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 The ability of thiazole derivatives to alter the activity of numerous metabolic enzymes 
suggests that they have promising therapeutic applications. Their antimicrobial, antifungal, 
anti-inflammatory, antioxidant, and antiproliferative properties were also established. The 
Schiff base, which was formed by combining 2, 4-dihydrxy benzaldehyde with phenyl thiazole 
amine, was studied using UV, FTIR, 1H, and 13C-NMR. The significant absorption (283 nm) 
and vibrational peaks at 1625 cm-1 were observed for the imine group. The compound was 
confirmed by the presence of a free proton and carbon peak following the aromatic peaks. The 
derivative underwent theoretical and biological evaluations, such as antibacterial, inhibition 
of alpha amylase, and DPPH scavenging assays. Using an online server, QSAR parameters were 
predicted for the synthesised molecule and compared with drug likeness using Lipinski five rules. 
The experimental results are compared with theoretical DFT and docking outcomes. The DFT 
results revealed the compound's reactivity and decreased hardness feature. Docking interaction 
score ranges from -5.2 to -11.2 kcal/mol. The antimicrobial activity against the pathogens 
Acinetobacter baumannii, Methicillin-resistant Staphylococcus aureus, and Staphylococcus 
aureus was observed between 12 and 15 mm inhibition zone with the minimum inhibition 
concentration maximum of 150±0.28 µg/mL. Likely, antidiabetic and antioxidant outcomes 
showed the effective concentration from 428.73±0.32 to 590.36± 0.34 µg/mL. There was excellent 
agreement with theoretical QSAR and docking values in the prepared Schiff base.
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	 The	field	 of	medicinal	 chemistry	 relies	
heavily	 on	 the	 design	 and	 synthesis	 of	 organic	
molecules	 for	 therapeutic	 use.	The	 therapeutic	
efficacy	 is	 enhanced	 by	 modifying	 organic	
compounds	with	active	functional	groups,	including	

metals1.	 There	 are	 increasing	 opportunities	 to	
research	Schiff	base	compounds	and	 their	metal	
complexes	 thanks	 to	 the	 expanding	 field	 of	
medicinal	 inorganic	 chemistry.	There	have	been	
many	advances	in	the	biological	utility	of	Schiff	
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base	 (SB)	 compounds	 since	 their	 discovery	
in	 18642.	 They	 are	 crucial	 for	 creating	 new	
materials	 in	 the	fields	 of	 electricity,	mechanics,	
and	 biology3.	They	have	 encouraged	 interest	 in	
generating	new	physiologically	relevant	chemicals.	
Likely,	heterocyclic	compounds	make	up	around	
60%	 of	 all	 known	 substances4.	 Due	 to	 a	 lack	
of	 functionalized	 heterocyclic	 building	 blocks,	
synthesizing	structurally	varied	pharmacological	
libraries	is	difficult.	Schiff	bases	are	the	end	product	
of	condensation	between	active	carbonyl	groups	and	
primary	amines	with	azomethine	groups	(-C=N-),	
which	have	been	shown	to	have	a	wide	range	of	
beneficial	effects,	including	those	against	bacteria,	
fungi,	cancer,	free	radicals,	malaria,	inflammation,	
viruses,	 and	 cell	 proliferation5.	 Because	 of	
imine’s	ability	to	form	complex	compounds	with	
metal	ions	at	the	active	site	of	several	metabolic	
enzymes,	Schiff	bases	are	pharmacophores6.	The	
hypothesis	 also	 suggests	 that	 the	 nitrogen	 atom	
(-C=N-)	in	imines	forms	hydrogen	bonds	with	the	
active	centers	of	cell	component	proteins,	thereby	
impeding	 cellular	 functions.	To	 combat	 germs,	
diabetes,	 cancer,	 inflammation,	 and	 viruses,	 the	
thiazole	moiety	 has	 become	 an	 indispensable	
pharmacophore	in	the	field	of	drug	discovery	and	
development.	 Schiff	 base	 compounds	 based	 on	
thiazoles	 are	 believed	 to	 bind	 to	 the	 reversible	
oxygen	redox	system	that	results	from	biological	
reactions,	inactivate	many	cellular	enzymes,	and	
donate	hydrogen	to	free	radicals;	however,	there	is	
no	proof	that	these	compounds	are	antioxidants	or	
antibacterial.	Crucially,	they	may	be	able	to	explain	
their	antibacterial	activity	by	blocking	processes	
involved	 in	 the	 generation	 of	 aminoacyl-tRNA.	
The	field	 of	medicinal	 chemistry	 relies	 heavily	
on	 natural	 compounds	 (such	Epothilones)	 that	
contain	 thiazole	 derivatives7.	A	 few	 examples	
of	 these	molecules	 are	TMC435350,	 a	 clinical	
candidate	 for	antiviral	medicine,	 and	MB06322,	
a	medicine	 candidate	 for	 diabetes.	Furthermore,	
thiazole	compounds	have	demonstrated	efficacy	in	
the	management	of	bacterial	infections,	allergies,	
and	 other	 similar	 conditions8,	 9.	 Fanetaizole,	 a	
2-aminothazole	 derivative,	 is	 anti-inflammatory	
and	 a	 pioneering	 broad-spectrum	 antibiotic.	A	
tetrahydrothiazole	 is	 a	 structural	 component	
of	 both	 penicillin	 and	 fanetaizole.	Molecular	
structures	 containing	 nitrogen,	 oxygen,	 and	
sulfur	 as	 donor	 atoms	 exhibited	 a	 diverse	 array	

of	biological	activities.	Drug	design	also	heavily	
relies	on	theoretical	computational	techniques	and	
software10-12.	
	 Advances	 in	 genomics	 have	 allowed	
researchers	to	pick	a	large	number	of	target	proteins	
based	 on	 their	 therapeutic	 potential,	 thanks	 to	
thorough	structure-determination.	The	significant	
biological	 activity	 or	 the	 prediction	 of	 structure	
alterations	 that	 lead	 to	 improved	 potency	 is	
caused	by	the	discovery	of	a	molecular	nature	and	
structural	properties.	Docking	approaches	factor	in	
the	prediction	or	computation	of	ligand	structure	
and	orientation	with	respect	to	the	target’s	active	
site.	Nowadays,	QSAR	and	docking	software	are	
reducing	the	time	and	chemical	waste	in	research.	
Using	the	reports,	our	study	synthesized	the	Schiff	
base	from	phenyl	thiazole	amine	and	two	hydroxyl	
group	 substituted	benzaldehyde.	UV,	FTIR,	 and	
NMR	spectroscopies	were	performed	to	learn	more	
to	confirm	the	structure.	The	prepared	substance	
was	carried	for	biological	testing	and	theoretical	
study.

Materials and Methods

	 All	chemicals	were	received	from	sigma	
Aldrich,	India	and	used	as	such	for	synthesis.	UV	
spectrum	recorded	using	UV-Vis	2600,	Shimadzu	
in	ethanol.	FTIR-vibrational	spectra	recorded	for	
the	KBr	pellet	of	the	sample	in	Shimadzu	IR	affinity	
IS.	Both	1H	and	13C	NMR	spectra	were	recorded	in	
Bruker	500	MHz	using	DMSO-d6	solvent.	QSAR	
properties	were	 obtained	 from	molsoft	 online	
server	 for	 the	 submitted	 structure.	This	 research	
conducted	 the	 theoretical	DFT	calculation	using	
Gaussian-09	software.	Additionally,	MOE	docking	
software	was	 used	 to	 investigate	 the	molecule’s	
putative	binding	capability	against	1XCW	(Human	
Pancreatic	 alpha-Amylase)	 and	 3K0K	 (Breast	
cancer	 type	 1	 susceptibility	 protein).	 Sigma-
Aldrich,	 India	 supplied	 the	 chemicals	 utilized	
in	 the	 biological	 research,	 and	 they	were	 not	
further	purified	before	use.	Bacteria	can	acquire	
antibiotic	 resistance	 through	morphological	 and	
biochemical	 changes;	 this	 was	 demonstrated	
when	the	Schiff	base	was	tested	for	its	inhibitory	
character	 on	 the	 growth	 of	 selected	 bacteria,	
including	A.b; Acinetobacter baumannii, MRSA; 
Methicillin-resistant Staphylococcus aureus, 
and SA; Staphylococcus aureus.	The	 agar	well	
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diffusion	method	was	used	to	conduct	antimicrobial	
sensitivity	testing	on	Mueller-Hinton	agar	(MHA-
Hi	medium	Mumbai).	The	results	were	interpreted	
based	on	 the	Clinical	 and	Laboratory	Standards	
Institute	standard	tables.
Preparation of 4-(((4-phenylthiazol-2-yl) imino) 
methyl) benzene-1, 3-diol (PtadohsB)
	 The	 2-amino-4-phenylthiazole	 crystals	
were	 produced	 and	 brought	 to	 the	 Schiff	 base	
preparation	 in	 accordance	 with	 the	methods	
described	in	the	literature	[13].	In	a	250	mL	round-
bottom	flask,	a	solution	containing	acetophenone	
(0.1	mol),	 and	 0.2	mol	 of	 thiourea,	was	 treated	
with	 0.25	mol	 of	 iodine	 for	 the	 target	molecule	
preparation.	The	 solution	was	 heated	 to	 50oC	
for	 a	 30	min	 in	 a	water	 bath.	The	 reaction	was	
then	 left	 to	 proceed	 under	 reflux	 conditions	 for	
7	 h	 after	 adding	 30	mL	of	methanol	 to	 prevent	
solidification.	Subsequently,	50	mL	of	water	was	
gradually	 added	while	 stirring	until	 the	 solution	
became	 clear.	 In	 a	 gentle	 heating	 environment,	
the	 solution	was	 treated	with	 0.2	 g	 of	 charcoal	
and	 then	 filtered	 through	 cellite	 powder.	Then,	
the	mixture	was	 treated	with	 100	mL	 of	 ethyl	
acetate	when	 the	 filtrate	 had	 cooled.	 Followed	
by	 the	 cooling,	 the	 solution	 was	 neutralized	
using	ammonium	hydroxide	solution.	The	upper	
organic	 layer	was	separated	and	cooled	 to	15	 to	
20oC.	The	 developed	white	 needles	 of	 thiazole	
amine	were	 filtered,	washed,	 and	 dried	 under	
vacuum	at	500C.	Results	from	the	verification	of	
the	melting	point	were	consistent	with	those	from	
earlier	measurements	[14].	The	obtained	crystals	
were	carried	for	Schiff	base	preparation.	0.1	mol	
of	2,	4	di-hydroxy	substituted	benzaldehyde	and	
0.1	mol	of	4-phenyl-2	aminothiazole	were	taken	
in	100	mL	methanol.	After	15	min	stirred	at	room	
temperature,	 the	 reaction	was	 continued	 for	 4	
hrs	at	reflux	condition.	The	reaction	was	tracked	
using	a	thin-layer	chromatography	(TLC)	method	
using	a	hexane:	ethyl	acetate	ratio	of	60:40.	After	
the	reaction	was	completed,	 the	crude	solid	was	
filtered	and	recrystallized	from	a	9:1	combination	
of	 ethanol	 and	water.	Then,	 it	was	 dried	 under	
vacuum	after	being	vacuum	dried,	and	shown	in	
Figure.1.	
Characterization of PtadohsB
absorption study
	 The	 derived	 PTADOHSB	Schiff	 base	
was	 analyzed	 using	 absorption	 spectra.	 The	

crystals	were	dissolved	in	ethanol	and	absorption	
spectra	 recorded	 between	 200	 nm	 and	 450	 nm.	
The	obtained	 spectrum	was	used	 to	 confirm	 the	
aromatic	character	and	possible	excitations	of	the	
attached	functional	groups.		
Vibrational spectra
	 To	confirm	the	vibrational	modes	of	Schiff	
base,	 the	 vibrational	 spectrum	of	 the	 compound	
was	recorded	and	the	functional	group	change	was	
noticed	in	a	reaction.	The	main	IR	bands	and	their	
assignments	are	analyzed	for	structure.
nMr study
	 Number	of	protons	and	carbons	present	
in	 derived	 Schiff	 base	 PTADOHSB,	 both	 1H,	
and	 13C	NMR	 spectra	were	 recorded	 in	DMSO	
–d6 solvents.	The	 recorded	 spectra	 are	 used	 to	
confirm	the	formed	 imine	and	aromatic	protons.	
(PTADOHSB):	Anal.Calc.	 for	C16 H12	N2	O2 S,	
1H-NMR	(500	MHz,	DMSO-d6)	ä	12.03	(s,	1H),	
10.28	(s,	1H),	8.85	(s,	1H),	7.99	–	7.94	(m,	2H),	
7.49	–	7.40	(m,	4H),	7.19	(s,	1H),	6.55	(d,	J	=	2.3	
Hz,	1H),	6.52	(dd,	J	=	8.6,	2.3	Hz,	1H).	13C	NMR	
(125	MHz,	DMSO-d6)	ä	165.28,	164.94,	163.62,	
162.60,	151.17,	134.37,	133.24,	129.61,	128.10,	
126.93,	 114.22,	 110.62,	 108.63,	 104.23,	 100.10,	
99.58
Quantitative structure activity relationship 
(QSAR) studies and descriptors profiling
	 Using	the	described	molecule,	we	ran	a	
QSAR	calculation	on	the	molsoft	server,	an	offline	
Gaussian-09,	 and	 a	DFT	calculation	 on	Spartan	
14.	The	2D	structure	of	PTADOHSB	was	drawn	
in	 Chemsketch-2020	 and	 converted	 to	 smiles	
notation.	The	notation	was	copied	and	submitted	
to	molsoft	server	and	predicted	the	Lipinski	rules	
of	 five	 related	 parameters.	Then,	 the	molecular	
structure	 has	 been	 drawn	 in	 both	Gaussian-09	
and	 Spartan	 14	 to	 calculate	 the	 electrostatic	
potential	map,	HOMO,	and	LUMO	respectively.	
Using	 HOMO	 and	 LUMO	 values,	 this	 work	
calculated	the	structure	related	parameters	such	as	
chemical	potential	(ì),	hardness	(ç),	softness	(S),	
electronegativity	(÷),	and	global	electrophilic	index	
(ù)	as	per	the	reports15,	16.	
Docking Studies
	 Using	the	mcule	online	server	and	MOE	
2015.10	docking	software,	the	study	examined	the	
binding	capabilities	of	the	generated	compounds	
against	target	proteins	such	as	1XCX	(X:	5.2248,	
Y:	16.4898,	Z:	41.577)	and	3K0K	(X:	-23.4849,	
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Y:	 56.5041,	 Z:	 2.4167).	 Initially,	 the	 Schiff	
base	 structure	was	 drawn	 in	mcule	 server	 and	
docking	scores	were	recorded.	The	best	pose	was	
downloaded	and	was	subjected	along	with	target	
proteins	in	MOE	software	and	docked	using	default	
settings.	After	the	docking	calculations,	the	binding	
affinity	 against	 the	 proteins	was	 analyzed,	 and	
the	2D	interactions	of	the	derived	structure	were	
calculated17.	Molecular	 docking	 is	 an	 intriguing	
method	for	researching	compound-disease-causing	
protein	interactions	to	create	novel	drugs.	Binding	
sites	 that	allow	multiple	 ligand	binding	may	aid	
medication	design.
antibacterial activity
	 The	agar	well	diffusion	method	was	used	
to	 evaluate	 the	 antibacterial	 activity18–20.	Using	
bacterial	strains	according	to	the	stated	procedure,	
the	antimicrobial	determination	was	carried	out21.	
The	 antibacterial	 activity	 of	 PTADOHSB	was	
evaluated	using	the	agar	well	diffusion	technique	
in	a	Mueller-Hinton	agar	medium.	To	inoculate	the	
agar	plate,	a	certain	amount	of	microbial	inoculum	
is	spread	out	across	the	whole	surface	of	the	agar.	
Afterwards,	using	a	sterile	cork-borer	or	a	tip,	8	
mm	diameter	hole	is	aseptically	punched.	Next,	250	
µg/mL	of	the	test	sample	was	placed	twice	in	the	
same	plate	along	with	the	Gentamicin	standard	and	
DMSO	placed	as	a	negative	control.	After	that,	the	
test	microbe	dictates	the	parameters	that	the	agar	
plates	are	cultured	in.	By	dispersing	throughout	the	
agar	media,	the	antimicrobial	ingredient	impedes	
the	 development	 of	 the	 tested	microbial	 strain.	
Also,	 this	work	 tested	 the	minimum	 inhibition	
concentration	by	micro-dilution	method.	
anti-diabetic activity
	 The	modified	test	was	used	to	determine	
the	likelihood	that	the	produced	molecule	would	
inhibit	 á-amylase22-24.	 0.5	mg/mL	 of	 porcine	
pancreatic	á-amylase	was	added	to	40	ìL	of	sample	
and	 40	 ìL	 of	 0.02	M	 sodium	phosphate	 buffer	
(pH.9	with	0.006	M	sodium	chloride)	before	being	
incubated	 at	 25	 °C	 for	 10	min.	Every	 tube	was	
supplemented	with	40	ìL	of	a	1%	starch	solution	
in	 a	 0.02	M	 sodium	 phosphate	 buffer	 (pH=9	
with	0.006	M	NaCl)	at	5-second	intervals	during	
pre-incubation.	The	subsequent	10	minutes	were	
spent	 incubating	 the	 reaction	mixture	 at	 25°C.	
An	amount	of	100	 ìL	of	 the	color	 reagent	made	
of	 dinitrosalicylic	 acid	was	 utilized	 to	 stop	 the	
reaction.	Following	that,	the	tubes	were	subjected	

to	a	water	bath	heating	process	until	they	reached	
a	 temperature	 5	min	 above	boiling.	Afterwards,	
they	were	set	aside	to	cool	to	room	temperature.	
After	diluting	the	reaction	mixture	with	900	ìL	of	
distilled	water,	the	absorbance	was	measured	at	540	
nm.	Acarbose	was	used	as	a	reference	medicine.	
In	order	to	determine	the	percentage	of	inhibition,	
the	experiments	were	repeated	three	times	using	
the	following	equation	eqn	(1).	
Inhibition	(%)	=	100	×	(control	abs	–sample	abs)/	
(control	abs)……..	(eqn.1)
	 Where	Abs	 =	 absorption.	The	 results	
were	expressed	in	terms	of	IC50	representing	the	
concentration	of	test	extracts	required	to	cause	the	
enzyme	inhibition	by	50%.
statistical analysis
	 All	 values	were	 expressed	mean	±	SD.	
Statistical	difference	and	linear	regression	analysis	
were	performed	using	Graphpad	prism	5	statistical	
software.
antioxidant assay
	 The	derived	thiazole	compound	capacity	
to	scavenge	DPPH	free	radicals	was	established	by	
referring	to	the	protocols	that	have	been	previously	
documented25-27.	This	work	incubated	the	reaction	
mixture	 at	 room	 temperature	 for	 60	minutes	 in	
the	 dark	with	 varying	 doses	 of	 100,	 200,	 400,	
800,	 and	 1600	 ìg/mL	 of	 PTADOHSB	 and	 100	
µL	of	DPPH	methanolic	solution.	At	ë	=	517	nm,	
the	absorbance	of	 the	post-reaction	mixture	was	
measured.	With	gallic	acid	serving	as	a	positive	
control,	 the	 experiment	was	 repeated	 triplicated	
times.	The	 relative	 absorbance	 of	 the	 control	
was	used	to	calculate	the	decrease	of	DPPH.	The	
following	equation	(2)	was	used	to	compute	radical	
scavenging	activity:
%	 radical	 assay	 =	 [(COD	 -	 SOD)/	 COD	 X100]	
………….eqn	(2)
	 The	 IC50	 value,	 which	 represents	 the	
concentration	of	the	test	solution	needed	to	inhibit	
DPPH	by	50%,	was	used	to	express	the	results.

results and disCussion

	 This	 section	 details	 the	 biological	
effectiveness,	molecular	 docking,	 theoretical	
QSAR,	characterization,	and	preparation	of	Schiff	
bases	 generated	 from	2-amino-4-phenylthiazole	
and	di	hydroxy	benzaldehyde.
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Fig.1. Structure	of	4-phenyl-2	amino	thiazole	Schiff	
base	PTADOHSB

Fig. 2.	a).	Absorption	spectrum	and	b).	FT-IR	vibrational	spectrum	of	PTADOHSB

spectral characterization
	 Structure	confirmation	was	achieved	by	
spectral	analysis	of	the	2-amino-4-phenylthiazole	
Schiff	 base.	Typical	 bands	observed	 in	 the	220-
290	 nm	 region	were	 those	 of	 the	PTADOHSB.	
Here,	the	Schiff	base	displayed	two	bands,	one	at	
219–230	nm	and	the	other	at	268–285	nm28.	The	
hydroxyl	and	imine	groups	found	in	Schiff	bases	
were	 responsible	 for	 these	 bands.	The	 electron	
transitions	for	the	ð’!ð*	of	the	aromatic	ring	caused	
the	produced	compound	to	exhibit	an	absorption	
band	at	228	nm,	while	the	imine	group	exhibited	
a	ð’!ð*	 transition	at	283	nm,	 respectively28.	The	
imine	group	caused	a	change	in	the	ëmax	of	the	
amine,	 as	 shown	 in	Figure	 2a	of	 the	 absorption	
spectra.	 Further,	 the	 compound	 vibrational	
spectrum	was	 recorded	 to	 confirm	 the	 starting	
material	carbonyl	functional	group	disappearance.	
From	the	spectrum,	the	azomethine	(-C=N-)	group	

was	most	likely	identified	by	a	prominent	band	at	
1630-1610	cm”1	in	the	compound’s	FT-IR	spectra.	
The	 thiazole	 ring’s	cyclic	 (-C=N-)	configuration	
was	implicated	in	the	1567	cm”1	band.	In	addition	
to	the	phenolic	C—O	section	band	at	1295	cm”1,	
there	was	also	a	medium	band	at	775	cm”1	that	was	
identified	as	the	thiazole	ring	carbon	and	sulphur	
bond	stretching	vibration.	A	band	at	2972	cm”1	was	
also	identified	as	the	presence	of	an	intramolecular	
hydrogen	bond	between	 the	phenolic	 group	 and	
the	imine-nitrogen	atom29.	It	was	shown	in	Figure	
2b	that	the	Schiff	base	did	not	have	any	2-amino	
4-phenyl	thiazole	amine	(-NH2	-	3433,	3250	strong	
peaks)	 peaks,	 according	 to	 the	 infrared	 spectra	
plotted	 from	origin30.	The	wide	peaks	were	also	
observed	in	the	3000	-	3500	cm-1	range.	
	 After	the	basic	spectral	characterisation,	
the	proton	and	carbon	structural	atmosphere	was	
analysed	by	NMR.	At	 room	temperature,	 the	 1H 
and	 13C	NMR	spectra	 of	 the	PTADOHSB	were	
performed	using	DMSO-d6	as	the	solvent.	

1H	NMR	
spectrum	of	the	Schiff	base	(Figure.3)	revealed	a	
single	peak	at	ä	9-12	ppm	which	was	ascribed	to	the	
hydroxyl	group	linked	to	the	benzene	ring,	while	
several	peaks	at	ä	7.80-6.93	ppm	were	caused	by	
aromatic	protons.	
	 The	 azomethine	 proton	 (-CH=N-)	 also	
showed	a	singlet	peak	at	ä	7.6	-	8.8	ppm.	There	
was	a	near-perfect	agreement	between	the	stated	
NMR	values	and	the	proton	NMR	chemical	shifts.	
The	 compound 13C	NMR	 (Figure.4)	 spectrum	
showed	the	signal	peak	at	159-168	ppm	which	was	
attributed	to	the	carbon	atoms	linked	to	the	hydroxyl	
group.	Because	of	their	similarly-shaped	adjacent	
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Fig. 4. 13C-NMR	spectrum	of	PTADOHSB

Fig. 3. 1H-NMR	spectrum	of	PTADOHSB

atoms,	 a	 small	 number	 of	 carbons	 displayed	 a	
single	peak.	The	peak	was	seen	between	154	ppm	
and	159	ppm	for	the	significant	azomethine	group	
associated	carbon.	The	structure	of	the	compounds	
is	confirmed	by	 the	NMR	measurements,	which	
nearly	agreed	with	the	published	values31,	32.

	 Table	1	displays	the	results	of	calculated	
Lipinski	parameters	of	the	synthesized	Schiff	base	
using	 the	molsoft	web	 server	 (Figure.5a).	The	
molecule	was	 found	 to	meet	 the	 drug-likeness	
(-0.65)	 criteria	 and	 exhibit	 properties	 similar	 to	
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Fig. 5.	a).	Molsoft	drug	likeness	comparison	graph	of	PTADOHSB,	b).	Electrostatic	potential	map	(Spartan-14,	
DFT)	of	PTADOHSB	and	c).		HOMO-LUMO	energy	gap	of	PTADOHSB	using	Gaussian	-09

Fig. 6.	a).	Online	mcule	1click	docking	pose	of	PTADOHSB	against	1XCX,	and	b).	PTADOHSB		against	3K0K

commercially	available	medications,	as	shown	in	
the	 table.	A	graph	 showing	 the	drug’s	 similarity	
score	 relative	 to	 the	 standard	 toxic	 and	 drug	
compounds,	 along	with	 the	 percentage	 of	 the	
dataset33.	This	method	can	be	used	 to	determine	
the	polar	surface	area	of	the	electronegative	atoms	
that	have	been	substituted.	When	compared	with	

Kiranmayee	 (2024)	 physicochemical	 property	
report,	 our	 compound	 has	 one	 hydrogen	 bond	
acceptor	 higher	 than	Anastrozole34.	Also,	 our	
compound	 showed	 better	 drug-likeness	when	
compared	with	Anastrozole.	Simillarly,	this	work	
noticed	 that	 the	 reported	 compound	Quercetin	
exhibit	positive	drug	likeness	due	to	five	hydroxyl	
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Table 1.	Online	molsoft	server	and	offline	DFT	QSAR	properties	of	PTADOHSB

QSAR	properties	 Molsoft	 DFT	 DFT	parameters	 Values	in	eV

Mol.	formula	 C16H12N2O2S	 C16H12N2O2S	 HOMO	 -0.28
Mol.weight	(<500)	 296.06	 296.35	 LUMO	 -0.06
HBA*<10	 5	 5	 EHOMO+	ELUMO	 -0.34
HBD*<5	 2	 2	 E.negativity	(÷)	 0.17
LogP	(-0.4	to	5.6)	 4.33	 0.42	 Chem.potential	(ì)	 -0.17
LogS	(moles/L)	 -4.22	 —-	 ELUMO-	EHOMO	 0.22
PSA	(A2)	<140	ú2 52.31	 42.124	 G.Hardness	(ç)	 0.11
Vol(A3)	 261.43	 —-	 Softness	(S)	 4.52
MAX	EPOT	 —-	 314.97	 Electr.	index	(ù)	 0.13
MIN	EPOT	 —-	 -222.57	 Softness	(ó)	 9.04
Drug-	likeness	 -0.65	 —-	 —-	 —-
Blood	Brain	Barrier	(BBB)	 3.97	 —-	 —-	 —-

*HBA,	HBD-	no	fractions

Table 2.	Mcule	online	docking	scores	of	PTADOHSB

Protein	ID	 Ligand		 				Mcule	Docking	score	in	kcal/mol

1XCX	(Diabetic)	 PTADOHSB	 -7.6	 -7.2	 -6.9	 -6.7
1XCX	(Diabetic)	 Clopidogrel	(Drug)	 -7.1	 -6.7	 -6.7	 -6.5
3K0K	(cancer)	 PTADOHSB	 -6.1	 -5.6	 -5.5	 -5.2
3K0K	(cancer)	 Dabrafenib	(Drug)	 -7.6	 -7.3	 -7.1	 -6.8

groups.	Hence,	 hydroxy	 group	 has	 significant	
pharmacological	 activity.	 Further,	 this	 research	
conducted	the	DFT	calculation	to	support	the	online	
outcomes	and	with	theoretical	QSAR.	
	 Using	Gaussian	9,	this	research	calculated	
the	 PTADOHSB	HOMO-LUMO	 energy	 gap.	
Several	factors	pertaining	to	biological	efficiency	
were	 determined	 in	 terms	 of	 the	Hatrees	 unit	
from	the	energy	gaps	of	the	HOMO	and	LUMO,	
following	 the	 previously	 published	 formulas35.	

Table 3.	MOE	Docking	results	of	PTADOHSB	and	standard	drugs

PDB	 s	 rmsd	 E_conf	 E_place	 E_sc1	 E_ref	 E_sc2

1XCX+Comp	 -5.2	 3.9	 -0.1	 -74.3	 -11.1	 -21.4	 -5.2
	 -5.0	 7.6	 1.6	 -79.1	 -11.2	 -30.0	 -5.0
	 -5.0	 4.1	 -4.8	 -77.0	 -10.8	 -19.9	 -5.0
Clopidogrel	 -5.8	 11.16	 -178.3	 -75.09	 -9.9	 -34.5	 -5.8
3K0K+Comp	 -4.7	 7.4	 3.8	 -57.4	 -10.0	 -1.0	 -4.7
	 -4.5	 8.2	 -4.4	 -52.6	 -9.6	 -23.7	 -4.5
	 -4.4	 7.7	 -2.6	 -51.8	 -9.0	 -23.1	 -4.4
	 -4.4	 7.4	 -0.1	 -60.4	 -9.1	 -24.5	 -4.4
Dabrafenib	 -5.5	 6.634	 70.37	 -60.9	 -10.8	 -20.5	 -5.6

*An	RMSD	value	<2 Å

In	addition,	the	method	was	used	to	compute	the	
molecular	 hard	 and	 soft	 natures.	The	 hardness	
and	gap	were	both	reduced	in	PTADOHSB.	With	
two	 hydroxyl	 and	 one	 imine	 functional	 group,	
PTADOHSB	exhibited	a	very	pliable	quality.	The	
important	values	of	electron	affinity	are	represented	
by	the	electrophilicity	index	(ù).	There	is	a	clear	
correlation	between	the	antioxidant	properties	of	
compounds	and	their	electron	affinity	[36].	Based	
on	the	results	of	the	DFT	calculations	(Figure.5b),	
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Fig. 7.	MOE	3D	Docking	images	of	a).	PTADOHSB	against	1XCX,	b).	PTADOHSB	against	3K0K	

Fig. 8.	a).	2D	ligand	interaction	using	Ligplot	of	PTADOHSB	interaction	with	1XCX	and	b).	Ligplot	of	
PTADOHSB	interaction	with	3K0K

this	study	extracted	a	subset	of	attributes	pertinent	
to	 the	 biological	 assessment.	Various	 functional	
groups	in	PTADOHSB	contribute	to	its	remarkable	
QSAR	capabilities,	as	seen	in	the	results.	
	 Then,	the	next	step	was	to	determine	the	
Schiff	 base’s	 electrostatic	 potential	 and	 use	 the	
3D	electrostatic	potential	 function	 to	 identify	 its	
chemical	activities.	The	red	area	represents	the	high	
potential	area,	and	the	blue	area	represents	the	low	
potential	area	in	the	MEP	image	of	PTADOHSB,	
as	shown	in	Figure	5c.	The	calculated	theoretical	
parameters	 are	 presented	 in	Table.1.	Hence,	 the	
compound	was	carried	for	further	binding	ability	
with	 proteins	 through	 docking	 studies	 against	

pancreatic	alpha-amylase	and	breast	cancer	 type	
1	susceptibility	proteins.
	 Docking	of	the	synthesized	heterocyclic	
Schiff	base	derivative	was	carried	out	with	PDB	ID:	
1XCX	and	PDB	ID:	3K0K	to	predict	the	preferred	
orientation	of	the	compounds	inside	the	protein	in	
the	mcule	docking	server	(Figure.6	a&b)	and	the	
scores	are	presented	in	Table.237,	38.	The	negative	
docking	 scores	 and	 its	 binding	 ability	 are	 again	
confirmed	by	MOE	docking	software.
	 Docking	of	the	compound	was	analyzed	
in	 terms	 of	 hydrogen	 bonding,	 energy,	 non-
covalent,	 and	 hydrophobic	 interaction	 between	
PTADOHSB	 and	 proteins	 in	MOE	 software39.	
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Table 4.	Antibacterial	susceptibility	test	of	PTADOHSB	at	250	µg/mL	against	pathogenic	Gram-
negative	and	positive	bacteria

Compound		 A. baumannii MRSA S. aureus

PTADOHSB	 12	±	0.40	(125±0.31)	 12	±	0.33	(125±0.44)	 15±	0.21	(100±0.27)
DMSO	(-ve)	 N	 N	 N
Std.	Gentamicin	 15	±	0.21	(125±0.32)	 16	±	0.5	(150±0.28)	 15	±	0.19	(150±0.33)

Fig. 9.	Agar	well	diffusion	results	of	250	µg/mL	PTADOHSB	against	(a).	A.baumannii, (b). S. aureus and	(c). 
Methicillin-resistant Staphylococcus aureus

Fig. 10. α-amylase	and	antioxidant	assay	IC50	sigmoidal	graph	of	PTADOHSB	

Docking	 studies	were	 conducted,	 as	 indicated	
above	in	the	experimental	section,	and	the	forces	at	
work	in	the	protein-ligand	appreciation,	including	
Vanderwalls	bonding	via	hydrogen	 in	 the	active	
site,	were	 assessed.	Docking	 yielded	 different	
docking	scores	for	PTADOHSB	versus	the	targets,	
as	shown	in	Table	3.	

	 It	was	discovered	through	docking	tests	
that	the	binding	sites	that	were	previously	defined	
had	fairly	strong	affinity	with	the	targets	of	interest.	
Docking	interaction	and	images	are	shown	from	
Figures	7a	to	7b.
	 The	 docked	 PDB	 files	 were	 opened	
through	the	MOE	docking	software	and	2D	ligand	
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Table 5.	Inhibition	%	of	active	Schiff	base	by	α-amylase	and	antioxidant	assay

                      α-amylase	assay	 	 	 	 DPPH	assay
Std.	(µg/mL)	 Inh	%	 Con.(µg/mL)	 Inh	%	 Con.(µg/mL)	 Abs.		 Inh	%

20	 4.1	 100	 46.51	 100	 0.48	 23.81
40	 17.8	 200	 53.06	 200	 0.39	 38.09
60	 32.3	 300	 57.4	 300	 0.25	 60.32
80	 45.2	 400	 61.01	 400	 0.14	 77.78
100	 61	 500	 64.06	 500	 0.03	 95.24
Control	 0.23	 Blank		 —-	 Blank		 0.63	 —-

IC50 in		µg/mL	 	 217.67±	0.24	 590.36±	0.34	 IC50 	 428.73±0.32

interactions	were	drawn	and	presented	in	Figure.8a 
and	8b.
Biological studies of PTADOHSB
	 This	 work	 proceeded	 to	 assess	 the	
biological	 use	 of	 the	 produced	 thiazole-2,	
4-dihydroxy	Schiff	base.	The	theoretical	results	are	
used	to	conduct	biological	experiments	to	identify	
the	biological	efficacy.	Initially,	 the	antibacterial	
activity	 of	 thiazole	 Schiff	 base	was	 examined	
against	 the	 selected	 bacterial	 pathogens,	which	
are	 shown	 in	Figure.9a,	 b	 and	 c.	The	 antibiotic	
properties	 of	 the	 Schiff	 base	 PTADOHSB,	
which	 contains	 a	 phenyl	 thiazole	 condensed	di-
hydroxyl	group,	were	determined	using	the	agar	
well	 diffusion	 technique	 in	 accordance	with	 the	
NCCLS	criteria.	The	media’s	inhibition	zones	were	
measured	in	millimeters	using	a	zone	reader	after	
the	specified	time	period.	The	anti-microbial	test	
findings	showed	that	the	thiazole	Schiff	bases	had	a	
higher	level	of	specificity	against	the	chosen	stains,	
which	is	in	line	with	what	was	previously	reported.	
Table	 4	 shows	 the	 findings	 of	 the	 antibacterial	
susceptibility	 test.	An	 approach	 to	 determining	
the	MIC	was	by	using	known	technique.	Using	the	
following	serially	diluted	concentrations	between	
3.90	 and	 500	 µg/mL,	 the	 test	 solutions	were	
progressively	diluted	according	to	the	techniques	
that	were	given.	Same	table	shows	the	results	of	
determining	the	inhibition	concentration	using	the	
diluted	samples.	
	 The	 statistical	 deviation	was	 computed	
from	the	triplicated	trails	and	shown	in	the	same	
table.	The	 synthesized	 chemical	was	 shown	 to	
have	particular	activity	against	AB,	MRSA,	and	
SA,	according	to	the	study.	The	results	were	better,	
and	the	resistance	concentration	was	the	same	for	

PTADOHSB	when	compared	with	the	gentamicin	
standard.	
	 Then,	 the	 compound	was	 carried	 for	
further	 efficacy	 studies.	 In	 order	 to	 identify	 the	
effective	concentration,	the	test	sample	was	diluted	
in	the	following	order:	100,	200,	300,	400,	and	500	
µg/mL.	It	was	then	sent	for	the	á-amylase	inhibition	
assay40-42.	The	 triplicate	 trials	were	 carried	 out,	
and	Table.5	displays	the	findings	of	the	best	trials.	
Using	 the	 outcomes,	 an	online	 regression	graph	
(https://www.aatbio.com/tools/ic50-calculator)	
was	plotted,	and	IC50	was	calculated	(Figure.10).	
Similar	concentrations	were	used	for	the	DPPH	free	
radical	antioxidant	assay	(Figure.10)	and	compared	
with	blank43.	Trial	results	are	presented	in	the	same	
table	with	calculated	IC50.
	 Initial	QSAR	 investigation	exposed	 the	
compound’s	drug	suitability	and	found	no	violation	
of	Lipinski’s	five	rules.	A	drug	likeness	score	of	
-0.65	was	shown	in	the	PTADOHSB	graphic,	which	
is	lower	than	the	value	for	amoxicillin	(1.34).	The	
derivative	differs	 from	 the	amoxicillin	molecule	
in	 that	 it	 has	five	hydrogen	bond	 acceptors	 and	
two	hydrogen	bond	donors.	The	sulfur,	nitrogen,	
and	oxygen	atoms	that	make	up	our	compound	all	
have	 electronegativity.	 It	 follows	 that	 the	Schiff	
base	was	utilized	for	the	offline	DFT	computation	
using	Spartan-14	in	order	to	determine	the	polar	
surface	area	and	the	violation	of	the	Lipinski	five	
rules.	The	Compound	exposed	the	binding	energies	
between	“7.6	and	“6.7	kcal/mol	against	pancreatic	
alpha-amylase	 protein	 1XCX.	Likely,	 it	 showed	
heist	 binding	 activity	with	 3K0K	which	has	 the	
binding	energies	between	-6.1	and	-5.2	kcal/mol.	
Leucine,	 serine,	 isoleucine,	 lysine	 and	 aspartic	
acids	 are	 interacted	with	 the	 ligand	 functional	
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groups.	These	 interactions	may	have	 caused	 the	
good	 experimental	 outcomes.	The	 results	were	
compared	with	the	standard	commercial	drugs	and	
revealed	the	nearby	coincidence.	The	antimicrobial	
outcome	suggested	that	the	Schiff	base	exhibited	
MIC	for	a	maximum	of	150	µg/mL	against	selected	
bacterial	strains.	Based	on	the	results,	PTADOHSB	
effectively	inhibited	the	enzyme	at	590.36	±	0.34	
µg/mL.	When	 compared	with	 standard,	 double	
the	volume	of	concentration	required	for	the	50%	
inhibition.	This	revealed	that	the	compound	may	
be	nontoxic	in	nature.	Therefore,	a	molecule	with	
a	high	concentration	of	hydrogen	bonds	may	be	
an	effective	antidiabetic,	as	it	exhibited	an	IC50	at	
low	concentrations.	Similarly,	antioxidant	activity	
revealed	that	the	compound	PTADOHSB	exhibited	
an	IC50 value	of	428.73	±	0.32	µg/mL	which	are	
almost	nearby	the	concentrations	of	the	á-amylase	
assay	 result.	Again,	 the	molecule	has	proved	 its	
anti-oxidant	activity.	From	the	results,	this	research	
work	observed	 the	 compound’s	 antidiabetic	 and	
antioxidant	tendency	due	to	the	donor	functional	
groups	such	as	the	thiazole	ring,	hydroxyl	group	
and	imine.	Over	again,	thiazole	compound	proved	
its	biological	tendency	as	like	reported	in	research	
works.	There	was	a	high	degree	of	concordance	
between	the	experimental	and	theoretical	values.	
The	 effective	 inhibition	 is	 being	 caused	 by	 the	
PTADOHSB	which	are	the	good	binding	ligands.	
These	results	will	educate	the	researchers	in	drug	
design	in	the	future.	Our	compound	showed	a	lower	
energy	gap	with	more	reactivity	when	compared	
with	reported	results44.		
  

ConClusion
 
	 This	 article	 details	 the	 structural	
confirmation	 of	 thiazole	 Schiff	 bases	 by	 their	
synthesis	 and	 extensive	 characterization	 by	
means	 of	UV,	 1H,	 and	 13C	NMR.	Both	 online	
and	 offline	 programs	 were	 used	 to	 compute	
the	 theoretical	 investigations	 of	 the	 chemical	
structures.	Additional	 experimental	 assessments	
of	 the	QSAR	 properties,	 chemical	 reactivity,	
and	molecular	 softness	were	 carried	out	 by	 this	
research,	which	was	a	success.	The	compounds’	
protein-binding	capabilities	with	different	targets	
were	 subsequently	 assessed	 through	 the	 use	 of	
online	 and	 offline	 docking.	The	 efficiency	 of	

the	 test	molecule	was	 revealed	 by	 the	 docking	
results,	which	were	 then	used	 for	 the	biological	
evaluations.	 Despite	 experimental	 evidence	
supporting	PTADOHSB,	theoretical	results	nearly	
favored	compounds	based	on	descriptors.	Because	
of	 its	 two	hydroxy	 functional	 groups	 connected	
in	an	aromatic	 ring	and	 its	 inclination	 to	donate	
hydrogen	 bonds,	 the	molecule	 exhibited	 good	
biological	 efficacy.	The	 research	 shows	 that	 the	
Schiff	 base	 has	 á-amylase	 inhibitory	 activity,	
which	could	be	used	to	treat	Type	2	diabetes	by	
reducing	 postprandial	 hyperglycemia	 after	 in	
vivo	 study	 in	 future.	 Evidence	 of	 antioxidant	
activity	 suggests	 that	 PTADOHSB,	with	 a	 little	
structural	 change,	 could	 be	 a	 future	 therapeutic	
candidate.	An	acceptable	method	for	estimating	the	
effect	of	substituents	on	the	antioxidant	activities	
of	 all	 produced	 compounds,	 the	DPPH	 radical	
scavenging	assay	demonstrated	the	necessary	and	
desirable	activity.
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