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General Information: 

All reactions were carried out under an atmosphere of nitrogen in oven-dried 

glassware. Dichloromethane was freshly distilled from CaH2.  Furans were distilled 

immediately prior to use.  Trifluoroacetic acid (TFA), chloroform, n-butylamine, and (2S, 

5S)-2-(1/, 1/-Dimethylethyl)-3-methyl-5-phenylmethyl-4-imidazolidinone (4) were 

purchased from Aldrich and used without further purification.  Chromatographic 

separations were carried out using Silicycle ultra pure silica gel (230-400 mesh).  Thin 

layer chromatography was performed on EM Reagent 0.25 nm silica gel 60-F plates.  

Visualization of the developed chromatogram was performed by UV light and vanillin 

stain solution followed by heating. 

Melting points were measured with a Fisher-Johns melting point apparatus.  

Infrared spectra were recorded on a Perkin Elmer 1600 series FT-IR spectrometer.  

Optical rotations were measured on a Jasco DIP-370 digital polarimeter.  1H NMR were 

recorded on a Bruker ARX-250 (250 MHz), DRX-300 (300 MHz), DRX-500 (500 MHz) 

spectrometer and are reported in ppm (δ) from tetramethylsilane (TMS:  δ 0.0 ppm).  

Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = 

triplet, q = quartet, m = multiplet, dd = doublet of doublet, ddd = doublet of doublet of 

doublet), coupling constants (Hz), and integration.  13C NMR spectra were recorded on a 

Bruker ARX-250 (62.5 MHz), DRX-300 (75 MHz), and DRX-500 (125 MHz) 

spectrometer with complete proton decoupling.  Chemical shifts are reported in ppm from 

tetramethylsilane with solvent resonance as the internal standard (CDCl3: δ 77.0 ppm). 

Analytical high performance liquid chromatography (HPLC) was performed on a Varian 

Pro Star model 500 using Chiralpak AD or Chiralcel OD-H column. Silyl enol ethers1 

and dialkyl furans2 were prepared according to published methods. 

 

General Experimental Procedure: 

To a solution of (2S, 5S)-2-(1/, 1/-Dimethylethyl)-3-methyl-5-phenylmethyl-4-

imidazolidinone (4) in CH2Cl2 (1 mL) was charged with the appropriate acid and then 

placed in a bath of desired temperature. The solution was stirred for 10 min before the 

addition of silyl enol ether (1, 5-7) in CH2Cl2 (1 mL). After stirring for an additional 10 

min, the furan (12-15) (2-5 equiv) was added to it. The resulting solution was stirred at 
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constant temperature as mentioned in the table. The reaction mixture was then quenched 

with cold water and extracted with diethyl ether. The separated organic layer was dried 

over MgSO4 and concentrated. The residue was purified by flash chromatography to 

afford the 4+3 cycloadducts. For the measurement of enantiomeric excess, the product 

was treated with 2-3 equiv of n-butylamine in CHCl3 to give the corresponding pyrrole 

derivative.  

 

Compound 8 (Table 1): To a solution of 4 (24.6 mg, 0.10 mmol) in CH2Cl2 (1 mL) was 

added TFA (7.7 µL, 0.10 mmol). This solution was then cooled to 0 oC and stirred for 10 

min before the addition of 1 (85 mg, 0.5 mmol) in CH2Cl2 (1 mL). After stirring for an 

additional 10 min, furan (363 µL, 5 mmol) was added. The resulting solution was stirred 

at this temperature for 96 h. The reaction mixture was quenched with cold water, 

extracted with ether (3 X 5 mL), dried over MgSO4, and concentrated. The residue was 

purified by flash chromatography (30 % EtOAc/hexanes) to afford 8 (endo) in 8 % yield 

as a colorless oil. IR (neat) 2973, 1725, 1708, 1335 cm-1; 1H NMR (300 MHz, CDCl3):  δ 

9.82 (t, J = 1.0 Hz, 1H), 6.35 (dd, J = 1.7, 6.1 Hz, 1H), 6.22 (dd, J = 1.7, 6.1 Hz, 1H), 

5.06 (ddd, J = 1.3, 2.6, 4.8 Hz, 1H), 4.95 (dd, J = 1.6, 4.6 Hz, 1H), 3.41 (ddd, J = 4.8, 6.0, 

7.4 Hz, 1H), 2.86 (ddd, J = 1.3, 7.5, 18.8 Hz, 1H), 2.83 (dd, J = 5.1, 15.6 Hz, 1H), 2.36 

(dd, J = 1.2, 15.6 Hz, 1H), 2.14 (ddd, J = 0.8, 6.0, 18.8 Hz, 1H); 13C NMR (75 MHz, 

CDCl3):  δ 205.1, 199.2, 135.3, 131.2, 80.2, 78.1, 51.4, 45.6, 39.4. 

Compound 9 (Table 1): To a solution of 8 (8 mg, 0.05 mmol) in CHCl3 (2 mL) was 

added n-butylamine (15 µL, 0.14 mmol) and stirred for 6 h at room temperature. The 

solvent was removed and purified by a short silica gel column chromatography (10 % 

EtOAc/hexanes) to afford 9 (6 mg, 63%) as a colorless oil. Enantiomeric excess was 

determined by HPLC using a Chiralcel OD-H column [hexanes/isopropanol 99:1; flow 

rate 0.7 ml/min; tr = 33.87 min and 42.70 min; 50% ee];  [α]25
D  16.0 (c 0.30, CHCl3);  IR 

(neat) 2954, 2931, 1480 cm-1;  1H NMR (250 MHz, CDCl3):  δ 6.58 (dd, J = 1.6, 5.8 Hz, 

1H), 6.41 (d, J = 2.6 Hz, 1H), 5.96 (d, J = 2.7 Hz, 1H), 5.87 (dd, J = 1.8, 5.8 Hz, 1H), 

5.36 (d, J = 1.3 Hz, 1H), 5.14 (dd, J = 1.7, 6.0 Hz, 1H), 3.67 (t, J = 7.3 Hz, 1H), 3.12 (dd, 

J = 6.1, 15.7 Hz, 1H), 2.29 (d, J = 15.7 Hz, 1H), 1.72-1.60 (m, 2H), 1.39-1.24(m, 2H), 
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0.92 (t, J = 7.3 Hz, 1H); 13C NMR (62.5 MHz, CDCl3):  δ 139.9, 125.1, 122.0, 120.1, 

117.3, 102.5, 77.3, 77.0, 45.9, 33.1, 26.1, 19.9, 13.6.  

Compound 16: (Table 2, entry 1):  To a solution of 4 (24.6 mg, 0.10 mmol) in CH2Cl2 

(1 mL) was added TFA (7.7 µL, 0.10 mmol).  This solution was then cooled to –78 oC 

and stirred for 10 min before the addition of 1 (85 mg, 0.5 mmol) in CH2Cl2 (1 mL).  

After stirring for an additional 10 min, 12 (265 µL, 2.5 mmol) was added.  The resulting 

solution was stirred for 96 h.  The reaction mixture was quenched by cold water, 

extracted by ether (3 X 5 mL), dried over MgSO4, and concentrated.  The residue was 

purified by flash chromatography (20 % EtOAc/hexanes) to afford 16 (endo) in 64 % 

yield as a colorless oil;  IR (neat) 2980, 1722, 1707 cm-1;  1H NMR (250 MHz, CDCl3):  

δ 9.83 (t, J = 0.9 Hz, 1H), 6.02 (d, J = 5.8 Hz, 1H), 5.92 (d, J = 5.8 Hz, 1H), 3.17 (dd, J = 

4.4, 8.6 Hz, 1H), 2.73 (ddd, J = 1.8, 8.6, 17.0 Hz, 1H), 2.60 (d, J = 15.4 Hz, 1H), 2.41 (d, 

J = 15.4 Hz, 1H), 2.22 (dd, J = 4.4, 16.9 Hz, 1H), 1.49 (d, J = 3.6 Hz, 6H); 13C NMR 

(125 MHz, CDCl3):  δ 206.3, 199.8, 138.0, 134.3, 86.6, 84.3, 55.7, 50.7, 39.4, 23.2, 21.8. 

Anal. calcd for C11H14O3: C, 68.02; H, 7.27. Found: C, 68.03; H, 6.98.   

Pyrrole derivative of compound 16:  To a solution of 16 (10 mg, 0.05 mmol) in CHCl3 

(2 mL) was added n-butylamine (11 µL, 0.10 mmol) and stirred for 6 h at room 

temperature.  The solvent was removed and purified by a short silica gel column 

chromatography (8 % EtOAc/hexanes) to afford the product (8 mg, 67%) as a colorless 

oil.  Enantiomeric excess was determined by HPLC using a Chiralpak AD column 

[hexanes/isopropanol 98:2; flow rate 0.5 ml/min; tr = 10.24 min and 11.86 min; 89% ee];  

[α]25
D  49.1 (c 0.66, CHCl3);  IR (neat) 2962, 1480, 1442 cm-1;  1H NMR (250 MHz, 

CDCl3):  δ 6.40 (d, J = 2.7 Hz, 1H), 6.25 (d, J = 5.6 Hz, 1H), 5.98 (d, J = 2.7 Hz, 1H), 

5.58 (d, J = 5.6 Hz, 1H), 3.66 (t, J = 7.3 Hz, 3H), 2.77 (d, J = 15.8 Hz, 1H), 2.37 (d, J = 

15.8 Hz, 1H), 1.72-1.55 (m, 2H), 1.68 (s, 3H), 1.55 (s, 3H), 1.39-1.26 (m, 2H), 0.92 (t, J 

= 7.3 Hz, 3H). 13C NMR (62.5 MHz, CDCl3):  δ 142.5, 129.1, 124.2, 123.8, 117.1, 101.4, 

83.7, 83.2, 46.1, 33.0, 32.8, 24.8, 20.0 19.9, 13.6.  

Compound 17 (Table 2, entry 6):  To a solution of 4 (24.6 mg, 0.10 mmol) in CH2Cl2 (1 

mL) was added TFA (7.7 µL, 0.10 mmol).  This solution was then cooled to –60 oC, 

stirred for 10 min, followed by the addition of 1 (85 mg, 0.5 mmol) in CH2Cl2 (1 mL).  

After stirring for an additional 10 min, 13 (310 mg, 2.5 mmol) was added.  The resulting 
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solution was stirred at this temperature for 22 h.  The reaction mixture was quenched by 

cold water, extracted by ether (3 X 5 mL), dried over MgSO4, and concentrated. The 

residue was purified by flash chromatography (15 % EtOAc/hexanes) to afford 17 (endo) 

in 55 % yield as a colorless oil;  IR (neat) 2970, 1711, 1708 cm-1;  1H NMR (250 MHz, 

CDCl3):  δ 9.82-9.80 (m, 1H), 6.00 (d, J = 5.9 Hz, 1H), 5.86 (d, J = 5.9 Hz, 1H), 3.18 (dd, 

J = 4.2, 8.8 Hz, 1H), 2.67 (ddd, J = 2.0, 8.8, 16.8 Hz, 1H), 2.56 (d, J = 15.3 Hz, 1H), 2.37 

(d, J = 15.3 Hz, 1H), 2.20 (ddd, J = 0.5, 4.1, 16.8 Hz, 1H), 1.83-1.68 (m, 4H), 0.96 (t, J = 

7.4 Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H); 13C NMR (62.5 MHz, CDCl3):  δ 206.9, 199.9, 

136.9, 133.6, 89.3, 87.3, 54.8, 49.5, 39.1, 29.2, 27.0, 8.0, 7.7. Anal. calcd for C13H18O3: 

C, 70.24; H, 8.16. Found: C, 69.90; H, 7.95.  

Pyrrole derivative of compound 17: To a solution of 17 (Table 3, entry 3) (30 mg, 0.14 

mmol) in CHCl3 (2 mL) was added butylamine (11 µL, 0.10 mmol) and stirred for 6 h at 

room temperature. The solvent was removed and the residue purified by a short silica gel 

column chromatography (8 % EtOAc/hexanes) to afford the product (25 mg, 71%) as a 

colorless oil.  Enantiomeric excess was determined by HPLC using a Chiralpak AD 

column [hexanes/isopropanol 98:2; flow rate 0.5 ml/min; tr = 9.04 min and 11.85 min; 

81.3 % ee]; [α]25
D 35.8 (c 1.48, CHCl3).  IR (neat) 2960, 1482, 1454 cm-1;  1H NMR (250 

MHz, CDCl3):  δ 6.41 (d, J = 2.5 Hz, 1H), 6.24 (d, J = 5.6 Hz, 1H), 5.97 (d, J = 2.6 Hz, 

1H), 5.61 (d, J = 5.7 Hz, 1H), 3.67 (t, J = 7.4 Hz, 2H), 2.75 (d, J = 15.7 Hz, 1H), 2.35 (d, 

J = 15.7 Hz, 1H), 2.15-2.02 (m, 2H), 1.87 (q, J = 7.5 Hz, 2H), 1.70-1.64 (m, 2H), 1.37-

1.26 (m, 2H), 1.09-1.01 (m, 6H), 0.92 (t, J = 7.4 Hz, 3H); 13C NMR (62.5 MHz, CDCl3):  

δ 141.5, 127.5, 124.7, 123.5, 117.0, 101.4, 86.8, 86.3, 46.0, 33.0, 31.5, 30.9, 26.0, 19.9, 

13.6, 8.2, 8.1.  

Compound 18 (Table 2, entry 9): To a solution of 4 (22.1 mg, 0.09 mmol) in CH2Cl2 (1 

mL) was added TFA (7.0 µL, 0.09 mmol). This solution was then cooled to –78 oC and 

stirred for 10 min before the addition of 5 (96 mg, 0.45 mmol)  in CH2Cl2 (1 mL). After 

stirring for an additional 10 min, 14 (342mg, 2.25 mmol) was added. The resulting 

solution was stirred at this temperature for 95 h. The reaction mixture was quenched with 

cold water, extracted with ether (3 X 5 mL), dried over MgSO4, and concentrated. The 

residue was purified by flash chromatography (20 % EtOAc/hexanes) to afford 18 (endo) 

in 74 % yield as a colorless oil.  IR (neat) 2962, 2864, 2733, 1719 cm-1; 1H NMR (300 
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MHz, CDCl3):  δ  9.82-9.80 (m, 1H), 5.99 (d, J = 6.2 Hz, 1H), 5.86 (d, J = 5.7 Hz, 1H), 

3.17 (dd, J = 4.2, 8.9 Hz, 1H), 2.67 (ddd, J = 2.5, 10.0,17.5 Hz, 1H), 2.56 (d, J = 12.4 Hz, 

1H), 2.37 (d, J = 15.3 Hz, 1H), 2.21 (dd, J = 4.1, 17.5 Hz, 1H), 1.82-1.61 (m, 4H), 1.61-

1.41 (m, 2H), 1.41-1.21 (m, 2H), 1.03-0.88, (m, 6H); 13C NMR (75 MHz, CDCl3):  δ 

206.8, 199.9, 136.9, 133.6, 88.9, 86.9, 55.1, 49.8, 39.1, 38.6, 36.5, 17.1, 16.9, 14.3, 14.2; 

HRMS calcd for C15H22O3Na [M + Na]+ 273.14611, found 273.14780. 

Pyrrole derivative of compound 18: To a solution of 18 (30 mg, 0.119 mmol) in CHCl3 

(6 mL) was added n-butylamine (23 µL, 0.239 mmol) and stirred for 10 h at room 

temperature. The solvent was removed and purified by a short silica gel column 

chromatography (10 % EtOAc/hexanes) to afford the product as a colorless oil (34 mg, 

99%).  Enantiomeric excess was determined by HPLC using a Chiralcel AD column 

[hexane/isopropanol 98:2; flow rate 0.5 ml/min; tr = 9.60 and 11.18 min;  85%ee]; IR: 

2990, 2962, 1486, 1466, 1271 cm-1; 1H NMR (250 MHz, CDCl3):  δ 6.41 (d, J= 2.5 Hz, 

1H), 6.23 (d, J = 5.7 Hz, 1H), 5.97 (d, J = 2.7 Hz, 1H), 5.60 (d, J = 5.5 Hz, 1H), 3.67 (t, J 

= 7.3 Hz, 2H), 2.75 (d, J = 15.7 Hz, 1H), 2.34 (d, J = 15.7), 2.07-1.28 (m, 12H), 1.07-

0.90 (m, 9H);  13C NMR (62.5 MHz, CDCl3):  δ 141.6, 127.5, 124.5, 123.7, 117.0, 101.3, 

86.3, 85.9, 46.0, 40.6, 35.5, 33.0, 31.8, 19.9, 17.3, 14.6, 13.6. 

Compound 19 (Table 2, entry 11): To a solution 4 (24.6 mg, 0.10 mmol) in CH2Cl2 (1 

mL) was added TFA (7.7 µL, 0.10 mmol). This solution was cooled to -35 oC and stirred 

for 10 min before the addition of 1 (85 mg, 0.5 mmol) in CH2Cl2 (1 mL). After stirring 

for an additional 10 min, 15 (270 mg, 1 mmol) was added. The resulting solution was 

stirred at this temperature for 12 h. The reaction mixture was quenched with cold water, 

extracted with ether (3 X 5 mL), dried over MgSO4, and concentrated. The residue was 

purified by flash chromatography (15 % EtOAc/hexanes) to afford 19 as endo:exo 

isomers (3.7:1) in 56 % yield as a white crystalline solid. Endo isomer: Rf = 0.43 (25% 

EtOAc/hexanes); mp 222-224 oC; IR (film) 2835, 1719, 1709 cm-1; 1H NMR (250 MHz, 

CDCl3):  δ 9.81 (s, 1H), 7.64-7.18 (m, 13H), 7.00-6.97 (m, 1H), 4.26 (dd, J = 2.2, 9.9 Hz, 

1H), 3.28 (d, J = 14.8 Hz, 1H), 3.14 (d, J = 14.8 Hz, 1H), 2.63 (dd, J = 9.9, 17.5 Hz, 1H), 

2.37 (dd, J = 2.2, 17.5 Hz, 1H); 13C NMR (62.5 MHz, CDCl3):  δ 205.6, 198.9, 146.7, 

141.3, 139.9, 137.2, 129.1, 128.9, 128.5, 128.3, 128.0, 127.9, 125.8, 122.8, 121.7, 88.6, 

85.9, 52.5, 50.7, 40.0;  Anal. calcd for  C25H20O3: C, 81.50; H 5.47. Found: C, 81.71; H, 
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5.51;  Exo isomer: Rf = 0.21 (25% EtOAc/hexanes); mp 172-173 oC;  IR (film) 2835, 

1719, 1709 cm-1; 1H NMR (250 MHz, CDCl3):  δ 9.57 (t, J = 1.9 Hz, 1H), 7.64-7.18 (m, 

14H), 3.70 (t, J = 6.5 Hz, 1H), 3.28 (d, J = 15.4 Hz, 1H), 3.11 (d, J = 15.4 Hz, 1H), 2.68 

(d, J = 1.3 Hz, 1H), 2.65 (d, J = 1.9 Hz, 1H); 13C NMR (62.5 MHz, CDCl3):  δ 206.8, 

198.8, 145.0, 143.6, 140.2, 138.6, 129.0, 128.8, 128.6, 128.5, 128.2, 125.9, 125.0, 121.3, 

121.2, 87.3, 85.8, 53.8, 49.2, 42.5. Anal. calcd for  C25H20O3: C, 81.50; H 5.47. Found: C, 

81.56; H, 5.68.   

Pyrrole derivative of compound 19:  To a solution of 19 (30 mg, 0.02 mmol) in CHCl3 

(2 mL) was added n-butylamine (10 µL, 0.09 mmol) and stirred for 6 h at room 

temperature. The solvent was removed and purified by a short silica gel column 

chromatography (8 % EtOAc/hexanes) to afford the product as a colorless solid (25 mg, 

76%). Endo:  Enantiomeric excess was determined by HPLC using a Chiralcel OD-H 

column [hexanes/isopropanol 98:2; flow rate 1 ml/min; tr = 8.25 min and 12.42 min; 12 

% ee];  Exo:  Enantiomeric excess was determined by HPLC using a Chiralcel OD-H 

column [hexanes/isopropanol 98:2; flow rate 1 ml/min; tr = 9.46 min and 13.70 min; 68 

% ee];  IR (film) 2953, 2925, 1486 cm-1; 1H NMR (250 MHz, CDCl3):  δ 8.00-7.95 (m, 

2H), 7.75-7.70 (m, 2H), 7.53-7.33 (m, 6H), 7.11-6.94 (m, 4H), 6.45 (d, J = 2.8 Hz, 1H), 

6.08 (d, J = 2.8 Hz, 1H), 3.72-3.64 (m, 2H), 3.48 (d, J = 15.1 Hz, 1H), 3.15 (d, J = 15.0 

Hz, 1H), 1.70-1.58 (m, 2H), 1.33-1.21 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H); 13C NMR (62.5 

MHz, CDCl3):  δ 150.8, 144.9, 143.3, 139.0, 128.2, 128.0, 127.5, 127.1, 126.1, 125.4, 

124.0, 123.1, 121.5, 118.8, 118.5, 103.0, 86.4, 84.6, 46.1, 33.7, 33.0, 19.9, 13.6. 

Compound 21 (Eqn. 2):  To a solution of 4 (24.6 mg, 0.10 mmol) in CH2Cl2 (1 mL) was 

added TFA (7.7 µL, 0.10 mmol).  This solution was cooled to –30 oC and stirred for 10 

min before the addition of 20 (92 mg, 0.5 mmol) in CH2Cl2 (1 mL).  After stirring for an 

additional 10 min, 12 (265 µL, 2.5 mmol) was added.  The resulting solution was stirred 

at this temperature for 96 h.  The reaction mixture was quenched with cold water, 

extracted with ether (3 X 5 mL), dried over MgSO4, and concentrated.  The residue was 

purified by flash chromatography (20 % EtOAc/hexanes) to afford 21 (endo) (67 mg, 

64%) as a colorless oil; IR(neat) 2974, 2921, 1723, 1705 cm-1; 1H NMR (500 MHz, 

CDCl3):  δ 9.84 (dd, J = 1.2, 3.1 Hz, 1H), 6.04 (d, J = 5.9 Hz, 1H), 5.95 (d, J = 5.9 Hz, 

1H), 3.23 (dd, J = 4.2, 9.1 Hz, 1H), 2.70 (ddd, J = 1.9, 9.1, 16.8 Hz, 1H), 2.61 (q, J = 7.0 
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Hz, 1H), 2.21 (ddd, J = 0.8, 4.1, 16.7 Hz, 1H), 1.51 (s, 3H), 1.47 (s, 3H), 1.00 (d, J = 7.0 

Hz, 3H); 13C NMR (125 MHz, CDCl3):  δ 207.7, 200.0, 136.7, 135.6, 87.8, 86.7, 55.8, 

54.6, 39.7, 21.9, 21.8, 10.1; HRMS calcd for C12H16O3Na [M + Na]+ 231.0992, found 

231.0992.  

Pyrrole derivative of compound 21: To a solution of 21 (21 mg, 0.1 mmol) in CHCl3 (3 

mL) was added n-butylamine (14.6 µL, 0.2 mmol) and refluxed for 24 hrs.  The solvent 

was removed and the residue purified by a short silica gel column chromatography (8 % 

EtOAc/hexanes) to afford the product (9 mg, 37%) as a colorless oil. Enantiomeric 

excess was determined by HPLC using a Chiralpak AD column [hexanes/isopropanol 

98:2; flow rate 0.5 ml/min; tr = 9.96 min and 10.59 min; 9 % ee];  [α]25
D 8.0 (c 0.85, 

CHCl3);  IR(neat) 2966, 2929, 2868, 1589, 1454 cm-1; 1H NMR (300 MHz, CDCl3):  δ 

6.38-6.29 (m, 2H), 5.95 (d, J = 2.8 Hz, 1H), 5.65 (d, J = 5.7 Hz, 1H), 3.81-3.69 (m, 2H), 

2.97 (q, J = 7.1 Hz, 1H), 1.78-1.66 (m, 2H), 1.63 (s, 3H), 1.57 (s, 3H), 1.42-1.25 (m, 2H), 

1.16 (d, J = 7.1 Hz, 3H ) 0.94 (t, J = 7.3 Hz, 3H). 13C NMR (125 MHz, CDCl3):  δ 143.7, 

129.5, 128.7, 124.1, 117.7, 101.4, 87.1, 83.4, 47.1, 38.8, 33.1, 22.6, 20.2, 20.1, 13.7, 13.1. 

Compound 22 (Eqn. 2): To a solution of 4 (24.6 mg, 0.10 mmol) in CH2Cl2 (1 mL) was 

added TFA (7.7 µL, 0.10 mmol). This solution was cooled to –30 oC and stirred for 10 

min before the addition of 20 (92 mg, 0.5 mmol) in CH2Cl2 (1 mL). After stirring for an 

additional 10 min, furan (181 µL, 2.5 mmol) was added. The resulting solution was 

stirred at this temperature for 96 h. The reaction mixture was quenched with cold water, 

extracted with ether (3 X 5 mL), dried over MgSO4, and concentrated. The residue was 

purified by flash chromatography (20 % EtOAc/hexanes) to afford 22 (endo) (63 mg, 

64%) as a colorless oil. IR (neat) 2970, 1728, 1703 cm-1; 1H NMR (500 MHz, CDCl3):  δ 

9.84 (s, 1H), 6.36 (dd, J = 1.5, 4.7 Hz, 1H), 6.26 (dd, J = 1.5, 6.1 Hz, 1H), 4.93 (dd, J = 

1.5, 4.5 Hz, 1H), 4.88 (dd, J = 1.5, 4.5 Hz, 1H), 3.42 (m, 1H), 2.89 (m, 1H), 2.82 (dd, J = 

7.9, 17.5 Hz, 1H), 2.12 (dd, J = 5.71, 7.5 Hz, 1H), 0.97 (d, J = 7.0 Hz, 3H); 13C NMR 

(125 MHz, CDCl3):  δ  206.9, 199.5, 134.2, 132.8, 82.7, 81.2, 50.6, 50.4, 39.5, 10.0; 

HRMS calcd for C10H12O3Na [M + Na]+ 203.0679, found 203.0680.  

Pyrrole derivative of compound 22: To a solution of 22 (28 mg, 0.15 mmol) in CHCl3 

(3 mL) was added n-butylamine (56 µL, 0.77 mmol) and refluxed for 24 hrs. The solvent 

was removed and purified by a short silica gel column chromatography (8 % 
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EtOAc/hexanes) to afford the product as a colorless oil (14 mg, 43%). Enantiomeric 

excess was determined by HPLC using a Chiralpak AD column [hexanes/isopropanol 

98:2; flow rate 0.5 ml/min; tr = 17.73 min and 24.33 min;  7% ee]; IR (neat) 2970, 2917, 

1589, 1470 cm-1;  1H NMR (250 MHz, CDCl3):  δ 6.72 (dd, J = 1.5, 5.8 Hz, 1H), 6.35 (d, 

J = 2.3 Hz, 1H), 5.94 (d, J = 2.7 Hz, 1H), 5.88 (dd, J = 1.7, 5.9 Hz, 1H), 5.25 (d, J = 1.7 

Hz, 1H), 4.96 (dd, J = 1.5, 5.7 Hz, 1H), 1.70 (m, 2H), 1.32 ( m, 2H), 1.14 (d, J = 7.1 Hz, 

3H ) 0.94 (t, J = 7.3 Hz, 3H). 13C NMR (62.5 MHz, CDCl3):  δ 142.0, 125.3, 120.3, 

117.9, 112.7, 102.6, 82.0, 79.0, 47.2, 33.1, 32.6, 20.1, 13.7, 13.2. 

 

Relative Stereochemistry of 21: 
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The determination of the relative stereochemistry of 21 was made by NOESY 

experiments.3  From these experiments, we observed the following cross peaks: CH2-10 

and H-6 (intense), CH3-9 and H-7 (intense). We can therefore assign to 21, the structure 

shown. Further support for this stereochemical assignment comes from a comparison of 

the chemical shifts of H-2, H-8, H-9 in 21 with the endo and exo isomers of 24 (Table 

1).4  Further support was from a comparison of 13C chemical shift of C-4, C-8 and C-9 in 

21 with  the endo and exo isomers of 24 (Table 2).4 

 
Table 1.  1H Chemical shifts, δ (ppm), in CDCl3 of  21 and diastereoisomeric pairs of 24  

H-2 H-4 H-6 H-7 H-9

2.57 2.77 6.25 6.12 0.96

2.26 2.26 6.19 6.04 1.26

endo 24

exo 24

21 2.61 1.03.23 6.04 5.95

H-8

1.51

1.39

1.51

Compound

 
 



 S-10 

 

 
Table 2.  13C Chemical shifts, δ (ppm), in CDCl3 of  21 and diastereoisomeric pairs of 24 

C-4 C-6 C-7 C-9

49.27

C-2

endo 24

exo 24

55.36 136.31 132.89 9.75

48.78 53.35 137.75 133.29 14.54

21 10.155.8 136.68 135.5954.58

C-8

21.33

19.68

21.9

Compound
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