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Graphical Abstract

Two novel flavonoids Anastatins A and B as well as their analogs were synthesized. The
antioxidant activities of these flavonoids and the key intermediates were evauated by ferric
reducing antioxidant power (FRAP) assay and PC12 cell-based antioxidant assay.

Anastatins A analogs Anastatins B analogs
R4 =H, OH, R,= H, OH R¢=H, OH, Ry= H, OH

Aurone derivatives showed better bioactivity than flavone counterparts
The most potent compound protected the PC12 cell against H,O, oxidation by 85.94% at 10 uM
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Abstract:

Two novel flavonoids (+)-Anastatins A and B as wadl 14 analogs,
which containing a benzofuran moiety, were synttesbi by using
halogenation, Suzuki coupling reaction and an dd&xa-Michael
reaction cascade as the key steps. The struct@irtbe mew flavonoids
were confirmed by'*H NMR, **C NMR and HRMS. The antioxidant
activities of them as well as the key intermediatese evaluated by ferric
reducing antioxidant power (FRAP) assay and theeacbmpounds were
evaluated in the PC12 cell model of hydrogen pe®xH.O,)-induced
oxidative damage. SAR studies suggested thatinfantro antioxidant
activity, aurone derivatives showed better bioaigtithan flavone
counterparts. However, cyclization to benzofurad emnnecting the two
conjugated parts as a whole conjugated system kjouble bond
diminished then vitro antioxidant activity. Among them, the most potent
compound24c was significantly decreased®h-caused cell injury. The
apoptotic rate (Annexin Y of H,O,-damaged PC12 cells was 60.7%
while that of the compoun24ctreated cells decreased to 5.9% and 4.1%

at 10uM and 100uM respectively.
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1. Introduction

Flavonoids are naturally occurring polyphenolic paunds exists in
plants such as parsley, onion, orange, chamomitetaa.[1] Many of
them are reported to have a variety of pharmacoé&bgactivities
including antioxidant, anti-cancer, anti-viral anahti-inflammatory
properties.[2-9] Two novel flavonoids Anastating1) and Anastatins B
(2), which containing a benzofuran moiety and an &figaration, were
isolated fromAnastatica hierochuntican Egypt by Yoshikawa et al. in
2003 (Scheme 1). Preliminary biological evaluatremealed that these
two compounds showed hepatoprotective effects ogalBetosamine
induced cytotoxicity in primary cultured mouse htggtes. Moreover,
their hepatoprotective activities were strongemttize well-known and
commercial hepatoprotective drug silybin.[10]

Liver injury can cause by many factors such as atweé stress,
inflammatory, drugs, excessive intake of ethanohfeation of
virus.[11-13] The accumulation of free radicalsaisnajor pathogenetic
event occuring in the pathophysiology of variowgdiinjuries. The main
sources of the reactive oxygen species (ROS) geesented by the
mitochondria and cytochrome P450 enzymes in thatoepte, Kupffer
cells and neutrophils.[14-16] Overproduction of R@Sults in oxidative

stress, a deleterious process that can cause meanlypal peroxidation



(a hallmark of hepatotoxicity), decrease membralelify, suppress
enzyme and receptor activity, and damage membraokeips, which
finally triggers cell inactivation and death.[17}1R is important to
develop new antioxidant drugs to prevent or implag accumulation of
free radicals for hepatoprotection.

As mentioned above, Anastatins A and B showed bepatective
activities which may be caused by their antioxidactivity. Some
aurones, also belong to flavonoids, have been tegpdo exhibit better
antioxidant activity than their flavone countergado.[20] Therefore,
replace the flavone with aurone might increase tatioxidant activities.

In this study, we synthesized Anastatins A and Bwa#l as their
analogs by using halogenation, Suzuki coupling treacand an
oxidation/Oxa-Michael reaction cascade as the kegyssand subsequently
evaluated the antioxidant activity by ferric redwgriantioxidant power
(FRAP) assays and ,B,-induced PC12 cell oxidative damage model.

Based on this data, preliminary SAR was analyzed.

2. Chemistry

Anastatins A and Anastatins B were synthesized rdoog to our
previous strategy (Scheme 2 and 3).[21] The 8-mdustituted apigenin

derivative B) and 6-iodo apigenin derivative7)( were readily



synthesized from commercially available apiget@nky protection and
lodination sequence according to our previous mhos.[22] With the
iodo compound$ and7 in hand, benzal|[1,3] dioxol-5-ylboronic acid
(8) was coupled wittb and 7 by using Pd(PR)y as the catalyst and
CsCQO; as the base in DMF at 100 °C to give compoub?sand 9
respectively. After dealkyation, oxidation/Oxa-Mas reaction cascade
and hydrogenation, (x)-Anastatins A and B were ioleth in 54% and
66% overall yield froml2 and9 respectively (Scheme 3). Then we put
our efforts to synthesize the analogs of (x)-An@s$aA and B by
replacing a flavone core with aurone. 5-bromo aeralerivatives
(17a17¢ and 7-bromo aurone derivatived8&18¢) were prepared from
the commercial available aurond$&15c) by isopropyl protection and
bromination (Scheme 4). With the bromo compoufida-18c)in hand,
the synthesis of the analogs of (x)-Anastatins A & (22a22c and
26a260 was carried out by similar approach (Scheme 5&notably,
in order to investigate the influence of cyclizatiOc' versus22c and
24c' versus26¢), compound=20c and24c were reduced to compounds

20c' and24c' by hydrogenation.

Results and discussion

The antioxidant activity of our newly synthesizethibgs of Anastatins

A and B was evaluated using the ferric reducingpaittant power (FRAP)
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assays using Gallic acid as positive control amdrésults are shown in
Table 1. Compoun@4c showed similar activity in the FRAP assay as
positive control did. Moreover, compoun@8c, 20c', 22c, 24cnd 26¢
exhibited better activity in the FRAP assay tharsifpee control did.
Before the cell-based antioxidant test of thesesmpounds, the toxicity
of themwere evaluated using rat pheochromocytoma celld2Cr'he
result revealed that compoura®c showed cytotoxicity an@6c¢ could

promote cell growth (Figure 1 A).

Based on this information, antioxidant activityadher four compounds
(20¢, 20c', 24c and 24c") was evaluated in }D,-damaged PC12 cells
(Figure 1B) at a concentration of 1081 and 10uM. Gallic acid was used
as a positive control, and the results are illtstran Figure 1C and 1D. To
our delight,20¢ 20c', 24cand24c' showed better antioxidant activity than
Gallic acid. The viability of PC12 cells was nead®0% after a 2 h
exposure to 100M H,0O, when treated with these four compounds at 100
uM level. Moreover, compound&0c' and24c showed better antioxidant
activity than Gallic acid at 10uM level. The viability of the
20c'-pretreated an@4cpretreated PC12 cells was 61.46% and 85.94%

respectively.

Oxidative stress induces apoptosis rather thanoseci PC12 cells.

The effect of compound®4c on the morphological alterations was



observed in BDy-injured PC12 cells. As shown in Figure 2A, theitgb
apoptotic cells such as cell shrinkage, blebbingevetearly observed in
PC12 cells after treatment with,®, (100 uM) for 2 h. Moreover,
morphological changes in the gallic acid and conmgo24cpretreated
PC12 cells suggested that both gallic acid and comg24c significantly
protected them against,B,-induced cell injury. These results indicate
that compoun@4cmight protect PC12 cells against oxidative stiegsy

caused by BD..

To further confirm the effects of compourgfic on apoptosis of
pretreated bD,-damaged PC12 cells, they were double-labeled with
Annexin V-FITC and propidium iodide (PI) and thamalyzed using flow
cytometry (Figure 2B). The apoptotic rate (Anne¥ih) of the compound
-untreated KO,-damaged PC12 cells was 60.7% while that of the
compound?4c-treated cells decreased to 5.9% of the totas celimpared
to 12.5% observed in the gallic acid-treated cdntells (10 puM).
Pretreated with compoun2dc protected the PC12 cell againstQ4
oxidation and the apoptotic rate decreased to 4L¥%0uM, similar to
that of gallic acid (2.8%). These results suggest tompound24c

protected the bD,-injured PC12 cells against apoptosis.

Based on these data, the preliminary structuredfctielationships

(SAR) was analyzed. The results are illustratedodswing: 1) As we



expected, compound bearing an aurone core showter loe vitro
antioxidant activity than compound bearing a flaz@ore 21bversuslil
and25bversusl4). 2) In most of the case, the 7-hydroxy groupforone
derivatives and 6-hydroxy group for aurone denxegicould improve the
In vitro antioxidant activity 10 versusll, 13 versusl4, 20aversus21a,
20cversu21q 24aversu25aand24cversus259. 3) In most of the case,
thea, B-unsaturated double bond, which connected the bmfugated part
as a whole conjugated system, could diminish itheitro antioxidant
activity (22a versus21a, 20c' versus20¢ 22c versus21c Anastatins A
versus 11, 26a versus 25a 24c' versus 24¢, 26c¢ versus 25¢ and

Anastatins B versu$4).
4. Conclusions

In summary, Anastatins A and B as well as theil@agsa@2a-cand
26a-0 were synthesized from the commercially availadegenin and
aurone derivatives respectively. Timevitro antioxidant activity as well
as PC12 cell-based antioxidant activity evaluatdrthese compounds
and the key intermediates illustrated the followingor in vitro
antioxidant activity, aurone derivatives showedtdrebioactivity than
flavone counterparts. However, cyclization to bdan and connecting
the two conjugated part as a whole conjugated syste a double bond

diminished the bioactivity. For PC12 cell-basedi@atlant activity,



compound?0c, 20c', 24c and24c' showed better activity than Gallic acid
at 100uM level. Moreover, the most potent compoudg¢ protected the
PC12 cell against #D, oxidation by 85.94% at 10M. Clarification the
mechanism of action of compoufdc and identify its target molecule is

underway in our lab.
5. Experimental section
5.1. Chemistry

All commercial materials and reagents were usedowit further
purification, unless otherwise stated. All solvemese distilled prior to use.
The solvents for reaction were distilled to remoxager over Na or CaH
All reactions were carried out in oven-dried glagssvunder an inert
atmosphere (nitrogen or argon). For chromatogra®®y;300 mesh silica
gel (Qingdao, China) was employetH and *C NMR spectra were
recorded at 400 MHz and 100 MHz with a Brucker AR spectrometer.
The chemical shiftss] for 'H NMR spectra were given in parts per million
(ppm) referenced to the residual proton signalhef duterated solvent
(CDClz até = 7.26 ppm, DMSQl atd = 2.50 ppm and Acetordy-ato =
2.05 ppm); coupling constants were expressed itz Her 77.0 ppm),
DMSO-dg (6 = 40.0 ppm) and Acetord-(6 = 30.0 ppm and 206.0 ppm).
The following abbreviations are used to describeRNdignals: s = singlet,

d = doublet, t = triplet, m = multiple, and dd =utitet of doublets. HRMS
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were recorded on Bruker Daltonics, Inc. APEXIII TBSLA FTMS (ESI).
Known products were characterized by comparindnéir tcorresponding

'H-NMR reported in the literatures.
5.1.1(%)-Anastatins B

Pd/C (10%) 300 mg was added to a solutioril4f(376 mg, 1.0
mmol) in Tetrahydrofuran (THF) (10 mL) and the roipé was stirred at
300 under hydrogen at balloon pressure for 12 h. Tthensuspension
was filtrated by Celite and concentrated under ecedyressure to afford
(+)-Anastatins B (351 mg, 93%) as a yellow solitH NMR (400 MHz,
Acetoned;) 6 12.18 (s, 1H), 8.64 (s, 1H), 8.20 (s, 2H), 7.54)= 8.0 Hz,
2H), 7.27 (s, 1H), 7.05 (s, 1H), 6.98 = 8.0 Hz, 2H), 6.58 (s, 1H),
5.77 (dd,J = 13.2, 2.8 Hz, 1H), 3.41 (dd= 17.2, 13.2 Hz, 1H), 2.92 (dd,
J=17.2, 2.8 Hz, 1H)**C NMR (100 MHz, Acetonek) & 198.6, 163.9,
162.6, 159.0, 157.4, 151.0, 146.0, 143.4, 130.8.22116.5, 114.9,
107.6, 106.9, 105.0, 99.3, 93.0, 80.9, 43.9; HRMESIY m/z: Calcd for

Cy1H1307 [M-H] 377.0667; found, 377.0688.
5.1.2(%)-Anastatins A

The procedure is same as the preparation oA(gstatins B by
usingl1 (100 mg) as substrate to give compoundAtgstatins A (91
mg, 91%) as a yellow solidH NMR (400 MHz, Acetonels) & 12.93 (s,

1H), 8.59 (s, 1H), 8.32 (s, 1H), 8.18 (s, 1H), Ts4@H), 7.44 (dJ = 8.4
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Hz, 2H), 7.07 (s, 1H), 6.92 (d,= 8.4 Hz, 2H), 6.64 (s, 1H), 5.57 (db=
13.2, 2.8 Hz, 1H), 3.34 (dd,= 17.2, 13.2 Hz, 1H), 2.87 (dd= 17.2, 2.8
Hz, 1H); **C NMR (100 MHz, Acetonek) & 199.6, 163.6, 161.6, 158.8,
158.4, 151.0, 145.9, 143.5, 130.7, 129.1, 116.5.0,1108.0, 107.8,
105.0, 99.3, 92.4, 80.4, 43.9; HRMS (ESI) m/z: @afor CyH;:0;

[M-H] 377.0667; found, 377.0676.
5.1.35,7-diisopropoxy-2-(4-isopropoxyphenyl)-4H-chronfeone &)

K,CO; (5.39 g, 39 mmol) and (GHCHI (6.63 g, 39 mmol) were
added to a stirred solution of Apigenin(2.70 g, 10 mmol) in dr\,
N-Dimethylformamide (DMF) (10 mL). After the additip the mixture
was heated to 45 °C and stirred for 24 h. The i@aetas cooled to room
temperature, filtered and diluted with ethyl acet§t00 mL) and the
resulting solution was poured into aqueous HCI (1 M0 mL). The
organic layer was separated, washed with satuNa€d (3x100 mL) and
dried over anhydrous N80, After concentrated to dryness under
reduced pressure, the crude product was purified dmjumn
chromatography on silica gel (petroleum ether/ethgktate 40:1) to
afford the known compound (3.25 g, 82%) as a yellow solitH NMR
(400 MHz, CDC}) & 7.79 (d,J = 8.8 Hz, 2H), 6.96 (d] = 8.8 Hz, 2H), 6.52
(d,J = 2.4 Hz, 1H), 6.50 (s, 1H), 6.35 (@@= 2.4 Hz, 1H), 4.69 ~ 4.55 (m,

3H), 1.45 (d,J = 6.0 Hz, 6H), 1.40 (d = 6.0 Hz, 6H), 1.38 (d] = 6.0 Hz,
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6H); *C NMR (100 MHz, CDGJ)) & 177.4, 162.0, 160.5, 160.4, 159.9,
159.4, 127.6, 123.7, 115.8, 110.1, 107.6, 100.85,942.5, 70.5, 70.1,

22.0, 21.9; LRMS (ESI) m/z 397 [M+H]

5.1.4

8-iodo-5,7-diisopropoxy-2-(4-isopropoxyphenyl)-4kt-@amen-4-oneg)

N-lodosuccinimide (NIS) (2.47 g, 10.99 mmol) was edido a
solution of4 (3.97 g, 10 mmol) in dry DMF (25 mL) and the resy
solution was stirred at 70 for 10h. The reaction mixture was then
poured into water (200 mL) at 0 °C and extracteth iichloromethane
(DCM) (3x50 mL), the combined organic layers werm@shed with brine
(3x100 mL), dried over N&QO, and concentrated under reduced pressure.
The crude products was purified by column chromaplgy on silica
(petroleum ether/ethyl acetate 30:1) to afford coomul5 (4.49 g, 86%)
as yellow solid'H NMR (400 MHz, CDCJ) § 7.93 (d,J = 8.8 Hz, 2H),
6.99 (d,J = 8.8 Hz, 2H), 6.56 (s, 1H), 6.49 (s, 1H), 4.74.534(m, 3H),
1.46 (d,J = 6.0Hz, 12H), 1.38 (d] = 6.0 Hz, 6H):*C NMR (100 MHz,
CDCl) 6 177.1, 160.8, 160.7, 158.6, 158.4, 155.6, 1283.2, 115.9,
111.5, 106.8, 100.1, 93.5, 73.7, 72.5, 70.1, 2220495, 21.90; HRMS

(ESI) m/z: Calcd for @H,-OsINa [M+Na]" 545.0795; found, 545.0820.

5.1.5
5-hydroxy-7-isopropoxy-2-(4-isopropoxyphenyl)-4Herhen-4-oneg)

12



K,CO; (3.31 g, 24 mmol) and (GHCHI (4.08 g, 24 mmol) were
added to a stirred solution of Apigern(2.70 g, 10 mmol) in dry DMF
(10 mL). After the addition, the mixture was stdrat room temperature
for 30 h. The reaction was filtered and dilutedhwathyl acetate (100
mL) and the resulting solution was poured into agseHCI (1 M, 100
mL). The organic layer was separated, washed watiorated NacCl
(3x100 mL) and dried over anhydrous,N@). After concentrated to
dryness under reduced pressure, the crude prodast purified by
column chromatography on silica gel (petroleum eétleyl acetate 10:1)

to afford the known compour&i(3.36 g, 95%) as a yellow solid.

5.1.6

6-iodo-5,7-diisopropoxy-2-(4-isopropoxyphenyl)-4kt-@amen-4-onel)

NIS (2.47 g, 10.99 mmol) was added to a solutio® ¢3.54 g, 10
mmol) in dry DMF (25 mL) and the resulting solutievas stirred at
ambient temperature for 10h. The reaction mixtuas when poured into
water (200 mL) and extracted with DCM (3x50 mL)ge tbombined
organic layers were washed with brine (3x100 mtigadlover NaSO, and
concentrated under reduced pressure. The crudegisodas used in the
next step without further purification.,&0O; (1.04 g, 7.5 mmol) and
(CHs),CHI (1.27 g, 7.5 mmol) were added to a stirred safuof rude

product (2.40 g, 5 mmol) in dry DMF (10 mL). Aftére addition, the

13



mixture was heated to 45 °C and stirred for 24He fleaction was cooled
to room temperature, filtered and diluted with ¢thgetate (100 mL) and
the resulting solution was poured into agqueous @a\1, 100 mL). The
organic layer was separated, washed with satuNa€d (3x100 mL) and
dried over anhydrous N80, After concentrated to dryness under
reduced pressure, the crude product was purified dmjumn
chromatography on silica gel (petroleum ether/ethgetate 80:1) to
afford the compound (1.12 g, 43%) as a white solidH NMR (400
MHz, CDCk) & 7.80 (d,J = 9.2 Hz, 2H), 6.98 (d] = 9.2 Hz, 2H), 6.71 (s,
1H), 6.55 (s, 1H), 4.78 ~ 4.62 (m, 3H), 1.49Jd,6.0 Hz, 6H), 1.43 (d} =
6.0 Hz, 6H), 1.38 (d] = 6.0Hz, 6H)*C NMR (100 MHz, CDCJ) § 176.1,
161.0, 160.7, 160.5, 159.9, 158.4, 127.7,123.2,91112.7, 107.1, 96.8,
86.6, 79.4, 72.6, 70.2, 22.5, 22.0, 21.9; HRMS JE8/z: Calcd for

C,4H,7;0sINa [M+Na]" 545.0795; found, 545.0820.

5.1.7
6-(benzo[d][1,3]dioxol-5-yl)-5,7-diisopropoxy-2-(@epropoxyphenyl)-4

H-chromen-4-one9)

A mixture of compound3 (5.22 g, 10 mmol)3 (2.16 g, 13 mmol),
Pd(PPh), (0.346 g, 0.3 mmol) and &&30;(6.53 g, 20 mmol) in DMF
(20 mL) was heated to 100 °C and stirred for 12ndewm argon. After

cooled to room temperature, the reaction mixtures p@ured into

14



ice-water (200 mL) and extracted with DCM (3x50 mLhe combined
organic layers were washed with brine (100 mL)edimver NgSO, and
concentrated under reduced pressure. The crudeigiracs purified by
column chromatography on silica gel (petroleum eétleyl acetate 30:1)
to afford compound® (3.57 g, 69%) as a yellow soliH NMR (400
MHz, CDCkL) 6 7.82 (d,J = 8.8 Hz, 2H), 6.98 (d] = 8.8 Hz, 2H), 6.91 ~
6.89 (m, 3H), 6.78 (s, 1H), 6.56 (s, 1H), 6.002(d), 4.68 ~ 4.57 (m, 2H),
4.17 ~ 4.11 (m, 1H), 1.38 (d,= 6.0 Hz, 6H), 1.33 (dJ = 6.0 Hz, 6H),
1.01 (d,J = 6.0 Hz, 6H);"*C NMR (100 MHz, CDGJ)) & 177.3, 160.7,
160.5, 159.6, 158.3, 155.8, 146.6, 146.2, 127.7.3,2125.4, 124.3,
123.6, 115.9, 112.9, 112.2, 107.4, 107.4, 100.81,976.7, 71.2, 70.2,
22.0, 22.0, 21.8; HRMS (ESI) m/z: Calcd for8:,0,Na [M+NaJ

539.2040; found, 539.2063.

5.1.8
6-(3,4-dihydroxyphenyl)-5,7-dihydroxy-2-(4-hydrolgpyl)-4H-chromen

-4-one (0)

Boron tri-chloride (70 mL, 70 mmol, 1M solution lexane) was
added to a stirred solution 8f(5.17 g, 10 mmol) in anhydrous DCM (20
mL) under O °C for 30 min. After addition, the rean mixture was
heated to reflux for 4h. Then the reaction waseddb room temperature,

excess ice-water was added and stirred for 10 Tien the suspension

15



was filtrated and the residue was dried to affaschpoundl10 (3.62 g,

96%) as a yellow solidH NMR (400 MHz, DMSOs) & 13.30 (s, 1H),
10.50 (s, 2H), 8.82 (s, 2H), 7.94 (0= 8.0 Hz, 2H), 6.93 (d] = 8.0 Hz,

2H), 6.79 (s, 1H), 6.75 (s, 1H), 6.74 @M= 5.2 Hz, 1H), 6.61 (s, 1H),
6.60 (d,J = 5.2 Hz, 1H);*C NMR (100 MHz, DMSOdg) & 182.0, 163.6,
161.7, 161.2, 158.5, 155.6, 144.4, 144.2, 128.8.112122.0, 121.3,
118.5, 116.0, 115.0, 112.8, 103.7, 102.9, 93.6; ISRESI) m/z: Calcd

for C,1H130,[M-H] 377.0667; found, 377.0673.
5.1.9

5,7,8-trihydroxy-2-(4-hydroxyphenyl)-4H-benzofur@rgj]chromen-4-on

e(11)

Ag,0O (463 mg, 2.0 mmol) was added to a solutiodi@{378 mg,
1.0 mmol) in DMF (10 mL) and the resulting mixtuneas heated to
50 °C and stirred for 6 h. After cooled to room parature, EA (50 mL)
was added to the reaction mixture and stirred fom8n. The reaction
suspension was filtered through celite and washétl ®WtOAc, the
organic phase was poured into water (100 mL) amicheted with EtOAc
(5%100 mL). The combined organic layer was wash#l tarine (5x50
mL), dried over NgSO, and concentrated under reduced pressure to
afford compound.1 (232 mg, 62%) as a black green sdlitiNMR (400
MHz, DMSO-dg) § 13.88 (s, 1H), 10.41 (s, 1H), 9.31 (s, 2H), 802

16



8.4 Hz, 2H), 7.46 (s, 1H), 7.41 (s, 1H), 7.09 (4),16.96 (d,J = 7.2 Hz,
2H), 6.95 (s, 1H)**C NMR (100 MHz, DMSOdg) § 183.8, 165.0, 161.9,
160.1, 154.7, 154.6, 150.1, 146.6, 143.5, 129.2,.6,2116.5, 112.9,
109.5, 107.5, 106.0, 102.9, 99.2, 91.7; HRMS (ESl¥: Calcd for

C21H1107 [M'H]-3750510, found, 375.0526.
5.1.10

8-(benzold][1,3]dioxol-5-yl)-5,7-diisopropoxy-2-(@epropoxyphenyl)-4

H-chromen-4-onel?)

The procedure is same as the preparatidhlof using5 (5.22 g, 10
mmol) as substrate to give compouti(3.82 g, 74%) as a yellow solid.
'H NMR (400 MHz, CDC}) 6 7.50 (d,J = 8.8 Hz, 2H), 6.95 ~ 6.89 (m, 3H),
6.84 (dJ=8.8 Hz, 2H), 6.52 (s, 1H), 6.51 (s, 1H), 6.052(4), 4.65 ~ 4.53
(m, 3H), 1.49 (dJ = 6.0 Hz, 6H), 1.34 (dl = 6.0 Hz, 6H), 1.29 (d] = 6.0
Hz, 6H);**C NMR (100 MHz, CDGCJ) 6 177.8, 160.6, 160.4, 159.0, 158.2,
156.3, 147.1, 146.5, 127.6, 126.2, 124.7, 123.5,811113.3, 111.8, 110.6,
107.8, 106.5, 101.0, 100.1, 73.5, 71.4, 70.0, 220201, 21.95; HRMS

(ESI) m/z: Calcd for gH3,0;Na [M+Na] 539.2040; found, 539.2065.
5.1.11
8-(3,4-dihydroxyphenyl)-5,7-dihydroxy-2-(4-hydrolgpyl)-4H-chromen

-4-one (3)
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The procedure is same as the preparatiatOdfy using12 (5.17 g,
10 mmol) as substrate to give compor33.66 g, 97%) as a black-red
solid. '"H NMR (400 MHz, DMSOds) & 13.12 (s, 1H), 10.65 (s, 1H),
10.37 (s, 1H), 8.98 (s, 2H), 7.67 (= 8.8 Hz, 2H), 6.85 ~ 6.80 (M, 5H),
6.72 (dd,J = 8.4, 2.0 Hz, 1H), 6.38 (s, 1H}*C NMR (100 MHz,
DMSO-dg) 6 182.3, 163.7, 161.3, 161.1, 159.7, 154.0, 144%.41 128.3,
122.5, 122.1, 121.3, 118.5, 115.8, 115.1, 108.3.710102.4, 98.7,

HRMS (ESI) m/z: Calcd for £H130; [M-H] 377.0667; found, 377.0688.
5.1.12

5,9,10-trihydroxy-2-(4-hydroxyphenyl)-4H-benzof@@-h]chromen-4-o

ne (L4)

The procedure is same as the preparatidrldiy usingl3 (378 mg)
as substrate to give compoutd (274 mg, 73%) as a red solitl NMR
(400 MHz, DMSO#l) 5 13.20 (s, 1H), 10.56 (s, 1H), 9.52 (s, 2H), 840 (
J=8.8 Hz, 2H), 7.56 (s, 1H), 7.12 (s, 1H), 7.06Jd; 8.8 Hz, 2H), 7.05
(s, 1H);®C NMR (100 MHz, DMSOde) & 182.4, 163.9, 161.4, 159.7,
158.5, 149.5, 149.1, 145.6, 143.2, 128.4, 120.%.111111.8, 106.1,
105.9, 104.8, 103.8, 98.8, 95.0; HRMS (ESI) m/zlc@dor G,yH1,0;

[M-H] " 375.0510; found, 375.0525.

5.1.13(2)-2-benzylidene-4,6-diisopropoxybenzofuran-3(2rg (63
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K,CO; (3.59 g, 26 mmol) and (GHCHI (4.42 g, 26 mmol) were
added to a stirred solution ®ba (2.54 g, 10 mmol) in dry DMF (10 mL).
After the addition, the mixture was heated to 45at@ stirred for 24 h.
The reaction was cooled to room temperature, étteaind diluted with
ethyl acetate (100 mL) and the resulting soluti@s \woured into aqueous
HCI (1 M, 100 mL). The organic layer was separatedshed with
saturated NaCl (3x100 mL) and dried over anhydrNasSO,. After
concentrated to dryness under reduced pressureriide product was
purified by column chromatography on silica gelt(pkeum ether/ethyl
acetate 40:1) to afford the known compouttih (2.98 g, 88%) as a
yellow solid.*H NMR (400 MHz, CDC}J) & 7.88 ~ 7.85 (m, 2H), 7.50 ~
7.48 (m, 3H), 6.61 (s, 1H), 6.54 @@= 2.0 Hz, 1H), 6.36 (d] = 2.0 Hz,
1H), 4.69 ~ 4.55 (m, 2H), 1.46 (d,= 6.0 Hz, 6H), 1.41 (d] = 6.0 Hz,

6H).

5.1.14
(2)-4,6-diisopropoxy-2-(4-isopropoxybenzylidenejudaran-3(2H)-one
(16b)

The procedure is same as the preparatidbaby usingl5b (2.70 g,
10 mmol) as substrate to give known compoa6d (3.09 g, 78%) as a

yellow solid. *"H NMR (400 MHz, CDCJ) § 7.81 (d,J = 8.8 Hz, 2H), 6.93

(d,J = 8.8 Hz, 2H), 6.68 (s, 1H), 6.32 (#= 1.6 Hz, 1H), 6.09 (d] = 1.6
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Hz, 1H), 4.75 ~ 4.59 (m, 3H), 1.43 = 6.0 Hz, 6H), 1.40 (dl = 6.0 Hz,

6H), 1.36 (d,J = 6.0 Hz, 6H).

5.1.15
(2)-2-(3,4-diisopropoxybenzylidene)-4,6-diisoprogmenzofuran-3(2H)-

one(6¢

The procedure is same as the preparatidtbaty usingl5c (2.86 g, 10
mmol) as substrate to give known compouk&t (3.77 g, 83%) as a
yellow solid.*H NMR (400 MHz, CDCJ) & 7.41 ~ 7.36 (m, 2H), 7.46 ~
7.38 (m, 3H), 6.87 (d] = 8.4 Hz, 1H), 6.57 (s, 1H), 6.23 @@= 1.6 Hz,
1H), 6.02 (dJ = 1.6 Hz, 1H), 4.69 ~ 4.39 (m, 4H), 1.36 {d= 6.0 Hz,
6H), 1.33 (dJ = 6.0 Hz, 6H), 1.31 (d] = 6.0 Hz, 6H), 1.30 (dJ = 6.4
Hz, 6H); *C NMR (101 MHz, CDCJ)) & 179.3, 167.9, 165.9, 157.2,
149.6, 147.7, 146.1, 125.1, 124.8, 120.1, 115.8,410104.8, 96.4, 89.3,

71.7,71.1,70.8, 70.0, 21.2, 21.1, 20.9, 20.9.

5.1.16
(2)-5-bromo-2-benzylidene-4,6-diisopropoxy-benzait@(2H)-one 179
and (2)-7-bromo-2-benzylidene-4,6-diisopropoxy-bé&man-3(2H)-one

(183)

N-Bromosuccinimide (NBS) (1.1 mmol) was added tomlutson of
16a (3.38 g, 10 mmol) in dry DCM (25 mL) and the rémg solution

was stirred at room temperature for 30 min. Thectrea mixture was
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then poured into water (200 mL) at 0 °C and exéa@atith DCM (3x50

mL), the combined organic layers were washed wiiheb(100 mL),

dried over NgSQO, and concentrated under reduced pressure. The crude

products was purified by column chromatography aficas gel
(petroleum ether/ethyl acetate 40:1) to afford coumu 18a (2.13 g,
51%) and compound7a (1.83 g, 44%) as yellow solids respectively.
Data for 17a: *"H NMR (400 MHz, CDCJ) § 7.87 (d,J = 8.4 Hz, 2H),

7.46 ~ 7.36 (m, 3H), 6.77 (s, 1H), 6.55 (s, 1H255+~ 5.14 (m, 1H), 4.76
~4.66 (m, 1H), 1.48 (d] = 6.0 Hz, 6H), 1.42 (d] = 6.0 Hz, 6H). Data for
18a: *H NMR (400 MHz, CDCJ) § 7.93 (d,J = 8.4 Hz, 2H), 7.48 ~ 7.36
(m, 3H), 6.77 (s, 1H), 6.21 (s, 1H), 4.89 ~ 4.81 {H), 4.76 ~ 4.64 (m,

1H), 1.46 (d,J = 6.0 Hz, 6H), 1.44 (d] = 6.0 Hz, 6H).

5.1.17
(2)-5-bromo-4,6-diisopropoxy-2-(4-isopropoxyberagtie)benzofuran-3(

2H)-one (7b

(2)-7-bromo-4,6-diisopropoxy-2-(4-isopropoxyberagtie)benzofuran-3(

2H)-one (8b)

The procedure is same as the preparatiatBafby using16b (3.97
g, 10 mmol) as substrate to give known compaolil(2.52 g, 53%) and
compoundl7b (2.14 g, 45%) as yellow solids respectively. Dfatal 7b:

'H NMR (400 MHz, CDCJ) § 7.81 (d,J = 8.8 Hz, 2H), 6.94 (d] = 8.8
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Hz, 2H), 6.74 (s, 1H), 6.54 (s, 1H), 5.30 - 5.12 (iH), 4.77 - 4.55 (m,
2H), 1.48 (dJ = 6.1 Hz, 6H), 1.41 (d) = 6.1 Hz, 6H), 1.37 (d] = 6.0
Hz, 6H): *C NMR (101 MHz, CDGJ) & 179.7, 167.3, 162.4, 159.3,
154.9, 146.3, 133.1, 124.7, 116.0, 111.9, 108.2,71.092.2, 79.1, 72.9,
70.0, 22.7, 22.0, 21.9. LRMS (ESYH/z475 [M+H]"; HRMS (ESI)m/z
Calcd for G4H,g0sBr [M+H]*475.1115; found, 475.1118®ata for18b:
'H NMR (400 MHz, CDCJ) $ 7.87 (d,J = 8.8 Hz, 2H), 6.96 (d] = 8.8
Hz, 2H), 6.75 (s, 1H), 6.20 (s, 1H), 4.91 — 4.79 (i), 4.72 — 4.58 (m,
2H), 1.45 (dJ = 6.1 Hz, 6H), 1.43 (d) = 6.1 Hz, 6H), 1.37 (d] = 6.0
Hz, 6H): *C NMR (101 MHz, CDGJ) & 180.2, 164.7, 162.5, 159.3,
157.3, 146.4, 133.3, 124.8, 116.1, 111.9, 107.5%,986.9, 73.4, 72.9,
70.0, 22.0. LRMS (ESIn/z 475 [M+H]; HRMS (ESI)m/z Calcd for

Ca4H250sBr [M+H]"475.1115; found, 475.1111.

5.1.18
(2)-5-bromo-4,6-diisopropoxy-2-(3,4-diisopropoxybgidene)benzofura

n-3(2H)-one 170

(2)-7-bromo-4,6-diisopropoxy-2-(3,4-diisopropoxybgidene)benzofura

n-3(2H)-one {89

The procedure is same as the preparatidi8aby usingl6c(4.54 g,
10 mmol) as substrate to give known compot8d (2.61 g, 49%) and
compoundl7c(2.13 g, 40%) as yellow solids respectively. Dimtal7c
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'H NMR (400 MHz, CDC}) § 7.46 (dJ = 2.0 Hz, 1H), 7.45 (d} = 2.0 Hz,
1H), 6.95 (dJ = 9.0 Hz, 1H), 6.70 (s, 1H), 6.52 (s, 1H), 5.258(m, 1H),
4.74-4.67 (m, 1H), 4.62-4.56 (m, 1H), 4.54-4.48 (i), 1.48 (dJ = 6.0
Hz, 6H), 1.41 (d) = 6.0 Hz, 6H), 1.38 (dl = 6.0 Hz, 6H), 1.37 (d1= 6.0
Hz, 6H)."*C NMR (101 MHz, CDGJ) § 179.65, 167.35, 162.45, 154.89,
151.24, 148.63, 146.46, 126.33, 125.58, 121.71,441612.04, 108.16,
102.78, 92.25, 79.07, 72.96, 72.88, 71.72, 22.@3272 22.15, 21.90;
LRMS m/z Calcd for GH33BrOg [M+H]" 533.1; found:533.1. Data for
18c *H NMR (400 MHz, CDC}) § 7.73 (d,J = 2.0 Hz, 1H), 7.37 (dd} =
8.4, 2.0 Hz, 1H), 6.95 (d] = 8.4 Hz, 1H), 6.72 (s, 1H), 6.20 (s, 1H),
4.88-4.82 (m, 1H), 4.69-4.54 (m, 3H), 1.44)% 6.0 Hz, 12H), 1.41 (d,=
6.0 Hz, 6H), 1.37 (dJ = 6.0 Hz, 6H)*C NMR (101 MHz, CDG)) &
180.21, 164.67, 162.48, 157.32, 150.71, 149.07,584@.26.09, 125.79,
119.47, 116.93, 112.12, 107.44, 96.50, 86.82, 73230, 72.11, 72.06,
22.37, 22.20, 22.00; LRMS m/z Calcd fop8:5BrOg [M+H]* 533.1;

found:533.1.

5.1.19
(2)-5-(benzo[d][1,3]dioxol-5-yl)-2-benzylidene-4¢hisopropoxybenzofur

an-3(2H)-one 193

The procedure is same as the preparatidhmf usingl7a(4.17 g,

10 mmol) as substrate to give compourgh (3.16 g, 69%) as a yellow
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solid.'"H NMR (400 MHz, CDC}) & 7.88 (d,J = 8.4 Hz, 2H), 7.46 ~ 7.35
(m, 3H), 6.84 ~ 6.74 (m, 4H), 6.57 (s, 1H), 5.9921), 4.77 (hept) =

6.0 Hz, 1H), 4.62 (hepf,= 6.0 Hz, 1H), 1.32 (d] = 6.0 Hz, 6H), 1.11 (d,
J = 6.0 Hz, 6H);"*C NMR (100 MHz, CDGJ) § 180.7, 168.0, 164.5,
155.5, 147.9, 146.7, 146.1, 132.7, 131.1, 129.8.8,2127.1, 124.8,
120.7, 111.8, 110.7, 107.8, 107.5, 100.8, 91.86,771.7, 22.4, 21.8.
HRMS (ESI) m/z: Calcd for &H.eNaQ; [M+Na]® 481.1622; found,

481.1618.

5.1.20
(2)-5-(benzo[d][1,3]dioxol-5-yl)-4,6-diisopropoxy-&-isopropoxybenzyl

idene)benzofuran-3(2H)-on&qb)

The procedure is same as the preparatiodhlof usingl7b (4.76 g,
10 mmol) as substrate to give compouréb (3.26 g, 63%) as a yellow
solid.*H NMR (400 MHz, CDCJ) 6 7.83 (d,J = 8.4 Hz, 2H), 6.94 (d] =
8.4 Hz, 2H), 6.84 ~ 6.74 (m, 4H), 6.56 (s, 1H),85(8, 2H), 4.80 ~ 4.73
(m, 1H), 4.65 ~ 4.58 (m, 2H), 1.37 @@= 6.0 Hz, 6H), 1.31 (dJ = 6.0
Hz, 6H), 1.10 (d,) = 6.0 Hz, 6H);"*C NMR (100 MHz, CDGJ) § 180.6,
167.7, 164.2, 159.1, 155.3, 146.7, 146.1, 132.9,.3,2125.0, 124.8,
120.5, 116.0, 111.8, 111.1, 108.1, 107.4, 100.83,947.5, 71.7, 70.0,
22.4, 22.0, 21.8; HRMS (ESI) m/z: Calcd for@:,NaO, [M+Na]

539.2040; found, 539.2065.
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5.1.21
(2)-5-(benzo[d][1,3]dioxol-5-yl)-2-(3,4-diisopropgkenzylidene)-4,6-dii

sopropoxybenzofuran-3(2H)-onE9Q

The procedure is same as the preparatidh lmf usingl7c (5.33 g,
10 mmol) as substrate to give compouttit (3.9 g, 68%) as a yellow
solid. *H NMR (400 MHz, CDCJ) & 7.49 ~ 7.47 (m, 2H), 6.96 (d,= 8.8
Hz, 1H), 6.84 ~ 6.74 (m, 3H), 6.70 (s, 1H), 6.54 1K), 5.99 (s, 2H),
4.76 (heptJ = 6.0 Hz, 1H), 4.66 ~ 4.48 (m, 3H), 1.38 (U= 6.0 Hz,
12H), 1.32 (d,J = 6.0 Hz, 6H), 1.10 (d] = 6.0 Hz, 6H)*C NMR (100
MHz, CDCk) ¢ 180.5, 167.7, 164.2, 155.3, 151.0, 148.7, 14648, 71
146.1, 127.2, 126.1, 125.9, 124.8, 121.6, 120.6.6,1111.8, 111.2,
108.0, 107.4, 100.8, 91.9, 77.5, 72.9, 71.8, 722{4, 22.3, 22.2, 21.7,
HRMS (ESI) m/z: Calcd for EHssNaQ; [M+Na]® 597.2459; found,

597.2449.

5.1.22
(2)-2-benzylidene-5-(3,4-dihydroxyphenyl)-4,6-diloygybenzofuran-3(2

H)-one Q0Q

The procedure is same as the preparatidrOdify usingl9a(4.58 g,
10 mmol) as substrate to give compo@txh (3.51 g, 97%) as a yellow
solid. '"H NMR (400 MHz, DMSOs) 5 10.87 (s, 1H), 9.51 (s, 1H), 8.81

(s, 1H), 7.93 (dJ = 8.0 Hz, 2H), 7.52 ~ 7.40 (m, 3H), 6.75 Jcs 8.0 Hz,
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1H), 6.68 (s, 1H), 6.64 (d,= 2.0 Hz, 1H), 6.50 (dd} = 8.0, 2.0 Hz, 1H),
6.44 (s, 1H)*C NMR (100 MHz, DMSOds) & 180.7, 165.8, 155.1,
148.1, 145.1, 144.8, 132.8, 131.3, 129.8, 129.4.5,2122.6, 119.1,
115.7, 113.3, 109.1, 103.1, 91.4; HRMS (ESI) m/atc@ for C21H1306

[M-H]~ 361.0718; found, 361.0705.

5.1.23
(2)-5-(3,4-dihydroxyphenyl)-4,6-dihydroxy-2-(4-hggybenzylidene)benz

ofuran-3(2H)-one Z0b)

The procedure is same as the preparatidiOdiy usingl9b (5.17 g,
10 mmol) as substrate to give compowti (3.74 g, 99%) as a yellow
solid.*H NMR (400 MHz, DMSO#d) & 10.74 (s, 1H), 10.07 (s, 1H), 9.36
(s, 1H), 8.79 (s, 2H), 7.80 (d,= 8.4 Hz, 2H), 6.89 (d] = 8.4 Hz, 2H),
6.73 (d,J = 8.0 Hz, 1H), 6.64 (s, 1H), 6.62 (s, 1H), 6.50J¢ 8.0 Hz,
1H), 6.41 (s, 1H)**C NMR (100 MHz, DMSOdg) § 180.8, 165.4, 165.3,
159.4, 154.8, 146.3, 145.0, 144.7, 133.4, 123.8.6,2122.6, 119.1,
116.5, 115.6, 113.0, 110.2, 103.4, 91.2; HRMS (E8/z: Calcd for

Cy:H1NaO; [M+Na] 401.0632; found, 401.0627.

5.1.24
(2)-2-(3,4-dihydroxybenzylidene)-5-(3,4-dihydroxgpil)-4,6-dihydroxy

benzofuran-3(2H)-one00
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The procedure is same as the preparatidiOdfy usingl9c(5.74 g,
10 mmol) as substrate to give compotit (3.82 g, 97%) as a yellow
solid. *H NMR (400 MHz, DMSO#dg) & 10.80 (s, 1H), 9.29 (bs, 3H), 7.46
(d, J = 2.0 Hz, 1H), 7.21 (dd] = 8.0, 2.0 Hz, 1H), 6.85 (d,= 8.0 Hz,
1H), 6.75 (dJ = 8.0 Hz, 1H), 6.65 (d] = 2.0 Hz, 1H), 6.53 (s, 1H), 6.51
(dd,J = 8.0, 2.0 Hz, 1H), 6.42 (s, 1HY)C NMR (100 MHz, DMSOds)
6180.8, 165.3, 154.8, 148.1, 146.2, 145.9, 145.@.714124.7, 124.0,
123.6, 122.6, 119.1, 118.0, 116.5, 115.6, 112.9.711103.4, 91.1,

HRMS (ESI) m/z: Calcd for £H140s [M-H] 393.0616; found, 393.0638.

5.1.25
2-(3,4-dihydroxybenzyl)-5-(3,4-dihydroxyphenyl)-dibydroxybenzofura

n-3(2H)-one0c’)

The procedure is same as the preparatio(tpAnastatins A by
using20c (100 mg) as substrate to give compo@id' (95 mg, 95%) as
a pale yellow solid*H NMR (400 MHz, DMSOd,)  8.86 (m, 6H), 6.72
(d, J = 8.4 Hz, 1H), 6.67 (dJ = 2.4 Hz, 1H), 6.64 (d] = 8.0 Hz, 1H),
6.59 (d,J = 2.0 Hz, 1H), 6.53 (dd] = 8.0, 2.0 Hz, 1H), 6.46 (dd,= 8.0,
2.0 Hz, 1H), 4.81 (ddJ = 8.4, 4.0 Hz, 1H), 3.04 (dd,= 14.8, 4.0 Hz,
1H), 2.72 (q,J = 14.8, 8.4 Hz, 1H)’C NMR (101 MHz, DMSOdy) &

197.0, 172.0, 166.3, 154.2, 145.3, 144.9, 144.%.314127.7, 123.7,
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122.6, 120.6, 119.0, 117.2, 115.8, 115.6, 111.2,8,100.7, 86.3, 36.6;

HRMS (ESI) m/z: Calcd for £H15s05 [M-H] 395.0772; found, 395.0770.

5.1.26 (2)-4,6,7-trihnydroxy-2-benzylidene-2H-benzofuro  ,2[§

benzofuro-3-on&1a)

The procedure is same as the preparatiohldby using20a (100
mg) as substrate to give compowih (61 mg, 61%) as a black solft
NMR (400 MHz, DMSOY 9.42 (s, 1H), 9.18 (s, 1H), 7.97 (d, J = 7.6 Hz,
2H), 7.55 ~ 7.42 (m, 3H), 7.40 (s, 1H), 7.16 (s),16482 (s, 1H), 6.75 (s,
1H); *C NMR (100 MHz, DMSOdg) & 178.6, 166.9, 162.3, 151.8, 149.8,
148.0, 145.7, 143.7, 132.6, 131.5, 130.1, 129.58.411110.5, 110.2,
107.0, 100.6, 99.2, 93.6; HRMS (ESI) m/z: Calcd @itH,0¢ [M-H]"

359.0561,; found, 359.0550.

5.1.27(2)-4,6,7-trihydroxy-2-(4-hydroxybenzylidene)-2eilaofuro [3,2-]

benzofuro-3-one2(lb)

The procedure is same as the preparatiohldby using20b (100
mg) as substrate to give compow2ith (63 mg, 63%) as a red solitH
NMR (400 MHz, DMSOds) § 12.24 (s, 1H), 10.26 (s, 1H), 9.44 (s, 1H),
9.23 (s, 1H), 7.84 (d] = 8.8 Hz, 2H), 7.40 (s, 1H), 7.16 (s, 1H), 6.93 (d
J = 8.8 Hz, 2H), 6.86 (s, 1H), 6.76 (s, 1¥E NMR (100 MHz,

DMSO-dg) 6 178.5, 166.5, 162.0, 159.8, 151.7, 149.7, 14613,6, 143.6,
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133.7, 123.5, 116.6, 113.5, 111.6, 109.9, 107.0,81®9.2, 93.5; HRMS

(ESI) m/z: Calcd for gH1,NaO; [M+Na]* 399.0475; found, 399.0470.

5.1.28 (2)-4,6,7-trihydroxy-2-(3,4-dihydroxybenzylider&-benzofuro

[3,2-f] benzofuro-3-on@10

The procedure is same as the preparatiohldby using20c (100
mg) as substrate to give compow2itt (51 mg, 51%) as a red solitH
NMR (400 MHz, DMSO¢g) & 9.68 (s, 1H), 9.38 (s, 1H), 9.32 (s, 1H),
9.14 (s, 1H), 7.48 (d] = 2.0 Hz, 1H), 7.39 (s, 1H), 7.26 (dii= 8.0, 2.0
Hz, 1H), 7.13 (s, 1H), 6.85 (d,= 8.0 Hz, 1H), 6.66 (s, 2H}’C NMR
(100 MHz, DMSOs,) 6 178.3, 166.5, 151.8, 149.7, 148.4, 146.2, 146.0,
145.5, 143.6, 127.1, 126.0, 125.0, 123.9, 118.%.591113.6, 111.9,
110.0, 107.0, 99.2, 93.4; HRMS (ESI) m/z: Calcd @jfH;,05 [M-H]"

391.0459; found, 391.0461.

5.1.29 4,6,7-trihydroxy-2-benzyl-2H-benzofuro [3,2-1]

benzofuro-3-on@2a)

The procedure is same as the preparatio(tpAnastatins A by
using2l1a(100 mg) as substrate to give compod@d (88 mg, 88%) as a
pale yellow solid’H NMR (400 MHz, DMSO#d) & 11.83 (s, 1H), 9.32 (s,
1H), 9.09 (s, 1H), 7.31 ~ 7.17 (m, 6H), 7.10 (s),16137 (s, 1H), 5.08
(dd,J = 8.0, 3.6 Hz, 1H), 3.28 (dd,= 14.8, 3.6 Hz, 1H), 2.98 (dd,=

14.8, 8.0 Hz, 1H)**C NMR (100 MHz, DMSOd) & 194.4, 173.5, 162.4,
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151.3, 149.5, 145.3, 143.5, 136.7, 129.8, 128.7.112113.5, 108.6,
106.8, 100.6, 99.2, 93.1, 86.4, 37.1, HRMS (ESlg:nCalcd for

C21H1306 [M-H] " 361.0718; found, 361.0703.

5.1.30  4,6,7-trihydroxy-2-(4-hydroxybenzyl)-2H-benzofuro 3,2H]

benzofuro-3-on&2hb)

The procedure is same as the preparatio(tpfAnastatins A by
using21b (376 mg) as substrate to give compoft (362 mg, 96%) as a
pale yellow solid'H NMR (400 MHz, DMSO#d) § 11.81 (s, 1H), 9.29 (s,
1H), 9.19 (s, 1H), 9.08 (s, 1H), 7.30 (s, 1H), 7=0B05 (m, 3H), 6.92 (d,
= 8.0 Hz, 2H), 6.36 (s, 1H), 4.98 (m, 1H), 3.15Jd; 14.0 Hz, 1H), 2.87
(dd,J = 14.0, 7.2 Hz, 1H)°C NMR (100 MHz, DMSOdg) & 194.5, 173.6,
162.4,156.4, 151.3, 149.5, 145.2, 143.5, 130.8,6,215.4, 113.5, 108.6,
106.8, 100.7, 99.1, 93.0, 86.7, 36.4;, HRMS (ESlk:ntCalcd for

C,:H1.NaO, [M+Na]* 401.0632; found, 401.0625.

5.1.31 4,6,7-trihydroxy-2-(3,4-dihydroxybenzyl)-2H-benzofu [3,2-]

benzofuro-3-on@R2¢

The procedure is same as the preparatio(tpfAnastatins A by
using21c (100 mg) as substrate to give compo@2d (86 mg, 86%) as a
pale yellow solid'H NMR (400 MHz, DMSO#ds) 5 11.80 (s, 1H), 9.30 (s,
1H), 9.09 (s, 1H), 8.76 (s, 1H), 8.69 (s, 1H), ASALH), 7.09 (s, 1H), 6.65

(s, 1H), 6.59 (dJ = 7.6 Hz, 1H), 6.51 (d = 7.6 Hz, 1H), 6.37 (s, 1H), 4.94
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(m, 1H), 3.08 (d,) = 14.4 Hz, 1H), 2.80 (ddl = 14.4, 7.6 Hz, 1H)}*C
NMR (100 MHz, DMSOds) & 194.1, 173.0, 161.7, 150.7, 148.9, 144.7,
143.8, 142.9, 126.7, 120.0, 116.7, 115.2, 112.8,0,0.06.2, 100.1, 98.6,
92.5, 86.2 ; HRMS (ESI) m/z: Calcd fog#,505 [M-H] 393.0616; found,

393.0600.

5.1.32
(2)-7-(benzo[d][1,3]dioxol-5-yl)-2-benzylidene-4¢hisopropoxybenzofur

an-3(2H)-one 233

The procedure is same as the preparatidi®diy usingl8a(4.17 g,
10 mmol) as substrate to give compoldh (3.71 g, 81%) as a yellow
solid.*H NMR (400 MHz, CDCJ) & 7.77 (d,J = 6.8 Hz, 2H), 7.37 ~ 7.30
(m, 3H), 7.13 ~ 7.11 (m, 2H), 6.94 @@= 8.4 Hz, 1H), 6.69 (s, 1H), 6.25
(s, 1H), 6.04 (s, 2H), 4.90 ~ 4.84 (m, 1H), 4.66.60 (m, 1H), 1.47 (d]
= 6.0 Hz, 6H), 1.35 (d) = 6.0 Hz, 6H):**C NMR (100 MHz, CDCJ) &
180.9, 165.2, 163.4, 157.3, 147.8, 147.3, 146.€.7,3131.0, 129.1,
128.7, 124.6, 124.3, 111.2, 110.0, 108.4, 107.8,9901.0, 95.7, 73.0,
71.9, 22.1, 22.0; HRMS (ESI) m/z: Calcd fopgdNaQ; [M+Na]*

481.1622; found, 481.1621.

5.1.33
(2)-7-(benzo[d][1,3]dioxol-5-yl)-4,6-diisopropoxy-&-isopropoxybenzyl
idene)benzofuran-3(2H)-on23b)
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A mixture of compound$8b (4.76 g, 10 mmol)3 (1.83 g, 11 mmol),
Pd(PPh), (1.16 g, 1.0 mmol) and g80;(6.53 g, 20 mmol) in DMF (20
mL) was heated to 100 °C and stirred for 12 h uadgon. After cooled to
room temperature, the reaction mixture was pourexice-water (200 mL)
and extracted with DCM (3x50 mL). The combined aigdayers were
washed with brine (100 mL), dried over 48&, and concentrated under
reduced pressure. The crude product was purified doyumn
chromatography on silica gel (petroleum ether/ethgetate 30:1) to
afford compound23b (3.88 g, 75%) as a yellow solidH NMR (400
MHz, CDCk) § 7.71 (dJ = 7.6 Hz, 2H), 7.12 (m, 2H), 6.93 @z 7.6 Hz,
1H), 6.85 (dJ = 7.6 Hz, 2H), 6.68 (s, 1H), 6.24 (s, 1H), 6.042d), 4. 90
~ 4. 84 (m, 1H), 4. 64 ~ 4.57 (m, 2H), 1.46 J&; 6.0 Hz, 6H), 1.35 (m,
12H); *C NMR (100 MHz, CDGJ) & 180.8, 165.0, 163.0, 158.9, 157.1,
147.2, 146.6, 146.5, 132.9, 125.1, 124.8, 124391111.2, 110.5, 108.4,
107.7,106.2, 101.0, 95.9, 73.0, 71.8, 69.9, 221, 21.98; HRMS (ESI)

m/z: Calcd for G;Hs,NaO; [M+Na]*539.2040; found, 539.2034.

5.1.34
(2)-7-(benzo[d][1,3]dioxol-5-yl)-4,6-diisopropoxy-3,4-diisopropoxybe
nzylidene)benzofuran-3(2H)-on&3()

The procedure is same as the preparatiazbfby using 18c (5.33

g, 10 mmol) as substrate to give compo@Bd(4.07 g, 71%) as a yellow
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solid. '"H NMR (400 MHz, CDC}) & 7.43 (d,J = 2.0 Hz, 1H), 7.21 (dd]

= 8.4, 2.0 Hz, 1H), 7.06 ~ 7.03 (m, 2H), 6.92J¢; 8.0 Hz, 1H), 6.86 (d,
J =8.0 Hz, 1H), 6.65 (s, 1H), 6.24 (s, 1H), 6.022d), 4.91 ~ 4.82 (m,
1H), 4.65 ~ 4.48 (m, 2H), 4.30 ~ 4.21 (m, 1H), 1(d7J = 6.0 Hz, 6H),
1.34 (d,J = 6.0 Hz, 6H), 1.33 (d) = 6.0 Hz, 6H), 1.22 (dJ = 6.0 Hz,
6H); *C NMR (100 MHz, CDGJ) & 180.8, 165.0, 163.2, 157.2, 150.5,
148.8, 147.2, 146.7, 146.5, 126.2, 125.9, 125.6.2,2119.3, 117.0,
111.3, 110.7, 108.6, 108.0, 106.2, 101.0, 95.8), 7.0, 71.8, 71.8, 22.2,
221, 22.0, 21.9; HRMS (ESI) m/z: Calcd for ;08:Na0;

[M+Na]"597.2459: found, 597.2458.

5.1.35
(2)-2-benzylidene-7-(3,4-dihydroxyphenyl)-4,6-diloyxgbenzofuran-3(2

H)-one @439

The procedure is same as the preparatidBdiy using23a(4.58 g,
10 mmol) as substrate to give compodh (3.51 g, 97%) as a yellow
solid."H NMR (400 MHz, DMSO) 10.93 (s, 1H), 10.87 (s, 1H), 8.93 (s,
2H), 7.83 (dJ = 7.6 Hz, 2H), 7.38 ~ 7.36 (m, 3H), 7.03 (s, 16iB8 ~
6.82 (m , 2H), 6.60 (s, 1H), 6.29 (s, 14C NMR (100 MHz, CDCJ) &
180.0, 164.8, 164.6, 157.0, 148.3, 145.2, 144.8.(13131.1, 129.5,
129.3, 122.4, 122.0, 118.4, 115.5, 108.3, 105.8,11®8.5; HRMS (ESI)

m/z: Calcd for GH130¢ [M-H] 361.0718; found, 361.0698.
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5.1.36
(2)-7-(3,4-dihydroxyphenyl)-4,6-dihydroxy-2-(4-hggybenzylidene)benz

ofuran-3(2H)-one Z4b)

Boron tri-chloride (70 mL, 70 mmol, 1M solution mexane) was
added to a stirred solution 88b (5.17 g, 10 mmol) in anhydrous DCM
(20 mL) under 0 °C for 30 min. After addition, theaction mixture was
heated to reflux for 4h. Then the reaction was@wbdb room temperature,
excess ice-water was added and stirred for 10 Tien the suspension
was filtrated and the residue was dried to affachgound24b (3.74 g,
99%) as a black-red solidH NMR (400 MHz, DMSOdg) & 10.84 (s,
1H), 10.82 (s, 1H), 10.03 (s, 1H), 8.94 (s, 1HY33(s, 1H), 7.69 (d] =
8.4 Hz, 2H), 7.03 (s, 1H), 6.85 ~ 6.83 (m, 2H),7(@, J = 8.4 Hz, 2H),
6.53 (s, 1H), 6.32 (s, 1H)*C NMR (100 MHz, DMSOde) 5 180.0, 164.6,
164.1, 159.1, 156.7, 146.5, 145.1, 144.6, 133.13.9,2122.6, 122.0,
118.3, 116.3, 115.4, 109.3, 105.2, 103.4, 98.3; IBRESI) m/z: Calcd

for C,1H1/NaO; [M+Na]" 401.0632; found, 401.0628.

5.1.37
(2)-2-(3,4-dihydroxybenzylidene)-7-(3,4-dihydroxgpil)-4,6-dihydroxy

benzofuran-3(2H)-one40

The procedure is same as the preparatidBdiy using23c (5.74 g,
10 mmol) as substrate to give compoit (3.82 g, 97%) as a yellow
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solid. *H NMR (400 MHz, DMSOsg) & 10.78 (s, 2H), 9.66 (s, 1H), 8.92
(s, 3H), 7.26 (dd) = 8.0, 1.6 Hz, 1H), 7.13 (d,= 1.6 Hz, 1H), 7.01 (d]

= 1.6 Hz, 1H), 6.88 ~ 6.81 (m, 2H), 6.74 Jc& 8.4 Hz, 1H), 6.43 (s, 1H),
6.26 (s, 1H);"*C NMR (100 MHz, DMSOds) & 180.0, 164.6, 164.1,
156.7, 147.7, 146.5, 145.7, 145.1, 144.6, 124.3.6,2122.6, 122.0,

119.1, 118.3, 116.3, 115.5, 109.8, 105.3, 103.43;98RMS (ESI) m/z:

Calcd for G;H1305 [M-H] 393.0616; found, 393.0606.

5.1.38
2-(3,4-dihydroxybenzyl)-7-(3,4-dihydroxyphenyl)-diBydroxybenzofura

n-3(2H)-oneR4c

The procedure is same as the preparatio{tpAnastatins B by
using24c (100 mg) as substrate to give compo@dd' (96 mg, 96%) as
a pale yellow solid*H NMR (400 MHz, DMSO#) & 8.81 (bs, 6H), 6.80
(d,J = 2.0 Hz, 1H), 6.59 (d] = 8.4 Hz, 1H), 6.54 (dd] = 8.4, 1.6 Hz,
1H), 6.60 (s, 1H), 6.59 (d,= 8.4 Hz, 1H), 6.48 (dd] = 8.0, 1.6 Hz, 1H),
6.03 (s, 1H), 4.64 (dd] = 6.4, 4.0 Hz, 1H), 2.98 (dd,= 14.8, 4.0 Hz,
1H), 2.76 (dd, = 14.8, 6.4 Hz, 1H)*C NMR (101 MHz, DMSOd,) &
196.2, 171.6, 164.7, 156.0, 145.1, 144.7, 144.3.114127.3, 123.2,
122.3, 121.0, 118.5, 117.5, 115.6, 115.4, 105.8,21(®6.6, 85.9, 36.6.

HRMS (ESI) m/z: Calcd for £H15s05 [M-H] 395.0772; found, 395.0766.
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5.1.39 (2)-4,8,9-trihydroxy-2-benzylidene-2H-benzofuro  ,3[8]

benzofuro-3-on@5a)

The procedure is same as the preparatiob4dby using24a (100
mg) as substrate to give compoh (82 mg, 82%) as a black solftH
NMR (400 MHz, DMSO€g) 5 9.56 (s, 1H), 9.44 (s, 1H), 8.06 (= 7.6
Hz, 2H), 7.62 ~ 7.50 (m, 3H), 7.38 (s, 1H), 7.08 {8), 6.87 (s, 1H),
6.75 (s, 1H);**C NMR (100 MHz, DMSOdg) & 180.4, 163.8, 159.6,
156.3, 150.2, 147.9, 146.1, 143.8, 132.7, 131.%.23129.6, 111.8,
110.7, 106.4, 105.9, 102.6, 99.5, 94.2; HRMS (ES&lg: Calcd for

C,1H1106 [M-H] 359.0561; found, 359.0592.

5.1.40 (2)-4,8,9-trihydroxy-2-(4-hydroxybenzylidene)-2eRkofuro

[2,3-g] benzofuro-3-one26h)

Ag,0O (115 mg) was added to a solution2#fb (100 mg) in DMF
(10 mL) and the resulting mixture was heated t6G@&nd stirred for 5 h.
After cooled to room temperature, MeOH (5 mL) wakled to the
reaction mixture and stirred for 30 min. The reactsuspension was
filtered through celite and washed with EtOAc, thrganic phase was
poured into water (100 mL) and extracted with Et(JAg100 mL). The
combined organic layer was washed with brine (4r80, dried over
Na,SO, and concentrated under reduced pressure to aftongpound25b

(75 mg, 75%) as a red solitH NMR (400 MHz, DMSOsd) & 11.18 (s,
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1H), 10.25 (s, 1H), 9.48 (s, 1H), 9.44 (s, 1H),27(6,J = 8.4 Hz, 2H),
7.40 (s, 1H), 7.08 (s, 1H), 7.00 @@= 8.0 Hz, 2H), 6.79 (s, 1H), 6.76 (s,
1H); *C NMR (100 MHz, DMSOdg) & 180.2, 163.4, 159.8, 159.2, 156.0,
150.1, 146.2, 146.0, 143.7, 133.7, 123.6, 116.7,.9,1111.8, 106.3,
106.2, 102.6, 99.5, 93.9; HRMS (ESI) m/z: Calcd fornH;,NaG;

[M+Na]* 399.0475; found, 399.0471.

5.1.41 (2)-4,8,9-trihydroxy-2-(3,4-dihydroxybenzyliderd-benzofuro

[2,3-g] benzofuro-3-on@be)

The procedure is same as the preparatio25bfby using24c (100
mg) as substrate to give compowt (57 mg, 57%) as a red solitH
NMR (400 MHz, DMSO) 11.16 (s, 1H), 9.78 (s, 1H), 9.59 (s, 1H), 9.38
(s, 1H), 9.24 (s, 1H), 7.47 (s, 1H), 7.45 (m, 2HN8 (s, 1H), 6.96 (d] =
8.4 Hz, 1H), 6.75 (s, 1H), 6.70 (s, 1HC NMR (100 MHz, DMSOds) &
180.2, 163.4, 159.3, 156.0, 150.1, 148.6, 146.15.14143.7, 124.6,
123.9, 118.8, 116.8, 112.3, 112.0, 106.9, 106.3,61®9.4, 93.9; HRMS

(ESI) m/z: Calcd for gH1,05 [M-H] 391.0459; found, 391.0431.

5.1.42 4,8,9-trihydroxy-2-benzyl-2H-benzofuro [2,3-g]

benzofuro-3-on@69

The procedure is same as the preparatio{tpAnastatins B by
using25a (100 mg) as substrate to give compo@éd (92 mg, 91%) as a

red solid."H NMR (400 MHz, DMSOdg) & 10.96 (s, 1H), 9.36 (s, 1H),
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9.22 (s, 1H), 7.36 ~ 7.21 (m, 5H), 7.11 (s, 1Hp27(s, 1H), 6.56 (s, 1H),
5.14 (ddJ = 8.0, 3.6 Hz, 1H), 3.31 (dd,= 14.8, 3.6 Hz, 1H), 3.03 (dd,
= 14.8, 8.0 Hz, 1H)**C NMR (100 MHz, DMSOd;) & 196.1, 166.8,
163.9, 155.6, 149.6, 145.5, 143.5, 136.9, 129.8.7,2127.1, 112.5,
106.2, 105.7, 102.6, 99.3, 92.3, 86.8, 37.2; HRIEASI( m/z: Calcd for

C21H1306 [M-H] " 361.0718; found, 361.0703.

5.1.43 4,8,9-trihydroxy-2-(4-hydroxybenzyl)-2H-benzofuro 2,3fg]

benzofuro-3-on&6h)

Pd/C (10%) 40 mg was added to a solutior26b (376 mg, 1.0
mmol) in EtOH (10 mL) and the mixture was stirréed@m temperature
under hydrogen at balloon pressure for 12 h. Thensuspension was
filtrated by Celite and concentrated under redymegsure to affor@eb
(370 mg, 98%) as a yellow solitH NMR (400 MHz, DMSO#d) & 10.88
(s, 1H), 9.32 (s, 1H), 9.23 (s, 1H), 9.20 (s, 1H)2 (s, 1H), 7.11 (d] =
8.4 Hz, 2H), 7.01 (s, 1H), 6.66 (@= 8.4 Hz, 2H), 6.54 (s, 1H), 5.04 (dd,
J=8.0, 3.6 Hz, 1H), 3.18 (dd,= 14.8, 3.6 Hz, 1H), 2.91 (dd,= 14.8,
8.0 Hz, 1H);*C NMR (100 MHz, DMSOds) & 195.7, 166.3, 163.3,
155.9, 154.9, 149.1, 144.9, 142.9, 130.2, 126.24.91112.0, 105.7,
105.2, 102.0, 98.7, 91.6, 86.6, 35.9; HRMS (ESlk:ntCalcd for

C,:H1.NaO, [M+Na]"401.0632; found, 401.0623.
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5.1.44 4,8,9-trihydroxy-2-(3,4-dihydroxybenzyl)-2H-benzofu [2,3-g]

benzofuro-3-on&60

The procedure is same as the preparatio(tpAnastatins A by
using25c (100 mg) as substrate to give compo@sd (92 mg, 92%) as a
red solid100*H NMR (400 MHz, DMSO€e) & 10.93 (s, 1H), 9.37 (s,
1H), 9.21 (s, 1H), 8.81 (s, 1H), 8.75 (s, 1H), 7(841H), 7.02 (s, 1H),
6.70 (s, 1H), 6.63 ~ 6.55 (m, 3H), 5.03 (dg; 7.6, 3.6 Hz, 1H), 3.13 (dd,

J = 14.8, 3.6 Hz, 1H), 2.85 (dd,= 14.8, 7.6 Hz, 1H)**C NMR (100
MHz, DMSO-dg) 6 196.3, 166.9, 163.9, 155.5, 149.6, 145.43, 145.35,
144.3, 143.5, 127.4, 120.5, 117.2, 115.8, 112.6,31A.05.8, 102.6, 99.3,
92.2, 87.2, 36.6; HRMS (ESI) m/z: Calcd fos8,305 [M-H] 393.0616;

found, 393.0601.
5.2 Biology evaluation

5.2.1 Antioxidant activity by FRAP assay

FRAP assay measures the antioxidant capacity taiceederric
2,4,6-tripyridyl-s-triazine (TPTZ) complex to itserfous form.
Antioxidant activity by FRAP assay of compound lda@ were
performed as described previously.[23] The vita@i{\Vc) standard was
diluted to different concentrations (100-600 mg/nidy) the experiment.
The ferric-reducing antioxidant power in the reactimedium was
calculated from the calibration curve derived frargerial dilution of the
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Vc standard. Equivalent amounts of Vc for the testpounds were

calculated from three independent experiments.
5.2.2 Cell lines and culture conditions

PC12 cell line was obtained from the Shanghai tuists of Biological
Sciences (Shanghai, China). Cells were grown at@1 RPMI-1640
supplemented with 10% fetal bovine serum, 2.05 nhiagnine, and 1%
penicillin/streptomycin in a humidified atmosphamentaining 5% CQ

The medium was replaced once every third day.

5.2.3 Cytotoxic analysis in PC12 cells

PC12 cells (10@L) were cultured in 96-well plates at a densitysof
x10° cells per well for 24 h. 0.6L of compounds (solved in DMSO) were
added to each well to culture for additional 48Then 20uL of MTT
solution (5 mg/ml) was added to each well and iatedh for another 4 h.
The cells in each well were then solubilized withi O (100uL for each
well) and the optical density (OD) was recordedi@ nm. DMSO was
used as positive control and the;d@alues were derived from the mean
OD values of the triplicate tests versus using Gfaad Prism 5.0.
5.2.4 MTT assay in HO,-damaged PC12 cells

H,O.-induced PC12 cells oxidative-damage model wasbksied

and the cell viability was evaluated by MTT assayaameasure of the
antioxidant activity of test compounds. Gallic gadwell-known potent
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antioxidant, was used as a positive control. Byjd?C12 cells were plated
in 96-well plates at a density of 5¥1€ells per well in 9QuL medium.
After 24 h incubation, DMSO, test compound, origadicid (10 and 100
uM) were added to each well and incubated for 0 Subsequently, 0,
(100uM) was added and cells were incubated for 2 hdaae cell injury.
MTT assay was performed as mentioned above. Fdr gaatment, the
mean cell viability was calculated from three inelegent experiments.
The DMSO-treated controls were assigned a cellityalalue of 100%.
5.2.5 Flow cytometric analysis of apoptosis

Cells were assayed by the Annexin-V-FITC Apoptdsesection Kit
(BD Biosciences, USA) according to the manufactanestructions. [24,
25] Briefly, PC12 cells were treated using the sanethod as for MTT
assay. The concentrations of compo@ddor gallic acid were 1M and
100uM. Damaged PC12 cells were harvested, washed tmitbdce-cold
PBS, and resuspended in 1x binding buffer at aemnation of 1x19
cells/mL. Subsequently, the cells were stained %jth Annexin-V-FITC
and 5uL Pl (50pg/mL) for 15 min in the dark at 25 °C, and analybgd
flow cytometry.
5.3 Statistical analysis

All data were expressed as mean + S.D. Results amab/zed by
one-way analysis of variance (ANOVA), and significdifferences were

determined by post-hoc Tukey test using SPSS 2ift@are. ##P < 0.01
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and #P < 0.05 compared to control cells (DMSO); ¥®.01 compared

to H,O,-treated cells.
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Figure captions:

Fig. 1 The cytotoxicity of target compounds against PC:alls and their
cytoprotective activities in ¥D,-induced oxidative-damage PC12 cell
model. (A) The cell viabilities of PC-12 treated WYO0 uM target
compounds for 48 h were detected by MTT assay. DMSO-treated
controls were assigned a cell viability value 00% Gallic acid was used
as appositive controf”P < 0.01 andP < 0.05 compared to control cells
(DMSO); (B) HO.-induced oxidative-damage PC12 cell model was
established by treated with 1M H,0, for 2 h.*P < 0.01 compared to
control cells (HO,-). The cytoprotective activity of 10aM (C) or 10uM
(D) target compounds were evaluated by MTT assaif,@,-induced
oxidative-damage PC12 cell model. Gallic acid (GAas used as a

positive control. P < 0.01 compared to,B.-treated cells.

Fig. 2 Compound24c attenuated bD,-induced apoptosis of PC12 cells.
Cells treated with gallic acid (4¢M and 100uM) were used as positive
control. (A) Morphological changes (at 200 x) inI2Ccells treated with
H,O, (100 uM, 2 h) and compoun@4c (10 uM and 100uM, 0.5 h).
Control cells were only treated with medium conitagn0.1% dimethyl
sulfoxide (DMSO). (B) The protective effect of cooymd24c (10 uM
and 100uM) on apoptosis in kD.-injured PC12 cells using double

staining with Annexin V/PI.
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Table 1 The results of total reducing power testing (x £ 5)

FRAP FRAP
Compound (Equivalent amount of Vc , Compound (Equivalent amount of
mg/mmol) mg/mmol)
| 20a 237.24+36.46 24a 269.02+16.34
21a 134.24+3.30 25a 116.47+6.13
22a 227.47+£32.37 26a 262.24+2.67
20b 240.80+26.08 24b 263.47+1.26
21b 264.36+£20.74 25b 270.06£10.66
22b 253.47+£28.91 26b 248.36+52.83
20c 372.21+46.97 24c 318.13+8.28
20c' 394.36+0.01 24c' 375.91+0.01
21c 277.10£30.92 25¢c 259.61+21.34
22c 395.80£79.04 26¢ 372.69+51.70
10 275.99+34.56 13 271.47+34.46
11 116.24+8.0% 14 137.02+15.0%
Anastatins A 259.76+23.69%f Anastatins B 223.58+20.58

Ve 147.99+6.183 Galllic acid 332.52+39.%7
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Figure 1 The cytotoxicity of target compounds against PC-12 cells and their cytoprotective activities in H,0,-induced
oxidative-damage PC12 cell model
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Highlights

1.
2.

W

Anastatins A and B as well as their analogs were synthesized
Aurone derivatives showed better antioxidant activity than flavone counterparts
Compound 24c was identified as the most potent antioxidant activity.

Compound 24c decreased apoptosis in H,0,-treated PC12 cells.



