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General Information 
 
All reactions were carried out under a nitrogen atmosphere in flame-dried glassware with 
magnetic stirring.  CH2Cl2 was purified by passage through a bed of activated alumina.1 
Reagents were purified prior to use unless otherwise stated following the guidelines of 
Perrin and Armarego.2  Purification of reaction products was carried out by flash 
chromatography using EM Reagent silica gel 60 (230-400 mesh).  Analytical thin layer 
chromatography was performed on EM Reagent 0.25 mm silica gel 60-F plates.  
Visualization was accomplished with UV light and ceric ammonium nitrate stain or 
potassium permangenate stain followed by heating. Infrared spectra were recorded on a 
Perkin Elmer 1600 series FT-IR spectrometer.  1H-NMR spectra were recorded on a 
Varian Inova 500 (500 MHz) spectrometer and are reported in ppm using solvent as an 
internal standard (CDCl3 at 7.26 ppm).  Data are reported as (ap = apparent, s = singlet, d 
= doublet, t = triplet, q = quartet, m = multiplet, b = broad; coupling constant(s) in Hz; 
integration.  Proton-decoupled 13C-NMR spectra were recorded on a Varian Inova 500 
(125 MHz) spectrometer and are reported in ppm using solvent as an internal standard 
(CDCl3 at 77.0 ppm).  Mass spectra data were obtained on a Varian 1200 Quadrupole 
Mass Spectrometer and Micromass Quadro II Spectrometer.   
 
Enals 1a, 1b, 1c, 1d, 1e, 9, and 10 were prepared according to List.3  Enal 13 was 
prepared according to Roush.4 
 
 
 
 
General Procedure for Intramolecular Michael Reaction 
 
To a flame-dried 10 mL round bottom flask containing a magnetic stirring bar was added 
azolium salt D (4.2 mg, 0.01 mmol) and the corresponding enal (0.1 mmol).  The flask 
was then sealed with rubber septum and placed under positive pressure of nitrogen.  The 
heterogeneous mixture was then diluted with CH2Cl2 (2 mL, 0.05 M).  Once the material 
dissolved, diisopropylethylamine (2 µL, 0.01 mmol) was added via syringe.  The reaction 
stirred at 23 °C under N2 atmosphere until complete consumption of enal (as observed by 
thin layer chromatography).  Methanol (5 ml) was added to the reaction and stirred at 23 
°C under N2 for five hours.  The mixture was partially concentrated under reduced 
pressure and the remaining residue was purified by silica gel chromatography (5% 
EtOAc/Hexanes) affording the pure annulation product. 
 

                                                   
1.  Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. Organometal. 1996, 

15, 1518-1520. 
2.   Perrin, D. D. and Armarego, W. L. Purification of Laboratory Chemicals; 3rd Ed., Pergamon Press, 

Oxford. 1988. 
3.  Yang, J.-W.; Hechavarria, M.; List, B. J. Am. Chem. Soc. 2005, 127, 15036-15037 
4.  Frank, S. A.; Mergott, D. J.; Roush, W. R. J. Am. Chem. Soc. 2002, 124, 2404-2405. 
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H  (4aS,9aS)-3-phenyl-9,9a-dihydro-4aH-2-oxa-fluoren-1-one (3): Prepared 
according to general procedure excluding the methanol addition using (E)-3-(2-((E)-3-
oxo-3-phenylprop-1-enyl)phenyl)prop-2-enal (52 mg, 0.2 mmol) to afford 36 mg (68%) 
of 3 as a white solid.  Methanol was not added to quench the reaction.  Analytical data for 
3:  IR (film) 2914, 2850, 1757, 1199, 1137, 1090, 1022, 757 cm-1; 1H NMR (500 MHz, 
CDCl3) δ 7.65 (d, J = 7.1 Hz, 2H), 7.31 (m, 7H), 7.37 (d, J = 4.2 Hz, 1H), 4.25 (m, 1H), 
3.54 (m, 2H), 3.42 (m, 1H); 13C NMR (125 MHz, CDCl3) 170.55, 148.62, 143.36, 
132.58, 129.36, 128.71, 127.86, 127.74, 125.11, 124.98, 123.96, 100.68, 42.74, 42.42, 
36.30; LRMS (ES): Mass calcd for C18H14O2 [M+H]+, 263.1.  Found [M+H]+, 263.1; 
[α]D: 57.5 (CHCl3, c = 0.15, er = 99.5:0.5).  Enantiomeric ratio was measured by HPLC 
(Chiralcel AD-H, 15% IPA/Hexanes, 1 mL/min, Rt1 = 9.14, Rt2 = 14.18). 
 

 (1S,2S)-methyl 1-(2-oxo-2-phenylethyl)-2,3-dihydro-1H-indene-2-
carboxylate (4): Prepared according to general procedure using (E)-3-
(2-((E)-3-oxo-3-phenylprop-1-enyl)phenyl)prop-2-enal (52 mg, 0.2 
mmol) to afford 40 mg (69%) of 4 as a colorless oil.  Analytical data for 

4:  IR (film) 3024, 2947, 1730, 1685, 1442, 1365 cm-1; 1H NMR (500 MHz, CDCl3) δ 
7.95 (d, J = 7.3 Hz, 2H), 7.57 (t, J = 7.3 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 7.27 (d, J = 6.4 
Hz, 1H), 7.19 (m, 3H), 4.28 (q, J = 7.3 Hz, 1H), 3.59 (m, 4H), 3.42 (m, 2H), 3.15 (m, 
2H); 13C NMR (125 MHz, CDCl3) 198.72, 174.72, 144.87, 137.26, 133.32, 128.84, 
128.26, 127.53, 127.08, 124.81, 124.35, 51.90, 47.69, 42.75, 40.81, 34.73; LRMS (ES): 
Mass calcd for C19H18O3 [M+H]+, 295.3.  Found [M+H]+, 295.5; [α]D: -16.6 (CH2Cl2, c = 
1.0, er = 99.5:0.5).  Enantiomeric ratio was measured by HPLC (Chiralcel AD-H, 15% 
IPA/Hexanes, 1 mL/min, Rt1 = 8.84, Rt2 = 13.88). 
 

(1S,2S)-methyl 1-(2-(4-bromophenyl)-2-oxoethyl)-2,3-dihydro-1H-
indene-2-carboxylate (5): Prepared according to general procedure 
using (E)-3-(2-((E)-3-(4-bromophenyl)-3-oxoprop-1-
enyl)phenyl)prop-2-enal (34 mg, 0.1 mmol) to afford 23 mg (62%) of 
5 as a colorless oil.  Analytical data for 5:  IR (film) 3023, 2949, 1729, 

1687, 1435, 1365 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 8.3 Hz, 2H), 7.59 (d, J 
= 8.5 Hz, 2H), 7.26 (d, J = 8.5 Hz, 1H), 7.21 (m, 3H), 4.25 (m, 1H), 3.60 (m, 4H), 3.40 
(m, 2H), 3.16 (m, 2H); 13C NMR (125 MHz, CDCl3) d 197.76,  174.72, 144.66, 141.53, 
135.94, 132.15, 129.79, 128.50, 127.62, 127.13, 124.86, 124.28, 51.96, 47.57, 42.69, 
40.78, 34.74; LRMS (ES): Mass calcd for C19H17BrO3 [M+H]+, 373.2.  Found [M+H]+, 
373.4; [α]D: -16.6 (CH2Cl2, c = 0.5, er = 99.5:0.5).  Enantiomeric ratio was measured by 
HPLC (Chiralcel AD-H, 20% IPA/Hexanes, 1 mL/min, Rt1 = 8.10, Rt2 = 9.40). 
 

(1S,2S)-methyl 1-(2-(4-methoxyphenyl)-2-oxoethyl)-2,3-dihydro-
1H-indene-2-carboxylate (6): Prepared according to general 
procedure using (E)-3-(2-((E)-3-(4-methoxyphenyl)-3-oxoprop-1-
enyl)phenyl)prop-2-enal (29 mg, 0.1 mmol) to afford 26 mg (80%) 

CO2Me

Ph

O

CO2Me

O

Br

CO2Me

O

MeO



Angew. Chem. Int. Ed. Supporting Information  page S4 

 

of 6 as a yellow oil.  Analytical data for 6:  IR (film) 3006, 2949, 2841, 1730, 1674, 1600, 
1508 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 7.8 Hz, 2H), 7.25 (m, 1H), 7.20 
(m, 3H), 6.92 (d, J = 8.9 Hz, 2H), 4.26 (m, 1H), 3.87 (s, 3H), 3.59 (m, 4H), 3.37 (m, 2H), 
3.10 (m, 2H); 13C NMR (125 MHz, CDCl3) d 197.19,  174.74, 163.71, 144.98, 141.58, 
130.53, 130.37, 127.46, 127.04, 113.95, 55.17, 51.90. 47.73, 42.86, 40.37, 34.68; LRMS 
(ES): Mass calcd for C20H20O4 [M+H]+, 325.4.  Found [M+H]+, 325.5; [α]D: -28.9 
(CH2Cl2, c = 1.0, er = 99.5:0.5).  Enantiomeric ratio was measured by HPLC (Chiralcel 
AD-H, 15% IPA/Hexanes, 1 mL/min, Rt1 = 11.41, Rt2 = 14.05). 
 

 
(1S,2S)-methyl 1-(2-oxopropyl)-2,3-dihydro-1H-indene-2-carboxylate 
(7): Prepared according to general procedure using (E)-3-(2-((E)-3-
oxobut-1-enyl)phenyl)prop-2-enal (20 mg, 0.1 mmol) to afford 14 mg 
(59%) of 7 as a colorless oil.  Analytical data for 7:  IR (film) 3020, 2950, 

1727, 1435, 1365 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.20 (m, 4H), 4.35 (m, 1H), 3.68 
(s, 3H), 3.49 (q, J = 8.3, 1H), 3.29 (dd, J = 15.9, 8.9 Hz, 1H), 3.06 (dd, J = 15.9, 7.9 Hz, 
1H), 2.86 (dd, J = 18.1, 8.3 Hz, 1H), 2.63 (dd, J = 11.9, 6.1 Hz, 1H), 2.13 (s, 3H); 13C 
NMR (125 MHz, CDCl3) δ 207.33, 174.75, 144.75, 141.43, 127.49, 127.10, 124.78, 
124.15, 51.94, 47.44, 45.58, 42.44, 34.60, 30.68; LRMS (ES): Mass calcd for C14H16O3 
[M+H]+, 233.3.  Found [M+H]+, 233.5; [α]D: -26.4 (CH2Cl2, c = 1.0, er = 99.5:0.5).  
Enantiomeric ratio was measured by HPLC (Chiralcel AD-H, 1% IPA/Hexanes, 0.5 
mL/min, Rt1 = 23.39, Rt2 = 25.01). 
 

(1S,2S)-methyl 1-(2-oxoethyl)-2,3-dihydro-1H-indene-2-carboxylate 
(8): Prepared according to general procedure using (2E,2'E)-3,3'-(1,2-
phenylene)diprop-2-enal (37 mg, 0.2 mmol) to afford 29 mg (68%) of 8 
as a colorless oil.  Analytical data for 8:  IR (film) 3023, 2922, 1727, 

1436, 1367 cm-1; 1H NMR (500 MHz, CDCl3) δ 9.80 (s, 1H), 7.24 (m, 4H), 4.07 (m, 1H), 
3.70 (s, 3H), 3.53 (q, J = 8.2 Hz, 1H), 3.35 (dd, J = 15.9, 8.8 Hz, 1H), 3.09 (dd, J = 15.9, 
8.2 Hz, 1H), 2.82 (dd, J = 7.6, 0.9 Hz, 1H), 2.65 (dd, J = 17.7, 6.4 Hz, 1H); 13C  NMR 
(125 MHz, CDCl3) δ 200.87, 174.24, 144.19, 141.35, 127.70, 127.21, 124.91, 124.20, 
51.99, 47.63, 46.11, 41.40, 34.33; LRMS (ES): Mass calcd for C13H14O3 [M+H]+, 219.3.  
Found [M+H]+, 219.6; [α]D: -34.8 (CH2Cl2, c = 1.0, er = 99.5:0.5).  Enantiomeric ratio 
was measured by HPLC (Chiralcel AD-H, 3% IPA/Hexanes, 1 mL/min, Rt1 = 8.33, Rt2 = 
9.14). 
 

 (1S,2S)-methyl 6-fluoro-1-(2-oxo-2-phenylethyl)-2,3-dihydro-1H-
indene-2-carboxylate (10): Prepared according to general procedure 
using (2E,2'E)-3,3'-(4-fluoro-1,2-phenylene)diprop-2-enal (56 mg, 0.2 
mmol) to afford 42 mg (68%) of 10 as a colorless oil.  Analytical data 

for 10:  IR (film) 3060, 2951, 2851, 1732, 1685, 1597, 1436, 1230, 1168, 813, 753, 690 
cm-1; 1H NMR (500 MHz, CDCl3) δ 7.93 (d, J = 7.9 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 
7.45 (t, J = 7.6 Hz, 2H), 7.16 (m, 2H), 6.88 (m, 2H), 4.23 (q, J = 7.3 Hz, 1H), 3.62 (q, J = 
7.9 Hz, 1H), 3.56 (s, 3H), 3.40 (dd, J = 17.7, 17.7 Hz, 1H), 3.30 (dd, J = 15.6, 7.9 Hz, 
1H), 3.14 (dd, J = 17.7, 6.4 Hz, 1H), 3.06 (dd, J = 15.6, 7.9 Hz, 1H); 13C NMR (125 
MHz, CDCl3) δ 198.34, 174.38, 163.40, 161.46, 146.98, 146.92, 137.08, 136.90, 133.45, 
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128.24, 125.69, 125.63, 114.47, 114.29, 111.68, 111.50, 51.95, 48.20, 42.68, 40.42, 
33.90: LRMS (ES): Mass calcd for C19H17FO3 [M+H]+, 313.3.  Found [M+H]+, 313.4; 
[α]D: -21.9 (CH2Cl2, c = 1.0, er = 99.5:0.5).  Enantiomeric ratio was measured by HPLC 
(Chiralcel OD-H, 2.5% EtOH/2.5% IPA/95% Hexanes, 1 mL/min, Rt1 = 8.80, Rt2 = 
9.54). 
 

(1S,2S)-methyl 5,6-dimethoxy-1-(2-oxo-2-phenylethyl)-2,3-
dihydro-1H-indene-2-carboxylate (12): Prepared according to 
general procedure using (2E,2'E)-3,3'-(4,5-dimethoxy-1,2-
phenylene)diprop-2-enal (32 mg, 0.1 mmol) to afford 26 mg (73%) of 
12 as a yellow solid.  Analytical data for 12:  IR (film) 3061, 2948, 

1729, 1684, 1563, 1449 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.92 (d, J = 7.3 Hz, 2H), 
7.55 (m, 1H), 7.45 (m, 2H), 6.78 (s, 1H), 6.74 (s, 1H), 4.20 (m, 1H), 3.87 (s, 3H), 3.80 (s, 
3H), 3.60 (m, 4H), 3.35 (m, 2H), 3.12 (dd, J = 17.4, 6.7 Hz, 1H), 3.05 (dd, J = 15.5, 8.3 
Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 199.04, 174.64, 148.92, 148.49, 137.33, 136.39, 
133.34, 133.00, 128.25, 107.82, 107.74, 56.27, 56.25, 51.92, 48.24, 42.84, 40.91, 34.46; 
LRMS (ES): Mass calcd for C21H22O5 [M+H]+, 355.4.  Found [M+H]+, 355.4; [α]D: -9.3 
(CH2Cl2, c = 1.0, er = 99.5:0.5).  Enantiomeric ratio was measured by HPLC (Chiralcel 
AD-H, 15% IPA/Hexanes, 1 mL/min, Rt1 = 8.29, Rt2 = 10.99). 
 

(1S,2S) methyl 2-(2-oxopropyl)cyclopentanecarboxylate (14): To a 
flame-dried 50 mL round bottom flask was added azolium salt D (46 mg, 
0.11 mmol.  The flask was then sealed with rubber septum and put N2 
atmosphere.  A mixture of (2E,6E)-8-oxonona-2,6-dienal (80 mg, 0.53 
mmol) and CH2Cl2 (10 mL, 0.05 M) was added via syringe.  

Diisopropylethylamine (18.6 µL, 0.11 mmol) was then added via syringe.  The reaction 
stirred at 23 °C under N2 atmosphere.  Methanol (20 ml) and diisopropylethylamine (0.53 
mmol) were added to the reaction after six hours.  The reaction was then stirred under 
nitrogen at 23 °C for 12 hr.  The mixture was then taken up in pentane and washed with 
water.  The layers were then separated.  The aqueous layer was then extracted with 
pentane (2 x 20 ml).  The combined organic layers were dried with Na2SO4, filtered, and 
condensed under reduced pressure.  The mixture was then purified by flash 
chromatography on silica gel (25% ether/pentane) to afford 64 mg (66%) of 14 as a 
yellow oil.  Analytical data for 14:  IR (film) 2953, 2872, 1730, 1721, 1435, 1361, 1168 
cm-1; 1H NMR (500 MHz, CDCl3) δ 3.66 (s, 3H), 2.93(m, 1H), 2.61 (m, 2H), 2.41 (m, 
1H), 2.14 (s, 3H), 1.90 (m, 4H), 1.54 (m, 1H), 1.32 (m, 1H); 13C NMR (125 MHz, 
CDCl3) δ 208.14, 176.06, 51.51, 46.64. 45.36, 38.37, 31.63, 30.50, 28.62, 23.83; LRMS 
(ES): Mass calcd for C10H16O3 [3M+Na]+, 575.3.  Found [3M+Na]+, 575.8; [α]D: 42.2 
(CHCl3, c = 0.5, er = 99.5:0.5).  Enantiomeric ratio was measured by GC (Beta Dex 225, 
23.00 psi, 80 °C – 170 °C, Rt1 = 33.81, Rt2 = 34.05). 
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 (1S,2S)-1-(2-oxo-2-phenylethyl)-N-((R)-1-phenylethyl)-2,3-
dihydro-1H-indene-2-carboxamide (17): Prepared according to 
general procedure using (E)-3-(2-((E)-3-oxo-3-phenylprop-1-
enyl)phenyl)prop-2-enal (52 mg, 0.2 mmol) to afford  70 mg (68%) of 

17 as a white solid.  Upon consumption of enal, (S)-α-methyl benzylamine (3 equiv.) was 
added via syringe to the reaction flask after 3 hr.  The reaction stirred at 23 °C for an 
additional 6 hr.  Analytical data for 17:  IR (film) 3315, 3062, 3029, 2974, 2928, 
1682,1640, 1534, 1239, 1215, 1000, 747, 691 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.78 
(d, J = 7.7 Hz, 2H), 7.55 (t, J = 7.3 Hz, 1H), 7.40 (t, J = 7.5 Hz, 2H), 7.26 (d, J = 7.7 Hz, 
1H), 7.15 (m, 6H), 7.06 (m, 2H), 6.06 (d, J = 7.3 Hz, 1H), 4.98 (m, 1H), 4.12 (m, 1H), 
3.42 (m, 2H), 3.21 (m, 2H), 3.09 (m, 1H) 1.43 (d, J = 6.9 Hz, 3H); 13C NMR (125 MHz, 
CDCl3) δ 199.67, 172.61, 144.93, 143.36, 142.34, 137.03, 133.27, 128.71, 128.33, 
127.39, 127.37, 126.84, 126.38, 124.69, 124.02, 49.38, 49.22, 42.87, 40.47, 35.13, 22.04; 
LRMS (electrospray): Mass calcd for C26H25NO2 [M+H]+, 384.2.  Found [M+H]+, 384.7; 
[α]D: -100.0 (MeOH, c = 0.3, er = 99.5:0.5).   
 

2-((1S,2S)-2-(morpholine-4-carbonyl)-2,3-dihydro-1H-inden-1-yl)-
1-phenylethanone (18): Prepared according to general procedure 
using (E)-3-(2-((E)-3-oxo-3-phenylprop-1-enyl)phenyl)prop-2-enal 
(52 mg, 0.2 mmol) to afford 49 mg (70%) of 18 as a white solid.  
Upon consumption of the enal, morpholine (5 equiv.) was added via 
syringe to the reaction flask after 3 hr.  The reaction stirred at room 

temperature for an additional 3 hr.  Solvent was then removed in vacuo.  The mixture was 
purified via flash chromatography on silica gel (15% EtOAC/Hexanes).  Analytical data 
for 16:  IR (film) 3062, 2960, 2586, 1682, 1634, 1442, 1230, 1115 cm-1; 1H NMR (500 
MHz, CDCl3) δ 7.92 (d, J = 7.6 Hz, 2H), 7.54 (m, 1H), 7.43 (m, 2H), 7.27 (d, J = 4.9 Hz, 
1H), 7.20 (m, 3H), 4.21 (m, 1H) , 3.60 (m, 11H), 2.94 (m, 2H); 13C NMR (125 MHz, 
CDCl3) δ 198.75, 171.57, 145.28, 141.95, 137.10, 133.36, 128.77, 127.43, 124.76, 
124.22, 66.84, 66.62, 46.30, 44.88, 42.15, 42.09, 40.81, 35.00; LRMS (ES): Exact mass 
calcd for C22H23NO3 [2M+Na]+, 721.3.  Found [2M+Na]+, 721.9; [α]D: –72.4 (CH2Cl2, c 
= 1.0, er = 99.5:0.5).   
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Selected NMR Spectra 
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HPLC and GC Traces of Racemic and Enantioenriched Compounds 
 
Racemic 3 
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Enantioenriched 3 
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Racemic 4 
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Enantioenriched 4 
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Enantioenriched 5 
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Racemic 6 
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Enantioenriched 6 
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Racemic 7 
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Enantioenriched 7 
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Racemic 8 
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Enantioenriched 8 
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Racemic 10 
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Enantioenriched 10 
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Racemic 12 
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Enantioenriched 12 
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Enantioenriched 14 
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X-Ray Crystallography of Amide 17 
 
X-ray diffraction was performed at –120 °C and raw frame data were processed using 
SAINT.  Molecular structure was solved using direct methods and refined by F2 by full-
matrix least-squares techniques.  The GOF = 1.084 for 267 variables refined to R1 = 
0.0409 for 4634 reflections with I>2α(I).  There was no absorption correction of Flack 
parameters.  Further information is contained in the CIF file. 
 

QuickTime™ and a
None decompressor

are needed to see this picture.

 


