Synthesis, characterization and crystal structure of
bis[4-methyl-1-{1-(pyridin-2-
yl)ethylidene}thiosemicarbazide-k*S,N,N]zinc(ll)

ABSTRACT

Schiff base ligand (4-methyl-1-(1-(pyridin-2-yl)ethylidene)thiosemicarbazide (H,L) was synthesized via
condensation of 2-acetylpyridine and 4-methyl-3-thiosemicarbazide in ethanol. The Zn(ll) complex was
obtained from 2:1 (H,L/Zn(OAc),:2H,0) molar ratio reaction, yielding a neutral compound formulated
as [Zn(HL),]. Elemental analysis, 'H and *C NMR, conductance measurements and FT-IR
spectroscopy were used for the characterization of the ligand and the complex. The complex is non-
electrolyte in DMF solution. The structure of the complex was determined by single crystal X-ray
diffraction study. Two ligand coordinated the Zn(ll) ion. Each of the azomethine ligand was coordinated
to Zn(ll) ion through one azomethine nitrogen atom, one pyridine nitrogen atom and one sulfur atom,
yielding an octahedral Zn(ll) complex. The compound crystallizes in the triclinic space group P-1 with
unit cell dimensions a = 8.551 (6) A, b = 10.948 (5) A, c = 12.060 (4) A, a = 91.66 (3)°, § = 100.03 (5)°,
y=109.92 (3)°, V =1040.5 (10) A%, Z = 2, R, = 0.066 and WR; = 0.158. The Zn(ll) cation in N,S inner
is situated in a distorted octahedral environment.
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1. INTRODUCTION

“Semicarbazone and thiosemicarbazone Schiff bases have been widely studied due to their diverse
potentialities. Thiosemicarbazones are known .te. have a wide range of biological applications. They are
used as anticancer” [1,2], antibacterial?[3,4], antifungal [5,6], and biocides [7]. “Coordination complexes
obtained from these Schiff bases are.able to enhance or inhibit some of these properties” [8-11]. “In
addition to the important biological properties observed, physical properties are noted. The original
structures of these transition metal complexes formed with these Schiff bases lead to physical properties
such as magnetism” [12,13], fluorescence [14,15] or catalysis [16,17]. “[Thiosemicarbazone complexes
are used in the synthesis of nhanomaterials which are used in the photodegradation of dye molecules to
depollute the contaminated environment” [18-20]. “Thiosemicarbazone Schiff bases are versatile and can
coordinate in several ways. Detailed studies of the molecular structures and coordination mode of these
Schiff bases are carried:out. In.the thiosemicarbazide moiety, a thione/thiol equilibrium can be established
such that the sulfur atom can bind to the metal in its thione or thiolate form” [21,22] or remain free [23,24].
“When the thiosemicarbazone moiety is modified by the presence of a donor group on the nitrogen atom,
as in the case of.4-methyl-3-thiosemicarbazide, deprotonation can be facilitated, thus allowing the sulfur
atom to‘react in its thiolate form” [25,26]. In our previous work we have reported the preparation and the
X-ray structures of Co(ll/lll), Ni(ll) and Zn(ll) complexes derived from 1-(1-hydroxypropan-2-
ylidene)thiosemicarbazide [27]. In this paper, we report the synthesis and structural characterization of the
Schiff base, (4-methyl-1-(1-(pyridin-2-yl)ethylidene)thiosemicarbazide (H,L)) and the X-ray diffraction
structurerof its complex with Zn(ll).

2. MATERIAL AND METHODS

2.1. Starting materials and Instrumentations

2-acetylpyridine, 4-methyl-3-thiosemicarbazide, and zinc acetate dihydrate were commercial
products (from Aldrich) and were used without further purifications. The solvents were reagent grade
and were purified by usual methods. Elemental analyses were carried out using a VxRio EL
Instrument. The FTIR spectra were recorded on a FTIR Spectrum Two of Perkin EImer (4000-400 cm’



Y). The 'H and *C NMR spectra of the Schiff base were recorded in DMSO-ds on a BRUKER 500 MHz
spectrometer at room temperature using TMS as an internal reference. The molar conductance of 10°
M solution of the metal complex in DMF was measured at 25 °C using a WTW LF-330 conductivity
meter with a WTW conductivity cell.

2.2. Synthesis of ligand (4-methyl-1-(1-(pyridin-2-yl)ethylidene)thiosemicarbazide (H,L)

The ligand H,L was synthetized using the procedure described by Hazani et al. [28] with slight
modification. A solution of 2-acetylpyridine (1.2114 g, 0.010 mol) in 20 mL of methanol was slowly added
to a solution of 4-methyl-3-thiosemicarbazide (1.1919 g, 0.010 mol) in 20 mL of methanol. Two drops of
glacial acetic acid were added. The mixture was refluxed for 2 h. On cooling, the white product which
was formed was filtered off and recrystallized in ethanol. Yield, 90 %. M.P. 176°C. Anal. Calc for
CoH12N,S: C, 51.90; H, 5.81; N, 26.90; S, 15.39. Found: C, 51.86; H, 5.76; N, 26.83; S, 15.33R (cm™):
3235 (vn_n), 3170 (vn—p), 1552 (ve=n), 1259 and 818 (va.c=s). "H NMR (DMSO-ds, §(ppm)): 2.70 (S, 3H,
-N=C-CHj3); 3.12 (D, 3H, -NCHg); 7.33-8.65 (m, 4H, =CHp,); 8.96 (s, H, HN-Me) ;:12.05 (s, H, HN). B¢
NMR (DMSO-ds, 8(ppm)): 13.25 (-N=C-CHy); 32.15 (-N=C-CHy); 121-150 (Ca); 156.32 (C=N); 180.01 (N-
C=S).

2.3. Synthesis of the Zn(Il) complex

In a round bottomed flask, H,L (0.4182 g, 2 mmol) and 15 mL of ethanol were mixed. Under
stirring, a solution of Zn(OAC),-2(H,0O) (0.2195 g ; 1 mmol) in 5 mL jof ethanol was added and the
resulting mixture was refluxed for two hours. After cooling, the yellow solution was filtered off and left for
slow evaporation. Yellow crystals suitable for X-ray diffraction” analysis were collected after two weeks.
Yield: 60 %. Anal. Calc for C,gH2,NgS,Zn: C, 45.05; H, 4.62; N,23.35; S,.13.36. Found: C, 45.02; H, 4.60;
N, 23.31; S, 13.32. IR (cm-1): 3224 (WN—H), 1599 (vc-n), 728 (ves). 'H NMR (DMSO-ds, 8(ppm)): 2.63
(S, 3H, -N=C-CHj3); 2.98 (D, 3H, -NCHj3); 7.03-8.15 (m, 4H, =CHpy); 8.02 (s, H, HN-Me). ¥C NMR
(DMSO-dg, 8(ppm)): 12.31 (-N=C-CHj3); 35.33 (-NCHs); 123-148 (Ca); 144.56 (-N=C-CHs3); 170.12 (S-
C=N). Conductance A (S-cmz-mol'l): 14 (fresh solution) et'13.75 (two weeks after).

2.4. X-ray structure determination of complex 1

“The ethanol solution of Zn(ll) complex-was left.to slow evaporation and yellow crystals suitable
for X-ray analyze were formed after two weeks. The details of the X-ray crystal structure solution and
refinement are given in Table 1. Measurements were made on a Bruker SMART CCD Area Detector.
All data were corrected for Lorentz and. polarization effects. Empirical absorption correction was
applied. Complex scattering .factors were taken from the program package SHELXTL” [29]. “The
structure was solved by direct methods, which revealed the position of all non-hydrogen atoms. The
structure was refined on’F? by a full-matrix least-squares procedure using anisotropic displacement
parameters for all non-hydrogen ‘atoms” [30]. “All hydrogen atoms were located in their calculated
positions and refined.using a riding model. Molecular graphics were generated using ORTEP-3” [31].

Table 1. Crystallographic data and refinement parameter for the complex.

Empirical formula Ci8H22NsS2Zn
M, 479.92
Crystal system, space group Triclinic, P-1
a () 8.551 (6)

b (A) 10.948 (5)

c (A) 12.060 (4)

a (%) 91.66 (3)

B () 100.03 (5)



vy (%)

109.92 (3)

V (A% 1040.5 (10)
z 2

Deaic (gcm’) 1.532

Mo Ka (A) 0.71073

T (K) 293

g (mm™) 1.40
F(000) 496

Crystal size (mm)

0.22 x 0.21 x 0.12

6 range (°) 3.3-30.0
No. of measured reflections 16394
No. of independent reflections 5910
No. of observed [I > 20(1)] reflections 3853
Rint 0.101
R[F* > 20(F“)] 0.066
WR(F%) 0.158
Goodness-of-fit on F* 1.15
No. of reflections 5910
No. of parameters 262
APrmax, Apmin (€ A) 0.65, -0.58

3. RESULTS AND DISCUSSION

3.1. General study

The infrared_spectrum of the free ligand shows two bands at 3235 and 3170 cm™ which are
attributed to the NH stretching vibrations. The stretchlng vibrations bands due to the C=N and C=S
groups appear, respectively, at 1552 and 1259 cm™. The vibrations of the pyridine ring are pointed
between 1580 and 1450 cm™. “No band due to the SH stretching vibration appears in the infrared
spectrumcof.the ligand between 2600 and 2500 cm™. This suggests that the Ilgand is in its thione form.
The FT-IR 'spectrum of the studied complex shows a broad band at 3224 cm™ attnbuted to the NH
vibration “of the thioamide. The medium intensity absorption band pointed at 1599 cm™ is due to the
stretching vibration (CH=N) of the imine group whose nitrogen atom is coordinated to the metal. This is in
agreement with the vibrations found for complexes derived from th|osem|carbazone ligands” [31]. The
strong bands due to the pyridine ring are observed between 1563-1525 cm™, while the characteristic
band of the N-N vibration is found at 1025 cm™. The presence of a weak |ntenS|ty band pointed at 728
cm™, attributed to the C-S stretchmg vibration and the absence of a band due to the C=S stretchmg
vibration at around 1259 cm™, show that the ligand is coordinated in its thiolate form [31]. The 'H NMR
spectrum for the Zn(ll) complex shows the absence of the proton of the hydrazino group NH which is
pointed in the spectrum of the free ligand at 12.05 ppm. This confirms that the ligand coordinates to the
zinc(ll) ion in its monodeprotonated form. The signal assigned to the proton of the -NH-CH3; motif is
shifted towards high fields and appears on the spectrum of the complex at 8.02 ppm while it appears on
the spectrum of the ligand at 8.96 ppm. This behavior is already reported for similar complexes [26]. “The



signals of the aromatic protons of the free ligand which are in the range 7.33-8.65 ppm are shifted in the
spectrum of the complex in the range 7.03-8.15 ppm, indicating that the magnetic environment of the
aromatic ring has changed This shows, clearly, the involvement of the nitrogen atom in coordination with
the zinc ion. In the *C NMR spectrum of the ligand, the signals of the carbon atoms of C=N and C=S
appeared at 156.32 (-N=C-CH3) and 180.01 (N-HN-C=S) ppm, respectively. After coordination, the
displacement of the two signals that appear at 144.56 ppm and 170.12 ppm is observed. They are
attributed, respectively, to -N=C-CH3; and N-N=C-S. We note the transformation of N-HN-C=S to N-N=C-
S-. These facts confirm, on the one hand, the deprotonation of the ligand, and on the other hand, the
involvement of the nitrogen atom of the azomethine function and the sulfur atom in its thiolate form in the

coordination of the zinc ion” [25]. The Zn(ll) complex exhibits molar conductivity of 14 Q™*.cm®mol™ which
indicate that the complex is neutral in nature [32]. This value remains almost constant over time,
indicating the good stability of the complex in DMF solution.
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Scheme 1. Syntheses of the ligand H,L and its Zn(ll) complex preparation.

3.2. Description of the structure

The X-ray analysis shows that the compound crystallizes in a triclinic system with a space group P-1.
Selected bonds distances and angles are reported in Table 2. The molecular structure of the compound



with the atomic labelling scheme is shown in Figure 1. The asymmetric unit contains two ligand molecules
and one Zn(ll) ion. The ligand molecules are monodeprotonated. Each of the two ligand molecules is
coordinated to the zinc ion through one nitrogen atom of azomethine function, one nitrogen atom of the
pyridine ring and one sulfur atom in thiolate form. Thus the complex is neutral, and the metal center is
hexacoordinated. The zinc atom is located in an octahedral environment. The basal plane of the
coordination polyhedron is composed of a sulfur atom (S2), two nitrogen atoms of the two imino functions
(N2 and N6) and a pyridine nitrogen atom (N5). The mean plane through the four atoms S2/N2/N6/N5 is
essentially planar with a maximum deviation of 0.068 A for S2. The Zinc(ll) atom is located at 0.158 A
from the mean plane defined by the atoms occupying the base of the octahedron. The cissoid angles are
in the range [73.23(14)°-111.65(11)°] while the transoid angles are 152.93(10)° [S2-Zn-N5] and
163.38(15)° [N2-Zn-N6]. The sum of the angles subtended by the atoms in the basal plane is 358.97°.
The apical positions are occupied by the nitrogen atom N1 of a pyridine ring and the:sulfur.atom S1
forming an angle S1-Znl1-N1 of 153.19(10)°. The values of these angles demonstrate, that the
environment around Zn(ll) is strongly distorted. Each ligand forms two five-membered rings of ZnSCNN
and ZnNCCN types. The bite angles are 79.49(10)° [S1-Zn1-N2] and 79.80(11)° [S2-Zn1-N6] for the first
type of ring and 73.74(13)° [N1-Zn1-N2] and 73.23(14)° [N5-Zn1-N6] for the“second type of ring. The
ligands are quasi-planar with a maximum deviation of 0.114 A for the C3 atom of the ligand containing S1
and a maximum deviation of 0.098 A for the C17 atom of the ligand containing S2. The two mean planes
of the ligands form a dihedral angle of 88.99°. The Zn-Np, bonds [Zn1-N1 =,2.228(4) A and zZn1-N5 =
2.219(4) A] are longer than the Zn-Nimino bonds [Zn1-N2 = 2.127(3)-A and Zn1-N6 = 2.2.131(3) A]. This
shows that the azomethine nitrogen atoms are more strongly coordinated, to Zn(ll) than the nitrogen
atoms of the pyridine rings. The Zn-S bond lengths [Zn1-S1 = 2:4368(17).A and Zn1-S2 = 2.445(2) A] are
shorter than the Zn-S [2.600(1) A and 2.535(1) A] bond distances reported for similar complex [Zn(H.dap-
*NMetsc(H,0),](NO3),'H,0 (H.dap-*NMetsc is 2,6-diacetylpyridine bis(‘N-methylthiosemicarbazone) in
which the sulfur atom acts in its thione form [33]. They-are also longer than the Zn-S [2.33583(8) A and
2.3749(9) A] distances in the complex [Zn(phthalsme)(DMF)] (phthalsme is phthalaldehyde bis(S-
methyldithiocarbazonate)) in which the sulfur atom‘acts in its thiolate form [34]. Although the ligand acts in
its monodeprotonated form, the C-S bond lengths [C8-S1 = 1.699(5) A and C16-S2 = 1.698(4) A] are
intermediate between single C-S [1.56 A] and double C-S [1.81 A] bonds. In addition to this, it is noted
that the adjacent C-N bond lengths are strengthened [C8-N3 = 1.288(6) A and C16-N7 = 1.318(6) A] and
are shorter than double bond C-N [1.34-1.38 A] bonds [35]. These facts are indicative of a delocalization
of electrons on the Zn-S-C-N moieties [26]. No“intramolecular hydrogen bond is present in the zinc
complex. Intermolecular hydrogen bond.of type C-H---S (C12—H12---S1' : i = =X, -y, -z+1 and C7—
H7A..-S2" 1 ii = =x+1, —-y+1) and C-H---N (C17—H17A.--N8" : iii = —=x+2, —y+1, —z+1) link the molecules
into three-dimensional network architecture (Figure 2, Table 3). Figure 3 shows the crystal packing of the
complex.



Figure 1:ORTEP plot (30% probability ellipsoids) shewing.the structure of the Zn(ll) complex.

Table 2. Selected geometric parameters (A, °).

Zn1—N2
Zn1—N6
Zn1—N5
Zn1—N1
Zn1—S1
N2—Zn1—N6
N2—Zn1—N5
N6—Zn1—N5
N2—Zn1—N1
N6—Zn1—N1
N5—Zn1—N1
N2—Zn1—S1
N6—Zn1—S1

2.127 (3)
2.131 (3)
2.219 (4)
2.228 (4)
2.4368 (17)
163.38 (13)
94.29 (14)
73.23 (14)
73.74 (13)
94.70 (13)
89.03 (14)
79.49 (10)
111.77 (10)

Zn1—S2
S2—C16
S1—C8
N7—C16
N3—C8
N5—Zn1—S1
N1—Zn1—S1
N2—Zn1—S2
N6—Zn1—S2
N5—Zn1—S2
N1—Zn1—S2
S1—Zn1—S2

2.445 (2)
1.698 (4)
1.699 (5)
1.318 (6)
1.288 (6)
94.42 (11)
153.19 (10)
111.65 (11)
79.80 (11)
152.93 (10)
90.91 (11)
97.69 (6)




Figure 3: Crystal packing of the title compound.



Table 3. Hydrogen-bond geometry (A, °).

D—H---A D—H H---A D---A D—H---A
C12—H12---S1' 0.93 2.86 3.478(5) 124.7
C7—H7A...S2" 0.96 3.01 3.808(6) 141.6
C17—H17A.--N8" 0.96 2.68 3.619(7) 165.3

Symmetry codes: (i) =X, =y, —z+1; (i) -x+1, —y+1, —z+2; (iii) -x+2, =y+1, —z+1.

4. CONCLUSION

The reported work is concerned with the synthesis and the structural study of a mononuclear-
complex derived from the organic molecular ligand, (4-methyl-l-(l-(lpyridin-Z-
yl)ethylidene)thiosemicarbazide. The compounds are characterized by FTIR and 'H and ®C NMR
spectroscopies. Additionally, the structure of the complex is studied by conductivity.measurement and X-
ray diffraction. The complex is a neutral electrolyte in DMF solution. Two monodeprotonated ligand
molecules acting in tridentate fashion through one azomethine nitrogen atem, one pyridine nitrogen atom
and one sulfur atom, yield a mononuclear neutral complex in which the Zn(ll) is hexacoordinated. The
environment around the zinc(ll) ion is best described as a distorted‘octahedral polyhedron. Intramolecular
hydrogen -bonds link the molecules into three-dimensional network.

5. SUPPORTING INFORMATION

CCDC-1844643 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge via https://www.ccdc.cam.ac.uk/structures/, or by contacting The Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK.
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