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Abstract:

New complexes with a mixture of aspirin (acetylsalicylic acid ) with methyldopa or paracetamol with methyldopa were
synthesized via the reflux of reaction mixture using a basic medium to deprotonate the ligands. These new complexes of
Mn(11),Fe(11),Co(I1),Ni(ll) and Cu(ll) with a mixture of aspirin (acetylsalicylic acid), paracetamol and methyldopa have
characterized using FTIR, UV-visible spectra, magnetic susceptibility, flame atomic absorption, C.H.N.S analysis and
melting points measurements. The two mixed ligands have been found to act as bidentate chelating agents. Aspirin
(acetylsalicylic acid) complexes coordinate to the metal ions through the oxygen of Aspirin's ester group and oxygen of the
carboxyl group, while Methyldopa as ligand is coordinated through the oxygen of the carboxyl group and the nitrogen of the
amide groups. The Paracetamol was coordinated through the oxygen atom of carboxyl group and the nitrogen atom of the
amide group. The stability of these new complexes depends on the size of the chelate rings, thus these ligands with a flexible
organic backbone and their complexes contain five and six membered chelate rings, which have almost no strain. The molar
conductance measurements for the metal complexes show non-electrolytic behavior in DMF solvent." The all-synthesized
complexes which show non-electrolytic properties, also were no conducting electrical current behaved as bi-dentate with

octahedral geometrical isomers.
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1. Introduction:

Synthetic study of complexes derived from transition
metal and mixed ligands have been of increasing
interest especially as antimicrobial activityl*2l,
Mixed pharmaceutical active molecules play an
important role as ligands in complexation with
numerous transition state. Numerous transition
metals with mixed drugs molecules complexes show
wide-ranging pharmaceutical activity, which place
them in several biochemical processest®land anti-
varies agentsil. Many methods were published for
preparing of the mixed ligands metal complexes.
NMR spectroscopy has been used to elucidate the
molecular basis of the action of caffeine (CAF) on
the complexation with DNA of mutagens such as
ethidium bromide, propidium iodide, proflavine and
acridine orange, and anticancer drugs such as
actinomycin D and daunomycinl®l.  El-Sherif
synthesized copper(ll) complexes and the ternary
complexes Cu(HMI)L (HMI = 4-Hydroxymethyl-
midazole, L = amino acid, amides or DNA
constituents)®®l. A series of novel Zn(ll) mixed
ligands  complexes  were  synthesized and

characterized”l. Recently, Okasha and coworkers
designed and prepared a novel oligomeric mixed
ligand complexes and tudied their biological
applications and the first example of their nanosized
scalel®l, These mixed complexes models provide
information about how biological activity achieve, as
well as improve[9]. One of the most important non-
steroidal anti-inflammatory drug (NSAID) is aspirin
(acetylsalicylic acid ) which is named by IUPAC as
2-acetoxybenzoic acid of analgesic and antifever
activityl®1l, Also, paracetamol (acetaminophen) is
used to for relief pain and fever alone or mixed other
medications!*?. Dose is typically given orally,
rectally or intravenously!*®l. Finally, methyldopa also
known as aldomet which is used as anti-hypertension
[141 It is given orally or intravenously. The chemical
structures of these three drugs help to act as ligand in
coordination with many transition metals as it alone
or as a mixture of two of them. Paracetamol (Para), is
N-(4-hydroxyphenyl) acetamide as IUPAC name
role, which is composed also of two functional
groups available as bidentate ligand, the hydroxyl
amine oxygen atom and the azomethane nitrogen
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atom at the molecule of ketoxime results from the
tautomerization of paracetamol[s],
Finally, methyldopa (Meth) chemical structure is
composed of two functional groups available as
bidentate ligands, the oxygen of hydroxyl group and
nitrogen of amine group™®l. Synthesis of complexes
derived from two or more ligands that are known as
pharmaceutically active medications is a very good
strategy to improve both the pharmacokinetic and
pharmacodynamics properties of the parent drugf6l.
These mixed ligands and their metal complexes
represent useful rules that can be design to overcome
the specific restrictions of a broad spectrum of
drugs’®l. The most advantages of those complexes
derived from the mixed drugs with transition metals
are the increasing solubility and bioavailability as
well as reduced side effects and toxicity. Also, by
using an active metal complex of two active organic
molecule (as ligands) gives dual-action drugs which
may be more effective than the parent organic drug
and be able to overcome the resistance
mechanisms*l.  Mixed ligand transition metal
carbodithioate complexes were shown perfect
antibiotic activity against tested pathogenic strains,
and when also study for their human toxicity, a
moderate cell viability of the RD cells was exhibited
against the metal complexes!*®l. The central metal
ions in complexes of pharmaceutical active ligands
(or even mixed ligands) increase the biological
activity of the ligand and the efficacy of the drug
molecule therapeutic agents(t,
The requirements for the discovery of new complexes
derived from pharmaceutically active ligands (or
mixed ligands) having activity more than the parent
ligands itself are increased(?%.
The aim of this work is to synthesis and
characterization of novel complexes derived from
transition metals: Mn(Il), Fe(ll), Co(ll), Ni(ll) or
Cu(Il) and mixed pharmaceutical active molecules,
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aspirin  (acetylsalicylic acid), paracetamol or
methyldopa, and study of their physical and chemical
properties.

2-Experimental:

2.1 Materials and measurement:

All Chemical reagents used were purchased from
BDH and used as provided.

All metal(Il) salts were used as chlorides,
supplied by either Merck or Fluka, also ethanol,
dimethylformamide (DMF), diethylether. The FTIR
spectra in the range (200-4000) cm™' were recorded
as cesium iodide disc on FTIR 8300 Shimadzu
Spectrophotometer. The UV-Visible spectra were
measured in DMF using Shimadzu UV-Vis. 160 A
spectrophotometer in the range (200-1000)nm.
Magnetic susceptibility measurement for complexes
was obtained at room temperature using (magnetic
susceptibility balance model MSB-MKI). Flame
atomic absorption of elemental analyzer, shimadzu
AA-670, was used for metal determination.
Elemental microanalysis, was carried out using
C.H.N.S elemental analyzer model 5500-Carlo Erba
instrument. Gallen Kamp M.F.B.600.010 F. Melting
point apparatus was used to measure the melting
point of all the prepared compounds.

2.2 General Preparing of the Mixed Ligands Metal
Complexesf?+22;

A ethanolic solution (10 ml) of the
appropriate  MCl2.X20 (5mmol), is added to a
ethanolic solution (20 ml) of equimolar (5mmoles) of
the primary ligand aspirin (acetylsalicylic acid) (or
paracetamol) and secondary ligand methyldopa . The
reaction mixture is added gradually to the 0.5M of
KOH solution, and the result mixture is heated for
two hours. Cool the product mixture and the
precipitate which is formed is filtrated and washed
with 20 ml. of water then 20 ml. of ether. The result
complex is dried in the oven at 70°C.
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Table 1: The percentage weight of metals and ligands

No Complexes MClI2.XH20 Asp Meth Para
1 [Mn(Asp)(Meth)(H20):2] 0.625gm 0.9gm 1.055gm | -
2 [Fe(Asp)(Meth)(H20)2] 0.63gm 0.9gm 1.055gm | @ -
3 [Co(Asp)(Meth)(H20)] 1.19gm 0.9gm 1.055gm | -
4 [Ni(Asp)(Meth)(H20)2] 1.185gm 0.9gm 1.055gm | -
5 [Cu(Asp)(Meth)(H20)2] 0.85gm 0.9gm 1.055gm | @ -
6 [Mn(Para)(Meth)(H20)] 0.625gm | = - 1.055gm 0.755gm
7 [Fe(Para)(Meth)(H20)] 0.63gm | - 1.055gm 0.755gm
8 [Co(Para)(Meth)(H20)2] 1.199gm | @ - 1.055gm 0.755gm
9 [Ni(Para)(Meth)(H20)2] 1.185gm | - 1.055gm 0.755gm
10 [Cu(Para)(Meth)(H20)2] 0.85gm | - 1.055gm 0.755gm

Meth=Methyldopa , Asp=Aspirin , Para=Paracetamol

3-Result and Discussion:

Tables (2-6) show the results of the conductivity
data, IR spectroscopic, electronic spectra, magnetic
moment data , metals% , CHNS and physical
properties of complexes.

All the complexes were found to be stable, the
stability of a chelate complexes depends on the size
of the chelate rings, thus these ligands with a
flexible organic backbone and their complexes
contain five and six membered chelate rings, which
have almost no strain.

The molar conductance data for the metal
complexes in DMF

show non-electrolytic behavior in this solvent.

The brown color is overwhelmed all synthesized
complexes. This color is obtained from the metal
ions especially for iron (I1) complexes (d 5) due to
charge transfer from ligand to metal and vice versa.

The complexes were found to have M L1
L2.2H20, (M= divalent Manganese , Iron, Cobalt,
Nickel, or Copper), ( L1= Aspirin (acetylsalicylic
acid ) or Paracetamol, L2= Methyldopa)
composition as indicate by elemental analysis that
shown in Table (2)

Because of all three biomolecule ligands (aspirin
(acetylsalicylic acid ), paracetamol and methyldopa)
are bidentate ligands, it forms two bonds with
metal ion (central atom), thus water forms a
complex with these metal ions, and owing to its

monodentate nature, it is not a chelating ligand as
shown in Scheme (1 and 2),

At the same time the chelating effect phenomenon
of dentate cheater of ligand provides bonding
strength to the metal ion (central atom), and as the
number of dentate increased, the tightness also
increased (3,

Table 2: Conductivity data of the complexes

Conductivity

No Complexes in DMF

em?mol?
1 [Mn(Asp)(Meth)(H20).] 20
2 [Fe(Asp)(Meth)(H20):] 18
3 [Co(Asp)(Meth)(H20);] 25
4 [Ni(Asp)(Meth)(H20).] 17
5 [Cu(Asp)(Meth)(H20),] 26
6 [Mn(Para)(Meth)(H20).] 21
7 [Fe(Para)(Meth)(H20):] 20
8 [Co(Para)(Meth)(H20),] 24
9 [Ni(Para)(Meth)(H.0).] 19
10 [Cu(Para)(Meth)(H20)] 25
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3.1- IR spectra of the complexes:

Aspirin (acetylsalicylic acid ) ligand spectrum
shows bands at 1304, 1679 cm-1 which may be
assigned to (C-N) and cyano group (C=N) groups
respectively®?%, The band of (C-O) appeared at
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1182 cm-1 and symmetric (CO2) group show at
1385 cm-1 . While paracetamol ligand shows 1290
cm-1, 1654 cm-1, 1171 cm-1 and 1370 cm-1

respectively?6:27],

Finally, methyldopa spectrum shown 1288 cm-1,

1663 cm-1, 1170 cm-1 and 1378 respectively?l,
These bands of active groups for ligand are shifted
to lower frequency after coordinate with metal as
shown in the Table (3).

Table 3: IR spectra data of the complexes

No Compounds M-0 M-N M-OH. C-N C=N c-0 Sym CO: Asym CO;
1 Aspirin (acetylsalicylic acid ) 1304 s 1679 m 1182 s 1385 m 1627 w
2 Paracetamol 1290's 1654 m 1171s | - |
3 Methyldopa 1288 s 1663 m 1178 s 1378 m 1621w
624 m 433 m

4 [Mn(Asp)(Meth)(H20).] 734 m 1240s | - 1166s 1325m 1572 w
,680 m ,462 m
621 m 431m

5 [Fe(Asp)(Meth)(H20):] 680 m 1233s | - 1163 s 1328 m 1597 w
,674 m ,460 m
626 m 435m

6 [Co(Asp)(Meth)(H20):] 724m | 1230s | - 1157 s 1323 m 1613 w
,673 m ,460 m
623 m 438 m

7 [Ni(Asp)(Meth)(H20).] 690 m 1237s | - 1158 s 1330 m 1605 w
,681m ,469 m
625 m, 433 m

8 [Cu(Asp)(Meth)(H20):] 710 m 1239s | - 1110s 1333 m 1600 w
676 m ,465 m
615 m 433 m

9 [Mn(Para)(Meth)(H20).] 727 m 1232s 1606 m 1105 s 1323 m 1610 w
,688 m ,478 m
618 m 435m

10 [Fe(Para)(Meth)(H20).] 743m | 1239s | 1620m 1108 s 1320 m 1616 w
,890 m ,475 m
614 m 438 m

11 [Co(Para)(Meth)(H:0).] 735m | 1220s | 1610m 1120's 1324m 1609 w
,683 m 472 m
620 m 436 m

12 [Ni(Para)(Meth)(H20),] 780m | 1225s | 1613 m 1116's 1322m 1622 w
,689 m ,475 m
616 m 431 m

13 [Cu(Para)(Meth)(H20)] 766 m 1230s 1610 m 1123s 1328 m 1604 w
,684 m ,472 m

Meth=Methyldopa

Asp=Aspirin

Para=Paracetamol
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3.2- Electronic spectra of the complexes:

Three spin allowed transition to observe in low
spin state for Mn(II) vl= 12575, 12567.31 cm-1,
v2=29940.12, 29960.32 cm-1 and v3=25150.01,
25120.88 cm-1 also another four metals (divalent
Iron, Cobalt, Nickel, and Copper) show three bands
Table (4), these complexes exhibit six-coordinate
octahedral geometry>:30,

3.3-Magnetic Susceptibility measurements:

The magnetic properties of the complexes provide
valuable information for distinguishing their
stereochemistry.The ~ magnetic moments  are

Table 4 : Electronic spectra data for complexes

measured at 25°C. The magnetic moments for
Mn(I1) complexes (1&6) are (1.75,1.78) B.M, while
for Fe(ll) complexes (2&7) are (Zero)B.M. , for
Co(Il) complexes (3&8) are (1.86,1.85) B.M, while
for Ni(ll) complexes (4&9) are (2.81,2.80) and for
Cu(ll) complexes (5&10) are (1.91,1.85) B.M.
These suggest the presence of one unpaired electron
in the complexes of Mn(ll),Co(ll),Cu(ll) and
Suggest the presence of two unpaired electron in the
complexes of Ni(ll),while the complexes of Fe(ll)
are diamagnetic; confirming a low spin octahedral
geometries.

No Complexes v, cm? v cm?
1 [Mn(Asp)(Meth)(H20),] 12575.00 29940.12 25150.01
2 [Fe(Asp)(Meth)(H,0)] 19930.00 31446.54 39860.00
3 [Co(Asp)(Meth)(H.0)-] 16666.67 23364.48
4 [Ni(Asp)(Meth)(H,0)-] 10183.29 11135.85 26666.67
5 [Cu(Asp)(Meth)(H.0)-] 10000.00 12500.00 2427.84
6 [Mn(Para)(Meth)(H.0)-] 12567.31 29960.32 25120.88
7 [Fe(Para)(Meth)(H.0)-] 19960.58 31440.67 39880.88
8 [Co(Para)(Meth)(H-0).] 16659.83 23358.73
9 [Ni(Para)(Meth)(H.0)-] 19163.24 11153.82 26670.14
10 [Cu(Para)(Meth)(H-0).] 10183.30 14285.71 24038.46

Table 5: Magnetic moment data for complexes
off off Xax108 | Xmx108 | Xgx10®

No Complexes (theoL;eticaI) (praL::ticaI) (e.g.s.u) (e.g.s.u) (e?g.s.u)
1 | [Mn(Asp)(Meth)(H20)] 1.73 1.75 1181.11 | 886.09 1.38
2 [Fe(Asp)(Meth)(H20):] 0 0 0 0 0
3 [Co(Asp)(Meth)(H20),] 1.73 1.86 1157.12 917.08 1.66

4 [Ni(Asp)(Meth)(H20):] 2.83 2.81 3605.59 | 3329.56 4.92
5 [Cu(Asp)(Meth)(H20),] 1.73 1.91 1055.85 815.81 1.47
6 [Mn(Para)(Meth)(H20):] 1.73 1.78 1163.74 857.12 1.25
7 [Fe(Para)(Meth)(H20):] 0 0 0 0 0
8 [Co(Para)(Meth)(H20),] 1.73 1.85 1145.23 902.17 1.62
9 [Ni(Para)(Meth)(H20):] 2.83 2.80 3573.96 | 3254.61 4.87

10 | [Cu(Para)(Meth)(H20),] 1.73 1.85 1043.71 801.26 1.41

Egypt. J. Chem. 64, No. 5 (2021)
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Table 6 : Metals% , CHNS and physical properties of complexes

Molecular %C %eH 6N oM
No weight Color | m.p | Theoretical | Theoretical | Theoretical Theoretical
g (Practical) | (Practical) (Practical) (Practical)
Dark 51.36 4.28 3.15 12.38
! 443.94 Brown 250d (51.44) (4.25) (3.18) (12.32)
51.25 4.27 3.15 12.58
2| 44485 | Brown | 262d | o o5 (4.25) (3.17) (12.61)
Light 50.90 4.24 3.13 13.16
3 441.93 Brown 240d (50.75) (4.22) (3.14) (13.20)
50.93 4.25 3.13 13.11
4 | 44769 | Brown ) 270d | o) 20, (4.23) (3.15) (13.10)
Dark 50.38 4.20 3.10 14.04
452.54 2
> 52:5 brown 65 (50.20) (4.18) (3.06) (14.00)
Light 52.10 4.20 6.75 13.24
6 414.94 Brown 250d (52.20) (4.18) (6.66) (13.26)
51.94 4.81 6.73 13.43
7| 4158 | Brown | 254d | o) oy (4.73) (6.69) (13.38)
57.29 4.75 6.68 14.07
8 | 41893 | Brown | 266d | ;. (4.71) (6.62) (14.12)
Light 57.32 4.78 6.69 14.02
o 418.69 Brown 263d (57.43) 4.71) (6.65) (14.08)
Dark 56.67 4.72 6.61 15.00
10 423.54 brown 270d (56.73) (4.74) (6.58) (15.12)
d = decomposed
— — T
o | H3c~< | _—
o o~ \N "I"\H o
H o]
O/ ‘ \I H/ \ !
o] HO
L
HO OH
HO OH -
Scheme (1): . Scheme (2):
The chemical structure of complexes (1-5) The chemical structure of complexes (6-10)
[M(Para)(Meth)(H,0),]

[M(Asp)(Meth)(H,0),]
M= Mn(1I), Fe(1I), Co(II), Ni(II) and Cu(II)

Egypt. J. Chem. 64, No. 5 (2021)

M= Mn(11, Fe(II), Co(IT), Ni(IT) and Cu(IT)
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Conclusion:

The methods for preparation of these mixed
complexes were suitable for all metals used in
this work, and these ten new complexes (1-10) of
the two mixed ligands have been found to act as
bidentate chelating agents, and coordinate through
the oxygen of Aspirin (acetylsalicylic acid )'s
ester group and oxygen of the carboxyl group,
while Methyldopa complexes coordinate through
the oxygen of the carboxyl group and the nitrogen
Scheme (3): The 3D chemical structure of of the amide groups. The Paracetamol was

[Mn(Asp)(Meth)(H20)2] coordinated through the oxygen atom of carboxyl
group and the nitrogen atom of the amide group.

These mixed ligands were flexible organic
backbone and their complexes contain five and
six membered chelate rings, which have almost
no strain. The molar conductance data for the
metal complexes show non-electrolytic behavior
in DMF solvent.

The all synthesized complexes which show non-
electrolytic properties, also were no conducting

electrical current behaved as bi-dentate with
SCheme (4) The 3D Chemical structure Of Octahedra| geometrical isomers_
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