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 S1 

 

General 

All reactions involving air- and moisture-sensitive reagents were carried out using standard 

syringe-septum cap techniques. Unless otherwise noted, all solvents and reagents were obtained 

from commercial suppliers and used without further purification. Routines monitoring of 

reactions were carried out Merck silica gel 60 F254 TLC plates. Column chromatography was 

performed on Kanto Chemical Silica Gel 60N (spherical, neutral 60–230 μm) with the solvents 

indicated. Melting points were taken on a Yanako MP-S3 micro melting point apparatus and are 

uncorrected. 1H and 13C NMR spectra were measured with a JASCO EZC 400S (400 MHz) 

spectrometer. Chemical shifts were expressed in ppm using CHCl3 (7.26 ppm for 1H NMR, 77.0 

ppm for 13C NMR) in CDCl3 and CH3OH (3.31 ppm for 
1
H NMR, 49.0 ppm for 

13
C NMR) in 

CD3OD as internal standard. Infrared spectral measurements were carried out with a JASCO 

FT/IR-4700 and only noteworthy absorptions were listed. HRMS spectra measured on a 

Micromass LCT spectrometer. Oil bath was used in reactions that require heating and each 

temperature indicates oil bath temperature. 

 

 

Experimental procedure 

 

synthetic scheme of known compound 8 

 

 

 

2-iodobenzene-1,3-diol (S1) 

 

 

 

To a stirred solution of resorcinol (5.00 g, 45.5 mmol) in H2O (50 mL) were added I2 (17.3 g, 68.1 



 S2 

mmol) and NaHCO3 (4.20 g, 50.0 mmol) at 0 ºC under Ar atmosphere, and the mixture was stirred 

for 1 h at room temperature. The reaction mixture was extracted with AcOEt (twice). The 

combined organic layers were washed with brine, dried over MgSO4 and concentrated in vacuo. 

The resulting residue was purified by silica gel column chromatography (AcOEt, 100%) to afford 

S1 (7.94 g, 74%) as a white solid. 

1H NMR (400 MHz, CDCl3) δ 5.28 (s, 2H) , 6.56 (d, J = 8.2 Hz, 2H), 7.11 (t, J = 8.2 Hz, 1H). 

 

 

2-((trimethylsilyl)ethynyl)benzene-1,3-diol (S2) 

 

 

 

To a stirred solution of S1 (3.00 g, 12.7 mmol) in THF (90 mL) were added CuI (483 mg, 2.54 

mmol), Pd(PPh3)4 (1.00 g, 0.865 mmol), trimethylsilylacetylene (3.80 ml, 26.9 mmol) and Et3N 

(8.80 mL, 63.1 mmol) at room temperature under Ar atmosphere, and the mixture was stirred for 

12 h at 50 ºC. The reaction mixture was quenched with sat. NH4Cl aq. and extracted with AcOEt 

(twice). The combined organic layers were washed with brine, dried over MgSO4 and 

concentrated in vacuo. The resulting residue was purified by silica gel column chromatography 

(Hexane-AcOEt, 7:1) to afford S2 (1.69 g, 64%) as a brown solid. 

1H NMR (400 MHz, CDCl3) δ 0.30 (s, 9H) , 5.58 (s, 2H), 6.51 (d, J = 8.2 Hz, 2H), 7.12 (t, J = 8.2 

Hz, 1H). 

 

 

2-ethynylbenzene-1,3-diol (8) 

 

 

 

To a stirred solution of S2 (1.32 g, 6.40 mmol) in MeOH (140 mL) was added KF (744 mg, 12.8 

mmol) at room temperature, and the mixture was stirred for 0.5 h at 50 ºC. The reaction mixture 
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was quenched with sat. NH4Cl aq. and extracted with AcOEt (twice). The combined organic layers 

were washed with brine, dried over MgSO4 and concentrated in vacuo. The resulting residue was 

purified by silica gel column chromatography (Hexane-AcOEt, 3:1) to afford 8 (790 mg, 92%) as 

a brown solid. 

1H NMR (400 MHz, CDCl3) δ 3.81 (s, 1H) , 5.61 (s, 2H) , 6.52 (d, J = 8.2 Hz, 2H), 7.15 (t, J = 

8.2 Hz, 1H). 

 

 

2-ethynyl-1,3-phenylene diacetate (9) 

 

 

 

To a stirred solution of 8 (578 mg, 4.31 mmol) in THF (10 mL) were added DMAP (105 mg, 

0.859 mmol), Ac2O (1.60 mL, 16.9 mmol) and Et3N (1.20 mL, 8.61 mmol) at room temperature 

under Ar atmosphere, and the mixture was stirred for 20 min at the same temperature. The reaction 

mixture was quenched with H2O and extracted with AcOEt (twice). The combined organic layers 

were washed with brine, dried over MgSO4 and concentrated in vacuo. The resulting residue was 

purified by silica gel column chromatography (Hexane-AcOEt, 3:1) to afford 9 (854 mg, 91%) as 

a white solid. 

m.p. 105-108 ºC; IR (KBr) 3282, 1770, 1607, 1456, 1025, 903, 830, 745, 664 cm–1; 1H NMR (400 

MHz, CDCl3) δ 2.34 (s, 6H), 3.41 (s, 1H), 7.03 (d, J = 8.2 Hz, 2H), 7.37 (t, J = 8.2 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 20.8(2C), 85.6(2C), 119.9(3C), 129.7(2C), 152.9(2C), 168.5(2C); 

HRMS (ESI–TOF) Calcd for C12H10O4Na [M+Na]+ 241.0471. Found 241.0475. 

 

 

2-(3-(((tert-butyldimethylsilyl)oxy)methyl)but-3-en-1-yn-1-yl)-1,3-phenylene diacetate (11) 
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To a stirred solution of 9 (1.41 g, 6.46 mmol) in THF (30 mL) were added CuI (246 mg, 1.29 

mmol), Pd(PPh3)4 (523 mg, 0.453 mmol), 10 (1.90 g, 7.76 mmol) and Et3N (2.70 mL, 19.4 mmol) 

at room temperature under Ar atmosphere, and the mixture was stirred for 10 min at the same 

temperature. The reaction mixture was quenched with sat. NH4Cl aq. and extracted with AcOEt 

(twice). The combined organic layers were washed with brine, dried over MgSO4 and 

concentrated in vacuo. The resulting residue was purified by silica gel column chromatography 

(Hexane-AcOEt, 7:1) to afford 11 (2.03 g, 81%) as a yellow oil. 

IR (neat) 2930, 2857, 1775, 1604, 1460, 1369, 1186, 1113, 1029, 838 779, cm–1; 1H NMR (400 

MHz, CDCl3) δ 0.10 (s, 6H), 0.93 (s, 9H), 2.32 (s, 6H), 4.20 (s, 2H), 5.53 (s, 1H), 5.70 (s, 1H), 

7.02 (d, J = 8.2 Hz, 2H), 7.34 (t, J = 8.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ -5.7 (2C), 18.1, 

20.4 (2C), 25.5(3C), 64.3, 80.1, 96.3, 111.9, 119.5(2C), 119.9, 128.8, 130.1, 151.9(2C), 168.1 

(2C); HRMS (ESI–TOF) Calcd for C21H28O5NaSi [M+Na]+ 411.1598. Found 411.1597. 

 

 

2-((2-(((tert-butyldimethylsilyl)oxy)methyl)oxiran-2-yl)ethynyl)-1,3-phenylene diacetate (12) 

 

 

 

To a stirred solution of 11 (1.67 g, 4.29 mmol) in CH2Cl2 (25 mL) were added mCPBA (2.20 g, 

12.7 mmol) and NaHCO3 (2.20 g, 26.2 mmol) at room temperature under Ar atmosphere, and the 

mixture was stirred for 2 h at the same temperature. The reaction mixture was quenched with sat. 

NaHCO3 aq. and filtrated with celite (CHCl3), and then extracted with CHCl3 (twice). The 

combined organic layers were washed with brine, dried over MgSO4 and concentrated in vacuo. 

The resulting residue was purified by silica gel column chromatography (Hexane-AcOEt, 5:1) to 

afford 12 (1.08 g, 63%) as a yellow oil. 

IR (KBr) 2930, 2857, 1777, 1608, 1461, 1370, 1117, 1030, 838, 781 cm–1; 1H NMR (400 MHz, 

CDCl3) δ 0.08 (d, J = 4.6 Hz, 6H) 0.89 (s, 9H), 2.32 (s, 6H), 2.99 (d, J = 5.9 Hz, 1H), 3.12 (d, J = 

6.4 Hz, 1H), 3.93 (dd, J = 21.5, 11.9 Hz, 2H), 7.01 (d, J = 8.2 Hz, 2H),7.35 (t, J = 8.2 Hz, 1H); 

13C NMR (100 MHz, CDCl3) δ -5.45, -5.37, 18.3, 20.8(2C), 25.8(3C), 51.3, 63.5, 74.2, 95.5, 111.2, 

119.8(2C), 129.6, 152.6(2C),168.4(2C); HRMS (ESI–TOF) Calcd for C21H28O6NaSi [M+Na]+ 

427.1547. Found 427.1547. 
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Asymmetric epoxidation using the corresponding allyl alcohol (removed TBS group) was 

attempted, but it resulted in unsatisfactory yield and poor enantioselectivity. 

 

 

 

 

2-(((tert-butyldimethylsilyl)oxy)methyl)-2-(hydroxymethyl)-2H-chromen-5-ol (14) 

 

 

 

To a stirred solution of 12 (970 mg, 2.40 mmol) in MeOH (10 mL) were added ArSO2NHNH2 

(2.15 g, 7.20 mmol) and NaHCO3 (670 mg, 7.92 mmol) at room temperature under Ar atmosphere, 

and the mixture was stirred for 3 h at the same temperature. The reaction mixture was quenched 

with sat. NaHCO3 aq. and extracted with AcOEt (twice). The combined organic layers were 

washed with brine, dried over MgSO4 and concentrated in vacuo. The resulting residue was 

purified by silica gel column chromatography (Hexane-AcOEt, 5:1) to afford 13 (695 mg, 

including impurities) as a yellow oil.  

To a stirred solution of 13 in MeOH (10 mL) was added K2CO3 (920 mg, 6.66 mmol) at room 

temperature under Ar atmosphere, and the mixture was stirred for 0.5 h at the same temperature. 

The reaction mixture was quenched with H2O and extracted with AcOEt (twice). The combined 

organic layers were washed with brine, dried over MgSO4 and concentrated in vacuo. The 

resulting residue was purified by silica gel column chromatography (Hexane-AcOEt, 3:1) to 

afford 14 (276 mg, 45% in 2 steps) as a yellow oil. 
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IR (neat) 3347, 2929, 2857, 1635 1586, 1462, 1257, 1085, 838, 755, 667 cm–1; 1H NMR (400 

MHz, CDCl3) δ 0.04 (d, J = 10.1 Hz, 6H), 0.88 (s, 9H), 2.57 (s, 1H), 3.73 (d, J = 10.5 Hz, 1H), 

3.86-3.83 (m, 3H), 5.60 (d, J = 10.1 Hz, 1H), 6.31 (d, J = 7.8 Hz, 1H), 6.39 (d, J = 8.2 Hz, 1H), 

6.83 (d, J = 10.1 Hz, 1H), 6.92 (t, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ -5.24, -5.20, 

18.5, 26.1(3C), 65.5, 65.7, 80.6, 108.5, 109.1, 109.7, 120.2, 122.2, 129.6, 152.0, 153.7; HRMS 

(ESI–TOF) Calcd for C17H26O4NaSi [M+Na]+ 345.1493. Found 345.1493. 

 

 

(2S,3R,4R)-2-(((tert-butyldimethylsilyl)oxy)methyl)-2-(hydroxymethyl)chromane-3,4,5-triol 

(15) 

 

 

 

To a stirred solution of 14 (773 mg, 2.39 mmol) in tBuOH (15 mL)/H2O (5 mL) were added NMO 

(843 mg, 7.19 mmol) and OsO4 (4% in H2O, 0.300 mL, 0.0539 mmol) at room temperature under 

Ar atmosphere, and the mixture was stirred for 12 h at the same temperature. The reaction mixture 

was quenched with sat. Na2S2O3 aq. and extracted with CHCl3 (twice). The combined organic 

layers were washed with brine, dried over MgSO4 and concentrated in vacuo. The resulting 

residue was purified by silica gel column chromatography (Hexane-AcOEt, 1:1) to afford 15 (420 

mg, 49%) as a yellow oil and 15’ as a yellow oil. 

Data for 15 

IR (neat) 3365, 2929, 2857, 1590, 1470, 1390, 1255, 1033, 837, 780, 667 cm–1; 1H NMR (400 

MHz, CDCl3) δ 0.03 (d, J = 11.4 Hz, 6H), 0.87 (s, 9H), 3.61 (d, J = 10.5 Hz, 1H), 3.71 (d, J = 11.0 

Hz, 1H), 3.93 (d, J = 12.3 Hz, 1H), 4.11 (d, J = 12.3 Hz, 1H), 4.34 (d, J = 4.6 Hz, 1H), 5.02 (d, J 

= 4.6 Hz, 1H), 6.39 (d, J = 8.2 Hz, 1H), 6.50 (d, J = 7.8 Hz, 1H), 7.07 (t, J = 8.2 Hz, 1H); 13C 
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NMR (100 MHz, CDCl3) δ -5.69, -5.67, 18.0, 25.7(3C), 63.7, 64.6, 65.3, 67.0, 79.2, 107.9, 108.2, 

109.4, 130.1, 152.6, 158.1; HRMS (ESI–TOF) Calcd for C17H28O6NaSi [M+Na]+ 379.1547. 

Found 379.1544. 

Data for 15’ 

IR (neat) 3347, 2930, 2857, 1591, 1469, 1391, 1255, 1031, 836, 779, 667 cm–1; 1H NMR (400 

MHz, CDCl3) δ -0.04 (s, 3H), 0.09 (s, 3H), 0.83 (s, 9H), 1.80 (d, J = 26.5 Hz, 1H), 2.40 (d, J = 

23.3 Hz, 1H), 3.49-3.45 (m, 1H), 3.65 (d, J = 11.9 Hz, 1H), 3.77 (d, J = 11.9 Hz, 1H), 4.01 (s, 2H), 

4.26 (s, 2H), 4.96 (s, 1H), 6.38 (d, J = 8.2 Hz, 1H), 6.48 (dd, J = 8.2, 1.8 Hz, 1H), 7.06 (td, J = 

8.1, 2.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ -6.21, -6.16, 17.8 25.3(3C), 63.0, 64.0, 64.1, 

66.5, 78.7, 108.0, 108.3, 108.6, 129.8, 152.7, 157.0; HRMS (ESI–TOF) Calcd for C17H28O6NaSi 

[M+Na]+ 379.1547. Found 379.1547. 

 

Hydroxyl group-directed epoxidation with compound 14 was also conducted, but low yield. In 

addition, exposure of the corresponding epoxide to some Lewis acids failed to construct the 

desired bridged structure. 
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(2S,5R,10R)-2-(((tert-butyldimethylsilyl)oxy)methyl)-2,3-dihydro-5H-2,5-

methanobenzo[e][1,4]dioxepine-6,10-diol (16) 

 

 

 

To a stirred solution of 15 (24.1 mg, 0.0670 mmol) in CH2Cl2 (2 mL) was added Amberlyst 15 

(6.5 mg) at room temperature under Ar atmosphere, and the mixture was stirred for 19 h at the 

same temperature. The insoluble material was removed by filtration, and the filtrate was 

concentrated in vacuo. The resulting residue was purified by silica gel column chromatography 

(Hexane-AcOEt, 2:1) to afford 16 (12.2 mg, 54%) as a white solid. 

m.p. 155-160 ºC; IR (KBr) 3400, 2928, 2858, 1472, 1248, 1214, 1100 1033, 838, 780, 669 cm–1; 
1H NMR (400 MHz, CDCl3) δ 0.14 (s, 6H), 0.92 (s, 9H), 3.22 (d, J = 4.6 Hz, 1H), 4.06 (d, J = 

11.4 Hz, 1H), 4.23-4.13 (m, 3H), 4.49 (d, J = 4.1 Hz, 1H), 5.19 (s, 1H), 5.43 (s, 1H), 6.34 (q, J = 

8.4 Hz, 2H), 7.01 (t, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ -5.43, -5.37, 18.3, 25.8(3C), 

62.8, 73.6, 74.1(2C), 87.1, 108.0, 108.2, 111.4, 130.5, 152.9, 154.0; HRMS (ESI–TOF) Calcd for 

C17H26O5NaSi [M+Na]+ 361.1442 Found 361.1441. 

 

The structure of compound 16 was determined by X-ray crystallographic analysis 

(CCDC2298603, see page 34) 

 

 

(((2R,5R,10R)-6,10-bis(methoxymethoxy)-5H-2,5-methanobenzo[e][1,4]dioxepin-2(3H)-

yl)methyl)(tert-butyl)dimethylsilane (S3) 

 

 

 

To a stirred solution of 16 (29.5 mg, 0.0870 mmol) in ClCH2CH2Cl (3 mL) were added MOMCl 



 S9 

(0.200 mL, 2.63 mmol) and iPr2NEt (0.400 mL, 2.35 mmol) at 50 ºC under Ar atmosphere, and 

the mixture was stirred for 12 h at the same temperature. The reaction mixture was quenched with 

H2O and extracted with CHCl3 (twice). The combined organic layers were washed with brine, 

dried over MgSO4 and concentrated in vacuo. The resulting residue was purified by silica gel 

column chromatography (Hexane-AcOEt, 3:1) to afford 14 (35.2 mg, 95%) as a yellow oil. 

IR (neat) 2952, 2856, 1607, 1461, 1258, 1217, 1105, 1043, 838, 778, 675 cm–1; 1H-NMR (400 

MHz, CDCl3) δ 0.12 (d, J = 3.4 Hz, 6H), 0.90 (s, 9H), 3.47 (d, J = 15.6 Hz, 6H), 4.00-3.95 (m, 

2H), 4.11 (q, J = 10.8 Hz, 2H), 4.48 (s, 1H), 4.85 (s, 2H), 5.18 (dd, J = 10.5, 6.9 Hz, 2H), 5.33 (s, 

1H), 6.46 (d, J = 8.2 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 7.09 (t, J = 8.2 Hz, 1H); 13C NMR (100 

MHz, CDCl3) δ -5.58 -5.34, 18.0, 25.5(3C), 55.4, 56.0, 61.5, 71.6, 74.2, 76.0, 88.5, 94.6, 94.9, 

106.2, 109.1, 113.6, 130.1, 153.7, 153.9; HRMS (ESI–TOF) Calcd for C21H34O7NaSi [M+Na]+ 

449.1966. Found 449.1969. 

 

 

((2R,5R,10R)-6,10-bis(methoxymethoxy)-5H-2,5-methanobenzo[e][1,4]dioxepin-2(3H)-

yl)methanol (19) 

 

 

 

To a stirred solution of S3 (59.0 mg, 0.138 mmol) in THF (3 mL) was added TBAF (1.00 M in 

THF, 0.270 mL, 0.270 mmol) at room temperature under Ar atmosphere, and the mixture was 

stirred for 1 h at the same temperature. The reaction mixture was quenched with sat. NH4Cl aq. 

and extracted with AcOEt (twice). The combined organic layers were washed with brine, dried 

over MgSO4 and concentrated in vacuo. The resulting residue was purified by silica gel column 

chromatography (Hexane-AcOEt, 1:1) to afford 14 (42.0 mg, 98%) as a yellow oil. 

IR (neat) 3453, 2949, 2827 1607, 1478, 1269, 1216, 1043, 854, 779, 673 cm–1; 1H-NMR (400 

MHz, CDCl3) δ 2.43 (dd, J = 8.2, 5.5 Hz, 1H), 3.48 (d, J = 9.6 Hz, 6H), 4.07-3.93 (m, 3H), 4.16 

(d, J = 10.5 Hz, 1H), 4.51 (s, 1H), 4.86 (dd, J = 22.0, 6.4 Hz, 2H), 5.18 (s, 2H), 5.38 (s, 1H), 6.49 

(d, J = 8.2 Hz, 1H), 6.66 (d, J = 8.2 Hz, 1H), 7.11 (t, J = 8.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ55.8, 56.3, 61.0, 71.8, 74.1, 77.1, 88.4, 94.9, 95.5, 107.1, 109.5, 113.8, 130.6, 153.7, 154.1; 

HRMS (ESI–TOF) C15H20O7Na [M+Na]+335.1101. Found 335.1102.  
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(2R,5R,10R)-6,10-bis(methoxymethoxy)-5H-2,5-methanobenzo[e][1,4]dioxepine-2(3H)-

carbaldehyde (20) 

 

 

 

To a stirred solution of 19 (16.0 mg, 0.0512 mmol) in CH2Cl2 (1 mL) was added Dess-Martin 

Periodinane (DMP) (10% in CH2Cl2, 0.600 ml, 0.0600 mmol) at 40 ºC (reflux) under Ar 

atmosphere, and the mixture was stirred for 1 h at the same temperature. The reaction mixture 

was quenched with sat. Na2S2O3 aq./sat. NaHCO3 aq. (2:3) and extracted with CHCl3 (twice). The 

combined organic layers were washed with brine, dried over MgSO4 and concentrated in vacuo. 

The resulting residue was purified by silica gel column chromatography (Hexane-AcOEt, 1:1) to 

afford an inseparable mixture of 20 and hydrated product 20’ (13.6 mg, 88%) as a yellow oil. 

IR (neat) 3433, 2951, 1737, 1592, 1479, 1257, 1217, 1039, 853, 776 cm–1; 1H NMR (400 MHz, 

CDCl3) δ 3.50-3.41 (m, 6H), 4.31-3.97 (m, 2H), 4.92-4.45 (m, 3H), 5.48-5.17 (m, 3H), 6.72-6.43 

(m, 2H), 7.18-7.08 (m, 1H), 9.92 (s, 0.3H); 13C NMR (100 MHz, CDCl3) δ 55.9, 56.0, 56.3, 72.4, 

73.2, 78.6, 88.3, 89.8, 94.9, 95.4, 106.9, 107.7, 109.6, 113.1, 130.6, 131.0, 152.5, 154.1, 154.2, 

194.7; HRMS (ESI–TOF) C15H18O7Na [M+Na]+ 333.0945. Found 333.0947. 

 

 

(1S,2S)-1-((2S,5R,10R)-6,10-bis(methoxymethoxy)-5H-2,5-methanobenzo[e][1,4]dioxepin-

2(3H)-yl)-2-methylbut-3-en-1-ol (21) 
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To a stirred solution of CrCl2 (70.0 mg, 0.570 mmol) in THF (1 mL) were added the inseparable 

mixture of 20 and hydrated product 20’ (14.4 mg, 0.0464 mmol) and crotylbromide (30.0 uL, 

0.230 mmol) at 0 ºC under Ar atmosphere, and the mixture was stirred at room temperature and 

then 40 ºC for 16 h. The reaction mixture was quenched with H2O and extracted with AcOEt 

(twice). The combined organic layers were washed with brine, dried over MgSO4 and 

concentrated in vacuo. The resulting residue was purified by silica gel column chromatography 

(Hexane-AcOEt, 3:1) to afford an inseparable mixture of 21 and 21’ (11.8 mg, 70%) as a yellow 

oil. 

IR (neat) 3492, 2916, 1731, 1607, 1593, 1479, 1404, 1257, 1216, 1051, 756, 666 cm–1; 1H NMR 

(400 MHz, CDCl3) δ 1.15 (d, J = 6.9 Hz, 3H), 1.21 (d, J = 6.9 Hz, 3H), 2.58-2.49 (m, 2H), 2.89-

2.80 (m, 2H) 3.49 (d, J = 4.6 Hz, 12H), 3.92 (q, J = 4.7 Hz, 1H), 4.09 (d, J = 10.1 Hz, 1H), 4.20 

(t, J = 10.1 Hz, 3H), 4.31 (d, J = 10.5 Hz, 1H), 4.45 (s, 1H), 4.55 (s, 1H), 4.78 (d, J = 6.9 Hz, 1H), 

4.87 (s, 2H), 4.94 (d, J = 6.9 Hz, 1H), 5.18-5.06 (m, 8H), 5.36 (d, J = 22.9 Hz, 2H), 6.10-5.94 (m, 

2H), 6.48 (d, J = 7.8 Hz, 2H), 6.65 (q, J = 4.1 Hz, 2H), 7.11 (q, J = 7.3 Hz, 2H); 13C NMR (100 

MHz, CDCl3) δ 17.7, 18.1, 39.4, 40.1, 55.9(2C), 56.2(2C) 56.3(2C), 70.4, 71.4, 72.6, 74.4, 74.7, 

75.1, 78.0, 80.4, 88.0, 89.9, 94.9, 95.7, 107.0(2C), 109.5, 109.6, 113.7(2C), 115.8, 116.1, 130.5, 

130.6, 139.3, 139.7, 153.4, 153.6, 154.1, 154.2; HRMS (ESI–TOF) Calcd for C19H26O7Na 

[M+Na]+ 389.1571. Found 389.1568. 

 

The relative stereochemistry of 21 (desired, major) and 21’ (undesired, minor) was determined by 

NOESY experiment of the corresponding acetonides S5 and S5’. (see page 41) 
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The relative stereochemistry between the secondary alcohol and methyl group in 21 and 21’ was 

determined by NOESY experiment of phomopsol B (2) and its diastereomer 2’. (see page 43) 

 

 

 

 

(1S,2S)-1-((2S,5R,10R)-6,10-bis(methoxymethoxy)-5H-2,5-methanobenzo[e][1,4]dioxepin-

2(3H)-yl)-2-methylbutane-1,4-diol (22) 
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To a stirred solution of an inseparable mixture of 21 and 21’ (16.3 mg, 0.0445 mmol) in CH2Cl2 

(3 mL) was added BH3•SMe2 (0.500 mL, 0.380 mmol) at 0 ºC under Ar atmosphere, and the 

mixture was stirred for 1 h at room temperature. To the mixture were added NaOH (2.5 M in H2O, 

3.50 mL) and H2O2 (30% in H2O, 7.00 mL) at 0 ºC, and the mixture was stirred for 1 h at the same 

temperature. The reaction mixture was quenched with sat. Na2S2O3 aq. and extracted with CHCl3 

(twice). The combined organic layers were washed with brine, dried over MgSO4 and 

concentrated in vacuo. The resulting residue was purified by silica gel column chromatography 

(Hexane-AcOEt, 1:1) to afford an inseparable mixture of 22 and 22’ (13.7 mg, 80%) as a yellow 

oil. 

IR (neat) 3433, 3016, 2933, 1607, 1463, 1407, 1216, 1051, 763, 666 cm–1; 1H NMR (400 MHz, 

CDCl3) δ 1.05 (d, J = 6.9 Hz, 3H), 1.14 (d, J = 7.3 Hz, 3H), 1.84-1.70 (m, 2H), 2.02-1.97 (m, 2H), 

2.41-2.24 (m, 6H), 3.48 (t, J = 3.9 Hz, 12H), 3.85-3.64 (m, 4H), 3.91 (d, J = 5.0 Hz, 1H), 4.04 (d, 

J = 10.5 Hz, 1H), 4.13 (d, J = 4.1 Hz, 1H), 4.24 (dd, J = 25.6, 10.5 Hz, 2H), 4.43-4.39 (m, 2H), 

4.56 (s, 1H), 4.78 (d, J = 6.9 Hz, 1H), 4.88 (d, J = 1.8 Hz, 2H), 4.93 (d, J = 6.9 Hz, 1H), 5.18 (d, 

J = 3.2 Hz, 4H), 5.31 (s, 1H), 5.42 (s, 1H), 6.47 (q, J = 3.8 Hz, 2H), 6.66 (t, J = 7.5 Hz, 2H), 7.10 

(td, J = 8.2, 5.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 13.8, 17.3, 17.5, 22.3, 31.3, 32.1, 32.8, 

33.7, 35.2, 55.6, 55.9, 60.2, 70.4, 70.9, 73.0, 74.1, 74.9, 75.4, 78.1, 79.6, 88.6(2C), 90.8, 94.6, 

95.6, 106.8(2C), 109.1, 109.2, 113.2, 130.2, 130.3, 152.9, 153.2, 153.8, 153.9; HRMS (ESI–TOF) 

Calcd for C19H28O8Na [M+Na]+ 407.1676. Found 407.1674. 

 

 

(4S,5S)-5-((2S,5R,10R)-6,10-bis(methoxymethoxy)-5H-2,5-methanobenzo[e][1,4]dioxepin-

2(3H)-yl)-4-methyldihydrofuran-2(3H)-one (23) 
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To a stirred solution of an inseparable mixture of 22 and 22’ (4.80 mg, 0.0124 mmol) in CH2Cl2 

(0.5 mL) were added TEMPO (0.400 mg, 0.00256 mmol) and PhI(OAc)2 (10.0 mg, 0.0299 mmol) 

at room temperature under Ar atmosphere, and the mixture was stirred for 13 h at the same 

temperature. The reaction mixture was quenched with sat. NaHCO3 aq. and extracted with AcOEt 

(twice). The combined organic layers were washed with brine, dried over MgSO4 and 

concentrated in vacuo. The resulting residue was purified by silica gel column chromatography 

(Hexane-AcOEt, 1:1) to afford an inseparable mixture of 23 and 23’ (3.40 mg, 72%) as a yellow 

oil. 

IR (neat) 2955, 1781, 1593, 1462, 1258, 1219, 1154, 1115, 1052, 774 cm–1; 1H NMR (400 MHz, 

CDCl3) δ 1.22 (d, J = 6.9 Hz, 3H), 1.26 (d, J = 7.3 Hz, 3H), 2.23-2.15 (m, 2H), 2.68 (dd, J = 6.6, 

4.3 Hz, 1H), 3.05-2.98 (m, 2H), 2.68 (dd, J = 6.6, 4.3 Hz, 1H), 3.48 (d, J = 9.6 Hz, 12H), 4.05 (d, 

J = 10.1 Hz, 1H), 4.16 (d, J = 10.1 Hz, 1H), 4.25-4.34 (2H), 4.37-4.46 (1H), 4.54 (s, 1H), 4.64 (d, 

J = 3.7 Hz, 1H), 4.77-4.73 (m, 2H), 4.87 (q, J = 7.3 Hz, 2H), 4.93 (d, J = 6.9 Hz, 1H), 5.18 (s, 

4H), 5.40 (s, 1H), 5.50 (s, 1H), 6.43 (t, J = 8.9 Hz, 2H), 6.67 (q, J = 4.1 Hz, 2H), 7.11 (dd, J = 

14.0, 8.0 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 20.2, 20.4, 30.3, 31.0, 36.8, 37.1, 56.1, 56.3, 

56.4, 71.1, 71.8, 73.8(2C), 76.0(2C), 83.5(2C), 86.0(2C), 87.7, 88.0, 94.95, 94.99, 95.4, 107.36, 

107.39, 109.7(2C), 113.3, 113.4, 130.8, 130.9, 153.1, 153.2, 154.2, 154.3, 176.7, 177.0; HRMS 

(ESI–TOF) Calcd for C19H24O8Na [M+Na]+ 403.1363. Found 403.1361. 

 

 

(4S,5S)-5-((2R,5R,10R)-6,10-dihydroxy-5H-2,5-methanobenzo[e][1,4]dioxepin-2(3H)-yl)-4-
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methyldihydrofuran-2(3H)-one (2: phomopsol B) 

 

 

 

To a stirred solution of an inseparable mixture of 23 and 23’ (4.00 mg, 0.0105 mmol) in MeOH 

(1 mL) was added 6 M HCl (0.05 mL) at room temperature under Ar atmosphere, and the mixture 

was stirred for 24 h at 50 ºC. The reaction mixture was quenched with sat. NaHCO3 aq. and 

extracted with AcOEt (twice). The combined organic layers were washed with brine, dried over 

MgSO4 and concentrated in vacuo. The resulting residue was purified by silica gel column 

chromatography (Hexane-AcOEt, 2:3) to afford 2 (1.9 mg, 62%) as a colorless oil. 

IR (neat) 3374, 2927, 1769, 1600, 1467, 1297, 1216, 1182, 1095, 1034, 897, 667 cm–1; 1H NMR 

(400 MHz, CD3OD) δ 1.28 (d, J = 6.4 Hz, 3H), 2.28-2.16 (m, 1H), 2.98-2.92 (m, 2H), 4.15 (d, J 

= 10.5 Hz, 1H), 4.27 (d, J = 10.5 Hz, 1H), 4.42 (s, 1H), 4.76 (d, J = 3.7 Hz, 1H), 5.17 (s, 1H), 

6.27 (d, J = 8.2 Hz, 1H), 6.35 (d, J = 7.8 Hz, 1H), 6.98 (t, J = 8.2 Hz, 1H); 13C NMR (100 MHz, 

CD3OD) δ 19.9, 32.0, 37.6, 73.7, 75.9, 76.4, 88.3, 89.2, 107.7, 109.0, 112.8, 131.4, 154.8, 155.7, 

179.4; HRMS (ESI–TOF) Calcd for C15H16O6Na [M+Na]+ 315.0839. Found 315.0824. 
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 upper: synthetic, bottom: literature for 1H NMR 
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upper: synthetic, bottom: literature for 13C NMR 
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X-ray crystallographic analysis of compound 16 (CCDC2298603) 
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NOESY data of the corresponding acetonides S5 and S5’. 

 

 

 

 

 

 

 

 

 

 

 



 S42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 S43 

NOESY data of phomopsol B (2) and its diastereomer 2’ 
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