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ANTIMICROBIAL AND DNA-CLEAVAGE STUDIES OF 22-MEMBERED
N, TETRAAZA MACROCYCLIC TRIAZOLES: TEMPLATE SYNTHESIS
AND PHYSICOCHEMICAL CHARACTERIZATION

Sangamesh A. Patil," Udaykumar V. Kamble," and Prema S. Badami?
p G. Department of Chemistry, Karnatak University, Dharwad, Karnataka, India
Department of Chemistry, Shri Sharanabasaveswar College of Science, Gulbarga,
Karnataka, India

o A novel series of 22-membered macrocyclic complexes of the type [MLCly] (M= Co**, Ni** and
Cu?") have been synthesized with newly derived biologically active ligands (L'~L). These ligands
were synthesized by the condensation of ortho-phthalaldehyde and bis-(4-amino-5-mercapto-1, 2,
4-triazole-3-yl)alkanes. The mode of bonding and overall geometry of the complexes have been in-
Serred through IR, EPR, electronic spectral studies, conductivity, magnetic, thermal, and electro-
chemical studies. All these complexes have been screened for their antibacterial (Escherichia coli,
Staphylococus aureus, Salmonella typhi, Pseudomonas aeruginosa) and antifungal activ-
ities (Aspergillus niger, Aspergillus flavus, and Cladosporium) by the minimal inhibitory
concentration (MIC) method. The DNA cleavage study was done by agarose gel electrophoresis
technique.

Keywords Synthesis; complex; macrocyclic; bistriazole; ortho-phthalaldehyde

1. INTRODUCTION

The interest in the study of macrocyclic complexes continues to expand
because of their catalytic properties, which have led to industrial applica-
tions in addition to their involvement in many important biological pro-
cesses such as photosynthesis and dioxygen transport.[l’g] The macrocyclic
Schiff bases have been widely studied due to their selective chelation to cer-
tain metal ions depending on the number, type and position of their donor
atoms, the ionic radius of metal ion and coordinating properties of coun-
terions.[*5! The peculiar chemical, structural, spectroscopic and magnetic
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properties of Schiff base macrocycles and supramolecular structures involv-
ing trivalent lanthanide ions are useful for development of photonic light-
converting devices and sensors,!®) contrast agents in magnetic resonance
imaging,!”®! potential radiopharmaceuticals,'®! sensitizers for photodynamic
therapy and biomedical diagnostics.1%!!! The incorporation of metal cen-
ters into supramolecular system gives rise to novel electronic and/or mag-
netic properties as well as fascinating structural features. The importance
of macrocyclic ligands and their metal complexes is obvious when seen in
relationship to natural products such as metalloprotein, vitamin Bjs, and
chlorophyll.['2' A number of nitrogen donor macrocyclic derivatives have
long been used in analytical, industrial, and medical applications.!'3! Macro-
cyclic metal complexes are of great importance due to their resemblances
to many natural systems such as porphyrins and cobalamines. Macrocyclic
nickel complexes find use in DNA recognition and oxidation while the
macrocyclic copper complexes find use in DNA binding and cleavage.!!*!%]
Several macrocyclic complexes with tetraaza macrocyclic ligand, such as cy-
clen, cyclam, or bicyclam were reported to exhibit antitumor activity.!'%! The
chemistry of macrocyclic complexes is also important due to their use as dyes
and pigments as well as NMR shift reagents.l!”! Macrocyclic complexes are
also well known for their antibacterial and antifungal activities.!'®!9! Herein,
we report the synthesis, characterization, in vitro antimicrobial, and DNA-
cleavage studies of metal complexes of macrocyclic ligands derived from
ortho-phthalaldehyde and bis-(4-amino-5-mercapto-1, 2, 4-triazole-3-yl) alka-
nes (Figure 1).

2. EXPERIMENTAL
2.1. Physical Measurements

The infrared (IR) spectra of the complexes were recorded on HITACHI-
270 IR spectrometer in the 4000-250 cm™! region in KBr discs. The elec-
tronic spectra of the complexes were recorded in DMF on VARIAN CARY
50-BIO UV-spectrophotometer in the region of 200-1100 nm. The proton
nuclear magnetic resonance (NMR) spectra were recorded in DMSO-dg on
a BRUKER 300 MHz spectrometer at room temperature using tetra methyl
silane (TMS) as an internal reference. Fast atom bombardment (FAB) mass
spectra were recorded on a JEOL SX 102/DA-600 mass spectrometer/data
system using argon/xenon (6KV, 10 Am) as the FAB gas. The accelerating
voltage was 10 KV and the spectra were recorded at room temperature by us-
ing m-nitro benzyl alcohol as a matrix. The mass spectrometer was operated
in the positive ion mode. The electron spin resonance (ESR) spectrum of the
copper(II) (10) complex in polycrystalline state was recorded at 25°C using
VARIAN E-4 X-band ESR spectrometer with cylindrical quartz sample tube
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L' n=1, L' n=2, L. n=3, LY n=4.

FIGURE 1 Structure of Schiff bases (L'-L!V) in thiol-thione tautomeric forms.

operating at microwave frequency ~ 9.1 GHz. Field calibration was checked
using tetracynoethylene (TCNE) free radical for which g = 2.00277 at room
temperature. Thermogravimetric analyses were measured from room tem-
perature to 1000°C at heating rate of 10°C/min. The data were obtained
by using a PERKIN-ELMER DIAMOND TG/DTG instrument. The electro-
chemistry of Cu(Il) complexes were studied on CHI1110A-electrochemical
analyzer (HCH Instruments, USA). Molar conductivity measurements were
recorded on an ELICO-CM-82 T conductivity bridge with cell having cell
constant 0.51 and magnetic moment was carried out on Faraday balance.
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2.2. Synthesis

All the chemicals used for preparing bis-triazoles and their Schiff bases
were of reagent grade (Aldrich Chemical Co., USA). The bis-(4-amino-b-
mercapto-1,2,4-triazole-3-yl)alkanes prepared as reported!?”! (Scheme 1).
Purity of the samples were verified by elemental analyses(For compound
CsHgNgSo, Found. C, 24.16%; H, 3.21%; N, 45.82%; S, 26.18%. Calcd. C,
2459%, H, 327%, N, 4590%, S, 26.22%. C6H10N882’ Found. C, 2773%,
H, 3.79%; N, 43.36%; S, 24.78%. Calcd. C, 27.90%; H, 3.87%; N, 43.41%;
S, 24.80%. C7H2NgSy, Found. C, 30.68%; H, 4.38%; N, 41.06%; S, 23.47%.
Calcd. C, 30.88%; H, 4.41%; N, 41.17%; S, 23.52%. CsH14NgSy, Found. C,
33.48%; H, 4.74%; N, 39.12%; S, 22.34%. Calcd. C, 33.56%; H, 4.89%; N,
39.16%; S, 22.17%.). Ortho-phthalaldehyde was obtained from Aldrich.

W

|
HN-HN—C—NH-NH, +  HOOC—(CH,}—COOH +2HN—HN—([J|—NI-I-NH3

IDH N¥

N—N I}I—N 11 NH,
HS"'& p—icr " > SH 4H0
i .

n=1,23&4
SCHEME 1 Synthesis of bis-(4-amino-5-mercapto-1,2,4-triazol-3-yl) alkanes.

2.3. Synthesis of Macrocyclic Ligands (L'-L")

Ortho-phthalaldehyde (2 mmol) in ethanol (25 mL) was added to an
ethanolic solution of bis-(4-amino-5-mercapto-1,2,4-triazole-3-yl) alkanes (2
mmol, 25 mL) containing few drops of concentrated HCI. The reaction mix-
ture was refluxed for 3 hours. The mixture was cooled to room temperature
and the solvent removed under reduced pressure until solid formed that was
washed with cold ethanol and dried under vacuum. M.P. (For compound L,
260°C; L, 262°C; L, 261°C; LY, 264°C), yield (60-65%), analytical data
listed in Table 1.

2.4. Synthesis of Complexes (1-12)

A methanolic (25 mL) solution of metal salts (0.01 mol) was added
to a magnetically stirred solution of ortho-phthalaldehyde (0.02 mol) and
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TABLE 1 Analytical data of Schiff bases L'-L

C% H% N% S%

Empirical Found. Found. Found. Found.
Ligands formula caled. caled. caled. calcd. %yield m.p.°C
L! (CosHooN16Ss)  45.17 45.61 2.14 292 3214 3274 18.09 18.71 62 260
LI (CogHo4N16Ss) 46.98 47.19 3.13 3.37 31.11 31.46 17.31 17.91 63 262
L (C30HogN16Ss)  47.91 4844 3.41 3.78 29.97 30.27 17.21 17.29 65 261
LV (C39H32N16S4) 49.54 50.00 3.98 4.16 2894 29.16 16.43 16.66 60 264

bis-(4-amino-5-mercapto-1,2,4-triazole-3-yl) alkanes (0.02 mol) in methanol
(50 mL) at room temperature. The reaction mixture was stirred for several
hours, leading to precipitation of a solid product. The product was filtered
off, washed with methanol, and dried in vacuum.

2.5. Analysis

The metal contents and sulfur were estimated gravimetrically by the
standard method.'?! Carbon, hydrogen, and nitrogen were estimated using
a G, H, N analyzer. Chlorides were determined by Volhard’s method. The
elemental analyses and molar conductance values are listed in Table 2.

3. RESULTS AND DISCUSSION

All the Co(II), Ni(II), and Cu(II) complexes are colored, stable in air,
and nonhygroscopic solids. They are soluble in DMF and DMSO. The el-
emental analyses show that the Co(II), Ni(II), and Cu(II) complexes have
1:1 stoichiometry of the type [MLCly] (M=Co?*, Ni?*andCu®*"). The molar
conductance values at the 107>M concentrations are too low to account for
any dissociation of the complexes in DMF. Hence, the Co(II), Ni(II), and
Cu(II) complexes may be regarded as nonelectrolytes.

3.1. Infrared Spectra

The Schiff bases (L'-L) have thiol and thione forms. A medium band
at 3155 cm~! due to v(NH) indicates the thione form, while weak band cen-
tered at 2400 cm™! due to v(SH) is suggestive of thiole form. These obser-
vations confirm the thiole-thione tautomerism. A medium to high intensity
band around 1630 cm™~! was assigned to v(C=N) confirming the presence of
ortho-phthalaldehyde. The NCSH and NHCS groups have thiamide-II vibra-
tions, thiamide-III vibrations at 1045-1032 cm ™! and thiamide-IV vibrations
(mainly from v (C=S) located at 750 cm~!. In addition to the above IR absorp-
tions, medium intensity bands in the 1600-1575 cm™! region are regarded
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as a combination of C=N of triazole ring and aromatic C=C stretching
vibrations.

In the complexes the characteristic band due to v(C=N) appeared
around 1612-1605 cm ™! suggesting that the C=N group is coordinated to
the metal through the nitrogen. The bands, due to C=N of the heterocyclic
ring for the complexes, appeared almost in the same region as observed in
the ligands.!??! All the complexes exhibited a broad medium intensity band
in the 3150-3155 cm™! region, and weak bands in the 2390-2400 cm™! re-
gion are due to v(NH) and v(SH) vibrations. The band due to v(C=S) at
750 cm™! for ligands is unperturbed in the complexes indicating that sulfur
does not coordinate. The presence of a medium-intensity band at 412-440
cm™! region corresponding to the v(M—N) vibration further confirms the
formation of macrocyclic complex.?® All the complexes show bands in the
1400-1460, 10801130, and 740-760 cm™! regions assigned to phenyl ring
vibrations.!?*! The coordination of the chloro group has been ascertained
by the band in the 280-310 cm™! region, which may reasonably be assigned
to v(M—Cl).[%

3.2. '"H NMR Spectra

The '"H-NMR spectra of all the Schiff bases exhibited signals at 13.6
and 13.4 ppm due to —NH protons. The resonance due to SH of all the
compounds appeared at 3.5ppm indicating thiol-thione tautomerism. The
azomethine protons in all the compounds appeared at 8.91ppm. Multiplets
at 7.4-7.7 ppm are due to aromatic protons.

3.3. Electronic Absorption Spectra and Magnetic Studies

The electronic spectra of the cobalt(Il) complexes showed two bands
in the 13,350-14,000 and 20,500-22,500 cm™' regions corresponding to
T4 (F) = *Ag (F), and *T14(F) —*T14(P) transitions, respectively.**) How-
ever, the third band expected around 8500 cm™! could not be properly
resolved. The magnetic moment values of 4.52—4.64 BM further support the
electronic spectra. The ligand field parameters Dq, B/, vo,v1. B, B%, and
ligand field stabilization energy (LFSE) have been calculated and presented
in Table 3.

The macrocyclic nickel(II) complexes showed two main bands in the
regions 11,300-12,000 and 17,200-17,500 cm ™! assignable to 3Agg—> STlg (F)
and Ay, — T4 (P) transitions, respectively, suggesting an octahedral ge-
ometry around the nickel(II) ion.!?”! Further confirmation regarding the
octahedral environment around the nickel(II) ion has been obtained from
magnetic moment values of 3.14-3.19 BM.

The electronic spectra of the macrocyclic copper(II) complexes showed
a broad band in the 16,200-16,350, and 20,100-20,450 cm ™! regions, which
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TABLE 3 Ligand field parameters of Co(IT) complexes (1-4) of the Schiff bases LI-LI

Transitions

Complex.

No. V] vo (Calcd.) Vs Dq (em™ Bl (em™)  wvgv; LFSE B B%
1 13350 27804 20500 1445.45 558.30 2.080 33.03 0.56 43.09
2 13520 28152 20700 1463.25 552.83 2.080 33.44 057 42.82
3 18720 28607 21400 1488.72 589.81 2.085 34.02 0.60 39.00
4 14000 29252 22500 1525.25 650.16 2.089 3486 0.67 37.76

may be ascribed to 2Blg—> 2Eg and 2Blg — Qng transitions, respectively,
corresponding to a distorted octahedral geometry around the copper(II)
ion.!?”! The magnetic moment values of 1.76 and 1.80 further support the
observation of the electronic spectra.

3.4. Electron Spin Resonance Spectral Studies

The ESR spectrum of polycrystalline macrocyclic Cu(II) (10) complex
studied here recorded at 25°C did not show any hyperfine splitting exhibit-
ing only a single signal. The analyses of the spectrum gives gll = 2.171, gL
= 2.031, which supports the presence of an unpaired electron in the dxoyo
orbital. The macrocyclic Cu(II) (10) complex showed that gll < 2.3 indicat-
ing that the present complex exhibited appreciable covalent nature.*s The
G values [G = (gll-2) /(gL-2)] which measure-+ the exchange interaction
between the copper centers in polycrystalline compounds have been calcu-
lated. According to Hathway,[%] if G > 4, itindicates a exchange interaction
is negligible and if G < 4, it indicates a considerable exchange interaction in
solid compounds.?® The calculated G value is larger than four suggesting
that there is no interaction between the copper centers.?"]

3.5. Thermogravimetric Analyses

Thermogravimetry (Tg) and derivative thermogravimetry (DTG) studies
were carried out for some of the complexes. These complexes decompose
gradually with the formation of respective metal oxide above 500°C shown in
Figure 2. All the metal complexes showed only a single decomposition curve
between 280°C and 310°C corresponding to the loss of organic moiety. Above
500°C, metal(II) complexes were decomposed leading to the formation of
their respective metal oxides.

3.6. Fast Atom Bombardment Mass Spectral Studies of Schiff
Base L' and Its Co(ll) (1) Complex

The FAB mass spectrum of L! shows a molecular ion peak at m/z 684
equivalent to its molecular weight. The fragments in the spectrum lead to the
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formation of the species [CogHogN16S4] . The FAB mass spectrum of Co (II)
complex (1) showed molecular ion peaks [M]* at m/z 813, 815[M+2]7
and 817[M+4]" which are equivalent to the molecular weight of the Co (II)
complex (1) shown in Figure 3. Some other peaks appeared at m/z 552, 446,
and 285 correspond to the [Co(CaiHNgSe)Cl]*, [Co(Ci1sH19N7Se)Cl] T
and [Co(C7H5Ng)Cl] T species which resulted from the loss of CsH4N7SoCl,
CsHgN and C¢HsN fragments from the parent compound. The two peaks
appeared at m/z 743 and 778 are due to loss of two chlorine atoms and
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FIGURE 3 Fast atom bombardment mass spectrum of Co(II) complex (1).
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one chlorine atom, respectively. All these fragmentation patterns are well
observed in the FAB mass spectrum.

3.7. Electrochemical Studies

Electrochemical properties of the copper(ll) complex was studied on
a CHI1110A-Electrochemical analyzer in N,N-dimethyl formamide (DMF)
containing 0.05 M n-BuyNCI1Oy4 as the supporting electrolyte. A cyclic voltam-
mogram of representative Cu(II) (7) complex shown in Figure 4 displays a
reduction peak at £, = 0.1078V with corresponding oxidation peak at Ej, =
0.6291V. The peak separation (AE,) of this couple is 0.5213V at scan rate
0.1 V and increases with scan rate. The most significant feature of the Cu(II)
complex is the Cu(Il) /Cu(I) couple, which is a quasi-reversible one elec-
tron oxidation. The ratio of cathodic to anodic peak height was less than
one; however, the peak current increases with increase of the square root of
the scan rate, establishing a diffusion controlled electrode process.[*”) The
separation in peak potentials increases at higher scan rates consistent with
quasi-reversibility of the Cu(II) /Cu(I) couple.

4. BIOLOGICAL ACTIVITIES
4.1. In Vitro Antibacterial and Antifungal Assay

The synthesized macrocyclic Schiff bases and their complexes were
screened for their biological activities by using four bacteria, namely E. coli,
S. aureus, S. typhi, and P. aeruginosa, and three fungi namely A.niger;, A. flavus,

PRI S N NS WS WU WIS WS —r———
2.0 Nowv. 13, 2008 12:27:46
1.5 £ Tech: CV
L0 File: Run Unsaved
) InitE (V) = 1.6
0.5 EighEEm =16
- 04 3 oW -
W InitP/IN=N
:ﬂ: -0.51 3 Scan Rate (V/s) = 0.1
i -1.03 £ Segment =2
~ Smpl Interval (V) = 0.001
— -1.54 3 Quiet Time (s) = 2
E -2.01 E Sensitivity (AV) = 5e4
E: 2.5 3 Segment 1.
— | Ep=-1.042v
] -3.0 4 F Eh=-0920v
3.5 ] t ip=1.559e-6A
o Ah =2 358e-6C
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FIGURE 4 Cyclic voltammogram of Cu(II) complex (7).
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and Cladosporium by the reported method.*1:32All the uncoordinated metal
salts exhibited negligible activities towards all bacteria and fungi species.®?
The DMF was used as solvent control.

The bacteria were subcultured in agar medium. The Petri dishes were
incubated for 24 hours at 37°C. The standard antibacterial drug (Gen-
tamycine) was also screened under similar conditions for comparison. The
fungi were subcultured in potato dextrose agar medium. A standard anti-
fungal drug (Fluconazole) was used for comparison. The Petri dishes were
incubated for 48 hours at 37°C. The wells were dug in the agar media using
sterile metallic borer. Activity was determined by measuring the diameter of
the zone showing complete inhibition (mm). Growth inhibition was com-
pared with standard drugs.

In order to clarify any effect of DMF on the biological screening, separate
studies were carried out with solvent DMF only.

4.2. Minimum Inhibitory Concentration

Some compounds showing promising antibacterial/antifungal activities
were selected for minimum inhibitory concentration (MIC) studies.

4.3. Antimicrobial Results

The microbial results are systematized in Tables 4 and 5. The antibac-
terial and antifungal studies suggested that all the Schiff bases were found
to be biologically active and their metal(II) complexes showed significantly
enhanced antibacterial and antifungal activities. It is, however, known that
chelation tends to make the Schiff bases act as more powerful and potent
bactereostatic agents, thus, inhibiting the growth of bacteria and fungi more
than the parent Schiff bases. >+ It is suspected that factors such as solubility,
conductivity, dipole moment, and cell permeability mechanism (influenced
by the presence of metal ions) may be the possible reasons for the increase in
activity. In the case of bacteriological studies, the results were compared with
the standard drug (Gentamycin). It was observed that, some of the Schiff
bases were found potentially active against all bacterial strains. Compound
(I) shows high activity against all bacterial strains especially with S. aureus and
S. typhi whereas metal (IT) complexes (1-12) of these Schiff bases (I-IV) were
also screened against the same bacterial strains. It was evident that overall
potency of the uncoordinated compounds was enhanced on coordination
with metal ions. In the case of antifungal activity, the results were compared
with the standard drug Fluconazole. All Schiff bases showed high activity
against fungal species. Compounds L' and LY showed very high activity,
an interesting feature is that the compound LI shows high activity against
Cladosporium, However, the Co(II), Ni(II), and Cu(Il) complexes (1-12)
of these Schiff bases showed much enhanced activity as compared to the
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TABLE 4 Antibacterial and antifungal results of Schiff bases (L-LY)

Antibacterial activity(Zone of inhibition Antifungal activity(Zone of
in%) inhibition in%)
Conc.
Ligands. (;LgmLfl) E. coli S. aureus S. typhi P, aeruginosa  A. flavus  Cladosporium — A. niger

L! 100 50 78 88 67 64 70 68
50 51 80 90 66 65 68 71
30 53 81 91 65 64 69 69
L 100 51 57 58 61 65 71 74
50 50 56 58 58 65 69 71
30 50 56 59 59 68 68 73
L 100 64 59 50 68 69 80 68
50 62 58 51 67 70 79 69
30 60 59 52 67 71 79 70
LV 100 61 67 46 87 61 88 68
50 58 68 48 88 63 89 69
30 57 66 — 90 62 90 70
DMF 100 6 6 6 6 6 6 6
50 6 6 6 6 6 6 6
30 6 6 6 6 6 6 6
Standard 100 99 99 99 99 98 98 100
50 100 99 100 100 100 98 99
30 98 99 100 99 99 99 100

uncoordinated compounds. This enhancement in the activity may be ratio-
nalized on the basis of the presence of the C=N bond. It has been suggested
that chelation/coordination reduces the polarity of the metal ion mainly
because of partial sharing of its positive charge with a donor group within
the whole chelate ring system.[*®”] This process of chelation thus increases
the lipophilic nature of the central metal atom, which in turn, favors its per-
meation through the lipoid layer of the membrane thus causing the metal
complex to cross the bacterial membrane more effectively so increasing the
activity of the complexes. Besides this, many other factors such as solubility,
dipole moment, conductivity influenced by metal ion may be the possible
reasons for the remarkable antibacterial activities of these complexes.!®8! It
has also been observed that some moieties such as the azomethine linkage or
heteroaromatic nucleus introduced into such compounds exhibit extensive
biological activities that may be a result of the increase in hydrophobic char-
acter and liposolubility of the molecules in crossing the cell membrane of
the microorganism and enhance the biological utilization ratio and activity
of complexes. 3]

The minimum inhibitory concentration 10 ug/mlL was shown by com-
pound L! against S. aureus and S. typhi and compound L against Cladospo-
rium and P.aeruginosa compound 9 shown MICs 10 pug/mL against S. typhi
and A. Flavus. In all other cases, the compounds exhibited MICs ranging
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TABLE 5 Antibacterial and antifungal results of Co(II), Ni(II), and Cu(II) complexes (1-12) and
standard

Antibacterial activity (Zone of inhibition Antifungal activity(Zone of
in%) inhibition in%)
Complex. Conc.
No. (ugmL™Y)  E. coli S.aureus S.typhi P aeruginosa A. flavus  Cladosporium — A. niger
1 100 60 80 90 68 70 75 75
50 61 81 91 69 69 78 79
30 64 83 93 71 70 79 80
2 100 58 60 64 65 75 77 80
50 59 63 63 66 76 80 81
30 60 63 63 68 78 81 81
3 100 70 62 55 67 74 84 74
50 68 63 54 69 75 82 73
30 69 63 53 69 76 82 74
4 100 65 70 53 93 65 90 70
50 66 71 52 95 66 92 73
30 68 73 50 95 68 94 74
5 100 59 80 84 66 71 74 71
50 58 78 83 65 72 74 70
30 58 76 82 64 73 71 70
6 100 60 66 66 67 74 76 80
50 63 69 66 68 72 80 80
30 62 64 66 69 74 80 80
7 100 71 61 58 66 77 78 80
50 69 63 59 65 76 79 81
30 69 63 60 65 74 79 81
8 100 60 74 61 90 64 88 68
50 61 75 64 88 66 90 68
30 62 76 66 87 62 90 69
9 100 71 80 65 94 68 70 69
50 71 81 66 94 69 69 69
30 70 86 67 95 68 68 67
10 100 66 76 86 70 70 74 78
50 68 77 85 71 71 72 77
30 64 74 84 71 72 71 76
11 100 64 73 70 70 64 71 77
50 66 74 71 72 63 72 76
30 64 74 71 72 62 73 74
12 100 65 74 66 91 65 90 70
50 64 75 65 90 66 88 71
30 64 76 64 94 64 89 74
DMF 100 6 6 6 6 6 6 6
50 6 6 6 6 6 6 6
30 6 6 6 6 6 6 6
Standard 100 99 99 99 99 98 98 100
50 100 99 100 100 100 98 99

30 98 99 100 99 99 99 100
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TABLE 6 Minimum inhibitory concentration (ugmL™!) results for some compounds

Antibacterial activity (Zone of Antifungal activity (Zone of
inhibition in%) inhibition in%)

Compds. E. coli S. aureus S. typhi P. aeruginosa A. flavus Cladosporium A. niger

L! 20 10 15 25 20 15 15
LV 15 15 15 20 15 10 20
9 20 15 10 10 20 25 15
10 25 20 20 15 10 20 20
11 10 25 10 25 25 15 25
12 15 20 25 20 20 20 10

from 10 pg/mL to 100 ng/mL against all the microbial strains and some of
them are given in Table 6.

5. DNA CLEAVAGE EXPERIMENT
5.1. Preparation of Culture Media

Nutrient broth (peptone, 10; yeast extract, 5; NaCl, 10 in (g/1)) was used
for culturing of E. coli. The 50 mL media was prepared and autoclaved for
15minutes at 121°C under 15 pounds of pressure. The autoclaved media
were inoculated with the seed culture and incubated at 37°C for 24 hours.

5.2. Isolation of DNA

The fresh bacterial culture (1.5 mL) was centrifuged to obtain the pellet,
which was then dissolved in 0.5 mL of lysis buffer (100 mM tris pH 8.0, 50
mM EDTA, 10% SDS). To this 0.5 mL of saturated phenol was added and
incubated at 55°C for 10 minutes. Then it was centrifuged at 10,000 rpm for
10 minutes. Then equal volume of chloroform : isoamyl alcohol (24:1) and
1/20th volume of 3M sodium acetate (pH 4.8) was added to this supernatant
and centrifuged at 10,000 rpm for 10 minutes. To this supernatant 3 volumes
of chilled absolute alcohol was added. The precipitated DNA was separated
by centrifugation. Dry the pellet and dissolved in TE buffer (10 mM tris pH
8.0, 1 mM EDTA) and stored in cold condition.

5.3. Agarose Gel Electrophoresis

Cleavage products were analyzed by the agarose gel electrophoresis
method. Test samples (1 mg/mL) were prepared in DMF. The samples
(100 ng) were added to the isolated DNA of E. coli. The samples were in-
cubated for 2 hours at 37°C and then 20 pL of DNA sample (mixed with
bromophenol blue dye at 1:1 ratio) were loaded carefully into the elec-
trophoresis chamber wells along with standard DNA marker containing TAE
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buffer (4.84 g Tris base, pH 8.0, 0.5 M EDTA/1 Itr) and finally loaded on
agarose gel and pass the constant 50 V of electricity for around 30 minutes.
Then the gel was removed and stained with 10.0 ug/mL ethidium bromide
for 10-15 minutes. The bands were observed under UV transilluminator and
photographed to determine the extent of DNA cleavage and the results were
compared with a standard DNA marker.

5.4. Electrophoretic Analysis

Four Cu(II) (9-12) complexes were studied for their DNA cleavage ac-
tivity by the agarose gel electrophoresis method (Figure 5). DNA cleavage
reactions generally proceed via two major pathways: (1) oxidative cleavage
of the sugar and/or nucleobase moiety and (2) hydrolytic pathway involving
the phosphate group. Iron and copper complexes are known to be useful for
oxidative cleavage of DNA involving nucleobase oxidation and/or degrada-
tion of sugar by abstraction of deoxyribose hydrogen atoms while complexes
containing strong Lewis acids like copper(II) and zinc (II) are suitable for
hydrolytic cleavage of DNA. Sigman et al. have reported a bis(phen) cop-
per(I) complex as the first “copper based chemical nuclease” that cleaves the
DNA in presence of HyOg and thiol.1**! Similarly, the anticancer antibiotic
bleomycins containing iron cleave DNA in an oxidative manner.!4!:4%

The gel after the electrophoresis clearly revealed that all compounds
have the cleavage activity. Complexes 1, 2, and 3 have acted on DNA as
there was a molecular weight difference between the control and the treated
DNA samples. The difference was observed in the bands (lanes 1, 2, and
3) compared to the control DNA of E. coli. Compound 4, however, showed
such a difference along with a streak, indicating unspecific cleavage too.

(&
W
e

M C 1

22226
7421
5804

FIGURE 5 M: standard molecular weight marker; C-E. coli—control DNA of E. coli; lanes 1-4: E. coli
DNA treated with Cu(II) complexes (9-12), respectively.
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M = Co, Ni and Cu
FIGURE 6 Proposed structure for metal (II) complexes.

This shows that, the control DNA alone does not show any apparent cleavage
whereas Cu(II) complexes do show cleavage. However, the nature of reactive
intermediates involved in the DNA cleavage by the complexes is not clear.
The results indicated the important role of metal in these isolated DNA
cleavage reactions. As the compound was observed to cleave the DNA, it can
be concluded that, the compounds inhibit the growth of the pathogenic
organism by cleaving the genome.

6. CONCLUSION

The synthesized Schiff bases act as tetradentate ligands through the coor-
dination of four azomethine nitrogen atoms to the metal ion. The bonding
of ligand to metal ion was confirmed by the analytical, IR, electronic, mag-
netic, ESR, FAB mass, thermal, and electrochemical studies. The biological
results demonstrated that all the Schiff bases are biologically active and their
metal (II) complexes have shown more promising activities than the Schiff
bases. The interaction of copper(II) complexes with DNA was investigated
by utilizing gel electrophoresis. It was found that all copper(II) complexes
cleave DNA efficiently. All these observations put together lead us to propose
the structure shown in Figure 6, in which the complex has the stoichiometry
of the type [MLClp] (M=Co(II), Ni(II), and Cu(II)).
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