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TG release, or may act indirectly in the intact animal 
via some mechanism, as st imulation of another endo- 
crine organ. E and NE,  in addition, inhibited the 
uptake of nonesterified fat ty  acid by the liver, and 
E also appeared to inhibit the uptake of TG from a 
neutral  fat  emulsion. 
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�9 Letters to the Editor 

Preparation of 

T H E  M E T H O D  O F  P R E P A R I N G  a-mouoglycerides based 
on the use of isopropylidene glycerol (1) has be- 

come a generally accepted procedure. The isopropyli- 
dene derivative is usually prepared by esterification 
of isopropylidene glycerol with fa t ty  acid chlorides 
(2). Har tman  (3) greatly reduced the time and work 
involved in the preparat ion of high pur i ty  mono- 
glycerides by use of a method based on the esterifica- 
tion of isopropylidene glycerol with a free fa t ty  acid. 

This letter reports a fur ther  sinlplification of the 
technique for obtaining acyl isopropylidene glycerol 
utilizing standard laboratory apparatus. Instead of 

T A B L E  I 

F a t t y  acid  a 

L a u r i e  ..... . . . . . . . . . . . . . . . . .  
L a u r i e  ..... . . . . . . . . . . . . . . . .  
Pa lmi t i c  ................... 
P a l m i t i e  . . . . . . . . . . . . . . .  
S tea r i e  . . . . . . . . . . . . . . . . . . . . .  
S tea r i c  ...................... 
Oleie ......................... 
Oleie ........................... 
Linole ie  ...................... 
Linole ie  . . . . . . . . . . . . . . . . . .  

T i m e  requ i red  
I for  complete 

acyla t ion of 
i sopropyl idene  

glycerol _ _  

( h r )  

13.5 

4.5 
16-21  

3.5 
12 

4.5 
7 

11 
16 

Solvent 

benzene 
chloroform 
benzene 
chloroform 
benzene 
chloroform 
henzene 
chloroform 
benzene 
chloroform 

Yield of 
monoglyc- 

er ide  b 

( % )  ( % )  
98.5 98.9 
63.5 97.4 
87.0 98.0 
69.0 98.9 
80.0 98.9 
76.0 97.4 
78.5 98.0 
70.5 98.9 
85.7 98.0 
78.0 98.0 

P u r i t y  of 
monoglyc- 

er ide e 

" The  pur i ty  of f a t ty  acid_ employed here  was  9 8 %  or  g rea te r .  
b Yields p resen ted  a re  those obta ined a f t e r  recrys ta l l iza t ion of t im 

product .  Yields p r io r  to recrys ta l l i za t ion  w e r e  in  the  9 0 - 9 8 %  range .  
e D e t e r m i n e d  by the  per iodic  acid  method.  Mehlenbacher ,  V. C., " T h e  

Ana lys i s  of F a t s  and  Oils ,"  G a r r a r d  P re s s ,  Champa ign ,  Ill., 1960, p. 
492.  

a-Monoglycerides 
utilizing the aqueous phase colleetion apparatus sug- 
gested by I Iar tman (3), a medinnl sized Soxhlct ex- 
traction apparatus is used. The extraetion thimble 
contains an appropriate amt of anhydrous magnesium 
sulfate, which is used to absorb the water formed dur- 
ing the esterifieation reaction (4). The reactants are 
placed in the boiling flask and refluxed for the rc- 
(luired time. Isopropylidene glycerol can be obtained 
either by prepar ing it in the present apparatus  by 
the condensatiou of acetone and glycerol catalyzed 
by p-toluene sulfonie aeid by the method of Har tman 
(3), or by purchasing commercially available material 
(Aldrich Chemical Co.). Esterification is carried out 
by condensation of isopropylidene glycerol with the 
required free f a t ty  acid using p-toluene sulfonic acid 
as a catalyst with aleohol-free chloroform or prefer- 
ably with benzene as tile carrier in order to remove 
the water formed dur ing the reaction. For  example, 
~-palmitoyl isopropylidene glycerol was prepared by 
refluxing a mixture of 0.]4 mole palmitic acid, 0.44 
mole isopropylidene glycerol and 0.02 mole p-toluene 
sulfonic acid dissolved in 300 ml benzene. The extrac- 
tion thimble of the Soxhlet apparatus  contained 0.3 
mole of anhydrous MgS04. The reaction was virtually 
complete af ter  four hr under  reflux; its course was 
monitored with the aid of TI~C on silica Gel G coated 
glass plates. The isopropylidene glycerol, free fa t ty  
acid, and isopropylidene ester were conIpletely sepa- 
rated by a solvent system which was composed of 
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diethyl ether, ethyl acetate, iso-octane, hexane and 
glacial acetic acid (10:5:35:50:1) .  The spots were 
visualized by spraying  the plates with 50% aqueous 
H2S04 sa tura ted  with potassium dichromate and 
charring. The procedure of H a r t m a n  (3) was em- 
ployed for  the cleavage of the isopropylidene glycerol 
ester and the isolation of a-monopalmitin,  a-Mono- 
glycerides of laurie, pahnitic, stearic, oleic and line- 
leic acid were prepared  using this method (Table I ) .  
The ~-monoglyceride of linoleic acid darkened some- 
what dur ing preparat ion,  but was easily decolorized 
with the aid of activated carbon. 

We were unable to prepare  a-monoglycerides( as the 
isopropylidene derivatives) in the time periods sug- 
gested by H a r t m a n  ( 3 ) . . I n  order to obtain complete 
reaction of the fa t ty  acids employed here, considerably 
longer periods of time were required when chloroform 
was used as the solvent. Benzene proved to be superior  
to chloroform as a carr ier  solvent. The removal of the 

water  formed dur ing the reaction is most efficiently 
accomplished by the use of an adsorbent such as an- 
hydrous  magnesium sulfate. 

J. R. ANFINSEN 
E. G. PERKINS 
The Burnsides Research Labora tory  
Univers i ty  of Illinois 
Urbana,  Ill. 

A C K N O W L E D G M E N T  

This  work  was  suppor ted by g'rant No. E F 0 0 2 2 5  from the Nat ional  
Ins t i tu t e s  of Health,  U.S.  Publ ic  Heal th  Service. Able technical assist- 
ance from Karen  Miller. 

R E F E R E N C E S  

1. Fischer,  E., M. B e r g m a n n  and H. Barwind ,  Ber. 5 3 ,  1589 (1920) .  
2. Baer,  E., and H. 0 .  L. Fischer,  J .  Am. Chem. Soc. 6 7 ,  2031 

(1945) .  
3. Ha r tman ,  L., Chem. Ind.,  711 (1960) .  
4. Sgoutas,  D., and F. A. Kummerow,  Biochemis t ry  3 ,  406 (1964) .  

[ R e c e i v e d  A p r i l  29, ] 9 6 4 - - A c c e p t e d  A u g u s t  5, 1 9 6 4 ]  

Stabilization of Linoleic Acid by Arginine 

and Lysine Against Oxidation 1 

T IIE REACTION of f a t ty  acid anions with protein ma- 
terials has long been known and since amino acids 

have proved to be at least potential  antioxidants,  we 
are prompted  to report  the stabil i ty of linoleic acid 
salts of aniino acids toward oxidation by air. 

The results i l lustrated in Tables I and I I ,  clearly 
indicate that  the linoleic acid salts with the basic 
amino acids have unusual  stabil i ty toward oxidation. 
Triethanolamine also showed a stabilizing effect. The 
basic nitrogen compounds appear  to stabilize the un- 
sa turated site of linoleic acid and eliminate oxidative 
rancidi ty  as evidenced by the fact  that  the iodine 
value and apparen t  linoleic acid content remained 
almost unchanged. 

While it is recognized that  linoleate content by 
spectral  analysis may  not be an accurate measure of 
the amt  of unchanged linoleate in an oxidized lino- 
leate, the gross decreases in the control compared to 
the very slight changes in the linoleate salts is cer- 
ta inly  an indication of au*oxidation stabilization in 
the salts. The oxidized controls were grossly rancid, 
while the linoleate salts were essentially non-rancid. 
Also, the linolpnate salt of arginine, which showed 
no stabil i ty by analyses, was quite rancid. 

The mechalfism of stabilization of the unsa tnra ted  
sites of the linoleie acid by basic amino acids is not 
ful ly mlderstood. However,  we speculate that  these 
basic ni trogen comI)ounds ntay either form a complex 
or may  act as free radical chain terminators  or oxy- 
gen scavengers. I t  is thought  that  C-11 (the a-methyl- 
ene group)  of lhloleate tends to form free radicals 
in the presence of oxygelL This :leads to the formation 
of hydroperoxides which undergo secondary reactions 
causing rancidity.  The fai lure of basic amino acids 
to stabilize linolenic acid (in contrast  to the linoleate) 
indicates that  salt-complex format ion is more impor- 
t an t  than free radical termination.  Perhaps  the free 
amino group of the basic amino acid forms a salt with 
the carboxylic acid group of the f a t ty  acid and the a- 

1 Genera l  Ni l l s  J o u r n a l  Series No. 317. 

T A B L E  I 

Room Temp Storage Tests 

Iodine  value after exposure, days a 

0 16 49 

Safflower fa t ty  acid . . . . . . . . . . . . . . . . . . . . . . . . .  149 133.3 102.1 
L-Arg in ine  surf!ate . . . . . . . . . . . . . . . . . . . . . . . .  92.1 94.1 93.1 
L-Lysine  saffiate . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90.6 87.2 87.3 
L-Lysine l inoleate . . . . . . . . . . . . . . . . . . . . . . . . . . .  116.8 113.9 114.2 

Linolenic  acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  268.9 142.0 (14 days) 
Arg in ine  l inolenate ....................... 161.7 83.3 (14 days) 

Evidence  of gross loss of i inoleate in  the Iinoleic acid control and  
very li t t le loss iu the l inoleate salts was  also obtained by spectral meas- 
urements  of diene content. 

T A B L E  I I  

Storage Test of Sal ts  at  60C, Hot  Air  Circulated Oven a 

Safflower fa t ty  acid Iod ine  value after exposure, days 0 10 25 53 54 103 

149 115.4 113.8 . . . . . .  89.1 . . . . . . . .  

Linolenic  acid ........ ] 181 97.1 67.4 . . . . . .  60 ........ 
A rg in ine  saffiate .... ] 92.1 92.8 90.6 . . . . .  86.4 ........ 
Lysine  sa t ia te  ...... ] 90.6 92.9 93.1 93.6 ...... 92.1 
Lys ine  ]inoleat.e .... t 116.8 114.8 114.5 114.8 .... 113.3 

a In  this  series, spectral de te rmina t ion  of diene content indicated gross 
loss of l inoleate in the control acids and very  li t t le toss in the salts. 

amino carboxylic acid port ion of the basic amino acid 
is then in a favorable position to affect the double 
bonds or the doubly act ivated a-methylene group at 
C-11 in a manner  which stabilizes it to attack by 
oxygen or free radicals. 

The fact  that  linolenic salts of basic amino acids are 
~ot stable may be explained by the presence of two 
active metbylenes and only one available a-amino car- 
boxylie acid group. 

R. W. H. CHANG 2 
FRANCES M. LINN 
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Minneapolis, Minn. 
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