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General Methods. All non-aqueous reactions were carried out in oven- or flame-dried glassware 

under an argon atmosphere. All chemicals were purchased from commercial vendors and used as 

is, unless otherwise specified. Anhydrous tetrahydrofuran (THF) and dichloromethane (CH2Cl2) 

were obtained from a solvent purification system. Reactions were magnetically stirred and 

monitored by thin layer chromatography (TLC) with 250 µm precoated silica gel plates.  

Preparative TLC was performed with 500 µm precoated silica gel plates. Flash column 

chromatography was performed using silica gel (230-400 mesh). Chemical shifts are reported 

relative to chloroform (δ 7.24), acetonitrile (δ 1.93) , toluene (δ 7.00) and methylene chloride (δ 

5.32) for 1H NMR and chloroform (δ 77.0), acetonitrile (δ 1.3),  toluene (δ 20.4) and methylene 

chloride (δ 54.0) ) for 13C NMR.  
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Synthesis of TBS Ether 17b. To a solution of alcohol 16 (507 mg, 1.82 mmol) and 

imidazole (247 mg, 3.63 mmol) in DMF (5 mL) was added TBSCl (329 mg, 2.18 mmol) in a 

single portion. The reaction mixture was stirred at rt for 3 h and then diluted with EtOAc (150 

mL). The solution was washed with water (3×30 mL) and brine (30 mL), dried over Na2SO4 and 

concentrated in vacuo. The residue was purified by flash column chromatography (1:10 

EtOAc:hexanes) to give the TBS ether 17b (714 mg, 100%). 1H NMR (400 MHz, CDCl3) δ 7.73 

(d, J = 7.6 Hz, 1H), 7.56 (d, J = 7.2 Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H), 4.68 (s, 2H), 0.98 (s, 9H), 

0.17 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 154.8, 146.9, 130.5, 129.3, 123.5, 87.4, 70.7, 26.4, 

18.8, -4.9; LRMS-ES (m/z): [ ]2M NO + H +−  calcd for C13H21IOSi, 348.0; found, 348.1.    

 Synthesis of Aniline 18b. To a solution of the nitrobenzene 17b (714 mg, 1.82 mmol) in 

EtOH (7 mL) and glacial acetic acid (7 mL) was added iron powder (507 mg, 9.08 mmol). The 

mixture was heated at 60 °C for 4 h and then cooled to rt. The mixture was diluted with water 

(150 mL) and carefully neutralized with solid Na2CO3. The resulting solution was extracted with 

EtOAc (150 mL). The organic layer was dried over Na2SO4 and concentrated in vacuo. The 

residue was purified by flash column chromatography (1:5 EtOAc:hexanes) to give the aniline 

18b (2.36 g, 95%) as a colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.16 (t, J = 7.7 Hz, 1H), 6.93 

(d, J = 7.5 Hz, 1H), 6.69 (d, J = 7.8 Hz, 1H), 4.63 (s, 2H), 4.18 (bs, 2H), 1.00 (s, 9H), 0.17 (s, 

6H). HRMS-ES (m/z): [ ]M + H +  calcd for C13H23NOSiI, 364.0594; found, 364.0612. 

 Synthesis of Amide 23b. A mixture of the acid 21 (3.72 g, 11.0 mmol) and SOCl2 (16 

mL) was refluxed for 3 h. Excess SOCl2 was removed under reduced pressure and the residue 

was diluted with CH2Cl2 (20 mL) to give a stock solution of acid chloride (0.55 M). To a stirred 

solution of the aniline 18b (2.54 g, 7.0 mmol) and (i-Pr)2NEt (4.9 mL, 28.1 mmol) in CH2Cl2 (50 

mL) was added the above solution of the acid chloride (16.5 mL, 0.55 M in CH2Cl2, 9.1 mmol) 
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dropwise at 0 °C. The reaction mixture was warmed to rt and stirred overnight. The mixture was 

diluted with CH2Cl2 (100 mL) and saturated aqueous NaHCO3 (50 mL). The organic layer was 

dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (1:1:2 EtOAc:CH2Cl2:hexanes) to give amide 23b (3.24 g, 68%). 1H NMR (400 

MHz, CDCl3) δ 8.00 (d, J = 8.1 Hz, 1H), 7.79 (d, J = 6.9 Hz, 1H), 7.71 (s, 1H), 7.55 (t, J = 7.5 

Hz, 1H), 7.43-7.33 (m, 6H), 7.29-7.20 (m, 3H), 4.53 (s, 2H), 3.71 (d, J = 6.2 Hz, 2H), 3.27, 3.07 

(ABq, J = 16.5 Hz, 2H), 2.93-2.70 (m, 4H), .0.95 (s, 9H), 0.11 (s, 6H); 13C NMR (75 MHz, 

CDCl3) δ 167.0, 148.3, 144.0, 138.2, 138.1, 137.9, 135.6, 134.3, 131.5, 130.4, 129.4, 129.3, 

129.0, 128.8, 127.7, 125.2, 124.1, 121.4, 92.4, 70.5, 61.9, 57.3, 49.2, 26.9, 26.3, 18.8, -4.9; 

HRMS-ES (m/z): [ ]M + H +  calcd for C32H39N3O4SiI, 684.1755; found, 684.1754. 

 Synthesis of Ethyl Carbamate 24b.  To a stirred solution of amide 23b (503 mg, 0.735 

mmol) in CH2Cl2 (10 mL) was added ClCO2Et (0.084 mL, 0.879 mmol) dropwise at 0 oC and 

then the temperature was gradually raised to rt. The mixture was stirred at rt overnight and 

diluted with saturated aqueous NaHCO3 (30 mL) and CH2Cl2 (80 mL). The organic layer was 

dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (1:2:2 EtOAc:CH2Cl2:hexanes) to give the carbamate protected amide 24b (464 

mg, 95%). 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 8.1 Hz, 1H), 7.76 (dd, J = 2.9, 6.5 Hz, 1H), 

7.63-7.59 (m, 2H), 7.47 (t, J = 7.7 Hz, 1H), 7.39 (d, J = 7.1 Hz, 1H), 7.25-7.20 (m, 2H), 4.52 (d, 

2H), 4.24-3.72 (m, 6H), 2.79 (m, 1H), 2.65 (m, 1H), 1.30 (br m, 3H), 0.94 (s, 9H), 0.10 (s, 6H); 

13C NMR (75 MHz, CDCl3) δ 166.4, 155.6, 148.4, 144.1, 137.7, 137.0, 134.5, 134.4, 131.5, 

130.8, 129.8, 129.0, 125.3, 124.4, 121.7, 92.8, 70.5, 62.1, 47.8, 40.3, 26.9, 26.4, 18.8, 15.1; 

HRMS-ES (m/z): [ ]M + H +  calcd for C28H37N3O6SiI, 666.1496; found, 666.1489. 
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 Synthesis of N-Methyl Amide 25b. To a stirred suspension of NaH (183 mg, 60% 

dispersion in mineral oil, 4.57 mmol) in THF (50 mL) was added a solution of amide 24b (2.76 g, 

4.15 mmol) in THF (10 mL) at 0 °C. The mixture was stirred at 0 °C for 15 min and at rt for 30 

min. To the solution was added MeI (0.31 mL, 4.98 mmol) at 0 oC and the mixture was stirred at 

rt overnight. The reaction mixture was diluted with saturated aqueous NaHCO3 (50 mL) and 

extracted with EtOAc (150 mL). The organic layer was dried over Na2SO4 and concentrated in 

vacuo. The residue was purified by flash column chromatography (1:1 EtOAc:hexanes) to give 

the N-methyl amide 25b (2.46 g, 87%). 1H NMR (300 MHz, toluene-d8, 90 °C) δ 7.84 (d, J = 8.1 

Hz, 1H), 7.46 (d, J = 7.5 Hz, 1H), 7.37 (d, J = 7.6 Hz, 1H), 7.20-7.09 (m, 2H), 7.00 (t, 7.8 Hz, 

1H), 6.65 (br s, 1H), 4.72 (s, 2H), 4.26-4.17 (m, 4H), 3.64 (br s, 2H), 2.98 (s, 3H), 2.44 (br m, 

2H), 1.19 (m, 3H), 1.06 (s, 9H), 0.18 (s, 6H); 13C NMR (75 MHz, toluene-d8, 90 °C) δ 168.5, 

155.3, 149.4, 146.1, 146.0, 134.3, 133.0, 131.9, 129.3, 128.9, 127.6, 127.1, 124.9, 101.1, 70.7, 

61.4, 47.9, 40.5, 37.6, 27.5, 26.2, 18.7, 14.9, -5.10, -5.13; HRMS-ES (m/z): [ ]M + H +  calcd for 

C29H39N3O6SiI, 680.1653; found, 680.1649. 

 Synthesis of Tetracyclic Enamide 26b.  To a solution of N-methyl amide 25b (199 mg, 

0.293 mmol) in DMA (4.0 mL) were added Pd(OAc)2 (6.6 mg, 0.029 mmol), PPh3 (23 mg, 0.088 

mmol), n-Bu4NBr (189 mg, 0.586 mmol)  and K2CO3 (81 mg, 0.586 mmol). The mixture was 

stirred at 150 °C for 30 min. The catalyst was removed by filtration and washed with EtOAc 

(200 mL). The filtrate was washed with water (4×30 mL) and brine (30 mL), dried over Na2SO4 

and concentrated in vacuo. The residue was purified by flash column chromatography (1:2 

EtOAc:hexanes) to give the Heck product 26b (142 mg, 88%). 1H NMR (300 MHz, toluene-d8, 

90 °C) δ 7.79 (s, 1H), 7.19-7.06 (m, 3H), 6.91 (d, J = 7.9 Hz, 1H), 6.76 (t, J = 7.6 Hz, 1H), 6.61 

(t, J = 7.7 Hz, 1H), 6.37 (d, J = 7.6 Hz, 1H), 4.98, 4.71 (ABq, J = 12.5 Hz, 2H), 4.32 (ddd, J = 

S5



 

3.8, 12.9, 12.9 Hz, 1H), 4.22-4.06 (m, 3H), 2.95 (s, 3H), 2.64 (ddd, J = 4.9, 13.9, 13.9 Hz, 1H), 

1.79 (ddd, J = 3.5, 3.5, 14.1 Hz, 1H), 1.17 (t, J = 7.1 Hz, 3H), 1.06 (s, 9H), 0.26 (s, 3H), 0.21 (s, 

3H); 13C NMR (75 MHz, toluene-d8, 90 °C) δ 177.9, 153.3, 150.8, 144.1, 139.0, 137.7, 132.5, 

131.4, 130.5, 129.0, 128.2, 127.1, 124.2, 123.7, 109.1, 107.1, 62.5, 62.0, 50.2, 38.5, 31.3, 26.33, 

26.28, 18.7, 14.5, -5.0, -5.1; HRMS-ES (m/z): [ ]M + H +  calcd for C29H38N3O6Si, 552.2530; 

found, 552.2500. 

 Synthesis of N-Boc Aniline 29b. To a solution of Heck product 26b (1.29 g, 2.33 mmol) 

in THF (60 mL) was added 10% Pd/C (500 mg). The mixture was stirred at rt under a H2 

atmosphere (1 atm) for 9 h. The catalyst was removed by filtration through Celite and the filtrate 

was concentrated in vacuo. The residue was purified by flash column chromatography (1:1 

EtOAc:hexanes) to give aniline  (1.16 g, 95%). To a stirred solution of the aniline (1.16 g, 2.22 

mmol) in THF (50 mL) and H2O (25 mL) were added K2CO3 (4.61 g, 33.36 mmol) and (Boc)2O 

(4.85 g, 22.22 mmol). The reaction mixture was stirred at 60 oC for 20 h and diluted with EtOAc 

(200 mL). The organic layer was washed with brine (20 mL), dried over Na2SO4 and 

concentrated in vacuo. The residue was purified by flash column chromatography (1:3 

EtOAc:hexanes) to give the N-Boc aniline 29b (1.22 g, 89%). 1H NMR (300 MHz, toluene-d8, 

90 °C) δ 8.06 (dd, J = 1.1, 8.3 Hz, 1H), 7.52 (br s, 1H), 7.35 (s, 1H), 7.17 (d, J = 7.9 Hz, 1H), 

6.98 (t, J = 7.8 Hz, 1H), 6.87 (m, 1H), 6.66 (dd, J = 1.6, 7.8 Hz, 1H), 6.48 (ddd, J = 1.2, 7.7, 7.7 

Hz, 1H), 6.14 (d, J = 7.7 Hz, 1H), 4.87 (s, 2H), 4.16-3.87 (m, 4H), 2.61 (s, 3H), 2.27 (ddd, J = 

4.5, 9.7, 15.7 Hz, 1H), 1.84 (ddd, J = 4.0, 4.0, 14.2 Hz, 1H), 1.49 (s, 9H), 1.01 (t, J = 7.1 Hz, 3H), 

0.95 (s, 9H), 0.12 (s, 3H), 0.10 (s, 3H); 13C NMR (75 MHz, toluene-d8, 90 °C) δ 179.2, 153.7, 

153.4, 144.3, 138.9, 138.4 131.7, 131.0, 128.6, 128.2, 123.4, 122.2, 122.1, 111.6, 107.5, 79.5, 
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62.3, 61.8, 51.3, 39.1, 32.2, 28.7, 26.3 26.1, 18.7, 14.6, -5.0, -5.1; HRMS-ES (m/z):  [ ]M + H +  

calcd for C34H48N3O6Si, 622.3312; found, 622.3312. 

Synthesis of Pentacyclic Aminal 30b. To a stirred solution of N-Boc aniline 29b (124 

mg, 0.199 mmol) in THF (10 mL) was added AlH3·Me2NEt (0.60 mL, 0.5 M in toluene, 0.300 

mmol) dropwise at 0 oC. After 1 h the mixture was quenched with saturated aqueous Na2SO4 (0.6 

mL) and then stirred at rt overnight. The mixture was diluted with EtOAc (50 mL), dried over 

Na2SO4 and concentrated in vacuo. The residue was purified by flash column chromatography 

(1:5 EtOAc:hexanes) to give aminal 30b (101 mg, 83%) and unreacted N-Boc aniline 29b (10 

mg, 8%). 1H NMR (300 MHz, toluene-d8, 90 °C) δ 7.27 (s, 1H), 7.12 (dd, J = 1.3, 7.8 Hz, 1H), 

7.00 (dd, J = 1.7, 7.4 Hz, 1H), 6.81 (t, J = 7.7 Hz, 1H), 6.77 (ddd, J = 1.7, 7.6, 7.6 Hz, 1H), 6.72-

6.68 (m, 2H), 6.02 (d, J = 7.7 Hz, 1H), 5.88 (s, 1H), 4.84, 4.56 (ABq, J = 12.7 Hz, 2H), 4.13-

4.01 (m, 3H), 3.22 (ddd, J = 3.4, 11.1, 13.1 Hz, 1H), 2.92 (s, 3H), 2.24 (ddd, J = 3.8, 10.7, 14.5 

Hz, 1H), 2.01 (ddd, J = 3.4, 5.0 14.3 Hz, 1H), 1.34 (s, 9H), 1.10 (t, J = 7.1 Hz, 3H), 0.96 (s, 9H), 

0.12 (s, 3H), 0.10 (s, 3H) ; 13C NMR (75 MHz, toluene-d8, 90 °C) δ 154.7, 153.6, 151.5, 139.5, 

137.3, 134.2, 129.4, 128.9, 126.8, 126.6, 125.6, 124.9, 124.3 118.2, 117.3, 104.8, 86.1, 80.9, 62.2, 

61.5, 52.1, 40.7, 35.0, 30.9, 28.4, 26.4, 18.8, 14.7, -5.0; HRMS-ES (m/z):  [ ]M + H +  calcd for 

C34H48N3O5Si, 606.3363; found, 606.3351. 

Allylation of Enamide 30b. To a stirred solution of enamide 30b (81 mg, 0.134 mmol) 

in THF (5.0 mL) was added n-BuLi (0.26 mL, 1.6 M in hexanes, 0.416 mmol) dropwise at -78 

oC. After stirring the mixture for 10 min at the same temperature, allyl iodide (0.043 ml, 0.470 

mmol) was added. The mixture was warmed gradually to rt. After 15 min at rt, the mixture was 

diluted with saturated aqueous NaHCO3 (10 mL) and EtOAc (30 mL). The organic layer was 

dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash column 
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chromatography (1:10 to 1:3 EtOAc:hexanes) to give the C-allyl product 32 (61 mg, 80%) and 

N-allyl enamine 33 (7 mg, 9%).  

C-Allyl Product 32: 1H NMR (400 MHz, CDCl3) δ 8.75 (s, 1H), 7.32 (d, J = 8.3 Hz, 1H), 

7.06-6.94 (m, 4H), 6.74 (d, J = 7.8 Hz, 1H), 6.27 (d, J = 7.7 Hz, 1H), 5.64 (m, 1H), 5.51 (s, 1H), 

5.0 (d, J = 10.0 Hz, 1H), 4.94 (d, J = 16.9 Hz, 1H), 4.34 (d, J = 13.8 Hz, 1H), 4.09-4.00 (m, 2H), 

3.55 (m, 1H), 2.99 (s, 3H), 2.70 (dd, J = 8.5, 13.1 Hz, 1H), 2.62 (dd, J = 6.5, 13.1 Hz, 1H), 2.38 

(ddd, J = 4.7, 9.8, 9.8 Hz, 1H), 1.87 (dd, J = 5.8, 13.7 Hz, 1H), 1.46 (s, 9H), 0.93 (s, 9H), 0.09 (s, 

3H), 0.03 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 165.5, 154.9, 150.9, 140.1, 137.8, 133.0, 132.7, 

128.4, 128.3, 127.8, 126.6, 124.0, 122.8, 119.5, 117.1, 106.2, 84.1, 81.8, 63.7, 54.8, 47.7, 43.1, 

41.9, 32.1, 29.0, 28.6, 26.4, 18.8, -4.77, -4.82; HRMS-ES (m/z):  [ ]M + H +  calcd for 

C34H48N3O3Si, 574.3465; found, 574.3455. 

N-Allyl Product 33. 1H NMR (400 MHz, CDCl3) δ 7.11 (br s, 1H), 7.05-6.87 (m, 4H), 

6.65 (d, J = 7.7 Hz, 1H), 6.47 (s, 1H), 6.14 (d, J = 7.7 Hz, 1H), 5.91 (m, 1H), 5.67 (br s, 1H), 

5.28 (dd, J = 1.2, 17.1 Hz, 1H), 5.22 (d, J = 10.1 Hz, 1H), 4.84, 4.57 (ABq, J = 13.8 Hz, 2H), 

3.60 (d, J = 6.1 Hz, 2H), 3.15 (ddd, J = 3.9, 3.9, 11.2 Hz, 1H), 2.93 (s, 3H), 2.90 (m, 1H), 2.25 

(m, 2H), 1.50 (s, 9H), 0.97 (s, 9H), 0.12 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 154.9, 151.1, 

138.5, 137.1, 135.5, 135.3, 135.1, 130.1, 128.2, 126.5, 125.2, 123.4, 118.3, 116.2, 108.1, 104.1, 

87.6, 81.3, 60.9, 58.9, 50.5, 46.2, 34.9, 31.1, 28.8, 26.5, 19.0, -4.8; LRMS-ES (m/z):  [ ]M + H +  

calcd for C34H48N3O3Si, 574.3; found, 574.3. 

Formation of N,O-Acetal 34 and Aldehyde 35. To a stirred solution of imine 32 (28.9 

mg, 0.050 mmol) in EtOH (3.0 mL) was added diethyl pyrocarbonate (8.9 µL, 0.060 mmol) at rt. 

After 10 min the solvent was removed under reduced pressure. The crude residue was used for 

the next step without further purification due to the instability of the compound on column 
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chromatography. For analytical purposes the two diastereomers of N,O-acetal 34 and aldehyde 

35 were isolated by preparative TLC (1:5 EtOAc:hexanes). More polar major diastereomer of 34: 

1H NMR (400 MHz, CDCl3) δ  7.11−6.94 (m, 6H), 6.35 (d, J = 7.4 Hz, 1H), 5.61 (s, 1H), 5.44 (d, 

J = 7.0 Hz, 1H), 5.48-5.31 (m, 1H), 4.94 (m, 1H), 4.83 (d, J = 19.1 Hz, 1H), 4.71 (d, J = 12.4 Hz, 

0.5H), 4.56 (d, J = 13.5 Hz, 0.5H), 4.25 (q, J = 7.2 Hz, 2H), 3.95 (d, J = 15.8 Hz, 0.5H), 3.83 (d, 

J = 13.0 Hz, 0.5H), 3.71 (d, J = 12.9 Hz, 0.5H) 3.61-3.36 (m, 3.5H), 3.05 (s, 3H), 2.76 (m, 1H), 

2.40-2.14 (m, 2H), 1.66 (m, 1H), 1.45 (s, 9H), 0.86 (s, 9H), 0.07 (d, J = 3.8 Hz, 3H), -0.56 (d, J = 

19.2 Hz, 3H); HRMS-ES [M+H]+ calcd for C39H58N3O6Si, 692.4095; found, 692.4081. Less 

polar minor diastereomer of 34: 1H NMR (400 MHz, CDCl3) δ  7.05−6.93 (m, 6H), 6.30 (dd, J = 

3.2, 5.8 Hz, 1H), 5.82 (d, J = 4.9 Hz, 1H), 5.53 (d, J = 8.7 Hz, 1H), 5.37-5.24 (m, 1H), 4.95-4.85 

(m, 2H), 4.69 (d, J = 21.3 Hz, 0.5H), 4.54 (d, J = 13.7 Hz, 0.5H), 4.28-3.95 (m, 4H), 3.36-3.21 

(m, 1H) 3.01 (s, 3H), 2.80-2.70 (m, 2H), 2.54-2.35 (m, 2H), 2.27 (ddd, J = 4.9, 13.1, 13.1 Hz, 

1H), 1.73 (t, J = 11.7 Hz, 1H), 1.45 (s, 9H), 1.32 (ddd, J = 6.9, 6.9, 13.9 Hz, 3H), 0.98 (t, J = 6.9 

Hz, 3H), 0.87 (s, 9H), 0.11 (d, J = 4.7 Hz, 3H), 0.06 (d, J = 3.5 Hz, 3H); HRMS-ES [M+H]+ 

calcd for C39H58N3O6Si, 692.4095; found, 692.4077. 

Aldehyde 35: 1H NMR (400 MHz, CDCl3) δ 10.37 (s, 1H), 7.05-6.92 (m, 4H), 6.76 (br s, 

1H), 6.56 (d, J = 7.6 Hz, 1H), 6.49 (d, J = 7.8 Hz, 1H), 5.63 (s, 1H), 5.27 (br s, 1H), 4.96-4.90 

(m, 2H), 4.76-4.59 (m, 1H), 4.39-4.18 (m, 3H), 3.49 (m, 1H), 3.08 (m, 1H), 3.02 (s, 3H), 2.69 (m, 

1H), 2.43 (m, 1H), 2.32 (ddd, J = 5.0, 13.5, 13.5 Hz, 1H), 1.82 (m, 1H), 1.45 (s, 9H), 1.33 (t, J = 

7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 196.5, 156.7, 154.8, 152.0 138.8, 136.9, 135.2, 

133.9, 130.3, 129.0, 127.5, 126.7, 125.1, 123.4, 119.4, 118.2, 110.8, 84.3, 82.0, 62.3, 59.6, 45.4, 

41.5, 39.8, 35.4, 32.4, 31.9, 28.6, 15.1;  HRMS-ES [M+H]+ calcd for C31H38N3O5, 532.2811; 

found, 532.2788. 
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Synthesis of Hydroxy N,O-Acetal 36. To a solution of the above crude N,O-acetal  34 in 

dioxane (2.0 mL) and H2O (1.0 mL) was added NMO (59 mg, 0.504 mmol) at 0 oC, followed by 

OsO4 (0.01 mL, 4 wt% in H2O). The mixture was gradually warmed to rt. The mixture was 

stirred at rt for 6 h and then diluted with saturated aqueous NaHCO3 (10 mL) and EtOAc (20 

mL). The organic layer was dried over Na2SO4 and concentrated in vacuo. The crude residue was 

dissolved in THF (2.0 mL) and H2O (1.0 mL), and NaIO4 (108 mg, 0.505 mmol) was added. The 

mixture was stirred at rt for 2 h and then diluted with saturated aqueous NaHCO3 (10 mL) and 

EtOAc (20 mL). The organic layer was dried over Na2SO4 and concentrated in vacuo. The crude 

residue was dissolved in EtOH (2.0 mL) and NaBH4 (9.5 mg, 0.251 mmol) was added aat 0 oC. 

After 10 min the mixture was quenched with saturated aqueous NH4Cl (0.5 mL) and then diluted 

with saturated aqueous NaHCO3 (10 mL) and EtOAc (20 mL). The organic layer was dried over 

Na2SO4 and concentrated in vacuo. The residue was purified by flash column chromatography 

(1:1:0.01 EtOAc:hexanes:NEt3) to give hydroxy N,O-acetal 36 (15.7 mg, 45% for 4 steps) as a 

mixture of diastereomers (2:1) and rearranged diol 37 (8.0 mg, 30%).  

N,O-Acetal 36: 1H NMR (300 MHz, benzene-d6, 65 oC, 2:1 mixture of diastereomers) δ 

7.32 (d, J = 7.8 Hz, 1H, major), 7.22 (d, J = 8.0 Hz, 1H, minor), 7.01-6.71 (m, 5H, major and 

minor), 6.22 (d, J = 7.7 Hz, 1H, major), 6.18 (d, J = 6.8 Hz, 1H, minor), 5.99 (br s, 1H, minor), 

5.80 (s, 1H, major), 5.60 (s, 1H, minor), 5.53 (s, 1H, major), 5.06 (br s, 1H, major and minor), 

4.27-3.91 (m, 4H, major and minor), 3.58-3.35 (m, 4H, major and minor), 3.04 (s, 3H, major), 

3.01 (s, 3H, minor), 2.82 (m, 1H, minor), 2.63 (m, 1H, minor), 2.29-2.19 (m, 2H, major), 2.01-

1.88 (m, 2H, major and minor), 1.56-1.49 (m, 1H, major and minor), 1.35 (s, 9H, major and 

minor), 1.15 (t, J = 7.1 Hz, 3H, major), 1.11 (t, J = 7.2 Hz, 3H, minor), 1.02 (s, 9H, minor), 0.98-

0.94 (m, 3H, major and minor), 0.96 (s, 9H, major), 0.26 (s, 3H, minor), 0.25 (s, 3H, minor), 
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0.08 (s, 3H, major), -0.37 (br s, 3H, major); LRMS-ES [M+H]+ calcd for C38H58N3O7Si, 696.4; 

found, 696.7. 

Diol 37: 1H NMR (300 MHz, toluene-d8, 90 °C) δ 6.90-6.86 (m, 1H), 6.84-6.81 (m, 1H), 

6.77 (t, J = 7.7 Hz, 1H), 6.70-6.65 (m, 2H), 6.35 (d, J = 7.7 Hz, 1H), 6.13 (d, J = 7.5 Hz, 1H), 

5.50 (s, 1H), 4.84 (d, J = 14.2 Hz, 1H), 4.32, 4.21 (ABq, J = 12.0 Hz, 2H), 4.20-4.05 (m, 4H), 

3.45 (ddd, J = 6.1, 6.1, 12.2 Hz, 1H), 3.31 (ddd, J = 5.9, 5.9, 11.7 Hz, 1H), 3.15 (ddd, J = 6.8, 6.8, 

16.8 Hz, 1H), 2.95 (s, 3H), 2.17-2.10 (m, 1H), 2.00-1.84 (m, 2H), 1.47 (ddd, J = 2.6, 2.6, 13.5 

Hz, 1H), 1.32 (s, 9H), 1.14 (t, J = 7.1 Hz, 3H); HRMS-ES [M+H]+ calcd for C30H40N3O6, 

538.2917; found, 538.2910. 

Synthesis of Azido N,O-Acetal 65. To a solution of hydroxy 

N,O-acetal 36 (15.7 mg,  0.023 mmol), PPh3 (48 mg, 0.183 mmol) and 

DPPA (0.04 mL, 0.186 mmol) in THF (1.0 mL) was added DEAD (28 

µL, 0.178 mmol) at rt. After 30 min the solvent was removed under 

reduced pressure and the residue was purified by preparative TLC 

(1:1:0.01 EtOAc:hexanes:NEt3) to give the azido N,O-acetal 65 (9.8 mg, 60%) as a mixture of 

diastereomers (1:0.6). 1H NMR (300 MHz, benzene-d6, 65 oC, 1:0.6 mixture of diastereomers) δ 

7.30 (d, J = 7.7 Hz, 1H, major), 7.22 (dd, J = 1.2, 8.0 Hz, 1H, minor), 7.06-6.90 (m, 2H, major 

and minor), 6.82-6.68 (m, 3H, major and minor), 6.20 (dd, J = 1.0, 7.7 Hz, 1H, major), 6.16 (dd, 

J = 1.1, 7.7 Hz, 1H, minor), 5.99 (br s, 1H, minor), 5.76 (s, 1H, major), 5.53 (s, 1H, minor), 5.45 

(s, 1H, major), 4.76 (br s, 1H, major and minor), 4.28-3.89 (m, 4H, major and minor), 3.67-3.35 

(m, 3H, major and minor), 3.02 (s, 3H, major), 2.99 (s, 3H, minor), 2.91 (m, 1H, minor), 2.75-

2.59 (m, 2H, major, 1H, minor), 2.32-2.18 (m, 2H, major), 1.99-1.78 (m, 2H, major and minor), 

1.48-1.41 (m, 1H, major and minor), 1.38 (s, 9H, major and minor), 1.20-1.11 (m, 3H, major 

N

N

N

TBSO

Me
H Boc

N3
EtO2C EtO

65

S11



 

and minor), 1.01 (s, 9H, minor), 1.00-0.75 (m, 12H, major, 3H, minor), 0.25 (s, 3H, minor), 0.24 

(s, 3H, minor), 0.09 (s, 3H, major), -0.33 (br s, 3H, major); LRMS-ES [M+Na]+ calcd for 

C38H56N6NaO6Si, 743.4; found, 743.6. 

Preparation of N-Boc Amino N,O-Acetal 38. To a solution of azido N,O-acetal 65 (4.6 

mg, 6.4 µmol) in EtOAc (2.0 mL) were added 10% Pd/C (3.0 mg) and Boc2O (7.0 mg, 32.0 

µmol). The mixture was stirred at rt under a H2 atmosphere (1 atm) for 1 h. The catalyst was 

removed by filtration through Celite and the filtrate was concentrated in vacuo. The residue was 

purified by preparative TLC (1:3:0.01 EtOAc:hexanes:NEt3) to give two separable diastereomers 

of N-Boc amino N,O-acetal 38 (2.5 mg / 1.1 mg, 49% / 22%; total yield 71%). More polar major 

diastereomer of 38: 1H NMR (300 MHz, benzene-d6, 65 oC) δ 7.31 (d, J = 8.1 Hz, 1H), 7.02-6.93 

(m, 2H), 6.84-6.72 (m, 3H), 6.22 (d, J = 7.7 Hz, 1H), 5.76 (s, 1H), 5.46 (s, 1H), 4.83 (br s, 1H), 

4.28-3.89 (m, 5H), 3.71-3.43 (m, 3H), 3.21 (m, 1H), 3.05 (s, 3H), 3.01 (m, 1H), 2.07 (m, 1H), 

1.94 (m, 1H), 1.49 (m, 1H), 1.41 (s, 18H), 1.17-1.12 (m, 6H), 0.96 (s, 9H), 0.07 (s, 3H), -0.37 (s, 

3H); LRMS-ES [M+Na]+ calcd for C43H66N4NaO8Si, 817.5; found, 817.7. Less polar minor 

diastereomer of 38: 1H NMR (300 MHz, benzene-d6, 65 oC) δ 7.22 (d, J = 8.0 Hz, 1H), 7.00-6.91 

(m, 2H), 6.77-6.65 (m, 3H), 6.17 (dd, J = 1.0, 7.7 Hz, 1H), 5.97 (br s, 1H), 5.53 (s, 1H), 4.83 (br 

m, 1H), 4.42-3.95 (m, 5H), 3.43 (t, J = 13.6 Hz, 1H), 3.18 (m, 1H), 3.02 (s, 3H), 2.94-2.79 (m, 

2H), 2.66-2.57 (m, 1H), 2.08 (m, 1H), 1.93 (m, 1H), 1.50 (m, 1H), 1.41 (s, 18H), 1.19 (m, 3H), 

1.02 (s, 9H), 0.95 (t, J = 7.0 Hz, 3H), 0.26 (s, 3H), 0.25 (s, 3H); LRMS-ES [M+Na]+ calcd for 

C43H66N4NaO8Si, 817.5; found, 817.7. 

 Synthesis of Amide 23c. A mixture of the acid 21 (3.72 g, 11.0 mmol) and SOCl2 (16 

mL) was refluxed for 3 h. Excess SOCl2 was removed under reduced pressure and the residue 

was diluted with CH2Cl2 (20 mL) to give a stock solution of acid chloride (0.55 M). To a stirred 
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solution of aniline 18c (435 mg, 1.46 mmol) and (i-Pr)2NEt (1.0 mL, 5.74 mmol) in CH2Cl2 (25 

mL) was added the above solution of acid chloride (3.45 mL, 0.55 M in CH2Cl2, 1.90 mmol) 

dropwise at 0 °C. The reaction mixture was warmed to rt and stirred overnight. The mixture was 

diluted with CH2Cl2 (150 mL) and saturated aqueous NaHCO3 (30 mL). The organic layer was 

dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (1:4 EtOAc:hexanes to 1:2:2 EtOAc:CH2Cl2:hexanes) to give the amide 23c 

(717 mg, 79%, 91% based on recovered aniline 18c) and unreacted aniline 18c (54 mg, 12%). 1H 

NMR (400 MHz, CDCl3) δ 8.01 (dd, J = 1.1, 8.2 Hz, 1H), 7.91 (dd, J = 1.3, 8.2 Hz, 1H), 7.78 (s, 

1H), 7.56 (ddd, J = 1.2, 7.5, 7.5 Hz, 1H), 7.45-7.26 (m, 8H), 7.10 (t, J = 8.1 Hz, 1H), 3.74, 3.69 

(ABq, J = 13.5 Hz, 2H), 3.28, 3.08 (ABq, J = 16.4 Hz, 2H), 2.92 (m, 1H), 2.81-2.78 (m 2H), 

2.68 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 166.8, 148.3, 140.8, 139.3, 138.1 135.5, 134.3, 

131.3, 130.6, 130.2, 129.7, 129.4, 128.9, 127.8, 125.2, 120.6, 98.4, 61.9, 57.5, 49.2, 27.0; 

HRMS-ES (m/z): [ ]M + H +  calcd for C25H22N3O3IBr, 617.9889; found, 617.9904. 

 Synthesis of Ethyl Carbamate 24c. To a stirred solution of amide 23c (700 mg, 1.13 

mmol) in CH2Cl2 (10 mL) was added ClCO2Et (0.12 mL, 1.26 mmol) dropwise at 0 oC and after 

30 min the temperature was gradually raised to rt. The mixture was stirred at rt for 9 h and 

diluted with saturated aqueous NaHCO3 (10 mL) and CH2Cl2 (20 mL). The organic layer was 

dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (1:3:3 EtOAc:CH2Cl2:hexanes) to give the carbamate protected amide 24c (666 

mg, 98%). 1H NMR (300 MHz, CDCl3) δ 8.04 (dd, J = 0.9, 8.2 Hz, 1H), 7.80 (dd, J = 1.4, 8.2 Hz, 

1H), 7.70 (s, 1H), 7.58 (ddd, J = 1.2, 7.5, 7.5 Hz, 1H), 7.45 (t, J = 7.8 Hz, 1H), 7.35-7.27 (m, 2H), 

7.05 (t, J = 8.1 Hz, 1H), 4.21-4.10 (m, 4H), 3.83-3.73 (m, 2H), 2.76, 2.60 (ABq, J = 16.8 Hz, 

2H), 1.22 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 166.4, 155.6, 148.3, 140.5, 138.2, 
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137.7, 134.6, 134.3, 131.4, 130.6, 130.2, 129.9, 129.1, 125.4, 120.6, 98.5, 62.2, 47.9, 40.2, 26.5, 

15.1; HRMS-ES (m/z): [ ]4M + NH +  calcd for C21H23N4O5BrI, 616.9897; found, 616.9938. 

Synthesis of N-Methyl Amide 25c. To a stirred suspension of NaH (16 mg, 60% 

dispersion in mineral oil, 0.400 mmol) in THF (10 mL) was added a solution of amide 24c (220 

mg, 0.366 mmol) in THF (2 mL) at 0 °C. The mixture was stirred at 0 °C for 15 min and at rt for 

30 min. To the solution was added MeI (0.027 mL, 0.434 mmol) at 0 oC and the reaction mixture 

was stirred at rt overnight. The reaction mixture was diluted with saturated aqueous NaHCO3 (30 

mL) and extracted with EtOAc (100 mL). The organic layer was dried over Na2SO4 and 

concentrated in vacuo. The residue was purified by flash column chromatography (2:1 

EtOAc:hexanes) to give the N-methyl amide 25c (213 mg, 95%). 1H NMR (300 MHz, toluene-d8, 

90 °C) δ 7.72 (d, J = 8.2 Hz 1H), 7.22 (d, J = 7.5 Hz, 1H), 7.14-7.08 (m, 2H), 6.98 (m, 1H), 6.68 

(m, 1H), 6.43 (br s, 1H), 4.13-4.04 (m, 4H), 2.79 (s, 3H), 2.30 (br s, 2H), 1.07 (t, J = 7.0 Hz 3H); 

13C NMR (75 MHz, toluene-d8, 90 °C) δ 168.2, 155.2, 149.2, 148.2 133.8, 133.1, 132.0, 131.7, 

131.4, 130.2, 129.0, 127.3, 124.8, 106.9, 61.4, 47.7, 40.3, 37.3, 27.0, 14.7; HRMS-ES (m/z): 

[ ]M + H +  calcd for C22H22N3O5IBr, 613.9788; found, 613.9805.  

Heck Cyclization of Amide 25c. To a solution of N-methyl amide 25c (213 mg, 0.347 

mmol) in DMA (7.0 mL) were added Pd(OAc)2 (7.8 mg, 0.035 mmol), PPh3 (27 mg, 0.104 

mmol), n-Bu4NBr (224 mg, 0.694 mmol) and K2CO3 (96 mg, 0.694 mmol). The mixture was 

stirred at 100 °C for 1 h. The catalyst was removed by filtration and washed with EtOAc (200 

mL). The filtrate was washed with water (3×20 mL) and brine (20 mL), dried over Na2SO4 and 

concentrated in vacuo. The residue was purified by flash column chromatography (1:1 to 3:1 

EtOAc:hexanes) to give a mixture of Heck product 26c and pentacyclic Heck product 27 (86 mg, 
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51%, 26c:27 = 1:0.15, 85% based on recovered starting material) and unreacted amide 25c (86 

mg, 40%). For analytical purposes further purification of 26c and 27 was achieved by careful 

flash column chromatography (1:10 EtOAc: CH2Cl2). 

Heck Product 26c: 1H NMR (300 MHz, toluene-d8, 90 °C) δ 7.71 (s, 1H), 7.09 (dd, J = 

1.3, 8.0 Hz, 1H), 7.05 (dd, J = 1.3, 7.9 Hz, 1H), 6.79 (ddd, J = 1.4, 7.5, 7.5 Hz, 1H), 6.75 (dd, J = 

1.0, 8.2 Hz, 1H), 6.66-6.61 (m, 2H), 6.23 (dd, J = 0.9, 7.7 Hz, 1H), 4.24 (ddd, J = 3.9, 12.8, 12.8 

Hz, 1H), 4.03 (q, J = 7.0 Hz, 2H), 4.01 (m, 1H), 2.84 (s, 3H), 2.82-2.74 (m, 1H), 1.46 (ddd, J = 

3.1, 3.7, 13.7 Hz, 1H), 1.04 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz, toluene-d8, 90 °C) δ 176.7, 

153.3, 150.8, 146.3, 133.0, 132.6, 132.2, 130.7, 130.1, 129.2, 127.5, 126.9, 123.9, 119.7, 108.5, 

107.1, 62.4, 51.1, 38.0, 28.2, 26.3, 14.3; HRMS-ES [M+H]+ calcd for C22H21BrN3O5, 486.0665; 

found, 486.0695. 

Pentacyclic Heck Adduct 27: 1H NMR (300 MHz, toluene-d8, 90 °C) δ 7.48 (s, 1H), 

7.42 (dd, J = 1.2, 7.9 Hz, 1H), 7.08 (dd, J = 1.3, 9.5 Hz, 1H), 6.99-6.89 m, 2H), 6.64 (t, J = 7.9 

Hz, 1H), 6.16 (d, J = 7.2 Hz, 1H), 4.04-3.89 (m, 2H), 3.79 (ddd, J = 5.3, 13.3, 13.3 Hz, 1H), 3.40 

(dd, J = 5.2, 13.1 Hz, 1H), 2.59 (s, 3H), 1.59 (ddd, J = 1.2, 5.3, 12.8 Hz, 1H), 1.36 (ddd, J = 5.7, 

13.5, 13.5 Hz, 1H), 1.06 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CD2Cl2) δ 180.6, 153.2, 148.9, 

144.3, 133.3, 131.1, 130.1, 129.9, 129.6, 128.1, 126.1, 126.0, 125.0, 117.1, 108.7, 107.9, 63.2, 

48.6, 38.4 (d, J = 27.4 Hz), 38.0, 26.7, 14.5; HRMS-ES [M+H]+ calcd for C22H20N3O5, 406.1403; 

found, 406.1423. 

Preparation of Aniline 28. To a solution of Heck products 26c and 27 (149 mg, 6:1 

mixture) in EtOH (6 mL) and H2O (1.5 mL) was added iron powder (86 mg, 1.54 mmol) and 

concentrated HCl (12 N, 10 µL). The mixture was stirred at 85 oC for 2 h and then cooled to rt. 

The mixture was filtered and the filtrate was concentrated. The residue obtained was diluted with 
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EtOAc and H2O. The organic layer was separated and the aqueous layer was extracted with 

EtOAc. The combined organic phases were dried over Na2SO4 and concentrated under reduced 

pressure. The residue was purified by flash column chromatography (1:5 EtOAc:CH2Cl2) to give 

aniline 28 (103 mg, 84%). 1H NMR (300 MHz, toluene-d8, 90 °C) δ 7.53 (s, 1H), 6.98-6.96 (m, 

1H), 6.84 (d, J = 8.2 Hz, 1H), 6.68 (t, J = 7.6 Hz, 1H), 6.55 (t, J = 7.6 Hz, 1H), 6.32 (t, J = 7.4 

Hz, 1H), 6.17 (d, J = 8.0 Hz, 1H), 6.02 (d, J = 7.8 Hz, 1H), 4.23-4.18 (m, 2H), 4.02 (q, J = 7.1 

Hz, 2H), 3.63 (br s, 2H), 2.90-2.79 (m, 1H), 2.64 (s, 3H), 1.54 (ddd, J = 3.3, 3.3, 13.9 Hz, 1H), 

0.99 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz, CD2Cl2) δ 179.1, 154.0, 146.0, 131.0, 130.7, 130.11, 

130.06, 128.3, 127.2, 123.3, 119.7, 117.5, 115.8, 109.6, 107.7, 62.7, 51.8, 37.7, 28.2, 27.0, 14.8; 

HRMS-ES [M+H]+ calcd for C22H23BrN3O3, 456.0925; found, 456.0929. 

Synthesis of N-Boc Aniline 29c. To a stirred solution of aniline 28 (7.5 mg, 0.016 mmol) 

in THF (1.0 mL) and H2O (0.5 mL) were added K2CO3 (34.0 mg, 0.246 mmol) and (Boc)2O 

(35.8 mg, 0.164 mmol). The reaction mixture was stirred at 60 oC. After 12 h, additional (Boc)2O 

(16.8 mg, 0.077 mmol) was added. After another 12 h, the mixture was diluted with EtOAc (30 

mL). The organic layer was washed with saturated aqueous NaHCO3 (10 mL), dried over 

Na2SO4 and concentrated in vacuo. The residue was purified by flash column chromatography 

(1:10 EtOAc:CH2Cl2) to give N-Boc aniline 29c (8.2 mg, 90%). 1H NMR (300 MHz, toluene-d8, 

90 °C) δ 8.14 (dd, J = 1.1, 8.3 Hz, 1H), 7.42 (br s, 2H), 7.06-7.03 (m, 1H), 6.90-6.83 (m, 2H), 

6.58-6.49 (m, 2H), 6.00 (d, J = 7.8 Hz, 1H), 4.16 (dd, J = 3.5, 8.6 Hz, 2H), 4.00 (q, J = 7.1 Hz, 

2H), 2.78 (ddd, J = 8.3, 8.3, 13.8 Hz, 1H), 2.59 (s, 3H), 1.57 (ddd, J = 3.6, 3.6, 13.9 Hz, 1H), 

1.48 (s, 9H), 0.97 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3, peaks of major rotamer) δ 

178.8, 153.8, 153.6, 145.7, 137.5, 131.7, 130.7, 130.4, 129.4, 128.5, 127.7, 127.3, 122.5, 120.8, 
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119.7, 108.7, 107.9, 80.3, 62.9, 52.2, 38.1, 28.8, 28.4, 27.0, 15.0; HRMS-ES [M+NH4]+ calcd for 

C27H35BrN4O5, 573.1713; found, 573.1730. 

Synthesis of Pentacyclic Aminal 30c. To a stirred solution of N-Boc aniline 29c (177 

mg, 0.319 mmol) in THF (8 mL) was added AlH3·Me2NEt (0.77 mL, 0.5 M in toluene, 0.385 

mmol) dropwise at 0 oC. After 30 min, the temperature was raised to rt. After 2 h, the mixture 

was quenched with saturated aqueous Na2SO4 (0.3 mL) and stirred at rt for 2 h. The mixture was 

diluted with EtOAc (20 mL), dried over Na2SO4 and concentrated in vacuo. The residue was 

purified by flash column chromatography (1:5 to 1:1 EtOAc:hexanes) to give pentacyclic aminal 

30c (116 mg, 67%). 1H NMR (300 MHz, toluene-d8, 90 °C) δ 7.37 (s, 1H), 7.19 (dd, J = 1.6, 7.4 

Hz, 1H), 7.10 (dd, J = 1.1, 7.8 Hz, 1H), 6.79 (ddd, J = 1.7, 7.5, 7.5 Hz, 1H), 6.72 (ddd, J = 1.4, 

7.3, 7.3 Hz, 1H), 6.46-6.39 (m, 2H), 5.90-5.86 (m, 2H), 4.11 (m, 1H), 4.04 (q, J = 7.1 Hz, 2H), 

3.32 (ddd, J = 3.4, 10.0, 13.4 Hz, 1H), 2.84 (s, 3H), 2.28 (ddd, J = 4.1, 10.1, 14.1 Hz, 1H), 1.92 

(ddd, J = 3.5, 6.1, 14.0 Hz, 1H), 1.32 (s, 9H), 1.03 (t, J = 7.1 Hz, 3H); 13C NMR (75 MHz, 

toluene-d8, 90 °C) δ 154.5, 153.5, 153.0, 138.7, 134.2, 130.6, 129.8, 126.4, 126.3, 126.2, 125.8, 

125.1, 122.6, 118.9, 114.3, 85.5, 80.8, 62.0, 53.0, 40.5, 33.8, 30.4, 28.2, 14.4; HRMS-ES 

[M+H]+ calcd for C27H31BrN3O4, 540.1498; found, 540.1484. 

Preparation of Enamine 40. Pentacyclic aminal 30c (38.2 mg, 0.071 mmol) was 

dissolved in EtOH (2.0 mL) and 1 N aqueous KOH (2.0 mL) and the mixture was refluxed for 2 

h. EtOH was removed under reduced pressure. The residue was diluted with EtOAc (20 mL) and 

saturated aqueous NaHCO3 (10 mL). The organic layer was dried over Na2SO4 and concentrated 

in vacuo. The residue was used for the next step without further purification. 1H NMR (400 MHz, 

CD2Cl2) δ 7.21-7.16 (m, 2H), 7.01-6.96 (m, 2H), 6.77 (t, J = 7.9 Hz, 1H), 6.74 (s, 1H), 6.55 (d, J 

= 7.5 Hz, 1H), 6.19 (d, J = 7.7 Hz, 1H), 5.80 (s, 1H), 3.89 (br s, 1H), 3.47 (ddd, J = 4.6, 4.6, 11.4 
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Hz, 1H), 3.24 (ddd, J = 3.1, 11.0, 11.0 Hz, 1H), 2.95 (s, 3H), 2.39 (ddd, J = 3.9, 10.3, 13.8 Hz, 

1H), 2.22 (ddd, J = 3.2, 4.8, 13.6 Hz, 1H), 1.51 (s, 9H); LRMS-ES [M+H]+ calcd for 

C24H27BrN3O2, 468.1; found, 468.2. 

Allylation of Enamine 40. The above crude enamine 40 was dissolved in THF (3.0 mL). 

To the solution was added LDA (0.35 mL, 0.3 M in THF, 0.105 mmol) at -78 oC. After 20 min 

allyl iodide (0.01 mL, 0.109 mmol) was added, and the mixture was gradually warmed to rt. The 

mixture was diluted with saturated aqueous NaHCO3 (10 mL) and EtOAc (25 mL). The organic 

layer was dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash 

column chromatography (1:3 to 1:1 EtOAc:hexanes) to give C-allyl product 41 (20.7 mg, 58%) 

and N-allyl enamine 66 (10.5 mg, 29%).  

C-Allyl Product 41: 1H NMR (400 MHz, CDCl3) δ 8.83 (s, 1H), 7.53 (dd, J = 3.0, 5.8 Hz, 

1H), 7.02-6.96 (m, 3H), 6.73 (t, J = 7.9 Hz, 1H), 6.57 (d, J = 8.0 Hz, 1H), 6.26 (d, J = 7.8 Hz, 

1H), 5.71-5.61 (m, 1H), 5.53 (s, 1H), 5.03-4.93 (m, 2H), 4.04 (dd, J = 5.3, 18.7 Hz, 1H), 3.61 

(ddd, J = 4.5, 4.5, 12.5 Hz, 1H), 2.98 (s, 3H), 2.67-2.62 (m, 2H), 2.42 (ddd, J = 6.0, 13.3, 13.3 

Hz, 1H), 1.93 (dd, J = 5.4, 13.7 Hz, 1H), 1.46 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 166.1, 

154.9, 153.2, 139.6, 133.0, 132.5, 129.7, 127.2, 126.5, 125.0, 124.9, 123.9, 119.5, 118.9, 106.1, 

83.8, 81.9, 55.7, 47.4, 43.0, 42.1, 32.1, 29.0, 28.6; HRMS-ES [M+H]+ calcd for C27H31BrN3O2, 

508.1600; found, 508.1601. 

N-Allyl Product 66: 1H NMR (400 MHz, CD2Cl2) δ 7.19-7.15 (m, 

2H), 7.00-6.96 (m,  2H), 6.76 (t, J = 7.9 Hz, 1H), 6.55 (s, 1H), 6.54 (d, J = 

8.7 Hz, 1H), 6.19 (d, J = 7.7 Hz, 1H), 6.00-5.91 (m, 1H), 5.77 (s, 1H), 5.36-

5.22 (m, 2H), 3.69 (d, J = 6.0 Hz, 2H), 3.33 (ddd, J = 4.5, 4.5, 11.4 Hz, 1H), 

2.99 (ddd, J = 3.1, 11.2, 11.2 Hz, 1H), 2.95 (s, 3H), 2.43 (ddd, J = 3.5, 10.4, 

N

N
Br

N

Me
H Boc

66
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13.9 Hz, 1H), 2.23 (ddd, J = 3.2, 4.7, 13.6 Hz, 1H), 1.51 (s, 9H); LRMS-ES [M+H]+ calcd for 

C27H31BrN3O2, 508.2; found, 508.3. 

Formation of α-Ethoxy Carbamate 42. To a stirred solution of imine 41 (20.7 mg, 

0.041 mmol) in EtOH (1.0 mL) was added diethyl pyrocarbonate (7.2 µL, 0.049 mmol) at rt. 

After 10 min the solvent was removed under reduced pressure. The crude residue was used for 

the next step without further purification. 1H NMR (400 MHz, CD2Cl2) δ 7.44-7.42 (m, 1H), 

7.11 (s, 1H), 7.09 (s, 1H), 7.06-7.00 (m, 2H), 6.72 (t, J = 7.8 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 

6.23 (d, J = 7.3 Hz, 1H), 5.75 (s, 1H), 5.61-5.51 (m, 1H), 4.80 (d, J = 17.0 Hz, 1H), 4.67 (d, J = 

10.0 Hz, 1H), 4.27-4.15 (m, 3H), 3.98-3.92 (m, 2H), 3.73 (ddd, J = 5.3, 8.2, 13.5 Hz, 1H), 3.24 

(dd, J = 5.5, 15.0 Hz 1H), 2.95 (s, 3H), 2.65 (dd, J = 7.5, 14.9 Hz, 1H), 2.37 (ddd, J = 5.3, 8.6 

13.9 Hz, 1H), 1.88 (ddd, J = 5.2, 6.8, 14.1 Hz, 1H), 1.51 (s, 9H), 1.33 (t, J = 7.1 Hz, 3H), 1.26 (t, 

J = 7.0 Hz, 3H); LRMS-ES [M+H]+ calcd for C32H41BrN3O5, 626.2; found, 626.4.  

Synthesis of Hexacyclic Acetal 43. To a solution of the above crude N,O-acetal  42 in 

dioxane (2.0 mL) and H2O (1.0 mL) was added NMO (47.7 mg, 0.407 mmol) at 0 oC, followed 

by OsO4 (0.01 mL, 4 wt% in H2O). The mixture was gradually warmed to rt. The mixture was 

stirred at rt for 3 h and then diluted with saturated aqueous Na2S2O3 (10 mL) and EtOAc (20 mL). 

The organic layer was dried over Na2SO4 and concentrated in vacuo. The crude residue was 

dissolved in THF (2.0 mL) and H2O (1.0 mL) and NaIO4 (87.0 mg, 0.407 mmol) was added. The 

mixture was stirred at rt for 1 h and then diluted with saturated aqueous NaHCO3 (10 mL) and 

EtOAc (20 mL). The organic layer was dried over Na2SO4 and concentrated in vacuo. The 

residue was purified by flash column chromatography (1:3 EtOAc:hexanes) to give two 

separable diastereomers of hexacyclic acetal 43 (7.7 mg and 2.9 mg, 42% for 3 steps). More 

polar major diastereomer of 43: 1H NMR (400 MHz, CD2Cl2) δ 7.59 (dd, J = 3.6, 5.6 Hz, 1H), 
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7.05-7.02 (m, 3H), 6.99 (s, 1H), 6.77 (t, J = 7.9 Hz, 1H), 6.58 (d, J = 8.0 Hz, 1H), 6.30 (d, J = 

7.4 Hz, 1H), 5.55 (s, 1H), 5.26 (dd, J = 1.1, 5.3 Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 3.73 (ddd, J = 

7.1, 9.7, 14.2 Hz, 1H), 3.60 (ddd, J = 4.4, 6.1, 13.0 Hz, 1H), 3.48-3.41 (m, 2H), 2.99 (s, 3H), 

2.88 (dd, J = 5.4, 13.0 Hz, 1H), 2.46 (ddd, J = 4.9, 9.4, 16.9 Hz, 1H), 2.06 (ddd, J = 4.3, 6.1, 14.2 

Hz, 1H), 1.98 (dd, J = 1.2, 13.0 Hz, 1H), 1.51 (s, 9H), 1.33 (t, J = 7.1 Hz, 3H), 1.13 (t, J = 7.1 Hz, 

3H); 13C NMR (75 MHz, CDCl3) δ 157.4, 154.8, 153.5, 138.8, 137.3, 131.1, 129.8, 126.9, 126.2, 

124.8, 124.3, 124.2, 118.7, 106.2, 101.5, 85.6, 84.4, 82.0, 62.9, 62.2, 57.1, 48.1, 44.4, 39.8, 32.1, 

29.5, 28.6, 15.6, 15.3; HRMS-ES [M+H]+ calcd for C31H39BrN3O6, 628.2022; found, 628.1996. 

Less polar minor diastereomer of 43: 1H NMR (300 MHz, CD2Cl2) δ 7.48 (dd, J = 3.9, 5.3 Hz, 

1H), 7.04 (s, 1H), 7.03-6.99 (m, 3H), 6.70 (t, J = 7.9 Hz, 1H), 6.56 (d, J = 7.3 Hz, 1H), 6.20 (d, J 

= 7.6 Hz, 1H), 5.61 (br s, 1H), 5.17 (dd, J = 1.8, 6.2 Hz, 1H), 4.38-4.24 (m, 2H), 3.86-3.71 (m, 

2H), 3.60-3.42 (m, 2H), 2.95 (s, 3H), 2.84-2.71 (m, 2H), 2.35-2.31 (m, 1H), 2.04 (ddd, J = 5.6, 

5.6, 14.1 Hz, 1H), 1.48 (s, 9H), 1.33 (t, J = 7.1 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H); LRMS-ES 

[M+H]+ calcd for C31H39BrN3O6, 628.2; found, 628.4. 
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