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ABSTRACT 
 
The development of an environmentally benign green methodology for the synthesis of β-
enaminoester using new phosphonium ionic liquids as catalyst. Ethyl acetoacetate, 
ammonium acetate and catalytic amount of ionic liquid in acetonitrile was carried out at 
25°C and 50°C to yield β-enaminoester. 
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INTRODUCTION 
 
β-Enaminoester are versatile synthetic intermediates, extensively employed in organic 
synthesis[1]. They have attracted much attention due to the fact that they are important synthons 
for the synthesis of many biologically active compounds such as dopamine[2], 

acetylcholinesterase inhibitors [3] and anticonvulsants[4]. They are also useful intermediates for 
the synthesis of several aminoacids[5], aminols[6], peptides and alkaloids[7]. In particular, such 
compounds are important precursors for the synthesis of a wide variety of heterocycles[8]. Also 
they have been employed as synthons of pharmaceutical compounds having anti-epileptic[9], 
anti-molluscicidal and larvicidal activities[10]. The most well known and explored route to β-
enaminones involves the direct condensation of β-dicarbonyl compounds with amines in 
refluxing aromatic hydrocarbons with azeotropic removal of water[11]. The most convenient 
method to synthesis of β-enaminones in the presence of NaAuCl4[12], Bi(TFA)3[13], ionic 
liquid[14], Yb(OTf)3[15], CAN[16]. Thus it is very important to search for a convenient and 
efficient method for the synthesis of this type of compounds.  
 
Due to their wide range of activity and importance, a simple and high yielding one-pot approach 
for the synthesis of β-enaminones is highly desirable. A simple, efficient and environment 
friendly, one-pot synthesis of β-enaminones by direct reaction of ammonium acetate as source of 



Anil U. Chopade                                                           Der Chemica Sinica, 2011, 2 (2):144-148 
______________________________________________________________________________ 

145 
Pelagia Research Library 

 

amine with ethyl acetoacetate was undertaken using catalytic amount of some phosphonium 
ionic liquids.  
 
Recently, phosphonium ionic liquids (PILs), which differ from the well known imidazolium 
ILs, have been introduced in organic reactions. Phosphonium ionic liquids are much more 
thermally stable than the corresponding ammonium salts and even have an edge on imidazolium 
salts. This is very important for processes which operate at temperatures greater than 100 °C. In 
addition to being less thermally stable, the imidazolium cation contains protons which are not 
entirely inert. PILs, on the other hand, have no such acidic protons and are easily recoverable 
by using three phase system (Hexane/Ionic liquid/Water).  
 
In the current strategy the reaction of ethyl acetoacetate 1.0 equivalent, 1.6 equivalent of 
ammonium acetate and 20% w/w of ionic liquid in acetonitrile was carried out at 25°C and 
50°C to yield β-enaminoester (Scheme 1). 
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Scheme 1:   Synthesis of 3-amino-but-2-enoic acid ethyl ester 
 

RESULTS AND DISCUSSION 
 
The reaction was studied in the presence of six different ionic liquids (Fig 1) as catalysts at 25°C 
and 50°C. Ammonium acetate was used as source of ammonia. 
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Scheme 2 

 
It was observed that the nature of the anion governs the electrophilicity of the phosphonium 
cataion, which in turn influences the acidity of the phosphorus. This phosphorus is capable of 
partial bonding with acetyl oxygen generating the cationic center as shown in scheme 2  which is 
easily attacked by the nucleophilic amines. 
 
Various ionic liquids were screened in the reaction of ethyl acetoacetate and ammonium acetate 
at 25°C and 50°C (Table 1) for β-enaminoester  formation reaction. The efficacy of the ILs to 
promote this reaction was correlated to the basicity of the anions. It was assumed that the nature 
of the anion would govern the electrophilicity of the phosphinum cation, which in turn has a 
bearing on the acidity of the PILs. It was observed that with increasing basicity of the anion, 
there was a progressive increase in yield (Table 1, entry 2, 5). The yield of desired product was 



Anil U. Chopade                                                           Der Chemica Sinica, 2011, 2 (2):144-148 
______________________________________________________________________________ 

146 
Pelagia Research Library 

 

increased progressively with increasing acidity of the PILs.  
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Fig. 1 Structures of various phosphonium ionic liquids 
 

Table 1: Synthesis of β-enaminoester 
 
 
 
 
 
 
 
 

aIsolated yield after column chromatography 
 
Thus among the PILs tested in β-enaminoester  formation reaction, it was found that the PIL-2 
(chloride) efficiently promoted this reaction by virtue of its inherent acidity. This makes the PIL 
capable of bonding with the carbonyl oxygen increasing the reactivates of the parent carbonyl 
compounds without any added acid catalyst. 

Sr. 
No. 

Ionic 
Liquid 

Temperature (25 °C) Temperature (50 °C) 

Time (min) Yield (%) Time (min) Yield (%) 

1 PIL-1 60 69 45 65 

2 PIL-2 30 89 30 92 

3 PIL-3 40 56 40 59 

4 PIL-4 55 48 35 52 

5 PIL-5 35 73 35 79 

6 PIL-6 60 64 40 62 
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All the PILs catalyzed the reaction providing the desired products. The catalytic activities of the 
ionic-liquid in product formation varied slightly with different anions in the PIL catalysts. For 
example, in PILs from chloride anion (PIL-2) improved activity as well as higher yield (Table 1, 
entry 2) of the desired product was observed. In phosphinate gating higher yield comparatively 
borate, phosphate, tosylate, and dicynamide in both condition. In overall, chloride gave the best 
outcome in terms of the yield. A rate enhancement with higher yield was observed when 
temperature was increased. 
 
The recyclability and reusability of PIL were examined for the enaminone reactions. It was found 
that PIL could be easily recycled by triphasic separation method. The PILs were recycled and 
reused at least four times with a slightly decreased activity. The scope and generality of this 
method could be validated by observing that catalyatic property was well tolerated giving 
excellent isolated yields of the β-enaminoester. Moreover, the various ionic liquids such as 
chloride, borate, dicyanamide and triflate were used for the reaction resulting in the formation of 
β-enaminoester in excellent isolated yields. 
 

CONCLUSION 
 
We disclose here a simple, clean, atom-efficient, environment friendly synthesis of β-
enaminoester using ionic liquids as catalysts. A simple experimental procedure, relatively fast 
reaction rates and excellent yields are the key advantages of our protocol. Most significantly, 
efficiency, cost-effectiveness and green methodology will make this procedure useful to 
academia as well as industry. 
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