Available online &awww.scholarsresearchlibrary.com

Q\\ed Sc/e
v.
3 »
. [
\ Scholars Research Library g @§
= Q
) N
Scholars Research Archives of Applied Science Research, 2015, 7 (2362 % (vg
(http://scholarsresearchlibrary.com/archive.html)
L/b/'af'y

ISSN 0975-508X
CODEN (USA) AASRC9

Synthesis, characterization and antibacterial studis of 7-(a-amino-a-
phenylacetamido)- 3-methyl-3-cephem-4-carboxylic &t (cephalexine) metal
(1) complexes

"Musbahu 1., °Na’aliya J., ®Ziyaulhaq U. and “Hassan D.

'Department of Radiological Safety, Nigerian NuclBagulatory Authority, North West Zonal Office, $aa,
Katsina State, Nigeria
“Department of Pure and Industrial Chemistry, BayéJaiversity Kano. Nigeria
3Sir Usman Nagogo College of Arabic and Islamic &sidKatsina, Katsina State, Nigeria.
“Department of Chemistry, Federal College of Edwratatsina, Katsina State, Nigeria

ABSTRACT

Complexes of Co(ll), Ni(ll), Cu(ll), Zn(ll), Mn(ll) and Sn(ll) with an antibacterial drug, 7-(a-amaxo-
phenylacetamido)- 3-methyl-3-cephem-4-carboxylitd gcephalexine) as ligand were prepared and ctexiaed
by Infra red spectral analysis, elemental analgsid gravimetric analysis. The IR spectra revediatithe ligand is
a bidentate and coordinated to the central metad ihrough carboxyl group arfiflactam nitrogen. Elemental
analysis showed that all the complexes have octahednfigurations, [MLCL,], where L= Ligand and M= metal.
Molar conductance measurement and decompositiopeeature analysis indicated that all the complexesstable
non electrolytes chelates respectively. Antibaatestreening of the complexes against some bakisolate was
also investigated. The complexes were found to wavied degree of inhibitory effect against thetbdal isolates
(Staphylococcus aureus, Escherichia coli, Pseudomsadgyana, klebsiella pneumoraadSalmonella typhy

Key words: Antibiotic, Cephalexine, Gravimetric, ChelatiomdaCharacterization.

INTRODUCTION

The medicinal uses and application of metals anthlhnmmplexes are of increasing clinical and conuiaér
importance [3]. Monograph and major review, as \aslidedicated volume testify to the growing impoeceaof the
field [13]. The field of inorganic chemistry in miethe may usefully be divided into two main categsr firstly,
ligands as drug which target metal ion in some fowhether free or protein- bound; and secondly,atretsed
drugs and imaging agent where the central metaisamsually the key feature of the mechanism oioaf2,8].
Metal ion and metal complexes in clinical use naalude diagnostics (radiopharmaceuticals) useihfaging and
therapeutic compound (antibiotic, arthritis andlatieg therapy). A number of drugs contains metal as essential
element such as Pt complexes (anticancer drugkadmplexes (topical antibiotics) and bismuth compmbanti
ulcer) and so on [4,5,6,11]. The recognition of thatential employment of metal complexes and cbelat
therapeutic applications provide outlet for bagisearch in bioinorganic chemistry [7]. A lot of dites carried out
showed that the biochemical and pharmacologicacesfof antibiotics when complexed with metal i@tdme
enhanced at site of action [12]. It has been detratesl through several studies that biologicallyctive and less
active compounds become active and biologicallyjvactompound become more active upon coordination/
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chelation with the metal ions. Also chelating pndjgs of antibiotics may be used in metal transpmtoss
membranes or attach the antibiotic to a specifefsom which it can interfere with the growth afdteria [15].

B- Lactam antibiotics contain a 4-membered so cdliémttam ring. These are produced by fungi or moldsse
produced by penicillium mold are termed as pemiciland / or likewise, cefalosporins are produced by
cefalosporium mold. This class includes naturalighins, semisynthetic penicillins, cefalosporinsarbapenems
and monobactums.Thg-lactam antibiotics are known to inhibit the laseps in peptidoglycan synthesis by
carboxypeptidase and transpeptidase enzymes, dss-kinking of peptide side chains. They normalbt as
bactericidals[1]. This paper reported the synthekiephalexine complexes of some divalent metadsdetermined
their effect on some bacterial isolates.

Schematic diagram of 7-(a-amino-aphenylacetamidjnethyl-3-cephem-4-carboxylic acid, (Cephalexing)
presented below:
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Fig 1: CEPHALEXINE MONOHYDRATE
MATERIALS AND METHODS

MATERIALS

All glass wares used were washed and rinsed wit4hd distilled water, dried in an oven at X1®efore used.

All weightings were carried out on an electric rnegtbalance. Decomposition temperatures were datedrusing
WRS-IB microprocessor melting point apparatus. &laonductance measurement was carried out in Daitkgu
jenway conductivity meters DDS- 307 model. Elemkatalysis for C, H and N were carried out on fl2§00
Organic Analyzer at The Regional Center for Mycglamnd Biotechnology, Al-Azhar University, Cairo, ¥d.
Infrared spectra of the ligand and its metal coxgdgewere recorded using Shimadzu FTIR-84005 Fourier
Transform Infrared Spectrometer in KBr in the rantfi®-4000crt, at Multi User Laboratory, Ahmadu Bello
University, Zaria. Biological activity studies weercarried out at the microbiology unit of the Depsnt of
Biological Science, Bayero University, Kano, Nigeri

REAGENTS

All reagents used in this work were of Analer gra@ephalexine was obtained from Sigma pharmacéutica
company and was used without further purificati®adium salt of Cephalexine was prepared by reaetjugmoler
amount of sodium hydroxide with cephalexine. Alltedesalts were used as chlorides.

EXPERIMENTAL PROCEUDURE

Preparation of Cephalexine Metal Complexes

An ethanolic solution (20ml) of the metal (ll) childe salts (0.001mole) was added to a magnetiséilised sodium
salt of cephalexine (0.002mole) in distilled wa@sml). The mixture was refluxed for 1 hr and cabte room
temperature. On cooling, colored precipitate werened, filtered and washed with ethanol, acetorteether, and
dried by suction. The complexes were re-crystallize an aqueous ethanol (70:30) gave the desirethl me
complexes.

METAL ANALYSIS OF THE COMPLEXES

Digestion Method

0.2g of each of the complexes was placed in a beadmtaining 25crhof distilled water. 5crhof concentrated
nitric acid was added followed by a vigorous stigriwith a glass rod. The mixture was heated ontaplate to
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about dryness, which was cooled to room temperafie sides of the beaker was well washed with 35tistilled
water and filtered. This is termed as digestedtoiu

DETERMINATION OF CHLORINE

The percentage of chlorine in the complexes wasrdéted by digestion method. 0.2g of the complexes
dissolved in 250ml distilled water with a constatitring. 0.5ml of concentrated nitric acid was eddTo the cold
solution 0.1M silver nitrate was added and heatedhiout boiling. White precipitate was formed owlow, then
filtered and weighed.

MOLAR CONDUCTIVITY MEASUREMENT
0.1g of cephalexine metal (II) complexes was digsblin 10ml Dimethylformamide (DMF). The conductivf
the resulting solution and that of the 10ml DMF wegen using Jenway conductivity meters DDS- 30deh{il6].

Molar Conductivity = 1000K/C

Where C= Concentration
K=Specific conductivity

ANTIMICROBIAL ACTIVITY TEST

The ligand and complexes were screened for theivigcagainst clinically isolated Gramm negativacheria,
Escherica coli pseudomanous arijinaklebsiella pneumonjaSalmonella typhyand gramm positive bacteria,
staphylococcus aureu3he ligand and the complexes were dissolved stgaria dimethylformamide (DMF) to
produced three different concentrationspd,53tg and 6@g) per disc. The prepared disc of the ligand amd th
complexes together with the standard antibioticx dvere placed onto the surface of the inoculatedianat an
interval and incubated at X7 for 24hrs [6,9]. The in vitro antibacterial adtywwas carried out by the disc diffusion
method. The diameter of the zones of inhibitionsdpiced by the ligand and complexes were comparéd thve
standard antibiotics.

RESULTS AND DISCUSSION

Table 1: Physical and Analytical data of the meta{ll) complexes

Metal(I} Color M(_elting Decomposigion Cor':/(ljcl)JI?trance Cillimzpetg}(légﬁgj)is%
complexes Point(C) | temperatureC) (ohmi*en?mol®) | ¢ H N M al
Cephalexine 178

ioa | e | s o e o
(MnL.CL] | Brown 225 249 ?fé.YBZO) (44.211%5) (182%?) (%.%%) (27%%
[CoL.CE] Black 224 0.30 ?féi?l) (i{.?é% (1(1)%;1(6.972;)1 ° (8;('58
[CuLC] Green 221 0.58 ?fé.zje) (i{.%?g) (18.%%) Z%éé?) (78..‘:)60
[ZnLoCl] Orange 225 0.87 ?fé.lzgg) (2.'226) (1109f71) (77.'5(?) (?fié)
[SnLCl] | Pale white 220 0.44 ?477'.5:4) (41.1'543(‘)9 (igfgg) (112'3%) (szg)

The interaction of the antibiotic (ligand) and ttigalent metals resulted in a dark colored compesiedifferent
colors, this is due to the absorption of a photbtight, resulting in a splitting of degeneratedital in the metal
ions and subsequent transition of electrons inntle¢al complexes. The ligand is soluble in water andnost
organic solvents while all the complexes are insielin water and in all other common organic sotsezxcept
DMSO and DMF.

The molar electrical conductance of the complexeBMF at 25C are in the range of 0.30-2.50 ofen?mol™
which is far less than that of KCl used for staddzation, indicated that there is no mobile iongha complexes
and they are non-electrolyte in solution[16]. Thghhvalues of decomposition temperature obtaineitated that
all the complexes are stable. (Table 1)
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Table 2: Infra-red Spectral Analysis of the Metal(l) Complexes
Complexes | v(N-H)em? | v(C=0)cm® | v(C-O)cmi’ | v(M-N)cm® | v(M-O)cm® | v(M-Clyem®
Cephalexine 3390 1760 1066
[CoL,Cly] 3430 1623 1085 461 845 631
[NiL 2Cl5] 342( 162¢ 1031 40¢ 91C 63¢
[CuL.Cl,] 3444 1632 1093 431 832 632
[ZnL,Cl,] 3410 1629 1073 421 922 630
[MnL,Cl,] 3315 1652 1055 457 930 640
[SnL:Cl] 3409 1635 1080 420 941 628

The IR spectrum of 7-(a-amino-a-phenylacetamido)edhyl-3-cephem-4-carboxylic acid (cephalexine) vt
some characteristics bands at 3390¢cav63cnT and 1066cnl assigned ta(N-H,), v(C=0) andv(C-O) vibrations,
respectively. The metal complexes contained allbdweds observed in a ligand and also other bamdis\décative
of the coordination of the ligand with the metahso The vibration assigned #N-H,) at 3390crit in the ligand
shifted to a lower frequency in the spectra ofttal complexes. And a new band at 405-465assigned ta(M-N)

was evolved in the spectra of the complexes ingligathe involvement of NEvia nitrogen in the coordination.
Also the vibration at 1066ctin the spectrum of the ligand assigned/(@0O0) shifted to a higher frequency in all

the complexes an indicative of a complexation [¥Ohew absorption band instead, assigned(@0DO) andv(M-
0) appeared at (1031-1094)¢nand (850-1010)cth respectively, this in turn indicated that carbogybup is

coordinated to the metal ions [14]. More over arsirbond at (550-650) chis also observed in the spectra of all

the complexes which is assigned;tM-Cl) [12], Table 2.

Table 3 : Antimicrobial Activity

Test Organisms Compoun Zones of inhibitions(mm)/cong.q) Control(mm)
60 3C 15

Cephalexin 12 10 08
[MnL,Cl,] 12 09 06

Staphyloccocus aureus| [CuL,Cly] 13 10 08
[CoL,Cl;] 10 07 06 Pefloxacine(30mm)
[SnL,Cly] 11 09 06
[ZnL,Cly] 13 11 08
[NiL ,Cl,] 10 08 06
Cephalexine 11 10 06
[CuL,Cl,] 12 10 07

Escherichia coli [CoL,CL,] 11 08 07 Septrin (35mm)
[SnLCly] 10 08 07
[ZnL,Cly] 13 11 08
[NiL ,Cl;] 11 09 07
Cephalexine 11 10 07
[MnL,Cl,] 12 09 08
[CuL,Cly] 10 08 06

Pseudomanous arigyanga [CoL,Cl,] 06 06 06 Gentamycine(12mm
[SnL,Cly] 12 07 06
[Zanclz] 12 09 07
[NiL 2Cly] 10 08 07
Cephalexine 10 07 06
[CuL,Cly] 13 10 08

Klebsiella pneumonia | [CoL,Cl,] 11 08 07 Ampicilline(28mm)
[SnL,Cly] 06 06 06
[ZnLoCly] 06 06 06
[NiL ,Cl,] 12 09 08
Cephalexine 12 08 07
[MnL,Cl,] 13 10 09
[CuL,Cl,] 11 08 06

Salmonella typhy [CoL,Cl,] 10 07 06
[SnL;Cly] 10 09 07
[ZnL,Cly] 11 09 06
[NiL ,Cl,] 06 06 06
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The C, H, N elemental analysis and metal percentaggposition of all the complexes, indicated tleg metal -
ligand ratio is 1:2, [MkX,] where M= Co, Ni, Mn, Zn, Cu and Sn. L= 7-(a-amia@henylacetamido)-3-methyl-3-
cephem-4-carboxylic acid (Cephalexine), X= ClI.

The antibacterial activity test of 7-(a-amino-a-pylacetamido)-3-methyl-3-cephem-4-carboxylic adigaphd) and
its metal (II) complexes have been determined. diaeneter of zones of inhibition (mm) was measumdefach
treatment. The ligand showed minimal activity agaiall test organisms at all concentrations. Everugh, 7-(a-
amino-a-phenylacetamido)-3-methyl-3-cephem-4-caytioxacid is not active againsEscherichia coli and
klebsiella pneumoniat low concentration 1@ml™, but all the metal (I) complexes showed activityainst
escharica coliand klebsiella pneumoniat all concentrations, with little improvement Mn(1l), Cu(ll), zZn(ll),
Co(ll), and Ni(ll) metal complexeKlebsiella Pneumoniavas resistant to Sn(ll) and Zn(ll) metal complexes
Cu(Il) and zZn(Il) showed moderate increase of dstimgainststaphyloccocus aureuwhile Mn(ll), Co(ll), Sn(ll),
and Ni(Il) metal complexes were not active at lamcentrations. Mn(ll) is the only complex that skeaWncrease
activity againssalmonella typhandpseudomanous ariyana

CONCLUSION

Complexes of 7-(a-amino-aphenylacetamido)-3-me8igephem-4-carboxylic acid (ligand) with metal@hloride
were synthesized and studied by various analyfipatedures including solubility test, conductancsagurement
and decomposition temperature, they were furtharagdterized by elemental analysis, infrared speatralysis and
gravimetric analysis. The ligand and the metal dexgs were also screened against bacterial extratis
complexes were found to be octahedral, non-ioriabls chelates with enhanced antibacterial actiwtyen
compared to the parent drug.
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