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Synthetic procedures and characterization data for the compound 3
(@) O

OMe

3

Hex-5-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (3)

A flame-dried 100 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (10 mL), 3,5-Dimethoxyphenylacetic Acid (1) (1.0 g, 5.1 mmol), 5-
Hexen-1-ol (2) (721 pL, 6.1 mmol), and Mukaiyama reagent (2-Chloro-1-methylpyridinium
iodide) (1.56 g, 6.1 mmol). The mixture was stirred at room temperature for 15 min. Then,
TEA (2.13 mL, 15.3 mmol) was slowly added to the mixture, and the mixture was stirred at
room temperature for 20 h. The reaction mixture was filtered and purified by flash column
chromatography (hexane/EtOAc, 9:1) to give 3 (1.08 g, 76%).

TLC Rs= 0.57 (hexane/EtOAc, 7:3). *H NMR (400 MHz, CD30D) & 6.43 (d, J = 2.3 Hz, 1H,
H-4; 1H, H-8), 6.37 (t, J = 2.3 Hz, 1H, H-6), 5.77 (m, 1H, H-5"), 4.98 (m, 2H, H-6"), 4.93 (m,
2H, H-6"), 4.09 (t, J = 6.4 Hz, 2H, H-1"), 3.75 (s, 3H, H-5 OMe; 3H, H-7 OMe), 3.52 (s, 2H,
H-2), 2.04 (m, 2H, H-4"), 1.62 (m, 2H, H-2'), 1.40 (m, 2H, H-3"); *C NMR (100 MHz, CD3;0D)
o 173.4, 162.4, 162.4, 139.5, 137.7, 115.2, 108.3, 108.3, 100.0, 65.8, 55.7, 55.7, 42.3,
34.3,,29.1, 26.3; HRESIMS m/z 279.1596 [M + H]" (calcd for C16H2304, 279.1596).
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Figure S1. NMR spectrums of Hex-5-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (3)
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Synthetic procedures and characterization data for the compound 4
0:_0

MeO

OMe O CI

4

Hex-5-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-dimethoxyphenyl)acetate (4)

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with
anhydrous DCM (3 mL), and 3-chloropropanoyl chloride (9) (87 uL, 0.9 mmol) was added.
After cooling to —78 <C, SnCls (1 M in DCM, 906 uL, 0.9 mmol) was added and stirred for 15
min. Compound 3 (194 mg, 0.7 mmol) was dissolved in DCM (3 mL) and added to the reaction
mixture. The reaction temperature was then raised to —20 < and stirred for 2 h. After
completion of the reaction, the reactant was poured into a separatory funnel filled with ice (3
g) and H20 (3 mL), and extraction was performed by adding DCM. The obtained organic layer
was washed with sat. ag. NaHCOs (4 mL) and H20 (4 mL), dried with MgSOs, filtered, and
concentrated using a rotary evaporator. The reaction mixture was purified using flash column
chromatography (hexane/EtOAc, 9:1) to obtain 4 (144 mg, 56%).

TLC Ri= 0.42 (hexane/EtOAc, 7:3). 'H NMR (400 MHz, CDCl3)  6.41 (d, J = 2.3 Hz, 1H,
H-6), 6.37 (d, J = 2.3 Hz, 1H, H-4), 5.78 (m, 1H, H-5"), 5.00 (m, 2H, H-6"), 4.95 (m, 2H, H-6"),
4.08 (t, J =6.9 Hz, 2H, H-1"), 3.84 (s, 3H, H-5 OMe), 3.82 (s, 3H, H-7 OMe), 3.82 (m, 2H, H-
11), 3.67 (s, 2H, H-2), 3.35 (t, J = 7.1 Hz, 2H, H-10), 2.05 (m, 2H, H-4"), 1.64 (m, 2H, H-2"),
1.43 (m, 2H, H-3"); ¥*C NMR (100 MHz, CDCls) § 202.5, 171.5, 162.0, 159.5, 138.5, 135.8,
122.8, 114.9, 108.6, 97.6, 65.0, 55.8, 55.6, 47.1, 39.5, 39.2, 33.4, 28.1, 25.5; HRESIMS m/z
369.1476 [M + H]" (calcd for C19H26ClOs, 369.1469).
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Figure S2. NMR spectrums of Hex-5-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-
dimethoxyphenyl) acetate (4)
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Synthetic procedures and characterization data for the compound 5
0s_O

Hex-5-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (5)

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (170 mL), and compound 4 (2.96 g, 8.0 mmol) was added. TEA (2.24
mL, 16 mmol) was added, and the mixture was stirred at room temperature overnight. The
reaction mixture, to which sat. ag. NH4Cl was added, was extracted with DCM (3 <75 mL)
using a separatory funnel. The obtained organic layer was dried over MgSQsg, filtered, and
concentrated using a rotary evaporator. The reaction mixture was purified using flash column
chromatography (hexane/EtOAc, 8:2) to obtain 5 (2.37 g, 89%).

TLC Ri= 0.42 (hexane/EtOAc, 7:3). *H NMR (400 MHz, CDCls) § 6.68 (dd, J = 17.4, 10.5
Hz, 1H, H-10), 6.42 (d, J = 2.3 Hz, 1H, H-4), 6.40 (d, J = 2.3 Hz, 1H, H-6), 6.09 (dd, J = 17.4,
1.4 Hz, 2H, H-11), 5.79 (m, 2H, H-11), 5.76 (m, 1H, H-5"), 4.99 (m, 2H, H-6"), 4.94 (m, 2H,
H-6"), 4.05 (t, J = 6.9 Hz, 2H, H-1"), 3.82 (s, 3H, H-5 OMe), 3.77 (s, 3H, H-7 OMe), 3.61 (s,
2H, H-2), 2.04 (m, 2H, H-4'), 1.40 (m, 2H, H-3"); 3C NMR (100 MHz, CDCl3) 5 195.8, 171.2,
161.8, 159.3, 138.5, 138.2, 135.5, 128.5, 122.3, 114.9, 107.9, 97.7, 64.9, 55.8, 38.9, 33.3, 28.1,
25.2; HRESIMS m/z 333.1632 [M + H]* (calcd for C19H250s5, 333.1702).
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Figure S3. NMR spectrums of Hex-5-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (5)
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Synthetic procedures and characterization data for the compound 6
0s_0O

MeO

OMe O

6
(E)-11,13-dimethoxy-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-2,10(1H)-
dione (6)

Anhydrous toluene (790 mL) was charged into a flame-dried 2000 mL round-bottom flask
equipped with a magnetic stir bar, and compound 5 (1.04 g, 3.15 mmol) was added. Argon gas
was bubbled through the mixture for 2h. After bubbling, Grubbs 11 (534 mg, 20 mol%) catalyst
dissolved in toluene (40 mL) was added and stirred at 80 <C for 1 h. The reaction mixture was
concentrated using a rotary evaporator and purified using flash column chromatography
(hexane/EtOAC, 8:2) to obtain a separated mixture of 6 (335 mg, 35%) and 7 (95 mg, 10%).
(35%, E-isomer)

TLC Ri= 0.38 (hexane/EtOAc, 6:4). 'H NMR (400 MHz, CDCls) 8 6.55 (d, J = 1.8, 1H, H-
4),6.53 (d, J=2.3, 1H, H-6), 6.46 (dd, J = 15.8, 7.8, 1H, H-11), 6.21 (dt, J = 15.6, 1.2 Hz, 1H,
H-10), 4.06 (t, J = 4.6, 2H, H-15), 3.83 (s, 3H, H-5 OMe), 3.75 (s, 3H, H-7 OMe), 3.40 (s, 2H,
H-2), 2.31 (m, 2H, H-14), 1.71 (m, 2H, H-12; 2H, H-13); *C NMR (100 MHz, CDCls3) § 201.3,
172.2,162.8, 159.4, 159.0, 133.9, 133.7, 125.6, 108.3, 98.5, 68.1, 56.2, 56.0, 40.1, 34.8, 28.3,
27.2; HRESIMS m/z 305.1378 [M + H]* (calcd for C17H210s, 305.1389).
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Synthetic procedures and characterization data for the compound 7

0.0

MeO

OMe O

;
11,13-dimethoxy-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-2,10(1H)-dione
(7)

Anhydrous toluene (790 mL) was charged into a flame-dried 2000 mL round-bottom flask
equipped with a magnetic stir bar, and compound 5 (1.04 g, 3.15 mmol) was added. Argon gas
was bubbled through the mixture for 2h. After bubbling, Grubbs 11 (534 mg, 20 mol%) catalyst
dissolved in toluene (40 mL) was added and stirred at 80 <C for 1 h. The reaction mixture was
concentrated using a rotary evaporator and purified using flash column chromatography
(hexane/EtOAcC, 8:2) to obtain a separated mixture of 6 (335 mg, 35%) and 7 (95 mg, 10%).
(10%, Z-isomer)

TLC Rs= 0.48 (hexane/EtOAc, 6:4). *H NMR (400 MHz, CDCls) § 6.47 (m, 1H, H-10), 6.41
(m, 1H, H-4), 6.37 (m, 1H, H-6), 5.90 (dt, J = 11.9, 8.2 Hz, 1H, H-11), 4.01 (m, 2H, H-15),
3.83 (s, 3H, H-5 OMe), 3.74 (s, 3H, H-7 OMe), 3.41 (s, 2H, H-2), 2.29 (m, 2H, H-12), 1.60 (m,
2H, H-13), 1.60 (m, 2H, H-14); ¥C NMR (100 MHz, CDCls) & 197.6, 170.7, 161.7, 159.3,
144.1,134.4,133.1, 124.5, 108.0, 97.9, 67.6, 56.0, 55.6, 39.3, 28.2, 27.6, 24.8; HRESIMS m/z
305.1378 [M + H]* (calcd for C17H210s, 305.1389).
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Synthetic procedures and characterization data for the compound 8

(E)-11-hydroxy-13-methoxy-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-
2,10(1H)-dione (8)

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with
anhydrous ACN (10 mL), followed by adding compound 6 (200 mg, 0.66 mmol), Al powder
(178 mg, 6.57 mmol), and DMSO (233 pL, 3.29 mmol). Iodine (551 mg, 2.17 mmol) was
added, and the mixture was stirred at 80 T for 1 h. After completion of the reaction, the mixture
was cooled to room temperature and diluted with ag. HCI (2 M, 5 mL). The mixture was
extracted with EtOAc (3 <20 mL) using a separatory funnel, and the organic layer was dried
over MgSQg. After filtration, the mixture was concentrated using a rotary evaporator, and the
reaction mixture was purified using flash column chromatography (hexane/EtOAc, 7:3) to
obtain 8 (140 mg, 73%).

TLC Rs= 0.53 (hexane/EtOAc, 1:1). *H NMR (600 MHz, CDCls) § 6.70 (m, 1H, H-10), 6.60
(m, 1H, H-11), 6.42 (d, J = 2.6 Hz, 1H, H-6), 6.33 (t, J = 2.9 Hz, 1H, H-4), 4.17 (dd, J = 6.2,
2.5 Hz,, 2H, H-15), 3.83 (s, 3H, OMe), 3.82 (s, 2H, H-2), 2.45 (m, 2H, H-14), 1.83 (m, 2H, H-
12; 2H, H-13); 13C NMR (150 MHz, CDCl3) § 196.0, 171.3, 167.0, 164.3, 148.1, 137.4, 131.7,
114.0, 113.6, 100.4, 66.3, 55.5, 43.9, 32.8, 27.1, 26.7; HRESIMS m/z 291.1223 [M + H]* (calcd
for C16H1905, 291.1232).
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Figure S6. NMR spectrums of (E)-11-hydroxy-13-methoxy-4,5,6,7-tetrahydro-2H-
benzo[d][1]oxacyclododecine-2,10(1H)-dione (8)
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Synthetic procedures and characterization data for the compound 11
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11

pent-4-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (11)

A flame-dried 100 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (10 mL), 3,5-Dimethoxyphenylacetic Acid (1) (1.0 g, 5.1 mmol), 4-
Penten-1-ol (10) (620 pL, 6.1 mmol), and Mukaiyama reagent (2-Chloro-1-methylpyridinium
iodide) (1.56 g, 6.1 mmol). The mixture was stirred at room temperature for 15 min. Then,
TEA (2.13 mL, 15.3 mmol) was slowly added to the mixture, and the mixture was stirred at
room temperature for 20 h. The reaction mixture was filtered and purified by flash column
chromatography (hexane/EtOAc, 9:1) to give 11 (876 mg, 65%).

TLC Ri= 0.60 (hexane/EtOAc, 7:3). 'H NMR (400 MHz, CDCl3)  6.44 (d, J = 2.3 Hz, 1H,
H-4; 1H, H-8), 6.37 (t, J = 2.3 Hz, 1H, H-6), 5.77 (m, 1H, H-4"), 5.00 (m, 2H, H-5"), 4.97 (m,
2H, H-5"), 4.10 (t, J = 6.6 Hz, 2H, H-1"), 3.78 (s, 3H, H-5 OMe; 3H, H-7 OMe), 3.55 (s, 2H,
H-2"), 2.09 (m, 2H, H-3"), 1.72 (m, 2H, H-2"); *C NMR (100 MHz, CDCls) § 171.5, 161.0,
161.0, 137.5, 136.3, 115.4, 107.4, 107.4, 99.3, 64.4, 55.4, 55.4, 41.8, 30.1, 27.9; HRESIMS
m/z 265.1437 [M + H]" (calcd for CisH2104, 265.1440).
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Figure S7. NMR spectrums of pent-4-en-1-yl 2-(3,5-dimethoxyphenyl)acetate (11)
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Synthetic procedures and characterization data for the compound 12

12

pent-4-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-dimethoxyphenyl)acetate (12)

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (156 mL), and 3-chloropropanoyl chloride (9) (3.5 mL, 36.9 mmol) was
added. After cooling to —78 <C, SnCls (1 M in DCM, 37 mL, 36.9 mmol) was added, and the
mixture was stirred for 15 min. Compound 11 (7.5 g, 28.4 mmol) was dissolved in DCM (156
mL) and added to the reaction mixture. The reaction temperature was then raised to —20 <C and
stirred for 1 h 30 min. After completion of the reaction, the reactant was poured into a
separatory funnel filled with ice (150 g) and H20 (150 mL), and extraction was performed by
adding DCM. The obtained organic layer was washed with sat. aq. After washing with NaHCOs3
(100 mL) and H20O (100 mL), the mixture was dried with MgSOQsg, filtered, and concentrated
using a rotary evaporator. The reaction mixture was purified using flash column
chromatography (hexane/EtOAc, 9:1) to obtain 12 (7.85 g, 78%).

TLC Re= 0.5 (hexane/EtOAc, 7:3). 'H NMR (400 MHz, CDCl3) § 6.41 (d, J = 2.3 Hz, 1H,
H-6), 6.37 (d, J = 2.3 Hz, 1H, H-4), 5.78 (m, 1H, H-4"), 5.02 (m, 2H, H-5"), 4.97 (m, 2H, H-5"),
4.09 (t, J=6.6 Hz, 2H, H-1"), 3.84 (s, 3H, H-5 OMe), 3.82 (s, 3H, H-7 OMe), 3.81 (m, 2H, H-
11), 3.67 (s, 2H, H-2), 3.35 (t, J = 7.1 Hz, 2H, H-10), 2.10 (m, 2H, H-3"), 1.72 (m, 2H, H-2");
13C NMR (100 MHz, CDCl3) § 202.5, 171.5, 162.1, 159.5, 137.6, 135.8, 122.8, 115.4, 108.6,
97.6, 64.5, 55.8, 55.6, 47.1, 39.5, 39.2, 30.1, 27.9; HRESIMS m/z 355.1286 [M + H]" (calcd
for C18H24ClOs, 355.1312).

S46



E¥ vF SF 9F Lt 8% 6F 0F

UDOKT: WO 8 T X

i

T
oot

T
[}

T
ag

T
(U3

T
ap

T
[

T
Lo

T
oL

T
L)

T
[

ammpmaqe

S47



12

]

T T T
sro Lo o sro o EUD EN0

T
1o

T T
B0 o

aLpLm

T T T T T T }
o wo o soon Wwroo o ooo o )

- gerts per Mittion - Carbonl

S48



ETU0RED U R0 2 )

T
[}

T
ro

T
[4Y

AL

S49



a 'y J i.
Al i Jl | 7:

L - +»3x B

)
L ]
o
E-!
4

49 45 47 46 45 44 4342 41 4035 35 T

[N,7

s
af¥
=

A

1§y %

W6 0L B¢ 0E 1 Ok [H [ 't [ [ [
st wop g : wo g sail gl ;g

S50



Eoa e
*
- i . ]
Ll I L 1 A
® o n
a i
< @ @ ® :
g@
@ ¥ ® *
a
-]
—= c@@
- &
o L3
o
-] Ll -
s @ * 5
E @ ¢ 3
| 4
= i o g A @ S
o @ e
:<‘
W6 OC 0 0 RO 001 00 G0E 0O0F 00¢ 00 G0¢ 002 006 0000 CAIT 0GLL OGET GO0 0G50 000 O0LL 0L 0061 n'qu (iR
anntp Frnoquey : wam g ool ool g

S51



i
.
iz

43 45 4T 4E a3 a1l a0 3B 8 a7

TOEIEIETEE 664636261 60595857

W& we WE WE @1 | 60T G0z WOE  @OF 05 608 GOL 008 G06 0800 G000 GOFT UOET GOF 0050 G0AT UNLT GG 006l rrﬁ?r Wit
e I oque;y s wop gy o sanl sk

Figure S8. NMR spectrums of pent-4-en-1-yl 2-(2-(3-chloropropanoyl)-3,5-
dimethoxyphenyl)acetate (12)
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Synthetic procedures and characterization data for the compound 13

13

pent-4-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (13)

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (214 mL), and compound 12 (3.61 g, 10.2 mmol) was added. TEA (2.84
mL, 20.4 mmol) was then added, and the mixture was stirred at room temperature overnight.
The reaction mixture, to which sat. ag. NH4Cl was added, was extracted with DCM (3 <100
mL) using a separatory funnel. The obtained organic layer was dried over MgSOsa, filtered, and
concentrated using a rotary evaporator. The reaction mixture was purified using flash column
chromatography (hexane/EtOAc, 8:2) to obtain 13 (2.85 g, 88%).

TLC Ri= 0.78 (hexane/EtOAc, 6:4). *H NMR (400 MHz, CDCls) § 6.69 (dd, J = 17.4, 10.5
Hz, 1H, H-10), 6.42 (d, J = 2.3 Hz, 1H, H-4), 6.41 (d, J = 2.3 Hz, 1H, H-6), 6.09 (dd, J = 17.4,
1.4 Hz, 2H, H-11), 5.79 (m, 2H, H-11), 5.76 (m, 1H, H-4"), 4.97 (m, 2H, H-5'), 4.05 (t, J = 6.6
Hz, 2H, H-1'), 3.82 (s, 3H, H-5 OMe), 3.77 (s, 3H, H-7 OMe), 3.61 (s, 2H, H-2), 2.07 (m, 2H,
H-3"), 1.69 (m, 2H, H-2"); *°C NMR (100 MHz, CDCls) § 195.8, 171.2, 161.8, 159.3, 138.2,
137.6, 135.5, 128.5, 122.3, 115.3, 107.9, 97.7, 64.4, 55.8, 55.5, 38.9, 30.1, 27.8; HRESIMS
m/z 319.1517 [M + H]* (calcd for C1sH230s, 319.1545).
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Figure S9. NMR spectrums of pent-4-en-1-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate

(13)
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Synthetic procedures and characterization data for the compound 14
0s_O

14

(E)-10,12-dimethoxy-5,6-dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (14)

Anhydrous toluene (1084 mL) was charged into a flame-dried 2000 mL round-bottom flask
equipped with a magnetic stir bar, and compound 13 (1.38 g, 4.33 mmol) was added. Argon
gas was bubbled through the mixture for 2h. After bubbling, Grubbs 11 (735 mg, 20 mol%)
catalyst dissolved in toluene (40 mL) was added and stirred at 80 <C for 1 h. The reaction
mixture was concentrated using a rotary evaporator and purified using flash column
chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 14 (502 mg, 40%) and
15 (163 mg, 13%). (40%, E-isomer)

TLC Rs= 0.44 (hexane/EtOAC, 6:4). *H NMR (400 MHz, CDCls) § 6.43 (s, 1H, H-4; 1H, H-
6), 6.38 (m, 1H, H-11), 6.25 (td, J = 16.0, 1.4 Hz, 1H, H-10), 4.29 (m, 2H, H-14), 3.84 (s, 3H,
H-5 OMe), 3.76 (s, 3H, H-7 OMe), 3.36 (s, 2H, H-2), 2.45 (m, 2H, H-12), 2.36 (m, 2H, H-12),
2.02 (m, 2H, H-13), 1.78 (m, 2H, H-13); 1*C NMR (100 MHz, CDCls) & 197.9, 171.1, 161.3,
157.8, 155.8, 133.2, 132.5, 122.9, 108.4, 97.9, 65.1, 56.1, 55.6, 40.3, 31.1, 26.9; HRESIMS
m/z 291.1132 [M + H]* (calcd for C16H190s, 291.1232).
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Figure S10. NMR spectrums of (E)-10,12-dimethoxy-5,6-
dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (14)
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Synthetic procedures and characterization data for the compound 15
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10,12-dimethoxy-5,6-dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (15)

Anhydrous toluene (1084 mL) was charged into a flame-dried 2000 mL round-bottom flask
equipped with a magnetic stir bar, and compound 13 (1.38 g, 4.33 mmol) was added. Argon
gas was bubbled through the mixture for 2h. After bubbling, Grubbs 11 (735 mg, 20 mol%)
catalyst dissolved in toluene (40 mL) was added and stirred at 80 <C for 1 h. The reaction
mixture was concentrated using a rotary evaporator and purified using flash column
chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 14 (502 mg, 40%) and
15 (163 mg, 13%). (13%, Z-isomer);

TLC Rs= 0.58 (hexane/EtOAC, 6:4). *H NMR (400 MHz, CDCls) § 6.49 (s, 1H, H-4; 1H, H-
6), 6.38 (m, 1H, H-11), 5.93 (m, 1H, H-10), 4.29 (m, 2H, H-14), 3.84 (s, 3H, H-5 OMe), 3.76
(s, 3H, H-7 OMe), 3.36 (s, 2H, H-2), 2.45 (m, 2H, H-12), 2.36 (m, 2H, H-12), 2.02 (m, 2H, H-
13), 1.80 (m, 2H, H-13); 3C NMR (100 MHz, CDCls) § 197.9, 171.1, 161.3, 157.8, 140.4,
133.2, 132.5, 122.9, 108.4, 97.9, 65.1, 56.1, 55.6, 40.3, 31.1, 26.9; HRESIMS m/z 291.1132
[M + H]" (calcd for C16H190s, 291.1232).

S67



N\

15

™

ol 0
SOLIHP LI

IRy

ARBERERURLRERLNED!

ERLE

KLU

il
§i

ISR RN R AR

y
.

=
r4
=
=
=
E

EHL T

o

]

[

1

&

=

&

=

T M0 0B 0B B A P A B

znaTMennan

M s

GHEE B

EREs

I 20\l

nuzE s

i Bt

1

Dprtge

T

S68




g
@ = wiih
T
&= Genanl
[
_-mm

T SIEEL

Fs—sean
o — U9 i1

Fie s

FE—carn
—
E

T T T
ane ooz oot o
CHLppLREIOT)

parts par Million : Carbonl3

X

Figure S11. NMR spectrums of 10,12-dimethoxy-5,6-
dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (15)
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Synthetic procedures and characterization data for the compound 16
0O

16
(E)-10-hydroxy-12-methoxy-5,6-dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-
dione (16)

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with
anhydrous ACN (10 mL), followed by adding compound 14 (204 mg, 0.70 mmol), Al powder
(190 mg, 7.03 mmol), and DMSO (250 pL, 3.51 mmol). Iodine (589 mg, 2.32 mmol) was
added, and the mixture was stirred at 80 <C for 30 min. After completion of the reaction, the
mixture was cooled to room temperature and diluted with ag. HCI (2 M, 5 mL). The mixture
was extracted with EtOAc (3 <20 mL) using a separatory funnel, and the organic layer was
dried over MgSOa. After filtration, the mixture was concentrated using a rotary evaporator, and
the reaction mixture was purified using flash column chromatography (hexane/EtOAc, 7:3) to
obtain 16 (77 mg, 40%).

TLC R= 0.55 (hexane/EtOAc, 1:1). *H NMR (600 MHz, CDCls) & 6.45 (d, J = 2.5 Hz, 1H,
H-4), 6.40 (d, J = 2.5 Hz, 1H, H-6), 6.36 (dt, J = 16.3, 1.5 Hz, 1H, H-10), 5.91 (dt, J = 16.2,
7.0 Hz, 1H, H-11), 4.31 (t, J = 6.0 Hz, 2H, H-14), 3.83 (s, 3H, OMe), 3.46 (s, 2H, H-2), 2.40
(m, 2H, H-12), 1.97 (m, 2H, H-13); 1*C NMR (150 MHz, CDCls) § 200.6, 171.7, 164.4, 163.6,
147.0,137.3,131.7,116.1, 113.5, 100.3, 64.8, 55.7, 42.2, 30.5, 24.6; HRESIMS m/z 277.0906
[M + H]" (calcd for C1sH170s, 277.1076).

S70



GF6°
86"
5667
656"
G96°
TLe”
bLe”
186"
pa6”
9BE"
68E°
L
00F"
90F"
BOF”
LTR"
0eER”
E9F°
£E8”
Lee”

iRt= LT RNt RV IV R R T R R T BT R T T BT I S RS R R i e G R s B R R R e e R e e e e ]

=
rs)
o
r

908707

S71

pPpm




£9°FT

bS 0€

L7GG —

957E9T
PP e9T —"

65007 ——

16

S72

ppm

40

T T T T T
180 160 140 120 100

T
200




98°'1

OH O

16

S73

ppm

180 160 140 120 100 80 60 40 20

200



cl

wdd ¢ Z € v 9 6 0L LI
NF 1 1 1 1 | | 1 |
LL .
0L
m |
m -

N —

. o‘%
9 4 0 @ -6
m -
v - ° ‘#..‘v.
ﬂ - .+

. o o
N £ S

o
F E .
° I L[]
wdd L ] T

S74



wdd

00g

081 -

091

oL

0ZL

00}

02

cl

wdd

S75



ppm
— 100
120
- 140
- 160
180
— 200

ppm

Ly

IR

Figure S12. NMR spectrums of (E)-10-hydroxy-12-methoxy-5,6-
dihydrobenzo[d][1]oxacycloundecine-2,9(1H,4H)-dione (16)
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Synthetic procedures and characterization data for the compound 18
Os_O

18

(S)-hept-6-en-2-yl 2-(3,5-dimethoxyphenyl)acetate (18)

A flame-dried 100 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (10 mL), 3,5-Dimethoxyphenylacetic Acid (1) (4.0 g, 20.4 mmol), (S)-
hept-6-en-2-ol (17) (2.87 mL, 21.4 mmol), and Mukaiyama reagent (2-Chloro-1-
methylpyridinium iodide) (5.47 g, 21.4 mmol). The mixture was stirred at room temperature
for 15 min. Then, TEA (8.53 mL, 61.2 mmol) was slowly added to the mixture, and the mixture
was stirred at room temperature for 20 h. The reaction mixture was filtered and purified by
flash column chromatography (hexane/EtOAc, 95:5) to obtain 18 (3.88 g, 65%).

TLC R¢= 0.67 (hexane/EtOAc, 7:3). *H NMR (400 MHz, CD30D) & 6.43 (d, J = 2.3 Hz, 1H,
H-4; 1H, H-8), 6.37 (t, J = 2.3 Hz, 1H, H-6), 5.74 (m, 1H, H-5'), 4.96 (m, 2H, H-6"), 4.93 (m,
1H, H-1'), 4.90 (m, 2H, H-6"), 3.75 (s, 3H, H-5 OMe; 3H, H-7 OMe), 3.52 (s, 2H, H-2), 1.99
(m, 2H, H-4"), 1.54 (m, 2H, H-2'), 1.34 (m, 2H, H-3"), 1.20 (d, J = 6.4 Hz, 3H, H-7'); °C NMR
(100 MHz, CD30D) 6 173.1, 162.4,162.4, 139.6, 137.8, 115.1, 108.3, 108.3, 100.0, 72.7, 55.7,
55.7, 42.8, 36.4, 34.5, 25.7, 20.2; HRESIMS m/z 293.1761 [M + H]* (calcd for C17H2504,
293.1753).
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Figure S13. NMR spectrums of (S)-hept-6-en-2-yl 2-(3,5-dimethoxyphenyl)acetate (18)
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Synthetic procedures and characterization data for the compound 19
0.0

19

(S)-hept-6-en-2-yl 2-(2-(3-chloropropanoyl)-3,5-dimethoxyphenyl)acetate (19)

A flame-dried 500 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (89 mL), and 3-chloropropanoyl chloride (9) (2 mL, 21 mmol) was added.
After cooling to —78 <C, SnCl4 (1 M in DCM, 21 mL, 21 mmol) was added and stirred for 15
min. Compound 18 (4.73 g, 16.2 mmol) was dissolved in DCM (89 mL) and added to the
reaction mixture. The reaction temperature was then raised to —20 <C and stirred for 2 h 30 min.
After completion of the reaction, the reactant was poured into a separatory funnel filled with
ice (100 g) and H20 (100 mL), and extraction was performed by adding DCM. The obtained
organic layer was washed with sat. ag. After washing with NaHCOs3 (70 mL) and H2O (70 mL),
the mixture was dried with MgSOs, filtered, and concentrated using a rotary evaporator. The
reaction mixture was purified using flash column chromatography (hexane/EtOAc, 9:1) to
obtain 19 (4.5 g, 72%).

TLC Rs= 0.5 (hexane/EtOAc, 7:3). *H NMR (600 MHz, CDCls) & 6.40 (d, J = 2.3 Hz, 1H,
H-6), 6.37 (d, J = 2.3 Hz, 1H, H-4), 5.78 (m, 1H, H-5"), 5.00 (m, 2H, H-6"), 4.95 (m, 2H, H-6'),
4.89 (m, 2H, H-1"), 3.83 (s, 3H, H-5 OMe), 3.82 (m, 2H, H-11), 3.81 (s, 3H, H-7 OMe), 3.67
(s, 2H, H-2), 3.35 (t, J = 7.1 Hz, 2H, H-10), 2.03 (m, 2H, H-4"), 1.58 (m, 2H, H-2"), 1.49 (m,
2H, H-2"), 1.38 (m, 2H, H-3"), 1.21 (d, J = 6.4 Hz, 3H, H-7"); 1°C NMR (150 MHz, CDCl3) §
202.3,170.9, 161.8, 159.2, 138.4, 135.6, 122.6, 114.6, 108.2, 97.3, 71.4, 55.6, 55.3, 46.9, 39.3,
39.2, 35.2, 33.4, 24,5, 19.8; HRESIMS m/z 383.1616 [M + H]* (calcd for C2oH2sClOs,
383.1625).
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Figure S14. NMR spectrums of (S)-hept-6-en-2-yl 2-(2-(3-chloropropanoyl)-3,5-
dimethoxyphenyl)acetate (19)
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Synthetic procedures and characterization data for the compound 20

Oy O
_o
XN
o_ O
20

(S)-hept-6-en-2-yl 2-(2-acryloyl-3,5-dimethoxyphenyl)acetate (20)

A flame-dried 250 mL round-bottom flask equipped with a magnetic stir bar was charged
with anhydrous DCM (176 mL), and compound 19 (2.7 g, 8.48 mmol) was added. TEA (2.36
mL, 16.96 mmol) was then added, and the mixture was stirred at room temperature overnight.
The reaction mixture, to which sat. ag. NH4CIl was added, was extracted with DCM (3 = 80
mL) using a separatory funnel. The obtained organic layer was dried over MgSOs, filtered, and
concentrated using a rotary evaporator. The reaction mixture was purified using flash column
chromatography (hexane/EtOAc, 9:1) to obtain 20 (1.55 g, 63%).

TLC Ri= 0.60 (hexane/EtOAc, 6:4). *H NMR (600 MHz, CDCls) § 6.68 (dd, J = 17.4, 10.5
Hz, 1H, H-10), 6.43 (d, J = 2.3 Hz, 1H, H-4), 6.41 (d, J = 2.3 Hz, 1H, H-6), 6.09 (dd, J = 17.4,
1.4 Hz, 2H, H-11), 5.79 (m, 2H, H-11), 5.76 (m, 1H, H-5'), 4.96 (m, 2H, H-6'), 4.94 (m, 2H,
H-6"), 4.88 (m, 2H, H-1"), 3.83 (s, 3H, H-5 OMe), 3.78 (s, 3H, H-7 OMe), 3.60 (s, 2H, H-2),
2.03 (m, 2H, H-4"), 1.57 (m, 2H, H-2"), 1.36 (m, 2H, H-3"), 1.18 (d, J = 6.4 Hz, 3H, H-7); 13C
NMR (150 MHz, CDCl3) 6 195.8,170.7, 161.6, 159.1, 138.5, 138.1, 135.4, 128.5, 122.2, 114.6,
107.6, 97.5, 71.4, 55.6, 55.4, 38.9, 35.2, 33.4, 24.5, 19.9; HRESIMS m/z 347.1882 [M + H]*
(calcd for C2oH270s, 347.1858).
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Figure S15. NMR spectrums of (S)-hept-6-en-2-yl 2-(2-acryloyl-3,5-
dimethoxyphenyl)acetate (20)
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Synthetic procedures and characterization data for the compound 21
OO

21
(S,E)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-
2,10(1H)-dione (21)

Anhydrous toluene (909 mL) was charged into a flame-dried 2000 mL round-bottom flask
equipped with a magnetic stir bar, and compound 20 (1.26 g, 3.64 mmol) was added. Argon
gas was bubbled through the mixture for 2h. After bubbling, Grubbs Il (618 mg, 20 mol%)
catalyst dissolved in toluene (40 mL) was added and stirred at 80 <C for 1 h. The reaction
mixture was concentrated using a rotary evaporator and purified using flash column
chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 21 (475 mg, 41%) and
22 (185 mg, 16%). (41%, E-isomer)

TLC Rs= 0.38 (hexane/EtOAc, 6:4). *H NMR (400 MHz, CD30D) & 6.54 (d, J = 2.3 Hz, 1H,
H-4), 6.53 (d, J = 2.3 Hz, 1H, H-6), 6.48 (dd, J = 15.6, 7.8 Hz, 1H, H-11), 6.21 (dt, J = 15.6,
1.2 Hz, 1H, H-10), 4.89 (m, 1H, H-15), 3.83 (s, 3H, H-5 OMe), 3.75 (s, 3H, H-7 OMe), 3.37
(s, 2H, H-2), 2.33 (m, 2H, H-12), 2.20 (m, 2H, H-12), 1.90 (m, 2H, H-13), 1.80 (m, 2H, H-14),
1.49 (m, 2H, H-14), 1.42 (m, 2H, H-13), 1.15 (d, J = 6.4 Hz, 3H, H-16); *C NMR (100 MHz,
CD30D) 6 201.2,172.0, 162.8, 159.4, 159.0, 134.1, 133.8, 123.4, 108.3, 98.5, 74.5, 56.3, 56.0,
40.2,35.1,35.0, 25.5, 20.5; HRESIMS m/z 319.1466 [M + H]* (calcd for C1gH230s, 319.1545).
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Figure S16. NMR spectrums of (S,E)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-
benzo[d][1]oxacyclododecine-2,10(1H)-dione (21)
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Synthetic procedures and characterization data for the compound 22
0s_0O

22
(S)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-benzo[d][1]oxacyclododecine-
2,10(1H)-dione (22)

Anhydrous toluene (909 mL) was charged into a flame-dried 2000 mL round-bottom flask
equipped with a magnetic stir bar, and compound 20 (1.26 g, 3.64 mmol) was added. Argon
gas was bubbled through the mixture for 2h. After bubbling, Grubbs 11 (618 mg, 20 mol%)
catalyst dissolved in toluene (40 mL) was added and stirred at 80 <C for 1 h. The reaction
mixture was concentrated using a rotary evaporator and purified using flash column
chromatography (hexane/EtOAc, 8:2) to obtain a separated mixture of 21 (475 mg, 41%) and
22 (185 mg, 16%). (16%, Z-isomer)

TLC Rs= 0.45 (hexane/EtOAc, 6:4). 'H NMR (400 MHz, CD30D) § 6.53 (d, J = 1.8 Hz, 1H,
H-4), 6.51 (d, J = 2.3 Hz, 1H, H-6), 6.37 (dt, J = 12.4, 1.6 Hz, 1H, H-10), 5.99 (dt, J = 12.4,
8.2 Hz, 1H, H-11), 4.80 (m, 1H, H-15), 3.83 (s, 3H, H-5 OMe), 3.78 (s, 3H, H-7 OMe), 3.37
(s, 2H, H-2), 1.40-2.25 (m, 2H, H-12; 2H, H-13; 2H, H-14), 1.13 (d, J = 6.4 Hz, 3H, H-16);
13C NMR (100 MHz, CD30D) 6 199.9, 171.8, 163.6, 160.6, 146.3, 135.2, 133.8, 125.4, 109.4,
98.5, 75.2, 56.5, 56.0, 40.1, 31.9, 28.4, 26.0, 19.8; HRESIMS m/z 319.1466 [M + H]* (calcd
for C1gH230s5, 319.1545).
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Figure S17. NMR spectrums of (S)-11,13-dimethoxy-4-methyl-4,5,6,7-tetrahydro-2H-
benzo[d][1]oxacyclododecine-2,10(1H)-dione (22)
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Synthetic procedures and characterization data for the compound 23
0s_O

23
(S,E)-11-hydroxy-13-methoxy-4-methyl-4,5,6,7-tetrahydro-2H-
benzo[d][1]oxacyclododecine-2,10(1H)-dione (23)

A flame-dried 50 mL round-bottom flask equipped with a magnetic stir bar was charged with
anhydrous ACN (15 mL), followed by adding compound 21 (163 mg, 0.51 mmol), Al powder
(138 mg, 5.12 mmol), and DMSO (181 pL, 2.55 mmol). Iodine (427 mg, 1.68 mmol) was
added, and the mixture was stirred at 80 <C for 30 min. After completion of the reaction, the
mixture was cooled to room temperature and diluted with ag. HCI (2 M, 5 mL). The mixture
was extracted with EtOAc (3 <20 mL) using a separatory funnel, and the organic layer was
dried over MgSOa. After filtration, the mixture was concentrated using a rotary evaporator, and
the reaction mixture was purified using flash column chromatography (hexane/EtOAc, 7:3) to
obtain 23 (70 mg, 45%).

TLC Re= 0.64 (hexane/EtOAc, 1:1). *H NMR (400 MHz, CDCls) § 6.67 (dd, J = 16.5, 1.0
Hz, 1H, H-10), 6.62 (ddd, J = 15.1, 8.2, 3.6 Hz, 1H, H-11), 6.41 (d, J = 2.8 Hz, 1H, H-6), 6.32
(d, J=2.8Hz, 1H, H-4), 4.85 (m, 1H, H-15), 4.04 (d, J = 17.9 Hz, 2H, H-2), 3.82 (s, 3H, OMe),
3.54 (d, J = 17.9 Hz, 2H, H-2), 2.47 (m, 2H, H-12), 2.32 (m, 2H, H-12), 1.97 (m, 2H, H-14),
1.89 (m, 2H, H-13), 1.65 (m, 2H, H-14), 1.64 (m, 2H, H-13), 1.24 (d, J = 6.4 Hz, 3H, H-16);
13C NMR (100 MHz, CDCl3) & 196.4, 171.3, 166.9, 164.4, 148.3, 137.6, 131.5, 114.3, 113.6,
100.6, 72.7, 55.6, 44.2, 34.1, 32.8, 24.2, 20.1; HRESIMS m/z 305.1411 [M + H]" (calcd for
C17H210s, 305.1389).

S101



[ ¥ wao

1.0

L MN

— |

/
AN

OH O ]
=
=

T T T T T T T T

azl ot 001 6 o oL oo 0% ot o€ oz o

ompmap

arts per Million :

X:p

S102



/ =]
8
—
o —— ESCHE
OH O b &— o6z
—ye
- EBESE
=T canise
— &
<t
o ek
o — DELG
J—
el
Fe——ecear
Fe
e
—
p—
& — ZEU RS
Fe—immi
S p— T
H
T T T T T
wni R oos oo une ooz ool

o
(EppUIRENO)

: Carbonl 3

ion

-
i
i
:

S103




100

Fa— o
H

—_— W

J—
— Ol
— o
-

J—-TT

e — 2ol

1

11

— EOCELL

1200

130.0
|
3

140.0

o —— LOE B

T
ra

T
G0

T
=200

T
L0

T
o0

T
SO0

o

T
E00

200

T
oo o

0.0
0
A
OH O
23

T T T T T
10°0- 20°0- e0ror WY0- S00r 90'0- Lo
sempung

thonl3

< Ca

X :partzper Million

S104




sbundencs

i)

i)

L

121120 1‘; ].IE 1716151413 1211

LB M Uit it
21313029282726252423 22

34331312

g

T
454847 464544434741 4035938373635

T
5

5837

38

8 67 66 65 64 63 6161 &0 59

oot

AUBpLTLE

U

e

i) D
uojory : uenppy wd nowd ;g

S105




(i)

ST

L1

md & @

8
g

o )
f
a

=

; a
o

0494847464544434241403

LR ﬂ
AOLBpITLEH

GOEOUE o0 00 G0 G0r 008 006 0001 o0l qdzr w0ET qIR W v 0T v'asT oiler v'dn
g

4
[y orpy ad nmd: L

S106




E
E

LOMAL SRS Ritss ht Ml s Load Ml it Lt e et L
1524232211201518 615 ik Ve 0 002 004 Q05 Q08 O

L.
g

! a
1201918171615141312111

dade

AEy

— =+

LISRALMAAAE i 1At S iy Lkiad s el Lt Mt L Bt LAl
513045 4847464544434741403938373635

T
543332

727170 &5 €8 6.7 66 65 6.4 63

X : pertspar Miftion : Prokn

T
7574 73

B 0Ol ooz G0f  o0p 005 009 00p @08 | 006 0000 G011 00% 00T G0k poel
DU £ Twogm: o wd nmd:

Figure S18. NMR spectrums of (S,E)-11-hydroxy-13-methoxy-4-methyl-4,5,6,7-
tetrahydro-2H-benzo[d][1]oxacyclododecine-2,10(1H)-dione (23)
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