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1. Materials and General information 

CH2Cl2 was dried by distillation over CaH2, and THF was dried by distillation over Na/K. Other 

chemicals were used as received, and all reactions conducted under standard conditions were 

monitored by thin-layer chromatography (TLC) on gel F254 plates. The silica gel (200-300 meshes) 

was used for column chromatography. 
1
H and 

13
C spectra were recorded on Bruker AM-400 MHz 

instruments, and spectral data were reported in ppm relative to tetramethylsilane (TMS) as internal 

standard. Mass spectra (MS) were measured on spectrometer by direct inlet at 70 eV, and signals were 

given in m/z with relative intensity (%) in brackets. HRMS data were determined on a Bruker Daltonics 

APEXII 47e FT-ICR spectrometer. Optical rotations were measured using sodium D line on a Perkin 

Elmer341 polarimeter. The enantiomeric excess values were determined by chiral stationary phase 

HPLC analysis (IB-3 10U 250×4.6 M, hexane: 2-propanol 85:15, flow rate 1 mL/min, detected at 236.0 

nm on a Prostar 330 detector). 

2. Procedures for the synthesis of compounds 

Methyl 4-methoxy-2-((2-methylbut-3-yn-2-yl)oxy)benzoate (5) 

 

The phenol 4 (2.40 g, 13.49 mmol) was dissolved in CH3CN (50 mL) and cooled to 0 
o
C. 

Commercially available CuCl2
.
2H2O (56.7 mg, 0.42 mmol) is then added with 1, 

1-dimethyl-prop-2-ynyl methyl carbonate 15 (2.90 g, 20.4 mmol). The reaction mixture was stirred for 

15 min before the addition of commercially available DBU (2.6 mL, 21.0 mmol) via syringe. The 

reaction mixture remains at 0 
o
C for 1 hour and was allowed to warm to 38 

o
C for 6 h. The volatile 

organics are removed under reduced pressure and the resulting oil was diluted with EtOAc (150 mL). 

The organic solution was washed sequentially with 1M HCl (50 mL), water (50 mL) and brine (50 mL). 

The organic layer was dried over Na2SO4, filtered and concentrated in vacuo. The resulting brown oil 

was purified by flash silica gel chromatography (Petroleum ether/EtOAc 16: 1) to afford the desired 

aryl ether 5 (2.31 g, 68 %) as a colorless oil.
 1
H NMR (400 MHz, CDCl3, ppm): δ 7.81 (d, J = 8.4 Hz, 

1H), 7.16 (d, J = 2.4 Hz, 1H), 6.28 (q, J = 2.4 Hz, J = 8.8 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 2.59 (s, 

1H), 1.68 (s, 6H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 166.5, 163.05, 157.3, 132.9, 117.2, 108.4, 

107.7, 86.2., 74.0, 73.8, 55.4, 51.5, 29.2; MS (EI) m/z (%): 248 (M
+
, 1), 233 (1), 217 (2), 189 (4), 122 

(29), 150 (100), 107 (21), 79 (17), 67 (39), 51 (26), 41 (36) 

The Preparation of Compound 3 and 6 

 

 

Methyl 2-hydroxy-4-methoxy-3-(3-methylbut-2-en-1-yl)benzoate (3) 

A solution of alkyne 5 (1.45 g, 5.86 mmol) in EtOAc (10 mL) was treated with Pd/BaSO4 (60 mg) 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

3 

 

and quinoline (20 L) and the mixture was hydrogenated (1atm) over 40min (the reaction was 

monitored every 10min by TLC and stopped once the starting material was consumed). The reaction 

mixture was filtered through celite, concentrated and submitted directly to the Claisen rearrangement. 

The crude alkene 5' was dissolved in DMF (20 mL) and heated at 120 
o
C for 5 h, The yellow 

solution was concentrated and purified by column chromatography on silica gel (Petroleum ether 

/EtOAc 10: 1) to yield a crude phenol 3 (1.23g, 84% for two steps).
 1
H NMR (400 MHz, CDCl3, ppm): 

δ 11.06 (s, 1H), 7.71 (d, J = 8.8 Hz, 1H), 6.45 (d, J = 8.8 Hz, 1H), 5.22 (t, J = 7.2 Hz, 1H), 3.91 (s, 

3H), 3.88 (s, 3H), 3.38 (d, J = 7.2 Hz, 2H), 1.80 (s, 3H), 1.69 (s, 3H); 
13

C NMR (100 MHz, CDCl3, 

ppm): δ 170.7, 162.7, 160.5, 131.7, 128.8, 122.1, 117.0, 105.9, 102.2, 55.6, 51.9, 25.8, 21.9, 17.7; MS 

(EI) m/z (%): 250 (M
+
, 61), 218 (51), 203 (100), 190 (46), 175 (92), 163 (81), 133 (22), 105 (14), 91 

(10), 77 (11), 40 (15). 

Methyl 2-(benzyloxy)-4-methoxy-3-(3-methylbut-2-en-1-yl)benzoate (6) 

To a solution of phenol 3 (1.23 g, 4.92 mmol) in acetone (40 mL) was added benzyl bromide (1.05 

mL, 8.79 mmol) and potassium carbonate (1.20 g, 8.79 mmol). The resulting suspension was rapidly 

stirred at reflux for 16 h, cooled, and the acetone removed under reduced pressure. The resulting 

residue was partitioned between ethyl acetate (60 mL) and 1.0N hydrochloric acid (30 mL). The 

aqueous layer was washed twice with 60 mL portions of ethyl acetate. Combined organic layers were 

dried over sodium sulfate and concentrated under reduced pressure. The residue was purified by flash 

chromatography (Petroleum ether/EtOAc 8:1), which afforded 6 (1.59 g, 95%) as a colorless oil. 
1
H 

NMR (400 MHz, CDCl3, ppm): δ 7.83 (d, J = 8.8 Hz, 1H), 7.51 (d, J = 7.2 Hz, 2H), 7.32-7.42 (m, 3H), 

5.16 (t, J = 1.6 Hz, 1H), 4.94 (s, 2H), 3.89 (s, 3H), 3.84 (s, 3H), 3.39 (d, J = 7.2 Hz 2H), 1.66-1.67 (t, 

6H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 166.5, 162.0, 158.1, 137.5, 131.7, 131.0, 128.4, 128.0, 

127.9, 125.1, 122.6, 117.0, 106.1, 76.9, 55.8, 51.8, 25.7, 23.0, 17.9; MS (EI) m/z (%): 340 (M
+
, 3), 249 

(7), 235 (15), 217 (57), 195 (17), 163 (22), 91 (100), 40 (33). 

(S)-methyl 2-(benzyloxy)-3-(2,3-dihydroxy-3-methylbutyl)-4-methoxybenzoate (7) 

 

 

 

A 50 mL flask, equipped with a magnetic stirrer, was charged with t-BuOH (28 mL), water (28 mL), 

and AD-mix- (7.80 g). Stirring at room temperature produced two clear phases. Methanesulfonamide 

(563mg, 6.1 mmol) was added and the mixture was cooled to 0 
o
C where upon some of the dissolved 

salts precipitated. Olefin 6 (1.90 g, 5.57 mmol) was added at once, and the heterogeneous slurry was 

stirred vigorously at 0 
o
C for 48 h. While the mixture was stirred at 0 

o
C, solid sodium sulfite (7.5 g) 

was added and the mixture was allowed to warm to room temperature and stirred for 30 min. Ethyl 

acetate (50 mL) was added to the mixture. After separation of the layers, the aqueous phase was further 

extracted with EtOAc (3 x 75 mL). The combined organic layers were washed with 2 N KOH (25 mL) 

thoroughly, dried over a hydrous Na2SO4 and concentrated. This crude product was purified by flash 

chromatography (Petroleum ether/EtOAc 2:1) to afford 7 (1.63 g, 78%) as a colorless oil. []D
20 

-4.82° 

(c 1.0, CHCl3) 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.89 (d, J = 8.8 Hz, 1H), 7.50 (d, J = 6.8 Hz, 2H), 

7.33-7.42 (m, 3H), 6.75 (d, J = 8.8 Hz, 2H), 5.09 (d, J = 10.4 Hz, 1H), 4.89 (d, J = 10.4 Hz, 1H), 3.89 

(s, 3H), 3.87 (s, 3H), 3.50-3.54 (m, 1H ), 2.90-2.94 (dd, J = 2 Hz, J = 13.6, 1H), 2.68-2.74 (m, 2H), 
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2.35 (s, 1H), 1.18 (s, 3H), 1.14 (s, 3H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 166.0, 161.9, 158.6, 

136.8, 131.8, 128.5, 128.4, 128.2, 122.4, 117.0, 106.3, 78.4, 72.8, 55.9, 51.9, 43.2, 26.2, 25.8, 23.6; MS 

(EI) m/z (%): 374 (M
+

,<1), 283 (5), 225 (6), 195 (20), 193 (90), 163 (50), 91 (100), 43 (22); HRMS 

(ESI): calcd for C21H27O6Na [M+ Na]
+
: 397.1622; Found 397.1631 

(R)-methyl 2-(benzyloxy)-3-((3,3-dimethyloxiran-2-yl)methyl)-4-methoxybenzoate (8) 

 

 

 

To a solution of 7 (2.60 g, 6.95 mmol) in CH2Cl2 (60 mL), pyridine (1.13 mL, 13.9 mmol) and 

MsCl (0.80 mL) was added at 0 
o
C. Then the reaction mixture was stirred for 12 h at room temperature. 

After completion of the reaction, the volatiles were evaporated and the residue were dissolved in 

MeOH (30 mL) and treated with K2CO3 (1.82 g, 13.2 mmol) by refluxing for 4 h. The solvent was 

removed in vacuo and the residue was diluted by Et2O (70 mL), washed by water (10 mL), dried 

(Na2SO4), and concentrated. The residue was purified by flash chromatography (Petroleum 

ether/EtOAc 8:1), which afforded 8 (1.22 g, 49%) as a colorless oil. []D
20 

+5.0° (c 1.0, CHCl3) 
1
H 

NMR (400 MHz, CDCl3, ppm): δ 7.89 (d, J = 8.8 Hz, 1H), 7.52 (d, J = 7.2 Hz, 2H), 7.31-7.41 (m, 3H), 

6.74 (d, J = 8.8 Hz, 2H), 5.00 (s, 2H), 3.90 (s, 3H), 3.86 (s, 3H), 2.95-3.02 (m, 2H), 2.85 (dd, J = 4 Hz, 

J = 11.6 Hz, 1H), 1.31 (s, 3H), 1.26 (s, 3H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 166.2, 162.2, 158.7, 

137.3, 131.8, 128.4, 128.2, 127.9, 121.6, 117.1, 106.0, 77.1, 63.4, 59.0, 55.7, 51.9, 24.8, 23.8, 19.0; MS 

(EI) m/z (%): 356(M
+

, <1), 285 (3), 265 (4), 253 (7), 207 (13), 195 (12), 163 (24), 91 (100), 65 (6), 40 

(39), HRMS (ESI): calcd for C21H25O5 [M+ H]
+
: 357.1697; Found 357.1699. 

Preparation of Compound 2 and 9a 

 

To a solution of olefin 3 (250 mg, 1 mmol) and chiral ketone 18 (91 mg, 0.3 mmol) in 2:1 

dimethoxymethane (12 mL) and acetonitrile (6 mL) were added tetrabutylammonium sulfate (14 mg, 

0.04 mmol) and an aqueous buffer solution (3.6 mL) containing Na2B4O7 (0.05 M) and Na2EDTA 

(0.004 M). To this cooled (0 °C), rapidly stirring biphasic mixture were simultaneously added, via two 

syringe pumps, a solution of Oxone (6.5 mL, 0.25 M) in 0.004 M aqueous Na2EDTA and an aqueous 

solution of K2CO3 (333 mg, 6.5 mL) over the course of 12 h. The reaction mixture was then stirred for 

a further 10 h until TLC analysis indicated complete consumption of substrate. The reaction was 

diluted with EtOAc (300 mL) and washed with water (x 2) and brine, dried over MgSO4 and 

concentrated in vacuo. The residue was purified by flash chromatography (Petroleum ether/EtOAc 4:1), 

which afforded 2 as a colorless solid. (R)-2-((3,3-dimethyloxiran-2-yl)methyl)-3,6-dimethoxyphenol 
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(2): yield :95%; 74% ee []D
20 

+4.2° (c 1.43, CHCl3) 
1
H NMR (400 MHz, CDCl3, ppm): δ 11.11 

(s,1H), 7.74 (d, J = 8.8 Hz, 1H), 6.45 (d, J = 8.8 Hz, 1H), 3.90 (s, 3H), 3.87 (s, 3H), 3.04 (dd, J = 4.8 

Hz, J = 13.2 Hz, 1H), 2.96 (dd, J = 4.8 Hz, J = 6.8 Hz, 1H), 2.82 (dd, J = 6.8 Hz, J = 13.6), 1.41 (s, 

3H), 1.26 (s, 3H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 170.6, 163.1, 160.9, 130.0, 113.2, 105.9, 102.2, 

63.2, 59.0, 55.6, 51.9, 24.8, 22.5, 19.0; (EI) m/z (%): 266 (M
+

, 11), 223 (41), 207 (40),191 (23), 163 

(100), 148 (24), 133 (39), 105 (21), 77 (10), 43 (6), HRMS (ESI): calcd for C14H19O5 [M+ H]
+
: 

267.1227; Found 267.1221. When the reaction mixture was then stirred for a further 24 h until TLC 

analysis indicated complete consumption of substrate. follow the same producer, The residue was 

purified by flash chromatography (Petroleum ether/EtOAc 4:1), which afforded 9a as a colorless solid. 

(S)-2-(4,7-dimethoxy-2,3-dihydrobenzofuran-2-yl)propan-2-ol (9a): yield 92%; 77% ee []D
20 

+22.0° (c 1.0, CHCl3) 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.67 (d, J = 8.8 Hz, 1H), 6.37 (d, J = 8.8 

Hz, 1H), 4.71 (t, J = 8.8 Hz, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.20 (br, s, 1H), 3.02 (d, J = 8.8 Hz, 2H), 

1.29 (s, 3H), 1.19 (s, 3H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 165.5, 161.6, 159.7, 131.7, 115.2, 

106.1, 103.1, 90.9, 71.5, 55.4, 51.4, 27.4, 25.3, 23.9; (EI) m/z (%): 266 (M
+

, 2), 219 (17), 207 (100), 

208 (96), 177 (18), 175 (26), 163 (14), 148 (19), 133 (15), 117 (21), 59 (19), 43 (42), HRMS (ESI): 

calcd for C14H19O5 [M+ H]
+
: 267.1227; Found 267.1222. 

(R)-methyl 3-hydroxy-5-methoxy-2,2-dimethylchroman-8-carboxylate (9b) 

 

To a solution of 2 (128 mg, 0.48 mmol) in EtOAc (15 mL) was added formic acid (0.1 ml). Then 

the reaction mixture was stirred for 2 h at room temperature. After completion of the reaction, it was 

diluted with EtOAc (20 mL). The organic solution was washed sequentially with water (5 mL) and 

brine (5 mL). The organic layer was dried over Na2SO4, filtered and concentrated in vacuo. The 

resulting brown oil was purified by flash silica gel chromatography (Petroleum ether/EtOAc 1:2) to 

afford the desired Methyl ester 9b (115 mg, 90%) as a white solid.
 
[]D

20
 4.0° (c 1.0, CHCl3) 

1
H NMR 

(400 MHz, CDCl3, ppm): δ 7.77 (d, J = 8.8 Hz, 1H), 6.46 (d, J = 8.8 Hz, 2H), 3.87 (s, 6H), 3.86 (s, 

6H), 2.91 (dd, J = 5.2 Hz, J = 17.6 Hz, 1H), 2.69 (dd, J = 5.6 Hz, J = 17.6 Hz, 1H), 1.40 (s, 3H), 1.36 

(s, 3H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 166.4, 161.3, 154.2, 131.3, 112.4, 108.9, 101.5, 77.32, 

68.74, 55.6, 51.5, 26.5, 24.6, 21.6; MS (EI) m/z (%): 266 (M
+
, 33), 207 (13), 195 (27), 164 (28), 163 

(100), 136 (13), 133 (16), 105 (8), 43 (7); HRMS (ESI): calcd for C14H19O5 [M+ H]
+
: 267.1227; Found 

267.1230.  

Preparation of compound 10, 11 and 12 

 

 

 

(R)-3-hydroxy-5-methoxy-2,2-dimethylchroman-8-carboxylic acid (10b) 
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Methyl ester 9b (680 mg, 2.56 mmol) was saponified in THF: MeOH: H2O (3:1:1, 30 mL) in a 50 

mL vial equipped with a stir bar. LiOH
.
H2O (859 mg, 20.48 mmol) was added to the suspension, and 

the reaction was allowed to stir until completion (4 h) as determined by TLC. The reaction mixture was 

diluted with brine (3 mL) and acidified to pH 2 with 1 M HCl (pH paper), resulting in a biphasic 

solution. The upper layer (THF) was removed, and the aqueous layer was extracted with THF (63 mL). 

The combined organic layers were dried with Na2SO4 and then concentrated under reduced pressure to 

afford acid 10b as a white solid. []D
20

-13° (c1.0, CHCl3) 
1
H NMR (400 MHz, CDCl3, ppm): δ 8.00 (d, 

J = 8.8 Hz, 1H), 6.58 (d, J = 8.8 Hz, 1H), 3.92 (t, J = 5.6 Hz, 1H), 3.88 (s, 3H), 2.95 (dd, J = 5.6 Hz, J 

= 17.6 Hz, 1H), 2.70 (dd, J = 6.0 Hz, J = 17.6 Hz, 1H), 1.45 (s, 6H); 
13

C NMR (100 MHz, CDCl3, 

ppm): δ 165.9, 162.2, 152.4, 133.0, 110.0, 108.8, 103.6, 80.8, 68.1, 55.8, 26.1, 24.9, 21.5; MS (EI) m/z 

(%): 252 (M
+

, 40), 193 (17), 181 (17), 164 (35),163 (100), 136 (23), 105 (13), 57 (22), 43 (31); HRMS 

(ESI): calcd for C13H17O5 [M+ H]
+
: 253.1071; Found 253.1074. 

(R)-N-(tert-butyl)-3-hydroxy-5-methoxy-2,2-dimethylchroman-8-carboxamide (11b) 

A scintillation vial containing acid 10b was charged with DMF (10.0 mL) and cooled to 0 
o
C. 

Diisopropylethylamine (1.31 mL, 2.56 mmol, 1.0 equiv) was added dropwise to the flask. 
t
BuNH2 (0.31 

mL, 5.12 mmol, 2 equiv) was then added to the flask. 

2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethylaminiumtetrafluoroborate, TBTU (0.930 g, 2.46 mmol, 

0.96 equiv), was then added to the reaction mixture. The reaction mixture was stirred a room 

temperature for 4 h. then 40 mL EtOAc was added. The organic layer was washed with DI H2O (2 x 10 

mL), 1% phosphoric acid (2 × 10 mL), 2% K2CO3 (2 × 10 mL), and brine (2 ×10 mL). Each aqueous 

layer was back-extracted with EtOAc (2 × 40 mL). The combined organic layers were dried over 

Na2SO4, filtered and concentrated under reduced pressure, the desired product was isolated as white 

foam and the residue was purified by flash chromatography (Petroleum ether/EtOAc 4:1) to give the 

desired 11b. []D
20 

-14° (c 1.0, CHCl3) 
1
H NMR (400 MHz, CDCl3, ppm): δ 8.13 (s, 1H), 8.03 (d, J = 

8.8 Hz, 1H), 6.52 (d, J = 8.8 Hz, 1H), 3.83-3.85 (m, 4H), 2.92 (dd, J = 5.6 Hz, J = 17.6 Hz, 1H), 2.66 

(dd, J = 6.4 Hz, J = 17.6 Hz, 1H), 1.44 (s, 9H), 1.40 (s, 3H), 1.39 (s, 3H); 
13

C NMR (100 MHz, CDCl3, 

ppm): δ 164.3, 160.1, 151.4, 131.0, 115.5, 107.9, 102.6, 78.4, 68.6, 55.5, 50.9, 29.0, 26.7, 24.9, 21.8; 

MS (EI) m/z (%): 307 (M
+
, 22), 235 (66), 217 (33), 163 (56), 132 (30), 91 (100), 57 (23), 43 (22), 40 

(53); HRMS (ESI): calcd for C17H26NO4 [M+ H]
+
: 308.1856; Found 308.1848. 

(R)-N-(tert-butyl)-3-((tert-butyldimethylsilyl)oxy)-5-methoxy-2,2-dimethylchroman-8-carboxami

de (12b) 

To a solution of the alcohol 11b and 2,6-lutidine (0.75 mL, 6.4 mmol, 2.5eq) in an hydrous CH2Cl2 

(15 mL) was added TBSOTf (0.88 mL, 3.84 mmol, 1.5eq) at room temperature and the mixture was 

stirred at room temperature for 12 h. A saturated aqueous solution of NaHCO3 was added to the 

reaction mixture and the product was thoroughly extracted with Et2O. The organic extracts were 

successively washed with a 3% aqueous solution of KHSO4 twice, a saturated aqueous solution of 

NaHCO3, and saturated brine, dried over NaSO4, and concentrated under reduced pressure. The residue 

was purified by silica gel column chromatography (Petroleum ether/EtOAc 1:8) to give TBS ether 12b 

(1.006 g, 93% from 9b for three steps). []D
20 

-46° (c 1.0, CHCl3) 
1
H NMR (400 MHz, CDCl3, ppm): δ 

8.10 (s, 1H), 8.05 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 8.8 Hz, 1H), 3.85 (s, 3H), 3.82 (m, 1H), 2.90 (dd, J 

= 6.4 Hz, J = 17.2 Hz, 1H), 2.44 (dd, J = 9.6 Hz, J = 17.2 Hz, 1H), 1.46 (s, 3H), 1.45 (s, 9H), 1.22 (s, 

3H), 0.92 (s, 9H), 0.12 (d, J = 9.2 Hz); 
13

C NMR (100 MHz, CDCl3, ppm): δ 164.3, 159.6, 151.4, 

130.7, 115.3, 109.5, 102.3, 78.7, 69.9, 55.5, 50.8, 29.01, 27.2, 26.5, 25.7, 18.9, 17.8, -4.1, -5.0; MS 

(ESI) m/z (%): [M+ H]
+
: Found 422.3; HRMS (ESI): calcd for C23H40NO4Si [M+ H]

+
: 422.2721; 
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Found 422.2726. 

 

 

 

Follow the above operation, 10a, 11a and 12a could be obtained. 

(S)-2-(2-hydroxypropan-2-yl)-4-methoxy-2,3-dihydrobenzofuran-7-carboxylic acid (10a) []D
20 

+32° (c1.0, CHCl3) 
1
H NMR (400 MHz, CDCl3, ppm): δ 7.79 (d, J = 8.8 Hz, 1H), 6.47 (d, J = 8.8 Hz, 

1H), 6.18 (br, s, 1H), 4.81 (t, J = 8.8 Hz, 1H), 3.87 (s, 3H), 3.11 (dd, J = 9.6 Hz, J = 16 Hz, 1H), 3.03 

(dd, J = 8.8 Hz, J = 16 Hz, 1H), 1.35 (s, 3H), 1.21 (s, 3H); 
13

C NMR (100 MHz, CDCl3, ppm): δ 168.1, 

161.5, 160.5, 132.8, 115.0, 105.5, 103.9, 91.9, 71.8, 55.6, 27.7, 25.8, 23.5; MS (EI) m/z (%): 252 (M
+

, 

3), 223 (26), 207 (64), 191 (21), 175 (32), 163 (100), 149 (48), 133 (37), 106 (45), 71 (33), 57 (45), 42 

(76); HRMS (ESI): calcd for C13H17O5 [M+ H]
+
: 253.1071; Found 253.1065. 

(S)-N-(tert-butyl)-2-(2-hydroxypropan-2-yl)-4-methoxy-2,3-dihydrobenzofuran-7-carboxamide 

(11a) []D
20 

-2.0° (c 1.0, CHCl3)
1
H NMR (400 MHz, CDCl3, ppm): δ 7.84 (d, J = 8.8 Hz, 1H), 7.41 (s, 

1H), 6.47 (d, J = 8.8 Hz, 1H), 4.75 (t, J = 9.6 Hz, 1H), 3.83 (s, 3H), 3.17 (dd, J = 8.8 Hz, J = 16 Hz, 

1H), 3.07 (dd, J = 9.6 Hz, J = 16 Hz, 1H), 2.25 (br, s, 1H), 1.43 (s, 9H), 1.36 (s, 3H), 1.26 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3, ppm): δ 163.5, 158.5, 157.8, 130.8, 113.9, 110.5, 103.9, 91.3, 71.2, 55.4, 

50.8, 29.0, 27.3, 26.0, 25.0; MS (EI) m/z (%): 307 (M
+
, 1), 249 (100), 235 (32), 217 (15), 192 (87), 163 

(43), 149 (23), 133 (18), 105 (15), 57 (20), 43 (45); HRMS (ESI): calcd for C17H26NO4 [M+ H]
+
: 

308.1856; Found 308.1848.    

(S)-N-(tert-butyl)-2-(2-((tert-butyldimethylsilyl)oxy)propan-2-yl)-4-methoxy-2,3-dihydrobenzofur

an-7-carboxamide (12a) (91% from 9a for three steps) []D
20 

-7.0° (c 1.0, CHCl3)
1
H NMR (400 MHz, 

CDCl3, ppm): δ 7.85 (d, J = 8.8 Hz, 2H), 7.49 (s, 1H), 6.45 (d, J = 8.8 Hz, 1H), 3.85 (dd, J = 7.2, 9.6 

Hz 1H), 3.82 (s, 1H), 3.18 (dd, J = 7.2 Hz, 15.6 Hz, 1H), 2.44 (dd, J = 9.6 Hz, 15.6 Hz, 1H), 1.44 (s, 

3H), 1.36 (s, 9H), 1.26 (s, 3H), 0.64 (s, 9H), 0.012 (d, J = 9.6 Hz); 
13

C NMR (100 MHz, CDCl3, ppm): 

δ 163.7, 158.4, 158.3, 130.5, 114.0, 110.2, 103.5, 91.45, 74.13, 55.4, 50.7, 29.0, 27.3, 26.9, 25.6, 25.3, 

17.8, -2.3, -2.4. (ESI) m/z (%): [M+ H]
+
: Found 422.4; HRMS (ESI): calcd for C23H40NO4Si [M+ H]

+
: 

422.2721; Found 422.2727. 

(R)-N-(tert-butyl)-3-((tert-butyldimethylsilyl)oxy)-7-((S)-2-hydroxypropyl)-5-methoxy-2,2-dimeth

ylchroman-8-carboxamide (13b) 

 

 

 

  To a solution of 12b (544 mg, 1.30 mmol) in dry THF (10 mL) was added TMEDA (0.78 mL, 

5.20 mmol) at -78 
o
C. To the resulting mixture was added dropwise a solution n-BuLi in hexane (2.5M, 

1.77 mL, 5.20 mmol) at -78 
o
C. After 2 h, to the resulting mixture was added dropwise 

(s)-(-)-propylene oxide (0.36 mL) at -78 
o
C. The reaction mixture was stirred at -78 

o
C for 3 h, and 
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allowed to warm to 25 
o
C for an additional hour. The resulting mixture was quenched with saturated 

aqueous NH4Cl and 1M HCl aqueous, and extracted with EtOAc and CH2Cl2. The combined extracts 

were washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 

silica gel chromatography (Petroleum ether/EtOAc 2:1 to 1:1) to afford 13b (334 mg, 54%) as a white 

crystal. []D
20

 +34° (c 1.0, CHCl3); 
1
H NMR (CDCl3, 400MHz): δ 6.26 (s, 1H), 5.98 (s, 1H), 5.23 (br, 

s, 1H), 3.89-3.96 (m, 1H), 3.79 (s, 3H), 3.74 (dd, 1H, J = 6.0, 6.6 Hz), 2.80 (dd, J = 6, 16.8 Hz, 1H), 

2.64-2.71 (m, 2H), 2.39 (dd, J = 8.8, 16.8 Hz, 1H), 1.41 (s, 9H), 1.33 (s, 3H), 1.25 (d, J = 6.4 Hz, 3H), 

1.17 (s, 3H), 0.88 (s, 9H), 0.08 (d, J = 7.2 Hz, 6H). 
13

C NMR (CDCl3, 100MHz): δ 167.6, 157.8, 150.0, 

138.4, 119.1, 107.3, 103.7, 77.4, 69.6, 68.4, 55.2, 51.4, 42.9, 28.6, 26.7, 26.2, 25.6, 24.4, 19.4, 17.7, 

-4.3, -5.2. MS (ESI) m/z (%):[M+ H]
+
: Found 480.4; HRMS (ESI): calcd for C26H46O5SiN [M+ H]

+
: 

480.3140; Found 480.3147. 

(S)-N-(tert-butyl)-2-(2-((tert-butyldimethylsilyl)oxy)propan-2-yl)-6-((S)-2-hydroxypropyl)-4-meth

oxy-2,3-dihydrobenzofuran-7-carboxamide (13a) 

 

Follow the above operation, 13a could be obtained. 13a (61% yield) []D
20

 +48° (c 1.0, CHCl3); 
1
H 

NMR (CDCl3, 400MHz): δ 6.74 (s, 1H), 6.25 (s, 1H), 5.48 (br, s, 1H), 4.54 (t, J = 8.8 Hz, 1H), 3.93 (br, 

s, 1H), 3.80 (s, 1H), 3.12 (dd, J = 7.2, 15.6 Hz, 1H), 2.96-3.04 (m, 2H), 2.84 (dd, J = 3.2, 13.2 Hz, 1H), 

1.41 (s, 9H), 1.32 (s, 3H), 1.27 (d, J = 7.6 Hz, 3H), 1.26 (s, 3H), 0.67 (s, 9H), 0.04 (d, J = 17.6 Hz, 6H). 
13

C NMR (CDCl3, 100MHz): δ 166.2, 158.8, 156.6, 142.1, 112.5, 111.5, 106.6, 90.9, 74.2, 69.3, 55.3, 

51.3, 43.0, 28.8, 27.5, 26.8, 25.5, 25.3, 24.4, 17.8, -2.3, -2.4. MS (ESI) m/z (%): [M+ H]
+
: Found 480.4; 

HRMS (ESI): calcd for C26H46O5SiN [M+ H]
+
: 480.3140; Found 480.3142. 

Preparation of 14, Coriandrone B and Coriandrone A 

 

 

 

(R)-N-(tert-butyl)-3-hydroxy-7-((S)-2-hydroxypropyl)-5-methoxy-2,2-dimethylchroman-8-carbox

amide (14b) 

To a solution of 13b (448 mg, 0.94 mmol) in anhydrous THF (10 mL) was added a 1.0 M solution 

of TBAF (0.96 mL, 0.96 mmol) in THF at room temperature and the mixture was stirred at room 

temperature for 2 h. Then THF was removed under reduced pressure, the residue was diluted by Et2O 

(30 mL), and the organic solution was washed sequentially with water (5 mL) and brine (5 mL). The 

organic layer was dried over Na2SO4, filtered and concentrated in vacuo, yielded crude diol 14b 

(340mg, 99%), then carried on to the next synthetic transformation without purification. []D
20

 +61.0° 

(c2.0, CHCl3) 
1
H NMR (CDCl3, 400MHz): δ 6.29 (s, 1H), 6.19 (br, s, 1H), 3.88-3.96 (m, 1H), 3.82 (s, 

3H), 2.63-2.77 (m, 3H), 2.31(dd, J = 6, 16.8 Hz, 1H), 2.12 (dd, J = 9.2, 16.8 Hz, 1H), 1.4 (s, 9H), 1.29 

(d, J = 6.4 Hz, 3H), 1.21 (s, 3H), 1.09 (s, 3H). 
13

C NMR (CDCl3, 100MHz): δ 168.0, 158.3, 150.2, 

138.8, 118.4, 108.0, 103.6, 77.80, 68.9, 67.2, 55.3, 51.7, 42.9, 28.6, 25.6, 25.5, 24.6, 19.4. MS (ESI) 
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m/z (%): [M+ H]
+
: Found 366.3; HRMS (ESI): calcd for C20H32NO5 [M+ H]

+
: 366.2275; Found 

366.2267. 

(3R,8S)-3-hydroxy-5-methoxy-2,2,8-trimethyl-3,4,7,8-tetrahydropyrano[4,3-h]chromen-10(2H)-o

ne (Coriandrone B) 

The crude diol (128 mg, 0.35 mmol) was treated with a mixture of 50% aqueous NaOH (6 mL) and 

EtOH (6 mL) and the mixture heated under reflux for 12 h. Then EtOH was distilled off and the residue 

neutralized with concentrated HCl at 0 
o
C. The aqueous phase was extracted three times with EtOAc 

and the collected organic solutions were washed with saturated aqueous NaHCO3 and brine and dried 

over Na2SO4. After evaporation of solvent, the solid residue was purified by flash chromatography 

(Petroleum ether/EtOAc 1:2) yielding 90 mg (88% yield for two steps) of the Coriandrone B. []D
20

 

+139.0° (c1.1, CHCl3); [lit.[]D
24

 +159.1 (c 0.87, CHCl3)] 
1
H NMR (CDCl3, 400MHz): δ 6.24 (s, 1H), 

4.46-4.54 (m, 1H), 3.86 (s, 3H), 3.80 (t, J = 5.2 Hz, 1H), 2.79-2.89 (m, 2H),                                                                                                                                                                                                                                                                                                                                                                                             

2.75 (dd, J = 3.2 Hz, J = 16 Hz, 1H), 2.68 (dd, J = 4.8 Hz, J = 17.6 Hz), 1.90 (br, s, 1H), 1.46 (s, 3H), 

1.46 (d. J = 6 Hz, 3H), 1.31 (s, 3H); 
13

C NMR (CDCl3, 100MHz): δ 162.7, 161.6, 155.8, 141.4, 107.9, 

107.0, 100.7, 77.8, 73.6, 68.4, 55.6, 36.6, 26.4, 24.3, 22.3, 20.7; MS (EI) m/z (%): 292 (M
+
, 40), 233 

(23), 221 (100), 206 (38), 188 (17), 176 (21), 149 (24), 91 (18), 75 (57), 57 (21), 43 (50); HRMS (ESI): 

calcd for C16H21O5 [M+ H]
+
: 293.1384; Found 293.1377.   

 

 

 

Follow the above operation, 14a and Coriandrone A could be obtained. 

(S)-N-(tert-butyl)-2-(2-hydroxypropan-2-yl)-6-((S)-2-hydroxypropyl)-4-methoxy-2,3-dihydrobenz

ofuran-7-carboxamide (14a) []D
20

 +56.5° (c2.0, CHCl3) 
1
H NMR (CDCl3, 400MHz): δ7.14 (s, 1H), 

6.29 (s, 1H), 6.19 (s, 1H), 5.70 (br, s, 1H), 4.42 (t, J = 8.8 Hz, 1H), 3.90 (br, s, 1H), 3.76 (s, 3H), 

2.85-2.2.97 (m, 2H), 2.68-2.77 (m, 2H), 1.36 (s, 9H), 1.23 (d, J = 6.0 Hz, 3H), 1.18 (s, 3H), 1.12 (s, 

3H). 
13

C NMR (CDCl3, 100MHz): δ 166.30, 158.5, 156.6, 140.8, 112.6, 112.5, 105.8, 90.5, 70.7, 69.3, 

55.1, 51.4, 42.6, 28.7, 27.3, 25.2 (25.0), 24.3. MS (ESI) m/z (%): [M+ H]
+
: Found 366.3; HRMS (ESI): 

calcd for C20H32NO5 [M+ H]
+
: 366.2275; Found 366.2266. 

(2S,7S)-2-(2-Hydroxypropan-2-yl)-4-methoxy-7-methyl-6,7-dihydro-2H-furo[3,2-h]isochromen-9(

3H)-one (Coriandrone A) (83% yield for two steps) []D
20

 +121.0° (c1.08, CHCl3); [lit.[]D
24

 +122.5 

(c 0.99, CHCl3)] 
1
H NMR (CDCl3, 400MHz): δ 6.20(s, 1H), 4.76 (t, J = 9.2 Hz, 1H), 4.47-4.56 (m, 

1H), 3.84 (s, 3H), 2.99 (d, J = 9.2 Hz, 2H), 2.79 (dd, J = 7.6 Hz, J = 11.6 Hz, 2H), 1.44 (d, J = 4.8 Hz, 

3H), 1.32 (s, 3H), 1.18 (s, 3H); 
13

C NMR (CDCl3, 100MHz): δ 163.5, 162.9, 159.8, 141.6, 114.6, 102.0, 

101.8, 92.2, 74.4, 71.3, 55.4, 35.8, 27.4, 25.6, 23.5, 20.7. MS (EI) m/z (%): 292 (M
+
, <1), 277 (5), 234 

(76), 233 (100), 215 (19), 205 (12), 188 (15), 177 (9), 149 (48), 71 (16), 57 (20), 43 (37); HRMS (ESI): 

calcd for C16H21O5 [M+ H]
+
: 293.1384; Found 293.1376.   
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