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1. Materials and General information

CH,CI, was dried by distillation over CaH,, 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. *H and **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 (1B-3 10U 250x4.6 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)
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The phenol 4 (2.40 g, 13.49 mmol) was dissolved in CH;CN (50 mL) and cooled to 0 °C.
Commercially available CuCl,2H,0 (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 °C for 1 hour and was allowed to warm to 38 °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 HCI (50 mL), water (50 mL) and brine (50 mL).
The organic layer was dried over Na,SOy, 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. '"H NMR (400 MHz, CDCl,, ppm): & 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); *C NMR (100 MHz, CDCls, ppm): & 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
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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/BaSO, (60 mg)
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and quinoline (20 uL) and the mixture was hydrogenated (latm) 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 °C for 5 h, The yellow
solution was concentrated and purified by column chromatography on silica gel (Petroleum ether
JEtOAC 10: 1) to yield a crude phenol 3 (1.23g, 84% for two steps). '"H NMR (400 MHz, CDCl;, ppm):
5 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); *C NMR (100 MHz, CDCl,,
ppm): & 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
(E1) 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. ‘H
NMR (400 MHz, CDCls, ppm): & 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); *C NMR (100 MHz, CDCls, ppm): & 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- a (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 °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 °C for 48 h. While the mixture was stirred at 0 °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 Na,SO, 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. [o]p? -4.82°
(c 1.0, CHCIl;) *H NMR (400 MHz, CDCls, ppm): & 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); *C NMR (100 MHz, CDCl,, ppm): & 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
(E1) m/z (%): 374 (M*<1), 283 (5), 225 (6), 195 (20), 193 (90), 163 (50), 91 (100), 43 (22); HRMS
(ESI): calcd for CyHy,0gNa [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 CH,Cl, (60 mL), pyridine (1.13 mL, 13.9 mmol) and
MsCl (0.80 mL) was added at 0 °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 K,COj3(1.82 g, 13.2 mmol) by refluxing for 4 h. The solvent was
removed in vacuo and the residue was diluted by Et,O (70 mL), washed by water (10 mL), dried
(Na;SO,), 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. [a]p? +5.0° (¢ 1.0, CHCI5) 'H
NMR (400 MHz, CDCl,, ppm): & 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); **C NMR (100 MHz, CDCls, ppm): & 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
(El) 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 C,1Hp505 [M+ H]*: 357.1697; Found 357.1699.

Preparation of Compound 2 and 9a
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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 Na,B,0; (0.05 M) and Na,EDTA
(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 Na,EDTA and an aqueous
solution of K,COj3 (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 [o]p™ +4.2° (c 1.43, CHCl;) 'H NMR (400 MHz, CDCl;, ppm): & 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); *C NMR (100 MHz, CDCl,, ppm): & 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 CyH1905 [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): vyield 92%; 77% ee [o]p?
+22.0° (c 1.0, CHCI;) "H NMR (400 MHz, CDCl,, ppm): & 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); *C NMR (100 MHz, CDCl,, ppm): & 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 Ci4H105 [M+ H]": 267.1227; Found 267.1222.

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

_0._0O

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 Na,SO,, 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. [a]p? 4.0° (c 1.0, CHCI3) '"H NMR
(400 MHz, CDClg, ppm): & 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); *C NMR (100 MHz, CDCl;, ppm): & 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 Cy4H1505 [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: H,0 (3:1:1, 30 mL) in a 50
mL vial equipped with a stir bar. LiOHH,0 (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 HCI (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 Na,SO4and then concentrated under reduced pressure to
afford acid 10b as a white solid. [o]p?-13° (c1.0, CHCI5) *H NMR (400 MHz, CDCls, ppm): & 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); *C NMR (100 MHz, CDCl,
ppm): & 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 (El) m/z
(%): 252 (M* 40), 193 (17), 181 (17), 164 (35),163 (100), 136 (23), 105 (13), 57 (22), 43 (31); HRMS
(ESI): caled for C13H,,05 [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 °C.
Diisopropylethylamine (1.31 mL, 2.56 mmol, 1.0 equiv) was added dropwise to the flask. ‘BuNH, (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 H,O (2 x 10
mL), 1% phosphoric acid (2 x 10 mL), 2% K,CO;(2 x 10 mL), and brine (2 x10 mL). Each aqueous
layer was back-extracted with EtOAc (2 x 40 mL). The combined organic layers were dried over
Na,SQ,, 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. [a]p?°-14° (c 1.0, CHCI3) *H NMR (400 MHz, CDCl;, ppm): 5 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); *C NMR (100 MHz, CDCls,
ppm): & 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 (El) 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 Cy;HsNO, [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 CH,Cl,
(15 mL) was added TBSOTTf (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 NaHCO; was added to the
reaction mixture and the product was thoroughly extracted with Et,O. The organic extracts were
successively washed with a 3% aqueous solution of KHSO, twice, a saturated aqueous solution of
NaHCOs, and saturated brine, dried over NaSO,, 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). [a]p™®-46° (¢ 1.0, CHCls) *H NMR (400 MHz, CDClg, ppm): &
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); *C NMR (100 MHz, CDCl,, ppm): & 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 CyHi,NO,SI [M+ H]™: 422.2721;
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Found 422.2726.

COOMe COOH CONHBu CONH!Bu
(0] lo) (0] (0]
-'-”<OH ST D <OH_ . HH.<0H R <0TBS
OMe OMe OMe OMe
9a 10a 11a 12a

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) [o]p®
+32° (¢1.0, CHCI3) *H NMR (400 MHz, CDCls, ppm): 8 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); **C NMR (100 MHz, CDCl,, ppm): & 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 (El) 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 Cy3H,,05 [M+ H]*: 253.1071; Found 253.1065.
(S)-N-(tert-butyl)-2-(2-hydroxypropan-2-yl)-4-methoxy-2,3-dihydrobenzofuran-7-carboxamide
(11a) [a]p**-2.0° (c 1.0, CHCI3)*H NMR (400 MHz, CDCls, ppm): 6 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); °C
NMR (100 MHz, CDCls;, ppm): & 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 Ci7HsNO, [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) [a]p?°-7.0° (c 1.0, CHCI5)'H NMR (400 MHz,
CDCls, ppm): 4 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); *C NMR (100 MHz, CDCls, ppm):
6 163.7, 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 Cy3H4NO,Si [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)

o

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 °C. To the resulting mixture was added dropwise a solution n-BuLi in hexane (2.5M,
1.77 mL, 520 mmol) at -78 °C. After 2 h, to the resulting mixture was added dropwise
(s)-(-)-propylene oxide (0.36 mL) at -78 °C. The reaction mixture was stirred at -78 °C for 3 h, and
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allowed to warm to 25 °C for an additional hour. The resulting mixture was quenched with saturated
aqueous NH,CI and 1M HCI aqueous, and extracted with EtOAc and CH,Cl,. The combined extracts
were washed with brine, dried over Na,SO,, 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. [a]p® +34° (¢ 1.0, CHCIl5); *H NMR (CDCl;, 400MHz): & 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). *C NMR (CDCls;, 100MHz): & 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 CysH4605SiN [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)

CONHBu CONHBu
(0] (0]
----- %OTBS ~ Ou ] <OTBS
OMe OMe
12a 13a

Follow the above operation, 13a could be obtained. 13a (61% yield) [a]p*® +48° (c 1.0, CHCI,); *H
NMR (CDCls, 400MHz): § 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).
B3C NMR (CDCl;, 100MHz): 5 166.2, 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 CogH0sSiN [M+ H]": 480.3140; Found 480.3142.

Preparation of 14, Coriandrone B and Coriandrone A

H

N_ _O CONHBu um, OO
ha o
(0] o
— OH o ——
OH 0TBS OMe OH
N OMe
13b 14b Coriandrone B

(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 Et,O
(30 mL), and the organic solution was washed sequentially with water (5 mL) and brine (5 mL). The
organic layer was dried over Na,SQ,, filtered and concentrated in vacuo, yielded crude diol 14b
(340mg, 99%), then carried on to the next synthetic transformation without purification. [a]p™ +61.0°
(¢2.0, CHCIl;) 'H NMR (CDCls, 400MHz): & 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). *C NMR (CDCl;, 100MHz): & 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 C,H3,NOs [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]Jchromen-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 HCI at 0 °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 Na,SO,. 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. [a]p?
+139.0° (c1.1, CHCIy); [lit.Ja]p®* +159.1 (c 0.87, CHCIl5)] *H NMR (CDCl3, 400MHz): 6 6.24 (s, 1H),
4.46-454 (m, 1H), 386 (s, 3H), 380 (t, J = 52 Hz, 1H), 2.79-289 (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); *C NMR (CDCl;, 100MHz): § 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 (El) 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 CigH,,05 [M+ H]": 293.1384; Found 293.1377.

CONH'Bu CONH'Bu n, SO0
(0] Q (o]
o UL L pm <OTBS Sy L )pm <OH = | 1 Do %OH
OMe OMe OMe
13a 14a Coriandrone A

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) [o]p”® +56.5° (c2.0, CHCIl3) *H NMR (CDCl;, 400MHz): 87.14 (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). *C NMR (CDCl;, 100MHz): & 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 CyH3,NOs [M+ H]™: 366.2275; Found 366.2266.
(2S,79)-2-(2-Hydroxypropan-2-yl)-4-methoxy-7-methyl-6,7-dihydro-2H-furo[3,2-h]isochromen-9(
3H)-one (Coriandrone A) (83% vyield for two steps) [a]p?® +121.0° (c1.08, CHCIy); [lit.[a]p* +122.5
(c 0.99, CHCI3)] *H NMR (CDCl;, 400MHz): 6 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); *C NMR (CDCl;, 100MHz): § 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 (El) 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 CigH,,05 [M+ H]": 293.1384; Found 293.1376.
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Lanzhou 5 Breeze 2
RN S S fan HPILC System
FE P = PR FanChunAn
L = FE L AE S ; E B
£ 5h 545 TR wwi Xxiaoxuan e FanChunAn
#dﬁ':%!éﬁﬂ < %N #&fa*ﬁ%ﬂ: ZGB20100908
L= 2:A,7 IB3 1Tml HexIprosvs
lﬁ‘:#?ﬁ(ﬁ: 1 ZGBOS
BEREAFA: 10.00 ul 236.2 #42K
iz 478l 60.0 Minutes Ak 3R A R PDA 236.2 232K
S H B 1a) 2010/9/8 10:40:37 CST AN AESAS T PDA 236.2 #42K
A FREs) 1E] 2010/9/8 11:39:14 CST
0.040 |
0.035 ‘.S_'
| =
SR ‘ COOMMe
OBn
o.025 | (=
= OoH
2° : O hie
0.015 | (=7
o.010
0.000 ~ v —_— R/-——-/\J—
0.00 5.00 10.00 15.00 20.00 25.00 35.00 40.00 4s5.00 50.00
Sy Bl
15 & i ra) o L e o
Gret) | amormery | 7 TR gy | Y I
1 28.329 | 2119102 49.94 | 41250 57.00
>4 47 .071 2124389 50.06 | 31125 432.00
R #7 Jr v IR S ASC FTEPD = 11:39:53 PR2O10/9/8
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Lanzhou 5 Breeze 2
Wi H 45 FR: fan HPLC System
FH 2 28 FR: FanChunAn
FF 5 45 TR wwi shouxing FanChunAn
PEah SR A %N ZGB20100908
WS 2:A.8 IB3 1ml HexIpro5vs
BEPE IR EL: 1 ZGBOS
BEPEAFA 20.00 ul 236.2 442K
iz AT EE]: 55.0 Minutes PDA 236.2 944K
ST [a] 2010/9/8 11:38:08 CST O AE SIS RY: PDA 236.2 42K
Ak FR B a] 2010/9/8 12:36:05 CST
0.12
0.10
o.08
2 ooe
0.04
|
0.02
0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.0
Sy
1R B9 0t i\) A G JEE

Creny | @Ry | 7 TR gk | % E
1 27.202 3800799 27.52 62661
2 44.897 | 10008674 72.48 | 117471

IR AV AR ASC FTER}- 12:36:46 PRR010/9/8 T 1 (i 1)
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Lanzhou
I H 44 R
EED R

5 Breeze 2
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A HERS )

fan
FanChunAn
FE A S

wwj201109131 AR
A 50 A it 244 R
2:E1 SRy yi4H
1 A s
15.00 ul A A 44 R
35.0 Minutes Azb P AT

2011/9/13 15:42:49 CST

L AL RY:

FanChunAn

wwj

IC3 1ml Hexlproov10
chenpeng

222.1 g2k

PDA 222.1 #42K

PDA 222.1 #)2K

Ak PR S ) 2011/9/13 17:44:46 CST
0.90
o.80 COOR = 3
OBn
0.70 H 5
Yy L= ] =
0.60 w
o~
00 ke
2
0.30
0.20
0.10
000 _,\j"L,.L,_._M
0.00 5.00 10.00 15.00 20.00 25.00 30.00
sreP
TR v i ) T o = . o
Grety | ey | 70 TR Gy | % W
15.482 | 21920300 50.64 | 924497 63.00
25.849 | 21369376 49.36 | 542917 37.00
Ft Iyl RS ASC FIEPN-J- 17:56:23 PRRO011/9/13
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Lanzhou 6 reeze- 2
I H 44 B fan HPLC System
VAR A S FanChunAn
= ST wwij201109133 FanChunAn
Vi S IR - A< Hn wwij
£ 2:E.,3 1IC3 1ml HexIlpr9ov10
Y YR AL 1 ! 7Y chenpeng
A4 AL 15.00 ul 30 AT 4% R - 230.0 k@2
izs A RS g 35.0 Minutes Azks FH 3 GBS 7 R PDA 230.0 5424
A UL ) 2011/9/13 16:53:37 CST (EARTEEE S SEiTH PDA 230.0 #M42i&
HLAS ] 2011/9/13 17:49:03 CST
0.50
g.
0.40
COOMe
Dﬁn
0.30 = 0O
2
OhAe
0.20 (+)1-8
S
o.10 J K
>
o~
S, - VA
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Ty
15 %1 1) 1) THT A o o v SR P —
Grety | Gmetpsy | 7 TR Garpey | Yo s
1 15.438 | 11619883 86.11 | 514608 91.53
2 25.930 1874895 13.89 47617 8.47

5 Iyl AR s ASC

FIrEP-1 17:49:21 PRRO11/9/13
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Lanzhou

-Q/_ reeze 2
BT S S fan HPLC System
JH ™ £ R FanChunAn
A it 55 AR wwj201109132 FanChunAn
FF il ST A 50 wwij
22 IC3 1Tml HexIpr9ov10
1 chenpen
15.00 ul 230.0 #ZKk@2
dzm A rag: 35.0 Minutes Azk 138 GRS 7 PDA 230.0 #42
FZAE N A 2011/9/13 16:18:13 CST il A SIS Ry : PDA 230.0 #Z52&
A IR (w] 2011/9/13 17:47:33 CST

0.00 5.00 10.00 15.00 20.00 25.00 30.00
Syt
T i 1] TR o ] EE o oo
Gr o) GtR~fy | T TR Gy | Yo W
1 15,403 | 10208634 88.04 | 451693 92.94
2| 25840| 1387193 | 11.96| 3a296 7 06
R Iy TR Y ASC FIED - 17:55:49 PR2O11/9/13
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Lanzhou = Breeze 2

151 B %5 FR: fan HPLC System
FH P AR FanChunAn
77*‘1—{%?*’\: wwi20110518 FanChunAn
FEAh ST A< En WA
HEL %5 1:F, 7 IC3 1ml HexIlproov10
B R 1 chenpeng
BEAEAASFEL: 10.00 ul 230.0 “ayk@2
JZ= AT A]: 35.0 Minutes Azb FH1 50 33 7 PR PDA 230.0 #32K
SR HEp) (a] 2011/5/18 17:23:53 CST i A S Y PDA 230.0 #92K
Ak FR B E] 2011/5/18 17:58:18 CST
o.80
0.70 r
0.60
OO e
o.so OB n
-« o
2 040
DOhle
0.30 [+
0.20
el
<=3
o
0.10 Prel
L
S S\ I
0.00 5.00 10.00 15.00 20.00 25.00 30.00
2r e
152 9 B 1) T AL . g —
Gy kAR~ Fo) Yo AL AR Yo o )E
1 15.566 | 18352585 89.29 | 787338 93.36
- 26.263 2200691 10.71 55976 6.64
R ITvR: AR YS ASC FTERF 17:59:13 PRRO11/5/18

Taa%: 1 GLit 1)
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Lanzhou _/a‘ reeze 2
BN S I fan HPLC System
JEE DA FanChunAn
FPE (S S
wwi201 109061 A= S5 FanChunAn
A< 5N A ol £EL 543 TR wwij
2:D,1 ZH.: IC3 1Tml HexIpr97v3
1 wwj
15.00 ul g 260.0 #P42K
60.0 Minutes Azl FHL I AT 7R R PDA 260.0 #M42K
SR )z 2011/9/6 17:26:38 CST i A SR - PDA 260.0 #)3&
Azb FAS] (] : 2011/9/6 19:19:06 CST
0.40 o"_o
g 3
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O H
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H o
=2
=< o0.20
Ol
0.15 (==
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ooode= A = A NN
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 <40.00 45.00 50.00
i
5% 5 B 1) THT 5 - N W JEE e
Gral Gty | Zo TR Gy | Yo
1 38.806 | 19855064 49.98 | 430299 54.54
2 44.481 | 19873422 50.02 | 358677 a45.46
¥Ry Jrvd AR S ASC FIrEP 1= 17:57:10 PRRO11/9/13

Uifith: 1 (il 1)
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Lanzhou 5 Breeze 2
IL H 44 FR: fan HPLC System
FH I AR FanChunAn
A it A5 S
BF: & 44 TR: wwij201109062 KM # FanChunAn
A i S 2R A5 : i 2 wwj
HH 452 2:D,2 & IC3 1ml HexIpro7v3
SR L 1 i
BEFEAA A 15.00 ul 260.0 kK
IZAT R M) 52.0 Minutes Aeb P 0 R PDA 260.0 #924
AL [ - 2011/9/6 18:19:59 CST oG A JE Y PDA 260.0 442K
zbs B D 2 2011/9/6 19:21:10 CST
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5
4 ¥ At 1) THIAA s v JEE op Br
orety | autkeasy | TR Guey | %
1 38.910 | 33016039 | 87.08 | 680720 | 88.07
2| 44.907| 4897484 | 12.92| 92184 | 11.93
Wt ik IR ASC FrEPF 17:57:39 PRRO11/9/13
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Lanzhou 5 Breeze 2
RN S 2 Vi fan HPLC System
O =R FanChunAn
ng2011.11.19;1 KA FanChunAn
A< 50 B i ZHL 45 B zgb
1:A,1 > Ve IA3 1ml Hexvipr85v15
L : . zgb
BEREAA R 15.00 ul 256.0 g4k
iZ= AT Ass M) 60.0 Minutes PDA 256.0 g5
I [a] 2011/11/19 16:24:27 CST it A E ISR PDA 256.0 g4
Ak BB A] 2011/11/19 16:37:04 CST
0.50 S
(=23
>
o
0.40
C OOk
(]
0.30 "".éoH
2
0.20 Ohde
[E»rS=
0.10
0.00 A -
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
e
152 B B+ e) GOE:S =~ v S PR e
Gremy | amtkeasy | % TR gy | % W
1 6.596 | 5622241 50.10 | 489950 53.10
8.590 | 5600420 49.90 | 432798 46.90
HB 8 Hrid: 4R ASC fTENF 16:37:48 PR2O11/11/19 BIEG: 1 (3Lt 1)
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Lanzhou B Breeze 2
i H 45 PR fan aumc System
PEED e FanChunAn
s e _ AESE S = ) ]
sk zgb2011.11.19-2 SKHE FanChunAn
A it SR A< Fn P b 2HL 52 R zgb
HE 1:A.2 > Ty PR IA3 1ml HexvIpr85v15
A L 1 : zgb
IR AA L 15.00 ul PLIBT=E = 7 256.0 g4
iZ= AT ] 13.0 Minutes Azb ¥ 3EE 30T 7 R PDA 256.0 @32k
S A): 2011/11/19 16:35:34 CST A AE ISR PDA 256.0 g4
Ak B E] 201 1/11/19 16:47:07 CST
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2y %l
5% B9 B 1) i A % = 7 5 o
Grery | aupremry | 7 TR x| % W
1 6.587 | 7772003 88.69 | 689354 89.51
2 8.604 990658 1931 80756 10.49
i AR E ASC FTEDF 16:47:51 PR2O11/11/19
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