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Materials and Instrumentation.  All commercially available compounds were purchased 

from Aldrich Chemical Co., Alfa Aesar Organics, or TCI and used as received unless otherwise 
noted.  Ether, THF, CH3CN, and CH2Cl2 were dried over alumina using the Solv-Tec® ST-002 
solvent purification system.  Microwave reactions were carried out using a CEM Discover® 
series reactor.  Bruker 300 and 400 MHz spectrometers and a JEOL 270 MHz spectrometer were 
employed for NMR data collection. 
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Experimental Procedures  
 
Anti-alcohol 3a.  To a solution of diisopropylamine (49.9 mmol, 1.5 eq) in dry THF   (200 

mL) was added n-BuLi (3.20 g, 49.9 mmol, 1.5 eq, 2.81 M in hexane) dropwise at -78 ºC.  After 
15 min, (S)-(+)-carvone (5.00 g, 33.3 mmol, 1 eq) was added dropwise, followed after 30 min by 
slow addition of  2-bromobenzaldehyde (7.4 g, 39.9 mmol, 1.2 eq) over 45 min.  The mixture 
was allowed to stir at -78 ºC until no starting material was observed by TLC (~ 6 h).  Glacial 
HOAc (3.00 g, 49.9 mmol, 1.5 eq) was then added to the reaction mixture at -78 ºC.  After ~5 
min the reaction mixture was warmed to rt and diluted with ether (100 mL), washed with water 
(150 mL) and extracted with ether (3 x 100 mL).  The combined organic extracts were then 
washed with brine, dried over MgSO4, and concentrated in vacuo.  The crude product was 
purified via flash chromatography over silica gel (10:90 EtOAc/hexanes) to deliver the desired 
anti-alcohol 3a as a colorless oil in 77 % yield (8.56 g, 28.6 mmol).  1H-NMR (270 MHz, 
CDCl3) δ 7.74−7.62 (d, J=7.55 Hz, 1H), 7.60−7.47 (d, J=7.99 Hz, 1H), 7.36-7.34 (t, J=7.55 Hz, 
1H), 7.14-7.11 (t, 1H), 6.70 (s, 1H), 5.22-5.18 (t, J=6.15 Hz, 1H), 4.85 (s, 1H), 4.80 (s, 1H), 
3.20-3.18 (d, J=5.93 Hz, 1H), 3.00-2.98 (m, 1H), 2.64-2.68 (m, 2H), 1.77 (s, 3H), 1.67 (s, 3H).  
13C-NMR (67 MHz, CDCl3) δ 200.7, 145.1, 143.7, 141.3, 135.3, 132.7, 129.3, 129.1, 127.6, 
113.1, 72.5, 55.1, 44.3, 29.4, 20.9, 15.8.  IR (film) 3435, 1659 cm-1.  HRMS calculated for 
C17H19BrO2Na 357.0466, found 357.0466. 

 
Anti-alcohol 3b.  Prepared as for 3a. The desired alcohol 3b was obtained as a colorless oil in 

58% yield (3.89 g, 11.6 mmol) from 3.00 g (20.0 mmol) of (S)-(+)-carvone.  1H-NMR (270 
MHz, CDCl3) δ 7.51 (s, 1Η), 7.35−7.31 (m, 1H), 7.23-7.20 (t, J=7.79 Hz, 1H), 6.71-6.68 (m, 
1H), 4.91-4.89 (d, J=6.38 Hz, 2H), 4.81-4.76 (dd, J=8.60, 3.50 Hz,  1H), 3.22 (d, J=8.86 Hz, 
1H), 2.94-2.85 (m, 2H), 2.40-2.43 (m, 2H), 1.74 (s, 3H), 1.53 (s, 3H). 13C- NMR (67 MHz, 
CDCl3) δ 202.50, 145.91, 144.64, 143.92, 135.95, 130.90, 130.50, 129.83, 129.61, 126.20, 
122.04, 114.66, 77.34, 77.02, 76.71, 73.94, 53.62, 44.35, 31.26, 19.05, 15.63. Anal. 
(C17H19BrO2) C 60.94, H 5.66. 
 

Anti-alcohol 3c.  Prepared as for 3a.  The desired alcohol 3c was obtained as a colorless oil in 
75% yield (8.17 g, 25.1 mmol) from 5.00 g (33.2 mmol) of (S)-(+)-carvone. 1H-NMR (270 MHz, 
CDCl3) δ 7.66−7.63 (d, 1H), 7.38-7.36 (d, 1H), 7.28-7.25 (t, 1H), 6.71-6.69 (m, 1H), 5.24-5.21 
(dd, J=7.32 Hz, 4.55 Hz, 1H), 4.89-4.87 (m, 2H), 3.28-3.25 (d, J=7.32 Hz,  1H), 3.05-3.00 (dd, 
J=9.20, 4.55 Hz, 2H), 2.87-2.79 (m, 1H), 2.53-2.52 (m, 1H), 1.74 (s, 1H), 1.39 (s, 3H).  13C-
NMR (67 MHz, CDCl3) δ 202.50, 145.91, 144.64, 143.92, 135.95, 130.90, 130.50, 129.83, 
129.61, 126.20, 122.04, 114.66, 77.34, 77.02, 76.71, 73.94, 53.62, 44.35, 31.26, 19.05, 15.63.  
Anal. (C17H18Cl2O2) C 62.65, H 5.64. 
 

Anti-alcohol 3d. Prepared as for 3a.  The desired alcohol 3d was obtained as a white solid in 
66% yield (7.13 g, 21.9 mmol) from 5.00 g (33.2 mmol) of (S)-(+)-carvone; mp 110-112 ᵒC;  1H-
NMR (300 MHz, CDCl3) δ 7.65 (d, 1H), 7.31-7.24 (m, 2H), 6.74-6.65 (m, 1H), 5.15-5.08 (dd, 
J=7.32, 4.75 Hz, 1H), 4.88 (s, 1H), 3.26 (d, J=7.32 Hz, 1H), 3.01-2.95 (dd, J=4.75, 9.3Hz, 1H), 
2.89-2.79 (m, 1H), 2.49 (m, 2H), 1.74 (s, 6H). 13C-NMR (75 MHz, CDCl3) δ 200.65, 145.04, 
144.81, 138.07, 135.55, 133.51, 133.15, 130.29, 128.92, 126.66, 113.62, 77.46, 77.04, 76.61, 
69.46, 52.83, 43.19, 30.52, 19.12, 16.07. 
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Anti-alcohol 3e. Prepared as above for 3a.  The desired alcohol 3e was obtained in 65% yield 
as a solid (2.22 g, 7.25 mmol) from 1.96 g (13.1 mmol) of (S)-(+)-carvone; mp 123-124 °C;  1H 
NMR (300 MHz, CDCl3) δ 8.27 (d, J = 7.6 Hz, 1H), 8.13 (d, J = 7.5 Hz, 0H), 7.94 – 7.78 (m, 
3H), 7.62 (d, J = 7.2 Hz, 1H), 7.60 – 7.41 (m, 5H), 6.72 (s, 1H), 5.58 (t, J = 6.1 Hz, 1H), 5.16 (s, 
1H), 4.82 (d, J = 18.7 Hz, 2H), 3.38 (d, J = 6.5 Hz, 1H), 3.30 – 3.20 (m, 1H), 2.72 – 2.61 (m, 
1H), 2.61 – 2.32 (m, 2H), 1.84 (d, J = 1.4 Hz, 3H), 1.61 (s, 3H). 13C-NMR (75 MHz, CDCl3) δ 
201.86, 145.62, 143.77, 137.80, 135.55, 131.34, 128.85, 128.75, 126.52, 126.05, 125.59, 125.50, 
123.84, 113.38, 71.11, 63.87, 44.66, 29.39, 21.09, 16.16. Anal. (C21H22O2) C 82.23, H, 7.36. 
 

Anti -alcohol 3f.  Prepared as above for 3a.  The desired alcohol 3f was obtained in 28 % yield 
as an oil (1.92 g, 7.5 mmol) from 4.00 g (26.6 mmol) of (S)-(+)-carvone.  1H NMR (300 MHz, 
CDCl3) δ 8.50 (d, J = 4.8 Hz, 1H), 7.68 (td, J = 1.7, 7.7 Hz, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.13 
(dd, J = 4.9, 7.4 Hz, 1H), 6.74 – 6.65 (m, 1H), 4.94 (dd, J = 10.4, 11.8 Hz, 2H), 4.84 (d, J = 7.9 
Hz, 1H), 3.90 (d, J = 9.1 Hz, 1H), 3.50 (dd, J = 2.1, 12.4 Hz, 1H), 3.13 (ddd, J = 5.1, 10.5, 12.4 
Hz, 1H), 2.65 – 2.47 (m, 1H), 2.39 (dt, J = 5.2, 9.5 Hz, 1H), 1.85 (s, 3H), 1.68 (s, 3H).  13C-NMR 
(75 MHz, CDCl3) δ 200.91, 163.01, 148.18, 145.60, 144.46, 136.58, 135.88, 121.65, 119.69, 
114.48, 72.07, 54.52, 46.27, 31.26, 19.12, 15.84.  Anal. (C16H19NO2) C 74.45, H, 7.50. 
 

Anti-alcohol 3g. Prepared as for 3a.  The desired alcohol 3g was obtained as an oil in 47% 
yield (1.15 g, 4.7 mmol) from 1.5 g (10.0 mmol) of (S)-(+)-carvone.  1H-NMR (300 MHz, 
CDCl3) δ 7.30 (dd, J = 0.8, 1.8 Hz, 1H), 6.78 (ddd, J = 1.3, 2.4, 6.1 Hz, 1H), 6.29 (dd, J = 1.8, 
3.2 Hz, 1H), 6.16 (d, J = 3.3 Hz, 1H), 5.20 (d, J = 10.9 Hz, 1H), 4.91 – 4.83 (m, 1H), 4.75 (dd, J 
= 4.5, 11.0 Hz, 2H), 2.95 (dd, J = 4.4, 12.8 Hz, 1H), 2.64 – 2.50 (m, 1H), 2.50 – 2.34 (m, 1H), 
2.33 – 2.19 (m, 1H), 1.81 (dt, J = 1.3, 2.4 Hz, 3H), 1.74 (s, 4H).  13C-NMR (75 MHz, CDCl3) δ 
202.69,154.94, 154.81, 144.03, 141.68, 135.78, 114.37, 110.23, 108.17, 68.24, 52.10, 45.29, 
31.17, 18.74, 15.74.  Anal. (C15H18O3) C 73.39, H, 7.43. 

 
Anti-alcohol 3h. Prepared as for 3a.  The desired alcohol 3h was obtained in 50%  yield as an 

oil (1.79 g, 6.52 mmol) from 1.96 g (13.1 mmol) of (S)-(+)-carvone.  1H-NMR (300 MHz, 
CDCl3) δ 7.35 (td, J = 1.7, 7.6 Hz, 1H), 7.30-7.14 (m, 1H), 7.07 (dt, J = 3.8, 7.5 Hz, 1H), 6.96 
(ddd, J = 1.2, 8.2, 10.6 Hz, 1H), 6.72 (ddd, J = 1.4, 3.6, 4.9 Hz, 1H), 5.39 (dd, J = 5.1, 8.1 Hz, 
1H), 4.71 (dd, J = 12.7, 14.1 Hz, 2H), 4.12 (d, J = 8.2 Hz, 1H), 3.03 (dd, J = 5.1, 9.8 Hz, 1H), 
2.84 – 2.68 (m, 1H), 2.51 – 2.25 (m, 2H), 1.77 (s, 3H), 1.58 (s, 3H).  13C-NMR (75 MHz, CDCl3) 
δ 202.01, 161.92, 158.66, 145.11, 135.90, 129.28, 129.16, 129.11, 128.99, 124.07, 115.49, 
115.19, 113.26, 67.87, 53.89, 43.54, 30.52, 19.83, 16.04.  Anal. (C17H19FO2) C 74.70, H 7.03. 
 
Glycolate 4a.  To a stirring solution of alcohol 3a (8.65 g, 25.80 mmol) in anhydrous DMF 
(75mL) was added Ag2O (9.00 g, 38.7 mmol, 1.5 eq), followed by dropwise addition of ethyl 
bromoacetate (6.46 g, 38.7 mmol, 1.5 eq) at rt.  After stirring ~10 min, 2,6-lutidine (4.15 g, 38.7 
mmol) was added via syringe pump (~2 mL/h) and stirring was continued for 24 h at rt.  The 
crude mixture was then filtered through a short silica gel column eluted with diethyl ether (100 
mL).  The filtrate was washed with 3N HCl (100 mL) and extracted with hexane (3x60 mL).  
The combined extracts were washed sequentially with saturated aqueous NaHCO3 and brine, 
then dried over MgSO4, and concentrated in vacuo.  The crude product was purified via flash 
chromatography over silica gel (20:80 EtOAc/hexanes) to deliver glycolate 4a as a yellow oil in 
77 % yield (8.47 g, 20.1 mmol).  1H NMR (300 MHz, CDCl3) δ 7.57 (dd, J = 1.7, 7.8 Hz, 1H), 
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7.48 (dd, J = 1.1, 8.0 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.23 – 7.10 (m, 1H), 6.69 (s, 1H), 5.45 (d, 
J = 7.0 Hz, 1H), 4.71 (dd, J = 8.1, 9.3 Hz, 3H), 4.33 – 4.14 (m, 3H), 4.02 (d, J = 16.4 Hz, 1H), 
3.84 (d, J = 16.4 Hz, 1H), 3.33 (s, 1H), 3.08 – 2.89 (m, 2H), 2.45 (d, J = 19.3 Hz, 1H), 1.75 (d, J 
= 1.4 Hz, 3H), 1.57 (s, 3H), 1.37 – 1.21 (m, 3H). 13C-NMR (75 MHz, CDCl3) 198.3, 169.9, 
141.7, 129.8, 129.0, 128.8, 128.1, 127.6, 112.2, 80.7, 77.6, 77.1, 76.6, 65.6, 64.9, 60.7, 55.4, 
43.5, 28.4, 21.4, 16.3, 14.2. IR (film) 1750, 1671 cm-1.  HRMS Calcd for C21H25BrNaO4: 
443.0834, found 443.0830. 
 

Glycolate 4b.  Prepared as for 4a.  Glycolate 4b was obtained as a colorless oil in 77% yield 
(1.56 g, 3.70 mmol) from 1.61 g (4.80 mmol) of alcohol 3b.  1H-NMR (400 MHz, CDCl3) δ 7.44 
– 7.34 (m, 2H), 7.20 (q, J = 7.7 Hz, 2H), 6.69 (s, 1H), 4.89 (d, J = 7.0 Hz, 1H), 4.74 (s, 1H), 4.67 
(s, 1H), 4.26 – 4.13 (m, 2H), 4.08 (d, J = 16.6 Hz, 1H), 3.84 (d, J = 16.6 Hz, 1H), 3.25 (s, 1H), 
3.04 – 2.90 (m, 1H), 2.80 (dd, J = 4.0, 7.0 Hz, 1H), 2.44 (d, J = 19.6 Hz, 1H), 1.71 (s, 4H), 1.58 
(d, J = 14.2 Hz, 6H), 1.27 (t, J = 7.1 Hz, 6H). 13C-NMR (75 MHz, CDCl3) 197.8, 170.1, 146.1, 
143.4, 138.0, 135.5, 132.6, 129.6, 129.4, 127.6, 112.3, 79.4, 72.6, 68.0, 66.2, 61.0, 55.7, 41.5, 
28.2, 21.2, 16.3, 14.3.  
 

Glycolate 4c.  Prepared as for 4a.  Glycolate 4c was obtained as a colorless oil in 83% yield 
(7.41 g, 18.0 mmol) from 7.06 g of alcohol 3c (21.7 mmol). 1H NMR (400 MHz, CDCl3) δ 7.55 
(dd, J = 1.5, 7.9 Hz, 1H), 7.45 (dd, J = 1.6, 7.9 Hz, 1H), 7.30 (dd, J = 4.7, 12.7 Hz, 2H), 6.67 (s, 
1H), 5.22 (d, J = 5.7 Hz, 1H), 4.83 (dd, J = 7.9, 9.2 Hz, 2H), 4.28 – 4.10 (m, 2H), 4.03 (d, J = 
16.3 Hz, 1H), 3.73 (d, J = 16.3 Hz, 1H), 2.99 (t, J = 5.6 Hz, 1H), 2.89 – 2.69 (m, 2H), 2.43 (d, J = 
18.5 Hz, 1H), 1.82 (s, 3H), 1.73 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H).  13C NMR (101 MHz, CDCl3) δ 
197.71, 169.62, 145.56, 142.22, 139.41, 135.71, 132.88, 131.37, 129.87, 127.68, 127.47, 112.89, 
79.45, 77.35, 77.03, 76.71, 66.40, 60.83, 54.26, 44.36, 28.82, 20.74, 16.19, 14.18. 
 

Glycolate 4d.  Prepared as for 4a.  Glycolate 4d was obtained as a colorless oil in 80% yield 
(9.60 g, 23.3 mmol) from 9.48 g (29.2 mmol) of alcohol 3d. 1H-NMR (270 MHz, CDCl3) δ 
7.53−7.49 (d, 1H), 7.44-7.40 (d, 1H), 7.30-7.26 (m, 1H), 6.64 (s, 1H), 5.20-5.18 (d, 1H), 4.81-
4.76 (d, 2H) 4.20-4.11 (m, 2H), 4.03-3.97 (d, J=16.03 Hz, 1H), 3.72-3.66 (d, J=16.03 Hz, 1H), 
3.31-3.25 (m, 1H), 2.94-2.90 (m, 2H), 2.44-2.34 (m, 1H), 1.72, (s, 3H), 1.48 (s, 3H), 1.31-1.26 (t, 
J=7.07 Hz, 3H). 13C-NMR (101 MHz, CDCl3) δ 198.12, 170.14, 145.91, 143.38, 141.50, 
135.24, 131.18, 130.27, 129.96, 125.78, 122.56, 112.21, 80.74, 77.33, 77.01, 76.70, 66.00, 60.85, 
57.54, 41.25, 29.71, 28.11, 21.23, 16.14, 14.16. 
 

Glycolate 4e.  Prepared as for 4a.  Glycolate 4e was obtained as an oil in 25% yield (8.17 g, 
25.13 mmol) from anti alcohol 1g (3.27 mmol). 1H-NMR (300 MHz, CDCl3) δ 8.09 (d, J = 7.6 
Hz, 1H), 7.91 – 7.83 (m, 1H), 7.79 (d, J = 8.2 Hz, 1H), 7.60 (d, J = 7.0 Hz, 1H), 7.56 – 7.41 (m, 
3H), 6.75 (s, 1H), 5.86 (d, J = 5.1 Hz, 1H), 4.59 (s, 2H), 4.13 (d, J = 16.4 Hz, 1H), 3.92 (d, J = 
10.3 Hz, 1H), 3.70 (s, 3H), 3.28 (dd, J = 4.4, 9.8 Hz, 1H), 3.09 – 2.90 (m, 2H), 2.47 – 2.31 (m, 
1H), 1.72 (s, 3H), 1.27 (s, 3H).  13C-NMR (75 MHz, CDCl3) δ 198.92, 170.89, 146.63, 144.20, 
135.41, 134.25, 133.96, 131.11, 129.22, 128.72, 126.54, 125.73, 125.26, 125.22, 122.98, 112.11, 
79.47, 66.40, 55.66, 51.85, 41.25, 29.00, 20.97, 16.37.  HRMS Calcd for C24H26O4Na: 401.1729, 
found: 401.1719. 
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Glycolate 4f.  Prepared as for 4a.  Glycolate 4f was obtained as an oil in 86%  yield (1.43 g, 
4.34 mmol) from 1.3g (5.05 mmol) of alcohol 3f.  1H-NMR (300 MHz, CDCl3) δ 8.50 (d, J = 
4.8, 1H), 7.70 (dt, J = 7.0, 20.6 Hz, 2H), 7.23 – 7.10 (m, 1H), 6.63 (s, 1H), 4.83 (s, 1H), 4.75 (d, 
J = 5.2 Hz, 1H), 4.20 (d, J = 16.2 Hz, 1H), 3.93 (d, J = 16.2 Hz, 1H), 3.69 (s, 3H), 3.17 (dd, J = 
5.2, 8.0 Hz, 1H), 2.89 – 2.70 (m, 1H), 2.50 (m, 2H), 1.80 – 1.71 (m, 6H).  13C-NMR (75 MHz, 
CDCl3) δ 197.99, 170.30, 160.59, 148.74 145.81, 142.32, 136.52, 135.60, 122.39, 121.32, 
113.28, 83.42, 67.59, 55.15, 51.80, 44.20, 29.28, 20.03, 16.15.  Anal. (C19H23NO4) C 68.99, H 
7.09. 
 

Glycolate 4g.  Prepared as for 4a.  Glycolate 4g was obtained as an oil in 48% yield (679 mg, 
2.13 mmol) from 1.1 g (4.46 mmol) of  alcohol 3g.  1H-NMR (300 MHz, CDCl3) δ 7.40 (dd, J = 
0.7 Hz, 1.7, 1H), 6.68 – 6.59 (m, 1H), 6.33 – 6.20 (m, 2H), 4.88 (d, J = 7.6 Hz, 1H), 4.74 (d, J = 
1.2 Hz, 1H), 4.66 (s, 1H), 4.12 (d, J = 16.8 Hz, 1H), 3.96 – 3.87 (m, 1H), 3.73 – 3.66 (m, 3H), 
3.21 (dd, J = 4.4, 9.4 Hz, 1H), 3.09 (dd, J = 4.4, 7.5 Hz, 1H), 2.98 – 2.81 (m, 1H), 2.42 (ddd, J = 
2.5, 5.6, 19.6 Hz, 1H), 1.68 (s, 7H).  13C-NMR (75 MHz, CDCl3) δ 198.03, 171.00, 151.32, 
145.97, 143.28, 143.06, 112.17, 110.34, 110.18, 74.74, 65.50, 54.79, 51.92, 41.73, 28.02, 21.52, 
16.28. Anal. (C18H22O5) C 67.71, H 6.96. 
 

Glycolate 4h.  Prepared as for 4a.  Glycolate 4h was obtained as an oil in 19 % yield (0.25 g, 
0.71 mmol) from 1.05 g of alcohol 3h (3.8 mmol).  1H NMR (300 MHz, CDCl3) δ 7.44 (td, J = 
1.8, 7.5 Hz, 1H), 7.31 – 7.21 (m, 2H), 7.15 (t, J = 7.0 Hz, 1H), 6.97 (dd, J = 8.4, 10.1 Hz, 1H), 
6.66 (s, 1H), 5.26 (d, J = 7.6 Hz, 1H), 4.68 (d, J = 11.6 Hz, 2H), 4.08 (d, J = 16.5 Hz, 1H), 3.87 
(d, J = 16.5 Hz, 1H), 3.73 (s, 3H), 3.31 (s, 1H), 3.06 – 2.80 (m, 2H), 2.43 (d, J = 19.6 Hz, 1H), 
1.72 (s, 3H), 1.59 (s, 3H). 13C-NMR (75 MHz, CDCl3) δ 198.18, 170.72, 162.47, 159.21, 
146.07, 143.16, 135.39, 129.84, 128.75, 126.14, 125.97, 124.48, 124.43, 115.46, 115.18, 
112.2574.74, 66.05, 56.64, 51.90, 41.50, 27.91, 21.48, 16.24.  Anal. (C20H23FO4) C 68.98, H 
6.61. 
 

Isobenzofuran 5a.  To a solution of glycolate 4a (4.13 g, 9.80 mmol) in dry THF (100 mL) 
was added KHMDS (2.35 g, 11.8 mmol, 1.1 eq, 0.5 M soln. in toluene) quickly at -78 oC, 
followed immediately by rapid addition of 1.2 eq HOAc (0.71 g, 11.8 mmol).  The reaction 
mixture was allowed to warm to rt, then water (100 mL) was added.  The organic layer was 
extracted with ether (3 x 60 mL).  The combined organic extracts were washed with brine and 
dried over MgSO4, filtered and concentrated in vacuo. The crude product was purified via flash 
chromatography over silica gel (10:90 EtOAc/hexanes) to yield cycloaldol product 5a as a 
colorless oil in 80% yield (3.30 g, 7.84 mmol).  1H NMR (400 MHz, CDCl3) δ 8.28 (dd, J = 1.6, 
7.9 Hz, 1H), 7.52 (d, J = 8.0, 1H), 7.43 (t, J = 7.6, 1H), 7.22 – 7.14 (m, 1H), 5.78 (s, 1H), 5.24 (d, 
J = 8.8 Hz, 1H), 4.84 (d, J = 3.3 Hz, 2H), 4.46 (s, 1H), 4.37 – 4.22 (m, 2H), 3.08 (s, 1H), 2.76 
(dd, J = 5.3, 8.8 Hz, 1H), 2.54 (d, J = 15.8 Hz, 1H), 2.31 (d, J = 4.6 Hz, 2H), 1.86 (s, 3H), 1.58 
(s, 3H), 1.35 (t, J = 7.1 Hz, 3H).  13C-NMR (100 MHz, CDCl3) 171.0, 147.0, 139.4, 132.9, 132.4, 
130.4, 129.7, 128.3, 125.6, 123.9, 112.2, 82.6, 81.9, 80.7, 61.3, 55.5, 39.1, 27.7, 21.4, 17.7, 14.2. 
IR (film) 3536, 1743 cm-1.  HRMS Calcd for  C21H25BrO4Na+: 443.0834, found 443.0834. 

 
Isobenzofuran 5b.  Prepared as for 5a.  Isobenzofuran 5b was obtained as a white solid in 

73% yield (0.56 g, 1.34 mmol) from 0.77g (1.83 mmol) of glycolate 4b. mp 131-136 °C;  1H-
NMR (400 MHz, CDCl3) δ 7.51 (s, 1H), 7.34 (d, J = 7.2 Hz, 1H), 7.20 (d, J = 7.1 Hz, 1H), 7.08 
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(d, J = 7.7 Hz, 1H), 5.70 (s, 1H), 5.60 (s, 1H), 4.64 (s, 1H), 4.30 (d, J = 4.0 Hz, 2H), 4.20 (d, J = 
15.9 Hz, 2H), 3.12 (s, 1H), 2.74 – 2.58 (m, 1H), 2.46 – 2.29 (m, 1H), 2.00-1.77 (m, 6H), 1.61 (s, 
1H), 1.42 – 1.26 (m, 7H). 13C-NMR (100 MHz, CDCl3) δ 171.41, 145.68, 141.05, 133.43, 
130.42, 130.26, 128.94, 125.89, 125.72, 121.90, 111.83, 83.50, 83.46, 82.88, 77.35, 77.03, 76.71, 
61.53, 53.84, 40.35, 31.67, 19.40, 18.00, 14.15. Anal. (C21H25BrO4) C 60.13, H 6.04. 
 

Isobenzofuran 5c.  Prepared as for 5a.  Isobenzofuran 5c was obtained as a pale yellow oil in 
77% yield (2.61 g, 6.34 mmol) from 3.39 g (8.24 mmol) of glycolate 4c.  1H NMR (270 MHz, 
CDCl3) δ 8.22 (dd, J = 1.7, 7.8 Hz, 1H), 7.38 (dd, J = 1.7, 7.9 Hz, 1H), 7.27 (t, J = 7.8 Hz, 1H), 
5.70 (s, 1H), 5.30 (d, J = 8.2 Hz, 1H), 4.80 (s, 3H), 4.42 (s, 1H), 4.25 (qd, J = 2.7, 7.1 Hz, 2H), 
3.06 (s, 1H), 2.74 – 2.59 (m, 1H), 2.27 (s, 3H), 1.79 (s, 3H), 1.53 (s, 3H), 1.29 (t, J = 7.1 Hz, 
3H). 13C-NMR (67 MHz, CDCl3) 171.1, 146.7, 140.8, 132.9, 132.6, 131.5, 130.1, 128.4, 128.1, 
125.7, 112.5, 81.9, 80.9, 80.7, 61.4, 55.4, 39.7, 27.7, 21.3, 17.7, 14.2.  
 

Isobenzofuran 5d.  Prepared as for 5a.  Isobenzofuran 5d was obtained as a pale yellow oil in 
74% yield (3.50 g, 8.51 mmol) from 4.73 g (11.5 mmol) of glycolate 4d.  1H NMR (300 MHz, 
CDCl3) δ 8.27 (d, J = 9.1, 1H), 7.41 – 7.34 (m, 2H), 5.77 (s, 1H), 5.26 (d, J = 8.3 Hz, 1H), 4.85 
(s, 2H), 4.46 (s, 1H), 4.31 (ddd, J = 5.6, 8.3, 16.5 Hz, 3H), 3.16 (s, 1H), 2.69 (dd, J = 5.9, 8.3 Hz, 
1H), 2.36 (m, 4H), 1.85 (d, J = 1.5 Hz, 4H), 1.58 (d, J = 6.7 Hz, 9H), 1.42 – 1.21 (m, 9H). 13C 
NMR (101 MHz, CDCl3) δ 171.10, 146.70, 136.85, 134.34, 132.78, 131.21, 128.77, 128.06, 
126.96, 125.72, 112.41, 81.72, 80.77, 79.71, 77.33, 77.21, 77.01, 76.70, 61.46, 59.84, 55.17, 
39.68, 27.73, 21.23, 17.68, 14.13. 
 

Isobenzofuran 5e.  Prepared as for 5a.  Isobenzofuran 5e was obtained in 59 % yield (0.22 g, 
0.59 mmol) as an oil from 0.41 g (1.08 mmol) of glycolate 4e. 1H-NMR (300 MHz, CDCl3) δ 
8.34 (d, J = 8.0 Hz, 1H), 8.16 (d, J = 7.2 Hz, 1H), 7.86 (t, J = 9.1 Hz, 2H), 7.52 (dt, J = 6.9, 14.5 
Hz, 3H), 5.76 (s, 1H), 5.62 (d, J = 7.2 Hz, 1H), 4.91 (s, 1H), 4.83 (s, 1H), 4.59 (s, 1H), 3.85 (s, 
3H), 3.26 (s, 1H), 3.03 (t, J = 7.2 Hz, 1H), 2.39 (dd, J = 6.5, 12.7 Hz, 1H), 2.29 (s, 2H), 1.87 (s, 
3H), 1.55 (s, 3H). 13C-NMR (75 MHz, CDCl3) δ 172.29, 146.85, 135.72, 133.92, 133.46, 
131.85, 128.99, 128.86, 126.11, 125.74, 125.63, 125.60, 125.52, 123.60, 113.03, 82.77, 81.51, 
80.99, 53.68, 52.36, 42.04, 28.22, 20.68, 17.79. Anal. (C24H26O4) C 76.09, H 6.95. 
 

Isobenzofuran 5f.  Prepared as for 5a.  Isobenzofuran 5f was obtained in 81 % yield (0.30 g, 
0.90 mmol) as a solid from 0.36 g (1.10 mmol) of glycolate 4f; mp 67-69 °C;  1H-NMR (300 
MHz, CDCl3) δ 8.53 (d, J = 4.0 Hz, 1H), 7.64 (td, J = 1.8, 7.7 Hz, 1H), 7.19 (ddd, J = 3.6, 6.0, 
7.8 Hz, 2H), 5.58 (d, J = 1.5 Hz, 1H), 4.88 (s, 1H), 4.82 (s, 1H), 4.55 (s, 1H), 3.69 (s, 3H), 2.55 – 
2.32 (m, 2H), 2.07 (d, J = 3.1, 2H), 1.89 – 1.73 (m, 3H), 1.50 (s, 3H). 13C-NMR (75 MHz, 
CDCl3) δ 170.36, 159.63, 149.19, 146.18, 137.80, 133.65, 125.22, 123.42, 123.23, 113.50, 
87.12, 84.83, 82.53, 54.58, 52.07, 46.56, 30.98, 19.36, 17.95.  Anal. (C19H23NO4) C 68.98, H 
6.86.   
 

Methyl ester 5a.i.  To a solution of  ethyl ester 5a (0.10 g, 0.24 mmol) in 15 mL of methanol 
was added 0.04 g (0.28 mmol, 1.2 eq) of K2CO3 at room temperature.  The reaction mixture was 
stirred at rt until no starting material was observed by TLC (ca. 20 min).  The mixture was then 
and diluted with H2O (10 mL) and extracted with CH2Cl2 (3 x 20 mL).  The combined organic 
extracts were then washed with brine (50 mL), extracted with CH2Cl2 (40 mL), dried over 
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MgSO4, and concentrated in vacuo. The crude product was filtered through a short silica gel 
column (EtOAc/Hexanes 1:1) to deliver methyl ester 5a.i as a colorless oil in 97 %  yield (94.8 
mg, 23.3 mmol).  1H-NMR (300 MHz, CDCl3) δ 8.30 (dd, J = 1.7, 7.9 Hz, 1H), 7.54 (dd, J = 1.2, 
8.0 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.24 – 7.15 (m, 1H), 5.79 (s, 1H), 5.25 (d, J = 9.2 Hz, 1H), 
4.90 – 4.81 (m, 2H), 4.51 (s, 1H), 3.85 (s, 3H), 2.93 (s, 1H), 2.77 (dd, J = 4.9, 9.2 Hz, 1H), 2.66 
– 2.51 (m, 1H), 2.32 (d, J = 15.0 Hz, 2H), 1.88 (d, J = 1.6 Hz, 3H), 1.58 (d, J = 5.8 Hz, 5H). 13C-
NMR (75 MHz, CDCl3) δ 171.54, 147.20, 139.28, 132.82, 132.46, 130.27, 129.79, 128.39, 
125.67, 123.84, 112.00, 82.51, 81.76, 80.50, 77.47, 77.05, 76.62, 73.47, 55.22, 52.22, 38.31, 
27.49, 21.61, 17.67. Anal. (C20H23BrO4) C 59.16, H 5.80. 

 
Cyclopropylmethyl ester 5a.ii.  A mixture of ethyl ester 5a (0.14 g, 0.33 mmol), cyclopropyl 

methanol (2.66 mL, 33.22 mmol, 100 eq), and Bu2SnO (0.06 g, 0.24 mmol, 0.75eq) was sealed 
in an 8 mL microwave reaction vessel.  The mixture was irradiated  for 30 min. at 150 °C and 
300 W with continuous stirring.  The mixture was then cooled to rt, diluted with ethyl acetate (10 
mL), washed with sat. NaHCO3 (30 mL) and extracted with EtOAc (3x20 mL).  The combined 
organic extracts were then washed with brine, dried over MgSO4, and concentrated in vacuo.  
The crude product was purified via flash chromatography over silica gel (10:90 EtOAc/hexanes) 
to deliver ester 5a.ii as a colorless oil in 84% yield (0.125 g, 0.28 mmol).  1H NMR (300 MHz, 
CDCl3) δ 8.29 (dd, J = 1.7, 7.9 Hz, 1H), 7.53 (dd, J = 1.2, 8.0 Hz, 1H), 7.43 (t, J = 7.6 Hz, 1H), 
7.24 – 7.11 (m, 1H), 5.78 (s, 1H), 5.26 (d, J = 8.6 Hz, 1H), 4.85 (s, 2H), 4.49 (s, 1H), 4.16 – 3.99 
(m, 2H), 3.16 (s, 1H), 2.77 (dd, J = 5.7, 8.6 Hz, 1H), 2.53 (d, J = 15.6 Hz, 1H), 2.30 (d, J = 10.1 
Hz, 2H), 2.19 (s, 1H), 1.88 (d, J = 1.4 Hz, 3H), 1.59 (d, J = 6.8 Hz, 3H), 1.30 – 1.13 (m, 2H), 
0.62 (dt, J = 5.4, 5.9 Hz, 2H), 0.35 (q, J = 4.7 Hz, 2H). 13C-NMR (75 MHz, CDCl3) 171.0, 146.8, 
139.4, 132.9, 132.4, 130.4, 129.7, 128.3, 125.7, 112.2, 82.7, 81.9, 80.7, 70.2, 55.5, 39.5, 27.8, 
21.27, 17.7, 9.6, 3.4.   

 
Cyclopentylmethyl ester 5a.iii.  Prepared as for 5a.ii.  Ester 5a.iii was obtained in 91% yield 

as an oil (0.11 g, 0.24 mmol) from 0.11 g (0.26 mmol) of ester 5a.  1H-NMR (270 MHz, CDCl3) 
8.29 (d, J = 6.2 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H), 7.19 (dd, J = 4.5, 10.8 
Hz, 1H) 5.79 (s, 1H), 5.25 (d, J = 9.0 Hz, 1H), 4.85 (s, 2H), 4.49 (s, 1H), 4.17 – 4.04 (m, 2H), 
2.99 (s, 1H), 2.76 (dd, J = 5.0, 9.1 Hz, 1H), 2.64-2.52 (m, 1H), 2.32 (d, J = 7.3 Hz, 3H), 1.89-
1.74 (m, 6H), 1.68-1.54 (m, 8H), 1.39-1.26 (m, 3H).  13C-NMR (67 MHz, CDCl3) 171.1, 147.1, 
139.5, 132.9, 132.4, 130.3, 129.7, 128.3, 125.5, 123.8, 112.0, 82.5, 81.9, 80.6, 69.3, 55.5, 38.5, 
38.3, 29.3, 27.5, 25.4, 21.5, 17.6. 
 

Acid 5a.iv.  To a solution of 3:2:1 THF/H2O/MeOH and ester 5a (0.18 g, 0.43 mmol) was 
added 0.02 g (0.85 mmol, 2 eq) of LiOH at rt.  The reaction mixture was allowed to stir at rt until 
no starting material was observed by TLC (~1.5 h), then acidified to pH 2 with 3N HCl.  The 
mixture was diluted with CH2Cl2 (30 mL), extracted with CH2Cl2 (3 x 30 mL), washed with 
brine (40 mL), dried over MgSO4 and concentrated in vacuo to yield a yellow foam.  The crude 
material was eluted through a plug of silica gel (1:1 EtOAc/hexanes) to deliver acid 5a.iv as a 
white solid in 95% yield (0.16 g, 0.41 mmol); mp 52-56 ᵒC.  1H-NMR (270 MHz, CDCl3) δ 
8.14- 8.09 (d, J=7.86 Hz, 1H), 7.59-7.54 (d, J=8.03 Hz, 1H), 7.47-7.40 (t, J=7.55 Hz, 1H), 7.25-
7.18 (dd, J=4.47, 10.85 Hz, 1H), 5.81 (s, 1H), 5.28 (s, 1H), 5.25 (d, J=8.87 Hz, 1H), 4.85 (s, 2H), 
4.51 (s, 1H), 2.79-2.72 (dd, J=5.18, 8.84 Hz, 1H), 2.60-2.47 ( m, 1H), 2.35-2.24 (m, 2H), 1.94 (s, 
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3H), 1.59 (s, 3H). 13C-NMR (67 MHz, CDCl3) 146.6, 138.6, 132.9, 132.7, 130.0, 129., 128.4, 
125.9, 124.1, 112.4, 82.7, 55.6, 27.6, 21.4, 17.7.  IR (film) 3450, 1638 cm-1. 

 
Diene 6a.  Preparation was carried out as above for 5a from glycolate 4a (3.5 g, 8.31 mmol), 

but the reaction mixture was allowed to stir for 5 minutes before quenching with HOAc. 
Purification of the crude product via flash chromatography over silica gel (10:90 
EtOAc/hexanes) delivered diene 6a as a yellow oil in 15 % yield (0.42 g, 1.27 mmol) as well as 
isobenzofuran 5a in 41% yield (1.43 g, 3.41 mmol).  1H-NMR (400 MHz, CDCl3) δ 7.64 (d, J = 
6.5, 1H), 7.34 – 7.08 (m, 3H), 6.62 (s, 1H), 4.95 (s, 1H), 4.73 (s, 1H), 3.62 (s, 1H), 2.74 – 2.48 
(m, 1H), 2.19 (s, 1H), 1.95 – 1.82 (m, 2H), 1.77 (s, 2H), 1.59 (s, 1H). 13C-NMR (101 MHz, 
CDCl3) δ 189.40, 145.37, 141.23, 139.35, 136.66, 136.31, 134.83, 132.82, 129.65, 129.62, 
127.04, 125.00, 114.21, 77.35, 77.03, 76.71, 43.88, 29.72, 29.18, 21.78, 16.34.   

 
Diene 6e.  Prepared as for 6a.  Diene 6e was obtained in 33% yield (0.10 g, 0.33 mmol) as a 

solid from 0.41 g (1.08 mmol) of glycolate 4e; ; mp 113-115 °C; 1H-NMR (300 MHz, CDCl3) δ 
8.34 (d, J = 8.0 Hz, 1H), 8.16 (d, J = 7.2 Hz, 1H), 7.86 (dd, J = 8.2, 10.1 Hz, 2H), 7.61 – 7.42 (m, 
3H), 5.76 (s, 1H), 5.62 (d, J = 7.2 Hz, 1H), 4.87 (d, J = 26.1 Hz, 2H), 4.59 (s, 1H), 3.83 (s, 3H), 
3.26 (s, 1H), 3.03 (t, J = 7.2 Hz, 1H), 2.39 (dd, J = 6.5, 12.7 Hz, 1H), 2.34 – 2.21 (m, 2H), 1.87 
(s, 3H), 1.55 (s, 3H). 13C-NMR (75 MHz, CDCl3) δ 189.94, 146.02, 141.49, 140.18, 136.87, 
133.88, 133.65, 133.24, 132.32, 128.97, 128.70, 126.58, 126.32, 126.02, 125.37, 124.92, 114.15, 
44.28, 29.57, 22.06, 16.59.  Anal: (C22H22O) C 87.78, H 7.26. 
 

Diene 6g.  Prepared as for 6a.  Diene 6g was obtained in 41% yield (0.05 g, 0.19 mmol) as a 
solid from 0.15 g (0.46 mmol) of glycolate 4g; mp 71-73 °C; 1H-NMR (300 MHz, CDCl3) δ 7.50 
(d, J = 1.6 Hz, 1H), 7.42 (s, 1H), 6.70 – 6.61 (m, 1H), 6.58 (d, J = 3.4 Hz, 1H), 6.47 (dd, J = 1.8, 
3.4 Hz, 1H), 4.87 – 4.74 (m, 1H), 4.65 (s, 1H), 4.37 (d, J = 6.1 Hz, 1H), 2.77 – 2.45 (m, 2H), 
1.86 (s, 3H), 1.81 (s, 3H).  13C-NMR (75 MHz, CDCl3) δ 188.77, 152.31, 145.57, 144.27, 
141.82, 136.68, 134.43, 122.87, 116.05, 112.65, 112.24, 43.29, 28.94, 22.11, 16.77.  Anal. 
(C16H18O2 ) C 79.23, H 7.24. 
 

Diene 6h. Prepared as for 10a.  Diene 6h was obtained in 45%  yield (0.07 g, 0.26 mmol) as an 
oil from 0.20 g (0.58 mmol) of glycolate 4h. 1H NMR (300 MHz, CDCl3) δ 7.68 (s, 1H), 7.33 
(dt, J = 4.5, 14.2 Hz, 2H), 7.12 (dd, J = 8.3, 16.2 Hz, 2H), 6.67 – 6.59 (m, 1H), 4.96 (s, 1H), 4.74 
(s, 1H), 3.75 (s, 1H), 2.72 – 2.50 (m, 2H), 1.90 (s, 3H), 1.81 (s, 3H).  13C-NMR (75 MHz, 
CDCl3) δ 189.45, 162.81,159.50, 145.36, 141.33, 140.24, 136.68, 130.42, 130.31, 129.93, 
129.90, 128.54, 128.49, 124.03, 123.98, 123.86, 115.88, 115.59, 114.30, 44.28, 29.24, 21.92, 
16.50.  Anal. (C18H19FO) C 79.58, H 6.72. 

 
Enone 8a.  Isobenzofuran 5a (0.37 g, 0.87 mmol) in anhydrous CH2Cl2 (9.0 mL) was added to 

a mixture of finely ground pyridinium chlorochromate (2.00 g, 8.70 mmol) and silica gel (2.00 g) 
in dry CH2Cl2 (20.0 mL) at rt. The reaction mixture was stirred at rt for 24 h. The crude solution 
was then filtered through a short silica gel column with ether (100 mL) and concentrated in 
vacuo.  The dark brown residue was purified via flash chromatography over silica gel (15/85, 
EtOAc/hexanes) to deliver enone 6a as a white solid in 55 % yield (0.20 g, 0.48 mmol) mp 126-
127 ᵒC; 1H NMR (300 MHz, CDCl3) δ 8.08 – 7.98 (m, 1H), 7.49 (dd, J = 1.0, 8.1 Hz, 1H), 7.41 
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(t, J = 7.6 Hz, 1H), 7.18 (td, J = 1.7, 8.0 Hz, 1H), 5.28 (s, 1H), 5.21 (d, J = 10.0 Hz, 1H), 4.74 (s, 
1H), 4.47 (s, 1H), 4.40 – 4.25 (m, 2H), 3.26 (t, J = 10.3 Hz, 1H), 2.93 – 2.70 (m, 1H), 2.54 – 
2.30 (m, 2H), 2.01 – 1.87 (m, 3H), 1.58 (d, J = 8.2 Hz, 1H), 1.36 (q, J = 7.1 Hz, 3H), 1.27 (s, 
3H). 13C-NMR (75 MHz, CDCl3) 198.0, 171.0, 146.0, 142.0, 138.0, 132.9, 130.4, 130.0, 129.7, 
128.3, 125.6, 114.2, 85.2, 78.5, 62.3, 51.5, 47.5, 42.0, 18.5, 14.7, 12.2. IR (film) 1743, 1674 cm -
1. HRMS Calcd for  C21H24BrO4

+: 419.0858, found 419.0836.  Anal. (C21H23BrO4) C 60.31, H 
5.47. 

 
Enone 8b.  Prepared as for 8a.  Enone 8b was obtained as a white foam in 54 % yield (0.07 g, 

0.16 mmol) from 0.12g (0.29 mmol) of isobenzofuran 5b.  1H NMR (300 MHz, CDCl3) δ 7.42 
(d, J = 8.8 Hz, 1H), 7.18 (dd, J = 5.0, 10.5 Hz, 2H), 6.98 (d, J = 7.8 Hz, 1H), 5.61 (d, J = 8.9 Hz, 
1H), 5.56 (s, 1H), 4.92 (s, 1H), 4.77 (s, 1H), 4.30 (q, J = 7.1 Hz, 2H), 3.70 (s, 1H), 2.50 (dd, J = 
3.9, 16.3 Hz, 1H), 2.23 (dd, J = 13.9, 16.3 Hz, 1H), 1.98 (d, J = 2.0 Hz, 3H), 1.93 – 1.80 (m, 1H), 
1.61 (s, 1H), 1.53 (s, 3H), 1.35 (t, J = 7.1 Hz, 3H).13C-NMR (75 MHz, CDCl3) 183.6, 156.0, 
142.3, 132.6, 129.9, 127.9, 113.9, 85.0, 78.1, 66.6, 62.0, 58.0, 46.7, 42.4, 22.7, 18.02, 14.2, 11.4. 
 

Enone 8c.  Prepared as for 8a.  Enone 8c was obtained as a white solid in 56% yield (0.22 g, 
0.54 mmol) from 0.40 g (0.97 mmol) of isobenzofuran 5c; mp 41-45 °C; 1H NMR (270 MHz, 
CDCl3) δ 7.93 (dd, J = 1.6, 7.8, 1H), 7.38 (dd, J = 1.7, 7.9, 1H), 7.25 (t, J = 7.9, 1H), 5.31 – 5.10 
(m, 2H), 4.61 (s, 1H), 4.47 – 4.36 (m, 1H), 4.25 (qd, J = 1.3, 7.1, 2H), 3.14 (d, J = 10.4, 1H), 
2.84 – 2.63 (m, 1H), 2.48 – 2.21 (m, 2H), 1.86 (dd, J = 0.9, 2.5, 3H), 1.30 (t, J = 7.1, 3H), 1.21 
(s, 4H).  13C-NMR (67 MHz, CDCl3) 197.5, 169.8, 154.7, 142.1, 139.0, 132.5, 129.9, 127.4, 
113.4, 82.6, 62.0, 50.4, 46.9, 42.3, 18.2, 14.1, 11.1.  
 

Enone 8d. Prepared as for 8a.  Enone 8d was obtained as a white solid in 67% yield (0.11 g, 
0.27 mmol) from 0.17 g (0.41 mmol) of  isobenzofuran 5d; mp 96-100 °C; 1H NMR (270 MHz, 
CDCl3) δ 7.93 (dd, J = 1.6, 7.8 Hz, 1H), 7.38 (dd, J = 1.7, 7.9 Hz, 1H), 7.25 (t, J = 7.9 Hz, 1H), 
5.31 – 5.10 (m, 2H), 4.61 (s, 1H), 4.47 – 4.36 (m, 1H), 4.25 (qd, J = 1.3, 7.1 Hz, 2H), 3.14 (d, J = 
10.4 Hz, 1H), 2.84 – 2.63 (m, 1H), 2.48 – 2.21 (m, 2H), 1.86 (dd, J = 0.9, 2.5 Hz, 3H), 1.30 (t, J 
= 7.1 Hz, 3H), 1.21 (s, 3H).  13C-NMR (67 MHz, CDCl3) 198.1, 169.8, 155.5, 142.4, 135.6, 
134.7, 130.5, 130.4, 129.0, 127.8, 114.0, 82.0, 62.2, 50.2, 46.7, 42.3, 18.2, 14.3, 11.5. 

 
Tosylhydrazone 9a. HOAc (0.01 g, 0.16 mmol) was added to a solution of enone 8a (0.10 g, 

0.24 mmol) and tosylhydrazide (0.06 g, 0.31 mmol) in CH2Cl2 (2.20 mL).  The reaction mixture 
stirred at rt for 24 h, then was washed with water (5.00 mL), dried over MgSO4, filtered and 
concentrated in vacuo.  The residue was purified via flash chromatography on silica gel (80:20, 
hexanes/EtOAc) to afford tosylhydrazone 9a as white solid in 92 % yield (0.13 g, 0.22 mmol); 
mp 162-165 °C.  1H-NMR (400 MHz, CDCl3) δ 8.02 – 7.79 (m, 3H), 7.46 (d, J = 9.5 Hz, 2H), 
7.36 (t, J = 8.7 Hz, 3H), 7.14 (t, J = 7.7 Hz, 1H), 5.28 (s, 1H), 5.07 (d, J = 9.8 Hz, 1H), 4.70 (s, 
1H), 4.48 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 2.99 (s, 1H), 2.58 – 2.34 (m, 6H), 2.10 – 1.85 (m, 
4H), 1.34 (t, J = 7.1 Hz, 3H), 1.22 (s, 3H).  13C-NMR (101 MHz, CDCl3) δ 170.44, 153.31, 
144.28, 143.92, 142.66, 138.39, 135.01, 132.51, 129.73, 129.69, 129.49, 128.25, 127.80, 127.78, 
124.74, 114.17, 85.49, 78.23, 77.35, 77.04, 76.72, 61.70, 49.10, 44.80, 29.37, 21.66, 18.00, 
14.18, 13.07.  IR (film) 3210, 3070, 2980, 2919, 2256, 1739 cm-1.  HRMS Calcd for 
C28H31BrN2O5S+ : 587.1215, found: 587.1201.   
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Ester 10a. Catecholborane (0.10 mL, 0.80 mmol)) was added to a solution of tosylhydrazone 
9a (0.40 g, 0.70 mmol) in CHCl3 (3.00 mL) at 0 °C. The reaction mixture stirred at 0 °C for 1 h, 
then NaOAc.3H2O (0.19 g, 1.30 mmol) was added in one portion. The reaction mixture was 
maintained for 1 h at 0 °C, diluted with CHCl3 (1.80 mL), and heated under reflux for 12 h.  The 
mixture was then cooled to rt and filtered through a pad of Celite.  The filtrate was concentrated 
in vacuo and the residue was purified via flash chromatography over silica gel (90:10, hexanes/ 
EtOAc) to afford ester 10a as white solid in 68 % yield (0.17 g, 0.48 mmol); mp 37-40 ᵒC;  1H-
NMR (270 MHz, CDCl3) δ 7.97 (d, J = 6.2 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.36 (t, J = 7.0 Hz, 
1H), 7.12 (t, J = 7.6 Hz, 1H), 5.59 (s, 1H), 5.34 (d, J = 6.4 Hz, 1H), 4.79 (s, 2H), 4.38 (d, J = 6.4 
Hz, 1H), 4.25 (dd, J = 4.9, 7.1 Hz, 2H), 3.01 (s, 1H), 2.37 (m, 3H), 2.21 – 2.04 (m, 1H), 1.73 (s, 
3H), 1.60 (s, 4H), 1.31 (t, J = 7.1 Hz, 3H).  13C-NMR (67 MHz, CDCl3) δ 173.01, 146.94, 
140.85, 132.70, 130.21, 129.58, 129.37, 128.04, 123.25, 123.10, 112.16, 83.50, 81.30, 77.56, 
77.09, 76.62, 61.33, 49.14, 47.31, 39.39, 28.04, 22.08, 21.00, 14.22.  
 
Biological Assays 
 

KB3 Assays.  All stock solutions of compounds were made at 10 mM in dimethyl sulfoxide 
(DMSO).  DMSO and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
were from Sigma Chemical Co. (St. Louis, MO).  Cell culture reagents were obtained from Life 
Technologies (Carlsbad, CA). 

 
Cell Culture.  The KB-3 human carcinoma cell line was maintained in monolayer culture at 

37°C and 5% CO2 in Dulbecco’s Modified Eagle’s Medium, supplemented with 10% fetal 
bovine serum, 2 mM L-glutamine, 50 units/mL penicillin, and 50 µg/mL streptomycin.  

 
MTT colorimetric assay.  Inhibition of cell proliferation was assessed by the MTT 

colorimetric assay.  First described by Mosmann,1 this assay is based on the ability of a 
mitochondrial dehydrogenase enzyme from viable cells to cleave the tetrazolium rings of the 
pale yellow MTT and form a dark blue formazan crystal product which is largely impermeable to 
cell membranes, thus resulting in its accumulation within healthy cells.  Solubilization of the 
cells by the addition of solvent results in the liberation of the crystals which are solubilized.  The 
level of the formazan product created is directly proportional to the number of living cells. 

KB-3 cells (2000/well) were plated in 96-well dishes, and were treated after 24 h with different 
concentrations (0.1 nM -100 µM) of the compound being assayed.  The final concentration of 
DMSO did not exceed 1%, and controls received vehicle alone.  MTT assay was performed after 
96 h as described.2,3    Cells were incubated with 50 µg/well/0.2 mL MTT  for 4 h at 37˚C, the 
media was removed and the formazan crystals were dissolved in 150 µL of DMSO.  The 
resulting color change was measured via spectrophotometry at a wavelength of 570 nm using an 
ELx800™ Absorbance Microplate Reader (Bio Tek Instruments, Inc., Winooski, VT).  Values 
are the means of triplicate assays and are expressed as mean relative to untreated controls.  IC50 

                                                
1 Mosmann T. J. Immunol. Methods 1983, 65, 55-63. 
2 Fan, M.; Du, L.; Stone, A. A.; Gilbert K. M.; Chambers, T. C. Cancer Res. 2000, 60, 6403-
6407. 
3 Alley, M. C.; Scudiero, D. A.; Monks A.; Hursey, M. L.; Czerwinski, M. J.; Fine, D. L.; 
Abbott, B. J.; Mayo, J. G.; Shoemaker, R. H.; Boyd M. R. Cancer Res. 1988, 48, 589-601 
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is the concentration that reduced survival to 50% of the control (no drug).  Representative 
concentrations curves are shown below (Figure). 

 
 

Figure. Concentration curves of Sclerologs 5a, 5c, 8a and 10a. 

A. 

 

B. 

 

C. 

 

D. 
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