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Sustainable approach for the synthesis of chiral [3-
aminoketones using an encapsulated chiral Zn(Il)—salen
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Chapter 5

5.1 Introduction

Asymmetric catalysis has become highly advanced in recent years, but there are still
challenges to overcome in this area, such as developing environmentally safe methods and using
substrates that have been considered unreactive.! Ketones, in particular, pose a significant
challenge to the current state of asymmetric methodologies.> Due to their low reactivity and
difficulties in restraining facial stereoselectivity, some enantioselective chiral catalytic C-C bond
formation reactions with carbonyl are available, despite being effective procedures for
enantioselective reduction of ketones.> In contrast, salen-metal complexes may be useful as
bifunctional Lewis acid-base catalysts for contemporary catalytic reactions with imperative

substrates.*

Scientists have embraced the Green Chemistry principles over the past few decades, and
environmental considerations have become part of chemical processes.’ A significant part of the
active pharmaceutical ingredient (API) manufacturing processes relies on the reaction media,
which accounts for up to 80% of the total mass.*’ To overcome this issue, the major
pharmaceutical companies have developed solvent selection guides for drug synthesis chemical
processes. The development of clean technologies that replace hazardous organic solvents with
environmentally benign solvents has become progressively popular in recent years.® Owing to this
new challenge, organic synthesis has become increasingly popular under solvent-free conditions,

as "green chemistry" strives to minimize pollution, costs, and tedious procedures.”!°

In synthetic organic chemistry, multicomponent reactions (MCRs) are becoming
increasingly prevalent for their many advantages, including increased atom economy, simplicity,
structural disparity, energy savings, and waste reduction.'! MCRs are particularly valuable for the
production of distinctly functionalized organic compounds that can succor as valuable heterocyclic
forerunners in pharmacology.'? The Mannich reaction is one such MCR that is widely used for the
manufacturing of new-fangled nitrogen-encompassing organic moieties with biological activity.'?
Aminocarbonyl molecules synthesized through the Mannich reaction can be used as intermediates
for the synthesis of many important biomolecules, including amino alcohols, amino acids,

peptides, and lactams.'*'” Among the various Mannich reaction catalytic systems explored,
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ultrasonic-assisted organic synthesis (UAOS) is an eco-friendly and competent tactic that
significantly enhances reaction rates, yields, and selectivity. In recent years, UAOS has been
utilized to uphold multi-component self-Mannich reactions and asymmetric Mannich reactions

effectively and expeditiously.?® 22

Considering their improved recyclability, novel heterogeneous catalytic systems such as
nanoparticle-supported/encapsulated solid acids, metal nanoparticles, and metal-coordinated
polymers have received increasing attention in recent years.>»?* However, the synthesis of these
catalysts limits their practical applications among insoluble bulk materials.>>*?” As a way to solve
this problem, micro- and/or meso- porous siliceous substances likes MCM-41, MCM-48, MCM-
50, SBA-15, KIT-6, USY zeolite, or MW W-zeolite have been extensively studied because of their
unvarying interior pore structure, elevated surface areas, wide-ranging ordered pores with confined
size distributions, and superior hydrothermal stability, making them ideal for heterogeneous
catalysts. This study uses zinc metal ions as Lewis acids, which are highly potent, low-cost, non-
toxic, and soft enough and therefore, suited for Mannich reaction. Herein, we report a green
decorum for synthesizing distinctive Zn(II)-Salen ligand encapsulated in MWW host, i.e., Zn(II)-
Salen@MWW-zeolite, as a heterogeneous chiral catalyst and employed for the efficient and rapid
synthesis of B-amino ketones under measly conditions using an ultrasound-assisted one-pot tactic

in solvent-free conditions (Scheme 5.1).

OH HO
CHO OHC MeOH _/ Zn(ID)-MWW-zeolite n
H,N NH, Condensation =N j-N MeOH —N N—
£ E H @H Condensation i % s H

(1) Chiral salen (2) Zn(II)-Salen@MWW catalyst

Scheme 5.1 A schematic representation of the preparation of chiral salen ligand (1) and Zn(II)-

Salen@MWW-zeolite catalyst (2).
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5.2 Experimental Section

5.2.1 Synthesis of MWW-zeolites:

Using hexamethyleneimine (HMI) as a template, we synthesized MWW-zeolites using a

previously reported protocol.?%3°

5.2.2 Preparation of chiral salen ligand:

A chiral salen ligand was prepared from chiral amine and salicylaldehyde using a reported

method.?!33

5.2.3 Zn(IT) exchanged MWW-zeolite:

A sample was prepared by mixing 5 grams of MW W-zeolite with 12 mmol of zinc acetate
salt in 300 ml of deionized water with continuous stirring for 24 hours at 90 °C. As soon as the
stirring period ended, the final product was isolated and washed numerous times with deionized

water to remove any free metal ions. Following this, the solid was dried at 120 °C for 15 hours.**%

5.2.4 Synthesis of chiral Zn(II)-Salen@MW W-zeolite:

A Zn(I1)-MWW-zeolite, was combined with an excess of chiral salen in a round flask. The
ratio of metal to ligand was 0.33. The mixture was covered with an adequate amount of solvent
and subjected to reflux for 24 hours under a flow of nitrogen gas. The unbound ligands were
eliminated by extracting with acetone, and any free Zn(Il) ions that were not coordinated were
removed via an ion-exchange process using a 0.1 M sodium chloride solution. Afterwards, the
sample was washed with deionized water, followed by air-drying for a duration of 60 minutes.
This process led to the encapsulated of a chiral Zn(II)-Salen ligand securely encapsulated into the
MWW-zeolite framework. The resulting product is referred as Zn(II)-Salen@MWW-zeolite
catalyst (Scheme 5.1).436-40
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5.2.5 Catalytic activity

A mixture of aniline, benzaldehyde, and acetophenone (each of 1 mmol) was combined
with 0.05 g Zn(I)-Salen@MWW-zeolite catalyst in a 50 ml RBF. The reaction mixture was
subjected to ultrasonic waves using a bath Sonicator. The reaction was allowed to continue for a
duration of 120 minutes. Immediately after the accomplishment of the reaction, the solid catalyst
was isolated from the crude solution by dissolving it in ethanol. After an exhaustive wash with

ethanol, the catalyst was dried under vacuum for reuse purpose.?!#!4?

5.3 Results and Discussion

5.3.1 X-ray Diffraction Patterns
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Figure 5.1 XRD patterns of (a) MWW-zeolite (b) Zn(I[)-MWW-zeolite (c) chiral Zn-
Salen@MWW-zeolite catalyst
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Powder X-ray diffraction (XRD) is a crucial technique used to assess the level of
crystallinity in powdered samples. Figure 5.1 displays the XRD patterns of three samples: MW W-
zeolite (a), Zn(I)-exchanged MW W-zeolite (b), and chiral Zn-Salen@MW W-zeolite catalyst (c).
In all three samples, diffraction peaks are observed at 26 values of 7.2°, 8.0°, 9.6°, 23°, and 26°,
corresponding to the (100), (101), (102), (220), and (310) reflections, respectively. These peaks
are distinctive characteristics of the MWW-zeolite. The results ensure that the crystalline

arrangement of the MW W-zeolite remains intact after grafting.**-4¢

5.3.2 Scanning electron microscopy

r T

Figure 5.2 FE-SEM results of (a) MWW-zeolite (b) Zn(II)-exchanged MW W-zeolite, (c) chiral
Zn-Salen@MWW-zeolite.

In Figure 5.2 presents FE-SEM images of three samples: MW W-zeolite, Zn(II)-exchanged
MWW-zeolite, and chiral Zn-Salen@MW W-zeolite. Figure 5.2(a) shows the characteristic cube
morphology of the primary crystals of MW W-zeolite. Figures 5.2(b) and (c) demonstrate that the
introduction of metal and chiral salen scaffold produced minimal alterations in the surface

morphology of the MWW-zeolite.*”
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5.3.3 BET analysis
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Figure 5.3 (A) N2 adsorption— desorption isotherms of (a) MWW zeolite (b) Zn(I1)-MW W-zeolite
and (c) chiral Zn-Salen@MW W-zeolite; (B) BJH pore size distributions of (a) MWW zeolite (b)
Zn(II)-MWW zeolite and (c) chiral Zn-Salen@MW W-zeolite.

Table 5.1 Porosity and texture features of catalyst and catalyst precursors

Surface Pore Average pore

Sample area/m?>g!  volume/cm®g?!  diameter/nm
MWW-zeolite 414.50 0.51 6.2
Zn(I)-exchanged MW W-zeolite 263.48 0.48 33
Chiral Zn(II)-Salen@MWW 31.96 0.14 3.0

Figures 5.3(A) and (B) exhibit N2 adsorption-desorption isotherms and BJH pore size
distributions for MWW-zeolite (a), Zn(Il)-exchanged MWW-zeolite (b), and chiral Zn-

110|Page



Chapter 5

Salen@MWW-zeolite (c). The hybrid materials demonstrate consistent pore size distributions
within their mesoporous regions due to their type IV isotherm characteristics. These attribute
validate the retention of the meticulously arranged mesoporous cage of MW W-zeolite within the
synthesized materials. Table 5.1 presents a decrease in pore diameter, from 6.2 nm in pure MWW-
zeolite to approximately 3.3 nm in Zn(II)-exchanged MW W-zeolite and 3.0 nm in chiral Zn(II)-
Salen@MWW-zeolite. The BET surface area of the synthesized materials exhibits a gradual

reduction, indicating the successful encapsulation of organic scaffolds into the MW W-zeolite.>

5.3.4 FTIR spectra
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Figure 5.4 FTIR spectra of (a) MWW-zeolite (b) Zn(II)-exchanged MW W-zeolite and (c) chiral
Zn(I1)-Salen@M W W-zeolite catalyst.

Figure 5.4 illustrates the FTIR spectral data of three samples: MWW-zeolite, Zn(II)-
exchanged MWW-zeolite, and chiral Zn(II)-salen@MW W-zeolite. The FTIR spectrum of MWW-
zeolite reveals the presence of a prominent and wide band at 1015 cm ™!, indicating the occurrence

of stretching vibration associated with aluminum silicate element Figure 5.4(a). Conversely, the
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IR bands observed in the Chiral Zn(II)-Salen@M W W-zeolite exhibit relatively weak intensities,
which could be attributed to the lower concentrations of Zn(II)-Salen present within the cage of
MWW-zeolite. However, in the chiral Zn(I1)-Salen@MW W-zeolite, this vibration is notably
absent, indicating the deprotonation of this group through coordination with the metal ion. In the
FTIR spectrum of Figure 5.4(c), the presence of a bond at 1629 cm ™! ensures that nitrogen interacts
with the metal ion. This band shifts to the lower frequency region and observed in the spctra of
chiral Zn(II)-Salen@MWW-zeolite. The FTIR spectrum of chiral Zn(II)-Salen complex
encapsulated within the MWW-zeolite exhibits a prominent broad band around 3479 cm™'. This
specific bands are indicative of -OH stretching, along with relatively less intense band in the range
of 804-816 cm™!' for rocking and 664-694 cm™! wagging vibrations respectively, providing

evidence for the presence of lattice water molecules within the framework.’!

5.3.5 EDAX pattern
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Figure 5.5 EDAX pattern of chiral Zn(II)-Salen@MW W-zeolite catalyst

Figure 5.5 exhibits the results of the EDAX analysis, confirming the existence of Zinc, Silica,

Aluminum, and Oxygen elements in the composition of the Chiral Zn(II)-Salen@MWW-

zeolite.3>3
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5.3.6 X-ray photoelectron spectroscopy
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Figure 5.6 XPS spectra of Chiral Zn(Il)-Salen@MW W-zeolite; (a) survey spectrum, (b) Zn 2p,
(c) N Isand (d) C 1s.

XPS spectra of Chiral Zn(II)-Salen@MW W-zeolite are shown in Figure 5.6. This analysis

was carried out to examine the surface elemental composition and elemental bonding of the chiral

encapsulated Zn(II)-Salen catalyst successfully prepared. The comprehensive XPS spectrum

(Figure 5.6(a)) demonstrates the existence of Zn, O, Si, C, and N elements. The XPS spectra of

Zn 2p (Figure 5.6(b)) exhibits two distinctive peaks at 1021.6 eV for Zn 2p32 and 1044.6 ¢V for
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Zn 2p1.2, confirming the presence of Zn(I1) within the sample. In the N 1s spectrum (Figure 5.6(c)),
three peaks at 402.3 eV (CN), 405.3 eV, and 408.1 eV are observed, indicating the interaction
between zinc and nitrogen within the carbon moiety. C 1s spectrum (Figure 5.6(d)), exhibits three
clearly distinguishable peaks are observed at 282.3 eV, 284.3 eV, and 288.2 eV, which analogous
to chemical bonds C-C, C-O or C-N, and C=N, respectively.’*>°

5.4 Catalytic activity

As a result of the successful fabrication and characterization of an Chiral Zn(II)-
Salen@MW W-zeolite, its catalytic property was assessed for use in one-pot Mannich reaction as
shown in Scheme 5.2. An environmentally responsible, affordable, long-lasting, and economical
reaction route is crucial when it comes to organic transformation reactions. There is one such
effective route, i.e., ultrasonic route, which has the advantages of being low energy-consuming,

simple to react to, and quick to respond.

Initially, the goal of was to establish an unpretentious method for synthesizing the target
product. The use of a catalyst, howbeit, resulted in a higher yield. In ultrasonic-assisted reactions,
ultrasonic radiation interacts with the organic substrate, creating transient cavities that are filled
with liquid vapour or air. These cavities collapse rapidly after a few ultrasound cycles, generating
hot spots with high temperatures and pressures that help break chemical bonds and increase the
yield of the product in less time. Through this process, mass flow mechanical energy is transformed
into kinetic energy generated by arbitrary molecular translation and rotation. The method is
advantageous because it eliminates the need for solvents, which can be associated with complex

work-up procedures, safety concerns, high costs, and environmental problems.
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5.4.1 Synthesis chiral f-aminoketone derivatives
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Scheme 5.2 Synthesis of chiral B-aminoketone derivatives using chiral Zn(Il)-Salen@MWW-

zeolite.

(©)

@*”5 @*5 @f?g @*ﬂ@

OH OCH;
(U]

(F) (H)

oD

NH NH NH NH NH
<ERgN<Ehgi<Eh s B¢
(A) _ (B) (D) (E)

0 : 0 0 0 0 §
)I\'/LN]I /@M;\‘n /@J\JL.\'H /©/Lk/'\x1| /©/jk/!\_\lll
@ cl @ Br @ MeO @ HO @
(K) (1) N) (0)

0
NH
@/:_u 1
@

Figure 5.7 Encapsulated chiral Zn(IT)-salen complex catalyzes the synthesis of Mannich bases (A-

O) derived from aryl ketone. Where aldehyde/aniline/aryl ketone are in a 1:1:1 molar ratio.
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To optimize the reaction conditions, we tested varied ratios of starting substrates and found
that using 1 mmol of each substrate with a 1:1:1 ratio resulted in a high product yield. With
optimized reaction conditions, we synthesized different derivatives of P-amino carbonyl
compounds (Table 5.2) to evaluate our catalyst's efficiency and performance. We also tested the
upshot of substituents in aromatic aldehyde and aniline on product yield. In contrast to aldehydes
with electron-donating substituents, those with electron-withdrawing groups produced a greater

yield in fewer hours.

Table 5.2 Chiral B-aminoketone derivatives synthesized through the one pot Mannich reaction

with diverse substrates employing chiral Zn(II)-Salen@MW W-zeolite catalyst

Substrates

Entry (R, R, and Ry) Product® Conversion (%) ee (%)°®
1 R,=H;R,=H; R;=-Ph A 94 94.58
2 R;=4-NO,; R,= H; R;=-Ph B 96 96.33
3 R,=4-Me; R,=H; Ry=-Ph C 95 95.40
4 R;=4-OH:R,= H; R;=-Ph D 88 89.73
5 R,=4-Cl;R,= H; R;=-Ph E 93 89.45
6 R,=4-OMe; R,= H; Ry=-Ph F 89 88.00
7 R;=2-OH:R,= H; R;=-Ph G 81 84.07
8 R,=H;R,=4-OH; R;=-Ph H 87 91.82
9 R,= H;R,= 4-OMe; Ry= -Ph I 88 89.58
10 R,=H; R,=2-OH; R;=-Ph J 80 83.72
11 R,=H:;R,=H; R;=-CH; K 95 94.35
12 R,=H;R,= H; Ry=4-CI-Ph L 95 89.95
13 R,=H; R,= H; Ry= 4-Br-Ph M 93 88.96
14 R,=H;R,= H; R;= 4-OMe-Ph N 86 87.67
15 R,= H:R,= H; R,= 4-OH-Ph 0 84 86.98

2 As shown in Figure 5.7; ® ee analyzed through chiral HPLC: Reaction conditions: mole ratio of aldehydes, amine and
ketone (1:1:1). and chiral Zn(II)-Salen@MWW-zeolite (0.05 g), ultrasonication, 120 min.

The products obtained were thoroughly analyzed through chiral HPLC and confirmed by
FTIR, 'H & 3C NMR spectroscopy, and their data were compared with previously reported data.
In addition to the synergistic effect among the individual components, the chiral Zn(II)-Salen
surface was able to adsorb significant amounts of reactant molecules, increasing its catalytic
activity. Considering the above results, the presence of Bronsted and Lewis acidic sites, the
synergistic effect amid the discrete components, and the larger surface area of the catalyst play
crucial roles in its altogether catalytic performance. The activation of the reaction was further

facilitated by ultrasonic wave through the preparation of B-amino carbonyl compounds.
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5.4.2 Recyclability test

The catalyst's recyclability and stability are crucial for its effectiveness. To investigate this,
we used the optimized conditions to assess the catalyst's reusability. As soon as the reaction was
completed, the catalyst was recovered, washed with ethyl acetate to remove organic parts, and
dried for 3 hours underneath vacuum at 80°C. Despite reusing the chiral Zn(II)-Salen@MW W -
zeolite catalyst five times, we observed only petite losses in catalytic activity. The fresh sample
yielded 94% product yield and 94.58% ee as the catalytic run was being carried out, but these
numbers somewhat fell to 85% and 82.44%, respectively, after the fifth run, as stated in Table 5.3
and their bar chart, which is depicted in Figure 5.8.

Table 5.3 Recyclability data of the chiral f-aminoketone derivatives synthesis

Entry Conversion (%) ee (%) *?
1 94 94.58
2 91 92.98
3 89 87.83
4 86 83.91
5 85 82.44

3ee analyzed through chiral HPLC; Reaction conditions: mole ratio of
aldehydes, amine and ketone (1:1:1), and chiral Zn(II)-Salen@MWW-
zeolite (0.05 g), ultrasonication, 120 min.
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Figure 5.8 Recyclability test of chiral Zn(II)-Salen@MWW-zeolite catalyst over chiral

B-aminoketones synthesis.
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5.4.3 A comparative study for the synthesis of chiral p-aminoketone

Table 5.4 presents a comparison of chiral catalytic systems, both heterogeneous and
homogeneous, utilized in chiral f-aminoketone synthesis. The results reveal that the present
catalyst was compared to other previously reported catalysts and showed superior efficiency using

a sustainable ultrasonic method, demonstrating higher activity within a short time frame.!3:60-6¢

Table 5.4 A comparative study for the synthesis of the chiral f-aminoketone derivatives

Entry Catalyst Yield (%) Time (hours) Amount of catalyst (mol %) Reference

1 H,PW,0,, 89 18 0.24 [15]
sucrose char

) sulfonic acid 91 10 4 [18]

3 NH,SO;H 94 1.5 10 [22]

4 Hf(OTY), 89 6 5 [53]

5 NDPANI 94 7 - [55]

5.5 A plausible reaction pathway for the chiral f-aminoketone derivatives synthesis

Considering all the above results, a plausible mechanism has been proposed and is
presented in Figure 5.5. As a result of the acidic nature of the catalyst (Bronsted as well as Lewis)
and the effective adhesion of reactant molecules to its surface, the reaction begins under ultrasonic
irradiation. During the reaction, the carbonyl group of the aldehyde substrate is activated by
protonation (predominantly by the acidic Bronsted sites of the active catalyst), while the Lewis
acidic site activates aniline substrate. In the next step, the activated aldehyde is dehydrated by the

nucleophilic aniline in order to form an iminium intermediate.
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Figure 5.5 A plausible reaction pathway for the chiral B-aminoketone derivatives synthesis and

transition state models for the prediction of stereoselectivity

The asymmetric Mannich reaction of iminium intermediate with ketone had previously
been reported to generate in-Situ metal complexes through axially chiral salen ligands (Figure 5.5).
These transition states readily explain the observed Re-facial enantioselectivity is favored and the

opposite selectivity (Si) is disfavored.*

Moreover, the desired product was efficiently produced by generating cavitation through
ultrasonic irradiation. This process involved the formation and collapse of microbubbles,
generating an enormous amount of thermal energy and district pressure that facilitated the
fabrication of B-amino carbonyl compounds. The presence of acid groups on the catalyst, along

with ultrasonic irradiation, favoured the dehydration process during the formation of the
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intermediate. Prior literature has referred to an analogous mechanism involving metal

nanoparticles for the synthesis of f-aminocarbonyl compounds.

5.6 Conclusion

In this study, a highly persuasive, unprecedented and atypical encapsulated chiral Zn(II)-
Salen catalyst, Zn(II)-Salen@MW W-zeolite, was fabricated, characterized, and used to synthesize
chiral B-amino carbonyls via a one-pot three-component using an ultrasonic irradiation. Related to
other reported systems, the present catalyst demonstrated superior performance with a higher
product yield of 94 % and 94.58 ee (%) selectivity achieved in a shorter reaction time (120 min).
Furthermore, the existence of acidic sites, a sky-scraping the area of surface, ultrasonic irradiation,
and cooperative interaction among the discrete parts contribute to increased activity. Moreover,
the catalyst exhibited remarkable reusability for up to five consecutive cycles, maintaining
significant catalytic performance without substantial degradation. In summary, this study
demonstrates that encapsulating chiral metal salen ligands on acidic zeolite surfaces can lead to

highly effective, durable, and recyclable catalysts for various organic transformations.
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