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T H E  iso la t ion  of p u r e  l inoleie,  linolenic, and 
arachidonic acids f rom natural  sources by phys- 
ical ra ther  than by  chemical methods has been 

described in recent publications (1, 2) from this 
laboratory.  The importance of geometrical configu- 
ration of the polyunsaturated acids in relation to 
the alkali-isomerization spectrophotometric method of 
analysis has also been discussed. New constants deter- 
mined on these pure " n a t u r a l "  acids were proposed 
(3) for  use in this method. 

In the course of the work on isolation of araehi- 
donic acid (as its methyl ester) from adrenal  lipids, 
fractions of greater  unsaturat ion than that of methyl 
arachidonate were obtained (2). Pre l iminary exami- 
nation of this material indicated the presence of 
methyl eicosapentaenoate. After  alkali-isomerization 
the product  had characteristic absorption maxima at 
346 and 328 m~ in addition to the principal maxima 
at 315, 301, 268, and 233 millimicrons. 

This highly unsaturated material has now been 
subjected to fu r the r  fractionation on silicic acid ad- 
sorption columns and by high-vacuum distillations. 
Eieosapentaenoic and doeosapentaenoie acids as their  
methyl esters were isolated and their  specific extinc- 
tion coefficients determined af ter  isomerization with 
alkali. Fu r the r  evidence of their identi ty was ob- 
tained by  iodine values, refractive indices, and by  
melting points, saponification equivalents, and X-ray  
diffraction measurements on hydrogenated portions. 
The results permit  an extension of the spectrophoto- 
metric method to the analysis of highly unsaturated 
lipids, such as are found in nearly all glandular fats 
and specialized tissues. 

Experimental and Discussion 
Starting Materials. All fractions of methyl esters 

having iodine values greater than the theoretical value 
(318.8) for  methyl arachidonate, which were obtained 
in the adsorption fractionation of adrenal lipid methyl 
esters (2), served as starting material. In  all 11.6 g. 
were obtained from this previous work. The average 
iodine value was 359.0. The specific extinction 3 coeffi- 
cients of this concentrate af ter  isomerization in 11% 
KOH-glycerol (4) for  45 minutes at 180~ under  
nitrogen were : k233 = 49.8 ; k26 s -~- 35.0 ; ka~ = 21.8 ; 
k3~6 ~ 8.7. No absorption maximum was found above 
346 rag. 

Adsorption Fractionation on Silicic Acid. Essen- 
tially the sama technique as described in previous 
work (1, 2) was followed except that  the glass col- 
umns were packed by  introducing a pre-heated s lurry 
of the silieic acid-filter aid mixture in petroleum ether. 

1This  paper was presented at the mee t i ng  of the A m e r i c a n  Oil Chem- 
ists '  Society, San Francisco, Cal i fo rn ia ,  Sep tember  26-29,  1 9 5 0 .  

2Ono of the laboratories of the B u r e a u  of A g r i c u l t u r a l  and  Indus t r l a}  
Chemis t ry ,  Agricultural Research Administration, U, S. D e p a r t m e n t  of 
A g r i c u l t u r e .  

3Specific extinction coefficient k z D / b e ,  where  D ~ spec t ra l  density 
of the  solut ion ( compared  wi th  so lven t ) ,  b ~ l eng th  of cell in  cm., and 
c ~ conc. in grams/liter. 

In  general, for  samples up to 5 g. ill weight, a glass 
column 1.9 cm. in diameter was used; for  larger sam- 
ples, the diameter was 3.2 cm. The lengths of the 
columns were varied to accommodate a ratio of about 
30 g. of silicic acid-filter aid mixture per gram of 
sample. Redistilled petroleum ether, boiling range 
30-50~ was used as eluant although it was usually 
found desirable to add 0.25.% ethyl ether to this sol- 
vent in the lat ter  stages of the column t r ea tmen t .  

The methyl esters used as a source of pentaene were 
subject to this adsorption t reatment  resulting in the 
fractions shown in Table I. 

T A B L E  I 

A d s o r p t i o n  s  on Si l ic ic  A c i d  of P e n t a e n e - R i c h  
Methyl  E s t e r s  

W e i g h t  of I od ine  
F r a c t i o n  N u m b e r  FracLion Value 

A-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
-10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

g. 

0 .42  
0 .48 
0 .74  
0 .71  
0 .61 
0 .54  
1 .91 
0 .99  
0 .90  
0 .67  
1 .76 

Wiis 
20.3  

3 0 0 . 5  
334 .1  
3 5 7 . 4  
3 6 3 . 4  
3 6 4 . 9  
3 7 2 . 8  
373 ,3  
377 .9  
3 8 0 . 1  
380 .7  

505 

The presence in the start ing material of minor 
quantities of esters of low unsaturat ion and probably 
small amounts of methyl arachidonate is indicated by 
the iodine values of A-l, 2, and 3. There is a sugges- 
tion of a " p l a t e a u "  in the iodine values for A-4, 5, 
and 6 in the range of the theoretical iodine value 
for methyl docosopentaenoate (368.4). Suspecting the 
presence of this compound, these fractions were com- 
bined and a small portion hydrogenated. The hy- 
drogenated product  was crystallized from acetone at 
--15~ The first crop of crystals was then crystal- 
lized twice, af ter  which the purified fraction repre- 
sented a yield of 35% and melted at 51.5-52.0~ 
mixed melting point with known pure methyl doco- 
sanoate (m.p. 54~ was 53.5-53.8~ The X-ray  
diffraction pat tern (5) and the saponification equiv- 
alent 349.3 fur ther  established methyl docosanoate as 
the principal component. A second crop of crystals 
obtained from the filtrates of the above crystalliza- 
tion represented a yield of about 55% and melted at 
46-48~ saponification equivalent, 342.5. Its X-ray 
diffraction pat tern  corresponded well with that  of a 
test mixture made with equal parts of known methyl 
eicosanoate and methyl doeosanoate. Consideration of 
all these data and the extinction coefficients shown in 
Table I I  led to the tentative conclusion that the com- 
bined fractions A-4, 5, and 6 contained about 60-65% 
methyl docosapentaenoate; the remaining 35% prob- 
ably consisted of methyl eicosatetraenoate and possi- 
bly some methyl eicosapentaenoate. 
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T A B L E  I I  

Specific Ex t inc t ion  Coefficients of Selected Frac t ions  Obta ined in  the 
F rac t i ena t i on  of Methyl Esters  of Pen taene  Acids 

Specific Ex t inc t ion  Coefficients a 

F rac t ion  
Number  

A-4,5,6 .......... 
B-1 ................ 
S-2 . . . . . . . . . . . . . . . .  

C - 2  . . . . . . . . . . . . . . . . .  

C-3 . . . . . . . . . . . . . . . . .  

E-2 . . . . . . . . . . . . . . . .  

F-3 ................. 
F-4 ................. 
G-1 ................. 

I od ine  
Value  

363.0 
380.0 
375.6 
375.4 
389.0 
393.3 
376.4 
371.8 
368.7 

~23a 

51.2 
51.7 
48.9 
49.2 
45.5 
51.5 
50.5 
44.5 

k~6s 

36.6 
38.4 
36.6 
33.9 
30.7 
36.6 
36.4 
31.7 

k315 

25.7 
23.6 
25.5 
25.4 
25.6 
24.0 
22.8 
22.2 

k846 

9.21 
12.43 
10.14 
11.87 
13.35 
14.53 
10.87 

9.99 
10.81 

k37~ 

1.09 
0.0 
0,60 
0,0 
0.0 
0.0 
0.706 
0.736 
0.0 

a I somer iza t ion  in  11% KOtt -g lycerol  for  45 minu tes  a t  180~ under 
ni t rogen.  

Isolation of Methyl Eicosapentaenoate. Since Frac- 
tions A-7, 8, 9, 10, and 11 had iodine values higher 
than the theoretical for  methyl docosapentaenoate, 
it was presumed that  these represented mixtures of 
methyl esters of C2o and C22 pentaene acids and ac- 
cordingly were combined for more extensive attempts 
to separate them. From previous experience (2) in dis- 
tilling methyl eicosatetraenoate (araehidonate),  it was 
found necessary to restrict  the size of the column and 
to use high vacuum to avoid heat bodying effects. Con- 
sequently the short column used was relatively ineffi- 
cient although significant fractionation was achieved. 
The same still was also used in the present instance. 
Two principal fractions and an undistilled residue 
were obtained : 

Weight of Iod ine  
F rac t i on  Number  F rac t i on  Va lue  

g. Wijs  

B-1  ................................................... 3 .04  380 .0  
B-2  ................................................... 1 .53 375 .6  

B - R e s i d u e  ....................................... 0 .68  359 .6  

The fractionation was slight, as expected, but  offers 
support  to our presumption concerning the composi- 
tion. The C2o pentaene ester, being the more volatile, 
tended to concentrate in the first distilled portion as 
indicated by  the higher iodine value. 

Fract ion B-1 was subjected to fu r ther  silicic acid 
column treatment  yielding the following fractions:  

Weigh t  of Iod ine  
Fraction Number  F rac t ion  Value 

g. Wiis 

C-1 ................................................... 0 .12  229 .4  
C-2 .................................................. 0 .68  3 7 5 . 4  
C-3 .................................................. 1 .74  389 .0  

The adsorption t reatment  also resulted in significant 
fractionation. The tendency is for the C2~ pentaene 
to be removed from the column at a faster  rate than 
the C2o pentaene owing to the greater unsaturat ion of 
the latter. The iodine value for methyl eicosapentaen0- 
ate is 401.1; for  methyl docosapentaenoate, 368.4. 

The remainder of C-3, af ter  analysis, was distilled 
under  high vacuum in the same still as previously 
described. The following fractions were obtained : 

Weight of Iod ine  
F rac t ion  Number  F rac t i on  Value 

g. W q s  

D-1  ................................................. 0 :91  3 9 0 . 5  
D-2  ................................................. 0 .33  3 8 2 . 5  

D - R e s i d u e  ....................................... I 0 .36  ........ 

The remainder of D-1 was given a final silicic acid 
column treatment  yielding the following fractions:  

Frac t ion  Number  

E ~  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E - 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

n - 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Weigh t  of 
Fraction 

g. 

0 .26  
0 .42  
0 .07  

Iodine Refractive 
Value Inde~  25 ~ 

W~js 

3 8 8 . 2  ........ 
393 .3  1 . 4 8 7 7 0  
3 8 9 . 0  ........ 

The iodine value of Fraction E-2 is about 2% 
lower than the theoretical value of methyl eicosa- 
pentaenoate (401.1) but probably still contains a 
significant amount of methyl docosapentaenoate. The 
amount of Fraction E-2 was only sufficient for spec- 
trophotometric examinations, refractive index, and 
iodine value. The main portion of E-l, a less pure 
sample of C2o pentaene however, was hydrogenated 
and the product crystallized from acetone at --15~ 
The crystalline material obtained, representing about 
90% of the product melted at 45.0-45.3~ mixed 
melting point with known pure methyl eicosanoate 
45.0-45.3~ ; saponification equivalent 330.7 (Theory 
326.5). The X-ray diffraction pattern corresponded 
very closely to that of a known mixture of i90% 
methyl eicosanoate and 10% of methyl docosanoate. 
The specific extinction coefficients of E-2 after alkali 
isomerization are included in Table II. 

Isolation of Methyl Docosapentaenoate. Efforts were 
also made to isolate methyl docosapentaenoate. The 
remainder of those fractions whose iodine values were 
in the range 360-378 (B-2, B-residue, and C-2) were 
combined and distilled under high vacuum. The fol- 
lowing fractions were obtained: 

Frac t ion  Number  W e i g h t  of Iodine 
Fraction Value 

g. W~is 

F - 1  ................................................... 0 .07  3 8 1 . 2  
F - 2  .................................................... 0 .17  3 7 7 . 8  
F - 3  .................................................... 0 .38  3 7 6 . 4  
F - 4  .................................................... 0 .46  371 .8  

F - R e s i d u e  ......................................... 0 .25  ........ 

The iodine numbers are in accord with what would 
be expected in the distillation of a mixture of methyl 
esters of C2o and C22 pentaene acids. The iodine num- 
ber of Fraction F-4 was fairly close to the theoretical 
for methyl docosapentaenoate, but examination of its 
alkali-isomerized product showed a slight maximum 
at 374 m~. The absorption in this region may indi- 
cate presence of traces of hexaene acids or slight oxi- 
dation of pentaene acids. Therefore Fractions F-2, 
3, and 4 were combined and given a silicic acid ad- 
sorption fraetionation in an effort to get a sample 
of this compound free of the impurity responsible 
for this absorption. The following fractions were 
obtained : 

Weight of Iodine Refractive 
Frac t ion  Number  Fraction Value Index  25 ~ 

g. Wii~ 

G-1  .......................................... 0 .45  368 .0  1 . 4 8 6 4 2  
G-2  .......................................... 0 .25  368 .9  ........ 
G-3  .......................................... 0 .13  375 .1  ........ 

Fractions G-1 and G-2 had iodine values almost 
identical with theoretical for  methyl docosapenta- 
enoatc (368.4). A hydrogenated small portioni af ter  
crystallization from acetone melted at 52-53~ and 
was identified as methyl docosanoate by X-ray dif- 
fract ion measurement. Mixed melting point with the 
known compound showed no depression. Specific ex- 
t inction coefficients of G-1 af ter  isomerization in 11% 
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Fro .  1. Ul t r a -v io le t  absorp t ion  spec t ra  of methy l  e icosapenta-  
enoate  a f t e r  i somer iza t ion  in  11% KOH-g lyce ro l  a t  180~ for  
45 minu tes  under  n i t rogen  and  in  21% KOH-g lyco l  a t  180~ 
for  15 minu tes  under  n i t rogen .  

KOH-glycerol for 45 minutes under nitrogen are 
given in Table II. No evidence of an absorption maxi- 
mum at 374 was found in Fractions G-1 or G-2. Frac- 
tion G-3 and traces of material removed later than 
G-3 showed a maximum in this region. 

Specific Extinction Coefficients and Alkali-Isomer- 
ization. I t  is generally known that the extinction 
coefficients vary considerably under different condi- 
tions of alkali-isomerization. The concentration of 
alkali is very important. Potter and Kummerow (6) 
showed that k~6 for arachidonic acid was 27.7 whereas 
Beadle et al. (7) reported a value of 22.6. However 
the former used 12.5% KOH-glycol, the latter only 
6.6% KOH-glyeol. 

More extensive work on the effect of various con- 
centrations of alkali and time of heating are reported 
by Holman and Burr  (8). They showed that kso o for 
arachidonic acid (tetraene) was as high as 62.2 when 
isomerization was performed in 18% KOH-glycol for 
8 minutes at 178~ as compared to kso o of 25.8 when 
isomerization was done in 6.6% KOH-glycol for 25 
minutes at 180~ 

These results prompted the authors to investigate 
the effects of different concentrations of alkali and 
time of heating on the amounts of conjugation pro- 
duced from these highly unsaturated acids. This 
work will be reported in detail in another paper. 
Isomerization in 21% KOH-glycol for 15 minutes at 
180~ under nitrogen seemed to be most effective 
in producing maximum conjugation of tetraene and 
pentaene (315 m~ and 346 m/~), and results by this 
method are included for comparison with those shown 
in Table II  for E-2 (C2o-pentaene) and G-1 (C22-pen- 
taene). The following specific extinction coefficients 
were obtained : 

k~a3 k_~es k315 k~6 ks~ 

E-2 ....................................... 37.7 39.4 78.8 83.6 0.0 
G-I ....................................... 46.3 53.2 52.9 41.4 0.0 

It  will be noted that these values are vastly differ- 
ent from those reported in Table II for these fractions. 
The results suggest that where the determination of 
tetraene and pentaene acids is of chief concern, isom- 
erization in 21% KOH-glycol for 15 minutes pro- 
vides a basis for a much more sensitive determination. 
Greater differences in spectral properties of E-2 and 
G-1 were observed when they were isomerized by this 
method than when isomerized in 11% KOH-glycerol 
for 45 minutes. These differences could possibly be 
ascribed to a) an unknown impurity i n the prepara- 
tions, b) conditions of alkali isomerization employed 
may not have been optimum for producing maximum 
pentaene conjugation in each compound, c) different 
positions of the double bonds, or d) different geomet- 
rical configurations of the C2o and C22 pentaene acids. 
More complete comparison of the spectral properties 
of these compounds after isomerization is shown in 
Figures 1 and 2. 
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FIG. 2. Ul t ra -v io le t  absorp t ion  spec t ra  of methy l  docosapenta-  
enoate  a f t e r  i somer iza t ion  in 11% KOH-glycero l  a t  180~ for  
45 minu tes  under  n i t rogen  and in  21% KOH-g lyco l  a t  180~ 
for  15 minu tes  under  n i t rogen.  

S u m m a r y  a n d  C o n c l u s i o n s  

Methyl  eieosapentaenoate and doeosapentaenoate 
were isolated by adsorption and distillation tech- 
niques from the highly unsaturated esters of beef 
adrenal lipids. Specific extinetion coefficients were 
determined under two different eonditions of alkali 
isomerization. 
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