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ABSTRACT

Schiff bases are excellent biological active compounds due to the presence of N, O, or S as heteroatoms
prepared by the condensation reaction of carbonyl compounds (aldehyde or ketone) with a primary amine. Isatin
Schiff bases found to possess several biological as well as pharmacological activities.!> Our present work
reports synthesis and characterization of Isatin-3-phenylhydrazone (IPH) and its metal complex [CrL2Clz].
Various techniques include physiochemical Analysis, elemental Analysis, magnetic moment measurement,
spectral techniques (FTIR, UV-Vis, 'H-NMR), etc., have been employed to characterize both ligand and
complex. Since Isatin-3-phenylhydrazone Schiff base has already been reported to show antimicrobial activity*
against various bacteria such as S. aureus, B. subtilus, Enterococcus D, E. coli, P. vulgaris etc., hence, both
synthesized ligand and complex are evaluated for antibacterial and antifungal activity against particular bacterial
and fungal strains and results obtained were compared with the standards. Further, we are concerned with the
ligand's pharmacological action and its metal complex with enhanced efficiency and minimal side effects.
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INTRODUCTION
Isatin is among the most important heterocyclic compound. Isatin and its derivatives attracted more
attention in the medical field due to their strong efficiency in biological and pharmacological areas.
Isatin ring, as a significant pharmacophore in drug discovery, has already been reported.” Schiff and
Mannich bases of isatin are also previously reported to show a wide range of biological and
therapeutic properties.® Isatin derivatives exhibit various biological activities like antimicrobial”®,
antiviral’, antitumor'®, anti-HIV'!, antitubercular'?, anti—inﬂamrnatory”, anticonvulsant'* etc. Among
all isatin derivatives, Isatin-3-phenylhydrazone Schiff base is an excellent chelating agent due to their
ease of synthesis, flexibility for synthesis and characteristic effect of -C=N (azomethine) moiety, the
ability to form chelates with various metal ions and also can attune the ligation aspects by varying
denticity and basicity. All the above studies and reviews prompt us to synthesize isatin derivative i.e.,
Isatin-3-phenylhydrazone employing a method different from the reported method. Further, the ligand
is used for complexation with chromium salt. Later, all prepared compounds are biologically screened
against certain microbes.
EXPERIMENTAL

Materials and Instrumentation

All the reagents, solvents, and chemicals utilized were of A.R. grade with the highest purity. Isatin,
phenylhydrazine hydrochloride, and metal salt (CrCl;.6H,O) used were purchased from Sigma
Aldrich. Melting points of synthesized ligand and complex determined in open capillaries and were
reported unrectified. Elemental Analysis of Carbon, Hydrogen, Nitrogen, and Chlorine was done by
the CHNX method. Chromium was estimated by the EDTA method. Molecular weights were
determined by the RAST method. FTIR spectra of ligand and complex recorded on Model
PerkinElmer FT-IR Spectrometer employing KBr pellets. Electronic absorption spectra were recorded
in ethanol engaging Perkin Elmer Lambda UV 750 UV/VIS Spectrometer in the range of 200-700 nm
wavelengths. Nuclear magnetic resonance (‘HNMR) spectra were taken in DMSO solution with a Jeol
Resonance ECS-400 Spectrometer at 400 MHz. Gouy Balance model no: HO-ED-EM-08 was used
for magnetic moment measurements. For calculation of molar conductance of complex, Systronics
Direct Reading Conductivity Meter-304 was employed having glass cell (cell constant=1.0 cm™) in
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DMSO. The purity of synthesized compounds was tested by TLC on aluminum Silica Gel-G plates,
using suitable developing solvent and visualized in UV-chamber.

Methodology

Our present work reports the synthesis of Isatin-3-phenylhydrazone (IPH) and later complexation with
Cr(IlI) metal salt. All the solutions employed were prepared in purified ethanol except metal salt
solution prepared in double-distilled water. Equimolar solutions were prepared as Solution A;
ethanolic solution of Isatin (0.147g, 10mmol), Solution B; ethanolic solution of phenylhydrazine
hydrochloride (0.144g, 10mmol).

Synthesis of Schiff Base Ligand L (IPH)

SmL of solution A was added to SmL of solution B with constant stirring with a condensing agent and
3-4 drops of glacial acetic acid. This reaction mixture was continuously stirred for about 20 minutes.
No precipitate is seen, after that, the content of this reaction mixture was allowed to pour in a 250mL
Round Bottomed flask and was refluxed at constant temperature (55°C). After 10-15 minutes, the
yellow-colored compound started to deposit on the flask's inner wall. This reaction mixture was
refluxed until the mixture's color changed from reddish yellow to light yellow (approx. 4.30 hours).
The mixture cooled and kept overnight at room temperature, after, a yellow-colored solid product
appeared, further recrystallized using ethanol, and thoroughly dried in airtight desiccators. Yellow-
colored crystals were obtained with an 85.4 % yield. Plausible reaction scheme for Schiff base ligand
L (IPH) (Scheme-1).

Synthesis of Schiff Base Metal Complex [ML,Cl]

The conventional standard procedure was adopted here, SmL of above-prepared ligand (IPH) (0.474g,
20mmol) and SmL of an aqueous solution of CrCls.6H,O (0.266g, 10mmol) were mixed with constant
stirring. No precipitate was observed, then the reaction mixture refluxed at 55°C for about 3.30 hours.
After accomplishment of reaction which was monitored by TLC, the solid product obtained was
filtered, washed, recrystallized, and dried adequately in a desiccator. Deep brown colored crystals
were obtained with a 75.6% vyield. Proposed reaction scheme for Schiff based metal complex

(ML,Cl,) (Scheme-2)
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Scheme-1: Proposed Synthesis of Ligand

Antimicrobial Study

For antimicrobial activity in vitro, both ligand and complex were investigated against various
bacterial and fungal strains to determine the growth-inhibiting potential employing the Cup-Plate
method."® To evaluate above, one Gram (+ive) bacterium, i.e., S. aureus (MTCC-96), one Gram (-ive)
bacterium, i.e., P.mirabilis (MTCC-425), and one fungal pathogen, i.e., C. albicans (MTCC-227)
were selected. For evaluating antibacterial potential, Nutrient agar was used, whereas, for antifungal
study, Malt Yeast agar was employed as culture media. For antibacterial and antifungal studies,
Norfloxacin and Clortrimazole were selected as standard drugs, respectively. Also, sterilization of
Petri dishes, other glassware, and culture media was done by autoclaving. For performing an
antibacterial evaluation, the incubation period was kept 48 hours at 37+ 2° C. In contrast, for
antifungal assessment, the incubation period was kept 72 hours at 25+2° C. Test solution of
synthesized compounds (100pg/mL, 50ug/mL) were made with definite concentration by dissolving
in DMF. Lastly, a measurement of the inhibition zone was made, and the diameters in mm were
calculated after incubation.
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Scheme-2: Proposed Synthesis of Schiff Based Metal Complex [ML2Clz]

RESULTS AND DISCUSSION

Physiochemical Analysis of ligand and the complex were compared and tabulated in Table-1. Both
ligand and complex are colored, soluble in methanol, ethanol, chloroform, DMSO and DMF. As
shown (Table-1), Elemental Analysis reveals that observed data are in satisfactory agreement with
calculated data. Molecular weights obtained supports the monomeric nature of the complex.
Magnetic moment (Jler) measurement for CrL,Cl, was obtained ~3.88 BM expected for three unpaired
electrons and the metal ion is paramagnetic. Molar conductivity measured for the complex was
~12.64 ohm™ cm? mol™, suggesting non-electrolytic behavior (Table-1). Stoichiometry revealed a 1:2
metal-ligand ratio in the synthesized complex.

Table-1: Physicochemical and Elemental Analysis of Synthesized Compounds

Compound Molecular % Elemental Analysis Found (Cal.) Molar Hefr
(Ligand/Co Colour/ Weight Cond. | (BM)
mplex) M.P. Found (ohm™ | Appr.
Etlx)lpirical (Cal.) C H N 0 Cl G| e
Formula mol ")

appr.
L(IPH) Yellow 237.30 70.98 4.72 17.74 6.78 - - - -
CiuHiN3O | 200.5°C | (237.26) | (70.87) | (4.67) | (17.71) | (6.74)
Metal Deep 596.31 56.52 3.37 14.11 5.30 11.72 8.60 12.64 3.88
Complex Brown (596.40) | (56.39) | (3.54) (14.09) | (5.36) | (11.89) | (8.72)
[CrL.Cly] 210.4 °C
CasH21N6O;
ClLCr

Spectral Characterization

FTIR spectra of synthesized compounds recorded (range of 4000-400 cm™) provide interesting
information displaying the nature of azomethine (C=N) linkage attached to the metal ion. The Schiff
base metal complex exhibited a significant absorption band at 1615 cm™ compared to 1622 cm™ in the
free ligand. The shift of v(C=N) to a comparatively lower frequency in the metal-ligand complex
supports coordination of azomethine-N atom of these ligands to the central metal atom. Broadband
appears at 3438 cm™ and 3431 cm™ in ligand and complex, respectively, that can be assigned for the
N-H group. In the metal-ligand complex, the absorption band for C=C was observed at 1456 cm’
(str.) with a sharp peak shifted towards lower frequency compared to that of a free ligand that appears
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at 1572 cm™. Some weaker bands also appear at 2929 cm™ and 2922 cm™ in FTIR spectra of ligand
and complex, respectively, due to v(C-H) bond. Furthermore, absorption bands at 767, 732 and 453
cm™ correspond to Cr-Cl, Cr-O and Cr-N, respectively. An extra peak in complex appears at 3219 cm’
! which is supposedly due to the presence of v(O-H) of enol form of ligand. (Table-2) (Fig.-1). The
ligand's U.V./Vis spectrum exhibits two strong bands at 295 nm for n-m* transition and 375 nm for the
n-m* transition. Above absorption bands show bathochromic shift for metal complex and the spectra
show intense m-m* transition band at 300 nm whereas weak n-m* transition band at 405 nm. These data
support the bonding of ligand with a metal ion. (Table-3) (Fig.-2). '"HNMR spectra of the synthesized
compounds recorded in DMSO solvent and chemical shift expressed in & values (ppm) downfield to
TMS. The NMR spectra show a single peak at § 10.2 ppm for N(3)-H in the complex. This supports
amido-iminol tautomerism and defines the bonding of oxygen anion (deprotonated form) to the metal
ion. Tautomerism could also be confirmed by the disappearance of a signal in the range of 6 9.62-9.84
ppm that should appear due to the N(1)-H proton of the indole ring. The protons of both benzene rings
give multiplets in a range of § 6.84-7.49 ppm(Table-4) (Fig.-3).

Table-2: Selected FTIR Spectral Data v (cm™!) of Synthesized Ligand and Complex

Compound | v(N-H) | v(C=N) v vIM-N) | v(M-0) | v(M-Cl])
(C=C)

L(IPH) 3438 1622 1572 - - -

CrL2Ch 3431 1615 1456 453 732 767

Table-3: U.V. Spectral Bands (nm) of Ligand and Complex

Compound T-T* n-mx
L(IPH) 295 375
CrLoCla 300 400

Table-4: Important 'HNMR Spectral Data & (ppm) of Complex
Compound N@B3)-H Ar-H
CrL2Clz 10.2 6.84-7.49
(multiplet)
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Fig.-1: FTIR Spectra of Ligand and Complex
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Fig.-2: U.V. Spectrum of Ligand and Metal Complex
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Fig.-3: 'THNMR Spectrum of Complex 7 o
Biological screening performed reveals that ligand can inhibit S.aureus and P.mirabilis's growth to a
comparable extent but the less inhibiting potential for C.albicans. However, after coordination to the

metal ion, the growth-inhibiting potential increases remarkably in almost all cases compared to
standard (Table-5).

Table-5: Antimicrobial Activity of Test Compounds

Test Compounds Conc. Zone of Inhibition (mm)
(ng/mL) Antibacterial Activity Antifungal Activity
S.aureus P.mirabilis C.albicans
L(IPH) 100 31 28 21
50 19 19 15
CrL2Cl 100 38 39 29
50 22 24 18
Norfloxacin 50 18 19 NT
Clortrimazole 50 NT NT 16

N.T. - Not Tested
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CONCLUSION
Based on all analytical evidence, an octahedral geometry is being predicted for the above-synthesized
complex. The complex is presumed to be non-electrolyte, and the metal ion is paramagnetic. In FTIR
spectra of complex, shifting of C=N towards lower wave number confirms coordination of C=N
moiety to the metal ion. Ligand is supposed to exist both in lactam and enol form in different
proportions in the solution state, but the lactam form is more stable. The ligand may act as neutral or
monoionic bidentate depending upon its tautomeric form involved in complexation. Mononuclear
complex formation is accompanied by coordination of metal to ligand existing in two tautomeric
forms showing amido-iminol tautomerism. Antimicrobial studies conclude ligand exhibiting
remarkable antibacterial activity against selected bacterial strains and moderate antifungal activity
against the fungal pathogen compared to standard but enhanced activity after complexation. It can be
suggested by penetrating effect of test compound that may act either by killing the microbe or by
blocking their active sites. Further, we are interested in recognizing pharmacophores responsible for
the efficiency of any drug and developing more derivatives of isatin moiety that may enhance
efficiency with minimum side effects in biological systems.
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