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Abbreviations

Ac: acetyl, AIBN: azobisisobutyronitrile, acac: acetylacetone, Bn: benzyl, Bu: butyl,
COSY: correlation spectroscopy, DDQ: 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
DMF: N, N-dimethylformamide, ESI: electrospray ionization, Et: ethyl, HMBC:
heteronuclear multiple bond coherence, HMQC: heteronuclear multiple quantum
coherence, HRMS: high resolution mass spectrometry, Im: imidazole, IR: infrared
spectroscopy, i: iso, Me: methyl, MS: molecular sieves, n: normal, NAP: 2-naphtylmethyl,
NIS: N-iodosuccinimide, NMR: nuclear magnetic resonance, NOE: nuclear Overhauser
effect, NOESY: nuclear overhauser effect spectroscopy, p: para, Ph: phenyl, Pr: propyl,
RSM: recovery of starting material, rt: room temperature, s: secondary, t: tertiary, TBAC:
tetrabuthylammonium chloride, TBAF: tetrabutylammonium fluoride, TBAI:
tetrabutylammonium iodide, TBS: t-butyldimethylsilyl, Tf: trifluoromethanesulfonyl,
THEF: tertrahydrofuran, TLC: thin layer chromatography, TOF: time-of flight, TSOH: p-
toluenesulfonic acid.

General methods for organic syntheses. All reactions sensitive to air or moisture were
performed under an argon atmosphere with dry glassware unless otherwise noted in
particular. The dehydrated solvents, CH>Cl>, THF, toluene, MeOH, DMF and Et>O were
purchased from Kanto Chemical Co. Inc. or Wako Pure Chemical Industries Ltd., and
was used without further dehydration. Benzyl bromide, BF3-OEtz, BusSnH, CS», Et3SiH
and furan were distilled before using. MS3A was preactivated by microwave irradiation.
ZnBrz, MgBr2-OEt, Zn(OTf). and Ag(OTf)2 were preactivated by heating in vacuo. All
other chemicals were obtained from local venders, and used as supplied unless otherwise
stated. Thin-layer chromatography (TLC) was performed using pre-coated TLC glass
plates (E. Merck silica gel 60 F254, 0.25-mm thickness) for the reaction analyses. For
column chromatography and flash column chromatography, Kanto silica gel 60N
(spherical, neutral, 100-210 um) and Kanto silica gel 60N (spherical, neutral, 40—50 pm)
were used, respectively. Optical rotations were recorded on a JASCO P-1010 polarimeter.
IR spectra were recorded on a JASCO FT/IR-4000. *H and *3C NMR spectra were
recorded on a JEOL JNM-ECAG600 spectrometer. Chemical shifts are reported in ppm
from tetramethylsilane (TMS) with reference to internal residual solvent [*H NMR,
CHCl; (7.26), CeHDs (7.16), CsHDsN (7.21); 3C NMR, CDCl; (77.16), CsDsN (125.8)].
The following abbreviations are used to designate the multiplicities: s = singlet, d =
doublet, t = triplet, g = quartet, quint = quinted, m = multiplet, br = broad. High resolution
mass spectrometry (HRMS) were recorded on Bruker microTOF Il mass spectrometer
under ESI-TOF conditions.
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Scheme S1. Reagents and conditions: (a) NAPBr, NaH, DMF, 0 °C to rt, 2 h; (b) TsOH-H20,
MeOH, THF, H20, rt, 20 h, 94% (2 steps); (c) BnBr, NaH, DMF, 0 °C to rt, 3 h, 98%; (d) BnBr, NaH,
DMF, 0 °C to rt, 1 h, 90%; (e) furan, n-BuLi, THF, 0 °C, 1.5 h; then S5, THF, -78 °C, 1 h, 76%; (f)
Ru[(S,S)-Tsdpen](p-cymene) S8, TBAC, HCO:zNa, CH:Clz, H20, rt, 27 h, 98%, (g) TBSCI, Im,
DMF, 0°Ctort, 1.5 h, 97%.
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Olefin S2. 2-Napthylmethyl bromide (916.0 mg, 4.14 mmol) and NaH (60% in mineral
oil, 177.4 mg, 4.44 mmol) were added to a solution of alcohol S1 (859.1 g, 2.96 mmol)
in DMF (10.0 mL) at 0 °C under an argon atmosphere. After stirring at room temperature
for 2 h, the reaction mixture was quenched with saturated aqueous NH4Cl and extracted
with EtOAc. The organic layer was washed with saturated aqueous NaCl, dried over
anhydrous Na>SOs, filtered and concentrated under reduced pressure to afford olefin S2
as a colorless oil, which was used for the next reaction without further purification.

HO H H ONAP
" Meo Me/
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Diol S3. TsOH-H.0 (563.0 mg, 2.96 mmol) was added to a stirred solution of the crude
S2 in a mixture of solution of THF (4.7 mL), MeOH (4.7 mL) and H20 (0.47 mL) at 0 °C.
After stirring at room temperature for 20 h, the reaction mixture was quenched with
saturated aqueous NH4ClI and extracted with EtOAc. The organic layer was washed with
saturated aqueous NaCl, dried over anhydrous Na>SOs, filtered and concentrated under
reduced pressure. The residue was purified by silica gel flash column chromatography to

give diol S3 (949.6 mg, 2.77 mmol, 94%) as a colorless solid: [0]p?® —37.3 (¢ 1.01,
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CHCls); IR (film) 3327, 2921, 1509, 1470, 1441, 1411, 1380, 1365, 1334, 1271, 1176,
1113, 1085, 1067, 999, 945, 930, 859, 821, 750 cm™L; R¢= 0.24 (hexane/EtOAC = 1/2); *H
NMR (600 MHz, CDCls) § 7.83-7.82 (m, 3H), 7.75 (s, 1H), 7.50-7.44 (m, 3H), 6.00 (dd,
J=18.0, 10.8 Hz, 1H), 5.21 (d, J = 18.0 Hz, 1H), 5.07 (d, J = 10.8 Hz, 1H), 4.79 (d, J =
12.0 Hz, 1H), 4.65 (d, J = 12.0 Hz, 1H), 3.82 (ddd, J = 10.2, 4.8, 4.8 Hz, 1H), 3.53 (dd, J
=10.8, 10.8 Hz, 1H), 3.44-3.41 (m, 2H), 2.51 (brs, 1H), 2.19 (ddd, J = 10.2, 4.8, 4.8 Hz,
1H), 2.10 (brs, 1H), 1.93 (ddd, J = 10.2, 10.2, 10.2 Hz, 1H), 1.40 (s, 3H), 1.24 (s, 3H);
13C NMR (150 MHz, CDCls) § 144.4, 136.0, 133.3, 133.1, 128.3, 127.9, 127.8, 126.5,
126.3, 126.1, 125.8, 112.8, 79.2, 77.3, 77.1, 72.0, 68.0, 67.8, 29.5, 21.5, 18.8; HRMS
(ESI-TOF) m/z [M+Na]* calcd for C21H2604Na 365.1723, found 365.1710.

0
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Amide S5. Benzyl bromide (11.4 mL, 95.4 mmol) and NaH (60% in mineral oil, 4.45 g,
111.3 mmol) were added to a solution of alcohol S4 (0.68 g, 2.41 mmol) in DMF (30.0
mL) at O °C under an argon atmosphere. After stirring at room temperature for 1 h, the
reaction mixture was quenched with saturated aqueous NH4Cl, and extracted with EtOAc.
The organic layer was washed with saturated aqueous NaCl, dried over anhydrous
Na>SOyg, filtered and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography to give amide S5 (16.85 g, 72.2 mmol, 90%) as a
colorless oil: IR (film) 3466, 2969, 2871, 1073 cm™*; Ri= 0.41 (hexane/EtOAc = 1/2) ; 'H
NMR (600 MHz, CDCl3) & 7.28-7.19 (m, 5H), 4.47 (s, 2H), 3.76 (t, J = 6.9 Hz, 2H), 3.40
(t, J =6.9Hz, 2H), 3.37 (t, J = 6.9 Hz, 2H), 2.53 (t, J = 6.9 Hz, 2H), 1.86 (quint, J = 6.9
Hz, 2H), 1.78 (quint, J = 6.9 Hz, 2H); 3C NMR (150 MHz, CDCls) § 169.6, 138.5, 128.5
(2C), 127.8 (2C), 127.7, 73.4, 66.6, 46.9, 45.7, 35.5, 26.3, 24.6; HRMS (ESI-TOF) m/z
[M+Na]" calcd for C14H10NO2Na 256.1308, found 256.1311.
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Ketone S6. n-BuLi (1.6 M in hexane, 20.0 mL, 32.1 mmol) was added dropwise to a
stirred solution of furan (3.0 mL, 41.2 mmol) in THF (130.7 mL) under an argon
atmosphere at 0 °C. After stirring at 0 °C for 1.5 h, a solution of amide S5 (5.02 g, 21.5
mmol) in THF (72.0 mL) was added via cannula to the reaction mixture at —78 °C. After
stirring at —78 °C for 1 h, the reaction mixture was quenched with saturated aqueous
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NH4ClI and extracted with EtOAc. The organic layer was washed with saturated aqueous
NaCl, dried over anhydrous Na,SQg, filtered and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography to afford ketone S6 (3.86
g, 16.8 mmol, 76%) as a colorless oil: IR (film) 2873, 2367, 1672, 1569, 1467, 1095 cm™*;
Ri= 0.82 (hexane/EtOAc = 1/2) ; 'H NMR (600 MHz, CDCls) § 7.58 (d, J = 1.4 Hz, 1H),
7.34-7.26 (m, 5H), 7.21 (d, J = 4.1 Hz, 1H), 6.53 (dd, J = 4.1, 1.4 Hz, 1H), 4.54 (s, 2H),
3.89 (t, J = 6.9 Hz, 2H), 3.14 (t, J = 6.9 Hz, 2H); 3C NMR (150 MHz, CDCl3) & 187.4,
152.9, 146.6, 138.3, 128.5 (2C), 127.8 (3C), 117.6, 112.4, 73.4, 65.4, 39.0 ; HRMS (ESI-
TOF) m/z [M + Na]" calcd for C14H140sNa 253.0835, found 253.0832.
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Alcohol S7. TBAC (0.240 g, 0.847 mmol), a solution of sodium formate (3.84 g, 56.5
mmol) in H20 (10 mL), and S8 (51.0 mg, 0.085 mmol) were added to a stirred solution
of ketone S6 (0.63 g, 2.82 mmol) in CH2Cl> (10.0 mL) at room temperature. After stirring
vigorously at room temperature for 7 h, S8 (25.2 mg, 0.042 mmol) was added to the
reaction mixture again. After stirring at room temperature for 20 h, the reaction mixture
was diluted with H2O and extracted with EtOAc. The organic layer was dried over
anhydrous Na»SOg, filtered and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography to furnish alcohol S7 (0.64 g, 2.77 mmol,
98%) as a colorless oil: [a]o*® —15.8 (c 1.25, CHCIs); IR (film) 3412, 2865, 1454, 1073,
1009, 697 cm™; R¢= 0.51 (hexane/EtOAc = 2/1) ; *H NMR (600 MHz, CDCls) § 7.36 (d,
J=2.1Hz, 1H), 7.35-7.28 (m, 5H), 6.32 (dd, J = 3.4, 2.1 Hz, 1H), 6.24 (d, J = 3.4 Hz,
1H), 4.94 (dt, J = 8.9, 4.1 Hz, 1H), 4.53 (s, 2H), 3.73-3.63 (m, 1H), 3.67-3.63 (m, 1H),
3.11(d, J=4.1 Hz, 1H), 2.17-2.14 (m, 2H); 3C NMR (150 MHz, CDCls) § 156.6, 141.9,
138.0, 128.6 (2C), 127.9 (2C), 127.8, 110.3, 105.9, 73.5, 68.2, 67.1, 35.3; HRMS (ESI-
TOF) m/z [M + Na]" calcd for C14H1603Na 255.2682, found 255.2630.
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TBS ether 6. Imidazole (0.38 g, 5.17 mmol) was added to a solution of alcohol S7 (0.33
0, 1.42 mmol) in DMF (4.3 mL) at room temperature under an argon atmosphere. TBSCI
(0.42 g, 2.78 mmol) was added to the reaction mixture at 0 °C. After stirring at room
temperature for 1.5 h, the reaction mixture was quenched with saturated aqueous NH4Cl
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and extracted with EtOAc. The organic layer was washed with saturated aqueous NaCl,
dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure. The
residue was purified by silica gel flash column chromatography to give compound 6 (0.47
g, 1.36 mmol, 97%) as a colorless oil: [a]o? —30.6 (¢ 1.06, CHCIs); IR (film) 3839, 2860,
2360, 2338, 1746, 1648, 1541, 1508, 1240, 1040, 814, 742, 669 cm; Rf = 0.51
(hexane/EtOAC = 2/1) ; *H NMR (600 MHz, CDCls) § 7.36-7.26 (m, 6H), 6.29 (dd, J =
3.4,1.4Hz, 1H), 6.15 (d, J = 3.4 Hz, 1H), 4.90 (dd, J = 8.3, 4.5 Hz, 1H),4.51 (d, J = 11.7
Hz, 1H), 4.76 (d, J = 11.7 Hz, 1H), 3.65-3.62 (m, 1H), 3.50-3.47 (m, 1H), 2.12-2.06 (m,
2H), 0.86 (s, 9H), 0.04 (s, 3H), -0.09 (s, 3H); **C NMR (150 MHz, CDCl3) § 157.2, 141.5,
138.7,128.5 (2C), 127.8 (2C), 127.6, 110.1, 106.0, 73.1, 66.8, 65.5, 37.2, 25.9 (3C), 18.3,
—4.8, —5.0; HRMS (ESI-TOF) m/z [M + Na]* calcd for C20H3003SiNa 369.1856, found
369.1852.
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Olefin 4. BnBr (0.25 mL, 2.07 mmol) and NaH (100.2 mg, 2.45 mmol) were added to a
solution of diol S3 (295.3 mg, 0.862 mmol) in DMF (6.0 mL) at 0 °C. After stirring at
room temperature for 3 h, saturated aqueous NH4Cl was added to the suspension, and
resultant mixture was extracted with Et2O. The organic layer was dried over Na>SOs,
filtered and concentrated under reduced pressure. The residue was purified by silica gel
flash column chromatography to furnish olefin 4 (440.5 mg, 0.842 mmol, 98%) as a
colorless oil: [o]p® +9.38 (c 1.50, CHCIs); IR (film) 3027, 2941, 1454, 1361, 1092, 1028,
737,697 cm™1; Ri= 0.64 (hexane/EtOAc = 5/1); *H NMR (600 MHz, CDCl3) & 7.79-7.76
(m, 3H), 7.69 (s, 1H), 7.45-7.36 (m, 3H), 7.27-7.14 (m, 10H), 5.98 (dd, J = 17.4, 10.8
Hz, 1H), 5.33 (dd, J =17.4, 1.8 Hz, 1H), 5.02 (dd, J = 10.8, 1.8 Hz, 1H), 4.68 (d, J=11.4
Hz, 1H), 4.58 (d, J = 12.6 Hz, 2H), 4.52 (d, J = 11.4 Hz, 1H), 4.47 (d, J = 12.6 Hz, 1H),
4.36 (d, J=11.4 Hz, 1H), 3.68 (dd, J = 12.0, 4.2 Hz, 1H), 3.41 (d, J = 10.8 Hz, 1H), 3.35
(d, J=10.8 Hz, 1H), 3.30 (dd, J = 12.0, 4.2 Hz, 1H), 2.24 (ddd, J = 12.0, 4.2, 4.2 Hz, 1H),
1.74 (ddd, J = 12.0, 12.0, 12.0 Hz, 1H), 1.37 (s, 3H), 1.16 (s, 3H); 3C NMR (150 MHz,
CDCls) 6 145.0, 139.1, 138.7, 136.1, 133.3, 133.1, 128.4 (2C), 128.3 (2C), 128.2, 128.0,
127.8, 127.6 (5C), 127.4, 126.2 (2C), 126.0, 125.8, 112.9, 80.6, 77.5, 76.3, 75.9, 75.0,
73.6,71.9,71.4,27.0, 20.6, 19.0; HRMS (ESI-TOF) m/z [M+Na]" calcd for C3sH330sNa
545.2662, found 545.2673.
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Aldehyde 5. Ozone was bubbled through a solution of olefin 4 (440.5 mg, 0.843 mmol)
in a mixed solvent of CH.Cl, (4.2 mL) and MeOH (4.2 mL) at —78 °C for 20 min. Oxygen
was then passed through the reaction mixture for 5 min, and then PPhs (0.271 g, 1.01
mmol) was added. The reaction mixture was warmed to room temperature slowly over a
period of 6 h, and concentrated under reduced pressure. The residue was purified by silica
gel flash column chromatography to afford aldehyde 5 (378.6 mg, 0.721 mmol, 86%) as
a colorless solid: [a]o'” +28.3 (¢ 1.03, CHCIs); IR (film) 2942, 2862, 1741, 1332, 1170,
1029, 680 cm™%; Rs= 0.30 (hexane/EtOAc = 5/1); *H NMR (600 MHz, CDClIs) § 9.40 (s,
1H), 7.85-7.82 (m, 3H), 7.71 (s, 1H), 7.50-7.48 (m, 2H), 7.42-7.40 (m, 1H), 7.32-7.28
(m, 8H), 7.23-7.21 (m, 2H), 4.70 (d, J = 11.7 Hz, 1H), 4.61 (d, J = 11.7 Hz, 1H), 4.59 (d,
J=9.6 Hz, 1H), 4.56 (d, J = 9.6 Hz, 1H), 4.51 (d, J = 11.7 Hz, 1H), 4.40 (d, J = 11.7 Hz,
1H), 3.70-3.65 (m, 2H), 3.47 (d, J = 10.3 Hz, 1H), 3.38 (d, J = 10.3 Hz, 1H), 2.33 (ddd,
J=11.7,4.8, 4.8 Hz, 1H), 1.84 (ddd, J = 11.7, 11.7, 11.7 Hz, 1H), 1.42 (s, 3H), 1.26 (s,
3H); 13C NMR (150 MHz, CDCls) 6 201.0, 138.5, 138.4, 135.4, 133.3, 133.1, 128.4 (4C),
128.3, 128.0, 127.8, 127.7, 127.6 (5C), 126.5, 126.2, 126.1, 125.8, 80.3, 78.1, 75.1, 73.9,
73.6, 73.3, 71.6, 71.5, 26.4, 18.7, 17.0; HRMS (ESI-TOF) m/z [M+Na]* calcd for
CasH360sNa 547.2455, found 545.2473.
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Alcohol 7. s-BuLi (0.80 M in hexane, 3.43 mL, 2.74 mmol) was added to a stirred solution
of compound 6 (1.18 g, 3.201 mmol) in THF (32 mL) at —78 °C. After stirring at —78 °C
for 10 min, a solution of aldehyde 5 (479.8 mg, 0.91 mmol) in THF (9.0 mL) was added
via cannula at —78 °C. After stirring at —78 °C for 30 min, the reaction mixture was
quenched with saturated aqueous NH4Cl, and the resulting biphasic mixture was extracted
with EtOAc. The organic layer was washed with saturated aqueous NaCl, dired over
anhydrous Na»SOg, filtered and concentrated under reduced pressure. The residue was
purified by silica gel flash column chromatography to give alcohol 7 (552.2 mg, as a
mixture of small amount of 5) as a colorless oil: IR (film) 2950, 2927, 2856, 1454, 1361,
1252, 1091, 1028, 1009, 837, 778, 735, 697 cm™%; Ry = 0.30 (hexane/EtOAc = 5/1); H
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NMR (600 MHz, CDCls) & 7.78-7.75 (m, 2H), 7.73 (d, J = 8.4 Hz, 1H), 7.56 (s, 1H),
7.45-7.41 (m, 2H), 7.35-7.25 (m, 13H), 7.23-7.19 (m, 3H), 6.38 (d, J = 3.6 Hz, 1H), 5.99
(d, J = 3.6 Hz, 1H), 4.72 (dd, J = 6.0, 6.0 Hz, 1H), 4.58 (d, J = 2.4 Hz, 1H), 4.53 (d, J =
11.0 Hz, 2H), 4.48 (d, J = 11.7 Hz, 1H), 4.44 (d, J = 11.7 Hz, 1H), 4.34 (d, J = 11.7 Hz,
1H), 4.33 (d, J = 11.7 Hz, 1H), 4.31 (d, J = 11.0 Hz, 1H), 4.27 (d, J = 11.0 Hz, 1H), 3.90
(d, J = 2.4 Hz, 1H), 3.76 (dd, J = 2.4 Hz, 1H), 3.67 (d, J = 2.4 Hz, 1H), 3.45 (d, J = 9.6
Hz, 1H), 3.42-3.37 (m, 1H), 3.35 (d, J = 9.6 Hz, 1H), 3.32-3.29 (m, 1H), 2.29 (ddd, J =
12.4, 4.1, 4.1 Hz, 1H), 1.81 (dd, J = 13.0, 6.1 Hz, 2H), 1.72 (ddd, J = 12.4, 12.4, 12.4 Hz,
1H), 1.50 (s, 3H), 1.21(s, 3H), 0.84 (s, 9H), 0.00 (s, 3H), —0.09 (s, 3H); 3C NMR (150
MHz, CDCls) $156.2, 152.9, 138.7, 138.6, 138.2, 136.3, 133.3, 133.0, 128.6 (2C), 128.5
(2C), 128.4 (2C), 128.0 (4C), 127.8 (6C), 127.6 (3C), 126.1, 126.0, 125.8 (2C), 107.0,
106.3, 79.7, 77.3, 74.8 (2C), 74.7, 73.8, 73.4, 73.0, 71.4, 70.5, 66.7, 65.4, 36.7, 26.0 (3C),
19.6, 18.5, 18.3, —4.5, —5.0; HRMS (ESI-TOF) m/z [M+Na]* calcd for CssHesOsSiNa
893.4419, found 893.4379.
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Xanthate S9. A solution of impure alcohol 7 (552.2 mg, 0.634 mmol) in THF (9.0 mL)
was added to a suspensuon of NaH (200.3 mg, 5.00 mmol) in THF (11.0 mL) via cannula
at 0 °C. After stirring for 20 min at room temperature, carbon disulfide (0.28 mL, 4.73
mmol) was added to the reaction mixture at 0 °C. After stirring for 40 min at room
temperature, methyl iodide (0.33 mL, 5.30 mmol) was added to the reaction mixture at
0 °C, and the mixture was allowed to warm to room temperature. After stirring at room
temperature for 20 min, the reaction mixture was quenched with saturated aqueous NH4Cl
at 0 °C, and extracted with EtOAc. The organic layer was washed with saturated aqueous
NaCl, dried over anhydrous Na,SQg, filtered and concentrated under reduced pressure.
The residue was purified by silica gel flash column chromatography to afford xanthate S9
(569.5 mg, 0.529 mol, 65% for two steps) as a pale yellow oil: IR (film) 2952, 2927, 2855,
1645, 1361, 1093, 864, 778, 697 cm™*; Rr= 0.50 (hexane/EtOAc = 5/1); *H NMR (600
MHz, CDCls) § 7.85-7.82 (m, 3H), 7.73 (s, 1H), 7.49-7.44 (m, 3H), 7.34-7.32 (m, 5H),
7.31-7.23 (m, 7H), 7.22-7.21 (m, 3H), 6.53 (d, J =3.4 Hz, 1H), 5.82 (d, J = 3.4 Hz, 1H),
5.25 (s, 1H), 4.78 (dd, J = 7.6, 6.9 Hz, 1H), 4.57-4.53 (m, 4H), 4.42 (d, J = 12.4 Hz, 1H),
4.38 (d, J = 6.2 Hz, 1H), 4.36 (d, J = 6.2 Hz, 1H), 3.62 (dd, J = 12.4, 4.2 Hz, 1H), 3.58-
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3.54 (m, 1H), 3.56 (d, J = 9.6 Hz, 1H), 3.46-3.42 (m, 2H), 3.40 (d, J = 12.4, 4.2 Hz, 1H),
2.42 (s, 3H), 2.27 (ddd, J = 12.4, 4.1, 4.1 Hz, 1H), 2.02 (dd, J = 13.0, 6.9 Hz, 2H), 1.75
(ddd, J = 12.4, 12.4, 12.4 Hz, 1H), 1.50 (s, 3H), 1.23 (s, 3H), 0.83 (s, 9H), 0.03 (s, 3H),
—0.09 (s, 3H); **C NMR (150 MHz, CDCl3) & 189.4, 155.5, 151.9, 138.7 (3C), 136.1,
133.4,133.1, 128.4 (7C), 128.2, 128.1, 127.8 (5C), 127.7, 127.6, 127.5 (3C), 126.3, 126.1,
125.9 (2C), 110.7, 107.6, 79.7, 77.9, 75.9, 74.8, 73.5, 73.1, 71.8, 71.4, 66.8, 65.3, 52.7,
36.7, 27.0, 25.9 (3C), 21.2, 18.5, 18.3, 13.3, —4.5, —5.0; HRMS (ESI-TOF) m/z [M+Na]*
calcd for CseHesOsS2SiNa 983.4017, found 983.4038.
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OTBS
8

Compound 8. BuzSnH (0.78 mL, 2.91 mmol) and AIBN (76.5 mg, 0.47 mmol) were
added to a solution of xanthate S9 (560.1 mg, 0.583 mmol) in toluene (6.0 mL) at room
temperature. After stirring at 110 °C for 3 h, the reaction mixture was concentrated under
reduced pressure. The residue was purified by silica gel flash column chromatography to
furnished compound 8 (436.3 mg, 0.51 mmol, 88%) as a colorless oil: [o]p!® —1.87 (c
0.94, CHCIls); IR (film) 2855, 2360, 1454, 1361, 1251, 1091, 836, 734, 696 cm™; R =
0.56 (hexane/EtOAc = 5/1); *H NMR (600 MHz, CDCls) § 7.78-7.76 (m, 3H), 7.70 (s,
1H), 7.43-7.40 (m, 3H), 7.27-7.18 (m, 15H), 6.10 (d, J =3.8 Hz, 1H), 5.87 (d, J = 3.8 Hz,
1H), 4.75 (dd, J = 8.2, 4.8 Hz, 1H), 4.68 (d, J = 11.7 Hz, 1H), 4.60 (d, J = 11.7 Hz, 1H),
457 (d, J=11.7 Hz, 1H), 4.51 (d, J = 11.7 Hz, 1H), 4.48 (d, J = 11.7 Hz, 1H), 4.40 (d, J
= 11.7 Hz, 1H), 4.35 (d, J = 11.7Hz, 1H), 4.33 (d, J = 11.7Hz, 1H), 3.55-3.50 (m, 2H),
3.40-3.36 (m, 3H), 3.33 (dd, J = 11.7, 4.1 Hz, 1H), 2.88 (d, J = 15.1 Hz, 1H), 2.82 (d, J
=15.1 Hz, 1H), 2.26 (ddd, J = 11.7, 4.1, 4.1 Hz, 1H), 2.05-1.93 (m, 2H), 1.70 (ddd, J =
11.7,11.7,11.7 Hz, 1H), 1.28 (s, 3H), 1.17 (s, 3H), 0.80 (s, 9H), —0.02 (s, 3H), —0.15 (s,
3H); *C NMR (150 MHz, CDCls) § 154.8, 151.8, 139.1, 138.8, 138.7, 136.4, 133.4, 133.1,
128.5 (2C), 128.4 (4C), 128.2, 128.0, 127.8 (3C), 127.7 (2C), 127.6 (2C), 127.5 (2C),
127.4,126.2 (2C), 125.9 (2C), 109.0, 107.3, 78.3, 77.5, 76.8, 76.3, 75.4, 73.7, 73.1, 71.6,
71.4, 66.9, 65.4, 40.2, 36.9, 26.4, 26.0 (3C), 21.9, 18.7, 18.3, —4.4, —5.0; HRMS (ESI-
TOF) m/z [M + Na]" calcd for CssHesO7SiNa 877.4470, found 877.4497.
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Furfuryl alcohol 9. A solution of TBAF (1 M in THF, 2.80 mL, 2.80 mmol) was added
to a solution of compound 8 (402.9 mg, 0.47 mmol) in THF (4.7 mL) at 0 °C. After
stirring at room temperature for 7 h, the reaction mixture was quenched with saturated
aqueous NH4ClI, and extracted with EtOAc. The organic layer was dried over anhydrous
Na2SOyg, filtered and concentrated under reduced pressure. The residue was purified by
silica gel flash column chromatography to give alcohol 9 (307.0 mg, 0.41 mol, 88%) as a
colorless solid: [a]o®® —1.63 (¢ 0.99, CHCIs); IR (film) 2928, 2857, 1454, 1362, 1251,
1090, 835, 735, 697 cm™; Ri= 0.49 (hexane/EtOAc = 2/1); *H NMR (600 MHz, CDCls)
8 7.79-7.77 (m, 3H), 7.70 (s, 1H), 7.43-7.40 (m, 3H), 7.28-7.16 (m, 15H), 6.09 (d, J =
3.4 Hz, 1H),5.96 (d,J=3.4Hz 1H),4.73 (dd, J=7.6, 4.8 Hz, 1H), 4.70 (d, J =11.7
Hz, 1H), 4.54 (d, J = 11.7 Hz, 1H), 4.53 (d, J = 11.7 Hz, 1H), 4.50 (d, J = 11.7 Hz, 1H),
447 (d, J = 11.7 Hz, 1H), 4.42 (s, 2H), 4.33 (d, J = 11.7 Hz, 1H), 3.60-3.54 (m, 2H),
3.52-3.49 (m, 1H), 3.37 (s, 2H), 3.32 (dd, J = 11.7, 4.1 Hz, 1H), 2.80 (d, J = 15.1 Hz,
1H), 2.82 (d, J = 15.1 Hz, 1H), 2.26 (ddd, J = 11.7, 4.1, 4.1 Hz, 1H), 2.02-1.95 (m, 2H),
1.69 (ddd, J = 11.7, 11.7, 11.7 Hz, 1H), 1.30 (s, 3H), 1.17 (s, 3H); *C NMR (150 MHz,
CDCls) 6 154.6, 152.2, 138.9, 138.8, 138.1, 136.3, 133.4, 133.1, 128.6 (2C), 128.4 (4C),
128.2,128.0, 127.8 (2C), 127.7 (4C), 127.6, 127.5 (2C), 126.2 (2C), 126.0, 125.8, 108.9,
106.7,78.2,77.5,76.8,76.2, 75.3,73.6, 73.3, 71.4 (2C), 68.1, 66.6, 40.2, 35.1, 31.1, 26.3,
22.0, 18.7; HRMS (ESI-TOF) m/z [M + Na]* calcd for CssHs2O7Na 763.3605, found
763.3625.

Me> Me  OH H OBn

10

Pyranone 10. CO(NH)2-H20> (30.6 mg, 0.33 mmol) was added to a solution of MeReOs
(8.7 mg, 35.0 umol) in CH2Cl, (0.50 mL) at 0 °C. After stirring at 0 °C for 5 min, a
solution of alcohol 3 (116.8 mg, 0.16 mmol) in CH2Cl, (1.60 mL) was added to the
reaction mixture at 0 °C via cannula. After stirring at 0 °C for 1 h, the reaction mixture
was quenched with saturated aqueous NaHCOs and saturated aqueous Na»S>Osz, and
extracted with Et,O. The organic layer was washed with saturated aqueous NaCl, and
dried over anhydrous Na>SOQu, filtered and concentrated under reduced pressure to afford
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pyranone 10 as a colorless amorphous solid, which was used for the next reaction without
further purification.

Me Me  OMa H OBn

11

Methylacetal 11. A solution of the above crude 10 in a mixed solvent of EtO (1.6 mL)
and MeOH (1.6 mL) was transferred to a flask containing MS3A (119.6 mg, 100w/w%)
via cannula. (MeO)3CH (0.21 mL, 1.89 mmol) and BF3-OEt, (34.0 uL, 0.24 mmol) were
added to the mixture at 0 °C. After stirring at 0 °C for 25 min, the reaction mixture was
quenched with EtsN and saturated aqueous NaHCO3, and extracted with EtOAc. The
organic layer was washed with saturated aqueous NaCl, dried over anhydrous Na>SOg,
filtered and concentrated under reduced pressure. The residue was purified by silica gel
flash column chromatography to furnish methylacetal 11 (101.7 mg, 0.13 mmol, 84% for
two steps) as a pale yellow oil: IR (film) 2860, 1689, 1454, 1362, 1029, 816, 669 cm™*;
Rt=0.55 (hexane/EtOAc = 2/1); HRMS (ESI-TOF) m/z [M + Na]* calcd for Ca9Hs40sNa
793.3711, found 793.3742.

NAP
H HJ

BnO = - O = (6]

BnO
MeO Me Meo H
12a

OBn

Enone 12a. Me>Zn (1.0 M in hexane, 0.65 mL, 0.65 mmol) and BF3-OEt> (0.16 mL, 1.30
mmol) were added to a solution of methylacetal 11 (100.2 mg, 0.13 mmol) in CH2Cl> (1.3
mL) at 0 °C. After stirring at room temperature for 2.0 h, the reaction mixture was
quenched with EtsN, and the resulting mixture was extracted with EtOAc. The organic
layer was washed with saturated aqueous NaCl, saturated aqueous NaHCOz and saturated
aqueous NH4Cl, and dried over anhydrous Na>SOs, filtered and concentrated under
reduced pressure. The residue was purified by silica gel flash column chromatography to
furnish enone 12a (60.6 mg, 0.08 mmol, 62%) as a colorless oil: [a]o?® —18.5 (c 0.49,
CHCI3); IR (film) 2856, 2360, 1683, 1454, 1362, 1205, 815 cm!; Rt = 0.57
(hexane/EtOAC = 2/1); *H NMR (600 MHz, CDCls) § 7.85-7.83 (m, 3H), 7.76 (s, 1H),
7.51-7.45 (m, 3H), 7.32-7.22 (m, 15H), 7.17 (d, J = 10.3 Hz, 1H), 7.71 (d, J = 10.3 Hz,
1H), 4.79 (d, J = 11.7 Hz, 1H), 4.60 (d, J = 11.7 Hz, 1H), 4.57 (d, J = 11.7 Hz, 1H), 4.52
(d, J =11.7 Hz, 1H), 4.49 (d, J = 11.7 Hz, 1H), 4.46 (d, J = 11.7 Hz, 1H), 4.44 (d, J =
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11.7 Hz, 1H), 4.41 (d, J = 11.7 Hz, 1H), 4.36 (dd, J = 7.6, 4.1 Hz, 1H), 3.70-3.60 (m, 3H),
3.33 (d, J = 10.3 Hz, 1H), 3.25 (dd, J = 12.4, 3.5 Hz, 2H), 2.36-2.31 (m, 1H), 2.27 (ddd,
J=117, 4.1, 4.1 Hz, 1H), 2.20 (d, J = 14.4 Hz, 1H), 1.94-1.88 (m, 1H), 1.70 (ddd, J =
11.7, 11.7, 11.7 Hz, 1H), 1.67 (d, J = 14.4 Hz, 1H), 1.33 (s, 3H), 1.30 (s, 3H), 1.09 (s,
3H); 3C NMR (150 MHz, CDCls) § 197.1, 158.2, 138.8 (2C), 138.7, 136.2, 133.4, 133.1,
128.5 (2C), 128.4 (4C), 128.3, 128.0, 127.9, 127.8 (3C), 127.7 (5C), 127.5, 126.4, 126.3,
126.1, 125.9, 121.8, 81.5, 77.1, 76.9, 75.8, 75.0, 74.7, 73.4, 72.9, 72.2, 71.3, 71.2, 66.4,
53.2,30.7, 25.8, 23.8, 21.0, 18.8; HRMS (ESI-TOF) m/z [M + Na]* calcd for CasHs4O7Na
777.3762, found 777.3796.

H H
BnO: ?OH/ O

BnO
(@) (@]
Me Me Me H
1a

OBn

Alcohol 1a. DDQ (34.4 mg, 0.15 mmol) was added to a solution of enone 12a (57.3 mg,
76.0 umol) in CH2Cl, (1.0 mL) containing pH 7.0 phosphate buffer (0.5 mL) at 0 °C.
After stirring at 0 °C for 1.5 h, the reaction mixture was quenched with saturated aqueous
NaHCO3 and saturated aqueous Na»S»;Os. The resulting mixture was extracted with
EtOAc, and the organic layer was washed with saturated aqueous NaCl, dried over
anhydrous Na»SOs, filtered and concentrated under reduced pressure. The residue was
purified by silica gel flash column chromatography to furnish alcohol 1a (39.6 mg, 64.0
umol, 84%) as a colorless amorphous solid: [a]o?® +12.2 (¢ 0.51, CHCIs); IR (film) 3417,
2856, 2361, 1685, 1453, 1363, 1205, 1098, 734, 697 cm%; Rr= 0.35 (hexane/EtOAC =
2/1); *H NMR (600 MHz, CDCls3) & 7.33-7.24 (m, 15H), 6.94 (d, J = 10.3 Hz, 1H), 5.86
(d, J = 10.3 Hz, 1H), 4.59 (d, J = 11.7 Hz, 1H), 4.53 (d, J = 11.7 Hz, 1H), 4.50 (d, J =
12.4 Hz, 1H), 4.47 (d, J = 12.4 Hz, 1H), 4.47 (d, J = 12.4 Hz, 1H), 4.44 (dd, J = 8.3, 3.4
Hz, 1H), 4.39 (d, J = 12.4 Hz, 1H), 3.78-3.74 (m, 1H), 3.73 (dd, J = 12.4, 4.1 Hz, 1H),
3.60 (dd, J = 6.9, 4.8 Hz, 1H), 3.37 (d, J = 10.3 Hz, 1H), 3.32 (d, J = 10.3 Hz, 1H), 3.06
(brs, 1H), 2.40-2.34 (m, 1H), 2.13 (ddd, J = 11.7, 4.1, 4.1 Hz, 1H), 2.01 (d, J = 15.1 Hz,
1H), 1.96-1.85 (m, 1H), 1.89 (d, J = 15.1 Hz, 1H), 1.75 (ddd, J = 11.7, 11.7, 11.7 Hz, 1H),
1.45 (s, 3H), 1.26 (s, 3H), 1.16 (s, 3H); *C NMR (150 MHz, CDCls) § 196.1, 157.0,
138.8, 138.7, 138.5, 128.5 (2C), 128.4 (4C), 127.8 (4C), 127.7 (4C), 127.6 (2C), 123.5,
78.3,76.2,75.5,75.4,73.5,73.0,72.5,71.8,71.2,66.2,52.7, 30.6, 29.1, 22.1, 21.2, 19.4;
HRMS (ESI-TOF) m/z [M + Na]* calcd for CasHs07Na 637.3136, found 637.3200.
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Ketone 3a (acidic conditions). TSOH-H>0 (31.2 mg, 0.16 mmol) was added to a solution
of alcohol 1a (9.9 mg, 16.0 umol) in CH2Cl (0.16 mL) at 0 °C. After stirring at room
temperature for 1.5 h, the reaction mixture was quenched with saturated aqueous NaHCOg3,
and extracted with EtOAc. The organic layer was washed with saturated aqueous NaCl,
dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure. The
residue was purified by silica gel flash column chromatography to furnish ketone 3a (5.6
mg, 9.1 umol, 57%) as a colorless amorphous solid: [a]o® —3.28 (¢ 0.28, CHCI3); IR
(film) 3750, 2922, 2362, 1731, 1454, 1375, 1073, 734 cm™*; Rt= 0.50 (hexane/EtOAC =
2/1); 'H NMR (600 MHz, CDCls) & 7.34-7.22 (m, 15H), 4.63 (d, J = 12.4 Hz, 1H), 4.60
(d, J = 11.7 Hz, 1H), 4.52 (d, J = 12.4 Hz, 1H), 4.47 (d, J = 11.7 Hz, 1H), 4.44 (d, J =
11.7 Hz, 1H), 4.38 (d, J = 11.7 Hz, 1H), 4.03 (dd, J = 11.7, 4.1 Hz, 1H), 3.96 (dd, J = 9.6,
3.4 Hz, 1H), 3.78 (dd, J = 11.7, 4.1 Hz, 1H), 3.61-3.52 (m, 2H), 3.51 (dd, J = 12.4, 3.4
Hz, 1H), 3.41 (d, J = 10.3 Hz, 1H), 3.34 (d, J = 10.3 Hz, 1H), 2.99 (dd, J = 15.1, 9.6 Hz,
1H), 2.45 (dd, J = 15.1, 3.4 Hz, 1H), 2.21-2.14 (m, 1H), 2.13 (ddd, J = 11.7, 4.1, 4.1 Hz,
1H), 2.03 (d, J = 13.8 Hz, 1H), 1.94 (d, J = 13.8 Hz, 1H), 1.86-1.80 (m, 1H), 1.68 (ddd,
J=11.7,11.7,11.7 Hz, 1H), 1.43 (s, 3H), 1.36 (s, 3H), 1.24 (s, 3H); **C NMR (150 MHz,
CDCls) 6 210.2, 139.0, 138.6 (2C), 128.5 (2C), 128.4 (4C), 127.8 (2C), 127.7 (4C), 127.5
(3C), 78.3,76.3,76.2,75.6, 74.1,73.7,73.0,72.7,72.0,71.3,71.2, 65.8,51.2, 41.2, 30.2,
26.8, 25.4, 21.5, 20.3; HRMS (ESI-TOF) m/z [M + Na]* calcd for C3gHs07Na 637.3136,
found 637.3131.

H
BnO = = 0O o}

BnO
Meo Me Meo H
3a

OBn

Ketone 3a (basic conditions). NaH (2.2 mg, 56.0 umol) was added to a solution of
alcohol 1a (8.6 mg, 14.0 umol) in THF (0.4 mL) at 0 °C. After stirring at room
temperature for 2.1 h, the reaction mixture was quenched with saturated aqueous NH4Cl,
and extracted with EtOAc. The organic layer was washed with saturated aqueous NacCl,
dried over anhydrous Na»>SOs, filtered and concentrated under reduced pressure. The
residue was purified by silica gel flash column chromatography to furnish ketone 3a (3.2
mg, 5.2 umol, 37%) as a colorless amorphous solid.
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Diketone 13. BF3-OEt> (9.3 uL, 75.0 umol) was added to a solution of alcohol 1a (9.3
mg, 15.0 umol) in CH2Cl> (1.51 mL) at 0 °C. After stirring at room temperature for 40
min, the reaction mixture was quenched with EtsN, and diluted with EtOAc. The organic
layer was washed with saturated aqueous NaCl, saturated aqueous NH4Cl and saturated
aqueous NaHCOg, dried over anhydrous Na.SOs, filtered and concentrated under reduced
pressure. The residue was purified by silica gel flash column chromatography to furnish
diketone 13 (5.9 mg, 9.6 pmol, 63%) as a colorless oil: [0]p?® —28.3 (c 0.30, CHCls3); IR
(film) 3751, 2924, 2369, 1729, 1454, 1363, 1096, 739 cm™*; Rt= 0.50 (hexane/EtOAC =
2/1); '"H NMR (600 MHz, CDCls) & 7.33-7.23 (m ,15H), 4.58 (d, J = 11.7Hz, 1H), 4.52
(d, J = 11.7 Hz, 1H), 4.49 (d, J = 12.4 Hz, 1H), 4.46 (d, J = 11.7 Hz, 1H), 4.43 (d, J =
12.4 Hz, 1H), 4.38 (d, J = 11.7 Hz, 1H), 4.13 (dd, J = 4.8, 3.4 Hz, 1H), 3.96 (dd, J = 6.2,
4.8 Hz, 1H), 3.55-3.48 (m, 2H), 3.47 (d, J = 9.6 Hz, 1H), 3.43 (d, J = 9.6 Hz, 1H), 3.02
(dd, J=15.1, 3.4 Hz, 1H), 2.54 (dd, J = 15.1, 6.2 Hz, 1H), 2.47 (ddd, J = 17.2, 11.7, 4.8
Hz, 1H), 2.34 (d, J = 14.4 Hz, 1H), 2.20 (ddd, J = 17.2, 4.8, 4.8 Hz, 1H), 2.01-1.95 (m,
1H), 1.85 (ddd, J = 13.8, 4.8,4.8 Hz, 1H), 1.82-1.77 (m ,1H), 1.73 (d, J = 14.4 Hz, 1H),
1.65-1.60 (m, 1H), 1.42 (s, 3H), 1.39 (s, 3H), 1.38 (s, 3H); 3C NMR (150 MHz, CDCls)
5212.6,212.5, 138.6, 138.3, 128.5 (6C), 127.8, 127.7 (3C), 127.6 (4C), 82.4, 77.9, 76.5,
75.8, 73.9, 73.6, 73.3, 72.9, 71.4, 66.3, 52.0, 39.6, 35.1, 33.9, 30.4, 29.8, 27.9; HRMS
(ESI-TOF) m/z [M + Na]" calcd for CsgHas07Na 637.3136, found 637.3145.

OBn

O (¢}
Me Me Me H
14

lodide 14. NIS (7.0 mg, 31.2 umol) was added to a solution of Fe(acac)s (1.0 mg, 31.2
umol) in CH2Cl, (0.5 mL) at 0 °C in the dark. After stirring at room temperature for 10
min, a solution of alcohol 1a (9.6 mg, 15.6 umol) in CH2Cl, (1.0 mL) was added to this
reaction mixture at 0 °C via cannula. After stirring at room temperature for 27 h, the
reaction mixture was quenched with saturated aqueous Na>S>03 and saturated aqueous
NaHCOs, and extracted with EtOAc. The organic layer was washed with saturated
aqueous NaCl, dried over anhydrous Na>SOu, filtered and concentrated under reduced
pressure. The residue was purified by silica gel flash column chromatography to furnish
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iodide 14 (7.7 mg, 10.0 umol, 67%, d.r. = 13:1) as a yellow oil: IR (film) 2924, 1739,
1454, 1379, 1077, 1027, 737, 696 cm™*; Ri= 0.70 (hexane/EtOAc = 2/1); *H NMR (600
MHz, CDCl3) 6 7.34-7.19 (m, 15H), 5.44 (d, J = 13.1 Hz, 1H), 4.64 (d, J = 11.7 Hz, 1H),
4.60 (d, J=12.4 Hz, 1H), 456 (d, J = 12.4 Hz, 1H), 4.44 (d, J = 11.7 Hz, 1H), 4.43 (d, J
=11.7 Hz, 1H), 4.38 (d, J = 11.7 Hz, 1H), 4.09 (dd, J = 6.9, 4.1 Hz, 1H), 3.82 (dd, J =
11.7, 4.8 Hz, 1H), 3.66-3.62 (m, 1H), 3.58 (d, J = 13.1 Hz, 1H), 3.55-3.51 (m, 1H), 3.40
(d, J=10.3 Hz, 1H), 3.34 (d, J = 10.3 Hz, 1H), 2.98 (d, J = 11.7, 3.4 Hz, 1H), 2.23 (ddd,
J=11.7, 3.4, 3.4 Hz, 1H), 2.18-2.12 (m, 1H), 2.07 (d, J = 13.1 Hz, 1H), 2.02-1.97 (m,
1H), 1.84 (d, J = 13.1 Hz, 1H), 1.74 (ddd, J = 11.7, 11.7, 11.7 Hz, 1H), 1.46 (s, 3H), 1.37
(s, 3H), 1.26 (s, 3H); *C NMR (150 MHz, CDCl3) & 204.7, 139.0, 138.3, 138.1, 128.6
(2C), 128.5(2C), 128.4 (2C), 128.0 (2C), 127.8 (2C), 127.7 (2C), 127.6 (2C), 127.5, 80.8,
78.4,76.2 (2C), 75.6, 73.7, 73.1, 71.7, 71.5, 71.3 (2C), 65.1, 51.0, 39.0, 31.3, 26.6 (2C),
20.7, 20.1; HRMS (ESI-TOF) m/z [M + Na]* calcd for CssHas107Na 763.6647, found
763.2102.

H
BnO = = 0O O

BnO
Meo Me Meo H
3a

OBn

Ketone 3a (from 14). BusSnH (27.0 uL, 0.10 mmol) and AIBN (16.6 mg, 10 umol) were
added to a solution of iodide 14 (7.5 mg, 10.0 umol) in benzene (0.2 mL) at room
temperature. After stirring under reflux (80 °C) for 25 min, H,O was added and the
resulting mixture was extracted with EtOAc. The organic layer was dried over anhydrous
Na>SOyg, filtered and concentrated under reduced pressure. The residue was purified by
silica gel flash column chromatography to furnish ketone 3a (3.5 mg, 5.7 umol, 56%) as
a colorless amorphous solid.

(6} O OBn
Me Me H H
12b
Enone 12b. CO(NH)2-H202 (19.6 mg, 0.50 mmol) was added to a solution of MeReO3
(5.4 mg, 22.0 umol) in CH2Cl2 (0.7 mL) at 0 °C. After stirring at 0 °C for 5 min, a solution
of alcohol 9 (73.6 mg, 0.10 mmol) in CH2Cl> (1.30 mL) was added to the reaction mixture
at 0 °C via cannula. After stirring at 0 °C for 1 h, the reaction mixture was quenched with
saturated aqueous NaHCOs and saturated aqueous Na.S;0s, and extracted with Et20.

The organic layer was dried over anhydrous Na»SOg, filtered and concentrated under
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reduced pressure to afford pyranone 10 as a colorless amorphous solid, which was used
for the next reaction without further purification. MS4A (75.6 mg, 100w/w%), BF3-OEt»
(61.2 puL, 0.50 mmol) and Et3SiH (32.0 uL, 0.20 mmol) were added to a solution of crude
pyranone 10 in CH2Clz (2.0 mL) at —78 °C. After stirring at —78 °C for 30 min, the
reaction mixture was quenched with saturated aqueous NaHCOs, and extracted with
EtOAc. The organic layer was washed with saturated aqueous NaCl, dried over anhydrous
Na2SOyg, filtered and concentrated under reduced pressure. The residue was purified by
silica gel flash column chromatography to furnish enone 12b (31.1 mg, 42.0 umol, 42%
for two steps) as a colorless oil: [a]o?® +16.2 (c 1.32, CHCI3); IR (film) 2863, 1688, 1454,
1362, 1202, 1094, 1028, 733, 698 cm™*; R¢= 0.50 (hexane/EtOAc = 2/1); *H NMR (600
MHz, CsDs) & 7.77 (s, 1H), 7.70-7.62 (m, 5H), 7.51 (dd, J = 8.3, 1.4 Hz, 1H), 7.29-7.03
(m, 15H), 6.61 (dd, J = 10.3, 1.4 Hz, 1H), 5.95 (dd, J = 10.3, 2.1 Hz, 1H), 4.79 (brs, 1H),
4.67 (d, J =11.7 Hz, 1H), 4.61 (d, J = 11.7 Hz, 1H), 4.50 (d, J = 11.7 Hz, 1H), 4.32 (s,
2H), 4.31 (d, J = 11.7 Hz, 1H), 4.24 (d, J = 11.7 Hz, 1H), 4.20 (d, J = 11.7 Hz, 1H), 3.94
(dd, J = 12.4, 4.1 Hz, 1H), 3.89-3.87 (m, 2H), 3.66-3.63 (m, 1H), 3.61-3.57 (m, 1H),
3.42 (d, J=9.6 Hz, 1H), 3.26 (d, J = 9.6 Hz, 1H), 2.60-2.55 (m, 1H), 2.33 (ddd, J = 12.4,
4.1,4.1 Hz, 1H), 2.23 (dd, J = 14.4, 6.9 Hz, 1H), 2.09-2.03 (m, 1H), 1.80 (ddd, J = 12.4,
12.4,12.4 Hz, 1H), 1.68 (dd, J = 14.4, 4.1 Hz, 1H), 1.35 (s, 3H), 1.24 (s, 3H); 3C NMR
(150 MHz, CDCls) 6 196.6, 154.5, 138.7, 138.6, 138.5, 136.3, 133.4, 133.1, 128.5 (4C),
128.4 (2C), 128.2, 128.0, 127.8 (4C), 127.7, 127.6 (3C), 127.5 (2C), 126.2, 126.1, 126.0
(2C),125.7,77.6,77.0,76.8,75.8, 75.6, 74.8, 73.4,72.8,71.5,71.4,71.3,66.7,44.9, 30.1,
26.2,23.5, 18.8; HRMS (ESI-TOF) m/z [M + Na]" calcd for C4sHs207Na 763.3605, found
763.3632.

BnO t' H OH (0)

BnO
Mo Me H O H OBn

1b

Alcohol 1b. DDQ (19.1 mg, 84.2 umol) was added to a solution of enone 12b (29.5 mg,
40.0 umol) in CH2CI; (2.8 mL) containing pH 7.0 phosphate buffer (1.4 mL) at 0 °C.
After stirring at 0 °C for 1.5 h, the reaction mixture was quenched with saturated aqueous
NaHCO3 and saturated aqueous Na»S»>03, and extracted with EtOAc. The organic layer
was washed with saturated aqueous NaCl, dried over anhydrous Na>SOs, filtered and
concentrated under reduced pressure. The residue was purified by silica gel flash column
chromatography to furnish alcohol 1b (19.2 mg, 32.0 umol, 80%) as a colorless
amorphous solid: [o]o? +70.3 (¢ 0.96, CHCIs); IR (film) 3459, 2860, 1688, 1454, 1363,
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1206, 1100, 1063, 737, 698 cm™; Ri= 0.30 (hexane/EtOAc = 2/1); *H NMR (600 MHz,
CDCl3) & 7.28 (d, J = 7.6 Hz, 2H), 7.24 (d, J = 7.6 Hz, 4H), 7.19-7.14 (m, 6H), 7.10-
7.03 (m, 3H), 6.35 (dd, J = 10.3, 1.4 Hz, 1H), 5.88 (dd, J = 10.3, 2.8 Hz, 1H), 4.66-4.64
(m, 1H), 4.40 (d, J = 11.7 Hz, 2H), 4.31 (d, J = 12.4 Hz, 1H), 4.30 (d, J = 12.4 Hz, 1H),
4.26 (d, J = 12.4 Hz, 1H), 4.18 (d, J = 12.4 Hz, 1H), 3.96-3.91 (m, 2H), 3.90 (dd, J =
11.7, 4.1 Hz, 1H), 3.54-3.50 (m, 1H), 3.45-3.41 (m, 2H), 3.25 (d, J = 9.6 Hz, 1H), 2.54—
2.48 (m, 1H), 2.16-2.13 (m, 2H), 1.88-1.82 (m, 3H), 1.62 (dd, J = 15.1, 2.8 Hz, 1H), 1.26
(s, 3H), 1.21 (s, 3H); *C NMR (150 MHz, CDCls) § 196.2, 153.3, 138.8, 138.7, 138.5,
128.5(2C), 128.4 (4C), 127.7,127.6 (5C), 127.5 (2C), 127.4 (2C), 126.8, 77.8, 76.6, 75.7,
75.5, 73.3, 72.9, 71.2, 71.0, 68.9, 66.5, 45.5, 29.9, 28.9, 22.0, 19.4; HRMS (ESI-TOF)
m/z [M + Na]" calcd for C37Hs07Na 623.2979, found 623.3010.

H
BnO = 0] O

BnO
" 0 0 OBn
Me Me H H

3b

Ketone 3b. TsOH-H20 (40.3 mg, 0.21 mmol) was added to a solution of alcohol 1b (12.8
mg, 21.3 umol) in CH2Cl> (0.45 mL) at 0 °C. After stirring at room temperature for 24 h,
the reaction mixuture was quenched with saturated aqueous NaHCOs3, and extracted with
EtOAc. The organic layer was washed with saturated aqueous NaCl, dried over anhydrous
Na>SOyg, filtered and concentrated under reduced pressure. The residue was purified by
silica gel flash column chromatography to furnish ketone 3b (6.4 mg, 10.6 umol, 50%)
as a colorless amorphous solid: [a]o* —1.15 (c 0.32, CHCIs); IR (film) 3733, 2868, 2366,
2341, 1730, 1093, 736, 701 cm™*; R¢= 0.45 (hexane/EtOAc = 2/1); *H NMR (600 MHz,
CeDg) & 7.33 (d, J = 7.6 Hz, 2H), 7.27 (d, J = 7.6 Hz, 2H), 7.20-7.14 (m, 8H), 7.11-7.06
(m, 3H), 4.57 (d, J = 12.4 Hz, 1H), 4.43 (d, J = 12.4 Hz, 1H), 4.35 (d, J = 11.7 Hz, 1H),
4.32 (d, J =12.4 Hz, 1H), 4.27 (d, J = 12.4 Hz, 1H), 4.16 (d, J = 11.7 Hz, 1H), 3.88 (dd,
J =124, 4.1 Hz, 1H), 3.78-3.74 (m, 1H), 3.67 (dd, J = 7.6, 4.1 Hz, 1H), 3.63 (dd, J =
12.4, 6.9 Hz, 1H), 3.57-3.52 (m, 2H), 3.49-3.45 (m, 2H), 3.37 (d, J = 10.3 Hz, 1H), 2.74
(dd, J =14.4,9.6 Hz, 1H), 2.38-2.33 (m, 1H), 2.17 (dd, J = 13.1, 6.9 Hz, 1H), 2.13 (ddd,
J=124,4.1,4.1Hz, 1H), 2.07 (dd, J = 14.4, 4.1 Hz, 1H), 1.89-1.83 (m, 2H), 1.72 (ddd,
J=12.4,12.4,12.4 Hz, 1H), 1.26 (s, 3H), 1.17 (s, 3H); *C NMR (150 MHz, CDCls) §
209.7, 138.9, 138.5 (2C), 128.5 (2C), 128.4 (4C), 127.8 (2C), 127.7 (4C), 127.5 (3C),
78.3,76.8, 75.9 (2C), 73.7,72.8, 72.3, 72.0, 71.3 (2C), 69.7, 65.6, 43.2, 40.5, 30.0, 26.7,
20.9, 19.9; HRMS (ESI-TOF) m/z [M + Na]* calcd for C37H4407Na 623.2979, found
623.2993.

S17



Wl JM“‘J

)

AL

Me

Me

o
T

o)
s3
H NMR (600MHz, CDCls)

A L L TR L L L L L S U R S S S S BN SR
pT 8T LT 91T ST ¥T1 €T ¢T T1 0T 60 80 L0 90 S0 ¥0 €0 ¢0 TO O
aouepunage

1.0

3.0

5.0

6.0

7.0

8.0

9.0

10.0

X : parts per Million : 1H

S18




DET : Uo|IIA Jad sued : X

69881
——699'T¢
—9¢9'6¢

= PRPRPPPRPPRPEEPERE
O DN N NN NN = NN RNNNNW®WWS
NonMo o NN N O N g1 0D N®©©OWWo A
WO OUl©ENWW @ R WUIoO W wo b
OIRO R D®ONO ~ CoOoOrWEAPRND®OPR
PN R N I NG | ~ OO NNONMORONW

ANV Ne——

0 00T 00c 00E OOF OOS 009 00L 008 006 000T O0OIT 00cT 0O0ET O00vT 00ST 009T 00LT 008T O006T 000c 00T¢

_;,__g,__é__é_sz_ﬂ_,_gés_é_ﬁ,_,,E LA U O AL i Rl AL A _é;;_, TP SR o RO VT 14 R 1A O WA 121 O P B R o A e T MERTANree |
Lo
(!10a0 ‘ZHWOS 1) NN Og, wm

aduepunge

S19



OBn

O

"H NMR (600 MHz, CDCl3)

S5

09

0'S (0074 0¢ 0¢ 0T 0
aouepunge

1.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

—EvY

X : parts per Million : 1H

S20




NN w NN O ~N NN~
o al a1 o o wWo NN
w1 = N ~ @ O Bn O W
o ® g1 © NWE DN
1SN =3 a1 ® O © O

0 00T 00c 00 OOr 00s 009 00L 008
Ik T 4

006
I

0°00T
Lk

0'0TT 0021
IR

PP
NN
NN
~ ©
= W
u O

DET : uol|iIA Jad sued : X

005'8¢T
— 981'8ET
EV9'69T

00€T 00vT 00ST 009T 00.T 008T 006T 000C

0°0T¢

AR A Al RN R

(]10a9 ‘ZHIN 0S1) YN Og,
SS

cm_o/\/__\z\u

(e}

S21



S

w

I

=
c o
m

o 8

N

T

© =

o » g

©

g «

s

zZ

I
| L L L L
0'6 08 0L 09 0's o 0t 0z 0T 0

aouepunge

10.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

— TSy

X : parts per Million : 1H

S22




o 0, o o b

il wl

3

4

g

1

3

E

4

:

3

4

j

é%

3

3

E

g

c 0 -

[n) [m] E
[} O r

N t

é a

o @ 3 :
N o 2

x £

O/ 2 F
z r

S -
‘\“““‘“\"“‘““\“““‘“\"““‘“\"“““‘\‘“‘““‘\““““‘\““““‘\:
B0 L0 90 S0 70 €0 20 T0 0
aouepunge

80.0 70.0 60.0 50.0 400 30.0 200 10.0

90.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0

210.0

— S00°'6€

——98€¢CIT
— V6S°LTT

¢LLleT
< 118221

615'8¢T

— /ST'8ET

p— R4

— ¥6'¢ST

——99¢°/81

X : parts per Million : 13C

S23




OH

OBn

s7
"H NMR (600 MHz, CDCl3)

o

aouepunge

[ L L I
0

10.0

1.0

3.0

4.0

5.0

6.0

7.0

9.0

X : parts per Million : 1H

S24




Lo i b
0

10.0

E o
E O
i N
E o
- O
E ™
= _ o0/ese
£ ©
FE O
?: <
§ o
= O
E: n
] <
—le)
© 160'29
= " 1zzee
£ S esr'EL

I

80.0
—
~
™
~
~

=
o
(o3}
2 o
‘e
o
H
& G/8'G0T
= o .
o 0S20TT
\—1
§ ©
= O
E-
g 6v8'22T
= o 91621
s 5 509'82T
H
E o __/20'8¢ET
E O .
g 5 6T
o
B O
- L0
H
g o ——1eo9sT
e
® O
E
3 o
He)
i E S
c o
om [a] = O
o o =
N B —
T =
T ~ = 8
=3 E
o) tne =
S hvl 3
m E
_ s s =
: <
&3 = o
5 O
E
N

X : parts per Million : 13C

0
aouepunqge

S25




IR

)
o
& a
o) (@]
¥
»

2 ° 2
o 3
e

~
S <
= z
T

R R I L L L L L R R R R R A RN LR
T ST A €T T TT 0T 60 80 L0 90 S0 70 €0 0 T0 0
aouepunge

1.0

2.0

3.0

4.0

5.0

6.0

8.0

9.0

10.0

- ¢600-
——¥¥0°0

— 9980

X : parts per Million : 1H

S26




TRHm T I T e T R TI T “‘L L

=

OTBS

OBn

/

3C NMR (150 MHz, CDCl3)

mmwm.‘“'. bl \\thn‘w“ Bl

umMMquw

190.0

~
o
—
o
o

aduepunge

6 50.0 40.0 30.0 200 10.0

70.0

80.0

90.0

170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0

180.0

200.0

210.0

610G
—~o18%-

—¢€cest

— §¥6'S¢e

—9/T'/E

6959
— 201°99

8Y1'eL
_ oveaL
S oorLL

CONTLELL

— T96'S0T
—880°0TT

8v9'L2T
118421

187'8¢T

—8/9°8ET
—— E6V'IVT

—[9T'/ST

X : parts per Million : 13C

S27




a ]
O

< a
pd \ 5)
o ° G
T, = T
O = %

Q S

Ty > g
g 1a
S

m g s
m T

1.0

2.0

4.0

9.0 8.0

10.0
X : parts per Million : 1H

A T T L L L L L L L I S I I S S R S S SR
p¢c 6T 8T /LT 9T ST ¥T €T ¢T TT OT 60 80 O 90 S0 ¥O0 €0 ¢0 TO0 O
aouepunge

S28



J

ﬂ

TN iy

|

ket s S

w

L ke o o

4
3C NMR (150MHz, CDCls)

LI R A R L R L L L S N S S N S I S
pT 8T LT 9T &T ¢¥1 €1 ¢T TT 0T 60 80 0O 90 S0 ¥0 €0 ¢0 TO0O O
aouepunage

60.0 50.0 400 30.0 200 10.0

NS

7

80.0

90.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0

210.0

_—
—_—

J/

§

§96'8T
T€9°0¢

656'9¢

LIETL
156'TL
9€9'€L
1967
ST6'SL
G9€'9L
676'9.
09T°LL
1.1
99v'LL
885°08

€68°¢TT

608'S¢T
€96'9¢T
¢re9ct
T€C'9CT
Lyy'let
609'2¢T
8€9'/¢T
0¢8'Let
¢66'LeT
¥81°8¢T
99€'8¢T
§6€'8¢T
L90°€ET
9¢0'GYT

X : parts per Million : 13C

S29




Me

(@]
c
o

"H NMR (600 MHz, CDCl,)

R R R L A R A AR L R L R R R N A RN RN RSN AR B RS AR SRR SRR
L'C9C S¢ ¥'¢ €¢ ¢¢ T¢ 0¢ 6T 8T LT 9T ST v'T €T ¢T TT 0T 60 80 20 90 G0 ¥'0 €0 ¢0 T0 O
aouepunge

1.0

2.0

6.0

7.0

8.0

9.0

10.0

YSv'6

X : parts per Million : 1H

S30




Ll

=
o
—
66T
f S — 88T
= N
297’9
<
. O
g
o
o
= <
o
O
Lo
= = ovS'TL
© GEQ'TL

701.0
\\\
38
o ©
RR

0.0

8
— o
~ ©
[
~
~ I~

d © LET8L
i S LLE08
=
o
o
2 —
o 9/8'GeT
s 160921
i 6.2°92T
— §85'92T
S 869,21
F 99121
= S €9L'L2T
= 6v8'L2T
- 0v0'82T
S o 99€'82T
== 29’8zt
5 TLTEET
: o 9ze'eeT
= T9¥'GET
E 6TH'8ET
€95'8€T
i <
&3
-] —
> g o
O =
o B —
O b
N E ©
I Ne
= = ‘0_0'
w o =
2 E o
~ O
14 i [8)
= — q
z f o c
& =S 0102
= Q =
£ p=
o D
S Y
o 5
o
““\““““‘\“““‘“\““““‘\““““‘\““““‘ x
50 14 €0 z0 70 0

aduepunge

S31




c
[as]
o

"H NMR (600MHz, CDClg)

1.0

2.0

4.0

9.0 8.0

10.0

aouepunge

___5§80°0-
——¢000

Ny
0zLY
0ELY

X : parts per Million : 1H

S32




LUy Im} T A S AL I v TR UH

50

A wh\”h R AU

0.0

T

0.0

I

i

110.0

c
o
(o]

BnO

"H NMR (600MHz, CDCl5)

b uly “l [ Ll

o~
=}
—
=}
@
o
<
<
°
<
=]
8o
<

40.0 30.0 200 10.0

60.0

8 70.0

9

100.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0

210.0

020
N 7ZA A

¥0€'8T
J ¥¢S'8T

T GE9'6T
— €16'Se

¢0v'S9
¥¢.'99
L9v7°0L
Yy TL
156'¢L
LOV'EL
8E8'EL
— EV8'7L
6v6'9.
09T2L
SlLCLL
TLELL
Sv.'6L

N==

~_Seeoot
—~¥10°L0T

TLLSeT
¢86'S¢T
8€9'/¢T
= €SL°/2T
T6L'LeT
€86'L¢T
€EY'8CT
9r'8et
155'8¢T

)

— ¥6'¢ST
—8E29ST

X : parts per Million : 13C

S33




OBn

@)
c
[as]

H NMR (600 MHz, CDCls)

M LLLUWMLMJJ T

0
aouepunge

1.0

3.0

5.0

6.0

8.0

9.0

10.0

__ 0600
— 1200

6185
5285

¢cS'9

—gz59

09Z'L
J LEE'L
A
= €9V’

vELL
1182
0£8'L
8e8'L
ev8'L
058'2

X : parts per Million : 1H

S34




L

1]

c
m
(o]

SMe
S9
3C NMR (150 MHz, CDCl5)

[¢0 ¢0 6T0 8T°0 LT'0 9T'0 ST0 ¥T'0 €T°0 ¢T'0 TT'0 T'0 600 800 20'0 900 SO0 ¥0'0 €0°0 ¢0'0 100 0
aduepunge

80.0 70.0 60.0

90.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0

210.0

1006
vy

__VSEET
982 8T

> v 98181

— JSTTE
__¥56'Se

, 88692

—GEL9E

—11972S

65¢'99

/00899
~ st

J 9€8'T.

=— ¢L0€L
=\ Yov'eEL
0v6'9L
09T°LL
TLELL
9¢6'LL

——9€9°/0T
—— €99°0TT

§06'S¢T
/ 99v'LeT
=/ €S’ LeT
065'2¢T

€9/'/¢T
6€8'L¢T

¥0¥'8¢T

€EY'8CT

—298'1ST

X : parts per Million : 13C

S35




c
o
(@]

"H NMR (600 MHz, CDCls)

BnO

0
aouepunge

3.0

8.0

9.0

10.0

X : parts per Million : 1H

S36




Hw

- |

m E

O |

= :j

%)

[a] E

o

N =

I =

s 5

2 =

D

=

=

z E

2 i
o O >
S 3

o §

T T T T T ‘ T T T T T T ‘ T T T ‘ T T T ‘ T T T T T T ‘ T T T T T T T ‘ T T T -
90 50 0 €0 z0 70 0
aouepunge

10.0

20.0

30.0

80.0 70.0 60.0 50.0 400

90.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0
I

210.0

U6y
= 86EY-

51699
988TL
1851

N AT
§12°5L

/ L2y
8519/

= 6v6oL

N ootz
1811
v1SLL

61€'8L

¢80T
—— 876801

¥S1'9¢T
/ €¢S LT
009°L¢T
=~ V¢l LiT
€9/'/¢T
95€'8¢T
y1v'8eT
¢Sy'8et

9181
—— ¢6LYST

X : parts per Million : 13C

S37




c
o
(o]

TH NMR (600 MHz, CDCly)

[ L L I L
0

10.0

aouepunge

1.0

3.0

4.0

5.0

8.0

9.0

X : parts per Million : 1H

S38




50.0

c
[an]
o

3C NMR (150 MHz, CDClg)

I

180.0

i1

(suspuesnoy)

30.0 200 10.0

40.0

80.0 70.0 60.0

90.0

160.0 150.0 140.0 130.0 120.0 110.0 100.0

170.0

200.0 190.0

210.0

—9T.8T
—066'T¢

— LEE€'9¢
—LI0TE
—80T'SE
—28T0Y

L¥9'99
12189
19€'TL

=~

A

N

—_—

/

/ BYEEL
ov9EL
£62'SL

€8°9L
6v6°9.L
09T2L
TLELL
ves'LL
S91'8L

L2901
188'80T

T€C'9CT
y1§°.2T
009'2¢T
€9/'/¢T
0¢8'LeT
T€0'8¢CT
§6€'8¢T
185'8¢T

L6T°¢ST
¢LSYST

X : parts per Million : 13C

S39




H

Me Me Me
12a
"H NMR (600 MHz, CDCl3)

R L L R R L L Ll A R R L L Ly A R R A A S L SRR R AN AR AR AR ERRRI AR
¢e 0¢ 8¢ 9¢ ve ¢¢ 0¢c 8T 9T ¥I ¢T 0T 80 90 ¥0 <0 0
aouepunge

1.0

2.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

_90LS
—ees

X : parts per Million : 1H

S40




Jid

c
[as]
O

BnO

3C NMR (150 MHz, CDCl3)

——!
E

il

o b i b i it vd 0 e (bl |

200.0

€0

80.0 70.0 60.0 50 40.0 30.0 200 10.0

90.0

180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0

190.0

210.0

_ ¥SL8T
—G86°0Z
—TLLET
T\ 0£8'52
— ¥89°0€

88L'T¢T
9/8'S¢T
890'9¢T
9¢e'9CT
§5€'9¢T
crsLet
8v9'.¢T
€5/°/¢T
¢8Llet
898'/¢T
266°L2T
16¢'8¢T
€Er'8eT
187'8¢1T

—28T'8ST

13C

— SS0°L6T

n

X : parts per Millio

S41




I

=

m

e}
e
o
[m)]
I O
o ¥
§m§
-8
s ¢
@
o =
= =z
I

R L L e N S S N S AN S SN SRR
€¢ ¢¢ T¢ 0¢ 6T 8T LT 9T ST vT €T ¢T TT 0T 60 80 L0 90 G0 v0 €0 ¢0 T0 O
aouepunge

1.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

188G
=698

X : parts per Million : 1H

S42




E -
£ o
E O
:; —
= o __S6E6T
= Q& —€%Te
= veT'Ze
=® o 9506
= 8 —— 69508
£
= O
E <
= -
E O
5 89975
E |
— B3 8199
: / vZz 1L
> 69.'TL
= O
=S / SvS2L
=" =&
= _ N
o 6.€'SL
= ~ £€25°6L
= _ €02°9L
& = 676'9L
= 09T°LL
- TLELL
E o
E O
E- O
:: —
g 2 A"
= 06T
= 159121
= S0.°42T
= J ZLLITT
E 161°42T
= 2 Zvv'8zT
B S\ cosse
3 905°8€T
= o . sorser
& < N\ pSLgET
E ©
o
=
;5 o — P00°.ST
E o
B O
@ E
o = o
a E
T O E S
i E o
) E E 3
s a = =
o © E o
= A
o =  9ET'96T..
= =z 2 5
o —
& & =
° s
o D
=S o
~ 5
o
X

L R N A A R L R L R A R R O A ) R AR A Rl )RR N A AN A AR AR A
€0 80 9¢0 v¢0 <¢¢0 <¢0 8T0 9TO0 ¢TI0 <¢T0 TO 800 900 ¥00 <200 0
aouepunage

543




j =

m

O
i
(]
T 5
o N
.3
o

®

=)
wﬂf
= 2
I

T
0

1.0

9.0 8.0 7.0 6.0

10.0

X : parts per Million : 1H

R R R R R R L R I I A R N R N RN SR SRR NN AR RARE
veee ¢¢ T¢ 0¢ 6T 8T LT 9T ST ¥T €T ¢T TT 0T 60 80 L0 90 S0 v0 €0 ¢0 T0 O
aouepunge

S44



AT e N U Pty

SPPATI TO 5 N e

110.0

L m‘ o o L

130.0

vyl

=
m
[¢)
>
a
I o
N
o I
= =
©
0™ 3
= <
g
(]
= z
[$)
®

il 0t s 1 ol i A s s ol

I R S I B I I R L S U S R R I R I AR AR AR R
€C'0 ¢¢’0 T¢'0 ¢'0 6T°0 8T°0 LT°0 9T°0 ST'0 ¥T°0 €T°0 ¢T°0 TT'0 T'0 600 80°0 20°0 90°0 S0°0 ¥0°0 €0°0 ¢0'0 TO0 0O
aouepunage

20.0 10.0

30.0

60.0 50.0 400

N

70.0

80.0

90.0

120.0 100.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0

210.0

__azoe
= ovsTe
_TSE'ST
T 528'92
12T 0e

—88T'TV

—€0C'1S

$08'9
¥0C'1.
625 TL
80L°2L
= se621

X zeLel
180°%L
9vE'9L
676°9L
09T'2L

TLELL
8¢€'8L

S6v'LeT
€¢5'LeT
9/9'/¢T
969'2¢T
T6L'LCT
Y1y'8eT
< [424 14"
60G'8¢T
€59'8€T

L T19'8€T

€¢0'6ET

Million : 13C

S per

—€9T°0T¢

X : part:

S45




. 5
[
L3
r 8
I k=)
[ S
o
O ©
o
—
= |
o
N
0g i
[@ = L
| o
™
i o8 g I
0 I
0 I
| o
<t
RS
wn
c I
m L
o L
~ I
[m)
© L
O L
N
I 70
= o
S I
© L
>- L
(/2] L
o) T
(@] F —
-
|5
=
g . =2
i 3 | " e
“\““\““\““\““\‘\““‘““\“‘“‘“‘\"““‘“\“‘“‘“‘\‘““““\““““‘\““7 X
70 €0 Z0 TO 0| 0T 0e o€ ov 0s 09 oL

aouepunge

HT : uoniiA Jad sued : A

S46




souepunqe HT : uoliIAl Jad sued : X
20 1o 0gT €1 ¥T 6T 9T LT 8T 6T 02 T2 22 €2 ¥Z §T 92 17 82 62 0¢ T€ T€ €€ ¥E GE 9 L't 8E 6€ 0V TY TV €% v'v G 97 .Y
[ S
Lo o
] =y
— 2
[ 2
N \//\J\J [ =
P — @v i w
oy
R —
r o
LS
L O
T (a7 g
=)
X
— @b (G0 LS
[
((10A0 ‘ZHW 009) DONWH
eg s
H 8N 8N 8N [ o
ugo.
N
Lo
L O
o
| c
>
rogo
[SE=]
E o
Fo ®
o
o
(o2}

S47



0.4

. P
sz s L ©
F e
L O
.. s
[c g
N T N
‘ ’ | ' U | Lo S
% Lo
- o~
o) @ L
—_ @ L
% o @ |2
& I
@ " L
@ 4 L
® ® g I
o ° © @ | o
8 g Lo
.= & i
B
2 £ '
S e ’
o
n
C I
a1} L
o) I
B I
®)
: 2
N I
I
z I
p I
o
g I
o -
2 _—
T ro2
o=
L4 |~ g
= = e g
o L 8
] Fox

2
L L

60 90 €0 000Z00E 00y 005 009 00L 008 006 0'00T0°0TT0'0CTO'0ET0'0FT0'0ST0'09T0'0LT0'08T 0'06T 0°00¢0°0T¢

aouepunge

DET : Uol|IA Jad sued @ A

S48




abundance

& &

0 0 % 0

©
: ©

45 44 43 42 41 40 39 38 3.7 36 35 34 33 32 313029 28 27 26 2524232221201918 17 16 1514 1312 1110090 01 02 03 04 05

(o) 11O
. o
; ° ; 'R
o = o
© s} @ ©
—
9 0
O
4 o
° A
o &S o S
= 3 e =
[0} >-(7 %
2 @ . B
S £
& [+
é '@‘@,‘ =
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T X
€0 ¢0 T0 0] 0T 0¢ 0¢ (14
aouepunae HT : uoniA Jad shied : A

S49



c
m
(]

=
O
T 3
o N
=3
s
(0]
= g
OJCK
s 2
I

R R A R R R L L R LR R LA A AR RSN Al SRS SRS AR AR AR RARSE AR
9¢ G¢ v¢ €¢ ¢¢ Tc 0¢c 6T 8T LT 9T ST ¥v'T €T ¢T TT 0T 60 80 L0 90 G0 ¥0 €0 ¢0 TO O
aouepunge

1.0

e

2.0

4.0

9.0 8.0 7.0 6.0 5.0

10.0

9.7
¢6ET
9IY'T

~ o
o
<
— -

— Tt

[
0
<
~
—

\HHH
[ QTe]
5 N
X
oo

X : parts per Million : 1H

S50




70.0 60.0 50.0 400 30.0 200 10.0

80.0

90.0

100.0

110.0

130.0 120.0

140.0

150.0

160.0

=

o

(@)

>

S g
a E
T O =
) E -.
= s %
Qo E
0T © =
s <
= Z 3
O 3
2 x
\\\\\\\\\\\\\\\\\
/T0 9T0 GT0 ¥T0 €T0 <¢IT0 TIT0 TO 600 800 OO 900 SO0 ¥OO €00 <00 T0O 0
aouepunqge

200.0 190.0 180.0 170.0

210.0

Yo}
(=]
«©
o~
—
N

619'2¢T

869221
159221
T
028 22T
297821
< 187821

619°8¢T
66T'8ET

_szeen
"\ 0g9'8ET

o
=1
> 1D
N
—
N

er Million : 13C

TS P

X : pa

S51




0.2 04 06 08 1.0

3
&
k=)
S
o
o ©
§ <=
—
- 8 Mo
N
B ° I
@ 6 *
& o
o™
d B I
M 0 |
L <2
(=] |~
=) L
o
wn
c j
o .
o L
= |
() L
©
o L
N L2
I 7@
=
s |
S |
8 L
o o | &
c g | =
@ = . | =
m = g
~ j2]
. B L g
o o
LRI RARRNRARRE LARAN AR RARRN RARRS] L L L L A L L L L L L B ) L L B L L Y BB \7 ><
90 ¥0 <¢0 0| 0T 0¢ 0e (1874 0'S 09 0L

aouepunge

HT : uoniiA Jad sued : A

S52




aouepunge

HT : uoniiA Jad sued : X

7O €0 20 TO O0ET¥T ST 9T LT 81 6T 02 T2 22 €2 ¥T G2 92 /T 87 67 0€ TE T €€ ¥E GE 9F L't 8E 6€ 0V Tv ¥ €7 vv Gv 9
] P
P2
-1
wmm
O
ﬂ - =
= r =
— =
T30
Lo
H.UJ
LS
Lo
— 00 -
Lo
Lo
s
] @@ =
(¥1000 ‘ZHW 009) DOWH
€l r
ugo 8
Lo
-3
o
o D |
g
=1
8
r8
;.,...u. [
z | ©

S53



. Lo
L O
. icq
L ©
. r
[}
[ 8
[c &
L k=)
L c
>
| -
o «©

0.4

[S]ea)

8
@
8

8 8

> O

(=)
LB L L L L L L L L L L L L L L B B

c
o
O

HMBC (600 MHz, CDCl3)

<
i

o

aouepunge

0°0C 0°0€ 00 005 009 0°'0L 008 0'06 OOO'EOO'['EOOZ'EOOEIOOVIOOS'[OO9IOOLI008IOOGIOOOZOO'IBOZZ

DET : Uol|IA Jad sued @ A

46 45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14

X : parts per Million : 1H

S54




02 04 06 08 1.0

aouepunge

HT : uoniiA Jad sued : A

EN &
E k=]
E 5
E o
FO @© |
FS
F
F
:\—i
& oo - ;J:i
:H
¢ &0 e . E
L —— . e
Fw
C :«—1
8 Fo
F <
: 3"
3 f
O E®
NPT
@ (& q T to
= S 4
o r
8 <
> b
) R
@ UOJ F e
4 > o
Fo
F oy
F <
B N
® ¢ (o) (6] F o
oY N
Fo
F oy
Er~
:N
)
F o
Fo
:N
0 0 ‘. (1) 2
F e
Fos
Foy
:O’)
4 © ]
F o™
°© e Es
F o
-2
@ 8 ,
Fo
F o™
Er~
F o™
)
@ @ P
e @ 4 Fo
:O’)I
o —
P =
o @ @ & >é Fe 2
:’*’g
© &6 S B
o3
<8
v Fsoo
LR RARRN RAAR RARARRARRN RRRRR ARAN N U T T T T T T T T T T T T T T T T T T T P ><
90 ¥0 <¢0 0 0T 0¢ 0e

S55



Lk

-
=

L

c
[as]
O

"H NMR (600 MHz, CDCl3)

0

10.0

UM R TR L L L L L B L S L N L S SN I B I
p¢ 61T 8T /LT 9T ST ¥T1 €T ¢T TT OT 60 80 L0 90 S0 ¥0 €0 ¢0 TO0O O
aouepunge

1.0

4.0

5.0

6.0

7.0

8.0

9.0

X : parts per Million : 1H

S56




LJ”M‘JJMMLMJNUJWMMNMM

|

Ll

AT

!

LY
8

100.0

TOVS R T R

[ARETNANI ‘uh“h\ W‘

mumwd.MnW

170.0

>
(@]
[a
I O
N
()
S
S
[ w0
= Z
o £
= z
S
L L L L I L L L L L L L I AL I
¢T0 170 TO 600 800 100 900 S0°0 00 €00 200 100 0
aouepunge

70.0 60.0 50.0 40.0 30.0 200 10.0

0.0

90.0

150.0 140.0 130.0 120.0 110.0

160.0

200.0 190.0 180.0

210.0

99002
86902

— vv9'9¢
—89¢'TE

— G668

— 12018

6TETL
8YETL
— / 0es1L
559'T.
=+ ooreL
s Gl9°€L
\ 665°GL
¥oT'9.
6v6'9L
09T'2.
1811
£er'8l
61,08

€€5'2¢T
185'2¢T
€9/°/¢T
108'L¢T
6v8'LCT
=— T¢0'8¢T

¢Sr'8et
615°8¢T
¥29'8¢1

S A4
¢8eeeT
CrT'8ET
€EE'8ET
€T0'6ET

—— 98910

X : parts per Plillion : 13¢

S57




aouepunge
0T 80 90 ¥0 ¢0 Q0

HT : uoniiA Jad sued : X
CTETVYTSTOTLTBT6TOCTCCCECYCGCICLC8C6COETECEECEYEGEIELEBEBEOVTIVIVEY YV SV IOV LY 8Y 6V 0STSCSESYSTS

(=} I

e @5 oo I
LN |-

VoI o (S I

B = : I

R @ |

® (=] € ‘ L
@ = s ((10ao NI_POSV ASOO i
= @) = |-
o = H 8N ®N 8N
o o ugo 0 o oug |
()] = L
- oug L
o o | [
o @ H
& @

0'S
HT : uoniiA Jad sued : A

oy

0€

0¢

é
2

B0 90 ¥0 ¢0 0pT

aouepunge

S58



souepunqe HT : uoliIAl Jad sued : X
£0 20 10 0ET ETYTSTOTLTIBT6T0CTCLZELYZSZIZLTBLOCOETEZEEEYESEOELEBEBEOY TV Y EV VY ST OV LY BY 6V 0STSTSES VSST
rs.:
o8
5 78
r o
T
roz
oo =
T Lo =
— HOM
— (=2 F B
= -
[~
Lo
HO
F o
S
HO
] 0 £
HO
F
-9
3 HO
— @ S
3 © (10@9 ‘ZHW 009) DONH rs
_ vi H
e & H SN 9N 8I r
ugo o) o) r
oug r
BN
P— [ )
= oug o
I r
5
HO
T H\Oq
: E g
E >
+, I
E >
=
i Es
. Eo
Eo
B =4
¥ o
in i E oo

S59



0.1

abundance

o - ,
@
3 ©
@]
®
8 8 8 8
é 8 g8
@ ®
o]
o
O
N
I
=
o
o
&)
(@]
m
=
I

K- g

5554535251504948474645444342414039383.7363534333231302928272625242322212019181.71.615141.3.20

X : parts per Million : 1H

0

aouepunge

0°0Z 00c 00r 00S 009 00L 008 006 0'00T0'0TT0O'0CTO'0ET 00T 0'0ST 0°09T 0°0LT 0°08T 0°06T 0°00®°0TC
DET : Uol|IA Jad sued @ A

S60




wo%c::& HT : uoniiA Jad sued : X

N,.H, om , mﬂo , oﬂo , _Ao , Nﬂo N 0 N.H m.a v.ﬁ m.,H @.,H AH wm mm oMN H.,N N.,N m.,m v.,m mw @MN AN w.,m o:,m o.,m H.,m N.,m mﬂm ﬁm mﬂm mﬂm N.,m w.,m m.,m o.,w ﬁw Nu\ mu\ v.,v m.,v o.,v N,w wu\ mu\ oﬂm H.,m N.,m m.,m v.,m
= o % —e
Q== -t

0'S
HT : uoniiA Jad sued : A

Q| 0T

aouepunge

S61



E
=

c
o
0]

E.

—

——
===
é

H
12b
"H NMR (600 MHz, CgDg)

10.0

L S L L R L A A R N L L L A AR LN AR AR SRR AR SRR AR R SRR SRR
P'e6'C 8¢ LC9CGCVCc€CcecTec0Cc6T8TLTIOTSTVIETCTTTOT 60802090850 %0€020T0 0
aouepunge

1.0

2.0

4.0 3.0
[ H}\ H‘\H

5.0

8.0

9.0

__6£C'T
—0S€'T

= _¢6L'T
=-2187
§90'¢
(4444

_ 1952

p

6.5'¢

8ve'e
¥9¢'e

79'€

Il \‘H \I‘HIHH I \\

© o
©
@
3]

X : parts per Million : 1H

S62




3ro
o
o
E —
i 128'8T
=32 ~ 9561
Y wvee
—_——$ 6T
LS orroe
4L® —_g502e
‘o
Fe
S, .3
o
o
F o
ffo
313
E 116'G9
3o =~ 99999
fFS __6IETL
=7 N\ 98ETL
— %osgu
3E2 £18'CL
S0 —\geres
: 0v6'9L
= SY0'LL
FS 09T 2L
E TL€°1L
Fo 2US'LL
Lo
r o
E\—I
I £85'12T
- 295°/21
e 009°22T
E 3 1647221
s 6€8°L2T
SR ¥96'L2T
=£ | o/ s6e8TT
= = zov'821
FE S LS0°€ET
I v8T9eT
—3:o 905°8€T
B XTIQESI
i L69°8ET
Fo
F3
B 3 Y L
o
@ -3
O Ea
= Fo
2 S
r O Fe
T o
T = g
&5 itS
0 T © F
= ~ [o
14 iro
2 = i- 8
%) £f _ /9596T"
@ E L O
2 [ = c
Fs =
r =
g s
o >
ro o
el w)
E 32N £
E o
E X
L A T U T L A B B S B SN SR B

6T 8T LT 91T ST ¥1 €T ¢1 T1T OT 60 80 LO 90 S0 ¥0 €0 <¢0 ToO 0
aouepunge

S63



c
[as]
O

"H NMR (600 MHz, CgDg)

R I I L I N I R S L R I B B BN SN SRR RN SRR AR AR
T¢ 0¢ 6T 8T LT 9T ST ¥T €T ¢T TT 0T 60 80 L0 90 S0 ¥0 €0 ¢0 T0 O
aouepunge

1.0

3.0

4.0

5.0

8.0

9.0

10.0

X : parts per Million : 1H

S64




Mttt b el b i

PR AR R A TR

60.0

A

il

i

ot o AL

0.0

oL M

120.0 110.0

Yoo P T

|

130.0

c
[as]
e}

3C NMR (150 MHz, CDCly)

LON I I L I I L L B A
0T 60 80 L0 90 S0 70 €0 4 T0
aauepun

O AN e o okt W M M

e

=}

10.0

20.0

40.0 300

50.0

70.0

9

100.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0

210.0

__S6€'6T
—— 8¥0'¢ce

_zee'se
08862

— 967'Sy

8Ty'L2
Slv'le
009°L2
8€9'/2
veLle
S8E'8T
2 erse
N
197'8€
cerse
\gsLge

—BLCES

— T¥2'96

T
T
T
T
T
T
T
T
T
T
T

1

:13C

T

X : parts per Million

S65




c 1
)
O

©

a)

©o

O

N

T

=

o

o

)

x

=

z

I
S RS ERESUEREHENE M .
LT 9T ST ¥1 €1 ¢t T1 01 60 80 O 90 G0 ¥O0O €0 <¢0 TO 0
aouepunqe

Q
[}

6.0

7.0

8.0

9.0

10.0

X : parts per Million : 1H

S66




Ll u‘m.uﬂl A l K A L oL m\l\m“ T

PP PN AP\ AT

c
o
O

3C NMR (150 MHz, CDCly)

L u'lm nam

—=!

LT0 9T0 ST0 ¥T0 €T0 ¢TI0 110

< e .mlnhm ﬂ 1y

70 600 800 LO0O 900 SO0 ¥OO €00 <¢00 7100
aouepunqe

800 700 600 500 400 300 200 10.0

90.0

200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0

210.0

58861
—— /86'02

—0¢L'9¢
— €E00E

——09r'or
— 0LT'EY

¥05°22T
199'/¢T
§0L°2¢T
veL'LeT
108221
yiy'8eT

—< [444°14"
005'8¢T
__PES'8El
“~ [C6'8ET

Million : 13C

per

— 10.'60¢

X : parts

S67




aouepunge

HT : uoniiA Jad sued : X

H.,H N.,H mﬂa _AH m.,H @.,H ﬁa mﬂ m.,ﬂ o.,m ﬁm NHN m.,N v.,N mHN oHN h.,m w.,N mHN o.,m H.,m N.,m mﬂm _Am m.,m m.,m ﬁm wﬂm m.,m oﬂv ﬁv N.,v m.,w v.,w mﬂv

(°a®d ‘ZH 009) ASOD
qg

ugo.

Q

1
oy

0¢

HT : uoniiA Jad sued : A

80 90 ¥'0 ¢0 QDT

aouepunge

S68



(suipuesnolp)
00z 0

HT : uoniiA Jad sued : X

o.,ﬁ HHH N.,H mﬂ v.,ﬂ m.,H oﬂ m.,ﬂ wﬂ mﬂﬁ o.,N HHN N.,N m.,m ﬁN m.,N oﬂm ﬁm w.,m mﬂm o.,m H.,m N.,m m.,m _Am m.,m mﬂm ﬁm w.,m mﬂm oﬂv H.,v Nu\ m.,w v.,v m.,v @.,w ﬁv

DET : Uol|IA Jad sued @ A

LS
Lo
A A\ ©
D @8 s
© . S
L3
Lo
8
o
09 \w
o
(°a®o ‘zZHIN 009) DONWH [
qe L8
o
ugo H H @A 8N
_
o
o
g fo
N
=
EH
Fo
POJ
EQ
[oc]

aouepunge

S69



0.03 0.06 0.09 0.12

abundance

?

I

® e

c
[as]
o]

HMBC (600 MHz, CgDg)

aouepunge

6 o 8

©®0 i

a2

® o % a2

0 g
w“"H‘“\‘H\‘Hw‘”‘\HH\HH\HH\HHMH‘\HH\HH\HHHH\HH\HHHHHH\HH\HH‘Hw‘”w:
g0z 0'0E 0°0F 005 009 0'0L 008 0°06 0°00T 0'0TT 0°02T 0'0ET 0°0¥T 0°0ST 0°09T 0°0LT 0'08T 0°06T 0'0GE0TZ

DET : Uol|IA Jad sued @ A

45 44 43 42 41 40 39 38 3.7 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11p

X : parts per Million : 1H

S70




1.0

abundance

oo

OBn

HMBC (600 MHz, C¢Ds)

ﬁmwmeU*

@

Gh

o=

I
B0 90 ¥0 ¢0 Q
aouepunae

HT : uoniiA Jad sued : A

45 44 43 42 41 40 39 38 3.7 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 110

X : parts per Million : 1H

S71




