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Abstract 
The methyl  esters of Vernonia a:nthelmi~dica 

seed oil were p repared  without  oxirane destruc- 
tion by  methanolysis  using potassium methyla te  
as catalyst.  A single crystallization of the methyl  
esters f rom petroleum ether at  - 6 0 C  was found 
to be a convenient means of p repa r ing  large sam- 
ples of methyl  epoxyoleate of 93.6% pur i ty  in 
92% of theory yield as based on o~irane t i t ra-  
tion. Fu r the r  purification was achieved by re- 
crystallization f rom petroleum ether at - 4 0 C  to 
give a product  at 97% pur i ty  in 54% of theory 
yield. Gasqiquid chromatography  and thin layer  
chromatography  along with associated techniques 
were employed to obtain the f a t t y  acid cmnposi- 
tion of the crystall ization fractions. Fif teen f a t t y  
acid methyl  esters, including the methyl  12,13- 
epoxyoleate were identified. 

I~troduction 

T HF, RE ~S CO~SmERABLE interest  in seed oils con- 
taining epoxy-fa t ty  acids owing to the potential  

value of these acids and their  derivatives in the field 
of plastics, foams, resins, and surface coatings. Ver- 
nonia anthelmintica seed oil is receiving special at- 
tention (1,2) because of its high content (70.%) of 
cis-12,13-epoxy-cis-9-octadeeenoic acid (vernolic acid).  
The alkyl esters of epoxyoleie acid are known to be 
effective stabilizers for polyviny] chloride plastics. 

The methyl esters have been prepared  f rom the 
acids of the Vernonia oil by  reaction with diazo- 
methane and the methyl  epoxyolcate isolated by such 
techniques as adsorption and par t i t ion chromatog- 
raphy  (3). This method for p repa r ing  methyl  esters, 
however, is objectionable par t icu lar ly  for  large quan- 
tities owing to. the toxic nature  of the reagent. 

The objective of the present  investigation was to 
determine whether alkyl esters could be made by 
aleoholysis of the Vernonia oil without  destruction 
of the oxirane and to find a feasible method for iso- 
lating the esters of epoxyoleate in large batch oper- 
ations. Alcoholysis at  room tempera tures  or with 
short time reflux was effective in making complete 
conversion to methyl  esters without loss of oxirane. 
Simple crystallizations permi t ted  isolation of methyl  
vcrnolate in good yields. Analysis  of the fractions of 
methyl  esters of the oil gave more comprehensive in- 
format ion on all of the components. 

Experimental 
The oil of V. an thelmintica seed was obtai~md by 

cxtraction with warm petroleum ether. The seed 
had been autoclaved to inactivate enzymes before 
gr inding (4).  

Methanolysis. Previous work (5) had shown that  
under  anhydrous conditions more than catalytic 
amtmnts of sodium or potassium methoxide in meth- 
anol accelerated the methanolysis  and reduced[" the 
time and heating required. I n  a s imilar  way a num- 
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ber of conditions were tr ied for methanolysis of small 
samples of Vernonia oil. The prepara t ion  of the 
methanol solutions of methoxide and the general pro- 
cedure were the same as described previously (5).  
Several conditions gave complete conversion of 2 g 
samples to methyl  esters: 50 ml of 0.02 N sodium 
methylate,  15 rain reflux;  50 ml of 0.2 N potassium 
methylate,  2 hr at room tempera tu re ;  and 50 ml of 
0.02 N potassium methoxide overnight at room tem- 
perature .  

La rge r  batches up to 200 g of the oil were con- 
verted equally effectively to methyl  esters under  the 
same conditions, except tha t  the rat io of methoxide 
solution to sample was reduced to 13:1. The com- 
pleteness of the methanolysis was determined by 
moni tor ing the reaction by thin-layer chromatog- 
r a p h y  which gave a clear-cut separat ion of any  un- 
reacted glycerides f rom methyl  esters. Gas-liquid 
chromatography  (~f the isolated reaction product  also 
gave confirmation of completeness of reaction as 
judged by comparing total  area under  the peaks of 
the chromatogram with tha t  obtained f rom a similar 
mixture  of known methyl  esters when the same size 
samples were injected on the same column and under  
same conditions. Oxirane determinations on the oil 
and the ester product  were made to detect whether 
any destruction of oxirane group had taken place. 

Isolation of Methyl Vernolate. The crude reaction 
produc t  of the methanolysis  a f ter  acidification to 
about p H  3.5 with cold dilute sulfuric  acid (dropwise 
with s t i r r ing)  was p rompt ly  extracted with petro- 
leum ether (bp 30-60C) and washed with distilled 
water  until  neutral .  Care must  be exercised in wash- 
ing to prevent  troublesome emulsions. The extract  
was dried over anhydrous  sodium sulfate. The ratio 
of petroleum ether to product  was adjusted to 12:1 
v / w  and the solution was subjected to crystallization 
at - 6 0 C  and recrystall ization of precipitate at -40C.  

Gas-Liquid Chromatography. Gas-liquid chroma- 
tographic analyses on products  and fractions were 
per formed with appa ra tus  described previously (6,7). 
The column was 8 f t  • 1~4 in. l I D  = 0.180 in.) stain- 
less steel tube packed with 42-60 mesh acid-base 
washed Chromosorb W coated with 20% ethylene 
glycol suecinate polyester, and was operated at 204C. 
Owing to evidence of some alterat ion taking place in 
the epoxyoleate dur ing  GLC, for quanti tat ive pur-  
poses it was found desirable to establish factors for 
the various components by making use of a known 
mixture  of these components including also a known 
percentage of methyl  erueate (known to be absent 
in the oil) as an internal s tandard.  The area under  
the peak of each component was made relative to 
tha t  of the standard.  These factors  when equated 
wi th  the respective areas of the peaks and with the 
known percentage of the internal  s tandard added to 
the esters of the oil permi t ted  quanti tat ive estima- 
tions to be nmde of each component. 

Thin Layer Chromatography. Thin layer ehromato- 
plates were prepared  with Silica Gel G according to 
the procedure of Stahl (8).  The solvent system de- 
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T A B L E  I 

M e t h a n o l y s i s  of  V e r n o n i a  S e e d  Oi l  a 

O i l  K O M E  b T i m e  O x i r a n e  w t  R e c o v e r y  I . V .  o x y g e n  

g norm hrs ] g % % 
5 0 . 9  0 . 2 2  2 ] 5 1 . 0  9 9 . 8  1 0 4 . 6  3 . 8 7  

] 

2 6 . 5  0 . 0 2  ] 1 7  2 6 . 0  9 7 . 5  1 0 6 . 4  3 . 8 4  
1 0 . 1  I 0 . 0 2  I 1 7  i 1 0 . 1  , 9 9 . 7  1 0 5 . 7  3 . 9 9  

a O x i r a n e  o x y g e n  ---- 3 . 8 1 ,  I . V .  = 1 0 1 . 3 ,  % F F A  ---- 1 .1 .  
b K O M E  s o l u t i o n  to s a m p l e  r a t i o ,  13  : 1 ( v / w ) .  

scribed by Morris (9) was used to develop the chro- 
matograms. Spraying  developed plates with sulfuric 
acid and heating was employed to visualize the com- 
ponents on the ehromatogram. 

Oxirane. The percentage of oxirane oxygen was 
determined by the method of Durbetaki  (10). 

Results and Discussion 

Table I shows data obtained from several typical  
experiments on niethanolysis. The results indicate 
near ly  quantitat ive recovery and no destruction of 
oxirane. The iodine numbers (Wijs)  arc somewhat 
variable. This has been observed regular ly even on 
repeated analysis of the same oil or fraction contain- 
ing epoxyoleic acid or ester. I t  is reasonable to ex- 
pect that  the reagent reacts to some extent with the 
oxirane ring. Thin-layer chromatography gave no 
evidence of a n y  unreaeted glycerides in the product.  

The results of a small scale 'crystallization of the 
methyl esters of the oil are shown in Table II .  The 
P-1 fraction contained 93.6% epoxyoleate and repre- 
sented a theory yield of 92.3%. Recrystallization gave 
a product  P-2 which contained 97.1% epoxyoleate, 
theory yield 54.2%. A portion of the latter on ace- 
tolysis gave dihydroxyoleic acid, mp 52-54C, specific 
rotation in ethanol, [a]~ ~ = (--) 4.34, values in agree- 
merit with those reported by Bharucha (11). Thin 
layer chromatography of the precipitate a n d  filtrate 
fractions gave the same R~ values for  the epoxyoleate 
in each; hence, no indication of more than one posi- 
tion isomer (9).  

The P2, F1 and F2 fractions from the crystalliza- 
tions and the original total methyl esters were sub- 
jected to analysis by GLC on polyester columns. 
Alteration of the methyl epoxyoleate during analysis 
was suspected for two reasons: chromatograms of 
substantially pure epoxyoleate always showed a sec- 
ondary peak, following the principal peak, which 
was much too large to be explained on the basis of 
impurities (Fig. 1 ) ;  injection of equal size samples 
of normal esters of fats and of mixtures of these 
esters containing substantial amounts of pure  epoxy- 
oleate always gave about 25% less total area under  
chromatogram peaks for the lat ter  with the par t icular  
column and conditions employed. 

More convincing evidence of alteration was ob- 
tained by collecting material f rom the middle portion 
of the principal peak (Fig. 2) and reehromatograph- 
ing it on the same column. Again the secondary peak 

TABLE II 

T r a c t i o n s  O b t a i n e d  b y  C r y s t a l l i z a t i o n  of  M e t h y l  E s t e r s  of  
V.  anthelmint ica S e e d  Oi l  

T r a c t i o n  W t  O x i r a n e  E p o x y -  
o x y g e n  o l e a t e  

% % 
O r i g i n a l  e s t e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 2 4 . 3 6  i 3 . 8 4  7 4 . 6  
P1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 . 9 6  4 . 8 4  9 3 . 6  
F1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] 5 . 8 2  I 0 . 9 4  1 8 . 3  
P s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 1 3  5 . 0 0  9 7 . 1  
Fs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 7 .8+  4.65 9 0 . 3  

2 .0  18:1 EPOXY 

1 . 5  

> 1 , 0  

i 

I I 181.0 I 
;>4.5 22 .0  14.0 

E Q U I V A L E N T  C H A I N  L E N G T H  

Fro. 1. Gas-lqiuid chromatogram of pure methyl epoxyole- 
ate. Retention time 23 rain, temp 204C, flow rate 75 ml/min. 

appeared and had about the same area relative to 
that  of the principal peak. 

l~urther experiments were conducted i n  which a 
known percentage of methyl erucate was added to 
methyl esters of the oil, the crystallization fractions, 
and to known mixtures simulating the esters of 
Vernonia oil. Methyl erueate was chosen as internal  
s tandard because it is not a component of the oil and 
its retention time is about midway on the chromato- 
gram well separated f rom other components. Calcu- 
lations based on area relations compared to area and 
known percentage of s tandard showed clearly that  
only about 75% of the area expected from the epoxy- 
oleate present appeared on the chromatogram. In 
other words, calculation of percentage epoxyoleate in 
sample gave values about 25% low based on the in- 
ternal  standard. 

Examples of data so obtained are shown in Table 
III ,  along with data obtained by use of factors as 
well as internal  s tandard as described in the ex- 
perimental  par t  of this paper. The unsaponifiable 
material was determined independently by the usual 
ehenfical method and was assumed to be the same 
in all calculated compositions shown. While the an- 
alysis using the internal  s tandard and factors does 
not account for  100% of the sample, i t  does furnish 
reasonably good values for  the individual compo- 
nents. The several pairs shown, such as 14:1 and 
15:0, were not always separated on a given column. 
However, the use of several columns with different 
stat ionary phases par t icular ly  on the crystallization 
fractions provided evidence that  both components 
were present. The presence of 18:3, 18:2 c,t, and 
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+ 
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E Q U I V A L E N T  C H A I N  L E N G T H  

Fig. 2. Gas liquid chromatogram of methyl esters of V. anthel- 
mintica seed oil to which methyl erucate was added (9.33%). 
Conditions same as for Fig. 1. 
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TABLE I I I  
GLC Analysis of Vernonia Oil Methyl Esters 

Employing Internal Standard 

Ester 

~ 1 4 : 0  
1 4 : 0  
1 4 : 1  
1 5 : 0 j  
1 6 : 0  
1 6 : 1 }  
1 7 : 0  
1 8 : 0  
1 8 : 1  
1 8 : 2  
2 0 : 0  
1 8 : 3  ) 

Conj. 1 8 : 2  c,t~ 
Conj. 18 : 2 t , t  

18 : 1 Epoxy 
Unknown 
Unsap. 

Total 

Total esters a 

Without With 
factors factors 

% % 
0.29 0.29 
0.19 0.19 

0.05 0.05 
1.99 1.87 

0.09 0.09 
1.00 1.03 
1.80 1.87 
6.78 7.42 
0.21. 0.23 

0.33 0.36 
0.08 0.09 

50.5 71,0 

7.76 7.76 

71.07 92.25 

Composite ~ 

Without 
factors 

% 
0.23 
0.03 

0.14 
2.24 
0.20 
1.22 
2.06 
8.07 
0.07 
0.~1 

0.07 
57.5 

1.36 
7.76 

81.36 

W i t h  
factors 

% 
0.23 
0.03 
0.13 
1.91 

0.18 
1.14 
1.95 
8.01 
0.07 
0.41 

0.07 
73.3 

1.24 
7.76 

96.43 

:' GL,C directly on total esters of oil. 
b GLC on fractious from crystallization 

esters. 
summated to original total 

18:2 t,t was more readily detected in the F1 fraction 
owing to concentration of these by crystallization. A 
eonibination of gas-liquid chromatography, ultraviolet 

and infrared spectrophotometry was employed to es- 
tablish their identity. 

Further study is being made of the alteration of 
epoxyoleate during" CLC analysis with the objective 
of finding more satisfactory colmnn and stationary 
phase for arlalysis of oils containing epoxyoleie acid 
and possibly other oxygenated fatty acids. It is ex- 
peeted that the results will be reported soon. 
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Thin-Layer Chromatographic Separation of Some 
Bromo-and Hydroxyderivatives of Stearic Acid I 
DEMETRIOS SGOUTAS and F. A. KUMMEROW,  Department of Food Technology, 
University of Illinois, Urbana, Illinois 

Abstract 
Addition of polar substituents to mlsaturated 

fatty acids or their methyl esters enhanced the 
adsorption affinity contributed by each unsatu- 
ration site to such an extent that the resulting 
derivatives could be easily separated by differen- 
tial adsorption on a siliea gel coating. Saturated 
and unsaturated fatty acids could be separated 
by thin layer chromatography after either bromi- 
nation of their methyl esters or oxidation of their 
mixture into unsaturated esters, monoenoates, di- 
enoates, and trienoates. Furthermore, it was pos- 
sible to separate the eonfigurational isonlers of 
the hydroxystearic acids derived from cis and 
trans hydroxylat ion of oleic and linoleie aeids. 

Introduction 

M O R E T T I  A N D  P O L O N O V S K I  ( 1 )  h a v e  reported t h a t  

it was possible to separate by column or paper 
chromatography the bromo derivatives of the higher 
fatty acids by utilization of their differences in solu- 
t/ilities in a set of solvent systems. Howton (2) was 
able to separate methyl stearate, methyl threo-9,10- 
dibromostearate and nlethyl threo, threo-9,10,12,13- 
tetrabromostearate by gradient elution on alumina 
cohunns.  Ory et al. (3)  separated the methyl poly- 
bromostearates on silicic acid inipregnated glass paper 
with isooctane as the developing solvent. 

Methods of significance from an analytical aspect 
have been proposed for the chromatographic separa- 

Partial support of these studies by Grant No. I-I-1819 from National 
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t[on of saturated and unsaturated fatty acids, after 
hydroxylation of the latter. BergstrSnl and Piiiibo 
(4) have hydroxylated the unsaturated fatty acids 
with performic acid and separated the esters on a 
silMc acid colmnn. Kaufmann and Nitsch (5) em- 
pl<)yed paper partition ehrontatography for the sep- 
aration of hydroxy and polybromo acids. Kaufnmnu 
and Khoe (6) have also reported the use of the 
bromination reaction on hydrophobie chromatoplates 
(gypsum plates impregnated with undeearle) for the 
separation of saturated and unsaturated fatty acids. 
Bromine was dissolved in the mobile phase (acetic 
aeid/acetonitril,  1 /1)  and the reaction was carried 
out directly on the chromatoplate. 

In the present study the methyl polybromostearates 
corresponding to oleie, linoleic, and linolenic acids 
were separate<[ from each other and from methyl 
stearate on glass strips coated with silica gel. The 
resolution of hydroxylated derivatives of mixtures 
of oleie and elaidic acids and of mixtures of diastereo- 
isomers of the 9,10,12,13-tetrahydroxystearie acids 
has als0 been described. 

Experimental 
Methyl stearate, oleate, linoleate, and linolenate 

were used as received, purity checked by gas liquid 
chromatography (GLC).  

Elaidic acid. Commercial oleic acid was treated 
with nitrous fumes (7) .  The product, in boiling 
alcohol, was neutralized with aqueous lithium hy- 
droxide. The lithium salt, which separated on cool- 
ing, was removed by filtration and recrystallized 


