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Abstract

Type 2 diabetes mellitus remains a critical metabolic disorder requiring novel thera-
peutic approaches. In this work, a library of 1-deazapurine derivatives was evalu-
ated as x-glucosidase inhibitors through molecular docking with MOE software. The
three top-ranked ligands—Methyl 6-(2-hydroxybenzoyl)-3-(2-phenylethyl)imidazo[4,5-b]
pyridine-5-carboxylate (—6.1247 kcal /mol), 5-(furan-2-yl)-3-(4-methoxybenzyl)-2-phenyl-
7- (trifluoromethyl)imidazo[4,5-b]pyridine (-5.7030 kcal/mol), and 3-[2-phenylethyl]-5-
thio phen-2-yl-7-(trifluoromethyl)imidazo[4,5-b]pyridine (-5.5403 kcal/mol)—were further
validated by molecular dynamics simulations. ADMET and drug-likeness predictions
confirmed favourable pharmacokinetic behaviour, gastrointestinal absorption, and oral
bioavailability. These findings highlight 1-deazapurines as promising scaffolds for develop-

ing new o-glucosidase inhibitors targeting type 2 diabetes.

Keywords: a-glucosidase inhibition; molecular docking; molecular dynamics; ADMET;
type 2 diabetes

1. Introduction

Type 2 diabetes mellitus (T2DM) is the predominant form of diabetes, characterised
by chronic hyperglycaemia that predisposes patients to cardiovascular disease, renal
dysfunction, neuropathy, and retinopathy. Global projections indicate that more than
700 million people may be affected by 2045 [1]. Vascular complications contribute signifi-
cantly to mortality, making T2DM a major public health concern [2].

Among therapeutic strategies, alpha-glucosidase inhibitors (AGIs) are widely used
to slow carbohydrate hydrolysis in the gastrointestinal tract, thereby moderating glucose
absorption and postprandial glycaemia [3]. Compounds such as acarbose and migli-
tol are effective and generally safe, with additional cardiovascular benefits reported for
acarbose [4]. However, their gastrointestinal side effects often limit patient adherence [5].
Other oral antidiabetic agents, although effective, are associated with hepatic toxicity,
hypoglycaemia, or gastrointestinal discomfort after prolonged use [6]. These drawbacks
emphasise the demand for alternative molecules with improved tolerability and efficacy.

Chem. Proc. 2025, 18, 33

https://doi.org/10.3390/ecsoc-29-26911


https://doi.org/10.3390/ecsoc-29-26911
https://doi.org/10.3390/ecsoc-29-26911
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/chemproc
https://www.mdpi.com
https://orcid.org/0000-0001-9611-7606
https://orcid.org/0000-0002-5378-9864
https://sciforum.net/event/ecsoc-29
https://doi.org/10.3390/ecsoc-29-26911
https://www.mdpi.com/article/10.3390/ecsoc-29-26911?type=check_update&version=1

Chem. Proc. 2025, 18, 33

2 0f 8

e

F

F

>N

=
N | ~N
N=/ E _—
/Cz . N/%
F N/
7

L1

The 1-deazapurine scaffold (imidazo[4,5-b]pyridine) has gained attention as a phar-
macophore with diverse biological properties, including anticancer and anti-inflammatory
activity [7]. Its structural analogy with purines explains its broad activity spectrum and
highlights its potential as a basis for drug development [8].

In this context, fifteen derivatives of 1-deazapurines were evaluated as potential
a-glucosidase inhibitors. Computational techniques—molecular docking, molecular dy-
namics, and ADMET analyses—were employed to identify ligands with strong binding
affinity, assess stability within the enzyme active site, and predict pharmacokinetic suitabil-
ity compared with existing therapeutic options.

2. Materials and Methods
2.1. Ligand Preparation

Fifteen derivatives of 1-deazapurines (L1-L15) were designed and sketched using
MOE 2014 software [9]. Their chemical diversity arises from variations such as methyl,
tert-butyl, phenyl, methoxybenzyl, hydroxyphenyl, and thiophenyl substituents placed
on the imidazo[4,5-b]pyridine core (Figure 1). Energy minimisation of all ligands was
performed using MOPAC with the AM1 method.

L2

Figure 1. Cont.
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Figure 1. Chemical structures of the 1-deazapurine derivatives (L1-L15).

2.2. Protein Preparation and Docking Validation

The crystal structure of alpha-glucosidase (PDB ID: 3L4Y; resolution 1.80 A) was re-
trieved from the Protein Data Bank. Missing residues were refined with UCSF Modeller [10].
All water molecules and extraneous chains were removed, and the protein was protonated
at pH 7.0 before energy minimisation using the MMFF94x force field.

Binding sites were identified with the MOE Site Finder module. Method validation
was achieved by re-docking the native ligand (NR4), which reproduced the experimental
pose with an RMSD of 1.33 A, confirming the robustness of the docking protocol [11,12].

2.3. Prediction of Pharmacokinetic Properties

ADMET features were estimated using the pkCSM server [13], covering gastroin-
testinal absorption, blood-brain barrier passage, cytochrome P450 inhibition, and tox-
icity endpoints [14]. Drug-likeness was further checked via SwissADME according to
Lipinski [15], Veber [16], Ghose [17], Egan [18], and Muegge [19] rules. The BOILED-Egg
model predicted both intestinal absorption and brain penetration [20].

2.4. Molecular Dynamics Simulations

The stability of ligand—protein complexes was evaluated through molecular dynam-
ics (MD) simulations. For the best-ranked ligands, trajectories were analysed to assess
conformational stability, hydrogen-bond persistence, and dynamic behaviour within the
binding pocket [21].

3. Results and Discussion
3.1. Docking Outcomes and Binding Affinities

Molecular docking analyses demonstrated pronounced differences in the binding
affinities of the 1-deazapurine derivatives towards «-glucosidase (PDB: 3L4Y). Calculated
binding energies ranged from —6.12 to —4.22 kcal/mol, with three compounds—L14,
L11, and L4—consistently emerging as the top performers. Among them, L14 (methyl
6-(2-hydroxybenzoyl)-3-(2-phenylethyl)imidazo[4,5-b]pyridine-5-carboxylate) exhibited
the most stable complex (—6.12 kcal/mol), followed by L11 (—5.70 kcal/mol) and L4
(—5.54 kcal/mol). These binding energies surpass those of several established -glucosidase
inhibitors reported in the literature [21,22]. Stabilisation of these ligand—enzyme complexes
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(A) 3L4Y_L14

was primarily driven by - stacking interactions, extensive hydrogen bonding with key
residues, and hydrophobic contacts within the active site.

The validation step, based on re-docking of the native ligand NR4, yielded an RMSD
of 1.33 A, confirming methodological reliability. This agreement ensures that the docking
protocol can capture both orientation and binding strength with acceptable accuracy [23].

3.2. Key Interactions at the Binding Pocket

Comprehensive mapping of the binding interactions revealed that the most potent
derivatives strategically engaged key residues within the active site. L14, for example,
formed robust hydrogen bonds with Met444 and Thr205 (Figure 2), whereas both L11 and
L4 established contacts with Asp542; notably, L4 additionally hydrogen-bonded to GIn603,
reinforcing its anchoring. Although these contacts lie outside the classical catalytic triad
(Asp202, Glu276, Asp340), they contribute substantially to ligand retention and orientation
within the pocket and thus to inhibitory potency. By contrast, low-activity compounds such
as L2 and L8 were largely confined to superficial, predominantly van der Waals interactions,
consistent with their poorer energy scores.

(B) 3L4Y_L14

Figure 2. Representative binding conformation of L14 within the catalytic pocket, showing hydrogen
bonds with Met 444 and Thr 205 and hydrophobic contacts with aromatic residues.

Examination of substituent effects clarified structure-activity relationships: phenethyl
and furyl substituents (L14, L11) enhance polar contact networks and hydrogen-bonding
capacity, while thiophene and phenethyl motifs in L4 promote pronounced m— stacking
with aromatic residues, augmenting hydrophobic stabilisation. These observations demon-
strate that subtle electronic and steric modifications to the imidazo[4,5-b]pyridine core can
finely tune both enthalpic and entropic components of binding, offering clear leads for
rational optimisation of potency and pharmacokinetic profile [24].

3.3. Pharmacokinetic Predictions and ADMET Profile

The pkCSM and SwissADME servers provided valuable insights into the pharmaco-
logical behaviour of the designed molecules. Most ligands demonstrated high predicted
gastrointestinal absorption and satisfactory permeability across intestinal barriers. Notably,
L14 and L11 adhered to both Lipinski and Veber’s rules, suggesting their suitability for
oral bioavailability. The BOILED-Egg model positioned L14 and L4 in the “white region”,
reflecting good human intestinal absorption and a limited risk of blood-brain barrier
penetration—an advantageous property for antidiabetic agents, as central side effects
are undesirable [25].
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Metabolic stability predictions revealed that several ligands are unlikely to inhibit ma-
jor cytochrome P450 isoforms (CYP3A4, CYP2D6), thereby reducing the risk of drug—-drug
interactions. Toxicity analysis further indicated low hepatotoxicity and mutagenic risks
for L14 and L11, in contrast to some derivatives bearing bulky aromatic substituents [26].
Overall, the ADMET data reinforce the view that a subset of compounds, notably L14 and
L11, combine high enzyme affinity with favourable pharmacokinetic behaviour.

3.4. Molecular Dynamics Simulations

To complement static docking, molecular dynamics (MD) simulations were conducted
on the three top-ranked ligands over a 100 ns timescale. Root mean square deviation
(RMSD) trajectories revealed that initial deviations in all complexes were followed by rapid
stabilisation. The L11 complex remained particularly stable throughout the simulation, and
the L14 complex also displayed a stable trajectory, in contrast to L4, which showed more
significant fluctuations.

Hydrogen-bond analysis provided further evidence, with L14 maintaining a consistent
number of bonds (0-1), while L11 exhibited a slightly higher range (0-2). The radius of
gyration (Rg) and solvent-accessible surface area (SASA) values indicated that the ligands
did not induce significant structural changes in the protein. Notably, the L11 complex
demonstrated the lowest SASA value, suggesting a more compact and less solvent-exposed
structure compared to L14 and L4.

Collectively, the MD data validate the docking predictions and reinforce the position
of both L14 and L11 as the most promising lead candidates [27].

3.5. Comparative Interpretation with Reference Drug

For benchmarking, the interaction patterns of acarbose, a clinically used x-glucosidase
inhibitor, were compared with the best-performing derivatives. While acarbose achieved
comparable hydrogen bonding, its bulky saccharide structure rendered its oral absorp-
tion prediction unfavourable in pkCSM. In contrast, L14 and L11 combined compact
heteroaromatic scaffolds with acceptable ADMET characteristics, making them promising
small-molecule alternatives. Furthermore, the binding free energies of L14 (—6.12 kcal/mol)
and L11 (—5.70 kcal/mol) were close to or better than reported values for acarbose ana-
logues [28,29]. This highlights the therapeutic potential of imidazo[4,5-b]pyridine scaffolds
to serve as next-generation x-glucosidase inhibitors.

3.6. Structure—Activity Relationship Insights

Analysis across the series revealed important structure—activity relationship (SAR)
trends. Substitution at the C-6 position with hydroxybenzoyl moieties (as in L14 and
L15) enhanced hydrogen bonding and polar interactions, translating into higher affinity.
Incorporation of thiophene rings (L4, L9) contributed to m—m stacking but sometimes
compromised solubility. Bulky tert-butyl substituents (L2, L5, L7, L8 and L9) tended to
reduce activity, possibly due to steric hindrance. The overall pattern confirms that balanced
polarity and aromaticity are critical determinants of activity within this scaffold family [30].

3.7. Broader Pharmacological Implications

Beyond their antidiabetic potential, deazapurine derivatives are known to exhibit di-
verse pharmacological activities. The present results extend their relevance to carbohydrate
metabolism, reinforcing the versatility of this scaffold in drug discovery. The relatively
simple synthetic accessibility of these compounds, coupled with their favourable pharma-
cokinetic predictions, provides a strong rationale for further preclinical exploration [15].
Moreover, their compact aromatic frameworks may facilitate derivatisation into multifunc-
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tional agents capable of addressing not only glycaemic control but also oxidative stress,
which often accompanies diabetes progression [31].

3.8. Limitations and Perspectives

While computational approaches provide valuable insights, certain limitations must
be acknowledged. The sample size of 15 derivatives, though adequate for preliminary
screening, does not cover the full structural diversity of deazapurines. Moreover, in
silico predictions cannot fully substitute for experimental pharmacokinetic and toxicity
assessments. Sensitivity of docking scores to algorithmic parameters is another source
of uncertainty, although validation with the co-crystallised ligand mitigated this concern.
Future work should therefore involve in vitro enzymatic assays to confirm inhibitory
activity, followed by in vivo models to assess pharmacodynamics and safety. Extending
the structural library with tailored modifications—such as halogen substitutions or fused
heterocycles—may further improve potency and selectivity [32].

4. Conclusions

The computational evaluation of 1-deazapurine derivatives against «-glucosidase
revealed that a subset of compounds, particularly L14 and L11, exhibit strong binding
affinities, stable ligand—enzyme interactions, and favourable pharmacokinetic predictions.
Molecular dynamics confirmed the persistence of key hydrogen bonds, while ADMET
analyses highlighted their suitability for oral administration with limited toxicity risks.
These outcomes suggest that selected deazapurines represent promising scaffolds for the
design of novel a-glucosidase inhibitors with potential applications in type 2 diabetes man-
agement. Nonetheless, experimental validation remains essential to confirm efficacy and
safety, and future optimisation may enhance potency and broaden therapeutic relevance.
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