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HE Rab23 protein overexpression has a well-validated role in variety of human cancers.

Therefore, the present research aimed to identify new Rab23 protein inhibitor candidates
using computational based drug design methodology. A novel series of chromeno[2,3-b] pyridine
derivatives has been synthesized by the cyclocondensation of 2-amino-3-cyano-4H-chromenes with
cyclohexanone and cyclopentanone in ethanolic piperidine solution. The 2-amino-4H-chromenes
were obtained using one pot multicomponent condensation of resorcinol, malononitrile and
aromatic aldehydes in the presence in ethanolic piperidine solution. All newly synthetic compounds
were characterized by spectral analysis IR, NMR and MS and elemental analysis techniques. The
best binding modes of chromene derivatives were evaluated via molecular docking studies and
binding energy calculations, using PyRx tool. The study has shown that the pyran and pyridine
moieties interact favorably with the binding site of target protein, providing the mechanism of
action against human sapiens Rab23 protein.

Keywords: Synthesis, 4H-Chromenes, Rab23 protein, /n silico, Binding site.

Introduction

Upregulation of Rab23 protein in human
beings plays a crucial role in gastric cancer
progression through signaling pathway [1].
In the present work, we employed several
computational approaches for design of novel
Rab23 inhibitors. The chromene derivatives
are considered as the key structural compounds
for many drugs having a broad spectrum of in
medicinal and pharmaceutical chemistry, because
of their multiplicity uses in drug industry [2],
[3]. Additionally, the chromene nucleus is an
important pharmacophore in many biologically
active compounds [4], [5]. Based on the above
mentioned chemistry and biology significance
of chromene analogue, a series of promising
chromene derivatives 4-6 has been synthesized.
In addition, we investigated In silico the newly
synthetic compounds against Rab23 protein
inhibition using molecular docking approach. As
the crystal structure of Rab23 is not available in
protein data bank, we computationally generated

its (3D) three dimensional structure depending on
its closet homolog protein (template). Moreover,
the binding site was predicted using different
tools. In silico molecular docking approach was
successfully applied to enlighten the binding
affinity and the conformational stability between
the newly synthetic chromene derivatives and the
cancer target protein. Also, the pharmacophoric
and physicochemical properties of the derivatives
were investigated. Altogether, our study identifies
potential inhibitors of Rab23 protein, for further
investigation as gastric anticancer agents.

Experimental

Chemistry

All melting points were measured with a
Gallenkamp apparatus. The IR spectra of samples
were recorded in KBr via a Shimadzu FT-IR
8101 PC infrared spectro photometer. The NMR
spectra were run at 300MHz using TMS as the
internal standard. Chemical shifts were measured
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in ppm (9) related to TMS (0.00 ppm). Mass
spectra were measured on a GCMS-QP1000 EX
spectrometer at 70 eV. TLC was conducted on
0.25 mm precoated silica gel plates (60F-254).
Elemental analyses were carried out at the Micro
analytical center at Cairo university, Egypt.

General Procedure for the Synthesis of 2-amino-
7-hydroxy-4-aryl-4H-chromene-3-carbonitrile
(4a-c):

Equimolar amounts of resorcinol, malononitrile
and different aromatic aldehydes with piperidine
(3 drops) were mixed. The reaction mixtures
were heated in refluxing ethanol for 4-6 hrs
respectively. After cooling the corresponding, the
solid products separated out were collected by
filtration and recrystallized from ethanol to give
chromenes (4a-c).

2-amino-4-(4-(benzyloxy)phenyl)-7-hydroxy-4H-
chromene-3-carbonitrile(4a) m.p.250 °C yield 92
%. IR (KBr, cm™):3343, 3206,2924,2855, 2362,
2190, 1655, 1624, 1582,1506."H-NMR (300MHz,
DMSO): 4.55 (s, 1H, H-4), 5.05 (s,2H,-CH_-),
6.38 (s, 2H, NH,), 6.39-6.46 (m, 3H, Ar-H), 6.48
- 6.92 (mA4H,Ar-H), 7.33-7.45 (m, 5H, Ar-H),
7.06 (s, 1H, OH). M.S (m/z): 370.13 (34.7%),
371.14 (8.77%), 372.14 (1.34%). Anal. calcd
for C,,H N.O.: C,74.58; H,4.90;N,7.56.Found:

237718

C,74.45; H485N749

2-amino-4-(2,6-dichlorophenyl)-7-hydroxy-4H-
chromene-3-carbonitrile (4b) m.p. 275 °C yield
90 %. IR (KBr, cm™) 3539, 3334, 3207, 2938,
2187, 1657, 1559, 1508. 'H-NMR (300 MHz,
DMSO): 5.69 (s, 1H, H-4), 6.90 (s, 2H, NH,),
6.36-6.44 (m, 3H, Ar-H), 6.35 (s, 1H, OH), 7.29-
7.33 (m, 3H, Ar-H). M.S (m/z): 332.95 (5.03%),
333.95 (6.77%), 334.95 (1.8%). Anal. caled for
C H,N,0,CL: C, 57.68; H, 3.03; Cl, 21.28; N,

1677107 "2

8.41. Found C 57.65; H,2.95; Cl, 21.20; N, 8.32.

2-amino-4-(2,3dimethoxyphenyl)-7-hydroxy-4H-
chromene-3-carbonitrile (4c) m.p. 251 °C yield
85%. IR (KBr, cm™) 3419, 3327, 2937, 2838,
2190, 1661, 1508. 'H-NMR (300 MHz, DMSO):
3.65 (s, 3H, OCH,), 3.70 (s, 3H, OCH,), 4.89 (s,
1H, H-4), 6.75 (s, 2H, NH,), 6.45-6.74 (m, 6H,
Ar-H), 9.61 (brs, 1H, OH). Anal. caled for C H
N,O,: C,66.66; H,4.97; N, 8.64. Found: C, 66.41;
H, 5.12; N, 8.54 [6].

General procedure for the synthesis of
11-amino-12-(aryl)-8,9,10,12-tetrahydro-7H-
chromeno(2,3-b]quinolin-3-ol (5a-c)

Egypt. J. Chem. Vol. 63, No. 4 (2020)

A mixture of cyclohexanone (1 mmol) with
chromenes (4a-c) (1 mmol) in 15 mL ethanol in
the presence of piperidine was refluxed for 6:9 hrs
respectively. The solid products, so formed, were
filtered off and recrystallized to afford (5a-c).

11-Amino-12-(4-(benzyloxy)phenyl)-8,9,10,12-
tetrahydro-7H-chromeno[2,3-b]quinolin-3-ol (5a)
m.p. 260 °Cyield 72 %. IR (KBr,cm™): 3334, 3227,
2944, 2835.'"H-NMR (300 MHz DMSO): 1.76 (m,
4H, 2CH,), 2.73 (m,2H,CH,), 3.02 ( m,2H,CH,),
5.31(s, 1H, CH), 5.14(s,2H,-CH,0), 6.23(s, 2H,
NH,), 6.14-7.11 (m,7H,Ar-H), 7.33-7.44 (m, 5H,
Ar-H), 5.33 (s, IH, OH). BCNMR: § 22.4, 26.6,
30.1, 33.3, 70.0, 87.0, 98.1, 109.4, 112.6, 113.9,
115.1, 115.3, 127.7, 127.9, 128.2, 128.3, 128.5,
128.9, 129.1, 129.2, 129.3, 136.3, 136.7, 146.4,
155.8, 160.4, 160.9, 161.4, 161.9. M.S (m/z):
450.19 (100.0%), 451.20 (31.7%), 452.21 (5.6%).
Anal. caled for C,;H, N,O,: C, 77.31; H, 5.82; N,

297726

6.22. Found: C, 77.81; H 532 N, 6.34.

11-amino-12-(2,6-dichlorophenyl)-8,9,10,12-
tetrahydro-7H-chromeno/2,3-b]quinolin-3-0l(5b)
m.p. 245° C yield 75 %. IR (KBr, cm™): 3540,
3335, 3204, 2924, 2854.'H-NMR (300MHz,
DMSO): 1.47 (m,4H,2CH,), 2.69 (m,2H,CH,),
3.44 ( m,2H,CH,) 5.69 (s, 1H, CH), 6.37(s, 2H,
NH,), 7.30-7.55 (m,6H,Ar-H), 6.47 (s, 1H, OH).
M.S (m/z): 412.07 (100.0%), 414.07 (64.1%),
413.08 (24.2%), 415.07 (15.8%), 416.07 (10.4%).
Anal. caled for C, H CLN.O,: C, 63.93; H, 4.39;
Cl, 17.16; N, 6.78. Found: C, 63.43; H, 4.29; Cl,
17.26; N, 6.73.

11-amino-12-(2,3-dimethoxyphenyl)-8,9,10,12-
tetrahydro-7H-chromeno/[2,3-b]quinolin-3-ol(5c)
m.p. 236° C yield 71%. IR (KBr, cm™): 3381,
2935,2855."H-NMR (300MHz, DMSO): 1.82 (m,
2H, CH,), 2.95(m, 4H, 2CH,), 3.40 (m, 2H, CH,),
3.87 (s, 3H, OCH,), 3.76 (s, 3H, OCH,), 5.03 (s,
1H, CH), 6.72 (s, 2H,NH,), 6.73-6.87 (m, 6H, Ar-
H), 4.06 (s, 1H, OH). M.S (m/z):404.17 (100.0%),
405.18 (26.3%), 406.18 (4.1%). Anal. calcd for
C, H NO,;:C, 71.27; H,5.98; N, 6.93. Found: C,

2477247 2747

71.22; H, 5.68; N, 6.63.

General procedure for the synthesis of 11-amino-
10-(4-(aryl)-1,2,3,10-tetrahydrochromeno/[2,3-b]
cyclopentafe]pyridin-7-ol(6a-c)

A mixture of cyclopentanone (1 mmol) with
chromenes (4a-c) (1 mmol) in 15 mL ethanol in
the presence of piperidine was refluxed for 7hr.
The solid product, so formed after cooling, was
filtered off and recrystallized from ethanol to give
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(6a-c).

11-amino-10-(4-(benzyloxy)phenyl)-1,2,3,10-
tetrahydrochromeno[2,3-b]cyclopenta[e]pyridin-
7-0l(6a) m.p. 260 °C yield 72 %. IR (KBr, cm
1):3409, 3226, 2922, 2825.'H-NMR (300 MHz,
DMSO): 1.84 (m, 2H, CH,), 3.35 (m, 4H, 2CH,),
4.78 (s, 1H, CH), 5.16(s,2H,-CH,0), 6.28 (s, 2H,
NH,), 6.28-6.97 (m, 7H, Ar-H), 7.22-7.51(m,
5H, Ar-H), 9.19 (s, 1H, OH). M.S (m/z):436.18
(100.0%), 437.18 (31.3%), 438.19 (4.6%). Anal.
caled for C,;H, N.O,: C, 77.04; H, 5.54; N, 6.42.

28" 24

Found: C, 77.14; H, 5.34; N, 6.32.

11-amino-10-(2,6-dichlorophenyl)-1,2,3,10-
tetrahydrochromeno[2,3-b]cyclopentale]
pyridin-7-ol (6b) m.p. 245° C yield 75 %, IR
(KBr, cm™): 3407, 3332, 2922, 2857.'"H-NMR
(300MHz DMSO): 2.24 (m, 2H, CH,), 3.34 (s,
4H, 2CH,), 5.69 (s, 1H, CH), 6.37 (s, 2H, NH,),
6.38-7.57 (m, 6H, Ar-H), 9.76 (s, IH, OH). M.S
(m/z): 398.06 (100.0%), 400.06 (64.6%), 399.06
(23.6%),401.06 (14.7%), 402.05 (10.2%), 400.07
(2.5%), Anal. calcd for: C, H (CLN,O,: C, 63.17;
H, 4.04; Cl, 17.76; N, 7.02. Found: C, 63.27; H,
4.14; Cl, 17.66; N, 7.12.

11-amino-10-(2,3-dimethoxyphenyl)-1,2,3,10-
tetrahydrochromeno[2,3-b]cyclopenta[e]pyridin-
7-0l(6¢c) m.p. 215 °C yield 82%. IR (KBr, cm™):
3410, 2938, 2853.'H-NMR (300MHz, DMSO):
1.66 (m, 2H, CH,), 3.51 (m, 4H, 2CH,), 3.40 (m,
2H, CH,), 3.87 (s, 3H, OCH,), 3.79 (s, 3H, OCH,),
5.19 (s, 1H, CH), 6.27 (s, 2H, NH,), 6.56-6.96 (m,
6H, Ar-H), 5.29 (s, 1H, OH). BCNMR: § 27.7,
30.1, 30.8, 56.2, 61.0, 87.0, 98.1, 112.6, 113.0,
113.9, 116.8, 126.5, 128.2, 128.8, 129.2, 129.4,
144.0, 146.4, 151.2, 153.8, 155.8, 160.9, 161.9.
M.S (m/z): 390.16 (100.0%), 391.16 (25.4%),
392.16 (4.0%). Anal. caled for C,,H, N,O,: C,
70.75; H, 5.68; N, 7.17. Found: C, 70.35; H, 5.38;
N, 7.07.

In silico molecular docking analysis

Herein, In silico molecular docking studies
are performed using PyRx bioinformatic docking
tool [7] to select the best compounds of drug
likeness characters. The Schrodinger Maestro
software (Maestro, Schrodinger, LLC, New York,
NY, 2019) is used to generate the images of (2D)
two dimensional structures of docking between
compounds and receptor. In addition, the images
of 3D structures are generated by discovery
studio® visualizer 3.5 (Accelrys Software Inc.,
San Diego, CA, USA). A 3D model of the target

is constructed using protein structure modeling
program: Modeller 9.11 [8]. To evaluate the
constructed model, various computational tools
like ProSA [9] and ERRAT [10] servers are
used. Protein structure analysis (ProSA) is used
to evaluate the quality of 3D model. ERRAT
program describes the overall quality factor of a
protein. The acceptable range is above 50%. The
functional site of the target is predicted based on
bioinformatics prediction tools like MetaPocket
[11] and ProBiS [12] tools. Twelve synthetic
chromene compounds are used to generate in-
house library dataset based on anticancer activity
reported previously [2]. In this paper we performed
virtual screening of compounds from database
for identifying novel therapeutics for treatment
of gastric cancer. /n silico pharmacokinetic and
molecular properties of chromene derivatives
are predicted using various software’s such as
admetSAR [13] and Mol inspiration web based
tools (https://www.molin spiration.com/) to select
the compounds having optimum drug-likeness.
The compound with low molecular weight is
easily to be transported, diffused and absorbed.
Partition coefficient is useful in estimating the
distribution of the compound within the body.
Topological polar surface area (TPSA) is a good
descriptor of drug absorption. While, numbers of
H-bonds donors and acceptors are good predictors
of oral bioavailability. The number of rotatable
bonds is a good descriptor of oral bioavailability
of drugs. The best values for the compound with
good membrane permeability are M.wt < 500 g/
mol, logP <5, TSPA < 140 A2, number of H-bond
acceptors < 10, number of H-bond donors’ <5, and
number of rotatable bonds < 10. However, these
values used as a filter for drug-like properties.
The compounds with the acceptable ADMET
properties in the permissible range are considered
as novel molecules.

Results and Discussion

Chemistry

The aim of the current work is to synthesize
4H-chromene derivatives and to investigate their
modes of interactions with Rab23 binding site.
The strategy for synthesis of compounds was
performed according to the reaction outlined in
Scheme 1. Firstly, 2-amino-3-cyano-7-hydroxy-
4-aryl-4H-chromenes (4a-c) were obtained using
one pot multicomponent condensation of aromatic
aldehydes (1), malononitrile (2) and resorcinol
(3) in the presence in ethanolic piperidine

Egypt. J. Chem. Vol. 63, No. 4 (2020)
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solution (Schemel). The spectroscopic data are
in good agreement with the proposed structures
of 4H-chromenes (4a-c).The IR (KBr) showed
the presence of (OH and NH,) functions at v__ :
3539 —3343 cm’! (broad band) and at v_ : 2190
— 2187cm! due to (CN) function. Furthermore,
"H-NMR revealed also, 4.55-5.05 ppm (s, 1H,
H-4), 9.61-6.35 ppm (s, 1H, OH), 6.38-6.90 (s,
2H, NH,).

As a precursor to construct more heterocyclic
compounds incorporating pyridine moiety, the
2-amino-4H-chromenes (4a-c) exploit as starting
materials to react with cyclohexanone and
cyclopentanone in ethanolicpiperidine solution
to afford the corresponding 11-amino-12-(aryl)-
8,9,10,12-tetrahydro-7H-chromeno[2,3-b]
quinolin-3-ol ~ (5a-c)  (tacrine  analogues)
andll-amino-10-(4-(aryl)-1,2,3,10-tetra
hydrochromeno[2,3-b]cyclopenta[e]pyridin-7-
ol (6a-c) respectively via Friedlander synthesis
(Schemes 2 and 3). Structures of compounds (5a-
¢) and (6a-c) were confirmed based on their micro
analytical and spectral data.

In silico studies
Rab23 model generation and validation

The amino acid sequence of Rab23 (237 aa)
was downloaded from Uniprot database [14].
2bcg protein of highest similarity with the target,
was selected as a template using NCBI BLAST
server [15]. A pairwise sequence alignment of
both proteins was performed using ClustalW,
to ensure the presence of conserved motifs.
The alignment was subjected to an automated
homology modeling program: Modeller 9.11 for
creating 3D model of the target.

The homologue model consists of nine
helices and six strands obtaining from PDBsum
server [16], as represented in Figures 1 and 2.
The physiochemical parameters of Rab23 were
computed using ProtParam tool. The molecular
weight is 26659 Da and the isoelectric point (pl)
is 6.22. The results show that the residues LYS,
VAL, GLU, LEU, SER, ALA and ASN represent
the high percentage in Rab23.

ProSA server results show a Z-score value
of —4.57 for protein structure, as presented in
Figure 3. The score is within the range of the PDB
proteins evaluated by X-ray and NMR, predicting
a good quality model. Furthermore, The ERRAT
evaluation method (Figure 4) of homologue
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model gave 84.64 % as the overall quality factor,
indicating a high quality and therefore considered
reliable for further studies.

Binding site prediction, molecular docking
simulation

The binding site is specific region of a protein
which is responsible for binding with ligand
molecules[17-19]. Computational approaches like
MetaPocket and ProBiS were used to predict the
binding region. The results show that the amino
acid residues LYS11, ALA19, LYS22, TRP63,
THR65 and ARGS80 are involved in the interaction
with the ligand molecules. A grid box was then
generated around the site region with dimensions
25A° x 25A° x 25A° for docking purpose. The
2D chemical confirmations of the synthesized
molecules by our research group were generated
in cdx format then were converted to sdf files
by using OpenBabel 2.4.1 tool [20], and were
further used for docking to protein. Identification
of compound-target interactions acts as a key role
in drug design [21]. The present study performed
In silico docking approach to prevent cancer
in human beings using chromene compounds.
However, the ligand-protein simulations were
carried out using PyRx screening tool. Twelve
synthetic compounds were subjected to virtual
screening approach, which has resulted nine
conformers for each ligand-protein complex
(Figures 5).

Out of the twelve compounds, docking
studies focused on nine hits that exhibited good
binding affinities whereas the more negative
value indicates stronger binding and comfortable
docking conformation [22]. Data for the
binding affinity, and the interacting amino acid
residues are found in Table 1. From the results
of molecular docking studies of chromene
derivatives, all the compounds showed good
binding interactions with cancer target Rab23
in range of -7.5 to -6.2 kcal/mol as summarized
in Table 1. Among the compounds tested,
11-amino-12-(2,3-dimethoxyphenyl)-8,9,10,12-
tetrahydro-7H-chromeno[2,3-b]quinolin-3-ol  5c
andll-amino-12-(2,6-di chlorophenyl)-8,9,10,12-
tetrahydro-7H-chromeno[2,3-b]quinolin-3-ol 5b
were interacted very effectively and showed the
least binding scores of -7.9 and -7.5 kcal/mol
respectively as represented in Table 1 and Figures
5 and 6.

The chromene derivative 4a formed hydrogen
bond (NH---O) and two z-sigma interactions with
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ARGS80 at the distance of 2.41, 2.64 and 2.71
A° respectively. Compound 4b showed H-bond,
m-cation and @-sigma interactions with ARGS8O0,
LYS22 and ALA19 at the distance of 1.92, 5.69
and 2.63 A° respectively. While, the derivative 1¢
exhibited z-cation interaction with ARG80 at the
distance of 5.97 A° respectively. The compound 5a
interacted with ARG80 by one hydrogen bond plus
two 7m-cation interactions at 2.19, 5.68 and 5.84A°
respectively. In addition, compound 2b showed
one 7-m, three m-cation along with one m—sigma
interactions with ARG80 with the distances of
5.08,3.42,5.30,5.97 and 2.79 A°. The compound
5c¢ exhibited H-bond with ARG80 (NH---O) and
THR65 (O---HO) at 1.73 and 1.90A°, z-cation
interaction with LYS22 at 4.83A°, and m-sigma
interaction with ARGS80 at 2.70 A°. Compounds
6a exhibited H-bond and m-cation interactions
with ARG80 and LYSI11 at the distance of 2.02
and5.31 A°. Finally, compounds 6b-c showed
m-cation interactions with ARG80 at 5.77, 4.19
and 5.96 A°, as shown in Table 1 and Figures 5. To
further understand the nature of docking, arginine
ARG contains positively charged guanidinum
group H N-C(=NH)-NH- that is involved in
forming m-cation interaction with electron-rich
aromatic systems like phenol, pyridine and pyran
moieties of compounds 5a, Sb, 6b and 6¢ as
declared in Figures Sand 6. Additionally, lysine
LYS contains a positively charged amino on its
side-chain that is involved in forming m-cation
interaction with compounds 4b, 5¢ and 6a.On
the other hand, tryptophan TRP contains a side
chain indole that involved in forming 7t-7 stacking
with phenol moiety of compound 5b. Because of
indole is an electron-rich and has H-bond donor
(NH), it can participate in various supramolecular
interactions with compound 5b. This clearly
demonstrates that indole is a unique chemical
moiety in proteins [23]. Interestingly, all the
nine compounds bind to the same binding site
of Rab23, which is strongly suggested that they
have similar mechanism against the cancer target
protein. The results show that the compounds
tended to have H-bonding, =m-m stacking,
m-cation, m-sigma interactions. These attractive
non-covalent interactions that formed between
compounds and Rab23 play a significant role in
stabilizing the synthetic compounds at the binding
site region [24]. The synthesized molecules with
hetero rings (pyran and pyridine) moieties, are
observed to be common pharmacophore groups
which interact with the functional residues of the
cancer target protein through various interactions

as represented in Table 1.The results clearly
demonstrated that the newly synthetic compounds
are likely to be promising Rab23 protein inhibitor
candidates after further refinement.

ADMET profile

In silico absorption, distribution, metabolic,
excretion (ADME) and toxicity (T) of the newly
synthesized chromene compounds were identified
using admetSAR tool, as presented in Table 2.
Interestingly all the newly synthesized compounds
have a molecular weight in the range of 324-450
(<500). BBB* value describes the ability of the
compounds to cross the blood brain barrier, which
is in the permissible ranges for all compounds.
So they can cross the blood-brain barrier more
easily. Also, the values show that the compounds
can be absorbed by the human intestines and non-
carcinogenic.

Moreover, the molecules were analyzed
for the toxicological potential by the Ames
test, using Toxtree tool [25]. The results show
that these compounds show better inhibition
properties against Rab23 protein, and promising
pharmacokinetic ~ properties.  Drug-likeness
parameters of compounds were calculated using
Mol inspiration software, as tabulated in Table
3.The results show interesting values for the
compounds as obey Lipinski rule, whereas all
the synthesized compounds have molecular
weights in the range of 324-450 g/mol (<500), the
partition coefficients of the compounds are less
than 5. Also, the topological surface areas were
found to be in the acceptable range. In addition,
the numbers of H-bond acceptors and donors in
the tested compounds are in acceptable range.
Finally, the synthesized compounds possess
high numbers of rotatable bonds (1-4). From all
these results, we can conclude that all molecules
exhibited good absorption and distribution within
the body [26-28]. These ligand molecules may be
considered as potent antagonists against Rab23
and used as anti-gastric carcinoma.

Conclusion

Our study soughs to synthesis and identify the
new chromene compounds as novel structure leads
that could be used in designing Rab23 inhibitor
candidates, through computational studies.

References

I. Chen Y, Ng F. Rab23 activities and human
cancer — emerging connections and mechanisms
Egypt. J. Chem. Vol. 63, No. 4 (2020)



1346 AWATEF M. EL-MAGHRABY AND ABOUBAKR H. ABDELMONSEF
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e c=

(

H,CO

2

4-benzyloxyphenyl 2.6-dichlorophenyl .3-dimethoxyphenyl
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Fig. 1.Three-dimensional structure of Rab23 protein. The 3D model has 9 a- helices and 6 j- sheets,
obtained from Modeller 9.11. N-terminal indicates the starting residue and C-terminal indicates
the end residue.

Fig. 2. Schematic diagram of the topological secondary structure of Rab23.The a-helices are shown in
red cylinders, while -strands as pink arrows.
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Fig. 3. The local model quality of Rab23.The Z-score of protein (-4.75) falls in the range of PDB proteins
submitted by NMR (dark blue region) and X-ray crystallography (light blue region), indicating
a good quality model.
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Fig. 4. The overall quality value of Rab23 using ERRAT program. The Errat evaluation method gave
84.64 % as the overall quality factor which is considered to be good enough to use this model. In
the Errat, the incorrect regions are shown in black, and the correct regions are shown in gray.
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TABLE 1.The binding affinity (kcal/mol) of chromene compounds with Rab23 after molecular docking.
The nine molecules (4-6) with the best binding affinity are represented with docking interactions

in table, showing H-bonding, © —m, m-cation, and n—sigma interactions.

Structure/Name Binding Docked complex Distance
atfinity o mino acid ligand)  (A°)
(kcal/mol) interactions
4a PhOCH,Ph H-bonds
CN compound 4a---ARG80 241
m-sigma interactions
6.2 compound 4a---ARG80 2.64
HO o NH; compound 4a---ARG80 2.71
2-Amino-4-(4-benzyloxy-phenyl)-7-hydroxy-4H-
chromene-3-carbonitrile
4b 2,6Cl,CeH3 H-bonds
CN compound 4b---ARGS80 1.92
m-cation interactions
-7.1 compound 4b---LY S22 5.69
HO O NH; n-sigma interactions
2-Amino-4-(2,6-dichloro-phenyl)-7-hydroxy-4H- compound 4b---ALA19 2.63
chromene-3-carbonitrile :
4¢ 2,3(0OCH3)CgH3 m-cation interactions
cN compound 4c---ARG80 5.97
-6.8
HO (o) NH,
2-Amino-4-(2,3-dimethoxy-phenyl)-7-hydroxy-
4H-chromene-3-carbonitrile
5a PhOCH,Ph NH, H-bonds
compound 5a---ARG80 2.19
N m-cation interactions
= -6.7 compound 5a---ARG80 5.68
HO 0 N compound 5a---ARG80 5.84
11-Amino-12-(4-(benzyloxy)phenyl)-8,9,10,12-
tetrahydro-7H-chromeno[2,3 -b]quinolin-3-ol
Contd.
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Sb 2,6C1,CeHy NH; 7i-7 interactions
compound 5b---TRP63 5.08
AN p
m-cation interactions
HO 0 N/ -7.5 compound 5b---ARGS80 342
11-amino-12-(2,6-dichlorophenyl)-8,9,10,12- compound 5b---ARGS80 5.30
tetrahydro-7H-chromeno[2,3-b] quinolin-3-ol
compound 5b---ARGS80 597
m-sigma interactions 2.79
compound 5b---ARG80
Sc 2,3(OCH3)CeHs NH» H_bonds
AN compound 5¢c---ARG80 1.73
_ compound 5c---THR65 1.90
He © N -7.9 m-cation interactions
11-amino-12-(2,3-dimethoxypheny!)8,9,10,12-
tetrahydro-7H-chromeno[2,3-b]quinolin-3-ol compound 5c---LYS22 4.83
m-sigma interactions
compound 5¢c---ARG80 2.70
6a PhOCH,PhNH, H-bonds
N compound 6a---ARG80 2.02
mt-cation interactions
o o N/ -6.5 compound 6a---LYS11 5.31
11-amino-10-(4-(benzyloxy)phenyl)-1,2,3,10-
tetrahydrochromeno[2,3b]cyclopenta[e]pyridin-
7-ol
6b 2,6C1,CeH3 NH, m-cation interactions
N compound 6b---ARG80 5.77
o o 7.0
11-amino-10-(2,6-dichlorophenyl)-1,2,3,10-
tetrahydrochromeno[2,3-b]cyclopenta [e]pyridin-
7-o0l
6¢c Z3(0CHaIGefly NH, m-cation interactions
compound 6¢---ARG80 4.19
X -6.1 P
compound 6¢---ARG80 5.96
G
HO o) N

11-amino-10-(2,3-dimethoxyphenyl)-1,2,3,10-
tetrahydrochromeno[2,3-b]cyclo penta[e]pyridin-
7-ol
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Fig. 6. Relationship between Binding affinity and compound numbers. This chart shows the relationship between
binding affinity and compound numbers. The compounds 5c and 5b showed the least binding scores of -7.9
and -7.5 kcal/mol respectively.
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TABLE 2. List of ADMET properties of newly synthetic chemical compounds. The pharmacokinetic properties
of the molecules (4-6) which form docked complexes with Rab23 protein are evaluated by admetSAR and
Toxtree tools.

Molecular Blood-Brain Human

Weight Barrier Intestin'al Per(l:ri::;l_)flity tAMEtS Car?il.lo-

(g/mol) (BBB+) Ay (Caco2) oneny genicity
4a 370 0.55 0.98 0.55 Nontoxic Non carcinogenic
4b 333 0.54 0.99 0.51 Nontoxic Non carcinogenic
4c 324 0.92 0.94 0.52 Nontoxic Non carcinogenic
Sa 450 0.93 0.98 0.65 Nontoxic Non carcinogenic
Sb 413 0.88 0.99 0.56 Nontoxic Non carcinogenic
Sc 403 0.58 0.92 0.51 Nontoxic Non carcinogenic
6a 436 0.95 0.98 0.67 Nontoxic ~ Non carcinogenic
6b 399 0.92 0.99 0.58 Nontoxic Non carcinogenic
6¢ 389 0.65 0.94 0.53 Nontoxic Non carcinogenic

TABLE 3. Physicochemical properties of the title compounds (4-6). logp, logarithm of partition
coefficient between n-octanol and water; TPSA, topological polar surface area; HBA, number
of hydrogen bond acceptors; HBD, number of hydrogen bond donors; n rotatable, number of
rotatable bonds.

Volume
logp TPSA HBA HBD N N Al
A? violations  rotatable

4a 3.89 88.51 5 3 0 4 331.20
4b 3.50 79.28 4 3 0 1 261.08
4c 2.06 97.75 6 3 0 3 285.10
S5a 4.98 77.61 5 3 0 4 410.54
5b 4.97 68.38 4 3 0 1 340.42
5¢ 4.88 73.95 5 3 0 3 368.60
6a 4.78 77.61 5 3 0 4 393.74
6b 4.80 68.38 4 3 0 1 323.62
6¢ 4.11 73.95 5 3 0 3 351.79
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