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Abstract 
Studies  have been made on the di rect  

esterification reaction with various saturated 
and unsaturated fat ty  acids using more than 
theore t ica l  concen t ra t ion  of glycerol  ( for  
maximum monoglyceride production) at 180C 
reaction temperature and in presence and ab- 
sence of alkaline catalyst. The results show 
that the maximum monoglyceride formed is in 
the range of 55-60% of the fat ty product at 
equilibrium stage of the reaction. The alkaline 
catalyst substantially increases the initial rate 
of reaction without appreciably lowering the 
time required for reaching the equilibrium con- 
centration of monoglyceride in the resulting 
reaction mixture. Catalyst helps in depressing 
diglyceride formation. 

Introduction 

M ONOGLYCERIDES are important commercial prod- 
ucts. The two important proeessess used in 

industry for preparing monoglycerides are the glyc- 
erolysis of oils and the direct esterifieation of fat ty 
acids and glycerol. In a recent paper from this labo- 
ratory (1) studies on glycerolysis of oils have been 
reported. The present paper deals with studies on 
the direct esterification of fat ty acids and glycerol. 

The direct esterification of fat ty acids with glycerol 
has served as a convenient method for the prepara- 
tion of monoglycerides) Feuge, Kraemer, and Bailey 
(2) have made a careful laboratory investigation of 
esterification of glycerol with an equivalent quantity 
of mixed peanut oil fat ty acids, and have tested a 
large number of metal compounds for catalytic activ- 
ity. Feuge and Bailey (3) showed that the propor- 
tions of glycerol, mono-, di-, and triglycerides can be 
calculated statistically if one makes the following 
two assumptions: a) that there is a random distri- 
bution of acyl groups on the hydroxyls of glycerol, 
and b) that there is equal probability that the pri- 
mary and secondary hydroxyl groups will be esteri- 
fled. According to Feuge and Bailey, the predicted 
and experimentally estimated compositions were in 
reasonably good agreement. 

The reaction conditions for the formation of mono- 
glycerides by the direct esterification technique, using 
a greater glycerol concentration than theoretical, has 
not been systematically worked out. This reaction 
requires several conditions to insure the maximum 
possible yield of monoglyceride. As in the direct pro- 
cedure, the glycerol molecules need an increased 
amount of activation energy. The reaction should 
be run between 175 and 250C. Various workers have 
carried out the esterification at temperatures of 200C 
and at 230C. One difficulty at these temperatures is 
the formation of polyglyeerols and glycides which 
affect both the yield of monoglyceride and the result- 
ant products of esterification. 

The miscibility of glycerol in the fatty acid phase 
is also important in the esterifieation process. An 

XThe  b a c k g r o u n d  of th is  react ion has  been  adequa te ly  covered in a 
n u m b e r  of r e v i e w  articles as  well as  certain reference  books. 

increased miscibility of glycerol always insures an 
increased monoglyceride formation. The presence of 
catalyst undoubtedly increases the miscibility but its 
final removal from the reaction medium, the expendi- 
ture of the fat ty acid (with alkali catalyst), and the 
effect of alkali soap on the formed monoglyceride 
restrict the use of the catalyst to the minimum con- 
centration (usually 0.1% on the basis of the fatty 
acid). How far the reaction rate and the equilibrium 
concentration differ, in the presence and the absence 
of the catalyst for fat ty acids of different molecular 
weight and unsaturation, has not been systematically 
investigated. 

The purpose of the present investigation was: 
1. To study the rate of formation of mono-, di-, 

and triglyeerides in an esterification of fa t ty  acid 
and glycerol, using more glycerol than that theo- 
retically needed for maximum monoglyceride. 

2. To study the esterifieation process in presence 
and in absence of sodium hydroxide catalyst to 
elucidate the role of the catalyst. 

3. To study the effect of molecular weight of a 
fa t ty  acid and the nature of unsaturation on the 
final concentration of monoglyeeride at equilibrium 
stage. 

4. To study the mechanism of the esterifieation 
reaction in presence of excess glycerol. 

Experimental 
The saturated fat ty acids were British Drug House 

laboratory reagents purified by successive crystalliza- 
tion from ethyl alcohol. Oleic acid used was freed 
from palmitic acid by crystallization from acetone at 
-20C and further purified by methyl ester fractiona- 
tion. Linoleic acid was obtained from the mixed fatty 
acids of poppy seed oil by fractionation from acetone 
at -60C. 

The direct esterifications were carried out in a 3 
necked round-bottomed flask immersed ill a constant 
temperature bath at 180C. The flask was provided 
with a high speed glass stirrer passing through a 
stuffing box in the central neck. Nitrogen was allowed 
to enter the reaction vessel in measured amounts. A 
slight suction was maintained to carry away the water 
formed in the reaction but not to carry away the 
glycerol. 

The fatty acids along with 0.1% sodium hydroxide 
catalyst (if required) were added to the reaction 
flask. When the reaction temperature was attained, 
a weighed amount of glycerol preheated to the reac- 
tion temperature was poured into the flask. The fatty 
acid-glycerol used were in the molar ratios of 1:3. 

The reaction was followed by taking out samples 
every hour and determining acid value and analyzing 
the fat ty product. The reaction was discontinued 
after 6 hours when the equilibrium was reached. 
Further  continuation resulted in unnecessary black- 
ening of the esterified product. 

The acid value of the reaction prodUct was first 
determined by the official AOCS method (4). The 
alkali catalyst of each ~mple  was then destroyed by 
the addition of phosphoric acid. The fatty product 
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was dissolved in ether, and the ether solution washed 
free of uncombined glycerol by washing with 20% 
solution of sodium sulphate in water. The free fat ty 
acids were removed from the ether solution by sev- 
eral washings with small portions of sodium bicar- 
bonate solution and the solution was again washed 
with sodium sulphate solution to remove soaps. The 
ether solution was finally dried over anhydrous so- 
dium sulphate, and the ether was evaporated under 
vacuum. 

The alpha-monoglyceride content of the product 
was determined by the official AOCS nlethod (5). 
The hydroxyl value was determined by the nlethod of 
Hind et al. (6). From the monoglyceride content and 
the hydroxyl value, the composition of the reaction 
product was calculated. 

T i m e  
in  

h o u r s  

TA]~LE I 

Este r i f i ea t ion  of 1 Mole of F a t t y  Acid w i t h  3 Moles of 
Glycerol  a t  180C 

Composi t ion of g lycer ides  in 
n e u t r a l  p roduc t  Acid va lue  

of r eac t ion  
p r oduc t  Mono- Di- I Tri- 

% % 1 % 
L a u r i e  Acid  

W i t h o u t  ca ta lys t  

1 90.0 31.8 20.3 47,9 
2 70.2 39.6 26.3 34.1 
3 56.8 43.7 33.5 22,8 
4 50,7 47.8 40.1  12.1 
5 42.2 49.4  43 .4  7.2 
6 30.3 52.3 44.1 3.6 

W i t h  0 . 1 %  N a O H  on bas i s  of f a t t y  ac id  as  ca ta lys t  

1 89.6 42.1 11.8 46,1 
2 59.9 46.6  16.3 37,1 
3 43.7 49.6  27.2 23,2 
4 27.1 54.1 34.6 11,3 
5 17.3 57.9 37.2 4,9 
6 9.6 60.4 37.5 2,1 

Myr i s t i c  Acid  
W i t h o u t  catalyst 

1 96.1 28.8 20.4 50,8 
2 88.2 34.7 27.2 38.1 
3 60.0 40 .4  36.3 23.3 
4 45 .4  45.1 39.3 15.6 
5 36.5 48.8 44.7 6.5 
6 27.2 50.1 47.3 2.6 

W i t h  0 . 1 %  N a O t t  on bas is  of f a t t y  acid  as  ca ta lys t  

1 95.0 40.5  12,3 47.2 
2 88.5 44.8 17.2 38.0 
3 40.8  47.3 28.7 24.0 
4 25,6 52.4  35.8 11.8 
5 15.9 57.8 36.5 5.7 
6 12.3 59.2 36.9 3.9 

T i m e  
in 

hou r s  

The results of esterification of 1 mole each of laurie, 
myristic, palmitic, stearic, oleic, and linoleic acid 
with 3 moles of glycerol both in presence of 0.1% 
sodium hydroxide catalyst and in absence of any 
catalyst are shown in Tables I - I I L  The data indi- 
cate that in the first hour of the catalyzed reaction 
the rate of formation of monoglycerides is greater 
than in the uncatalyzed reaction. During the re- 
mainder of the reactions the rates differ little. In 
contrast the formation of diglyceride during the first 
hour is less in the catalyzed reaction. After the first 
hour the triglyceride content of the mixture decreases 
rapidly. 

Apparently the esterification process proceeds in 
two stages. In the first stage the fat ty acid molecules 
distribute themselves randomly among the three alco- 
holic linkages of the glycerol molecules resulting in 
a predominant formation of triglycerides. The second 
stage is a combined process of esterifieation and 
glycerolysis. The results indicate that the catalyst 
is more specific for the formation of monoglycerides 
especially in the initial stages of the reaction. The 
minor differences in the final yield of mouoglycerides 
probably result from variations in the miscibility of 

TABLE II 

Estc r i f i ca t ion  of 1 Mole of F a t t y  Acid wi th  3 5:oles of 
Glycerol at 180C 

Composi t io~ of g lycer ides  in  
Acid va lue  ne u t r a l  p r oduc t  
of reac t ion  

p r oduc t  Mono- Oi-  Tr i -  % % % 

P a l m i t i c  Acid  
W i t h o u t  ca ta lys t  

1 ~ 96.5 27.9 20.1 52.0 
2 i 99.6 33.8 26.9 39.3 
3 I 75.8 39.2 ~ 35.8 25.0 
4 51.9 44,2 [ 39.1 16.7 
5 43,8 48.0 ~ 44.2 7.8 
6 ! 29.6 49.9 / 46.8 3.3 

\Vitll  0.1% N a O H  on bas i s  of f a t ty  acid  as cata lys t  

1 !i 97.0 39.8 i 12.9 47.3 
2 ' 90.0 43.9 18.1 38,0 
3 [ 50.6 46.1 29.3 24.6 
4 36.5 51.1 36.5 12.4 
5 27.9 56.0 37.3 6.7 
6 20.3 58.8 38.4 2.8 

Stearic Acid 
~Vithout ca ta lys t  

1 108.0 26.5 I 21.2 52.3 
2 100.7 32.1 I 27.3 40.6 
3 83.6 38.6 36,1 25.3 
4 70.5 42.8 39.2 18.0 
5 53.1 47.5 44.5 8.0 
6 39.5 48.1 46.8 5.1 

~Vith 0 . 1 %  N a O H  on bas i s  of fa t ty  acid as  ca ta lys t  

1 107.5 38.5 13.1 48.4 
2 98.6 42.7 17.2 40.1 
3 85.3 45.8 30.2 24.0 
4 60.2 50.2 37.2 12.6 
5 I 41.1 55.1 37.8 ! 7.1 
6 : 28.5 57.2 38.1 4.7 

the glycerol with the fat ty  acids or the reaction 
product. 

In the present work the presence of 2-monoglycer- 
ides in the reaction product has been neglected be- 
cause it is generally assumed that the amount of 
2-morloglycerides formed in the reaction is small. If  
the presence of 2-nlouoglycerides had been taken into 
account, it would have resulted in slightly more mono- 
glyceride than show:: by the standard method and less 
diglyceride than calculated. 

T i m e  
in  

hou r s  

TABLE llI 

Este r i f i ca t ion  of 1 Mole of F a t t y  Acid w i t h  3 5roles of 
Glycerol  a t  180C 

Acid va lue  
of r eac t ion  

p r oduc t  

Composi t ion of g lycer ides  in 
neu t r a l  p roduc t  

Mono-% I I Tri-% Di- % 

Oleic Acid 
W i t h o u t  ca ta lys t  

1 I 107.0 33.2 I 19.3 l 47.5 2 93.2 38.5 25.4 36.1 
3 80.1 43.4  31.8 24.8 
4 63.2 48.5 38.2 13.3 
5 45.1 51.7 41.1 7.2 
6 32.2 53,2 , 43.1  3.7 

W i t h  0 , 1 %  ,NaOI-I on bas i s  of f a t t y  ac id  as  ca ta lys t  

1 106.5 43.2 11.6 45.2 
2 80.1 47.4 15.9 36,7 
3 57.9 50.1 26.7 23.2 
4 41.2 54.6 34.0 11.4 
5 30,2 58.2 J 35.6 6.2 
6 18.3 61.2 F 37.0 1.8 

Linole ic  Acid 
W i t h o u t  ca ta lys t  

1 106,8 34.5 19.4 46.1 
2 92,7 38.3 24.8 36.9 
3 79,2 43.7 31.2 25.1 
4 61,8 48.8 38.6 12.6 
5 44.7 52.1 41.7  6,2 
6 ' 30.1 53.6 44.0 2.4 

W i t h  0 , 1 %  N a O H  on bas i s  of f a t t y  acid as ca ta lys t  

1 / 105.8 44.1 11.5 44.4 
2 I 80.8 48.2 17.8 34.0 
3 56.8 51.1 27.2 21.7 
4 40.7 55.2 34.1 10.7 
5 29.2 59.1 35.8 J 5.1 
6 17,5 61,5 36.5 [ 2.0 
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The Preparation and Properties of Some 
Derivatives of Petroselinic Acid * 

Nitrogen-Containing 

LIDA L. PLACEK and F. G. DOLLEAR, Southern Regional Research Laboratory, ~ New Orleans, Louisiana 

Abstract 
Petroselinonitrile was prepared by distilling 

the ammonolysis products of petroselinic acid 
over phosphorus pentoxide, and also from pars- 
ley seed oil without first isolating the petroselinie 
acid. A high-boiling antioxidant was employed 
dur ing the reaction to control polymerization. 
The reaction by-products were segregated from 
the pure petroselinonitrile by urea complexing. 
Petroselinamidc was obtained from petroselinic 
acid by the acidolysis of urea. Although it was 
not possible to reduce the petroselinonitrile by 
catalytic hydrogenat ion without affecting the 
ethylenic linkage or without producing a mix- 
ture  of the primary,  secondary, and ter t iary  
amines, petroselinonitrile was converted to pri- 
mary  petroselinylanfine in good yields by reduc- 
tion with metallic sodium and alcohol in toluene. 
The hydrochloride and the acetyl derivative of 
the pure p r imary  amine have also been prepared. 

Introduction 

T IlE NITROGEN-CONTAINING derivatives of the high 
molecular weight f a t ty  acids continue to hold 

interest and importance among aliphatic derivatives 
owing to the wide range of their physical and 
chemical properties which characterize the various 
representatives of this class. Aside from being useful 
chemical intermediates, their  surface active and bio- 
logical properties have made them a subject of com- 
mercial interest and many scientific investigations. 

Much l i terature has been published on the prep- 
aration of the various amides, nitriles, and amines of 
the long chain f a t ty  acids, and especially of stearie 
and oleic acids. During our investigation of the chem- 
istry of petroselinie acid (cis-6-octadecenoie acid) 
isolated from parsley seed oil (1), it became of in- 
terest to prepare  some of its nitrogen derivatives and 
determine their properties and potential  industrial  
util i ty.  Although the preparat ion of petroseIinamide 
and its subsequent reduction to the petroselinylamine 
with lithium aluminum hydride  has already been pub- 
lished (2), the preparat ion and characterization of 
petroselinonitrile has not been reported. The purpose 
of this paper is to describe the chemical modification 
of petroselinic acid at the carboxyl group with the 
view of prepar ing and characterizing some of its 
nitrogen-containing derivatives. 

Experimental 
Materials. The parsley seed oil was obtained by 

extraction of the flaked seed with hexane. When the 

Presented at the AOCS meetin~ in New Orleans, Louisiana, May 
7-9,  1962. 

s One of the laboratories of the Southern  Utilization Research and 
Development Division, Agr icu l tu ra l  Research  Service, U.S.D.A. 

solvent was removed, the dark green oil had an I.V. 
of 100.5 and a saponification mlmber of 172.9. The 
fa t ty  acid composition of parsley seed oil is approxi- 
mately: 76% petroselinic, 15% olcic, 6% linoleic, and 
3% saturated acids. 

Pure  petroselinic acid used in this experiment (nap 
29.5-30.1C) was obtained from the oil by low tem- 
perature fractional crystallization of the mixed fa t ty  
acids (1).  Ozonolysis of this acid and chromatogra- 
phy of the degradation products yielded adipie acid 
as a sole dibasic acid, indicating that no other unsatu- 
rated acids were present as impurities. 

Preparation of Petroselinonitrile from Petroselinic 
Acid. A 500 ml three-necked round bottom flask was 
equipped with a thermometer,  a gas-dispersion tube 
with a f r i t ted cylinder, and 75 cm long water  con- 
denser through which steam was circulated through- 
out the reaction. The flask was charged with 130 g 
of pure petroselinic acid and 1 g of Ionol antioxi- 
dant, 3 and the mixture was heated to 150C. The 
temperature  was maintained at 150C for three hr 
and then raised to and maintained at 250C for an 
additional 17 hr while a fast stream of anhydrous 
ammonia gas was passing through. The rate of the 
ammonia stream was such that  the water formed 
dur ing the reaction was continually swept out. The 
removal of water was facilitated by the steam-heated 
condenser which also melted the solid petroselinamide 
(rap 73C) being swept up with the hot ammonia 
allowing it to drip back into the reaction flask. The 
reaction mixture, which was first allowed to cool to 
room temperature,  was then distilled over 6.5 g of 
phosphorus pentoxide at reduced pressure (120-140 
mm) ,~dth anhydrous ammonia sweeping through it 
at a slow rate. The first fract ion distilling at 69- 
188C was composed mostly of short chain pyrolysis 
products and was discarded. The major par t  of the 
second fract ion (101.3 g, I.V. 94.5) which distilled 
at 188-242C was composed of cis-6-octadecenonitrile 
with some trans-6- octadecenonitrile (as shown by 
infrared analysis) and a small amount of saturated 
by-products. The entire second fraction was dis- 
solved in 300 ml. of ether, washed with 100 ml. of 
3% aqueous sodium hydroxide to remove the unre- 
acted petroselinic acid and then with three 100 ml 
portions of water. The ethereal solution was dried 
over anhydrous sodium sulfate and on removal of 
the solvent there remained 100 g of crude petroselin- 
onitrile. The product  was then dissolved in 600 ml. 
of boiling methanol containing 100 g of urea. The 
urea complex which precipitated overnight at room 
temperature  was filtered off and on decomposition 
with 3% aqueous hydrochloric acid yielded 12.4 g 

3A Shell Chemical Corporation brand name for 2,6-di-tert-butyl-l- 
methyl phenol, bp 257-266C.  


