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Supplementary Materials: Solvent-Free Biginelli
Reactions Catalyzed by Hierarchical Zeolite Utilizing
a Ball Mill Technique: A Green Sustainable Process

Ameen Shahid, Nesreen S. Ahmed, Tamer S. Saleh, Shaeel Ahmed Al-Thabaiti,
Sulaiman N. Basahel, Wilhelm Schwieger and Mohamed Mokhtar

1. General Procedure for the Knoevenagel Adduct

MFI27_6 catalysts (0.35 g), were added to ethylacetoacetate 1a (10 mmol) and benzadehyde
derivative 2a (10 mmol) in a mortar, the mixture was ground with a pestle at room temperature then
placed in the 25 ml stainless steel gar equipped with two stainless steel balls. The gar was closed and
milling was conducted at the frequancy 30 Hz. till the reaction complete at 10 min. The contents of
the ball mill vessel were then dissolved in hot ethyl acetate and sonicated for 5 min. then remove the
catalyst by filtration. The reaction product was separated as a solid after evaporation of ethyl acetate
under  reduced  pressure to give pure compounds of ethyl = 3-oxo-2-(4-
(phenylsulfonyl)benzylidene)butanoate.

H NMR (DMSO-ds): 0 1.23 (t, ] = 6.9 Hz, 3H, CHs ester), 2.29 (s, 3H, CHs), 4.36 (q, ] = 6.9 Hz, 2H,
CHzester), 7.36-8.32 (m, 9H, ArH), 8.62 (s, 1H, CH).

2. Some NMR Spectra of the Novel Products
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Figure S1. '"H NMR of compound 4a.
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Figure S2. 3C NMR of compound 4a.
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Figure S3. '"H NMR of Compound 4b.
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Figure S4. 3C NMR of compound 4b.
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Figure S5. '"H NMR of Compound 4e.
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Figure S6. *C NMR of compound 4e.
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Figure S7. °F NMR of Compound 4e.
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Figure S8. '"H NMR of compound 4f.
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Figure S9. *C NMR of compound 4f.



S6 of S8

Catalysts 2017, 7, 84; doi:10.3390/catal7030084

BH'E
_.m.m..k./*_“
5L
xm.ﬂ.___

B
0l .m“v

El'dy
L=t
EE'LF
LeL

HE =

OEL=—

——

MI_M.N

so

Feot

Foot |

a5

10

1.5

0

10

15

4.0

1S5 100 85 2.0 os (] 75 i 6.5 6.0 55 5.0

11.0

Figure S10. '"H NMR of compound 4h.
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Figure 511. ®*C NMR of compound 4h.



Catalysts 2017, 7, 84; doi:10.3390/catal7030084 S7 of S8

ol el N | - o0 T — r- T o— -
= - =SS o Cg e o B i
— = el Wi o or er wvi (=R =g=
| | s b e e

o V
| | |
_JL o U( WU __J|L.____.J’ l&._ D | G

Figure S12. '"H NMR of compound 4;.
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Figure S13. 3C NMR of compound 4;j.
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Figure S14. '"H NMR of compound 41.
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Figure 515. 3C NMR of compound 41.



