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Abstract

The mixed ligands complexes of 8-hydroxyquinoline and Schiff base 1, 5-dimethyl-4-$5-
oxohexan-2-ylideneamino)-2-phenyl-1H-pyrazol-3 (2H)-one (L) with Cr' mMn™, Fe™ co

D)

Ni", cu™ and Zn" jons were prepared. The compounds have been characterized by NMR, FT-IR,
UV-Vis and mass spectra, elemental microanalysis (C.H.N.), magnetic moment, chloride contain,
atomic absorption and molar conductance. All prepared complexes were octahedral geometry.
Compound structures treated theoretically using the program hyper chem. 8 in gas phase at 298°K.
The compounds were also screened for their bioactive property such as antifungal and antibacterial.
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Introduction

Schiff bases are a class of important
compounds in medical and pharmaceutical
field. They show biological activities including
antibacterial, antifungal™™?, anticancer and
herbicidal activities . The concept of mixed
ligand complexes is always fascinating to the
chemist interested in synthesis because of their
ease of synthesis and generally less time
requirement for these reactions to occur than
normal complex formation reaction using
synthesized ligand and metal salt. These facts
have prompted many researchers to publish
their research work in this fascinating and
interesting area of research!®. Mixed ligand
complexes play an important role in numerous
chemical and biological systems like water
softening, ion exchange resin. Many of these
metal complexes showed good biolo?ical
activity against pathogenic micro organisms 7-10]
The 8-hydroxyquinoline is used in many
processes for the preparation of mixed ligand
complexes form™. Its ability to get bonded
with metal ion with its phenolic oxygen and
ring nitrogen results in forming stable chelates
with metals in combination with some other
ligands, thus producing stable mixed ligand
complexes 24, In report here in the synthesis
and spectroscopic studies as well as the
thermal investigation of a new mixed ligands
8-hydroxyquinoline and Schiff base complexes
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with some transition metals ions such as Cr{"",
Mn®, Fe™, co™, Ni®, cu®™ and zn™

Materials and Methods

The following chemicals were
commercially available and were used without
further purification: (2,5-hexanedione, 4-
aminoantpyrene, FeCl,. H,O, Aldrich) (diethyl
ether, CaCl,, CrCl36H,0, NiCl,.6H,0,
CuCl,.2H,0, ZnCl,.H,O BDH) (DMSO, pure
ethanol, methanol, Fluka) (MnCl,.4H,0,
CoCl,. 6H,0, Reedel).

FT-IR spectra were recorded on a
Shimadzu 3800, spectrometer. Electronic
absorption spectra were recorded for solution
in DMSO (1x10®) on a Shimadzu 160
Spectrophotometer. *H- and *C-NMR spectra
were recorded using Bruker 400 MHz
spectrometer Elemental (C.H.N.) analyses
were carried out on a Perkin-Elmer automatic
equipment model 240.B. Mass spectra were
obtained by using LC-Mass 100P Shimadzu.
Melting points were obtained on a Buchi
SMP-20 capillary melting point apparatus and
are uncorrected. Metal ratio was identified
using a shimadzu 680 G. Conductivity
measurements were measured for solution in
DMSO(1x10%) using a Jenway 4071 digital
conductivity meter, Chloride ion content was
determined by using potentiometric titration
method on a 686-Titro processor—665 Dosimat
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Metrohm Swiss. Magnetic properties were Synthesis of Schiff base Ligand: 1!
measured using (Magnetic  susceptibility A solution of 4-aminoantpyrene (1 g,
balance model MSR-MKi). 4.92 mmol) in methanol (25 ml) was mixed

with a solution of 2,5-hexanedione (0.56g,
4.92mmol). The reaction was stirred and
heated at 40°C for four hrs. A colorless
precipitated was formed which was washed
with diethyl ether and recrystallized from (1:1)
) ¢\ -Jo ethanol: water mixture. The product was dried
bacteria as well fungi like Penicillium via anhydrous CaCl, in vacuum. The

expansum, ~ Fusarium graminearum, preparation of L is shown in Scheme (1). The
Maf:rophomlna _phaseallna, and (?and!da yield was (1.38), 93.66%, mp.179°C.
albicans, by using the wall agar diffusion

method. The concentration of the compounds
in this exposure was (1x10°M) in DMSO
solvent by using disc sensitivity test. This
method involves the exposure of the zone
inhibition  toward the  diffusion  of
microorganism on agar plate. The plates were
incubated for 24 and 48 hours of bacteria and
fungi respectively at 37°C.

Study of Bioactivity

All the metal ion complexes, ligands and
metal  salts were  screened  against
staphylococcus aureus (gram positive) and
Pseudomonas aeruginosa (gram negative)

/CH3 /CHs o\\
—=cC
C——cH
\ MeOH / Refluxe \: \ - / ’
H>C CH
/N /CHZ / 2
HsC N
\ o + H,O
\C’;O ?
=
‘ H3C/ =
S 2,5-hexanedione ‘
=

4- aminoantipyrene 1,5-Dimethyl-4-(5-oxohexan-2-ylideneamino)

-2-phenyl-1H-pyrazol-3(2H)-one
Scheme (1): Preparation of the Ligand (L).

Synthesis of Mixed Ligand Complexes Theoretical calculations

A solution of the Schiff base ligand (0.25g, Program hyper chem.-8 is a sophisticated
0.836 mmole)in methanol was added graduall molecular modeler, editor and powerful
with stirring to the metal salts (0.105g Fe', computational package that are known for it’s

0.2229 ™ 0165 Mn, 0.198g Co™. quality, flexibility and ease of use. It’s also
0.198g Ni™, 0.142g cu™ or 0.128g Zn( uniting 3D visualization and animation with

individually.  0.121g, 0.833mmol)  of guantum chemical calculations, molecular
8-hydroxyquinoline dissolved in (10) cm?® mechanics and dynamics. In the present work,
methanol was add to the mixture gradually parameterization method (PM3) was used for
while stirring. The reaction mixture was the calculation of heat of formation and
allowed to reflux and the solids were collected binding energy for all metal complexes. PM3
by filtration then recrystallized from ethanol. is more popular than other semi empirical
Physical properties for the compounds are method due to the availability of algorithms
given in Table (1). and it is more accurate than other method.

PM3/ TM is an extension of the PM3 method
to include orbital’s with transition metals™.
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Results and Discussion
The LC-Mass for ligand (Schiff base)
(2993m/ Z) with (C17H21N302), (2442 m/ Z)

with (C14H18N30), (2433m/ Z) with
(CH17N;0) and  (1442m/ z)  with
(CeH1N30). H-NMR (DMSO-ds, ppm): &

2.044 (s,3H, N=C-CH3y), 2.147 (s,3H, O=C-
CHj3), 3.11 (s, 3H, C=C-CHj3), 3.31 (s,3H, N-
CHj3), 5.88 (tri, 4H, CH,-CH,), 7.282-7.513
(m, 5H, Ar-H), figure (1). *C-NMR (100.622
MHz, DMSO-dg): & 162.22 (Cyp), 153.25
(C12), 134.67 (C4), 129 (Cy, 6), 127 (Cs, 10),
12431 (Cy), 109.83 (Cp1), 105.95(C;),
77.25(Cs, 15), 76.93(Cs), 50.41(Ci7), 36.09
(Cs), 12,5 (Cy3), 10.62 (Cy), Fig.(2) shown
Schiff base structure

Molar conductance values in (DMSO)
solution (10 *M) were found in the range (24-
46) S. cm* mol*for, all complexes of Cr'",
Mn, Fe®™, co®, Ni®, cu™ and zn™ which
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indicates that they are non electrolytes in
nature 8% Physical properties and elemental
microanalysis are listed in Table (1).

Mass spectra for complexes

High resolution mass spectra of the
[Cr(L) (B-HQ)CI], [Mn(L) (8-HQ)CI( Hz0)]
and [Co(L)(8-HQ)CI( H,0)] mixed
ligands complexes, Shouts parent ion
peak m/z=566.2(M), 552(M), 556(M)
respectively™.  Further details for the
fragmentation and their relative abundances
for each compound are listed in Table (2), see

Fig.(3).
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Fig.(1): *H-NMR Spectrum of Ligand
A Sz {ath

Fig.(2): Structure of Schiff base Ligand.
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MS Spectrum
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Fig.(3): Mass spectrum for [Cr (L)(8-HQ)CI,] complex.

Table (1)
Metal and element analysis and some physical properties of the ligands and its complexes.

Molar Elemental micronalysis % Calc
FsoaranLIfa \'(\?él\évg/'o n(]:OICiE: conductance Experimental

P S. cm? mol* C H N M Cl

L 299.37 | Colorless i 68.20 7.07 14.04 - -

C17H21N30, 89 179 68.95 6.68 14.44 - -

8-HQ White - - - - -

CoH;NO 145.16 74 - - - - - -
dark 55.56 5.14 9.09 9.91 13.01

CrL+8-HQ 566.42 brown 46
C26H27N4O3CrCl, 67 207 55.13 4.80 9.89 9.18 12.52
MnL+8-HQ 551.92 Yellow 24 56.98 5.93 11.01 9.05 6.04
CysH29N,O4MNCI 90 125 56.58 5.30 10.15 9.95 6.42
FeL+8-HQ 552.83 Brown 37 56.65 5.92 10.31 11.01 6.14
CysH29N,O4FeCl 89 289 56.49 5.29 10.13 10.10 6.41
CoL+8-HQ 555.92 Green 37 56.57 5.66 10.76 6.08 11.15
NiL+8-HQ 555 68 Light 56.20 5.26 10.08 10.56 6.38
. . greenist 31

CysH29N4O,CINi 77 230d 55.43 4.40 11.13 9.18 6.01
CuL+8-HQ 560.53 Brown 35 55.71 5.21 10.00 11.34 6.32
CysH29N,O,CICu 83 210d 54.31 4.98 11.03 12.01 5.70
ZnL+8-HQ 562.38 Light 97 55.53 5.20 9.96 11.63 6.30
Cy6H29N,O4ZNnCl 78 brown 55.97 5.39 10.83 10.98 6.93
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Table (2)
The Fragmentation pattern data for complexes.

Science

| complexes |  Assignment | Peakm/z | Relative abundance%

M= (C26H27 N403CfC|2)

M- C3H5N: M1

[Cr (L)(8-HQ)CI]

Ml-C3H703cr =M

Mz-CHg = M3

M3-H

M= (C26H29N404M nCI)

M- CQHO: Ml

M-CgHgO,Mn = M,

[Mn(L)(8-HQ)CI(H:0)]

Mz-CHg = M3

Ms-H =M,

M4-C2H4N = M5

M5-C3H3 = MG

Me- H

M= (C26H29N404COC|)

M- C2H50: M1

[Co(L)(8-HQ)CI(H20)]

Ml-CloHSOCO =M,

Mz-CHg = M3

M3-H = My

FT-IR spectra
1. Infrared Spectra of Free Ligands

The spectrum of ligands (L) and 8-HQ
exhibited weak bands at 3035 and 3047 cm™,
this could be attributed to v(C-H) aromatic
respectively. The spectrum of ligand (L) bands
belong to the v(C=N) were found at 1640 cm™,
was noticed band at exhibited two bands 1740
and 1696 cm™ which were attributed to
v(C=O)ring of pyrazol and v(C=0)
respectively. The IR spectrum bands of 8-HQ
showed abroad vibration band at 3128 cm™
which was assigned to phenolic OH group and
vibration band at 1504cm™ which was
assigned to Vv(C=N) ring functional
groupst?®2H,

2. Infrared Spectra of Complexes

The infrared spectra of the mixed ligands
complexes of Schiff base (L) and 8-HQ
exhibited bands at rang (1620 -1627) cm™ due
to the v(C=N) azomethine group to the lower
frequencies in comparison with ligand Schiff
base. This indicated the coordination of
ligands with metal ions through the nitrogen
atoms in their structures. The spectra of

Mj- CoH4N
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complexes showed bands in the range of 1669-
1678cm™ were characterized for the carbonyl
group which suffers a shift. Thus, it is
suggested that the oxygen atom of the
carbonyl group is coordinated with the metal
iont" ™12 The spectra of complexes showed
bands at (552-493) cm™ referred to the v(M-N)
and in the range of (486-424) cm™ which was
attributed to the v(M-0)®?%. This indicates that
the ligand was coordinated with the metal ions
through O of carbonyl groups and N of
azomethine group. The IR-spectral data for the
ligands and prepared complexes were listed in
Table (3).

UV-Vis Spectra and Magnetic Moments
The electronic spectrum of the ligands of
Schiff base and 8-HQ exhibit intense
absorption bands at (282 and 280) nm
attributed to n—m* respectively. The
electronic spectra of complexes [Cr (L)(8-
HQ)Cl], [Mn(L)(8-HQ)CI(H0)], [Fe (L)(8-
HQ)CI(H,O)] and [Co(L)(8-HQ)CI (H.0)]
gave absorptions at (291, 299, 277, 280 and
339nm) assigned to ligand field respectively.
The electronic spectrum of [Cr (L)(8-HQ)ClI;]



complex showed three broad peaks at 601, 689
and 802 nm assigned to(d-d) electronic
transition type 4Azg—> 4Tlg (p),4Azg—> 4Tlg G)
and *Ayy— “Tay (¢ respectively and the given
two peaks at 345,404 nm due to charge
transfer (C.T). The electronic spectrum of
[Mn(L)(8-HQ)CI(H,O)] complex  showed
three broad peaks at 396, 599 and 676 nm
assigned to (d-d) electronic transition type
“Aig— ‘T, Ay — ‘A and “Egquo,
®A1g —*Tagc) respectively and the given peak
at 351 nm due to (C.T). The electronic
spectrum of [Fe (L)(8-HQ)CI(H20)] complex
showed one broad peak at 676 nm
assigned to(d-d) electronic transition type
"T.0) — E10p) and peak at 391nm due to
charge transfer (C.T). the spectrum of
[Co(L)(8-HQ)CI (H20)] complex showed
three broad peaks at 576, 672 and 752 nm
assigned to  (d-d)  transition  type
Tige—"Tuer  Twp—  Axm 10
“T19¢—"T20m respectively and two peaks at
353 and 407nm due to charge transfer (C.T).
The (d-d) electronic transition for all prepared
complexes were in a good agreement for
octahedral geometry around Cr!"?, Mn{, Fe(V
and Co!"" central ion. The magnetic moment
value (3.80), (5.88), (5.01) and (3.88) B.M. of
cr!™ (@) Mn™ (d®), Fe (d® and Co™ (d")
complexes respectively are typical for
octahedral geometry 21 All these electronic
spectra data can be shown in Table (4).

Electrostatic Potentials

The electrostatic potential (E.P) describes
the interaction of energy of the molecular
system with a positive point charge. (E.P) is
useful for finding sites of reaction in a
molecule; positively charged species tend to
attack a molecule where the electro static
potential is strongly negative (electrophonic
attack)!*”). The (E.P) of the free ligand was
calculated and plotted as 2D contour to
investigate the reactive sites of the molecules
shown in Fig.(5). Also one can interpret the
stereo chemistry and rates of many reactions
involving “soft” electrophiles and nucleophiles
in terms of the properties of frontier orbital
HOMO and LUMO. The results of
calculations show that the LUMO of transition
metal ions prefer to react with the HOMO of
two-donor atoms of oxygen carbonyl and
nitrogen of azomethen group for free
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ligand™®!, Fig.(4). All theoretically probable
structures of compounds have been calculated
in gas phase to search for the most probable
model building stable structure. Calculation of
parameters has been optimized bond lengths of
the free ligand and their metal complexes
which to give excellent agreement with the
experimental data as shown in Table (5)

Antimicrobial activity of ligands and all
complexes

Schiff base, 8-hydroxyquinoline, metal salts
and their complexes were screened for
antifungal and antibacterial activity. The entire
tested compounds exhibited variable.

Schiff base activity exhibited antibacterial
against Staphylococcus aureus and
Pseudomonas aeruginosa but activity was
found to be lower than the metal ion
complexes and salts metals. 8-HQ also
exhibited activity antibacterial  against
Staphylococcus aureus and Pseudomonas
aeruginosa but activity high in complexes and
metal salts, Schiff base which did not exhibit
have antifungal activity but exhibited activity
was in some metal complexes and salts metals
While the 8-HQ and some salts metals
exhibiting antifungal strong activity against
Penicillium expansum and Candida albicans,
not exhibited antifungal activity against
Fusarium graminearum and Macrophomina
phaseolina as compared with the antimicrobial
activity with some mixed ligand metal ion
complexes which exhibited antifungal activity
top than ligands, exhibited some complexes
Prepared antifungal activity strong against
Fusarium graminearum and Macrophomina
phaseolina as compared with the ligands
which did not exhibite antimicrobial activity.
From the data shown in Table (6) a lot of
compounds exhibited bio activity against tow
kinds of bacteria and four kinds of fungous.
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Table (3)
The Infrared spectra data of the free ligand and its metal complexes in(cm?).

Science

L
8-HQ
Lo 158
MnL+8-HQ 3446-883 222
FeL+8-HQ 3451-882 o
CoL+8-HQ 3437-883 Y
NiL+8-HQ 3398-880 o
CuL+8-HQ 3440-870 480-434
ZnL+8-HQ 3457-890 486-463
Table (4)
Electronic spectral data and magnetic moments of the prepared compounds.
Compound Heft ) Amax €max L -
Geometry B.M (cm™) HES (nm) | mol*em™ Al
L 35460.99 2.48 282 24800 n—m
8-HQ - 33222.5 2.251 301 2251 n—m*
34364.2 2.209 291 2209 L.F
28985.5 1.430 345 1430 C.T
[Cr (L)(8-HQ)CI,] g0 | 247524 | 1206 404 1206 CT
Octahedral ' 16638.9 | 0.886 601 886 Aoy = Tig )
145137 | 0220 | 689 220 Aoy — “Tog )
12468.8 | 0.029 802 29 “Pog — “Tig
33444.8 2.383 299 2383 L.F
28490.0 1.391 351 1391 CT
(MnEHAICHHON | 56 | 250505 | 2112 | 396 2112 Ag ' Togy
16694.4 | 0099 | 599 99 *As = “Agg g
14792.8 | 0.087 676 87 A — Tige)
36101.0 1.836 277 1836 L.F
[Fe (L)éi;aHh(gzjgl(Hzo)] 501 | 241545 | 0391 | 414 301 CT
175746 | 1.302 676 1302 *T290) — E10(0)
35714.2 2.03 280 2031 L.F
29498.5 1.086 339 1086 L.F
28328.6 0.722 353 722 C.T
[CO(L)O(SC;?h%f;fHZo)] 3.88 | 245700 | 1.283 | 407 1283 CT
17636.6 | 0.062 576 62 “Tig = ‘Tigpy
14869.8 | 1.153 672 1153 Tige) — A
13297.8 | 0.071 752 71 10 — Tour
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Table (5)
Conformation energetic in (K J.Mol™) for the ligands and complexes.

|__Comp._| _Totalenergy | Binding energy | Heat of formation | Electronic energy | Dipole (Debyes) |
L -78659.2647 4472.7426 15.35266 -600793.517
8-HQ -37080.4358086 | -1577.1730516 |  498.1099484 | -188148.4562257
CrL+8-HQ | -135971.5636626 | -6410.0689746 | 2234820254 | -1434661.6938480
MnL+8-HQ | -139411.4000761 | -6590.0024281 | 1510215719 | -14552645261658
FeL+8-HQ | -142464.6998421 | -6532.0043181 |  240.6196810 | -14857855198371
CoL+8-HQ | -148689.5868695 | -6824.0564375 |  -49.2324375 | -1516503.5091923

Table (6)
Antibacterial and antifungal activities for ligands, metal Salts and complexes.

Staphylococcus | Pseudomonas | Penicillium Fusarium Macrophomina | Candida
Compound aureus G(+) aeruginosa G(-) | expansum | graminearum phaseolina albicans
2 8-HQ 60 55 60 50 ***x | 56 — — — — | |
3 CrCl36H,0 15 12 16 15 38 28 38 33 —_— — _ | —
4 | CoCl,6H,0 | 40 25 23 18 30 18 26 15 — — 20 | 10
5 | MnCl,.4H,O | 40 18 20 14 — | — — — — — — | —
6 FeCl,. H,0O 30 12 15 — — | — — — — — — | —
7 L 12 — 12 — — | — — — — — — | —
16 | FelL+8-HQ 30 25 24 18 23 19 24 14 25 20 23 | 15
17 | CrL+8-HQ 28 22 22 15 23 19 25 20 — —_— 8 | —
18 | ColL+8-HQ 24 20 18 14 30 28 30 22 30 20 25 | 17
19 | MnL+8-HQ 38 30 28 18 23 17 19 12 — — 29 | 18
20 Con. 0 0 0 0 0 0 0 0 0 0 0 0

***= highly active, A=conc., B=dilu.

Electrostatic

potential
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Fig.(4): Electrostatic potential (HOMO and LUMO) contours for ligands.
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Fig.(5):Bond length and 3D-structure for ligands and complexes.
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Fig.(6): The antibacterial activity of compounds against S. aureus and P.aeruginosa.
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