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Abstract 
Monopalmitin, mono-olein, and monostearin 

have been synthesized in quantities of up to 100 
grams with recoveries ranging from 80%-85%. 
The monoglycerides were reacted with a 0.5 molar 
excess of pyridine and fatty acid chloride to 
produce 1, 3,-diglycerides. The recoveries ranged 
from 60%-70% and, in addition, considerable 
amounts of triglyceride were obtained from this 
reaction. Partial glycerides were converted to 
100-gram batches of triglyceride in a similar 
manner with recoveries ranging from 80%-90%. 

Purification of the partial glycerides was 
achieved by crystallization. In addition to this 
technique, certain triglycerides were purified by 
elution through a column of alumina. Purity of 
the glyeerides, as determined by TLC, GLC, and 
pancreatic lipolysis, was estimated to be at 
least 99%. 

Introduction 

T H E  A V A I L A B I L I T Y  OF P U R E  S Y N T H E T I C  GLYCERIDES 

other than simple triglycerides has been limited 
on account of the difficulty of preparation, lack of 
adequate characterization techniques, and the rela- 
tively small number of workers involved in this field. 
However, in recent years, interest in this area of 
lipid chemistry has grown steadily, largely because 
of new instruments and such techniques as gas-liquid 
chromatography (GLC) and thin-layer chroma- 
tography (TLC). Paralleling this growth has been 
the increasing need for large quantities of pure 
glycerides as model compounds in structural studies 
of natural fats and as substrates for investigations 
of lipase specificity. 

The preparation of pure glyeerides on a large scale 
is a difficult task. Usually where purity is high, 
quantities have been limited to small amounts. Now 
with the aid of improved methods of synthesis, 
crystallization techniques, and chromatography, final 
yields of at least 100 grams of pure triglyceride can 
be realized. This paper describes the preparation of 
such glycerides by using modifications of existing 
methods. The procedures herein are drawn from re- 
ports in the current literature and our own experience 
in this area. Several excellent reviews (1-3) have 
been published, to which the reader may refer for a 
more general discussion on this topic. It is hoped 
that others will be able to duplicate this work and, 
as a result, the availability of pure glycerides will no 
longer be a limiting factor in lipid research. 

Experimental Section 
Materials and Methods 

Ethanol (Rossville Gold Shield USP alcohol) was 
obtained from Commercial Solvents Corporation, 
Terre Haute, Ind. The other solvents including ethyl 
ether were the quality of Baker analyzed reagent or 
Fisher certified reagent. Acetone, benzene, ehloro- 
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form, and petroleum ether (30C-60C) were distilled 
prior to use. The chloroform was washed with water 
to remove alcohol, dried with anhydrous calcium 
chloride, distilled, then used within a period of 72 
hr. Petroleum ether was collected in two fractions, 
35C45C and 45C-60C. The low boiling fraction was 
used as a solvent in TLC work, and the higher boiling 
fraction was employed in the purification procedures. 

Boric acid, 2-methoxyethanol, p-toluenesulfonic 
acid, pyridine, and thionyl chloride were Fisher 
certified reagents. Glycerol used in this study was 
Fisher USP quality. Anhydrous ethyl ether was 
Mallinckrodt analytical reagent grade, and anhydrous 
sodium acetate was Merck reagent quality. The 
pyridinc was refluxed and distilled over barium oxide 
and stored over anhydrous calcium sulfate. Oxalyl 
chloride (Eastman red label) and thionyl chloride 
were used as received. Alumina (grade F-20, mesh 
80-200) was purchased from Alcoa Chemicals and 
activated by heating for 12 hr at 260C (4). 

The palmitic acid was obtained by saponification of 
the methyl palmitate furnished by the Eastern Utiliza- 
tion Research and Development Division of the USDA, 
Philadelphia, Pa. Stearic acid of 95% purity 
(Emersol 6353) was a gift from Emery Industries 
Inc., Los Angeles, Calif. I t  was crystallized three 
times from a 15-fold excess of acetone at 22C to a 
purity of 99.5%. Oleic acid was obtained from the 
Hormel Institute. The purity of all the acids used 
in this study was 99% or greater by GLC and TLC. 

The GLC instrument employed was a Barber- 
Colman Model 5000, equipped with a flame ionization 
detector. Glyeerides and acids were converted to 
esters by acid-catalyzed methanolysis and analyzed 
on 10-ft • l~-in, stainless steel columns, packed with 
18% DEGS on Anakrom ABS (70-80 mesh). A 
Disc integrator attached to the recorder was used for 
quantitation. Sensitivity of both GLC and TLC 
detection was ascertained by using standard mixtures 
prepared in the laboratory from Hormel (99+%) 
and USDA (99.8%) fat ty acids. One per cent or 
less of contaminating material could be detected under 
the conditions employed. 

Extent of reaction and purity of glycerides were 
estimated on TLC plates coated to a thickness of 
0.25 mm with neutral silica gel G or silica gel G-boric 
acid (95/5, w/w) (5). All glycerides were checked 
for polar contaminants on the neutral TLC plates by 
using a petroleum ether-ethyl ether-acetic acid 
(74/25/1, v/v/v)  solvent system and for nonpolar 
contaminants in a petroleum ether-ethyl ether (94/6, 
v/v) system. In addition, monoglyceride and diglyc- 
eride purity was estimated on the silica gel G-boric 
acid plates in chloroform-acetone-acetic acid-methanol 
(72.5/25/0.5/2, v /v /v /v)  and chloroform-acetone 
(96/4, v/v) solvent systems respectively. All TLC 
plates used to monitor glyceride purity were visual- 
ized by spraying with bromothymol blue indicator, 
followed by exposure to ammonia vapors (6). 

Purity of the monoglyceride was also determined 
by oxidation with periodic acid (7). Gas-liquid chro- 
matography was employed to estimate the ratio of 
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fa t ty  acids (as methyl esters) in the glycerides. 
Lipolysis by pancreatic lipase was used to check the 
position of the fa t ty  acids on the triglyeeride (8). 
After  synthesis all glycerides and fa t ty  acid chlorides 
were stored at - 7 C  and -25C  respectively. 

In order to illustrate the synthesis procedures, the 
preparat ion of raeemie glyceryl 1-palmitate 2-oleate 
3-stearate (POS) is described. 

Stearoyl and Oleoyl Chloride. The saturated and 
unsaturated fa t ty  acid chlorides were prepared by 
using thionyl chloride and oxalyl chloride respectively. 
The method followed was essentially that  of Mattson 
and Volpenhein (1). Stearic acid (100 g) and 
thionyl chloride (1.4 molar excess) were mixed to- 
gether in a 500-ml round bottom flask. A condenser 
(air-cooled), equipped with a drying tube containing 
anhydrous calcium sulfate, was then fitted to the 
flask. The mixture was allowed to react at room 
temperature  for five days, af ter  which it was heated 
on a steam bath for one hour under  vacuum of a 
water aspirator. Petroleum ether (2 liters) was added, 
and the stearoyl chloride was washed three times 
with 200-ml portions of ice water, immediately dried 
with anhydrous sodium sulfate, and filtered. The 
solvent was removed by evaporation under vacuum 
at 35C or less. Oleoyl chloride was prepared in a 
similar fashion by reacting 100 g of oleic acid with a 
0.8 molar excess of oxalyl chloride for three days at 
room temperature.  

1-Monopalmitin. The monoglyceride was prepared 
by Anfinsen and Perkins'  modification (9) of Har t -  
man's procedure (10) except that water was removed 
with a Dean-Stark trap. Glycerol (0.72 moles) and 
acetone (1.0 molar excess) were added to a 2-liter, 
2-necked, round-bottom flask containing 500 ml of 
benzene, 2.0 g of p-toluenesulfonic acid, and a few 
boiling chips. A Dean-Stark water t rap (25 ml) with 
a stopcock on the bottom was placed in one neck and 
a glass stopper in the other neck. Attached to the 
t rap was a Friedrichs condenser (water-cooled), 
equipped with a drying tube containing anhydrous 
calcium sulfate. The mixture was refluxed for 10 
hr, af ter  which time the synthesis of isopropylidene 
glycerol was complete, as indicated by the cessation 
of water droplets falling through the benzene in the 
upper  par t  of the trap. 

Pahnit ie acid (0.24 moles) was added, and the 
mixture was refluxed for 15 hr. Completion of the 
reaction was indicated as described above. The acid 
catalyst and excess isopropylidene glycerol were re- 
moved by shaking the mixture with anhydrous sodium 
acetate (2.0 g), washing four times with 150-ml por- 
tions of distilled water, and drying with anhydrous 
sodium sulfate. The benzene was evaporated under  
v a c u u m .  

The cleavage of the isopropylidene g]ycerol palmi- 
tare was achieved by dissolving the ester in 420 ml 
of 2-methoxyethanol, adding 140 g of boric acid, 
and heating on a steam bath for 1.5 hr. This proce- 
dure was carried out in a 2-liter, round-bottom flask, 
equipped with a condenser (air-cooled), containing a 
drying tube with anhydrous calcium sulfate. The 
mixture was then taken up in ethyl ether (1.5 l i ters),  
washed four times with one-liter portions of distilled 
water, and dried with anhydrous sodium sulfate. The 
volume of solvent was reduced to 400 ml by evapora- 
tion under reduced pressure at 30C or less. Petroleum 
ether (600 ml) was added, and the monopalmitin was 
crystallized from this mixture at 22C, filtered, and 
washed with 500 ml of petroleum ether at room 
temperature.  

Glyceryl 1-Pahnitate 3-Stearate. The diglyceride 
was synthesized by using a modified direct esterifica- 
tion procedure (11). Monopalmitin (0.203 moles) 
was added to a 2-liter, round-bottom flask containing 
900 ml of chloroform and 0.305 moles of pyridine. 
Stearoyl chloride (0.305 moles) was then slowly added 
with shaking and cooling of the flask in ice water. 
After  the reaction had proceeded for 24 hr at room 
temperature,  the solvent was removed by evaporation 
under  vacuum at 35C or less. The diglyeeride was 
crystallized four times from one liter of petroleum 
ether - 9 5 %  ethanol (8/2, v /v )  at 22C. Pr ior  to 
each crystallization the funnel and wash solution 
(500 ml petroleum ether) were stored at 12C unti l  
ready for use at room temperature.  

Glyceryl 1-Palmitate 2-Oleate 3-Stearate. The 
part ial  glyceride was converted to the triglyceride 
by reaction with a 50% molar excess of pyridine and 
acid chloride (1). The diglyeeride (0.138 moles), 700 
ml of chloroform, and 0.207 moles of pyridine were 
mixed together in a 2-liter, round-bottom flask, and 
oleoyl chloride (0.207 moles) was added as described 
above. The reaction proceeded for 72 hr at room 
temperature,  af ter  which time the solvent was 
evaporated under  reduced pressure at 35C or less. 
The triglyeeride was crystallized two times at 12C 
from 1.2 liters of 95% ethanol-acetone (9/1, v /v ) .  
Before each crystallization the funnel and wash solu- 
tion (500 ml of the 9/1 mixture)  were stored at 12C. 
The estimated pur i ty  of the triglyceride at this point 
was 95% by TLC;  the contaminants were diglyeeride 
and fa t ty  acid. 

The triglyeeride was fur ther  purified by passage 
through a colmnn of alumina (4). The impure glyc- 
eride (106.8 g) was added to a 3-era diameter column 
(81.6 g alumina) in 100 ml of petroleum ether- 
anhydrous ethyl ether (9/1, v /v ) ,  at 22C. The tri- 
glyceride (100.4 g) was recovered from the column 
by elution with 400 ml of the 9/1 mixture at room 
temperature. 

Results and Discussion 

1-Monoglycerides. In the synthesis of isopropyli- 
dene glycerol and its f a t ty  acid ester the progress 
of the reaction is followed by the formation of water 
as indicated by the amount collected in the trap. The 
total reaction time is usually 25 hr. However amounts 
of water relatively considerable are often present in 
the reagents. To insure completion of both reactions 
the cessation of water formation is used as the indica- 
tor. For  example, in the previously described syn- 
thesis of l-monopalmitin, the theoretical amounts of 
water for isopropylidene glycerol and palmitate ester 
were 13.0 ml and 4.3 ml respectively, but  the actual 
amounts collected were 15.0 and 6.0 ml. For  this 
reason, the extent of reaction is more accurately 
measm'ed by the TLC method of Anfinsen and 
Perkins (9). 

Using this procedure, we have not been able to 
prepare large amounts of isopropylidene glycerol or 
its ester in the time periods indicated in the l i terature 
(9,10). This is part ial ly at t r ibuted to the sizable 
quantities of materials used in the synthesis. Never- 
thetess this method has been successfully employed 
to synthesize monopalmitin, monostearin, and mono- 
olein in quantities of up to 100 g. The recoveries 
range from 80%-85% and are similar to those pre- 
viously reported (9,10). Recovery of the saturated 
nmnoglyceride is usually higher than that of the 
unsaturated glyeeride (Table I) .  
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The monoglyeerides are purified by removal of 
the 2-isomer (estimated as 5%-10% by TLC) through 
crystallization at the appropriate temperature (Table 
I I ) .  Based on the 88-12 equilibrium mixture of 1- 
and 2-monoglyceride, the recovery of product  is ex- 
cellent. The pur i ty  of the 1-monoglyeerides is esti- 
mated to be at least 99%. 

1,3-Diglycerides. The ratio of fa t ty  acid chloride 
to monoglyeeride may be varied, depending on the 
nature of the component fa t ty  acids and the quanti ty 
of product  desired. The amount of unreaeted mono- 
glyceride and that  of di- and triglyceride formed is 
a function of this ratio. Usually it  is easier to pur i fy  
diglyceride in the presence of triglyceride than in 
the presence of monoglyeeride. In  addition, the tri- 
glyceride may be recovered and purified to a greater 
extent than the monoglyceride. 

After  proceeding for 4 hr, the reaction is cheeked 
by TLC to estimate the amount of unreaeted mono- 
glyceride. I f  needed, small amounts of additional 
pyridine and chloride are added until  essentially all 
the monoglyceride is reacted. I f  the reaction is com- 
plete in 4 hr, the mixture is often allowed to stand 
an additional 20 hr without any noticeable difference 
in yield or pur i ty  of product. We have found that a 
24-hr reaction with monoglyceride and a 0.5 molar 
excess of pyridine and acid chloride gives maximum 
yield of 1,3-diglyceride. Based on the monoglyceride, 
the recoveries range from 60%-70% and are in 
agreement with those of Har tman  (11). 

This procedure also allows recovery and purifica- 
tion of triglyceride. For  example in the synthesis of 
glyceryl 1-palmitate 3-stearate previously described, 
19.3 g of PSS were recovered. This result was 
achieved by evaporating the diglyeeride filtrate and 
crystallizing four  times from 400 ml of 95% ethanol- 
acetone (5/5, v /v )  at 30C. 

Purification of the diglycerides is obtained by 
direct crystallization at the specified temperatures 
(Table I I ) .  This technique eliminates any time- 
consuming washing or column procedures (11,12). In 
addition, it allows the separation of large quantities 
of 1,3-diglyeeride from other part ial  glycerides, 
pyridine hydroehloride, f a t ty  acid, triglyeeride, and 
ester. (The lat ter  compound is formed by reaction 
of some of the excess acid chloride and ethanol during 
crystallization. Purification is facilitated by this 
reaction as the ester is considerably easier to remove 
than the add. )  For  example, the 68% recovery of 
glyeeryl 1-palmitate 3-stearate, as shown in Table I, 
represents a 82.4-g yield. On the basis of diglyceride 
and triglyeeride obtained, the recovery of products 
is 78%. The pur i ty  of the 1,3-diglycerides is estimated 
to be 99% or greater. 

Triglycerides. Diaeid triglycerides of the type 
listed in Table I are prepared by a single aeylation 
step in which the monoglyeerides are reacted with 
excess fa t ty  acid chloride. The preparat ion of triaeid 
triglyeerides usually requires the synthesis of the 
appropriate  1,3-diglyeeride, which is then converted 
to the triglyeeride in a similar manner. In  both 
eases the reaction is monitored by TLC and, if 
necessary, small amounts of additional pyridine and 
chloride are added to ensure complete conversion of 
the part ial  glyeeride. Maximum yields of triglyeeride 
are obtained by using a 50% molar excess of pyridine 
and acid chloride for complete acylation (1). Al- 
though the reaction is usually complete in three days, 
the mixture is sometimes permit ted to stand an addi- 
tional four days without affecting the yield or quali ty 
of the product.  

T A B L E  I 

Recover ies  of P a r t i a l  Glycer ides  and  1 0 0 - g r a m  Quan t i t i e s  of T r i g l y c e r i d e s  

1-~[onoglyc- 1 ,3-Diglyc-  Tr i~lyc-  Over-  
Tr i~lyc-  er ide  b er ide  r e r ide  d all 

e r ide  ~ ( ~ c )  ( % )  (~ ( % )  

P S S  8 4 . 7 ( P )  . . . . .  80 .0  67 .8  
S P P  8 4 . 5 ( S )  . . . . .  91 .0  76.9  
P O S  8 4 . 6 ( P )  68 .0  84 .5  48 .6  
O P P  8 0 . 0 ( 0 )  ..... 81 .0  64.8  

a p = pa lmi ta te ,  S ~ s teara te ,  O ~ oleate. 
i, B a s e d  on fa t ty  acid.  
r Based  on l -monoglycer ide .  
d B a s e d  on 1-monoglycer ide  or 1 ,3-dig lycer ide .  

Based on the part ial  glycerides, the recoveries 
usually range from 80%-90% and occasionally ex- 
ceed 95%. Recoveries for several 100-g batches of 
triglyeerides and their  intermediates are shown in 
Table I. The over-all recovery of the diaeid triglye- 
erides is considerably higher than that  of the triaeid 
glyceride. This is a t t r ibuted to the extra step re- 
quired to prepare the 1,3-dig]yceride. 

The separation of trig]yeeride from part ial  glyc- 
eride, fa t ty  acid, and ester is achieved by direct 
crystallization at the indicated temperature  (Table 
I I ) .  The presence and position of oleate oil the glyc- 
eride greatly influences this temperature.  In the case 
where oleate occupies one of the pr imary  positions 
on the triglyeeride (SSU and SUU),  it is sometimes 
necessary to initiate the procedure by cooling the 
solution to - 2 5 C  prior  to storage and crystallization 
at 0C. Also it has been found that  cooling the funnel 
and wash solution to a temperature  of 10-20 degrees 
below that  of crystallization will aid in preventing 
losses of glyceride. 

In addition to the crystallization procedure, final 
purification of certain triglyeerides may be obtained 
through use of a column of alumina. In  order to 
use this technique efficiently, the glyceride must be 
soluble at room temperature  in the elution mixture of 
petroleum ether-anhydrous ethyl ether (usually 9/1, 
v /v ) .  Because of this limitation, t r isaturated tri- 
glycerides of the type listed in Table I are purified 
by crystallization alone. 

Before addition to the column, the triglyceride is 
usually crystallized to about 90% pur i ty  or greater 
as estimated by TLC. In addition, this procedure 
must remove ester which is normally eluted with the 
triglyceride. Alcohol, chloroform, or water will ad- 
versely affect the separation and nmst also be re- 
moved before colmnn treatment.  The details of this 
column have been presented in a recent publication 
by Jensen et al. (4). 

The oleate triglycerides listed in Table I were 
purified by the column procedure with excellent re- 
sults. For  example, in the synthesis of POS, the 
100.4 g of triglyceride obtained from the column 
represents a 94% recovery based on the weight of the 
impure glyceride. The corresponding value for the 
OPP is 97%. 

Both the alumina column method and crystalliza- 
tion give similar results in the recovery of triglyceride 

T A B L E  II 

Crys ta l l i za t ion  T e m p e r a t u r e  (C)  Emplo~'ed in the 
P u r i f i c a t i o n  of Glycer ides  

Glyc- 
e r ide  ~ S S U S  r S S U  S U U  U S U  U S  U 

MGb 22 . . . . . . . . .  - - 2 5  
D~b 22 . .... --25 --85 
TG b 22 ]2  0 0 - - 2 5  .... - - 2 5  

a 5 iO ~ 1-monoglyceride,  DG = 1 ,3-diglycer ide ,  TG z t r ig lycer ide .  
b Solvent  systems ( 1 0 - 1 5 4 o l d  excess) : MG z pe t ro leum e t h e r - -  

ethyl e ther  ( 6 : 4 ,  v / v ) ;  D G z p e t r o ! e u m  e t h e r - - 9 5 %  ethanol  ( 8 : 2 ,  
v / v ) ;  T G z 9 5 %  e t h a n o l - - a c e t o n e  ( 9 : 1 .  v / v ) .  

r S = s a t u r a t e d  ( p a l m i t a t e  and  s t e a r a t e )  ; U ~ u n s a t u r a t e d  (o l ea t e ) .  
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TABLE III 

Fatty Acid Composition of 100-gram Quantities of Triglycerides and 
Some of the Lipolysis Products Derived by Pancreatic Lipase Digestion 

Triglyc- Fatty acid (M%)  

eride a Fraction P S O 

PSS Intact  TG b 33.3 66.7 ...... 
FFA 51.0 49.0 ...... 

MG 1.0 99.0 ...... 
SPP Intact  TG 67.0 33.0 ...... 

FFA 52.0 48.0 ...... 
MG ~99 .0  

POS Intact  TG 33.8 33:1 33:i  
FFA 50.0 50.0 

]~G ~99 .0  
0 P P  Intact  TG 66:7 : : 33.3 

FFA 50.0 ...... 50.0 
MG 99.0 ...... 1.0 

a p ~ palmitate, S --~ stearate, O ~ oleate, 
b TG ~ triglyceride, FFA --~ free fatty acid, MG ~ 2-monoglyeeride. 

(Table I). The column procedure normally takes the 
place of the final crystallization. Where large 
quantities of glycerides are concerned, the main ad- 
vantages of the column are speed and ease of 
operation. 

The purity of the triglycerides was determined by 
TLC, GLC, and pancreatic lipolysis. The results 
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of the positional analysis for a few ]00-g batches are 
listed in Table III. On the basis of the methods 
employed, the purity is certainly close to 99%. 
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