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General Methods 
All non aqueous reactions were carried out in flame-dried glassware under argon atmosphere unless otherwise 

noted. Except as otherwise indicated, all reactions were magnetically stirred and monitored by analytical thin-layer 

chromatography using Whatman pre-coated silica gel flexible plates (0.25 mm) with F254 indicator. Visualization 

was accomplished by UV light (256 nm), potassium permanganate, phosphomolybdic acid, ninhydrin, and iodine. 

Flash column chromatography was performed using silica gel 60 (mesh 230-400) supplied by E. Merck. Yields refer 

to chromatographically and spectrographically pure compounds, unless otherwise noted. Commercial grade reagents 

and solvents were used without further purification. Propionitrile was dried over activated molecular sieves 4A 

before use. 

  Infrared spectra were recorded as this films on sodium chloride plates using a Nicolet 20 SXB FTIR. 1H NMR and 
13C NMR spectra were recorded on a Bruker Avance 500 (500 MHz 1H, 125 MHz 13C). Chemical shift values are 

reported in ppm relative to TMS (δ 0.0 ppm). High performance liquid chromatography (HPLC) was performed on 

Varian ProStar Series equipped with a variable wavelength detector using a Chiralcel OD-H column (0.46 cm x 25 

cm) from Daicel. Racemic sample of adducts for HPLC were prepared in the reaction of azopyidine and 

siloxydienes without catalyst. Optical rotation were measured on a JASCO DIP-1000 polarimeter. Mass spectra were 

obtained on QSTAR (Applied SCIEX Biochemistry/MDS) spectrometers. X-ray crystallographic data was collected 

using SMART APEX CCD (BRUKER AXS) based diffraction meter equipped with a low-temperature apparatus. 

 

 
Preparation of azopyridine 

N N
N

Troc  

To a solution of 2-hydrazinopyridine (5.00 g, 45.9 mmol) in CH2Cl2 (230 mL) was added NEt3 (7.02 mL, 50.5 

mmol) and TrocCl (6.17 mL, 45.9 mmol) at 0 oC. The reaction mixture was stirred at 0 oC under argon for 1 h, 

quenched with sat. NaHCO3, and extracted with ethyl acetate (x3). The combined organic layers were washed with 

brine, dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. To a solution of residue in 

CH2Cl2 (230 mL) was added Pb(OAc)4 (22.4g, 50.5 mmol) at 0 oC. The reaction mixture was stirred at 0 oC under 
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argon for 0.5 h. The reaction mixture was diluted with hexane, filtered through short pad of silica gel (elution with 

hexane/EtOAc = 7:1), and concentrated under reduced pressure. The residue was crystallized from hexane and Et2O 

at -78 oC to give azopyridine 1 (6.8 g, 53%, 2 steps) as orange solids: FTIR (neat) 3055, 3009, 2960, 1774, 1583, 

1516, 1433, 1276, 1219, 1184 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.79 (d, J = 4.4 Hz, 1H), 8.01 (td, J = 7.8, 1.7 Hz, 

1H), 7.95-7.97 (m, 1H), 7.55-7.56 (m, 1H), 5.08 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 161.2, 160.8, 150.0, 138.8, 

127.8, 119.2, 93.7; LRMS (CI) m/z (M+H)+ calcd for [C8H6Cl3N3O2+H]+ 282.0, found 282.0. 

 

 
 

General procedure of azo hetero-Diels-Alder reaction 
 
To a Schrenk tube was added AgOTf (6.4 mg, 25 μmol) and (R)-BINAP (7.8 mg, 12.5 μmol). The mixture was dried 

under vacuum for 10 min, anhydrous EtCN (1.5 mL), and stirred for 0.5 h. The clear solution was then cooled to -78 
oC and 1 (70 mg, 0.25 mmol) dissolved in anhydrous EtCN (1 mL) was added dropwise. The resulting dark brown 

solution was stirred for 5 min. To a resulting mixture was added diene (0.5 mmol) dropwise. The reaction mixture 

was gradually warmed to -40 oC in 3 h and was stirred at -40 oC for additional 1 h. The reaction mixture was diluted 

with hexane, filtered through short pad of silica gel (elution with hexane/ethyl acetate = 10 : 1), and concentrated 

under reduced pressure. The residue was purified by flash column chromatography on silica gel to give azo 

hetero-Diels-Alder adduct. 

 

3a

N N

TIPSO

Troc
N

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3a (116 mg, 87% yield, >99% ee) as colorless oil: [α]27
D -13.6 (c 1.40, 

CHCl3); FTIR (neat) 2945, 2892, 2867, 1731, 1664, 1594, 1471, 1434, 1399, 1299, 1218, 1154 cm-1; 1H NMR (500 

MHz, CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C NMR 

(125 MHz, CDCl3) δ 158.4, 155.0, 152.9, 148.0, 146.5, 137.7, 136.9, 115.5, 112.1, 107.7, 103.3, 95.3, 75.6, 75.0, 

53.6, 50.2, 22.0, 17.9, 17.7, 17.0, 12.7, 12.5, 12.3; LRMS (CI) m/z (M+H)+
 calcd for [C23H36N3O3Cl3Si+H]+ 536.1, 

found 536.1. Enantiomeric excess was determined by HPLC analysis with Chiralcel OD-H column (flow rate: 0.8 

mL/min, hexane/2-Propanol = 99.8/0.2, major enantiomer tr = 46.5 min, minor enantiomer tr = 34.3 min). 
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3b

N N
n-Pentyl

TIPSO

Troc
N

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3b (124 mg, 84% yield, 95% ee) as colorless oil: [α]29
D -21.9 (c 1.00, 

CHCl3); FTIR (neat) 2945, 2867, 1730, 1665, 1594, 1568, 1472, 1434, 1330, 1211, 1149cm-1; 1H NMR (500 MHz, 

CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C NMR (125 MHz, 

CDCl3) δ 159.4, 158.5, 157.2, 155.1, 153.3, 152.6, 148.0, 146.6, 137.7, 136.9, 115.4, 115.3, 111.9, 107.7, 104.3, 

103.7, 101.1, 95.4, 94.1, 75.7, 74.9, 55.1, 54.6, 53.6, 33.8, 32.8, 31.9, 31.7, 26.6, 24.4, 22.6, 20.0, 17.9, 17.0, 14.0, 

12.5; LRMS (CI) m/z (M+H)+
 calcd for [C27H44N3O3Cl3Si+H]+ 592.2, found 592.2. Enantiomeric excess was 

determined by HPLC analysis with Chiralcel OD-H column (flow rate: 0.7 mL/min, hexane/2-Propanol = 99.8/0.2, 

major enantiomer tr = 38.2 min, minor enantiomer tr = 23.3 min). 

 

3c

N N

TIPSO

Troc
N

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3c (91 mg, 65% yield, 84% ee) as colorless oil: [α]27
D -23.8 (c 1.11, 

CHCl3); FTIR (neat) 2946, 2868, 1733, 1668, 1593, 1472, 1435, 12391205 cm-1; 1H NMR (500 MHz, CDCl3) Broad 

signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C NMR (125 MHz, CDCl3) δ 

159.3, 158.4, 157.7, 155.3, 154.5, 152.5, 148.0, 146.7, 137.7, 136.9, 115.3, 111.6, 107.5, 103.0, 102.2, 96.0, 94.1, 

75.8, 74.8, 61.8, 60.2, 55.0, 54.0, 53.3, 31.2, 27.9, 21.3, 20.2, 20.0, 19.6, 18.0, 17.9, 17.2, 16.4, 12.8, 12.7, 12.6, 12.4, 

12.3; LRMS (CI) m/z (M+H)+
 calcd for [C25H40N3O3Cl3Si+H]+ 564.2, found 564.1. Enantiomeric excess was 

determined by HPLC analysis with Chiralcel OD-H column (flow rate: 0.5 mL/min, hexane/2-Propanol = 99.8/0.2, 

major enantiomer tr = 33.7 min, minor enantiomer tr = 20.9 min). 
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3d

N N

TIPSO

Troc
N

MeO2C

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3d (114 mg, 74% yield, 98% ee) as colorless oil: [α]26
D -29.5 (c 0.90, 

CHCl3); FTIR (neat) 2947, 2867, 1735, 1665, 1594, 1472, 1435, 1296, 1214, 1134cm-1; 1H NMR (500 MHz, CDCl3) 

Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C NMR (125 MHz, 

CDCl3) δ 173.7, 159.3, 158.3, 157.2, 155.1, 153.7, 153.0, 148.0, 146.7, 137.8, 137.0, 115.6, 111.9, 107.7, 103.8, 

103.2, 100.8, 95.3, 94.0, 75.8, 74.9, 55.1, 54.8, 54.3, 53.6, 51.6, 51.5, 34.0, 33.8, 33.2, 32.3, 22.4, 20.2, 20.1, 17.9, 

17.1, 12.5; LRMS (CI) m/z (M+H)+
 calcd for [C27H42N3O5Cl3Si+H]+ 622.2, found 622.1. Enantiomeric excess was 

determined by HPLC analysis with Chiralcel OD-H column (flow rate: 0.5 mL/min, hexane/2-Propanol = 97/3, 

major enantiomer tr = 8.8 min, minor enantiomer tr = 23.3 min). 

 

3e

N N

TIPSO

Troc
N

Ph

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3e (113 mg, 74% yield, 92% ee) as colorless oil: [α]30
D -0.95 (c 0.46, 

CHCl3); FTIR (neat) 2945, 1730, 1666, 1592, 1470, 1433, 1391, 1287, 1210, 1149 cm-1; 1H NMR (500 MHz, 

CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C NMR (125 MHz, 

CDCl3) δ 159.8, 159.1, 155.9, 150.2, 147.7, 146.6, 139.9, 137.5, 137.2, 130.7, 129.2, 128.3, 127.2, 126.1, 126.0, 

116.2, 115.9, 112.8, 109.2, 104.5, 95.0, 75.8, 75.5, 62.8, 50.4, 50.3, 36.9, 33.8, 22.6, 18.1, 18.0, 17.93, 17.89, 12.7, 

12.6, 12.5, 12.2; LRMS (CI) m/z (M+H)+
 calcd for [C29H40N3O3Cl3Si+H]+ 612.2, found 612.1. Enantiomeric excess 

was determined by HPLC analysis with Chiralcel OD-H column (flow rate: 0.5 mL/min, hexane/2-Propanol = 99/1, 

major enantiomer tr = 10.6 min, minor enantiomer tr = 8.2 min). 
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3f

N N

TIPSO

Troc
N

MOMO

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3f (143 mg, 85% yield, 90% ee) as colorless oil: [α]30
D 7.83 (c 0.60, 

CH3OH); FTIR (neat) 2946, 2893, 2867, 1730, 1667, 1591, 1512, 1470, 1433, 1393, 1289, 1257, 1210, 1152 cm-1; 
1H NMR (500 MHz, CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 
13C NMR (125 MHz, CDCl3) δ 159.7, 159.1, 155.9, 155.7, 155.6, 150.3, 148.3, 147.7, 146.5, 137.5, 137.2, 133.4, 

131.6, 130.8, 130.6, 130.2, 129.7, 116.2, 116.1, 116.1, 115.8, 115.2, 112.7, 110.1, 109.2, 104.5, 95.0, 94.54, 94.47, 

75.7, 75.5, 62.9, 60.3, 55.9, 55.8, 55.7, 50.4, 50.3, 36.0, 33.0, 22.6, 18.0, 17.91, 17.88, 17.2, 12.6, 12.4, 12.2; LRMS 

(CI) m/z (M+H)+
 calcd for [C31H44N3O5Cl3Si+H]+ 672.2, found 672.1. Enantiomeric excess was determined by 

HPLC analysis with Chiralcel OD-H column (flow rate: 0.5 mL/min, hexane/2-Propanol = 99.5/0.5, major 

enantiomer tr = 15.3 min, minor enantiomer tr = 12.6 min). 

 

3g

N N

TIPSO

Troc
N

TBSO

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3g (150 mg, 82% yield, 95% ee) as colorless oil: [α]29
D -18.0 (c 1.10, 

CHCl3); FTIR (neat) 2954, 2867, 1730, 1667, 1593, 1470, 1434, 1388, 1255, 1210, 1149, 1100 cm-1; 1H NMR (500 

MHz, CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C NMR 

(125 MHz, CDCl3) δ 159.61, 159.55, 157.1, 155.4, 152.1, 149.9, 147.9, 146.6, 137.6, 137.0, 115.8, 112.2, 108.5, 

106.0, 101.0, 95.2, 94.2, 75.7, 75.1, 63.7, 63.0, 62.9, 60.0, 58.8, 53.4, 53.1, 44.1, 42.2, 41.7, 29.8, 27.6, 26.7, 25.93, 

25.90, 25.7, 25.4, 25.3, 23.9, 22.9, 22.7, 21.7, 18.3, 18.2, 18.0, 17.9, 17.87, 12.6, 12.5, -5.3; LRMS (CI) m/z (M+H)+
 

calcd for [C34H60N3O4Cl3Si+H]+ 736.3, found 736.2. Enantiomeric excess was determined by HPLC analysis with 

Chiralcel OD-H column (flow rate: 0.8 mL/min, hexane/2-Propanol = 99.8/0.2, major enantiomer tr = 6.0 min, minor 

enantiomer tr = 5.1 min). 
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3h

N N

TIPSO

Troc
N

OBn
TBSO

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3h (168 mg, 84% yield, 98% ee) as colorless oil: [α]30
D -13.9 (c 0.88, 

CHCl3); FTIR (neat) 2947, 2866, 1729, 1672, 1592, 1470, 1434, 1400, 1288, 1250, 1211, 1144, 1100 cm-1; 1H NMR 

(500 MHz, CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C 

NMR (125 MHz, CDCl3) δ 159.6, 159.2, 155.5, 152.6, 147.9, 146.3, 138.5, 138.0, 137.6, 137.1, 128.4, 128.2, 127.8, 

127.5, 127.4, 115.9, 108.4, 99.5, 95.1, 75.7, 75.2, 73.3, 72.9, 71.8, 69.7, 63.6, 63.1, 59.6, 58.9, 54.4, 53.9, 29.9, 27.7, 

26.5, 26.0, 24.9, 18.3, 17.9, 17.88, 12.6, 12.4, -5.3, -5.33; LRMS (CI) m/z (M+H)+
 calcd for [C38H60N3O5Cl3Si2+H]+ 

800.3, found 800.2. Enantiomeric excess was determined by HPLC analysis with Chiralcel OD-H column (flow rate: 

1 mL/min, hexane/2-Propanol = 98/2, major enantiomer tr = 42.2 min, minor enantiomer tr = 12.9 min) after 

deprotection of TIPS and TBS groups with TFA in CH2Cl2. 

 

3i

N N

TIPSO

Troc
N

N
Boc

Ns

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3i (175 mg, 77% yield, 98% ee) as colorless oil: [α]27
D -10.1 (c 0.78, 

CHCl3); FTIR (neat) 2956, 2868, 1733, 1684, 1593, 1544, 1471, 1434, 1369, 1300, 1257, 1212, 1154, 1122 cm-1; 1H 

NMR (500 MHz, CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 
13C NMR (125 MHz, CDCl3) δ 159.5, 159.4, 157.2, 155.3, 151.7, 150.3, 149.8, 147.8, 147.6, 147.5, 146.8, 137.6, 

137.1, 134.0, 133.8, 133.7, 133.3, 133.1, 131.62, 131.56, 124.2, 124.1, 116.0, 115.8, 111.9, 108.9, 106.1, 101.2, 95.3, 

84.7, 84.1, 75.7, 74.9, 59.8, 58.8, 53.4, 53.1, 48.3, 48.1, 44.1, 42.4, 42.2, 28.2, 27.8, 27.7, 27.5, 26.5, 25.8, 25.5, 24.7, 

24.4, 23.9, 22.9, 22.7, 21.7, 18.0, 17.98, 17.9, 17.88, 12.6, 12.5; LRMS (CI) m/z (M+H)+
 calcd for 

[C39H58N5O9Cl3Si+H]+ 906.3, found 906.2. Enantiomeric excess was determined by HPLC analysis with Chiralcel 

OD-H column (flow rate: 0.8 mL/min, hexane/2-Propanol = 99.8/0.2, major enantiomer tr = 11.2 min, minor 

enantiomer tr = 10.3 min). 
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3j

N N

TIPSO

Troc
N

O

 
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3j (114 mg, 78% yield, 92% ee) as colorless oil: [α]27
D -54.4 (c 0.85, 

CHCl3); FTIR (neat) 2945, 2867, 1734, 1663, 1593, 1568, 1473, 1435, 1386, 1331, 1297, 1273, 1213, 1136 cm-1; 1H 

NMR (500 MHz, CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 
13C NMR (125 MHz, CDCl3) δ 159.0, 158.4, 156.5, 155.1, 154.5, 153.8, 152.6, 152.1, 148.1, 146.2, 142.8, 141.5, 

138.0, 137.0, 116.0, 115.6, 112.6, 110.7, 110.6, 110.4, 108.0, 107.1, 99.9, 98.7, 95.2, 94.1, 75.6, 75.0, 55.0, 54.1, 

52.1, 51.5, 30.3, 19.1, 17.9, 17.8, 12.54, 12.46; LRMS (CI) m/z (M+H)+
 calcd for [C26H36N3O4Cl3Si+H]+ 588.2, 

found 588.0. Enantiomeric excess was determined by HPLC analysis with Chiralcel OD-H column (flow rate: 1 

mL/min, hexane/2-Propanol = 99.8/0.2, major enantiomer tr = 11.2 min, minor enantiomer tr = 14.6 min). 

 

N
N

TIPSO

Ph
Troc

N

3k  
According to a general procedure, the residue was purified by flash column chromatography on silica gel (elution 

with hexane/ethyl acetate = 10 : 1) to give 3k (104 mg, 70% yield, 55% ee) as colorless oil: [α]25
D -21.9 (c 0.9, 

CHCl3); FTIR (neat) 2945, 2867, 1736, 1662, 1593, 1471, 1434, 1260, 1218, 1136 cm-1; 1H NMR (500 MHz, 

CDCl3) Broad signals were observed due to a mixture of rotamers. See attached 1H NMR chart; 13C NMR (125 MHz, 

CDCl3) δ 158.9, 158.6, 155.1, 151.7, 148.1, 146.2, 141.1, 137.9, 136.8, 129.1, 128.3, 128.0, 127.3, 116.1, 115.7, 

112.3, 108.2, 102.4, 101.5, 95.2, 75.8, 75.0, 58.5, 57.8, 55.2, 54.3, 18.0, 17.8, 17.77, 12.6, 12.4; LRMS (CI) m/z 

(M+H)+
 calcd for [C28H38N3O3Cl3Si+H]+ 598.2, found 598.1. Enantiomeric excess was determined by HPLC 

analysis with Chiralcel OD-H column (flow rate: 1 mL/min, hexane/2-Propanol = 99.8/0.2, major enantiomer tr = 

9.8 min, minor enantiomer tr = 19.0 min). 
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Cleavage of N-N bond 
 

N N

TIPSO

Py Troc

3a 4a

N N

TIPSO

Py Troc

1) TBAF, AcOH, THF
2) NaBH4, MeOH, THF
3) TIPSOTf, NEt3, CH2Cl2

65%, 3 steps

 
 

To a solution of 3a (4.56 g, 8.54 mmol) in THF (43 mL) was added AcOH (2.93 mL, 51.2 mmol) and TBAF (1M 

solution in THF, 17.1 mL, 17.1 mmol) at 0 oC. The reaction mixture was stirred at 0 oC under argon for 2 h, 

quenched with sat. NaHCO3, and extracted with ethyl acetate (x2). The combined organic layers were washed with 

brine, dried over anhydrous MgSO4, filtered on silica gel, and concentrated under reduced pressure. To a solution of 

residue in THF/MeOH (3:1, 40 mL) was added NaBH4 (487 mg, 12.8 mmol) at -78 oC. The reaction mixture was 

gradually warmed to -40 oC in 3 h, quenched with sat. NaHCO3, and extracted with ethyl acetate (x2). The combined 

organic layers were washed with brine, dried over anhydrous MgSO4, filtered on silica gel, and concentrated under 

reduced pressure. To a solution of residue in CH2Cl2 (40 mL) was added TIPSOTf (2.3 mL, 8.54 mmol) and NEt3 

(1.3 mL, 9.39 mmol) at 0 oC. The reaction mixture was stirred at 0 oC under argon for 2 h, quenched with sat. 

NaHCO3, and extracted with ethyl acetate/hexane (1:10) (x2). The combined organic layers were washed with brine, 

dried over anhydrous MgSO4, filtered on silica gel, and concentrated under reduced pressure. The residue was 

purified by flash column chromatography on silica gel to give 4a (2.96 g, 65%, 3 steps) as white solid: [α]25
D -39.1 

(c 0.94, CHCl3); FTIR (neat) 2944, 2866, 1731, 1593, 1469, 1435, 1300, 1151, 1103 cm-1; 1H NMR (500 MHz, 

CDCl3) δ 8.17 (dd, J = 4.9, 0.86 Hz, 1H), 7.48-7.52, (m, 1H), 6.68 (dd, J = 6.9, 5.2 Hz, 1H), 6.34 (d, J = 8.5 Hz, 1H), 

5.26-5.32 (m, 1H), 4.52-4.58 (br m, 2H), 3.95 (td, J = 10.7, 5.1 Hz, 1H), 3.35-3.39 (m, 1H), 1.96 (q, J = 12.1 Hz, 

1H), 1.67-1.70 (m, 1H), 1.67 (d, J = 7.0 Hz, 1H), 1.29 (d, J = 7.0 Hz, 1H), 1.05-1.10 (m, 21H) ; 13C NMR (125 MHz, 

CDCl3) δ 157.7, 148.0, 137.9, 114.7, 107.0, 95.2, 74.9, 67.0, 54.6, 51.7, 37.6, 20.1, 18.0, 17.96, 12.2, 9.6; LRMS 

(CI) m/z (M+H)+ calcd for [C23H38N3O3Cl3+H]+ 538.2, found 538.0. 

 
 
 

5a

N N

TIPSO

CO2MeF3COC

1) MeOTf, CH2Cl2
2) NaOH aq, MeOH
3) TFAA, NEt3, CH2Cl2

71%, 3 steps

4a

N N

TIPSO

Py Troc

 
 

To a solution of 4a (722 mg, 1.34 mmol) in CH2Cl2 (13.4 mL) was added MeOTf (1.52 mL, 13.4 mmol) at room 



Catalytic Enantioselective Hetero-Diels-Alder Reaction of an Azo Compound    S9 
 

temperature. The reaction mixture was stirred at room temperature under argon for 3 h, quenched with sat. Na2CO3, 

and extracted with CH2Cl2 (x2). The combined organic layers were dried over anhydrous MgSO4, filtered, and 

concentrated under reduced pressure. To a solution of residue in MeOH (13.4 mL) was added 2N NaOH aq (6.7 mL, 

13.4 mmol) at room temperature. The reaction mixture was stirred at 50 oC for 3 h, diluted with water, extracted with 

ethyl acetate/ hexane (1:3), dried over anhydrous MgSO4, filtered on silica gel, and concentrated under reduced 

pressure. To a solution of residue in CH2Cl2 (13.4 mL) was added TFAA (227 μL, 1.61 mmol) and NEt3 (224 μL, 

1.61 mmol) at 0 oC. The reaction mixture was stirred at 0 oC under argon for 1 h, quenched with sat. NaHCO3, and 

extracted with ethyl acetate (x2). The combined organic layers were washed with brine, dried over anhydrous 

MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by flash column 

chromatography on silica gel to give 5a (419 mg, 71%, 3 steps) as colorless oil: [α]26
D -16.6 (c 1.44, CHCl3); FTIR 

(neat) 2946, 2868, 1741, 1716, 1444, 1385, 1292, 1218, 1158, 1104, 1072 cm-1; 1H NMR (500 MHz, CDCl3) δ 

4.78-4.84 (m, 1H), 3.92-3.98 (m, 1H), 3.69 (s, 3H), 3.28-3.36 (m, 1H), 1.91 (q, J = 12.1 Hz, 1H), 1.71-1.76 (m, 1H), 

1.62 (d, J = 7.1 Hz, 3H), 1.14 (d, J = 7.0 Hz, 3H), 1.03-1.11 (m, 21H); 13C NMR (125 MHz, CDCl3) δ 157.5 (q, J = 

36.1 Hz), 156.5, 116.0 (q, J = 287 Hz), 68.3, 58.5, 52.9, 52.8, 35.7, 19.3, 17.9, 12.1, 9.3; LRMS (CI) m/z (M+H)+ 

calcd for [C19H35N2O4F3Si+H]+ 441.2, found 441.2. 

 
 
 

6a

NHTFA

TIPSO NHCO2Me

SmI2, MeOH

THF
71%

5a

N N

TIPSO

CO2MeF3COC

 
 
To a solution of 5a (28 mg, 63.6 μmol) in MeOH (0.2 mL) was added freshly prepared SmI2 (0.1 M solution in THF, 

3.2 mL, 0.32 mmol) at room temperature. The reaction mixture was stirred at room temperature under argon for 0.5 

h, quenched with sat. NaHCO3, and extracted with AcOEt (x2). The combined organic layers were washed with 

brine, dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by 

flash column chromatography on silica gel to give 6a (20 mg, 71%) as colorless oil: [α]25
D -20.9 (c 0.99, CHCl3); 

FTIR (neat) 3420, 3323, 2946, 2869, 1716, 1533, 1462, 1359, 1259, 1211, 1165 cm-1; 1H NMR (500 MHz, CDCl3) δ 

6.73-6.78 (br m, 1H), 4.95-4.80 (br m, 1H), 4.10-4.12 (br m, 1H), 3.90-3.98 (br m, 1H), 3.70-3.76 (br s, 1H), 3.66 (s, 

3H), 1.53-1.75 (m, 2H), 1.28 (d, J = 6.8 Hz, 3H), 1.16 (d, J = 6.4 Hz, 3H), 1.06-1.13 (m, 21H); 13C NMR (125 MHz, 

CDCl3) δ 157.0 (q, J = 36.4 Hz), 156.5, 115.9 (q, J = 286 Hz), 73.4, 52.0, 49.5, 45.1, 41.6, 22.3, 18.1, 18.0, 12.7; 

LRMS (CI) m/z (M+H)+ calcd for [C19H37N2O4F3Si+H]+ 443.2, found 443.1. 
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Determination of absolute stereochemistry 
 

N NH

HO

Py

7a

1) Zn, AcOH
2) TBAF, AcOH, THF
3) NaBH4, MeOH

53%, 3 stepsN N

TIPSO

Py Troc

3a  
 

To a solution of 3a (463 mg, 0.867 mmol) in AcOH (4.3 mL) was added Zn powder (1.13 g, 17.3 mmol) at room 

temperature. The reaction mixture was stirred at room temperature under argon for 1 h, quenched with sat. NaHCO3, 

and extracted with AcOEt (x2). The combined organic layers were washed with brine, dried over anhydrous MgSO4, 

filtered, and concentrated under reduced pressure. To a solution of residue in THF (4.3 mL) was added TBAF (1M 

solution in THF, 1.3 mL, 1.30 mmol) at0 oC. The reaction mixture was stirred at 0 oC for 1 h, quenched with sat. 

NaHCO3, extracted with AcOEt, dried over anhydrous MgSO4, filtered on silica gel, and concentrated under reduced 

pressure. To a solution of residue in MeOH (4.3 mL) was added NaBH4 (49 mg, 1.30 mmol) at 0 oC. The reaction 

mixture was stirred at 0 oC under argon for 0.5 h, quenched with sat. NaHCO3, and extracted with ethyl acetate (x2). 

The combined organic layers were washed with brine, dried over anhydrous MgSO4, filtered, and concentrated under 

reduced pressure. The residue was purified by flash column chromatography on silica gel to give 7a (96 mg, 53%, 3 

steps) as colorless oil: [α]26
D 71.4 (c 1.05, CHCl3); FTIR (neat) 3302, 2962, 2930, 1595, 1559, 1494, 1466, 1426, 

1298, 1107, 1051 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.06-8.08 (m, 1H), 7.42-7.46 (m, 1H), 7.26 (d, J = 8.6 Hz, 

1H), 6.54 (t, J = 6.2, 1H), 5.06 (quint, J = 6.7 Hz, 1H), 3.94 (dt, J = 11.9, 4.9 Hz, 1H), 2.89-3.30 (br s, 2H), 

2.84-2.90 (m, 1H), 1.81-1.85 (m, 1H), 1.34 (q, J = 11.9 Hz, 1H), 1.66 (d, J = 6.9 Hz, 3H), 1.58 (d, J = 6.4 Hz, 3H); 
13C NMR (125 MHz, CDCl3) δ 159.7, 147.0, 137.5, 112.8, 108.7, 67.1, 51.0, 49.1, 36.9, 19.4, 7.5; LRMS (CI) m/z 

(M+H)+ calcd for [C11H17N3O+H]+ 208.1, found 208.1. 

 

 

 

N NH

HO

Py

(S)
(S)N

HN (R)

O

O
Br

N

7a 8a

4-Br-PhCOCl
DMAP
CH2Cl2

67%

 
 

To a solution of 7a (33 mg, 0.16 mmol) in CH2Cl2 (1.6 mL) was added DMAP (58 mg, 0.48 mmol) and 

4-bromobenzoyl chloride (105 mg, 0.48 mmol) at 0 oC. The reaction mixture was stirred at room temperature under 
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argon for 15 h, quenched with sat. NaHCO3, and extracted with ethyl acetate (x2). The combined organic layers 

were washed with brine, dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The 

residue was purified by flash column chromatography on silica gel to give 8a (41 mg, 67%) as colorless needle. The 

sample for X-ray crystallographic analysis was prepared by crystallization from Et2O: [α]28
D 110.3 (c 1.00, CHCl3); 

FTIR (neat) 2964, 2936, 1719, 1591, 1427, 1271 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.10-8.14 (m, 1H), 7.88 (d, J 

= 8.5 Hz, 1H), 7.60 (d, J = 8.5 Hz, 1H), 7.45-7.50 (m, 1H), 7.25-7.27 (m, 1H), 6.58-6.61 (m, 1H), 5.29-5.35 (m, 1H), 

5.23 (dt, J = 10.4, 5.5 Hz, 1H), 3.00-3.08 (m, 1H), 2.55-2.90 (br s, 1H), 2.04-2.09 (m, 1H), 1.52 (q, J = 11.9 Hz), 

1.27 (d, J = 6.8 Hz, 1H), 1.19 (d, J = 6.8 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 164.9, 159.2, 147.3, 137.5, 131.7, 

131.0, 129.2, 128.1, 113.3, 108.6, 70.6, 50.7, 46.2, 33.9, 19.4, 8.8; LRMS (CI) m/z (M+H)+ calcd for 

[C18H20N3O2Br+H]+ 390.0, found 390.0. 

 
 
 

Synthesis of Silyloxydienes 
 

CHO

9

TBSO
P(OEt2)
OO

NaH

THF, 0 oC
41%

10

TBSO

O

only E isomer
11

 
 

To a solution of NaH (200 mg, 5.0 mmol) in THF (50 mL) was added 11 (1.75 g, 5.0 mmol) at 0 oC. The reaction 

mixture was stirred at 0 oC under argon for 0.5 h, added 9 (540 μL, 5.0 mmol) at 0 oC , stirred for 1 h at 0 oC, 

quenched with sat. NH4Cl, and extracted with Et2O (x2). The combined organic layers were washed with brine, 

dried over anhydrous MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by flash 

column chromatography on silica gel to give 11 (612 mg, 41%) as colorless oil: FTIR (neat) 2956, 2930, 2856, 1670, 

1675, 1472, 1255, 1102 cm-1; 1H NMR (500 MHz, CDCl3) δ 6.80 (dt, J = 19.8, 9.3 Hz, 1H), 6.05-6.11 (m, 1H), 3.62 

(t, J = 7.9 Hz, 2H), 2.56 (t, J = 9.0 Hz, 2H), 2.07-2.12 (m, 2H), 1.73-1.82 (m, 1H), 1.63-1.72 (m, 2H), 1.50-1.58 (m, 

2H), 0.93 (d, J = 8.3 Hz, 6H), 0.89 (s, 9H), 0.04 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 200.6, 146.1, 131.3, 62.9, 

41.7, 39.8, 32.3, 27.9, 25.9, 22.4, 20.8, 18.3, -5.3; LRMS (CI) m/z (M+H)+ calcd for [C17H34O2Si+H]+ 299.2, found 

299.1. 
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TBSO

O

11

TIPSOTf
NEt3

CH2Cl2, 0 oC TBSO

OTIPS

(Z, E) : (E, E) = 6.2 : 1
1284%

 
 

To a solution of 11 (553 mg, 1.86 mmol) in CH2Cl2 (10 mL) was added NEt3 (285 μL, 2.05 mmol) and TIPSOTf 

(501 μL, 1.86 mmol) at 0 oC. The reaction mixture was stirred at 0 oC under argon for 1 h, quenched with sat. 

NaHCO3, and extracted with hexane (x2). The combined organic layers were washed with brine, dried over 

anhydrous MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by flash column 

chromatography on silica gel to give 12 (710 mg, 84%) as colorless oil: FTIR (neat) 2953, 2867, 1464, 1367, 1255, 

1103 cm-1; 1H NMR (500 MHz, CDCl3) δ 5.74-5.83 (m, 2H), 4.62 (t, J = 7.1 Hz, 1H), 3.59-3.64 (m, 2H), 2.10-2.19 

(m, 2H), 1.94-1.97 (m, 2H), 1.53-1.67 (m, 3H), 1.16-1.22 (m, 3H), 1.07-1.12 (m, 18H), 0.88-0.90 (m, 15H), 0.04 (s, 

6H); 13C NMR (125 MHz, CDCl3) δ 149.2, 130.2, 127.7, 111.1, 63.1, 41.8, 33.7, 32.9, 28.6, 26.0, 22.4, 22.3, 18.1, 

13.8, -5.34; LRMS (CI) m/z (M+H)+ calcd for [C26H54O2Si2+H]+ 455.4, found 455.3. 

 

 

 

TBSO

O

11

TBAF

THF, 0 oC

73%
HO

O

13
 

 

To a solution of 11 (2.05 g, 6.88 mmol) in THF (70 mL) was added TBAF (1M solution in THF, 10.3 mL, 10.3 

mmol) at 0 oC. The reaction mixture was stirred at 0 oC under argon for 2 h, quenched with sat. NH4Cl, and extracted 

with Et2O (x2). The combined organic layers were washed with brine, dried over anhydrous MgSO4, filtered, and 

concentrated under reduced pressure. The residue was purified by flash column chromatography on silica gel to give 

13 (924 mg, 73%) as colorless oil: FTIR (neat) 3421, 2956, 2870, 1670, 1628, 1465, 1368 cm-1; 1H NMR (500 MHz, 

CDCl3) δ 6.79-6.86 (m, 1H), 6.07-6.12 (m, 1H), 3.63 (t, J = 6.4 Hz, 2H), 2.60 (t, J = 7.2 Hz, 2H), 2.27 (br s, 1H), 

2.09-2.12 (m, 2H), 1.68-1.81 (m, 3H), 1.55-1.62 (m, 2H), 0.93 (d, J = 6.6 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 

200.8, 146.6, 131.2, 62.1, 41.7, 39.5, 32.1, 27.8, 22.4, 20.1; LRMS (CI) m/z (M+H)+ calcd for [C11H20O2+H]+ 185.1, 

found 185.1. 
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HO

O

13

DEAD
PPh3

BocNsNH
toluene, rt

95%

BocNsN

O

14
 

 
To a solution of 13 (1.04 g, 6.12 mmol) in toluene (30 mL) was added PPh3 (1.92 g, 7.34 mmol), BocNsNH (2.22 g, 

7.34 mmol), and DEAD (1.16 mL, 7.34 mmol) at room temperature. The reaction mixture was stirred at room 

temperature under argon for 0.5 h and concentrated under reduced pressure. The residue was purified by flash 

column chromatography on silica gel to give 14 (2.72 g, 95%) as colorless oil: FTIR (neat) 2957, 1734, 1542, 1367, 

1153 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.29-8.32 (m, 1H), 7.72-7.76 (m, 3H), 6.79-6.86 (dt, J = 15.8, 7.4 Hz, 1H), 

6.09 (d, J = 15.8 Hz, 1H), 3.78 (t, J = 7.0 Hz, 2H), 2.62 (t, J = 7.3 Hz, 2H), 2.09-2.13 (m, 2H), 1.69-1.81 (m, 5H), 

1.36 (s, 9H), 0.93 (d, J = 6.6 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 200.0, 150.4, 147.6, 146.4, 134.1, 133.5, 

133.3, 131.7, 131.2, 124.3, 84.9, 47.7, 41.7, 39.3, 29.8, 27.9, 27.8, 22.4, 21.2; LRMS (CI) m/z (M+H)+ calcd for 

[C22H32N2O7S+H‐SO2]+ 405.2, found 405.0. 

 

 

 

BocNsN

O

14

TIPSOTf
NEt3

CH2Cl2, 0 oC BocNsN

OTIPS

(Z, E) : (E, E) = >15 : 1
15>99%

 
 

To a solution of 14 (1.72 g, 3.68 mmol) in CH2Cl2 (20 mL) was added NEt3 (563 μL, 4.05 mmol) and TIPSOTf 

(991 μL, 3.68 mmol) at 0 oC. The reaction mixture was stirred at 0 oC under argon for 1 h, quenched with sat. 

NaHCO3, and extracted with Et2O (x2). The combined organic layers were washed with brine, dried over anhydrous 

MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by flash column 

chromatography on silica gel to give 15 (2.3 g, >99%) as colorless oil: FTIR (neat) 2949, 2868, 1733, 1542, 1458, 

1368, 1282, 1154 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.15-8.18 (m, 1H), 7.59-7.65 (m, 3H), 5.69-5.74 (m, 2H), 

4.54 (t, J = 7.1 Hz, 1H), 3.67 (t, J = 7.5 Hz, 2H), 2.10 (q, J = 7.4 Hz, 2H), 1.84-1.87 (m, 2H), 1.68-1.75 (m, 2H), 

1.49-1.56 (m, 1H), 1.24 (s, 9H), 1.06-1.14 (m, 3H), 1.00-1.05 (m, 18H), 0.78 (d, J = 6.6 Hz, 6H); 13C NMR (125 

MHz, CDCl3) δ 150.3, 149.8, 147.5, 134.1, 133.6, 133.1, 131.7, 130.0, 128.2, 124.3, 109.8, 84.7, 47.9, 41.7, 30.3, 

28.5, 27.8, 23.0, 22.3, 18.1, 13.7, ; LRMS (CI) m/z (M+H)+ calcd for [C31H52N2O7SSi+H]+ 625.3, found 625.3. 
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