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ABSTRACT: In recent years, there has been a lot of interest in the application of green 

heterogeneous materials as catalysts in organic chemistry. We report in this paper the 

preparation of cyclic enamines using zeolite H-Y as catalyst. In the first step, zeolite Y was 

prepared using hydrothermal method and characterized by various techniques such as X-ray 

diffraction (XRD), Fourier transforms infrared spectroscopy (FTIR), nitrogen sorption at 77 K, 

scanning electronic microscopy (SEM). The second pathway involved the preparation of H-Y 

as catalyst for the reaction between cyclic ketones and secondary amines to generate cyclic 

enamines. The results of our experiments have shown that the use of H-Y in this reaction 

compared to the use of other catalysts heterogeneous or homogeneous accelerates time and 

increases the yield of the reaction. In order to confirm the catalytic activity of zeolite H-Y, it 

was used in five consecutive experiments without significant loss of activity. 

 

KEYWORDS: Catalyst materials, Catalyst characterization, Zeolite Y, Heterogeneous 

catalysis, Enamines 

 

INTRODUCTION: 

Enamines play an important role in chemistry and biology, frequently used as versatile 

intermediates in organic chemistryi and the synthesis of biologically active compoundsii. They 

are recognized as key intermediates in organocatalysisiii-vi, and have been also used as 

dipolarophiles in 1,3-Dipolar cycloadditionvii-ix. Enamine derivatives present a wide spectrum 

of physiological, biological, and energetic activities. Some cyclic -keto enamines were 

identified as intense cooling compoundsx. More enamine derivatives have shown a great 

antiproliferative, cytotoxicity against cancer cellsxi-xiii, and antibacterial activityxiv. Recently, 

new enamine-based and carbazole-based enamine have been developed as low-cost and 

efficient hole transporting material for perovskite solar cellsxv-xvi. 

Before 1950, the chemistry of enamines has been exploredxvii and following Gilbert Stork’s 

studiesxviii-xix, several methods have been reported in the literature for their synthesisi,xx-xxv. The 
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usual conditions to prepare enamines involve either strong Lewis acids (TiCl4, ZnCl2 AlCl3, 

SnCl4, etc.)xxvi-xxiii or Bronsted acids (AcOH, PTSA)xxix in refluxing solvents (benzene, toluene, 

or xylene). However, most of the previous studies do not take into account environmental 

catalysis. The use of homogenous catalysts like Lewis acids poses several problems, such as 

difficulty in separation, recovery, high toxicity, corrosion and they cannot be reused. 

Therefore, in the area of interest regarding environment, more catalysts that are recyclable have 

been developed. Due to their easily reproducible structure from aluminosilicate, zeolites have 

been used extendedly as ion exchangers, adsorbents and separation materialsxxx-xxxiv. Zeolites 

still represent the most studied system in acid heterogeneous catalysis and are applied to a wide 

variety of reactionsxxxv-xxxvii. Within this context, our attention has been focused on the 

preparation of zeolite H-Y which exhibits both Bronsted and Lewis acidity characteristicsxxxviii-

xxxx. Therefore, this research intends to report a simple synthetic procedure of cyclic enamines 

by the addition of cyclic ketones to secondary amines using zeolite H-Y as a green catalyst and 

demonstrates its performance compared to other catalysts. 

 

EXPERIMENTAL: 

 

REAGENTS: 

Sodium aluminate (50.38% Al2O3; 36.70% Na2O3; 13.63% H2O; Aldrich) was used as the 

aluminium source, Zeosil 175MP (84.96% SiO2; 0.31% Al2O3; 0.93% Na2O3; 13.78% H2O; 

Rhône Poulenc) as a silica source, Sodium hydroxide (99%; Prolabo) as a base and 

demineralized water as solvent. 

 

PREPARATION OF THE CATALYST: 
 

ZEOLITE Y SYNTHESIS: 

Sample of zeolite Y was prepared by using the direct synthesis hydrothermal methodxxxxi, with 

a molar composition of [5 Na2O ; Al2O3 ; 10 SiO2 ; 160 H2O]. The synthesis consisted in first 

time to prepare an alkaline solution containing sodium hydroxide and sodium aluminate. After 

1 hour of agitation, the silica was slowly added. The reaction mixture was homogenized 2 hours 

at room temperature. Afterwards, the hydrogel obtained was transferred into autoclave for the 

crystallization at 100 °C during 48 h. Finally, the product was washed many times with 

demineralized water, filtered and dried at 60 °C overnight. 

 

H-Y ZEOLITE PREPARATION: 

As shown in Fig. 1 the zeolite Y synthesized was saturated with an aqueous solution of sodium 

chloride (NaCl) 1 M during 24 h then filtered and dried at 60 °C overnight. Afterward Na-Y 

was exchanged with an ammonium chloride solution (NH4Cl) 1 M. The product was washed 

several times with demineralized water, filtered, dried at 60 °C and finally calcined under air 

at 550 °C for 6 hxxxxii.  
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Figure1.Schematic illustration for the preparation of H-Y zeolite. 

 

CATALYST CHARACTERIZATION: 

The structural features of zeolite Y were determined by X-ray diffraction (XRD) patterns using 

Bruker AXS D8 diffractometer (Cu-Kα radiation). The textural properties of zeolite were 

measured by nitrogen adsorption/desorption in a Micromeritics ASAP 2010 volumetric 

instrument. The surface area was calculated by the Brunauer–Emmet–Teller (BET) method. 

The functional groups of the catalyst were analyzed by IR spectroscopy using Bruker Platinum-

ATR. The surface morphology of the zeolite was observed by Hitachi S-4800 microscope 

 

GENERAL PROCEDURE FOR THE SYNTHESIS OF CYCLIC ENAMINES: 
 

 
Scheme1.Synthetic procedure of cyclic enamines. 

 

To synthesize cyclic enamines(1-4c), the simplest method consists in heating cyclic ketones 

and secondary amines, using Dean-Stark apparatusxxxxiii. In a two-necked round-bottomed flask 

equipped with a refrigerant under an argon atmosphere, a Dean-stark and magnetic stirring bar, 

was charged with morpholine(b) (11.32 mL, 0.13 mol), 0.5 g of dried catalyst at 60 °C and 

cyclic ketone(1-4a)(0.12 mol) in 30 mL of anhydrous toluene refluxing. The reaction complete 

until no further water formation is observed, the catalyst was removed by simple filtration, the 

solvent was then evaporated and the crude was purified by distillation under reduced pressure. 
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RESULTS AND DISCUSSION: 

 

CHARACTERIZATION OF THE CATALYST: 

The XRD patterns of zeolite Y are given in Fig. 2, as seen in this figure, all the characteristic 

peaks of zeolite Y are presently confirming the stability of this zeolite during the different 

treatment procedures. No other phase was observed, which confirms that the success of the 

preparation of this zeolite. 

 
Figure2.XRD patterns of Y zeolite. 

 

The FTIR spectra of zeolite Y is shown in Fig. 3, as seen in this figure, all the characteristic 

bands of the Y zeolite are present in the spectra. The bands in the range of 950-1200 cm-1 

indicate the presence of Si–O, assigned to external asymmetrical stretching while the bands 

between 500-650 cm-1 are assigned to the internal tetrahedral symmetrical stretching. 

Absorption at approximately 450 cm-1was assigned to Si–O–Al stretching where Al is in the 

octahedral coordination. The presence of a weak band at 1630 cm-1 and a broadband around 

3400 cm-1 of OH group coming from physisorbed water. 

 

 
Figure3.FTIR of Y zeolite. 

 

Fig. 4 shows the nitrogen sorption isotherm at 77 K for zeolite Y. According to the IUPAC 

classification nitrogen adsorption/desorption isotherms of the zeolite Y is the type I which is 

characteristic of microporous materials. It is characterized by an almost horizontal range from 

a very low P/P0 value to a P/P0 value near 1. The surface area and micropore volume are given 
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in Table 1. The synthesized zeolite Y has a surface area around 608 m2.g-1. The surface is 

similar compared to that pure commercial zeolite. This result indicates that zeolite Y is an 

excellent microporous material. 

 

 
Figure4.Nitrogen adsorption-desorption isotherm of Zeolite Y. 

 

Table1. Surface area, micropore volume and pore diameter of zeolite Y. 

 SBET (m
2/g) Sext (m

2/g) Smicro(m
2/g) Vads(cm3/g) 

Zeolite Y 620.48 12.16 608.32 0.246 

Pure commercial Y 648 44 604 0,28 

 

The SEM image of Zeolite Y shown in Fig. 5 reveals the presence of uniformly sizes with 

crystalline features, fused together forming agglomerate and indicate clearly the absence of 

amorphous phase, which was already confirmed by XRD. This morphology is very similar 

compared to other works published previouslyxxxxiv-xxxxv. 

 

 
Figure5.SEM images of Y Zeolite. 
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SYNTHESIS OF 1-MORPHOLINOCYCLOHEXENE (2c): 

Table 2. Comparison between different catalysts toward 1-morpholinocyclohexene synthesis. 

 

Entry Catalyst 

Reaction conditions 
 

Time 

(h) 

 

Yield 

(%) 

Reference 2a 

(mol) 

b 

(mol) 

Cat. 

(g) 
Solvent 

1 None 0.12 0.13 - Toluenea 7.5 88 This work 

2 H-Y 0.12 0.13 0.5 Toluenea 1.25 96 
This 

work 

3 Y 0.12 0.13 0.5 Toluenea 3.41 90 This work 

4 PTSA 0.25 0.26 0.6 Toluenea 3 92 xxxxiii 

5 TiCl4 0.10 0.30 9.5 Hexaneb 24 70 xxxxvi 

6 
Molecular 

Sieve 
0.10 0.20 40 Etherb 24 54 xxxxvi 

7 K-10 clay 0.25 0.26 2 Toluenea 3 95 xxxxiii 

8 MCM-41c 0.12 0.13 0.5 Toluenea 2.25 81 This work 

9 SBA-15d 0.12 0.13 0.5 Toluenea 2.75 87 This work 

10 Maghnitee 5.10-3 0.01 2 
Solvent-

freeb 
7 80 xxxxvi 

aToluene refluxing under Dean-stark. broom temperature reaction. cxxxxviii. dxxxxix. exxxxvii. 

 

Table 2 shows a comparative study between different catalysts towards the synthesis of 1-

morpholinocyclohexene. All these catalysts have shown interesting yields in different 

conditions for this reaction. According to Stork reports, this reaction without catalyst takes 

between 5 and 8 hours for cyclopentanone and cyclohexanone with morpholine or pyrrolidine, 

for large size rings, the reaction requires more than 24 h refluxingxix. The use of homogeneous 

Bronsted or Lewis acid catalysts in this reaction is reportedxxxxiii for PTSA and our 

groupxxxxvifor TiCl4. PTSA has accelerated the reaction to 3 h (Entry 4) however the use of 

TiCl4 required 24 h at room temperature (Entry 5). Heterogeneous catalysis with clays has also 

been studied, Montmorillonite K-10 clay has decreased also the time of reaction to 3 h (Entry 

7), the use of Algerian Montmorillonite clay Maghnite was tested in this reaction (Entry 10) 

with solvent-free at room temperature conditions for 7 h. The produced water in this reaction 

is adsorbed on these clays. Different porous solids were tested in the synthesis of 1-

morpholinocyclohexene, Molecular sieve was used as a water adsorbent (Entry 6), a large 

amount of this catalyst was used in this reaction at room temperature for 24 h to give an average 

yield.  
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In this paper, we were interested to evaluate the catalytic effect of some micro and mesoporous 

materials in the synthesis of cyclic enamines. MCM-41 (Entry 8) and SBA-15 (Entry 9) 

mesoporous materials give a good result, we note an acceleration of the reaction time, which 

decreased to 2.25 h for MCM-41 and 2.75 h for SBA-15 with good yields. Y zeolite (Entry 3) 

microporous material give also a good effect catalytic, time and yield were also optimized. 

Reaction time is the contrast between both these homogeneous, heterogeneous catalysts and 

the H-Y zeolite. Indeed 0.5 g of Y zeolite protonated has accelerated the reaction between 

morpholine and cyclohexanone, decreasing the time of the reaction from 7.5 h (Entry 1) 

without catalyst at 1.25 h (Entry 2), and the yield mildly increased. According to this study, we 

find that the use of zeolite H-Y which exhibits both Bronsted and Lewis acidity as catalyst have 

accelerated this reaction.  

 

SYNTHESIS OF CYCLIC ENAMINES: 

Table 3. Synthesis of cyclic enamines catalyzed by H-Y zeolite. 

 
Entry Product  Time Yield 

1 
 

1c 1.33 h 94% 

2 
 

2c 1.25 h 96% 

3 

 

3c 1.5 h 98% 

4 

 

4c 26 h 97% 

0.12 mol of cyclic ketones, 0.13 mol of morpholine and 0.5 g of H-Y zeolite in toluene refluxing under Dean-

stark. 

After showing that the best result in the synthesis of cyclic enamines was using zeolite H-Y 

(Table 2.), we were interested to synthesize other cyclic enamines by varying cyclic ketones 

with morpholine under the same reaction conditions. The obtained results are illustrated in 

Table 3. In all cases, cyclic enamines were obtained with excellent yields after simple filtration 

to remove the catalyst and distillation of the residue. We arrived to reduce the reaction time, 

all of 1c, 2c, 3c were obtained by our group in 3 hours using Montmorillionite K-10 as catalyst 

and 4c in 36 h but with H-Y zeolite we had reduced the time to 1.33 h-1.5 h for 1c, 2c, 3c and 

26 h for 4c. 

The water molecule that formed during the reaction adsorbs on the surface of the zeolite.  As a 

result, zeolite H-Y has two roles: a proton donor and a water molecule sensor (See Fig. 6). 
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Figure6. Action of zeolite H-Y during formation of cyclic enamines. 

 

RECYCLING: 

It is important to examine recoverability and reusability of heterogeneous catalyst, Fig. 7 shows 

the evolution of the product yield and the time of reaction based on the number of reuse.  

 

 
Figure7.Recycling of H-Y in the synthesis of 1-morpholinocyclohexene 

 

H-Y zeolite can be reused five times in the reaction between cyclohexanone and morpholine 

under the same reaction conditions without a significant loss of catalytic activity. Between each 

run, there is a minor decline in yield and a slight increase in reaction time. The catalyst is 

recovered by simple filtration, washed by toluene to remove all products and then dried before 

use for the next cycle. 

 
CONCLUSION: 

The solid catalyst H-Y was prepared by hydrothermal method, structure and texture properties 

of Y zeolite were characterized by X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FTIR), nitrogen sorption at 77 K, and scanning electronic microscopy (SEM). 

We have shown the potential of zeolite H-Y in the synthesis of cyclic enamines, compared to 

other heterogeneous or homogeneous catalysts. Easy to prepare, handle, recover, and recycle, 

H-Y offers an interesting alternative to more conventional homogeneous catalysts in the 

synthesis of enamines. A variety of possible future studies using the same experimental setup 

are apparent. It would be interesting to assess the effects of zeolite Y catalyst on other reactions. 
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ANALYTICAL DATA FOR COMPOUNDS: 

Spectra of the final products were recorded on a Brüker Avance-300 spectrometer 

for NMR (300 MHz and 75 MHz for 1H and 13C respectively) in CDCl3.Chemical shifts are 

reported in ppm, referenced to tetramethylsilane (TMS) as the external reference.Coupling 

constants (J) are reported in Hertz. Abbreviations to denote the multiplicity of aparticular signal 

are s (singlet), d (doublet), dd (doublet of doublet), dt (doublet of triplet). 

1-morpholinocyclopentene (1a). Colorless liquid. b.p. 108-109 °C / 18 mmHg; Yield 94% ; 
1H NMR (300 MHz, CDCl3) δ ppm: 1.78-1.88 (m, 2H), 2.26-2.33 (m, 4H), 2.83 (dt,  J = 9.8 ; 

J = 0.9 Hz, 4H), 3.68 (dt,  J = 9,8 ; J =  0,9 Hz, 4H), 4,40 (s, 1H) ; 13C NMR(300 MHz, CDCl3) 

δ ppm: 27.8, 35.5, 35.7,  47.1, 66, 98.9, 150.7 ; IR (ATR) cm-1 : 1630 (C=C). 

1-morpholinocyclohexene (2c). Colorless liquid. b.p 118-120 °C / 18 mmHg; Yield 96% ; 1H 

NMR (300 MHz, CDCl3) δ ppm:  1.49-1.57 (m, 2H), 1.62-1.70 (m, 2H), 2.01-2.08 (m, 4H), 

2.71 (t, J = 4.9 Hz, 4H), 3.71 (t, J = 4.9 Hz , 4H), 4.65 (t, J = 3.4 Hz , 1H) ;13C NMR(300 MHz, 

CDCl3) δ ppm : 22.2, 23.8, 26.2, 36.0, 47.9, 66.7, 99.5, 144.8 ; IR (ATR) cm-1 : 1644 (C=C). 

1-morpholinocycloheptene (3c). Colorless liquid. b.p. 138-140 °C / 18 mmHg ; Yield 98% ; 
1H NMR (300 MHz, CDCl3) δ ppm: 1.31-1.42 (m, 4H), 1.59-1.57 (m, 2H), 1.96-2.02 (m, 2H), 

2.14 (t, J = 4.8 Hz , 2H), 2.61 (t, J = 4.5 Hz , 4H), 3.63(t, J = 4.5 Hz , 4H), 4.78 (t, J = 6.9 Hz, 

1H) ; 13C NMR(300 MHz, CDCl3) δ ppm :26.13, 26.57, 27.83, 31.43, 32.46, 49.73, 66.80, 

106.73, 154.07; IR (ATR) cm-1 : 1645 (C=C). 

1-morpholinocyclooctene (4c). Colorless liquid. b.p. 156-157 °C / 18 mmHg ; Yield 97% ;  
1H NMR (300 MHz, CDCl3) δ ppm: 1.42-1.50 (m, 8H), 2.04-2.07 (m, 2H), 2.21-2.25 (m, 2H), 

2.72-2.75 (m, 4H), 3.64-3.67 (m, 4H), 4.50 (td, J = 8,2 Hz ; J = 3,7 Hz , 1H) ; 13C NMR(300 

MHz, CDCl3) δ ppm: 25.6, 26, 26.4, 26.9, 29.5, 30.3, 49, 66.8, 103.2, 148.7 ; IR (ATR) cm-1 

: 1641 (C=C). 
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