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Abstract:

Coordination compound of Mn(l1) with newly synthesized Schiff base ligand (E)-3-(1-(2-
(benzo[d] thiazol-2yl)hydr azono)ethyl)-1-ethyl-4-hydr oxyquinol in-2(1H)-one. The obtained
ligand and Mn(Il1) complex is characterized on the basis of elemental analysis, magnetic
susceptibility, UV visible spectra, FTIR MHNMR spectra, mass spectra, TG-DTA and X-ray
powder diffraction. Form the analytical data the stoichiometry of metal complex has been
found to be the 2:1 ligand to metal ratio. Therefore the complex may be formulated as
[Mn(Ly)]. All the analysis data shows that complex is monomeric hexa coordinated
octahedral structure. The ligand and metal chealate have been screened for their
antibacterial activity using the Agar cup method at fixed concentration of 1% Against
microbial strains, Eschershia coli, Salmonalla typhi, Staphylococcus aureus, Bacillus
substilis. The antibacterial activity of ligand and Mn(Il) complex illustrates that the ligand
and complex seems to be inert towards the E. coli , S. typhi the compl ex show higher activity
than ligand against Staphylococcus aureus and Bacil lus substill. Antifungal activity of ligand
and complex were tested against in vitro against fungi that is Aspergillus niger, Penicilum
chrysoganum, Fusarium moniliforme, Aspergillus flavus by poison plate method using potato
dextrose agar medium at fixed (1%) concentration. Ligand does not show fungal activity but
it Mn(Il) complex show better activity. Which suggest that the incor poration of metal in the
ligand results in increasing the antimicrobial activity. X-ray diffraction data suggests

triclinic structure of Mn(I1) complex.

Keywords Schiff metal complex, antimicr obial activity, 'HNMR spectra, TG-DTA, P-XRD.
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Introduction:

Transition metad complexes containing Schiff base hydrazone ligands have been specific
interest for many years. Transition meta complexes of hydrazone compounds have been
screened for their medicina properties[1]. The meta complexes of Schiff base derived from
heterocy clic compounds have been a center of atraction of many workers in recent years. But
the chelating abilities of Schiff bases derived from nitrogen heterocycle is 2-quinolone.
Quinolones are famous categories of compounds known by their intensive biologca activity
and ther vitd importance in medicines and pharmaceuticals this pronpted us to carry out

intensive research work on these cl asses of compounds[2-3].

In the present communication, we describe the sy nthesis and characterization of M n(l1) meta
complex containing a tridentate (ONN) Schiff base ligand. In addition to physicochemical
studies, the complex have been tested in vitro to assess ther antibacterid activities against

some common reference bacteriaand fungi and results were compared with standard.
Experimentd:
Material and methods :

All chemicds were of AR grade purchased from Sgma Aldrich and used for synthesis of
ligand. AR gade metd acetate of M n(ll) from S. D. Fine chemicas are used for complex
preparation. Jpectral grade solvents were used for gpectrd measurements. The carbon,
hydrogen, nitrogen contents were determined on Perkin EImer(2400) CHNS andyzer. IR
spectra were recorded on a FTIR Brucker spectrophatometer in 400-4000cm-* range. The
UV/ Vis spectra were recorded on Shimadzu UV 160 spectrophatometer for complex in
DM SO. 'HNM R spectra of ligand measured in DM SO using TM S as an interna standard.
The LC- M S spectra was recorded on a Waters, Q-TOF Micromass (LC-M S). M agnetic
moments was measured by Guoy's method and was corrected for diamagnetism of the
components uwsing Pascd's constants. Conductance was measured on Elico Cm-180

Conductometer using 10° M solution in DM SO. Powder XRD study was carried out with a
Bruker AXSD8 Advance X-ray diffractometer.
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Synthes s of ligand:

3-Acetyl-1-ethyl-4-hy droxy-2(1H)-quinolone (10.85 gm 0.05 mol) was taken in clean and dry
round bottomed flask and 50 mL ethanol was added in it. The solution was warmed. To this,
5-10 mL of dacial acetic acid was added as a catdy st and (8.26 gm, 0.05 mol) of 2-hydrazino
benzothiazole was added in it. This reaction mixture was refluxed and stirred for 1/2 hr. on
rotaheatingmantd. Yellow solid product formed was filtered off, washed with ethanol and

dried in vacuum desi ccators.

The produd was recrystdlized from DM F-ethanol mixture (yield 85%), m.p.-241:c.

OH O OH OH

H
SR I ol
+
l\|l\ 0 S CH4COOH )N 0 N\G

Synthes s of metal complex :

To the hat solution of ligand in ethanol (0.02 mol in 25mL), hot ethanolic solution of meta
sdt (0.01 mol in 25 mL) was added drop wise. For the syrnthesis of M anganese complex, salt
of M anganese acetate was used. To this reaction mixture, 10% ethanolic ammoni awas added
to adjust the pH of solutionto 7.5to 8.5. The reaction mixture stirred for 3-5 hours in warm
condition on magnetic stirrer to get complex in solid form. The solid complex was filtered
off, washed severd times with ethanol and dried in vacuum over CaCl,.

Results and discusson :
Complex was coloured solids, stable for air and hegt. The complex was insoluble in water,

ethanol, methanol, DCM but easily soluble in polar solvents DM F /DM SO.

The andyticd data like color, mdting point, % of eements, magnetic moments and
conductance are presented in Table 1. The eementa analysis and "HNM R spectra of the
complex show 1:2 (metd : ligand) stoichiometry for M n(I) complex.

Molar conductance and Magnetic susceptibility measurements:
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Molar conductance measurements was performed in DM SO (10M) solutions & room
temperature. The molar conductance data indicate that complex is non dectrolytic in nature.
M agnetic susceptibility of the powdered complex was carried out by using Guoy's baance
method a room temperature withHg Co(SCN),] as acdibrant.

The Mn(ll) conplex has a magnetic moment 5.29 BM indicating the presence of five
unpaired eectrons in agreement with high spin octahedra complex|4-5].

Table 1: Physical, analytical data of ligand and its metal complex:

Compou
nd

Mol.Tor mula

colour

M.P.
C

Mol..Wt.

C%

H%

N%

O%

Meta
1 %

Ci)
B.M.

M olar
conductance
ohm™* em? mol”
1

AL | [CaoHisNJC, | Yelo [ 434 1o 63.10 | 4.34 [ 15.18| 8.91 8.47

S w (63.48) | (4.7 | (14.8 | (8.46) (8.47)
9) 0)
MnL2) 1 [CaoHxNgC, | Reddi | > 811 56.89 | 3.46 | 14.32 7.91 812 |16.23 | 529
SZMn] sh
(56.26) | (3.9 | (13.8 | (7.88) (7.90) | (6.7
brown 7) 1) 7)

10.9

El ectronic absor ption spectra:

The eectronic absorption spectra of ligand and its M n(l1) complex was recorded in DM SO
over the range 200-800 nm. The dectronic spectrum of ligand exhibit two absormption
transitions at 27248 cm™ (367.5nm) and 30581 cm'* (327nm) assigned to the n-n* and m-m*
transitions of azomethine and 2-quinolone.

The electronic absorp tion spectra of Mn(ll) complex was showed three

bands at 25000 cm™ (400nm), 26490cm™ (377m) and 30165 cm™

(331.51m) assignable to °A;;,4(G), °A;~E,, or A%, (G) and to
charge transfer band respectively. Electronic spectra of Fe(I11) complex show transitions at
25316 cm™ (3951m) due to °Ay, =M, and charge transfer band a 34542cm™

(289m) [6-7]
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UV Spectra of ligand uv

Spectra of Mn(ll) complex

FTIR spectra:

The FTIR gpectrum of M n(I1) metal complex was compared with tha of free ligand in order
to investigate the mode of chelation of metd ion with ligand. In FTIR spectrum of free
ligand, some characteristic bands at 3398, 3109, 1654, 1594, 1556, 742 cm* assigned to

enolic -OH, NH, C=0(quinolone), >C=N(azomethine), >C=N (ring), N-H out of plane

stretching respectively. In M n(11) complex the ligand behaves as a ONN tridentae via the
>C=0 (quinolone), >C=N (azomethine) and >C=N (in berzothiazole ring) groups. This fact
is supported by the following evidences. In complex there is presence of aband in theregon
3400 cm™ due to OH indicating 4-hydroxy group of quinolone does nat take part in
coordination. The IR stretching frequency of >C=0(quinolone) in the complex observed at
theregion 1620 cm™ This Shift to lower frequency of carbony| group of quinoloneby 34 cm’
! Theshift of azomethine >C=N group to lower frequency region by 10 cm *with respect to
free ligand. indicates that the nitrogen of the azomethine group coordinate to the meta ion.
The >C=N(benzothiazole ring) groups shift to lower frequency range by 10 cm™ which
indicates that they form coordinate bond with meta atom[6,7]. The IR stretching frequency
of >C=0(quinolone), >C=N(azomethine), >C=N (benzathiazole ring) groups shift to lower

frequency range which indicates that they form coordinate bond with metal atom[8].
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Table 2 : Salient features of IR spectral data of | igand and Mn(ll) metal

complex.

(Assignment of band frequencies to bond vibration modes)

Ligand |O(OH)| O (NH) | n(c=0) | n(c=N) |o(=N)| o | o(

s Enoli | Hydrazon | Quinolon | Azomethin | Ring | (C=C | NH)

c e e e nitroge ) out

n of

plan

e

L 3398 3109 1654 1594 1556 | 1467 | 742
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(m) (m) (s) (b) () | (5
MnL, | 3400| 3323 1620 1584 1542 | 1416 | 747
(m) (s) (s) (s) (s) ® |

Mass spectra of ligand:

M ass gpectrum of the ligand supports its prgposed formulation. It reveas the molecular ion
peak m/z a 378.1 am.u., consistent with the molecular weight of the ligand. Also there is
presence of [M+2], [M +1], & m/z 380.19, 379.20.

L 1 =

Mass spectra of ligand
'"HNMR spectra of ligand and Mn(l 1) metal complex :
HNMR Foectra of ligand was recorded in DM SO. It shows signals at 1.34 & ppm. (t,3H,N-
CHz_CHg*), 2.76 ppm. (s,3H, N=C-CHy3), 4.44 ppm. (s,2HN-CH,), 7.18-8.21 5 ppm. (m, 8H,
Haam), 11.98 6 ppm. (s,1H, N-H), 16.81 6 ppm. (S,1H,OH¢pgic)-

| i LL‘J/UU\L_L_
il o e WY
L Sk + Fig. 2.33 "HNMR Spectra of B,;Mn Complex
getm B EA
"HNMR Spectra of Ligand 'HNMR Spectra of Mn(l1) complex
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Theformation of metal complexis confirmed by 'HNMR gectra study of M n(l) complex.
The 'HNMR goedra of ligand show chemical shift a 16.80 & ppm assigned to enolic praton
of 4-hydroxy-quinolone. The appearance of this chemica shift in the complex a 14.46 &
ppm. tha indicate non coordination of enolic -OH. The upfield shift in the 6 chemical shift of
-OH may bedueto the changein environment of enolic -OH group. The vaue of -NH praton
in the ligand appear at 11.98 6 ppm. but in complex the 6 chemical shift for -NH praton
gopears & 11.23 6 ppm in the upfield region evidence for the coordination of adjacent C=N of
hydrazoneto meta ion. The azomethine -CH; proton having 6 chemical shift at 2.75 6 ppm in
the ligognd appear in at 3.03 6 ppm. in the complex. This downfield shift indicates

coordination of azomethine nitrogen to the meta ion[9].

Proposed structure of Mn(I1) complex :

Qi\m

Thermo gravimetric studies:

The simultaneous TG/DTA andysis of aM n(l1) complex was studied.

The fird g shows decomposition within temperature range 220-500°C with 57% (calc. wt.
loss 56%0). This may be due to oxidative decomposition of non coordinated part of ligand.
Which is authenticated by broad endothermic peak in DTA at 338.85°C. The second step of
decomposition with weight loss 39% within temperature range 550 to 800°C, which is
supported by broad endothermic pesk in DTA curve 700.47°C, corresponds to the
decomposition of coordinated part of the complex. Above 800°C, TG curve attain a constart

level correspondingto M n(Il) oxide.
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The thermd kinetic parameters AS, Ea and Z for non- isothermal decomposition of
complexes have been cdculated by Coats-Redfern method from TG-DTA curves and are

presented in Table 3.

Generdly, with decreasing vaue of AE, the value of Z increases, and higher vdue of
activation energy suggest higher stability (10). In the present complexes, the value of E,
decrease with the increasing vadue of (Z) i.e. frequency factor indicating that the activated
complexes have more ordered or more rigd structure than the reactants or intermediate and

that thereactions are slower than normal.

nawy LT, T L SRR
PEATAE
AT Ay Mk
o e Ay
“wrry

L&

TG/DTA of Mn(l1) complex

Table 3
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Thermodynamic and kinetic p arameters

Metal Metho | Ste | Decomp | Order of | Ea(KJ 0S(KJ | 0G(KJ z Correlatio
comple d p . Reactio | mol™) | mol™) | mol?) s n
X Temp. n Coefficient
)
H-M 500 0.55 104.0 - 114.6 | 490227948 0.9999
MnL, CR 5 1421 9 1 0.9999

71.27 3 82.06| 390904.17

H-M Il 840 0.55 32.26 - 57.25 1177181 0.998

X-ray diffraction study:

The X-ray diffractogram, of Mn(ll) metal complex was scanned in the range 0-60° at
waveength 1.54 A° The X-ray diffraction pattern of the complex with respect to mgor pesks
having relaive intensity greater than 10% have been indexed by using computer program.
The above indexing progam gves hkl planes, unit cel parameters and volume of the unit
cell. The diffractogram and associated data gives 20 values for each peak , relative intensity
and inter planer spacing (d-values). On the basis of X-ray diffraction analysisM n(I1) complex
crydadlize in triclinic system with space group P2/m [11]. having unit cell volume 1599.16

A”. The observed density and caculated density is 0.8575 gcm™, 0.8421 gcm™
respectively. The lattice parameters were a=21.34 A°, b=9.97°, c= 8.75 A°, o= 70.125°, B=
107.5°, y = 81° and the crysta contains one atom per unit cel which satisfies the condition
arb+c, a#=p+y=90".
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Table -4: Indexed X -ray diffraction data of Mn(ll) complex of | igand

Peak 20 20 d d Miller Relative
No. | (observed | (calculate | (observed) | (calculate | indices of | intensitie
) d) d) Planes S
h |k |1 (%)
1 10.624 10.743 8.32067 8.22840 | -1 0 1 100
2 12.024 12.009 7.35465 7.36358 -1 1 1 26
3 13.028 13.159 6.78992 6.72264 1 1 1 12
4 14.015 14.004 6.31405 6.31875 1 0 1 11
5 15.212 15.212 5.81987 5.81958 2 1 0] 9.82
6 15.833 15.807 559294 5.60201 2 1 1 295
7 17.468 17.462 5.07294 5.07446 41 0 1 8.92
8 18.703 18.602 4.74046 476614 1 2 1 5
9 19.626 19.762 4.51960 4.48888 0] 2 0 8.9
10 20.751 20.627 427710 4.30261 2 1 2 458
11 21.895 21.788 4.05611 4.07579 -3 1 2 10.87
12 22.639 22,712 3.92442 3.91207 5| -1 1 11.67
13 23.600 23.623 3.76677 3.76326 0] 2 2 5.8
14 24.166 24153 3.67983 3.68479 2 2 2 14.3
15 24.710 24.672 3.60008 3.60545 1 2 2 20.87
16 25.582 25.560 3.47923 348226 | 5| 2 0 10.2
17 28.451 28.495 3.13466 3.12991 3 1 2 5.37

Unit cell data and crystal lattice parameters

a (A0) = 21.345

b (AD) = 9.97
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Volume (V) = 1599.16 Ar>

Density (obs.) = 0.8575 gcm'3
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c (AD) = 8.75 Density (cal.) = 0.8421 gcm 3
0 = 70.1250 Zz=1
0 = 107.50 Crystal system= Triclinic
0= 810 Space group = P2/m
6000 —:
5000 —:
o 3
€ 4000 =
> .
3
I=
—

3000 =]

2000

0 L

2-Theta - Scale

Fig X-ray diffractogram of Mn(ll) complex of ligand

Biologcal activity of the compound:

In vitro antibacterid activity of the compounds:

The attimicrobial adivity of the ligand andthe complex was teded againgd the gandard
microbial drains, Escherishia ooli, Salmonella typhi, saphylococaus aurus, Bacillus

substilis by agar cup method a fixed concentration of 1% in DMSO. Theted wasperformed on
nutrient agar Cup of 10 mm diameter was borered in the agar plate with erile cork borer.
All solutions were prepared in DM SO(1%) was add on cup, One cup for DM SO as blank
and other for standard reference penicillium was aso placed on the seeded nutrient agar.
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Then theplates were shifted to incubator at 37°c and incubated for 24 hours. Activity

measured in diameter (mm). Theresults obtained are presented in (T able 5)

Inspection of the datareveded that complex and ligand | ack the activity towardsthe Gram-

negative bacteria E. coli and S typhi. On the other hand, ligand and complex shows activity

against Gram-positive bacteria S aureus and B. substilius. Activity of M n(l1) complex show
highest antibacterid activity.

Table5: Report for antibacterial testing.

Medium - Nutrient Agar Method- Agar cup method
Dose of compound - 1% cup size- 10mm
compound Escherishia Salmondla Stapyl ococcus Badcillus
coli typhi aureus subtilis
Ligand(L) - - 13 Ve
(MnL;) - - 24 12
-ve control . - - -
(DMSO)

Legends: -ve = No Antibacterial Activity

Zone of inhibition = --- mm

In vitro antifungal activity of the compounds

Compounds were screened in vitro againg Aspergillus niger, Penicilium chrysogenum, fusarium
moneliforme , Aspergillus flaws, by poison plae mehod with potao dextrose agar media. the
compound weretested at the 1% concentration in DM SO and compared with control.

Gresiofulvin was prepared as standard reference plate. The fungal suspension was spat

inoculated on the plates pregpared using compound with nicrome wire loop. The plates were
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incubated a room temperature for 48 hours. The result obtained are presented in Table 6. The
ligand does not show antifungd activity but M n(ll) conplex show appreciable activity.

Antifungd activity of complexincreased several times on being coordinated with meta ions.

Table6: Report for antifungd testing.

Antifungal growth
Ligand Aspergillus | Aspergillus Fusarium Penicillium
niger flavus moniliforme chrysogenum
1% 1% 1% 1%
L +ve +ve +ve +ve
(MnL») ve ve ve ve
+ve control +ve +ve +ve +ve
(DMSO0)
-ve control -ve -ve -ve -ve
(Griseofulvin)

Legendss  +ve Growth -(Antifungd Activity absent)

-ve - Nogrowth (More than 90 % reduction ingrowth Antifungd activity present)

Conclusion:

In the light of above discussion we have prgposed octahedra geometry for Mn(I1) complex.
On the basis of physicochemicd and spectrd data discussed above, one can assume that the
ligand behaves as, ONN tridentate, coordinating via quinolone carbony|, azomethine nitrogen
and nitrogen of benzothiazole ring in complex. The mass spectra of ligand is in great
accordance with caculated and observed vaue . Thermogravimeric studies reveaded that
complex isrigd and stable. The XRD study suggests triclinic latticetypefor M n(11) complex.
TheM n(Il) complex was biolog ca ly active having greater activity compared to freeligand.
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