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Abstract: Azomethine amino ligands derived from the condensation eheBhoxysalicylaldehyde (MS) or 4-
diethylaminosalicylaldehyde (DS) witttramino acids (L-phenylalanine (P) and DL-tryptophan (T¥revsynthesized. All
ligands were analyzed by IRH NMR, *C NMR and their melting points. Interaction of the obtainetaethine amino
ligands with metal salts produced novel nano sized Fe(ll)l &u(ll) complexes. The isolated complexes were
characterized by elemental analysis, infrared spectiaavitlet-visible and thermal analysis (TGA) in dynamia ai
atmosphere. The Kinetic and thermal parameters were cetigram the thermal data using Coast and Redfern method.
The molar conductance values of complexes are relatively lodicating the non-electrolytic nature of the complexes
Magnetic susceptibility measurements show that the ifgetstd complexes are paramagnetic. Moreover, the stabilit
constants of the prepared complexes were determined gphotometrically. The analytical results suggest thatnami
acid Schiff bases behave as dibasic tridentate ONO ligaaid, coordinate with Fe(ll) and Cu(ll) ions in octahedral
geometry according to the general formula [M(HL)H20. The particle size of the prepared complexes was detedmine
using TEM and it was found to be in nano scale. Moreover, thanirobial effects of the ligands and their complexes
were screened against some types of bacteria suBla@us subtilis (+ve) Escherichia coli (-ve)and Micrococcusluteus
(+ve) and other types of fungi such &speragillus niger, Candida glabratand Saccharomyces cerevisiathe results of
these studies indicate that the metal complexes exhibibagtr antibacterial and antifungal efficiency compamdheir
corresponding ligands. The interaction of the complexeth WT-DNA was monitored using spectral studies, viscosity
measurements and gel electrophoreses. Furthermore, ifowad that the prepared complexes could bind to DNA in an
intercalating mode.

Keywords. Azomethine, Amino acid, TGA, TEM, Antimicrobial, DNA intaction.

1 Introduction azomethine groups are present in various natural, naturall
derived and non-natural compounds. The imine group

Schiff base complexes have undergone a phenomepigsent in such compounds has been shown to be critical to
growth during the recent years because of the versatiliieir biological activities {-3]. Due to the presence of the
offered by these complexes in the field of industriednine group, the electron cloud of the aromatic ring and
catalysis and biological system, and so forth. The tramsiti€lectronegative nitrogen, oxygen and sulfur atoms in the
metal ions p|ay Significant roles in various enzyme%Chiff bases molecules, these Compounds effectively pteve
functions. Certain drugs play a vital role as bio-ligands FPrrosion of mild steel, copper, aluminum and zinc in acidic
the biological systems. Similarly, nitrogen containingses medium H].

such as derivatives of pyrrole, pyridine, pyrimidinegcpitt hase amino acid complexes act as good chelating
pyrazine and purine have a vital role as bio-ligands. 'm"”eé)gents and behave as efficient biologically active and
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cytotoxic agents. Studying the interaction between ttamsi antiradical activities and biological activitieg,[g].
metallcgmplexes af‘d DNA has attracted many Interests %urﬁong these, heterocyclic Schiff base ligands and their
to their importance in cancer therapy, design of new types 0 : .

: . complexes possess great importance due to their
pharmaceutical molecules and molecular biolo§yq|.The

i ) i harmacological properties9]] Deoxyribonucleic acid
complexes of transition elements with Schiff bases ha : gical prop I yroe :
. . ) . . (DNA) is a most important target molecule in anticancer and
wide applications in food industry, dye industry, catadysi

. . o .~ antiviral therapies. Furthermore, the interaction of ¢hes
fungicidal, agrochemical, anti-inflammable activity,

Table 1: The prepared Schiff base amino acids ligands

HO
R > Side Chain
\ / N N
O =
J N
o)
OH

OH
HO @]
Aldehyde Ligand Aldehyde Ligand R
Abbreviation Abbrev-

iation

MSP DSP

3- MST 4- DST
methoxysalicyla- diethylaminosalicylaldehyde HN \

dehyde

DSH \(\NH

N

complexes with DNA has gained much attention due to thexceeds a certain level then their toxic effects become
possible applications as new therapeutic agehis/[ 1J. evident. Certain drugs play a vital role as bio-ligands ia th
Some drugs show increased activity when administeredbéslogical systems. Therefore, this paper shows synttafsis
metal chalets and inhibit the growth of tumorsl]. The Fe(ll) and Cu(ll) Schiff base amino acid complexes and
transition metal ions are responsible for the prop#reir characterization by various physicochemical meshod
functioning of different enzymes. If their concentratioMoreover, antimicrobial studies of the investigated
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complexes were tested against many types of bacteria an®@L-Tryptophan (T) and 3-methoxysalicylaldehyde or 4-
fungi. Moreover, the interaction between DNA and thdiethylaminosalicylaldehyde .The imine derivatives of L-
synthesized complexes was examined using absorptRitenylalanine (P) or DL-Tryptophan (T) have been
spectra, viscosity measurements and gel electrophoresis. obtained according to the following method. Ethanolic
solution (30 ml) of 5 mmol of 3-methoxysalicylaldehyde or
4-diethylaminosalicylaldehyde (0.76 g, 0.995 g respedyiv
) was added to 5 mmol of L-Phenylalanine or DL-
2.1 Chemicals Tryptophan dissolved in hot ethanol. Then the mixture was
stirred and refluxed for 2 hours and then it was cooled to
All chemicals were used for complex preparation such asrdom temperature. After 24 h the obtained precipitate was
methoxysalicylaldehyde @1sOs) (MS), 4-diethylamino filtered out and washed by hot ethandl, [7, 12, 13 The
salicylaldehyde (@H1s0:N) (DS), amino acids (L- authenticity and purity of obtained compounds were
Phenylalanine (P) and DL-Tryptophane (T)), Calf thymuscamined by proton NMR measurements. The structures of

DNA (CT — DNA), and the metal salts Cu(GHOO). H20 the Schiff base amino acids prepared in this study are
and (NH). Fe(SQ)2.6H0 were of the highest purity andshown in Table 1.

obtained from (Sigma-Aldrich).

2 Experimental

2.4 Synthesis of the investigated complexes
2.2 Instruments

Three novel complexes were synthesized by mixing 40 ml
Melting points for the isolated ligands and decompositiogqueous solutions of the amino acids prepared by
points for its complexes were monitored on a melting poirissolving 5 mmole of (0.825g phenyl alanine or 1.045 g
apparatus, Cimarec 3 Thermolque. The carbon, hydrogaRsptophan) with 50 ml hot ethanolic solutions of 3-
and nitrogen contents were determined on a Perkin Elmgfethoxysalicylaldehyde (5 mmole, 0.76g) or 4-
(2400) CHNS analyzer. IR spectra (4000-400"¢mere djethylaminosalicylaldehyde (5 mmole, 0.995 g,). Then the
recorded on Shimadzu FT-IR model 8101 spectrometgiixture was stirred at ?0C for 1 hour. Then a 40 ml
using KBr pellets. '"HNMR and "CNMR spectral aqueous-ethanol mixture of 2.5 mmole of (Cu(Ci®O).
measurements were recorded on a BRUKER, using DMSQ,0 (0.5 g) or 30 ml aqueous-ethanol of 2.5 mmole
as an internal reference. The TG/DT analyses we[RIH,),Fe(SQ)..6H.0) (0.98 g). In order to avoid oxidation

recorded on a Shimdzu corporaion 60 H at 10 degrees-.migf Fe(ll), a few drops of glacial acetic acid was added.
The UV-Vis spectra were recorded on a PG

spectrophotometer model T+80 at 298k. Magnetic The mixture was stirred at room temperature for 3

susceptibility measurements of the metal complexes wef@ur- The color changed from yellow to green color for
done on a Gouy balance at room temperature usi SPCu, blue color for DSTCu and dark brown color in

Hg[Co(SCN)] as a calibrant. Molar conductance wa<Lase of MSTFe. The obtained product was evaporated over
measured on an Elico CM-180 conductometer using 1 Right. The obtained solid product was filtered, washed with
mol L solutions in DMSO. A HANNA 211 pH meter at Water, and dried in vacuo over anhydrous G46| 7, 13,

298 k equipped with a CL-51B combined electrode wal4

used for pH measurements, calibrated against standardy Thermogravimetric analysis
buffers (pH 4.02 and 9.18) before measurements.

Antimicrobial screening was carried by using agar well, e present investigation, heating rates were suitably
diffusion. Viscosity measurements were performed by,nirolied at 10C mint under oxygen atmosphere, and the
using viscometer immersed in a thermo stated water baffaignt joss was measured from the ambient temperature up
maintained at 28 C. Gel electrophoresis was visualized, 75mc. Thermogravimetric analyses of the Schiff base
under UV a transilluminator and photographed with @ming acid complexes were used to: (i) get information
Panasonic DMC-LZ5 Lumix Digital Camera. about the thermal stability of these new complexes, (i)
) . ) decide whether the water molecules (if present) are inside o
2.3 Synthesis of Schiff base ligands outside the inner coordination sphere of the central metgl i

and (iii) suggest a general scheme for thermal
Three Schiff bases were obtained from L-Phenylalanine (P)
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decomposition of these complexe$5]. TG can directly A, was obtained from the intercept. The other kinetic

record the loss in weight with time or temperature due pmrameters; the entropy of activation*)Senthalpy of

dehydration or decomposition. activation (H) and the free energy change of activatiori)(G
were calculated using the following equation:

S =2.303R log )

/Qv R 0 H" =E-RT 3
N A ¥ 4>—/< .
0 [ WA G=H-TS (4)

SirringforLh Where, (K) and (h) are the Boltzman's and Planck's
0°c constant, respectively.

2.7 Antimicrobial evaluation

R
AN N . : .
0 The newly synthesized ligands and its complexes were
OH oo No screened against two Gram-positivBagillus subtilisand

Micrococcusluteus and one Gram-negativeEgcherichia
Cu(CHaCOO)z-V Fe(“féﬁg%gzlf”zo coli) by well diffusion method T, 13, 17 using agar
nutrient. The antifungal activities were tested against
fungus: Asperagillus niger, Candida glabrataand
L
|
(0]

NH

(Q\ Y P Saccharomyces cerevisidgy well diffusion method using
| o © \ potato dextrose agar as the medium. Ciprofloxacin and
\\L/O o Amphotricine B are used as control for bacteria and fungi,
/?\ o [\
o OH

OH
Y °

(0]
N
N respectively. The suspension of each microorganism was
P ‘ y added to a sterile agar medium, then poured into sterile
il N Petri plates and left to solidification. The well was dug in
= the agar media using sterile metallic borer in each plate.
MSPCu MSTFe The test solution (15, 30 mg/ml) was prepared by
dissolving the compounds in DMSO and the well was filled
with the test solution using micropipette. The plates were
dncubated for 24 h in the case of bacteria and 72 h for fungi
at 35° C. The extracts were subjected to further assay with a
series on time basis (24, 48 and 72 h). During this period,
the test solution was diffused and affected the growth of the
The  thermodynamic  activation  parameters  ofyoculated microorganisms. Activity was determined by
decomposition processes of complexes namely aCtivatiﬂ‘u"laasuring the diameter of the zone showing complete
energy (E), enthalpy (H), entropy (S) and Gibbs free jnhibition (mm). Growth of inhibition was compared with
energy change of the decomposition”@vere evaluated the control. The zone of inhibition is given as the average
graphically by employing the Coats- Redfern relatia][ of three independent determinations.

logrio8 s/ Wor )y = |og[§(1-%f’")] —-_= _ (1) 2.8 Interaction with Calf Thymus DNA

N
’ )
/O

Scheme 1

2.6 Kinetic data for TGA of the prepare
complexes

2.303RT

Where W, is the mass loss at the completion théNA binding studies are important for the rational design
decomposition reaction, W is the mass loss up tand construction of new and more efficient drugs targeted
temperature T, R is the gas constant gnis the heating to DNA. A variety of small molecules interact reversibly
rate. Since 1-2RT/E= 1, the plot of the left hand side of with double stranded DNA, primarily through three modes.
equation (1) against 1/T would give straight lin€. \gas Electrostatic interactions with negatively charged nigcle
then calculated from the slope and the Arrhenius constastjgar—phosphate structure, which are along the external
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DNA double helix and do not poses selectivity. The seconaf the samples were recorded with a digital stopwatch
type is through binding interaction with two groves of DNAoperated timer for different concentrations of the complex
double helix. The third type is through intercalation(10 — 250 M), maintaining the concentration of DNA

between the stacked base pairs of native DEA7, 13, 18  constant (25Qu M). The control sample was carried out on
e%B by using the same method. The buffer flow time was

Different concentrations of metal complexes were titrat , 3
with incremental amounts of CT-DNA over the range (3 Tecorded as’t Data obtained were presented a&)() **Vs

30 u M). The equilibrium binding constant ¢K values for 1/NR A(ITn: [r[e)gle'?l]cé [Sfo :;noprLeX&(gshZL? ilss tt::: \‘:;:ggi;:y g:
the interaction of the complex with CT-DNA were obtaine P P y

. o : . DNA alone. Viscosity values were calculated from the
from absorption spectral titration data using the follogvin . - )
) observed flow time of DNA-containing solution corrected
equation , 7, 13, 19.

for flow time of buffer alone &, n=t—-t°/t°[5, 7, 13,
By using spectral studies, electronic absorption specttim 20).
the complex was recorded before and after addition of C

DNA in the presence of Tris - HCI buffer (pH 7.5). Ey using gel electrophoresis, solutions of DNA were

freshly prepared before each experiment using doubly
[DNA]/ (&a - &) = [DNA]/ (&b - &) + 1/Kp (ep - &) distilled water containing 0.1 M Tris - HCI buffer, pH = 7.2.

] o o The concentration of DNA solutions was determined by
Where ¢, is the extinction coefficient observed for theUV-Vis spectrophotometer at 260 nm using a value of 6600
charge transfer absorption at a given DNA concentraon, \s-1n11 for the absorption coefficient. The purity (freedom
the extinction coefficient at the complex free in solutien, ¢5m bound protein) was assessed from the ratio of the
the extinction coefficient of the complex when fully boundabsorbencies at 260 nm and 280 nm. In general, the
to DNA, Kb th? equilibrium F’i”ding constant, and [DNA] commercial DNA preparation was found to be free of
the concentratlorl in nucleotides. A plot of [DNAKa(- &) protein (AesonnfAzsonn= 1.9) according to this criterion and
VEersus [DNA] gives K as the ratio of the slope to the no further purification was attempted. Cleavage reactions
intercept. The standard Gibb free energy for DNA \iare ryun between the metal complexes and DNA, and the
binding was calculated from the following relatios, [7, prepared solutions were subjected to electrophoresis on 1%
13 agarose gel prepared in TBE buffer (@48 Tris, 45uM

AG%,=-RT In K, boric acid and M EDTA, pH 7.3). Then (20 micron) of

. ) ethidium bromide was added to the above solution and
Where R is the general gas constant, T is the absolyigxed well. The gel was mounted into electrophoretic tank;
temperature and (s the binding constant. enough electrophoretic buffers were added to cover the gel.

By using viscosity measurements, viscosity experimentNA sample (10 micron) and metal complex (20 micron)
were carried out in an Ostwald viscometer maintained #ere mixed with loading dye (bromophenol blue) and
25° C in a thermostatic water-bath, to minimizdncubated for 30 min at 25C, then loaded into the well of
complexities arising from DNA flexibility. The flow times the submerged gel using a micropipette.

Table 2:'HNMR spectral data of the investigated Schiff base amindsalijands

Comp. IH NMR (6, ppm), in DMSO

MSP 13.6 (s, 1H, COOH), 8.4(s, 1H, CH=N), 7.4 — 6.6(m, 8H - Ar),(4,3LH, OH), 3.9(m,
1H, CH), 3. 8(S, 3H, OCH}, 3.2 (d, 2H, CH).

MST 13.8-13.6 (s,1H,COOH),10.9 (s,1H,NH), 8.2 (s, 1H, CH=N), 57
6.5(m, 8H - Ar), 4.2(s, 1H, OH), 3.0(d, 2H, GH 3.8 (S, 3H, OCH), 3.7(m, 1H, CH),

DST 115 (s, 1H, COOH), 9.5(s, 1H,NH), 8.3(s, 1H, CH=N), 6.0 {@58H — Ar), 4.3(s, 1H,
OH), 3.3 (q, 4H, 2CHCHg), 2.7 (d, 2H, CH - Ar), 0.9 - 1.2 (t, 6H, 2CH-CHy), 3.5 (s,
1H, CH).
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Table 3: 13C NMR spectral data of the investigated Schiff base amindsa@jands.

Compound 13C NMR (6, ppm), in DMSO

MSP 193.0 (COOH), 171.0(CH=N), 149.3, 143, 138.8, 128.6, 12828.3, 128.3, 125.8,
122.2,122.7,117.8, 119.4 (12CH - Ar), 71.0(O$}H55.0(CH), 41.0(CH).

MST 171.0(COOH), 168.0 (CH=N), 165.0, 155.0, 145.0, 138.0,.0.3825.0, 122.0,
121.0, 120.0, 114.0, 117.0, 112.0, 110.0, 70.0 (14CH - A8))@CH), 52.0(CH),
29.0(CH).

DST 194.0(COOH), 163.0 (CH=N), 148.0, 144.0, 139.0, 133.0,.0,3130.0, 128.0,
126.0, 123.0, 113.0, 109.0, 104.0, 103.0, 100.0 (14CH - B8)Q(CH), 38.0 (Ck
N), 36.0 (CH-Ar), 13.0 (CH).

Table 4: Analytical and physical data of Schiff base amino acidsrigmand their complexes

Compound Empirical formula Ueff Am, Ohntt  M.p Elemental Analysis
, (BM) cn? mol? found (calc.)
(Molecular weight) Dec.
)
C% H% N%
MSP G7H17NO4 220 67.7 4.9 45
68.2 5.7 4.7
(299.0) (68.2) (5.7) (4.7)
MSPCu G4H36010N2Cu 2.3 8.4 280 585 53 3.87
58.7 5.2 4.07
(695.5) (88.7) (5.2  (4.07)
MST Ci9H18N204 240 67.3 5.1 8.07
67.5 5.3 8.3
(338.0) (67.5) (5.3) (8.3)
MSTFe GgHzgO10N4Fe 49 32.5 >300 56.8 4.9 6.9
57.0 4.9 7.3
(766) (57.0) (4.9 (7.3)
DST Go2H25N303 200 69.6 6.5 10.9
69.7 6.6 11.1
(379.0) (69.7) (6.6) (11.1)
DSTCu Gi4aH5308.5N6CU 2.1 9.8 280 57.3 5.7 9.7
(57.4) (5.8)
(864.5) (9.9

The electrophoresis was performed at a constant voltagd.

(100 V) for about 1-2 h (until bromophenol blue had pass

through 50%

e . .
of the gel) in TBE buffer.The gel wasg Results and discussion

visualized under UV a transilluminator and photographed

with a Panas

onic DMC-LZ5 Lumix Digital Camerd3, Results ofHNMR and**CNMR for ligands are tabulated
in Tables 2, 3.
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3.1 Microanalysis measurements -3389 cm* which assigned to- (OH) vibration of water
molecules associated with the complex23][
The analytical data of the ligands and their metal
complexes are given in table 4. The elemental analys&§e bands observed in the region 3095 3049 cm™ and the
show 1: 2 (metal: ligand) stoichiometry for the solid region 2961- 2915crhcan be assigned to the o(C - H)
complexes. The conductivity values in DMF with different aromatic and - (C - H) aliphatic stretching vibrations,
concentrations in the range from (0.0025 to 0.0100) Molrespectivelyp, 7, 13, 24 The ligands exhibit the
dnr3 are (8.4, 32.5 and 9.8 for MSPCu, MSTFe and DSTCucharacteristio(C=N) band in the 1651 — 1628 cn
respectively) given in Table 4. All complexes were
relatively low, indicating the non-electrolytic nature ofregion, while the complexes the (C=N) were observed in the
these complexes5[ 7, 13, 22 Th microanalysis results 1626 - 1613 cn region The (C=N) stretching frequency is
suggest that 3-methoxysalicylaldehyde or 4- generally shifted to a lower frequency, indicating deceeas
diethylaminosalicylaldehyde amino acid Schiff basesin the (C=N) bond order due to the coordinate bond of the
behave as dibasic tridentate ONO ligands and coordinate tmetal with the imine nitrogen lone pai5,[ 7, 13, 25.
M(Il) in octahedral geometry according to the generalThe - o(C - O) . (phenolic) vibration of ligands are
formula[M(HL)2].nH20. The magnetic susceptibilities of all observed around 1293-1244 @mwhich gets shifted to a
complexes at room temperature are shown Table 4. Thywer frequency region in the complexes indicating
values are (4.85, 2.29 and 2.07 BM) for MSTFe, MSPCucoordination of phenolic oxyger2§]. The ligands exhibit
and DSTCu respectively, which were consistent withother two intense bands at (1410 - 1345), (1599 - 1588)
octahedral geometry of the complexes. cm?® corresponding to symmetric stretching and
3.2 IR spectra asymmgtric stretching freqyengies of (COOH)' group,
respectively of the organic ligand. Symmetric and

. asymmetric bands were shifted to a lower frequency upon
Results of IR spectra are showed in Table 5. The IR SpeCt%mplex formation 27]. The difference between symmetry

provi_de valuable information regarding the nature of theand asymmetry stretching vibration of COgloup showed
functional group attached to the metal atom. In order t hat amino acid Schiff bases coordinated through COO

study the bonding mode of Schiff base to the meta
complexes. The IR spectrum of the free ligand is compareglrOUp 8. Two new bands appeared at 737 - 679 cand

with the spectra of the complexes. The broad band at 3442P9 - 551 cit and it could be attributed to- »(M-N) and
- v(M-O) stretching, respectivelys| 7, 13, 29, 30

Table 5: IR spectral data of the investigated Schiff base mino adi@stls and their complexes.

Comp. vo(OH)/ v(-C=N) vg(CO0) vas(COO)  var(C-H) va(C-H) vpr(C-0) v (M-N) v (M-0O)

H.0

MSP  3438(s)  1634(s) 1410(m)  1589(m)  3088(m)  2932(m)  1259(m - -
MSPCu 3443(s)  1626(s) 1389(m)  1563(m)  3051(w)  2930(w)  UB35  698(w) 559(w)
MST  3389(s) 1651(s) 1362(m)  1588(w)  3090(w)  2917(w)  1293(m - -
MSTFe 3399(s)  1613(s) 1343(w)  1549(w)  3049(w)  2929(w) 1896  737(s) 551(m)
DST  3414(s) 1628(s) 1345(m)  1599(m)  3095(w)  2961(w)  1234(m - -
DSTCu 3416(s)  1620(s) 1391(w)  1551(s)  3053(w)  2915(w)  (&¥0  679(s) 555(s)

S=sdrong, m = medium, w = weak, Ar = aromatic, A = aliphatic, ph = phenolic
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3.3 The proposal structures of ligands

N OH

0 OH

(R, E)-2-(2-hydroxy-3-methoxybenzylideneamino)-3-(1H-indol-3-y1)propanoic acid

NH RANP
i
x| OH
o OH

(E)-2-(4-(diethylamino)-2-hydroxybenzylideneamino)-3-( 1H-indol-3-y1) propanoic acid

| X o”
N OH
O OH

(R, E)-2-(2-hydroxy-3-methoxybenzylideneamino)-3-phenylpropancic acid

Scheme 2

3.4 UV-Visible studies

The wavelengths at maximum absorption bahga and

the molar absorptivity &) of the different bands in the
recorded spectra of the complexes (Fig 1) are given in
Table 6. The electronic absorption spectra of the Schiff
bases recorded in DMF is composed of three bands in the
200 - 800 nm region. The first band appeard below 300 nm
region can be assigned to ther* transition of the aromatic
rings. The second band observed within the wavelength
range 315- 431 nm is due to transition betweenstuebital
localized on the central azomethine (-CH = N-) boid][
while the third band The charge transfer bands being more
sensitive to solvent changes than bands resulting from loca
transitions. A broad band from 498- 621 nm, which
indicating that band could be mainly attributed to-¢ d
transition in an octahedral structure of the prepared
complexesb, 7, 13, 33, 34

3.5 Thermogravimetric Analysis

The Copper (II) and iron (Il) complexes are subjected to
thermogravimetric analysis in dynamic air in 40-750 °C
temperature range, at a heating rate of 10 °C/min. The
experimental results are given ifable 7. The MSPCu,
DSTCu and MSTFe complexes have weight logses5%,

Table 6: Molecular electronic spectramax(nm) andemax (dm3molicm?) of the prepared Schiff base amino acids ligands

and their complexes in DMF at 298 K.

Compound Amax{(NM) €max Assignment
(dmPmoltem?)
MSP 249 116 n—1*
419 136 n—m*
MSPCu 620 80 d-d band
375 712 LMCT band
242 1236 Intraligand band
MST 431 100 n—m*
315 31 n—m*
247 37 T—*
©2015 NSP
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MSTFe 498 6550 d-d band

254 11900 Intraligand band
DST 397 93 n—m*

247 111 n—1*
DSTCu 621 31 d-d band

385 171 LMCT band

239 233 Intraligand band

Table 7: Thermal analysis data of the prepared complexes

Compound Temperatufe Fragment loss % Weight loss %
Molecular formula ~ Molecular Found Calc
weight
MSPCu 29.5-105.5 210 36.0 4.5 5.2
106.7-217.3 @Hr 91.0 12.6 13.1
218.9-253.9 @&Hr 91.0 134 13.1
255.2-323.9 EHsO2 136.0 19.2 19.6
325.2-404.9 EHsO2 136.0 19.7 19.6
406.7-508.8 GH2N204 142.0 204 204
Residu >750.0 Cu 63.5 9.1 9.1
DSTCu 24.9-220.4 2.5 45.0 51 52
221.6-287.4 @H10N202 214.0 24.8 24.0
289.1-401.7 @iH29N202 341.0 394 394
402.9-521.5 @HoN202 201.0 23.2 23.3
Residu >750.0 Cu 63.5 7.2 7.4
MSTFe 28.3-101.4 2¥0 36.0 4.6 4.7
103.4-269.5 GHsN 130.0 16.9 16.9
270.3-442.4 @HoN202 201.0 26.2 26.2
443.6-613.3 @oH9NO4 207.0 26.9 27.0
614.5-750.5 GHsO2 120.0 15.6 15.7

Residu >750.0 Fe 56.0 7.3 7.3
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5.1% and 4.6 % which are due to the existence of 2, 2&nd the weight losses of 16.9, 26.2, 26.9 and 15.6 % are
and 2 water molecules of hydration at temperature range attributed to the gradual decomposition of ligand moiety

9.5-105.5 °C, 24.9-220.4 °C and 28.3-101.4 °C respectiveround the metal ion at temperature 103.4 °C - 613.3 °C for
The weight losses of 12.9 %, 13.4 %, 19.2 %, 19.7 and 20MSTFe complex. The final product can be observed as a
% is attributed to the gradual decomposition of the liganthetal residue at temperature up to 750 °C [35].

moiety around the metal ion at temperature range 106.7.- L

508.5 °C for MSPCu complex, The weight loss of 24.8 %:,3'6 Kinetic Data for TGA

394 % and 23.2 % is attributed to the gradual

decomposition of the ligand moiety around the metal ion dthe data are summarized in Table 8. The activation

temperature range 221.6 - 521.5 °C for DSTCu compleinergies of decomposition were in the range 12.06 - 165.82

Table 8: The kinetic and thermodynamic data for the decompositiccooplexes

Complex TeC) FE J/mol ASt Thermodynamic Parameters (J/mol)
S H" G
MSPCu 56.1 0.6 0.7 -234.9 -465.7 12713.9
206.3 -245.7 -1713.7 48977.6
242.6 -247.1 -2015.2 57909.3
288.9 -248.5 -2400.8 69417.4
378.4 -250.8 -3143.9 91751.9
442.9 -252.1 -3680.3 107980.4
DSTCu 185.9 0.5 0.6 -246.0 -1545.1 44299.0
264.6 -249.4 -2198.4 63792.8
455.8 -251.7 -2873.2 84150.9
345.8 -253.9 -3787.1 111958.2
MSTFe 53.1 0.4 0.5 -235.9 -440.7 12085.7
195.2 -246.7 -1621.9 46543.8
344.7 -251.5 -2863.9 83825.6
473.5 -254.1 -3934.1 116374.6
667.0 -256.9 -5542.7 165819.9
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Table 9: The formation constant (# stability constant total number of moles of reactants is kept constant for a
(pK) and Gibbs free energyAG’) values of the prepared series of measurements. Each measurement is made with a

complexes in aqueous - ethanol at 298K.

Complex Type of K pK AG kJ
complex mol?*
MSPCu 1:2 7.60 x10 22.8 -56.3
MSTFe 1:2 6.88 x19 20.4 -50.4
DSTCu 1:2 7.16 x19 22.7 -56.2
4
—_—NISPCu
——DSTCu
3 /\
=N\
S,
1
L 1 %
200 400 600 800

Wavelength (nm)

Figure 1: Molecular electronic spectra of [DSTCu] =20
mol dnt3, [MSPCu] = 2.5x16 mol dnmand [MSTFe] =

2x10% mol dms.

different mole ratio or mole fraction of reactants. The
maximum change will occur when the mole ratio of the
reactants is close to the optimum ratio which is the
stoichiometric ratio in the chemical equation. Maximumes
of Gibbs free energy mean that the reaction is spon in the
curve atXjgand = 0.65 - 0.70 implicates a 1:2 (metal ion to
ligand) molecular association.

The apparent formation constants f(Kof the studied
complexes formed in solution were determined from the
spectrophotometeric measurements using the continuous
variation method according to the following relation:

(A/A,,)
4C2 (1-A/A,)°

(M: L) (1:2)

Where Anis the absorbance of the maximum formation of
the complex, A is the arbitrary chosen absorbance values on
either sides of the absorbance pass and C is the initial
concentration of the metal. The obtainedv&lues indicate

the high stability of the prepared complexes. The values of
K+ for the studied complexes increase in the following order:
MSPCu > DSTCu > MSTFe. Moreover, the values of the
stability constant (pK) and Gibbs free energyQ@) of the
investigated complexes are cited in Table 9. The negative
valutaneous and favorablg,[7, 13.

KJ /mol. The high values of the activation energies reflect

the thermal stability of the complexes. The entropy c
activation had negative values in all complexes, whic
indicates that the decomposition reactions proceed with

lower rate than the normal on&4].

3.7 Determination of the stoichiometry and

formation constant of the prepared complexes

The stoichiometry of the various complexes formed i
solutions via the reaction of M(Il) with the studied ligands
was determined by applying the spectrophotomertic mol
ratio and continuous variation methods as shown in Figs
3. Complexation of ligands with metal ions were studied i
solution using ethanol as a solvent, in order to determir
[M:L] mole ratio in the complex follow molar ratio method
[5, 7, 13, 3§. A series of solutions were prepared having i

20
—a—MSPCu+l
—4=DST Cu+0.4
A
1.0 H —a—MS5TFe

2 m
q 1-2 [~ ._,...-—.—.—.'_'.7

0.8 / P
' Soo—e*’
--—-;: -
04r
‘/‘ [l i i 1 1
00 05 10 15 20 25 3.0

Wavelength (nm)

constant concentration of the metal ion and the [M: L] mole

ratio was determined from the relationship between tHeigure 2: Molar ratio plots for the studied complexes in
absorption of the absorbed light and the mole ratio of [MRdueous-alcoholic mixtures at 298K.

L]. Continuous variations methodbs[ 7, 13, 37, 3B the

© 2015 NSP

Natural Sciences Publishing Cor.



90 NS e L. Abdel-Rahman et al.: Recent Advances in Synthesis ...

1.2 targets in microorganisms. (i) Interference with the cell
"‘;Igg“ wall synthesis, damage as a result of which cell
1.0} ﬂ\ :::MSIF: permeability may be altered (or) they may disorganize the
/ lipoprotein leading to the cell death. (ii) Deactivate oais
= 0.8 F e cellular enzymes, which play a vital role in different
) o *fx \ metabolic pathways of these microorganisms. (i)
0.6k & {' Y Formation of a hydrogen bond through the azomethine
e / L 1 group with the active center of cell constituents, resgliim
04l b *\ - interference with the normal process. Effect of azomethine
*f *\t\ (C=N) group. The mode of action of the compounds may
02l ._.__"k_’_' - ""--...‘.:::; involve formatlpn of a h){drogen bond through a;omethme
. , ) group (C=N) with the active centers of cell constituermt@][
0.2 0.4 0.6 0.8 1.0 resulting in interferences with the normal process.
Wavelength (nm)

Figure 3: Continuous variation plots for the studied:
complexes in agueous-alcoholic mixtures at 298K.

3.8 Particle Size measurements

Fig. (4 (a-d)) shows TEM images of MSPCu and MSTF&
complexes. The images of MSPCu complex show that thi==
complex has a wire shape. Moreover, the calculate®s =i
histogram for the particle size shows that the prepare =

complexes have 75 and 26 nm for MSPCu and MSTF&
complexes respectively. This concludes that the prepar®
complexes have high surface area and could be possesi
catalytic activity B9].

et

Figure. 4 (a): TEM image of MSTFe complex.

3.9 Stability range of the investigated c:Ompk:"xesThe antimicrobial activity of the metal complexes gengrall

- ] depends on the following factors: the chelation ability of
The stability range of the studied complexes was found {f¢ |igand, the nature of nitrogen donor ligands, the total

be in the range pH = 3 — 11 for MSPCu, pH = 4 - 12 f0lparge of the complex, the existence and the nature of the
DSTCu and pH = 4 - 9 for MSTFe, according t0 thénea| jon neutralizing the ionic complex and the nuclearity
obtained pH - absorbance curves (Fig. Biis means that of the metal center in the complex. The susceptibilities of
M(Il) ion greatly stabilizes the tested Schiff base amingertain strains of bacteria to Schiff base amino acids tigan
acids in this range. Accordingly, these ligands can be usg@ld their complexes were evaluated by measuring the size
as masking reagents of M(Il) ions in that range of p&l [, of the bacteriostatic diameter. The antimicrobial scregni
13). results showed marked enhancement in activity on

3.10 Antimicrobial evaluation coordination with the complexes.

The inhibition zones based upon zones size around discs
were measured. The antimicrobial screening results
exhibited marked enhancement in activity on coordination
with the M(ll) ion against more testing bacterial and fungal
strainsFigs. 6, 7.

Mode of action of antimicrobials may involve various
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, Figure. 4 (d): Calculated Histogram for the particles size of
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MSPCu complex

Figure. 4 (b): Calculated Histogram for the particles sizeol 1.8
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Figure5: pH profile of the prepared Schiff base amino acid
complexes at 298 K.
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Inhibi
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Figure. 4 (c): TEM image of MSPCu complex . N | W . |
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-
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Figure 6: Antifungal evaluation of the investigated Schiff
base amino acids ligands and their complexes against
Candida glabratafungi.
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= E. Coli with MSTFe complex.
E 1.6

8 =15ppm —o—MSTFe
5 il 30 ppm 1.5 —=—DSTCu
5 —A—MSPCu
a2

=
Figure 7: Antibacterial evaluation of the investigated :g 1.3
Schiff base amino acids ligands and their complexes agail

Escherichia colbacteria. 1.2

The Schiff base amino acids with nitrogen and oxyge 11

donor systems might inhibit enzyme production, since tr

enzymes which require these groups for their activit 1. 1 L L ' 1
appear to be especially more susceptible to deactivation 00 01 02 03 04 05 06
the metal ions upon chelating. The theory states that t [Complex]/ [DNA]

polarity of the metal ion is reduced on complexation due tu

the partial sharing of its positive charge with donor group$igure 9: The effect of increasing concentration of the
Consequently, the positive charge is delocalized over tlsgnthesized complexes on the relative viscosities of DNA at
whole ring, which causes the improved lipophilicity of thgDNA] = 0.5 mM, [complex] and [EB] = 25 -25@M and
compound through cell membrane of the pathogénl3, 298 K.

. CT-DNA binding studies is one of the most important
3.11 DNA binding analysis using absorptioriechniques, 7, 13, 42

spectral studies The DNA binding studies were characterized by
absorbance maximum at 378 nm for MSPCu, 389 nm for

The application of electronic absorption spectroscopy in - ) .
DSTCu and 518 nm for MSTFe. The addition of increasing

4 higher concentration of DNA led to hypochromic (except
(2)

DSTCu, the addition of increasing higher concentration of
DNA led to hyperchromic) in its visible absorption spectra
as a result of the formation of more stable complexes. The

= interaction of complexes with DNA resulted in the decrease

of absorption intensity accompanied by a shift towards
£ ‘°m1_§m:°m“ W lower wavelengths (2 to 34 nm). The percentage of the
(b) hypochromism is about 35.0 % to 38.8 % reduction. The
spectral changes were used to evaluate the intrinsic ndin
constant Kv), it observed 1.7x19 1.3x1¢ and 5.4x18 M1
for MSPCu, DSTCu and MSTFe, which are intercalated
into DNA base pairsq,7, 13, 43.

)

i
W
5O &5 B B

10°[DNA] / (E

"

@

560 800 The complexes may bind to DNA through intercalative

200 400 The complexes m througt
interaction, which is brought by ther interaction between
Wavelength (nm) the complex which possesses an aromatic ring moiety in the

) ) ] ligands and the aromatic heterocyclic bases of DNA. The
Figure 8: a) Spectral scans of the interaction of MSTFeya tronic absorption spectra of the prepared complexes in
complex (1¢° mol dnt®) in 0.01 molldm"Tns buffer (pH the absence and presence of different concentration of
7.2, 298 K) with CT-DNA (3-30u M intervals). b) Plot of -, tereq cT-DNA are given in Table 10 and Fig. 8.

[DNA] / (&a- &) versus [DNA] for the titration of DNA
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3.12 DNA binding analysis using ViSCOSit)Fig- 9. A classical intercalation model results in lengihgn
measurements of the DNA helix as base pairs to an increase of DNA
viscosity b, 7, 13, 43.

Viscosity measurements were carried out to providg 13 Agarose gel electrophoresis of CT-DNA

information on binding model between complexes a”fhteraction with the investigated complexes
DNA. By increasing concentrations of complexes, the

_relat|ve specmc viscosity of DNA increased, but thel'he cleavage efficiency of complexes was compared to that
increase is less than that observed for the typlca#

. oo . . -of th ntrol function of their efficient DNA bindin
intercalator EB, indicating that intercalative as shown n? © conrot as function ot their etiicie binding

ability Fig. 10.
Table 10: Spectral parameters for DNA interaction with the prepa@dmexes

Comp. Amax free Amax bound An Chromism Type of 10°Kp AG
(nm) (nm) (nm) (%) 2 Chromism molidm? kJ mot?!

MSPCu 630 640 10 87.8 Hypo 1.7 -29.9
378 371 7 38.2 Hypo

MSTFe 253 251 2 35.0 Hypo 5.4 -32.9
518 522 4 61.5 Hypo

DSTCu 623 630 7 38.7 Hypo 1.3 -29.3
389 355 34 38.2 Hyper

@ Chromism (%) = (Avee— Abound / Afree

Control experiment using DNA alone does not show an 1 2 3 4
significant cleavage of CT-DNA although on longer
exposure time. The variation in DNA—cleavage efficienc ,_‘-
of ligands / transition metal complexes was due to th
difference in their binding ability. It was clearly concled
that when complexes cleaved the DNA, the pathogen
growth was arrested through destruction of the genome
the organism13].

Figure 10: DNA binding results of Schiff base amino acid
complexes based on gel electrophoresis. Lane 1: CT - DNA,
Lane 2: CT - DNA + MSTFe, Lane 3: CT —-DNA+MSPCu,
Lane 4: CT — DNA+DSTCu.

4 Conclusion
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In this study new dibasic tridentate ONO amino acid Schiff] D. Sinha, K. Anjani, T. S. Singh, G. Shukla, P. Mishra, H.

bases ligands and its iron (Il) and copper (Il) complexes Chandra, A. K. Mishra, European Journal of Medicinal

have been synthesized. The structure of these complexesChemistry 43(1), 160-165, (2008) and P. Budhani, S. A.

has been confirmed by analytical data, IR, electrofit, Iqbgl, S. M. M. Bhattacharya, Journal of Saudi Chemistry

. L Society 14, 281-285, (2010).

NMR, magnetic susceptibility, molar conductance and

thermal studies. Based on the analytical and spectralestudjl0] M. C. Rodriguez-Arguelles, E. C. Lopez-Silva, J. Sanina

octahedral geometry was proposed for the Fe(ll) and Cu(ll) P- Pelag-atti, F. Zani, Journal of Inorganic Biochemistry

complexes with general formula [M(HE)nH:O. The 99(11), 2231-2239, (2005).

prepared complexes have non-electrolytic nature. The1] J. Costamagna, R. Latorre, A. Alvarado, G. Mena, Jdusha

obtained K values increased in the following order Coordination Chemistry Reviews, 119, 67, (1992), Z. L. You,
H. L. Zhu, W. S. Liu,Zeitschrift fur Anorganische Allgemeine

MSPCu > DSTCu > MSTFe. Thermal study reveals that the Chemistry630, 1617, (2004).

complexes are thermally stable. The synthesized_ Schﬁfz] .Sakiyan, E. Logoglu, S. Arslan, Nursen, Sari, Nazeniy

base metal complexes show better antibacterial and gakjyan, Biometals17(2), 115 120, (2004).

antifungal activities than those of the ligands. The DNA

binding study takes place via intercalative mode. Th@3] L.H. Abdel-Rahman, R.M. El-Khatib, L.A.E. Nassr, A. M.

information obtained in this study could be helpful in Abu-Dief, M. Ismail, A. A. SeleemSpectrochimica Actal7,

understanding the mechanism of the interactions of metal 366, (2014).

(I) complexes with nucleic acids and should be useful ip4) L. H. Abdel-Rahman, R. M. El-Khatib, L. A. E Nassr, A. M.

the development of potential probes for investigation @f th  apu-Dief, International Journal of Chemical Kinetic6, 543-
structure and conformation of DNA or new therapeutic 553, (2014).

agents for some diseases. ) )
[15] G. G. Mohamed, M. M. Omar, A. M. Hindy, Turkish Journal

of Chemistry, 30, 361-382, (2006).
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