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Abstract: Fatty amides are used in the manufacture of drugs, cosmetics, plastics, insecticides, etc. but the synthetic process 
involves fatty ester-derived fatty acid steps with economic and environmental consequences. Fatty esters (vegetable oils) are 
available in abundance and renewable but have not been used directly or cost effectively in the production of fatty amides. The 
fatty ester is usually first stripped to fatty acids resulting in a two-step instead of a single step synthesis which requires high 
temperatures (100 – 240°C), long reaction time (3 – 72 hours) and the use of catalyst. We had previously reported on a novel 
green method for the direct formation of fatty amides from a fatty ester. In the present study, the functionality and applicability 
of this green method is evaluated using a culinary and non-culinary oil namely peanut and castor oils. Each oil sample was 
hydrolyzed with NaOH in a non-aqueous medium and reacted in-situ with NH4Cl at 50°C in a reaction time of 60 minutes with 
no catalyst added. Conversions of 83 and 79% were recorded for the reactions of peanut and castor oils, respectively. The 
products of synthesis were characterized by Fourier-transform infrared spectroscopy (FT-IR) and various concentrations of 
product samples and two reference samples - erucamide and oleamide obtained from Sigma Aldrich - were subjected to Gas 
chromatography – Mass spectrometry (GC/MS) analysis. The qualitative GC-MS reports revealed the presence of 9-
octadecenamide (oleamide) and hexadecanamide (palmitamide) at retention times of 27.76 and 23.90 minutes, respectively for 
all samples, including the reference. The predominant component of the second reference sample, erucamide, was found to be 
13-docosenamide (erucamide) appearing at GC retention time of 32.58 minutes. The IR spectra of the products are strongly 
indicative of the presence of amides. The GC-MS analysis of the product samples confirms the formation of fatty amides. The 
detection of oleamide and erucamide in the reference samples and the detection of methyl ricinoleate at GC retention time of 
26.573 minutes in the castor oil product sample validates the GC-MS analysis and confirms the functionality and applicability 
of this novel method of synthesis. 
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1. Introduction 

1.1. Relevance of Fatty Amides 

Fatty amides, like many other nitrogen derivatives of fatty 
acids (amines, amino acids, nitriles, etc), are of economic 

significance [1]. They have a wide range of applications 
based upon their physical properties, which is a function of 
their molecular structure. 

Long chain saturated amides, such as stearamide, 
behenamide and the amides from saturated fatty acids or the 
mixed arachidamide-behenamide, are used in the production 
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of zelan or velan type water repellent (waterproofing) for 
textiles. The shorter chain saturated amide mixture obtained 
from coconut oil fatty acids is used as a foam stabilizer in 
synthetic detergent formulations [2]. The unsaturated 
oleamide is used as a slip and anti-block agent in 
polyethylene and polypropylene [3, 4]. The simple amides 
are recommended as mutual solvents in the blending of 
waxes and plastics. They serve as thickening agents for 
paints and varnishes and in printing inks [5]. These amides 
are effective dye solubilizers in wax formulations and are 
especially useful in carbon paper manufacture. Some other 
uses of amides include fusible ceramic coatings, protective 
films and rubber compounding. They are also used as 
lubricating additives in power transmission units [2]. The 
more complex substituted fatty acid amides are primarily 
surface-active agents, which are used as emulsifiers, 
detergents, in cosmetics and in lubricants [6, 7]. Medicinally, 
fatty amides are used in the manufacture of drugs for the 
treatment of tuberculosis, as anti-hypertensive agents, and as 
anticonvulsants [6, 8, 9]. They are useful in the treatment or 
prevention of metabolic disorders, respiratory diseases, 
neurodegenerative diseases, such as Parkinson's disease and 
Alzheimer's disease [7]. They are also important in treating a 
variety of cancers [7]. It is now well established that fatty 
acyl amides modulate several physiological processes, 
including pain sensitivity, reproduction, immune function and 
vascular tone among others [10, 11]. 

Anandamide is said to have important anti-inflammatory 
and anti-cancer properties and affects the cardiovascular 
system by inducing profound decreases in blood pressure and 
heart rate [12-16]. 

Oleoylethaolamide is an endogenous regulator of food 
intake, and could have some potential as an anti-obesity drug 
[7]. Oleamide (cis-9, 10-Octadecenamide) is a primary fatty 
acid amide which was first isolated from the cerebrospinal 
fluid of sleep-deprived cats, and has been characterized and 
identified as the signaling molecule responsible for causing 
sleep [17]. For example, it induces physiological sleep when 
injected into the brain of rats. Although other fatty acid 
primary amides in addition to oleamide are present naturally 
in the cerebrospinal fluids of animals, none exhibits similar 

physiological activity [7] 
Fatty amides are widely produced from the reaction of 

NH3 with fatty acids at high temperatures (100-240°C) and 
high pressures, with long reaction times of 3-72 hours with 
the use of catalysts which may be toxic [6, 18]. Fatty acids 
are however, derived from fatty esters - vegetable oils 
(glycerides) which are available in abundance and are 
renewable but are never used directly in this synthesis 
without first stripping them to fatty acids because of poor 
product yield and harsh reaction conditions. This two-step 
process of synthesis has economic and environmental 
implications. 

Indices such as environmental impacts, energy 
conservation, waste reduction and hazardous substance 
reduction or elimination are important factors in the design of 
chemical products and processes. These metrics are of high 
relevance in the 21st century because of a growing need for 
environmental protection and better health for the populace. 
To this end, we had reported a novel green method for fatty 
amide synthesis from groundnut oil [6] with conversions as 
high as 80% at 50°C in 60 minutes in the absence of a 
catalyst. The traditional methods require a range of reagents, 
a temperature range of 100-240°C and a reaction time of 3 – 
72 hours in the presence of catalysts. 

The fatty amides market is growing rapidly due to factors 
such as the rising trend in the use of organic additives in 
many industries (e.g. the packaging industry) and growing 
awareness about the negative impact of plastics and 
petroleum-based products on the environment. This has 
resulted in the preference of bio-based raw materials over 
petrochemicals [19] therefore, more sustainable and cost 
effective, environmentally friendly ways of production of 
fatty amides will help to promote this market target. Hence 
our interest in evaluating the applicability of the single step 
method reported by us. 

Present Study 

The aim of the current study is to: test the viability of the 
one-step method of synthesizing fatty amides directly from 
fatty esters using a culinary and a non - culinary fatty ester, 
peanut and castor oils, respectively. 

1.2. Fatty Acids of the Esters Used in the Synthesis 

Table 1. Fatty acid composition of peanut oil and castor oil [20-25]. 

Oils Peanut Castor 

Fatty acid  Percentage (%)  

Myristic (14:0) 0.33 -- 
Palmitic (16:0) 9.37 0.7 
Palmitoleic 0.37 -- 
Stearic (18:0) 4.00 0.9 
Oleic (18:1) 55.10 2.8 
Linoleic (18:2) 26.53 4.4 
Linolenic (18:3) 0.23 0.2 
Ricinoleic; C18:1 ω OH -- 90.2 
Arachidic (20:0) 1.93 -- 
Erucic acid (22:1) -- -- 
Gadoleic 1.23 -- 
Behenic 3.47 -- 
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Oils Peanut Castor 

Lauric acid (12:0) -- -- 
Total SFAs 18 1.6 
Total UFAs 82 97.6 

SFA (Saturated fatty acid) UFA (Unsaturated fatty acid). 

1.3. Predominant Fatty Acids of the Fatty Esters and their Amides 

 

Figure 1. Chemical structures of the fatty acids and their corresponding amides. 

2. Experimental Method 

2.1. Materials 

Peanut oil, acetone, NaOH, NH4Cl, NaCl, Methanol, 
Butchi Rotavapor RII (Rotavap). Perkin Elmer Spectrum 100 
FT-IR. 

2.2. Procedure 

(The method of synthesis reported by Abel-Anyebe et al, 
2013 was modified to allow for better temperature control). 

The evaporation flask of the Rotavap was charged with 
3.84g of oil and 15mL of acetone. The reactor was heated to 
the required temperature (50°C), 0.5g of finely crushed 
pellets of NaOH was added and the mixture was left to rotate 
at rotor speed of 6rpm for 10 minutes for pre-stripping of the 
oil. 1.0g of NH4Cl was introduced and, while maintaining the 
same rotation speed, the reaction was run for 60 minutes. 

The reaction mixture was left to cool and thereafter shaken 
with 1M aqueous solution of NaCl to salt-out the solid 
product which was filtered off, washed in acetone, dried and 
weighed. The filtrate contained both acetone and unreacted 
oil. This was heated to dryness in an oven and the weight of 
the unreacted oil was determined. 

The above procedure was carried out for castor oil. 
Products obtained from the reactions were subjected to IR 

analysis. 

2.3. GC-MS Analysis 

2.3.1. Materials  

Product samples (from peanut and castor oils); Reference 
samples (external standards): oleamide and erucamide (from 
Sigma Aldrich); methanol; acetonitrile; 

GC-MS spectrometer – Agilent 5973N. 

2.3.2. Procedure 

Three solutions of each product and reference sample were 
prepared – 1mg/mL (A), 0.1mg/mL (B) and 0.01mg/mL (C), 
filtered into GC vials, capped, labelled and submitted for 
GC-MS analysis. 

2.3.3. GC-MS Conditions 

GC-MS analysis was conducted using HP 5MS column. 
Column oven temperature was initially 50°C, held for 3mins 
and programmed to a maximum of 325°C at an increase rate 
of 15°C/min. Total run time was 49.50min. The temperature 
of the injector port was 250°C in splitless mode with an 
injection volume of 1µL. Carrier gas (helium) flow rate was 
5mL/min. Mass spectra scanning range was 40 – 650 m/z 

3. Results and Discussion 

Conversions of 83 and 79% were recorded for the 
reactions involving peanut and castor oils, respectively. 
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3.1. FT-IR Analysis: Peaks of Interest 

For the determination of the formation of fatty amides, the 
following IR absorption bands can be used to characterize 
and quantify such formation [31, 32]: 

1.  N-H stretch 3100 – 3500cm-1 
2.  N-H bend 1550 – 1640cm-1 
3.  C=O stretch 1670 – 1820cm-1 

If fatty acids are formed, the following absorption bands 

are expected: 

1 C=O stretch 1700-1725cm-1 strong 
2 O-H stretch 2500-3300cm-1 strong, very broad 
3 C-O stretch 1210-1320cm-1 strong 

Esters exhibit the following absorption peaks [32]: 

1. C=O stretch 
aliphatic 1750-1735cm-1; α, β-
unsaturated 1730-1715cm-1 

2.  C–O stretch 1300-1000cm-1 

 

Figure 2. Peanut Oil Product at 60°C. 

 

Figure 3. Peanut Oil Product at 50°C. 
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Figure 4. Castor Oil Product at 50°C. 

Figures 2 and 3 are the IR spectra of the products obtained 
from peanut oil at 60°C and 50°C, respectively. Absorption 
bands appearing at 1742.13cm-1 and 1560.11cm-1 in Figure 2 
are suggestive of the presence of either –NH2 or –NH4 groups 
(or both)6. The peak at 1742.13cm-1 may also be due to the 
presence of ester in the product sample. However, there is no 
obvious peak in the 3300 – 3500cm-1 region marked x, but 
the line is not completely horizontal; there is a small deep 
which is an indication of a weak peak. The band at 
3329.63cm-1 in Figure 3 is a confirmation of the weak peak 
seen in Figure 2. We previously reported the temperature 
dependence of the peanut oil reaction and the optimum 
temperature was 50°C6. This finding is further confirmed by 
the appearance of this strong peak which was weak at a 
reaction temperature of 60°C. In conjunction with the 
absorption peaks at 1744.66cm-1 and 1558.50cm-1, there is 
clear evidence of the formation of amide. 

Figure 4 is the IR spectrum of the castor oil product. The 
spectrum shows no presence of the carbonyl group which 
should be seen at 1670 – 1820cm-1. The broadness of the 

absorption band at 3384.62cm-1 is probably due to the 
presence of –OH in the predominant fatty acid of castor oil, 
ricinoleic acid. This is the region characteristic of N-H 
stretching, and a sharp peak at 1560.11cm-1 is probably due 
to N-H bending. These two peaks are strongly indicative of 
the formation of amide. 

The absence of strong absorption peaks in 1210-1320cm-1 
region signifies the absence (no formation) of fatty acid in 
any of the product samples. 

3.2. GC-MS Analysis 

GC-MS analysis was carried out for the peanut oil 
products obtained at 50 and 60°C; and for the castor oil 
product obtained at 50°C, as well as for the two reference 
samples, oleamide and erucamide. Qualitative GC-MS 
reports revealed the presence of 9-octadecenamide 
(oleamide) and hexadecanamide (palmitamide) at retention 
times 27.76 and 23.90 minutes, respectively for all samples 
including the reference samples. 

 

Figure 5. Gas chromatogram of sample 1 – Peanut oil product at 50°C. 
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Figure 6. Mass spectrum of sample 1. 

 
Figure 7. Mass spectrum of sample 1. 

 

Figure 8. Gas chromatogram of sample 10 – Peanut oil product at 60°C. 

 

Figure 9. Mass spectrum of sample 10. 
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Figure 10. Mass spectrum of sample 10 

 

Figure 11. Gas chromatogram of sample 3 – castor oil product at 50°C. 

 

Figure 12. Mass spectrum of sample 3. 

 

Figure 13. Mass spectrum of sample 3. 
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Figure 14. Gas chromatogram of reference sample 1 – Oleamide. 

 

Figure 15. Mass spectrum of reference sample 1 - Oleamide. 

 

Figure 16. Mass spectrum of reference sample 1. 

 

Figure 17. Gas chromatogram of reference sample 2 – Erucamide. 
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Figure 18. Mass spectrum of reference sample 2. 

 

Figure 19. Mass spectrum of reference sample 2. 

 

Figure 20. Mass spectrum of reference sample 2. 

 

Figure 21. Mass spectrum of sample 3. 

Figures 5, 8, 11, 14 and 17 are gas chromatograms of the product samples and reference samples showing GC peaks at 
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27.76 and 23.90 minutes representing 9-octadecenamide 
(oleamide) and hexadecanamide (palmitamide) respectively. 
Figures 6, 7, 9, 10, 12, 13, 15, 16, 18 and 19 are mass spectra 
of product samples and reference samples confirming the 
formation of the two fatty amides. 

Figure 21 is the mass spectrum of the castor oil product 
sample confirming the detection of methyl ricinoleate shown 
at GC retention time of 26.573 minutes in figure 5. This is a 
derivative of ricinoleic acid which is the predominant fatty 
acid in castor oil but absent in peanut oil (Table 1). This peak 
is absent in the gas chromatograms of the peanut oil 
products. As seen from the IR spectra of the product samples, 
Figures 2, 3 and 4, non-amides such as esters of fatty acids 
present in the fatty esters were also detected in the mass 
spectra of the product samples. 

4. Conclusion 

We have successfully used a one-step green process in the 
production of fatty amides from peanut and castor oils 
without chemical catalysis and at a low temperature of 50°C 
in a reaction time of 60 minutes. This method of synthesis is 
green and novel and should be viable for synthesis from 
different types of fatty esters. Quantitative analysis for the 
determination of the amount of amide formed in each case is 
underway and it is envisaged that this one-step process can 
be scaled-up for industrial scale synthesis of fatty amides 
from different fatty esters and to be achievable on multi-gram 
scale levels. In order to sustain edible sources of fatty esters 
for humans, it is recommended that more fatty esters be 
studied for comparative product yield and subsequent 
identification of non-culinary fatty esters that will generate 
the best product yields and be best suited for fatty amide 
production. 
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