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General Experimental

Non-aqueous reactions were carried out under inert atmosphere (nitrogen or argon) with rigid exclusion of 

moisture from reagents in oven-dried reaction vessels. Solvents were distilled prior to use: THF 

(tetrahydrofuran) from Na/benzophenone, MeOH (methanol) from Mg/I2, DCM (dichloromethane), DMF 

(dimethylformamide), DEA (diethylamine), TEA (triethylamine) and DIPEA (diisoproylethylamine) from 

CaH2. Flash column chromatography was performed using the indicated solvents on E. Qingdao silica gel 60 

(230 – 400 mesh ASTM). TLC was carried out using pre-coated sheets (Qingdao silica gel 60-F250, 0.2 mm) 

which, after development, were visualized at 254 nm, and/or staining in p-anisole, ninhydrin or 

phosphomolybdic acid solution followed by heating. NMR spectra were recorded on Bruker DPX 300 MHz, 

Avance 400 MHz or AV 500 MHz spectrometers. Chemical shifts were reported in parts per million (ppm), 

relative to either a tetramethylsilane (TMS) internal standard or the signals due to the solvent. Data were 

reported as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 

br = broad) and coupling constants (Hz). Low- and high- resolution EI and ESI mass spectra were obtained 

using a AB QSTAR Elite mass spectrometer. Optical rotations were recorded on a Rudolph AutoPol I 

Polarimeter. 
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Experimental Procedures
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N-phthaloyl-alanine 8-aminoquinoline amide (6) (28 mg, 0.08 mmol), alkyl iodide (9) (80 mg, 0.24 mmol), 

Pd(OAc)2 (1.8 mg, 0.008 mmol), Ag2CO3 (33mg, 0.12 mmol), (BnO)2POOH (11mg, 0.04 mmol) and DCE/t-

BuOH (1.5/0.75 mL) were added to a 25 mL round bottom flask. The flask was then charged with Argon. 

The mixture was stirred at 80 oC for 12 h under Argon. After being cooled to room temperature, the reaction 

was diluted with dichloromethane (5 mL) and then filtered through a pad of Celite. Volatiles were removed 

in vacuo. and the residue was purified by flash chromatography (silica gel, EtOAc/hexane = 1:3) to afford 10 

(29 mg, 66%) as a colorless oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 1:3). [α]D
20 = -5.4 (c 1.5, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 10.35 (s, 1H), 8.76 – 8.67 (m, 2H), 8.15 (dd, J = 8.3, 1.5 Hz, 1H), 7.91 (dd, J 

= 5.4, 3.1 Hz, 2H), 7.76 (dd, J = 5.5, 3.1 Hz, 2H), 7.54 – 7.50 (m, 2H), 7.43 (dd, J = 8.2, 4.2 Hz, 1H), 7.19 (d, 

J = 8.5 Hz, 2H), 6.95 (d, J = 8.4 Hz,, 2H), 5.18 (dd, J = 10.9, 5.4 Hz, 1H), 2.83 – 2.59 (m, 3H), 2.52 – 2.40 

(m, 1H), 1.81 – 1.70 (m, 2H), 1.34 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3): δ 177.18, 168.11, 166.88, 

149.28, 148.28, 138.90, 138.38, 136.46, 134.29, 133.84, 131.81, 129.27, 127.90, 127.37, 123.68, 121.97, 

121.62, 121.33, 116.91, 54.95, 39.03, 34.61, 28.54, 28.34, 27.15 ppm. HRMS (m/z) calculated for 

C33H32N3O5
+ [M + H]+: 550.2336, found: 550.2333.
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Compound 10 (200 mg, 0.36 mmol) was dissolved in 10 mL of aqueous HCl (6 N) and refluxed for 20 h and 

then cooled to room temperature. The reaction mixture was concentrated in vacuo to afford 10-1, which was 

used in next step of reaction without further purification.

To a solution of compound 10-1 in dry MeOH (10 mL), SOCl2 (0.3 mL, 3.6 mmol) was added at 0 °C. The 

reaction mixture was refluxed for 6 h and then concentrated in vacuo to afford 10-2, which was used in next 

step of reaction without further purification.
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To a solution of the 10-2 in THF/H2O (10 mL, 1:1) was added NaHCO3 (306 mg, 3.6 mmol) and AllocCl (65 

μL, 0.62 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 12 h. The reaction was 

diluted with ethyl acetate (50 mL), washed with saturated NH4Cl (aq.) (20 mL) and brine (20 mL), dried over 

anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was purified by flash 

chromatography (silica gel, EtOAc/hexane = 1:2) to afford 11 (96 mg, 86% 3 steps) as a colorless oil. TLC: 

Rf = 0.4 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = +18.9 (c 2.5, CHCl3). 1H NMR (400 MHz, CDCl3) δ 6.97 

(d, J = 8.5 Hz, 2H), 6.75 (d, J = 8.5 Hz, 2H), 5.93 – 5.86 (m, 1H), 5.39 (d, J = 8.3 Hz, 1H), 5.30 (d, J = 17.2 

Hz, 1H), 5.21 (dd, J = 10.4, 1.2 Hz, 1H), 4.57 (d, J = 5.5 Hz, 2H), 4.38 (t, J = 6.9 Hz, 1H), 3.72 (s, 3H), 2.60 

– 2.47 (m, 2H), 1.89 – 1.78 (m, 1H), 1.72 – 1.56 (m, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 173.20, 

156.10, 154.27, 133.19, 132.43, 129.35, 118.00, 115.29, 66.04, 53.79, 52.45, 34.35, 32.10, 27.26 ppm. 

HRMS (m/z) calculated for C16H21NO5Na+ [M + Na]+: 330.1312, found: 330.1313.
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To a solution of compound 11 (1.029 g, 3.35 mmol) in dry DCM (30 mL), TEA (2.4 mL, 16.74 mmol) was 

added, followed by addition of t-Butyl-diphenylsilyl chloride (1.7 mL, 6.70 mmol) in one portion at 0°C. 

After being stirred for 12 h at room temperature, the reaction mixture was diluted with ethyl ether (80 mL), 

washed successively with H2O (20 mL), saturated NH4Cl (aq.) (2 × 20mL) and brine (20 mL), dried over 

Na2SO4 (s) and concentrated in vacuo. The crude residue was purified by flash chromatography (silica gel, 

EtOAc/hexane = 1:5) to give rise to 11-1 (1.74 g, 95%) as a colorless oil. TLC: Rf = 0.5 (silica gel, 

EtOAc/hexane = 1:2). [α]D
20 = +8.9 (c 2.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.74 (dd, J = 7.9, 1.4 Hz, 

4H), 7.46 – 7.36 (m, 6H), 6.88 (d, J = 8.4 Hz, 2H), 6.70 (d, J = 8.4 Hz, 2H), 5.93 – 5.86 (m, 1H), 5.32 (d, J = 

17.2 Hz, 1H), 5.22 (d, J = 10.0 Hz, 2H), 4.58 (d, J = 5.6 Hz, 2H), 4.38 (d, J = 6.5 Hz, 1H), 3.72 (s, 3H), 2.59 

– 2.43 (m, 2H), 1.82 (t, J = 11.4 Hz, 1H), 1.69 – 1.53 (m, 3H), 1.12 (s, 9H) ppm. 13C NMR (100 MHz, 

CDCl3): δ 173.01, 155.75, 153.76, 135.56, 133.96, 133.14, 132.65, 129.84, 129.01, 127.73, 119.53, 117.83, 

65.83, 53.70, 52.32, 34.41, 32.17, 27.07, 26.58, 19.47 ppm. HRMS (m/z): calculated for C32H40NO5Si + [M + 

H]+: 546.2670, found: 546.2666.

To a solution of compound 11-1 (426 mg, 0.781 mmol) in THF/H2O (10 mL, 1/1) at 0 °C, LiOH·H2O (164 

mg, 3.9 mmol) was added. The reaction mixture was stirred at room temperature for 2 h. Volatiles were 
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evaporated in vacuo. The aqueous layer was washed with diethyl ether (5 mL), then acidified to pH = 3 with 

1 N HCl and extracted with ethyl acetate (3 × 30 mL). The combined organic layers were washed 

successively with saturated NH4Cl (aq.) (10 mL) and brine (10 mL), dried over anhydrous Na2SO4 (s). The 

organic phase was concentrated in vacuo to provide 4 (395 mg, 95%) as a colorless oil, which was used in 

next step of reaction without further purification.
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To a solution of compound 12 (678 mg, 2.25 mmol) and DMAP (56 mg, 0.45 mmol) in acetonitrile (9 mL), a 

solution of Boc2O (1.06 mL, 4.95 mmol) in acetonitrile (3 mL) was added. The resulting mixture was stirred 

at room temperature for 22 h. Volatiles were evaporated under reduced pressure. The residue was purified by 

flash chromatography (silica gel, EtOAc/hexane = 1:6) to give 12-1 (845 mg, 94%) as a colorless oil. TLC: 

Rf = 0.5 (silica gel, EtOAc/hexane = 1:4). [α]D
20 = +27.8 (c 2.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 5.92 

– 5.78 (m, 1H), 5.32 – 5.23 (m, 1H), 5.17 (dd, J = 10.5, 1.3 Hz, 1H), 4.91 (dd, J = 9.6, 4.9 Hz, 1H), 4.57 (d, J 

= 5.5 Hz, 2H), 3.63 (s, 3H), 2.49 – 2.42 (m, 1H), 2.41 – 2.33 (m, 2H), 2.21 – 2.13 (m, 1H), 1.45 (s, 18H) 

ppm. 13C NMR (125 MHz, CDCl3) δ 173.06, 170.00, 152.01, 131.80, 118.09, 83.24, 65.72, 57.49, 51.59, 

30.66, 27.96, 27.92, 25.04 ppm. HRMS (m/z): calculated for C19H32NO8
+ [M + H]+: 402.2122, found: 

402.2120.
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To a solution of 12-1 (584 mg, 1.45 mmol) in THF (15 mL), DIBAL-H (2.9 mL, 4.365 mmol, 1.5 M in 

toluene) was added at -78 ºC. The resulting mixture was stirred at -50 ºC for 4 h and then quenched with 

methanol (2 mL). Aqueous solution of Rochelle’s salt (50 mL) was added, and the solution was stirred 

vigorously for 6 h. The reaction mixture was stirred at room temperature for additional 2 h. Volatiles were 

evaporated under reduced pressure and the aqueous layer was extracted with ethyl acetate (2 × 50 mL). The 

combined organic extracts were washed successively with H2O (20 mL), saturated NaHCO3 (aq.) (20 mL) 

and brine (20 mL), dried over anhydrous Na2SO4(s) and concentrated under reduced pressure. The residue 

was purified by flash chromatography (silica gel, EtOAc/hexane = 1:4) to provide 13 (454 mg, 84%) as a 
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colorless oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 1:4). [α]D
20 = +24.0 (c 1.0, CHCl3). 1H NMR (500 

MHz, CDCl3) δ 5.95 – 5.84 (m, 1H), 5.34 – 5.28 (m, 1H), 5.21 (dd, J = 10.5, 1.2 Hz, 1H), 4.89 (dd, J = 9.1, 

5.4 Hz, 1H), 4.61 (d, J = 5.5 Hz, 2H), 3.67 (dd, J = 11.9, 6.0 Hz, 2H), 2.28 – 2.20 (m, 1H), 1.98 – 1.91 (m, 

1H), 1.67 – 1.60 (m, 3H), 1.49 (s, 18H) ppm. 13C NMR (125 MHz, CDCl3) δ 170.57, 152.28, 131.88, 118.07, 

83.17, 65.72, 62.32, 58.02, 29.44, 28.01, 26.26 ppm. HRMS (m/z): calculated for C18H32NO7
+ [M + H]+: 

374.2173, found: 374.2170.
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To a solution of compound 13 (1.0 g, 2.68 mmol) in acetonitrile (50 mL), LiBr (698 mg, 8.03 mmol) was 

added in one portion. The resulting solution was stirred at 70 ºC for 6 h. After removal of the solvent under 

reduced pressure, the residue was purified by flash chromatography (silica gel, EtOAc/hexane = 1:2) to give 

13-1 (658 mg, 90%) as a colorless oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 1:2). [α]D
20 = -1.0 (c 3.0, 

CHCl3). 1H NMR (500 MHz, CDCl3) δ 5.94 – 5.86 (m, 1H), 5.32 (dd, J = 17.2, 1.2 Hz, 1H), 5.24 (dd, J = 

10.5, 0.7 Hz, 1H), 5.21 (d, J = 6.5 Hz, 1H), 4.67 – 4.58 (m, 2H), 4.34 (d, J = 4.3 Hz, 1H), 3.66 (t, J = 6.0 Hz, 

2H), 2.07 (s, 1H), 1.92 (dd, J = 13.2, 6.5 Hz, 1H), 1.78 – 1.70 (m, 1H), 1.67 – 1.59 (m, 2H), 1.43 (s, 9H) ppm. 

13C NMR (125 MHz, CDCl3) δ 172.48, 155.56, 131.66, 118.81, 79.98, 65.85, 62.04, 53.25, 29.46, 28.33 

ppm. HRMS (m/z): calculated for C13H23NO5Na+ [M + Na]+: 296.1468, found: 296.1467.
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To a solution of 13-1 (658 mg, 2.41 mmol) in dry DCM (20 mL), Imidazole (656 mg, 9.64 mmol) was added, 

followed by the addition of t-Butyl-dimethylsilyl chloride (726 mg, 4.82 mmol) in one portion at 0°C. The 

reaction mixture was stirred for 12 h at room temperature. The reaction mixture was then diluted with ethyl 

acetate (60 mL), and the organic solution was washed successively with H2O (20 mL), saturated NH4Cl (aq.) 

(20mL) and brine (20 mL), dried over Na2SO4 (s) and concentrated under reduced pressure. The crude 

residue was purified by flash chromatography (silica gel, EtOAc/hexane, 1:5) to give rise to 14 (756 mg, 

81%) as a colorless oil. TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 1:4). [α]D
20 = +0.5 (c 3.0, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 5.93 – 5.83 (m 1H), 5.34 – 5.26 (m, 1H), 5.27 – 5.15 (m, 2H), 4.63 – 4.57 (m, 

2H), 4.29 (dd, J = 12.7, 7.7 Hz, 1H), 3.60 (t, J = 6.1 Hz, 2H), 1.93 – 1.82 (m, 1H), 1.76 – 1.67 (m, 1H), 1.60 
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– 1.51 (m, 2H), 1.42 (s, 9H), 0.87 (s, 9H), 0.03 (s, 6H) ppm. 13C NMR (100 MHz, CDCl3) δ 172.54, 155.42, 

131.70, 118.58, 79.69, 65.69, 62.27, 53.30, 29.05, 28.41, 28.31, 25.91, 18.28, -5.37 ppm. HRMS (m/z): 

calculated for C19H38NO5Si+ [M + H]+: 388.2514, found: 388.2516.
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To a solution of compound 14 (174 mg, 0.45 mmol) in dry DCM (5 mL), 2,6-lutidine (0.32 mL, 2.7 mmol) 

and TMSOTf (0.24 mL, 1.35 mmol) were added at 0 °C. After being stirred at room temperature for 3 h, the 

reaction mixture was allowed to cool to 0 °C and quenched by addition of saturated NaHCO3 (aq.) (5 mL). 

Layers were separated, and the aqueous layer was extracted with ethyl acetate (3 × 10 mL). The combined 

organic layers were washed with brine (10 mL), dried over anhydrous Na2SO4 (s). The organic phase was 

concentrated in vacuo to afford 14-1, which was used in the next step of reaction without further purification.

To a solution of the carboxylic acid 15 (161 mg, 0.45 mmol) and 14-1 in dry DCM (6 mL), HOAt (122 mg, 

0.9 mmol), HATU (342 mg, 0.9 mmol) and DIPEA (0.47 mL, 2.7 mmol) were added successively at 0oC. 

After being warmed to room temperature and stirred for additional 12 h, the reaction mixture was quenched 

with H2O (1 mL) and diluted with ethyl acetate (50 mL). The organic solution was washed successively with 

saturated NH4Cl (aq.) (10 mL) and brine (10 mL), dried over anhydrous Na2SO4 (s). The organic phase was 

concentrated in vacuo and the residue was purified by flash chromatography (silica gel, EtOAc/hexane =1:4) 

to afford dipeptide 16 (225 mg, 80% 2 steps) as a colorless oil. TLC: Rf = 0.4 (silica gel, EtOAc/hexane = 

1:4). [α]D
20 = -32.8 (c 1.0, CHCl3). 1H NMR (500 MHz, CDCl3) δ 7.61 – 7.55 (m, 2H), 7.33 – 7.27 (m, 3H), 

6.72 (d, J = 8.0 Hz, 1H), 5.95 – 5.85 (m, 1H), 5.38 – 5.29 (m, 1H), 5.25 (dd, J = 10.4, 1.1 Hz, 2H), 4.68 – 

4.56 (m, 3H), 4.19 (s, 1H), 3.73 (s, 1H), 3.60 (t, J = 6.1 Hz, 2H), 2.02 – 1.91 (m, 1H), 1.80 – 1.70 (m, 1H), 

1.58 – 1.51 (m, 2H), 1.48 – 1.41 (m, 12H), 0.88 (s, 9H), 0.03 (d, J = 2.2 Hz, 6H) ppm. 13C NMR (100 MHz, 

CDCl3) δ 171.79, 169.97, 155.63, 135.01, 131.51, 129.22, 128.69, 128.07, 118.92, 80.64, 65.97, 62.08, 58.36, 

51.98, 40.75, 28.80, 28.37, 28.25, 25.93, 18.29, 17.77, -5.35, -5.36 ppm. HRMS (m/z): calculated for 

C29H49N2O6SeSi+ [M + H]+: 629.2520, found: 629.2516.
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Compound 13 (433 mg, 1.16 mmol) was dissolved in MeCN (10 mL) and aqueous solution of NaH2PO4-

Na2HPO4 (10 mL, pH = 6.7). To this solution, 2,2,6,6-tetramethylpiperidin-1-oxyl (9 mg, 0.058 mmol), 

sodium chlorite (535 mg, 5.8 mmol), NaBr (119 mg, 1.16 mmol), and a 10% Bleach solution (0.87 mL) were 

added sequentially at room temperature. After being stirred at room temperature for 1 h, the reaction mixture 

was acidified to pH = 1-2 with 1 M HCl (aq.) at 0oC. The aqueous layer was extracted with ethyl acetate (2 × 

50 mL). The combined organic layers were washed with brine (10 mL) and finally dried over anhydrous 

Na2SO4 (s). The solvent was concentrated in vacuo to afford 13-2, which was used in the next step without 

further purification.

To a solution of the 13-2 and 2-(trimethylsilyl)-ethanol (248 μL, 1.74 mmol) in dry DCM (10 mL), DMAP 

(425 mg, 3.48 mmol) and EDCI (665 mg, 3.48 mmol) were successively added at 0 oC. After being warmed 

to room temperature and stirred for additional 12 h, the reaction mixture was quenched with H2O (5 mL), 

diluted with ethyl acetate (100 mL), washed successively with saturated NH4Cl (aq.) (10 mL) and brine (10 

mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was 

purified by flash chromatography (silica gel, EtOAc/hexane = 1:6) to afford 19 (398 mg, 70% 2 steps) as a 

colorless oil. TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 1:4). [α]D
20 = +27.0 (c 0.5, CHCl3). 1H NMR (500 

MHz, CDCl3) δ 5.95 – 5.85 (m, 1H), 5.32 (dq, J = 17.2, 1.5 Hz, 1H), 5.22 (ddd, J = 10.5, 2.6, 1.3 Hz, 1H), 

4.96 (dd, J = 9.5, 5.2 Hz, 1H), 4.62 (d, J = 5.5 Hz, 2H), 4.20 – 4.15 (m, 2H), 2.53 – 2.46 (m, 1H), 2.43 – 2.34 

(m, 2H), 2.22 – 2.15 (m, 1H), 1.50 (s, 18H), 1.03 – 0.95 (m, 2H), 0.04 (s, 9H) ppm. 13C NMR (125 MHz, 

CDCl3): δ 172.75, 170.06, 152.08, 131.86, 118.07, 83.20, 65.71, 62.65, 57.57, 31.11, 28.00, 25.13, 17.38, -

1.52 ppm. HRMS (m/z): calculated for C23H42NO8Si+ [M + H]+: 488.2674, found: 488.2664.
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TMSI, DCM

19 19-1
21

To a solution of compound 19 (163 mg, 0.335 mmol) in dry DCM (3 mL), Iodotrimethylsilane (53 μL, 0.369 

mmol) was added at 0 °C. The reaction mixture was stirred at 0 °C and folllowed by TLC. The first Boc 
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protecting group was removed (approx. 15 minutes), and the reaction was quenched by the addition of 

MeOH (68 μL) at 0 °C. Trifluoroacetic acid (260 μL, 3.35 mmol) was added to the solution. After being 

stirred at room temperature for 1 h, additional trifluoroacetic acid (260 μL, 3.35 mmol) was added to the 

reaction mixture, which was stirred for additional 1 h. Volatiles were removed in vacuo. The residue was 

dried under high vacuum for 2 h to afford amine 19-1, which was used in the next step of reaction without 

further purification.

To the solution of 20 (340 mg, 0.709 mmol) in DCM (6 mL), HOAt (95 mg, 0.709 mmol), PyAOP (1.1 g, 

2.227 mmol) and DIPEA (0.74 mL, 4.254 mmol) were added successively at 0 oC. To this mixture, a 

solution of amine 19-1 in DCM (2 mL) was added. After being stirred at 0 oC for 4 h, the reaction mixture 

was warmed to room temperature and stirred for additional 12 h. The reaction was quenched with H2O (1 

mL), diluted with ethyl acetate (50 mL). The organic solution was washed successively with saturated NH4Cl 

(aq.) (10 mL) and brine (10 mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in 

vacuo and the residue was purified by flash chromatography (silica gel, EtOAc/hexane =1:4) to afford 

dipeptide 21 (181 mg, 72% 2 steps) as a colorless oil. TLC: Rf = 0.4 (silica gel, EtOAc/hexane = 1:2). [α]D
20 

= -4.4 (c 1.0, MeOH). 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 7.5 Hz, 2H), 7.59 (dd, J = 7.2, 2.1 Hz, 4H), 

7.41 (t, J = 7.5 Hz, 2H), 7.34 – 7.26 (m, 5H), 7.02 (d, J = 7.6 Hz, 1H), 5.92 – 5.85 (m, 1H), 5.59 (s, 1H), 

5.36-5.28 (m, 1H), 5.25 (dd, J = 10.4, 1.1 Hz, 1H), 4.65 – 4.57 (m, 3H), 4.40 (dd, J = 15.8, 8.7 Hz, 3H), 4.25 

(s, 1H), 4.18 – 4.08 (m, 2H), 3.71 (d, J = 5.5 Hz, 1H), 2.41 (dd, J = 15.1, 7.6 Hz, 2H), 2.22 (dd, J = 13.4, 6.0 

Hz, 1H), 2.07 – 1.96 (m, 1H), 1.46 (d, J = 6.9 Hz, 3H), 0.92 (dd, J = 13.8, 7.5 Hz, 2H), 0.01 (s, 9H) ppm. 13C 

NMR (100 MHz, CDCl3) δ 172.96, 171.09, 169.88, 156.24, 143.77, 143.70, 141.32, 141.30, 135.02, 131.37, 

129.26, 128.61, 128.12, 127.78, 127.14, 125.15, 120.02, 119.15, 67.53, 66.24, 63.07, 58.88, 52.07, 47.10, 

40.93, 30.44, 29.70, 26.93, 17.93, 17.24, -1.52 ppm. HRMS (m/z): calculated for C38H47N2O7SeSi+ [M + H]+: 

751.2312, found: 751.2306.

21

AllylO

O

HN

OTmse

O

FmocHN
SePh

O

Et2NH, CH3CN 22, NMM, DMAP, PhMe

FmocHN
Cl

O

N
H

AllylO

O

HN O

OTmse

SePh

O

O
RHN

23 R = Fmoc

24 R = H

225

AllylO

O

HN

OTmse

O

H2N
SePh

O

Et2NH,
MeCN

To a solution of compound 21 (93 mg, 0.124 mmol) in dry MeCN (2 mL), diethylamine (1 mL) was added at 
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0 °C. After being stirred at 0 °C for 30 min, volatiles were removed in vacuo. The residue was dried under 

high vacuum for 2 h to provide 5, which was used in the next step of reaction without further purification. 

To a solution of amine 5 in dry toluene (3 mL), N-methylmorpholine (0.34 mL, 3.1 mmol) and N-Fmoc-L-

Alanyl Chloride 22 (in 3 ml of dry toluene) were added slowly at 0 oC. The reaction mixture was stirred at 0 

oC for 15 min followed by addition of a solution of DMAP (76 mg, 0.62 mmol) in dry toluene (1 mL). After 

being stirred at room temperature for 4 h, the reaction mixture was quenched with MeOH (1 mL), diluted 

with ethyl acetate (50 mL), washed successively with saturated NH4Cl (aq.) (10 mL) and brine (10 mL), 

dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was purified 

by flash chromatography (silica gel, EtOAc/hexane =1:2) to afford tripeptide 23 (73 mg, 72% 2 steps) as a 

colorless oil. TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -13.4 (c 0.5, MeOH). 1H NMR (400 

MHz, CDCl3) δ 7.77 (d, J = 7.4 Hz, 2H), 7.60 (t, J = 7.0 Hz, 2H), 7.52 (dd, J = 7.9, 1.5 Hz, 2H), 7.40 (t, J = 

7.4 Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 7.26 – 7.21 (m, 3H), 6.83 (d, J = 7.9 Hz, 1H), 5.90 – 5.83 (m, 1H), 5.29 

(dd, J = 17.2, 1.4 Hz, 1H), 5.25 – 5.15 (m, 2H), 4.63 (dd, J = 8.3, 4.5 Hz, 1H), 4.61 – 4.52 (m, 3H), 4.48 (dt, 

J = 10.6, 4.0 Hz, 2H), 4.24 (t, J = 6.5 Hz, 2H), 4.19 – 4.11 (m, 2H), 3.83-3.73 (m, 1H), 2.42 (dd, J = 16.0, 

8.4 Hz, 2H), 2.22 (dt, J = 12.4, 7.4 Hz, 1H), 2.05 (dt, J = 14.4, 7.4 Hz, 1H), 1.43 (t, J = 8.4 Hz, 6H), 0.99-

0.93 (m, 2H), 0.03 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3): δ173.09, 172.23, 171.20, 169.54, 156.58, 

143.75, 143.62, 141.36, 141.33, 134.87, 131.48, 129.47, 129.24, 128.70, 128.03, 127.80, 127.16, 127.12, 

124.95, 120.04, 118.94, 67.36, 66.07, 63.03, 56.82, 52.08, 51.20, 47.08, 40.56, 30.52, 26.63, 17.69, 17.27, -

1.50 ppm. HRMS (m/z): calculated for C41H52N3O8SeSi+ [M + H]+: 822.2683, found: 822.2681.

To a solution of compound 23 (53 mg, 0.0646 mmol) in dry MeCN (2 mL), diethylamine (1 mL) was added 

at 0 °C. After being stirred at room temperature for 30 min, volatiles in the reaction mixture were removed in 

vacuo. The residue was dried under high vacuum for 2 h to provide amine 24, which was used in next step 

without further purification.

25-1

OH

BocHN
O

OH Cl3CCH2OH,

25

TBDPSO

O

O

BocHN
O

OTce

NHAlloc

4 26
NHAlloc

O

OH

2,4,6-trichlorobenzoyl chloride,
4, DIPEA, DMAP, PhMe

EDCI, DMAP, DCM

OH

BocHN
O

OTce
TBDPSO

To a solution of L-Boc-Thr-OH (25, 2.94 g, 13.41 mmol) and 2,2,2-trichloroethanol (2.6 mL, 26.82 mmol) in 

dry DCM (30 mL), DMAP (8.2 g, 67.05 mmol) and EDCI (6.4 g, 33.50 mmol) were added successively at 0 
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oC. After being warmed to room temperature and stirred for 12 h, the reaction mixture was quenched with 

H2O (10 mL), diluted with ethyl acetate (100 mL), washed with saturated NH4Cl (aq.) (10 mL) and brine (10 

mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was 

purified by flash chromatography (silica gel, EtOAc/hexane = 1:2) to afford 25-1 (3.86 g, 82%) as a colorless 

oil. 

To a solution of 25-1 (410 mg, 1.17 mmol) and 4 in dry toluene (10 mL), DIPEA (1.4 mL, 7.80 mmol) and 

2,4,6-trichlorobenzoyl chloride (0.37 mL, 2.34 mmol) were added at 0oC. The reaction mixture was stirred at 

0 oC for 15 min followed by addition of DMAP (476 mg, 3.90 mmol) in dry toluene (2.5 mL). After being 

stirred at room temperature for 10 h, the reaction was quenched with MeOH (0.5 mL), diluted with ethyl 

acetate (50 mL). The organic solution was washed with saturated NH4Cl (aq.) (10 mL) and brine (10 mL), 

dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was purified 

by flash chromatography (silica gel, EtOAc/hexane = 1:4) to afford 26 (506 mg, 75%) as a colorless oil. 

TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 1:2). [α]D
20 = -1.5 (c 1.0, MeOH). 1H NMR (400 MHz, CDCl3) δ 

7.75 – 7.68 (m, 4H), 7.43 – 7.34 (m, 6H), 6.90 – 6.79 (m, 2H), 6.71 – 6.63 (m, 2H), 5.87 – 5.95 (m, 1H), 

5.56 – 5.41 (m, 1H), 5.33 – 5.16 (m, 3H), 5.06 (d, J = 7.8 Hz, 1H), 4.81 – 4.77 (m, 2H), 4.66 – 4.52 (m, 3H), 

4.31 – 4.17 (m, 1H), 2.57 – 2.39 (m, 2H), 1.75 (d, J = 12.9 Hz, 1H), 1.65 (s, 1H), 1.57 (dd, J = 13.7, 7.3 Hz, 

2H), 1.51-1.40 (m, 9H), 1.32 (d, J = 6.4 Hz, 3H), 1.10 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 171.36, 

168.55, 155.82, 155.65, 153.81, 135.53, 133.75, 133.08, 132.55, 129.84, 128.95, 127.73, 119.57, 118.03, 

94.23, 80.69, 74.94, 71.50, 65.92, 57.06, 53.67, 34.42, 31.75, 28.28, 27.09, 26.55, 19.46, 16.82 ppm. 

HRMS(ESI) m/z calculated for C42H53Cl3N2O9Si [M+H]+: 863.2659, found: 863.2657. HRMS (m/z): 

calculated for C42H54Cl3N2O9Si+ [M + H]+: 863.2659, found: 863.2657.

O

O

BocHN
O
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NHAlloc
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O

O
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O
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26-1

TBDPSO

24, HATU, HOAt,
DIPEA, DMF

TBDPSO TBDPSO

Compound 26 (158 mg, 0.18 mmol) was dissolved in THF (2 mL) and aqueous solution of KH2PO4 (2 mL, 
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pH = 4.3). To this solution, zinc powder (cat.) was added at room temperature. After being stirred at room 

temperature for 10 h, the reaction mixture was filtered through a pad of Celite and washed with ethyl acetate. 

The aqueous layer was extracted with ethyl acetate (2 × 25 mL). The combined organic layers were washed 

with brine (10 mL) and dried over anhydrous Na2SO4 (s). The solvent was concentrated in vacuo and the 

residue was purified by flash chromatography (silica gel, EtOAc/hexane = 1:2) to afford 26-1 (108 mg, 81%) 

as a colorless oil.

To a solution of 26-1 (60 mg, 0.08 mmol) and amine 24 in dry DMF (4 mL), HOAt (44 mg, 0.32 mmol), 

HATU (123 mg, 0.32 mmol) and DIPEA (113 μL, 0.65 mmol) were added at 0oC. After being warmed to 

room temperature and stirred for 12 h, the reaction mixture was quenched with H2O (1 mL), diluted with 

ethyl acetate (50 mL). The organic solution was washed with saturated NH4Cl (aq.) (10 mL) and brine (10 

mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was 

purified by flash chromatography (silica gel, EtOAc/hexane = 1:2) to afford 27 (59 mg, 69% 2 steps) as a 

colorless oil. TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -4.2 (c 0.5, MeOH). 1H NMR (400 

MHz, CDCl3) δ 7.71 (d, J = 6.7 Hz, 4H), 7.58 – 7.46 (m, 2H), 7.43 – 7.34 (m, 6H), 7.31 – 7.19 (m, 3H), 7.13 

(d, J = 6.9 Hz, 1H), 6.90-6.76 (m, 3H), 6.66 (t, J = 8.0 Hz, 2H), 5.96 – 5.81 (m, 2H), 5.49 (d, J = 6.9 Hz, 1H), 

5.37-5.19 (m, 5H), 4.65 – 4.45 (m, 6H), 4.41 – 4.30 (m, 2H), 4.21 – 4.12 (m, 3H), 3.97 – 3.86 (m, 1H), 2.55-

2.35 (m, 4H), 2.22 (dt, J = 13.0, 8.3 Hz, 1H), 2.11-2.01 (m, 1H), 1.78 (dd, J = 13.7, 7.0 Hz, 1H), 1.65-1.54 

(m, 3H), 1.50 – 1.38 (m, 12H), 1.32 – 1.13 (m, 6H), 1.09 (s, 9H), 1.00-0.93 (m, 2H), 0.03 (s, 9H) ppm. 13C 

NMR (100 MHz, CDCl3) δ 173.01, 172.14, 171.51, 171.17, 169.80, 169.66, 156.32, 155.29, 153.84, 135.53, 

134.73, 133.05, 132.21, 131.61, 129.84, 129.24, 128.95, 128.06, 127.72, 119.58, 118.83, 118.32, 80.66, 

70.34, 66.24, 65.96, 62.89, 56.77, 56.56, 54.56, 52.21, 50.95, 39.89, 34.48, 30.96, 30.54, 29.70, 28.30, 28.24, 

27.29, 26.54, 19.45, 17.27, 17.12, 15.66, -1.50 ppm. HRMS (m/z): calculated for C66H91N5O14SeSi2Na+ [M + 

Na]+: 1336.5158, found: 1336.5159.
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To a solution of Pd(PPh3)4 (2 mg, 0.002 mmol) in CH2Cl2 (1 mL) and phenylsilane (8 L, 0.06 mmol), 

compound 27 12 mg, 0.009 mmol) was added. After being stirred for 3 h at room temperature, volatiles of 

the reaction mixture were removed in vacuo. The residue was dried under high vacuum for 2 h and dissolved 

in dry DMF (10 mL). After HATU (35 mg, 0.09 mmol), HOAt (12 mg, 0.09 mmol) and N-methylmorpholine 

(30 μL, 0.27 mmol) were added sequentially. After being stirred at room temperature for 48 h, solvent of the 

reaction mixture was evaporated under high vacuum. The residue was dissolved with ethyl acetate (50 mL), 

and the organic layer was washed with saturated NH4Cl (aq.) (10 mL) and brine (10 mL), dried over 

anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was purified by flash 

chromatography (silica gel, EtOAc/hexane = 1:2) to afford 3 (5 mg, 58%) as a colorless oil. TLC: Rf = 0.4 

(silica gel, EtOAc/hexane = 1:1). [α]D
20 = -59.3 (c 1.0, MeOH). 1H NMR (500 MHz, CDCl3) δ 7.74 – 7.68 

(m, 4H), 7.57 (dd, J = 7.1, 2.2 Hz, 2H), 7.44 – 7.34 (m, 6H), 7.32 – 7.28 (m, 3H), 7.18 (d, J = 9.7 Hz, 1H), 

7.01 (d, J = 8.8 Hz, 1H), 6.95 (d, J = 7.9 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 8.5 Hz, 2H), 6.26 (s, 

1H), 5.52 (d, J = 9.5 Hz, 1H), 5.24 (dd, J = 6.4, 1.7 Hz, 1H), 4.56 (d, J = 5.8 Hz, 1H), 4.50 (d, J = 5.2 Hz, 

1H), 4.37 (d, J = 9.5 Hz, 2H), 4.16-4.11 (m, 2H), 4.08 (dd, J = 7.2, 3.8 Hz, 2H), 2.51 – 2.29 (m, 5H), 2.07 – 

1.98 (m, 1H), 1.77 (s, 1H), 1.65 – 1.51 (m, 3H), 1.45 (s, 9H), 1.40 – 1.37 (m, 6H), 1.29 (d, J = 6.3 Hz, 3H), 

1.09 (s, 9H), 1.00 – 0.94 (m, 2H), 0.03 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 173.60, 173.26, 172.22, 

171.27, 170.69, 169.39, 156.93, 153.60, 135.53, 134.70, 134.09, 133.15, 129.81, 129.31, 129.03, 128.85, 

127.95, 127.73, 119.41, 80.51, 72.32, 62.87, 57.38, 57.07, 52.38, 51.82, 51.75, 40.98, 34.48, 31.15, 30.44, 

28.35, 27.06, 26.57, 25.14, 19.48, 17.99, 17.57, 17.30, 17.00, -1.47 ppm. HRMS (m/z): calculated for 

C59H81N5O11SeSi2Na+ [M + Na]+: 1194.4529, found: 1194.4526.

H2N

HO

O

OMe BocHN
H
N

O

OMe

28-1
HO

O
HOAt, DIPEA, DCM
L-Boc-Val-OH, EDCI

D-Tyr-OMe

To a solution of D-Tyr-OMe (2.30 g, 9.93 mmol) and L-Boc-Val-OH (2.20 g, 9.93 mmol) in dry DCM (100 

mL), DIPEA (10.4 mL, 59.58 mmol), HOAt (4.0 g, 29.79 mmol) and EDCI (5.7 g, 29.79 mmol) were added 

at 0 oC. After being warmed to room temperature and stirred for 12 h, the reaction was quenched with H2O 

(100 mL), diluted with ethyl acetate (100 mL). The organic solution was washed with saturated NH4Cl (aq.) 

(50 mL) and brine (50 mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo 
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and the residue was purified by flash chromatography (silica gel, EtOAc/hexane = 1:4) to afford 28-1 (3.37 g, 

86%) as a colorless oil. TLC: Rf = 0.4 (silica gel, EtOAc/hexane = 1:2). [α]D
20 = -34.8 (c 2.0, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 6.94 (d, J = 8.4 Hz, 2H), 6.78 – 6.63 (m, 3H), 5.12 (d, J = 8.5 Hz, 1H), 4.86 (dd, 

J = 14.0, 6.1 Hz, 1H), 4.00 (s, 1H), 3.72 (s, 3H), 3.09 – 2.92 (m, 2H), 2.14 (dq, J = 13.2, 6.7 Hz, 1H), 1.45 (s, 

9H), 0.88 (d, J = 6.2 Hz, 3H), 0.80 (d, J = 6.7 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 172.21, 171.56, 

156.01, 155.45, 130.20, 126.96, 115.67, 80.24, 59.70, 53.20, 52.43, 37.27, 30.64, 29.70, 28.31, 19.27, 17.17 

ppm. HRMS (m/z): calculated for C20H31N2O6
+ [M + H]+: 395.2177, found: 395.2171.

BocHN
H
N

O

OMe

28-1
HO

O
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H
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O

TBDPSO

O

OMe

28

TBDPSCl, TEA
DCM

To a solution of dipeptide 28-1 (3.37 g, 8.54 mmol) in dry DCM (50 mL), triethylamine (7.2 mL, 51.24 

mmol) and t-Butyl-diphenylsilyl chloride (6.6 mL, 25.62 mmol) were added at 0°C. After being stirred at 

room temperature for 12 h, the reaction mixture was diluted with ethyl ether (100 mL), washed successively 

with H2O (25 mL), saturated NH4Cl (aq.) (2 × 50mL) and brine (50 mL), dried over Na2SO4 (s) and 

concentrated in vacuo. The residue was purified by flash chromatography (silica gel, EtOAc/hexane = 1:5) to 

provide 28 (5.13 g, 95%) as a colorless oil. TLC: Rf = 0.6 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -23.2 (c 

8.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.72 – 7.59 (m, 4H), 7.53 – 7.30 (m, 6H), 6.85 (d, J = 8.5 Hz, 

2H), 6.76 – 6.61 (m, 2H), 6.51 (d, J = 8.0 Hz, 1H), 5.07 (d, J = 8.3 Hz, 1H), 4.79 (dd, J = 14.1, 6.3 Hz, 1H), 

3.99 (s, 1H), 3.62 (s, 3H), 3.09 – 2.80 (m, 2H), 2.11 – 2.02 (m, 1H), 1.43 (s, 9H), 1.10 (s, 9H), 0.87 (d, J = 

5.8 Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 171.93, 171.25, 155.79, 154.74, 

135.51, 132.89, 132.86, 129.94, 129.92, 128.20, 127.77, 119.87, 79.79, 59.56, 53.18, 52.20, 37.29, 30.90, 

28.31, 26.53, 19.46, 19.25, 17.31 ppm. HRMS (m/z): calculated for C36H49N2O6Si+ [M + H]+: 633.3354, 

found: 633.3352.
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2b R = H

HOAt, DIPEA, DCM
Tiglic acid, EDCI,

To a solution of compound 28 (950 mg, 1.50 mmol) in dry DCM (5 mL), trifluoroacetic acid (5 mL) was 

added at 0 °C. After being stirred at room temperature for 2 h, volatiles of the reaction mixture were removed 

in vacuo. The residue was dried under high vacuum for 2 h to afford amine 28-2.

To a solution of 28-2 in DCM (20 mL), tiglic acid (300 mg, 3.00 mmol) was added in one portion at 0°C. 

After EDCI (863 mg, 4.50 mmol), HOAt (612 mg, 4.50 mmol) and DIPEA (1.6 mL, 9.00 mmol) were added. 

After being stirred at room temperature for 8 h, the reaction was quenched with H2O (20 mL) and diluted 

with ethyl acetate (60 mL). The organic solution was washed with saturated NH4Cl (aq.) (30 mL) and brine 

(30 mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was 

purified by flash chromatography (silica gel, EtOAc/hexane = 1:2) to afford 29 (719 mg, 78% 2 steps) as a 

colorless oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 1:2). [α]D
20 = -19.6 (c 3.0, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 7.72 (ddd, J = 8.0, 3.0, 1.4 Hz, 4H), 7.47 – 7.41 (m, 2H), 7.41 – 7.35 (m, 4H), 6.89 (d, J = 

8.5 Hz, 2H), 6.82 (d, J = 8.1 Hz, 1H), 6.69 (d, J = 8.5 Hz, 2H), 6.50 – 6.42 (m, 1H), 6.38 (d, J = 8.6 Hz, 1H), 

4.79 (td, J = 7.8, 5.6 Hz, 1H), 4.41 (dd, J = 8.5, 6.0 Hz, 1H), 3.62 (s, 3H), 3.02 (dd, J = 14.1, 5.5 Hz, 1H), 

2.92 (dd, J = 14.1, 7.7 Hz, 1H), 2.08 – 2.00 (m, 1H), 1.84 (s, 3H), 1.75 (dd, J = 6.9, 0.8 Hz, 3H), 1.11 (s, 9H), 

0.83 (d, J = 6.8 Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 171.85, 171.11, 

169.28, 154.69, 135.50, 132.89, 132.84, 131.57, 131.36, 129.95, 129.92, 128.35, 127.78, 119.79, 58.04, 

53.31, 52.25, 37.22, 31.38, 26.52, 19.46, 19.22, 17.77, 13.94, 12.38 ppm. HRMS (m/z): calculated for 

C36H47N2O5Si + [M + H]+: 615.3249, found: 615.3240.

To a solution of compound 29 (492 mg, 0.80 mmol) in THF/H2O (10 mL, 1/1), LiOH·H2O (168 mg, 4.00 

mmol) was added at 0 °C. After being stirred at room temperature for 2 h, volatiles of the reaction mixture 

were evaporated in vacuo. The aqueous layer was washed with diethyl ether (5 mL), then acidified to pH = 3 

with 1 N HCl and extracted with ethyl acetate (3 × 30 mL). The combined organic layers were washed with 

saturated NH4Cl (aq.) (10 mL) and brine (10 mL), dried over anhydrous Na2SO4 (s). The organic phase was 

concentrated in vacuo to provide 2b (456 mg, 95%) as a colorless oil, which was used in the next step of 

reaction without further purification.
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To a solution of compound 3 (17 mg, 0.02 mmol) in dry MeCN (2 mL), iodotrimethylsilane (4.2 μL, 0.03 

mmol) was added at 0 °C. After being stirred at 0 °C for 15 min., volatiles of the reaction mixture were 

removed in vacuo. The residue was dried under high vacuum for 2 h to provide amine 30 as a colorless oil, 

which was used in next step of reaction without further purification.

To a solution of amine 30 in dry toluene (2 mL), N-methylmorpholine (18 μL, 0.17 mmol) and O-TBDPS-N-

Fmoc-D-Tyrosyl Chloride (30-1, in 1 mL of dry toluene) were added slowly at 0 oC. This solution was 

stirred at 0 oC for 15 min. followed by addition of DMAP (7 mg, 0.06 mmol, in 1 mL of dry toluene), and 

stirred at room temperature for additional 4 h. The reaction was quenched with MeOH (1 mL) and diluted 

with ethyl acetate (50 mL). The organic solution was washed with saturated NH4Cl (aq.) (10 mL) and brine 

(10 mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was 

purified by flash chromatography (silica gel, EtOAc/hexane = 1:1) to afford 32 (7.5 mg, 29% 2 steps) as a 

colorless oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -17.4 (c 1.0, MeOH). 1H NMR (400 

MHz, CDCl3) δ 7.73 – 7.65 (m, 10H), 7.58 (dd, J = 6.3, 3.0 Hz, 2H), 7.54 – 7.27 (m, 21H), 7.25 – 7.16 (m, 

3H), 7.02 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 5.3 Hz, 1H), 6.79 (d, J = 8.3 Hz, 2H), 6.70 (d, J = 8.2 Hz, 2H), 

6.63 (d, J = 8.4 Hz, 2H), 6.05 (s, 1H), 5.28 (d, J = 5.9 Hz, 1H), 4.78 (s, 1H), 4.50 – 4.22 (m, 6H), 4.17 – 4.07 

(m, 4H), 3.94 – 3.85 (m, 1H), 3.21 (d, J = 12.5 Hz, 1H), 2.84 – 2.71 (m, 1H), 2.49 – 2.26 (m, 5H), 2.05 (d, J 

= 4.5 Hz, 1H), 1.69 (s, 1H), 1.59 – 1.43 (m, 3H), 1.39 – 1.29 (m, 6H), 1.20 (d, J = 6.0 Hz, 3H), 1.09 (s, 9H), 

1.08 (s, 9H), 0.93 (dd, J = 9.9, 6.7 Hz, 2H), -0.01 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 173.69, 
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173.60, 173.29, 172.55, 171.84, 170.44, 170.01, 156.30, 154.59, 153.62, 143.93, 143.69, 141.19, 135.53, 

135.48, 134.78, 133.89, 133.14, 132.90, 132.85, 129.93, 129.89, 129.82, 129.25, 129.08, 128.98, 127.90, 

127.74, 127.66, 127.07, 125.15, 119.89, 119.84, 119.42, 72.38, 67.12, 63.08, 56.97, 55.58, 52.52, 52.34, 

51.92, 47.08, 41.01, 37.17, 34.44, 30.78, 30.13, 27.09, 26.57, 26.51, 24.89, 19.48, 19.46, 17.95, 17.53, 17.23, 

17.14, -1.48 ppm. HRMS (m/z): calculated for C94H110N6O13SeSi3Na+
 [M + Na]+: 1717.6496, found: 

1717.6493.

L-Thr-OTceN
H

H
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O

O

TBDPSO

O

OH N
H

H
N

N
H

OTce
O

O

TBDPSO

O
OH

OPyAOP, HOAt,
DIPEA, DCM

2b-12b

To a solution of acid 2b (2.68 g, 4.46 mmol) in DCM (20 mL), PyAOP (6.98 g, 13.38 mmol), HOAt (1.82 g, 

13.38 mmol) and DIPEA (4.7 mL, 26.76 mmol) L-Thr-OTce (1.05g, 4.42 mmol) were added sequentially at 

0°C. After being stirred at room temperature for 12 h, the reaction was quenched with H2O (5 mL) and 

diluted with ethyl acetate (60 mL). The organic solution was washed with saturated NH4Cl (aq.) (30 mL) and 

brine (30 mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the 

residue was purified by flash chromatography (silica gel, EtOAc/hexane = 1:2) to afford 2b-1 (3.13g, 85%) 

as a colorless oil. TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = +4.4 (c 2.0, MeOH). 1H NMR 

(400 MHz, CDCl3) δ 7.75 – 7.67 (m, 4H), 7.60 (d, J = 9.1 Hz, 1H), 7.45 – 7.33 (m, 6H), 6.93 (d, J = 8.5 Hz, 

2H), 6.67 (d, J = 8.5 Hz, 2H), 6.51 (d, J = 8.1 Hz, 1H), 6.47 – 6.39 (m, 1H), 6.32 (d, J = 3.0 Hz, 1H), 4.85 – 

4.69 (m, 4H), 4.43 (qd, J = 6.5, 2.6 Hz, 1H), 3.48 (dd, J = 8.9, 5.0 Hz, 1H), 3.23 (dd, J = 14.4, 4.6 Hz, 1H), 

2.90 (dd, J = 14.4, 9.5 Hz, 1H), 1.90 – 1.82 (m, 1H), 1.79 (s, 3H), 1.73 (dd, J = 6.9, 0.8 Hz, 3H), 1.09 (s, 9H), 

1.09 (d, J = 4.6 Hz, 3H), 0.89 (d, J = 6.7 Hz, 3H), 0.53 (d, J = 6.7 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3) 

δ 171.66, 171.54, 171.43, 169.70, 154.65, 135.54, 135.51, 133.47, 132.88, 132.83, 130.37, 130.02, 129.91, 

128.90, 127.78, 127.76, 119.88, 94.60, 74.67, 67.91, 62.06, 58.51, 54.34, 36.37, 29.43, 26.54, 19.66, 19.62, 

19.44, 18.81, 14.05, 12.44 ppm. HRMS (m/z): calculated for C41H52Cl3N3O7SiNa+ [M + Na]+: 854.2532, 

found: 854.2531.



18

O

OH
NHAlloc

N
H

H
N

N
H

OTce
O

O

TBDPSO

O
OH

O

N
H

H
N

N
H

OTce
O

O

TBDPSO

O
O

O
NHAlloc

O

TBDPSO

2b-1 4

TBDPSO

+

2,4,6-trichlorobenzoyl
chloride, DIPEA, DMAP

PhMe

2b-2

To a solution of alcohol 2b-1 (376 mg, 0.45 mmol) and acid 4 (288 mg, 0.54 mmol) in dry toluene (10 mL) 

DIPEA (0.4 mL, 2.26 mmol) and 2,4,6-trichlorobenzoyl chloride (0.18 mL, 1.13 mmol) were added at 0oC. 

After being stirred at 0 oC for 15 min, DMAP (138 mg, 1.13 mmol, in 4mL of tuluene) was added to the 

solution and then stirred at room temperature for 4 h. The reaction was quenched with MeOH (1 mL) and 

diluted with ethyl acetate (50 mL). The organic solution was washed with saturated NH4Cl (aq.) (10 mL) and 

brine (10 mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the 

residue was purified by flash chromatography (silica gel, EtOAc/hexane = 1:1) to afford 2b-2 (432 mg, 71%) 

as a colorless oil. TLC: Rf = 0.6 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = +0.6 (c 1.0, MeOH). 1H NMR 

(400 MHz, CDCl3) δ 7.79 – 7.66 (m, 8H), 7.56 (d, J = 8.9 Hz, 1H), 7.46 – 7.32 (m, 12H), 6.93 (d, J = 8.2 Hz, 

2H), 6.85 (d, J = 8.4 Hz, 2H), 6.70 (dd, J = 24.8, 8.2 Hz, 5H), 6.45 – 6.29 (m, 2H), 5.93 – 5.83 (m, 1H), 5.52 

(d, J = 8.0 Hz, 1H), 5.41 (dd, J = 6.2, 3.0 Hz, 1H), 5.36 – 5.22 (m, 1H), 5.17 (d, J = 10.5 Hz, 1H), 4.75 – 

4.47 (m, 6H), 4.26 (d, J = 6.7 Hz, 1H), 4.11 (dd, J = 13.4, 6.4 Hz, 1H), 3.16 (dd, J = 14.5, 5.2 Hz, 1H), 2.85 

(dd, J = 13.2, 3.6 Hz, 1H), 2.55 – 2.38 (m, 2H), 1.91 (dd, J = 13.5, 6.8 Hz, 1H), 1.81 – 1.66 (m, 7H), 1.60 (d, 

J = 19.6 Hz, 3H), 1.28 – 1.21 (m, 3H), 1.09 (s, 9H), 1.09 (s, 9H), 0.78 (d, J = 6.7 Hz, 3H), 0.65 (d, J = 6.5 Hz, 

3H) ppm. 13C NMR (100 MHz, CDCl3) δ 172.05, 171.76, 171.40, 169.66, 168.00, 156.13, 154.56, 153.75, 

135.53, 135.48, 134.08, 133.92, 133.07, 132.88, 132.85, 132.63, 132.49, 131.81, 131.25, 129.93, 129.85, 

128.97, 128.87, 128.21, 127.78, 127.74, 119.75, 119.50, 117.96, 94.25, 74.91, 70.46, 65.99, 59.15, 55.56, 

54.28, 53.82, 36.36, 34.46, 31.39, 30.48, 27.25, 26.54, 19.46, 19.02, 18.42, 17.44, 13.98, 12.30 ppm. 

HRMS(ESI) m/z calculated for C72H87Cl3N4O11Si2 [M+Na]+: 1367.4868, found: 1367.4874. HRMS (m/z): 

calculated for C72H87Cl3N4O11Si2Na+ [M + Na]+: 1367.4868, found: 1367.4874.
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2b-2 R = Tce

33 R = H
Zn,KH2PO4 aq.
/THF

4, DEPBT, NMM

4

34

DMF

To a solution of compound 2b-2 (360 mg, 0.27 mmol) in THF (5 mL) and a aqueous solution of KH2PO4 (pH 

= 4.3), zinc powder (cat.) was added at room temperature. After being stirred at room temperature for 10 h, 

the reaction mixture was filtered through a pad of Celite and washed with ethyl acetate. The aqueous layer 

was extracted with ethyl acetate (2 × 30 mL), and the combined organic layers were washed with brine (10 

mL) and dried over anhydrous Na2SO4 (s). The solvent was concentrated in vacuo and the residue was 

purified by flash chromatography (silica gel, EtOAc/hexane = 1:2) to afford acid 33 (267 mg, 81%) as a 

colorless oil.

To a solution of acid 33 (72 mg, 0.06 mmol) and amine 24 obtained above in dry DMF (3 mL), DEPBT (53 

mg, 0.18 mmol) and NMM (39 μL, 0.35 mmol) was added at 0 oC. After being warmed to room temperature 

and stirred for 12 h, the reaction was quenched with H2O (1 mL) and diluted with ethyl acetate (60 mL). The 

organic solution was washed with saturated NH4Cl (aq.) (10 mL) and brine (10 mL), dried over anhydrous 

Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was purified by flash 

chromatography (silica gel, EtOAc/hexane = 3:2) to afford 34 (63 mg, 60% over 2 steps from 2b-2) as a 

colorless oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -14.6 (c 1.0, MeOH). 1H NMR (400 

MHz, CDCl3) δ 7.93 (d, J = 6.1 Hz, 1H), 7.70 (dd, J = 10.8, 4.1 Hz, 8H), 7.50 (dd, J = 7.6, 1.6 Hz, 2H), 7.44 

– 7.39 (m, 4H), 7.39 – 7.33 (m, 8H), 7.26 – 7.18 (m, 3H), 7.02 (d, J = 8.1 Hz, 1H), 6.94 (d, J = 8.5 Hz, 2H), 

6.85 (d, J = 8.5 Hz, 2H), 6.69 – 6.65 (m, 4H), 6.33 (dd, J = 13.5, 6.7 Hz, 1H), 6.22 (d, J = 6.7 Hz, 1H), 5.91-

5.80 (m, 2H), 5.77 (d, J = 7.8 Hz, 1H), 5.33 – 5.12 (m, 5H), 4.68 – 4.44 (m, 8H), 4.40 – 4.32 (m, 1H), 4.22 (d, 

J = 7.0 Hz, 1H), 4.18 – 4.11 (m, 2H), 4.01 (t, J = 7.2 Hz, 1H), 3.85 – 3.77 (m, 1H), 3.22 (dd, J = 14.2, 5.2 Hz, 

1H), 2.80 (dd, J = 14.2, 10.1 Hz, 1H), 2.54 – 2.36 (m, 4H), 2.21 (dd, J = 13.2, 6.2 Hz, 1H), 2.12 – 2.05 (m, 

1H), 1.91 (dd, J = 13.7, 6.8 Hz, 1H), 1.84-1.66 (m, 7H), 1.60 (d, J = 15.0 Hz, 3H), 1.48 – 1.38 (m, 6H), 1.17 

(d, J = 6.4 Hz, 3H), 1.10 (s, 9H), 1.09 (s, 9H), 0.96 (dd, J = 9.3, 7.8 Hz, 2H), 0.78 (d, J = 6.8 Hz, 3H), 0.66 
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(d, J = 6.6 Hz, 3H), 0.02 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3) δ 173.07, 172.94, 172.34, 172.13, 

171.33, 171.24, 170.96, 170.37, 169.98, 169.64, 156.34, 154.55, 153.74, 135.53, 135.47, 134.88, 133.99, 

133.11, 133.07, 133.04, 132.86, 132.62, 131.56, 130.98, 129.94, 129.86, 129.17, 128.98, 128.45, 127.97, 

127.79, 127.74, 119.75, 119.48, 118.92, 117.97, 70.13, 66.06, 62.93, 59.78, 57.55, 56.99, 55.23, 54.04, 52.18, 

52.07, 50.59, 40.30, 36.10, 34.59, 31.18, 30.51, 29.86, 27.21, 26.65, 26.55, 19.46, 19.08, 18.74, 17.53, 17.26, 

16.98, 14.07, 12.38, -1.48 ppm. HRMS (m/z): calculated for C96H125N7O16SeSi3Na+ [M + Na]+: 1818.7548, 

found: 1818.7546.
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1. Pd(PPh3)4 (0.2eq), THF,
1,3-Dimethylbarbituric acid

1,3-Dimethylbarbituric acid

34

35

To a solution of 34 (24 mg, 0.01 mmol) and 1,3-dimethylbarbituric acid (5 mg, 0.03 mmol) in anhydrous 

THF (4 mL), Pd(PPh3)4 (3 mg, 0.003 mmol) in THF (1 mL) was added. After being stirred for 2 h at room 

temperature, volatiles of the reaction mixture were removed in vacuo. The residue was dried under high 

vacuum for 2 h and dissolved in dry DMF (15 mL). To this solution, HATU (51 mg, 0.13 mmol), HOAt (18 

mg, 0.13 mmol) and N-methylmorpholine (44 μL, 0.40 mmol) were added sequentially, and the reaction 

mixture was stirred at room temperature for 48 h. Solvent was evaporated under high vacuum, and the 

residue was dissolved with ethyl acetate (60 mL). After being washed with saturated NH4Cl (aq.) (10 mL) 

and brine (10 mL), dried over anhydrous Na2SO4 (s), the organic phase was concentrated in vacuo to afford 

the crude product, which was purified by flash chromatography (silica gel, EtOAc/hexane = 3:2) to afford 35 

(14 mg, 63% 2 steps) as a colorless oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 3:2). [α]D
20 = -20.0 (c 1.0, 

MeOH). 1H NMR (400 MHz, CD3OD) δ 7.74 – 7.64 (m, 8H), 7.63 – 7.51 (m, 2H), 7.46 – 7.39 (m, 4H), 7.38 

– 7.34 (m, 8H), 7.31 – 7.26 (m, 3H), 6.98 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.62 (dd, J = 10.9, 8.5 

Hz, 4H), 6.37 (dd, J = 7.5, 6.1 Hz, 1H), 5.19 (dd, J = 6.4, 2.9 Hz, 1H), 4.66 (dd, J = 9.4, 6.0 Hz, 1H), 4.58 

(dd, J = 7.7, 4.7 Hz, 1H), 4.53 (dd, J = 8.2, 4.5 Hz, 1H), 4.24 (dd, J = 9.2, 5.5 Hz, 1H), 4.19 – 4.00 (m, 6H), 
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3.04 (dd, J = 14.0, 5.9 Hz, 1H), 2.77 (dd, J = 14.0, 9.6 Hz, 1H), 2.56 – 2.35 (m, 5H), 2.20 – 2.06 (m, 1H), 

1.92 – 1.82 (m, 1H), 1.78 (s, 4H), 1.71 (d, J = 6.1 Hz, 3H), 1.59 (dd, J = 10.7, 6.0 Hz, 3H), 1.49 (d, J = 6.8 

Hz, 1H), 1.33 (d, J = 7.1 Hz, 3H), 1.19 (d, J = 6.6 Hz, 3H), 1.07 (s, 9H), 1.06 (s, 9H), 1.03 (s, 3H), 0.97 – 

0.90 (m, 2H), 0.75 (d, J = 6.7 Hz, 3H), 0.66 (d, J = 6.7 Hz, 3H), -0.02 (s, 9H) ppm. 13C NMR (100 MHz, 

CD3OD) δ 174.10, 172.66, 172.42, 171.56, 170.79, 170.44, 169.82, 169.39, 168.86, 154.40, 153.46, 135.24, 

135.21, 134.75, 132.87, 132.58, 131.43, 130.93, 129.78, 129.71, 129.66, 129.41, 128.88, 128.74, 127.53, 

127.47, 119.26, 119.04, 72.53, 62.62, 60.16, 59.01, 58.43, 56.12, 55.32, 54.82, 53.18, 51.13, 50.42, 40.22, 

36.88, 34.24, 30.65, 30.55, 30.07, 26.68, 25.63, 25.56, 20.78, 18.78, 18.75, 18.39, 17.62, 16.75, 15.56, 15.14, 

13.06, 12.62, 11.20, -2.74 ppm. HRMS (m/z): calculated for C89H115N7O13SeSi3Na+ [M + Na]+: 1676.6918, 

found: 1676.6916.

N
H

H
N

N
H

H
N

N
H

O

O

TBDPSO

O
O

O
N
H

O

HN
O

O

O

OTmse

TBDPSO

SePh

O

35

N
H

H
N

N
H

H
N

N
H

O

O

TBDPSO

O
O

O
N
H

O

HN
O

O

O

O

OTmse

TBDPSO

35-1

t-BuOOH, DCM

To a solution of 35 (8 mg, 0.01 mmol) in CH2Cl2 (2 mL), 5.5 M t-BuOOH in decane (18 μL, 0.10 mmol) was 

added at 0 oC. Five minutes later, the reaction mixture was allowed to reach room temperature and then 

stirred for 2 h. The reaction was quenched with NaHCO3 (aq.)/Na2S2O3 (aq.) (6 mL, 1:1) and diluted with 

ethyl acetate (50 mL). The organic solution was washed with saturated NH4Cl (aq.) (10 mL) and brine (10 

mL), dried over anhydrous Na2SO4 (s). The organic phase was concentrated in vacuo and the residue was 

purified by flash chromatography (silica gel, EtOAc/hexane = 2:1) to afford 35-1 (5 mg, 62%) as a colorless 

oil. TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 2:1). [α]D
20 = -46.7 (c 0.5, MeOH). 1H NMR (400 MHz, 

CD3OD) δ 8.71 (d, J = 2.4 Hz, 1H), 8.09 (d, J = 7.9 Hz, 1H), 7.80 (d, J = 8.8 Hz, 1H), 7.72 – 7.66 (m, 9H), 

7.62 (d, J = 8.7 Hz, 1H), 7.45 – 7.39 (m, 4H), 7.39 – 7.33 (m, 8H), 7.29 (d, J = 8.0 Hz, 1H), 6.99 (d, J = 8.5 

Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.68-6.58 (m, 5H), 6.39 – 6.32 (m, 1H), 5.19 (dd, J = 6.3, 2.8 Hz, 1H), 

4.72 – 4.65 (m, 1H), 4.58 (dt, J = 11.9, 5.9 Hz, 2H), 4.44 (td, J = 9.4, 4.5 Hz, 1H), 4.20 – 4.03 (m, 4H), 3.05 

(dd, J = 14.0, 5.9 Hz, 1H), 2.77 (dd, J = 14.0, 9.5 Hz, 1H), 2.58 – 2.38 (m, 5H), 2.17 (dt, J = 14.2, 7.1 Hz, 

1H), 1.86 (dd, J = 17.0, 10.2 Hz, 2H), 1.81 – 1.69 (m, 10H), 1.60 – 1.48 (m, 3H), 1.37 (d, J = 7.0 Hz, 3H), 
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1.07 (s, 9H), 1.06 (s, 9H), 1.04 (s, 3H), 0.97 – 0.91 (m, 2H), 0.76 (d, J = 6.7 Hz, 3H), 0.67 (d, J = 6.8 Hz, 

3H), -0.02 (s, 9H) ppm. 13C NMR (100 MHz, CD3OD) δ 175.45, 174.06, 172.75, 172.68, 172.39, 171.77, 

170.43, 170.39, 169.70, 164.61, 154.39, 153.44, 135.24, 135.22, 134.69, 132.88, 132.59, 131.50, 131.47, 

130.87, 129.79, 129.73, 129.66, 129.44, 129.24, 128.75, 127.54, 127.45, 119.26, 119.02, 72.73, 62.59, 60.14, 

59.07, 58.96, 55.48, 55.40, 54.86, 54.81, 52.84, 50.85, 50.10, 36.91, 33.89, 30.71, 29.79, 26.73, 25.96, 25.62, 

25.58, 19.47, 18.78, 18.76, 18.41, 17.56, 16.75, 15.19, 15.15, 13.08, 12.63, 11.59, 11.24, -2.73 ppm. HRMS 

(m/z): calculated for C83H109N7O13Si3Na+ [M + Na]+: 1518.7283, found: 1518.7288.
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To a solution of 35-1 (10 mg, 0.01 mmol) in anhydrous THF (0.5 mL), pyridine (120 μL) and HFPy (60 μL)  

were added at 0 oC. Five minutes later, the reaction mixture was allowed to reach room temperature, stirred 

for additional 2 h, and then diluted with ethyl acetate (50 mL). The organic solution was washed with 

saturated NH4Cl (aq.) (10 mL) and brine (10 mL), dried over anhydrous Na2SO4 (s). The organic phase was 

concentrated in vacuo and the residue was dissolved in dry DMF (2 mL) at 0 °C. To this solution, TASF (37 

mg, 0.134 mmol) in dry DMF (0.5 mL) was added at 0 °C. After being allowed to warm to room temperature 

and stirred for additional 4 h, the solvents of the reaction mixture were evaporated under high vacuum. The 

residue was dissolved with ethyl acetate (50 mL), washed with brine (10 mL), dried over anhydrous Na2SO4 

(s). The organic phase was concentrated in vacuo to provide the crude product, which was purified by HPLC.

HPLC purification was performed on Agilent 1200 system, equipped with a reverse-phase C18 S G300 

column (S-5uM, 10.0 mm i.d. × 150 mm length, from Fine Chemicals, Shiseido CAPCELL PAK). A linear 

elution gradient consisting of 45:55 H2O/MeOH brought to 30:70 H2O/MeOH over 35 min, at a flow rate of 

0.8 mL/min was employed. The temperature was 25 oC and the DAD detector was set at 220 nm and 254 nm 

wave length. Fraction whose retention time is between 10.1-10.5 min was collected and concentrated in 

vacuo to afford the revised structure of Largamide B 1b (3 mg, 50%) as an colorless amorphous solid. 

Analytical data for Revised Structure of Largamide B (1b) [α]D
20 = -72.6 (c 0.12, MeOH). 1H NMR (400 

MHz, CD3OD) δ 7.70 (d, J = 9.5 Hz, 1H), 7.08 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.74 – 6.63 (m, 
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5H), 6.38 (q, J = 6.7 Hz, 1H), 5.21 (dd, J = 6.3, 2.8 Hz, 1H), 4.70 (dd, J = 9.4, 5.9 Hz, 1H), 4.61 (t, J = 6.8 

Hz, 2H), 4.51 (dd, J = 10.0, 4.1 Hz, 1H), 4.19 (dd, J = 13.5, 7.1 Hz, 2H), 3.06 (dd, J = 13.9, 5.8 Hz, 1H), 

2.82 (dd, J = 13.9, 9.6 Hz, 1H), 2.59 – 2.44 (m, 5H), 2.19 (dd, J = 17.1, 6.8 Hz, 1H), 1.97 – 1.85 (m, 2H), 

1.84 – 1.78 (m, 6H), 1.75 (d, J = 6.9 Hz, 3H), 1.65 – 1.53 (m, 3H), 1.40 (d, J = 7.1 Hz, 3H), 1.11 (d, J = 6.3 

Hz, 3H), 0.78 (d, J = 6.7 Hz, 3H), 0.75 (d, J = 6.8 Hz, 3H) ppm. 13C NMR (100 MHz, CD3OD) δ 176.63, 

176.60, 174.03, 173.62, 173.10, 171.73, 171.63, 170.84, 165.80, 157.15, 156.00, 134.04, 132.64, 132.16, 

132.10, 131.13, 130.38, 130.10, 128.59, 116.09, 115.75, 73.88, 60.06, 56.56, 56.35, 53.90, 52.08, 51.27, 

38.20, 35.14, 31.92, 31.37, 31.02, 28.15, 27.11, 19.48, 18.45, 16.37, 16.23, 13.74, 12.72, 12.34 ppm.

1H NMR (500 MHz, DMF-d7) δ 12.42 (s, 1H), 10.13 (s, 1H), 9.29 (s, 1H), 9.24 (s, 1H), 8.80 (s, 1H), 8.10 (s, 

1H), 7.87 (d, J = 8.5 Hz, 1H), 7.64 (d, J = 9.4 Hz, 1H), 7.49 (d, J = 8.7 Hz, 1H), 7.25 (d, J = 8.5 Hz, 1H), 

7.11 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H), 6.70 (d, J = 8.4 Hz, 2H), 6.56 (q, 

J = 7.1 Hz, 1H), 6.42 (qq, J= 6.7, 1.5 Hz, 1H), 5.37 (qd, J = 6.3, 2.9 Hz, 1H), 4.79 (m, 1H), 4.73 (m, 1H), 

4.65 (ddd, J = 9.5, 9.5, 5.5 Hz, 1H), 4.50 (ddd, J = 10.0, 9.0, 5.0 Hz, 1H), 4.30 (qd, J = 7.0, 2.5 Hz, 1H) 4.28 

(dd, J = 8.5, 7.0 Hz, 1H), 3.06 (dd, J = -13.9, 4.7 Hz, 1H), 2.83 (dd, J = -13.8, 9.9 Hz, 1H), 2.60 – 2.42 (m, 

5H), 2.18 (m, 1H), 2.02 (m, 1H), 1.89 (m, 1H), 1.80 (s, 3H), 1.77 (d, J = 7.2 Hz, 3H), 1.71 (dq, J = 6.7, 1.5 

Hz, 3H), 1.60 (m, 1H), 1.58 (m, 1H), 1.56 (m, 1H), 1.38 (d, J = 7.0 Hz, 3H), 1.17 (d, J = 6.3 Hz, 3H), 0.75 (d, 

J = 6.8 Hz, 3H), 0.72 (d, J = 6.7 Hz, 3H) ppm. 13C NMR (125 MHz, DMF-d7) δ 175.84, 175.18, 172.71, 

172.10, 171.75, 171.72, 170.35, 169.38, 164.04, 157.20, 156.56, 133.18, 132.83, 131.17, 131.03, 130.44, 

129.90, 129.28, 128.67, 115.75, 115.67, 73.46, 59.29, 55.88, 55.59, 53.19, 51.15, 50.65, 38.16, 34.63, 31.66, 

31.26, 31.10, 27.93, 27.04, 19.81, 18.31, 16.74, 16.27, 13.86, 12.76, 12.59 ppm.

HRMS (m/z): calculated for C46H62N7O13
+ [M + H]+: 920.4400, found: 920.4398.
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Synthesis Scheme and Analytical Data for the Structure of Largamide B (1a)
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Analytical data for 29a: (Yield = 74%, 2 steps) TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -

31.7 (c 3.0, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.73 – 7.67 (m, 4H), 7.45 – 7.33 (m, 6H), 6.84 (d, J = 8.5 

Hz, 2H), 6.67 (d, J = 8.5 Hz, 2H), 6.54 (d, J = 8.0 Hz, 1H), 6.00 (d, J = 8.6 Hz, 1H), 5.58 – 5.53 (m, 1H), 



25

4.77 (dd, J = 14.2, 6.4 Hz, 1H), 4.32 (dd, J = 8.5, 6.0 Hz, 1H), 3.61 (s, 3H), 3.01 – 2.89 (m, 2H), 2.13 (d, J = 

1.0 Hz, 3H), 2.08 – 2.02 (m, 1H), 1.80 (d, J = 0.9 Hz, 3H), 1.10 (s, 9H), 0.83 (d, J = 6.8 Hz, 3H), 0.80 (d, J = 

6.8 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 171.79, 171.07, 166.78, 154.72, 151.89, 135.52, 135.50, 

132.89, 132.84, 129.96, 129.92, 128.20, 127.78, 127.76, 119.84, 118.17, 57.82, 53.18, 52.22, 37.23, 30.98, 

27.16, 26.50, 19.89, 19.46, 19.25, 17.79 ppm. HRMS (m/z): calculated for C36H47N2O5Si + [M + H]+: 

615.3249, found: 615.3236.

Analytical data for 2a-1: (Yield = 87%) TLC: Rf = 0.5 (silica gel, EtOAc/hexane = 2:1). [α]D
20 = -5.3 (c 3.0, 

MeOH). 1H NMR (400 MHz, CDCl3) δ 7.70 (ddd, J = 7.9, 4.0, 1.4 Hz, 4H), 7.55 (d, J = 9.0 Hz, 1H), 7.44 – 

7.34 (m, 6H), 6.93 (d, J = 8.5 Hz, 2H), 6.67 (d, J = 8.5 Hz, 2H), 6.54 (d, J = 8.1 Hz, 1H), 6.21 (d, J = 5.1 Hz, 

1H), 5.62 (s, 1H), 4.78 (dd, J = 25.5, 11.9 Hz, 2H), 4.72 – 4.62 (m, 3H), 4.43 – 4.35 (m, 1H), 3.49 (dd, J = 

8.9, 5.2 Hz, 1H), 3.26 (dd, J = 14.4, 4.3 Hz, 1H), 2.83 (dd, J = 14.4, 10.0 Hz, 1H), 1.98 (s, 3H), 1.87 – 1.79 

(m, 4H), 1.09 (s, 9H), 1.04 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H), 0.50 (d, J = 6.7 Hz, 3H) ppm. 13C 

NMR (100 MHz, CDCl3): δ 172.01, 171.56, 169.75, 169.21, 154.65, 151.61, 135.54, 135.51, 132.86, 132.82, 

129.95, 129.92, 128.94, 127.78, 127.76, 119.91, 117.86, 94.59, 74.65, 67.78, 61.77, 58.42, 54.78, 36.38, 

29.34, 26.92, 26.54, 20.38, 19.66, 19.61, 19.45, 18.82 ppm. HRMS (m/z): calculated for C41H53Cl3N3O7Si+ 

[M + H]+: 832.2713, found: 832.2710.

Analytical data for 2a-2: (Yield = 73%) TLC: Rf = 0.6 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -11.9 (c 

2.0, MeOH). 1H NMR (400 MHz, CDCl3) δ 7.74 – 7.68 (m, 8H), 7.64 (d, J = 8.9 Hz, 1H), 7.45 – 7.39 (m, 

4H), 7.39 – 7.34 (m, 8H), 6.94 (d, J = 8.3 Hz, 2H), 6.88 – 6.80 (m, 3H), 6.71 – 6.63 (m, 5H), 6.21 (d, J = 8.0 

Hz, 1H), 6.00 (s, 1H), 5.92 – 5.81 (m, 1H), 5.54 (dd, J = 20.4, 11.9 Hz, 2H), 5.41 (dd, J = 6.2, 3.7 Hz, 1H), 

5.28 (d, J = 17.0 Hz, 1H), 5.18 (dd, J = 10.4, 1.2 Hz, 1H), 4.75 – 4.51 (m, 6H), 4.35 – 4.23 (m, 1H), 4.07 (t, J 

= 7.8 Hz, 1H), 3.16 (dd, J = 14.5, 5.0 Hz, 1H), 2.84 (dd, J = 14.4, 9.6 Hz, 1H), 2.56 – 2.38 (m, 2H), 2.08 (s, 

3H), 1.96 – 1.85 (m, 1H), 1.82 – 1.72 (m, 4H), 1.60 (dd, J = 22.1, 6.2 Hz, 3H), 1.26 (d, J = 6.5 Hz, 3H), 1.09 

(s, 9H), 1.08 (s, 9H), 0.78 (d, J = 6.7 Hz, 3H), 0.64 (d, J = 6.6 Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 

172.53, 171.78, 171.35, 167.85, 167.27, 156.17, 154.52, 153.76, 151.83, 135.53, 135.48, 134.17, 133.98, 

133.05, 132.90, 132.86, 132.61, 132.49, 129.92, 129.86, 129.00, 128.19, 127.79, 127.75, 119.74, 119.52, 

118.13, 118.02, 94.28, 74.83, 70.41, 66.01, 58.86, 55.62, 54.30, 53.75, 35.96, 34.50, 31.41, 30.24, 27.21, 

26.55, 26.53, 19.88, 19.46, 19.03, 18.43, 17.49 ppm. HRMS (m/z): calculated for C72H88Cl3N4O11Si2
+ [M + 

H]+: 1345.5048, found: 1345.5050.

Analytical data for 34a: (Yield = 64%, 2 steps) TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 1:1). [α]D
20 = -
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22.1 (c 1.0, MeOH). 1H NMR (400 MHz, CDCl3) δ 7.87 (s, 1H), 7.75 – 7.65 (m, 8H), 7.51 (dd, J = 10.8, 5.5 

Hz, 2H), 7.44 – 7.33 (m, 12H), 7.23 (t, J = 6.1 Hz, 3H), 7.04 (s, 1H), 6.93 (d, J = 8.3 Hz, 2H), 6.87 – 6.82 (m, 

2H), 6.68 – 6.64 (m, 4H), 6.24 (s, 1H), 5.95 – 5.78 (m, 2H), 5.67 – 5.49 (m, 2H), 5.34 – 5.12 (m, 5H), 4.76 – 

4.46 (m, 8H), 4.35 – 4.24 (m, 1H), 4.22 – 4.02 (m, 4H), 3.92 – 3.74 (m, 1H), 3.11 (dd, J = 12.2, 4.4 Hz, 1H), 

2.96 – 2.79 (m, 1H), 2.52 – 2.38 (m, 4H), 2.27 – 2.16 (m, 2H), 2.11-2.01 (m, 5H), 1.74 (d, J = 15.8 Hz, 3H), 

1.64 – 1.53 (m, 3H), 1.48 – 1.38 (m, 6H), 1.09 (s, 9H), 1.08 (s, 9H), 0.98 – 0.93 (m, 2H), 0.90 – 0.67 (m, 6H), 

0.02 (s, 9H) ppm. 13C NMR (100 MHz, CDCl3): δ 173.10, 172.98, 172.59, 172.44, 172.02, 171.73, 171.18, 

169.97, 169.85, 169.74, 167.74, 156.33, 154.62, 153.78, 153.75, 152.72, 135.53, 135.46, 134.90, 134.63, 

133.84, 133.05, 132.81, 132.46, 132.37, 131.61, 131.57, 129.96, 129.86, 129.18, 129.02, 128.99, 128.77, 

128.68, 128.59, 128.00, 127.80, 127.75, 120.00, 119.80, 119.53, 118.82, 118.22, 118.03, 117.86, 70.13, 

66.19, 66.09, 65.97, 62.96, 62.90, 58.82, 57.08, 56.73, 55.65, 54.07, 52.09, 50.74, 40.50, 40.08, 37.11, 36.07, 

34.53, 31.21, 30.52, 29.71, 27.50, 27.25, 26.54, 26.52, 20.03, 19.46, 19.25, 18.60, 17.25, 17.11, -1.48 ppm. 

HRMS (m/z): calculated for C96H125N7O16SeSi3Na+ [M + Na]+: 1818.7548, found: 1818.7546.

Analytical data for 35a: (Yield = 60%, 2 steps) TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 3:2). [α]D
20 = -

44.1 (c 0.5, MeOH). 1H NMR (400 MHz, CD3OD) δ 7.72 – 7.66 (m, 8H), 7.58 (dd, J = 7.3, 2.1 Hz, 2H), 

7.44 – 7.33 (m, 12H), 7.30 – 7.28 (m, 3H), 6.97 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.62 (t, J = 8.4 

Hz, 4H), 5.77 – 5.75 (m, 1H), 5.19 (dd, J = 6.3, 2.8 Hz, 1H), 4.65 (dd, J = 10.0, 7.6 Hz, 2H), 4.58 – 4.50 (m, 

2H), 4.25 (dd, J = 9.2, 5.4 Hz, 1H), 4.15 – 4.01 (m, 6H), 2.99 (dd, J = 13.9, 6.3 Hz, 1H), 2.79 (dd, J = 13.9, 

9.0 Hz, 1H), 2.56 – 2.37 (m, 5H), 2.10 (dd, J = 14.8, 8.1 Hz, 1H), 2.05 (d, J = 0.9 Hz, 3H), 1.89 (dd, J = 13.5, 

6.7 Hz, 1H), 1.79 (d, J = 16.6 Hz, 4H), 1.65 – 1.51 (m, 3H), 1.33 (d, J = 7.1 Hz, 3H), 1.19 (d, J = 6.8 Hz, 

3H), 1.07 (s, 9H), 1.06 (s, 9H), 1.03 (d, J = 6.4 Hz, 3H), 0.96 – 0.91 (m, 2H), 0.74 (dd, J = 11.9, 6.8 Hz, 6H), 

-0.02 (s, 9H) ppm. 13C NMR (100 MHz, CD3OD): δ175.42, 174.03, 172.62, 172.31, 171.60, 170.71, 169.69, 

169.33, 167.67, 154.38, 153.45, 150.87, 135.24, 135.21, 134.71, 134.66, 132.87, 132.58, 129.78, 129.74, 

129.66, 129.36, 128.89, 128.81, 128.75, 127.60, 127.53, 127.47, 119.25, 119.03, 117.94, 72.57, 62.58, 60.15, 

58.44, 58.26, 55.28, 54.85, 53.17, 51.06, 50.41, 40.31, 37.01, 34.26, 30.66, 30.57, 30.06, 26.66, 25.90, 25.63, 

25.57, 19.47, 18.82, 18.79, 18.76, 18.40, 17.64, 17.18, 16.76, 15.55, 15.21, 13.07, -2.74 ppm. HRMS (m/z): 

calculated for C89H115N7O13SeSi3Na+ [M + Na]+: 1676.6918, found: 1676.6916.

Analytical data for 35a-1: (Yield = 62%) TLC: Rf = 0.2 (silica gel, EtOAc/hexane = 2:1). [α]D
20 = -40.8 (c 

0.5, MeOH). 1H NMR (400 MHz, CD3OD) δ 7.71 – 7.67 (m, 8H), 7.44 – 7.33 (m, 12H), 6.98 (d, J = 8.6 Hz, 

2H), 6.87 (d, J = 8.5 Hz, 2H), 6.70 – 6.55 (m, 5H), 5.79 – 5.75 (m, 1H), 5.19 (qd, J = 6.2, 2.8 Hz, 1H), 4.66 



27

(dd, J = 8.9, 6.4 Hz, 1H), 4.61 – 4.54 (m, 2H), 4.45 (dd, J = 9.8, 4.9 Hz, 1H), 4.19 – 4.09 (m, 4H), 3.00 (dd, J 

= 13.9, 6.3 Hz, 1H), 2.80 (dd, J = 14.0, 9.0 Hz, 1H), 2.60 – 2.37 (m, 5H), 2.21 – 2.11 (m, 1H), 2.05 (d, J = 

1.0 Hz, 3H), 1.91 (dd, J = 13.6, 6.8 Hz, 1H), 1.81 (d, J = 1.0 Hz, 4H), 1.74 (d, J = 7.2 Hz, 3H), 1.61 – 1.48 

(m, 3H), 1.37 (d, J = 7.1 Hz, 3H), 1.07 (s, 9H), 1.06 (s, 9H), 1.03 (d, J = 6.4 Hz, 3H), 0.98 – 0.91 (m, 2H), 

0.75 (dd, J = 11.6, 6.8 Hz, 6H), -0.02 (s, 9H) ppm. 13C NMR (100 MHz, CD3OD): δ 175.43, 174.00, 172.64, 

172.30, 171.75, 170.37, 170.35, 169.64, 167.67, 164.50, 154.39, 153.44, 150.83, 135.24, 135.22, 134.67, 

132.88, 132.59, 130.89, 129.79, 129.76, 129.67, 129.38, 129.22, 128.76, 127.54, 127.47, 119.28, 119.03, 

117.99, 72.75, 62.55, 60.15, 58.23, 55.35, 54.88, 52.71, 50.84, 50.74, 50.10, 37.03, 33.92, 30.70, 30.67, 

29.76, 26.71, 25.93, 25.65, 25.61, 19.50, 18.85, 18.80, 18.78, 18.43, 17.21, 16.78, 15.27, 15.22, 13.10, 11.62, 

-2.70 ppm. HRMS (m/z): calculated for C83H109N7O13Si3Na+ [M + Na]+: 1518.7283, found: 1518.7288.

Analytical data for largamide B (1a) (Yield = 56%, 2 steps) [α]D
20 = -96.0 (c 0.12, MeOH). 1H NMR (500 

MHz, DMF-d7) δ 12.44 (s, 1H), 10.13 (s, 1H), 9.29 (s, 1H), 9.24 (s, 1H), 8.80 (s, 1H), 7.90 (d, J = 8.2 Hz, 

1H), 7.84 (d, J = 8.5 Hz, 1H), 7.64 (d, J = 9.5 Hz, 1H), 7.49 (dd, J = 8.9, 4.0 Hz, 2H), 7.25 (d, J = 8.5 Hz, 

1H), 7.09 (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 6.73 (d, J = 8.3 Hz, 2H), 6.70 (d, J = 8.4 Hz, 2H), 

6.56 (q, J = 7.2 Hz, 1H), 5.91 (s, 1H), 5.36 (qd, J = 6.4, 2.8 Hz, 1H), 4.79 (m, 1H), 4.73 (m, 1H), 4.65 (ddd, J 

= 9.5, 9.5, 5.5 Hz, 1H), 4.50 (ddd, J = 10.0, 9.0, 5.0 Hz, 1H), 4.30 (qd, J = 7.0, 2.5 Hz, 1H), 4.28 (dd, J = 8.5, 

7.0 Hz, 1H), 3.04 (dd, J = -13.8, 4.7 Hz, 1H), 2.86 (dd, J = -13.8, 9.6 Hz, 1H), 2.58 – 2.42 (m, 5H), 2.19 – 

2.14 (m, 1H), 2.12 (s, 3H), 2.03 (m, 1H), 1.89 (m, 1H), 1.80 (s, 3H), 1.77 (d, J = 7.2 Hz, 3H), 1.60 (m, 1H), 

1.58 (m, 1H), 1.56 (m, 1H), 1.38 (d, J = 7.0 Hz, 3H), 1.17 (d, J = 6.1 Hz, 3H), 0.76 (d, J = 6.8 Hz, 3H), 0.73 

(d, J = 6.8 Hz, 3H) ppm. 13C NMR (125 MHz, DMF-d7) δ 175.70, 174.97, 172.59, 171.98, 171.61, 171.55, 

170.34, 166.88, 163.98, 157.07, 156.44, 150.07, 133.05, 131.08, 130.90, 129.77, 129.18, 128.50, 119.62, 

115.63, 115.59, 73.40, 58.41, 55.81, 55.64, 53.16, 51.05, 50.63, 38.05, 31.27, 31.12, 31.04, 27.78, 27.00, 

26.98, 19.66, 19.51, 17.90, 16.68, 16.19, 12.62 ppm. HRMS (m/z): calculated for C46H61N7O13Na+ [M + 

Na]+: 942.4220, found: 942.4216.
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Scheme 1: Synthesis of 10 via C-H functionalization.

Table 1: Optimization of reaction conditions for the synthesis of 10.

Entry Alkyl Iodide Ag(I) (eq) Additive (eq) Solvents T (oC) Y/Ca (%)

1 7（3.0） AgOAc（1.5） None Toluene 80 23/24

2 8（3.0） AgOAc（1.5） None Toluene 80 29/30

3 9（3.0） AgOAc（1.5） None Toluene 80 46/59

4 8（3.0）
Ag2CO3（1.25

）
(BnO)2PO2H（0.5） DCE/t-BuOH (2/1) 80 42/45

5 9（3.0） AgOAc（1.5） (BnO)2PO2H（0.5） DCE/t-BuOH (2/1) 80 54/59

6 9（3.0）
Ag2CO3（1.5

）
(BnO)2PO2H（0.5） DCE/t-BuOH (2/1) 80 66/90

7 9（3.0）
Ag2CO3（1.5

）
(BnO)2PO2H（0.5） DCE/t-BuOH (2/1) 110 43/74

a Y refers to an isolated yield of product 10; C refers conversion of 6.

As shown in Scheme 1, we initially surveyed the alkylation of alanine derivative 6 with alkyl 

iodides 7, 8, 9 (entries 1-3) employing catalytic Pd(OAc)2 in the presence of 1.5 equivalents of 

AgOAc with toluene as the solvent at 80 oC. Alkylation with both alkyl iodides 7 and 8 produced 10 

in less than 30% yields and suffered from low conversion (entries 1, 2). When 9 was employed as 

the alkylating reagent, the reaction resulted in a significant improvement of the yield and 

conversion (entry 3). Upon examining the alkylation with alkyl iodide 8, we were pleased to find 

when the reaction was conducted with Ag2CO3/(BnO)2PO2H as additives in a dichloroethane–tert-

butanol mixed solvent system, the desired L-ahppa derivative 10 could be obtained in 42% yield 

(entry 4). Further exploration of the reaction with alkyl iodide 9 under the identical conditions 

revealed the efficiency of the alkylation could be further improved (entries 5, 6). As shown in entry 

6, the desired L-ahppa derivative 10 could be obtained in 66% yield. Further experimentation 

indicated the yield of the alkylation also depended on the reaction temperature. Thus, when the 

reaction temperature was raised from 80 oC to 110 oC, the alkylation resulted in reduced yield (entry 

7).



29

Table 2: Comparison of 1H NMR Data of Largamide B (Reported Data and Synthetic 1a)

δ H in ppm (J in Hz)
Amino 

unit No. Reported Data

(500 MHz)

Synthetic 1a

(500 MHz)

ΔδH 
(ppm)

1

2 4.65, ddd (9.5, 9.5, 
5.5)

4.65, ddd (9.5, 9.5, 
5.5) 0.00

3 1.88, m; 1.56, m 1.89, m; 1.56, m +0.01
4 1.60, m; 1.58, m 1.60, m; 1.58, m 0.00
5 2.56, m; 2.48, m 2.56, m; 2.48, m 0.00
6

7/11 7.01, d (8.5) 7.01, d (8.4) 0.00
8/10 6.73, d (8.5) 6.73, d (8.3) 0.00

9
OH 9.29, s 9.24, s -0.05

Ahppa

NH 7.65, d (9.5) 7.64, d (9.5) -0.01
1

2 4.50, ddd (10.0, 9.0, 
5.0)

4.50, ddd (10.0, 9.0, 
5.0) 0.00

3 2.51, m; 2.18, m 2.51, m; 2.17, m -0.01
4 2.59, m; 2.47, m 2.59, m; 2.47, m 0.00
5

OH 12.51, br s 12.44, br s -0.07

Glu

NH 7.50, d (9.0) 7.49, dd (8.9, 4.0) -0.01
1
2
3 6.55, qd (7.0, 1.0) 6.56, q (7.2) +0.01
4 1.77, d (7.0) 1.77, d (7.2) 0.00

Abu

NH 10.16, s 10.13, s -0.03
1
2 4.30, qd (7.0, 2.5) 4.30, qd (7.0, 2.5) 0.00
3 1.37, d (7.0) 1.38, d (7.0) +0.01

Ala

NH 8.83, d (2.5) 8.80, s -0.03
1
2 4.73, dd (8.5, 2.5) 4.73, m 0.00
3 5.37, qd (6.5, 2.5) 5.36, qd (6.4, 2.8) -0.01

Thr

4 1.18, d (6.5) 1.17, d (6.1) -0.01
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NH 7.96, d (8.5) 7.84, d (8.5) -0.12
1

2 4.79, ddd (10.5, 8.5, 
4.5) 4.79, m 0.00

3 3.07, dd (-14.0, 4.5); 
2.82, dd(-14.0, 10.0)

3.04, dd (-13.8, 4.7); 
2.86, dd(-13.8, 9.6)

-0.03;
+0.04

4
5/9 7.11, d (8.5) 7.09, d (8.4) -0.02
6/8 6.70, d (8.5) 6.70, d (8.4) 0.00
7

OH 9.34, s 9.29, s -0.05

Tyr

NH 8.09, d (8.5) 7.90, d (8.2) -0.19
1
2 4.28, dd (8.5, 7.0) 4.28, dd (8.5, 7.0) 0.00
3 2.01, m 2.03, m +0.02
4 0.74, d (7.0) 0.76, d (6.8) +0.02
5 0.71, d (7.0) 0.73, d (6.8) +0.02

Val

NH 7.25, d (8.5) 7.25, d (8.5) 0.00
1
2 5.91, s -
3 6.42, qq (6.7, 1.5) -
4 1.71, dq (6.7, 1.5) 2.12, s +0.41

Tig/Sen

5 1.79, br s 1.80, s +0.01
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Table 3: Comparison of 13C NMR Data of Largamide B (Reported Data and Synthetic 1a)

δ C in ppm
Amino 

unit No. Reported Data

(500 MHz)

Synthetic 1a

(500 MHz)

ΔδH 
(ppm)

1 171.7, qC 171.61 0.05
2 51.1, CH 51.05 -0.05
3 31.2, CH2 31.12 -0.08
4 27.9, CH2 27.78 -0.12
5 34.7, CH2 * -
6 133.1, qC 133.05 -0.05

7/11 129.9, CH 129.77 -0.13
8/10 115.7, CH 115.63 -0.07

9 156.5, qC 156.44 -0.06
OH

Ahppa

NH
1 171.6, qC 171.55 -0.05
2 53.2, CH 53.16 -0.04
3 27.0, CH2 27.00 0.00
4 31.0, CH2 31.04 0.04
5 175.1, qC 174.97 -0.13

OH

Glu

NH
1 164.1, qC 163.98 -0.12
2 131.1, qC 131.08 -0.02
3 129.2, CH 129.18 -0.02
4 12.7, CH3 12.62 -0.08

Abu

NH
1 175.8, qC 175.70 -0.10
2 50.7, CH 50.63 -0.07
3 16.8, CH3 16.68 -0.12

Ala

NH
1 170.4, qC 170.34 -0.06
2 56.0, CH 55.81 -0.19
3 73.4, CH 73.40 0.00
4 16.2, CH3 16.19 -0.01

Thr

NH
1 172.8, qC 172.59 -0.21
2 55.5, CH 55.64 0.14
3 38.2, CH2 38.05 -0.15

Tyr

4 128.6, qC 128.50 -0.10
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5/9 131.0, CH 130.90 -0.10
6/8 115.6, CH 115.59 -0.01
7 157.1, qC 157.07 -0.03

OH
NH
1 172.0, qC 171.98 -0.02
2 59.2, CH 58.41 0.79
3 31.6, CH 31.27 -0.33
4 19.8, CH3 19.66 -0.14
5 18.3, CH3 17.9 -0.40

Val

NH
1 169.3, qC 166.88 -2.42
2 132.7, qC 150.07 17.37
3 130.4, CH 119.62 -10.78
4 13.8, CH3 26.98 13.18

Tig/Sen

5 12.6, CH3 19.51 6.91
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Table 4: Comparison of 1H NMR Data of Largamide B (Reported Data and Synthetic 1b)

δ H in ppm (J in Hz)
Amino 

unit No. Reported Data

(500 MHz)

Synthetic 1b

(500 MHz)

ΔδH 
(ppm)

1

2 4.65, ddd (9.5, 9.5, 
5.5)

4.65, ddd (9.5, 9.5, 
5.5) 0.00

3 1.88, m; 1.56, m 1.89, m; 1.56, m +0.01
4 1.60, m; 1.58, m 1.60, m; 1.58, m 0.00
5 2.56, m; 2.48, m 2.56, m; 2.48, m 0.00
6

7/11 7.01, d (8.5) 7.01, d (8.4) 0.00
8/10 6.73, d (8.5) 6.73, d (8.4) 0.00

9
OH 9.29, s 9.24, s -0.05

Ahppa

NH 7.65, d (9.5) 7.64, d (9.4) -0.01
1

2 4.50, ddd (10.0, 9.0, 
5.0)

4.50, ddd (10.0, 9.0, 
5.0) 0.00

3 2.51, m; 2.18, m 2.51, m; 2.17, m -0.01
4 2.59, m; 2.47, m 2.59, m; 2.47, m 0.00
5

OH 12.51, br s 12.42, br s -0.09

Glu

NH 7.50, d (9.0) 7.49, d (8.7) -0.01
1
2
3 6.55, qd (7.0, 1.0) 6.56, q (7.1) +0.01
4 1.77, d (7.0) 1.77, d (7.2) 0.00

Abu

NH 10.16, s 10.13, s -0.03
1
2 4.30, qd (7.0, 2.5) 4.30, qd (7.0, 2.5) 0.00
3 1.37, d (7.0) 1.38, d (7.0) +0.01

Ala

NH 8.83, d (2.5) 8.80, s -0.03
1
2 4.73, dd (8.5, 2.5) 4.73, m 0.00
3 5.37, qd (6.5, 2.5) 5.37, qd (6.3, 2.9) 0.00
4 1.18, d (6.5) 1.17, d (6.3) -0.01

Thr

NH 7.96, d (8.5) 7.87, d (8.5) -0.09
1

Tyr 2 4.79, ddd (10.5, 8.5, 4.79, m 0.00
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4.5)

3 3.07, dd (-14.0, 4.5); 
2.82, dd(-14.0, 10.0)

3.06, dd (-13.9, 4.7); 
2.83, dd(-13.8, 9.9)

-0.01;
+0.01

4
5/9 7.11, d (8.5) 7.11, d (8.4) 0.00
6/8 6.70, d (8.5) 6.70, d (8.4) 0.00
7

OH 9.34, s 9.29, s -0.05
NH 8.09, d (8.5) 8.10, s +0.01
1
2 4.28, dd (8.5, 7.0) 4.28, dd (8.5, 7.0) 0.00
3 2.01, m 2.02, m +0.01
4 0.74, d (7.0) 0.75, d (6.8) +0.01
5 0.71, d (7.0) 0.72, d (6.7) +0.01

Val

NH 7.25, d (8.5) 7.25, d (8.5) 0.00
1
2
3 6.42, qq (6.7, 1.5) 6.42, qq (6.7, 1.5) 0.00
4 1.71, dq (6.7, 1.5) 1.71, dq (6.7, 1.5) 0.00

Tig

5 1.79, br s 1.80, s +0.01
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Table 5: Comparison of 13C NMR Data of Largamide B (Reported Data and Synthetic 1b)

δ C in ppm
Amino 

unit No. Reported Data

(500 MHz)

Synthetic 1b

(500 MHz)

ΔδH 
(ppm)

1 171.7, qC 171.75 0.05
2 51.1, CH 51.15 0.05
3 31.2, CH2 31.26 0.06
4 27.9, CH2 27.93 0.03
5 34.7, CH2 34.63 -0.07
6 133.1, qC 133.18 0.08

7/11 129.9, CH 129.90 0.00
8/10 115.7, CH 115.75 0.05

9 156.5, qC 156.56 0.06
OH

Ahppa

NH
1 171.6, qC 171.72 0.12
2 53.2, CH 53.19 -0.01
3 27.0, CH2 27.04 0.04
4 31.0, CH2 31.10 0.10
5 175.1, qC 175.18 0.08

OH

Glu

NH
1 164.1, qC 164.04 -0.06
2 131.1, qC 131.17 0.07
3 129.2, CH 129.28 0.08
4 12.7, CH3 12.76 0.06

Abu

NH
1 175.8, qC 175.84 0.04
2 50.7, CH 50.65 -0.05
3 16.8, CH3 16.74 -0.06

Ala

NH
1 170.4, qC 170.35 -0.05
2 56.0, CH 55.88 -0.12
3 73.4, CH 73.46 0.06
4 16.2, CH3 16.27 0.07

Thr

NH
1 172.8, qC 172.71 -0.09
2 55.5, CH 55.59 0.09Tyr
3 38.2, CH2 38.16 -0.04
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4 128.6, qC 128.67 0.07
5/9 131.0, CH 131.03 0.03
6/8 115.6, CH 115.67 0.07
7 157.1, qC 157.20 0.10

OH
NH
1 172.0, qC 172.10 0.10
2 59.2, CH 59.29 0.09
3 31.6, CH 31.66 0.06
4 19.8, CH3 19.81 0.01
5 18.3, CH3 18.31 0.01

Val

NH
1 169.3, qC 169.38 0.08
2 132.7, qC 132.83 0.13
3 130.4, CH 130.44 0.04
4 13.8, CH3 13.86 0.06

Tig

5 12.6, CH3 12.59 -0.01
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Figure 1: Comparison of 1H NMR Spectra of Nature and Synthetic Largamide B (1a and 1b)

1H NMR spectrum of synthetic 1b in DMF-d7 (500MHz)

1H NMR spectrum of natural product in DMF-d7 (500MHz)
Luesch, H. et al. Planta. Medica. 2009, 75, 528-533

1H NMR spectrum of synthetic 1a in DMF-d7 (500MHz)
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Figure 2: Comparison of 13C NMR Spectra of Nature and Synthetic Largamide B (1a and 1b)
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