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Cis, Trans Isomerism of the Eleostearate Isomers 

R. F. PASCHKE, W. TOLBERG, and D. H. WHEELER, General Mills Inc., Minneapolis, Minn. 

T H E R E  are  e igh t  poss ib le  cis, t r a n s  isomers  of the  
c o n j u g a t e d  t r i ene  f a t t y  ac ids  which  have  t h e i r  
doub le  b o n d s  in the  9, 11, 13 posi t ions .  F o u r  of 

the  e ight  a re  known,  b u t  t h e i r  geomet r i c  conf igura-  
t ions  have no t  been  def in i te ly  es tab l i shed .  A l p h a  a n d  
b e t a  e leos tear ie  ac ids  a re  the  be s t  k n o w n  isomers.. 
A l p h a  e leos tear ic  ac id  is the  p r i n c i p a l  ac id  of t u n g  
oil  or Ch ina  W o o d  oil. Th is  acid,  m .p .  48 ~ is eas- 
i ly  conve r t ed  to fl e leos tear ic  acid,  m .p .  71 ~ b y  the  
ac t ion  of su l fu r ,  l ight ,  iodine,  s t r ong  acids,  or  heat .  
T h e y  bo th  f o r m  a d d u c t s  w i th  male ic  a n h y d r i d e .  Pu -  
n ic ic  acid,  m .p .  44 ~ is o b t a i n e d  f r o m  p o m e g r a n a t e  
seed oil. I t  is  Mso c o n v e r t e d  to fl e leos tear ie  ac id  b y  
the  same ca ta lys t s .  I t  does no t  g ive  a male ie  a n h y -  
d r i d e  de r iva t i ve  (1, 2'). 

T r i ehosan ic  acid,  m .p .  35 ~ is. a f o u r t h  i somer  ob- 
t a i n e d  f r o m  J a p a n e s e  snake g o u r d  oil  (1) .  I t  also 
conver t s  to fl e leostear ic  ac id  w i th  ca ta lys t s .  I t s  reac-  
t ion  wi th  male ic  a n h y d r i d e  has  no t  been  r e p o r t e d .  

Rossman  (3)  p r o p o s e d  a eis, eis, cis s t r u c t u r e  fo r  
a eleos.tearic ac id  a n d  a t r ans ,  t r ans ,  t r a n s  s t r u c t u r e  
fo r  the  fl acid.  He  d i d  no t  cons ider  the  o the r  six 
poss ible  cis, t r a n s  isomers .  H e  a s c r i b e d  the  t r ans ,  
t r ans ,  t r a n s  s t r u c t u r e  to the  fl a c id  because  i t  was  
r e a d i l y  f o r m e d  f rom the  a ac id  whereas  the  reverse  
change  could  not  be obse rved  b y  him.  The h i g h e r  
m e l t i ng  a n d  bo i l ing  p o i n t  of the  fl a c i d  seemed more  
r easonab le  fo r  the  more  l i nea r  a l l - t r a n s  f o r m  t h a n  the  
crooked al l -eis  fo rm.  

M o r r e l l  a n d  Samue l s  (4)  s t u d i e d  the  s t r u c t u r e  of  
the  male ic  a n h y d r i d e  a d d u c t s  o~ a a n d  fl e leos tear ic  
acids.  They  sugges ted  t h a t  the  a ac id  is " c i s "  a n d  
the fl ac id  is  " t r a n s "  w i t h o u t  s t a t i n g  w h a t  b o n d  or  
b o n d s  t h e y  r e f e r r e d  to. I n  a subsequen t  p a p e r  Mor-  
re l l  a n d  Dav i s  (5) ,  w i th  no new e x p e r i m e n t a l  evi- 
dence, sugges t  t h a t  the  a ac id  is "trans,  cis, c i s "  a n d  
t h a t  the  fl ac id  is "cis,  cis, t r a n s . "  A l a t e r  p a p e r  b y  
Mor re l l  a n d  D a v i s  (6)  r e fe r s  to the  " p r o b a b l e  X -  
t r a n s - t r a n s - e i s - Y - C O O H "  s t r u c t u r e  fo r  the  a ac id  
a n d  the  " X - c i s - c i s - t r a n s - Y - C O O H "  f o r  the  fl acid.  
Th is  was e v i d e n t l y  a second r e i n t e r p r e t a t i o n  of the  
d a t a  f rom the f irst  p a p e r .  Recen t  work  on the  re la-  
t i on  of eis, t r a n s  s t r u c t u r e s  to  r e a c t i v i t y  wi th  male ic  
a n h y d r i d e  l eads  to a more  defini te  i n t e r p r e t a t i o n  of  
t he i r  da ta ,  as  wi l l  be  d iscussed  la te r .  

5~arkley (7)  in  1947 s t a t e d :  " T o  da te  no a t t e m p t  
has  been  made  to d e t e r m i n e  the geomet r i c  conf igura-  
t ion  of these two n a t u r a l  i somers  of e leos tear ic  ac id  
(pun ie i c  a n d  t r i c h o s a n i c  ac ids )  and  since the  geomet-  
r i c  conf igura t ion  of ~ a n d  fi e]eostear ie  ac ids  is no t  
k n o w n  wi th  ce r t a i n ty ,  the  exact  i d e n t i t y  of a l l  f o u r  
ac ids  r e m a i n s  a p r o b l e m  for  f u t u r e  s o l u t i o n . "  

~Paper No. 131, Journal Series. General Iv[ills Inc., tSesea~ch De- 
partment. Presented at the Houston Meeting of the American Oil 
Chemists' Society, April 30, 1952. 
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Pseudoe leos t ea r i c  acid,  m.p.  77 ~ is a pos i t iona l  iso- 
m e r  of the e leos tear ic  acids,  w i th  doub le  b o n d s  a t  
pos i t ions  10, 12, a n d  14 (8, 9) .  I t  is made  b y  a lka l i  
ison~erization of n o r m a l  l ino len ie  acid.  Kass  a n d  B u r r  
(9)  sugges ted  t h a t  i t  was  e i the r  t rans ,  t r ans ,  t r a n s  
or  t r ans ,  cis, t r ans .  

A l p h a  l icanic  acid,  m .p .  75~ occurs  in  o i t ic ica  
oil a n d  is s i m i l a r  .to the  e leos tear ic  ac ids  in  be ing  a 
a o n j u g a t e d  C18 t r i ene  ac id  w i th  doub le  b o n d s  at  posi-  
t ions  9, 11, a n d  13. I t  d i f fers  in  h a v i n g  a keto g r o u p  
on ca rbon  4. I t  is c o n v e r t e d  to  fl l icanic  acid,  m.p.-  
99.5~ b y  the  u sua l  ca ta lys t s .  Both  fo rm male ie  
a n h y d r i d e  adduc t s ,  whose pos i t i ona l  s t r u c t u r e s  have  
been  d e t e r m i n e d  b y  M or re l l  a n d  Dav i s  (6) .  They  
ass igned  the cis-9, t r ans -1 ] ,  t rans-13  s t r u c t u r e  to a 
l ieanic  a n d  the t rans-9 ,  cis-11, c i s d 3  s t r u c t u r e  to fl 
l i ean ic  ac id  on the  same evidence as fo r  a a n d  fl eleo- 
s t ea r i c  acids.  

I t  is the  p u r p o s e  of th i s  p a p e r  to p r e s e n t  evidence 
fo r  r ea sonab le  geomet r i c  s t r u c t u r e s  fo r  a a n d  fi eleo- 
s t ea r ic  acids,  fo r  a and  fl l icanie  acids,  a n d  f o r  pseu-  
doe leos tear ie  ac id  a n d  to d iscuss  some of the  me thods  
fo r  d e t e r m i n i n g  cis, t r a n s  s t r u c t u r e s  of c o n j u g a t e d  
olefins. 

Alpha and Beta Eleostearic Acids 

F r o m  our  d a t a  we have  conc luded  t h a t  fl e leos tear ic  
ac id  is the a l l - t r a n s  isomer,  t rans-9 ,  t r a n s - l l ,  t r an s -  
13-oc tadeca t r i eno ie  ac id  a n d  t h a t  a e leos tear ic  a c i d  is 
the  cis-9, t rans-11,  t rans-13  isomer.  The evidence is 
as  fo l lows : 

a) Since fl eleostearic acid has the highest melting point 
of all known isomers, the all trans fo~n is indicated. Atomic 
models show that this all-trans structure can assume the most 
linear configuration, like stearic acid, with least interference to 
compact crystalline structure. 

b) Undoubtedly the all trans isomer is the most stable form 
since the other isomers, a eleostearic, punicic, a~d trichosanic 
acids, all conve1% readily and extensively to fl eleostearic acid. 
Cis, trans conjugated dienes are similarly known to convert to 
the trans, trans isomers under like conditions. This has beeal 
observed with the conjugated linoleates by Nichols et al. (10) 
and by yon Mikusch (11). I t  has also been observed by Alder 
and Yogt (12), with simple aliphatic dieues, such as hexa- 
diene 2,4. 

c) Beta eleostearic acid is more reactive than the a acids in 
the Diels-Alder addition reaction. I t  reacted with maleie an- 
hydride more rapidly than the a acid; the fl acid required 3:~ 
hours to discharge the yellow color of the intermediate complex 
while a eleostearic acid required 11 hours in boiling benzene. 
Its ester polymerized with heat twice as fast as the a ester 
(13). These facts indicate the all-trans structure of fl eleoste- 
arate for the following reasons: vod Mikusch (11) has recerttly 
shown that the eis, trans conjugated linoleates react very slowly 
if at all with maleic anhydride at temperatures of about 100 ~ 
or lower whereas the trans, trans isomers react readily in the 
diene number determination under these conditions. Alder and 
Vogt (12) (>bserved the same effect with the simple cis, trans 
and trans, tra~s conjugated hexadiene, 2,4 and other dienes- 
The trans, trans isomer reacted readily in boiling benzene 
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whereas  the cis, t r a n s  isomer did not  reac t  under  these  condi- 
t ions  (bu t  d id  reac t  when hea ted  a t  150 ~ fo r  15 hours to pro- 
duce an adduc t  d i f ferent  f rom t h a t  of the  trams, t r a n s  i somer ) .  
A p a i r  of c o n j u g a t e d  aeyclic  double  bonds m u s t  t he r e fo re  be 
t rans ;  t r a n s  in  order  to r eac t  wi th  male ie  anhydr ide  a t  100 ~ 
or lower. 

The reason  fo r  th is  is  evident  f rom a tomic  models  of conju-  
g a t e d  isomeric  dienes, and  f rom the  f a c t  t h a t  a p lanar ,  bent-  
ba~k, " s e m i - r i n g "  s t ruc tu re  is necessary for  easy  a t t a c k  by 
the  male ie  a n h y d r i d e  o r  other  d ieneophi le  (12) .  

Models of the t rans ,  t r ans  i somer  show no s ter ic  in t e r fe rence  
to f o r m i n g  th is  s t ructure .  The cis, t r ans  i somer  shows some 
in te r fe rence  whi le  the cis, cis i somer  shows g r e a t  i n t e r f e rence  
and  p robab ly  could not  reac t  a t  a l l  as  such. 

B e t a  e leos tear ic  acid,  w i th  a l l  th ree  traJas double bonds,  has  
t w o  pa i r s  of a d j a c e n t  t rans ,  t r ans  c o n j u g a t e d  dienes w i t h  one 
double  bond in  common. Atomic  models  show t h a t  i t  can f o r m  
two p l a n a r  "semi-ring" s t ruc tu res  very eas i ly  wi th  very  l i t t l e  
in t e r fe rence  to  approach  of dieneophi le  to e i ther  of the two. 
The all-trams fl acid should therefore be the most reactive diene 
in the Diels-Alder reaction. Experimenta] data confirm this 
expectation. 

Alpha eleostearic acid must have two adjacent, conjugated 
trans double bonds since it reacts readily with maleic anhy- 
dride at temperatures of 100~ or below but less rapidly thaal 
the fl acid. Since the addition was ~cross the 11 and 13 double 
bonds (4), they are both trans, and the 9 double bond is cis. 
This means that the structure of a eleostearic is cis-9, trans-ll, 
trans-13 octadecatrienoie acid. 

d) If the structures are as proposed, the isolated double 
bond outside of the cyclohexene ring should be trans in the 
maaeic anhydride aAduct of the fl acid and cis in the adduct 
of the a acid. Infrared spectroscopy permits experimental test- 
ing of these expectations since isolated trans double bonds have 
a characteristic absorption penni at 970 cm. -~. 

The maleie anhydride adducts were prepared and the spec- 
trum of the adduct of /~ eleostearic acid was found to have an 
absorption ba~ad at 970 cm. -~ while that of a eleostearie adduct 
did not ha~e it. The spectra of the two adducts were essentially 
identical otherwise (Fig. 1). 

e) Infrared absorption curves on the a and /5 acids or their 
methyl esters were consistent with the proposed structures, 
namely that the fl acid is all-trans and that the ~ acid contains 
a cis double bond. The fl ester showed a single, very strong 
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band  a t  993 cm. -~ while  the a es te r  showed a doublet ,  s t ronger  
a t  991 cm. -~ and weaker  a t  963 cm. -~ (F ig .  2, curves B and A) .  
Ana logous ly  t rans ,  t r a n s  c o n j u g a t e d  l ino lea tes  show a s ingle  
s t rong  band  a t  988 em. -~ whi le  c o n j u g a t e d  cis, traxLs l ino lea tes  
show a doublet ,  s t ronger  a t  982 cnl. -~ and weaker  a t  948 
cm. -1 (14) .  

We believe t ha t  the behav ior  of a a n d  fl eleoste- 
a ra tes  toward  maleic anhydr ide ,  the conf igura t ion  of 
the exoeyclic double  b o n d  as de t e rmined  b y  in f r a r ed ,  
a nd  the i n f r a r e d  spect ra  establ ish the s t r u c t u r e s  of 
these two isomers. 2 

Punicic Acid 

Since punic ic  acid f rom pomegrana t e  seed oil is 
r epor ted  not  to fo rm a maleic a n h y d r i d e  addue t  (2) ,  
it  m u s t  not  have two a d j a c e n t  t r a n s  double  bonds  
accord ing  to the cons idera t ions  discussed abo~e. This  
leaves five of the eight  eis, t r a n s  isomers as possible 
s t ruc tu res  : 

C, C~ Cla 
1. cis cis cis 
2. cis cis trans 
3. trans cis cis 
4. trans cis trans 
5. cis traus cis 

A sample of pomegrana te  seed oil was made avail-  
able to us by  R. T. H o l m a n  of the Horme l  Ins t i t u t e .  
The i n f r a r e d  curve showed a s t rong  b a u d  at  992 cm. -1 
a n d  a weaker  one a t  941 c m :  1 (F ig .  2, curve P ) .  
This  double t  wi th  a s t ronge r  b a n d  at  992 indicates  
a cis, t r a n s  diene pa i r  which  would  e l imina te  the all- 
eis s t ruc tu re  (cis-9, c i s - l l ,  cis-13). However  all-cis 
c o n j u g a t e d  a l iphat ic  dienes a n d  t r ienes  are u n k n o w n  
a t  the present ,  a nd  i t  is ev iden t  tha t  f u r t h e r  work is 
necessary to establ ish the exact  cis, t r a n s  configura- 
t ion  of pun ic ic  acid. 

Alpha and Beta Licanic Acids 

Morrel l  a n d  Davis  (6) showed tha t  a a n d  B l ieanic  
acids bo th  fo rmed  maleio a n h y d r i d e  addue t s  readi ly ,  
tha t  the a addue t  was b y  add i t i on  to the 11, 13 pa i r  
of double  bonds ,  a n d  t h a t  the fl a d d u c t  was  b y  addi -  
t i on  to the 9, 11 pair ,  as i n  a a n d  fl eleostearic acids. 
This, a n d  the fac t  tha t  a l icanic  acid, m.p .  75~ is 
easily conver ted  b y  cata lys ts  to the fl form, m.p.  99.5 ~ 
C., suggest  t h a t  the fl fo rm is a l l - t r ans  a n d  tha t  the 
a fo rm is cis-9, t rans-11,  t rans-13,  as wi th  the elco- 
stearates.  The conf i rmatory  evidence as to re la t ive  
reac t iv i ty  in  the Die l s -Alder  diene reac t ion  and  the 
cis or t r a n s  conf igura t ion  of the exoeyclic double b o n d  
in  the maleie  adducts  is no t  avai lable  for the l icanic  
acids. I t  appears  reasonable  tha t  a l ieanic  acid is 4- 
ke to-c is -9 ,  t r a n s -  11, t r a n s -  13 octadeeatr ienoic  acid, 
a n d  tha t  fl l icanic  acid is 4 - k e t o - t r a n s - 9 ,  t r a n s - l l ,  
t rans-13,  octadecatr ienoic  acid. 

Pseudoeleostearic Acid 

Pseudoeleostearic  acid is a con juga t ed  10,12,14-oC- 
tadecat r ienoic  acid p roduced  by  alkal i  c on j uga t i on  of 
n o r m a l  l ino len ic  acid, accord ing  to Kass  a n d  B u r r  (9) .  

~In a conversation with W. O. Bickford, C, H. Mack, and tr T. 
O'Connor of the Southern tCegional l~esearch Laboratory on May 1, 
1952, one of the authors (D. H. Wheeler) learned that identical obser- 
vations and conclusions had been made by them. On the basis of these 
observations and other experiments (recognition of the existence of two 
goom~ric isomers of the f~ eleostearie acid maleic anhydride adduet 
through selecgve oxidation of their exocyclic trans double bonds) these 
investigators had arrived independently at views completely in accord 
with those herein presented. 
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Nichols et al. (10) predicted tha t  this isomer should 
be trans-10, cis-12, trans-14 f rom certain rules con- 
cerning double bond shift  dur ing alkali conjugation. 

This  acid was p repared  and was found to have a 
single strong absorpt ion peak at 993 cm. -~. This indi- 
cates tha t  it is all-trans like fl eleostearate. I t  is quite 
possible tha t  the trans-cis- trans isomer is first formed, 
as predic ted by  Nichols et al. (10), bu t  tha t  it 'is con- 
ver ted to the al l- trans isomer under  the influence 
of the heat  and alkali used to produce it. We have 
found, for  example, that  a eleostearate converts to 
the fl fo rm dur ing the thermal  polymerizat ion (and 
much more rap id ly  than does cis, t rans  linolcate con- 
ver t  to the trans,  t rans  isomer).  Since the all-trans 
fo rm is the highest melt ing and least soluble form, 
any  of it which was produced would be the fo rm iso- 
lated by  crystallization. Perhaps  under  less vigorous 
conditions of isomerization the intermediate trans-10, 
cis-12, trans-14 isomer could be isolated. 

General Discussion 

I n f r a r e d  spectra are valuable in characterizing cis, 
t rans  isomers of c o n j u g a t e d  double bond systems. 
Conjugated cis, t rans  and  trans,  t rans  linoleates have 
characteristic absorpt ion bands by  which they can be 

determined even i'n mixtures.  The spectrum of fl eleo- 
stearate is analogous to tha t  of conjugated trans,  t rans  
linoleate and tha t  of a eleostearate to conjugated cis, 
t rans  linoleate. F r o m  these spectra  and  those of their  
reaction products  with maleic anhydr ide  we have con- 
firmed the analogy. The spectrum of punicic acid with 
a doublet at 941 and 992 cm. -1 is also analogous to the 
doublet  spectrum of the cis t rans  isomers. Until  the 
spect rum of a known triene system has been observed 
to have bands  identical with those of punicic acid, no 
assignment of s t ructure  to any  of the double bonds 
can be made. 

Ultraviolet  absorption spectra are less specific than  
inf ra red  in distinguishing conjugated isomers. X- r ay  
diffraction spacings have been used to distinguish be- 
tween conjugated cis, t rans  isomers (2, 10), but ,  as 
in in f ra red  spectra, known s tandards  are necessary 
for  assignment of structure.  

The work Of Alder  and Vogt  (12) on simple conju- 
gated dienes and of yon Mikuseh on linoleates (11) 
as to their  cis, t rans  isomers points to the use of 
maleie anhydr ide  as an aid in determining cis, t rans  
s t ructures  of conjugated polyenes.. The abil i ty to 
fo rm the semi-ring s t ructure  as indicated by  atomic 
model spacings is definitely related to ease of reaction 
with maleic anhydride.  

The rate and tempera ture  of format ion of the ad- 
duct, the s t ructnre  of the exocyclic double bond or 
bonds as shown by  inf ra red  spectra, and the identi- 
fication of cleavage products  will clearly establish the 
s t ructure  and position of the double bonds in conju- 
gated polyene acids. 

Summary  

The cis, t rans  ,isomers of the conjugated trienes 
present  a difficult problem for  complete determina- 
tion of structure.  

Several methods of a t tack have been outlined, and  
applicat ion of two of them have been made to a 
and fl eleostearic acids, a and fl licanic acids, and 
to pseudoe]eostearic acid. 

These results indicate the following s t ructures :  

a e l e o s t e a r i c  �9 c is-9 ,  t r a n s - l l ,  t r a n s - 1 3  

fl eleostearic: trans-9, trans-ll, trans-13 
pseudoeleostearic : trans 10, tra~as-lfi, t, rans-14 
a ]ieanic: 4-keto, cis-9, trans-]l, trans-13 
fl lleanie : 4-keto, trans-9, trans-ll, trans-13 
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