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In 1909, an unusual fatty acid, c i s -oc tadec-6-eno ic ,  was found for the f i rs t  time in the oil of the seeds 
of Petrosel inum sativum (parsley), and f rom the generic name of the plant it was given the name of pe t ro-  
selinie acid [1]. This acid was subsequently found in many seed oils of other plants of the same family[2].  
In the major i ty  of these oils the amount of petrosel inic acid is ex t remely  large, amounting to 75% in indi- 
vidual cases .  According to not very  convincing l i terature information, the same acid is present  in the oils 
of some species of the family Aral iaceae [3], in one of the species of the family Simarubaceae [4], and even 
in the fat of human hair  [5]. 

Starting from the idea that petrosel inic acid is a peculiar  chemicophysiological-classif icat ion cha r -  
acter is t ic  of the family Umbelliferae, we have continued an investigation of the oils of plants of this family 
begun previously [6]. 

On studying petrosel inic acid, Markley [2] observed that its physical proper t ies  varywithin wide l im- 
its according to the nature of the initial raw mater ia l  and the method of extract ing the oil and do not coin- 
cide with the figures for  synthetic octadec-6-enoic  acid (specific gravity,  refract ive index, and melting 
point of 29-34°C). This fact has induced us to investigate the nature of this acid in more detail using mod- 
ern techniques. 

We have studied the oil of four representa t ives  of the family Umbelliferae (annuals growing widely 
in Central  Asia) which are distributed on the rocky slopes of mountains: Athamanta macrophylla,  Libanotis 
marginata,  Archangelica tschimganica,  and Bunium h issa r icum [7]. 

The petroleum ether  extracts  f rom seeds of the plants formed mobile liquids, dark green in the case 
of Bunium hissar icum, reddish green for Athamanta macrophylla  and Archangelica tschimganica and light 
yellow for  Libanotis marginata.  The extract  f rom L. marginata possessed a weak herbaceous odor and the 
other three extracts  specific pungent odors.  It is obvious that this is due to the presence  in them not only 
of fatty oils but also of essent ial  oils, which is charac te r i s t i c  for  many of the Umbeiliferae (coriander,  
celery,  caraway, anise, dill, etc.). 

Table 1 gives some physical and chemical  indices charac te r iz ing  the proper t ies  of the extracts  after  
the solvent had been distilled off. The fat ty-acid composit ions of the oils determined by gas-liquid chro-  
matography (GLC) are shown in Table 2. Under our conditions of recording the chromatograms ,  pe t rose l -  
inic acid and oleic acid, which have the same retention time, give a common peak (Fig. la). To detect these 
acids separately,  we had recourse  to the oxidation of the methyl es te r s  of the mixture of acids with pe r -  
manganate in dry acetone by Hilditch's method [8]. The fragments  f rom destructive oxidation - es te r s  of 
monocarboxylic and dicarboxylic acids - w e r e  analyzed by the GLC method. F rom the GLC indices of the 
mixture of monoearboxylic acids we calculated the amounts of oleic and petrosel inic acids in the oil sep-  
arately.  We show the technique of the calculation using L .  marginata oil as an example. 

Among the monocarboxylic  acids obtained f rom the degradation of this oil were found 19.7% of pe la r -  
gonic and 80.3% of lauric acids. The molar  ratio of these acids is 

19.7 80,3 
158~23 : 200.~" ~ 12.45:40.08. 
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TABLE 2. Fatty-Acid Compositions of the 
Oils according to GLC 

I A~changeti .  
Acid Athamama ca tsch m -  I Libannt t~  I Bunlum 

macrophylla ganica marglnata i hissarlcum 

Capric 
Lauric 
Myristic 
Palmitic 
S t e a r i c  
O c t a d e c e n o i c s  
Ltnoleic 
Linolenic 

l~O 
5,04 

62fl3 
31,03 

1:]0 
9,50 
1,80 

60,20 
26,90 
0,50 

2,84 
0,84 
0,57 
4,73 
1,82 

59,15 
29,95 

1,47 
1,91 
9,90 
7,07 
5,89 

46,00 
27,76 

C m , ' l  

b ~m~? 

. . . .  i i 

Fig. 1. Chromatograms  of the mixture of 
acids from the oil of Athamanta macrophylla 
(a) and of the monoenic fraction (b). 

Since oleie and petrosel inic acids have the same molecular  
weight, their weight ratio is also 12.45 : 40.08. If we divide 
the total amount of octadecenoicaeids  in the oil (59.15%) (see 
Table 2) in this ratio, we obtain the amounts of oleic acid 
(14.01%) and petrosel inic acid (45.14%). 

The very  curious fact was that after the oxidation of 
the oils of A__. macrophylla, A___. tschimganica, and B. h issar icum 
the monocarboxylic acid fractions of the degradation products 
contained, besides pelargonic (Cs) and lauric (C12) acids, also 
capric (C~0) and undecylic (C n) acids, and, correspondingly,  
the dicarboxylic acid fractions contained not only azelaic (Cs) 
and adipic (C6) acids but also suberic (C 8) and pimelic (C 7) 
acids.  Consequently, these oils contain not only oleic and 
petrosel inic acids but also acids i someric  with oleic - octa-  
dec -7 -eno ic  and octadec-8-enoic .  

Before us, Kartha et al. [9] had found octadec-7-enoic  
acid in ten oils of the family Umbell iferae of Indian o,rigin 
and octadec-5-enoic  acid in two oils of plants of the same 
family.  The latter acid was identified by the presence ofg lu-  
taric acid among the degradation products.  However, until 
the present time, no one has reliably established the pres -  
ence of octadec-8-enoic  acid in natural oils .  Only unconfirmed 
hypotheses of its presence in human-hair fat [5] and in olive 
oil [10] have been put forward. 
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F ig .  2. T h i n - l a y e r  c h r o m a t o g r a m s  of the 
p r o d u c t s  of the ox ida t ion  of s u b s t a n c e  1 (as, 
bl) and 2 (a2, b2). C 2 - ace t i c  ac id;  C 3 - 
p r o p i o n i c  acid;  C 4 - b u t y r i c  ac id .  

TABLE 4. G l y c e r i d e  C o m p o s i t i o n s  of 
the Oi ls  

Types o f  I r Archan~ge- 
Athamanta llca ts¢hlm-| Llbanotls ,Bunlum hls- 

glycerides macrophyl a ganlca I marglnata sarlcum 

G1 SSS 
GI SSU 
G1 SUS 
GI SUU 
G1 USU 
G1 UUU 

0,17 
1,60 
2,20 

22,70 
5,17 

6~, 16 

0,25 
2,73 
2,30 

24,45 
7,07 

63,19 

0,18 
1,13 
2,20 

24,10 
2,39 

70,02 

0,80 
3,80 
5,00 

31,06 
6,46 

52,88 

TABLE 3. O c t a d e c e n o i c  Ac ids  of the Oi ls  of 
P l a n t s  of the F a m i l y  U m b e l l i f e r a e  

Mhamanta Archange- Octadecenoic acids macrophyl ~ I/ca tschlm- Llban0ns Bunlum 
gan ca marglnata hlssarlcum 

Petroselinic 
Oleic 
Octadee- 7-enoic 
Octadec- 8-enoic 

C1aHa~O2 

42 ,22  39,90 45,14 
14,20 10,60 14,01 
3,70 6,93 --  
2,71 2 , 7 7  - -  

62,83 I 60,20 59,15 

29,90 
I0,20 
2,80 
3,10 

46,00 

We s h a l l  c o n s i d e r  how a m o r e  f a r - r e a c h i n g  s tudy  of 
the f a t t y - a c i d  c o m p o s i t i o n  of an oi l  was  p e r f o r m e d  u s i n g  
as  e x a m p l e  the A r c h a n g e l i c a  t s e h i m g a n i e a  oi l .  The me thy l  
e s t e r s  of the a c i d s  of th i s  oi l  w e r e  s e p a r a t e d  a c c o r d i n g  to 
t h e i r  d e g r e e  of u n s a t u r a t i o n  in the f o r m  of a c e t o x y m e r -  
c u r i m e t h o x y  d e r i v a t i v e s  in a thin l a y e r  of a d s o r b e n t  as  
d e s c r i b e d  be low.  

The monoeno ie  f r a c t i o n o b t a i n e d  in th is  way  was  c o m -  
p l e t e l y  f r e e  f r o m  a c i d s  wi th  d i f f e r e n t  d e g r e e s  of u n s a t u r a -  
t ion (Fig .  l b ) .  The s u b s e q u e n t  s e p a r a t i o n  of the m o n o e n e s  
in a thin l a y e r  of s i l i c a  ge l  i m p r e g n a t e d  with s i l v e r  n i t r a t e  
in the d i e thy l  e t h e r - p e t r o l e u m  e t h e r  (28-40°C) (3 :7 )  s y s -  
t em y i e l d e d  t h r e e  zones ,  wi th  Rf 0.86, 0.55, and 0.40.  In 
th is  s y s t e m ,  the p e t r o s e l i n i c  arid o le ic  a c i d s  a p p e a r e d  in 
the f o r m  of a c o m m o n  spo t  (Rf 0.86). 

When the p e t r o l e u m  e t h e r - b e n z e n e  (1 : 4) s y s t e m  
was  u s e d , i t  was  p o s s i b l e  to s e p a r a t e  the p e t r o s e l i n i c  ac id  
(Rf 0.68) f r o m  the o le ic  (Rf 0.81) and to ob ta in  ye t  a n o t h e r  
two zones  wi th  Rf 0.16 ( subs t ance  1) and 0.28 ( subs t ance  2). 
Subs t ances  1 and 2 w e r e  the s u b j e c t  of f u r t h e r  i nves t i ga t i on .  

E a c h  of t h e s e  s u b s t a n c e s  was  r e m o v e d  wi th  a l a y e r  of s o r b e n t  and was  then q u a n t i t a t i v e l y  e x t r a c t e d  
wi th  d ie thy l  e t h e r .  T h e i r  m a s s  s p e c t r a  w e r e  r e c o r d e d ;  h o w e v e r ,  t h e s e  gave  us no i n f o r m a t i o n  on the p o s i -  
t ions  of the double  bonds  in the m o l e c u l e s  of the u n s a t u r a t e d  a c i d s .  The p r e s e n c e  of a m o l e c u l a r  ion M + 
296 c o n f i r m e d  that  we w e r e  a c t u a l l y  d e a l i n g  wi th  m e t h y l  e s t e r s  of o c t a d e c e n o i c  a c i d s .  To d e t e r m i n e  the 
p o s i t i o n s  of the double  bonds ,  s u b s t a n c e s  1 and 2 w e r e  ox id i zed  by the p e r i o d a t e - p e r m a n g a n a t e  me thod  [11]. 
The p r o d u c t s  of ox ida t ive  d e g r a d a t i o n  w e r e  s e p a r a t e d  in a thin l a y e r  of c e l l u l o s e  in the h e x a n e - d i e t h y l  
e t h e r - d i m e t h y l f o r m a m i d e  (40 : 20 : 1) s y s t e m .  The m o n o c a r b o x y l i c  a c i d s  in the Oxidation p r o d u c t s  (undec-  
c y l i c  f o r  s u b s t a n c e  1 and  c a p r i c f o r  s u b s t a n c e  2) w e r e  iden t i f i ed  by c o m p a r i s o n  wi th  au then t i c  s a m p l e s .  
No au thent ic  s a m p l e s  w e r e  a v a i l a b l e  fo r  the m o n o m e t h y l  e s t e r s  of  the d i c a r b o x y l i c  a c i d s .  L i t e r a t u r e  in-  
f o r m a t i o n  shows that  the l~f va lue  of m o n o m e t h y l  s u b e r a t e  c o i n c i d e s  wi th  that  f o r  me thy l  p r o p i o n a t e ,  and 
Rf fo r  m o n o m e t h y l  p i m e l a t e  with that  fo r  me thy l  a c e t a t e ,  as  was a l so  o b s e r v e d  in our  e x p e r i m e n t s  (Fig .  2). 

In o r d e r  f ina l ly  to conv ince  o u r s e l v e s  of the c o r r e c t n e s s  of the c o n c l u s i o n s  deduced ,  we i s o l a t e d  the 
a c i d s  f r o m  the m o n o m e t h y l  e s t e r s  of the d i c a r b o x y l i c  a c i d s  and showed t h e i r  iden t i ty  wi th  p i m e l i c  and s u -  
b e r i c  ac ids  by  c o m p a r i s o n  with  au then t ic  s a m p l e s  in the n - p r o p a n o l - a m m o n i a - w a t e r  (9 : 1 : 2) s y s t e m  [15]. 

What  has  been  s a id  shows  that  s u b s t a n c e  1 is me thy l  o c t a d e c - 7 - e n o a t e  and s u b s t a n c e  2 is me thy l  
o c t a d e c - 8 - e n o a t e .  Both  a c i d s  a r e  l iquid  at r o o m  t e m p e r a t u r e ,  t h e i r  l ead  s a l t s  a r e  s o l u b l e  in e thano l ,  and 
t h e i r  IR s p e c t r a  have no a b s o r p t i o n  bands  at  970 c m  -1, f r o m  which  i t  fo l lows  that  they a r e  the c i s  a c i d s .  

Table  3 g ives  the i nd i ces  of the b r e a k d o w n  of the g roup  of o c t a d e c e n o i c  ac ids  into i ts  i nd iv idua l  
c o m p o n e n t s .  

The g l y c e r i d e  c o m p o s i t i o n s  of the o i l s  w e r e  d e t e r m i n e d  by e n z y m a t i c  h y d r o l y s i s ,  u s ing  the l i p a s e  of 
the p a n c r e a t i c  g land of l a r g e - h o r n e d  c a t t l e  [12]. The r e s u l t s  of a c a l c u l a t i o n  of the g l y c e r i d e  c o m p o s i t i o n  
by C o l e m a n ' s  me thod  [13] a r e  g iven  in Table  4. 
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The pigments f rom the oils of Ao macrophylla,  A. tschimganica,  and P. h i ssar icum yielded f i-chloro- 
phyll, showing in the UV and visible spect rum in diethyl ether  absorption bands at 420, 470, and 668 nm; 
the oil of L. marginata  contained a -ca ro tene ,  Showing in petroleum ether  solution absorption maxima at 
420 and 470 nm [14]. 

EXPERIMENTAL 

The oils were extracted from the seeds with petroleum ether by steeping at room temperature for 
4-6 h. The extracts were evaporated, dried in vacuum, and purified on a column of alumina; the purified 
oils were saponified with ethanolie alkali in the cold, and the fatty acids were liberated. The procedure 
for methylation and permanganate oxidation has been described in the preceding paper [6]. 

Mercuration of the Fatty Acids and Their Separation according to Degree of Unsaturation. As re- 
agent we used a solution of 14 g of mercur ic  acetate in 250 ml of methanol containing 2.5 ml of water  and 
1 ml of glacial acetic acid. 

A mixture of 3.6 g of the methyl e s t e r s  of the mixture of acids and 144 ml of the reagent solutionwas 
left for  two days, after  which the methanol was evaporated in vacuum.at  3.0°C and the residue was dissolved 
in 50 ml of chloroform;  the solution was washed severa l  t imes with water  to eliminate the excess  of m e r -  
curic  acetate, dried with anhydrous sodium sulfate, concentrated to a volume of 10-15 ml, and deposited 
on 16 glass plates (18 x 24 cm) coated with sil ica g e l - g y p s u m  (10 : 1) adsorbent.  

For  the more  complete separat ion of the saturated acid f rom the unsaturated, the ch romatograms  
were run twice, f i rs t  in the petroleum ether  (40-70°C)-diethyl  e ther  (4 : 1) sys tem for 30-40 min, and then 
in a n -p ropano l -g l ac i a l  acetic acid (100 : 1 ) s y s t e m  for  6-6.5 h. The plates were dried, and a section 2.5 
cm wide over the whole height of each plate was sprayed with a 1% solution of diphenylcarbazone in 96% 
ethanol. Two well-defined violet spots with Rf 0.87 and 0.66 on a pink background were obtained. 

Each of the two zones was removed from each plate and was treated twice with 25 ml of methanol 
containing 1.2 ml of hydrochloric  acid. The adsorbent was separated off by filtration, the fi l trate was di- 
luted with an equal volume of water,  and the methyl es te rs  of the unsaturated acids were extracted with 
diethyl ether.  Gas-liquid chromatography showed that the zone with Bf 0.87 contained 98.9% of monoenoic 
acids and 1.1~c of palmitic acid and the zone with Rf 0.66 contained dienoic acids.  

Separation of the Monoenoic Fract ion into Position I somers .  The zone with Rf 0.87 (1.26 g) was dis-  
solved in 7 ml of benzene and deposited on glass plates (18 x 24 cm) coated with a mixture of si l ica gel 
and gypsum which had been impregnated with a 20% aqueous solution of s i lver  nitrate. Separation was 
per formed in the petroleum ether  (40-70°C)-benzene (1:4) sys tem for 40-45 rain, af ter  which, by ca lc in-  
ing the edges of the plates, four zones were revealed, of which the zones with Rf 0.16 (substance 1) and 
0.28 (substance 2) were subjected to oxidative degradation. 

Oxidation. At 40°C, 32 mg of substance 1 and 40 mg of substance 2 were each, separately,  treated 
with a mixture of 0.001 mole of potassium carbonate and 0.001 mole of potassium permanganate in 10 ml 
of water  and 0.001 mole of sodium periodate in 10 ml of water  (1 : 2). The oxidation mixture was added 
dropwise to the weighed sample to be analyzed, and the reaction m i x t u r e w a s  heated af ter  each addition of 
oxidizing agents until the color  of the permanganate no longer disappeared.  After  the end of the react ion 
(30-40 min), a 2 N solution of hydrochloric  acid was added and the excess of permanganate  was destroyed 
in the medium with bisulfite. The degradation products were extracted with diethyl ether.  

S U M M A R Y  

1. The oils of four representa t ives  of the family Umbelliferae have been investigated. Their  physi-  
cal and chemical  indices have been charac ter ized ,  and their  fat ty-acid and glyceride composit ions have 
been determined.  In all the oils the acid present  in la rges t  amount is petrosel inic  acid (30-45%), which 
may be considered as a chemicophysiological-classif icat ion charac te r i s t i c  of plants of the family 
Umbelliferae.  

2. Unusual acids - octadec-7-enoic (2.8-6.9%) and octadec-8-enoic (2.7-3.1%) - have been found in 
the oils of Athamanta macrophylla, Archangelica tschimganica, and Bunium hissaricum. Octadec-8-enoic 
acid had never previously been found in natural oils. 
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