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Abstract: Analogous ligands derived from salicylaldehyde, 2-[(2-hydroxyethylimino)ethyl]phenol (H2L
1) and 

2-[(2-hydroxyethylimino)methyl]phenol (H2L
2), have been synthetized and used to prepare three complexes in 

which the ligands acts in different fashions. Complexes formulated as 

[Co2(L
1)2(OCH2CH2NH2)(SCN)].(CH3CH2OH) (1) , {[Mn(HL2)2].Cl.(H2O)}n (2), and {[Cu(L2)(NO3)]}n (3) were 

synthesized by mixing an equimolar amount of an ethanol solution containing Co(NO3)2
.6H2O, MnCl2

.4H2O or 

Cu(NO3)2
.2H2O and an ethanol solution containing the appropriate ligand H2L

1 or H2L
2. In the  dinuclear 

cobalt(III) complex 1, each of the two metal ions is coordinated by one monodeprotonated ligand molecule 

through three set donors. Each of the ethanolate oxygen atom of the ligand molecules acts as bridge to connect 

the two metal centers yielding a dinuclear unit. Additionally, a third bridge is formed by an ethanolate oxygen 

atom of 2-aminoethanol which is present as co-ligand. For one of the Co(III) ion the sixth coordination site is 

occupied by an amino nitrogen atom while for the other one the sixth site is occupied by a nitrogen atom of a 

thiocyanate group. Each of the Co(III) is situated in N2O4 inner. For  the Mn(III) complex 2, the cation is 
coordinated  by two ligand molecules in bidentate fashion through the phenolate oxygen atom and the 

azomethine nitrogen atom, the ethanolic oxygen atom of each ligand molecule being linked to a Mn(III) ion of 

another complex thus forming a polymeric chain in which the MnIII···MnIII distance is 5.601 (2) Å. The Mn(III) is 

situated in a N2O4 inner. The copper(II) ion of the complex 3 is coordinated by one monodeprotonated organic 

molecule through the phenolate oxygen atom, the azomethine nitrogen atom and the ethanolic oxygen atom and 

a bidentate nitrate anion. One of the oxygen atoms is coordinated to a Cu(II) ion of another complex molecule 

resulting in a 1:2:2-O3N. The complex is a polymer in which the CuII···CuII distance is 4.3486 (3) Å. Each 
copper (II) ion is situated in a severely distorted octahedral environment. 
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I. Introduction 
Schiff bases resulting from the condensation of a derivative of salicylaldehyde and 2-aminoethanol are 

widely studied in coordination chemistry [1-4]. These Schiff bases can coordinate to metal ions in different 

fashions [5-8]. It has been shown that transition metals form stable complexes with very diverse structures 

depending on the metal/Schiff base ratio [6,9,10]. The multidentate ligand derived from 2-aminoethanol and 
salicylaldehyde or 2-hydroxy acetophenone shows various connectivity fashions and can generate mono- and 

polymetallic complexes [11-13]. 

The biological and physical properties of these compounds are strongly influenced by the nature of the 

metal center and its environment [13-15]. Many of these complexes have important properties both in medicine 

and in physics. Compounds with antimicrobial [16,17], anticancer[18] [18] or DNA cleavage [19] properties have 

been reported. Complexes exhibiting magnetic [20,21] or catalysis [22,23] properties are listed. 

                                                
1 Corresponding author : mohamedl.gaye@ucad.edu.sn 
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Our research group previously reported complexes from [2-((2-hydroxyethylimino)methyl)phenol] [6]. 

In this article, we report the synthesis of three new complexes of cobalt (III), manganese (III) and copper (II) 

obtained from the Schiff bases 2-[(2-hydroxyethylimino)ethyl]phenol or 2-[(2-

hydroxyethylimino)methyl]phenol. These complexes are characterized by elementary, FTIR, UV-Vis and 

magnetic analyses. Single crystal X-ray diffraction studies reveal that the ligand acts differently with the metal 

ions. In the dinuclear complex 1 each Co(III) ion is coordinated with two H2L
1 molecules which act in a 

tridentate fashion. In complex 2, two ligand molecules act in a bidentate fashion on a single Mn(III) ion, while 

each of the alcoholic oxygen atom coordinate  another Mn(III) ion forming a polymer. For complex 3 only one 

ligand molecule acts in a tridentate manner on a single Cu(II) ion. 

 

II. Experimental section 
2.1. Starting materials and instrumentations 

Salicylaldehyde, 2–aminoethanol, cobalt nitrate hexahydrate, manganese chloride tetrahydrate, copper 

chloride dihydrate, and potassium thiocyanate were purchased from Sigma–Aldrich and used as received 

without further purification. All solvents used were of reagent grade. The ligand molecule were synthesized 

following the reported procedure [24]. Elemental analyses of C, H and N were recorded on a VxRio EL 

Instrument. Infrared spectra were obtained on a FTIR Spectrum Two of Perkin Elmer spectrometer in the 4000–

400 cm–1 region. The molar conductance of 1×10–3 M in DMSO solutions of the metal complexes was measured 
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)4]). 

 

2.2. Preparation of the cobalt(III) complex (1). 

A solution of Co(NO3)2
.6H2O (1 mmol, 0.2490 g) in 5 mL of ethanol was mixed with a solution of 

KSCN (2 mmol, 0.1944 g) in 5 mL of ethanol before filtered. The filtrate was added to the round bottomed flask 

which contains a solution of the ligand (H2L
1) (2 mmol, 0.3582 g) in 5 mL of ethanol.  The resulting mixture 

was mixed and refluxed for two hours. On cooling, the mixture was filtered, and the filtrate was left for slow 

evaporation. Green crystals suitable for X-ray diffraction were collected after a week. The compound was 

formulated as [Co2(L
1)2(OCH2CH2NH2)(SCN)].(CH3CH2OH). Yield: 83%. Elemental Anal. Found (Calcd.) 

(%): C, 47.18 (47.11); H, 5.38 (5.40); N, 8.80 (8.77); S, 5.04 (5.01). IR (, cm–1): [(O–H) 3209, (OH) 873]; 

ν(C=N) 1594; ν(S=C=N) 2128; ν(C=C) 1532, 1463, 1434;  ν(C–OPh) 1236. UV-Visible (DMSO, max (nm)): 

288, 389, 545.  (S.cm2.mol–1): 15. Diamagnetic. 

 

2.3. Preparation of the manganese(III) complex (2). 

A solution of MnCl2
.4H2O (1 mmol, 0.1979 g) in 5 mL of ethanol was added to the round bottomed 

flask which contains a solution of the ligand (H2L
2) (2 mmol, 0.3582 g) in 5 mL of ethanol.  The resulting 

mixture was mixed and refluxed for two hours. On cooling, the mixture was filtered, and the filtrate was left for 

slow evaporation. Green crystals suitable for X-ray diffraction were collected after a week. The compound was 

formulated as {[Mn(HL
2
)2]

.Cl.( H2O)}n. Yield: 71%. Elemental Anal. Found (Calcd.) (%): C, 49.50 (49.48); H, 

5.08 (5.05); N, 6.41 (6.37); Cl, 8.12 (8.09). IR (, cm–1): [(O–H) 3396, (OH) 885]; ν(C=N) 1605; ν(C=C) 

1545, 1446, 1434;  ν(C–OPh) 1302. UV-Visible (DMSO, max (nm)): 290, 329, 439.  (S.cm2.mol–1): 87. eff 

(B): 5.31. 

 

2.4. Preparation of the copper(II) complex (3). 

A solution of Cu(NO3)2
.2H2O (1 mmol, 0.2236 g) in 5 mL of ethanol was mixed with a was added to 

the round bottomed flask which contains a solution of the ligand (H2L
2) (2 mmol, 0.3582 g) in 5 mL of ethanol.  

The resulting mixture was mixed and refluxed for two hours. On cooling, the mixture was filtered, and the 

filtrate was left for slow evaporation. Green crystals suitable for X-ray diffraction were collected after a week. 

The compound was formulated as {[Cu(HL2)(NO3)]}n. Yield: 69 %. Elemental Anal. Found (Calcd.) (%): C, 

37.31 (37.29); H, 3.48 (3.45); N, 9.67 (9.64). IR (, cm–1): ν(C=N) 1599; ν(C=C) 1541, 1470, 1448;  ν(C–OPh) 

1286. UV-Visible (DMSO, max (nm)): 283, 376, 637.  (S.cm2.mol–1): 24. eff (B): 1.97. 
 

2.5. X-ray crystallography 

Crystals suitable for single–crystal X–ray diffraction, of the reported compounds, were grown by slow 

evaporation of EtOH solution of the complexes. Details of the crystal structure solution and refinement are 

given in Table 1. Diffraction data were collected using an ENRAF NONIUS Kappa CCD diffractometer with 

graphite monochromatized MoKα radiation (λ = 0.71073 A). All data were corrected for Lorentz and 

polarization effects. No absorption correction was applied. Complex scattering factors were taken from the 
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program package SHELXTL [25]. The structures were solved by direct methods, which revealed the position of 

all non–hydrogen atoms. All the structures were refined on F2 by a full–matrix least–squares procedure using 

anisotropic displacement parameters for all non–hydrogen atoms [26]. The hydrogen atoms of water molecules 

and NH groups were located in the Fourier difference maps and refined. Others H atoms (CH and CH3 groups) 

were geometrically optimized and refined as riding model by AFIX instructions. Molecular graphics were 

generated using ORTEP–3 [27]. 

 

III. Results and discussion 
3.1. General study 

The reaction of 2-[(2-hydroxyethylimino)ethyl]phenol (H2L
1) or 2-[(2-

hydroxyethylimino)methyl]phenol (H2L
2) with Co(NO3).6H2O, MnCl2

.4H2O or Cu(NO3)2
.2H2O in ethanol 

afforded a dinuclear cobalt(III) complex formulated as [Co2(L
1)2(OCH2CH2NH2)(SCN)].(CH3CH2OH) and two 

polymeric complexes formulated as {[Mn(HL2)2].Cl.(H2O)}n and {[Cu(HL2)(NO3)]}n. The reactions of those 
ligands with metal transition salts are depicted in scheme 1. The infrared spectra of the complexes (1-3) show 

band attributed to the C=N in the range 1600-1590 cm-1. The shift to lower frequencies of this band which was 

pointed at ca. 1634 cm-1 in the infrared spectrum of the free ligands is indicative of the involvement of the 

azomethine in the coordination. The infrared spectrum of complex 1 exhibits a sharp medium intensity band at 

2127 cm
-1

 which is characteristic of coordinated thiocyanate group. Additional bands pointed at 3209 cm
–1

 and 

3396 cm–1 are observed and are attributed, respectively, to the uncoordinated ethanol molecule for complex 1 

and the lattice water molecule for complex 3. The molar conductivity values of 15 and 24 S.cm2.mol–1 for  
complex 1 and complex 3 respectively, are indicative of neutral electrolyte  in DMF solutions. Complex 2 

exhibits  a molar conductivity value of 87 S.cm2.mol–1 in DMF which is in accordance with 1:1 electrolyte 

nature [28].  

The electronic spectra of the complexes 1-3 show bands in the region 280-300 which are respectively 

attributed to the intraligand transitions * and n*. The peaks observed at 389 nm, in the electronic 
spectrum of complex 1, at 376 nm for 2 and at 439 mn for 3 are due to the LMCT transitions due to O and N 

donor atoms of the ligand to the metal ion [29-31]. Cobalt (III) complex 1 shows an additional band at 534 nm 

which is due to a dd transition in a Co(III) ion in octahedral environment [32]. This dd band is due to the 

transition 5T2gEg. In the spectrum of the Manganese(III) complex 2 a much weaker band is exhibited in the 

lower energy region at 637 nm. This band is due to spin allowed transition for 5Eg
5T2g Mn(III) in octahedral 

environment [33,34]. The electronic spectrum of copper(II) complex 3 exhibited bands at 593 and 627 nm 

corresponding to 2B1g
2Eg and 2B1g

2B2g transitions, respectively. Those observations are indicative of copper 
ion in octahedral environment [31]. The room temperature magnetic moment measurement of the complexes 1-3 

were determined. As expected, complex 1 is diamagnetic low-spin Co(III)[35] [35]. During the experiment, the 

Co(II) used in air atmosphere was oxidized to Co(III). Complex 2 shows room temperature magnetic moments 

of 5.31 B which is close to the spin only value for high spin d4 manganese(III) ion [36]. Copper complex 3 

gave eff of 1.97 B close proximity to the value of 1.73 B expected for one unpaired electron, which is 
indicative of octahedral geometry around the copper(II) ion [37]. 
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Scheme 1. Synthesis procedure of complexes (1), (2) and (3). 

Table-1. Crystallographic data and refinement parameter for the compound (1), (2) and (3). 

Chemical formula C23H28Co2N4O5S·C2H6O (1) C18H20MnN2O4·Cl·H2O (2) C9H10CuN2O5 (3) 

Mr 636.48 436.76 289.73 

Crystal shape/color Prismatic/brown Block/blue Block/green 

Crystal system, space 

group 

Triclinic, Pī Monoclinic, P21 Monoclinic, P21/n 

Crystal size (mm) 0.25 × 0.13 × 0.10 0.27 × 0.1 × 0.06 0.24 × 0.09 × 0.04 

a, b, c (Å) 10.8445 (3) 5.59524 (17) 9.5069 (4) 

b (Å) 12.0063 (4) 18.9792 (6) 8.0749 (3) 

c (Å) 12.0680 (4) 9.2426 (4) 13.9843 (6) 

α (°) 115.967 (3) 90 90 

β (°) 96.305 (2) 93.620 (3) 101.560 (4) 

γ (°) 97.568 (2) 90 90 

V (Å
3
) 1375.41 (8) 979.54 (6) 1051.76 (8) 

Z 2 2 4 

Dcal (g cm
–3

) 1.537 1.481 1.830 

Radiation type Mo Kα Mo Kα Mo Kα 

T (K) 292 100 100 

µ (mm
−1

) 1.33 0.84 2.09 

Index ranges 
-13 ≤ h ≤ 13; -14 ≤ k ≤ 13; -14 ≤ l ≤ 

14  

-7 ≤ h ≤ 7; -25 ≤ k ≤ 25; -12 ≤ l ≤ 

12 

-12 ≤ h ≤ 12; -10 ≤ k ≤ 

10; -18 ≤ l ≤ 18 

F(000) 600 452 588 

 range (°) 1.911-26.019 2.804-28.693 2.385-28.685 

No. of measured reflections 33472 19868 25966 

No. of independent 5408 5014 2712 
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No. of observed [I > 2σ(I)] 

reflections 

4730 4845 2532 

Rint 0.036 0.037 0.028 

R[F2
 > 2σ(F2

)] 0.032 0.054 0.020 

wR(F2
) 0.091 0.133 0.052 

Goodness–of–fit (Gof) 1.04 1.07 1.04 

No. of parameters 355 254 157 

No. of restraints 1 3  0 

Δρmax, Δρmin (e Å−3
) 0.58, −0.50 1.78, −1.08 0.41, −0.28 

 

3.2. Description of the crystal structure of the complex 1 

The title compound crystallizes in the triclinic system in the space group Pī. The asymmetric unit of the 

title compound, [Co2(L
1)2(OCH2CH2NH2)(SCN)].(CH3CH2OH), contains two dideprotonated ligand, one 

deprotonated aminoethanol molecule, one thiocyanate anion and one uncoordinated ethanol molecule (Figure 1). 

The selected bond lengths and angles are collected in Table 2. In the dinuclear unit the two metal Co
III

 ions are 

hexacoordinated. Two dideprotonated Schiff bases act as bridge thought the ethanolate oxygen atom of the 

ligand. Each CoIII ion is linked to the phenolic oxygen atom and the azomethine nitrogen atom of one ligand. 

The monodeprotonated aminoethanol molecule acts as bridge between the two CoIII ions through the ethanolate 

oxygen atom while the amino nitrogen atom is coordinated to one CoIII. The coordination sphere of the second 
CoIII is completed by a thiocyanate anion through its nitrogen atom. Each of the cobalt ion is hexacoordinated, 

exhibiting a NSO4 environment for Co1 and N2O4 environment for Co2. The basal plane of Co1 is occupied by 

N1, O1, O2, O4 atoms while N2, O4, O5, O3 atoms occupied the basal plane of Co2. The cissoid angles are in 

the range [80.11 (6)°-96.02 (8)°] for Co1 and [81.22 (6)°-94.37 (7)°] for Co2 while the transoid angles are O1—

Co1—O2 = 172.20 (7)°, N1—Co1—O4 = 168.09 (7)°, O5—Co2—N2 = 170.14 (7)° and O3—Co2—O4 = 

174.76 (6)° (Table 2).  The sum of the angles subtended by the atoms in the basal planes are 359.82° and 

358.69° for Co1 and Co2 respectively. The apical positions of Co1 ions are occupied by an enolate oxygen atom 

of an aminoethanol molecule and one nitrogen atom of a thiocyanate group with angle value of O5—Co1—N4 

= 174.26 (7)°. For Co2 the apical positions are occupied by an enolate oxygen atom of one ligand molecule and 

the nitrogen atom of the aminoethanol molecule with angle value of  O2—Co2—N3 = 165.36 (7)°. Each ligand 

form with the corresponding Co ion one five-membered ring CoNCCO and one hexa-membered ring 

CoNCCCO, which share a vertex at the azomethine nitrogen. The N—Co—O bite angles values within the five-
membered chelate rings fall in the range [89.91 (7)°–89.54 (7)°] while the values due to the bite angle of the 

hexa-membered chelate are in the range  [95.47 (8)–96.02 (8)°]. These values are comparable to those reported 

for similar octahedral complexes [38].  

In the dinuclear complex the cobalt(III) ions are displaced from their basal planes [N1, O1, O2, O4] 

(rms deviation 0.0291 Å) for Co1 and [N2, O4, O5, O3] (rms 0.0600 Å) for Co2 by 0.0759 (7) Å and 0.1159 (7) 

Å respectively. The two cobalt ions are bridged by two oxygen atoms from the ligand and one oxygen anion 

from an aminoethanol molecule [Co(-ethanolato)Co]. The Co—Obridge distances are different with values of 
Co1—O2 = 1.9134 (14) Å and Co2—O2 = 1.9621 (15) Å;  Co1—O4 = 1.9403 (14) Å and  Co2—O4 = 1.9011 

(14) Å;  Co1—O5 = 1.9103 (14) Å and Co2—O5 = 1.9131 (13) Å. These values are comparable to the values 

reported for similar Co(III) complexes [39,40]. The angles subtended by the bridged oxygen atom to the two 

Co(III) ions are Co1—O2— Co2 = 83.11 (5)°, Co1—O4— Co2 = 84.02 (5)°, Co1—O5— Co2 = 84.52 (5)°. 

The separation between the two metal centers is about Co1—Co2 = 2.5711 (4) Å. The structure is consolidated 

by numerous intra and intermolecular hydrogen bonds (Table 3). Intramolecular hydrogen bond C10—
H10B···O3 and intermolecular hydrogen bonds [N3—H3A···S1i, C22—H22B···O1i, C22—H22B···O4i, C18—

H18C···O2ii (i = −x+1, −y+1, −z, ii = −x+2, −y+1, −z)] link the molecules. The structure consists of chains 

superimposed on each other leading to the formation of a three dimensional network (Figure 2). 

 

Table-2. Selected geometric parameters (Å, °) of compounds (1), (2) and (3). 

Co1—O1 1.8491 (14) Mn1—O3 1.857 (6) Cu1—N1 1.9167 (12) 

Co1—N1 1.8807 (18) Mn1—O1 1.868 (6) Cu1—O1 1.9021 (10) 

Co1—O2 1.9134 (14) Mn1—N1 2.030 (7) Cu1—O2 1.9822 (10) 

Co1—O4 1.9403 (14) Mn1—N2 2.038 (7) Cu1—O3 1.9819 (10) 
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file:///C:/Users/PC/Desktop/CRISTAUX%20KEBE/exp_1087%20_refine_diff_density_min
file:///C:/Users/PC/Desktop/CRISTAUX%20KEBE/r6%20_refine_diff_density_min
file:///C:/Users/PC/Desktop/CRISTAUX%20KEBE/v6d%20_refine_diff_density_min


Synthesis and structure elucidation of complexes of Co(III), Mn(III),and (Cu(II) from N, O .. 

DOI: 10.9790/5736-1412010415                                 www.iosrjournals.org                                            9 | Page 

Co2—O3 1.8578 (14) Mn1—O2
i
 2.226 (6) Cu1—O4

i
 2.5651 (11) 

Co2—O5 1.9131 (13) Mn1—O4
ii
 2.235 (6) Cu1—O4 2.6226 (11) 

Co2—N3 1.9172 (19) Mn1—Mn
i
  5.601 (2) Cu1—Cu1

i
 4.3486(3) 

Co1—O2—Co2 83.11  (5) O3—Mn1—O1 179.7 (3) N1—Cu1—O2 84.31 (5) 

Co2—O4—Co1 84.02 (5) O3—Mn1—N1 90.5 (3) N1—Cu1—O3 171.94 (5) 

Co2—O5—Co1 84.52 (5) O1—Mn1—N1 89.3 (3) N1—Cu1—O4
i
 97.08 (4) 

O1—Co1—N4 90.38 (8) O3—Mn1—N2 89.9 (3) N1—Cu1—O4 118.36 (4) 

N1—Co1—N4 91.23 (8) O1—Mn1—N2 90.3 (3) O1—Cu1—N1 94.92 (5) 

O1—Co1—O5 93.78 (7) N1—Mn1—N2 179.4 (3) O1—Cu1—O2 172.18 (4) 

N4—Co1—O5 174.26 (7) O3—Mn1—O2i 90.7 (2) O1—Cu1—O3 90.08 (4) 

O1—Co1—O2 172.20 (7) O1—Mn1—O2i 89.1 (2) O1—Cu1—O4
i
 86.94 (4) 

O1—Co1—O4 93.75 (6) N1—Mn1—O2
i
 85.9 (2) O1—Cu1—O4 98.91 (4) 

N1—Co1—O4 168.09 (7) N2—Mn1—O2
i
 94.6 (2) O2—Cu1—O4

i
 85.44 (4) 

O3—Co2—O4 174.76 (6) O3—Mn1—O4
ii
 89.2 (2) O2—Cu1—O4 88.26 (4) 

O3—Co2—O5 94.37 (6) O1—Mn1—O4
ii
 91.0 (2) O3—Cu1—O2 91.59 (4) 

N2—Co2—O5 170.14 (7) N1—Mn1—O4
ii
 94.2 (2) O3—Cu1—O4 54.42 (4) 

O3—Co2—O2 96.58 (7) N2—Mn1—O4
ii
 85.3 (2) O3—Cu1—O4

i
 89.48 (4) 

O5—Co1—O4 80.29 (6) O2i—Mn1—O4
ii
 179.8 (3) O4i—Cu1—O4 143.163 (14) 

 (i) x−1, y, z; (ii) x+1, y, z. (i) −x+1/2, y+1/2, −z+3/2. 

 

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

D—H···A D—H H···A D···A D—H···A 

(1) 

N3—H3A···S1
i
 0.89 2.74 3.493 (4) 143.0 

C10—H10B···O3 0.97 2.49 3.033 (6) 115.3 

C22—H22B···O1
i
 0.97 2.57 3.354 (5) 138.2 

C22—H22B···O4
i
 0.97 2.61 3.522 (5) 155.9 

C18—H18C···O2
ii
 0.96 2.52 3.370 (6) 147.6 

Symmetry codes: (i) −x+1, −y+1, −z; (ii) −x+2, −y+1, −z. 

(2) 

O4—H4···O5
i
 0.82 1.90 2.713 (9) 171.5 

O2—H2···Cl1
ii
 0.82 2.20 3.017 (6) 171.1 

C18—H18B···O1 0.97 2.47 3.098 (10) 121.9 

C16—H16···Cl1
iii

 0.93 2.96 3.608 (8) 127.8 

C9—H9A···O3 0.97 2.49 3.106 (10) 121.4 

C7—H7···Cl1
ii
 0.93 2.95 3.831 (9) 159.4 

C17—H17B···Cl1
iii

 0.97 2.76 3.666 (8) 156.2 

Symmetry codes: (i) x−1, y, z; (ii) x+1, y, z; (iii) −x, y+1/2, −z+1. 

(3) 
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C7—H7···O5
i
 0.95 2.44 3.3775 (18) 169.1 

C8—H8B···O3
ii
 0.99 2.52 3.3114 (18) 136.7 

O2—H2A···O1
ii
 0.79 (2) 1.79 (2) 2.5778 (14) 171 (2) 

Symmetry codes: (i) x+1, y, z; (ii) −x+1/2, y−1/2, −z+3/2. 

 

 
Fig. 1.  Crystal structure of   complex (1), showing the atom numbering scheme, H atoms are omitted for clarity. 

 

 
Fig. 2. Crystal packing for complex (1) showing the polymeric chain along the a-c direction. 

 

3.3. Description of the crystal structure of the complex 2 

The title compound crystallizes in the monoclinic system in the space group P21. The asymmetric unit 

of the title compound, {[Mn(HL)2].Cl.(H2O)}n, contains two monodeprotonated ligand molecule, one Mn(III) 

ions, one chloride ion and one uncoordinated water molecule (Figure 3a). The selected bond distances and 
angles are collected in Table 2. The complex is mononuclear and each of the two ligand molecules is 

coordinated to the Mn(III) ion through its phenolate oxygen atom and its azomethine nitrogen atom. Each of the 

oxygen atoms of the alcoholic functions is coordinated to Mn(III) ion of a neighboring mononuclear complex 

yielding a polymeric chain with Mn1…Mn1 distance of 5.601 (2) Å (Figure 3b). The environment around the 

Mn(III) is best described as a distorted octahedral geometry. The phenolate oxygen atoms and the two imino 

nitrogen atoms of the two ligand molecules, occupied the basal plane while the apical positions were occupied 
by the two neighboring oxygen atoms of mononuclear complex molecules with angle value of O2i—Mn1—O4ii 

= 179.8 (3)°. The cissoid angles values are in the range [89.3 (3)°–90.5 (3)°] and the transoid angles values are 

respectively O1—Mn1—O3 = 179.7 (3)° and N1—Mn1—N2 = 179.4 (3)°. The sum of the angles subtended by 
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the atoms in the basal plane is 360°. Those values are close proximity to those reported for a perfect square 

bipyramidal geometry [41]. Each of the ligand form with the Mn1 ion six-membered ring MnOCCCN with bite 

angle values of  N—Mn1—O of 89.3 (3)° and 89.9 (3)°. The two mean planes defined by the six-membered 

rings are quite co-planar with dihedral angle value of 0.776(4)°. The atoms in the basal plane are quite co-planar 

rms 0.0051 and the deviation of Mn1 ion from this plane is 0.0016 Å. The distances Mn—O in the basal plane 

[1.857 (6) Å and 1.868 (6) Å] are shorter than those in the apical position [2.226 (6) Å and 2.235 (6) Å]. This 

observation is indicative of a Jahn Teller effect [42]. Those values are comparable to the reported values for 

similar complexes[36] [36]. The Mn—N bond lengths are 2.030 (7) Å and 2.038 (7) Å and in accordance with the 

values reported for analogous Mn(III) Schiff base complex [36,43]. A fragment of infinite hydrogen bonded 

network of 2 viewed along the b axis direction is showed in the Figure 4 . The polymeric chain of 

{[Mn(HL)2].Cl.(H2O)}n are connected by O—H…O hydrogen bond within the hydrogen-bonded framework. In 

the crystal, intramolecular hydrogen bonds stabilized the structure of the polymeric chain along b axis (O4–

H4···O5i (i = x-1, y, z) and O2—H2…Cl1ii (ii = x+1, y, z)) leading to the formation of dimeric   
      motif. 

Additional weak intramolecular C–H···O hydrogen bonds : C9–H9A···O3, C18–H18B···O1, C7–H7···Cl1ii (ii 

= x+1, y, z), C16–H16···Cl1iii, and C17–H17B···Cl1iii (iii = -x, y+1/2, -z+1) are also observed (Table 3). These 

sheets are stacked along the b axis using only van der Waals forces (Fig. 4). No intermolecular hydrogen bonds 

or shared chelating groups are found between the sheets in this third dimension.  

 

 
Fig. 3.  (a) Crystal structure of   complex (2), showing the atom numbering scheme; (b) the polymeric chain of 

the compond 
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Fig. 4. Crystal packing for complex (2) showing the polymeric chain along the b axis. 

 

3.4. Description of the crystal structure of the complex 3 

The title compound crystallizes in the monoclinic system in the space group P21/n. The asymmetric 

unit of the title compound, {[Cu(HL2)(NO3)]}n, contains one monodeprotonated ligand molecule, one copper(II) 

ion and one bidentate nitrate anion (Figure 5). The selected bond lengths and angles are collected in Table 2. 

The Schiff base acts in tridentate fashion through the phenolate oxygen atom, the azomethine nitrogen atom and 

the alcoholic oxygen atom resulting in one five-membered [CuOCCN] and one six-membered [CuOCCCN] 

rings around the Cu(II) ion. The structure is a polymeric chain in which each mononuclear unit is linked to a 

neighboring unit through one oxygen atom of the bidentate nitrate group. The Cu1 is in a severely distorted 

octahedral geometry forming by the three coordinated atoms from the ligand and one oxygen of the nitrate 

group defining the basal plane and two oxygen atoms from two different nitrate groups occupying the apical 

positions. The axial 2-O-NO2 link the Cu(II) atoms somewhat unsymmetrically. One of the bridging Cu—O 
bonds is significantly longer than the other as shown by the following distances values Cu1—O4 = 2.256 (1) Å 

and Cu2—O4i = 2.623 (1) Å (Table 2). Those bonds lengths are much longer than those found in the equatorial 
plane Cu1—O1 = 1.9021 (10) Å, Cu1—O2 = 1.9822 (10) Å, Cu1—O3 = 1.9819 (10) Å and Cu1—N1 = 1.9167 

(12) Å. These observations are due to the Jahn Teller effect as observed in similar complex [42]. The cooper (II) 

ion is displaced from the basal plane [O1N1O2O3,  (rms deviation 0.1090 Å)] by 0.0072 Å. The dihedral angle 

value of 5.691 (8)° between the plane of the phenolate [O1C1C2C3C4C5C6] ring and the plane formed by the 

atoms in the open chain [C7N1C8C9O2], shows a distortion from planarity and is indicative of a twist in the 

ligand. The separation between two Cu(II) in the polymer is 4.3486 (3) Å. This value is too long to consider 

intermetallic interaction with a bridge angle Cu1—O4—Cu1i of 113.91(4)° [44]. The cissoid angles values fall 

in the range [84.31 (5)°–94.92 (5)°] and are in accordance with values reported for analogous complexes [45]. 

The sum of the angle values subtended by the atoms in equatorial positions is 360.9°. The values of  84.31 (5)° 

and 94.92(5)° of the N—Cu—O bite angles within five-membered and hexa-membered chelate respectively are 

as expected for similar complex[45] [45]. The transoid angles values N1—Cu1—O3 (171.94 (5)°) and O1—

Cu1—O2 (172.18 (4)°) and the angle subtended by the apical positions  O4—Cu1—O4i (143.16 (3)°) deviates 
severely from the ideal values of 180°. The Cu1 ion is situated in a severely distorted octahedral environment.   

A series of intermolecular hydrogen bonds C7—H7···O5i (i = x+1, y, z), O2—H2A···O1ii and C8—

H8B···O3ii (ii = −x+1/2, y−1/2, −z+3/2), connect the units forming a sheet parallel  to the b axis. (Table 3, 

Figure 6). No intermolecular hydrogen bonds or shared chelating groups are found between the sheets.    
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Fig. 5.  Crystal structure of   complex (3), showing the atom numbering scheme. 

 

 
Fig. 6. Crystal packing for complex (3) showing the polymeric chain along the b axis. 

 

IV. Conclusion 
In the present work, we report the synthesis and characterization of a new complex of cobalt(III) (1) 

prepared from the 2-((2-hydroxyethylimino)ethyl)phenol and two new complexes of manganese(III) (2) and 

copper (II) (3) prepared from the tridentate ligand 2-((2-hydroxyethylimino)methyl)phenol. The structures of the 

complexes are completely different. The cobalt (II) complex is a mononuclear, in which the metal center is 

coordinated to two tridentate ligands, yielding an octahedral geometry. The cobalt(III) is situated in N2O4 inner. 
The manganese (III) complex is a polymer, in which the two phenoxo oxygen atoms and the two amino nitrogen 

atoms lie in the equatorial planes of a slightly distorted octahedral N2O4 environment. The copper complex is a 

polymeric complex, in which each bridging nitrate anions act in  1:2:2-O3N  mode. The copper (II) ions are 
in severely distorted octahedral environment NO5. 

 

V. Supporting information 
CCDC- 2118201,  2118202, 2118203 contains respectively the supplementary crystallographic data for 

Copper (II), Cobalt (III) and Mn(III) complexes. 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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