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Introduction

EW phenol formaldehyde resin synthesized from multi steps, the first step converts

mefenamic acid to their ester ethyl 2-((2,3-dimethylphenyl) amino) benzoate (T,) by
reaction with ethanol catalyzed by sulfuric acid as a catalyzed. The hydrazide derivatives
2-((2,3-dimethylphenyl) amino) benzohydrazide (T,) prepared through the reaction ester(T))
with hydrazine hydrate in ethanol. Third step Prepared of some Schiff bases phenolic [T,-T,],
(E)-2-((2,3-dimethylphenyl) amino)-N’-(4-hydroxy-2-methylbenzylidene) benzohydrazide
(T,), (E)-2-((2,3- dimethylphenyl) amino)-N’-(3-hydroxy-2-methoxybenzylidenebenzohydr
azide(T,) and(E)-N’-(2,4-dihydroxy-6-methylbenzylidene)-2-((2,3-dimethylphenyl) amino)
benzohydrazide (T,) finally prepared the phenol formaldehyde resins [T,-T.]. The chelating
ability of these polymers was studied to extract some metallic ions such as Co™, Fe™, Ni”2 by
using batch equilibrium method. The different factors are studied, loading capacity, pH and
time. All the synthesized compounds were characterized by using by various spectroscopic
techniques such as FTIR, 'HNMR as well as DSC.

Keywords: Mefenamic acid, Chelating, Thermal analysis (DSC), Loading Capacity
(LC).

water displacement[3]. Other characteristics of

Aromatic

aldehydes react

the right-hand vehicles are often colored[4], and

smoothly  under it has the ability to form colored complexes with

moderate conditions and low temperatures in or
without an appropriate solvent, When aromatic
amines are condensed with aromatic aldehydes|[1],
the drawing groups of the electrons in the para site
are barren in the amines, reducing the reaction
speed while increasing the reaction rate in the case
of aldehyde compensation[2], When intensifying
aromatic amines with ketones, especially
aromatics, they require high temperature, longer
reaction time and auxiliary factor, as well as

most metal ions transitional[5-6]. Chelate resins
can be prepared containing the azomethine group
the group responsible for the formation of the
complex with many different element ions [7-10].
Chelated polymers are used to remove some ions
of non-degradable elements in industrial water
[11-13], as well as in the manufacture of selective
electrodes used in ion membranes [14-17].
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Instruments and synthesis methods

FTIR spectra of all compounds were recorded
on Cary FTIR 600 Series Spectrophotometer
using KBr pellets in the range 4000-400 cm
!. The experimental values of 'H and C NMR
spectra for the studied compounds were scanned
on a Bruker 500 MHz spectrometer with a field
gradient to operating at 500 MHz for proton
observation using Dimethylslphoxide(DMSO-d6)
as solvent and tetramethylsilane (TMS) as internal
standard. The differential scanning calorimetry
were carried out using (DSC Q1000V9.9 Build),
the sample (4-5.7mg) in a sealed aluminum pan
heating from 0 to 200 °C at a rate of 10°C and

CH,
CH,

@
EtOH/ H

under nitrogen flow of 20 cm*min. Indium was
used as standard for calibrating the temperature.

Preparation ethyl 2-((2,3-dimethylphenyl) amino)
benzoate (T ):

In a 100mL round bottom flask, (2.4129gm,
0.01 mol) of the carboxylic acid in dissolved
in 50 ml of absolute ethanol and add 2 ml of
concentrated sulfuric acid as catalyzed. The
mixture reflux for (7 hours) and then wash with
sodium bicarbonate solution, ester was extracted
(20 x 3 mL) of diethyl ether. The organic layer
dried then evaporates the solvent, the product
crystallized from ethanol, (Fig.1).

H,C
CH,

TZ

0% ~SoH

figure(1)

Preparation of 2-((2,3-dimethylphenyl) amino)
benzohydrazide (T,):

To a (2.6934gm, 0.01mol) of compound T,

reflux 7h

Y

in 25 mL ethanol, 6mL of hydrazine hydrate, the
mixture was heated under reflux with stirring
for 8 hours. The mixture cooled to get white
solid product then dried and recrystallized from
ethanol, melting point (191-193)C?, (Fig.2).

CH;
NH,NH, H,0
H Ethanol / reflux 8h o E
2 ~NHNH
o7 2
(T1) -
figure(2)

General Procedure for the synthesis of [T-T ]

In a suitable round flat bottom flask (0.001mol,
0.255gm) of the compound (T,) in 50ml ethanol,
(0.001mol) of the appropriate benzaldehyde
was added. the mixture was heated under reflux
with stirring for 6 hours. cooled to get white
solid product then dried and recrystallized from
ethanol. Table (1) shows some physical properties
of compounds [T,-T,], (Fig.3).

Egypt. J. Chem. 63, No. 1 (2020)

Method of preparation chelating resins [T-T]:

In round flat bottom flask 0.005mol of
synthesized compounds [T.-T.] dissolved in
50mL THF then added 7mg phenol, and 25 mL
Formaldehyde, the acidity of mixture adjusted at pH
9 by sodium hydroxide solution, then heated under
reflux 16 hours. Cool, Evaporation the solvent the
residue poured in porcelain dish and heat at 250°C
for 6 hours to complete the polymerization, (Fig.4).
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Ar
reflux with N=C
H —NHNH, + Ar- CHO ——— H _NH W
d/ stirr d/
H, H, H, H,
T, T5-Ts
CH,
OCH,4 H,C OH
T3 , Ar_ T,, Ar_ Ty, Ar_
OH
H H

figure(3)

TABLE (1): Some physical properties of prepared compounds [T,-T |

183-185

%m C,H,.N,0, 196-198 52 White
H
@/ C H,N.0, 188-190 46 Brown

‘(LCHZ OH

CH,

@ DA VN i

Tg ’%CHZ

H3CO, oH

HCOH /
(T3'T5) phenol H,;C CH, CH2>—

N—
pH 9 / reflux 6h @_NH O\b—mﬂ W HO

figure(4)
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Preparation of standard solutions for element
ions:

Prepare the standard solutions by dissolving
the necessary weights of the metal nitrate in the
least possible amount of water with the addition

of 2mL of concentrated nitric acid or concentrated
hydrochloric acid and according to the salt used.
Then complete the volume to 500 mL with non-
ionic water. Table (2) shows the weights used salts
of the elements for the preparation of standard
solutions 1000 ppm in metal ion.

TABLE (2) Weights used for salts of each element necessary to obtain (500 ml) of solutions at a concentration of (1000) ppm.

Co (NO,),.6H,0

FeCl,

Ni (NO,),.3H,0

Results and Discussion

A number of compounds derived from ester

and then to the chelate polymers are shown and the
scheme 1 below shows the prepared compounds.

N H
N c,H,on/H N
—_—
reflux 7h
Hy CH; _c. Ha Hy
0O*"~OH o 0*7~0C,Hs5
@M 0‘\6 (T1)

g&w «2\5

fased

(T2)

0%~ *NHNH,

Ar- CHO reflux

oo

O 7" ~NHN= C
(T3-Ts) \
HCOH | pH 9
phenol | reflux 6h
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H' NMR spectra of (T ).

The magnetic resonance spectra of the T, showed
a signal at 0.91ppm was due to the ringing of CH,
protons. AS well as a two a single signal at 2.09
ppm and 2.28 ppm are associated to the protons of
(2CH,) interlocking benzene ring. The appearance

-

C—— OCHCHsz

H;C CHa

(@)

of a signal at 5.11 ppm belonging to the protons of
the group (-OCH,), With two signals at the range
7.11-7.87ppm due to the resonance of aromatic
rings (Ar-H), and the appearance of a single signal
at the chemical shift 10.57 ppm associated of the
proton resonant group (NH)( Fig .5).

|
=

10 9 8 7

4

T

2 80

[ B
A

Fig. 5."H-NMR spectrum of the T,

H' NMR spectra of (T,)

The spectrum of the T, compounds showed
the disappearance of some signals at the chemical
shift 0.91 ppm and 5.11 ppm, which are due to
the group (-OCH,CH,). Appearance new signals

|

at the chemical shifts 4.90 ppm and 11.71 ppm
for the protein resonance groups NH, and NH.
As well as signals at 1.44 ppm and 2.69 ppm for
proton group protons (2CH,) associated with the
benzene ring, 7.27-7.58 of the aromatic protons
(Ar-H), (Fig.6.).
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Fig. 6. '"H-NMR spectrum of the T,.
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FTIR analysis of compounds of (T, T).

FTIR spectra are shown in (Fig. 7) and (Fig.8),
the bands at 3332-3583 cm was attributed to
the bending mode of the NH group, and the
disappearance of the NH, peak was observed. The
spectra showed a band within the range 3009-

Agilent Resolutions Pro

3046 cm™ as a result of the vibration of C-H and
aromatic bands. The range 2747-2918 cm™ was
attributed to the vibration of C-H. 1702-1720 cm'1
is due to the vibration of the carbonyl group C=0.
The peaks at 1648-1653 cm™ and 1498-1569 cmr
'due to the vibration of C=N group and C=C bond
respectively.

35436
—

33320
30465

%Transmittance
=3
20184

"glatgsg
14805
12505

Wavenumber

Fig. 7. FTIR spectrum of the T,

Agilent Resolutions Pro

I}

%Transmittance
=

N I I I

3800 3600 3400 32‘00 3600 2800 2600 ?4‘1]]

OH

12533

1648.8

Fig. 8. FTIR spectrum of the T .
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Discussion of NMR spectra of 'H-NMR for
compounds prepared from [T -T].

The spectrum of the two compounds (T, and
T,) showed a single indication at the chemical
shift 1.82ppm and 2.27 ppm) for the proton
groups (2CH,) associated with the benzene ring,
the appearance of the spectrum is a single signal at
4.50ppm of the resonant protons group (-OCH,).
As well as the appearance of signals within the

[ \ I

H,C CH; C—NII—N=— C
o7 1T

H.CO

|

S |,

range of displacement 7.67-7.89ppm belonging to
aromatic proton rings (Ar-H), and the emergence
of a monotonous signal ranging from 8.85ppm
to the proton resonant group of azomethane (N
= CH). The appearance of a single signal at the
displacement of 9.51ppm due to the resonance of
the (OH) group, and emergence of a single signal
at displacement 9.79ppm was attributed to the
proton resonance group (NH). Fig. 9.

OH

T T T
8 7 6

[fefef

Fig. 9. '"H-NMR spectrum of T,.

The T, spectrum showed three unilateral
signals at the chemical displacement 1.50ppm,
2.11ppm and 2.28 ppm due to the resonance of
proton groups (3CH,) associated with the benzene
rings, as well as signals within the displacement
range 7.89-7.67ppm of the proton resonance
(Ar-H). The appearance of a single signal at

O NH—N=—C
= N=¢

HC

8.60ppm belonging to the proton resonant group
azomethine (N = CH), with a single signal at
the displacement of 9.89ppm, which is due to
the proton resonance (OH). The appearance of a
mono signal at 11.29ppm was attributed to the
Proton resonance group (NH). Notes (Fig. 10).

OH

Fig. 10. "H-NMR spectrum of the T_.
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Differential scanning calorimetry (DSC) of

compounds [T-T].

Differential scanning calorimetry of polymers
(T , - T ) was recorded from (0 -200)°C at rate
of 10°C. DSC is valuable method to give some
information about structure of compound. First
it is important to note that all these compounds
are crystalline in nature because the (Tc) and
(Tm) were observed. While purely amorphous
compounds will only undergo a glass transition:

Size: 44000 mg
Comment: H/C/H from 0°C to 200°C at 10°C/min

DsC

The (T,) compound showed the glass transition
(Tg) at 91.63°C, (Tc) at 108.25°C and melting at
124.89 °C. While both T, and T, shows the glass
transition at lower temperature compared with T,
were the (Tg) observed at 38.39°C and 35.31 °C
respectively. The low temperature (Tg) indicated
the flexible nature of the compounds at these
temperatures and many be indicated that both T,
and T, exist in cis from where the double bond in
cis form reduce the energy barrier for rotation of
adjacent bonds. Note figures 6, 7 andS.

File: CATAData\DSCWHamid1_310714_Heat2
Instrument: DSC Q1000 V9.9 Build 303

00 0010
Heat/Coal/Heal fram 0°C ta 200°C at 10°C/min - Heat 2
0.1+ o.oos
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- e
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© B
[:+3
g T
=
@
[=}
124.89°C
03+ F-0.005
04 T T T -0.010
50 100 150 200
Exo Up Temperature (°C) Universal V4,54 TA Instruments
Fig. 7. DSC thermogram for polymer [T ]
Size: 56000 mg DSsC File: CATAData\DSC\Hamid\2_2407 14_Heat1
Comment HIC/MH from 0°C to 200°C at 10°C/min Instrument: DSC Q1000 V9.9 Build 203
0.020
0.04 Heat/Cool/Hzat fram 0°C to 200°C at 10°C/min - Heat 1
F0.015
F0.010
o
. Fooos &
=
S =
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<) Fooo0 =
r =
- o
It il
£ T
L0005 =
T
()
F-0.010
F-0015
05 T T T T T -0.020
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Universal ¥4.54 TA Instruments

Fig.8. DSC thermogram for polymer [T.]
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Size: 5.7000 mg
Comment: HAZH from -90°C to 100°C at 10°C/min

DsC

File: CATAData\DSCiHamich\3_230714_Heat1
Instrument. DSC Q1000 V9.9 Build 303

0z

0.0+
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F-0.02

-0.03
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-20 30 80
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T
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Universal V4.3ATA Instruments

Fig.9. DSC thermogram for polymer [T,]

Analytical measurements
A selective study of resins towards elements

The maximum loading capacity of the resins
to the studied elements at the maximum treatment
time 24 hours and the highest pH of the metal
ion solution, where the solution is clear and non-
turbid and at room temperature, is the optimal
condition used for the study of selective renal
resins. The process is treated with 0.1gm of resins
with element ions, which are 100ppm in isolation
for 24hour and at the highest acidic function of
the element ions solution. The filtration process
is performed and the concentration of each ion

in the leachate is performed mediated Atomic
absorption spectrometry to determine the number
of ions associated with different resins studied
[T,-T,l.

Factors Affecting polymer Loading Capacity [T,
-T.

The factors influencing the resin loading
capacity (T, - T,) were the treatment time and
the acidic function by adding 0.1 g to 10 mL ions
(Cu™, Fe™, Cd™) at a concentration of 100 ppm
and at a time of( 1-24 )hours and pH (1- 6) .As
shown in Tables 3, 4 and 5, Figures (10-18).

TABLE (3): Number of milligrams of ions (Co2 +, Fe3 +, Ni2 +) drawn by (0.1mg) of chelated resin [T6] as a
function of time in different acidic functions.

Loading Capacity of ion
Ions pH mg ion /mg resin
Time(hour)
1 4 7 12 24
1 0.8 1.9 2.6 39 4.9
COZ+
3 0.3 1.5 3.1 5.4 6.2
2 0.9 2.3 3.7 4 5.8
Fe3+
3 0.6 1.7 2.8 4.7 6.5
1 0.4 1.4 2.1 3 4.9
*Ni
4 1.2 2.6 3.8 5 6.5

Egypt. J. Chem. 63, No. 1 (2020)
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——pH=1 ——pH=3

LC (MG ION/ G RESIN)
[¥5)

TIME (HOUR)

Fig. 10. Number of mg / ions (Co*?) withdrawn by (0.1gm) of the polymer [T ] as a function of time in
different pH (=1, 3).

—4—pH=2 ——pH=3

LC (MG ION / G RESIN)
[¥5]

0 5 10 15 20 25 30
TIME (HOUR)

Fig. 11. The number of milligrams of ions (Fe**) withdrawn by (0.1gm) of the polymer [T ] as a function of time
in different acidic functions in (pH =2, 3).
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—e—pH=1 —l—pH=4

LC (MG ION/ G RESIN)

0 5 10 15 20 25 30
TIME (HOUR)

Fig. 12. The number of milligrams of ions (Ni*?) withdrawn by (0.1gm) of the polymer [T6] as a function of time
in different acidic functions in PH (1, 4).

TABLE (4): Number of milligrams of ions (Co*, Fe*, Ni*?) withdrawn by 0.1gm of the renal resin [T] as a function
of time in different pH.

4 1.4 2.7 3.5 4.1 5.6
- C02+
2 0.2 1.3 2.8 3.4 4.6
2 0.7 1.2 2.3 3.9 5.2
- Fe3+
5 1 2.5 3.6 4.8 6.7
1 1.1 2 3.1 4.5 6.1
- Z+Ni
6 1.6 2.9 4.4 6.3 7.8
6
5
zZ 4
(%]
v}
-3
A
=
=
) 2
=
< 1
0
0 5 10 15 20 25 30

TIME (HOUR)

Fig. 13. The number of mg of ions (Co™) withdrawn by 0.1gm of the polymer [T.] as a function of time in
different acidic functions (PH = 2, 4).
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8 ——pH=2 —@—pH=5
.
6
=
3 s
o
© 4
s
=
S 3
2
= 2
L]
= 1
0
0 5 10 15 20 25 30
TIME (HOUR)

Fig. 14. Number of mg / ions (Fe*’) withdrawn by (0.1mg) of the polymer [T.] as a function of time in different
acidic functions (PH =2, 5).

—4—pH=1 ——pH=6

LC (MG ION/ G RESIN)
(] = P [¥5] ey [¥y] [=)] | [e4] o

TIME (HOUR)

Fig. 15. The number of milligrams of ions (Ni*?) withdrawn by (0.1gm) of the polymer [T.] as a function of time
in different acidic functions (PH =1, 6).

TABLE (5): Number of milligrams of ions (Co*?, Fe*, Ni*) withdrawn by 0.1gm of the T, as a function of time in
different acidic functions:

Loading Capacity of ion
Ions pH mg ion /gm resin
Time(hour)
1 4 7 12 24
1 0.2 1.5 2 32 4.2
C02+
3 0.5 2.1 34 4.8 5.6
2 0.6 2.2 3.6 5.1 6.9
Fe3+
6 13 2.8 4.5 6.6 7.4
4 0.4 1.7 33 4.9 5.6
*Ni
6 1.6 2.9 42 54 7.2

Egypt. J. Chem. 63, No. 1 (2020)
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LC (MG ION/ G RESIN)

—e—pH=1 —8—pH=3

10 15 20
TIME (HOUR)

25 30

Fig. 16. The number of mg / ions (Co*?) withdrawn by (0.1gm) of the T, polymer as a function of time in different

acidic functions (pH =1, 3)

LC (MG ION/ G RESIN)

—#—pH=2 —l—pH=6

TIME (HOUR)

25 30

Fig. 17. Number of mg / ions (Fe*®) withdrawn by 0.1mg of T, as a function of time in different acidic functions

(pH =2, 6).
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Fig. 18. The number of milligrams of ions (Ni*?) withdrawn by (0.1mg) of the polymer [T,] as a function of time

in different acidic functions (pH = 4, 6).

Egypt. J. Chem. 63, No. 1 (2020)



168

TAHSEEN SADDAM FANDI AL-MATHKURI et al.

References

Siti K. Abdul Mudalip Mohd R. Abu Bakar,
Parveen Jamal, and Fatmawati Adam. Solubility
Data of

mefenamic Acid Crystals in Different Classes

and Dissolution Thermodynamic

of Organic Solvents. Journal of Chemical &
Engineering Data, 58, 3447-3452(2013).

Colanceska-ragenovic, K.;
Kakurinov, V.; Molnar, D. G.; Buzarovska, A.;
Makedonski, A.; Sad, N. Synthesis, Antibacterial
and Antifungal Activity of 4-Substituted-5-Aryl-
1,2,4-Triazoles. Molecules, 6, 815-824(2001).

Dimova, V.

Gertig, D. M.; Hunter, D. J. Semin. Cancer
Biol. Genes and Environment in the Etiology of
Colorectal Cancer, 8 (4), 285-298(1998).

Koparir, M.; Cansiz, A.; Demirdag, A.; Koparir,
M.; Cansiz, A.; Demirdag, A. Synthesis of Some
New 4,5-Substituted-4H-1,2,4-Triazole-3-Thiol
Derivatives. Molecules, 9 (4), 204-212(2004).

Shafiee, A.; Naimi, E.; Mansobi, P.; Foroumadi,
A.; Shekari, M., Syntheses of Substituted-
Oxazolo-1,3,4-Thiadiazoles, 1,3,4-Oxadiazoles,
and 1,2,4-Triazoles J. Heterocycl . Chem.. 32 (4),
1235-1239(1995).

Alketa,T.; George, D. G,; Dimitris P. K.; George
P. Manganese coordination compounds of
mefenamic acid: in vitr screening and in silico
prediction of biological activity. Journal of
Inorganic Biochemistry. 190, 1-14(2019).

Satish, C.; Monika, T.; Prateek,T.; Sulekh,C.; and
Deepansh, S Synthesis, Characterization, DFT
of Novel, Symmetrical, N/Odonor Tetradentate
Schiff’s Co(IT),Ni(IT),Cu(II),Zn(IT)
in-vitro Pathogenic  Antibacterial
Activity. Egypt.J.Chem. 62,(2),291 - 310 (2019).

base,Its

Human

Kalaivani, S. S.; Vidhyadevi, T.; Murugesan,
A.; Thiruvengadaravi, K. V.; Anuradha, D.;
Sivanesan, S.; Ravikumar, L. The Use of New
Modified Poly(Acrylamide) Chelating Resin
with Pendent Benzothiazole Groups Containing

Donor Atoms in the Removal of Heavy Metal

Egypt. J. Chem. 63, No. 1 (2020)

10.

11.

12.

13.

14.

16.

Ions from Aqueous Solutions . Water Resour. Ind,
5,21-35(2014).

AL-mathkuri', T, S, F., AL-jubori?, H, M, S., Alj,
T, S™. Synthesis and Study the Chelating Activity
of'some Polymers Containing Heterocyclic Rings,
The Derivatives from 1,2,4- trizol Levofloxacin
acid. Orient. J. Chem., 34(4), 2031-2042(2018).

Pouria, Gill, Tahereh,T, Moghadam, B, Ranjbar.

Differential Scanning Calorimetry Techniques:

Applications in Biology and Nanoscience.
Biomolecular Techniques. 21(4), December
(2010).

C. Schick., Differential scanning calorimetry
(DSC) of semicrystalline a polymer. Anal
Bioanal. Chem. 395, 1589-1611(2009).

Madhuri, C.; Deepak, T.; and Sulekh, C. BSA
Binding Studies of Co (II), Ni (II) and Cu
(I) Metal Complexes of Schiff base Derived
from 2-hydroxy-4-methoxybenzaldehyde and
2-amino-6-methylbenzothiazole. Egypt.J. Chem.
62, No. 2. pp. 357 - 372 (2019).

Koparir, M.; Cansiz, A.; Demirdag, A.; Koparir,
M.; Cansiz, A.; Demirdag, A. Synthesis of Some
New  4,5-Substituted-4H-1,2,4-Triazole-3-Thio
Derivatives. Molecules. https ://doi.org/ 10.3390/
90400204 (2004). 9 (4), 204-212(2004).

Khan, Shanza Rauf Farooqi.; Muhammad
Siddiq, Mohammad Khan Abbas. Synthesis,
Characterization,

and Silver Nanoparticles

Fabrication in N-isopropylacrylamide-Based
Polymer Microgels for Rapid Degradation of
p-Nitrophenol. Journal of Dispersion Science

and Technology. 34(10),1324 -1333(2013).

Krishna Sailaja and Tanzia Khan.;. Preparation
and Evaluation of mefenamic Acid Loaded
Microspheres Using Eudragit by Solvent
Evaporation Technique. Indian Journal of Novel

Drug Delivery. 9(4), 239-244(2017).

K. Anushal and Krishna Sailaja A. Preparation
and evaluation of mefenamic acid loaded

microspheres using synthetic and natural



IDENTIFICATION AND INVESTIGATION OF THE CHELATING ACTIVITY ...

169

17.

polymers. Der Pharmaia Lettre. 8(1), 197-
205(2016).

Alketa, T.; Marinathi,Z.;Spyros,P.;Konstanti
on, L.; Anastasia,A.P.; George, D. George, P.
Manganese (II) complexes of tolfenamic acid or
naproxen in polymeric structures or encapsulated
in [15-MC-5] manganese(Ill) metallacrowns:
Structure and biological activity. Inorganica
Chimica Act. 483 ,579-592(2018).

Egypt. J. Chem. 63, No. 1 (2020)



	_Hlk16350503
	_Hlk3841435
	_Hlk3841598
	_Hlk16335938
	_Hlk16336577
	_Hlk16354700
	_Hlk4241374
	_Hlk16339508
	_Hlk16339324
	_Hlk16339400
	_Hlk16350796
	_Hlk16351801
	_Hlk9952437
	_Hlk16352979
	_Hlk9952577
	_GoBack

