried out by
standard micro-methods in the Center for Instrumental Analyses, IHTM, in Belgrade. Molar
conductivity measurements of freshly prepared 1 mM solutions were performed on a Jenway
4010 conductivity meter. IR spectra were recorded on a Nicolet Nexus 670 FTIR (Thermo
Scientific) spectrophotometer, in the range of 400—4000 cm! using the KBr pellet technique.

Single crystal X-ray diffraction
Single-crystal X-ray diffraction data for compounds L-2HNCS and [ZnL(NCS),] were
collected on an Oxford Gemini S diffractometer equipped with a CCD detector, using mono-

chromatized MoK, radiation (4 = 0.71073 A). Data reduction and empirical absorption cor-
rection were performed with CrysAlisPRO.!" The structures were solved by direct methods
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using SHELXS and refined on F2 by full-matrix least-squares using SHELXL.!2 All non-hyd-
rogen atoms were refined anisotropically. H atoms attached to C atoms were placed at the
geometrically calculated positions with the C—H distances fixed to 0.93 and 0.96 A from the
aromatic and methyl C atoms, respectively. H atoms attached to N atoms were located in dif-
ference Fourier maps and refined using distance restraints. The Ui, values of the H atoms
were approximated by Ugq values of their carrier atoms. The compound L-2HNCS was refined
as a racemic twin resulting in twin fractions of 0.30(9) and 0.70(9). Crystallographic details
for structure analysis of L-2HNCS and [ZnL(NCS),] are summarized in Table S-I of the Sup-
plementary material to this paper. The figures were produced using ORTEP!3 and
MERCURY.!* WINGX,!> PLATON!¢ and PARST!7 software were used for the preparation
of the materials for publication.

RESULTS AND DISCUSSION
Syntheses and characterization

The reaction of warm aqueous solution of L-2HCIO and an excess of
NH4NCS yielded colourless plate-like single crystals of the thiocyanate ligand
salt, i.e., L-2HNCS. In the reaction with Zn(OAc); and the obtained ligand,
colourless single crystals of the complex [ZnL(NCS);] were formed.

The ligand and the complex are solid compounds, stable in air and high
temperatures. The ligand is well soluble in water and less soluble in EtOH and
MeOH, while the complex is poorly soluble in all the mentioned solvents. How-
ever, both compounds are well soluble in DMF.

The characterization data for the ligand and the complex are given in the
Supplementary material.

The molar conductivity of a DMF solution of the ligand corresponds to a 2:1
electrolyte type, which is in concordance with the given formula. On the con-
trary, in the DMF solution of the complex, partial substitution of the NCS-ligand
with solvent molecules occurs and thus, the value of the molar conductivity is
lower than those for 1:1 type of electrolytes, but significantly higher than the one
expected for non-electrolytes.

On comparison of the IR spectrum of the ligand with that of the complex, it
could be proven that the chelating ligand is coordinated in a tridentate NNN
manner, via the pyridine, azomethine and imino nitrogen atoms of the amino-
guanidine moiety. In the spectrum of the ligand, the strong band ascribed to
v(C=N) vibrations is found at 1680 cm™!, but upon coordination, it is shifted
towards the lower energy region (1659 cm™1). Similarly, the band that is a result
of guanidine group vibrations, located at 1628 cm™! in the spectrum of the ligand,
underwent a negative shift of ca. 30 cm~! on complexation. The broad low int-
ensity bands in the region 3100-2800 cm! in the spectrum of the ligand imp-
licate protonation of the pyridine nitrogen atom. The absence of these bands in
the spectrum of the complex indicates deprotonation, and the band at 633 cm™!
suggests coordination of this atom. Additionally, the sharp, very strong band at

Available on line at www.shd.org.rs/JSCS/

(CC) 2018 SCS.



160 RADANOVIC et al.

2058 cm! in the spectrum of the ligand, originates from free NCS~. Due to
coordination of two NCS-ligands, in the spectrum of the complex, in this region
doublet band at 2109 and 2084 cm™! is present.18

Crystal structure analysis

Molecular structures of compounds including the atom labelling schemes are
presented in Fig. 1, while selected geometrical parameters are listed in Table I.
The asymmetric unit of L-2HNCS contains the ligand molecule, protonated at the
N atoms of the pyridine ring and imino group of the aminoguanidinium (AG)
fragment, and two thiocyanate counter-ions (Fig. 1). Among the four C—N bonds
of the ligand, the imino bond C2-N3 displays the shortest length (1.283(3) A),
typical for a pure double bond (Table I). The torsion angle N2-N3-C2—C3,
involving this bond, has a value of 180.0(2)° and reveals the E configuration of
the present Schiff base. The C—N bonds belonging to the AG fragment display
intermediate lengths (between single and double bonds) with similar distances for
the C1-N1 and C1-N4 bonds involving the two amino groups (Table I). The
partial double-bond character is also present in the N-N bond (1.366(3) A),
which shows notable shortening with respect to the length of a typical single

bond (1.41 A).
St
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Fig. 1. Molecular structure of: a) L-2HNCS and b) [ZnL(NCS),] with the atom labelling
scheme. Displacement ellipsoids are drawn at the 30 % probability level.

The intermediate bond lengths accompanied by sets of sp? angles at each
non-H atom in the aliphatic chain (the sum of the angles at the atom centres is
360°, with exception of methyl C8) indicate overall charge delocalization within
the ligand molecule. All non-H atoms of the ligand are therefore coplanar with
mean deviations from their respective plane of 0.024 and the maximal deviation
of pyridine N5 of —0.03(1) A. The plane of the pyridine ring is only slightly
twisted from the plane of the AG fragment, forming the dihedral angle of 1.2(1)°.
The described geometrical features of the cation in L-2HNCS are closely com-
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parable to those of similar protonated ligands in two recently reported salts
L-2HCI and L-H»S04.10 For L-2HNCS, L-2HCI and L-H»SOy, slight variations
can be observed in the values of torsion angles N5—C3—-C2-N3 (0.3(3), —2.01 and
—3.24°, respectively) and C2-N3-N2-C1 (-177.5(3), 180.0 and 175.8°, respect-
ively).

TABLE 1. Selected bond lengths (A) and bond angles (°)

Bond L-2HNCS [ZnL(NCS),] | Angle L2HNCS  [ZnL(NCS),]
Znl-N1 - 2.037(4) N1-Znl-N3 - 75.0Q2)
Zn1-N3 - 2.150(4) N3-Znl-N5 - 71.5(1)
Zn1-N5 - 2.220(4) N1-Zn1-N5 - 146.5(2)
C1-N1 1.302(5) 1.289(6) N6-Zn1-N7 - 113.1(2)
CI1-N2 1.343(4) 1.367(6) N2-N3-C2 116.5(2) 123.2(4)
C1-N4 1.317(4) 1.356(6) N3-N2-C1 118.0(3) 114.9(4)
C2-N3 1.283(3) 1.286(6) N1-C1-N2 120.8(3) 118.5(4)
N2-N3 1.364(3) 1.346(5) N3-C2-C3 113.4(2) 113.2(4)

The crystal structure of L-2HNCS is mainly stabilized by N-H---N and
N-H---S interactions formed between the cationic and anionic species. It can be
noticed that the six N—H hydrogen donors of the ligand act in pairs, each pair
engaging the single anion acceptor (N or S) and thus forming three-centre bifur-
cated hydrogen bonds (Fig. 2a, Table II). Similar bifurcated interactions with
equivalent spatial distribution of the anions containing the acceptors were obs-
erved for the crystal structures of L-2HCI and L-H»SO4.10 In the case of
L-2HNCS, the bifurcated interactions involving the two guanidinium donor pairs
and corresponding N or S acceptors from the N6—C9—S1 anion link the cations
into a chain extending along the ¢ crystallographic axis (Fig. 2a, Table II). The

Fig. 2. Crystal packing of: a) L-2HNCS and b) [ZnL(NCS),].
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second anion, N7—C10-S2, forms a short bifurcated interaction (N5-HS5---N7
and N1-Hla---N7) by engaging the remaining py and AG donor pair (Table II),
while the S acceptor serves to connect two adjacent chains by weak C—H---S
interactions (Fig. 2a, Table II). In this arrangement, the flat molecules form
parallel stacks in the a direction with the partial overlap between the guanidinium
fragment —C1(NH>), and the pyridine ring. The interplane distance between the
adjacent ligand molecules is 3.47 A. A similar partial overlap with the interplane
distances of 3.35 and 3.54 A could be observed in the crystal structures of
L-2HCI and L-H»S04.10

TABLE II. Geometrical parameters for intermolecular interactions in crystal structures of
L-2HNCS and [ZnL(NCS),]

D-H---A D-H (A) H---A(A) D-H---A(°) Symmetry codes
L-2HNCS
NI-Hla.--N7 0.89(2) 2.32(3) 157(3) x, v, z+1
NI-Hlb---S1 0.87(2) 2.96(4) 136(3) x, ¥, z+1
N2-H2---N6 0.83(2) 2.04(3) 158(2) X, 9,z
N4-H4a---S1 0.84(2) 2.52(4) 166(3) x, ¥, z+1
N4-H4b.---N6 0.86(2) 2.35(4) 144(2) X, 9,2
N5-H5---N7 0.89(4) 1.943(4) 154(4) x,y, z+1
C5-H5a---S2 0.93 2.88 159 x+1,y,z
[ZnL(NCS),]
NI1-HI---S1 0.85(3) 2.69(3) 159(5) —x+1,+1, z+0.5
N2-H2---S2 0.86(3) 2.63(3) 157(5) —x, y+2, z+0.5
N4-H4a.--S1 0.90(3) 2.98(4) 132(5) —x+1,+1, z+0.5
N4-H4a.--S1 0.90(3) 2.77(5) 132(5) —y+1, x, z+1.5
N4-H4b.--S2 0.91(3) 2.89(4) 141(5) —x, —y+2, z+0.5

The crystal packing of [ZnL(NCS),] consists of discrete complex units,
where the Zn atom is five-coordinated by the three N atoms belonging to the
neutral Schiff base, and two N atoms from the thiocyanate ligands. The Addison
7 parameter!? calculated from the equation 7 = (f-a)/60 has a value of 0.29 (a
and p are the largest angles in the coordination sphere; 7 = 0 for a perfect square
pyramid, and 7 = 1 for a perfect trigonal bipyramid). Hence, the five-coordinate
geometry of the Zn centre could be described as a distorted square pyramid, with
the three N donors of chelate ligand, and one thiocyanate N donor defining the
basal plane, and the second thiocyanate N donor occupying the apical position.
According to the geometrical parameters summarized in Table II, the significant
distortion of the coordination geometry is mainly related to the small bite angles
of the tridentate ligand. The Zn—N coordination bonds are comparable to those in
previously reported Zn complexes comprising a similar tridentate (NNN) Schiff
base and NCS anion as ligands.20-26 In [ZnL(NCS),], the Zn-N bond involving
the pyridine N atom is the longest and that involving the imino N is the shortest
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bond with the chelate ligand (Table I). A similar trend was observed in two
previously reported Cu(II) complexes comprising the same tridentate ligand.!10
The geometries of the two linear NCS ligands in [ZnL(NCS);] are mutually
similar, but they form noticeably different distances and angles with the central
metal atom (Zn1-N6 1.974(4) and Zn1-N7 1.998(4) A, Zn1-N6-C9 (175.4(4)
and Zn1-N7-C10 161.4(4)°).

By coordination to the Zn atom, the tridentate ligand forms two strained five-
-membered chelate rings. As evidenced by the torsion angles C3—C2—-N3—Zn and
C1-N2-N3-Zn of —4.8 and 4.5°, respectively, both chelate rings display slight
twists at the bonds involving the central N3 donor. Among the three fused rings
of the chelate ligand, the largest dihedral angle of 1.4(2)° is found between the
mean planes of the pyridine ring and guanidinium metallocycle. In general, the
coordinated Schiff base retains a high degree of planarity (root mean square
deviation of the non-H atoms does not exceed 0.02 A) and the same E-con-
figuration at C2-N3 bond as observed for the protonated ligand. The deprot-
onation of the ligand at pyridine N does not particularly affect the lengths of the
vicinal bonds, while deprotonation at N1 results in a shortening of C1-N1 and an
elongation of C1-N2 and C1-N4 bonds (Table II). The overlay of the crystal
structures belonging to the free and coordinated ligand (Fig. 3) reveals only slight
conformational changes, which mainly occur at the N3 donor atom (angle
C2-N3-N2 is 116.5(2) and 123.2(4)° in L-2HNCS and [ZnL(NCS);], respect-
ively). Upon coordination of the rigid ligand to the metal centre, the distance
between the terminal donor atoms N5 and N1 shortens from 4.48 to 4.08 A. The
three-dimensional crystal packing of the [ZnL(NCS);] complex units is based on
weak N-H---S interactions which involve the S acceptors from both NCS ligands
(Table II). It is noteworthy that the existence of a fourfold axis between the
complex units causes the linear N-C-S ligands to accumulate into square-like
formations (Fig. 2b).

-
N1

Fig. 3. Overlay of Schiff base in uncoordinated (light
grey) and coordinated (dark grey) form. The least-
-square fit is based on atoms of the pyridine ring.
H-atoms are excluded for clarity.
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CONCLUSIONS

Syntheses, physicochemical properties and structural characterization of
thiocyanate salt of the Schiff base 2-acetylpyridine-aminoguanidine and its
complex with zinc(Il) are presented. Single crystals of the Schiff base are
obtained in the reaction of its chloride salt and an excess of NH4SCN, while the
reaction of aqueous solution of Zn(OAc); and the obtained ligand resulted in the
formation of single crystals of the complex.

The ligand and complex were characterized by elemental analysis, IR spec-
troscopy, conductometric measurements and X-ray analysis. The last method
showed that the isolated ligand is in its doubly protonated form, with protonated
nitrogen atoms of pyridine ring and imino group of the aminoguanidinium
fragment. In the obtained complex, the chelate ligand is coordinated in its neutral
form through pyridine, azomethine and imino groups of the aminoguanidine
residue. Zinc(Il) is situated in a distorted square-pyramidal environment of the
tridentate Schiff base and one NCS~ ligand in the equatorial plane and the other
NCS~ ligand in the apical position. Considering the great pharmacological imp-
ortance of zinc(II) complexes and the described Schiff base, as well as the pos-
sibilities for applications in many other areas, further characterization of these
compounds should be the aim of future research.

SUPPLEMENTARY MATERIAL

CCDC 1575327 and 1575328 contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre (https://summary.ccdc.cam.ac.uk/structure-summary-form). The characterization data
and pertinent crystallographic and refinement details are given in the Supplementary material
to this paper, available electronically from http://www.shd.org.rs/JSCS/, or from the corres-
ponding author on request.
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H3BO[I
NI POBA BA3A 2-AUETWIITUPUINH-AMUHOI'BAHUIWH — HOBA JIMTAHIHA CO U
TUOLMJAHATO KOMIUIEKC IMHKA(II)

MUPJAHA M. PAJIAHOBUE', CIABAHA B. HOBAKOBUR’, JBUJbAHA C. BOJUHOBUR-JELIWE', MAPKO B.
POIUR' u BYKAZIMH M. JIEOBALL'

IIpupogro—matuemaiiuuxky Gaxyniieid, Ynusepsuiuei y Hosom Cagy, Tpi [. Odpagosuha 3, 21000
Hosu Cag u ’HucmuWyw 3a HyKeapHe Hayke “Bunua*, Jlabopatwiopuja 3a Weopujcky Gusuky u Gusuxy
KoHgensosane matiepuje, 11001 Beoipag

CuHTeTHCaHa je HOBa, THOLHjaHaTHA co Illndose Ha3e aMUHOTBAaHUAWHA U 2-all€THIIITH-
pUIvHA, Kao U ’beH koMmiekc ca UMHKOM(II) n ucnutane U3NYKO—XEMUjCKE U CTPYKTYDHE
KapaKTEPUCTHUKe NOOWjEHMX jeovmema. PeaklMjoM BOAEHOr PacTBOpa XJIOPUAHE CONH JIH-
ranga ca NH4NCS n3onoBaHu cy MOHOKPHCTaIX THOLMjaHATHE COJU JINTaHA, JOK je peax-
uuja podujeHe conu ca nMHK(II)-anetaToM pesynToBana HAaCTAHKOM MOHOKDHCTasIa HEyTpas-
Hor KoMmIutekca opmyiie [ZnL(NCS),]. Y oBoM KOMIUIEKCY XeJaTHU JIUTAHT je KOOPAUHOBAH
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y CBOjoj HeyTpaynHoj ¢GopmH, HA yobuuajeH TpumeHTaTHH NNN HauuH, Tpexo MUPHUIUHCKOT,
a30METHHCKOT M aToMa a30Ta MMHUHO Ipylie aMHUHOrBaHMOWHCKoOr ¢parmenta. Llunk(II) je
CMEIITEH y JedOopMHUCaHOM KBaZpaTHO-NMUPaMHUIATHOM OKDYXEWhY TPUOEHTATHOT JIUraHia U
jemHOr THOLMjaHATHOT joHa y 0a3aaHOj paBHM M APYTOT THOLMjaHATHOT jOHA Y alHMKaJHOM
nonoxajy. KpucranHa cTpykTypa conu nurasfa crabunusosasa je N-H--N u N-H---S Bogo-
HUYHMM WHTEpaklHjama, JOK je TPDOAMMEH3UOHATHO MaKOBawke CTPYKTYPHHUX jefUHULA H00U-
jeHor koMriekca octBapeHo cinadbum N—-H---S unrepakiujama.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

(TTlpummbero 22. centemdpa, peBuaupaHo 2. HopemOdpa, npuxsaheno 7. Hopemdpa 2017)
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