Synthesis, characterization and identification of mononuclear transition metals complexes
1,3-bis-((5-methyl-1H-imidazol-4-yl) methyleneamino) propan-2-ol ligand

ABSTRACT

The ligand 1,3-bis-((5-methyl-1H-imidazol-4-yl)methyleneamino)propan-2-ol (HsL) derived from 1,3-
diaminopropan-2-ol and 5-methyl-1H-imidazole-4-carbaldehyde has been synthetized and used to
prepare five complexes in which the ligand acts in tetradentate fashion. Complexes formulated as
[Mn(HsL)(H20)2]-2SCN (1), [(Co(HsL)]-2SCN (2), [(Ni(H3L)]-2SCN (3), [(Cu(HsL)(NO3)]-(NO3)-2H20 (4),
and [(Zn(HsL)]-2SCN (5) were synthesized by mixing an equimolar amount of an methanol solution
containing the appropriate nitrate salt and KSCN, in 1:2 ratio, in the case of 1, 2, 3 and 5 and an ethanol
solution containing the appropriate ligand HsL. The complex 4 has been synthetized in the absence of
KSCN. In all the complexes the ligand acts in its neutral form and in tetradentate fashion, its hydroxy
group remaining free and non-deprotonated. The ligand is coordinated to metal ion through two
azomethine nitrogen atoms and two pyrazole sp? nitrogen atoms. The complexes are characterized by
elemental analysis, conductance and room temperature magnetic moments measurements, UV-Vis and
IR spectroscopic studies. The structure of the copper(ll) complex 4 is confirmed by X-ray diffraction. 4
crystallizes in the monoclinic space group P21/c with unit cell dimensions a = 8.5459 (3) A, b = 10.9177
(3) A, c=22.4562 (6) A, p = 96.954 (3)°, V = 2079.79 (11) A3, Z = 4, R1 = 0.050 and wR2 = 0.131. The
Cu'" cation in N4O inner is situated in a distorted square pyramidal environment.
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1. INTRODUCTION

For a long time, chemists have used many metal ions to synthetize molecules with original properties [1,
2]. These metal ions that also participate in biological processes continue to attract increasing interest.
Some metal complexes are used as anticancer [3], antifungal [4], antimicrobial [5], antituberculosis drugs
[6], as magnetic materials [7] or as materials for optics [8]. Currently, transition metal (II) complexes are the
subject of extensive research for a variety of functionalities and applications, such as medicine [9, 10] or
catalysis [11, 12]. Schiff bases, which are molecules with several donor sites that can be soft or hard,
occupy a central role in the coordination chemistry of metals. These Schiff bases have made it possible to
prepare a large number of complexes with original structures and fabulous properties. They have made it
possible to develop mimetic chemistry to study the complexes that intervene in biological processes [13—
15]. Transition metal(ll) complexes derived from symmetric or asymmetric Schiff bases have attracted
considerable attention in the field of coordination chemistry due to their facile synthesis processes,
fascinating structures, and wide ranges of diverse applications covering photochemistry [16], catalysis [17],
and biomimicking [18]. In this regard, we synthesized a symmetric and flexible ligand with two arms that
have coordination sites capable of encapsulating a metal ion. This ligand 1,3-bis-((5-methyl-1H-imidazol-4-
yl)methyleneamino)propan-2-ol HsL allowed the preparation of metal transition complexes (Mn, Co, Ni, Cu
and Zn) which are characterized by spectroscopic studies and the structure of the copper(ll) complex was
solved by X-ray diffraction analysis.

2. MATERIAL AND METHODS

2.1. Starting materials and Instrumentations

1,3-diaminopropan-2-ol, 5-methyl-1H-imidazole-4-carbaldehyde, manganese nitrate tetrahydrate,
cobalt nitrate hexahydrate, nickel nitrate hexahydrate, copper nitrate trihydrate and zinc nitrate



hexahydrate 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 cm1). The UV-Visible spectra were run on a Perkin-Elmer UV/Visible spectrophotometer
Lambda 365 (1000-200 nm). The *H and 3C NMR spectra of the Schiff base were recorded in CDCls
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: HJ[Co(SCN)4]).

2.2. Synthesis of the ligand 1,3-bis-((5-methyl-1H-imidazol-4-yl)methyleneamino)propan-2-
ol (HsL)

1,3-diaminopropan-2-ol (0.7119 g, 7.9 mmol) was introduced into a round bottomed flask containing 5 mL
of methanol. 5-methyl-1H-imidazole-4-carbaldehyde (1.7397 g, 15.8 mmol) previously dissolved in 5 mL of
methanol was added. The resulting yellow solution was refluxed for 4 hours. After cooling, the yellow
precipitate formed was recovered by filtration. The solid was washed with 2x10 mL of ether then dry in a
desiccator under P20s. FTIR (v, cm™): 3300 (OH), 1644 (C=N)imine,1601(C=N) imidazole, 1580 ; 1437
(Car=Car). RMN H (CDCls, 400MHz, d(ppm)) : 8.10 (s, 2H, HC=N), 7.18 (s, 2H, H-imd), 6.43 (s, 2H, HN-
imd), 6.19 (s, 1H, -OH), 4.15 (quint, 1H, -CHOH-) ; 3.55 (d, 4H, -(CHz2)2) ; 2.26 (s, 6H, -(CH3)).

RMN %3C (CDCls, 400MHz, &(ppm)) : 159.56 (HC=N), 140.58(HC=Nimig) 129.60 (Me-C=C-), 124.43 (Me-
C=C-), 77.66 (-CHz-), 71.11(-CH(OH)-), 15.07 (-CHg).

2.3. Synthesis of the complexes of HsL

HsL (0.3 g; 1 mmol) was dissolved in a round bottomed flask containing 5 mL of methanol. The filtrate of

the mixture containing M(NOz)2:nH20 (M= Mn2* (1), Co2*(2), Ni?*(3), Zn?*(5)) (1 mmol) and KSCN (1 mmol)
was added. The mixture was refluxed for 2 hours and then the clear solution obtained is filtered and left to
evaporate slowly. Complex 4 is synthesized in absence of KSCN. After three weeks, the copper complex
(4) gives blue single crystals suitable for X-ray diffraction analysis while the other complexes give powders
characterizable by other techniques.

Table 1. Analytical data, room temperature magnetic moments and conductance
of complexes 1-5.

% C % H % N

. A Meff
Complexes \E:;J)d Color | Calc. Calc. Calc.
(Qt-cm2mol?t)| (us)

(Found) | (Found)| (Found)

56.92 6.61 30.64
HsL 83 |Yellow - -
(56.89)| (6.58) | (30.60)

37.42 4.61 23.27

[Mn(HsL)(H20)2]-2SCN (1) 32 |Brown 140 5.61
(37.40)| (4.56) | (23.24)

40.09 4.04 24.93

[(Co(HsL)]-2SCN (2) 31 |Green 142 452
(40.06) | (4.00) | (24.90)

40.11 4.04 24.95

[(Ni(HsL)]-2SCN (3) 42 |Brown 138 Diam.
(40.07)| (4.01) | (24.91)




3136 | 4.45 | 22.50
[(Cu(HsL)(NO3)]-(NO3)-2H-0 (4)| 67 | blue 70 1.67
(31.33)| (4.41) | (22.46)

3952 | 3.98 | 2458
[(Zn(HsL)]-2SCN (5) 63 |Yellow 142 diam
(39.48)| (3.95) | (24.56)

2.4. X-ray structure determination of complex 4

Methanol solution of 4 was left to slow evaporation and yellow crystals suitable for X-ray analyze were
formed after three weeks. The details of the X-ray crystal structure solution and refinement are given in
Table 3. 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 [19]. The structure was solved by direct
methods, which revealed the position of all non-hydrogen atoms. The structure was refined on F2 by a
full-matrix least-squares procedure using anisotropic displacement parameters for all honhydrogen
atoms [20]. All hydrogen atoms were located in their calculated positions and refined using a riding
model. Molecular graphics were generated using ORTEP-3 [21].

3. RESULTS AND DISCUSSIONS

General study

The reaction of  1,3-bis-((5-methyl-1H-imidazol-4-yl)methyleneamino)propan-2-ol  (HsL)  with
Mn(NO3)2:4H20, Co(NO3)2:6H20, Ni(NOz3)2:6H20 or Zn(NO3)2:6H20 in presence of KSCN or

Cu(NO3)2-3H20 in ethanol afforded mononuclear complexes. The reactions of the ligand with metal
transition salts are depicted in scheme 1. Yields and analytical data are recorded in Table 1. The IR
spectrum of the ligand HsL shows two bands in the high frequency region located at 3300 cm and 3114
cm-1 attributed, respectively, to the vibration valence vo—n of the alcohol function and the vn—n of the
imidazole moiety (Table 2). The bands located at 1641 cm* and 1601 cm are, respectively, due to the
vibration bands vc=n of the azomethine moiety and the imidazole derivative [22]. The bands observed at
1580 cm! and 1437 cm are attributed to the vibrations vc=c of the imidazole ring. The *H NMR spectrum
of the proton of the ligand HsL is recorded in CDCls. It shows a signal at 8.10 ppm characteristic of the
protons of the azomethine functions. The signals pointed at 7.18 ppm and 6.43 ppm correspond,
respectively, to the protons of -CH and -NH of the imidazole ring. The signal at 6.19 ppm is attributed to the
proton of the -O—H function of the secondary alcohol. The signals observed in the form of a quintuplet at
4.15 ppm and the signal at 3.55 ppm in the form of a doublet are attributed, respectively, to the methylene
protons and to the proton of the carbon bearing the OH group. The signal at 2.26 ppm corresponds to the
two methyl groups of the imidazole ring. The J-modulated spectrum of the HsL ligand recorded in chloroform
allows the assignment of the 13C signals. The signals of the quaternary carbon atoms of the imidazole ring
are pointed at 129.60 and 124.42 ppm and that of the carbon bearing two protons is plotted at 77.66 ppm.
These signals are oriented in one direction while the signals of the carbon atoms bearing an odd nhumber
of protons are oriented in the other direction. The azomethine carbon atoms give a signal at 159.56 ppm
and the signal of the carbon atom of imidazole bearing a single proton is plotted at 140.58 ppm. The signals
at 71.11 ppm and 15.07 ppm are attributed, respectively, to the carbon atom bearing the alcohol function
and to the carbon atom of the methyl group. The strong and broad band due to vo—+ and vn—n stretching
are pointed in the regions [3324 cm - 3419 cm-!] and [3108 cm - 3118 cm!] on the spectra of the
complexes showing that the ligand interacts with the metal ions in its neutral form and that in some
complexes there is presence of water molecule (Table 2). The bands pointed respectively at 1641 cm* and
1601 cm ! on the spectrum of the free ligand are observed, respectively, in the range [1607 cm™1- 1643 cm-
1] and [1589 cm - 1604 cm] on the spectra of the complexes. The shifts of these bands indicate the
involvement of the nitrogen atoms of azomethine and imidazole nitrogen atoms in the coordination. A strong
and sharp band pointed, respectively, at 2067 cm-*, 2082 cm-*, 2095 cm* and 2073 cm on the spectra of



manganese (1), cobalt (2), nickel (3) and zinc (5) complexes are attributed to the vs=c=n vibration band of
the free thiocyanate [23]. The spectrum of the complex [Cu(HsL)(NO3)]-(NOz)-2(H20) (4) presents bands
suggesting the presence of a free nitrate and a coordinated nitrate groups. Indeed, the strong and sharp
band present at 1366 cm-! [24] indicates the presence of a free NOs" ion. The bands at 1323 cm-1, 1258
cm?, 1180 cm-! are due, respectively, to the vi, v2 and vs vibrations of the coordinated nitrate group. The
coordination mode is discussed by the parameter Av = vi- vs [24]. The value of Av which is 143 cm™
indicates the monodentate character of the coordinated nitrate group.

Table 1: Main IR and electronic bands of the ligand HsL and its complexes.

Vot | YN—H | Ven | Vesnimid | Vesc | VaNO3 | ViNO3 | VoNOg | Vsnog | A (NM)

HsL | 3300 | 3114 | 1641 | 1601 1580 - - - - 272, 289, 296

(1) 3421 | 3118 | 1635 | 1592 2067 - - - - 271, 288, 296, 322, 440, 539

(2) 3324 | 3108 | 1607 | 1595 2082 - - - - 271, 288, 296, 402, 442, 532

3) 3326 | 3109 | 1634 | 1589 2095 - - - - 271, 288, 296, 435

(4) 3419 | 3109 | 1643 | 1604 1366 | 1363 | 1258 | 1180 | 242, 271, 295, 460, 605

(5) 3327 | 3111 | 1621 | 1590 2073 - - - - 271, 288, 296,
Conductance

Conductimetric measurements of millimolar solutions of all complexes were recorded in dimethylformamide
(DMF) solution (Table 1). Two series of measurements at fifteen-day intervals were carried out to find the
nature of the electrolyte and monitor the stability of the complexes in solution. The molar conductivity value
of the freshly prepared solution of the copper complex [Cu(HsL)(NOs3)]-(NOs)-2(H20) (4) which is 70 Ohm-
1.cm2-mol? is in agreement with the value reported for 1:1 electrolyte type [25]. The molar conductivity
values of the complexes 1, 2, 3 and 5 are in the range [138 — 142] Ohm-.cm2-moll. These values are
characteristic of 1:2 electrolyte type [25]. After fifteen days, the molar conductivity values of all the
complexes remain constant, suggesting that the complexes are stable in solution in DMF.

Electronic spectra and magnetism

The room temperature magnetic moments of the paramagnetic complexes are recorded in Table 1. The
electronic spectra data of HsL and the complexes 1-5 are shown in Table 2. The spectrum of the ligand HsL
exhibits three bands at 272 nm, 289 nm, and 296 nm which were assigned to TT—1* and n—1* transitions.
The Mn(ll) complex (1) exhibits two additional bands at 440 nm and 539 nm which are assigned to the
6A15—>*T1g and 8A1g—*T2g transitions, respectively, corresponding to octahedral geometry for a Mn(ll) ion
[26]. The magnetic moment value of 5.61 ys for the complex 1 at room temperature is compatible with the
value of 5.92 uB expected for a Mn(ll) ion in high spin state with a d®> configuration. This value fall in the
range [5.2 ys — 6.0 pg] for Mn(ll) complex in octahedral geometry [27]. The electronic spectrum of the
cobalt(ll) (2) complex present three bands at 402, 442 and 532 nm, which clearly indicate the low-spin
square planar geometry of the complex [28]. The observed effective magnetic moment of the complex (2)
[2.65 pg] corresponds to one unpaired electron d’ cobalt ion in square planar the geometry [29]. The
electronic spectrum of the nickel(ll) (3) shows an additional single band pointed at 435 nm assignable to
1A19 — 1B1g, which is consistent with a square planar geometry around Ni(ll) ion [30]. The magnetic moment
measurement shows that the complex is diamagnetic confirming the square planar geometry [31]. The
electronic spectrum of the complex of Cu(ll) (4) shows two bands with low intensities at 605 and 460 nm
which are assigned to 2Big —2A1g and 2Big —2E4 transitions, respectively. The 2B1g —2Bzg transition is not
observed owing to the low intensities in the spectrum [32]. These observation are consistence with a square
pyramidal geometry around the Cu(ll) ion [33]. The value of the room temperature magnetic moment value
of 1.67 ps is consistence with square pyramidal geometry around the Cu(ll) ion. The d*° configuration zinc
complex is diamagnetic. The environment of the tetracoordinated Zn(ll) can be described as a square
planar geometry or as a tetrahedral geometry.
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Scheme 1. Synthetic procedure of the ligand HsL and its metal transition complexes.

Description of the structure of 4

The complex crystallizes in the monoclinic system with the space group P2i/c. The selected interatomic
distances and angles are given in the Table 4. The asymmetric unit contains one neutral ligand molecule,
one Cu(ll) ion, one coordinated nitrate group, one uncoordinated nitrate group, and two uncoordinated
water molecules. The ligand acts in tetradentate fashion through two azomethine nitrogen atoms and two
pyrazole nitrogen atoms, while the hydroxyl group remains free. One of the nitrate groups is monodentate
through an oxygen atom. The copper atom is pentacoordinated and is located in an NsO site. After
coordination, the ligand forms two five-membered rings of type CUNCCN with bit angle values of 82.67 (9)°
and 82.40 (9)°. The environment of a pentacoordinated metal ion can be described using the Addison
parameter 7= (B - a)/60 (B and a are the largest values of the bond angles around the central atom) [34] :
7 = 0 describes a perfect square pyramidal while r = 1 describes a perfect trigonal-bipyramidal geometry.
The 1 value of 0.0358 is indicative of a slightly distorted square pyramidal geometry around Cul. The basal
plane is occupied by N2, N3, N4 and N5, the apical position being occupied by the nitrate O3 atom. The
Cu(ll) ion is situated 0.074 A out of the mean plane defined by the atoms occupying the basal plane. The
cissoid bond-angle values [82.40 (9)° — 101.74 (9)°] as well as the transoid bond-angle values [174.46 (9)°
and 173.10 (8)°] deviate severely from the ideal value of 90° and 180°, respectively, for a perfect square
pyramidal geometry. Additionally, the bond-angle values between the atom occupying the apical position
and the atoms in the basal plane [88.80 (12)° - 96.78 (12)°] deviate considerably from the ideal value of
90°. The sum of the angles subtended by the atoms in the basal plane, which is equal to 359.69°, deviates



slightly from the ideal value of 360°. The Cu—Nimine [Cul—N3 = 1.995 (2) A and Cul—N4 = 2.002 (2)
A] are comparable to the Cu—Nimigazol [Cul—N2 = 1.996 (2) A and Cul—N5 =1.993 (2) A] (Table 1).
The Cu—O3 bond distance [2.424 (4) A] is the longest distance owing to the Jahn-teller effect [35]. These
distances are in accordance with the results reported for similar complexes [36].

Table 3. Crystallographic data and refinement parameters for complex 4.

Chemical Formula

Mr

Crystal shape/color

Crystal system, space group
Crystal size (mm)

[Cu(HsL)(NO3)]-(NO3)-2(H20)
497.92

Cut block/blue

Monoclinique, P21/c

0.10 x 0.10 x 0.05

a(h) 8.5459 (3)
b (A) 10.9177 (3)
c (A 22.4562 (6)
B () 96.954 (3)
V (A3) 2079.79 (11)
z 4
Dcalc (g.cm‘3) 1.590
A (MoKa) (A) 0.71073
T(K) 293
M (mm™1) 1.11
Index ranges -11<h<11, -14< k< 13,-30< [ 27
F(000) 1028
6 range (°) 3.656-29.361
No. of measured reflections 22594
No. of independent reflections 4980
No. of observed [I> 20(1)] reflections 4044
Rint 0.043
R[F? > 20(F?)] 0.050
wR(F?) 0.134
Goodness-of-fitt (Gof) on F? 1.09
No. of parameters 382
No. of restraints 92
Apmax, APmin (€ A_3) 1.08, - 0.45

Table 4. Selected geometric parameters (A, °)
Cul—N2 1.996 (2) Cul—N3 1.995 (2)
Cul—N5 1.993 (2) Cul—02 2.813 (3)
Cul—N4 2.002 (2) Cul—03 2.424 (4)
N2—Cul—N4 173.10 (9) N4—Cul—02 86.60 (8)
N2—Cul—02 87.81 (8) N4—Cul—O03 96.78 (12)
N2—Cul—O03 88.80 (12) N3—Cul—N2 82.67 (9)
N5—Cul—Nz2 101.74 (9) N3—Cul—N4 92.88 (9)
N5—Cul—N4 82.40 (9) N3—Cul—02 85.74 (9)
N5—Cul—N3 174.46 (9) N3—Cul—O03 93.72 (14)
N5—Cul—O02 91.06 (9) 03—Cul—02 176.61 (11)
N5—Cul—O03 89.74 (14)
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Figure 1. Crystal structure of complex 4. Displacement ellipsoids are drawn at the 30% probability
level.

4. CONCLUSION

The organic ligand HsL incorporating two pyrazole moieties showed a similar coordination mode in the
complexes prepared and characterized by FTIR and UV-Vis spectroscopic methods, room temperature
magnetic moment and molar conductivity measurements. The structure of the copper complex (4) was
determined by single-crystal X-ray diffraction. The ligand acts as neutral tetradentate in all the complexes,
its hydroxyl group remaining non-coordinated. In complexes 2, 3 and 5 the metal ions are situated in Na
inner. In all structures, the Schiff base HsL acts as a tetradentate ligand through the nitrogen atoms of the
azomethine functions and the sp? nitrogen atoms of the imidazole moieties. The environments of Co(ll) (2)
and Ni(ll) (3) are described as square planar geometries. The environment of Zn(ll) in the paramagnetic
complex (5) can be described as square pyramidal of tetrahedral geometry. In the complex 1, the Mn ion
is situated in a N4O2 inner, and the environment is best described as octahedral geometry. The X-ray
diffraction structure of complex 4 shows a slightly distorted square-based pyramidal geometry around the
Cu(lly.



Supplementary data

CCDC-2285926 contains the supplementary crystallographic data for the complex 4. These data can be
obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK
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