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General Considerations 

All reactions utilizing air-sensitive reagents were carried out in flame-dried 

glassware under a dry argon atmosphere. All solvents were purified and dried 

according to standard methods prior to use. 1H NMR spectra were recorded on a 

VARIAN Mercury 300 MHz spectrometer in chloroform-d. Chemical shifts are 

reported in ppm with the internal TMS signal at 0.0 ppm as a standard. The data is 

being reported as [s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, brs 

= broad singlet, coupling constant (s) in Hz, integration]. 13C NMR spectra were 

recorded on a VARIAN Mercury 75 MHz spectrometer in chloroform-d. Chemical 

shifts are reported in ppm with the internal chloroform signal at 77.0 ppm as a 

standard. Catalysts A-E were prepared according to the known methods[1]. All the 

aldehydes were prepared according to the known methods[2]. 
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General Procedure for Intramolecular Michael Reaction 

 
A flame dried Schlenk tube was cooled to room temperature and filled with argon. To 

this flask were added triazolium salt D (2.1 mg, 0.005 mmol, 5 mol%), DIEA (2 µL, 

0.010 mmol, 10 mol%), CH2Cl2 (2 mL). The mixture was stirred for 0.5h at room 

temperature, then enal 1 (0.1 mmol) was added and the mixture was refluxed at 45°C. 

After the reaction was complete (the disappearance of the enal 1, monitored by TLC), 

methanol (5 mL) was added and the reaction mixture was stirred at room temperature 

overnight. The mixture was concentrated under reduced pressure, and then purified by 

silica-gel column chromatography (hexane/EtOAc) to afford annulation product.  
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Spectra Data for Compounds 1 and 2 

 

 

(E)-3-(2-((E)-3-oxo-3-phenylprop-1-enyl)phenyl)acrylaldehyde  

1a[2]: 1H NMR (300 MHz, CDCl3) δ 6.69 (dd, J = 7.5, 15.9 Hz, 1 H), 7.49 -7.56 (m, 

5H), 7.60-7.78 (m, 2 H), 7.96 (d, J = 15.9 Hz, 1 H), 8.04-8.07 (m, 2 H), 8.21 (d, J = 

15.3 Hz, 1 H), 9.78 (d, J = 8.1 Hz, 1 H). 

  

(E)-3-(2-((E)-3-oxobut-1-enyl)phenyl)acrylaldehyde 

1b[2]:1H NMR (300 MHz, CDCl3) δ 2.43 (s, 3 H), 6.67 (d, J = 16.2 Hz, 1 H), 6.68 (d, 

J = 16.2 Hz, 1 H), 7.46-7.49 (m, 2 H), 7.62-7.67 (m, 2 H), 7.88 (d, J = 15.9 Hz, 1 H), 

7.91 (d, J = 15.6 Hz, 1 H), 9.78 (d, J = 7.8 Hz, 1 H). 

  

(E)-3-(2-((E)-4,4-dimethyl-3-oxopent-1-enyl)phenyl)acrylaldehyde  

1c: 1H NMR (300 MHz, CDCl3) δ 1.13 (s, 9 H), 6.51 (dd, J = 7.2, 15.9 Hz, 1 H), 6.97 

(d, J = 15.3 Hz, 1 H), 7.31-7.35 (m, 2 H), 7.49-7.56 (m, 2 H), 7.76 (d, J = 15.6 Hz, 1 

H), 7.92 (d, J = 15.3 Hz, 1 H), 9.60 (d, J = 7.2 Hz, 1 H); 13C NMR (75 MHz, CDCl3) δ 

25.8, 42.9, 124.6, 127.2, 127.5, 129.8, 130.6, 130.7, 133.4, 134.8, 138.4, 148.6, 193.0, 

203.2; IR (KBr): νmax (cm-1) = 2968, 1686, 1606, 1477, 1324, 1125, 1075, 974, 761; 

MS (ESI, m/z) 265.3 (M+Na+); Anal. calcd for C16H18O2: C, 79.31; H, 7.49; Found: C, 

79.37; H, 7.38. 
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(E)-3-(2-((E)-3-(4-chlorophenyl)-3-oxoprop-1-enyl)phenyl)acrylaldehyde  

1d: 1H NMR (300 MHz, CDCl3) δ 6.69 (dd, J = 8.1, 15.6 Hz, 1 H), 7.44-7.52 (m, 5 H), 

7.66-7.77 (m, 2 H), 7.92-8.01 (m, 3 H), 8.23 (d, J = 15.9 Hz, 1 H), 9.78 (d, J = 8.1 Hz, 

1 H); 13C NMR (75 MHz, CDCl3) δ 124.7, 127.5, 127.6, 128.8, 129.7, 130.4, 130.8, 

131.1, 133.8, 134.5, 135.7, 139.4, 140.7, 148.4, 187.8, 193.2; IR (KBr): νmax (cm-1) = 

1671, 1598, 1483,1286, 1219, 1157, 1122, 1034, 964, 865, 691; MS (ESI, m/z) 319.7 

(M+Na+); Anal. calcd for C18H13ClO2: C, 72.85; H, 4.42; Found: C, 72.76; H, 4.41. 

   

(E)-3-(2-((E)-3-(4-methoxyphenyl)-3-oxoprop-1-enyl)phenyl)acrylaldehyde 

1e[2]: 1H NMR (300 MHz, CDCl3) δ 3.87 (s, 3 H), 6.65 (dd, J = 8.1, 15.6 Hz, 1 H), 

6.97 (d, J = 8.4 Hz, 2 H), 7.44-7.52 (m, 3 H), 7.62-7.65 (m, 1 H), 7.72-7.75 (m, 1 H), 

7.93 (d, J = 15.6 Hz, 1 H), 8.05 (d, J = 8.1 Hz, 2 H), 8.15 (d, J = 15.3 Hz, 1H), 9.74 (d, 

J = 7.8 Hz, 1 H). 

  

(E)-3-(2-((E)-3-(4-nitrophenyl)-3-oxoprop-1-enyl)phenyl)acrylaldehyde 

1f: 1H NMR (300 MHz, CDCl3) δ 6.70 (dd, J = 7.5, 15.6 Hz, 1 H), 7.46-7.55 (m, 3 H), 

7.68-7.80 (m, 2 H), 7.94 (d, J = 16.2 Hz, 1 H), 8.18-8.40 (m, 5 H), 9.79 (d, J = 7.8 Hz, 

1 H); 13C NMR (75 MHz, CDCl3) δ 123.8, 124.0, 124.6, 127.9, 128.0, 129.3, 129.5, 

131.1, 131.1, 131.9, 134.4, 134.4, 142.4, 142.5, 188.0, 193.2; IR (KBr): νmax (cm-1) = 

1674, 1586, 1517, 1345, 1212, 1122, 970, 755; MS (ESI, m/z) 330.9 (M+Na+); HRMS 

(EI) calcd for C18H13NO4 (M+): 307.0845; Found: 307.0847. 
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(2E,2'E)- 3,3'-(1,2-phenylene)-bis-2-propenal   
1g[2] : 1H NMR (300 MHz, CDCl3) δ 6.69 (dd, J = 7.5, 15.9 Hz, 2 H), 7.50-7.53 (m, 2 

H), 7.66-7.69 (m, 2 H), 7.89 (d, J = 15.9 Hz, 2 H), 9.80 (d, J = 7.8 Hz, 2 H). 

  

Ph

O

CHO
1h

F

 

(E)-3-(4-fluoro-2-((E)-3-oxo-3-phenylprop-1-enyl)phenyl)acrylaldehyde  

1h[2]: 1H NMR (300 MHz, CDCl3) δ 6.50 (dd, J = 7.5, 15.9 Hz, 1 H), 7.11-7.18 (m, 1 

H), 7.43-7.64 (m, 6 H), 7.84 (d, J = 15.6 Hz, 1 H), 8.04 (d, J = 7.8 Hz, 2 H), 8.11 (d, J 

= 15.6 Hz, 1 H), 9.70 (d, J = 7.8 Hz, 1 H). 

 

Ph

O

CHO
1i

O

O

 

(E)-3-(6-((E)-3-oxo-3-phenylprop-1-enyl)benzo[d][1,3]dioxol-5-yl)acrylaldehyde 

1i: 1H NMR (300 MHz, CDCl3) δ 6.10 (s, 2 H), 6.57 (dd, J = 7.8, 15.6 Hz, 1 H), 7.12 

(s, 1 H), 7.23 (s, 1 H), 7.41 (d, J = 15.3 Hz, 1 H), 7.51-7.65 (m, 3 H), 7.94 (d, J = 15.6 

Hz, 1 H), 8.08 (d, J = 8.7 Hz, 2 H), 8.20 (d, J = 15.3 Hz, 1 H), 9.75 (d, J = 7.8 Hz, 1 

H); 13C NMR (75 MHz, CDCl3) δ 77.2, 102.3, 106.4, 106.6, 123.9, 128.5, 128.7, 

129.3, 129.7, 130.6, 133.1, 137.8, 139.7, 147.9, 150.1, 150.5, 189.5, 193.4; IR (KBr): 

νmax (cm-1) = 3055, 1715, 1599, 1587, 1296, 1269, 1220, 1158, 1123, 1035, 1018, 964, 

923, 777, 691; MS (ESI, m/z) 329.5 (M+Na+); HRMS (EI) calcd for C19H14O4 (M +): 

306.0892; Found: 306.0897. 

CF3

CHO

COPh

3  
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(E)-3-(2-((E)-1,1,1-trifluoro-4-oxo-4-phenylbut-2-en-2-yl)phenyl)acrylaldehyde  

3: 1H NMR (300 MHz, CDCl3) δ 6.62 (q, J = 7.8 Hz, 1 H), 7.27 (d, J = 7.2 Hz, 1 H), 

7.40-7.61 (m, 6 H), 7.67-7.68 (m, 2 H), 7.83 (d, J = 7.2 Hz, 2 H), 9.59 (d, J = 7.8 Hz, 

1 H); 13C NMR (75 MHz, CDCl3) δ 120.5, 124.2, 126.6, 128.6, 128.9, 129.8, 129.9, 

130.2, 130.5, 131.3, 131.9, 132.0, 133.7, 134.3, 135.9, 137.4, 137.9, 149.3, 189.7, 

193.4; IR (KBr): νmax (cm-1) = 1680, 1596, 1449, 1279, 1180, 1126, 969, 763, 627; 

MS (ESI, m/z) 353.2 (M+Na+); Anal. calcd for C19H13F3O2: C, 69.09; H, 3.97; Found: 

C, 69.08; H, 4.08. 

 

   
(1R,2R)-methyl 1-(2-oxo-2-phenylethyl)-2,3-dihydro-1H-indene-2-carboxylate  

2a[3]: Yield 99%, ee 99%. [α]D
20 = +35.4o (c = 1.43, CHCl3). 1H NMR (300 MHz, 

CDCl3) δ 3.06-3.17 (m, 2 H), 3.33-3.46 (m, 2 H), 3.55 (s, 3 H), 3.55-3.63 (m, 1 H), 

4.26 (q, J = 8.1 Hz, 1 H), 7.15-7.26 (m, 4 H), 7.41-7.47 (m, 2 H), 7.52-7.57 (m, 1 H), 

7.92 (d, J = 7.2 Hz, 2 H).  

[Daicel Chiralpak AD-H, hexanes/2-propanol = 85/15, v = 1.0 mL/min-1, λ = 254 nm, 

t1 (major) = 8.462 min, t2 (minor) = 10.042 min ]. 

   
(1R,2R)-methyl 1-(2-oxopropyl)-2,3-dihydro-1H-indene-2-carboxylate  

2b[3]: Yield 93%, ee 95%. [α]D
20 = +13.5o (c = 0.60, CHCl3). 1H NMR (300 MHz, 

CDCl3) δ 2.12 (s, 3 H), 2.60 (dd, J = 6.0, 17.4 Hz, 1 H), 2.85 (dd, J = 8.1, 18.0 Hz, 1 

H), 3.05 (dd, J = 8.1, 15.9 Hz, 1 H), 3.29 (dd, J = 8.7, 15.6 Hz, 1 H), 3.48 (q, J = 8.4 

Hz, 1 H), 3.67 (s, 3 H), 4.01 (q, J = 8.1 Hz, 1 H), 7.14-7.24 (m, 4 H). 

[Daicel Chiralpak AD-H, hexanes/2-propanol = 90/10, v = 0.7 mL/min-1, λ = 214 nm, 

t1 (minor) = 8.653 min, t2 (major) = 9.333 min]. 
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 2c

CO2Me

H

H O

   

(1R,2R)-methyl-(3,3-dimethyl-2-oxobutyl)-2,3-dihydro-1H-indene-2-carboxylate 

2c: Yield 85%, ee 99%. [α]D
20 = +22.5o (c = 1.35, CHCl3). 1H NMR (300 MHz, 

CDCl3) δ 1.07 (s, 9 H), 2.72 (dd, J = 6.0, 18.0 Hz, 1 H), 2.85 (dd, J = 7.5, 18.0 Hz, 1 

H), 3.05 (dd, J = 8.1, 15.9 Hz, 1 H), 3.29 (dd, J = 8.4, 15.9 Hz, 1 H), 3.50 (q, J = 8.1 

Hz, 1 H), 3.65 (s, 3 H), 4.00 (q, J = 7.2 Hz, 1 H), 7.09 -7.26 (m, 4 H); 13C NMR (75 

MHz, CDCl3) δ 26.5, 34.4, 38.6, 41.9, 44.0, 47.3, 51.6, 124.0, 124.4, 126.7, 127.1, 

141.1, 144.9, 174.4, 214.4; IR (KBr): νmax (cm-1) = 2959, 2928, 2858, 1727, 1460, 

1278, 1190, 1146, 936, 751, 665; MS (ESI, m/z) 297.4 (M+Na+); HRMS (EI) calcd 

for C17H22O3 (M+): 274.1596; Found: 274.1565.  

[Daicel Chiralpak AD-H, hexanes/2-propanol = 90/10, v = 0.7 mL/min-1, λ = 214 nm, 

t1 (major) = 6.832 min, t2 (minor) = 7.583 min]. 

   
(1R,2R)-methyl-1-(2-(4-chlorophenyl)-2-oxoethyl)-2,3-dihydro-1H-indene-2-carb

oxylate  

2d: Yield 85%, ee 99%. [α]D
20 = +14.0o (c = 1.20, CHCl3). 1H NMR (300 MHz, 

CDCl3) δ 3.04-3.14 (m, 2 H), 3.32-3.44 (m, 2 H), 3.54 (s, 3 H), 3.54-3.62 (m, 1 H), 

4.23 (q, J = 7.8 Hz, 1 H), 7.15-7.26 (m, 4 H), 7.41 (d, J = 8.4 Hz, 2 H), 7.86 (d, J = 

8.7 Hz, 2 H); 13C NMR (75 MHz, CDCl3) δ 34.4, 40.5, 42.4, 47.3, 51.7, 124.0, 124.6, 

126.8, 127.3, 128.9, 129.4, 135.2, 139.5, 141.2, 144.4, 174.5, 197.3; IR (KBr): νmax 

(cm-1) = 2951, 1731, 1687, 1589, 1401, 1214, 1169, 1092, 996, 756; MS (ESI, m/z) 

351.3 (M+Na+); HRMS (EI) calcd for C19H17O3Cl (M +): 328.0866; Found: 328.0863. 

[Daicel Chiralpak AD-H, hexanes/2-propanol = 90/10, v = 1.0 mL/min-1, λ = 254 nm, 
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t1 (major) = 12.140 min, t2 (minor) = 14.853 min ]. 

   

(1R,2R)-methyl-1-(2-(4-methoxyphenyl)-2-oxoethyl)-2,3-dihydro-1H-indene-2-ca

rboxylate  

2e[3]: Yield 96%, ee 99%. [α]D
20 = +29.4o (c =0.70, CHCl3). 1H NMR (300 MHz, 

CDCl3) δ 3.04-3.13 (m, 2 H), 3.30-3.41 (m, 2 H), 3.55 (s, 3 H), 3.55-3.62 (m, 1 H), 

3.85 (s, 3 H), 4.25 (q, J = 7.5 Hz, 1 H), 6.90 (d, J = 8.7 Hz, 2 H), 7.14-7.25 (m, 4 H), 

7.90 (d, J = 8.7 Hz, 2 H).  

[Daicel Chiralpak AD-H, hexanes/2-propanol = 85/15, v = 1.0 mL/min-1, λ = 254 nm, 

t1 (major) = 13.875 min, t2 (minor) = 17.723 min ]. 

   
(1R,2R)-methyl-1-(2-(4-nitrophenyl)-2-oxoethyl)-2,3-dihydro-1H-indene-2-carbo

xylate  

2f: Yield 52%, ee 98%. [α]D
20 = +11.4o (c = 0.75, CHCl3). 1H NMR (300 MHz, CDCl3) 

δ 3.09-3.17 (m, 2 H), 3.32-3.40 (m, 1H), 3.54-3.63 (m, 2 H), 3.58 (s, 3 H), 4.24 (q, J = 

7.8 Hz, 1 H), 7.19-7.28 (m, 4 H), 8.05-8.13 (m, 2 H), 8.28-8.34 (m, 2 H); 13C NMR 

(75 MHz, CDCl3) δ 34.5, 41.2, 42.3, 47.1, 51.8, 123.8, 123.9, 124.7, 127.0, 127.5, 

129.0, 129.3, 141.2, 141.4, 144.1, 174.5, 197.2; IR (KBr): νmax (cm-1) = 2924, 2853, 

1726, 1691, 1527, 1345, 1165, 855, 743, 687; MS (EI, m/z, rel. intensity) 339 (M+, 8), 

129 (100); HRMS (EI) calcd for C19H17NO5 (M+): 339.1107; Found: 339.1111.  

[Daicel Chiralpak AD-H, hexanes/2-propanol = 90/10, v = 0.8 mL/min-1, λ = 254 nm, 

t1 (major) = 29.535 min, t2 (minor) = 42.825 min ]. 
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(1R,2R)-methyl-1-(2-oxoethyl)-2,3-dihydro-1H-indene-2-carboxylate  

2g[3]: Yield 80%, ee 98%. [α]D
20 = +14.2o (c = 0.70, CHCl3). 1H NMR (300 MHz, 

CDCl3) δ 2.64 (dd, J = 6.0, 18.0 Hz, 1 H), 2.84 (dd, J = 7.5, 18.0 Hz, 1 H), 3.08 (dd, J 

= 8.4, 15.9 Hz, 1 H), 3.33 (dd, J = 8.4, 15.9 Hz, 1 H), 3.52 (q, J = 7.8 Hz, 1 H), 3.68 

(s, 3 H), 4.06 (q, J = 7.8 Hz, 1 H), 7.17-7.25 (m, 4 H), 9.79 (s, 1 H). 

[Daicel Chiralpak AD-H, hexanes/2-propanol = 90/10, v = 0.7 mL/min-1, λ = 214 nm, 

t1 (minor) = 9.617 min, t2 (major) = 10.337 min]. 

   

(1R,2R)-methyl-6-fluoro-1-(2-oxo-2-phenylethyl)-2,3-dihydro-1H-indene-2-carbo

xylate  

2h[3]: Yield 71%, ee 98%. [α]D
20 = +29.1o (c = 0.70, CHCl3). 1H NMR (300 MHz, 

CDCl3) δ 3.02-3.17 (m, 2 H), 3.26-3.44 (m, 2 H), 3.56 (s, 3 H), 3.57-3.67 (m, 1 H), 

4.23 (m, 1 H), 6.85-6.93 (m, 2 H), 7.14-7.19 (m, 1 H), 7.43-7.48 (m, 2 H), 7.53-7.59 

(m, 1 H), 7.92-7.94 (m, 2 H).  

[Daicel Chiralcel OD-H, hexanes/2-propanol/EtOH = 95/2.5/2.5, v = 0.8 mL/min-1, λ 

= 254 nm, t1 (major) = 10.910 min, t2 (minor) = 11.680 min]. 

    

(5R,6R)-methyl-5-(2-oxo-2-phenylethyl)-6,7-dihydro-5H-indeno[5,6-d][1,3]dioxol

e-6-carboxylate  

2i: Yield 80%, ee 99%. [α]D
20 = +11.0o (c = 1.30, CHCl3). 1H NMR (300 MHz, CDCl3) 

δ 2.94-3.11 (m, 2 H), 3.22-3.39 (m, 2 H), 3.56 (s, 3 H), 3.56-3.63 (m, 1 H), 4.14 (q, J 

= 7.5 Hz, 1 H), 5.88-5.91 (m, 2 H), 6.68 (d, J = 6.6 Hz, 2 H), 7.42-7.47 (m, 2 H), 
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7.52-7.58 (m, 1 H), 7.91-7.94 (m, 2 H); 13C NMR (75 MHz, CDCl3) δ 34.0, 40.5, 42.1, 

48.0, 51.6, 101.0, 104.9, 105.0, 128.0, 128.6, 133.1, 133.9, 136.9, 137.2, 146.7, 147.1, 

174.2, 198.5; IR (KBr): νmax (cm-1) = 2949, 2891, 1730, 1686, 1475, 1238, 1038, 938, 

753, 690; MS (ESI, m/z) 361.2 (M+Na+); HRMS (EI) calcd for C20H18O5 (M+): 

338.1154; Found: 338.1156.  

[Daicel Chiralpak AD-H, hexanes/2-propanol = 90/10, v = 1.0 mL/min-1, λ = 230 nm, 

t1 (minor) = 17.950 min, t2 (major) = 21.302 min]. 

  

3-phenyl-4a-(trifluoromethyl)-9,9a-dihydroindeno[2,1-c]pyran-1(4aH)-one  

4 Yield 18%, ee 31%. [α]D
20 = +24.6o (c = 1.67, CHCl3). 1H NMR (300 MHz, CDCl3) 

δ 3.32-3.40 (m, 1 H), 3.56-3.63 (m, 1 H), 3.69-3.75 (m, 1 H), 5.67 (s, 1 H), 7.30-7.40 

(m, 6 H), 7.48-7.50 (m, 1 H), 7.64-7.67 (m, 2 H); 13C NMR (75 MHz, CDCl3) δ 35.6, 

42.7, 95.8, 123.7, 124.5, 124.6, 125.1, 125.2, 127.9, 128.3, 128.5, 128.6, 129.3, 130.1, 

131.2, 138.6, 140.5, 150.8, 167.6; IR (KBr): νmax (cm-1) = 2964, 2920, 2851, 1770, 

1449, 1261, 1147, 1097, 1024, 801, 761, 690; MS (EI, m/z, rel. intensity) 330 (M+, 8), 

43 (100); HRMS (EI) calcd for C19H13O2F3 (M+): 330.0868; Found: 330.0869. 

[Daicel Chiralcel OD-H, hexanes/2-propanol = 99/1, v = 0.7 mL/min-1, λ = 230 nm, t1 

(major) = 16.165 min, t2 (minor) = 19.682 min]. 

O

O

Ph

CF35   

3a-phenyl-5-(trifluoromethyl)-1,9b-dihydronaphtho[2,1-b]furan-2(3aH)-one  

5 Yield 55%, ee 10%. [α]D
20 = +1.50o (c = 0.90, CHCl3). 1H NMR (300 MHz, CDCl3) 

δ 2.71-2.81 (m, 1 H), 2.91 (dd, J = 6.6, 16.2 Hz, 1 H), 4.25 (dd, J = 6.9, 14.1 Hz, 1 H), 

7.05 (d, J = 7.8 Hz, 2 H), 7.13-7.26 (m, 5 H), 7.39-7.44 (m, 2 H), 7.57-7.59 (m, 1 H); 
13C NMR (75 MHz, CDCl3) δ 30.5, 48.8, 86.0, 124.8, 125.7, 126.0, 128.1, 128.7, 
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128.8, 128.9, 129.0, 129.3, 129.8, 133.8, 134.9, 135.2, 135.2, 175.1; IR (KBr): νmax 

(cm-1) = 2926, 2854, 1801, 1710, 1297, 1173, 1128, 936, 770, 697; MS (EI, m/z, rel. 

intensity) 330 (M+, 36), 57 (100); HRMS (EI) calcd for C19H13O2F3 (M+): 330.0868; 

Found: 330.0872.  

[Daicel Chiralcel OD-H, hexanes/2-propanol = 80/20, v = 0.7 mL/min-1, λ = 230 nm, 

t1 (major) = 10.867 min, t2 (minor) = 12.718 min]. 

 

References: 

[1] Y. Li, Z. Feng, S.-L. You, Chem. Commun. 2008, 2263. 

[2] J.-W. Yang, M. Hechavarria, B. List, J. Am. Chem. Soc. 2005, 127, 15036. 

[3] E. M. Phillips, M. Wadamoto, A. Chan, K. A. Scheidt, Angew. Chem., Int. Ed. 

2007, 46, 3107. 

 

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009



9.794
9.768

8.244
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7.933
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7.769
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9.795
9.769

7.935
7.901
7.883
7.848
7.659
7.652
7.644
7.641
7.637
7.629
7.622
7.488
7.480
7.474
7.466
7.457
7.272
6.711
6.683
6.657
6.631

2.425
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9.614
9.590

7.946
7.895
7.791
7.739
7.562
7.539
7.517
7.498
7.490
7.346
7.336
7.328
7.311
6.990
6.939
6.552
6.528
6.499
6.475

1.128
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203.206

193.047

148.617
138.435
134.825
133.359
130.688
130.619
129.764
127.498
127.215
124.574

77.427
77.000
76.573

42.905

25.747
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9.799
9.772

8.256
8.203
8.014
7.986
7.979
7.922
7.772
7.758
7.742
7.695
7.678
7.664
7.521
7.493
7.438
7.266
6.735
6.708
6.683
6.655
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9.750
9.724

8.183
8.132
8.061
8.033
7.951
7.899
7.751
7.744
7.722
7.647
7.625
7.619
7.518
7.481
7.468
7.461
7.444
6.991
6.963
6.692
6.666
6.640
6.612

3.871
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9.807
9.781

8.397
8.367
8.313
8.261
8.208
8.179
7.968
7.914
7.798
7.787
7.768
7.707
7.688
7.677
7.546
7.535
7.510
7.459
6.735
6.710
6.683
6.657
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193.245

188.002

142.519
142.419
134.397
134.367
131.863
131.085
131.054
129.497
129.314
127.963
127.864
124.628
124.009
123.872

77.443
77.015
76.595
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9.816
9.790

7.915
7.862
7.685
7.680
7.674
7.668
7.661
7.655
7.532
7.527
7.521
7.514
7.508
7.502
7.496
6.730
6.704
6.677
6.652
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9.716
9.690

8.136
8.084
8.059
8.033
7.876
7.824
7.642
7.642
7.642
7.614
7.592
7.568
7.546
7.517
7.494
7.468
7.428
7.176
7.167
7.149
7.141
7.121
7.113
6.638
6.612
6.585
6.560
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9.761
9.735

8.235
8.184
8.054
8.030
8.025
7.962
7.910
7.623
7.598
7.555
7.529
7.506
7.444
7.393
7.266
7.229
6.618
6.592
6.566
6.540
6.104
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193.444
189.513

150.525
150.060
147.938
139.748
137.794
133.138
130.558
129.650
129.307
128.726
128.467
123.933

106.576
106.401
102.272

77.420
77.206
77.000
76.573
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9.602
9.576

7.844
7.820
7.683
7.679
7.668
7.609
7.584
7.556
7.503
7.475
7.450
7.425
7.396
7.286
7.262
6.656
6.631
6.604
6.578
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193.406
189.673

149.312

137.855

137.435
135.916
134.298
133.688
131.955
131.894
131.322
130.535
130.154
129.940
129.803
128.871
128.559
126.620
124.170
120.521
77.420
77.000
76.573
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7.938
7.914
7.910
7.908
7.571
7.546
7.522
7.465
7.437
7.413
7.261
7.255
7.240
7.221
7.209
7.192
7.171
7.146

4.295
4.268
4.248
4.221
3.634
3.607
3.579
3.552
3.550
3.460
3.434
3.401
3.375
3.357
3.328
3.171
3.150
3.142
3.113
3.091
3.061
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7.240
7.230
7.158
7.138

4.060
4.033
4.012
4.007
3.985
3.665
3.525
3.498
3.470
3.442
3.334
3.305
3.282
3.253
3.086
3.059
3.033
3.006
2.895
2.868
2.835
2.808
2.643
2.622
2.583
2.564
2.121

-0.000
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7.231
7.223
7.202
7.188
7.174
7.143
7.137
7.121
7.101

4.041
4.016
3.992
3.967
3.654
3.550
3.522
3.493
3.467
3.335
3.306
3.282
3.253
3.086
3.060
3.034
3.007
2.895
2.871
2.834
2.810
2.765
2.745
2.704
2.684
1.072
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214.365

174.408

144.877
141.107

127.070
126.650
124.406
123.956

77.427
77.000
76.580

51.583
47.278
43.974
41.897
38.562
34.387

26.441
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7.874
7.845

7.426
7.398
7.259
7.241
7.215
7.204
7.194
7.174
7.156

4.269
4.242
4.222
4.195
3.622
3.595
3.567
3.556
3.540
3.440
3.414
3.355
3.345
3.316
3.143
3.117
3.099
3.060
3.040
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197.298

174.469

144.373
141.244
139.481
135.222
129.390
128.871
127.330
126.841
124.574
123.994

77.427
77.000
76.580

51.690
47.271
42.401
40.501

34.440
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7.920
7.891

7.254
7.231
7.209
7.198
7.181
7.163
7.135
6.920
6.890

4.285
4.260
4.238
4.212
3.848
3.622
3.595
3.567
3.546
3.407
3.387
3.379
3.361
3.330
3.303
3.130
3.113
3.094
3.078
3.056
3.035
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8.341
8.309
8.280
8.133
8.104
8.082
8.053
7.276
7.266
7.256
7.244
7.214
7.190

4.279
4.252
4.233
4.206
3.634
3.605
3.595
3.590
3.578
3.561
3.551
3.534
3.502
3.473
3.404
3.375
3.351
3.321
3.167
3.145
3.116
3.106
3.089
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197.184

174.522

144.083
141.374
141.191

129.299
129.001
127.521
126.971
124.696
123.933
123.834

77.420
77.000
76.573

51.774
47.111
42.340
41.188

34.532
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  2.624
  2.604

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009



7.944
7.927
7.920
7.915
7.586
7.561
7.554
7.542
7.537
7.533
7.477
7.456
7.451
7.428
7.262
7.188
7.171
7.160
7.144
6.925
6.917
6.902
6.893
6.887
6.872
6.866
6.845
4.239
4.216
3.658
3.631
3.604
3.578
3.574
3.557
3.439
3.413
3.380
3.354
3.336
3.309
3.285
3.259
3.174
3.153
3.115
3.100
3.094
3.073
3.046
3.020
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7.935
7.917
7.911
7.906
7.576
7.559
7.552
7.544
7.532
7.527
7.522
7.469
7.465
7.448
7.444
7.425
7.420
7.416
7.265
6.693
6.671
5.911
5.905
5.889
5.884
4.174
4.148
4.125
4.101
3.631
3.604
3.577
3.560
3.549
3.388
3.362
3.329
3.303
3.271
3.247
3.220
3.108
3.087
3.050
3.029
3.016
2.991
2.965
2.938

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2009



198.465

174.239

147.057
146.668

137.212
136.867
133.909
133.059
128.546
127.945

105.033
104.852
100.982

77.415
77.000
76.569

51.638
48.001

42.104
40.545

34.040
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7.668
7.661
7.649
7.637
7.498
7.483
7.401
7.393
7.380
7.364
7.348
7.334
7.298
7.263
6.004
5.668

3.748
3.718
3.690
3.627
3.598
3.574
3.545
3.402
3.375
3.351
3.322
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167.556

150.766
140.485
138.577
131.209
130.060
129.270
128.593
128.509
128.251
127.924
125.209
125.110
124.578
124.502
123.742
95.774

77.426
77.000
76.574

42.706

35.634
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7.589
7.574
7.438
7.417
7.403
7.390
7.263
7.234
7.211
7.177
7.152
7.128
7.058
7.032

4.285
4.262
4.238
4.215

2.953
2.931
2.899
2.877
2.806
2.758
2.706

0.071
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175.072

135.237
135.153
134.917
133.810
129.795
129.253
128.986
128.910
128.841
128.658
128.108
125.979
125.742
124.796

85.991

77.420
77.000
76.573

48.759

30.532
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X-ray structure of 3 

 
Table 1. Crystal data and structure refinement for 3.  
        Identification code                 cd28459  
        Empirical formula                 C19 H13 F3 O2  
        Formula weight                   330.29  
        Temperature                     293(2) K  
        Wavelength                      0.71073 Å 
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        Crystal system, space group       Monoclinic, P2(1)/c   
        Unit cell dimensions             a = 8.9074(11) Å     α= 90 deg.  
                                      b = 15.5638(19)Å  β= 95.334(2) deg.  
                                      c = 24.123(3) Å     γ = 90 deg.  
        Volume                        3329.7(7) Å 3  
        Z, Calculated density             8, 1.318 Mg/m3  
        Absorption coefficient            0.107 mm-1  
        F(000)                         1360  
        Crystal size                     0.403 x 0.352 x 0.278 mm  
        Theta range for data collection      1.56 to 25.50 deg.  
        Limiting indices                -7<=h<=10, -18<=k<=18, -29<=l<=29  
        Reflections collected / unique      17167 / 6205 [R(int) = 0.0551]  
        Completeness to theta = 25.50     100.0 %  
        Absorption correction            Empirical  
        Max. and min. transmission       1.0000 and 0.7964  
        Refinement method              Full-matrix least-squares on F2  
        Data / restraints / parameters       6205 / 0 / 433  
        Goodness-of-fit on F^2           1.033  
        Final R indices [I>2sigma(I)]      R1 = 0.0815, wR2 = 0.1924  
        R indices (all data)              R1 = 0.1676, wR2 = 0.2309  
        Largest diff. peak and hole        0.211 and -0.200 e. Å -3  
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