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Abstract:

In our effort directed toward the discovery of namnti-diabetic agent for the treatment of
diabetes, a library of biscoumarin derivatitel8 was synthesized and evaluated for
glucosidase inhibitory potential. All eighteeb8( compounds displayed assortedlucosidase
activity with 1Cso values 16.5-385.QM, if compared with the standard acarbose;(I€ 906 +
6.387 uM). In addition, molecular docking studies were rigat out to explore the binding
interactions of biscoumarin derivatives with theymne. This study has identified a new class of
potenta-glucosidase inhibitors.
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1. Introduction

Mammaliana-glucosidases inhibitors, which impede with enzymattion in small intestine,
might slow the release of D-glucose from oligosacities and disaccharides, causing in
delaying glucose absorption and decreasing postfaiablood glucose levels [1]. The acarbose
[2] and voglibose [3] from microorganisms, and nojycin [4] and 1-deoxynojirimycin [5]
from plants have been reported as poteflucosidase inhibitors. The effects of all these
compounds on blood glucose levels after food uplake been reported [6-9].

Glucosidases are liable for the catalytic cleawaigeglycosidic bond with specificity depending
on the position of cleavage site, the number of esancharides, and the configuration of the
hydroxyl groups on the substrate [10]. The pharmécal research community has a special
interest ina-glucosidases (EC 3.2.1.20) because the inhibdfoits catalytic activity caused in
the impedance of glucose absorption and decrehsegsostprandial blood glucose level. Thus,
effective a-glucosidases inhibitors may help as chemotherapagents for clinical use in the
treatment of obesity and diabetes [11-13]. Thglucosidase inhibitors has also been well
appreciated as a therapeutic target for the othdrobydrate mediated diseases including viral
infections [14,15], cancer [16] and hepatitis [17].

In the course of our efforts in the developmenbiofogically important synthetic compounds,
we observedi-glucosidase inhibitory potential in substitutedvnigiscoumarin derivatives. It is
obvious that polyphenols well intermingle with gois and lead to inhibit enzyme activities
[18]. Natural as well as synthetic biscoumarin haeeome an important class of oxygenated
heterocycle mainly due to their wide variety of Ibgical activities such as urease inhibition,
anti-inflammatory, antioxidant, CYP3A and antifal activities [19-21].

There is few reported synthetic and natural coumderivatives showed potentglucosidase
inhibition [22-25]. Surprisingly no biscoumarin wagsted for a-glucosidase inhibition.
Therefore, we designed our project to synthesigedoimarin and test them farglucosidase
inhibitory properties.

In the continuation of our work, on biological potesmall molecules [26] and their evaluation
for enzyme inhibition [27], we herein report syrdlseof substituted biscoumarin analogs, their
a-glucosidase inhibitory potentials. The moleculacking was also performed in order to study

their binding affinity.



2. Results and Discussion

2.1 Chemistry

In synthesis of biscoumarin analodsl8 (Scheme-1), to a stirred mixture of coumarin
derivatives (4.0 mmol) and substituted aromatiehjdles (2.0 mmol) in water and a catalytic
amount of tetraethylammonium bromide (TEAB) wasextidlhe reaction mixture was stirred at
60 'C for 1-2 h. Completion of the reaction was moritbby periodic TLC. After completion of
reaction, it was filtered and washes with distilledter affording a pure product in high yields.
In some cases the compounds purified through colkehmomatography using 3:7 acetone and
hexane as eluent afforded pure products in godd.yide structures of compoundsl8 were
deduced by using different spectroscopic technigues asH NMR and El mass spectroscopy.
All compounds gave a satisfactory elemental anslysi

Insert Scheme 1 here

Insert table 1 here
2.2 Pharmacology
Glucosidase are responsible for the catalytic @geavof a glycosidic bonaf complex molecules
of carbohydrates. Enzyme inhibition is one of thesmsignificant tools in pharmaceutical
research as well as in the field of drug discovédwyring this study, we have synthesized
eighteen 18) derivatives and evaluated far-glucosidaseenzyme inhibitory activity. All
compoundshowed a potent inhibition superior to the standahnéitor of a-glucosidase.
Compoundd-18 exhibited a varying degree efglucosidaseénhibitory activity with 1Gg values
between 16.54 + 0.36-385.99 + 0.681 when compared with standard acarbosey(EC906 +
6.387uM). Although the main skeleton for all compounds same, the slight difference in their
inhibitory potential might be due to the differeutbstitution pattern on benzaldehyde.
Compound  3,3((2-4-Dichlorophenyl)methylenbjs(6-chloro-4-hydroxy-2i-chromen-2-one)
(12) showed an excellent activity (6= 16.54+ 0.36uM) 54-fold more active than the standard
acarbose (16 = 906 * 6.387uM). Similarly, compound 3,/3(3-nitrophenyl) methylen®)s(6-
chloro-4-hydroxy-#-chromen-2-one)13) showed an excellent activity with ansiGralue of
27.07+ 0.13uM, 33-fold better than the standard. The remair@hgompounds also exhibited
potent inhibitory activities.



To know the mechanism efglucosidase inhibition and binding mode of biscaum analogs

inside the binding pocket efglucosidases, molecular docking studies were peed.

2.2 Molecular Docking studies

The molecular docking study was carried out to eselthe binding mode of biscoumarin
derivatives within the binding pocket afglucosidase and to understand their structureigcti

relationship using MOE-Dock as docking software {wehemcomp.com). As a means of

testing the adopted protocols, the known inhibaoarbose (the firsti-glucosidase inhibitor
approved for type 2 diabetes treatments) was doakedthe binding pocket of a developed
homology model, the acarbose fit well in the bimdipocket and showed interaction to the
important active site residuesSigure-1).

Although the x-ray crystallographic structureseafilucosidase have been reported from some
bacteria, the three-dimensional structural inforormats still not available for the eukaryote
glucosidase enzyme frorSBacchromyces specig¢the enzyme use in our biological assay).
However, only a few homology models have been tegadior this enzyme previously [28-30].
The three dimensional coordinates of none of theseel are publically available. Therefore, we
construct the 3D structure afglucosidase by homology modeling using the sans¢opol as
described by Burkeet al [31], based on the crystal structure $fccrhromyces cerevisiae

(3AJ7.pdb) [26].

All the compounds were docked into the binding mbolf a developed homology model of
a-glucosidase enzyme. From the molecular dockingvals observed that the top ranked
conformation of the most active compouti?l (ICso =16.54+ 0.36 uM) (Figure-2) established

six hydrogen bonds between the hydroxyl group omr@rin ring of the compound and the



active site residues (Asp 214, Glu 276, Arg 312p AS8 and Arg 439). Additionally the aryl
group of the compound formed an arene-cation iotena with the Arg 439. Furthermore,
several hydrophobic interactions were observed &atwthe compound and the active site
residuesge.g, Val 108, Phe 157, Phe 177 and Phe 300 are tlee mhidues that stabilized the
binding of the compound? in the active site ofi-glucosidase. The strong hydrogen bonding
network observed for compoud@ by the hydroxyl groups attached to the coumanyg might

be due to chloro groups, particularly dichloroberé which the chloride moiety has strong
electron withdrawing inductive effect. This effeat chloride moieties increases the ionizing
ability of hydroxyl group that might be one of theasons for its highest activity showed in the
series Table-1). These observations can be verified in case aipounds2 (Figure-3), 15
(Figure-4) and 17 (Figure-5) as they have low biological activities as wellless interaction
with active site residue as compared to compol@dAs these compounds have groups with
electron donating inductive effect instead of cilderpresent as in compouri®. Similarly
compoundss to 11 have two side chain chloride groups, but lackimg dichlorobenzene group
that makes them slightly less active as compaoetapoundl2. From the docking conformation
of compoundsl3 it was observed that its+-nitrobenzene showed almost similar behavior as
dichlorobenzene in compounti2 because the nitro group has also electron withargwi

inductive effect.

Insert Figure 1 here

Insert Figure 2 here

Insert Figure 3 here

Insert Figure 4 here
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Insert Figure 5 here

2.3 Molecular docking

Homology modeling ofi-glucosidase foBaccharomyces cerevisiagas performed to predict its
three dimensional (3D) structure. The amino acidqusace of a-glucosidase from
Saccharomyces cerevisiaevas retrieved from UniProt protein resource datankb
(http://www.uniprot.org/) under the access code 3283 Similarity search was carried out in
MOE-2010.11 using default parameter against PDBalatk implemented in MOE2010.11.
The crystallographic structure 8accharomyces cerevisimomaltase (PDB code 3AJ7, 1.30 A
resolution) with 72.4% of sequence identity witle ttarget was selected as the template. 3D
structure was built using homology modeling toolplemented in MOE. The developed
structure was subjected to energy minimization w®.05 RMS gradients and the minimized
structure was then refined by MD simulation up @® Ppicoseconds. The final refine structure
was then used for the molecular docking purpose.

Prior to docking ligand and protein were preparsithgt MOE2010.11. All synthetic compounds
were modeled using Builder program implemented @B\ finally a database was created in
which all the compound structures were presenOrfd@mat. Subsequently, their energies were
minimized up to 0.05 Gradient, using the MMFF94xc#o field. Energy minimization of
compound database was followed by the preparatigratein for docking purposes. Most of
macromolecular crystal structures contain littlenor hydrogen coordinate data due to limited
resolution, thus protonation should be done poaddcking using the Protonate 3D Option. The
protonation was followed by energy minimization tg0.05 gradient, using Amber99 force
field. The database was docked into the bindingkgpbof a protein using the Triangular
Matching docking method and 30 conformations farthelegand protein complex were generated

with docking score. Each complex was analyzedrftaractions and the 3D image was taken.



2.4 a-Glucosidase Inhibitory Assay

Rat intestinal acetone powder in typical salined{19Qw/v) was sonicated appropriately and the
supernatant was used as a source of basic intestgiacosidase after centrifugation. In short,
10 mL of test samples of 5 mg/mL in DMSO solutioaera/ reconstituted in 100 mL of 100 mM-
phosphate buffer at pH 6.8 in 96-well micro-platel ancubated with 50 mL of basic intestinal
a-glucosidase for 5 min before 50 mL substrate (5,npMitrophenyle-D-glucopyranoside
prepared in same buffer) was addgeNitrophenol released was measured at 405 nm
spectrophotometrically (SpectraMax plus384), MolaciDevices Corporation, Sunnyvale, CA,
USA) 5 min after incubation with the substrate.itndbial blanks for test samples were prepared
to accurate background absorbance where the sighstes changed with 50 mL of buffer.
Control sample contained 10 mL DMSO beside testpsasn Percentage of enzyme inhibition
was measured as (1 - B/A) x100 where [A] represabsorbance of control exclusive of test

samples, and [B] corresponding to absorbance sepe of test samples [33].

3. Conclusions

Synthesis of biscoumain analogs and theglucosidasenhibitory potential was evaluated. All
these eighteen (18) derivatives showed pategiucosidasenhibitory potential. Consequently,
in silico studies were performed to recognize the bindingemaidthese compounds. The planned
scaffold ofa-glucosidasenhibitors offers the possibility of expedient aloinal modifications
that could give rise to lead structures with enledninhibitory activity and selectivity towards

the enzyme.
4. Material and Methods

NMR experiments were performed on an Avance Brdddr300 MHz machine. CHN Analyses

were carried out a Carlo Erba Strumentazion-Model1faly. Electron impact mass spectra (El
MS) were recorded on a Finnigan MAT-311A (Germamyass spectrometer. Thin layer
chromatography (TLC) was carried out on pre-coaikda gel aluminum plates (Kieselgel 60,
254, E. Merck, Germany). Chromatograms were vigadliby iodine vapors or UV at 254 and
365 nm.



4.1 General procedure for the synthesis of compsunti8

In synthesis of biscoumarin analogsl8 (Scheme-1), to a stirred mixture of coumarin
derivatives (4.0 mmol) and substituted aromaticehjdle (2.0 mmol) in water and 10 mol%
triethylammonium bromide (TEAB) was added. The tieacmixture was stirred at 6C for 1-2

h. Completion of reaction was monitored by periotii€C. After completion of reaction, it was

filtered, and then washed with distilled water afiog a pure product in high yields. In some
cases pure products were obtained through columom@tography (silica gel) using 3:7 acetone
and n-hexane as eluent. The structures of compound8 were deduced by using different

spectroscopic techniques, includifgd NMR and EI mass spectroscopy. All synthetic

compoundd-18 gave satisfactory elemental analyses.

4.1.1 3,3'-((4-Nitrophenyl)methylend)is(4-hydroxy-6-methyl-2H-chromen-2-one) (1)

Yield: 0.23 g (84%);H-NMR: (DMSO-d;, 300 MHz):6 8.05 (d, 2H,Js» 27¢"5» = 8.7Hz, H-
3”/5™), 7.59 (br s, 2H, H-5/5), 7.47 (d, 2HJ) 36 50 = 8.6Hz, H-2"/6"), 7.34 ((dd, 1H,
Jre7g = 8.1, Jrs7s5 = 2.6 Hz, H-7/7"), 7.17 (d, 1H) 77 = 8.2Hz, H-8/8’), 6.31 (s, 1H,
ArsCH), 2.32 (s, 6H, 2 x C¥); Anal. Calcd for G/H1gNOg, C = 66.80, H = 3.95, N = 2.89,
Found C = 66.78, H = 3.97, N = 2.91; EI-M8/z(rel. int. %): 485 (M, 42), 308 (15), 292(45),
134 (100), 106 (20).

4.1.2 3,3((3,4,5-Trimethoxyphenyl)methylenebis(6-methyl-4-hydroxy-2H-chromen-2-one
2)

Yield: 0.22 g (82%)'H-NMR: (DMSO-d;, 300 MHz, ):6 7.64 (br, s, 2H, H-5/5"), 7.35 (dd, 2H,
Jrs78 = 8.4, 3575 = 1.8 Hz, H-7/7"), 7.19 (d, 2Hls 7/ = 8.1Hz, H-8/8’), 6.39 (s, 2H,H-
2"16"), 6.21 (s, 1H, AsCH), 3.61 (s, 3H, OC}), 3.54 (s, 6H, OCHJ, 2.33 (s, 6H, 2 x C);
Anal. Calcd for GoH2609, C = 67.92, H = 4.94, Found C = 67.94, H = 4.96M5: m/z(rel. int.
%): 530 (M, 65), 353 (63), 322 (100), 175 (28), 134 (13).

4.1.3 3,3((4-(Methylthio)phenyl)methyl)6-methyl-2H-chromen-2-one) (3)

Yield: 0.23 g (84%)!H-NMR: (DMSO-d;, 300 MHz):5 7.61 (br. s, 2H, H-5/5"), 7.35 (dd, 2H,
Jre7g =84 Hzd7575 = 1.8 Hz, H-7/7"), 7.19 (d, 2Hs 7/8 7 = 8.4Hz, H-8/8’), 7.09 (m, 4H,
H-2"/3"/5"/6"), 6.21 (s, 1H, ArsCH), 2.39 (s, 3H, -SC#), 2.33 (s, 6H, Ch); Anal. Calcd for



CasH2206S, C = 69.12, H = 4.56, S = 6.59, Found C = 69%4,4.55, S = 6.57; EI-MS3n/z(rel.
int. %): 486 (M, 42), 308 (59), 263 (100), 176 (42), 134 (61).

4.1.4 3,3((3-Hydroxyphenyl)methylenebis(6-methyl-4-hydroxy-2H-chromen-2-one) (4)
Yield: 0.24 g (86%);'H-NMR: (DMSO-ds 300 MHz): 6 7.58 (br.s, 2H, H-5/5"), 7.30 (dd, 2H,
Jreiig =8.7,Jr575 = 2.1 Hz, H-7/7"), 7.13 (d, 2H 7 = 8.1Hz, H-8/8’), 6.92 (t, 1HJ5"a" 67

= 7.8Hz, H-5"), 6.52 (m, 3H, H-2"/4"/6"), 6.14 (s,1H, ArsCH), 2.32 (s, 6H, 2 x C§}; Anal.
Calcd for G7H2007, C = 71.05, H = 4.42, Found C = 71.06, H = 4.4BMS: m/z(rel. int. %):
456 (M, 42), 345 (18), 279 (37), 176 (52), 134 (100);

4.1.5 3,3((2-Nitrophenyl)methylene)pis(6-chloro-4-hydroxy-2H-chromen-2-one) (5)

Yield: 0.21 g (80%)H-NMR (DMSO-a;, 300 MHz);d 7.69 (d, 2H,Js.75 7= 2.7 Hz, H-5/5,

7.52 (m, 4H, H-7/73'/6'), 7.33 (m, 4H, H-8/84 /5), 6.42 (s, 1H, AICH); Anal. Calcd for
C2sH13CIbNOg, C = 57.05, H = 2.49, Found C = 57.07, H = 2.%:MS m/z(rel. int. %): 526
(M*, 42), 298 (67), 283 (58), 196 (27), 154 (100);

4.1.6 3,3((3-Methoxy,4-hydroxyphenyl)methylenepis(6-chloro-4-hydroxy-2H-chromen-2-
one) (6)

Yield: 0.23 g (84%) H-NMR (DMSO-d;, 300 MHz);6 7.73 (d, 2HJs 757 = 2.7Hz, H-5/5,

7.54 (dd, 2H ), 6176 = 8.7,d75175 = 2.4 Hz, H-7/7"),7.31 (d, 2H}s 75 7 = 8.7 Hz, H-8/8, 6.59
(d, 1H,J% 5 = 6.0 Hz, H-6), 6.54 (s, 1H, H-2,6.49 (d, 1HJs ¢ = 8.1Hz, H-5), 6.12(s, 1H,
ArsCH), 5.61(s, 1H, OH), 3.53 (s, 3H, OgHAnal. Calcd for GgH16Cl,0g, C = 59.22, H =
3.06, Cl = 13.45, Found C =59.23, H = 3.04; EI-M&((rel. int. %): 527 (M, 42), 329 (100),
313 (56), 299(73), 196 (51).

4.1.7 3,3((3-Hydroxyphenyl) methylenebis(6-chloro-4-hydroxy-2H-chromen-2-one) (7)

Yield: 0.22 g (82%)*H-NMR (DMSO-ds;, 300 MHz);d 7.74 (d, 2HJs 755 7 = 2.7 Hz, H-5/5,

7.55 (dd, 2H Y, g7 8 = 8.7,d7575 = 2.7 Hz, H-7/7, 7.32 (d, 2HJs 75 7 = 8.7 Hz, H-8/9, 6.92
(t, 1H,J5 4 6 )= 7.8 Hz, H-5), 6.51 (m, 3H, H-2/4 /6 ), 6.14 (s, 1H, AJCH); Anal. Calcd for
CosH14Cl,07, C = 60.38, H = 2.84, Found C = 60.36, H = 2.8:MS m/z (rel. int. %): 497
(M*, 42), 299 (95), 283 (74), 196 (41), 154 (100).

4.1.8 3,3((3-Hydroxy-4-methoxyphenyl)methylenebis(6-chloro-4-hydroxy-2H-chromen-2-
one) (8)



Yield: 0.23 g (84%)H-NMR (DMSO-a;, 300 MHz):6 7.73 (d, 2HJs 75 7= 2.7 Hz, H-5/9,

7.54 (dd, 2H, 678 = 8.7,d7575 = 2.7 Hz, H-7/9,7.32 (d, 2HJg 755 7 = 9.0 Hz, H-8/8, 6.69
(d, 1H,J5 ¢ = 8.4 Hz, H-5),6.52 (s, 1H, H-2), 6.43 (d, 1HJs 5 = 8.4 Hz H-6), 6.09 (d, 1H,
ArsCH); Anal. Calcd for @H16Cl,Os, C = 59.22, H = 3.06, Found C = 59.24, H = 3.04MS

m/z(rel. int. %): 527 (M, 42), 329 (89), 313 (100), 299 (53), 196 (48).

4.1.9 3,3((3-Ethoxy-4-hydroxyphenyl)methylenebis(6-chloro-4-hydroxy-2H-chromen-2-
one) (9)

Yield: 0.22 g (82%)H-NMR (DMSO-as, 300 MHz):6 7.73 (d, 2HJs.7557 = 2.4 Hz, 2 x H-5),
7.54 (dd, 2H Y, 67 8 = 8.7,d7575 = 2.7 Hz, H-7/9,7.31 (d, 2HJs 758 7 = 8.7 Hz, H-8/9, 6.58
(d,2H,J 6 2 6 =8.1 Hz, H-5/2),6.48 (d, 1HJs 5 = 8.1 Hz, H-6), 6.10 (s, 1H, AICH),
3.80 (g, 2H, @HCHg), 1.17 (t, 3H, OCHKHCH3); Anal. Calcd for G/H1Cl>0g, C = 59.91, H =
3.35, Found C =59.92, H = 3.34; EI-M8z(rel. int. %):541 (M, 42), 299 (100), 287 (25), 154
(74), 126 (38).

4.1.10 3,3((3,4,5-Trimethoxyphenyl)methylenepis(6-chloro-4-hydroxy-2H-chromen-2-
one) (10)

Yield: 0.23 g (84%)*H-NMR (DMSO-¢s, 300 MHz):d 7.75 (d, 2HJs 75 7 = 2.7 Hz, 2 x H-5),
7.54 (dd, 2H ;678 = 8.7,37575 = 2.4 Hz, H-7/9,7.32 (d, 2HJs 7/5 7 = 8.7 Hz, H-8/8, 6.37
(s, 2H, H-2/6 ), 6.16 (s, 1H, AICH), 3.60 (s, 3H, OC}), 3.54 (s, 6H, 2 x OCH}; Anal. Calcd
for CagH20Cl20g, C = 58.86, H = 3.53; Found C = 58.84, H = 3.54MS m/z(rel. int. %): 571
(M*, 42), 374 (89), 343 (100), 196 (37), 154 (61).

4.1.11 3,3((3,4-Dimethoxyphenyl)methylene)is(6-chloro-4-hydroxy-2H-chromen-2-one)
(11)

Yield: 0.23 g (84%)'H-NMR (DMSO-d;, 300 MHz):6 7.74 (d, 2H,Js 755 7= 1.5 Hz, H-5/5),
7.54 (dd, 2HJ; 876 = 5.1,d7575 = 1.5 Hz, H-7/7), 7.32 (d, 2HJs 787 = 5.4 Hz, 2 x H-8),
6.75 (d, 1HJs ¢ = 5.1Hz, H-5), 6.63 (s, 1H, H-2, 6.61 (d, 1HJs 5 = 5.1 H-6), 6.16 (s,
1H, ArsCH), 3.67 (s, 3H, 3-OCH), 3.52 (s, 3H, 4-OC§J; Anal. Calcd for G/H;15Cl>0g, C =
59.91, H = 3.35; Found C = 59.93, H = 3.33; EI-k& (rel. int. %): 541 (M, 42), 343 (34),
313 (100), 196 (36), 154 (65).
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4.1.12 3,3-((2-4-Dichlorophenyl)methylend)is(6-chloro-4-hydroxy-2H-chromen-2-one)
12)

Yield: 0.23 g (84%)H-NMR (DMSO-c;, 300 MHz):6 7.76 (s, 1H, H-3), 7.73 (d, 2H 5755 7
= 2.4 Hz, H-5/9, 7.54 (dd, 2H); 878 = 8.7,37575 = 2.4 Hz, H-7/7), 7.36 (d, 2HJs 7187 =
8.7Hz, 2 x H-8/8, 7.40 (m, 2H, H-5/6 ), 6.07 (s, 1H, AICH); Anal. Calcd for GsH1,Cl,0g, C
= 54.58, H = 2.20, Found C = 54.56, H = 2.19; EI-M&(rel. int. %):550 (M, 42), 317 (100),
196 (37), 154 (72), 126 (37).

4.1.13 3,3((3-Nitrophenyl) methyleneis(6-chloro-4-hydroxy-2H-chromen-2-one) (13)
Yield: 0.22 g (82%)!H-NMR (DMSO-d;, 300 MHz):6 7.73 (d, 2HJs 757 = 2.4 Hz, H-5/9,
7.57 (dd, 2H ;8178 = 8.7,d7577.5 = 2.7 Hz, H-7/7), 7.48 (m, 4H, H-24"/5'/6"), 7.32 (d, 2H,
Js7s7 = 8.7Hz, H-8/8, 6.31 (s, 1H, AICH); Anal. Calcd for GsH15CI,NOg, C = 57.05, H =
2.49, N = 2.66, Found C = 57.07, H = 2.48, N = 2BBZMS m/z(rel. int. %): 511 (M, 42), 313
(100), 283 (69), 196 (23), 154 (44);

4.1.14 3,3((3-Nitrophenyl)methylenebis(4-hydroxy-6-methyl-2H-chromen-2-one) (14)

Yield: 0.24 g (86%);*H-NMR: (DMSO-t, 300 MHz):6 8.00 (d, 1H,Js5 = 8.1Hz, H-4"),

7.86 (br's, 1H, H-2"), 7.61 (s, 2HH-5/5"), 7.56 (d, 1HJe"s+ = 7.2Hz, H-6"), 7.48 (t, 1HJs-

@wey = 7.2Hz, H-5"), 7.36 (dd, 2H)787 6 = 8.7, J7575 = 2.4 Hz, H-7/7"), 7.19 (d, 2Hls 767

= 8.4Hz, 2H-8/8'), 6.33 (s, 1H, ACH), 2.33 (s, 6H, CH; Anal. Calcd for GHigNOg, C =
66.80, H = 3.95, N = 2.89, Found C = 66.82, H =739 = 2.87; EI-MSm/z(rel. int. %): 485
(M*, 42), 309 (24), 176 (31), 134 (100), 106 (24);

4.1.15 3,3((3-Ethoxy-4-hydroxyphenyl)methylenebis(6-methyl-4-hydroxy-2H-chromen-2-
one) (15)

Yield: 0.22 g (82%)*H-NMR: (DMSO-d;, 300 MHz):6 7.63 (br s, 2H, H-5/5"), 7.36 (dd, 2H,
Jreig = 84,3575 = 1.5 Hz, H-7/7"), 7.20 (d, 2H)s 7/ 7» = 8.4Hz, H-8/8’), 6.61 (d, 2H,
Js e6r5: = 8.4Hz, H-5"/6"), 6.50 (d, 1H,Jor ¢ = 7.8Hz, H-3"/5"), 6.16 (s, 1H, AsCHs),
2.35 (s, 6H, Ch), 2.31 (g,2H,@H>CHs3), 1.18 (t,3H,0CHCH3); Anal. Calcd for GgH240s, C =
69.59, H = 4.83, Found C = 69.61, H = 4.84; EI-MS8z (rel. int. %):500 (M, 42), 324 (95),
295 (25), 279(60), 267(100).
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4.1.16 3,3((2-Nitrophenyl)methylene)is(6-methyl-4-hydroxy-2H-chromen-2-one) (16)
Yield: 0.22 g (82%);*H-NMR: (DMSO-ds, 300 MHz ):6 7.56 (m, 4H,H-5/5/3"/6"), 7.37 (m,
4H, H-7/7°/3"16), 7.15(d, 2H,Js 7157 = 8.4Hz, H-8/8’), 6.46 (s, 1H, ACH), 2.31 (s, 6H,
CHjs); Anal. Calcd for G/H19NOsg, C = 66.80, H = 3.95, N = 2.89, Found C = 66.82; K83, N
=2.91; EI-MS:m/z(rel. int. %): 485 (M, 42), 263 (100), 176 (29), 134 (81), 106 (17).

4.1.17 3,3((4-Methoxyphenyl)methylenepis(4-hydroxy-6-methyl-2H-chromen-2-one)
(17)

Yield: 0.23 g (84%)!H-NMR: (DMSO-d;, 300 MHz): 7.65 (br s, 2H, H-5/5'), 7.38 (dd, 2H,
Jrgig = 8.4, Jrs75 = 2.4 Hz, H-7/7"), 7.22 (d, 2Hk 75 7 = 8.4Hz, H-8/8"), 7.01 (d, 2H,
Joaer s = 8.4Hz, H-2/6), 6.75 (d, 2HJ3 2560 = 8.7Hz, H-3"/5"), 6.22 (s, 1H, A§CH),
3.68 (s, 3H, OCH) 2.34 (s, 6H, 2Ch); Anal. Calcd for GgH»,07, C = 71.48, H = 4.71, Found C
=71.46, H = 4.73; EI-M$n/z(rel. int. %): 470 (M, 42), 293 (100), 263 (52), 176(16), 134 (47).

4.1.18 3,3((4-Methoxyphenyl)methylenepis(6-chloro-4-hydroxy-2H-chromen-2-one)
(18)

Yield: 0.23 g (84%)!H-NMR (DMSO-d;, 300 MHz):6 7.73 (d, 2H,Js 755 7 = 2.4 Hz, H-5/9,
7.54 (dd, 2HJ; 878 = 8.7, 37575 = 2.4 Hz, H-7/7,7.32 (d, 2HJs 7557 = 8.7Hz, H-8/9, 6.98
(d, 2H, 3 36 5 = 8.1Hz, H-2/6),6.73 (d, 2H,Js 2 5 ¢ = 8.7Hz, H-3/5), 6.15 (s, 1H,
ArsCH), 3.66 (s, 3H,0Ck); Anal. Calcd for GgH16Cl,0O7, C = 61.07, H = 3.15, Found C =
61.06, H = 3.16; EI-M®n/z(rel. int. %): 511 (M, 42), 313 (100), 283 (69), 196(23), 154 (44);

Acknowledgement: The authors are thankful to Higher Education Comsiars (HEC) Pakistan
for providing financial support under “National Resch Program for Universities” to Project
No. 20-1394.
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Scheme Caption
Synthesif biscoumarin derivativet-18

Table Caption
a-Glucosidase inhibitory potential of biscoumariralgs1-18

Figure Captions
(Figure-1) Binding mode of acarbose (known inhibitor)the binding pocket of a developed

homology model oéi-glucosidase.

(Figure-2) Binding mode of compountR in the binding pocket of developed homology model
of a-glucosidase.

(Figure-3) Binding mode of compoun2lin the binding pocket of developed homology maxfel
a-glucosidase.

(Figure-4) Binding mode of compountb in the binding pocket of developed homology model
of a-glucosidase

(Figure-5) Binding mode of compount)7 in the binding pocket of developed homology model

of a-glucosidase.
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ACCEPTED MANUSCRIPT

Scheme-1
0 Y Water / Neat o 00 0
2 + R,CHO >
2
R; Z TEAB (10% mol) g = XN R,
OH OH g, OH
R, =Me, Cl 1-18
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Table-1:

Compound No. R R, IC50x SEM? (UM)
1 6-Me © 79.18+ 2.7
NO,
2 6-Me 385.99+ 0.65
MeO OMe
OMe
3 6-Me © 37.38+0.69
S.
Me
4 6-Me @ 52.6+0.21
OH
5 6-Cl @/ NO 80.94+ 0.62
6 6-Cl 113.05+ 3.43
OMe
OH
7 6-Cl @\ 84.06+ 5.7
OH
8 6-Cl 83.64+ 3.39
OH
OMe
9 6-Cl 57.14+0.35
OEt




10 6-Cl 128.14+2.04
MeO OMe
OMe
11 6-Cl 91.36+1.16
OMe
OMe
Cl
12 6-Cl 16.54+ 0.36
Cl
13 6-Cl @\ 27.07+0.13
NO,
14 6-Me @\ 67.96+ 2.44
NO,
15 6-Me 221.6+2.47
OEt
OCH
16 6-Me @NOZ 128.6+ 1.16
17 6-Me © 106.63+ 1.61
OMe
18 6-Cl 75.74+1.11
OMe
Acarbose - - 906 +6.387

SEMis the standard error of the mean, Acarbose iglatal inhibitor fora-glucosidase
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Figure-2:
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Figure-3:
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Figure-4:
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Figure-5:
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SWH 30303.031 Hz
FIDRES 0.924775 Hz
O AQ 0.5407385 sec
RG 32768
bW 16.500 usec
0&¢ DE 6.50 usec
TE 300.0 K
af D1 2.00000000 sec
D11 0.03000000 sec
TDO 16
==umues= CHANNEL f] ===sawm=
NUCl 13¢
P1 12.63 usec
PL1 -3.00 dB
SFO1 125.7975248 MHz
mmmme=== CHANNEL f2 ===ss===
CPDPRG2 waltz16
NUC2 1H
1 PCPD2 80.00 usec
PL2 4.79 dB
| PL12 24.79 dB
PL13 26.00 dB
| SFO2 500.2330014 MHz
! | ! | SI 32768
1 ! | SF 125.7829964 MHz
! WDW EM
, 1N SSB 0
| LB 1.00 Hz
! GB 0
J PC 1.40
1 I G
T T T T I T T T I T T
220 200 180 160 140 120 100 80 60 40 20 ppm




ACCEPTED MANUSCRIPT

3 CNMR (90) of Compound 9

M.IMRAN/DR.KHALID/MJF-III-23/DMSO eXaWNETE /Y Eee
ICCBS/U.0.K
DEPT90
w =] e - m
> - N O™ SN OV (N O
. . .. . QO e
(=3 ” T o i 1 R e 3 S - 0 2 5% O B
g N =mdae Saaaan
NAME feb20-14
N Vi :
PROCNC 1
Date_ 20140221
Time B8.01
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG deptsp90
TD 32768
SOLVENT DMSO
NS 3072
cl DS 4
SWH 23809.523 Hz
FIDRES 0.726609 Hz
AQ 0.6881990 sec
RG 32768
DW 21.000 usec
DE 6.50 usec
TE 300.0 K
CNST2 145.0000000
D1 1.50000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 3
======== CHANNEL f]l ==sss===
NUC1 13C
Pl 12.63 usec
P12 2000.00 usec
PLO 120.00 dB
PL1 ~-3.00 dB
SFO1 125.7948834 MHz
Sp2 3.13 dB
| SPNAM2 Crp60comp. 4
| SPOAL2 0.500
| SPOFFS2 0.00 Hz
======== CHANNEL f2 ssss====
CPDPRG2 waltzlé
| 11 | NuUc2 1H
P3 8.00 usec
P4 16.00 usec
1 PCPD2 80.00 usec
PL2 4.79 dB
PL12 24.79 dB
SFO2 500.2330014 MHz
L L ,l ), | ST 32768
SF 125.7829964 MHz
WDH EM
888 0
L
: T T T B RERRARLELS T fren =0y e

T T I T
130 120 110 100 90 80 70 60 50 40  ppm:c 1.00




ACCEPTED MANUSCRIPT

¥ CNMR (135) of Compound 9

s s AVANCE AV-500
M.IMRAN/DR.KHALID/MJF-III-23/DMSO SRR A
ICCBS/U.0.K
DEPT135

Ll S rwr-m
~ - N~O N g NN ONY -
. . . . o ooOrrnew o
2 Q& ARAan - caaoon < NAME feb20-14
- ot o TOMMNH®M O - EXPNO 4
[T | V% c~ 1
Date_ 20140221
Time 4.12
INSTRUM spect
PROBHD 5 mm PABBI 1H/
PULPROG deptspl35
TD 32768
SOLVENT DMSO
NS 6144
DS 4
SWH 23809.523 Hz
FIDRES 0.726609 Hz
AQ 0.6881990 sec
RG 32768
| bW 21.000 usec
DE 6.50 usec
TE 300.0 K
CNST2 145.0000000
| D1 1.50000000 sec
e | D2 0.00344828 sec
D12 0.00002000 sec
| TDO 6
======== CHANNEL f] ==sswmw=
NUCL 13¢
A N o a5 § 12.63 usec
P12 2000.00 usec
PLO 120.00 dB
PL1 -3.00 dB
SFO1 125.7948834 MHz
SP2 3.13 dB
SPNAMZ Crpé0comp. 4
SPOAL2 0.500
SPOFFS2 0.00 Hz
======mw CHANNEL f2 =emws====
CPDPRG2 waltzlé
NUC2 1H
B3 8.00 usec
P4 16.00 usec
PCPD2 80.00 usec
PL2 4.79 dB
PL12 24.79 dB
SFO2 500.2330014 MHz
ST 32768
SF 125.7829964 MHz
WDW EM
SSB 0
L
w1 T ] A T | s Tl D T T T T T T c; 1'08 He

T
130 120 110 100 90 80 70 60 50 40 30 0 20 ppm#c 0.80



ACCEPTED MANUSCRIPT

El MS Spectra of Compound 9

> SI9IZ01Z - Page 1
File: MIF-ITI-23 Date Run: 03-09-2012 (Time Run: 11:04:49)
Sample: M IMRAN FAKHRIUDR. KHALID M KHAN
Instrument: JEOL MSRoute
Inlet: Direct Probe Tonization mode: EI+
Lcan: 15 R.T.: .55
#lons: 8

Base: m/z299; 36%FS TIC: 4183511 (Max Inten : 377967)
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ACCEPTED MANUSCRIPT

'HNMR of Compound 18

IMRAN/DR . KHALIO/MI¥F-111~35/DM30
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ACCEPTED MANUSCRIPT

¥ CNMR of Compound 18

M. Irfan Fakhri / Dr. Khalid / MIF-III-35 AVANCE AV - Il
B 300 MHz, LAB # 116
/B ©HD M~ NWOWEMN =

HOOW WO MMO N O NNWEO ™M =)

FOOO FPHEVNHOENT MW N T ON

- . ] . . . . . - . . . . COMOr--<TrN OO

VI~ NORRMOr-M T PRGN ORE Tho By /s e S T NAME feb20-14

WO OH MMANNNNHAO O OO0O 0 W oW BXPNO 6

HrAd A A A A A A A A A nmLLTmMmMMmOnnonm PROCRO 1
Date_ 20140220

VT 7227 {2
INSTRUM Spect
PROBHD 5 mm BBO BB-1H
PULPROG 2gpg
TD 32768
SOLVENT DMSO
NS 18432
DS 2
3WH 18028.846 Hz
FIDRES 0.550197 Hz
AQ 0.9088159 sec
RG 22.6
oW 27.733 usec
DE 6.50 usec
TE 300.0 K
D1 1.50000000 sec
D11 0.03000000 sec
DO

f1

RUC1 13c
P1 12.00 usec
PL1 0.00 dB
PL1IW 28.88669395 W
SFO1 75.4764278 MHZ
zzz===== £2 ========
CPDPRG2 waltzlé
Nuc2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 16.12 dB
PL13 17.00 dB
PL2W 13,16228485 W
PL12W 0.32161123 W
PL13W 0.26262212 W
SFO2 300.1315007 MHz
sI 16384
SF 75.4677858 MHz
WDW EM
SSB 0
L8 1.00 Hz
8 0
PC 1.40

T T T T T T T
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ACCEPTED MANUSCRIPT

3CNMR (90) of Compound 18

o

. .
M. Irfan Fakhri / Dr. Khalid / MIF-III-35 AVANCE AV - lIi
DEPT90 300 MHz, LAB # 116
TN -
oYM T W O o
(ST I B o <
507 D TS = 5
o~Mr-~m . NAME feb20-14
M AN o) 0 EXPNO 8
A M ™M PROCNO 1
Date_ 20140221
VT [
INSTRUM t
PROBHD S mm BBO BB-1H
PULPROG dept90
™D 32768
SOLVENT DMSO
NS 1780
DS 2
SWH 14367.816 Hz
FIDRES 0.438471 Hz
AQ 1.1403764 sec
RG 203
DW 34.800 usec
DE 6.50 usec
TE 0.0 K
CNST2 145.0000000
D1 1.50000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO s
0— o
NUC1 13c
Pl 12.00 usec
P2 24.00 usec
PL1 0.00 dB
PL1W 28.88669395 W
SFO1 75.4749184 MHz

dB
dB
PL2W 13.16228485 W
PL12W 0.32161123 W
SFO2 300.1215007 MHz
ST 16384
SF 75.4677858 MHzZ
WDW EM
SSB 0
LB 1.00 Hz
GB o
PC 1.00

i

I T T T T
180 160 140 120 100 80 60 40 20 ppm



ACCEPTED MANUSCRIPT

CNMR (135) of Compound 18

>

M. Irfan Fakhri / Dr. Khalid / MIF-III-35 AVANCE AV - Il
DEPT135 300 MHz, LAB # 116
n~-Y <o
~OoO M W0 — < ) W0
~On- -~ «© MmN
CEEEY . . w o~ <<
oM~ m F .. s e_® NAME feb20-14
M ANN e - o ooy BXPNO 7
i B B B | w TMOHOMMOM PROCNC 1
\ ' ’ | | I W/ Date_ 20140221
4.51
14
o

o}

2
SWH 14367.816 Hz
(o] dok (@] H FIDRES ©.438471 Hz
AQ 1.1403764 sec
203
DW 34.800 usec
DE 6.50 usec
TE 300.0 K
cnsT2 145.0000000
bo) b1 3 :g:an::u sec
D2 0.00344828 sec
\ p12 0.00002000 sec
DO 8
f1
Nuc1 13C
123 12.00 usec
P2 24.00 usec
PL1 0.00 dB
PLIW 28.88669355 W
i sFO1 75.4749184 MHz
CPDPRG2 waltzié
NUC2 18
P3 12.50 usec
P4 25.00 usec
PCPD2 80.00 usec
PL2 ©.00 as
PL12 16.12 dB
PL2W 13.16228485 W
PL12W 0.32161123 W
sro2 300.1315007 MEz
s1 16384
SF. 75.4677858 MHZ
WDW EM
ssB 0
18 1.00 Hz
cB °
»C 1.00

T T T
180 160 140 120 100 80 60 40 20 ppm



ACCEPTED MANUSCRIPT

El MS Spectra of Compound 18

- Lage s

File: MIF-III-35 Date Run: 04-17-2012 (Time Run: 12:15:39)
Sample: M.IMRAN FAKHRI

Instrument: JEOL MSRoute

Inlet: My Inlet Ionization mode: EI-

can: 17 RT.: 1.42
: m/z 313; 98.3%FS TIC: 8164818 #lons: 17,

100+

154.0

20
126.0 2001




