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KEYWORDS Abstract Novel N-acylhydrazone derivatives from acridone have been synthesized by
Acylhydrazone; condensation of acridone acetohydrazide and various aldehyde. The novel acylhydrazones were
Acridone; tested for their in-vitro antibacterial activity against human pathogenic strains. The MIC results
Antibacterial; indicate that compound 3f displayed high antibacterial potential against Pseudomonas putida with
Docking; MIC = 38.46 pg/mL, which is very close to that obtained with the commercial antibiotic. The
ADMET synthesized compounds were subjected for docking studies to understand the interaction of our

compounds and transcriptional regulator enzyme of pseudomonas putida and DNA gyrase complex

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

1. Introduction derivatives are reported for their pharmacological activities
such as antibacterial (He et al., 2017; Wang et al., 2012), anti-
convulsant (Dehestani et al.,, 2018), anti-inflammatory
(Cerqueira et al., 2019; Kheradmand et al., 2013), antimalarial
(dos Santos Filho et al., 2016; Inam et al., 2014; Tsafack et al.,
1996) and antileishmanial activities (Coimbra et al., 2019). The
versatility of acylhydrazones is related to the presence of geo-
metrical isomers Z and E of the plane of the C=N bond of the

fragment conformers acylhydrazone, as well as cis/trans at the

Acylhydrazone compounds are important chemical intermedi-
ates used in the preparation of many heterocyclic skeletons
and they are also interesting ligands for the formation of metal
complexes (Areas et al., 2017), some acylhydrazone derivatives
are used as highly sensitive and selective sensor of several met-
als (Aarjane et al., 2020; Liao et al., 2017). Acylhydrazone
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amide function (Hamzi et al., 2016; Himmelreich et al., 1993;
Podyachev et al., 2007; Sarigol et al., 2015). Moreover, acri-
done nucleus constitute an important class of natural products
that serve as chemical intermediates used in the preparation of
many alkaloids such as Acronycine, Cystodytin A and Pyri-
doacridine (Gensicka-Kowalewska et al., 2017). Acridone
and acridine are known for many years for their pharmacolog-
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ical activities such as antimicrobial (Aarjane et al., 2019;
Kudryavtseva et al., 2015), antimalarial (Kumar et al., 2009),
antiviral (Sepulveda et al., 2012) and antitumor bioactivity
(Tillequin and Koch, 2005).

Nowadays, the resistance of pathogenic bacteria to the ther-
apeutic antibiotics is considered as major public health problem
(Abubakar et al., 2020; ““Antibiotic Development: the Battle to
Overcome Antibiotic Resistance,” 1984; Zarei-Baygi et al.,
2020), the multidrug-resistance in bacteria is increasing at a wor-
rying percentage and it causes mortality in hospitals. As a result,
there is a need to develop new compounds with diverse mecha-
nisms of action to fight the increasing danger of drug-resistant
bacteria. One of the promising approaches, in our opinion is
to develop new antibacterial compounds by the introduction
of acylhydrazone groups into the acridone skeleton. In the pre-
sent work, we report the synthesis of novel N-acylhydrazone
derivatives from acridone, antibacterial investigations of the
synthesized compounds were performed towards four patho-
genic bacteria. Moreover, docking studies of our compounds
revealed that, occupation of our compounds the binding pock-
ets of subunit GyrB (DNA gyrase, PDB ID: 3TTZ) of Staphy-
loccocus aureus and transcriptional regulator enzyme of
pseudomonas putida (PDB ID: 2XUI) via hydrophobic and
hydrogen bonding interactions may be the reason for its signif-
icant in vitro antibacterial activity.

2. Result and discussion

2.1. Synthesis

The synthesis of novel acylhydrazones based on acridone com-
pounds was depicted in Scheme [. Initially acridone was

reacted with ethyl 2-bromoacetate using potassium carbonate
and Tetra butylammonium bromide (TBAB) as phase transfer
catalyst in DMF at 70 °C. The treatment of the ethyl ester (1)
with hydrazine afforded the compound (2). The condensation
reaction of the compound (2) with variously substituted alde-
hydes and ketone in ethanol give the expected new acylhydra-
zones 3a-k in good yields.

The structure of these compounds was ascertained by 'H
NMR, '*C NMR, IR and mass spectral data. The IR spectra
of compounds (3a-k) showed characteristic absorption bands
in the region of 1600-1611 cm ™! corresponding to the vibra-
tion of the imine function (C—=N), and two bands correspond-
ing to the stretching vibrations of the carbonyls of the acridone
ring and the hydrazone function in the region of 1638 and
1680 cm ™!, respectively. However the desperation of the vibra-
tion bonds of amine (NH>) group in the region of 3226 cm™"
confirmed the formation of compounds.

'"H NMR spectra of the compounds (3a-h) in DMSO d,
gave two sets of resonance signals which can be attributed to
the existence of conformational isomers in DMSO dg (E,trans
and E.cis) (Fig. 1). The splitting of signals were observed for
amide (CONH) between 12.10 and 11.77 ppm, methylene
(NCH2) to 5.80-5.17 ppm and imine between 8.50 and
8.07 ppm (N=—CH). In the compound 3k, the isomerization
around the double bond (C=N) is degenerated. Thus, the
duplication of signals to 5.59-5.36 ppm and 10.77-
10.66 ppm in the '"H NMR spectrum can be attributed to the
existence of cis/frans-amide conformers only. In '*C NMR,
the spectra also show two sets of signals to 47.11-48.50 ppm
and 168.94-163.38 ppm corresponding to the signal of the
methylene (—N—CH,—) and amide (—NHCO), respectively,
while the signal of the imine (C=N) to 149.85-145.30 ppm
appears as a single signal.
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> _>
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N DMF N N
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Scheme 1  Synthesis route of novel N-acylhydrazone derivatives from acridone (3a-k).
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The 'H NMR spectrum of the compound 3a shows two sig-
nals at 5.80 and 5.35 ppm attributable to the protons of the
methylene (NCH,), the signal at 5.80 ppm corresponds to
the E, trans conformation with 73% abundance and the signal
at 5.35 ppm assigned to the E, cis conformation with an abun-
dance of 27%. Approximately the same abundance is found in
the case of amide proton (CONH) at ¢ 12.01 ppm (23%, E, cis
conformation) and 11.97 ppm (77%, E, trans conformation)
and for the imine proton (N=—CH) signals at 6 8.33 ppm
(25%, E, cis conformation) and J 8.18 ppm (75%, E, trans
conformation). The signal intensities of the methylene, imine
and amide protons allowed us to measure the ratio of cis/trans-
amide conformers of 3a-h, the percentage of cis/trans conform-
ers in DMSO dg are summarized in Table 1.

2.2. Antibacterial activity

The novel acylhydrazone (3a-k) were tested for their in vitro
antibacterial activities against the human pathogens three
gram negative bacteria Pseudomonas putida, Klebsiella pneu-
monia and Escherichia coli and one gram positive bacteria Sta-
phyloccocus aureus. The purity of compounds (3a-k) was
confirmed by HPLC.

As revealed from Table 2, the compounds 3a, 3b and 3e
were found to have good antibacterial activity against Staphy-
lococcus aureus, the compound 3a was found to be the best
active derivatives with MIC = 19.61 pg/mL. Moreover, the
compound 3f showed high antibacterial potential against Pseu-
domonas putida (38.46 pg/mL) which is very close to that
obtained with the commercial antibiotic Chloramphenicol
(37.03 pg/mL). The tested compounds 3a-k shown moderate
activity against Escherichia coli with the MIC values between
38.46 and 74.0 pg/mL. The low antibacterial activity was

Table 1 E, cis/trans conformer ratios in DMSO dg
Compound E, cis (%) E, trans (%)
3a 27 73
3b 41 59
3c 26 74
3d 24 76
3e 26 74
3f 27 73
3g 28 72
3h 27 73
3k 33 67

E,cis

E.trans and E,cis conformations in acylhydrazone derivatives.

observed against Klebsiella pneumonia. The results indicate
that the substitution of the acridone ring with acylhydrazone
increase the antibacterial activity against all bacteria. More-
over the N-acylhydrazone acridone derivatives 3a-h containing
a secondary aldimine fragment showed interesting antibacte-
rial activity compared with the 3k derivative containing a sec-
ondary ketimine.

2.3. In silico studies

To better, understand as well as to support the in vitro antibac-
terial activity of the synthesized compounds for the rational
design of new potent molecules. In this manuscript molecular
docking studies of the most active compounds have been made
to study the interactions and clarify the probable binding
modes between acridone derivatives and DNA gyrase complex
(PDB ID : 3TTZ) of Staphyloccocus aureus, and transcrip-
tional regulator (TtgR) enzyme (PDB ID : 2UXI) of pseu-
domonas putida, which provide straightforward knowledge
for further structural optimization.

2.4. Docking for DNA-gyrase of Staphyloccocus aureus

The docking studies were carried out using the bacterial DNA
gyrase complex obtained from Protein Data Base (PDB ID
3TTZ) (Sherer et al., 2011). Validation of the docking process
was done by redocking of the co-crystalized ligand (07 N) to
the ATP binding site of DNA gyrase and RMS (Root Mean
Square) distance between the docked and the experimental
co-crystallized binding pose was only 1.63 A (less than 2 A),
which is satisfactory. Fig. S31 shows that the docked structure
(magenta color) and the X-ray crystal structure (green color)
are quite similar. In addition, all the eight acridones were
docked into the binding pocket of DNA gyrase enzyme suc-
cessfully. The molecular docking representation for each syn-
thetic compound and the superposition of all best docking
pose in the enzyme binding pocket are shown in Figs. S32-
S33 (supplementary data).

Surflex-dock module from Sybyl-X 2.0 software (Tripos
International, 2012) was used to predict the proposed binding
mode, binding affinity, preferred orientation of each docking
pose of the synthesized compounds with DNA gyrase struc-
ture. The calculated interaction energies for the synthesized
compounds were in agreement with experimental result which
showed that 3a, 3b, 3¢, 3d, 3e, 3f, 3g and 3h are potent inhibi-
tors of DNA-gyrase as compared to the other members and
reference standard.
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Table 2 Antibacterial data for the synthesized compounds (3a-k).
S. aureus E. coli K. pneumoniae P. putida

Acridone 122.83 133.41 137.93 156.31
3a 19.61 47.62 82.57 56.60

3b 29.13 38.46 130.43 99.10

3c 38.46 74.07 115.04 90.91

3d 38.46 56.60 115.04 65.42

3e 29.13 65.42 90.91 82.57

3f 47.62 56.60 90.91 38.46

3g 38.46 47.62 74.07 56.60

3h 47.62 65.42 82.57 74.07

3k 67.62 88.46 74.07 122.81
Chloramphenicol 11.65 22.41 15.38 37.03

Amx/A.Clave 7.84
DMSO -

19.04

22.64

32.71

Amx/A.Clave : Amoxicilline/Ac Clavulanique (8/1).

It has been revealed from binding studies that all the syn-
thesized compounds 3a-3h fit snugly making various close con-
tacts with the residues lining the active site of DNA gyrase.

It presented important interactions with the DNA-gyrase
complex. The acridone moiety was involved in aromatic stack-
ing interactions with Pro87 and Pi-cation with Arg84. The NH
group of the amide group formed a hydrogen bond with the
Thr173. Also, the benzene aromatic ring was involved in Pi-
Alkyl interaction with Ile86. Hence, docking studies revealed
the strong binding affinity of 3a at the ATP binding site of
GyrB, which may be responsible for its significant in vitro
antibacterial activity especially against S. aureus.

Compound 3e showed a binding affinity (-log ki) value of
6.16. The acridone moiety was involved in Pi-Anion and Pi-
Cation interactions with Glu58 and Arg84. The NH of the
amide group formed a hydrogen bond with Asn54. Moreover,
the carbonyl of the acridone moiety formed a hydrogen bond
with Gly85.

The proposed binding mode of compound 3b showed a
binding affinity value of 6.15. The acridone moiety was
involved in hydrophobic interactions with Ile85, Ile102 and
Tle175. Its carbonyl of the amide group formed a hydrogen
bond with Thr173. In addition, the benzene ring showed a
Pi-Alkyl interaction with Pro87.

From the different interactions of the synthesized com-
pounds in Fig. 2, Table 3 and Figs. S32-S39, it can be con-
cluded from the docking results that the eight compounds
had H-bond interactions with the receptor indicating that the
H-bond interactions play an important role of the inhibition
of the DNA-gyrase. Additionally, they all bind to ATP bind-
ing site of DNA gyrase and share largely homogeneous in
binding mode (especially hydrogen bond with Asn54, Argl44
and Thr173) to several DNA-gyrase inhibitors reported in
the literature (Alves et al., 2014; Baig et al., 2015), Therefore,
that can prove our docking process was reasonable. While the
main cause of their mediated antibacterial activity is consid-
ered due to those compounds are aligned adequately within
the ATP binding site of DNA-gyrase, which allows them to
make important interactions with this pocket. The results of
antibacterial activity are supported by docking analysis. The
high docking scores and binding pattern of compounds of
3a, 3b, 3¢, 3d, 3e, 3f, 3g and 3h, in Fig. 2, Table 3 and

Figs. S32-S39, reveal that these compounds are well accommo-
dated in active site of enzyme and they strongly interact within
the active site of DNA gyrase enzyme (3TTZ). The molecules
3b, 3c, 3d, 3f, 3g and 3h were found to be orienting in opposite
direction of compounds 3a and 3e as shown in supporting
information Figs. S32-39.

2.5. Docking for transcriptional regulator (TtgR) enzyme of
pseudomonas putida

For pseudomonas putida antibacterial activity the docking
studies were carried out using the bacterial the transcriptional
regulator (TtgR) enzyme (PDB Code: 2UXI) (Alguel et al.,
2007) obtained from Protein Data Base.

In order to validate the docking approach, the co-
crystallized ligand (Phloretin) was docked to the active site
of the studied enzyme and RMS (Root Mean Square) distance
was calculated, which was found 0.70 A. (less than 2 A), which
is satisfactory. Fig. S40 shows that the docked structure (ma-
genta color) and the X-ray crystal structure (green color) are
quite similar. In addition, all the eight acridones were docked
into the binding pocket of DNA gyrase enzyme successfully.
The molecular docking representation for each synthetic com-
pound and the superposition of all best docking pose in the
enzyme binding pocket are shown in Figs. S41-S48 (supple-
mentary data).

The Surflex-dock module was used to predict the proposed
binding mode, affinity, preferred orientation of each docking
pose and binding affinity of the synthesized compounds with
transcriptional regulator (TtgR) enzyme. The calculated inter-
action energies for the synthesized compounds were in agree-
ment with experimental result which showed that 3a, 3b, 3c,
3d, 3e, 3f, 3g and 3h are potent inhibitors of transcriptional
regulator (TtgR) enzyme as compared to the other members
and reference standard.

From the analysis of the active site of TtgR, it was observed
that the residues Cys 137 and Asnl110 along with Ala 74, Ser
77, Glu 78, Val 96, Ile 175 and VAL171 seem to play crucial
role in binding with the ligands and triggering the efflux pump.
The residues Asn 10 and Cys 137 probably are the most instru-
mental in binding through strong H-bonding and sensing the
compounds toxic to the organism (Table 4 and Fig. 3).
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H-Bonds
Donor *
I Interactions
[ Conventional hydrogen bonds [ Pi-Anion
Acceptor | [ Carbon hydrogen bonds ||
[ pi-Cation

Fig. 2 Binding mode of compound 3a with DNA-gyrase complex, the hydrogen bonds are presented in green dashed lines.

Table 3 The interactions and binding affinities between the eight synthesized compounds and DNA-gyrase of Staphyloccocus aureu.

3a 3e 3c 3b 3h 3d 3g 3f
Hydrogen bonds Thrl73 Asn54 and Gly85 - Thrl73 Thrl73 - Argl44 -
Binding affinity (-log ki) 6.33 6.16 5.53 6.15 4.92 5.78 5.76 4.82

Table 4 The interactions and binding affinities between the eight synthesized compounds and transcriptional regulator (TtgR) enzyme
of Staphyloccocus aureu.

3a 3e 3c 3b 3h 3d 3g 3f
Hydrogen bonds Asn 110 and Cys 137 - - - Val 96 and Cys 137 — Cys 137  Asn 110 and Cys 137
Binding affinity (-log ki)  6.26 4.67 462 455 595 5.01  6.38 6.622

Interactions

[l conventional hydrogen bond [ Pi-pi Stacked
B [] Carbon Hydrogen bond [ Pi-Alkyl
Acceptor 1 Pi-Sulfur

Fig. 3 Binding mode of compound most active compound 3f with TtgR enzyme.
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In silico ADMET prediction of newly synthesized compounds.

Table 5

Toxicity
hERG

Excretion

Metabolism
CYP

Distribution

Absorption

Name

AMES

Skin

Minnow

Max. tolerated
dose (human)

Total

Blood brain barrier
Permeability

Intestinal

Water

Sensitization

toxicity

inhibitor

Clearance

1A2 2C19 2C9 2D6 3A4

inhibitor

2D6 3A4

absorption
(human)

solubility

substrate

(Yes/No)

log(LC50) (Yes/No)

log(mg/kg/Day)

(Yes/No)

Numeric

Categorical
(Yes/No)

(logBB)

(log mol/L) Numeric

(log ml/min/kg)

(% Absorbed)

the assayed compounds

3a

Yes

No

1.12
1.44
0.33
0.91
0.18
0.68
0.70
1.06

0.05
0.04
0.37
0.02
0.49
0.15
0.38
0.03

No

No Yes Yes No No No 0.72

No

0.030.03
0.03

97.24
95.58

—4.91

Yes

No

No

No

—0.05
0.83
0.67
0.72
0.62
0.62
0.56

No Yes Yes Yes No  Yes

No

—4.96
—5.32
—4.85
—4.98
—4.00
—4.81

3d
3f
3g
3e

Yes

No

Yes Yes Yes No No Yes

No

—0.22
—0.61
—0.20
—0.23
—0.23
—0.24

98.10

Yes

No

No

No Yes Yes No No No

No

95.34

Yes

No

No

No Yes Yes Yes Yes Yes

No

97.69
94.43

Yes

No

No

Yes Yes Yes No No No

No

3b
3c

Yes

No

No

No Yes Yes Yes No  Yes

No

94.65

Yes

No

No

Yes Yes Yes Yes Yes No

No

—4.13 92.59

3h

The residues Ala 74, Ser 77, Glu 78, Val 96, Ile 175 and Val
171 interact with the ligands mostly by hydrophobic interac-
tions with the ligands as shown in Table 4 and Figs. S41-S48.

As it has been observed that, the antimicrobials phloretin,
naringenin, and quercetin bind strongly with those residues
(Alguel et al., 2007).

2.6. ADMET

The ADMET parameters of the newly synthesized compounds
(3a-h) were evaluated using the pkCSM (Pires et al., 2015) and
AdmetLab (Ison et al., 2016) online tools. For a given com-
pound a logBB < —1 considered poorly distributed to the
brain. Positive result in AMES test suggests that compound
could be mutagenic. Prediction of ADMET parameters are
listed in Table 5.

Pharmacodynamics results indicated that compounds (3a-
h) may prove good lead as antibacterial drugs by targeting
DNA gyrase and transcriptional regulator (TtgR) enzyme.
For drug formulation pharmacokinetic parameters are like-
wise a significant prospect and should be brought into
thoughtfulness. The major properties studied for different syn-
thesized compounds (3a-h) were to be acceptable and were
incorporated in Table 5. The % oral intestinal drug absorption
predicted for all compounds 3a-h was highly satisfactory with
a high percentage (>90%), indicating their possibilities in oral
drug formulation for the treatment of staphyloccocu aureus
and pseudomonas putida infections. For the brain/blood parti-
tion coefficient of the compounds (3a-h) was predicted, thus,
newly synthesized compounds presented little chance to cross
the blood—-brain barrier. In addition, rapid renal clearance is
associated with small and hydrophilic compounds. The evalu-
ation of the toxicity profile for compounds (3a-h) including the
human ether-a-go-go related gene (hERG), AMES test, Max.
Tolerated dose (human), Skin sensitization and Minnow toxi-
city indicate that acylhydrazones 3a-h apparently do not have
potential toxicity. Results of ADMET and bioavailability
(Rule of Five) (Lipinski, 2004) as depicted in Tables 5 and 6,
were within the acceptable limits for the designed compounds
in both lipophilicity and solubility.

According to the in vivo pharmacodynamics results and in
silico ADMET parameters, the newly synthetized compounds
showed very interesting properties, in terms of intestinal
adsorption, toxicity and Blood-brain barrier permeability;
thus, it can be concluded that compounds 3a and 3f present
good antibacterial activities against staphyloccocu aureus and
pseudomonas putida infections, respectively. In addition, the
present good drug-like characteristics and in silico ADMET
parameters, consequently, they have more favorable proper-
ties as such and on further lead optimization may guide to
novel compounds against staphyloccocu aureus and pseu-
domonas putida infections.

3. Conclusion

In this paper, novel N-acylhydrazone derivatives from acri-
done (3a-k) were synthesized by condensation of acridone ace-
tohydrazide and various aldehyde. In the '"H NMR and "°C
NMR spectra, two sets of signals were observed, which sug-
gests that the compounds (3a-k) exists in two conformations
(E, trans and E, cis). The antibacterial activity against Escher-
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Table 6 Lipinski’s properties of newly synthesized compounds.

Inhibitor Property

LogP H-bond acceptor H-bond donor

Polar surface area (A%)

Rotatable Bonds Molecular weight (g/mol)

the assayed compounds

3a 3.30 4 1 155.11
3d 3.95 4 1 165.41
3f 3.37 5 1 173.60
3g 3.21 6 1 169.76
3e 3.31 5 1 166.59
3b 3.01 5 2 159.90
3c 3.01 5 2 159.90
3h 3.01 6 2 171.38

355.39
389.84
398.46
400.39
385.42
371.39
371.39
401.42

(O S VI I N )

ichia coli, Klebsiella pneumoniae, Pseudomonas putida and Sta-
phyloccocus aureus, indicating that the introduction of acylhy-
drazone on the acridone ring increase the antibacterial activity.
This results were supported by docking studies. The docking
experiment tell us that compounds 3a and 3f are the most
potent inhibitor of DNA gyrase of Staphyloccocus aureus
and transcriptional regulator (TtgR) enzyme of pseudomonas
putida, respectively.

4. Experimental

4.1. Materials

All materials were purchased from commercial suppliers. The
'H, *C NMR spectra was recorded with Bruker Avance
300. Mass spectrometric measurements were recorded using
Exactive™ Plus Orbitrap Mass Spectrometer.IR spectra were
recorded using JASCO FT-IR 4100 spectrophotometer.

4.2. Antibacterial activity

The novel acylhydrazones (3a-k) were evaluated for their
in vitro antibacterial activity by the disk diffusion method,
the active compounds were subjected to the determination of
the MIC, using the broth Microdilution method. The microor-
ganisms utilized for the test were Escherichia coli, Staphylococ-
cus aureus, Pseudomonas putida and Klebsiella pneumonia.
They were collected from clinical isolates. Bacterial inoculums
were prepared by subculturing microorganisms into MHB at
37 °C for 18 h and were diluted to approximately 105 CFU
mL~!. Initial solution with concentration 0.5 mg/mLof the
compounds (3a-k) were prepared in DMF, further serial dilu-
tions were made in the microplates and 100 pL of MHB con-
taining each test microorganism were added to the microplate
(Holetz et al., 2002; Olson et al., 2005; Sarkar et al., 2007), then
incubated at 36 °C for 24 h. After incubation, 20 pL of TTC
(0.04 mg/mL) were added to each microplate. The Color
changes of TTC from colorless to red were accepted as micro-
bial growth (Upadhya et al., 2013).

4.3. Molecular docking studies

Molecular docking of the compounds (3a-h) into the S. aureus
DNA gyrase complex structure (PDB ID 3TTZ) (Sherer et al.,

2011) and the transcriptional regulator (TtgR) enzyme of p.
putida (PDB Code: 2UXI) (Alguel et al., 2007) was carried
out using the SYBYL-X 2.0 molecular modeling package.
The structures of 3TTZ and 2UXI in docking studies were
downloaded from PDB. For protein preparation, the hydrogen
atoms were added, water and impurities were removed. Differ-
ent types of interactions between protein and the docked com-
pounds (3a-h) were analyzed using Discovery Studio (Please,
see the attached supplementary information).

4.4. Synthesis

4.4.1. Ethyl 2-(9-oxoacridin-10(9H )-yl)acetate (1)

To a mixture of acridone (1 g, 5 mmol) and sodium hydride
(90 mg, 7.2 mmol) in DMF (5 ml), ethyl 2-bromoacetate
(1.2 g, 7.2 mmol) was added dropwise and the mixture was stir-
red at 60 °C for 3 h. After that, it was poured into crushed ice
and the white yellow formed precipitate was recrystallized
from ethanol-DMF.

Yellow solide, yield 75%, m.p. = 187 °C. IR (KBr) 3107,
2984, 2932, 1751, 1631, 1594, 1495 "H NMR (300 MHz, [D]
DMSO, 25 °C, TMS): 8.36 (dd, J = 8.1, 1.5 Hz,2H, HI-
HS), 7,95 (d, J = 8,7 Hz, 2H, H4, H5), 7.80 (td, J = 15.6,
6.9 1.5 Hz, 2H, H3, H6), 7.33 (t, J = 7.5 Hz, 2H, H2,H7),
5.75 (s, 2H, CH2), 4,33 (q, J = 7.2 Hz, 2H, CH2), 1,14 (t,
J = 7.2 Hz, 3H,CH3). 3C NMR (75 MHz, [D¢]DMSO,
25 °C, TMS):177.07, 168.64, 143.01, 142.23, 134.65, 127.13,
122.20, 122.00, 116.74, 61.89, 55.66, 15.12.

4.4.2. Synthesis of (9-0x0-9,10-dihydroacridin-10-yl)
acetohydrazide (2)

To the compound 1 (1.12 g, 4 mmol), dissolved in DMSO
(2 ml), was added hydrazine monohydrate (8§ ml) and this mix-
ture was refluxed for 24 hrs. Then the solvent was eliminated
by evaporation and the obtained product was purified using
recrystallization from DMF-ethanol.

Yellow solide yield: 76%; m.p > 300 °C; IR (KBr) 3320,
3084, 1670, 1640, 1570 cm™'; 'H NMR (300 MHz, [Dg]
DMSO, 25 °C, TMS): 9.55 (s, 1H, NH), 8.34 (dd, J 8.1 Hz,
1.5 Hz, 2H), 7.80 (m, 2H), 7.62 (d, J = 8.1 Hz, 2H), 7.34
(td, 2H, J = 8.4, 1.5 Hz, 2H), 5.13 (s, 2H, CH,), 4.35
(s, 2H, NH,). *C NMR (300 MHz, DMSO dg) 8 (ppm):
177.23, 167.00, 142.98, 134.45, 126.98, 122.15, 121.89, 116.42
and 47.98.
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4.4.3. Synthesis of N-acylhydrazones derivatives from acridone
(3a-k)

An equimolar mixture of 2-(9-oxoacridin-10(9H)-yl)acetohy
drazide 2 (0.1 g, 4 mmol) and aldehyde or ketone (4 mmol)
was refluxed in ethanol for 2 hrs. The reaction mixture was fil-
tered and the obtained solid was dried then recrystallized from
a mixture of DMF and ethanol. Then purified by flash chro-
matography on silica gel using methanol/diethyl ether (1:3).

4.4.4. N-benzylidene-2-(9-oxoacridin-10(9H )-yl)
acetohydrazide (3a)

Yellow solid; yield: 86%, mp > 300 °C. IR (KBr): 3226, 3070,
2984, 1680, 1640, 1605, 1495 cm™'. "H NMR (300 MHz, [Dg]
DMSO, 25 °C, TMS): 12.00 (s, 1H, NH, 27%), 11.95 (s, 1H,
NH, 73%), 8.40 (dd, J = 8.0, 1.7 Hz, 2H), 8.32 (s, 1H,
N=CH, 25%), 8.17 (s, 1H, N=CH, 75%), 7.84-7.65 (m,
6H), 7-52-7.45 (m, 3H), 7.39-7.34 (m, 2H), 5.79 (s, 2H, CH2,
73%), 5.34 (s, 2H, CH2, 27%). '*C NMR (75 MHz, [D]
DMSO, 25 °C, TMS): 177.22, 168.94, 164.34, 147.99, 144.87
142.98, 142.90, 134.63, 134.47, 130.59, 129.30, 127.61, 127.20,
122.09, 122.03, 121.90, 116.39, 48.50, 47.67. MS (ESI) for
C»H 7N;0, [M+ 1], caled: 356,13, found: 356.13.

4.4.5. N-(2-hydroxybenzylidene )-2-(9-oxoacridin-10(9H )-yl)
acetohydrazide (3b)

Yellow solid; yield: 74%, mp > 300 °C. IR (KBr): 3390, 3227,
3084, 2967, 1680, 1635, 1602, 1595, 1498 cm™'. '"H NMR
(300 MHz, [D¢]DMSO, 25 °C, TMS):11.83 (s, 1H, NH,
40%), 11.78 (s, 1H, NH, 59%), 10.08 (s, lH, OH), 8.38 (dd,
J = 8.0, 1.7 Hz, 2H), 8.22 (s, 1H, CH=N, 41%), 8.07 (s,
IH, CH=N, 59%), 7.83 (ddd, J = 8.7, 6.9, 1.7 Hz, 2H),
7.71-7.66 (m, 4H), 7.40-7.34 (m, 2H), 6.88-6.83 (m, 2H),
5.71 (s, 2H, CH2, 59%), 5.28 (s, 2H, CH2, 41%). *C NMR
(75 MHz, [Dg]DMSO, 25 °C, TMS): 177.22, 168.63, 164.01,
161.23, 147.23 144.54, 142.61, 142.53, 134.14, 128.86, 126.51,
124.99, 124.92, 121.53, 121.40, 114.89, 114.67, 48.51, 47.56.
MS (ESI) for C»,H;;N505 [M+1]", caled: 372,12, found:
372.13.

4.4.6. N-(4-hydroxybenzylidene)-2-(9-oxoacridin-10(9H )-yl)
acetohydrazide (3c)

White solid; yield: 88%, mp > 300 °C. IR (KBr): 3368, 3226,
3081, 2980, 1685, 1631, 1610, 1596, 1497 cm '. '"H NMR
(300 MHz, [Dg]DMSO, 25 °C, TMS): 11.83 (s, 1H, NH,
24%), 11.77 (s, 1H, NH, 75%), 10.01 (s, 1H, OH), 8.40 (dd,
J = 8.0, 1.7 Hz, 2H), 8.20 (s, 1H, CH=N, 26%), 8.07 (s,
IH, CH=—N, 74%), 7.81 (ddd, J = 8.7, 6.9, 1.7 Hz, 2H),
7.74-7.52 (m, 4H), 7.44-7.34 (m, 2H), 6.86 (dd, J = 8.4,
5.8 Hz, 2H), 5.74 (s, 2H, CH2, 75%), 5.31 (s, 2H, CH2,
25%). '3C NMR (75 MHz, [D¢]DMSO, 25 °C, TMS):
176.75, 168.01, 163.38, 159.38, 144.74, 142.51, 142.43, 134.14,
128.86, 126.51, 124.99, 124.92, 121.53, 121.40, 115.89, 115.67,
4797, 47.14. MS (ESI) for Cy,H;N;05 [M+1]", caled:
372,12, found: 372.13.

4.4.7. N-(4-chlorobenzylidene )-2-(9-oxoacridin-10(9H )-yl)
acetohydrazide (3d)

White solid; yield: 79%, mp > 300 °C. IR (KBr): 3207, 3079,
2970, 1680, 1633, 1604, 1599, 1493 cm™'. "H NMR (300 MHz,
[Dg]DMSO, 25 °C, TMS): 12.10 (s,1H, NH, 26%)12.03 (s,1H,

NH, 74%), 8.40 (dd, J = 8.1, 1.7 Hz, 2H), 8.31 (s, 1H,
N=CH, 26%), 8.15 (s, 1H, N—CH, 74%), 7.90-7.83 (m,
2H), 7.79-7.76 (m, 2H), 7.71-7.64 (m, 2H), 7.56-7.52 (m,
2H), 7.40-7.33 (m, 2H), 5.79 (s, 2H, CH2, 74%), 5.17 (s, 2H,
CH2, 26%). C NMR (75 MHz, [D¢]DMSO, 25 °C,
TMS):176.74, 168.51, 166.51, 146.24, 143.08, 142.48, 134.51,
134.13, 133.95, 132.95, 128.86, 128.77, 126.49, 121.66, 121.56,
121.40, 115.91, 47.49, 47.22. MS (ESI) for C,,H,CIN;O, [M
+ 117, caled: 390,09, found: 390.09.

4.4.8. N-(4-methoxybenzylidene )-2-(9-oxoacridin-10(9H )-yl)
acetohydrazide (3e)

Yellow solid; yield: 90%, mp > 300 °C. IR (KBr): 3210, 3281,
2952, 1680, 1637, 1603, 1493 cm™'. "H NMR (300 MHz, [Dg]
DMSO, 25 °C, TMS): 11.82 (s, 1H, NH, 26%), 11.78 (s, 1H,
NH, 74%), 8.36 (dd, J = 8.0, 1.7 Hz, 2H), 8.22 (s, 1H,
N=CH, 25%), 8.07 (s, 1H, N=CH, 75%), 7.82-7.59 (m,
6H), 7.33 (m, 2H), 7.01 (dd, J = 8.7, 2H), 5.71 (s, 2H, CH2,
75%), 5.28 (s, 2H, CH2, 25%), 3.79(s, 3H, OCH3). "*C
NMR (75 MHz, [Dg]DMSO, 25 °C, TMS): 177.20, 168.62,
164.00, 161.30, 147.91, 144.79, 142.93, 134.59, 129.19, 127.00,
122.11, 122.05, 121.86, 116.38, 114.77, 55.79, 48.51, 47.65.
MS (ESI) for C»3HoN;O; [M+1]", caled: 386,14, found:
386.14.

4.4.9. N-(4-(dimethylamino )benzylidene )-2-(9-oxoacridin-10
(9H )-yl)acetohydrazide (3f)

White solid; yield: 74%, mp > 300 °C. IR (KBr): 3196, 3097,
2980, 1681, 1639, 1605, 1490 cm™'. "H NMR (300 MHz, [Dg]
DMSO, 25 °C, TMS): 11.71 (s, 1H, NH, 27%), 11.68 (s, 1H,
NH, 73%), 8.38 (dd, J = 8.0, 1.7 Hz, 2H), 8.15 (s, 1H,
N=—CH, 27%), 8.03 (s, 1H, N=CH, 73%), 7.82 (tdd,
J = 8.7, 6.9, 1.8 Hz, 2H), 7.75-7.53 (m, 4H), 7.44-7.30 (m,
2H), 6.76 (dd, J = 9.1, 2.7 Hz, 2H), 5.72 (s, 2H, CH2,
74%), 5.30 (s, 2H, CH2, 26%), 2.98 (s, 6H, NCH3). '*C
NMR (75 MHz, [D¢]DMSO, 25 °C, TMS):176.73, 167.73,
151.47, 145.30, 142.53, 142.45, 134.12, 128.48, 128.39, 126.51,
121.61, 121.37, 121.25, 115.90, 111.72, 47.11. MS (ESI) for
Co4H2NL,O, [M+1]7, caled: 399,17, found: 399.17.

4.4.10. N-(4-nitrobenzylidene )-2-(9-oxoacridin-10(9H )-yl)
acetohydrazide (3g)

Yellow solid; yield: 86%, mp > 300 °C. IR (KBr): 3234, 3090,
2962, 1693, 1635, 1611, 1593, 1521, 1493 cm™'. 'H NMR
(300 MHz, [Dg]DMSO, 25 °C, TMS): 12.31 (s, 1H, NH,
26%), 12.24 (s, 1H, NH, 74%), 8.43 (s, 1H, N=CH, 25%),
8.41 (dd, J = 8.0, 1.7 Hz, 2H), 8.33(m,2H), 8.27 (s, 1H,
N=CH, 75%), 8.14-8.00 (m, 2H), 7.87-7.67 (m, 4H), 7.41-
7.35 (m, 2H), 5.85 (s, 2H, CH2, 74%), 5.39 (s, 2H, CH2,
25%). 3C NMR (75 MHz, [D¢]DMSO, 25 °C, TMS):
178.41, 168.89, 163.73, 147.87, 145.16, 142.42, 140.30, 134.16,
131.00, 128.10, 126.55, 126.41, 124.95, 123.94, 121.58, 121.46,
120.98, 115.90, 48.32, 47.29. MS (ESI) for C,H sN4O4 [M
+ 1], caled: 401,11, found: 401,12.

4.4.11. N-(4-hydroxy-3-methoxybenzylidene )-2-(9-oxoacridin-
10(9H )-yl)acetohydrazide (3h)

Yellow solid; yield: 77%, mp > 300 °C. IR (KBr): 3327, 3221,
3092, 2986, 2630, 1677, 1635, 1604, 1495 cm '. '"H NMR
(300 MHz, [Dg]DMSO, 25 °C, TMS): 11.82 (s, 1H, NH,
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27%), 11.78 (s, 1H, NH, 73%), 9.58 (s, 1H, OH), 8.41 (dd,
J = 8.0, 1.7 Hz, 2H), 8.20 (s, 1H, N—=CH, 25%), 8.06 (s,
1H, N=—CH, 75%), 7.85-7.79 (m, 2H), 7.68-7.63 (m, 2H),
7.46-7.11 (m, 4H), 7.89 (m, IH), 5.77 (s, 2H, CH2, 73%),
5.32 (s, 2H, CH2, 27%), 3.83(s, 3H, OCH3). '*C NMR
(75 MHz, [Dg]DMSO, 25 °C, TMS):176.73, 168.06, 163.40,
148.95, 148.01, 145.61, 144.82, 142.54, 142.46, 134.11, 126.51,
125.45, 121.72, 121.56, 121.38, 115.93, 115.49, 115.49, 109.68,
5567, 47.28. MS (ESI) for C23H19N304 [M+1]+, caled:
402,13, found: 402.12.

4.4.12. 2-(9-oxoacridin-10(9H )-yl)-N-( propan-2-ylidene )
acetohydrazide (3k)

Yellow solid; yield: 68%, mp > 300 °C. IR (KBr): 3208, 3036,
2934, 1668, 1632, 1598, 1493 cm™'. '"H NMR (300 MHz, [Dg]
DMSO, 25 °C, TMS): 10.77 (s, IH, NH, 27%), 10.66 (s, 1H,
NH, 73%), 8.38 (dd, J = 8.0, 1.7 Hz, 2H), 7.89-7.75 (m,
2H), 7.67 (d, J = 8.8 Hz, 1H), 7.57 (d, J = 8.7 Hz, 1H),
7.36 (t, J = 7.4 Hz, 2H), 5.59 (s, 2H, CH2, 73%), 5.36 (s,
2H, CH2, 27%), 2.06 (s, 3H, CH3), 1.99 (s, 3H, CH3). *C
NMR (75 MHz, [D¢]DMSO, 25 °C, TMS): 176.71, 168.31,
163.38, 152.33, 142.42, 134.09, 126.50, 121.54, 121.34, 115.89,
115.75, 47.56, 47.29, 25.29, 17.29.
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