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 General remarks 

All reagents were commercially available and used without further purification. All 

the compounds were characterized by 1HNMR, 13CNMR and IR spectroscopy. The IR 

spectra were recorded on a Perkin Elmer spectrophotometer. 1H NMR (400 MHz) and 13C 

NMR (100 MHz) spectra were obtained on a Bruker AC-400 using CDCl3 as solvent and 

TMS as internal standard, unless otherwise stated. Optical rotations were measured on a 

Perkin Elmer 341 polarimeter. HPLC analyses were performed on an Waters M515 series 

equipped with a chiral column (detailed for each compound below), using mixtures of n-

hexane/isopropyl alcohol (IPA) as mobile phase, at 25 ◦C. For column chromatography, we 

employed Merck silica gel 60-120 mesh. 
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Table 1S Optimization of catalyst loadinga

Entry PPL (mg)/mmol of aldehyde Time (h) % Yieldb

1 5 48 42

2 10 48 65

3 20 48 78

4 25 36 90

5 30 36 88

6 40 36 93

aReaction conditions: 4-Fluoro benzaldehyde (1 mmol), malononitrile (1 mmol) and acetylacetone 
(1.25 mmol) were stirred with PPL in aqueous acetonitrile (1: 1) (10 mL) at 30 oC. bYield of the pure 
product, purified by recrystallization from ethanol. 

   Table 2S Optimization of amount of catalyst for enantioselective synthesis of pyransa

PPL, L-proline
CH3CN: H2O (1 :1)
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Entry PPL (mg) L-proline (mol%) Time (h) % yieldb erc

1 10 10 36 52d -nd-
2 10 15 36 62d 60: 40
3 20 10 30 90 60: 40
4 20 15 28 94 73: 27
5 25 15 28 95 70: 30
aReaction conditions: 4-fluoro benzaldehyde (1 mmol), 2 (1 mmol) and 4 (1.25 mmol) were stirred 
with PPL and L-proline in aqueous acetonitrile (1: 1) at room temperature. bYield of the pure 
product, purified by recrystallization from ethanol. cEnantiomeric ratio (er) was determined by chiral 
HPLC analysis. dIncomplete conversion
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HPLC analysis: 

(a) PPL as a catalyst

PPL

CH3CN: H2O (1 :1),
36 h F
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1 (racemic)

Enantiomeric ratio (50: 50) was determined by chiral HPLC analysis on DIACEL CHIRALPAK 
AD-H column, isopropanol: n- hexane (12: 88), flow 0.5 ml/min, UV 230 nm.
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(2) L-PROLINE as a catalyst

L-proline
CH3CN: H2O (1 :1)
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1 (34% ee)

Enantiomeric ratio (33: 67) was determined by chiral HPLC analysis on DIACEL CHIRALPAK 
AD-H column, isopropanol: n- hexane (12: 88), flow 0.5 ml/min, UV 230 nm.
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(3) PLL and L-proline as catalysts

PPL, L-proline
CH3CN: H2O (1 :1)
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Enantiomeric ratio (27: 73) was determined by chiral HPLC analysis on DIACEL CHIRALPAK 
AD-H column, isopropanol: n- hexane (12: 88), flow 0.5 ml/min, UV 230 nm.
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Enantiomeric ratio (89: 11) was determined by chiral HPLC analysis on DIACEL CHIRALPAK 
AD-H column, isopropanol: n- hexane (12: 88), flow 0.5 ml/min, UV 230 nm.
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Enantiomeric ratio (99.6: 0.4) was determined by chiral HPLC analysis on DIACEL 
CHIRALPAK AD-H column, isopropanol: n- hexane (12: 88), flow 0.5 ml/min, UV 230 nm.
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Enantiomeric ratio (50: 50) was determined by chiral HPLC analysis on DIACEL CHIRALPAK 
AD-H column, isopropanol: n- hexane (14: 86), flow 0.5 ml/min, UV 230 nm.
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Enantiomeric ratio (50: 50) was determined by chiral HPLC analysis on DIACEL CHIRALPAK 
AD-H column, isopropanol: n- hexane (14: 86), flow 0.5 ml/min, UV 230 nm.
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Enantiomeric ratio (79: 21) was determined by chiral HPLC analysis on DIACEL CHIRALPAK 
AD-H column, isopropanol: n- hexane (12: 88), flow 0.5 ml/min, UV 230 nm.

Name Retention Time Area % Area Height
1 21.839 1787428 20.87 33265
2 33.999 6777154 79.13 77310
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