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TABLE ]r 
Radioactivity of Degradation Products of Araehidic and Behenie Acids 

Derived from Eicosapentaenoic and Docosahexaenoic Acids 

Sample d.p.s./mrnole 

Arachidic acid (diluted) ................................................ 
Benzoic acid (C-1 of arachidie) ..................................... 
Benzoic acid (C-2 of arachidic) ...................................... 
Benzoic acid (C-3 of arachidic) a .................................... 
Margarie acid .................................................................. 
Behenic acid .................................................................... 
Benzoi c acid (C-1 of behenic) ........................................ 
Benzoic acid (C-2 of behenic) ........................................ 
Benzoic acid (C-3 of behenie) ........................................ 
Benzoic acid (C-4 of behenic) ........................................ 
Benzoic acid (C-5 of behenic) ........................................ 
Margaric acid .................................................................. 

871 
57 
18 

557 
235 
758 
167 

86 
46 
13 

310 
145 

a Calculated from the difference between the radioactivities of C17 and 
Cls acids purified by reversed-phase chromatography. 

those shown to occur in the conversion of linoleic to 
arachidonic acid (11,12,13), and of oleic to 5,8,il-  
eieosatrienoie acid (23). In  this case, the pathway 
is probably: 9,12,15-oetadeeatrienoic (linolenic) acid 

) 6,9,12,15-octadeeatetraenoie acid > 8,11,14,17- 
eicosatetraenoic acid----> 5,8,11,14,17-eicosapentaenoic 
acid ) 7,10,13,16,19-docosapentaenoic acid ) 4,- 
7,10,13,16,19-docosahexaenoic acid. 

The shorter chain more saturated intermediates in 
this process were not studied in this case, but  the struc- 
tures proposed seem likely not only because of the an- 
alogy with the linoleic and oleic conversions but  also 
because some of them have been identified in various 
fish oils. For  example, Klenk and Brockerhoff charac- 
terized 6,9,12,15-octadeeatetraenoie (2) and 7,10,13,- 
16,19-docosapentaenoic (1,3) acids in herring and cod 
liver oils, and Stoffel and Ahrens (7) have identified 
these and also 8,11,14,17-eieosatetraenoic acid in men- 
haden body oil. Klenk and Mohrhauer (17) ,  in a very  
interesting study, have demonstrated the occurrence 

of steps 2, 3, and 5 in the rat. There is thus ample 
evidence to suggest that  the same pathway occurs in 
the fish and that  the fa t ty  acids of the fish lipids (in 
analogy with those of mammals) are the result  of 
predictable series of stepwise alterations of a known 
small number of dietary or biosynthesized acids. 
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Abstract 
In  a s tudy of the use of tri tylglyeerols as start- 

ing materials for  synthesis of mono- or diglycer- 
ides and mixed triglyeerides, it was found that  
aeyl migration can be minimized or prevented by 
detr i tylat ion in petroleum ether, avoiding contact 
with polar solvents or contaminants. Under con- 
ditions favoring acyl migration, tetrabromostear- 
oyl radicals were found to migrate less readily 
than stearoyl radicals. 

Introduction 

F 
ORMATION OF TtIE t r i ty l  ( t r iphenylmethyl )  ether 
is a convenient method for  t emporar i ly  blocking 

one or both of the p r i m a r y  hydroxyls  of glycerol. 
However,  the use of t r i tylglycerols  as s tar t ing  ma- 
terials for  synthesis of mono- or diglyeerides has been 
limited by the facile migrat ion of the secondary acyl 

l l~rom thesis submitted by J. E. Jackson in partial  fulfillment of 
requirements for the Ph.D. degree, Universi ty of Minnesota, 1958. This 
work was supported in par t  by a grant  from the Archer-Daniels-Midland 
Co. 

Publication No. 4265, Agricultural Experiment Station, University 
of Minnesota. 

radicals during detri tylat ion with dry  hydrogen ehlo- 
ride (1).  

As a result, it has been necessary to devise relatively 
complex procedures for the synthesis of 2-monoglyeer- 
ides or 1,2-diglyeerides. In  one class of procedures 
hydroxyl  groups are made available in analogs of 
glycerol by suitable transformations after  the desired 
aeylation is complete (2). In another, the hydroxyl-  
blocking t r i tyl  groups are removed by hydrogenolysis 
under  mild conditions (3). In  reactions leading to 
mixtures of 1,2- and 1,3-diglycerides, the two have 
been separated by fractional crystallization (4). 

The need for a more direct procedure for the syn- 
thesis of 1,2-diglycerides led to a reinvestigation of 
tile comparatively simple method which uses mono- 
tr i tylglycerol  as s tart ing material. I t  was found that  
cleavage of the t r i ty l  ether with hydrogen chloride 
does not eause migration of acyl radicals if the tri- 
tylglyceride is sufficiently pure and the detri tylation 
is effeeted in petroleum ether without subsequent ex- 
posure of the product  to acidic diethyl ether. Thus, 
by varying the solvent in which detr i tylat ion takes 
place, the same procedure may be used for preparing 
either symmetrical or unsymmetrical  glyeerides. 
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Experimental 
Tritylated Intermediates. 1-Monotrityldistearin was 

prepared by mixing, at room temperature, 1-monotri- 
tylglycerol, mp 109.7-110.1~ (5), dissolved in dry 
pyridine and 5% excess of stearoyl chloride, bp 143C 
at 0.2 mm of mercury (6), dissolved in chloroform. 
After standing 30 min at room temperature, the mix- 
ture was refluxed 4 hr under a condenser vented 
through a drying tube, cooled and poured into water. 
The product was extracted with diethyl ether and 
washed successively with copious amounts of dilute 
sulfuric acid, dilute sodium bicarbonate and water. 
After drying and removing the ether, the slushy syrup 
which was obtained was taken up in benzene, boiled 
briefly with carbon black and filtered. The benzene 
was removed and 3 vol of acetone was added. A gela- 
tinous precipitate which formed was removed by filter- 
ing and 2 vol of absolute ethyl alcohol added to the 
acetone solution. A granular precipitate melting at 
4648C was obtained after 24 hr at 5C. This precipi- 
tate was recrystallized from 12 vol of acetone, then 
from 5 vol of acetone containing 5% of petroleum 
ether and finally from 5 vol of a mixture of 2 parts 
absolute ethyl alcohol and 1 part acetone. The final 
product was a white crystalline solid, melting at 48- 
49C and remelting at 33.5-34C. Less rigorously puri- 
fied 1-monotrityldistearin also melted at 48-49C but 
was slightly yellow and did not yield 1,2-distearin 
when detritylated. 

1,3-Ditritylstearin was prepared by similarly aeylat- 
ing ditritylglycerol, mp 170.5-172C, (5). After de- 
colorization with carbon black in benzene and repeated 
crystallization from acetone and 50-50 mixtures of 
acetone and absolute ethyl alcohol, the 1,3-ditrityl- 
stearin melted at 82-83C. 

With minor variations these same procedures were 
used in preparing the tetrabromostearins. In prepar- 
ing 1-monotritylditetrabromostearin, after tetrabromo- 
stearoyl chloride, mp 61.7-62.2C, was added, the re- 
action mixture was allowed to stand for 2 days in a 
stoppered flask in the dark, then refluxed 2 hr. 
Emulsification was severe during the washing step. 
Final crystallizations were from mixtures of diethyl 
ether and petroleum ether. As precipitated, the 1- 
monotritylditetrabromostearin melted over a range 
from 48.5-99C. When recovered from petroleum ether 
solution by evaporation of the solvent, the melting 
point was 72-78C. When similarly recovered from a 
mixture of two parts petroleum ether and one part 
diethyl ether, the mp was 48.4-48.8C. In  the latter 
case, as the temperature of the melting point bath was 
raised, the sample resolidified and again completely 
melted at 95C. 1,3-Ditrityltetrabromostearin was pre- 
pared by letting the reaction mixture stand 20 days 
at room temperature in a tightly stoppered flask. No 
emulsification occurred during the washing step. How- 
ever, the product could not be crystallized. 

Detritylation. In order to obtain 1,2-distearin or 
2-monostearin, dry hydrogen chloride was bubbled 
slowly through a petroleum ether solution of the 
corresponding trityl compound. Neither temperature 
nor concentration appeared to be critical. Cleavage of 
the ether to form the glyceride and triphenylchloro- 
methane was effected satisfactorily at room tempera- 
ture. From 3 to 6 vol of petroleum ether were used 
as solvent. Typically, a copious precipitate began to 
form in 10 to 15 min and the treatment with hydrogen 
chloride was continued until no further precipitation 
occurred. The reaction flask was stoppered and left 

to stand for approximately 1 hr at room temperature. 
Essentially pure products in nearly quantitative yield 
were obtained by filtering and washing the precipitate 
on the filter paper with copious amounts of petroleum 
ether. 

Using diethyl ether as solvent in the same pro- 
cedure, 1,3-distearin was obtained from monotrityldi- 
stearin and 1-monostearin from ditritylstearin. These 
products, or mixtures of them with 1,2-distearin or 
2-monostearin, also were obtained when using petrol- 
eum ether as solvent if the tritylglycerides were 
inadequately purified or were intentionally contamin- 
ated with water, fa t ty  acid or triphenylcarbinol. 

Like monotrityldistearin, monotritylditetrabromo- 
stearin was converted to the 1,3-diglyceride when 
treated in diethyl ether with dry hydrogen chloride. 
After one recrystallization from petroleum ether, the 
1,3-ditetrabromostearin melted at 90-93C. When de- 
tritylation was effeeted in a mixture of two parts of 
petroleum ether and one part diethyl ether, the prod- 
uct melted at 103-104.2C and remelted at 80.5-81.5C. 
The latter compound could be obtained only from very 
pure monotritylditetrabromostearin, whereas the low 
melting compound could be obtained by detritylating 
contaminated monotritylditetrabromostearin in either 
solvent system. Hence, by analogy with the distearins, 
the ditetrabromostearin with the high melting point 
was designated 1,2-ditetrabromostearin. 

The monotetrabromostearins were anomalous in 
that, depending on the duration of exposure to hy- 
drogen chloride, either the 1- or the 2-compound could 
be obtained. When the detritylation reaction (in di- 
ethyl ether) was followed by prompt isolation of the 
product, the compound obtained melted at 84.5-86C 
and was designated 2-monotetrabromostearin. When 
the reaction mixture was allowed to stand 48 hr in a 
tightly stoppered flask at 5C after treatment with 
hydrogen chloride, the product melted at 106-110C 
and appeared to be identical to the 1-monotetrabromo- 
stearin described by Black and Overly (7). 

Stability. 1,2-Distearin could be converted quantita- 
tively to 1,3-distearin by treating it with dry hy- 
drogen chloride in diethyl ether. No change occurred 
in petroleum ether, nor could the 1,3-distearin be con- 
verted reversibly to 1,2-distearin in either solvent. 
Attempts to transform the monostearins in diethyl 
ether led to mixtures. 

Unlike the distearins, the ditetrabromostearins were 
stable, and neither could be converted to the other 
although the solvent in which detritylation was ef- 
fected determined which positional isomer was ob- 
tained. However, the treatment with dry hydrogen 
chloride in diethyl ether converted 2-monotetrabromo- 
stearin, melting at 86C, to 1-monotetrabromostearin 
melting at l l0C. 

Triglycerides. The mono- and diglycerides described 
above were characterized further  by converting them 
in ,nixed triglycerides by acylation with tetrabromo- 
stearoyl chloride or stearoyl chloride. These triglycer- 
ides, as well as the diglycerides containing the tetra- 
bromostearoyl radical, were debrominated by the meth- 
od described previously (5) to obtain unsaturated 
compounds which could be characterized by their 
iodine values. 

Table I shows the melting points and Wijs iodine 
values of the glyeerides derived from 1-monotrityldi- 
stearin and 1,3-ditritylstearin. Table II  summarizes 
these data for the glyeerides derived from ]-mono- 
tritylditetrabromostearin and 1,3-ditrityltetrabromo- 
stearin. 
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TABLE I 
Glycer ides  D e r i v e d  f r o m  1-Monot r i ty ld i s t ea r in  and  1 ,3 -Di t r i ty l s t ea r in  

Glycer ide  m p  0 

1 ,2 -Dis tea r in  ............. 6 9 . 2 - 6 9 . 4  
1 ,3-Dis tear in  ............. 78 .0 -78 .3  
1-Tetr ab r om os t ea rod i s t e a r i n  50 .5 -51 .5  
2 -T e t r ab r om os t ea rod i s t e a r i n  53 .5 -54 .5  
b L i n o l e o d i s t e a r i n  ................. 39 .5 -40 .8  
~-Linoleodis tear in  ................. 36 .3 -37 .0  
b~onostearin .......... 79 .7 -80 .0  
2 -!~/[onostearin ........................ 7 3 . 5 - 7 4  

T H E  J O U R N A L  O F  T H E  A M E R I C A N  O I L  C I t E ~ I S T S '  S O C I E T Y  V O L .  4 0  

Remel t  (3 

59 .7 -60 .2  
77 .6 -77 .8  
4 8 . 5 - 4 9 . 5  

Iodine value  

F o u n d  Theory  

57.9 57.3 
56.3 57.3 

Yield 
% 

85.5 
62.5 
72.8 
60.0 
79.6 
77.8 
55.2 
48.8 

7 3 . 4 - 7 4  
67 - 6 8  

Results and Discussion 

The experimental results indicate that unsymmetri- 
cal diglycerides and the 2-monoglycerides may be 
arranged in the following order of tendency toward 
acyl migration during their formation from tritylated 
intermediates: 2-monostearin > 1,2-distearin > 1,2-di- 
tetrabromostearin > 2-monotetrabromostearin. 

Once these compounds have been formed, however, 
their tendency to rearrange on further exposure to hy- 
drogen chloride in diethyl ether is: 2-monostearin > 
1,2-distearin > 2-monotetrabromostearin > ],2-ditetra- 
bromostearin. 

At least under the conditions used here, there was 
no apparent tendency for acyl radicals to migrate in 
the reverse direction from a primary position to a 
secondary position in the glyceride. Neither was there 
a tendency toward nfigration o~ acyl radicals in the 
absence of polar solvents or polar contaminants. 

In their melting points and relative stability the 
tetrabromostearoyl glycerides resemble the aromatic 
glyceridcs. King and coworkers (8) found that the 
aromatic glycerides are much less likely to undergo 
migration of acyl groups than are the aliphatic glycer- 
ides and pointed out that the symmetrical aromatic 
glycerides melt lower than the unsymmetrical iso- 
mers, reversing the order for the saturated aliphatic 
glyeerides. 

TABLE II 

Glycerides Derived from 1-1~[onotritylditetrabromostearin and 
1,3 -Di t r i ty l~e t rabromos tea r in  

Iod ine  va lue  
Glycer ide  m p  (3 Remel t  (3 

_ _ _  _ _  ~ound Theory _ _  
1,2 -Di te t r ab romos tea r in . . .  .... 103 .0 -104 .2  80 .5-81 .~  
1,3 - D i t e t r ab r omos t e a r i n  ....... 9 0 . 0 -  93.0 I 
1 ,2-Dil inolein ....... : ............... L iqu id  at  R T  I 162.1 I 165 
1,3-Dil inolein ....................... L iqu id  at  RT( 163.0 ~ 165 
1- S t e a r o d i t e t r a b r o m o s t e a r i n  4 3 . 5 -  44.0 I 
2 - S t e a r od i t e t r a b r omos t ea r i n  4 0 . 0 -  41.0 I 
1-Stearodi l inolein  ................. L iqu id  at  I%T I 114.2 I 115.2 
2-Stearodi l inole in  ................. L iqu id  a t  RT] 112.7 I 115.2 
1 -Monotetr  ab romos t  e a r in  ..... 1 0 6 . 0 - 1 1 0 . 0  
2-Monotetr  a b r o m o s t e a r i n  ..... 8 4 . 5 -  86.0 1 

Yield 
% 

72 

89.5 
96.0 
63.5 
78.8 
90.0 
95.0 

Characteristics of both classes of compounds seem 
to be combined in the tetrabromostearodistearins and 
derived unsaturated triglycerides. The melting point 
of 2-tetrabromostearodistearin was found to be higher 
than that of the unsymmetrical compound. After de- 
bromination, however, the order of the mp was re- 
versed, the symmetrical isomer then melting at a 
lower temperature than the unsymmetrical isomer. 
The mp of both pairs of compounds were close to- 
gether (within 3C) and their appearance quite dif- 
ferent, as noted by Carter and Malkin (9). 
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Modified Procedure for the Determination of Peroxide 
Value of Fats by the Ferric Thiocyanate Method 

D E T E R  I V f I N A T I O N  O F  P E R O X I D E  V A L U E  i s  o n e  of the 
most frequently performed tests in studies on 

edible fats. In the course of stability studies within 
the authors' laboratories, published procedures were 
modified in the interests of greater reliability, speed, 
and simplicity. A sinlplified ferric thioeyanate pro- 
cedure for peroxides in fats is described here for the 
possible benefit which it may provide to others engaged 
in food research or quality control. 

The solvent mixture in the Hills and Thiel (1) 
method for fats consists of 70 parts of benzene and 30 
parts of methyl alcohol. In order to develop the red 
ferric thiocyanate color the reaction mixture is heated 
for 2 min at 50C. In the methods of Sumner (2) and 
of Koch etal .  (3) solutions in ethyl alcohol and water 
are used and heat is not required for developing the 
final red color. However, the latter methods are ap- 
plicable only to fat ty acids or to esters of fa t ty  acids. 
By proper selection of solvents it was possible to de- 
velop a procedure for fats in which the color develops 

1 Paper number 2174.  

at room temperature. A mixture of 80 parts of ethyl 
alcohol and 20 parts of benzene served that purpose. 

Elimination of the heating step permitted further 
simplification of the method. The entire test can be 
performed in a cuvette, thereby eliminating a separate 
reaction vessel. An Evelyn Colorimeter tube or other 
large cuvette is most convenient for the purpose. 
Further,  a replicate weighing of the fat for a blank 
determination is unnecessary because the fat blank 
can be measured just prior to the addition of ferrous 
chloride solution to the cuvette. The red color which 
develops has good stability. An increase in intensity 
which develops very slowly is fully compensated by 
the reagent blank which changes at the same rate. 
When applied to cottonseed oil and to butterfat, the 
modified procedure gave the same peroxide values 
as did the Hills and Thicl method, and with consider- 
able saving in time. 

Procedure 
Except for the modification indicated above, the 

procedure and standardization are described by Stine 


