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1. Introduction 

Considering the fact that most of the organic chemical reactions require some 

kind of catalyst to reach the appropriate conversion, the research of catalysts became of 

prominent interest that are more active and more selective comparing to the traditional 

ones, can be reused as far as possible, easier to handle, thus they are more environmen-

tally benign. 

Numerous heterogeneous catalysts have recently been developed that offer sev-

eral advantageous features: the environment is not overloaded, neutralisation is not 

needed, can be separated from the reaction mixture by simple filtration, moreover in 

many cases the separated catalyst can be reused directly, or after regeneration without 

significant loss of activity. Further advantages of the solid acid and solid base catalysts 

that they are non-toxic, thus certain types can be applied in pharmaceutical products. 

The appropriate treatment provides high activity, and because of the chambered struc-

ture often significant stereo-, and regioselectivity can be realised under relatively mild 

conditions. 

At the Department of Organic Chemistry and Technology (BUTE) the research 

activity has been focused on the examination of different solid acid and solid base cata-

lysts and their applicability in organic chemical reactions for several years. These mate-

rials are not only used per se, but also possess significant activity as the support of dif-

ferent metal catalysts. Our research group is working on the elaboration of new, sup-

ported metal catalysts and investigate their applicability in organic chemical reactions. 

Earlier the research group successfully applied 4Å molecular sieve supported copper 

and palladium catalysts in different kind of chemical syntheses. The copper modified 

4Å molecular sieve proved to be an efficient catalyst in the coupling of boronic acids 

with amines
1
, in the conversion of aldoximes into nitriles

2
, and nitriles into amides

3
, 

furthermore in the one-step coupling of aldehydes, alkynes and amines in the so called 

A
3
-reaction

4
. The Pd-catalyst was successfully used among others in the transferhydro-

genation of nitrobenzenes
5
. 

During my PhD work, continuing this research, I dealt with the elaboration of 

4Å molecular sieve supported metal catalysts and investigated their applicability in or-

ganic chemical syntheses. My aim was to develop catalysts that can easily be prepared, 

                                                
1 Debreczeni, N.; Fodor, A.; Hell, Z. Catal. Lett. 2014, 144, 1547-1551. 
2 Kiss, Á.; Hell, Z. Synth. Commun. 2013, 43, 1778-1786. 
3 Hell, Z.; Kiss, Á. Tetrahedron Lett. 2011, 52, 6021-6023. 
4 Fodor, A.; Kiss, Á.; Debreczeni, N.; Hell, Z.; Gresits, I. Org. Biomol. Chem. 2010, 8, 4575-4581. 
5 Németh, J.; Kiss, Á.; Hell, Z. Reac. Kinet. Mech. Cat. 2013, 111, 115-121. 
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quickly and cost-effectively, which might be applicable in the chemical industry and 

acceptable also from environmental point of view.  

 

2. Literature survey  

In the case of supported catalysts the support is used as the skeleton or binding 

material of the active component, often a catalytic metal. The common view was that 

the activity of the support in a certain reaction is usually low, it can be also inactive. 

However, its amount compared to the active component is much higher. In the past the 

support was only used to reduce the amount of the active component as a measure of 

economy. The support at the same time can significantly effect on the activity, selectiv-

ity, lifetime, recyclability and the sensitivity against toxic substances, besides increases 

the surface of the active component, stabilise its high dispersity and can act as promot-

er.
6
 In addition, the acidic or basic properties of the support can beneficial regarding the 

catalytic effect, enabling the substitution the ligands applied in homogeneous catalytic 

methods.
7, 8

 

The application of molecular sieves in the chemical industry looks back on a 

long time, they are mainly used to dry gases, solvents, and liquid reagents. The applica-

tion of molecular sieves is not confined to the use as drying agent, besides they are effi-

cient in the absorption of water in the case of reactions where water is formed as side 

product. There are acidic and basic type molecular sieves too, that makes it possible to 

replace the acidic or basic catalysis in the reaction. The 4Å molecular sieve is used 

widely in preparative laboratories as a drying agent. Beside the mentioned applications, 

its physicochemical properties make it possible to be used as support for basic catalysts. 

 

3. Experimental methods 

The physicochemical properties of the catalysts were examined by SEM-EDS 

and BET, the metal content of the support was determined by ICP-OES or AAS, and 

the pH value of their aqueous suspension was measured.  

The organic products were identified using 
1
H NMR and 

13
C NMR spectrosco-

py and/or GC-MS measurements. The melting point of solid samples was also meas-

ured and compared with published data. 

 

                                                
6 Petró, J. in Kontakt katalízis (Szerkesztők: Szabó, Z.; Kalló, D.), Akadémia Kiadó, Budapest, 1966. 
7 Biffis, A.; Zecca, M.; Basato, M. J. Mol. Catal. A: Chem. 2001, 173, 249-274. 
8 Kazansky, V. B.; Borovkov, V. Y.; Serykh, A. I.; Figueras, F. Catal. Lett. 1997, 49, 35-41. 



4 

 

4. Results 

4.1. Preparation and investigation of molecular sieve supported catalysts 

I prepared different 4Å molecular sieve supported metal catalysts, thus cobalt- 

(Co
2+

/4A), indium- (In
3+

/4A), lanthanum- (La
3+

/4A), titanium- (Ti
4+

/4A), zinc- 

(Zn
2+

/4A), and zirconium-catalysts (Zr
4+

/4A). The physicochemical properties of the 

catalysts were investigated by different analytical methods (see Experimental methods). 

The homogeneous particle distribution was characteristic for the prepared cata-

lysts, and the cubooctahedral structure of the support was distinguishable. The Zr
4+

/4A 

catalyst was the only exception, its SEM image showed agglomerates. The explanation 

of these agglomerates might be the formation of zirconium-oxide-hydroxide during the 

preparation of the catalyst that can stick the particles together and might cause decrease 

in the activity. 

Based on the EDS results, the metals are evenly distributed on the surface of the 

support. Comparing the metal content on the surface and the substantial metal content 

of the catalyst, the metals are mainly located on the surface of the support. Only in the 

case of the La
3+

/4A catalyst were the values incomparable, the substantial metal content 

was one fourth of the metal content on the surface, which indicates that the lanthanum 

is predominantly attached to the surface of the catalyst particles, however due to its 

bigger space-filling the interaction might be weaker than in the case of the other metals 

examined. 

  

  SEM image of La
3+

/4A SEM imafe of Ti
4+

/4A 

 

 SEM image of Zn
2+

/4A 

The pH values of the catalysts were smaller compared to the support in every case, but 

they were all basic in nature. 

Catalyst 4A Co
2+

/4A In
3+

/4A La
3+

/4A Ti
4+

/4A Zn
2+

/4A Zr
4+

/4A 

pH 10.42 9.24 8.46 8.40 7.35 9.71 7.92 
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4.2. Protection of alcohols with tetrahydropyranyl-group 

The Ti
4+

/4A proved to be efficient catalyst for the protection of alcohols, mainly 

primer alcohols by tetrahydropyranyl-group. 

 

This reaction is described in the literature as a generally acid catalysed one. We 

elaborated a method using a basic catalyst, thus can be applied also for the protection of 

acid sensitive alcohols. 

Primer alcohols gave generally good to excellent yields (81-98 %). Menthol, as 

seconder alcohol, provided the product with moderated yield. Tertier alcohols gave sat-

isfactory results (50-70 %). Steric effect could be decisive in these reactions, thus the 

dehydration of alcohols, the generally observed side reaction of tertier alcohols in the 

presence of acidic catalysts does not occur. Substituted phenols showed weaker reactiv-

ity even after increasing the reaction time from 7 hours to 14 hours (40-60 %).  

When applying a heterogeneous catalyst it is always a question whether the re-

action takes place on the surface of the catalyst, or the metal dissolves and acts as ho-

mogeneous catalyst. The hot filtration test can exclude the possibility that the dissolved 

metal precipitates on the surface of the support after the reaction mixture cools down to 

room temperature („boomerang-effect”). I carried out the hot filtration test in the reac-

tion of benzyl alcohol (1g) and DHP (2). The results showed that the reaction stopped 

as the catalyst was filtered off, thus our method is a real heterogeneous catalytic reac-

tion. 

The catalyst could easily be recovered and reused without significant loss in its 

activity. 

 

4.3. Preparation of 2,3-dihydroquinazolin-4(1H)-ones 

The mild basic La
3+

/4A catalyst was efficient in the one-pot, three-component, 

heterogeneous catalytic reaction of isatoic anhydride (4), aromatic aldehydes (5) and 

ammonium acetate yielding 2,3-dihydroquinazolinones (6).  
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Previously mainly acidic catalysts were used for the synthesis of these com-

pounds. Our method using a basic catalyst provides the desired products with the same 

or even better results than described in the literature.  

 

Entry R Yield (%)
a
 Entry R Yield (%)

a
 

1 4-Cl 84 8 4-Br 86 

2 H 85 9 2-NO2 60 

3 2-Cl 65 10 3-NO2 90 

4 3-MeO 93 11 3-NO2 47 

5 4-MeO 85 12 4-NMe2 47, 80
b 

6 2-F 86 13 2-OH 45
b 

7 3-Br 90    
2 mmol isatoic anhydride (4), 2 mmol aldehyde (5), 2.4 mmol ammonium acetate, 0.2 g catalyst, 

3 ml acetonitrile, reflux temperature, 24 hours. 
a Isolated yields. 
b In ethanol. 

 

The reaction gave good yields applying benzaldehyde dimethylacetal instead of 

aldehyde (85 %), and ammonium acetate instead of benzylamine (90 %). We investi-

gated the reaction of different ketones instead of aldehydes that provided the desired 

products with moderate yields. We did not observe any substituent effect or steric ef-

fect. The catalyst could be reused with good results after a short pre-treatment without 

significant loss of activity. 

 

4.4. Preparation of polyhydroquinolines 

Hexahydroquinoline-carboxilic acid esthers (14) could be prepared with high 

yields with the aid of the La
3+

/4A catalyst from different substituted benzaldehydes (5), 

dimedone (12), ethyl acetoacetate (13) and ammonium acetate in the asymmetric 

Hantzsch condensation, in boiling ethanol. 

 

The unsubstituted benzaldehyde and its derivatives containing electron-withdrawing 

(e.g. nitro group, halide), or electron-donating groups (e.g. alkoxy group) provided the 
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desired products with good to excellent yields, thus electronic effects could not be ob-

served. The catalyst could be reused without any decrease in its activity. 

 

Entry R Yield (%)
a 

Entry R Yield (%)
a 

1 H 99 7 4-NMe2 94 

2 3-Br 77 8 3-MeO 92 

3 4-Br 93 9 4-MeO 87 

4 2-Cl 85 10 2-NO2 86 

5 4-Cl 96 11 3-NO2 86 

6 2-F 95 12 4-NO2 83 

1 mmol aldehyde (5), 1 mmol dimedone (12), 1 mmol ethyl acetoacetate (13), 1.5 mmol  

ammonium acetate, 0.1 g catalyst, 3 ml ethanol, reflux temperature, 4 hours. 
a Isolated yields. 

 

4.5. Preparation of 4H-pyran and 4H-benzo[b]pyran derivatives 

The Zn
2+

/4A catalyst proved to be efficient in the multi-component, chemose-

lective synthesis of poly-substituted 4H-pyran- (16 and 18) and 4H-benzo[b]pyran de-

rivatives (19) from aldehydes (5), malononitrile (15), and β-dicarbonyl compounds 

(ethyl acetoacetate (13), acetylacetone (17), dimedone (12)).  

 

The pyran derivatives were formed with excellent yields, the possible side 

product 2-pyridinone derivatives could not been detected from the reaction mixtures. 

 

Reactions with ethyl acetoacetate: 

Entry R1 Yield (%)
a 

Entry R1 Yield (%)
a 

1 H 95 6 2-F 93 

2 3-Br 99 7 3-MeO 95 

3 4-Br 96 8 3-NO2 97 

4 2-Cl 94 9 4-NO2 97 

5 4-Cl 94    

1 mmol aldehyde (5), 1.2 mmol malononitrile (15), 1 mmol ethyl acetoacetate (13), 0.1 g catalyst, 
3 ml ethanol, reflux temperature, 4 hours. 
a Isolated yields. 
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Reactions with acetylacetone: 

Entry R1 Yield (%)
a 

Entry R1 Yield (%)
a 

1 H 80 5 2-F 98 

2 4-Br 92 6 3-MeO 98 

3 2-Cl 90 7 4-NO2 98 

4 4-Cl 87    

1 mmol aldehyde (5), 1.2 mmol malononitrile (15), 1 mmol acetylacetone (17), 0.1 g catalyst,  

3 ml ethanol, reflux temperature, 4 hours. 
a Isolated yields. 

 

Reactions with dimedone: 

Entry R1 Yield (%)
a 

Entry R1 Yield (%)
a 

1 H 98 6 2-F 98 

2 3-Br 91 7 3-MeO 92 

3 4-Br 85 8 3-NO2 94 

4 4-Cl 98 9 4-NO2 91 

1 mmol aldehyde (5), 1.2 mmol malononitrile (15), 1 mmol dimedone (12), 0.1 g catalyst,  

3 ml ethanol, reflux temperature, 4 hours. 
a Isolated yields. 

 

We did not observe any difference between the applied substituted aldehydes contain-

ing electron-withdrawing and electron-donating groups. The catalyst could be reused 

without any decrease in its activity. 

 

4.6. Preparation of imines from amines 

We successfully converted amines into imines with good results in the presence 

of the copper modified 4Å molecular sieve catalyst under both inert and normal atmos-

phere. 

 

We observed that in the case of aralkylamines the length of the carbon-chain be-

tween the amino-group and the aromatic ring influences the yields; it decreased with 

the number of carbon atoms. We concluded from the investigation of the competitive 

reaction of different substituted benzylamines that the electronic factors of the aromatic 

ring are not decisive in the reaction. The method can be applied for the preparation both 

for homo- and hetero-coupled imines. In the literature there are two possible reaction 

routes are described; we proved that the reaction in our case takes place through the 

imine intermediate with ammonia emission. The proposed mechanism of the reaction: 
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5. Thesis statements 

1. Six new 4Å molecular sieve supported metal catalysts have been prepared, we inves-

tigated their physicochemical properties by SEM-EDS and BET, determined the 

metal content of the support by ICP-OES or AAS, and measured the pH value of 

their aqueous solutions. [1,2,3] 

2. The Ti
4+

/4A proved to be efficient in the protection of alcohols, mainly primer alco-

hols with tetrahydropyranyl-group. In the literature generally acid catalysed reac-

tions are described; we developed a method using a basic catalyst, which can be ap-

plied in the case of the protection of acid sensitive alcohols. The catalyst is easily re-

coverable and reusable. [1] 

3. The mild basic La
3+

/4A catalyst was successfully used in the one-pot, three-

component, heterogeneous catalytic reaction of isatoic anhydride, aromatic alde-

hydes and ammonium acetate yielding 2,3-dihydroquinazolinones. These com-

pounds were previously synthetized generally by acid catalysed methods. Our pro-

cedure using a basic catalyst gave the same or even better results than the published 

ones. The yields were good when using benzaldehyde dimethylacetal instead of the 

aldehyde, and amine instead of ammonium acetate. The catalyst could be reused 

with good results in the reaction. [2] 

4. I accomplished the synthesis of hexahydroquinoline carboxilates with good yields in 

the presence of La
3+

/4A as heterogeneous catalyst through the one-pot, multicompo-

nent reaction of aldehydes, dimedone, ethyl acetoacetate and ammonium acetate. 

The catalyst could be reused without any decrease in its activity. [3] 

5. I have developed a chemoselective method for the preparation of 4H-pyran and 4H-

benzo[b]pyran derivatives in the presence of Zn
2+

/4A  catalyst through the multi-

component reaction of aldehydes, malononitrile, and β-dicarbonyl compounds (ethyl 

acetoacetate, acetylacetone, dimedone). In the reaction the pyran derivatives formed 
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with excellent yields, the possible side product 2-piridinone derivatives could not be 

detected from the reaction mixture. The catalyst could be reused several times main-

taining its activity. 

6. I have successfully converted amines into imines using copper-modified 4Å molecu-

lar sieve both under inert and normal atmosphere. In the case of aralkylamines the 

length of the carbon chain between the amine function and the aromatic ring influ-

ences the yield of the product. The mechanism was verified by chemical experi-

ments and analytical examinations. Both homo- and hetero-coupled imines can be 

prepared with this method. [4] 

 

6. Possible application of the scientific results 

The replacement of homogeneous catalysts by heterogeneous catalysts in organ-

ic chemical syntheses has several advantages. Based on our results, the prepared cata-

lysts might be used for industrial purposes, can be prepared through a simple method, 

the support is inexpensive and commercially available, and the prepared catalyst can be 

reused immediately or after a short pre-treatment with good results. Our research group 

is currently working on the investigation of further applications of the catalysts. 
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