
1

One-pot synthesis of ɑ,β-epoxy ketones through domino reaction 
between alkenes and aldehydes catalyzed by proline based chiral 
organocatalysts
Veeramanoharan Ashokkumar, Ayyanar Siva*

Supramolecular and Organometallic Chemistry Lab, School of Chemistry, Madurai Kamaraj 

University, Madurai-625 021, Tamil Nadu, India.

E-mail: drasiva@gmail.com

Supporting Information

Table of Contents

S. No Contents Page no.

1 Scheme S1 Synthesis of different symmetric proline based

 organocatalysts

2

2 Table S1 Catalyst optimization for the domino reaction (oxidative 
coupling) between benzaldehyde and styrene.

2

3 NMR & Mass spectrum of intermediates, organocatalysts and α,β-

epoxy ketone derivatives

3-31

4 HPLC chromatograms of α,β-epoxy ketone derivatives     32-73

5 References 73

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2017



2

 

Scheme S1 Synthesis of different symmetric proline based  organocatalysts

Table S1 Catalyst optimization for the domino reaction (oxidative coupling) between 
benzaldehyde and styrene.

a The domino reaction was carried out between the benzaldehyde (1 mmol), styrene (1 
mmol), TBHP (2 equiv.) and acetonitrile (2 mL) with different symmetric catalysts at room 
temperature with different time. b Isolated yield of purified material. c Enantiopurity was 
determined by HPLC analysis of epoxide product using a chiral column (Chiralcel OD-H) with 
hexane: IPA as an eluent. d Absolute configuration (2R,3S) was determined by comparison of 
the HPLC retention time using known literature data.1-7

Entry organocatalysts Symmetry of the 
organocatalysts

Time (h)a Yield (%)b ee (%)c

1 12a (C3-symmetry) 10 90  95
2 12b (C3-symmetry) 10 95  99
3 12c (C2-symmetry) 24 70  82
4 12d (C1-symmetry) 36 57  73
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Figure S1: 1H NMR Spectrum of compound 6.

 

Figure S2: 13C NMR Spectrum of compound 6.
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Figure S3: 1H NMR Spectrum of scaffold 7.

 Figure S4: 13C NMR Spectrum of scaffold 7.
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Figure S5: 1H NMR Spectrum of scaffold 9.

Figure S6: 13C NMR Spectrum of compound 9.



6

Figure S7: 1H NMR Spectrum of scaffold 10.

Figure S8: 13C NMR Spectrum of scaffold 10.
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Figure S9: 1H NMR Spectrum of organocatalyst 12a.

Figure S10: 13C NMR Spectrum of organocatalyst 12a.
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Figure S11: 1H NMR Spectrum of organocatalyst 12b.

Figure S12: 13C NMR Spectrum of organocatalyst 12b.
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Figure S13: 1H NMR Spectrum of C2-symmetric organocatalyst 12c.

Figure S14: 13C NMR Spectrum of C2-symmetric organocatalyst 12c.
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Figure S15: 1H NMR Spectrum of C1-symmetric organocatalyst 12d.

Figure S16: 13C NMR Spectrum of C1-symmetric organocatalyst 12d.
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Figure S17: HR Mass for organocatalyst 12a.

Figure S18: HR Mass for organocatalyst 12b.
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Figure S19: 1H NMR Spectrum of α, β-epoxy ketone 3a.

Figure S20: 13C NMR Spectrum of α, β-epoxy ketone 3a.
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Figure S21: 1H NMR Spectrum of α, β-epoxy ketone 3b.

Figure S22: 13C NMR Spectrum of α, β-epoxy ketone 3b.
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Figure S23: 1H NMR Spectrum of α, β-epoxy ketone 3c.

Figure S24: 13C NMR Spectrum of α, β-epoxy ketone 3c.



15

Figure S25: 1H NMR Spectrum of α, β-epoxy ketone 3d.

Figure S26: 13C NMR Spectrum of α, β-epoxy ketone 3d.
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Figure S27: 1H NMR Spectrum of α, β-epoxy ketone 3e.

Figure S28: 13C NMR Spectrum of α, β-epoxy ketone 3e.
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Figure S29: 1H NMR Spectrum of α, β-epoxy ketone 3f.

Figure S30: 13C NMR Spectrum of α, β-epoxy ketone 3f.
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Figure S31: 1H NMR Spectrum of α, β-epoxy ketone 3g.

Figure S32: 13C NMR Spectrum of α, β-epoxy ketone 3g.
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Figure S33: 1H NMR Spectrum of α, β-epoxy ketone 3h.

Figure S34: 13C NMR Spectrum of α, β-epoxy ketone 3h.
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Figure S35: 1H NMR Spectrum of α, β-epoxy ketone 3i.

Figure S36: 13C NMR Spectrum of α, β-epoxy ketone 3i.
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Figure S37: 1H NMR Spectrum of α, β-epoxy ketone 3j.

Figure S38: 13C NMR Spectrum of α, β-epoxy ketone 3j.



22

Figure S39: 1H NMR Spectrum of α, β-epoxy ketone 4a.

Figure S40: 13C NMR Spectrum of α, β-epoxy ketone 4a.
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Figure S41: 1H NMR Spectrum of α, β-epoxy ketone 4b.

Figure S42: 13C NMR Spectrum of α, β-epoxy ketone 4b.
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Figure S43: 1H NMR Spectrum of α, β-epoxy ketone 4c.

Figure S44: 13C NMR Spectrum of α, β-epoxy ketone 4c.
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Figure S45: 1H NMR Spectrum of α, β-epoxy ketone 4d.

Figure S46: 13C NMR Spectrum of α, β-epoxy ketone 4d.
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Figure S47: 1H NMR Spectrum of α, β-epoxy ketone 4e.

.

Figure S48: 13C NMR Spectrum of α, β-epoxy ketone 4e.
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Figure S49: 1H NMR Spectrum of α, β-epoxy ketone 4f.

Figure S50: 13C NMR Spectrum of α, β-epoxy ketone 4f.
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Figure S51: 1H NMR Spectrum of α, β-epoxy ketone 4g.

Figure S52: 13C NMR Spectrum of α, β-epoxy ketone 4g.
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Figure S53: 1H NMR Spectrum of α, β-epoxy ketone 4h.

Figure S54: 13C NMR Spectrum of α, β-epoxy ketone 4h.
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Figure S55: 1H NMR Spectrum of α, β-epoxy ketone 4i.

Figure S56: 13C NMR Spectrum of α, β-epoxy ketone 4i.
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Figure S57: 1H NMR Spectrum of α, β-epoxy ketone 4j.

Figure S58: 13C NMR Spectrum of α, β-epoxy ketone 4j.
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 Figure S59: HPLC chromatogram of (4a) Racemic mixture.

Figure S60: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/Ethanol in room temperature condition.
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Figure S61: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/Ethanol in room temperature condition.

Figure S62: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/1-butanol in room temperature condition.
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Figure S63: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/1-butanol in room temperature condition.

Figure S64: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/Acetonitrile in room temperature condition.
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Figure S65: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/Acetonitrile in room temperature condition.

Figure S66: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/DMSO in room temperature condition.
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Figure S67: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/DMSO in room temperature condition.

Figure S68: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/THF in room temperature condition.



37

Figure S69: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/THF in room temperature condition.

Figure S70: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and H2O2/TEA/Acetonitrile in room temperature condition.
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Figure S71: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and H2O2/without base/Acetonitrile in room temperature condition.

Figure S72: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/TEA/Acetonitrile in room temperature condition.
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Figure S73: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/Pyridine/Acetonitrile in room temperature condition.

Figure S74: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/without base/Acetonitrile in room temperature condition.
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Figure S75: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 65 ºC temperature conditions.

Figure S76: HPLC chromatogram of (4a) in the presence 5 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 65 ºC temperature conditions.
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Figure S77: HPLC chromatogram of (4a) in the presence 15 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 65 ºC temperature conditions.

Figure S78: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 30 ºC temperature (RT) conditions.
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Figure S79: HPLC chromatogram of (4a) in the presence 5 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 30 ºC temperature (RT) conditions.

Figure S80: HPLC chromatogram of (4a) in the presence 15 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 30 ºC temperature (RT) conditions.
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Figure S81: HPLC chromatogram of (4a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 0 ºC temperature conditions.

Figure S82: HPLC chromatogram of (4a) in the presence 5 mol % of organocatalyst (12b) 
and TBHP /Acetonitrile in 0 ºC temperature conditions.
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Figure S83: HPLC chromatogram of (4a) in the presence 2 mol % of C2-symmetric 
organocatalyst (12c) and TBHP/acetonitrile in room temperature condition.

Figure S84: HPLC chromatogram of (4a) in the presence 2 mol % of C1-symmetric 
organocatalyst (12d) and TBHP/acetonitrile in room temperature condition.
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Figure S85: HPLC chromatogram of (3a) Racemic mixture.

Figure S86: HPLC chromatogram of (3a) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.



46

Figure S87: HPLC chromatogram of (3a) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S88: HPLC chromatogram of (3b) Racemic mixture.
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Figure S89: HPLC chromatogram of (3b) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S90: HPLC chromatogram of (3b) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S91: HPLC chromatogram of (3c) Racemic mixture.

Figure S92: HPLC chromatogram of (3c) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S93: HPLC chromatogram of (3c) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S94: HPLC chromatogram of (3d) Racemic mixture.
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Figure S95: HPLC chromatogram of (3d) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S96: HPLC chromatogram of (3d) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S97: HPLC chromatogram of (3e) Racemic mixture.

Figure S98: HPLC chromatogram of (3e) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S99: HPLC chromatogram of (3e) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S100: HPLC chromatogram of (3f) Racemic mixture.
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Figure S101: HPLC chromatogram of (3f) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S102: HPLC chromatogram of (3f) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S103: HPLC chromatogram of (3g) Racemic mixture.

Figure S104: HPLC chromatogram of (3g) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S105: HPLC chromatogram of (3g) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S106: HPLC chromatogram of (3h) Racemic mixture.
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Figure S107: HPLC chromatogram of (3h) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S108: HPLC chromatogram of (3h) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S109: HPLC chromatogram of (3i) Racemic mixture.

Figure S110: HPLC chromatogram of (3i) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S111: HPLC chromatogram of (3i) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S112: HPLC chromatogram of (3j) Racemic mixture.
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Figure S113: HPLC chromatogram of (3j) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S114: HPLC chromatogram of (3j) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S115: HPLC chromatogram of (4b) Racemic mixture.

Figure S116: HPLC chromatogram of (4b) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S117: HPLC chromatogram of (4b) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S118: HPLC chromatogram of (4c) Racemic mixture.
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Figure S119: HPLC chromatogram of (4c) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S120: HPLC chromatogram of (4c) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S121: HPLC chromatogram of (4d) Racemic mixture.

Figure S122: HPLC chromatogram of (4d) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S123: HPLC chromatogram of (4d) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S124: HPLC chromatogram of (4e) Racemic mixture.
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Figure S125: HPLC chromatogram of (4e) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S126: HPLC chromatogram of (4e) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S127: HPLC chromatogram of (4f) Racemic mixture.

Figure S128: HPLC chromatogram of (4f) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S129: HPLC chromatogram of (4f) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S130: HPLC chromatogram of (4g) Racemic mixture.
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Figure S131: HPLC chromatogram of (4g) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S132: HPLC chromatogram of (4g) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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Figure S133: HPLC chromatogram of (4h) Racemic mixture.

Figure S134: HPLC chromatogram of (4h) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.
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Figure S135: HPLC chromatogram of (4h) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.

Figure S136: HPLC chromatogram of (4i) Racemic mixture.
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Figure S137: HPLC chromatogram of (4i) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.

Figure S138: HPLC chromatogram of (4i) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.



72

Figure S139: HPLC chromatogram of (4i) Racemic mixture.

Figure S140: HPLC chromatogram of (4j) in the presence 2 mol % of organocatalyst (12a) 
and TBHP/acetonitrile in room temperature condition.



73

Figure S141: HPLC chromatogram of (4j) in the presence 2 mol % of organocatalyst (12b) 
and TBHP/acetonitrile in room temperature condition.
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