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Supplementary Information 

Experimental Section 

General remarks: All reactions were performed in oven-dried glassware under a slight 

positive pressure of argon. The employed aldehydes were freshly distilled or recrystallized, 

the 1,3-unsaturated ketones were prepared according to standard literature procedures.1 Other 

starting materials and reagents were purchased from commercial suppliers and used without 

further purification. All solvents were dried by conventional methods.2 Toluene and THF were 

freshly distilled from Na/Pb alloy under argon. Preparative column chromatography: Merck 

silica gel 60, particle size 0.040–0.063 mm (230–240 mesh, flash). Analytical TLC: silica gel 

60, F254 plates from Merck, Darmstadt. Optical rotation values were measured on a 

PerkinElmer P241 polarimeter. IR spectra were taken on a PerkinElmer FT/IR 1760 

spectrophotometer. 1H-NMR and 13C-NMR spectra were determined on a Gemini 300 or a 

Varian Inova 400 spectrometer and all measurements were performed with tetramethylsilane 

as internal standard. Chemical shifts for 1H-NMR and 13C-NMR are reported in parts per 

million (ppm), with coupling constants reported in Hertz (Hz). The following abbreviations 

are used for spin multiplicity: s = singlet, d = doublet, dd = double doublet, t = triplet, m = 

multiplet. Mass spectra were acquired on a Finnigan SSQ 7000 spectrometer (CI 100 eV; EI 

70 eV). Microanalyses were obtained with a Vario EL element analyzer. Melting points were 

determined with a Tottoli melting point apparatus and are uncorrected. Analytical HPLC was 

performed on Hewlett-Packard 1100 Series chromatographs using chiral stationary phases 

(Daicel Chiralcel OD, Daicel Chiralpak AD,VWR (s,s)-Whelk O1). Reaction control via gas 

chromatography was performed on a Varian CP-3800 (CP-Sil 8 CB) by using theoretical 

response factors for the determination of conversion.3  
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(S)-5-((tert-Butyldiphenylsilyloxy)methyl)pyrrolidin-2-one (19): 

NH

O

OH

TBDPSCl,
imidazole,
DMF, r.t., 12h
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O

O
Si Ph

Ph tBu

18 19  

Imidazole (355 mg, 5.21 mmol) and tert-butyldiphenylsilylchloride (TBDPSCl) (1.35 mL, 

5.21 mmol) were sequentially added to a solution of pyrrolidinone 18 (0.50 g, 4.34 mmol) in 

dry DMF (10 mL), at room temperature. After stirring for 18 h, the reaction mixture was 

quenched by addition of saturated aqueous NH4Cl (30 mL) and extracted with ethyl acetate 

(2 × 15 mL). The combined organic layers were washed with water (2 × 15 mL) and dried 

over MgSO4, filtered and concentrated under vacuum. The crude product was then purified by 

silica gel flash chromatography (EtOAc) to give (S)-5-((tert-

butyldiphenylsilyloxy)methyl)pyrrolidin-2-one (19) (1.52g, 99%) as a colorless oil. The 

analytical data were in accordance with those reported in the literature.4 

 [α] D23 = –16.1 (c 1.01, CHCl3); 1H-NMR (300MHz, CDCl3): δ = 1.03 (s, 9H), 1.74 

(m, 1H), 2.11 (m, 1H), 2.29 (m, 2H), 3.55 (m, 2H), 3.77 (m, 1H), 6.39 (s, 1H), 7.37 (m, 6H), 

7.62 (m, 4H); 13C-NMR (75MHz, CDCl3): δ = 19.1, 22.7, 26.6, 29.7, 55.5, 67.2, 127.7, 129.7, 

132.9, 135.4, 178.1.  

 

(S)-2-Benzyl-5-((tert-butyldiphenylsilyloxy)methyl)-6,7-dihydro-5H-pyrrolo[2,1-

c][1,2,4]triazol-2-ium tetrafluoroborate (9): 

1) Me3OBF4, DCM, r.t., 12h
2) BnNHNH2, DCM, r.t., 12h
3) HC(OMe)3, MeOH, 80°C, 12h
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A 10 mL round bottomed flask was charged with the lactam 19 (0.35 g, 1.00 mmol) in absolut 

CH2Cl2 (10 mL). Trimethyloxonium tetrafluoroborate (0.16 g, 1.10 mmol) was added and the 

reaction mixture stirred for 12 hours at room temperature. Afterwards benzylhydrazine 

(0.11 mL, 1.10 mmol) was added and the solution was again stirred for 12 hours. The solvent 

was removed in vacuo and the residue was used without further purification. Trimethyl 

orthoformate (10 mL) was added and the reaction mixture was refluxing at 80°C for 12 hours. 

The solvent was removed in vacuo and the product was precipitated from ethyl acetate. 

Recrystallization from hot ethyl acetate afforded (S)-2-benzyl-5-((tert-

butyldiphenylsilyloxy)methyl)-6,7-dihydro-5H-pyrrolo[2,1-c][1,2,4]triazol-2-iumtetrafluoro-

borate (9) (0.47g, 85%) as analytical pure colorless solid. 

 mp: 159oC; [α] D
23 = –3.8 (c 1.01, CHCl3); IR(KBr): v (cm-1) = 3397, 3137, 3097, 

3044, 2955, 2933, 2886, 2859, 2371, 2346, 1971, 1902, 1834, 1684, 1523, 1499, 1465, 1429, 

1389, 1288, 862, 824, 786, 646, 614, 558; 1H-NMR (300MHz, CDCl3): 0.72 (s, 9H), 2.54 (m, 

1H), 2.92 (m, 1H), 3.11 (m, 2H), 3.78 (dd, J = 3.6Hz, 11.8Hz, 1H), 4.14 (dd, J = 3.6Hz, 

11.8Hz, 1H), 5.01 (m, 1H), 5.30 (d, J = 14.2Hz, 1H), 5.39 (d, J = 14.2Hz, 1H), 7.36 (m, 7 H), 

7.44 (m, 8H), 9.43 (s, 1H). 13C-NMR (75MHz, CDCl3): 19.14, 22.22, 26.77, 29.79, 57.06, 

61.61, 64.67, 128.00, 128.12, 129.22, 129.36, 129.62, 130.21, 130.31, 131.52, 131.75, 135.24, 

135.32, 138.50, 162.55. MS (ESI): m/z (+) = 468.2 (100, M+); 382.3 (5). m/z (-) = 87.3 (100, 

BF4
-); Anal. Calcd for C29H34N3OSiBF4: C 62.70%, H 6.17%; N 7.56%; Found: C 63.01%; H 

6.57%; N 7.54%. 

 

General procedure for the asymmetric intermolecular Stetter reaction: 

In a dry, argon-flushed Schlenk tube the precatalyst 9 (27 mg, 0.05 mmol 10 mol%), dry 

Cs2CO3 (16 mg, 0.05 mmol) and chalcone 2 (104 mg, 0.5 mmol) were dissolved in absolute 

THF (1 mL). The reaction mixture was cooled to 0oC and then benzaldehyde 1 (64 mg, 
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0.60 mmol) was added dropwise. After stirring for 8h, the reaction mixture was directly 

purified by flash chromatography on silca gel (pentane / diethylether = 9:1) to yield (R)-1,2,4-

triphenylbutane-1,4-dione 12a (102mg, 65%) as colorless solid. Recrystallization from 

diethylether afforded the 1,4-diketone 12a (62mg, 40%) enantiomerically pure as colorless 

needles. The analytical data were in accordance with those reported in the literature.5  

 

 (R)-1,2,4-Triphenylbutane-1,4-dione (12a), [α] D
23 = –291.1 (c 1.01, CHCl3); 

1H-NMR (300MHz, CDCl3): 3.22 (dd, J = 18.3Hz, 3.8Hz, 1H), 4.14 (dd, J = 18.3 Hz, 10.2Hz, 

1H), 5.24 (dd, J = 10.2Hz, 3.8Hz, 1H), 7.12-7.64 (m, 12H), 7.90-8.22 (m, 3H); 13C-NMR 

(75MHz, CDCl3): 43.8, 48.6, 127.3, 128.0, 128.1, 128.4, 128.5, 128.6, 128.8, 129.1, 129.9, 

132.8, 133.2, 136.3, 138.5, 197.9, 198.8. 

 

 (R)-2,4-Diphenyl-1-p-tolylbutane-1,4-dione (12b), [α] D
23 = –251.4 (c 1.01, CHCl3); 

1H-NMR (300MHz, CDCl3): 2.26 (s, 3H), 3.20 (dd, J =17.7Hz, 3.7Hz, 1H), 4.12 (dd, J = 

17.7Hz, 9.9Hz, 1H), 5.23 (dd, J = 9.9Hz, 3.7Hz, 1H), 7.11-7.56 (m, 10H), 7.82-8.04 (m, 4H); 

13C-NMR (75MHz, CDCl3): 21.6, 43.8, 48.6, 125.4, 127.3, 128.2, 128.3, 128.6, 129.1, 129.2, 

129.3, 129.6, 129.8,130.6, 131.1, 132.8, 133.2, 133.9, 136.6, 138.9, 143.7, 144.9, 198.1, 

198.5. 

 

 (R)-2,4-Diphenyl-1-m-tolylbutane-1,4-dione (12c), [α] D
23 = –334.1 (c 1.01, CHCl3); 

1H-NMR (300MHz, CDCl3): 2.28 (s, 3H), 3.22 (dd, J =17.7, 3.9Hz, 1H), 4.13 (dd, J = 

17.7Hz, 10.2Hz, 1H), 5.25 (dd, J = 10.2Hz, 3.9Hz, 1H), 7.12-7.54 (m, 10H), 7.74-7.78 (m, 

2H), 7.88-7.94 (m, 2H); 13C-NMR (75MHz, CDCl3): 21.4, 43.9, 48.7, 126.2, 127.3, 128.2, 

128.3, 128.4, 128.6, 129.0, 129.2, 129.4, 133.2, 133.7, 134.1, 136.5, 138.3, 138.7, 198.1, 

199.1. 
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 (R)-1-(4-Chlorophenyl)-2,4-diphenylbutane-1,4-dione (12d), 1H-NMR (400MHz, 

CDCl3): 3.22 (dd, J =18.2Hz, 3.6Hz, 1H), 4.13 (dd, J = 18.2Hz, 10.2Hz, 1H), 5.17 (dd, J = 

10.2Hz, 3.6Hz, 1H), 7.12-7.50 (m, 10H), 7.86-7.92 (m, 4H); 13C NMR (100MHz, CDCl3): 

44.0, 48.9, 127.5, 128.1, 128.6, 128.8, 129.3, 130.3, 131.8, 133.3, 134.7, 136.3, 138.2, 139.3, 

197.6, 197.9. 

 

 (R)-1-(4-Bromophenyl)-2,4-diphenylbutane-1,4-dione (12e), 1H-NMR (400MHz, 

CDCl3): 3.22 (dd, J = 18.2Hz, 3.6Hz, 1H), 4.13 (dd, J = 18.2Hz, 10.5Hz, 1H), 5.17 (dd, J = 

10.5Hz, 3.6Hz, 1H), 7.12-7.58 (m, 10H), 7.80-7.84 (m, 2H), 7.88-7.93 (m, 2H); 13C NMR 

(100MHz, CDCl3): 43.9, 48.8, 127.5, 128.1, 128.6, 129.3, 130.4, 131.8, 133.3, 135.2, 136.3, 

138.2, 197.8, 197.9. 

 

 (R)-1-(Naphthalen-2-yl)-2,4-diphenylbutane-1,4-dione (12f), [α] D
23 = –106.7 (c 

1.01, CHCl3); 1H-NMR (400MHz, CDCl3): 3.26 (dd, J = 18.1Hz, 3.8Hz, 1H), 4.19 (dd, J = 

18.1Hz, 9.8Hz, 1H), 5.40 (dd, J = 9.8Hz, 3.8Hz, 1H), 7.69-7.50 (m, 10H), 7.65-8.05 (m, 6H), 

8.51 (s, 1H); 13C-NMR (75MHz, CDCl3): 44.0, 48.9, 124.6, 126.5, 127.3, 127.6, 128.1, 128.2, 

128.3, 128.4, 128.5, 129.2, 129.7, 130.7, 132.5, 133.3, 133.8, 135.5, 136.5, 138.7, 198.0, 

198.8. 

 

 (R)-1-(Furan-2-yl)-2,4-diphenylbutane-1,4-dione (12h), 1H-NMR (300MHz, 

CDCl3): 3.24 (dd, J=18.0Hz, 3.8Hz, 1H), 4.09 (dd, J = 18.0Hz, 10.1Hz, 1H), 5.04 (dd, J = 

10.1Hz, 3.8Hz, 1H), 6.38 (m, 1H), 7.10-7.50 (m, 10H), 7.80-7.98 (m, 2H); 13C-NMR 

(75MHz, CDCl3): 42.8, 48.7, 112.3, 118.0, 127.1, 127.5, 128.2, 128.3, 128.4, 128.6, 128.8, 

129.0, 133.3, 136.4, 138.3, 146.5, 187.7, 197.8. 
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 (R)-2-(4-Chlorophenyl)-1,4-diphenylbutane-1,4-dione (12i), [α] D
23 = –220.0 (c 

1.01, CHCl3);1H-NMR (400MHz, CDCl3): 3.22 (dd, J =18.2Hz, 3.8Hz, 1H), 4.08 (dd, J = 

18.2Hz, 9.8Hz, 1H), 5.23 (dd, J = 9.8Hz, 3.8Hz, 1H), 7.14-7.52 (m, 10H), 7.87-7.96 (m, 4H); 

13C-NMR (100MHz, CDCl3): 43.8, 48.0, 128.1, 128.4, 128.5, 128.6, 128.8, 129.1, 129.3, 

129.6, 129.9, 133.1, 133.3, 133.5, 136.2, 136.3, 137.1, 197.6, 198.5. 

 

 (R)-1,4-Diphenyl-2-p-tolylbutane-1,4-dione  (12j), 1H-NMR (300MHz, CDCl3): 

2.21(s, 3H), 3.20 (dd, J = 18.1Hz, 3.7Hz, 1H), 4.11 (dd, J = 18.1Hz, 10.1Hz, 1H), 5.21 (dd, J 

= 10.1Hz, 3.7Hz, 1H), 7.04-7.51 (m, 10H), 7.88-7.97 (m, 4H); 13C-NMR (75MHz, CDCl3): 

21.0, 43.9, 48.3, 128.1, 128.2, 128.5, 128.6, 128.9, 129.9, 132.8, 133.2, 135.6, 136.5, 137.1, 

198.2, 199.1. 
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Figure 1 HPLC of 1,2,4-triphenylbutane-1,4-dione (rac-12a).  
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Figure 2 HPLC of (R)-1,2,4-triphenylbutane-1,4-dione (12a). 
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Figure 3 HPLC of 2,4-diphenyl-1-p-tolylbutane-1,4-dione (rac-12b). 
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Figure 4 HPLC of (R)-2,4-diphenyl-1-p-tolylbutane-1,4-dione (12b). 
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Figure 5 HPLC of 2,4-diphenyl-1-m-tolylbutane-1,4-dione (rac-12c). 
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Figure 6 HPLC of (R)-2,4-diphenyl-1-m-tolylbutane-1,4-dione (12c). 
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Figure 7 HPLC of 1-(4-chlorophenyl)-2,4-diphenylbutane-1,4-dione (rac-12d). 
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Figure 8 HPLC of (R)-1-(4-chlorophenyl)-2,4-diphenylbutane-1,4-dione (12d). 
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Figure 9 HPLC of 1-(4-bromophenyl)-2,4-diphenylbutane-1,4-dione (rac-12e). 
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Figure 10 HPLC of (R)-1-(4-bromophenyl)-2,4-diphenylbutane-1,4-dione (12e). 
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Figure 11 HPLC of 1-(naphthalen-2-yl)-2,4-diphenylbutane-1,4-dione (rac-12f). 
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Figure 12 HPLC of (R)-1-(naphthalen-2-yl)-2,4-diphenylbutane-1,4-dione (12f). 
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Figure 13 HPLC of 1-(furan-2-yl)-2,4-diphenylbutane-1,4-dione (rac-12g). 

 



Supplementary Material (ESI) for Chemical Communications 
This journal is (c) The Royal Society of Chemistry 2008 
 
 

 

Figure 14 HPLC of (R)-1-(furan-2-yl)-2,4-diphenylbutane-1,4-dione (12g). 
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Figure 15 HPLC of 2-(4-chlorophenyl)-1,4-diphenylbutane-1,4-dione (rac-12i). 
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Figure 16 HPLC of (R)-2-(4-chlorophenyl)-1,4-diphenylbutane-1,4-dione (12i). 
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Figure 17 HPLC of 1,4-diphenyl-2-p-tolylbutane-1,4-dione (rac-12h). 
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Figure 18 HPLC of (R)-1,4-diphenyl-2-p-tolylbutane-1,4-dione (12h). 
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