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ABSTRACT 
 

Five new transition metal complexes [Mn(L)(Cl)] (1), [Fe(L)(Cl)] (2), [Co(L)(H2O)2] (3),  [Ni(L)(H2O)] 
(4) and [Cu(L)] (5), are synthesized from the Schiff base ligand N,N'-Bis(5-bromosalicylidene)-
propane-1,2-diamine (H2L) which derived from the condensation of 5-bromosalicylaldehyde with 
propane-1,2-diamine in methanol. The complexes are characterized by elemental analysis, FTIR 
and UV-visible spectroscopies, conductivity and magnetic moment measurements. The results 
show that the complexes 1-5 are mononuclear neutral electrolytes in DMF. The dinegative 
tetradentate ligand is coordinated to the metal ion through two phenolate oxygen atoms and two 
azomethine nitrogen atoms. Octahedral geometry is proposed for complex 3, square planar 
geometry is proposed for complexes 4 and 5 and square pyramidal geometry is proposed for 
complex 1 and 2. The structures of complexes 1 and 5 were solved by single crystal X-ray 
diffraction. Complex 1 crystallizes in a monoclinic system, with space group P21/c, while complex 5 
crystallizes in a monoclinic system, with space group C2/c. 
 

 
Keywords: Propane-1,2-diamine; 5-bromosalicylaldehyde; FTIR; UV-visible; complex; X-ray 

diffraction. 
 

1. INTRODUCTION 
 
Schiff bases containing azomethine and phenoxy 
groups linked by an aliphatic chain are important 
precursors for obtaining coordination complexes 
whose fields of application are constantly 
expanding [1–5]. Although these ligands are 
widely studied, they continue to attract increasing 
interest thanks to the possibilities offered by 
organic chemistry [6–8]. Indeed, it is possible to 
functionalize the starting amines and ketones or 
aldehydes as well as the units linking them, the 
azomethine groups and the phenoxy groups [9–
13]. Asymmetric Schiff bases offer more 
possibilities for building molecular structures, 
particularly in metalloproteins [14,15] and 
asymmetric induction catalysis [16,17]. Ligands 
with interesting properties such as chirality were 
developed and their ability to generate 
complexes with specific properties was studied 
[18–20]. The combination of these ligands with 
transition metals made it possible to generate 
new stable compounds. Transition metal 
complexes with these types of Schiff base 
ligands have found applications in the fields of 
biology [21,22,43], in the treatment of diseases 
such as cancers [24], malaria [25], bacterial [26] 
and viral [27] infections. These complexes are 
also used in fields such as computer science and 
electronics for their magnetic [28,29], 
luminescent [30] or optical [31] properties. We 
report here the synthesis of the chiral asymmetric 
ligand N,N'-Bis(5-bromosalicylidene)-(2-
methyl)ethane-1,2-diamine (H2L) derived from 
the precursor 5-bromosalicylaldehyde and 
propane-1,2-diamine having a N2O2 cavity and its 
complexes with transition metals (Scheme 1) 
[32,33]. The ligand allowed the synthesis of five 

new complexes whose structures are determined 
by a spectroscopic study (FTIR and UV-visible), 
conductimetric and magnetic moments 
measurements at room temperature of the 
complexes. The structure of the Mn(III) and the 
Cu(II) complexes were solved with single crystal 
X-ray diffraction technique. 
 

2. MATERIALS AND METHODS 
 

2.1 Starting Materials and 
Instrumentations 

 

5-bromosalicylaldehyde, propane-1,2-diamine, 
cobalt chloride hexahydrate, manganese chloride 
hexahydrate, iron chloride tetrahydrate, nickel 
chloride hexahydrate and copper chloride 
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 Elmer (4000–
400 cm-1). The UV–Visible spectra were run on a 
Perkin-Elmer UV/Visible spectrophotometer 
Lambda 365 (1000–200 nm). The 1H and 13C 
NMR spectra of the Schiff base were recorded in 
dmso-d6 on a BRUKER 500 MHz spectrometer 
at room temperature using TMS as an internal 
reference. The molar conductance of 10-3 M 
solutions of the metal complexes in DMF were 
measured at 25 °C using a WTW LF-330 
conductivity meter with a WTW conductivity cell. 
Magnetic measurements for complexes were 
performed at room temperature by using a 
Johnson Mattey scientific magnetic susceptibility 
balance (Calibrant: Hg[Co(SCN)4]). Single 
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Crystal X-ray Diffraction (SCXRD) data for both 
complexes were collected on a Rigaku XtaLAB 
Synergy-S Dualflex diffractometer equipped with 
an HyPix 6000HE detector, using Cu Kα 
(1.54184 Å) radiation. CrysAlisPro software was 
used for the data collection and reduction, cell 
refinement and absorption correction (Oxford 
Diffraction /Agilent Technologies UK Ltd. 
CrysAlisPro. at (2024)). 
 

2.2 Synthesis of the Ligand N,N'-Bis(5-
bromosalicylidene)-(2-methyl)ethane-
1,2-Diamine (H2L) 

 
In a 100 mL flask, 10 mL of methanol and 5-
bromosalicylaldehyde (2.5 g, 13.5 mmol)                      
are introduced. Then, propane-1,2-diamine (0.5 
g, 6.75 mmol) dissolved in 5 mL of methanol            
was added. The mixture was refluxed for three 
hours. The yellow solution obtained was placed 
in the refrigerator. After 48 hours, the                          
yellow precipitate formed was recovered by 
filtration and washed with 2 x 10 mL of ethanol 
and then dried in the open air. Yield: 75.42%. 
M.P.: 114 °C. 

2.3 Synthesis of the Complexes 
 

In a 100 mL flask, methanol (5 mL) and the 
ligand H2L (0.1 g; 0.22 mmol) were introduced. A 

solution of MCl2.n(H2O) (0.22 mmol) in 5 mL of 
methanol (M=Cu, Ni, Mn, Co or Fe) was then 
added. The mixture was stirred at room 
temperature for one hour before filtration. The 
filtrate was left to evaporate slowly. After several 
days, the solid formed was recovered by filtration 
and washed with 2 x 10 mL of ether. The 
solutions of the copper and manganese 
complexes give crystals suitable for single-crystal 
XRD analysis. 
 

2.4 X-ray Structure Determination of 
Complex 1 and 5 

 

Methanol solutions of 1 and 5 were left                      
to slow evaporation and crystals suitable                    
for X-ray analysis were formed after three 
weeks. Single Crystal X-ray Diffraction      
(SCXRD) data for both complexes were 
collected on a Rigaku XtaLAB Synergy-S 
Dualflex diffractometer equipped with an HyPix

 
Table 1. Crystallographic data and refinement parameters for complexes 1 and 5 

 

Parameters 1 5 

Chemical formula C17H14Br2ClMn2O2 C17H14Br2CuN2O2 

Mr 528.51 501.66 

Crystal system Monoclinic Monoclinic 

Space group P21/c C2/c 

Temperature (K) 210 100 

a (Å) 13.8359 (4) 25.3523 (5) 

b (Å) 9.5473 (3) 10.2283 (2) 

c (Å) 14.6069 (5) 7.0358 (2) 

β (°) 111.623 (4) 108.668 (2) 

V (Å3) 1793.72 (11) 1728.47 (7) 

Z 4 4 

Radiation type Cu Kα Cu Kα 

µ (mm-1) 12.70 7.30 

Crystal size (mm) 0.08 × 0.04 × 0.01 0.28 × 0.10 × 0.04 

Tmin, Tmax 0.557, 0.942 0.571, 1.000 

No. of measured reflections 19888 8961 

No. of independent  3646 1642 

No. of observed [I > 2σ(I)] reflections 3321 1550 

Rint 0.052 0.034 

R[F2 > 2σ(F2)] 0.045 0.039 

wR(F2) 0.090 0.114 

S 1.12 1.09 

No. of reflections 3646 1642 

No. of parameters/restraints 246/2 115/0 

Δρmax, Δρmin (e Å−3) 0.62, -0.49 0.94, -0.88 

 



 
 
 
 

Gueye et al.; Chem. Sci. Int. J., vol. 33, no. 6, pp. 248-261, 2024; Article no.CSIJ.128732 
 
 

 
251 

 

6000HE detector, using Cu Kα (1.54184 Å) 
radiation. CrysAlisPro software was used for the 
data collection and reduction, cell refinement 
and absorption correction (Oxford Diffraction 
/Agilent Technologies UK Ltd. CrysAlisPro. at 
(2024)). The structures were determined using 
the intrinsic phasing method implemented in the 
SHELXT-2018/2 software (Sheldrick, G. M. 
SHELXT - Integrated space-group and crystal-
structure determination. Acta Crystallogr. Sect. A 
71, 3–8 (2015)), and refined employing the 
least-squares method with SHELXL-2019 
(Sheldrick, G. M. Crystal structure refinement 
with SHELXL. Acta Crystallogr. Sect. C 71, 3–8 
(2015).), both integrated within the Olex2 
(Dolomanov, O. V, Bourhis, L. J., Gildea, R. J., 
Howard, J. A. K. & Puschmann, H. OLEX2: a 
complete structure solution, refinement and 
analysis program. J. Appl. Crystallogr. 42, 339–
341 (2009).) software platform. All non-hydrogen 
atoms were refined anisotropically, while 
hydrogen atoms were refined isotropically at 
idealized positions using the riding model. 
Graphical illustrations were generated using 
Olex2. 
 

3. RESULTS AND DISCUSSION 
 

3.1 General Study 
 

The ligand H2L was prepared by a facile 
condensation of 5-bromosalicylaldehyde and 
propane-1,2-diamine in methanol (Scheme 1). 
The analytical data agree with the formulation 
(Table 2). The FTIR and UV-visible data                    
are summarized in Table 3. The absence of 
bands characteristic of carbonyl and primary 
amine groups on the ligand spectrum,           
combined with the presence of a sharp band at 
1629 cm-1 attributable to the valence stretching 

C=N [34], shows that condensation has taken 

place. The broad band pointed at 3489 cm-1 

corresponds to the O-H of the phenolic hydroxy 

[35]. “The phenolic C-O band appears at 1278 

cm-1” [36]. The 1H NMR spectrum of the ligand 
H2L shows a broad signal at 13.32 ppm in the 
form of a singlet integrating two protons 
attributed to the phenolic OH groups. The 
protons of the azomethine HC=N groups are 
identified in the form of two singlet integrating 
one proton each, respectively, at 8.55 and 8.58 
ppm, confirming the asymmetry of the ligand. A 
complex multiplet signal integrating six aromatic 
protons is observed in the region of [6.82 – 7.65] 
ppm. The protons of the -CH2-CH(Me)- chain are 
identified, in the form of a complex multiplet 

signal, integrating three protons in the region of 
[3.74 – 3.86] ppm. 
 
The signal in the form of a doublet at 1.31 ppm 
integrating three protons is attributed to the CH3- 
group. The 13C NMR spectrum of the H2L ligand 
is recorded in dmso-d6. The signals due to the 
carbon atoms of the azomethine functions are 
located, respectively, at 166 and 164 ppm. The 
aromatic carbon atoms Cipso-OH appear at 159.8 
and 160.03 ppm, while the signals of the other 
aromatic carbon atoms appear in the range of 
109 ppm to 134 ppm. The signals of the 
methylene and methynic carbon atoms appear at 
64 and 63 ppm, respectively. The signal of the 
methyl carbon atom is located at 19 ppm. 
 
The analytical data of compounds 1-5 agree with 
the formulation proposed for the complexes 
(Table 2). The main data of FTIR and UV-visible 
of the complexes are summarized in Table 3. The 

C=N band of the free ligand located at 1629 cm-1 
undergoes, after complexation, a shift towards 
low frequencies for complexes 1, 2, 4 and 5 and 
a shift towards high frequencies for complex 3. 
These observations indicate the involvement of 
the nitrogen atoms of the azomethine groups in 

the coordination of the metal [36]. The C-O 
vibration band, which appears at 1278 cm-1 on 
the spectrum of the free ligand, also shifts 
towards low frequencies for complexes 1-5. We 

also note the disappearance of the O-H vibration 
band which was located at 3489 cm-1 on the 
spectrum of the free ligand. These two facts 
indicate the involvement of the oxygen atoms in 
their phenolate forms in the coordination with the 
metal center [37]. For cobalt (3) and nickel (4) 
complexes, the broad and intense vibration 
bands pointed at 3368 cm-1 and 3224 cm-1, 
respectively, suggest the presence of water 
molecules [38]. Conductance measurements of 
millimolar solutions of the complexes were taken 
in DMF. All complexes 1-5 exhibit low molar 

conductivity (4.51-12.41 Ω-1.cm2.mol-1) (Table 3), 
corresponding to neutral electrolytes [39]. After 
fifteen days, these values remain almost 
constant, indicating good stability of the 
complexes in DMF. The UV-visible spectrum of 
the free ligand shows two bands at 290 and 340 

nm, which are attributed to the →* and n→* 
transitions of the aromatic groups, the 
azomethine and the phenol chromophores, 
respectively. The UV-visible spectra of the 
complexes are recorded in millimolar solution in 
DMF. The spectra of the manganese (1), cobalt 
(3), nickel (4) and copper (5) complexes, show 
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electronic absorptions in the ranges [293-298]  
nm and [341-375] nm attributed, respectively, to 

the → * and n→* transitions in the aromatic 
rings, the azomethine groups and the phenolate 
groups [40]. For complexes 1, 3, 4 and 5, the 
absorption bands in region 407-421 nm are due 
to charge transfer from the ligand to the metal 
(LMCT) [41]. In the case of complex 2, the 
observed band at 505 nm is attributed to charge 
transfer from the ligand to the Fe(III) ion [42]. The 
UV-visible spectra of the manganese (1) and iron 
(2) complexes do not show bands attributable to 
d→d transitions. The effective magnetic 
susceptibility value of the manganese complex 
(1) which is 4.68 μB at room temperature is close 
to the value reported for a spin-only d4 Mn(III) ion 
in a square pyramidal environment [43]. The iron 
complex (2) has a magnetic moment of 5.7 μB 
which suggests that the compound is a 
mononuclear complex in which the Fe(III) ion is 
located in a square pyramidal environment. 
Indeed, high-spin Fe(III) in a square pyramidal 
environment gives a spin-only magnetic moment 
value of 5.92 μB [44]. The starting Mn(II) and 
Fe(II) ions underwent aerobic oxidation to give 
Mn(III) and Fe(III) ions, respectively, during the 
complexation reaction with the ligand [42]. In the 

case of the manganese complex these 
observations are confirmed by XRD structure 
determination. The UV spectrum of the cobalt 
complex (3) reveals, also, absorption bands 
centered at 988 and 621 nm, which are attributed 
to the 4T1g(F)→4T1g(P) and 4T1g(F)→4T2g(F) 
transitions, respectively. These absorption 
bands, together with the magnetic moment value 
of 4.62 μB, indicate an octahedral environment 
around the Co(II) ion [45]. The spectrum of the 
nickel complex shows a single absorption band 
in the visible region at 559 nm. Nickel complexes 
exhibit two allowed bands at, approximately, 450 
and 550 nm due to the 1A1g→1A2g and 1A1g→1B1g 
transitions for a Ni(II) complex in which the metal 
ion is located in a square planar environment 
[46]. Additionally, the measurement of the 
magnetic susceptibility shows that complex 4 is 
diamagnetic, confirming the square planar 
geometry around Ni(II) [47]. On the spectrum of 
the copper complex, the d→d band pointed at 
580 nm corresponds to the 2B1g→2A1g transition. 
This value combined with the effective magnetic 
moment value, which is 1.6 μB, suggests a 
mononuclear Cu(II) complex in a square planar 
environment [48]. These results are confirmed by 
XRD. 

 

 
 

Scheme 1. Synthetic procedure of the ligand H2L and its metal transition complexes 
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Table 2. Analytical data for H2L and complexes 1-5. 
 

Complexes Yield (%) Color % C  
Calc. (Found) 

% H  
Calc. (Found) 

% N  
Calc. (Found) 

% Cl  
Calc. (Found) 

H2L 75.4 Yellow 46.39 (46.34) 3.66 (3.62) 6.36 (6.33) - 
[MnLCl] (1) 52.7 Brown 38.63 (38.60) 2.67 (2.64) 5.30 (5.27) 6.71 (6.24) 
[FeLCl] (2) 44.5 Black 38.57 (38.53) 2.67 (2.63) 5.29 (5.25) 6.70 (6.65) 
[CoL(H2O)2] (3) 55.8 Brown  38.30 (38.26) 3.40 (3.38) 5.26 (5.22)  

[NiL].H2O (4) 59.8 Orange 39.66 (39.63) 3.13 (3.09) 5.44 (5.40) - 

[CuL] (5) 59.6 Purple 40.70 (40.66) 2.81 (2.78) 5.58 (5.54) - 

 
Table 3.  Main FTIR and UV-Visible data, room temperature magnetic moments and 

conductance of complexes 1-5 
 

Compound (O-H) (C=N) (C-O) (nm) µeff (B) Λ (Ω-1.cm2.mol-1)  

H2L 3489 1630 1278 290, 340 - - 
[MnLCl] (1) - 1620 1176 298, 347, 417 4.68 9.31 
[FeLCl] (2) - 1622 1178 331, 421, 505 5.7 8.67 
[CoL(H2O)2] (3) 3368 1641 1176 296, 345, 407, 621, 988  4.62 11.4 
[NiL]. H2O (4) 3224 1622 1153 296, 341, 420, 559 diam 12.41 
[CuL] (5) - 1627 1177 293, 375, 580 1.6 4.51 

 

3.2 Description of the Structure of the 
Complexes 

  
3.2.1 Structure of the Manganese(III) complex 
  
The complex crystallizes in the monoclinic 
system with the space group P21/c. The 
molecular structure of the manganese(III) 
complex (1)  is given in Fig. 1. Selected bond 
lengths and angles are listed in Table 4. The 
asymmetric unit contains one Mn3+ ion, one 
dideprotonated organic ligand and one chloride 
ion. The dideprotonated ligand acts in 
tetradentate fashion through two azomethine 
nitrogen atoms and two phenolate oxygen atoms. 
The coordination sphere around the Mn3+ ion is 
completed by a chloride ion. The Mn3+ ion is 
located in a N2O2Cl cavity. The environment of a 
pentacoordinated ion can be described using the 

Addison parameter  = (α –β)/60, (α and β being 
the two largest angles around the metal: a value 

of  = 0 corresponds to a square-based pyramid 

geometry and a value of  = 1 designates a 

trigonal-based pyramid geometry) [49]. The  
value of 0.0078 is indicative of a distorted square 
pyramidal geometry. The basal plane of the 
polyhedron around the Mn1 ion is occupied by 
O1, O2, N1 and N2, while the apical position is 
occupied by Cl. The cissoid angles which are in 
the range [81.35(15)° – 92.51(12)°] and the 
transoid angle 162.89(16)° and 163.36(18)° 
deviate severely from the ideal values of 90° and 
180°, respectively, as expected for a perfect 
square pyramidal geometry. All angles defined by 

the atom in the apical position with the atoms of 
the basal plane are in the range  [95.82(12)°-
100.43(11)°] and are far from the ideal value of 
90°. The sum of the angle subtended by the 
atoms in the basal plane which is 355.6° is far 
from the ideal value of 360°. The square 
pyramidal environment around Mn1 is severely 
distorted. The Mn—O bond lengths [1.877(3) Ǻ 
and 1.884(3) Ǻ] are shorter than the Mn—N bond 
lengths [1.990(4) Ǻ and 1.984(4) Ǻ] due to the 
hard character of the phenolate oxygen. These 
values are comparable to the values observed 
for a similar Mn(III) complex [(salen)MnIIICl] [50]. 
The Mn-Cl bond [2.4252 (14) Ǻ] is the longest 
and is comparable to the values reported for a 
similar complex [Mn(L)Cl] (H2L is N,N’-Bis(5-allyl-
3-methoxysalicylidene)ethylene-1,2-diamine) 
[51], due to the presence of a Jahn-Teller axial 
elongation [52]. The Mn(III) ion is situated 0.267 
Å out of the plane defined by the four 
coordinated atoms of the ligand. After 
coordination the ligand forms two six-membered 
rings of MnOCCCN type and one five-membered 
ring of MnNCCN type. The six-membered rings 
form a dihedral angle of 3.60°. The five-
membered ring forms a dihedral angle of 16.01° 
and 19.28°, respectively, with the two six-
membered rings. The two phenyl groups of the 
ligand are twisted by each other forming a 
dihedral angle of 7.21°. Numerous non-classical 
intermolecular hydrogen bonds of type C—H···Br 
(C15—H15···Br1v, v = −x+1, y+1/2, −z+3/2; C3—
H3···Br2vi, vi = x−1, y, z; C5—H5···Br2vii, vii = 
x−1, −y+1/2, z−1/2), C—H···Cl (C7—H7···Cl1iv, 
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iv = −x+1, −y, −z+1; C1A—H1A···Cl1viii, viii = x, 
−y+1/2, z−1/2) and  C—H···O (C10—
H10B···O2viii, viii = x, −y+1/2, z−1/2) consolidate 
the structure (Table 5, Fig. 2). A Mn···O 
interaction between the Mn1 and O1 atoms from 
two different asymmetric units I is verified in the 
structure of the complex 1 (d Mn1···O1’ = 
2.968(3) Å), yielding a pseudo octahedral 
environment for the metal center. 
 

3.2.2 Structure of the Copper(II) complex  
 
The complex crystallizes in the monoclinic 
system with the space group C2/c. The 
molecular structure of the copper(II) complex (5)  
is given in Fig. 3. Selected bond lengths and 
angles are listed in Table 4. The asymmetric unit 
contains one Cu2+ ion and one dideprotonated 
organic ligand. The Cu2+ ion is located in a N2O2 
cavity. The metal center is tetracoordinated by 
the ligand through two imine nitrogen atoms and 
two phenolate oxygen atoms. The environment 
around the Cu2+ ion can be characterized using 

the tetragonality parameter 4 [4 = (360 - α - 
β)/141] (α and β being the largest angles around 

the central element, 4 = 0 designates a perfect 

square planar geometry and 4 = 1 gives a 
perfect tetrahedron) [23]. In the case of the 

[Cu(L)] complex the 4 value of 0.085 indicates a 
slightly distorted square planar geometry. The 
bond lengths Cu—O [1.902 (3) Ǻ] and Cu—N 
[1.942(3) Ǻ] are comparable to those found for a 
similar complex [Cu(L)] (H2L = 4,4′-dibromo-2,2′-
[cyclohexane-1,2-diylbis (nitrilomethanylylidene)] 

diphenol) in which Cu(II) is located in a square 
planar environment [29]. After coordination the 
ligand forms two six-membered rings of type 
CuOCCCN and one five-membered ring of type 
CuNCCN. The two six-membered rings 
(CuOCCCN) form a dihedral angle of 8.31°. The 
five-membered ring (CuNCCN) forms a dihedral 
angle of 10.47° with each of the six-membered 
rings. The two phenyl groups of the ligand are 
twisted relative to each other forming a dihedral 
angle of 11.68°. The values of the cissoid angles 
around Cu1 are in the range [84.3(2)°-
93.68(13)°] with a sum of 360.55°, while the 
values of the transoid angles are identical and 
are worth 173.99(14)°. The values of these 
angles deviate slightly from the ideal values of 
the angles which are 90° and 180° for perfect 
square planar geometry. The ligand is chiral with 
a methyl substituent on the aliphatic chain. The 
structure is composed of two asymmetric 
molecules oriented in opposite directions. All the 
atoms are perfectly superimposed except the 
methyl substituent which is responsible for the 
asymmetry of the ligand. The consequence is 
that the carbon atom carrying the methyl 
substituent of the second molecule will be 
superimposed on the -CH2- carbon atom of the 
first molecule thus giving the structure illustrated 
in Fig. 3. Scheme 2 shows the superposition 
process. Weak intermolecular bond of type C—
H···Br (C3—H3···Br1i, I = −x+3/2, y−1/2, −z+3/2; 
C7—H7···Br1ii, ii = −x+3/2, y+1/2, −z+3/2) and 
C—H···O (C8—H8A···Oiii, iii = −x+1, −y+1, −z+1) 
consolidate the structure (Table 5, Fig. 4) 

 

 
 

Fig. 1. Crystal structure of the complex 1. Displacement ellipsoids are drawn at the 30% 
probability level 



 
 
 
 

Gueye et al.; Chem. Sci. Int. J., vol. 33, no. 6, pp. 248-261, 2024; Article no.CSIJ.128732 
 
 

 
255 

 

 
 

Fig. 2. View of the packing in the bc plane of the compound in the crystal structure of 1 
 

 
 

Scheme 2. Superposition of the molecules oriented in opposite directions 
 

 
 
Fig. 3. Crystal structure of complex 5. Displacement ellipsoids are drawn at the 30% probability 

level 
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Fig. 4. View of the packing in the ab plane of the compound in the crystal structure of 5 
 

Table 4. Selected bond lengths and bond angles the complexes 1 and 5. 
 

1 5 

Mn1—Cl1 2.4252 (14) Cu1—O1i 1.902 (3) 
Mn1—O2 1.877 (3) Cu1—O1 1.902 (3) 
Mn1—O1 1.884 (3) Cu1—N1i 1.942 (3) 
Mn1—N1 1.990 (4) Cu1—N1 1.942 (3) 
Mn1—N2 1.984 (4) N1—C7 1.283 (5) 
N1—C7 1.273 (6) N1—C8 1.480 (5) 
N1—C8 1.465 (6)   
O2—Mn1—Cl1 100.43 (11) O1i—Cu1—O1 88.87 (17) 
O2—Mn1—O1 92.51 (12) O1—Cu1—N1 93.68 (13) 
O2—Mn1—N1 162.89 (16) O1i—Cu1—N1 173.99 (14) 
O2—Mn1—N2 91.52 (14) O1i—Cu1—N1i 93.68 (13) 
O1—Mn1—N1 90.24 (14) O1—Cu1—N1i 173.99 (14) 
O1—Mn1—N2 163.36 (18) N1i—Cu1—N1 84.3 (2) 
N2—Mn1—N1 81.35 (15)   
 (i) −x+1, −y+1, −z+1. (i) −x+1, y, −z+3/2. 

 
Table 5. Hydrogen-bond geometry for complex 4 and 1 

 

D—H···A D—H H···A D···A D—H···A 

[CuL] 
C3—H3···Br1i 0.95 3.00 3.821 (4) 146.1 
C7—H7···Br1ii 0.95 3.13 4.023 (4) 158.2 
C8—H8A···O1iii 1.00 2.45 3.348 (7) 149.2 

[MnLCl] 

C7—H7···Cl1iv 0.94 2.98 3.497 (4) 116.3 
C15—H15···Br1v 0.94 3.12 3.798 (5) 130.5 
C3—H3···Br2vi 0.94 3.05 3.841 (5) 142.3 
C5—H5···Br2vii 0.94 3.00 3.930 (4) 171.6 
C9—H9···Cl1 0.99 2.92 3.514 (11) 119.8 
C10—H10B···O2viii 0.97 2.50 3.242 (11) 132.9 
C1A—H1A···Cl1viii 0.99 2.87 3.641 (12) 135.8 

Symmetry codes: (i) −x+3/2, y−1/2, −z+3/2; (ii) −x+3/2, y+1/2, −z+3/2; (iii) −x+1, −y+1, −z+1 , (iv) −x+1, −y, −z+1; 
(v) −x+1, y+1/2, −z+3/2; (vi) x−1, y, z; (vii) x−1, −y+1/2, z−1/2; (viii) x, −y+1/2, z−1/2. 

 

4. CONCLUSION 
 
The ligand N,N'-Bis(5-bromosalicylidene)-(2-
methyl)ethane-1,2-diamine was synthetized and 

structurally characterized. The ligand was used 
for chelation with transition metal ions such as 
Co(II), Fe(II), Mn(II), Ni(II) and Cu(II) ions. The 
complexes are characterized by FTIR and UV-
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Vis spectroscopies, room temperature magnetic 
moments measurements, conductivity 
measurement and X-ray diffraction for the 
Mn(III) and Cu(II) complexes. The ligand acts as 
dinegative tetradentate in all complexes. In each 
complex the ligand molecule coordinates the 
metal ion through two nitrogen azomethine 
atoms and two phenolate oxygen atoms. On the 
basis of the analytical data, the cobalt (II) 
complex shows octahedral geometry, nickel and 
copper(II) complexes show square planar 
geometries, while iron(III) and manganese(III) 
complexes show square pyramidal geometries. 
The X-ray structures determination of the copper 
and the manganese complexes confirm the 
geometries deduced from the UV-visible, the 
magnetic moments measurements and the 
conductivity data. 
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from the Cambridge Crystallographic Data 
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