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ABSTRACT

The coordinating character of 5-Fluorouracil (5-FUYA) in the presence of some amino acid moieti@gEB=
alanine (ala) and phenylalanine (pal)] with N ands@es towards some metal ions namely Ni(ll), Gufid Zn(ll)

of MAB type mixed ligand complexes have been eyizttd and characterized by elemental, spectrhtdtional,
electronic,'"H NMR and ESR) data as well as by magnetic momaines and conductivity measurements. The
elemental analysis suggests that the stoichiondtthe Metal:5-FU(A):ala/pal(B) mixed ligand compés to be
1:1:1. The low molar conductance values revealnba-electrolytic nature of these complexes. Magnmtbment
values in concert with the electronic spectra imdiéc that 5-FU coordinates with the metal ion in @dntate
manner through the & = O and N atoms also identify that the amino acids behasbidentate by nitrogen and
carboxylato oxygen. The antimicrobial activity b&tsynthesized complexes also is screened againtdria and
fungi. Cu(ll) and Ni(ll) mixed ligand complexes show aar@ased activity in comparison to the controls.

Keywords: Mixed ligand complexes, 5-Fluorouracil, Amino acmbieties, Spectral studies, Antimicrobial activity.

INTRODUCTION

Structural change of 5-Fluorouracil (5-FU), a mdhwrinated result of uracil, has utterly differebiological
properties than uracil which has substantial bigl@igapplications when it forms complexes with nhéas [1]. As
the time of its synthesis, 5-FU has been ever riromork alone or in combination with other cytotoxdrugs and
hormones in the medical treatment of solid tumolireas also been used in the healing of breasg, lavary and
cervix carcinomas [2]. This is owing to the presence of fluorine atom la¢ wital C-5 position which can
considerably modify the electronic properties of fiyrimidines as indicated experimentally by changethe
electronic spectra [3]. Amino acids like glycinéardne, valine, phenylalanine etc., comprise thidding blocks of
proteins and are chemical species necessary fdorpeng a massive quantity of biological functionss
exemplified by the part of enzymes [4]. Mixed ligaoomplexes of amino acids are involved in the arge and
transport mechanism of trace metal ions in the hubmaly [5]. Udai P. Singh et al. [6], J. Huang le{’& and Joshi
et al. reported synthesis and characterizationrasisition metal complexes of Cu(ll), Ni(Ignd Zn(Il) with 5-
Fluorouracil and some amino acids. The literateneeals that number of drugs have been used to esinththe
complexes by means of many metals with an obsenvadi improve their therapeutic action [8 -11].

In this paper, we report the synthesis, spectrdl lzinlogical activities of mixed ligand Ni(ll), Cli{ and Zn(ll)
complexes involving 5-Fluorouracil (5-FU) and amiacid ligands viz., and alanine (ala) and phenyiaka (pal).
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This study helped in understanding the coordinatowironment of the ligands around the metal iod &m
investigate the antimicrobial activities.

EXPERIMENTAL SECTION

All the ligands are extra pure Sigma Aldrich, FIyRairiss) products and they are used without funpheification.
Solvents for the physical measurements were ofytioal grade and purified according to literaturethods [12].
Melting point (mp) of all the mixed ligand complexa&vas determined on Gallenkamp apparatus in opass gl
capillaries and is uncorrected. C, H and N anadjtitata were performed on Elementar Vario EL Il NCH
analyzer. Metal content of the mixed ligand complexvere estimated gravimetrically by the standaodtqxure.
Molar conductance (¥ 10° M) was measured using an Elico CM 180 conductibitige by using 0.01 M KCI
solution as calibrant. Magnetic susceptibility measents were carried out on a Gouy balance at teomperature
using mercuric tetra(thiocyanato)cobaltate(ll) lzes ¢alibrant. Diamagnetic corrections were appiedompliance
with Pascal’'s constant [13]. Electronic absorptgpectra were recorded with a Hitachi U-2000 douidam
spectrophotometer in the 200-1100 nm range. Vilmati spectra were recorded using KBr pellets oA&CD
FT/IR-410 spectrometer, in the 400-4000 ctrange.'H NMR spectra of the diamagnetic Zn(ll) complexesrev
carried out in DMSOdg at room temperature using TMS as internal standard Perkin EImer R—32 spectrometer.
X-band ESR spectra of Cu(ll) complexes at room tnaure and liquid nitrogen conditions in DMSO nuedi
were recorded on a Varian ESR spectrometer usirigHD&s internal standarbh vitro antimicrobial activities of 5-
Fluorouracil(A) and their Ni(ll)/Cu(ll)/Zn(Il)-5-F(A)-ala/pal(B) complexes in DMSO mediumere tested
against three Gram-—positive pathogenic bacteriairst: Bacillus subtilis Staphylococcus saphyphiticland
Staphylococcus aureusyo Gram—negative bacterial straifisscherichia coliand Pseudomonas aeruginosaing
Muller Hinton agar nutrient and three fungal stsaimamelyAspergillus niger, Enterobacter speciasd Candida
albicansusing potato dextrose agar medium by well diffngiechnique [14].

Synthesis of mixed ligand complexes

5—Fluorouracil (0.013 g, 10 mmol) was dissolveadgueous (10 ml) solution containing a few dropsasfcentrated
ammonia and stirred. When 5-fluorouracil was conghjedissolved, an aqueous (10 ml) solution of appate
metal salt (10 mmol, 0.025 g Ni(GEIOO), - 4 HO or 0.020 g Cu(CkCOO), - H,0O or 0.022 g Zn(CECOQO), - 2
H,0) solution was added slowly and stirred at roompterature $cheme ). To this solution, agueous solution (10
ml) of alanine (0.009 g, 10 mmol) or phenylalan{@e017 g, 10 mmol) was added and the reaction mextvas
refluxed for 4—6 h on a water bath. The pH (= @Bjhe reaction mixture, adjusted by adding fewpdrof aqueous
N&aCOs solution (0.0105 g, 10 mmol). The resulting saaotiwere reduced to 1/3 of its original volume byteva
bath and kept aside. On standing, the mixed ligaomdplexes were obtained and collectedvbguumfiltration,
washed several times with cold water, ethanol arig/@rous ether. The mixed ligand complexes wereddin air
and stored ivacuoover anhydrous Caght room temperature. The yield of the isolated demgs was found to be
60—70%.

Scheme - 1. Formation of mixed ligand complexes (M)
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RESULTS AND DISCUSSION

The elemental analysis and Molar conductance

The analytical data show, the stoichiometry of M(I5-Fluorouracil : alanine/ phenylalanine is ®111:1 for these
MAB type mixed ligand complexes and the valuesiargood concord with the calculated values (TableThe

observed low molar conductance values (0> M, DMSO solution) at room temperature are reliakién the non-

electrolytic nature due to the absence of countes in the proposed structures [15].

Table 1. Physico-chemical properties of mixed ligal complexes

Empirical Yield Elemental analysis, found (calculated (grf‘l M.pt
Complex Colour cn?

Formula (%) M C H N mol™) C)
(1)Ni(1l)-5-FU-ala GrBeli’;iSh NiCoH1aFON; 63 &g:gi) ég:gg) é:g% (ﬂ:gi) 11.1 227
(2)Cu(ll)-5-FU-ala | Bluish Greer]  CuBgFO,N; 61 ég:gf) ég:gg) (géi) &i:gg) 14.8 233
(3)Zn(I-5-FU-ala | Colourless |  ZnhiFONs 66 &g:g) ég:ég) é:gé) (ﬂzgg) 141 | 226
(ANi(I)-5-FU-pal | Pale Green|  NiGH:sFONs 60 &g:gg) (ﬂ:gg) (jég) (83123) 109 | 242
(5)Cu(ll)-5-FU-pal | DeepBlue | CuigHisFONs 63 (i;:;g) (fé'.gg) é:gi) (ﬂ:% 10.2 251
(6)Zn(11)-5-FU-pal Colourless ZnfgH1sFO/N; 61 (134312) éggg) (gg% (832) 11.7 261

Vibrational spectra

The IR spectra provide valuable information on $hbject of the nature of functional group attactethe metal
ion. The characteristic IR spectral data (KBr pelten’) with the principal IR frequencies of 5-FU and iixed
ligand complexes are given in (Table 2). The presesf coordinated water molecule@OH) is confirmed by the
rocking, twisting and wagging vibrational modes34101 — 2931 cih, 954 — 949 ci and 747 — 739 cth
respectively [16] except for Cu(ll) complexegM—N) andv(M—0) bands are tentatively assigned in the region
439-432 cit and 551-542 cifindicating the complexation of the ligands with nsdion metal ions[17]
respectively.

Table - 2.IR spectral data (in cm®) of mixed ligand complexes

v (C=0) 8(N-H) of N1 & » (CsF)
of C2 &Cy N3 N v(M- u(M-
Complexes OH o COO COO
P VO pyrimidine Pyrimidine pyrinaine v(COOL w(CO0L Ty 0)
ring ring
(1)5-Fluorouracil - 1704, 1685 1513, 1430 1470 - - - -
3227-
(2)Ni(ll)-5-FU-ala 2933 1691, 1652 1517,1408 1473 1664 1412 432 542
954, 740
(3)Cu(ll)-5-FU-ala . 1697, 1662 1511, 1408 1471 @466 1415 432 543
3329-
(4)Zn(I1)-5-FU-ala 2935 1703, 1661 1519,1408 1468 1612 1362 434 545
949, 738
3111-
(5)Ni(Il)-5-FU-pal 2933 1708, 1664 1516,1417 1470 1650 1413 430 546
950, 740
(6)Cu(ll)-5-FU-pal . 1701, 1677 1517,1414 1467 1654 1410 433 551
3101-
(7)Zn(ll)-5-FU-pal 2931 1699, 1661 1511,1410 1472 1657 1414 439 547
953, 747

From the data, the ligand 5—-FU(A) acts as bidentdtich form metal chelates all the way throughdiprotonated
N3 and G = O of carbonyl oxygen atoms. Likewise, the ligaradanine/phenylalanine (B) binds the M(Il) ions in
bidentate manner through amino —N and deprotonzadabxylato —O atoms which forms a stable 5, 6 nexet
chelation. The disappearance of amino —N&hd (3340cm) of free amino acid ligands indicating the paptition

of this group in chelation. All these complexeswlam additional characteristic bands in the redi686-1612 cim
and 1415-1362 crhare ascribed to(C-O) of asymmetric and symmetric vibration of the cagpate (COQO)
group respectively [16], indicating the participati of the carboxylate oxygen in the mixed ligandnptex
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formations. The magnitude oAV value falls in the range 237-252 ¢suggesting the unidentate coordination of
in complexation and forming J0, type of environment around the central metal ion.

Figure — 1Electronic absorption spectra of Ni(ll)- 5-FU(A)-ala/pal(B) and Cu(ll)-5-FU(A)- ala/pal(B) systems.

Ni(ll)-5-FU-pal

".,\ Ni(ll)-5-FU-ala

ABSORBANCE

Cu(ll)-5-FU-pal
Cu(ll)-5-FU-ala
WAVELENGTH (nm)
201 402 603 804 1005

Electronic absorption spectra coupled with Magnetianoment values

The electronic absorption spectra of complexes weeorded in (1x 10°M) DMSO medium at room
temperature (Figure 1). Also, various spectral petars (B, B, B, p° (%)and LFSE) for Ni(ll) complexes were
calculated by applying band energies on Tanaberfudmgrams and the data are given in Table 3. hakies
are helpful to identify their coordination enviroant [18, 19].

The spectra suggested distorted tetrahedral, ahtahelistorted octahedral for Cu(ll), Ni(ll) andh@l) mixed
ligand complexes respectively. The magnetic momeahies of these mixed ligand complexes in Bohr Mgm
support their proposed geometry [20].

HNMR spectra of zinc complexes

The 'H NMR spectra of diamagnetic Zn(ll)-5-FU-ala/pal nqglexes were recorded ing-dimethylsulfoxide
(DMSO) solution using tetramethylsilane (TMS) agefnal standard at room temperature. The representa
structure of the Zn(ll)-5-FU-ala/pal (B) complexesre compared with the free ligands, 5-FU(A) aralp=i(B)
which are shown in Figure 2. From the NMR spec&&U(A) and ala/pal(B) ligands act as bidentate,
deprotonated ) carbonyl oxygen (£= O) and amino —N, deprotonated carboxylate —@natespectively. Also,
there is a peak found at 4.7 ppm in the Zn(ll) clemgs indicating the presence of coordinated waieecules in
the complexes [21, 22]. Thus, the NMR study reicdsrthe conclusion drawn from the IR spectra.

4998



Sutha Shobanaet al J. Chem. Pharm. Res., 2012, 4(12):4995-5004
Table - 3. Absorption spectral data (in DMSO) and ragnetic susceptibility of 5-FU Mixed Ligand complegs MAB at 37°C
A Ligand field parameter
Complex max Band assignments Geometry Uett (BM) 1 B \ LFSE
(Cm ) Dq (Cm ) (Cm-l) ﬁ ﬁo (%) (kJ moll: Vol v
10,066 790
H 3 3 3 3 3 3
Ni(ll)-5-FU-ala g%i Asg (F) — Tag (F) 2Asg (F) — *Tag (F) 2Asg (F) — *Tag (P) Octahedral 3.02 1,007 u%MmmmM)mm 2488 1207 1.57
Cu(ll)-5-FU-ala 11,587 dl envelope Distorted tetrahedral 1.97 -- -- - - -- --
Zn(ll)-5-FU-ala 26,576 (b) LMCT (M « N) Distorted octahedral Dia. -- -- -- -- - --
10,068 776
H 3 3 3 3 3 3
Ni(l1)-5-FU-pal %g,%i Azg (F) = *Tag (F) *Azg (F) — *Tig (F) *Agg (F) — Tyg (P) Octahedral 2.98 1,007 (1030 for free ion) 0.75 2511 120.8 1.58
Cu(Il)-5-FU-pal 11,614 €l envelope Distorted tetrahedral 1.98 - - - - - -
Zn(l1)-5-FU-pal 27,624 (b) LMCT (M « N) Distorted octahedral Dia. -- -- -- -- - --
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Figure - 2.™H NMR of the free ligands (A & B) and their Zn(Il)- 5-FU(A)-alanine/phenylalanine (B) complexes

F
3
52 M 191
7 HN
w5 il 2
0 Jy
3-Fluorouracil (3-FITA) Alanine (alaB) Phenylalanine (palB)
ZnfID-5-FU{A)-ala(B) Complex
47
2H.
821
H
\‘-‘ H’._,-' 9] o

A %5
N

159
CH4

OH,
4.4 T22

Zn(ID-5-FU{A)-pal{B) Complex

ESR spectra

The X-band ESR spectra of Cu(ll)-5-FU-ala/pal coempk in DMSO were recorded at ambient and low (J7 K

temperatures. At 300 K, ESR spectra display wedblkeed hyperfine structure because of magnetic lewyp
between the unpaired electron by effectf*Cu nuclei ( | = 3/2). The hyperfine lines vary iténsity owing to
the tumbling motion of the molecules.

The observed f=128 x 10" cm and 126 x 1&cm for Cu(ll)-5-FU-ala/pal complexes respectivahg comparable
to the reported distorted tetrahedral Cu(ll) comes[23]. Also the ratio of,g A value are calculated as above
172 cm, which is comparable to a distorted tetreddeghvironment around the Cu(ll) ion. These redugvalues
in tetrahedral symmetry are explained by the faat the 4s and 4p orbitals in the ground statebeaeasily mixed

in low symmetry complexes [24].
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Table - 4 The Spin Hamiltonian parameters of compbees in DMSO at 300 and 77 K

Hyperfine constant X 1Hcm®

Complex

Al Ay As gl o Jiso a? B? o a1/A] G

Cu(ll)-5-FU-ala 128 43 72 222 201 211 0.62 0.80.79 173 28.28
Cu(l)-5-FU-pal 126 40 70 222 201 210 0.61 0.88.78 176 28.27

The calculated value of Fermi constant; 0.371 by the expression [25] 20],

P = 2ycuBo B (r'3) =0.0363 crit K= (%j .,.Ago

This valueis similar to the general order [26]. The abseofcany half field signal at 1600 G corresponding\to
Ms = % 2 transitions, ruling out any magnetic exula i.e., absence of Cu—Cu interactions in the dexes.

Hathaway [27] pointed out that for the purédonding K|| > KD ~ 0.767 and for in-plang-bonding K, < KD,

while for out-of-planer-bonding K|| > K the following simplified expressions were useccéiculate K|| and

K.
K|| =| —— | x d-d transition
8 A,
0= 9p - 20023 x d - d transition

The observedK|| > K relation indicates the absence of significant lanp n-bonding. Additionally, the

estimatech” andp? values obtained by Kivelson and Neimann formulfiects the high covalency of the Ligand-Cu

bonding. The degree of distortion is given in TasleThe distortion from the plane increases wittreasing g
values and decreasing #alues.

Table - 5.Antimicrobial activity of the free ligand(A) and their mixed ligand complexes
(Minimum Inhibitory Concentration values at 1 x 102 M).

#Average of three replicates.

Minimum Inhibitory Concentration valuegd / ml)®

Complex Bacterial strains Fungal strains
Bacillus Staphylococcus Staphylococcus Escherichia Pseudomonas Aspergillus Enterobacter Candida
subtilis saphyphiticus aureus coli aeruginosa niger species albicans
Control 5.4 4.8 7.9 6.2 8.9 11.0 11.2 10.6
5-FU(A) 121 14.6 16.4 21.8 25.1 23.8 21.6 24.9
Ni(I1)-5-FU-ala 8.1 9.8 8.3 135 18.3 18.9 13.8 @0.
Cu(ll)-5-FU-ala  11.7 12.3 11.0 14.7 24.9 22.8 21.6 235
Zn(ll)-5-FU-ala 9.1 2.7 10.1 5.4 23.1 18.4 20.1 723.
Ni(I1)-5-FU-pal 11.6 6.2 9.8 11.4 215 21.8 18.2 .86
Cu(ll)-5-FU-pal  10.1 5.0 7.5 9.9 18.1 19.6 17.2 a15.
Zn(11)-5-FU-pal 9.3 2.9 6.2 5.5 13.0 18.2 10.3 13.3
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Figure - 3. Biological activities of (a) Ligand (A)& M(I1)-5-FU(A)-ala(B) complexes with control and (b) Ligand(A), M(I1)-5-FU(A)-pal
(B) complexes with control in different microorgansm species at 24 h respectively.
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C =Staphylococcus saphyphiticu® = Staphylococcus aureusE = Escherichia coli F =Pseudomonas aeruginosa

B = Bacillussubtilis
G =Aspergillus niger H = Enterobacter species| = Candida albicans

Antimicrobial activity

In vitro minimum inhibitory concentration (MIC) values dfet mixed ligand complexes of Ni(ll) / Cu(ll) / Zi+
5-FU(A)-ala/pal(B) complexes with free ligand (5J)FWere tested against some microorganisms and are
summarized in Table 5. Commercially existing stadddrugs Ampicillin (antibacterial control) and Ngm
(antifungal control) are used as control. The aitfiobial activities of the mixed ligand complexe® aormally

better than the free ligands and the activitieseddpupon the M(ll) ions i.e., size, charge distiitny shape and
redox potential of the metal chelates [28]. The ediXigand complexes explain moderate activity thhe

corresponding free ligands and metal salts. Frantble 5, the MIC value of all the mixed ligandrgiexes were
also confirmed by the liquid dilution route [29]which the efficacy was also observed at very lowoentrations.
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The representative graph of the measured MIC vajugg ml) of the controls, mixed ligand complexeshwiitee
ligands against microorganisms are shown in Figusdich can be explained on the basis of chelatieoty[30].
From the MIC values, Ni(ll)/Cu(Il)-5-FU(A)—-ala/p8] complexes show moderate activity against allltheterial
and fungal strains even than the standard drugs #ie antibacterial activity of mixed ligand coexss is due to
the presence of electron withdrawings€€) and amino acids, alanine(B) and phenylalanipe(Bieties in their
nuclei. Also, it was established that the pathogeéhiam positive bacterial strains lilBacillus subtilis further,
Escherichia coliand fungal strains likéspergillus niger and Enterobacter speciesshow remarkable activities
against the free ligands and their mixed ligand mlemes.

CONCLUSION

The present study explains geometry and naturdefixed ligand complexes which were also studigdhe
electronic absorption spectra. From the specttaliss, the ligand 5-FU(A) and ala/pal(B) bind th@lMion via,
deprotonated B C, = O of carbonyl oxygen atoms and amino —N and hisdeprotonated carboxylato —O atoms
respectively, forming a stable 4, 5, 6 memberedatherings. All the Cu(ll) mixed ligand complexesder
investigation show distorted tetrahedral geomethictv is further supported by the ESR studies. Trheitro
antimicrobial evaluations show more potent actgtior both Ni(ll) and Cu(ll) mixed ligand complexe
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