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Table S1. Effect of the solvent over the enantioselective catalytic performance of HybPyr catalyst.

Entry t(days) cat. Mol% Solvent TºC Yield (%)a ee (%)b

1 5.5 20% 95/5 rt 84 40
2 3 20% Brine rt 62 22
3 3 20% H2O rt 37 20
4 3 20% ACN rt 28 13
5 3 20% AcOEt rt 21 6
6 2 10% Toluene rt 14 -
7 3 20% CHCl3 rt 34 15
8 2 20% CPME rt 39 18
9 3 20% DCM rt 35 38

10 3 20% DMF rt 8 Racemic
11 3 20% DMSO rt 9 Racemic
12 3 20% Et2O rt 56 23
13 3 20% THF rt 23 5
14 2 10% Hexane rt 18 11e

15 6 20% MeOH rt 96 51
16 13 20% MeOH 0 30 46
17 2 20% MeOH 60 54 22
18 2 10% MeOH rt 36 52
19 7.5 20% EtOH rt 67 24
20 2 20% t-BuOH rt 30 10
21 7.5 20% iPrOH rt 64 8
22 3 20% BuOH rt 38 22

Reaction conditions: -nitrostyrene (0.2 mmol), isobutyraldehyde (2 mmol), additive (0.05 mmol), catalyst 
(10 or 20 mol %), solvent (1 mL), T= 25 ºC. In all cases, the selectivity towards Michael adducts was > 99 %. 
(a) Yield and conversion were determinate by GC. (b) Determined by HPLC on the purified reaction mixture, 
using a chiral stationary phase (Chiralpak IC column).
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Table S2. Effect of the additive addition over the enantioselective catalytic performance of HybPyr 
catalyst. 

Entry t(days) Solvent TºC Additive pKa (water) Yield (%)a ee(%)b

1 5.5 95/5 rt PhCO2H 4.2 83 38
2 7.5 EtOH rt PhCO2H 4.2 60 30
3 7.5 iPrOH rt PhCO2H 4.2 64 13
4 2 iPrOH rt TFA -15 5 -
5 6 MeOH rt AcOH 4.75 87 55
6 17 MeOH 0 AcOH 4.75 33 55
7 17 MeOH 0 PhCO2H 4.2 36 55
8 5.75 MeOH rt PhCO2H 4.2 90 53
9 17 MeOH rt TFA -15 - -

10 10 MeOH rt HCO2H 3.75 63 38
11 3.75 MeOH rt HBA 4.36 66 53
12 3 Toluene 4 TFA -15 - -

Reaction conditions: -nitrostyrene (0.2 mmol), isobutyraldehyde (2 mmol), additive (0.05 mmol, 25 
mol %), catalyst (10 mol %), solvent (1 mL), T= 25 ºC. In all cases, the selectivity towards Michael 
adducts was > 99 %. (a) Yield and conversion were determinate by GC. (b) Determined by HPLC on the 
purified reaction mixture, using a chiral stationary phase (Chiralpak IC column).TFA: triflic acid, HBA: 
4-heptyl-benzoic acid
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Figure S1. 13C NMR spectrum of pure bis-silylated precursor, PyrSil. 
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Figure S2. 29Si CP/MAS NMR spectrum of HybPyr after four uses.
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Figure S3. 13C NMR spectrum of HybPyr after four uses.
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HPLC data

High performance liquid chromatography (HPLC) was performed on an Agilent Technologies 

chromatograph (1220 Series), using Daicel Chiralpak IC column (4.6 x 250 mm).

Table S3. HPLC data

Product n-Hexane/i-PrOH Flow rate 
[mL/min]

λ[nm] tR[min]

H

O

NO2
90:10 1.0 210

anti: 23.4, 62.3

syn: 40.1,47.9

H

O

NO2

Br

90:10 1.0 210 syn: 41.9, 45.0

H

O

NO2

CH3

80:20 1.0 210
anti:20.3,47.8

syn: 34.4, 40.6

H

O

NO2

CF3 90:10 1.0 210 syn: 20.3, 21.9

H

O

NO2

O
CH3

80:20 1.0 210
anti:18.3,36.1

syn: 27.8,31.5

H

O

Et

NO2
90:10 1.0 210

anti:18.3,27.0

syn: 31.2,35.0
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H

O

Et

NO2

Br

90:10 0.6 210
anti: 31.9, 47.9

syn:  55.1, 57.2

H

O

Et

NO2

CH3

90:10 1.0 210
anti: 16.8,23.9

syn: 28.8,32.5

H

O

Et

NO2

CF3 90:10 1.0 210 syn: 17.6, 18.7

H

O

Et

NO2

OCH3

80:20 1.0 210
anti: 18.3, 24.4

syn: 29.1, 31.3

H

O

n-Pr

NO2 90:10 1.0 210
anti: 16.3, 24.6

syn: 26.2, 29.7

H

O

n-Pr

NO2

Br

90:10 1.0 210
anti: 17.0, 25.6

syn: 27.4, 29.5

H

O

n-Pr

NO2

CH3

80:20 1.0 210
anti: 10.7, 15.1

syn:  16.5, 18.9
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H

O

n-Pr

NO2

CF3 95:5 0.8 254 syn: 24.2,27,4

H

O

n-Pr

NO2

OCH3

80:20 1.0 210
anti: 15.4, 20.1

syn: 22.4,25.0
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Racemic and chiral HPLC chromatograms for Michael adducts

(2R, 3R)-2-methyl-4-nitro-3-phenylbutanal (6a)
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(2R, 3R)-3-(4-bromophenyl)-2-methyl-4-nitrobutanal (6b)
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(2R, 3R)-2-methyl-4-nitro-3-(p-tolyl)butanal (6c)



12

(2R, 3S)-2-methyl-4-nitro-3-(2-(trifluoromethyl)phenyl)butanal (6d)



13

(2R, 3R)-3-(4-methoxyphenyl)-2-methyl-4-nitrobutanal (6e)



14

(2R, 3S)-2-ethyl-4-nitro-3-phenylbutanal (7a)



15

(2R, 3S)-3-(4-bromophenyl)-2-ethyl-4-nitrobutanal (7b)



16

(2R, 3S)-2-ethyl-4-nitro-3-(p-tolyl)butanal (7c)



17

(2R, 3S)-2-ethyl-4-nitro-3-(2-(trifluoromethyl)phenyl)butanal (7d)



18

(2R, 3S)-2-ethyl-3-(4-methoxyphenyl)-4-nitrobutanal (7e)



19

(R)-2-((S)-2-nitro-1-phenylethyl)pentanal (8a)



20

(R)-2-((S)-1-(4-bromophenyl)-2-nitroethyl)pentanal (8b)



21

(R)-2-((S)-2-nitro-1-(p-tolyl)ethyl)pentanal (8c)



22

(R)-2-((S)-2-nitro-1-(2-(trifluoromethyl)phenyl)ethyl)pentanal (8d)



23

(R)-2-((S)-1-(4-methoxyphenyl)-2-nitroethyl)pentanal (8e)
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NMR spectra of intermediates for the preparation of HybPyr catalyst
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