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Abstract

A novel mononuclear manganese(ll) complex derived from the ligand (E)-4-methyl-N'-((5-methyl-1H-imidazol-
4-yl)methylene)benzohydrazide (H.L) which was obtained by the condensation reaction between p-toluic
hydrazide and 4-methyl-5-imidazolecarboxaldehyde in the presence of glacial acetic acid. The compound was
characterized using spectroscopic techniques such as infrared and *H and *C NMR. The mononuclear complex
obtained was characterized by spectroscopic FTIR and UV-visible spectroscopy and molar conductivity and
magnetic susceptibility measurements at room temperature. The title complex formulated as [Mn(H:L)2Cl.]
crystallizes in the triclinic space group P-1 with the following unit cell parameter: a = 9.0482 (3) A, b =
11.3942 (4) A, ¢ = 14.6013 (5) A, @ = 68.553 (3)°, # = 81.563 (3)°, y = 83.744 (3)°, Z = 2, Ry = 0.076 and WR;
= 0.211 The asymmetric unit of the crystal structure of the [Mn(H.L).Cl;] complex is composed of one
manganese (I1) ion, two molecules of the ligand, and two terminal chloride ions. One of the ligand molecules
acts in tridentate fashion through its imino nitrogen atom, its oxygen atom of the carbonyl moiety and one
nitrogen atom of the imidazole unit. The second ligand molecule acts in bidentate fashion through its imino
nitrogen atom and its oxygen atom of the carbonyl moiety. The coordination polyhedron around the
heptacoordinated Mn?* metal center is best described as a distorted pentagonal bipyramid with a MnN3O,Cl,
chromophore.
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. Introduction

In recent years, hydrazone derivatives, especially aroyl-hydrazone have attracted the attention of
chemists due to their diverse biological properties and their wide applications in medicinal chemistry [1-3]. The
biological activity of these compounds has been attributed to the presence of the (—C(O)NHN=CH-) moiety.
Several hydrazone derivatives exhibit a broad spectrum of biological activities such as antibacterial [4-7],
antifungal [8-10], anti-inflammatory [11-14], anticonvulsant [15], antioxidant [16-20], antidiabetic [21],
antitumor [22-25], antiviral [26, 27], and antidepressant [28-30]. Hydrazone derivatives are widely used as
intermediates in the synthesis of heterocyclic compounds [31, 32]. Structurally, hydrazine derivatives exhibit
keto-enol tautomerism with the dominant ketone form in the solid state [33]. Theoretically, acylhydrazones can
have four isomers, two of which are geometric isomers (E/Z) due to the C=N double bond, and two are
conformational isomers (syn/anti) due to the N-N bond [34-36]. Thus, in a mixture of E and Z isomers, it has
been shown that the E isomer is predominant, in general, because its stability is greater than that of the Z isomer
[37]. In coordination chemistry, the Schiff bases derived from hydrazone are excellent ligands due to their
ability to bind metal ions [38-40] and to lead to the formation of supramolecular structures via intermolecular
hydrogen bonds [41, 42]. Depending on the reaction conditions, such as the pH, the nature and the oxidation
state of the metal ion and the ligand concentration, these Schiff bases coordinate with the metal ions in their
neutral amide form, or in their iminolate form [43-45]. The presence of heterocycles presenting a combination
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of additional donor sites considerably improves the chelating properties of the hydrazone ligands. These Schiff
bases have been shown to be useful molecules for building supramolecular structures [45, 46]. In this work we
report Mn(Il) complex of the aroyl hydrazone ligand formed by condensation of p-toluic hydrazide and 4-
methyl-5-imidazolecarboxaldehyde (Scheme 1). X-ray crystal structure of the Mn(1l) complex is reported.

Il.  Experimental part

Materials and method

Manganese(ll) chloride tetrahydrate, p-toluic hydrazide, 4-methyl-5-imidazolecarboxaldehyde, and
solvent are purchased from Sigma Aldrich. They are used without further treatment. The melting points were
recorded on a Bichi apparatus. Infrared spectra were recorded on a Perkin Elmer spectrophometer between
4000-400 cm™. H and *3C NMR spectra of the Schiff base (HzL) were recorded in DMSO-ds on a Bruker 250
MHz spectrometer using TMS as internal reference. UV-Visible spectra were recorded in a DMF solution with a
concentration of 10 M at 25°C on a Perkin Elmer Lambda 365 UV-Visible spectrophotometer. Measurements
of the molar conductance of the complex were carried out in a DMF solution with a concentration of 103 M at
25° C using a WTW LF-330 conductivity meter with a WTW conductivity cell. Room temperature magnetic
susceptibilities of the powdered samples were measured using a Johnson Mattey scientific magnetic
susceptibility balance (Calibrant: Hg[Co(SCN).]).

Synthesis of the ligand (E)-4-methyl-N'-((5-methyl-1H-imidazol-4-yl)methylene)benzohydrazide
(H2L)

In a 100 mL flask, (1 g, 6.622 mmol) of p-toluic hydrazide and 20 mL of methanol were mixed and
stirred for 30 min under reflux. 4-methyl-5-imidazolecarboxaldehyde (0.6 g, 6.662 mmol), previously dissolved
in 10 mL, and few drops of glacial acetic acid were added. The mixture is refluxed for two hours. A clear yellow
solution was obtained. After cooling at 4°C, a precipitate appears and collected by filtration, washed with
diethyl ether, and dried under vacuum. Yield: 91 %. Tf: > 260°C. IR (v, cm™): 3277 (NH); 3153 (NH)imidazole;
1651 (C=0); 1606 (C=N)imine; 1568 (C=N)imidazote, 1538-1448 (Ca=Ca); 1033 (N-N). 'H NMR (DMSO-ds, &
(ppm)): 2.40 (3H, S, CHs—Imidazole); 2.50 (3H, S, CHs—Ar); 7.37 (2H, D, H—Ar); 7.54 (1H, m, Himidazole);
7.82 (2H, D, H—AVr); 7.82 (1H, S, H—C=N); 12.71 (1H, m, NHimidazole); 14.35 (1H, m, —NH—N=C—). NMR
(13C) (DMSO-ds, 5 (ppm)): 161.8 (C=0); 148.33 (C=N), 127.44—135.49 (Ca;) 21.47 (CHz—Ar); 09.56 (CHz—
Imidazole).

Synthesis of the complex [Mn(H:L).-Cl]
In a 100 mL flask, 20 mL of methanol and H,L (0.2 g, 0.826 mmol) were added. After stirring at room
temperature for a few minutes a white suspension appears. An ethanol solution containing (0.164 g, 0.826

mmol) of manganese chloride tetrahydrate (MnCly'4H,0) was added. The mixture is kept under stirring for one
hour. The resulting colorless solution was filtered and stored for slow evaporation. After two weeks, the white

crystals which appeared were recovered. [Mn(HzL)2Clz]. Yield: 76.8 %. Tf > 280. IR (v, cm™): 3200 (N—H),
3150 (N—H); 1635 (C=0); 1612 (C=N)imine; 1567 (C=N)imidazote; 1551 (C=N)imidazote; 1534-1447 (Ca=Ca); 1044
(N—N). UV-vis (DMF, A (nm)): 221, 312, 415. A (DMF, Q*cm?mol?): fresh solution: 6.7; after fifteen days:
10.1. pesr: 5.35 pe.

X-ray data collection structure determination and refinement

Single crystals of [Mn(H.L).:Cl,] were grown by slow evaporation of MeOH solution of the complex. A
suitable crystal was selected and mounted on a Kappa single XtaLAB AFC12 (RINC): Kappa single
diffractometer Radiation source: micro-focus sealed X-ray tube Rigaku (Mo)mmo03 X-ray Source with graphite
monochromatized MoKa radiation (A = 0.710173). Data were collected at the temperature of 293 K. Details of
the X-ray crystal structure solution and refinement are given in Table 1. The structure was solved with the
SHELXT [47] structure solution program using direct methods and refined with the SHELXTL [48] software
package. The hydrogen atoms of water molecules and NH groups were located in the Fourier difference maps
and refined. Molecular graphics were generated using ORTEP [49].
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Scheme 1.Synthesis procedure of the complex [Mn(H2L)2Cl5].

Table-1. Crystallographic data and refinement parameter for the Mn(11) complex.

Chemical formula Ca6H26C1,MNNgO, (1)
Mr (g/mol) 610.40

Crystal system Triclinic

Space group P1

Temperature (K) 100

a(A) 9.0482 (3)

b (A) 11.3942 (4)

c (A 14.6013 (5)

a(°) 68.553 (3)

B 81.563 (3)

y (°) 83.744 (3)
S 1383.45 (9)

z 2

Dy (g/cmd) 1.465

J (mm™) 0.71

F(000) 630

Crystal size (mm?®) 0.1 x 0.04 x 0.03
Mo Ko (A) 0.71073

0 range (°) 24-74.8

h k I ranges -15<h<15;-19<k<19;-24<1<24
Tniny Trmax 0.857, 0.950

No. of measured reflections 34889

No. of independent reflections 11466

No. of observed [1> 26(1)] reflections 4568

Rint 0.136

RIF> 26(F?)] 0.076

wR(F?) 0.211
Goodness-of-fit on F2 0.96
Data/restraints/parameters 11466/0/356
APmax, Apmin (€A) 1.40,-0.71
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Table-2. Selected interatomic distances (A) and bond angle (°) for the Mn(11) complex.

| Mn1—CI2 \ 2.6100 (9) Cl1—Mn1—CI2 178.83 (3)
| Mn1—CI1 | 2.5247 (9 N6—Mn1—02 66.79 (9)
| Mn1—01 | 2.243 () N7—Mn1—N6 69.32 (9)
| Mn1—02 \ 2.365 (2) 01—Mn1—Cl1 93.48 (7)
| Mn1—N6 | 2318(3) 01—Mn1—N? 69.55 (9)
| Mn1—N2 \ 2378 (3) 01—Mn1—N7 75.14 (9)
\ Mn1—N7 \ 2307 (3) 02—Mn1—N? 7911 (9)
| 01—C8 | 1.236 (4) N2—Mn1—CI? 88.60 (7)
| 02—C21 \ 1.241 (4) N2—Mn1—Cl1 91.02 (7
| N6—N5 | 1.366 (4) N7—Mn1—CI1 9253 (7

I11.  Results and discussion

General studies

The H and *C NMR spectra of the H,L ligand were recorded in DMSO-ds. On the *H NMR spectrum,
signals at 12.71 ppm and 14.35 ppm are respectively assigned to the N—H proton of the imidazole group and
N—H proton of the hydrazone moiety [6]. The H—Ar protons of the phenyl and the imidazole rings are pointed
in the range 7.37—7.82 ppm. The characteristic signal of the imine proton appears at 7.98 ppm [50]. The signals
of the two methyl groups linked to the imidazole and the phenyl rings are pointed at 2.40 ppm and 2.5 ppm,
respectively. The 3C NMR spectrum reveals two characteristic signals at 161.8 ppm and 148.33 ppm of the
carbon atoms of the C=0 and C=N moieties [6]. The signals due to the carbon atoms of the aromatic rings are
pointed in the range [127.52-135.49] ppm. The signals of the carbon atoms of the two methyl groups are
identified, respectively, at 21.47 ppm (CHs;—Ar) and 9.56 ppm (CHs—imidazole). The FTIR spectrum of the
ligand shows vibration bands at 1651 cm, 1606 cm™ and 1568 cm attributed, respectively, to vc-o and vc-n Of
the imine and the imidazole moieties [41, 51, 52]. These bands are shifted upon complexation of the ligand with
the manganese(ll) ion. They are pointed, respectively, at 1635 cm™, 1612 cm™ and 1551 cm™. These facts are
indicative of the involvement of the carbonyl oxygen atoms, the imine nitrogen atoms, and the imidazole
nitrogen atom in the coordination of the ligand to the manganese atom. The molar conductance of the 10 M
solution of the metal complex in DMF was measured at 25°C. The values of the molar conductivity of the fresh

solution of the metal complex and fifteen days later are respectively 6.7 Q*-cm?mol™ and 10.1 Q*-cm?mol™.
These values indicate a neutral electrolyte nature ang good stability of the complex in DMF [53]. The UV-
visible spectrum of the complex was recorded in DMF. The spectrum shows bands at 221 nm, 312 nm, and 415
nm. They are, respectively, characteristic of the n=— =n*, n— n* transition intra-ligand bands [54] and the
electronic charge transfer from the ligand to the metal (TCLM) [55, 56]. The value of the magnetic moment
taken at the ambient temperature of the complex is 5.35 pg. This value is close proximity to those of the
mononuclear  heptacoordinated  complexes  [Mn(HzL)2(H20);]-(ClO4)2-3(H20)  (HoL:  N,N'-1,5-bis
(pyridylmethylidene)carbonohydrazone (525 BM) [57] and Mn(H:L)(H:O)Cl] (HaL: N,N’-1,5-
bis(2-acetylpyridinyl)-carbonohydrazone (5.33 BM ) [55].

Description of the crystal structure

The complex crystallizes in the triclinic system with the space group P-1. Selected bond angles and
interatomic distances are listed in Table 2. The crystal structure of the complex with the chemical formula
[Mn(H2L).Cl] is shown in Figure 1. The asymmetric unit of the complex is composed of one Mn(ll) ion, two
molecules of the ligand and two chloride anions. One of the molecules of the ligand acts in tridentate fashion
through a carbonyl oxygen atom, an azomethine nitrogen atom and a nitrogen atom of the imidazole ring. The
other organic molecule acts as a bidentate ligand through a carbonyl oxygen atom and an azomethine nitrogen
atom. The bidentate ligand forms one five membered ring of type MNOCNN with bite angle of 69.55 (9)° [O1—
Mn1—N2]. The three dentate ligand form two five membered ring of types MNOCNN and MnNCCN with bite
angle values of 66.79 (9)° [02—Mn1—N6] and 69.32 (9)° [n6—Mn1—N7]. The geometry around the Mn(ll)
ion is described as a distorted pentagonal base bipyramid with a MnN3O,Cl, Chromophore. The basal plane is
formed by two azomethine nitrogen atoms, two carbonyl oxygen atoms coming from two different organic
molecules, and one imidazole nitrogen atom of one of two different ligand molecules. The axial positions are
occupied by the two chloride ions. Thus, the manganese (1) ion is heptacoordinated (Figure 1). The angles
formed between the manganese (1) ion and the atoms occupying the basal plane are in the range [79.11 (9)°—
66.79 (9)°. These angle values are deviated from the ideal angle value [72°] expected for a regular pentagon
geometry. The atoms situated in the basal plane and the Mn(ll) ion are quite coplanar (rms = 0.0449) with a
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maximum deviation observed for one of the carbonyl oxygen atom (02) which is out of the plane by 0.0664(2)
A. The sum of angles subtended by the atoms in the basal plane is 359.91°. The value of the angle subtended by
the terminal chloride atoms occupying the apical positions is 178.83 (3)° [CI1-Mn1-CI2] and deviate slightly of
ideal value of 180° expected for a regular pentagonal bipyramid. The five membered ring Mn1/O1/C8/N1/N2 of
the bidentate ligand and the five membered ring of the tridentate ligand Mn1/N7/C23/C22/N6 are quite coplanar
with the dihedral angle of 1.698(2)°. The two five membered rings of type Mnl/O1/C8/N1/N2 and
Mn1/02/C21/N5/N6 defined by the two different molecules ligand upon coordination, are slightly twisted with
a dihedral angle value of 3.780(2)°. The two five membered rings Mnl1l/O2/C21/N5/N6  and
Mn1/N7/C23/C22/N6 defined upon coordination of the tridentate ligand molecule are slightly twisted with a
dihedral angle value of 4.881(2)°. The lengths of the bonds in equatorial plane : Mn1—O1 = 2.243 (2) A,
Mn1—O02 = 2.365 (2) A, Mn1—N7 = 2.307 (3) A, Mn1—N2 = 2.378 (3) A, Mn1—N6 = 2.318 (3) A are
shorted than the bonds length values defined by the atoms in the apical positions : Mn1—Cl1= 2.5247 (9) A and
Mn1—CI2 = 2.6100 (9) A. The Mn—O, and Mn—N distances are close to those observed within manganese
(1) complexes [57-59], while the Mn—ClI distances are comparable to those reported for the similar complex
[Mn(L)(CI)2]-(MeOH) [58] (L is 2,6-bis[(2-hydroxyphenylimino)methyl]pyridine).The hydrogen bonding
geometry of the compound is listed in Table 3. Intramolecular hydrogen bond N1—H1:--N3 resulting in a S(6)
ring and weak hydrogen bond C9—H9---02 have been observed. In the crystal the molecules of the complex
are linked by hydrogen bonds giving rise to a three-dimensional network (Figure 2, Table 3).The structure is
built up from pentagonal bipyramids around the Mn?* ion which are assembled in layers parallel to the bc plane.
The layers are interconnected by intermolecular hydrogen-bonds. The axial chloride atoms point in the
interlayer space and act as  hydrogen-bond acceptors toward N8—HS:.-CI2',N5—H5..-CI2' N4—
H4...CI211 C22—H22.--CI1l, [symmetry codes : (i) —x+1, =y, —z+1; (ii) —x+1, —y+1, —z+1; (iii) —x+2, —y+1,
—z]. The crystal packing of the compound is stabilized by weak intermolecular hydrogen bonds of type C-
H---N(hydrazinyl) (C13—H13A---N1" jii = —x+2, —y+1, —z) and C—H---Cl (C22—H22.--CI11 ii = —x+1,
—y+1, —z+1; C11—H11.--CI1V, iv = —x+1, —y+1, —z) (Figure 2, Table 3).

Table-3. Hydrogen-bond geometry (A, °) for the Mn(I1) complex.

N_H...A Nn_H H...A N...A P H...A
N1—H1...N? 0K’ 101 2810 (M 136 8
NB&—HR...CI2i 0K’ 232 2182 [\ 150 3
N5—H5...CI1i 088 247 29028 [ 154 6
N4—H4...cl9ii 0K’ 2726 2191 [\ 167 R
C29—H22...cl11 0.95 276 2RAR () 1404
C9—H9...02 0 95 2 51 2199 (M 1228
C13—H13A...N1ii 098 7 66 2E72 (M 1554
C11—H11...cI1Vv 095 297 2782 (M 1407

Symmetry codes: (i) —x+1, =y, —z+1; (ii) —x+1, —y+1, —z+1; (iii) —x+2, —y+1, —z; (iv) —x+1, —y+1, —z.
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Figure 2.Three-dimensional structure of the complex [Mn(HzL)2Cl].

IV.  Conclusion
The mononuclear complex [Mn(H2L).Cl;] was synthesized from (E)-4-methyl-N'-((5-methyl-1H-
imidazol-4-yl)methylene)benzohydrazide (H.L) and manganese chloride tetrahydrate in an alcoholic medium.
Spectroscopic techniques such as infrared, UV-visible and measurements of molar conductivity and magnetic
susceptibility at room temperature were used for the characterization of the complex. The values of the molar
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conductivity of the fresh solution and fifteen days after showed a neutral electrolyte behavior and a high stability
of the complex in the DMF. The value of the magnetic moment at room temperature of the complex agrees with
a mononuclear manganese complex of high spin d® configuration. X-ray diffraction analysis confirmed the
conductimetric and magnetic data at temperature. It reveals a neutral mononuclear complex. The Mn?* ion is
situated in a distorted pentagonal bipyramid environment defined by NzO.Cl, inner. Intramolecular and
intermolecular hydrogen bonds consolidate the structure.

Supplementary Materials

CCDC-2267668 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 e-mailing
data_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.
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