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iKercuric acetate in methanol was reacted with unsatu- 
rated fat ty acid esters in mixtures prepared from linseed, 
safflower and menhaden oils and pig liver and beef adrenal 
lipids. 5Iethanol solutions retained predominantly the ad- 
ducts of the more highly unsaturated esters when extracted 
with either n-pentane or commercial pentane (Skellysolve 
F). The free esters were recoverable from the adducts. 

Linoleate of 95% purity and linolenate of 90% purity 
were obtained directly from natural oils by this procedure. 
Concentrates of more highly unsaturated acids were ob- 
tained similarly. 

T HE REACTION between mercuric acetate and ole- 
finic bonds in methanol  giving acetoxymercuri-  
methoxy derivatives and the regenerat ion of 

original double bonds with retention of configuration 
by t rea tment  with 5% HC1 was described in 1951 
(1). Since cis bonds react  with the reagent  faster  
than  trans bonds (2),  Jan tzen  and Andreas  (3) were 
able to use the reaction in the separation of oleate 
f rom elaidate as well as f rom stearate. Inonye et al. 
(4) successfully separated the mercuric  acetate de- 
rivatives of mixed unsa tura ted  f a t ty  esters by paper  
chromatography.  The reaction of mercuric acetate 
with conjugated unsatura t ion gives an unstable prod- 
:~ct with a mercury  content less than  theoretical (5). 
': This communication deals with a rapid solvent 

fraet ionation of methyl  esters as mercuric acetate 
addition products, which eliminates sa turated esters 
and lowers the concentration of those of low unsatura-  
tion, leaving a product  of high unsatura t ion which 
may  be fu r the r  f raet ionated by other means. 

Experimental 
Lipids. Raw linseed oil and edible safflower oil 

were used as received. Crude menhaden oil and pig 
liver lipid were vacuum-treated to remove residual 
solvents. Frozen beef adrenal  glands (900 g.) were 
thawed and extracted three times with l- l i ter  portions 
of ethanol in a War ing  blendor. Reduced pressure 
was used to remove alcohol f rom the result ing aqueous 
extract  which was then thoroughly re-extracted with 
ether. The combined ether extracts, ca. I liter, were 
dehydrated by passing through a column which con- 
tained 150 g. of cellulose powder (Whatman,  s tandard  
grade) and the solvent was then removed. 

Ester Preparation. The linseed and safflower oils 
were t reated to a base-eatalysed methanolysis, a~ 
described by Kurz  (6),  using methanol which had 
been purified by  distilling over zinc dust and KOH.  
The result ing esters in ether were washed successively 
with water, 2% potassium carbonate and water, and 
dried by passing through a cellulose column. 

Liver, menhaden, and adrenal  esters were prepared  
by refluxing the lipid in twice its weight of dry, puri- 
fied methanol containing 2% hydrogen chloride for 
24 hr. (7).  The cooled reaction mixture  in an equal 
volume of ether was washed thoroughly with water, 
dried by passing through a cellulose column and the 
solvent then removed. 

Gas-Liquid Chromatography. Analyses of composi- 
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tions were by gas-liquid chromatography (GLC) ,  us- 
ing an Aerograph A-100-C instrument,  (Wilkens In- 
s t rument  and Research, inc., W a h m t  Creek, Calif.) ,  
in conjunction with a Sargent  Model SR recorder 
with Disc integrator,  (E. H. Sargent  & Co., Chicago) 
at 1 rnillivolt and 1 in. per nfin. chart speed. Linseed 
and safflower ester samples and the Cls series of liver 
lipid were separated o31 a lO-ft, eolnnm containinz 
15cA diethylene glycol sueeinate (DEGS)  on 60-80 
mesh firebrick at 215-16~ (injector at 300~ 
with a helium flow rate of 65 ml. per rain. Adrenal,  
menhaden, and liver samples were separated on a 2.5 
ft. column containing 2 0 ~  1,4-butanediol succinate 
polyester (BDS)  on 60-80 mesh firebrick at 214- 
15~ (injector at  320~ with a helium flow rate 
of 167 ml. per  rain. 

Identifications of peaks were by comparison with 
s tandards  ( t to rmel  Inst i tute,  Austin, Minn.),  where 
possible. High ly  unsatura ted  esters in liver lipids 
were collected and, for each, chain length was deter- 
mined by complete hydrogenat ion mid rechromatog- 
raphy,  while the degree of unsaturat ion was found 
f rom the max imum wave len~h  of peak absorption 
af ter  isomerization in 21% K O H  in ethylene glycol 
at 180~ for 15 rain. (8). Menhaden oil esters were 
identified by comparison with chromatographic  charts 
(BDS colutnns) published by the supplier,  Archer-  
Daniels-Midland. 

Preparation of Adducts. After  determinat ion of 
the eomposition of ester mixtures  by gas chromatog- 
raphy,  the theoretical amounts  of mercuric  acetate 
were calculated and in each ease a 2 0 ~  exeess was 
used. The weighed sample with the mercurie  acetate 
in purified methanol (1-2 ml. per g. of mercuric ace- 
tate) was refluxed for  30 min. (4). Af te r  cooling to 
room tempera ture  a volume of ether 2.6-fold that  of 
the previously added methanol was added and the 
solution was filtered through glass wool to remove 
most of the unreaeted mercuric  acetate. Portions of 
the viscous adduct  which remained af ter  solvent re- 
moval were used in subsequent fraetionation.  

Solvent Fractionation of A&.lllct Mixtlo'es. A 25 g. 
port ion of adduct  in an equal anmunt  (w/v)  of meth- 
anol was mixed thoroughly with 30 volumes of either 
n-pentane or commercial pentane (Skelty-solve F) .  
The oily hypophase was wi thdrawn with a pipet and 
af ter  removal of the solvent, it was weighed and re- 
par t i t ioned in I volume of methanol and 30 volumes 
of pentane (based on the new weight of mater ia l ) .  
Af te r  three extractions with 30 volume portions of 
pentane the hypophase was concentrated to remove 
solvents. The three epiphases for  linseed oil were 
also concentrated. 

Add~tct Destruction. On completion of fractiona- 
tion steps, the adduets  were destroyed to regenerate 
the unsa tura ted  esters: Ten g. of the adduet  in 20 
ml. of methanol was mixed with 50 ml. of HC1, and 
a s t ream of hydrogen chloride gas was bubbled into 
the solution for  a few moments. The solution was 
then extracted twice with 20 ml. of commercial hex- 
ane (Skellysolve B) ,  and the hexane extracts were 
combined and washed thoroughly with water. I f  a 
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subsequent test with a dilute methanolic solution of 
diphenyl-earbazone (4) revealed mercury to be still 
present, a single repetition of the acidification treat- 
ment was suffieient to remove the metal. Finally,  the 
solution was washed with water to remove all acid 
and alcohol, then dried over anhydrous sodium sul- 
fate and the solvent removed. The product was 
weighed and analyzed by GLC. 

Results and Discussion 

Linseed Esters. Stearate  was eliminated f rom the 
linseed ester-adduet mixture  in the first par t i t ioning 
while removal of the more abundant palmitate re- 
quired two fraetionations; the adduet of oleate was 
not entirely eliminated after three fractionatious 
(Table I) .  Methyl linolenate in the final concentrate 

T A B L E  I 
P a r t i t i o n  of L inseed  Adduc t s  Be tween  Methanol  and  P e n t a n e  

F r a c t i o n  

O r i g i n a l  esters  . . . . . . . . . . . . . . . . . . .  
E s t e r s  f rom : 

ep iphase  1 . . . . . . . . . . . . . . . . . . . . . .  
ep iphase  2 . . . . . . . . . . . . . . . . . . . . . .  
el~iphase 3 . . . . . . . . . . . . . . . . . . . . . .  
hypophase  3 . . . . . . . . . . . . . . . . . . .  

Approx ima te  
Yie ld  

% 
100 

48 
22 
11 
25 

COml)l)sitie n a 

P S O Le Len  

~ 9 9~ 9 % 
7 3 22 17 51 

15 7 34 19 26 
< i  - 20 27 52 

- 4 2 1  7 5  

- - -  <271 8 9 1  

a p,  S, O, Le  and  Len  r e f e r  to pabn i t a t e  + palmitolea te ,  s tea ra te ,  
oleate, l ino lea te  and  l ino lena te ,  respect ively .  

represented 46% recovery of that initially present, 
with a purity of at least 90%, the major coutamiuant 
being linoleate. 

Safflower Esters. Cooling was necessary to obtain 
two phases. Hypophase 1 (Table Ill) was obtained 
slightly below room temperature, and hypophase 2 at 
ice-bath temperature. The total linoleate contained 
in the two hypophases represents 26% of the linoleate 

T.~. BLI  g I l l  
P a r t i t i o n  of Adduets  from l a v e r .  .'~drenal. alld Menhaden  Es te r s  

Be tween  3 ie thano l  and  P e n t a n e  

S o a r r e  of l:': a orion 
Es t e r s  

1"i~; Liver .  ......... O r i g i n a l  
Flu- L ive r  .......... i I lypophase  3 
Adrena l  ... . . . . . . . . . .  i O ri~'inal 
Adrena l  ............. ! I i y p o p l m s e 3  
M e n l a d e n  ....... : O r i g i n a l  
Menhaden  ......... ] H y p o p h a s e 3  

Apprexi -  
nlate  
Yield 

1(10 
27 

100 
8 

100  
27 

Collll)onell ts of 
F r a r t i o l l s  ;'. b 

~ 1 8  18 2 0 : 4  2 0 : 5  2 2 : 5  

% % % % % 
15 56 7 9 13 

~ l  11 12 25 52 
37 57 6 

3 5 91 
45 30 - 17 9-- 

5 9 - 27 59 

a 2 0 : 4  r e fe r s  to an  ester  of a ('20 acid wi th  4 doable  bon:fs. 
b Ser ious  t a i l i ng  of lnore h igh ly  u n s a t u r a t e d  es ters  on the ehra-  

l]latogl'alllS nlay have exagge ra t ed  the i r  p ropor t ions  in tile mix tures .  

oleate:linoleate: linolenate was approximate ly  0:1 : 2: 8. 
Esters  of chaiu length shorter  than C18 were not eoln- 
pletely eliminated f rom the final hypophase;  these 
esters were undoubtedly unsatura tes  ra ther  than 
saturates. 

Several variat ions in procedure were a t tempted  
using the liver adduct-mixture  without much success 
in increasing the unsaturat ion.  When five parti t ions 
were nlade, the C22-pentaene component was increased 
to 62(~ of the final fract ion (yield 15%) with little 
change in the remaining components f rom those found 
in the usual three (Table I l l ) .  Changing the meth- 
anol-pentane ratio f rom 1:30 to 1:10 (v /v )  resulted 
i~z little change in the anlount of Ce2 pentaene obtain- 
able. Holding the methanol-pentane ratio at 1:3(I 
( v /v )  but increasing the total :solvent to adduct-  
ester mixture  ratio three-fold increased the C2~- 
pentaene from 51 to 619~ in the final fract ion (yield, 
1 7 ~ ) .  The C~ esters persisted in all experimems.  

I t  is evident that  high yields of the desired un- 
saturates  f rom the more complex natura l  fats cannot 
be expected with the described procedures; however, 
it does permit  a very rapid  concentration of these 
esters with complete elimination of the saturates.  

T A B L E  I I  
P a r t i t i o n  of Safflower Addue t s  B e t w e e n  Methanol  and  P e n t a n e  

F ~. Approx  mate  
r a c u o n  Yie ld  

% 
O r i g i n a l  es ters  . . . . . . . . . . . . . . . . . . . . . . . . . .  I 100  
Es t e r s  f rom : 

hypophase  1 . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
hypophase  2 . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 8 

Comt)osition a 

P S 0 Le 

% 9~ % % 
8 3 lO 79 

- - 4 96 
- -  - 6 9 4  

a p ,  S, O a.nd L a  r e f e r  to pa l r a i t a t e  + pahnitoleate, s t ea ra te ,  oleate 
a n 4  l inoleate ,  respect ively .  

init ially present, pu r i ty  at  least 95%, oleate being 
the only contaminant  observed on gas ehromatograms.  

Liver, Adrenal, and Menhaden Esters. Methanol- 
pentane partition was used on adducts from all these 
materials. Since emphasis with these materials was 
placed on the longer-chained highly unsaturated 
esters, all C18 esters are grouped together (Table III) .  

Gas analysis of the Cas fraction from Hypophase 3 
of pig liver lipid showed that the ratio of stearate: 
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