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1. [Experimental Section
1.1 General Information

Unless otherwise noted, all organic/inorganic compounds and solvents were analytically pure and
used directly after purchased. NMR spectra were recorded on a Bruker AVANCE NEO spectrometer at
298 K. '"H NMR (600 MHz) chemical shifts (J) were referenced to internal standard TMS (J = 0.00
ppm). *C NMR (151 MHz) chemical shifts were referenced to internal solvent CDCl; (6 = 77.16 ppm),
CDs0OD (6 = 49.00 ppm), DMSO-ds (6 = 39.52 ppm) or acetone-ds (0 = 29.84 ppm). HRMS data was
obtained on a Thermo Q Exactive high-resolution mass spectrometer with electron spray ionization
(ESI) source, using negative ion mode ([M — H]") for acidic products and positive ion mode ([M + H]")
for other products. GC-MS was performed on a Shimadzu GCMS-QP2010 SE spectrometer. X-ray
diffraction data was collected on a Bruker D8 VENTURE diffractometer equipped with MoK a
radiation. The melting points were uncorrected.

All m-hydroxybenzoic acids used are commercial available. 3-Hydroxy-5-methoxybenzoic acid (1¢)
and 3-(benzyloxy)-5-hydroxybenzoic acid (1d) can be also synthesized via hydrolysis of their esters or
from cheap 3,5-dihydroxybenzoic acid following a literature procudure.! Symmetric diarylalkynes are
commercial available or can be synthesized from corresponding bromobenzenes or iodobenzenes by
coupling with trimethylsilylacetylene or propiolic acid following reported methods.?? Asymmetric
diarylalkynes 2p and 2r were synthesized via Sonogashira reaction from corresponding commercial

available terminal alkynes and iodobenzenes according to literature.*>

References:

[1] N. Koolaji, A. Abu-Mellal, V. H. Tran, R. K. Duke and C. C. Duke, Eur. J. Med. Chem., 2013, 63, 415-422.
[2] (a) M. J. Mio, L. C. Kopel, J. B. Braun, T. L. Gadzikwa, K. L. Hull, R. G. Brisbois, C. J. Markworth and P.
A. Grieco, Org. Lett., 2002, 4, 3199-3202; (b) L. Zheng, J. Ju, Y. Bin and R. Hua, J. Org. Chem., 2012, 77,
5794-5800

[3] K. Park, G. Bae, J. Moon, J. Choe, K. H. Song and S. Lee, J. Org. Chem., 2010, 75, 6244—6251.

[4] H. Wu, C. Shao, D. Wu, L. Jiang, H. Yin and F.-X. Chen, J. Org. Chem., 2021, 86, 5327-5335.

[5]7. L. Jeffrey and R. Sarpong, Tetrahedron Lett., 2009, 50, 1969—1972.

S2



1.2 Synthetic Procedures

Synthesis of 3aa (Typical Procedure A). To a 10 mL tube with a branch pipe, a magnetic stirrer,
[Ru(p-cymene)Clz]» (4.9 mg, 0.008 mmol), 3-hydroxy-5-methylbenzoic acid 1a (73.2 mg, 0.48 mmol),
diphenylacetylene 2a (71.3 mg, 0.40 mmol), Mg(OAc),-4H>O (21.4 mg, 0.10 mmol) and GVL (0.50
mL) were added sequentially. The top of the tube was sealed and the branch pipe was open to air. The
tube was put in a metallic heating mould at 100 °C and stirred for 20 h. The reaction mixture was then
cooled down, diluted with EtOAc and filtered through a pad of celite. The obtained organic phase was
washed with brine, dried over Na,;SO4 and then concentrated. After purification by flash column
chromatography on silica gel (200-300 mesh) with petroleum ether (PE)/EtOAc (gradient ratio from
10:1 to 2:1) as eluant, benzofuran 3aa (95.7 mg, 73%) was obtained as a white solid.

Following Typical Procedure A, other benzofuran products 3 were synthesized from corresponding

m-hydroxybenzoic acids 1 (0.48 mmol) and diaryl alkynes 2 (0.40 mmol).

Synthesis of 3ba and 4ba. In a similar procedure, when 3-hydroxybenzoic acid 1b (66.3 mg, 0.48
mmol) and 2a (71.3 mg, 0.40 mmol) were used, isocoumarin 4ba (41.4 mg, 33%) and benzofuran 3ba
(60.2 mg, 48%) were isolated successively by column chromatography with PE/EtOAc (gradient ratio
from 20:1 to 4:1) as eluant.

Synthesis of 3ha and Shaa. In a similar procedure, when 3,5-dihydroxybenzoic acid 1h (74.0 mg,
0.48 mmol) and 2a (71.3 mg, 0.40 mmol) were used, benzodifuran Shaa (32.4 mg, 32% based on 2a)
and benzofuran 3ha (70.8 mg, 54%) were isolated successively by column chromatography with
PE/EtOAc (gradient mixture ratio from 50:1 to 1:1) as eluant. When 1h (61.6 mg, 0.40 mmol) and 2a
(171.1 mg, 0.96 mmol) were reacted for 40 h, Shaa (152.1 mg, 75% based on 1a) were obtained.

Synthesis of 3ap and 3ap’. In a similar procedure, when 1a (73.2 mg, 0.48 mmol) and 2p (71.3 mg,
0.40 mmol) were used, two isomers were detected by both TLC and GC-MS. Pure 3ap’ (50.4 mg,
32%) and 3ap (73.4 mg, 47%) were isolated successively by column chromatography with PE/EtOAc
(gradient ratio from 15:1 to 2:1) as eluant. Using the pure products as standards, the ratio of 3ap and
3ap’ in the crude reaction mixture was determined as ~1.2:1 by GC-MS. The difference of the ratio
after isolation was due to more loss of 3ap’ during column chromatography purification as some

unknown side products were very closed to it.

1 mmol scale synthesis of 3aa. In a similar procedure, [Ru(p-cymene)Clz]> (9.2 mg, 0.015 mmol),
1a (182.6 mg, 1.2 mmol), 2a (178.2 mg, 1.0 mmol), Mg(OAc).-4H,O (53.6 mg, 0.25 mmol) and 0.8
mL GVL were added and reacted. After purification by column chromatography, 3aa (220.7 mg, 67%)

was obtained.

5 mmol scale synthesis of 3ca. In a similar procedure, [Ru(p-cymene)Clz]2 (45.9 mg, 0.075 mmol),
1c (1.009 g, 6.0 mmol), 2a (0.891 g, 5.0 mmol), Mg(OAc),4H>0O (0.268 g, 1.25 mmol) and 4.0 mL
GVL were added and reacted in a 25 mL tube for 24 h. After purification by column chromatography,
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3ca (1.261 g, 73%) was obtained.

Synthesis of 4aq. To a 25 mL tube with a branch pipe, a magnetic stirrer, [Ru(p-cymene)Clz]> (12.2
mg, 0.02 mmol), 1a (60.9 mg, 0.40 mmol), guanidine carbonate (24.2 mg, 0.20 mmol), GVL (1.0 mL)
and 3-hexyne 2q (70 pL, 0.60 mmol) were added sequentially. The tube was sealed and stirred at
100 °C. After 8 h, the tube was cooled down and opened to refresh air. The tube was resealed and
stirred at 100 °C for further 12 h. The reaction mixture was cooled down, diluted with EtOAc, washed
with brine, dried over Na;SOs4 and then concentrated. After purification by flash column
chromatography on silica gel with PE/EtOAc (gradient ratio from 20:1 to 4:1) as eluant, isocoumarin

4aq (69.7 mg, 75%) was obtained as a white solid.

Synthesis of 6aa (Typical Procedure B). To a 10 mL tube with a magnetic stirrer, 3aa (65.7 mg,
0.20 mmol), anhydrous DCM (2.5 mL) and trifluoroacetic anhydride (70 pL, 0.50 mmol) were added
sequentially. The tube was sealed and stirred at room temperature for 12 h. The reaction was quenched
by MeOH (10 mL) and dried by a rotary evaporator to remove methyl trifluoroacetate and
trifluoroacetic acid. After purification by flash column chromatography on silica gel with PE/EtOAc
(gradient ratio from 150:1 to 50:1) as eluant, 6aa (44.3 mg, 71%) was obtained as a yellow solid.

Following Typical Procedure B, 6¢ca and 6ja were synthesized from 3ca and 3ja respectively.

Synthesis of 6ha. To a 10 mL tube with a magnetic stirrer, 3ha (71.6 mg, 0.20 mmol), K»COs (55.3
mg, 0.40 mmol), MeCN (1 mL) and Mel (35 pL, 0.56 mmol) were added sequentially. The tube was
sealed and stirred at 60 °C for 4 h. The reaction mixture was cooled down, diluted with DCM and
washed with brine. The organic phase was dried over Na;SO4, concentrated and then dried under
vacuum. The obtained crude methylated product was transferred to a 25 mL tube using anhydrous
DCM (5 mL). After the tube was sealed and cool down to =78 °C, BBr3; (600 uL, 1.0 mol/L in DCM)
was added under stirring. The reaction mixture was stirred under —78 °C for 2 h, and then at room
temperature for 10 h. The reaction was quenched by ice water, and extracted with EtOAc. The organic
phase was washed with brine, dried over Na;SO4 and dried by a rotary evaporator. The obtained solid
was washed by PE/EtOAc (3:1, 2x4 mL) to remove trace of impurities, and dried under vacuum to
afford product 6ha (54.0 mg, 86%) as a yellow solid. 6ha (57.3 mg, 92%) can be also synthesized
from 3ca (68.9 mg, 0.20 mmol) following the same procedure except that reduced amount of K,CO3
(41.5 mg, 0.30 mmol) and Mel (20 pL, 0.32 mmol) were used.

In a similar procedure, 6an were synthesized from 3an when K>COs (41.5 mg, 0.30 mmol) and Mel
(20 pL, 0.32 mmol) were used for methylation. BBr3 (1.0 mL, 1.0 mol/L in DCM) was added under
—78 °C, after reacted under —78 °C for 2 h and then at rt for 6h, additional BBr3; (600 pL, 1.0 mol/L in
DCM) was replenished and the reaction was further stirred at rt for 12 h.

Synthesis of 6ar and 3ar’. Following Typical Procedure A, a mixture of two isomers 3ar and 3ar’

were obtained from 1a (73.2 mg, 0.48 mmol) and alkyne 2r (107.3 mg, 0.40 mmol). The two isomers
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can hardly be separated and the mixture was subjected for Friedel-Crafts acylation following Typical
Procedure B. 6ar (57.4 mg, 36% in two steps) and 3ar’ (34.8 mg, 21% in two steps) were isolated
successively by column chromatography with PE/EtOAc (gradient ratio from 20:1 to 2:1) as eluant.

Synthesis of 3cr, 3cr’ and 6cr. Following Typical Procedure A, a mixture of two isomers 3cr and
3cr’ were obtained from 1¢ (80.7 mg, 0.48 mmol) and alkyne 2r (107.3 mg, 0.40 mmol). The mixture
was subjected for Friedel-Crafts acylation following Typical Procedure B. 6er (73.5 mg, 44% in two
steps) and 3cr’ (43.1 mg, 25% in two steps) were isolated successively by column chromatography
with PE/EtOAc (gradient ratio from 15:1 to 2:1) as eluant.

In another trial, the obtained mixture of 3cr and 3cr’ were recrystallized with MeOH to afford 3er
(47.2 mg, 27%). The mother liquor was further separated by preparative thin-layer chromatography
with PE/EtOAc (1:1) as developing solvent to afford 3er (17.5 mg, 10%, Rr~ 0.4) and 3cr’ (32.8 mg,
19%, Rr~ 0.6). The combined yield of 3cr was 37% (64.7 mg).

Synthesis of diptoindonesin G. Demethylation of 6cr was conducted following a reported method®
with modification. In a 25 mL tube with a magnetic stirrer, 6¢cr (62.5 mg, 0.15 mmol) and anhydrous
DCM (3 mL) were added sequentially. After the tube was sealed and cool down to =78 °C, BBr3 (3.0
mL, 1.0 mol/L in DCM) was added dropwise under stirring. The cooling bath was removed to let the
reaction mixture warm up to room temperature slowly. After stirring for further 16 h, dark insoluble
material was formed, and the reaction was quenched by ice water. The precipitate was filtered, washed
by water (2x10 mL) and DCM (2x5 mL) sequentially. The precipitate was then dissolved with acetone
(1~2 mL), followed by adding PE (10 mL) to precipitate again to remove some impurities. The
precipitate was filtered, washed by PE (2x5 mL) and dried under vacuum to afford diptoindonesin G
(47.1 mg, 87%) as an orange-red solid. NMR data of the product was in accordance with those of

natural diptoindonesin G.”

References:
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1.3 Mechanistic Studies

Deuteration experiments. To a 10 mL tube with a magnetic stirrer, [Ru(p-cymene)Clz]2 (6.1 mg,
0.01 mmol), 3-hydroxy-5-methylbenzoic acid 1a (60.9 mg, 0.40 mmol), Mg(OAc), (14.2 mg, 0.10
mmol), GVL (1 mL) and D>O (50 pL, 2.8 mmol) were added sequentially. The tube was sealed and
stirred at 100 °C for 6 h. The reaction mixture was cooled down, followed by adding K.CO3 (110.6 mg,
0.80 mmol), MeCN (2 mL) and Mel (75 pL, 1.2 mmol) sequentially. The tube was sealed and stirred
at 60 °C for 4 h. The reaction mixture was then cooled down, diluted with EtOAc and filtered through
a pad of celite. The organic phase was washed with brine, dried with Na;SO4 and then concentrated.
After purification by flash column chromatography on silica gel with petroleum ether (PE)/EtOAc
(100:1) as eluant, partially deuterated and fully methylated derivative of 1a was obtained as a white solid.
The deuterated ratio was determined by '"H NMR.
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Isolation of 7aa. To a 10 mL tube with a magnetic stirrer, [Ru(p-cymene)Clz]2 (4.9 mg, 0.008 mmol),
1a (73.2 mg, 0.48 mmol), 2a (71.3 mg, 0.40 mmol), Mg(OAc)2-4H>0O (21.4 mg, 0.10 mmol) and GVL
(0.50 mL) were added sequentially. The tube was charged with N, by three evacuation-inflation cycles
and stirred at 100 °C for 18 h. The reaction mixture was cooled down, followed by adding K,COs
(110.6 mg, 0.80 mmol), MeCN (2 mL) and Mel (75 pL, 1.2 mmol) sequentially. The tube was sealed
and stirred at 60 °C for 4 h. The reaction mixture was then cooled down, diluted with EtOAc and
filtered through a pad of celite. The obtained organic phase was washed with brine, dried with Na;SO4
and then concentrated. After purification by flash column chromatography on silica gel with
PE/EtOAc (gradient ratio from 80:1 to 20:1) as eluant, methylated alkenylation product 7aa (65.5 mg,

46%) was obtained as a white solid.
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1.4 Characterization Data

6-Methyl-2,3-diphenylbenzofuran-4-carboxylic acid (3aa)
HO.C  pp

VY—Ph

O
White solid (95.7 mg, 73%): mp 146-147 °C; '"H NMR (600 MHz, CDCl;3) § 7.55-7.50 (m, 4H), 7.38-7.36
(m, 2H), 7.34-7.31 (m, 3H), 7.25-7.22 (m, 3H), 2.51 (s, 3H); 13C NMR (151 MHz, CDCl3) J 172.03,
154.96, 152.33, 134.45, 134.33, 130.55, 130.15, 128.52, 128.43, 128.39, 127.53, 127.15, 126.82, 126.51,
123.83, 118.07, 115.64, 21.53; HRMS (ESI) calcd for C22H1603 [M — H]™ 327.1027, found 327.1027.

2,3-Diphenylbenzofuran-4-carboxylic acid (3ba)
HO.C  pp

V—Ph

O
White solid (60.2 mg, 48%): mp 188-190 °C; "H NMR (600 MHz, CDCl3) ¢ 7.76-7.72 (m, 2H), 7.55-7.53
(m, 2H), 7.40-7.32 (m, 6H), 7.28-7.25 (m, 3H); 3C NMR (151 MHz, CDCls) § 171.47, 154.57, 153.04,
134.33, 130.37, 130.18, 128.82, 128.80, 128.49, 128.46, 127.63, 127.34, 125.67, 124.36, 123.91, 118.17,
115.38. HRMS (ESI) caled for C21H1403 [M — H]™ 313.0870, found 313.0872.

6-Hydroxy-3,4-diphenyl- 1 H-isochromen-1-one (4ba)
O

HO
@)

= Ph

Ph
White solid (41.4 mg, 33%): mp 186-188 °C; 'TH NMR (600 MHz, CD;OD) 8 7.66 (d, J = 2.7 Hz, 1H),
7.43-7.39 (m, 3H), 7.30-7.28 (m, 2H), 7.26-7.21 (m, 3H); 7.20-7.16 (m, 3H), 7.06 (d, J = 8.8 Hz, 1H); *C
NMR (151 MHz, CD;OD) & 164.20, 159.29, 149.57, 135.90, 134.51, 132.44, 132.36, 130.13, 130.04,
129.71, 129.19, 128.90, 128.45, 125.10, 122.66, 118.65, 114.05. HRMS (ESI) calcd for C2iH 1405 [M — H]™

313.0870, found 313.0878.

6-Methoxy-2,3-diphenylbenzofuran-4-carboxylic acid (3ca)

HO.C  pp
V—Ph
MeO O

White solid (107.5 mg, 78%): mp 166-168 °C; 'H NMR (600 MHz, CDCl3) § 7.50-7.48 (m, 2H),
7.39-7.24 (m, 10H), 3.93 (s, 3H); 3C NMR (151 MHz, CDCl3) § 170.73, 157.28, 155.69, 152.01, 134.43,
130.59, 130.17, 128.46, 128.44, 128.36, 127.58, 126.89, 124.32, 122.57, 117.97, 113.83, 100.35, 56.20;
HRMS (ESI) caled for Co2H1604 [M — H]™ 343.0976, found 343.0974.
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6-(Benzyloxy)-2,3-diphenylbenzofuran-4-carboxylic acid (3da)

HO.C  pn
V—Ph
BnO O

White solid (110.8 mg, 66%): mp 194-196 °C; 'H NMR (600 MHz, CDCls) ¢ 7.50-7.47 (m, 4H),
7.44-7.41 (m, 3H), 7.38-7.30 (m, 7H), 7.26-7.23 (m, 3H), 5.19 (s, 2H); *C NMR (151 MHz, CDCL) §
170.86, 156.27, 155.57, 152.13, 136.55, 134.40, 130.55, 130.14, 128.86, 128.45, 128.42, 128.38, 128.35,
127.67, 127.59, 126.91, 124.33, 122.83, 117.99, 114.75, 101.47, 70.98; HRMS (ESI) calcd for CasHa004
[M — H] 419.1289, found 419.1292.

6-Chloro-2,3-diphenylbenzofuran-4-carboxylic acid (3ea)

HO.C  ppy

Y—ph

cl 0
White solid (83.4 mg, 60%); "TH NMR (600 MHz, CD3;OD) ¢ 7.48 (d, J = 1.8 Hz, 1H), 7.36-7.34 (m, 2H),
7.30-7.24 (m, 5H), 7.18-7.17 (m, 1H), 7.16-7.12 (m, 3H); 3C NMR (151 MHz, CDs0D) 174.00, 155.78,
153.22, 137.08, 134.18, 131.57, 131.44, 130.86, 129.55, 129.45, 129.34, 128.69, 127.99, 125.82, 123.05,
119.54, 111.87; HRMS (ES]) calcd for C21H1303C1 [M — H]™ 347.0480, found 347.0479.

6-Bromo-2,3-diphenylbenzofuran-4-carboxylic acid (3fa)

HO,.C  pp

y—ph

Br o
White solid (95.1 mg, 61%): mp 158-160 °C; "TH NMR (600 MHz, CDCI3) § 7.93 (d, J = 1.4 Hz, 1H), 7.87
(d, J = 1.4 Hz, 1H), 7.55-7.54 (m, 2H), 7.44-7.39 (m, 3H), 7.34-7.28 (m, 5H); ¥C NMR (151 MHz,
CDCls) 0 170.32, 154.86, 153.64, 133.70, 130.10, 129.86, 129.11, 128.56, 128.54, 128.08, 127.87, 127.30,
125.17, 118.46, 117.98, 116.74; HRMS (ESI) calcd for C21H130;Br [M — H]™ 390.9975, found 390.9980.

2,3-Diphenyl-6-(trifluoromethyl) benzofuran-4-carboxylic acid (3ga)

HO.C  pp
VY—Ph
FsC 0

White solid (84.2 mg, 55%): mp 173-175 °C; '"H NMR (600 MHz, CD;0D) d 7.93 (m, 1 H), 7.74 (m, 1H),
7.38-7.36 (m, 2H), 7.32-7.30 (m, 3H), 7.20-7.17 (m, 3H), 7.15-7.13 (m, 2H); *C NMR (151 MHz,
CD:OD) 5 169.05, 156.61, 155.05, 134.52, 131.85, 131.27, 130.72, 130.44, 129.61, 129.47, 128.95, 128.73,
128.42, 127.07 (q, J = 33.2 Hz), 125.53 (q, J=271.1 Hz), 122.21 (q, J = 3.8 Hz), 119.27, 112.16 (q, J = 3.9
Hz); “F NMR (565 MHz, CD;0D) § —62.73; HRMS (ESI) caled for Co,H:05F; [M — H]~ 381.0744,
found 381.0743.

S8



6-Hydroxy-2,3-diphenylbenzofuran-4-carboxylic acid (3ha)

HO.C  pp
V—Ph
HO 0

White solid (70.8 mg, 54%): mp 212-215 °C; 'H NMR (600 MHz, CD;OD) ¢ 7.41-7.35 (m, 6H),
7.34-7.31 (m, 1H), 7.22-7.18 (m, 3H), 6.92 (d, J = 2.2 Hz, 1H), 6.84 (d, J = 2.2 Hz, 1H); *C NMR (151
MHz, CD;0D) 6 175.52, 156.84, 156.61, 150.87, 136.27, 135.11, 132.42, 131.46, 129.32, 129.17, 128.62,
128.33, 127.46, 119.81, 119.73, 111.85, 98.18; HRMS (ESI) caled for Co1H1404 [M — H]™ 329.0819, found
329.0819.

2,3,5,6-Tetraphenylbenzo[1,2-b:5,4-b'] difuran-4-carboxylic acid (Shaa)

Ox,OH
Ph Ph
ph—{ V—ph
0 9

Pale yellow solid (32.4 mg, 32%, from 0.48 mmol 1h and 0.40 mmol 2a; 152.1 mg, 75%, from 0.40 mmol
1h and 0.96 mmol 2a): mp 262-264 °C; '"H NMR (600 MHz, CDCl3) J 7.82 (s, 1H), 7.56-7.55 (m, 4H),
7.38-7.35 (m, 10H), 7.29-7.25 (m, 6H); '3C NMR (151 MHz, CDCIls) § 166.49, 152.29, 152.12, 132.78,
130.65, 130.41, 128.72, 128.55, 128.10, 126.75, 124.46, 117.12, 115.80, 95.85; HRMS (ESI) calcd for
C3sH204 [M — H]™ 505.1445, found 505.1452.

2,3-Diphenylbenzofuran-4,6-dicarboxylic acid (3ia)

HO,C  pp
V)—Ph
HO,C o

White solid (57.5 mg, 40%): mp 288-290 °C; '"H NMR (600 MHz, CD;OD) ¢ 8.32 (d, J = 1.3 Hz, 1H),
8.26 (d, J= 1.3 Hz, 1H), 7.50-7.48 (m, 2H), 7.44-7.40 (m, 3H), 7.31-7.29 (m, 3H), 7.27-7.24 (m, 2H); 3C
NMR (151 MHz, CD;OD) & 169.81, 168.89, 156.68, 155.29, 134.78, 132.57, 131.27, 130.93, 130.35,
129.58, 129.45, 128.85, 128.43, 127.86, 127.71, 126.93, 119.54, 116.15; HRMS (ESI) calcd for C2oH 405
[M — H]™ 357.0768, found 357.0767.

5-Methyl-2,3-diphenylbenzofuran-4-carboxylic acid (3ja)
HO.C  pp

V—Ph

O
White solid (106.7 mg, 81%): mp 205-206 °C; 'H NMR (500 MHz, DMSO-ds) 6 7.65 (d, J = 8.4 Hz, 1H),
7.47-7.41 (m, 5H), 7.34-7.31 (m, 5H), 7.27 (d, J = 8.4 Hz, 1H), 2.23 (s, 3H); *C NMR (126 MHz,
DMSO-ds) 6 168.25, 151.61, 150.86, 131.80, 130.15, 129.70, 128.68, 128.56, 128.46, 128.00, 127.73,
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126.96, 126.36, 125.43, 117.27, 111.47, 18.54; HRMS (ESI) calcd for C22H1603 [M — H]~327.1027, found
327.1028.

5-Fluoro-2,3-diphenylbenzofuran-4-carboxylic acid (3ka)

F
Y—Ph
0

White solid (70.2 mg, 53%): mp 214-217 °C; 'H NMR (600 MHz, DMSO-de) 6 13.17 (brs, 1 H), 7.82 (dd,
J =89, 3.7 Hz, 1H), 7.49-7.44 (m, 5H), 7.36-7.30 (m, 6H), *C NMR (151 MHz, DMSO-de) & 164.17,
154.91 (d, J = 239.8 Hz), 152.73, 149.41, 131.29, 130.00, 129.29, 129.18, 128.71, 128.70, 128.23, 126.55
(d,J=172Hz), 117.67 (d, J= 3.9 Hz), 115.28 (d, J = 22.1 Hz), 113.39 (d, J = 10.0 Hz), 112.76 (d, J = 26.6
Hz); F NMR (565 MHz, DMSO-ds)  —123.93; HRMS (ESI) calcd for CoiH1:05F [M — H]~ 331.0776,
found 331.0777.

5-Chloro-2,3-diphenylbenzofuran-4-carboxylic acid (3la)

HO,C Ph
Cl
N Ph
(¢}

White solid (81.2 mg, 58%): mp 212-214 °C; 'H NMR (600 MHz, DMSO-de) J 13.20 (brs, 1 H), 7.80 (d, J
= 8.8 Hz, 1H), 7.50-7.43 (m, 6H), 7.36-7.34 (m, 5H); 3C NMR (151 MHz, DMSO-ds) 5 165.48, 152.24,
151.66, 130.72, 130.27, 129.20, 129.14, 128.71, 128.43, 126.78, 126.53, 125.56, 123.81, 117.04, 113.16;
HRMS (ESI) caled for Co1H1305C1 [M — H] 347.0480, found 347.0482.

6, 7-Dimethoxy-2,3-diphenylbenzofuran-4-carboxylic acid (3ma)

HO.C  ppy
VY—Ph
MeO o
OMe

White solid (85.7 mg, 57%): mp 156-160 °C; 'H NMR (600 MHz, CDCls)  7.50-7.47 (m, 2H), 7.4 (s,
1H), 7.40-7.37 (m, 2H), 7.35-7.33 (m, 1H), 7.33-7.31 (m, 2H), 7.25-7.26 (m, 3H), 4.38 (s, 3H), 4.0 (s,
3H); BC NMR (151 MHz, CDCls) & 170.65, 152.73, 147.59, 146.05, 138.09, 134.39, 130.36, 130.16,
128.61, 128.47, 128.39, 127.53, 127.07, 126.10, 118.19, 116.40, 112.55, 61.25, 57.35; HRMS (ESI) calcd
for Co3H 1505 [M — H]~ 373.1081, found 373.1082.

6-Hydroxy-7-methyl-2,3-diphenylbenzofuran-4-carboxylic acid (3na)

HO,C Ph
N Ph
HO 0

White solid (71.4 mg, 52%): mp 209-211 °C; 'H NMR (600 MHz, CDsOD) & 7.44-7.42 (m, 2H)
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7.40-7.34 (m, 3H), 7.29-7.27 (m, 2H), 7.22-7.20 (m, 1H), 7.18 (s, 1H), 2.47 (s, 3H); *C NMR (151 MHz,
CD;0D) 6 170.74, 155.76, 153.90, 152.12, 136.10, 132.09, 131.28, 129.34, 129.23, 129.01, 128.33, 127.63,
124.24, 121.49, 119.67, 114.25, 112.53, 8.86; HRMS (ESI) calcd for C2xH1604 [M — H]™ 343.0976, found
343.0975.

7-Bromo-6-hydroxy-2,3-diphenylbenzofuran-4-carboxylic acid (3o0a)

HO,C Ph
N Ph
HO 0
Br

White solid (63.9 mg, 39%): mp 198-201 °C; '"H NMR (600 MHz, CDs0D) 7.45-7.46 (m, 2H), 7.43-7.39
(m, 3H), 7.32-7.30 (m, 2H), 7.25-7.22 (m, 4H); 3C NMR (151 MHz, CD:OD) ¢ 169.87, 154.25, 153.47,
152.83, 135.26, 131.43, 131.24, 129.51, 129.47, 129.36, 128.69, 127.70, 126.71, 122.11, 119.89, 114.60,
96.15; HRMS (ESI) caled for C2iH1304Br [M — H] 406.9924, found 406.9925.

6-Methyl-2,3-di-p-tolylbenzofuran-4-carboxylic acid (3ab)

HO,C O
=0
o

White solid (101.4 mg, 71%): mp 185-188 °C; 'H NMR (600 MHz, CDCL:) 8 7.51 (s, 2H), 7.44 (d, J = 8.4
Hz, 2H) 7.20-7.16 (m, 4H), 7.07 (d, J = 8.1 Hz, 2H), 2.51 (s, 3H), 2.35 (s, 3H), 2.30 (s, 3H); 3C NMR
(151 MHz, CDCls) & 171.85, 154.88, 152.46, 138.51, 137.05, 133.96, 131.43, 129.96, 129.17, 129.11,

127.88, 127.02, 126.85, 126.46, 123.79, 117.34, 115.44, 21.52, 21.48, 21.44; HRMS (ESI) calcd for
C24H2003 [M — H]™ 355.1340, found 355.1339.

2,3-Bis(4-methoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3ac)
OMe

HO,C O
Iy~ )rome
(@)

White solid (99.8 mg, 64%): mp 183-185 °C; TH NMR (600 MHz, CDClz) 6 7.53 (s, 1H), 7.51-7.48 (m,
3H), 7.24-7.22 (m, 2H), 6.94-6.91 (m, 2H), 6.81-6.79 (m, 2H), 3.780 (s, 3H), 3.783 (s, 3H), 2.52 (s, 3H);
13C NMR (151 MHz, CDCl3) ¢ 171.72, 159.78, 159.03, 154.77, 152.52, 133.72, 131.35, 128.53, 127.08,
126.85, 126.50, 123.53, 123.36, 116.11, 115.38, 114.01, 113.96, 55.38, 55.34, 21.50; HRMS (ESI) calcd
for C24H2005 [M — H]™ 387.1238, found 387.1238.
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2,3-Bis(4-fluorophenyl)-6-methylbenzofuran-4-carboxylic acid (3ad)
F

O
O

White solid (102.3 mg, 70%): mp 187-190 °C; 'H NMR (600 MHz, CDCL3) 6 7.64 (s, 1H), 7.55 (s, 1H),
7.50-7.46 (m, 2H), 7.30-7.27 (m, 2H), 7.12-7.09 (m, 2H), 7.00-6.96 (m, 2H), 2.55 (s, 3H); 3C NMR (151
MHz, CDCL) & 171.93, 162.82 (d, J = 249.9 Hz), 162.45 (d, J = 246.3 Hz), 154.89, 151.80, 134.65, 131.88
(d, J = 7.9 Hz), 130.44 (d, J = 3.3 Hz), 129.07 (d, J = 8.2 Hz), 127.31, 126.61 (d, J = 3.3 Hz), 126.47,
123.48, 116.73, 115.80 (d, J = 21.8 Hz), 115.58, 115.49 (d, J = 21.4 Hz), 21.51; F NMR (565 MHz,
CDCls) 6 ~111.76, ~114.66; HRMS (ESI) calcd for C2oHi405F, [M — H]~ 363.0838, found 363.0839.

2,3-Bis(4-chlorophenyl)-6-methylbenzofuran-4-carboxylic acid (3ae)
Cl

oo O
esSor
(0]

White solid (106.7 mg, 67%): mp 210-212 °C; 'H NMR (600 MHz, CDCL) 6 7.67 (s, 1H), 7.55 (s, 1H),
7.43-7.41 (m, 2H), 7.38-7.37 (m, 2H), 7.26-7.23 (m, 4H), 2.54 (s, 3H); *C NMR (151 MHz, CDCls) 6
171.49, 154.98, 151.49, 134.99, 134.74, 133.63, 133.06, 131.56, 128.86, 128.75, 128.35, 127.53, 126.26,
123.49, 117.29, 115.96, 21.56; HRMS (ESI) calcd for CxH1405Cl [M — H]™ 395.0247, found 395.0248.

2,3-Bis(4-bromophenyl)-6-methylbenzofuran-4-carboxylic acid (3af)
Br

o 0
O
)

White solid (165.9 mg, 86%): mp 195-198 °C; 'H NMR (600 MHz, DMSO-de) 6 12.63 (s, 1H), 7.68 (s,
1H), 7.62-7.60 (m, 2H), 7.59-7.57 (m, 2H), 7.45 (m, 1H), 7.36-7.34 (m, 2H), 7.25-7.23 (m, 2H), 2.48 (s,
3H); 3C NMR (151 MHz, DMSO-ds) 6 167.31, 154.18, 150.07, 134.98, 132.73, 131.95, 131.74, 131.38,
128.75, 128.50, 126.22, 125.77, 124.38, 122.28, 120.96, 117.22, 114.27, 20.91; HRMS (ESI) calcd for
C2,H1403Br, [M — H]~ 482.9237, found 482.9246.
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6-Methyl-2,3-bis(4-(trifluoromethyl)phenyl) benzofuran-4-carboxylic acid (3ag)
OCF,

HO,C O
y—~)-ocrs
(0]

White solid (108.7 mg, 55%): mp 195-198 °C; 'H NMR (600 MHz, CDCls) § 7.57 (s, 1H), 7.50 (s, 1H),
7.43-7.42 (m, 2H), 7.27-7.25 (m, 2H), 7.20-7.18 (m, 2H), 7.05-7.04 (m, 2H), 2.47 (s, 3H); *C NMR (151
MHz, CDCl3) ¢ 171.45, 155.04, 151.34, 149.31 (q, J = 1.6 Hz), 148.90 (q, J = 1.7 Hz), 135.14, 133.41,
131.73, 128.91, 128.58, 127.79, 126.34, 123.39, 120.92, 120.88, 120.71 (q, J = 257.1 Hz), 120.52 (q, J =
257.8 Hz), 117.33, 116.14, 21.46; F NMR (565 MHz, CDCl3) ¢ —57.67, —57.75; HRMS (ESI) calcd for
C24H1405Fs [M — H] 495.0673, found 495.0672.

2,3-Bis(3-methoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3ah)

O OMe
HO,C
)
O
OMe

White solid (82.0 mg, 53%): mp 156-158 °C; '"H NMR (600 MHz, CDCls) J 7.56 (s, 1H), 7.54 (s, 1H),
7.30 (t, J = 7.8 Hz, 1H), 7.21-7.16 (m, 2H), 7.07 (s, 1H), 6.94 (d, J = 7.4 Hz, 1H), 6.88-6.86 (m, 2H),
6.81-6.79 (m, 2H), 3.72 (s, 3H), 3.60 (s, 3H), 2.53 (s, 3H); 3C NMR (151 MHz, CDCl3) 6 171.81, 159.71,
159.38, 154.84, 152.04, 135.81, 134.46, 131.62, 129.50, 129.47, 126.76, 126.32, 123.89, 122.79, 119.54,
118.05, 115.58, 115.39, 115.28, 113.59, 111.69, 55.36, 55.09, 21.54; HRMS (ESI) calcd for C24H2005 [M —
H]~387.1238, found 387.1237.

2,3-Bis(3,4-dimethoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3ai)
OMe

O OMe
HO,C
o
0)
OMe

White solid (91.5 mg, 51%): mp 189-192 °C; 'H NMR (600 MHz, CDCls) § 7.55 (s, 1H), 7.53 (s, 1H),
7.23 (dd, J=8.5, 2.0 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H), 6.92-9.88 (m, 3H), 6.79 (d, /= 8.6 Hz, 1H), 3.88 (s,
3H), 3.87 (s, 3H), 3.79 (s, 3H), 3.66 (s, 3H); 3C NMR (151 MHz, CDCls) ¢ 171.70, 154.67, 152.30,
149.34, 149.10, 148.57, 148.50, 133.94, 127.31, 126.77, 126.55, 123.55, 123.32, 122.76, 119.96, 116.33,

115.35, 113.65, 111.43, 110.99, 109.99, 56.07, 56.05, 55.94, 55.63, 21.51; HRMS (ESI) calcd for
C26H2407 [M — H] 447.1449, found 447.1449.
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2,3-Bis(benzo[d][1,3]dioxol-5-yl)-6-methylbenzofuran-4-carboxylic acid (3aj)
O

(e
HO,C O
I—0) 9
O
White solid (129.6 mg, 78%): mp 214-218 °C; 'H NMR (600 MHz, DMSO-ds) 6 12.5 (s, 1H), 7.60 (m,
1H), 7.37 (s, 1H), 7.07 (dd, J = 8.2, 1.7 Hz, 1H), 6.96 (d, /= 7.9 Hz, 1H), 6.93 (d, J= 8.2 Hz, 1H), 6.89 (d,
J=1.7 Hz, 1H), 6.83 (d, J = 1.6 Hz, 1H), 6.72 (dd, J = 7.9, 1.6 Hz, 1H). 6.09 (s, 2H), 6.03 (s, 3H); 3C
NMR (151 MHz, DMSO-ds) 6 167.67, 153.72, 150.85, 147.66, 147.34, 147.20, 146.58, 134.06, 127.09,

126.25, 125.22, 125.09, 123.69, 123.33, 121.07, 116.26, 113.80, 110.42, 108.61, 108.41, 106.47, 101.43,
101.02, 20.87. HRMS (ESI) calcd for C24Hi1607 [M — H]™415.0823, found 415.0824.

2,3-Bis(2,2-difluorobenzo[d][1,3]dioxol-5-yl)-6-methylbenzofuran-4-carboxylic acid (3ak)

=
O+F

L
HO,C
<)
F
o)VF

White solid (127.1 mg, 65%): mp 207-210 °C; 'H NMR (600 MHz, DMSO-de) § 12.63 (s, 1 H), 7.68 (s,
1H), 7.48 (s, 1H), 7.45-7.40 (m, 4H), 7.25 (dd, J = 8.5, 1.6 Hz, 1H), 7.10 (dd, J = 8.2, 1.5 Hz, 1H), 2.48 (s,
3H); 3C NMR (151 MHz, DMSO-ds) § 167.33, 153.99, 150.00, 142.94, 142.87, 142.83, 142.29, 135.02,
131.27 (t, J = 252.3 Hz), 131.11 (t, J = 253.8 Hz), 130.02, 126.21, 126.11, 126.07, 126.04, 124.76, 123.60,
116.88, 114.39, 112.00, 110.53, 109.99, 108.32, 20.88; ’F NMR (565 MHz, DMSO-ds) § —48.6, —49.15,
~49.16, —49.17; HRMS (ESI) calcd for CosH1207F4 [M — H] 487.0446, found 487.0446.

2,3-Bis(3,5-dimethoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3al)

OMe
White solid (123.9 mg, 69%): mp 177-179 °C; 'H NMR (600 MHz, CDCl3) § 7.57-7.56 (m, 1H),
7.55-7.54 (m, 1H), 6.80 (d, J = 2.3 Hz, 2H), 6.54 (d, J = 2.3 Hz, 2H), 6.43 (t, /= 2.3 Hz, 1H), 6.38 (t, J =
2.3 Hz, 1H), 3.70 (s, 6H), 3.64 (s, 6H), 2.54 (s, 3H); 13C NMR (151 MHz, CDCl3) 8 171.49, 160.90, 160.59,
154.72, 151.83, 136.38, 134.60, 131.93, 126.68, 126.09, 124.00, 118.22, 115.51, 108.20, 104.84, 101.83,
100.34, 55.51, 55.32, 21.56; HRMS (ES]I) calcd for C2sH2407 [M — H] ™ 447.1449, found 447.1448.

S14



2,3-Bis(4-methoxy-3,5-dimethylphenyl)-6-methylbenzofuran-4-carboxylic acid (3am)
OMe

HO,C D
Iy~ )ome
(0]

White solid (99.7 mg, 56%): mp 207-211 °C; 'H NMR (600 MHz, CDCls) 6 7.50 (s, 1H), 7.49 (s, 1H),
7.23 (s, 2H), 6.96 (s, 2H), 3.71 (s, 3H), 3.70 (s, 3H), 2.51 (s, 3H), 2.26 (d, 6H), 2.18 (d, 6H); 3C NMR
(151 MHz, CDCls) § 172.25, 157.40, 156.49, 154.80, 152.21, 133.81, 130.87, 130.56, 130.44, 129.75,
127.75, 126.76, 126.39, 126.10, 123.67, 116.94, 115.42, 59.82, 59.78, 21.51, 16.34, 16.18. HRMS (ESI)
caled for CasHasOs [M — H]™ 443.1864, found 443.1867.

2,3-Bis(2-methoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3an)

HO,C
2 OMe
=)
(0)
MeO

White solid (59.2 mg, 38%; 69.5 mg, 45%): mp 152-154 °C; 'TH NMR (600 MHz, CDCls) J 7.56 (s, 1H),
7.51 (s, 1H), 7.39-7.37 (m, 1H), 7.32-7.29 (m, 1H), 7.14-7.11 (m, 1H), 6.95-6.92 (m, 2H), 6.81 (d, J= 8.3
Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 6.70 (t, J = 7.4 Hz, 1H), 3.62 (s, 3H), 3.41 (s, 3H), 2.51 (s, 3H); BC
NMR (151 MHz, CDCl3) ¢ 172.09, 157.60, 157.28, 155.62, 151.89, 133.41, 131.64, 130.60, 130.20,
128.16, 125.99, 125.92, 124.80, 124.18, 120.48, 120.09, 119.95, 116.38, 115.47, 111.42, 109.27, 55.17,
21.52; HRMS (ESI) calcd for C24H200s [M — H]™387.1238, found 387.1238.

2,3-Bis(2,4-dimethoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3a0)
OMe

HO,C O
2 OMe
Iy )-on
(0)
MeO

White solid (63.0 mg, 35%; 77.3 mg, 43%): mp 210-212 °C; 'TH NMR (600 MHz, CDCls) J 7.56 (s, 1H),
7.51 (s, 1H), 7.28 (d, J = 8.5 Hz, 1H), 6.88 (d, J = 8.3 Hz, 1H), 6.47 (dd, J = 8.5, 2.2 Hz, 1H), 6.44 (d, J =
2.2 Hz, 1H), 6.40 (d, J=2.2 Hz, 1H), 6.31 (dd, J = 8.3, 2.3 Hz, 1H), 3.80 (s, 3H), 3.79 (s, 3H), 3.63 (s, 3H),
3.47 (s, 3H), 2.51 (s, 3H); 3C NMR (151 MHz, CDCl3) 6 171.98, 161.79, 160.14, 158.64, 155.49, 152.14,
133.07, 132.48, 130.48, 125.88, 125.20, 124.86, 116.79, 115.64, 115.41, 112.98, 104.79, 103.76, 98.94,
97.64, 55.49, 55.44, 55.38, 55.16, 21.46; HRMS (ESI) caled for CaHasO7 [M — H]™ 447.1449, found
447.1447.
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2-(4-Chlorophenyl)-3-(4-methoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3ap)
OMe

HO,C O
o

White solid (73.4 mg, 47%): mp 197-200 °C; 'H NMR (600 MHz, CDCls) 6 7.56 (s, 1H), 7.53 (s, 1H),
7.47 (d, J = 8.4 Hz, 2H), 7.25-7.21 (m, 4H), 6.93 (d, J = 8.4 Hz, 2H), 3.80 (s, 3H), 2.54 (s, 3H); *C NMR
(151 MHz, CDCls) § 171.02, 159.26, 154.92, 151.25, 134.64, 134.40, 131.18, 129.15, 128.75, 128.24,
126.88, 126.67, 126.28, 123.90, 118.12, 115.59, 114.14, 55.36, 21.57; HRMS (ESI) calcd for CasH;704Cl
[M — H]" 391.0743 found 391.0747.

3-(4-Chlorophenyl)-2-(4-methoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3ap’)
Cl

HO,C O
Iy )ome
(6]

White solid (50.4 mg, 32%): mp 202-205 °C; 'H NMR (600 MHz, CDCls) 8 7.67-7.28 (m, 8H), 6.85-6.84
(m, 2H), 3.82 (s, 3H), 2.56 (s, 3H); ¥C NMR (151 MHz, CDCls) 6 171.45, 160.01, 154.86, 152.84, 134.10,
133.60, 133.28, 131.78, 128.70, 128.62, 127.19, 126.65, 123.06, 122.93, 115.76, 115.35, 114.07, 55.42,
21.51; HRMS (ESI) calcd for C23H1704C1 [M — H]™ 391.0743 found 391.0747.

3,4-Diethyl-5-hydroxy-7-methyl- 1 H-isochromen-1-one (4aq)

O

(0]
= Et
OH Et

White solid (69.7 mg, 75%): mp 191-194 °C; TH NMR (600 MHz, DMSO-ds) 6 10.20 (s, 1H), 7.50-7.49
(m, 1H), 7.07 (m, 1H), 2.86 (q, J = 7.2 Hz, 2H), 2.55 (q, J = 7.5 Hz, 2H), 2.33 (s, 3H), 1.18 (t, J = 7.5 Hz,
3H), 1.13 (t, J = 7.2 Hz, 3H); 3C NMR (151 MHz, DMSO-ds) 6 161.80, 153.73, 151.72, 138.02, 122.68,
122.44, 122.05, 119.99, 112.93, 23.11, 20.88, 20.60, 15.87, 12.67, HRMS (ESI) calcd for Ci4Hi603 [M —

H] 231.1027, found 231.1024.

4-Methyl-1-phenyl-6H-anthra[ 1,9-bc]furan-6-one (6aa)
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Yellow solid (44.3 mg, 71%): mp 201-203 °C; '"H NMR (600 MHz, CDCls) 6 8.51 (dd, J = 7.8, 1.4 Hz,
1H), 8.11-8.10 (m, 1H), 7.93-7.91 (m, 3H), 7.60-7.54 (m, 3H), 7.53-7.46 (m, 3H), 2.59 (s, 3H); 13C NMR
(151 MHz, CDCIl3) ¢ 183.05, 155.26, 153.30, 136.96, 133.30, 132.45, 131.66, 131.01, 130.50, 129.49,
129.18, 129.08, 127.89, 125.86, 124.18, 122.21, 116.04, 109.65, 22.39; HRMS (ESI) calcd for C22H1402
[M +H]* 311.1067, found 311.1065.

4-Methoxy- 1-phenyl-6H-anthra[1,9-bc|furan-6-one (6¢ca)

Yellow solid (47.7 mg, 73%): mp 168-170 °C; 'H NMR (600 MHz, CDCls) 6 8.55 (dd, J = 7.8, 1.2 Hz,
1H), 8.16 (d, J = 7.9 1H), 7.96-7.95 (m, 2H), 7.70 (d, J = 1.8 Hz, 1H), 7.62-7.59 (m, 2H), 7.58-7.54 (m,
2H), 7.53-7.50 (m, 1H), 7.35 (d, J = 1.8 Hz, 1H), 3.98 (s, 3H); 3C NMR (151 MHz, CDCls) 5 182.90,
160.08, 155.36, 153.80, 133.16, 132.52, 131.61, 130.99, 130.50, 129.54, 129.14, 129.12, 128.02, 126.16,
126.00, 124.28, 109.54, 105.85, 103.98, 56.64; HRMS (ESI) calcd for CxHy40s [M + H]* 327.1015, found
327.1016.

5-Methyl-1-phenyl-6 H-anthra[ 1,9-bc]furan-6-one (6ja)

Yellow solid (48.4 mg, 78%): mp 170-173 °C; 'H NMR (600 MHz, CDCls) & 8.47-8.45 (m, 1 H),
8.05-8.03 (m, 1H), 7.89-7.87 (m, 2H), 7.58-7.50 (m, 4H), 7.47-7.42 (m, 2H), 7.23 (d, J = 8.1 Hz, 1H),
2.88 (s, 3H); *C NMR (151 MHz, CDCls) § 183.92, 154.98, 151.14, 137.17, 133.81, 132.01, 131.52,
131.08, 130.98, 130.38, 129.19, 128.96, 128.96, 128.91, 127.70, 123.67, 123.40, 114.80, 109.89, 21.10;
HRMS (ESI) caled for Co,H140, [M + HJ* 311.1067, found 311.1066.

4-Hydroxy-1-phenyl-6 H-anthra[1,9-bc]furan-6-one (6ha)

Yellow solid (54.0 mg, 86%): mp 258-260 °C; "TH NMR (600 MHz, DMSO-ds) § 10.29 (s, 1H), 8.33 (d, J
= 7.8 Hz, 1H), 8.04 (d, J = 7.9 Hz, 1H), 7.95-7.94 (m, 2H), 7.69-7.64 (m, 4H), 7.56 (t, J = 7.5 Hz, 1H),
7.44 (s, 1H), 7.41 (s, 1H), 3C NMR (151 MHz, DMSO-ds) § 181.36, 157.87, 154.07, 153.32, 132.82,
132.15, 130.69, 130.56, 130.06, 129.16, 128.85, 128.58, 128.06, 125.14, 123.83, 123.44, 108.55, 107.74,
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104.15; HRMS (ESI) calcd for C21Hi120; [M + H]" 313.0859, found 313.0857.

10-Hydroxy-1-(2-hydroxyphenyl)-4-methyl-6 H-anthra[ 1,9-bc]furan-6-one (6an)

Yellow solid (62.3 mg, 91%): mp 281-283 °C; 'H NMR (600 MHz, DMSO-ds) J 10.25 (s, 1H), 9.62 (s,
1H), 7.88-7.86 (m, 2H), 7.81 (s, 1H), 7.47 (dd, J= 7.6, 1.7 Hz, 1H), 7.37 (t,J = 7.9 Hz, 1H), 7.33 (ddd, J =
8.3,7.4, 1.8 Hz, 1H), 7.11 (dd, J=7.9, 1.1 Hz, 1H), 6.94 (dd, J = 8.3, 1.1 Hz, 1H), 6.90 (ddd, J = 8.3, 7.5,
0.8 Hz, 1H), 2.61 (s, 3H); 13C NMR (151 MHz, DMSO-ds) § 182.01, 156.54, 155.73, 154.63, 152.45,
136.11, 133.88, 131.13, 130.51, 128.99, 128.00, 124.72, 121.11, 120.86, 119.73, 119.05, 118.76, 117.41,
115.90, 114.90, 108.74, 21.63. HRMS (ESI) caled for C22H1404 [M — H]™ 341.0819, found 341.0819.

2-(3,5-Dimethoxyphenyl)-3-(4-methoxyphenyl)-6-methylbenzofuran-4-carboxylic acid (3ar’)
OMe

HO,C D OMe
)
(@)
OMe
White solid (34.8 mg, 21%): mp 167-170 °C; 'H NMR (600 MHz, CDCI3) § 7.58-7.57 (m, 2H), 7.30-7.27
(m, 2H), 6.98-6.96 (m, 2H), 6.77 (d, J = 2.1 Hz, 2H), 6.40 (t, J = 2.1 Hz, 1H), 3.80 (s, 3H), 3.60 (s, 6H),
2.56 (s, 3H); C NMR (151 MHz, CDCl3) J 171.33, 160.60, 159.18, 154.77, 152.05, 134.44, 132.21,

131.39, 126.81, 126.77, 123.87, 118.08, 115.59, 114.02, 104.83, 101.62, 55.43, 55.33, 21.55. HRMS (ESI)
calcd for C2sH2206 [M — H]™ 417.1344 found 417.1352.

7,9-Dimethoxy- 1-(4-methoxyphenyl)-4-methyl-6H-anthra[l,9-bc]furan-6-one (6ar).

Yellow solid (57.4 mg, 36%): mp 201-204 °C; '"H NMR (600 MHz, CDCls) J 7.88-7.86 (m, 3H), 7.42 (s
1H), 7.28-7.27 (m, 1H), 7.08 (d, J = 8.5 Hz, 2H), 6.51 (s, 1H), 3.99 (s, 3H), 3.92 (s, 3H), 3.75 (s, 3H), 2.60
(s, 3H); BC NMR (151 MHz, CDCl3) J 182.57, 164.54, 163.23, 161.32, 155.31, 152.72, 136.52, 136.32,
130.82, 128.40, 127.49, 123.36, 121.71, 116.91, 114.66, 114.40, 109.43, 100.52, 98.95, 56.42, 55.64, 55.53,
22.45; HRMS (ESI) calcd for C2sH200s [M + H]"401.1384, found 401.1381.
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3-(3,5-Dimethoxyphenyl)-6-methoxy-2-(4-methoxyphenyl)benzofuran-4-carboxylic acid (3cr)®
MeQ

O OMe

HO,C
CIy—C)-om

MeO 0

White solid (64.7 mg, 37%): mp 206-209 °C; '"H NMR (600 MHz, CDCls) 6 7.53-7.50 (m, 2H), 7.33 (d, J
=2.3 Hz, 1H), 7.26 (m, 1H), 6.83-6.80 (m, 2H), 6.51 (d, J = 2.2 Hz, 2H), 6.45 (t, J = 2.2 Hz, 1H), 3.93 (s,
3H), 3.80 (s, 3H), 3.71 (s, 6H); ¥C NMR (151 MHz, CDCls) & 170.13, 160.77, 159.64, 156.89, 155.30,
151.90, 136.28, 128.25, 124.01, 122.99, 122.31, 115.97, 113.85, 113.01, 108.04, 100.09, 56.06, 55.37,
55.27; HRMS (ESI) caled for Co5Ha,07 [M — H]~ 433.1293, found 433.1292.

2-(3,5-Dimethoxyphenyl)-6-methoxy-3-(4-methoxyphenyl) benzofuran-4-carboxylic acid (3cr’).

OMe
White solid (43.1 mg, 25%): mp 197-199 °C; 'H NMR (600 MHz, CDCls) 6 7.35 (d, J = 2.4 Hz, 1H), 7.28

(d, J = 2.4 Hz, 1H), 7.27-7.25 (m, 2H), 6.96-6.94 (m, 2H), 6.73 (d, J = 2.3 Hz, 2H), 6.37 (1, J = 2.3 Hz,
1H), 3.94 (s, 3H), 3.78 (s, 3H), 3.63 (s, 6H); 3C NMR (151 MHz, CDCls) & 170.90, 160.61, 159.20,
157.35, 155.46, 151.68, 132.24, 131.36, 126.71, 124.44, 122.82, 118.02, 114.03, 113.72, 104.53, 101.44,
100.26, 56.17, 55.45, 55.32; HRMS (ESI) calcd for CasH207 [M — H]~ 433.1293, found 433.1289.

4,7,9-Trimethoxy-1-(4-methoxyphenyl)-6H-anthra[1,9-bc]furan-6-one (6¢r).5

MeO
Yellow solid (73.5 mg, 44%): mp 207-208 °C; '"H NMR (600 MHz, CDCls) 6 7.87 (d, J = 8.7 Hz, 2H),

7.59 (d, J= 1.9 Hz, 1H), 7.27 (d, J = 2.4 Hz, 1H), 7.21 (d, J = 1.8 Hz, 1H), 7.09-7.06 (m, 2 H), 6.50 (d, J =
2.4 Hz, 1H), 3.98 (s, 3H), 3.94 (s, 3H), 3.91 (s, 3H), 3.75 (s, 3H); 3C NMR (151 MHz, CDCls) § 182.21,
164.53, 163.27, 161.28, 159.91, 155.33, 153.13, 136.23, 130.72, 127.56, 124.90, 123.32, 116.74, 114.40,
109.22, 105.76, 102.36, 100.57, 98.99, 56.55, 56.35, 55.63, 55.50; HRMS (ESI) calcd for CasHz006 [M +

H]"417.1333, found 417.1336.
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4,7,9-trihydroxy-1-(4-hydroxyphenyl)-6 H-anthra[l,9-bc]furan-6-one (diptoindonesin G).%’

HO
Orange-red solid (47.1 mg, 87%): mp = 293-295 °C; 'H NMR (600 MHz, acetone-ds) 6 14.24 (s, 1H), 7.81
(d,J=8.7Hz, 1H), 7.52 (d,J= 1.7 Hz, 1H), 7.32 (d, J= 1.7 Hz, 1H), 7.30 (d, /= 2.3 Hz, 1H), 7.08 (d, /=
8.7 Hz, 1H), 6.35 (d, J = 2.2 Hz, 1H); 13C NMR (151 MHz, acetone-ds) 0 187.42, 168.17, 166.50, 160.95,
158.43, 157.38, 154.02, 135.55, 131.41, 126.23, 125.14, 122.09, 116.95, 111.55, 109.12, 108.14, 104.51,
104.32, 103.38; HRMS (ESI) caled for C21H1206 [M — H]™359.0561, found 359.0563.

Note: Only one H in four OH groups was observed in "H NMR, which should be identified to the OH group
near the carbonyl group (intramolecular hydrogen bond may be formed).” The HRMS (ESI) signal using
positive ion mode was very low, and only HRMS (EI) data was reported in literature.®’ Fortunately, the

HRMS (ESI) signal using negative ion mode was quite clear.

DPGP2#185 RT: 0.83 AV:1 NL: 1.22E9
T: FTMS - p ESI Full ms [90.0000-800.0000]
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Methyl (E)-2-(1,2-diphenylvinyl)-3-methoxy-5-methylbenzoate (7aa).
MeO,C  Ph
X Ph

OMe
White solid (65.5 mg, 46%); mp 140-144 °C; '"H NMR (600 MHz, CDCIl3) § 7.40-7.38 (m, 3H), 7.34-7.32
(m, 2H), 7.28-7.27 (m, 1H), 7.18-7.12 (m, 4H), 7.06-7.05 (m, 2H), 6.95 (s, 1H), 3.60 (s, 3H), 3.59 (s, 3H),
2.48 (s, 3H); 3C NMR (151 MHz, CDCl3) § 159.19, 154.67, 150.08, 135.16, 135.11, 131.85, 130.97,
130.89, 130.38, 129.32, 128.46, 128.23, 128.00, 127.93, 127.67, 126.45, 125.79, 123.14, 120.12, 118.27,
114.00, 110.23, 55.42, 21.94. HRMS (ESI) calcd for C24H2203 [M + H]" 359.1642, found 359.1633.
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2. X-Ray Structural Details

]
Figure S1. ORTEP drawing of 3aa (CCDC 2086128) with 35% probability ellipsoids.

Table S2. Crystal Parameters and Refinement Metrics of 3aa

Sample code

Empirical formula
Formula weight
Temperature

Crystal system

Space group

a, b, c

a p,y

Volume

Z

Density (calcd)
Absorption coefficient
F(000)

Crystal size

Radiation

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data / restraints / parameters
Goodness-of-fit on F?
Final R indexes [/ > 20 (/)]
Final R indexes [all data]
Largest diff. peak / hole

zlyl OY685

C22H1603

328.35

298 K

triclinic

P-1

9.1743(5) A, 9.2287(5) A, 11.7068(6) A
71.616(2)°, 68.548(2)°, 85.269(2)°
874.83(8) A3

2

1.246 g-cm™

0.082 mm™!

344.0

0.15 % 0.08 x 0.05 mm?

MoKa: (1= 0.71073 A)

4.976° to 55.086°

—11<h<1l, -11<k<I12, —-14<I<15
10866

3979 [Rix = 0.0438, Rejgma = 0.0568]
3979/0/228

1.033

R1=0.0530, wR>=0.1171
R1=0.1038, wR> = 0.1499
0.20/—-0.18 e-A3
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Figure S2. ORTEP drawing of 4ba (CCDC 2086129) with 35% probability ellipsoids.

Table S3. Crystal Parameters and Refinement Metrics of 4ba

Sample code zly2 OY820-P1

Empirical formula C21H1403

Formula weight 314.32

Temperature 170 K

Crystal system monoclinic

Space group P2i/c

a, b, c 6.1028(3) A, 13.2506(5) A, 18.8577(9) A
a, f,y 90°, 94.524(2)°, 90°

Volume 1520.19(12) A3

Z 4

Density (calcd) 1.373 grem™

Absorption coefficient 0.091 mm™!

F(000) 656.0

Crystal size 0.15 % 0.08 x 0.05 mm?

Radiation MoKa (A= 0.71073 A)

26 range for data collection 4.334° to 52.834°

Index ranges “T7<h<7, -15<k<16, —-23<[<23
Reflections collected 17213

Independent reflections 3121 [Rint = 0.0762, Rsigma = 0.0560]
Data / restraints / parameters 3121/0/218

Goodness-of-fit on F? 1.041

Final R indexes [/ > 26 (/)] R1=0.0466, wR> = 0.0961

Final R indexes [all data] R1=10.0866, wR, = 0.1157

Largest diff. peak / hole 0.20/-0.21eA>
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Figure S3. ORTEP drawing of 3ap’ (CCDC 2086130) with 35% probability ellipsoids.

Table S4. Crystal Parameters and Refinement Metrics of 3ap’

Sample code

Empirical formula
Formula weight
Temperature

Crystal system

Space group

a, b, c

a B,y

Volume

VA

Density (calcd)
Absorption coefficient
F(000)

Crystal size

Radiation

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data / restraints / parameters
Goodness-of-fit on F?
Final R indexes [/ > 20 (/)]
Final R indexes [all data]
Largest diff. peak / hole

zly3 OY819-P1
C23H17ClO4

392.82

170 K

monoclinic

P2i/c

11.9608(17) A, 5.8335(7) A,
90°, 90.150(8)°, 90°
1858.7(4) A3

4

1.404 g-cm™

0.233 mm™!

816.0

0.15 x 0.08 x 0.05 mm?
MoKa. (4= 0.71073 A)
4.572° to 53.054°

26.640(3) A

—14<h<14, -T7<k<7, -33<[<33

16062

3806 [Rint = 0.0945, Rsigma = 0.0892]
3806/0/256

1.063

R1=0.0560, wR> =0.1029
R1=0.1190, wR> = 0.1285
0.26/—-0.28 e-A™3
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Figure S4. ORTEP drawing of 4aq (CCDC 2086131) with 35% probability ellipsoids.

Table SS. Crystal Parameters and Refinement Metrics of 4aq

Sample code

Empirical formula
Formula weight
Temperature

Crystal system

Space group

a, b, c

a p,y

Volume

VA

Density (calcd)
Absorption coefficient
F(000)

Crystal size

Radiation

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data / restraints / parameters
Goodness-of-fit on £?
Final R indexes [/ > 20 (/)]
Final R indexes [all data]
Largest diff. peak / hole

zly4 OY811

CisH1603

232.27

170 K

triclinic

P-1

4.6272) A, 7.831(3) A, 17.418(6) A
79.477(11)°, 87.815(12)°, 77.297(12)°
605.3(4) A3

2

1.274 g-:ecm™

0.089 mm™!

248.0

0.12 x 0.08 x 0.05 mm?

MoKa. (4= 0.71073 A)

5.42° 10 50.214°

—5<h<S5, -9<k<9, -20<71<20
5990

2141 [Rint = 0.0628, Rgigma = 0.0714]
2141/0/ 158

1.034

R1=0.0717, wR> = 0.1867
R1=0.1116, wR, = 0.2182

0.23/-027 e A3
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Figure S5. ORTEP drawing of 6ar (CCDC 2086132) with 35% probability ellipsoids.

Table S6. Crystal Parameters and Refinement Metrics of 6ar

Sample code

Empirical formula
Formula weight
Temperature

Crystal system

Space group

a, b, c

a, B,y

Volume

VA

Density (calcd)
Absorption coefficient
F(000)

Crystal size

Radiation

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data / restraints / parameters
Goodness-of-fit on F?
Final R indexes [/ > 26 (/)]
Final R indexes [all data]
Largest diff. peak / hole

zly5 0Y742
C25sH200s
400.41

170 K
monoclinic

P2i/c

10.1604(17) A, 26.865(4) A, 7.3080(11) A

90°, 108.982(5)°, 90°
1886.3(5) A3

4

1.410 g'cm™

0.098 mm™!

840.0

0.15 % 0.08 x 0.03 mm?
MoKa (A= 0.71073 A)
4.24° to 52.746°
-12<h<12, —33<k<33,
18045

3807 [Rin = 0.0868, Reigma = 0.0696]

3807/0/275

1.072

R1=0.0651, wR>=0.1499
R1=0.1045, wR> =0.1729
0.21/-026¢ A
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Copies of NMR Spectra
"H NMR spectrum of 3aa (600 MHz, CDCl3)
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"H NMR spectrum of 3ba (600 MHz, CDCls)
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'H NMR spectrum of 4ba (600 MHz, CD30D)
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'"H NMR spectrum of 3ca (600 MHz, CDCl3)
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"H NMR spectrum of 3da (600 MHz, CDCls)
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'H NMR spectrum of 3ea (600 MHz, CD;0D)
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"H NMR spectrum of 3fa (600 MHz, CDCls)
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'H NMR spectrum of 3ga (600 MHz, CD;0D)
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13C NMR spectrum of 3ga (151 MHz, CD;0D)
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"H NMR spectrum of 3ha (600 MHz, CD3OD)
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"H NMR spectrum of Shaa (600 MHz, CDCls)
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"H NMR spectrum of 3ia (600 MHz, CD3OD)
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'H NMR spectrum of 3ja (500 MHz, DMSO-ds)
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'H NMR spectrum of 3ka (600 MHz, DMSO-d)
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3C NMR spectrum of 3ka (600 MHz, DMSO-ds)
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'"H NMR spectrum of 3la (600 MHz, DMSO-dj)
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"H NMR spectrum of 3ma (600 MHz, CDCls)
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'H NMR spectrum of 3na (600 MHz, CDs0D)
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13C NMR spectrum of 3na (151 MHz, CD;0OD)
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'H NMR spectrum of 3oa (600 MHz, CD;0D)
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'H NMR spectrum of 3ab (600 MHz, CDCls)
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"H NMR spectrum of 3ac (600 MHz, CDCl;)
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'"H NMR spectrum of 3ad (600 MHz, CDCls)
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13C NMR spectrum of 3ad (151 MHz, CDCls)
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"H NMR spectrum of 3ae (600 MHz, CDCl;)
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'H NMR spectrum of 3af (600 MHz, DMSO-ds)
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"H NMR spectrum of 3ag (600 MHz, CDCls)
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13C NMR spectrum of 3ag (151 MHz, CDCls)
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"H NMR spectrum of 3ah (600 MHz, CDCl3)
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'H NMR spectrum of 3ai (600 MHz, CDCl3)
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'H NMR spectrum of 3aj (600 MHz, DMSO-ds)
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'H NMR spectrum of 3ak (600 MHz, DMSO-d)
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BC NMR spectrum of 3ak (151 MHz, DMSO-ds)
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'H NMR spectrum of 3al (600 MHz, CDCl3)
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"H NMR spectrum of 3am (600 MHz, CDCl5)
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"H NMR spectrum of 3an (600 MHz, CDCls)
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"H NMR spectrum of 3ao (600 MHz, CDCls)
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'H NMR spectrum of 3ap (600 MHz, CDCls)
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'H NMR spectrum of 3ap’ (600 MHz, CDCl;)
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'H NMR spectrum of 4aq (600 MHz, DMSO-d)
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"H NMR spectrum of 6aa (600 MHz, CDCl3)
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"H NMR spectrum of 6ca (600 MHz, CDCl3)
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'H NMR spectrum of 6ja (600 MHz, CDCl;)
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'H NMR spectrum of 6ha (600 MHz, DMSO-d)
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'H NMR spectrum of 6an (600 MHz, DMSO-d)
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'H NMR spectrum of 3ar’ (600 MHz, CDCl;)
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13C NMR spectrum of 3ar’ (151 MHz, CDCls)
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"H NMR spectrum of 6ar (600 MHz, CDCl5)
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"H NMR spectrum of 3er (600 MHz, CDCls)

° E
[T 0
- 5
=] A
T 3
°
°
0000 — _ Fo Fu £
@ 3
< - —irss | ©
- —is'ss 8
°
o - 3
© 8
L Ls
= k3
h —02'9s
o .
[ oi 0 3
]
k3
o
[ LSS
o £ A 15'sS
) Lo = “ozos
Fo &
w
Lo E
Zire~ m 2209
S6L°€ 5 2voe | o E Y]
626~ azoe b2 Lovue
T M o
@
og 3
Fa & 4
—vZooL
1vv'9 | o
Lsp'9 e
vSv'9 —81'80L
505°9 ° 3 ;
6059 [ < @ Leovn
p— _ ¥
€089 @) E
6089 N oL | w 3
cLee - 61 [© / —— et
0z8'9 Q = AN
€28'9 - =0z | o - f_sivel
az8'0 LS m T Secset
LSTL
. =0e'L
i Sl = 3
: = Fooz [+ 3
0g€’L —
vee's " F 3
0052 ° —
S05°L [ ~ 3
805°L - -——————F —Y0TSL
991G, o [} _ , _/vr'ssL
0L Fo [3p) — e, V=18
5252 G ____ F _-si6slL
~Le09L
o o 3
Fo m
—————=% T8I0l
. E
Lo 5
3 3
o o
s 7
w
it O
= 3]
=

—10

6

80 70

90

S72

ppm

100

110

190 180 170 160 5 140 130

200




'H NMR spectrum of 3er’ (600 MHz, CDCl3)
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BC NMR spectrum of 3er’ (151 MHz, CDCls)
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'"H NMR spectrum of 6cr (600 MHz, CDCls)
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1BC NMR spectrum of 6cr (151 MHz, CDCls)
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"H NMR spectrum of diptoindonesin G (600 MHz, acetone-ds)
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13C NMR spectrum of diptoindonesin G (151 MHz, acetone-ds)
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"H NMR spectrum of 7aa (600 MHz, CDCl3)
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13C NMR spectrum of 7aa (151 MHz, CDCls)

—

B

—6¥'9zL
—g99z)

—€0'L2L

—<6'LT)
—zL'8L

—L¥'8CL
—€L'8CL

—89CEL

—ol’LeL

—le'LEL

—v6'8EL

139

ppm

— €9l

— 98'lS

— 909§

S6'9L
A oL'LL
LE°LL

—SGL'/9L

-10

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60

200

ppm

S76



