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Materials and Methods: Reactions were performed under ambient atmosphere unless otherwise
noted. Tetrahydrofuran, ether, dichloromethane and toluene were purified by passing through
activated alumina columns, 1,4-dioxane was distilled over sodium/benzophenone. All other solvents
used were ACS grade, and all other reagents were used as received unless otherwise noted. Zeise’s
Dimer, [(C2H4)PtCl2]2, was purchased from Strem Chemical Company. All other commercially
available chemicals were purchased from Alfa Aesar (Ward Hill, MA), Sigma-Aldrich (St. Louis, MO),
Oakwood Products, (West Columbia, SC), Strem (Newburport, MA) and TCI America (Portland, OR).
Qualitative TLC analysis was performed on 250 mm thick, 60 Å, glass backed, F254 silica (Silicycle,
Quebec City, Canada). Visualization was accomplished with UV light and exposure to p-anisaldehyde
or KMnO4 stain solutions followed by heating. Flash chromatography was performed using Silicycle
silica gel (230-400 mesh). 1H NMR spectra were acquired on a Varian 400 MR (at 400 MHz), and are
reported relative to SiMe4 (δ 0.00). VT 1H NMR spectra were acquired on a Varian 300 MR (at 300
MHz) and are reported relative to SiMe4 (δ 0.00). 13C NMR spectra were acquired on a Varian 400
MR (at 100 MHz) and are reported relative to SiMe4 (δ 0.0). IR spectra were obtained on NaCl plates
(film) with a Bruker Tensor 27 Ft-IR or as a film on a Nicolet iS50 FT-IR. High resolution mass
spectrometry data were acquired by the Colorado State University Central Instrument Facility on an
Agilent 6210 TOF LC/MS, low resolution mass spectrometry data were acquired on an Agilent 6100
Single Quad LC/MS.
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Platinum Catalyzed Double Heterocyclizations:
Table 1: Pt-Catalyzed Double Heterocyclizations (from Chart 1)
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General procedure for the platinum-catalyzed double heterocyclizations. To a solution of
triphenylphosphine (5.0 mol %) in THF (1/3 total reaction volume) was added [(C2H4)PtCl2]2 (2.5
mol %). After 15 min this solution was added to a prestirred solution of the substrate (1.0 equiv) and
Na2CO3 (1.0 equiv) in THF (2/3 reaction volume, 0.1 M in substrate final concentration). The reaction
was stirred at 23 °C and monitored by TLC. Upon completion, Et3N (100 µL) was added, and the
solution was filtered through a SiO2 (neutralized with 1% Et3N) plug, washing with Et2O (2x reaction
volume). The solvent was then removed by rotary evaporation, and the resulting residue was purified
by flash chromatography on SiO2 (neutralized with 1% Et3N).
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Table 1, Entry 1. According to the general procedure, to a solution of triphenylphosphine (6.6 mg,
0.0250 mmol) in THF (2.50 mL) at 23 °C was added [(C2H4)PtCl2]2 (7.3 mg, 0.0125 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S1 (100 mg, 0.500 mmol) and Na2CO3 (106 mg, 0.500 mmol) in THF (2.50 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with
Et3N) to produce diether 5 (75.8 mg, 90% yield, Rf = 0.58 in 9:1 hexanes/EtOAc) as a colorless oil.
Diether 5: 1H NMR (400 MHz, C6D6) δ 4.80 (s, 1H), 4.50 (t, J = 6.8 Hz, 1H), 3.88 (s, 2H), 3.84 (dt, J
= 8.0, 6.4 Hz, 1H), 3.65-3.59 (m, 1H), 1.92-1.84 (m, 1H), 1.82-1.62 (comp m, 2H), 1.51-1.41 (m, 1H),
0.97 (s, 6H); 13C NMR (100 MHz, C6D6) δ 158.4, 106.9, 83.1, 74.6, 68.4, 42.8, 30.3, 27.90, 27.87,
26.0; IR (film) 2958, 1670, 1461, 1198, 1078, 995 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+
[C10H16O2 + H]+: 169.1, found 169.1.
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Table 1, Entry 2. According to the general procedure, to a solution of triphenylphosphine (6.6 mg,
0.0250 mmol) in THF (2.50 mL) at 23 °C was added [(C2H4)PtCl2]2 (7.3 mg, 0.0125 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol 1 (107 mg, 0.500 mmol) and Na2CO3 (53.0 mg, 0.500 mmol) in THF (2.50 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 2 (81.9 mg, 90% yield, Rf = 0.57 in 9:1 hexanes/EtOAc) as a colorless oil.
Diether 2: 1H NMR (400 MHz, C6D6) δ 4.91 (d, J = 1.1 Hz, 1H), 3.92-3.87 (m, 2H), 3.89 (s, 1H), 3.22
(td, J = 11.7, 2.4 Hz, 1H), 1.85-1.78 (m, 1H), 1.63-1.51 (m, 2H), 1.47-1.35 (m, 1H), 1.18-1.14 (m, 1H),
1.13-1.06 (m, 1H), 0.99 (s, 6H); 13C NMR (100 MHz, C6D6) δ 158.3, 106.1, 82.9, 74.2, 68.3, 42.9,
30.4, 28.0, 27.9, 26.3, 23.4; IR (film) 2954, 1672, 1461, 1197, 1095, 895 cm-1; LRMS (ESI+) m/z
calc’d for (M + H)+ [C11H18O2 + H]+: 183.1, found 183.1.
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Table 1, Entry 3. To a solution of diol S2 (91.2 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol)
in Et2O (4.00 mL, 0.1 M) was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the resulting solution
was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was added and the reaction was
filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1% Et3N), washing with Et2O (10
mL). The solvent was removed by rotary evaporation, and the resulting residue was purified by flash
chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1% Et3N) to produce diether 6
(63.2 mg, 81% yield, Rf = 0.62 in 9:1 hexanes/EtOAc) as a colorless oil.
Diether 6: 1H NMR (400 MHz, C6D6) δ 4.88 (d, J = 1.2 Hz, 1H), 4.17 (qd, J = 4.4, 1.2 Hz, 1H), 3.90
(s, 2H), 3.81-3.75 (m, 1H), 3.49-3.43 (m, 1H), 1.98-1.91 (m, 1H), 1.86-1.77 (m, 1H), 1.68-1.61 (m,
1H), 1.57-1.50 (m, 1H), 1.45-1.33 (m, 4H), 1.00 (d, J = 0.9 Hz, 6H); 13C NMR (100 MHz, C6D6) δ
159.0, 106.4, 83.0, 75.1, 67.8, 42.8, 33.7, 31.6, 28.0, 27.9, 27.8, 25.7; IR (film) 2927, 2360, 1668, 1460,
1121, 1030, 995 cm-1; LRMS (ESI+) m/z calc’d for (M + Na)+ [C12H20O2 + Na]+: 219.2, found 219.1.
OH
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Table 1, Entry 4. To a solution of phenol S3 (66.0 mg, 0.300 mmol) in 1,4-dioxane (3.00 mL, 0.1 M)
was added [(C2H4)PtCl2]2 (4.4 mg, 0.00750 mmol), and the resulting solution was heated to 70 °C for 1
h. Upon completion, the reaction was cooled to ambient temperature, and the reaction was filtered
through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1% Et3N), washing with Et2O (10 mL). The
solvent was removed by rotary evaporation, and the resulting residue was purified by flash
chromatography (19:1 hexanes/EtOAc eluent) to produce benzofuran 7 (55.5 mg, 98% yield, Rf = 0.40
in 9:1 hexanes/EtOAc) as a pale brown oil.
Benzofuran 7: 1H NMR (400 MHz, C6D6) δ 7.38-7.34 (comp m, 2H), 7.10-7.02 (comp m, 2H), 6.45 (t,
J = 0.9 Hz, 1H), 4.90 (t, J = 6.8 Hz, 1H), 3.85-3.80 (m, 1H), 3.63 (td, J = 7.6, 6.0 Hz, 1H), 1.94-1.76
(comp m, 2H), 1.68-1.57 (m, 1H), 1.50-1.40 (m, 1H); 13C NMR (100 MHz, C6D6) δ 159.5, 155.6,
128.9, 124.2, 123.0, 121.2, 111.5, 103.0, 74.6, 68.5, 31.1, 26.0; IR (film) 2978, 1453, 1253, 1169, 1053,
751 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C12H12O2 + H]+: 189.0, found 188.9.
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Table 1, Entry 5. According to the general procedure, to a solution of triphenylphosphine (5.2 mg,
0.0200 mmol) in THF (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S4 (91.2 mg, 0.400 mmol) and Na2CO3 (42.4 mg, 0.400 mmol) in THF (2.00 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 8 (65.4 mg, 83% yield, 3:2 dr, Rf = 0.58 in 9:1 hexanes/EtOAc) as a colorless
oil.
Diether 8: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, C6D6) δ 4.84 (s, 0.4H),
4.78 (s, 0.6H), 4.60 (t, J = 6.9 Hz, 0.6H), 4.49 (dd, J = 7.6, 6.0 Hz, 0.4H), 4.00 (quintet, J = 6.8 Hz,
0.6H), 3.88 (s, 2H), 3.69-3.61 (m, 0.4H), 2.02-1.76 (comp m, 2.5H), 1.76-1.64 (m, 0.4H), 1.65-1.54 (m,
1H), 1.50-1.32 (comp m, 1.5H), 1.27-1.18 (m, 0.6H), 0.97 (s, 6H), 0.93 (t, J = 7.6 Hz, 1.2H), 0.89 (t, J
= 7.6 Hz, 1.8H); 13C NMR (100 MHz, C6D6) δ 158.8, 107.0, 106.7, 83.14, 83.13, 81.7, 81.0, 74.8, 74.4,
42.8, 31.6, 31.0, 30.6, 30.5, 29.2, 29.1, 27.92, 27.90, 27.8, 10.9, 10.7; IR (film) 2931, 1462, 1336, 1060,
966 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C12H20O2 + H]+: 197.1, found 197.1.
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HO
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Table 1, Entry 6. According to the general procedure, to a solution of triphenylphosphine (3.9 mg,
0.0150 mmol) in THF (1.50 mL) at 23 °C was added [(C2H4)PtCl2]2 (4.4 mg, 0.00750 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S5 (72.7 mg, 0.300 mmol) and Na2CO3 (31.8 mg, 0.300 mmol) in THF (1.50 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 70 h. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 9 (45.3 mg, 72% yield, 3:1 dr, Rf = 0.59 in 9:1 hexanes/EtOAc) as a colorless
oil.
Diether 9: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, C6D6) δ 4.89 (s, 0.25H),
4.81 (s, 0.75H), 4.02 (quintet, J = 6.6 Hz, 0.75H), 3.88 (s, 2H), 3.85-3.76 (m, 0.25H), 2.26-2.19 (m,
1H), 1.87-1.53 (comp m, 4H), 1.52 (s, 3H), 1.48-1.26 (comp m, 2H), 0.98 (s, 6H), 0.97-0.89 (comp m,
3H); 13C NMR (100 MHz, C6D6) δ 162.5, 161.9, 105.7, 105.1, 83.3, 83.2, 83.1, 81.2, 81.1, 80.3, 42.8,
37.4, 36.4, 32.0, 31.6, 31.3, 30.5, 29.6, 27.93, 27.90, 27.88, 26.8, 26.3, 11.0, 10.6; IR (film) 2960, 1663,
1461, 1363, 1113, 1073, 980 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C13H22O2 + H]+: 211.1,
found 211.0.
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Table 1, Entry 7. According to the general procedure, to a solution of triphenylphosphine (5.2 mg,
0.0200 mmol) in THF (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S6 (91.2 mg, 0.400 mmol) and Na2CO3 (42.0 mg, 0.400 mmol) in THF (2.00 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 10 (64.5 mg, 82% yield, >19:1 dr, Rf = 0.50 in 9:1 hexanes/EtOAc) as a
colorless oil.
Diether 10: 1H NMR (400 MHz, C6D6) δ 4.94 (d, J = 1.2 Hz, 1H), 3.99-3.96 (m, 1H), 3.92 (s, 2H),
3.32-3.24 (m, 1H), 1.88-1.82 (m, 1H), 1.62-1.55 (comp m, 2H), 1.53-1.49 (m, 1H), 1.28-1.20 (comp m,
2H), 1.18 (d, J = 6.4 Hz, 3H), 1.01 (s, 6H); 13C NMR (100 MHz, C6D6) δ 158.4, 106.0, 82.9, 74.3, 74.2,
42.8, 33.4, 29.9, 27.99, 27.97, 23.8, 22.5; IR (film) 3369, 2931, 2232, 1461, 1336, 1055 cm-1; HRMS
(ESI+) m/z calc’d for (M + H)+ [C12H20O2 + H]+: 197.1536, found 197.1530.
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Table 1, Entry 8. According to the general procedure, to a solution of triphenylphosphine (5.2 mg,
0.0200 mmol) in THF (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S7 (96.9 mg, 0.400 mmol) and Na2CO3 (42.0 mg, 0.400 mmol) in THF (2.00 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added, and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 11 (70.9 mg, 84% yield, 17:1 dr, Rf = 0.54 in 9:1 hexanes/EtOAc) as a
colorless oil.
Diether 11: 1H NMR (400 MHz, C6D6) δ 4.92 (d, J = 1.2 Hz, 1H), 3.96 (ddd, J = 11.2, 2.4, 1.2 Hz,
1H), 3.90 (s, 2H), 3.07 (dddd, J = 10.8, 7.1, 5.2, 1.2 Hz, 1H), 1.88-1.83 (m, 1H), 1.65-1.56 (comp m,
2H), 1.55-1.48 (m, 1H), 1.45-1.34 (m, 1H), 1.31-1.20 (m, 2H), 1.16-1.05 (m, 1H), 0.99 (s, 3H), 0.98 (s,
3H), 0.94 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, C6D6) δ 158.5, 105.9, 82.9, 79.4, 74.3, 42.8, 31.2,
30.3, 29.8, 28.1, 28.0, 23.7, 10.2; IR (film) 2936, 1673, 1461, 1199, 1097, 1004 cm-1; HRMS (ESI+)
m/z calc’d for (M + H)+ [C13H22O2 + H]+: 211.1693, found 211.1690.
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Table 1, Entry 9. According to the general procedure, to a solution of triphenylphosphine (3.5 mg,
0.0133 mmol) in THF (1.33 mL) at 23 °C was added [(C2H4)PtCl2]2 (3.9 mg, 0.00665 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S8 (77.2 mg, 0.266 mmol) and Na2CO3 (28.2 mg, 0.266 mmol) in THF (1.33 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 12 (54.7 mg, 80% yield, > 19:1 dr, Rf = 0.49 in 9:1 hexanes/EtOAc) as a
colorless oil.
Diether 12: 1H NMR (400 MHz, C6D6) δ 7.42-7.40 (comp m, 2H), 7.22-7.19 (comp m, 2H), 7.13-7.08
(m, 1H), 4.97 (d, J = 1.2 Hz, 1H), 4.23 (dd, J = 10.8, 2.4 Hz, 1H), 4.09 (ddd, J = 11.2, 2.4, 1.2 Hz, 1H),
3.93 (s, 2H), 1.93-1.87 (m, 1H), 1.64-1.53 (comp m, 3H), 1.48-1.30 (comp m, 2H), 1.02 (s, 3H), 1.00
(s, 3H); 13C NMR (100 MHz, C6D6) δ 158.2, 144.0, 128.4, 127.4, 126.2, 106.1, 83.0, 80.0, 74.7, 42.9,
34.3, 29.9, 28.03, 27.96, 24.0; IR (film) 2953, 1673, 1496, 1192, 1096, 1046, 751 cm-1; HRMS (ESI+)
m/z calc’d for (M + H)+ [C17H22O2 + H]+: 259.1693, found 259.1692.
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Table 1, Entry 10. To a solution of diol S9 (102 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol)
in Et2O (4.00 mL, 0.1 M) was added [(C2H4)PtCl2]2 (9.4 mg, 0.0160 mmol), and the resulting solution
was stirred at 23 °C for 48 h. Upon completion, Et3N (100 µL) was added and the reaction was filtered
through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1% Et3N), washing with Et2O (10 mL). The
solvent was removed by rotary evaporation, and the resulting residue was purified by flash
chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1% Et3N) to produce diether 13
(64.3 mg, 72% yield, 4:1 dr, Rf = 0.39 in 9:1 hexanes/EtOAc) as a colorless oil.
Diether 13: 1H NMR (400 MHz, C6D6, major diastereomer only) δ 5.31 (s, 1H), 3.94-3.88 (comp m,
2H), 3.67 (dd, J = 12.8, 3.6 Hz, 1H), 3.23 (td, J = 11.6, 2.4 Hz, 1H), 1.90-1.79 (comp m, 2H), 1.751.62 (comp m, 2H), 1.60-1.48 (comp m, 3H), 1.46-1.36 (comp m, 2H), 1.29-1.17 (comp m, 3H), 1.151.06 (comp m, 2H), 0.91 (s, 3H); 13C NMR (100 MHz, C6D6) δ 160.4, 110.7, 90.4, 74.7, 68.3, 44.5,
34.8, 30.6, 26.3, 25.0, 24.5, 23.5, 21.3, 17.7; IR (film) 2933, 1639, 1442, 1200, 1085, 1046, 902 cm-1;
LRMS (ESI+) m/z calc’d for (M + Na)+ [C14H22 O2 + Na]+: 255.2, found 255.2.
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OH

[(C2H4)PtCl2]2 (2.5 mol %)
K3PO4 (1.0 equiv)

Me

OH

Et2O, 23 °C
71% yield, 5 : 1 dr
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Table 1, Entry 11. To a solution of diol S10 (102 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400
mmol) in Et2O (4.00 mL, 0.1 M) was added [(C2H4)PtCl2]2 (9.4 mg, 0.0160 mmol), and the resulting
solution was stirred at 23 °C for 44 h. Upon completion, Et3N (100 µL) was added and the reaction
was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1% Et3N), washing with Et2O
(10 mL). The solvent was removed by rotary evaporation, and the resulting residue was purified by
flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1% Et3N) to produce diether
14 (63.1 mg, 71% yield, 5:1 dr, Rf = 0.37 in 9:1 hexanes/EtOAc) as a colorless oil.
Diether 14: 1H NMR (400 MHz, C6D6, major diastereomer only) δ 5.30 (s, 1H), 3.94-3.88 (comp m,
2H), 3.66 (dd, J = 12.8, 3.5 Hz, 1H), 3.23 (td, J = 11.6, 2.4 Hz, 1H), 1.90-1.78 (comp m, 2H), 1.751.62 (comp m, 2H), 1.59-1.47 (comp m, 3H), 1.46-1.36 (comp m, 2H), 1.28-1.17 (comp m, 3H), 1.141.07 (comp m, 2H), 0.91 (s, 3H); 13C NMR (100 MHz, C6D6) δ 160.4, 110.7, 90.4, 74.7, 68.4, 44.5,
34.8, 30.6, 26.3, 25.0, 24.5, 23.5, 21.3, 17.7; IR (film) 2933, 1639, 1453, 1371, 1200, 1085, 1038, 902
cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C14H22O2 + H]+: 223.1, found 223.0.
OMe
NHAc

[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
Na2CO3 (1.0 equiv)
THF, 23 °C
86% yield

HO
Me Me

S11

O

AcN

Me
Me
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Table 1, Entry 12. According to the general procedure, to a solution of triphenylphosphine (5.2 mg,
0.0200 mmol) in THF (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.9 mg, 0.100 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of acetamide S11 (102 mg, 0.400 mmol) and Na2CO3 (42.4 mg, 0.400 mmol) in THF (2.00 mL, 0.1 M
final concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL)
was added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (2:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce piperidine 15 (76.4 mg, 86% yield, Rf = 0.30 in 1:1 hexanes/EtOAc) as a colorless oil.
Piperidine 15: 1H NMR (300 MHz, C6D6, 70 °C, rotamers coalesced at elevated temperature) δ 4.48
(d, J = 1.4 Hz, 1H), 3.79 (s, 2H), 2.82 (s, 1H), 1.93-1.92 (m, 1H), 1.88 (s, 3H), 1.63 (s, 1H), 1.45-1.30
(comp m, 5H), 1.20-1.10 (m, 1H), 0.94 (s, 3H), 0.92 (s, 3H); 13C NMR (100 MHz, C6D6, 23 °C,
appears as mixture of rotamers) δ 191.7, 169.3, 154.6, 108.9, 108.2, 82.8, 52.0, 46.4, 43.24, 43.15,
38.1, 28.1, 27.8, 27.6, 27.1, 26.79, 26.75, 26.2, 25.4, 21.6, 21.3, 20.6, 20.4; IR (film) 2937, 1641, 1419,
1271, 1139, 993 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C13H21NO2 + H]+: 224.1, found 224.2.
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PPh3 (5.0 mol %)
Na2CO3 (1.0 equiv)
THF, 23 °C
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Table 1, Entry 13. According to the general procedure, to a solution of triphenylphosphine (3.9 mg,
0.0150 mmol) in THF (1.50 mL) at 23 °C was added [(C2H4)PtCl2]2 (4.4 mg, 0.00750 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of carbamate S12 (93.7 mg, 0.300 mmol) and Na2CO3 (31.8 mg, 0.300 mmol) in THF (1.50 mL, 0.1 M
final concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL)
was added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce piperidine 16 (74.7 mg, 89% yield, Rf = 0.53 in 9:1 hexanes/EtOAc) as a colorless oil.
Piperidine 16: 1H NMR (300 MHz, C6D6, 70 °C, rotamers coalesced at elevated temperature) δ 5.08
(br s, 1H), 4.56 (s, 1H), 4.15 (app. d, J = 13.2 Hz, 1H), 3.82 (s, 2H), 2.97 (td, J = 12.6, 3.3 Hz, 1H),
1.98-1.94 (m, 1H), 1.48 (s, 9H), 1.47-1.22 (comp m, 5H), 0.97 (s, 3H), 0.96 (s, 3H); 13C NMR (100
MHz, C6D6) δ 155.7, 108.1, 82.7, 79.0, 49.8 (broadened), 43.2, 40.7 (broadened), 28.5, 28.0, 27.8, 26.9,
25.7, 20.3; IR (film) 2934, 1694, 1404, 1248, 1161, 999 cm-1; LRMS (ESI+) m/z calc’d for (M + Na)+
[C16H27NO3 + Na]+: 304.2, found 304.2.
OMe
NHTs

[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
Na2CO3 (1.0 equiv)
THF, 23 °C
83% yield

HO
Me Me

S13

O

TsN

Me
Me
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Table 1, Entry 14. According to the general procedure, to a solution of triphenylphosphine (3.9 mg,
0.0150 mmol) in THF (1.50 mL) at 23 °C was added [(C2H4)PtCl2]2 (4.4 mg, 0.00750 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of sulfonamide S13 (110 mg, 0.300 mmol) and Na2CO3 (31.8 mg, 0.300 mmol) in THF (1.50 mL, 0.1
M final concentration). The reaction was stirred at 23 °C for 46 h. Upon completion, Et3N (100 µL)
was added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce piperidine 17 (82.9 mg, 83% yield, Rf = 0.37 in 9:1 hexanes/EtOAc) as a colorless oil.
Piperidine 17: 1H NMR (400 MHz, C6D6) δ 7.78 (d, J = 8.2 Hz, 2H), 6.79 (d, J = 8.2 Hz, 2H), 5.03 (m,
1H), 4.50 (d, J = 1.4 Hz, 1H), 3.85-3.80 (m, 1H), 3.66 (ABq, J = 8.4 Hz, Δυ = 31.7 Hz, 2H), 3.13-3.06
(m, 1H), 1.92 (s, 3H), 1.89-1.85 (m, 1H), 1.42-1.37 (comp m, 2H), 1.23-1.13 (comp m, 3H), 0.86 (s,
3H), 0.83 (s, 3H); 13C NMR (100 MHz, C6D6) δ 154.6, 142.3, 139.7, 129.5, 127.7, 109.5, 82.7, 51.1,
43.0, 42.3, 27.73, 27.71, 27.5, 25.2, 21.1, 20.0; IR (film) 3527, 2955, 1707, 1336, 1153, 1038, 733 cm1
; LRMS (ESI+) m/z calc’d for (M + H)+ [C18H25NO3S + H]+: 336.1, found 336.1.
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Table 1, Entry 15. To a solution of aniline S14 (100 mg, 0.300 mmol) in 1,4-dioxane (3.00 mL, 0.1
M) was added [(C2H4)PtCl2]2 (4.4 mg, 0.00750 mmol), and the resulting solution was stirred at 23 °C
for 1.5 h. Upon completion, the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm),
washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting residue
was purified by flash chromatography (19:1 hexanes/EtOAc eluent) to produce indole 18 (77.1 mg,
85% yield, Rf = 0.45 in 9:1 hexanes/EtOAc) as a colorless oil.
Indole 18: 1H NMR (400 MHz, CDCl3) δ 8.08-8.06 (m, 1H), 7.50 (m, 1H), 7.27-7.17 (comp m, 2H),
6.68 (s, 1H), 5.08-5.05 (m, 1H), 4.15-4.11 (m, 1H), 3.71-3.65 (m, 1H), 2.15 (m, 1H), 1.97-1.93 (m,
1H), 1.74-1.71 (m, 1H), 1.70 (s, 9H), 1.66-1.54 (comp m, 3H); 13C NMR (100 MHz, CDCl3) δ 150.4,
143.0, 136.7, 129.3, 123.9, 122.7, 120.6, 115.7, 106.5, 84.0, 74.4, 69.2, 32.8, 28.4, 26.2, 23.8; IR (film)
2933, 1729, 1453, 1326, 1159, 1077, 742 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C18H23NO3 +
H]+: 324.1, found 323.9.
NHBoc
[(C2H4)PtCl2]2 (2.5 mol %)
Et
OMe

S15

Boc
N

Et
O

1,4-dioxane, 23 °C
59% yield, 15 : 1 dr

OH
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Table 1, Entry 16. To a solution of aniline S15 (72.2 mg, 0.200 mmol) in 1,4-dioxane (2.00 mL, 0.1
M) was added [(C2H4)PtCl2]2 (2.9 mg, 0.00500 mmol), and the resulting solution was stirred at 23 °C
for 1.5 h. Upon completion, the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm),
washing with Et2O (6 mL). The solvent was removed by rotary evaporation, and the resulting residue
was purified by flash chromatography (19:1 hexanes/EtOAc eluent) to produce indole 19 (38.6 mg,
59% yield, 15:1 dr, Rf = 0.55 in 9:1 hexanes/EtOAc) as a colorless oil.
Indole 19: 1H NMR (400 MHz, CDCl3) δ 8.08-8.05 (m, 1H), 7.50-7.48 (m, 1H), 7.24-7.16 (comp m,
2H), 6.69 (t, J = 0.8 Hz, 1H), 5.10 (ddd, J = 10.8, 1.6, 0.8 Hz, 1H), 3.50-3.43 (m, 1H), 2.14-2.09 (m,
1H), 1.99-1.92 (m, 1H), 1.69 (s, 9H), 1.67-1.46 (comp m, 4H), 1.34-1.24 (m, 2H), 0.97 (t, J = 7.6 Hz,
3H); 13C NMR (100 MHz, CDCl3) δ 150.4, 143.1, 136.9, 129.4, 123.8, 122.7, 120.6, 115.7, 106.7, 83.9,
79.8, 73.9, 32.0, 31.2, 29.6, 28.4, 24.0, 10.2; IR (film) 2933, 1729, 1453, 1326, 1159, 1077, 742 cm-1;
LRMS (ESI+) m/z calc’d for (M + Na)+ [C20H27NO3 + Na]+: 352.1, found 351.9.
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Table 2: Double Cyclizations - Avoiding the 1,2-H Shift (from Chart 2)
OMe
R1

XH
n

HO

R3

R2
Entry

[(C2H4)PtCl2 (2.5 mol %)
PPh3 (5.0 mol %)

R1

K3PO4 (1.0 equiv)
MTBE, 23 °C

R2
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R3
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O

n
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1:1
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-
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[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
K3PO4 (1.0 equiv)
MTBE, 23 °C
76% yield, ~1 : 1 dr
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Table 2, Entry 1. According to the general procedure, to a solution of triphenylphosphine (5.2 mg,
0.0200 mmol) in MTBE (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol 20 (80.0 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol) in MTBE (2.00 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 22 (50.8 mg, 76% yield, ~1:1 dr, Rf = 0.45 in 9:1 hexanes/EtOAc) as a
colorless oil.
Diether 22: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, C6D6) δ 4.98-4.95 (m,
1H), 4.25-4.20 (m, 1H), 3.93-3.87 (comp m, 2H), 3.76-3.71 (m, 1H), 3.22 (td, J = 11.6, 2.4 Hz, 1H),
2.84-2.74 (m, 1H), 1.87-1.80 (m, 1H), 1.64-1.52 (comp m, 2H), 1.41 (qt, J = 12.4, 4.0 Hz, 1H), 1.23 (tt,

Supporting Information: Allegretti and Ferreira

S15

J = 12.4, 4.0 Hz, 1H), 1.12-1.05 (m, 1H), 0.86 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, C6D6) δ 159.4,
128.1, 100.8, 100.7, 77.3, 77.2, 74.2, 74.1, 68.38, 68.35, 37.43, 37.40, 30.6, 30.4, 26.3, 23.5, 23.4,
20.7; IR (film) 2953, 1670, 1452, 1201, 1094, 1005, 895 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+
[C10H16O2 + H]+: 169.1, found 169.0.
[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
K3PO4 (1.0 equiv)

OMe
OH
HO

S16

O

O

MTBE, 23 °C
85% yield
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Table 2, Entry 2. According to the general procedure, to a solution of triphenylphosphine (6.6 mg,
0.0250 mmol) in MTBE (2.50 mL) at 23 °C was added [(C2H4)PtCl2]2 (7.3 mg, 0.0125 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S16 (93.0 mg, 0.500 mmol) and K3PO4 (106 mg, 0.500 mmol) in MTBE (2.50 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added, and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 24 (65.5 mg, 85% yield, Rf = 0.39 in 9:1 hexanes/EtOAc) as a colorless oil.
Diether 24: 1H NMR (400 MHz, C6D6) δ 4.97 (ddd, J = 3.6, 2.4, 1.2 Hz, 1H), 4.08 (t, J = 9.6 Hz, 2H),
3.94-3.87 (comp m, 2H), 3.22 (td, J = 11.6, 2.4 Hz, 1H), 2.33-2.27 (comp m, 2H), 1.86-1.80 (m, 1H),
1.65-1.52 (comp m, 2H), 1.41 (qt, J = 12.4, 4.0 Hz, 1H), 1.24-1.15 (m, 1H), 1.13-1.06 (m, 1H); 13C
NMR (100 MHz, C6D6) δ 159.9, 94.0, 74.2, 70.0, 68.4, 30.5, 30.1, 26.3, 23.4; IR (film) 2936, 1672,
1202, 1163, 1094, 898 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C9H14O2 + H]+: 155.1, found
155.0.
OMe

OH
Ph

HO

S17

[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
K3PO4 (1.0 equiv)

Ph
O

O

MTBE, 23 °C
69% yield, 10 : 1 dr
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Table 2, Entry 3. According to the general procedure, to a solution of triphenylphosphine (5.2 mg,
0.0200 mmol) in MTBE (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol S17 (105 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol) in MTBE (2.00 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce diether 25 (74.5 mg, 81% yield, 10:1 dr, Rf = 0.47 in 9:1 hexanes/EtOAc) as a
colorless oil.
Diether 25: 1H NMR (400 MHz, C6D6) δ 7.42-7.40 (comp m, 2H), 7.22-7.19 (comp m, 2H), 7.13-7.09
(m, 1H), 4.99-4.98 (m, 1H), 4.23 (dd, J = 10.8, 2.4 Hz, 1H), 4.11 (t, J = 9.6 Hz, 3H), 2.35-2.30 (comp
m, 2H), 1.89-1.84 (m, 1H), 1.67-1.53 (comp m, 3H), 1.47-1.30 (m, 2H); 13C NMR (100 MHz, C6D6) δ
159.7, 144.0, 128.4, 127.3, 126.2, 94.3, 80.0, 74.7, 70.1, 34.2, 30.1, 29.9, 24.0; IR (film) 2937, 1673,
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1451, 1176, 1095, 1043, 931 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C15H18O2 + H]+: 253.1,
found 253.1.
[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
K3PO4 (1.0 equiv)

OMe
OH

OH

Et

Et

O

O

MTBE, 23 °C
74% yield, ~1 : 1 dr
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Table 2, Entry 4. To a solution of diol S18 (85.6 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol)
in MTBE (4.00 mL, 0.1 M) was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the resulting
solution was stirred at 23 °C for 14 h. Upon completion, Et3N (100 µL) was added and the reaction
was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1% Et3N), washing with Et2O
(10 mL). The solvent was removed by rotary evaporation, and the resulting residue was purified by
flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1% Et3N) to produce diether
26 (54.1 mg, 74% yield, ~1:1 dr, Rf = 0.47 in 9:1 hexanes/EtOAc) as a colorless oil.
Diether 26: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, C6D6) δ 4.92-4.90 (m,
1H), 4.42-4.34 (m, 1H), 3.93-3.87 (comp m, 2H), 3.22 (td, J = 12.0, 2.4 Hz, 1H), 2.54-2.47 (m, 1H),
2.15-2.07 (m, 1H), 1.87-1.80 (m, 1H), 1.68-1.52 (comp m, 3H), 1.47-1.36 (comp m, 2H), 1.20 (tt, J =
12.4, 4.0 Hz, 1H), 1.12-1.06 (m, 1H), 0.88 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, C6D6) δ 158.7,
158.6, 92.9, 82.8, 82.6, 73.9, 73.8, 67.93, 67.90, 34.83, 34.80, 30.1, 30.0, 29.0, 28.9, 25.9, 23.1, 23.0,
9.30, 9.25; IR (film) 2935, 1672, 1463, 1204, 1165, 1095, 901 cm-1; LRMS (ESI+) m/z calc’d for (M +
H)+ [C11H18O2 + H]+: 183.1, found 183.0.

OH
HO
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[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
K3PO4 (1.0 equiv)

MeO

MTBE, 23 °C
90% yield
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Table 2, Entry 5. According to the general procedure, to a solution of triphenylphosphine (5.2 mg,
0.0200 mmol) in MTBE (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.8 mg, 0.0100 mmol), and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol 27 (90.4 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol) in MTBE (2.00 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction mixture was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with
1% Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the
resulting residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized
with 1% Et3N) to produce diether 28 (69.9 mg, 90% yield, Rf = 0.47 in 9:1 hexanes/EtOAc) as a
colorless oil.
Diether 28: 1H NMR (400 MHz, C6D6) δ 5.02 (t, J = 2.4 Hz, 1H), 4.10 (app. t, J = 9.2 Hz, 3H), 2.32
(td, J = 9.2, 2.4 Hz, 2H), 2.05-1.91 (comp m, 4H), 1.89-1.77 (comp m, 4H), 1.51-1.42 (comp m, 2H),
1.25-1.20 (comp m, 2H); 13C NMR (100 MHz, C6D6) δ 165.6, 90.8, 70.3, 69.8, 67.9, 33.4, 30.0, 29.3,
19.4; IR (film) 2929, 1668, 1245, 1207, 1060, 1037, 888 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+
[C12H18O2 + H]+: 195.2, found 195.1.
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Alkene Nucleophile
OMe

Me
Me

THF, 23 °C
77% yield, >19 : 1 dr

HO
Me Me

[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
Na2CO3 (1.0 equiv)

35

O Me
Me
Me

H

H

36

Scheme 1. According to the general procedure, to a solution of triphenylphosphine (5.2 mg, 0.0200
mmol) in THF (2.00 mL) at 23 °C was added [(C2H4)PtCl2]2 (5.9 mg, 0.00100 mmol), and the resulting
solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution of alkene
35 (101 mg, 0.400 mmol) and Na2CO3 (42.4 mg, 0.400 mmol) in THF (2.00 mL, 0.1 M final
concentration). The reaction was stirred at 23 °C for 10 min. Upon completion, Et3N (100 µL) was
added and the reaction was filtered through a plug of silica gel (0.5 x 2.0 cm, neutralized with 1%
Et3N), washing with Et2O (10 mL). The solvent was removed by rotary evaporation, and the resulting
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized with 1%
Et3N) to produce cyclohexane 36 (68.0 mg, 77% yield, > 19:1 dr, Rf = 0.68 in 9:1 hexanes/EtOAc on
basic TLC plate) as a pale yellow oil.
Cyclohexane 36: 1H NMR (400 MHz, C6D6) δ 4.87 (m, 1H), 4.81 (m, 1H), 4.43 (s, 1H), 3.83 (s, 2H),
2.28 (td, J = 11.6, 3.2 Hz, 1H), 2.09 (td, J = 11.6, 3.2 Hz, 1H), 1.96-1.89 (m, 1H), 1.70 (s, 3H), 1.671.52 (comp m, 4H), 1.25-1.05 (comp m, 3H), 1.01 (s, 3H), 1.00 (s, 3H); 13C NMR (100 MHz, C6D6) δ
160.5, 149.0, 110.8, 105.7, 82.4, 49.8, 42.9, 41.1, 32.6, 31.7, 28.2, 28.1, 26.6, 26.4, 19.2; IR (film)
2929, 2361, 1662, 1449, 1002, 884 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C15H24O + H]+: 221.2,
found 221.2.
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Miscellaneous Experiments
OMe
OH

THF, 0 to 23 °C
89% yield, 8 : 1 dr

HO
Me Me

O O

PPh3AuNTf2 (2 mol %)
Me

Me MeO

4

1

Scheme 2: To a solution of diol 1 (42.8 mg, 0.200 mmol) in THF (2.00 mL, 0.1 M) cooled to 0 °C was
added PPh3AuNTf2 (2.9 mg, 0.00400 mmol). The resulting solution was stirred at 0 °C for 1 h, then
warmed to 23 °C and stirred for 1 h. Upon completion, the reaction mixture was filtered through a
plug of silica gel (0.5 x 1.0 cm, neutralized with 1% Et3N), washing with Et2O (5 mL). The solvent
was removed by rotary evaporation, and the resulting residue was purified by flash chromatography
(19:1 hexanes/EtOAc eluent) to produce acetal 4 (38.0 mg, 89% yield, 8:1 dr, Rf = 0.53, Rf = 0.45 in
9:1 hexanes/EtOAc) as a colorless oil.
Acetal 4: Major diastereomer. 1H NMR (400 MHz, C6D6) δ 3.81-3.70 (comp m, 2H), 3.61-3.55 (comp
m, 2H), 3.38-3.35 (m, 1H), 3.26 (s, 3H), 3.21 (s, 0.37H, minor diastereomer), 2.40 (d, J = 12.8 Hz, 1H),
1.75 (t, J = 12.8 Hz, 1H), 1.74-1.60 (comp m, 3H), 1.58-1.52 (m, 1H), 1.31-1.26 (m, 1H), 1.20-1.12 (m,
1H), 1.11 (s, 6H); 13C NMR (100 MHz, C6D6) δ 113.3, 85.9, 79.3, 62.4, 57.9, 47.5, 39.0, 30.3, 30.0,
28.4, 27.1, 26.4; IR (film) 2933, 1446, 1277, 1171, 1108, 1050 cm-1; HRMS (ESI+) m/z calc’d for (M +
H)+ [C12H22O3 + H]+: 215.1642, found 215.1648.
OMe
OH

THF, 23 °C
83% yield, 2 : 1 dr

HO
Me Me

1

OMe
O

O

[(C2H4)PtCl2]2 (2.5 mol %)
Me
Me

3

To a solution of diol 1 (42.8 mg, 0.200 mmol) in THF (2.00 mL, 0.1 M) was added [(C2H4)PtCl2]2 (2.9
mg, 0.00500 mmol) The reaction mixture was stirred at 23 °C for 10 min. Upon completion, Et3N
(100 µL) was added and the reaction was filtered through a plug of silica gel (0.5 x 1.0 cm, neutralized
with 1% Et3N), washing with Et2O (5 mL). The solvent was removed by rotary evaporation, and the
recovered residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent, SiO2 neutralized
with 1% Et3N) to produce acetal 3 (35.4 mg, 83% yield, 2:1 dr, Rf = 0.37, RF = 0.31 in 9:1
hexanes/EtOAc) as a colorless oil.
Acetal 3: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, C6D6) δ 3.92-3.87 (m, 1H),
3.69-3.65 (comp m, 1.66H), 3.65-3.56 (m, 1H), 3.51-3.49 (m, 0.33H), 3.34 (s, 1H), 3.27-3.23 (m,
0.33H), 3.21 (s, 2H), 3.18-3.14 (m, 0.33H), 2.28 (d, J = 12.8 Hz, 0.66H), 1.98 (ABq J = 13.3 Hz, Δυ =
38.0 Hz, 1H), 1.78-1.59 (comp m, 3H), 1.47-1.17 (comp m, 3.66H), 1.12 (s, 2H), 1.09 (s, 2H), 1.06 (s,
1H), 0.97 (s, 1H); 13C NMR (100 MHz, C6D6) δ 111.3, 111.0, 80.6, 80.2, 77.8, 77.5, 68.8, 68.6, 48.4,
48.3, 48.1, 46.6, 38.7, 38.3, 28.7, 28.1, 27.5, 27.3, 27.2, 27.0, 26.5, 26.4, 23.7; IR (film) 2955, 1465,
1206, 1090, 1044, 901 cm-1; HRMS (ESI+) m/z calc’d for (M + Na)+ [C12H22O3 + Na]+: 237.1467,
found 237.1461.
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OMe
OH

[(C2H4)PtCl2]2 (2.5 mol %)
K3PO4 (1.0 equiv)
Me
Et2O, 23 °C

HO

O

O

Me

Me Me

30

29

Not Observed

To a solution of diol 29 (96.9 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol) in Et2O (4.00 mL,
0.1 M) was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the resulting solution was stirred at 23
°C for 24 h, at which time no conversion to oxocane 30 was observed. Other reaction conditions were
tried as well, and compound 30 was never observed.
OMe
NHBoc

[(C2H4)PtCl2]2 (2.5 mol %)
K3PO4 (1.0 equiv)

O BocN
Me

Et2O, 23 °C

HO

Me

Me Me

32

31

Not Observed

To a solution of carbamate 31 (98.1 mg, 0.300 mmol) and K3PO4 (63.6 mg, 0.300 mmol) in Et2O (3.00
mL, 0.1 M) was added [(C2H4)PtCl2]2 (4.4 mg, 0.00750 mmol), and the resulting solution was stirred at
23 °C for 40 h, at which time no conversion to azepane was observed. Other reaction conditions were
tried as well, and compound 32 was never observed.
[(C2H4)PtCl2]2 (2.5 mol %)
K3PO4 (1.0 equiv)

OMe
OH

HO

O

O

MTBE, 23 to 60 °C

34

33

Not Observed

To a solution of diol 33 (80.0 mg, 0.400 mmol) and K3PO4 (84.8 mg, 0.400 mmol) in MTBE (4.00 mL,
0.1 M) was added [(C2H4)PtCl2]2 (5.9 mg, 0.0100 mmol), and the resulting solution was stirred at 23
°C for 96 h, at which time no conversion of starting material was observed. The reaction was heated to
60 °C for 24 h with no formation of 34 observed. Other reaction conditions were tried as well, and
compound 34 was never observed.
[(C2H4)PtCl2 (2.5 mol %)
PPh3 (5.0 mol %)
Na2CO3 (1.0 equiv)

OMe
OH
Ph

O

THF, 23 °C
Ph

i

ii
Not Observed

To a solution of triphenylphosphine (1.3 mg, 0.00500 mmol) in THF (0.500 mL) at 23 °C was added
[(C2H4)PtCl2]2 (1.5 mg, 0.00250 mmol) and the resulting solution was stirred for 15 min. The catalyst
mixture was then added to a prestirred solution of alcohol i (21.8 mg, 0.100 mmol) and Na2CO3 (10.6
mg, 0.100 mmol) in THF (0.500 mL, 0.1 M final concentration). The reaction was stirred at 23 °C for
24 h. During this time minimal reaction progress was observed by TLC. Et3N (100 µL) was added
and the solution was filtered through a plug of silica gel (0.5 x 1.0 cm, neutralized with 1% Et3N),
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washing with Et2O (10 mL). The solvent was removed by rotary evaporation. The known ether ii1 was
not observed in the 1H NMR of the recovered crude residue. Greater than 90% of i was recovered.
Reaction Optimization:
Table 3- Blocked 1,2-H Shift (Expanded from Table 1 in manuscript)
OMe

Catalyst (2.5 mol %)
ligand (5.0 mol %)

OH

Base (1.0 equiv)
Solvent, 23 °C

HO
Me

Me

1

c

O

O

+

Me
Me

OMe
O

Me
Me

2

3
Yield (2:3)a

Entry

Catalyst

Ligand

Solvent

Base (1.0 equiv)

Time (min)

1

[(C2H4)2PtCl2]2

-

THF

-

10

0:83b

[(C2H4)2PtCl2]2

-

THF

2,6-lutidine

8640

4:0c

3

[(C2H4)2PtCl2]2

-

THF

2,6-di-tert-Butylpyridine

10

77:0

4

[(C2H4)2PtCl2]2

-

THF

NaHCO3

10

57:24

5

[(C2H4)2PtCl2]2

-

THF

NH4OAc

10

74:0

6

[(C2H4)2PtCl2]2

-

THF

NaOPiv

4h

69:0

7

[(C2H4)2PtCl2]2

-

THF

K2CO3

10

76:0

8

[(C2H4)2PtCl2]2

-

THF

NaOAc

10

76:0

9

[(C2H4)2PtCl2]2

-

THF

Cs2CO3

1200

76:0

10

[(C2H4)2PtCl2]2

-

THF

K3PO4

1200

71:0

11

[(C2H4)2PtCl2]2

-

THF

Na2CO3

10

76:0

12

PtCl2d

PPh3

THF

Na2CO3

4320

14:0c

13

PtCl2d

1-octene (1.0 equiv)

THF

Na2CO3

4320

12:0c

14

[(C2H4)2PtCl2]2

-

1,4-dioxane

Na2CO3

10

78:0

15

[(C2H4)2PtCl2]2

PPh3

1,4-dioxane

Na2CO3

10

77:0

16

[(C2H4)2PtCl2]2

P(OPh)3

THF

Na2CO3

10

65:26

17

[(C2H4)2PtCl2]2

PCy3

THF

Na2CO3

10

84:0

18

[(C2H4)2PtCl2]2

PPh3

THF

Na2CO3

10

90:0b

19

[(C2H4)2PtCl2]2

PPh3

THF

Na2CO3

10

74:0e

2

a

O

Yield determined by 1H NMR using 4,4'-di-tert-butylbiphenyl as the internal standard. b Isolated yield.
Reaction did not go to completion. d 5.0 mol %. e Reaction performed on triol S19 instead of methyl ether.

General Procedures:
Table 4, entries 2-11, 14: To a solution of diol 1 (8.5 mg, 0.0400 mmol) and 4,4’-di-tertbutylbiphenyl (2.6 mg, 0.0100 mmol) in THF or 1,4-dioxane (0.400 mL, 0.1M) was added the desired
base (0.0400 mmol), and the mixture was stirred at 23 °C for 10 min. [(C2H4)PtCl2]2 (0.6 mg, 0.00100
mmol) was then added, and the resulting solution was stirred at ambient temperature and monitored by
TLC. Upon completion, Et3N (25 µL) was added and the reaction was filtered through a plug of silica
gel (0.5 x 1.0 cm, neutralized with 1% Et3N), washing with Et2O (5 mL). The solvent was removed by
rotary evaporation, and the resulting residue was analyzed by 1H NMR.
Table 4, entry 13: To a solution of diol 1 (8.5 mg, 0.0400 mmol), 4,4’-di-tert-butylbiphenyl (2.6 mg,
0.0100 mmol), Na2CO3 (4.2 mg, 0.0400 mmol) and 1-octene (6.3 µL, 0.0400 mmol) in THF (0.400 mL,
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0.1 M) was added PtCl2 (0.5 mg, 0.00200 mmol). The resulting solution was stirred at 23 °C and
monitored by TLC. After 72 h, Et3N (25 µL) was added and the reaction was filtered through a plug of
silica gel (0.5 x 1.0 cm, neutralized with 1% Et3N), washing with Et2O (5 mL). The solvent was
removed by rotary evaporation, and the resulting residue was analyzed by 1H NMR.
Table 4, entries 12, 15-18: To a solution of phosphine (0.00300 mmol) in THF or 1,4-dioxane (0.300
mL) at 23 °C was added [(C2H4)PtCl2]2 (0.9 mg, 0.00150 mmol) or PtCl2 (0.8 mg, 0.00300 mmol) and
the resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred
solution of diol 1 (12.8 mg, 0.0600 mmol), Na2CO3 (6.4 mg, 0.0600 mmol) and 4,4’-di-tertbutylbiphenyl (4.0 mg, 0.0150 mmol) in THF or 1,4-dioxane (0.300 mL, 0.1 M final concentration).
The reaction mixture was stirred at ambient temperature and monitored by TLC. Upon completion,
Et3N (25 µL) was added and the solution was filtered through a plug of silica gel (0.5 x 1.0 cm,
neutralized with 1% Et3N), washing with Et2O (5 mL). The solvent was removed by rotary
evaporation, and the resulting residue was analyzed by 1H NMR.
OH
OH

[(C2H4)PtCl2]2 (2.5 mol %)
PPh3 (5.0 mol %)
Na2CO3 (1.0 equiv)
THF, 23 °C
74% yield

HO
Me Me

S19

O

O
Me
Me

2

Table 4, entry 19: To a solution of triphenylphosphine (0.7 mg, 0.00250 mmol) in THF (0.250 mL) at
23 °C was added [(C2H4)PtCl2]2 (0.7 mg, 0.00125 mmol), and the resulting solution was stirred for 15
min. The catalyst mixture was then added to a prestirred solution of triol S19 (10.0 mg, 0.0500 mmol),
Na2CO3 (5.3 mg, 0.0500 mmol) and 4,4’-di-tert-butylbiphenyl (6.6 mg, 0.0250 mmol) in THF (0.250
mL, 0.1 M final concentration). The reaction mixture was stirred at ambient temperature for 10 min.
Upon completion, Et3N (25 µL) was added, and the solution was filtered through a plug of silica gel
(0.5 x 1.0 cm, neutralized with 1% Et3N), washing with Et2O (5 mL). The solvent was removed by
rotary evaporation, and the resulting residue was analyzed by 1H NMR.
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Table 4- Disfavoring the 1,2-H Shift (Expanded from Figure 2 in manuscript)
OMe
OH

Base (1.0 equiv)
Solvent

HO
Me

O

Catalyst (2.5 mol %)
ligand (5.0 mol %)

20
O

O

+
Me

+

Me

22

OMe

O
Me

OH

23

S20

OH

Time (min) Yield (22:23:S20)a

Entry

Catalyst

Ligand

Solvent

Temp °C

Base (1.0 equiv)

1

[(C2H4)2PtCl2]2

PPh3

THF

23

Na2CO3

10

56:40:NDb

2

[(C2H4)2PtCl2]2

-

THF

23

Na2CO3

10

40:22:5

3

[(C2H4)2PtCl2]2

-

Et2O

23

Na2CO3

10

0:1:0c

4

[(C2H4)2PtCl2]2

-

1,4-dioxane

23

Na2CO3

10

42:10:13

5

[(C2H4)2PtCl2]2

-

PhMe

23

Na2CO3

10

0:1:0c

6

[(C2H4)2PtCl2]2

-

PhH

23

Na2CO3

10

0:1:0c

7

[(C2H4)2PtCl2]2

-

PhMe

23

2,6-di-tert-Butylpyridine

10

33:3:11

8

[(C2H4)2PtCl2]2

-

PhMe

23

sodium tartrate

10

0:1:0c

9

[(C2H4)2PtCl2]2

-

PhMe

23

K2CO3

10

0:1:0c

10

[(C2H4)2PtCl2]2

-

PhMe

23

Cs2CO3

10

50:2:13

11

[(C2H4)2PtCl2]2

-

PhMe

23

NaOAc

10

0:1:0c

[(C2H4)2PtCl2]2

-

PhMe

23

K3PO4

10

0:1:0c

13

[(C2H4)2PtCl2]2

-

PhMe

23

NaOPiv

10

52:3:17

14

[(C2H4)2PtCl2]2

-

PhMe

23

NaOBz

10

51:1:14

15

[(C2H4)2PtCl2]2

-

PhMe

23

Cs2CO3

10

50:2:13

16

[(C2H4)2PtCl2]2

PPh3

PhMe

23

Cs2CO3

240

39:1:11

17
18

[(C2H4)2PtCl2]2
[(C2H4)2PtCl2]2

PhMe
PhMe

23
60

Cs2CO3
Cs2CO3

240
10

44:1:12
56:4:9d

PhMe

60

Cs2CO3

10

59:4:9d

PhMe

60

Cs2CO3

10

53:4:9d

23
23
23
23

K3PO4
K3PO4
K3PO4
K3PO4

960
10
10
10

46:5:3
54:4:6
49:16:7
0:15:0c

12

19

[(C2H4)2PtCl2]2

PPh3
PPh3
-

20

[(C2H4)2PtCl2]2

-

21
22
23
24

[(C2H4)2PtCl2]2
[(C2H4)2PtCl2]2
[(C2H4)2PtCl2]2
[(C2H4)2PtCl2]2

25

[(C2H4)2PtCl2]2

PPh3

MTBE

55

K3PO4

10

59:13:3

26

[(C2H4)2PtCl2]2

PPh3

MTBE

23

K3PO4

10

66:6:3

a Yield

PPh3
Et2O
PPh3 MTBE:PhMe (1:1)
PCy3
MTBE
MTBE
P(OPh3)

determined by 1H NMR. b Isolated yield. c Only OMe acetals observed by TLC and 1H NMR. d Used 5 Å MS.

General Procedures:
Table 5, entries 2-15, 19, 20: To a solution of diol 20 (10.0 mg, 0.0500 mmol) and 4,4’-di-tertbutylbiphenyl (3.3 mg, 0.0125 mmol) in the desired solvent (0.500 mL, 0.1 M) was added the desired
base (0.0500 mmol), and the mixture was stirred at 23 °C for 10 min. [(C2H4)PtCl2]2 (0.6 mg, 0.00100
mmol) was then added and the resulting solution was stirred at the desired temperature and monitored
by TLC. Upon completion, Et3N (25 µL) was added and the reaction was filtered through a plug of
silica gel (0.5 x 1.0 cm, neutralized with 1% Et3N), washing with Et2O (5 mL). The solvent was
removed by rotary evaporation, and the resulting residue was analyzed by 1H NMR.
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Table 5, entries 16-18, 21-26: To a solution of phosphine (0.00250 mmol) in the desired solvent
(0.250 mL) under an ambient atmosphere was added [(C2H4)PtCl2]2 (0.7 mg, 0.00125 mmol) and the
resulting solution was stirred for 15 min. The catalyst mixture was then added to a prestirred solution
of diol 20 (10.0 mg, 0.0500 mmol), base (0.0500 mmol) and 4,4’-di-tert-butylbiphenyl (3.3 mg, 0.0125
mmol) in the desired solvent (0.250 mL, 0.1 M final concentration). The reaction mixture was stirred
at the desired temperature and monitored by TLC. Upon completion, Et3N (25 µL) was added and the
solution was filtered through a plug of silica gel (0.5 x 1.0 cm, neutralized with 1% Et3N), washing
with Et2O (5 mL). The solvent was removed by rotary evaporation, and the resulting residue was
analyzed by 1H NMR.
Furan 23: 1H NMR (400 MHz, CDCl3) δ 7.05 (s, 1H), 5.84 (s, 1H), 3.64 (t, J = 6.6 Hz, 2H), 2.58 (t, J
= 7.4 Hz, 2H), 1.98 (s, 3H), 1.69-1.56 (comp m, 5H), 1.44-1.36 (comp m, 2H); 13C NMR (100 MHz,
CDCl3) δ 156.4, 137.4, 120.6, 107.7, 63.0, 32.6, 28.1, 27.0, 25.4, 10.0; IR (film) 3356, 2938, 1618,
1552, 1118, 1051 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C10H16O2 + H]+: 169.1, found 169.2.
Vinyl ether S20: Characterized as a 3:1 mixture of diastereomers. 1H NMR (400 MHz, C6D6) δ 4.75
(d, J = 2.4 Hz, 0.25H), 4.73 (d, J = 2.4 Hz, 0.75H), 4.20 (t, J = 9.2, Hz, 1.5H), 4.18 (t, J = 9.2 Hz,
0.5H), 3.73-3.65 (comp m, 2H), 3.36 (t, J = 6.4 Hz, 2H), 3.25 (s, 2.25H), 3.24 (s, 0.75H), 2.79-2.69 (m,
1H), 1.89-1.75 (comp m, 2H), 1.59-1.48 (m, 1H), 1.46-1.36 (comp m, 3H), 0.86 (d, J = 6.8 Hz, 3H);
13
C NMR (100 MHz, C6D6) δ 157.7, 103.6, 103.5, 77.7, 77.6, 77.2, 77.1, 62.6, 56.74, 56.70, 37.4, 37.3,
33.5, 33.0, 22.22, 22.17, 20.9, 20.8; IR (film) 2422, 2938, 1996, 1662, 1453, 1091 cm-1; LRMS (ESI+)
m/z calc’d for (M – OCH3)+ [C11H20O3 – OCH3]+: 169.1, found 169.2.
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Substrate Synthesis
S22
O

TsOH•H2O
HO

THPO
Me Me

S21

DCM, 0 to 23 °C
81% yield

Me Me

S23

To a solution of alcohol S212 (5.64 g, 57.5 mmol) in CH2Cl2 (57.5 mL, 1.0 M) at 0 °C was
added TsOH•H2O (0.109 g, 0.575 mmol), followed by slow addition of 3,4-dihydro-2H-pyran (S22,
5.12 mL, 60.3 mmol). After stirring at 0 °C for 5 min the reaction was warmed to room temperature
and stirred for 1 h. The reaction was quenched with sat. aq. NaHCO3 (50 mL), and the phases were
separated. The aqueous phase was extracted with CH2Cl2 (100 mL), and the combined organic phases
were dried over MgSO4. The solvent was removed via rotary evaporation, and the recovered residue
was purified by flash chromatography (19:1 hexanes/EtOAc eluent), producing acetal S233 (8.53 g,
81% yield, Rf = 0.54 in 9:1 hexanes/EtOAc) as a colorless oil.
OH

HO

NaH, THF, 0 to 23 °C
then TBSCl
93% yield

S24

OTBS

HO

S25

TEMPO, NaOCl
KBr, NaHCO3
H2O/DCM, 0 °C
98% yield

OTBS

O

S26

To a solution of 1,4-butanediol (S24, 3.96 g, 44.0 mmol) in THF (220 mL, 0.2 M) at 0 °C was
added NaH (1.60 g, 60% dispersion in mineral oil, 40.0 mmol). The reaction mixture was stirred at 0
°C for 30 min, then warmed to 23 °C and stirred for 2 h. TBSCl (6.03 g, 40.0 mmol) was then added
and the solution was stirred at 23 °C for 14 h. The reaction mixture was poured into water (200 mL)
and extracted with Et2O (2 x 200 mL). The combined organic phases were dried over MgSO4, and the
solvent was removed by rotary evaporation. The resulting residue was purified by flash
chromatography (4:1 hexanes/EtOAc eluent), producing alcohol S25 (7.56 g, 93% yield, Rf = 0.20 in
4:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S25 (3.06 g, 15.0 mmol) in CH2Cl2 (37.5 mL, 0.4 M) at 0 °C was
added TEMPO (23.4 mg, 0.150 mmol). A solution of KBr (1.96 g, 16.5 mmol) in 5% aq. NaHCO3
(75.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (9.76 mL, 10% aq., 15.8 mmol) was added dropwise and the reaction mixture was stirred for 15
min. Upon completion, a saturated solution of Na2S2O3 (20 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 25 mL), and the combined organic
phases were washed with H2O (50 mL) and brine (50 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S264 (3.02 g, 98% yield, Rf =
0.71 in 4:1 hexanes/EtOAc) as a pale yellow oil.
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S25

OMe

a) n-BuLi, THF, -78 °C
b) S26, -78 to 23 °C
THPO

c) Me2SO4

Me Me

OTBS
THPO
Me Me

S23

S27

OMe
OH

aq. HCl, MeOH, 23 °C
63% yield, 2 steps

HO
Me Me

S1

To a solution of acetal S23 (0.472 g, 2.59 mmol) in THF (7.78 mL, 0.33 M) at -78° C under
argon was added n-BuLi (1.12 mL, 2.32 M in hexanes, 2.59 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S26 (0.524 g, 2.59 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.297 mL, 3.11
mmol) was added, and the reaction was stirred for 12 h at 23 °C. The reaction was quenched with 10%
aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O (15 mL), and the
phases were separated. The aqueous phase was extracted with Et2O (15 mL), and the combined
organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was removed via
rotary evaporation, producing crude ether S27 (0.967 g, Rf = 0.62 in 4:1 hexanes/EtOAc) as an amber
oil.
To a solution of crude ether S27 (0.967 g, assumed 2.59 mmol) in MeOH (25.9 mL, 0.1 M) was
added 10% aq. HCl (approx. 75 µL), and the reaction was stirred at 23 °C for 4 h. The reaction was
quenched with Et3N (approx 75 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S1 (0.325 g, 63% yield over 2 steps, Rf = 0.34 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S1: 1H NMR (400 MHz, CDCl3) δ 4.01 (t, J = 5.5 Hz, 1H), 3.67-3.64 (comp m, 2H), 3.40 (s, 2H),
3.38 (s, 3H), 2.32 (s, 2H), 1.82-1.63 (comp m, 4H), 1.20 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 92.0,
79.9, 71.8, 71.3, 62.6, 56.4, 34.4, 32.7, 28.6, 25.6; IR (film) 3385, 2934, 2236, 1448, 1336, 1055 cm-1;
LRMS (ESI+) m/z calc’d for (M + H)+ [C11H20O3 + H]+: 201.1, found 201.1.
NaH, THF, 0 to 23 °C
then TBSCl
HO

OH

S28

THF
73% yield

TEMPO, NaOCl
KBr, NaHCO3
HO

OTBS

S29

H2O/DCM, 0 °C
99% yield

OTBS

O

S30

To a solution of 1,5-pentanediol (S28, 5.41 g, 52.0 mmol) in THF (346 mL, 0.15 M) at 0 °C
was added NaH (1.60 g, 60% dispersion in mineral oil, 40.0 mmol). The reaction mixture was stirred
at 0 °C for 30 min, then warmed to 23 °C and stirred for 2 h. TBSCl (6.03 g, 40.0 mmol) was then
added and the solution was stirred at ambient temperature for 12 h. The reaction mixture was poured
into water (300 mL) and extracted with Et2O (2 x 200 mL). The combined organic phases were dried
over MgSO4, and the solvent was removed by rotary evaporation. The resulting residue was purified
by flash chromatography (4:1 hexanes/EtOAc eluent), producing alcohol S29 (6.39 g, 73% yield, Rf =
0.27 in 4:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S29 (4.06 g, 18.6 mmol) in CH2Cl2 (46.0 mL, 0.4 M) at 0 °C was
added TEMPO (29.0 mg, 0.186 mmol). A solution of KBr (2.43 g, 20.5 mmol) in 5% aq. NaHCO3
(93.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (11.8 mL, 10% aq., 19.0 mmol) was added dropwise, and the reaction mixture was stirred for
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S26

15 min. Upon completion, a saturated solution of Na2S2O3 (20 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 20 mL), and the combined organic
phases were washed with H2O (50 mL) and brine (50 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S305 (3.98 g, 99% yield, Rf =
0.64 in 4:1 hexanes/EtOAc) as a colorless oil.
OMe

a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C
THPO

OTBS

c) Me2SO4

Me Me

THPO
Me Me

S23

S31

OMe
aq. HCl, MeOH, 23 °C
60% yield, 2 steps

OH
HO
Me Me

1

To a solution of acetal S23 (1.46 g, 8.00 mmol) in THF (24.0 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (3.45 mL, 2.32 M in hexanes, 8.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (1.72 g, 8.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to room temperature and stirred for 15 min. Me2SO4 (0.989
mL, 10.4 mmol) was added, and the reaction was stirred for 14 h at 23 °C. The reaction was quenched
with 10% aq. NH4OH (20 mL) and stirred for 15 min. The mixture was diluted with Et2O (30 mL),
and the phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the
combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S31 (3.28 g, Rf = 0.72 in 4:1 hexanes/EtOAc) as
an amber oil.
To a solution of crude ether S31 (3.28 g, assumed 8.00 mmol) in MeOH (80.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 125 µL), and the reaction was stirred at 23 °C for 3 h. The reaction was
quenched with Et3N (approx 125 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol 1 (1.02 g, 60% yield over 2 steps, Rf = 0.23 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol 1: 1H NMR (400 MHz, CDCl3) δ 3.95 (t, J = 6.4 Hz, 1H), 3.65 (t, J = 6.4 Hz, 2H), 3.40 (s, 2H),
3.37 (s, 3H), 1.95 (br s, 2H), 1.78-1.65 (comp m, 2H), 1.64-1.49 (comp m, 4H), 1.21 (s, 6H); 13C NMR
(100 MHz, CDCl3) δ 91.3, 80.3, 71.7, 71.4, 62.8, 56.4, 35.5, 34.4, 32.3, 25.67, 25.65, 21.6; IR (film)
3383, 2936, 2234, 1461, 1338, 1058 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C12H22O3 + H]+:
215.2, found 215.1.
OH

HO

S32

NaH, THF, 0 to 23 °C
then TBSCl
THF
86% yield

OTBS

HO

S33

TEMPO, NaOCl
KBr, NaHCO3
H2O/DCM, 0 °C
92% yield

OTBS

O

S34

To a solution of 1,6-hexanediol (S32, 5.91 g, 50.0 mmol) in THF (200 mL, 0.25 M) at 0 °C was
added NaH (1.20 g, 50.0 mmol). The reaction mixture was stirred at 0 °C for 30 min, then warmed to
23 °C and stirred for 3 h. TBSCl (7.53 g, 50.0 mmol) was then added and the solution was stirred at 23
°C for 16 h. The reaction mixture was poured into water (200 mL) and extracted with Et2O (2 x 200
mL). The combined organic phases were dried over MgSO4, and the solvent was removed by rotary

Supporting Information: Allegretti and Ferreira

S27

evaporation, producing alcohol S33 (9.97 g, 86% yield, Rf = 0.38 in 4:1 hexanes/EtOAc) as a colorless
oil.
To a solution of alcohol S33 (2.55 g, 11.0 mmol) in CH2Cl2 (25.0 mL, 0.4 M) at 0 °C was
added TEMPO (17.7 mg, 0.110 mmol). A solution of KBr (1.44 g, 12.1 mmol) in 5% aq. NaHCO3
(60.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (6.95 mL, 10% aq., 11.3 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (15 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 25 mL), and the combined organic
phases were washed with H2O (50 mL) and brine (50 mL). The organic phase was dried over MgSO4.
The solvent was removed by rotary evaporation, producing aldehyde S346 (2.32 g, 92% yield, Rf =
0.64 in 4:1 hexanes/EtOAc) as a colorless oil.
OMe

a) n-BuLi, THF, -78 °C
b) S34, -78 to 23 °C
THPO
Me Me

c) Me2SO4

OTBS
THPO
Me Me

S23

S35

OMe
OH

aq. HCl, MeOH, 23 °C
67% yield, 2 steps

HO
Me Me

S2

To a solution of acetal S23 (1.82 g, 10.0 mmol) in THF (30.0 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (4.31 mL, 2.32 M in hexanes, 10.0 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S34 (2.30 g, 10.0 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (1.14 mL, 12.0
mmol) was added, and the reaction was stirred at 23 °C for 16 h. The reaction was quenched with 10%
aq. NH4OH (30 mL) and stirred for 15 min. The mixture was diluted with Et2O (30 mL), and the
phases were separated. The aqueous phase was extracted with Et2O (30 mL), and the combined
organic phases were washed with brine (30 mL) and dried over MgSO4. The solvent was removed via
rotary evaporation, producing crude ether S35 (4.62 g, Rf = 0.57 in 9:1 hexanes/EtOAc) as an amber oil.
To a solution of crude ether S35 (4.62 g, assumed 10.0 mmol) in MeOH (100 mL, 0.1 M) was
added 10% aq. HCl (approx. 150 µL), and the reaction was stirred at 23 °C for 6 h. The reaction was
quenched with Et3N (approx 150 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S2 (1.50 g, 67% yield over 2 steps, Rf = 0.28 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S2: 1H NMR (400 MHz, CDCl3) δ 3.94 (app. td, J = 6.5, 1.3 Hz, 1H), 3.64 (app td, J = 6.5, 2.3 Hz,
2H), 3.39 (app. d, J = 1.3 Hz, 2H), 3.36 (app. d, J = 1.3 Hz, 3H), 1.84-1.71 (comp m, 2H), 1.71-1.64
(comp m, 2H), 1.61-1.56 (comp m, 2H), 1.47-1.37 (comp m, 4H), 1.21 (app. d, J = 1.5 Hz, 6H); 13C
NMR (100 MHz, CDCl3) δ 91.2, 80.4, 71.7, 71.4, 62.9, 56.3, 35.8, 34.4, 32.7, 25.64, 25.57, 25.2; IR
(film) 3365, 2932, 2232, 1463, 1336, 1053 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C13H24O3 +
Na]+: 251.2, found 251.2.
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a) n-BuLi, THF, -78 °C
b) S26, -78 to 23 °C
TMS

S28

OMe
OTBS

aq. HCl, MeOH, 23 °C
then K2CO3

OMe
OH

51% yield, 2 steps

c) Me2SO4

TMS

S36

H

S37

S38

To a solution of trimethylsilylacetylene (S36, 0.848 mL, 6.00 mmol) in THF (18.0 mL, 0.33 M)
at -78 °C under argon was added n-BuLi (2.59 mL, 2.32 M in hexanes, 6.00 mmol), and the resulting
solution was stirred for 30 min at -78 °C. Aldehyde S26 (1.21 g, 6.00 mmol) was then added, and the
reaction was stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.742
mL, 7.80 mmol) was added, and the reaction was stirred for 16 h at 23 °C. The reaction was quenched
with 10% aq. NH4OH (20 mL) and stirred for 15 min. The mixture was diluted with Et2O (20 mL),
and the phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the
combined organic phases were washed with brine (30 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S37 (2.06 g, Rf = 0.76 in 4:1 hexanes/EtOAc) as
an amber oil.
To a solution of crude ether S37 (2.06 g, assumed 6.00 mmol) in MeOH (60.0 mL, 0.1 M) was
added 10% aq HCl (approx. 75 µL), and the reaction was stirred at 23 °C for 1 h, at which time TLC
indicated complete consumption of the starting material. K2CO3 (0.993 g, 7.20 mmol) was then added
and the reaction mixture was stirred at 23 °C for 15 h. The solution was poured into H2O (100 mL),
and extracted with CH2Cl2 (3 x 20 mL). The combined organic phases were dried over MgSO4 and the
solvent was removed via rotary evaporation. The resulting residue was purified by flash
chromatography (4:1 → 1:1 hexanes/EtOAc eluent) to afford alkyne S38 (0.395 g, 51% yield over 2
steps, Rf = 0.40 in 1:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 4.01 (td, J =
6.0, 1.6 Hz, 1H), 3.71-3.63 (comp m, 2H), 3.42 (s, 3H), 2.46 (d, J = 1.6 Hz, 1H), 1.88-1.67 (comp m,
5H).
OH
OH
I

S38, PdCl2(PPh3)2 (5 mol %)
CuI (10 mol %)
Et3N/1,4-dioxane, 23 °C
80% yield

OH
OMe

S39

S3

To a solution of 2-iodophenol (S39, 0.220 g, 1.00 mmol) and alkyne S38 (0.153 g, 1.20 mmol)
in 1,4-dioxane (0.500 mL, 2.0 M) at 23 °C was added Et3N (0.500 mL, 1.0 M final concentration), and
the resulting solution was degassed with argon via bubbling for 15 min. CuI (19.0 mg, 0.100 mmol)
was added followed by PdCl2(PPh3)2 (35.0 mg, 0.0500 mmol), and the mixture was stirred at 23 °C for
3 h. Upon completion, the reaction mixture was filtered through a SiO2 plug (0.5 x 3.0 cm), washing
with EtOAc (10 mL). The filtrate was concentrated under reduced pressure, and the resulting residue
was purified by flash chromatography (4:1 hexanes/EtOAc eluent) to afford phenol S3 (0.176 g, 80%
yield, Rf = 0.39 in 1:1 hexanes/EtOAc) as a pale brown oil.
Phenol S3: 1H NMR (400 MHz, CDCl3) δ 7.55 (ddd, J = 7.6, 1.2, 0.4 Hz, 1H), 7.49-7.46 (m, 1H),
7.29-7.20 (comp m, 2H), 6.67-6.66 (m, 1H), 4.35 (dd, J = 7.6, 6.0 Hz, 1H), 3.67 (t, J = 6.4 Hz, 2H),
3.35 (s, 3H), 2.11-1.94 (comp m, 3H), 1.77-1.62 (comp m, 2H); 13C NMR (100 MHz, CDCl3) δ 156.7,
154.9, 127.9, 124.1, 122.7, 120.9, 111.3, 104.6, 76.7, 62.6, 56.9, 30.9, 28.9; IR (film) 3388, 2934, 1473,
1252, 1110, 1061, 933 cm-1; LRMS (ESI+) m/z calc’d for (M - OMe)+ [C13H16O3 - OMe]+: 189.1,
found 189.0.
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S29

S22
O

OTBS

O

EtMgBr

Me

Et2O, 0 °C

HO

S26

OTBS

S40

TBAF
THF, 23 °C
88% yield

Me
OH

THPO

S42

Me

TsOH•H2O
DCM, 0 to 23 °C
68% yield, 2 steps

TEMPO, NaOCl
KBr, NaHCO3

Me

H2O/DCM, 0 °C
96% yield

THPO

OTBS

THPO

S41

O

S43

To a solution of aldehyde S26 (3.03 g, 15.0 mmol) in Et2O (45.0 mL, 0.33 M) cooled to 0 °C
was added EtMgBr (5.50 mL, 3.00 M in Et2O, 16.5 mmol) dropwise. The reaction mixture was stirred
at 0 °C for 30 min, then was quenched with H2O (10 mL). The mixture was poured into 1 N HCl (30
mL) and extracted with Et2O (2 x 20 mL). The combined organic phases were washed with H2O (30
mL), brine (30 mL) and dried over MgSO4. The solvent was removed by rotary evaporation,
producing alcohol S40 (3.05 g crude, Rf = 0.51 in 4:1 hexanes/EtOAc) as a pale orange oil.
To a solution of crude alcohol S40 (3.05 g, 13.1 mmol) in CH2Cl2 (26.2 mL, 0.5 M) at 0 °C was
added TsOH•H2O (24.9 mg, 0.131 mmol), followed by slow addition of 3,4-dihydro-2H-pyran (S22,
1.40 mL, 16.5 mmol). After stirring at 0 °C for 5 min the reaction was warmed to 23 °C and stirred for
14 h. The reaction was quenched with sat. aq. NaHCO3 (30 mL), and the phases were separated. The
aqueous phase was extracted with CH2Cl2 (30 mL), and the combined organic phases were dried over
MgSO4. The solvent was removed via rotary evaporation, and the resulting residue was purified by
flash chromatography (19:1 hexanes/EtOAc eluent), producing acetal S41 (3.23 g, 68% yield over 2
steps, Rf = 0.51 in 9:1 hexanes/EtOAc) as a colorless oil.
To a solution of acetal S41 (3.23 g, 10.2 mmol) in THF (10.2 mL, 1.0 M) at 23 °C was added
TBAF (25.5 mL, 1.0 M in THF, 25.5 mmol) dropwise over 5 min, and the reaction mixture was stirred
for 5 h. The reaction mixture was poured into H2O (50 mL) and extracted with Et2O (2 x 20 mL). The
combined organic phases were dried over MgSO4 and the solvent was removed by rotary evaporation.
The resulting residue was purified by flash chromatography (2:1 hexanes/EtOAc eluent), producing
alcohol S42 (1.81 g, 88% yield, Rf = 0.37 in 1:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S42 (1.21 g, 6.00 mmol) in CH2Cl2 (15.0 mL, 0.4 M) at 0 °C was
added TEMPO (9.4 mg, 0.0600 mmol). A solution of KBr (0.785 g, 6.60 mmol) in 5% aq. NaHCO3
(30.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (3.72 mL, 10% aq., 6.00 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (10 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 25 mL), and the combined organic
phases were washed with H2O (50 mL) and brine (50 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S43 (1.15 g, 96% yield, Rf =
0.75 in 1:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 9.80 (s, 0.5H), 9.77 (s,
0.5H), 4.63-4.55 (m, 1H), 3.94-3.82 (m, 1H), 3.71-3.54 (m, 1H), 3.53-3.41 (m, 1H), 2.60 (t, J = 7.1 Hz,
1H), 2.47 (t, J = 7.1 Hz, 1H), 1.97-1.62 (comp m, 4H), 1.61-1.42 (comp m, 6H), 0.93 (t, J = 7.4 Hz,
1.5H), 0.89 (t, J = 7.7 Hz, 1.5H).
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S30

OMe

a) n-BuLi, THF, -78 °C
b) S43, -78 to 23 °C
THPO

Me

c) Me2SO4

Me Me

THPO

OTHP
Me Me

S23

S44

OMe
aq. HCl, MeOH, 23 °C
48% yield, 2 steps

Me
OH

HO
Me Me

S4

To a solution of acetal S23 (0.364 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.862 mL, 2.32 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S43 (0.400 g, 2.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL, 2.60
mmol) was added, and the reaction was stirred for 14 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
(10 mL), and the phases were separated. The aqueous phase was extracted with Et2O (10 mL), and the
combined organic phases were washed with brine (10 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S44 (0.864 g, Rf = 0.47 in 9:1 hexanes/EtOAc)
as an amber oil.
To a solution of crude ether S44 (0.864 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 6 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S4 (0.219 g, 48% yield over 2 steps, Rf = 0.58 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S4: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 4.01 (td, J = 5.6,
2.8 Hz, 1H), 3.60-3.51 (m, 1H), 3.40 (s, 2H), 3.37 (app. d, J = 2.0 Hz, 3H), 2.22 (comp m, 2H), 1.861.79 (comp m, 2H), 1.74-1.63 (m, 1H), 1.61-1.44 (comp m, 3H), 1.21 (s, 6H), 0.94 (t, J = 7.4 Hz, 3H);
13
C NMR (100 MHz, CDCl3) δ 92.2, 91.7, 80.1, 79.9, 73.0, 72.9, 71.84, 71.77, 71.5, 71.4, 56.5, 56.4,
34.5, 34.4, 32.6, 32.3, 32.1, 30.4, 30.3, 25.61, 25.55, 10.2, 10.1; IR (film) 3381, 2931, 1462, 1336,
1060, 966 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C13H24O3 + H]+: 229.2, found 229.2.
Me

Me

MeLi
O

THPO

S43

THF, -78 °C

Me

THPO

S45

OH

TEMPO, NaOCl
KBr, NaHCO3
H2O/DCM, 0 °C
36% yield, 2 steps

Me
Me

THPO

S46

O

To a solution of aldehyde S43 (0.749 g, 3.74 mmol) in THF (18.7 mL, 0.2 M) cooled to -78 °C
was added MeLi (2.80 mL, 1.6 M in diethyl ether, 4.49 mmol) dropwise. The reaction mixture was
stirred at -78 °C for 10 min, then was warmed to 23 °C and quenched with H2O (20 mL). The solution
was extracted with Et2O (2 x 20 mL), and the combined organic layers were dried over MgSO4. The
solvent was removed by rotary evaporation, producing alcohol S45 (0.763 g crude, Rf = 0.42 in 4:1
hexanes/EtOAc) as a yellow oil.
To a solution of crude alcohol S45 (0.763 g, assumed 3.74 mmol) in CH2Cl2 (9.30 mL, 0.4 M)
at 0 °C was added TEMPO (5.8 mg, 0.0374 mmol). A solution of KBr (0.489 g, 4.11 mmol) in 5% aq.
NaHCO3 (18.7 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred
vigorously at 0 °C. NaOCl (2.31 mL, 10% aq., 3.74 mmol) was added dropwise, and the reaction
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mixture was stirred for 15 min. Upon completion, a saturated solution of Na2S2O3 (10 mL) was added,
and the mixture was stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 10 mL), and the
combined organic phases were washed with H2O (20 mL) and brine (20 mL). The organic phase was
dried over MgSO4, and the solvent was removed by rotary evaporation. The resulting residue was
purified by flash chromatography (9:1 → 4:1 hexanes/EtOAc eluent), producing ketone S46 (0.285 g,
36% yield over 2 steps, Rf = 0.38 in 4:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz,
CDCl3) δ 4.63-4.57 (m, 0.5H), 4.56-4.50 (m, 0.5H), 3.96-3.83 (m, 1H), 3.62-3.53 (m, 1H), 3.50-3.41
(m, 1H), 2.65-2.56 (m, 1H), 2.46 (t, J = 7.4 Hz, 1H), 2.15 (s, 3H), 1.92-1.62 (comp m, 4H), 1.62-1.42
(comp m, 6H), 0.98-0.83 (comp m, 3H).
MeO Me

a) n-BuLi, THF, -78 °C
b) S46, -78 to 23 °C
THPO
Me Me

c) Me2SO4

Me
THPO

OTHP
Me Me

S23

S47

MeO Me
aq. HCl, MeOH, 23 °C
53% yield, 2 steps

Me
HO

OH
Me Me

S5

To a solution of acetal S23 (0.231 g, 1.27 mmol) in THF (3.81 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.547 mL, 2.32 M in hexanes, 1.27 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Ketone S46 (0.272 g, 1.27 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.157 mL, 1.65
mmol) was added, and the reaction was stirred for 18 h at 23 °C. The reaction was quenched with 10%
aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O (10 mL), and the
phases were separated. The aqueous phase was extracted with Et2O (10 mL), and the combined
organic phases were washed with brine (10 mL) and dried over MgSO4. The solvent was removed via
rotary evaporation, producing crude ether S47 (0.561 g, Rf = 0.53 in 4:1 hexanes/EtOAc) as a colorless
oil.
To a solution of crude ether S47 (0.561 g, assumed 1.27 mmol) in MeOH (12.7 mL, 0.1 M) was
added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 8 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:1 hexanes/EtOAc eluent) to afford
diol S5 (0.162 g, 53% yield over 2 steps, Rf = 0.21 in 1:1 hexanes/EtOAc) as a colorless oil.
Diol S5: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.60-3.50 (m,
1H), 3.39 (s, 3H), 3.33 (d, J = 2.8 Hz, 2H), 2.25 (br s, 2H), 1.87-1.69 (comp m, 2H), 1.67-1.59 (m, 1H),
1.57-1.45 (comp m, 3H), 1.38 (s, 3H), 1.20 (s, 6H), 0.94 (app. td, J = 7.2, 0.8 Hz, 3H); 13C NMR (100
MHz, CDCl3) δ 91.7, 91.0, 82.4, 82.2, 74.0, 73.8, 73.5, 72.9, 71.9, 71.8, 51.3, 38.7, 37.7, 34.5, 34.4,
32.3, 31.9, 30.4, 30.3, 26.0, 25.9, 25.7, 25.63, 25.61, 25.59, 10.20, 10.18; IR (film) 3369, 2933, 2234,
1461, 1302, 1061 cm-1; LRMS (ESI+) m/z calc’d for (M + Na)+ [C14H26O3 + Na]+: 265.2, found 265.1.
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S22
O

OH

MeLi
OTBS

O

THF, -78 °C

TsOH•H2O

Me

S30

OTBS

S48

74% yield

Me

OH

S50

DCM, 0 to 23 °C
69% yield, 2 steps

TEMPO, NaOCl
KBr, NaHCO3

OTHP

TBAF, THF, 23 °C

OTHP

H2O/DCM, 0 °C
95% yield

Me

OTBS

S49

OTHP
Me

O

S51

To a solution of aldehyde S30 (2.23 g, 10.3 mmol) in THF (30.9 mL, 0.33 M) cooled to -78 °C
was added MeLi (7.76 mL, 1.6 M in diethyl ether, 12.4 mmol) dropwise. The reaction mixture was
stirred at -78 °C for 10 min, then was warmed to 23 °C and quenched with H2O (20 mL). The solution
was extracted with Et2O (2 x 20 mL), and the combined organic layers were dried over MgSO4. The
solvent was removed by rotary evaporation, producing alcohol S48 (2.27 g crude, Rf = 0.37 in 4:1
hexanes/EtOAc) as a yellow oil.
To a solution of crude alcohol S48 (2.27 g, 9.78 mmol) in CH2Cl2 (19.5 mL, 0.5 M) at 0 °C was
added TsOH•H2O (39.3 mg, 0.206 mmol), followed by slow addition of 3,4-dihydro-2H-pyran (S22,
0.919 mL, 10.8 mmol). After stirring at 0 °C for 5 min the reaction was warmed to 23 °C and stirred
for 16 h. The reaction was quenched with sat. aq. NaHCO3 (30 mL), and the phases were separated.
The aqueous phase was extracted with CH2Cl2 (30 mL), and the combined organic phases were dried
over MgSO4. The solvent was removed via rotary evaporation, and the resulting residue was purified
by flash chromatography (19:1 hexanes/EtOAc eluent), producing acetal S49 (2.24 g, 69% yield over 2
steps, Rf = 0.56 in 9:1 hexanes/EtOAc) as a colorless oil.
To a solution of acetal S49 (2.24 g, 7.09 mmol) in THF (21.2 mL, 0.33 M) at 23 °C was added
TBAF (10.6 mL, 1.0 M in THF, 10.6 mmol) dropwise over 5 min, and the reaction mixture was stirred
for 20 h. The reaction mixture was poured into H2O (50 mL) and extracted with Et2O (2 x 20 mL).
The combined organic phases were dried over MgSO4 and the solvent was removed by rotary
evaporation. The resulting residue was purified by flash chromatography (2:1 hexanes/EtOAc eluent),
producing alcohol S50 (1.06 g, 74% yield, Rf = 0.38 in 1:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S50 (0.424 g, 2.20 mmol) in CH2Cl2 (5.50 mL, 0.4 M) at 0 °C was
added TEMPO (3.4 mg, 0.0220 mmol). A solution of KBr (0.288 g, 2.42 mmol) in 5% aq. NaHCO3
(11.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (1.43 mL, 10% aq., 2.31 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (5 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 10 mL), and the combined organic
phases were washed with H2O (10 mL) and brine (10 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S51 (0.419 g, 95% yield, Rf =
0.39 in 4:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 9.79-9.76 (m, 1H), 4.714.65 (m, 0.5H), 4.64-4.60 (m, 0.5H), 3.99-3.58 (comp m, 3H), 3.54-3.43 (m, 1H), 2.52-2.40 (comp m,
2H), 1.96-1.76 (comp m, 2H), 1.75-1.63 (comp m, 2H), 1.61-1.42 (comp m, 5H), 1.25-1.10 (comp m,
3H).
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OMe

a) n-BuLi, THF, -78 °C
b) S51, -78 to 23 °C
THPO

Me

c) Me2SO4

Me Me

OTHP

THPO
Me Me

S23

OMe

OH

aq. HCl, MeOH, 23 °C
53% yield, 2 steps

S52

Me
HO
Me Me

S6

To a solution of acetal S23 (0.364 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.862 mL, 2.32 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S51 (0.400 g, 2.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL, 2.60
mmol) was added, and the reaction was stirred for 14 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
(10 mL), and the phases were separated. The aqueous phase was extracted with Et2O (10 mL), and the
combined organic phases were washed with brine (10 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S52 (0.831 g, Rf = 0.22 in 9:1 hexanes/EtOAc)
as an amber oil.
To a solution of ether S52 (0.864 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 6 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S6 (0.243 g, 53% yield over 2 steps, Rf = 0.35 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S6: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.94 (t, J = 6.4
Hz, 1H), 3.80 (sextet, J = 6.0 Hz, 1H), 3.39 (s, 2H), 3.36 (s, 3H), 1.78-1.62 (comp m, 4H), 1.60-1.41
(comp m, 4H), 1.20 (s, 6H), 1.18 (d, J = 6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 91.4, 91.3, 80.33,
80.27, 71.8, 71.4, 68.0, 56.39, 56.37, 38.9, 38.8, 35.7, 35.6, 34.4, 30.7, 25.6, 23.7, 23.6, 21.64, 21.56;
IR (film) 3369, 2931, 2232, 1461, 1336, 1055 cm-1; HRMS (ESI+) m/z calc’d for (M + Na)+ [C13H24O3
+ Na]+: 251.1618, found 251.1621.
S22
O

OH

EtMgBr

TsOH•H2O

OTBS

O

Et2O, -78 to 0 °C

Et

S30

OTBS

S53

73% yield

Et

OH

S55

DCM, 0 to 23 °C
69% yield, 2 steps

TEMPO, NaOCl
KBr, NaHCO3

OTHP

TBAF, THF, 23 °C

OTHP

H2O/DCM, 0 °C
99% yield

Et

OTBS

S54

OTHP
Et

O

S56

To a solution of aldehyde S30 (0.562 g, 2.60 mmol) in Et2O (13.0 mL, 0.2 M) cooled to -78 °C
was added EtMgBr (0.953 mL, 3.0 M in diethyl ether, 2.86 mmol) dropwise. The reaction mixture
was stirred at -78 °C for 10 min, then was warmed to 23 °C and quenched with H2O (20 mL). The
mixture was diluted with 1 N HCl (20 mL) and the solution was extracted with Et2O (2 x 20 mL). The
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combined organic layers were dried over MgSO4, and the solvent was removed by rotary evaporation,
producing alcohol S53 (0.529 g crude, Rf = 0.43 in 4:1 hexanes/EtOAc) as a yellow oil.
To a solution of crude alcohol S53 (0.529 g, 2.15 mmol) in CH2Cl2 (6.45 mL, 0.33 M) at 0 °C
was added TsOH•H2O (4.9 mg, 0.0260 mmol), followed by slow addition of 3,4-dihydro-2H-pyran
(S22, 0.231 mL, 0.231 mmol). After stirring at 0 °C for 5 min the reaction was warmed to 23 °C and
stirred for 20 h. The reaction was quenched with sat. aq. NaHCO3 (10 mL), and the phases were
separated. The aqueous phase was extracted with CH2Cl2 (10 mL), and the combined organic phases
were dried over MgSO4. The solvent was removed via rotary evaporation, and the resulting residue
was purified by flash chromatography (19:1 hexanes/EtOAc eluent), producing acetal S54 (0.596 g,
69% yield over 2 steps, Rf = 0.54 in 9:1 hexanes/EtOAc) as a colorless oil.
To a solution of acetal S54 (0.596 g, 1.81 mmol) in THF (9.00 mL, 0.2 M) at 23 °C was added
TBAF (2.90 mL, 1.0 M in THF, 2.90 mmol) dropwise over 5 min, and the reaction mixture was stirred
for 28 h. The reaction mixture was poured into H2O (15 mL) and extracted with Et2O (2 x 20 mL).
The combined organic phases were dried over MgSO4 and the solvent was removed by rotary
evaporation. The resulting residue was purified by flash chromatography (1:1 hexanes/EtOAc eluent),
producing alcohol S55 (0.284 g, 73% yield, Rf = 0.20 in 2:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S55 (0.284 g, 1.31 mmol) in CH2Cl2 (3.25 mL, 0.4 M) at 0 °C was
added TEMPO (2.0 mg, 0.0131 mmol). A solution of KBr (0.171 g, 1.44 mmol) in 5% aq. NaHCO3
(5.50 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (0.831 mL, 10% aq., 0.131 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (5 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 10 mL), and the combined organic
phases were washed with H2O (10 mL) and brine (10 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S56 (0.277 g, 99% yield, Rf =
0.57 in 2:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 9.76 (s, 1H), 4.67-4.58
(m, 1H), 3.97-3.83 (m, 1H), 3.68-3.42 (comp m, 2H), 2.51-2.38 (comp m, 2H), 1.91-1.41 (comp m,
12H), 0.93 (t, J = 7.4 Hz, 1.5H), 0.86 (t, J = 7.4 Hz, 1.5H).
OMe

a) n-BuLi, THF, -78 °C
b) S56, -78 to 23 °C
THPO
Me Me

c) Me2SO4
68% yield

Et
THPO
Me Me

S23

OMe
aq. HCl, MeOH, 23 °C
78% yield

OTHP

S57
OH
Et

HO
Me Me

S7

To a solution of acetal S23 (0.239 g, 1.31 mmol) in THF (4.00 mL, 0.3 M) at -78 °C under
argon was added n-BuLi (0.564 mL, 2.32 M in hexanes, 1.31 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S56 (0.277 g, 1.31 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.162 mL, 1.70
mmol) was added, and the reaction was stirred for 14 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
(10 mL), and the phases were separated. The aqueous phase was extracted with Et2O (10 mL), and the
combined organic phases were washed with brine (10 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation and the resulting residue was purified by flash chromatography (9:1
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hexanes/EtOAc eluent), producing ether S57 (0.363 g, 68% yield, Rf = 0.28 in 9:1 hexanes/EtOAc) as a
colorless oil.
To a solution of crude ether S57 (0.363 g, 0.885 mmol) in MeOH (8.85 mL, 0.1 M) was added
10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 15 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S7 (0.168 g, 78% yield, Rf = 0.35 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S7: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.95 (t, J = 6.4
Hz, 1H), 3.61-3.50 (m, 1H), 3.39 (s, 2H), 3.37 (s, 3H), 2.06-1.98 (m, 2H), 1.75-1.66 (comp m, 2H),
1.65-1.56 (m, 1H), 1.54-1.41 (comp m, 5H), 1.20 (s, 6H), 0.93 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz,
CDCl3) δ 91.4, 91.3, 80.3, 80.2, 73.2, 71.7, 71.4, 56.38, 56.36, 36.5, 36.4, 35.7, 35.6, 34.4, 30.4, 30.3,
25.7, 25.6, 21.6, 21.4, 10.0; IR (film) 3366, 2934, 2362, 1462, 1337, 1104, 1059 cm-1; HRMS (ESI+)
m/z calc’d for (M + Na)+ [C14H26O3 + Na]+: 265.1774, found 265.1777.
S22
O

TsOH•H2O

OH

PhLi, THF, -78 to 23 °C
OTBS

O

Ph

S30

OTBS

S58

60% yield

Ph

OH

S60

DCM, 0 to 23 °C
69% yield, 2 steps

TEMPO, NaOCl
KBr, NaHCO3

OTHP

TBAF, THF, 23 °C

OTHP

H2O/DCM, 0 °C
99% yield

Ph

OTBS

S59

OTHP
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S61

To a solution of aldehyde S30 (0.562 g, 2.60 mmol) in THF (13.0 mL, 0.2 M) cooled to -78 °C
was added PhLi (1.59 mL, 1.8 M in dibutyl ether, 2.86 mmol) dropwise. The reaction mixture was
stirred at -78 °C for 10 min, then was warmed to 23 °C and quenched with H2O (20 mL). The solution
was extracted with Et2O (2 x 10 mL), and the combined organic layers were dried over MgSO4. The
solvent was removed by rotary evaporation, producing alcohol S58 (0.791 g crude, Rf = 0.51 in 4:1
hexanes/EtOAc) as a yellow oil.
To a solution of alcohol S58 (0.791 g, assumed 2.60 mmol) in CH2Cl2 (8.67 mL, 0.33 M) at 0
°C was added TsOH•H2O (4.9 mg, 0.0260 mmol), followed by slow addition of 3,4-dihydro-2H-pyran
(S22, 0.231 mL, 2.73 mmol). After stirring at 0 °C for 5 min the reaction was warmed to 23 °C and
stirred for 16 h. The reaction was quenched with sat. aq. NaHCO3 (20 mL), and the phases were
separated. The aqueous phase was extracted with CH2Cl2 (10 mL), and the combined organic phases
were dried over MgSO4. The solvent was removed via rotary evaporation, and the resulting residue
was purified by flash chromatography (19:1 hexanes/EtOAc eluent), producing acetal S59 (0.508 g,
52% yield over 2 steps, Rf = 0.54 in 9:1 hexanes/EtOAc) as a colorless oil.
To a solution of acetal S59 (0.508 g, 1.34 mmol) in THF (6.70 mL, 0.2 M) at 23 °C was added
TBAF (2.14 mL, 1.0 M in THF, 2.14 mmol) dropwise over 5 min, and the reaction mixture was stirred
for 22 h. The reaction mixture was poured into H2O (20 mL) and extracted with Et2O (2 x 10 mL).
The combined organic phases were dried over MgSO4 and the solvent was removed by rotary
evaporation. The resulting residue was purified by flash chromatography (2:1 hexanes/EtOAc eluent),
producing alcohol S60 (0.211 g, 60% yield, Rf = 0.19 in 2:1 hexanes/EtOAc) as a colorless oil.
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To a solution of alcohol S60 (0.211 g, 0.798 mmol) in CH2Cl2 (2.00 mL, 0.4 M) at 0 °C was
added TEMPO (1.2 mg, 0.00798 mmol). A solution of KBr (0.104 g, 0.878 mmol) in 5% aq. NaHCO3
(4.00 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (0.504 mL, 10% aq., 0.814 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (5 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 10 mL), and the combined organic
phases were washed with H2O (10 mL) and brine (10 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S61 (0.207 g, 99% yield, Rf =
0.53 in 2:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 9.77-9.68 (m, 1H), 7.417.27 (comp m, 5H), 4.83-4.81 (m, 0.3H), 4.67-4.65 (m, 0.7H), 4.62-4.54 (m, 0.3H), 4.43-4.33 (m,
0.7H), 3.97-3.84 (m, 0.7H), 3.57-3.42 (m, 1H), 3.32-3.22 (m, 0.3H), 2.52-2.34 (comp m, 2H), 1.951.38 (comp m, 10H).
OMe

a) n-BuLi, THF, -78 °C
b) S61, -78 to 23 °C
THPO
Me Me

c) Me2SO4
79% yield

Ph
THPO
Me Me

S23

OMe
aq. HCl, MeOH, 23 °C
60% yield

OTHP
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S8

To a solution of acetal S23 (0.145 g, 0.798 mmol) in THF (2.00 mL, 0.4 M) at -78 °C under
argon was added n-BuLi (0.343 mL, 2.32 M in hexanes, 0.343 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S61 (0.207 g, 0.798 mmol) was then added, and the reaction
was stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.0986 mL,
1.03 mmol) was added, and the reaction was stirred for 14 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (5 mL) and stirred for 15 min. The mixture was diluted with Et2O (10
mL), and the phases were separated. The aqueous phase was extracted with Et2O (5 mL), and the
combined organic phases were washed with brine (10 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation and the resulting residue was purified by flash chromatography (9:1
hexanes/EtOAc eluent), producing ether S62 (0.287 g, 79% yield, Rf = 0.22 in 9:1 hexanes/EtOAc) as a
colorless oil.
To a solution of crude ether S62 (0.287 g, 0.627 mmol) in MeOH (6.27 mL, 0.1 M) was added
10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 15 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S8 (0.110 g, 60% yield, Rf = 0.49 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S8: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 7.36-7.32 (comp
m, 4H), 7.30-7.27 (m, 1H), 4.68 (dd, J = 6.4, 2.0 Hz, 1H), 3.93 (td, J = 6.4, 1.8 Hz, 1H), 3.37 (app. d, J
= 4.4 Hz, 2H), 3.35 (s, 3H), 2.07-2.01 (m, 2H), 1.89-1.78 (m, 1H), 1.77-1.64 (comp m, 3H), 1.63-1.51
(m, 1H), 1.50-1.41 (m, 1H), 1.19 (s, 3H), 1.18 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 145.0, 144.9,
128.6, 127.7, 126.00, 125.98, 91.4, 91.3, 80.3, 80.2, 74.6, 74.5, 71.8, 71.7, 71.3, 56.41, 56.36, 38.7,
35.6, 35.5, 34.4, 25.6, 21.8, 21.6; IR (film) 3386, 2936, 2232, 1453, 1337, 1060 cm-1; HRMS (ESI+)
m/z calc’d for (M + Na)+ [C18H26O3 + Na]+: 313.1774, found 313.1776.
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m-CPBA, NaHCO3
Me

O

H2O, 0 °C, 82% yield

S63

Me

S64

According to the procedure of Fringuelli,7 to a solution of 1-methylcyclohexene (S63, 5.93 mL,
75% reported purity, 37.5 mmol) in 0.3 M aq. NaHCO3 (300 mL, 0.125 M) at 0 °C was added mCPBA (10.6 g, 81% wt., 50.0 mmol). The reaction mixture was stirred at 0 °C for 2 h. The mixture
was then poured into pentane (100 mL), and the phases were separated. The aqueous phase was
extracted with pentane (50 mL) and the combined organic layers were washed with sat. aq. NaHCO3
(50 mL), brine (50 mL) and dried over MgSO4. The solvent was removed via rotary evaporation,
producing epoxide S64 (3.45 g, 82% yield, Rf = 0.74 in 4:1 hexanes/EtOAc) as a colorless liquid.
H

a) n-BuLi, Et2O, 0 °C
b) AlMe3, 0 °C
TMS

S36

K2CO3, MeOH, 23 °C

c) S64, 0 to -78 °C
then BF3•Et2O, -78 °C
78% yield

H

Me

TMS

S65
S22

OH

OH

O

H

OTHP

TsOH•H2O
Me

S66

DCM, 0 to 23 °C
74% yield, 2 steps

Me

S67

According to the procedure of Pagenkopf,8 to a solution of trimethylsilylacetylene (S36, 3.72
mL, 26.3 mmol) in Et2O (100 mL, 0.26 M) cooled to 0 °C was added n-BuLi (11.3 mL, 2.32 M in
hexanes, 26.3 mmol), and the mixture was stirred for 5 min. Trimethylaluminum (0.550 mL, 2.00 M
in toluene, 26.3 mmol) was added and the reaction mixture was warmed to 23 °C and stirred for 15
min. Epoxide S64 (2.80 g, 25.0 mmol) was added and the reaction mixture was cooled to -78 °C.
BF3•Et2O (5.16 mL, 41.8 mmol) was added dropwise and the reaction was stirred at -78 °C for 2 h.
The reaction was quenched with MeOH (2 mL), and warmed to 23 °C. The mixture was poured into
H2O (100 mL) and the phases were separated. The aqueous phase was extracted with Et2O (50 mL),
and the combined organic layers were washed with H2O (50 mL), brine (50 mL) and dried over
MgSO4. The solvent was removed by rotary evaporation and the resulting oil was purified by flash
chromatography (9:1 hexanes/EtOAc eluent), producing alcohol S65 (4.12 g, 78% yield, Rf = 0.60 in
4:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S65 (4.12 g, 19.6 mmol) in MeOH (130 mL, 0.15 M) was added
K2CO3 (2.98 g, 21.6 mmol) and the reaction mixture was stirred at 23 °C for 12 h. The solution was
poured into H2O (200 mL), and extracted with CH2Cl2 (3 x 40 mL). The combined organic phases
were dried over MgSO4 and the solvent was removed via rotary evaporation, producing crude alkyne
S66 (2.44 g, Rf = 0.58 in 4:1 hexanes/EtOAc) as a yellow oil.
To a solution of crude alkyne S66 (2.44 g, assumed 19.6 mmol) in CH2Cl2 (78.4 mL, 0.25 M)
at 0 °C was added TsOH•H2O (37.4 mg, 0.392 mmol), followed by slow addition of 3,4-dihydro-2Hpyran (S22, 1.75 mL, 20.6 mmol). After stirring at 0 °C for 5 min the reaction was warmed to 23 °C
and stirred for 18 h. The reaction was quenched with sat. aq. NaHCO3 (60 mL), and the phases were
separated. The aqueous phase was extracted with CH2Cl2 (30 mL), and the combined organic phases
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were dried over MgSO4. The solvent was removed via rotary evaporation, and the resulting oil was
purified by flash chromatography (19:1 hexanes/EtOAc eluent), producing acetal S67 (3.23 g, 74%
yield over 2 steps, Rf = 0.65 in 9:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ
4.77-4.70 (m, 1H), 3.99-3.86 (m, 1H), 3.74-3.69 (m, 0.5H), 3.62-3.57 (m, 0.5H), 3.54-3.44 (m, 1H),
2.15 (app d, J = 6.6 Hz, 1H), 1.95-1.46 (comp m, 12H), 1.45-1.32 (comp m, 2H), 1.30 (s, 1.5H), 1.19
(s, 1.5H).
H

Me

H
OTHP

OTHP

a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C
Me

c) Me2SO4

S67

OTBS

S68
H

OMe

OH

aq. HCl, MeOH, 23 °C
85% yield, 2 steps

Me

OH

S9

OMe

To a solution of acetal S67 (0.444 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.800 mL, 2.50 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (0.432 g, 2.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL, 2.60
mmol) was added, and the reaction was stirred for 14 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (5 mL) and stirred for 15 min. The mixture was diluted with Et2O (10
mL), and the phases were separated. The aqueous phase was extracted with Et2O (5 mL), and the
combined organic phases were washed with brine (10 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S68 (0.968 g, Rf = 0.69 in 4:1 hexanes/EtOAc)
as an amber oil.
To a solution of crude ether S68 (0.968 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 3 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S9 (0.431 g, 85% yield over 2 steps, Rf = 0.42 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S9: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.98-3.95 (m,
1H), 3.68-3.63 (comp m, 3H), 3.37 (s, 3H), 1.92-1.85 (m, 1H), 1.73-1.69 (comp m, 4H), 1.62-1.50
(comp m, 8H), 1.47-1.35 (m, 3H), 1.21 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 98.7, 92.8, 80.4, 74.4,
71.4, 62.9, 56.3, 37.2, 35.62, 35.60, 35.2, 35.1, 32.5, 32.4, 29.3, 21.9, 21.8, 21.69, 21.67; IR (film)
3379, 2930, 2233, 1446, 1337, 1069, 996 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C15H26O3 +
H]+: 255.2, found 255.2.
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H

S39

H

OH

OAc

DIAD, PPh3, AcOH

NaOH, MeOH, 23 °C

THF, 0 to 23 °C

Me

Me

S66

S69
S22
H

Me

H

O

OH

TsOH•H2O
DCM, 0 to 23 °C
62% yield, 3 steps

OTHP

Me

S70

S71

To a solution of alcohol S66 (0.911 g, 6.60 mmol) in THF (33.0 mL, 0.2 M) cooled at 0 °C was
added PPh3 (2.08 g, 7.92 mmol) and AcOH (0.453 mL, 7.92 mmol). DIAD (1.57 mL, 7.92 mmol) was
added dropwise and the resulting solution was slowly warmed to 23 °C and stirred for 14 h. The
solvent was removed by rotary evaporation and the recovered residue was purified by flash
chromatography (9:1 → 4:1 hexanes/EtOAc eluent), producing ester S69 (1.61 g, contaminated with
diisopropyl hydrazide, Rf = 0.40 in 4:1 hexanes/EtOAc) as a pale yellow oil.
To a solution of ester S69 (1.61g, assumed 6.60 mmol) in MeOH (20.0 mL, 0.33 M) was added
5 M NaOH (7.00 mL, 35.0 mmol) and the reaction mixture was stirred at 23 °C for 4 h. The reaction
mixture was diluted with H2O (50 mL) and extracted with CH2Cl2 (3 x 20 mL). The combined organic
layers were dried over MgSO4, and the solvent was removed by rotary evaporation, producing crude
alcohol S70 (1.28 g, Rf = 0.55 in 2:1 hexanes/EtOAc) as a pale yellow oil.
To a solution of crude alkyne S70 (1.28 g, assumed 6.60 mmol) in CH2Cl2 (13.2 mL, 0.5 M) at
0 °C was added TsOH•H2O (12.6 mg, 0.0660 mmol), followed by slow addition of 3,4-dihydro-2Hpyran (S22, 0.560 mL, 6.60 mmol). After stirring at 0 °C for 5 min the reaction was warmed to 23 °C
and stirred for 2 h. The reaction was quenched with sat. aq. NaHCO3 (20 mL), and the phases were
separated. The aqueous phase was extracted with CH2Cl2 (20 mL), and the combined organic phases
were dried over MgSO4. The solvent was removed via rotary evaporation, and the resulting oil was
purified by flash chromatography (19:1 hexanes/EtOAc eluent), producing acetal S71 (0.903 g, 62%
yield over 3 steps, Rf = 0.49 in 9:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ
4.77-4.70 (m, 1H), 3.99-3.86 (m, 1H), 3.75-3.69 (m, 0.5H), 3.60 (dd, J = 6.0, 3.0 Hz, 0.5H), 3.54-3.43
(m, 1H), 2.14 (app d, J = 6.3 Hz, 1H), 1.96-1.44 (comp m, 12H), 1.44-1.33 (comp m, 2H), 1.30 (s,
1.5H), 1.20 (s, 1.5H).
H

Me

H
OTHP

a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C

OTHP

Me

c) Me2SO4

S71
H

OTBS

S72

OMe

OH

aq. HCl, MeOH, 23 °C
84% yield, 2 steps

Me

OH

S10

OMe
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To a solution of acetal S71 (0.444 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.800 mL, 2.50 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (0.432 g, 2.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL, 2.60
mmol) was added, and the reaction was stirred for 14 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (5 mL) and stirred for 15 min. The mixture was diluted with Et2O (10
mL), and the phases were separated. The aqueous phase was extracted with Et2O (5 mL), and the
combined organic phases were washed with brine (10 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S72 (0.983 g, Rf = 0.73 in 4:1 hexanes/EtOAc)
as an amber oil.
To a solution of crude ether S72 (0.983 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 3 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S10 (0.426 g, 84% yield over 2 steps, Rf = 0.40 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S10: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.96 (t, J = 6.4
Hz, 1H), 3.68-3.63 (comp m, 3H), 3.37 (s, 3H), 1.93-1.85 (m, 1H), 1.73-1.67 (comp m, 5H), 1.62-1.51
(comp m, 8H), 1.47-1.35 (comp m, 2H), 1.21 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 92.8, 80.4, 74.4,
71.4, 62.8, 56.3, 37.2, 35.61, 35.59, 35.2, 35.1, 32.44, 32.42, 29.3, 21.9, 21.8, 21.68, 21.65; IR (film)
3356, 2930, 2234, 1446, 1337, 1071 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C15H26O3 + H]+:
255.2, found 255.0.
O
O

NH2

HO

S73

O

S74

145 °C, 95% yield

NPhth

HO

S75

TEMPO, NaOCl
KBr, NaHCO3
H2O/DCM, 0 °C
85% yield

NPhth

O

S76

To 5-aminopentan-1-ol (S73, 1.62 g, 15.8 mmol) was added phthalic anhydride (S74, 2.22 g,
15.0 mmol) and the mixture was heated to 145 °C for 16 h. The reaction mixture was cooled to 23 °C,
diluted with EtOAc (60 mL), and washed sequentially with sat. aq. NaHCO3 (40 mL), 1 M KHSO4 (40
mL) and brine (40 mL). The organic phase was dried over MgSO4, and the solvent was removed by
rotary evaporation, producing phthalimide S75 (3.31 g, 95% yield, Rf = 0.24 in 1:1 hexanes/EtOAc) as
a colorless oil.
To a solution of phthalimide S75 (1.86 g, 8.00 mmol) in CH2Cl2 (20.0 mL, 0.4 M) at 0 °C was
added TEMPO (12.5 mg, 0.0800 mmol). A solution of KBr (1.05 g, 8.80 mmol) in 5% aq. NaHCO3
(40.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (4.96 mL, 10% aq., 8.00 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (15 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 20 mL), and the combined organic
phases were washed with H2O (30 mL) and brine (30 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S769 (1.56 g, 85% yield, Rf =
0.55 in 1:1 hexanes/EtOAc) as a colorless oil.

Supporting Information: Allegretti and Ferreira

S41

OMe

a) n-BuLi, THF, -78 °C
b) S76, -78 to 23 °C
THPO

NPhth

c) Me2SO4
62% yield

Me Me

THPO
Me Me

S23

S77

OMe
MeNH2

NH2

EtOH, 70 °C
74% yield

THPO
Me Me

S78

To a solution of acetal S23 (1.22 g, 6.71 mmol) in THF (20.1 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (2.89 mL, 2.32 M in hexanes, 6.71 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S76 (1.55 g, 6.71 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.832 mL, 8.72
mmol) was added, and the reaction was stirred for 16 h at 23 °C. The reaction was quenched with 10%
aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O (20 mL), and the
phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the combined
organic phases were washed with brine (40 mL) and dried over MgSO4. The solvent was removed via
rotary evaporation, and the recovered residue was purified by flash chromatography (2:1
hexanes/EtOAc eluent), producing phthalimide S77 (1.76 g, 62% yield, Rf = 0.73 in 1:1
hexanes/EtOAc) as a colorless oil.
To a solution of phthalimide S77 (1.76 g, 4.12 mmol) in EtOH (20.6 mL, 0.2 M) was added
MeNH2 (0.899 mL, 40% wt in H2O, 10.3 mmol), and the resulting reaction solution was heated to 70
°C for 3 h. The reaction was cooled to 23 °C and the solvent was removed by rotary evaporation. The
resulting residue was purified by flash chromatography (19:1 CH2Cl2/MeOH → 9:1:1
CH2Cl2/MeOH/Et3N eluent), producing amine S78 (0.905 g, 74% yield, Rf = 0.27 in 9:1
CH2Cl2/MeOH w/ 2% Et3N) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 4.68-4.62 (m, 1H), 3.963.81 (comp m, 2H), 3.60-3.56 (m, 1H), 3.55-3.46 (m, 1H), 3.34 (s, 3H), 3.24-3.19 (m, 1H), 2.82-2.70
(comp m, 2H), 1.91-1.77 (m, 1H), 1.75-1.39 (comp m, 11H), 1.23 (s, 3H), 1.22 (s, 3H).
OMe

OMe
NH2

Ac2O, Et3N
DCM, 0 to 23 °C

THPO
Me Me

NHAc
THPO
Me Me

S78

S79

OMe
aq. HCl, MeOH, 23 °C
75% yield, 2 steps

NHAc
HO
Me Me

S11

To a solution of amine S78 (0.300 g, 1.01 mmol) in CH2Cl2 (2.00 mL, 0.5 M) cooled at 0 °C
was added Et3N (0.309 mL, 2.22 mmol) followed by Ac2O (0.105 mL, 1.11 mmol). The reaction
mixture was stirred for 12 h at 23 °C and was then quenched with H2O (5.0 mL). The mixture was
extracted with CH2Cl2 (2 x 5 mL), and the combined organic layers were dried over MgSO4. The
solvent was removed by rotary evaporation, producing acetamide S79 (0.320 g crude, Rf = 0.59 in 9:1
CH2Cl2/MeOH) as a colorless oil.
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To a solution of acetamide S79 (0.320 g, assumed 1.01 mmol) in MeOH (10.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 25 µL), and the resulting solution was stirred at 23 °C for 6 h. Upon
completion, Et3N (approx. 25 µL) was added and the solvent was removed by rotary evaporation. The
resulting residue was purified by flash chromatography (19:1 CH2Cl2/MeOH eluent), producing
acetamide S11 (0.192 g, 75% yield over 2 steps, Rf = 0.36 in 9:1 CH2Cl2/MeOH) as a colorless oil.
Acetamide S11: 1H NMR (400 MHz, CDCl3) δ 5.77 (br s, 1H), 3.94 (t, J = 6.4 Hz, 1H), 3.40 (s, 2H),
3.36 (s, 3H), 3.25 (q, J = 6.4 Hz, 2H), 2.32 (br s, 1H), 1.98 (s, 3H), 1.74-1.64 (comp m, 2H), 1.57-1.43
(comp m, 4H), 1.21 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 170.4, 91.5, 80.1, 71.7, 71.2, 56.4, 39.7,
35.4, 34.4, 29.4, 25.68, 25.65, 23.4, 22.7; IR (film) 3294, 2932, 1736, 1651, 1554, 1293, 1058 cm-1;
LRMS (ESI+) m/z calc’d for (M + H)+ [C14H25NO3 + H]+: 256.2, found 256.2.
OMe

OMe
NH2

Boc2O
THF/H2O, 23 °C

THPO
Me Me

NHBoc
THPO
Me Me

S78

S80

OMe
aq. HCl, MeOH, 23 °C
84% yield, 2 steps

NHBoc
HO
Me Me

S12

To a solution of amine S78 (0.300 g, 1.01 mmol) in THF/H2O (5:1, 5.00 mL, 0.2 M) was added
Boc2O (0.231 g, 1.06 mmol), and the mixture was stirred at 23 °C for 14 h. The reaction was diluted
with Et2O (10 mL), and washed with H2O (10 mL). The aqueous phase was extracted with Et2O (10
mL), and the combined organic layers were dried over MgSO4. The solvent was removed by rotary
evaporation, producing carbamate S80 (0.405 g, Rf = 0.85 in 1:1 hexanes/EtOAc) as a colorless oil.
To a solution of carbamate S80 (0.405 g, assumed 1.01 mmol) in MeOH (10.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 25 µL), and the resulting solution was stirred at 23 °C for 4 h. Upon
completion, Et3N (approx. 25 µL) was added and the solvent was removed by rotary evaporation. The
resulting residue was purified by flash chromatography (2:1 hexanes/EtOAc eluent), producing
carbamate S12 (0.263 g, 84% yield over 2 steps, Rf = 0.40 in 1:1 hexanes/EtOAc) as a colorless oil.
Carbamate S12: 1H NMR (400 MHz, CDCl3) δ 4.55 (br s, 1H), 3.93 (t, J = 6.4 Hz, 1H), 3.39 (s, 2H),
3.35 (s, 3H), 3.10 (t, J = 6.8 Hz, 2H), 1.93 (br s, 1H), 1.74-1.58 (comp m, 2H), 1.52-1.46 (comp m,
4H), 1.43 (s, 9H), 1.20 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 156.2, 91.3, 80.3, 71.7, 71.2, 56.3, 40.7,
35.5, 34.4, 29.8, 28.6, 25.67, 25.66, 22.6; IR (film) 3356, 2933, 1687, 1521, 1365, 1272, 1166 cm-1;
LRMS (ESI+) m/z calc’d for (M + Na)+ [C17H31NO4 + Na]+: 336.2, found 336.2.
OMe

OMe
NH2

TsCl, Et3N
DCM, 0 to 23 °C

THPO
Me Me

NHTs
THPO
Me Me

S78

S81

OMe
aq. HCl, MeOH, 23 °C
93% yield, 2 steps

NHTs
HO
Me Me

S13
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To a solution of amine S78 (0.300 g, 1.01 mmol) in CH2Cl2 (2.00 mL, 0.5 M) cooled to 0 °C
was added Et3N (0.295 mL, 2.12 mmol) followed by p-toluenesulfonyl chloride (0.202 g, 1.06 mmol).
The reaction mixture was stirred for 15 h at ambient temperature and was then quenched with H2O (5.0
mL). The mixture was extracted with CH2Cl2 (2 x 5 mL), and the combined organic layers were dried
over MgSO4. The solvent was removed by rotary evaporation, producing sulfonamide S81 (0.449 g
crude, Rf = 0.71 in 1:1 hexanes/EtOAc) as a yellow oil.
To a solution of sulfonamide S81 (0.449 g, assumed 1.01 mmol) in MeOH (10.0 mL, 0.1 M)
was added 10% aq. HCl (approx. 25 µL), and the resulting solution was stirred at 23 °C for 6 h. Upon
completion, Et3N (approx. 25 µL) was added and the solvent was removed by rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:1 hexanes/EtOAc eluent), producing
sulfonamide S13 (0.344 g, 93% yield over 2 steps, Rf = 0.33 in 1:1 hexanes/EtOAc) as a colorless oil.
Sulfonamide S13: 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H),
3.90 (t, J = 6.4 Hz, 1H), 3.42 (s, 2H), 3.35 (s, 3H), 2.94 (t, J = 6.4 Hz, 2H), 2.43 (s, 3H), 1.88 (br s, 1H),
1.67-1.56 (comp m, 2H), 1.53-1.41 (comp m, 4H), 1.21 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 143.5,
137.1, 129.8, 127.2, 91.6, 79.9, 71.7, 71.1, 56.4, 43.0, 35.1, 34.3, 29.2, 25.68, 25.66, 22.3, 21.7; IR
(film) 3490, 3279, 2933, 1733, 1325, 1156, 815 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+
[C19H29NO4S + H]+: 368.2, found 368.2.
a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C
TMS

S36

c) Me2SO4

OMe
OTBS
TMS

S82

OMe

K2CO3, MeOH, 23 °C

OTBS

96% yield, 2 steps
H

S83

To a solution of trimethylsilylacetylene (S36, 1.13 mL, 8.00 mmol) in THF (24.0 mL, 0.33 M)
at -78 °C under argon was added n-BuLi (3.20 mL, 2.50 M in hexanes, 8.00 mmol), and the resulting
solution was stirred for 30 min at -78 °C. Aldehyde S30 (1.73 g, 8.00 mmol) was then added, and the
reaction was stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.989
mL, 10.4 mmol) was added, and the reaction was stirred for 20 h at 23 °C. The reaction was quenched
with 10% NH4OH (20 mL) and stirred for 15 min. The mixture was diluted with Et2O (25 mL), and
the phases were separated. The aqueous phase was extracted with Et2O (25 mL), and the combined
organic phases were washed with brine (30 mL) and dried over MgSO4. The solvent was removed via
rotary evaporation, producing crude ether S82 (3.15 g, Rf = 0.62 in 9:1 hexanes/EtOAc) as a colorless
oil.
To a solution of crude ether S82 (3.15 g, assumed 8.00 mmol) in MeOH (80.0 mL, 0.1 M) was
added K2CO3 (1.21 g, 8.80 mmol), and the reaction mixture was stirred at 23 °C for 16 h. The reaction
solution was poured into H2O (100 mL), and extracted with CH2Cl2 (3 x 20 mL). The combined
organic phases were dried over MgSO4 and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (9:1 hexanes/EtOAc eluent) to afford alkyne
S83 (1.96 g, 96% yield over 2 steps, Rf = 0.56 in 9:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300
MHz, CDCl3) δ 3.93 (td, J = 6.3, 1.9 Hz, 1H), 3.61 (t, J = 6.0 Hz, 2H), 3.41 (s, 3H), 2.42 (d, J = 1.9 Hz,
1H), 1.78-1.64 (m, 2H), 1.60-1.43 (comp m, 4H), 0.89 (s, 9H), 0.04 (s, 6H).
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S44

NHBoc
NHBoc

S83, PdCl2(PPh3)2 (5 mol %)
CuI (10 mol %)
OTBS

Et3N, 23 °C

I

OMe

S84

S85
NHBoc
aq. HCl, MeOH, 23 °C
OH

84% yield, 2 steps
OMe

S14

A solution of N-Boc-aniline S8410 (0.319 g, 1.00 mmol) and alkyne S83 (0.281 g, 1.10 mmol)
in Et3N (3.00 mL, 0.33 M) was degassed with argon via bubbling for 15 min. CuI (19.0 mg, 0.100
mmol) was added followed by PdCl2(PPh3)2 (35.1 mg, 0.0500 mmol) and the mixture was stirred at 23
°C for 6 h. Upon completion the reaction mixture was filtered through a SiO2 plug (0.5 x 3.0 cm),
washing with EtOAc (10 mL). The filtrate was concentrated under reduced pressure, and the
recovered crude silyl ether S85 was dissolved in MeOH (10.0 mL, 0.1 M). To this solution was added
10% aq. HCl (approx. 25 µL), and the resulting reaction mixture was stirred at 23 °C for 2 h. The
reaction was quenched with Et3N (approx. 25 µL) and the solvent was removed by rotary evaporation.
The resulting residue was purified by flash chromatography (2:1 hexanes/EtOAc eluent), producing NBoc-aniline S14 (0.280 g, 84% yield over 2 steps, Rf = 0.33 in 2:1 hexanes/EtOAc) as a pale brown oil.
N-Boc-aniline S14: 1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 8.4 Hz, 1H), 7.37 (dd, J = 7.6, 1.6 Hz,
1H), 7.32-7.28 (m, 1H), 7.24 (br s, 1H), 6.95 (td, J = 7.6, 1.2 Hz, 1H), 4.25 (t, J = 6.4 Hz, 1H), 3.69 (t,
J = 6.2 Hz, 2H), 3.49 (s, 3H), 1.93-1.83 (comp m, 2H), 1.69-1.59 (m, 4H), 1.55 (br s, 1H), 1.53 (s, 9H);
13
C NMR (100 MHz, CDCl3) δ 152.5, 139.7, 131.9, 129.9, 122.2, 117.8, 110.8, 95.0, 81.6, 81.0, 71.9,
62.8, 56.8, 35.4, 32.5, 28.4, 21.8; IR (film) 3403, 2933, 1733, 1516, 1447, 1154, 754 cm-1; LRMS
(ESI+) m/z calc’d for (M + Na)+ [C19H27NO4 + Na]+: 356.2, found 356.9.
OMe

OMe

K2CO3, MeOH, 23 °C
OTBS

aq. HCl, MeOH, 23 °C
OTBS

96% yield

TMS

H

S82

S83
TEMPO, NaOCl
KBr, NaHCO3

OMe
OH
H

S86

H2O/DCM, 0 °C

EtMgBr
Et2O, -78 to 0 °C

OMe
O
H

S87

56% yield, 3 steps

OMe

OH
Et

H

S88

To a solution of ether S82 (2.62 g, assumed 8.00 mmol) in MeOH (80.0 mL, 0.1 M) was added
K2CO3 (1.21 g, 8.80 mmol) and the reaction mixture was stirred at 23 °C for 15 h. The solution was
poured into H2O (100 mL), and extracted with CH2Cl2 (3 x 20 mL). The combined organic phases
were dried over MgSO4 and the solvent was removed via rotary evaporation. The resulting residue
was purified by flash chromatography (9:1 hexanes/EtOAc eluent) to afford alkyne S83 (1.96 g, 96%
yield, Rf = 0.56 in 9:1 hexanes/EtOAc) as colorless oil.
To a solution of alkyne S83 (0.768 g, 3.00 mmol) in MeOH (30.0 mL, 0.1 M) was added 10%
aq. HCl (approx. 150 µL), and the reaction was stirred at 23 °C for 2 h. The reaction mixture was
poured into H2O (100 mL), and extracted with CH2Cl2 (3 x 20 mL). The combined organic phases
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were dried over MgSO4 and the solvent was removed via rotary evaporation, producing alcohol S86
(0.443 g crude, Rf = 0.38 in 1:1 hexanes/EtOAc) as colorless oil.
To a solution of alcohol S86 (0.443 g, assumed 3.00 mmol) in CH2Cl2 (7.50 mL, 0.4 M) at 0 °C
was added TEMPO (4.7 mg, 0.0300 mmol). A solution of KBr (0.393 g, 3.30 mmol) in 5% aq.
NaHCO3 (15.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred
vigorously at 0 °C. NaOCl (1.85 mL, 10% aq., 3.00 mmol) was added dropwise, and the reaction
mixture was stirred for 15 min. Upon completion, a saturated solution of Na2S2O3 (10 mL) was added,
and the mixture was stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 20 mL), and the
combined organic phases were washed with H2O (20 mL) and brine (20 mL). The organic phase was
dried over MgSO4, and the solvent was removed by rotary evaporation, producing aldehyde S87 (0.441
g crude, 99% yield, Rf = 0.50 in 2:1 hexanes/EtOAc) as a colorless oil.
To a solution of aldehyde S87 (0.441 g, assumed 3.00 mmol) in Et2O (15.0 mL, 0.2 M) cooled
to -78 °C was added EtMgBr (1.33 mL, 3.0 M in diethyl ether, 4.00 mmol) dropwise. The reaction
mixture was stirred at -78 °C for 10 min, then was warmed to 23 °C and quenched with H2O (20 mL).
The mixture was diluted with 1 N HCl (20 mL) and the solution was extracted with Et2O (2 x 20 mL).
The combined organic phases were dried over MgSO4, and the solvent was removed by rotary
evaporation. The resulting oil was purified by flash chromatography (2:1 hexanes/EtOAc eluent),
producing alkyne S88 (0.281 g, Rf = 0.42 in 2:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300
MHz, CDCl3) δ 3.98-3.90 (m, 1H), 3.59-3.47 (m, 1H), 3.41 (s, 3H), 2.44 (d, J = 1.9 Hz, 1H), 1.81-1.59
(comp m, 3H), 1.57-1.37 (comp m, 6H), 0.94 (t, J = 7.4 Hz, 3H).
NHBoc
NHBoc
I

S88, PdCl2(PPh3)2 (5 mol %)
CuI (10 mol %)
Et

Et3N, 23 °C
92% yield
OMe

S84

OH

S15

A solution of N-Boc-aniline2 S84 (0.421 g, 1.32 mmol) and alkyne S88 (0.281 g, 1.65 mmol) in
Et3N (5.00 mL, 0.33 M) was degassed with argon via bubbling for 15 min. CuI (25.1 mg, 0.132 mmol)
was added followed by PdCl2(PPh3)2 (46.3 mg, 0.0660 mmol) and the mixture was stirred at 23 °C for
16 h. Upon completion, the reaction mixture was filtered through a SiO2 plug (0.5 x 3.0 cm), washing
with EtOAc (10 mL). The filtrate was concentrated under reduced pressure, and the resulting residue
was purified by flash chromatography (2:1 hexanes/EtOAc eluent), producing N-Boc-aniline S15
(0.439 g, 92% yield, Rf = 0.43 in 2:1 hexanes/EtOAc) as a pale brown oil.
N-Boc-aniline S15: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 8.09
(d, J = 8.4 Hz, 1H), 7.37 (dd, J = 7.6, 1.6 Hz, 1H), 7.32-7.28 (m, 1H), 7.24 (br s, 1H), 6.95 (td, J = 7.6,
1.2 Hz, 1H), 4.26 (td, J = 6.4, 1.2 Hz, 1H), 3.60-3.54 (m, 1H), 3.50 (s, 3H), 1.92-1.81 (m, 2H), 1.751.65 (m, 1H), 1.63-1.40 (comp m, 5H) 1.53 (s, 9H), 1.33-1.24 (m, 1H), 0.95 (t, J = 7.6 Hz, 3H); 13C
NMR (100 MHz, CDCl3) δ 139.8, 131.9, 129.9, 122.2, 117.8, 110.8, 95.1, 81.6, 80.0, 73.2, 73.1, 71.9,
56.80, 56.79, 36.66, 36.65, 35.8, 35.7, 30.40, 30.37, 28.5, 21.7, 10.1; IR (film) 3403, 2932, 1734, 1517,
1448, 1155 cm-1; LRMS (ESI+) m/z calc’d for (M + Na)+ [C21H31NO4 + Na]+: 384.2, found 383.9.
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n-BuLi, THF, -78 °C
then
O
S89
Me

TMS

TMS

Cl

-78 to 23 °C, 65% yield

O

S36

Me

TMS
DIBAL, THF
-40 to -20 °C

HO
Me

S90

S91

S22
O

TMS

TsOH•H2O

K2CO3, MeOH, 23 °C

THPO
DCM, 0 to 23 °C

Me

S92

88% yield, 3 steps

THPO
Me

S93

To a solution of trimethylsilylacetylene (S36, 5.64 mL, 40.0 mmol) in THF (200 mL, 0.2 M)
cooled to -78 °C under argon was added n-BuLi (16.0 mL, 40.0 mmol), and the resulting solution was
stirred for 30 min. Chloroacetone (S89, 3.29 mL, 40.0 mmol) was added and the reaction mixture was
warmed to 23 °C and stirred for 28 h. The solvent was removed by rotary evaporation and the
resulting residue was purified by flash chromatography (9:1 hexanes/EtOAc eluent), producing
epoxide S90 (4.03 g, 65% yield, Rf = 0.71 in 4:1 hexanes/EtOAc) as a colorless oil.
To a solution of epoxide S90 (4.03 g, 26.1 mmol) in THF (26.1 mL, 1.0 M) cooled to -40 °C
under argon was added DIBAL (31.3 mL, 1.0 M in hexanes, 31.3 mmol). The reaction mixture was
stirred for 1 h at -40 °C. The reaction was quenched with water (25 mL) and diluted with 1 N HCl (50
mL). The mixture was extracted with Et2O (2 x 40 mL), and the combined organic layers were washed
with H2O (50 mL), then brine (50 mL), and dried over MgSO4. The solvent was removed by rotary
evaporation, producing crude alcohol S91 (4.13 g, Rf = 0.36 in 4:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S91 (4.13 g, assumed 26.1 mmol) in CH2Cl2 (52.2 mL, 0.5 M) at 0 °C
was added TsOH•H2O (49.8 mg, 0.261 mmol), followed by slow addition of 3,4-dihydro-2H-pyran
(S22, 2.31 mL, 27.4 mmol). After stirring at 0 °C for 5 min the reaction was warmed to 23 °C and
stirred for 4 h. The reaction was quenched with sat. aq. NaHCO3 (50 mL), and the phases were
separated. The aqueous phase was extracted with CH2Cl2 (50 mL), and the combined organic phases
were dried over MgSO4. The solvent was removed via rotary evaporation, producing crude acetal S92
(6.40 g crude, Rf = 0.53 in 9:1 hexanes/EtOAc) as a colorless oil.
To a solution of crude acetal S92 (6.40 g, assumed 26.1 mmol) in MeOH (174 mL, 0.15 M)
was added K2CO3 (4.32 g, 31.3 mmol) and the reaction mixture was stirred at 23 °C for 16 h. The
solution was poured into H2O (200 mL), and extracted with CH2Cl2 (3 x 40 mL). The combined
organic phases were dried over MgSO4 and the solvent was removed via rotary evaporation. The
resulting oil was purified by flash chromatography (9:1 hexanes/EtOAc eluent) to produce alkyne S93
(3.86 g, 88% yield over 3 steps, Rf = 0.46 in 9:1 hexanes/EtOAc) as a colorless oil. 1H NMR (300
MHz, CDCl3) δ 4.68-4.61 (m, 1H), 3.95-3.82 (m, 1H), 3.80-3.74 (m, 0.5H), 3.66-3.58 (m, 0.5H), 3.563.44 (comp m, 1.5H), 3.37-3.29 (m, 0.5H), 2.73 (sextet of doublets, J = 6.9, 1.9 Hz, 1H), 2.05 (t, J =
1.9 Hz, 1H), 1.90-1.46 (comp m, 6H), 1.22 (d, J = 6.9 Hz, 3H).
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OMe

a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C

OTBS

THPO
c) Me2SO4
93% yield

Me

THPO
Me

S93

S94

OMe
aq. HCl, MeOH, 23 °C
83% yield

OH
HO
Me

20

To a solution of acetal S93 (1.01 g, 6.00 mmol) in THF (18.0 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (2.40 mL, 2.50 M in hexanes, 6.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (1.30 g, 6.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.685 mL, 7.20
mmol) was added, and the reaction was stirred for 12 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
(20 mL), and the phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the
combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation and the resulting residue was purified by flash chromatography (19:1
hexanes/EtOAc eluent), producing ether S94 (2.21 g, 93% yield, Rf = 0.41 in 9:1 hexanes/EtOAc) as a
colorless oil.
To a solution of crude ether S94 (1.59 g, assumed 4.00 mmol) in MeOH (40.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 2 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (4:1 → 1:2 hexanes/EtOAc eluent) to afford
diol 20 (0.668 g, 83% yield, Rf = 0.22 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol 20: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.94 (td, J = 6.4,
2.0 Hz, 1H), 3.62 (t, J = 6.4 Hz, 2H), 3.57-3.49 (comp m, 2H), 3.36 (s, 3H), 2.73-2.64 (m, 1H), 2.27 (s,
2H), 1.77-1.63 (comp m, 2H), 1.61-1.48 (comp m, 4H), 1.16 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz,
CDCl3) δ 88.21, 88.18, 80.5, 71.4, 66.9, 62.6, 56.4, 35.4, 32.3, 29.6, 21.6, 17.2; IR (film) 3349, 2934,
1455, 1336, 1044 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C11H20O3 + H]+: 201.1, found 201.0.
a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C
THPO

OMe

TBAF, THF, 23 °C
OTBS

c) Me2SO4

98% yield, 2 steps

THPO

S95

S96
OMe
OH

THPO

OMe

aq. HCl, MeOH, 23 °C

OH

88% yield
HO

S97

S16

To a solution of acetal S9511 (0.770 g, 5.00 mmol) in THF (15.0 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (2.00 mL, 2.50 M in hexanes, 5.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (1.08 g, 5.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.618 mL, 6.50
mmol) was added, and the reaction was stirred for 12 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
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(20 mL), and the phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the
combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S96 (1.99 g, Rf = 0.67 in 4:1 hexanes/EtOAc) as
a colorless oil.
To a solution of crude ether S96 (1.99 g, assumed 5.00 mmol) in THF (5.00 mL, 1.0 M) at 23
°C was added TBAF (15.0 mL, 1.0 M in THF, 15.0 mmol) dropwise over 5 min, and the reaction
mixture was stirred for 2 h. The reaction mixture was poured into H2O (20 mL) and extracted with
Et2O (2 x 15 mL). The combined organic phases were dried over MgSO4 and the solvent was removed
by rotary evaporation.
The resulting residue was purified by flash chromatography (2:1
hexanes/EtOAc eluent), producing alcohol S97 (1.33 g, 98% yield, Rf = 0.39 in 2:1 hexanes/EtOAc) as
a colorless oil.
To a solution of alcohol S97 (0.946, 3.50 mmol) in MeOH (35.0 mL, 0.1 M) was added 10% aq.
HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 2 h. The reaction was quenched with
Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The resulting residue was
purified by flash chromatography (2:1 → 1:4 hexanes/EtOAc eluent) to afford diol S16 (0.574 g, 88%
yield, Rf = 0.12 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S16: 1H NMR (400 MHz, CDCl3) δ 3.94 (tt, J = 6.4, 2.0 Hz, 1H), 3.73-3.70 (t, J = 6.0 Hz, 2H),
3.66-3.63 (t, J = 6.0 Hz, 2H), 3.38 (s, 3H), 2.50 (td, J = 6.0, 2.0 Hz, 2H), 2.01-1.86 (br s, 2H), 1.771.66 (comp m, 2H), 1.63-1.48 (comp m, 4H); 13C NMR (100 MHz, CDCl3) δ 83.2, 80.8, 71.5, 62.7,
61.2, 56.5, 35.4, 32.4, 23.3, 21.6; IR (film) 3348, 2937, 1457, 1338, 1107, 1046 cm-1; LRMS (ESI+)
m/z calc’d for (M + H)+ [C10H18O3 + H]+: 187.1, found 187.0.
TEMPO, NaOCl
KBr, NaHCO3

OMe
OH
THPO

H2O/DCM, 0 °C

S97
OMe

OH
Ph

THPO

S99

OMe
PhLi, THF, -78 to 23 °C
O
THPO

S98
OMe

aq. HCl, MeOH, 23 °C

OH
Ph

49% yield, 3 steps
HO

S17

To a solution of alcohol S97 (0.531 g, 1.97 mmol) in CH2Cl2 (5.00 mL, 0.4 M) at 0 °C was
added TEMPO (3.07 mg, 0.0197 mmol). A solution of KBr (0.257 g, 2.16 mmol) in 5% aq. NaHCO3
(10.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (1.47 mL, 13% aq., 3.10 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (10 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 10 mL), and the combined organic
phases were washed with H2O (20 mL) and brine (20 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S98 (0.462 g crude, Rf = 0.67
in 1:1 hexanes/EtOAc) as a colorless oil.
To a solution of crude aldehyde S98 (0.462 g, 1.72 mmol) in THF (8.60 mL, 0.2 M) cooled to 78 °C was added PhLi (1.00 mL, 1.8 M in dibutyl ether, 1.80 mmol) dropwise. The reaction mixture
was stirred at -78 °C for 10 min, then was warmed to 23 °C and quenched with H2O (10 mL). The
solution was extracted with Et2O (2 x 10 mL), and the combined organic layers were dried over
MgSO4. The solvent was removed by rotary evaporation, producing alcohol S99 (0.637 g crude, Rf =
0.60 in 1:1 hexanes/EtOAc) as a brown oil.
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To a solution of crude alcohol S99 (0.637 g, assumed 1.72 mmol) in MeOH (17.2 mL, 0.1 M)
was added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 1 h. The reaction
was quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (2:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S17 (0.251 g, 49% yield over 3 steps, Rf = 0.35 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S17: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 7.34 (comp m,
3H), 7.29-7.25 (comp m, 2H), 4.68 (t, J = 6.4 Hz, 1H), 3.94-3.90 (m, 1H), 3.73-3.66 (comp m, 2H),
3.36 (s, 3H), 2.50-2.45 (comp m, 2H), 2.14-1.96 (comp m, 2H), 1.87-1.79 (m, 1H), 1.78-1.66 (comp m,
3H), 1.64-1.54 (m, 1H), 1.53-1.41 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 144.90, 144.85, 128.6,
127.7, 126.00, 125.97, 83.3, 83.2, 80.9, 80.8, 74.5, 71.5, 71.4, 61.2, 56.5, 38.8, 35.54, 35.46, 23.29,
23.26, 21.81, 21.75; IR (film) 3368, 2937, 1453, 1337, 1103, 1048, 701 cm-1; LRMS (ESI+) m/z calc’d
for (M + Na)+ [C16H22O3 + Na]+: 285.2, found 285.0.
OTHP
Me

a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C

OMe
OTHP

c) Me2SO4

OTBS

Me

S100

S101
OMe

aq. HCl, MeOH, 23 °C
52% yield, 2 steps

OH

OH

Me

S18

To a solution of acetal S10012 (0.364 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.800 mL, 2.50 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (0.432 g, 2.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL, 2.60
mmol) was added, and the reaction was stirred for 18 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
(20 mL), and the phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the
combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S101 (0.939 g, Rf = 0.78 in 4:1 hexanes/EtOAc)
as a colorless oil.
To a solution of crude ether S101 (0.939 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M)
was added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 5 h. The reaction
was quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (2:1 → 1:2 hexanes/EtOAc eluent) to afford
diol S18 (0.224 g, 52% yield over 2 steps, Rf = 0.24 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol S18: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.95 (td, J = 6.4,
1.2 Hz, 1H), 3.70-3.63 (comp m, 3H), 3.38 (s, 3H), 2.50-2.44 (m, 1H), 2.39-2.33 (m, 1H), 1.89-1.84
(comp m, 2H), 1.77-1.65 (comp m, 2H), 1.63-1.49 (comp m, 5H), 1.47-1.29 (m, 1H), 0.98-0.94 (t, J =
7.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 82.88, 82.86, 81.4, 71.6, 71.5, 62.7, 56.5, 37.4, 37.1, 35.5,
32.7, 32.4, 29.3, 28.0, 27.3, 22.9, 22.0, 21.6, 14.2, 10.1; IR (film) 3358, 2933, 2237, 1461, 1332, 1107,
978 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C12H22O3 + H]+: 215.2, found 215.0.
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OH

S50

NaH, THF, 0 to 23 °C
then TBSCl
98% yield

HO

TEMPO, NaOCl
KBr, NaHCO3

OTBS

H2O/DCM, 0 °C
79% yield

HO

S102

S103

OTBS
O

S104

To a solution of 1,5-cyclooctanediol (S102, 2.16 g, 15.0 mmol) in THF (75.0 mL, 0.2 M) at 0
°C was added NaH (0.360 g, 15.0 mmol, washed with hexanes to remove mineral oil). The reaction
mixture was stirred at 0 °C for 30 min, then warmed to 23 °C and stirred for 2 h. TBSCl (2.26 g, 15.0
mmol) was then added and the solution was stirred at ambient temperature for 18 h. The reaction
mixture was poured into water (100 mL) and extracted with Et2O (2 x 75 mL). The combined organic
phases were dried over MgSO4, and the solvent was removed by rotary evaporation, producing alcohol
103 (3.83 g, 98% yield, Rf = 0.27 in 4:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S103 (2.58 g, 10.0 mmol) in CH2Cl2 (25.0 mL, 0.4 M) at 0 °C was
added TEMPO (15.6 mg, 0.100 mmol). A solution of KBr (1.30 g, 11.0 mmol) in 5% aq. NaHCO3
(50.0 mL, 0.2 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (6.82 mL, 10% aq., 11.0 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (20 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 20 mL), and the combined organic
phases were washed with H2O (30 mL) and brine (30 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation. The resulting oil was purified by flash
chromatography (9:1 hexanes/EtOAc eluent), producing ketone S10413 (2.02 g, 79% yield, Rf = 0.55 in
4:1 hexanes/EtOAc) as a colorless oil.
a) n-BuLi, THF, -78 °C
b) S104, -78 to 23 °C
THPO

OTBS

c) Me2SO4

THPO

S95

S105

MeO

aq. HCl, MeOH, 23 °C
60% yield, 2 steps

MeO

OH
HO

27

To a solution of acetal S9511 (0.308 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.800 mL, 2.50 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Ketone S104 (0.512 g, 2.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL, 2.60
mmol) was added, and the reaction was stirred for 18 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
(20 mL), and the phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the
combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation, producing crude ether S105 (0.882 g, Rf = 0.71 in 4:1 hexanes/EtOAc)
as a colorless oil.
To a solution of ether S105 (0.882 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M) was
added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 5 h. The reaction was
quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (2:1 → 1:2 hexanes/EtOAc eluent) to afford
diol 27 (0.273 g, 60% yield over 2 steps, Rf = 0.15 in 1:2 hexanes/EtOAc) as a colorless oil.

Supporting Information: Allegretti and Ferreira

S51

Diol 27: Characterized as a mixture of diastereomers. 1H NMR (400 MHz, CDCl3) δ 3.88-3.79 (m, 1H),
3.72 (t, J = 6.4 Hz, 0.33H), 3.70 (t, J = 6.4 Hz, 0.66H), 3.30 (s, 2H), 3.28 (s, 1H), 2.51 (t, J = 6.4 Hz,
0.7H), 2.50 (t, J = 6.4 Hz, 1.3H), 1.96-1.86 (comp m, 6H), 1.85-1.77 (comp m, 2H), 1.75-1.58 (comp
m, 3H), 1.56-1.47 (comp m, 4H); 13C NMR (100 MHz, CDCl3) δ 84.4, 83.3, 82.8, 81.9, 71.5, 71.3,
61.37, 61.35, 51.1, 50.9, 37.8, 37.6, 35.8, 35.4, 23.2, 18.90, 18.85; IR (film) 3359, 2934, 1446, 1051,
959 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C13H22O3 + H]+: 227.2, found 227.0.
+
Ph3P

Me I
Me

OTBS

O

S106

n-BuLi, 0 to 23 °C, THF
87% yield

Me

OTBS

aq. HCl, MeOH, 23 °C
90% yield

Me

S34

S107

Me

OH

(COCl)2, DMSO
Et3N, DCM, -78 °C
87% yield

Me

S108

O

Me
Me

S109

To a solution of isopropyltriphenylphosphonium iodide (S106, 16.2 g, 37.5 mmol) in THF (150
mL, 0.25 M) at 0 °C under argon was added n-BuLi (15.0 mL, 2.50 M in hexanes, 37.5 mmol), and the
resulting solution was stirred for 30 min at 0 °C. Aldehyde S34 (5.46 g, 23.7 mmol) in THF (10.0 mL)
was added rapidly and the resulting mixture was stirred at 0 °C for 30 min, then warmed to 23 °C and
stirred for 1 h. The reaction was quenched with H2O (50 mL) and sat. aq. NH4Cl (50 mL). The
resulting mixture was extracted with hexanes (2 x 100 mL). The combined organic phases were dried
over MgSO4 and filtered. The solvent was removed via rotary evaporation and the recovered residue
was purified by flash chromatography (19:1 hexanes/EtOAc eluent), producing alkene S107 (5.28 g,
87% yield, Rf = 0.47 in 19:1 hexanes/EtOAc) as a colorless oil.
To a solution of alkene S107 (5.28 g, 20.6 mmol) in MeOH (103 mL, 0.2 M) was added 10%
aq. HCl (0.500 mL), and the reaction was stirred at 23 °C for 30 min. The reaction was quenched with
Et3N (0.500 mL), and the solvent was removed via rotary evaporation. The resulting residue was
purified by flash chromatography (5:1 hexanes/EtOAc eluent) to afford alcohol S108 (2.63 g, 90%
yield, Rf = 0.33 in 4:1 hexanes/EtOAc) as a colorless oil.
To a solution of oxalyl chloride (1.33 mL, 15.7 mmol) in CH2Cl2 (65.0 mL, 0.24 M) at -78 °C
under argon was added DMSO (2.23 mL, 31.4 mmol) dropwise, and the resulting solution was stirred
at -78 °C for 15 min. Alcohol S108 (1.86 g, 13.1 mmol) in CH2Cl2 (10 mL) was added and the
resulting solution was stirred at -78 °C for 30 min. Et3N (9.13 mL, 65.5 mmol) was then added and the
solution was stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 30 min. The reaction
was quenched with H2O (100 mL) and the phases were separated. The aqueous phase was extracted
with CH2Cl2 (50 mL), and the combined organic layers were washed with H2O (100 mL), then brine
(100 mL), and dried over MgSO4. The solvent was removed via rotary evaporation and the recovered
residue was purified by flash chromatography (19:1 hexanes/EtOAc eluent), producing aldehyde
S10914 (1.60 g, 87% yield, Rf = 0.66 in 4:1 hexanes/EtOAc) as an amber oil.
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THPO

Me

c) Me2SO4

Me Me

Me

OMe

a) n-BuLi, THF, -78 °C
b) S109, -78 to 23 °C
THPO
Me Me

S23

S110
Me

OMe
aq. HCl, MeOH, 23 °C

Me

58% yield, 2 steps

HO
Me Me

35

To a solution of acetal S23 (0.364 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.800 mL, 2.50 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S109 (0.280 g, 2.00 mmol) was then added, and the reaction
was stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL,
2.60 mmol) was added, and the reaction was stirred at 23 °C for 15 h. The reaction was quenched with
10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O (10 mL), and the
phases were separated. The aqueous phase was extracted with Et2O (10 mL), and the combined
organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was removed via
rotary evaporation, producing crude ether S110 (0.684 g, Rf = 0.82 in 4:1 hexanes/EtOAc) as an amber
oil.
To a solution of crude ether S110 (0.684 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M)
was added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 2 h. The reaction
was quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (9:1 hexanes/EtOAc eluent) to afford alcohol
35 (0.295 g, 58% yield over 2 steps, Rf = 0.33 in 4:1 hexanes/EtOAc) as a colorless oil.
Alcohol 35: 1H NMR (400 MHz, CDCl3) δ 5.10 (tt, J = 6.8, 1.2 Hz, 1H), 3.93 (t, J = 6.4 Hz, 1H), 3.40
(d, J = 6.8 Hz, 2H), 3.37 (s, 3H), 1.98 (q, J = 7.2 Hz, 2H), 1.77 (t, J = 6.8 Hz, 1H), 1.73-1.62 (comp m,
2H), 1.68 (s, 3H), 1.59 (s, 3H), 1.46-1.30 (comp m, 4H), 1.21 (s, 6H); 13C NMR (100 MHz, CDCl3) δ
131.6, 124.7, 91.0, 80.7, 71.8, 71.5, 56.3, 35.9, 34.5, 29.7, 28.0, 25.9, 25.7, 25.1, 17.8; IR (film) 3444,
2931, 1459, 1337, 1106, 1057 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+ [C16H28O2 + H]+: 253.2,
found 253.1.
HO

OH

NaH, THF, 0 to 23 °C
then TBSCl

HO

THF
90% yield

S111

OTBS

S112

TEMPO, NaOCl
KBr, NaHCO3
H2O/DCM, 0 °C
92% yield

OTBS

O

S113

To a solution of 1,7-heptanediol (S111, 1.98 g, 15.0 mmol) in THF (45.0 mL, 0.33 M) at 0 °C was
added NaH (0.600 g, 60% dispersion in mineral oil, 15.0 mmol). The reaction mixture was stirred at 0
°C for 30 min, then warmed to 23 °C and stirred for 1 h. TBSCl (2.26 g, 15.0 mmol) was then added
and the solution was stirred at ambient temperature for 10 h. The reaction mixture was poured into
water (100 mL) and extracted with Et2O (2 x 50 mL). The combined organic phases were dried over
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MgSO4, and the solvent was removed by rotary evaporation, producing alcohol S112 (3.33 g, 90%
yield, Rf = 0.36 in 4:1 hexanes/EtOAc) as a colorless oil.
To a solution of alcohol S112 (0.738 g, 3.00 mmol) in CH2Cl2 (6.00 mL, 0.5 M) at 0 °C was
added TEMPO (4.7 mg, 0.0300 mmol). A solution of KBr (0.393 g, 3.30 mmol) in 5% aq. NaHCO3
(12.0 mL, 0.25 M) was then added to the organic phase, and the mixture was stirred vigorously at 0 °C.
NaOCl (1.95 mL, 10% aq., 3.15 mmol) was added dropwise, and the reaction mixture was stirred for
15 min. Upon completion, a saturated solution of Na2S2O3 (5 mL) was added, and the mixture was
stirred for 5 min. The mixture was extracted with CH2Cl2 (2 x 10 mL), and the combined organic
phases were washed with H2O (10 mL) and brine (10 mL). The organic phase was dried over MgSO4,
and the solvent was removed by rotary evaporation, producing aldehyde S11315 (3.98 g, 99% yield, Rf
= 0.64 in 4:1 hexanes/EtOAc) as a colorless oil.
OMe

a) n-BuLi, THF, -78 °C
b) S113, -78 to 23 °C
THPO
Me Me

c) Me2SO4

OTBS
THPO
Me Me

S23

S114

OMe
aq. HCl, MeOH, 23 °C
63% yield, 2 steps

OH
HO
Me Me

29

To a solution of acetal S23 (0.364 g, 2.00 mmol) in THF (6.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.800 mL, 2.50 M in hexanes, 2.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S113 (0.488 g, 2.00 mmol) was then added, and the reaction
was stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.247 mL,
2.60 mmol) was added, and the reaction was stirred at 23 °C for 18 h. The reaction was quenched with
10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O (10 mL), and the
phases were separated. The aqueous phase was extracted with Et2O (10 mL), and the combined
organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was removed via
rotary evaporation, producing crude ether S114 (0.939 g, Rf = 0.71 in 4:1 hexanes/EtOAc) as an amber
oil.
To a solution of crude ether S114 (0.939 g, assumed 2.00 mmol) in MeOH (20.0 mL, 0.1 M)
was added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 2 h. The reaction
was quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (9:1 hexanes/EtOAc eluent) to afford diol 29
(0.305 g, 63% yield over 2 steps, Rf = 0.30 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol 29: 1H NMR (400 MHz, CDCl3) δ 3.93 (t, J = 6.4 Hz, 1H), 3.63 (t, J = 6.8 Hz, 2H), 3.39 (s, 2H),
3.36 (s, 3H), 1.71-1.61 (comp m, 4H), 1.60-1.53 (comp m, 2H), 1.47-1.40 (comp m, 2H), 1.39-1.32
(comp m, 4H), 1.21 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 91.1, 80.6, 71.7, 71.4, 63.1, 56.3, 35.8,
34.4, 32.7, 29.2, 25.72, 25.65, 25.3; IR (film) 3337, 2932, 2251, 1721, 1053, 905 cm-1; LRMS (ESI+)
m/z calc’d for (M + Na)+ [C14H26O3 + Na]+: 265.2, found 265.1.

Supporting Information: Allegretti and Ferreira

S54

1a) n-BuLi, THF, -78 °C
b) S34, -78 to 23 °C
c) Me2SO4

THPO
Me Me

OMe
OH

2. TBAF, THF, 23 °C
67% yield, 2 steps

THPO
Me Me

S23

S115

To a solution of acetal S23 (0.662 g, 3.63 mmol) in THF (12.1 mL, 0.30 M) at -78 °C under
argon was added n-BuLi (1.45 mL, 2.50 M in hexanes, 3.63 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S34 (0.837 g, 3.63 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.449 mL, 4.71
mmol) was added, and the reaction was stirred for 16 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (15 mL) and stirred for 15 min. The mixture was diluted with Et2O
(30 mL), and the phases were separated. The aqueous phase was extracted with Et2O (15 mL), and the
combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation producing crude ether S115 (1.58 g, Rf = 0.69 in 4:1 hexanes/EtOAc)
as a colorless oil. The crude residue (1.58 g, assumed 3.63 mmol) was dissolved in THF (3.63 mL, 1.0
M) and stirred at 23 °C. TBAF (9.07 mL, 1.0 M in THF, 9.07 mmol) was added dropwise over 2 min,
and the reaction mixture was stirred for 2 h. The reaction mixture was poured into H2O (20 mL) and
extracted with Et2O (2 x 15 mL). The combined organic phases were dried over MgSO4 and the
solvent was removed by rotary evaporation. The resulting residue was purified by flash
chromatography (2:1 hexanes/EtOAc eluent), producing alcohol S115 (0.759 g, 67% yield over 2 steps,
Rf = 0.20 in 2:1 hexanes/EtOAc) as a colorless oil.
OMe

OMe
OH

MsCl, Et3N, DCM
0 to 23 °C

THPO

OMs
THPO

Me Me

Me Me

S115

S116
OMe

NaN3, DMF, 80 °C

N3

PPh3, H2O, THF
then Boc2O
60% yield, 3 steps

THPO
Me Me

S117
OMe

OMe
NHBoc

aq. HCl, MeOH, 23 °C
91% yield

HO
Me Me

NHBoc
HO
Me Me

S118

31

To a solution of alcohol S115 (0.669 g, 2.14 mmol) in CH2Cl2 (6.50 mL, 0.33 M) at 0 °C was
added Et3N (0.595 mL, 4.28 mmol). Methanesulfonyl chloride (0.214 mL, 2.79 mmol) was added
dropwise and the reaction was warmed to 23 °C and stirred for 10 min. The resulting solution was
diluted with H2O (15 mL) and Et2O (30 mL). The phases were separated and the aqueous phase was
extracted with Et2O (10 mL). The combined organic phases were washed sequentially with 1 N aq.
HCl (15 mL), sat. aq. NaHCO3 (15 mL), H2O (15 mL) and brine (15 mL), and then dried over MgSO4.
The solvent was removed via rotary evaporation, producing crude mesylate S116 (0.773 g, Rf = 0.70 in
1:1 hexanes/EtOAc) as a colorless oil.
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To a solution of crude mesylate S116 (0.773 g, assumed 2.14 mmol) in DMF (3.60 mL, 0.60
M) was added NaN3 (0.209 g, 3.21 mmol) and the mixture was heated to 80 °C for 1 h. The solution
was cooled to 23 °C and poured into EtOAc (30 mL). The organic phase was washed sequentially
with 10% aq. LiCl (20 mL), H2O (20 mL), and brine (20 mL), and then dried over MgSO4. The
solvent was removed via rotary evaporation, producing crude azide S117 (0.605 g, Rf = 0.64 in 4:1
hexanes/EtOAc) as a pale amber oil.
To a solution of azide S117 (0.605 g, assumed 2.14 mmol) in THF was added PPh3 (1.40 g,
5.30 mmol) followed by H2O (0.250 mL) and the reaction was stirred at 23 °C for 3 h. Boc2O (0.700 g,
0.321 mmol) was then added and the reaction was stirred at 23 °C for 6 h. The solvent was removed
by rotary evaporation and the crude residue was purified by flash chromatography (9:1 hexanes/EtOAc
eluent), producing carbamate S118 (0.528 g, 60% yield over 3 steps, Rf = 0.42 in 4:1 hexanes/EtOAc)
as a colorless oil.
To a solution of carbamate S118 (0.528 g, 1.28 mmol) in MeOH (12.8 mL, 0.1 M) was added
10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 2 h. The reaction was quenched
with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The resulting residue
was purified by flash chromatography (4:1 hexanes/EtOAc eluent) to afford alcohol 31 (0.381 g, 91%
yield, Rf = 0.63 in 1:1 hexanes/EtOAc) as a colorless oil.
Alcohol 31: 1H NMR (400 MHz, CDCl3) δ 3.92 (t, J = 6.4 Hz, 1H), 3.40 (d, J = 6.8 Hz, 2H), 3.36 (s,
3H), 3.10 (q, J = 6.4 Hz, 2H), 1.93 (t, J = 6.8 Hz, 1H), 1.72-1.59 (comp m, 3H), 1.51-1.40 (comp m,
12H), 1.37-1.31 (comp m, 2H), 1.21 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 156.1, 91.2, 80.4, 71.7,
71.3, 56.3, 40.6, 35.8, 34.4, 30.1, 28.6, 26.6, 25.68, 25.66, 25.0; IR (film) 3352, 2931, 1687, 1522,
1365, 1167 cm-1; LRMS (ESI+) m/z calc’d for (M + Na)+ [C18H33NO4 + Na]+: 350.2, found 350.4.
a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C
THPO

c) Me2SO4

OMe
OTBS

THPO

S119

S120
OMe

aq. HCl, MeOH, 23 °C
46% yield, 2 steps

OH

HO

33

To a solution of acetal S119 (0.504 g, 3.00 mmol) in THF (9.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (1.20 mL, 2.50 M in hexanes, 3.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (0.512 g, 2.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.371 mL, 3.90
mmol) was added, and the reaction was stirred for 15 h at room temperature. The reaction was
quenched with 10% aq. NH4OH (10 mL) and stirred for 15 min. The mixture was diluted with Et2O
(20 mL), and the phases were separated. The aqueous phase was extracted with Et2O (20 mL), and the
combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent was
removed via rotary evaporation and the resulting residue was purified by flash chromatography (9:1
hexanes/EtOAc eluent) to afford ether S120 (0.931 g, 78% yield, Rf = 0.63 in 4:1 hexanes/EtOAc) as a
colorless oil.
To a solution of ether S120 (0.931 g, 2.34 mmol) in MeOH (23.4 mL, 0.1 M) was added 10%
aq. HCl (approx. 75 µL), and the reaction was stirred at 23 °C for 5 h. The reaction was quenched with
Et3N (approx. 75 µL), and the solvent was removed via rotary evaporation. The resulting residue was

Supporting Information: Allegretti and Ferreira

S56

purified by flash chromatography (2:1 → 1:5 hexanes/EtOAc eluent) to afford diol 33 (0.276 g, 59%
yield, Rf = 0.18 in 1:2 hexanes/EtOAc) as a colorless oil.
Diol 33: 1H NMR (400 MHz, CDCl3) δ 3.99 (tt, J = 8.4, 2.8 Hz, 1H), 3.53-3.47 (comp m, 2H), 3.43 (s,
3H), 3.42-3.35 (comp m, 2H), 2.24 (td, J = 9.2, 2.4 Hz, 2H), 1.91-1.83 (comp m, 2H), 1.70-1.53 (comp
m, 4H), 1.50-1.40 (comp m, 2H), 1.04-0.94 (m, 1H), 0.84-0.76 (m, 1H); 13C NMR (100 MHz, CDCl3)
δ 85.9, 79.5, 71.5, 62.7, 61.6, 56.4, 35.6, 32.4, 31.4, 21.6, 15.4; IR (film) 3340, 2935, 2231, 1433, 1136,
1056 cm-1; LRMS (ESI+) m/z calc’d for (M + Na)+ [C11H20O3 + Na]+: 223.1, found 223.3.
a) n-BuLi, THF, -78 °C
b) S30, -78 to 23 °C
Ph

OMe
OTBS

c) Me2SO4

Ph

S121

OMe

aq. HCl, MeOH, 23 °C

OH

80% yield, 2 steps
Ph

S122

i

To a solution of phenylacetylene (S121, 0.109 mL, 1.00 mmol) in THF (3.00 mL, 0.33 M) at 78 °C under argon was added n-BuLi (0.400 mL, 2.50 M in hexanes, 1.00 mmol), and the resulting
solution was stirred for 30 min at -78 °C. Aldehyde S30 (0.216 g, 1.00 mmol) was then added, and the
reaction was stirred at -78 °C for 10 min, then warmed to 23 °C and stirred for 15 min. Me2SO4 (0.114
mL, 1.20 mmol) was added, and the reaction was stirred for 15 h at room temperature. The reaction
was quenched with 10% aq. NH4OH (5 mL) and stirred for 15 min. The mixture was diluted with
Et2O (10 mL), and the phases were separated. The aqueous phase was extracted with Et2O (10 mL),
and the combined organic phases were washed with brine (20 mL) and dried over MgSO4. The solvent
was removed via rotary evaporation, producing crude ether S122 (0.348 g, Rf = 0.82 in 4:1
hexanes/EtOAc) as a colorless oil.
To a solution of crude ether S122 (0.173 g, assumed 1.00 mmol) in MeOH (10.0 mL, 0.1 M)
was added 10% aq. HCl (approx. 50 µL), and the reaction was stirred at 23 °C for 1 h. The reaction
was quenched with Et3N (approx. 50 µL), and the solvent was removed via rotary evaporation. The
resulting residue was purified by flash chromatography (2:1 hexanes/EtOAc eluent) to afford alcohol i
(0.174 g, 80% yield over 2 steps, Rf = 0.58 in 1:1 hexanes/EtOAc) as a colorless oil.
Alcohol i: 1H NMR (400 MHz, CDCl3) δ 7.46-7.43 (comp m, 2H), 7.33-7.29 (comp m, 3H), 4.18 (t, J
= 6.4 Hz, 1H), 3.68 (t, J = 6.0 Hz, 2H), 3.47 (s, 3H), 1.87-1.80 (comp m, 2H), 1.67-1.56 (comp m, 5H);
13
C NMR (100 MHz, CDCl3) δ 131.9, 128.5, 128.4, 122.9, 88.0, 86.1, 71.8, 62.9, 56.7, 35.5, 32.6,
21.7; IR (film) 3376, 2935, 1489, 1337, 1071, 756 cm-1; LRMS (ESI+) m/z calc’d for (M + H)+
[C14H18O2 + H]+: 219.1, found 219.0.
OH

1. n-BuLi, THF, -78 °C
then S30, -78 to 23 °C

OH

THPO
Me Me

S23

2. aq. HCl, MeOH, 23 °C
54% yield, 2 steps

HO
Me Me

S19

To a solution of acetal S23 (0.182 g, 1.00 mmol) in THF (3.00 mL, 0.33 M) at -78 °C under
argon was added n-BuLi (0.431 mL, 2.32 M in hexanes, 1.00 mmol), and the resulting solution was
stirred for 30 min at -78 °C. Aldehyde S30 (0.216 g, 1.00 mmol) was then added, and the reaction was
stirred at -78 °C for 10 min, then warmed to room temperature and stirred for 15 min. The reaction
was quenched with H2O (5 mL), diluted with Et2O (5 mL), and the phases were separated. The
aqueous phase was extracted with Et2O (5 mL), and the combined organic phases were washed with
brine (10 mL) and dried over MgSO4. The solvent was removed via rotary evaporation and the
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recovered residue was dissolved in MeOH (10.0 mL, 0.1 M). 10% aq. HCl (approx. 50 µL) was added,
and the reaction was stirred at 23 °C for 7 h. The reaction was quenched with Et3N (approx 50 µL),
and the solvent was removed via rotary evaporation. The resulting residue was purified by flash
chromatography (1:1 → 0:1 hexanes/EtOAc eluent) to afford triol S19 (0.108 g, 54% yield over 2 steps,
Rf = 0.10 in 1:4 hexanes/EtOAc) as a colorless oil.
Triol S19: 1H NMR (400 MHz, CDCl3) δ 4.38 (t, J = 6.4 Hz, 1H), 3.65 (app t, J = 6.0 Hz, 3H), 3.39 (s,
2H), 1.73-1.66 (comp m, 2H), 1.63-1.55 (comp m, 3H), 1.54-1.42 (comp m, 3H), 1.18 (s, 6H); 13C
NMR (100 MHz, CDCl3) δ 90.3, 82.4, 71.7, 62.5, 62.2, 37.5, 34.2, 32.1, 25.7, 25.6, 21.4; IR (film)
3332, 2937, 1657, 1480, 1056 cm-1; LRMS (ESI+) m/z calc’d for (M - OH)+ [C11H20O3 - OH]+: 183.1,
found 183.2.
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