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Urease is a bacterial enzyme that is responsible for virulence of various pathogenic bacteria such as
Staphylococcus aureus, Proteus mirabilis, Klebsiella pneumoniae, Ureaplasma urealyticum, Helicobacter pylori and
Mycobacterium tuberculosis. Increased urease activity aids in survival and colonization of pathogenic bacteria
causing several disorders especially gastric ulceration. Hence, urease inhibitors are used for treatment of such
diseases. In search of new molecules with better urease inhibitory activity, herein we report a series of acridine

derived (thio)semicarbazones (4a-4e, 6a-61) that were found to be active against urease enzyme. Molecular
docking studies were carried out to better comprehend the preferential mode of binding of these compounds
against urease enzyme. Docking against urease from pathogenic bacterium S. pasteurii was also carried out
with favorable results. In silico ADME evaluation was done to determine drug likeness of synthesized com-

pounds.

1. Introduction

Urease (E.C. 3.5.1.5) is a nickel containing metalloenzyme that is
commonly found in bacteria, algae, fungi and plants. It is responsible
for catalytic hydrolysis of urea to ammonia and carbamate, which
quickly hydrolyzes to ammonia and carbonic acid. Urease is responsible
for pathogenesis of several bacteria, well-known among these include
Staphylococcus aureus, Proteus mirabilis, Klebsiella pneumoniae,
Ureaplasma urealyticum, Helicobacter pylori and Mycobacterium tubercu-
losis [1-3]. A number of bacterial infections are characterized by an
increased ureolytic activity, a hallmark of urease enzyme. In humans
the urease enzyme is recognized as immunogenic in nature, and pro-
longed exposure to urease can trigger release of antibodies which, in
some cases, may lead to inflammation [4]. Urease is also responsible for
damage to epithelial cells, since it stimulates neutrophils and mono-
cytes, leading to secretion of inflammatory cytokines [5]. The urease
enzyme plays an essential role in survival and colonization of bacterial
pathogens. By virtue of its ureolytic activity, urease enzyme increases
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the concentration of ammonia in its microenvironment, high con-
centration of ammonia results in basic pH and protects the bacterial
colony from the gastric acid. Urease activity has been recognized as a
virulence factor for H. pylori infections including gastritis and peptic
ulceration, whereby the basic pH around the bacteria, due to bacterial
urease activity, protects the bacteria and also helps in its colonization in
the acidic environment of the stomach [6]. Studies have shown that H.
pylori urease negative mutants are incapable of colonization [7]. H.
Pylori infection is responsible for many gastroduodenal disorders. If left
untreated, or not treated properly, the infection can turn into chronic
gastritis increasing the risk of peptic ulcers and gastric cancer [8,9].
Increased urease activity (as a result of pathogenesis) is also responsible
for alkalization of urine in human host. Due to an increase in urine pH,
precipitation of (otherwise soluble) struvite and carbonate apatite oc-
curs around the bacteria resulting in formation of urinary stones. This
urinary stone formation further protects the pathogenic bacteria from
the effects of antibiotics and also helps these pathogenic bacteria to
evade the host’s immune responses [10-12]. The combination of

E-mail addresses: abdul_hameed8@hotmail.com (A. Hameed), drjamshed@ciit.net.pk (J. Igbal).

https://doi.org/10.1016/j.bioorg.2018.09.032

Received 10 July 2018; Received in revised form 19 September 2018; Accepted 21 September 2018

Available online 22 September 2018
0045-2068/ © 2018 Elsevier Inc. All rights reserved.


http://www.sciencedirect.com/science/journal/00452068
https://www.elsevier.com/locate/bioorg
https://doi.org/10.1016/j.bioorg.2018.09.032
https://doi.org/10.1016/j.bioorg.2018.09.032
mailto:abdul_hameed8@hotmail.com
mailto:drjamshed@ciit.net.pk
https://doi.org/10.1016/j.bioorg.2018.09.032
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bioorg.2018.09.032&domain=pdf

L.O. Isaac et al.

antibiotic therapy with rease inhibitors has long been deemed bene-
ficial for the treatment of kidney stones and urease positive urinary
tract infections [13-15].

These observations demand the discovery of new and potent in-
hibitors of urease. Several classes of compounds have been reported as
urease inhibitors. The most well-known among these are hydroxamic
acid and its derivatives [16,17]. However the mutagenic properties of
these hydroxamic acid derivatives have prevented their clinical devel-
opment [18]. Phosphorodiamidates are also well-known inhibitors of
urease [19], however their clinical exploitation has been encumbered
due to their degradation at low pH [20]. Other classes of compounds
with urease inhibitory activity include a variety of Schiff bases and their
metal complexes [21], and a variety of urea/thiourea derived com-
pounds [22,23]. Moreover, the (thio)semicarbazones [24,25], N-phenyl
thiosemicarbazones [26], hydrazones [27] and (thio)urea [28] posses-
sing close similitude with urea/thiourea moiety also showed urease
inhibitory activity. Acridine derivatives are well-known and versatile
chemotherapeutic agents. They have long been known for their out-
standing antimicrobial activities, although more recently, most of the
focus on acridine derivatives has been shifted to their anticancer ac-
tivity, by virtue of their ability to intercalate DNA and bind with to-
poisomerase [29,30]. In the continuation of our interest in (thio)semi-
carbazones based molecule as urease inhibitors [24,26,31], Herein, we
report novel acridine based (thio)semicarbazones and hydrazones as
potent inhibitors of urease enzyme (Fig. 1).
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2. Results and discussion
2.1. Chemistry

The desired acridine-based (thio)semicarbazones (4a-4e) and hy-
drazones (6a-61) bearing acridines moieties were prepared by following
the Scheme 1. The acridine scaffold 2 was prepared by the reaction of
dimedone, benzaldehyde and ammonium acetate by using nickel (II)
fluoride tetrahydrate as catalyst in ethanol as solvent. The intermediate
2 was then treated with hydrazine hydrate and subsequently reacted
with substitute phenylisocyanate or phenyl isothiocyanate in the pre-
sence of protonated acid i.e. acetic acid to afford the corresponding
products (4a-4e) in 50-75% yield [32]. Moreover, the different sub-
stituted acridine scaffolds were also reacted with 2,4-dinitrophenyl
hydrazine in the presence of acetic acid to afford the series acridine-
based hydrazone (6a-61) in 71-99% yield. The detailed spectral data of
all compounds have been provided in the experimental section.

The proton (*H) NMR of a typical acridine-based semicarbazone 4a
showed characteristic broad singlet (brs) for 2NH?, 2NHP, and NH at 8y
8.75, 9.35 and 8.43, respectively. The singlet of methine (CH®) group
appeared at 8y 5.38, while the aromatic peaks of fourteen protons was
found between &y 7.84-6.95. The singlet (brs) for characteristic aro-
matic proton (ArH*/?) appeared at 8; 7.84. Further in the '"H NMR
spectrum, the four methylene groups appeared as two separate triples,
each with integration of four protons, at §i; 2.30 and 2.09, respectively.
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Fig. 1. Structure of reported (thio)semicarbazones, hydrazones and our acridine-(thio)semicarbazones/-hydrazones.
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Scheme 1. General scheme of synthesis for acridine-based (thio)semicarbazones 4a-4e and hydrazones 6a-61.

The singlets of four methyl groups at positions C-3/6 appeared at 8y
1.03 (CH; x 2) and 0.82 (CH3 x 2), respectively (see supplementary
information). Other spectroscopic data include IR and mass spectra
results have been provided in the experimental section.

3. Bioactivity
3.1. Urease inhibition and Structure-Activity Relationship (SAR)

All the synthetic compounds 4a-4e and 6a-61 were evaluated for
their in vitro urease inhibitory activity. All compounds were able to
inhibit urease activity (ICso values are in the range 20.1-43 uM). Many
compounds were found to be even more active than the standard in-
hibitor thiourea (ICso = 22.3 = 1.1 pM). The urease inhibitory activ-
ities of compounds containing (thio)urea linkages (4a-4e) were in the
ICso range 20.1-36.3 uM, whereas for acridine derivatives containing
hydrazone linkages (6a-6l), the ICs, values were in the range
20.3-43 uM. Among the two series of compounds, overall acridine de-
rivatives containing (thio)urea linkages (4a-4e) were more active ur-
ease inhibitors as compared to acridine derivatives containing hy-
drazone linkages (6a-61). Urease inhibitory activities of compounds
from both series 4a-4e and 6a-61 are given in Tables 1 and 2, respec-
tively.

Among compounds containing (thio)urea linkages (4a-4e), the
compounds containing thiourea derived linkage were more active
than urea containing analogs. Compound 4e containing a thiourea

linkage was found to be the most active urease inhibitor
(ICs0 = 20.1 = 1.7 uM) and was slightly more active than the standard
inhibitor thiourea (ICso = 22.3 + 1.1 uM). As compared to compound
4a, all substitutions on the phenyl rings attached to the (thio)urea
linkage, lead to a decrease in urease inhibitory activity, indicating that

Table 1
Urease inhibitory activities of c05rnpounds 4a-4e.
R
R?
R? R?
s HN.___ X
R

i
(4a-4¢)
Entry Compounds X R' R®> R® R* R® ICs * SEM (uM)
1 4a O H H H C H 277 +24
2 4b O H Cl H Cl H 32.7 = 31
3 4c S OH H H H H 36.3 = 35
4 4d S OH H F H H 343 = 3.0
5 4e S H Me H H H 201=*17
Reference  Thiourea 223 + 1.1
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Table 2
Urease inhibitory activities of Ic\IoOmpounds 6a-61.

Entry Compounds R! R? ICso = SEM (uM)
9 6a H Me 43.0 = 3.9
10 6b OH H 36.6 + 3.1
11 6¢c H F 26.4 = 2.1
12 6d Br OMe 20.3 + 1.8
13 6e H Cl 41.0 = 3.8
14 6f H SMe 28.0 = 1.9
15 6g OMe F 33.0 = 2.9
17 6h OMe H 33.1 = 3.0
18 6i H OMe 26.5 = 2.2
19 6j H OH 33.7 £ 2.9
20 6k Cl H 242 + 1.8
21 61 F H 324 + 31
Reference Thiourea 223 = 1.1

substitution on these phenyl rings does not contribute favorably to
binding with the enzyme. Among compounds containing these sub-
stituted phenyl(thio)urea moieties, compound 4a containing m-chlor-
ophenyl urea group, a slight decreased activity was observed
(ICsp = 27.7 %= 2.4uM). Substitution on phenyl ring at 9-position of
acridine ring was similarly found to lead to a decreased activity, as seen
in compound 4b (ICso = 32.7 + 3.1 uM) which is identical in structure
to 4a, with an additional p-Cl substituent on the phenyl ring at 9-po-
sition of the acridine ring. Compared to 4d, compound 4e has sig-
nificantly reduced activity (Fig. 2).

Same trend was observed for compounds containing thiourea lin-
kages. Compound 4e is the most active inhibitor in the series bearing p-
Me group substituted at phenyl ring at 9-position of the acridine ring
(Fig. 2). Compared to 4e, the activity of 4c is drastically reduced
(ICso = 36.3 = 3.5uM) as m-OH substituent is introduced on the
phenyl ring at 9-position of acridine ring. This clearly indicates that
substitution at any of the phenyl rings of acridine ring leads to a de-
creased urease inhibition. Similarly, the compound 4d having m-OH
substituent on phenyl ring at 9-position of acridine ring exhibits sig-
nificantly less urease inhibitory activity of 4g (ICso = 34.3 = 3.0 uM)
(Fig. 3).

Among acridine derived hydrazone derivatives (6a-61), compound

H
4a (IC5 = 27.7 2.4 uM)
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6d containing m-Br and p-OMe groups substituted on phenyl ring at 9-
position of acridine ring, was found to be most active inhibitor
(ICs0 = 20.3 = 1.8 uM). However, for similar compound 6g, con-
taining m-OMe and p-F groups substituted on phenyl ring at 9-position
of acridine ring, a significant decrease in inhibitory activity was ob-
served (ICso = 33.0 = 2.9 uM), indicating the importance of a halogen
substituent at m-position and alkoxy substituent at p-position of phenyl
ring for effective urease inhibition (Fig. 4).

With only one exception (compound 6e), substitution at para posi-
tion of phenyl ring at 9-position of acridine ring, leads to increase in
urease inhibitory activity. Hence compound 6j containing p-OH-Ph
group was moderately more active (ICso = 33.7 = 2.9 uM) than its m-
OH-Ph isomer compound 6b (IC5o = 36.6 = 3.1 uM). Similarly, the p-
F-Ph containing compound 6c¢ was much more active inhibitor
(ICs0 = 26.4 = 2.1 uM) as compared to its m-F-Ph analog compound 61
(ICsp = 32.4 = 3.1 uM). Same trend was observed for compound 6i
which contained a p-OMe-Ph, and was significantly more active
(ICs0 = 26.5 = 2.2puM) than its m-OMe-Ph analog, compound 6h
(ICsp = 33.1 = 3.0 uM). Compound 6e containing p-Cl-Ph group was
the only exception to this trend; 6e was significantly less active
(ICsp = 41.0 = 3.8uM) as compared to its m-Cl-Ph analog 6k
(ICso = 24.2 + 1.8 M) Fig. 5

Compared to compound 6i containing p-OMe-Ph group
(IC50 = 26.5 = 2.2 uM), the inhibitory activity of its structural analog
6f containing p-OMe-Ph group, was found to be slightly decreased
(ICsp = 28.0 = 1.9 uM). However, this S/OMe group is changed to Me
group, as in compound 6a a significant decrease in inhibitory activity
was observed (ICso = 43.0 + 3.9 uM). In fact, compound 6a was the
least active inhibitor in the series. This indicates that non-alkylated
phenyl substituents are preferable for effective urease inhibition from
this class of compounds.

4. Molecular docking

Molecular docking studies were carried out to rationalize most
probable enzyme-ligand binding interactions. Crystal structure of jack
bean urease was downloaded from the PDB (PDB id: 4GY7 at 1.49A
resolution). Prior to docking structures of ligands were optimized using
semi empirical PM3 methods in HyperChem. Molecular docking was
carried out using BioSolvelT’s LeadIT software [34] which makes use of
versatile FlexX method. Fig. 6 shows most probable docked conforma-
tion of most active urease inhibitor 4e. All compounds were found to
have similar binding modes, and were found to bind at the entrance of
the active site. Due to the bulky nature of compounds, they were found
to have a snug fit at the entrance of the active site cavity, interactions
with the neighboring amino acids serve to stabilize the enzyme-in-
hibitor complex, thereby possibly preventing the substrate entry and

4b (IC5, = 32.7+ 3.1 uM)

Fig. 2. Structure activity relationship for compounds 4a and 4b, indicating decrease in urease inhibitory activity as the phenyl ring on acridine ring is substituted at

p-position.
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4c (IC5)=36.3+3.5 1M)

4d (IC5 =343 + 3.0 1M)
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4e (IC5)=20.1+1.7 M)

Fig. 3. Structure activity relationship of compound 4c¢ as compared to compound 4e.
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Fig. 4. Structure activity relationship for compounds 6d and 6g, indicating the importance of a halogen substituent at m-position and alkoxy substituent at p-position

of phenyl ring for effective urease inhibition.

NO,

NO,

N'NH Decrease in inhibitory activity

NO,
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X =F, OH, OMe

Fig. 5. Structure activity relationship for compounds 6¢, 6j, 6i, indicating a decrease in inhibition activity as the position of substituents is changed from p- to m- for

compounds 61, 6b, 6h).

binding at the active site. One of the amino (—NH—) groups of the
thiourea linkage was making a hydrogen bonded interaction with
His593. The NH group of second thiourea linkage was acting as a hy-
drogen bond donor towards Asp494.

From second series of compounds (6a-61), compound 6d was found
to be the most active inhibitor (20.3 = 1.8 uM). Fig. 7 shows 3D and
2D interactions of most probable docked conformation of 6d against
urease enzyme. Similar to 4e, compound 6d was also found to bind near
the entrance of the active site cavity, although with slightly diffeent
onformation than that observed for compound 4e. Unlike compound
4e, where the acridine ring nitrogen atoms makes a hydrogen bond
with His594, in compound 6d there is no such interaction; instead one
of the nitro group is involved in making hydrogen bond contact with
His594. The other nitro group is making hydrgen bond with Arg439 and
Cme592 (carboxymethylated cysteine). Fig. 8 shows overlap of

10

compounds 4e and 6d in active site cavity of urease. As can be seen
from the figure, due to the bulky nature of inhibitors, they bind at the
entrance of the active site cavity, thereby interfering either with sub-
strate binding or subsequent product release. Molecular docking against
pathogenic bacterial urease (S. pasteurii) were also carried out. The
crystal structure of urease from S. pasteurii was downloaded from the
PDB (PDB id: 4UBP at 1.55 A resolution). The crystal structures of jack
bean (4GY7) and S. pasteurii urease (4UBP) were aligned using Chimera
[33] with an rmsd of 0.6, which indicates good alignment of the con-
served residues in the active site of both structures.

The docked conformation of most active urease inhibitor 4e against
urease from S. pasteurii is given in Fig. 8. Similar binding mode was
observed as that in jack bean urease. The compound was found to bind
at the entrance of the active site and was found to have a snug fit.
Cys322 is a highly conserved residue among bacterial ureases, this
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Fig. 6. 3D (left) and 2D (right) interactions of docked conformation of 4e.

residue is important since it forms the part of the mobile flap at the
entrance of active site and is essential for urease catalytic activity. It has
been previously shown that covalent binding of benzoquinone [34] and
benzisoselenazol [35] derived compounds to this cysteine residue re-
sults in irreversible inhibition of this enzyme. Herein compound 4e was
found to bind at the entrance of the active site, the NH groups of the
thiourea linkage was making a hydrogen bond with Cys322 (Fig. 8),
this probably indicates that the binding of acridine derivatives against
S. pasteurii urease might be irreversible. Other hydrogen bonded in-
teractions were also observed. The NH group of the acridine ring was
found to make hydrogen bond with Ala366.

Similarly, compound 6d was also docked against S. pasteurii urease
enzyme, as shown in Fig. 9. Unlike compound 4e, in compound 6d
there was no direct hydrogen bond with Cys322, however one of the
nitro group was found to be in direct contact with Ni metal ions in the

active site. In addition the nitro groups were also found to be involved
in extensive hydrogen bond networks, making hydrogen bonds with
His323, His222, and Arg339.

4.1. In-Silico ADME evaluation

In order to determine drug-likeness of compounds (4a-4e and 6a-
61), in silico calculation of some physiochemical parameters was carried
out (OSIRIS 4.7.2) [36], as shown in Table 3. cLogP is the octanol water
partition coefficient, which is the ratio of concentration of compound in
octanol to its concentration in water. This is a very valuable parameter
since it provides an estimate of ability of a compound to move/cross
from aqueous phase to lipid phase, hence providing a measure of ability
of compounds to cross the cell membranes. One of the key parameters
for success of drug molecules is their water solubility, clogS is a

@ NH:
HoN™— _/—Arg439

‘N

Fig. 7. 3D (left) and 2D (right) interactions of docked conformation of 6d.
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Fig. 8. 3D (left) and 2D (right) interactions of docked conformation of 4e. The Cys322, which forms part of the mobile flap of active site, is represented in cyan color

with ball and stick representation.

measure of water solubility of compounds in water in mol/L at 25 °C,
and at pH of 7.5. Total number of hydrogen bond donors (HD) and
hydrogen bond acceptors (HA) should not be greater than 5 and 10,
respectively. As can be seen from the Table 3, only 4d and 4e had
hydrogen bond donors of 6, all other compounds had HD in the range
3-5. Similarly, for number of hydrogen bond acceptors, compounds
from first series, that is 4a-4e had HA in the range 7-9, however, for all
compounds of second series (6a-61), HA was 17-18. Polar surface area
(PSA) is sum of all polar atoms in a molecule. It provides an estimate of
ability of a compound to cross blood brain barrier (BBB). Ideally PSA
should be less than 140, only two compounds 4a and 4b, had PSA less
than 140. Only three compounds 4c, 4d and 4e, were predicted to be
highly mutagenic and tumorigenic. No such effect was predicted for all
other compounds from both series.

5. Conclusion

Two series of acridine derivatives were synthesized by first pre-
paring an acridinedione scaffold, which was further reacted with hy-
drazine to yield acridinehydrazones, which were reacted with different
(thio)semicarbazides to yield acridine (thio)semicarbazones (4a-4e).
Similarly compounds 6a-61 were synthesized by reacting different ac-
ridinediones to substituted phenylhydrazine. All synthesized com-
pounds were evaluated for their inhibitory potential against urease
enzyme in vitro. All compounds were found to be active against urease,
best inhibitory activity was exhibited by compounds 4e and 6d. In
order to rationalize the binding modes of most active inhibitors, mo-
lecular docking studies were carried out. It was found that due to the
bulky nature of the molecules, they prefer to bind at the entrance of the
active site of enzyme and do not make any direct contact with the

Lys169 Glu166

is324
Ala170

His323

Fig. 9. 3D (left) and 2D (right) interactions of docked conformation of 6d. The Cys322, which forms part of the mobile flap of active site, is represented in cyan color

with ball and stick representation.
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Table 3

In silico calculation of some ADME parameters for compounds 4a-4e and 6a-61.
Entry Compound cLogP cLogS HA HD PSA Mutagenic Tumorigenic
1 4a 9.1561 —10.862 9 5 119.01 None None
2 4b 9.7621 —11.598 9 5 119.01 None None
3 4c 9.0814 —9.902 7 5 149.05 High High
4 4d 8.3918 —9.262 8 6 169.28 High High
5 4e 8.5934 —9.89 8 6 169.28 High High
6 6a 7.8924 —9.398 17 3 244.09 None None
7 6b 7.6493 —9.368 17 3 244.09 None None
8 6c 8.1545 -9.79 17 3 244.09 None None
9 6d 8.1545 -9.79 17 3 244.09 None None
10 6f 7.6493 —9.368 17 3 244.09 None None
11 6g 8.2037 —9.906 18 3 253.32 None None
12 6h 7.5793 —9.386 18 3 253.32 None None
13 6i 7.5793 —9.386 18 3 253.32 None None
14 6j 7.4785 —9.072 18 3 253.32 None None
15 6k 7.4785 —9.072 18 3 253.32 None None
16 61 7.2028 —8.758 18 4 264.32 None None

catalytic Ni metal ions. In order to have an estimate of ability of these
compounds to inhibit urease enzyme of a pathogen bacterium S.
Pasteurii, molecular docking studies against urease enzyme from S.
Pasteurii were also carried out. Compounds were found to have favor-
able binding affinity, indicating potential usefulness of such compounds
for targeting pathogenic urease enzyme.

6. Experimental

All the starting materials include dimedone, benzaldehyde, ammo-
nium acetate, phenyl hydrazines, (thio)isocynate etc. were purchased
from different commercial suppliers and used without further pur-
ification. Analytical grade solvents were used for reactions and pur-
ification purposes where needed. All the reactions were monitored by
using thin layer chromatography (TLC) with silica gel aluminium
backed plates. They spot of compounds were visualised by exposing to
UV light (254 nm) or with potassium permanganate or vanillin as ap-
propriate. The NMR spectra were obtained as dilute solutions in the
appropriate solvent at 25 °C unless otherwise stated. 'H and '*C NMR
spectra were recorded at 300 MHz, or 400 MHz as indicated. The che-
mical shifts values were recorded on the § scale (ppm) using residual
solvent as an internal standard (CDCls: 8y 7.26, 8¢ 77.0; dg-DMSO: 5y
2.50, 8¢ 39.43; D3COD: &y 3.31, 8¢ 49.05, etc.) [37]. All coupling
constants were reported in Hertz (Hz) and multiplicities were labelled s
(singlet), d (doublet), t (triplet), q (quartet), quint (quintet), sex (sex-
tuplet), and where necessary the prefixes br (broad) or app (apparent)
were used. Infrared spectra were recorded as solid on KBr disc or dilute
solutions in appropriate solvent unless otherwise stated. Absorptions
were labelled s (strong), m (medium), w (weak), and where necessary
were supplemented with the suffix br (broad). Mass spectra were re-
corded using electrospray (ES+) or chemical ionisation (CI+), Fast
atom bombardment (FAB™), and Matrix-assisted laser desorption/io-
nization (MALDI) techniques.

6.1. Molecular modeling and docking studies

Crystal structures of jack bean and S. pasteurii urease were down-
loaded from the Protein Data Bank (PDB ids: 4GY7 and 4UBP) at a
resolution of 1.49 A and 1.55 A, respectively. The structures of com-
pounds were optimized using semi-empirical PM3 method in
HyperChem [38]. Docking was carried out using BioSolvelT’s LeadIT
software [39] that makes use of the versatile FlexX docking procedure.
Docked conformations were visualized using Discovery Studio Vi-
sualizer 4.0 [40].
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6.2. General procedure for the synthesis of Acridine-based (thio)
semicarbazones (4a-4e) and hydrazones (6a-61)

In a typical reaction, an oven dried round bottomed flask was cooled
to room temperature and charged with dimedone (10 mmol, 1.40g),
corresponding benzaldehyde (0.50 mL, 5mmol), ammonium acetate
(0.57 g, 7.5 mmol), nickel (II) fluoride tetrahydrate (25 mol%) as cat-
alyst and ethanol (3 mL). The resulting reaction mixture was heated at
reflux (78-80 °C) for 1.5h, cooled, dissolved in methanol and poured
into the crushed ice in a beaker. The mixture was further stirred to
dissolve catalyst and to precipitate out corresponding acridine-based
product 2 which was filtered, dried and washed in n-hexane to remove
the un-reacted benzaldehyde to afford pure corresponding acridine 2 in
86% yield (1.50g) [32].

Synthesis of Acridin-based (thio)semicarbazones (4a-4e); The ob-
tained acridine compound 2 (2mmol, 0.69g) was then treated with
excess of hydrazine hydrate (10 mL) and protonated acid i.e. acetic acid
(2mL) as catalyst at 120 °C until the complete consumption of starting
material, monitored by TLC analysis with eluents mixture
(EtOAc:Hexane, 3/7). The reaction mixture was diluted with water to
get precipitate compound 3 which was filtered and dried under vacuum
to get intermediate 3a for further reaction with corresponding pheny-
lisocyanate or phenyl isothiocyanate. The hydrazine group bearing in-
termediate 3 (1.0 equiv, 0.378 g) was reacted with corresponding iso
(thio)cynate (m-chlorophenyl isocyanate) (2 mmol, 0.24 mL) at 100 °C
overnight in acetonitrile (15 mL) as solvent. The reaction mixture was
cooled down at ambient temperature resulting in the formation of
precipitates. The precipitates were filtered, washed with warm acet-
onitrile and dried to obtain the pure compound 4a (0.452 g; 63% yield).
The other compounds of series 4a-4e were also obtained in variable
yields Scheme 1.

Synthesis of Acridine-based hydrazones (6a-6l); The corresponding
acridine-based compound 2 (0.6 mmol, 0.218 g) was treated with o,p-
dinitrophenyl hydrazine (2 mmol, 0.396 g) in the presence of H,SO,4
(1 mL) in MeOH (3 mL). The reaction mixture was heated at reflux until
the complete consumption of starting materials. The reaction mixture
was diluted with water to get precipitate compound 6a which was fil-
tered and dried under vacuum. The yield for 6a was obtained 96%
(0.415 g) and in the similar way the other compounds of series 6a-61
were obtained in different yields Scheme 1.

6.3. Spectral data

6.3.1. 2,2’-((1E,8E)-3,3,6,6-Tetramethyl-9-phenyl-3,4,6,7,9,10-
hexahydroacridine-1,8(2H,5H)-diylidene)bis(N-(m-chlorophenyDhydrazine-1-
carbothioamide) (4a)

Greenish solid, yield 63% (453 mg), M.P. 282-285°C; IR (vmax,
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em™1): (KBr disc, solid) 3411, 3330, 3181, 3094, 2957, 1683, 1588,
1525, 1482, 1424, 1298, 1241, 1102, 1001, 879, 762, 688, 639. 'H
NMR (400 MHz, DMSO-dg): &y 9.35 (2H, brs, 2NH), 8.75 (2H, brs,
2NH), 8.43 (1H, brs, NH), 7.84 (2H, brs, ArH), 7.46 (2H, app d,
J =7.2Hz, ArH), 7.30 (2H, brs, ArH), 7.06 (4H, app t, J = 6.8 Hz,
ArH), 6.99-6.95 (3H, m, ArH), 5.38 (1H, s, CH), 2.30 (4H, app t,
J = 16.4Hz, 2CH,), 2.09 (4H, app t, J = 17.0 Hz, 2CH,), 1.03 (6H, s,
2CH3), 0.80 (6H, s, 2CH3); 13C NMR (100 MHz, DMSO-dg): 8¢ 153.3 (C),
148.8 (C), 148.5 (C), 140.7 (C), 137.8 (C), 133.2 (C), 130.1 (CH), 128.1
(CH), 127.3 (CH), 125.2 (CH), 121.6 (CH), 118.1 (CH), 117.1 (CH),
106.5 (C), 39.5 (CH, x 2), 37.7 (CH, x 2), 35.7 (CH), 30.3 (Q),
29.5(CH; x 2), 26.7 (CH3 x 2). ESI-MS m/z, 684.6 (M + H); ESI-HRMS
m/z C37H40CloN;0- (M +H) Found 684.2615, Calculated 684.2619.

6.3.2. 2,2’-((1E,8E)-3,3,6,6-Tetramethyl-9-(p-chlorophenyl)-3,4,6,7,9,10-
hexahydroacridine-1,8(2H,5H)-diylidene)bis(N-(m-chlorophenyl) hydrazine-1-
carbothioamide) (4b)

Greenish solid, yield 50% (426 mg), M.P. 329.3-332°C; IR (vmaxs
em™1): (KBr disc, solid) 3633, 3420, 3343, 3104, 2957, 2926, 1758,
1632, 1589, 1524, 1482, 1424, 1380, 1294, 1250, 1223, 1158, 1096,
1008, 881, 765, 681, 644. 1H NMR (400 MHz, DMSO-dg): 8y 9.34 (2H,
brs, 2NH), 8.78 (2H, brs, 2NH), 8.44 (1H, brs, NH), 7.87 (2H, brs, ArH),
7.48 (2H, app brs, ArH), 7.30 (2H, app brs, ArH), 7.11 (2H, app brs,
ArH), 6.99 (1H, m, ArH), 6.87 (2H, m , ArH), 5.43 (1H, s, CH), 2.30
(4H, app t, J = 16.8 Hz, 2CH,), 2.09 (4H, app t, J = 16.4 Hz, 2CH.,),
1.03 (6H, s, 2CH3), 0.80 (6H, s, 2CH3). MALDI-MS m/z, 717.09 (M ™),
718, 719, 720.

6.3.3. 2,2’-((1E,8E)-9-(m-hydroxyphenyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10-
hexahydroacridine-1,8(2H,5H)-diylidene)bis(N-phenylhydrazine-1-
carbothioamide) (4c)

Golden yellow solid, yield 60% (518 mg), M.P. 278-281 °C; IR (vmax,
em™1): (KBr disc, solid) 3270, 3216, 3091, 3091, 2953, 1645, 1596,
1529, 1479, 1406, 1365, 1322, 1241, 1192, 1075, 999, 929, 775, 699.
'H NMR (400 MHz, DMSO-dy): 8 10.21 (2H, brs, 2NH), 9.43 (2H, brs,
2NH), 9.09 (1H, s, ArOH), 8.80 (1H, brs, NH), 7.46 (4H, app d,
J =7.6Hz, ArH), 7.20-7.10 (6H, m, ArH), 6.91 (1H, d, J = 6.0 Hz,
ArH), 6.68 (1H, s, ArH), 6.63 (1H, t, J = 7.6 Hz, ArH), 6.34 (1H, d,
J = 6.8 Hz, ArH), 5.22 (1H, s, CH), 2.49 (2H, obscured by DMSO signal,
CH,), 2.33 (2H, d, J = 16.2 Hz, CH,), 2.26 (2H, d, J = 16.8 Hz, ArH),
2.14 (2H, d, J = 16.8 Hz, CH,), 1.04 (6H, s, 2CH3), 0.83 (6H, s, 2CH3).
ESI-MS m/z, 664.1 (M + H); ESI-HRMS m/z C3,H4oN,0S, (M + H) Found
664.2887, Calculated 664.2900.

6.3.4. 2,2’-((1E,8E)-9-(m-hydroxyphenyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10-
hexahydroacridine-1,8(2H,5H)-diylidene)bis(N-(o-fluorophenylDhydrazine-1-
carbothioamide) (4d)

Golden yellow solid, yield 76% (456 mg), M.P. 286-288 °C; IR (vmax,
em™1): (KBr disc, solid) 3270, 3219, 3148, 3090, 2950, 2892, 1648,
1598, 1530, 1477, 1405, 1365, 1322, 1236, 1098, 1001, 941, 879, 755,
713, 755, 713, 633, 587. 'H NMR (400 MHz, DMSO-de): 85 10.39 (2H,
brs, 2NH), 9.14 (2H, brs, 2NH), 8.99 (1H, s, ArOH), 8.82 (1H, brs, NH),
7.65 (2H, t, J = 7.2 Hz, ArH), 7.22-7.20 (2H, m, ArH), 7.10 (2H, app t,
J =7.4Hz, ArH), 6.94 (2H, t, J = 9.2 Hz, ArH), 6.82 (1H, d, J = 6.8 Hz,
ArH), 6.60 (1H, s, ArH), 6.52 (1H, t, J = 7.6 Hz, ArH), 6.29 (1H, d
J = 8.0 Hz, ArH), 5.12 (1H, s, CH), 2.49 (2H, obscured by DMSO signal,
CH,), 2.32 (2H, d, J = 16.4 Hz, CH,), 2.26 (2H, d, J = 16.4 Hz, ArH),
2.14 (2H, d, J = 16.4 Hz, CH,), 1.07 (6H, s, 2CH3), 0.84 (6H, s, 2CH3);
13C NMR (75 MHz, DMSO-dp): 8¢ 175.8 (C), 157.7 (C), 157.59/154.33
(C, Jer = 244.5), 152.4 (C), 149.9 (C), 139.9 (C), 128.1 (CH), 126.9/
126.8 (CH), 126.6/126.5 (C), 123.7 (CH), 119.5 (CH), 115.3/115.0
(CH), 114.6 (CH), 112.3 (CH), 106.6 (C), 39.5 (CH, X 2), 38.3 (CH, X
2), 35.9 (CH), 30.4 (C), 29.3 (CH3 X 2), 26.5 (CH3 X 2). MALDI-MS m/
z, 699.1 (M+), 700.1; ESI-HRMS m/z C37H40F2N7082 (M+H) Found
700.2698, Calculated 700.2705.
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6.3.5. 2,2’-((1E,8E)-3,3,6,6-Tetramethyl-9-(p-mthylphenly)-3,4,6,7,9,10-
hexahydroacridine-1,8(2H,5H)-diylidene)bis(N-phenylhydrazine-1-
carbothioamide) (4e)

Yellow solid, yield 74% (487 mg), M.P. 235-239°C; IR (vmax,
cm™1): (KBr disc, solid) 3662, 3452, 3303, 2955, 2920, 1649, 1594,
1522, 1475, 1406, 1368, 1324, 1240, 1190, 1076, 1016, 930, 841, 780,
753, 694. "H NMR (400 MHz, DMSO-de): 8y 10.15 (2H, brs, 2NH), 9.47
(2H, brs, 2NH), 8.76 (1H, brs, NH), 7.44-7.42 (4H, m, ArH), 7.25-7.24
(6H, m, ArH), 7.14 (2H, d, J = 6.8 Hz, ArH), 6.76 (2H, d, J = 7.6 Hz,
ArH), 5.30 (1H, s, CH), 2.44 (2H, obscured by DMSO signal, CH,), 2.32
(2H, d, J = 16.0 Hz, CH,), 2.22 (2H, d, J = 16.4 Hz, ArH), 2.13 (2H, d,
J = 18.4Hz, CH,), 2.06 (3H, s, CH3), 1.03 (6H, s, 2CH3), 0.80 (6H, s,
2CH3). ESI-MS m/z, C3gH44N,S, (M +H) Found 662.3098, Calculated
662.3094.

6.3.6. (1E,8E)-1,8-bis(2-(o,p-4-DinitrophenyDhydrazono)-3,3,6,6-
tetramethyl-9-(4-methylphenyl)-1,2,3,4,5,6,7,8,9,10-decahydroacridine (6a)

Chocolate solid, yield 96% (415mg), M.P. 280-285 °C; IR (Vmax,
cm ™ Y): (KBr disc solid) 3405, 3311, 3104, 2960, 1615, 1489, 1425,
1335,1267,1219, 1139, 1059, 1011, 918, 834, 740, 678, 639. 'H NMR
(400 MHz, DMSO-dg): 8 11.06 (2H, brs, 2NH), 9.20 (1H, brs, NH), 8.85
(2H, s, ArH), 8.60 (2H, d, J = 10.4, ArH), 7.95 (2H, d, J = 9.6, ArH),
7.30 (2H, d, J = 8.0, ArH), 7.03 (2H, d, J = 7.2, ArH), 5.27 (1H, s, CH),
2.42 (2H, d, J = 16.8 Hz, 2CH,), 2.34 (2H, d, J = 15.6 Hz, CH,), 2.20
(2H, d, J = 17.2 Hz, CH,), 2.13 (3H, s, CH3), 2.10 (2H, d, obscured by
CHj3 group, CH,), 1.10 (6H, s, 2CH3), 0.84 (6H, s, 2CHj3). EI-MS m/z,
721.3 (M—2H); EI-HRMS m/z C36H35NoOg (M —2H) Found 721.2622,
Calculated 721.2609.

6.3.7. 3-((1E,8E)-1,8-bis(2-(o,p-DinitrophenyDhydrazono)-3,3,6,6-
tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridin-9-yl)phenol (6b)

Chocolate solid, yield 85% (369 mg), M.P. 254-259 °C; IR (vmax,
em™1): (KBr disc solid) 3306, 3105, 2960, 1615, 1592, 1490, 1452,
1335, 1267, 1222, 1134, 1058, 920, 832, 741, 705, 584. 1H NMR
(400 MHz, DMSO-dg): 8 11.06 (2H, brs, 2NH), 9.12 (1H, brs, NH), 8.85
(2H, d, J = 2.8 Hz, ArH), 8.51 (2H, dd, J = 2.4, 9.6 Hz, ArH), 7.92 (2H,
d, J = 9.6 Hz, ArH), 6.99 (1H, t, J = 7.6 Hz, ArH), 6.87 (1H, s, ArH),
6.83 (1H, d, J = 7.6 Hz, ArH), 6.39 (1H, d, J = 6.4 Hz, ArH), 5.20 (1H,
s, CH), 2.50-2.40 (4H, m, 2CH,), 2.33 (2H, d, J = 15.6 Hz, CH,), 2.20
(2H, d, J = 16.8 Hz, CH,), 1.11 (6H, s, 2CH3), 0.84 (6H, s, 2CH3). EI-MS
m/z, 723.2 (M—2H); EI-HRMS m/z CssHssNoOo (M—2H) Found
723.2399, Calculated 723.2401.

6.3.8. (1E,8E)-1,8-bis(2-(o,p-Dinitrophenylhydrazono)-9-(p-fluorophenyl)-
3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine (6¢)

Chocolate solid, yield 78% (339 mg), M.P. 284-290 °C; IR (vmaxs
em™1): (KBr disc solid) 3631, 3419, 3357, 3291, 2959, 2369, 1618,
1589, 1480, 1424, 1371, 1329, 1253, 1216, 1129, 1092, 999, 920, 833,
743, 682, 608. 1H NMR (400 MHz, DMSO-dg): 6y 11.05 (2H, brs, 2NH),
9.18 (1H, brs, NH), 8.85 (2H, s, ArH), 8.60 (2H, d, J = 8.0 Hz, ArH),
7.88 (2H, d, J = 9.6 Hz, ArH), 7.42 (2H, t, J = 8.0 Hz, ArH), 7.09-7.04
(2H, m, ArH), 5.29 (1H, s, CH), 2.50-2.40 (4H, m, 2CH.,), 2.33 (2H, d,
J = 16.0 Hz, CH,), 2.22 (2H, d, J = 16.4 Hz, CH,), 1.11 (6H, s, 2CH3),
0.84 (6H, s, 2CH5); 3¢ NMR (150 MHz, DMSO-dg): 8¢ 161.08/159.48
(C, Jeg = 240.0), 154.8 (C), 143.9 (C), 143.6 (C), 140.41 (C), 130.3
(CH), 129.91/129.86 (CH), 128.6 (C), 123.3 (CH), 115.7 (CH), 114.3/
114.1 (CH), 107.3 (C), 39.1 (CH,), 37.2 (CH,), 35.1 (CH), 30.5 (C), 29.6
(CH; X 2), 26.3 (CH; X 2). EI-MS m/z, 727.6 (M%), 725.4 (M —2H);
EI-HRMS m/z Cs3sH3,NgOgF (M—2H) Found 725.2390, Calculated
725.2358.

6.3.9. (1E,8E)-9-(m-Bromo-p-methoxyphenyl)-1,8-bis(2-(2,4-dinitrophenyl)
hydrazono)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine (6d)
Chocolate crystalline, yield 85% (417 mg), M.P. 274-279°C; IR
(Umax, cm ™~ 1): (KBr disc solid) 3693, 3383, 3302, 3095, 2955, 2922,
2369, 1730, 1619, 1588, 1479, 1420, 1333, 1249, 1124, 1053, 1020,
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921, 880, 827, 742, 679. 'H NMR (400 MHz, DMSO-dq): 8y 11.05 (2H,
brs, 2NH), 9.18 (1H, brs, NH), 8.85 (2H, s, ArH), 8.60 (2H, d,
J = 8.0Hz, ArH), 7.88 (2H, d, J = 9.2 Hz, ArH), 7.63 (1H, s, ArH), 7.34
(1H, d, J = 6.8 Hz, ArH), 7.01 (1H, d, J = 8.4 Hz, ArH), 5.23 (1H, s,
CH), 3.72 (3H, s, OCH3), 2.50-2.31 (6H, m, 2CH,), 2.22 (2H, d,
J = 16.8 Hz, CH,), 1.11 (6H, s, 2CHs), 0.87 (6H, s, 2CH3z). EI-MS m/z,
817.3 (M+), 815.3 (M—2H); EI-HRMS m/z C36H34N909Br (M—2H)
Found 815.1669, Calculated 815.1663.

6.3.10. (1E,8E)-9-(p-Chlorophenyl)-1,8-bis(2-(o,p-dinitrophenyl)
hydrazono)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine
(6e)

Chocolate solid, yield 75% (332mg), M.P. 266-270 °C; IR (Vmax,
cm ™) (KBr disc solid) 3784, 3357, 3308, 3102, 2958, 1618, 1589,
1481, 1423, 1369, 1332, 1257, 1216, 1131, 1058, 1004, 920, 833, 744,
790, 582. "H NMR (400 MHz, DMSO-dg): 8 11.05 (2H, brs, 2NH), 9.18
(1H, brs, NH), 8.85 (2H, d, J = 2.4 Hz, ArH), 8.60 (2H, d, J = 7.6 Hz,
ArH), 7.88 (2H, d, J = 9.6 Hz, ArH), 7.43 (2H, t, J = 7.2 Hz, ArH), 7.07
(1H, t, J = 8.4 Hz, ArH), 5.32 (1H, s, CH), 2.50-2.31 (6H, m, 3CH,),
2.22 (2H, d, J = 16.8 Hz, CH,), 1.11 (6H, s, 2CHs), 0.84 (6H, s, 2CHa).
EI-MS m/z, 741.2 (M — 2H).

6.3.11. (1E,8E)-1,8-bis(2-(o,p-Dinitrophenyl)hydrazono)-3,3,6,6-
tetramethyl-9-(p-(methylthio)phenyl)-1,2,3,4,5,6,7,8,9,10-decahydroacridine
(G

Chocolate solid, yield 71% (321 mg), M.P. 267-271 °C; IR (vmaxs
cm_l): (KBr disc solid) 3707, 3354, 3300, 3099, 2957, 2922, 2369,
1615, 1587, 1482, 1421, 1329, 1251, 1218, 1126, 919, 833, 740, 690,
581. '"H NMR (400 MHz, DMSO-dg): 8y 11.05 (2H, brs, 2NH), 9.14 (1H,
brs, NH), 8.85 (2H, d, J = 2.4 Hz, ArH), 8.60 (2H, d, J = 7.6 Hz, ArH),
7.91 (2H, d, J = 9.6 Hz, ArH), 7.35 (2H, d, J = 8.0 Hz, ArH), 7.13 (2H,
d, J = 8.4Hz, ArH), 5.25 (1H, s, CH), 2.50-2.32 (6H, m, 3CH,), 2.20
(2H, d, J = 18.0 Hz, CH,), 1.11 (6H, s, 2CH,), 0.85 (6H, s, 2CHs). EI-MS
m/z, 755.3 (M*), 753.3 (M — 2H); EI-HRMS m/z CsH3sNgOgS (M — 2H)
Found 753.2308, Calculated 753.2284.

6.3.12. (1E,8E)-1,8-bis(2-(o,p-Dinitrophenyl)hydrazono)-9-(p-fluoro-m-
methoxyphenyl)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-
decahydroacridine (6g)

Chocolate solid, yield 97% (442 mg), M.P. 270-275°C; IR (Vmax,
cm™1): (KBr disc solid) 3702, 3381, 3102, 2960, 1618, 1588, 1510,
1481, 1422, 1370, 1330, 1261, 1215, 1129, 1088, 1057, 921, 829, 746.
'H NMR (400 MHz, DMSO-dg): 8 11.09 (2H, brs, 2NH), 9.17 (1H, brs,
NH), 8.86 (2H, s, ArH), 8.56 (2H, d, J = 9.2Hz, ArH), 7.90 (2H, d,
J = 9.6 Hz, ArH), 7.11-7.04 (3H, m, ArH), 6.94 (1H, brs, ArH), 5.30
(1H, s, CH), 3.70 (3H, s, OCH3), 2.50-2.32 (6H, m, 3CH,), 2.23 (2H, d,
J =16.4Hz, CHy), 1.11 (6H, s, 2CH3), 0.86 (6H, s, 2CH3); '°C NMR
(150 MHz, DMSO-dg): 8¢ 154.8 (C), 150.41/148.81 (C, Jep = 240.0),
146.1/146.0 (C), 144.3 (C), 143.8 (C), 140.4 (C), 136.2 (C), 130.2 (CH),
128.7 (C), 123.4 (CH), 120.4 (C), 115.5 (CH), 115.01/114.88 (CH),
113.7 (CH), 107.2 (C), 55.82/55.70 (OCHs), 39.1 (CH,), 37.2 (CH,),
35.6 (CH), 30.5 (C), 29.6 (CH3 X 2), 26.3 (CHs X 2). EI-MS m/z, 755.1
(M—2H); EI-HRMS m/z CsHz4NoOoF (M—2H) Found 755.2464,
Calculated 755.2462.

6.3.13. (1E,8E)-1,8-bis(2-(o,p-Dinitrophenyl)hydrazono)-9-(m-
methoxyphenyl)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine
(6h)

Chocolate solid, yield 86% (381 mg), M.P. 205-210°C; IR (Vmax,
cm™Y): (KBr disc solid) 3703, 3450, 3102, 2959, 1615, 1490, 1428,
1335, 1246, 1222, 1135, 1058, 1008, 919, 832, 747, 704, 583. 'H NMR
(400 MHz, DMSO-dg): 8;; 11.08 (2H, brs, 2NH), 9.15 (1H, brs, NH), 8.86
(2H, d, J = 2.4Hz, ArH), 8.53 (2H, d, J = 9.6 Hz, ArH), 7.92 (2H, d,
J = 8.4Hz, ArH), 7.14 (1H, t, J = 8.0 Hz, ArH), 7.02 (1H, d, J = 7.2 Hz,
ArH), 6.94 (1H, s, ArH), 6.58 (1H, d, J = 6.8 Hz, ArH), 5.29 (1H, s, CH),
3.64 (3H, s, OCH3), 2.50-2.31 (6H, m, 3CH>), 2.23 (2H, d, J = 16.4 Hz,
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CH,), 1.11 (6H, s, 2CH3), 0.86 (6H, s, 2CH3). EI-HRMS m/z C3¢H35Ng0g
(M —2H)Found 737.2545, Calculated 737.2558.

6.3.14. (1E,8E)-1,8-bis(2-(o,p-Dinitrophenyl)hydrazono)-9-(p-
methoxyphenyl)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine
(61)

Chocolate solid, yield 82% (363 mg), M.P. 275-279 °C; IR (Vmax,
cm_l): (KBr disc solid) 3701, 3384, 3302, 3101, 2957, 1616, 1587,
1511, 1479, 1422, 1252, 1129, 1056, 920, 834, 742, 586. '"H NMR
(400 MHz, DMSO-dg): 8y 11.06 (2H, brs, 2NH), 9.09 (1H, brs, NH), 8.86
(2H, s, ArH), 8.60 (2H, d, J = 8.8 Hz, ArH), 7.92 (2H, d, J = 9.6 Hz,
ArH), 7.31 (2H, d, J = 8.0 Hz, ArH), 6.79 (2H, d, J = 8.0 Hz, ArH), 5.21
(1H, s, CH), 3.62 (3H, s, OCH3), 2.50-2.34 (4H, m, 2CH,), 2.32 (2H, d,
J = 16.0 Hz, CH,), 2.20 (2H, d, J = 16.4 Hz, CH,), 1.11 (6H, s, 2CHa,),
0.86 (6H, s, 2CH3); 13C NMR (400 MHz, DMSO-dg): 8¢ 157.1 (C), 154.6
(C), 143.9 (C), 140.9 (C), 139.6 (C), 136.1 (C), 130.4 (CH), 129.3 (CH),
128.5 (C), 123.3 (CH), 115.9 (CH), 112.8 (CH), 107.7 (C), 54.8 (CH5),
39.3 (2 x CHy), 37.2 (2 x CH,), 34.9 (CH), 30.6 (C), 29.6 (2 x CHs),
26.1 (2 X CHj). EI-HRMS m/z C3sH35NoOo (M — 2H) Found 737.2563,
Calculated 737.2558.

6.3.15. 4-((1E,8E)-1,8-bis(2-(o,p-Dinitrophenyl)hydrazono)-3,3,6,6-
tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridin-9-yDphenol (6j)

Red solid, yield 99% (433 mg), M.P. 206-211 °C; IR (Vmax, cm ™ 1):
(KBr disc solid) 3784, 3449, 3311, 3105, 2959, 1615, 1509, 1489,
1428, 1336, 1264, 1225, 1135, 1058, 1004, 919, 837, 745, 710, 583.
1H NMR (400 MHz, DMSO-dg): 8y 11.07 (2H, brs, 2NH), 9.07 (1H, brs,
NH), 8.85 (2H, d, J = 2.8, ArH), 8.60 (2H, dd, J = 2.4, 9.6 Hz, ArH),
7.92 (2H, d, J = 9.6 Hz, ArH), 7.19 (2H, d, J = 8.0 Hz, ArH), 6.58 (2H,
d, J = 8.0Hz, ArH), 5.17 (1H, s, CH), 2.50-2.30 (6H, m, 3CH,), 2.19
(2H, d, J = 16.4 Hz, CH,), 1.11 (6H, s, 2CH3), 0.84 (6H, s, 2CH3). EI-
HRMS m/z CisH33NgOg (M—2H) Found 723.2389, Calculated
723.2396.

6.3.16. (1E,8E)-9-(m-Chlorophenyl)-1,8-bis(2-(o,p-dinitrophenyl)
hydrazono)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine
(6k)

Chocolate solid, yield 76% (339 mg), M.P. 284-288 °C; IR (Vmax,
cm™1): (KBr disc solid) 3784, 3356, 3101, 2958, 1616, 1586, 1478,
1420, 1330, 1252, 1218, 1129, 1090, 919, 828, 741, 699, 586. 'H NMR
(400 MHz, DMSO-dg): 8y 11.07 (2H, brs, 2NH), 9.07 (1H, brs, NH), 8.86
(2H, s, ArH), 8.52 (2H, d, J = 9.6 Hz, ArH), 7.84 (2H, d, J = 9.6 Hz,
ArH), 7.44 (1H, s, ArH), 7.35 (1H, d, J = 7.6 Hz, ArH), 7.29 (1H, t,
J =7.6Hz, ArH), 7.09 (1H, d, J = 7.2 Hz, ArH), 5.28 (1H, s, CH), 2.39
(2H, obscured by DMSO signal, CH»), 2.40 (2H, d, J = 15.6 Hz, CH,),
2.32 (2H, d, J = 13.6 Hz, CH,), 2.25 (2H, d, J = 16.4Hz, CH,), 1.11
(6H, s, 2CH3), 0.82 (6H, s, 2CH3). EI-HRMS m/z Cs35H3,NoOgCl
(M —2H) Found 741.2055, Calculated 741.2062.

6.3.17. (1E,8E)-1,8-bis(2-(o,p-Dinitrophenyl)hydrazono)-9-(m-
fluorophenyl)-3,3,6,6-tetramethyl-1,2,3,4,5,6,7,8,9,10-decahydroacridine
(6D

Chocolate solid, yield 81% (354 mg), M.P. 272-276 °C; IR (vmaxs
cm_l): (KBr disc solid) 3739, 3619, 3437, 3304, 3099, 2958, 2924,
1650, 1617, 1588, 1513, 1481, 1423, 1332, 1250, 1218, 1127, 1093,
1056, 920, 866, 828, 770, 741, 686, 592. H NMR (400 MHz,
DMSO-dg): 8y 11.07 (2H, brs, 2NH), 9.07 (1H, brs, NH), 8.86 (2H, s,
ArH), 8.57 (2H, d, J = 8.4 Hz, ArH), 7.88 (2H, d, J = 9.2 Hz, ArH), 7.32
(1H, s, ArH), 7.6 (1H, d, J = 10.6 Hz, ArH), 6.85 (1H, t, J = 6.8 Hz,
ArH), 5.37 (1H, s, CH), 2.49-2.31 (6H, m, 3CH,), 2.25 (2H, d,
J = 16.8 Hz, CH,), 1.11 (6H, s, 2CHs), 0.82 (6H, s, 2CH5); *C NMR
(100 MHz, DMSO-dg): 8¢ 163.3/160.9 (C, J.r= 241.0), 154.8 (Q),
143.9 (C), 140.6 (C), 136.2 (C), 130.2 (CH), 129.25/129.18 (CH), 128.7
(C), 123.3 (CH), 115.7 (CH), 112.5/112.3/112.1 (CH), 106.9 (C), 39.1
(CH,), 37.2 (CH,), 35.1 (CH), 30.6 (C), 29.6 (CH; X 2), 26.2 (CH; X
2). EI-MS m/z, 725.0 (M —2H); EI-HRMS m/z C35H35NoOgF (M —2H)
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Found 725.2353, Calculated 725.2358.
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