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1. Reagents: All commercial materials were used as received unless otherwise noted. The 

toluene for reaction was obtained from a JC Meyer solvent dispensing system and used without 

further purification. Flash chromatography was performed using 230-400 mesh SiliaFlash 60® 

silica gel (Silicycle Inc.). Pd(OAc)2 (98%, Aldrich), silver trifluoroacetate (98%, Alfa Aesar), 

silver acetate (98%, Alfa Aesar), 1,1,2,2-tetrachloroethane (98.5%, Acros), potassium 

bicarbonate (99.7%-100.5%, Alfa Aesar), trifluoroacetic acid (99.5+%, Alfa Aesar) and dioxane 

(99+%, Alfa Aesar) were used in the Pd-catalyzed reactions. 8-aminoquinoline (AQ) (98%, 

Aldrich) were purchased from Aldrich and used without further purification. 

 

2. Instruments: NMR spectra were recorded on Bruker AV-360 instruments and calibrated 

using residual solvent peaks as internal reference. Multiplicities are recorded as: s = singlet, d = 

doublet, t = triplet, dd = doublet of doublets, m = multiplet, q = quartet. High resolution ESI 

mass experiments were operated on a Waters LCT Premier instrument. 

 

3. Preparation of compound 4 and vinyl iodides for C-H olefination 

Vinyl iodides 5[1], 13[1], 21[2], 25[3], 29[4], 33[5], and 35[6]were prepared as reported in the 

references. Alanine substrate 4 and vinyl iodides 9, 11, 15, 17, 19, 23, 27, 31 were prepared as 

follows. 

3.1 Preparation of alanine substrate 4 

 
To an ice-water cooled solution in dichloromethane (60 mL) of N-Cbz alanine (2.23 g, 10 

mmol, 1 equiv) , 8-aminoquinoline (1.15 g, 8 mmol, 0.8 equiv) and DMAP (244 mg, 2 mmol, 0.2 

equiv) was added EDCI (2.33 g, 15 mmol, 1.5 equiv) portionwise. After addition, the ice-water 

bath was removed and the reaction was stirred at room temperature for 4 hours. After completion, 

the reaction was diluted with dichloromethane (100 mL), washed with 0.1 M aqueous solution of 

sodium hydroxide and brine. The organic layer was dried over sodium sulfate. The residue after 

concentration in vacuo was purified by flash silica gel chromatography (hexanes : ethyl acetate = 
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4:1), giving 2.7 g of intermediate 4-1 as a yellowish syrup in a 96% yield (yield based on 8-

aminoquinoline). 1H NMR (CDCl3, 360 MHz, ppm): δ 1.60-1.62 (d, J = 6.8 Hz, 1H), 4.65 (s, 

1H), 5.20 (s, 2H), 5.75 (s, 1H), 7.29-7.54 (m, 8H), 8.15-8.18 (m, 1H), 8.76-8.78 (m, 2H), 10.27 

(s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 19.21, 51.83, 67.05, 116.65, 121.72, 122.00, 127.27, 

127.91, 128.09, 128.18, 128.56, 133.96, 136.31, 138.50, 148.41, 155.94, 170.84. 

The intermediate 4-1 (2.0 g, 5.7 mmol, 1 equiv) and Pd/C (200 mg, 10% on carbon) in 

methanol (50 mL) was hydrogenated under H2 atmosphere for 4 hours. After filtration to remove 

the Pd/C, the solution was concentrated in vacuo to remove the methanol. The residue was re-

suspended in toluene (100 mL) with phthalic anhydride (931 mg, 6.3 mmol, 1.1 equiv) and 

triethylamine (1.2 mL, 8.6 mmol, 1.5 equiv). The reaction mixture was heated under reflux with 

Dean-Stark trap overnight. After concentration in vacuo, the residue was purified by flash silica 

gel chromatography (dichloromethane : ethyl acetate = 20:1), giving 1.4 g of alanine substrate 4 

as a white crystal in a 71% yield over two steps. 

3.2 Preparation of (E)-3-iodoacrylic acid 

 
A mixture of propiolic acid (10 g, 143 mmol, 1 equiv) and aqueous hydroiodic acid (40 mL 

of a 47% w/w aqueous solution, 228 mmol, 1.6 equiv) was heated in a sealed flask at 95 oC for 

20 hours. The resulting mixtures were cooled to room temperature to afford a suspension of the 

acid in excess aqueous hydroiodic acid. Filtration under vacuum gave 19.0 g of white needle in a 

yield of 67%. 

3.3 Preparation of vinyl iodide 9 

 
To a solution of (E)-3-iodoacrylic acid (1.98 g, 10 mmol, 1 equiv) and potassium carbonate 

(2.07 g, 15 mmol, 1.5 equiv) in DMF (20 mL) was added benzyl bromide (1.18 mL, 10 mmol, 1 

equiv). The reaction was diluted with diethyl ether (50 mL) after stirred at room temperature for 

1 hour. The organic layer was washed throughly with water, and then dried with anhydrous 

sodium sulfate. The residue after concentration in vacuo was purified by flash silica gel 

chromatography (30-60 oC petroleum ether : diethyl ether = 15:1), giving 2.5 g of product as a 

yellowish liquid in a 87% yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 5.18 (s, 2H), 6.90-6.95 (d, 

J = 15.1 Hz, 1H), 7.37 (s, 5H), 7.91-7.96 (d, J = 15.1 Hz, 1H); 13C NMR (CDCl3, 90 MHz, ppm) 
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δ 66.83, 100.29, 128.45, 128.56, 128.73, 135.48, 136.27, 164.02. 

3.4 Preparation of vinyl iodide 11 

 
To a solution of (E)-3-iodoacrylic acid (1.98 g, 10 mmol, 1 equiv) and imidazol (1.00 g, 15 

mmol, 1.5 equiv) in DMF (20 mL) was added TIPSCl (2.14 mL, 10 mmol, 1 equiv). The reaction 

was diluted with diethyl ether (100 mL) after stirred at room temperature for 1 hours. The 

solution was washed throughly with water, and then dried with anhydrous sodium sulfate. The 

residue after concentration in vacuo was purified by flash silica gel chromatography (30-60 oC 

petroleum ether : diethyl ether = 30:1), giving 2.1 g of product as a colorless liquid in a 60% 

yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 1.06-1.08 (m, 21H), 6.85-6.89 (d, J = 14.8 Hz, 1H), 

7.81-7.85 (d, J = 14.8 Hz, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 17.85, 22.79, 100.07, 138.34, 

163.65. 

3.5 Preparation of vinyl iodide 23 

 
To an ice-water cooled solution of (E)-3-iodoacrylic acid (1.98 g, 10 mmol, 1 equiv), N,O-

dimethylhydroxylamine hydrochloride (1.07 g, 11 mmol, 1.1 equiv), 4-methyl morpholine (1.21 

mL, 11 mmol, 1.1 equiv) in DCM (20 mL) was added EDCI (2.1 g, 11 mmol, 1.1 equiv) in small 

portions. The reaction was stirred at 0 oC for 2 hours. After completion, the solution was washed 

throughly with diluted hydrochloric acid and water, and then dried with anhydrous sodium 

sulfate. The residue after concentration in vacuo was purified by flash silica gel chromatography 

(hexanes : ethyl acetate = 2:1), giving 2.1 g of product as a yellowish syrup in a 88% yield. 1H 

NMR (CDCl3, 360 MHz, ppm): δ 3.13 (s, 3H), 3.63 (s, 3H), 7.32-7.36 (d, J = 14.8 Hz, 1H), 

7.70-7.74 (d, J = 14.8 Hz, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 32.17, 61.98, 97.69, 133.93, 

164.37; HRMS: calculated for C5H9INO2 [M+H+]: 241.9672; found: 241.9673. 

3.6 Preparation of vinyl iodide 27 

 
To an ice-water cooled solution of (E)-3-iodoacrylic acid (1.98 g, 10 mmol, 1 equiv) in 

diethyl ether (20 mL) was slowly added lithium aluminum hydride (570 mg, 15 mmol, 1.5 equiv). 
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The reaction was stirred at 0 oC for 2 hours. After completion, the reaction was quenched by 

carefully adding diluted hydrochloric acid. The organic layer was separated, and washed 

throughly with diluted hydrochloric acid and brine. The organic layer was dried with anhydrous 

sodium sulfate, and concentrated in vacuo. The residue was used for next step without further 

purification. 

To an ice-water cooled solution of the residue above in pyridine (20 mL) was added 

benzoyl chloride (1.39 mL, 12 mmol, 1.2 equiv). The reaction was stirred overnight while 

warming up to room temperature. After completion, the reaction was diluted with diethyl ether, 

washed with diluted hydrochloric acid and brine and dried with anhydrous sodium sulfate. The 

residue after concentration in vacuo was purified by flash silica gel chromatography (30-60 oC 

petroleum ether : diethyl ether = 5:1), giving 1.7 g of product as a colorless liquid in a 59% yield.  

1H NMR (CDCl3, 360 MHz, ppm): δ 4.73-4.74 (d, J = 5.8 Hz, 1H), 6.56-6.60 (d, J = 14.8 Hz, 

1H), 6.72-6.80 (m, 1H), 7.43-7.47 (m, 2H), 7.56-7.60 (m, 1H), 8.03-8.05 (d, J = 7.6 Hz, 2H); 13C 

NMR (CDCl3, 90 MHz, ppm) δ 66.23, 81.21, 100.08, 128.58, 129.80, 133.38, 139.74, 166.08. 

3.7 Preparation of vinyl iodide 15 

 
Tetrolic acid (3.10 g, 36.5 mmol, 1 equiv) was combined with hydroiodic acid (8.52 mL of 

a 47% w/w aqueous solution, 48.1 mmol, 1.3 equiv), and the resulting solution was heated to 90 
oC and stirred for 4 hours. Cold water (75 mL) was added and the product was isolated by 

filtration and washed with cold water then dried under vacuum to gave Z-3-iodo-2-butenoic acid 

as pale yellow needles (6.0 g, 77%). The (Z)-acid was heated to 135 oC in a sealed tube for 24 

hours to provide a mixture of Z-3-iodo-2-butenoic acid and E-3-iodo-2-butenoic acid at a ratio of 

approximate 1:4. The mixture was used for next step without further purification. 

To a solution of the mixture (2.12 g, 10 mmol, 1 equiv) and potassium carbonate (2.07 g, 15 

mmol, 1.5 equiv) in DMF (20 mL) was added benzyl bromide (1.18 mL, 10 mmol, 1 equiv). The 

reaction was diluted with diethyl ether (100 mL) after stirred at room temperature for one hour. 

The solution was washed throughly with water, and then dried with anhydrous sodium sulfate. 

The residue after concentration in vacuo was purified by flash silica gel chromatography (30-60 
oC petroleum ether : diethyl ether = 30:1), giving 1.5 g of product as a yellowish liquid in a 50% 

yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.01 (s, 3H), 5.15 (s, 2H), 6.70 (s, 1H), 7.37 (s, 5H); 
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13C NMR (CDCl3, 90 MHz, ppm) δ 31.16, 66.25, 121.32, 128.34, 128.41, 128.67, 131.14, 

135.68, 163.88. 

3.8 Preparation of Z/E-3-iodo-3-phenyl-2-propenoic acid 

O

OH
HI, 70 oC

I

OH

O

I OH

O

Z-3-iodo-3-phenyl-2-propenoic acid E-3-iodo-3-phenyl-2-propenoic acid

+

phenylpropiolic acid  
A 47% (W/W) solution of hydroiodic acid (4 mL, 22.6 mmol, 1.3 equiv) was added 

dropwise to phenylpropiolic acid (2.5 g, 17.1 mmol, 1 equiv). The reaction mixture was stirred at 

70 oC overnight. During the reaction, a yellow solid was formed. A 5% aqueous solution of 

sodium thiofulfate (8 mL) was then added. The phases were separated and the aqueous phase 

was extracted with diethyl ether (50 mL). The combined organic phases were washed with brine, 

dried with anhydrous sodium sulfate, filtered and concentrated under reduced pressure. Under 

this conditaion, a mixture of Z-3-iodo-3-phenyl-2-propenoic acid and E-3-iodo-3-phenyl-2-

propenoic acid (3.46 g, 75%) was obtained in a ratio of E:Z = 1:4. To separate the two isomers, 

the product was recrystallized from diethyl ether and hexanes. The E-isomer crystallized first, 

leaving the Z-isomer in solution. Repeated recrystallization gave Z-3-iodo-3-phenyl-2-propenoic 

acid (920 mg, 20%) as a yellow crystal, and E-3-iodo-3-phenyl-2-propenoic acid (450 mg, 10%) 

as a white crystal. 

3.9 Preparation of vinyl iodide 17 
I

OH

O MeI, K2CO3, DMF

Z-3-iodo-3-phenyl-2-propenoic acid

I

OMe

O

17  
To a solution of Z-3-iodo-3-phenyl-2-propenoic acid (920 mg, 3.36 mmol, 1 equiv) and 

potassium carbonate (695 mg, 5.04 mmol, 1.5 equiv) in DMF (10 mL) was added methyl iodide 

(0.27 mL, 4.37 mmol, 1.3 equiv). The reaction was diluted with diethyl ether (30 mL) after 

stirred at room temperature for one hour. The solution was washed throughly with water, and 

then dried with anhydrous sodium sulfate. The residue after concentration in vacuo was purified 

by flash silica gel chromatography (30-60 oC petroleum ether : diethyl ether = 30:1), giving 890 

mg of product as a yellowish liquid in a 92% yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.81 (s, 

3H), 6.64 (s, 1H), 7.35-7.36 (d, J = 2.5 Hz, 3H), 7.51-7.52 (d, J = 3.6 Hz, 2H); 13C NMR (CDCl3, 

90 MHz, ppm) δ 51.96, 116.88, 126.52, 128.54, 128.87, 130.18, 143.35, 165.18; HRMS: 
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calculated for C10H10IO2 [M+H+]: 288.9720; found: 288.9718. 

3.10 Preparation of vinyl iodide 19 

 

 
To a solution of Z-3-iodo-3-phenyl-2-propenoic acid (450 mg, 1.64 mmol, 1 equiv) and 

potassium carbonate (339 mg, 2.46 mmol, 1.5 equiv) in DMF (5 mL) was added methyl iodide 

(0.13 mL, 2.13 mmol, 1.3 equiv). The reaction was diluted with diethyl ether (30 mL) after 

stirred at room temperature for one hour. The solution was washed throughly with water, and 

then dried with anhydrous sodium sulfate. The residue after concentration in vacuo was purified 

by flash silica gel chromatography (30-60 oC petroleum ether : diethyl ether = 30:1), giving 420 

mg of product as a white crystal in a 89% yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.56 (s, 

3H), 6.86 (s, 1H), 7.32 (s, 5H); 13C NMR (CDCl3, 90 MHz, ppm) δ 51.72, 118.53, 127.60, 

128.04, 129.35, 131.86, 142.29, 164.04; HRMS: calculated for C10H10IO2 [M+H+]: 288.9720; 

found: 288.9718. 

3.11 Preparation of vinyl iodide 31 

O

EtO

O

OEt

diethyl methylmalonate

1) NaH, CHI3, Et2O

2) KOH, EtOH/H2O
I OH

O 1) LAH, Et2O, 0 oC

2) BzCl, pyridine
I OBz

31
(E)-3-iodo-2-methylacrylic acid  

To a suspension of sodium hydride (60% in mineral oil, 550 mg, 13.8 mmol, 1.2 equiv) in 

diethyl ether (20 mL) was added diethyl methylmalonate (2.00 g, 11.5 mmol, 1 equiv) over 1 

hour and the reaction mixture was heated under reflux for 2.5 hours. After being cooled to room 

temperature, iodoform (4.52 g, 11.5 mmol, 1 equiv) was added. The reaction mixture was again 

heated under reflux for 15 hours and then cooled to 0 oC. Hydrochloric acid (10%, 6 mL) was 

slowly added and stirred for 20 minutes. The organic layer was separated and the aqueous layer 

extracted with diethyl ether. The combined organic layers were dried over anhydrous sodium 

sulfate and concentrated in vacuo. The residue was dissolved in hexanes and the precipitate 

filtered off. The filtrate was concentrated in vacuo and the residue dissolved in a mixture of 

ethanol (15 mL) and water (5 mL). To this solution was added potassium hydroxide (1.61 g, 28.7 

mmol, 2.5 equiv) and the reaction mixture was heated under reflux for 16 hours. The reaction 
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mixture was then concentrated in vacuo and the residue treated with saturated aqueous K2CO3 

solution (15 mL). The aqueous solution was washed with methylene chloride and the combined 

organic layers were discarded. It was then carefully acidified with hydrochloric acid (8 M, 10 

mL) and extracted with methylene chloride. The combined organic layers were dired over 

sodium sulfate and concentrated in vacuo. The crude product was used for next step without 

further purification. 

To an ice-water cooled solution of the crude product obtained above in diethyl ether (20 mL) 

was slowly added lithium aluminum hydride (570 mg, 15 mmol, 1.3 equiv). The reaction was 

stirred at 0 oC for 2 hours. After completion, the reaction was quenched by adding diluted 

hydrochloric acid. The organic layer was separated, and washed throughly with diluted 

hydrochloric acid and brine. The organic layer was dried with anhydrous sodium sulfate, and 

concentrated in vacuo. The residue was used for next step without further purification. 

To an ice-water cooled solution of the residue above in pyridine (20 mL) was added 

benzoyl chloride (1.39 mL, 12 mmol, 1.04 equiv). The reaction was stirred overnight while 

warming up to room temperature. After completion, the reaction was diluted with diethyl ether, 

washed with diluted hydrochloric acid and brine and dried with anhydrous sodium sulfate. The 

residue after concentration in vacuo was purified by flash silica gel chromatography (30-60 oC 

petroleum ether : diethyl ether = 5:1), giving 1.1 g of product as a colorless liquid in a 32% yield. 

 

4. General procedure for screening conditions in Table 1 

 

Reactions in Table 1 were performed in 4 mL capped vials according to the conditions 

listed in Table1 at a 0.2 mmol scale with the concentration of 0.2 M. After completion, the 

reactions were diluted with dichloromethane (10 mL), then filtrated through a pad of Celite. 

After concentration in vacuo, the crude residue was dissolved in 1000 μL of deuterated 

chloroform for 1H-NMR analysis. Dibromomethane (34.8 mg, 0.2 mmol, 1 equiv, set the 

integration of this peak around 4.9-5.0 ppm as 2.00) was added as internal standard for 

determining the yield. Yields of compound 6 and 7/8 were determined as follows: 
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yieldcompond 6 = integration of doublet (δ 5.99-6.04) × 100% 

yieldcompond 7/8 = integration of multiplet (δ 2.99-3.07) × 100% 

 

5. General procedure for AQ-directed Pd-catalyzed C-H olefination 

 
Olefination reactions under condition A: Alanine substrate 4 (69 mg, 0.2 mmol, 1 equiv), 

vinyl iodide (2 equiv), Pd(OAc)2 (4.5 mg, 0.02 mmol, 0.1 equiv), silver acetate (50 mg, 0.6 

mmol, 3 equiv) and trifluoroacetic acid (15 μL, 0.4 mmol, 2 equiv) were suspended into dioxane 

(1 mL). The resulting solution was stirred at room temperature. Open to air! Protection with 

argon or nitrogen was not necessary. After 24 hours, 1 M aq. NaOH solution (2 mL) and 

dichloromethane (5 mL) were added. Organic layer was separated, and the aqueous layer was re-

extracted with dichloromethane (5 mL) twice. Combined organic layer was concentrated in 

vacuo, and the resulting residue was purified by flash silica gel chromatography. 

Olefination reactions under condition B: Alanine substrate 4 (69 mg, 0.2 mmol, 1 equiv), 

vinyl iodide (2 equiv), Pd(OAc)2 (4.5 mg, 0.02 mmol, 0.1 equiv) and silver trifluoroacetate 

(110.5 mg, 0.5 mmol, 2.5 equiv) were suspended into 1,1,2,2-tetrachloroethane (TCE) (1 mL) 

and water (1 mL). The resulting solution was stirred vigorously (important) at room temperature. 

Open to air! Protection with argon or nitrogen was not necessary. After 24 hours, 1 M aq. 

NaOH solution (2 mL) and dichloromethane (5 mL) were added. Organic layer was separated, 

and the aqueous layer was re-extracted with dichloromethane (5 mL) twice. Combined organic 

layer was concentrated in vacuo, and the resulting residue was purified by flash silica gel 

chromatography. 

Olefination reactions under condition C: Alanine substrate 4 (69 mg, 0.2 mmol, 1 equiv), 

vinyl iodide (2 equiv), Pd(OAc)2 (4.5 mg, 0.02 mmol, 0.1 equiv) and silver trifluoroacetate 

(110.5 mg, 0.5 mmol, 2.5 equiv) were suspended into 1,1,2,2-tetrachloroethane (TCE) (1 mL) 

and water (1 mL). The resulting solution was stirred vigorously (important) at 65 oC. Open to 

air! Protection with argon or nitrogen was not necessary. After 24 hours, 1 M aq. NaOH 
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solution (2 mL) and dichloromethane (5 mL) were added. Organic layer was separated, and the 

aqueous layer was re-extracted with dichloromethane (5 mL) twice. Combined organic layer was 

concentrated in vacuo, and the resulting residue was purified by flash silica gel chromatography. 

N
H

O

NO O N
MeOOC

6
 

Flash silica gel chromatography (hexanes : ethyl acetate = 3:1) gave 65 mg of product as a 

white foam in 76% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.32-3.49 (m, 

2H), 3.66 (s, 3H), 5.26-5.30 (dd, J = 5.8, 9.7 Hz, 1H), 5.99-6.04 (d, J = 15.8 Hz, 1H), 6.93- 7.01 

(m, 1H), 7.36-7.38 (dd, J = 4.0, 8.3 Hz, 1H), 7.47-7.48 (m, 2H), 7.73-7.76 (m, 2H), 7.87-7.89 (m, 

2H), 8.08-8.10 (dd, J = 1.1, 8.3 Hz, 1H), 8.56-8.58 (dd, J = 1.4, 4.0 Hz, 1H), 8.65-8.67 (m, 1H), 

10.25 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 31.77, 51.66, 53.65, 116.78, 121.75, 122.22, 

123.86, 124.80, 127.28, 127.86, 131.64, 133.67, 134.52, 136.35, 138.41, 143.27, 148.41, 165.72, 

166.29, 167.84; HRMS: calculated for C24H20N3O5 [M+H+]: 430.1397; found: 430.1397. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 4:1) gave 86 mg of product as a 

white foam in 85% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.31-3.44 (m, 

2H), 5.07 (s, 3H), 5.22-5.27 (dd, J = 6.1, 9.0 Hz, 1H), 6.95-7.03 (m, 1H), 7.20-7.31 (m, 6H), 

7.42-7.45 (m, 2H), 7.67-7.69 (m, 2H), 7.81-7.83 (m, 2H), 8.02-8.04 (d, J = 8.3 Hz, 1H), 8.49-

8.50 (d, J = 4.0 Hz, 1H), 8.61-8.64 (m, 1H), 10.2 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 

31.84, 53.60, 66.23, 116.74, 121.72, 122.19, 123.81, 124.90, 127.24, 127.82, 128.16, 128.23, 

128.57, 131.62, 133.66, 134.47, 135.86, 136.29, 138.37, 143.64, 148.39, 165.59, 165.68, 167.81; 

HRMS: calculated for C30H24N3O5 [M+H+]: 506.1710; found: 506.1704. 
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Flash silica gel chromatography (hexanes : ethyl acetate = 10:1) gave 77 mg of product as a 

white foam in 68% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 0.94-0.97 (m, 

18H), 1.15-1.25 (m, 3H), 3.29-3.36 (m, 1H), 3.39-3.48 (m, 1H), 5.27-5.31 (dd, J = 5.8, 10.8 Hz, 

1H), 5.94-5.98 (d, J = 15.5 Hz, 1H), 6.85-6.94 (m, 1H), 7.32-7.36 (dd, J = 4.3, 8.3 Hz, 1H), 7.45-

7.47 (m, 2H), 7.70-7.73 (m, 2H), 7.83-7.86 (m, 2H), 8.06-8.08 (dd, J = 1.4, 8.3 Hz, 1H), 8.56-

8.58 (dd, J = 1.8, 4.3 Hz, 1H), 8.66-8.68 (m, 1H), 10.28 (s, 1H); 13C NMR (CDCl3, 90 MHz, 

ppm) δ 11.88, 17.71, 31.56, 53.57, 116.71, 121.69, 122.17, 123.74, 126.95, 127.22, 127.81, 

131.52, 133.64, 134.45, 136.29, 138.37, 143.33, 148.41, 165.24, 165.70, 167.70; HRMS: 

calculated for C32H38N3O5Si [M+H+]: 572.2575; found: 572.2563. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 3:1) gave 9 mg of product as a 

white foam in 10% yield under Condition A; 44 mg of product in 51% yield under Condition 

C. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.70 (s, 3H), 3.75-3.79 (m, 2H), 5.30-5.34 (dd, J = 6.8, 

8.6 Hz, 1H), 5.91-5.94 (d, J = 11.5 Hz, 1H), 6.32-6.39 (m, 1H), 7.37-7.40 (dd, J = 4.3, 8.3 Hz, 

1H), 7.49-7.50 (m, 2H), 7.74-7.75 (m, 2H), 7.87-7.89 (m, 2H), 8.10-8.13 (d, J = 8.3 Hz, 1H), 

8.64-8.65 (m, 1H), 8.69-8.71 (m, 1H), 10.32 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 28.83, 

51.49, 54.44, 116.84, 121.74, 122.12, 123.09, 123.77, 127.35, 127.92, 131.86, 133.93, 134.41, 

136.35, 138.56, 143.82, 148.43, 166.14, 166.37, 167.98; HRMS: calculated for C24H20N3O5 

[M+H+]: 430.1397; found: 430.1397. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 10:1) gave 63 mg of product as a 

white foam in 61% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 2.29 (s, 3H), 

3.21-3.26 (dd, J = 5.0, 14.0 Hz, 1H), 3.33-3.40 (dd, J = 10.8, 14.0 Hz, 1H), 5.01 (s, 2H), 5.38-

5.42 (dd, J = 5.0, 10.8 Hz, 1H), 5.81 (s, 1H), 7.18-7.33 (m, 6H), 7.45-7.46 (m, 2H), 7.68-7.71 (m, 
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2H), 7.83-7.85 (m, 2H), 8.04-8.07 (dd, J = 1.4, 8.3 Hz, 1H), 8.50-8.52 (dd, J = 1.4, 4.0 Hz, 1H), 

8.64-8.67 (m, 1H), 10.28 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 18.28, 39.82, 52.60, 65.54, 

116.71, 119.18, 121.70, 122.18, 123.79, 127.24, 127.82, 128.00, 128.06, 128.50, 131.58, 133.65, 

134.43, 136.09, 136.29, 138.38, 148.39, 154.84, 165.73, 165.94, 167.81; HRMS: calculated for 

C31H26N3O5 [M+H+]: 520.1867; found: 520.1862. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 10:1) gave 45 mg of product as a 

white foam in 45% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.76 (s, 3H), 

3.96-4.03 (dd, J = 11.5, 13.0 Hz, 1H), 4.40-4.44 (dd, J = 2.9, 13.0 Hz, 1H), 5.37-5.41 (dd, J = 3.2, 

11.5 Hz, 1H), 6.13 (s, 1H), 6.97-7.01 (m, 1H), 7.05-7.09 (m, 1H), 7.26-7.28 (m, 2H), 7.36-7.40 

(q, J = 4.3 Hz, 1H), 7.48-7.52 (m, 2H), 7.59-7.66 (m, 4H), 8.10-8.12 (dd, J = 1.4, 8.3 Hz, 1H), 

8.66-8.67 (dd, J = 1.4, 4.0 Hz, 1H), 8.72-8.75 (dd, J = 2.9, 6.1 Hz, 1H), 10.45 (s, 1H); 13C NMR 

(CDCl3, 90 MHz, ppm) δ 30.55, 51.63, 54.44, 116.92, 119.96, 121.64, 121.94, 123.21, 126.99, 

127.38, 127.92, 128.48, 128.96, 131.60, 133.85, 134.22, 136.29, 138.71, 140.25, 148.34, 156.69, 

166.12, 166.74, 167.64; HRMS: calculated for C30H24N3O5 [M+H+]: 506.1710; found: 506.1705. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 5:1) gave 91 mg of product as a 

white foam in 90% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.52 (s, 3H), 

3.62-3.67 (dd, J = 4.3, 14.4 Hz, 1H), 3.78-3.85 (dd, J = 10.8, 14.0 Hz, 1H), 5.11-5.15 (dd, J = 4.7, 

10.8 Hz, 1H), 6.10 (s, 1H), 7.24-7.39 (m, 6H), 7.49-7.50 (m, 2H), 7.75-7.77 (m, 2H), 7.85-7.87 

(m, 2H), 8.09-8.12 (d, J = 8.3 Hz, 1H), 8.56-8.57 (dd, J = 1.1, 4.0 Hz, 1H), 8.66-8.68 (m, 1H), 

10.25 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 38.83, 51.21, 53.20, 116.65, 120.32, 121.69, 

122.14, 123.66, 127.24, 127.67, 127.80, 128.15, 128.41, 131.57, 133.63, 134.36, 136.29, 137.50, 

138.37, 148.35, 154.53, 165.77, 165.93, 167.70; HRMS: calculated for C30H24N3O5 [M+H+]: 
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506.1710; found: 506.1705. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 3:1) gave 58 mg of product as a 

white foam in 68% yield under Condition B; 77 mg of product in 90% yield under Condition 

C. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.42-3.55 (m, 2H), 3.80 (m, 3H), 5.47-5.51 (dd, J = 5.0, 

10.4 Hz, 1H), 5.65 (s, 1H), 6.19 (s, 1H), 7.35-7.38 (dd, J = 4.3, 8.3 Hz, 1H), 7.47-7.48 (m, 2H), 

7.71-7.73 (m, 2H), 7.84-7.86 (m, 2H), 8.08-8.10 (d, J = 8.3 Hz, 1H), 8.61-8.62 (d, J = 2.5 Hz, 

1H), 8.68-8.70 (m, 1H), 10.29 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 32.15, 52.30, 53.57, 

116.70, 121.70, 122.04, 123.69, 127.27, 127.85, 129.45, 131.68, 133.83, 134.35, 135.95, 136.31, 

138.43, 148.38, 166.22, 166.60, 167.92; HRMS: calculated for C24H20N3O5 [M+H+]: 430.1397; 

found: 430.1389. 

N
H

O

NO O N

N

O

OMe

24  

Flash silica gel chromatography (hexanes : ethyl acetate = ???) gave 69 mg of product as a 

yellowish solid in 75% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.16 (s, 

3H), 3.34-3.41 (m, 1H), 3.50-3.59 (m, 4H), 5.29-5.34 (dd, J = 5.4, 10.4 Hz, 1H), 6.57-6.62 (d, J 

= 15.5 Hz, 1H), 6.91-7.00 (m, 1H), 7.37-7.41 (dd, J = 4.3, 8.3 Hz, 1H), 7.49-7.51 (m, 2H), 7.74-

7.77 (m, 2H), 7.87-7.90 (m, 2H), 8.11-8.13 (dd, J = 1.8, 8.3 Hz, 1H), 8.61-8.62 (dd, J = 1.4, 4.3 

Hz, 1H), 8.67-8.70 (m, 1H), 10.30 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 31.72, 53.97, 

61.76, 116.84, 121.79, 122.22, 122.66, 123.83, 127.37, 127.93, 131.79, 133.79, 134.50, 136.41, 

138.52, 141.20, 148.48, 165.99, 167.92; HRMS: calculated for C25H23N4O5 [M+H+]: 459.1663; 

found: 459.1658. 
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Flash silica gel chromatography (hexanes : ethyl acetate = 2:1) gave 31 mg of product as a 

white solid (sensitive to light!) in 35% yield under Condition A; 40 mg of product in 45% yield 

under Condition C. 1H NMR (CDCl3, 360 MHz, ppm): δ 1.81-2.00 (m, 1H), 2.06-2.11 (m, 1H), 

2.14-2.18 (m, 1H), 2.29-2.39 (m, 3H), 3.04-3.10 (dd, J = 10.8, 13.3 Hz, 1H), 3.43-3.48 (dd, J = 

4.0, 13.3 Hz, 1H), 5.32-5.36 (dd, J = 4.7, 10.8 Hz, 1H), 6.87-6.89 (t, J = 3.6, 4.0 Hz, 1H), 7.55-

7.69 (m, 3H), 7.95 (s, 4H), 8.36-8.38 (dd, J = 1.1, 8.3 Hz, 1H), 8.68-8.72 (m, 2H), 10.31 (s, 1H); 
13C NMR (CDCl3, 90 MHz, ppm) δ 22.73, 25.85, 29.76, 29.85, 37.87, 53.57, 116.50, 122.09, 

122.16, 123.34, 127.04, 128.12, 131.74, 134.14, 134.72, 135.19, 136.63, 148.78, 148.90, 166.42, 

167.63, 197.83; HRMS: calculated for C26H22N3O4 [M+H+]: 440.1605; found: 440.1600. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 3:1) gave 76 mg of product as a 

white solid in 76% yield under Condition A; 88 mg of product in 87% yield under Condition C. 
1H NMR (CDCl3, 360 MHz, ppm): δ 3.21-3.35 (m, 2H), 4.62-4.69 (m, 2H), 5.22-5.26 (dd, J = 

6.1, 9.4 Hz, 1H), 5.83-5.97 (m, 2H), 7.32-7.36 (m, 3H), 7.45-7.50 (m, 3H), 7.63-7.65 (m, 2H), 

7.80-7.83 (m, 4H), 8.05-8.08 (dd, J = 1.4, 8.3 Hz, 1H), 8.59-8.61 (dd, J = 1.4, 4.3 Hz, 1H), 8.69-

8.71 (m, 1H), 10.30 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 32.00, 54.25, 64.74, 116.69, 

121.64, 122.05, 123.55, 127.19, 127.78, 128.24, 128.82, 129.94, 129.94, 130.30, 131.55, 132.86, 

133.75, 134.21, 136.24, 138.35, 148.32, 166.00, 166.18, 167.92; HRMS: calculated for 

C30H24N3O5 [M+H+]: 506.1710; found: 506.1704. 
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Flash silica gel chromatography (hexanes : ethyl acetate = 2:1) gave 77 mg of product as a 

white solid in 88% yield under Condition A. 1H NMR (CDCl3, 360 MHz, ppm): δ 1.92-2.05 (m, 

2H), 2.29-2.42 (m, 3H), 2.53-2.58 (m, 1H), 3.29-3.44 (m, 2H), 5.35-5.40 (dd, J = 5.0, 10.4 Hz, 

1H), 5.89 (s, 1H), 7.36-7.40 (dd, J = 4.3, 8.3 Hz, 1H), 7.51-7.52 (m, 2H), 7.76-7.78 (m, 2H), 

7.88-7.90 (m, 2H), 8.11-8.13 (dd, J = 1.4, 8.3 Hz, 1H), 8.55-8.56 (m, 1H), 8.67-8.70 (m, 1H), 

10.30 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 22.73, 29.08, 37.33, 37.37, 52.49, 116.87, 

121.83, 122.35, 124.02, 127.39, 127.96, 128.80, 131.53, 133.67, 134.74, 136.45, 138.51, 148.50, 

160.91, 165.77, 167.81, 199.40; HRMS: calculated for C26H22N3O4 [M+H+]: 440.1605; found: 

440.1600. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 3:1) gave 54 mg of product as a 

white foam in 52% yield under Condition A; 53 mg of product in 51% yield under Condition 

C. 1H NMR (CDCl3, 360 MHz, ppm): δ 1.75 (s, 3H), 3.27-3.31 (m, 2H), 4.66 (s, 2H), 5.20-5.24 

(dd, J = 7.2, 9.0 Hz, 1H), 5.64-5.68 (t, J = 7.2, 6.8 Hz, 1H), 7.35-7.40 (m, 3H), 7.48-7.53 (m, 3H), 

7.70-7.72 (m, 2H), 7.84-7.90 (m, 4H), 8.09-8.11 (dd, J = 1.4, 8.3 Hz, 1H), 8.63-8.65 (dd, J = 1.4, 

4.0 Hz, 1H), 8.71-8.74 (m, 1H), 10.30 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 14.42, 27.93, 

54.45, 69.78, 116.82, 121.72, 122.09, 123.43, 123.67, 127.34, 127.91, 128.38, 129.60, 130.13, 

131.78, 132.98, 133.93, 134.32, 135.19, 136.34, 138.51, 148.40, 166.23, 166.52, 168.03; HRMS: 

calculated for C31H26N3O5 [M+H+]: 520.1867; found: 520.1861. 
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Flash silica gel chromatography (hexanes : ethyl acetate = 2:1) gave 26 mg of product as a 

white solid in 30% yield under Condition A; 29 mg of product in 33% yield under Condition C. 
1H NMR (CDCl3, 360 MHz, ppm): δ 1.58 (s, 3H), 2.34-2.35 (m, 2H), 2.52-2.57 (d, J = 18.0 Hz, 

1H), 2.70-2.75 (d, J = 18.4 Hz, 1H), 3.41-3.46 (dd, J = 5.4, 14.0 Hz, 1H), 3.67-3.74 (dd, J = 10.4, 

14.0 Hz, 1H), 5.41-5.45 (dd, J = 5.8, 10.4 Hz, 1H), 7.31-7.35 (q, J = 4.3 Hz, 1H), 7.46-7.47 (d, 

2H), 7.71-7.73 (m, 2H), 7.83-7.85 (m, 2H), 8.06-8.08 (d, J = 7.9 Hz, 1H), 8.50-8.52 (d, J = 4.0 

Hz, 1H), 8.65-8.68 (m, 1H), 10.23 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 8.19, 28.90, 

30.77, 34.19, 52.26, 116.70, 121.73, 122.24, 123.82, 127.21, 127.79, 131.38, 133.52, 134.63, 

136.32, 138.30, 139.84, 148.39, 165.68, 166.91, 167.67, 209.78; HRMS: calculated for 

C26H22N3O4 [M+H+]: 440.1605; found: 440.1599. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 5:1) gave 65 mg of product as a 

white foam in 62% yield under Condition B.1H NMR (CDCl3, 360 MHz, ppm): δ 0.87 (s,21H), 

3.31-3.37 (dd, J = 5.0, 17.3 Hz, 1H), 3.65-3.73 (dd, J = 11.5, 16.9 Hz, 1H), 5.37-5.42 (dd, J = 5.0, 

11.5 Hz, 1H), 7.39-7.42 (q, J = 4.0 Hz, 1H), 7.53-7.54 (m, 2H), 7.80-7.81 (m, 2H), 7.94-7.96 (m, 

2H), 8.13-8.16 (d, J = 7.9 Hz, 1H), 8.63-8.64 (m, 1H), 8.72-8.74 (m, 1H), 10.35 (s, 1H); 13C 

NMR (CDCl3, 90 MHz, ppm) δ 11.02, 18.35, 20.56, 53.61, 83.95, 102.82, 116.75, 121.66, 

122.14, 123.71, 127.25, 127.83, 131.91, 133.64, 134.31, 136.26, 138.46, 148.41, 165.59, 167.62; 

HRMS: calculated for C31H36N3O3Si [M+H+]: 526.2520; found: 526.2515. 

 

6.  Intramolecular cyclization reactions 

6.1 Intramolecular cyclization of substrate 6  
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To a suspension of substrate 6 (42.9 mg, 0.1 mmol, 1 equiv) in methanol (5 mL) was added 

DMAP (14.6 mg, 0.12 mmol, 1.2 equiv, Condition 2a) or DBU (18.2 mg, 0.12 mmol, 1.2 equiv, 

Condition 2b). After the starting material disappeared on TLC plate (approximate 4 hours under 

Condition 2a or approximate 20 minutes under Condition 2b), the reaction was diluted with 

ethyl acetate (20 mL) and washed throughly with diluted hydrochloric acid and water. The 

organic layer was dried with anhydrous sodium sulfate. Proton NMR of the crude products 

showed ratios of compound 7 : compound 8 as 13:1 (when DBU was used as base) or 

approximate 20:1 (when DMAP was used as base). To distinguish the two diastereomers: The 

spot of compound 7 run higher than that of compound 8 on TLC plate using hexanes and ethyl 

acetate (1:3) as eluent. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 1:2) gave 32 mg of product as a 

white foam in 75% yield under Condition 2a. Failed to get the single crystal. Stereochemistry 

was assumed according to the same reaction with substrate 30. 1H NMR (CDCl3, 360 MHz, 

ppm): δ 2.28-2.36 (m, 1H), 2.49-2.62 (m, 2H), 2.99-3.07 (m, 1H), 3.39 (s, 3H), 5.18-5.22 (m, 

1H), 5.36-5.42 (t, J = 9.7, 10.1 Hz, 1H), 7.36-7.39 (dd, J = 3.2, 7.2 Hz, 1H), 7.52-7.57 (t, J = 7.9, 

7.6 Hz, 1H), 7.67-7.68 (m, 2H), 7.79-7.80 (m, 4H), 8.11-8.14 (d, J = 8.3 Hz, 1H), 8.86-8.87 (d, J 

= 1.8 Hz, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 31.10, 39.56, 49.86, 51.53, 54.07, 121.70, 

123.40, 126.24, 128.51, 129.25, 131.02, 131.85, 133.50, 134.21, 136.31, 144.01, 150.43, 167.54, 

170.27, 170.59; HRMS: calculated for C24H20N3O5 [M+H+]: 430.1397; found: 430.1394. 
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Flash silica gel chromatography (hexanes : ethyl acetate = 1:2) gave 2 mg of product as a 

colorless gum in less than 5% yield under Condition 2a. 1H NMR (CDCl3, 360 MHz, ppm): δ 

2.50-2.71 (m, 3H), 2.98-3.06 (m, 1H), 3.50 (s, 3H), 5.11-5.13 (m, 1H), 5.38-5.43 (t, J = 9.4, 9.0 

Hz, 1H), 7.43-7.46 (dd, J = 3.6, 7.2 Hz, 1H), 7.58-7.62 (t, J = 7.6, 7.6 Hz, 1H), 7.72-7.73 (m, 

2H), 7.80-7.85 (m, 4H), 8.17-8.19 (d, J = 8.3 Hz, 1H), 8.97 (s, 1H); 13C NMR (CDCl3, 90 MHz, 

ppm) δ 30.33, 38.39, 49.43, 51.79, 56.45, 121.84, 123.62, 126.55, 128.66, 129.43, 129.47, 

132.14, 134.28, 134.46, 136.35, 144.66, 150.82, 167.69, 170.00, 171.15; HRMS: calculated for 

C24H20N3O5 [M+H+]: 430.1397; found: 430.1394. 

6.2 Intramolecular cyclization of substrate 30  

 
To a suspension of substrate 30 (43.9 mg, 0.1 mmol, 1 equiv) in methanol (5 mL) was 

added DMAP (14.6 mg, 0.12 mmol, 1.2 equiv, Condition 2a) or DBU (18.2 mg, 0.12 mmol, 1.2 

equiv, Condition 2b). After the starting material disappeared on TLC plate (approximate 4 hours 

under Condition 2a or approximate 20 minutes under Condition 2b), the reaction was diluted 

with ethyl acetate (20 mL) and washed throughly with diluted hydrochloric acid and water. The 

organic layer was dried with anhydrous sodium sulfate. Proton NMR of the crude products 

showed ratios of compound 40 : compound 41 as 2.3:1 (when DBU was used as base) or 

approximate 1:5.5 (when DMAP was used as base). To distinguish the two diastereomers: the 

spot of compound 40 run higher than that of compound 41 on TLC plate using hexanes and ethyl 

acetate (1:3) as eluent. Single crystals of Compound 40 and Compound 41 could be obtained by 

volatilizing acetone slowly from acetone-hexanes solution of the corresponding compound. The 
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stereochemistry of both Compound 40 and Compound 41 were confirmed by X-ray. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 1:2) gave 26 mg of product as a 

white crystal in 60% yield under Condition 2b. 1H NMR (CDCl3, 360 MHz, ppm): δ 1.60-1.72 

(m, 1H), 1.96-2.05 (m, 3H), 2.27-2.30 (m, 2H), 2.36-2.40 (d, J = 14.0 Hz, 1H), 2.51-2.54 (m, 

2H), 3.04-3.08 (d, J = 14.0 Hz, 1H), 5.45-5.50 (t, J = 9.7, 10.1 Hz, 1H), 7.36-7.39 (m, 1H), 7.58-

7.62 (t, J = 7.6, 7.6 Hz, 1H), 7.68-7.70 (m, 2H), 7.76-7.88 (m, 4H), 8.13-8.15 (d, J = 8.3 Hz, 1H), 

8.87-8.88 (d, J = 2.2 Hz, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 19.72, 35.27, 37.33, 40.14, 

48.59, 51.76, 65.14, 121.87, 123.52, 126.12, 129.55, 129.57, 131.95, 132.29, 133.23, 134.29, 

136.19, 145.16, 150.99, 167.60, 170.09, 209.21; HRMS: calculated for C26H22N3O4 [M+H+]: 

440.1605; found: 440.1601. For X-ray data, please see section 9.1. 

 

Flash silica gel chromatography (hexanes : ethyl acetate = 1:2) gave 29 mg of product as a 

white crystal in 66% yield under Condition 2a. 1H NMR (CDCl3, 360 MHz, ppm): δ 1.54-1.74 

(m, 2H), 1.90-2.24 (m, 3H), 2.42-2.46 (m, 2H), 2.65-2.78 (m, 2H), 2.91-2.95 (m, 1H), 5.41-5.46 

(t, J = 9.7, 9.7 Hz, 1H), 7.38-7.40 (m, 1H), 7.56-7.60 (m, 1H), 7.65-7.69 (m, 3H), 7.81-7.87 (m, 

3H), 8.13-8.15 (d, J = 7.9 Hz, 1H), 8.89 (s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 21.15, 

33.83, 34.61, 40.13, 48.64, 54.40, 66.19, 121.81, 123.50, 126.17, 129.55, 129.61, 131.88, 132.01, 

133.22, 134.27, 136.25, 145.47, 150.87, 167.52, 169.65, 208.34; HRMS: calculated for 

C26H22N3O4 [M+H+]: 440.1605; found: 440.1601. For X-ray data, please see section 9.2. 

 

7.  Removal of AQ auxiliary 
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7.1 Removal of AQ auxiliary in Compound 36 

 

Step 1: To a solution of compound 36 (105 mg, 0.2 mmol, 1 equiv) in dry acetonitrile (3 

mL) was added 4-(dimethylamino)pyridine (32 mg, 0.26 mmol, 1.3 equiv) and Boc anhydride 

(57 mg, 0.26 mmol, 1.3 equiv). The mixture was stirred at room temperature for 24 hours then 

concentrated under reduced pressure. Purification of the crude mixture by flash silica gel 

chromatography (hexanes : ethyl acetate = 5:1) gave 112 mg of compound 36-1 as a white foam 

in 90% yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 0.84-0.85 (m, 21H), 1.17 (s, 9H), 3.21-3.27 

(dd, J = 4.3, 17.3 Hz, 1H), 3.57-3.65 (dd, J = 11.5, 16.9 Hz, 1H), 6.13-6.17 (dd, J = 4.0, 11.5 Hz, 

1H), 7.30-7.33 (dd, J = 3.6, 7.9 Hz, 1H), 7.52-7.61 (m, 1H), 7.67-7.68 (m, 3H), 7.76-7.81 (m, 

3H), 8.08-8.10 (d, J = 8.3 Hz, 1H), 8.76-8.77 (d, J = 3.2 Hz, 1H); 13C NMR (CDCl3, 90 MHz, 

ppm) δ 11.09, 18.42, 21.41, 27.46, 53.73, 83.49, 83.62, 103.34, 121.61, 123.31, 126.33, 128.36, 

128.86, 131.96, 133.97, 135.97, 136.35, 144.02, 150.43, 152.29, 167.15, 171.48; HRMS: 

calculated for C36H44N3O5Si [M+H+]: 626.3045; found: 626.3033. 

Step 2: A solution of compound 36-1 (120 mg, 0.19 mmol, 1 equiv) in THF and water (2.1 

mL : 0.7 mL) was cooled to 0oC then 30% hydrogen peroxide (192 μL, 1.69 mmol, 8.8 equiv) 

and lithium hydroxide monohydrate (8.9 mg, 0.21 mmol, 1.1 equiv) were added and stirred at 0 
oC for 2.5 hours. The reaction was quenched at 0 oC with 1.5 M aqueous sodium thiosulfate (1.4 

mL) and the solvent was concentrated under reduced pressure. The residue was washed with 

dichloromethane (10 mL) twice then the aqueous phase was acidified to pH 2 with 10% aqueous 

hydrochloric acid and extracted with ethyl acetate (10 mL) twice. The organic extracts were 

dried with sodium sulfate and concentrated under reduced pressure and purified on flash silica 

gel chromatography (dichloromethane : methanol = 10:1), giving 55 mg product as a yellowish 

syrup in 72% yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 0.82 (s, 21H), 3.02-3.06 (d, J = 15.5 

Hz, 1H), 3.30-3.38 (t, J = 12.2, 16.6 Hz, 1H), 5.08 (br s, 1H), 7.72-7.73 (d, J = 2.9 Hz, 2H), 7.84 

(s, 2H), 9.00 (br s, 1H); 13C NMR (CDCl3, 90 MHz, ppm) δ 11.07, 18.41, 20.68, 83.87, 102.47, 

123.70, 131.88, 134.32, 167.31; HRMS: calculated for C22H30NO4Si [M+H+]: 400.1939; found: 

400.1934. 
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7.2 Removal of AQ auxiliary in Compound 28 

 

Step 1: To a solution of compound 28 (150 mg, 0.30 mmol, 1 equiv) in dry acetonitrile (5 

mL) was added 4-(dimethylamino)pyridine (54 mg, 0.45 mmol, 1.5 equiv) and Boc anhydride 

(97 mg, 0.45 mmol, 1.5 equiv). The mixture was stirred at room temperature for 24 hours then 

concentrated under reduced pressure. Purification of the crude mixture by flash silica gel 

chromatography (hexanes : ethyl acetate = 3:1) gave 180 mg of compound 28-1 as a white foam 

in quantitative yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 1.07 (s, 9H), 3.10-3.20 (m, 2H), 4.62-

4.64 (m, 2H), 5.72-5.80 (m, 1H), 5.92-6.00 (m, 1H), 6.10-6.14 (m, 1H), 7.30-7.36 (m, 3H), 7.47-

7.54 (m, 2H), 7.60-7.62 (m, 2H), 7.66-7.68 (d, J = 7.2 Hz, 1H), 7.75-7.77 (m, 3H), 7.83-7.86 (m, 

2H), 8.08-8.11 (dd, J = 1.4, 8.3 Hz, 1H), 8.78-8.79 (dd, J = 1.4, 4.0 Hz, 1H); 13C NMR (CDCl3, 

90 MHz, ppm) δ 27.30, 32.76, 54.51, 64.97, 83.13, 121.52, 123.28, 126.26, 127.84, 128.17, 

128.23, 128.73, 129.52, 130.08, 131.41, 131.62, 132.80, 133.97, 135.93, 136.41, 144.02, 150.32, 

152.47, 166.09, 167.51, 172.12; HRMS: calculated for C35H32N3O7 [M+H+]: 606.2235; found: 

606.2225. 

Step 2: A solution of compound 28-1 (100 mg, 0.165 mmol, 1 equiv) in THF and water (3 

mL : 1 mL) was cooled to 0oC then 30% hydrogen peroxide (165 μL, 1.45 mmol, 8.8 equiv) and 

lithium hydroxide monohydrate (7.6 mg, 0.18 mmol, 1.1 equiv) were added and stirred at 0 oC 

for 2.5 hours. The reaction was quenched at 0 oC with 1.5 M aqueous sodium thiosulfate (1.2 mL) 

and the solvent was concentrated under reduced pressure. The residue was washed with 

dichloromethane (10 mL) twice then the aqueous phase was acidified to pH 2 with 10% aqueous 

hydrochloric acid and extracted with ethyl acetate (10 mL) twice. The organic extracts were 

dried with sodium sulfate and concentrated under reduced pressure and purified on flash silica 

gel chromatography (dichloromethane : methanol = 10:1), giving 45 mg product as a colorless 

syrup in 73% yield. 1H NMR (CDCl3, 360 MHz, ppm): δ 3.03 (s, 2H), 4.56-4.67 (m, 2H), 5.00 

(br s, 1H), 5.72-5.76 (m, 1H), 5.88-5.92 (m, 1H), 7.41-7.46 (t, J = 7.6, 7.6 Hz, 1H), 7.57-7.61 (t, 

J = 7.2, 7.2 Hz, 1H), 7.76-7.83 (m, 6H); 13C NMR (CDCl3, 90 MHz, ppm) δ 32.50, 65.33, 

124.01, 128.74, 129.29, 130.02, 131.02, 132.03, 132.50, 133.75, 135.34, 166.15, 168.14; HRMS: 



 S22

calculated for C21H17NNaO6 [M+H+]: 402.0948; found: 402.0943. 

 

8. Kinetic isotope effect  

8.1 Preparation of deuterated alanine 44 

 
The solution of alanine substrate 4 (1.38 g, 4 mmol, 1 equiv) and Pd(OAc)2 (90 mg, 0.4 

mmol, 0.1 equiv) in deuterated acetic acid (10 mL) was heated at 90 oC for 24 hours. After 

completion the reaction was filtrated and concentrated. This procedure was repeated twice, and 

the product was purified on flash silica gel chromatography (ethyl acetate : 

dichloromethane=1:99), giving 1.0 g of deuterated alanine substrate 44 in 72% yield. 1H NMR 

(CDCl3, 360 MHz, ppm): δ 5.25 (s, 1H), 7.38-7.42 (m, 1H), 7.49-7.53 (m, 2H), 7.73-7.75 (m, 

2H), 7.88-7.90 (m, 2H), 8.11-8.14 (d, J = 8.3Hz, 1H), 8.67-8.72 (m, 2H), 10.31 (s, 1H); HRMS: 

calculated for C20H13D3N3O3 [M+H+]: 349.1380; found: 349.1380. 

8.2 Method of collecting data and yield determination 

N

O

NH

O O N

4 vs 44

5 (2 eq)
Pd(OAc)2 (0.1 eq)
AgOAc (3 eq)
TFA (2 eq)

THF-d8 (0.2 M)
room temperature
in NMR tubes

N
H

O

NO O N

(D)H
(D)H

H(D)

MeOOC
(D)H H(D)

 
Normal substrate 4 (34.5 mg, 0.1 mmol, 1 equiv) or deuterated substrate 44 (34.8 mg, 0.1 

mmol, 1 equiv), vinyl iodide 5 (42.4 mg, 0.2 mmol, 2 equiv), Pd(OAc)2 (2.24 mg, 0.01 mmol, 

0.1 equiv), silver acetate (50 mg, 0.3 mmol, 3 equiv), trifluoroacetic acid (15 μL, 0.2 mmol, 2 

equiv) and dibromomethane (17.4 mg, 0.1 mmol, 1 equiv) were suspended into deuterated 

tetrahydrofuran (0.5 mL) in NMR tubes. The resulting reaction mixtures were shaked vigorously 

at room temperature. Data was collected at 15, 30, 45, 60, 90 and 120 minutes directly from 1H-

NMR on Bruker AV-360 NMR instrument. Average data of three repeating experiments were 

used. kH/D was estimated based on the ratio of olefination yield. Olefination yields were 

determined as follows:  
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1) In the 1H-NMR spectrum, set the integration of the singlet around δ 5.15 as 2.0, which is 

the peak of internal standard dibromomethane 

2) yield = (integration of doublet around δ 6.00 ppm) × 100% 

 
9. X-ray single-crystal analysis data 

9.1 Crystal data and structure refinement for compound 40 

 
Figure 1. ORTEP view of  compound 40 

Empirical formula C29 H27 N3 O5 
Formula weight 497.54 
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Temperature 298(2) K 
Wavelength 0.71073 Å 
Crystal size 0.21 x 0.16 x 0.12 mm  
Crystal habit colorless block  
Crystal system Triclinic 
Space group P-1 
Unit cell dimensions a = 8.472(3) Å α= 96.111(6)° 
  b = 10.696(3) Å β= 90.184(6)° 
  c = 14.252(4) Å γ = 94.806(6)° 
 Volume 1279.5(6) Å3 
 Z 2 
Density (calculated) 1.291 g/cm3 
 Absorption coefficient 0.089 mm-1 
F(000) 524 
Diffractometer CCD area detector 
Radiation source fine-focus sealed tube, MoKα 
Generator power 1600 watts (50 kV, 32mA)  
Detector distance 5.8 cm  
Data collection method phi and omega scans 
Theta range for data collection 1.92 to 28.54° 
Index ranges -11 ≤  h ≤  11, -14 ≤  k ≤  14, -18 ≤  l ≤  16  
 
9.2 Crystal data and structure refinement for compound 41 

 
Figure 2. ORTEP view of  compound 41 

Empirical formula C26 H21 N3 O4 
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Formula weight 439.46 
Temperature 298(2) K 
Wavelength 0.71073 Å 
Crystal size 0.28 x 0.19 x 0.10 mm  
Crystal habit colorless block 
Crystal system Monoclinic 
Space group C2/c 
Unit cell dimensions a = 15.440(5) Å α= 90° 
  b = 21.826(7) Å β= 110.809(6)° 
  c = 13.714(4) Å γ = 90° 
 Volume 4320(2) Å3 
 Z 8 
Density (calculated) 1.351 g/cm3 
 Absorption coefficient 0.093 mm-1 
F(000) 1840 
Diffractometer CCD area detector 
Radiation source fine-focus sealed tube, MoKα 
Generator power 1600 watts (50 kV, 32mA)  
Detector distance 5.8 cm  
Data collection method phi and omega scans 
Theta range for data collection 1.69 to 28.27° 
Index ranges -20 ≤  h ≤  20, -28 ≤  k ≤  29, -17 ≤  l ≤  18  
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