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In an invest igat ion of the fat ty  acids of the seed oil of Dimorphotheca ecklonis,  a r e a r r a n g e m e n t  (Scheme 
1) of the d imorphecol ic  acid into the t r ans  i s o m e r  of cor io l ic  acid was obse rved  [1]. Simultaneously [2], the 
hypothesis  was put fo rward  and was l a te r  conf i rmed [3] of an "al lyl"  r e a r r a n g e m e n t  of o~-hydroxydienie s y s -  
t ems  with conjugated ethylenic bonds in the study of the seed  oil of Tragopogon porr f fo l ius .  On methylat ion of 
the hydroxyl in these  s y s t e m s  with 0.1 N methanolic  sulfuric  acid [3], the fo rmat ion  not o~ly of posit ion i so -  
m e r s  but also of geomet r i c  i s o m e r s  was obse rved  (Scheme 1): 
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On studying the a -hydroxydienic  acids of the seed oil of A r t e m i s i a  absinthinm [4] we obse rved  the same  
r e a r r a n g e m e n t s ,  but in an ~-hydroxydienic  sy s t em with no O-methyl  group and with a stat ic,  and not dynamic 
(as a resu l t  of chemical  action), conjugation effect  (Scheme 2). 
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We obtained a mix tu re  of methyl  e s t e r s  of the fatty acids by t r anses t e r i f i ca t ion  of the t r ig lyce r ides  in 
methanol in the p r e s e n c e  of sodium methoxide. F r o m  this mix ture  by ascending column chromatography  we 
isolated two zones of methyl  e s t e r s  of ~-hydroxydienic  acids which in a thin l aye r  had Rf values  of 0.30 and 
0.00. 

Immedia te ly  a f te r  the i r  elutton f r o m  the chromatographic  column (i.e., when they were  fresh) ,  the methyl  
e s t e r s  with Rf 0.30 showed equal intensi t ies  of the absorpt ion of ethanolic bonds in the in f ra red  region of the 
spec t rum at 980 and 947 em -1. This means  that  the nat ive dienic sy s t ems  had the t r ans , c i s  conf igura t ion(see  
Scheme 2, s y s t e m  1). The same  s y s t e m s  showed absorpt ion in the u l t ravio le t  at 233 nm. 

The methyl  e s t e r s  with Rf 0.00, also in the f r e sh  state,  showed no conjugation of the ethylenic bonds, 
s ince they were  t r a n s p a r e n t  in the u l t rav io le t  at 230-233 nm, and in the IR spec t rum we found the absorpt ion 
only of isolated t r a n s -  and c i s -e thy len ic  bonds (955 em : I  and 3050 cm -1, respect ive ly)  (see Scheme 2, s y s -  
t em II). 

In the in f ra red  and u l t rav io le t  regions of the spec t rum,  the c~-hydroxydienie acids obtained by methods 
of coun te rcu r ren t  dis t r ibut ion or  p r epa ra t i ve  th in - l aye r  ch romatography  o r  s imply  when subjected to any op-  
e ra t ion  to de te rmine  the i r  s t ruc tu re  [4] showed onlY t r ans , t r ans -d i en i c  conjugation (980 c m  -1 and 231 nm) in 
the case  of the methyl  e s t e r s  with Rf 0.30 and isola ted t r a n s  ethylenic bonds (955 cm -1) in the methyl  e s t e r s  
with Rf 0.00. When the methods mentioned were  used,  geomet r i c  i somer iza t ion  of the ~ - h y d r o x y - t r a n s , e i s -  
dienic s y s t e m s  I into the m o r e  the rmodynamica l ly  s table  s y s t e m s  lII,  IV, and V took place.  

System II p roved  to be  even m o r e  unstable.  It  was ve ry  difficult to detect  the p r e sence  of c i s - i so l a t ed  
bonds in the methyl  e s t e r s  with Rf 0.00, requi r ing  a cons iderable  degree  of ca r e  in the p repa ra t ion  of the c o r -  
responding subs tances  fo r  recording  the i r  IR spect ra .  F u r t h e r m o r e ,  continuous monitor ing by th in - layer  
ch romatography  (TLC) in va r ious  s tages  of the invest igat ion showed that  the methyl  e s t e r s  with Rf 0.30 f o r m  
methyl  e s t e r s  with migra t ion  c h a r a c t e r i s t i c s  corresponding to Rf 0.00 (see Scheme 2). Thus,  geomet r i c  and 
posi t ion i somer i za t i on  take place  s imul taneously .  

Methyl e s t e r s  having t r an s - i s o l a t ed  ethylenic bonds (with s y s t e m  IV) a re  s table  compounds in the p r e s -  
ence of the stat ic  conjugation effect.  Af te r  the i r  i sola t ion by p r e p a r a t i v e  TLC,  we invest igated them in the way 
descr ibed  below. 

In an a t tempt  to de te rmine  the posi t ion of the hydroxy group In the methyl  e s t e r s  having Rf 0.00, we hy-  
drogenated the ethylenic bond and des t ruc t ive ly  oxidized the sa tura ted  de r iva t ives  (Scheme 3). Degradat ion 
f r agmen t s  shown in the scheme  were  detected in the f o r m  of monomethyl  e s t e r s  of the monocarboxyl ic  acids 
and dimethyl  e s t e r s  of the diearboxyl ic  acids by g a s - l i q u i d  chromatography  at 120 and 200°C. 

The degradat ion f r agmen t s  of group 2 showed that  the methyl  e s t e r s  with sy s t em I gave the sa tu ra ted  
der iva t ive  methyl  l l -hydroxyoe tadecanoa te .  In addition to this ,  the degradat ion f r agmen t s  of groups  1 and 3 
showed that  the products  of the hydrogenat ion of the methyl  ~-hydroxyoctadecadienoate  with sy s t em IV in-  
eluded methyl  13-hydroxyoctadecanoate  and methyl  9-hydroxyoctadeeanoate .  Consequently, the hydrogenat ion 
p r o c e s s  in the p r e s e n c e  of a dynamic conjugation effect  is  p receded  by the fo rmat ion  of two i s o m e r s  with con-  
jugated ethylenic bonds, namely  the methyl  ~-hydroxyoctadecadienoates  of groups 1 and 3 (see Scheme 3). 

We obtained the s ame  degradat ion f r agmen t s  f r o m  the oxidation of the sa tu ra ted  der iva t ives  of the 
methyl  ~-hydroxyoctadeeadienoa tes  having Rf 0.30. (See scheme 3 on following page). 

S imi la r  f r a g m e n t s  were  obtained in the oxidative degradat ion of the products  of the hydrogenation of 
cor io l ic  acid and the cis  i s o m e r  of d imorpheeol ic  acid (see Scheme 1) i so la ted  f r o m  the oil of Tragopogon 
porrif01ius [5]. Here ,  no fo rmat ion  of the f r agmen t s  of group 2 was detected. However ,  i t  is not difficult to 
notice that  the 1 ~ 2 t rans i t ion  (see Scheme 3) is  an al lyl  r e a r r a n g e m e n t  [6, 7] which, as is well  known, takes 
place  so readi ly  that  it is poss ib le  to speak of t rue  t au tomer i sm .  The r e v e r s e  p r o c e s s  2 -* 1 is jus t  as l ikely 
as the r e a r r a n g e m e n t s  2 -* 3 and 3 -~ 2. As can be seen,  the al lyl  r e a r r a n g e m e n t s  take p lace  with the f o r m a -  
tion of th ree  ~-hydroxydienie  posi t ion i s o m e r s  of groups  1, 2, and 3 a f te r  the isolat ion of even one of them 
f r o m  the natura l  raw mate r i a l .  This  takes  place  pa r t i cu l a r ly  readi ly  on chemica l  action. 

On subjecting the methyl  e s t e r s  of the ~-hydroxydienic  acids to dehydration,  we l ikewise [8] did not 
achieve the comple te  convers ion  of the hydroxydienie s y s t e m  into a conjugated t r ien ic  sys tem.  The deg rada -  
t ion products  absorbed  in the u l t rav io le t  at 231, 261, 271, and 282 nm. Consequently,  in addition to the ap-  
pea rance  of the conjugation of th ree  ethylenic bonds (261, 271, and 282 rim) as a r e su l t  of 1 ,2-el iminat ion,  pa r t  
of the undehydrated s y s t e m  IV (see Scheme 2) was retained,  then being a source  fo r  the fo rmat ion  of s y s t e m s  
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Scheme 3 

III and V (231 nm). In actual  fact ,  among the dehydration products  we detected methyl  e s t e r s  of oc tadeca t r i -  
enoic acids (paper  chromatography,  Rf 0.72; TLC, Rf 0.98) and methyl  e s t e r s  of a -hydroxydien ie  acids (paper  
chromatography,  Rf 0.93; TLC,  Rf 0.00 and 0.30). This shows that  the mix tu re  of i s o m e r s  includes an i s o m e r  
with noneonjugated ethylenic bonds. 

The intensi ty of the absorpt ion of the methyl  e s t e r s  of the a -hydroxydienic  acids in the u l t ravio le t  var ied  
constant ly and did not co r respond  to 100% of the above-ment ioned e s t e r s  with conjugated ethylenic bonds having 
Rf 0.30. The s a m e  phenomenon has  been observed  prev ious ly  [9] but was not d iscussed.  However,  depending 
on the in terval  of t ime  that  had pas sed  f r o m  the moment  of isolation of the e s t e r s  to the record ing  of the i r  u l -  
t r av io le t  spec t rum,  as a r e su l t  of an allyl  r e a r r a n g e m e n t  a ce r ta in  amount of hydroxydienic i s o m e r  with noncon- 
jugated ethylenic bonds was formed.  The fact  that no oxidative changes took place  in this p roce s s  is shown by 
the retent ion of the e l emen ta ry  composi t ion.and the fo rmat ion  of the same degradat ion f r agments  that were  ob- 
tained in the oxidative c leavage of the c~-hydroxydienic acids with conjugated ethylenic bonds: capro ic  and 
azela ic  f ragments .  

The following c h a r a c t e r i s t i c s  were  also obtained fo r  the methyl  e s t e r  of an ~-hydroxydienie  acid with 
nonconjugated ethylenic bonds (Rf 0.00). The e l emen ta ry  composi t ion and the molecu la r  weight of 310 (mass  
spec t rum)  of the methyl  e s t e r  co r re sponds  to the empi r i ca l  fo rmula  C19H3403. The f r agmen t s  f r o m  oxidative 
degradat ion - capro ie  and azelaic  acids - show the location of the a -hydroxydien ic  sy s t em between the 13th and 
19th carbon a toms.  In addition to this,  the addition of hydrogen in the  p r e s e n c e  of Pd/A1 with the fo rmat ion  of 
methyl  e s t e r s  of monohydroxyoctadecanoie  acids of groups 1, 2, and 3 with a molecu la r  weight of 314 (mass  
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spectrum) shows the p resence  of two ethylenic bonds between the 13th and 9th carbon atoms. IR spec t rum 
(Vma x, cm-l) :  3600-3000, 1180, 1100 (secondary hydroxyl),  2940, 1410, 1380 (methyl group), 2870, 1460, 725 
(methylene group), 1740 (es ter  group), 1440, 1250, 1135, 1180 (methylene o f - C H 2 C O O - )  and 1640 and 955 
(isolated t rans-e thylenic  bonds). There  is t r ansparency  in the ul t raviolet  in the region of conjugated ethylenic 
bonds. 

The information that we have obtained has permi t ted  some change in ideas on the tau tomer ic  t r a n s f o r -  
mations of ~-hydroxydieuic  sys tems  descr ibed  previously  [3] in connection with the observat ion of the dynamic 
conjugation effect  appearing in 'the p roce s s  of methylat ion at the hydroxy group. Thus, while previously [3] the 
hypothesis  was put forward  of the exis tence of a delocalized pentadienyl carbonium ion as an in termediate  in 
the nallyln r ea r r angemen t  of ~-hydroxydienic  sys tems  with conjugate ethylenic bonds, in the presen t  paper  we 
have shown the actual exis tence of an in termediate  with re la t ive  stabili ty in the p resence  of the static conju- 
gation effect  which contains the l l - hyd roxy - t r an s , t r an s -9 ,1 2 -d i en i c  sys tems formed f rom a 13-hydroxy-cis ,  
t r ans -9 ,11-  or  a 9 -hydroxy- t rans ,c i s -10 ,11-d ien ic  sys tem.  

At the same t ime, we can call  the "al lyl"  r ea r r angemen t  a double allyl r ea r rangement ,  since the ob- 
se rved  simultaneous posit ion and geometr ic  i somer iza t ion  is based on two such r ea r r angemen t s .  

The tau tomer ic  t ransformat ions  and the conditions of thei r  occur rence  are  in harmony with information 
obtained previously  [4]. On isolating the methyl  e s t e r s  of the fatty acids by t ranses te r i f i ca t ion  of the oil, we 
obtained the native methyl e s t e r s  of ~-hydroxyoc tadeca- t rans ,c i s -d ieno ic  acids. On isolating the fatty acids 
[4] by alkaline hydrolys is  (followed by the decomposit ion of the soaps with 10-15% sulfuric acid), as was to be 
expected in the case  of a dynamic conjugation effect,  we obtained ~ -hydroxy- t r ans , t r ans -d ien ic  position and 
geometr ic  i somers  of the native ~-hydroxyoc tadeca- t rans ,c i s -d ieno ic  acids. It follows f rom the facts  given 
that the f r ee  ~-hydroxydienic  sys tem behaves in an acid system in the same way as its O-methyl  der ivat ive 
and that the native acids of the oil  of the seeds of Ar temis ia  absinthium have the c is , t rans  configuration. 

E X P E R I M E N T A L  

The conditions fo r  isolating the oil, for  p e r i o d a t e -p e rm an g an a t e  and permanganate  degradation,  fo r  
hydrogenation, dehydration, paper  ch roma~gr sphy ,  g a s - l i q u i d  chromatography,  and spect roscopy have been 
descr ibed  previously  [4]. Th in - layer  and descending column chromatography on KSK si l ica  gel (150 and 100 
mesh, respect ively)  were  pe r fo rmed  in the hexane -d i e thy l  e ther  (8:2) sys tem [8]. 

S U M M A R Y  

On investigating the ~-hydroxydienic  acids of the oil of the seeds of Ar t emis i a  absinthium, we observed  
tau tomer ic  t ransformat ions  of the f ree  ~-hydroxydienic sys tems.  It has been shown that the tan tomer i sm of 
these sys tems  i s the  resu l t  not only of a dynamic but  also of a stat ic conjugation effect.  11-Hydroxyoctadeca-  
t rans , t rans -9 ,12-d ienoic  acid, which is formed by the geometr ic  and position i somer iza t ion  of ~ -hydroxyoc-  
tadecadienoic acids with the t rans ,e i s  conjugation of the ethylenic bonds and is re la t ively  stable in the p resence  
of a static conjugation ef fec t  has been detected.  
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