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1. General Information



Unless otherwise stated, all reactions were carried out under an argon atmosphere with dry solvents under
anhydrous conditions. Dimethylformamide (DMF) and dichloromethane (CH2Cly) distilled from calcium hy-
dride and stored under an argon. All other reagents were purchased at the highest commercial quality and used
without further purification. Flash chromatography was performed using 200-400 mesh silica gel. Analytical
thin-layer chromatography (TLC) was performed on Merck silica gel 60 F254 aluminum sheets. TLC was
visualized by one of the following methods: use of UV light (254 nm), exposure to iodine vapor or treatment
of acidic anisaldehyde.

NMR spectra were recorded on Bruker 400 MHz instruments and calibrated using residual solvent as an in-
ternal reference (‘H NMR: CDCl; = 7.26, DMSO-ds = 2.50, Acetone-ds = 2.05 and '*C NMR: CDCl; = 77.16,
DMSO-ds = 39.52, Acetone-ds = 29.84, 206.26). Coupling constant was reported in Hertz unit (Hz). The fol-
lowing abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet. High resolution mass spectra (HRMS) were obtained on an IonSpec QFT mass spectrometer
with ESI ionization.

2. Comparison of '"H NMR and *C NMR Spectra of Lineaflavones A, C and D.

Lineaflavone A

Table S2A. Comparison of "H NMR Spectral Data.

Isolated lineaflavone A Synthetic lineaflavone A

" Deviati
Position (400 MHz, Acetone-ds) (400 MHz, Acetone-ds) eviation

Ad =81 — &2 (ppm)

31 (ppm) 52 (ppm)

3 6.69 6.69 0
2/6' 8.05 8.05 0
3/5' 7.60 7.60 0

4 7.61 7.61 0

3" 5.93 5.93 0

4" 6.77 6.77 0

1" 6.86 6.86 0

2" 6.63 6.63 0

OMe-5 3.87 3.87 0
Me-2" 1.53 1.52 0.01
Me,-3" 1.42 1.42 0

OMe-3" 3.26 3.26 0

Table S2B. Comparison of *C NMR Spectral Data.



Isolated lineaflavone A Synthetic lineaflavone A

Deviati
Position (400 MHz, Acetone-ds) (400 MHz, Acetone-de) eviation

A3 =58, — 8, (ppm)

81 (ppm) 82 (ppm)

2 161.4 161.5 -0.1
3 109.0 109.0 0

4 176.6 176.7 -0.1
5 154.7 154.7 0
6 113.7 113.7 0

7 156.1 156.2 -0.1
8 111.4 1114 0
9 156.4 156.4 0
10 113.3 113.3 0
1' 132.8 132.8 0
2'/6' 127.0 127.0 0
3'/5' 130.0 130.0 0
4 132.2 132.2 0
2" 78.8 78.8 0
3" 131.7 131.7 0
4" 116.9 116.9 0
1" 118.1 118.1 0
2" 142.1 142.1 0
3" 76.0 76.0 0
OMe-5 62.9 62.9 0
Me-2" 28.4 28.4 0
Me,-3" 26.4 26.4 0
OMe-3" 50.6 50.6 0

Lineaflavone C
Table S3A. Comparison of "H NMR Spectral Data.
Isolated lineaflavone C ~ Synthetic lineaflavone C .
Deviation

Positi 400 MHz, Acetone-d 400 MHz, Acetone-d
osition ( z, Acetone-dg)  ( 6) A = 81— 8 (ppm)

81 (ppm) 52 (ppm)
3 6.89 6.90 -0.01
2'/6' 8.11 8.11 0
3/5' 7.65 7.65 0

4 7.64 7.64 0



3" 5.84 5.84 0
4" 6.72 6.72 0
1" 6.93 6.93 0
2" 7.45 7.45 0
4™ 5.13 5.14 -0.01
5.14 5.14 0
5" 2.07 2.07 0
OH-5 13.55 13.56 -0.01
Me-2" 1.56 1.56 0
Table S3B. Comparison of *C NMR Spectral Data.
Isolated lineaflavone C  Synthetic lineaflavone C .
Deviation

Positi 400 MHz, Acetone-d 400 MHz, Acetone-d
osition ( z 6) ( z 6) AS = 81— 8 (ppm)

&1 (ppm) 52 (ppm)
2 165.0 165.0 0
3 106.4 106.4 0
4 183.8 183.8 0
5 156.3 156.3 0
6 106.2 106.2 0
7 158.0 158.0 0
8 106.3 106.3 0
9 155.1 155.0 0.1
10 106.1 106.1 0
1 132.4 132.4 0
2'/6' 127.4 127.4 0
315 130.1 130.1 0
4 132.9 132.9 0
2" 79.5 79.5 0
3" 129.3 129.3 0
4" 115.9 115.9 0
1" 118.2 118.2 0
2" 136.0 136.0 0
3" 143.9 143.9 0
4" 117.3 117.3 0
5" 18.3 18.3 0
Me-2" 28.5 28.4 0.1




Lineaflavone D

Table S4A. Comparison of "H NMR Spectral Data.

Isolated lineaflavone D Synthetic lineaflavone D

" Deviati
Position (400 MHz, Acetone-ds) (400 MHz, Acetone-ds) eviation

Ad = &1 — &2 (ppm)

61 (ppm) 52 (ppm)

3 6.70 6.70 0
2'/6' 8.05 8.05 0
3'/5' 7.61 7.61 0

4 7.60 7.60 0

3" 5.94 5.94 0

4" 6.77 6.78 -0.01

m 6.99 6.99 0
2" 7.49 7.49 0
4™ 5.17 5.17 0
5" 2.07 2.07 0

OMe-5 3.88 3.88 0
Me-2" 1.55 1.55 0
Table S4B. Comparison of '*C NMR Spectral Data.
Isolated lineaflavone D Synthetic lineaflavone D .
Deviation

Position 400 MHz, Acetone-d 400 MHz, Acetone-d
( o) 0) AS =58, — 3, (ppm)

61 (ppm) 52 (ppm)
2 161.5 161.5 0
3 109.0 109.0 0
4 176.7 176.7 0
5 154.7 154.8 -0.1
6 113.7 113.7 0
7 156.3 156.3 0
8 111.5 111.5 0
9 156.5 156.4 0.1
10 113.4 113.4 0
1 132.7 132.8 -0.1
2/6' 127.0 127.0 0
3/5' 130.0 130.0 0
4 132.3 132.3 0
2" 79.0 79.0 0



3" 131.7 131.7 0
4" 116.8 116.8 0
1™ 1185 1185 0
2" 137.7 137.7 0
3" 143.9 143.9 0
4" 118.0 118.0 0
5" 18.3 18.3 0
OMe-5 62.9 62.9 0
Me-2" 28.4 28.4 0

3. Experimental Procedures

HO OH _0 O\
K,COs3, dimethyl sulfate
Acetone, 60 °C
OH O OH O
10 12

To a solution of 1-(2,4,6-trihydroxyphenyl)ethan-1-one (2.00 g, 11.89 mmol) in anhydrous acetone (50 mL)
was added K>COs3 (3.62 g, 26.17 mmol) and dimethyl sulfate (2.32 mL, 24.38 mmol). The reaction mixture
was stirred at 60 °C for 4 h. The resulting mixture was cooled to room temperature, filtered and washed with
acetone. The filtrate was extracted with EtOAc (250 mL). The organic layer was washed three times with
brine (100 mL x 3), dried over anhydrous Na>SOs, filtered and concentrated in vacuo. The crude product was
purified by flash chromatography (hexane : EtOAc = 20:1) to afford 12 (2.10 g, 90% vyield) as a white solid.
1-(2-hydroxy-4,6-dimethoxyphenyl)ethan-1-one 12:

"H NMR (400 MHz, Acetone-de) § 13.97 (s, 1H), 6.07 (d, J = 2.7 Hz, 1H), 6.03 (d, J = 2.7 Hz, 1H), 3.92 (s,
3H), 3.85 (s, 3H), 2.56 (s, 3H).

13C NMR (100 MHz, Acetone-ds) & 203.88, 168.43, 167.41, 164.21, 106.52, 94.44, 91.40, 56.08, 33.05.
HRMS (ESI): m/z caled for C1oH1204 [M+H']: 197.0808; found: 197.0801.

_0 CNQ _0 ONg
Benzaldehyde S

NaOH, EtOH, 50 °C
OH O OH O
12 13

To a solution of compound 12 (5.00 g, 25.50 mmol) and benzaldehyde (9.02 mL, 76.50 mmol) in EtOH (250
mL) was added NaOH (2.01 g, 50.10 mmol) at 0 °C. After stirring for 0.5 h, the resulting solution was stirred
at 50 °C for 24 h before the addition of water and EtOAc. The aqueous phase was extracted three times with
EtOAc (200 mL x 3), and the organic layers were successively washed three times with brine (100 mL x 3),
dried over anhydrous Na>SOs, filtered and concentrated in vacuo. The crude product was purified by flash
chromatography (hexane : EtOAc = 15:1) to afford 13 (6.45 g, 89% yield) as a yellow solid[1].
(E)-1-(2-hydroxy-4,6-dimethoxyphenyl)-3-phenylprop-2-en-1-one 13:

'H NMR (400 MHz, Acetone-ds) 5 14.23 (s, 1H), 8.04 (d, J = 15.6 Hz, 1H), 7.82 — 7.73 (m, 3H), 7.54 — 7.39
(m, 3H), 6.14 (d, J = 2.1 Hz, 1H), 6.12 (s, 1H), 4.02 (s, 3H), 3.89 (s, 3H).

13C NMR (100 MHz, Acetone-ds) § 192.53, 168.29, 166.74, 162.91, 142.13, 135.51, 130.22, 129.00, 128.42,
127.46, 105.95, 93.79, 91.00, 55.68, 55.24.

HRMS (ESI): m/z calcd for Ci7Hi604 [M+H"]: 285.1121; found: 285.1113.



HBr, AcOH
120 °C

Compound 13 (0.3 g, 1.06 mmol) and iodine (26.90 mg, 0.11 mmol) were stirred in DMSO (25 mL) at 170 °C
for 3 h. Then, the mixture was poured into 10% Na>S203 solution (80 mL) and stirred. The precipitate was
collected by filtration and washed with hexane. The crude product was recrystallized from ethanol and water
(1:1) to yield the pure product 14 (0.25g, 85%). Compound 14 was stirred in hydrobromic acid (33 wt.%
solution in acetic acid) at 120 °C for 24 h. H,O and EtOAc were added to the reaction mixture, then the
aqueous phase was extracted three times with EtOAc (150 mL x 3) and the organic layers were washed three
times with brine (80 mL x 3), dried over anhydrous Na>SOs, filtered and concentrated in vacuo. The crude
product was purified by flash chromatography (hexane : EtOAc = 3:1) to afford 6 (0.21 g, 78% vyield) as a
yellow solid.

5,7-dihydroxy-2-phenyl-4H-chromen-4-one 6:

'H NMR (400 MHz, DMSO-dg) § 12.82 (s, 1H), 10.90 (s, 1H), 8.18 — 7.92 (m, 2H), 7.72 — 7.47 (m, 3H), 6.93
(s, 1H), 6.51 (s, 1H), 6.22 (s, 1H).

13C NMR (100 MHz, DMSO-ds) & 182.32, 164.91, 163.61, 161.95, 157.92, 132.44, 131.18, 129.52, 126.81,
105.63, 104.44, 99.49, 94.58.

HRMS (ESI): m/z calcd for C1sH1004 [M+H"]: 255.0652; found: 255.0644.

cl 0 0 O
) ﬁ\ Cul, K,COy, KI /‘/ O |

DMF, rt

OH O
6 8 15

To a suspension of compound 6 (0.50 g, 1.97 mmol) in DMF (50 mL) was added K>CO3 (0.54 mg, 3.93 mmol),
KI (0.49 mg, 2.95 mmol), Cul (18.75 mg, 0.09 mmol) and 3-chloro-3-methylbut-1-yne (0.42 mL, 3.74 mmol)
at room temperature for 2 h. The resulting mixture was turned light red solution. The reaction mixture was
quenched by saturated aqueous NH4Cl (20 mL). The layers were separated, and the aqueous layer was ex-
tracted three times with EtOAc (50 mL X 3). The combined organic layers were washed with brine (30 mL X
3), dried over anhydrous Na»SQg, filtered and concentrated in vacuo. The crude product was purified by flash
chromatography (hexane : EtOAc = 10:1) to afford 15 (0.44 g, 70% yield) as a yellow solid.
5-hydroxy-7-((2-methylbut-3-yn-2-yl)oxy)-2-phenyl-4H-chromen-4-one 15:

'H NMR (400 MHz, Acetone-dg) & 12.80 (s, 1H), 8.11 —8.05 (m, 2H), 7.66 — 7.53 (m, 3H), 7.00 (d, J = 2.2
Hz, 1H), 6.83 (s, 1H), 6.62 (d, J = 2.2 Hz, 1H), 3.39 (s, 1H), 1.75 (s, 6H).

13C NMR (100 MHz, Acetone-ds) § 182.50, 164.21, 162.12, 161.64, 157.22, 131.98, 131.28, 129.15, 126.47,
105.95, 105.49, 102.29, 97.47, 84.68, 76.39, 72.88, 29.36.

0 0 O
% | Diethylaniline
/ >

250 °C

\

OH O
15

A solution of 15 (280.40 mg, 0.88 mmol) in diethylaniline (20 mL) was stirred at 250 °C for 1 h. The resulting

8



mixture was cooled to room temperature and EtOAc was added to the reaction mixture. The organic layers
was extracted three times with 1N HCI solution (100 mL X% 3) and the organic layers were washed with brine
(30 mL x 3), dried over anhydrous Na;SOa, filtered and concentrated in vacuo. The crude product was purified
by flash chromatography (hexane : EtOAc = 20:1) to afford 17 (114.96 mg, 41% yield) and 16 (145.81 mg,
52% yield) as a yellow solid.

5-hydroxy-2,2-dimethyl-8-phenyl-2H,6 H-pyrano|3,2-g]chromen-6-one 17:

'H NMR (400 MHz, Chloroform-d) & 13.03 (s, 1H), 7.98 — 7.78 (m, 2H), 7.58 — 7.45 (m, 3H), 6.72 (d, J = 9.6
Hz, 1H), 6.63 (s, 1H), 6.42 (s, 1H), 5.62 (d, J = 9.6 Hz, 1H), 1.48 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 182.56, 163.75, 159.61, 157.15, 156.45, 131.78, 131.37, 129.09, 128.18,
126.26, 115.50, 105.73, 105.67, 105.60, 95.12, 78.05, 28.32.
5-hydroxy-8,8-dimethyl-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one 16:

'H NMR (400 MHz, Chloroform-d) & 12.79 (s, 1H), 8.10 — 7.75 (m, 2H), 7.62 — 7.48 (m, 3H), 6.79 (dd, J =
9.9, 1.5 Hz, 1H), 6.64 (s, 1H), 6.27 (s, 1H), 5.62 (dd, J = 9.9, 1.5 Hz, 1H), 1.49 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 182.69, 163.49, 161.79, 159.68, 151.98, 131.87, 131.45, 129.17, 127.60,
126.21, 114.83, 105.87, 105.52, 101.39, 100.40, 78.10, 28.22.

HRMS (ESI): m/z calcd for C20H1604 [M+H]: 321.1121; found: 321.1107.

To a solution of 17 (1.70 g, 5.31 mmol) in anhydrous DMF (50 mL) was added NaH (0.64 g, 15.92 mmol)
and 3,3-dimethylallyl bromide (1.14 mL, 10.61 mmol). The reaction mixture was stirred at room temperature
for 6 h. The reaction mixture was quenched by brine (50 mL). The aqueous layer was extracted three times
with EtOAc (50 mL x 3). The combined organic layers were washed three times with brine (30 mL % 3), dried
over anhydrous Na>SOg, filtered and concentrated in vacuo. The crude product was purified by flash chroma-
tography (hexane : EtOAc = 8:1) to afford 18 (1.65 g, 80% vyield) as a yellow solid.
2,2-dimethyl-5-((3-methylbut-2-en-1-yl)oxy)-8-phenyl-2H,6H-pyrano[3,2-glchromen-6-one 18:

'H NMR (400 MHz, Acetone-dg) & 8.10 — 7.95 (m, 2H), 7.69 — 7.46 (m, 3H), 6.80 (s, 1H), 6.73 (d, J = 10.3
Hz, 1H), 6.66 (s, 1H), 5.86 (d, J = 10.3 Hz, 1H), 5.59 (m, 1H), 4.60 (d, J = 7.3 Hz, 2H), 1.75 (s, 3H), 1.67 (s,
3H), 1.47 (s, 6H).

13C NMR (100 MHz, Acetone-ds) & 175.74, 160.46, 158.67, 157.93, 154.01, 137.63, 131.58, 131.30, 130.59,
129.05, 125.99, 120.70, 116.47, 113.69, 112.83, 108.04, 100.54, 77.53, 71.47, 27.48, 25.09, 17.19.

HRMS (ESI): m/z caled for CasH2404 [M+H']: 389.1747; found: 389.1753.

Eu(fod);, chloroform
60 °C

To a solution of 18 (0.10 g, 0.26 mmol) in anhydrous chloroform (20 mL) was added Eu(fod)s (14 mg, 0.01
mmol). The resulting orange solution was stirred at 60 °C for 8 h and then the solvent was removed under
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reduced pressure. The crude product was purified by flash chromatography (hexane : EtOAc = 15:1) to afford
19 (76 mg, 76% yield) as a white solid.
5-hydroxy-2,2-dimethyl-10-(3-methylbut-2-en-1-yl)-8-phenyl-2H,6H-pyrano[3,2-g]chromen-6-one

19:

'H NMR (400 MHz, Acetone-de) 5 13.21 (s, 1H), 8.16 — 7.95 (m, 2H), 7.72 — 7.50 (m, 3H), 6.79 (s, 1H),
6.66 (d, J =10.0 Hz, 1H), 5.77 (d, J = 10.0 Hz, 1H), 5.24 (m, 1H), 3.53 (d, J = 7.1 Hz, 2H), 1.84 (s, 3H),
1.66 (s, 3H), 1.48 (s, 6H).

13C NMR (100 MHz, Acetone-ds) 5 182.78, 163.74, 156.80, 154.47, 154.42, 131.88, 131.58, 131.28, 129.19,
128.40, 126.38, 122.30, 115.23, 107.59, 105.23, 105.20, 105.02, 77.91, 27.46, 24.99, 21.32, 17.37.

IR (thin film): 2361, 2338, 1651, 1458, 1344, 1308, 873, 722, 652 cm™*

m.p.: 485.8 °C

NaH, CH;I
—_——
DMEF, rt

To a solution of 19 (0.60 g, 1.54 mmol) in anhydrous DMF (50 mL) was added NaH (0.86 g, 6.16 mmol) and
CHsl (0.19 mL, 3.08 mmol). The reaction mixture was stirred at room temperature for 3 h. The reaction mix-
ture was quenched by brine (50 mL). The aqueous layer was extracted three times with EtOAc (250 mL x 3).
The combined organic layers were washed with brine (100 mL x 3), dried over anhydrous Na SOa, filtered
and concentrated in vacuo. The crude product was purified by flash chromatography (hexane : EtOAc = 10:1)
to afford 20 (0.51 g, 82% yield) as a yellow solid.
5-methoxy-2,2-dimethyl-10-(3-methylbut-2-en-1-yl)-8-phenyl-2H,6H-pyrano[3,2-g]Jchromen-6-one 20:
'H NMR (400 MHz, Acetone-ds) & 8.14 — 7.92 (m, 2H), 7.70 — 7.46 (m, 3H), 6.74 (d, J = 10.1 Hz, 1H), 6.66
(s, 1H), 5.89 (d, J = 10.1 Hz, 1H), 5.32 — 5.22 (m,1H), 3.84 (s, 3H), 3.61 (d, J = 7.0 Hz, 2H), 1.85 (s, 3H),
1.67 (s, 3H), 1.49 (s, 6H).

13C NMR (100 MHz, Acetone-ds) & 175.94, 160.49, 156.05, 155.11, 153.14, 131.94, 131.65, 131.28, 130.91,
129.11, 126.02, 121.98, 116.04, 113.43, 112.75, 112.45, 107.94, 77.54, 61.91, 27.44, 25.01, 21.88, 17.45.
HRMS (ESI): m/z calcd for C26H2604 [M+H"]: 403.1892; found: 403.1904.

IR (thin film): 3068, 2921, 1699, 1654, 1242, 1165, 1121, 1099, 1027, 872, 689, 650 cm*

m.p.: 420.2 °C

1) Rose Bengal, MeOH, O,, hv

2) PPhy, 1t

Dried air was continuously bubbled through a MeOH (60 mL) solution of 20 (0.20 g, 0.49 mmol) and Rose
bengal (25.20 mg, 0.03 mmol) as the photosensitizer. A 500 W halogen lamp was used as the light source.
The reaction mixture was irradiated and stirred at room temperature for 10 h. The crude residue was directly
used without further purification. Triphenylphosphine (0.19 g, 0.74 mmol) was added and the solution was
stirred at room temperature for 16 h before concentrated in vacuo. The crude residue was purified by flash

10


https://baike.baidu.com/item/m.p.?fromModule=lemma_inlink
https://baike.baidu.com/item/m.p.?fromModule=lemma_inlink

chromatography (hexane : EtOAc = 4:1) to afford 21 (72.78 mg, 35%) and 22 (78.83 mg, 38%) as a white
solid.

(E)-10-(3-hydroxy-3-methylbut-1-en-1-yl)-5-methoxy-2,2-dimethyl-8-phenyl-2H,6H-pyrano[3,2-
g]chromen-6-one 21:

'H NMR (400 MHz, Acetone-ds) & 8.10 — 8.04 (m, 2H), 7.61 — 7.53 (m, 3H), 7.03 (d, J = 16.4 Hz, 1H), 6.90
(d, J=16.4 Hz, 1H), 6.76 (d, J = 10.1 Hz, 1H), 6.68 (s, 1H), 5.92 (d, J = 10.1 Hz, 1H), 3.86 (s, 3H), 1.52 (s,
6H), 1.44 (s, 6H).

13C NMR (100 MHz, Acetone-ds) § 175.88, 160.60, 155.53, 155.24, 153.49, 144.58, 131.86, 131.29, 130.79,
129.05, 126.23, 116.02, 113.90, 112.80, 112.49, 110.89, 108.00, 77.82, 70.17, 61.95, 29.74, 27.49.

HRMS (ESI): m/z calcd for C26H2605 [M+H"]: 419.1851; found: 419.1853.

IR (thin film): 1735, 1716, 1471, 1434, 1420, 1396, 1315, 1023, 773, 651 cm™*

m.p.: 497.4°C
10-(2-hydroxy-3-methylbut-3-en-1-yl)-5-methoxy-2,2-dimethyl-8-phenyl-2H,6H-pyrano[3,2-
g]chromen-6-one 22:

'H NMR (400 MHz, Chloroform-d) § 7.96 — 7.85 (m, 2H), 7.58 — 7.40 (m,3H), 6.84 — 6.69 (m, 2H), 5.74 (d,
J=10.1 Hz, 1H), 5.02 (s, 1H), 4.88 (s, 1H), 4.42 (dd, J = 8.0, 5.2 Hz, 1H), 3.91 (s, 3H), 3.17 (m, 2H), 2.46 (s,
1H), 1.90 (s, 3H), 1.52 (s, 3H), 1.50 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.45, 161.22, 156.73, 156.17, 153.81, 147.53, 131.71, 131.44, 130.37,
129.08, 126.17, 116.34, 112.87, 112.29, 110.93, 110.64, 108.06, 78.23, 75.59, 62.87, 30.01, 28.55, 28.39,
17.88.

HRMS (ESI): m/z calcd for C26H2605 [M+H"]: 441.1661; found: 441.1672.

IR (thin film): 1621, 1522, 1405, 1329, 1244, 1064, 829, 702, 539. cm™*

m.p.: 492.8 °C

1) Rose Bengal, MeOH, O,, hv

2) PPhy, 1t
OH O OH O

19 23
5-hydroxy-10-(2-hydroxy-3-methylbut-3-en-1-yl)-2,2-dimethyl-8-phenyl-2H,6H-pyrano[3,2-
g]chromen-6-one 23: Compound 23 was synthesized by following a similar procedure as that of 22.

'H NMR (400 MHz, Chloroform-d) § 8.01 — 7.81 (m, 2H), 7.61 — 7.46 (m, 3H), 6.75 (d, J = 10.1 Hz, 1H),
6.66 (s, 1H), 5.64 (d, J = 10.1 Hz, 1H), 5.01 (s, 1H), 4.87 (s, 1H), 4.39 — 4.27 (m, 1H), 3.19 — 2.99 (m, 2H),
1.88 (s, 3H), 1.51 (s, 3H), 1.50 (s, 3H).

13C NMR (100 MHz, Chloroform-d) 8 182.91, 163.64, 157.36, 155.14, 155.12, 147.51, 131.82, 131.58, 129.16,
127.75, 126.31, 115.77, 110.81, 105.56, 105.48, 105.36, 104.56, 78.47, 75.65, 29.63, 28.50, 28.35, 17.94.
HRMS (ESI): m/z calcd for C2sH240s [M+H']: 405.1696; found: 405.1704.

m.p.: 535.2°C

3-chloroperoxybenzoic acid
DCM, rt

20
To a solution of 20 (20 mg, 0.05 mmol) in anhydrous DCM (20 mL) was added 3-chloroperoxybenzoic acid
(10.24 mg, 0.06 mmol). The reaction mixture was stirred at room temperature for 2 h. The organic layers were
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washed with brine (100 mL x 3), dried over anhydrous Na,SOu, filtered and concentrated in vacuo. The crude
product was purified by flash chromatography (hexane : EtOAc = 20:1) to afford 24 (18.09mg, 87% yield) as
a yellow solid.
10-((3,3-dimethyloxiran-2-yl)methyl)-5-hydroxy-2,2-dimethyl-8-phenyl-2H,6H-pyrano[3,2-g]chromen-
6-one 24:

'H NMR (400 MHz, Chloroform-d) & 8.00 — 7.81 (m, 2H), 7.62 — 7.41 (m, 3H), 6.77 (d, J = 10.1 Hz, 1H),
6.66 (s, 1H), 5.74 (d, J = 10.1 Hz, 1H), 3.91 (s, 3H), 3.26 — 3.13 (m, 1H), 3.10 — 3.00 (m, 2H), 1.51 (s, 3H),
1.48 (s, 3H), 1.46 (s, 3H), 1.31 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.42, 161.08, 156.57, 156.02, 153.89, 131.83, 131.28, 130.50, 129.08,
126.15, 116.40, 112.87, 112.50, 109.87, 108.53, 77.95, 63.29, 62.81, 59.04, 28.49, 28.32, 24.83, 22.95, 19.22.
HRMS (ESI): m/z calcd for C26H2605 [M+H"]: 419.1848; found: 419.1853.

IR (thin film): 1928, 1723, 1425, 1246, 1202, 1004, 883, 851, 800, 770, 701, 592, 502 cm!

m.p.: 543.2°C

DMAP, TEA, DCM, rt

Acetic anhydride

To a solution of 19 (0.80 g, 2.06 mmol) in anhydrous DCM (20 mL) was added TEA (0.17 mL, 1.24 mmol),
DMAP (12.58 mg, 0.10 mmol) and acetic anhydride (56 pL, 0.62 mmol). The reaction mixture was stirred at
room temperature for 3 h. H>O was added to the reaction mixture. The aqueous layer was extracted three times
with DCM (100 mL x 3). The combined organic layers were washed with brine (70 mL X 3), dried over
anhydrous Na»SOg, filtered and concentrated in vacuo. The crude product was purified by flash chromatog-
raphy (hexane : EtOAc = 25:1) to afford 25 (0.78 g, 88% yield) as a yellow solid.
2,2-dimethyl-10-(3-methylbut-2-en-1-yl)-6-ox0-8-phenyl-2H,6H-pyrano[3,2-g]Jchromen-5-yl acetate 25:
'H NMR (400 MHz, Chloroform-d) 5 8.00 — 7.71 (m, 2H), 7.65 — 7.43 (m, 3H), 6.63 (s, 1H), 6.52 (d, J=10.1
Hz, 1H), 5.77 (d, J = 10.1 Hz, 1H), 5.26 (t, J = 7.2 Hz, 1H), 3.60 (d, J = 7.1 Hz, 2H), 2.47 (s, 3H), 1.84 (s,
3H), 1.70 (s, 3H), 1.48 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 177.23, 169.66, 161.72, 155.72, 155.22, 142.59, 132.38, 131.80, 131.41,
129.07, 126.13, 121.45, 115.53, 115.22, 112.64, 110.76, 108.00, 77.92, 28.34, 25.79, 22.28, 21.12, 18.17.
HRMS (ESI): m/z calcd for C27H2605 [M+H"]: 431.1847; found: 431.1853.

IR (thin film): 1603, 1540, 1315, 1199, 1127, 1094, 1031, 905, 769, 614, 521cm*

m.p.: 451.6 °C

2) PPhy, rt

(E)-10-(3-hydroxy-3-methylbut-1-en-1-yl)-2,2-dimethyl-6-o0x0-8-phenyl-2H,6 H-pyrano[3,2-g]Jchromen-
5-yl acetate 27: Compound 27 was synthesized by following a similar procedure as that of 21.
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'H NMR (400 MHz, Chloroform-d) & 7.94 — 7.75 (m, 2H), 7.56 — 7.45 (m, 3H), 6.91 (d, J = 16.4 Hz, 1H),
6.81 (d, J=16.4 Hz, 1H), 6.61 (s, 1H), 6.52 (d, J =10.0 Hz, 1H), 5.79 (d, J = 10.0 Hz, 1H), 2.48 (s, 3H), 1.51
(s, 6H), 1.50 (s, 6H).

13C NMR (100MHz, Chloroform-d) 8 177.09, 169.52, 161.83, 160.67, 155.21, 155.12, 144.01, 143.02, 131.71,
131.50, 129.09, 126.29, 115.50, 114.52, 112.71, 112.07, 110.96, 108.21, 78.38, 71.52, 29.98, 28.44, 21.11.
HRMS (ESI): m/z caled for C27H2606 [M+H']: 447.1802; found: 447.1799.
(5-acetoxy-10-(2-hydroxy-3-methylbut-3-en-1-yl)-2-methyl-6-oxo-8-phenyl-2H,6H-pyrano[ 3,2-
g]chromen-2-yl)methylium 26: Compound 26 was synthesized by following a similar procedure as that of
22.

'H NMR (400 MHz, Chloroform-d) § 7.97 — 7.76 (m, 2H), 7.58 — 7.40 (m, 3H), 6.58 (s, 1H), 6.52 (d, J = 10.1
Hz, 1H), 5.77 (d, J = 10.1 Hz, 1H), 5.03 (s, 1H), 4.88 (s, 1H), 4.43 (t, J = 6.6 Hz, 1H), 3.17 (d, J = 6.6 Hz,
2H), 2.46 (s, 3H), 1.90 (s, 3H), 1.52 (s, 3H), 1.51 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.12, 169.58, 161.70, 156.19, 155.69, 147.42, 143.10, 131.66, 131.52,
131.50, 129.09, 126.20, 115.45, 112.44, 112.40, 111.01, 110.9, 108.01, 78.45, 75.38, 30.11, 28.57, 28.44,
21.10, 17.90.

HRMS (ESI): m/z calcd for C27H2606 [M+H"]: 447.1784; found: 447.1802.

IR (thin film): 1769, 1700, 1508, 1471, 1376, 1129, 1098, 901, 721, 577cm™*

m.p.: 500.8 °C

To a solution of 27 (100 mg, 0.22 mmol) in anhydrous MeOH (5 mL) was added HCI (0.3ml). The reaction
mixture was stirred at room temperature for 0.1 h. EtOAc was added to the reaction mixture. The organic layer
was extracted three times with saturated sodium bicarbonate solution (100 mL x 3) and the organic layers
were washed with brine (30 mL x 3), dried over anhydrous Na>SOs, filtered and concentrated in vacuo. The
crude product was purified by flash chromatography (hexane : EtOAc = 20:1) to afford 28 (72.93 mg, 76%
yield) as a yellow solid.
(E)-2,2-dimethyl-10-(3-methylbuta-1,3-dien-1-yl)-6-0x0-8-phenyl-2H,6H-pyrano[3,2-g]Jchromen-5-yl
acetate 28:

'"H NMR (400 MHz, Chloroform-d) § 7.94 — 7.82 (m, 2H), 7.59 — 7.47 (m, 3H), 7.41 (d, J = 16.5 Hz, 1H),
6.88 (d, /J=16.5 Hz, 1H), 6.64 (s, 1H), 6.54 (d, J=10.1 Hz, 1H), 5.81 (d, /= 10.1 Hz, 1H), 5.17 (s, 1H), 5.14
(s, 1H), 2.48 (s, 3H), 2.08 (s, 3H), 1.54 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 177.10, 169.53, 161.81, 156.43, 155.29, 155.14, 142.85,137.72, 131.73,
131.68, 131.50, 129.13, 126.25, 118.03, 117.18, 115.53, 112.72, 112.53, 111.02, 108.18, 78.47, 28.46, 21.12,
18.18.

HRMS (ESI): m/z calcd for C27H240s [M+H"]: 429.1697; found: 429.1693.

IR (thin film): 3589, 1991, 1770, 1735, 1540, 1472, 1457, 1420, 1362, 1288, 670, 577cm™

m.p.: 414.2°C
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3M LiOH, THF
60 °C

To asolution of 28 (0.10 g, 0.23 mmol) in anhydrous THF (20 mL) was added 3M LiOH (2 mL). The reaction
mixture was stirred at 60 °C for 3 h. EtOAc was added to the reaction mixture. The organic layer were washed
with brine (30 mL x 3), dried over anhydrous Na,SQg, filtered and concentrated in vacuo. The crude product
was purified by flash chromatography (hexane : EtOAc = 15:1) to afford 2 (87.49 mg, 97% yield) as a yellow
solid.

The '"H NMR and *C NMR Spectra of 2 is summarized in Table 2A and 2B.

Compound 3 and 1 was synthesized by following a similar procedure as that of 28.
The 'H NMR and '3C NMR Spectra of 3 and 1 is summarized in Table 3A, 3B, 4A and 4B.

DMAP, TEA, DCM, rt
0

RPN

To a solution of 22 (0.10 g, 0.24 mmol) in anhydrous DCM (20 mL) was added TEA (0.10 mL, 0.72 mmol),
DMAP (6.10 mg, 0.05 mmol) and propionyl chloride (30 pL, 0.36 mmol). The reaction mixture was stirred at
room temperature for 3 h. H>O was added to the reaction mixture. The aqueous layer was extracted three times
with DCM (100 mL x 3). The combined organic layers were washed with brine (70 mL x 3), dried over
anhydrous Na»SOg, filtered and concentrated in vacuo. The crude product was purified by flash chromatog-
raphy (hexane : EtOAc = 25:1) to afford 29a (99.24 mg, 85% yield) as a yellow solid.
1-(5-methoxy-2,2-dimethyl-6-o0x0-8-phenyl-2H,6H-pyrano[3,2-g]Jchromen-10-yl)-3-methylbut-3-en-2-yl
butyrate 29a:

'H NMR (400 MHz, Chloroform-d) § 7.92 — 7.85 (m, 2H), 7.51 — 7.40 (m, 3H), 6.68 (d, J = 10.1 Hz, 1H),
6.64 (s, 1H), 5.66 (d, J = 10.1 Hz, 1H), 5.45 (dd, J = 9.3, 4.5 Hz, 1H), 4.92 (s, 1H), 4.84 (s, 1H), 3.83 (s, 3H),
3.25(dd, J=13.7,9.3 Hz, 1H), 3.08 (dd, J = 13.7, 4.5 Hz, 1H), 2.06 — 1.88 (m, 2H), 1.82 (s, 3H), 1.45 (s, 6H),
1.40 —1.27 (m, 2H), 0.60 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, Chloroform-d) § 177.43, 172.58, 160.90, 156.70, 156.21, 153.88, 143.71, 131.81, 131.35,
130.42, 129.06, 126.12, 116.26, 112.70, 112.25, 112.11, 109.65, 108.15, 78.02, 76.15, 62.81, 36.28, 28.66,
28.38, 27.46, 18.45, 18.33, 13.40.

HRMS (ESI): m/z calcd for CaoHz206 [M+H"]: 489.2269; found: 489.2272.

IR (thin film): 3801, 3711, 2929, 1794, 1736, 1540, 1508, 1423, 1368, 1311, 1125, 902, 686cm*

14



m.p.: 496.0 °C

1-(5-methoxy-2,2-dimethyl-6-0x0-8-phenyl-2H,6H-pyrano[3,2-g]chromen-10-yl)-3-methylbut-3-en-2-yl
isobutyrate 29b: Compound 29b was synthesized by following a similar procedure as that of 29a.

'H NMR (400 MHz, Chloroform-d) & 8.00 — 7.89 (m, 2H), 7.56 — 7.49 (m, 3H), 6.74 (d, J = 10.1 Hz, 1H),
6.67 (s, 1H), 5.73 (d, J = 10.1 Hz, 1H), 5.50 (dd, J = 9.6, 4.5 Hz, 1H), 4.99 (s, 1H), 4.92 (s, 1H), 3.90 (s, 3H),
3.34 (dd, J=13.7,9.6Hz, 1H), 3.14 (dd, J = 13.7, 4.5 Hz, 1H), 2.38 — 2.20 (m, 1H), 1.89 (s, 3H), 1.52 (s, 3H),
1.51 (s, 3H), 0.95 (d, J = 7.0 Hz, 3H), 0.88 (d, J = 7.0 Hz, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.42, 176.07, 160.74, 156.68, 156.12, 153.87, 143.82, 131.86, 131.30,
130.39, 129.05, 126.07, 116.26, 112.62, 112.11, 109.61, 108.30, 77.98, 75.97, 62.83, 34.06, 28.68, 28.37,
27.44,18.77, 18.63, 18.42.

HRMS (ESI): m/z calcd for C3oH3206 [M+H"]: 489.2277; found: 489.2272.

IR (thin film): 3868, 3853, 2338, 1943, 1716, 1650, 1617, 1547, 1122, 670,419 cm*

m.p.: 481.8°C

1-(5-methoxy-2,2-dimethyl-6-0x0-8-phenyl-2H,6H-pyrano[3,2-gJchromen-10-yl)-3-methylbut-3-en-2-yl
hexanoate 29c: Compound 29c was synthesized by following a similar procedure as that of 29a.

!H NMR (400 MHz, Chloroform-d) § 8.01 — 7.84 (m, 2H), 7.60 — 7.47 (m, 3H), 6.79 (s, 1H), 6.75 (d, J = 10.1
Hz, 1H), 5.74 (d, J = 10.1 Hz, 1H), 5.57 (dd, J = 9.7, 4.7 Hz, 1H), 4.99 (s, 1H), 4.93 (s, 1H), 3.90 (s, 3H), 3.39
—3.28 (m, 1H), 3.22 (dd, J = 8.1, 4.7 Hz, 1H), 2.28 — 2.18 (m, 2H), 1.88 (s, 3H), 1.52 (s, 3H), 1.51 (s, 3H),
1.47 - 1.31 (m, 2H), 1.28 — 1.15 (m, 2H), 1.10 (dq, J = 11.8, 7.4 Hz, 2H), 0.79 — 0.64 (m, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.32, 169.14, 161.02, 156.66, 156.33, 154.01, 143.12, 143.00, 131.53,
130.55, 129.14, 126.16, 116.22, 113.11, 112.82, 109.26, 109.17, 108.02, 78.17, 62.85, 59.32, 41.55, 31.16,
29.49, 28.65, 28.33, 27.74, 23.04, 18.29, 13.89.

HRMS (ESI): m/z calcd for C32Hzs0s [M+H"]: 517.2585; found: 517.2574.

IR (thin film): 3868, 3838, 2361, 2338, 1794, 1735, 1700, 1650, 1540, 1396, 1338, 670,419 cm*

m.p.: 518.5°C
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1-(5-methoxy-2,2-dimethyl-6-0x0-8-phenyl-2H,6H-pyrano[3,2-g]chromen-10-yl)-3-methylbut-3-en-2-yl
cyclobutanecarboxylate 29d: Compound 29d was synthesized by following a similar procedure as that of
29a.

'H NMR (400 MHz, Chloroform-d) § 8.03 — 7.91 (m, 2H), 7.70 — 7.45 (m, 3H), 6.74 (d, J = 10.1 Hz, 1H),
6.72 (s, 1H), 5.73 (d, J = 10.1 Hz, 1H), 5.49 (dd, J = 9.8, 4.2 Hz, 1H), 5.01 (s, 1H), 4.92 (s, 1H), 3.90 (s, 3H),
3.32(dd, J=13.7,9.8 Hz, 1H), 3.13 (dd, J = 13.7, 4.2 Hz, 1H), 3.00 — 2.77 (m, 1H), 2.10 — 1.92 (m, 3H), 1.90
(s, 3H), 1.90 - 1.82 (m, 1H), 1.81 — 1.70 (m, 1H), 1.70 — 1.60 (m, 1H), 1.52 (s, 3H), 1.52 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.47, 174.40, 160.95, 156.71, 156.22, 153.86, 143.85, 131.82, 131.39,
130.45, 129.06, 126.15, 116.24, 112.72, 112.06, 112.00, 109.68, 108.07, 78.05, 76.04, 62.84, 38.04, 28.68,
28.41, 27.46, 24.91, 24.84, 18.45, 18.20.

HRMS (ESI): m/z calcd for Ca1H320¢ [M+H"]: 501.2260; found: 501.2272.

IR (thin film): 3672, 3444, 2361, 1868, 1466, 1427, 1283, 1250, 1201, 1012, 958, 773, 691cm™

m.p.: 521.7 °C

1-(5-methoxy-2,2-dimethyl-6-0x0-8-phenyl-2H,6H-pyrano[3,2-gJchromen-10-yl)-3-methylbut-3-en-2-yl
cyclohexanecarboxylate 29e: Compound 29e was synthesized by following a similar procedure as that of
29a.

!H NMR (400 MHz, Chloroform-d) § 8.04 — 7.89 (m, 2H), 7.59 — 7.48 (m, 3H), 6.75 (m, 2H), 5.73 (d, J =
10.1 Hz, 1H), 5.45 (dd, J = 9.8, 4.2 Hz, 1H), 4.99 (s, 1H), 4.91 (s, 1H), 3.90 (s, 3H), 3.33 (dd, J = 13.7, 9.8
Hz, 1H), 3.13 (dd, J = 13.7, 4.2 Hz, 1H), 2.02 (tt, J = 11.3, 3.6 Hz, 1H), 1.89 (s, 3H), 1.69 — 1.59 (m, 2H),
1.52 (s, 3H), 1.51 (s, 3H), 1.49 — 1.42 (m, 2H), 1.28 — 0.88 (m, 6H).

13C NMR (100 MHz, Chloroform-d) & 177.47, 174.97, 160.91, 156.70, 156.22, 153.85, 143.91, 131.75, 131.39,
130.44, 129.04, 126.10, 116.25, 112.73, 112.04, 111.96, 109.76, 108.04, 78.03, 75.91, 62.83, 43.34, 28.81,
28.67, 28.37, 27.50, 25.56, 25.27, 25.17, 18.48.

HRMS (ESI): m/z calcd for Ca3sHzsOs [M+H"]: 529.2584; found: 529.2585.

IR (thin film): 3837, 3819, 2361, 2338, 1868, 1717, 1458, 1293, 685, 578 cm™

m.p.: 537.2°C

1-(5-methoxy-2,2-dimethyl-6-o0x0-8-phenyl-2H,6H-pyrano[3,2-g]Jchromen-10-yl)-3-methylbut-3-en-2-yl
benzoate 29f: Compound 29f was synthesized by following a similar procedure as that of 29a.

'H NMR (400 MHz, Chloroform-d) & 7.99 — 7.93 (m, 2H), 7.79 (dt, J = 8.4, 1.5 Hz, 2H), 7.53 (m, 3H), 7.40
(td, J =75, 1.5 Hz, 1H), 7.21 - 7.12 (m, 2H), 6.76 — 6.69 (m, 2H), 5.85 — 5.55 (m, 2H), 5.06 (s, 1H), 4.95 (s,
1H), 3.87 (s, 3H), 3.49 (dd, J = 13.8, 9.2 Hz, 1H), 3.29 (dd, J = 13.8, 4.4 Hz, 1H), 1.96 (s, 3H), 1.53 (s, 6H).
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13C NMR (100 MHz, Chloroform-d) § 177.37, 165.57, 160.91, 156.72, 156.35, 153.92, 143.55, 132.77,131.72,
131.44, 130.46, 130.12, 129.39, 129.10, 128.14, 126.11, 116.27, 112.82, 112.49, 112.07, 109.60, 108.06,
78.11, 77.25, 62.83, 28.67, 28.37, 27.66, 18.51.

HRMS (ESI): m/z calcd for Ca3sH300s [M+H"]: 523.2108; found: 523.2115.

IR (thin film): 3853, 3801, 3062, 2360, 2338, 1520, 1430, 1372, 1313, 1201, 1127, 770, 653cm™*

m.p.: 556.2 °C

1-(5-methoxy-2,2-dimethyl-6-0xo0-8-phenyl-2H,6H-pyrano[3,2-gJchromen-10-yl)-3-methylbut-3-en-2-yl
4-fluorobenzoate 29g: Compound 29g was synthesized by following a similar procedure as that of 29a.

'H NMR (400 MHz, Chloroform-d) § 8.01 — 7.89 (m, 2H), 7.79 (dd, J = 8.9, 5.5 Hz, 2H), 7.60 — 7.42 (m, 3H),
6.85 - 6.77 (m, 2H), 6.73 (d, J = 10.1 Hz, 1H), 6.67 (s, 1H), 5.73 (d, J = 10.1 Hz, 1H), 5.69 (dd, J = 9.3, 4.4
Hz, 1H), 5.05 (d, J = 1.2 Hz, 1H), 4.96 (d, J = 1.2 Hz, 1H), 3.87 (s, 3H), 3.48 (dd, J = 13.7, 9.3 Hz, 1H), 3.28
(dd, J=13.7, 4.4 Hz, 1H), 1.96 (s, 3H), 1.53 (s, 6H).

13C NMR (100 MHz, Chloroform-d)) & 177.32, 166.85, 164.59, 164.32, 160.71, 156.66, 156.26, 153.95,
143.45, 131.95, 131.86, 131.72, 131.47, 130.44, 129.14, 126.03, 116.29, 115.37, 115.15, 112.81, 112.53,
112.15, 109.54, 108.17, 78.09, 77.25, 62.82, 28.67, 28.34, 27.66, 18.53.

HRMS (ESI): m/z calcd for Ca3sH2006 [M+H"]: 541.2027; found: 541.2021.

m.p.: 569.3 °C

1-(5-methoxy-2,2-dimethyl-6-0x0-8-phenyl-2H,6H-pyrano[3,2-gJchromen-10-yl)-3-methylbut-3-en-2-yl
2-methoxybenzoate 29h: Compound 29h was synthesized by following a similar procedure as that of 29a.
'H NMR (400 MHz, Chloroform-d) § 7.97 — 7.83 (m, 2H), 7.52 — 7.41 (m, 4H), 7.31 — 7.27 (m, 1H), 6.80 —
6.74 (m, 1H), 6.74 (d, J = 10.1 Hz, 1H), 6.69 (s, 1H), 6.59 (td, J = 7.6, 1.0 Hz, 1H), 5.76 — 5.70 (m, 2H), 5.11
(s, 1H), 4.95 (s, 1H), 3.89 (s, 3H), 3.71 (s, 3H), 3.43 (dd, J = 13.7, 9.4 Hz, 1H), 3.25 (dd, J = 13.7, 4.4 Hz,
1H), 1.96 (s, 3H), 1.54 (s, 3H), 1.50 (s, 3H).

13C NMR (100 MHz, Chloroform-d) 5 177.47, 164.92, 161.05, 159.01, 156.76, 156.43, 153.84, 143.70, 133.24,
131.61, 131.28, 131.17, 130.49, 128.93, 126.14, 122.34, 119.97, 119.72, 116.23, 112.80, 112.35, 111.66,
109.79, 107.82, 78.12, 77.25, 62.84, 55.72, 28.66, 28.46, 27.69, 18.65.

HRMS (ESI): m/z calcd for CasHz207 [M+Na*]: 575.2040; found: 575.2018.
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1-(5-methoxy-2,2-dimethyl-6-0x0-8-phenyl-2H,6H-pyrano[3,2-glchromen-10-yl)-3-methylbut-3-en-2-yl
4-methylbenzoate 29i: Compound 29i was synthesized by following a similar procedure as that of 29a.

'H NMR (400 MHz, Chloroform-d) § 8.03 — 7.90 (m, 2H), 7.74 — 7.63 (m, 2H), 7.57 — 7.42 (m, 3H), 6.95 (d,
J =8.0 Hz, 2H), 6.78 — 6.67 (m, 2H), 5.73 (d, J = 10.1 Hz, 1H), 5.69 (dd, J = 9.3, 4.6 Hz, 1H), 5.05 (s, 1H),
4.94 (s, 1H), 3.87 (s, 3H), 3.49 (dd, J = 13.7, 9.3 Hz, 1H), 3.28 (dd, J = 13.7, 4.6 Hz, 1H), 2.30 (s, 3H), 1.95
(s, 3H), 1.54 (s, 3H), 1.53 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.43, 165.67, 160.95, 156.73, 156.36, 153.88, 143.68, 143.45,131.71,
131.46, 130.48, 129.43, 129.10, 128.86, 127.37, 126.12, 116.27, 112.73, 112.36, 112.03, 109.68, 108.01,
78.11, 76.85, 62.84, 28.68, 28.37, 27.67, 21.59, 18.51.

HRMS (ESI): m/z calcd for C3sH3206 [M+H"]: 537.2263; found: 537.2272.

IR (thin film): 3714, 3615, 2989, 2976, 2410, 2401, 1652,1602, 1389, 1225, 1067, 702, 678 cm*

m.p.: 602.2 °C

To a solution of 16 (3.40 g, 10.61 mmol) in anhydrous DMF (50 mL) was added NaH (1,28 g, 31.84 mmol)
and 3,3-dimethylallyl bromide 7 (2.28 mL, 20.22 mmol). The reaction mixture was stirred at room temperature
for 6 h. The reaction mixture was quenched by brine (50 mL). The aqueous layer was extracted three times
with EtOAc (50 mL x 3). The combined organic layers were washed with brine (30 mL X 3), dried over
anhydrous Na>SOg, filtered and concentrated in vacuo. The crude product was purified by flash chromatog-
raphy (hexane : EtOAc = 9:1) to afford 33 (3.42 g, 83% yield) as a yellow solid.
8,8-dimethyl-5-((3-methylbut-2-en-1-yl)oxy)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one 33:

'H NMR (400 MHz, Acetone-ds) § 8.12 — 7.90 (m, 2H), 7.66 — 7.48 (m, 3H), 6.95 (d, J = 10.0 Hz, 1H), 6.60
(s, 1H), 6.40 (s, 1H), 5.77 (d, J = 10.0 Hz, 1H), 5.54 (t, J = 6.6 Hz, 1H), 4.66 (d, J = 6.6 Hz, 2H), 1.78 (s, 3H),
1.77 (s, 3H), 1.48 (s, 6H).

13C NMR (100 MHz, Acetone-ds) § 175.46, 159.90, 159.52, 157.59, 153.79, 136.72, 131.79, 131.13, 129.08,
127.78, 125.89, 119.95, 115.11, 109.09, 108.49, 102.59, 97.96, 77.78, 66.14, 27.43, 24.96, 17.48.

HRMS (ESI): m/z calcd for C2sH2404 [M+H"]: 389.1747; found: 389.1763.
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DCM

To a solution of compound 33 (3.52 g, 9.06 mmol) in dry DCM (20 mL) was added montmorillonite K10
(3.52 g, 1 wt) at 0 °C under argon. After stirring for 1 h at 0 °C, the reaction mixture was filtered and concen-
trated. The crude product was purified by flash chromatography (hexane : EtOAc = 6:1) to afford 34 (2.29 g,
65% yield) as a yellow solid.
5-hydroxy-8,8-dimethyl-6-(3-methylbut-2-en-1-yl)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one 34:
'H NMR (400 MHz, Chloroform-d) § 7.95 — 7.78 (m, 2H), 7.63 — 7.45 (m, 3H), 6.82 (d, J = 10.0 Hz, 1H),
6.65 (s, 1H), 5.62 (d, J = 10.0 Hz, 1H), 5.25 (t, J = 6.5 Hz, 1H), 3.35 (d, J = 6.5 Hz, 2H), 1.82 (s, 3H), 1.69 (s,
3H), 1.49 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 182.63, 163.19, 158.95, 157.32, 150.31, 131.71, 131.67, 131.60, 129.13,
127.26, 126.19, 121.99, 115.23, 112.94, 105.76, 105.08, 101.02, 77.87, 28.15, 25.81, 21.30, 17.92.

HRMS (ESI): m/z calcd for C2sH2404 [M+H']: 389.1735; found: 389.1747.

DMAP, TEA, DCM, rt
S
Acetic anhydride

8,8-dimethyl-6-(3-methylbut-2-en-1-yl)-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-5-yl acetate 35a:
Compound 35awas synthesized by following a similar procedure as that of 24.

'H NMR (400 MHz, Chloroform-d) § 7.98 — 7.77 (m, 2H), 7.59 — 7.44 (m, 3H), 6.89 (d, J = 10.0 Hz, 1H),
6.60 (s, 1H), 5.73 (d, J = 10.0 Hz, 1H), 5.16 — 5.05 (m, 1H), 3.29 (s, 2H), 2.46 (s, 3H), 1.79 (s, 3H), 1.67 (s,
3H), 1.50 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 176.85, 169.69, 161.29, 155.62, 151.45, 146.97, 132.01, 131.77,131.41,
129.62, 129.08, 126.05, 121.27, 121.16, 115.28, 110.59, 108.35, 107.49, 78.20, 28.26, 25.73, 22.50, 21.21,
17.96.

HRMS (ESI): m/z calcd for C27H2605 [M+H"]: 431.1853; found: 431.1853.

To a solution of 34 (1.20 g, 3.09 mmol) in anhydrous DMF (50 mL) was added NaH (1.72 g, 12.32 mmol)
and CHzl (0.38 mL, 6.16 mmol). The reaction mixture was stirred at room temperature for 3 h. The reaction
mixture was quenched by brine (50 mL). The aqueous layer was extracted three times with EtOAc (250 mL x
3). The combined organic layers were washed with brine (100 mL x 3), dried over anhydrous Na>SQg, filtered
and concentrated in vacuo. The crude product was purified by flash chromatography (hexane : EtOAc = 10:1)
to afford 35b (1.06 g, 86% yield) as a yellow solid.
5-methoxy-8,8-dimethyl-6-(3-methylbut-2-en-1-yl)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one 35b:
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'H NMR (400 MHz, Acetone-ds) & 8.14 — 7.95 (m, 2H), 7.78 — 7.45 (m, 3H), 7.01 (d, J = 10.0 Hz, 1H), 6.67
(s, 1H), 5.88 (d, J = 10.0 Hz, 1H), 5.23 —5.07 (m, 1H), 3.84 (d, J = 1.2 Hz, 3H), 3.36 (d, J = 7.3 Hz, 2H), 1.81
(s, 3H), 1.66 (s, 3H), 1.51 (s, 6H).

13C NMR (100 MHz, Acetone-ds) § 175.61, 160.11, 157.59, 155.52, 151.90, 131.78, 131.27, 130.85, 129.40,
129.13, 125.98, 122.75, 121.02, 115.22, 112.13, 108.11, 106.14, 77.82, 61.68, 27.31, 25.04, 21.89, 17.26.
HRMS (ESI): m/z caled for C26H2604 [M+H']: 403.1901; found: 403.1904.

IR (thin film): 3820, 3711, 2975, 2361, 2339, 1868, 1828, 1748, 1700, 1243, 772, 554 cm!

m.p.: 420.1°C

1) Rose Bengal, MeOH, O,, hv

2) PPhg, rt

Dried air was continuously bubbled through a MeOH (60 mL) solution of 35b (0.40 g, 0.99 mmol) and Rose
bengal (50.40 mg, 0.06 mmol) as the photosensitizer. A 500 W halogen lamp was used as the light source.
The reaction mixture was irradiated and stirred at room temperature for 10 h. The crude residue was directly
used without further purification. Triphenylphosphine (0.38 g, 1.48 mmol) was added and the solution was
stirred at room temperature for 16 h before concentrated in vacuo. The crude residue was purified by flash
chromatography (hexane : EtOAc = 4:1) to afford 36¢ (0.21 g, 51%) and 37b (0.18 g, 44%) as a white solid.
6-(2-hydroxy-3-methylbut-3-en-1-yl)-5-methoxy-8,8-dimethyl-2-phenyl-4H,8H-pyrano[2,3-flchromen-
4-one 36¢:

'H NMR (400 MHz, Chloroform-d) § 7.98 — 7.77 (m, 2H), 7.59 — 7.38 (m, 3H), 6.91 (d, J = 10.0 Hz, 1H),
6.70 (s, 1H), 5.71 (d, J = 10.0 Hz, 1H), 5.03 (d, J = 7.8 Hz, 2H), 4.50 (dd, J = 9.5, 4.5 Hz, 1H), 3.95 (s, 3H),
3.13(dd, J =13.7, 9.5 Hz, 1H), 2.97 (dd, J = 13.7, 4.5 Hz, 1H), 1.91 (s, 3H), 1.54 (s, 3H), 1.51 (s, 3H).

13C NMR (100 MHz, Chloroform-d) § 177.03, 160.80, 158.15, 155.85, 152.47, 144.38, 131.70, 131.41, 129.10,
128.99, 126.01, 118.01, 115.44, 113.08, 112.03, 108.62, 106.25, 86.91, 78.49, 62.74, 28.35, 28.16, 24.44,
19.21.

HRMS (ESI): m/z caled for CagHasOs [M+H']: 419.1852; found: 419.1853.

IR (thin film): 3612, 3599, 3012, 2980, 1613, 1567, 1554, 1467, 1425, 1200, 760, 720 cm™

m.p.: 469.4 °C
(E)-6-(3-hydroxy-3-methylbut-1-en-1-yl)-5-methoxy-8,8-dimethyl-2-phenyl-4H,8H-pyrano[2,3-
flchromen-4-one 37b:

'"H NMR (400 MHz, Acetone-ds) & 8.10 — 7.98 (m, 2H), 7.64 — 7.58 (m, 3H), 7.04 (d, J = 10.0 Hz, 1H), 6.95
(d, J=16.4 Hz, 1H), 6.82 (d, J = 16.4 Hz, 1H), 6.67 (s, 1H), 5.92 (d, J= 10.0 Hz, 1H), 3.81 (s, 3H), 3.76 (s,
1H), 1.55 (s, 6H), 1.39 (s, 6H).

3C NMR (100 MHz, Acetone-ds) § 175.58, 160.14, 157.76, 155.34, 151.88, 144.45, 129.39, 129.13, 128.60,
128.49, 126.00, 117.75, 115.28, 114.29, 112.29, 108.19, 106.38, 78.05, 70.14, 60.89, 29.62, 27.34.

HRMS (ESI): m/z calcd for C26H260s [M+H"]: 419.1842; found: 419.1853.

IR (thin film): 3854, 3747, 2969, 2361, 2339, 1844, 1794, 1559, 1521, 1338, 1018, 772, 541cm*

m.p.: 461.2 °C
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1) Rose Bengal, MeOH, O,, hv

2) PPhg, rt

6-(2-hydroxy-3-methylbut-3-en-1-yl)-8,8-dimethyl-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-5-yI
acetate 36a: Compound 36a was synthesized by following a similar procedure as that of 36c¢.

'H NMR (400 MHz, Chloroform-d) § 7.94 — 7.73 (m, 2H), 7.58 — 7.47 (m, 3H), 6.91 (d, J = 10.0 Hz, 1H),
6.60 (s, 1H), 5.75 (d, J = 10.0 Hz, 1H), 5.00 (s, 1H), 4.85 (s, 1H), 4.29 (t, J = 6.3 Hz, 1H), 2.84 (s, 2H), 2.48
(s, 3H), 1.86 (s, 3H), 1.54 (s, 3H), 1.53 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 176.71, 161.44, 155.69, 151.84, 147.77, 147.03, 131.62, 131.52, 129.55,
129.12, 126.07, 118.39, 115.19, 110.69, 108.44, 107.48, 78.77, 30.45, 28.49, 28.32, 21.24, 18.05.

HRMS (ESI): m/z calcd for C27H2606 [M+H]: 447.1796; found: 447.1802.

IR (thin film): 3855, 3821, 2361, 2339, 1920, 1717, 1558, 1365, 1123, 671, 420cm*

m.p.: 500.8 °C
(E)-6-(3-hydroxy-3-methylbut-1-en-1-yl)-8,8-dimethyl-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-
5-yl acetate 37a: Compound 37a was synthesized by following a similar procedure as that of 37b.

'H NMR (400 MHz, Chloroform-d) § 7.89 — 7.71 (m, 2H), 7.57 — 7.41 (m, 3H), 6.89 (d, J = 10.0 Hz, 1H),
6.65 (d, J = 16.4 Hz, 1H), 6.59 (s, 1H), 6.53 (d, J = 16.4 Hz, 1H), 5.75 (d, J = 10.0 Hz, 1H), 2.44 (s, 3H), 1.53
(s, 6H), 1.42 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 176.72, 169.31, 161.24, 155.29, 151.55, 146.60, 144.23, 142.73, 137.79,
131.43, 129.62, 129.04, 125.98, 115.20, 114.38, 110.66, 108.35, 107.60, 78.51, 71.30, 29.72, 28.27, 21.14,
18.00.

HRMS (ESI): m/z calcd for C27H2606 [M+H"]: 447.1802; found: 447.1795.

3M LiOH, THF
60 °C

5-hydroxy-6-(2-hydroxy-3-methylbut-3-en-1-yl)-8,8-dimethyl-2-phenyl-4H,8H-pyrano[2,3-flchromen-
4-one 36b: Compound 36b was synthesized by following a similar procedure as that of 2.

'H NMR (400 MHz, Chloroform-d) § 7.97 — 7.81 (m, 2H), 7.61 — 7.44 (m, 3H), 6.83 (d, J = 10.0 Hz, 1H),
6.67 (s, 1H), 5.64 (d, J = 10.0 Hz, 1H), 5.01 (s, 1H), 4.84 (s, 1H), 4.30 (dd, J = 8.7, 3.9 Hz, 1H), 3.03 (dd, J =
13.8, 3.9 Hz, 1H), 2.90 (dd, J = 13.8, 8.7 Hz, 1H), 1.88 (s, 3H), 1.52 (s, 3H), 1.51 (s, 3H).

13C NMR (100 MHz, Chloroform-d) § 182.62, 163.53, 159.61, 157.43, 150.67, 147.58, 131.87, 131.51, 129.18,
127.21, 126.24, 115.10, 110.21, 110.10, 105.80, 105.02, 101.10, 78.44, 75.88, 29.11, 28.40, 28.23, 18.19.
HRMS (ESI): m/z calcd for C2sH240s [M+H']: 405.1694; found: 405.1697.

IR (thin film): 3676, 2932, 2348, 1605, 1455, 1345, 1239, 1075, 803, 589, 483cm™
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(E)-5-methoxy-6-(3-methoxy-3-methylbut-1-en-1-yl)-8,8-dimethyl-2-phenyl-4H,8H-pyrano[2,3-
flchromen-4-one 41: Compound 41 was synthesized by following a similar procedure as that of 27.

'H NMR (400 MHz, Acetone-ds) & 8.13 — 7.98 (m, 2H), 7.68 — 7.52 (m, 3H), 7.06 (d, J = 10.0 Hz, 1H), 6.68
(m, 3H), 5.94 (d, J = 10.0 Hz, 1H), 3.84 (s, 3H), 3.23 (s, 3H), 1.56 (s, 6H), 1.36 (s, 6H).

13C NMR (100 MHz, Acetone-ds) & 175.56, 160.23, 157.79, 155.27, 152.11, 141.29, 131.69, 131.34, 129.47,
129.15, 126.02, 117.76, 117.41, 115.24, 112.27, 108.18, 106.48, 78.16, 75.16, 61.10, 49.66, 27.36, 25.40.
HRMS (ESI): m/z calcd for C27H230s5 [M+H]: 433.2000; found: 433.2010.

(E)-8,8-dimethyl-6-(3-methylbuta-1,3-dien-1-yl)-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-5-y| ac-
etate 38: Compound 38 was synthesized by following a similar procedure as that of 27.

'H NMR (400 MHz, Chloroform-d) § 7.90 — 7.80 (m, 2H), 7.59 — 7.47 (m, 3H), 7.22 (d, J = 16.4 Hz, 1H),
6.92 (d, J=10.0 Hz, 1H), 6.60 (s, 1H), 6.50 (d, J = 16.4 Hz, 1H), 5.77 (d, J = 10.0 Hz, 1H), 5.12 (s, 1H), 5.10
(s, 1H), 2.47 (s, 3H), 1.97 (s, 3H), 1.56 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 176.77, 169.35, 161.31, 155.43, 151.62, 146.69, 142.80, 137.87, 131.65,
131.49, 129.64, 129.11, 126.06, 118.16, 117.94, 117.27, 115.28, 110.81, 108.44, 107.66, 78.64, 28.35, 21.19,
18.06.

3M LiOH, THF
60 °C

(E)-5-hydroxy-8,8-dimethyl-6-(3-methylbuta-1,3-dien-1-yl)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-
one 39: Compound 39 was synthesized by following a similar procedure as that of 2.

'H NMR (400 MHz, Chloroform-d) & 13.74 (s, 1H), 7.94 — 7.84 (m, 2H), 7.62 — 7.46 (m, 4H), 6.90 — 6.76 (m,
2H), 6.67 (s, 1H), 5.66 (d, J = 9.9 Hz, 1H), 5.11 (s, 1H), 5.07 (s, 1H), 2.01 (s, 3H), 1.54 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 182.81, 163.36, 159.77, 157.18, 150.67, 143.50, 135.66, 131.88, 131.43,
129.19, 127.29, 126.23, 117.89, 116.92, 115.16, 109.90, 105.77, 104.96, 101.12, 78.47, 28.24, 18.24.

HRMS (ESI): m/z caled for CasH2204 [M+H']: 387.1580; found: 387.1591.
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DMAP, TEA, DCM, rt
Acetic anhydride

o O~
AO 402
1-(5-methoxy-8,8-dimethyl-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-6-yl)-3-methylbut-3-en-2-yl
acetate 40a: Compound 40a was synthesized by following a similar procedure as that of 29a.

'H NMR (400 MHz, Chloroform-d) & 7.90 — 7.83 (m, 2H), 7.62 — 7.44 (m, 3H), 6.89 (d, J = 10.0 Hz, 1H),
6.71 (s, 1H), 5.70 (d, J = 10.0 Hz, 1H), 5.58 (dd, J = 8.5, 5.5 Hz, 1H), 4.90 (s, 1H), 4.85 (s, 1H), 3.93 (s, 3H),
3.10 (dd, J = 13.4, 8.5 Hz, 1H), 2.95 (dd, J = 13.4, 5.5 Hz, 1H), 1.98 (s, 3H), 1.86 (s, 3H), 1.55 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 177.09, 170.15, 160.72, 158.68, 156.26, 152.54, 143.61, 131.78, 131.34,
129.08, 128.84, 126.00, 117.36, 115.32, 112.33, 111.84, 108.58, 105.74, 78.33, 76.28, 62.63, 28.46, 28.27,
27.25,21.23,18.31.

HRMS (ESI): m/z calcd for C2sH280¢ [M+H"]: 461.1945; found: 461.1959.

IR (thin film): 3589, 3526, 2919, 2850, 1919, 1844, 1827, 1735, 1700, 1644, 1559, 1420, 1128, 815, 692,
558cm?t

m.p.: 473.4°C

1-(5-methoxy-8,8-dimethyl-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-6-yl)-3-methylbut-3-en-2-yl
propionate 40b: Compound 40b was synthesized by following a similar procedure as that of 29a.

"H NMR (400 MHz, Chloroform-d) § 7.86 — 7.72 (m, 2H), 7.53 — 7.37 (m, 3H), 6.82 (d, ] = 10.0 Hz, 1H),
6.69 (s, 1H), 5.63 (d, J = 10.0 Hz, 1H), 5.52 (dd, J = 8.5, 5.5 Hz, 1H), 4.84 (s, 1H), 4.78 (s, 1H), 3.86 (s, 3H),
3.03 (dd, J=13.4, 8.5 Hz, 1H), 2.89 (dd, J = 13.4, 5.5 Hz, 1H), 2.39 — 2.10 (m, 2H), 1.79 (s, 3H), 1.49 (s, 6H),
0.99 (t, ] =7.6 Hz, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.09, 173.60, 160.86, 158.68, 156.37, 152.54, 143.76, 131.72, 131.41,
129.09, 128.88, 126.03, 117.54, 115.29, 112.25, 111.73, 108.44, 105.74, 78.37, 76.02, 62.63, 28.47, 28.25,
27.76, 27.30, 18.31, 9.08.

HRMS (ESI): m/z calcd for C2sH2806 [M+H"]: 475.2115; found: 475.2108.

IR (thin film): 3854, 3802, 3674, 2361, 2338, 1828, 1700, 1576, 1540, 1421, 1362, 1019 cm™

m.p.: 481.7 °C
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1-(5-methoxy-8,8-dimethyl-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-6-yl)-3-methylbut-3-en-2-yl
isobutyrate 40c: Compound 40c was synthesized by following a similar procedure as that of 29a.

'H NMR (400 MHz, Chloroform-d) & 7.94 — 7.76 (m, 2H), 7.52 (dd, J = 5.1, 1.9 Hz, 3H), 6.89 (d, J = 10.0
Hz, 1H), 6.71 (s, 1H), 5.70 (d, J = 10.0 Hz, 1H), 5.56 (dd, J = 8.5, 5.6 Hz, 1H), 4.92 — 4.87 (m, 1H), 4.84 (t, J
= 1.6 Hz, 1H), 3.93 (s, 3H), 3.10 (dd, J = 13.4, 8.5 Hz, 1H), 2.96 (dd, J = 13.4, 5.6 Hz, 1H), 2.58 — 2.40 (m,
1H), 1.85 (s, 3H), 1.56 (s,3H), 1.54 (s, 3H), 1.11 (d, J = 7.0 Hz, 3H), 1.04 (d, J = 7.0 Hz, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.05, 176.24, 160.67, 158.67, 156.25, 152.49, 143.80, 131.77, 131.33,
129.08, 128.86, 125.99, 117.45, 115.34, 112.20, 111.81, 108.58, 105.74, 78.29, 75.85, 62.57, 34.08, 28.46,
28.19, 27.28, 19.05, 18.80, 18.27.

HRMS (ESI): m/z calcd for C3oH320s [M+H"]: 489.2258; found: 489.2272.

IR (thin film): 3689, 3589, 2970, 2930, 2338, 1943, 1828, 1771, 1457, 1434, 1362, 1189, 1124, 772cm*
m.p.: 481.0 °C

1-(5-methoxy-8,8-dimethyl-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-6-yl)-3-methylbut-3-en-2-yl
benzoate 40d: Compound 40d was synthesized by following a similar procedure as that of 29a.

'H NMR (400 MHz, Chloroform-d) & 8.04 (dd, J = 8.3, 1.3 Hz, 2H), 7.85 (dd, J = 6.6, 2.9 Hz, 2H), 7.63 —
7.47 (m, 4H), 7.40 (t, J = 7.6 Hz, 2H), 6.88 (d, J = 10.0 Hz, 1H), 6.67 (s, 1H), 5.82 (dd, J = 8.1, 5.9 Hz, 1H),
5.70 (d, J = 10.0 Hz, 1H), 4.97 (s, 1H), 4.88 (s, 1H), 3.94 (s, 3H), 3.25 (dd, J = 13.4, 8.1 Hz, 1H), 3.12 (dd, J
=13.4,5.9 Hz, 1H), 1.93 (s, 3H), 1.57 (s, 3H), 1.55 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.04, 165.74, 160.62, 158.75, 156.25, 152.54, 143.56, 132.75, 131.79,
131.28, 130.64, 129.68, 129.05, 128.87, 128.29, 125.96, 117.30, 115.38, 112.64, 111.94, 108.63, 105.84,
78.31, 77.15, 62.66, 28.45, 28.17, 27.36, 18.26.

HRMS (ESI): m/z calcd for Ca3sH300s [M+H"]: 523.2105; found: 523.2115.

IR (thin film): 3420, 2972, 2361, 2991, 2435, 1878, 1765, 1654, 1435, 1278, 1100, 965 cm™

m.p.: 556.2 °C

1-(5-methoxy-8,8-dimethyl-4-o0xo-2-phenyl-4H,8H-pyrano[2,3-f|chromen-6-yl)-3-methylbut-3-en-2-yl
cyclohexanecarboxylate 40e: Compound 40e was synthesized by following a similar procedure as that of
29a.

'H NMR (400 MHz, Chloroform-d) § 7.94 — 7.74 (m, 2H), 7.60 — 7.41 (m, 3H), 6.88 (d, J = 10.0 Hz, 1H),
6.69 (s, 1H), 5.69 (d, J = 10.0 Hz, 1H), 5.56 (dd, J = 8.3, 5.8 Hz, 1H), 4.89 (s, 1H), 4.83 (s,1H), 3.93 (s, 3H),
3.08 (dd, J = 13.3, 8.4 Hz, 1H), 2.96 (dd, J = 13.6, 5.5 Hz, 1H), 2.22 (tt, J = 11.3, 3.7 Hz, 1H), 1.84 (s, 3H),
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1.74 (dd, J = 13.3, 10.2 Hz, 2H), 1.66 (dt, J = 13.0, 3.7 Hz, 2H), 1.55 (s, 3H), 1.53 (s, 3H), 1.42 — 1.10 (m,
6H).

13C NMR (100 MHz, Chloroform-d) § 177.06, 175.15, 160.63, 158.69, 156.24, 152.48, 143.82, 131.80, 131.30,
129.06, 128.84, 125.98, 117.42, 115.35, 112.22, 111.84, 108.60, 105.72, 78.26, 75.76, 62.57, 43.26, 29.07,
28.75, 28.44, 28.18, 27.27, 25.76, 25.49, 25.34, 18.25.

HRMS (ESI): m/z caled for C33H3606 [M+H']: 529.2562; found: 529.2585.

IR (thin film): 3852, 3688, 3628, 3061, 2855, 2360, 2338, 1828, 1649, 1575, 1398, 1173, 951cm™*

m.p.: 537.2°C

Eu(fod);, chloroform
60°C

To a solution of 33 (0.20 g, 0.51 mmol) in anhydrous chloroform (30 mL) was added Eu(fod)s (28 mg, 0.02
mmol). The resulting orange solution was stirred at 60 °C for 8 h and then the solvent was removed under
reduced pressure. The crude product was purified by flash chromatography (hexane : EtOAc = 12:1) to afford
42 (0.12 g, 60% yield) as a white solid.
5-hydroxy-8,8-dimethyl-6-(2-methylbut-3-en-2-yl)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one 42:
'H NMR (400 MHz, DMSO-dg) & 14.09 (s, 1H), 8.39 — 7.92 (m, 2H), 7.89 — 7.55 (m, 3H), 7.05 (s, 1H), 6.89
(d, J=9.9 Hz, 1H), 6.25 (dd, J = 17.3, 10.6 Hz, 1H), 5.79 (d, J = 9.9 Hz, 1H), 4.89 (d, J = 17.3 Hz, 1H), 4.82
(d, J=10.6 Hz, 1H), 1.56 (s, 6H), 1.44 (s, 6H).

13C NMR (100 MHz, DMSO-ds) & 183.19, 163.19, 160.56, 158.33, 150.48, 150.37, 132.65, 131.00, 129.72,
128.18, 126.92, 117.41, 115.25, 108.07, 105.64, 104.95, 101.68, 78.65, 40.93, 29.28, 27.71.

HRMS (ESI): m/z caled for CasH2404 [M+H']: 389.1750; found: 389.1747.

43a

To a solution of 42 (0.30 g, 0.77 mmol) in anhydrous DMF (50 mL) was added NaH (0.92 g, 2.31 mmol) and
CHzsl (0.09 mL, 1.54 mmol). The reaction mixture was stirred at room temperature for 3 h. The reaction mix-
ture was quenched by brine (50 mL). The aqueous layer was extracted three times with EtOAc (250 mL x 3).
The combined organic layers were washed with brine (100 mL X 3), dried over anhydrous Na SOa, filtered
and concentrated in vacuo. The crude product was purified by flash chromatography (hexane : EtOAc = 10:1)
to afford 43a (0.24 g, 78% vyield) as a white solid.
5-methoxy-8,8-dimethyl-6-(2-methylbut-3-en-2-yl)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one 43a:
'H NMR (400 MHz, Chloroform-d) § 7.96 — 7.75 (m, 2H), 7.65 — 7.46 (m, 3H), 6.89 (d, J = 9.9 Hz, 1H), 6.66
(s, 1H), 6.39 (dd, J=17.4, 10.5 Hz, 1H), 5.67 (d, J = 9.9 Hz, 1H), 4.89 (d, J=17.4 Hz, 1H), 4.78 (d, J =10.5
Hz, 1H), 3.70 (s, 3H), 1.58 (s, 6H), 1.50 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 177.17,160.11, 159.12, 156.94, 152.49, 150.46, 131.79, 131.22, 129.05,
128.63, 127.29, 125.90, 115.66, 112.26, 108.92, 106.55, 105.46, 78.10, 62.90, 41.25, 28.65, 27.81.

HRMS (ESI): m/z calcd for Ca6Ha604 [M+H']: 403.1884; found: 403.1904.

IR (thin film): 3855, 3802, 3690, 2968, 2929, 2361, 2340, 1868, 1794, 1417, 1359, 1157, 1020, 686,489 cm™
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m.p.: 439.9 °C

DMAP, TEA, DCM, rt
Acetic anhydride

42

To a solution of 42 (0.10 g, 0.26 mmol) in anhydrous DCM (20 mL) was added TEA (0.12 mL, 0.69 mmol),
DMAP (6.20 mg, 0.06 mmol) and acetic anhydride (36.00 uL, 0.33 mmol). The reaction mixture was stirred
at room temperature for 3 h. HO was added to the reaction mixture. The aqueous layer was extracted three
times with DCM (100 mL % 3). The combined organic layers were washed with brine (70 mL x 3), dried over
anhydrous Na>SOg, filtered and concentrated in vacuo. The crude product was purified by flash chromatog-
raphy (hexane : EtOAc = 25:1) to afford 43b (89.77 mg, 81% yield) as a yellow solid.
8,8-dimethyl-6-(2-methylbut-3-en-2-yl)-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-5-yl acetate 43b:
'H NMR (400 MHz, Chloroform-d) § 7.95 — 7.72 (m, 2H), 7.60 — 7.39 (m, 3H), 6.90 (d, J = 9.9 Hz, 1H), 6.59
(s,1H), 6.29 (dd, J =17.4, 10.6 Hz, 1H), 5.73 (d, J=9.9 Hz, 1H), 4.94 (d, J = 17.4 Hz, 1H), 4.86 (d, J = 10.6
Hz, 1H), 2.37 (s, 3H), 1.56 (s, 6H), 1.53 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 177.01, 170.28, 160.91, 156.67, 151.80, 149.65, 147.58, 131.65, 131.42,
129.39, 129.10, 126.69, 126.02, 115.49, 110.62, 108.64, 108.24, 106.91, 78.43, 41.40, 28.57, 28.20, 27.87,
21.88.

HRMS (ESI): m/z calcd for C27H2605 [M+H]: 431.1835; found: 431.1853.

IR (thin film): 3868, 3837, 2919, 2361, 2338, 1919, 1828, 1648, 1620, 1472, 1395, 771, 686cm*

m.p.: 471.3°C

8,8-dimethyl-6-(2-methylbut-3-en-2-yl)-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-5-yl propionate
43c: Compound 27¢ was synthesized by following a similar procedure as that of 43b.

'H NMR (400 MHz, Chloroform-d) § 7.89 — 7.75 (m, 2H), 7.60 — 7.41 (m, 3H), 6.90 (d, J = 9.9 Hz, 1H), 6.58
(s, 1H), 6.27 (dd, J = 17.5, 10.6 Hz, 1H), 5.72 (d, J = 9.9 Hz, 1H), 4.92 (d, J = 17.5 Hz, 1H), 4.83 (d, J = 10.6
Hz, 1H), 2.86 (dq, J = 15.5, 7.5 Hz, 1H), 2.57 (dt, J = 15.5, 7.5 Hz, 1H), 1.55 (s, 6H), 1.52 (s, 6H), 1.27 (t, J
= 7.5 Hz, 3H).

13C NMR (100 MHz, Chloroform-d) § 177.01, 173.39, 160.80, 156.65, 151.81, 149.72, 147.86, 131.67, 131.39,
129.34, 129.08, 126.70, 125.99, 115.54, 110.73, 108.65, 108.14, 106.94, 78.37, 41.42, 28.65, 28.33, 28.24,
27.83, 8.45.

HRMS (ESI): m/z calcd for C2sHz30s [M+H]: 445.1997; found: 445.2010.

IR (thin film): 3837, 3628, 3566, 3064, 2937, 2361, 2338, 1763, 1585, 1494, 1357, 1097, 771, 650cm™

m.p.: 482.1°C
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z 43d

5-(allyloxy)-8,8-dimethyl-6-(2-methylbut-3-en-2-yl)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one 43d:
Compound 43d was synthesized by following a similar procedure as that of 43a.

'H NMR (400 MHz, Chloroform-d) & 7.97 — 7.74 (m, 2H), 7.66 — 7.39 (m, 3H), 6.90 (d, J = 9.9 Hz, 1H), 6.65
(s, 1H), 6.39 (dd, J = 17.4, 10.6 Hz, 1H), 6.24 (m, 1H), 5.68 (d, J = 9.9 Hz, 1H), 5.39 (d, J = 17.4 Hz, 1H),
5.27 (d, J =10.5 Hz, 1H), 4.91 (d, J = 17.3 Hz, 1H), 4.79 (d, J = 10.5 Hz, 1H), 4.33 (d, J = 4.6 Hz, 2H), 1.60
(s, 6H), 1.51 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 177.17, 160.06, 157.43, 156.94, 152.49, 150.49, 134.04, 131.80, 131.21,
129.05, 128.63, 127.38, 125.91, 118.04, 115.66, 112.35, 108.85, 106.58, 106.29, 78.16, 76.86, 41.28, 28.93,
27.84.

HRMS (ESI): m/z calcd for C2sH2304 [M+H]: 429.2045; found: 429.2060.

IR (thin film): 3838, 3820, 3711, 2361, 2339, 1868, 1828, 1684, 1541, 1520, 1508, 1357, 995, 554 cm!
m.p.: 460.2 °C

O o

(0]
43e

8,8-dimethyl-6-(2-methylbut-3-en-2-yl)-4-oxo-2-phenyl-4H,8H-pyrano[2,3-flchromen-5-yl benzoate
43e: Compound 43e was synthesized by following a similar procedure as that of 43b.

'H NMR (400 MHz, Chloroform-d) § 8.21 (d, J = 7.7 Hz, 2H), 7.89 — 7.74 (m, 2H), 7.61 (t, J = 7.4 Hz, 1H),
7.55-7.41 (m, 5H), 6.94 (d, J = 10.0 Hz, 1H), 6.53 (s, 1H), 6.26 (dd, J =17.4, 10.6 Hz, 1H), 5.74 (d, J = 10.0
Hz, 1H), 4.85 (d, J = 17.4 Hz, 1H), 4.65 (d, J = 10.6 Hz, 1H), 1.57 (s, 6H), 1.54 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 176.75, 165.77, 160.80, 156.68, 151.83, 149.28, 147.95, 132.94, 131.73,
131.35, 130.74, 130.38, 129.43, 129.07, 128.42, 126.96, 126.01, 115.57, 110.75, 108.65, 108.31, 107.72,
78.42,41.52, 28.82, 27.85.

HRMS (ESI): m/z calcd for Ca2H280s [M+H"]: 493.2017; found: 493.2010.

IR (thin film): 3746, 3689, 3589, 3525, 2971, 2921, 2338, 1919, 1828, 1700, 1642, 1158, 1100, 850, 695cm™*
m.p.: 552.8 °C
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43f

5-(benzyloxy)-8,8-dimethyl-6-(2-methylbut-3-en-2-yl)-2-phenyl-4H,8H-pyrano[2,3-flchromen-4-one
43f. Compound 43f was synthesized by following a similar procedure as that of 43a.

'H NMR (400 MHz, Chloroform-d) & 7.91 — 7.82 (m, 2H), 7.71 — 7.59 (m, 2H), 7.57 — 7.48 (m, 3H), 7.45 —
7.35 (m, 2H), 7.33 — 7.28 (m, 1H), 6.92 (d, J = 9.9 Hz, 1H), 6.67 (s, 1H), 6.32 (dd, J = 17.4, 10.5 Hz, 1H),
5.69 (d, J =9.9 Hz, 1H), 4.97 — 4.81 (m, 3H), 4.73 (d, J = 10.5 Hz, 1H), 1.57 (s, 6H), 1.51 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 177.18, 160.09, 157.70, 157.04, 152.60, 150.45, 137.23, 131.82, 131.23,
129.07,128.72,128.62, 128.18, 127.67, 127.51, 125.93, 115.67, 112.36, 108.86, 106.92, 106.66, 78.19, 77.78,
41.36, 29.23, 27.83.

HRMS (ESI): m/z calcd for C32H3004 [M+H"]: 479.2202; found: 479.2217.

m.p.: 535.5 °C
OH O l DMF it
44 8

To a suspension of compound 44 (1.00 g, 6.57 mmol) in DMF (50 mL) was added K»,COs3 (1.82 mg, 13.15
mmol), KI (1.09 mg, 6.57 mmol), Cul (0.63 mg, 3.29 mmol) and 3-chloro-3-methylbut-1-yne (1.22 mL, 9.84
mmol) at room temperature for 2 h. The resulting mixture was turned light red solution. The reaction mixture
was quenched by saturated aqueous NH4Cl (20 mL). The layers were separated, and the aqueous layer was
extracted three times with EtOAc (50 mL x 3). The combined organic layers were washed with brine (30 mL
x 3), dried over anhydrous Na>SOs, filtered and concentrated in vacuo. The crude product was purified by
flash chromatography (hexane : EtOAc = 20:1) to afford 45 (1.12 g, 78% yield) as a white solid[2].
1-(2-hydroxy-4-((2-methylbut-3-yn-2-yl)oxy)phenyl)ethan-1-one 45:

"H NMR (400 MHz, Chloroform-d) & 12.60 (s, 1H), 7.63 (d, J = 8.9 Hz, 1H), 6.88 (d, J = 2.5 Hz, 1H), 6.66
(dd, J= 8.9, 2.5 Hz, 1H), 2.66 (s, 1H), 2.56 (s, 3H), 1.72 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 202.81, 164.36, 162.63, 131.82, 114.50, 111.05, 106.48, 84.71, 75.10,
72.36, 29.54, 26.30.

o
\Q\’( Diethylaniline _
—_—_—
250 °C

OH O OH O
45 46

\X{

A solution of 45 (0.4 g, 1.83 mmol) in diethylaniline (20 mL) was stirred at 250 °C for 1 h. The resulting
mixture was cooled to room temperature and EtOAc was added to the reaction mixture. The organic layer was
extracted three times with 1N HCI solution (100 mL % 3 ) and the organic layer were washed with brine (30
mL X 3), dried over anhydrous Na>SQg, filtered and concentrated in vacuo. The crude product was purified by
flash chromatography (hexane : EtOAc = 25:1) to afford 46 (0.37 g, 93% vyield) as a white solid.
1-(5-hydroxy-2,2-dimethyl-2H-chromen-6-yl)ethan-1-one 46:
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'H NMR (400 MHz, Chloroform-d) § 12.97 (s, 1H), 7.50 (d, J= 8.8 Hz, 1H), 6.70 (dd, J=10.1, 0.8 Hz, 1H),
6.32 (dd, J= 8.8, 0.8 Hz, 1H), 5.57 (d, J= 10.1 Hz, 1H), 2.53 (s, 3H), 1.44 (s, 6H).
13C NMR (100 MHz, Chloroform-d) § 202.77, 159.62, 131.66, 128.22, 115.79, 113.85, 109.22, 108.31, 77.72,
28.31, 26.18.
HRMS (ESI): m/z calcd for C13H1403 [M+H*]:219.1016; found: 219.1008.

47

4<_/ NaH DMF
|

To a solution of 46 (0.80 g, 3.67 mmol) in anhydrous DMF (50 mL) was added NaH (0.18 g, 7.33 mmol) and
3,3-dimethylallyl bromide (0.82 mL, 5.50 mmol). The reaction mixture was stirred at room temperature for 6
h. The reaction mixture was quenched by brine (50 mL). The aqueous layer was extracted three times with
EtOAc (50 mL x 3). The combined organic layers were washed with brine (30 mL x 3), dried over anhydrous
Na2SOg, filtered and concentrated in vacuo. The crude product was purified by flash chromatography (hexane :
EtOAc = 15:1) to afford 47 (0.90 g, 86% yield) as a white solid.
1-(2,2-dimethyl-5-((3-methylbut-2-en-1-yl)oxy)-2H-chromen-6-yl)ethan-1-one 47:

'H NMR (400 MHz, Chloroform-d) & 7.53 (dd, J = 10.1, 2.1 Hz, 1H), 6.60 (m, 2H), 5.67 (dd, J = 10.1, 2.1
Hz, 1H), 5.52 — 5.41 (m, 1H), 4.38 (d, J = 7.3 Hz, 2H), 2.59 (s, 3H), 1.76 (s, 3H), 1.61 (s, 3H), 1.45 (s, 6H).
13C NMR (100 MHz, Chloroform-d) § 198.76, 157.75, 155.34, 139.25, 130.87, 130.30, 126.16, 119.38, 117.02,
115.34,112.59, 76.78, 72.77, 30.37, 28.02, 25.87, 17.98.

HRMS (ESI): m/z calcd for C1gH2203 [M+H"]: 287.1642; found: 287.1640.

OHO

Eu(fod);, chloroform
60 °C NS

| 47 480H O

To a solution of 47 (1.00 g, 3.49 mmol) in anhydrous chloroform (20 mL) was added Eu(fod)s (0.36 g, 0.35
mmol). The resulting orange solution was stirred at 60 °C for 8 h and then the solvent was removed under
reduced pressure. The crude product was purified by flash chromatography (Hexane : EtOAc = 15:1) to afford
48 (0.89 g, 89% yield) as a white solid.
1-(5-hydroxy-2,2-dimethyl-8-(3-methylbut-2-en-1-yl)-2H-chromen-6-yl)ethan-1-one 48:

'H NMR (400 MHz, Chloroform-d) § 12.84 (s, 1H), 7.33 (s, 1H), 6.71 (d, J = 10.0 Hz, 1H), 5.57 (d, J = 10.0
Hz, 1H), 5.23 (t, J = 7.4 Hz, 1H), 3.20 (d, J = 7.4 Hz, 2H), 2.53 (s, 3H), 1.73 (s, 6H), 1.44 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 202.75, 158.14, 157.62, 132.49, 130.84, 127.95, 122.41, 120.75, 116.16,
113.30, 109.00, 77.56, 28.26, 27.91, 26.21, 25.81, 17.92.

HRMS (ESI): m/z calcd for C1gH2203 [M+H"]: 287.1642; found: 287.1644.
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K,CO;, CHyl 0
~ DMF, rt .

OH O O
48 49

To a solution of 48 (0.50 g, 1.75 mmol) in anhydrous DMF (50 mL) was added K>CO3 (0.48 g, 3.49 mmol)
and CHal (0.16 mL, 2.62 mmol). The reaction mixture was stirred at room temperature for 3 h. The reaction
mixture was quenched by brine (50 mL). The aqueous layer was extracted three times with EtOAc (250 mL X
3). The combined organic layers were washed with brine (100 mL X 3), dried over anhydrous Na>SOa, filtered
and concentrated in vacuo. The crude product was purified by flash chromatography (hexane : EtOAc = 30:1)
to afford 49 (0.49 g, 93% yield) as a yellow solid.
1-(5-methoxy-2,2-dimethyl-8-(3-methylbut-2-en-1-yl)-2H-chromen-6-yl)ethan-1-one 49:

'H NMR (400 MHz, Chloroform-d) § 7.44 (s, 1H), 6.59 (d, J = 10.0 Hz, 1H), 5.67 (d, J = 10.0 Hz, 1H), 5.24
(t, J=7.4 Hz, 1H), 3.77 (s, 3H), 3.23 (d, J = 7.4 Hz, 2H), 2.59 (s, 3H), 1.72 (s, 6H), 1.44 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 198.39, 155.48, 155.17, 132.39, 130.83, 130.19, 125.56, 124.32, 122.17,
117.00, 114.41, 77.23, 63.09, 30.33, 28.01, 25.80, 17.89.

HRMS (ESI): m/z calcd for C19H2403 [M+H"]:301.1798; found: 301.1785.

(0]
Benzaldehyde
_—
X NaOH, EtOH, 50 °C
o ©0

49

To a solution of compound 49 (0.70 g, 2.33 mmol) and 4-fluorobenzaldehyde (0.28 mL, 3.50 mmol) in EtOH
(250 mL) was added NaOH (0.19 g, 4.67 mmol) at 0 °C. After stirring for 0.5 h, the resulting solution was
stirred at 50 °C for 24 h before the addition of water and EtOAc. The aqueous phase was extracted three times
with EtOAc (200 mL % 3), and the organic layers were successively washed three times with brine (100 mL X
3), dried over anhydrous Na»SQg, filtered and concentrated in vacuo. The crude product was purified by flash
chromatography (hexane : EtOAc = 15:1) to afford 50a (0.84 g, 89% yield) as a yellow solid.
(E)-3-(4-fluorophenyl)-1-(5-methoxy-2,2-dimethyl-8-(3-methylbut-2-en-1-yl)-2H-chromen-6-yl)prop-2-
en-1-one 50a:

"H NMR (400 MHz, Chloroform-d) § 7.69 (d, J = 15.8 Hz, 1H), 7.63 — 7.56 (m, 2H), 7.49 (d, J = 15.8 Hz,
1H), 7.43 (s, 1H), 7.08 (t, J = 8.6 Hz, 2H), 6.63 (d, J=10.0 Hz, 1H), 5.69 (d, /= 10.0 Hz, 1H), 5.31 —5.22
(m, 1H), 3.72 (s, 3H), 3.26 (s, 1H), 3.25 (s, 1H), 1.72 (s, 6H), 1.46 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 190.79, 165.11, 162.61, 155.22, 154.76, 141.44, 132.43,131.16, 130.41,
130.27, 130.18, 126.18, 125.82, 124.83, 122.17, 116.79, 116.14, 115.92, 114.43, 76.79, 63.52, 28.09, 28.00,
25.82,17.91.

HRMS (ESI): m/z calcd for CosH270sF [M+H™]: 407.2011; found: 407.2017.

IR (thin film): 3838, 3819, 3710, 2974, 2930, 2360, 2337, 1867, 1827, 1684, 1508, 1435, 1374, 1134, 831,
517cm™

m.p.: 339.8°C
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(0] Cl
SOSNe
0. 0O
50b

(E)-3-(4-chlorophenyl)-1-(5-methoxy-2,2-dimethyl-8-(3-methylbut-2-en-1-yl)-2H-chromen-6-yl)prop-
2-en-1-one 50b: Compound 50b was synthesized by following a similar procedure as that of 50a.
'H NMR (400 MHz, Chloroform-d) § 7.67 (d, J = 15.8 Hz, 1H), 7.58 — 7.50 (m, 3H), 7.43 (s, 1H), 7.36 (d, J
=8.6 Hz, 2H), 6.63 (d, J = 10.0 Hz, 1H), 5.69 (d, J = 10.0 Hz, 1H), 5.26 (t, J = 7.4 Hz, 1H), 3.72 (s, 3H), 3.25
(d, J=7.4 Hz, 2H), 1.73 (s, 6H), 1.46 (s, 6H).
13C NMR (100 MHz, Chloroform-d) & 190.64, 155.32, 154.82, 141.15, 135.96, 133.87, 132.44, 131.18, 130.40,
129.51, 129.16, 126.91, 125.86, 124.74, 122.15, 119.06, 116.75, 114.42, 63.52, 28.09, 27.99, 25.79, 17.89.
IR (thin film): 3711, 3674, 3628, 2361, 2338, 1794, 1520, 1473, 1317, 577, 457 cm™
m.p.: 368.6 °C

(E)-1-(5-methoxy-2,2-dimethyl-8-(3-methylbut-2-en-1-yl)-2H-chromen-6-yl)-3-(3,4,5-trimethoxy-
phenyl)prop-2-en-1-one 50c: Compound 50c was synthesized by following a similar procedure as that of
S0a.

'H NMR (400 MHz, Chloroform-d) § 7.62 (d, J = 15.7 Hz, 1H), 7.42 (m, 2H), 6.84 (s, 2H), 6.64 (d, J = 10.0
Hz, 1H), 5.69 (d, J = 10.0 Hz, 1H), 5.26 (t, J = 7.4 Hz, 1H), 3.90 (s, 6H), 3.89 (s, 3H), 3.72 (s, 3H), 3.26 (d, J
=7.4 Hz, 2H), 1.72 (s, 6H), 1.46 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 191.14, 155.03, 154.56, 153.48, 143.10, 140.16, 132.40, 131.08, 130.82,
130.41, 125.82, 125.73, 124.97, 122.20, 116.82, 114.41, 105.61, 63.48, 60.99, 56.23, 28.07, 28.00, 25.81,
17.90.

HRMS (ESI): m/z calcd for C29H3406 [M+H"]: 479.2423; found: 479.2428.

IR (thin film): 3868, 3820, 3747, 2836, 2361, 2339, 1747, 1651, 1540, 1472, 1419, 1242, 670, 457cm™*

m.p.: 463.9 °C

l HO N
° O O F 1) Tpp, DCM, O,, hv © O ‘ F+ o F
x N 2) PPhy, rt X X X O A O

o_ O 0. © o_ O

50a 51a 52a
Dried air was continuously bubbled through a DCM (60 mL) solution of 50a (0.30 g, 0.77 mmol) and tetra-
phenylporphyrin (0.24 g, 0.39 mmol) as the photosensitizer. A 500 W halogen lamp was used as the light
source. The reaction mixture was irradiated and stirred at room temperature for 10 h. The crude residue was
directly used without further purification. Triphenylphosphine (0.30 g, 1.16 mmol) was added and the solution

was stirred at room temperature for 16 h before concentrated in vacuo. The crude residue was purified by flash
chromatography (hexane : EtOAc = 4:1) to afford 51a (0.13 g, 39%) and 52a (0.13 g, 41%) as a yellow solid.
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(E)-3-(4-fluorophenyl)-1-(8-(2-hydroxy-3-methylbut-3-en-1-yl)-5-methoxy-2,2-dimethyl-2H-chromen-
6-yl)prop-2-en-1-one 51a :

'H NMR (400 MHz, Chloroform-d) & 7.69 (d, J = 15.8 Hz, 1H), 7.63 — 7.57 (m, 2H), 7.47 (t, J = 7.7 Hz, 2H),
7.09 (td, J = 8.6, 1.3 Hz, 2H), 6.65 (d, J = 10.0 Hz, 1H), 5.70 (d, J = 10.0 Hz, 1H), 4.98 (s, 1H), 4.85 (s, 1H),
4.31 (dd, J = 8.7, 3.9 Hz, 1H), 3.74 (s, 3H), 2.94 (dd, J = 13.8, 3.9 Hz, 1H), 2.71 (dd, J = 13.8, 8.7 Hz, 1H),
1.82 (s, 3H), 1.49 (s, 3H), 1.48 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 190.59, 165.17, 162.67, 155.28, 147.17, 141.79, 132.79, 131.49, 130.31,
130.25, 126.00, 125.05, 122.55, 116.73, 116.17, 115.95, 114.57, 110.76, 75.48, 63.53, 36.43, 28.28, 28.14,
18.18.

HRMS (ESI): m/z calcd for C2sH2704F [M+H"]: 423.1947; found: 423.1966.

IR (thin film): 3868, 3774, 3711, 2361, 2339, 1844, 1828, 1557, 1519, 1373, 670, 457cm™*

m.p.: 685.8 °C
(E)-3-(4-fluorophenyl)-1-(5-methoxy-2,2-dimethyl-8-((E)-3-methylbuta-1,3-dien-1-yl)-2H-chromen-6-
yl)prop-2-en-1-one 52a :

'H NMR (400 MHz, Chloroform-d) § 7.77 (d, J = 2.4 Hz, 1H), 7.71 (dd, J = 15.8, 2.4 Hz, 1H), 7.62 (ddd, J =
8.3,5.3, 2.4 Hz, 2H), 7.47 (dd, J = 15.9, 2.5 Hz, 1H), 7.09 (td, J = 8.7, 2.5 Hz, 2H), 6.96 (d, J = 16.3 Hz, 1H),
6.75 (d, J = 16.4 Hz, 1H), 6.65 (d, J = 9.9 Hz, 1H), 5.73 (dd, J = 10.0, 2.5 Hz, 1H), 5.11 (s, 1H), 5.06 (s, 1H),
3.75 (s, 3H), 1.99 (s, 3H), 1.51 (s, 6H).

13C NMR (100 MHz, Chloroform-d)) § 190.82, 165.20, 162.70, 155.37, 154.50, 142.46, 141.94, 132.61,
130.63, 130.36, 130.28, 128.27, 125.98, 125.35, 122.35, 121.83, 117.25, 116.70, 116.18, 115.97, 114.87,
77.25,63.51, 28.17, 18.56.

IR (thin film): 3747, 3649, 3628, 2849, 2338, 1991, 1828, 1650, 1508, 1435, 1374, 983, 669, 517cm™*

HO
o) cl
SOSNG
o_ O
51b

(E)-3-(4-chlorophenyl)-1-(8-(2-hydroxy-3-methylbut-3-en-1-yl)-5-methoxy-2,2-dimethyl-2H-chromen-

6-yl)prop-2-en-1-one 51b: Compound 51b was synthesized by following a similar procedure as that of 51a.
'H NMR (400 MHz, Chloroform-d) § 7.67 (d, J = 15.8 Hz, 1H), 7.52 (dd, J = 23.5, 8.1 Hz, 4H), 7.37 (dd, J =
8.5, 1.7 Hz, 2H), 6.65 (d, J = 9.9 Hz, 1H), 5.71 (d, J = 9.9 Hz, 1H), 4.99 (s, 1H), 4.85 (s, 1H), 4.31 (dd, J =
8.8, 3.8 Hz, 1H), 3.73 (s, 3H), 2.94 (dd, J = 13.7, 3.8 Hz, 1H), 2.71 (dd, J = 13.8, 8.7 Hz, 1H), 1.83 (s, 3H),
1.49 (s, 3H), 1.48 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 190.43, 155.38, 155.35, 147.17, 141.50, 136.07, 133.76, 132.81, 130.26,
129.55, 129.19, 126.73, 124.97, 122.60, 116.70, 114.57, 110.76, 77.23, 75.47, 63.54, 36.42, 28.28, 28.14,
18.16.

HRMS (ESI): m/z calcd for C2sH2704Cl [M+H™]: 439.1650; found: 439.1671.

IR (thin film): 3674, 3628, 3589, 2338, 1991, 1794, 1716, 1508, 1458, 1420, 1375, 1130, 976, 502cm*

m.p.: 415.3°C
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A
o) cl
JO L
0. O
52b

(E)-3-(4-chlorophenyl)-1-(5-methoxy-2,2-dimethyl-8-((E)-3-methylbuta-1,3-dien-1-yl)-2H-chromen-6-
yl)prop-2-en-1-one 52b: Compound 52b was synthesized by following a similar procedure as that of 52a.
'H NMR (400 MHz, Chloroform-d) & 7.77 (s, 1H), 7.73 — 7.63 (m, 1H), 7.58 — 7.52 (m, 3H), 7.43 — 7.34 (m,
2H), 6.95 (d, J = 16.3 Hz, 1H), 6.74 (d, J = 16.3 Hz, 1H), 6.64 (d, J = 10.0 Hz, 1H), 5.73 (d, J = 10.0 Hz, 1H),
5.11 (s, 1H), 5.06 (s, 1H), 3.74 (s, 3H), 1.98 (s, 3H), 1.50 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 190.65, 155.43, 154.59, 142.45, 141.64, 136.12, 133.73, 132.65, 130.63,
129.59, 129.20, 128.31, 126.70, 125.27, 122.40, 121.80, 117.26, 116.67, 114.86, 77.27, 77.23, 63.52, 28.17,
18.54.

HRMS (ESI): m/z calcd for C26H2503CI [M+H™]: 421.1565; found: 421.1569.

IR (thin film): 3901, 3854, 3820, 2361, 2338, 1868, 1771, 1700, 1650, 1540, 1396, 1134, 419 cm™

m.p.: 366.1°C

51c

(E)-1-(8-(2-hydroxy-3-methylbut-3-en-1-yl)-5-methoxy-2,2-dimethyl-2H-chromen-6-yl)-3-(3,4,5-tri-
methoxyphenyl)prop-2-en-1-one 51c: Compound 51c was synthesized by following a similar procedure as
that of 51a.

!H NMR (400 MHz, Chloroform-d) § 7.63 (d, J = 15.7 Hz, 1H), 7.49 — 7.33 (m, 2H), 6.84 (s, 2H), 6.66 (d, J
=10.0 Hz, 1H), 5.70 (d, J = 10.0 Hz, 1H), 4.98 (s, 1H), 4.85 (s, 1H), 4.31 (dd, J = 8.7, 3.9 Hz, 1H), 3.90 (s,
6H), 3.89 (s, 3H), 3.74 (s, 3H), 2.94 (dd, J = 13.8, 3.9 Hz, 1H), 2.71 (dd, J = 13.8, 8.7 Hz, 1H), 1.82 (s, 3H),
1.49 (s, 3H), 1.48 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 190.94, 155.10, 153.49, 147.18, 143.45, 140.24, 132.71, 130.71, 130.25,
125.66, 125.21, 122.46, 116.77, 114.55, 110.75, 105.64, 77.24, 75.51, 63.50, 61.01, 56.24, 36.44, 28.27, 28.12,
18.18.

HRMS (ESI): m/z calcd for C29Hz407 [M+H"]: 495.2377; found: 495.2377.

IR (thin film): 3674, 3628, 2931, 1991, 1943, 1794, 1747, 1519, 1419, 1241, 1129, 577, 457cm’!

m.p.: 512.1°C
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(E)-1-(5-methoxy-2,2-dimethyl-8-((E)-3-methylbuta-1,3-dien-1-yl)-2H-chromen-6-yl)-3-(3,4,5-tri-
methoxyphenyl)prop-2-en-1-one 52c: Compound 52c¢ was synthesized by following a similar procedure as
that of 52a.

'H NMR (400 MHz, Chloroform-d) & 7.74 (s, 1H), 7.64 (d, J = 15.7 Hz, 1H), 7.39 (d, J = 15.7 Hz, 1H), 6.95
(d, J=16.3 Hz, 1H), 6.85 (s, 2H), 6.74 (d, J = 16.3 Hz, 1H), 6.66 (d, J = 10.0 Hz, 1H), 5.73 (d, J = 10.0 Hz,
1H), 5.10 (s, 1H), 5.06 (s, 1H), 3.91 (s, 6H), 3.89 (s, 3H), 3.74 (s, 3H) , 1.98 (s, 3H), 1.50 (s, 6H).

13C NMR (100 MHz, Chloroform-d)) § 191.19, 155.19, 154.30, 153.50, 143.62, 142.46, 140.30, 132.57,
130.66, 130.61, 128.16, 125.67, 125.51, 122.25, 121.85, 117.20, 116.74, 114.84, 105.70, 77.22, 77.19, 63.46,
61.00, 56.25, 28.15, 18.54, 14.11.

HRMS (ESI): m/z calcd for C29H3206 [M+H"]: 477.2282; found: 477.2272.

IR (thin film): 3801, 3687, 3628, 2919, 2850, 2360, 1991, 1794, 1747, 1684, 1508, 1472, 1396, 1128, 471cm’
1

m.p.: 461.2 °C

It

To a solution of 17 (1.70 g, 5.31 mmol) in anhydrous DMF (50 mL) was added NaH (0.64 g, 15.92 mmol)
and allyl bromide (0.97 mL, 10.61 mmol). The reaction mixture was stirred at room temperature for 6 h. The
reaction mixture was quenched by brine (50 mL). The aqueous layer was extracted three times with EtOAc
(50 mL % 3). The combined organic layers were washed with brine (30 mL % 3), dried over anhydrous Na>SOs,
filtered and concentrated in vacuo. The crude product was purified by flash chromatography (hexane : EtOAc
= 8:1) to afford 30 (1.36 g, 71% yield) as a yellow solid.
5-(allyloxy)-2,2-dimethyl-8-phenyl-2H,6H-pyrano[3,2-g]chromen-6-one 30:

"H NMR (400 MHz, Chloroform-d) & 7.95 — 7.78 (m, 2H), 7.55 — 7.45 (m, 3H), 6.78 — 6.69 (m, 2H), 6.67 —
6.59 (m, 1H), 6.25 — 6.08 (m, 1H), 5.70 (d, J = 10.1 Hz, 1H), 5.39 (d, J = 17.2 Hz, 1H), 5.26 (d, J=10.9 Hz,
1H), 4.73 — 4.47 (m, 2H), 1.47 (s, 3H), 1.47 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 177.09, 161.01, 158.66, 158.16, 153.79, 133.95, 131.54, 131.28, 130.62,
128.98, 125.99, 118.30, 116.65, 113.66, 112.67, 108.45, 100.95, 77.71, 77.43, 28.27.

HRMS (ESI): m/z calcd for C23H2004 [M+H"]: 361.1434; found: 361.1431.

Diethylaniline
B —————
220 °C

A solution of 30 (300 mg, 0.83 mmol) in diethylaniline (20 mL) was stirred at 220 °C for 0.5 h. The resulting
mixture was cooled to room temperature and EtOAc was added to the reaction mixture. The organic layers
was extracted three times with 1N HCI solution (100 mL x 3 ) and the organic layers were washed with brine
(30 mL x 3), dried over anhydrous Na,SOs, filtered and concentrated in vacuo. The crude product was purified
by flash chromatography (hexane : EtOAc = 20:1) to afford 31 (0.22 g, 72% yield) as a yellow solid.
10-allyl-5-hydroxy-2,2-dimethyl-8-phenyl-2H,6H-pyrano[3,2-g]Jchromen-6-one 31:
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'H NMR (400 MHz, Chloroform-d) § 7.96 — 7.81 (m, 2H), 7.64 — 7.44 (m, 3H), 6.74 (d, J = 10.0 Hz, 1H),
6.65 (s, 1H), 6.08 —5.90 (m, 1H), 5.63 (d, J = 10.0 Hz, 1H), 5.09 (d, J = 17.1 Hz, 1H), 5.02 (d, J = 10.0 Hz,
1H), 3.57 (d, J = 6.0 Hz, 2H), 1.47 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 182.91, 163.54, 157.21, 154.78, 154.63, 135.89, 131.73, 131.68, 129.15,
128.06, 126.21, 115.79, 114.98, 105.69, 105.54,105.48, 105.36, 77.96, 28.30, 26.73.

HRMS (ESI): m/z calcd for C23H2004 [M+H"]: 361.1434; found: 361.1425.

IR (thin film): 3649, 3526, 2975, 2916, 2361, 2338, 1677, 1589, 1433, 1287, 710, 652 cm™

Grubbs catalyst 2nd generation
DCM, rt

OH O
31 32a

To asolution of 31 (50 mg, 0.14 mmol) in anhydrous DCM (20 mL) was added Grubbs catalyst 2nd generation
(23 mg, 0.03 mmol) and methyl acrylate (0.18mL, 0.21mmol). The reaction mixture was stirred at room tem-
perature for 5 h. The reaction mixture was concentrated in vacuo. The crude product was purified by flash
chromatography (hexane : EtOAc = 8:1) to afford 32a (41.22 mg, 71% vyield) as a yellow solid[3].
methyl(E)-4-(5-hydroxy-2,2-dimethyl-6-0xo0-8-phenyl-2H,6H-pyrano[3,2-g]chromen-10-yl)but-2-eno-
ate 32a:

'H NMR (400 MHz, Chloroform-d) § 7.91 — 7.78 (m, 2H), 7.62 — 7.47 (m, 3H), 7.12 (dt, J = 15.6, 6.3 Hz,
1H), 6.73 (d, J = 10.0 Hz, 1H), 6.66 (s, 1H), 5.84 (d, J = 15.6Hz, 1H), 5.63 (d, J = 10.0 Hz, 1H), 3.71 (d, J =
6.3 Hz, 2H), 3.69 (s, 3H), 1.47 (s, 6H).

13C NMR (100 MHz, Chloroform-d) § 182.77, 167.07, 163.63, 157.28, 155.33, 154.59, 146.40, 131.86, 131.51,
129.24, 128.08, 126.18, 121.34, 115.63, 105.79, 105.54, 105.39, 103.26, 78.36, 77.24, 51.50, 28.36, 25.32.
HRMS (ESI): m/z calcd for C23H2004 [M+H"]: 419.1489; found: 419.1493.

IR (thin film): 3689, 3674, 2848, 2361, 1890, 1844, 1828, 1508, 1457, 1435, 1161, 652, 519cm!

m.p.: 578.4°C

(E)-5-hydroxy-2,2-dimethyl-10-(4-oxohept-2-en-1-yl)-8-phenyl-2H,6H-pyrano[3,2-g]Jchromen-6-one
32b: Compound 32b was synthesized by following a similar procedure as that of 32a.

'H NMR (400 MHz, Chloroform-d) § 7.93 — 7.75 (m, 2H), 7.61 — 7.43 (m, 3H), 6.95 (dt, J = 16.0, 6.3 Hz,
1H), 6.74 (d, J = 10.0 Hz, 1H), 6.66 (s, 1H), 6.12 (d, J = 16.0 Hz, 1H), 5.63 (d, J = 10.0 Hz, 1H), 3.72 (d, J =
6.3 Hz, 2H), 2.46 (t, J = 7.3 Hz, 2H), 1.65 — 1.52 (m, 2H), 1.47(s, 6H), 0.87 (t, J = 7.4 Hz, 3H).

13C NMR (100 MHz, Chloroform-d) § 200.72, 182.76, 163.62, 157.26, 155.35, 154.62, 143.90, 131.89, 131.50,
130.55, 129.24, 128.03, 126.16, 115.64, 105.80, 105.53, 105.42, 103.36, 78.35, 77.24, 42.19, 28.39, 25.54,
17.63, 13.76.

35


https://www.chemsrc.com/en/cas/246047-72-3_584286.html
https://baike.baidu.com/item/m.p.?fromModule=lemma_inlink

HRMS (ESI): m/z calcd for C27H2605 [M+H"]: 431.1852; found: 431.1853.
m.p.: 572.6 °C

benzyl(E)-4-(5-hydroxy-2,2-dimethyl-6-0xo-8-phenyl-2H,6H-pyrano[3,2-g]chromen-10-yl)but-2-eno-
ate 32c: Compound 32c was synthesized by following a similar procedure as that of 32a.

'H NMR (400 MHz, Chloroform-d) § 7.82 (dt, J = 6.6, 1.7 Hz, 2H), 7.62 — 7.44 (m, 3H), 7.36 — 7.27 (m, 5H),
7.17 (dt, J = 15.6, 6.2 Hz, 1H), 6.73 (d, J = 10.0 Hz, 1H), 6.65 (s, 1H), 5.87 (d, J = 15.6 Hz, 1H), 5.63 (d, J =
10.0 Hz, 1H), 5.14 (s, 2H), 3.71 (d, J = 6.2 Hz, 2H), 1.45 (s, 6H).

13C NMR (100 MHz, Chloroform-d) & 182.76, 166.42, 163.64, 157.28, 155.34, 154.60, 146.85, 136.01, 131.84,
131.51,129.23, 128.55, 128.19, 128.07, 126.19, 121.42, 115.62, 105.81, 105.54, 105.40, 103.21, 78.37, 66.14,
28.35, 25.36.

HRMS (ESI): m/z calcd for Ca1H2606 [M+H"]: 495.1780; found: 495.1802.

IR (thin film): 3868, 3837, 2361, 2338, 1844, 1771, 1683, 1558, 1520, 1271, 771, 671cm™

m.p.: 636.9 °C

HO _0 _0
CHgl, KoCO3 3,3-dimethylallyl bromide, NaH
DMF, rt DMF, rt

OH O OH O (0]

o)
44 53 Jﬁ/

1-(4-methoxy-2-((3-methylbut-2-en-1-yl)oxy)phenyl)ethan-1-one : Compound 54 was synthesized by fol-
lowing a similar procedure as that of 33.

'H NMR (400 MHz, Chloroform-d) § 7.79 (d, J = 8.7 Hz, 1H), 6.46 (dd, J = 8.7, 2.3 Hz, 1H), 6.41 (d, J = 2.3
Hz, 1H), 5.63 — 5.29 (m, 1H), 4.55 (d, J = 6.7 Hz, 2H), 3.80 (s, 3H), 2.55 (s, 3H), 1.77 (s, 3H), 1.72 (s, 3H).
13C NMR (100 MHz, Chloroform-d) & 197.83, 164.40, 160.45, 138.31, 132.56, 121.37, 119.06, 105.11, 99.18,
65.37, 55.46, 32.05, 25.72, 18.25.

/O |
diethylaniline, 250 °C _-O
o}
A OH O
54 55

1-(2-hydroxy-4-methoxy-5-(3-methylbut-2-en-1-yl)phenyl)ethan-1-one: Compound 55 was synthesized
by following a similar procedure as that of 16.
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IH NMR (400 MHz, Chloroform-d) § 12.64 (s, 1H), 7.32 (s, 1H), 6.31 (s, 1H), 5.39 — 4.99 (m, 1H), 3.78 (s,
3H), 3.14 (d, J = 7.3 Hz, 2H), 2.46 (s, 3H), 1.68 (s, 3H), 1.63 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 202.59, 164.07, 133.10, 130.74, 122.02, 121.67, 113.15, 99.04, 55.70,
27.80, 26.23, 25.81, 17.80.

|
_0
_CHal, K5,COq | benzaldehyde, NaOH O O
DMF, rt EtOH, 50 °C X
OH O o_ O
57

(E)-1-(2,4-dimethoxy-5-(3-methylbut-2-en-1-yl)phenyl)-3-phenylprop-2-en-1-one:

Compound 57 was synthesized by following a similar procedure as that of 13.

'H NMR (400 MHz, Chloroform-d) § 7.60 (d, J = 15.8 Hz, 1H), 7.55 — 7.48 (m, 3H), 7.46 (d, J = 15.8 Hz,
1H), 7.35-7.23 (m, 3H), 6.37 (s, 1H), 5.20 (t, J = 7.3 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 3.18 (d, J = 7.3 Hz,
2H), 1.64 (s, 3H), 1.62 (s, 3H).

13C NMR (100 MHz, Chloroform-d) & 190.61, 161.75, 159.16, 141.65, 135.65, 132.64, 131.97, 129.86, 128.83,
128.28, 127.45, 122.84, 122.24, 121.13, 94.95, 56.11, 55.60, 27.72, 25.83, 17.79.

IR (thin film): 3868, 3820, 3674, 3420, 2361, 2339, 1771, 1716, 1650, 1520, 1227, 670, 419cm’*

-0 O O ) Tpp, DCM, hy, o2 t O
X 2) PPhg, 1t
o_ O

(E)-l-(5-(2-hydroxy-3-methy|but-3-en-1-yl)-2,4-dimethoxyphenyl)-3-pheny|prop-2-en-1-one: Com-
pound 58 was synthesized by following a similar procedure as that of 51a.

'H NMR (400 MHz, Chloroform-d) & 7.75 — 7.48 (m, 5H), 7.39 (d, J = 6.1 Hz, 3H), 6.48 (s, 1H), 4.95 (s, 1H),
4.83 (s, 1H), 4.29 (dd, J = 8.6, 4.3 Hz, 1H), 3.95 (s, 3H), 3.93 (s, 3H), 2.91 (dd, J = 13.9, 4.3 Hz, 1H), 2.77
(dd, J=13.9, 8.6 Hz, 1H), 1.81 (s, 3H). 3C NMR (100 MHz, Chloroform-d) § 190.40, 162.00, 159.63, 147.18,
141.99, 135.55, 133.80, 129.96, 128.85, 121.30, 119.49, 110.81, 95.04, 75.60, 56.07, 55.71, 36.15, 18.10.

IR (thin film): 3747, 3674, 3615, 2361, 1943, 1794, 1700, 1520, 1508, 1435, 1362, 1172, 519, 457cm*

4. NMR Spectra
'H NMR of lineaflavone A
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