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 S3 

Synthesis of allene-yne 40 

 
 
 

N-(but-2-yn-1-yl)-N-(3-(2-(dimethyl(phenyl)silyl)vinylidene)heptyl)-4-methyl 

benzenesulfonamide (40). Following the general procedure for preparation of 

allene-yne via Mitsunobu reaction, alcohol 25 (54.8 mg, 0.2 mmol) in THF (1.5 

mL) was reacted with triphenylphosphine (63 mg, 0.24 mmol), N-(but-2-yn-1-yl)-

4-methylbenzenesulfonamide29 30c (54 mg, 0.24 mmol) and NaHCO3 (48 µL, 

0.24 mmol) for 2.5 h. Purification of the crude residue by silica gel 

chromatography using 5% Et2O/hexanes afforded compound 40 (46.7 mg, 49%) 

as a colorless oil. 1H NMR (600 MHz, CDCl3) δ 7.74 (d, J = 8.1 Hz, 2H), 7.57 (d, 

J = 5.0 Hz, 2H), 7.39 – 7.37 (m, 3H), 7.29 (d, J = 7.4 Hz, 2H), 5.15 – 5.14 (m, 1H), 

4.09 (d, J = 2.6 Hz, 2H), 3.24 (t, J = 8.0 Hz, 2H), 2.44 (s, 3H), 2.22 – 2.20 (m, 2H), 

1.96 – 1.95 (m, 2H), 1.56 (t, J = 2.3 Hz, 3H), 1.38 – 1.35 (m, 5H), 0.92 (t, J = 7.0 

Hz, 3H), 0.37 (s, 6H); 13C NMR (150 MHz, CDCl3) δ 208.9, 143.0, 138.5, 136.0, 

133.6 (2C), 129.2 (2C), 129.0, 127.7 (2C), 127.6 (2C), 94.1, 82.9, 81.4, 71.7, 

44.9, 37.0, 31.3, 29.8 (2C), 22.4, 21.4, 13.9, 3.2, -2.2, -2.3; IR (thin film) 3395, 

3064, 2954, 2860, 2165, 1669, 1593, 1438, 1361, 1254, 1160; HRMS (ES+) 

C28H36NO2SSi [M-H+] Calculated: 478.2236; Found: 478.2238. 
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1H and 13C NMR 

 

(Ra)-hexa-3,4-dien-1-yl 4-nitrobenzoate (27): 
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 S5 

(Ra)-N-(hexa-3,4-dien-1-yl)-4-methyl-N-(3-phenylprop-2-yn-1-yl) 

benzenesulfonamide (17d): 
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 S6 

(S)-6-methyl-8-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-

one (45d): 
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 S7 

(Ra)-N-(hexa-3,4-dien-1-yl)-4-methyl-N-(prop-2-yn-1-yl)benzenesulfonamide 

(17e): 
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 S8 

(Ra)-N-(hexa-3,4-dien-1-yl)-4-methyl-N-(3-(trimethylsilyl)prop-2-yn-1-yl) 

benzenesulfonamide (17f): 
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 S9 

(S)-6-methyl-2-tosyl-8-(trimethylsilyl)-1,2,3,4-tetrahydrocyclopenta[c]azepin 

-7(6H)-one (45f): 
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 S10 

(Ra)-N-(but-2-yn-1-yl)-N-(hexa-3,4-dien-1-yl)-4-methylbenzenesulfonamide 

(17c): 
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 S11 

(S)-6,8-dimethyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-one 

(45c):  
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 S12 

(Ra)-Hexa-3,4-dien-1-yl methanesulfonate (32): 
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 S13 

(Ra)-Diethyl 2-(hexa-3,4-dien-1-yl)-2-(3-phenylprop-2-yn-1-yl)malonate (19d): 
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 S14 

(S)-Diethyl 1-methyl-2-oxo-3-phenyl-1,2,6,7-tetrahydroazulene-5,5(4H)-

dicarboxylate (47d): 
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 S15 

(Ra)-diethyl 2-(but-2-yn-1-yl)-2-(hexa-3,4-dien-1-yl)malonate (19c):  
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 S16 

(S)-diethyl 1,3-dimethyl-2-oxo-1,2,6,7-tetrahydroazulene-5,5(4H)-

dicarboxylate (47c): 

 

O

Me
H Me

CO2Et
CO2Et

47c

O

Me
H Me

CO2Et
CO2Et

47c



 S17 

(Ra)-diethyl 2-(hexa-3,4-dien-1-yl)-2-(prop-2-yn-1-yl)malonate (19e): 
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 S18 

(Ra)-diethyl 2-(hexa-3,4-dien-1-yl)-2-(3-(trimethylsilyl)prop-2-yn-1-

yl)malonate (19f): 
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 S19 

(S)-diethyl 1-methyl-2-oxo-3-(trimethylsilyl)-1,2,6,7-tetrahydroazulene-

5,5(4H)-dicarboxylate (47f):  
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 S20 

(Ra)-6-(but-2-yn-1-yloxy)hexa-2,3-diene (18c):  
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 S21 

(S)-6,8-dimethyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one (46c): 
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 S22 

(Ra)-6-(prop-2-yn-1-yloxy)hexa-2,3-diene (18e):  
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 S23 

(S)-6-methyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one (46e): 
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 S24 

(Ra)-(3-(hexa-3,4-dien-1-yloxy)prop-1-yn-1-yl)trimethylsilane (18f):  
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 S25 

(S)-6-methyl-8-(trimethylsilyl)-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-

one (46f): 
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 S26 

(Ra)-(3-(hexa-3,4-dien-1-yloxy)prop-1-yn-1-yl)benzene (18d):  
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 S27 

(S)-6-methyl-8-phenyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one (46d):  

 

 

O

Me
H

O

Ph

46d

O

Me
H

O

Ph

46d



 S28 

(Ra)-N-(but-2-yn-1-yl)-N-(3-(dimethyl(phenyl)silyl)hexa-3,4-dien-1-yl)-4-

methylbenzenesulfonamide (13c): 
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 S29 

(S)-5-(dimethyl(phenyl)silyl)-6,8-dimethyl-2-tosyl-1,2,3,4-tetrahydrocyclo 

penta[c]azepin-7(6H)-one (35c): 
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 S30 

(Z)-5-(dimethyl(phenyl)silyl)-3-ethylidene-1-tosyl-4-vinyl-2,3,6,7-tetrahydro-

1H-azepine (36): 
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 S31 

(Ra)-N-(3-(dimethyl(phenyl)silyl)hexa-3,4-dien-1-yl)-4-methyl-N-(prop-2-yn-1-

yl)benzene sulfonamide (13e): 
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 S32 

(S)-5-(dimethyl(phenyl)silyl)-6-methyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta 

[c]azepin-7(6H)-one (35e): 
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 S33 

5-(dimethyl(phenyl)silyl)-3-methylene-1-tosyl-4-vinyl-2,3,6,7-tetrahydro-1H-

azepine (49):  
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 S34 

(Ra)-N-(3-(dimethyl(phenyl)silyl)hexa-3,4-dien-1-yl)-4-methyl-N-(3-(trimethyl 

silyl)prop-2-yn-1-yl)benzenesulfonamide (13f):  
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 S35 

(S)-5-(dimethyl(phenyl)silyl)-6-methyl-2-tosyl-8-(trimethylsilyl)-1,2,3,4-

tetrahydrocyclopenta[c]azepin-7(6H)-one (35f):
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 S36 

(Ra)-N-(3-(dimethyl(phenyl)silyl)hexa-3,4-dien-1-yl)-4-methyl-N-(3-

phenylprop-2-yn-1-yl) benzenesulfonamide (13d): 
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 S37 

(S)-5-(dimethyl(phenyl)silyl)-6-methyl-8-phenyl-2-tosyl-1,2,3,4-tetrahydro 

cyclopenta[c]azepin-7(6H)-one (35d): 
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 S38 

4-methyl-N-(3-(thiophen-3-yl)prop-2-yn-1-yl)benzenesulfonamide (30a): 
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 S39 

(Ra)-N-(3-(dimethyl(phenyl)silyl)hexa-3,4-dien-1-yl)-4-methyl-N-(3-(thiophen-

3-yl)prop-2-yn-1-yl)benzenesulfonamide (13a): 
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 S40 

(S)-5-(dimethyl(phenyl)silyl)-6-methyl-8-(thiophen-3-yl)-2-tosyl-1,2,3,4-

tetrahydrocyclopenta[c]azepin-7(6H)-one (35a):  
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 S41 

4-methyl-N-(3-(thiophen-2-yl)prop-2-yn-1-yl)benzenesulfonamide (30b):  
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 S42 

(Ra)-N-(3-(dimethyl(phenyl)silyl)hexa-3,4-dien-1-yl)-4-methyl-N-(3-(thiophen-

2-yl)prop-2-yn-1-yl)benzenesulfonamide (13b): 
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 S43 

(S)-5-(dimethyl(phenyl)silyl)-6-methyl-8-(thiophen-2-yl)-2-tosyl-1,2,3,4-tetra 

hydrocyclopenta[c]azepin-7(6H)-one (35b):  
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 S44 

tert-butyl (3-cyclopropylprop-2-yn-1-yl)(tosyl)carbamate (50):  
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 S45 

N-(3-cyclopropylprop-2-yn-1-yl)-4-methylbenzenesulfonamide (30g): 
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 S46 

(Ra)-N-(3-cyclopropylprop-2-yn-1-yl)-N-(3-(dimethyl(phenyl)silyl)hexa-3,4-

dien-1-yl)-4-methylbenzenesulfonamide (13g):  
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 S47 

(S)-8-cyclopropyl-5-(dimethyl(phenyl)silyl)-6-methyl-2-tosyl-1,2,3,4-tetra 

hydrocyclopenta[c]azepin-7(6H)-one (35g): 
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 S48 

(Ra)-N-(hexa-3,4-dien-1-yl)-4-methyl-N-(3-phenylprop-2-yn-1-yl)benzene 

sulfonamide (14d): 
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 S49 

(S)-6-methyl-8-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-

one (42d):  
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 S50 

(Ra)-N-(hexa-3,4-dien-1-yl)-4-methyl-N-(3-phenylprop-2-yn-1-yl)benzene 

sulfonamide (14c):  
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 S51 

(S)-5-butyl-8-methyl-6-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin 

-7(6H)-one (42c):  
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 S52 

(Ra)-4-methyl-N-(3-(2-phenylvinylidene)heptyl)-N-(prop-2-yn-1-yl)benzene 

sulfonamide (14e):  
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 S53 

(Ra)-4-methyl-N-(3-(2-phenylvinylidene)heptyl)-N-(3-(trimethylsilyl)prop-2-

yn-1-yl)benzenesulfonamide(14f): 
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 S54 

(S)-5-butyl-6-phenyl-2-tosyl-8-(trimethylsilyl)-1,2,3,4-tetrahydrocyclopenta 

[c]azepin-7(6H)-one (42f): 
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 S55 

(Ra)-3-(2-phenylvinylidene)heptyl methanesulfonate (33): 
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 S56 

(Ra)-diethyl 2-(3-phenylprop-2-yn-1-yl)-2-(3-(2-phenylvinylidene)heptyl) 

malonate (16d): 
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 S57 

(S)-diethyl 8-butyl-2-oxo-1,3-diphenyl-1,2,6,7-tetrahydroazulene-5,5(4H)-

dicarboxylate (44d):  
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 S58 

(Ra)-diethyl 2-(3-(2-phenylvinylidene)heptyl)-2-(prop-2-yn-1-yl)malonate 

(16e): 
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 S59 

(Ra)-diethyl 2-(3-(2-phenylvinylidene)heptyl)-2-(3-(trimethylsilyl)prop-2-yn-1-

yl)malonate (16f):  
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 S60 

(S)-diethyl 8-butyl-2-oxo-1-phenyl-3-(trimethylsilyl)-1,2,6,7-tetrahydro 

azulene-5,5(4H)-dicarboxylate (44f): 
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 S61 

(Ra)-diethyl 2-(but-2-yn-1-yl)-2-(3-(2-phenylvinylidene)heptyl)malonate (16c):  
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 S62 

(S)-diethyl 8-butyl-3-methyl-2-oxo-1-phenyl-1,2,6,7-tetrahydroazulene-5,5 

(4H)-dicarboxylate (44c): 
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 S63 

(Ra)-(3-(2-((3-phenylprop-2-yn-1-yl)oxy)ethyl)hepta-1,2-dien-1-yl)benzene 

(15d):  
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 S64 

(S)-5-butyl-6,8-diphenyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one 

(43d): 
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 S65 

(Ra)-(3-(2-(but-2-yn-1-yloxy)ethyl)hepta-1,2-dien-1-yl)benzene (15c): 
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 S66 

(S)-5-butyl-8-methyl-6-phenyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-

one (43c): 
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 S67 

(Ra)-(3-(2-(prop-2-yn-1-yloxy)ethyl)hepta-1,2-dien-1-yl)benzene (15e): 
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 S68 

(Ra)-trimethyl(3-((3-(2-phenylvinylidene)heptyl)oxy)prop-1-yn-1-yl)silane 

(15f): 
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 S69 

(S)-5-butyl-6-phenyl-8-(trimethylsilyl)-3,4-dihydro-1H-cyclopenta[c]oxepin-

7(6H)-one (43f): 
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 S70 

(Ra)-N-(3-cyclopropylprop-2-yn-1-yl)-4-methyl-N-(3-(2-phenylvinylidene) 

heptyl)benzenesulfonamide (14g): 
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 S71 

(S)-5-butyl-8-cyclopropyl-6-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta 

[c]azepin-7(6H)-one (42g): 
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 S72 

1-(dimethyl(phenyl)silyl)hept-2-yn-1-ol (24): 
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 S73 

Methyl 3-(2-(dimethyl(phenyl)silyl)vinylidene)heptanoate (51): 
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 S74 

3-(2-(dimethyl(phenyl)silyl)vinylidene)heptan-1-ol (25): 
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 S75 

N-(but-2-yn-1-yl)-N-(3-(2-(dimethyl(phenyl)silyl)vinylidene)heptyl)-4-methyl 

benzenesulfonamide (40): 
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 S76 

5-butyl-8-methyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-one 

(41): 
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 S77 

6-methyl-2-tosyl-2,3,4,5-tetrahydrocyclopenta[c]azepin-7(1H)-one (48): 

 

 

48

O

NTs

Me

48

O

NTs

Me



 S78 

HPLC and SFC analysis 

 

(Ra)-hexa-3,4-dien-1-yl 4-nitrobenzoate (27) : 

The enantiomeric purity of compound 27 was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 0.5% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 0.7 mL/min flow rate. Compound 27 has >99% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-27 exhibiting peaks with 

retention times of 13.2 and 14.5 minutes, and the enantioenriched compound 27 

exhibiting a major peak with a retention time of 14.5 minutes (minor enantiomer 

has a retention time of 12.5 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 

 

 

 



 S79 

 

(S)-6-methyl-8-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-

one (45d): 

The enantiomeric purity of compound 45d was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 10% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 45d has 88% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-45d exhibiting equal peaks 

with retention times of 18.2 and 22.7 minutes, and the enantioenriched 

compound 45d exhibiting a major peak with a retention time of 24.0 minutes 

(minor enantiomer has a retention time of 19.5 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-6-methyl-2-tosyl-8-(trimethylsilyl)-1,2,3,4-tetrahydrocyclopenta[c]azepin 

-7(6H)-one (45f): 

The enantiomeric purity of compound 45f was determined by SFC analysis run 

on a Chiralpak IC column using 15% MeOH as mobile phase with a 10 µL 

injection, a 3.0 mL/min flow rate and a pressure of 100 bar. The compound has 

84% ee. The peaks are visualized at 220 nm, with the racemic alcohol (+)-45f 

exhibiting equal peaks with retention times of 8.7 and 9.2 minutes, and the 

enantioenriched compound 45f exhibiting a major peak with a retention time of 

9.5 minutes (minor enantiomer has a retention time of 8.8 minutes).  
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(S)-6,8-dimethyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-one 

(45c):  

The enantiomeric purity of compound 45c was determined by HPLC analysis run 

on a ChiralPak IA-3 column eluting in 25% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 45c has 81% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-45c exhibiting equal peaks 

with retention times of 7.8 and 8.2 minutes, and the enantioenriched compound 

45c exhibiting a major peak with a retention time of 8.1 minutes (minor 

enantiomer has a retention time of 7.7 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-Diethyl 1-methyl-2-oxo-3-phenyl-1,2,6,7-tetrahydroazulene-5,5(4H)-

dicarboxylate (47d): 

The enantiomeric purity of compound 47d was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 2% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 47d has 72% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-47d exhibiting equal peaks 

with retention times of 14.3 and 20.2 minutes, and the enantioenriched 

compound 47d exhibiting a major peak with a retention time of 19.9 minutes 

(minor enantiomer has a retention time of 14.7 minutes).  

 

Values for the racemic compound : 

 

- 

Values for the enantiopur compound : 
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(S)-diethyl 1,3-dimethyl-2-oxo-1,2,6,7-tetrahydroazulene-5,5(4H)-

dicarboxylate (47c): 

The enantiomeric purity of compound 47c was determined by HPLC analysis run 

on a Whelk O-1 column eluting in 3% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 47c has 58% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-47c exhibiting equal peaks 

with retention times of 33.3 and 40.7 minutes, and the enantioenriched 

compound 47c exhibiting a major peak with a retention time of 37.3 minutes 

(minor enantiomer has a retention time of 32.4 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-diethyl 1-methyl-2-oxo-3-(trimethylsilyl)-1,2,6,7-tetrahydroazulene-

5,5(4H)-dicarboxylate (47f): 

The enantiomeric purity of compound 47f was determined by SFC analysis run 

on a Chiralpak IC column using 5% MeOH as mobile phase with a 10 µL injection, 

3.0 mL/min flow rate and a pressure of 100 bars. The compound has 50% ee. 

The peaks are visualized at 220 nm, with the racemic alcohol (+)-47f exhibiting 

equal peaks with retention times of 5.1 and 5.8 minutes, and the enantioenriched 

compound 47f exhibiting a major peak with a retention time of 5.9 minutes (minor 

enantiomer has a retention time of 5.1 minutes).  
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(S)-6,8-dimethyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one (46c): 

The enantiomeric purity of compound 46c was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 0.5% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 0.7 mL/min flow rate.  

 

HPLC analysis with obtained when 100% of the starting material was consumed : 

Compound 46c has 45% ee. The peaks are visualized at 254 nm, with the 

racemic compound (+)-46c exhibiting equal peaks with retention times of 19.9 

and 24.5 minutes, and the enantioenriched compound 46c exhibiting a major 

peak with a retention time of 24.1 minutes (minor enantiomer has a retention time 

of 19.5 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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HPLC analysis when the reaction was stopped at 60% conversion1: 

Compound 46c has 43% ee. The peaks are visualized at 254 nm, with the 

enantioenriched compound 46c exhibiting a major peak with a retention time of 

26.6 minutes (minor enantiomer has a retention time of 21.9 minutes).  

 

Values for the enantiopur compound : 

 

 

 

 

 

 

 

 

 

 

 
                                                
1 The conversion was determined based on the crude 1H NMR. 
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(S)-6-methyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one (46e): 

The enantiomeric purity of compound 46e was determined by SFC analysis run 

on a Chiralpak IA column using 5% MeOH as mobile phase with a 10 µL injection, 

a 3.0 mL/min flow rate and a pressure of 100 bars. The compound has 30% ee. 

The peaks are visualized at 220 nm, with the racemic alcohol (+)-46e exhibiting 

equal peaks with retention times of 4.7 and 5.3 minutes, and the enantioenriched 

compound 46e exhibiting a major peak with a retention time of 5.0 minutes 

(minor enantiomer has a retention time of 5.6 minutes).  
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(S)-6-methyl-8-(trimethylsilyl)-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-

one (46f):  

The enantiomeric purity of compound 46f was determined by SFC analysis run 

on a Chiralpak IC column using 5% MeOH as mobile phase with a 10 µL injection, 

a 3.0 mL/min flow rate and a pressure of 100 bars. The compound has 22% ee. 

The peaks are visualized at 220 nm, with the racemic alcohol (+)-46f exhibiting 

equal peaks with retention times of 3.6 and 3.9 minutes, and the enantioenriched 

compound 46f exhibiting a major peak with a retention time of 3.9 minutes (minor 

enantiomer has a retention time of 3.6 minutes).  
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(S)-6-methyl-8-phenyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one (46d):  

The enantiomeric purity of compound 46d was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 5% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 46d has 52% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-46d exhibiting equal peaks 

with retention times of 9.1 and 12.4 minutes, and the enantioenriched compound 

46d exhibiting a major peak with a retention time of 12.3 minutes (minor 

enantiomer has a retention time of 9.1 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(Ra)-3-(dimethyl(phenyl)silyl)hexa-3,4-dien-1-ol (22): 

The enantiomeric purity of alcohol (Ra)-22 was determined2 by HPLC analysis 

run on a Chiralpak IB-3 column eluting in 0.5% 2-Propanol/Hexanes, with a 2.0 

µL injection and a 1.0 mL/min flow rate. The alcohol has >93% ee. The peaks are 

visualized at 210 nm, with the racemic alcohol (+)-5 exhibiting equal peaks with 

retention times of 14.2 and 15.8 minutes, and the enantioenriched alcohol (Ra)-

22 exhibiting a major peak with a retention time of 12.8 minutes (minor 

enantiomer has a retention time of 11.9 minutes).  

 

                                                
2 Enantiomeric excess determination for this compound was performed by Chiral 
Technologies Inc. 
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(S)-5-(dimethyl(phenyl)silyl)-6,8-dimethyl-2-tosyl-1,2,3,4-tetrahydrocyclo 

penta[c]azepin-7(6H)-one (35c): 

The enantiomeric purity of compound 35c was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 10% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 35c has >96% ee. The peaks 

are visualized at 254 nm, with the racemic compound (+)-35c exhibiting equal 

peaks with retention times of 11.9 and 17.2 minutes, and the enantioenriched 
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compound 35c exhibiting a major peak with a retention time of 17.1 minutes 

(minor enantiomer has a retention time of 12.1 minutes).  

 

Values for the racemic compound : 

 

 

Values for the enantiopur compound : 
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(S)-5-(dimethyl(phenyl)silyl)-6-methyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta 

[c]azepin-7(6H)-one (35e): 

The enantiomeric purity of compound 35e was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 10% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 35e has >96% ee. The peaks 

are visualized at 254 nm, with the racemic compound (+)-35e exhibiting equal 

peaks with retention times of 26.6 and 32.1 minutes, and the enantioenriched 

compound 35e exhibiting a major peak with a retention time of 26.5 minutes 

(minor enantiomer has a retention time of 33.3 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-(dimethyl(phenyl)silyl)-6-methyl-2-tosyl-8-(trimethylsilyl)-1,2,3,4-tetra 

hydrocyclopenta[c]azepin-7(6H)-one (35f): 

The enantiomeric purity of compound 35f was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 10% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 35f has >97% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-35f exhibiting equal peaks 

with retention times of 7.9 and 15.1 minutes, and the enantioenriched compound 

35f exhibiting a major peak with a retention time of 15.0 minutes (minor 

enantiomer has a retention time of 12.9 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-(dimethyl(phenyl)silyl)-6-methyl-8-phenyl-2-tosyl-1,2,3,4-tetrahydro 

cyclopenta[c]azepin-7(6H)-one (35d): 

The enantiomeric purity of compound 35d was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 10% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 35d has >96% ee. The peaks 

are visualized at 254 nm, with the racemic compound (+)-35d exhibiting equal 

peaks with retention times of 15.4 and 24.1 minutes, and the enantioenriched 

compound 35d exhibiting a major peak with a retention time of 24.2 minutes 

(minor enantiomer has a retention time of 16.1 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-(dimethyl(phenyl)silyl)-6-methyl-8-(thiophen-3-yl)-2-tosyl-1,2,3,4-tetra 

hydrocyclopenta[c]azepin-7(6H)-one (35a): 

The enantiomeric purity of compound 35a was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 10% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 35a has >95% ee. The peaks 

are visualized at 254 nm, with the racemic compound (+)-35a exhibiting equal 

peaks with retention times of 20.4 and 30.7 minutes, and the enantioenriched 

compound 35a exhibiting a major peak with a retention time of 31.6 minutes 

(minor enantiomer has a retention time of 21.0 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-(dimethyl(phenyl)silyl)-6-methyl-8-(thiophen-2-yl)-2-tosyl-1,2,3,4-tetra 

hydrocyclopenta[c]azepin-7(6H)-one (35b):  

The HPLC analysis run on a ChiralCel OD column eluting in 10% 2-

Propanol/Hexanes, with a 10.0 µL injection and a 1.0 mL/min flow rate. 

Compound 35b has >95% ee. The peaks are visualized at 254 nm, with the 

racemic compound (+)-35b exhibiting equal peaks with retention times of 20.6 

and 28.6 minutes, and the enantioenriched compound 35b exhibiting a major 

peak with a retention time of 27.5 minutes. The minor enantiomer was not 

detected (the corresponding peak was below the detection level of the HPLC 

system).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-8-cyclopropyl-5-(dimethyl(phenyl)silyl)-6-methyl-2-tosyl-1,2,3,4-tetra 

hydrocyclopenta[c]azepin-7(6H)-one (35g): 

The HPLC analysis run on a ChiralCel OD column eluting in 5% 2-

Propanol/Hexanes, with a 10.0 µL injection and a 1.0 mL/min flow rate. 

Compound 35g has >99% ee. The peaks are visualized at 254 nm, with the 

racemic compound (+)-35g exhibiting equal peaks with retention times of 14.5 

and 23.8 minutes, and the enantioenriched compound 35g exhibiting a major 

peak with a retention time of 23.3 minutes (the minor enantiomer was not 

detected).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(Ra)-3-(2-phenylvinylidene)heptan-1-ol (29): 

The enantiomeric purity of compound (Ra)-29 was determined by HPLC analysis 

run on a ChiralCel OD column eluting in 3% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound (Ra)-29 has >79% ee. The 

peaks are visualized at 254 nm, with the racemic compound (+)-29 exhibiting 

equal peaks with retention times of 8.4 and 14.2 minutes, and the 

enantioenriched compound (Ra)-29  exhibiting a major peak with a retention time 

of 14.3 minutes (minor enantiomer has a retention time of 8.4 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 

 

 

 

 

(S)-6-methyl-8-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-

one (42d): 

The enantiomeric purity of compound 42d was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 10% 2-Propanol/Hexanes, with a 20.0 µL 
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injection and a 1.0 mL/min flow rate. Compound 42d has 79% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-42d exhibiting equal peaks 

with retention times of 16.7 and 45.9 minutes, and the enantioenriched 

compound 42d exhibiting a major peak with a retention time of 38.8 minutes 

(minor enantiomer has a retention time of 15.8 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-butyl-8-methyl-6-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin 

-7(6H)-one (42c): 

The enantiomeric purity of compound 42c was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 7% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 42c has 74% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-42c exhibiting equal peaks 

with retention times of 17.0 and 26.8 minutes, and the enantioenriched 

compound 42c exhibiting a major peak with a retention time of 23.7 minutes 

(minor enantiomer has a retention time of 15.9 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-butyl-6-phenyl-2-tosyl-8-(trimethylsilyl)-1,2,3,4-tetrahydrocyclopenta 

[c]azepin-7(6H)-one (42f): 

The enantiomeric purity of compound 42f was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 0.5% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 42f has 79% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-42f exhibiting equal peaks 

with retention times of 41.6 and 51.9 minutes, and the enantioenriched 

compound 42f exhibiting a major peak with a retention time of 54.5 minutes 

(minor enantiomer has a retention time of 45.9 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-diethyl 8-butyl-2-oxo-1,3-diphenyl-1,2,6,7-tetrahydroazulene-5,5(4H)-

dicarboxylate (44d): 

The enantiomeric purity of compound 44d was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 5% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 44d has 76% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-44d exhibiting equal peaks 

with retention times of 7.5 and 16.5 minutes, and the enantioenriched compound 

44d exhibiting a major peak with a retention time of 16.5 minutes (minor 

enantiomer has a retention time of 7.5 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-diethyl 8-butyl-2-oxo-1-phenyl-3-(trimethylsilyl)-1,2,6,7-tetrahydro 

azulene-5,5(4H)-dicarboxylate (44f): 

The enantiomeric purity of compound 44f was determined by HPLC analysis run 

on a ChiralCel IA-3 column eluting in 3% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 44f has 76% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-44f exhibiting equal peaks 

with retention times of 5.7 and 7.1 minutes, and the enantioenriched compound 

44f exhibiting a major peak with a retention time of 7.2 minutes (minor 

enantiomer has a retention time of 5.9 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-diethyl 8-butyl-3-methyl-2-oxo-1-phenyl-1,2,6,7-tetrahydroazulene-

5,5(4H)-dicarboxylate (44c): 

The enantiomeric purity of compound 44c was determined by HPLC analysis run 

on a ChiralCel IA-3 column eluting in 3% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 44c has 80% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-44c exhibiting equal peaks 

with retention times of 12.7 and 14.4 minutes, and the enantioenriched 

compound 44c exhibiting a major peak with a retention time of 14.2 minutes 

(minor enantiomer has a retention time of 12.7 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-butyl-6,8-diphenyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-one 

(43d). 

The enantiomeric purity of compound 43d was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 5% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 43d has 77% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-43d exhibiting equal peaks 

with retention times of 7.9 and 22.7 minutes, and the enantioenriched compound 

43d exhibiting a major peak with a retention time of 22.2 minutes (minor 

enantiomer has a retention time of 7.9 minutes).  

 

Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-butyl-8-methyl-6-phenyl-3,4-dihydro-1H-cyclopenta[c]oxepin-7(6H)-

one (43c): 

The enantiomeric purity of compound 43c was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 2% 2-Propanol/Hexanes, with a 20.0 µL 

injection and a 1.0 mL/min flow rate. Compound 43c has 78% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-43c exhibiting equal peaks 

with retention times of 8.7 and 15.7 minutes, and the enantioenriched compound 

43c exhibiting a major peak with a retention time of 15.6 minutes (minor 

enantiomer has a retention time of 8.7 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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(S)-5-butyl-6-phenyl-8-(trimethylsilyl)-3,4-dihydro-1H-cyclopenta[c]oxepin-

7(6H)-one (43f): 

The enantiomeric purity of compound 43f was determined by SFC analysis run 

on a Chiralpak IC column using 10% MeOH as mobile phase with a 10 µL 

injection, a 3.0 mL/min flow rate and a pressure of 110 bar. The compound has 

77% ee. The peaks are visualized at 220 nm, with the racemic alcohol (+)-43f 

exhibiting equal peaks with retention times of 3.1 and 3.8 minutes, and the 

enantioenriched compound 43f exhibiting a major peak with a retention time of 

3.7 minutes (minor enantiomer has a retention time of 3.1 minutes).  
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(S)-5-butyl-8-cyclopropyl-6-phenyl-2-tosyl-1,2,3,4-tetrahydrocyclopenta[c] 

azepin-7(6H)-one (42g): 

The enantiomeric purity of compound 42g was determined by HPLC analysis run 

on a ChiralCel OD column eluting in 5% 2-Propanol/Hexanes, with a 10.0 µL 

injection and a 1.0 mL/min flow rate. Compound 42g has 79% ee. The peaks are 

visualized at 254 nm, with the racemic compound (+)-42g exhibiting equal peaks 

with retention times of 15.2 and 21.4 minutes, and the enantioenriched 

compound 42g exhibiting a major peak with a retention time of 21.5 minutes 

(minor enantiomer has a retention time of 15.5 minutes).  
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Values for the racemic compound : 

 

 

 

Values for the enantiopur compound : 
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HPLC analysis for the racemization experiment in the disubstituted series 

- For (Ra)-(3-(hexa-3,4-dien-1-yloxy)prop-1-yn-1-yl)benzene (18d): 

The enantiomeric purity of compound 18d was determined by HPLC analysis run 

on a ChiralPak AS-H column eluting in 0.5% 2-Propanol/Heptanes, with a 5.0 µL 

injection and a 1.0 mL/min flow rate.  

 

HPLC analysis for the racemic compound: 

 

 

 

 

 

 

•

O

Me
18d

Ph



 S125 

HPLC analysis for the pure chiral compound: 

 

 

Compound 18d has >99% ee. The peaks are visualized at 254 nm, with the 

racemic compound (+)-18d exhibiting equal peaks with retention times of 9.1 and 

9.8 minutes, and the enantioenriched compound 18d exhibiting a major peak 

with a retention time of 9.9 minutes. The minor enantiomer was not detected (the 

corresponding peak was below the detection level of the HPLC system).  
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HPLC analysis for the chiral compound when the reaction was stopped at 50% 

conversion: 

 

 

Compound 18d has 11% ee. The peaks are visualized at 254 nm with 

enantioenriched compound 18d exhibiting a major peak with a retention time of 

9.8 minutes (minor enantiomer has a retention time of 9.0 minutes).  
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- For (Ra)-N-(but-2-yn-1-yl)-N-(hexa-3,4-dien-1-yl)-4-methylbenzene 

sulfonamide (17c):  

The enantiomeric purity of compound 17c was determined by HPLC analysis run 

on a ChiralPak AS-H column eluting in 7% 2-Propanol/Heptanes, with a 3.0 µL 

injection and a 1.0 mL/min flow rate.  

HPLC analysis for the racemic compound: 
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HPLC analysis for the pure chiral compound: 

 

 

 

Compound 17c has >99% ee. The peaks are visualized at 254 nm, with the 

racemic compound (+)-17c exhibiting equal peaks with retention times of 24.8 

and 26.0 minutes, and the enantioenriched compound 17c exhibiting a major 

peak with a retention time of 25.9 minutes. The minor enantiomer was not 

detected (the corresponding peak was below the detection level of the HPLC 

system).  
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HPLC analysis for the chiral compound when the reaction was stopped at 29% 

conversion: 

 

 

Compound 17c has 15% ee. The peaks are visualized at 254 nm with 

enantioenriched compound 17c exhibiting a major peak with a retention time of 

26.2 minutes (minor enantiomer has a retention time of 24.9 minutes).  
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Details of Crystal Structure Determination 

 

 - X-ray Crystal Structure of (S)-5-(dimethyl(phenyl)silyl)-6,8-dimethyl-

2-tosyl-1,2,3,4-tetrahydrocyclopenta[c]azepin-7(6H)-one (35c) 
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- X-ray Crystal Structure of 6-methyl-2-tosyl-2,3,4,5-tetrahydrocyclo 

penta[c]azepin-7(1H)-one (48).  
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