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Abstract

The functionalised hydrazide ligand, N’-(I-(thiophen-2-yl)ethylidene)isonicotinohydrazide (HL) has been
synthesised and utilised to create a novel mixed-metal complex material [MnK(HL)4(SCN):]Cl ¥:(MeOH) (1) at
room temperature. This ligand acts in a n', ', n':u>-mode, bridging both Mn’*" and K* metal species into an
extended 2D-network. The manganese ions form Ns octahedra whereas the potassium ions are found in either
distorted O4Ns square-antiprisms or highly irregular O4N,Sy icosahedra. This variation of potassium
environments results from disorder of the pendant thiophen-2-yl groups of the HL ligand found in a ratio close to
1:6. 1 crystallizes in the orthorhombic space group Ibam and is a Z' = 0.125 structure. This novel network
material is hereby structurally characterized by elemental analysis, FTIR, UV-visible, conductance measurement,
room temperature magnetic measurement and its single crystal X-ray diffraction (scXRD) structure is described.
Thermogravimetric analysis (carried out at 25 - 700 °C) showed a three-stage decomposition pathway.
Keywords: Crystal, manganese, potassium, octahedral, magnetism, TGA.
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I.  Introduction

Hydrazine derivatives, particularly hydrazides, have attracted particular attention due to their biological
activities, which can be enhanced after complexation with a metal ion *. Depending on the substituents used in
the keto-precursors with which they are condensed, they can produce ligands of interest in coordination chemistry
39, These ligands allow the synthesis of complexes with very varied structures. Indeed, discrete '>!!, dimeric '>'3,
trimeric '*'* or highly polymeric '®!7 structures can be produced during complexation with metal ions. Several
complexes obtained from hydrazide derivatives have antifungal '8, antimicrobial '°, antituberculosis 2° or
antitumor 2?2 properties. These complexes are also used in polymer coatings or pigments 2*2°, Some hydrazide
derivatives are used in biomimetic chemistry due to their chelation mode, which is similar to the chelation mode
with transition metal ions present in living systems 27?%. Some coordination complexes act as enzyme inhibitors
and are used for their pharmacological applications 2>*2. Several complexes with properties such as magnetism
33, luminescence **, and catalysis 3 have been reported. Coordination complexes obtained from hydrazide
derivatives exhibit supramolecular interactions because the main unit-C(O)NH-N=C-includes hydrogen bond
donors and acceptors. Therefore, hydrogen bonding plays an important role in extending and stabilizing the
structures of the resulting complexes 3¢¥7. In this work, we prepared the ligand N’-(1-(thiophen-2-
yl)ethylidene)isonicotinohydrazide from isonicotinic hydrazide and 2-acetylthiophene. In addition to the classic
donor atoms of the hydrazone unit (N,O), the ligand also contains a sulfur atom (S), which is a soft coordination
site that can be complex with a metal ion. This ligand allowed the production of the complex
[K(HL)sMn(SCN),]CI 4(MeOH) (1) which is studied in this work.
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II.  Experimental

2.1. Materials and instruments

2-acetylthiophene-carboxaldehyde, isonicotinic hydrazide and manganese chloride heptahydrate were sourced
commercially (Aldrich) and used without further purifications. Reagent grade solvents used in all cases, but
where appropriate then further dried or purified by standard methods. Elemental analyses performed with a VxRio
EL Instrument and the FTIR spectra obtained via a Perkin Elmer FTIR Spectrum Two (4000-400 cm™). The UV-
Vis spectra collected upon Perkin-Elmer Lambda 365 UV/Visible spectrophotometer (1000-200 nm). 'H and '*C
NMR spectra of the Schiff base, recorded in DMSO-ds with a BRUKER 500 MHz spectrometer at room
temperature using TMS as an internal reference. Thermogravimetric analysis (TGA), by means of a METTLER
TOLIDO connected to a computer, with a heating rate of 5 °C/min, between 25 and 700 °C. Molar conductance
measurements achieved with a WTW LF-330 conductivity meter with a WTW conductivity cell, using 10° M
solutions of the metal complexes in DMF, measured at 25 °C. Magnetic measurements performed at room
temperature by using a Johnson Mattey scientific magnetic susceptibility balance (Calibrant: Hg[Co(SCN)4]).

2.2. Synthesis of the ligand N’-(1-(thiophen-2-yl)ethylidene)isonicotinohydrazide (HL)

Isonicotinic hydrazide (3 g, 0.02287 mol) introduced into a 100 mL flask containing 30 mL of ethanol before
adding 2-acetylthiophene-carboxaldehyde (2.887 g, 0.02287) pre-dissolved in 5 mL of ethanol and two drops of
glacial acetic acid. The reaction mixture then refluxed for 3 hours. The clear solution thus obtained via hot
filtration. Cooling yields a yellow precipitate, isolated by filtration and washed with ethanol. Analysis calculated
for [C12H11N3OS] C, 58.75; H, 4.50; N, 17.11; S, 13.02. Found: C, 58.76; H, 4.52; N, 17.13; S, 13.07. Yield : 85
%. FTIR (v, cm™): 3247 [v(NH)] ; 1660 [v(C=0) amide]; 1596 [v(C=N)], 1548 - 1407 [(v(C=N) +v(C=C))], 1049
[V(N-N)], 991, 856, 836, 748, 701 5(C-H). RMN 'H [DMSO : (8, ppm)]: 7,10 - 7,78 (7H, H-Ar), 11,017 (s, 1H,
OH-iminol); RMN 3C [DMSO : (8, ppm)]: 162,58 [(C-iminol)]; 144,57 (C=N); 122,27 - 154,08 (Ca/) ; 15,56
(CHa3).

2.3. Synthesis of compound (1)
In a 100 mL flask containing 10 mL of methanol, HL ligand (0.2450 g, 1 mmol) was introduced. To this solution,

5 mL of a methanolic solution containing MnCl,-7H>O (0.2519 g, 1 mmol) and 5 mL of a methanolic solution
containing KSCN (0.1939 g, 2 mmol) were added. The mixture was stirred at room temperature for two hours.
The clear solution obtained was filtered and left to evaporate slowly. After two weeks, yellow crystals suitable
for XRD analysis were collected. Yield 70%. Analysis calculated for [Ci00HgsKoaMnaN2sOgSi2-2(Cl)-CH40] C,
40.77; H, 3.75; N, 15.75; Cl, 2.81; S, 15.44. Found: C, 40.80; H, 3.73; N, 15.78; Cl, 2.85; S, 15.48. FTIR (v, cmw’

1): 3182, 3068, 2057, 1677, 1613, 1556, 1532, 1492, 1414, 1278, 1046, 837, 737, 723. A (S:cm*mol!) : 27 (fresh
solution) and 30 (two weeks after). perr = 4.03 up.

2.4. Crystal Structure Determination

Crystals suitable for single-crystal X-ray diffraction, of the reported compound (1), were grown by slow
evaporation of MeOH solution of the complex. Details of the crystal structure solution and refinement are given
in Table 1. Diffraction data were collected using a Rigaku FRE+ equipped with Varimax confocal mirrors and
UG2 Universal goniometer with graphite monochromatized MoKa radiation (A = 0.71073 A). All data were
corrected for Lorentz and polarization effects. Complex scattering factors were taken from the program package
SHELXTL 3%. The structures were solved by direct methods which revealed the position of all non-hydrogen
atoms. All the structures were refined on F” by a full-matrix least-squares procedure using anisotropic
displacement parameters for all non-hydrogen atoms *°. H atoms (NH, OH, CH and CH; groups) were
geometrically optimized and refined as riding model by AFIX instructions. Molecular graphics were generated
using ORTEP ¥,

Table 1. Crystal data and structure refinement for 1.

Chemical formula C101HooCLK,MnoN»sOS 12
M, 2485.72
Crystal system, space group Orthorhombic, /bam
Temperature (K) 100
a (A) 13.0768 (1)
b(A) 14.9489 (2)
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c(®) 28.3120 (3)
V(A% 5534.54 (10)
z 2
Do (gem™) 1.492
A (MoK, (A) 0.71075
B (mm™) 0.65
F(000) 2560

Crystal size (mm)
0 range (°)

Indices h, k, 1

0.28 x0.11 x0.11

2.069-36.316

-21<h<21,-24<k<24,-47<1<47

Tininy Tnax 0.882, 0.941
No. of measured reflections 99798,
Independent reflections 6813
Observed [/ > 20(])] reflections 6129
Rint 0.024
R[F*>20(F%)] 0.035
WR(F?) 0.100
N 1.09
No. of reflections 6813
No. of parameters 243

No. of restraints
Final Indices [/ >=2 o (/)]
Final R Indices (for all data)

APiax, Apmin (6 A7)

117
R;=0.0346, wR,=0.0971
R;=10.0393, wR,=0.0997

0.69, -0.63

III.  Results and Discussions

3.1. General Study

The analytical data agree with the formulation of the ligand Ci>H1N3OS, HL and complex material 1.
The IR spectrum of HL reveals the appearance of an intense band at 1660 cm™! attributed to the v(C=0) vibrations
of the amide group. The band observed at 1596 cm' is attributed to the v(C=N) vibrations of the imine group,
and those appearing in the region 1548-1407 cm™ are due to the v(C=C) and v(C=N) vibrations of the rings. The
absorption bands located in the region 1384-1236 cm™ are assigned to the v(C-N) vibrations of the amide group,
and the one observed at 1049 ¢cm™' is due to the v(N-N) azomethine vibration. The presence of the C-N bond
vibration indicates the existence of the ligand in its amide form in solid state. This is confirmed by the presence
of the v(NH) vibration at 3427 cm™. The deformation vibrations of the C-Har bonds of the aromatic groups are
observed in the region 991-600 cm™'. Analysis of the 'H NMR spectrum of the ligand reveals the presence of
signals integrating the eleven protons of the ligand. The singlet observed at 2.39 ppm is assigned to the methyl
protons of the methyl group of the ligand. The signals appearing in the 7.10-7.78 ppm region, integrating for
seven protons, are attributed to the protons of the two aromatic groups. The signal appearing at 11.017 ppm in
singlet form is due to the iminole proton [-N=C(OH)-] resulting from the iminolisation of the ligand in DMSO
solution. The '*C NMR spectrum of the ligand recorded in DMSO exhibits signals attributed to the carbon atoms
of the ligand. The signal observed at 154.08 ppm is attributed to the C=N carbon atom of the azomethine function.
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The signal observed at 162.58 ppm is attributed to the carbon atom of the iminol function [-N=C(OH)-]. This
observation confirms the transformation of the amide group into an iminol group in DMSO solution. The signals
of the carbon atoms of the two aromatic groups appear in the region 122.27 - 151 ppm.

After coordination, the infrared spectrum of 1, shows a significant shift in the v(C=0), v(C=N )imine, and
V(C=N)pyriginc bands relative to those found for the free ligand. These bands appeared at 1660, 1596, and 1548
cm’!, respectively, have shifted to 1667, 1613, and 1540 cm'. These facts indicate the involvement of the oxygen
atom of the amide group and the nitrogen atoms of the imine group and pyridine in the coordination with the
Mn(II) metal ions present in the solid-state structure. A narrow and intense band is noted in the spectrum of the
complex at 2057 cm™! and 737 cm™! due to v(C=N) and v(S-C) of the SCN anion coordinated to the metal ions via
the nitrogen atom. Molar conductivity measurements of the complex taken from a freshly prepared millimolar
solution of DMF and after two weeks of storage indicate that the complex is of neutral electrolyte according to
Geary *!. The very small variation of the values allows us to conclude that the complex is stable in solution in
DMF. The UV-Vis absorption spectra of HL and the complex within 1 were measured in DMF solutions (10°
S.mol-L'!) at room temperature. Two absorption bands are pointed at 292 nm and 324 nm in the UV-Vis
spectrum of HL. These absorption are due to the m-n* transitions of the pyridine and the thiophene rings
and the C=N bonds of intra-ligand *?, respectively. Upon complexation, the absorption peaks of the m-m*
transition of the aromatic rings are bathochromically shifted in the spectrum of 1, to 296 and 328 nm,
respectively, likely resulting from the coordination of the ligand to the metal ion +*. The new band at 338 nm
in the spectrum of 1, is attributed to n—>n* of C=N azomethine ** and the additional band at 382 nm belongs
to the ligand to metal charge transfer (LMCT). The magnetic moment within compound (1) is 4.03 pg. This
value agree with the presence of one uncoupled Mn?" high-spin d° in octahedral environment *.

3.2. Thermogravimetric analysis (TGA) study of compound (1)

Thermogravimetric analysis (TGA) performed on the compound up to 700°C shows that the complex is
stable up to 156°C (Figure 1). The TGA spectrum of the compound shows three mass losses. Between 156°C and
211°C there is a mass loss of 3.44% corresponding to the departure of one methanol molecule and one thiocyanate
anion (calculated mass loss, 3.62%). From 211°C to 389°C the mass loss of 32.66% corresponded to the loss of
three ligand molecules and one thiocyanate (calculated mass loss, 31.90%). From 389°C to 700°C the mass loss
was 13.75% corresponding to the loss of one ligand molecule and one thiocyanate unit (calculated mass loss,
14.53%).
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Figure 1 : ATG(25 °C — 700° C) of compound (1).
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3.3. X-ray structure of compound (1)

The material formulated as [K(HL)sMn(SCN),]Cl %2(MeOH) (1) crystallizes in the orthorhombic system
with a space group /bam to form a mixed-metal extended 2D-network. The crystal data collection and refinement
are reported in Table 1. The asymmetric unit and numbering scheme is illustrated in Figure 2, with selected bonds
lengths and angles are listed in Table 2. This is a Z'=0.125, Z = 2 structure, the asymmetric unit contains a single
HL ligand with the Mn?*, K", and CI- ions sitting on special positions therefore crystallographically 25% occupied,
the coordinated SCN- ion is bisected by a mirror plane so 50% occupied and the solvent MeOH molecule straddles
a glide plane, a screw axis and an inversion centre, and is necessarily 12.5% occupied. Within this structure, the
ligand HL acts in !, n!, n':u2-mode bridging one Mn?" and the one K* atoms. The sulfur atom and three of the
four carbon atoms are disordered over two sites, with the occupancies major and minor occupancies freely refined
to 0.8248(18) and 0.1752(18) respectively. The six-coordinated Mn centres are linked by four ligands through the
nitrogen atom of pyridine ring (N1, N1', N1, N1/) and two thiocyanate anions through their nitrogen atoms (N4,
N4') to form a Jahn-Teller compressed octahedron as depicted in Figure 2.

N4

90.7126(5)

83.6945(7)

N1lii

96.3055(7)

N4ii
89.2874 (5)

Figure 2. Illustration of the manganese coordination environment, with selected bond length and angles, where
i=-x, l-y, z; il =-x, l-y, l-z; iii =X, y, 1-Z

The basal Plane of the octahedron is comprised by the N4, N4i, N1i and N1 atoms. The cissoid angles
around the manganese atom which are in the range [89.29 (3)° - 90.71 (1)°], are close proximity to the ideal value
of 90°. The diagonal basal angle values, N1#-Mn1-N1'i = 180.0° and N4-Mn1-N4i = 180.0°, and the value of the
angle subtended by the atoms in apical positions N1-Mn1-N1i = 180° are as the perfect value the ideal octahedral
geometry. The manganese(Il) ion lies nearly in the plane defined by N1, N1\, N1, N1 the out-of-plane distance
being 0.000 A, with all Mn-Nyridine equal to 2.3093 (7) A and Mn-Niiocyanate 2.1624 (2) A. The whole anionic N-
donor thiocyanates are quasi-linear with angle N-C-S in the range 179.53(13)°. These anionic N-donor
thiocyanates bind not linearly to the manganese atom Mn-N-CS is 169.45 (11)°.

The potassium ion K1, is bound in two distinct environments, distorted square antiprism and an irregular
dodecahedron resulting from the disordered thiophen-2-yl group. In the former, contacts to the carbonyl oxygen
atom O1, the azomethine nitrogen atom N3 and by symmetry equivalent atoms O1!, O1%, 011 N3i N3 and N3iii,
In the later arraigent there are three additional contacts to the major disordered position of Sla and its symmetry
equivalent major disordered positions S1A and S1Af. Bond lengths and angles of these contacts are summarised
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in Table 2 and these two potassium environments are visualised in Figure 4. These distances are in the range

reported for similar contacts
sulphur together is unusual.

Table 2. Selected bond lengths (4) and bond angles (°) for compound (1)

Mn- Nyyridine 2.3093 (7) N4 - Mnl - N4i
M - Nipioeyanate 2.1624 (2) N1 - Mnl - N1
N-C-8 179.53(13)°. N1i - Mnl - N1
Mn - N - CS 169.45 (11)° K2 -0l
K2 -N3 3.4278 (8) K2 - Ol
K2 - N3i 3.4278 (8) K2 - Olil
K2 - N3i 3.4278 (8) K2 - SIA

180.0°

180°

180°
2.7494 (7)
2.7495 (7)
2.7494 (7)

3.6392 (5)

4648 however such a mixed doner site involving potassium, oxygen, nitrogen and

LI S S

Mnl

Figure 3. numbering scheme and asymmetric unit structure of compound (1), thermal ellipsoids drawn at the
50% probability level, minor positions of the disordered thiophen-2-yl group drawn as ghosted (17.5%,).
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Figure 5. Crystal packing of the title compound showing the arrangement parallel to the b axis (left) and
parallel to a axis (right).

IV.  Conclusion

In the present work, we report the synthesis and characterization of a new complex of manganese
prepared from the polydentate ligand N’-(1-(thiophen-2-yl)ethylidene)isonicotinohydrazide (HL). The ligand and
the complex were characterized by NMR, FTIR, UV, conductance measurement and room temperature magnetic
moment determination. The complex is a polymer. The FTIR spectral data showed that the ligand is coordinated
with the metal center through the carbonyl oxygen atoms, the thiophen sulfur atoms and nitrogen atom of the
pyridine ring. The electronic spectra show bands due to the ligand and the MLCT for complex 1. Room
temperature magnetic susceptibility measurement indicated that complex 1 is diamagnetic. Conductance
measurement shows that complex 1 is non-electrolyte in nature. The structure of the complex within 1, the ligand
acts in 7', !, n':zp-mode bridging one Mn(II) and one K(I) atoms, yielding an octahedral geometry of type N
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for Mn(II) and a mixture of distorted square anti-prisms geometry of type O4N4 and irregular icosahedrons of type
O4N4S4.

Supporting information

CCDC-243648 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 emailingdata request@ccdc.cam.ac.uk, or by
contacting The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax:
+44(0)1223-336033.

In Memoriam

Cheikh Halidou KANE 1963-2021. The death of Dr. KANE has deeply shocked us. Dr. KANE was a very talented
chemist who was deeply involved in research and supervision of doctoral students. His contribution is greatly
missed by our team. This article is dedicated to his memory.
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