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1. Preliminary optimization experiments

Table S1. Determination of the ideal amount of nitromethane.™

Ca?*-AHG OH
CHO (4.7 mol%) NO,
+ CH3NO,
O.N DMSO
2 RT, 24 h O,N
1 2 3a
Entry eg. MeNO , Yield (%) (el
1 5 77
2 10 88

[a] Reaction conditions: 4-nitrobenzaldehyde (0.1 mmol), nitromethane (0.5 or 1.0 mmol), 1 unit of
Ca”*-AHG bead, DMSO (0.5 mL), room temperature, 24 h; [b] Determined by *H NMR analysis of

the crude product.

Table S2. Determination of the ideal amount of 4-nitrobenzaldehyde (2).[a]

Ca®*-AHG OH
CHO (4.7 mol%)
NO,
+ CH3NO,
O,N DMSO
2 RT, 24 h O,N
1 2 3a
Entry mmol (2) Yield (%) ™
1 0.1 88
2 0.3 33

[a] Reaction conditions: 4-nitrobenzaldeyhde (0.1 or 0.3 mmol), nitromethane (10 eq.), 1 unit of

Ca”*-AHG bead, DMSO (0.5 mL), room temperature, 24 h; [b] Determined by *H NMR analysis of

the crude product.



2. Additional experiments

Nanoreactor experiment

Table S3. Nanoreactor experiment: Comparison of the outcome between one whole Ca**-AHG
bead and one halved Ca**-AHG bead.”

CHO OH
/©/ . CHNO, Catalyst NO,
O RT.tme  ON
1 2 3a
Entry fime (h) Yield (%)™ Yield (%)™
Whole Bead Halved Bead

1 1 8 9

2 2 15 17

3 3 21 29

4 4 31 40

[a] Reaction conditions: 4-nitrobenzaldehyde (0.1 mmol), nitromethane (1.0 mmol), 1 whole or 1
halved Ca**-AHG bead, DMSO (0.5 mL), room temperature; [b] Determined by 'H NMR analysis of

the crude product.

Recycling experiment

Table S4. Proof of the recyclability of the Ca?*-AHG beads.”

Ca?*-AHG OH
CHO (4.7 mol%) NO,
+ CH3NO,
O-N DMSO
2 RT, 24 h O,N

1 2 3a

Entry Run Yield (%) ™
1 1 88
2 2 85
3 3 83
4 4 72
5 5 64




[a] Reaction conditions: 4-nitrobenzaldehyde (0.1 mmol), nitromethane (1.0 mmol), 1 unit of ca**-
AHG bead, DMSO (0.5 mL), room temperature, 24 h; [b] Determined by *H NMR analysis of the
crude product.

3. Metal loading

Table S5. Determination of the metal content of the used M™-AHG beads by ICP-OES.®

Entry M™ Loading ( umol/bead)
1 Ca®*-AHG 4.76
2 Cu**-AHG 3.23
3 Co?*-AHG 3.57
4 Ni**-AHG 2.99
5 Zn**-AHG 3.56
6 Fe**-AHG 4.26

[a] Sample preparation was performed like previously reported.™ 20 randomly chosen M™-AHG

beads were dissolved in conc. HNO; for each case.

4. Leaching study

Table S6. Metal leaching of the used M™"-AHG beads as a function of solvent.

c(M™) / (mmol/L)

Solvent Ca®-AHG Cu®*-AHG Co0?-AHG Ni*-AHG  Zn*-AHG Fe*'-AHG

H.O - 0.153 0.178 <LOD 0.246 <LOD
EtOH - 0.070 0.143 <LOD 0.167 <LOD
toluene - < LoDM <LOD <LOD <LOD <LOD
DCM - <LOD <LOD <LOD <LOD <LOD
THF - 0.046 0.035 <LOD 0.211 <LOD
MeCN - <LOD 0.033 <LOD 0.113 <LOD
DMSO - 7.780 0.169 0.002 0.179 <LOD

[a] Conditions: 5 M™-AHG beads were matured in a solvent (2 mL) at room temperature for 48 h.
After this time the supernatant solution was filtrated and submitted for ICP-OES analysis. [b] LOD =
0.1 mg/L.



5. Kinetic study

Table S7. Kinetic study: Correlation between time and vyield of the Ca2+-AHG-cataIyzed Henry

al

reaction.!
2+
/@CHO (?7 mﬁl:’f) o NO,
+ CH;NO,
OaN RT.tme O

1 2 3a

Entry time (h) Yield (%) ™
1 0 0
2 1 9
3 2 15
4 3 21
5 4 29
6 6 41
7 8 48
8 17.5 75
9 20 78

10 24 88

[a] Reaction conditions: 4-nitrobenzaldehyde (0.1 mmol), nittomethane (1.0 mmol), 1 unit of Ca**-
AHG bead, DMSO (0.5 mL), room temperature; [b] Determined by *H NMR analysis of the crude

product.

o Ca2+AHG — Linear (Ca2+-AHG) |

0
-0.5 4
- ° y =-0.1075x
S 1 R®=0.9978
é
3 151
£
2.5 -
-3 . . . .
0 5 10 15 20 25

time (h)

Figure S1. Kinetic analysis of the Ca**-AHG-catalyzed Henry reaction: k = 0.107 h™*, R* = 0.9978.
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6. IR spectra

* NaAP + Ca2+-AHG + Ca2+-AHG (FD) |

rel. Transmittance

N\
‘ié; 'Y
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Figure S2. Comparison of the IR spectra: Na'™-AP (blue line), Ca’*-AHG (black line) and freeze
dried (FD) Ca®*-AHG (green line).



e Ca2+-AHG * Cu2+-AHG + Co2+-AHG  Ni2+-AHG * Zn2+-AHG <+ Fe3+-AHG
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Figure S3. Comparison of M™-AHG IR spectra: Ca**-AHG (black line), Cu**-AHG (turquoise line),
Co”*-AHG (pink line), Ni**-AHG (green line), Zn**-AHG (grey line) and Fe*-AHG (brown line).

+ Ca2+-AHG (FD) + Cu2+-AHG (FD) * C02+-AHG (FD)  Ni2+-AHG (FD)
Zn2+-AHG (FD) * Fe3+-AHG (FD)
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Figure S4. Comparison of freeze dried (FD) M™-AHG IR spectra: Ca*-AHG (FD) (black line),
Cu®*-AHG (FD) (turquoise line), Co**-~AHG (FD) (pink line), Ni*-AHG (FD) (green line), Zn**-AHG
(FD) (grey line) and Fe*"-AHG (FD) (brown line).



7. TGA curves

— Na-AP — Ca2+-AHG = Ca2+-AHG (FD) Cu2+-AHG (FD)
—— C02+-AHG (FD) Ni2+-AHG (FD) Zn2+-AHG (FD) = Fe3+-AHG (FD)

100

75 1

wt loss (%)
(42}
o

25 1

0 50 100 150 200 250 300 350
T ()
Figure S5. TGA curves of M™-AHG: Na'™-AP (blue line), Ca**-AHG (black line), freeze dried (FD)
Ca”*-AHG (black line), Cu**-AHG (FD) (turquoise line), Co®*-AHG (FD) (pink line), Ni*-AHG (FD)
(green line), Zn**-AHG (FD) (grey line) and Fe**-AHG (FD) (brown line).



8. Selected *H NMR spectra

Table 3, entry 1: ¥ Diphenylmethane was used as internal standard (IS)
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Table 3, entry 2: ¥ Diphenylmethane was used as IS

LE'T

mm.ﬁV.
8’17
om.ﬁ.\.

£9'b+
89'p |
69'b-
0L
a2
[z
(722
€L
bLb
LA
9t
105
Q.Ff
645

189~

IT'sS
LT'S
mﬂ.mw
0C's
€5'S
mm.m&
95'S

LS°L
85,
6S°L
6S°L
19°L

174
T4]
L8
87’8

b (anti)

.................

EtOAC --se-

",
“aa.
.....
",

........

e

O2N

c (an:ci) c (syp)

g%

15

oot

Tes0

B0

0.0

0.5

1.0

3.0 2.5 20

100 95 9.0 8.5 8.0 75 70 65 6.0 55 50 45 4.0 35
f1 (ppm)

10.5



Table 3, entry 3: ! Diphenylmethane was used as IS
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Table 3, entry 5: ! N,N-Dimethylacetamide was used as IS
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Table 3, entry 6: ! Diphenylmethane was used as IS
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Table 3, entry 8: ¥ N,N-Dimethylacetamide was used as IS
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Table 3, entry 9: ® N,N-Dimethylacetamide was used as IS
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Table 3, entry 10: ® Diphenylmethane was used as IS

67T+

a (anti)

TeT—=
LYT—+

m_:.\.

E19°0

09
S.L
438
Cia
S9'p
99'% §
99 +
LY
89 4
69
697
107
wy
£rv
YL
9]
66 ]
z0's 4
SEs
9g's

—

EtOAC ::..--....-

DMSO

b
(anti + syn)

EB9L0 [

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

11.0

Table 3, entry 12: ¥ Diphenylmethane was used as IS
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9. HPLC spectra

Ca®"-AHG:

1.100 2 OH OH
H NO; | NO,
a00
800 H
700
600
500
400
30

20(

10

mAU

U,;_/J\JL

012345678 91011121314151617 1819202122 2324 2526 27 28 29 3(

Min
Index | Name Time | Quantity | Height Area| Area %
[Min] | [% Area] | [mAU] | [mAU.Min] [%]
1 UNKNOWN | 14,19 49,61 | 9957 353.1 49,606
2 | UNKNOWN | 16,70 50,39 | 869,2 358,7| 50,394
Total 100.00 [ 18649 711.91 100.000
Cu?"-AHG:
1.100 o
1.000 /@AH
900 O:N
800
700
> 600
E 500
400
308_
20(8
10
0
0123456 7 8 91011121314151617 181920 2122 23 24 2526 27 28 29 30
Min
Index | Name Time | Quantity | Height Area Area %
[Min] | [% Area] | [mAU] | [mAU.Min] [%]
1 UNKNOWN | 14,23 50,14 73,2 246 50,136
UNKNOWN | 16,78 49,86 62.9 245 | 49,864
Total 100.00| 136.2 49.0 | 100,000
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Co%*-AHG:

1.000 oH oH
900 /@/\\,NOQ ) S__NO,
800 O OQN/©/\/
700
600
2
T 500
400
30
8
20 g
TofE )
0 i
012345678 9101112131415161718192021222324252627 282930
Min
Index | Name Time | Quantity | Height Area | Area %
[Min] | [% Area] | [mAU] | [mAU.Min] [%]
1 UNKNOWN | 15.25 49.94 | 10125 381.7| 49,937
2 |UNKNOWN | 18.25 50,06 | 8702 382.6 | 50,063
Total 100.00 | 1882.7 764.3 | 100,000
2+ .
Ni“"-AHG:
1.100 - )
(o]
1.000 Q)LH
900 ON
800 OH OH
NO., __NO,
700 /@JV .
600 ON 02N1©/\/
2
£ 500
400
30 3
2018
10(5
OI—.’N (AN =

012345678 91011121314151617 181920 2122 2324 252627282930

Min
Index | Name Time | Quantity | Height Area | Area %
[Min] | [% Area] | [mAU] | [mAU.Min] [%]
1 |UNKNOWN | 14,20 49.69| 5836 202.1| 49692

2 |UNKNOWN | 16,72 50,31 | 5068 2046 50,308

Total 100,00 | 10904 406.7 | 100,000
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Zn?"-AHG:

10.

[1]

[2]

[3]

[4]

[5]

16

1.100 o
1.000 Q)LH
900 N
800
700
= 600
<
€ 500
400
308_
208
105
0,|—f\/\./u 1
012345678 91011121314 151617 181920 21 22 23 24 25 26 27 28 29 30
Min
Index | Name Time | Quantity | Height Area Area %
[Min] | [% Area] | [mAU] | [mAU.Min] [%]
1 | UNKNOWN | 14,20 49,56 | 433.1 147.4 | 49,556
UNKNOWN | 16,72 50,44 | 3765 150.0 | 50,444
Total 100.00| 809.6 297.4 [ 100,000
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