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ABSTRACT

Biologically active La (Ill), Sm (lll) , Gd (Ill) and Dy (Ill) complexes were synthesized by usintafr2-
carboxylic acid (FCA) as ligand and were characted by elemental analysis and spectral measurements
Coordination of the ligand atoms to the metal ioaswdeducted by IR spectral dafEhe in vitro antibacterial
screening of the free acid and its metal complexas been carried out againBseudomonas and bacillus
Antifungal activities of all the synthesized commtgiwere screened for in vitro growth inhibitorytigity against
Aspergillus flavus and Aspergillus nigeAspergillus fumigatudy using the cup plate method. Antimicrobial
activities of the ligand increase on coordinatioithmthe metal ion and show more promising activitgn the
corresponding free acid, and the standard contnafil@otics. Such increased activity of the metal chelates a@n b
explained on the basis of Overtone’s concept amdiation theory.
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INTRODUCTION

Rare earth complexes is a subject of increasiregast in bioinorganic and coordination chemistr§]Lbecause of
their application in biomedical analysis as MRI wast agents[9-10] and as effective catalysts lier tydrolytic
cleavage of phosphate ester bonds[11]. Lanthanideplkexes have also been found to exhibit anticarmed
fungicidal properties[12]. Furan-2-carboxylic a¢lICA) is a heterocyclic aromatic compound with fimembered
ring structure consisting of four GHroups, one oxygen atom and a carboxylic grouperd are two isomers at 2
or 3 position. 2-Furoic acid is called pyromuciédadt is a volatile and mildly toxic liquid, came obtained from
wood oils. It is used as a solvent as well as engynthesis of furfural and other organic compouitds also used
as a preservative and bactericide and as a stamisigrial of numerous furoate esters. Its sulfostituted
derivatives are widely used as flavouring agents$ rmitro-substituted derivatives in medicinal pregteons and in
biological research.[13-16 ]JFuran-2-Carboxylic adierivatives are capable of activating AMP-actidajgotein
kinase (AMPK) which is useful for the preventiondatreatment of metabolic syndromes including diebet
obesity, hyperlipidemia, hypercholestromia, fatiyet and steatohepatitis factors . 4-amino-furazagboxylic acid
(proximicin) is an antibiotic which shows a weaktibacterial activity but a strong cytostatic efféo various
human tumor cell lines.[17-19] Naphtho [2,1- b]dnrderivatives have antioxidant activities and barused as a
powerful source used for suppression of pimples[R@mpted by these facts it was contemplated tohsgine
various rare earth complexes with FCA and to sctlkem for their antimicrobial activities.
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MATERIALS AND METHODS

Preparation of binary complex

The solid complexes of La (lll), Sm (lll) , Gd Ijil and Dy (Ill) with FCA were isolated from the mixture of
equimolar solutions of metal nitrates and liganidse pH of the mixture was adjusted to 7 by addiihg@ solution
of KOH. The mixture was refluxed in ethanol (15420 for 3-4 hours on a steam bath. The clear smhugjave a
solid mass on cooling, which was filtered througi @lass crucible and washed several times withrthxture of
doubly distilled water and alcohol. It was recrjligad to give pure crystal and then dried at-80°C.

The solid complexes were subjected to elementalyais for metal, carbon and hydrogen. The Perkimee
model-RX100 automatic recording spectrophotomet&s used for the recording of IR spectra of the dergs in
solid state. The complexes were run as pressed d&ks medium. Approximately 3-5 mg of the complex
compounds were mixed with 100 mg of KBr for eactkdiThe chart speed maintained was 5 to 12 mirares
were recorded at room temperature.

Antibacterial activity

The antibacterial activity of the ligand, and tleeresponding complexes were assayed simultaneagsaipst (gram
negative) Pseudomonas and bacillugram positive), by cup-plate method. Nutrient braths prepared by
dissolving peptone (0.5%), yeast extract (0.15%g@efbextract (0.15%), sodium chloride (0.36%), and
monopotassium phosphate (0.13%) in distilled wéi®0 mL). The pH of the solution was adjusted t2 By
adding sodium hydroxide solution (4%) and the tasglsolution was autoclaved for 20 minutes at 46 Pne day
prior to the experiment, the cultures of Pseudormmasad bacillusvere inoculated in nutrient broth (inoculation
medium) and incubated overnight at 37°C. Nutriggaranedium was prepared by dissolving peptone (}&gst
extract (0.6%), beef extract (0.5%), and sodiunoiitie (0.5%) in distilled water. The pH of the dma was
adjusted to 7.2 by adding 4% aqueous sodium hydeozblution. Agar (2.4%) was then added and thelevho
solution was autoclaved for 20 minutes at 15 psknAwn weight of the test sample was dissolved MID in
suitably sterile test tube to get final concentmatof 0.1%, 0.2% and 0.3% and 0.1 mL of this solu{{10ug) was
used for testing. Inoculation medium containing i@4rs grown culture was added aseptically to thiient
medium and mixed thoroughly to get the uniformrilisition. This solution was poured (25 mL in eaésh)l into
Petri dishes and then allowed to attain room teatpee. Thereafter, punching the set of agar witeaile cork
borer and scooping out the punched part made th& dine diameter of each cup was 5 mm. Norfloxaes used
as the standard and DMSO as the solvent contrel t@$t samples and the standard were tested atardoation of
10ug. The plates were allowed to stand for an howrder to facilitate the diffusion of the drug sadut. Then the
plates were incubated at 37°C for 48 hours. Thegaf inhibition against all the microorganisms evereasured in
millimeters. The results are given in tables 2.

Antifungal activity

The antifungal activity of the ligand and the cespending metal complexes were tested against tttogenic
fungi Aspergillus niger, Aspergillus fumigatand Aspergillus flavusdy cup-plate method. Nutrient agar medium
was prepared by the same method as explained emdkration of antibacterial activity. One and tddfy prior to
the experiment, the fungal culturesAsfpergillus niger, Aspergillus fumigatasdAspergillus flavugprepared in the
inoculation medium were incubated at 37°C for 3@reoThe fungal medium was prepared by dissolvieptgne
(0.5%), sodium chloride (0.36%), monopotassium phate (0.13%), and glucose (2%) in distilled w#i€0 mL).
The pH of the solution was adjusted to 7.2 by agldiodium hydroxide solution (4%) and the resulsotution was
autoclaved for 20 minutes at 15 psi. This was abate45-50°C with gentle shaking. One and half dagwn
cultures were added aseptically to this medium raned thoroughly to get uniform distribution. Thelions of
the test samples and standard were evaluated tifuragal activity by cup-plate method at a concatitn of 10ug.
The zone of inhibition was measured in millimeter the particular test sample with each organisM8hours
interval. Griseofulvin was used as the standare fEdial growth of colony after 72 hours of incubatand then
percentage inhibition was calculated with the hadlfollowing formula.

- (C-T)*100
C

Where, | = Percentage inhibition
C= Average diameter of fungal growth on the conptate

105



Richa Guptaet al Der Pharma Chemica, 2016, 8 (13):104-108

T = Average diameter of fungal growth on the tegtiade
The results are given in tables 3.

Tablel. The Physical and analytical data of Ligan@nd its Complexes

Elemental analysis
0,
Compound Mol.Wt Colour c Found and (Calcd) (%)
H M
. 53.57 3.56
FCA 112.08 | White (53.17) (3.19
. 23.92 1.59 55.34
La- FCA Complex | 250.98/ White (23.86) (152) (55.207)
; . 22.88 1.52 57.29
Sm- FCA Complex| 262.44  Light pink (22.34) (1.43) (57.18)
. 22.29 1.48 58.38
Gd- FCA Complex| 269.33 Light green (22.03) (1.14) (58.08)
- 21.86 1.45 59.18
Dy- FCA Complex | 274.58| Whitish cream(21.33) (1.23) (58.96)

Table 2— The antibacterial activity of FCA and itslanthanide metal complexes
Percentage growth inhibition (in mm) after 72 hoursat 3°C

S.No | Compound Pseudomonas Bacillus
1 FCA 5.1 5.2
2 La- FCA 9.7 9.8
3 Sm- FCA 9.8 9.7
4 Gd- FCA 9.3 9.6
5 Dy- FCA 9.2 9.4

Table 3— The antifungal activity of Furan-2-carboxyic acid (FCA) and its lanthanide metal complexes
Percentage growth inhibition (in mm) after 72 hoursat 3°C

S.No. | Compoun A. flavus A fumigatus A niger
S 01%| 02%| 03% 01% 02% O03W 01% 02% 03%
1 FCA 115 16.1 22.7| 15.9 16. 263 2 2b 35
2 La- FCA 33.8| 388| 444 36.6 47.4 52,8 40 5D 55
3 Sm- FCA 33.7| 433 50 36.6 47.4 528 45 50 g0
4 Gd- FCA 27.3| 33.2| 388 31.1 36.6 47|14 4p 45 85
5 Dy- FCA 38.1 44.4 50 42.1] 324 57.p 5( 55 60

RESULTS AND DISCUSSION

All the Co-ordination compounds were found to bebkt and can be stored without any appreciablegeghahhe

analytical data given in Table 1 correspond with ¢llculated ones, it gives evidence for the puitihe complex
synthesized.

Inspection of IR spectra of binary complexes revehht all the spectra are identical in all respéutlicating that
the bonding pattern must be the same in all theptexes. The comparison of IR spectrum of the pdigahd with
that of its each metal complex has revealed ced@macteristic differences as in fig.1.

The presence of water molecules outside the coatidimsphere is indicated by a broad band in th®neof 3500—
3550 cm.This is further confirmed by the appearance ofkimg vibrational mode of water molecul@sOn
coordination, the position of some of the bandsxjzected to alter.

One of the significant difference to be expectetivben the IR spectrum of the parent ligand andhisal complex

is the presence of more broadened bands in therre§i3200-3600 cthfor the metal complex as the oxygen of the
O-H group of the ligands forms a coordinate bonthwiie metal ions.[22-24] This is explained by thet that
water molecules might have strongly absorbed tartbtal chelate sample during their formation.

Another noticeable difference is that the infra spactra of binary complexes do not display thedbdure to free

carboxylic group indicating the coordination thrbugarboxylic group. It is a simple rule that unized and
uncoordinated CO®tretching band occurs at 1750-1700’cmhereas the ionized and coordinated C&ttching
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band occurs at 1610-1550 ¢mnd 1400-1300cthwhich correspond to antisymmetrical and symmeitsitazations
of the carboxyl group. The later frequencies depgmeh the nature of the metals.[25]

The results of the antibacterial and antifungatligtsi are given in Table 2 & 3. It is observed tladitsynthesized
metal complexes show more inhibitory activity agibacteria and fungi as compared to the pareigahds.
Similar correlation and increase in antifungal antibacterial activity of ligands on complexatioithwreference to
parent ligands has been well cited.[26] Such iredaactivity of the metal chelates can be explaorethe basis of
Overtone’s concept and chelation theory. Accordm@vertone’s concept of cell permeability thediphembrane
that surrounds the cell favors the passage of lguity soluble materials due to which liposolubility an important
factor that controls antimicrobial activity. On ¢dgon, the polarity of metal ion is reduced toraaer extent due to
the overlap of the ligand orbital and partial shgrof the positive charge of the metal ion with dloigroups.
Further, it increases the delocalizationnedlectrons over the whole chelate ring and enhatiwdipophilicity of
the complex. The increased lipophilicities of coaxgls permit easy penetration into lipid membrafesganisms
and facilitates as blockage of metal binding ditesnzymes.[27]
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Fig. 2 The infrared spectrum of binary complex of #&(lll) and Furan-2-carboxylic acid (FCA)

CONCLUSION

Binary complexes of La (lll), Sm (lll), Gd (lIljand Dy (11l) with Furan-2-carboxylic acid (FCA) were synthesized
and characterized. All the complexes exhibited miable antifungal activity againsAspergillus niger,
Aspergillus fumigatuand Aspergillus flavusand antibacterial properties against (gram negpigeudomonas and
(gram positivedbacillus. Preliminary results indicate that newly synthesitgtthanide metal complexes with FCA
exhibited promising antibacterial and antifungativaites and they warrant more consideration asspective
antimicrobials.
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