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Abstract

In this study, two series of coumarin derivatites-i and 6a~i were synthesized,
and their inhibitory activity against--glucosidase was determined. The results
indicated that most of the synthesized derivatieghibited prominent inhibitory
activities againsi-glucosidase. Among them, compounsis and 5b showed the
strongest inhibition with the Kg values of 19.64 uM and 12.98 uM, respectively.
Enzyme kinetic studies of compoun8la and 5b proved that their inhibition was
reversible and a mixed type. THeandKs values of compoun8la were calculated to
be 27.39uM and 13.02:M, respectively, and the corresponding values éongound
5b being 27.02uM and 13.65uM, respectively. The docking studies showed that
compound5b could be inserted into the active pocketosflucosidase and form

hydrogen bonds with LYS293 to enhance the bindffigity.

Key words: Coumarin; cinnamic acid; synthesisglucosidase; enzyme inhibition;

molecular docking
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1. Introduction

a-Glucosidase (EC 3.2.1.20), axo-acting glycoside hydrolase, possesses key
functions in the carbohydrate quality control andarticular plays essential roles in
the process of sugar metabolism [1-eHGlucosidase can hydrolyze theglycosidic
bonds from the non-reducing end of carbohydratestsates [5-8]. The cleavage of
a-glucosidic bonds also relates to the number of gsaocharide units, cleavage site
position, and configuration of hydroxyl groups hetsubstrates [9-12¢-Glucosidase
inhibitors can be used not only as research taotdarify the mechanism of action of
a-glucosidase at molecular levels, but also as eblvagents against
carbohydrate-mediated diseases, such as canckeetela HIV, obesity and hepatitis
[13-17]. The mechanism of action afglucosidase inhibitors is closely related to
their affinity with the carbohydrate-binding regi@f a-glucosidase [18-20]. The
biological importance ofa-glucosidase encourages researchers to discover new
effective agents againstglucosidase [21-23]. To data,large amount of naturally
occurring and synthetic agents towardlucosidase are produced in laboratories, but
only a few are used in further applications [1-Zcause mammaliam-glucosidase
is not commercially available-glucosidase fronsaccharomyces cervisiae has been
generally used as a target protein for screenia@thivity of inhibitors.

It has been reported that coumarin and its devigatihave a wide range of
biological activities [26,27], such as anti-oxidati[28,29],anti-inflammatory [30],
anti-clotting [31], anti-bacterial [32], anti-cytmtic [33,34], anti-cancer [35],
anti-HIV [36,37] and treatment of dyslipidemia [3&ecent studies have shown that
many herbal and synthetic derivatives containingnarin fractions can be used as
a-glucosidase inhibitors [39,40]. On the other haridnamic acid, a natural product
extracted from cinnamon oil, has been used asdragrand medicine [41], and this
compound and its derivatives have received inangaattention in the treatment of
type Il diabetes in recent years [42].

Meanwhile, it is well recognized that modifying teguctural skeletons of natural

products is an important way to find lead compounwdh certain level of biological
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activity [43]. On the other hand, hybridization apps as an effective strategy to
increase the biological activity or pharmacologie#ficacy of the hybrid molecule
and to overcome the resistance [44,45]. To dateenous effective agents have been
developed based on these two methods. Inspirechésetresults and aiming to
develop more effectiven-glucosidase inhibitors, we integrated the above tw
strategies to design and synthesize two serieswharin derivative®a~i and6a~i

by conjugating substituted cinnamic acids with 4Hoxycoumarin or
7-hydroxycoumarin. We evaluated their inhibitiorieef and mechanism of action
againsta-glucosidase, and also carried out molecular dgcktndies. Here we report

our findings.
2. Results and Discussion

2.1. Chemistry

In this study, substituted cinnamic acids and caumawere used as starting
materials to synthesize coumarin derivatives. Thathetic route of coumarin
derivativesba~gand6a~gwas shown in Scheme 1. Compoufdsgwere converted
into intermediate2a~g which were esterified with compour8j or 4k to afford
compound$a~gand6a~g respectively.

Because of the influence of the hydroxyl groupsubstituted cinnamic acid$~i,
coumarin derivativessh~i and 6h~i were synthesized with a circuitous route as
depicted in Scheme 2. Protection of the hydroxglugs in compoundZh~i with
tert-butyldimethylchlorosilane (TBSCI) afforded cpounds 7’h~i. Treatment of
compounds7’h~i with thionylchloride gave compoundh~i, which reacted with
compound3j or 4k to afford compound$h’~i’ and 6h'~i’, respectively. Finally,

compound$h~i and6h~i were obtained by deprotecting the TBSCI groups.

4/25



6(a~g)
R1=H, CHz, OCHg, F, Cl, Br, CF3

Scheme 1.Synthesis of compoundsa~g and 6a~g Reagents and conditions: (a)

SOC}L, DMF, DCM, 0 °C ~ rt, 5h; (b) DIPEA, DCM, 0 °C % #éh.

o
o 0 o |
N N x HO% 0
_a b - N
Ry Ry Ry c
3 Rs' R3' R T
7h~i Th~i 8h~i Rs

5h: Ry = OTBS, Ry =H

@\/\l 5i': Ry = OTBS, Ry = OCH3
HO 0o | °

R3 3
6h: R, =OH,R3=H 6h": Ry’ = OTBS, R3'=H 5h: R, =OH,R3=H
6i: R, = OH, R; = OCH3 6i': Ry’ = OTBS, Ry' = OCHj 5i: Ry = OH, R; = OCHj3

Scheme 2 Synthesis of compoundsh~i and 6h~i. Reagents and conditions: (a)
TBSCI, imidazole, DMAP, DMF, 0 °C ~ rt; §0O;, THF, MeOH; (b) SOG| DMF,
DCM, 0 °C ~ rt, 5h; (c) DIPEA, DCM, 0 °C ~ rt, 4fd) HF, THF, rt.

2.2. a-Glucosidase inhibition assay

It has been reported that coumarin and its devigatcan achieve glycemic control
by inhibiting the activity ofu-glucosidase [46-49]. Therefore, thevitro activity of
compounds5a~i and 6a~i againsta-glucosidase was investigated. The inhibitory
activity of these compounds at the concentrationl@® uM was screened and
subsequently their g values were evaluated. The results were showmliteTl and
indicated that most of the synthetic coumarin denixes exhibited higher inhibitory
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potency than cinnamic acid and coumarins. This rnaysurmised to the better
interaction of these conjugates. Among them, comgsiba and 5b showed the
strongest inhibition with the Kg values of 19.64 uM and 12.98 puM, respectively,
which are obvious higher than the parent piecemarnic acid (1.5x1fxM) and
4-hydroxycoumarin (9.0x£1M), and have similar inhibition activity compareith

the positive control ursolic acid (11.38V1), a widely accepted inhibitor again
a-glucosidase fronsaccharomyces cervisiae [14,50]. Fig. 1 showed the concentration
inhibition curves of compoundsa and5b againsti-glucosidase.

Table 1.Inhibitory activity of coumarin derivatives towasdglucosidase.

)
"0 N0 0o
] /Q/\)L ) /@A)‘\ |
R, 5ai IS 6a-j

Compound R R, Inhibition at 100uM (%) ICso (uM)
5a H H 83.51 19.64
5b CHs H 89.92 12.98
5c OCH;s H 73.15 36.88
5d F H 68.50 41.73
5e Cl H 33.10 >100
5f Br H 60.99 69.30
5g CR H 41.87 >100
5h OH H 33.19 >100
5i OH OCH; 19.51 >100
6a H H 45.65 >100
6b CHs H 54.74 94.52
6¢c OCH;s H 20.25 >100
6d F H 26.23 >100
6e Cl H 29.93 >100
6f Br H 30.10 >100
69 CR H 38.22 >100
6h OH H 13.11 >100
6i OH OCH; 20.26 >100
Cinnamic acid 1.5x10
3J 4.0x16
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4K 9.0x16
Ursolic acidb 11.38
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Fig. 1 Thea-glucosidase inhibition effects obmpound$a and5b.

2.3. Sructure activity relationships (SAR) analysis

Based on the data in Table 1, the SAR of compolwald and 6a~i against
a-glucosidase was analyzed. Firstly, the influentdinking positions at coumarin
ring was investigated. Since the inhibition of caupds5a~i againsta-glucosidase
was much higher than that of compousds-i with the same substituent groups, this
result revealed that conjugation of substituted namic acids with
4-hydroxycoumarin would be a better choice thamwHhydroxycoumarin.

Secondly, the influence of the substituents on ammic acid was evaluated by
taking compounda as a lead structure. It was observed that introolucof CH;
group (to give compoundb) was favorable to increase the inhibitory actiatyd the
introduction of OCH, F, or Br group (to afford compoun@s, 5d and5f, respectively)
showed slightly negative effect on the inhibitorgtiaty. C| or CF group as the
substituent (that is compounég and 5g) led to obviously low inhibitory activity,
suggesting that an electron-withdrawing group was favorable to the activity.
Additionally, the presence of a hydroxyl group ongpoundssh and5i also gave low
inhibitory activity. Among the substituents, a mgdtigroup at the 4-position of the
phenyl ring of cinnamic acid was the most favordblencrease the inhibitory activity
againsta-glucosidase. Taken together, the above findinggyest that particular
attentions should be paid attention to an electitmmating group rather than an
electron-withdrawing group.
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2.4. a-Glucosidase inhibitory mechanism of compounds 5a and 5b

To ascertain the inhibition mechanism of compoubsasnd 5b on a-glucosidase,
the plots of the initial velocity against the contations ofa-glucosidase in the
presence of compoun8la or 5b of varying concentrations were constructed. As
shown in Fig. 2, the plots gave a family of straighes at each concentration of
compoundba or 5b, and these lines passed through the origin. M@edke slopes of
the lines extended a descent with the increaskeeirténcentrations of compounbia
and5b. These findings suggest that the inhibitiorneflucosidase by compounés

and5b is reversible.

- oM

[

06| ® 15m OA\io
0uM

E05| v mm 5a

Relative activity( A OD/min)
I
Relative activity(A OD/min)

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16 18
[E)(UimL) [E)U/mL)

Fig. 2 Plots of the relative activity against the concatitns ofa-glucosidase in the

presence of compourigh (0, 15, 20 and 2pM) or 5b (0, 10, 20 and 3pM).

To further explore the inhibition kinetic behaviof compoundsa and5b, their
activity was determined at the different concemdreg of 4-nitrophenyp-D-
galactopyranoside (PNPG) in the presence or abseincempound5a or 5b, and
analyzed using Lineweaver-Burk double reciprocatglFor both compounds and
5b, the plots of AV vs 1/[S] gave straight lines with different slopesensecting one
another in the second quadrant. The valueg,cdndK,, descended with the increase
in the concentrations of compoubd or 5b, which suggested that compourtdsand
5b induced mixed-type inhibition on-glucosidase. In other words, compourtds
and 5b are able to bind with both free enzyme and enzguoiestrate complex to
reduce the catalytic activity af-glucosidase. To gain further insight into this, we
determined the equilibrium constants of compousaland5b with free enzymek)
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and the enzyme-substrate compl&x), by plotting the appareit,/Vmax and 1¥max
against theconcentrations of compoundsa and 5b. The K; and K;s values of
compoundba were determined to be 27.88 and 13.02uM, respectively, and thi€,

andKs of compoundb were 27.02:M and 13.65.M, respectively.

2.5. Molecular docking of compound 5b

Molecular docking studies have two purposes, narsgécific structural modeling
and accurate prediction of activity [51]. The sypybgrame [52] was applied to study
the interaction of compourtsb with the active site ad-glucosidase to understand the
inhibition mechanism. As described in our previausk [3,4], oligo-1,6-glucosidase
from Saccharomyces cerevisiae (PDB: 1UOK) was selected as the target protein.
Because compoundSb was a hybride of 4-methylcinnamic acid and
4-hydroxycoumarin, its electrophilic and lipophipotentials were changed compared
with the parent pieces, 4-methylcinnamic acid ardtd/droxycoumarin. Thereby the
inhibition mode and docking site of compoubld may be apparently changed. As
shown in Fig. 3a~b, compourdh well nested into the active pocketwlucosidase
and formed a hydrogen bond with the amino acid eeges of LYS293 to enhance
the affinity with a-glucosidase. Meanwhile, the electrophilic and pipitic potential
interactions betweebb and the active pocket were analyzed. As indicatdelg. 3c,
the exterior of the active pocket is more electitiptthan the interior. So, the
coumarin fraction of compounb, which is more electrophilic than 4-methylphenyl
fraction, was located in the lipophilic potentiaégron (Fig. 3d). Similarly, the
lipophilic potential interaction between compoubd and the active pocket was
presented in Fig. 3e~f. The integration with thethyiated phenyl ring of the
cinnamic acid part is closer through the van deraM/dorce, and the coumarin
fraction was near the hydrophilic region for itsgher hydrophilicity than

4-methylphenyl fraction.

9/25



Fig. 3Molecular docking of compourtsb with a-glucosidase.
3. Conclusion

In summary, two series of coumarin derivatives wessgthesized from the
conjugation of substituted cinnamic acid with 4+4opd/coumarin @ and
7-hydroxycoumarin, and their inhibitory activityward a-glucosidase was evaluated.
The results show that most of the synthesized devies showed prominent
inhibitory potency than cinnamic acid and coumarand introduction of an
electron-donating group is conducive to thglucosidase inhibitory activity. Enzyme
kinetic studies indicated that their inhibition wasversible and a mixed type.
Molecular docking study also confirmed that the tbgsized derivatives could be
effectively inserted into the active pocket e@fglucosidase. The present findings
suggest that coumarin derivatives conjugated wghitable cinnamic acid at the C-7
position could be promising inhibitors fon-glucosidase. Further structural

optimization is under active investigation in cabdratories.
4. Materials and Methods
4.1. Chemistry
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a-Glucosidase fromSaccharomyces cerevisiae (EC 3.2.1.20) and PNPG were
supplied by Sigma-Aldrich. All the other commerbiahvailable reagents were used
without further purification.'H NMR and **C NMR were recorded on an NMR
spectrometer (DPX-500 MHz) with chemical shift @iven in parts per million
(ppm) relative to TMS as an internal standard. Mageectrometry was determined on
a (LCQ™) LC-MS supplied by Thermo Fisher Scientific (Shaaiy Co., Ltd.
Melting points were measured on a Micro meltingnpanstrument supplied by
Shanghai Yidian Physical Optical Instrument Cod,ldand the temperature was not

corrected.

4.2. General procedures
4.2.1. Synthesis of compounds 5a~g and 6a~g

SOC} (2.4 mmol) and DMF (2 drops) were added to a smiubf compound4a~g
(2.0 mmol) in anhydrous DCM (5 mL) at 0 °C. Theatgan mixture was stirred at
room temperature for 5 h, and then concentrateadftwd cinnamoyl chloridea~g
Then to a solution of compour@l or 4k (1.6 mmol) and DIPEA (3.2 mmol) in
anhydrous DCM (5 mL) was added slowly a solution coimpounds2a~g in
anhydrous DCM (5 mL) at 0 °C. After 30 min, the agan mixture was warmed to
the room temperature and stirring continued uh# teaction was completed. Then
the reaction mixture was quenched with saturatate@egs NaHC® solution and
extracted with ethyl acetate. The organic layer washed subsequently with water
and brine, dried over anhydrous JS&, and concentrated. The obtained residues
were purified by column chromatography to give commms5a~gand6a~g
2-0x0-2H-chromen-4-yl cinnamate 5aWhite solid; yield 66.3 %; mp: 156-157;
'H NMR (500 MHz, Chlorofornd) 5 7.98 (d,J = 15.9 Hz, 1H), 7.72 (dd,= 7.9, 1.6
Hz, 1H), 7.66 - 7.57 (m, 3H), 7.52 - 7.43 (m, 3AB9 (dd,J = 8.4, 1.1 Hz, 1H), 7.33
(dd,J =7.4, 1.0 Hz, 1H), 6.69 (d,= 15.9 Hz, 1H), 6.61 (s, 1H)*C NMR (126 MHz,
Chloroformd) 6 162.77, 161.59, 158.67, 153.73, 149.36, 133.52,783 131.60,
129.22, 128.69, 124.35, 122.88, 117.15, 115.68,3519.05.25; ESI-MSm/z 315.57
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(IM+Na]"); IR (cm*) (KBr) v 2924 (=C-H, aromatic), 1706 (C=0, ester), 1612Q¥=
1385, 1328 (3C-H, alkene), 1116 (C-O-C, ester), 840, 763 (9C-H, aromatic).
2-0x0-2H-chromen-4-ylE)-3-(p-tolyl)acrylate 5b. White solid; yield 43.5 %; mp:
139-14007; *H NMR (500 MHz, Chlorofornd) § 7.95 (d,J = 16.0 Hz, 1H), 7.72 (dd,
J=7.9, 1.6 Hz, 1H), 7.59 (ddd,= 8.6, 7.3, 1.6 Hz, 1H), 7.55 - 7.51 (m, 2H), 7.38
(dd,J = 8.3, 1.1 Hz, 1H), 7.32 (td,= 7.7, 1.1 Hz, 1H), 7.27 (d,= 6.7 Hz, 2H), 6.63
(d,J = 15.9 Hz, 1H), 6.60 (s, 1H), 2.42 (s, 3t} NMR (126 MHz, Chlorofornd) &
162.95, 161.64, 158.74, 153.73, 149.40, 142.37,7432130.86, 129.96, 128.72,
124.32, 122.92, 117.13, 115.75, 114.14, 105.186321ESI-MS: m/z 329.07
(IM+Na]"); IR (cm?) (KBr) v 2923 (=C-H, aromatic), 1714 (C=0, ester), 1616QL=
1385 (3C-H, alkene), 1326 (GH 1127 (C-O-C, ester), 937, 846, 810, 759 (8C-H,
aromatic).

2-0x0-2H-chromen-4-yl E)-3-(4-methoxyphenyl)acrylate 5¢ White solid; yield
52.8 %; mp: 149-151); *H NMR (500 MHz, Chlorofornd) § 7.93 (d,J = 15.9 Hz,
1H), 7.72 (ddJ = 7.9, 1.6 Hz, 1H), 7.61 - 7.57 (m, 3H), 7.38 (dd; 8.4, 1.1 Hz, 1H),
7.32 (td,J = 7.6, 1.1 Hz, 1H), 6.99 - 6.95 (m, 2H), 6.591(8), 6.53 (dJ = 15.9 Hz,
1H), 3.88 (s, 3H)C NMR (126 MHz, Chlorofornd) & 163.11, 162.49, 161.70,
158.82, 153.73, 149.07, 132.71, 130.59, 126.32,3024122.94, 117.12, 115.81,
114.67, 112.51, 105.11, 55.52; ESI-M8/z 344.98 ([M+Na]); IR (cm‘) (KBr) v
2925 (=C-H, aromatic), 1728 (C=0, ester), 1609 (L4381 (3C-H, alkene), 1293
(C-O-C, ether), 1112 (C-O-C, ester), 946, 837, (B&&H, aromatic).
2-0x0-2H-chromen-4-yl E)-3-(4-fluorophenyl)acrylate 5d White solid; yield
54.5 %; mp: 146-147); *H NMR (500 MHz, Chlorofornd) & 7.94 (d,J = 15.9 Hz,
1H), 7.70 (ddJ = 7.9, 1.6 Hz, 1H), 7.66 - 7.62 (m, 2H), 7.60 (ddie 8.7, 7.4, 1.6
Hz, 1H), 7.39 (ddJ = 8.4, 1.1 Hz, 1H), 7.32 (td,= 7.7, 1.1 Hz, 1H), 7.16 (§,= 8.6
Hz, 2H), 6.61 (dJ = 16.2 Hz, 2H);"*C NMR (126 MHz, Chlorofornd) § 165.68,
163.66, 162.66, 161.55, 158.63, 153.73, 147.96,8132130.76, 130.69, 129.86,
129.83, 124.35, 122.84, 117.17, 116.58, 116.41,64]15115.10, 115.08, 105.27,
ESI-MS: mVz 333.39 ([M+Na]); IR (cm') (KBr) v 2923 (=C-H, aromatic), 1711
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(C=0, ester), 1619 (C=C), 1387 (3C-H, alkene), 1&3F), 1133 (C-O-C, ester), 939,
837, 758 (8C-H, aromatic).

2-0x0-2H-chromen-4-ylE)-3-(4-chlorophenyl)acrylate 5e White solid; yield
62.3 %; mp: 184-185; 'H NMR (500 MHz, Chlorofornd) & 7.92 (d,J = 15.9 Hz,
1H), 7.70 (ddJ = 7.9, 1.6 Hz, 1H), 7.63 - 7.55 (m, 3H), 7.47427(m, 2H), 7.39 (dd,
J=8.3, 1.1 Hz, 1H), 7.35 - 7.30 (m,1H), 6.66 J& 16.0 Hz, 1H), 6.60 (s, 1H}*C
NMR (126 MHz, Chloroformd) 6 162.55, 161.51, 158.58, 153.73, 147.80, 137.68,
132.83, 132.01, 129.81, 129.56, 124.36, 122.82,1917115.92, 115.60, 105.31;
ESI-MS: m/z 348.84 ([M+Na]); IR (cm?) (KBr) v 2922 (=C-H, aromatic), 1721
(C=0, ester), 1625 (C=C), 1382, 1317 (3C-H, alkeh&}1 (C-O-C, ester), 940, 868,
821 (8C-H, aromatic), 755 (C-Cl).
2-0x0-2H-chromen-4-ylE)-3-(4-bromophenyl)acrylate 5f White solid; yield
61.7 %; mp: 194-195; '"H NMR (500 MHz, Chlorofornd) & 7.90 (d,J = 15.9 Hz,
1H), 7.70 (dd,J = 8.0, 1.5 Hz, 1H), 7.60 (dd,= 8.7, 2.3, 1.6 Hz, 3H), 7.53 - 7.47 (m,
2H), 7.39 (dd,J) = 8.4, 1.1 Hz, 1H), 7.32 (td,= 7.7, 1.1 Hz, 1H), 6.68 (d,= 15.9 Hz,
1H), 6.60 (s, 1H)*C NMR (126 MHz, Chlorofornd) & 162.54, 161.51, 158.57,
153.73, 147.88, 132.84, 132.53, 132.51, 132.43,9729126.10, 124.36, 122.82,
117.18, 116.03, 115.59, 105.30; ESI-MBz 393.05 ([M+Na]); IR (cm?) (KBr) v
2922 (=C-H, aromatic), 1755 (C=0, ester), 1623 (4380, 1314 (3C-H, alkene),
1128 (C-O-C, ester), 938, 867, 818 (8C-H, aromafisf (C-Br).
2-0x0-2H-chromen-4-yl E)-3-(4-(trifluoromethyl)phenyl)acrylate 5g. White solid;
yield 58.9 %: mp: 165-166/; *H NMR (500 MHz, Chloroforrd) § 7.99 (d,J = 16.0
Hz, 1H), 7.78 - 7.68 (m, 5H), 7.65 - 7.58 (m, 1A}X0 (d,J = 8.3 Hz, 1H), 7.33 (]

= 7.6 Hz, 1H), 6.77 (dJ = 16.0 Hz, 1H), 6.61 (s, 1H}*C NMR (126 MHz,
Chloroformd) & 162.25, 161.44, 158.47, 153.74, 147.27, 136.83.063 132.90,
132.79, 128.78, 126.24, 126.21, 126.18, 126.14,4024122.77, 118.02, 117.22,
115.50, 105.41; ESI-MSm/z 382.78 ([M+Na]); IR (cm') (KBr) v 2924 (=C-H,
aromatic), 1754 (C=0, ester), 1626 (C=C), 1383 BGlkene), 1323 (3C-F), 1117
(C-O-C, ester), 941, 834, 755 (8C-H, aromatic).
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2-0x0-H-chromen-7-ylcinnamate 6a White solid; yield 65.4 %; mp: 152-154;
'H NMR (500 MHz, Chloroformd) & 7.91 (d,J = 16.0 Hz, 1H), 7.72 (d] = 9.6 Hz,
1H), 7.64 - 7.58 (m, 2H) , 7.52 (d,= 8.4 Hz, 1H), 7.44 (dd] = 5.1, 1.9 Hz, 3H),
7.21 (d,J = 2.2 Hz, 1H), 7.15 (dd] = 8.4, 2.2 Hz, 1H), 6.63 (d, = 16.0 Hz, 1H),
6.41 (d,J = 9.5 Hz, 1H):*C NMR (126 MHz, Chlorofornd) § 164.71, 160.45,
154.77, 153.42, 147.76, 142.93, 133.92, 131.10,1129128.58, 128.47, 118.52,
116.66, 116.44, 116.07, 110.53; ESI-M87z 314.96 ([M+Na]); IR (cm?) (KBr) v
2925 (=C-H, aromatic), 1725 (C=0, ester), 1623 (L4410, 1312 (4C-H, alkene),
1134 (C-O-C, ester), 986, 864, 757, 692 (8C-H, atizh
2-0x0-H-chromen-7-yl(E)-3-(p-tolyl)acrylate 6b. White solid; yield 43.7%; mp:
174-1761; *H NMR (500 MHz, Chlorofornd) & 7.88 (d,J = 15.9 Hz, 1H), 7.71 (d

= 9.5 Hz, 1H), 7.51 (dd] = 9.6, 7.9 Hz, 3H), 7.24 (d,= 8.0 Hz, 2H), 7.21 (d] = 2.2
Hz, 1H), 7.14 (ddJ= 8.4, 2.2 Hz, 1H), 6.58 (d,= 16.0 Hz, 1H), 6.41 (d] = 9.6 Hz,
1H), 2.40 (s, 3H)*C NMR (126 MHz, Chlorofornd) & 164.89, 160.47, 154.77,
153.51, 147.79, 142.94, 141.73, 131.22, 129.85,5628128.49, 118.56, 116.61,
116.01, 115.27, 110.54, 21.59; ESI-M8z 328.97 ([M+Na]); IR (cm?) (KBr) v
2923 (=C-H, aromatic), 1723 (C=0, ester), 1619 (L-X2304 (4C-H, alkene), 1260
(CHs), 1129 (C-O-C, ester), 987, 811, 747 (7C-H, aréchat
2-0x0-H-chromen-7-yl(E)-3-(4-methoxyphenyl)acrylate 6c White solid; yield
53.7 %; mp: 196-1981; 'H NMR (500 MHz, Chlorofornd) § 7.86 (d,J = 15.9 Hz,
1H), 7.71 (dJ = 9.5 Hz, 1H), 7.58 - 7.54 (m, 2H) , 7.51 Jd; 8.5 Hz, 1H), 7.20 (d]

= 2.2 Hz, 1H), 7.14 (dd] = 8.4, 2.2 Hz, 1H), 6.97 - 6.93 (m, 2H), 6.49J¢&; 15.9 Hz,
1H), 6.41 (d,J = 9.6 Hz, 1H), 3.87 (s, 3H}’*C NMR (126 MHz, Chlorofornd) &
165.04, 162.06, 160.48, 154.77, 153.59, 147.45,9642130.27, 128.53, 126.68,
118.59, 116.56, 115.97, 114.55, 113.72, 110.5547/5ESI-MS: m/z 345.10
(IM+Na]"); IR (cm?) (KBr) v 2925 (=C-H, aromatic), 1736 (C=0, ester), 1610GL=
1417 (4C-H, alkene), 1260 (C-O-C, ether), 1136 (G ster), 995, 887, 825 (7C-H,

aromatic).
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2-0x0-H-chromen-7-yl(E)-3-(4-fluorophenyl)acrylate 6d White solid; yield
63.8 %:; mp: 208-210'; *H NMR (500 MHz, Chlorofornd) & 7.87 (d,J = 16.0 Hz,
1H), 7.72 (dJ = 9.5 Hz, 1H), 7.63 - 7.57 (m, 2H) , 7.53 Jd; 8.4 Hz, 1H), 7.21 (d]

= 2.2 Hz, 1H), 7.17 - 7.10 (m, 3H), 6.56 {d= 16.0 Hz, 1H), 6.42 (dl = 9.5 Hz, 1H);
3C NMR (126 MHz, Chlorofornd) & 164.58, 160.43, 154.77, 153.36, 146.39,
142.91, 130.47, 130.40, 128.60, 118.48, 116.69,4816116.25, 116.19, 116.10,
110.51; ESI-MSmvz 333.11 ([M+Na]); IR (cmi?) (KBr) v 2924 (=C-H, aromatic),
1734 (C=0, ester), 1615 (C=C), 1411 (4C-H, alked®g5 (C-F), 1137 (C-O-C,
ester), 993, 835 (7C-H, aromatic).
2-0x0-H-chromen-7-y(E)-3-(4-chlorophenyl)acrylate 6e White solid; yield 41.7%;
mp: 201-203; *H NMR (500 MHz, Chlorofornd) & 7.85 (d,J = 16.0 Hz, 1H), 7.72
(d, J = 9.6 Hz, 1H), 7.53 (dd] = 8.4, 5.5 Hz, 3H), 7.45 - 7.37 (m, 2H), 7.20 Jc
2.2 Hz, 1H), 7.14 (dd] = 8.4, 2.2 Hz, 1H), 6.60 (d,= 16.0 Hz, 1H), 6.41 (dl = 9.6
Hz, 1H); 3¢ NMR (126 MHz, Chlorofornd) & 164.46, 160.40, 154.77, 153.31,
146.23, 142.89, 137.11, 132.39, 129.60, 129.43,6128118.44, 117.03, 116.72,
116.13, 110.49; ESI-MSm/z 349.31 ([M+Na]); IR (cm’) (KBr) v 2924 (=C-H,
aromatic), 1726 (C=0, ester), 1620 (C=C), 1406 HGlkene), 1273, 1125 (C-O-C,
ester), 817 (7C-H, aromatic), 755 (C-Cl).
2-0x0-H-chromen-7-yl(E)-3-(4-bromophenyl)acrylate 6f White solid; yield
64.6%; mp: 217-2181; *H NMR (500 MHz, Chlorofornd) & 7.83 (d,J = 16.0 Hz,
1H), 7.72 (d,J = 9.6 Hz, 1H), 7.61 - 7.56 (m, 2H), 7.52 (= 8.4 Hz, 1H), 7.49 -
7.43 (m, 2H), 7.20 (dJ = 2.2 Hz, 1H), 7.14 (dd] = 8.4, 2.2 Hz, 1H), 6.62 (d, =
16.0 Hz, 1H), 6.42 (d] = 9.5 Hz, 1H);*C NMR (126 MHz, Chlorofornd) § 164.45,
160.40, 154.76, 153.30, 146.30, 142.89, 132.81,4032129.78, 128.61, 125.50,
118.44, 117.15, 116.73, 116.13, 110.49; ESI-M#z 393.33 ([M+Na]); IR (cm?)
(KBr) v 2924 (=C-H, aromatic), 1723 (C=0, ester), 1615¢;1404 (4C-H, alkene),
1268, 1122 (C-O-C, ester), 986, 847, 812 (7C-Hmatic), 600 (C-Br).
2-0x0-H-chromen-7-yl E)-3-(4-(trifluoromethyl)phenyl)acrylate 6g. White solid;
yield 45.3 %:; mp: 178-180; *H NMR (500 MHz, Chlorofornd) § 7.92 (d,J = 16.0
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Hz, 1H), 7.75 - 7.67 (m, 5H), 7.54 @3= 8.5 Hz, 1H) , 7.22 (d] = 2.1 Hz, 1H), 7.15
(dd,J = 8.4, 2.2 Hz, 1H), 6.71 (d,= 16.0Hz, 1H), 6.42 (dl = 9.5 Hz, 1H)*C NMR
(126 MHz, Chloroformd) & 164.15, 160.35, 154.77, 153.17, 145.73, 142.83,65
128.56, 126.13, 126.10, 126.07, 126.04, 119.10,3718116.81, 116.21, 110.47;
ESI-MS: m/z 382.73 ([M+Na]); IR (cm?) (KBr) v 2924 (=C-H, aromatic), 1727
(C=0, ester), 1619 (C=C), 1411, 1328 (4C-H, alkeri®70 (3C-F), 1119, 1068
(C-O-C, ester), 985, 864, 830 (7C-H, aromatic).

4.2.2 Synthesis of compounds 5h~i and 6h~i

Compoundh~i (2 mmol), imidazole (9 mmol), TBSCI (6 mmol) and/BP (0.2
mmol) were dissolved in dry DMF (5 mL) in sequenoeder ice bath and the
resulting solution was stirred for 3 h. After contrated, the obtained residues were
dissolved in a solution of &O; (0.2 g) in MeOH/THF (1/2, 12 mL). The mixture
was stirred for 3 h and concentrated under redypecesgsure. The obtained residues
were partitioned between ethyl acetate and watee. drganic layer was separated,
washed with water and brine, and dried over anhyglidaSO,. Removal of the
organic layer under vacuum gave compoums-i'. Then compound¥h'~i’ (2.0
mmol), SOC} (2.4 mmol) and DMF(2 drops) were added to dry D@GMNL) at O[],
and the resulting solution was stirred at room terajure for 5 h, followed by
concentration to give compoun@&~i. To a solution of compoundJ or 4k (1.6
mmol) and DIPEA (3.2 mmol) in dry DCM (5 mL) at 0 was added slowly a
solution of compound8h~i in dry DCM (5 mL). Then the reaction mixture was
warmed to room temperature and stirred until thectiten was completed on TLC.
The reaction was quenched with saturated aqueotkCR@a solution, followed by
extraction with ethyl acetate. The organic layeisweaashed with water and brine,
dried over anhydrous N80, and concentrated. The obtained residues wereigulirif
by column chromatography to give compoubtsi and6h~i.
2-0x0-H-chromen-4-yl(E)-3-(4-hydroxyphenyl)acrylate 5h White solid; yield
29.7 %; mp: 170-171; *H NMR (500 MHz, DMSOsg) § 10.27 (s, 1H), 7.91 (d,=

15.9 Hz, 1H), 7.80 (dd] = 8.0, 1.8 Hz, 1H) , 7.71 (td,= 6.9, 5.5, 2.0 Hz, 3H), 7.53 -
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7.47 (m, 1H), 7.41 (tt) = 7.6, 1.4 Hz, 1H), 6.88 - 6.82 (m, 2H), 6.8174(m, 1H),
6.63 (d,J = 1.5 Hz, 1H);**C NMR (126 MHz, DMSOds) 5 163.36, 160.97, 160.79,
158.92, 153.19, 149.19, 133.33, 131.42, 124.87,8824123.35, 116.84, 116.07,
115.48, 111.65, 105.26; ESI-M®vz 330.72 ((M+Na]); IR (cm?) (KBr) v 3435
(O-H), 2925 (=C-H, aromatic), 1737 (C=0, ester)9,51511 (C=C), 1384 (3C-H,
alkene), 1146 (C-O-C, ester), 894, 847, 755 (8@dmatic).

2-0x0-H-chromen-4-yl (E)-3-(4-hydroxy-3-methoxyphenyl)acrylate 5i Light
yellow solid; yield 40.0%; mp: 177-178; *H NMR (500 MHz, DMSO#¢s) 5 9.89 (s,
1H), 7.91 (dJ = 15.9 Hz, 1H), 7.81 (dd,= 7.9, 1.6 Hz, 1H), 7.73 (ddd,= 8.6, 7.3,
1.6 Hz, 1H), 7.53 - 7.49 (m, 2H), 7.45 - 7.41 (1hl)17.29 (ddJ = 8.2, 2.0 Hz, 1H),
6.90 - 6.83 (m, 2H), 6.64 (s, 1H), 3.85 (s, 3HC NMR (126 MHz, DMSOds) &
163.79, 161.18, 159.31, 153.58, 150.95, 149.93,5H48133.73, 125.72, 125.23,
124.96, 123.69, 117.24, 116.10, 115.87, 112.26,221205.62, 56.27; ESI-M3w/z
359.46 ([M+Na]); IR (cm™) (KBr) v 3431 (O-H), 2925 (=C-H, aromatic), 1723 (C=0,
ester), 1621 (C=C), 1385 (3C-H, alkene), 1274 (C-Qether), 1117 (C-O-C, ester),
944, 851, 759 (7C-H, aromatic).
2-0x0-H-chromen-7-yl(E)-3-(4-hydroxyphenyl)acrylate 6h White solid; yield
29.0%; mp: 242-2441; *H NMR (500 MHz, DMSOdg) § 10.20 (s, 1H), 8.10 (d, =
9.6 Hz, 1H), 7.85 - 7.78 (m, 2H), 7.70 - 7.66 (2hl), 7.37 (dJ = 2.3 Hz, 1H), 7.24
(dd,J = 8.4, 2.2 Hz, 1H), 6.86 - 6.82 (m, 2H), 6.67Jd; 15.9 Hz, 1H ), 6.50 (d} =
9.6 Hz, 1H);*C NMR (126 MHz, DMSOds) & 165.35, 160.96, 160.26, 154.64,
153.59, 147.99, 144.37, 131.41, 129.81, 125.36,2519117.07, 116.39, 115.96,
113.02, 110.67; ESI-MSw/z 330.98 ([M+Nal); IR (cm*) (KBr) v 3424 (O-H), 2924
(=C-H, aromatic), 1736 (C=0, ester), 1598 (C=CBABC-H, alkene), 1128 (C-O-C,
ester), 817 (7C-H, aromatic).

2-0x0-H-chromen-7-yl (E)-3-(4-hydroxy-3-methoxyphenyl)acrylate 6i White
solid; yield 59.3%; mp: 213-215; *H NMR (500 MHz, DMSOdg) § 9.79 (s, 1H),
8.10 (d,J = 9.6 Hz, 1H), 7.80 (dd] = 12.2, 3.7 Hz, 2H), 7.45 (d,= 2.0 Hz, 1H),
7.37 (d,J = 2.2 Hz, 1H), 7.24 (ddl = 8.3, 2.2 Hz, 2H), 6.83 (d,= 8.1 Hz, 1H) , 6.75
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(d, J = 15.9 Hz, 1H), 6.49 (d] = 9.6 Hz, 1H), 3.84 (s, 3H}*C NMR (126 MHz,
DMSO-dg) 6 165.38, 160.26, 154.64, 153.60, 150.51, 148.58,3B4 144.38, 129.83,
125.84, 124.38, 119.23, 117.06, 116.07, 115.95,3113112.03, 110.63, 56.23;
ESI-MS: miz 359.65 ([M+Na]); IR (cm") (KBr) v 3433 (O-H), 2924 (=C-H,
aromatic), 1709 (C=0, ester), 1607 (C=C), 1420 Ri&lkene), 1232 (C-O-C, ether),
1128 (C-0O-C, ester), 983, 849 (6C-H, aromatic).

4.3. Inhibitory activity toward a-glucosidase

The inhibitory activity of compoundsa~i and6a~i againsii-glucosidase and their
inhibition mechanism of action were investigateccarding to the method of
Worawalai with a slight modification [53]. Those nmapounds were dissolved in
DMSO. o-Glucosidase enzyme and PNPG were dissolved inM.potassium
phosphate buffer (pH 6.8). Then 1@ of a-glucosidase (final concentration 0.1
U/mL), 130uL of phosphate buffer and 1Q of the test compounds were added into
96-well plates, in succession. After incubated at 3for 10 min 50 uL of PNPG
(final concentration 1 mmol/L) was added into thtore, followed by incubation at
37 © for 30 min The enzymatic activity was quantified by measutimg absorbance
at 405 nm using Multimodel Reader. The inhibiti@rgentage was calculated by the
formula: % Inhibition = [(A — Ag) / Ag] * 100%, where Aand A are the absorbance
with and without the test compound, respectivelye TG, value was determined
from a plot of the inhibition percentage the concentrations of test compounds. The

experiment was performed in duplicate and the nadimeg were taken.

4.4. Kinetics of enzyme inhibition

The enzyme inhibition kinetics experiments werdqrened using similar assays as
described above, in the presence of different aunatons of test compound and
a-glucosidase or PNPG. The enzyme inhibitory kirgetias analyzed with the plot of
enzyme concentrationg the concentrations of test compounds, and thetrsubs
inhibitory kinetics was assessed with the plotssobstrate concentrations the

concentrations of test compounds using the LineeeBurk plot.
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4.5. Molecular modeling

Sybyl-2.1.1 (Tripos, shanghai, China) was usedrntmkate the interaction between
compound5b and a-glucosidase. After hydrogen atoms were added, oommpb5b
was energy minimized using MM2 program, with thergly convergence criterion of
0.001 kcal/mol by using Gasteiger-Huckle chargesaptimizing the energy gradient
with 2500 times. The crystal structure @fglucosidase was retrieved from RCSB
Protein Database (PDB: 1UOK). The-glucosidase protein was prepared by
procedure of termini treatment, including removidgO, adding hydrogens, adding
charges, fixing side chain amides, and stagedingnm#ation. The active pocket of
a-glucosidase was simulated by automatic mode. Ttien docking between

compoundbb anda-glucosidase was carried out in the default format.
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Highlights

. Coumarin derivatives 5 (a~i) and 6 (a ~ i) were synthesized.

. The synthetic compounds were screened for a-glucosidase inhibitory activity.

. Kinetic studies determined the mechanism of synthetic compounds on
a-glucosidase.

In silico studies were performed to confirm the binding interactions of synthetic

compounds with the enzyme active site.
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