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Abstract

The Drugs, Aspirin (HL) and Nicotinamide (HL?), and their mixed metal(II)
complexes were synthesized and isolated as [M(HL)(HL?)X,], where M = Fe, Co, Ni,
Cu, Zn; X = CI-/SO,*. These complexes were characterized by spectroscopic tech-
niques (IR & UV-Visible), percentage metal, molar conductance, and melting point
and room temperature magnetic moment measurements. The metal complexes were
mostly non-electrolyte in DMSO with molar conductance values in the range 19.70 -
46.80 Q'cm’mol!. Nicotinamide and Aspirin behaved as bidentate, coordinating to the
metal ion through their carbonyl oxygen and pyridinyl nitrogen atoms respectively, as
corroborated by infrared spectroscopy measurement. Electronic spectra indicated that
all the metal complexes adopted octahedral geometry and magnetic data revealed that
the Mn(II) and Ni(Il) complexes were probably dimeric, while the remaining metal
complexes were monomeric, diamagnetic or paramagnetic. In addition, the antioxidant
study revealed that the drugs, Aspirin and Nicotinamide (Vitamin B,), and their mixed
metal complexes had higher antioxidant activity than Ascorbic acid, the positive stan-
dard, thus confirming their potentials as anticancer agents in-vitro.

Citation: Osowole, A.A., Odute-
mu, A.E. Synthesis, Physicochemical
and Antioxidant Properties of Some
Metal(II) Complexes of Mixed Drugs,
Aspirin and Nicotinamide. (2016) Lett
Health Biol Sci 1(2): 37- 42.

DOI: 10.15436/2475-6245.16.010

Keywords: Aspirin; Antiferromagnetism; Antioxidan; Nicotinamide; Spin-crossover

Introduction

Drug-metal complexes are of interest due to their vari-
ous medicinal applications e.g. Paul Erich’s organoarsenic com-
pound for the treatment of syphilis, anti-arthritic gold prepara-
tions, and diagnostic agents for magnetic resonance imaging
(Gd, Mn, Fe) and many others!!l. Aspirin, is a non-steroidal,
anti-inflammatory drug with antipyretic, anti-inflammatory and
analgesic properties”. Nicotinamide (vitamin B,) is a niacin
derivative, as well as a component of the coenzyme, Nicotin-
amide adenine dinucleotide (NAD). It is used in the treatment
of various skin diseases e.g. eczema, acne vulgaris and skin can-
cer 7). Studies also showed that it has anxiolytic (anti-anxiety)
properties®. The deficiency of Nicotinamide results in pellagra
and deterioration of the nervous system®. It is important to note

that modification in the chemical structure of any drug, changes
the pharmacological action of the drug. Thus, we envisaged that
the synthesis of these mixed drug metal(Il) complexes of Aspirin
and Nicotinamide, would lead to novel chemotherapeutics with
very good antioxidant properties as reported by some authors on
metallo-antibiotics and metallo-antimalarias!'®'?l. Furthermore,
detailed literature search limited scanty information on mixed
drug complexes of Aspirin and Nicotinamide!'>'¥. Consequent-
ly, we present our findings on the synthesis, characterization
and antioxidant properties of these metal(Il) complexes of the
mixed-drugs, Aspirin and Nicotinamide as a continuation of our
search for novel metallo-drug complexes as lead compounds in
drug research!!*-24,
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Experimental

Materials and reagents

Reagent grade Aspirin, Nicotinamide, Manganese(II)
chloride tetrahydrate, Iron(Il) tetraoxosulphate(VI) hexahy-
drate, Cobalt(II) chloride hexahydrate, Nickel(II) chloride hexa-
hydrate, Copper(Il) chloride tetrahydrate and Zinc acetate dihy-
drate were obtained from Aldrich and BDH chemicals and were
used as received. Ethanol, methanol, DMSO, Dichloromethane
and DMF were purified by distillation.

Preparation of [C0(HL)(HL3)ClZ]

0.92 g (3.89 x 10~ mol) of CoCl,.6H,0 was added into
a stirring homogeneous solution of 0.70 g (3.89 x 10~ mol of
Aspirin, HL) and 0.47 g (3.89 x 10~ mol of Nicotinamide, HL?)
in 40 mL of hot methanol. The resulting coloured solution was
then buffered to pH 9 by the addition of six drops of triethyl-
amine and then refluxed for six hours, during which the product
formed. The product was then isolated and dried over anhydrous
CaCl,. The same procedure was used for the preparation of the
remaining metal complexes from their chloride, sulphate and ac-
etate salts respectively(M(II) = Mn, Fe, Ni, Cu, and Zn).

Physical measurements

IR (as KBr disc) and solid reflectance spectra were re-
corded on a FT-IR spectrum BX and a Perkin-Elmer A25 spec-
trophotometer respectively. The melting points of the ligands
and the complexes were determined using a Gallenkamp melt-
ing point apparatus; percentage metal was determined titrimet-
rically, while molar conductivity measurements of 1 x 10° M
solutions in DMSO were carried out using an electrochemical
analyzer consort C933. Room temperature magnetic moment
susceptibilities measurements were determined using a Sher-
wood susceptibility balance MSB Mark 1 at room temperature
of 303K.

Antioxidant capacity determination
CUPRAC assay was used®! with slight modification.

The reagent used contained 1 mL of 10 mM CuCl,.2H,0, 1 mL
of 7.5 mM, 1, 10- phenanthroline and 1 mL of 1M ammonium
acetate. This solution was then added to a test-tube containing
0.6 mL of distilled water and 0.5 mL of sample solution with
the same concentration (0.01g/mL methanol) to achieve a final
volume of 4.1 mL. This text mixture was afterwards incubated
for 30 minutes at room temperature, and the absorbance read
at 450 nm spectrophotometrically against the blank. The blank
solution contained 1 mL of 10 mM CuCl,.2H,O; 1 mL of 7.5
mM, 1, 10-phenanthroline and 1 mL of 1 M ammonium acetate
solution as well as 0.6 mL of distilled water, while Ascorbic acid
was used as the standard. The experiment was conducted in trip-
licate and the percentage (%) reducing antioxidant capacity was
expressed as:

% reducing antioxidant capacity = ( Atest/Ablank
-1) x 100
Where A is the absorbance of sample solutionand A, is the
absorbance of the blank solution.

Results and Discussion

Analytical data

The melting points of the drugs and their metal(Il)
complexes were distinctively different, that is, Aspirin decom-
posed at 136°C, Nicotinamide melted at 130° C, and the metal
complexes decomposed above 180°C, due to coordination. In
addition, the percentage metal analysis and conductance mea-
surements corroborated the formula mass mostly as [M(HL)
(HLY)X,], since the molar conductance values were in the
range 19.60 — 46.80 Q'cm?mol”!, indicative of a non-electrolyte.
However, the Mn(II) complex had the formula mass [{Mn(HL)
(HL*)} (H,O)CI]CI and a molar conductance value of 69.20
Qlcm?mol”, which was indicative of a 1:1 electrolyte!?®!. The
yields of the metal complexes were moderate (30 - 50%) with
the exception of the Mn(II) complex which had a low yield of
10% attributed to its probable polymeric nature (Table 1). The
equation and mechanism for the formation of this complex are
shown in Figures 1 and 2 respectively.

Table 1: Analytical data of Aspirin and Nicotinamide and their metal(II) complexes 3.

Complexes F. Mass Color M.pt (°C) | %Yield %M (Exp) A, n,. (B.M)
HL 180.16 White 136 - - - -

HL? 122.12 White 130 - - - -
[{Mn(HL)(HL%)},(H,0)CI|C1.2H,0 839.56 white 320(D) 10 13.10 (11.39) 69.2 5.38
[Fe(HL)(HL*)SO ] 454.90 Red 250(D) 30 12.23 (12.28) 29.3 5.50
[Co(HL)(HL)CL)] 432.92 Purple 300(D) 50 13.55 (13.61) 46.8 5.60
[{Ni(HL)(HL?)}2CL)] 792.98 green 320(D) 30 14.81 (12.54) 19.7 4.70
[Cu(HL)(HL)CL,] 436.84 blue 220(D) 50 14.47 (14.44) 40.7 1.78
[Zn(HL)(HL*)(CH,COO)(H,0)] 445.36 White 188(D) 30 14.74 (14.68) 23.3 D

Keywords: (D): Decomposition temperature; M: Metal; Exp: Experimental; HL: Aspirin;

HL*: Nicotinamide; F. mass: Formula mass; A_: Q'cm’mol’!
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Figurel: Equation for the formation of the Mn(II) complex.

, SN N O\‘/ S N (@)
+ 2MnCl,. 4H,O + 2 2 + 2NiCl,. 6H,O -+ 2\1/
- o _— 2 2 o
(@] ° °
HoN
OH HzN ©

12H,O + Cl,
Cl, + 5H,O

OH Cl. 2H,0

OH,

o
x N
| O, =
= Cl. 2H,O

OH HO

R | s L
g

T~ O NH2 ~al O NH2
L s L

OH,, Cl

Figure 2: Mechanism for the formation of the Mn(II) complex. Figure 3: Mechanism for the formation of the Ni(Il) complex.
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Electronic spectra and magnetic moments of the compounds

The electronic spectra for the metal free Aspirin (HL)
and Nicotinamide (HL?) were characterized by three bands at
26.25 kK, 30.30 - 37.80 kK, and 41.49 — 51.02 kK due to n—m*,
n — n* and CT transitions respectively. The Mn(II) complex
showed an absorption band at 15.04 kK assigned to ‘A, — 4Tlg
transition indicative of a 6-coordinate octahedral geometry. An
observed room temperature moment of 5.38 B. M indicated anti-
ferromagnetism!?”! operating through a dimeric structure [Figure
2], since a moment of 5.92 B.M is usually expected for high
spin, octahedral Mn(II) compounds. This is because the ground
term is an A, with no higher T term of the same multiplicity
and thus, orbital contribution is zero. Two absorption bands were
observed at 17.20 kK and 20.83 kK for the Fe(Il) complex due
to 5B . — B, , and °B,, — 5A _transitions of high spin octahe-
dral geometry This complex expectedly had a complimentary
moment of 5.50 B.M. Similarly, the Co(II) complexes exhib-
ited bands at 15.39 kK, 17.04 kK and 20.88 kK which were as-
signed to 4T1g(F) — 4ng(F), 4T1g(F) — 4A2g(F) and 4T1g(F) —
4Tlg (P) transitions of 6-coordinate, octahedral geometry. A room
temperature magnetic moment of 5.60 B.M was indicative of a
high spin octahedral geometry!?”). In contrast, the Ni(II) com-
plex exhibited an absorption band at 15.20 kK, assigned to 3Azg
- 3Tlg (F) of a six coordinate, high spin octahedral geometry.
Room temperature magnetic moments in the range 2.8 - 3.3 B.M
are expected for monomeric, high spin octahedral Ni(II) com-
plexes. However, a moment of 4.70 B.M was observed for this
complex. This is suggestive of antiferromagnetism®! operating
through a Ni-Ni bond in a dimeric structure [Figure 3], such that
each Ni atom had a moment of 2.35 B.M. The Cu(II) complex
had a single absorption band at 15.24 kK assigned to 2Eg—> Zng

transitions typical of an octahedral geometry, since tetrahedral
Cu(Il) complexes usually have a single band below 10.0 kK.
An observed moment of 1.78 B.M was normal for a mononucle-
ar, octahedral Cu(Il) complex. The Zn(IT) complex exhibited
only M—L CT transitions at 41.49 and 49.26 kK, and it was
expectedly diamagnetic with a moment of 0.15 B.M2),

Infrared spectroscopy of the compounds

The relevant bands in IR spectra of Aspirin (HL) and
Nicotinamide (HL?) and their complexes are presented in Table
2. The medium and broad band at 3370 and 3170 cm™ respec-
tively in Nicotinamide was assigned as v(NH) band. This band
shifted to lower frequencies of 3068 - 3206 cm™ in the complex-
es, due to intra-hydrogen bonding interaction between the H-at-
om of the amide group and its carbonyl O-atom. The sharp bands
at 1576 and 1593 cm™ in the Nicotinamide were assigned as vC
= N stretching vibrations, and they shifted to a lower frequencies
of 1533 — 1572 cm™ in the complexes thus confirming coordina-
tion of the pyridinyl nitrogen atom of the Nicotinamide®. The
bands in the range 1606 — 1754 cm™ in the Aspirin and Nic-
otinamide respectively were assigned as vC = O. These bands
shifted to 1621 — 1725 cm™ in the spectra of the metal(II) com-
plexes due to coordination of the carbonyl oxygen atoms of the
Nicotinamide and Aspirin®?. In addition, the new bands in the
range 480 - 586 cm™ and 300 - 308 cm™ were assigned as v(M
- N)v(M - O) and v(M - Cl) respectively due to coordination
of the pyridinyl N-atom of the Nicotinamide, carbonyl oxygen
atoms of both drugs, and chlorine atoms to metal ions. However,
these bands were absent in the spectra of the Nicotinamide and
Aspirin, confirming coordination in the metal complexes.

Table 2: Infrared (cm™) and Electronic spectral data of and their metal(II) complexes.

Compound vN-H /OH vC=0 vC=N vM-O/ vM-N | Absorption Band (kK)
HL 3457b 1754s 1606s - - 51.0241.49 33.00
HL? 3370m 3170b 1699s 1621s 15935 1576s - 51.02 41.49

30.30 26.25
[{Mn(HL)(HL?)},(H,0)CI|CL2H,0 | 3206w 1709s 1651w 1623s 1601s 523 35.71 15.04
[Fe(HL)(HL*)SO,] 3413b 1621s  1602s 1569s 1537s 5355 483s 45.46 26.18 20.83 17.20
[Co(HL)(HL)CL)] 3399w 1667s  1601s 1564s 586s 480s 30.86 20.88

17.04 15.39
[{Ni(HL)(HL?)},CL)] 3197w 1667w 1601s 1563s 1533s 502s 30.96 15.20
[Cu(HL)(HL?)CL,] 3403b 1725s  1606s 1572s 551s 33.01 15.24

Keyword: b: broad; s: strong; w: weak; m: medium; HL: Aspirin; HL?: Nicotinamide

Antioxidant activities of the compounds

Transition metals (copper, chromium, cobalt, vanadium, cadmium, arsenic, nickel) promote oxidation by acting as catalysts
of free radical reactions. These redox-active transition metals transfer single electrons during changes in oxidation states. Chelation
of metals by certain compounds decreases their pro-oxidant effects by reducing their redox potentials, thus stabilizing the oxidized
form of the metal and also sterically hindering the formation of the metal hydro peroxide complex®!!. The antioxidant activities (%
inhibition) of the drugs and their metal(Il) complexes were compared to that of the Ascorbic acid (standard). The results revealed
that the drugs, Nicotinamide, and Aspirin, had the best activities of about 70%, which was greater than those of the metal(Il) com-
plexes. The order of decreasing activity of the metal complexes was Mn > Co > Fe > (Cu = Ni) > Zn. (Table 3).
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Table 3: Antioxidant data of Aspirin, Nicotinamide and their metal(II) complexes.

Complex Absorbance(error) nm % Inhibition
HL 0.033(0.001) 68.75
HL? 0.035 72.20
[{Mn(HL)(HL%)},(H,0)CI|C1.2H,0 0.030 62.50
[Fe(HL)(HL?)SO,] 0.020(0.007) 41.67
[Co(HL)(HL)CL,] 0.027 56.25
[{Ni(HL)(HL?)}2CL,] 0.018 37.50
[Cu(HL)(HL?)CL)] 0.018(0.007) 37.50
[Zn(HL)(HL*)(CH,COO)(H,0)] 0.016(0.001) 34.03
A, 0.010 17.20

HL: Aspirin; HL*: Nicotinamide; A : ascorbic acid
Conclusion

Some divalent metal complexes of the mixed drugs-As-
pirin and Nicotinamide were synthesized and characterized (M
= Mn, Fe, Co, Ni, Cu and Zn). The metal complexes were co-
valent, mostly monomeric and paramagnetic with octahedral
geometry. Furthermore, antioxidant studies revealed that the
Mn(II) complex showed the best antioxidant activity among the
metal complexes.
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