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INTRODUCTION

Hydrazone Schiff bases are a class of compounds that
constitute azomethine linkage (C=N) and are widely used in
the field of coordination chemistry. In coordination chemistry,
metal complexes of aroylhydrazone ligands have gained signi-
ficant interest due to their versatility and ability to generate
different molecular geometries since many of these complexes
serve as a model for biological systems [1,2]. Hydrazones have
shown the keto-enol (amido-iminol) tautomerism and can coor-
dinate in neutral, monoanionic or dianionic forms to metal ions
with a broad diversity of coordination numbers [3].

Hydrazones are also called versatile ligands as they can
coordinate with various metal ions in several oxidation states
and geometries and turn as remarkable chelating agents due
to the presence of nitrogen, oxygen or sulphur [4]. Over the
past few years, hydrazone ligands have attracted much attention
from researchers because of their well-known chelating capa-
bility and structural flexibility and they constitute ONO and
NNO donor atoms that have been introduced to coordination
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—I
The synthesis and structure elucidation of a new series of manganese(IV) complexes from disalicylaldehyde glutaryldihydrazone (slghHs) |
of the composition [Mn'"(slgh)](A),]-H,O and [Mn'"(slgh)(NN)] (where A= H,O, (1); pyridine, (2); 2-picoline, (3); 3-picoline, (4); 4- |
picoline, (5) and NN = 2,2’-bipyridine, (6); 1,10-phenanthroline, (7)) were carried out. The composition and structures of all the complexes
of Mn(IV) have been evaluated by elemental analysis, thermal studies, molar conductance, mass spectral data, magnetic moment, electronic, |
electron paramagnetic resonance and infrared spectral studies. Molar conductances of these Mn(IV) complexes suggest their non-electrolytic |
nature. Magnetic moment and EPR studies suggested that the Mn(IV) ions are six-coordinated octahedral geometry around the metal |
ions. The IR spectral studies confirmed that the ligand coordinates to the Mn(IV) ion in enolic form and behave as a tetradentate ligand in |
anti-cis configuration chelating Mn(IV) ion with NNOO coordination sites. The electrochemical and antimicrobial studies of the Mn(IV) |
|
|

Keywords: Disalicylaldehyde glutaryldihydrazone, Manganese(IV), Stereochemistry, Redox activity, Antimicrobial activity.

chemistry [5-7]. Hydrazones have a broad range of physiolo-
gical and biological activities such as anticancer, antibacterial,
antioxidant, antifungal, antitubercular, anti-inflammatory,
antiviral and antipyretic properties [8-10]. Hydrazones also
play an important role in improving the antitumor selectivity
and toxicity profile of antitumor agents by forming drug carrier
systems employing suitable carrier proteins and have also been
used as analytical reagent, polymer-coating, ink, pigment and
fluorescent materials [11,12].

The chemistry of manganese in a high oxidation state is a
subject of particular interest due to its occurrence in many
biological systems e.g. in superoxide dismutase, an azide insen-
sitive catalase and photosystem-II (PS-II) [13,14]. Manganese
complexes in a high-oxidation state are potentially used as
oxidizing agents, catalysts and electrocatalysts for oxidation
of alcohols, ethers and water [15,16]. Moreover, it occurs in
enzymes, some multinuclear enzymes like arginase that requires
manganese to perform their biological activity. The manganese
has to play a crucial role in the natural ecosystem and is known
to be a key player in the water oxidation process, which occurs
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during the natural photosynthesis [17-20]. Thus, the impor-
tance of manganese in many biological systems has stimulated
the study of chemistry of manganese(Il), manganese(I1l), man-
ganese(IV) and manganese(V) with variable nuclearity [19].
In present study, we have designed hydrazone Schiff bases
that constitute NNOO architecture to bind the metal ions.
Because of the significant role played by manganese and a less
work with a high oxidation state of manganese, we have carried
out the work. Moreover, the absence of work on metal complexes
of the title dihydrazone has intrigued us to pursue the work
further. Herein, we have reported the synthesis, spectroscopic
characterization, electrochemical behaviour and antimicrobial
activity of disalicylaldehyde glutaryldihydrazone and its
manganese(IV) complexes.

EXPERIMENTAL

Manganese acetate (Mn(OAc),-4H,0), diethyl glutarate,
hydrazine hydrate (N,H,-H,O) and salicylaldehyde were E-
Merck or equivalent grade reagents.

Determination of manganese has been done by following
the standard procedure [21]. Carbon, hydrogen and nitrogen
contents were microanalytically estimated using Euro EA
elemental analyzer. Room temperature magnetic susceptibility
measurements have been performed on a Sherwood scientific
magnetic susceptibility balance using Hg[Co(SCN),] as calibrant.
Molar conductances of the ligand and its metal complexes
were carried out in DMSO (~ 10 M) on a Systronics Direct
Reading Conductivitymeter-303 with dip-type conductivity
cell at room temperature. Infrared spectra were recorded on a
Spectrum?2 Perkin-Elmer FTIR spectrometer in KBr disks.
Electronic spectra of the ligand and its complexes have been
studied from 250 to 800 nm in DMSO on a Perkin-Elmer
Lambda 35 UV-vis spectrophotometer. EPR spectra of the
complexes as powders as well as in DMSO were recorded at
X-band frequency on JES-FA200 ESR spectrometer at liquid
nitrogen temperature (LNT) and room temperature (RT). LC-
MS spectra of the complexes were recorded on UHPLC-Ultimate
3000, Thermo scientific, MS-Exactive Plus spectrometer.
Melting point and decomposition temperatures were obtained
using Analab Scientific instruments. Thermal stability and
decomposition of the analytical complexes were performed
by means of Mettler-Toledo thermal analyzer system recording
TGA and DTG curves in the temperature range 25-700 °C
under N, atmosphere with a heating rate of 20 °C min™. Studies
with cyclic voltammetry were performed using CHI660D CH
instrument electrochemical workstation using TBAP as suppor-
ting electrolyte under nitrogen atmosphere. The electrolytic
cell comprised of three electrodes, the working electrode was
a Pt disk, while the reference electrode was Ag/AgCl and an
auxiliary electrode was Pt wire.

Synthesis of ligand: Glutarohydrazide is prepared by the
condensation of diethyl glutarate (5.11 g, 27 mmol) with
hydrazine hydrate (3.087 g, 61 mmol) in a 1:2 molar ratio.
Disalicylaldehyde glutaryldihydrazone was then prepared by
reacting glutarohydrazide (1.6 g, 10 mmol) with salicylal-
dehyde (2.13 mL, 20 mmol) in ethanol at room temperature
under reflux for 0.5 h. The white precipitate was thoroughly

washed with hot methanol, filtered and air-dried (decompo-
sition point > 250 °C).

Synthesis of complex [Mn" (slgh)(H;0),]-H,O (1):
Manganese acetate (Mn(OAc),-4H,0) (0.245 g, 1 mmol) in
methanol (15 mL) was allowed to react with ligand (slghHs)
(0.368 g, I mmol) in 25 mL methanol in 1:1 molar ratio stirred
for 30 min at room temperature. The resulting solution was
then refluxed for 2 h. The precipitated pale yellow coloured
complexes were filtered, washed several times with hot methanol
and dried over anhydrous CaCl, ( Yield = 78 %).

Synthesis of complexes [Mn" (slgh(A),)].nH,O and
[Mn" (slgh)(NN)] (where A= pyridine (py, 2); 2-picoline (2-
pic, 3); 3-picoline (3-pic, 4) and 4-picoline (4-pic, 5) and
NN = 2,2’ bipyridine (bpy, 6) and 1,10-phenanthroline
(phen, 7)): These complexes were also synthesized by follow-
ing the above mentioned procedure and adding pyridine bases
to the reaction mixture obtained by mixing Mn(OAc),-4H,O
and slghH, maintaining Mn(OAc),-4H,O: slghH4:pyridine
molar ratio at 1:1:10 in case of pyridine bases and 1:1:2 in
case of 2,2"-bipyridine and 1,10-phenanthroline. Yield: 64%
(2); 69% (3); 57% (4), (5); 68% (6) and 72 % (7).

Antimicrobial studies: The efficiencies of the ligand and
its four manganese complexes (2, 3, 6 and 7) were tested for
antimicrobial activity against bacteria viz. Staphylococcus
epidermis, Bacillus cereus, Escherichia coli and Proteus vulgaris
by standard Agar well diffusion method [22]. An overnight
culture of indicator strain Staphylococcus epidermis, Bacillus
cerus, Escherichia coli and Proteus vulgaris were used to
inoculate in Muller Hinton Agar as 0.5 McFarland standard.
Wells of 8 mm diameter were cut into agar plates and 50 uL of
the sample was added to each well. Inhibitory zone was
checked after 24 h incubation at 37 °C.

RESULTS AND DISCUSSION

The synthesized manganese(IV) complexes with their
composition, colour, decomposition point, analytical, magnetic
moment and molar conductance data are given in Table-1. The
complexes are air-stable and insoluble in water and most
common organic solvents such as ethanol, acetone, efc. but
dissolved freely in coordinating solvents like DMSO and DMFE.
The complexes decomposed above 250 °C indicating strong
bonding. The synthesized manganese(IV) complexes (1-5)
show weight loss at 110 °C that indicates that there is water in
the lattice structure [23], while complex 1 also shows loss corres-
ponding to two water molecules at 180 °C, indicating they are
coordinated to the metal [24]. Complexes (2-7) also showed a
weight loss at 220 °C associated with two pyridine or substi-
tuted pyridine molecules while the complexes 6 and 7 show
the weight loss corresponding to one bipyridine and one 1,10-
phenanthroline, respectively. We were unable to crystallize
these complexes which prevented us from the analysis of the
complexes by X-ray crystallography to establish their mole-
cularity and structure.

Thermal studies: The complexes do not decompose up
to the observed temperature range of 250 °C that indicates the
strong metal-ligand bonds with higher ionic character. The
complexes 1 and 3 were studied as representative samples by
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TABLE-1

COLOUR, DECOMPOSITION POINT, ANALYTICAL, MAGNETIC MOMENT AND MOLAR CONDUCTANCE

DATA FOR Mn(IV) COMPLEXES OF DISALICYLALDEHYDE GLUTARYLDIHYDRAZONE (slghH,)

Decomp. Elemental analysis (%): Found (calcd.) " Molar conduc-
Complex Colour temp. B “f/l) tance (A,,)
(°C) Mn C H N ‘ (ohm™ cm? mol™)
Mn"(slgh)(H,0), LO  Pale yellow  >250  11.95(12.08) 50.36(50.10) 4.48 4.39) 11.56(12.30) 4.22 1.9
Mn"Vslgh)(py), HLO ~ Paleyellow  >250  9.27(9.53)  60.19(60.31) 4.59 (4.50) 14.17(14.55) 4.30 2.5
[Mn"(slgh)(2-pic),]-H,O Pale yellow > 250 9.01 (9.09) 57.68(61.48) 4.54(4.95) 12.28(13.88) 4.20 2.3
[Mn"(slgh)(3-pic),]-H,O  Yellow > 250 9.20 (9.09)  58.09(61.48) 4.63(4.95) 13.17(13.88) 4.30 2.2
[Mn"(slgh)(4-pic),]-H,O Pale yellow > 250 9.11 (9.09)  56.87(61.48) 4.73(4.95) 13.09(13.88) 4.13 2.8
[Mn"(slgh)(bpy)] Pale yellow > 250 9.31 (9.56)  58.79(60.52) 4.44(4.17) 13.49(14.60) 4.27 1.5
[Mn"(slgh)(phen)] Pale yellow > 250 8.87(9.18)  57.93(62.10) 4.61(4.01) 13.61(14.02) 4.19 2.1

thermogravimetric analysis. Thermogravimetric studies of
complexes 1 and 3 showed that both complexes decomposed
in six stages. In first stage, the TGA/DTG curve of complex 1
exhibited degradation within the temperature range of 30-132
°C with a DTG peak at 42 °C (Fig. 1). The corresponding
weight loss of 3.49% (calcd. 3.81%) was suggested to be due
to the weight loss of one lattice water molecule. The second
stage degradation within the temperature range of 132-298 °C
with DTG peak at 222 °C and weight loss of 4.04% (calcd.
3.96%) attributed to the release of one coordinated water mole-
cule. In the third stage, corresponding weight loss of 35.46%
(caled. 36.17%) decomposition occurred between 298-414 °C
with associated DTG peak that was observed at 379 °C due to
the loss of another coordinated water molecule and an organic
(C4H4O,N,) moiety. With a weight loss of 9.58% (calcd. 9.68%)
in the fourth degradation stage within the temperature range,
414-468 °C that corresponds to the discharge of (-C,H3) mole-
cule with associated DTG peak that was observed at 431 °C.
The release of (-C,H,) fragments with DTG peak at 510 °C in
the fifth stage exhibited one degradation observed between
468-580 °C with a weight loss of 10.88% (calcd. 11.12%).
The sixth degradation stage showed weight loss of 5.33%
(caled. 5.81%) that occurred between 580-686 °C associated
with the DTG curve that was observed at 653 °C attributed to
the loss of (-CH) moiety. The overall weight loss is 68.78%
against the calculated value of 70.55%.
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Fig. 1. TGA and DTG curves of [Mn'(slgh)(H,0),]-H,O (1)

The thermogram of complex 3 exhibited the first decom-
position stage within the temperature range between 29-96 °C
associated with a DTG peak centered at 58 °C and weight loss
of 2.66% (calcd. 2.89%), which correspond to the discharge
of one lattice H,O molecule. The second degradation stage
shows a weight loss of 2.37% (calcd. 2.48%) that occurred at 151-
225 °C and corresponds to the liberation of (-CH3) moieties with
the DTG peak that is observed at 192 °C. The third stage proceeded
with a weight loss of 2.46% (calcd. 2.55%) in the temperature
range 228-288 °C with a DTG peak at 245 °C that corresponds
to the removal of another (-CH;) moieties. The combined
weight losses of 41.46% (calcd. 42.12%) in the fourth degra-
dation stage occurred within the temperature ranges of 299-
442 °C attributable to the simultaneous losses of two pyridine
moieties and another (-C,Hs0,) moiety with DTG peak centered
at 428 °C. The fifth and sixth decomposition stages observed
between the temperature ranges of 442-482 °C and 501-616 °C
and the corresponding weight losses of 9.11% (calcd. 8.99%)
and 9.41% (calcd. 9.55%) followed by the DTG peak observed
at 447 °C and 565 °C are due to the losses of (-C,Hg) and (-C,Hs)
moieties, respectively.

The overall weight loss of 67.47% (calcd. 68.58%) was
estimated between the temperature range of 29-616 °C. The
stages of thermal decomposition and the percentage loss of
masses along with their assigned molecules/fragments are
shown in Table-2. These thermal investigations indicated the
presence of one water molecule in the lattice of complexes (1
and 3) and also two coordinated water molecules in the structure
of complex 1, which are in good agreement with their IR
spectral studies [5,25].

Molar conductance: The molar conductance values for
complexes are shown in Table-1. The values lie in the range
1.9-2.8 ohm™ ¢cm* mol™ in DMSO that indicate their non-
electrolytic nature in this solvent [26].

Mass spectra: The mass spectrum of ligand slghH, exhibits
a signal at m/z =369, which corresponds to the formula weight
of the ligand. A signal observed at m/z = 367 in complex 1
corresponds to the formation of the species [slghH,]* formed
after the loss of the manganese atom. Another signal in this
complex at m/z = 407 may be due to the loss of CH, molecule
and two water molecules with the formation of [CsH4N,OsMn]*
species.

Magnetic moment: The i values for the synthesized
manganese(IV) complexes are shown in Table-1. These values
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TABLE-2
THERMOANALYTICAL RESULTS (TG AND DTG) OF MANGANESE(IV) COMPLEXES OF slghH,
Complexes UG ey AN Found (caled)% Assignment
. (O] (O] Mass loss Total mass loss s
30-132 42 3.49 (3.81) Loss of one lattice H,O molecule
132-298 222 4.04 (3.96) Loss of one coordinated H,O molecule
[an(slgh)(HQO)Q]-HQO 298-414 379 35.46 (36.17) 68.78 (70.55) Loss of one coordinated water molecule & (-C,H,O,N,)
1) 414-468 431 9.58 (9.68) ’ ’ Loss of organic moiety (-C,H,)
468-580 510 10.88 (11.12) Loss of organic moiety (-C,H,)
580-686 653 5.33 (5.81) Loss of organic moiety (-CH)
29-96 58 2.66 (2.89) Loss of one lattice H,O molecule
151-225 192 2.37 (2.48) Loss of organic moiety (-CH,)
[Mn" (slgh)(2-pic),]-H,O  228-288 245 2.46 (2.55) 67.47 (68.58) Loss of organic moiety (-CH,)
3) 299-442 428 41.46 (42.12) ’ ’ Loss of two pyridine base molecules & (-C,H,0,)
442-482 447 9.11 (8.99) Loss of organic moiety (-C,H,)
501-616 565 9.41 (9.55) Loss of organic moiety (-C,H.,)

lie in the range 4.1-4.3 B.M., which fall within the range
reported for Mn(IV) in a d* high spin electronic configuration
ruling out the possibility of any spin-spin coupling in the solid-
state between unpaired electrons belonging to different Mn(IV)
centers in structural unit of the complexes [27-29].
Electronic spectra: The electronic spectral bands for
dihydrazone and metal complexes are listed in Table-3 along
with their molar extinction coefficients. The electronic
absorption spectra of the ligand and complexes are shown in
Fig. 2. The absorption spectrum of free dihydrazone is charac-
terized by two bands at 292 (7741) and 322 (6365) nm, which
arise from 7-1t* and n-7* transitions. In metal complexes, these
bands are observed as one to two bands with both red and
blue shifts. In complexes 1-7, the ligand band observed at 292
nm undergoes almost no shift or a slight red shift by 1-6 cm™.
Another ligand band at 322 nm in the complexes 2-5 undergo
blue shift by 10-19 cm™ with decrease in intensity while this
ligand band in complexes 6 and 7 undergoes slight red by 1-2
cm™. In addition to ligand bands, the complexes possess an
additional band in the region 387-402 nm. This provides good
evidence for chelation by dihydrazone to the metal center. The
magnitude of shift of ligand bands on complexation indicates

(a) slghH,
(b) [Mn"(slgh)(H,0),]-H,0 (1)
(©) IMn"(sigh)(py).]-H.O (2)
—— (d) [Mn"(sIgh)(2-pic),]-H,0 (3)
(9 (e) [Mn"(slgh)(3-pic),]-H,0 (4)
- (
. (
—

reeee (F) [MN"(slgh)(4-pic),]-H,O (5)

g) [Mn"(sigh)(bpy)] (6)
h) [Mn"(slgh)(phen)] (7)

Absorbance

.
'~-.."--.

0.2

1 1 1 1
300 400 500 600 700 800
Wavelength (nm)

Fig. 2. Electronic spectra of ligand (a) slghHs and complexes (b)
[Mn"(slgh)(H,0):]-H:0 (1), (¢) [Mn"(slgh)(py).]-H:0 (2), (d)
[Mn"(slgh)(2-pic)>]JH,O (3), (e) [Mn"(slgh)(3-pic).] H.O (4), ()
[Mn"(slgh)(4-pic).1H.0 (5), (g) [Mn"(slgh)(bpy)] (6), (h)
[Mn"(slgh)(phen)] (7)

TABLE-3
ELECTRONIC SPECTRAL BANDS AND EPR DATA FOR MANGANESE(IV) COMPLEXES OF slghH,

Ligand/Complex Ao N (€,,,., dm’ mol " cm') Temp. Solid/solution g-Value Ay, value
slghH, 292 (7741), 322 (6365)
[Mn"(slgh)(H,0),]-H,0 290 (3884), 387 (2789) LNT DMSO 2.014 98
RT DMSO 2.1 99
RT SOLID 2.045
[Mn"(slgh)(py),]-H,0 294 (7816), 303 (6898), 390 (6202) LNT DMSO 2.01 96
RT DMSO 2.1 9
RT SOLID 2.045
[Mn" (slgh)(2-pic),]- H,O 293 (4590), 312 (4205), 402 (3865) LNT DMSO
RT DMSO
RT SOLID 2.045
[Mn" (slgh)(3-pic),]- H,0 298 (4926), 310 (4541), 400 (4782)
[Mn" (slgh)(4-pic),] H,O 293 (5984), 304 (5744), 402 (5974)
[Mn" (slgh)(bpy)] 296 (7190), 324 (5670), 401 (6420) LNT DMSO
RT DMSO
RT SOLID 2.045
[Mn"(slgh)(phen)] 293 (9270), 323 (5769), 391 (4520) LNT DMSO
RT DMSO

RT SOLID 2.045
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strong bonding between the ligand and the metal center. The
high molar extinction coefficient values in these Mn(IV) comp-
lexes may be assigned to charge-transfer with large contri-
bution from ligand-to-metal charge transfer [28-32].

EPR spectra: The EPR magnetic parameters for the
synthesized Mn(IV) complexes are given in Table-3. EPR
spectra of the complexes in solid state at RT are essentially
similar to one another and show an isotropic signal with g =
2.045. On the other hand, in DMSO at RT and LNT, six-line
spectra are obtained with *Mn hyperfine splitting constant
falling in the range 96-99 G for complexes 1 and 2 taken as
representative samples. This **Mn hyperfine splitting constant
is characteristic of Mn(IV) complexes rather than for Mn(II)
complexes. The overall intensity of split components of the
signal due to **Mn hyperfine splitting at LNT and RT in DMSO
is weak for complex 2 as compared to that of complex 1. The
well-resolved superhyperfine lines due to hidden transitions
are observed for complex 1 at LNT in DMSO, which are weak
in the ESR spectrum of complex 2 at RT in DMSO. An effective
environment of Mn(IV) is suggested to lie close to ideally
pseudo-octahedral environment [24,32,33].

IR spectra: Some structurally significant IR bands for
free dihydrazone and their metal complexes are given in Table-
4. The IR spectra for dihydrazone and complexes 1 and 2 are
shown in Fig. 3. IR spectral bands for the dihydrazone show
medium to strong intensity bands in the region centered at
3440, 3193 and 3056 cm that are assigned to the stretching
vibrations of phenolic -OH and secondary —-NH group [34]. In
the complexes, the above bands are replaced by broad bands
in the region 3600-3000 cm’. Such a feature of IR spectra is
associated with the destruction of -NH group on complexation
[35]. A strong band at 1668 cm™ in the free dihydrazone is
assignable to stretching frequency vC=0 band [24,26]. The
carbonyl bands disappear in complexes indicating the collapse
of amide structure and coordination of ligand to the metal in

80
C
70 (
60- (b)
& 50
: \
§ 40
g
< 30 (@)
=
20+
10+
0_
T T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm")
Fig. 3. Infrared spectra of ligand (a) slghHs and complexes (b)

[Mn"(slgh)(H-0),]-H,O (1), (¢) [Mn"(slgh)(py).]-H,O (2)

enolic form. This also dismisses the possibility of coordination
of >NH and >C=0 groups to the metal center. The two strong
intensity bands observed at 1623 and 1611 cm™ in the free
dihydrazone are assignable to v(C=N) bands [36]. These bands
appear as single bands in the complexes and on an average
shift to a lower frequency by 9-16 cm™ indicating coordination
of >C=N group to the metal centre [28,37]. The appearance
of merged v(C=N) bands is still related to arise due to the
coordination of both the azomethine nitrogen atoms and pheno-
late oxygen atoms of the same dihydrazone molecule to the
same metal center. A medium to weak intensity band appearing
at 585-580 cm' is assigned to v(M-O) (phenolic) that indicates
the mt-electron density flow of aromatic ring to the metal center
through phenolic oxygen atoms [38]. Pyridine bases absorb at
around ~604 cm™ due to in-plane ring deformation mode [24].

TABLE-4
STRUCTURALLY SIGNIFICANT INFRARED SPECTRAL BANDS OF slghH, AND ITS MONOMETALLIC Mn(IV) COMPLEXES
. Mn-N)
Amide(IT) v(
Ligand/Complex VOH)+Vv(NH)  v(C=0) wvC=N) +vccoy YEO NN VMO py/bpy/phen
3 (phenolic) phenolic vibration in
phenolic
plane
slghH, 3000-3600(sbr) 1668(s) 1623(s) 1554(s) 1275(s) 1040(s)

3440(m) 1611(s) 1036(s)
3193(s)
3056(s)

[Mn"(slgh)(H,0),]-H,O  3000-3600(mbr) - 1601(s) 1543(s) 1274(w) 1042(m) 585(m) -
3440(m)

[an(slgh)(py)z] -H,0 3000-3600(mbr) - 1608(s) 1543(s) 1273(w) 1042(m) 585(w) 665(m)
3440(m)

[an(slgh)(Z-pic)z] -H,O  3000-3600(mbr) - 1601(s) 1543(s) 1274(w) 1042(m) 585(w) 665(w)
3429(m)

[Mn" (slgh)(3-pic),]-H,O  3000-3600(mbr) - 1601(s) 1543(s) 1277(w) 1042(m) 585(w) 664(w)
3420(m)

[Mn" (slgh)(4-pic),]-H,O  3000-3600(mbr) - 1602(s) 1543(s) 1273(w) 1042(m) 585(m) 665(w)
3422(m)

[an(slgh)(bpy)] 3000-3600(mbr) - 1601(s) 1543(s) 1276(w) 1042(w) 585(m) 665(w)
3426(m)

[Mn" (slgh)(phen)] 3000-3600(mbr) - 1607(s) 1544(s) 1276(w) 1039(m) 580(m) 661(w)

3432(m)
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In the complexes 2-7, a new medium to weak intensity bands
have occurred in the region 665-661 cm’ that are attributable
to arise due to in-plane ring deformation mode of pyridine
bases indicative of their coordination to the metal centre [39].
The medium broad band that appears at 3440 cm™ in complex
1 appears to have a contribution from coordinated water
molecule [24,37] and the lattice water molecule while the broad
band in the region 3600-3000 cm™ in the complexes 2-5 appears
to have a contribution from a lattice water molecule [40].
Cyclic voltammetry: The cyclic voltammograms of 2 mmol
solutions of the ligand and complexes 1-3 in DMSO solvent
under dinitrogen with 0.1 mol L' TBAP as a supporting elect-
rolyte were studied. The values are given in Table-5 at a scan
rate of 100 mV/s. The free ligand exhibits two quasi-reversible
redox couples at -0.37 V (Ei») (AE =260 mV) and +0.99 V
(Ei) (AE =100 mV) and an irreversible anodic peak potential
at +0.83 V as shown in Fig. 4. The complexes do not show any
metal-centered redox cycle (Fig. 4). The ligand-centered, oxid-
ative and reductive waves that appear in the complexes are
shifted from their original position in the ligand [41-43].

TABLE-5
ELECTROCHEMICAL DATA FOR THE LIGAND
AND ITS Mn(IV) COMPLEXES (Pot. vs. Ag/AgCl)

AT A SCAN RATE OF 100 mV/s
. Anodic peak Cathodic peak
LT potential, Epa (V) potential, Epc (V)
-0.24 -0.50
slghH, +0.83
+1.04 +0.95
-0.275 -0.46
[Mn" (slgh)(H,0),-H,0
@ +0.83
+1.10 +0.93
-0.25 -0.47
()] ’
+1.10 +0.94
[Mn" (slgh)(2-pic), | ELO 0 08
3) +0.83
+1.10 +0.95

Antibacterial activity: The observed inhibitory zone
against different bacteria were determined and listed in Table-6.
The results show that the ligand has higher antibacterial activity
against the two selected Gram-positive bacteria Staphylococcus
epidermis and Bacillus cereus and one Gram-negative bacteria
Proteus vulgaris. Complexes 2, 6 and 7 have not shown any
antibacterial activity against any of the tested bacteria Bacillus

0.00002
—slghH,
[Mn"(sigh)(H,0).]-H,0 (1)
0.00001 | | = [Mn"(slgh)(py).]-HO (2)
resses [Mnlv(Slgh)(Z-pic)Z]-HEO (3) ....
E
c
o
3 -0.00001
-0.00002 [
-0.00003 . 1 L 1 1 1
1.5 1.0 0.5 0 -0.5 -1.0 -1.5

Potential (V)

Fig. 4. Cyclic voltammogram of ligand (a) slghH, and complexes (b)
[Mn"(slgh)(H,0),]- O (1), (c) [Mn"(slgh)(py).]-H,O (2) and (d)
[Mn"(slgh)(2-pic),]-H,O (3)

cereus, Staphylococcus epidermis, Escherichia coli and Proteus
vulgaris. The complex 3 exhibited potent antibacterial activity
against the Gram-positive bacteria Staphylococcus epidermis
and Gram-negative bacteria Escherichia coli [3,23,26].

Conclusion

A series of new mononuclear manganese(IV) complexes
derived from disalicylaldehyde glutaryldihydrazone were synthe-
sized and characterized. The electron-rich deprotonated ligand
can stabilize the high oxidation state of manganese. Conse-
quently, the features of multidentate ligand have enabled the
stabilization of the manganese in its high oxidation state. The
dihydrazone functions as a tetradentate ligand and incorporates
NNOO donors to coordinate Mn(IV) ions. The dihydrazone is
present in enol form in these complexes and provides a coordi-
nation environment where the donors are arranged around
manganese in the equatorial plane while the axial positions
are occupied by water/pyridine/2-picoline/3-picoline/4-picoline
in complexes 1-5. In complexes 6 and 7, the nitrogens from
azomethine and 2,2’-bipyridine or 1,10-phenanthroline are in
the equatorial positions, while the phenolate oxygens are in
axial positions. The binding is through azomethine nitrogens
and phenolate oxygens of both the hydrazone arms of the same
dihydrazone that coordinate to the same metal center intro-
ducing steric crowding. Hence, one hydrazone arm remains
in the equatorial plane while the other hydrazone arm is axial.

TABLE-6
ANTIMICROBIAL STUDIES OF THE LIGAND slghH, AND ITS MANGANESE(IV) COMPLEXES

Zone of inhibition (nm)

Schiff base/complexes Gram-positive bacteria Gram-negative bacteria
Staphylococcus epidermis Bacillus cereus Escherichia coli Proteus vulgaris
slghH, 1591 2177 - 24
[Mn" (slgh)(py),]-H,0 (2) - - - -
[Mn" (slgh)(2-pic),]-H,0 (3) 1 = 10™ =

[Mn" (slgh)(bpy)] (6) -
[Mn" (slgh)(phen)] (7) -

Highly active = +++ (inhibition zone > 8.2 mm); moderately active = ++ (inhibition zone > 5.0-8.2); slightly active = + (inhibition zone > 2.5-5.0

mm); Inactive = — (inhibition zone < 2.5 mm).
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Ié\ I II H,
N—/N—C—
/H
Y CH,
Mn(OAc),4H,0 + -
‘N
\N—N— —C
| t
H H (0]
O/
sighH,

4} T N—N=C—°C
\Mn/ \CHZ-HZO
SN
0o N—N=C—C
Al |
CH o

Complex [Mn(slgh)(A),]-H,O
[where A = H,O (1); py (2); 2-pic (3);
3-pic (4); 4-pic (5)]

Complex [Mn(slgh)(NN)]
[where NN = bpy (6); phen (7)]

Fig. 5. Scheme of the reactions and structures of Mn(IV) complexes

In such configuration, axial azomethine absorbs at a lower
frequency than equatorial azomethine as observed vaguely in
IR spectra. Thus, the ligand is suggested to be coordinated to
manganese in an anti-cis configuration. The enolate oxygens
remain uncoordinated. The magnetic susceptibility data in all
cases support the electronic and EPR data suggesting a Mn(IV)
ion in octahedral stereochemistry in the complexes. Almost
invariant redox potentials in the complexes are consistent with
ligand-centered redox activity. The antibacterial studies confir-
med that ligand shows more efficacy against two Gram-positive
bacteria Staphylococccus epidermis and Bacillus cereus and
one Gram-negative bacteria Proteus vulgaris. Complex 3 have
been found more potent against one Gram-positive bacteria
Staphylococccus epidermis and one Gram-negative-bacteria
Escherichia coli while the other complexes 2, 6 and 7 have
not shown any antibacterial activity. The tentative structures
of the mononuclear manganese(IV) complexes are presented
in Fig. 5.
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