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ABSTRACT : The harmonization of the metal-organic framework through the incorporation of metal ions
into organic ligands has introduced a synergistic effect for novel applications in the biological system, in
coordination chemistry, mostly, when heteroatom such as nitrogen and oxygen with lone pair of electrons are
involved. This study focuses on the synthesis of mixed ligand metal complexes of the form [M.(I)(L).Cl2],
where M represents Cu (1) and Mn (11) while L stands for 2,2-bipyridine and penicillin G (3,3-dimethyl-7-oxo-
6-[(2-phenylacetyl)amino]-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid ).The synthesized complexes
were characterized. The functional groups of the synthesized complexes were determined using Infrared
spectroscopy (FTIR). The FTIR result shows that all the functional groups observed in the ligands were also
present in the complexes. The optical study was investigated using UV-Visible (UV). The UV-Visible result
shows the formation of the complexes, with the indication of blue shift (d-d) transition and the present of ligand
metal charge transfer (LIMCT) in the complexes. Metal composition analysis was carried out using Atomic
Absorption spectroscopy which reveals the metal present in the complexes. Conductivity, solubility, and
melting point were also determined. Structures were proposed based on the analytical data obtained. The
present of the oxygen and nitrogen donor sites make for their potential application as anticancer, antifungal, and
antibacterial.
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l. INTRODUCTION

Coordinating metals to bioactive molecules can be employed as a strategy to improve their activity and
overcome resistance?.The structure and nature of bonding between metal ligands complexes and their
coordination geometries account for their uniqueness in shape compared to single organic molecules®. These
bonds determine the available coordination sites but depend on the metal oxidation state. The coordination of
these metals'centers to theactive sites of organic drugs has been reported to enhance the activity and
diversification of application in drug delivery 141 Metal complexes can deliver their bioactive functionto the
respective site through a particular mechanism and still retain the drugs' therapeutic effectiveness *. Thus,
improve the activity of the parent drug. Another challenging situation with orally taken drugs is the low
solubility, making them less permeable 2. Nevertheless, the coordination of metal centers to drugs improves
drug solubility and permeability and enhances biological activity 3°. The permeable metal center is due to the
chelating effect from the electron density in the bioactive ligand site. At the same time, the enhanced solubility
is attributed to the hydrophilic nature of metals 315, Also, oral bioavailability can be improved by coordinating
them to metal and the metal functioning as the delivery system 618, Besides, toxicity has been suppressed by
metal coordinated drugs %, . Metal coordinated drugs has been in market with tremendous impact 2.
Bipyridine forms complexes with several transition metals with actibacterial property, while penicillin(Penicillin
G)is a penicillin beta-lactam antibiotic used in the treatment of bacterial infections caused by susceptible,
usually gram-positive, organisms.The name "penicillin” can either refer to several variants of penicillin
available, or to the group of antibiotics derived from the penicillins. Penicillin G has in vitro activity against
gram-positive and gram-negative aerobic and anaerobic bacteria. The bactericidal activity of penicillin G results
from the inhibition of cell wall synthesis and is mediated through penicillin G binding to penicillin binding
proteins (PBPs). Penicillin G is stable against hydrolysis by a variety of beta-lactamases, including
penicillinases, and cephalosporinases and extended spectrum beta-lactamases.

The significance of this work is in understanding of electron transfer, mixed valence complexes, magnetic
transition, covalent and non-covalent interaction in biological system. Ligands and metal selectivity, in terms of
charges, shape, bonds, electronic structures and effect on bioactivity on the complex coordination structure 22,
Copper (Cu) is one of the bio essential metal ions that takes path in several biological processes. Cu is essential
in cell formation, more so when Cu (ll) are well-coordinated to the active sites of organic drugs. Such
complexes may be effective antioxidants, antimicrobials, antibacterial and anticancer agents?*-%6, On the other
hand, maganese metal complexes could react with oxygen easily ,and has been used as anti-leukemic agents %’
Thus, mixed ligand metal is receiving significant attention. This study, synthesized and characterized some
mixed ligands metal complexes by the use of mixed 2,2-bipyridine and penicillinprocraine, with Cu and Mn
transition metal chlorides.

I1. EXPERIMENTAL
Materials : The chemicals, drugs, and solvents were purchased from Sonitex Nigeria Enterprise, wer of high
purity and used without further purification.

Synthesis of [CuClz(Bipy)(pen)Cl2]H20 : Metal preparation was carried out by following the method reported
by Adeyemo et al ®, while the mixed ligands metal complexes were prepared following a literature procedure by
El- Wahab et al 8. Briefly, a solution of CuCl,. 2H,0 (0.714g, 0.003mole) in distilled water (30mL) was added
to a solution consisting of 2, 2- Bipyridine (0.468g, 0.003mole) in 30mL distilled water heated in a water bath
for 5 minutes and pennicillinprocraine (0.55g, 0.003mole) also in 30mL distilled water. The resulting mixture
was stirred and heated for 1hour until a Green coloured precipitate was formed. When there was complete
precipitation the mixture was allow to cooled to room temperature. The green precipitate was filtered and dried
at room temperature. The percentage yield is 62.37%. The same procedure was followed for Mn mixed ligand
complex,however CuCl,.2H,0 was replaced with MnCl,.2H,0.The equation of the reactions is shown below:-
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Scheme 1. Reaction scheme for mixed ligand (Penicillin G and 2,2-Bipyridine)metal(Il) complex of Cu and Mn

complexes respectively
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RESULTS AND DISCUSSION

H,0

Table 1: Result of solubility determination for mixed 2, 2-Bipyridine, and penicillin procrainemetal complexes

COMPOUND Dist. Ethanol Methanol  Acetone  Chloroform DMSO
H,O
C H C H C H C H C H C H
2. 2-Bipyridine NS § 88 § 5 5 5 5 5 5 5 5
Penicilin G S S 8 S S 5 S5 85 NS 855 S S
Cu(Bipv) 858 § N§ - NS - NS - - - - -
(Pen)Clz
Mn{Bipw){Pen)Clz S5 § N5 55 NS S5 N5 55 NS NS ScS 8§

EKEY:C—-Cold.H —Hot_ 5 — Soluble, S5 — Slightly Soluble, NS — Not Soluble

From Table 1 most of the complexes were soluble in the various solvents but showed variable solubility in their

cooled solvents.

Table 2: Analytical data of mixed 2, 2-Bipyridine and penicillinprocraine metal complexes

Compound Colour Melting Point (°C) % Yield Conductivity(us/cm)
2, 2- Bipyridine White 90 - 01
Pennicillin G White 158 - 17
Cu(Bipy)(Pen)Cl,  Green 198 16.64 02
Mn(Bipy)(Pen)Cl, Clay 249 62.37 12

From Table 2 all the complexes showed higher melting points compared to the individual ligands used in
complex formation. They showed different colours. One of the ligands has shown a higher conductivity value
than the complexes, while the others showed a lower conductivity than the complexes.
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Table 3: Spectroscopic properties of mixed 2, 2-Bipyridine, and penicillinprocraine metal complexes

Compo V(N- V(C- Aromati Aroma V(C- V(M- V(C- V(C= V(C= Aroma V(- V(C- CHs;
und H) N) c tic S) L) Cl) 0) N) tic H) 0)
substitut  V(C=C Ring
ed )
benzene
V(C-H)
2,2- 3649. 1338. 3055.35 1597.1 - - - - 1697.4 758.05 - - -
Bipyrid 44 64 (s) 1 (w) 1 (w) (s)
ine (w) (m,s)
Penicill 3853. 1361. 3030.27 1556.6 1273. - - 1782.2 16935 775.41 - 1273.  1400.
ine G 90 79 (s) 1(s) 06 9(s) 6 (s) 06 (s) 37
(w)  (m) (m) (m)
Cu(Bip 3248. 1317. 3061.13 1570.1 1176. 4185 8525 17147 1647.2 769.62 3398. 1271. 1496.
y) 23 72 (s) (m) 1 (m) 62 7 6 (w) 6 (s) (s) 69 13 (s) 81
(Pen)CI (w) (w) (m)
2
Mn(Bip 3524. 1315. 3115.14 - 1163. 410.8 8004 1788.0 16356 765.77 3450. 1247. 1477.
y) 06(s) 50(s) (m) 11(s) 5(s) 9(s) 7 (m) 9 (w) (s) 77(s) 97(s) 52(s)
(PenCl;

KEY: s — sharp, w — weak, m — medium, b — broad

From Table 3. The IR spectra of 2, 2-Bipyridine and penicillin G procraine and those of their combination
metal-complexes were compared. It was observed that the absorption band 1338.64 cm™ due to V(C-N)
vibration has shifted for all the complexes as compared with the 2, 2-Bipyridine ligands.In the same way, the
band V(C=N) for 2, 2-Bipyridine 1697.41 cm also shifted for the complexes.The (N-H) stretching frequency of
the Penicillin molecule undergoes a shift in all the complexes. V(N-H) 3853.90 cm™ for the complexes has
shifted to various lower frequencies showing likely coordination site for the complexes — Cu (Bipy) (Pen) Cl;
and Mn (Bipy) (Pen) Cl.. the V/(C-S) vibration band also shifted from 1273.06 cm™ to lower frequencies
of 1176.62 cm* and 1163.11 cm™* indicating a coordination site.

Table 4: Uv-visible spectral of mixed 2, 2-Bipyridine, and Penicillin G procraine metal complexes and their

ligands
Compound Wavelength (nm) Energies (KJ/mol) Assignment
2, 2-Bipyridine 191.40 625.41 T — ¥
288.40 415.06 n— m*
Pennicilline 194.20 616.40 T — ¥
299.60 399.55 n— m*
Cu(Bipy)(Pen)Cl; 200.50 597.03 T — ¥
311.50 384.28 n— m*
470.00 254.69 LMCT
Mn(Bipy)(Pen)Cl, 220.50 542.88 T — ¥
288.00 415.64 n— ¥
535.00 223.74 LMCT

From Table 4, 2, 2-Bipyridine shows two absorption bands at 191.40 nm (625.41 KJ/mol) and 288.40 nm
(415.06 KJ/mol) due to # — 7* and n — w*. While penicilline G procraine also shows two bands; 194.20 nm
(616.40 KJ/mol) and 299.60 nm (399.55 KJ/mol) due to 1 — ©n* and n — 7*. The bands have undergone both
bathochromic and hypsochromic shift in its complexes due to complexation. LMCT was also observed in the
complexes, indicating complexation.The selected Uv-visible spectroscopic data of the mixed 212-Bipyridine
and penicilline metal complexes and their ligands are presented in the table.

IV. RESULTS OF ATOMIC ABSORPTION SPECTROMETER(AAS) FOR METAL
DETERMINATION.
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Table 5: Results of Atomic Absorption Spectrometer (AAS) for metal determination

SIN Metals Analysed Concentration (ug/g)
1. Copper 157.38
2. Manganese 193.32

From Table 5 the Atomic Absorption Spectrometer (AAS) of the mixed ligands metal complexes shows that the
metals were present in the complexes with Cu having 157. 38 and Mn 193.323 From table 22 the Atomic
Absorption Spectrometer (AAS) of the mixed ligands metal complexes shows that the metals were present in the
complexes from the range of 96.14 ug/g to 214.63 pg/g.

Proposed structure for mixed 2, 2-Bipyridine and penicilline metal complexes.
4 ™

7\

\ J

Figure. 1:Proposed Copper (1I) Mixed ligand Complex structure(Cu (Bipy) (Pen) Cl2 )
Figure 1 is a proposed Copper (1) mixed ligand complex structure. The copper(ll) ion coordinated
to the penicillin G ligand through the nitrogen of the secondary amine and sulphur. While it coordinates to 2, 2-
Bipyridinethrough the pyridine nitrogen. It also coordinated to two chloride ions.
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Figure2: Proposed Manganese (1) Mixed ligand Complex structure(Mn(Bipy)(Pen)Cl2)

Figure 2 is a proposed Manganese (I1) mixed ligand complex structure.The manganese ion
coordinated to the penicillin ligand through the nitrogen of the secondary amine and sulphur. While it
coordinates to 2, 2-Bipyridinethrough the pyridine Nitrogen. It also coordinated to two chloride ions.

V. CONCLUSION
Two mixed ligand of 2, 2- Bipyridine and penicillin G were successfully complexed with two metal (1)
chloride of Cu and Mn respectively. The analytical data shows that 2, 2-Bipyridine is a bidentate ligand
coordinating through the pyridinyl nitrogen. In comparison, penicillin G coordinated through the nitrogen of the
secondary amine and sulphur. The tentative metal-ligand (M-L) assignments favours the six coordination
studies. In summary, this work has provided additional results and data on mixed ligand metal complexes.

RECOMMENDATION
An antimicrobial and anticancer test is recommended for the newly synthesized mixed ligands metal
(Icomplexes to evaluate it potency or otherwise against pathogenic microbes and cancer cells.However
toxicity test need to be carried out to ascertain its safety in a biological system..
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