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Scheme 1. Preparation of Iodoalkene 8 
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3-Chlorocyclopent-3-ene-carboxylic Acid Ethyl Ester (B).  To a 

stirred solution of diester A (242 mg, 0.98 mmol) and water (0.05 mL) in 

DMSO (5 mL) was added LiCl (91 mg, 2.15 mmol).  The reaction mixture was heated at 

reflux for 6 h, and then cooled to rt.  Saturated aqueous NH4Cl was added and the 

aqueous phase was extracted with ether.  The combined organic layers were dried over 

Na2SO4.  The solvent was removed under reduced pressure, and the residue was purified 

by flash chromatography (15% ether/pentane) to afford the ester B as a clear oil (143 mg, 

83%).  1H NMR (300 MHz, CDCl3) δ 5.53-5.50 (m, 1H), 4.09 (q, J = 7.1 Hz, 2H), 3.22-

3.11 (m, 1H), 2.86-2.78 (m, 1H), 2.72-2.65 (m, 1H), 2.63-2.58 (m, 2H), 1.19 (t, J = 7.1 

Hz, 3H);  13C NMR (75 MHz, CDCl3) δ 175.0, 130.7, 124.9, 61.1, 41.4, 40.5, 35.2, 14.5;  

HRMS-EI [M]+ calcd for C8H11ClO2, 174.0448; found, 174.0452. 

(3-Chlorocyclopent-3-enyl)-methanol (C).  To a stirred suspension 

of LiAlH4 (56 mg, 1.47 mmol) in THF (5 mL) at 0 °C was added dropwise 

ester B (143 mg, 0.82 mmol) in ether (5 mL).  The mixture was stirred for 1 h at rt, and 

then diluted with ethyl acetate.  The mixture was poured into 1 M HCl solution.  

Saturated aqueous NH4Cl and EtOAc were added.  The organic layer was dried over 

Na2SO4 and the solvent was removed under reduced pressure.  The residue was purified 

by flash chromatography (50% ether/pentane) to afford the alcohol C as a colorless oil 

(76 mg, 70%).  1H NMR (300 MHz, CDCl3) δ 5.54-5.51 (m, 1H), 3.50 (d, J = 6.3 Hz, 
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2H), 2.64-2.42 (m, 3H), 2.28-2.23 (m, 1H), 2.11-2.04 (m, 2H);  13C NMR (75 MHz, 

CDCl3) δ 131.5, 125.6, 66.8, 40.6, 39.2, 34.5;  HRMS-EI [M]+ calcd for C6H9ClO, 

132.0342; found, 132.0337. 

Methanesulfonic Acid 3-Chlorocyclopent-3-enyl Methyl Ester (D).  

To a solution of alcohol C (71 mg, 0.53 mmol) in dichloromethane (5 mL) at 

0 °C was added portionwise triethylamine (0.21 mL, 1.59 mmol) and mesyl chloride 

(0.11 mL, 1.59 mmol).  The reaction mixture was stirred at 0 °C for 30 min, and then at rt 

for 3 h.  The organic phase was diluted with dichloromethane and washed consecutively 

with brine, 1 M aqueous KHSO4, brine, 5% aqueous NaHCO3, brine, and dried over 

Na2SO4.  The solvent was removed under reduced pressure and the residue was purified 

by flash chromatography (50% ether/pentane) affording the mesylate D as a colorless oil 

(106 mg, 94%).  1H NMR (300 MHz, CDCl3) δ 5.55-5.52 (m, 1H), 4.08 (dd, J = 2.2, 6.9 

Hz, 2H), 2.96 (s, 3H), 2.80-2.61 (m, 2H), 2.57-2.47 (m, 1H), 2.34-2.26 (m, 1H), 2.17-

2.09 (m, 1H);  13C NMR (75 MHz, CDCl3) δ 131.3, 125.4, 72.6, 40.4, 37.9, 36.5, 34.5;  

LRMS-ES [M + Na]+ calcd for C7H11ClNaO3S, 233.0; found, 233.0. 

1-Chloro-4-iodomethylcyclopentene (8).  To a solution of mesylate D 

(108 mg, 0.51 mmol) in acetone (5 mL) was added sodium iodide (384 mg, 2.55 

mmol) and the mixture was stirred at reflux for 12 h.  The solvent was then removed 

under reduced pressure and the residue was purified by flash chromatography (pentane) 

to produce the iodide 8 as a clear oil (104 mg, 84%).  1H NMR (300 MHz, CDCl3) δ 

5.48-5.46 (m, 1H), 3.09 (d, J = 6.6 Hz, 2H), 2.60-2.38 (m, 3H), 2.20-2.13 (m, 1H), 2.02-

1.93 (m, 1H);  13C NMR (75 MHz, CDCl3) δ 131.1, 125.6, 44.7, 39.9, 39.0, 13.6;  

HRMS-EI [M]+ calcd for C6H8ClI, 241.9359; found, 241.9368. 
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2-(2-Allyl-4-chloropent-4-enyl)-1,3-diphenylpropane-1,3-dione 

(15a). To a stirred solution of 1,3-Diphenyl-propane-1,3-dione (238 mg, 

1.06 mmol) in acetonitrile (10 mL) was added Verkade’s base (230 mg, 1.06 

mmol), and the mixture was stirred for 30 min at rt.  Iodide 14 (261 mg, 0.96 mmol) was 

then added and the mixture was stirred for 72 h at rt.  The solvent was removed under 

reduced pressure, and the residue was purified by flash chromatography (13% 

ether/hexanes) to afford the diene 15a as a pale yellow oil (182 mg, 51%).  1H NMR (300 

MHz, CDCl3) δ 7.82-7.75 (m, 4H), 7.36-7.20 (m, 6H), 5.61-5.48 (m, 1H), 5.17 (t, J = 6.4 

Hz, 1H), 4.98-4.83 (m, 4H), 2.22-2.03 (m, 2H), 2.01-1.80 (m, 5H);  13C NMR (75 MHz, 

CDCl3) δ 196.3, 196.2, 141.5, 136.4, 136.3, 135.9, 133.9, 132.9, 129.3, 129.1, 129.0, 

127.6, 117.9, 114.7, 55.8, 44.3, 38.1, 34.4, 33.2;  HRMS-ES [M + H]+ calcd for 

C23H24ClO2, 367.1465; found, 367.1470. 

2-(3-Chlorocyclopent-3-enylmethyl)-1,3-diphenylpropane-1,3-

dione (16a). A flame dried 250 mL two-necked flask equipped with a 

magnetic stirring bar and a condenser was charged with diene 15a (172 mg, 

0.47 mmol) and benzene (120 mL).  The solution was deaerated by bubbling argon 

through the mixture for 2 h.  The second-generation Grubbs catalyst (40 mg, 0.047 mmol) 

in 2 mL of benzene was added and the argon bubbling was continued for an additional 30 

min.  The mixture was heated and stirred at 65 °C for 2-3 days until TLC showed the 

reaction was complete.  The solvent was removed under reduced pressure and the residue 

was purified by flash chromatography (17% ether/hexanes) to afford the vinyl chloride 

16a as a yellow oil (100 mg, 63%).  1H NMR (300 MHz, CDCl3) δ 7.93-7.87 (m, 4H), 

7.53-7.47 (m, 2H), 7.41-7.36 (m, 4H), 5.52-5.50 (m, 1H), 5.14 (t, J = 6.7 Hz, 1H), 2.62-
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2.01 (m, 7H);  13C NMR (75 MHz, CDCl3) δ 196.0, 136.3, 136.3, 134.0, 131.5, 129.3, 

129.0, 125.8, 56.3, 43.8, 38.1, 36.3, 36.1;  HRMS-ES [M + H]+ calcd for C21H20ClO2, 

339.1152; found, 339.1177. 

2-(3-Chloro-4-oxocyclopentylmethyl)-1,3-diphenylpropane-1,3-

dione (17a). To a solution of vinyl chloride 16a (92 mg, 0.27 mmol), 

acetone (2.5 mL) and glacial acetic acid (1 mL) at 0 °C was added dropwise 

sodium hypochlorite (0.23 mL of 10% solution, 0.27 mmol) via syringe.  The reaction 

mixture was stirred at 0 °C for 30 min and quenched by addition of saturated aqueous 

NaHCO3 solution.  The mixture was then extracted with dichloromethane.  The combined 

organic layers were washed with brine and dried over Na2SO4.  The solvent was removed 

under reduced pressure and the residue was purified by flash chromatography (50% 

ether/hexanes) affording the α-chloroketone 17a as a white solid (38 mg, 40%).  1H NMR 

(300 MHz, CDCl3) δ 7.88 (d, J = 7.7 Hz, 4H), 7.54-7.36 (m, 6H), 5.15 (t, J = 6.5 Hz, 1H), 

4.06 (d, J = 5.6 Hz, 1H), 2.70-2.53 (m, 1H), 2.33-1.78 (m, 6H);  13C NMR (75 MHz, 

CDCl3) δ 209.7, 195.7, 195.6, 136.0, 135.9, 134.3, 134.2, 129.5, 129.4, 129.4, 129.0, 

129.0, 57.5, 56.3, 42.7, 40.2, 34.6, 33.0;  HRMS-ES [M + H]+ calcd for C21H20ClO3, 

355.1101; found, 355.1096. 

2-(3-Chloro-tert-butyldimethylsilyloxyiminocyclopentylmethyl)-

1,3-diphenylpropane-1,3-dione (18a).  To a solution of α-chloroketone 17a 

(23 mg, 0.065 mmol) in dichloromethane (3 mL) were added O-(tert-

butyldimethylsilyl)-hydroxylamine (10 mg, 0.065 mmol), 4Å molecular sieves (crushed), 

and a catalytic amount of PPTS.  The mixture was stirred at rt for 24 h and then filtered 

through a pad of Celite.  The solvent was removed under reduced pressure and the 
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residue was purified by flash chromatography (25% ether/hexanes) to afford the α-

chloroketoxime 18a as a colorless oil (19 mg, 61%). 1H NMR (300 MHz, CDCl3, 

complex mixture of diastereomers including oxime geometric isomers) δ 7.84-7.76 (m, 

4H), 7.46-7.27 (m, 6H), 5.08 (q, J = 6.5 Hz, 1H), 4.84-4.61 (m, 1H), 2.78-2.64 (m, 1H), 

2.53-2.39 (m, 1H), 2.28-1.88 (m, 4H), 1.72-1.55 (m, 1H), 0.82-0.68 (m, 9H), 0.02-0.00 

(m, 6H);  13C NMR (75 MHz, CDCl3) δ 196.0, 195.8, 195.8, 195.6, 167.3, 166.1, 136.2, 

136.2, 136.1, 136.0, 134.1, 134.1, 134.1, 129.4, 129.4, 129.0, 129.0, 128.9, 59.1, 56.8, 

56.4, 51.5, 43.0, 42.6, 35.4, 35.2, 34.6, 34.6, 34.2, 32.8, 26.3, 26.3, 18.4, 18.4, -4.8, -4.8;  

HRMS-ES [M + H]+ calcd for C27H35ClNO3Si, 484.2075; found, 484.2066. 

          2-(2-Allyl-4-chloropent-4-enyl)-1,1-bis-benzenesulfonylmethane 

(15b). To a stirred suspension of sodium hydride (60% dispersion in mineral 

oil, 18 mg, 0.44 mmol) in DMF (1 mL) at 0 °C was dropwise added a 

solution of bis-benzenesulfonyl methane (137 mg, 0.44 mmol) in DMF (1 mL). After 

stirring the mixture for 30 min at 0 °C, a solution of iodide 14 (100 mg, 0.37 mmol) in 

DMF (1 mL) was added. The resulting mixture was warmed to rt and stirred for 72 h. 

Saturated aqueous NH4Cl and ethyl acetate were added. The organic layer was separated 

and the aqueous layer was extracted with ethyl acetate. The combined organic layer was 

washed with water and brine.  The organic layer was dried over Na2SO4 and the solvent 

was removed under reduced pressure. The residue was purified by flash chromatography 

(25% ethyl acetate/hexanes) to afford the diene 15b as a colorless oil (113 mg, 70%).  1H 

NMR (300 MHz, CDCl3) δ 7.90-7.84 (m, 4H), 7.63-7.55 (m, 2H), 7.48 (t, J = 7.1 Hz, 4H), 

5.62-5.48 (m, 1H), 5.08 (d, J = 18.9 Hz, 2H),  4.99-4.92 (m, 2H), 4.54 (t, J = 5.3 Hz, 1H), 

2.26-1.88 (m, 7H);  13C NMR (75 MHz, CDCl3) δ 140.6, 138.3, 137.6, 135.1, 135.0, 
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130.2, 129.9, 129.5, 129.5, 118.6, 115.3, 81.7, 43.9, 37.5, 33.5, 29.6;  HRMS-ES [M + 

NH4]+ calcd for C21H27ClNO4S2, 456.1070; found, 456.1067. 

4-(2,2-Bis-benzenesulfonylethyl)-2-chlorocyclopentene (16b). A 

flame dried 100 mL two-necked flask equipped with a magnetic stirring bar 

and a condenser was charged with diene 15b (129 mg, 0.29 mmol) and 

benzene (60 mL).  The solution was deaerated by bubbling argon through the mixture for 

2 h.  The second-generation Grubbs catalyst (25 mg, 0.029 mmol) in 2 mL of benzene 

was added and the argon bubbling was continued for an additional 30 min.  The mixture 

was heated and stirred at 65 °C for 2-3 days until TLC showed the reaction was complete.  

The solvent was removed under reduced pressure and the residue was purified by flash 

chromatography (25% ethyl acetate/hexanes) to afford the vinyl chloride 16b as a pale 

yellow oil (61 mg, 51%).  1H NMR (300 MHz, CDCl3) δ 7.93-7.79 (m, 4H), 7.67-7.57 (m, 

2H), 7.51 (t, J = 7.6 Hz, 4H), 5.47-5.44 (m, 1H), 4.25 (t, J = 5.6 Hz, 1H), 2.73-2.39 (m, 

2H), 2.20-2.11 (m, 3H), 2.02-1.81 (m, 2H);  13C NMR (75 MHz, CDCl3) δ 138.0, 137.9, 

135.2, 135.1, 131.1, 130.0, 130.0, 129.6, 129.6, 129.5, 129.4, 125.3, 82.8, 43.1, 37.3, 35.7, 

32.0;  HRMS-ES [M + NH4]+ calcd for C19H23ClNO4S2, 428.0757; found, 428.0740. 

4-(2,2-Bis-benzenesulfonylethyl)-2-chlorocyclopentanone (17b). 

To a solution of vinyl chloride 16b (51 mg, 0.124 mmol), acetone (2.5 mL) 

and glacial acetic acid (1 mL) at 0 °C was added dropwise sodium 

hypochlorite (0.11 mL of 10% solution, 0.124 mmol) via syringe.  The reaction mixture 

was stirred at 0 °C for 30 min and quenched by addition of saturated aqueous NaHCO3 

solution.  The mixture was then extracted with dichloromethane.  The combined organic 

layers were washed with brine and dried over Na2SO4.  The solvent was removed under 
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reduced pressure and the residue was purified by flash chromatography (30% ethyl 

acetate/hexanes) affording the α-chloroketone 17b as a colorless oil (21 mg, 40%).  1H 

NMR (300 MHz, CDCl3, diastereomer mixture) δ 8.03-7.83 (m, 4H), 7.72-7.62 (m, 2H), 

7.56-7.51 (m, 4H), 4.30 (t, J = 5.5 Hz, 1H), 4.02 (d, J = 6.9 Hz, 1H), 2.76-2.00 (m, 7H);  

13C NMR (75 MHz, CDCl3) δ 209.0, 208.5, 137.7, 137.7, 136.0, 135.9, 135.4, 135.1, 

132.3, 132.2, 130.1, 130.0, 129.9, 129.7, 129.6, 129.4, 129.3, 82.3, 82.2, 57.2, 56.6, 43.8, 

41.7, 41.1, 39.4, 32.5, 31.0, 30.7;  HRMS-ES [M + NH4]+ calcd for C19H23ClNO5S2, 

444.0706; found, 444.0699. 

4-(2,2-Bis-benzenesulfonylethyl)-2-chlorocyclopentanone-

tert-butyldimethylsilyloxyoxime (18b). To a solution of α-chloroketone 

17b (19.7 mg, 0.046 mmol) in dichloromethane (3 mL) were added O-

(tert-butyldimethylsilyl)-hydroxylamine (15 mg, 0.092 mmol), 4Å molecular sieves 

(crushed), and a catalytic amount of PPTS.  The mixture was stirred at rt for 19 h and 

then filtered through a pad of Celite.  The solvent was removed under reduced pressure 

and the residue was purified by flash chromatography (25% ethyl acetate/hexanes) to 

afford the α-chloroketoxime 18b as a colorless oil (15.6 mg, 61%). 1H NMR (300 MHz, 

CDCl3, complex mixture of diastereomers including oxime geometric isomers) δ 7.92-

7.77 (m, 4H), 7.62-7.54 (m, 2H), 7.44 (t, J = 7.4 Hz, 4H), 4.88-4.44 (m, 1H), 4.23-4.17 

(m, 1H), 2.84-2.40 (m, 2H), 2.20-1.71 (m, 3H), 1.52-1.40 (m, 2H), 0.79-0.67 (m, 9H), 

0.01-0.00 (m, 6H);  13C NMR (75 MHz, CDCl3) δ 166.3, 165.2, 137.9, 137.9, 137.8, 

135.8, 135.2, 132.4, 132.2, 130.0, 130.0, 130.0, 129.7, 129.4, 129.2, 82.7, 58.7, 51.1, 42.4, 

41.9, 34.7, 34.5, 34.2, 34.1, 32.2, 32.0, 30.9, 30.6, 30.1, 26.4, 26.3, 18.5, 18.4, 18.3, -4.8, 

-4.8. 
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             4-Allyl-6-chloro-2-(4-methoxybenzoyl)-hept-6-enoic Acid 

Ethyl Ester (15c). To a stirred solution of 3-(4-methoxyphenyl)-3-oxo-

propionic acid ethyl ester (57 mg, 0.26 mmol) in acetonitrile (3 mL) was 

added Verkade’s base (56 mg, 0.26 mmol), and the mixture was stirred for 30 min at 

0 °C . Iodide 14 (70 mg, 0.26 mmol) was then added and the mixture was stirred for 7 h 

at 0 °C. The solvent was removed under reduced pressure, and the residue was purified 

by flash chromatography (20% ether/hexanes) to afford the diene 15c as a colorless oil 

(65 mg, 68%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 7.99-7.95 (m, 2H), 

6.92 (d, J = 8.4 Hz, 2H), 5.81-5.65 (m, 1H), 5.19-5.12 (m, 2H), 5.08-5.00 (m, 2H), 4.43-

4.38 (m, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.84 (s, 3H), 2.39-1.83 (m, 7H), 1.15 (t, J = 7.1 

Hz, 3H);  13C NMR (75 MHz, CDCl3) δ 193.9, 193.8, 170.7, 170.6, 164.5, 141.7, 141.6, 

136.0, 131.6, 129.7, 118.1, 118.0, 114.8, 114.5, 62.0, 62.0, 56.1, 52.5, 52.4, 44.4, 44.2, 

38.0, 37.8, 33.9, 33.7, 33.0, 32.8, 14.6;  HRMS-ES [M + H]+ calcd for C20H26ClO4, 

365.1520; found, 365.1524. 

2-(3-Chlorocyclopent-3-enylmethyl)-3-(4-methoxyphenyl)-3-

oxopropionic Acid Ethyl Ester (16c). A flame dried 250 mL two-necked 

flask equipped with a magnetic stirring bar and a condenser was charged 

with diene 15c (300 mg, 0.82 mmol) and benzene (200 mL). The solution was deaerated 

by bubbling argon through the mixture for 2 h. The second-generation Grubbs catalyst 

(70 mg, 0.082 mmol) in 2 mL of benzene was added and the argon bubbling was 

continued for an additional 30 min.  The mixture was heated and stirred at 65 °C for 72 h.  

The solvent was removed under reduced pressure and the residue was purified by flash 

chromatography (30% ether/hexanes) to afford the vinyl chloride 16c as a pale yellow oil 

Cl

CO2Et

O p-MeOPh

CO2Et

Cl

O p-MeOPh



 

 S10

(216 mg, 78%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 7.92-7.88 (m, 2H), 

6.90-6.86 (m, 2H), 5.51-5.50 (m, 1H), 4.23-4.17 (m, 1H), 4.07 (q, J = 7.1 Hz, 2H), 3.81 

(s, 3H), 2.55-1.97 (m, 7H), 1.10 (t, J = 7.1 Hz, 3H);  13C NMR (75 MHz, CDCl3) δ 193.2, 

193.2, 170.0, 164.0, 131.2, 131.1, 129.3, 129.2, 125.5, 125.5, 114.1, 61.5, 55.6, 52.6, 52.5, 

43.4, 37.7, 37.7, 35.6, 35.3, 35.3, 14.1;  HRMS-ES [M + H]+ calcd for C18H22ClO4, 

337.1207; found, 337.1208. 

2-(3-Chloro-4-oxocyclopentylmethyl)-3-(4-methoxyphenyl)-3-

oxopropionic Acid Ethyl Ester (17c). To a solution of vinyl chloride 16c 

(168 mg, 0.49 mmol), acetone (2.5 mL) and glacial acetic acid (1 mL) at 

0 °C was added dropwise sodium hypochlorite (0.42 mL of 10% solution, 0.49 mmol) via 

syringe.  The reaction mixture was stirred at 0 °C for 30 min and quenched by addition of 

saturated aqueous NaHCO3 solution.  The mixture was then extracted with 

dichloromethane.  The combined organic layers were washed with brine and dried over 

Na2SO4.  The solvent was removed under reduced pressure and the residue was purified 

by flash chromatography (60% ether/hexanes) affording the α-chloroketone 17c as a 

colorless oil (101 mg, 57%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 7.98-

7.85 (m, 2H), 6.92-6.86 (m, 2H), 4.32-4.20 (m, 1H), 4.16-3.96 (m, 3H), 3.81 (s, 3H), 

2.75-1.83 (m, 7H), 1.18-1.08 (m, 3H);  13C NMR (75 MHz, CDCl3) δ 209.9, 209.9, 193.0, 

192.9, 170.1, 164.5, 131.4, 129.3, 129.2, 114.5, 114.4, 62.1, 57.5, 56.0, 52.8, 52.7, 42.5, 

42.5, 40.1, 40.1, 34.4, 32.4, 32.4, 14.4;  HRMS-ES [M + H]+ calcd for C18H22ClO5, 

353.1156; found, 353.1151. 

2-(3-Chloro-4-tert-butyldimethylsilyloxyiminocyclopentylmethyl)-

3-(4-methoxyphenyl)-3-oxopropionic Acid Ethyl Ester (18c). To a solution 
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of α-chloroketone 17c (15.5 mg, 0.044 mmol) in dichloromethane (3 mL) were added O-

(tert-butyldimethylsilyl)-hydroxylamine (6.5 mg, 0.044 mmol), 4Å molecular sieves 

(crushed), and a catalytic amount of PPTS.  The mixture was stirred at rt for 5 h and then 

filtered through a pad of Celite.  The solvent was removed under reduced pressure and 

the residue was purified by flash chromatography (50% ether/hexanes) to afford the α-

chloroketoxime 18c as a colorless oil (10.5 mg, 50%).  1H NMR (300 MHz, CDCl3, 

complex mixture of diastereomers including oxime geometric isomers) δ 7.86-7.82 (m, 

2H), 6.82-6.75 (m, 2H), 4.84-4.61 (m, 1H), 4.18-4.11 (m, 1H), 4.04-3.95 (m, 2H), 3.73 (s, 

3H), 2.78-2.58 (m, 1H), 2.37-2.32 (m, 1H), 2.13-1.81 (m, 4H), 1.65-1.52 (m, 1H), 1.06-

1.01 (m, 3H), 0.82-0.70 (m, 9H), 0.01-0.00 (m, 6H);  13C NMR (75 MHz, CDCl3) δ 193.3, 

193.1, 193.1, 170.2, 170.2, 170.1, 167.5, 167.5, 166.2, 164.3, 164.3, 131.4, 129.4, 129.3, 

129.3, 114.3, 61.9, 59.2, 55.9, 53.2, 53.1, 51.5, 42.9, 42.9, 35.2, 34.2, 33.9, 33.9, 32.6, 

26.6, 26.3, 26.3, 26.0, 18.4, 18.4, 14.4, -4.8, -4.9;  HRMS-ES [M + H]+ calcd for 

C24H37ClNO5Si, 482.2130; found, 482.2110. 

4-Allyl-2-benzenesulfonyl-6-chlorohept-6-enoic Acid Methyl 

Ester (15d). To a stirred suspension of sodium hydride (60% dispersion in 

mineral oil, 70 mg, 1.73 mmol) in DMF (8 mL) at 0 °C was dropwise 

added a solution of benzenesulfonyl acetic acid methyl ester (0.27 mL, 1.44 mmol) in 

DMF (2 mL). After stirring the mixture for 30 min at 0 °C, a solution of iodide 14 (468 

mg, 1.73 mmol) in DMF (1 mL) was added. The resulting mixture was warmed to rt and 

stirred for 24 h. Saturated aqueous NH4Cl and ethyl acetate were added. The organic 

layer was separated and the aqueous layer was extracted with ethyl acetate. The 

combined organic layer was washed with water and brine.  The organic layer was dried 
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over Na2SO4 and the solvent was removed under reduced pressure. The residue was 

purified by flash chromatography (20% ethyl acetate/hexanes) to afford the diene 15d as 

a colorless oil (420 mg, 77%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 7.85 

(d, J = 7.6 Hz, 2H), 7.68 (t, J = 7.3 Hz, 1H), 7.56 (t, J = 7.6 Hz, 2H), 5.70-5.54 (m, 1H), 

5.13 (d, J = 18.3 Hz, 2H), 5.04-4.93 (m, 2H), 4.12-4.06 (m, 1H), 3.64 (d, J = 6.3 Hz, 3H), 

2.38-1.82 (m, 7H);  13C NMR (75 MHz, CDCl3) δ 165.1, 164.9, 139.1, 138.9, 135.9, 

135.8, 133.4, 133.2, 132.9, 128.0, 127.9, 117.0, 116.7, 113.6, 113.5, 67.6, 51.8, 51.8, 42.3, 

41.7, 36.3, 34.9, 31.8, 31.4, 28.9, 28.3;  HRMS-ES [M + NH4]+ calcd for C17H25ClNO4S, 

374.1193; found, 374.1188. 

2-Benzenesulfonyl-3-(3-chlorocyclopent-3-enyl)-propionic Acid 

Methyl Ester (16d). A flame dried 250 mL two-necked flask equipped with a 

magnetic stirring bar and a condenser was charged with diene 15d (148 mg, 

0.41 mmol) and toluene (100 mL).  The solution was deaerated by bubbling argon 

through the mixture for 2 h.  The second-generation Grubbs catalyst (35 mg, 0.041 mmol) 

in 2 mL of toluene was added and the argon bubbling was continued for an additional 30 

min.  The mixture was heated and stirred at 85 °C for 20 h.  The solvent was removed 

under reduced pressure and the residue was purified by flash chromatography (25% ethyl 

acetate/hexanes) to afford the vinyl chloride 16d as a pale yellow oil (100 mg, 74%).  1H 

NMR (300 MHz, CDCl3, diastereomer mixture) δ 7.87 (d, J = 7.7 Hz, 2H), 7.70 (t, J = 

6.8 Hz, 1H), 7.58 (t, J = 7.6 Hz, 2H), 5.57-5.55 (m, 1H), 4.06-3.90 (m, 1H), 3.66 (s, 3H), 

2.62-1.91 (m, 7H);  13C NMR (75 MHz, CDCl3) δ 166.4, 136.8, 136.8, 134.4, 131.1, 

130.7, 129.3, 129.3, 129.1, 125.3, 124.9, 69.7, 69.6, 53.1, 43.2, 42.5, 37.6, 36.8, 35.1, 

32.7;  HRMS-ES [M +NH4]+ calcd for C15H21ClNO4S, 346.0880; found, 346.0889. 
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2-Benzenesulfonyl-3-(3-chloro-4-oxocyclopentyl)-propionic 

Acid Methyl Ester (17d). To a solution of vinyl chloride 16d (64 mg, 

0.19 mmol), acetone (2.5 mL) and glacial acetic acid (1 mL) at 0 °C was 

added dropwise sodium hypochlorite (0.17 mL of 10% solution, 0.19 mmol) via syringe.  

The reaction mixture was stirred at 0 °C for 30 min and quenched by addition of 

saturated aqueous NaHCO3 solution.  The mixture was then extracted with 

dichloromethane.  The combined organic layers were washed with brine and dried over 

Na2SO4.  The solvent was removed under reduced pressure and the residue was purified 

by flash chromatography (25% ethyl acetate/hexanes) affording the α-chloroketone 17d 

as a colorless oil (50 mg, 75%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 

7.80 (d, J = 7.4 Hz, 2H), 7.65 (t, J = 7.4 Hz, 1H), 7.53 (t, J = 7.6 Hz, 2H), 4.05 (d, J = 5.9 

Hz, 1H), 3.97-3.85 (m, 1H), 3.59 (s, 3H), 2.59-1.76 (m, 7H);  13C NMR (75 MHz, CDCl3) 

δ 208.8, 208.5, 166.5, 166.5, 137.0, 136.9, 135.0, 129.7, 129.6, 69.8, 69.7, 57.3, 57.0, 

53.7, 53.6, 53.5, 42.0, 41.7, 39.9, 39.6, 32.1, 32.0, 32.0, 31.9;  HRMS-ES [M + NH4]+ 

calcd for C15H21ClNO5S, 362.0829; found, 362.0828. 

2-Benzenesulfonyl-3-(3-chloro-4-tert-

butyldimethylsilyloxyiminocyclopentyl)-propionic Acid Methyl Ester 

(18d).  To a solution of α-chloroketone 17d (30 mg, 0.087 mmol) in 

dichloromethane (3 mL) were added O-(tert-butyldimethylsilyl)-hydroxylamine (27 mg, 

0.174 mmol), 4Å molecular sieves (crushed), and a catalytic amount of PPTS.  The 

mixture was stirred at rt for 24 h and then filtered through a pad of Celite.  The solvent 

was removed under reduced pressure and the residue was purified by flash 

chromatography (20% ethyl acetate/hexanes) to afford the α-chloroketoxime 18d as a 
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colorless oil (28 mg, 68%).  1H NMR (300 MHz, CDCl3, complex mixture of 

diastereomers including oxime geometric isomers) δ 7.72 (d, J = 7.7 Hz, 2H), 7.56 (t, J = 

7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 2H), 4.83-4.61 (m, 1H), 3.98-3.77 (m, 1H), 3.53 (s, 3H), 

2.73-2.51 (m, 1H), 2.39-2.19 (m, 1H), 2.09-1.81 (m, 4H), 1.59-1.51 (m, 1H), 0.84-0.67 

(m, 9H), 0.01-0.00 (m, 6H);  13C NMR (75 MHz, CDCl3) δ 165.4, 165.4, 165.3, 165.2, 

164.9, 135.7, 135.6, 133.5, 128.4, 128.3, 128.3, 128.2, 128.2, 68.8, 68.8, 57.6, 57.3, 52.3, 

52.2, 41.4, 41.1, 33.5, 32.2, 32.1, 30.9, 30.7, 30.6, 30.2, 25.0, 24.9, 24.9, 17.1, 17.0, 17.0, 

-6.2;  HRMS-ES [M + H]+ calcd for C21H33ClNO5SSi, 474.1537; found, 474.1553. 

4-Allyl-6-chloro-2-nitrohept-6-enoic Acid Ethyl Ester (15e). To a 

stirred solution of tetrabutyl ammonium hydroxide (1.71 g, 2.64 mmol) in 

dichloromethane (2.5 mL) was slowly added nitroacetic acid ethyl ester (0.3 

mL, 2.64 mmol), and the mixture was stirred at rt for 10 min.  A solution of iodide 14 

(783 mg, 2.90 mmol) in dichloromethane (0.5 mL) was then added in one portion and the 

mixture was stirred at rt for 72 h. The organic layer was separated and the aqueous layer 

was extracted with dichloromethane. The combined organic layer was washed with brine 

and dried over MgSO4. The solvent was removed under reduced pressure, and the residue 

was purified by flash chromatography (7% ethyl acetate/hexanes) to afford the diene 15e 

as an oil (217 mg, 30%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 5.72-5.60 

(m, 1H), 5.23-4.93 (m, 5H), 4.22 (q, J = 7.1 Hz, 2H), 2.39-1.95 (m, 6H), 1.91-1.81 (m, 

1H), 1.24 (t, J = 7.1 Hz, 3H);  13C NMR (75 MHz, CDCl3) δ 164.9, 164.9, 140.5, 140.4, 

134.8, 134.6, 118.8, 118.6, 115.4, 115.2, 86.6, 86.5, 63.5, 43.7, 43.5, 37.6, 36.8, 33.8, 

33.7, 32.2, 32.0, 14.2;  HRMS-ES [M+NH4]+ calcd for C12H22ClN2O4, 293.1268; found, 

293.1281. 
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3-(3-Chlorocyclopent-3-enyl)-2-nitropropionic Acid Ethyl Ester 

(16e). A flame dried 100 mL two-necked flask equipped with a magnetic 

stirring bar and a condenser was charged with diene 15e (70 mg, 0.25 mmol) 

and toluene (60 mL).  The solution was deaerated by bubbling argon through the mixture 

for 2 h.  The second-generation Grubbs catalyst (44 mg, 0.05 mmol) in 2 mL of toluene 

was added and the argon bubbling was continued for an additional 30 min.  The mixture 

was heated and stirred at 95 °C for 19 h.  The solvent was removed under reduced 

pressure and the residue was purified by flash chromatography (9% ethyl acetate/hexanes) 

to afford the vinyl chloride 16e as a pale yellow oil (37 mg, 59%).  1H NMR (300 MHz, 

CDCl3, diastereomer mixture) δ 5.62-5.53 (m, 1H), 5.12-5.01 (m, 1H), 4.22 (q, J = 7.1 

Hz, 2H), 2.54-1.97 (m, 7H), 1.24 (t, J = 7.1 Hz, 3H);  13C NMR (75 MHz, CDCl3) δ 

164.8, 164.8, 131.6, 131.2, 125.8, 125.4, 87.5, 87.3, 63.7, 63.6, 43.6, 43.1, 37.9, 37.4, 

36.8, 36.7, 34.4, 34.4, 14.4. 

3-(3-Chloro-4-oxocyclopentyl)-2-nitropropionic Acid Ethyl Ester 

(17e). To a solution of vinyl chloride 16e (32 mg, 0.13 mmol), acetone (2.5 

mL) and glacial acetic acid (1 mL) at 0 °C was added dropwise sodium 

hypochlorite (0.12 mL of 10% solution, 0.13 mmol) via syringe.  The reaction mixture 

was stirred at 0 °C for 20 min and quenched by addition of saturated aqueous NaHCO3 

solution.  The mixture was then extracted with dichloromethane.  The combined organic 

layers were washed with brine and dried over Na2SO4.  The solvent was removed under 

reduced pressure and the residue was purified by flash chromatography (25% ethyl 

acetate/hexanes) affording the α-chloroketone 17e as a colorless oil (14 mg, 41%).  1H 

NMR (300 MHz, CDCl3, diastereomer mixture) δ 5.12-5.06 (m, 1H), 4.36-4.19 (m, 2H), 
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4.08 (d, J = 5.5 Hz, 1H), 2.74-1.82 (m, 7H), 1.25 (t, J = 7.1 Hz, 3H);  13C NMR (75 MHz, 

CDCl3) δ 208.4, 208.3, 164.3, 87.0, 86.7, 63.9, 63.8, 57.1, 56.9, 41.8, 41.6, 39.7, 39.5, 

35.6, 35.5, 31.0, 14.5, 14.3;  HRMS-ES [M + NH4]+ calcd for C10H18ClN2O5, 281.0904; 

found, 281.0893. 

3-(3-Chloro-4-tert-butyldimethylsilyloxyiminocyclopentyl)-2-

nitropropionic Acid Ethyl Ester (18e). To a solution of α-chloroketone 

17e (12.0 mg, 0.046 mmol) in dichloromethane (2 mL) were added O-(tert-

butyldimethylsilyl)-hydroxylamine (8.2 mg, 0.055 mmol), 4Å molecular sieves (crushed), 

and a catalytic amount of PPTS.  The mixture was stirred at rt for 22 h and then filtered 

through a pad of Celite.  The solvent was removed under reduced pressure and the 

residue was purified by flash chromatography (15% ethyl acetate/hexanes) to afford the 

α-chloroketoxime 18e as a colorless oil (12.4 mg, 70%). 1H NMR (300 MHz, CDCl3, 

complex mixture of diastereomers including oxime geometric isomers) δ 5.05-4.94 (m, 

1H), 4.85-4.61 (m, 1H), 4.23-4.11 (m, 2H), 2.82-2.53 (m, 1H), 2.36-2.23 (m, 2H), 2.15-

2.00 (m, 2H), 1.96-1.85 (m, 1H), 1.66-1.56 (m, 1H), 1.15 (t, J = 7.1 Hz, 3H), 0.82-0.66 

(m, 9H), 0.01-0.00 (m, 6H);  13C NMR (75 MHz, CDCl3) δ 166.2, 164.5, 87.4, 87.1, 63.7, 

58.8, 58.6, 51.1, 42.5, 42.4, 42.0, 35.5, 35.4, 35.2, 34.7, 32.9, 32.4, 32.3, 32.2, 32.1, 26.6, 

26.3, 26.3, 18.5, 14.3, -4.8;  HRMS-ES [M + H]+ calcd for C16H30ClN2O5Si, 393.1613; 

found, 393.1614. 

4-Allyl-6-chloro-2-(diethoxyphosphoryl)-hept-6-enoic Acid 

Ethyl Ester (15f). To a stirred suspension of sodium hydride (60% 

dispersion in mineral oil, 50 mg, 1.25 mmol) in DMF (2 mL) at 0 °C was 

dropwise added a solution of diethoxyphosphoryl acetic acid ethyl ester (0.26 mL, 1.25 
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mmol) in DMF (2 mL). After stirring for 1 h at rt, reaction mixture was re-cooled to 0 °C 

and a solution of iodide 14 (405 mg, 1.5 mmol) in DMF (1 mL) was added. The resulting 

mixture was then heated at 55 °C for 13 h. Saturated aqueous NH4Cl and ethyl acetate 

were added. The organic layer was separated and the aqueous layer was extracted with 

ethyl acetate. The combined organic layer was washed with water and brine. The organic 

layer was dried over MgSO4 and the solvent was removed under reduced pressure. The 

residue was purified by flash chromatography (50% ethyl acetate/hexanes) to afford the 

diene 15f as a colorless oil (236 mg, 52%).  1H NMR (300 MHz, CDCl3, diastereomer 

mixture) δ 5.68-5.53 (m, 1H), 5.07 (d, J = 16.0 Hz, 2H), 4.97-4.82 (m, 2H), 4.35-3.80 (m, 

6H), 3.04-2.90 (m, 1H), 2.29-1.56 (m, 7H), 1.23-1.11 (m, 9H);  13C NMR (75 MHz, 

CDCl3) δ 169.4, 169.4, 169.2, 169.1, 141.2, 141.1, 135.6, 135.0, 118.0, 117.7, 114.6, 

114.4, 63.1, 63.0, 62.9, 61.8, 61.7, 44.7, 44.6, 43.8, 43.1, 42.9, 42.9, 37.7, 36.1, 34.2, 34.0, 

33.8, 33.6, 30.7, 30.6, 30.2, 30.1, 16.7, 16.6, 14.4;  HRMS-ES [M+H]+ calcd for 

C16H29ClO5P, 367.1441; found, 367.1431. 

3-(3-Chlorocyclopent-3-enyl)-2-(diethoxyphosphoryl)-propionic 

Acid Ethyl Ester (16f). A flame dried 250 mL two-necked flask equipped 

with a magnetic stirring bar and a condenser was charged with diene 15f 

(197 mg, 0.54 mmol) and toluene (120 mL). The solution was deaerated by bubbling 

argon through the mixture for 2 h. The second-generation Grubbs catalyst (46 mg, 0.054 

mmol) in 2 mL of toluene was added and the argon bubbling was continued for an 

additional 30 min. The mixture was heated and stirred at 85 °C for 20 h. The solvent was 

removed under reduced pressure and the residue was purified by flash chromatography 

(50% ethyl acetate/hexanes) to afford the vinyl chloride 16f as a yellow oil (100 mg, 
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55%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 5.64-5.55 (m, 1H), 4.23-4.07 

(m, 6H), 2.99-2.87 (m, 1H), 2.62-1.86 (m, 7H), 1.33-1.22 (m, 9H);  13C NMR (75 MHz, 

CDCl3) δ 169.0, 169.0, 131.1, 130.7, 125.4, 125.0, 62.8, 62.7, 62.7, 62.6, 61.4, 45.3, 45.1, 

44.8, 43.8, 43.5, 43.4, 43.3, 43.2, 42.5, 37.6, 36.7, 36.2, 36.0, 33.1, 33.0, 33.0, 32.9, 16.3, 

16.3, 16.2, 16.2, 14.0;  HRMS-ES [M+H]+ calcd for C14H25ClO5P, 339.1128; found, 

339.1128. 

3-(3-Chloro-4-oxocyclopentyl)-2-(diethoxyphosphoryl)-

propionic Acid Ethyl Ester (17f). To a solution of vinyl chloride 16f 

(70 mg, 0.21 mmol), acetone (3.5 mL) and glacial acetic acid (1.4 mL) at 

0 °C was added dropwise sodium hypochlorite (0.19 mL of 10% solution, 0.21 mmol) via 

syringe. The reaction mixture was stirred at 0 °C for 30 min and quenched by addition of 

saturated aqueous NaHCO3 solution. The mixture was then extracted with 

dichloromethane. The combined organic layers were washed with brine and dried over 

Na2SO4. The solvent was removed under reduced pressure and the residue was purified 

by flash chromatography (75% ethyl acetate/hexanes) affording the α-chloroketone 17f as 

a colorless oil (31 mg, 43%).  1H NMR (300 MHz, CDCl3, diastereomer mixture) δ 4.60-

4.24 (m, 7H), 3.23-3.15 (m, 1H), 2.88-2.02 (m, 7H), 1.58-1.44 (m, 9H);  13C NMR (75 

MHz, CDCl3) δ 209.3, 209.0, 208.9, 208.6, 168.8, 168.8, 168.7, 168.7, 63.0, 62.9, 62.8, 

61.7, 57.2, 56.9, 45.0, 43.2, 41.9, 41.5, 39.4, 39.0, 32.8, 32.6, 32.6, 32.4, 32.0, 16.4, 16.3, 

16.3, 16.2, 14.0;  HRMS-ES [M+H]+ calcd for C14H25ClO6P, 355.1077; found, 355.1072. 

3-(3-Chloro-4-tert-butyldimethylsilyloxyiminocyclopentyl)-2-

(diethoxyphosphoryl)-propionic Acid Ethyl Ester (18f). To a solution of 

α-chloroketone 17f (25.0 mg, 0.07 mmol) in dichloromethane (3 mL) were 
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added O-(tert-butyldimethylsilyl)-hydroxylamine (24.0 mg, 0.14 mmol), 4Å molecular 

sieves (crushed), and a catalytic amount of PPTS. The mixture was stirred at rt for 21 h 

and then filtered through a pad of Celite. The solvent was removed under reduced 

pressure and the residue was purified by flash chromatography (75% ethyl 

acetate/hexanes) to afford the α-chloroketoxime 18f as a colorless oil (25.5 mg, 75%).  1H 

NMR (300 MHz, CDCl3, complex mixture of diastereomers including oxime geometric 

isomers) δ 5.10-4.58 (m, 1H), 4.31-4.09 (m, 6H), 3.04-2.79 (m, 2H), 2.52-2.49 (m, 1H), 

2.27-2.12 (m, 2H), 2.06-1.84 (m, 2H), 1.74-1.63 (m, 1H), 1.35-1.24 (m, 9H), 0.97-0.84 

(m, 9H), 0.17-0.13 (m, 6H);  13C NMR (75 MHz, CDCl3) δ 169.1, 168.9, 167.1, 166.7, 

63.0, 62.8, 62.7, 61.6, 58.9, 58.6, 45.6, 43.8, 42.3, 42.0, 34.3, 34.1, 32.1, 31.8, 26.0, 25.9, 

25.9, 18.1, 18.0, 16.4, 16.3, 14.1, -5.2, -5.2;  HRMS-ES [M + H]+ calcd for 

C20H40ClNO6PSi, 484.2051; found, 484.2039. 

4-Allyl-2-benzenesulfonyl-6-chlorohept-6-enenitrile (15g). To a 

stirred suspension of sodium hydride (60% dispersion in mineral oil, 43 

mg, 1.07 mmol) in THF (2 mL) at 50 °C was dropwise added a solution of 

benzenesulfonyl acetonitrile (157 mg, 0.85 mmol) in THF (2 mL). After stirring the 

mixture for 15 min at 50 °C, a solution of iodide 14 (252 mg, 0.93 mmol) in THF (1 mL) 

was added in one portion. The resulting mixture was then heated at reflux for 19 h. 

Saturated aqueous NH4Cl and ethyl acetate were added. The organic layer was separated 

and the aqueous layer was extracted with ethyl acetate. The combined organic layer was 

washed with water and brine.  The organic layer was dried over Na2SO4 and the solvent 

was removed under reduced pressure. The residue was purified by flash chromatography 

(20% ethyl acetate/hexanes) to afford the diene 15g as a colorless oil (214 mg, 78%).  1H 
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NMR (300 MHz, CDCl3, diastereomer mixture) δ 7.83 (d, J = 7.5 Hz, 2H), 7.61 (t, J = 

7.4 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H), 5.61-5.46 (m, 1H), 5.08-4.84 (m, 4H), 3.97-3.91 (m, 

1H), 2.32-1.73 (m, 7H);  13C NMR (75 MHz, CDCl3) δ 140.2, 140.1, 135.8, 134.7, 134.3, 

130.0, 130.0, 130.0, 119.2, 118.9, 115.8, 115.5, 114.5, 114.2, 56.1, 43.8, 43.3, 38.1, 36.6, 

33.2, 33.0, 30.4, 30.0;  HRMS-ES [M + NH4]+ calcd for C16H22ClN2O2S, 341.1091; 

found, 341.1089.  

2-Benzenesulfonyl-3-(3-chlorocyclopent-3-enyl)-propionitrile (16g).  

A flame dried 250 mL two-necked flask equipped with a magnetic stirring bar 

and a condenser was charged with diene 15g (214 mg, 0.66 mmol) and toluene 

(150 mL).  The solution was deaerated by bubbling argon through the mixture for 2 h.  

The second-generation Grubbs catalyst (112 mg, 0.132 mmol) in 2 mL of toluene was 

added and the argon bubbling was continued for an additional 30 min.  The mixture was 

heated and stirred at 95 °C for 19 h.  The solvent was removed under reduced pressure 

and the residue was purified by flash chromatography (20% ethyl acetate/hexanes) to 

afford the vinyl chloride 16g as a pale yellow oil (74 mg, 38%).  1H NMR (300 MHz, 

CDCl3, diastereomer mixture) δ 7.95 (d, J = 7.7 Hz, 2H), 7.72 (t, J = 7.4 Hz, 1H), 7.59 (t, 

J = 7.7 Hz, 2H), 5.64-5.52 (m, 1H), 3.90-3.79 (m, 1H), 2.74-2.49 (m, 3H), 2.28-1.89 (m, 

4H);  13C NMR (75 MHz, CDCl3) δ 135.8, 135.8, 135.7, 131.6, 130.9, 130.1, 130.1, 

130.0, 125.7, 125.0, 114.3, 56.8, 56.6, 43.7, 42.8, 38.1, 37.1, 35.2, 35.1, 32.9, 32.9;  

HRMS-ES [M + NH4]+ calcd for C14H18ClN2O2S, 313.0778; found, 313.0776. 

2-Benzenesulfonyl-3-(3-chloro-4-oxocyclopentyl)-propionitrile 

(17g). To a solution of vinyl chloride 16g (27.8 mg, 0.094 mmol), acetone 

(1.8 mL) and glacial acetic acid (0.7 mL) at 0 °C was added dropwise sodium 
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hypochlorite (0.086 mL of 10% solution, 0.094 mmol) via syringe.  The reaction mixture 

was stirred at 0 °C for 30 min and quenched by addition of saturated aqueous NaHCO3 

solution.  The mixture was then extracted with dichloromethane.  The combined organic 

layers were washed with brine and dried over MgSO4. The solvent was removed under 

reduced pressure and the residue was purified by flash chromatography (25% ethyl 

acetate/hexanes) affording the α-chloroketone 17g as a colorless oil (16.4 mg, 56%).  1H 

NMR (300 MHz, CDCl3, diastereomer mixture) δ 7.96 (d, J = 7.2 Hz, 2H), 7.74 (t, J = 

6.8 Hz, 1H), 7.61 (t, J = 7.6 Hz, 2H), 4.10 (d, J = 5.3 Hz, 1H), 3.94-3.81 (m, 1H), 2.80-

2.62 (m, 2H), 2.40-2.20 (m, 2H), 2.17-1.81 (m, 3H);  13C NMR (75 MHz, CDCl3) δ 208.0, 

207.7, 136.0, 135.5, 135.5, 130.2, 130.1, 128.3, 114.1, 58.5, 57.1, 56.7, 56.6, 56.2, 55.9, 

42.0, 41.9, 41.4, 41.3, 39.9, 39.8, 39.4, 39.2, 32.5, 32.4, 32.0, 31.9, 31.9, 31.1, 31.0;  

HRMS-ES [M + NH4]+ calcd for C14H18ClN2O3S, 329.0727; found, 329.0728.  

2-Benzenesulfonyl-3-(3-chloro-4-tert-

butyldimethylsilyloxyiminocyclopentyl)-propionitrile (18g).  To a 

solution of α-chloroketone 17g (34.0 mg, 0.11 mmol) in dichloromethane (3 

mL) were added O-(tert-butyldimethylsilyl)-hydroxylamine (34.0 mg, 0.22 mmol), 4Å 

molecular sieves (crushed), and a catalytic amount of PPTS.  The mixture was stirred at rt 

for 21 h and then filtered through a pad of Celite.  The solvent was removed under 

reduced pressure and the residue was purified by flash chromatography (20% ethyl 

acetate/hexanes) to afford the α-chloroketoxime 18g as a colorless oil (20.0 mg, 42%).  

1H NMR (300 MHz, CDCl3, complex mixture of diastereomers including oxime 

geometric isomers) δ 7.86 (d, J = 7.6 Hz, 2H), 7.64 (t, J = 7.4 Hz, 1H), 7.51 (t, J = 7.6 Hz, 

2H), 4.95-4.50 (m, 1H), 3.82-3.62 (m, 1H), 2.88-2.38 (m, 2H), 2.24-1.82 (m, 4H), 1.71-

CN

N

SO2Ph

Cl
OTBS



 

 S22

1.57 (m, 1H), 0.77-0.69 (m, 9H), 0.01-0.00 (m, 6H);  13C NMR (75 MHz, CDCl3) δ 166.1, 

165.7, 164.9, 164.6, 135.9, 135.6, 130.1, 130.1, 130.1, 114.2, 58.7, 58.4, 56.9, 56.9, 56.6, 

42.8, 42.2, 34.6, 33.8, 33.4, 33.4, 32.5, 31.9, 31.8, 26.4, 26.3, 26.3, 18.5, 18.4, -4.8, -4.8;  

HRMS-ES [M + H]+ calcd for C20H30ClN2O3SSi, 441.1435; found, 441.1452. 

 

 

 

 

 

 

         

 

 

 



Figure 1: Ortep Diagram of X-ray Diffraction Structure of 22b. 
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Figure 2: Ortep Diagram of X-ray Diffraction Structure of 39. 
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Figure 3: Ortep Diagram of X-ray Diffraction Structure of 33b. 
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