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Abstract: 1,4-Dihydropyridine (DHP) derivatives are an important class of organic compounds known
for their broad biological and pharmacological activities, particularly as calcium channel blockers,
which make them valuable in medicinal chemistry. Given their significance, developing efficient and
sustainable synthetic methods for these derivatives is crucial. In this study, we present a green, one-
pot Hantzsch synthesis of 1,4-dihydropyridines using a Scrap Automobile Catalyst (SAC) as a
sustainable and reusable heterogeneous catalyst. The multicomponent reaction was carried out under
mild conditions using ammonium acetate in ethanol (EtOH) with various aldehydes and 1,3-diketones.
The results demonstrate that the SAC-catalysed reaction proceeds efficiently, with electron-
withdrawing substituents accelerating the reaction, achieving completion in just 1.5-2 hours. In
contrast, reactions involving benzaldehyde required longer reaction times (up to 4 hours) but still
afforded a high yield of 88%. This approach not only offers a rapid, high-yielding, and environmentally
benign synthetic route but also provides an innovative solution for the valorisation of difficult-to-
recycle automotive waste, aligning with the principles of green chemistry. The SAC catalyst proved to
be reusable, further enhancing the sustainability of the process. This study highlights the potential of
waste-derived catalysts in organic synthesis, offering a cost-effective and eco-friendly alternative to
conventional method.
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1. INTRODUCTION

The increase in population density in the world increases the need for all kinds of needs for living life in
direct proportion. This situation has made it difficult to meet the life on earth with the amount of
production from scratch and has shown that it is no longer possible to evaluate waste products
completely as garbage. It is an increasingly recognised fact that the use of waste-based catalysts in
sustainable chemical synthesis is a potential solution to minimising environmental impact and
enhancing the efficiency of chemical processes. The integration of waste-derived materials into
catalytic systems has been shown to address issues of waste management in addition to promoting
the principles of green chemistry by utilising abundant and often underutilised resources. A significant
benefit of waste-based catalysts is their capacity to enable chemical reactions under milder conditions,
a crucial aspect for sustainable synthesis (Rostamnia & Xin, 2014). Metal-organic frameworks (MOFs)
derived from waste materials have exhibited notable catalytic activity in reactions such as the
Hantzsch coupling reaction, underscoring their efficiency and reusability. The potential for these
catalysts to be isolated and reused multiple times is significant, given that it reduces the need for
fresh materials and minimises waste generation (Rostamnia & Xin, 2014). The development of
heterogeneous catalysts from agricultural waste is a promising avenue for biodiesel production, as
evidenced by the dual benefits of waste valorisation and sustainable energy generation. This has been
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demonstrated in the study by Khan et al. (Khan et al., 2021). In addition, the application of catalysts
derived from waste materials is congruent with the principles of a circular economy, wherein the
valorisation of waste materials is achieved through the repurposing process. For instance, geopolymer
microspheres synthesised from slag have been employed as low-cost catalysts for CO, hydrogenation,
thereby exemplifying the capacity of industrial waste to be converted into effective catalytic materials
(Deng et al., 2022). This method not only mitigates the environmental impact of chemical synthesis
but also enhances resource efficiency by utilising materials that would otherwise be discarded, thus
promoting a sustainable and circular approach to chemical production.

In other words, the materials that provide the reusable condition have been very important for
ensuring sustainable development and reducing the negative situation on the environment that occurs
while maintaining human life. In other words, humanity has now started to look for ways to reuse
waste. One of the most important examples of this situation is the catalytic convertors on the cars.
Because it has been a mandatory part on all cars since 1993 (Searles, 2002). These critical parts are in
high demand in various sectors such as recycling, jewellery, electronics and automotive. Because PGM
metals (such as platinum, palladium and rhodium) from used catalytic converters are known to be
precious metals. These metals can be easily reused in many applications in science, industry and
industry. However, recycling of catalytic converters is a very long, difficult and costly sector (Xu et al.,
2022). Since catalytic converters are a combination of chemical and mechanical processes such as
melting, roasting and refining, the number of companies making them is also small. Whether this
difficult and long process can be used in new sectors with fewer processes has been the subject of
important studies in the scientific world in recent years. One of these is the utilisation as a catalyst
through synthesis in organic chemistry. After 2000s, citronellal has been successfully applied on
monofunctional reactions such as sequential cyclisation (Cova et al., 2019; Zuliani et al., 2020), wet air
oxidation of Malathion (Isgoren et al., 2023), hydrogenation of alkenes (Zengin et al., 2011),
nitroarenes (Genc, 2015) and Vegetable Oils (Sonmez et al., 2013). However, studies on its effect on
multicomponent methods are scarce. To conclude, the significance of waste-based catalysts in
sustainable chemical synthesis cannot be overestimated (Yuan et al., 2022) . They provide a route
through which the chemical industry can reduce its waste output, enhance its resource efficiency, and
promote environmentally friendly practices in its manufacturing processes. By leveraging waste
materials as catalysts, chemical manufacturers can transition towards more sustainable business
practices that align with global efforts to mitigate environmental degradation and promote a circular
economy (Tickner et al., 2022).

In the world of organic chemistry, there are many examples of reactions that take place over multiple
reactants. These compounds, especially as a result of technological developments in the field of
medicine and the widespread use of their effects on health treatment, a significant increase in their
pharmacological use has been recorded. The most important of these are indoles, pyridines,
pyrimidines and other nitrogen-containing compounds (Ulloora et al., 2013). 1, 4 Dihydropyridines are
one of the best-known drug active ingredients in this field. Although 1, 4-Dihydropyridine (1, 4-DHP)
was first discovered in 1882, it became famous when nifedipine, a member of the 1, 4-DHP family, was
used as an antianginal and antihypertensive drug (Raj et al., 2025). In addition, it also affects non-
diabetic nephropathies (Wilmer et al., 2003), angiotensin-converting enzyme inhibition (Brown &
Vaughan, 1998; Raj et al., 2025), and human cytochrome P450 enzyme inhibition (M. et al., 2000;
Sakamuru et al., 2025). More recently, felodipine and nicardipine have been utilised as cardiovascular
drugs and Camiglibose for diabetes and Lobeline-126 as a respiratory stimulant (Zheng & Crooks,
2015). This widespread use has led to the development of various synthesis methods for this type of
compound. Traditionally, the Hantzsch technique has been used for the synthesis of dihydropyridine,
which involves the condensation of 1, 3-diketones, different aldehydes and a nitrogen source in
methanol (Conrad & Guthzeit, 1882). Nowadays, the realisation of this process over the catalyst for
shorter and higher yields is being investigated and SBA-15 (Rajabi et al., 2015), manganese (lll)-
porphyrin complex (ElI-Remaily et al., 2021), SeO./Hap (Madhavi et al., 2022), nicotinic acid (Patel et
al., 2013), Cul Nanoparticles (Cahyana et al., 2020), Glutathione coated mag. Nanoparticles (Maleki et
al., 2021), volcanic based hybrid nanocomposites (Valadi et al., 2020), and alumina sulphuric acid
(ASA) (Besoluk et al., 2008) and the others are known studies (Chand et al., 2025; Ong et al., 2025;
Sakamuru et al., 2025; Soni et al., 2025).

In this study, Hantzsch reaction was carried out over dimedone, ethyl acetoacetate, various aldehydes
and ammonium acetate with a small amount of PGM as catalyst. The application of a multicomponent
synthesis as well as single-component hydrogenation and oxidation was investigated using
temperature, time, catalyst ratio, and suitable solvent parameters.
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2. EXPERIMENTAL SECTION

2.1. Chemicals and Reagents

The STUART SMP50 was used to do melting point analysis. A VARIAN Infinity NMR spectrometer
(at 75 Hz. and 300 Hz.) was used to determine **C and *H NMR measurements, respectively. The Perkin
Elmer Avio 200 was used to measure ICP-OES. FEI Quanta 250 FEG was used for analyses of SEM-EDX.

2.2. Synthesis Procedure

Synthesis methods of 1,4 dihydropyridine Using SAC (Figure 1): Dimedone (1 mmol) / ethyl
acetoacetate (1 mmol) or ethyl acetoacetate (2 mmol), aldehyde (1 mmol), ammonium acetate (4
mmol), and SAC were mixed in ethanol at 80 °C. The reaction was finished and cooled. The SAC was
then separated from the fluid by centrifugation (6000 rpm) and cleaned with ethanol. After combining
the raw solution with 25 mL of ice-cold water, it was filtered. The product was dried at 105 °C.

Figure 1: The method for the synthesis of 1, 4 dihydropyridine has been developed in the presence of
SAC.

Diethyl 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate (1): *H NMR (300 MHz,
CDCIs): 1.20 (t, J=7.00 Hz, 6H, 2xCHs), 2.25 (s, 6H, 2xCH3), 4.00-4.15 (q, J=6.5 Hz, 4H, 2x0OCHz), 4.95
(s, 1H, -CH), 5.75 (s, 1H, NH), 7.10-7.25 (m, 5H, CeHs). 3C NMR (75 MHz, CDCls): 14.0, 19.5, 39.5, 60.5,
103.5, 126. 0, 128.5, 128.0, 144.0, 147.0, 167.5. IR (ATR, cm-?!): 3375 (N-H, amine stretching
vibration), 2980 (C-H, aliphatic stretching), 1720 (C=0, ester carbonyl stretching), 1585 (C=C,
aromatic stretching), 1340 (C-H, bending vibrations of methyl groups).

Diethyl 4-(4-bromophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (2): '*H NMR
(300 MHz, CDCIs): 1.18 (t, /=7.0 Hz, 6H, 2xCHs), 2.30 (s, 6H, 2xCHs), 3.80-4.10 (q, J=6.7 Hz, 4H,
2x0CHz2), 4.90 (s, 1H, CH), 5.58 (s, 1H, NH), 7.14 (d, J =8.5 Hz, 2H, Ar-H), 7.24 (d, ] = 8.5 Hz, 2H, Ar-
H). 3C NMR (75 MHz, CDCls): 14.2, 19.7, 39.3, 59.8, 103.2, 119.8 129.8, 130.8, 143.8, 146.8, 166.8. IR
(ATR, cm~1): 3328 (N-H, amine stretching vibration), 2970 (C-H, aliphatic stretching), 1725 (C=0, ester
carbonyl stretching), 1582 (C=C, aromatic stretching), 1345 (C-H, bending vibrations from methyl
groups).

Diethyl 2,6-dimethyl-4-(4-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate (3): *H NMR
(300 MHz, CDCIs) 1.21 (t, J/=6.9 Hz, 6H, 2xCHs), 2.33 (s, 6H, 2xCHs), 4.07-4.11 (q, J=6.4 Hz, 4H,
2x0CHz2), 5.26 (s, 1H, CH), 6.01 (s, 1H, NH), 7.39 (d, 2H, J=8.7 Hz, Ar-H), 8.05 (d, 2H, J=8.7 Hz). 3C
NMR (75 MHz, CDCls): 14.1, 20.3, 39.4, 58.9, 113.0, 123.6, 128.3, 143.7, 146.3, 152.9, 166.8. IR (ATR,
cm~1): 3348 (N-H, amine stretching vibration), 2973 (C-H, aliphatic stretching), 1732 (C=0, ester
carbonyl stretching), 1581 (C=C, aromatic stretching), 1338 (C-H, bending vibrations of methyl
groups).

Diethyl 4-(4-cyanophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (4): *H NMR
(300 MHz, CDCIs): 1.17 (t, /=6.8 Hz, 6H, 2xCHs), 2.37 (s, 6H, 2xCHs), 4.03-4.11 (q, J=6.6 Hz, 4H,
2x0CHz2), 5.02 (s, 1H, CH), 5.88 (s, 1H, NH), 7.41 (d, 2H, J=8.5 Hz, Ar-H), 7.49 (d, 2H, ] = 8.5 Hz, Ar-H).
13C NMR (75 MHz, CDCls): 14.0, 19.5, 40.6, 59.6, 104.9, 109.6), 119.3, 128.9, 131.9, 144.0, 152.3,
166.9. IR (ATR, cm~1): 3356 (N-H, amine stretching vibration), 2979 (C-H, aliphatic stretching), 1734
(C=0, ester carbonyl stretching), 1583 (C=C, aromatic stretching), 1349 (C-H, bending vibrations of
methyl groups).
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Diethyl 4-(phenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylate (5): *H NMR (300 MHz,
CDCls): 0.94 (s, 3H, CHs, methyl group), 1.08 (s, 3H, CHs, methyl group), 1.23 (t, /| =7.4 Hz, 3H, CHs),
2.15-2.28 (m, 2H, CH2), 2.41 (s, 3H, CHs), 4.12 (m, 2H, CH2), 5.07 (s, 1H, CH), 5.85 (s, 1H, NH), 6.88-
7.33 (m, 5H, Ar-H). *3C NMR (75 MHz, CDCls): 14.6, 19.7, 27.5, 29.9, 33.1, 36.7, 41.2, 51.2, 60.2, 106.3,
112.3, 126.4, 128.3, 128.4, 144.2, 147.5, 149.4, 167.9, 196.2. IR (ATR, cm-1): 3382 (N-H, amine
stretching vibration), 2982 (C-H, aliphatic stretching), 1727 (C=0, ester carbonyl stretching), 1592
(C=C, aromatic stretching), 1342 (C-H, bending vibrations of methyl groups).

Ethyl 4-(4-bromophenyl)-2,7,7-trimethyl-5-ox0-1,4,5,6,7,7,8-hexahydroquinoline-3-
carboxylate (6): *H NMR (300 MHz, CDCls): 0.94 (s, 3H, CHs), 1.08 (s, 3H, CHs), 1.21 (t, J=7.3 Hz, 3H,
CHs), 2.15-2.34 (m, 2H, CH2), 2.37 (s, 3H, CHs), 4.11 (m, 2H, CH2), 5.02 (s, 1H, CH), 6.55 (s, 1H, NH),
7.22 (d, 2H, ) = 7.8 Hz, Ar-H), 7.33 (d, 2H, J=7.9 Hz, Ar-H). 13C NMR (75 MHz, CDCls): 14.6, 19.8, 27.5,
29.9, 33.1, 36.7, 41.3, 51.1, 60.3, 106.0, 112.0, 120.2, 130.2, 131.3, 144.3, 146.6, 149.2, 167.7, 196.1.
FTIR (ATR, cm-1): 3354 (N-H, amine stretching vibration), 2971 (C-H, aliphatic stretching), 1730 (C=0,
carbonyl stretching), 1600 (C=C, aromatic stretching), 1345 (C-H, bending vibrations of methyl
groups).

Ethyl 2,7,7-trimethyl-4-(4-nitrophenyl)-5-o0xo0-1,4,5,6,7,7,8-hexahydroquinoline-3-
carboxylate (7): *H NMR (300 MHz, CDCls): 0.93 (s, 3H, CHs), 1.11 (s, 3H, CHs), 1.85 (t, ] = 7.2 Hz, 3H,
CHs), 2.18-2.38 (m, 4H, CHz), 2.43 (s, 3H, CHs), 4.03-4.08 (m, 2H, CH2), 5.17 (s, 1H, CH), 6.34 (s, 1H,
NH), 7.53 (d, 2H, ] = 7.9 Hz, Ar-H), 8.12 (d, 2H, J=7.9 Hz, Ar-H,). 3C NMR (75 MHz, CDCls): 14.4, 19.1,
27.2, 29.7, 32.7, 37.5, 41.0, 50.9, 59.9, 103.9, 110.4, 123.3, 129.2, 146.2, 146.4, 150.4, 155.4, 167.3,
195.6. FTIR (cm-*): 3432 (N-H, amine stretching), 2952 (C-H, aliphatic stretching), 1732 (C=0, carbonyl
stretching), 1602 (C=C, aromatic stretching), 1373 (C-H, bending vibrations of methyl group), 1313
(NO2, asymmetric stretching of nitro group).

Ethyl 4-(4-cyanophenyl)-2,7,7-trimethyl-5-o0xo0-1,4,5,6,7,8-hexahydroquinoline-3-
carboxylate (8): *H NMR (300 MHz, CDCls) : 0.92 (s, 3H, CHs), 1.10 (s, 3H, CHs), 1.19 (t, /=7.4 Hz, 3H,
CHs), 2.21-2.33 (m, 4H, CHz), 2.42 (s, 3H, CHs), 4.08-4.17 (m, 2H, CH2), 5.11 (s, 1H, CH), 6.24 (s, 1H,
NH), 7.44 (d, 2H, ] = 8.0 Hz, ArH), 7.54 (d, 2H, J=8.0 Hz, ArH). *3C NMR (75 MHz, CDCls): 14.3, 19.9,
27.5, 29.7, 33.1, 37.6, 41.4 (C, sp3 carbon in quinoline ring), 50.9, 60.4, 105.3, 110.0, 111.6, 119.7,
129.3, 132.3, 144.4, 148.8, 152.7, 167.2, 196.1. IR (cm~?): 3432 (N-H, amine stretching), 2958 (C-H,
aliphatic stretching), 2226 (C=N, nitrile stretching), 1716 (C=0, carbonyl stretching), 1604 (C =C,
aromatic stretching), 1152 (C-H, methyl and methoxy bending vibration).

3. RESULTS AND DISCUSSION

3.1. Characterisation

A scrap automobile catalyst was first separated from carbon and dust particles as a whole (50 x 50
mm). This was done by washing with ultrapure water, chromic acid, and ultrapure water. Finally, it was
dried at 105 °C for 4 hours. The dried catalyst was crushed with the help of a mortar and passed
through a 100-micron sieve. Compounds containing metals such as platinum (Pt), palladium (Pd) and
rhodium (Rh) in catalytic converters are usually found in zero valence (neutral) or low oxidation states.
The structure of the catalytic converter usually consists of a ceramic or metallic carrier material
(substrate). This material has fine honeycomb-shaped channels so that the area of contact of the
exhaust gases with the surface is maximised. Metals such as Pt, Pd and Rh are placed on the surface
of this substrate as a very thin coating (usually on the micron level). Very small particles tend to
aggregate due to the high surface energy. This can cause the particles to stick together to form larger
aggregates, which reduces the effectiveness of the surface area. Aggregation can reduce the
effectiveness of the catalyst because the reactant is less likely to contact the entire surface. The
catalyst particles should be uniformly dispersed on the carrier material, which ensures a better
performance and prevents the loss of particles. Therefore, instead of crushing them small, it is tried to
separate them from the honeycomb channels as much as possible. The ready-to-use catalyst was
analysed by SEM-EDX and inductively coupled plasma atomic emission spectroscopy (ICP-OES) in
Table 1. In Figure 2, Platinum 4.34%, Rhodium 0.46% were found as catalyst content before the
reaction process, while quartz (SiO;) 11.01% Si, alumina (Al,03) 36.39% Al and magnesia (MgO) 0.35%
Mg were found.

3.2. Solvent Behaviour of Reaction

The effect on the various solvents utilised in the Hantzsch synthesis varies significantly in terms of
performance in Figure 3. Following four hours of reaction, ethanol (EtOH) yielded 88%, whereas
methanol (MeOH) yielded 78%. However, the yields of ethanol-water mixture and methanol-water
mixture were found to be 60% and 63%, respectively, indicating that these solvents are less efficient
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than individual applications. Other solvents, such as acetone and tetrahydrofuran (THF), produced
lower yields of 65% and 45%, respectively. The results presented suggest that the type of solvent
applied and the reaction time have an enormous effect on the rate of Hantzsch synthesis. Protic
solvents, such as ethanol and methanol, were shown to have the potential for higher yields, whereas
apolar solvents, such as THF and acetone, which require longer reaction durations, lowered the
efficiency. These findings highlight the importance of solvent selection and reaction conditions in
understanding how they affect the efficiency of multicomponent reactions using waste vehicle catalyst.

Table 1. ICP-OES and SEM-EDX results.
Element (%) Pt Rh Al Si Mg Cr Fe Ni

pefore 43 05 369 132 13 02 01 04
ﬁgﬁgabmty 41 02 253 150 21 09 02 01
Before Reaction After Reusability

Element Wt. % At % Element Wt. % At %
CK 10.52 17.63 CK 20.47 31.52
oK 36.93 46.49 oK 35.39 40.90
Mgk 0.35 0.29 Mgk 2.36 1.80
AIK 36.39 27.16 AIK 22.53 15.44
SiK 11.01 7.89 SiK 14.65 9.64
RhL 0.46 0.09 P K 0.51 0.30
PtL 4.34 0.45 PtM 4.08 0.39

3.3. The Effect of Temperature

The SAC, the study of the effect of temperature on the activity of the catalyst is largely known to vary
directly with the reaction temperature. Because the interaction of reactants over the catalyst surface
directly affects the collision rate and the activation energy required for the formation of the final
product with kinetic energy connection. In our study, we did not observe sufficient product conversion
in ethanol for 24 hours at ambient temperature, but it gave 65% yield after 8 hours at 50 °C. The main
yield was synthesised at 80 °C in 85% yield in one and a half to four hours depending on the functional
groups on the aldehyde. Since the increase in temperature did not cause any change in yield, it was
not continued at very high temperatures. All results are presented in Figure 4.
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Figure 2. SEM images before reaction (A), after reaction (B)
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Figure 3: Solvent Selection Analysis of Synthesis.
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Figure 4: Temperature effect analysis of synthesis.

3.4. Effect of Catalyst Dosage

Catalyst dosage regulation is important in organic reactions involving catalysts because the amount of
catalyst used can significantly affect the outcome of the reaction in Figure 5. Using too little or too
much catalyst can result in inefficient or undesirable reactions. Using too much catalyst can be
wasteful and increase the cost of the reaction, while using too little can result in lower yields. The
amount of SAC used in the reactions was calculated and the results are listed in Table 5. The reactions
were carried out in smaller volumes with very low reaction yields. When higher amounts of SAC (250
mg- 500 mg- 1000 mg) were used, there was no noticeable acceleration of the reaction rate. As a
result, the solvent-containing product was absorbed onto the surface of the catalyst when the catalyst
was used in larger amounts. As a result, the yield of the reactions decreased.

1000 , . . : : : ;
800 F| W Amount of Cat (mg) ]
Yield (%)

600 | ]
400 b ]
200 [ ]
: o7 03 0] 8 |

F 72 ]

E 51 ! ]

0 : N !I L | | ) ]

1 2 3 4 5 6

Figure 5: Amount of Catalysis Selection.

3.5. Reusability of Catalyst

The potential for reuse of SAC was thoroughly tested to determine its efficiency across several cycles
of use. As shown in Figure 6, the SAC displayed outstanding stability and efficacy when used
repeatedly in Hantzsch synthesis procedures. After purification and washing with methanol, water, and
ether, followed by drying, the catalyst maintained its catalytic activity for eight consecutive reaction
cycles. The yield was generally stable over the cycles, ranging from 86% to 88%. Notably, the
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catalyst's performance did not drop significantly, indicating its high reusability. This consistent yield
underlines the recycled vehicle catalyst's potential for extended usage in catalytic processes without
considerable loss of efficiency, making it a viable option for sustainable and cost-effective applications
in chemical synthesis.

100 —

95 +

85 -

Yields (%)

80 +
75 4

7O = T T T T 1
Reusability
Figure 6: Reusability of Scrap Automobile Catalysis.

3.5. The Catalytic Performance of SAC On the Hantzsch Reaction

The findings show that the SAC catalyst efficiently supports the Hantzsch reaction, resulting in good
yields and appropriate reaction times. Notably, reactions with reactants 7 and 10 produced the highest
yields (97%) in 1.5 hours, confirming the SAC's catalytic effectiveness. The products' melting points
(m.p.) matched the given values, indicating the purity and success of the reactions. This result
demonstrates SAC's practical utility as a catalyst for effective and repeatable chemical reactions in the
Hantzsch method (Table 2).

Table 2: Hantzsch synthesis, showing the results of the synthesis of dihydropyridine.

Yield Time o Found
Code Reactant Reactant b (%) (h) Reported m.p (°C) m.p. (°C)
YA
1 o v AN A 88 4 156-158 (Arslan et al., 2009) 158
2 e 284S 89 3 141-142 (Demirci et al., 2016 144
Y Wi I A - (Demirci et al., )
KO 0o 0 0o 0
3 . L, A, a1 2.5 200-202 (Arslan et al., 2009) 202
+—CN o 0 o o
4 o NP N N . 92 2.5 200-202 (Kaya et al., 2024) 201
— 7 ) E‘)
5 g g J1 88 94 2 214-216 (Arslan et al., 2009) 215
— \j) S0-7""oRt
6 O,ff\_// Br f\l o 95 2 252-254 (Arslan et al., 2009) 253
- 0= ~ OEt
. Q
|
7 g JL 83 97 1.5 241-243 (Kaya et al., 2024) 243
T N0- T or
Q
—, —C] Il
8 o Ty 9 97 1.5 222-223 (Demirci, 2011) 222
TS0 R

The Hantzsch synthesis, known for its versatility in the production of 1,4-DHPs, was performed using
aromatic aldehyde derivatives and two diketone systems EAA-EAA (ethyl acetoacetate-ethyl
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acetoacetate) and Dimedone-EAA (5,5-dimethyl-1,3-cyclohexanedione-ethyl acetoacetate) in the
presence of a sustainable catalytic system derived from SAC. The SAC, containing platinum (Pt) and
palladium (Pd), acted as an efficient heterogeneous catalyst, facilitating the reaction via its exceptional
redox and adsorption properties. The role of Pt and Pd in SAC, widely recognised for their catalytic
activity in industrial processes, was instrumental in enhancing the reaction efficiency by stabilising
intermediates and lowering activation energy. The SAC often contain precious metals such as platinum
(Pt), palladium (Pd), and rhodium (Rh). These metals are critical to ensure that the catalysts work
effectively. However, these precious metals in SAC are present at zero valence and this property is
important in understanding their role in the reaction mechanism. Zero valence precious metals
generally refer to the situation where the metal atoms are in a free state and do not share electrons. In
this case, the metal atoms interact with reactants through an oxidation state or covalent bonds, but do
not exhibit oxidation or reduction properties on their own. This zero-valence state allows metals to
remain stable in catalysis processes and effectively participate in various chemical reactions. These
precious metals on SAC form active centers on the surface of the catalyst, increasing the speed and
efficiency of reactions. Thanks to these properties, the recycling and utilisation of SAC is considered as
part of sustainable chemical processes.

The interplay between aldehyde substituents, diketone systems, and the SAC catalyst significantly
influenced product yields, reaction times, and melting points. Reactions involving EAA-EAA generally
exhibited moderate yields and melting points due to the symmetrical and less sterically hindered
nature of the diketone. In contrast, Dimedone-EAA reactions yielded structurally more stable products
with higher melting points, attributed to the rigidity and bulkiness of the dimedone ring. The Pt and Pd
in SAC were crucial in maintaining high catalytic efficiency and selectivity, ensuring that the desired
DHPs were obtained in high purity.

The aldehyde derivatives used in this study included benzaldehyde, 4-Br benzaldehyde, 4-NO,
benzaldehyde, and 4-CN benzaldehyde. These substituents played a critical role in dictating the
reaction's progression and efficiency. Aromatic aldehydes with electron-withdrawing substituents, such
as 4-Br, 4-NO,, and 4-CN, exhibited higher reactivity compared to the unsubstituted phenyl group. The
electron-withdrawing nature of these substituents increased the electrophilicity of the aldehyde
carbonyl carbon, enhancing the rate of nucleophilic attack by the enamine intermediate. For instance,
while the reaction involving benzaldehyde and EAA-EAA required 4 hours to achieve an 88% yield, the
reaction with 4-CN benzaldehyde completed in 2.5 hours, yielding 92%. Similarly, the 4-NO, derivative,
with a strong electron-withdrawing nitro group, achieved a high yield of 91% in the same duration.
These results underscore the accelerating effect of substituents that enhance the electrophilic
character of the aldehyde.

The comparison between EAA-EAA and Dimedone-EAA systems highlighted significant differences in
product yields, melting points, and reaction times. The EAA-EAA system, which involves two molecules
of ethyl acetoacetate, produced DHPs with yields ranging from 88% to 92%, and melting points in the
range of 156-202 °C. In contrast, reactions involving Dimedone-EAA exhibited markedly higher yields
(94-97%) and shorter reaction times (1.5-2 hours). The products also had higher melting points (214-
254 °C), indicating enhanced structural stability and crystallinity. The steric and electronic effects
imparted by the rigid cyclic structure of dimedone contributed to these improvements. The Pd and Pt
nanoparticles within SAC likely played a dual role, acting as both adsorption sites for reactants and
redox centres to facilitate the enamine formation and subsequent cyclisation steps.

The Hantzsch reaction mechanism proceeds through three primary stages in Figure 2:

(1) Knoevenagel condensation between the aldehyde and one molecule of the active methylene
compound,

(2) enamine formation with the second molecule of the diketone,

(3) cyclisation and subsequent aromatisation to yield the final DHP product.

The SAC catalyst, rich in Pt and Pd, provided a favorable surface for these transformations. The
metallic sites on SAC likely stabilised the reaction intermediates, particularly the a, B-unsaturated
carbonyl species and enamine, by coordinating with lone pairs on oxygen and nitrogen atoms.
Additionally, the redox capability of Pt and Pd facilitated proton transfer steps, reducing the overall
energy barrier for cyclisation. The SAC system also demonstrated excellent recyclability and stability,
further enhancing its suitability as a green catalyst. After five cycles, the catalyst retained over 90% of
its original activity, showcasing its robustness and alignment with sustainability principles.

This study highlights the integration of SAC as a sustainable and efficient catalyst in the Hantzsch
reaction, demonstrating its capability to enhance reaction efficiency and selectivity. The systematic
evaluation of aldehyde substituents and diketone systems underscores the importance of molecular
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structure and electronic effects in determining reaction outcomes. The results not only expand the
applicability of Hantzsch synthesis but also promote green chemistry practices through the valorisation
of waste-derived catalysts. In conclusion, the kinetics and yields of the reaction are greatly influenced
by the selection of the aldehyde and diketone molecules. While the presence of several aromatic
groups and differences in the acidity of the diketone might impact the efficacy of the reaction,
electron-withdrawing groups on the aldehyde speed up the process by stabilising the positive charge
on the carbonyl carbon. These results emphasise how crucial reactant selection is to maximising SAC's
effectiveness throughout the 1,4-dihydropyridine synthesis (Figure 7).

Figure 7: Plausible mechanism of the formation of DHP.

The predicted mechanism of the reaction carried out in the Hantzsch synthesis using SAC starts with
aldehydes being protonated in the acidic environment of SAC to form carbonyl carbon which gains a
positive charge, which enhances the electrophilic character of aldehydes (Hamasaka et al.,, 2019).
Then, 1,3-diketone (e.g., dimedone) performs a nucleophilic attack and reacts with the protonated
aldehyde, in this step intermediate 1,4-dihydropyridine species are formed (Krishna et al., 2022; Neto
et al., 2021). Finally, a second nucleophilic molecule, usually an aldehyde or ketone, condenses with
this intermediate, thus yielding the desired 1,4-dihydropyridine product. SAC improves the efficiency of
the reaction by effectively activating the reactants in this process and supporting their stability in the
reaction medium. The reusability of SAC reduces environmental impacts while increasing process
efficiency and highlights the potential of waste-based catalysts in sustainable chemical processes
(Wilson & Clark, 2000).

4. CONCLUSION

The work highlights the sustainable use of Pt and Pd rich SAC as an effective and reusable catalyst for
the Hantzsch synthesis of 1,4-dihydropyridine (DHP). By reusing SAC - a waste material - the research
adheres to the principles of Green Chemistry, which focuses on transforming industrial by-products
into valuable tools for organic synthesis. The catalytic system provided high yields (88-97%) for a
range of aldehyde derivatives and diketone combinations, with significantly reduced reaction times
(1.5-4 hours). Pt and Pd within the SAC played a key role in catalysing critical reaction steps such as
Knoevenagel condensation, enamine formation and cyclisation. The efficiency and sustainability of the
SAC as a heterogeneous catalyst is underlined by its ability to stabilise intermediates and facilitate
proton transfer.

The Pt and Pd in SAC acted as versatile catalytic centres, stabilising intermediates and facilitating
redox processes. Demonstrating the advanced catalytic capabilities of SAC, these interactions reduced
activation energies and increased reaction selectivity. SAC retained over 90% of its catalytic activity
over five cycles, reflecting its robustness and alignment with sustainable chemistry principles. These
studies demonstrate that SAC can be used as a cost-effective and sustainable catalyst for organic
reactions. Through the conversion of industrial waste into high performance catalysts, the study
provides a model for the integration of waste valorisation with chemical synthesis. The results have
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implications for wider applications of SAC in other transformations, as a contribution to green
chemistry and the circular economy. Overall, the research demonstrates the potential of recycled
materials to drive innovation and sustainability in organic synthesis, bridging the gap between waste
management and advanced catalysis.

5. CONFLICT OF INTEREST

The author declare that they have no conflicts of interest.

6. ACKNOWLEDGMENTS

I would like to acknowledge the financial support of Dizce University Scientific Research Projects (No.
2020.01.01.1101) in this study.

7. REFERENCES

Arslan, M., Faydali, C., Zengin, M., Kiictkislamoglu, M., & Demirhan, H. (2009). An efficient one pot
synthesis of 1,4-dihydropyridines using alumina sulfuric acid (ASA) catalyst. Turkish Journal of
Chemistry, 33(6), 769-774. https://doi.org/10.3906/kim-0812-5

Besoluk, S., Kucukislamoglu, M., Nebioglu, M., Zengin, M., & Arslan, M. (2008). Solvent-free synthesis
of dihydropyrimidinones catalyzed by alumina sulfuric acid at room temperature. Journal of the
Iranian Chemical Society, 5(1), 62-66. https://doi.org/10.1007/BF03245816

Brown, N. J., & Vaughan, D. E. (1998). Angiotensin-Converting Enzyme Inhibitors. Circulation, 97(14),
1411-1420. https://doi.org/10.1161/01.CIR.97.14.1411

Cahyana, A. H., Ardiansah, B., & Aisyah, N. S. (2020). Three-component reaction in 1,4-
dihydropyridine synthesis catalyzed by Copper(l) lodide nanoparticles. IOP Conference Series:
Materials Science and Engineering, 763(1), 12035.
https://doi.org/10.1088/1757-899X/763/1/012035

Chand, R., Palakkal, A. S., Neem, M., & Neogi, S. (2025). Custom-Designed Robust MOF-Catalyst for
Scalable 1,4-DHP Drugs With H-Bonding-Mediated Tandem Hantzsch Condensation and Shape-
Reliant Friedel-Crafts Alkylation. Small, 21(21). https://doi.org/10.1002/smll.202501767

Conrad, M., & Guthzeit, M. (1882). Ueber Barbitursaurederivate. Berichte Der Deutschen Chemischen
Gesellschaft, 15(2), 2844-2850. https://doi.org/10.1002/cber.188201502269

Cova, C. M., Zuliani, A., Muioz-Batista, M. J., & Luque, R. (2019). Efficient Ru-based scrap waste
automotive converter catalysts for the continuous-flow selective hydrogenation of
cinnamaldehyde. Green Chemistry, 21(17), 4712-4722. https://doi.org/10.1039/C9GC01596E

Demirci, T. (2011). Synthesis Of 1,3,4-Oxadiazole And Tetrazole Substiituted 1,4 Dihydropyridine And
Pyridine Compound. Sakarya University.

Demirci, T., Celik, B., Yildiz, Y., Eris, S., Arslan, M., Sen, F., & Kilbas, B. (2016). One-pot synthesis of
Hantzsch dihydropyridines using a highly efficient and stable PARuNi@GO catalyst. RSC
Advances, 6(80), 76948-76956. https://doi.org/10.1039/c6ral31l42e

Deng, L., Su, Q., Ye, Q., Wan, H., He, Y., & Cui, X. (2022). Slag-based geopolymer microsphere-
supported Cu: a low-cost and sustainable catalyst for CO 2 hydrogenation. Sustainable Energy &
Fuels, 6(5), 1436-1447. https://doi.org/10.1039/D2SE00050D

El-Remaily, M. A. E. A. A. A, Hamad, H. A., Soliman, A. M. M., & Elhady, O. M. (2021). Boosting the
catalytic performance of manganese (lll)-porphyrin complex MnTSPP for facile one-pot green
synthesis of 1,4-dihydropyridine derivatives under mild conditions. Applied Organometallic
Chemistry, 35(7). https://doi.org/10.1002/a0c.6238

Genc, H. (2015). Efficient reductions of various nitroarenes with scrap automobile catalyst and NaBH4.
Catalysis Communications, 67, 64-67. https://doi.org/10.1016/j.catcom.2015.04.008

233



Demirci, T., (2025), JOTCSB, 8(2), 223-236. RESEARCH ARTICLE

Hamasaka, G., Tsuji, H., Ehara, M., & Uozumi, Y. (2019). Mechanistic insight into the catalytic
hydrogenation of nonactivated aldehydes with a Hantzsch ester in the presence of a series of
organoboranes: NMR and DFT studies. RSC Advances, 9(18), 10201-10210.
https://doi.org/10.1039/C9RA01468C

Isgoren, M., Gengec, E., Veli, S., Hassandoost, R., & Khataee, A. (2023). The used automobile catalytic
converter as an efficient catalyst for removal of malathion through wet air oxidation process.
International Journal of Hydrogen Energy, 48(17), 6499-6509.
https://doi.org/10.1016/j.ijhydene.2021.08.020

Kaya, M. O., Demirci, T., Cahsir, U., Ozdemir, O., Kaya, Y., & Arslan, M. (2023). Synthesis, activatory
effects, molecular docking and ADME studies as rabbit muscle pyruvate kinase activators of
ureido phenyl substituted 1,4-dihydropyridine derivatives. Research on Chemical Intermediates.
https://doi.org/10.1007/s11164-023-05149-6

Kaya, M. O., Demirci, T., Cahsir, U., Ozdemir, O., Kaya, Y., & Arslan, M. (2024). Synthesis, activatory
effects, molecular docking and ADME studies as rabbit muscle pyruvate kinase activators of
ureido phenyl substituted 1,4-dihydropyridine derivatives. Research on Chemical Intermediates,
50(1), 437-463. https://doi.org/10.1007/s11164-023-05149-6

Kaya, M. O., Demirci, T., Karipcin, S., Ozdemir, O., Kaya, Y., & Arslan, M. (2024). Novel tetrazole and
1,3,4-oxadiazole derivatives synthesis, molecular docking, ADME, potential activator for rabbit
muscle pyruvate kinase. Studia Universitatis Babes-Bolyai Chemia, 69(1), 85-105.
https://doi.org/10.24193/subbchem.2024.1.06

Khan, H. M., Igbal, T., Yasin, S., Ali, C. H., Abbas, M. M., Jamil, M. A., Hussain, A., M. Soudagar, M. E., &
Rahman, M. M. (2021). Application of Agricultural Waste as Heterogeneous Catalysts for
Biodiesel Production. Catalysts, 11(10), 1215. https://doi.org/10.3390/catal11101215

Krishna, B., Payra, S., & Roy, S. (2022). Synthesis of dihydropyrimidinones via multicomponent
reaction route over acid functionalized Metal-Organic framework catalysts. Journal of Colloid and
Interface Science, 607, 729-741. https://doi.org/10.1016/j.jcis.2021.09.031

M., K, M., N, N, S., H., Y., &T., Y. (2000). Inhibition of human cytochrome P450 enzymes by 1,4-
dihydropyridine calcium antagonists: Prediction of in vivo drug-drug interactions. European
Journal of Clinical Pharmacology, 55(11-12), 843-852. http://www.embase.com/search/results?
subaction=viewrecord&from=export&id=L30201767%5Cnhttp://sfx.ub.rug.nl:9003/sfx_local?
sid=EMBASE&issn=00316970&id=doi:&atitle=Inhibition+of+human+cytochrome+P450+enzym
es+by+1,4-dihydropyridine+calcium+antagonists: +Predi

Madhavi, C., Robert, A. R., Gangu, K. K., Kerru, N., & Maddila, S. (2022). An efficient and sustainable
synthesis of morpholino-1,4-dihydropyridine-2,3-dicarboxylates using recyclable SeO2/HAp
catalyst. Inorganic Chemistry Communications, 143, 109750.
https://doi.org/10.1016/j.inoche.2022.109750

Maleki, B., Atharifar, H., Reiser, O., & Sabbaghzadeh, R. (2021). Glutathione-Coated Magnetic
Nanoparticles for One-Pot Synthesis of 1,4-Dihydropyridine Derivatives. Polycyclic Aromatic
Compounds, 41(4), 721-734. https://doi.org/10.1080/10406638.2019.1614639

Neto, B. A. D., Rocha, R. O., & Rodrigues, M. 0. (2021). Catalytic Approaches to Multicomponent
Reactions: A Critical Review and Perspectives on the Roles of Catalysis. Molecules, 27(1), 132.
https://doi.org/10.3390/molecules27010132

Ong, S. T., Nam, Y.-W., Nasburg, J. A., Ramanishka, A., Ng, X. R., Zhuang, Z., Goay, S. S. M., Nguyen,
H. M., Singh, L., Singh, V., Rivera, A., Eyster, M. E., Xu, Y., Alper, S. L., Wulff, H., Zhang, M., &
Chandy, K. G. (2025). Design and structural basis of selective 1,4-dihydropyridine inhibitors of
the calcium-activated potassium channel K Ca 3.1. Proceedings of the National Academy of
Sciences, 122(18). https://doi.org/10.1073/pnas.2425494122

Patel, N. B., Purohit, A. C., Rajani, D. P., Moo-Puc, R., & Rivera, G. (2013). New 2-benzylsulfanyl-

nicotinic acid based 1,3,4-oxadiazoles: Their synthesis and biological evaluation. European
Journal of Medicinal Chemistry, 62, 677-687. https://doi.org/10.1016/j.ejmech.2012.12.055

234



Demirci, T., (2025), JOTCSB, 8(2), 223-236. RESEARCH ARTICLE

Raj, R., Parjapati, C., Garg, M., & Kaur, A. (2025). Discovery of New Symmetrical and Asymmetrical
1,4-dihydropyridine Derivatives as Potential Antihypertensive Agents: An In silico Evaluation.
Current Hypertension Reviews, 21(1), 45-61.
https://doi.org/10.2174/0115734021328359241206073629

Rajabi, F., de, S., & Luque, R. (2015). An Efficient and Green Synthesis of Benzimidazole Derivatives
Using SBA-15 Supported Cobalt Nanocatalysts. Catalysis Letters, 145(8), 1566-1570.
https://doi.org/10.1007/s10562-015-1546-z

Rostamnia, S., & Xin, H. (2014). Basic isoreticular metal-organic framework (IRMOF-3) porous
nanomaterial as a suitable and green catalyst for selective unsymmetrical Hantzsch coupling
reaction. Applied Organometallic Chemistry, 28(5), 359-363. https://doi.org/10.1002/aoc.3136

Sakamuru, S., Travers, J., Klumpp-Thomas, C., Huang, R., Witt, K. L., Ferguson, S. S., Simmons, S. O.,
Reif, D. M., Simeonov, A., & Xia, M. (2025). Profiling the Tox21 Compound Library for Their
Inhibitory Effects on Cytochrome P450 Enzymes. International Journal of Molecular Sciences,
26(11), 4976. https://doi.org/10.3390/ijms26114976

Searles, R. A. (2002). Contribution of Automotive Catalytic Converters. In Materials Aspects in
Automotive Catalytic Converters (pp. 1-16). Wiley. https://doi.org/10.1002/3527600531.chl

Soni, A., Sharma, M., & Singh, R. K. (2025). A Decade of Catalytic Progress in 1,4-Dihydropyridines
(1,4-DHPs) Synthesis (2016-2024). Current Organic Synthesis, 22(6), 703-720.
https://doi.org/10.2174/0115701794374153250307065611

Sonmez, F., Ercan, H., Genc, H., Arslan, M., Zengin, M., & Kucukislamoglu, M. (2013). Hydrogenation of
Some Vegetable Oils by Scrap Automobile Catalyst. Journal of Chemistry, 2013(1).
https://doi.org/10.1155/2013/169109

Tickner, J. A., Geiser, K., & Baima, S. (2022). Transitioning the Chemical Industry: Elements of a
Roadmap Toward Sustainable Chemicals and Materials. Environment: Science and Policy for
Sustainable Development, 64(2), 22-36. https://doi.org/10.1080/00139157.2022.2021793

Ulloora, S., Shabaraya, R., Ranganathan, R., & Adhikari, A. V. (2013). Synthesis, anticonvulsant and
anti-inflammatory studies of new 1,4-dihydropyridin-4-yl-phenoxyacetohydrazones. European
Journal of Medicinal Chemistry, 70, 341-349. https://doi.org/10.1016/j.ejmech.2013.10.010

Valadi, K., Gharibi, S., Taheri-Ledari, R., & Maleki, A. (2020). Ultrasound-assisted synthesis of 1,4-
dihydropyridine derivatives by an efficient volcanic-based hybrid nanocomposite. Solid State
Sciences, 101, 106141. https://doi.org/10.1016/j.solidstatesciences.2020.106141

Wilmer, W. A., Rovin, B. H., Hebert, C. J., Rao, S. V, Kumor, K., & Hebert, L. A. (2003). Management of
Glomerular Proteinuria: A Commentary. Journal of the American Society of Nephrology, 14(12),
3217-3232. https://doi.org/10.1097/01.ASN.0000100145.27188.33

Wilson, K., & Clark, J. H. (2000). Solid acids and their use as environmentally friendly catalysts in
organic synthesis. Pure and Applied Chemistry, 72(7), 1313-1319.
https://doi.org/10.1351/pac200072071313

Xu, B., Chen, Y., Zhou, Y., Zhang, B., Liu, G,, Li, Q., Yang, Y., & Jiang, T. (2022). A Review of Recovery
of Palladium from the Spent Automobile Catalysts. Metals, 12(4), 533.
https://doi.org/10.3390/met12040533

Yuan, N., Zhao, A., Hu, Z., Tan, K., & Zhang, J. (2022). Preparation and application of porous materials
from coal gasification slag for wastewater treatment: A review. Chemosphere, 287, 132227.
https://doi.org/10.1016/j.chemosphere.2021.132227

Zengin, M., Genc, H., Demirci, T., Arslan, M., & Kucukislamoglu, M. (2011). An efficient hydrogenation
of various alkenes using scrap automobile catalyst. Tetrahedron Letters, 52(18), 2333-2335.
https://doi.org/10.1016/j.tetlet.2011.02.083

Zheng, G., & Crooks, P. A. (2015). Synthesis of Lobeline, Lobelane and their Analogues. A Review.
Organic Preparations and Procedures International, 47(5), 317-337.
https://doi.org/10.1080/00304948.2015.1066642

235



Demirci, T., (2025), JOTCSB, 8(2), 223-236. RESEARCH ARTICLE

Zuliani, A., Cova, C. M., Manno, R., Sebastian, V., Romero, A. A., & Luque, R. (2020). Continuous flow
synthesis of menthol via tandem cyclisation-hydrogenation of citronellal catalysed by scrap
catalytic converters. Green Chemistry, 22(2), 379-387. https://doi.org/10.1039/C9GC03299A

236



	1. INTRODUCTION
	2. EXPERIMENTAL SECTION
	2.1. Chemicals and Reagents
	2.2. Synthesis Procedure

	3. RESULTS AND DISCUSSION
	3.1. Characterisation
	3.2. Solvent Behaviour of Reaction
	3.3. The Effect of Temperature
	3.4. Effect of Catalyst Dosage
	3.5. The Catalytic Performance of SAC On the Hantzsch Reaction

	4. CONCLUSION
	5. CONFLICT OF INTEREST
	6. ACKNOWLEDGMENTS
	7. REFERENCES

