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~ E C E N T  E X A M I N A T I O N  Of  o k r a  s e e d  oil:(Hibiscus 
esculentus L.) in this laboratory  showed the 
presence of a small proport ion of 12,13-epoxy- 

oleic acid as a component of the glyeerides (3).  I t  
was of interest  to determine whether the same acid 
occurs in other Malvaceae seed oils. 

A second objective was to isolate the epoxy acid as 
such. Identification of epoxyoleic acid in seed oils has 
been made hitherto by means of derivatives (2, 3, 4). 

In  pre l iminary  tests of several species of Malvaceae 
a sample of kenaf  seed (Hibiscus eannabinus L.) gave 
an oil with higher epoxy content than  those of other 
species. I t  was therefore  selected for study. Kenaf  
oil was examined by Bauman  in 1926 (1). He repor ted 
pahnitic, stearic, oleie, and linoleic as the f a t t y  acid 
components. Lewy determined the constants of the 
oil and described its possible product ion and uses (6). 

Experimental 
Seed of Hibiscus cannabinus L., vat .  Cubano was 

obtained f rom Cuba. I ts  ident i ty  was confirmed by 
growing an herbar ium specimen f rom the seed. The 
seed was ground in a Wiley mill (without decorti- 
cation),  the moisture content of the meal was deter- 
mined, and the oil was extracted with petroleum 
ether. The oil content of the meal was 15.0% on a 
10% moisture basis. Constants of the oil are given in 
Table I. A sample of seed f rom another  source had 
a much lower content of oxirane oxygen. 

T A B L E  I 

Constants of Kenaf  Seed Oil 

Iod ine  value ............................................................. 
Saponification value  ................................................ 
Unsaponi f iab le  matter ,  % ........................................ 
Acid va lue  ................................................................ 
Peroxide  va lue  ......................................................... 
Acetyl va lue  ............................................................. 
Oxirane  oxygen, % .................................................. 
Ref rac t ive  index, n 25~ ........................................... 
Ha l p h en  test ............................................................ 

100.2 
192.1 

1.0 
1.3 
2.1 

12.3 
0.38 a 
1 .4717 

pos i t ive  

a ~r of Swern  (8) .  

Isolation of 12,13-Dihydroxyoleic Acid. A port ion 
of the oil (115 g.) was acetylated and then saponified 
by heating with ethanolic K O H  under  nitrogen, thus 
convert ing the epoxy acid to d ihydroxy acid (4).  
The total  mixed acids were then par t i t ioned by Gun- 
s tone 's  method (4).  The methanol  port ion gave 9.9 
g. of dark, viscous liquid, which, on recrystallization, 
yielded 4.7 g. of solid acid. Af te r  one fu r the r  crys- 
tallization f rom acetone at  --25 ~ there were obtained 
3.7 g. of threo-12,13-dihydroxyoleic acid, m.p. 52- 
54 ~ . The melt ing point  was unchanged in admixture  
with an authentic sample, the s t ructure  of which had 
been established previously (3). Omit t ing the acety- 
lation of the oil but  saponifying and par t i t ioning as 
before did not yield any  solid hydroxy  acid. Thus 
the content of d ihydroxy acid (free or as glyeerides) 
in the oil was negligible. 

Hydrogenat ion  of the dihydroxyoleic acid gave 

1 Presented at  the fal l  meeting,  Amer ican  Oil Chemists '  Society, Cin- 
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2 I s sued  as N.R.C. No. 5053. 

t h r e e -  12,13 - d ihydroxystear ie  acid,  m . p .  9 6.0-9 6.5 ~ 
alone and mixed with an authentic sample. 

Examinatian of the Methyl Esters. The f a t t y  acids, 
freed f rom epoxy  acid by  acetylation and solvent 
par t i t ion as described above, were esterified with 
methanol. The esters contained no oxirane oxygen. 
A port ion of the esters (50 g.) was distilled through 
a spinning band column at 0.5-mm. pressure with the 
results shown in Table I I .  

TABLE II 

Dis t i l la t ion  of Methyl  Esters 
(Freed  of Epoxy  Acid)  

F rac t ion  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 ......................................... 
6 ......................................... 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . .  

R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Temp., ~ 
(0.5 ram.) 

112--123 
123--125 
125--128 
1 2 8 - 1 3 5  
1 3 5 - 1 4 2  

142 
142 
1 4 2  

Residue  

Weigh t  
_(~.~_~ 

0,9 
7.3 
1.3 
1.3 
4.8 

13.1 
13,1 

2,9 
4,6 

Chain 
l eng th  

(]16 
C16 

Cls 
C~s 
C1s 
C,s 

Iodine 
value 

I8 .3  
6.2 

11.1 
66.1 

129.3 
135.8 
130.6 

97.9 

I t  was estimated f rom the distillation curve tha t  
esters of C16 acids consti tuted 20% of the total  sam- 
ple. The remainder  of the distillate consisted of 
esters of C18 acids. 

The distilled fract ions were examined individually,  
and the components were isolated by  low-temperature  
crystall ization or identified by  chemical derivatives 
(Table I I I ) .  The ident i ty  of each acid or its deriva- 
tive was confirmed by  a mixed melt ing point  with an 
authentic sample. The distillation residue yielded a 
little solid acid melt ing about  71 ~ , probably  impure  
arachidic acid. The unsatura ted  port ion of the resi- 
due could not be purified. 

Isolation Of 12,13-Epoxyoleic Acid. A port ion of 
the freshly-extracted oil (145 g.) was saponified by  
allowing it to stand over-night at  25 ~ with a solution 
of 50 g. of potassium hydroxide in 750 ml. of ethanol. 
The mixture  was diluted with an equal volume of 
water,  and the unsaponifiable mat te r  was removed by  
extract ing three times with petroleum ether. The 
remaining solution of soaps was diluted fu r the r  and 

T A B L E  I I I  
Identification of Acids 

Frac-  Acid Ident i f ied  as (acid)  : l~[eIting 
t ion point ,  ~ 

1 2 3 . 5 - 1 2 4  1 ,2  

2 

Oil 

9-Hexadecenoie 

Palmi t i c  

Linole ic  

Oleic 

Stear ie  

12,13-Epoxyoleic 

I Erythro-9,10-dihydroxy-  
pa lmi t ic  a 

Pa lmi t i c  

Tet rahydroxys tear ic  a 

Erythro-9,10-dihydroxy-  
stearic a 

Stear ie  

12,13-Epoxyoleic 

Three-12,13 dihydroxy- 
oleic b 

62-62 .5  
(Equ iv ,  

wt. 256.8)  

170--171 

129--130 

68 .5 -69  
(Equiv .  

wt. 285,0)  

2 9 - 3 0  

5 2 - 5 4  

95 

a By react ion wi th  a lkal ine  K Mn 04. 
b By  acetylat ion and hydrolysis.  
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st irred vigorously while dilute hydrochloric acid was 
added slowly to liberate the f a t ty  acids. 

The mixed acids were par t i t ioned between petro- 
leum ether and aqueous methanol  (4 vols. C H a O H : I  
vol. HfO) .  Hea t ing  was avoided at all stages. The 
solvent was removed f rom the product  at reduced 
pressure;  the t empera ture  was held below 30 ~ . The 
methanol port ion yielded 5.4 g. of crude epoxyoleic 
acid. This mater ial  was crystallized three times f rom 
acetone (at  --70 ~ --60 ~ and - 4 0  ~ to give 0.25 g. of 
pure  acid, which solidified af ter  s tanding for some 
time and then melted at 29-30 ~ . Calculated for epoxy- 
oleic acid, ClsH3203:C, 72.93; H, 10.88. Found:  C, 
72.89; H, 10.59. The Halphen  test was negative. 

011 acetylation and saponification this acid gave 
the same product,  threo-12,13-dihydroxyoleic acid, as 
had been obtained by t rea t ing  the oil directly. The 
procedure was as follows. The epoxyoleic acid was 
acetylated by allowing it to s tand for 4 hrs. with 
glacial acetic acid and then refiuxing the mixture  for 
1l~ hrs. The excess acetic acid was removed at 40-  
50 ~ under  reduced pressure. The residue was t reated 
with 0.5 N ethanolic KOH,  allowed to stand over- 
night, and then refiuxed for one hour. On dilut ing 
with water  and acidifying with HC1, the product  
precipi tated as an oil. I t  was dissolved in a mix- 
ture of petroleum ether and ethyl ether (3:1) and 
cooled to --20 ~ giving crystals which melted at 47-  
50 ~ . Af te r  two fur ther  crystallizations the substance 
melted at 52-54 ~ . The melt ing point  was unchanged 
in admixture  with an authentic sample of threo-12,13- 
dihydroxyoleic acid of m.p. 53-54 ~ The original acid 
is therefore cis-12,13-epoxyoleic acid since the ring 
opening by acetylation is accompanied by inversion 
(4, 7). 

Cow,position of the Total Fatty Acids. A sample 
of the mixed f a t ty  acids was subjected to alkali 
isomerization and examined for diene and triene 
acids by ultraviolet  absorption. The content of diene 
acid determined in this way was 41.2% of the total  
acids. The content of trienc acid was negligible. 
The proport ions of the various acids, including the 
epoxy acid, were calculated f rom the distillation data, 
the amounts of each acid isolated, and the analytical  
data, and are shown in Table IV. 

TABLE IV 
Estimated Fatty Acid Composition 

(Percentage of Total Fatty Acids by Weight) 

Acid I %  Acid I ~]~ 

9 ~exadeeenoi~c.. --- 1 ~ '  Stearic - -  -] 2 
Pa  miti ............ ~.'.'~[.'.'~.'.'[.'[.'[[.'.'[.'." 19 Ar a c h i d ' i ' c ~ ' . ~ l  Trace 
Linoleic .................................. 41 12,13-Epoxyoleic ................... 'l 5 
Oleic ....................................... I 30 I Undetermined . . . . . . . . . . . . .  / 2 

Discussion 

Epoxy Acid. The main sample of seed, var. Cubano, 
gave an oil having an appreciable content of 12,13- 
epoxyoleic acid in its glycerides. Analyt ical  determi- 
nation of epoxide in the oil indicated a content of 
7% of epoxyoleic acid, based on the total f a t ty  acids. 

However, when converted to dihydroxyoleie acid, iso- 
lated as such, and purified, the yield was equivalent 
to 3.6% of epoxyoleie acid. Allowing for  losses dur- 
ing par t i t ioning and crystallization, it is estimated 
that  the original content of epoxyoleic acid was not 
less than  5% of the total  f a t t y  acids. This compares 
with 3% found in the best sample of okra seed oil. 

The epoxyoleie acid was isolated in small yield by 
saponifying the oil in the cold and par t i t ioning the 
acids, keeping the solutions at room tenlperature 
throughout.  The acid was difficult to crystallize and 
was unstable, as shown by a fall in melt ing point on 
standing. 

TABLE V 

Estimated Fatty Acid Composition of Malvaceae Oils 

Percentage of total acids by wt. 

Myristic .................................................. 
Hexudeeenoic .......................................... 
Palmitic .................................................. 
Linoleic ................................................... 
Oleic ........................................................ 
Stearic .................................................... 
Arachidic ............................................... 
Epoxyoleic .............................................. 

Kenaf 
(present 

_ w o r k )  

41 

Trace 
5 

Cotton 
(5) 

23 
48 

1 

Okra (a) 

' i  
29 
39 
23 

2 
Trace 

3 

Other Fatty Acids. In  addition to the ordinary  
f a t t y  acids, previously repor ted by  Bauman  (1), 
9-hexadecenoic acid was identified in our sample, 
and evidence of a little araehidie acid was noted. 
Myristic, eicosenoic, and trienoie acids were HOt de- 
tected. The content of pahnitic acid is noticeably 
lower than in okra oil. With  the exception of the 
content of epoxyoleic acid, the fa t ty  acid composition 
of this sample of kenaf  oil resembles that  of cotton- 
seed oil (Table V) .  

Summary 

Freshly  extracted oil f rom a sample of kenaf  seed, 
var. Cubano, was found to contain an appreciable 
amount  of epoxy acid as glyceride;  cis-12,13-epoxy- 
oleic acid was isolated. I ts  ident i ty was confirmed by 
analysis and by conversion to threo-12,13-dihydroxy- 
oleie acid. The remaining f a t ty  acids were esterified, 
distilled, and identified by the usual procedures. The 
percentage composition of the f a t t y  acids was esti- 
mated f rom the data as follows: 9-hexadecenoic 1, 
palnlitic 19, linoleie 41, oleic 30, stearic 2, arachidic 
( t race) ,  12,13-epoxyoleic 5, undetermined 2. 
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