
~ - H Y D R O X Y D I E N I C  A C I D S  O F  T H E  S E E D  

O F  A r t e m i s i a  a b s i n t h i u m  

E .  I .  G i g i e n o v a ,  N. T .  U l ' c h e n k o ,  
a n d  A .  U .  U m a r o v  

OIL 

UDC 547.915 : 665.31 

The seed oils of the family  Composi tae  a re  dist inguished by the p r e s e n c e  in them of var ious  hydroxy 
der iva t ives  of fatty acids .  Among the ~-hydroxydienic  acids of seed oils 9 -hydroxy-  and 13-hydroxyocta-  
decadienoic acids with conjugated ethylenic bonds in admixture  or  individually a re  usual ly p re sen t  in the 
f o r m  of spat ia l  and posi t ion i s o m e r s  of three  types  [1-4]: 9 -hydroxy- t r ans -10 ,  t r ans -12(d imorpheco l i c  
acid), 9 -hyd roxy- t r ans -10 ,  c i s -12(c i s  i s o m e r  of d imorphecol ic  acid), and c i s - 9 , t r a n s - l l  (coriolic acid). 
A mix tu re  of the two l a t t e r  i s o m e r s  has been  isolated f r o m  the seed oil of A r t e m i s i a  absinthium, family 
Compos i tae ,  growing in wes t e rn  A m e r i c a  [1]. 

The p r e s e n t  pape r  gives the r e su l t s  of the f i r s t  invest igat ions of the seed oil of the same  spec ies  of 
plant growing in Centra l  Asia  (slopes of the wes t e rn  Tien-Shan).  

The oil obtained by cold ex t rac t ion  (18%) and the mixture  of fatty acids isolated f r o m  it (with the 
separa t ion  of the total unsaponif iables)  absorbed  identically in the UV region of the spec t rum (231 nm). 
The IR region of the spec t rum showed the p r e sence  of hydroxyls  (3600-3000, 1100 cm -1) in the oil and in 
a mix tu re  of methyl  e s t e r s  of fatty acids ,  which was conf i rmed by the p a p e r  ch romatography  and th in - l aye r  
ch romatography  of the mix tu re  of fat ty acids {Rf 0.93 on PC, 0.00 on TLC).  The l a t t e r  resu l t  was obtained 
in a l a y e r  of s i l ica  gel in the light pe t ro l eum e t h e r - d i e t h y l  e the r  (9 : 1) sys t em.  

After  being boiled in glacia l  acet ic  acid, the oil and the mix ture  of fatty acids absorbed  in a new 
region of the spec t rum (261, 271, 282 nm) which is c h a r a c t e r i s t i c  for  a conjugated t r ienic  sys t em.  This  
was a proof  of the p r e sence  of acids with a hydroxy group in the ~ posi t ion to a conjugated s y s t e m  o fe th -  
ylenic bonds both in the oil and in the mix ture  of fatty acids .  

The combined hydroxy acids (2% of the mixture)  isolated f r o m  the mix ture  of fatty acids (and the i r  
methyl  e s t e r s )  absorbed  in the UV and IR regions of the spec t rum in a s i m i l a r  manne r  to the oil before  
and a f t e r  boiling in acet ic  acid. In the dehydrated combined hydroxy acids an oc tadeca t r ienoic  acid was 
detected on a p a p e r  c h r o m a t o g r a m  which, a f te r  hydrogenat ion on the paper ,  was conver ted  into octadecanoic 
acid, which conf i rmed  that it contained a s t ra igh t -cha in  carbon skeleton of 18 a toms .  

The posi t ions  of the ethylenic bonds were  de te rmined  by compar ing  the products  of oxidative degrada -  
tion by p e r i o d a t e - p e r m a n g a n a t e  of the initial mixture  of hydroxy acids with the p roduc t s  of the pe rmangana te  
oxidation of the hydrogenated mix ture  of hydroxy acids .  

The p e r i o d a t e - p e r m a n g a n a t e  des t ruc t ion  of the initial mixture  of hydroxy acids gave capro ic  (C6:0) 
and aze la ic  (Cg-di) acids .  The f r agmen t s  obtained showed the p re sence  of an ~-hydroxydienic  s y s t e m  be -  
tween carbon  a toms  9 and 13. 

The combined sa tura ted  hydroxy acids were  isolated f rom the hydrogenated oil and the hydrogenated 
mix tu re  of acids .  

The oxidative degradat ion with pe rmangana te  of the combined hydrogenated hydroxy acids gave, on the 
one hand, pe la rgonic  (C9: 0) and capr ic  (C10:0) acids and azela ic  (Cg-di) and suber ic  (Cs-di) acids,  and, on 
the other  hand, va le r i c  (C5:0) and caproic  (C6:0) acids and dodecanedicarboxyl ic  (C12-di) and b r a s s y l i c  (C13- 
di) acids .  The f r agmen t s  obtained showed that the hydroxyl  is  p r e sen t  in posi t ions  9 and 13 of two d i f fe r -  

Insti tute of the C h e m i s t r y  of Plant  Substances,  Academy of Sciences of the Uzbek SSR. Trans la ted  
f r o m  Khimiya Pr i rodnykh  Soedinenii, No. 6, pp. 701-704, November -December ,  1974. Original  ar t ic le  
submit ted September  4, 1973. 

01976 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retn'eval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

725 



ent molecules  of ~-hydroxydienoic  acids,  which shows the p r e sence  of a mixture  of two posi t ion i s o m e r s :  
9-hydroxyoctadeca-10,12-dienoic  and 13-hydroxy-oc tadeca-9 ,11-d ienoic  acids .  E l emen ta ry  ana lyses  of the 
initial and hydrogenated mix tu res  of hydroxy acids cor responded  to the composi t ions  of monohydroxyocta-  
decadienoic and monohydroxyoctadecanoic  acids .  The i r  ratio,  calculated f rom the GLC resu l t s  of the de-  
gradat ion f r agmen t s  (mono- and dicarboxyl ic  acids) was 2 : 1, respec t ive ly .  

The IR spec t rum of the mixture  of o~hydroxydienoic acids,  cm- l :  3600-2500 m, 1280 m, 1710 s, 
1175 m (-COOH);  2930 s, 1410 m, 1380 m.  (-CH3); 2650 s, 1460 m, 730 w. ( - C H 2 - ) ;  1440 m, 1250 m, 

) 1190., 1080m (-CH2COOH); l l 0 0 m .  ( - - C - - 0 H  ; 1635m.( - -C-- - -C--C--C-- ) :  980, m ( t r an s - -C- -C- - ' . ,  ' ). 

As can be seen, the ethylenic bonds of both i s o m e r s  have only the t rans  configuration.  

The methyl  e s t e r s  of the ~-hydroxydienoic  acids were  obtained f r o m  the oil t r a n s e s t e r i f i e d  with 
sodium methoxide.  The IR spec t rum of the methyl  e s t e r s  of the hydroxy acids differs  f rom that given only 
by the d i sappearance  of the regions of absorpt ion  of the carboxy group (3600-2500, 1280, and 1710 cm -1) 
and by the appearance  of a region of absorpt ion  of the carbonyl  of the e s t e r  group (1735 cm- l ) .  At the same 
t ime,  a region of the absorpt ion of a bound hydroxyl with a m a x i m u m  at 3450 cm -1 was observed,  which 
was concealed in the spec t rum of the acids by the region of the absorpt ion of the d i m e r s  at the carboxy 
group. 

To de te rmine  the nature of the hydrogen bond we obtained the IR spec t rum of a dilute solution of the 
methyl  e s t e r s  of the hydroxy acids in ca rbon  te t rach lor ide .  Under  these conditions there was a shift in 
the region of absorp t ion  of the bound hydroxyl (3620 cm-1); this  conf i rmed its ~ posi t ion with respec t  to 
the conjugated ethylenic bonds. 

NMR spec t rum of the mix ture  of o~-hydroxydienoic acids,  5, ppm: 0.9 (3 H), u n s y m m e t r i c a l  t r ip le t  
(-CH3); 1.23 (20 H), unsymmet r i c a l  mult iplet  (-CH2--); 2 (1 H), singlet ( -OH);  3.5 (1 H), weak mult iplet  
( - -CH--)  ; 5.15-5.5 (--CH=CH--) ,  broad mult iplet ;  and 7.2 (1 H), singlet  ( -COOH).  The NMR spec t rum of 

1 

a mix ture  of the hydrogenated acids differed f rom that descr ibed  above by the absence  of s ignals  of the 
olefinic protons  and by an inc rease  in the integral  intensity of the "methylene r i s e"  to 28 H. 

On the bas i s  of the facts  given it may  be cons idered  that the oil that we invest igated contains 9 -hy-  
d roxyoc tadeca - t r ans , t r ans -10 ,12-d ieno ic  (dimorphecolic) acid and 13-hydroxyoc tadeca- t rans ,  t rans-9,11-  
dienoic acid (this is the f i r s t  t ime  that the t r ans  i s o m e r  of cor io l ic  acid has been  found) in a rat io  of 2 : 1. 

Thus, in the seed oil of the cent ra l  Asian A r t e m i s i a  absinthium we have found spat ia l  i s o m e r s  of 
the acids shown to be p resen t  in an A m e r i c a n  sample  of the same spec ies  of plant,  which is p robably  the 
resul t  of the influence of the c l imat ic  conditions of growth.  

E X P E R I  ME NTA L 

The IR spectra were taken on a UR-10 instrument in a thin layer and in carbon tetrachloride and the 

UV spectra on a Hitachi spectrophotometer in hexane at concentrations of 0.1-0.2 mg/ml. The NMR spec- 

tra were  obtained on a JNM-4H-100/100 MHz ins t rument  at room t e m p e r a t u r e  with concentra t ions  of 5- 
10°~ in ca rbon  t e t rach lo r ide  with HMDS as in ternal  s t andard  (the values of the chemica l  shifts  a re  given 
in the 5 scale) .  

The e l emen ta ry  ana lyses  of the compounds cor responded  to the calculated f igures .  Chromatography  
was p e r f o r m e d  on type "M" ["slow"] p a p e r  of the Leningrad No. 2 mil l  impregnated  with a 10% solution of 
pa ra f f in  oil in benzene;  the s i l ica  gel of type KSK (150 mesh)  was washed with hydrochlor ic  acid, water ,  
acetone,  methanol ,  and ch loroform.  The composi t ion of the fatty acids was de te rmined  by the gas  chro-  
matographic  method on a UKh-2 ch romatograph  at 126 and 200°C with a column 2 .5 -m long. The liquid 
phase  was poly(ethylene succinate)  in an amount of 17% on the weight of the solid phase ,  INZ-600 (60 mesh) .  

The oil was ex t rac ted  f r o m  the comminuted seeds  with light pe t ro l eum e ther  by steeping at room 
tenape r a tu re .  

The oil was hydrolyzed with 1 N KOH in methanol  (100 ml  to 10 g of the oil) at room t empera tu r e  
with v igorous  shaking for  20-30 min.  The methanol  was dist i l led off at a t e m p e r a t u r e  of the water  bath 
not exceeding 40-450C under  the vacuum of a wa te r  pump.  The unsaponif iables  were  ex t rac ted  f r o m  an 
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aqueous solution of the p o t a s s i u m  sa l t s  of the fatty acids with diethyl e the r  three  t imes  (when pe t ro l eum 
e the r  was used, a s table  emuls ion  was formed) .  The po t a s s ium sa l t s  were  decomposed  with 10-15% sulfur ic  
acid under  a l a y e r  of diethyl e ther .  

A concent ra te  of the hydroxy acids was obtained by dis tr ibut ing 4-9 g of the mix tu re  of acids or  the i r  
methyl  e s t e r s  between a 10-fold amount of mutual ly sa tura ted  hexane and acetoni t r i le ,  and the methyl  e s t e r s  
of the hydroxy fatty acids were  obtained by the t r anse s t e r i f i c a t i on  of the oil with sodium methoxide with 
s t i r r ing  for  2 h [5] in a yield of 70a/o. 

The oil and the mix tu re  of acids were  exhaust ively  hydrogenated on an appara tus  fo r  l iquid-phase  
hydrogenat ion at 50°C in ethyl aceta te .  The ca ta lys t  was pal ladium on a support  (aluminum powder) in an 
amount of 0.5% on the weight of the oil o r  fatty acids .  

The microhydrogena t ion  of the hydroxy acids was p e r f o r m e d  in the p r e s e n c e  of pa l lad ium on p a p e r  
[6] with subsequent  ch romatography  on the same  sheet  of p a p e r  [7]. 

The des t ruc t ive  oxidation with pe r i oda t e -pe rmangana t e  of the ~-hydroxydienoic  acids was p e r f o r m e d  
by a modif icat ion of yon Rudloff 's  method [8] and the des t ruc t ive  oxidation with pe rmangana te  of the hydroxy-  
octadecanoic acids by Hildi tch 's  method [9] in dry acetone.  

S U M M A R Y  

F r o m  the combined fatty acids of the seed oil of Centra l  Asian A r t e m i s i a  absinthium (family C o m -  
posi tae)  we have isolated a mixture  of d imorphecol ic  and the t r ans  i s o m e r  of cor io l ic  acid, found for  the 
f i r s t  t ime,  in a ra t io  of 2 : 1. 
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