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Ethyl 2-(4-methoxyphenyl)-3-(thiophene-2-carbonyl)cyclopropanecarboxylates 2(a–f) and ethyl 4-aryl-
7-oxo-4,5,6,7-tetrahydrobenzo[b]thiophene-5-carboxylates 4(a–f)were synthesized by simple procedure.
The synthesized new compounds were screened in vitro for their antimicrobial and antioxidant activities.
The compounds2b and4f showedexcellent antibacterial activity;while2b and4f showed remarkable anti-
fungal properties. The results of antioxidant activity studies revealed that compounds 4b and 4fmanifested
profound antioxidant potential. The docking studies were done for the final compounds. The ADME result
indicates that all these molecules possess pharmaceutical properties in the range of 95% of drugs.

� 2016 Elsevier Ltd. All rights reserved.
In recent years cyclopropane derivatives have attracted a lot of
interest because of their biological and pharmaceutical applica-
tions. Cyclopropane ring systems are ubiquitous in nature and
are found in a large number of natural products, insecticides, and
pharmaceutical drug candidates. Designing small molecules that
bind to therapeutically important biological targets with high
affinity and selectivity is a major goal in contemporary bioorganic
and medicinal chemistry. The reactivity of cyclopropanes allows
them to be utilized as versatile intermediates in the organic
synthesis of complex molecules and, thus, is frequently employed
for the above purposes.

The synthesis and application of multi-substituted cyclo-
propanes has been a subject of great interest due to their roles as
the basic structural elements in a wide range of biologically active
compounds and important intermediates in organic synthesis with
diverse applications in synthetic, agricultural, and medicinal chem-
istry as well as in material science.1 Thienyl- and furylpropenones
are treated as useful intermediates in organic synthesis. These
a,b-unsaturated ketones reacts with activated methylene
compounds such as malonates, cyanoacetates, and malononitrile
to give addition products which were cyclized to heteroaryl
substituted dihydropyranes, cyclohexanols, and piperidones.2

Cyclopropane analogues have been found to exhibit diverse
biological applications such as antibacterial, antifungal, antiviral,
anti-HIV, anticancer, antitumor, antimicobacterial, antiestrogenic,
agonist and COX-II inhibitor properties.3

The lignans are a group of secondarymetabolites found in plants,
which are produced by oxidative dimerization of two phenyl-
propanoid units and show bioactive diversity in their chemical
assembly. An efficient transformation of thienylpropenones to het-
eroaryl substituted cyclopropyl ketonesby reactionswithMe3SO+I�,
and then to dihydrobenzo[b]thiophenoneswas reported.2 Synthesis
of several types of lignans such as dibenzylbutanediols, dibenzylbu-
tanes, substituted tetrahydrofurans by an accessible approach was
developed.4 Selectively functionalized 1,4-diarylbutane-1,4-diols
undergo a number of different reactions upon treatment with
methanesulfonyl chloride and triethylamine leading to (4R,5S)-4-
(4-methoxyphenyl)-5.6-dimethyl-4,5-dihydrobenzo(c)thiophene
lignans.5 Lignans possesses broad range of structures and biological
activities. These were known to have anti-tumor, antimitotic and
antiviral activity and to specifically inhibit certain enzymes.6 Novel
lignans continue to be described by natural products chemists at a
steady rate and knowledge of their variety, as well as their range
of occurrence in the plant kingdom, is continually expanding.7
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In view of enormous biological applications associated with
lignans, and to explore further possibilities of using thiophenyl-
propenones in drug synthesis, we herein report about the reactions
of thiophenylpropenones with activated methylene compound
ethyl cyanoacetate into cyclopropyl esters, and about their transfor-
mations into lignan conjugates of more biological potency.

In the synthesized compounds, thiophene was embedded as the
aromatic component of ligans for several reasons that are
delineated below. Thiophenes are flat five-membered aromatic
heterocyclic rings containing sulfur. This chemical class is impor-
tant in the development of pharmaceutical agents because of its
ready availability, ease of functionalization and high stability.
The aromaticity of the ring makes this structure highly amenable
to either electrophilic or nucleophilic substitution reactions poten-
tially enabling the medicinal chemist to generate greater number
of modifications and synthesize novel structural congeners and
bioisosteres for improved bioavailability, reduced toxicity, and
greater half-life and for improving its activity against the intended
target. Further, since the aromaticity is lesser than that for ben-
zene, it has slightly better solubility properties as compared to
benzene. Further, unlike thioethers, thiophenes show resistance
to degradation by alkylation and oxidation, yet are amenable to
oxidation-induced metabolic activation within biological systems.
The highly reactive carbon centers flanking the sulfur makes halo-
gen substitution on thiophenes an order of magnitude better than
on benzenes. Thus, use of thiophenes affords the dual advantage of
retaining rigidity (by virtue of its aromaticity) yet acting as
synthons for substitution of non-aromatic structural moieties.8

Considering all the above-mentioned favorable aspects and want-
ing to develop a scaffold that is amenable to modifications for
improving drug-like properties, thiophenes were embedded as
the aromatic component of lignans. Further, selective organic
chemistry efforts have demonstrated the incorporation of thio-
phenes into lignans as a successful precedent to our current
work.2,9–13

3-Aryl-1-(thiophen-2-yl)prop-2-en-1-ones, 1(a–f) were con-
verted to a mixture of ethyl 2-aryl-3-(thiophene-2-carbonyl)
cyclopropanecarboxylates 2(a–f) in 68–78% yield, and sodium
2-aryl-3-(thiophene-2-carbonyl)cyclopropanecarboxylates 3(a–f) in
07–14% yield by the reaction of ethyl cyanoacetate and dried sodium
metal in dry benzene at room temperature. Compounds 2(a–f) on
cyclization reactionwith SnCl2 and nitrobenzene under reflux condi-
tions produced (4R,5R)-ethyl 4-aryl-7-oxo-4,5,6,7-tetrahydrobenzo
1 (a-f)

(i)

2

a) R = H, R1 = H, R2 = OCH3, R3 = H;
b) R = H, R1 = H, R2 = OC2H5, R3 = H;
c) R = H, R1 = OCH3, R2 = OCH3, R3 = H;
d) R = OCH3, R1 = H, R2 = H, R3 = H;
e) R = OCH3, R1 = H, R2 = OCH3, R3 = H;
f) R = H, R1 = OCH3, R2 = H, R3 = OCH3.

Reagents and Condition: (i) NC-CH2-COOEt. dry Na/dry
(ii) SnCl4, Nitrobenzene, dil. HC
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Scheme 1. Schematic diagram for the sy
[b]thiophene-5-carboxylates 4(a–f) in 72–86% yields (Scheme 1).
The intermediates 3-aryl-1-(thiophen-2-yl)prop-2-en-1-ones 1(a–f)
were prepared by the condensation of 2-acetylthiophene with aro-
matic aldehydes in the presence of sodium hydroxide in methanol.

The structural analysis of the ethyl 2-(aryl)-3-(thiophene-2-car-
bonyl)cyclopropanecarboxylate, 2(a–f) was made by 1H NMR and
13C NMR spectral studies and elemental analysis. In 1H NMR spec-
tra, triplets for one proton each at d 1.64–1.66, 2.10–2.13 ppm
and d 2.32–2.37 ppmwas observed for C1-H, C3-H and C2-H protons,
respectively. Signals appearing as quartet for two protons at
d 4.12–4.21 ppm and triplet for three protons at d 1.28–1.31 ppm
were assigned to ester CH3 and OCH2 protons respectively. Array
of signals appearing as multiplet in the region d 6.96–7.75 ppm
were due to aromatic and five membered ring protons. In 13C
NMR spectra, the signals at d 14.16–14.44 and d 61.17–61.90 ppm
were due to ester CH3 and OCH2 carbons, respectively. The signals
due to carbons of newly formed cyclopropyl ring were observed
at d 24.06–24.60, 28.95–32.80 ppm and d 39.10–39.77 ppm for C-
1, C-2 and C-3 atoms, respectively. The carbonyl carbon showed
the signal in the downfield at d 191.56–192.96 ppmwhile ester car-
bonyl carbon absorbed at d 171.10–171.80 ppm. These 13C NMR
spectral data supports the cyclopropyl system formation. All the
synthesized compounds 2(a–f) showedmolecular ion peaks as their
base peaks in their mass spectra andwere supported by satisfactory
elemental analysis. Thus, all these spectral and elemental analysis
data confirms the structures of synthesized compounds 2(a–f).

Compounds 2(a–f) was taken in nitrobenzene, anhydrous
stannic chloride was added drop wise with stirring at 0 �C and
the cooled reaction mass was stirred for 8 h at room temperature
deliver the expected final compound 4(a–f) in 72–86% yields. In
1H NMR spectra, 4(a–f) showed triplet for three proton at
d 1.21–1.30 ppm and quartet for two protons at d 4.11–4.21 ppm
were due to ester CH3 and OCH2 protons, respectively. The absolute
stereochemistry (configuration) of the two stereogenic centers at
C-4 and C-5 was determined on the basis of NMR studies.14 The
coupling constants in the spectra of the compounds 4(a–f) for
C4-H as d (J = 11.9–10.3 Hz) and for C5-H dd (J = 13.8–12.3 and
11.9–10.3 Hz) suggests that the two hydrogen atoms at C-4 and
C-5 stereogenic centers are axially oriented, while the phenyl,
carboxylic ester substitutions are equatorially oriented. Based on
these observation the compounds 4(a–f) have assigned
(4R,5R)-configuration. The C6-Hax protons resonate at 3.20–3.10
as dd (J = 14.0–12.8 Hz and 11.5–10.2 Hz) and the 6-Heq protons
+
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resonate at 3.55–3.38 as dd (J = 14.0–12.5 Hz and 4.6–3.4 Hz).
These chemical shifts and coupling patterns suggested that
C6-Hax protons coupled with C6-Heq and C5-H; and C6-Heq protons
coupled with C6-Hax and C5-H and making C6-Hax and C6-Heq

protons diastereotopic.
In 13C NMR spectra, 4(a–f) showed the signals at d 14.12–14.90

and 61.30–63.71 ppm for CH3 and OCH2 carbons. The signals
appearing at d 171.06–171.60 and d 189.38–191.68 ppm were
assigned to COO and C@O carbons, confirming the formation of
the products. All the new compounds showed M+ ion peaks at
32–68% abundance and a base peak at (M+-72). The satisfactorily
elemental analysis proves the structures of the synthesized
compounds.

Minimum inhibitory concentrations (MIC’s) of the compounds 2
(a–f) and 4(a–f) were determined by broth dilution technique.15,16

The tests were conducted against bacterial pathogens
Staphylococcus aureus, Streptococcus pyogenes, Escherichia coli and
against fungal strains Cryptococcus neoformans, Aspergillus niger,
Aspergillus flavus. The antibiotics ciprofloxacin and nystatin were
used as positive controls against bacterial and fungal stains,
respectively. Dimethyl sulfoxide was used as solvent control. The
experiments were carried out in triplicate; the results were taken
as amean ± standard deviation (SD) and are summarized in Table 1.

All the synthesized compounds 2(a–f) and 4(a–f) exerted a
wide range of modest in vitro antibacterial activity against all the
tested organisms. However, compound 2b having an ethoxy and
4f having a methoxy substituent exhibited excellent antibacterial
activity against all the tested organisms compared to standard.
The sole exception was compound 2b, the action of which against
E. coli was comparable to that shown by the standard. Compound
2e and 4a were active with S. pyogenes, while compound 2c
inhibited the growth of the organisms similar to that shown by
standard. The remaining compounds showed less activity
compared to the standard.

Synthesized compounds 2(a–f) and 4(a–f) exerted modest anti-
fungal activity having minimum inhibitory concentration value
(MIC) 12.5–100 lg/mL. In the series 2(a–f), compound 2b having
an ethoxy substitution showed greater extent of inhibition against
the organisms tested. Compound 2c was active with A. niger, while
compound 2d showed higher inhibition of A. flavus. Remaining
compounds also showed modest inhibitory effect against the
organisms tested, albeit lesser than that shown by the standard.

In the series 4(a–f), compound 4f demonstrated excellent
activity against the tested organisms when compared to standard.
However compound 4a, 4c and 4d displayed higher potency
Table 1
Minimum inhibitory concentrations (MIC) (in lg/mL*) of the synthesized compounds 2(a–

Compounds S. aureus S. pyogenes E. coli

2a 50.0 ± 0.45 50.0 ± 0.42 50.0 ± 0.7
2b 12.5 ± 0.06 25.0 ± 0.56 25.0 ± 0.6
2c 25.0 ± 0.87 50.0 ± 0.54 25.0 ± 0.7
2d 50.0 ± 0.32 100 ± 0.53 75.0 ± 0.2
2e 25.0 ± 1.03 25.0 ± 0.97 25.0 ± 0.4
2f 50.0 ± 0.65 75.0 ± 0.76 75.0 ± 0.3
4a 50.0 ± 0.77 25.0 ± 0.76 50.0 ± 0.3
4b 75.0 ± 0.76 50.0 ± 0.81 50.0 ± 0.2
4c 50.0 ± 0.54 50.0 ± 0.22 25.0 ± 0.1
4d 25.0 ± 0.55 50.0 ± 0.42 50.0 ± 0.6
4e 50.0 ± 0.21 50.0 ± 0.55 75.0 ± 0.6
4f 12.5 ± 0.21 25.0 ± 0.93 12.5 ± 1.
Ciproa 25.0 ± 0.54 50.0 ± 0.21 25.0 ± 0.6
Nystb — — —

* Values are mean ± SD of three replicates.
a Ciprofloxacin was used as a positive control against bacteria species.
b Nystatin was used as a positive control against fungal species.
against A. niger. Remaining compounds 4b and 4e showed less
potency of inhibition against the fungal strains as compared to
the standard.

Further, various assays were performed to assess the antioxi-
dant activities of the compounds. Radical scavenging potency of
all the compounds 4(a–f) was assessed in vitro by the DPPH17

and hydroxyl radical scavenging assay.18,19 The experiments were
performed in triplicate at five different concentrations; the results
were taken as a mean ± standard deviation (SD) and are presented
in Tables 2 and 3.

A freshly prepared DPPH solution shows a deep purple color
with an absorption maximum at 517 nm. When the purple color
changes to yellow, it leads to decreased absorbance. This is because
of the antioxidant molecule reducing the DPPH free radical through
donation of hydrogen atom. Instantaneous or concomitant
decrease in absorbance would be indicative of potent antioxidant
activity by the compound. Based on the experimental results, com-
pound 4b and 4f having ethoxy and methoxy substituent showed
stronger DPPH scavenging activity than others. Compounds 4a
and 4c having a methoxy substitution showed antioxidant
properties similar to that displayed by the standard. Remaining
compounds 4d and 4e showed less activity compared with the
standard ascorbic acid.

The hydroxyl radical is a highly reactive free radical formed in
biological systems and it is capable of damaging biomolecule found
in living cells. The hydroxyl radical has the ability to break DNA
and cause strand breakage, which contributes to carcinogenesis,
mutagenesis and cytotoxicity. In this method, compound 4(a–f)
displayed a range of hydroxyl radical scavenging activity ranging
from highly potent to weak. Among the compounds studied, com-
pounds 4b and 4f exhibited remarkable capacity for scavenging
hydroxyl radical, significantly higher than that of the standard
BHA, whereas compound 4a showed moderate scavenging activity.
However the remaining compounds 4c, 4d and 4e exhibited weak
radical scavenging activity.

Molecular docking has emerged as an important tool in drug
design and discovery of novel potential ligands.20 In order to
understand possible mechanisms by which the synthesized
compounds exerted their antibacterial activity; they were docked
onto a protein critical for bacterial cell wall synthesis. Peptidogly-
can biosynthesis begins with the action of two enzymes viz., MurA
and MurB, with MurB catalyzing the second step in the formation
of muramyl sugar. MurB is a known target for antibacterial
chemotherapy.21 The small molecules were systematically docked
onto the structure of MurB (PDB ID: 1MBT). The docking studies
f) and 4(a–f) against bacterial and fungal species

C. neoformans A. niger A. flavus

6 500.±0.66 100 ± 0.51 100 ± 0.65
5 12.5 ± 0.76 12.5 ± 0.32 25.0 ± 0.43
6 25.0 ± 0.66 25.0 ± 0.32 50.0 ± 0.75
1 75.0 ± 0.54 75.0 ± 0.64 25.0 ± 0.33
3 25.0 ± 0.66 50.0 ± 0.98 50.0 ± 1.05
2 50.0 ± 1.34 50.0 ± 0.61 75.0 ± 0.43
2 50.0 ± 0.55 25.0 ± 0.76 50.0 ± 0.43
1 25.0 ± 0.87 75.0 ± 0.21 100 ± 0.65
7 25.0 ± 0.53 25.0 ± 0.32 50.0 ± 0.21
5 25.0 ± 0.65 25.0 ± 0.76 50.0 ± 0.87
3 50.0 ± 0.42 100 ± 1.08 75.0 ± 0.65

05 12.5 ± 0.76 25.0 ± 0.65 25.0 ± 0.87
6 — — —

25.0 ± 1.04 50.0 ± 0.54 50.0 ± 0.23



Table 2
Antioxidant activity of the compounds 4(a–f) by DPPH radical scavenging method

Compounds % Radical scavenging activity*

20 (lg/mL) 40 (lg/mL) 60 (lg/mL) 80 (lg/mL) 100 (lg/mL)

4a 15.02 ± 0.43 16.71 ± 0.32 20.31 ± 0.32 23.92 ± 0.41 26.22 ± 0.44
4b 17.08 ± 0.32 18.54 ± 0.32 22.87 ± 0.32 25.43 ± 0.32 28.96 ± 0.43
4c 14.65 ± 0.65 14.76 ± 0.87 20.93 ± 0.65 22.87 ± 0.65 25.54 ± 0.27
4d 10.76 ± 0.54 13.54 ± 0.41 17.76 ± 0.32 19.65 ± 0.41 21.65 ± 0.76
4e 9.76 ± 0.41 11.76 ± 0.98 14.98 ± 0.54 18.64 ± 0.87 20.76 ± 0.87
4f 18.56 ± 0.41 19.97 ± 0.54 24.76 ± 0.10 27.43 ± 0.65 31.54 ± 1.32
AAa 15.08 ± 0.89 16.87 ± 0.89 21.98 ± 0.31 24.25 ± 0.22 28.65 ± 0.98

* Values are mean ± SD of three replicates.
a Ascorbic acid was used as a standard antioxidant.

Table 3
Antioxidant activity of the compounds 4 (a–f) by hydroxyl radical scavenging method

Compounds % Radical scavenging activity*

20 (lg/mL) 40 (lg/mL) 60 (lg/mL) 80 (lg/mL) 100 (lg/mL)

4a 13.03 ± 0.53 17.98 ± 1.21 24.76 ± 0.45 30.98 ± 0.54 34.09 ± 0.76
4b 15.43 ± 0.54 19.76 ± 1.32 26.98 ± 1.06 34.13 ± 0.65 37.99 ± 0.76
4c 12.23 ± 0.50 16.64 ± 0.87 24.07 ± 0.56 30.37 ± 0.65 34.02 ± 0.98
4d 11.87 ± 0.24 15.98 ± 0.43 22.76 ± 1.06 29.77 ± 0.21 31.56 ± 0.74
4e 10.05 ± 0.76 12.76 ± 0.65 19.87 ± 0.66 23.87 ± 0.32 26.82 ± 0.51
4f 16.76 ± 0.12 20.65 ± 0.32 29.65 ± 0.43 36.32 ± 0.41 41.50 ± 0.32
BHAb 13.87 ± 0.10 17.95 ± 0.12 25.58 ± 0.20 32.03 ± 0.32 36.87 ± 0.76

* Values are mean ± SD of three replicates.
b Butylated hydroxyanisole was used as a positive control.
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revealed that, all the twelve novel compounds exhibited excellent
docking and binding energies toward the receptor active site
pocket ranging from �4.64 to �6.94 kcal mol�1 (Table 4). A total
of twelve validated potential leads are suggested from the
in vitro studies among which, compounds 4b and 4f satisfy both
the docking and ADME drug-like criteria when compared with that
of the reported standards. Derivatives (compounds 4b and 4f) of
parental nucleus imparted a specific geometrical space around
the active site of MurB and considered as the best docking poses.
Compound 4b formed a hydrogen bond with the backbone amino
group of Ile173 (Data not shown), whereas compound 4f formed
an additional cation–p interaction with Arg 327 apart from a
hydrogen bond with the backbone amino group of Ile173 (Fig. 1).
Hence, it can be reasonably speculated that compounds 4b and
4f inhibits the bacterial peptidoglycan bio-synthesis by restricting
the vital MurB enzyme from carrying out its function.21–23 Having
performed this exercise, we fully understand the limitation of blind
docking studies in assigning a target receptor for a particular
Table 4
Docking scores of synthesized compounds 2(a–f) and 4(a–f) against MurB from E. coli
(PDB id: 1MBT)

Compound RMS Derivative Docking score Glide energy
OPLS-2005 (kcal/mol) (kcal/mol)

2a 0.038 �6.25 �40.91
2b 0.018 �6.55 �45.44
2c 0.047 �6.64 �50.21
2d 0.037 �6.66 �49.67
2e 0.005 �6.50 �47.54
2f 0.049 �6.45 �50.38
4a 0.026 �6.31 �33.78
4b 0.009 �6.55 �37.13
4c 0.026 �4.94 �44.65
4d 0.024 �6.32 �41.82
4e 0.022 �4.64 �34.96
4f 0.012 �6.80 �46.65
Ascorbic acid 0.050 �6.94 �34.56
BHA 0.001 �4.79 �24.35
small-molecule and that it is highly likely that the small-molecules
may interact with additional targets in the bacterial and fungal
organisms tested to bring about their inhibition. However, by
demonstrating it in the case of MurB, a critical enzyme involved
in bacterial cell wall synthesis, we have established one plausible
target for the synthesized molecules. Future studies in the lab
would explore additional targets for the newly synthesized
molecules.

QikProp, the prediction program was used to calculate
pharmacokinetic ADME (absorption, distribution, metabolism and
excretion) properties consisting of principal descriptors and
physiochemical properties. Qikprop modules predict the range of
molecular properties for the newly synthesized compounds to
compare them with those of 95% of known drugs.20 All the ligands
obey the Lipinski’s rules: molecular weight below 500 Da, hydro-
gen bond donor (less than five) and acceptor (less than ten).
QPlogPo/w (octanol/water partition coefficient) for all the ligands
is less than five.23 Further, all the ligands satisfy the values of par-
tition coefficient of octanol/gas (QPlogPoct), water/gas (QPlogPw)
and brain/blood (QPlogBB) permeability, Skin permeability
(QPlogKp), aqueous solubility (QPlogS) and the predicted values
are within the permissible range (Data not shown). Qualitative
Model for Human Oral Absorption was predicted and all the twelve
synthesized compounds 2(a–f) and 4(a–f) showed high oral
absorption (Table 5).

In summary, in order to develop antimicrobial and antioxidant
molecules, we have synthesized new bioactive lignans via cyclo-
propyl esters. This is done by developing new methodologies that
increases the structural complexity of new lignans, while decreas-
ing the number of synthetic steps required. These compounds were
evaluated for antimicrobial and antioxidant activities. Compound
4f exhibited potent antimicrobial and antioxidant activity among
the series. In silico ADME predictions indicate that all these mole-
cules possess pharmaceutical properties in the range of 95% of
drugs. It may be concluded from ADME studies that compound
4f might act as a good antimicrobial compound with satisfactory
ADME properties. Further, docking studies point out to efforts at



Figure 1. (A) Molecular interaction of MurB (PDB ID: 1MBT) with compound 4f showing the hydrogen bond with the backbone amino group of Ile173 and the n-cation
interaction with Arg 327. (B) Electrostatic surface representation of the protein depicting the best docked pose for compound 4b in the active site of MurB.

Table 5
Computer aided ADME screening of the synthesized compounds

Ligand Mol MW QPlogHERG QPPCaco QPlogBB QPlogKp a⁄ b⁄ c⁄ d⁄

2a 330.4 �5.41 1856.56 �0.40 �1.57 0.22 100 1376.5 0
2b 344.4 �5.81 1856.58 �0.51 �1.48 0.39 100 1376.3 0
2c 360.4 �5.42 1857.56 �0.49 �1.61 0.21 100 1370.5 0
2d 330.4 �5.62 1838.42 �0.44 �1.51 0.25 100 1257.2 0
2e 360.4 �5.54 1837.03 �0.52 �1.61 0.23 100 1255.9 0
2f 360.4 �5.35 1853.70 �0.48 �1.63 0.20 100 1372.9 0
4a 330.4 �5.20 1591.10 �0.32 �2.11 0.28 100 1477.5 0
4b 344.4 �5.60 1591.07 �0.43 �2.02 0.45 100 1477.5 0
4c 360.4 �5.25 1592.67 �0.41 �2.16 0.27 100 1479.1 0
4d 330.4 �4.90 1665.84 �0.26 �2.04 0.24 100 1505.3 0
4e 360.4 �5.07 1713.77 �0.35 �2.09 0.26 100 1550.6 0
4f 360.4 �5.03 1616.09 �0.38 �2.19 0.25 100 1494.8 0
BHA 180.2 �3.56 3008.64 �0.06 �1.91 0.08 100 1627.0 0
Ascorbic acid 176.1 �2.68 48.59 �1.66 �5.37 �0.94 48.13 18.82 0
Range 95% of Drugs 130.0 to 725.0 <�5 <25 poor, >500 great �3.0 to 1.2 �8.0 to �1.0 �1.5 to 1.5 >80% is high <25 poor,>500 great 0–4

a⁄—QPlogKhsa, b⁄—% human oral absorption, c⁄—QPPMDCK, d⁄—Volition of Lipinski’s rule.
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assigning a tentative receptor that is targeted by these compounds
to bring about their antimicrobial activity. Furthermore, this study
provides suitable candidates as potential lead compounds that can
be employed in ameliorating various diseased conditions caused
by microbes, fungi and free radicals.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.bmcl.2016.06.
005.
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