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ABSTRACT

Two novel fluorescent Schiff base ligands HL and H,L2.H,0 derived from 2,6-diaminopyridine and their Mn(ll)
complexes were synthesized and physico-chemically characterized by means of partial elemental analyses, molar
conductance measurements, magnetic susceptibility measurements and electronic, infrared, mass, EPR and 'H
NMR spectral studies. In both the complexes, two molecules of ligands are octahedrally coordinated to Mn(ll) ion.
HL' and H,L?-H,0 respectively behave as monobasic and neutral ligands in coordination with metal ion. The two
complexes were given the formula [Mn(HL"),(H.0),] and [Mn(H,L?),(OAc),]-H.0 respectively. The ligands and
complexes exhibit enhanced blue fluorescence. The catalytic activity of these complexes was tested in the

decomposition reaction of H,O,. These compounds show prominent anti proliferative activity.
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INTRODUCTION

Manganese is one of the more abundant heavy metals in
the earth crust. Green plants contain fairly high
concentrations of manganese and they utilize it in the
oxygen evolution reaction of photosynthesis. But in
animal nutrition, only trace amount of manganese is
required. The elevated levels in the diet can be toxic,
while the deficiency raises severe abnormalities in living
tissue. These facts point out the obligatory role of
manganese metalloproteins in metabolism. Manganese
shows various oxidation states ranging from (-111) to
(+VII). Among these, the most common and thus
important is the (+II) state since Mn?*" ions when
complexed with suitable ligand species, stable
compounds, both in solid state and in solutions, are
obtained.

Mn(1l) complexes synthesized from heterocyclic Schiff
bases, owing their air and moisture stability, low cost and
facile synthesis and the ease of incorporation of required
groups in the ligand structure, have assumed an
important role in the field of catalysis.! Studies of
Mn(11) complexes of pyridine based ligands have clearly

demonstrated that these are versatile and effective
catalysts for reactions of commercial importance like
selective oxidation of hydrocarbons and cyclohexane,
epoxidation of alkenes etc.”*! Salen based complexes of
this metal ion are of great interest due to their ability to
act as oxo atom transfer catalysts®® and precatalysts for
olefin polymerization.[”? The catalytic activity of Mn (11)
complexes have been examined in the disproportionation
reaction of hydrogen peroxide, low temperature peroxide
bleaching of fabrics and other important reactions like
hydroxylation, ring opening of epoxidation, Diels Alder
reaction etc.[®2%

Mn(ll) ion is able to act as a substitute for Mg(ll), the
common physiological cofactor for multifarious
enzymatic reactions. Many mononuclear manganese
complexes are well known for their pharmaceutical
uses."* Protein containing half integer, high spin Mn?*
complexes serve as polarizing agent for solid state
dynamic polarization (DNP) of 'H, **C, and N at
magnetic fields of 5, 9.4 and 14.1 T which will find

- - - - - - - [13]
potential applications in biophysical chemistry.
Numerous other applications of Mn(Il) complexes have
also been explored to various degrees.
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Moreover, there are several specific roles for manganese
in biology which have yet to be explored and elucidated.
To reveal those unknown mysteries of the metal, its
fluorescent molecules which can enter the cell are to be
developed. Biological imaging has become a very useful
tool in the field of chemical biology. This powerful tool
finds potential applications in visualizing the
morphology of cells and tracing the pathway and exact
mechanism of intakes and release of several biological
factors. It is realized that fluorescent molecules are
eminently suited to facilitate such utilities and will play a
vital role in this field. Fluorescence span a wide range of
applications ranging from the use of fluorescent tags to
detect nonfluorescent molecules, chemical derivatization
to convert non fluorescent molecules to fluorescent
derivatives and a method for quantification of trace
elements.

The study of complexes of Schiff bases derived from
pyridine derivatives are very relevant due to their
potential applications in various fields. Metal complexes
of Schiff bases derived from isomeric diaminopyridines
acquired deep interest due to the ease of preparation,
different modes of binding, availability of ring nitrogen
with a lone pair and a variety of properties applicable in
different fields of science. But very few studies were
reported with these isomeric diaminopyridines. Earlier
studies revealed the antibacterial and catalytic properties
of Schiff base complexes from 2,3-diaminopyridine.***¢]
Reports have proved that metal chelates of ligands from
3,4-diaminopyridine  find potential uses in drug
designing.'” The spectral and thermodynamic properties
of unsymmetrical cobalt complexes of Schiff bases of
2,3-diaminopyridine and 3,4-diaminopyridine were
revealed.'® Al et al studied the synthesis of heterocyclic
Schiff base complexes of transition metal carbonyls.™**!

The importance of manganese in biological chemistry
prompted us to synthesize novel fluorescent Mn(ll)
complexes of 2,6-diaminopyridine based ligands and

herein  we report their  synthesis,  spectral
characterization, catalytic and anti proliferative
properties.

EXPERIMENTAL

Materials and reagents

All the chemicals used are of analytical grade. 2,6-
Diaminopyridine was purchased from Across Organics.
2-hydroxy-3-methoxybenzaldehyde and Mn(ll) acetate
tetrahydrate were supplied by Sigma-Aldrich. All
solvents were of analytical grade and were used as such.
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) is purchased from Sigma. HelLa
(cervical cancer) cell lines were procured from National
Centre for Cell Sciences (NCCS), Pune, India.

Instruments

Elemental analyses (CHN) were performed on an
Elementar Model Vario ELIII CHNS Analyser. Metal
estimation was done by the standard gravimetric method.
Magnetic measurements were conducted using a
Sherwood Scientific model Mag way MSB MK1
magnetic susceptibility balance. Molar conductance
values of the solutions of complexes in DMSO (~10*M)
were obtained from a Deluxe conductivity meter, Model
601E. IR measurements of the compounds in the 4000-
400cm™ were carried out by the KBr pellet method using
a Thermo Nicolet AVATAR 370 DTGS model FT IR
Spectrophotometer. Mass spectra of the ligands and
complexes were recorded in a JMS-T100LC, Accu TOF
(DART-MS) mass spectrometer. Thermogravimetric
analysis (TG-DTG) was performed using NETZSCH
STA 449F3 JUPITER TG-DSC analyser in an
atmosphere of nitrogen gas at a heating rate of 10 K/min.
'H NMR spectra of the ligands were recorded using FT
NMR  Bruker Avance Ill, 400MHz  model
spectrophotometer with DMSO as the solvent. Solution
state electronic spectral measurements of the ligands and
complexes in DMSO solvent in the range 200-900 nm
were carried out with the help of Systronics-2201 model
spectrophotometer. X band EPR measurements were
conducted in a JEOL Model JES-FA 200
spectrophotometer. Fluorescence measurements were
done in a Perkin Elmer spectrofluorimeter. NBS
Eppendorf incubator, Gibco invitrogen DMEM and
Olympus CKX41 Microscope with Optika Pro5 CCD
camera were used for in vitro anti-proliferative analysis.

Synthesis of Mono Schiff base ligand HL™
[(2E)-N2-[(3-methoxy-2-
methylphenyl)methylidene]pyridine-2,6-diamine]
Ethanolic solutions of 2,6-diaminopyridine
(0.109g,1mmol) and 2-hydroxy-3-methoxy benzaldehyde
(0.153g,1mmol) in 1:1 ratio were refluxed for three
hours and the resulting dark orange solution was allowed
to stand overnight for evapouration of the solvent. The
dark orange precipitate of Mono Schiff base was filtered,
washed with ethanol, recrystallized from hot ethanol and
dried.

Synthesis of Bis Schiff base Ligand H,L?-H,0
[(LE)-1-(3-methoxy-2-methylphenyl)-N-{6-[(E)-[(3-
methoxy-2-methylphenyl)methylidene]amino]pyridin-2-
yl}methanimine hydrate]

2,6-diaminopyridine (0.109g,1mmol) and 2-hydroxy-3-
methoxybenzaldehyde (0.304g, 2mmol) were dissolved
separately in ethanol (ratio 1:2) and the latter is poured to
the former with constant stirring. The mixture was
refluxed for three hours and the resulting dark red
solution was concentrated by evaporation. The gulmohar
red precipitate of Bis Schiff base was filtered, washed
with ethanol and dried.

Molecular structure of the Schiff base ligands HL' and
H,L%-H,0
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Synthesis of metal complexes

A general procedure was employed for the synthesis of
both metal complexes. The Schiff base ligand was
dissolved in sufficient quantity of DMF and 10 ml of
ethanol was added to it. Equimolar amount of ethanolic
solution of Mn(I1) acetate tetrahydrate was added to the
ligand. The mixture was refluxed for three hours. The
refluxed solution was concentrated by evaporation and
the precipitate obtained was filtered, washed
successively with ethanol and ether and dried.

Catalytic activity

At room temperature, the metal complex (~ 2x10° M)
was mixed with 50 ml of H,O;, (0.1 N) in a flask under
constant stirring. Then, the extent of hydrogen peroxide
decomposed at different intervals of time was estimated
by permanganometric titration method. 5 ml aliquot of
reaction mixture is withdrawn in each 30 minutes upto
4.5 hours and titrated with 0.01 M KMnOQO, in the
presence of 0.01 M H,SO,. The difference in titer values
of the KMnQ, solution before and after the catalyzed
decomposition was recorded.

In vitro Anti proliferative effect determination by MTT
Assay

HelLa (cervical cancer) cell lines were maintained at
Dulbecos Modified Eagles Medium (DMEM). The cell
line was cultured in 25 cm? tissue culture flask with
DMEM supplemented with 10% FBS, L-glutamine,
sodium bicarbonate and antibiotic solution containing
Penicillin (100 pg/mL), streptomycin (100 pg/mL) and
amphoteracin B (2.5 pg/mL). Cultured cell lines were
kept at 37 °C in a humidified 5% CO, incubator. The

viability of cells were evaluated both by direct
observation of cells by Inverted phase contrast
microscope and followed by MTT assay method.

Two days old confluent monolayer of cells were
trypsinized and the cells were suspended in 10% growth
medium, 100pL cell suspension (5x10* cells/well) was
seeded in 96 well tissue culture plate and incubated at

37 °C in a humidified 5% CO, incubator. 1mg of each

sample compound was added to 1mL of DMEM and
dissolved completely by cyclomixer. After that the
extract solution was filtered through 0.22 um millipore
syringe filter to ensure the sterility. After 24 hours, the
growth medium was removed, freshly prepared samples
in 5% DMEM were serially diluted five times by two
fold dilution (100ug, 50 ug, 25 pg, 12.5 pg, 6.25 pg in
100uL of 5% DMEM) and each concentration of 100uL

2l
0 SNTONTONE O, | -Hp

H,L2-H,0

were added in triplicates to the respective wells and
incubated at 37 °C in a humidified 5% CO, incubator.

Cytotoxicity Assay by Direct Microscopic observation
Entire plate was observed at an interval of each 24 hours
up to 72 hours in an inverted phase contrast tissue culture
microscope and microscopic observation were recorded
as images. Any detectable changes in the morphology of
the cells, such as rounding or shrinking of cells,
granulation or vacuolization in the cytoplasm of the cells
etc were considered as indicators of cytotoxicity.

Cytotoxicity Assay by MTT Method

15 mg of MTT was reconstituted in 3 ml PBS until
completely dissolved and sterilized by filter sterilization.
After 24 hours of incubation period, the sample content
in wells were removed and 30uL of reconstituted MTT
solution was added to all test and cell control wells, the
plate was gently shaken well, then incubated at 37 °C in

a humidified 5% CO, incubator for 4 hours. After the
incubation period, the supernatant was removed and
100uL of MTT Solubilization Solution (DMSQO) was
added and the wells were mixed gently by pipetting up
and down, in order to solubilize the formazan crystals.
The absorbance values were measured by using
microplate reader at a wavelength of 570 nm. The
percentage of growth inhibition was calculated using the
formula
Mean Optical density of sample

Percentage of cell viability = : : % 100
Mean Optical Density of Control group

RESULTS AND DISCUSSION

The analytical and physical data of the ligands and their
complexes are presented in Table 1. All the compounds
are partially soluble in ethanol and completely soluble in
polar organic solvents like chloroform, DMF, DMSO,
etc. Both the complexes are octahedral. Mono Schiff
base complex has a structure in which two anionic
ligands are coordinated to the Mn(I1) ion while bis Schiff
base complex is formed by the coordination of two
neutral ligands to the Mn(ll) ion along with two acetate
ions satisfying the primary valency.

Conductivity measurements of the two complexes in
DMSO (10 M) indicate that these are nonelectrolytes in
DMSO. The magnetic moments of the two complexes,
MnL! and MnL? calculated from magnetic susceptibility
measurements and using the diamagnetic corrections are
5.42 and 5.87 B.M., respectively, indicating the presence
of five unpaired electrons and hence these are high spin
complexes. 22!
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Table 1: Analytical and physical data of the Schiff bases and their metal complexes.

C% H% N9t M9
Compound Mp | M. Colour (% founod founod founod foun(;I Mert Au
C | Wt. |yield) BM | Ohm™mol?cm?
(calc.) |(calc.) |(calc.) |(calc.)
Cy13H13N30, 130 | 243 Dark orange | 65.25 | 5.37 | 16.54 ) ) i
(HLY, L' 90% (64.5) |(4.95) |(17.3)
CayoNsO HoO | 1o | ggg |Orange red | 6351 | 518 (1083 [ | _ ]
(H,L?)-H,0, 90% (63.62) | (4.79) | (10.6)
1 _ Light green | 54.41 | 493 | 14.67 | 9.47
[Mn(HL)2(H:0)2]- |>300 | 575 | g0, (54.26) | (4.86) | (14.2) | (9.56) |>* 8.2
2 Cow dung | 58.30 | 495 | 941 | 5.69
[Mn(HL")2(OAC)] |>300 | 945 100 go0s | (59.41) | (4.86) | (8.86) | (5.9) |>&' 2.6

IR and *H NMR Spectroscopy

The infrared spectral assignments (cm™) of the ligands
and their Mn(Il) complexes are tabulated in Table 2.
Comparison of IR spectra of complexes with that of
respective ligands in the region 4000-400 cm™ revealed
significant variations in the charactereristic bands due to
coordination with the metal ion. The infrared spectra of
the ligand HL' showed a strong band 1611 cm™ which
can be due to azomethine group formed by the
condensation reaction.”? Two bands appeared at 3455
and 3205 cm™ due to asymmetric and symmetric
stretching vibraton of the primary amino group in the
ligand molecule.”® The spectrum of complex
[Mn(HLY),(H.0),] showed appreciable shifts in the
v(C=N) of azomethine group and v(C — 0) bands without
shift in the v(C=N) of pyridine group. These results

indicate that the coordination of manganese to the ligand
through its oxygen of the hydroxyl group and

azomethine nitrogen.! It can be confirmed from the fact
that the medium sharp band at 3366 cm™, characteristic
of —OH stretching vibration in ligand is found replaced
by a strong broad band starting from 3400 to 3280 cm™.
It may be due to the asymmetric and symmetric
stretching vibration of water molecule present in the
complex. Moreover, the complex exhibits rocking (p,),

twisting (p+) and wagging (p.,) modes of coordinated

water molecule at 834 cm™, 623 cm™ and 500 cm?,
respectively, which confirm the presence of water in the
coordinated form.* Appearance of new bands in the
spectra at 515 cm™ and 403cm™ can be assigned to v M-
N and v M-O stretching vibrations.”®! From the spectral
analysis, it is concluded that the octahedral coordination
sphere of Mn(ll) ion in complex [Mn(HLY),(H,0),] may
be completed by two molecules of bidentate ligand and
two water molecules.

Table 2: IR Spectral Assignments of ligands and complexes (cm™).

- | YCE=N) o i ‘e — oy |V(C-O) (€=0) ) : ] ]
Compound Zfl N | of py V\cm'l ! vgcr_:n.'}l) vt cm-'lp:'l phenol |ether va(CCn%O )VS(CCH%O )v(é\rfln_ll\l) v(é\;ln?)
cm? cm™® | cm?
A broad and
1 strong band from 1477, i i i i
HL 1668-1522 3366 1454 1439 1272 | 1220
pointed at 1611
A broad and A broad and strong
1 _ strong band from band from 1490- i i 403 (M -
[Mn(HL)2(H0).] 1690-1530 3360 | 1399 pointed at 1260 | 1220 515 Ophenol
pointed at 1610 1450
2 1609
H,L"-H,0 (broad) 1575 | 3363 | 1452 1271 | 1211 - - - -
1607 410 (M
2 _ (asy), —acetate
[Mn(H,L?)2(0OAC),]-H,0 1547 1572 | 3355 | 1465 1437 1271 | 1213 | 1589 1339 448 oxygen
(sym) bond)

The *H NMR spectrum of HL! in deuterated DMSO
showed two singlets at  13.12 ppm (1H) and 6 6.68 ppm
(2H) due to hydroxyl and amino protons. Two multiplets
at 8 6.21-6.92 ppm (3H) and & 7.01-7.42 ppm (3H) can
be respectively assigned to pyridyl and phenyl protons.
Azomethine proton and methyl protons are observed as
singlets at 6 8.78 ppm (1H) and & 3.83 ppm (3H). The

complex is not giving NMR spectra indicating the
paramagnetic nature.

The infrared spectrum of H,L2-H,0 showed a strong
broad band ~ 1636 to 1582 cm™ which can be due to
azomethine group formed by the condensation reaction
(the broadness may be due to the possibility of

WWW.Wjpmr.com

86




Surabhi et al.

World Journal of Pharmaceutical and Medical Research

asymmetric and symmetric stretching vibrations of
azomethine groups, formed on the second and sixth
position of pyridine ring) and a sharp one ~1575 cm™ due
to the C=N group of pyridine moiety. The strong
intramolecular hydrogen bonding between hydroxyl
proton and azomethine nitrogen in the ligand lead to
broad and weak hydroxyl absorption in the region 2700-
2750 cm™.P1 On complexation, the frequency of
asymmetric vibration of azomethine group decreases
while that of symmetric vibration increases. The net
effect observed was a small increase in the point of
maximum transmittance while the broad band as a whole
corresponded to the C=N group, shifted to lower
energy® indicating the coordination of azomethine
group to the metal ion. The IR spectrum of
[Mn(H,L?),(OAc),]-H,0 exhibits a band at 3372 cm™ as
in H,L2-H,0 indicating uncoordinated fashion of —OH
groups. The energy of C-O stretching vibration of
phenolic part is not changed abruptly in the complex and
this rules out the possibility of coordination of phenolic
oxygen towards manganese ion.?®! The band for pyridyl
C=N is found unchanged in position. Moreover, it is
substantiated with the presence of a medium band at 777
cm™ and a weak band at 730 cm™, corresponding to the
out of plane(r) and in plane (8) pyridyl ring deformation
respectively, both in H,L2-H,0 and
[Mn(H,L?),(OAC),]-H,0. The region from 1500-1100
cm™ in the spectrum of ligand and complex is rich with a
number of bands, which can be attributed to the C-O
stretching vibration of phenol, both asymmetric and
symmetric C-O-C stretching vibration of the attached
methoxy group, bending vibration of methyl group,
bending vibration of C-O-H, in plane and out of plane
bending vibrations of ~O-H group, bending vibrations of
C-H bonds, etc. The coordination sphere is assumed to
be formed by bonding with two azomethine nitrogens
each from two ligand molecules and expected to be
completed by bonding with oxygen atoms of two acetate
groups. That is evident from the asymmetric and
symmetric stretching bands of acetate group at 1589 and
1339 cmin the spectrum of the complex. The difference
between these bands (250 cm™) suggests the bonding of
acetate groups in the unidentate fashion.”®! The non-
ligand bands in between 500-400 cm™ can be assigned to
the Mn-N and Mn-O bonds.

The signals observed in the 'H NMR spectrum of
H,L2-H,0 in deuterated DMSO is in accordance with the
proposed structure. It showed one singlet at & 10.273
ppm (2H) due to hydroxyl proton. The strong
intramolecular hydrogen bonding may be responsible for
the upfielded signal.”®! The two multiplets observed at &
7.269 - 7.244 (6H) and & 6.944-6.905 ppm (3H) can be
attributed to the phenyl protons and pyridyl protons
respectively.! The spectrum revealed a singlet at &
7.125 ppm (2H) that can be assigned to the azomethine
proton. Two singlets at & 3.855 (3H) and 3.811 ppm (3H)
corresponds to the two sets of methyl protons. A singlet
at & 3.797 ppm (2H) provides evidence for H,O

protons. The complex is silent in the radio frequency
field and hence the paramagnetic nature is confirmed.

Mass Spectra
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Fig. 1: Mass spectrum of Iigand HL! and H,L?-H,0.

Mass spectrometry is considered as an excellent tool for
getting the molar mass and the mode of fragmentation
gives the exact structure of the compounds. The
characteristic fragments can be given as m/z (%). The
molecular ion peak of HL' is observed at 243 (8) amu
(calc.243). [(M+1) peak is found at 244(59) with greater
intensity]. The ion peak at 211 corresponds to the species
[C12HsN3O]". Peak at 152 (30) amu (calc.152) stands for
2-hydroxy-3-methoxybenzaldehyde molecule and the
base peak is obtained at 110 (100) amu (calc.109),
indicating the formation of 2,6-diaminopyridine
molecule. Finally the formation of pyridine molecule is
confirmed by the peak at 79 (8) amu (calc.79). The mass
spectrum of the ligand is given (Fig. 1).

The molecular ion peak of H,L?-H.0 is observed at 377
(5) amu (calc.395) although the relative intensity is very
small after removing the water molecule. The spectrum
exhibits peaks at 369 (5) amu (calc.368) and 353 (13)
amu (calc.353), corresponding to the removal of
CH,=CH, and CH3-CH=CH,, respectively, from one of
the 2-hydroxy-3-methoxybenzaldehyde moieties. The
species formed by the removal of one molecule of 2-
hydroxy-3-methoxybenzaldenyde as a whole was
indicated by the peak at 244 (20) amu (calc.243). The
mass spectra showed the base peak at 110 (100) amu
(calc.109) corresponding to the species 2,6-
diaminopyridine.

The mass spectrum of the complex, [Mn(HL"),(H,0)]
exhibits a peak at 575 (5) amu (calc.575) which
represents the molecular ion peak. The existence of the
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ligand is revealed by the peak at 243 (15) amu
(calc.243). The peak observed at 492 (8) amu and 391.5
(8) amu can be referred to as the removal of some groups
of ligand molecules. The removal of one ligand molecule
is indicated by the peak at 293 (10) amu (calc.295). The
fragmentation of the ligand molecule gives the peaks at
171 (20) amu (calc.171) and 153(20) amu (calc.152)
which can be assigned to the hydrated molecule of 2-
hydroxy-3-methoxybenzaldehyde and anhydrous
molecule of 2-hydroxy-3-methoxybenzaldehyde. Finally
the base peak is found at 79 (100) amu (calc.79)
indicating the formation of pyridine molecule.

The molecular ion peak of the complex,
[Mn(H,L?),(OAC),]-H,0 is observed at 925 (10) amu
(calc.927) excluding the water molecule. The existence
of ligand molecule is indicated by the peak at 391 (20)
amu (calc.396). The mass spectrum exhibits peaks at
882, 842, 808, 734, 663, 635, 594, 471 and 411 with
relative intensity less than 10 indicating the formation of
several unstable intermediates by the removal of typical
groups or parts of the ligand. The ligand molecule
undergoes further fragmentation to produce the base
peak at 157 (100) amu (calc.153) corresponding to 2-
hydroxy-3-methoxybenzaldehyde and finally the peak at
79 (70) amu (calc.79) corresponding to pyridine
molecule.

Electronic spectra

1.0«‘
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Fig. 2: Electronic spectra of (a) HL' and (b)
[Mn(HL%Y),(H,0),] in DMSO.

For high spin octahedrally coordinated Mn(Il) complexes
with d° configuration, the ground state is ®A;g. There are
no other terms of sextet spin multiplicity and hence there
are no spin allowed d-d transitions. The absorption
intensities of manganese complexes are extremely low
because of the doubly prohibition involving the Laporte
rule and spin multiplicity rule.®” The d° configuraton
give rise to “G, *P, D as the quartet terms, of which *G
lies as the lowest excited state consistent with the Hund’s
rule. In an octahedral field among the possible energy
bands, the three lowest are assigned to

4T1g(_G) — éAlg, 4T2g(_G) — EAlg and
*E:(G), *A1:(G) « ®Ai; transitions. The pair of
transitions *Ez(G), *A1:(G) < 5Ai; are degenerate
whose energies are given by 10B+5C. These assignments
are obtained by fitting the observed spectrum to the
Tanabe Sugano diagram.*™ Both the complexes exhibit
three weak absorption bands at ca. 17000, 21000 and
25000 cm™ (Fig. 2). The energies corresponding to the

observed absorption bands of the two ligands and their
Mn(1l) complexes are listed in Table 3.

The values of Racah parameters B and C and Dq
calculated for the complexes are also given. The extent
of delocalization of metal electrons can be evaluated
from the electronic spectrum by estimating g = B/B,. The
value of B, for Mn*" ion is 860 cm™5? The absorption

bands observed for 1 — 7T * and T — 7T *transitions of
the ligands are slightly shifted in the complexes.

Table 3: Electronic spectral data of Mn(11) complexes (cm™).

S S S —— B
Compound T12(G) « "Ag[ Tog(G) « A [EL(G), "AL(G) «"A|n—n" [m—=7"| B |10Dg| C |B =
|:.
HL' - - - 31545 | 47393
[MN(HLY)(H0),] 16977 25641 26595 S0 | 38314 642 9641 |2828)0.7465
) 34965
H,L?-H,0 i i i Sa0> | 42372
[Mn(HoL?),(0AC),]-H,0| 16583 20833 23310 30403 | 37452 631| 7935 |2779)0.7348
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EPR Spectra
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Fig. 3: Simulated and experimental best fits of EPR spectra of the complexes MnL* and MnL? respectively.

The electron spin properties of manganese compounds
provide better understanding about Mn ion centers. The
Mn(ll) ion centers in complexes possesses Kramers’
ground-state doublets and exhibits characteristic spin
transitions in the normal mode X-band regime. The spin
Hamiltonian used to represent Mn(ll) is given by
, S§+1) s
H=gBBS+IAS+D ls - Tl + E(S:—S2)

where B is the magnetic field wvector, g is the
spectroscopic splitting factor, £ is the Bohr Magneton, D
is the axial zero field splitting parameter, E is rhombic
zero field splitting parameter and S is the electron spin
vector. The first two terms represent the electronic
Zeeman and the electron nuclear hyperfine interactions,
respectively, whereas the last two terms define the zero-
field splitting interaction with D and E gauging the axial
and the rhombic parts.® The solid state EPR spectra of
both the complexes at room temperature are
characterized by broad signals as a result of dipolar
interactions and random orientation of Mn?* ions.** The
frozen solution spectra for both Mn(Il) complexes were
simulated using EasySpin.®® The solution spectra of
both compounds in DMSO at 77K were almost similar
exhibiting a six line hyperfine pattern, centered at g
=1.978 and 1.976, for complexes MnL' and MnL?
respectively. This is expected for an odd unpaired
electron system with S = £5/2, Mg = +5/2, £3/2, £1/2 and
| = £5/2, M= £5/2, £3/2, £1/2 with g and A tensors
isotropic, resulting from allowed transitions (Ams= + I,
Am; = 0). The six hyperfine lines are due to the
interaction of electron spin with the nuclear spin (*°*Mn,
I1=5/2). The observed g values are close to the free
electron spin value of 2.0023 which is consistent with the
typical Manganese (II) and also suggestive of the
absence of spin orbit coupling in the ground °A, state. In
addition to this, a pair of low intensity forbidden lines
lying between each of the main hyperfine lines is
observed in the frozen solution spectra of the complexes.
These forbidden lines in the spectrum arise due to the
mixing of nuclear hyperfine levels by the zero field
splitting factor of the Hamiltonian.®® The Mn
hyperfine coupling constant for the complexes are
estimated to be A= 264 and 274 MHz respectively. The
Aiso values observed are lower than those of the pure
ionic compounds and are consistent with the octahedral
coordination.®! For the complex [Mn(HL"),(H,0),],
axial splitting factor D and rhombic splitting factor E are

found to be 380 and 140 MHz respectively while those
for [Mn(H,L?),(OAc),]-H,0 are 280 and 80 MHz,
respectively. The value for E/D ratio, calculated
respectively for [Mn(HLY),(H0),] and
[Mn(H,L?),(OAc),]-H,0 are 0.3684 and 0.2857. The
simulated and experimental EPR spectra of the two
complexes are given in Fig. 2. Based on the spectral
studies, an octahedral structure can be assigned to both
the Mn(11) complexes.®®

Thermal Analysis (TG and DTG)

The structure of the complexes can be confirmed to a
greater extent by thermal analysis. The nature of thermal
decomposition of the compounds was studied by
thermogravimetric and differential thermogravimetric
techniques in an atmosphere of nitrogen gas. The results
are in agreement with the proposed structure of the
complexes. It is clear from the decomposition peaks that
the compounds show high thermal stability. The TGA
curve of complex [Mn(HLY(H,0),] shows that the
decomposition proceeds in four thermal steps. The first

step of decomposition, ranges from 70-182 °C,

corresponds to a mass loss of 5.8% (calc. 6.2%). The
percentage loss is consistent with the eliminaton of two
molecules of lattice water. The second decomposition

peak observes in the range 182- 272 °C with a weight

loss of 16.43% (calc. 16.5%) due to loss of one molecule
of aminopyridine. The peak at the temperature range 272

-800 °C with a weight loss 38.53% (calc. 37.4%)

comprises of the third stage. It is in agreement with the
loss of one ligand molecule. The final stage of

decomposition up to the temperature 1400 °C, involves

19.48% weight loss and a residual mass of 19.73%
indicates that the decomposition process is not completed
and above this temperature is beyond the scope of the
instrument.

The complex [Mn(H,L?),(OAc),]-H.0 displayed four
decomposition steps when thermal decomposition is
studied and thermogram is plotted up to temperature

1400 °C. The first step is noted in the temperature range
73-258°C with a mass loss of 14.44% (calc.14.7%),
assigned to the loss of one water molecule and two
acetate groups. The second step from 258-390 °C with a
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weight loss of 15.05% (calc.14.77%) can be attributed to
the removal of the aldehyde part of the ligand molecule.

Next stage ranges from 390-780 “C and recorded a mass

loss of 18.79%. It may be due to the elimination of the
remaining parts one of the molecules of the ligand.

Fourth step decomposition occur at 780-1150 °C with a

mass loss of 14.35% (calc.14.77%) due to the loss of
aldehyde part of the second ligand molecule. After the
loss of 9.58% mass in the last stage of decomposition
that we were able to conduct, a residual mass of 30.79%

is observed even at 1329 °C indicating that

decomposition process is not completed and experiment
above this temperature is beyond the scope of the
instrument.

Kinetic data

The kinetic parameters of decomposition processes of
metal complexes were evaluated graphically from Coats—
Redfern Relation.’®! The values of activation energy
(E*), enthalpy (H*), entropy (S*) and Gibb’s free energy
(G*) were obtained for different decomposition stages
graphically by employing the relation

Og(“m’(‘\ “‘}]} [ ( ”RT)] E”
lo = 1
g[ 08 2.303RT’ @

Table 4: The thermodynamic data of the decompositio

where W,, is the mass loss at the completion of
decomposition reaction, W is the mass loss up to
temperature T, R is the gas constant and ¢ is the heating

rate. Since 1-2RT/E*=1, the plot of the left hand side of

the above equation against temperature will be a straight
line. From the slope and the intercept, respectively,
activation energy (E*) and the Arrhenius constant A can
be calculated. The other parameters such as enthalpy
(H*), entropy (S*) and Gibb’s free energy (G*) were
obtained for different decomposition stages from the
following equatlons and the values are given in Table 4.

$* =2.303 Rlog—

H® =E® —RT

G" =H" —TS"

where K is the the Boltzmann and h, the Planck’s
constant. The high values of activation energies of
decomposition indicate the high thermal stability of the
investigated complexes.*”) The negative values of S*
reveals the formation of more ordered activated

complexes than the reactants in the slow thermal
degradation reaction.*!

n of the complexes.

Decomposition * 1 1 S*/K” H*/ G*/

Complex range(:c) E*/kJmol A(SY) Umol® | kimol® | kImol™

[Mn(HLY,(H,0),] 40-132 50.66 1.71x10° | -190.82 | 50.02 14.51

132-272 71.39 9.16x10 | -204.34 | 69.66 42.57

272-800 94.79 2.02x10” | -203.93 | 91.18 88.82

[Mn(H,L?),(OAc),]-H,0 33-158 42.35 1.87x10° | -191.12 | 41.63 16.48

158-280 54.13 5.82x10 | -209.36 | 52.12 50.51

280-490 62.83 2.21x10% | -201.62 | 59.84 72.44

490-780 67.28 6.23x10 | -218.68 | 61.50 152.04
Catalytic activity decomposition of H,O, has been determined by titrating
90 the undecomposed H,0, with standard KMnQO, solution.
80 - The experiment is conducted with constant concentration
£ 70 b /-?-/ of hydrogen peroxide (0.05 M). The percentage of H,O,
S g1 /./_/ decomposition is found increased with time (Fig. 4). The
5 gl /°/-/a observations are listed in Table 5. The mechanism of the
2 0l P e c_atalytic decompositi_on of H,O, as proposed in the
g 30 ] /-/ literature™! can be given in the following steps (1-3).
E o] /:/ Metal complex interact with HO; formed by the
10 ] '/ decomposition of hydrogen peroxide to form an
ol intermediate complex. The intermediate species react

0 50 100 150 200 250 300
Time {min)
Fig. 4: The extent of decomposition of H,O, (%) with
time in presence of (a) [Mn(HL"Y,(H,0),] and (b)
[Mn(H,L*);(OAc),]-H:0.

The catalytic activity of the complexes was investigated
by taking the decomposition of hydrogen peroxide at
constant concentration as the model reaction.*?*3! The
ability of two metal complexes to catalyze the

with another H,O, molecule and the following products
are formed.

H:0; — HO; + H+ . .......... (1)

M-L + HO; — [ML(HO2)]" oo ()

[ML(HO2)] + H:0: = M-L +H:0+0H + 0, ...... 3
Results show that the complexes exhibit better catalytic
activity. After 4hours, 74-86% decomposition of
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hydrogen peroxide can be carried out with these
complexes.

Table 5: Concentration of the complexes and %
decomposition of H,O, at constant concentration of
H,0, (0.05M) at 25°C.

Concentration % .
Compound of complex (M) Decomposition
of HzOz
[Mn(HLY),(H,0),] 2.8x10° 74
[Mn(H,L%),(0Ac),]-H.d  3.3x10° 86

Fluorescence Measurements
Table 6: Fluorescence data of the Schiff base ligands
and their metal complexes.

Compound ;vexcitation }"emission Sts(r):l(fet >
HL? 314 446 132
H,L%-H,0 324 482 158
[Mn(HLY),(H,0),] 320 4355 | 1155
[Mn(H,L?),(OAc),]-H,0] 318 4365 | 1185

The fluorescence properties of the compounds were
studied at room temperature in DMSO solution (10 M)
using a spectrofluorimeter keeping the exciting radiation
constant. The spectral distribution of the emitted
radiation is measured and the intensity versus
wavelength graph is plotted to get the fluorescence
spectrum (Fig. 5). HL' and H,L?-H,0 displayed
maximum emission bands at 446 nm and 482 nm
respectively when excited at 314 nm and 324 nm
respectively. The emission of [Mn(HL"),(H,0),] is blue
shifted to 435.5nm and the emission intensity is
increased compared to the ligand. The increase in
intensity may be due to the extension of conjugated ©
electron system.[***! The wavelength of maximum
emission in the case of [Mn(H,L?),(OAc),]-H,0 is
observed at 436.5nm, which also displays a blue shift
compared to the respective ligand, with a reduction in
intensity. The occurrence of less intense band in the
complex may be due to the presence of some structural
group like acetate group with quenching effect®” which

100 -

90

80 -

% OF CELL VIABILITY
8

Conirol A B [+ D

Fig. 6: The antiproliferative nature of the
compounds compared to the control.

(A) LY, (B) [MN(HL")2(H:0).],

(C) H,L*H,0 and (D) [Mn(H,L?);(OAc),]-H,0

is absent in [Mn(HL),(H,0),]. The fluorescence data of
the ligands and complexes with the Stoke’s shift
observed are given (Table 6). The enhancement of
intensity through complexation in [Mn(HL"),(H,0),] and
the shift in emission wavelength towards blue
wavelength in  [Mn(H,L?),(0Ac),]-H,0 is of very
importance as it put forward a variety of potential
applications like biological imaging, DNA sequencing
etc.

Interisity

400 500 600

Wavelength {nm)
Fig. 5: Emission spectra of (a) L' (b)
[Mn(HLY,(H0),], () H.L>H,0 and (d)
[Mn(H,L?),(OAc),]-H-0.

Anti proliferative Activity

The two ligands and their Manganese complexes were
tested for anti proliferative activity by MTT Assay
method.f®! The experiments has been conducted with
four different concentrations (6.5, 12.5, 25, 50 and 100
pg/mL) after serial dilution of the main stock solution.
The percentage of cell viability was calculated for each
sample and for each concentration. The ligand HL?-H,0
displayed an enhanced anti proliferative effect among the
four compounds (Fig. 6). The complexes showed lesser
activity than that of their ligands. HL?H,0 exhibited
maximum efficiency at a concentration of 100 pg/mL
(Fig. 7). The microscopic image of the HL?-H,0 at the
tested five concentrations and that of the control are
given in Fig.8. The LDsq value (minimum concentration
of the sample to be added to have a 50% cell death)
calculated for it equals 67.64ug/ml.

100

90 4

80

70

60

% of coll viabllity

50

40

304
0 20 40 60 80 100
Concentration {pgfmh

Fig. 7: Activity of H,L?H,0 at various
Concentrations.
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Fig. 8: Microscopic image of the anti proliferative nature of the ligand H,L?-H

H,0 in the order of increasing

concentration. (A) Control, (B) 6.5pg/mL, (C) 12.5pg/mL, (D) 25pg/mL, (E) 50pg/mL, (F) 100pg/mL.

CONCLUSION

The synthesis and characterization of two new Schiff
bases derived from 2,6-diaminopyridine and their
octahedral manganese complexes were performed.
Thermodynamic parameters of these complexes
calculated from thermogravimetric analysis showed high
thermal stability. The ligands and complexes showed
intense blue fluorescence. Both the two complexes

O\Mn/

N o

N~ =
|

== HO (l)

HoN

[Mn(HL")(H50),]

*o LT
=
H3CO<5AN\N/NA©/OCH3

displayed good catalytic activity towards the
decomposition of hydrogen peroxide and hence proved
its utility as a heterogeneous catalyst. The synthesized
ligands and complexes exhibited significant anti
proliferative activity, among which, the ligand H,L?-H,0
showed more prominent activity with a LDs, value of
67.64ug/ml. The proposed molecular structures of the
two complexes are given in Fig. 9.

‘Hy0
CH3C00—Mn

OOCCH

QV"U" V@ocﬂa

[Mn (HoL 2p(0Ac);1 Ho0

Fig. 9: Molecular structures of complexes, (a) [Mn(HL");(H0),] and (b) [Mn(H,L?),(OAc),]-H,0
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