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ABSTRACT
A novel series of asymmetric of (E)-3-(4-(benzyloxy) phenyl)-2-((substituted
benzylidene) amino)-1-(thiazolidin-3-yl) propan-1-one derivatives (AAP-1 to
AAP-10) have been efficiently synthesized from (S)-2-amino-3-(4-(benzylox-
y)phenyl)-1-(thiazolidin-3-yl)propan-1-one (4) and various substituted alde-
hydes by conventional as well as microwave irradiation method. The
structure of newly synthesized compounds were confirmed by IR, 1H NMR,
13C NMR, and Mass spectroscopic methods, further evaluated for their
in vitro antimicrobial activities. Among these series, the compounds AAP-2,
AAP-4, AAP-5, AAP-7, AAP-8 AAP-9, and AAP-10, showed excellent anti-
bacterial activities against Gram-positive bacteria like Staphylococcus aureus
(SA), Lysinibacillus sphaericus (LS), Bacillus subtilis (BS) and Klebsiella aero-
genes (KA), Pseudomonas Aeruginosa (PA), Chromobacterium violaceum (CV)
as Gram-negative bacteria as compared to standard Ciprofloxacin. The
compounds AAP-1, AAP-4, AAP-5, AAP-6, AAP-7, and AAP-8 exhibited
good antifungal activities against Fusarium oxysporum (FO), Rhizoctonia sol-
ani (RS), Colletotrichum capsici (CC) strains as compared to standard
Fluconazole. Molecular docking studies of final compounds were per-
formed using Auto Dock Vina software against Lanosterol 14a-demethylase
(CYP51A1) enzyme and crystal 4WMZ and showed effective binding affinity
of these molecules with enzymes. Quantitative structure toxicity relation-
ship study of target compounds were studied by various computational
animal models and defined oral rat LD50 values for cytotoxicity. The AAP-
2, AAP-4, AAP-5, and AAP-7 to AAP-10 showed low toxicity. In addition,
the pharmacokinetic of target compounds were studied and revealed
acceptable good drug-likeness score properties as well as follow Lipinski’s
rule of five.
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Introduction

The synthesis of novel agents to combat resistant bacteria and fungi has become one of the most
important areas of antimicrobial research today.1 Due to generic mutation, microorganisms
become resistant to all standard antibiotic drugs and could only be treated with potentially active
drugs. The 1,3-thiazolidine is an important class of heterocyclic compounds and its composites
are key components of many drugs and present in natural products. This moiety is core part of
magnificent antibiotics drugs like antibiotic penicillin and Teneligliptin (Figure 1).2

It is noteworthy that the 1,3-thiazolidine is exhibited potent activity against Gram-positive
pathogens like Staphylococci, Enterococci, and Streptococci.3 The mechanism of action perceived
that, thiazolidine bound to the bacterial sub units of 50 S ribosomal and inhibition of the 70 S
ribosomal initiation complex formations.4 Furthermore positive charge on nitrogen atom of 1,3-
thiazolidine ring tends to protonate and would be expected to play a significant role on the inhib-
ition of viral or cellular enzymes, which are essential for viral imitation.5 Recently, the 1,3-thiazo-
lidine ring containing heterocyclic compounds have been reported as antifungal,6 antimalarial,7

anti-HIV,8 anticancer,9 antiviral,10 antitubercular,11 and antimicrobial.12–15 The diverse pharma-
ceutical activities of 1,3-thiazolidine have received the attention and incorporated with other func-
tionality. In addition, tyrosine amino acid is a key neurotransmitter like epinephrine,
norepinephrine, dopamine, and used as a starting material for many reactions due to easy avail-
ability and low cost. The importance of tyrosine compound has been described by James et al.
and reported the structure–activity relationships of tyrosine-based inhibitors of autotaxin
(ATX).16 Furthermore, the azomethine group has attracted significant attention due to their wide
diversity in medical implications. It has been synthesized via condensation of primary amines
with active carbonyl compounds. Many Schiff bases have been reported to possess significant bio-
logical properties such as antimicrobial,17,18 antibacterial,19 antifungal,20 antitumor,21 anti-inflam-
matory,22 anti-HIV,23 anticonvulsant,24 anticancer,25 anti-malarial,26 antiviral,27 and analgesic.28

Figure 1. Thiazolidine moiety containing marketed drugs.
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This observations enforced us to design and synthesis a small library of the Schiff bases contain-
ing thiazolidine ring from Boc-O-benzyl-L-tyrosine (1) in three steps. The coupling of 1,3-thiazo-
lidine with substituted carboxylic acid was reported by using bromo tripyrrolidine phosphonium
hexafluorophosphate,29 N,N-dicyclohexyl carbodiimide (DCC) and 4-dimethylaminopyridine
(DMAP) as coupling agents in dimethylformamide solvent30,31 whereas N-(3-
Dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (EDC.HCl), N-methylmorpholine
(NMM), hydroxybenzotriazole (HOBt) in different solvents.32,33 The boc deprotection of amines
were carried out using trifluroacetic acid, hydrogen bromide, tetra-n-butyl ammonium fluoride,
boron trifluoride etherate and hydrochloric acid.34 The formation of Schiff base derivatives were
reported by condensation of aldehydes and amines acidic condition by using conventional
method in 1948.35

In view of continuous efforts on design and synthesis of biologically active molecules, we
herein reported the efficient synthesis of novel series of asymmetric of (E)-3-(4-(benzyloxy)-phe-
nyl)-2-((substituted-benzylidene)-amino)-1-(thiazolidin-3-yl) propan-1-one derivatives (AAP-1 to
AAP-10) by the reaction of novel amine and various substituted aromatic aldehydes by conven-
tional as well as microwave irradiation methods.36 Further, these compounds have been evaluated
for their antimicrobial activities. In addition, the quantitative structure toxicity relationship
(QSTR) as well as molecular docking study were carried out for better understanding of effective
binding. Furthermore, in silico ADME predictions for good drug like properties of newly synthe-
sized compounds were studied.

Results and discussion

Chemistry

Amide coupling of 1,3-thiazolidine and N-boc-O-benzyl-L-tyrosine (1) was carried out using
EDC.HCl and HOBt in DCM with NMM as base (Scheme 1). The obtained crude product was
crystallized using IPE to afford pure S-tert-butyl-3-(4-(benzyloxy) phenyl)-1-oxo-1-(thiazolidin-3-
yl) propan-2-ylcarbamate (3) with excellent yield (95%). In next stage novel amine 4 was obtained
by boc deprotection of 3 using aqueous hydrochloric acid solution. Finally targeted compounds
were achieved by condensation of amine 4 with various substituted aromatic aldehydes under
microwave irradiation at 560 W for 2–3min with excellent yield of 92–98%. The purity and

Scheme 1. Synthetic scheme of target compounds (AAP-1 to AAP-10).
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identity were unambiguously established with the help of elemental analysis, 1H NMR, 13C NMR,
mass spectroscopy, and FTIR. The structures of the novel derivatives are shown in Figure 2.

Biological evaluation

Antibacterial activity

The ready-made Tryptic soya broth and Malt extract broth medium were used for antibacterial
activity.37 The final compounds were tested against Staphylococcus aureus (SA), Lysinibacillus
sphaericus (LS), Bacillus subtilis (BS) (Gram-positive bacteria), and Klebsiella aerogenes (KA),
Pseudomonas Aeruginosa (PA), Chromobacterium violaceum (CV) (Gram-negative bacteria). The
results of MIC for antibacterial activity of targeted compounds were showed in Table 1. The
AAP-2, AAP-4, AAP-5, AAP-7, AAP-8, AAP-9, and AAP-10 title compounds which has
hydroxyl, methoxy, chloro, fluoro functional groups showed good to excellent MIC activity
against Gram-negative bacteria and Gram-positive bacteria, conversely the compounds AAP-1,

Figure 2. The structural representation of synthesized compounds.
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AAP-3, and AAP-6 which has nitro substituent at meta, para and ortho position, respectively, on
the benzene ring showed lower activity as compared to Ciprofloxacin as reference drug (Table 1).

Antifungal activity

The ready-made Muller Hinton agar medium used for evaluation of antifungal activities,38

Fusarium oxysporum (FO), Rhizoctonia solani (RS), Colletotrichum capsici (CC) were used as fun-
gal pathogens. The results of antifungal activities of targeted compounds were showed in Table 2.
The compounds AAP-1, AAP-4, AAP-5, AAP-6, AAP-7, and AAP-8 showed good antifungal
activity as compared to standard Fluconazole drug. The good and enhanced antibacterial and
antifungal activities of title compounds may be attributed due to the presence of 1,3-thiazolidine
incorporated with imine moiety and different functional groups.

QSTR study

The QSTR study of new compounds were carried out with the help of Toxicity Estimation
Software Tool (T.E.S.T). In 2005, according to Hodge and Sterner39 toxicity scale predicted on

Table 1. Antibacterial activity of target compounds.

Compounds

MIC in lg/mL

Gram -ve bacteria Gramþ ve bacteria

K. A. P. A. C. V. S. A. L. S. B. S.

AAP-1 38 40 41 35 40 30
AAP-2 20 21 17 27 20 18
AAP-3 35 36 30 39 37 29
AAP-4 19 20 20 28 20 17
AAP-5 19 19 18 27 21 18
AAP-6 35 41 26 31 26 22
AAP-7 18 19 17 29 23 20
AAP-8 19 22 18 28 21 19
AAP-9 20 20 16 26 21 21
AAP-10 21 19 17 28 22 19
Ciprofloxacin 22 23 19 29 23 21

K.A.: Klebsiella aerogenes; P.A.: Pseudomonas Aeruginosa; C.V.: Chromobacterium violaceum; S.A.: Staphylococcus aureus; L.S.:
Lysinibacillus sphaericus; B.S.: Bacillus subtilis. Negative control (Dimethyl sulfoxide) – no activity. Values are indicated in
lg/mL.

Table 2. Antifungal activity of target compounds.

Compounds

Minimum inhibitory concentration in lg/mL (MIC)

F.O R. S C. C

AAP-1 17 14 15
AAP-2 21 18 17
AAP-3 26 23 29
AAP-4 19 14 15
AAP-5 15 13 17
AAP-6 18 15 15
AAP-7 19 15 16
AAP-8 18 14 15
AAP-9 19 15 18
AAP-10 19 16 17
Fluconazole 19 15 17

F.O.: Fusarium oxysporum; R.S.: Rhizoctonia solani; C.C: Colletotrichum capsici.
Negative control (Dimethyl sulfoxide) – no activity. Values are indicated in lg/mL.
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the basis of LD50 (Oral, Rat, mg/kg) and showed in Table 3. Predicted Oral rat LD50 values of
final compounds were calculated from consensus method and showed in Table 4.

The LD 50 values calculated by following arithmetic method
n ¼ total number of animal in a group.
a ¼ the difference between two successive doses of administered extract/substance.
b ¼ the average number of dead animals in two successive doses.
LD100¼ Lethal dose causing the 100% death of all test animals.
The results of oral rat LD50 showed that the compounds AAP-2, AAP-4, AAP-7, AAP-8, AAP-

9, and AAP-10 has slight toxicity. It is revealed that the compounds with nitro group at ortho,
meta, and para position on benzene ring (AAP-1, AAP-3, and AAP-6) possess extreme toxicity.

Computational study

Molecular docking

Molecular docking was performed to evaluate the antifungal activity of target compounds by
using Auto Dock Vina (http://vina.scripps.edu) software.40 Before screening the biologically activ-
ity, the molecular docking study was carried out by using a crystal 4WMZ is a chain structure of
Baker’s yeast and whose ligand is fluconazole and protein Lanosterol 14a-demethylase
(CYP51A1) enzyme which is the class of cytochrome P450 superfamily of enzymes. The molecu-
lar docking results of target compounds are summarized in Table 5.

Molecular docking study showed that designed compounds fit in the active site cavity of
CYP51A1 occupying energetically favorable position to the co-crystallized ligand. The binding
affinities were co-related well with the experimentally observed antifungal activity and found that
there is good agreement between the values. All the newly synthesized compounds revealed effect-
ive interaction between active sites and proteins. The compound AAP-1 exhibited highest binding
affinity (–10.3) whereas AAP-4 showed lowest binding affinity (–8.1).

The binding affinity indicates that, there is highest binding affinity towards amino acids due
to excellent binding at nitrogen and oxygen sites. The representative molecular docking of AAP-1
and AAP-4 are showed in Figure 3.

Table 3. Hodge and Sterner scale for LD50 (Oral, Rat, mg/kg) toxicity.

Sr. No. Term for toxicity LD50 (Rat, Oral) Value in mg/kg

1 Extremely toxic >1
2 Highly toxic 1 to 50
3 Moderately toxic 50 to 500
4 Slightly toxic 500 to 5000
5 Practically nontoxic 5000 to 15,000

Table 4. QSTR derived Oral Rat LD50 value for target compounds.

Compound
Predicted LD50

(Oral, Rat, mg/kg) in male rat
Oral rat LD50 - Log10
(mol/kg) in male rat Result

AAP-1 1< 1< Extremely toxic
AAP-2 1503.16 2.47 Slightly toxic
AAP-3 1< 1< Extremely toxic
AAP-4 1406.88 2.54 Slightly toxic
AAP-5 1259.89 2.57 Slightly toxic
AAP-6 1< 1< Extremely toxic
AAP-7 1564.37 2.48 Slightly toxic
AAP-8 1509.77 2.47 Slightly toxic
AAP-9 1454.99 2.50 Slightly toxic
AAP-10 1244.84 2.56 Slightly toxic
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The effective interaction between hydrogen bonding, hydrophobic and p–p interaction with
amino acid are represented in Figure 3.

In silico ADME prediction

It’s very prime task in medicinal chemistry to predict early the drug likeness properties, because
it resolves the cost and time of drug development and discovery. Though most of compounds
have significant biological activities, have failed in their clinical trials due to the inadequate drug
likeness properties. On the basis of Lipinski’s rule of five, the drug likeness properties were ana-
lyzed by ADME parameters using mol inspiration online property calculation toolkit.41

All the newly synthesized compounds exhibited significant values for the various parameters
analyzed and showed good drug-like characteristics based on Lipinski’s rule of five and character-
ized to be likely orally active. None of the synthesized compounds violated the Lipinski’s rule of
five and results were within the range of accepted values. The parameters like the number of
rotatable bonds and total polar surface area are linked with the intestinal absorption, results
showed that all synthesized compounds were good absorption. The in silico assessment empha-
sizes to be good pharmacokinetic properties, which is reflected in their physicochemical values,
thus, ultimately enhancing pharmacological properties of these molecules.

Table 5. Molecular docking results of target compounds.

Compound
Binding
affinity

rmsd/
ub rmsd/lb

Binding with amino acids

Hydrogen bond Hydrophobic interaction p-p cation-p

AAP-1 –10.3 15.038 11.951 HIS 381, ARG 98 ILE 239, LEU 96, ALA 69,
PHE 241, SER 508

VAL 242, LEU 95.

AAP-2 –8.8 17.261 14.096 ARG 385 LYS 151, ILE 139, CYS 470, PHE
463, ALA 747, PRO 379

VAL 311, LEU 383

AAP-3 –9.2 17.335 11.608 ARG 98, HIS 381 LEU 95, ALA 69, LEU 380, PRO 238, MET 509, PHE 241
AAP-4 –8.1 13.166 10.491 ILE 139, PHE 134 PHE 463, ALA 47, CYS 470, PRO 379, TYR 126, LEU 383
AAP-5 –9.5 14.238 9.478 PRO 238 PH241, TYR 126 MET 509, LEU 95
AAP-6 –9.6 8.188 3.606 LYS 151, HIS 468 HIS 378, LEU 380, LEU 383, LYS 151 TYR 126
AAP-7 –8.5 6.221 3.378 PHE 506 ILE 239, PRO 238, MET 509, TYR 126,

PHE 384, ALA 125, PHE 241
PH 241, TYR 7, LEU 95

AAP-8 –10.1 6.381 2.422 GLY 47, PRO 462 CYC 470, ILE 139, LYS 151, VAL311,
LEU 158, ALA 47, PRO 37

CYS 470

AAP-9 –8.2 1.933 1.481 ILE 139, PHE 134. PHE 463, ALA 47, CYS 470, PRO 379, TYR 126, LEU 383
AAP-10 –9.5 7.626 3.660 HIS 381, TYR 507 TYR 126, PRO 238, PHE 241 MET 590, LEU 95.

Figure 3. The representative molecular docking of AAP-1 and AAP-4.
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In present study, we have calculated molecular volume (MV), molecular weight (MW), logarithm
of partition coefficient (miLog P), number of hydrogen bond acceptors (n-ON), number of hydro-
gen bonds donors (n-OHNH), topological polar surface area (TPSA), number of rotatable bonds
(n-ROTB), and Lipinski’s rule of five using Molinspiration online property calculation toolkit.
Absorption (% ABS) was calculated by: % ABS ¼ 109 – (0.345 � TPSA). Drug-likeness model
score (a collective property of physic-chemical properties, pharmacokinetics and pharmacodynamics
of a compound is represented by numerical value) was computed by MolSoft software (Table 6).

Conclusion

In summary, we designed and synthesized the new 1, 3-thiazolidine based (E)-3-(4-(benzyloxy)
phenyl)-2-((substituted benzylidene) amino)-1-(thiazolidin-3-yl) propan-1-one derivatives from
novel (S)-2-amino-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one (4) and different
substituted aldehydes using microwave irradiation at 560W. The structures were confirmed by
IR, Mass, 1H NMR, and 13C NMR spectroscopic methods. It is seen that AAP-4, AAP-5, AAP-7,
and AAP-8 displayed excellent antibacterial and antifungal activities. Moreover, the molecular
docking was carried out with crystal 4WMZ and enzyme CYP51A1 by using Auto Dock software
and study revealed that compounds AAP-1 showed highest binding affinity (–10.3) whereas
AAP-4 showed lowest binding affinity (–8.1). These studies revealed that there is good agreement
with experimental antifungal activity results. In addition, the QSTR study showed that AAP-2,
AAP-4, AAP-5, and AAP-7 to AAP-10 compounds have slight toxicity. Further analysis of the
ADME parameters predicted good drug like properties and can be developed as oral drug candi-
date. All these results suggested that the new compounds have potent antimicrobial activity and
can be further optimized as a lead molecule.

Experimental

General

General procedure synthesis of (S)-tert-butyl-3-(4-(benzyloxy) phenyl)-1-oxo-1-(thiazolidin-3-yl)
propan-2-ylcarbamate (3)
To a stirred mixture of (S)-2-[(2-methylpropan-2-yl)oxycarbonylamino]-3-(4-phenylmethoxy-
phenyl)propanoic acid (1) (50 g, 0.135mol) and 1,3-thiazolidine (2) (13.2 g, 0.148mol) in DCM
(250mL), HOBt (0.91 g, 0.007mol) followed by N- methylmorphiline (20.4 g, 0.202mol) were
added at 0–5 �C and stirred for 10min. EDC.HCl (33.6 g, 0.175mol) was added lot wise and

Table 6. Pharmacokinetic parameters of AAP-1 to AAP-10 compounds.

Entry % ABS TPSA (A2) n-ROTB MV MW miLog P n-ON n-OHNH
Lipinski
violation

Drug-likeness
model score

Rule – – – – <500 �5 <10 <5 �1 –
AAP-1 78.7 87.7 9 422.3 475.6 4.88 7 0 0 –0.60
AAP-2 87.6 62.1 8 407.0 446.6 4.46 5 1 0 –0.08
AAP-3 78.7 87.7 9 422.3 475.6 4.90 7 0 0 –0.74
AAP-4 88.2 60.4 10 450.1 490.6 4.76 6 0 0 0.24
AAP-5 94.5 41.9 8 412.5 465.0 5.57 4 0 1 –0.18
AAP-6 78.7 87.7 9 422.3 475.6 4.85 7 0 0 –0.88
AAP-7 84.4 71.4 9 432.6 476.6 4.91 6 1 0 –0.06
AAP-8 87.6 62.1 8 407.0 446.6 4.44 5 1 0 0.07
AAP-9 91.3 51.1 9 424.5 460.6 4.97 5 0 0 –0.13
AAP-10 94.5 41.9 8 403.9 448.6 5.06 4 0 1 –0.39

% ABS: Percentage absorption, TPSA: Topological polar surface area, n-ROTB: Number of rotatable bonds, MV: Molecular vol-
ume, MW: Molecular weight, milogP: Logarithm of partition coefficient of compound between n-Octanol and water, n-ON
Acceptors: Number of hydrogen bond acceptors, n-OHNH donors: Number of hydrogen bonds donors.
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stirred for 3.0 h at 5–10 �C. Progress of reaction was monitored by TLC (DCM: MeOH:: 9:1).
After reaction completion, water (250mL) was added to quench and extracted with DCM. The
organic layer was washed with 10% brine solution (250mL) and concentrated under vacuum.
The residue treated with IPE (200mL), filtrated and dried to obtain compound (3) as white
solid. (56.6 g, 95%); M.P.: 184–186 �C. IR (KBr, �max, cm�1): 695.92 (C-S), 1172.11 (C-O),
1239.73 (C-N), 1444.55 (C¼C), 2911.63 and 2883.20 (H-C-C¼O), 3382.03 (N-H). 1H NMR
(400MHz, DMSO-d6, d ppm): 7.41–7.31 (m, 5H, Ar-H), 7.10–7.08 (d, 2H, J¼ 8Hz, Ar-H),
6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 5.14 (s, 3H, O-CH2-Ar and NH-Boc), 4.74–4.72 (t, 1H,
J¼ 4Hz, N-CH), 4.36 (s, 3H, N-CH2-S of thiazolidine), 3.63–3.61 (t, 2H, J¼ 4Hz, N-CH2 of
thiazolidine), 3.16–3.13 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.96–2.94 (t, 2H, J¼ 4Hz, S-CH2 of
thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 1.39 (s, 9H, Boc). 13C-NMR
(125MHz, DMSO-d6, d ppm): 170.54, 159.23, 157.53, 140.94, 133.55, 129.07, 127.41, 114.87,
77.08, 69.92, 56.12, 55.83, 54.12, 38.71, 28.81. ES-MS m/z 443.3 (MþH)þ. Analytical calculated
formula for C24H30N2O4S; C, 65.13; H, 6.83; N, 6.33; O, 14.46; S, 7.25; Found: C, 65.14; H,
6.82; N, 6.34; S, 7.24.

General procedure for synthesis of (S)-2-amino-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)pro-
pan-1-one (4)
The (S)-tert-butyl-3-(4-(benzyloxy)phenyl)-1-oxo-1-(thiazolidin-3-yl)propan-2-ylcarbamate (3)
(55 g, 0.123mol) and 15% aqueous hydrochloric acid solution (165mL) in methanol (165mL) was
stirred at 50–55 �C for 8 h. Progress of reaction was monitored by TLC (DCM: MeOH: : 9:1).
After reaction completion, water (550mL) and DCM (220mL) were added. The aqueous layer
was collected in round bottom flask and product is extracted in DCM (275mL) after adjusting
pH 9–9.5 by using 10% aqueous sodium hydroxide solution. The organic layer was washed with
10% sodium chloride solution (275mL) and concentrated under vacuum to obtain compound (4)
as brown color thick sirup. (38 g, 90%); M.P.: 153–156 �C. IR (KBr, �max, cm

�1): 697.35 (C-S),
1177.79 (C-O), 1241.35 (C-N), 1455.76 (C¼C), 2924.73 and 3030.45 (H-C-C¼O), 3646.81 (N-
H). 1H NMR (400MHz, DMSO-d6, d ppm): 7.41–7.32 (m, 5H; Ar-H), 7.11–7.09 (d, 2H, J¼ 8Hz,
Ar-H), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 5.14 (s, 2H, O-CH2-Ar-H), 4.74–4.72 (t, 1H, J¼ 4Hz,
N-CH), 4.37 (s, 2H, N-CH2-S of thiazolidine), 3.64–3.62 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine),
3.15–3.12 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.97–2.95 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine),
2.88–2.85 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.19 (s, 2H, NH2).

13C-NMR (125MHz, DMSO-d6, d
ppm): 171.94, 159.26, 141.24, 133.57, 129.09, 127.44, 114.78, 78.10, 56.05, 55.13, 54.01, 39.00. ES-
MS m/z 343.2 (MþH)þ. Analytical calculated formula for C24H30N2O4S: C, 65.13; H, 6.83; N,
6.33; O, 14.46; S, 7.25; Found: C, 66.66; H, 6.47; N, 8.19; S, 9.37.

General procedure for the synthesis compounds AAP-1 to AAP-10
To a 25mL single neck round bottom flask, the (S)-2-amino-3-(4-(benzyloxy) phenyl)-1-(thiazoli-
din-3-yl) propan-1-one (4) (1.0 eq.) and aromatic aldehyde (0.98 eq.) in ethanol (5.0 times) were
put in microwave reaction vessel equipment with magnetic stirrer and irradiated at 560W for
2–3min.36 The reaction was monitored by TLC (DCM: MeOH: : 9:1). After completion of reac-
tion, the cold water was added (20 times) in reaction mixture. The product was then extracted
with DCM (5 times). The organic layer washed with 2% aqueous hydrochloric acid solution (3
times) and concentrated under vacuum and residue was allowed to suspend in IPE. It is, then, fil-
tered and purified by column chromatography (mobile phase: Ethyl acetate: hexane: : 1:9) to
obtain compounds AAP-1 to AAP-10.

2452 A. A. PUND ET AL.



Characterization of synthesized compounds (AAP-1 to AAP-10)

(E)-2-(3-nitrobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-1): White solid; (1.32 g, 95%); M.P.: 100–104 �C. IR (KBr, �max, cm�1): 696.89 (C-S),
1174.17 (C-O), 1243.92 (C-N), 1366.41 & 1509.48 (NO2), 1417.72 (C¼C), 1638.52 (C¼N),
2931.43 and 2766.70 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.55 (s, 1H, Ar-H of
3-nitrobenzene), 8.26–8.25 (d, 1H, J¼ 4Hz, Ar-H of 3-nitrobenzene), 8.04 (s, 1H, N¼CH),
8.02–8.01 (d, 1H, J¼ 4Hz, Ar-H of 3-nitrobenzene), 7.56–7.54 (t, 1H, J¼ 4Hz, Ar-H of 3-nitro-
benzene), 7.42–7.31 (m, 5H, Ar-H), 7.11–7.09 (d, 2H, J¼ 8Hz, Ar-H), 6.88–6.86 (d, 2H, J¼ 8Hz,
Ar-H), 5.04 (s, 2H; O-CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of thia-
zolidine), 3.63–3.61 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.16–3.13 (dd, 1H, J¼ 4Hz, 8Hz,
CH2-Ar), 2.96–2.94 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz,
CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.45, 160.41, 157.23, 148.58, 140.94, 139.58,
137.28, 135.02, 130.85, 129.07, 128.59, 128.00, 127.41, 123.99, 114.87, 73.87, 69.93, 49.12, 48.05,
38.71, 31.31. ES-MS m/z 477.3 (MþH)þ. Analytical calculated formula for C26H25N3O4S: C,
65.67; H, 5.30; N, 8.84; O, 13.46; S, 6.74; Found: C, 65.68; H, 5.30; N, 8.83; S, 6.73.

(E)-2-(4-hydroxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(hiazolidine-3-yl)propan-1-one
(AAP-2): White solid; (1.24 g, 95%); M.P.:151–156 �C. IR (KBr, �max, cm�1): 695.84 (C-S),
1175.59 (C-O), 1250.32 (C-N), 1382.03 (OH), 1454.29 (C¼C), 1625.61 (C¼N), 2956.99 and
2843.15 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 9.96 (s, 1H, OH), 8.02 (s, 1H,
N¼CH), 7.51–7.49 (d, 1H, J¼ 8Hz, Ar-H of 4-hydroxybenzene), 7.42–7.31 (m, 5H, Ar-H),
7.10–7.08 (d, 2H, J¼ 8Hz, Ar-H), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 6.80–6.78 (d, 1H, J¼ 8Hz,
Ar-H of 4-hydroxybenzene), 5.03 (s, 2H, O-CH2-Ar), 4.65–4.63 (t, 1H, J¼ 4Hz, N-CH), 4.45 (s,
2H, N-CH2-S of thiazolidine), 3.63–3.61 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.14–3.11 (dd,
1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.94–2.92 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.84–2.81 (dd,
1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.44, 162.64, 160.55,
157.21, 137.23, 130.87, 130.15, 128.56, 127.94, 127.64, 127.23, 115.69, 114.66, 73.87, 69.93, 49.08,
48.09, 38.80, 31.28. ES-MS m/z 447.3 (MþH)þ. Analytical calculated formula for C26H26N2O3S:
C, 69.93; H, 5.87; N, 6.27; O, 10.75; S, 7.18; Found: C, 69.94; H, 5.86; N, 6.26; S, 7.19.

(E)-2-(4-nitrobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-3): White solid; (1.34 g, 97%); M.P.: 89–93 �C. IR (KBr, �max, cm

�1): 697.09 (C-S), 1174.77
(C-O), 1243.72 (C-N), 1369.47 & 1499.96 (NO2), 1419.72 (C¼C), 1688.02 (C¼N), 2832.93 and
2726.72 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.29–8.28 (d, 2H, J¼ 4Hz, Ar-H
of 4-nitrobenzene), 8.04 (s, 1H, N¼CH), 7.94–7.92 (d, 2H, J¼ 8Hz, Ar-H of 4-nitrobenzene at
position 2), 7.40–7.31 (m, 5H, Ar-H), 7.12–7.10 (d, 2H, J¼ 8Hz, Ar-H), 6.88–6.86 (d, 2H,
J¼ 8Hz, Ar-H), 5.04 (s, 2H, CH2-Ar), 4.63–4.61 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of
thiazolidine), 3.67–3.64 (t, 2H, J¼ 6Hz, N-CH2 of thiazolidine), 3.20–3.17 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar), 2.94–2.92 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.85–2.82 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.41, 160.59, 157.23, 149.28, 140.94,
137.28, 130.85, 129.07, 128.59, 128.00, 127.41, 123.91, 114.88, 73.87, 69.93, 49.12, 48.05, 38.71,
31.31. ES-MS m/z 476.3 (MþH)þ. Analytical calculated formula for C26H25N3O4S: C, 65.67; H,
5.30; N, 8.84; O, 13.46; S, 6.74; Found: C, 65.66; H, 5.31; N, 8.85; S, 6.75.

(E)-2-(2,3-dimethoxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-
1-one (AAP-4): White solid; (1.34 g, 94%); M.P.:199–203 �C; IR (KBr, �max, cm

�1): 696.87 (C-S),
1190.18 (C-O), 1258.35 (C-N), 1426.35 (C¼C), 1648.35 (C¼N), 2926.76 and 2832.40 (H-C-
C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.06 (s, 1H, N¼CH), 7.42–7.31 (m, 5H, Ar-H),
7.12–7.10 (d, 3H, J¼ 8Hz, Ar-H (2H) and Ar-H (1H) of 2,3-dimethoxybenzene), 6.99–6.97 (d,
1H, J¼ 8Hz, Ar-H of 2,3-dimethoxybenzene), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 6.68–6.66 (m,
1H, Ar-H of 2,3-dimethoxybenzene), 5.03 (s, 2H; O-CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH),
4.47 (s, 2H, N-CH2-S of thiazolidine), 3.78 (s, 6H, O-CH3), 3.66–3.63 (t, 2H, J¼ 4Hz, N-CH2 of
thiazolidine), 3.16–3.12 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.94–2.92 (t, 2H, J¼ 4Hz, S-CH2 of
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thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).
13C-NMR (125MHz, DMSO-d6, d

ppm): 169.40, 162.66, 157.45, 150.03, 137.02, 130.88, 129.95, 128.59, 127.47, 124.15, 123.01,
117.03, 114.75, 73.89, 69.62, 55.40, 49.18, 48.15, 38.90, 31.34. ES-MS m/z 491.3 (MþH)þ.
Analytical calculated formula for C28H30N2O4S: C, 68.55; H, 6.16; N, 5.71; O, 13.04; S, 6.54;
Found: C, 68.53; H, 6.15; N, 5.72; S, 6.54.

(E)-2-(2-chlorobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-5): White solid; (1.30 g, 96%); M.P.:146–151 �C. IR (KBr, �max, cm

�1): 695.64 (C-S), 826.65
(Cl), 1177.61 (C-O), 1245.97 (C-N), 1427.73 (C¼C), 1638.17 (C¼N), 2933.37 and 2876.10 (H-
C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.02 (s, 1H, N¼CH), 7.63–7.60 (t, 2H,
J¼ 4Hz, Ar-H of 2-chlorobenzene), 7.40–7.32 (m, 7H, Ar-H (5H) and Ar-H (2H) of 2-chloroben-
zene), 7.10–7.08 (d, 2H, J¼ 8Hz, Ar), 6.87–6.85 (d, 2H, J¼ 8Hz, Ar), 5.04 (s, 2H, CH2-Ar),
4.65–4.63 (t, 1H, J¼ 4Hz, N-CH), 4.45 (s, 2H, N-CH2-S of thiazolidine), 3.63–3.61 (t, 2H,
J¼ 4Hz, N-CH2 of thiazolidine), 3.14–3.11 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.94–2.92 (t, 2H,
J¼ 4Hz, S-CH2 of thiazolidine), 2.84–2.81 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz,
DMSO-d6, d ppm): 169.51, 160.58, 157.51, 137.20, 136.96, 134.07, 130.83, 129.18, 128.93, 128.58,
127.96, 127.44, 114.79, 73.86, 69.93, 49.19, 48.12, 38.76, 31.32. ES-MS m/z 465.3 (MþH)þ.
Analytical calculated formula for C26H25ClN2O2S: C, 67.16; H, 5.42; Cl, 7.62; N, 6.02; O, 6.88; S,
6.90; Found: C, 67.17; H, 5.43; N, 6.01; S, 6.91.

(E)-2-(2-nitrobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-6): White solid; (1.36 g, 98%); M.P.: 165–169 �C. IR (KBr, �max, cm�1): 697.00 (C-S),
1204.67 (C-O), 1242.99 (C-N), 1319.31 & 1514.17 (NO2), 1419.72 (C¼C), 1640.15 (C¼N),
2946.03 and 2769.38 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.23–8.22 (d, 1H,
J¼ 4Hz, Ar-H of 2-nitrobenzene), 8.03 (s, 1H, N¼CH), 7.90–7.88 (d, 1H, J¼ 8Hz, Ar-H of 2-
nitrobenzene), 7.80–7.72 (m, 2H, Ar-H, 2-nitrobenzene), 7.40–7.27 (m, 5H, Ar-H) 7.14–7.11 (d,
2H, J¼ 12Hz, Ar-H), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 5.03 (s, 2H, CH2-Ar), 4.66–4.64 (t, 1H,
J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of thiazolidine), 3.67–3.65 (t, 2H, J¼ 4Hz, N-CH2 of thia-
zolidine), 3.19–3.15 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 3.01–2.98 (t, 2H, J¼ 4Hz, S-CH2 of thiazo-
lidine), 2.92–2.89 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm):
169.59, 160.45, 157.28, 148.68, 137.30, 135.01, 132.07, 130.85, 129.07, 128.59, 127.41, 121.31,
114.87, 73.89, 69.98, 49.14, 48.05, 38.74, 31.28. ES-MS m/z 476.3 (MþH)þ. Analytical calculated
formula for C26H25N3O4S: C, 65.67; H, 5.30; N, 8.84; O, 13.46; S, 6.74; Found: C, 65.65; H, 5.31;
N, 8.83; S, 6.75.

(E)-2-(2-hydroxy-4-methoxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-
yl)propan-1-one (AAP-7): White solid; (1.30 g, 93%); M.P. 134–138 �C. IR (KBr, �max, cm�1):
696.24 (C-S), 1172.19 (C-O), 1237.91 (C-N), 1375.61 (OH), 1444.35 (C¼C), 1641.95 (C¼N),
2933.67 and 2880.30 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 10.04 (s, 1H, OH),
8.07 (s, 1H, N¼CH), 7.42–7.30 (m, 6H Ar-H (5H) and Ar-H (1H) of 2-hydroxy-4-methoxyben-
zene), 7.10–7.06 (d, 2H, J¼ 8Hz, Ar), 6.90–6.88 (d, 2H, J¼ 8Hz, Ar), 6.42–6.41 (d, 1H, J¼ 4Hz,
Ar-H of 2-hydroxy-4-methoxybenzene), 6.28 (s, 1H, Ar-H of 2-hydroxy-4-methoxybenzene), 5.04
(s, 2H, CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of thiazolidine), 3.76 (s,
3H, O-CH3), 3.64–3.62 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.15–3.12 (dd, 1H, J¼ 4Hz, 8Hz,
CH2-Ar), 2.96–2.93 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.86–2.83 (dd, 1H, J¼ 4Hz, 8Hz, CH2-
Ar). 13C-NMR (125MHz, DMSO-d6, d ppm): 169.54, 165.56, 163.75, 160.70, 157.64, 136.92, 133.13,
130.64, 128.58, 127.97, 127.45, 116.89, 114.94, 106.77, 101.11, 74.02, 69.95, 55.43, 49.13, 48.12, 38.74,
31.34. ES-MS m/z 477.1 (MþH)þ. Analytical calculated formula for C27H28N2O4S: C, 68.04; H,
5.92; N, 5.88; O, 13.43; S, 6.73; Found: C, 68.05; H, 5.92; N, 5.87; S, 6.74.

(E)-2-(3-hydroxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-8): White solid; (1.26 g, 96%); M.P.: 106–108 �C. IR (KBr, �max, cm�1): 695.34 (C-S),
1175.59 (C-O), 1257.32 (C-N), 1382.23 (OH), 1454.22 (C¼C), 1636.61 (C¼N), 2959.29 and
2893.95 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 9.59 (s, 1H, OH), 8.06 (s, 1H,
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N¼CH), 7.42–7.31 (m, 5H, Ar-H), 7.24–7.21 (m, 1H, Ar-H of 3-hydroxybenzene), 7.12–7.09 (m,
3H, Ar-H (2H) and Ar-H (1H) of 3-hydroxybenzene), 7.05–7.03 (d, 1H, J¼ 8Hz, Ar-H of 3-
hydroxybenzene), 6.88–6.86 (d, 3H, J¼ 8Hz, Ar-H (2H) and Ar-H (1H) and Ar-H (1H) of 3-
hydroxybenzene), 5.04 (s, 2H, CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S
of thiazolidine), 3.64–3.62 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine)), 3.16–3.13 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar), 2.95–2.93 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.38, 161.94, 160.37, 157.23, 137.29,
130.77, 130.19, 128.60, 127.97, 127.64, 127.27, 120.27, 115.99, 114.69, 73.87, 69.63, 49.08, 48.09,
38.80, 31.28. ES-MS m/z 447.5 (MþH)þ. Analytical calculated formula for C26H26N2O3S: C,
69.93; H, 5.87; N, 6.27; O, 10.75; S, 7.18; Found: C, 69.93; H, 5.86; N, 6.28; S, 7.19.

(E)-2-(3-methoxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-9): White solid; (1.28 g, 95%); M.P.: 176–180 �C. IR (KBr, �max, cm

�1): 696.74 (C-S), 1170.35
(C-O), 1248.72 (C-N), 1426.81 (C¼C), 1639.34 (C¼N), 2932.67 and 2876.41 (H-C-C¼O). 1H
NMR (400MHz, DMSO-d6, d ppm): 8.07 (s, 1H, N¼CH), 7.62–7.61 (d, 2H, J¼ 4Hz, Ar-H of 3-
methoxybenzene), 7.42–7.31 (m, 5H, Ar-H), 7.10–7.07 (d, 3H, J¼ 12Hz, Ar-H (2) and Ar-H (1H)
of 3-methoxybenzene), 6.99–6.97 (d, 2H, J¼ 8Hz, Ar-H of 3-methoxybenzene), 6.90–6.88 (d, 2H,
J¼ 8Hz, Ar-H), 5.03 (s, 2H, CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.45 (s, 2H, N-CH2-S of
thiazolidine), 3.77 (s, 3H, O-CH3), 3.65–3.63 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.16–3.12
(dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.95–2.92 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.86–2.84 (dd,
1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.48, 162.60, 157.44,
137.03, 130.82, 130.05, 128.56, 127.93, 127.45, 124.15, 114.72, 113.99, 73.81, 69.64, 55.39, 49.17,
48.25, 38.88, 31.33. ES-MS m/z 461.3 (MþH)þ. Analytical calculated formula for C27H28N2O3S: C,
70.41; H, 6.13; N, 6.08; O, 10.42; S, 6.96; Found: C, 70.42; H, 6.12; N, 6.06; S, 6.97.

(E)-2-(2-fluorobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-10): Dark brown solid (1.21 g, 92%); M.P.: 99–102 �C. IR (KBr, �max, cm

�1): 695.89 (C-S),
1197.70 (Ar-F), 1227.79 (C-O), 1252.08 (C-N), 1427.93 (C¼C), 1628.99 (C¼N), 2999.13 and 2973.18
(H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.11 (s, 1H, N¼CH), 7.82–7.81 (d, 1H,
J¼ 4Hz, Ar-H of 2-fluorobenzene), 7.44–7.30 (m, 5H, Ar-H), 7.22–7.17 (m, 1H, Ar-H of 2-fluoroben-
zene), 7.10–7.05 (m, 3H, Ar-H (2H) and Ar-H (1H) of 2-fluorobenzene), 6.88–6.86 (d, 3H, J¼ 8Hz,
Ar-H (2H) and Ar-H (1H) of 2-fluorobenzen), 5.00 (s, 2H, CH2-Ar), 4.63–4.61 (t, 1H, J¼ 4Hz, N-
CH), 4.46 (s, 2H, N-CH2-S of thiazolidine), 3.65–3.63 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine),
3.16–3.13 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.95–2.93 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine),
2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.43, 160.39,
157.23, 137.27, 131.28, 130.79, 128.67, 127.96, 127.64, 127.29, 124.08, 120.27, 116.20, 73.88, 69.79, 49.10,
48.11, 38.81, 32.08. ES-MS m/z 449.2 (MþH)þ. Analytical calculated formula for C26H25FN2O2S: C,
69.62; H, 5.62; F, 4.24; N, 6.25; O, 7.13; S, 7.15; Found: C, 69.63; H, 5.63; N, 6.25; S, 7.15.

Biological activity procedure

Minimum inhibitory concentration

The ready-made Tryptic Soya broth and Malt extract broth medium (30 g) was suspended in dis-
tilled water (100mL) and warmed until it dissolved completely. The test tube as well as medium
tubes were autoclaved at a pressure of 1.0 bar for 30min. A set of sterilized test tubes with
Tryptic Soya broth and Malt extract broth medium was capped with cotton plugs. The newly syn-
thesized compounds were dissolved in dimethyl sulfoxide (DMSO) and in first test tube added
100mg/mL concentration of the newly synthesized compounds and which was serially diluted. A
fixed volume of 0.5mL of overnight culture was added in all the test tubes which were incubated
at 37 �C for 24 h. After 24 h these tubes were measured for turbidity. For the antifungal assay, the
ready-made Muller Hinton agar medium (30 g) was suspended in distilled water (100mL) and
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warmed until it dissolved completely. The medium and glass petri dishes were autoclaved at a
pressure of 1.0 bar for 30min. under sterilized conditions in a Laminar flow chamber; the
medium was poured into sterile petri dishes. The 0.5mL of the culture of fungal spore suspension
was injected and uniformly spread over the agar surface with a sterile glass rod. The newly syn-
thesized compounds solution were prepared in DMSO. After inoculation, cups were lifted out
with 6-mm sterile cork borer and the lids of the dishes were replaced. To each cup, different con-
centrations of test solution of each synthesized compounds were added. Controls were maintained
with DMSO and fluconazole. The treated and the controls were kept at 27–28 �C for 60–84 h.
The minimum inhibitory concentration (MIC) was recorded in mg/mL. Three to four replicates
were maintained for each treatment.

Molecular docking

Molecular docking of the protein–ligand complexes was executed with the help of AutoDock
Vina (http://vina.scripps.edu) software. PDB sum and CASTp servers used for identification of
ligand-binding site of each complex. This process was used to make binding of its crystal with
ligand in a similar region to avoid the binding with other areas. With the help of AutoDock tools
the ligand coordinates and protein were separated from each complex, the ligand structures and
protein were processed to a format as pdbqt files (Recognized by ADT), by adding Gasteiger
charges, all hydrogen atoms and merging the non-polar hydrogen atoms. By using babel in
AutoDock the hydrogens are added to the receptor and ligand structures. The AutoDock, an
inbuilt tool in the ADT were used for determined by the number of torsions for the ligand. The
torsional root for the ligand molecule is usually branches with rotatable bonds surface of rigid
part of the ligand molecule. The AutoDock frequently tries to detect the root for the molecule
unless the user specifies it. In this process, AutoDock was automatically selected its root. As per
the information from the PDB sum and CastP servers the grid box was sited. Auto grid were
computed the atom specific affinity maps for all ligand atom types, electrostatic and desolvation
potentials. The docking simulation consisted of 100 iterations by Genetic Algorithm methods for
every protein ligand pair. Lamarckian Genetic Algorithm, local search method in AutoDock was
used to set population size 150 with 25 million energy evaluations. All the other factors like the
number of generations, the maximum number of top individuals to persist to the next generation,
the crossover rate and mutation rate were set to their default value. The binding energy was ana-
lysis after total minimum energy resulting from the 100 docking runs.
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