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Abstract 

Fatty amides have been widely produced by the reaction of ammonia and amines with fatty acids. Fatty amide 
formation from fatty esters (i.e. the ester-ammonia route) is not widely applied because it does not have much 
practical value. There are no reported cases of these fatty esters being used directly in amide production. When, 
however, a fatty ester is to be employed in the production of an amide, the ester is first stripped to the fatty acid. 
The methods of synthesis employing even the simple esters require in most cases harsh reaction conditions. In 
this work, a fatty ester (groundnut oil) was hydrolyzed using sodium hydroxide in acetone and reacted in-situ 
with ammonium chloride and methyl amine at 50 oC. Conversions of more than 80% were obtained in a reaction 
time of 60 minutes beyond which the reaction attained equilibrium with reversal to starting material. IR, GC/MS 
and GC-FID analyses of the product samples revealed the presence of amides, ammonium salts, simple as well 
as mixed anhydrides of fatty acids. 
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1. Introduction 

Fatty amides are commercially very significant and they have a wide range of applications, which is dependent 
upon the physical properties of the amide or in some instances, of a substance derived from the amide. Physical 
properties are a function of molecular structure; therefore, the various classes of amides find widely differing 
uses. They are used in the textile, plastic, cosmetic, paper and many other industries. Medicinally, they are used 
as anti-convulsants, anti-hypertensive agents and in the treatment of tuberculosis (Anyebe & Ekpenyong, 2007). 
It is now well established that fatty acyl amides modulate several physiological processes, including pain 
sensitivity, reproduction, immune function and vascular tone among others (Christie, 2007a; Hanus, Gopher, 
Almong, & Mechoulam, 1993; Kunos, Varga, Wagner, Ellis, & Sanyai, 1999; Anonymous, 1999). 

Different methods have been used in the synthesis of fatty amides. The most common are those involving the 
reaction between ammonia and amines with fatty acids: 

RCOOH + NH3  RCONH2 + H2O 

RCOOH + RNH2  RCONHR + H2O 

The ester-ammonia route is not widely applied because it does not have much practical value; apart from 
yielding products in trace amounts, the method requires harsh reaction conditions such as high temperatures 
(100–220 oC), long reaction times of 3–48 hours and the use of catalysts (Anyebe & Ekpenyong, 2007). Fatty 
amides may not have been produced directly from fatty oils, which are a major source of the fatty acids and these 
oils are available in abundance. 

In this work, groundnut oil, a long chain fatty ester (glyceride) derived from glycerol and a group of fatty acids, 
namely: oleic (60%), linoleic (21%), palmitic (7%), stearic (5%) and others (7%) (Ophardt, 2003) was reacted 
with an ammonium salt in place of ammonia. Zradni, Texier-Boullet and Hamelin (2002) studied the synthesis of 
amides from simple short-chain esters (C4–C10) and formamide using microwave irradiation at various 
temperatures (71–219 ºC) and reported the superiority of microwave irradiation over classical heating methods in 
the production of amides from simple esters, showing product yield of the latter method to be in trace amounts. 
Apart from the characterization and identification of products, this study is aimed at testing the performance of 
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the heating method. 

2. Materials and Method 

The reagents consisted of groundnut oil (produced by Grand Cereal Manufacturing Company, Jos-Nigeria) 
which is readily available and affordable; acetone, sodium hydroxide, ammonium chloride, methyl amine, and 
sodium chloride. All reagents were of analytical grade. 

A round-bottom flask was charged with 3.84 g groundnut oil and heated to 50 oC. 15 mL acetone was introduced 
and the temperature was left to stabilize, after which 0.5 g finely crushed sodium hydroxide was added. The 
system was well clamped and heated under reflux for 10mins. Ammonium chloride was introduced and reacted 
in-situ at various time intervals (continuous stirring was ensured and water was excluded from the system). 
According to Christie (2007b) and Liberles (1968) the base-hydrolysis of an ester in the absence of water 
produces the carboxylate ion of the acid, while in the presence of water the corresponding acid will be the result 
and acids do not readily undergo hydrolysis. 

At the end of each run, the reactor was cooled in a water bath and the reaction mixture was shaken with 70 mL 
0.5 M aqueous NaCl to salt-out the solid product and extract any un-reacted NaOH, ammonium salt and glycerol 
that may have formed. The solid product was washed in acetone and dried at 35 oC. The acetone filtrate was 
evaporated for the determination of the weight of the un-reacted oil. 

The above reaction was carried out using methyl amine as a substitute for ammonium chloride and reacted with 
the oil in the same way. 

The products obtained were subjected to IR, GC/MS and GC-FID analyses (IR result for only one of the 
products has been received). 

2.1 Esterification of Product Samples 

Product samples were saponified using methanolic NaOH to liberate fatty acids. These fatty acids were then 
esterified in the presence of methanolic BF3 catalyst to produce fatty acid methyl esters, which are volatile and 
therefore amenable to analysis by GC-FID using a polar capillary column (National Agency for Food and Drug 
Administration and Control, NAFDAC, 2007). 

3. Results and Discussion 

Solid products were obtained from the reactions. Sample 1-[Oil + NH4Cl product] is creamy and granular 
(melting point 184–186 oC). It is insoluble in cold water but sparingly soluble in hot water, chloroform and 
benzene. It dissolved completely in chloroform/water and benzene/water mixtures to produce a whitish 
suspension. The aqueous suspension was found to be basic. On boiling the sample in aqueous sodium hydroxide 
solution, ammonia gas was released. This is a known test for ammonium salts and amides (Holderness, 1970). 

Sample 2-[Oil+CH3NH2] is brownish, granular (melting point 194–196 oC) and exhibited similar solubility 
properties as Sample 1. 

Wikipedia encyclopedia described oleamide, (9-octadecenamide), a derivative of the most abundant fatty acid 
found in groundnut oil, as a creamy solid in appearance. This description fits the appearance of Sample 1. 

Numerous peaks in the gas chromatograms of the product samples should be an indication of their heterogeneous 
nature. 

Absorption bands appearing at 3471.80 and 3339.68 cm-1 in the IR spectrum of Sample 1 (Figure 1) are very 
significant. This region of absorption is characteristic of N-H stretching and the separation of about 131 cm-1 
between these two bands falls within the range of 120–180cm-1, which is exhibited typically by primary amides 
in solid state spectra. This is strongly indicative of the presence of either -NH2 or -NH4 groups (or both) in the 
product. Equally significant is the strong absorption at 1743.38 cm-1 which is associated with the stretching 
vibration of the CO bond present in all classes of amides (Kemp, 1987). 
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Figure 1. IR spectrum of sample 1 

 

Plot of product weight/left over (unreacted) oil weight as a function of time (concentration/time curves) at 
various temperatures for the oil/ammonium chloride reaction show the temperature dependence of the reaction. 
Optimum reaction temperature was found to be 50 oC with a conversion of 89% and a product weight of 3.49 g 
at 60 minutes (Figure 2), beyond which the reaction attained equilibrium with reversal to starting material. 
Reversibility is uniquely displayed by the system as can be observed in the concentration/time curve (Figure 2). 
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Figure 5. Mass spectrum of sample 2 which coincides with molecular weight of (M+1) ion peak of methyl 
stearamide–C17H35CONHCH3 (298) 

 

The complexity of the system is revealed by the formation of several compounds, as indicated by the mass 
spectra of the product samples, few of which have been presented here. Conventional low molecular weight 
anhydrides, such as acetic acid anhydride, are well known and are stable compounds. Fatty acid anhydrides, 
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however, are not so common and are rarely used, but their presence in the product samples must be an indication 
of their stability. 

Simple as well as mixed fatty acid anhydrides have several applications. For example, they are reacted with 
glycerolphosphatidylcholine in the presence of pyridine as catalyst, in the production of phosphatidylcholine 
derivatives which have diverse uses. For example, dipalmitoylphosphatidylcholine is used as lung surfactant for 
improving breathing functions; dilinoleoylphosphatidylcholine is used for the treatment of lipid metabolism 
disturbances in the liver. Other phosphatidylcholine derivatives are excellent materials for pharmaceutical or 
cosmetic purposes as well as for the production of liposomes and phospholipid solutions (Schafer, 1994). 

The ammonium salt of the fatty acids is known to be a precursor to the amide and these amides have a wide 
range of applications as earlier mentioned. 

4. Conclusion 

A fatty ester has been used directly in the production of fatty amide, hence one of the stages in the production of 
amides viz: first stripping the fatty ester to the fatty acid has been eliminated and these fatty esters are available in 
abundance. 

The formation of the ammonium salts, amides and anhydrides of the fatty acids is practically confirmed. Fatty 
acid anhydrides, just as the fatty acid amides are commercially very significant and versatile; the ammonium salt 
is a precursor to the amide. 

This is a low temperature reaction requiring a short reaction time of about 60 minutes, with a conversion as high 
as 89%. The conditions used cannot be said to be harsh but rather optimal. 

With these findings, a simple and definitely economic method of fatty amide and fatty acid anhydride production 
from fats and oils has been demonstrated. 

Work is going on towards further characterization of the products and possible separation and purification of the 
numerous components. 
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