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The present study involved the synthesis of four beclomethasone dipropionate (BDP) derivatives with structural modifications at the C9,
C11 and C21 carbon atoms and changing the substituents with halogen (Cl & Br) and alkyl moieties. The synthesis was achieved through
a series of stepwise reactions and the derivatives were characterized by mass & 'H NMR spectral data and by HPLC analysis. In silico
molecular docking studies demonstrated that all the synthesized BDP derivatives (5, 7, 9 and 12) exhibited favourable binding interactions

compound 5, which had strong binding affinity with the GR protein, comparable to the co-crystal. Based on the results, it was found that

all BDP derivatives and its acts as drug-like molecules.

INTRODUCTION

Corticosteroids are widely accepted globally due to their
potent anti-inflammatory and immunosuppressive properties,
making them pharmacologically significant [1]. These com-
pounds like betamethasone, mometasone, beclomethasone and
dexamethasone, play crucial roles in dermatology and allergy
treatment [2-5] (Fig. 1). Among these, beclomethasone-17,21-
dipropionate (BDP) stands out because of its anti-inflammatory
potency for asthma management [6]. The lipophilicity and
topical anti-inflammatory activity of BDP are enhanced by
selective propionylation at the C17 and C21 hydroxyl groups,
as compared to beclomethasone [7]. Despite the therapeutic
benefits of BDP, it has a few limitations, including low systemic
toxicity, reduced bioavailability and low oral absorption (~1%)
[8-10]. This limited bioavailability may compromise therap-
eutic outcomes, necessitating the use of higher doses or combi-
nation therapies [11].

with the glucocorticoid receptor (GR). The docking results revealed that all the BDP derivatives were in good agreement, particularly |
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The structural modifications to corticosteroids improve
receptor affinity, selectivity and therapeutic outcomes. In this
regard, synthetic corticosteroids like mometasone furoate exhibit
enhanced binding to the glucocorticoid receptor (GR) and
higher efficacy compared to cortisol with the introduction of
a furoate group at the C-170 position [12,13] (Fig. 1). Similarly,
the structural changes in fluticasone and budesonide such as
addition of 21 o esters and C1-C2 double bonds, respectively,
enhance GR selectivity and reduce interactions with mineralo-
corticoid receptors (MRs) [14]. Such structural modifications
may improve efficacy and effectiveness in the anti-inflam-
matory treatment. On the other hand, the synthesis of such
modified corticosteroids remains challenging. For example,
Welideniya et al. [15] reported the scalability challenges in
BDP synthesis, including inconsistent yields and byproduct
formation, underscoring the need for process optimization.
Despite these advancements, the synthesis of such modified
corticosteroids remains challenging.
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Fig. 1. Chemical structures of some corticosteroids

Based on these findings, four BDP derivatives with struc-
tural modifications at the C9, C11 and C21 carbons and chan-
ging the substituents with halogen (Cl & Br) and alkyl moieties
were synthesized . The structures of BDP derivatives are confir-
med by mass & NMR spectral data and HPLC analysis.
Additionally, in silico the molecular docking studies have been
carried out to investigate interactions of such BDP derivatives
in the context of human glucocorticoid receptors (GR). BDP
and co-crystal ligand are compared with docking scores, Glide
energy and hydrogen bonding interactions with active site
regions. These studies is to help design next-generation cortico-
steroids with improved efficacy, safety profiles and optimized
therapeutic outcomes.

EXPERIMENTAL

All solvents and chemicals were procured from Bldpharm,
Chemscene and Hyma without further purification. Thin-layer
chromatography (TLC) was performed on Merck silica gel
(DC Alurolle Kieselgel 60 F,ss, 0.2 mm layer) plates in the
solvent system. '"H NMR spectra were recorded on a Bruker
Avance NEO (NanoBay)-300 MHz spectrometer using DMSO-
ds or Chloroform-d as solvent. Electron impact mass spectra
(EI) were obtained using a (LS/MS-APCI) Agilent 1100 MSD
spectrometer at 100 eV. Compound purities were determined
by HPLC analysis. The HPLC system was equipped with quat-
ernary gradient pumps, an auto-sampler and auto-injector
(Shimadzu LC2010CHT, Japan) connected to photo diode
array detector controlled with LC solution software (Shimadzu,
Japan). A LUNA C18 column, of 250 x 4.6 mm, 5 1 and the
mobile phase was used as per the USP monograph method.
The eluent was monitored at a wavelength of 254 nm with a
flow rate of 1.0 mL/min. All the BDP derivatives were disso-
Ived in mobile phase as diluents and the sample was sonicated
for about 5 min; the sample was further filtered through 0.2
pm syringe filter and then injected into HPLC.

Betamethasone 9,11-epoxide (1) and beclomethasone
dipropionate (BDP) were selected as the starting materials for
synthesizing the BDP derivatives due to its low cost and wide
availability. Compounds 2 and 3 were synthesized by the repo-
rted procedures [16].

Synthesis of 21-(acetyloxy)-9-chloro-11B-hydroxy-
16B-methyl-3,20-dioxopregna-1,4-dien-17-yl propanoate
(5): A dry clean round-bottom flask was used to dissolve
compound 3 (6.0 g, 14.01 mmol) in 20 mL of dichloromethane.
4-Dimethylaminopyridine (0.17 g, 1.40 mmol) and pyridine
(1.35 mL, 16.81 mmol) were added to the reaction mixture at
room temperature under an argon atmosphere. After the addition
was over, acetic anhydride (1.49 mL, 16.81 mmol) was added
dropwise to the reaction mixture and stirred for 20 h. The solution
was then poured into water and the organic layer was washed
with 1.0 M HCI. The separated organic layer was dried over
anhydrous Na,SO,. The solvent was removed using a rotary
evaporator to obtain the crude product. The crude solid was
purified by recrystallization from acetone/pet. ether (2:1) to
afford compound 4 in 90% yield (Scheme-I). MS (ESI) m/z
471.5 [M+H]".

A dry, clean round-bottom flask was used to dissolve com-
pound 4 (5.0 g, 10.63 mmol) in 50 mL of dichloromethane.
The reaction mixture was cooled to 0 °C and 3 M HCI (25 mL)
was added while maintaining the solution temperature below
0 °C. Then, the temperature of reaction mixture was raised to
room temperature and stirring was continued with same for 2 h.
Afterward, the reaction mixture was neutralized with 20 mL
of saturated NaHCO; solution and stirred for an additional 2 h.
The resulting precipitate was filtered, washed multiple times
with deionized water and subsequently washed with cold
methylene chloride to obtain product 5 as white solid in 70%
yield. '"H NMR (300 MHz, CDCl;) 8 ppm: 7.19 (d, J = 10.2
Hz, 1H), 6.34 (dd, J = 10.2, 1.8 Hz, 1H), 6.09 (s, 1H), 4.83 (d,
J=16.5,1H),4.58 (br. s, 1H), 4.28 (d, J = 16.5 Hz, 1H), 2.83
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(a) Acetic anhydride, pyridine, DMAP, DCM, 30 °C, 20 h; (b) 3 M HCl (aq.) 30 °C, 2 h; (c) Butyric anhydride, pyridine, DMAP, DCM, 30 °C, 24 h;
(d) 3 M HCI (aq.) 30 °C, 2 h; (e) Propionic anhydride, pyridine, DMAP, DCM, 30 °C, 20 h; (f) 70% HBr (aq.) 30 °C,2 h

Scheme-I: Synthetic routes of compounds 4-9

(dd, J = 14.1, 3.3 Hz, 1H), 2.69-2.61 (m, 2H), 2.45-2.37 (m,
3H),2.27-2.22 (m, 2H), 2.20-2.14 (m, 4H), 1.94-1.83 (m, 4H),
1.75-1.65 (m, 1H), 1.34 (d, J = 7.5 Hz, 3H), 1.22-1.17 (m, 5H),
0.99 (s, 3H); MS (ESI) m/z 507.1 [M+H]"; HPLC: Retention
time (RT) = 11.443 min, purity = 95.01%.
9-Chloro-11B-hydroxy-16B-methyl-3,20-dioxo-17-
(propanoyloxy)pregna-1,4-dien-21-yl butanoate (7): A dry,
clean round-bottom flask was used to dissolve compound 3
(4.0 g, 7.88 mmol) in 20 mL of dichloromethane. 4-Dimethyl-
aminopyridine (100 mg, 0.78 mmol) and pyridine (0.75 mL,
9.46 mmol) were added to the reaction mixture at room tempe-
rature under an argon atmosphere. After the addition was over,
butyric anhydride (1.55 mL, 9.46 mmol) was added dropwise
to the reaction mixture and stirred for 24 h. The solution was
then poured into water and the organic layer was washed with
IM HCI. The separated organic layer was dried over anhydrous
Na,SO,. The solvent was removed using a rotary evaporator
to obtain the crude product. The crude solid was purified by
recrystallization from acetone/pet. ether (2:1) to afford com-
pound 6 in 80% yield. MS (ESI) m/z 499.6 [M+H]".
Compound 6 (1.0 g, 2.0 mmol) was taken in a round-bottom
flask and the reaction mixture was cooled to 0 °C and 3M HCl
(3.35 mL, 10 mmol) was slowly added to the flask, maintaining
the solution temperature below 0 °C. The reaction mixture was
allowed to warm to room temperature for 2 h. The reaction
mixture was then neutralized with 20 mL of saturated NaHCOs
solution until neutral conditions were reached and stirred for
1 h. The precipitate obtained was filtered and washed with
deionized water (three times), followed by washing it with ethyl

acetate to obtain product 7 as white solid (Scheme-I). Yield:
70%; 'H NMR (300 MHz, DMSO-ds) 8 ppm: 7.30 (d, J = 9.9
Hz, 1H), 6.24 (dd, J = 10.2,2.1 Hz, 1H), 5.99 (s, 1H), 5.70 (d,
J=5.4Hz, 1H), 4.71 (d, J = 16.8 Hz, 1H), 445 (d, J = 17.1
Hz,2H), 2.75-2.58 (m, 3H), 2.45-2.32 (m, 6H), 2.19-2.06 (m,
2H), 1.89-1.80 (m, 2H), 1.71-1.69 (m, 1H), 1.64-1.50 (m, 6H),
1.23 (d, J=7.2Hz,4H), 1.18-1.14 (m, 1H), 1.04 (t, /= 8.4,7.5
Hz, 3H), 0.91 (q, 6H); MS (ESI) m/z 535.1 [M+H]"; HPLC:
Retention time (RT) = 12.457 min, purity: 99.53%.
Synthesis of 9-bromo-11B-hydroxy-16p3-methyl-3,20-
dioxopregna-1,4-diene-17,21-diyl dipropanoate (9): In a dry,
clean round-bottom flask, compound 3 (1.0 g, 2.23 mmol)
was dissolved in 20 mL of dichloromethane. 4-Dimethylamino-
pyridine (28 mg, 0.23 mmol) and pyridine (0.23 mL, 2.80
mmol) were added to the reaction mixture at room temperature
under an argon atmosphere. After the addition, propionic
anhydride (0.36 mL, 2.80 mmol) was added dropwise to the
reaction mixture and stirred for 20 h. The solution was then
poured into water and the organic layer was washed with 1.0
M HCI. The separated organic layer was dried over anhydrous
Na,SO.. The solvent was removed using a rotary evaporator
to obtain the crude product. The crude solid was purified by
recrystallization from acetone/pet ether (2:1) to afford
compound 8 in 85% yield; MS (ESI) m/z 485.5 [M+H]".
Compound 8 (500 mg, 1.03 mmol) was taken in a round-
bottom flask and cooled to 0 °C in a nitrogen atmosphere and
70% aqueous HBr (10 mL) was slowly added to the flask,
maintaining the solution temperature at 30 °C. The reaction
mixture was allowed to stay at the same temperature for another
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2 h. The reaction mixture was then neutralized with 40 mL of
saturated NaHCOj solution and stirred for another 1 h. The
precipitate obtained was filtered and washed with deionized
water, followed by washing with ethyl acetate and methy]l fert.-
butyl ether to afford product 9 as white solid (Scheme-I). Yield:
70%; '"HNMR (300 MHz, DMSO-d) 8 ppm: 8.31 (s, 1H), 7.33
(d,J =10.2 Hz, 1H), 6.24 (dd, J = 10.2, 1.8 Hz, 1H), 5.98 (s,
1H),5.72 (d, J = 5.7 Hz, 1H), 4.71 (d, J = 16.8 Hz, 1H), 4.62
(d,J=2.4Hz, 1H), 445 (d,J = 17.1 Hz, 1H), 2.82 (dd, J =
16.5,7.5Hz, 1H),2.72-2.58 (m, 1H), 2.46-2.36 (m, 4H), 2.34-
2.05 (m, 4H), 1.93-1.82 (m, 2H), 1.76 (dd, J =13.5, 1.8 Hz,
1H), 1.65 (s, 3H), 1.58-1.48 (m, 1H), 1.27-1.22 (m, 3H), 1.06
(t,J =15,7.5Hz, 6H), 0.87 (s, 3H); MS (ESI) m/z 565.2 [M+H]";
HPLC: Retention time (RT) = 12.060 min, purity: 97.80%.
Synthesis of 9,11B-dichloro-16p-methyl-3,20-dioxo-
pregna-1,4-diene-17,21-diyl dipropanoate (12): Beclometh-
asone dipropionate (2.0 g, 3.83 mmol) was taken in a round-
bottom flask and dissolved in 5 mL. DMF. The reaction mixture
was cooled to 0 °C and thioglycolic acid (0.32 mL, 4.60 mmol)
was added to flask, maintaining the solution temperature below
0°C. After 10 min of interval time, 10% aqueous CrCl, solution
(40 mL) was added. The reaction mixture was allowed to warm
to 50-55 °C for 2 h. The reaction mixture was then neutralized
with 20 mL of saturated NaHCOj; solution. The organic layers
were separated, washed with a saturated NaCl solution and dried
with Na,SO,. The solvent was evaporated and the residue was
purified by column chromatography on a silica gel column; elution
with DCM and methanol (10%) affords compound 10 as white
solid (Scheme-II). Yield: 50%; MS (ESI) m/z 487.60 [M+H]".
Compound 10 (1.0 g, 2.05 mmol) and pyridine (0.20 mL,
2.46 mmol) were dissolved in DMF (5 mL) at 0 °C followed
by the addition of methane sulfonyl chloride (0.24 mL, 3.08

mmol) dropwise in a round bottom flask. The reaction mixture
was stirred at room temperature under argon atmosphere for 1 h;
after that the temperature was increased to 90 °C for another
12 h. After the completion of the reaction, quenched the reaction
mixture with saturated NaHCO; solution and extracted with
ethyl acetate. The ethyl acetate layer was dried over anhydrous
NaSO; and the solvent was removed under reduced pressure
to obtain the crude product. The crude product was recrystal-
lized by using the n-hexane and ethyl acetate (1:1) system to
obtain compound 11 (Scheme-II). Yield: 60%; MS (ESI) m/z
469.59 [M+H]".

Compound 11 (500 mg, 0.92 mmol) dissolved in chloro-
benzene (5.0 mL) at 0 °C was added to pyridine (0.15 mL,
1.85 mmol) in a round-bottom flask followed by the slow drop-
wise addition of sulfuryl chloride solution (0.20 mL, 1.39 mmol)
for 30 min. The reaction mixture was then allowed to stir at
room temperature for an additional 2 h. Then the reaction mix-
ture was quenched with saturated NaHCOj; solution (pH 8).
The reaction mixture was extracted with DCM, the organic layer
dried over anhydrous Na,SO, and the solvent was removed
under reduced pressure to obtain the crude product. The crude
product was purified by column chromatography using DCM
and methanol eluent (10%) to obtain compound 12 as white
solid (Scheme-II). Yield: 58%; 'H NMR (300 MHz, DMSO-
ds) O ppm: 7.27 (d, J = 10.2 Hz, 1H), 6.27 (dd,J = 8.7, 1.2 Hz,
1H), 6.00 (s, 1H), 5.07 (d, J = 2.4 Hz, 1H),4.75 (d, J = 17.1
Hz, 1H), 4.38 (d, J = 16.8 Hz, 1H), 3.09 (dd, J = 14.4, 4.5 Hz,
1H), 2.87-2.77 (m, 1H), 2.72-2.58 (m, 1H), 2.45 -2.37 (m,
5H), 2.25-2.08 (m, 3H), 1.94-1.86 (m, 2H), 1.70 (s, 3H), 1.58-
1.45 (m, 1H), 1.24 (d, J = 7.2 Hz, 3H), 1.15-1.11 (m, 1H),
1.04 (q, 6H), 0.96 (s, 3H); MS (ESI) m/z 539.2 [M+H]*; HPLC:
Retention time (RT) = 12.980 min, purity: 99.70%.

(a) Thioglycolic acid, 10% aq. CrCl,, DMF, 50-55 °C, 2 h; (b) Methanesulfonyl chloride, pyridine, 90 °C, 12 h;
(¢) Sulfuryl chloride, pyridine, chlorobenzene, 30 °C, 2 h

Scheme-II: Synthesis of compounds 10-12
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In silico molecular docking studies

Protein preparation: The three-dimensional structure of
the glucocorticoid receptor (GR) was retrieved from the Protein
Data Bank (PDB) (PDB id: 1M2Z) [17] and structure was imp-
orted to the Maestro workspace, the protein was pre-processed
and missing loops were added using the prime module of the
Schrddinger suite. The process of hydrogen bond optimization
was done using an H-bond optimizer. Water molecules beyond
3.0 A were removed from the protein structure. The crystal
structure of the protein was subjected to minimization of the
structural energy and relaxed for the lowest energy conforma-
tional state using Optimized Potentials for Liquid Simulations
(OPLS-2005) from the Schrodinger suite of tools [18].

Ligand preparation: The ligand preparation was done
with Ligprep 2.5 from the Schrodinger suite, which allows
for the hydrogen for the ligand, conversion of two-dimensional
(2D) to a three-dimensional (3D) structure, realistic bond lengths
and bond angles, low-energy structure with correct chiralities,
ionization states, tautomers, stereochemistry and ring confor-
mations [19]. Ionization states were generated at pH 7.0 + 2.0
using an inbuilt Epik module in the Schrédinger suite. Stereo-
isomers were generated with unassigned stereo genic centers,
with a maximum of 32 stereoisomers per ligand. Optimized
Potentials for Liquid Stimulations Force Fields (OPLS-2005)
were used for minimization; only the lowest energy conform-
ation was kept for each ligand.

Induced fit docking (IFD) method: Glucocorticoid rece-
ptor (GR) complex structure was carried out in the molecular
docking studies. The active site residual information obtained
from the crystal structure of the GR. In order to keep the recep-
tor as flexible for docking studies, a molecular docking proto-
col called induced fit docking (IFD) were used [20]. The IFD
docking studies were carried out in three consecutive steps. In
first step, the receptor was kept as rigid and ligands were freely
allowed to interact with the receptor. The scaled-down van
der Waals (vdW) radii. A vdW scaling of 0.5 was used for both
the ligand and the protein. In second step, Prime was used to
generate the induced-fit protein-ligand complexes. Each of
the structures from the previous step was subjected to side-
chain and backbone refinements. All residues with at least one
atom located within 4.0 A of each corresponding ligand pose
were included in the Prime refinement. The refined complexes
were ranked by Prime energy and the receptor structures within
30 kcal mol™ of the minimum energy structure were put through
to a final round of Glide docking and scoring [21]. Finally, the
obtained binding poses were evaluated through the Glide
empirical scoring function.

RESULTS AND DISCUSSION

Four BDP derivatives, namely beclomethasone 21-(acety-
loxy)-9-chloro-11pB-hydroxy-16B-methyl-3,20-dioxopregna-
1,4-dien-17-yl propanoate (5), 9-chloro-11p-hydroxy-1683-
methyl-3,20-dioxo-17-(propanoyloxy)-pregna-1,4-dien-21-yl
butanoate (7), 9-bromo-11B-hydroxy-16B-methyl-3,20-
dioxopregna-1,4-diene-17,21-diyl dipropanoate (9) and 9,113~
dichloro-16B-methyl-3,20-dioxopregna- 1,4-diene-17,21-diyl

dipropanoate (12), were synthesized as outlined in Schemes
I-II. The formation of these compounds has been confirmed
by mass, NMR spectral data and purity levels were determined
using HPLC analysis. To the best of our knowledge, only the
crystal structure was reported for compound 9 from 170,21
dihydroxy-163-methylpregna-1,4,9-triene-3,20-dionedipropio-
nate as a key starting material was reacted with 1,3-dibromo-
5,5-dimethylhydantoin.

BDP derivatives 5, 7 & 9 were synthesized from comm-
ercially available 16-f-methyl epoxide (1) in the steps shown
in Scheme-1. Step-1 involves the treatment of compound 1
with triethyl orthopropionate in the presence of p-toluene-
sulfonic acid in DMF at 80 °C for 5 h, which results in the
formation of cyclic intermediate 2. This intermediate was then
reacted with aqueous solution of AICI; for 12 h to produce the
key intermediate, beclomethasone 21-hydroxy 17-propionate
(3) [16], in the quantitative yields. Further reactions of comp-
ound 3 with acetic anhydride, butyric anhydride and propionic
anhydride in the presence of pyridine yield epoxide interme-
diates 4, 6 and 8. Of these, compounds 4 and 6 were hydrol-
yzed by 3 M HCl to give compounds 5 & 7, respectively. In
addition, compound 9 was synthesized by the treatment of
compound 8 with 70% aqueous HBr at room temperature, yiel-
ding brominated derivative 9. The synthesis of 1-chlorobeclo-
methasone 17,21-dipropionate (12) involves a 9-deschlorination
process starting from BDP. The BDP was reacted with thio-
glycolic acid in the presence of 10% aqueous CrCl, solution
at 50 °C for 2 h yielding 9-deschlorination compound 10. It
was then subjected to mesylation and followed by the elimi-
nation using methane sulfonyl chloride in the presence of
pyridine to give compound 11 with a 60% yield. The synthesis
of compounds 10 and 11 was carried out from the modification
of the reported procedures [22,23]. Finally, compound 11 was
reacted with sulfuryl chloride in chlorobenzene, leading to the
formation of 11-chloro beclomethasone-17,21-dipropionate
(12) with a yield of 58%.

All compounds 2-12 and their product formation were
confirmed from TLC analysis and its observed required [M + H]*
ion peak in the mass spectra. For compounds 5, 7, 9 and 12,
the [M + H]" values were observed at m/z 507.1, 535.1, 565.2
and 539.2, respectively. Particularly, the presence of Cl in
compounds 5, 7 & 12 and Br in compound 9, was confirmed
by its characteristic isotopic patterns consistent with their
calculated molecular weight.

In the 'H NMR spectral data of compound 5, the introd-
uction of the acetate group at C21 is confirmed by the obser-
vation of new signals for the acetate methyl group at & 2.20-
2.14 ppm. Further for compound 7, the butyrate entry at C21
is confirmed by the observation of the terminal methyl signal
at 8 1.04 ppm. For compound 9, the substitution of Cl to Br on
the C9 carbon results in a significant downfield shift of olefinic
protons at 6 8.31 ppm due to the electron-withdrawing effect
of Br. In compound 12, the chemical shift of the olefinic proton
shifts to deshielded region at § 7.27 ppm as a result of the substitu-
tions of Cl at C9 & C11 carbons. These specific observations
support the structural conformation of BDP derivatives. Further-
more, the HPLC results of compounds 5, 7, 9 and 12 show
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that the synthesized BDP derivatives have high purity levels,
ranging from 95% to 99%.

Molecular docking study: Molecular docking studies
were performed on synthesized BDP derivatives (5, 7, 9 and
12) to investigate their binding affinity. It shows that adding
propionate esters at C17 and C21 increased the lipophilicity
and potency of BDP, thus to verify this, the docking studies
were conducted on beclomethasone and BDP. The crystal
structure of glucocorticoid receptor, complexed with dexame-
thasone (co-crystal ligand), was obtained from the Data Bank.

Docking results were evaluated based on the docking
score, glide energy and hydrogen bonds, with parameters are
listed in Table-1. Compound 5 having strong docking score
and glide energy (-14.89 and -73.50 kcal/mol) is significantly
higher than other compounds, even compared to BDP. ASN564
having hydrogen bond interaction its bifurcated with the hydroxy
atom and keto group, respectively. And one more bifurcation
of methoxy group was having strong interaction with ARG611
& GLNS570, respectively. The docking score and glide binding
energies for similar cocrystal values of -15.82 and-63.91 kcal/
mol, respectively. The docking score and binding energy for
BDP were -14.32 and -72.30 kcal/mol, respectively, which are
similar to those of the co-crystal (—15.82 and -63.91 kcal/mol).

To analyze the strong binding affinity of protein-ligand
interactions, hydrogen bond interactions were analyzed for
all compounds. The synthesized BDP derivatives (5, 7, 9 and
12) formed strong hydrogen bonds with the active site residues
of the target protein, with the key amino acids of GLN570,
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ASN564 and GLN642, respectively. Among these, GLN642
played a crucial role in hydrogen bonding interactions in the
active site region of the glucocorticoid receptors for all the
compounds, including beclomethasone, BDP and the cocrystal,
along with the other aminoacids such as ASN564, THR739
and GLN570, respectively.

The BDP derivatives exhibit favourable key hydrogen
bond interactions and binding energetics. Furthermore, the
obtained docking results of BDP derivatives are comparable
to those of standard drug and co-crystal. The detailed protein-
ligand interactions, including key residues involved in the inter-
molecular interactions, are shown in Fig. 2. The BDP derivatives
form hydrogen bonds within the active site of the glucocorti-
coid receptor. Among all the docked compounds, compound
5 demonstrated the most significant binding contribution
through both non-bonded and hydrogen bonding interactions.
Thus, the present results show that the synthesized BDP deriv-
atives have a significant potential for inhibiting and binding
to the glucocorticoid receptor.

Conclusion

Four BDP derivatives were synthesized and its structures
were confirmed using mass & NMR spectral data and purity
by HPLC analysis. In silico molecular docking studies
revealed, all the synthesized derivatives bind effectively within
the ligand-binding domain of glucocorticoid receptor. Among
the synthesized compounds, compound S has shown the most
significant binding contribution through hydrogen bonding

VAL
ALA LEw, ‘s71) PHE
605 566 623
'f‘wf;’ 152
GLN P
78 .
ALA &5
607 MET
&l
604
LEU
“08
PHE o
623 50
BDP Co-crystal (PDB id: 1M22)

Fig. 2. Key interacting residues involved in the intermolecular interactions of co-crystallized inhibitor of glucocorticoid receptor (PDB:

1M2Z) with the BDP derivatives, beclomethasone and BDP
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TABLE-1
DOCKING RESULTS OF COMPOUNDS AGAINST HUMAN GLUCOCORTICOID RECEPTOR
Compounds Docking score (kcal/mol) Glide energy (kcal/mol) Hydrogen bond interactions
5 -14.89 -73.50 GLN570, ASN564, ARG611
7 -14.44 -75.88 GLN642, ASN564
9 -14.62 -70.22 GLN642
12 -14.75 -63.16 GLN642
Beclomethasone -14.06 -63.33 GLN642, ASN564, THR739
BDP -14.32 -72.309 ASN564
Cocrystal -15.82 -63.91 GLN570, ASN564, GLN642
interactions. Overall, beclomethasone dipropionate analogs 10.  A. Ahmet, H. Kim and S. Spier, Allergy Asthma Clin. Immunol., 7, 13

show promise as potential lead compounds targeting the gluco-
corticoid receptor.
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