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Highlights

A series of new hydroxyl-functionalized 2-arylbenzo[b]furans has synthesized.
Antioxidant and a-glucosidase inhibition activities.

Inhibition kinetics of new compounds were determined.

Molecular docking study predicted the binding of compounds to a-glucosidase.
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Abstract

This study synthesized a series of hydroxyl-funalaed 2-arylbenzdjfurans based
on the structure of tournefolic acid A and evaludtesin for antioxidant and-glucosidase
inhibitory activities. Compoundsa, 5e, and 5n showed remarkable inhibition of
a-glucosidase (16 values of 1.9 to 3.AM), and they appear to be even more potent than
quercetin. A kinetic binding study indicated thatnpmundsba and5n used a mechanism
of mixed-competition to inhibi&-glucosidase. This study also revealed that compobad
and 5n bind to either then-glucosidase om-glucosidase-4-NPGP complex. Using the
crystal structure of th&accharomyces cerevisiaeglucosidase, the molecular docking
study has predicted the binding of compousasnd5n to the active site ad-glucosidase
through both hydrophobic and hydrogen interactighdDPPH radical scavenging assay
further showed that most hydroxyl-functionalizedrgaenzop]furans possess antioxidant
activity. The exception was compoudg, which has only one hydroxyl group on the
2-phenyl ring of 2-arylbenzb]furan. Our results indicate that hydroxyl-functionalized

2-arylbenzop]furans possess both antidiabetic as well as antioxidant properties.
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1. Introduction

Diabetes mellitus is a metabolic disease charaetitiyy hyperglycemia, an abnormal
postprandial increase of blood glucose [1,2{zlmcosidases are membrane-bound enzymes
that help to catalyze the reactions associated edthohydrate digestion. These enzymes
are also required for the cleavage of thglycosidic linkage connecting two glucoses or
glycoconjugates, the reaction of which leads tortHease of glucose [3]. Therefore, the
inhibition of a-glucosidases can cause the suppression of carbohydrate ingestion [4,5].
Indeed, for two decadea;glucosidase inhibitors have been used to treat diabetic patients
by lowering the blood glucose levels [6,7]. In adohf a-glucosidase inhibitors have the
potential to treat a broad-spectrum of viruses, eemcand other degenerative diseases,
such as nojirimycin and castanospermine [8-11].

Oxidative damage and the increased productioneef fadicals have been implicated
in diabetic complications [12]. Therefore, considdeaefforts have been made to develop
an anti-diabetic drug that possesses both hypogligcand antioxidant properties [13,14].
Catechin and quercetin are polyphenolic compounaisdan a variety of plant-based foods
and beverages [15,16]. Both of these compounds &ssellent antioxidant capacity and
are lead compounds in the design of anti-diabetigglr The antioxidant properties of
catechin and quercetin are due to phenolic strustued it was found that the electron
donating effect of the hydroxyl group is essentidl][ Furthermore, the relatively planar
structures of polyphenols have a higher antioxidaapacity. For instance, the relatively
planar conformation of quercetin allows for the cmgtedn-system of the AC-ring to

interact efficiently with the B-ring, which gives encetin an antioxidant capacity that is
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higher than that of its nonplanar derivatives [18]. In addition, a number of polyphenols,

such as quercetin and epicatechin, have been faupdssess both antioxidant properties

and inhibita-glucosidase [19]. The relatively planar structures of catechin derivatives have

more pronouncedi-glucosidase inhibitory activity than catechin itself [20]. Therefore,
planar polyphenols likely have stronger antioxidantl a-glucosidase inhibition activity
than non-planar polyphenols, suggesting that plahanolic structures can improve the
therapeutic efficacy of antidiabetic drugs.

Tournefolic acid A, which is characterized by anglaphenolic structure, has been
reported to inhibit Cti-induced low-density-lipoprotein (LDL) peroxidation, but it has
never been reported to inhibd-glucosidase (Fig. 1) [21]. The planar scaffold of
tournefolic acid A, hydroxyl-functionalized 2-aryMmo[b]furan conserves antioxidant
activity and may also possess thalucosidase inhibition potential. Therefore, we used
tournefolic acid A to develop novel antidiabetic aigethat contain a planar scaffold of
hydroxyl-functionalized 2-arylbenzboffuran.

In this study, we demonstrate the efficient synthesi hydroxyl-functionalized
2-arylbenzop]furan derivatives and report on the antioxidant arglucosidase inhibitory
effects of these derivatives. We also describe ttenpial docking model and mechanism

underlying enzymatic inhibition by hydroxyl-functialized 2-arylbenzdjfurans.

2. Resultsand Discussion
2.1. Synthesis

The synthetic strategies for new antioxidants englucosidase inhibitors with the
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structural scaffold of 2-arylbengfuran are outlined in Schemes 1, 2 and 3. One-pot
palladium-catalyzed coupling of 2-iodophenol wittkyales was utilized to efficiently
construct the 2-arylbenzgjffuran core structure (Scheme 1). First, phenylacety?ewas
synthesized via a two-step reaction, as follows.s8uited benzaldehyde was treated with
carbon tetrabromide to yield 1,1-dibromo-1-alkeheThis interim compound was then
debrominated using-butyl lithium, which generated phenylacetyleBe as shown in
Scheme 1 [22]. Subsequently, one-pot palladium-yzddl coupled phenylacetyleBeawith
2-iodo-6-methoxyphend using palladium catalysis, yielded 2-arylbergfjran 4a [23].

To synthesize hydroxyl-functionalized 2-arylberid@jran 5a, deprotection of three
methoxy groups on 2-arylbentpfuran 4a was performed under strong acid conditions
using boron tribromide. However, attempts to carmt one-pot palladium-catalyzed
coupled reaction to obtain some halo-substitutedy@nzop]furans were unsuccessful;
therefore, a four-step procedure involving the \yitieaction was employed to synthesize
those compounds. Specifically, 2-arylberijjran 4b was prepared using the Wittig
reaction to convert substituted phosphonium ylidado-vanillin into stilbeneB. This was
followed by cyclization in a basic iodine soluti@s, shown in Scheme 2. Boron tribromide
was used to deprotect the methoxy-substituted banylop]furan 4b in a similar fashion,
and compound4b was then converted to the desired hydroxyl-functionalized
2-arylbenzop]furan 5b. Bromo substituted 2-arylbentpfuran 4b was coupled with ethyl
acrylate though a palladium-catalyzed Heck coupleagtion to produceE)-ethyl acrylate
substituted 2-arylbenzb]furan9a. The methoxy groups were removed from compd2ad
using the same boron tribromide treatment procedoreobtain E)-ethyl acrylate

substituted hydroxyl-functionalized 2-arylbenzjéfiran 5p
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2.2. Inhibition of eglucosidase

All of the synthesized 2-arylbenZijfurans (Table 1) were evaluated teglucosidase
inhibition activity in accordance with standard prdares [24]. For this analysis, quercetin
and resveratrol were used for comparison purposesi(@, values, indicating the strength
of a-glucosidase inhibition by 2-arylbenbdfurans, are summarized in Table 2.
Compoundsba, 5e, and5n were shown to be potentglucosidase inhibitors with Kg
values of 1.9-3.QuM. This is 2- to 3-times more potent than quercéi@y, = 6.6 uM), a
known a-glucosidase inhibitor. Indeed, most of the hydrexylctionalized
2-arylbenzop]furans (excepbg, 5m, and5p) presented with potent inhibitory activity with
ICso values below 1QuM. Nevertheless, hydroxyl-functionalized 2-arylbejijfurans 5l
and 5m, with an E)-ethyl acrylate substitution, only showed modest activity witk IC
values of 8.9 and 23.8\, respectively. Compoundo5which has only one hydroxyl group
on the 2-phenyl ring of 2-arylbendjfuran, presented with potency similar to that of the
reference inhibitor resveratrol. Moreover, compoublolssc, 5f, 5h, and5k, which have a
catechol ring on the 2-position of 2-arylberfliran, showed similar levels of inhibitory
activity. In a comparison of compoun8la and 5b, the bromo substituent on the catechol

ring of 2-arylbenzdj]furan was found to confer an increase in inhibitory activity on par
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with compoundsb5e and 5i. However, compoundsf and 5k, which possess a bromo
substituent on the 4 and 5-position of 2-arylbeblfafan, presented with potency similar
to that of compoundbb. Finally, the inhibitory activity of the pyrogallol ringn the
2-position of benzdj]furan 5e is superior to that of the catechsd and 4-hydroxyphenyl

5p groups. The relative inhibitory strengths of compounds considered by this study were as

follows: pyrogallol > catechol > 4-hydroxyphenyl. The methoxy-substituted

2-arylbenzop]furansda, 4b, 4c, and9a were inactive at the highest tested concentration (>

100 1iM).

2.3. Evaluation of antioxidant activities

The antioxidant activity of synthesized 2-arylberntfofrans was evaluated using
DPPH radical scavenging assays [25]. This widehdusethod determines antioxidant
activity by measuring the hydrogen donating abitifythe compound being studied. The
IC5o values are displayed in Table 3. Methoxy-substituted 2-arylbejfizans (i.e.

compoundsta, 4b, 4c, and9a) did not reveal any DPPH radical scavenging activityIC

> 100 uM). However, most of the hydroxyl-functionalized 2-arylbebiofans (i.e.

compoundsa-50, but not5p) demonstrated radical scavenging activity in the micromolar
range, and a number of these were also potent iloehenicromolar range. A comparison

of compounds with the pyrogallol rirge, catechol ringbk, and 4-hydroxyphenyl ringp

on the 2-position of 2-arylbenzgjfuran revealed that these compounds possess the same

order of radical scavenging activity as thehglucosidase inhibition activity, which is

pyrogallol > catechol > 4-hydroxyphenyl. In addition, compoun8eg 5i, and5j, which



162 contain a pyrogallol ring on the 2-position of 2-arylbebiofan, demonstrated
163 comparable DPPH free radical scavenging activitiesyever, they were 2-fold less potent
164 than quercetin. Finally, the free radical scavengihiljty of (E)-ethyl acrylate substituents
165 5l and 5mwas slightly better than that of bromo substitueniSgand 5k

166
167  2.4. Mode of eglucosidase inhibition by hydroxyl-functionalize@®/lbenzo[b]furans

168 Inhibition kinetics of hydroxyl-functionalized 2-arylbenbfiirans were determined
169 by conducting a Lineweaver-Burk plot analysis on poonds5a and 5n, as shown in
170  Figure 2 [24]. In this figure, the concentrationsld@-NPGP) are displayed on the X-axis,
171  and 1/V values obtained from the Lineweaver-Burk pie shown along the Y-axis. The
172  plots did not intersect either the X- or Y-axis, gesting that bothba and 5n are
173  mixed-type mode inhibitors with respect to 4-NPGPdo@lucosidase. We also examined
174  Dixon plots of how compoundsa@nd5n affect eglucosidase. As shown in Figure 3, these
175  plots further confirm that compound&a and5n are mixed-typex-glucosidase inhibitors.
176  The K values of 5a and®dn were 4.21 + 0.03M and 3.19 + 0.1 M, respectively, while the
177  Ki’ values of these compounds were 13.66 = 1@8and 11.81 + 1.08M, respectively.
178 Ki is the equilibrium constant for the inhibitor binding deglucosidase, an&i’ is the
179  equilibrium constant for the inhibitor binding toethu-glucosidase-4-NPGP complex.
180 Previous studies have reported that in a reversittked-competitive inhibition reaction,
181 theKi values are usually smaller than #ié values, and the results from this current study
182 are in strong agreement with those findings. Thidicates that the inhibitor-enzyme
183  binding affinity exceeds the binding affinity of tivehibitor-enzyme-substrate complex and

184 compoundsba and5n are mixed-competitive inhibitors ofglucosidase. The binding sites
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and mechanism underlying inhibition have yet to be determined; however, the result of
mixed-competitive inhibition against-glucosidase suggests that compouBdsand 5n

may bind to eithea-glucosidase or the-glucosidase-4-NPGP complex.

2.5. Molecular modeling

The docking experiments were performed base omikéose binding model db.
cerevisiaea-glucosidase, as shown in Figure 4. [26] There &reet catalytic acidic
residues in the active site afglucosidase and they are Asp 215, Glu 277, and 35&p
Both binding models of compounds and 5n showed that Asp 215 is involved in the
interactions between the compound and enzyme. Fopaond5a, there are two residues
(Arg 213 and Asp 215) formed two hydrogen bonds with compound. One catalytic
acidic residue, Asp 215, is involved in the bindioigcompoundb5a. In a competitive
inhibitor maltose binding model, Arg 213 also formbgdrogen bond with maltose.
Compound5a and maltose may show similar binding properties wHiiucosidase. For
compoundbn, three residues (Asp 69, Asp 215, and Arg 442) formed three hydrogen bonds
with the compound. In addition to the catalytic acicksidue (Asp 215), Asp 69 and Arg
442 were shown to interact with maltose [26]. CommubGn may occupy the glucose
binding site ofa-glucosidase through hydrogen bonding with theseethesidues. The
moiety -CH=CHCQEt of 5n is extend into the pocket formed by GiIn 22, Trp 58, Phe 301,

and Tyr 387. Hydrophobic interactions may be invdlirethe binding of compound 5n

3. Conclusions

An ideal anti-diabetic drug should possess both glypemic and antioxidant

10



208 properties and be free from adverse side effects. This study prepared a series of
209  hydroxyl-functionalized 2-arylbenzb]furan compounds from the core structure of
210 tournefolic acid A using one-pot palladium-catalyzemipling methods. The synthesized
211  2-arylbenzop]furans were evaluated for-glucosidase inhibition and antioxidant activity.
212 A DPPH radical scavenging assay revealed that mbsthese compounds possess
213  antioxidant properties. Some of the hydroxyl-funcéiized 2-arylbenzdffurans also
214  showed remarkable inhibitory activity againsglucosidase with potency exceeding that of
215 quercetin. Further investigation of binding kinetiselicated that the mechanism of
216  a-glucosidase inhibition by compoun8a and5n was mixed-competitive. This suggests
217  that the hydroxyl-functionalized 2-arylbenb{furans may bind to either theglucosidase
218 or a-glucosidase-4-NPGP complex. Furthermore the doclstugly has predicted that
219 compoundsba andbn bind to the active site of tigaccharomyces cerevisiagglucosidase
220 through both hydrophobic and hydrogen interacti@mnpoundsa and maltose may have
221  binding properties that are similar éeglucosidase, and compourth may occupy the
222  glucose binding site ai-glucosidase through hydrogen bonding with the tlareeno acid
223 residues of Asp 69, Asp 215, and Arg 442. Taken ttmge our results suggest that
224  hydroxyl-functionalized 2-arylbenzbffurans5a and5n are promising candidates for the
225 further development of diabetes treatments.

226

227 4. Experimental section

228  4.4. Chemistry synthesis

229 All reactions were conducted in dried glasswareeurah oven at 126C overnight

11
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and cooled in a desiccator. All reagents were used as received from commercial suppliers
unless otherwise stated. Dichloromethane (DCM) &k -dimethylformamide (DMF)
were dried over calcium hydride for 48 h prior tetiiation. Tetrahydrofuran (THF) was
distilled from sodium/benzophenone ketyl under giém The proton NMR spectra were
obtained on Bruker Avance 400 (400 MHz), Varian Ynrmova 500 (500 MHz) and
Varian VNMRS600 (600 MHz) spectrometers. All NMR ofieal shifts wergeported a®
values in parts per million (ppm), and coupling ¢ants () were given in hertz (Hz). The
splitting pattern abbreviations are as follows:isglet; d, doublet; t, triplet; g, quartet; br,
broad; m, unresolved multiplet due to the field regte of the instrument; dd, doublet of
doublet; dt, doublet of triplet; and ddd, doubletdofublet of doublet. Melting points were
measured on a Yanaco MP-S3 micro melting point appsrand are uncorrected. Fourier
transform infrared spectra were collected with aratAv 320 spectrometer. Mass spectra
were carried out on ThermoQuest Finnigan and Mieco4@00MiD mass spectrometers.
Purification was performed using preparative separatin flash column chromatography
(Merck silica gel 60, particle size of 2300 mesh). Analytical TLC was carried out on
precoated plates (Merck silica gel 60, F254). Thmmaounds analyzed on the TLC plates
were visualized using a UV light, hapor, or basic aqueous potassium permanganate

(KMnOQOy) with heating.

4.4.1. General procedure for synthesis of 2-(3,4-dimethoxyphenyl) -7-methoxybenzofuran

(4a) via palladium-catalyzed coupled reaction

A solution of 4-ethynyl-1,2-dimethoxybenzen2 (105 mg, 0.65 mmol),

12



252  2-iodo-6-methoxyphenoB (135 mg, 0.54 mmol), bis(triphenylphosphine) palladium(ll)
253  chloride (19 mg, 0.027 mmol), copper(l) iodide (5,n0g027 mmol) and triethylamine
254 (0.15 mL) inN,N -dimethylformamide (5 mL) under nitrogen atmosphere was heated at 70
255  °C for 24 h until complete by TLC. The reaction mid was quenched with water and
256  extracted with ethyl acetate. The organic layerseveembined, dried over with Mgg@nd
257 concentrated. The residue was purified by columnoroatography to give the
258  2-arylbenzob]furan4a (79 mg, 52 %) as a white solitH NMR (500 MHz, CDCJ): 7.45
259 (dd,J=8.0, 2.0 Hz, 1H), 7.36 (d,= 2.0 Hz, 1H), 7.13 (s, 1H), 7.10 &= 8.0 Hz, 1H),
260  6.90 (d,J = 8.0 Hz, 1H), 6.88 (s, 1H), 6.77 (dil= 8.0, 2.0 Hz, 1H), 4.02 (s, 3H), 3.97 (s,
261  3H), 3.90 (s, 3H}’C NMR (125 MHz, CDGJ): 156.1, 149.5, 149.1, 145.1, 143.8, 131.1,
262 123.5, 123.4, 118.1, 113.0, 111.2, 108.2, 106.3,41@5.0, 55.9. ESMS m/z: 307.3 (M +
263 23).

264

265 4.4.2. General procedure for the synthesis of #2-Bromo-4,5-dimethoxystyryl)
266  -6-methoxyphenoBj via Wittig reaction

267 To a solution of phosphorus ylidg297 mg, 0.52 mmol) in THF (20 mL) was cooled
268 to 0 °C under nitrogen and lithiumert-butoxide (83 mg, 1.04 mmol) was added
269 portionwise. The mixture was stired at @C for 30 min. A solution of
270  6-bromo-2-hydroxy-3-methoxybenzaldehyde (79 mg, Onw@ol) in THF (5 mL) was
271 added dropwise at @ and the reaction mixture was warmed up to room temperature and
272  stirred for 24 h. Sat'd agqueous WE solution was added to the reaction mixture and

273  extracted with EtOAc (15 mix 3). The combined organic layers were washed wittebr

13
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dried with MgSQ, filtered and concentrated. The residue was purified by column
chromatography to yiel@ (97 mg, 51%) as a white solitH NMR (500 MHz, CDCJ):

7.00 (s, 1H), 6.75 (dl = 12.0, 1H), 6.72-6.65 (m, 2H), 6.60Jt= 8.0 Hz, 1H), 5.77 (s, 1H),
3.86 (s, 3H), 3.84 (s, 3H), 3.43 (s, 3RC NMR (125 MHz, CDGJ): 148.8, 147.6, 146.6,
143.5, 129.6, 129.5, 124.8, 123.0, 122.1, 119.1,01194.4, 113.2, 109.5, 56.0, 56.0, 55.6.

ESMS m/z: 388.7 (M + 23)

4.4.3. General procedure for the synthesis of B¥(#no-4,5-dimethoxyphenyl)
-7-methoxybenzofuradig)

To a solution of E)-2-(2-bromo-4,5- dimethoxystyryl)-6-methoxypher®(250 mg,
0.68 mmol) in 15 mL of THF was mixed with potassioarbonate (568 mg, 4.1 mmol) and
iodine (1.04 g, 4.1 mmol). The mixture was stirreadr@om temperature for 3 h until
complete by TLC. Sat'd NaHSCaqueous solution was added to the solution, and the
mixture was extracted with ethyl acetate. The oméayers were combined and dried over
MgSQOy. The residue was purified by flash column chromatography to afford the title
compound (206 mg, 83%) as a yellowish solid. Mp 8-109°C. IR vmax: 3439, 2953,
1511, 1254, 1180 cth*H NMR (500 MHz, CDCJ): 7.44 (s, 1H), 7.38 (s, 1H), 7.20 (b=
8.0 Hz, 1H), 7.15 () = 8.0 Hz, 1H), 7.12 (s, 1H), 6.80 @ = 8.0 Hz, 1H), 4.02 (s, 3H),
3.95 (s, 3H), 3.90 (s, 3H)°C NMR (125 MHz, CDGCJ): 153.4, 149.4, 148.3, 145.2, 143.4,
130.7, 123.6, 123.4, 116.6, 113.6, 112.2, 111.6,71086.3, 56.2, 56.1, 56.0. ESMS m/z:

385.2 (M + 23J,747.2 (2M + 23).

14



296 4.4.3.1 5-Bromo-7-methoxy-2-(3,4,5-trimethoxyphenyl)benzofudah {Yield: 81%.
297  Amorphous powder. IRvmax: 3441, 2957, 1531, 1251, 1132 trtH NMR (500 MHz,
298 CDCl): 7.28 (d,J = 1.5 Hz, 1H), 7.05 (s, 1H), 6.89 @= 1.5 Hz, 1H), 6.86 (s, 1H), 4.01
299 (s, 3H), 3.94 (s, 6H), 3.88 (s, 3HJC NMR (125 MHz, CDGJ): 157.0, 153.6, 145.5, 143.0,
300 139.1, 125.4, 116.0, 115.8, 110.1, 102.5, 100.D,6&K.3, 56.2, 29.7. ESMS m/z: 393.2 (M
301 +1),395.2 (M +1),415.2 (M + 23), 417.2 (M + 23).

302

303 444 General procedure for the synthesis of 4raéd-(7-hydroxybenzofuran
304 -2-yl)benzene-1,2-diobb)

305 To a solution o#b (200 mg, 0.55 mmol) in dry dichloromethane (15 mL) at -60 °C
306 under N was added BBr(0.48 ml, 4.96 mmol) dropwise. The reaction mixture was then
307 allowed to warm up to -46C and stirred for another 2 h until complete by TLC. The
308 reaction was carefully mixed with addition of sadiqueous NaHC¢(20 mL) at 0 °C and

309 stirred for 30 min. This mixture was extracted wethyl acetate twice (15 mk 2) and the

310 organic portion was combined, washed further witimdgrand dried with MgS© The

311 residue was filtered, concentrated and purifiedddyran chromatography to yielb as an

312 off-white solid (122 mg, 69%). Mp = 205-22Q. IR vmax: 3253, 1596, 1489, 1174 ¢m

313 'H NMR (500 MHz, CROD): 7.43 (s, 1H), 7.30 (s, 1H), 7.09 (s, 1H), 7.06 (td 7.8, 1.2

314  Hz, 1H), 7.00 (tJ = 7.8 Hz, 1H), 6.72 (dd) = 7.8, 1.2 Hz, 1H)**C NMR (125 MHz,

315 CDs;OD): 154.8, 148.0, 146.3, 144.1, 143.4, 132.2, 124.6, 123.6, 121.5, 117.2, 113.2, 111.5,
316 110.6, 106.5. ESMS m/z: 321.1 (M -.1)

317
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319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

4.4.4.1. 4-(7-Hydroxybenzofuran-2-yl)benzene-1,2-da). (Yield: 72%. Mp = 149-152

°C. IRvmax: 3253, 1596, 1489, 1206, 1069 trtH NMR (600 MHz, CROD): 7.33 (dJ

= 2.0 Hz, 1H), 7.26 (dd] = 8.5, 2.0 Hz, 1H), 6.99 (d,= 7.5 Hz, 1H), 6.98 (dd] = 15.0,

8.0 Hz, 1H), 6.84 (d, & 8.0 Hz, 1H), 6.84 (s, 1H), 6.88 (dd=J.5, 2.0 Hz, 1H)**C NMR

(150 MHz, CROD): 157.6, 147.3, 146.6, 144.6, 143.3, 132.8, 124.5, 124.0, 118.2, 116.6,

113.1, 112.8, 111.0, 100.5. ESMS m/z: 241.4 (M.- 1)

4.4.4.2. 4-(Benzofuran-2-yl)-5-bromobenzene-1,2-(ho). Yield: 64%. Mp = 111-113

°C. IR vmax: 3333, 1614, 1506, 1256 ¢ntH NMR (500 MHz, CDCJ): 7.59 (d,J = 7.5

Hz, 1H), 7.48 (s, 1H), 7.47 (dd= 7.5, 0.5 Hz, 1H), 7.40 (d,= 0.5 Hz, 1H), 7.28 (d{] =

7.5, 1.0 Hz, 1H), 7.22 (d§,= 7.5, 1.0 Hz, 1H), 7.21 (s, 1H), 5.59 (s, 1H), 5.38 (s, 1i9).
NMR (125 MHz, CDC)): 154.0, 152.9, 144.5, 142.8, 128.9, 124.5, 122.9, 121.2, 120.8,

116.1, 111.4, 110.9, 105.9. ESMS m/z: 305.2 (M.- 1)

4.4.4.3. 5-(Benzofuran-2-yl)-4-bromobenzene-1,2¢8-(5d). Yield: 62%. Mp = 159-162
°C. IRvmax: 3419, 1613, 1507, 1452, 1187trtH NMR (600 MHz, CROD): 7.58 (dJ

= 7.2 Hz, 1H), 7.45 (ddl = 7.8, 0.6 Hz, 1H), 7.31 (d,90.6 Hz, 1H), 7.26 (df] = 7.2, 1.2
Hz, 1H), 7.20 (dt) = 7.2, 1.2 Hz, 1H), 7.01 (s, 1HYC NMR (150 MHz, CROD): 155.8,
155.4, 146.1, 145.2, 136.2, 130.4, 125.2, 123.6,01222.0, 111.6, 109.3, 100.9. ESMS

m/z: 321.0 (M -1)

4.4.4.4. 5-(5-Bromo-7-hydroxybenzofuran-2-yl)beprze)2,3-triol (5¢). Yield: 59%. Mp
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340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

= 224-227°C. IRvmax: 3445, 1646, 1445, 1314, 1197 triH NMR (500 MHz, CROD):
7.14 (d,J = 2.0 Hz, 1H), 6.90 (s, 2H), 6.80 @@= 2.0 Hz, 1H), 6.78 (s, 1H}*C NMR (125
MHz, CD;OD): 159.1, 147.3, 144.2, 143.6, 135.9, 134.2, 122.4, 116.6, 115.2, 114.1, 105.6,

100.1. ESMS m/z: 337.1 (M - 1)

4.4.45. 4-(4-Bromo-7-hydroxybenzofuran-2-yl)bepze)2-diol (5f). Yield: 67%. Mp =
82-86°C. IRvmax: 3220, 2924, 1486, 1186 ¢ntH NMR (400 MHz, CROD): 7.33 (dJ

= 2.5 Hz, 1H), 7.30 (d] = 8.0 Hz, 1H), 7.12 (d] = 8.0 Hz, 1H), 6.85 (d] = 8.5 Hz, 1H),
6.83 (s, 1H), 6.61 (d] = 8.5 Hz, 1H)}*C NMR (125 MHZ, CQOD): 158.5, 148.0, 146.8,
144.3, 143.2, 133.4, 127.1, 123.2, 118.5, 116.7,2]1R12.3, 103.1, 100.2. ESMS m/z:

321.2 (M - 1).

4.4.4.6. 4-Bromo-5-(4-bromo-7-hydroxybenzofurar}@gnzene-1,2,3-triol 5g). Yield:
55%. Mp = 171-174C. IRvmax: 3378, 1609, 1486, 1294, 1190trtH NMR (600 MHz,
CDsOD): 7.24 (s, 1H), 7.15 (d,= 7.8 Hz, 1H), 7.07 (s, 1H), 6.66 @@= 7.8 Hz, 1H), 4.60
(br). **C NMR (150 MHz, CROD): 156.2, 146.2, 145.2, 143.9, 143.2, 136.6, 132.7, 127.1,

122.3, 112.7, 109.5, 106.2, 103.4, 101.0. ESMS 413:0 (M - 1).

4.4.4.7. 4-Bromo-5-(4-bromo-7-hydroxybenzofuran}@gnzene-1,2-diol (5h). Yield:
61%. Mp = 210-214C. IRvmax: 3260, 1592, 1484, 1277, 1199'triH NMR (500 MHz,
CD30OD): 7.43 (s, 1H), 7.26 (s, 1H), 7.13 = 8.4 Hz, 1H), 7.11 (s, 1H), 6.66 (@~ 8.4

Hz, 1H), 5.03 (br)**C NMR (125 MHz, CROD): 155.6, 148.5, 146.4, 143.9, 143.3, 132.7,
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362

363
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365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

127.2,122.9, 121.6, 117.2, 112.8, 110.8, 106.0, 103.4. ESMS m/z: 399.0°'(M - 1)

4.4.4.8. 5-(7-Hydroxybenzofuran-2-yl)benzene-1t208{5i). Yield: 67%. Mp = 200-203

°C. IR vmax: 3332, 1747, 1595, 1447, 1310, 1192'cthl NMR (500 MHz, CROD): 7.24

(s, 1H), 7.15 (dJ = 7.8 Hz, 1H), 7.07 (s, 1H), 6.66 @@= 7.8 Hz, 1H), 4.60 (br)*C NMR

(125 MHz, CQOD): 156.2, 146.2, 145.2, 143.9, 143.2, 136.6, 132.7, 127.1, 122.3, 112.7,

109.5, 106.2, 103.4, 101.0. ESMS m/z: 257.2 (M.- 1)

4.4.4.9. 5-(Benzofuran-2-yl)benzene-1,2,3-tri).(Yield: 68%. Mp = 187-188C. IR
vmax: 3386, 1612, 1522, 1453, 1188'triH NMR (600 MHz, CROD): 7.51 (dd,]) = 7.2,
1.2 Hz, 1H), 7.43 (dd) = 7.2, 1.2 Hz, 1H), 7.20 (dt, 7.2, 1.2 Hz, 1H), 7.16 (dt,37.2,
1.2 Hz, 1H), 6.89 (s, 2H), 6.85 (@= 1.2 Hz, 1H).}*C NMR (125 MHz, CROD): 158.0,
155.9, 147.3, 135.6, 131.0, 124.6, 123.8, 122.8,512M11.6, 105.3, 100.2. ESMS m/z:

241.2 (M - 1).

4.4.4.10. 4-(5-Bromo-7-hydroxybenzofuran-2-yl)baeze,2-diol bk). Yield: 51%. Mp =
221-224°C. IR vmax: 3231, 2925, 1615, 1446, 1249, 1203'cid NMR (400 MHz,
CDsOD): 7.30 (dJ = 2.0 Hz, 1H), 7.25 (dd] = 8.5, 2.0 Hz, 1H), 7.14 (d,= 2.0 Hz, 1H),
6.84 (d,J = 8.5 Hz, 1H), 6.82 (s, 1H), 6.80 (d,= 2.0 Hz, 1H)."*C NMR (125 MHz,
CDs;OD): 159.0, 147.8, 146.7, 144.2, 143.6, 134.2, 123.4, 118.4, 116.7, 116.6, 115.2, 114.1,

113.2, 100.0. ESMS m/z: 321.1 (M -.1)
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405

4.4.4.11. (E)-Ethyl 3-(2-(3,4-dihydroxyphenyl)-7-hydroxybenzofuran-4-yl) acryie (
Yield: 53%. Mp = 156-160C. IR vmax: 3408, 1678, 1613, 1506, 12609, 1177 chid
NMR (500 MHz, CROD): 7.84 (d,J = 16.0 Hz, 1H), 7.36 (d] = 2.0, 1H), 7.32 (dd] =

8.0, 2.0 Hz, 1H), 7.27 (d,= 8.0 Hz, 1H), 7.12 (s, 1H), 6.85 (@= 8.5 Hz, 1H), 6.69 (d]

= 8.5 Hz, 1H), 6.37 (d] = 16.0 Hz, 1H), 4.94 (br), 4.21 (§= 7.0 Hz, 2H), 1.31L () = 7.0

Hz, 3H).*C NMR (125 MHz, CRQOD): 169.6, 159.2, 147.9, 146.6, 145.7, 144.3, 132.4,
126.1, 123.3, 119.6, 118.7, 116.7, 115.6, 113.3,711E9.2, 61.5, 14.6. ESMS m/z: 339.4

(M - 1).

4.4.4.12. (E)-Ethyl 3-(2-(3,4-dihydroxyphenyl)-@loxybenzofuran-5-yl)acrylatebif).
Yield: 57%. Mp = 183-186C. IR vmax: 3342, 1686, 1629, 1282 ¢nfH NMR (600 MHz,
CD;0D): 7.67 (dJ = 15.5 Hz, 1H), 7.32 (d] = 2.0 Hz, 1H), 7.26 (dd] = 8.5, 2.0 Hz, 1H),
7.25 (br), 6.96 (dJ = 2.0 Hz, 1H), 6.89 (s, 1H), 6.85 @@= 8.5 Hz, 1H), 6.38 (d] = 15.5
Hz, 1H), 4.23 (g) = 7.2 Hz, 2H), 1.31 () = 7.2 Hz, 3H)*C NMR (150 MHz, CROD):
169.2, 158.8, 147.7, 147.3, 146.6, 146.0, 143.7,213®1.7, 123.5, 118.4, 117.1, 116.8,

114.4,113.2, 110.0, 100.6, 61.7, 14.6. ESMS m/2:38M - 1).

4.4.4.13. (E)-Ethyl 3-(7-hydroxy-2-(3,4,5-trihydyphenyl)benzofuran-5-yl)acrylatén).
Yield: 64%. Mp = 234-238C. IR vmax: 3412, 1685, 1629, 1451, 1287 triH NMR (600
MHz, CD;0D): 7.67 (dJ = 16.2 Hz, 1H), 7.25 (d,3 1.2 Hz, 1H), 6.94 (d, 3 1.2 Hz,1H),
6.91 (s, 2H), 6.85 (s, 1H), 6.39 @@= 16.2 Hz, 1H), 4.23 (q] = 7.2 Hz, 2H), 1.32 () =

7.2 Hz, 3H).*C NMR (150 MHz, CROD): 169.1, 159.1, 147.3, 147.2, 146.1, 143.8, 135.8,
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420

421

422
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424
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427

133.2, 131.7, 122.5, 117.1, 114.3, 109.9, 105.5, 100.7, 61.6, 14.6. ESMS m/z: 355.2 (M -

1.

4.4.4.14. (E)-Ethyl 3-(4,5-dihydroxy-2-(7-hydroxgbefuran-2-yl)phenyl)acrylate59).
Yield: 62%. Mp = 171-176C. IR vmax: 3256, 2925, 1685, 1368, 1297 tmMH NMR
(400 MHz, CROD): 8.09 (dJ = 16.0, 1H), 7.25 (s, 1H), 7.18 (s, 1H), 7.08)(t 8.0 Hz,
1H), 7.06 (ddJ = 8.0, 1.0 Hz, 1H), 6.74 (dd,= 8.0, 1.0 Hz, 1H), 6.66 (s, 1H), 6.30 {c=
16.0 Hz, 1H), 4.22 (qJ = 7.0 Hz, 2H), 1.30 (tJ = 7.0 Hz, 3H)."°C NMR (125 MHz,
CDsOD): 169.2, 155.3, 149.1, 147.8, 145.0, 144.7, 143.6, 132.3, 126.1, 125.3, 124.8, 117.8,

116.5, 114.4, 113.0, 111.7, 107.5, 61.6, 14.6. E&MS 339.1 (M - 1)

4.4.4.15. 5-Bromo-2-(4-hydroxyphenyl)benzofuran-{Gp). Yield: 52%. Mp = 255-258
°C. IRvmax: 3358, 1584, 1469, 1209 ¢mH NMR (600 MHz, CROD): 7.73 (dd, * 6.6,
1.8 Hz, 2H), 7.14 (d) = 1.8 Hz, 1H), 6.86 (d) = 6.6 Hz, 2H), 6.85 (d] = 1.8 Hz, 1H),
6.80 (d,J = 1.8 Hz, 1H)**C NMR (150 MHz, CROD): 159.7, 158.9, 144.3, 146.6, 134.2,

127.7,122.9, 116.7, 116.6, 115.2, 114.1, 99.9. E&GMIS 305.1 (M - 1)

4.4.5. General procedure for the synthesis of (EyEt3-(4,5-dimethoxy-2-(7-
methoxybenzofuran-2-yl)phenyl)acrylaal

To a dry pressure tube was added(180 mg, 0.50 mmol), Pd(OAc)5 mg, 0.02
mmol), triphenylphosphine (16 mg, 0.06 mmol) andNE(0.14 mL, 0.99 mmol) in

degassed DMF (15 mL) under nitrogen was added ettrylate (0.081 mL, 0.74 mmol).
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440

441
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448

449

Ethyl acrylate was degassed before being added to the reaction mixture. The tube was then
sealed and the mixture was heated to 110 °C wittingtifor 24 h. The reaction was cooled

to ambient temperature and the solvent was remorddrihigh vacuum. The residue was
purified by column chromatography to yiedd (136 mg, 71%) as a white solid. iRnax:

3448, 2929, 1716, 1519, 1274, 1205t NMR (500 MHz, CDCJ): 8.12 (d,J = 15.6

Hz, 1H), 7.32 (s, 1H), 7.19 (d,= 8.0 Hz, 1H), 7.16 (tJ = 8.0 Hz, 1H), 7.10 (s, 1H), 6.82
(d,J=8.0 Hz, 1H), 6.71 (s, 1H), 6.34 (@ = 15.5 Hz, 1H), 4.24 (g} = 7.0 Hz, 2H), 4.03 (s,

3H), 3.97 (s, 3H), 3.94 (s, 3H), 1.31 Jt= 7.0 Hz, 3H).**C NMR (125 MHz, CDGJ):

167.0, 153.4, 150.5, 149.5, 145.3, 144.1, 142.9,81326.0, 124.4, 123.7, 118.5, 113.5,

111.1, 109.3, 107.5, 106.9, 60.4, 56.2, 56.1, 36I1(B. ESMS m/z: 787.2 (2M + 23)

4.5. Inhibition assay fa#i-glucosidase activity

All synthetic compounds were evaluated teglucosidase inhibition activity. We
purchaseda-glucosidase (isolated fronsaccharomyces cerevisipeand 4-nitrophenyl
a-p-glucopyranoside (4-NPGP) from Sigma Chemical Co. (St. Louis, MO, USA).
Inhibitory activity was measured according to Chuy \Ahd Hsieh (2014). Briefly, the
quantity of 4-nitrophenol released from 4-NPGP wagasared using a UV-Vis
spectrophotometer at 405 nm. The reaction mixtummpeising 20 uL of the test
compound at various concentrations (0 to &), was premixed with 12QL of 100 mM
phosphate buffer solution (pH 7.0). Following inctitka at 30°C for 10 min, 40uL of
12.5 mM 4-NPGP was added, and the absorbance amndD%vas measured using a

VersaMax microplate reader (Molecular Devices Capon, Sunnyvale, CA, USA).
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450 Resveratrol and quercetin were used as positive controls im-tliiscosidase inhibition
451 assay. I values were defined as the concentration of compound required to inhibit 50%
452  of a-glucosidase activity under assay conditions.

453

454  4.6. DPPH radical scavenging assays

455 The free radical scavenging activity of each hydroxyl-functionalized
456  2-arylbenzop]furan was evaluated using 1,1-diphenyl-2-picrylhydrazyl (DPPH) free
457 radicals. The reactions were performed in 96-weliraplates with each well containing
458  150uL of the final reaction mixture. The test compouraswilissolved in MeOH at varying
459  concentrations (0 to 100M) and mixed with 0.1 mM DPPH at 37 °C for 5 min.€Th
460 absorbance was read using a microplate spectropbttomt 517 nm. Antioxidant activity
461 was determined according to thed@alue of DPPH.

462

463  4.7. Kinetics involved in the inhibition ofgtucosidase

464 Lineweaver-Burk plot analysis was performed to deiee the inhibition mode of
465  hydroxyl-functionalized 2-arylbenzb]furans5a and5n, and kinetics were measured using
466  increasing concentrations of 4-NPGP as a substnatieei absence or presence of various
467 concentrations of hydroxyl-functionalized 2-arylbefbjfurans 5a and 5n. Dixon plot
468 analysis was used to determine the competitive itiwibconstant Ki) and uncompetitive
469 inhibition constant Ki’). Ki expresses the equilibrium constant for the binding of
470 hydroxyl-functionalized 2-arylbenzbffurans5a and 5n to a-glucosidase, an&i’ is the
471  equilibrium constant of hydroxyl-functionalized 2¢drenzop]furans5a and5n binding to

472  a-glucosidase-4-NPGP complex. This study of kinetreas conducted using various
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473  concentrations of hydroxyl-functionalized 2-arylbergfirans,5a and5n, and 4-NPGP.
474  The initial velocity was expressed as the absorbeateémin at 405 nm.

475

476  4.8. Docking experiments

477 The 3D-structural model of th&ccharomyces cerevisiae-glucosidase (protein
478 sequence entry: NP_011803, PDB code: 3A4A) was usatbcking experiments. The
479 models of compoundsa and 5nwere docked into the active site of thglucosidase based
480 on the binding mode of maltose & cerevisiaea-glucosidase. On the basis of the
481  structures ofu-glucosidase, compounds and 5n were manually docked into the active
482  site with the program Coot to generate an initiabiiig pose of compounds Bad 5nin S.
483  cerevisiaea-glucosidase, respectively. These modelsSofcerevisiaea-glucosidasesa
484 complex and S cerevisiae a-glucosidasésn complex were optimized by energy
485  minimization with the program Discovery Studio, ahd resulting models with most low
486 potential energy were selected. The structure figwere generated with the program
487  PyMOL (Schrodinger, New York, NY).

488
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Figurelegend

Fig. 1. Chemical structure of tournefolic acid A

Fig. 2. Linweave-Burk analysis of compounds @g and 5n(B). The 5a (A)

concentrations were OM (o), 0.5 M (o), 1.0uM (V) and 2.0uM (A). The 5 (B)
concentrations were OM (o), 0.25 M (o), 0.5uM (¥) and 1.0uM (A).

Fig. 3. Dixon plots of compounds 58) and 5n(B). The 4-NPGP concentrations were 0.5
mM (e), 1.0 MM @), 1.5 mM (¥) and 2.0 mM4).

Fig. 4. Proposed structure models of compounglucosidase complex. (A) 3D-structural

model of Scerevisiae eglucosidase bound to compoural $he 3D-structural model of

a-glucosidase is shown in green. (B) A close-up viéthe compound 5anolecule bound

in the active site of Serevisiae eglucosidase. Residues that may be involved in the

interactions of compound binding are drawn withieksinodel and shown in different

colors. The possible hydrogen-bond interactionsratieated with dashed lines (purple).

(C) The 3D-structural model of Serevisiae eglucosidase bound to compounal $D) A

close-up view of the compouna Bnolecule bound in the active site ofcrevisiae

a-glucosidase. Residues that may be involved in ttegdntions of compound binding are

drawn with stick model and shown in different coldrke possible hydrogen-bond

interactions are indicated with dashed lines (pQrple
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Tablel

2-Arylbenzo[b]furans prepared via one-pot palladium-catalyzed or Wittig reactions

Re Rs
e
0

Rs Ro

R1

O N
R3
R4

Compd R, R, Rs R4 Rs Re R Rs Rg
4a H H H OCH; H OCH; OCH; H H
ab H H H OCH; H OCH3; OCHj; H Br
4c H Br H OCH3 H OCH3 OCH3 OCH3 H
5a H H H OH H H OH OH H
5b H H H OH Br H OH OH H
5c H H H H Br H OH OH H
5d H H H H Br OH OH OH H
5e H Br H OH H OH OH OH H
5f Br H H OH H OH OH H H
59 Br H H OH Br OH OH OH H
5h Br H H OH H OH OH H Br
5i H H H OH H OH OH OH H
5 H H H H H OH OH OH H
bk H Br H OH H OH OH H H

(B)
5l H OH H OH OH H H
-CH=CHCO,Et
()
5m H OH H OH OH H H
-CH=CHCO,Et
B
5n H OH H OH OH OH H
-CH=CHCO,Et
B
50 H H H OH H OH OH
-CH=CHCO,Et
5p H Br H OH H H OH H H
E
9a H H H OCH; H OCHs OCH; H ®

-CH=CHCOEt




Table2
a-Glucosidase inhibitory activity of 2-arylbenzo[b]furans

Compound  a-Glucosidase Compound  a-Glucosidase

1Cs0 (uM)? |Cs0 (UM)*
Resveratrol  31.1 £ 0.8° 59 12.4 + 0.7
Quercetin 6.6 £ 0.4° 5h 6.4 £ 0.8
4a 5i 9.2 + 0.2

> 100
4b 5i 82+ 17

> 100
4c 5k 75+ 08

> 100
5a 1.9 £ 0.2 5| 89 + 06
5b 71+ 05 5m 238 + 0.6
5¢ 7.7t 16 5n 20+ 04
5d 85+ 0.7 50 55+ 05
5e 30t 04 5p 29.8 + 3.2

5f 6.4 + 0.5 9%
> 100

# Cso values represent asmean = SD of three determinations.
“Reported 1Csp = 27.9 uM. °Reported |Cso = 5.3 puM.



Table 3
DPPH radical scavenging activity of 2-arylbenzo[b]furans
Compound DPPH Compound DPPH

ICso (UM)? 1Cs0 (UM)?
Resveratrol 63.5 £ 5.5 59 19.4 + 2.8
Quercetin 6.0 + 0.7° 5h 78+ 16
4a 5i 12.8 + 0.7
> 100
4b 5i 10.8 + 1.1
> 100
4c 5k 28.6 t 3.4
> 100
5a 185 + 25 5| 16.8 + 1.2
5b 206 + 1.9 5m 25.4 + 3.1
5¢ 338 £ 28 5n 11.7 + 1.8
5d 18.0 + 1.7 50 262 + 2.8
Se 146 + 21 5p
> 100
5f 184 + 2.7 %
> 100

4 Cso values represent as meantSD of three determinations.
PReported | Csp = 38.0 uM. “Reported |Csp = 9.1 PM.
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ACCEPTED MANUSCRIPT

4-Bromo-5-(4-bromo-7-hydroxybenzofuran-2-yl)benzene-1,2,3-triol (5g)
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ACCEPTED MANUSCRIPT

5-(7-Hydroxybenzofur an-2-yl)benzene-1,2,3-triol (5i)
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ACCEPTED MANUSCRIPT

4-(5-Bromo-7-hydroxybenzofuran-2-yl)benzene-1,2-diol (5k)
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ACCEPTED MANUSCRIPT

(E)-Ethyl 3-(2-(3,4-dihydroxyphenyl)-7-hydroxybenzofuran-5-yl)acrylate (5m)
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ACCEPTED MANUSCRIPT

(E)-Ethyl 3-(4,5-dihydroxy-2-(7-hydroxybenzofuran-2-yl)phenyl)acrylate (50)
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5-Bromo-2-(4-hydroxyphenyl)benzofuran-7-ol (5p)
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ACCEPTED MANUSCRIPT

(E)-Ethyl 3-(4,5-dimethoxy-2-(7-methoxybenzofuran-2-yl)phenyl)acrylate (9a)
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