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General Methods. Distilled water was used in all of the experiments. Organic extracts 

were dried over Na2SO4, filtered, and concentrated using a rotary evaporator at aspirator 

pressure (20-30mmHg). Chromatography refers to flash chromatography and was carried 

out on SiO2 (silica gel 60, 230-400 mesh). 
1
H and 

13
C NMR spectra were measured in 

CDCl3 at 400 MHz and 100 MHz, respectively, using Me4Si as internal standard. 

Chemical shifts are reported in ppm downfield (δ) from Me4Si.  

Representative procedure for the synthesis of 3a, 3b, 3e, 14a-e 

A mixture of diazoacetophenone (136 mg, 1mmol) and benzyl alcohol (162 mg, 1.5 

mmol) were dissolved in dry toluene (4 mL) under argon and stirred at room temperature 

for 2 minutes. Indium (III) trifluoromethanesulfonate (56.2 mg, 0.1 mmol, 10 mol%) was 

added and a rapid evolution of nitrogen gas was observed. The reaction was monitored by 

TLC, and when complete consumption of the starting material was observed, saturated 

NaHCO3 (10 mL) was added and the reaction mixture was diluted with ether (20 mL). 

The phases were separated and the aqueous phase was back-extracted with ether (1 x 

20mL). The combined organic extracts were then dried over Na2SO4, filtered, and 

concentrated in vacuo. Purification of the residue by flash chromatography (SiO2) 

afforded α-alkoxyketones 3. 

Representative procedure for the synthesis of 3c, 3d, 3f-j. 

To a cooled (0 °C) suspension of NaH (60% in mineral oil, 1.0 g, 69 mmol) in 47 ml 

THF was added a solution of bromoacetic acid (1.36 g, 9.8 mmol) in 6.75 ml THF. The 

suspension was warmed to room temperature and stirred until the evolution of hydrogen 

stopped. Benzyl alcohol (1.04 ml, 10.0 mmol) was then added dropwise at 0 °C and the 

resulting grey/milky suspension was stirred at room temperature until the evolution of 

hydrogen stopped again. After addition of tetrabutylammonium iodide (217 mg, 0.59 

mmol) the resulting white/milky reaction mixture was heated at reflux temperature for 

31⁄2 h and then cooled to 0 °C. EtOH (3 ml) was added and the mixture was concentrated 

to give a light-yellow oil, which was diluted with 20 ml sat. aq. NaHCO3 and 20 ml Et2O. 

The phases were separated and the organic layer was extracted with sat. aq. NaHCO3 (2 × 

20 ml). The combined aqueous extracts were then acidified to pH 2 with conc. HCl and 

extracted with Et2O (3 × 20 ml). The combined organic extracts were once washed with 

20 ml sat. aq. NaCl, dried over MgSO4 and concentrated under reduced pressure, which 

gave the crude benzyloxyacetic acid as a yellow oil (12.8 g, directly used for the next step 

without further purification). 

To a solution of benzyloxy acetic acid (1 g, 6 mmol) in 11 mL dichloromethane at 0°C 

was added 1,1’-carbonyl diimidazole (1.26 g, 7.82 mmol)  at 0°C. The solution bubbled 

and upon completion it was warmed to room temperature for 30 minutes. The solution 

was cooled to 0°C and triethylamine (1.1 mL, 8.4 mmol) was added, followed by the 

Weinreb amine hydrochloride salt (0.82 g, 8.4 mmol). The solution was allowed to warm 

to room temperature and was stirred overnight. The mixture was diluted with 1M HCl (10 

mL) and EtOAc (20 mL). The phases were separated and the aqueous phase was back-
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extracted with EtOAc (1 x 20 mL). The combined organic extracts were then dried over 

Na2SO4, filtered, and concentrated in vacuo. Crude amide 10 was taken directly to the 

next step without further purification. 

To a solution of Weinreb amide 10 (5 mmol) in THF (5 mL) at -78°C under argon was 

added a solution of aryllithium reagent (generated from the corresponding aryl bromide 

1M in THF by the addition of 0.95 equiv. n-BuLi) dropwise. Upon completion of the 

addition, TLC indicated complete conversion to the aryl ketone. The mixture was allowed 

to warm to -20°C and was quenched with saturated NH4Cl solution (10 mL). The mixture 

was diluted with ether (3m L) and was allowed to stir at room temperature for one hour. 

The phases were separated and the aqueous phase was back-extracted with EtOAc (1 x 20 

mL). The combined organic extracts were then dried over Na2SO4, filtered, and 

concentrated in vacuo. Purification of the residue by flash chromatography (SiO2) 

afforded α-alkoxyketones 3. 

Representative procedure for enol triflate (11a-i) formation 

Hexamethyldisilazane (0.29 mL, 2.5 mmol) dissolved in dry THF (1mL) under argon was 

cooled to 0°C in an ice bath and n-BuLi (0.75 mL), 2M in cyclohexane, 1.5 mmol) was 

added dropwise. After 10 minutes, the mixture was cooled to -78°C and a solution of α-

alkoxyketone (1 mmol) in THF (1 mL) was added dropwise. The reaction mixture was 

stirred for one hour at -78°C and then a solution of N-phenyl triflimide (1.5 mmol) in 1:1 

THF:DMPU (1mL) was added rapidly (1s). The mixture was allowed to warm to room 

temperature and then was stirred for one hour, at which time TLC indicated >90% 

consumption of starting material. The phases were separated and the aqueous phase was 

back-extracted with ether (1 x 20 mL). The combined organic extracts were then dried 

over Na2SO4, filtered, and concentrated in vacuo. Purification of the crude enol triflate 

was accomplished by rapid chromatography over silica gel employing 1% Et3N in the 

eluant (95:5 hexanes:ether). 

Representative procedure for alkynyl ether (12a-i) formation and sigmatropic 

rearrangement/cyclization to indanones 13a-i and 15a-d. 

Enol triflate obtained from the above procedure (~1 mmol) was dissolved in THF (1 mL) 

under argon and cooled to -78°C. A solution of potassium tert-butoxide (1M in THF, 3.0 

mL, 3.0 mmol) was added dropwise, and the reaction mixture darkened in color. After 20 

minutes, a solution of saturated NaHCO3 (10 mL) was added and the mixture was 

allowed to warm to room temperature with stirring. Ether (10 mL) was added, and the 

phases were separated. The aqueous later was back-extracted with ether (1 x 20 mL), and 

the combined organic extracts were then dried over Na2SO4, filtered, and concentrated in 

vacuo. The crude alkynyl ether was then dissolved in toluene (2 mL) and heated on an oil 

bath under argon for one hour, at which time TLC indicated complete conversion to the 

indanone product. Concentration in vacuo and purification of the residue by flash 

chromatography (SiO2) afforded indanones 13a-i and 15a-d. 
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Procedure for the synthesis of indene 18b. 

To a solution of diethyl(cyanomethyl)phosphonate (531 mg, 3.0 mmol) in THF (1 mL) 

was added NaH (100 mg, 2.5 mmol) at 0°C and the solution was allowed to stir for 30 

minutes. Then a solution of 2-indanone 13b (100 mg, 0.45 mmol) in THF (1 mL) was 

added and the mixture was allowed to stir 4 hours at room temperature. The mixture was 

diluted with saturated NaHCO3 (10 mL). Ether (20 mL) was added, and the phases were 

separated. The aqueous later was back-extracted with ether (1 x 20 mL), and the 

combined organic extracts were then dried over Na2SO4, filtered, and concentrated in 

vacuo. Purification of the residue by flash chromatography (SiO2) afforded indene 18b. 

Procedure for the synthesis of indene 19b 

To a solution of nitrile 18b (35.0 mg, 0.142 mmol) in methanol (1.2 mL) at 0°C were 

added Boc2O (69.0 mg, 0.32 mmol) and NiCl2•6H2O (3.8 mg, 0.016 mmol). Then NaBH4 

(42.4 mg, 1.12 mmol) was added in small portions over 30 minutes. After warming to 

room temperature and stirring for 2 hours, the mixture was diluted with saturated 

NaHCO3 (10 mL) and concentrated in vacuo to remove methanol. Ethyl acetate (10 mL) 

was added and the phases were separated. The aqueous later was back-extracted with 

ethyl acetate (1 x 10mL), and the combined organic extracts were then dried over 

Na2SO4, filtered, and concentrated in vacuo. Purification of the residue by flash 

chromatography (SiO2) afforded indene 19b.                                                                        

Ref. 15: For the transformation leading to 15d, we believe that steric interactions between 

the tert-butyl group and the phenyl-substituted ketene in the corresponding syn form (16
s
, 

see below) hinder alignment of the ketene carbonyl carbon with the benzylic carbon atom 

(which is necessary for 5-exo-dig cyclization to occur) by favoring rotamers in which the 

ketene is directed away from the benzylic carbon atom. Thus, despite the allylic strain 

present in 16
a
 , it is likely that the reaction proceeds preferentially through 16

a
 to 15d. 
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Purification: SiO2(10% EtOAc in hexanes) afforded 3a (87%). 

See spectra on pages S19 and S20 (see also reference 3, main text) 
1
H NMR: (400 MHz, CDCl3) 

7.93 (d, J=7.6 Hz, 2H); 7.57 (t, J=7.6 Hz, 1H); 7.46 (t, J=8.0 Hz, 2H); 

7.40- 7.27 (m, 5H); 4.82 (s, 2H); 4.70 (s, 2H). 
13

C NMR: (100 MHz, CDCl3) 

197.2; 136.97; 134.6; 133.9; 129.4; 128.8; 128.6; 128.2; 127.9; 127.1; 

123.6; 73.4; 72.4 

HRMS (ESI): calculated for C15H14NaO2 249.0892 found 249.0854 (M+Na)
+
 

O

O

3b

H3C

 

Purification: SiO2(10% EtOAc in hexanes) afforded 3b (82%). 

See spectra on pages S21 and S22 
1
H NMR: (400 MHz, CDCl3) 

7.90 (d, J=7.6 Hz, 2H); 7.51 (t, J=7.6 Hz, 1H); 7.46-7.27 (m, 6H); 4.72 (s, 

2H); 4.65 (s, 2H); 2.34 (s, 3H) 
13

C NMR: (100 MHz, CDCl3) 

196.3; 137.6; 135.0; 134.4; 133.5; 129.2; 128.7; 128.2; 128.0; 73.2; 72.5; 

21.2 

HRMS (ESI): calculated for C16H16NaO2 263.1048 found 263.1107 (M+Na)
+
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Purification: SiO2(10% EtOAc in hexanes) afforded 3c (71%). 

See spectra on pages S23 and S24 
1
H NMR: (400 MHz, CDCl3) 

7.83 (dd, J=8.4, 1.2 Hz, 2H); 7.45-7.25 (m, 5H); 6.83 (d, J=8.8 Hz, 2H); 

4.62 (s, 2H); 4.54 (s, 2H); 3.67 (s, 3H) 
13

C NMR: (100 MHz, CDCl3) 

196.3, 159.4; 134.9; 133.4; 129.7; 129.4; 128.6; 128.3; 127.8; 113.8; 72.9; 

72.2; 55.1. 

HRMS (ESI): calculated for C16H16NaO3 279.0997, found 279.1098 (M+Na)
+ 

O

O

3d

F3C

.

 

Purification: SiO2(5% EtOAc in hexanes) afforded 3d (68%). 

See spectra on pages S25 and S26 
1
H NMR: (400 MHz, CDCl3) 

  7.91 (dd, J=9.6 Hz, 2H); 7.61-7.42 (m, 7H); 4.81 (s, 2H); 4.72 (s, 2H). 
13

C NMR: (100 MHz, CDCl3) 

196.0; 141.6; 134.7; 133.7; 129.5; 128.8; 127.9; 127.8; 125.4; 125.3; 

115.4; 72.8; 72.5 

HRMS (ESI): calculated for C16H13 F3NaO2 317.0765, found 317.0852 (M+Na)
+
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O
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Purification: SiO2 (5% EtOAc in hexanes) afforded 3e (61%). 

See spectra on pages S27 and S28 
1
H NMR: (400 MHz, CDCl3) 

7.34-7.25 (m, 5H); 6.80 (t, J=4.0 Hz, 1H); 4.57 (s, 2H); 4.04 (s, 2H); 2.18 

(m, 4H); 1.57 (m, 4H). 
13

C NMR: (100 MHz, CDCl3) 

196.8; 140.7; 138.2; 128.5; 128.2; 128.1; 74.1; 72.3; 25.4; 22.1; 21.0; 

20.8. 

HRMS (ESI): calculated for C15H18NaO2 253.1205 found 253.1275 (M+Na)
+ 

O

O

3f

CH3

.

 

Purification: SiO2 (10% EtOAc in hexanes) afforded 3f (69%). 

See spectra on pages S29 and S30 
1
H NMR: (400 MHz, CDCl3) 

7.83-7.80 (d, J=8.4 Hz, 2H); 7.41-7.23 (m, 7H); 4.73 (s, 2H); 4.68 (s, 2H); 

2.39 (s, 3H). 
13

C NMR: (100 MHz, CDCl3) 

195.9; 144.4; 137.4; 132.4; 129.3; 128.5; 128.1; 128.0; 73.3; 72.5; 21.7 

HRMS (ESI): calculated for C16H16NaO2 263.1048, found 263.1055 (M+Na)
+ 
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.

 

Purification: SiO2(10% EtOAc in hexanes) afforded 3g (82%). 

See spectra on pages S31 and S32 
1
H NMR: (400 MHz, CDCl3) 

7.89 (d, J=8.8 Hz, 2H); 7.40-7.32 (m, 5H); 6.88 (d, J=8.8 Hz, 2H); 4.69 (s, 

2H); 4.66 (s, 2H); 3.81 (s, 3H) 
13

C NMR: (100 MHz, CDCl3) 

194.9; 163.8; 150.6; 137.5; 130.3; 128.5; 128.0; 127.9; 116.2; 114.7; 

113.9; 73.3; 72.5; 55.4. 

HRMS (ESI): calculated for C16H16NaO3 279.0997 found 279.0780 (M+Na)
+ 

 

O

O

3h

CF3

.

 

Purification: SiO2(5% EtOAc in hexanes) afforded 3h (73%). 

See spectra on pages S33 and S34 
1
H NMR: (400 MHz, CDCl3) 

8.05 (d, J=8.0 Hz, 2H); 7.74 (d, J=8.4 Hz, 2H); 7.39-7.33 (m, 5H); 4.76 (s, 

2H); 4.70 (s, 2H) 
13

C NMR: (100 MHz, CDCl3) 

  195.6; 137.5; 136.9; 134.8; 128.6; 128.4; 128.2; 128.1; 125.7; 73.5; 72.8.  

HRMS (ESI): calculated for C16H13F3NaO2 317.0765, found 317.0923 (M+Na)
+ 
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.

 

Purification: SiO2(10% EtOAc in hexanes) afforded 3i (85%). 

See spectra on pages S35 and S36 
1
H NMR: (400 MHz, CDCl3) 

7.53 (s, 1H); 7.52-7.24 (m, 6H); 6.47 (m, 1H); 4.63 (s, 2H); 4.54 (s, 2H) 
13

C NMR: (100 MHz, CDCl3) 

185.5; 150.9; 146.7; 137.3; 128.5; 128.3; 128.0; 127.9; 118.2; 112.3; 73.4; 

72.2. 

HRMS (ESI): calculated for C13H12NaO3 239.0684 found 239.0717 (M+Na)
+ 

 

O

O

3j

.

 

Purification: SiO2(5% Et2O in hexanes) afforded 3j (92%). 

See spectra on pages S37 and S38 
1
H NMR: (400 MHz, CDCl3) 

7.36-7.25 (m, 5H); 4.62 (s, 2H); 4.19 (s, 2H); 2.37 (t, J=6.8 Hz, 2H); 1.56 

(m, J=7.2 Hz, 2H); 1.38-1.26 (m, 5H); 0.89 (t, J=6.8 Hz, 3H). 
13

C NMR: (100 MHz, CDCl3) 

185.0; 137.1; 128.4; 127.9; 97.5; 82.7; 75.8; 73.3; 31.2; 28.5; 27.5; 22.5; 

22.4; 19.0; 14.0 

HRMS (ESI): calculated for C17H22NaO2 281.1517 found 281.1582 (M+Na)
+ 
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Purification: SiO2(5% EtOAc in hexanes) afforded 14a (75%). 

See spectra on pages S39 and S40 
1
H NMR: (400 MHz, CDCl3) 

7.82 (d, J= 7.6 Hz, 2H); 7.46 (t, J= 7.6 Hz, 1H); 7.36-7.25 (m, 7H); 4.65 

(d, J=16.8 Hz, 1H); 4.54 (q, J=6.4 Hz, 1H); 4.52 (d, J=16.8 Hz, 1H); 1.54 

(d, J=6.4Hz, 3H) 
13

C NMR: (100 MHz, CDCl3) 

195.9; 142.9; 135.0; 131.1; 128.6; 128.5; 128.2; 127.8; 127.7; 126.3; 78.3; 

77.9; 71.2; 24.0; 23.9 

HRMS (ESI): calculated for C16H16NaO2 263.1048 found 263.1632 (M+Na)+ 

 

 

 

14b

O

O

 

Purification: SiO2(3% Et2O in hexanes) afforded 14b (78%). 

See spectra on pages S41 and S42 
1
H NMR: (400 MHz, CDCl3) 

7.84 (d, J= 8.4 Hz, 2H); 7.50 (t, J= 7.6 Hz, 1H); 7.40-7.25 (m, 7H); 4.63 

(d, J=16.8 Hz, 1H); 4.49 (d, J=16.8 Hz, 1H); 4.40 (t, J=6.8 Hz, 1H); 1.97 

(m, 1H); 1.72 (m, 1H); 1.43 (m, 1H); 1.30 (m, 1H); 0.86 (t, J=7.6 Hz, 3H) 
13

C NMR: (100 MHz, CDCl3) 

196.4; 141.7; 135.1; 133.3; 128.6; 128.5; 128.3; 127.9; 127.0; 83.1; 71.3; 

37.9; 28.0; 22.6; 14.0. 

HRMS (ESI): calculated for C19H22NaO2 305.1517 found 305.1343 (M+Na)+ 
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14c

O

O

 

Purification: SiO2(3% Et2O in hexanes) afforded 14c (73%). 

See spectra on pages S43 and S44 
1
H NMR: (400 MHz, CDCl3) 

7.76 (d, J= 8.0 Hz, 2H); 7.43 (t, J= 7.8 Hz, 1H); 7.33-7.21 (m, 7H); 4.52 

(d, J=16.0 Hz, 1H); 4.35 (d, J=16.0 Hz, 1H); 3.97 (d, J=8.0 Hz, 1H); 1.96 

(m, J=8.0 Hz, 1H); 0.98 (d, J=8.0 Hz, 3H); 0.65 (d, J=8.0 Hz, 3H); 
13

C NMR: (100 MHz, CDCl3) 

196.6; 140.3; 135.2; 133.3; 128.6; 128.5; 128.2; 128.0; 127.8; 127.7; 88.6; 

71.6; 34.8; 19.2; 19.0. 

HRMS (ESI): calculated for C18H20NaO2 291.1361 found 291.1440 (M+Na)+ 

 

 

 

14d

O

O

 

Purification: SiO2(3% Et2O in hexanes) afforded 14d (66%). 

See spectra on pages S45 and S46 
1
H NMR: (400 MHz, CDCl3) 

7.85 (d, J= 8.0 Hz, 2H); 7.49 (t, J= 7.8 Hz, 1H); 7.37 (t, J= 7.8 Hz, 

2H); 7.32-7.25 (m, 5H); 4.62 (d, J=16.0 Hz, 1H); 4.41 (d, J=16.0 Hz, 

1H); 4.15 (s, 1H); 0.96 (s, 9H) 
13

C NMR: (100 MHz, CDCl3) 

196.5; 138.8; 135.3; 133.3; 128.6; 128.5; 128.0; 127.7; 127.6; 90.6; 71.9; 

35.8; 26.4. 

HRMS (ESI): calculated for C19H22NaO2 305.1517 found 305.1962 (M+Na)+ 
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Purification: SiO2(5% Et2O in hexanes) afforded 14e (71%). 

See spectra on pages S47 and S48 
1
H NMR: (400 MHz, CDCl3) 

7.90 (d, J= 7.6 Hz, 2H); 7.55 (t, J= 7.4 Hz, 1H); 7.46-7.41 (m, 6H); 7.35 

(t, J=7.6 Hz, 4H); 7.28 (t, J=7.8 Hz, 2H); 5.64 (s, 1H); 4.77 (s, 2H) 
13

C NMR: (100 MHz, CDCl3) 

196.3; 141.3; 135.1; 133.5; 128.7; 128.5; 128.0; 127.8; 127.4; 83.8; 77.4; 

77.1; 76.8; 71.4 

HRMS (ESI): calculated for C21H18NaO2 325.1204 found 325.1541 (M+Na)+ 

 

 

 

O

13a

 

Purification: SiO2(10% EtOAc in hexanes) afforded 11a (98%). 

See spectra on pages S49 and S50 (see also reference 3, main text) 
1
H NMR: (400 MHz, CDCl3) 

7.43-7.22 (m, 7H); 7.17 (d, J=7.6 Hz, 2H); 4.71 (s, 1H); 3.68 (s, 2H). 
13

C NMR: (100 MHz, C6D6) 

213.8; 141.4; 138.2; 137.3; 128.8; 128.5; 128.0; 127.9; 127.3; 126.0; 

124.9; 59.8; 43.0 

HRMS (ESI): calculated for C15H12NaO 231.0786, found 231.0777 (M+Na)
+ 
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O

13b
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Purification: SiO2(10% EtOAc in hexanes) afforded 13b (93%). 

See spectra on pages S51 and S52
 

1
H NMR: (400 MHz, CDCl3) 

7.36-7.24 (m, 3H); 7.17-7.10 (m, 3H); 7.01 (s, 1H); 4.63 (s, 1H); 3.62 (s, 

2H); 2.33 (m, 3H). 
13

C NMR: (100 MHz, C6D6) 

216.8; 143.3; 140.0; 137.7; 128.8; 128.5; 128.0; 127.9; 126.7; 

124.3;123.1; 60.2; 47.1; 23.5 

HRMS (ESI): calculated for C16H14NaO 245.0942, found 245.1399 (M+Na)
+ 

 

 

O

13c

H3CO

.

 

Purification: SiO2(10% EtOAc in hexanes) afforded 13c (65%). 

See spectra on pages S53 and S54
 

1
H NMR: (400 MHz, CDCl3) 

7.36-7.27 (m, 4H); 7.15 (d, J=7.6 Hz, 2H); 6.93 (m, 1H); 6.74 (m, 1H); 

4.66 (s, 1H); 3.78 (s, 3H); 3.62 (s, 2H). 
13

C NMR: (100 MHz, CDCl3) 

214.2; 159.5; 142.4; 138.0; 129.1; 128.8; 128.4; 127.3; 125.7; 114.7; 

110.7; 60.2; 55.4; 42.3. 

HRMS (ESI): calculated for C16H14NaO2 261.0891, found 261.0922 (M+Na)
+ 
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O

13d

F3C

.

 

Purification: SiO2(5% EtOAc in hexanes) afforded 13d (72%). 

See spectra on pages S55 and S56
 

1
H NMR: (400 MHz, CDCl3) 

7.63-7.26 (m, 7H); 7.11 (dd, J=9.2 Hz, 1H); 4.75 (m, 1H); 3.72 (s, 2H) 
13

C NMR: (100 MHz, CDCl3) 

212.3; 142.2; 137.2; 130.5; 130.2; 129.0; 128.4; 128.1; 127.2; 126.4; 

125.0; 123.0; 122.9; 122.7; 59.6; 42.8. 

HRMS (ESI): calculated for C16H11F3NaO 299.0660, found 299.0598 (M+Na)
+ 

 

 

 

O

13e

 

Purification: SiO2(5% EtOAc in hexanes) afforded 13e (95%). 

See spectra on pages S57 and S58 
1
H NMR: (400 MHz, CDCl3) 

7.30-7.24 (m, 4H); 5.54 (s, 1H); 3.98 (s, 1H); 3.53 (s, 2H); 1.67-1.49 (m, 

8H). 
13

C NMR: (100 MHz, C6D6) 

215.8; 141.3; 137.3; 134.7; 127.6; 127.5; 127.0; 125.3; 124.7; 62.3; 43.4; 

26.1; 25.4; 22.7; 22.1. 

HRMS (ESI): calculated for C15H16NaO 235.1099, found 235.1174  (M+Na)
+ 
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O

13f

CH3  

Purification: SiO2(5% EtOAc in hexanes) afforded 13f (90%). 

See spectra on pages S59 and S60 
1
H NMR: (400 MHz, CDCl3) 

7.38-7.30 (m, 3H); 7.21 (d, J=7.2 Hz, 1H); 7.14 (d, J=7.6 Hz, 2H); 7.02 

(d, J=8.0 Hz, 2H); 4.63 (s, 1H); 3.65 (s, 2H); 2.34 (s, 3H). 
13

C NMR: (100 MHz, CDCl3) 

214.2; 141.5; 137.2; 137.0; 135.2; 129.5; 128.5; 128.3; 127.9; 127.8; 

126.0; 124.8; 59.4; 42.9; 21.1. 

HRMS (ESI): calculated for C16H14NaO 245.0942, found 245.0921  (M+Na) 

 

 

O

13g

OMe  

Purification: SiO2(10% EtOAc in hexanes) afforded 13g (88%). 

See spectra on pages S61 and S62 
1
H NMR: (400 MHz, CDCl3) 

7.38-7.20 (m, 5H); 7.05 (d, J=6.4 Hz, 2H); 6.87 (d, J=6.4 Hz, 2H); 4.63 (s, 

1H); 3.78 (s, 3H); 3.66 (s, 2H). 
13

C NMR: (100 MHz, CDCl3) 

214.4; 158.9; 141.6; 137.2; 130.3; 129.5; 128.3; 127.9; 127.8; 126.0; 

124.8; 114.2; 58.9; 55.2; 42.8. 

HRMS (ESI): calculated for C16H14NaO2 261.0891, found 261.0664  (M+Na)
+ 
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Purification: SiO2(5% EtOAc in hexanes) afforded 13h (91%). 

See spectra on pages S63 and S64 
1
H NMR: (400 MHz, CDCl3) 

8.06 (d, J=8.0 Hz, 1H); 7.75 (d, J=8.4 Hz, 2H); 7.61 (d, J=8.0 Hz, 2H); 

7.45-7.18 (m, 5H); 4.71 (s, 1H); 3.73 (m, 2H). 
13

C NMR: (100 MHz, CDCl3) 

212.9, 140.2; 136.7; 129.8; 129.4; 128.9; 128.5; 128.2; 126.9; 125.9; 

125.7; 125.6; 125.4; 59.4; 42.8. 

HRMS (ESI): calculated for C16H11F3NaO 299.0659, found 299.0721  (M+Na)
+ 

 

 

O

13i
O

.

 

Purification: SiO2(10% EtOAc in hexanes) afforded 13i (62%). 

See spectra on pages S65 and S66 
1
H NMR: (400 MHz, CDCl3) 

7.39-7.27 (m, 5H); 6.35 (m, 1H); 6.16 (m, 1H); 4.82 (s, 1H); 3.72 (d, 

J=8.0 Hz, 2H). 
13

C NMR: (100 MHz, CDCl3) 

211.4; 150.5; 142.7; 136.9; 128.3; 127.8; 125.6; 124.9; 110.4; 107.8; 53.3; 

42.9. 

HRMS (ESI): calculated for C13H10NaO2 221.0578, found 221.0842 (M+Na)
+ 
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H3C
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Purification: SiO2 (10% Et2O in hexanes) afforded 15a (61%) (dr = 1:1). 

See spectra on pages S67 and S68 
1
H NMR: (400 MHz, CDCl3) 

  7.41-7.26 (m, 6H); 7.18-7.10 (m, 3H); 4.70 (s, 1H); 3.61 (q, J=4.2 Hz,  

  1H); 1.48 (d, J=5.6 Hz, 3H);  
13

C NMR: (100 MHz, CDCl3) 

216.4; 143.2; 140.1; 138.3; 128.9; 128.6; 128.0; 127.6; 126.0; 124.2; 59.0; 

46.7; 15.8. 

HRMS (ESI): calculated for C16H14NaO 245.0942, found 245.4017  (M+Na)
+
. 

 

O

15b

.

 

Purification: SiO2 (10% Et2O in hexanes) afforded 15b (53%) (dr= 4:1). 

See spectra on pages S69 and S70 
1
H NMR: (400 MHz, CDCl3) 

  7.33-7.21 (m, 9H), 4.42 (s, 1H), 3.34 (t, J=5.4Hz, 1H), 1.86 (m, 2H), 1.41- 

  1.19 (m, 4H), 0.80 (t, J=6.0, 3H);  
13

C NMR: (100 MHz, CDCl3) 

214.2; 142.3; 141.0; 128.9; 128.5; 128.0; 127.7; 127.5; 58.9; 52.0; 31.2; 

28.8; 22.7; 19.6. 

HRMS (ESI): calculated for C19H20NaO 287.1412, found 287.1361  (M+Na)
+
. 
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Purification: SiO2 (10% Et2O in hexanes) afforded 15c (48%) (dr= 2:1). 

See spectra on pages S71 and S72 
1
H NMR: (400 MHz, CDCl3) 

7.24-7.01 (m, 9H); 4.38 (s, 1H); 3.25 (d, J=3.6Hz, 1H); 2.29 (m, J=4.0Hz, 

1H); 1.01 (d, J=6.4Hz, 3H); 0.89 (d, J=6.4Hz, 3H). 
13

C NMR: (100 MHz, CDCl3) 

213.8; 141.3; 140.9; 138.0; 128.9; 128.4; 128.0; 127.7; 127.5; 126.9; 

126.1; 124.7; 58.9; 58.0; 31.2; 19.9; 19.6. 

HRMS (ESI): calculated for C18H18NaO 273.1255, found 273.1271  (M+Na)
+
. 

 

O

15d

.

 

Purification: SiO2 (10% Et2O in hexanes) afforded 15d (69%) (cis:trans = >95:5). 

See spectra on pages S73 and S74 and NOESY S75 and S76 
1
H NMR: (400 MHz, CDCl3) 

  7.42 (d, J=10.0 Hz, 2H); 7.31 (m, 1H); 7.20-7.09 (m, 6H); 4.40 (s, 1H),  

  3.09 (s, 1H), 0.99 (s, 9H). 

 
13

C NMR: (100 MHz, CDCl3) 

213.3; 141.3; 140.7; 138.6; 128.5; 128.0; 127.9; 127.6; 127.3; 126.6; 62.3; 

58.6; 35.0; 30.5; 28.6. 

HRMS (ESI): calculated for C19H20NaO 287.1412, found 287.1438  (M+Na)
+
. 
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Purification: SiO2 (5% EtOAc in hexanes) afforded 16b (91%) 

See spectra on pages S77 and S78
 

1
H NMR: (400 MHz, CDCl3) 

7.53-7.35 (m, 6H); 7.09-7.05 (m, 2H); 3.63 (s, 2H); 3.55 (s, 2H); 2.35 (s, 

3H) 
13

C NMR: (100 MHz, CDCl3) 

144.8; 139.1; 136.4; 133.6; 130.5; 128.9; 128.8; 128.1; 126.5; 123.6; 

121.2; 40.2; 21.5; 17.9  

HRMS (ESI): calculated for C18H15NNa 268.1102, found 268.1099 (M+Na)
+
. 

 

H3C

19b

NHBoc

 

Purification: SiO2 (10% EtOAc in hexanes) afforded 17b (60%) 

See spectra on pages S79 and S80
 

1
H NMR: (400 MHz, CDCl3) 

 7.49-7.35 (m, 6H); 7.00 (m, 2H); 3.47 (s, 2H); 3.35 (m, 2H); 2.71 (t, 

J=6.8 Hz, 2H); 2.34 (s, 3H); 1.41 (s, 9H). 
13

C NMR: (100 MHz, CDCl3) 

155.7; 146.3; 141.1; 138.0; 135.2; 129.1; 128.5; 128.3; 127.3; 125.3;    

123.3; 120.4; 100.0; 79.2; 40.2; 40.0; 29.4; 28.3; 21.5 

HRMS (ESI): calculated for C23H27NNaO2 372.1939, found 372.1763 (M+Na)
+
. 
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NOESY of 15d showing the Ha�Hd nOe 
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NOESY of 15d showing the Hc�Hd, Hc�Ha, and Hb�Hd nOes 
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NMR studies: 

A 0.5 M solution of alkynyl ether 12 in CDCl3 (0.5 mL) was heated to 330K in the NMR spectrometer and spectra were recorded at 

2.5 minute intervals (for t=0 to t=15 minutes), five-minute intervals (for t=15 minutes to t=30 minutes), and 10 minute intervals (for 

t=30 minutes to t=50 minutes). Integrals of the benzylic protons of 12 and the methylene protons of 13 were measured for each 

spectrum. The relative concentration or mole fraction of 12 at time t, [12]t, was calculated as follows: [12]t=(area CH2 12)t/[(area CH2 

12)t+ (area CH2 13)t]. The half-life for each reaction was calculated assuming a first-order process for the rearrangement/cyclization 

reaction, such that ln[12]t=-kt + ln[12]o 

A plot of ln[12]t vs. t gives a straight line with slope=-k. 

and ln2/k=t1/2 
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T=330K, 12a����13a (t1/2=4.8 minutes) 
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T=330K, 12a����13a (t1/2=4.8 minutes) 
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57°C, CDCl3

Hb Hb
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      Ha    Hc          Hb 

t=0 min  

t=5 min  

t=10 min   

t=20 min  

t=30 min  

                                                     5.0                           4.5                            4.0                           3.5 
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T=330K, 12b����13d (t1/2=0.8 minutes) 
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T=330K, 12b����13d (t1/2=0.8 minutes) 
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t=2.5 min      

t=5.0 min   
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T=330K, 12d����13d (t1/2=13.3 minutes) 
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T=330K, 12d����13d (t1/2=13.3 minutes) 

 

t=0 min  

t=5 min  

t=10 min  

t=20 min  

t=40 min  

 



S88 

 

 

T=330K, 12f����13f (t1/2=3.6 minutes) 
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T=330K, 12f����13f (t1/2=3.6 minutes) 
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T=330K, 12h����13h (t1/2=4.6 minutes) 
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T=330K, 12h����13h (t1/2=4.6 minutes) 
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Data for Hammett plot, 12a, 12b, 12d 

 

Y                ln(k/k0)               σσσσ    

CF3             -0.9877              0.53 

H                   0                       0 

CH3             1.7871             -0.17 

(σ values obtained from reference 13, main text)  
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Data for Hammett plot, 12a, 12f, 12h 

 

X                ln(k/k0)               σσσσ    

Ph-CF3        0.0272              0.53 

Ph-H              0                       0 

Ph-CH3       0.2755             -0.17 

 
 


