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ABSTRACT 

Scetl oils \\,ere hydrolyzed ~111der 11lild co~lditions and the major conjugated fatty acid of 
each oil was isolated and identified. In two families, species which mere closely related botan- 
ically contained dif[erent but isomeric acids. 'Yhus, in the Bignoniaceae, Jacaralzda clielowia 
had cis,trans,cis-8,10,12-octaclecatrienoic acid as a  major acid while Catalpa speciosa had 
tra~1s,tra~~s,cis-0,11,13-octadecatrienoic acid. In the Cucurbitaceae, Afolo,lzordicn cl~arnlztia had 
the ordinary cis,trans,trans-9,11,13-octadecatrienoic (a-eleostearic) acid while d f .  balsanri?za 
had cis,fra?~s,cis-9,ll,13-octadecatrienoic (punicic) acid. d f .  balsa?irina is a new and convenient 
source of punicic acid. a-Eleostearic acid was iclentified as  a major acid in esa~nples of 
Valerianaceae and Rosaceae. Further proof was obtaincd that the fatty acid of Caleildtrla 
nfici?ralis (Compositae) is tra?zs,tra?zs,cis-8,10,12-octadecatrieroic acid. 

Until the \-ear 1956 only two simple conjugated triene fatty acids were known to occur 
in seed oils, viz. a-eleostearic and punicic acids. Three additional acids of this type have 
been discovered since then (1, 2, 3, 4). All five of these simple conjugated acids have an 
18-carbon straight chain; in two of them the unsaturated grouping occupies the 8,10,12 
position but in the other three it  is in the 9,11,13 position. The present work reveals the 
occurreilce of lour of these acids in plant species in which they were not known previously 
(Table I) .  Positive ideiltificatioil of each acid was made by orthodox chemical procedures. 

TABLE I 

Occurrence of conjugated octadecatrienoic acids 

CH,(CII?),CI-I=CI-I-CI-I=CI-I-CI-I=CEI (CI-12),COOH 

Unsaturated grouping 

Species Formula Position Configuration Reference 

Jacara?zda chclonia (Bignoniaceae) 
Catalpa speciosa (Bignoniaceae) 
Moo?mordica cizara~ztia (Cucurbitaceae) 
i l f o ~ z o ~ d i c a  balsnn~ina (Cucurbitaceae) 
Calendzrla o&ci?zalis (Compositae) 
Centra?~t l~z~s  rz~bcr (Valerianaceae) 
Cotia chestnut (Rosaceae, see test)  
Pruxnrs nrahalcb (Rosaceae) 

8,10,12 cis,trans,cis i; 

0,11,13 trans,trans,cis * 
9,11,13 cis,trans,trans (a-eleostearic) 5 
9,ll,l:3 cis,trans,cis (punicic) 
8 , 1 1 2  trans,trans,cis 1 , 2  
9,11,13 cis,trans,tra~ls 
0,11,13 cis,trans,trans 
0,11,13 cis,trans,trans 6 

V ~ e s e n t  work 

Seed of Jacaranda chelonia Griseb. (Bignoniaceae) yielded an oil containing a sub- 
stantial amount of conjugated triene acid, as shown by its ultraviolet spectrum. The acid 
was isolated and identified as cis,trans,cis-8,10,12-octadecatrienoic acid (I) by melting 
point, mixed melting point, and ultraviolet spectrum. The only previously 1;nown 
occurrence of this acid is in the oil of Jacaranda mimosifolia D. Don (4). 

'Presented i x  part at the VIt l l  Coxgress of the Inler?zationalSociety for FatResearch, Lo?zdo?z, Apr i l  9-13,1962. 
?Isszied as ilT.R.C. No. 7006. 
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The seed oil of Catalpa speciosa Warder, also a member of the Bignoniaceae family, 
yielded a different triene acid. I t  melted a t  31-32" and gave an adduct wit11 inaleic 
anhydride which melted a t  72-73'. I ts  ultraviolet spectrum i~ldicated a triene grouping 
of two trans and one cis bond (cf. ref. 7). The acid was identified as trans,trans,cis-9,11,13- 
octadecatrienoic acid (11) by nlixed melting point with an authentic sample. This was 
confirlned by nlixed melting point of the maleic anhydride aclducts. The acid is known to  
occur in the oil of Catalpa oaata Don (3) but has not been observed elsewhere. Occurrence 
of this trans,tl-ans,cis acid nullifies an earlier suggestion that the 9:10 double bond in 
natural triene acids is always cis (8). 

The existence of acid I in two species of Jacaranda and of acid I1 in two species of 
Catalpa provides rather striking confirmation of the botanical classification of these 
plants. I t  is notable that  one genus produces the 8,10,12-triene while the other produces 
the 9,ll , l3-triene, also that the two acicls differ in their geometric configuration. Although 
it cannot be talcen for granted that a given species of plant will always produce the same 
isomer of a conjugated fatt3- acid, we are not aware of any evidence to  the contrary. 

The oil of iMonzordica cha~an t ia  L. (Cucurbitaceae) has been studied in the past and the 
presence of a-eleostearic acid has been reported. Claims that the oil contailled trichosanic 
(punicic) acid have apparently not been substantiated. Verma and Aggarwal (5) isolated 
the acid and identified it  as a-eleostearic by n~el t i~ lg  point, ultraviolet absorption, and 
conversion to the all-trans form. However, they did not report any mixed melting points. 
Our sample of AJomordica charantia seed yielded a-eleostearic acid (111) as the inajor 
acid and its identity was proved conclusively, thus confirming the work of \Terms and 
Aggarwal. 

Another species of the saine genus, Ad. balsamina L., contained a different acid. Earle 
and co-worlters (9) reported that the oil of this species contained 50% of a conjugated 
triene acid and listed it as trichosanic acid, although evideilce of its identification was 
not given. Our sample of the oil \\as estimated to coiltaiil 58y0 of a conjugated triene acid 
which was identified una~nbiguo~~sly as punicic acid (synonymous with trichosanic), i.e. 
cis,trans,cis-9,11,13-octadecatrienoic acid (IV). Thus it appears that two species of the 
same genus produce different major fatty acids, indicating a marlied specificity of fatty 
acid biosynthesis. The two acids fro111 these species differ only in geonletric configuration 
(cis,trans,trans and cis,trans,cis). 

Punicic acid has been available hitherto only from Pzinica granatzim (Punicaceae) and 
from Trichosanthes sp. (Cucurbitaceae). Afomordica balsamina constitutes a useful new 
source of the acid since the seed is available commercially and the oil has a high content 
of punicic acid. 

The oil of Cabendzila qficinalis L. (Compositae) was shown by i\/IcLean a i d  Clark to  
contain an 8,10,12-octadecatrie~loic acid (1). Later, the configuration of this acid was 
found to be trans,trans,cis (V) by infrarecl studies and by degradation of its inaleic 
anhydride aclduct (2). The trans,trans,cis configuration was confirmed in the present 
work by hydrogenating the adduct (VI) and compariilg the product with the compound 
(VIII) obtained by hydrogenating the adduct (VII) of trans,tm~zs-8,10-octadecadie1~oic 
acid; both melted a t  105.5-lO(j.5" and a mixed ~nelting point determination showed that  
they were identical. Hence, the two trans double bonds of the triene acid must be a t  
positions 8 ancl 10. 

Seed oil of Centranthus rziber DC. (Valerianaceae) was found to contain a conjugated 
triene acid which was isolated and identified as a-eleostearic acid. This appears to be the 
first identification of a conjugated triene acid in this family although Earle and co- 
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VII CH,[CH~I,CH~CH~CHCH=CHCH[CH~],COOH 

CH- CH 
I I 

OC - 0 - CO 

Hz 1 
VIII CH,[CH~]. ,CH,CII~CHCH~CH~ C H [ C H ~ ] ~ C O O ~ {  +- 

I 
CH- 

I 
CW 

workers ('3) reported infrared evidence for a triene acid in Valerianu o~fici~zalis that was 
listed as eleostearic acid. Valerianella olitoria, of the same family, was shown by Steger 
and van Loon to contain no conjugated acid (10) and we have confirmed this. 

Two species of Rosaceae were examined. The kernel oil of the cotia chestnut was reported 
earlier to colltain a conjugated acid on the basis of its diene value and drying properties 
(11). Our sample of this nut, obtained from the vicinity of Tefe, Amazonas, Brazil, yielded 
an oil containing about 23y0 of a-eleostearic acid, identified by means of its maleic 
anhydride adduct. There was no evidence of an hydroxy acid. The cotia chestnut is con- 
sidered to be a species of Parinarium or Licania (family Rosaceae) but there is still some 
doubt concerning its classification. 

The oil of P r u n i ~ s  mahaleb L. was re-examined. I t  was studied by Alpar and Esin ( G ) ,  
who isolated the triene acid and prepared derivatives which showed fairly conclusively 
that  it was a-eleostearic acid. In the present worlc its identity has been confirmed by means 
of spectral arlalysis and mixed melting points of the acid and derivatives. 

These results, taken in conjunction with previous data, indicate that a-eleostearic is 
the most commonly occurring conjugated triene acid; i t  is found in species of Rosaceae, 
Euphorbiaceae, Cucurbitaceae, and Valerianaceae. Punicic acid occurs in three species of 
Cucurbitaceae and one of Punicaceae. Other positional or geometric ison~ers of octadeca- 
trienoic acid are found in four species of Bignoniaceae and one of Compositae. 

EXPERIMENTAL 
Cotia c h e s t n ~ ~ t s  were supplied through the kindness of Dr. I<. S. Marlcley. Other seeds were obtained 

from commercial sources. Melting points were determined in capillary tubes and are corrected. Ultraviolet 
spectra were determined in cyclohexane solution, except where noted, with a Beclcman DU spectrophotom- 
eter. Infrared spectra were determined in carbon dis~~lphide  in a Perkin-Elmer model 21 spectrophotom- 
eter with sodium chloride prism. 

Jacaranda chelonia 
Seed of J .  chelonia Griseb. (10 g) was ground and extracted a t  room temperature by stirring with 30-GOo 

petroleum ether. I t  yielded 19% of oil. The solvent was removed a t  25-30' under nitrogen. The oil (1.9 g) 
had ultraviolet absorption A,,, 265,275,287 mp and absorptivity E:?~ 540 a t  275 mp, eq~~ iva len t  to about 
31y0 of conjugated triene fatty acid. The oil was hydrolyzed, the unsaponiliable matter removed, and the 
acids recovered by methods described previo~lsly (3). The mixed acids were crystallized from acetone and 
then from pentane in the usual way (3), yielding 0.38 g of pure conjugated acid, m.p. 43.5-44", A,,, 
265, 275, 287 mp. The melting point was unchanged in ad~ilisture with an authentic sample of cis,tra?ts,cis- 
8,10,12-octadecatrienoic acid prepared from the oil of J .  mimosifolia (4). 

Catalpa speciosa 
Seed of C. speciosa Warder, treated as  described above, yielded 22% of oil having A,,, 262, 272, 283 lnfi 

and absorptivity E:?~ 604 a t  272 mp, ecluivalent to  about 34% of conjugated triene fatty acid. The mixed 
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acids lvere crystallized a t  low temperature, giving a triene acid, m.p. 31-32', A,,, 262,272,283 mp. I t  reacted 
readily with maleic anhydride, giving an adduct, m.p. 72.5-73.5". The melting point was ~lnchanged in 
admixture with the corresponding adduct of trans,trans,cis-9,11,13-octadecatrienoic acid, prepared from 
the oil of C. mata (3). 

Monzordica charantia 
Seed of ilii. ckarantia L. was extracted and the fatty acids of the oil were crystallized in the usual way (3). 

A triene acid was obtained. I t  melted a t  46-47', alone and mixed with authentic a-eleostearic acid prepared 
from tung oil. Its maleic anhydride adduct melted a t  63-64', alone and mixed with the maleic anhydride 
adduct of a-eleostearic acid. 

ilfofnordica balsamina 
Seed of M. balsanzina L. yielded an oil having A,, 266,275,286 mp and absorptivity a t  275 n~pequivalent 

to about 58y0 of conjugated triene fatty acid. Crystallization of the fatty acids yielded a triene acid, m.p. 
44-45", unchanged in admixture with punicic acid prepared from Punica granatunz. The pure ilfomordica 
acid had A,,, 265, 275, 287 mp; absorptivity E : ? ~  1694 a t  275 mp; infrared absorption, v,,, 933 (s), 983 (s) 
cn-l. The absorption maxima were identical with those of punicic acid. The Momordica acid did not form 
an adduct with maleic anhydride under the normal conditions for this reaction. I t  formed a p-phenyl- 
phenacyl ester, m.p. 61.5-63.5", alone and mixed with an  authentic sample of the fi-phenylphenacyl ester 
of punicic acid (4). 

Calendz~la $ c i ~ ~ a l i s  
tra?zs,trans-S,10-Octadecadienoic acid was prepared from oleic acid by the method of Gupta and I<um- 

merow (12). The diene acid (0.24 g),  m.p. 55-56", was refluxed with benzene (20 ml) containing rnaleic 
anhydride (0.21 g) for 6 hours. The product was crystallized from ether:petroleum ether (3:4) a t  0°, giving 
0.18 g of the pure adduct, 3-G'-carbosyhexyl-6-heptylcyclohexene-4,yIic anhydride (IJII) ,  m.p. 
109-110". Von Milcusch gives m.p. 110" (13). Calcd. for C2?H3405: C,  69.8; H ,  9.05. Found: C, 70.1; H,  9.06. 

The adduct (VII) was hydrogenated in methanol with Adams catalyst and the product was crystallized 
from methanol a t  -30°, giving 3-6'-carboxyhexyl-6-heptylcyclohexane-l,2-dicarboxylic anhydride (VIII) ,  
m.p. 105.5-106.5". Calcd. for C??H3605: C,  69.4; H ,  9.5. Found: C, 69.5; H ,  9.'i. 

The triene acid of Calend?lla officinalis L., 8,10,12-octadecatrienoic acid, and its adduct with maleic 
anhydride were prepared as described previously (2). The adduct, m.p. 73-74", considered to be 3-6'- 
carboxyhes~-l-6-cis-l'-heptenylcyclohexene-4,5-dicarboxylic anhydride (VI), was hydrogenated in methanol 
with Adams catalyst; it absorbed 2 moles of hydrogen. The product was crystallized from methanol a t  0'. 
I t  melted a t  105.5-106.5° and the melting point was not depressed in admixture with compo~lnd VIII,  
prepared from tra~zs,trans-8,lO-octadecadienoic acid. I-Ience the identity of VI is conlirmed. 

Centrantl~tls rube7 
Seed of C. rzlber DC. yieldecl an  oil having A,,, 262, 271, 282 mp and absorptivity a t  271 mp eq~~ivalent  to 

about 43y0 of conjugated triene fatty acid. The mixed fatty acids were crystallized, giving a triene acid 
that was somewhat difficult to purify. I t  melted a t  42-43". On treatment with iodine in pentane it gave 
p-eleostearic acid, m.p. and mixed m.p. 70-71". The ~~nisornerized acid reacted readily with maleic anhydride 
to give an adduct, m.p. 63.5-G4.5" alone and mixed with the adduct of a-eleostearic acid (14). 

Oil of Vale~ianel la olitoria Poll. had negligible ~~l t raviole t  absorption in the conjugated triene region. 

Cotia cl~estnz~t 
I<ernels of the cotia chestnut were extracted, yielding 61y0 of oil. The oil had A,,, 261, 270, 283 mp in 

isooctane; absorptivity equivalent to about 24y0 of conjugated triene fatty acid; v,,!,, 957 (w), 986 (s) cm-I. 
The triene acid was concentrated by crystallization but  retained some s a t ~ ~ r a t e d  fatty acid. The concentrate 
was allol\.ed to react with maleic anhydride, giving an adduct, m.p. 63-G4" alone and mixed with the adduct 
of a-eleostearic acid. 

P r z ~ n z ~ s  n~alzaleb 
IVhole seeds of P. nza7zaleb L. yielded 15y0 of oil. The oil had A,,,,, 261, 370, 282 m p  in isooctane and 

absorptivity eq~~ iva len t  to a b o ~ ~ t  29% of conjugated triene fatty acid. The mixed methyl esters of the fatty 
acids had infrared maxima a t  960 (w) and 988 (vs) cm-1. A concentrate of the triene acid was prepared and a 
portion was converted to its maleic anhydride adduct. The adduct melted a t  63-64', alone and mixed with 
the aclduct of a-eleostearic acid. Another portion was isomerized by iodine in pentane solution to the all-trans 
form, m.p. and mixed m.p, with p-eleostearic acid, 70-71". 
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