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Abstract

A series of novel isoxazolidines based on benzaldehyde derivatives have been synthesized from
the cycloaddition of chiral menthone-based nitrone and allyl phenyl ethers. All synthetic
compounds were assessed for their in vitro PPA, HPA and HLAG inhibitory activity. The
results revealed that all targets exhibited better inhibitory effect against PPA (12.3 < 1Cso < 38.2
uM), HPA (10.1+0.4< ICsp < 26.8+0.2 M) and HLAG (65.4%1.2< ICso < 274.8+1.1uM) when
compared with the reference inhibitor, acarbose (1Cs0=284.6+0.3 uM for PPA, 296.6+0.8 uM
for HPA, 780.4+0.3 uM for HLAG) with the highest PPA inhibitory activity was ascribed to
compound 3g against both PPA and HPA, and 3b against HLAG enzymes, respectively.
Structural activity relationships (SARs) were also established for all synthesized compounds
and the interaction modes of the most potent inhibitor (3g) and the active site with residues of
three enzymes were confirmed through molecular docking studies. Furthermore, a combination
of molecular docking analysis with the in vitro activities can help to improve prediction success
and encourages the uses of some of these molecules as potential alternatives toward the
modulation of T2D.

Keywords: 1,3-dipolar cycloaddition, nitrone, isoxazolidine, porcine and human pancreatic a-

amylase activity, a-glucosidase activity, molecular docking.

Introduction

Diabetes syndrome is a life-threatening and chronic endocrine disease which causes type 1
(T1D, insulin-dependent), type 2 (T2D, noninsulin-dependent) and gestational (GDM,
pregnancy) diabetes mellitus (DM), and is characterized by hyperglycemia (defect in insulin
secretion, insulin action or both). According to the estimates from the International Diabetes
Federation (IDF), the global diabetes prevalence in 2019 will be 9.3% (463 million people),
rising to 10.2% (578 million) by 2030 and 10.9% (700 million) by 2045 [1]. Also, 50.1% of
people living with diabetes do not know that they have diabetes with the global prevalence of
impaired glucose tolerance was estimated to be 7.5% (374 million) in 2019 and projected to
reach 8.0% (454 million) by 2030 and 8.6% (548 million) by 2045 with T2D as the predominant
form (around 90%) [1-2]. Therefore, to avoid diabetes complications it is necessary to decrease
the postprandial hyperglycemia (PPHG) by targeting a-amylase (depolymerizing of long chain
carbohydrates) and a-glucosidase (depolymerizing starch and disaccharides into glucose)

enzymes which are involved in the digestion of carbohydrates [3]. Acarbose was considered for



a long time as the most widely prescribed a-amylase and a-glucosidase inhibitors to control
PPHG, however the administration of this drug is associated with a panel of chronic
complications such as gastrointestinal problems, abdominal distention, flatulence and diarrhea
[4]. Consequently, the research for alternative drug candidates to control glucose levels is
crucial for the management of T2DM.

Nitrones have been widely used as precursors for the synthesis of enantiopure organic
compounds endowed with important biological activities such as the heterocyclic isoxazolines
[5], isoxazolidines [6-9], oxazines [10] derivatives and other natural products [11]. In turn, the
isoxazolidine functional group, obtained by 1,3-dipolar cycloaddition between a nitrone and an
alkene, plays a crucial role in several chemical transformations due to the lability of the N-O
bond [12]. In this context, our research team has been interested for some years in the study of
the 1,3-dipolar cycloaddition reaction between chiral nitrones and dipolarophiles to access
natural organic compounds such as 4-hydroxyisoleucine [13], 4-hydroxy-L-ornithine [14], and
other non-naturally occurring compounds such as 4-hydroxyproline derivatives [15],
(aS,3R,4S)-3-glycinyl-4-hydroxypyrrolidine [16] and 4-ylidene (3S)-3-hydroxy-1-aryl (alkyl)-
pyrrolidine-2,5-diones [17]. Additionally, the prediction of possible interactions between
chemical compounds and the target proteins remains a very important task in research and
development process. Also, computational simulations of drug-target interactions using
molecular docking as a robust and reliable approach for the prediction of ligand-receptor
interactions displayed a crucial role for drug discovery.

In this work, we wish to contribute to expanding the use of chiral nitrone derived from (-)-
menthone by synthesizing a new series of polyfunctional isoxazolidines via the 1,3-dipolar
cycloaddition reaction on various alkenes derived from benzaldehyde. Furthermore, in search
of potent anti-diabetic agent, we tried to evaluate their in vitro porcine pancreatic a-amylase
(PPA), human pancreatic a-amylase (HPA) and human lysosomal acid-a-glucosidase (HLAG)
inhibitory effect as well as their in silico molecular docking analysis in order to explore the
binding interaction of the most potent compound in the active site of the enzyme.

Results and discussion

Allyl phenyl ethers 2a-i were synthesized by allylation with allyl bromide of the corresponding
phenols. The reaction of dipolarophiles 2a-i with the menthone-based nitrone 1 [18] through
1,3-dipolar cycloaddition provided the cycloadducts 3a-i with simultaneous creation of two

asymmetric centers and with yields ranging from 80 to 92% (Scheme 1). A structure-yield
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analysis reveals that higher yields are obtained with the cycloadducts having strong electron
Group (OH)'in'the para=position compared fo the Compound 8Bl All cycloadducts 3a-i were

obtained with high diastereo- and regioselectivity and their structures determined based on the
NMR (1D and 2D) data and a single crystal X-ray diffraction study for compound 3g [19]. The
'H NMR spectra of compounds 3a-i clearly indicated that the proton H3 is coupled to H4a with
a coupling constant in the range of Js 42 = 6.6 § 8.7 Hz. The coupling constant between H3 and
H4b tends to zero. We also found that the coupling constant between protons H5 and H4a (Js 4a
> 8 Hz) is greater than that between protons H5 and H4b (Js4, < 6 Hz). As a result of these
observations, and based on literature data for such isoxazolidines [18,20], we can conclude that
the H3 / H4a protons are in a cis relationship and the H3 / H5 protons are in a trans relationship.
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Scheme 1

Experimental 2D NMR methods such as the NOESY and HMBC were used to further determine
the stereo- and regioselectivity of the 1,3-dipolar cycloaddition leading to the 3a-i cycloadducts.
The HMBC spectra of cycloadducts 3a-i indicated the following significant correlation spots:
C=0 (imidazolidinone ring) / H4; C6 / H4a; C6 / H4. On the other hand, no correlation could
be observed between C6 and H3. These observations confirm the regioselectivity of the 1,3-
dipolar cycloaddition reaction between chiral nitrone 1 and dipolarophiles derived from
benzaldehyde 2a-i (Scheme 1).

The NOESY spectrum of compounds 3a-i shows strong correlations between H3 / H4a protons;
H3/H13; H5/ H4b, and mean intensity correlations between H3 / H14 and H5 / H12b protons.
Also, a low intensity correlation was observed between H3 / H4b and H4a / H5 protons. All
these observations further confirm the stereochemistry proposed in Figure 1. Moreover, a
single-crystal X-ray diffraction study (Figure 2) [19] performed with compound 3g further and
unambiguously confirmed the stereochemistry depicted in the Scheme 1.
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Figure 2

In vitro PPA, HPA and HLAG inhibitory effect

All the prepared derivatives 3a—i were screened to evaluate their PPA, HPA and HLAG
inhibitory. The summarized results in Table 1 showed that all compounds displayed significant
activity with 1Cso values in the range of 12.3-38.2+0.4-0.9 uM, 10.1-26.8+0.2-0.4 uM and 65.4-
274.8£1.1-1.2 uM for PPA, HPA and HLAG, respectively in comparison with acarbose(ICso =
284.6+0.3 uM for PPA, 296.6+0.8 uM for HPA, 780.4+0.3 uM for HLAG) known as a-amylase
and a-glucosidase inhibitor. Results revealed that all of the synthesized compounds were found
to be better inhibitors than acarbose with 3g followed by 3a and 3d as the most potent PPA and
HPA inhibitors displaying respectively ICso values of 12.3+0.4 uM and 10.1+0.4 uM (3g),
13.8+0.8 and 14.3+0.5 uM (3a) and 16.2+0.5 and 15.1+0.2 uM (3d). However against HLAG,
compounds 3b (ICs0=65.4+1.2 uM), followed by 3i (87.7+0.8 uM) and 3h (91.2+1.5 uM) were

the most active.

Table 1: Invitro PPA, HPA and HLAG inhibitory activities of compounds 3a-i
Compound | I1Cso (uM) of PPA | 1Cso (uM) of HPA | 1Cs0 (uM) of HLAG

3a 13.8+0.8 14.3+0.5 130.5+0.8
3b 34.7+0.3 23.5+0.3 65.4+1.2
3c 29.4+0.2 20.6+0.4 113.7+0.7
3d 16.2+0.5 15.1+0.2 208.6%1.0
3e 38.2+0.9 26.8+0.2 184.4+1.3
3f 33.6+0.6 24.2+0.9 155.3+0.8



39 12.3+0.4 10.1+0.4 274.8+1.1

3h 25.6%0.2 17.3+0.3 91.2+1.5
3i 22.1+0.3 21.4+0.7 87.7+0.8
Acarbose 284.6x0.3 296.6+0.8 780.4+0.3

Structure-Activity Relationships (SARs)

To optimize PPA, HPA and HLAG potential inhibitory activity in relation to electronic
influence on enzyme inhibition, SARs study may be investigated based on the above results. As
shown, against both PPA and HPA, the most effective compounds 3g, 3d and 3a indicating that
addition of methoxy group to the benzaldehyde moiety at the meta-position (3d) seems to
influence slightly the inhibitory effect of a-amylase when compared to 3a (isoxazolidines in
ortho- position), however the presence of ethoxy group (3g) attached to the benzaldehyde
moiety at the meta- position in comparison to 3c (isoxazolidines moiety in the para-position)
strongly enhanced the a-amylase inhibition, which was confirmed by the observed binding
mode suggesting an increase in the closest residues to the docked ligand in the active site (3g-PPA,
Table 2). Similarly, the methoxylation of 3b (isoxazolidine moiety in the meta- position) in the
para- position to give 3f did not influence the activity (ICso = 34.7£0.3 uM for 3b vs. 33.6+0.6
uM for 3f) suggesting the poorly effect of methoxy group, results were confirmed by their
equipotent docking score (-7.5 kcal mol™?). Additionally and as mentioned above, the position
of the substituted isoxazolidine moiety (ortho-position) in 3a followed by 3b (para-position)
and 3c (meta-position) on the benzaldehyde moiety displayed a strong influence on a-amylase
inhibition, which allows to confirm that the activity is due in major part to the isoxazolidine
part. If we compare compounds 3h (ICso=25.6+0.2 uM) and 3i (ICso = 22.1£0.3 uM) containing
hydroxyl group at the ortho- position with those 3c (ICso = 29.4+0.2 uM) and 3b (ICso =
34.7+0.3 uM), respectively, we note that the highest inhibitory potential of these compounds
may be due to the donating electron effect of hydroxyl group. It is interesting to point out that
introduction of methoxy group at the meta-position having withdrawing effect in 3e compared
to 3¢ decreased the inhibition towards a-amylase.

The great inhibitory potential of 3b (ICso = 65.4+1.2 uM) against HLAG could be due to the
presence of electron-withdrawing isoxazolidine group (meta-position) on the benzaldehyde
moiety which might enhance the activity in comparison to the ortho-isoxazolidine group (3a,

ICso = 130.5+£0.8 uM) and para-isoxazolidine group (3c, I1Cso = 113.7+£0.7 uM) acting as



electron-donating groups. This was confirmed in 3i (ICso = 87.7£0.8 uM) by the presence of
electron donating substituent OH on the benzaldehyde moiety which decrease also the HLAG
activity as compared to 3b (ICso = 65.4+1.2 uM). Although, a decrease in the inhibitory potential
was observed in compounds 3d and 3e bearing methoxy group as compared to 3a and 3c,
respectively as well as when compared to 3g having ethoxy group (vs. 3c), suggesting that the
presence of these groups with hindered steric influence negatively the inhibitory potential of

our compounds. The same trend was shown with 3f.

Structure-Based Docking Studies

The potential antidiabetic activity of the tested targets was performed by evaluating their ability
to inhibit PPA, HPA and HLAG. Molecular docking studies were carried out using AutoDock
Vina software in order (i) to validate and provide the PPA (PDB code: 1HX0), HPA (PDB code:
5EOQF) and HLAG (5NNB8) inhibitory activities and (ii) to determine the binding modes involved
between active binding sites of protein target and our docked synthesized derivatives 3a—i. The
main objective was to identify the best orientation of the ligand in complex with the protein
with the overall minimal energy. As per the molecular docking results presented in Table 2, it
can be concluded that the lowest binding energy (AG) values of compounds 3a (-8.8 kcal mol
1y, 3d and 3g (-8.7 kcal mol™), as well as the highest stability of the ligand-PPA complex are in

good accordance with their promising inhibition activity.

Table 2: Docking binding energies (kcal mol™?), number of H-bonds and number of closest

residues of the docked compounds 3a-i into the active site of PPA.

Compound | Free binding energy | Number of | Number of closest residues to the

(kcal mol?) H-bonds docked ligand in the active site
3a -8.8 2 19
3b -75 1 13
3c -7.8 2 12
3d -8.7 3 21
3e -75 2 11
3f -7.5 1 14
39 -8.7 2 21
3h -7.8 3 11
3i -8.1 4 12

We then generated a number of possible conformations (poses) of the ligand with a particular

dihedral angle within the protein binding site in order to identify the most likely binding
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conformations with global minimum on the potential energy surface. Figure 3A provide the
surface representation of PPA and the sticks representation (cyan color) of the docked

conformation of compound 3g. this compound fit very well in the active site binding pocket.

This pocket represents, in the original structure, the PPA catalytic site bound to the co-
crystallized ligand acarviosine-glucose. In fact, the acarviosine-glucose considered as the
smallest compound of the trestatin family that inhibits PPA and nonetheless is not hydrolyzed
by the enzyme [21]. Figure 3B show the representation of compound 3g in its predicted docked
conformation with more details. We can see that the rings are positioned in two different sub-
pockets that embrace the complete PPA catalytic site. We think that the added benzaldehyde
group in this compound contribute to the stabilization of the ligand by its orientation since they
fit very well in the pocket facing the solvent and add stabilization to the binding energy found
in the rings inside PPA catalytic site [22].

Figure 3. Representation of PPA structure with docking conformation of compound 3g. (A)
Surface representation of PPA and the sticks representation (cyan color) of the docked
conformation of compound 3g. (B) Detailed representation of compound 3g predicted docked
conformation.

In summary, the more favorable predicted binding energy of the conformation 3g, suggest that

this conformation was probably the actual binding modes of this compound.



We have noticed that there is a relationship between the dihedral angle 6 plane formed by the
atoms 1, 2 and 3 and the plane formed by atoms 2, 3 and 4 (Figure 4A) before docking and the
binding energies (AG) values for this series of compounds after docking. Values of dihedral
angles which are between 145° and 160° have the lowest binding energies and the others with
dihedral angles between 80° and 100° have less favorable binding energies. The structures with
a dihedral angle between 145° and 160° show that the added groups are found with a smaller
distance with the original rings in 3a, 3d and 3g than in the other compounds which suggests
the existence of intramolecular interaction between them. This is very interesting because it
shows that when we have an intramolecular interaction between the added groups and the rings,
we have a dihedral angle (defined by atoms 1, 2, 3 and 4) between 145° and 160° degrees and
we predict a better binding energy in the PPA catalytic site. This range of angles seems to give
a structure which fits very well in this site. This is confirmed by the 1Cso values (Figure 4B)

which shows a relationship between the dihedral angles and the inhibitory activity.
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ICso (uM) of compounds 3a-i in function of the dihedral angle 6, (C) ICso (uM) of compounds
3a-i in function of the Docking binding energy

The docking binding are also in agreement with the 1Cso values (Figure 4C). All these results

prove that 3g, 3d and 3a are the most favorable structures that bind to the active site. It suggests

an explanation for our compounds that possess an intramolecular interactions and a certain

range of dihedral angles fit better to the catalytic site. To our knowledge, this is the first time
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that such an explanation is proposed for the inhibition of this protein and this provide new
insights into structure-based design of new inhibitors.

To gain further insights into the interactions mode of the most potent compound 3g in the active
site of PPA and explain the related inhibitory effect in close relationship with the number of
closest residues surrounded the docked compound (Figure 5, Table 2), docking study results
PPA showed that 3g displayed two conventional hydrogen bonding interactions between the
oxygen atom of benzaldehyde carbonyl group and Lys200 of 2.43 A and between the the oxo
group of isoxazolidine moiety and His305 of 1.97 A, respectively. Additionally, several
interactions (alkyl and Pi-alkyl) can established between isoxazolidine moiety and the PPA
active site residues Alal98, Leul62, Vall63, Trp53, Leul65, Trp 58, as well as two carbon
hydrogen bond interactions between methyl group attached to the nitrogen atom of
isoxazolidine moiety and Asp300 and between the hydrogen of benzaldehyde carbonyl group
and His201 interactions, respectively. Also, the interactions involved in the phenyl ring of 3g
are carbon hydrogen bond with His201 of 3.7 A, and r-alkyl with Lys200, n-sigma with 11e235
of 3.61 A and r-cation with His201 of 2.77 A which are responsible of the enhanced stability
in 3g-PPA complex as well as the hydrophobic contacts between benzaldehyde moiety and
Ala307, Tyrl51, Ser199, Val234, Glu233 and Gly306 residues (Figure 6). Taking into account
of all these interaction modes, we can confirm the higher stability the 3g-PPA (-8.7 kcal mol™)
and its strongest inhibitory effect.
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Figure 5: 2D of the closest interactions between the active site residues of PPA and the most
potent compound 3g.

Regarding the results depicted in Table 3, all the stable complexes formed between the docked
isoxazolidine derivatives and HPA exhibited better or equipotent negative binding energy as
compared to PPA complexes suggesting that they are thermodynamically better inhibited by
HPA. It was clear from the docking results that compounds 3a, 3d and 3g having the highest
inhibitory activity (ICso) were found to be the most potent and strongly bounded into the active
site (-8.8 kcal.mol?). The binding interactions (Table 3 and Figure 6) indicated that 3g-HPA
formed one conventional hydrogen bond between the oxygen atom of benzaldehyde carbonyl
group and 11e235 of 2.30 A. Moreover, hydrophobic interactions have been established between
the aromatic ring and 116235 of 3.85 A (Pi-sigma) and His201 of 3.66 A (Pi-cation) which
maintained the improved potency and the stability of the 3g-HPA complex. Also, the HPA
residues Leu162 of 5.14 A and Ala198 of 5.03 A showed r-alkyl interactions with the aromatic
ring, however the isoxazolidine moiety was bounded to HPA residues by eight hydrophobic
interactions (seven mw-alkyl and one m-sigma). Moreover, the presence of hydrophobic
interactions the surrounding the complex 3g-HPA such as Tyr151, Val234, Lys200, Glu233,
Aspl197, His101, Thr163, Leul65 residues enhanced the stability of the complex (Figure 6).
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Table 3: Docking binding energies (kcal mol™?), number of H-bonds and number of closest

residues of the docked compounds 3a-i into the active site of HPA.

Compound | Free binding energy | Number of | Number of closest residues to the

(kcal mol?) H-bonds docked ligand in the active site
3a -8.8 0 15
3b -8.5 1 16
3c -8.5 1 16
3d -8.8 0 16
3e -8.3 1 17
3f -8.1 3 16
3g -8.8 1 18
3h -8.7 2 17
3i -8.4 1 16
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Figure 6: 2D of the closest interactions between the active site residues of HPA and the most
potent compound 3g.

14



Providing the X-ray crystal structure and enzyme kinetics studies on a-amylase, it has been
demonstrated that the active site of a-amylase contain three important residues namely Asp197,
Glu233 and Asp300 [23-24]. Their mechanism of action on the hydrolysis of polymeric
substrates such as starch was conducted as follows: Asp197 acts as a nucleophile, however
Glu233 intervenes in acid-base catalysis during the hydrolysis reaction and Asp300 play a role
in optimizing the orientation of the substrate. Williams et al., [23] using myricetin as an inhibitor
for a-amylase, they found that it can binds at the active site of a-amylase via four hydrogen
bond interactions with GIn63, His101and Asp197 and two hydrophobic interactions with Tyr62
and Leul65, respectively. Also, several amino acid residues such as Trp59, Val98, Leul62,
Vall63, Alal98, and Glu233 can stabilize more the myricetin a-amylase complex. As shown
in Figure 6, our docking results are well correlated with this finding, suggesting that compound
3g was well bounded at the active site of both a-amylase (PPA and HPA) at a place close to the
binding site of myricetin with also the presence of the important 3 residues (Asp197, Glu233
and Asp300) of the active site.

The docking result of our synthesized compound in the active site of a-glucosidase enzyme
showed that the binding energy values ranged from -7.8 to -7.0 kcal mol* with 3b having the
potent inhibitory activity and fits perfectly at the enzyme active site (Table 4, Figure 7). 3b-
HLAG complex was stabilized by the establishment of one conventional hydrogen bond
interactions between the oxygen atom of benzaldehyde carbonyl group and His674 of 2.59 A.
Additionally, the aromatic ring involved w-anion and =-rt stacking interactions between Asp518
of 3.81 A and Phe649 of 5.25 A, respectively. The isoxazolidine moiety interacted with HPA
residues via one carbon hydrogen bond interactions (Asp616) and several alkyl and r-alkyl
interactions. Furthermore, the complex was also stabilized by the presence of hydrophobic
contacts of the benzaldehyde moiety with Trp481, Trp613, Trp516, Arg672, Asp404, lled441

residues (Figure 7).

Table 4: Docking binding energies (kcal mol™?), number of H-bonds and number of closest
residues to the docked compounds 3a-i into the active site of HLAG.

Compound | Free binding energy | Number of | Number of closest residues to the
(kcal mol?) H-bonds docked ligand in the active site

3a -1.4 1 17
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3b -7.8 il 15
3c -7.3 il 14
3d -7.1 il 19
3e -7.0 0 17
3f -7.1 2 18
39 7.0 0 13
3h -7.6 3 14
3i -7.6 3 18
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Figure 7: 2D of the closest interactions between the active site residues of HLAG and the
most potent compound 3b.

Based on the work of Roig-Zamboni et al. [25] on the X-ray crystal structure of HLAG enzyme
with 1-deoxynojirimycin and its derivative N-hydroxyethyl-deoxynojirimycin, it has been
found that the amino-sugar, 1-deoxynojirimycin as a good inhibitor of a-glucosidase can
stabilize the active site of a-glucosidase through hydrogen bonds (Asp404, Asp518, Arg600,
Asp616, and His674) and hydrophobic interactions (Trp376, lle441, Trp516, Met519, Trp613,

and Phe649) [25]. Also, the a-glucosidase residues that can interact with 1-deoxynojirimycin
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are Leud05, Trp481, Asp645, and Arg672 [25]. Additionally, the presence of two active site
residues namely Asp518 and Asp616 mainly act as a catalytic nucleophile and acid/base
respectively in the classical Koshland double displacement reaction mechanism [25]. This is in
good agreement with our docking results confirming that 3b was well bounded at the active site
of a-glucosidase and interacting with many amino acid residues that are involved in the stability

of 1-deoxynojirimycin/a-glucosidase complex (Figure 7).

Conclusion

In summary, we have successfully designed and synthesized a novel class of antidiabetic targets
with isoxazolidines derivatives from a readily available chiral nitrone and simple allyl phenyl
ethers through a 1,3-dipolar cycloaddition. The cycloadducts were evaluated for their inhibitory
properties against PPA. A significant inhibitory activity was found for all the examined
compounds with 1Cso values about 7-23 folds lower than that of acarbose; Additionally,
molecular docking was performed on the active site of PPA, HPA and HLAG enzymes and the
results provided more insights into the interactions. We noticed the presence a good relationship
between: (i) the presence of intramolecular interactions, (ii) their role for the structure to possess
a special range of a particular dihedral angle relative to the other complexes with no
intramolecular forces. They also confirm respectively, the binding of compound 3g displaying
the strongest inhibitory effect to the active sites of both PPA and HPA as well as 3b to HLAG
active site which reinforces their use as alternate therapeutics for development of antidiabetic
agents for the treatment of type 2 diabetes with safety profile. These findings confirm that the
interaction of our synthesized compounds with three enzymes as well as the type of substituents
depending on their position on the benzaldehyde moiety encourage medicinal chemists to
explore a new strategy to develop antidiabetic agents based on isoxazolidines derivatives for
high-efficiency PPA, HPA and HLAG inhibition.

Methods

Chemistry

General procedure for the 1,3-dipolar cycloaddition of nitrone to various alkenes 2a-i:
To a solution of nitrone 1 (0.84 mmol, 200 mg, 1 equiv.) in toluene (10 mL) was added alkene
2a-i (1 equiv). The mixture was heated to reflux during 72h at 110 °C with stirring. TLC showed
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Molecular Docking

Interactions between derivatives 3a—i and porcine pancreatic a-amylase (PPA) were studied by
in silico molecular docking in order to explore the preferred orientation of the ligands in the
receptor binding site. We obtained the crystal structure of PPA from the Protein Data Bank
(PDB entry: 1HX0). We have removed all the water molecules and the co-crystallized
acarviosine-glucose from the structure. Polar hydrogens and Gasteiger charges were assigned
with AutoDockTools1.5.2 (ADT) and the PDBQT file format was prepared. [26] ADT was used
to select a docking grid, the parameters for X, Y, Z grid center coordinates were 34.0, 20.0, and
53.3, respectively; and the parameters for the X,Y,Z grid dimensions were 30 by 30 by 30 A.
[22]

The structures of compounds 3a-i were minimized using a conjugate gradient AMMP
incorporated in VEGA ZZ. [27] The conversion of the file from PDB to PDBQT was done using
ADT. We applied AutoDock Vina software [28] with an exhaustiveness parameter of 32 to
perform the docking simulations. ADT was used for the docking conformation analysis. Image

preparation was done by chimera [29].

Inhibition assay for a-amylase activity

All compounds were screened for their inhibitory potential against PAA (BN and HPA
[EGEI) using the same protocol as described in the literature [22] with slight modification.
Acarbose was used as standard. The percent of inhibition was determined by the following
formula:

o Abs(blank) — Abs(test compoud)
% inhibition = Abs (blank) x 100

The results were expressed as 1Cso (uM) and all the experiments were carried out in triplicates.

Inhibition Assay for a-Glucosidase Activity
a-Glucosidase inhibitory activity was assayed by using 0.1 M phosphate buffer (pH 6.8) at 37°C
and the synthesized compounds were dissolved in DMSO (10% final concentration). The

enzyme a-glucosidase (EC3.2.1.20, 20 U/mg) in phosphate buffer saline was incubated with
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various concentrations of test compounds at 37 °C for 2 min. Then 1.25 mM of substrate (p-
nitrophenyl glucopyranoside) was added to the mixture. After further incubation at 37°C for 30
min. the change in absorbance was measured spectrophotometrically at 405 nm. The sample
solution was replaced by DMSO as a control. Acarbose was used as a positive control. The

percentage of inhibition for each entry was calculated by using the following formula:

o Abs(blank) — Abs(test compoud)
% inhibition = Abs (blank) x 100

The results were expressed as I1Cso (uM) and all the experiments were carried out in triplicates.
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