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The pure and copper doped zinc oxide Zn1-xCuxO (x=0,0.05,0.1) thick films were deposited on glass substrates by screen printing method
from their nano powders, followed by sintering at 500 °C to obtain desired stoichiometry and better adherence of films. The structural and
optical properties of the samples were studied by X-ray diffraction (XRD), scanning electron microscopy (SEM) with UV-visible
spectroscopy and Raman spectroscopy. XRD patterns confirmed hexagonal wurtzite structure with minor detection of Cu and SEM
micrographs revealed granular grains and porosity in films. The optical properties and the energy band gap of pure and Cu?*ions doped
ZnO films were studied by UV-visible absorbance spectroscopy. As the doping concentration is increased, both the absorption edge and the
reflectance edge is found to shift towards higher wavelengths (red shift) and the direct band gap decreased from 3.4 to 3.3 eV. The
incorporation of copper in ZnO lattice is confirmed by Raman spectrum. The E2 (high) phonon and multiphoton modes are observed at 441

and 1132 cm! respectively in Raman spectra.
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Introduction

Semiconductor ZnO has attracted extensive experimental
and theoretical research efforts for its versatile applications
and peculiar properties in transparent electronics, chemical
sensors, ultraviolet (UV) light emitters, piezoelectric devices
and spintronics since past two decades. Zinc oxide (ZnQ) is
one of the extensively used material in the field of
optoelectronics device applications due to its wide direct
band gap of 3.37 eV and a large exciton binding energy of
60 meV as compared to other semiconducting materials, viz.,
ZnSe (22 meV) and GaN (25 meV). ZnO possess high
electrical conductivity, non-toxic nature, high mechanical
stability, low cost and higher optical gain (320 cm™) at
ambient temperature which may be controlled by selecting
either the non-stoichiometry and by adding suitable dopants.

Doping by other elements (e.g., Al, Ni, Mn, Pd, Cu, Fe,
Cd, Ag, Au, etc.) is an adept way to coordinate the band gap
of ZnO. It is known that group Ib metals (Cu, Ag, Au) are
fast diffusers in compound semiconductors.*? Among these,
Cu is the best choice because the size mismatch between Cu
and Zn is the smallest which leads to the lowest formation
energy. In addition, electrons can be easily injected from Cu
layer to ZnO since there is no barrier to the flow of electrons
between Cu and ZnO.3 The diffusion of Cu into ZnO can
cause the formation of various centers (Cuzn, Cui). It is
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possible that Cu atoms can replace either substitutional or
interstitial Zn atoms in the ZnO lattice creating structural
deformations.*> Cu significantly affects the electrical,
chemical, structural and optical properties of ZnO, and the
study of the electronic state of Cu in ZnO has been the
subject of interest for a long time.5°

Various techniques for the preparation of ZnO films have
been used such as electrochemical deposition,'® cathodic
electrodeposition,!* radio-frequency sputtering method,*
pulsed laser deposition,’®!* RF magnetron sputtering,
metal organic chemical vapor deposition method,'® atomic
layer deposition,*” ultrasonic spray pyrolysis,*® filtered
vacuum(cathodic) arc deposition,*® screen printing,? etc. In
this work, we have employed fast emerging screen printing
technique to deposit ZnCuO thick films. Screen printing
technique has been used as a multifaceted method for the
fabrication of semiconductor layers in photovoltaic devices,
especially 11-1V compound semiconductors.?:?> Compared
to the other expensive methods, screen printing is very
easier, quicker, eco-friendly and provides a reliable method
for film preparation on large area substrates with maximum
utilization.

Present work deals with the optimization of synthesis
process and parameters for Cu?* ions doped ZnO thick films
derived by screen printing technique and characterizing the
variation in their structural and optical properties with
increase in copper ions concentration in ZnO. The present
work aims to deposit ZnCuO thick films by screen printing
technique and investigate their structural and optical
properties to use them in optoelectronic device applications.

Experimental setup and measurements
Thick film paste was prepared by mixing thoroughly of

pure ZnO and CuO (99.999 %) powders with anhydrous
ZnCl; adhesive agent, and ground in a mortar with ethylene
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glycol as a binder. The prepared paste was screen-printed on
pre-cleaned glass substrates. The pre-cleaning process
involves the washing of glass plates with acetone and
deionized water, followed by drying at 60 °C for10 min. The
screen-printed films were dried at 110 °C for2 hours for
partial reduction of solvent and inducing porosity in the
film%, The films were further annealed in a muffle furnace
in an open atmosphere at 550 °C forl0 minutes so as to
stabilize the films and burn the organic materials. The
schematic of screen printing process used for deposition of
the thick film is presented as per® and is shown in Figurel.
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Figure 1. Screen-printed diagram

X-ray diffraction pattern was recorded on advanced
Rigaku diffractometer in the 2 h range of 20-70° using Cu-
Ko, X-ray radiation source. The surface morphological
information was derived by using scanning electron
microscope (SEM, LEO-440, UK). Taylor Hobson (Taly
step the UK) instrument was used for film thickness
measurement that is of the ordered 4um. The Raman
spectrum was recorded using a Horiba Jobin—Yvon laser
Spectrometer 6400. The optical absorption spectrum was
recorded by Hitachi Spectrometer-3900 in 200—1000 nm

Results and Discussions
XRD analysis
The typical XRD diffraction peaks of pure ZnO and Cu?*

ions doped ZnO (Zni.x CuxO) powders with (x = 0, 0.05 and
0.10) are shown in Figure 2.
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Figure 2. XRD analysis of ZnO, Zno.9sCuo.0sO and Zno.sCuo1O

The pronounced diffraction peaks in XRD pattern
indicates the  polycrystalline  nature  with  peaks
corresponding to (100), (002), (101), (102) and (110) planes
as per JCPDS data card No. 65-34112%. Besides, minor Cu
detection is observed at 28°, 35° and 38°. The standard
diffraction peaks confirm the hexagonal wurtzite structure
with space group P63mc of Znix CuxO, with preferred
orientation along (101) plane in all the samples, which is the
most stable phase of ZnO. XRD patterns of Cu?* doped ZnO
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revealed that the decrease in peaks intensities with the
increase in the Cu?*concentration suggests the successful
substitution of Cu?" ions at Zn lattice site rather than
interstitial one. This is due to the fact that ionic radius of
Cu?*(0.73A) is very close to that of Zn?*(0.74A), due to
which Cu can easily penetrate into ZnO crystal lattice. The
particle size has been calculated from Debye—Scherer’s
formula that varies from 26nm to 29nm, this is to due
agglomeration of particles.?®

SEM analysis

Scanning electron microscopy is a convenient method for
studying the microstructure of thick films. Figure 3 shows
SEM micrographs of as deposited pure and copper doped
ZnO thick films sintered at 500 °C.
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Figure 3. SEM analysis of Cu doped ZnO films; 3(a) pure ZnO.
3(b) Zno.9sCu0.050. 3(C) ZNo.9Cuo.10

The polycrystalline structure is revealed from the SEM
micrographs. The films are porous as evident from the
absence of close packed morphology and interconnected
grains morphology. The formation of submicrometer
crystallites of varying sizes indicates agglomeration in the
form of a spindle, cuboidal shaped particles with fused
clusters on surface morphology in pure as well as Cu®*ions
doped ZnO thick films.

The agglomeration of small crystallites in some regions of
the films makes it difficult to find the exact grain size from
SEM images. The difference in surface morphology has
been observed for Cu:ZnO films as compared to pure ZnO
The morphology seems to become a bit rough for Cu:ZnO
thick films. It has been observed that increase in copper ion
doping concentration in ZnO leads to an increase in the
crystallite size which improves with the increase in mobility
of atoms at the surface of films. These results also support
XRD data. Hence, such types of thick films provide a novel
platform for electronic device application.

UV-Visible analysis

The optical properties and the energy band gap of pure
and Cu?*ions doped ZnO films were studied by UV-visible
absorbance spectroscopy in the wavelength range 200-1200
nm and reflectance spectroscopy in the wavelength range
200-1000 nm as shown in Figureda and Figuredb
respectively. As the doping concentration increases, both the
absorption edge and the reflectance edge is found to shift
towards higher wavelengths (red shift). These peaks arise
from the excitation of electron valence band to conduction
band and are used to determine the nature and value of
optical band gap.
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Figure 4. Absorption (a) and reflectance (b) spectra of ZnO,
Zno.95Cu0.0s0 and Znp9Cuo.10
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Figure 5. Estimation of optical band gap using plot of [F(R)#v]?
versus photon energy of ZnO, Zno.9sCuo.0sO and Zno.sCuo.10

The optical band gap of the film is obtained by
extrapolation of the linear portion of the graph of the
modified Kubelka-Munk function [F(R)Av]? versus photon
energy (hv), given by the following relation.?’

F(R) =—(1;: 2 )

where R is the magnitude of the reflectance as the function
of energy. The direct band gap comes out to be 3.40 to 3.30
eV according to?® and is shown in Figure 5. This equation is
usually applicable for the materials which have high light
scattering and absorbing particles in their matrix. Therefore,
the reflectance is effective for determining the band gap of
the solar cell absorbers.

Raman spectroscopy

Raman spectroscopy technique has been extensively used
for characterizing phonon spectra of nanoscale and bulk
semiconducting materials. ZnO has wurtzite structure with
Cg\, space group with two molecules per unit cell where all
atoms have Csy site symmetry.2°32 Group theory predicts,
A +2E, +E; is the Raman active phonon modes where A;
and E; are polar phonon modes® and E; is nonpolar phone
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mode with two frequencies E, (low) is associated with Zn
sub-lattice vibrations and E, (high) has been related to
oxygen bonded vibrations.
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Figure 5. Raman analysis of ZnO, ZnoesCuo.0sO and Zno.9Cuo.10

Raman spectra of pure ZnO and copper doped ZnO
analogs recorded in 200-1800 cm™ region at ambient
temperature are presented in Figure.5 The Raman spectrum
shows a strong, sharp peak at 441 cm™. It is the significant
character of the ZnO with hexagonal wurtzite structure. It
corresponds to the vibration mode E,n associated with the
vibration of oxygen atom known as Raman-active optical
phonon mode which is the strongest mode in the system of
wurtzite structure.®® Moreover, the appearance of a sharp
peak at 441 cm™ reflects the presence of induced stress in
ZnO wurtzite crystal structure.®*

Figure 5 also exhibits the strong and asymmetric peaks at
1745 [2A1(LO)], and 1132 [3A1(LO)] cm phonon modes
due to the confinement of optical phonons®>:3 in nano-sized
samples.

The weak peak at 140 cm™ has been observed in all the
three spectra due to the induced defects. The appearance of
higher order and activation of different bands is due to
induced electric charge at grain boundaries with the
decrease in intensity by increasing copper doping in ZnO
lattice.

Conclusion

In conclusion, the pure and copper doped zinc oxide Zn;-
xCuxO (x=0,0.05,0.1) thick films were synthesized by
screen printing technique. The incorporation of the Cu?* ion
into ZnO lattice rather than the interstitial was observed
from XRD analysis. SEM micrograph showed porosity and
agglomeration of particles occurred. From UV-visible
absorbance spectroscopy it was observed that as the doping
concentration was increased, both the absorption edge and
the reflectance edge was found to shift towards higher
wavelengths (red shift) and the direct band gap decreased
from 3.4 to 3.3 eV. Raman analysis confirmed the
incorporation of copper in ZnO lattice along with the
observation of high and multiphonon modes.
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Studies on metal-complexes of ascorbic acid derivatives

SYNTHESIS, SPECTROSCOPIC AND ANTIBACTERIAL STUDY
E B OF ZINC, COPPER AND NICKEL COMPLEXES WITH A NEW
DERIVATIVE OF L-ASCORBIC ACID

Section A-Research paper

Salah Mohammed Fizea

Keywords: Synthesis, tetradentate, thiocyanate, metal complexes, analysis.

The metal(Il) ion complexes of a tetradentate ligand (L), namely bis[O,0-2,4-0,0-6,7-(thiocyanatecarboxylic methylidene)]-L-ascorbic
acid are synthesized and characterized by *H,'3C-NMR, elemental analysis (CHN), mass spectroscopy, UV-visible and Fourier Transform
infrared (FTIR) methods. This ligand is prepared from the reaction of the L-ascorbic acid and two moles of trichloroacetic acid in basic
medium (compound 1) with two moles of potassium thiocyanate. The reaction of (L) in ethanol with MCl2.xH20 gave complexes with the
general formula [M(L)CI2] (where M= Ni(ll), Cu(ll) and Zn(ll), respectively) characterized by FTIR, UV-Visible, molar conductance,
atomic absorption, magnetic susceptibility. The analysis of IR, spectral data of all complexes indicated that (L) is bonded to metal(ll) ions
through the two nitrogen atoms of thiocyanate groups and two oxygen atoms of hydroxyl moieties. The synthesized complexes were

proposed to be octahedral in geometry. Among these complexes, the Zn(11) complex demonstrated good antibacterial activity.
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Introduction

L-Ascorbic acid (Vitamin C) is an essential nutritious
substance for human body participating in many different
biological processes. It is found extensively in various
vegetables and fruits and is used clinically in the treatment
and prevention of scurvy, drug poisoning, liver disease,
allergic reaction, and atherosclerosis.!

L-Ascorbic acid is an important antioxidant that protects
the skin by scavenging and destroying free radicals and
reactive oxygen-derived species.? L-Ascorbic acid is also
used topically because of its ability to reduce wrinkles by
promoting collagen synthesis® and its skin-depigmenting
activity.* Because of these favorable effects, L-Ascorbic
acid has long been used in pharmaceutical and cosmetic
preparations.®

Thiocyanate-ion is known to be an important part in the
biosynthesis of hypothiocyanite by a lactoperoxidase.®8
Thus the complete absence of thiocyanate® or reduced
thiocyanate,'® in the human body, (e.g., cystic fibrosis) is
damaging to the human host defense system.1.12

Thiocyanate-ion shares its negative charge approximately
equally between sulfur and nitrogen. As a consequence,
thiocyanate can act as a nucleophile at either sulfur or
nitrogen it is an ambidentate ligand. [SCN]- can also bridge
two (M—SCN—M) or even three metals (>SCN— or —SCNK<).

Experimental evidence leads to the general conclusion that
class A metals (hard acids) tend to form N-bonded
thiocyanate complexes, whereas class B metals (soft acids)
tend to form S-bonded thiocyanate complexes.*®

Eur. Chem. Bull., 2017, 6(10), 430-432
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Experimental

All of the solvents and chemicals were purchased from
commercial vendors and were used without purification.

Physical and spectral measurements

The melting points were uncorrected and measured on
electrothermal Stuart apparatus, model SMP30. The metal
content of the complexes was measured using atomic
absorption technique by Perkin-Elmer 5000. Electrical
conductivity measurements of the complexes were recorded
at 25 °C for 10 mol L solutions in distilled water using
Ltd 4071 digital conductivity meter. Magnetic susceptibility
values were obtained at room temperature using the Gouy
method, Johnson Mattey, model MsB-MKs, were performed.

FT-IR spectra were recorded in KBr on Shimadzu-
spectrophotometer in the range of 4000-400 cm*. Electronic
spectra in distilled water were recorded using a
spectrophotometer type Shimadzu in the range of 200-1100
nm with quartz cell of 1 cm path length. Mass spectrum for
the ligand L was obtained by Agilent mass spectrometer,
Eager 300 for EA1112. 'H NMR and **C NMR spectra were
recorded on a Bruker 300-MHz spectrometer in DMSO-ds.
Chemical shifts in ppm relative to internal TMS are reported.
Elemental microanalyses were carried out by using Euro
Vectro-3000A.

Synthesis of ligand (L)

Firstly, compound | was prepared according to literature.*
Then KSCN (0.20 g, 2 mmol) was added to a solution of
compound I (0.36 g, 1 mmol). The reaction mixture was
stirred for three hours at the room temperature. The solid
product was filtered off and washed with EtOH, then
recrystallized from MeOH:H,0 mixture (3:1). M. p. 198 °C,
yield 80 %.
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Table 1. Physical properties and analytical data for the synthesized ligand (L) and its complexes.

Empirical Color M.p.° Yield, Found(Calc.) (%)

formula C % C H N S M(l |)
Ligand (L) Yellow 198 80 35.57 (35.82) 1.57 (1.50) 6.25 (6.96) 15.34 (15.94) —
C12HsN2010S2

[Cu(L)CI] Green 238 79 26.25 (26.85 1.33 (1.13) 4.98 (5.22) 11.71 (11.95) 11.66 (11.84)
[Ni(L)CI2] Olive 251 81 27.77 (27.10) 1.19 (1.14) 5.66 (5.27) 12.35 (12.06) 11.62 (11.03)
[Zn(L)CI2] White 248 87 26.17 (26.76) 1.18 (1.12) 5.46 (5.20) 11.78 (11.91) 12.36 (12.14)

Table 2. Magnetic moments and electronic spectral bands (cm) of the complexes.

Complex Heff, B.M. Band position, Assignments B-complex B 10Dq (v1)

cmt theoretical, cm™®
Ligand (L) - 40000 n—* - — -
L-Ni(ll) 3.18 25773 vs 3A20—3T19(P) 773.38 0.75 13920

14556 v2 3A2—>3T1g(F)

9174 v1 3A2g—3T2g

L-Cu(ll) 2.02 12422 2Eg—2T2g - - -

L-Zn(I1) Diamagnetic 40983 ILCT = = =
Synthesis of complexes

on Howo,

The ligand (L) (0.40 g, 1 mmol) was dissolved in a HO 0. 0 400 01>§3 ©
mixture of 15 mL methanol + 5 ml water. A solution of . —_— — 2 KCH3
NiCl..6H,O (475 mg, 2 mmol) in (20 mL) methanol was o g LU
then gradually added to the solution of (L) with stirring to HOLC '

2

obtain a precipitation accompanied by a visible color
changeThe mixture was then refluxed for a further 3 h on a
hot plate to ensure the completion of the reaction. The
yellow precipitate was then filtered off, washed with
methanol. The same procedure was used for the synthesis of
the Cu(ll) and Zn(1l) complexes. The isolated complexes are
colored solids, stable in air and insoluble in common
organic solvents but completely soluble in water, DMSO
and DMF. Some physical properties of synthesized ligand
(L) and its complexes are shown in Table 1.

RESULTS AND DISCUSSION

Bis[O,0-2,4:0,0-6,7(thiocyanatecarboxylic methylidene)]
L-ascorbic acid (L), was obtained in a good yield by the
reaction of the compound (I) with potassium thiocyanate, in
the ratio of 1:2. Then the metal complexes were obtained
from the reaction of ligand (L) with MCl,.xH2O in EtOH,
having the general formula [M(L)CI;] (where M = Ni(ll),
Cu(I) and Zn(11), respectively; Scheme 1).

The molar conductance of all complexes was obtained to
be 16, 21 and 19 Q! cm? mol?, respectively. This indicates
that all of the three complexes are non-electrolyte.’® So
based on elemental analysis and molar conductance data, all
complexes have [M(L)Cl,] formula in which two chloride
ions are placed on coordination sphere.

A single sharp band was observed at 2056 cm™ in IR
spectrum of (L) that can be assigned to —SCN group,
although its position was found to be lower by 25-35 cm
in its complexes. This behavior suggests that nitrogen atom
of the thiocyanate coordinated to the metal(Il) ions.
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Scheme 1. Preparation of the ligand (L) and its complexes.

New bands appeared at around 470 and 455 cm™ in all
complexes, which were attributed to the v(M—0O) and v(M—
N) stretching vibrations, respectively.*6The two strong bands
at 1722 and 1670 cm™ due to asymmetric and symmetric
frequencies of v(C=0) in (L), were observed to shift to
1717-1729 and 1675-1680 cm™ in the spectra of all
complexes.!” Since no considerable change was observed for
v(C=0) of (L) and its complexes, it was concluded that the
oxygen atoms of the carbonyl in the carboxylic group are
not involved in the coordination to the metal ions.

The *H-NMR spectrum of (L) displayed several signals at
4.54 ppm is attributed to CH-6, while CH-5 of lactone ring
appears at 6.34 ppm. The proton signal of CH,-7 appeared at
3.36 ppm, the signal at 8.30 ppm can be assigned to OH of
carboxylic acid.

13C-NMR spectrum showed a weak signal at 179 ppm

which belongs to the carboxylic acid, while the C=0 carbon
signal appears at 162 ppm. The two peaks at 129 and 138
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ppm are attributed to C-2 and C-4 carbons, respectively.
This may be due to the conjugated double bond from C-1 to
C-4 causing upfield shift of C-4 carbon signal. The C-N
carbon signal of thiocyanate appears at 111 ppm, the signals
at 79, 70 and 62ppm assigned to C-5, C-6 and C-7 carbon
atoms, respectively.

The mass spectra of the ligand (L) exhibit fragmentation
patterns as expected. Therefore the results of mass
spectroscopy showed good agreement with the molecular
weight 402 as expected. The peak for [M+H]* was observed
at m/z 403.

The electronic spectra of (L) and its complexes show an
absorption band in the region 250-260 nm that can be
attributed to intra-ligand transfer m—m* transition.'® The
electronic absorption bands, as well as the magnetic moment
values of ligand L and its complexes, are summarized in
table 2. Spectrum of Ni(ll) complex exhibited three bands
in the visible region at 25773 cm?® (CAg—3Tigp) (v3),
14556 cm? (CA2g—3T1g@m) (v2) and the last one is at 9174
cm? can be attributed to  3A,g—3T2g, (v1). The ratio of
vafus, (1.59) was applied on Tanabe-Sugano diagram for d®
octahedral complexes,’®? B.complex and B, 10Dg(v1) were
calculated theoretically. The spectrum of Cu(ll) complex
showed a broad band at 12422 cm™ assigned to 2Eg—2T2g
transition which refers to Jahn-Teller distortion of
octahedral geometry.?* The Zn-complex is diamagnetic. As
it is expected due to the d*° electronic configuration of
Zn(I) ion, its electronic spectra did not show any d-d
transition, only band assigned to charge transfer transition at
40983 cm'™,

Table 3. Antimicrobial activity of ligand L and its complexes;
diameter of growth of inhibition zone, mm.

Compounds S. aureus E. coli
Ligand (L) 0 0
Ni-complex 14 18
Cu-complex 17 21
Zn-complex 20 24

The ligand (L) and its complexes have been screened for
antibacterial activities. The results of the microbial
screening of (L) and its complexes are given in table 3. The
antibacterial monitoring data showed that ligand (L) does
not exhibit any activity. While its complexes demonstrated
antibacterial activity towards Gram negative bacteria (E.
coli), and Gram positive bacteria (S. aureus). The increased
activity of the metal complexes can be described based on
chelating theory.
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DESIGN, SYNTHESIS AND BIOLOGICAL EVALUATION OF

E B SCHIFF BASES AND THEIR Co(l1), Cu(I1), Ni(11) CHELATES

FROM DERIVATIVE CONTAINING INDOLE MOIETY

BEARING-TRIAZOLE RING
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Keywords: Design, synthesis, biological evaluation triazole, indol.

Indole and its various derivatives show diverse biological effects. In the present study, some novel indole derivatives like methyl-2-(1H-
indole-3-yl)-ethanoate derivatives (D1-D5) have been synthesized. Three Schiff bases (D6-D8) have been synthesized by the reaction of
(D5) with substituted benzaldehydes. Co(ll), Cu(ll) and Ni(Il) complexes of the Schiff bases have been prepared. All the compounds have
been characterized by elemental analysis, molar conductivity, magnetic moment effect and spectroscopic techniques. The compounds
exhibited moderate to significant anti-bacterial and anti-fungal activities against E. coli, S. aurous, B. subtitles, P. aeruginosin, A. niger, A.

flavours, R. stolonifera and C. Albicans
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Introduction

The heterocyclic compounds which have thiazole, indole
and tetrazole groups display great scope of biological
efficiencies.! One of the common but remarkable group of
alkaloid compounds is indoles, which appears to have
important role in many biochemical reactions. Indole ring
constitutes one of the fundamental moiety in the strucutre of
the drug such as Indoxole, Tenidap, Etodolac, hormones
serotonin, Indomethacin, the psychotropic drug LSD,
melatonin, and the antitumour agent vinblastine.>* The
indole ring framework is found wide spread in nature.
Indole compounds and their derivatives are used in
numerous pharmacological activities like antioxidant,
antifungal, antipsychotic, anti-inflammatory, cardiovascular
activity, antidepressant, antimycobacterial, analgesic,
antibacterial activities and anti-HBV. The present research
work focuses on the efficient synthesis of novel indole
derivatives and their biological evaluation.>®

Schiff bases and their metal complexes have diversified
implementations in analytical,® biological, pharmacological
clinical,'® and corrosion science areas.'! In addition they are
used in specific chemical reactions as catalysts in
hydrolysis,'?  decomposition,®®*  oxygenation,'*  electro-
reduction,’® and enzymatic reactions.'® Metal complexes of
ligands with groups like carbonyl or amino have been
reported to show higher activity against many diseases®’ as
compared to the organic components.®° We report herein
the synthesis and biological evaluation of methyl-2-(1H-
indole-3-yl)-ethanoate derivatives (D1-D5), Schiff bases
(D6-D8) and their Co(ll), Cu(ll), Ni(ll) chelates.

Eur. Chem. Bull., 2017, 6(10), 433-439
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Experimental
Materials

The starting compounds were obtained commercially and
used without moreover refining. Indole-3-acetic acid (99 %,
Tabtech Chemical), hydrazine hydrate (80 %, Aldrich),
diethyl ether (99.5 %, Scharlau), ethanol(99.8 %, Riedel-de
Haén), sulfuric acid (98 %, Merck), phenylisothiocyanate
(97 %, BDH), sodium hydroxide (97 %, Aldrich),
hydrochloric acid (37 %, Riedel-de Haén), 2-
hydroxybenzaldehyde (99.8 %, Aldrich), glacial acetic acid
(99.8 %, Riedel-de Haén), 2-methoxybenzaldehyde (99.8 %,
Aldrich), 2-hydroxy-3-methoxybenzaldehyde (99.5 9%,
Aldrich), methanol (99.8 %, Riedel-de Haén) cobalt (1)
chloride hexahydrate CoCl,.6H-0 (99 %, Merck), acetone
(99.8 %, Riedel-de Haén), nickel(Il) chloride hexahydrate
(98 %, B.D.H) and copper(ll) chloride dihydrate
CuCl,.2H20 (98%, B.D.H).

Techniques

FTIR spectra were recorded by using potassium bromide
discs on a SHIMADZU (IR Affinity-1) FTIR spectroscopy
at College of Education for Pure Science (Ibn-Al-Haitham),
University of Baghdad. 'HNMR spectra were obtained by
Ultra Shield 300 MHz, Bruker, at the University of Al-Bayt
(in Jordan) while some spectra were recorded on Bruker
model, ER-AV-400 MHz, at University of Science and
Technology, in Jordan and are reported in ppm (8). DMSO-
ds was used as a solvent with TMS as an internal standard.
The mass spectra were recorded on Shimadzu model:
GCMS QD 1000 EX. Chloride content of the complexes
was determined using potentiometric titration method (686-
Titro Processor-665 Dosim A-Metrohm/Swiss). UV-Vis
spectrophotometer type CECIL, England, was used with
quartz cell of 1 cm path length in the range of 200-1000 nm
in a 10 M solution in ethanol at room temperature.
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Scheme 1. Synthesis of indol-bearing triazole hydrazines

Magnetic susceptibility measurements were obtained
using Bruker BM6 at 298 K. Elemental microanalysis of
some compounds performed on a C.H.N analyser Euro
vector, model Euro EA 3000A (Italy). The TLC was
performed on aluminum plate coated with a layer of silica
gel, supplied by Merck. The compounds were detected by
iodine vapour.

Preparation of hydrazine compounds

Step 1. A mixture of 1H-indole-3-acetic acid (0.123 mol),
in absolute methanol (50 mL) and sulfuric acid (1.35 mL)
was refluxed for 6 h. After cooling the mixture was washed
with sodium bicarbonate solution, then washed with water
several times, dried and recrystallized from ethanol to yield
methyl- 2-(1H-indole-3-yl)-ethanoate (D1). Yield 94 %.
Anal Calcd. for C;31H11NO2: C, 69.83; H, 5.86; N, 7.40
Found: C, 6; H, 4.94; N, 20.58. IR cm, 3408 (NH), 3057
(CH), 2951(CH), 1732 (C=0)

Step 2. A mixture of ester compound (D1) (0.003 mol)
and 80 % hydrazine hydrate (0.75 mL) in absolute ethanol
(1.25 mL) was refluxed for 3 h. The mixture was cooled to
room temperature, the solvent was evaporated and the solid
formed was recrystallized from diethyl ether to yield 2-(1H-
indol-3-yl)acetol hydrazide (D2). Yield 84 %. m.p = 144-
146 °C. Anal Calcd. for Ci0H11N3O: C, 63.48; H, 5.86; N,
22.21; Found: 63.48; H, 5.86; N, 22.21. IR (cm™) 3316,
3278, 3142 (NH, NH,), 3143, 3057 (CH aromatic), 1681
(C=0 amide), 1639 (C=N), 1598, 1550, 1499 (C=C)

Step 3. A mixture of (D2) (0.001 mol) and phenyl
isothiocyanate (0.135 g, 0.001 mol) in ethanol (5 mL) was
refluxed for 4 h. The reaction mixture was cooled to room
temperature and the solid obtained was filtered, dried and
recrystallized from methanol to vyield 5-((1H-indol-3-
yl)methyl)-4-phenyl- 4H-1,2,4-triazole-3-thiol (D3). Yield
84 %. m.p = 144-146 °C. Anal. Calcd. for Ci7H1eNe: C,
67.09; H, 5.30; N, 27.61; Found: C, 63.48; H, 5.86; N,
27.61. MS m/z: 304.14 (100. 0%), 305.15 (18.6 %), 305.14
(2.2 %), 306.15 (1.6 %) IR (cm™) 3322, 3278, 3142, 1683.
(Figure 3). *H NMR (DMSO-dg) & = 13.38 (s, 2H), 8.71 (s,
2H), 8.02 (d, 4H), 7.40 (d, 4H), 7.29 (dd, 4H), 6.90 (t, 2H),
2.35 (s, 6H).
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Step 4. A mixture of (D3) (0.005mol) and 5 mL of 4%
aqueous sodium hydroxide solution was refluxed for 4 h and
then treated with 10 % HCI. The precipitate formed was
filtered off, washed with water, and recrystallized from
ethanol to afford 5-[(1H-indol-3-yl)methyl)-4-phenyl-1,2,4-
triazole-3-thiol (D4). Yield 93 %. m.p = 258-260 °C. Anal.
Calcd. for C17H14N4S: C, 66.64; H, 4.61; N, 18.29; S, 10.47.
Found: C, 66.22; H, 4.31; N, 17.81; S, 10.17. MS (m/z):
306.0 (100%), 131 (18.5 %), 273, 246 (6.5 %), 229(6.5 %),
206 (6.7 %), 189 (1.3 %), 170(1.8 %), 155 (29.6 %), 130 (44.
7 %), 128 (10.9 %), 103 (11.4 %), 91 (4.8 %) 77 (31.9 %),
65 (7.8 %), 51 (12.5 %). IR (cm) 3404-3128 (NH, NH,),
3047, 3012 (CH aromatic), 2974 (CH aliphatic), 1681 (C=0
amide), 1548, 1460 (C=C aromatic), 1276(C=S).

Step-5. To a solution of (D4) (0.765 g, 0.0025 mol) in 5
mL of ethanol, 80 % hydrazine hydrate (0.5 mL, 0.01 mol)
was added drop wise with stirring and the mixture was
refluxed for 2 days, then the excess of solvent was
evaporated and the solid recrystallized from chloroform to
give the desired white product, of 3-[(5-hydrazinyl-4-
phenyl-1, 2, 4-triazol-3-yl)-methyl]- 1H-indole (D5). The
reactions are presented in Scheme 1. Yield 84 %. m.p = 144-
146 °C, Anal. Calcd. for Ci7H16Ns: C, 67.09; H, 5.30; N,
27.61; Found: C, 66.78; H, 5.11; N, 27.23. MS (m/z): 304.14
(100.0 %), 305.15 (18.6 %), 305.14 (2.2 %), 306.15 (1.6 %).
IR (cm-1) 3362-3155 (NH, NH2), 3046 (CH aromatic),
2937 (CH aliphatic), 1681(C=0 amide), 1515, 1490, 1468
(C=C aromatic) (Figure 5). 1H NMR (DMSO-d6,) [ = 2.50
(s, 6H, DMSO0), 3.63 (b, 2H, CH>), 4.65 (s, 2H, NH2), 6.63-
7.47 (m, 13H, CH=), 9.12 (s, 1H, NH), 10.0I (s,1H, NH
indole ring)

Synthesis of new Schiff bases (D6-8)

A mixture of primary amino compound (D5) (0.025 mol),
and a substituted benzaldehyde, 2-hydroxybenzaldehyde, 2-
methoxybenzaldehyde or 2-hydroxy-3-methoxy-benzalde-
hyde (0.025 mol) in absolute ethanol (25 mL) was refluxed
for 6 h. The solvent was evaporated under vacuum and the
residue was recrystallized from methanol (Scheme 2).
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Scheme 2. Synthesis of D6-D8.

2-((2-(5-((1H-indol-3-yl)methyl)-4-phenyl-4H-1,2,4-triazol-3-
yl)hydrazono)methyl)-6-methoxyphenol (D6)

Yield 71 %. F. W. 408.46. Anal. Calcd. for C24H20NsO: C,
70.57; H, 4.94; N, 20.58; Found: C, 70.21; H, 4.63; N, 20.10.
MS m/z 408.17 (100.0 %), 409.17 (28.2 %), 410.18 (3.3 %).
IR: 3506 (OH), 3272 (NH), 3031 (CH aromatic), 2972 (CH
aliphatic), 1642 (C=N), 152 (C=C aromatic) cm™* (Figure 7).
'H NMR (DMSO-ds, 500 MHz) & = 2.52 (s, 6H, DMSO),
3.35 (s, 3H, OCHj3), 6.93-7.54 (m, 13H, CH=), 8.06 (s, 1H,
NH), 10.27 (s, 1H, NH), 10.53 (s, 1H, NH), 11.17 (s, 1H,
OH). UV-VIS (DMSO): Amax = 266, 353 nm; & = 37593,
28328 Mcm™.

3-((5-(2-(2-Methoxybenzylidene)hydrazinyl)-4-phenyl-4H-
1,2,4-triazol-3-yl)methyl)-1H-indole (D7)

Yield 71 %. F. W. 422.48. Anal. Calcd. for Cz5H22NsO: C,
71.07; H, 5.25; N, 19.89; Found: C, 71.05; H, 5.08; N,
19.23; MS m/z 422.19 (100.0 %), 423.19 (27.3 %), 424.19
(4.3 %), 423.18 (22 %); IR: 3267 (NH), 3042 (CH
aromatic), 2968 (CH aliphatic), 1648 (C=N), 1578 (C=C
aromatic), 1250 (OCHs) cm™. 'H NMR (DMSO-ds, 500
MHz) § = 2.50 (s, 6H, DMSO), 3.69 (s, 3H, OCHs) 3.94 (s,
2H, CHy), 6.40-7.57 (m, 13H, CH=), 9.32 (s,1H, CH=N),
10.32 (s, 1H, NH), 10.82 (s, 1H, NH). UV-VIS (DMSO):
Amax = 247, 382 nm; € = 40485, 28328 M-lcm'™.,

2-((2-(5-((1H-indol-3-yl)methyl)-4-phenyl-4H-1,2,4-triazol-3-
yl)hydrazono) methyl)-6-methoxyphenol (D8)

Yield 71 %. F. W. 438.48 Anal Calcd. for CosH2:NgO,: C,
68.48; H, 5.06; N, 19.17. Found: C, 68.22; H, 4.87; N, 18.84.
MS m/z 438.18 (100.0 %), 439.18 (29.3 %), 440.19 (3.6 %),
440.18 (1.0 %). IR: 3522 (OH), 3257 (NH), 3082 (CH
aromatic), 2973 (CH aliphatic), 1642 (C=N), 1582 (C=C
aromatic), 1258 (OCHs) cm™. 'H NMR (DMSO-ds 500
MHz) & = 2.50 (s, 6H, DMSO0), 3.69 (s, 3H, OCH3), 3.94 (s,
2H, CHy), 6.40-7.57 (m, 13H, CH=), 8.91 (s, 1H, CH=N),
9.12 (s,1H,NH), 9.89 (s, 1H, NH), 11.17 (s, 1H, OH). UV-
VIS (DMSO): Amax 266, 353 nm; € = 37593, 28328 Mcmr
1
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Cu, Ni and Co complexes of ligands D6-D8

Ligand (D6-D8; 0.02 mmol) and metal salts (CuCl,.2H,0,
CoCl,.6H,0, and NiCl,.6H,0; 0.01 mmol) were dissolved
in ethanol (15 mL) and the mixture was refluxed for 1.5 h.
The mixture was allowed to stand at room temperature for a
few days. Then the precipitate formed was filtered and
washed with ethanol (2 mL) and diethylether (5 mL) and
dried at room temperature.

Co-complex of D6 (S1)

Yield 80 %. F. W. 873.83; Anal Calcd. for
C4gH33CON1202: C, 65.98; H, 4.38; CO, 6.74; N, 19.23.
Found: C, 65.65; H, 4.11; Co, 6.53; N, 19.08. IR: 3281(NH),
3068 (CH aromatic), 2982 (CH aliphatic), 1632 (C=N),
1584 (C=C aromatic), 447 (M-0), 559 (M-N) cm*. UV-VIS
(DMSO) Amax = 274, 425, 873, 962 nm; € = 36496, 23529,
11454, 10395 M1 cm™.

Ni-complex of D7 (S2)

Yield 77 %. F. W. 873.59. Anal Calcd. for
CagH3sN12NiO2: C, 65.99; H, 4.38; N, 19.24; Ni, 6.72; .
Found: C, 65.43; H, 4.23; Ni, 18.84; Ni, 6.54. IR: 3278
(NH), 3071 (CH aromatic), 2968 (CH aliphatic), 1634
(C=N), 1580 (C=C aromatic), 450 (M-0), 558 (M-N) cm™.
UV-VIS (DMSO) Amax =279, 364, 682, 981 nm; € = 35842,
27472, 14662, 10193 Mlcm™.

Cu-complex of D8 (S3)

Yield 64 %. F. W. 878.44. Anal. Calcd. for
CssH3sCuN1202: C, 65.63; H, 4.36; Cu, 7.23; N, 19.13;
Found: C, 65.23; H, 4.21; Cu, 7.09; N, 18.85. IR: 3283 (NH),
3075 (CH aromatic), 2973 (CH aliphatic), 1630 (C=N),
1576 (C=C aromatic), 441 (M-0O), 558 (M-N) cm*. UV-VIS
(DMSO) Amax =271, 758 nm; € = 36900, 13192 M-lcm™.

Co-complex of D6 (S4)

Yield 74 %. F. W. 973.81. Anal. Calcd. for
CsoH43CoN12Cl,0;: C, 61.67; H, 4.45; Co, 6.05; N, 17.26 Cl,
7.28; Found: C, 61.20; H, 4.08; Co, 6.12; N, 17.02; Cl, 6.89.
C, 65.23; H, 4.21; Cu, 7.09; N, 18.85. IR: 3261 (NH), 3071
(CH aromatic), 2992 (CH aliphatic), 1673 (C=N), 1574
(C=C aromatic), 1239 (OCH3) cm™. UV-VIS (DMSO) Amax
=268, 345, 728, 758 nm; € = 37313, 28985, 14749, 13850
M-1cm?,

Ni-complex of D7 (S5)

Yield 62 %. F. W. 973.57. Anal Calcd. for
C50H43C|2N12Ni02: C, 61,69, H, 445, N, 1726, Ni, 6.07 ) C|,
7.26; Found: C, 61.08; H, 3.78; Ni, 16.96; Ni, 5.87; Cl, 6.77.
IR: 3268 (NH), 3068 (CH aromatic), 3063 (CH aliphatic),
1634 (C=N), 1571 (C=C aromatic), 1242 (OCHs), 448 (M-
0), 559 (M-N) cm™. UV-VIS (DMSO) Amax =262, 328, 682
nm; € = 38167, 30487, 14662 M1cm™.
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Cu-complex of D8 (S6)

Yield 69 %. F. W. 978.42. Anal Calcd. for
C50H43C|2CUN1202: C, 61.38; H, 4.43; CU, 6.49; N, 1718 C|,
7.25; Found: C, 65.23; H, 4.21; Cu, 7.09; N, 18.85. IR:
3261 (NH), 3078 (CH aromatic), 2971 (CH aliphatic), 1636
(C=N), 1574 (C=C aromatic), 1240 (OCHjs), 449 (M-0),
560 (M-N) cm't. UV-VIS (DMSO) Am =266, 372, 478 nm;
€ = 37593, 26881, 20920 Mtcm™.

Co-complex of D6 (S7)

Yield 61 %.
CsoH42C0oN1204:

F. W. 933.28. Anal Calcd. for
C, 64.31; H, 4.53; Co, 6.31; N, 18.00;

Found: C, 64.11; H, 4.32; Co, 6.15; N, 17.87. IR: 3261 (NH),

Section A-Research paper

3078 (CH aromatic), 2971 (CH aliphatic), 1636 (C=N),
1574 (C=C aromatic), 1240 (OCHj3), 442 (M-0), 551 (M-N)
cm™. UV-VIS (DMSO) Amex =249, ?, 522, 699, 786 nm; € =
40160, 28818, 19157, 14947, 12722 Mtcm™.

Ni-complex of D7 (S8)

Yield 78 %. F. W. 933.64; Anal Calcd. for
CsoHa2N12NiOs: C, 64.32; H, 4.53; Ni, 6.29; N, 18.00;
Found: C, 64.22; H, 4.31; Ni, 6.09; N, 17.82. MS (m/z2):
438.18 (100.0 %), 439.18 (29.3 %), 440.19 (3.6 %), 440.18
(1.0 %). IR: 3261 (NH), 3078 (CH aromatic), 2971 (CH
aliphatic), 1636 (C=N), 1574 (C=C aromatic), 1240 (OCHy),
458 (M-0), 572 (M-N) cmt. UV-VIS (DMSO) Ay = 243,
363, 522, 897 nm; € = 41152, 27548, 19157, 11148 Mtcm'?

Ph
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5N Sy= W \/
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H
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Scheme 3. Formation of metal complexes of D6.
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M = Cu(ll), Ni(11) and Co(l1)
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Section A-Research paper

Table 1. Results of antibacterial bioassay (concentration used 100 pg mL* in DMSO). (a) E. coli, (b) S. aurous (c) B. subtilis (d) P.
aeruginosa. Antifungal bioassay (concentration used 200 pug mL1). (a) A. niger (b) A. flavus (c) R. stolonifer and (d) C. albicans .10 <:

weak; > 10: moderate; > 16: significant.

Compound Bacteria Fungus
(@) (b) (© (d) (a) (b) © (d)
D6 8 11 8 9 19 21 23 24
[Co(D6):] 15 14 16 13 24 26 27 24
[Ni(D6):] 13 15 15 13 28 23 21 26
[Cu(D6):] 12 16 14 13 20 23 26 22
D7 5 8 6 12 18 19 17 19
[Co(D7):] 11 10 7 1l 19 20 21 20
[Ni(D7)2] 14 12 15 13 26 27 26 27
[Cu(D7)2] 12 14 14 15 19 20 18 20
D8 9 10 12 11 25 25 22 24
[Co(D8)2Cl:] 13 15 15 13 28 23 21 26
[Ni(D8)2Cl3] 15 13 1l 16 24 2l 23 27
[Cu(D8)2Cl] 17 15 16 14 24 26 29 25
Cu-complex of D8 (S9) The IR spectrum of the ligand (D7), showed a new band at
Vield 68 % FW. 93849 Anal Calcd. for 1648 cm™, attributed to HC=N imine group, not present in

CsoH42CuN1204: C, 63.99; H, 4.51; Cu, 6.77; N, 17.91;
Found: C, 63.71; H, 3.96; Cu, 6.12; N, 17.65. MS (m/z):
438.18 (100. 0%), 439.18 (29.3 %), 440.19 (3.6 %), 440.18
(1.0 %). IR: 3261 (NH), 3078 (CH aromatic), 2971 (CH
aliphatic), 1636 (C=N), 1574 (C=C aromatic), 1249 (OCHj3),
461 (M-0), 548 (M-N) cml. UV-VIS (DMSO) Ay = 247,

358, 486, 576 nm; € = 40485, 27932, 19157, 17361 M1cm™.

Results and Discussion

3-((5-Hydrazinyl-4-phenyl-4H-1,2,4-triazole-3-yl)

methyl)-1H-indole (D5) was synthesized through a 5-step
reaction route. Reaction of (D5) with three different
substituted benzaldehydes viz., 2-hydroxy-benzaldehyde, 2-
methoxybenzaldehyde and 2-hydroxy-3-methoxy-
benzaldehyde in ethanol afforded Schiff bases (D6-8).
Yields were fair to moderate (55-70 %). The purity of the
compounds was monitored by TLC. These ligands were
treated with Cu(ll), Co(ll) and Ni(ll) salts to yield the
corresponding complexes.

All the newly synthesized the new ligands (D6-D8) and
their metal complexes were screened in vivo to evaluate
their antibacterial and antifungal efficiencies. These
compounds were tested for their antibacterial and antifungal
efficiencies are lies in table 1.

The IR spectrum of the (D6) exhibits a new squeaky band
at 1642 cm, attributed to HC=N imine group, which is not
present in its precursors, which indicate formation the
ligand.>? In the IR spectra of the complexes, this band has
shifted to lower side at about 1634 -1637 cm™. The IR
spectrum of ligand exhibited a band at 3506 cm™ due to
v(OH), this band has disappeared in the spectra of
complexes.® This supports the prpoposition that the ligand
coordinate to the metal ions through the nitrogen of v(C=N)
group and oxygen in all the complexes.*
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its precursors, which indicate formation the ligand.> While
in IR spectra of the complexes this band has shifted to a
lower frequency of about 1634 -1637 cm™. In the IR
spectrum of ligand exhibited band at 1250 cm™ due to v(C-
0), while in complexes spectra this absorption band was
shifted at lower in the range (1244-1248) cm™, indicating
that the nitrogen of the amino group and oxygen of OCHjs
group participate in metal coordination.® The IR spectrum of
the ligand (D8), showed the new characteristic band at 1648
cm, attributed to HC=N imine group, not present in its
precursors, which indicate formation the ligand.®

However, in IR spectra of the complexes this band has
shifted to a lower vibration in the region of 1634 -1637 cm™.
The spectrum also displayed a band at 1258 cm™* due to v(C-
0), while in complexes spectra this absorption band was
shifted to a lower range of 1242-1252 cm?, suggesting that
the nitrogen of the amino group and oxygen of OCH3group
participate in the metal coordination. Finally, the IR spectra
of all the complexes, exhibited new bands at the regions of
437-472 and 522-562 cm, which could be assigned to the
v(M-O) and v(M-N) stretching vibration modes
respectively.®

The UV spectrum of complex (S1) showed a peak at 274
nm which has been assigned to (x — =u*) electronic
transition. The peaks at 425 nm 873 nm and 962 nm can be
assigned to spin-allowed (d-d) electronic transitions of type
(4A2—>4T1(p)), (4A2—>4T1(f)) and (4A2—>4T2(f)) respectively. All
(d-d) electronic transitions for complex Co(ll) suggest a
tetrahedral structure around the central metal ion.*°

The UV spectrum of the complex (S2) showed a peak at
279 nm assigned to (1 — w*) electronic transition. The
peaks at 364 nm 682 nm and 981 nm which can be assigned
to spin-allowed (d-d) electronic transition type (T1— 3Tp),
((T1—%A2) and (T1—3%Typ) respectively. All - (d-d)
electronic transitions for Ni(ll) complex suggest a square
planar structure around the central metal ion.*
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The UV spectrum of the complex (S3) showed a peak at
271 nm assigned to (1 — w¥) electronic trnasition. The peak
at 758 nm which can be assigned to spin-allowed (d-d)
electronic transition type (?Big— 2B2g)), transition. The (d-
d) electronic transition for Cu(ll) complex suggests a square
planar structure around the central metal ion.*?

The UV spectrum of complex (S4) showed peak at 268
nm assigned to (1 — w*) electronic transition, while the
spectrum showed an intense peak at 345 nm, which can be
due to (n— w*) electronic transition for intra-ligand. The
peaks at 687 nm and 722 nm can be assigned to spin-
allowed (d-d) electronic transition type (*T1gn—*A2g() and
(*T19n—*T-g) transitions respectively. All (d-d) electronic
transitions for complex Co(ll) suggest an octahedral
structure around the central metal ion.*2

The UV spectrum of complex (S5) showed an intense
peak at 262 nm, assigned to (m=—m*) electronic transition for
intra-ligand, while another intense peak at 328 nm may well
be due to (n—n*) electronic transition for intra-ligand. The
peaks at 682 nm may be assigned to spin-allowed (d-d)
electronic transition type ((Ag—°Tigw), Suggesting an
octahedral geometry around Ni(ll).14

The UV spectrum of complex (S6) showed an intense
peak at 266 nm, assigned to (m—m*) electronic transition for
intra-ligand, while the intense peak at 372 nm can be due to
(n—7*) electronic transition for intra-ligand. The peak at
478 nm may relate to spin-allowed (d-d) electronic
transition type (*Eg— ?2T,g) transitions, suggesting a
distorted octahedral around Cu(ll) metal.*®

The UV spectrum of complex (S7) showed a peak at 249
nm, assigned to (1 — =*) electronic transition, while the
intense peak at 347 nm can be due to (n— n*) electronic
transition for intra-ligand. The peaks at 522 nm, 669 nm and
786 nm can be assigned to spin-allowed (d-d) electronic
transition type (*Tig— *Tigp), (“Tig—*A.g) and
(*T1g—*T,g) transitions respectively. All (d-d) electronic
transitions for complex Co(ll) suggest an octahedral
structure around the central metal ion.6

The UV spectrum of complex (S8) showed an intense
peak at 243 nm assignable to (n—n*) electronic transition
for intra-ligand, while intense peak at 363 nm can be due to
(n—m*) electronic transition for intra-ligand. The peaks at
522 nm and 897 nm may be assigned to spin-allowed (d-d)
electronic transition type ((Ag—°T19p), CA2g—3T1g) and
((Ag—3T,g) transitions respectively suggesting an
octahedral geometry around Ni(ll).Y’

The UV spectrum of complex (S9) showed an intense
peak at 247 nm assignable to (m—mn*) electronic transition
for intra-ligand, while the intense peak at 358 nm may be
due to (n—m*) electronic transition for intra-ligand. The
peaks at 486 nm and 576 nm refer to spin-allowed (d-d)
electronic transition type (°Big—?Eg) and (°Big—2A:Q)
transitions, suggesting a distorted octahedral around Cu(ll)
metal 18

Conductivity and magnetic moment measurements

The molar conductance of the complexes (S1- S9) was
measured in ethanolic solutions. The conductances of all the
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complexes were in the range 12.3-19.2 S cm? mole™,
indicating the non-electrolytic nature of the complexes.

The magnetic moment values are found to be 2.87and 1.87
BM, for (S2) and (S3) complexes, respectively, suggesting a
square planar geometry, while 5.68 BM, for (S1), suggests a
tetrahedral geometry. The values for (S4-S9) complexes are
5.36, 2.87, 1.84, 5.27, 291 and 1.83 BM, respectively,
suggesting an octahedral geometry for these complexes.

'H NMR spectra

'H NMR spectrum of the Schiff base (D5) (Figure 8)
showed a singlet at 2.50 ppm for 6 protons for DMSO, a
singlet at 3.63 ppm for two protons of CH, group and a
board signal at 4.63 ppm for two protons of NH, group.
Also, signals in range 6.63-7.54 ppm that may be assigned
to the 13 aromatic protons of phenyl rings. Finally, one
proton of NH of indole ring gives a singlet at 9.12 ppm and
a singlet signal at 10.01 ppm for one proton of NH group.*®

'H NMR spectrum of Schiff base (D6) (Figure 9) showed
a singlet at 2.52 ppm for 6 protons for DMSO, a singlet at
3.35 ppm for two protons of CH; group, signals in the range
of 6.93-7.54 ppm that might have resulted due to the
thirteen aromatic protons of phenyl rings. Also, the
spectrum shows a singlet at 8.06 ppm for one proton of the
CH=N group. The one proton at NH of indole ring gives as a
a singlet at 10.27 ppm and a singlet at 10.53 ppm for one
proton of NH group. Finally, a singlet at 11.17 ppm for one
proton of OH group.?°

'H NMR spectrum of Schiff base (D7), (Figure 10)
presented singlet signal at 2.50 ppm for 6 protons for DMSO,
a singlet at 3 69 ppm for three protons of OCHjs group, a
singlet at 3.94 ppm for two protons of CH; group, signals in
region of 6.40-7.57 ppm that could be due to the thirteen
aromatic protons of phenyl rings. Also, the spectrum shows
singlet at 9.32 ppm for one proton of the CH=N group. And
one proton at NH of indole ring appears as a singlet at &
10.32 ppm. Finally, a singlet at 10.82 ppm for one proton of
NH group.?

'H NMR spectrum of Schiff base (D8) (Figure 11) showed
singlet at 2.50 ppm for 6 protons for DMSO, a singlet at
3.69 ppm for three protons of OCHsgroup, a singlet at 3.94
ppm for two protons of CH; group, signals in range of 6.40-
7.57 ppm that may be assigned to the thirteen aromatic
protons of phenyl rings. In addition, the spectrum shows a
singlet at 9. 32 ppm for one proton of the CH=N group. The
one proton of NH of indole ring appears as a singlet at 9.12
ppm and a singlet at of 9.89 ppm for one proton of NH
group. Finally, a singlet at of 11.17 ppm for one proton of
OH group.?*

Mass spectrum

The mass spectrum (Figure 12) of compound (D4),%
showed a molecular ion at m/z = 306, which is correspond to
the molecular weight of the structure suggested for this
compound. The spectrum exhibited various peaks assigned
to part of indol (m/z = 103, 91) and triazole ring at (m/z =
247, 191 and 156). This spectrum also showed peaks at m/z
=77, 65 and 51 due to aromaticity of the compound.
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Antimicrobial screening

The antifungal and antibacterial efficacies of the
compounds were studied against the pathogenic organisms
by the disc diffusion method. The bacteria screened were as
E. coli, S. aurous, B. subtitles, P. aeruginosin, and fungi
were as A. niger, A. flavours, R. stolonifera and C.
Albicans.®

The synthesized compounds were used in the
concentration of 100 ug mL* using DMSO as a solvent, ?
was used as a standard against both organisms.

The test results, presented in the Table 1, suggest that all
the complexes exhibit high activity against the tested
bacteria, the rest of the compounds were found to be
moderate.
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WATER COMPLEXES WITH AMMONIA AND CARBON
DIOXIDE IN POTASSIUM BROMIDE MATRIX

I. I. Grinvald,[ " I. Yu. Kalagaev,[® A. N. Petukhov,[@ I. V. Vorotyntsev,[d V. M.
Vorotyntsev,[d A, V. Vorotyntsev,[@ I. A. Spirin and R. A. Kapustin[®

Keywords: Water intermediates, ammonia, carbon dioxide, hydrogen bond, FTIR spectroscopy, DFT calculation.

In this work a new experimental approach to reveal and study the water intermediates with the gas species in condensed phase at ambient
temperature by IR spectral technique is presented. It has been established that the complexes between water molecule and ammonia as well
as carbon dioxide in KBr matrix can be formed. Ab initio calculations in terms of density functional theory (DFT) at B3LYP/6-
311++G(2d,2p) level allowed us to conclude that this binding is accompanied by the hydrogen atom transfer from water to partner

molecule.
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Introduction

The hydration of ammonia and carbon dioxide plays a
crucial role in many important processes passing in
atmosphere and water resources, as well as on the earth
surface and in its crust.>? Besides, this phenomenon can be
considered as an appropriate model for the nature of the ice
formation on the planets and satellites.>®* The problem of
water association with gases arises also in the producing of
high purity materials. "

The IR spectroscopy is a classical experimental method
using for the study of the unstable water clusters.!>%3
However the IR measurements of samples, containing water
mixtures is very difficult and similar data have been
obtained in the matrixes of noble gases at low temperatures.
1419 However, most important processes with the
participation of a water molecule take place at ambient
temperatures.?

In earlier work IR technique has been used to detect and
study unstable water intermediates at ambient conditions.
The fixation of reactive particles in the KBr matrix was
taken as a base.?

We have modified this method and extended it on the
water associates.?>?% Unlike the neutral matrix material, KBr
matter can be an active component supporting the
interactions in the system. This feature is provided by the
ability of KBr powder to hold water as well as other gas or
liquid species.?2% Besides this matrix is a very suitable
material for IR experiments, because KBr is transparent in a
broad IR range.

In this work we have presented the IR spectral
manifestation of water intermediates formation with
ammonia and carbon dioxide and their transformations in
KBr matrix as well as tried to demonstrate the role of
potassium bromide in the mechanism of interaction by DFT
method.
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Experimental and theoretical techniques
Materials

The purity of ammonia and carbon dioxide was no less
than 99.999% and was controlled by gas chromatography
with a thermal conductivity detector and identification of the
main impurities by a conjugate mass selective detector. For
this procedure we have used gas chromatograph “Tswet —
800” (Tswet.ru, Russia) with a flow inlet system and in situ
analysis as well as chromato-mass spectrometer GCMS -
QP2010 Plus (Shimadzu, Japan) with a vacuum sample inlet
system of “Valco Instruments Co. Inc.” In situ analysis was
conducted on a column of 5 m long filled Chromaton N-
AW-HMDS (0.16 + 0.20 mm) with 15 % of applied liquid
phase E-301. Separation of components was carried out by
chromato-mass spectrometry on a capillary column Agilent
CP7434 stabilized trifluoropropylmethylpolysiloxane phase
at 323 K. Processing of the results was made in “GCMS
Real Time Analysis”. For the identification of the main
impurities the library of mass spectra NIST-11 was used.

Water was deionized (Resistivity 18.2 MQecm at 25°C)
by passing through a Millipore Direct-Q system (Millipore,
MA, USA).

Samples preparation

The preparation of potassium bromide matrix for the IR
study was fully described in our previous papers.?22 Briefly,
on the first step the KBr powder is saturated by gas
(ammonia or carbon dioxide) during two — three hours in a
reactor designed for these experiments® either together with
the water vapour, or by the gas passed through water layer.
After that so treated KBr powder is pressed and the obtained
pellet is placed in FTIR spectrometer.

FTIR measurements

The ratio of mixed components was chosen in such a way
that IR absorption in the selected spectral range with the
minimum of background absorption could be recorded. The
amount of the KBr powder depends on the fineness of
grinding, homogeneity of mixing and the features of
pressing system. Therefore, we could not use the universal
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ratio of components and have selected the optimal
composition for each sample.

Spectra were recorded on a IRAffinity-1 (Shimadzu Co.
Inc.) FTIR spectrometer in the range 4000-500 cm™ with a
resolution of 2 cm™ and a scan number of 40. All other
parameters have corresponded to the ones established by the
producer. The accuracy of measurement of wave numbers

was controlled by the spectrum of polystyrene, being +0.2
cm™,

DFT calculations

Ab initio calculation was carried out in terms of DFT,
realized in the computer program GAUSSIAN 09, revision

E.01.2* The geometry, energetic, electronic and
spectroscopic characteristics were calculated by the B3LYP
functional and the basis set

6-311++G(2d,2p).

Results and discussion
IR study of ammonia-water system

In high frequencies region, a new band at 3240 cm™ was
observed (in figurela, this band is labelled by an asterisk).
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Figure 1a. FTIR spectra of KBr pellets for water-ammonia system
saturated by water vapour (a), by ammonia gas (b) and by a
mixture of components (c) in a high frequencies region.

For heavy water the band at 2460 cm™* was found (Figure
1b). Since the isotopic shift (vu/vp = 1.32) agrees well with
the expected value, we have assigned these bands to the OH
stretching of bonded water in a complex with ammonia
molecule.

In the 1800-1200 cm™* region we have seen a new band at
1495 cm (Figure 2a), whereas for the heavy water a new
band at 1078 cm™* was observed (Figure 2b).

The isotopic shift of mentioned band (vu/vp =1.39)
correlates well with the theoretically predicted value for the
XH stretching (X is O or N atom).
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Figure 1b. FTIR spectra of KBr pellets for heavy water-ammonia
system saturated by water vapour (a), by ammonia gas (b) and by a
mix of components (c) in a high frequencies region.
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Figure 2a. FTIR spectra of KBr pellets for water-ammonia system
in a middle frequencies range saturated by water vapour (a), by
ammonia gas (b) and by a mixture of components (c).
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Figure 2b. FTIR spectra of KBr pellets for heavy water-ammonia
system in a middle frequencies range saturated by water vapour (a),
by ammonia gas (b) and by a mixture of components (c).

The band at 1495 cm™* locates in the same spectral range,
where the NH stretching of ammonium salts locates.'?
Therefore, this band can be assigned to the stretching of
N-H bond in a water cluster, appearing because of the
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hydrogen atom transfer from water to ammonia molecule
and formation of (NH4)* fragment.

IR Study of Carbon Dioxide-Water System

In the case of carbon dioxide-water system in OH
stretching region two new bands at 3120 and 2925 cm™ (in
Figure 3a, these are labelled by an asterisks) were observed.

Transmittance, %

3800 3600 3400 3200 3000 2800

wavenumber, 1/em

Figure 3a. FTIR spectra of KBr pellets for water-carbon dioxide
system in a high frequencies range saturated by water vapour (a),
by carbon dioxide gas (b) and by a mixture of thecomponents (c).

For the mixture of carbon dioxide with the heavy water a
new band at 2455 cm™* was found (in Figure 3b, it is labelled
by an asterisk). Therefore, the mentioned bands correspond
to water OH stretching in intermediate with carbon dioxide.
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Figure 3b. The FTIR spectra of KBr pellets for heavy water-carbon
dioxide system in a high frequencies range saturated by water

vapour (a), by carbon dioxide gas (b) and by a mix of components
(©).

Besides in the 2600-2000 cm™ region two new bands at
2140 and 2108 cm™ were found (in figure 3b, these are
labelled by asterisks). For sample containing heavy water
there is no sufficient shift and can be assigned to CO
stretching in complex.

The carbon dioxide can form two shapes of water

intermediates with O (water)-C (carbon dioxide) and
H (water)-O (carbon dioxide) binding.’> Therefore, the
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appearance of two new bands in high frequencies region
may be relate to the existence of both shapes of water-
carbon dioxide intermediates.

In the middle IR region two overlapping bands at 1395
and 1380 cm? were revealed. These bands don’t have
isotopic shift for heavy water mixture (Figure 4). If to
account that the stretching vibrations of carbonates locate in
this range,!? the mentioned bands can be assigned to CO
stretching of COz>  anion, arising owing to the
transformation of initial water complex in the stable
structure (H2COs3).

Transmittance, %

30

2600 2500 2400 2300 2200 2100

wavenumber, 1/em

Figure 4. FTIR spectra of KBr pellets for water-carbon dioxide
system in a middle frequencies range saturated by water vapour (a),
by carbon dioxide gas (b) and by a mixture of the components (c).

DFT study of ammonia-water system

For this system, the ab initio calculation predicts the
optimized geometry of complex with one water molecule.
For the other variants of a cluster structure the set of
calculated frequencies contained the negative values and
therefore were excluded from the consideration. This
geometry is shown in figure 5. The distances KBr-H;O =
2.59A and KBr-NHsz = 2.63A are considerably longer than
the distance NHa-H,0 = 1.74A. The calculation gives the
frequency of OH-stretching about 3030 cm™. The big shift
of this mode relatively free water OH stretching is caused by
the strong interaction between H-atom of water and N-atom
of ammonia molecule in the complex.

2.955

2.500

2.594

Figure 5. Calculated optimized geometry of the (H20/NH3/KBr)
system.
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Therefore this interaction can lead to the hydrogen atom
transfer from water to ammonia. The computation shows
that the transfer about 0.05 A of water H-atom to NHj

fragment in complex has energetic barrier less than 8 kJ/mol.

However OH-stretching frequency shifts at this
transformation from 3030 up to 1698 cm, i.e. to the range,
in which the new IR bands were observed.

DFT study of carbon dioxide-water System

In this case the calculation
mechanism of complex formation
ammonia-water system.

gives  another
in comparison to

The obtained structure of water complex with carbon
dioxide includes two water molecules. Unlike the previous
system, the water and gas components locate on the
different sides from KBr centres (Figure 6).

0.960

1.026 2.681

2.808
2.838

@ o

Figure 6. Calculated optimized geometry of the (2H20/CO2/KBr)
system.

The calculation predicts the hydrogen atom transfer
between two water molecules in this cluster. Therefore, it is
reasonable to assume that the oxygen atom of carbon
dioxide on the first step is protonated by H* of the
hydronium ion leading to the formation of (CO.H)*
fragment. Then the OH™ group from water cluster transfers
to (CO.H)* and as a result the H,CO3-H,O complex is
formed.

On a whole, the DFT data agree with the effects observed
in the IR spectra. The appearance of new bands is the
manifestation of water binding with ammonia or carbon
dioxide molecules accompanied by the hydrogen atom
transfer.

Conclusions

The presented data demonstrate that the suggested method
using the KBr matrix technique gives the opportunity to
investigate the unstable water intermediates at ambient
conditions.

The KBr matrix is not neutral in formation of water
complexes. Its role is to hold the components as well as to
facilitate the molecular transformation.

Eur. Chem. Bull., 2017, 6(10), 440-444

DOI: 10.17628/ech.2017.6.440-444

Section A-Research paper

Acknowledgements

We acknowledge support by the Russian Foundation of
Basic research, grant No. 14-08-00898-a.

References

sadlej, J., Makarewicz, J., Chalasinski, G., J. Chem. Phys., 1998,
109, 3919. https://doi.org/10.1063/1.476991

2Korhonen, P., Kulmala, M., Laaksonen, A., Viisanen, Y.,
McGrow R., Seinfeld, J. H., J. Geophys. Res., 1999, 104,

26349.
SAtreya, S. K., Mahaffy, P. R., Niemann, H. B., Wong M. H.,
Owen, T. C., Planet. Space Sci.,, 2003, 51, 105.

https://doi.org/10.1016/S0032-0633(02)00144-7

4Bockelee-Morvan, D., Crovisier, J., Mumma M., Weaver, H.,
Comets I, Eds. Festou, M. C., Keller, H. U., Weaver, H. A.,
Univ. Arizona. Press, 2011, 391.

5Moore, M. H., Ferrante, R. F., Hudson. R. L., Stone, J.N., Icarus,
2007, 190, 260. https://doi.org/10.1016/j.icarus.2007.02.020

6Mitri, G., Showman, A., Lunine J., Lopes, R., Icarus, 2008, 196,
216. https://doi.org/10.1016/j.icarus.2008.02.024

"Petukhov, A. N., Shablykin, D. N., Vorotyntsev, A. V.,
Vorotyntsev, |. V., Vorotyntsev, V. M., Fluid Phase
Equlibria, 2015, 406, 163.
https://doi.org/10.1016/j.fluid.2015.07.034

8Vorotyntsev, 1. V., Drozdov, P. N., Mochalov, G. M., Smirnova,
N. N., Suvorov, S. S., Russ. J. Phys. Chem. A., 2006, 80,
2020. https://doi.org/10.1134/S0036024406120259

Devyatych, G. G., Sennikov, P. G., Yan’kov, S. V., Russ. Chem.
Rev., 1986, 55, 1233.

©vorotyntsev, I. V., Drozdov, P. N.,  Shablykin, D. N.
Gamajunova, T. V., Desalination, 2006, 200, 379-380.
https://doi.org/10.1016/j.desal.2006.03.382

Uvorotyntsev, 1. V., Kozyrev, I. V. Shablykin, D. N., Inorg.
Mater., 2012, 48, 267.
https://doi.org/10.1134/S0020168512030193

2Nakamoto, K., Infrared and Raman Spectra of Inorganic and
Coordination Compounds, Part A: Theory and Applications
in Inorganic Chemistry, J. Wiley & Sons, New York, 2009.

18Zundel, G., Hydration and intermolecular interaction. Infrared
Investigations with Polyelectrolyte Membranes, Academic
Press, New York and London, 1969.

14Zhang, X., Sander, S. P., J. Phys. Chem. A, 2011, 115, 9854.
https://doi.org/10.1021/jp203739v

5Tso, T. L., Lee, E. K. C., J. Chem. Phys., 1985, 89, 1612.
https://doi.org/10.1021/j100255a014

6Sadlej, J., Moszynski, R., Dobrowolski, J. Cz., Mazurek, A. P.,
J. Phys. Chem. A., 1999, 103, 8528.
https://doi.org/10.1021/jp991581I

Bertie J. E., Shehata, M. R., J. Chem. Phys., 1984, 81, 27.
https://doi.org/10.1063/1.447381

18Zheng, W., Jewitt, D., Kaiser, R., J. Suppl. Ser., 2009, 181, 53.
https://doi.org/10.1088/0067-0049/181/1/53

®Engdahl, A., Nelander, B., J. Chem. Phys., 1989, 91, 6604.
https://doi.org/10.1063/1.457379

203amroz, M. J., Dobrowolski, J. Cz., Borowiak, M. A., J. Vib.
Spectrosc., 2000, 22, 157.

2Vancik, H., Pure & Appl. Chem,
https://doi.org/10.1351/pac199567050761

1995, 67, 761

443


https://doi.org/10.1063/1.476991
https://doi.org/10.1016/S0032-0633(02)00144-7
https://doi.org/10.1016/j.icarus.2007.02.020
https://doi.org/10.1016/j.icarus.2008.02.024
https://doi.org/10.1016/j.fluid.2015.07.034
https://doi.org/10.1134/S0036024406120259
https://doi.org/10.1016/j.desal.2006.03.382
https://doi.org/10.1134/S0020168512030193
https://doi.org/10.1021/jp203739v
https://doi.org/10.1021/j100255a014
https://doi.org/10.1021/jp991581l
https://doi.org/10.1063/1.447381
https://doi.org/10.1088/0067-0049/181/1/53
https://doi.org/10.1063/1.457379
https://doi.org/10.1351/pac199567050761

Water complexes with NHz and CO2 in KBr matrix

2\/orotyntsev, I. V., Grinvald, I. 1., Kalagaev, I. Yu., Petukhova,
N .A., Petukhov, A. N., Petroleum Chem., 2013, 53, 564.
https://doi.org/10.1134/S096554411308015X

ZVorotyntsev, I. V., Grinvald, I. I., Kalagaev, I. Yu., Petukhov,
A. N., Sutyagina, E. A., Vorotyntsev, A. V., Derbisher, E.
V., Petukhova, N. A., Vorotyntsev, V. M., Russ. J. Phys.
Chem. , 2014, 88, 625.
https://doi.org/10.1134/S003602441404030X

2Frisch, M. J., Trucks, G. W., Schlegel, H. B., Scuseria, G. E.,
Robb, M. A., Cheeseman, J. R., Scalmani, G., Barone, V.,
Mennucci, B., Petersson, G. A., Nakatsuji, H., Caricato, M.,
Hratchian, X. Li, H. P., Izmaylov, A. F., Bloino, J., Zheng, R.,
Sonnenberg, G., Hada, J. L., Ehara, M., Toyota, K., Fukuda,
R., Hasegawa, J., Ishida, M., Nakajima, T., Honda, Y., Kitao,
0., Nakai, H., Vreven, T., Montgomery, J. A. Jr., Peralta, J.
E., Ogliaro, F., Bearpark, M., Heyd, J. J., Brothers, E.,
Kudin, K. N., Staroverov, V. N., Kobayashi, R., Normand, J.,
Raghavachari, K., Rendell, A, Burant, J. C., lyengar, S. S,

Eur. Chem. Bull., 2017, 6(10), 440-444

DOI: 10.17628/ech.2017.6.440-444

Section A-Research paper

Tomasi, J., Cossi, M., Rega, N., Millam, J. M., Klene, M., Knox, J.
E., Cross, J. B., Bakken, V., Adamo, C., Jaramillo, J., Gomperts,
R., Stratmann, R. E., Yazyev, O., Austin, A. J., Cammi, R., Pomelli,
C., Ochterski, J. W., Martin, R. L., Morokuma, K., Zakrzewski,
V. G, Voth, G. A., Salvador, P., Dannenberg, J. J., Dapprich, S.,
Daniels, A. D., Farkas, O., Foresman, J. B., Ortiz, J. V.,
Cioslowski, J., Fox, D. J., Gaussian 09, Revision E.01, Gaussian,
Inc., 2009.

Received: 04.09.2017.
Accepted: 21.10.2017.

444


https://doi.org/10.1134/S096554411308015X
https://doi.org/10.1134/S003602441404030X

Composition changes during re-refinement of motor oils
COMPOSITION CHANGES DURING RE-REFINEMENT OF
E B USED LUBRICATING OILS USING FABRICATED PACKED-
BED REACTOR
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F. M. Adebiyil®*, A. F. AdeyemilP], O. A. Koyal®, S. Mastrolitti,[4 V. Valeriol®
and A. Santorol®

Keywords: GC-MS, IR, lubricating oil, PBR, PAHSs, re-refined.

This study aimed at developing a laboratory scale packed bed reactor (PBR) and evaluating its performance in re-refining of used
lubricating oils. Used and unused motor oil samples of two brands (Mobil Super SAE 20W-50 and Total Quartz 5000 SAE 20W-50) were
used in this study. The sorbent materials were a blend of diatomaceous materials in the same mass ratio. The compound types of the oils
eluted from the PBR and those of used and virgin oil samples were studied for comparison. FTIR spectroscopy was employed to observe
the variations in the types and nature of functional groups present in the various oils as well as to estimate the oxidation products of the oils
using peak area increase (PAI). The constituent organic compounds were also identified and quantified using GC-MS. The results revealed
that some of the compounds exist in different isomeric forms in the oil samples. The similarity in the classes of compounds is affirmed by
their very similar FTIR spectra. GC-MS results indicated that the used oils contained the highest number of compounds, followed by the
treated oils and also indicated similar treatment effects on the brands of lubricating oil. The study concluded that the developed reactor is a
viable and sustainable technique for re-refining of used lubricating oils.
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Introduction

Motor oil used in automobile engines picks up a number
of debris from engine wear. These include metals, sulphur,
water, dirt, combustion products, such as ash, and carbon
residue. Due to the presence of degraded additives and the
aforementioned contaminants, used motor oil disposal can
be more environmentally degrading than crude oil pollution.
The amount of lubricating oils annually generated
worldwide is enormous and is increasing due to increase in
automobiles. The large amount of waste engine oils has
significant socio-economic and environmental impacts on
the society. If discharged onto the land, water or even burnt
as a low grade fuel, it may cause serious environmental
pollution because harmful metals and other persistent
organic and inorganic pollutants are released into the
environment. ! These additives and contaminants may cause
both short and long-term adverse effects. Since motor oil
does not degrade, used motor oil as the potential to be
recycled safely and productively, saving energy and
circumventing environmental pollution. 234

The conventional approaches of recycling used motor oil
either entail a high-cost technology such as vacuum
distillation or the use of toxic materials such as sulphuric
acid, contaminating by-products with high sulphur
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concentrations may be made. Blend of vacuum distillation
and hydrogenation systems had been used for recycling used
engine oil.> This approach gives high quality product
including high vyield. It also removes most of the
contaminants from the used oil viz., sulphur, nitrogen and
oxygenated compounds as well as enhanced the colour and
odour of the oil but it involves high investment cost.®’

Acid-clay technique which had also been severally
adopted has disadvantages viz., production of large amount
of pollutants, incapability to treat modern multi-grade oils
and the difficulty in removing asphaltic impurities.t®*°
Solvent extraction method has substituted acid treatment for
improving the oxidative constancy and
viscosity/temperature characteristics of base oils. The
solvent selectively dissolves the unwanted aromatic
components, leaving the required saturated components,
particularly alkanes, as a distinct phase.’® Although the oil
resulting from this process was akin to that produced by the
acid-clay method, it is not cost effective as expensive
solvents and vacuum distillation set-ups are essential to
carry out the technique.***2 In the report of Rincon et al,*®
propane was used as a solvent. Propane can dissolve
paraffinic or waxy material and partially dissolve
oxygenated material. Asphaltenes which contain heavy
condensed aromatic compounds and particulate matter are
insoluble in the liquid propane. These properties make
propane ideal for recycling the used engine oil, although
there are many other concerns that have to be well-thought-
out. Propane is expensive and inflammable, so that this
procedure is viewed as both cost-ineffective and unsafe.
Also, the extraction involves solvent losses, and highly
skilled operating maintenance. In addition, extraction occurs
at pressures higher than 10 atm and requires high pressure
sealing systems which make solvent extraction plants
expensive to build and operate. The process also generates
significant amounts of hazardous by-products.®4

Another useful method is the membrane technology, here
three types of polymeric hollow fibre membranes,
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polyethersulphone (PES), polyvinylidene fluoride (PVDF),
and polyacrylonitrile (PAN), were used for recycling the
used engine oils. The process is carried out at 40 °C and 0.1
MPa pressure.® It is an uninterrupted operation procedure, it
eliminates metal particles and dusts from used engine oil
and also improves the recovered oils liquidity and its flash
point. Its shortcomings are that the expensive membranes
used in the method may get spoiled or fouled by large
particulate matters.%°

The application of the packed-bed reactor using the
locally available diatomaceous material is a safe and
economical small-scale purification of used lubricating oil
since the contaminants have good affinity for diatomaceous
materials. This approach is similar to the principle of
chromatography separation, hence this study.

Experimental

Materials and their preparation

Unused (virgin) oil samples of two brands (Mobil Super
SAE 20W-50 and Total Quartz 5000 SAE 20W-50) were
purchased from standard lubricant stations in Ile-1fe, Nigeria,
and they were introduced, at the time of routine services,
into five selected cars for each brand. The oils were drained
after 11 — 12 weeks, and retained as the Used lubricating oil
(ULO) samples. The sorbent materials employed consisted
of a blend of diatomaceous materials in equal ratio by mass.
The sorbent materials were obtained from and prepared at
the Federal Institute for Industrial Research, Oshodi (FIIRO),
Lagos, Nigeria. Slurry of the sorbent mixture was made and
fired at 900°C to produce a cake, which was then ground
and screened to produce uniform material of narrow
particle-size distribution (1.00-1.50 mm). The particle-size
distribution of the ground material was estimated using two
sieves of 1.00 and 1.50 mm pore sizes. The ground sorbent
was activated by soaking in 6 M H,SO, at 60 °C for 6 h.
This was followed by filtration and then drying in a Muffle
furnace at about 250 °C for 4 h.

The Packed Bed Reactor consisted of a reservoir which
housed the pre-heated used oil, a tap, a reciprocating pump
(powered by 1 horse power geared motor), a crank
connected to the motor, piston enclosed in a sleeve, pressure
gauge, the packed-bed and a collecting vessel. The column
was formulated to contain about 10 L quantity of the sorbent
while the wall thickness was defined to withstand the
required pressure. The packed bed reactor was constructed
at the Central Technological Laboratory and Workshop
(CTLW), Obafemi Awolowo University, lle-Ife, Nigeria.
The fabricated packed bed reactor is shown in
Supplementary material.

The used oil samples were allowed to stand still for two
weeks to give way for sedimentation. The top part of each
was decanted into stainless pan and heated in open air at
about 115 °C for two hours to drive out trapped moisture
and some volatile constituents and to reduce its viscosity so
that flowing through the packed bed can be enhanced. The
hot oil was filtered into the reservoir after which the tap was
opened. Five sets of used oil samples from each of the two
brands were run through the packed bed reactor (PBR). The
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constituent organic compounds in the eluted oils from the
PBR (treated oils), used and virgin oils were identified and
quantified using FTIR spectroscopy and GC-MS. The FT-IR
analysis was done at Redeemer University, Ede, Nigeria,
while the GC-MS analysis was carried out at University of
lorin, lorin, Nigeria.

Results and discussion virgin

The identification of compounds found in the virgin,
treated and used oils were performed by IR and GC-MS
methods. Tables 1-9 show the wave numbers as revealed by
the FTIR spectroscopy, the corresponding type of vibration,
associated bond(s) and functional groups of the oil samples;
while their spectra samples are presented in Supplementary
materials.

The spectra as well as the peak areas of the various oil
samples were very similar. Thus the peak area increase
(PAI) values between the used and the treated oils might be
very small or the same and consequently, could not be
meaningfully determined.’® Thus, the PAI could not be
meaningfully used to estimate the oxidation products.

Table 1. Results of the FTIR analysis of the Virgin Mobil oil
sample.

Wavenumber, Type of Bond Functional
cmt vibration group
655.82 Stretch C-X Alkyl halide
721.40 In plane bending  C-H Alkane
(rocking) for C-H
of long CH2
813.99 Out of plane C-H Alkene or
854.49 bending Aromatic
I
974.08 Out of plane C-H Aromatic
bending
1030.02 Stretch C-0 Carboxylic
1170.83 acid
1230.63 Bend (wagging) CH2-X  Alkyl halide
1305.85 Rock C-H Aromatic
1377.22 Out of plane C-H CHs
bending
1464.02 Stretch Cc=C Aromatic
1606.76
1708.99 Stretch C=0 Carbonyl
1732.13
1766.85
2351.30 Stretch C=C Alkyne
2679.21 Stretch C-Hof Aldehyde
2727.44 H-C=0
2854.74 Stretch C-H Alkane
2922.25
3182.65 Stretch C-H Alkene
Aromatic
3427.62 Stretch O-H Alcohol
N-H Amine
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Table 2. FT-IR analysis of the Virgin Total oil sample.
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Table 4. FT-IR analysis of the Treated Mobil oil sample 2.

Wavenumber, Type of Bond Functional Wavenumber, Type of vibration Bond Functional
cmt vibration group cmt group
653.89 Stretch C-X Alkyl halide 655.82 Stretch C-X Alkyl
721.40 Bending in plane  C-H Alkane halide
(Rocking) for C- 721.40 In plane bending C-H Alkane
H of long CH: (Rocking) for C-H
813.99 Out of plane C-H Alkene or of long CH2
bending Aromatic 813.99 Out of plane C-H Alkene or
972.16 Out of plane C-H Aromatic 854.49 bending Aromatic
bending 974.08 Out of plane C-H Aromatic
1032.02 Stretch C-0 Carboxylic bending
1089.82 acid 1030.02 Stretch C-0 Carboxylic
1168.90 1170.83 acid
1230.63 Bend (wagging)  CHz-X  Alkyl halide 1230.63 Bend (wagging) CHz-X  Alkyl
1305.85 halide
1377.22 Out of plane C-H CHs 1305.85 Rock C-H Aromatic
bending 1377.22 Out of plane C-H CHs
1464.02 Stretch c=C Aromatic bending
1606.76 1464.02 Stretch c=C Aromatic
1705.13 Stretch C=0  Carbonyl 1606.76
2359.02 Stretch C=C  Alkyne 1707.06 Stretch C=0  Carbonyl
2673.43 Stretch C-Hof Aldehyde 1734.06 Stretch
2727.44 H-C=0 1772.64
2360.95 Stretch C=C Alkyne
2854.74 Stretch C-H Alkane 2681.14 Stretch C-Hof Aldehyde
2924.18 2727.44 H-
3176.87 Stretch C-H Alkene C=0
Aromatic 2854.74 Stretch C-H Alkane
2926.11
3419.90 Stretch O-H Alcohol 3184.58 Stretch C-H Alkene
N-H Amine
3446.91 Stretch O-H Alcohol
N-H Amine

Table 3. FT-IR analysis of the Treated Mobil oil sample 1.

Wavenumber, Type of vibration Bond Functional
cmt group
655.82 Stretch C-X Alkyl halide
721.40 In plane bending C-H Alkane
(Rocking) for
C-H of long CH:
813.99 Out of plane C-H Alkene or
854.49 bending Aromatic
1030.02 Stretch Cc-O0 Carboxylic
1170.83 acid
1230.63 Bend (wagging) CH2-X  Alkyl halide
1305.85 Rock C-H Aromatic
1377.22 Out of plane C-H CHs
bending
1464.02 Stretch Cc=C Aromatic
1606.76
1707.06 Stretch C=0 Carbonyl
1772.64
2360.95 Stretch C=C Alkyne
2681.14 Stretch C-Hof Aldehyde
2727.44 H-C=0
2854.74 Stretch C-H Alkane
2926.11
3446.91 Stretch O-H Alcohol
N-H Amine
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The organic compounds present in the oil samples with
their percentage compositions as elucidated by the GC-MS
analysis are presented in Tables 10 and 11, while their
chromatograms are displayed in supplementary materials.

The results showed that the used oil samples were more
complex in compounds compositions than those of the
treated or virgin oil samples. In the used oil samples number
of identified compounds ranges from 56 to 98. In the treated
samples the number of identified compounds is between 34
and 56 while in the two virgin oil samples the number of
identified compounds are 23 and 26. The results, however,
do not show clear-cut trend in the compositions as the
samples contained similar classes and types of compounds.

Some of the compounds existed in different isomers in the
oil samples. A good number of the compounds such as 1-
hexacosene, 1,4-oxathiane, 1-chlorooctadecane, 4,5-
dihydro-5-methyl-1H-pyrazole, octamethyl-cyclotetrasi-
loxane, 1,4,5-oxadithiepane, (E)-3-octene, 1-Pentadecene, 1-
hexadecene,  1-heptadecene,  3-methyl-1-Pentanethiol,
tridecane, thiopropionamide, n-pentadecanol, 2-methyl-1-
hexadecanol, t-hexadecanethiol, thiacyclopentane-3-ol, 3-
methyl-3-cyclohexen-1-ol, thiacyclopentane-3-ol and 2-
ethyl-1-hexanol present in the virgin oils were not detected
in the treated or used oils. This may be attributed to their
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degradation or isomerisation during use. On the other hand,
the numerous compounds in the used oil may be due to
contamination by foreign materials, engine parts wearing
and degradation as well as isomerisation of the engine oil
components during use.

Table 5. FT-IR analysis of the treated total oil sample 1.

Wavenumber. Type of vibration Bond  Functional
cmt group
655.82 Stretch C-X Alkyl
halide
721.40 Bending in plane C-H Alkane
(Rocking) for C-H of
long CH2

813.99 Out of plane bending C-H Alkene or
854.49 Aromatic
974.08 Out of plane bending C-H Aromatic
1030.02 Stretch C-0 Carboxylic
1170.83 acid
1230.63 Bend (wagging) CHz-  Alkyl

X halide
1305.85 Rock C-H Aromatic
1367.58
1377.22 Out of plane bending C-H CHs
1464.02 Stretch c=C Aromatic
1606.76
1705.13 Stretch C=0 Carbonyl
1737.92 Stretch C=0 Carbonyl
1770.71 Stretch C=0 Carbonyl
2031.11 Stretch C=C Alkyne
2681.14 Stretch C-H Aldehyde
2727.44 of

H-

C=0
2854.74 Stretch C-H Alkane
2922.25
3182.65 Stretch C-H Alkene

Aromatic

3419.90 Stretch O-H Alcohol

N-H Amine

With respect to the specificity of the compounds, the most
notable is the actual and proportions of polycyclic aromatic
hydrocarbons (PAHSs). The used oil samples contained
appreciably higher number of PAHs, with varying
proportions, than the treated oil samples. No PAH was
detected in the virgin oil samples. This agreed with the
findings of Dominguez-Rosado and Pichtel'” who reported
that the PAHs contents of used motor oils were often
between 34 and 90 times higher than new oil.

The identified PAHs and the range of their percentage
compositions in the used and treated oil samples
respectively are: azulene (Mobil: 0.63-2.64, 1.27-2.05;
Total: 0.45-1.19, 1.11-2.62), naphthalene (Mobil: 2.61- 2.65,
0.94-2.54; Total: 3.20-3.28; 2.34-2.36), 1-
methylnaphthalene (Mobil: 1.52-2.14, 1.91-1.92; Total:
0.35- 0.41, 0.89-1.65), 2-methylnaphthalene (Mobil: 0.42-
1.58, 0.70-1.44; Total: 0.36-1.48, 1.12-1.59), 1,3-
dimethylnaphthalene (Mobil: 0.34-0.35, ND; Total: ND,
ND), 1,5-dimethylnaphthalene (Mobil: ND, ND; Total:0.34-
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0.38, ND), 1,6-dimethylnaphthalene (Mobil: ND, ND; Total:
0.37-1.46,ND), 1,7-dimethylnaphthalene (Mobil: 0.31-0.82,
ND; Total: 1.33-1.34; Total: ND, ND), 2,7-
dimethylnaphthalene (Mobil: ND,ND; Total: 0.33-1.18, ND),
2-ethylnaphthalene (Mobil: ND, ND; Total: 0.61-0.63, ND),
1,4,6-Trimethylnaphthalene (Mobil: ND, ND; Total: 0.68-
0.69, ND), 2,3,6-Trimethylnaphthalene (Mobil: ND, ND;
Total:  0.34-0.39, ND), 1,2,3,4-Tetrahydronaphthalene
(Mobil: 0.99-1.01, ND; Total: 0.97-0.99, ND), 6-Ethyl-
1,2,3,4-Tetrahydronaphthalene (Mobil: ND, ND; Total:
0.20-1.97,ND), 1,2,3,4-

Table 6. FT-IR analysis of the Treated Total oil sample 2.

Wavenumber, Type of Bond Functional

cm? vibration group

655.82 Stretch C-X Alkyl halide

721.40 In plane C-H Alkane
bending

813.99 Out of plane C-H Alkene or

854.49 bending Aromatic

974.08 Out of plane C-H Aromatic
bending

1030.02 Stretch C-0 Carboxylic

1170.83 acid

1230.63 Bend CH2-X Alkyl halide
(wagging)

1305.85 Rock C-H Aromatic

1377.22 Out of plane C-H CHs
bending

1464.02 Stretch c=C Aromatic

1604.83

1707.06 Stretch Cc=0 Carbonyl

1732.13

1772.64

2360.95 Stretch c=C Alkyne

2681.14 Stretch C-H of Aldehyde

2727.44 H-C=0

2854.74 Stretch C-H Alkane

2924.18

3182.65 Stretch C-H =C-H

3443.05 Stretch O-H Alcohol

N-H Amine

Table 7. FT-IR analysis of the Used Mobil oil sample 1.

Wavenumber, Type of Bond Functional
cmt vibration group
655.82 Stretch C-X Alkyl halide
721.40 In plane bending C-H Alkane
813.99 Out of plane C-H Alkene or
854.49 bending Aromatic
974.08 Out of plane C-H Aromatic
bending
1030.02 Stretch C-0 COzH,
1155.40 COzR,--C-
OH
1230.63 Bend (wagging)  CH2-X Alkyl halide
1305.85 Rock C-H Aromatic
1377.22 Out of plane C-H CHs
bending
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1464.02 Stretch Cc=C Aromatic

1606.76

1705.13 Stretch C=0 Carbonyl

1732.13

1770.71

2038.83 Stretch C=C Alkyne

2173.85

2359.02

2679.21 Stretch C-H of Aldehyde

2727.44 H-C=0

2854.74 Stretch C-H Alkane

2924.18

3173.01 Stretch C-H =C-H

3431.48 Stretch O-H Alcohol
N-H Amine

Table 8. FT-IR analysis of the Used Mobil oil sample 2

Wavenumber, Type of Bond Functional
cmt Vibration group
657.75 Stretch C-X Alkyl halide
721.40 Bending in plane  C-H Alkane
813.99 Out of plane C-H Alkene or
854.49 bending Aromatic
972.16 Out of plane C-H Aromatic
bending
1030.02 Stretch C-0 Carboxylic
1089.82 acid
1230.63 Bend (wagging) CHz-X Alkyl halide
1305.85 Rock C-H Aromatic
1377.22 Out of plane C-H CHs
bending
1464.02 Stretch c=C Aromatic
1604.83
1705.13 Stretch C=0 Carbonyl
1776.50
2359.02 Stretch Cc=C Alkyne
2727.44 Stretch C-H of Aldehyde
2854.74 H-C=0
2924.18 Stretch C-H Alkane
3184.58 Stretch C-H Alkene
Aromatic
3435.34 Stretch O-H Alcohol
N-H Amine
Tetrahydro-1,8-dimethylnaphthalene (Mobil: 0.31-0.42,

ND; Total: 0.21- 0.41, 0.20-0.48), Pyrene (Mobil: 0.26-0.91,
0.22-0.23; Total: 0.25-0.35, ND ), Anthracene (Mobil: 0.66-
0.92, 0.28-0.30; Total: 0.93-1.02), Phenanathrene (Mobil:
0.25-0.27, ND; Total: 0.32-2.61, ND), 3-Methylanthracene
(Mobil: ~ ND,ND; Total: 0.33-0.34, ND), 1,6-
Dimethylanthracene (Mobil: 0.37-0.42, ND; Total: ND, ND),
1,6-Dimethylphenanthrene (Mobil: ND, ND; Total: 0.35-
0.36, ND), Acenaphthylene (Mobil: 0.39-0.47, ND; Total:
0.17-0.46, ND), Benzo(a)Pyrene (Mobil: 0.29-0.66, ND;
Total: 0.30-0.31, ND), 1,2,3,5,8,8a-Hexahydronaphthalene
(Mobil: ND, 1.92-1.94; Total: ND, 0.21-1.81), 3,4-Dihydro-
3-methyl-1(2H)-naphthalenone (Mobil: ND, ND; Total:
0.09-0.16), 1,5-Dimethoxy-9,10-anthracenedione (Mobil:
ND, 1.37-7.96; Total: ND, ND). The presence of PAHSs in
high concentrations in the used lubricating oils could be as a
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result of the action of internal combustion engine which
subjects the oil to a lot of thermal activities. The high
reduction in number and/proportions of the PAHSs in the
used oil samples as observed in the treated samples is an
indication that the sorbent materials have good uptake for
these carcinogenic compounds.

Moreover, the lower numbers of various compounds in the
treated oil samples than their corresponding used oil
samples is an indication that a fraction of the constituent
compounds in the used oil sample were removed by the
PBR. The higher number of low molecular weight
compounds in the used oil samples than the treated or the
virgin oil samples showed that the used oil samples
contained more volatile compounds or more fragile
compounds that can thermally break down more readily.

Table 9. FT-IR Analysis of the Used Total oil sample 1

Wavenumber, Type of Bond  Functional

cmt vibration group

659.68 Stretch C-X Alkyl halide

721.40 Bending in C-H Alkane
plane

812.06 Out of plane C-H Alkene or
bending Aromatic

974.08 Out of plane C-H Aromatic
bending

1031.95 Stretch C-0 Carboxylic acid

1155.40

1230.63 Bend (wagging) CHz-  Alkyl halide

1309.71 Rock C-H Aromatic

1377.22 Out of plane C-H CHs
bending

1464.02, Stretch Cc=C Aromatic

1604.83

1705.13, Stretch Cc=0 Carbonyl

1774.57

2036.90, Stretch Cc=C Alkyne

2360.95 Stretch

2679.21 Stretch C-H Aldehyde

2727.44 of H-

2854.74, Stretch C-H Alkane

2924.18,

2955.04

3192.30 Stretch C-H Alkene

Aromatic
3446.91 Stretch O-H Alcohol
N-H Amine

The difference in organic compounds compositions of the
two virgin oil samples may linked to the types of the base
oil as well as types of additives used by the respective
manufacturer in their production.

Although the virgin oil samples contain longer straight
alkyl chain groups, which are expected of the base oil of
lubricating locomotive engine oils, than the treated and used
oil samples, the numbers of such long straight chains are
very few.
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The virgin oil samples contain more of branched chains
than straight chains alkanes; the longest straight alkane
chain being tridecane. The longer chains are alkenes [1-
Hexadecene, 1-Heptadecene and 1-Hexacocene], alcohols
[(Z2)-2-(9-octadecenyloxy)ethanol,  n-Pentadecanol,  2-
Methyl-1-hexadecanol], thiol [Tert-hexadecanethiol] and
ester [6,9-Octadecadiynoic acid, methyl ester]. Even the
alkenes and other identified unsaturated compounds are
more common, both in number and proportion, than the
alkanes. These observations suggest breaking in chain
lengths and/or rearrangements of the components during the
gas chromatography analysis. Moreover, the inconsistency
in the retention times of a particular component in the
various samples is an indication of high variation in the
constitutions of the samples and that interactions among the
various components in the samples play a role in their
relative movement through the capillary.

Table 10. Identified compounds and their percentage compositions
in the Mobil oil samples.
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Identified Compounds % Composition (range)

Used Treated Virgin
Ethylbenzene 2.06-6.32 2.59
0-Xylene 25 3.04-4.48 6.01
m-Xylene 5.01-6.32 1.02-2.29
p-Xylene 3.13-4.43 2.24-7.14 2.46
n-Propylbenzene 0.98-1.41 0.92
Isopropylbenzene 0.34-041 1.27
1,4-Oxathiane 6.05
1,2,3-Trimethylbenzene 1.71-2.30 2.31-2.43
1,2,4-Trimethylbenzene 1.83-5.41 1.32-4.34
Mesitylene 2.29-8.11 0.96-9.10
1-Methyl-2-propylbenzene 2.35
1-Methyl-3-propylbenzene 0.80
1,2-Diethylbenzene 1.15
2-Ethenyl-1,4-dimethylbenzene  2.91 0.95-1.01
2-Ethenyl-1,3,5-trimethylbenzene 0.40
1-Ethyl-2-methylbenzene 2.11-541 2.72-4.52
1-Ethyl-3-methylbenzene 1.56-7.71 1.86
1-Ethyl-4-methylbenzene 4.10 1.04-1.42
1-Ethyl-3,5-dimethylbenzene 1.56-1.10
2-Ethyl-1,4-dimethybenzene 0.97-0.97 1.04-1.99
4-Ethyl-1,2-dimethylbenzene 0.97-5.41
1-Ethyl-2,4,5-trimethylbenzene 0.98-0.97
1-Methyl-3-propylbenzene 2.34-2.35 0.92
1-Methyl-4-propylbenzene 0.85-0.86
1-Methyl-3-isopropylbenzene 0.80
1-Ethyl-3-isopropylbenzene 0.44
1-Ethyl-4-isopropylbenzene 0.36-0.53
1,3-Diethyl-5-methylbenzene 0.30-0.31
1,3-Dimethyl-5-isopropylbenzene 0.97
1,2,3,4-Tetramethylbenzene 1.63 1.21
1,2,3,5-Tetramethylbenzene 0.67-0.94 1.59
1,2,4,5-Tetramethylbenzene 0.67-1.63
Pentamethylbenzene 0.44
2,4-Diethyl-1-methylbenzene 0.29-0.56
1-Methyl-4-sec-butylbenzene 0.66-1.19
p-Allyltoluene 0.53
3-(m-Tolyl)-1-butene 0.53-1.07

3-(p-Tolyl)-1-butene
2-Methyl-3-phenyl-2-butene
o-Allyltoluene

p-Ethylcumene
3,4-Dimethylcumene
2-Butenylbenzene
1-(2-Butenyl)-2,3-
dimethylbenzene
(E)-4-(2-Butenyl)-1,2-
dimethylbenzene
2-Methylstyrene
4-Methylstyrene
2,4-Dimethylstyrene
2,5-Dimethylstyrene
2,6-Dimethylstyrene
2,4,6-Trimethylstyrene
2-tert-butyltoluene
1,4-Diisopropenylbenzene
5-Ethyl-2-methyldecane
0-Cymene

m-Cymene

p-Cymene

2-Phenyl-2-pentene
2-Methyl-1-phenyl-2-butene
(2-Bromocyclopropyl)benzene
1-Chlorooctadecane
1,2-Dichlorocyclohexane
1,2-Dipentylcyclopropene
1-Methyl-1-silabenzocyclobutene
3,5,5-Trimethylcyclohexene
Benzocycloheptatriene
Bicyclo[4.4.1]undeca-1,3,5,7,9-
pentaene

1-Methyl-
tricyclo[5.2.1.0(2,6)]dec-4-ene
7-Methylbicyclo[4.2.0]octa-1,3,5-
triene
7-Ethylbicyclo[4.2.1]nona-2,4,7-
triene
3-Tert-butyl-7,7-dimethyloct-3-
ene-1,5-diyne
2-Thiopheneacetyl chloride
6,6-Dimethylfulvene
1,2,3,4-Tetramethylfulvene
1,3,8-p-Menthatriene
1,2,3-Trimethylindene
1-Chloro-2,3-dihydro-1H-indene
2,3-Dihydro-2,2-dimethylindene
2,3-Dihydro-1,6-dimethyl-1H-
Indene
2,3-Dihydro-4,7-dimethyl-1H-
Indene
2,3-Dihydro-5,6-dimethyl-1H-
indene
2,3-Dihydro-1,1,5-trimethyl-1h-
indene
Octahydro-2-methylene-4,7-
Methano-1H-indene
2,3,6,7-Tetrahydro-3a,6-methano-
3aH-indene

0.53
1.08
3.52
0.53
0.56-0.57
0.28-3.52
0.30

0.36

2.29-3.73
3.73-4.10
3.34-4.16
2.91-4.16
3.87
0.40-2.09
1.22-1.23
0.52
0.36-0.37
0.92-1.15
0.80
0.29-5.41
1.08
0.63-0.88
0.72

0.76

2.33
0.38
0.46-0.47
2.65

0.75-0.76

0.49-3.03

0.91-1.51

0.52

0.78-0.96
0.32-6.67
1.15-2.33
4.38-4.39
0.52

3.49-3.50
1.53-1.54
0.55-0.56

0.80-1.24

0.53

0.36

0.50-0.51

3.86-3.87

0.96

1.12
2.23

2.21
1.84

2.14

1.06

1.99-3.89

0.97-2.11
2.13-2.52

0.87-3.14

0.93

1.93

0.93
1.03-8.66

0.92-2.11

1.01-1.30

1.63-1.73

2.44

2.56
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3a,4,5,6,7,7a-Hexahydro-4,7-
methanoindene
2,3,4,5,6,7-Hexahydro3a,6-
Methano-3aH-indene

(2)-2-(9-Octadecenyloxy)ethanol

(2)-4-Nonen-2-yne
(2)-3-Dodecene
(2)-2-Methyl-4-Decene
Trans-cinnamyl bromide
Decane

Dodecane

Tetradecane

1-Dodecene
4-Methyl-2H-benzopyrane
4,5-Dihydro-5-methyl-1H-
pyrazole
1,4,5-Oxadithiepane
5,6,7,8-Tetrahydroquinoxaline
4-Nitropyridine-1-oxide
1-Heptadecene
1-(Trimethylsilyl)-1-propyne

2-(1-Hydroxyethyl)norbornadiene

1-Hexadecene
1-Hexacosene

Deltacyclene
2-(p-Tolyl)ethylamine
N-2-Dimethyl-N-nitro-1-
Propanamine
N,N-Di(trichloroacetyl)-2-
Phenylethylamine

2,34-
Trimethylbenzeneethanamine
Octamethylcyclotetrasiloxane
2,2'-Thiobisbutane
1-Octanethiol
2-Ethyl-1-hexanethiol
4-Methyl-2-Pentanethiol
1-Dodecanethiol
Tert-hexadecanethiol
Thiacyclopentane-3-ol
3-Methyl-3-cyclohexen-1-ol
2-Ethyl-1-hexanol
5-Methyl-1-heptanol
1-Octanol

2-Butyl-1-octanol
n-Pentadecanol
2-Methyl-1-hexadecanol
p-lsopropenylphenol
3,3,4-Trimethyl-4-p-
tolylcyclopentanol
a-Methyl- B-
nitrobenzenepropanol
Bicyclo[2.2.1]heptane-2-
methanol
9-Methyltricyclo[4.2.1.1(2,5)]
deca-3,7-diene-9,10-diol
17-Pentatriacontene
Biphenylene

Azulene

1.57-2.34

0.98-0.99

2.34

1.43-1.44
0.72
0.30-0.31
0.66
0.46-0.47
0.86-0.90
1.04

0.50

2.34

0.72
0.52-0.53
1.24-2.33

0.37

0.31

0.29-0.31
3.21-3.22
0.79-0.80

1.66

0.95-0.96
6.45
0.33-0.34

1.58-1.59
0.49-0.50

0.98-0.99

0.61

0.39-0.40

1.82

2.76

3.94

2.66

0.93-0.94

0.29

2.76

2.69
2.01
3.97
4.07

4.09
2.88

4.45

2.03-8.41

5.48

1.98

6.45

2.56
17.05

3.73
3.93
2.01
12.48

1.81
1.98

3.05-4.48 3.43-4.92

0.47

0.63-2.64 1.27-2.05

Naphthalene
1-Methylnaphthalene
2-Methylnaphthalene
1,3-Dimethylnaphthalene
1,7-Dimethylnaphthalene
1,2,3,4-Tetrahydronaphthalene
1,2,3,4-Tetrahydro-1,8-
dimethylnaphthalene

Pyrene

Anthracene

Phenanathrene
1,6-Dimethylanthracene
Acenaphthylene
Benzo(a)Pyrene
Isopropyl-2-thiopheneacetate
Octylchloroformate
Pentachloropropionic acid octyl
ester

Methyl 6,8-octadecadiynoate
12,15-Octadecadiynoic acid,
methyl ester
10,12-Tricosadiynoic acid,
methyl ester
5,8,11-Heptadecatriynoic acid,
methyl ester
5,8,11-Eicosatriynoic acid,
methyl ester
3-Hydroxydodecanoic acid
3,7,12-Trihydroxycholestan-26-
oic acid

3,7-Dimethyl-6,7-
di(methylthio)octanal
2-Ethylcyclopentanone
1-(4-1sopropenyl)
phenylethanone
1-(4-Methylphenyl)ethanone

e
2-(2-Methyl-5-nitro-imidazol-1-
yl)-N-phenethyl-acetamide
Barbital

Amobarbital

Pentamethylbenzenesulphonamid

2.61-2.65
1.52-2.14
0.42-1.58
0.34-0.35
0.31-0.82
0.99-1.01
0.31-0.42

0.26-0.91
0.66-0.92
0.25
0.37
0.39-0.47
0.29-0.66

0.35-0.36
8.28-8.29

0.63-0.65
0.26 0.27

0.41-0.47

0.62-0.66

0.32-0.39

2.00-2.01
0.37

0.80-1.63

0.57-0.58
0.40

541
1.03-1.04

0.37

0.36-0.82
0.26-0.46

0.94-2.54
1.91
0.70-1.44

0.22
0.28

2.68

4.86
7.73-9.21

1.72

Table 11. Identified compounds and their percentage compositions

in the Total oil samples.

Identified Compounds

% Composition (Range)

Used Treated Virgin
Ethylbenzene 1.40- 2.08-
231 2.39
0-Xylene 0.24- 3.89 1.44
2.28
m-Xylene 2.26- 0.95- 1.13
5.93 0.96
p-Xylene 1.81- 2.94- 1.69
5.87 6.14
n-Propylbenzene 0.60- 0.98-
1.42 0.99
Isopropylbenzene 0.34- 5.06
0.35
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1,2,3-Trimethylbenzene
1,2,4-Trimethylbenzene
Mesitylene
1-Ethyl-2-methylbenzene
1-Ethyl-3-methylbenzene

1-Ethyl-4-methylbenzene
1-Ethyl-2,4-dimethylbenzene

1-Ethyl-3,5-dimethylbenzene
2-Ethyl-1,3-dimethylbenzene
2-Ethyl-1,4-dimethybenzene

4-Ethyl-1,2-dimethylbenzene

1-Methyl-2-propylbenzene
1-Methyl-3-propylbenzene

1-Methyl-3-isopropylbenzene
4-Butyl-1-methylbenzene

1-Ethyl-4-isopropylbenzene
1-Ethyl-2,4,5-trimethylbenzene
1,2,3,5-Tetramethylbenzene
1,2,4,5-Tetramethylbenzene

Pentamethylbenzene
1,3-Diethyl-5-methylbenzene
1,4-Diethyl-2-methylbenzene
1,3-Dimethyl-5-isopropylbenzene
2,4-Diethyl-1-methylbenzene
1-Methyl-4-sec-butylbenzene
3-(m-Tolyl)-1-butene

1,4-Dimethyl-2-t-butylbenzene
3-(p-Tolyl)-1-butene

2-Methyl-2-phenyl-2-buteene
o-Allyltoluene

1,4-Diethyl-2,5-dimethylbenzene
2-Propenylbenzene

2-Butenylbenzene
1-(2-Butenyl)-2,3-dimethylbenzene

(E)- 4-(2-Butenyl)-1,2-
dimethylbenzene

1.36-
2.26
2.06-
4.53
1.17-
2.22
0.81-
2.09
3.00-
6.74
0.23

1.03-
1.04
1.18

1.41

0.97-
3.50
5.18

2.37

0.82-
2.33
0.85-
0.99
0.21

0.79
1.39
1.20

0.67-
1.64
0.43-
0.83
0.31-
0.32
0.44-
0.80
0.30-
0.96
0.96-
0.97
1.16-
1.17
0.63

1.15

0.61-
0.62
2.04-
2.05
3.35-
3.36
0.65

0.52

0.45-
1.39
0.22

0.35-
0.43

1.72-
2.33
3.44-
8.53
1.82-
7.91
1.32,
1.57
1.41-
4.48
4.52

0.67

1.11-
3.38
0.93-
0.95
0.92

0.89-
0.92

1.14-
1.20

0.54

1.31—
1.34

0.46-
1.83

1.02-
1.08

3.66-
3.67

2-Methylstyrene
2,4-Dimethylstyrene

2,5-Dimethylstyrene
2,4,6-Trimethylstyrene

o0-lsopropenyltoluene
2-Methyl-2-phenylbenzene
1,2-Diisopropylbenzene
4-Heptynylbenzene

0-Cymene

p-Cymene
3-Methylphenylacetylene
2-Phenyl-2-pentene
2-Methyl-1-phenyl-2-butene
2-lsopropenylcumene
3-1sopropenylcumene

Chloromethyl n-propy! sulphide
2,4-Dimethylbenzyl chloride
1,2-Dichlorocyclohexane

1-Methyl-1-silabenzocyclobutene
1-Ethynyl-1-Cyclohexene
Benzocycloheptatriene

Bicyclo[4.4.1]undeca-1,3,5,7,9-
pentaene
1-Methyl-tricyclo[5.2.1.0(2,6)]dec-
4-ene

3-Methyl-4-
methylenebicyclo[3.2.1]oct-2-ene
7-Ethylbicyclo[4.2.1]nona-2,4,7-
triene
7-1sopropylbicyclo[4.2.0]octa-
1,3,5-triene

1,7,7-Trimethyl-2-
vinylbicyclo[2.2.1]hept-2-ene
3-Tert-butyl-7,7-dimethyloct-3-
ene-1,5-diyne
2,4-Dimethylheptane
2,3-Dimethyl-cyclohexa-1,3-diene
1,2,3,4-Tetramethyl-5-methylene-
1,3-Cyclopentadiene
1,3,8-p-Menthatriene

Indane

Indene

3.67-
3.68
2.15-
4.15
4.46

1.78-
281
1.58

0.43
121

0.31-
0.32
1.15-
2.59
3.16

3.42-
3.43
1.03-
1.04
2.07-
4.06
0.42-
0.42
0.49-
0.50

0.17

0.75-
0.78
2.28-
2.29
4.20-
4.21
4.42

2.61-
3.20
0.6-0.64

0.80
1.49-
2.07
0.52
0.19
0.47-

0.48
0.16

0.23
2.34

1.66

2.60

1.65-
3.46

4.30

0.97-
2.93

0.40

1.06

1.99-
4.46

2.44-
4.80

0.42-
0.81

1.04-
1.06

1.03-
1.85
1.71-
2.24

0.36-
0.93

1.88

1.01-
1.02
6.56

0.93-
0.94

6.04
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2,3-Dihydro-1,3-dimethyl-1H-
indene
2,3-Dihydro-1,6-dimethyl-1H-
Indene
2,3-Dihydro-3,3-dimethyl-1H-
Inden-1-one
2,3-Dihydro-4,7-dimethyl-1H-
Indene
2,3-Dihydro-1,1,3-trimethyl-1H-
indene
2,3-Dihydro-1,1,5-trimethyl-1H-
indene
Octahydro-4,7-methano-1H-indene

Octahydro-2-methylene-4,7-
Methano-1H-indene
2,3,6,7-Tetrahydro-3a,6-methano-
3aH-indene
3a,4,5,6,7,7a-Hexahydro-4,7-
methanoindene
(2)-4-Nonen-2-yne

(E)-3-Octene
(E)-3-Methyl-4-Decene
(2)-2-Methyl-5-undecene
Trans-cinnamyl bromide

3-Methyl-2-Heptene
Decane

Dodecane

3-Methyldecane
2,6-Dimethylundecane
2-Bromododecane
7-Methyltridecane
Tridecane

1-Dodecene

1-Pentadecene

1-Heptadecene

2-Tolyloxirane
3-Methyl-1H-pyrrole
2-(Isopropyl)-1H-benzimidazole
2-1sopropyl-1H-pyrrolo[2,3-
b]pyridine
4-Methyl-2H-benzopyrane

5,6,7,8-Tetrahydroquinoxaline

1,5-Dimethyl-2-pyrrolecarbonitrile
Trichlorovinylsilane
1,3,6-Trioxocane

Hexacosane
17-Pentatriacontane
Deltacyclene

4-Propylbenzenamine

1.20

0.51

0.17

1.21-
1.22
0.16

0.39-
1.07
0.50

0.44

3.85

2.20

2.29-
2.36

0.23
1.11

0.71-
0.73

0.31-
0.45
0.34-
0.39
0.24

0.40

0.94-
1.30

0.81

1.32-
1.33
0.52

1.63-
2.47
1.59-
1.62

1.02

0.18
0.27

0.47- 0.98-
0.48 1.02

0.43
0.56
0.33
0.93

1.00-
1.01
2.59-
3.12
0.62

0.62

0.21- 0.19-
0.79 1.22
0.45

0.66 1.10
0.71
0.90

15.21

2.51

6.81

1.53

1.56

1.23
1.23

p-Pentylaniline
2,3,4-Trimethylbenzeneethanamine
N-2-Dimethyl-N-nitro-1-
Propanamine

N,N'-
Dibenzylideneethylenediamine
N,N-Di(trichloroacetyl)-2-
Phenylethylamine
2,3,4-Trimethylbenzeneethanamine

2,2'-Thiobisbutane
1-Octanethiol

3-Methyl-1-Pentanethiol

4-(9-Borabicyclo[3.3.1]non-9-
yloxy)-2-thiapentane
5-Methyl-1-heptanol
6-Methyl-1-heptanol
1-Phenyl-1-cyclopentanol
3,3,4-Trimethyl-4-p-
tolylcyclopentanol
(2)-2-(9-Octadecenyloxy)ethanol

3,9-
Dimethyltricyclo[4.2.1.1(2,5)]dec-
3-en-9-ol
9-Methyltricyclo[4.2.1.1(2,5)]deca-
3,7-diene-9,10-diol

Biphenyl

3-Methyl-1,1"-biphenyl
4-Methyl-1,1'-biphenyl
Biphenylene

Azulene

Naphthalene
1-Methylnaphthalene

2-Methylnaphthalene

1,5-Dimethylnaphthalene
1,6-Dimethylnaphthalene

1,7-Dimethylnaphthalene
2,7-Dimethylnaphthalene
2-Ethylnaphthalene

1,4,6-Trimethylnaphthalene
1,6,7-Trimethylnaphthalene
2,3,6-Trimethylnaphthalene

6-Ethyl-1,2,3,4-
tetrahydronaphthalene
1,2,3,4-Tetrahydronaphthalene

1,2,3,4-Tetrahydro-1,8-
dimethylnaphthalene

0.35
6.58

0.46-
0.47
1.36

0.36-
0.37
6.58-
6.58
0.15- 0.29
0.26
1.45- 1.96-
8.34 8.81

0.97

0.56

0.26-
0.26

0.28

0.41

0.32
0.74
0.22

0.20-
0.63

0.45-
1.19
3.20

0.35

0.36-
1.48
0.34

0.37-
1.46
1.33-
1.35
0.33-
1.18

0.61—

0.69
0.68

0.43

0.34-
0.39
0.20-
1.97
0.98

0.21-
0.41

1.11-
2.62
2.34

0.89-
1.65
1.12-
1.59

0.48

1.24

19.12

7.42
1.43

551
4.93

1.44
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Pyrene 0.25-
0.35
Anthracene 1.02-
1.32
Phenanathrene 0.32-
2.61
2-Methylphenanthrene 0.33-
0.42
3-Methylanthracene 0.33-
0.34
1,6-Dimethylphenanthrene 0.35-
0.36
Acenaphthylene 0.17-
0.46
Benzo(a)Pyrene 0.30-
0.31
3,4-Dihydro-3-methyl-1(2H)- 0.16
naphthalenone
Thiophene-2-acetic acid, 0.59
cyclobutyl ester
Methyl 6,8-octadecadiynoate 0.60-
0.61
6,9-Octadecadiynoic acid, methyl 1.12
ester
4-[(Tetrahydro-2H-pyran-2- 0.64
yl)oxy]butanal
3,7-Dimethyl-6,7- 0.78- 1.62
di(methylthio)octanal 0.79
3-(4-Methylphenyl)-2-Propenal 0.98
1-(4-Methylphenyl)ethanone 5.06-
5.06
5-Methylene-4,5,6,6a-tetrahydro-  0.46
3ah-pentalen-1-one —0.48
Thiopropionamide 1.65
Butethal 0.32-
0.34
Barbital 0.35-
0.36
Pentobarbital 0.32-
0.81
Conclusion

The three sets of the oil samples (used, treated and virgin)
from each of the two brands contained similar classes of
compounds but varying degree in number, specificity and
proportion of compounds with the treated oil samples
saddled between the other two sets. The study showed that
the sorbent materials have good uptake for polycyclic
aromatic hydrocarbon, soot and other impurities in used
lubricating oil.

The application of the packed bed reactor using the locally
produced materials used in this study is recommended for
small-scale pre-treatment of used lubricating oil before its
subsequent uses. Further improvement on the packed bed
reactor system is needed to be pursued with the objective of
conducting theoretical studies of this work on the basis of
the experimental data. This will enable the designing of the
packed bed reactor and development of a dynamic model in
order to estimate values of the parameters characterizing the
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interaction of transport phenomena with diatomaceous
sorption in packed bed used lubricating oil re-refining.

The information from the study will help in the
development of highly efficient packed bed reactor for the
recycling of used lubricating oil by working on the method
optimization. Consequently, the packed bed reactor may be
enlarged using principles of geometry and dynamic
similarity, and possibly modified for low-cost and
environmental friendly large-scale used lubricating oil
recycling.Studies should also be conducted on the recycling
possibility of the sorbent materials.
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CAROB (Ceratonia siliqua): HEALTH, MEDICINE AND

E B CHEMISTRY

Abdullatif Azablabl*

Keywords: Carob, antimicrobial, antioxidant, chemical composition, polyphenols, nutritional value.

Carob (Ceratonia siliqua) is one of the important crops over western Asia and North Africa. Its nutritional value has been acknowledged
for millennia but its medicinal properties were practically studied only in the last four decades, despite the fact that some of them were used
in traditional medicines for centuries. Modern food industry is just starting to discover the great potential of this plant. Carob has
outstanding antioxidant capacity along with other important medicinal activities. Some of these have been extensively studied and reported
in the last decades, but very few review articles were published about this plant, that summarize and discuss the findings. In this
comprehensive review article, we present these reports and discuss them with special attention to traditional medicine, modern research
findings, natural products and recommendations for future research subjects.

* Corresponding Authors Table 1. Ethnomedicinal uses of Carob
Telephone: +972-(0)4-6357011
Fax: +972-(0)4-6356168 Region Ethnomedicinal use Method/Reference
E-Mail: eastern.plants@gmail.com -
[a] Triangle Research & Development Center, Box 2167, Kfar- Cyprus  Laxative N2,
Qari, Israel 30075 Egypt Diarrhea Infusion
[b] Eastern Plants Company, Box 868, Arara, Israel 30026 Greco- Diabetes, herpes, lip Leaf decoctionls
Arab sores
. India Antiobesity NI6
Introduction Iran Menorrhagia Patient should sitin a
o ) container of a decoction
Carob (Ceratonia siliqua) is an evergreen tree that of several plants.
belongs to the legume (Fabaceae) family. Its original Including Carob Details
habitats are the western parts of Asia, but after its in referencel?
domestication, it spread to all Medlterranean basin a_nd then Iraq Abdominal pain, Eating ripe fruits®®
to the western shores of the _ATerlces, South Africa and diarrhea
southern_ regions Of. Australla._ Until 1980, the genus Israel Antidiabetic; Against Leaves decoction: 50 g
Ceratonia was considered to include only one species, iral and bacterial in 1 L1 Fruit
Carob, C. siliqua, but in 1980, another species, C. viral and bacteria i L& Fruit syrup
oreothauma, was identified in the eastern region of Africa THEEETONS 7l VS mlxe(210W|th sesame
and Arabian Peninsula.? So far, C. oreothauma has not been _ paste™
reported to have medicinal or nutritional properties. ltaly Animal food; Dry fruits,* Fruits
Emollient decoction with Ficus
According to archeological studies, Carob was used by carica and Malva
human beings since very ancient times. But the accurate sylvestris®
time of domestication remains debatably unclear. Some Jordan Antidiabetic; Cough Leaves decoction,
scholars reported that it was as late as the Roman era,3* Hot/cold infusion of
other studies indicate much earlier use.>¢ However, due to fruits?
its economic and nutritional value, especially in North Lebanon  Sweetener; medicinal Molasses of ripe fruits,?®
Africa, many studies were conducted to investigate the N|26
various conditions that effect growth of the plant,” and the Morocco  Diarrhea, fish killer, Fruit, bark, leaves,?’
quantity anc_j the qual!ties of the fruits (pods) of various wild Kills intestinal Fruits/leaves
and domesticated variaties.®° parasites, Relief of decoction 28
As far as we _could find, three comprehensive rev_iew ler:/,oi;gsstslt\éensystem, ;?J:is‘;%rxcéiiegtrze;f
articles were published so far about chemical and medicinal Fruit powder.®
properties of carob. R. Sundararajan and his colleagues Palestine  Food Fruits eaten ’
meantioned C. siliqua among other plants that contain ——
phytoconstituents with nephroprotective activity.® The . raw(cooked) or ripe
authors designate Carob as a an important plant that has | Sy~ Food Fisedan .
natural products with nephroprotective activity, and they _ raw(cooked) or ripe
cite "Ben et al., 2011". But reading the reference list | SPain Chocolate, coffee Ripe fruits, leaves*
revealed no Ben. The article of Nasar-Abbas focuses only substitute, olive
on Carob, it is much more comprehensive and more preservative
reliable.!! This article has two weaknesses. First, it does not Tunisia  Food Ripe pods
refer to traditional medicinal knowledge which is the base of Turkey  Diuretic, purgative Fresh pods®
many of modern research studies. Secondly, it does not refer
to medicinal activities of various extracts and other aN|= not indicated
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materials produced from the tree leaves, which are drawing
more and more research attention. Finally, an excellent yet a
short review article was published by an internationally
leading researcher of Carob, K. Rtibi and his colleagues
from Tunisia.’? But in addition to being a relatively short
article, it also focuses on the fruits of the plant, hardly
mentioning leaves and other parts of the tree. It also presents
all data from the gastrointestinal tract point of view. But it
displays some important phenolic compounds in clear and
useful figure (page 3 in article).

Ethnomedicinal and other traditional uses of Carob

As mentioned above, Carob is being used by humans as
food source and for medicinal purposes since antiquity.
Most nations of the Mediterranean basin have such recorded
uses as shown in table 1, but other nations discovered its
qualities as well.

Modern research of Carob uses, composition and
biological activities

Comparing with other fruiting wild trees with very
important nutritional value, modern research has neglected
Carob. This is to say that most publications of its
medicinal/biological activities date from the 2000's. Most of
the few earlier publication focus on chemical composition of
the pods. We summarized below the findings of modern
research of the properties and health uses of Carob. It is
important to advise readers that when looking for a specific
activity, it is worthy to look for it not only in designated
columns, because many publications include reports of more
than one activity. Moreover, many publications about Carob
are not cited in this review because they studied subjects
that are out of the interest of this article.

Antiatherogenic

Aqueous extracts of fruits inhibits lipid peroxidation,
inflammation and enhances cholesterol efflux.3®

Antibacterial, antimicrobial, antifungal and related activities

Methanolic extract of C. siligua was tested for
antibacterial activity, compared with methanolic extract of
Plantago major, which was found more active for most
bacteria. The extract of C. siligua was more active for
Enterococcus sp.*” Aqueous and methanolic extracts were
tested for antibacterial activity, alone and in combination
with other antibacterial agents (ampicillin, gentamicin,
amikacin and clindamycin). The combination of extracts and
antibacterial agents was more efficient than each separately.
The extracts were analyzed and some pure compounds were
isolated and characterized (Figure 1).% Ethanolic and
acetone extracts were tested for antibacterial activity against
P. atrosepticum in potato soft rot. Acetone extract was more
active.3® Methanolic extract of leaves found to be active
against Listeria monocytogenes. HPLC analysis of extract
yielded seven compounds with antibacterial activity,
especially  epigallocatechin-3-gallate  (Figure  2).%°
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Dichloromethane-methanol (1:1, v/v) extract of dried pods
was tested against 14 types of bacteria and fungi.

n-CygH39OH
Nonadecanol

0 Geraldone Liquiritigenin

Figure 1. Some compounds isolated from the extract of C. siliqua

OH

HO
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HO

Methyl gallate
Ref. 38

(-)-Epigallocatechin-3-gallate
Ref. 40

Figure 2. Some compounds isolated from C. siliqua by HPLC.

It was found highly active against 11 of them, in
concentrations of 1000 and 500 pg/ml.** Chloroform and
hydroalcoholic (no ratio indicated) extracts of dry leaves
were prepared and found active against 15 species of
bacteria and fungi, including 3 species of C. albicans.42

Dried powder of the plant (part not indicated) was soaked
in methanol and the suspension was centrifuged, filtered and
tested for antibacterial and antifungal activities results were
positive. Its photosensitizing capacity was also tested and
found sufficient. No analysis for natural products was
done.®

Hexane, chloroform, ethyl acetate and methanolic extracts
of dry leaves were prepared and tested for antifungal activity
against citrus sour rot agent G. candidum. First two were
inactive and methanol extract more active than ethyl acetate
extract.** Methanolic extract of dry pods was prepared and
tested against 13 different microbes and 8 different fungi. It
was active against all. Total phenolic content was found as
4655 mg g*' with reference to gallic acid, and total
flavonoid content was found as 24.6 mg g* compared with
quercitin.*® Fresh fruits were extracted with 80 % methanol
in water. The extract was found antimicrobial and moderate
antioxidant (DPPH).“® Dry leaves were extracted with n-
hexane, ethanol, methanol, ethyl acetate and water. Extracts
were tested for antimicrobial, antifungal and cytotoxic
activity (brine shrimp assay). n-Hexane was the most
cytotoxic and it had the highest antimicrobial activity along
with methanolic extract.*’
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Antidiabetic and related activities

Ethanol/water (96 %) extract of dry pods was tested for
streptozotocin-induced diabetes in rats. It decreased blood
glucose and lipids.*® Mixture of dried flowers of Roselle
(Hibiscus sabdariffa) and dry pods of Carob, was water
extracted and administered to alloxan-induced diabetic rats.
The extract was tested with or without Gamma radiation of
the plants mixture powder. In both cases it was found
active.*

Aqueous extract of immature pod was tested in alloxan-
induced diabetic rats for antidiabetic activity. It was found
more active than the aqueous extract of mature pods.>
Powder of dry pods was extracted with n-hexane for
phytosterols. The dry extract was found active against
alloxan-induced diabetes in pregnant female rabbits.> Same
extract was used by the same group to test the same activity,
but female rabbits were not pregnant.? Fiber purified
aqueous extract of seed-free dry pods, was prepared and
tested for antidiabetic activity by a-glucosidase inhibition.
Sufficient activity was found.%

Antiviral activity

Ethanolic extract of leaves was tested against Newcastle
Disease Virus and found partially active.>

Anticancer, antiproliferative and related activities

Ethanolic and ethyl acetate extracts of propolis that was
collected in an area (Morocco) with Carob as a major tree
were prepared, and tested against three mammalian tumor
cell lines. Medium activity was measured.>® Dry pods were
extracted with ethanol, and it was analyzed for reductive
components (very detailed), antioxidant, anticancer and
anticalpain activities. It was found moderately active for the
three activities.®® Aqueous extracts of dry pods or leaves
were tested against mouse hepatocellular carcinoma cell line,
and both found active, but leaves extract was more active.
Authors attribute this activity to the presence of gallic acid
and some of its esters.” Methanolic extracts of pods and
leaves were prepared and tested for antiproliferative and
apoptotic activities in MDA-MB-231 human breast cancer
cells, and both found active, with higher activity of leaves
extract. Authors relate these activities to the presence of
phenolic compounds.®®

Antidepressant

Acetone extract of fresh pods was prepared and analyzed
for tannins content, and tested as antidepressant by tail
suspension test and forced swim test. It was active in both
and the proposed mechanism of action is by an interaction
with the adrenergic and dopaminergic systems.5°

Antifibrotic

Seed and fibre free dry pods were extracted with water
and tested for Schistosoma mansoni-induced liver fibrosis
and reduction of oxidative stress in mice. Significant activity
was found.®
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Anti-inflammatory and related activities

Methanol extract of bark was tested for antioxidant
(DPPH), acute toxicity (rats) and chemical (Carrageenan) or
mechanical pow oedema. It was analyzed for major
compound families and flavonoids, tannins, sterols,
quinones and mucilages were found.’! A galactomannan
extracted from pods, authors refer to as LBG (locust bean
gum) was used as constrast material in magnetic resonance
enteroclysis (MRE) for immaging of Crohn‘s disease
(bowels chronic inflammatory disease). It gave best results
when used with water and mannitol.®? Leaves were extracted
with dichloromethane:methanol, 1:1 v/v. The extract was
tested for anti-inflammatory and cytotoxic activities and
found inactive in both.53

Antioxidant and related activities

Methanol extracts of leaves and pulps (all sexes of the
tree) were tested for radical scavenging (DPPH) and
antioxidant (carotene-linoleate) activities and leaves extract
found to be more active®® Leaves were extracted
successively with hexane, methanol/water (8:2, v/v), diethyl
ether, dichloromethane and ethyl acetate. The extracts of
three varieties of the tree were tested for antioxidant activity
(DPPH) and total phenolic content was determined.®

Ethanol extract of dry pods was tested for antioxidant
activity (BHA, highly active) and analyzed for polyphenols
and carotenoids.®® 80 % Agqueous methanol extract was
prepared from pods and tested for antioxidant activity (3
methods) and analyzed by reverse phase HPLC.5" Immature
pods were extracted (without seeds) with water, methanol,
ethanol, acetone, petroleum ether and hexane. Extracts were
tested for antioxidant activity (ABTS), analyzed for total
phenolic content and tested in vitro and in vivo (rats) for
cerebral and myocardial lipid peroxidation. Polar extracts
were more active than non-polar ones.5®

Methanol extract of leaves was tested for antioxidant
activity by various methods and found highly active
compared with other fruiting plants.5® Total phenolic content
and antioxidant (DPPH, FRAP) capacity of dry leaves
methanolic extract were determined. Compared with other
studied plants (3), Carob showed moderate activities.”® Dry
Carob pods powder aqueous extract was prepared and its
total phenolic content and antioxidation activity were
determined. Both were found relatively high.”* Aqueous and
methanolic extracts were prepared (plant part not indicated)
and were tested for antioxidant activity and total phenolic
content. Both extracts showed similar results and were
relatively high compared with other (94) plants.”
Methanolic extract of leaves was prepared and tested for
radical scavenging activity (DPPH, high), antioxidant
activity (linoleic acid system assay, high) and antitumor
activity (remarkable). It was also analyzed for polyphenolic
content.”

Aqueous extract of dry pods was prepared and analyzed
for major nutritional materials and minerals. Its antioxidant
activity and total phenolic content were determined. An
infusion was made that contained Carob extract with other
plants and antifungal and antibacterial activities were
measured and found high.”
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Methanolic and ethyl acetate extracts were prepared from
bark and were analyzed for major compound families, total
phenolic content and antioxidant activity (DPPH) were
measured. Methanolic extract was more active.” Dry leaves
were extracted with 80 % ethanol-water, and the extract was
fractionated with n-hexane, DCM and ethyl acetate. The
ethyl acetate fraction showed the highest antioxidant (DPPH,
B-carotene bleaching assay) and antimicrobial activities.”
Carob seeds were ground and supplied, without further
treatment, to female rats to test antioxidant and
hepatoprotective activities of the powder against ethanol-
induced oxidative stress. Results were measured by serum
enzymes.”” Aqueous extract of dry pods (or leaves) was
prepared and found active inhibitor of neutrophils
myeloperoxidase.”®” Dry leaves aqueous extract was found
protective against cell DNA oxidative stress caused by H20-
and it had no genotoxicity.® Fresh pulp was extracted by
ultrasonic-assisted 80 % aqueous ethanol. The effect of the
free/ecapsulated extract was tested for anioxidant and
nutritional value of yogurts. The free form had higher
antioxidant activity (shorter shelf-life) and both forms did
not alter nutritional value.®! Ground pods were defatted with
hexane and the dry residue was added to Kefir (yogurt). It
improved its antioxidant capacity and increased bacteria
growth.®? Dry pods powder was added to pasta flour. The
antioxidant activity (ABTS, FRAP) was improved and the
nutritional values were increased.®® Powdered Carob pods
were added directly to rats food to test its hepato- and
nephroprotective effect against oxidative stress induced by
CCly. Positive results were obtained.®* Pulp powder was
extracted with acetone/water (7:3) and encapsulated with
polycaprolactone. Encapsulated and non-ecapsulated extract
of ripe and unripe pulp was tested for antioxidant activity
(ORAC, DPPH, FRAP) after in vitro digestion model. The
encapsulation provided slow release of phenolic compounds
and protection against digestive fluids.2> Pod powder was
fed to rabbits and its antioxidant activity was monitored
through the activity of three oxidizing enzymes. It also
promoted the growth of the animals.%

Antiatherosclerotic

Commercial insoluble dietary fibre (81 % w) from carob
pod was found antiatherosclerotic in rabbits.®

Anxiolytic-sedative and antiproliferative

Methanolic extracts of leaves and pods were prepared and
tested for central and peripheral benzodiazepine receptors
binding. Leaf extracts, especially young leaves, found more
active. No active compounds are indicated.®®

Chemical composition and some related activities

Methanolic and aqueous extracts of sapwood were
prepared and analyzed for phenolic contents and their
components. The extracts were also tested for antioxidant
(H207) and antitumor activities, where methanolic extract
was more active.®® Pods of trees from various locations in
Morocco were analyzed for fibre, sugar and polyphenolic
content.*® Seeds-free pod syrup was prepared from trees that
grow in Bulgaria and in Turkey, analyzed for sugar content
and compared. Turkish product had higher sugar content.®
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Chemical composition of pods from different localities was
determined for major compound families, minerals and
nutritional ingredients. Aqueous extracts were prepared with
hot and cold water, and higher temperatures yielded higher
concentrantions.®? Determination of the tannins, pectins,
hemicellulose, cellulose, nitrogen, mineral elements, sugars
and fat contents was carried out on carob pods.** Major
chemical composition was determined with detalied
extraction (aqueous) conditions of time and temperature.®
Composition of Carob pods was determined in terms of
carbohydrates, protein, fat, polyphenols and tannins. 70 %
acetone/water was the most effective solvent for the
extraction and recovery of tannins.®® Detailed report of
major nutrients determination in pods, with results and
methods.% Pods were analyzed for carbohydrates, protein,
fat, minerals, vitamins (6), phenolics (11) and fatty acids
(17).5” Major nutritional components of pulp and detailed
amino acid composition is reported.®® Methanolic extract of
green pods and leaves was prepared, analyzed for chemical
composition (major categories) and tested for antibacterial
activity.®® Three pulp extracts were prepared: 70%
ethanol/water, 80 % methanol and aqueous. All were
analyzed for chemical composition and tested for in vitro
antioxidant activity. Ethanolic extract found most active and
it was tested in vivo (rats, AlCls-induced oxidative stress),
and found active antioxidant.!®® This study focused on
carbohydrate and fatty acid content of pods during different
development satges of Carob trees. It also compared wild
and domestic cultivars.’®® This study compares between
phenolic content (mainly) of ripe and unripe pods.!%? Effect
of seasonality and its relation with CO, assimilation and
photosynthesis is reported in terms of changes in chemical
composition of major nurtrients.’%® Detailed study of
determination of compounds in methanolic pod extract by
Liquid Chromatography—Electrospray lonization-Tandem
Mass Spectrometry. Details include conditions (solvents,
positive, negative), compounds and their fragmentation.%*
Essential oil was prepared from fresh whole pods and
extracted from aqueous phase with DCM. Its analysis
showed mainly long chain hydrocarbons, unpolar acids and
other unpolar compounds. It was found active against
several types of bacteria and cycotoxic against cancer cell
line.1% A short review article about chemical composition of
Carob with some interesting uses that are usually ignored by
other reports has appeared.’®® Total flavonoid content of
leaves was determined by 70 % ethanol/water extraction.
The extract was analyzed by HPLC and nine compounds
were detected, with myricetin as major.2%” New acylated
flavonol glycoside was isolated and characterized from
methanolic  extract that was fractionated and
chromatographed by various solvents. Authors name the
new compound ceratoside (Figure 3). Full spectroscopic
data is reported.1®
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Figure 3. New compounds isolated from Carob.
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Experimental and theoretical method for reducing
isobutyric acid content in pods by roasting is required, since
its foul smell decreases Carob uses for food products.'®
Seed oil was analyzed and the major constituents are: fatty
acids, tocopherols and phytosterols.**® Defatted pods of two
types (natural and commercial flour) were extracted with
methanol and phenolic acids content was determined. Gallic
acid was the major constituent.'!

Dry leaves were extracted with 70 % ethanol/water and
analyzed by different methods for polyphenols. No new
compounds are reported.'*? Leaves, bark, skin and pulp were
oven-dried (500 °C) and their mineral content (Ca, K, Mg,
Na, P, CIl, Cu, Fe, Zn, Se) was measured by atomic
absorption spectrophotometry.'*® Nitrogen and ash content
of pods was measured in wild and grafted Carob trees.!*
Mineral content (Mg, Cu, Fe, Zn, Se, Mn) of pods was
determined by ICP-OES.™® Partial mineral content (K, Ca,
Cl, Mg, Na) was determined by neutron activation
analysis.!® Kinetic study of the extraction of polyphenols
from pods using environment friendly solvents (best, 30 %
ethanol/water, 1 % citric acid), and a new compound
reported (Figure 3).1%7

Three types of domesticated Carob were analyzed for
sugars, minerals and fatty acids.!'® Phytochemical analysis
of methanolic extract of pods has been done and antioxidant
(DPPH) and cytotoxic activities were tested. Polyphenolics
(gallic acid) comprised most of the extract, that had high
antioxidant activity and low cytotoxic activity.'*® D-pinitol
content in various commercial Carob syrups was determined
to be around 90 g Kg* on an average of the dry weight.'?® A
detailed report of isolation, quantification and identification
of polyphenols in pods has appeared.'?* 70 % Acetone/water
was used to extract pods and the extract was analyzed for
polyphenols and tested for antioxidant activity. Gallic acid
was major compound.t?? A short report of quantification of
polyphenolic content of different Carob cultivars in Portugal
has been published.'?® Total phenolic content of pods from
different areas and different domesticated cultivars in
Morocco was determined in this report.*?

Comparison between ripe and unripe pods and using three
solvents for extraction of the content of leucoanthocyanins
(3,4-dihydroxy flavans).'?® In this report, 137 compounds
were identified in the volatile phase of Carob seeds. During
roasting, more than 50 % of them are evaporated, mostly
those that have unpleasant odors.*?® Later study discovered
169 compounds with clear dominance of short chain acids
(77.5 %).1?" Use of advanced isolation and detection method
(headspace solid-phase micro extraction, HD-SPME)
revealed new yet known volatile compounds in pods, that
were not reported in ref. 126, 127.*2® The extraction,
isolation, quantification and characterization of galloyl
glucose compounds have been reported.?®

Deseeded pods of cultivatied and wild varieties were
analyzed for sugar content. Domesticated plants had higher
sugar content. Monosaccharide compositions were also
reported.’®® Alkaline hydrolysis of condensed tannins
separated sugars from polyphenols in pods, gave (+)-
gallocatechin, (-)-epicatechin and (-)-epicatechin gallate as
major compounds.*®* Tannins isolated from ripe pods were
hydrolysed with thioglycolic acid to yield free polyphenols
and sugars ( Scheme 1).1%2 It has been claimed that part of
sweet taste of pods is due to 6-deoxymannose and 1-
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methoxy-6-deoxygalactose but no evidence has been
provided.!

Ethanol production

Ethanol was produced from pods that were extracted with
water. Details of extraction and fermentation conditions
have been presented. Maximum yields were around 45 9%.%3*

Heavy metals related activities

Silver nanoparticles were prepared from AgNO3 solution,
using Carob aqueous extract as reductant. The AgNP's have
antibaterial activity against E. coli.’*®* Dry pod methanolic
extract found to be active corrosion inhibitor of copper and
brass in aqueous 1 M HNO3.*%® Bark was cleaned and
treated for biosorption of heavy metals (Zn*?, Ni*?, Cu*? and
Cd*?). Different variables are discussed and pH, metal
concentration, contact time, adsorbent dose have been
optimized. Kinetics of adsorption has been presented.’%”
Ethanol extract of pods was found protective against lead
(Pb) poisoning in Oreochromis niloticus fish. In this report,
all along the article ether extract is mentioned but in the
experimental section, alcohol extraction is described. 38
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Scheme 1. Hydrolysis of tannins.

Human nutrition, nurtitional sources and risk assessment

Carob flour was added to Tarhana (yogurt-wheat based
food), and fibre, ash, Ca, K, Cu, total phenolic content and
total antioxidant capacity were determined. All nutitional
values and antioxidant property increased.’®® Powder of
Carob pods was added to wheat biscuits. Their mineral and
total phenolic content was found higher than biscuits
without addition.4? Risk assessment (ltaly) of toxic metals
(Pb, Cd) and pesticides (organochlorines, organophosphates,
pyrethrins and pyrethroids, in honey of bees that feed on
Carob trees) were done. No risk was detected.!* Heavy
metals (Cd, Pb, Fe, Cu, Mn, Ni, Cr, Se) in honey of bees
that fed from Carob trees (Turkey) among other plants have
been determined.!4

Honey of bees that feed on Carob flowers (Italy) has been
physicochemically characterized. Most important presented
value is sugar content.’*3 Honey of bees that feed on Carob
flowers (Morocco) was physicochemically characterized.
Most important presented value is mineral content.
Antioxidant activity (DPPH) was tested and found high.#
Human volunteers, fed with tannates rich carob-fibre that
was added to diary food, had improved cardiovasular
functions and significantly lowered cholesterol levels.'#
Extraction of pods with refluxing methanol resulted in high
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content of condensed tannins extract, that was added to kids’
diet. Lowering of cholesterol level was significant.1*6
Sancks that conatined Carob with the same amount of
available carbohydrates as chocolate snacks were compared
in terms of glycemic index (GI). Carob snacks resulted in
much lower GI.}4" This study aimed on the finding of
optimal ratio of Carob flour in snack to achieve acceptable
taste and texture in order to compete with chocolate
snacks.**® Nutritional content was tested and compared
between homemade and commercial Carob flour. In all
nutritional aspects, soluble sugars, amino acids, fatty acids
and mineral content, homemade flour was better.1*® Carob
pods are fermented in to produce a special type of wine in
Serbia.!®

Animal food and nutrition

Aqueous extract of Pod was tested against cellulolysis and
proteolysis of rumen bacteria activity. Its inhibition of
cellulolytis was related by authors to high carbohydrate
content, while anti-proteolysis activity was related to tannin
compounds.’>! Deseeded pods and seeds were analyzed for
mineral, protein and energy content. Seeds have higher
values but tests showed that they are harder to digest for
animals. So, pods have higher nutritional importance.*?
Sugar content of Carob pods help both nursing ewes and
lambs in the growth process.!® Effect of feeding quails with
Carob seed powder as food additive was tested. It was found
that mortality of birds decreased, egg quality and fatty acid
content increased, and cholesterol levels decreased.'>*

Gastroprotection and other digestive system related activities

Pods were extracted with 70 % methanol/water and
extract was tested against HCl-ethanol induced gastric ulcer
and found moderately active, compared with other plants
used in this study.**> Aqueous extract of pods was tested for
antioxidant activity (DPPH) and against ethanol-induced
oxidative gastric stress (lipoperoxidation and hydrogen
peroxide increase) in rats and found active.!®® Aqueous
extract of pods was tested against dextran sulfate sodium-
induced sub-acute experimental ulcerative colitis in adult
Wistar rats. Results were positive and authors attributes this
to phenolic compounds in Carob.'®” Aqueous extract of pods
was prepared, analyzed (RP-HPLC) for tannins and dietary
fiber, total sugar and total phenolics content. It was also
tested against small intestinal motility in rats and jejunal
permeability in mice, and found active in both tests.'*®
Soluble galactomannans were water extracted from Carob
seeds, and formulated to treat gastric reflux of infants.
Results were positive after three days treatment.*>®

Hepatoprotective

Aqueous extract of dry pods was tested against ethanol-
induced oxidative stress in rat liver and found active.6°

Inhibition of enzymes and other medicinally active materials

Ethyl acetate extract of immature pods inhibits the growth
of peas (Pisum sativum) promoted by gibberellic acid.!6
Growth inhibition of peas by different extracts of Carob was
compared with the same activity of abscisic acid. This
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natural growth inhibitor is stronger than Carob extracts.2
Carob extracts inhibit natural growth promoter indol-3-
acetic acid, but this inhibition is weaker than inhibition of
gibberellic acid (ref. 161).1%% Pods were extracted with 60 %
ethanol/water and the extract moderately inhibited protease
action. This was done in search of anti-infectous plant
extracts.'® Decoctions of different parts of Carob tree were
prepared and tested for antioxidant activity (DPPH, ABTS
and FRAP), and enzyme inhibition (AChE, BuChE, a-
amylase and a-glucosidase). All decoctions were highly
active in all tests. 1%

Nephroprotection and urinary system related activities

Carob honey (syrup) was tested as diuretic in rats and
found very active. Authors attribute this activity to flavonoid
content of Carob pods.'®® Pods were extracted with 70 %
ethanol/water and the extract was administered to diabetic
(STZ-induced) rats. Results showed moderate improvement
in kidney function.®” Aqueous extract of pods was prepared
and tested against dextran sulfate sodium-induced injuries in
rat liver and kidney, and found active. Polyphenolic content
of extract is probably responsible for the antioxidant and
anti-inflammatory properties.’®® Leaves and pods were
extracted with 70 % ethanol-water, and the extract was
tested for reduction of oxidative nephrotoxicity of synthetic
anticancer agent cisplatin, and found active.'®® Leaves were
extracted with 80 % ethanol/water and the extract was
fractionated with ethyl acetate, n-hexane and DCM. All
fractions, including the remaining aqueous phase, were
analyzed for total phenolic content and tested for antioxidant
activity (3 methods). It was also against renal failure caused
by oxidative stress that was CCls-induced. All tested
fractions were active, where the ethyl acetate fraction was
most active.0

Glycemic response

Carob seeds were extracted with methanol and petroleum
ether. Both extracts were tested in vivo (rats) for glycemic
response. Crude polyphenols of Carob were also tested. No
positive results were obtained.”* Healthy human volunteers
were supplied with tablets of Carob flour. Glycemic index
showed clear improvement.172

Neuroprotection

In a short review article attempts have made to link the
active compounds in Carob with neuroprotection against
monosodium glutamate damages. No direct link is
established.™®

Reproductive system related activities

Monosodium glutamate caused damage to reproductive
organs of female Wistar rats. When fed with Carob powder,
the damages were less.t’* Pods were extracted with 50 %
ethanol/water and the extract was tested for its effect on
fertility of male rats. Results indicate that it can increase
testosterone synthesis and increases sperm density in
seminiferous tubules.’™ A review article mentions Carob as
a medicinal plant (decoction) for treatment of abnormal
uterine bleeding by Avicenna.l’®
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Phytoestrogens, bone recovery

Seed flour was screened for chemical composition,
especially lignans. The detected phytosterols were
secoisolariciresinol, lariciresinol, isolariciresinol and
pinoresinol (Figure 4).2"7 Rats that were fed with Carob pod
powder showed improvement in osteoporosis bone model in
rats.*’®

Skin depigmentation

Various parts of Carob were extracted with ethanol and
the dry extract was fractionated with other solvents.
Methanolic fraction of bark extract was most active inhibitor
of tyrosinase, the enzyme responsible for oxidation of amino
acid tyrosine, that causes hyperpigmentation. The extract
was also tested in L-dopa model and found active. It was
also tested with human volunteers for irritation and found
non-irritant. Three isolated gallates were active.”®
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Figure 4. Phytosterols detected in the seed flour of Carob.

Toxicological evaluation

Goats fed with Carob leaves showed no signs of illness.&
Seeds aqueous extract was prepared and supplied to rabbits
in drinking water. No physical or behavioral adverse effects
were recorded. 8

Meatbolism of proanthocyanins

Proanthocyanidins (condensed tannins) in unripe pods
were radiolabelled by *C, they were extracted with acetone-
water (3:1 v/v), isolated and fed to rats. Proanthocyanidins
were partially metabolized and they are not inert within the
animal gut.182

Neutralization of toxicity of Egyptian horned viper venom

Aqueous extract of seeds was tested for neutralization of
toxicity of Egyptian horned viper (Cerastes cerastes) venom
in vitro (hyaluronidase inhibition) and in vivo (rats). It had
weak activity.!®

Waterpipe smoke and amiodarone toxicity amelioration

Aqueous extract of pods ameliorates impairments in liver,
kidney and lung functions and decreased the oxidative stress
induced by exposure to water pipe smoke and amiodarone in
rats.184
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Discussion

Reading the literature of ethnomedicinal and other
traditional uses of Carob (Table 1) reveals an interesting, yet
a strange fact. The plant (molasses of ripe pods) is very well
know in Palestinian traditional medicine to have strong anti-
inflammatory activity, especially mouth inflammations; and
modern research approves this property. But articles of
ethnomedicine of Carob do not mention this at all. S. A.
Baydoun and her colleagues from Lebanon (Ref. 26),
mention many traditional uses of Carob but not a clue of
anti-inflammatory activity.

Antibacterial/antifungal activity of various extracts of C.
siliqua was reported by many research groups (ref. 38-47).
A. H. Ibrahim and her colleagues, prepared aqueous and
methanolic extracts of C. siligua and tested them for
antibacterial activity.®® They isolated nine pure compounds
from these extracts. All the nine compounds are known to
have antibacterial activities. The structures of five of them
are shown in Figure 1.

These five compounds were reported by other groups for
having antibacterial activities. For example, n-nonadecanol
from Schinus lentiscifolius,*®® lupeol from Albizia
adianthifolia,’®® genisstein from soybean (Glycine max),®’
geraldone from Flourensia oolepis,’® and liquiritigenin
from Dalbergia odorifera.'® N. Aissani et al. isolated (-)-
epigallocatechin-3-gallate (Figure 2) from the methnolic
extract of Carob leaves. It is interesting to notice that in
reference 38 the same extract was prepared and analyzed but
this compound was not isolated. Methyl ester of gallic acid
was isolated. Epigallocatechin-3-gallate is the major
antibacterial agent in green tea (Camellia sinensis).?®

One general fact can be noticed, methanolic extract of
leaves has the highest antibacterial capacity. But it is also
important to notice the contradiction between the reports of I.
Talibi et al.* and B. Kivcak and T. Mert*: while the first
reports that n-hexane extract of dry leaves was inactive
antimicrobial, the second reports that the very same extract
had the highest activity, along with methanolic extract. The
weak antimicrobial activity reported by C. Tassou et al.,'%
can not be explained or compared with later reports since
Carob tree part was not indicated and extraction solvent was
80 % ethanol/water.

But Carob can be a medium for bacteria growth also. A.
Hariri and his colleagues reported the growth of L.
bulgaricus from Carob pods syrup.®? Despite the fact that
this bacterium is a "friendly" one that is used for cheese
production from milk, the sugar rich Carob pods syrup, that
has high nutritional value, can potentially help growing
harmful bacteria. Fungi can also grow on nutritional Carob
trees. M. EI-Neketi and her colleagues have isolated and
characterized six new interesting compounds, including
alkaloids and polyketides from the fungi Penicillium
citrinum, that grows on Carob trees in Morocco.’®® The
structures of these compounds are shown in Figure 5.

Among the reported Carob extracts tested for antidiabetic
activity, it seems that the report of F. Mounce and M. Al-
Saeed (ref. 51) is the less understandable.
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Figure 5. Alkaloids and polyketides from the fungi Penicillium
citrinum, that grows on Carob trees.

They claim to find n-hexane extract of dry pods to be
active against alloxan-induced diabetes in pregnant female
rabbits. They claim that this extraction method yields
"phytosterol extract". Obviously, phytosterols are highly
soluble in hexane, but this extract naturally contains many
other non-polar compounds that are found in Carob pods. So,
it is scientifically inaccurate to refer the biological activity
to a single compound or compound family, while the extract
is crude and not fractionated.

Anticancer and related activities of Carob have been
studied partially. Anyhow, some of these published studies
must be considered very carefully. For example, H. A.
Mouse and his colleagues tested ethanolic and ethyl acetate
extracts of popolis extract from Morocco. They claim that
the raw material was prepared by bees from mailny three
trees, including Carob. But when they analyzed these
extracts by HPLC, they did not find a single compound that
is solely conatined in Carob.

Anti-inflammatory activity of Carob extracts reported in
references 61-63, are to the best our knowledge,
underestimating the capacities of this plant. Based on very
pesonal experience and many others, we can state that
molasses of Carob are very active against mouth
infalammations. As we mentioned above, this is very well
known activity in Palestinian traditional medicine, and its
very strange that even publications about ethnomedicine of
C. siliqua do not mention it.

Most reports about medicinal activities of Carob extracts,
especially antioxidant activity and its related properties (ref.
64-86) indicate very clearly that extracts of polar solvents
have higher activity than those of non-polar solvents. In
most cases, extraction was done with methanol. This can be
understood on the basis of the nature of the active
compounds in Carob, most of them are polyphenols, that are
relatively polar compounds. Even though other powerful
antioxidants such as carotenoids are present in Carob, their
amounts are much lower than that of polyphenols, and so,
their contribution to the total antioxidant capacity is low.
Special attention can be paid to the report of A. Ben Hsouna
and his colleagues (ref. 76), where they state that the ethyl
acetate leaves "extract" had the highest antioxidant and
antimicrobial activities among the "extracts" that they
prepared. As far as we can understand this, introducing the
results this way is misleading. Leaves were originally
extracted with 80 % aqueous ethanol, a very polar solvent.
The dry extract was fractionated with ethyl acetate, DCM
and n-hexane, where ethyl acetate is the most polar solvent
among the three. HPLC analysis of this fraction yielded
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polyphenolic compounds: 1,6-di-galloyl-glucose, 1,2,6-tri-
galloyl-glucose, myricetin glucoside, 1,2,3,6-tetra-galloyl-
glucose, myricetin rhamnoside and syringic acid. To
conclude this part, it is important to pay attention to two
additional reports. First, S. Klenow and her colleagues,*®
raised the question: does an extract of Carob have
chemopreventive potential related to oxidative stress? And
after a fundamental research they conclude that the answer
is not clearly "yes". So, the antioxidant quality of Carob is
superb but its anticancer properties are not the same. This
doubt is strengthened by the report of N. Khalifa and her
colleagues who found high antioxidant of extracts of leaves
and pods of Carob, but zero and very weak cytotoxic
activity, respectively.'®5" Second, V. Goulas et al. published
a comprehensive review article about "functional
components of Carob fruit".* Its not clear why the most
important medicinal and food value of Carob pods,
antioxidant activity, was so clearly ignored there.

The chemical composition of Carob was widely
investigated. Locality, seasonality and stage of development
can influence the chemical composition of plants, and Carob
is not an exception (ref. 90-92, 101-103). These effects are
well known for other plants, and many studies of Carob
indicate this, including the report of A. Haddarah and her
colleagues from Lebanon.'” One of the important reports of
chemical composition of Carob was published by Y. M.
Boufdi and her colleagues.’® They prepared three extracts
of pulp, and while the vast majority of composition studies
report approximate compositions, this study reports a very
detailed composition (Table 2, page 79 in the article). Most
of the identified compounds are polyphenols and their
derivatives.

Polyphenolic compounds are major components of Carob.
They are responsible for most of its medicinal and other
activities, such as antioxidant-reductive activity. This
property enable extracts of Carob being corrosion
inhibitors.**® One of the new polyphenolic that were isolated
for the first time from Carob is ceratoside, that its structure
is shown in Figure 3.1

Hydrolysis (degradation) of condensed tannins which are
polyphenols attached by glycosyl bonds to sugars can be
done in several reactions. One of the convenient reactions
that is performed under mild conditions, is hydrolysis with
thioglycolic acid, that can also hydrolyse other ether
bonds.*®2 This reaction was discussed by Sears and
Casebier.'®® In scheme 1, we illustrate the application of this
reaction to myricetin-3-rhamnoside. %2

Carob extracts are being studied in recent years for
gastroprotective activities, and they were found highly
active, so far.1%51% Most studies were done in vivo after
induction of gastric disorder in animals. These diorders were
induced by various chemicals such as ethanol, hydrochloric
acid, sodium chloride or dextran sulfate sodium. In most
reports, authors link the medicinal activity to polyphenols
found in Carob pods. One of these compounds is pyrogallol
(1,2,3-trihydroxy benzene).® A short summary of these
activities can be found in a recent review article that was
published by 1. C. Theophilou and her colleagues.'*® Some
activities however, have been attributed to soluble
galactomannans.*® A general structure of Carob
galactomannan, polysaccharide composed of mannose in
major chain, with galactose branching, is shown in figure 6
(short form).2%
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Figure 6. General structure of galactomannan found mainly in
Carob beans

Carob phytoestrogens were found active in bone
recovery.t””1® These compounds are shown in figure 4.
This activity is very well known and it was finely presented
in a comprehensive review article by Lagari & Levis.?*

Finally, Carob tree is a very important nutritional source,
both for humans and animals, and relying on its potenial and
safety, even its used parts and by-products can have
nutritional and medicinal important uses.? It is important to
indicate here that in this review article we tried to focus our
attention on major natural products found in Carob, despite
the fact that some compounds that are found in trace
amounts, might be of some interest.2°® But these compounds
are found in other plants in higher amounts and were studied
in that context.204

Conclusions and suggested future research

(1) Carob has very important nutritional and medicinal
qualities. Some were reasonably studied but others should
be studied more thoroughly.

(2) Some of the reports concerning antibacterial activity of
Carob are contradicting. Further studies are needed to clear
these confusions. It is also recommended to use modern
tools such as ionic liquids for extraction.

(3) There is a need to perform more studies of antiviral
capacity of Carob.

(4) 1t is highly desirableto expand the research of anti-
inflammatory activity of Carob since it is very well based in
Palestinian ethnomedicine and almost was not studied so far.

(5) Works of actual research of neuroprotective effect of
Carob were never published. This field should be
extensively studied.

6) There is an importance to expand the studies of the
medicinal studies of the potential of Carob products as
nutritional sources, especially in terms of antiobesity agents.

References

'Battle, 1., Tous, J., Promoting the conservation and use of
underutilized and neglected crops. 17. Institute of Plant
Genetics and Crop Plant Research, 1997, 92 pages,
https://www.scribd.com/document/79689913

2Hillcoat, D., Lewis, G., Verdcourt, B., Kew Bull., 1980, 35, 261-
271. DOI: 10.2307/4114570

Eur. Chem. Bull., 2017, 6(10), 456-469

DOI: 10.17628/ech.2017.6.456-469

Section C-Review

SZohary, D., Isr. J. Plant Sci., 2002, 50, 141-145.

DOI: 10.1560/BW6B-4M9P-U2UA-C6NN

4Jahns, S., Veg. Hist Archaeobot, 2003, 12, 127-130. DOI
10.1007/s00334-003-0013-8

SLiphschitz, N., Isr. J. Bot, 1987, 36,
10.1080/0021213X.1987.10677083

6Sahin, G., Tasligil, N., Turk. J. Agric. Food Sci. Technol., 2016, 4,
1192-1200. https://doi.org/10.24925/turjaf.v4i12.1192-
1200.979

"Bostan, S. Z., Kili, D., Turk. J. Agric. Nat. Sci., 2014, 1, 706-708.
http://www.mulkiyedergi.org/ttdb/article/view/5000090881/5
000084283

8Sidina, M. M., El Hansali, M., Wahid, N., Ouatmane, A., Boulli,
A., Haddaioui, A., Sci. Hort., 2009, 123, 110-116.
https://doi.org/10.1016/j.scienta.2009.07.009

9Gharnit, N., Ennabili, A., Int. J. Fruit Sci., 2016, 16, 259-274.
http://dx.doi.org/10.1080/15538362.2015.1102674

0Sundararajan, R., Bharampuram, A., Koduru, R., Pharmacophore,
2014, 5, 160-182.
http://www.pharmacophorejournal.com/index/AbstractView/
302

Nasar-Abbas, S. M., Huma, Z., Vu, T-H., Khan, M. K,
Esbenshade, H., Jayasena, V., Compr. Rev. Food Sci. Food
Saf., 2016, 15, 63-72. DOI: 10.1111/1541-4337.12177

12Rtibi, K., Selmi, S., Grami, D., Amri, M., Eto, B., El-benna, J.,
Sebai, H., Marzouki, L., Biomed. Pharmacother., 2017, 93,
522-528. http://dx.doi.org/10.1016/j.biopha.2017.06.088

130zkum, D., Aki, O., Toklu, H. Z., J. Med. Plants Res., 2013, 7,
1652-1664. DOI: 10.5897/JMPR12.1207

“Abou Zid, S. F., Mohamed, A. A., J. Ethnobiol. Ethnomed., 2011,
7, 6 pages. DOI: 10.1186/1746-4269-7-18

15Saad, B.; Said, O. Greco-Arab and Islamic Herbal Medicine;
Hoboken, New-Jersy; John Wiley & Sons, Inc.; 2011, pp.

191-197. DOIl:

308
16Fatima, S., Shahid, M., Mand, D., Parveen, S., Naaz, ., World J.
Pharm. Res., 2017, 6, 1475-1485. DOI:

10.20959/wjpr201710-9472

UTansaz, M., Memarzadehzavareh, H., Qaraaty, M., Eftekhar, T.,
Tabarrai, M., Kamalinejad, M., J. Evid. Based Complement.
Alternat. Med., 2016, 21, 71-76. DOI:
10.1177/2156587215589522

8Ahmed, H. M., J. Ethnobiol. Ethnomed., 2016, 12, 17 pages. DOI
10.1186/s13002-016-0081-3

19Gaid, O., Khalil, K., Fulder, S., Azaizeh, H., J. Ethnopharmacol.,
2002, 83, 251-265. https://doi.org/10.1016/s0378-
8741(02)00253-2

2] andau, S. Y., Muklada, H., Abu-Rabia, A., Kaadan, S., Azaizeh,
H., Small Ruminant Res.,, 2014, 119, 161-171.
http://dx.doi.org/10.1016/j.smallrumres.2014.01.004

2lGuarrera, P. M., Giovanni Salerno, G., Caneva, G., J. Ethnobiol.
Ethnomed., 2016, 12, 17 pages. DOI: 10.1186/1746-4269-2-
37

ZMontesano, V., Negro, D., Sarli, G., De Lisi, A., Laghetti, G.,
Hammer, K., J. Ethnobiol. Ethnomed., 2012, 8, 10 pages.
DOI: 10.1186/1746-4269-8-15

2Afifi-Yazar, F. U., Kasabri, V., Abu-Dahab, R., Planta Med.,
2011, 77, 1210-1220. http://dx.doi.org/10.1055/s-0031-
1279983

24QOran, S. A., Al-Eisawi, D. M., J. Bio. Env. Sci., 2015, 6, 381-400.
http://www.innspub.net/wp-content/uploads/2015/03/JBES-
Vol6N03-p381-400.pdf

®Baydoun, S., Chalak, L., Dalleh, H.,
Ethnopharmacol., 2015, 173,
http://dx.doi.org/10.1016/j.jep.2015.06.052

Arnold, N., J.
139-156.

464


https://www.scribd.com/document/79689913
https://doi.org/10.24925/turjaf.v4i12.1192-1200.979
https://doi.org/10.24925/turjaf.v4i12.1192-1200.979
http://www.mulkiyedergi.org/ttdb/article/view/5000090881/5000084283
http://www.mulkiyedergi.org/ttdb/article/view/5000090881/5000084283
https://doi.org/10.1016/j.scienta.2009.07.009
http://dx.doi.org/10.1080/15538362.2015.1102674
http://www.pharmacophorejournal.com/index/AbstractView/302
http://www.pharmacophorejournal.com/index/AbstractView/302
http://dx.doi.org/10.1016/j.biopha.2017.06.088
https://doi.org/10.1016/s0378-8741(02)00253-2
https://doi.org/10.1016/s0378-8741(02)00253-2
http://dx.doi.org/10.1016/j.smallrumres.2014.01.004
http://dx.doi.org/10.1055/s-0031-1279983
http://dx.doi.org/10.1055/s-0031-1279983
http://www.innspub.net/wp-content/uploads/2015/03/JBES-Vol6No3-p381-400.pdf
http://www.innspub.net/wp-content/uploads/2015/03/JBES-Vol6No3-p381-400.pdf
http://dx.doi.org/10.1016/j.jep.2015.06.052

Carob (Ceratonia siliqua): health, medicine and chemistry

%Baydoun, S.A., Kanj, D., Raafat, K., Aboul Ela, M., Chalak. L.,
Arnold-Apostolides, N., J. Ecosys. Ecogr., 2017, S7, 8 pages.
DOI: 10.4172/2157-7625.57-001

2’Ennabili, A., Gharniti, N., El Hamdouni, E., Stud. Bot., 2000, 19,
57-74. http://revistas.usal.es/index.php/0211-
9714/article/viewFile/6081/6101

2E|-Hilaly, J., Hmammouchi, M., Lyoussi, B., J. Ethnopharmacol.,
2003, 86, 149-158. https://doi.org/10.1016/S0378-
8741(03)00012-6

2Q0uhaddou, H., Boubaker, H., Msanda, F., El Mousadik, A., J.
Appl. Biosci., 2014, 84, 7707-7722.
http://dx.doi.org/10.4314/jab.v84i1.5

30Qrch, H., Zidane, L., Douira, A., Int. J. Recent Sci. Res., 2017, 8,
15213-15220.
http://www.recentscientific.com/sites/default/files/6806.pdf

3LAli-Shtayeh, M. S., Jamous, R. M., Al-Shafie', J. H., Elgharabah,
W. A., Kherfan, F. A., Qarariah, K. H., Khdair, I. K., Soos, I.
M., Musleh, A. A, Isa, B. A., Herzallah, H. M., Khlaif, R. B.,
Aiash, S. M., Swaiti, G. M., Abuzahra, M. A., Haj-Ali, M.
M., Saifi, N. A., Azem, H. K., Nasrallah, H. A., J. Ethnobiol.
Ethnomed., 2008, 4, 13 pages.
doi:10.1186/1746-4269-4-13

32| entini, F., Venza, F., J. Ethnobiol. Ethnomed., 2007, 3, 12 pages.
DOI:10.1186/1746-4269-3-15

$Tardio, J., Pardo-de-Santayana, M., Morales, R., Bot. J. Linn.
Soc., 2006, 152, 27-71. https://doi.org/10.1111/j.1095-
8339.2006.00549.x

34Kaderi, M., Ben Hamouda, G., Zaeir, H., Hanana, M., Hamrouni,
L., Phytothérapie, 2015, 13, 144-147. DOI 10.1007/s10298-
014-0904-4

3Fakir, H., Korkmaz, M., Guller, B., J. Appl. Biol. Sci., 2009, 3,
33-43.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.45
9.6995&rep=repl&type=pdf

3 Berrougui, H., Loued, S., Elghmari, A., Bouadili, A., Haddadi,
B., Khalil, A., Chem. Phys. Lipids, 2008, 154, S53-S54.
https://doi.org/10.1016/j.chemphyslip.2008.05.147

S’Abd Razik , B. M., Hasan , H., A., Murtadha, M. K., Iragi
Postgraduate Med. J., 2012, 11, 130-135.
https://iasj.net/iasj?func=fulltext&ald=30208

Blbrahim, A. H., Abd El-Baky, R. M., Desoukey, S. Y., Abd-
Lateff, A., Kamel, M. S., J. Adv. Biotechnol. Bioeng., 2013, 1,
3-13. https://doi.org/10.12970/2311-1755.2013.01.01.1

39Meziani, S., Oomah, B. D., Zaidi, F., Simon-Levert, A., Bertrand,
C., Zaidi, Yahiaoui, R., Microb. Pathog., 2015, 78, 95-102.
http://dx.doi.org/10.1016/].micpath.2014.12.001

“OAjssani, N., Coroneo, V., Fattouch, S., Caboni, P., J. Agric. Food
Chem., 2012, 60, 9954-9958. DOI: 10.1021/jf3029623

4Kumar, V. P., Chauhan, N. C., Padh, H., Rajani, M., J.
Ethnopharmacol., 2006, 107, 182-188. DOl:
10.1016/j.jep.2006.03.013

42Rahmoun, N. M., Ziane, H., Boucherit-Otmani, Z., J. Coast. Life
Med., 2014, 2, 975-979. DOI:
10.12980/JCLM.2.2014APJTB-2014-0072

SBAl-fawwaz, A. T., Al-Khaza'leh, K. A., Eur. Sci. J., 2016, 12,
147-157. http://dx.doi.org/10.19044/esj.2016.v12n6p147

“Talibi, 1., Askarne, L., Boubaker, H., Boudyach, E. H., Msanda,
F., Saadi, B., Ben Aoumar, A. A., Lett. Appl. Microbiol.,
2012, 55, 155-161.

DOI: 10.1111/j.1472-765X.2012.03273.x

“Ben Hsouna, A., Alayed, A. S., Abdallah, E. M., Afr. J.
Microbiol. Res., 2012, 6, 3480-3484. DOl:
10.5897/AJMR11.1613

46Jamous, R. M., Abu Zaitoun, S.Y., Husein, A. I., Qasem, I. B.,
Ali-Shtayeh, M. S., Eur. J. Med. Plants, 2015, 9, 1-13. DOI:
10.9734/EJMP/2015/17429

Eur. Chem. Bull., 2017, 6(10), 456-469

DOI: 10.17628/ech.2017.6.456-469

Section C-Review

4'/Kivcak, B., Mert, T., Turk. J. Biol.,, 2002, 26, 197-200.
http://journals.tubitak.gov.tr/biology/issues/biy-02-26-4/biy-
26-4-2-0111-4.pdf

“8Mokhtari, M., Sharifi, S., Tabatabaee, M. S., Int. Proc. Chem.

Biol. Environ. Eng., 2011, 3, 82-86.
http://www.ipcbee.com/vol3/22-1.10002.pdf

“Hamza, R. G., Al-Seeni, M. N., Int. J. Pharm. Bio. Sci., 2015, 6,
951 — 960. http://www.ijpbs.net/details.php?article=4022

50Rtibi, K., Selmi, S., Grami, D., Saidani, K., Sebai, H., Amri, M.,
Eto, B., Marzouki, L., J. Sci. Food Agric., 2017; 97, 2664—
2670. DOI: 10.1002/jsfa.8091

5IMounce, F. S., Al-Saeed, M. H., Bas. J.Vet.Res., 2017, 16, 219-

242.
http://www.basjvet.com/wp-content/uploads/2017/05/219-
242.pdf

52Mounce, F. S., Al-Saeed, M. H., Bas. J.Vet.Res., 2017, 16, 219-
242. IAJMR, 2017. 3, 1094-1102. DOIL:

10.22192/iajmr.2017.3.2.6

53Macho-Gonzalez, A., Garcimartin, A., Lopez-Oliva, M. E.,
Bertocco, G., Naes, F., Bastida, S., Sanchez-Muniz, F. J.,
Benedi, J., Food Funct, 2017, 8, 2258-2265. DOI:
10.1039/c7fo00166¢€

54Khaldoun J. Al-Hadid, K. J., Am. J. Agric. Biol. Sci., 2016, 11,
157-163. DOI: 10.3844/ajabssp.2016.157.163

Mouse, H. A., Tilaoui, M., Jaafari, A., M’barek, L. A.,
Aboufatima, R., Chait, A., Zyad, A., Rev. Bras. Farmacogn.,
2012, 22, 558-567. http://dx.doi.org/10.1590/S0102-
695X2012005000030

56 Amessis-Ouchemoukh, N., Ouchemoukh, S., Meziant, N., Idiri,
Y., Hernanz, D., Stinco, C. M., Rodriguez-Pulido, F. J.,
Heredia, F. J., Madani, K., Luis, J., Ind. Crops Prod., 2017,
95, 6-17. http://dx.doi.org/10.1016/j.indcrop.2016.10.007

5Corsi, L., Avallone, R., Cosenza, F., Farina, F., Baraldi, C.,
Baraldi, M., Fitoterapia, 2002, 73, 674-684.
https://doi.org/10.1016/s0367-326x(02)00227-7

%8Custodio, L., Fernandes, E., Escapa , A. L., Lopez-Aviles, S.,
Fajardo, A., Aligue, R., Albericio, F., Romano, A., Planta
Med., 2008, 74, PA48. DOI: 10.1055/5-0028-1084046

5Agrawal, A., Mohan, M., Kasture, S., Foddis, C., Frau, M. A,
Loi, M. C., Andrea Maxia, A., Nat. Prod. Res., 2011, 25,
450-456. DOI: 10.1080/14786419.2010.527447

80Al-Olayan, E. M., EI-Khadragy, M. F., Alajmi, R. A., Othman, M.
S., Bauomy, A. A, lbrahim, S. R., Abdel Moneim, A. E.,
BMC Complement. Altern. Med., 2016, 16, 11 pages. DOI
10.1186/s12906-016-1389-1

61achkar, N., Al-Sobarry, M., El Hajaji, H., Lamkinsi, T., Lachkar,
M., Cherrah, Y., Alaoui, K., J. Chem. Pharm. Res., 2016, 8,
202-210.  http://www.jocpr.com/articles/antiinflammatory-
and-antioxidant-effect-of-ceratonia-siliqua-l1-methanol-barks-

extract.pdf

62Narin, B., Sungurlu, F., Balci, A., Arman, A., Kurdas, O. O.,
Simsek, M., SaudiJ. Gastroenterol., 2009, 15, 253-257.
DOI: 10.4103/1319-3767.56104

83Kaileh, M., Berghe, W. V., Boone, E., Essawi, T., Haegeman, G.,
J. Ethnopharmacol., 2007, 113, 510-516.
DOI:10.1016/j.jep.2007.07.008

64Custodio, L., Fernandes, E., Romano, A., Acta Hortic., 2009, 841,
507-510. DOI: 10.17660/ActaHortic.2009.841.70

%5El Hajaji, H., Lachkar, N., Alaoui, K., Cherrah, Y., Farah, A.,
Ennabili, A., Bali, B., Lachkar, M., Rec. Nat. Prod., 2010, 4,
193-204.
http://www.acgpubs.org/RNP/2010/Volume%204/1ssue%201
/23 _RNP_1001 181.pdf

86E|-sherif, G., El-sherif, M. A., Tolba, K. H., Nat. Sci., 2011; 9,
108-115.
http://connection.ebscohost.com/c/articles/69683741

465


http://revistas.usal.es/index.php/0211-9714/article/viewFile/6081/6101
http://revistas.usal.es/index.php/0211-9714/article/viewFile/6081/6101
https://doi.org/10.1016/S0378-8741(03)00012-6
https://doi.org/10.1016/S0378-8741(03)00012-6
http://dx.doi.org/10.4314/jab.v84i1.5
http://www.recentscientific.com/sites/default/files/6806.pdf
https://doi.org/10.1111/j.1095-8339.2006.00549.x
https://doi.org/10.1111/j.1095-8339.2006.00549.x
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.459.6995&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.459.6995&rep=rep1&type=pdf
https://doi.org/10.1016/j.chemphyslip.2008.05.147
https://iasj.net/iasj?func=fulltext&aId=30208
https://doi.org/10.12970/2311-1755.2013.01.01.1
http://dx.doi.org/10.1016/j.micpath.2014.12.001
http://dx.doi.org/10.19044/esj.2016.v12n6p147
http://journals.tubitak.gov.tr/biology/issues/biy-02-26-4/biy-26-4-2-0111-4.pdf
http://journals.tubitak.gov.tr/biology/issues/biy-02-26-4/biy-26-4-2-0111-4.pdf
http://www.ipcbee.com/vol3/22-L10002.pdf
http://www.ijpbs.net/details.php?article=4022
http://www.basjvet.com/wp-content/uploads/2017/05/219-242.pdf
http://www.basjvet.com/wp-content/uploads/2017/05/219-242.pdf
http://dx.doi.org/10.1590/S0102-695X2012005000030
http://dx.doi.org/10.1590/S0102-695X2012005000030
http://dx.doi.org/10.1016/j.indcrop.2016.10.007
https://doi.org/10.1016/s0367-326x(02)00227-7
http://www.jocpr.com/articles/antiinflammatory-and-antioxidant-effect-of-ceratonia-siliqua-l-methanol-barks-extract.pdf
http://www.jocpr.com/articles/antiinflammatory-and-antioxidant-effect-of-ceratonia-siliqua-l-methanol-barks-extract.pdf
http://www.jocpr.com/articles/antiinflammatory-and-antioxidant-effect-of-ceratonia-siliqua-l-methanol-barks-extract.pdf
http://www.acgpubs.org/RNP/2010/Volume%204/Issue%201/23_RNP_1001_181.pdf
http://www.acgpubs.org/RNP/2010/Volume%204/Issue%201/23_RNP_1001_181.pdf
http://connection.ebscohost.com/c/articles/69683741

Carob (Ceratonia siliqua): health, medicine and chemistry

67Akkaya, H., Yilmaz, O., Ekoloji, 2012, 21, 9-16. DOI:
10.5053/ekol0ji.2011.822

68Sebail, H., Souli, A., Chehimi, L., Rtibi2, K., Amri, M., EI-
Benna, Sakly, M., J. Med. Plants Res., 2013, 7, 5-90. DOI:
10.5897/JMPR12.915

8Uysal, S., Zengin, G., Aktumsek, A., J. Med. Herbs Ethnomed.,
2015, 1, 97-102. DOI: 10.5455/jmhe.2015.09.022

0Al-Qaraleh, S., Tarawneh, K. A., Am-Euras. J. Agric. Environ.
Sci., 2016, 16, 479-486. DOI:
10.5829/idosi.aejaes.2016.16.3.12847

"Kumazawa, S., Taniguchi, M., Suzuki, Y., Shimura, M., Kwon,
M-S., Nakayama, T., J. Agric. Food Chem., 2002, 50, 373-
377. DOI: 10.1021/jf010938r

2Alali, F. Q., Tawaha, K., EI-Elimat, T., Syouf, M., El-Fayad, M.,
Abulaila, K., Nielsen, S. J., Wheaton, W. D., Falkinham, J.
0., Oberlies, N. H., Nat. Prod. Res., 2007, 21, 1121-1131.
DOI: 10.1080/14786410701590285

3Custodio, L., Fernandes, E., Escapa, A. L., Lopez-Aviles, S.,
Fajardo, A., Aligue, R., Albericio, F., Romano, A., Pharm.
Biol., 2009, 47, 721-728. DOl:
10.1080/13880200902936891

7Hussein, A. M., Shedeed, N. A., Abdel-Kalek, H. H., Shams El-
Din, M. H., Pol. J. Food Nutr. Sci., 2011, 61, 201-209. DOI:
10.2478/v10222-011-0022-8

SEl Hajaji, H., Lachkar, N., Alaoui, K., Cherrah, Y., Farah, A,
Ennabili, A., El Bali, B., Lachkar, M., Arab. J. Chem., 2011,
4, 321-324. DOI:10.1016/j.arabjc.2010.06.053

6Ben Hsouna, A., Trigui, M., Jarraya Mezghani, R., Damak, M.,
Jaoua, S., J. Med. Plants Res., 2015, 9, 479-485. DOI:
10.5897/JMPR2011.685

Temiz, M. A., Temur, A., Celik, 1., J. Food Nutr. Res., 2015, 3,
57-61. DOI: 10.12691/jfnr-3-1-10

8Rtibi, K., Jabri, M. A., Selmi, S., Souli, A., Sebai, H., EI-Benna,
J., Amri, M., Marzouki, L., RSC Adv., 2015, 5, 84207-84215.
DOI: 10.1039/c5ral4719k

9 Rtibi, K., Jabri, M. A., Selmi, S., Souli, Sebai, H., Amri, M., El-
Benna, J., Marzouki, L., RSC Adv., 2015, 6, 65483-65493.
DOI: 10.1039/c6ral1297h

80Sassi, A., Bouhlel, 1., Mustapha, N., Mokdad-Bzeouich, I.,
Chaabane, F., Ghedira, K., Chekir-Ghedira, L., Regul.
Toxicol. Pharmacol., 2016, 77, 117-124.
http://dx.doi.org/10.1016/].yrtph.2016.02.009

81Rached, 1., Barros, L., Fernandes, |. P., Santos-Buelga, C.,
Rodrigues, A. E., Ferchichi, A., Barreiro, M. F., Ferreira, I.
C., Food Funct., 2016, 7, 1319-1328. DOI:
10.1039/c6f000100a

8Mahtout, R., Zaidi, F., Saadi, L. O., Boudjou, S., Oomah, B. D.,
Hosseinian, F., Int. J. Eng. Techniq., 2016, 2, 168-177.
http://www.ijetjournal.org/\VVolume2/Issue2/1JET-
V212P28.pdf

8Seczyk, L., Swieca, M., Gawlik-Dziki, U., Food Chem., 2016,
194, 637-642.
http://dx.doi.org/10.1016/j.foodchem.2015.08.086

84Suzek, H., Celik, I., Abdulahad Dogan, A., Indian J. Pharm.
Educ. Res., 2017, 51, 312-320. DOI: 10.5530/ijper.51.2.37

8Ydjedd, S., Bouriche, S., Lopez-Nicolas, R., Sanchez-Moya, T.,
Frontela-Saseta, C., Ros-Berruezo, G., Rezgui, F.,
Louaileche, H., Kati, D-E., J. Agric. Food Chem., 2017, 65,
827-835. DOI: 10.1021/acs.jafc.6b05103

8Abu Hafsa, S. H., Ibrahim, S. A., Hassan, A. A., J. Anim. Physiol.
Anim. Nutr., 2017, AHEAD OF PRINT. DOI:
10.1111/jpn.12651

87\alero-Munoz, M., Martin-Fernandez, B., Ballesteros, S., Lahera,
V., de las Heras, N., J. Nutr.,, 2014, 144, 1378-1384.
do0i:10.3945/jn.114.196113

Eur. Chem. Bull., 2017, 6(10), 456-469

DOI: 10.17628/ech.2017.6.456-469

Section C-Review

88Avallone, R., Cosenza, F., Farina, F., Baraldi, C., Baraldi, M.,
Fitoterapia, 2002, 73, 390-396.
https://doi.org/10.1016/s0367-326x(02)00115-6

89Custodio, L., Escapa, A. L., Patarra, J., Aligue, R., Albericio, F.,
Neng, N. R., Nogueira, J. M., Romano, A., Rec. Nat. Prod.,
2013, 7, 225-229.
https://sapientia.ualg.pt/bitstream/10400.1/6456/1/Sapwood
%200f%20carobh%?20tree.pdf

90F| Kahkahi, R., Zouhair, R., Diouri, M., Ait Chitt, M., Errakhi,
R., Int. J. Biol. Med. Res.,, 2015, 6, 4946-4952.
https://www.researchgate.net/publication/277774794

9Fidan, H., Petkova, N., Sapoundzhieva, T., Abanoz, E. I., CBU
Int, Conf. Proc., 2016, 4, 796-802.
http://ojs.journals.cz/index.php/CBUIC/article/view/855/pdf
118

922Khlifa, M., Bahloul, A., Kitane, S., J. Mater. Environ. Sci., 2013,
4, 348-353.
https://www.jmaterenvironsci.com/Document/vol4/vol4 N3/
43-JMES-307-2013-khlifa.pdf

BCalixto, F. S., Canellas, J., J. Agric. Food Chem., 1982, 33,
1319-1323. DOI: 10.1002/jsfa.2740331219

94Karkacier, M., Artik, N., GIDA, 1995 20, 131-136.
http://www.gidadernegi.org/EN/Genel/BelgeGoster.aspx?17
A16AE30572D3137A2395174CFB32E16AF944CADCI1F2
DC3

%Avallone, R., Plessi, M., Baraldi, M., Monzani, A., J. Food Comp.
Anal., 1997, 10, 166-172. DOI: 10.1006/jfca.1997.0528

%Ayaz, F. A, Torun, H., Ayaz, S., Correira, P. J., Alaiz, M., Sanz,
C., Gruz, J., Strand, M., J. Food Qual., 2007, 30, 1040-1055.
DOI: 10.1111/j.1745-4557.2007.00176.x

"Youssef, M. K., El-Manfaloty, M. M., Ali, H. M., Food and

Public Health, 2013, 3, 304-308. DOl:
10.5923/j.fph.20130306.06
9%Baston, O., Ann. Food Sci. Technol.,, 2016, 17, 50-54.

http://www.afst.valahia.ro/images/documente/2016/issuel/ful
I/w06_full.pdf
9%Meziou-Chebouti, N., Merabet, A., Behidj, N., Kirouani, M.,

Aliouat, S., Int. J. Agric. Biosys. Eng., 2015, 12, 96-99.
http://www.inase.org/library/2015/vienna/bypaper/BICHE/BI

CHE-14.pdf
100Boufadi, Y. M., Elaoufi, M., Tabet, F., Benali, M., Riazi, A.,
South Asian J. Exp. Biol, 2015, 5, 76-83.

http://sajeb.org/index.php/sajeb/article/view/20060

10%y/ekiari, A. S., Ouzounidou, G., Gork, G., Ozturk, M., Asfi, M.,
Bull.  Chem. Soc. Ethiop.,, 2012, 26, 343-351.
http://dx.doi.org/10.4314/bcse.v26i3.3

102Benchikh, Y., Paris, C., Louaileche, H., Charbonnel, C., Ghoul,
M., Chebil, L., SDRP J. Food Sci. Technol., 2016, 1, 7 pages.
http://www.dx.doi.org/10.25177/JFST.1.3.1

103Quzounidou, G., Vekiari, S., Afsi, M., Gork, M. G., Sakcali, M.
S., Ozturk, M., Pak. J. Bot, 2012, 44, 1689-1695.
https://www.pakbs.org/pjbot/PDFs/44(5)/30.pdf

1040wis, A. I., EI-Naggar, E., Pharmacogn. Mag., 2016, 12, S1-S6.
DOI: 10.4103/0973-1296.176108

105Ben Hsouna, A., Trigui, M., Ben Mansour, R., Mezghani Jarraya,
R., Damak, M., Jaoua, S., Int. J. Food Microbiol., 2011, 148,
66-72. doi:10.1016/j.ijfoodmicro.2011.04.028

106Bulca, S., Sci. Bull. Ser. F Biotechnol., 2016, XX, 142-147.
http://biotechnologyjournal.usamv.ro/index.php/scientific-
papers/current?id=296

10%vaya, J.,, Mahmood, S., BioFactors, 2006, 28, 169-175.
https://doi.org/10.1002/biof.5520280303

108Gphar, A., Gedara, S. R., Baraka, H. N., J. Med. Plants Res.,
2009, 3, 424-428.
http://www.academicjournals.org/journal/JMPR/article-full-
text-pdf/C8F546A15251

466


http://dx.doi.org/10.1016/j.yrtph.2016.02.009
http://www.ijetjournal.org/Volume2/Issue2/IJET-V2I2P28.pdf
http://www.ijetjournal.org/Volume2/Issue2/IJET-V2I2P28.pdf
http://dx.doi.org/10.1016/j.foodchem.2015.08.086
https://doi.org/10.1016/s0367-326x(02)00115-6
https://sapientia.ualg.pt/bitstream/10400.1/6456/1/Sapwood%20of%20carob%20tree.pdf
https://sapientia.ualg.pt/bitstream/10400.1/6456/1/Sapwood%20of%20carob%20tree.pdf
https://www.researchgate.net/publication/277774794
http://ojs.journals.cz/index.php/CBUIC/article/view/855/pdf_118
http://ojs.journals.cz/index.php/CBUIC/article/view/855/pdf_118
https://www.jmaterenvironsci.com/Document/vol4/vol4_N3/43-JMES-307-2013-khlifa.pdf
https://www.jmaterenvironsci.com/Document/vol4/vol4_N3/43-JMES-307-2013-khlifa.pdf
http://www.gidadernegi.org/EN/Genel/BelgeGoster.aspx?17A16AE30572D3137A2395174CFB32E16AF944CADC1F2DC3
http://www.gidadernegi.org/EN/Genel/BelgeGoster.aspx?17A16AE30572D3137A2395174CFB32E16AF944CADC1F2DC3
http://www.gidadernegi.org/EN/Genel/BelgeGoster.aspx?17A16AE30572D3137A2395174CFB32E16AF944CADC1F2DC3
http://www.afst.valahia.ro/images/documente/2016/issue1/full/w06_full.pdf
http://www.afst.valahia.ro/images/documente/2016/issue1/full/w06_full.pdf
http://www.inase.org/library/2015/vienna/bypaper/BICHE/BICHE-14.pdf
http://www.inase.org/library/2015/vienna/bypaper/BICHE/BICHE-14.pdf
http://sajeb.org/index.php/sajeb/article/view/20060
http://dx.doi.org/10.4314/bcse.v26i3.3
http://www.dx.doi.org/10.25177/JFST.1.3.1
https://www.pakbs.org/pjbot/PDFs/44(5)/30.pdf
http://biotechnologyjournal.usamv.ro/index.php/scientific-papers/current?id=296
http://biotechnologyjournal.usamv.ro/index.php/scientific-papers/current?id=296
https://doi.org/10.1002/biof.5520280303
http://www.academicjournals.org/journal/JMPR/article-full-text-pdf/C8F546A15251
http://www.academicjournals.org/journal/JMPR/article-full-text-pdf/C8F546A15251

Carob (Ceratonia siliqua): health, medicine and chemistry

199Berna, A., Perez-Gago, M. B., Guardiola, V. G., Salazar, D.,
Mulet, A., J. Agric. Food Chem., 1997, 45, 4084-4087. DOI:
10.1021/jf970136p

10p\atthaus, B., Ozcan, M. M., Sci. Hort., 2011, 130, 181-184.
DOI: 10.1016/j.scienta.2011.06.034

WTorun, H., Ayaz, F. A,, Colak, N., Gruz, J., Strnad, M., Food
Nutr. Sci., 2013, 4, 547-553.
http://dx.doi.org/10.4236/fns.2013.45070

12F|dahshan, O. A., Curr. Res. J. Biol. Sci., 2011, 3, 52-55.
http://pakacademicsearch.com/pdf-files/bio/390/52-
55%20V01.9%203,%201ssue%201%202011.pdf

HU3E| Hajaji, H., Farah, A., Ennabili, A., Bousta, D., Greche, H., El
Bali, B., Lachkar, M., J. Mater. Environ. Sci., 2013, 4, 165-
170.
http://www.jmaterenvironsci.com/Document/vol4/vol4 N2/2
1-JMES-281-2010-Elhajaji.pdf

140ziyci, H. R., Tetik, N., Turhan, 1., Yatmaz, E., Ucgun, K.,
Akgul, H., Gubbuk, H., Karhan, M., Sci. Hort., 2014, 167,
149-152. http://dx.doi.org/10.1016/j.scienta.2014.01.005

H5Fidan, H., Sapundzhieva, T., Sci. Bull. Ser. F. Biotechnol., 2015,
XIX, 136-139.
http://biotechnologyjournal.usamv.ro/pdf/2015/Art23.pdf

U6E| Bouzdoudi, B., Saidi, R., Embarch, K., EI Mzibri, M., Nejjar
El Ansari, Z., El Kbiach, M. L., Badoc, A., Patrick, M.,
Lamarti, A., Int. J. Food Sci. Nutr. Eng., 2017, 7, 91-103.
DOI: 10.5923/j.fo0d.20170704.04

"7Cavdarova, M., Makris, D. P., Waste Biomass Valor., 2014, 5,
773-779. DOI 10.1007/s12649-014-9298-3

18Gubbuk, H., Kafkas, E., Guven, D., Gunes, E., Span. J. Agric.
Res., 2010, 8, 1129-1136. DOI: 10.5424/sjar/2010084-1209

U9Custodio, L., Escapa, A. L., Fernandes, E., Fajardo, A., Aligue,
R., Albericio, F., Neng, N., Nogueira, J. M., Romano, A.,
Plant Foods Hum. Nutr., 2011, 66, 78-84. DOI:
10.1007/s11130-011-0214-8

120Tetik, N., Turhan, 1., Oziyci, H. R., Karhan, M., Int. J. Food Sci.
Nutr., 2011, 62, 572-576. DOI:
10.3109/09637486.2011.560564

21papagiannopoulos, M., Wollseifen, H. R., Mellenthin, A., Haber,
B., Galensa, R., J. Agric. Food Chem., 2004, 52, 3784-3791.
DOI: 10.1021/jf030660y

122\jakris, D. P., Kefalas, P., Food Technol. Biotechnol., 2004, 42,
105-108.
http://hrcak.srce.hr/index.php?show=clanak&id_clanak jezik

=163267&lang=en

123Cystodio, L., Fernandes, E., Romano, A., Acta Hort., 2009, 841,
503-506. DOI: 10.17660/ActaHortic.2009.841.69

124g| Bouzdoudi, B., Nejjar EI Ansari, Z., Mangalagiu, 1., Mantu,
D., Badoc, A., Lamarti, A., Am. J. Plant Sci., 2016, 7, 1937-
1951. http://dx.doi.org/10.4236/ajps.2016.714177

25Joslyn, M. A., Nishira, H., Ito, S., J. Sci. Food Agric., 1968, 19,
543-550. DOI: 10.1002/jsfa.2740190912

1%6Cantalejo, M. J., J. Agric. Food Chem., 1997, 45, 1345-1350.
DOI: 10.1021/jf960468e

2"Mcleod, G., Forcen, M., Phytochemistry, 1992, 31, 3113-3119.
DOI: 10.1016/0031-9422(92)83456-9

128Farag, M. A., El-Kersh, D. M., J. Adv. Res., 2017, 8, 379-385.
DOI: 10.1016/j.jare.2017.05.002

129Nashira, H., Joslyn, M. A., Phytochemistry, 1968, 7, 2147-2156.
DOI: 10.1016/S0031-9422(00)85671-X

130Bjner, B., Gubbuk, H., Karhan, M., Aksu, M., Pekmezci, M.,
Food Chem., 2007, 100, 1453-1455. DOI:
10.1016/j.foodchem.2005.11.037

18INachtomi, E., Alumot, E., J. Sci. Food Agric., 1963, 14, 464-468.

DOI: 10.1002/jsfa.2740140703

Eur. Chem. Bull., 2017, 6(10), 456-469

DOI: 10.17628/ech.2017.6.456-469

Section C-Review

182Tamir, M., Nachtomi, E., Alumot, E., Phytochemistry, 1971, 10,
2769-2774. DOI: 10.1016/S0031-9422(00)97277-7

133alani, W. M., Abdullraheem, E., World J. Pharm. Pharm. Sci.,
2016, 5, 105-108. DOI: 10.20959/wjpps20165-6652

134Tyrhan, 1., Bialka, K. L.., Demirci, A., Karhan, M., Bioresour.
Technol., 2010, 101, 5290-5296. DOl:
10.1016/j.biortech.2010.01.146

1B5Awwad, A. M., Salem, N. M., Abdeen, A. O., Int. J. Ind. Chem.,
2013, 4, 6 pages. https://doi.org/10.1186/2228-5547-4-29

13%Fouda, A. S., Shalabi, K., Idress, A. A., Green Che. Lett. Rev.,
2015, 8, 17-29.
http://dx.doi.org/10.1080/17518253.2015.1073797

B37Farhan, A. M., Salem, N. M., Ahmad, A. L., Awwad, A. M., Am.
J. Chem., 2012, 2, 335-342. DOI: 10.
5923/j.chemistry.20120206.07

1383aid, A. A., Kairy, M. H., Shalaby, A. M., Ismail, H. T., Zagazig
Vet. J., 2017, 45, 19-28. DOI: 10.5281/zen0d0.803909

139Herken, E. N., Aydin, N., Pol. J. Food Nutr. Sci., 2015, 65, 167—
174. DOI: 10.1515/pjfns-2015-0010

140youssef, M. K., Ali, H. M., El-Manfaloty, M. M., Food and

Public Health, 2013, 3, 336-340. DOl:
10.5923/j.fph.20130306.11
14INaccari, C., Macaluso, A., Giangrosso, G., Naccari, F.,

Ferrantelli, V., J. Food Res., 2014, 3, 107-117. DOI:
10.5539/jfr.v3n2p107

142pehlivan, T., Gul, A., J. Appl. Pharm. Sci., 2015, 5, 42-45, DOI:
10.7324/JAPS.2015.50807

143Ferrauto, G., Pavone, P., Int. J.Food Sci. Technol., 2013, 48,
1596-1602. DOI: 10.1111/ijfs.12129

144E]-Haskoury, R., Kriaa, W., Lyoussi, B., Makni, M., J. Food
Drug Anal., 2017, In press, 1-7.
http://dx.doi.org/10.1016/j.jfda.2016.11.016

145Martinez-Rodriguez, R., Navarro-Alarcon, M., Rodriguez-
Martinez, C., Fonolla-Joya, J., Nutr. Hosp., 2013, 28, 2107-
2114. DOI:10.3305/nh.2013.28.6.6952

146Gijlanikove, N., Landau, S., Or, D., Kababya, D., Bruckental, 1.,
Nitsan, Z., Livest. Sci., 2006, 99, 29-38.
doi:10.1016/j.livsci.2005.05.018

147K apetanakou, A. E., Makariti, I. P., Grivokostopoulos, N., Ha,
M-A., Skandamis, P. N., Nutrition, 2017, 42, 12-19.
http://dx.doi.org/10.1016/j.nut.2017.05.011

48Aydin, S., Ozdemir, Y., J. Food Qual., 2017, Article 1D
5028150, 7 pages. https://doi.org/10.1155/2017/5028150

“49Ayaz, F. A, Torun, H., Glew, R. H., Bak, Z. D., Chuang, L. T.,
Presley, J. M., Andrews, R., Plant Foods Hum. Nutr., 2009,
64, 286-292. DOI 10.1007/s11130-009-0130-3

50Miljic, U., Puskas, V., Acta Agric. Serb., 2012, XVII, 83-92.
http://scindeks-clanci.ceon.rs/data/pdf/0354-9542/2012/0354-
95421234083M.pdf

151Tagari, H., Henis, Y., Tamir, M., Volcani, R., Appl. Microbiol.,
1965, 13, 437-442.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1058268/pdf
/applmicro00359-0147.pdf

152E]-Shantawi, M. K., Ereifej, K. 1., J. Range Manage., 2001, 54,
669-673. https://doi.org/10.2458/azu_jrm_v54i6_el-shatnawi

1530peidat, B. S., Alrababah, M. A., Alhamad, M. N., Gharaibeh,
M. A., Abu Ishmais, M. A., Small Ruminant Res., 2012, 105,
9-15. http://dx.doi.org/10.1016/j.smallrumres.2012.01.001

1%4Calislar, S., Kaplan, Y., R. Bras. Zootec., 2017, 46, 113-117.
http://dx.doi.org/10.1590/S1806-92902017000200005

155Bakhtaoui, F-Z. Lakmichi, H., Chait, A., Gadhi, C. A., Am. J.
Phytomed. Clin. Ther., 2014, 2, 1262-1276.
https://www.academia.edu/17571150

467


http://dx.doi.org/10.4236/fns.2013.45070
http://pakacademicsearch.com/pdf-files/bio/390/52-55%20Vol.%203,%20Issue%201%202011.pdf
http://pakacademicsearch.com/pdf-files/bio/390/52-55%20Vol.%203,%20Issue%201%202011.pdf
http://www.jmaterenvironsci.com/Document/vol4/vol4_N2/21-JMES-281-2010-Elhajaji.pdf
http://www.jmaterenvironsci.com/Document/vol4/vol4_N2/21-JMES-281-2010-Elhajaji.pdf
http://biotechnologyjournal.usamv.ro/pdf/2015/Art23.pdf
http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=163267&lang=en
http://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=163267&lang=en
http://dx.doi.org/10.4236/ajps.2016.714177
https://doi.org/10.1016/S0031-9422(00)97277-7
https://doi.org/10.1186/2228-5547-4-29
http://dx.doi.org/10.1080/17518253.2015.1073797
http://dx.doi.org/10.1016/j.jfda.2016.11.016
http://dx.doi.org/10.1016/j.nut.2017.05.011
https://doi.org/10.1155/2017/5028150
http://scindeks-clanci.ceon.rs/data/pdf/0354-9542/2012/0354-95421234083M.pdf
http://scindeks-clanci.ceon.rs/data/pdf/0354-9542/2012/0354-95421234083M.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1058268/pdf/applmicro00359-0147.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1058268/pdf/applmicro00359-0147.pdf
https://doi.org/10.2458/azu_jrm_v54i6_el-shatnawi
http://dx.doi.org/10.1016/j.smallrumres.2012.01.001
http://dx.doi.org/10.1590/S1806-92902017000200005
https://www.academia.edu/17571150

Carob (Ceratonia siliqua): health, medicine and chemistry

156Rtibi, K., Jabri, M. A., Selmi, S., Souli, A., Sebai, H., EI-Benna,
J., Amri, M., Marzouki, L., BMC Complement. Alter. Medi.,
2015, 15, 8 pages. DOI: 10.1186/s12906-015-0819-9

157Rtibi, K., Jabri, M. A., Selmi, S., Sebai, H., Marie, J-C., Amri,
M., Marzouki, L., EI-Benna, J., RSC Adv., 2016, 6, 19992-
20000. DOI: 10.1039/c5ra21388f

158Rtibi, K., Selmi, S., Jabri, M-A., Mamadou, G., Limas-Nzouzi,
N., Sebai, H., EI-Benna, J., Marzouki, L., Eto, B., Amri, M.,
RSC Adv., 2016, 6, 44345-44353. DOI: 10.1039/c6ra03457h

1%9Georgieva, M., Manios, Y., Rasheva, N., Pancheva, R.,
Dimitrova, E., Schaafsma, A., World J. Clin. Pediatr., 2016,
5, 118-127. DOI: 10.5409/wjcp.v5.i1.118

1605ouli, A., Sebai, H., Chehimi, L., Rtibi, K., Tounsi, H.,
Boubaker, S., Sakly, M., EI-Benna, J., Amri, M., Toxicol. Ind.
Health, 2013, 31, 802-810. doi: 10.1177/0748233713475506

161Corcoran, M. R., West, C. A., Plant Physiol., 1968, 43, 859-864.
DOI: 10.1104/pp.43.6.859

62Corcoran, M. R., Planta (Berl.),
https://doi.org/10.1007/bf00387242

163Corcoran, M. R., Plant Physiol.,
https://doi.org/10.1104/pp.46.4.531

164Ali-Shtayeh, M. S., Jamous, R. M., Abu Zaitoun, S. Y., J.
Biodivers.  Biopros. Dev., 2015, 2, 13 pages.
http://dx.doi.org/10.4172/2376-0214.1000151

185Custodio, L., Patarra, J., Albericio, F., Neng, N. R., Nogueira, J.
M., Romano, A., Nat. Prod. Res., 2015, 29, 2155-2159.
http://dx.doi.org/10.1080/14786419.2014.996147

186E]-Haskoury, R., Zizi, S., Touzani, S., Al-Waili, N., Al-Ghamdi,
A., Lyoussi, B., Afr. J. Tradit. Complement. Altern. Med.,
2015, 12, 128-133. http://dx.doi.org/10.4314/ajtcam.v12i4.19

167 Mokhtari, M., Mohammadi, B., Sharifi, E., Tabatabaee, M. S.,
Yafte, 2011, 13, 74-82. http://yafte.lums.ac.ir/article-1-444-
en.html

168Rtibi, K., Selmi, S., Jabri, M-A., El-Benna, J., Amri, M.,
Marzouki, L., Sebai, H., J. Med. Food, 2016, 19, 882-889.
DOI: 10.1089/jmf.2016.0020

169Ahmed, M. M., Nat. Sci, 2010, 8,
https://www.researchgate.net/publication/228632173

1970, 95, 95-102.

1970, 46, 531-534.

41-47.

170Ben Hsouna, A., Saoudi , M., Trigui, M., Jamoussi, K.,
Boudawara, T., Jaoua, S., El Feki, A., Food Chem. Toxicol.,
2011, 49, 3183-3191. doi:10.1016/j.fct.2011.09.034

1"Mohamed, D. A., Hamed, I. M., Al-Okbi, S. Y., Dtsch.
Lebensmitt. Rundsch., 2008, 104, 25-29.
https://www.researchgate.net/publication/279545372

172dos Santos, L. M., Tulio, L. T., Campos, L. F., Dorneles, M. R.,
Kruger, C. C., Nutr. Hosp., 2015, 31, 482-487. DOI:
10.3305/nh.2015.31.1.8011

173E1-Sayyad, H. H., Elkholy, W. M., Hamed, W. A., Glob. J. Zool.,
2017, 2, 024-032.
https://www.researchgate.net/publication/318493992

174g|-Beltagy, A. B., Elghaweet, H. A., J. Biosci. Appl. Res., 2016,
2, 170-184. http://jbaar.org/2016/03/29

SMokhtari, M., Sharifi, E., Azadian, S., Adv. Environ. Biol.,2012,
6, 2778-2783.
https://www.researchgate.net/publication/281761331

6Mobli, M., Qaraaty, M., Amin, G., Haririan, I., Hajimahmoodi,
M., Rahimi, R., Arch. Gynecol. Obstet., 2015, 292, 21-35.
DOI: 10.1007/s00404-015-3629-x

7"Durazzo, A., Turfani, V., Narducci, V., Azzini, E., Maiani, G.,
Carcea, M., Food Chem., 2014, 153, 109-113. DOI:
10.1016/j.foodchem.2013.12.045

18Sharaf, H. A., Shaffie, N. M., Morsy, F. A., Badawi, M. A,
Abbas, N. A., J. Arab Soc. Med. Res., 2015, 10, 65-75. DOI:
10.4103/1687-4293.175880

Eur. Chem. Bull., 2017, 6(10), 456-469

DOI: 10.17628/ech.2017.6.456-469

Section C-Review

179all, N., Kishore, N., Momtaz, S., Hussein, A., Naidoo, S.,
Ngephe, M., Crampton, B., Phytother. Res., 2015, 29, 1729-
1736. DOI: 10.1002/ptr.5420

1805jlanikove, N., Gilboa, N., Perevolotsky, A., Nitsan, Z., Small
Ruminant Res., 1996, 21, 195-201.
http://dx.doi.org/10.1016/0921-4488(95)00833-0

181Gulay, M. S., Yildiz-Gulay, O., Ata, A., Balic, A., Demirtas, A.,
J. Animal Vet. Adv., 2012, 11, 1853-1857.
DOI: 10.3923/javaa.2012.1853.1857

182Abia, R., Fry, S.C., J. Sci. Food Agric., 2001, 81, 1156-1165.
DOI: 10.1002/jsfa.924

183Wahby, A. F., Mahdy, E. M., EL-mezayen, H. A., Salama, W.
H., Ebrahim, N. M., Abdel-Aty, A. M., Fahmy, A. S., J.
Genet. Eng. Biotechnol.,, 2012, 10, 213-219. doi:
10.1016/j.jgeb.2012.10.001

184Ahdel-rahman, M., Salem, F-A., Bauomy, A. A., Khalifa, M. A,,

Int. J.Pharm. Pharm. Sci., 2017, 9, 246-253.
https://innovareacademics.in/journals/index.php/ijpps/article/
view/15470/8725

185Gehrke, I., Neto, A., Pedroso, M., Mostardeiro, C., Da Cruz, I.,
Silva, U., llha, V., Dalcol, 1., Morel, A., J. Ethnopharmacol.,
2013, 148, 486-491.
https://doi.org/10.1016/j.jep.2013.04.043

188A2 Abubakar, M. N., Majinda, R. R., Medicines, 2016 3, 9 pages.
DOI:10.3390/medicines3010003

187"Hong, H., Landauer, M. R,.Foriska, M. A, Ledney, G.D., J.
Basic Microbiol., 2006,46, 329-335. DOI:
10.1002/jobm.200510073

18Joray, M. B., Trucco, L. D., Gonzalez, M. L., Diaz Napal, G. N.,
Palacios, S. M., Bocco, J. L., Carpinella, M. C., J. Evid.
Based Complement. Alternat. Med., 2015, Article ID 912484.
11 pages. http://dx.doi.org/10.1155/2015/912484

189Zhao, X., Mei, W., Gong, M., Zuo, W., Bai, H., Dai, H.,
Molecules, 2011, 16, 9775-9782. DOl:
10.3390/molecules16129775.

190Steinmann, J., Buer, J., Pietschmann, T., Steinmann, E., Br. J.
Pharmacol., 2013, 168, 1059-1073. DOI: 10.1111/bph.12009

¥lTassou, C. C., Drosinos, E. H., Nychas, G. J., World J.
Microbiol. Biotechnol.,, 1997, 13, 479-481. DOI:
10.1023/A:1018544821143

192Hariri, A., Ouis, N., Bouhadi, D., Ould Yerou, K., Banats J.
Biotechnol., 2017, 8, 105-112. DOI: 10.7904/2068-4738—
VI11(15)-105

193F|-Neketi, M., Ebrahim,W., Lin, W., Gedara,S., Badria, F.,
Saad, H-E. A., Lai, D., Peter Proksch, P., J. Nat. Prod., 2013,
76, 1099-1104. DOI: 10.1021/np4001366

1%4Klenow, S., Jahns, F., Pool-Zobel, B. L., Glei, M., J. Agric.
Food Chem., 2009, 57, 2999-3004. DOI: 10.1021/jf802872b

1%Khalifa, N. S., El-Hallouty, S. M., Barakat, H. S., Salim, D. M.,
Egypt J. Exp. Biol. (Bot), 2013, 9, 137 - 144
https://www.ejmanager.com/mnstemps/15/15-

1429989346.pdf

* It is interesting enough to remark that the previous reference was
published one year before (in 2012) in Russian: Rev. Clin.

Pharmacol. Drug Ther.,, 2012, 10, 50-57. DOI:
10.17816/RCF10250
1%Goulas, V., Stylos, E., Chatziathanasiadou, M. V.

Mavromoustakos, T., Tzakos, A. G., Int. J. Mol. Sci., 2016,
17, 20 pages. DOI:10.3390/ijms17111875

197Haddarah, A., Ismail, A., Bassal, A., Hamieh, T., loannou, 1.,
Ghoul, M., Eur. Sci. J, 2013, 9, 353-369.
https://www.researchgate.net/publication/275957562

19%8Sears, K. D., Casebier, R. L., Phytochemistry, 1970, 9, 1589-
1594. DOI: 10.1016/S0031-9422(00)85281-4

468


https://doi.org/10.1007/bf00387242
https://doi.org/10.1104/pp.46.4.531
http://dx.doi.org/10.4172/2376-0214.1000151
http://dx.doi.org/10.1080/14786419.2014.996147
http://dx.doi.org/10.4314/ajtcam.v12i4.19
http://yafte.lums.ac.ir/article-1-444-en.html
http://yafte.lums.ac.ir/article-1-444-en.html
https://www.researchgate.net/publication/228632173
https://www.researchgate.net/publication/279545372
https://www.researchgate.net/publication/318493992
http://jbaar.org/2016/03/29
https://www.researchgate.net/publication/281761331
http://dx.doi.org/10.1016/0921-4488(95)00833-0
https://innovareacademics.in/journals/index.php/ijpps/article/view/15470/8725
https://innovareacademics.in/journals/index.php/ijpps/article/view/15470/8725
https://doi.org/10.1016/j.jep.2013.04.043
http://dx.doi.org/10.1155/2015/912484
https://www.ejmanager.com/mnstemps/15/15-1429989346.pdf
https://www.ejmanager.com/mnstemps/15/15-1429989346.pdf
https://www.researchgate.net/publication/275957562

Carob (Ceratonia siliqua): health, medicine and chemistry

199Theophilou, I. C., Neophytou, C. M., Kakas, A., Constantinou,
A. 1., J. Hepatol. Gastroenterol., 2017, 1, 5 pages.
http://www.scientificoajournals.org/pdf/jhge.1005.pdf

200Mulimani, V. H., Prashanth, S. J., Biochem. Molec. Biol. Edu.,
2002, 30, 101-103. DOI: 10.1002/bmb.2002.494030020044

201 agari, V. S., Levis, S., Curr. Opin. Endocrinol. Diabetes Obes.,
2010, 17, 546-553. DOI: 10.1097/MED.0b013e32833f4867

202Drouliscos, N. J., Malefaki, V., Br. J. Nutr., 1980, 43, 115-123.
DOI: 10.1079/bjn19800071

Eur. Chem. Bull., 2017, 6(10), 456-469

DOI: 10.17628/ech.2017.6.456-469

Section C-Review

203Baumgartner, S., Genner-Ritzmann, R., Haas, J., Amado, R.,
Neukom, H., J. Agric. Food Chem., 1986, 34, 827-829. DOI:
10.1021/jf00071a015

204Chiera, J. M., Streeter, J. G., Finer, J. J., Plant Sci., 2006, 171,
647-654. https://doi.org/10.1016/j.plantsci.2006.06.006

Received: 08.10.2017
Accepted: 13.11.2017.

469


http://www.scientificoajournals.org/pdf/jhge.1005.pdf
https://doi.org/10.1016/j.plantsci.2006.06.006

1-(EtOCO)(iPrO)N-4-Me2N-pyridinium chloride

Section A-Research paper

1-(N-ETHOXYCARBONYL-N-ISOPROPYLOXY)AMINO-4-

E B DIMETHYLAMINOPYRIDINIUM CHLORIDE. SYNTHESIS AND

STRUCTURE

Vasiliy G. Shtamburg,[@ Andrey A. Anishchenko,®! Svitlana V. Shishkina,[c]
Irina S. Konovalova,[ Victor V. Shtamburg,I9l Alexander V. Mazepal® and Svetlana
V. Kravchenkolf

Keywords: N-alkoxy-N-chlorocarbamates, 1-(N-alkoxy-N-alkoxycarbonyl)aminopyridinium salts, 1-(N-ethoxycarbonyl-N-
isopropyloxy)amino-4-dimethylaminopyridinium chloride, synthesis, structure.

Stable 1-(N-alkoxy-N-alkoxycarbonyl)amino-4-dimethylaminopyridium salt,

1-(N-ethoxycarbonyl-N-isopropyloxy)amino-4-dimethyl-

aminopyridinium chloride, has been synthesized for the first time. Its structure has been studied by XRD method.
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INTRODUCTION

It has been found earlier*? that an interaction of methyl N-
alkoxy-N-chlorocarbamates  (la-f)  with  4-dimethyl-
aminopyridine (DMAP) is a route to unknown 1-N-
alkoxyamino-4-dimethylaminopyridium  chlorides (3a-f)
which was presumably realized via initial formation of
unstable 1-(N-alkoxy-N-methoxycarbonyl)amino-4-dimeth-
ylaminopyridium  chlorides (2a-f) as the reaction
intermediates (Scheme 1). Evidently the decomposition of
unstable compounds 2a-f vyields 1-N-alkoxyamino-4-
dimethylaminopyridium chlorides (3a-f). Compounds 3a, b
exist as structure (3a,b (b)) and “quinonoid” deformation of
the pyridine ring take place.t

In this article synthesis of stable 1-(N-alkoxy-N-
alkoxycarbonyl)amino-4-dimethylaminopyridium  chloride
and XRD study of its structure have been described.

EXPERIMENTAL

'H and *C NMR spectra were recorded on VARIAN
JEMINI 400 spectrometer (400 and 100 MHz, respectively)
in DMSO-ds and CDCl;3 as solvents with TMS as internal
standard. Mass spectrum was recorded on VG 70-70EQ
mass spectrometer in fast atom bombardment (FAB) mode.
XRD structural study was performed on Xcalibur 3
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automatic  four-circle diffractometer (MoKa-radiation,
graphite  monochromator, Sapphire-3 CCD-detector, -
scanning). DMAP was sublimated under vacuum (3 mm Hg).
The solvents were purified and dried according to standard
procedures.

Cl

/_ DMAP MeOzC\ —
MeOzC"N\ _— N—N*\ / NMe,
/
OR RO

la-f cr 2a-f

H\ - + H\ —
/N_N NMEZ B N_N+ NMez
RO = / \_/

RO

Cr cr

3a-f(b) 3a-f(a)

R = Me(a), Et(b), i-Pr(c),n-Bu(d), Oct(e), Bn(f)

Scheme 1. Reported synthesis of
dimethylaminopyridium chlorides.

1-N-alkoxyamino-4-

Synthesis of 1-(N-ethoxycarbonyl-N-isopropyloxy)amino-4-
dimethylaminopyridinium chloride (5)

A solution of DMAP (166 mg, 1.357 mmol) in MeCN (13
mL) was added to a solution of ethyl N-chloro-N-
isopropyloxycarbamate (4)° (245 mg, 1.347 mmol) in
MeCN (6 mL) at 8 °C. The reaction solution was maintained
at 8° C for 46 h, then it was evaporated under vaccum (20
mm Hg), dried under vacuum (4 mm Hg), washed with
benzene (12 mL), dried under vacuum (4 mm Hg), giving 5
as colorless hygroscopic crystals (399 mg, 97 %). m.p. 103-
104 °C (with decomp.), after crystallization (CH.Cly-
EtOAc) m.p. 104-105 °C (with decomp.). *H NMR (400
MHz, CDCls) § = 1.18 (6H, d, *J = 6.0, NOCHMe,), 1.26
(3H,t,3) = 7.2, CO,CH;Me), 3.36 (6H, s, NMe,), 4.23 (H,
sept, 3J = 6.0, NOCHMe,), 428 (2H, q, 3 = 7.2,
CO,CH,Me), 7.39 (2H, d, 3J = 8.0, H Py), 8.17 (2H, d, 3] =
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8.0, H Py). 'H (400 MHz, (CD3),S0O) & = 1.23 (6H, d,3J =
6.4, NOCHMey), 1.26 (3H, t, 3J = 7.0, CO,CH,Me), 3.29
(6H, s, NMey); 4.29 (H, sept, 3J = 6.4, NOCHMey), 4.30 (2H,
g, 3J = 7.0, CO,CH;Me), 7.11 (2H, d, %J = 8.0, H Py), 8.68
(2H, d, ] = 8.0, H Py). 3C NMR (100 MHz, CDCls) § =
13.9 (CO,CH;Me), 20.5 (NOCHMey), 41.2(NMey),
65.7(NOCHMey), 79.2 (CO.CH:Me), 155.6, 156.8 (C-3, C-
5 C-2, C-6 Py), 166.7 (C-4 Py), 1855 (C=0). Mass
spectrum, m/z, (et %): 268 M* (100). Anal. Calcd. for
C13H22CIN3Os: N 13.83; Found: N 13.65.

XRD structural study of compound (5)

Crystals of 5 suitable for X-ray structural analysis were
grown from a solution in CH,Cl,-EtOAc mixture at 6 °C.
Triclinic, C13H22N3O3*Cl-*H,0, at 100 K, a= 9.2359(8) A, b
= 13.2566(8) A, ¢ = 13.8685(9)A, a = 75.552(5)°, B =
89.534(7)°, y = 89.291(6)°,V = 1644.2(2) A3, M, = 321.80, Z
= 4, space group P 1, deac= 1.30 g cm, u(MoKg) = 0.25
mm, F(000) = 688. Cell parameters and intensities of
11451 reflections (5737 independent reflections, Rin= 0.068)
were measured using «Xcalibur 3» diffractometer (graphite-
monochromated MoKa. radiatione, CCD detector, w-scan, 2
Omax= 50°).

The structure was solved by direct method using SHELX-
2016 program package.* Positions of hydrogen atoms were
located geometrically and refined using the riding model
with Uise=nUeqy Of the carrier atom (n=1.5 for methyl
moieties and n=1.2 for other hydrogen atoms). Full-matrix
least-squares  refinement against F? in anisotropic
approximation for non-hydrogen atoms to wR, = 0.2844 for
5737 reflections (R: = 0.108 for 4016 reflections with F>4c
(F), S = 1.389). The final atomic coordinates, molecular

geometry parameters, and crystallographic data of
compound 5 were deposited in the Cambridge
Crystallographic Data Center, 12 Union Road, CB2, 1EZ,
UK (fax:+44-1223-336033, e-mail:
deposit@ccdc.cam.ac.uk) and is available on request
quoting the deposition number CCDC 1565981).
RESULTS AND DISCUSSION

We have found that  ethyl N-chloro-N-
isopropyloxycarbamate (4)° reacted with DMAP in

acetonitril yielding relatively stable 1-(N-ethoxycarbonyl-N-
isopropyloxy)amino-4-dimethylaminopyridinium  chloride
(5) (Scheme 2). The reaction must be carried out in mild
condition at 8 °C, because under certain conditions
compound (5) may be spontaneously converted to 1-N-
isopropyloxyamino-4-dimethylaminopyridium chloride (3c),
for example if the reaction time is increased to 93 h.

Compound (5) is the first example of stable 1-(N-alkoxy-
N-alkoxycarbonyl)amino-4-dimethylaminopyridium  chlo-
rides, a novel kind of N-alkoxyhydrazines.»21 Earlier it
was regarded that 1-(N-alkoxy-N-alkoxycarbonyl)amino-4-
dimethylaminopyridium chlorides were very labile and
cannot exist, for example compounds 2a-2f. The structure of
1-(N-ethoxycarbonyl-N-isopropyloxy)amino-4-dimethyI-
aminopyridinium chloride (5) has been confirmed by data of
'H and ¥C NMR spectra and mass spectrum. Also XRD
study of N-alkoxyhydrazine (5) has been done (Figure 1,
Tables 1 and 2).
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It was found that in independent part of the unit cell of
crystal of compound 5 there were two organic cations of
forms 5A and 5B, two CI anions and two molecules of
water. Cations 5A and 5B differ by some geometric
parameters.

Cl EtOZC\ —
/
Et0,C—N, DMAP /N_NQNMez
OPi  MeCN opPr'
) c Ga)

cr
(o)

Scheme 2. Formation of (5).

Evidently, the positive charge is localized mainly on N(3)
atom of Me;N-group conjugate to the pyridine ring, which is
confirmed by shortening of the N(3)—C(3) bond as in cation
5A and 5B (Table 1) in comparison with average value of
1.371 A for N—Carom bond.™* The lengths of the N(3)—-C(3)
bonds are close to mean value of N=C bond (1.316 A)."
Thus 1-(N-ethoxycarbonyl-N-isopropyloxy)amino-4-di-
3methylaminopyridinium chloride (5) structure is more
closed to “quinonoid” structure 5b (Scheme 2).

The observed altering of pyridine bonds conforms to this
assumption: the C(2)-C(3) and C(3)-C(4) bonds are
elongated in cation 5A and 5B, the N(2)-C(1) and N(2)-
C(5) bond are elongated in both the cations 5A and 5B
(Table 1), whereas the C(1)-C(2) and C(4)-C(5) bonds are
shortened in both the cations in comparison with average
bond lengths of pyridine!! (Table 1).

In Table 1 the parameters of “quinonoid” deformation of
pyridine ring are given in comparison’ with those of 1-(N-
methoxyamino)pyridinium perchlorate (6) with
unsubstituted on 4-site as reference etalon and 1-(N-
alkoxyamino)-4-dimethylaminopyridium salts (3a),! (7)®
and (8)% (Scheme 3). The corresponding bond lengths of
compounds 2a, 3a, 5A, 5B, 7 and 8 are similar in contrast to
those in 4-unsubstituted 6. Evidently, the nature of the
substituent (H, COzEt, C(O)NH,, C(O)NMe,) at nitrogen
atom, which are bound with alkoxy group, causes slight
influence on “quinonoid” deformation of pyridine ring.

In 5 atom N(2) has planar configuration. The sum of bond
angles centered at this nitrogen atom (3 ) is 359.9° as in 5A
as in 5B. But amide nitrogen atom N(1), the central atom of
geminal systems O-N-N*, has pyramidal configuration. Its
>B is equal 335.6° in (5A) and 335.4° in 5B. Among
anomeric amides!?3 the existing in two or more forms
differing by the pyramidality degree of the amide nitrogen
atom is known for N-ethoxy-N-chlorourea'* and N-chloro-
N-methoxy-N’-(4-nitrophenyl)urea.’®>  Also, N-[(benzo-
yl)(hydroxyl)methyl]-N-benzyloxy-N’-(2-bromo-phenyl)-
urea exists in two forms which vary in a different degree of
pyramidality of the same nitrogen atom.*6
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Scheme 3. Structure of 6, 7, 8 and 9.

Figure 1. Molecular structure of 5A monohydrate.

Table 1. Pyridine ring deformation in 1-(N-alkoxyamino)
pyridinium salts (3a), (5A), (5B), (6), (7) and (8).

Compound Bond lengths, A
N2-C1, C1-C2, C2-C3, C3-NMez
N2-C5 C4-C5 C3-C4

617 1341(2) 1.385(3) 1.349(5) -
1.341(2) 1.385(3) 1.387(4)

5A 1.348(7)  1.360(7) 1.432(7)  1.337(7)
1.368(7)  1.362(7)  1.411(8)

58 1.356(7)  1.352(7) 1.429(7)  1.326(7)
1.349(8)  1.346(8)  1.427(8)

3a 1.349(2) 1.351(2) 1.414(2) 1.337(2)
1.354(2) 1.355(2) 1.416(2)

7 1361(2) 1.353(3) 1.425(2) 1.324(2)
1.345(2) 1.341(3) 1.426(2)

8 1.366(3) 1.349(3) 1.430(3) 1.333(3)
1.346(3) 1.334(3) 1.413(3)

Py 1.337 1.380 1.379

Numbering of pyridine ring shown Figure 1 has been used
In compound 5 the Y is more in comparison to those in

known 1-(N-alkoxyamino)pyridium salts (3a, b),! (6),” (7)®
and (8)% (Table 1).
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Probably it is caused by higher electron withdrawing
capacity of EtO,C-substituent compare to hydrogen (3a, 3b),
carbamoy! (6, 7) and dimethylcarbamoyl (8) substituents. In
anomeric amides the presence of electron withdrawing
substituent at pyramidal amide nitrogen atom diminishes it
pyramidality degree.!?1

The lone pair (Lp) of the N(1) atom is almost coplanar to
the pyridine plane (the LpN(1)-N(1)-N(2)-C(1) torsion
angle (TaLPPy) is -10.4° in cation 5A and 14.6° in cation 5B.
The conjugation between LpN(1) and zn-system of pyridine
is impossible. The same type of LpN(1) orientation was
revealed for other 1-(N-alkoxyamino)pyridium salts 3a, 3b,*
6,7 78 and 88 (Table 2).

In compound 5 the N—N* bond is elongated compare to
the N—N bond in hydrazides of carboxylic acids (1.400 A'7).
Probably, this N—N* bond elongation has been caused by
Nome—0*n-n+ @anomeric effect action as in cases of 1-(N-
alkoxyamino)pyridium salts 3a, b,* 6,” 7,2 and 8.2

The lengths of the amide N—C bond in compound (5) is
close to that in methyl N-(4-chlorobenzoyloxy)-N-
methoxycarbamate 9 (1.423(2) A®). The degrees of the
nitrogen pyramidality in compounds 5 and 9 (3. 334.1) are
also close.’® There is some elongation of the amide N—C
bond in compound 5 compare to that in amides® (1.359 A).
It is caused by different degrees of C=0 conjugation with
sp® hybridized nitrogen atom in compounds 5, 9 and sp?
hybridized nitrogen atom in usual amides.*2131°

In compound 5 ester moiety adopts +sc- and -sc-
conformations relatively to the N(1)-N(2) bond, respectively.
The C(11)—0O(1)-N(1)—N(2) torsion angle is 77.8(5)° in 5A
and -81.4(5)° in 5B. Ethoxy moiety has -sc-conformation
toward to the C(8)-O(3) bond, the C(8)-0O(3)-C(9)-C(10)
torsion angle is -77.1(7)°in (5A) and -84.8(8)° in 5B.

The isopropyloxy substituent is situated in sp-
conformation toward to the N(1)-N(2) bond. The N(2)-
N(1)-C(8)-O(2) torsion angle is-23.3(8)° in 5A and 20.3(10)°
in 5B. This orientation of substituent is stabilized by
attractive intramolecular shortening contact N(2)...H(11)
2.65 A in 5A and 2.63 A in 5B, the van der Waals radii sum
is 2.66 A.20
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Compound 3B, °© Bond lengths, A
N-N* N-OR N-C(0) TaLPP, °
5A 335.6 1.418(6) 1.411(6) 1.428(7) -10.4
5B 335.4 1.421(6) 1.414(6) 1.419(8) 146
3a (ref.1) 312 1.428(2) 1.431(2) - 4
3b (ref.1) 312 1.426(1) 1.440(1) - 17
6 (ref.7) 333.9(3) 1.4254(18) 1.3999(17) 1.4515(19) 0.2
7 (ref.8) 3327 1.413(2) 1.411(2) 1.450(2) 6
8 (ref.8) 324.22 1.425(3) 1.429(3) 1.465(3) 10.6

In crystal of 5 due to system of intramolecular hydrogen
bonds with participating of chloride anions and bridging
molecules of water three-dimensional network takes place:

O(4WA)-H(4WA)...CI(LA)’ H..CP 250 A,

O-H....CI’ 1427,

(x.y.2)

O(AWA)-H(4WB)...CI(1A)" (2-%,-y,1-z) H...CI> 2.46 A,
O-H....CI’ 157";

O(4WB)-H(4WC)...CI(1B)’ H..CI"” 237 A,

O-H....CI’ 165%;

(vavz)

O(4WB)-H(4WD)...CI(1B)’ (1-x,1-y,1-z) H...CI’ 2.58 A,
O-H....CI> 143;
C(LA)-H(1A)..CI(1B)’ (1-x,1-y1-z) H..Cl 290 A,
C-H...Cl 1257
C(1B)-H(1B)..CI(1AY  (I-x,1-y,1-2)H..Cl 258 A,
C-H...Cl 143
C(2A)-H(2A)..CI(1B) (1-x,1-y1z) H..Cl 2.87 A,
C-H...Cl 127
C(4B)-H(4B)..CI(1AY (2-x,1-y,1-z) H...Cl 2.76 A, C-
H...Cl 134°;
C(5A)-H(5A)..CI(1B) (2-x,1-y,1-z) H..Cl 2.68 A,
C-H...Cl 138"

C(7A)-H(7AC)..CI(LAY (xy,z) H...Cl2.81 A, C-H...CI
143°;

C(7A)-H(7AC)..CI(1AY (xy,z) H...Cl 2.81 A, C-H...CI
143°;

C(TA)-H(7AB)..O(2A) (2-x,1-y,1-Z) H...0 2.40 A,
C-H...0 176%;

C(7B)-H(7BC)..C(5A) (1) (2-x,1-y,1-z) H...C 2.73 A,
C-H...C 148"

Conclusion

The first stable 1-(N-alkoxy-N-alkoxycarbonyl)amino-4-
dimethylaminopyridium  salt,  1-(N-ethoxycarbonyl-N-
isopropyloxy)amino-4-dimethylaminopyridinium  chloride,
has been synthesized. XRD study of it structure has been
done.
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Schiff bases are a group of compounds prepared by the condensation of primary amines and active carbonyl compounds. The Schiff bases
have a general structure RR'C=N-R” (where R, R’ and R" are alkyl, cyclohexyl, hydroxyalkyl, hydroxyaryl, etc). Herein the different
synthetic routes of Schiff Base complexes like, direct synthesis, in situ method, oxidation of coordinated secondary amine, amine exchange
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Introduction

The chemistry of coordination compounds is well known
and widely studies, yet many new developments are

continuously taking place in this area of inorganic chemistry.

The preparative work of Jorgenson, Werner and many others
during the turn of the century opened up new vistas in
coordination chemistry of transition metals. It was Alfred
Werner! who systematized the subject coordination
chemistry, by propounding theory in 1893, for which he
awarded Nobel Prize in 1913. These ideas have considerably
enriched the understanding of the nature of metal-ligand
bonds, structure and chemistry of metal complexes, their
stabilities and liabilities and other properties. It is now the
need of time that new ligands of specified design should be
synthesized which could lead to metal complexes with
special desired and possible predictable properties. The
steady improvement in synthetic methodology allows us to
foresee coordinating chemistry entering a phase of creative
chemistry.

For a long time the coordination compounds were
considered as a rare and special class but now they have
been recognized as the most resourceful type of compounds
which help the nature to convert simple inorganic molecules
into organic matter. For instance CO; and H-O are converted
into sugars by coordination compound, called chlorophyill,
the magnesium porphyrin complex present in plants. A
similar iron porphyrin complex present in hemoglobin of
animals operates in the red bloods cells as a carrier of
oxygen for the oxidation of organic matter to produce
carbon dioxide water and energy. Hemoglobin is also
concerned with the transport of CO, and acid base balance
of the body.
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Many metallo-enzymes are involved in diverse metabolic
pathways including DNA synthesis, sugar metabolism and
protein modification.?

Coordination chemistry is now recognized as an
independent discipline covering a wide range of areas from
medicine to environment. In recent past there has been a
great upsurge in the studies of metal complexes of
bioinorganic medicinal relevance. The discovery and basic
concepts of medicinal inorganic chemistry have recently
reviewed.>> The field now encompasses active metal
complex, metal ions and even metal ions can be removed
from a biological system by judicious use of metal binding
molecules (termed ligands from the Latin word ligare,
meaning that which binds).

Medicinal inorganic chemistry is at the interface between
medicine and inorganic chemistry, and includes metal-
based drugs, metal sequestering and mobilizing agents and
metal containing diagnostic aids.%” In the early systematic
study of metals in medicine (during the early to middle part
of the twentieth century), recognition of the essentiality of
some metal ions (e.g. iron, zinc and copper) for the
avoidance of deficiency disease was a major step forward.
Not only some many metal ions are essential nutrients, but
many are also becoming increasingly prevalent components
of diagnostic or the therapeutic agents to study or treat wide
variety of disease and metabolic disorders.®>"® The list of
metal ions that qualify for essential status is a work in
progress; it includes not only expected members such as
zinc, copper and manganese but also man formerly thought
of only a poisonous, such as selenium and molybdenum. %%
Included in the “possibly essential” list are such unexpected
candidates as arsenic, nickel, silicon, and vanadium,%-*2

The applications of metal complex in qualitative and
quantitative chemical analysis have also been the subject of
numerous studies during the past decade.'®* To understand
the level of pollution, analysis or measurement of the level
of pollution is undertaken called the environment pollution
analysis. This indicates the exact degree of pollution.
Coordination compounds have found a very important place
in environmental chemistry for determination of pollutants
by complexometric and spectrophometic methods.
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The development of complexes for application in
medicine is an obvious example of investigation and
creativity. Remarkable example is cis-platin, cis-PtC1;
(NH3), introduced by Rosenberg,** which is successfully
employed world wide as anticancer drugs.*>¢ Use has been
made of the calcium complexed EDTA as a scavenger for
removing heavy metals like Pb(Il), Cd(Il) etc in case of such
heavy metal poisoning in human. Antitumour activity of
Cu(l) and Cu(ll) complexes have a attracted much
attention.” Another important use of metal complexes and
chelating molecules is in the field of therapy. The use of
gold complexes in the treatment of tuberculosis dates back
to 1917 and many complexes of gold are known to be useful
in the treatment of arthritis since 1927. In the course of
study of a number of lipid soluble gold complexes for
possible application of arthritis therapy, Winstock and
coworkers'® prepared an unusual complex of gold. Many
drugs are known to be potentiated by complexation with
Mn* ions. Thus, Fe(lll) increases antibacterial activity of 8-
hydroxyquionline significantly, antibercular activity of
isonicotinic acid hydrazide is increased tenfold by Cu(ll),
carcinostatic activity of many drugs is enhanced by
chelation.®

The insulin-like effect of vanadium salts in cells®®2! and
diabetic animals??28 is been known since the 1980s. Diabetic
patients frequently have both abnormal glucose and lipid

metabolism that can be normalized by treatment with insulin.

Studies testing compounds in animal model systems 232 and
in human beings?-®? show that simple vanadium salts and
vanadium complexes alleviate the symptoms of diabetes.

Coordination compounds involving Schiff bases

In 1864, Schiff®® prepared a series of compounds by the
condensation of primary amines and active carbonyl
compounds and since then they are known as Schiff bases.
The Schiff bases have a general structure RR'C=N-R”
(where R, R’ and R" are alkyl, cyclohexyl, hydroxyalkyl,
hydroxyaryl, etc). The Schiff bases contain an azomethine
group and have azomethine moiety (C=N). The donating
properties of the lone pair of electron increases when a
functional group such as -SH or -OH is sufficiently near to
the azomethine moiety and this facilities the formation of a
stable metal complex.

The coordination chemistry of the metal chelates of Schiff
bases is known for more than a century. In 1840, Ettling3
prepared the copper(ll) complex with salicylideneimine.
Since then a good amount of literature®>2 on Schiff bases
and their metal complexes have appeared.

Layer in 1963 revived the synthesis of Schiff bases and
also studies their physical and chemical properties.> Dwyer
and Mellor® described their chelating characteristics in a
monograph. Holmes and co-workers®® have presented an
excellent review of the metal complexes of Schiff bases and
Bayer indicated a novel approach to the structure and
specificity of the organic chelating agents including some of
the Schiff bases. Jungeis et al.%” in 1969 have described the
detailed applications of Schiff bases in inorganic analysis.
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Synthetic routes to Schiff base complexes

Major development in the chemistry of transition metal
complexes of Schiff bases took place in the last two decades
and much emphasis had been laid on synthesis and structure.
The synthesis, properties and structure of the Schiff base
complexes depend upon nature of the Schiff base and metal
ion. The following methods have generally been used for the
synthesis of metal complexes of Schiff base.®

Direct synthesis

In this method, the Schiff base is allowed to react with
metal ion in a suitable solvent. In order avoid the hydrolysis
of azomethine group the use of organic solvent is preferred,
although in a number of cases the use of binary azeotropic
mixture of water and an organic solvent has been reported.

In situ method

In this method the metal ion is added during or shortly
after the mixing of the aldehyde and amine. In a number of
cases, it has been reported that the metal ion coordinates
with one component and then reacts with other components,
thus facilitating the reaction of complexation.

Oxidation of coordinated secondary amine

Here the metal ion facilities the oxidative dehydrogenation
of the secondary amine and the Schiff base complexes are
obtained directly.>® One such reaction is given in scheme 1.

R' R' R R
OH HO (0] (0]
Ba(OH), \/
—_—
R NH HN R 0, CH30H R '\(a\N R
N H,0 \_7/

where R = H, n-C4Ho, CsHs, R’ = C4Ho, CsHs, 0-HSCsHa

Scheme 1. Formation of Schiff base from secondary amine

Amine exchange reaction
In this method, an amine reacts with transition metal

complex of Schiff bases and exchange of alky/aryl groups
take place as illustrated below.®

Ni(0-OCgH4sCH=NR); + 2R'NH,; —
Ni(O-OC5H4CH:NR')2 + 2RNH- (1)
where R = H, n-C4Hs, C4H10, CeHs, 0-HSCsHa

Metal exchange reaction

This method is used for the preparation of Schiff base
complexes, which are difficult to obtain by any other
method.
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A typical example of metal exchange reaction is
illustrated below.
CuCl2 +TiSalen = Cu(Salen) + TiClz 2)

Ligand exchange reaction

This method is preferably used for the preparation of
dioxomolybdenum(VI) complexes that are extremely
difficult to synthesize by other methods. A typical reaction
is given below.5!

MoO;(acac), + SalenH; — MoOy(Salen) + 2acaeH (3)

where acacH = acetylacetone

Coordination modes of Schiff base ligands/mixed
ligands

It is well known that the Schiff base/mixed ligands
coordinates as bi-, tri-, tetra-, penta-, hexa- and hepta-
dentate ligands. A brief survey of literature on the
coordination complexes of ligand is presented below.

Coordination complexes with bidentate Schiff base ligands /
mixed ligands.

The Schiff base derived from aromatic o-hydroxyaldehyde
and primary amine behave as bidentate ligands. Generally
the stereochemistry of the bidentate Schiff base complexes
depend upon the group present in the Schiff base on
increasing the size of the R group the stereochemistry
changes from square planar to tetrahedral. The Co(ll)
complexes of bidentate Schiff base (Figure 1) (R = H, OH)
are square planar.

Figure 1. A bidentate Schiff base ligand.

Topich® has achieved synthesis of a heterochelate
complex MoOz(Acac)L (where LH = Schiff base) by the
reaction of MoOz(acac), and Schiff base (Figure 2) in
ethanol or ethyl acetate.®® Only one acetylacetone moiety
was not displaced even when the metal to ligand ratio was
greater than unity. IR data indicates that the ligand
coordinates through to oxygen atom of the carboxylic acid
group and nitrogen atom of azomethine group and not
through the phenolic oxygen atom.

OH
[:::::I:;C,;N
H

Figure 2. A Schiff’s base ligand

HOOC
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Dioxomolybdenum(VI1) complexes of the type cis-
MoO;L, have also been prepared with the Schiff bases
derived from hydroxylamine and o-hydroxyacetophenone or
2,4-dihydroxyacetophenone.® Hill et al.%® have described
the synthesis of complex of the type MoO,L, with the Schiff
bases (Figure 3 and 4) by the reaction of
bis(acetylacetonato)dioxomolybdenum (VI) and the Schiff
bases in THF. The Schiff base (4) yielded a tetrameric
complex of the type M04O11L,. The ligands in complexes of
the type cis-MoOz(acac)L are (5) and (6). Although the
ligands are potentially tridentate, they behave as OH donor
bidentate monobasic and NS donor bidentate monobasic
ligands in cis-MoO,L, and only signal due to the
azomethine  proton in the NMR spectra of
dioxomolybdenum (V1) complexes (3) and (5) confirms the
presence of a cis-MoQ; structure.

Nele

N N

HO CH HO CH
\

&) &
3) 4)

HO : HOOC©
N N
HO CH HO CH

O

©®) (6)

Figure 3-6.  Schiff’s
dioxomolybdenum (V1).

bases forming complexes with

Synthesis of two series of metal chelates® viz., (i)
mononuclear chelates of composition [VO(L1)2]H.0O and
[WO2(SCN)C2H50H)2(L1)] (where LiH= N-(4’-
butyrylidene-3’-methyl-1'-phenyl-2'-pyrazolin-5-one)-p-ani-
sidine, 9BUMPHP-AH), N-(4-butyrylidene-3’-methyl-1'-
phenyl-2’-pyrazolin-5’-one)-m-toluidine (BUMPHP-MTH),
N-4'-butyrylidene-3’-methyl-1'-phenyl-2'-pyrazolin-5'-one)-
o-phenylenediamine (BUMPHP-OPHDH;), N,N’-bis-(4’-
butyrylidene-3’-methyl-1’-pheny1-2’-pyrazolin-5’-one)-m-
phenylenediamine (BMPH-MPHDH,), or VO(L,")(H20]
(where Lo"H>=N,N’-bis(4’-butyrylidene-3’-methy1-1'-
phenyl-2'-pyrazolin-5’-one)-m-phenylenediamine (BMPHP
-MPHDH,), and binuclear chelates of composition,
[[VO(H.0)(OHO].L,] and [[WO2(SCN)(H20)]2(L2)], where
LoH2=N,N’-bis(4'-butyrylidene-3’-methyl-1'-pheny1-2'-py-
razolin-5’-one(-p-phenylenediamine (BMPH-PPHDH2) or
N,N’-bis(4'-butyrylidene-3'-methyl-1'-phenyl1-2'-pyrazolin-
5'-one)benzidine (BMPHP-BZh,) have been reported.5”

Six new binuclear dioxomolybdenum(V1) complexes or
the composition [{M0O2(011)2}2(L)21, where L=N-(4-
benzoylidene-3'-methyl-1’-pheny1-2'-pyrazoline-5'-one)sul-
phamethoxazole (BMPHP-SMZ, N-(4'-benzoylidene-3'-
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methyl-1’-pheny1-2'-pyrazoline-5-one)sulphadimidine
(BMPHP-SIAM), N-(4'-benzoylidene-3-methyl-1-phenyl-
2'-pyrazoline-5'-one)sulphadiazine (BMPHF-SDZ), N-(4'-
benzoylidene-3'-methyl-1'-pheny1-2'-pyrazoline-5'-one)-
sulphanilamide (BMPHP-SNM), N-(4'-benzoylidene-3'-
methyl-1'-phenyl-2'-pyrazolin-5'-one)sulphamerazine
(BWIPT-TP-STVIR) or benzoylidenethyl-1’-phenyl-2’-
pyrazolin-5’-one)sulphadimethoxine (BMPHP-SMX) have
recently been reported by Maurya et al.5” These complexes
are reported to be obtained by the interaction of
bis(acetylacetonato)dioxomolybdenum(VI1) with the said
sulpha drug based ligands in ethanol.

A new series of novel mixed-ligand complexes of Cu(ll),
Ni(Il), Co(lIl), Zn(I1), Sm(1II) and U(V1)O, with the Schiff
base derived from salicylaldehyde and the sulfadrug
sulfamerazine, [N-(salicylidene)sulfamerazine] (LH) (Figure
7) and the heterocyclic base, 2,2"-bipyridine (bpy) have been
synthesized and characterized by Maurya et al.% through IR,
NMR, diffuse reflectance spectra and magnetic, thermal,
and molar conductance measurements. The coordination by
the azomethine nitrogen is inferred by the down field
shirting or the -CH=N- signal in the NMR spectra and the
shift of v(C=N) to lower frequencies by 1540 cm™ in the IR
spectra upon complexation. Conductance measurements
confirm the non-electrolytic nature of these complexes. The
presence or lattice and coordinated water molecules are
indicated by thermograms of the complexes. The general
compositions of the complexes were found to be
[M(L)(bpy)(OAC)(H20)],  [Sm(L)(bpy)(OAC)2(H20)]2H20
and [UO2(L)(bpy) (OACc)(H20)H20, where M=Cu(ll), Ni(ll),
Co(ll) or Zn(I) and HOAc=acetic acid.

=z
e} N
OH @\Sﬂ )\/j\
N IS
L O

Figure 7. [N-(salicylidene)sulfamerazine] (LH).

Thompson et al.®® have reported bis(3-hydroxy-4-
pyranato)oxovanadium(lV) and tris(3-hydroxy-4-
pyrone)vanadium(l11) complexes, assessed them for insulin
mimetic potential.”® Key feature of these ligands are a six
member ring, with a ring N or O atom either ortho or para to
ketone group, and hydroxypyridinones are characterized by
synthetic versatility and high affinity for a range of metal
ions, rendering these ligands excellent choices for the
formulation of therapeutic and/or diagnostic
metallopharmaceuticals.

A series of bis(maltolato)oxoyanadium(lV) (BMOV),

bis(maltolato)dioxomolybdenum(VI),  bis(maltolato)chro-
mium(ll),  bis(maltolato)copper(ll) and  bis(malto-
lato)cobalt(Il) complexes have recently reported by
Thornpson et al.”

In view of insulin mimetic properties of oxovanadiurn(1V),
Mohammadi et al.”? have synthesized novel bis(4-hydroxy-
3-methoxyphenyl)-1,6-heptadiene-3,5-dione (curcumin)
complexes with the formula, MLs, where M is is Ga(lll) or
In(111), or of the formula, ML, where M is [VO]?* and
characterized by mass spectrometry, infrared absorption
Eur. Chem. Bull., 2017, 6(10), 475-483
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spectroscopy and elemental analysis. The ligand curcumin
behave as monobasic bidendate in these complexes.

Four new solid derivatives, [V(IV)O(1,2-diethyl-3-
hydroxyl-4-pyridonate),], (V(IV)O(1-(p-tolyl)-2-ethy1-3-
hydroxyl-4-pyridonato)2,], [V(IV)O(1-P-(n-butyl)phenyl)-
2-ethy1-4 pyridiononato),] and (V(IV) O(1-hexyl) phenyl-2-
ethyl-3-hydroxyl-4-pyridonato),], were isolated and
characterized by Garribba et al.”® Aqueous solution studies
regarding the identification and characterization of
complexes formed by the V(IV)O ion and 3-hydroxyl-4-
pyridone derivatives have been performed using EPR and
UV-Vis spectroscopic techniques. Garribba et al.”* have
recently reported 2-pyrazinecarboxylic acid and three of its
derivatives (5-methyl-2-pyrazinecarboxylic, 2,3-
pyrazinedicarboxylic and  5-hydroxypyrazinecarboxylic
acids) coordinate the V(IV)O ion forming VOL, VOL; and
(VO)2L2H, species in acidic and neutral solutions. Bis
chelated species are hexacoordinated and are characterized
by a cis/trans isomerism, with the trans arrangement
favoured with respect to the cis one. The ligand used in this
synthesis behave as monobasic bidentate with an N,O
coordination are characterized by an (Naromatic, COQO") donor
set.

Coordination complexes with tridentate Schiff base
ligands/mixed ligands

The tridentate Schiff bases are obtained by the
condensation of amines containing OH or SH group and o-
anisidine-hydroxycarbonyl compounds or B-diketones. The
ligand (Figure 8) derived from salicylaldehyde and o-
aminophenol is an important example of tridentate Schiff
base. The tridentate Schiff base ligands react with the metal
ions to give metal complexes having novel structural,
magnetic and spectroscopic properties.” 7

/X"
\
. R=H, R =H, CHy, Br, NO,
R=Cl,R'=H,Cl
N C=N OH R=NO,, R =H, Br
Ao

C=N SH

Figure 9. Schiff” base forming complex with oxovanadium(IV).

The oxovanadium(lV) complexes of the type VOL (Figure
9, Substituent(s) = 5-chloro; 5-chloro, 5-bromo, 5-nitro, 3,5-
dichloro, 5,6-benzo) have been reported by Lee et al.”® The
magnetic moments of these complexes are in the range 1.27-

478



Synthesis of Schiff base metal complexes

1.32 B.M. The magnetic moments decrease considerably
with lowering of temperature indicating the presence
antiferromagnetic exchange. The v(V=0) stretch of the
complexes lies in the range 900-1005 cm™. The electronic
spectra of the complexes exhibit a broad band in the region
13,300-20,000 ¢cm™ due to the d-d transition. It has been
noticed that oxovanadiuin(IV) complexes with ONS donor
sites exhibit a greater degree of antiferromagnetism than the
oxovanadium (IV) complexes with ONO donor sites.

A series of copper(Il) and zinc(Il) complexes involving a
tridentate  O,N,O-donor™  Schiff base derived from
salicylaldehyde and p-alanine {i.e. N-salicylidene-p-
alanine(2-), L} having the composition [Cuz(L2)H20)].H-0,
[Cu(L)(H20)]» and [Zn(L)(H20)]» (3) have been prepared
and characterized by elemental analyses. UV-Vis, FT-IR
and electron spray ionization mass (ESI-MS) spectra and
thermal analyses. Complexes (1) and (2) have been
investigated by single X-ray analysis and also by
temperature dependent magnetic susceptibility
measurements (294-80 K). All complexes have been
evaluated by the antiperoxynitrite activity assay and alloxan-
induced diabetes model. The significant antioxidant
activities have been found in the case of both Cu(ll)
complexes. In spite of this first two complexes, the Zn(ll)
complex, as well as the potassium salt of the ligand (KHL)
showed only insignificant protective effect against the
tyrosine nitration in vitro.

Coordination complexes with tetradentate bases/mixed ligands.

The tetradentate Schiff bases arc obtained by the
condensation of an aromatic o-hydroxycarbonyl compound
and a diamine. The important examples of the quadridentate
Schiff bases (Figure 10) are the condensation products of
salicylaldehyde or substituted salicylaldehyde and diamines.
These Schiff bases enforce a high degree of planarity to the
metal chelates.®® With the change of , from 2 to 4, the
stereochemistry of the Cu(ll) and Co(ll) complexes of
Schiff bases changes from square planer to tetrahedral 8133

\ OH HO /
£ 3
/ = N\(CHZ)H/N AN \

Figure 10. A tetradentate Schiff base ligand.

A binucleating tetradentate Schiff base ligand, bis (o-
vanillin)benzidine (0-vzbzH,), and its seven new binuclear
complexes have been synthesized (Scheme 2) and
characterized on the basis of elemental analysis, IR, NMR,
electronic, magnetic, thermal studies and conductance
measurements. The compositions of these complexes were
found to be [M(0-v2bz),.nH,O, where M = Cu(ll), Ni(ll),
Co(ID, Zn(ll), Mn(ll) or UOy(V1), and {Sm(o-
VzbZ)(OAC)(Hzo)]z.

The *HNMR spectrum of one of the compounds, [Zn(o-
vobz)], shows the absence of proton signal for phenolic
oxygen (-OH). Low magnetic moment values, high thermal
stability and insolubility in common organic solvents
support the binuclear structure of these complexes. Suitable
binuclear structures (Figure 11) have been assigned. The 3D
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molecular modeling (Fig. 14) and analysis for bond lengths

and bond angles have also been carried out of one of the
representative compounds, [Ni(0-v2bz)] (2).

H,N NH,
HyCO
on ©

-2H,0
OCHj,
H4CO l |
"o NN
Scheme 2. Synthesis of bis(o-vanillin)benzidine.
H@Ql L.,
(O~
A \v/l nH,0
(VOO
M = Cu(ll), n=0, 2; Co(ll), n=0; Zn(Il), n =0; Mn(Il),n =0

Figure 11. Structure of binuclear complexes of a tetradentate
Schiff’s base.

Coordination Complexes with Penta-, Hexa- and Heptadentate
Schiff Base/ Mixed Ligands.

Relatively few reports on the metal complexes of the
Schiff bases having potential penta-, hexa- and heptadonor
sites have appeared as compared to the metal complexes
with bi-, tri- and tetradenate Schiff bases. The Schiff base
(Figure 12) derived from diethylenetriamine and
salicyladehyde behaves as a dibasic pentadentate (N3O2)
donor’s ligand.

OH o
@/N\/\N/\/N\:O

Figure 12. A dibasic pentadentate Schiff’s base.

The coordination of pentadendate ligand to the central
metal ion can make place only when the fifth axial donor
atom present is flexible. The five-coordinated compounds
can acquire two different geometries depending upon the
flexibility of chelate ring and length of chain between the
two coordinated atoms. Thus, the metal complex would
have a trigonal bipyramidal geometry if the chelate ring is
quite flexible and if the length of chain is small the resulting
complex will be of square pyramidal geometry.
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Dioxouranium(VI1) complex of the type UO,L (where
LH,=Figure 12) has been prepared by the reaction of an
equimolar mixture of dioxouranium(VI1) acetate and Schiff
base.® The Schiff base behaves as a neutral pentadentate
ligand. UO2X; and UO2(ClO4), react with the Schiff base
shown in Figure 12 as a result nine coordinated complexes
UO,(LH2)X2 and UO,L (where X=CI, I, NO3 and 0.5504%)
are formed, respective. The Schiff base behaves as a neutral
pentadentate in UO2(LH2)X; and dibasic pentadentate ligand
in UOL. The nitrate ion behaves as a monodentate ligand
while the sulphate ion behaves as a bidentate ligand.

Dioxouranium(VI) complexes of the type UO,L (where
LH,=Schiff base derived from salicylaldehyde and 1,5-
diamino-3-oxopentane) have been reported.®* The
complexes exist in a- and B-forms. In both the modifications
uranium is pentagonal bipyramidal with the pentadentate
ligand coordinated in a plane normal to UO,. These are
conformational isomers differing mainly in the spatial
arrangement of the ethylenic chains. The UO; group is non-
linear in both the forms.

Dioxouranium(VI) complex of the type
[UO2(LH2)(NOs)2]2” [UO2(NO3)a] (where LH»=Schiff base
2,6-diaeetylpyridine  bis(2'-pyridylhydrazone) has been
prepared by the reaction of uranyl nitrate and the Schiff
base.®” The Schiff base behaves as a neutral pentadentate
ligand. IR data indicate the monodentate behavior of nitrate
group in the cationic moiety while the bidenate behavior of
two nitrate group and the remaining two as monodentate in
the anionic part giving a six fold coordination of oxygen
atoms in the equatorial plane normal to uranyl group.

The Schiff bases (LH.) derived from substituted
salicylaldehydes and bis(3-aminopropyl)amine or bis(3-
aminopropyl)methylatninc from high-spin five coordinated
complexes ML with manganese(ll), cobalt(I1), nickel(lIl)
copper(I) and zinc(11).% The Schiff bases behave as dibasic
pentadentate ligands. The nickel(ll) complex when
dissolved in pyridine forms hexacoordinated pyridine
adducts.

Ten-coordinated dioxouranium(V1) complex, UO2(LH4) X2
(where LH4 = Schiff base prepared by the condensation of
salicylaldehyde and triethylenetetraamine, X=C1-, I, NCS’,
0.5S0yY) has been reported.?’ IR data indicate that the Schiff
base function; as neutral hexadentate (N4O2 donors) ligand.
The nitrate and thiocyanate groups behave as monodentate
ligands while the sulphate behaves as a bidentate ligand.

A pentadentate Schiff base, 2,6,10-thiazo-1,11-bis(2-
aminophenyl)undeca-1,10-diene (L) and complexes of
general formula MLX; (where M=Cu(ll), Ni(ll), X = Cl, Br,
I, NOs and C104) have been reported.®® IR data show an
interaction between halide anion of the outer coordination
sphere and the complexes amino group. ESR and electronic
spectral data of the copper(ll) compound are consistent with
a square pyramidal geometry. Since crystal ESR studies of
CuL(NOs), and CuLBr; revealed that the copper atoms in
the former compound occupy two magnetically non-
equivalent places in the lattice while the copper atoms in the
later compound take identical sites.

Synthesis and characterization of pentagonal bipyramidal
complexes of nickel(ll), cobalt(ll), iron(ll), manganese(ll)
and zinc(ll) with the heptadentate base derived from 2,6-
diacetylpyridine and diethylenetriamine have been
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reported.’? The complexes are of the type [ML]X2.YH.0
(where M=Co(Il), Ni(ll), Fe(ll), Mn(ll), Zn(ll), X=C10Oy4,
BPhs, Y=0 or 1). A single crystal X-ray analysis of
[CUL](C104), confirms the pentagonal bipyramidal
structure.

A new mononuclear copper(ll) complex [Cu(HL)(CI)PFg
having a donor® ligand (HL=N,N'-bis(2-pyridylinethyl)-1,3-
diaminopropane-2-ol) has been synthesized and structurally
characterized by X-ray crystallography. It shows a 1D chain
in packing structure through intermolecular O-H...C1 strong
hydrogen bonding interaction {O-H...C1, 1.99(4) A and the
angle (O-H...C1) 163(4)°}. The packing structure also shows
n—m stacking. The morphology of sub micrometer rod of the
complex has been studied by SEM.

Raman et al.® reported the synthesis, characterization and
electrochemical behaviour of Cu(ll), Co(Il), Ni(ll) and
Zn(ll) complexes derived from acetylacetone and p-
anisidine and studied their antimicrobial activity. They
found that neutral tetradentate N.O; type complexes of
Cu(ll), Ni(I1), Co(ll) and Zn(1l) synthesized using the Schiff
base formed by the condensation of acetylacetone and p-
anisidine possess square-planar geometry. All the title
complexes were screened for antimicrobial activity by the
well diffusion technique using DMSO as solvent. The
minimum inhibitory concentration (MIC) values were
calculated at 37 °C for a period of 24 h. It was found that all
the complexes are antimierobially active and show higher
activity than the free ligand.

Imran et al.** studied the in vitro antibacterial studies of
ciprofloxacin-imines and their complexes with Cu(ll), Ni(ll),
Co(Il) and Zn(1l). These were synthesized and characterized
on the basis of physical properties, conductance
measurements, elemental analysis, UV-vis, infrared and
nuclear magnetic resonance spectroscopy. These ligands as
well as their metal complexes were also evaluated for their
antibacterial activity against several bacterial strains, such as
Staphylococcus aureus, Bacillus subtilus, Salmonella typhae,
and E. coli. They found that metal complexes are more
antibacterial as compared to uncomplexed ligands.

Nida et al.*® studied the synthesis, characterization and
anti-bacterial studies of some metal complexes of Schiff
base derived from benzaldehyde and sulfonamide. The
research group subjected the complexes for their
antimicrobial activity against E. Coli and Salmonella
Typhae. The metal complexes of Cu(ll), Ni(11) and Co(ll)
were found to show enhanced antimicrobial activity as
compared to uncomplexed ligand.

Kavitha et al.% reviewed biological activities of schiff
base and its complexes very efficiently. The discussion
involves the mechanism and importance of these compounds.
This review summarizes the synthesis and biological
activities of Schiff bases and its complexes, Schiff bases are
versatile ligands which are synthesized from the
condensation of primary amines with carbonyl groups.
These compounds are very important in medicinal and
pharmaceutical fields because of their wide spectrum of
biological activities. Most of them show biological activities
such as antibacterial, antifungal as well as antitumor activity.
Transition metal complexes derived from the Schiff base
ligands with biological activity have been widely studied.
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Singh et al.%” surveyed synthesis and bioactivity of some
metallo-sulpha drugs as per reports of that era. They
summarized that compounds containing the sulphonamide
group have long been used as drugs for various diseases.
The biological activity of these drugs is enhanced on
undergoing complexation with metal ions.

Sahu et al.®® also recently reviewed the summary of
medicinal chemistry features of schiff base and its
enhancement of biological activities on complexation.

Donde et al.*® reported the synthesis, characterization and
biological activity of mixed ligand Co(ll) complexes of
schiff base 2-amino-4-nitrophenol-N-salicylidene with some
amino acids. The Schiff base and its mixed ligand
complexes, in general, were non-hygroscopic and stable
solids. The compounds were subjected to simultaneous
thermogravimetric analysis to study their decomposition
mechanism and thermal stability. The Schiff base and mixed
ligand complexes were preliminary screened against various
strains of microbes to study their biological effect.

Tharinamj et al.’® brought to light the synthesis and
spectral characterization of some transition metal complexes
of azomethine derivative of diaminomalononitrile. New
complexes of VO(II), Mn(ll), Co(ll), Ni(ll), Cu(ll), and
Zn(I1) were synthesized and characterized by analytical and
physicochemical techniques. These metal complexes were
also tested for their antibacterial and antifungal activities to
assess  their  inhibiting  potential.  Metal-mediated
fluorescence enhancement is observed on complexation of
the azo Schiff base ligand. The synthesized compounds were
investigated for nonlinear optical properties, and the surface
morphology of the Cu(ll) complex was studied by scanning
electron microscopy.

Complexes of Co(ll), Ni(Il) and Zn(I1) with Schiff bases
derived from 4-anisaldehyde were reported by Ndahi and
Nasiru 2012.1%* The electronic spectral data reported by
them indicates that the compounds are six coordinated. The
molar conductance values showed that the complexes are
non-electrolytes, The compounds were screened in vitro for
antibacterial activity against some pathogenic bacteria:
Escherichia Coli, Pseudomonas aeruginosa, Salmonella
typhi, Bacillus subtilis and Staphylococcus aureus using the
agar-well diffusion method. The synthesized Schiff base
complexes exhibit higher antibacterial activity against the
tested pathogens compared to the free Schiff base because of
chelation.

Antibacterial studies of some Schiff base metal complexes
containing Zn(I1), Cu(ll), Ni(ll), Co(ll), Mn(ll), Cr(I1l) and
Cd(I1) with some novel antibiotics have recently reported by
Bukhari et al.’®? The antibacterial activity showed the
following trend: Metal complexes > Schiff base ligands>
Parent drugs.

Mahendra et al.’%® carried out synthesis, characterization
and biological activities of 5-chloroisatin Schiff base and its
metal complexes comprising of copper(ll), cobalt(ll),
nickel(1l) and zinc(l1). The ligand and its metal complexes
have been screened for their antibacterial activity against
Staphylococcus aureus, Escherichia coli, etc. and antifungal
activity against Aspergillus niger, Aspergillus flavous, etc.
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The activities of both the samples have shown significant
and noticeable changes on complexation.

Transition metal complexes with mixed nitrogen-sulphur
donor macrocyclic schiff base ligand of their synthesis,
spectral, electrochemical and antimicrobial studies were
recently updated by Shiekh et al.’® with Cu(Il), Co(ll),
Ni(ll) and Mn(Il). The results indicate that the complexes
are having potential antibacterial and antifungal properties.

Besides experimental studies in the above systems
computational aspects are very well studied. As per the
application assets of the field various measures are guessed
using theoretical field. Recently Ahmad et al.1% reported
inhibition effects of a synthesized novel 4-aminoantipyrine
derivative on the corrosion of mild steel in hydrochloric acid
solution together with quantum chemical studies, electronic
properties such as highest occupied molecular orbital
energy (HOMO), lowest unoccupied molecular orbital
energy (LUMO) and dipole moment () were calculated and
discussed. The results showed that the corrosion inhibition
efficiency increased with an increase in the HOMO values
but with a decrease in the LUMO value.

Sulfa drug based complexes have been recently also
studied with so many transition metals. Sharma et al. 1%
brought to light the coordination chemistry of Ca(ll) and
Mn(Il) with Schiff base of sulfaguanidine [4-amino-N-
{amino(imino)methyl}benzenesulfonamide’ and salicyl-
aldehyde. The ligand behaves as a bidentate with N,O donor
atoms. Complexes have been characterized by elemental
analysis, UV-visible and IR spectral studies.

Conclusion

A concise survey of literature on the coordination modes
of complexes of Schiff base ligands is also presented in this
review article. It is clear from this review article that the
Schiff bases coordinate as bi-, tri-, tetra-, penta-, hexa- and
heptadentate ligands to the metal ions. The five-coordinated
compounds can acquire two different geometries depending
upon the flexibility of chelate ring and length of chain
between the two coordinated atoms. The coordination
complexes have been successfully screened against different
strains of bacteria where they depicted the potential
antimicrobial behavior.

Acknowledgements

Authors thank the Head, Department of Chemistry, Govt.
Motilal Vigyan Mahavidyalaya Bhopal for providing
necessary research facilities. Facilities provided by UGC for

their generous research support are also gratefully
acknowledged.

Reference

Werner, Z., Inorg. Chem., 1893, 3, 267-269.

https://doi.org/10.1002/zaac.18930030136

481


https://doi.org/10.1002/zaac.18930030136

Synthesis of Schiff base metal complexes

2Banerjea, D., Indian J. Chem., 2000, 39, 1340-1344.
3Guo, Z. J., Sadler., Angew. Chem., int. ed., 1999, 38, 1513-1517.

“Thompson K. H., Orvig, C., Science 2003, 300, 936-939.
https://doi.org/10.1126/science.1083004

5Tompson K. H., Orvig., C., Medicinal Inorganic Chemistry, in
Concepts and Model Bioinorganic chemistry Ed., John Wiley
Press, Weinheirn, Gerrnany, 2006.

6Farell, N., Coord. Chem. Rev., 2002, 1, 232-238.

"Orvig, C., Abrams. M. J., Chem. Rev. 1999, 99, 2201-236.
https://doi.org/10.1021/cr980419w

8Farell, N. P., Uses of Inorganic Chemistry in Medicine, RSC,
Cambridge, U.K., 1999.

%Institute of Medicine, Dietary Reference Intakes for Vitamin A.,
Vitamin K, Arsenic, Boron, Chromium, Copper, lodine, Iron,
Molybdenum, Nickel, Silicon, Vanadium and Zinc, Food and
Nutrition Board, Washington, DC, 2001.

1ONational Research Council, Recommended Dietary Allowances,
10" ed., National Academy Press, Washington, DC, 1989.

UNielsen, F., Race, J., J. Elem. Exp. Med, 2000, 13, 113-118.
https://doi.org/10.1002/(SI1C1)1520-
670X(2000)13:1<113::AID-JTRA13>3.0.CO;2-D

2Mortey, J. E., in Geriatric Nutrition, Mortey, J. E., Glick, L. 1.,
Rubenstein, Eds., 2" ed.,Raven, New York, 1995.

18Sangal, S. P., Proc. Nat. Seminar on Recent Facts in
Coordination Chemistry, Nagpur, 1999

14Rosenberg, B., Nature 1969,
https://doi.org/10.1038/222385a0

15Cleare, M. J., Hoesehele, 1. D., Platinum-Met. Rev., 1973, 17, 2-8.
16Clears., M. J., Coord. Chem. Rev., 1974, 12, 349-354.
Silver, C. J., Ann. Rep, Prof. Chem., 1987, 84, 271-276.

18Weinstock, J., Sutton, B. M., Kuo, G. Y., Walz D. T., Dimartion,
M. J. J Med. Chem., 1974, 17, 139-145.
https://doi.org/10.1021/jm00247a029

¥Schubert, C., Metal Binding in Medicine, J. B. Lippincott,
Philadelphia, 1960, 325

20Scechter, Y., Karlish. S. J. D., Nature, 1980, 284, 556-559

AMcyerovitch, J., Farfel, Z., Sack, J., Shechter. Y., J. Biol. Chem.,
1987, 262, 6658-6664

ZHeyliger, C. E., Tahilliani, A. G., McNeill. J. H., Science, 1985,
227, 1479-1483

23Sakurai, H., Tsuchiya, K., Nukalsuka, M., Softie, M., Kawada, J.,
J. Endocrinal., 1990, 126, 451- 455

2McNeill, J. H., Yuen, V. G, Hoveyda. H. R., J. Med. Chem.,
1992, 35, 1489-1495. https://doi.org/10.1021/jm00086a020

3Yuyen, V. G., Carvan, P., Gelmini, L., Glover, N., McNeill, J. H.,
Sctyawati, 1. A., Zhou, Orvie, Y. C., J. Inorg. Biochem.,
1997, 68, 109-113. https://doi.org/10.1016/S0162-
0134(97)00082-2

%Kawabe, K., Toclokor, M., Kojima, Y., Fujisawa, Y., Chinese
Chem. Lett., 1998, 9, 14-18

ZRenal, B. A., Amin, S. S., Bucket, J. P., Ongernba, L. N., Craris,
D. C., Brichard. S. M., J. Pharm., 1999, 126, 467-472

BGrans, D. C., Yang, I, Alfano, J. A., Chi, L. H., Tin, W,
Mahroof, T., Robbins, K., Chan, L. K., Plante, A. J,,
Grayson, R. Z., Willisky, G. R., Coord. Chem. Rev., 2003,
237, 13-19. https://doi.org/10.1016/S0010-8545(02)00292-8

2Roden, C., Chen, X., Ruiz, J., Van Rossum, G. D., Turco, S.,
Metabolism 1996, 45, 1130-1135.
https://doi.org/10.1016/S0026-0495(96)90013-X

30Halberstam, M., Cohen, N., Shlimovich, P., Rossetti, L.,
Shamoore, H., Diabetes, 1996, 45, 659-664.
https://doi.org/10.2337/diabh.45.5.659

Eur. Chem. Bull., 2017, 6(10), 475-483

222, 385-388.

DOI: 10.17628/ech.2017.6.475-483

Section A-Review

31Goil, A. K., Ptti, M. L., Zuberi, I., Goldstein, B. J., Bine, L. R.,
Landaker, E. J., Ling, Z. Y. G., Wilisky, R., Kahn. C. R,,
Metabolism, 2000, 49, 400-406.

%2Crafts, D. C., Since, J. J., Gaidmausks, E., Yang. L., Chem. Rev.,
2004, 104, 849-857

333chiff, H., Ann. 1864, 131, 118-119

3Ettling, C., Ann. Chem., 1840, 35, 242-246
3Schiff, H, Ann. Chem., 1869, 150, 193-197.
%Delepine, M., Bull. Soc. Chim., 1899, 21, 943-947.

$Dubsky J. V., Solkol, A., Coll. Czech. Chem. Commun., 1925, 3,
595-5098.

38pfeiffer, P., Buchholz, E., Bauer, O., J. Prakt. Chem., 1931, 129,
163-168. https://doi.org/10.1002/prac.19311290112

39pfeiffer, P., Breith, E., Lubbe, E., Tsumaki, I., Ann. Chem, 1933,
505, 84-87.

4opfeiffer, P., Thiclert, H., Chem. Ber., 1938, 71B, 119-122.
https://doi.org/10.1002/cber.19380710120

“West, B. O., New Pathways in Inorganic Chemistry, Cambridge
University press, London, 1966.

42Yamada, S., Coord. Chem. Rev., 1966, 1, 415-421.
https://doi.org/10.1016/S0010-8545(00)80184-8
“lindoy, L. F.,, Quart. Rev., 1971, 25, 379-383.

https://doi.org/10.1039/qr9712500379

4“Tobday, M. D., Smith, T. D., Coord. Chem. Rev., 1973, 9, 313-
318.

“Ali, M. A, Livingstone, S. E., Coord. Chem. Rev., 1974, 13,101-
107. https://doi.org/10.1016/S0010-8545(00)80253-2

4Cleare, M. J., Coord. Chem. Rev., 1974, 12, 379-384.
https://doi.org/10.1016/S0010-8545(00)82029-9

47Zetzsche, F., Silberman, R., Viely, C., Helv. Chem. Acta, 1925, 8,
596-599. https://doi.org/10.1002/hlca.19250080187

“8Maslen H. S., Waters, 'l'. N., Coord. Chem. Rev., 1975, 17, 137-
142. https://doi.org/10.1016/S0010-8545(00)80302-1

“Spreiffer P., Pfitzinger, H., Prakt. Chem., 1936, 145, 243-247.
https://doi.org/10.1002/prac.19361450304

50Curtis, N. F., Coord. Chem. Rev. 1966, 1, 415-421.
https://doi.org/10.1016/S0010-8545(00)80184-8

Swest, B. O., Rev. Pure Appl. Chem. 1960, 10, 207-211.

52Trolin, R. H., Everett, G. W., Chakravorty, A., Frog. J. Chem.
1966, 11, 83-87.

SLayer, R., Chem. Rev, 1963,
https://doi.org/10.1021/cr60225a003

5Dwyer, R. P., Mellor, D. M., Chelating Agents and Metal
Chelates, Academic Press, New York, 1964.

%5Holmes O. G., Mclure, D. S., J. Chem. Phys., 1958, 26, 1686-
1889. https://doi.org/10.1063/1.1743606

5payer, F., Alit. Ges. Brit., 1958, 802, 774-777.

57Jungecs, E., Thabet, S., Analytical applications of Schiff bases in
Analytical Chemistry, Vol. 2, Marcel Dekker, New York
1969, 2, 149-155

58yamada, S., Coord. Chem. Rev., 1966, 1,
https://doi.org/10.1016/S0010-8545(00)80184-8

Krumholz, P., J. Am. Chem. Soc., 1953, 75, 2163-2167.
https://doi.org/10.1021/ja01105a043

800lszwske, E. J., Martin, D. F. J., Inorg. Nucl. Chem., 1965, 27,
345-349. https://doi.org/10.1016/0022-1902(65)80349-9

6Yamanouchi, K., Yamada, S., Inorg. Chem. Acta, 1974, 9, 161-
165. https://doi.org/10.1016/S0020-1693(00)89899-0

%2Topieh, J., Inorg. Chem., 1981, 20, 3704-3708.
https://doi.org/10.1021/ic50225a024

63,  489-495.

415-420.

482


https://doi.org/10.1126/science.1083004
https://doi.org/10.1021/cr980419w
https://doi.org/10.1002/(SICI)1520-670X(2000)13:1%3c113::AID-JTRA13%3e3.0.CO;2-D
https://doi.org/10.1002/(SICI)1520-670X(2000)13:1%3c113::AID-JTRA13%3e3.0.CO;2-D
https://doi.org/10.1038/222385a0
https://doi.org/10.1021/jm00247a029
https://doi.org/10.1021/jm00086a020
https://doi.org/10.1016/S0162-0134(97)00082-2
https://doi.org/10.1016/S0162-0134(97)00082-2
https://doi.org/10.1016/S0010-8545(02)00292-8
https://doi.org/10.1016/S0026-0495(96)90013-X
https://doi.org/10.2337/diab.45.5.659
https://doi.org/10.1002/prac.19311290112
https://doi.org/10.1002/cber.19380710120
https://doi.org/10.1016/S0010-8545(00)80184-8
https://doi.org/10.1039/qr9712500379
https://doi.org/10.1016/S0010-8545(00)80253-2
https://doi.org/10.1016/S0010-8545(00)82029-9
https://doi.org/10.1002/hlca.19250080187
https://doi.org/10.1016/S0010-8545(00)80302-1
https://doi.org/10.1002/prac.19361450304
https://doi.org/10.1016/S0010-8545(00)80184-8
https://doi.org/10.1021/cr60225a003
https://doi.org/10.1063/1.1743606
https://doi.org/10.1016/S0010-8545(00)80184-8
https://doi.org/10.1021/ja01105a043
https://doi.org/10.1016/0022-1902(65)80349-9
https://doi.org/10.1016/S0020-1693(00)89899-0
https://doi.org/10.1021/ic50225a024

Synthesis of Schiff base metal complexes

8Gupta B. D., Malik, W. V., Less. Comm. Met., 1979, 17, 62-65.
64Singh, J., Lal, K., Gupta, S. P., S. Afr. J. Sci., 1979, 75, 62-66

%Noatabay, W. E. H., Mc Auliffe, C. A., McCullough, F. P.,
Razzoki, S. M., Inorg. Chim. Acta, 1979, 35, 35-39.

%Maurya, R. C., Singh, H., Pandey, A., Singh, T., Indian. J. Chem.,
2001, 40A, 1053-1063.

6’Maurya, R. C., Pandcy, A., Sutradhar, D., Indian J. Chem., 2004,
43A, 763-766,

%Maurya, R. C., Patel, P., Rajput, S., Synth. React. Inorg. Met. Org.
Chem., 2003, 33, 801-805. https://doi.org/10.1081/SIM-
120021647

8Thompson, K. H., Barta, C. A., Orvig, C., Chem. Soc. Rev., 2006,
35, 545-551. https://doi.org/10.1039/b416256k

Melchior, M., Rciting, B. L., Hioirin, K. H., Thompson, V. G.,
Yuen, J. H., McNeill, J, H., Orvig, C., Inorg. Chem., 2001,
40, 4686-4690. https://doi.org/10.1021/ic000984t

Thompson, K. H., Chiles, J., Yuen, V. G., Tse, J., McNeill, J. H.,
Orvig, C., J. Inorg. Biochem., 2004, 98, 683-686.
https://doi.org/10.1016/j.jinorgbio.2004.01.006

?Mohammadi, K., Thompson K. H., Idiridc, B. O., Star, T.,
Martins, C., Polislichuk, E., Yuen, V. G., McNeill, J. H.,
Orvig, C., J. Inorg. Biochem.. 2005, 99, 2217-2224.
https://doi.org/10.1016/j.jinorgbio.2005.08.001

BRangel, M., Leite, A., Arnorim. M. J., Inorg. Chem., 2006, 45,
8086-8090. https://doi.org/10.1021/ic0605571

"Garribba, E., Miccra, G., Chruscinska, E. L., Sanna, D.,
European J. Inorg. Chem., 2006, 2690-2700.
https://doi.org/10.1002/ejic.200600230

Tata, W. B. 1., luntil, J., Whyrnan, R., Transition Metal Chem.,
1969, 5, 47-52.

"6Syamal, A., Theriot, L. J., J. Coord. Chem., 1973, 2, 241-246.
https://doi.org/10.1080/00958977308072980

""Hatfield, A. P., Inmen, C. W., J. Inorg. Nucl. Chem., 1969, 31,
1376-1380. https://doi.org/10.1021/ic500762036

8Ginsberg, A. P., Kouheek, F., William, H. J., Inorg. Chem., 1966,
5, 1956-1959. https://doi.org/10.1021/ic50044a005

Vanco, J., Marek, J., Travnieck, Z., Racanska, E., Muselik, J.,
Svajlenova, O., J. Inorg. Biochem., 2008, 102, 595-605.
https://doi.org/10.1016/j.jinorgbio.2007.10.003

8Jones, D. R., Symmerville D. A., Basolo, F., Chem. Rev., 1979,
79, 139-146. https://doi.org/10.1021/cr60318a002

81Bailey G.E., Graddon, D. P., Aust. J. Chem., 1967, 20, 885-889.
https://doi.org/10.1071/CH9670885

8Hariharan M., Urbach, F. L., Inorg. Chem., 1969, 8, 559-563.
https://doi.org/10.1021/ic50073a029

8Hoyl, W. C., Everette, G. W., Inorg. Chem., 1969, 8, 2013-2017.
https://doi.org/10.1021/ic50079a043

8Maurya, R. C., Chourasia, J., Sharma, P., Indian J. Chem., 2007,
46A, 1594-1604.

8 Dash, K. C., Mohanta, H., Synth. React. Inorg. Met. Org. Chem.,
1970, 9, 325-330.

Eur. Chem. Bull., 2017, 6(10), 475-483

DOI: 10.17628/ech.2017.6.475-483

Section A-Review

8Brack, A. M., Cook, D. I. L., Fenton, D. E., Bombieri, G.,
Forseliini, L. Benetallo, F., J. Inorg. Nucl. Chem., 1978, 40,
1551-1557.

87paolucci, G., Marangoni, G., Inorg. Chim. Acta, 1977, 74, 15-19.

88Sacconi L., Bertini, 1., J. Am. Chem. Soc. 1960, 88, 5180-5186.
https://doi.org/10.1021/ja00974a027

8Dash K. C., Mohanta, H., Russ. J. Inorg. Chem., 1980, 25, 587-
591.

%Jankowska, A., Polyhedron, 1985, 4, 1191-1196.
https://doi.org/10.1016/S0277-5387(00)84104-2

9Kumar, A., Chandra, U., Synth. React. Inorg. Met. Org. Inorg
Chem., 1992, 22, 971-97.
https://doi.org/10.1080/15533179208016605

92Dhara, K., Roy, P., Manassero M., Banerjee, P., Indian. J. Chem.,
2008, 47A, 18-21.

%BRaman, N., Muthuraj, V., Ravichandran, S., Kulandaisamy, A.,
Proc. Indian Acad. Sci., 2003, 115(3), 161-167.
https://doi.org/10.1007/BF02704255

%“Imran, M., Igbal, J. S., Liaz, N., Turk. J. Biol., 2007, 31, 67-72.
9%Nida J. I., Imran, M., J. Sci. Res., 2009, 1, 39-43.

%Arulmuruganl, S., Helen, P., Kavitha, S., Venkatraman, B. R.,
Rasayan J. Chem. 2010, 3(3), 385-410.

9Singh, V., Kaushik, N. K., Singh, R., Asian J. Res. Chem., 2011,
4(3), 31-36 .

9%Sahu, R., Thakur D S., Kashyap, P., Int. J. Pharm. Sci. Nanotech.,
2012, 5, 45-49.

%Ajay, R. P., Kamini, J., Donde, S. S., Vishwanath, R., Patil, R.,
Lokhande, R. S., J. Chem. Pharm. Res., 2012, 4(2), 1413-
1425.

10Anitha., C. Sheela, C. D. Tharmaraj, P. and Shanmugakala, R.
Int. J. Inorg. Chem., 2013, 20, 12-17.

10INdahi, N., Nasiru, R., Inter. J. Pharm. Sci. Res., 2012, 3(12),
5116-5120.

192Nazir, F., Bukhari, I. H., Arif, M., Riaz, M., Nagvi, S. A. R,,
Bokhari T. H., Jamal, M. A., Int. J. Curr. Pharm. Res., 2013,
5(3), 40-47.

18Ra0, R., Reddy, K. R., Mahendra, K. N., Chem. Sci. Trans.,
2013, 2(3), 1063-1069.

104g5hjekh, R. A., Rahman, 1. A., Malik, M. A., Luddin, N., Masudi,
S. M., Al-Thabaiti, S. A., J. Electrochem. Sci., 2013, 8, 6972-
6987.

105A1-Amiery, A. A., Junaedi, S., Kadihum, A., Kadhum, A. A. H.,
Mohamad, A. B., Int. J. Mol. Sci., 2013, 14, 11915-11928.
https://doi.org/10.3390/ijms140611915

106Sharma, S., Sharma, N., Malik, S., Jain, B., Int. J. Pharm. Sci.
Res., 2013, 2, 9-13.

Received: 29.10.2017
Accepted: 27.11.2017.

483


https://doi.org/10.1081/SIM-120021647
https://doi.org/10.1081/SIM-120021647
https://doi.org/10.1039/b416256k
https://doi.org/10.1021/ic000984t
https://doi.org/10.1016/j.jinorgbio.2004.01.006
https://doi.org/10.1016/j.jinorgbio.2005.08.001
https://doi.org/10.1021/ic0605571
https://doi.org/10.1002/ejic.200600230
https://doi.org/10.1080/00958977308072980
https://doi.org/10.1021/ic50076a036
https://doi.org/10.1021/ic50044a005
https://doi.org/10.1016/j.jinorgbio.2007.10.003
https://doi.org/10.1021/cr60318a002
https://doi.org/10.1071/CH9670885
https://doi.org/10.1021/ic50073a029
https://doi.org/10.1021/ic50079a043
https://doi.org/10.1021/ja00974a027
https://doi.org/10.1016/S0277-5387(00)84104-2
https://doi.org/10.1080/15533179208016605
https://doi.org/10.1007/BF02704255
https://doi.org/10.3390/ijms140611915

	426-429
	430-432
	433-439
	440-444
	445-455
	456-469
	470-474
	475-483

