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Abstract: An effective catalytic system for the synthesis of β-enaminoesters from β-ketoesters under 

mechanochemical conditions using mortar and pestle in recyclable PEG 400 as solvent-drop approach was 

developed. This method has a number of benefits, including shorter reaction times, use of inexpensive recyclable 

solvent cum catalyst system, compatible reaction conditions, and high product yields. ©2024 ACG Publications. 

All rights reserved. 
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1. Introduction 

β-Enamino esters are helpful links in the synthesis of nitrogen-containing compounds.1 

Additionally, they are important ingredients in many pharmaceuticals and naturally occurring 

compounds that have biological significance.2 The synthesis and use of β-enamino ester derivatives 

have long piqued the interest of organic synthesis due to their value as versatile building blocks and 

bioactive leads.  

The synthesis of β-enaminoesters has been reported using a variety of techniques, including 

tosyl imines, imidoyl halides, adding enamines or ketimines to activated carboxylic acid derivatives, 

adding an ester or amide enolate to a nitrile, and directly condensation of β-ketoesters with amines.3-22 

Although the majority of the protocols include a wealth of documentation, some of their shortcomings 

include their wide applicability, harsh reaction conditions, and small chemical yields. Consequently, it is 

imperative to develop a better catalyst for the synthesis of β-enaminoesters.  

Synthetic chemistry researchers are constantly inventing novel catalysts and reagents to carry 

out chemical reactions. Because they are simple to use and have cheap production costs, solvent-free 

based synthetic procedures have become more and more common in the synthesis of pharmacologically 

relevant heterocyclic compounds.23-25 On the other hand, the mechanochemical technique has gained 

popularity because to its little impact on the environment and affordability.26-29 Mechanical grinding has 

emerged as a key tool in the synthetic organic chemistry paradigm due to its ease of use, distinct 

reaction profile, and potential for larger-scale application with the right experimental setup.30-31 
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 One such component that is receiving increasing attention is the use of alternative reaction 

media, which circumvents the problems associated with many of the traditional volatile organic 

solvents. Over time, a variety of suitable and environmentally friendly alternative reaction media have 

been studied, such as supercritical fluids, ionic liquids, and polyethylene glycol.32-34Inspired by the work 

of Tanemura, we have explored the possibility of PEG-400 in solvent-drop grinding.35 According to the 

report, using the solvent-drop grinding (SDG) technique, a few drops of solvent were added to increase 

the rate of co-crystallization. 

According to this perspective, polyethylene glycol (PEG) acts as a green solvent and a 

replacement for reaction media. PEG has been studied as a solvent for chemical synthesis for more than 

20 years.36-39 Because PEG is benign, non-toxic, biodegradable, and biocompatible, it is frequently 

preferred over hazardous organic solvents in organic synthesis. PEG has been used as a solvent in 

several reactions related to the synthesis of heterocyclic molecules, oxidations and reductions, the 

formation of heteroatom-heteroatom bonds, and the formation of carbon-carbon and heteroatom-

heteroatom bonds.40-43 As a follow-up to our work on C-C and C-heteroatom bond formation 

reactions,44-47 we have used a mechanochemical method to manufacture β-enaminoesters in moderate to 

good yields. 
 

2. Experimental 
 

All the chemicals and solvents employed in the synthesis were supplied by Sigma Aldrich, 

Merck, Loba, SRL and Spectrochem and used without purification. The melting points were measured 

by open capillary method and uncorrected. The reaction mixtures were irradiated by a 100W tungsten 

lamp (Philips India Ltd). The IR spectrums (NaCl) were recorded on a Nicolet Fourier Transform 

spectrometer. The 1H and 13C NMR spectra were recorded on a Bruker AV-300 instrument. As internal 

standards served TMS ( 0.00) for 1H NMR and CDCl3 ( 77.0) for 13C NMR spectroscopy J values are 

given in Hz. The multiplicities of the signals in the 1H NMR spectra are abbreviated by s (singlet), d 

(doublet), t (triplet), q (quarted), m (multiplet), br (broad) and combinations thereof. Thin-layer 

chromatography (TLC) was performed on GF-25U (Anal. Tech.) plates and silica gel glass-backed 

plates. All the chemical reactions were carried out in dried glassware.  

 

2.1. Chemistry 

2.1.1. General Experimental Procedure 

 

A mortar and pestle was used to grind the amine (1.5 mmol), β-ketoester (1 mmol) in PEG 400 

(1 mL) added drop-wise for the allotted amount of time at ambient temperature (see Table 2).Following 

the conclusion of the reaction, which was observed by thin-layer chromatography, the mixture was 

diluted with anhydrous diethyl ether and allowed to stir for fifteen minutes. Subsequently, the layers 

were allowed to separate, and the ether layer was decanted. The mother liquor (PEG) was set aside for 

subsequent runs, and this procedure was performed twice to provide the crude products in diethyl ether. 

Following solvent evaporation, the crude product was refined using column chromatography on silica 

gel with 1:1 petroleum ether/ethyl acetate to produce the pure corresponding β-enaminoester. All of the 

compounds synthesized are known. 

 

2.1.2. Spectroscopic Data of Compounds  

 

(Z)-Methyl 3-(phenylamino)but-2-enoate (I): Yellow liquid. IR: ν = 1492, 1599, 1655, 2926, 3264 cm-1; 
1H-NMR δ = 10.35 (s, 1H), 7.26-7.34 (m, 2H), 7.08-7.18 (m, 3H), 4.70 (s, 1H), 3.69 (s, 3H), 2.00 (s, 

3H); 13C-NMR δ = 170.7, 159.1, 139.3, 129.0, 125.0, 124.5, 85.6, 50.2, 20.3; Mass: m/z: 175 (M+) 

 

(Z)-Ethyl 3-(p-tolylamino)but-2-enoate (II): Yellow liquid. IR: ν = 1135, 1320, 1480, 1580, 1615, 2950, 

3210 cm-1; 1H-NMR δ = 10.32 (s, 1H), 7.10-7.13 (m, 2H), 6.95-6.98 (m, 2H), 4.67 (s, 1H), 4.14 (q, 

2H, J = 7.2 Hz), 2.32 (s, 3H), 1.94 (s, 3H), 1.28 (t, 3H, J = 7.2 Hz). 13C-NMR δ = 170.3, 159.3, 136.6, 

134.7, 129.5, 124.6, 85.3, 58.6, 20.8, 20.1, 14.5; Mass: m/z: 219 (M+) 
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(Z)-Methyl 3-(p-tolylamino)but-2-enoate (III): Yellow oily liquid. IR: ν = 1105, 1321, 1470, 1585, 

1605, 3045 cm-1; 1H NMR (400 MHz, CDCl3) δ = 10.25 (s, 1H, NH), 7.13-6.96 (m, 4H, aromatic CH), 

4.67 (s, 1H), 3.74 (s, 3H, OCH3), 2.33 (s, 3H, CH3), 1.95 (s, 3H, CH3); 13C NMR (100 MHz, CDCl3) δ = 

170.7 (C=O), 159.6, 136.6, 134.9, 129.6, 124.8, 84.9, 50.2 (OCH3), 20.8 (CH3), 20.2 (CH3). GC-MS 

(m/z): 205.1 

 

(Z)-Ethyl 3-(4-methoxyphenylamino)but-2-enoate (IV): Yellow liquid. 1H-NMR δ = 10.15 (s, 1H), 6.97-

7.00 (m, 2H), 6.80-6.83 (m, 2H), 4.62 (s, 1H), 4.07-4.14 (q, 2H, J = 7.0 Hz), 3.75 (s, 3H), 1.85 (s, 3H), 

1.24 (t, 3H, J = 7.0 Hz); 13C-NMR δ = 170.3, 159.7, 157.2, 131.9, 126.5, 113.9, 84.5, 58.4, 55.1, 19.9, 

14.4 

 

(Z)-Ethyl 3-(4-bromophenylamino)but-2-enoate (V): Yellow liquid. 1H-NMR δ = 10.34 (s, 1H), 7.34-

7.37 (m, 2H), 6.88-6.89 (m, 2H), 4.67 (s, 1H), 4.06-4.13 (q, 2H, J = 7.2 Hz), 1.93 (s, 3H), 1.23 (t, 

3H, J = 7.2 Hz); 13C-NMR δ = 170.2, 158.0, 138.4, 132.0, 125.5, 117.7, 87.0, 58.8, 20.1, 14.5 

 

(Z)-Ethyl 3-(4-nitrophenylamino)but-2-enoate (VI): Yellow liquid.1H NMR (400 MHz, TMS, CDCl3) δ 

(ppm): 10.96 (s, 1H, NH), 8.24 (d, 2H, 2H, 2 x ArH), 7.15 (d, 2H, 2H, 2 x ArH), 4.90 (s, 1H, 2-CH), 

4.25 (m, 2H, 5-CH2), 2.26 (s, 3H, 4-CH3), 1.34 (m, 3H,6-CH3). 13C NMR (100 MHz, TMS, CDCl3) δ 

(ppm): 167.23(C-1), 162.04(C-3), 152.25(C-1’), 139.05(C-4’), 122.65(C-3’, C-5’), 119.14(C-2’, C-6’), 

84.46(C-2), 61.57(C-5), 21.26(C-4), 14.45(C-6) 

 

(Z)-Methyl 3-((4-nitrophenyl)amino)but-2-enoate (VII): Yellow liquid. 1H NMR (400 MHz, CDCl3): = 

10.88 (s, 1H, N-H), 8.20-8.18 (d, J=8, 2H, aromatic H), 8.14–8.12 (d, J=8, 1H, aromatic H), 4.89 (s, 1H, 

C-H), 3.71 (s, 3H, -OCH3), 2.22 (s, 3H, -CH3); 13C NMR (100 MHz, CDCl3):  =   170.38, 155.93, 

145.75, 125.34, 120.76,; 91.09, 50.78, 21.02. HRMS (ESI) Exact mass calculated for C11H13N2O4
+ [M+ 

H+] = 237.0870, found 237.0881 

 

(Z)-Ethyl 3-(benzylamino)but-2-enoate (VIII): Yellow liquid. 1H NMR (400 MHz, TMS, CDCl3) δ 

(ppm): 10.31 (s, 1H, NH), 7.13 (m, 2H, 2 x ArH), 6.98 (m, 3H, 3 x ArH), 4.69 (s, 1H,2- CH), 4.18 (m, 

4H,5 and 1’-CH2), 1.93 (s, 3H,4-CH3), 1.27 (m, 3H,6-CH3). 13C NMR (100 MHz, TMS, CDCl3) δ 

(ppm): 170.66(C-1), 162.82(C-3), 138.85(C-2’), 128.81(C-4’,C-6’), 127.46(C-3’,C7’), 126.82(C-5’), 

83.21(C-2), 58.51(C-5), 46.86(C-1’), 24.15(C-4), 14.73(C-6) 

 

(Z)-Methyl 3-(benzylamino)but-2-enoate (IX): Yellow liquid. 1H NMR (400 MHz, TMS, CDCl3) δ 

(ppm): 8.94 (s, 1H, NH), 7.32-7.26 (m, 2H, 2 x ArH), 7.23 (m, 3H, 3 x ArH), 4.53 (s, 1H, 3-CH), 4.42 

(m, 2H, 1’-CH2), 3.63 (s, 3H, 1-CH3), 1.93 (s, 3H, 5-CH3). 13C NMR (100 MHz, TMS, CDCl3) δ (ppm): 

170.61(C-1), 161.71(C-3), 138.48(C-2’), 128.62(C-4’, C-8’), 127.21(C-5’), 126.53(C-3’, C-7’), 

82.72(C-2), 50.12(C-5), 46.82(C-1’), 19.46(C-4) 

 

Ethyl 2-(phenylamino)cyclopent-1-enecarboxylate (X): Light yellow liquid. IR: ν = 1150, 1745, 3315, 

cm-1; 1H NMR (400 MHz, TMS, CDCl3) δ (ppm):9.65 (s, 1H), 7.24-7.30 (m, 2H), 6.99-7.05 (m, 3H) , 

4.21 (q, 2H, J = 7.2 Hz), 2.79 (t, 2H, J = 7.2 Hz), 2.58 (t, 2H, J = 7.2 Hz), 1.86 (m, 2H), 1.32 (t, 3H, J = 

7.2 Hz); 13C NMR (100 MHz, TMS, CDCl3) δ (ppm): 168.4, 160.3, 140.6, 129.1, 123.0, 120.6, 97.6, 

58.9, 33.6, 28.7, 21.7, 14.6; Mass: m/z: 231 (M+) 

 

3. Results and Discussion 

Initially, a methodical investigation was carried out to evaluate the role of grinding for the 

reaction between aniline and methylacetoacetate in various solvent conditions at room temperature            

(Scheme 1). 
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Scheme 1. Mechanochemical synthesis of β-enaminoesters 

 

The reaction mixture is stirred at room temperature as specified in Table 1; the reaction has not 

been successful in water (Table 1, entry 6) and in negligible amounts in neat conditions (Table 1, entry 

1). To accelerate the same reaction, we have conducted the reaction in methanol using for 1 h, the 

reaction had 68% of yield (Table 1, entry 4). In addition, the reaction is carried out in chloroform and 

acetonitrile to check the productivity, and the results are disclosed in Table 1 (entries 2 and 3). To our 

satisfaction, the use of the grinding method in PEG 400 directed an increase in the yield of the target 

product (I, entry 5, Table 1). 

 

              Table 1. Scope of the reaction using different solvents 

Entry Solvent Time Yielda % 

1 Neat 120 min. 12 

2 CHCl3 60 min. 45 

3 CH3CN 60 min. 71 

4 MeOH 60 min. 68 

5 PEG400 45min. 88 

6 H2O 60 min. NR 
aIsolatedyeields; NR: No reaction 

 

The technique proved effective for primary aromatic amines, as demonstrated by the data shown 

in Table 2. For example, it was easy to convert methyl and ethyl acetoacetates into the appropriate                 

β-enaminoesters. The present method has many notable advantages over the ones outlined, two of which 

are moderate to good yields and rapid reaction times. Generally speaking, amines with both electron-

withdrawing and electron-donating groups produced comparable yields of desired products (II-VII, 

Table 2). Benzyl amine also reacted well with methyl and ethyl β-ketoesters to result in the 

corresponding products with good yields (VIII-IX, Table 2). Even with cyclic β-ketoesters, moderate 

product yield was obtained (58%, X, Table 2).  

In terms of chemoselectivity, the approach worked well. In all cases, no interaction with 

the ester was detected to yield the corresponding amide; instead, the amine reacts exclusively 

with the ketone of the β-ketoesters (I-IX, Table 2). Intramolecular hydrogen bonding ensured 

the (Z)-selectivity in the β-ketoester-derived products. This stereostructure was confirmed by 

the separated products' 1H NMR spectra studies. The -NH-group's proton was found between 

8.0 and 10.9 ppm. Nevertheless, the 1H NMR spectra of the β-enaminones obtained from cyclic 

diketone (X, Table 2) showed signals for the non-hydrogen bound proton of the -NH- group in 

the range of δ 4.5-6.5, indicating the (E)-configuration. 

For the synthesis of desired product on the control reaction of aniline and methyl 

acetoacetate under the optimized reaction conditions, the separation of the products and the 

reaction medium were investigated. The yield dropped after five runs, but we were happy to 

find out that the reaction medium could be successfully recycled for a maximum of five cycles 

with little loss of activity (88, 87, 87, 85 and 85% respectively). 
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Table 2. Synthesis of β-enaminoesters from β-ketoesters and amines 

aYields of pure isolated products 

 

Based upon the present results and earlier reports, possible reaction mechanism is proposed for 

the PEG catalyzed synthesis of β-ketoenamines (Figure 1). In the first step, the presence of active 

hydroxyl group on PEG binds with the carbonyl oxygen of β-keto ester and a subsequent addition of 

aniline in step 2 forms an intermediate as shown in Figure 1. In step 3, the elimination of water 

molecule from intermediate from step 2 yields the desired enamino ester. 
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Figure 1. Proposed mechanism 

4. Conclusion 

As a result, we have developed a novel methodology for the synthesis of β-enaminoesters using 

mortar and pestle via mechanochemical/grinding approach. The key appealing aspects of this method 

include the use of a cheap and widely accessible reusable solvent (PEG 400) in solvent-drop technique, 

experimental simplicity, amicable to aromatic and benzyl amines, a straightforward work-up procedure, 

recyclable and reused for minimum five times and a quick response. 
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