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Figure S1. Thermogravimetrical curves (TGA) and corresponding derivatives (DTA) of (a) NOH-Pyr,
(b) as-synthesized M41S-Pyr, (c) extracted M41S-Pyr, (d) as-synthesized SBA-15-Pyr and (e) extracted
SBA-15-Pyr materials with different content of bis-silylated pyrrolidine fragments.
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Catalysts 2018, 8, 654 50f 19

NOHPyr-30%

\
NOHPyr-10% [ il ’ ‘|

/‘ \ I \ |
AN NG AU

\
PV “w/ XW‘W“MWWWM

NOHPyr-5%

180 170 160 150 140 130 120 110 100 90 70 60 50 40 30 20 10 ! -10 -20

80
d (ppm)

b)

M41sPyr-30%

MA1sPyr-10% i

i A N
\J\“\/\\j} \J\\Jﬂ\j \\‘/Jj '\

i\
\
.,\;.\,.._,.erw_.,m,a/ \\/\Nwwmwwrﬁﬂw/\m/

M41sPyr-5%

T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100



Catalysts 2018, 8, 654

6 of 19
c)
/\ SBA15Pyr-30% /
I LMM(M J S
A
fl I \I I‘|
| il
Il A
|| () N
|1 | I
f\ | |‘ ‘ [
N SBALSPyr-10% P I 0o g
i [ Ly Ji [ /
| fi M s \ |
JJ I‘u PAVA S W \"u»\ / L s N ."I \
i \ e \af YA, .-’j Vi i
M Af, At A MEMAM A AU TSN L e s P ] SAALP YA A A
VY W W VY W W Vv v
f\

| AN
| SBA15Pyr-5% A\v‘ﬁ ;I/ I"., ,JI‘ \‘U“I / "'
/| R VA R R

|

T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 QUd ( BU) 70 60 50 40 30 20 10 0 -10 -20
ppm

Figure S2. C MAS NMR spectra of (a) NOH-Pyr, (b) M41S-Pyr and (c) SBA-15-Pyr materials

containing different content of bis-silylated pyrrolidine fragments, obtained after extraction
processes.



Catalysts 2018, 8, 654

—— NOH-Pyr-30%
a) ——— NOH-Pyr-10%
Q° —— NOH-Pyr-5%

b)

7 0f 19

—— M41S-Pyr-5%
——— M41S-Pyr-10%
—— M41S-Pyr-30%

T T T T T T T T T T ] T
200 100 0 -100 -200 -300 200

T T
100 0

-100

3(ppm)

— SBA15-Pyr-5%
— SBA15-Pyr-10%
—— SBA15-Pyr-30%

T T T T T T
200 100 0 -100 -200

3(ppm)

T
-300

-300

Figure S3.2°Si CP/MAS NMR spectra of (a) NOH-Pyr, (b) M41S-Pyr and (c) SBA-15-Pyr materials,
containing different content of bis-silylated pyrrolidine fragments, obtained after extraction
processes, with assignment of T- and Q-type silicon atoms.
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Figure S5. FTIR spectra of as-synthesized (a) M415-30% and (b) SBA-15-Pyr-30% hybrid materials.
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Figure S6. N2 adsorption isotherms of (a) NOH-Pyr, (b) M41S-Pyr and (c) SBA-15-Pyr materials,
containing different content of bis-silylated pyrrolidine fragments, obtained after extraction

processes.
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Figure S7.3C NMR spectra of the different hybrid materials after four/five uses.
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Table S1. Integration of T-type and Q-type silicon atoms into the different catalysts obtained after
extraction processes.

Catalyst T1 T2 T3 Q2 Qs Q#
NOH-Pyr-5% 0.00 0.01 0.03 0.04 0.37 0.56
NOH-Pyr-10% 0.01 0.02 0.07 0.04 0.27 0.54
NOH-Pyr-30% 0.02 0.07 0.22 0.03 0.23 0.45
M41S-Pyr-5% 0.00 0.01 0.03 0.03 0.30 0.54
M41S-Pyr-10% 0.00 0.01 0.03 0.01 0.28 0.79
M41S-Pyr-30% 0.02 0.09 0.20 0.04 0.24 041
SBA-15-Pyr-
0.00 0.01 0.02 0.01 0.35 1.05
5%
SBA-15-Pyr-
0.01 0.02 0.07 0.01 0.21 0.53
10%
SBA-15-Pyr-
0% 0.01 0.05 0.28 0.02 0.17 0.47

Table S2. Catalytic results achieved in the presence of the different hybrid materials during several
reaction cycles for the enantioselective Michael addition.

Run Yield(%) ee% dr
NOH-Pyr-5%
1 96 82% 92:8
2 90 82% 92:8
3 87 82% 90:10
4 89 82% 90:10
5 83 82% 90:10
M415-Pyr-5%
1 90 78% 91:9
2 86 78% 91:9
3 82 76% 91:9
SBA-15-Pyr-
10%
1 90 78% 91:9
2 86 78% 91:9
3 82 76% 91:9
4 70 78% 91:9
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Table S3. Elemental analysis and C/N molar ratios for NOH-Pyr, M41S-Pyr and SBA-15-Pyr hybrid

materials after extraction process and each run.

Run Catalyst C% N% C/N
0 M41S-Pyr-5% 6.1 14 5.0
1 M41S-Pyr-5% 7.1 14 5.7
2 M41S-Pyr-5% 7.5 1.4 6.4
3 M41S-Pyr-5% 8.0 1.4 6.7
0 SBA-15-Pyr-10% 10.6 2.6 4.8
1 SBA-15-Pyr-10% 10.7 2.5 5.0
2 SBA-15-Pyr-10% 12.6 2.5 6.0
3 SBA-15-Pyr-10% 13.3 24 6.6
0 NOH-Pyr-5% 5.1 1.3 4.6
1 NOH-Pyr-5% 49 1.2 4.8
2 NOH-Pyr-5% 6.7 1.5 5.1
3 NOH-Pyr-5% 7.6 1.6 5.5
4 NOH-Pyr-5% 6.8 1.3 6.6
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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 250mm).

Product n-Hexane/i- Flow rate Alnm] tr[min]
PrOH [mL/min]
o anti:18.3,27.0
NO, 90:10 1.0 210
H syn: 31.2,35.0
Et

Racemic and chiral HPLC chromatogram for Michael adduct
(2R,35)-2-ethyl-4-nitro-3-phenylbutanal

20 T 40
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Mirules
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Results
Pk # Retention Time Area Area Percent
1 18,473 1287391 6,000
2 27.100 3849368 1.794
3 31,270 1777362 8,283
4 34,727 18008974 83,923
Totals

! 21458863 100,000
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1H and C NMR spectra of Michael adduct
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1IH NMR (300 MHz, CDCl3) 8 9.65 (d, ] = 2.6 Hz, 1H), 7.31 - 7.18 (m, 3H), 7.11 (m, 2H), 4.70 (dd, ] =
10.8, 5.4 Hz, 1H), 4.60 (dd, ] = 12.9, 9.3 Hz, 1H), 3.72 (dt, ] = 9.6, 5.2 Hz, 1H), 2.61 (dddd, ] = 9.9, 7.6,
5.3, 2.6 Hz, 1H), 1.54 - 1.37 (m, 3H), 0.76 (t, ] = 7.5 Hz, 1H).
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13C NMR (75 MHz, CDCls) 6 203.1, 136.9, 129.1 (x2), 128.1, 128.00 (x2), 78.5, 55.1, 42.8, 20.4, 10.7.
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