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A study of the synthesis of anindolo[2,3-a]acridinol derivative using the Claisen ester condensation reaction resulted
in the discovery of inexpensive and user-friendly solvents. Structures of the newly synthesized compounds were char-
acterized by FT-IR, *H NMR, **C NMR, and HRMS analyses. Docking studies showed a strong affinity ofindolo[2,3-
a]acridinol towards prostate cancer-related proteins. The binding affinity closer to 10 kcal/mol indicated effective
binding. Indolo[2,3-a]acridinol showed strong binding affinities towards protein androgen receptorssuch as 1GS4,
1T7R, 2AX8, and 3B66 indicating its potential role in protein kinase inhibition. The programs, AutoDock 4 and Au-
toDock Vina, and Swiss ADME software were applied to dock the target protein with synthesized compounds.
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Buisignenvt nedopoeue u naubonee yoobmvlie pacmeopumen, UCHOIb3YeMble @ CUHME3e NPOU3BOOHO20 UHOO-
n0[2,3-a] akpuounona ¢ ucnonb308anuem cioxHcHoIQupnou kondencayuu Knaiizena. Cmpykmypel 6H08b CuHmMeE3UPO-
6annbIx coedunenuti oxapakmepusosansi memodamu MK-Dypwve, *H, ¥C AMP u HRMS cnexmpocronuu. Hecnedo-
B8AHUSL CMBIKOBKU NOKA3ANU CUbHOE CPOOCMBO UHO0.0[2,3-a]akpuounona Kk 6enKam, C8A3aHHBIM C PAKOM Npeodcma-
menvHoU Jcenesvl. Apgunnocmo ceazvieanus oaudxce k 10 kkaar/monv ykasvieana Ha 3¢pekmusHoe cesszviganue. Hu-
oono[2,3-a] akpuounon nokasan curbhyio ap@uUHHOCIbL CA3bIGAHUS C DENKOBLIMU AHOPO2EHHVIMU PEeYenmopami,
marxumu kax 1GS4, 1T7R, 2AX8 u 3B66, umo ykasvieaem na e20 NOMEHYUATbHYIO POTIb 8 UHSUOUPOBAHUYU NPOMEUH-
KuHasvl. [ cmelKosKu yeneso2o 6eika ¢ CUHMe3UpOBAHHBIMU COeOUHeHUAMU npumeHsau npoepamvmel AutoDock 4 u
AutoDock Vina, a maxoice npoepammy Swiss ADME.

KmioueBsie cioBa: uponoakpuamHon, koHneHcanus Kisif3eHa, aHAPOTEHHBIN pelenTop, MOJICKY IIPHBIA TOKUHT.
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Synthesis and Study of Indolo[2,3-a]Acridinol Derivatives
Introduction

The main type of nuclear receptor that is activated by
contacting any of the androgenic hormones is the androgen
receptor (AR), also known as NR3C4 (nuclear receptor
subfamily 3, group C, member 4).[*] The androgen receptor
(AR) is a key target for the development of new anticancer
drugs that inhibit cancer cells, mainly castration-resistant
prostate cancer (CRPC). When cells in the prostate gland
begin to grow out of control, the prostate forms a tumor.[2]
The prostate gland is exclusively present in men. The pros-
tate is located below the bladder (the hollow organ where
urine is kept) and in front of the rectum, and it produces
some fluid that is part of the sperm (the last part of the in-
testines). Seminal glands are located just behind the
prostate.[34]

Cancer disease is a serious public health issue world-
wide.[56] There is a limited number of anticancer drugs on
the market. It may be inferred that novel anticancer medi-
cines are urgently needed, as is the finding of appropriate
cellular targets for successful cancer treatment.[’] Topoiso-
merase 1 (Topl) was discovered to be present constitutively
in various cancers. As a result, the continual quest for safer
novel chemical entities with significant anticancer action
(lymphoma, breast, leukemia, lung, ovarian, and prostate)
became a priority.[8-101 Many useful efforts have been done
on the enhancement heterocyclic moieties based on their
structural framework to develop active anticancer medi-
cines targeting androgen receptors.[*1 Acridine compounds
cause tumour cell death and attract DNA intercalates by
eliciting a high activation through a mechanism separate
from that generated by DNA damage.[!2] It's numerous
biologically important pharmacologically active scaf-
folds in medicinal chemistry. Camptothecin I, dictamnine
I, skimmianine IllI, khaplofoline 1V, acronycine V, and
glyfoline VI are examples of well-known Top1l inhibitors
(Figure 1).

The solvent-free conventional reaction has attracted
high use in recent years as an effective platformfor a varie-
ty of synthetic transformations, surpassing other bases in
terms of yield, reaction time, reaction temperature, and
moisture tolerance.l3%1 The design, synthesis, and biological
characterization of 7,12-dihydro-6H-indolo[2,3-a]acridin-13-
ol (5) as new AR antagonists are described in this paper.
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Figure 1. Use of some of the established Top 1 inhibitors I-VL
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Experimental
Materialsand Methods

All chemicals and solvents are purchased from Fine and
Merk Chemicals India. Melting points are uncorrected. Infrared
spectral data is recorded using Perkin-Elmer Paragon 1000 FT-IR
spectrometer as potassium bromide discs unless otherwise indicat-
ed scanning 32 times from 4000 to 400cm™ at4 cm™ resolution. *H
and *C NMR spectra are obtained in the CDClI; solvent on a
Bruker (400 MHz) instrument. 'H NMR data are recorded as
follow: chemical shift measured in parts per million (ppm) down-
field from TM S(d), multiplicity, observed coupling constant (J) in
Hertz (Hz), proton count. M ultiplicities are reported as singlet (s),
broad singlet (br.s), doublet (d), triplet (t), quartet (q), quintet (quin)
and multiplet (m). **CNMR (100 M Hz) chemical shifts are reported
in ppm downfield from TMS and identifiable carbons are given.
GC-MS information Perkin Elmer, Mass Spectrometer Clarus 600
(E), Clarus 680 GC is used in the analysis employed a fused silica
column, packed with Elite- 5MS (5% biphenyl 95% dime-
thylpolysiloxane, 30 m x 0.25 mm ID x 250 pum df) and the com-
ponents are separated using helium as carrier gas at a constant
flow of 1 mL/min. The injector temperature is set at 260 °C during
the chromatographic run. The 1 pL of extract sample is injected
into the instrument the oven temperature is as follows: 60 °C (2 min);
followed by 300 °C at the rate of 10 °C min!; and 300 °C, where
it is held for 6 min. The mass detector conditions are: transfer line
temperature 240 °C; ion source temperature 240 °C; and ioniza-
tion mode electron impact at 70eV, a scan time 0.2 sec and scan
interval of 0.1 sec. The fragments are ranging from 40 to 600. All
compounds are routinely checked by thin layer chromatography
(TLC) with Merck silica gel 60 F - 254 glass plates. In column
chromatography, Merck silica gel 60-120 mesh, petroleum ether
and ethyl acetate, as eluents, are utilized. Solvents and reagents
are purified by literature methods. Petroleum ether refers to the
hydrocarbon fraction of boiling range 60—80 °C. Compounds are
detected by short and long ultraviolet light and with iodine vapor.

Synthesis

9-Hydroxy-3,4-dihydroacridin-1(2H)-one (3). A catalytic
amount of sodium hydride was added to an equimolar mixture of
methy| 2-aminobenzoate 1 (1.51 mL, 0.1 moles), and cyclohex-
ane-1,3-dione (1.12 g, 0.1 moles). The reaction mixture was then
refluxed for 4 hours at 140 °C. The resulting product was a yellow
solid. It was kept at room temperature before being transferred to
500 mL of ice water then neutralized with 10% HCI. The precipi-
tate was filtered out and purified using column chromatography
using petroleum ether as the mobile phase and ethy| acetate as the
stationary phase (95:05). The product was recrystallized from
ethanol to yield a yellow crystalline solid. 2.05 g (80%); FT-IR
(KBr) vmax cm™: 3363, 3060, 2922, 1703, 1667, 1555, 1300, 1352.
'H NMR (500 MHz, DM SO) 61 ppm: 12.93 (bs, 1H, N-H), 7.967
(t, 1H, C7-H), 7.68 (t, 1H, C6-H), 7.42-7.40 (d, 1H, Cs-H, J=8),
7.36-7.34 (d, 1H, Cs-H J = 7), 3.86-3.66 (m, 2H, Cs-H), 2.50 (t,
2H, Co-H), 2.18 (t, 2H, Cs-H). **C NMR (125 MHz, DM SO-dg)
dc ppm: 199.13, 138.46, 137.90, 132.51, 132.44, 125.14, 123.15,
115.88, 37.05, 30.53, 20.31. GC-MS: m/z [M +] 213 (48%).

7,12-Dihydro-6H-indolo[2,3-a]acridin-13-ol (5). A mixture
of phenylhydrazine 4 (1.51 g, 0.1 mole) and 9-hydroxy-3,4-
dihydroacridin-1(2H)-one (3) (2.13 g, 0.1 mole) dissolved in 15 mL
of acetic acid was refluxed at 140 °C for 6 hours. The reaction was
then monitored via TLC and see where this is progressed. Then
the reaction was poured into ice-cold water and purified using a
petroleum ether and ethyl acetate mixture in column chromatog-
raphy (90:10). Yellow crystal, 75 % yield. FT-IR (KBr) vmaxcm!:
3453, 3228, 3015, 2887, 1617, 1593, 1507. *H NMR (500 MHz,
CDClz) 81 ppm: 11.57 (bs, 1H, indol-N-H), 12.93 (bs, 1H, N-H),
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8.00-7.99 (d, 1H, C12-H, J= 7.5), 7.80 -7.77 (d, 1H, C10-H), 7.54
(t, 1H, C9-H), 7.47 (t, 1H, C11-H), 7.34-7.316 (d, 1H, C4-H,
J=15), 6.69-6.68 (d, 1H, C1-H J = 8.5), 3.05 (bs, 4H, C6-C7-H).3C
NMR (120 MHz, CDCls) &c ppm: 162.74, 154.19, 138.85,
138.07,136.28, 131.32, 130.41, 129.92, 129.83, 128.28, 128.10,
122.84, 29.70, 20.70. GC-MS: m/z [M+] 276 (43%).

ADME analysis

A drug's ability to enter the market is decided not only by its
most immediately beneficial potential but also by a gopod ADME
study. Because a wide range of experimental data and high-
throughput in vitro ADME screens are available, they can predict
important properties in-silico, which is useful for analyzing the
molecules' excellent qualities. This determines which pharmaco-
kinetic parameters, such as ADME, are required under Lipinski's
rule. The rule is useful when developing a potential molecule for
drug development.[*” For the current study, ADME analysis was
performed using the SWISS ADME and molinsperation predic-
tor.['®1 This is a free online server tool for evaluating ADMET
features such as water solubility (logS), skin permeability (logKp),
synthetic accessibility score (SA), percentage absorption, pharma-
cokinetics, drug-lead resemblance, and medicinal chemistry
friendliness. Importation study of molecules with a molecular
weight of 500, 5 hydrogen bond donors (HBD’s), 10 hydrogen
bond acceptors (HBAS), and 10 rotatable bonds (RBs). The grade
analysis result on lipophilicity and hydrophilicity of these com-
pounds was done by combining findings from ILOGP, XLOGP3,
WLOGP, ESOL, and SILICOS-IT, which are all log P and S pre-
diction tools. The aqueous solubility of a compound especially
affects its absorption and distribution characteristics, low water
solubility often leads to bad absorption, and therefore, the general
aim is to avoid poorly soluble compounds. LogS is a unit express-
ing solubility, it is the 10-based logarithm of the solubility meas-
ured in mol-L. The distribution of logS between -1 and -4 will
be improved for better absorption and distribution of drugs in the
body .[2%

Molecular docking

Molecular docking approach in structure-based drug design.
The synthesized compound of ligand was drawn with Chem Draw
Ultra version 16.0 (Cambridge Software) followed by resulting
molecular mechanics (MM2) energy minimization of ligands us-
ing ChemBio-3D Ultra version 16.0 with GAMESS Interface by
assuring connection error in the bonds. These energy-minimized
ligands (structures) MOL, SDF format of that ligands had been
converted to mol2 file using open babel and Discovery studio tool
and ligand preparation were done using the Chimera software
ended up being used in molecular docking study. Crystal structure
of human androgen receptor (PDB ID code:1GS4, 1T7R, 2AX8,
3B66)1*”  was obtained through the Protein Data Bank
(http://www.pdb.org) and any heteroatoms, water molecules were
eliminated for molecular docking studies. Molecular docking
was performed utilizing Autodock Tools 1.5.4 package
(http://mgltools.scripps.edu)[21] and Autodock Vina (version 4.2
docking programs) to grasp the drug molecule interaction with
protein, the potential binding mode and energy, and analysis the
binding affinity of human androgen receptor molecular docking
analysis ended up being carried out making use of Autodock
4.2.18. Autodock Vina Wizard approach.?! The synthesized lig-
and was docked individually against the target protein (PDB
ID:1GS4, 1T7R, 2AXS, 3B66). In docked complexes, the ligand
conformational poses were keenly observed to obtain useful dock-
ing results. The generated docked complexes were evaluated
based on the lowest binding energy (kcal/mol) values and struc-
ture-activity relationship (SAR) analyses the clear presence of
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hydrogen bond, hydrophobic interaction between ligand com-
pound, and good control to each focused-on the receptor. The 3D
and 2D graphical depictions of all the docked complexes were
accomplished by UCSF Chimera 1.10.1, Discovery Studio (2.1.0),
PyM OL software, and (https:/proteins.plus/) online web server.?!

Results and Discussion
Chemistry

In the synthetic protocol, the title compound was syn-
thesized in two steps as Fisher-indole (Scheme 1). On
equimolar amounts of Claisen ester condensation with
1,3-cyclohexadione 2 using a pinch of sodium hydride,
thermal cyclization at high temperature (160 °C) with sol-
vent fewer reaction conditions, methyllantharante 1 gave
9-hydroxy-3,4-dihydroacridin-1(2H)-one 3. In the second
stage, phenylhydrazone 4 was condensed with 9-hydroxy-
3,4-dihydroacridin-1(2H)-one 3 under Fisher-indole reac-
tion conditions to yield a final compound 7,12-dihydro-6H-
indolo[2,3-a]Jacridin-13-0l 5. The mixture was allowed to
stand overnight after the Fisher indole reaction occurs to a
strong acid (acetic acid). The total reaction time in the mod-
ified Fisher-Indole technique was 1-2 hrs, and no need to
stand overnightin the microwave conditions.

IR spectroscopy and functional group identification
were used to confirm the structure of the compounds. To
confirm the Claisen product, compound 3 demonstrated the
disappearance ofthe ester group stretchingat 1700-1750 cm-1,
and also the appearance of ketonic carbonyl stretching at
1716 cm! and O-H stretching at 3250 cml. On methylan-
tharanate, a singlet peak representing the OH proton is ap-
peared to be about 64 12.39 ppm, accompanied by a disap-
pearance of three proton singlets at 61 2.50 ppm of OCHjs,
and aromatic protons provided their signals at dn 7.97—
7.33 ppm, although 3,4-dihydroacridinone three CHz gave
their peaks at o1 3.8-2.1 ppm. A signal at ¢ 199.13 ppm in
the 13C NMR spectra of the compound confirms ketonic
carbonyl carbon, and C=N carbon peaks were observed
near 5¢c 161.12 ppm. Mass spectra of compound 3 exhibited
a molecular ion peak [M+] at m/z 213 confirming the iden-
tity of 9-hydroxy-3,4-dihydroacridin-1(2H)-one.

@%@% @ - OO0
140°C, 6h

Step. 1

Step. 2 Phenylhydrazine 4

|

Scheme 1. Synthesis of 7,12-dihydro-6H-indolo[2,3-a]acridin-13-ol (5).
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Scheme 2: The possible reaction mechanism is outlined for the
synthesis of 9-hydroxy -3,4- dihy droacridin-1(2H)-one.

+
H

o)

2
Lz
> (z:

HO\H2N+k:\)©

A/

H H\E
HQ H3Q‘, Q) O QRN
A X -
|O ‘ O N/‘ O

“H J -NHj

H\
OH N

N 2
pZ
N

Scheme 3. The possible reaction mechanism is outlined for
synthesis of 7,12-dihydro-6H-indolo[2,3-a]acridin-13-ol (5).

The absence of ketonic C=0 stretching at 1716 cm-!
was seen in the IR spectrumof compound 5, whereas newly
formed OH stretching at 3453 cm® confirmed the function-
al group transformation. The peak value in secondary amine
is 3400 cm®. Aromatic C-H peaks were shown at 3000-
3100 cml, whereas aliphatic C-H signals were seen at
2800-3000 cml. Other peaks in this region, like aliphatic
and aromatic C-H peaks, overlap. At 1200-1300 cn!, C-N
peaks appeared. In 'H NMR, a peak representing the NH
proton for indole appeared at about dn 11.57, and an alpha
ketonic proton disappeared at 1 2.12. In 13C NMR spec-
trum, C=N carbon peaks were observed near 6c 160 ppm,
and the signals of the ketonic carbon at 5¢ 199 and the ali-
phatic regional carbon at 37.05 disappear. Observing m/z
271 in the mass spectra is important evidence for the avail-
ability of 5 moieties; the foregoing data provided a
clear input to confirm the molecule as 7,12-dihydro-6H-
indolo[2,3-a]acridin-13-o1.
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ADME Analysis

The predicted chemo-informatic properties had been
evaluated by computational tools. /n silico studies demon-
strably suggest that the compound had drug-like prospect
properties with no breach of some drug-likeness rules dis-
cussed above. It was interesting to see that the results asso-
ciated with the SWISS ADME and Molinspiration predictor
values of logP, molar refractivity with the total polar sur-
face area in these molecules were in excellent agreement
with the most important rules of drug-likeness. The predict-
ed chemo-informatics properties were evaluated by compu-
tationaltools. Results exposed thatcompound 7,12-dihydro-6H-
indolo[2,3-alacridin-13-0l has the better-predicted value of
molecular weight 286.33 (g/mol) within the range value
(< 500 g/mol) which has greater molecular weight com-
pound compared to borderline value. Hydrogen bond accep-
tor and donor, logP, polar surface area (A2), and molar vol-
ume (A?) though this compound exhibited a good hydro-
philic-lipophilic balance, therefore the same predicted bioa-
vailability, high lipophilicity was expected to show decent
Gl absorption. In addition, 48.91 A2 value was calculated as
the total polar surface area (TPSA), as it is another key
property that is related to drug bioavailability. Thus, pas-
sively absorbed molecules with TPSA >140 are thought to
have low oral bioavailability, the molecular polar surface
area (PSA) is a very useful parameter for drug transport
properties, the molecule is defined as the surface sum over
all polar atoms, primarily oxygens, nitrogens, and attached
hydrogen atoms. This parameter has been shown to corre-
late very finely with the human intestinal absorption Caco-2
monolayers permeability and blood-brain barrier penetra-
tion. The PSA parameter is commonly used for a drug op-
timization ability to permeate cells. Prior research data
showed the standard value of PSA (< 89 A?).

The Lipinski’s rule RO5 of result 0 violation showed
that compound 5, possess good two Hydrogen Bond Ac-
cepted and Hydrogen Bond Donor values two, logP 2.42
which are significantly justified their drug-likeness behav-
ior were justifiable with the standard 7,12-dihydro-6H-
indolo[2,3-aJacridin-13-0l, 5 (pink area reflects the allowed
values of drug-likeness properties of the molecule values.
The ROS5 deviation (Mol. Wt>500 g/mol; HBD> 5; HBA > 10;
and logP > 5). The drug-likeness score is an amalgam of a
complex balance of several molecular properties and struc-
tural features which determine the behavior of a molecule
as a drug. The drug score is 0.55 good values, which de-
picted their wonderful drug-like behavior to be androgen
receptors. The results got from the Swiss ADME and
Molinspiration search engine are listed in Table 1. The
boiled-egg diagram analysis shows that the compound is
strong within the permissible range of standard drugs, the
P-glycoprotein of the CNS system by P-glycoprotein, a
point located in boiled eggs yolkis a molecule that passive-
ly permeates through the blood-brain barrier (BBB). In the
current study, the synthesized ligand and its complexes
were initiated to be in a good pact with the criteria and can
be said to possess good bioavailability .
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Figure 2. Bioavailability radar graph of Synthesis of
7,12-dihydro-6H-indolo[2,3-a]acridin-13-ol (5) @ Swiss ADME.

Table 1. Physicochemical descriptors and ADM E parameters.

M.W, g/mol 286.33
Rotatable bond (RB) 0
Hydrogen bond acceptor (H-A) 2
Hydrogen bond donor (H-D) 2
;I'_If)ggk))gical polar surface area 4391 A2
MR 88.88
Lipophilicity (W logP) 242
Water solubility (ESOL logS) -4.74
Blood brain-barrier (BBB) Yes
Permeability coefficient (logKp

cms™) -5.24
Lipinski Violations 0
PAINS alerts 0
Gl absorption High
Synthetic accessibility 3.08

Moleculardocking studies

Autodock vina and Molecular docking studies were
performed to find the binding ability of the newly synthe-
sized compound with the crystal structure of the human
androgen receptor (PDB ID:1GS4, 1T7R, 2AXS, 3B66).
The docking scores of all AR receptors are presented in
Table 2 to exhibit good interaction with the AR receptor
target proteins. Among all the titled compounds 1GS4 as
compared to 1T7R, 2AX8, and 3B66 was found to be most
potent and have the highest docking score (—10.1 kcal/mol)
from PDB ID.
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o

o
Molecule 1

Figure 3. ADME properties of compound 7,12-dihy dro-6H-
indolo[2,3-a]acridin-13-ol (5) by graphical representation @
ADME (boiled-egg).

Table 2. Parameters obtained from molecular docking studies of
AR receptors protease with compounds.

Autodock Result af- Autodock vina Result

PDBID finity (kcal/mol) affinity (kcal/mol)
1G4 -10.0 -10.1
1T7R -6.9 -8.9
2AX8 -6.4 -5.4
3B66 -4.2 -6.5

AR receptor 1GS4 Compound 5 familiar one hydro-
gen bond (LEU704; 2.4 A) and also favorable orientation
within the AR binding site by interacting with other resi-
dues (HIS701, MET787, PHE764, LEU704, LEUS873,
LEU707, MET745, MET749, ALAR77).

The receptor 1T7R as against Compound 5 showed
one hydrogen bonding with exhibited other kinds of inter-
actions with various residues of AR receptor (LYS720,
VAL716, MET734, VAL716, ILE737, and LYS720) pre-
sented in Figure 4.

AR receptor 2A8X interacted through two hydrogen
bonds (THR877, 2.5 and GLY708; 3.1 A) interaction of
other residues ASN705, MET787, PHE764, MET742,
LEU873, MET895. MET742, MET745, VAL746, MET749.
The AR receptor 3b66 also interacting with one hydrogen
bond (GLN802; 1.8A) other residues (CYS844 and
PRO801) Molecular docking study of compounds suggest-
ed that several Van der Waals, covalent, carbon-hydrogen,
Pi alkyl, and electrostatic interactions are the key force for
bonding of 5 compound AR receptor. Compound 5 interact
to supp that the AR activity of the synthesized out the com-
pound. AR receptor 1GS4 Compound 5 binds to AR with
an excellent docking score and it may be considered as an
appreciable inhibitor.
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|

Figure 4. 3D Docking poses of interaction with the ligand the H-bond surfaces of the AR receptor: a)1GS4; b) IT7R; ¢) 2AX8; d) 3B66
@ Molecular docking Studies.

Figure 5. The docked ligand at the Surface area of the AR site receptor @ Molecular docking Studies.
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Figure 6. 2D Docking poses of compound 5 into the binding site of the a)1GS4; b) 1T7R;c) 2AX8; d) 3B66 AR receptors protease @ 2D
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Conclusions

Molecular docking was used to design a new class of
indoloacridin-13-ol AR antagonists, and the glide scores
were in good agreement with the observed values. The sub-
stitution has better binding affinities, as shown by docking
calculations. The reaction yielded an efficient 7,12-dihydro-
6H-indolo[2,3-aJacridin-13-0l of potential synthetic and
pharmaceutical applications, and it was carried out without
the use of solvents. Compound 5 showed substantial activi-
ty against protease cancer. The compound is a potential lead
for the development of selective cancer drugs, according to
in-silico ADME reporting, toxcity, drug-likeness, drug
scores results, PASS analysis, and in vitro results.
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