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Abstract A series of new acridone derivatives from isoxazoline (2a-l) were synthesized via 1,3-

dipolar cycloaddition reaction between a variety of aryl nitrile oxides and N-allyl acridones using

simple and efficient methods. This is the first ever green protocol to synthesize novel isoxazolines

derivatives from acridone under microwave condition and offers broad substrate scope with good

to excellent yields. The synthesized compounds (2a-l) were tested for their antibacterial potency

against four pathogenic bacterial and were found to exhibit moderate to potent antibacterial activ-

ity. Two of these compounds 2a and 2k exhibited a significant antibacterial activity against E. coli

and P. putida, respectively. The in silico molecular docking results supported the antibacterial activ-

ity of the synthesized compounds. ADMET properties of the most synthetized compounds showed

an excellent bioavailability, therefore, can be considered as promising drugs candidates for further

studies.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Heterocycles compounds have served as valuable synthetic

templates for the synthesis of new compounds with interesting
biological properties (Jia et al., 2020). Antibacterial activities
of heterocycles, particularly those with nitrogen and oxygen

as heteroatoms are well documented in the literature
(Aarjane et al., 2020c; Banerjee, 2017; Guariento et al., 2018;
Naouri et al., 2020; Zorina et al., 2019). Among these hetero-
cycles, acridones have attracted much attention as a result of

their divers medicinal applications, including antimalarial
(Kumar et al., 2009), antibacterial (Aarjane et al., 2019), anti-
cancer (Oyedele et al., 2020), and anti-inflammatory (Sondhi

et al., 2010) (Fig. 1). Moreover, the photophysic properties
of acridones allow these kind of compounds to be interesting
tools for selective recognition in ecological and biological areas
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(Aarjane et al., 2020b). On the other hand, isoxazolines are key
skeletons of several synthetic and naturally occurring pharma-
cologically active compounds such as antitumor (Ribeiro et al.,

2017), anti-HIV (Srivastava et al., 1999), antibacterial (Zghab
et al., 2017) and anticancer (Kaur et al., 2014) (Fig. 1). Numer-
ous methods have been reported for the preparation of these

heterocycles, 1, 3-dipolar cycloaddition reactions are typically
utilized to construct isoxazoline ring (Bonacorso et al., 2018;
Dadiboyena and Nefzi, 2012; Rouf et al., 2017).

In recent years, antibiotic resistance has become a major
problem to public health security worldwide (Yin et al.,
2020) and the occurrence of antibiotic resistance has expected
an alarming rate the world over (Botelho and Schulenburg,

2020). Some P. putida shows a high resistance phenotype to
diverse xenobiotic and organic compounds such as flavonoids,
b-lactam antibiotics and other antimicrobial compounds

(Fernandez-Escamilla et al., 2015). The transcriptional regula-
tor (TtgR) enzyme of P. putida is a HTH-type transcriptional
repressor that controls expression of the TtgABC efflux pump,

which is the main contributor to resistance against several
antimicrobials agents in this bacteria (Terán et al., 2003).
Moreover, previous studies on the TtgR multidrug binding

potential have shown that it binds with moderate to high affin-
ity to plant-derived compounds such as phloretin and narin-
genin (Alguel et al., 2007b; Choudhury, 2010). All of these
compounds are characterized by having an aromatic ring

(Daniels et al., 2010). On the other hand, MenB or dihydrox-
ynaphthoic acid synthetase, is involved in the biosynthesis of
menaquinone. E. coli utilize menaquinone (vitamin K2), a

polyisoprenylated naphthoquinone, as the lipid-soluble redox
Fig. 1 Isoxazolines and acridones
cofactor in the electron transport chain of bacteria. The
enzymes in the biosynthetic pathway of bacterial menaquinone
are potential targets for novel antibacterial drug (Sharma

et al., 1992). Several new scaffolds have been identified as dihy-
droxynaphthoic acid synthetase inhibitors (Amzoiu et al.,
2020; Evans et al., 2016).

Computational tools in drug discovery become a major role
in the development of therapeutically important small com-
pounds (Franchini et al., 2017; Ragusa et al., 2017). These

computational methods are relevant in limiting the use of ani-
mal models and for aiding the rational design of novel and safe
drug candidates (Brogi et al., 2020; Righetti et al., 2020). The
in silico molecular docking technique was applied to explain

the obtained biological activities by identify the stable poses
of synthesized compounds into the studied receptor pocket.
During clinical drug development process many drugs candi-

dates can be excluded due to pharmacokinetic problems which
affect costs and time investments in drug discovery process
(Ghaleb et al., 2020). To overcome this problem an in silico

ADMET (Absorption; Distribution; Metabolism, Excretion
and Toxicity) study was applied to predict drugs
pharmacokinetics.

In view of the promising antibacterial profile of acridones
as well as isoxazolines and also relying on our previous studies
on acridone derivatives as potent antibacterial agents (Aarjane
et al., 2020a), we have synthesized novel compounds of both

isoxazoline and acridone pharmacophores, with the expecta-
tion of a synergetic effect. The adopted strategy for preparing
novel isoxazoline derivatives from acridone was based on the

1,3-dipolar cycloaddition reaction between N-allyl acridone
used as pharmaceuticals agents.
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and nitrile oxides using simple and efficient methods. The
newly synthesized compounds were then tested for their poten-
tial antibacterial activities. Furthermore, molecular docking

study have been applied to explain and identify the possible
modes of interactions between synthesized compounds and
studied receptors. The bioavailability of these drugs candidates

has been determined by ADMET screening.

2. Results and discussions

2.1. Synthesis

The aim of this work is preparing novel acridone derivatives
bearing isoxazoline moieties. The novel isoxazoline derivatives
obtained from acridone (2a–l) were synthesized through a two-

step method (Scheme 1).
The first step was the preparation of the dipolarophile by

N-allytion of acridone using solid–liquid phase transfer cata-
lyst. Stirring acridone with allyl bromide in the presence of

tetra-n-butylammonium bromide (TBAB) as catalyst and
anhydrous potassium carbonate in DMF at 80 �C give com-
pound 1a-b with good yields.

The 3,5-disubstituted isoxazolines were obtained by 1,3-
dipolar cycloaddition reaction between an appropriately sub-
stituted nitrile oxides and N-allyl acridones. At the outset,

our investigation focused on exploring the 1,3-dipolar cycload-
dition reaction conditions between benzaldoxime and the dipo-
larophiles 1a. For that, we adopted in the first step a

conventional protocol based on the generation ‘‘in situ” of
nitrile oxide in the presence of sodium hypochlorite (NaOCl)
at 0 �C in the biphasic mixture H2O/CH2Cl2 (Table 1). The
reaction resulted in the formation of the desired 3,5-

disubstituted isoxazoline 2a but with very low yield ranging
from 10 to 12%. This result could be explained by the low sol-
ubility of dipolarophile 1a in water. In order to increase the

yield of the 1,3-dipolar cycloaddition reaction, we turned our
attention to the development of a process for the synthesis of
isoxazoline derivatives based on the generation of nitrile oxide

‘‘in situ” from N-hydroxybenzimidoyl chloride as well as
adopting a microwave assisted synthesis method. As shown
in Table 1, different reaction conditions were probed to
improve the yield of compound 2a.

The results indicated in Table 1 show that the use of alkyne
1a (1 mol equiv) and N-hydroxybenzimidoyl chloride (1.2 mol
Scheme 1 Synthesis route of novel isoxaz
equiv) in the presence of triethylamine at 50 �C in chloroform
afforded 3,5-disubstituted isoxazoline 2a in good yield (75%).
Moreover, strong acceleration of the cycloaddition reaction

under microwave irradiation was noticed in comparison to
conventional conditions that required 6–24 h of agitation
against 20–25 min under microwave irradiation.

With the optimized reaction conditions in hand (Table 1,
entry 4 and 6), we synthesized novel isoxazoline derivatives
2a-l (Scheme 1, Table 2) by changing the starting substrates.

With the different para- or meta-substituted N-
hydroxybenzimidoyl chlorides used in this work, the regiose-
lectivity of the reaction was established since no 3,4-
disubstituted isoxazole regioisomers were observed. Moreover,

electron donating as well as electron withdrawing N-
hydroxybenzimidoyl chlorides gave similar results, except in
the case of compounds 2e and 2f we obtained mediocre yields.

The compounds (2a-l) were purified by column chromatogra-
phy and/or recrystallization method. Purified compounds were
characterized using IR, NMR and Mass spectrometry.

The IR spectra of novel isoxazoline derivatives obtained
from acridone (2a-l) showed characteristic absorption bands
in the region of 1640–1635 cm�1 corresponding to the vibra-

tion of the carbonyl of acridone ring (C‚O) and imine group
of isoxazoline nucleus showed the C‚N stretching frequency
at 1605–1600 cm�1. The 1H NMR spectra of compounds
(2a-l) showed aromatic protons between 8.63 and 6.67 ppm.

We also noticed the presence of two signals as double doublet
between 4.78 and 4.55 ppm attributable to the two protons of
the methylene group (NACH2), as well as two double doublet

between 3.56 and 3.27 ppm related to the methylene protons
(CH2) of isoxazoline ring, in addition to a multiplet between
5.40 and 5.30 ppm assigned to the proton (CAH) of isoxazo-

line nucleus. The chemical displacements of the proton (CH)
of isoxazoline nucleus are in the order of 5.4 ppm, whereas
in the case of 3,4-disubstituted isoxazoline is expected to be

higher values due to the oxygen-attracting effect. These results
confirm the regioselectivity of the cycloaddition reaction. 13C
NMR spectra of compounds (2a-l) confirm the formation of
3,5-disubstituted isoxazoline. The chemical displacements

observed for the CH carbon of the isoxazoline nucleus between
79 and 78 ppm find their explanation in the oxygen attractor
effect of the isoxazolic nucleus. In addition the signals between

50 and 48 ppm and 38 ppm corresponding to the CH2 groups,
as well as a signal between 157 and 156 ppm relative to the car-
bon C‚N of the isoxazoline ring and another signal between
oline derivatives from acridone (2a-l).



Table 1 Optimization of the reaction conditions.a

Entry Base Solvent Temp. (�C) Time Yield%

1b NaOCl CH2Cl2/H2O 0–5 �C 24 h 14

2 Et3N CH2Cl2 RT 24 h 60

3 Et3N CHCl3 RT 24 h 68

4 Et3N CHCl3 50 �C 8 h 75

5 Et3N Toluene 50 �C 6 h 60

6c Et3N CHCl3 50 �C 25 min 89

7c Et3N Toluene 70 �C 20 min 80

a Reaction conditions: 1a (1 mmol), N-hydroxybenzimidoyl chloride (1.2 mmol), TEA (1.2 mmol), solvent (5 mL).
b Reaction conditions: 1a (1 mmol), benzaldoxime (1.2 mmol), 13% aq NaOCl (2 mmol), solvent (5 mL).
c Reaction conditions: 1a (1 mmol), N-hydroxybenzimidoyl chloride (1.2 mmol), TEA (1.2 mmol), solvent (5 mL) MW 200 W max.

Table 2 Synthesized compounds 2a-l.

Compounds R1 R2 R3 Yield% a Yield% b

2a H H H 70 86

2b – OMe H 79 89

2c – Cl H 63 68

2d – NO2 H 71 80

2e – N(CH3)2 H 60 66

2f OH OMe 65 66

2g CH3 H H 76 81

2h – OMe H 70 84

2i – Cl H 68 67

2j – NO2 H 72 80

2k – N(CH3)2 H 63 64

2l OH OMe 60 65

a Reaction conditions: dipolarophile (1 mmol), dipole (1.2 mmol), TEA (1.2 mmol), chloroform (5 mL) at 50 �C.
b Reaction conditions: Reaction carried out under microwave irradiation (20–25 min).
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178 and 176 ppm attributed to the carbonyl (C‚O) of the acri-
done nucleus.

2.2. Antibacterial activity

The novel acridones 2a-l have been studied to evaluate their
antibacterial activity against Gram (�) bacteria (E. coli, P.

putida and K. pneumoniae) and Gram (+) bacteria (S. aureus).
The antibacterial activities have been primarily tested by agar
diffusion method. Then, minimum inhibitory concentrations

(MIC) were determined for the synthesized compounds. Chlo-
ramphenicol was used as positive control for antibacterial
activities. Results are displayed in Table 3 as minimum inhibi-
tory concentrations (MIC) in mg/mL. The antibacterial activity

results indicate that the tested compounds displayed various
degrees of inhibition against the four tested bacteria species.
The highest antibacterial activity was obtained against S. aur-

eus strains. Compound 2k with methyl on acridone ring and N,
N-dimethylamine on the phenyl group showed the best
antibacterial activity against P. putida with MIC value

38.57 lg/mL, which is very close to the known commercial
antibiotic chloramphenicol with MIC value 37.03 mg/mL.
While compound 2a with phenyl and hydrogen at C-2 on the
acridone ring on the isoxazoline-acridone moiety, showed
good activity against E. coli strains with MIC value
26.95 mg/mL, compared to the standard drug Chlorampheni-
col with MIC value 22.41 mg/mL. In addition, the compound

2 h with p-methoxy on the phenyl group and methyl at C-2
on the acridone ring exhibited high potential of antibacterial
activity against S. aureus with MIC = 24.60 mg/mL. The

antibacterial activity against the tested Gram-positive and
Gram-negative pathogens indicate that the replacement of
the allyl group with isoxazoline nucleus enhanced the antibac-
terial potential against Gram-negative bacteria and Gram-

positive bacteria for compounds 2a-l, whereas no significant
differences of the antibacterial activity between the N-allyl
acridones and acridones against all bacteria were noticed.

The antibacterial activity for the isoxazoline-acridone deriva-
tives was increased significantly, especially for P. putida when
the 2-methylacridone-isoxazoline skeleton was substituted by

N,N-dimethylamine on the phenyl group.

2.3. In silico ADMET prediction and evaluation of lipinski’s
‘Rule of 50

In silico ADMET analysis was performed to evaluate the drug-
likeness and pharmacokinetic properties of the synthesized
compounds 2a-l. On this purpose, pkCSM online tool



Table 3 MIC values (mg/mL) of the tested compounds against E. coli, P. putida, K. pneumoniae and S. aureus strains.

Compounds Staphylococcus aureus Escherichia coli Klebsiella pneumoniae Pseudomonas putida

Acridone 122.83 133.41 137.93 156.31

2-methylacridone 118.43 124.22 130.43 145.52

1a 97.10 80.66 97.25 100.95

1b 83.20 70.14 102.20 115.20

2a 39.57 26.95 71.00 88.48

2b 32.15 36.88 65.00 74.64

2c 32.15 42.15 74.64 91.00

2d 35.26 32.75 74.64 61.00

2e 41.78 49.57 65.00 74.64

2f 39.12 50.12 60.10 83.44

2g 34.78 43.23 71.00 81.27

2h 24.60 34.39 65.00 56.55

2i 28.39 30.39 74.64 61.00

2j 30.12- 50.12 80.10 56.55

2k 33.74 35.88 65.00 38.57

2 l 30.12 30.39 76.23 56.55

Chloramphenicol 11.65 22.41 15.38 37.03

DMSO – – – –
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(Pires et al., 2015) and DruLito software (‘‘Drug Likeness Tool

(DruLiTo 1),” n.d.) were used. Therefore, human intestinal
absorption, blood–brain barrier penetration (BBB), acute oral
toxicity, skin sensitization, AMES toxicity, HEGR inhibitor

and some druglike properties were calculated.
Based on Lipinski rules of 5 compounds with molecular

mass less than 500 Da, 5 hydrogen bond donors, 10 hydrogen
bond acceptors, and with an octanol–water partition coeffi-

cient log P less than 5 are likely absorbed. Table 4 shows that
the studied compounds (2a-2 l) have high lipophilicity property
(LogP = 3.05–3.86), molecular weight MW (354.14–414.16),

H-bond acceptor (<10) and H-bond donor (<5) and total
polar surface area (�140) which confirmed the desirable drug
likeness criteria of these synthetized drugs candidates. Drugs

with poor bioavailability are considered as inefficient because
major portion of a dose never reaches the plasma to exert
the pharmacological effect. In general, the predictive model
Table 4 Lipinski’s properties of the newly synthesized compounds

Compound Property

LogP H-bond acceptor H-bond donor Polar surface a

2a 3.47 2 0 41.9

2b 3.08 3 0 51.13

2c 3.41 2 0 41.9

2d 3.05 2 0 85.04

2e 3.37 3 0 45.14

2f 3.0 4 1 71.36

2g 3.86 2 0 41.9

2h 3.47 3 0 51.13

2i 3.81 2 0 41.9

2j 3.45 2 0 85.04

2k 3.76 3 0 45.14

2l 3.39 4 1 71.36
of pKCSM indicates that molecules with predicted values> 0.9

have high Caco2- permeability, human intestinal absorption
values less than 30% are poorly absorbed, low values of total
clearance means high half-life and molecules with logBB < �1

are poorly distributed to the brain (Ghaleb et al., 2019).
The predicted bioavailability of the synthetized compounds

2b and 2h presented in Table 5 shows an excellent pharmacoki-
netics property, they present high Caco2-permeability (1.08–

1.06) and intestinal absorption (98.64–99.19), they are poorly
distributed to the brain (�0.04; �0.06) with total clearance
(0.31–0.35). The subtype of cytochrome P450 CYP2D6 indi-

cates that they could not be a substrates or inhibitors of this
main subtype, which can decrease the chance of drug-drug
interactions. They present no hERG inhibitory, hepatotoxicity

or skin sensibilization, while compounds (2d, 2f, 2j, 2l) show
low Caco2- permeability and the compounds (2a, 2c, 2e, 2g,
2i, 2k) can exhibit blood barrier permeability. Moreover, the
2a-l.

Lipinski violation

rea (A2) Rotatable Bonds Molecular weight

3 354.14 0

4 384.15 0

3 388.1 0

4 399.12 0

4 397.18 0

4 400.14 0

3 368.15 0

4 398.16 0

3 402.11 0

4 413.14 0

4 411.19 0

4 414.16 0
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drug candidate 2b shows an AMES toxicity which can be a
mutagenic compound and therefore acts as a carcinogen.
While the synthetized compound 2h present good pharmacoki-

netics properties (absorption, distribution, metabolism, excre-
tion and toxicity). In general, most synthetized compounds
can be considered as promising drugs candidates for further

studies.

2.4. Molecular docking studies

Molecular docking was used to understand the binding modes
and to support the antibacterial activity of the synthesized
compounds obtained experimentally, also to elucidate new

information for further structural optimization.
The transcriptional regulator (TtgR) enzyme of P. putida is

a HTH-type transcriptional repressor that controls expression
of the TtgABC efflux pump, which is the main contributor to

resistance against several antimicrobials agents (Terán et al.,
2003). Moreover, previous studies on the TtgR multidrug
binding potential have shown that it binds with moderate to

high affinity to plant-derived compounds such as phloretin
and naringenin (Alguel et al., 2007b; Choudhury, 2010). Con-
cerning E. coli, MenB or dihydroxynaphthoic acid synthetase

is interesting enzyme in the biosynthesis of menaquinone.
The enzymes in the biosynthetic pathway of bacterial menaqui-
none are potential targets for novel antibacterial drug (Sharma
et al., 1992). In this work, the molecular docking studies of the

synthesized compounds have been applied to determine the
different type of interactions and clarify the probable binding
modes between acridone derivatives and transcriptional regu-

lator (TtgR) enzyme (PDB ID : 2UXI) of P. putida (Alguel
et al., 2007a) and E. coli MenB, OSB-NCoA complex (PDB
ID : 3 T88) respectively (Li et al., 2011).

The molecular docking setup was first validated by per-
forming self-docking of the co-crystalized ligands (Phloretin)
and (S0N) in the active site of transcriptional regulator (TtgR)

enzyme (PDB ID : 2UXI) of P. putida and E. coli MenB, OSB-
NCoA (PDB ID : 3T88), respectively. The results of self-
docking validation show small RMSD between the docked
pose and the experimental co-crystallized inhibitor pose with

0.70 Å for (transcriptional regulator (TtgR) enzyme) and
1.52 Å for (E. coli MenB, OSB-NCoA), which is satisfactory
(less than 2 Å). In addition, all the twelve acridones were

docked into the binding pocket of transcriptional regulator
(TtgR) enzyme and E. coli MenB, OSB-NCoA successfully.

The analysis of the active site of transcriptional regulator

(TtgR) enzyme, reveals that all the synthesized compounds
2a-l are making various close contacts with the residues lining
the active site of transcriptional regulator (TtgR) enzyme, the
interacting amino acids of all compounds are shown at Table 6.

The analysis of best scoring pose of compound (2k) (stable
conformation) in the transcriptional regulator (TtgR) enzyme
pocket of 2XUT showed significant hydrogen bonding as well

as hydrophobic interactions between them (Fig. 2). The isoxa-
zoline ring and phenyl group exhibits hydrophobic interactions
with the residues His70, Val96, Ala74, Leu66, Leu92 and

Leu100. Carbonyl group of acridone nucleus exhibited hydro-
gen bonding interactions with Asn110. The high docking
scores of compounds of 2k, 2j, 2h and 2l reveal that these com-

pounds are well accommodated in the active site of enzyme
and they strongly interact within the active site of transcrip-



Table 6 The interactions and binding affinities of the synthesized compounds 2a-l.

2XUI 3T88

Interacting residues Binding

affinity

Interacting residues Binding

affinity

2a His67, Met89, Val96, His70, Leu66, Leu92, Val171, Cys137, Ile141,

Ala74

�7.03 Thr155, Gly133, Val159, Tyr97, Gly132 �7.04

2b Asn110, His70, Met89, His67, Val96, Leu92, Val171, Cys137, Ile141,

Ala74

�7.58 Val159, Gly133, Gly85, Tyr97, Val108 �6.74

2c His70, Met89, His67, Val96, Leu100, Ile175, Leu66, Leu92, Val171,

Cys137, Ile141, Ala74

�7.27 Val159, Gly164, Asp163, Phe162, Gly133 �6.53

2d Asn110, His70, Met89, His67, Val96, Leu66, Leu92, Val171, Cys137,

Ile141, Ala74

�7.71 Thr155, Gly132, Gly164, Phe162 �6.96

2e Asn110, His70, His67, Val96, Leu66, Leu92, Cys137, Ala74, Ser77,

Glu78, Gly140, Phe168, Val134

�7.91 Phe162, Gly133, Ser84 �6.96

2f Val134, Cys137, Phe168, His70, Val96, Leu92 �7.34 Asp163, Phe162, Gly164, Gly133 �7.01

2g His70, His67, Val96, Leu66, Leu92, Cys137, Ala74, Phe168, Met89,

Ala144, Val171, Ile141

�7.43 Phe162, Asp163, Gly164, Gly133 �6.69

2h Asn110, Met89, His70, His67, Val96, Leu92, Cys137, Ala74, Phe168,

Ile141, Ala144, Val171

�8.01 Phe162, Ser84, Gly164, Gly133, Gly86 �7.03

2i Met89, Phe168, His70, His67, Val96, Leu92, Cys137, Ala74, Ile141,

Ala144, Val171, Ile175, Leu100

�7.68 Thr155, Val159, Gly132, Ile131, Ala47,

Val44, Lys89, Ser84

�6.80

2j Asn110, Met89, Phe168, His70, His67, Val96, Cys137, Ala74, Ile141,

Ala144, Val171, Leu66, Leu92

�8.14 Phe162, Asp163, Gly164, Gly133 �6.92

2k Asn110, Phe168, His70, His67, Val96, Cys137, Ala74, Ser77, Leu66,

Leu92, Glu78, Leu100, Val134, Gly140

�8.33 Thr155, Gly133, Gly132, Ile131, Val159,

Ala47, Lys89, Val44,Arg45

�7.01

2l Asn110, Phe168, His67, Val96, Cys137, Ala74, Leu66, Leu92,

Leu100, Val134, Ile141

�7.84 Thr155, Val108, Leu106 �7.04

In Bold: H-bonding interaction.
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tional regulator (TtgR) enzyme. Relying on the different inter-
actions of the synthesized compounds presented in Fig. 2,
Table 6, it can be concluded that the most active compounds
have H-bond interaction with Asn110 and hydrophobic inter-

actions with the receptor indicating the crucial role that play
to inhibit the transcriptional regulator (TtgR) enzyme, this
results has been demonstrated by previous researches

(Choudhury, 2010; Paul and Choudhury, 2010; Zhang et al.,
2017).

Concerning E. coli MenB, OSB-NCoA, the stable pose of

the most active compound 2a showed two favorable hydrogen
bonds between the nitrogen and oxygen atoms of isoxazoline
nucleus and the hydrogen of the side chain of Thr155 and
Gly133, respectively. The phenyl and acridone core shows

hydrophobic interactions with Val115 and Gly132 (Fig. 3).
Also compounds 2d, 2i and 2l showed one favorable hydrogen
bond between the nitro group of isoxazoline ring and the

hydrogen of the side chain of Thr155, besides hydrophobic
interactions. The molecular docking results of the different
interactions of the synthesized compounds presented in

Table 6, indicate that the most active compounds 2a, 2i, 2d

and 2l have H-bond interaction with the hydrogen of the side
chain of Thr155 in the active site of E. coliMenB, OSB-NCoA.

Moreover, all synthesized compounds 2a-l bind to the active
site of E. coli MenB, OSB-NCoA and share largely homoge-
neous in binding mode specially with Val159, Gly133,
Phe162 and Asp163 to several E. coli MenB inhibitors reported

in the literature (Fahim and Farag, 2020; Mahmoud et al.,
2017). The high docking scores of compounds of 2a, 2i, 2d

and 2l reveal that these compounds are well accommodated

in the active site of enzyme and they strongly interact within
the active site of E. coli MenB, OSB-NCoA. In consequence,
molecular docking studies showed strong binding affinity of
2a into the active site of E. coli MenB, OSB-NCoA, which
could be responsible for its significant in vitro antibacterial

activity especially against E. coli.
The molecular docking results presented in the Fig. 2 shows

the interactions of most promising derivatives 2k and 2h with

TtgR enzyme, the compound 2k is stabilized into the receptor
pocket with hydrogen bond, pi-alkyl and Van der-waals inter-
actions. The compound 2h shows hydrogen bond, pi-sulfur

and different pi-alkyl interactions, while the co-crystalized
compound shows Van der-waals and pi-alkyl interactions.
The Fig. 3 presents the different interactions of the most
promising compounds (2a and 2h) and the co-crystalized com-

pound (o-succinylbenzoyl-N-coenzyme A) with E. coli MenB,
OSB-NCoA complex. The compound 2a is stabilized with
two hydrogen bonds, pi-alkyl and Van der-waals interactions,

and the compound 2 h shows pi-ion with different Van der-
waals interactions, while the co-crystalized compound is stabi-
lized with four hydrogen bonds, pi-cation and pi-alkyl

interactions.

3. Conclusion

The synthesis of novel acridone-isoxazoline derivatives 2a-l has
been accomplished with a very accessible way under mild con-
ditions through the 1,3-dipolar cycloaddition of various aryl

nitrile oxides in situ generated and N-allyl acridones. The
molecular structures of the obtained compounds are supported
by 1H NMR, 13C- NMR, IR and MS spectra. All the synthe-
sized compounds were evaluated for their antibacterial activ-



Fig. 2 (a) Binding mode of co-crystalized compound with TtgR enzyme. (b) Binding mode of compound most active compound 2k with

TtgR enzyme. (c) Binding mode of compound 2h with TtgR enzyme.
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ity, compounds 2a and 2k were found to be the most potent
agents against E. coli and P. putida, respectively. To determine

the stable conformation of the synthetized compounds into the
receptor pocket and understand receptor-ligands interactions
molecular docking was applied. The docking results suggest
that compounds 2l, 2h, 2k and 2a are the most potent inhibitor
of transcriptional regulator (TtgR) enzyme of P. putida and

E. coli MenB, OSB-NCoA, respectively. Moreover, in silico
ADMET screening results showed that the synthesized com-
pounds are easily absorbed and present a good bioavailability.



Fig. 3 (a) Binding mode of the co-crystalized ligand with E. coliMenB, OSB-NCoA complex, the hydrogen bonds are presented in green

dashed lines. (b) Binding mode of compound 2a with E. coli MenB, OSB-NCoA complex, the hydrogen bonds are presented in green

dashed lines. (c) Binding mode of compound 2h with Escherichia coli MenB, OSB-NCoA complex.

Synthesis, biological evaluation, molecular docking and in silico ADMET screening studies 9
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4. Experimental

4.1. Materials

All materials were purchased from commercial suppliers. IR
spectra were recorded using JASCO FT-IR 4100 spectropho-

tometer. The 1H, 13C NMR spectra was recorded with Bruker
Avance 300. Mass spectrometric measurements were recorded
using ExactiveTM Plus Orbitrap Mass Spectrometer. Microwave

irradiation was carried out with CEM DiscoverTM.

4.2. Antibacterial activity

The synthesized compounds (2a-l) were tested for their in vitro

antibacterial activity against Gram (�) bacteria (E. coli, P.
putida and K. pneumoniae) and Gram (+) bacteria (S. aureus).
The antibacterial activities have been primarily tested by agar

diffusion method, the active compounds were subjected to the
determination of the MIC, using the broth microdilution
method. The microorganisms used in this study are pathogenic

germs isolated from urine samples, collected from patients sus-
pected of urinary tract infection (UTI), provided by
Mohammed V Hospital in Meknes. Bacterial inoculums were

prepared by subculturing microorganisms into Mueller Hinton
broth (MHB) at 37 �C for 18 h and were diluted to approxi-
mately 106 CFU mL�1. Initial solution with concentration
0.5 mg/mL of the compounds (2a-l) were prepared in DMSO,

further serial dilutions were made in the microplates and
100 lL of MHB containing each test microorganism were
added to the microplate (Smith et al., 2018), then incubated

at 36 �C for 24 h. After incubation, 20 lL of TTC (0.04 mg/
mL) were added to each microplate. The color changes of
TTC from colorless to red were accepted as microbial growth

(Veiga et al., 2019).

4.3. Docking studies

4.3.1. Preparation of protein and ligands

The Discovery Studio (version 4.5) installed on windows 7
workstations was used to prepare the protein. The crystal

structure of E. coli MenB, OSB-NCoA complex (PDB ID
:3T88) (Li et al., 2011) and transcriptional regulator (TtgR)
enzyme (PDB Code: 2UXI) (Alguel et al., 2007a) were

retrieved from the protein data bank (PDB), [https://www.
rcsb.org/]. The protein and co-crystallized ligand were isolated
from the complex. The protein extracted from the complex was

treated by removing all of the substructures, removing all of
the water molecules and adding hydrogen atoms. The three-
dimensional (3D) structures of ligands were drawn by using
the chemical modeling software Avogadro (Hanwell et al.,

2012). Geometry optimization tool embedded in Avogadro
was used for structural refinement.

4.3.2. Molecular docking

Molecular docking process between ligands and the receptor
was carried out by using the AutoDock software (Morris
et al., 1998). In this study, AutoDockTools, Autogrid 4.2

and Autodock 4.2 were used to prepare input files, calculate
grid maps and docking simulations. Grid-point spacing of
0.375 Å and grid box of 50 � 50 � 50 Å (x, y, and z) points
with the xyz-coordinated 42.921, 42.976, and 8.801 was used.
After merging all non-polar hydrogen, Kollman charged were
added to the receptor. All other values were set as defaults and

Lamarckian genetic algorithm (GLA) search for 100 run job
were used (Shirgahi Talari et al., 2015). Discovery Studio visu-
alizer version 4.5 was used for visualization. Docking setup

was first validated by self-docking of the co-crystallized inhibi-
tor in the enzyme active. The validated molecular docking
setup was then used to investigate the ligand-target interac-

tions of the newly synthesized compounds in E. coli MenB,
OSB-NCoA complex and transcriptional regulator (TtgR)
enzyme to predict their binding pattern and to investigate their
ability to satisfy the required structural features for binding

interactions.

4.3.3. Lipinski rule of 5 and in silico ADMET prediction:

Computational approaches have improved the success rate of
drug development and reduced the experimental trials. In this
concept an in silico ADMET and drug likeness studies were
applied to the synthetizes compounds, using pkCSM online

tool (Pires et al., 2015) and DruLito software (‘‘Drug
Likeness Tool (DruLiTo 1),” n.d.). The drug likeness was
determined by predicting Log P, H-bond donor and acceptor,

molecular weight. The drugs bioavailability is determining dif-
ferent descriptors such as Caco2- permeability, human intesti-
nal absorption, blood brain barrier permeability, subtypes of

cytochrome P450, total clearance and AMES toxicity.

4.3.4. Synthesis of acridon-isoxazoline derivatives (2a-l)

To a solution of N-allyl acridone 1 (1.2 g, 5 mmol) in chloro-

form (15 mL), N-hydroxybenzimidoyl chloride (1 g, 6.4 mmol)
and TEA (0.64 g, 6.4 mmol) were added at room temperature,
the reaction mixture was stirred at 50 �C for 6 h. Then, water

(40 mL) was added and the mixture was extracted with chloro-
form, the organic layer was evaporated in high vacuum, and
the obtained product was purified by recrystallization in
DMF or by flash chromatography on silica gel using hexane/

diethyl ether (2:5).

4.3.4.1. 10-((3-phenyl-4,5-dihydroisoxazol-5-yl)methyl)acridin-

9(10H)-one (2a). Yellow solid; yield: 86%, mp = 185 �C. IR
(KBr): 3012, 2975, 1640, 1600, 1596 cm�1. 1H NMR
(300 MHz, DMSO d6, 25 �C, TMS): 8.40 (d, J = 8.1 Hz,

2H, H1,H8), 8.09–7.66 (m, 6H), 7.65–7.45 (m, 3H), 7.39 (t,
J = 7.5 Hz, 2H), 5.28–5.20 (m, 1H), 5.03 (dd, J = 17.0,
9.2 Hz, 1H), 4.72 (dd, J = 17.0, 8.1 Hz, 1H), 3.42 (dd,

J = 16.7, 7.1 Hz, 1H), 3.13 (dd, J = 16.7, 7.1 Hz, 1H).. 13C
NMR (75 MHz, DMSO d6, 25 �C, TMS): 177.72, 156.09,
142.01, 135.46, 134.05, 128.43, 128.08, 122.60, 121.76, 121.47,
121.30, 114.94, 114.31, 78.10, 48.47, 38.24. MS (ESI) for

C23H18N2O2 [M+H]+, calcd: 355.1441, found: 355.1440.

4.3.4.2. 10-((3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-yl)

methyl)acridin-9(10H)-one (2b). White solid; yield: 89%,
mp = 148 �C. IR (KBr): 3014, 2975, 1635, 1603, 1594 cm�1.
1H NMR (300 MHz, CDCl3, 25 �C, TMS): 8.61 (d,

J = 8.1 Hz, 2H, H1,H8), 7.76–7.52 (m, 8H), 7.34 (t,
J = 7.3 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 5.35 (m, 1H),
4.78 (dd, J = 16.1, 7.5 Hz, 1H), 4.69–4.45 (dd, J = 16.1,

7.5 Hz, 1H), 3.88 (s, 3H, OCH3), 3.55 (dd, J = 17.0, 9.4 Hz,
1H), 3.4 –3.07 (dd, J = 17.0, 9.4 Hz, 1H). 13C NMR

https://www.rcsb.org/
https://www.rcsb.org/
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(75 MHz, CDCl3, 25 �C, TMS): 177.92, 161.49, 156.57, 142.31,
135.46, 134.05, 128.43, 128.08, 122.60, 121.76, 121.47, 121.30,
114.94, 114.31, 78.47, 55.41, 48.72, 38.72. MS (ESI) for

C24H20N2O3 [M+H]+, calcd: 385.1510, found: 385.1510.

4.3.4.3. 10-((3-(4-chlorophenyl)-4,5-dihydroisoxazol-5-yl)

methyl)acridin-9(10H)-one (2c). Yellow solid; yield: 68%,
mp = 159 �C. IR (KBr): 3011, 2985, 1639, 1604, 1590 cm�1.
1H NMR (300 MHz, CDCl3, 25 �C, TMS): 8.59 (dd,

J = 8.1, 1.7 Hz, 2H, H1,H8), 7.78–7.66 (m, 2H), 7.66–7.51
(m, 4H), 7.42 (d, J = 8.2 Hz, 2H), 7.37–7.29 (m, 2H), 5.42–
5.31 (m, 1H), 4.77 (dd, J = 15.4, 7.6 Hz, 1H), 4.57 (dd,
J = 16.3, 4.5 Hz, 1H), 3.64 (dd, J = 16.7, 7.1 Hz, 1H), 3.23

(dd, J = 16.7, 7.1 Hz, 1H).13C NMR (75 MHz, CDCl3,
25 �C, TMS): 177.86, 156.11, 142.21, 142.08, 140.29, 136.66,
135.47, 134.06, 133.89, 131.54, 129.17, 128.04, 127.29, 122.42,

121.82, 121.53, 114.84, 79.10, 48.63, 38.29. MS (ESI) for C23-
H17ClN2O2 [M+H]+, calcd: 389.1019, found: 389.1018.

4.3.4.4. 10-((3-(4-nitrophenyl)-4,5-dihydroisoxazol-5-yl)
methyl)acridin-9(10H)-one (2d). White solid; yield: 80%,
mp = 198 �C. IR (KBr): 3000, 2987, 1638, 1605, 1598 cm�1.
1H NMR (300 MHz, CDCl3, 25 �C, TMS): 8.64 (dd,
J = 8.0, 1.7 Hz, 2H), 8.36–8.22 (m, 2H), 8.03–7.88 (m, 2H),
7.78 (td, J = 8.7, 7.0, 1.7 Hz, 2H), 7.56–7.35 (m, 4H), 5.52–
5.41 (m, 1H), 4.77 (dd, J = 15.4, 7.6 Hz, 1H), 4.67 (dd,

J = 16.3, 4.5 Hz, 1H), 3.74 (dd, J = 16.7, 7.1 Hz, 1H), 3.33
(dd, J = 16.7, 7.1 Hz, 1H). 13C NMR (75 MHz, CDCl3,
25 �C, TMS): 177.95, 168.76, 161.17, 148.92, 141.80, 134.50,

128.32, 127.77, 124.20, 122.90, 122.35, 114.17, 8010, 49.63,
39.29. MS (ESI) for C23H17N3O4 [M + H]+, calcd:
400,1282, found: 400,1272.

4.3.4.5. 10-((3-(4-(dimethylamino)phenyl)-4,5-dihydroisoxa-
zol-5-yl)methyl)acridin-9(10H)-one (2e). Yellow solid; yield:

66%, mp = 136 �C. IR (KBr): 3000, 2985, 1636, 1603,
1591 cm�1. 1H NMR (300 MHz, CDCl3, 25 �C, TMS): 8.61
(d, J = 7.9 Hz, 2H), 7.73 (dt, J = 9.7, 5.1 Hz, 3H), 7.58
(dq, J = 15.7, 9.6, 9.1 Hz, 4H), 7.40–7.31 (m, 2H), 6.72 (d,

J = 8.5 Hz, 1H), 5.30–5.21 (m, 1H), 4.88–4.67 (d, 1H,
J = 14.2 Hz, 1H), 4.57 (d, J = 14.3 Hz, 1H), 3.54 (dd,
J = 16.6, 6.0 Hz, 1H), 3.24 (dd, J = 16.2, 5.8 Hz, 1H), 3.05

(s, 6H, CH3). 13C NMR (75 MHz, CDCl3, 25 �C, TMS):
176.43, 155.86, 152.23, 142.37, 134.08, 129.32, 128.19, 128.11,
128.03, 126.02, 121.81, 121.72, 119.63, 115.06, 111.72, 77.96,

77.46, 77.03, 76.61, 48.72, 40.13, 38.89. MS (ESI) for
C25H23N3O2, [M + H]+, calcd: 398,1862, found: 398.1852.

4.3.4.6. 10-((3-(4-hydroxy-3-methoxyphenyl)-4,5-dihydroisox-

azol-5-yl)methyl)acridin-9(10H)-one (2f). Yellow solid; yield:
66%, mp = 200 �C. IR (KBr): 3410, 3010, 2974, 1639, 1601,
1598 cm�1 1H NMR (300 MHz, DMSO d6, 25 �C, TMS):

9.50 (s, 1H, OH), 8.41 (dd, J = 8.1, 1.7 Hz, 2H), 7.48–7.41
(m, 2H), 7.30 (dd, J = 7.9, 1.4 Hz, 2H), 7.22–7.12 (m, 3H),
6.81 (td, J = 7.5, 1.5 Hz, 2H), 5.37 (m, 1H), 4.79 (dd,

J = 16.1, 7.5 Hz, 1H), 4.65–4.40 (dd, J = 16.1, 7.5 Hz, 1H),
3.89 (s, 3H, OCH3), 3.51 (dd, J = 17.0, 9.4 Hz, 1H), 3.42–
3.09 (dd, J = 17.0, 9.4 Hz, 1H).13C NMR (75 MHz,

DMSO d6, 25 �C, TMS): 178.63, 168.83, 159.04, 148.70,
147.80, 141.33, 131.82, 126.87, 123.32, 121.86, 121.76, 121.55,
116.05, 115.83, 110.50, 79.47, 56.41, 48.79, 38.82. MS (ESI)
for C24H20N2O4 [M + H]+, calcd: 401,1483, found: 401,
1480.

4.3.4.7. 2-methyl-10-((3-phenyl-4,5-dihydroisoxazol-5-yl)
methyl)acridin-9(10H)-one (2g). Yellow solid; yield: 81%,
mp = 205 �C. IR (KBr): 3014, 2975, 1635, 1603, 1597 cm�1.
1H NMR (300 MHz, CDCl3, 25 �C, TMS): 8.60 (dd,
J = 8.0, 1.7 Hz, 1H, H1), 8.37 (s, 1H, H8), 7.74–7.68 (m,
3H), 7.59–7.51 (m, 3H), 7.49–7.39 (m, 3H), 7.33–7.27 (m,

1H), 5.40–5.30 (m, 1H), 4.75 (dd, J = 16.3, 7.5 Hz, 1H),
4.55 (dd, J = 16.3, 4.4 Hz, 1H), 3.56 (dd, J = 16.7,
10.3 Hz, 1H), 3.27 (dd, J = 16.7, 6.9 Hz, 1H), 2.47 (s, 3H,
CH3). 13C NMR (75 MHz, CDCl3, 25 �C, TMS): 177.86,

157.02, 142.12, 140.34, 135.48, 133.88, 131.49, 130.61, 128.88,
128.81, 128.05, 127.33, 126.85, 122.43, 122.39, 121.49, 114.91,
114.80, 78.81, 48.62, 38.45, 20.54. MS (ESI) for C24H20N2O2

[M + H]+, calcd: 369,1560, found: 369,1560.

4.3.4.8. 10-((3-(4-methoxyphenyl)-4,5-dihydroisoxazol-5-yl)

methyl)-2-methylacridin-9(10H)-one (2h). Yellow solid; yield:
84%, mp = 165 �C. IR (KBr): 3010, 2970, 1640, 1604,
1590 cm�1. 1H NMR (300 MHz, CDCl3, 25 �C, TMS): 8.61

(dd, J = 8.0, 1.5 Hz, 1H, H1), 8.38 (s, 1H, H8), 7.81–7.76
(m, 2H), 7.63–7.41 (m, 4H), 7.31 (d, J = 6.6 Hz, 1H), 7.12
(dd, J = 8.5, 6.4 Hz, 1H), 6.69 (d, J = 8.6 Hz, 1H), 5.33
(m, 1H), 4.71 (dd, J = 15.2, 6.1 Hz, 1H), 4.54 (dd,

J = 15.3 Hz, 1H), 3.59–3.41 (m, 1H), 3.38–3.10 (m, 1H),
3.86 (s, 3H, CH3), 2.48 (s, 3H, CH3). 13C NMR (75 MHz,
CDCl3, 25 �C, TMS): 177.89, 161.41, 156.57, 142.31, 135.46,

134.05, 128.43, 128.08, 122.60, 121.76, 121.47, 121.30, 114.94,
114.31, 78.48, 55.51, 48.72, 38.82, 20.56. MS (ESI) for
C25H22N2O3 [M + H]+, calcd: 399,1673 , found: 399,1675.

4.3.4.9. 10-((3-(4-chlorophenyl)-4,5-dihydroisoxazol-5-yl)
methyl)-2-methylacridin-9(10H)-one (2i). Yellow solid; yield:

67%, mp = 207 �C. IR (KBr): 3000, 2985, 1637, 1604,
1591 cm�1. 1H NMR (300 MHz, CDCl3, 25 �C, TMS): 8.59
(dd, J = 8.1, 1.7 Hz, 1H), 8.37 (s, 1H, H8), 7.72 (td,
J = 8.8, 6.9, 1.8 Hz, 1H), 7.66–7.45 (m, 5H), 7.45–7.38 (m,

2H), 7.35–7.27 (m, 1H), 5.51–5.31 (m, 1H), 4.76 (dd,
J = 16.4, 7.4 Hz, 1H), 4.58 (dd, J = 16.4, 4.6 Hz, 1H), 3.51
(dd, J = 16.7, 7.1 Hz, 1H), 3.23 (dd, J = 16.7, 7.1 Hz, 1H),

2.48 (s, 3H, CH3).
13C NMR (75 MHz, CDCl3, 25 �C, TMS):

177.79, 156.09, 142.08, 140.29, 136.64, 135.47, 133.89, 131.55,
129.16, 128.12, 128.04, 127.40, 127.31, 122.46, 122.43, 121.53,

114.81, 114.70, 79.10, 48.47, 38.24, 20.54. MS (ESI) for C24-
H19ClN2O2 [M + H]+, calcd: 403,1118, found: 403.1117.

4.3.4.10. 2-methyl-10-((3-(4-nitrophenyl)-4,5-dihydroisoxazol-

5-yl)methyl)acridin-9(10H)-one (2j). Yellow solid; yield:
80%, mp = 220 �C. IR (KBr): 3000, 2970, 1638, 1600,
1598 cm�1. 1H NMR (300 MHz, DMSO d6, 25 �C, TMS):

8.40 (dd, J = 8.0, 1.5 Hz, 1H), 8.33–8.25 (m, 2H), 8.19 (s,
1H), 8.15–8.07 (m, 2H), 7.96–7.75 (m, 3H), 7.68 (dd,
J = 8.9, 2.3 Hz, 1H), 7.38 (td, J = 7.9, 6.3, 1.5 Hz, 1H),

5.42–5.31 (m, 1H), 4.67 (dd, J = 15.4, 7.6 Hz, 1H), 4.57 (dd,
J = 16.3, 4.5 Hz, 1H), 3.84 (dd, J = 16.7, 7.1 Hz, 1H), 3.43
(dd, J = 16.7, 7.1 Hz, 1H), 2.45 (s, 3H, CH3).

13C NMR

(75 MHz, DMSO d6, 25 �C, TMS): 176.54, 169.70, 160.62,
148.35, 141.59, 139.83, 135.67, 134.23, 134.11, 131.12, 127.95,
126.79, 126.02, 124.19, 121.77, 121.59, 115.94, 115.76, 79.92,
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49.97, 39.54, 20.64. MS (ESI) for C24H19N3O4 [M + H]+,
calcd: 414,1440, found: 414,1431.

4.3.4.11. 10-((3-(4-(dimethylamino)phenyl)-4,5-dihydroisoxa-
zol-5-yl)methyl)-2-methylacridin-9(10H)-one (2k). White
solid; yield: 64%, mp = 141 �C. IR (KBr): 3004, 2975, 1639,

1604, 1591 cm�1. 1H NMR (300 MHz, CDCl3, 25 �C,
TMS): 8.60 (dd, J = 8.0, 1.5 Hz, 1H, H1), 8.39 (s, 1H, H8),
7.86–7.66 (m, 2H), 7.67–7.44 (m, 4H), 7.32 (d, J = 6.6 Hz,

1H), 7.05 (dd, J = 8.5, 6.4 Hz, 1H), 6.71 (d, J = 8.6 Hz,
1H), 5.31 (m, 1H), 4.73 (dd, J = 16.2, 7.3 Hz, 1H), 4.54 (dd,
J = 16.3 Hz, 1H), 3.59–3.42 (m, 1H), 3.31–3.17 (m, 1H),
3.05 (s, 6H, CH3), 2.49 (s, 3H, CH3).

13C NMR (75 MHz,

CDCl3, 25 �C, TMS): 177.84, 156.98, 151.76, 142.14, 140.44,
135.47, 133.86, 129.31, 128.18, 128.02, 127.29, 126.02, 122.44,
121.42, 114.93, 111.72, 78.80, 48.70, 40.12, 20.56. MS (ESI)

for C26H25N3O2, [M + H]+, calcd: 412,1939, found: 412.1938.

4.3.4.12. 10-((3-(4-hydroxy-3-methoxyphenyl)-4,5-dihy-

droisoxazol-5-yl)methyl)-2-methylacridin-9(10H)-one (2l).
Yellow solid; yield: 65%, mp = 205 �C. IR (KBr): 3420,
3014, 2970, 1638, 1603, 1595 cm�1 1H NMR (300 MHz,

DMSO d6, 25 �C, TMS): 9.50 (s, 1H, OH), 8.41 (dd,
J = 8.1, 1.7 Hz, 1H), 7.78 (d, J = 1.9 Hz, 1H), 7.48–7.41
(m, 1H), 7.33–7.27 (m, 2H), 7.24 (d, J = 8.4 Hz, 1H), 7.22–
7.12 (m, 2H), 6.82 (td, J = 7.5, 1.5 Hz, 2H), 5.36 (m, 1H),

4.78 (dd, J = 16.1, 7.5 Hz, 1H), 4.67–4.43 (dd, J = 16.1,
7.5 Hz, 1H), 3.88 (s, 3H, OCH3), 3.53 (dd, J = 17.0, 9.4 Hz,
1H), 3.41–3.1 (dd, J = 17.0, 9.4 Hz, 1H), 2.47 (s, 3H,

CH3).
13C NMR (75 MHz, DMSO d6, 25 �C, TMS): 178.76,

168.83, 158.04, 148.70, 147.80, 141.36, 140.06, 134.16, 132.19,
131.78, 126.88, 124.21, 123.35, 121.79, 121.64, 121.50, 116.05,

115.83, 114.86, 110.50, 110.12, 79.80, 49.70, 41.12, 20.66. MS
(ESI) for C25H22N2O4 [M+H]+, calcd: 415,1620, found:
415,1622.
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