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Cis, Trans lsomerism of the Eleostearate Isomers'

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

HERE are eight possible cis, trans isomers of the
conjugated triene fatty acids which have their
double bonds in the 9, 11, 13 positions. Four of

the eight are known, but their geometric configura-
tions have not been definitely established. Alpha and
beta eleostearic acids are the best known isomers.
Alpha eleostearic acid is the prineipal acid of tung
0il or China Wood oil. This aeid, m.p. 48°, is eas-
ily converted to B eleostearic acid, m.p. 71°, by the
action of sulfur, light, iodine, strong acids, or heat.
They both form adducts with maleic anhydride. Pu-
nicie acid, m.p. 44°, is obtained from pomegranate
seed oil. It is also converted to 8 eleostearic aeid by
the same catalysts. It does not give a maleic anhy-
dride derivative (1, 2).

Trichosanie acid, m.p. 35°, is a fourth isomer ob-
tained from Japanese snake gourd oil (1). It also
converts to S8 eleostearic acid with catalysts. Its reac-
tion with maleic anhydride has not been reported.

Rossman (3) proposed a cis, cis, cis structure for
a eleostearic acid and a trans, trans, trans structure
for the B acid. He did not consider the other six
possible cis, trans isomers. He aseribed the trans,
trans, trans structure to the B acid because it was
readily formed from the a acid whereas the reverse
change could not be observed by him. The higher
melting and boiling point of the 8 acid seemed more
reasonable for the more linear all-trans form than the
crooked all-cis form.

Morrell and Samuels (4) studied the structure of
the maleic anhydride adducts of « and 8 eleostearie
acids. They suggested that the o acid is “‘cis’’ and
the 8 acid is ““‘trans’’ without stating what bond or
bonds they referred to. In a subsequent paper Mor-
rell and Davis (5), with no new experimental evi-
dence, suggest that the o acid is ‘“‘trans, eis, cis’’ and
that the B acid is ‘‘eis, cis, trans.”’ A later paper by
Morrell and Davis (6) refers to the ‘‘probable X-
trans-trans-cis- Y-COOH’’ structure for the « acid
and the ““X-cis-cis-trans-Y-COOH’’ for the g acid.
This was evidently a second reinterpretation of the
data from the first paper. Recent work on the rela-
tion of cis, trans structures to reactivity with maleic
anhydride leads to a more definite interpretation of
their data, as will be discussed later.

Markley (7) in 1947 stated: ‘“To date no attempt
has been made to determine the geometric configura-
tion of these two natural isomers of eleostearic acid
(punicic and trichosanic acids) and since the geomet-
ric configuration of « and B eleostearic acids is not
known with certainty, the exact identity of all four
acids remains a problem for funture solution.’’

1Paper No. 131, Journal Series, General Mills Inc., Research De-

partment, Presented at the Houston Meeting of the American Oil
Chemists’ Society, April 30, 1952.
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Pseudoeleostearic acid, m.p. 77°, is a positional iso-
mer of the eleostearic acids, with double bonds at
positions 10, 12, and 14 (8, 9). Tt is made by alkali
isomerization of normal linolenic acid. Kass and Burr
(9) suggested that it was either trans, trans, trans
or trans, cis, trans.

Alpha licanic acid, m.p. 75°C., occurs in oiticica
oil and is similar to the eleostearic acids in being a
eonjugated C,, triene acid with double bonds at posi-
tions 9, 11, and 13. It differs in having a keto group
on carbon 4. It is converted to 8 licanic acid, m.p.
99.5°C., by the usual catalysts. Both form maleic
anhydride adducts, whose positional structures have
been determined by Morrell and Davis (6). They
assigned the cis-9, trans-11, trans-13 struecture to o
licanie and the trans-9, ecis-11, cis-13 strueture to 8
licanic acid on the same evidence as for o and 8 eleo-
stearic acids.

Tt is the purpose of this paper to present evidence
for reasonable geometric structures for a and g8 eleo-
stearic acids, for o« and B licanic acids, and for pseu-
doeleostearic acid and to discuss some of the methods
for determining cis, trans structures of conjugated
olefins.

Alpha and Beta Eleostearic Acids

From our data we have concluded that 8 eleostearic
acid is the all-trans isomer, trans-9, trans-11, trans-
13-octadecatriencic acid and that « eleostearic acid is
the cis-9, trans-11, trans-13 isomer. The evidence is
as follows:

a) Since B eleostearic acid has the highest melting point
of all known isomers, the all trans form is indicated. Atomiec
models show that this all-trans strueture can assume the most
linear configuration, like stearie acid, with least interference to
compact crystalline structure.

b) Undoubtedly the all trans isomer is the most stable form
gince the other isomers, a eleostearic, punicie, and trichosanic
acids, all convert readily and extensively to 8 eleostearic acid.
Cis, trans conjugated dienes are similarly known to convert to
the trans, trans isomers under like conditions., This has been
observed with the conjugated linoleates by Nichols et al. (10)
and by von Mikusech (11). It has also been observed by Alder
and Vogt (12), with simple aliphatic dienes, such as hexa-
diene 2,4.

¢) Beta eleostearic acid is more reactive than the a aeids in
the Diels-Alder addition reaction. It reacted with maleic an-
hydride more rapidly than the a acid; the 8 acid required 334
hours to discharge the yellow color of the intermediate eomplex
while a eleostearie 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 strueture of £ eleoste-
arate for the followmg reasons: von Mikuseh (11) has recently
shown that the eis, trans conjugated linoleates react very slowly
if at all with maleie anhydride at temperatures of about 100°
or lower wlhereas the trans, trans isomers react readily in the
diene number determination under these conditions. Alder and
Vogt (12) observed the same effect with the simple cis, trans
and trans, trans conjugated hexadiene, 2,4 and other dienes-
The trans, trans isomer reacted readily in boiling benzene
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whereas the eis, frans isomer did not react under these condi-
tions (but did react when heated at 150° for 15 hours to pro-
duce an adduct different from that of the trans, trans isomer).
A pair of conjugated acyclic double bonds must therefore be
trans, trans in order to react with maleic anhydride at 100°
or lower.

The reason for this is evident from atomic models of conju-
gated isomeric dienes, and from the fact that a planar, bent-
back, ‘‘semi-ring’’ structure is necessary for easy attack by
the maleic anhydride or other dieneophile (12).

Models of the trans, trans isomer show no steric interference
to forming this strueture. The ecis, trans isomer shows some
interference while the cis, cis isomer shows great interference
and probably could not react at all as such.

Beta eleostearic acid, with all three trans double bonds, has
two pairs of adjacent trans, trans conjugated dienes with one
double bond in common. Atomic models show that it ecan form
two planar ‘‘semi-ring’’ struetures very easily with very little
interference to approach of dieneophile to either of the two.
The all-trans 8 acid should therefore be the most reactive diene
in the Diels-Alder reaction. Experimental data confirm this
expectation.

Alpha eleostearic acid must have two adjacent, conjugated
trans double bonds since it reacts readily with maleic anby-
dride at temperatures of 100°C. or below but less rapidly than
the B acid. Since the addition was across the 11 and 13 double
bonds (4), they are both trans, and the 9 double bond is eis.
This means that the structure of a eleostearic is cis-9, trans-11,
trans-13 octadecatrienoic acid.

d) If the structures are as proposed, the isolated double
bond outside of the eyclohexene ring should be trans in the
maleic anhydride adduct of the g aeid and eis 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 peak at 970 em.™.

The maleic anhydride adducts were prepared and the speec-
trum of the adduct of B eleostearic acid was found to have an
absorption band at 970 em.™ while that of a eleostearic adduct
did not have it. The spectra of the two adducts were essentially
identical otherwise (Fig. 1).

e) Infrared absorption curves on the « and 8 aecids or their
methyl esters were consistent with the proposed structures,
namely that the 8 acid is all-trans and that the a acid contains
a cis double bond. The S8 ester showed a single, very strong
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band at 993 em.™ while the a ester showed a doublet, stronger
at 991 em.™ and weaker at 963 em.™ (Fig. 2, curves B and A).
Analogously trans, trans conjugated linoleates show a single
strong band at 988 em.™ while eonjugated cis, trans linoleates
show a doublet, stronger at 982 cem.™ and weaker at 948
m.™ (14).

We believe that the behavior of « and B eleoste-
arates toward maleic anhydride, the configuration of
the exoeyelic double bond as determined by infrared,
and the infrared spectra establish the structures of
these two isomers.?

Punicic Acid

Since punicic acid from pomegranate seed oil is
reported not to form a maleic anhydride adduct (2),
it must not have two adjacent trans double bonds
according to the considerations discussed above. This
leaves five of the eight cis, trans isomers as possible
structures:

Co Cn Ciz
1. eis eis / els
2. eis eis trans
3. trans eis cis
4. trans cis trans
5. cis trans cis

A sample of pomegranate seed oil was made avail-
able to us by R. T. Holman of the Hormel Institute.
The infrared curve showed a strong band at 992 cm.™
and a weaker one at 941 ecm.”* (Fig. 2, curve P).
This doublet with a stronger band at 992 indicates
a ecis, trans diene pair which would eliminate the all-
cis structure (eis-9, cis-11, cis-13). However all-cis
conjugated. aliphatic dienes and trienes are unknown
at the present, and it is evident that further work is
necessary to establish the exact cis, trans configura-
tion of punieie acid.

Alpha and Beta Licanic Acids

Morrell and Davis (6) showed that o and 8 licanic
acids both formed maleie anhydride adducts readily,
that the a adduct was by addition to the 11, 13 pair
of double bonds, and that the 8 adduct was by addi-
tion to the 9, 11 pair, as in a« and B eleostearic acids.
This, and the fact that o licanic acid, m.p. 756°C,, is
easily converted by catalysts to the 8 form, m.p. 99.5°
C., suggest that the g form is all-trans and that the
o form is cis-9, trans-11, trans-13, as with the eleo-
stearates. The confirmatory evidence as to relative
reactivity in the Diels-Alder diene reaction and the
cis or trauns configuration of the exocyclic double bond
in the maleic adducts is not available for the licanic
acids. It appears reasonable that « licanic acid is 4-
keto-cis-9, trans-11, trans-13 octadecatrienocic acid,
and that B licanic acid is 4-keto-trans-9, trans-11,
trans-13, octadecatrienoic acid.

Pseudoeleostearic Acid

Pseudoeleostearic acid is a conjugated 10,12,14-oc-
tadecatrienoic acid produced by alkali conjugation of
normal linolenie acid, according to Kass and Burr (9).

2In a conversation with W. @&, Bickford, C. H. Mack, and R. T.
O’Connor of the Southern Regional Research 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
geometric isomers of the B eleostearic acid maleic anhydride adduct
through selective 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 ef al. (10) predicted that this isomer should
be trans-10, cis-12, trans-14 from certain rules con-
cerning double bond shift during alkali conjugation.

This acid was prepared and was found to have a
single strong absorption peak at 993 em.-:. This indi-
cates that it is all-trans like 8 eleostearate. It is quite
possible that the trans-cis-trans isomer is first formed,
as predicted by Nichols et al. (10), but that it is eon-
verted to the all-trans isomer under the influence
of the heat and alkali used to produce it. We have
found, for example, that o eleostearate converts to
the B form during the thermal polymerization (and
much more rapidly than does cis, trans linoleate con-
vert to the trans, trans isomer). Since the all-trans
form is the highest melting and least soluble form,
any of it whieh wag produced would be the form iso-
lated by crystallization. Perhaps under less vigorous
conditions of isomerization the intermediate trans-lO
cis-12, trans-14 isomer could be isolated.

General Discussion

Infrared spectra are valuable in characterizing eis,
trans isomers of conjugated double bond systems.
Conjugated eis, trans and trans, trans linoleates have
characteristic absorption bands by which they can be

determined even in mixtures. The spectrum of 3 eleo-
stearate is analogous to that of conjugated trans, trans
linoleate and that of a eleostearate to conjugated cis,
trans linoleate. From these spectra and those of their
reaction products with maleiec anhydride we have con-
firmed the analogy. The spectrum of punicic acid with
a doublet at 941 and 992 e¢m.™* is also analogous to the
doublet spectrum of the cis trans isomers. Until the
spectrum of a known triene system has been observed
to have bands identical with those of punicic acid, no
assignment of structure to any of the double bonds
can be made.

Ultraviolet absorption spectra are less specific than
infrared in distinguishing conjugated isomers. X-ray
diffraction spacings have been used to distinguish be-
tween conjugated cis, trans isomers (2, 10), but, as
in infrared spectra, known standards are necessary’
for assignment of structure.

The work of Alder and Vogt (12) on simple conju-
gated dienes and of von Mikusch on lincleates (11)
as to their eis, trans isomers points to the use of
maleic anhydride as an aid in determining cis, trans
struetures of conjugated polyenes. The ability to
form the semi-ring structure as indicated by atomic
model spacings is definitely related to ease of reaction
with maleic anhydride.

The rate and temperature of formation of the ad-
duct, the structure of the exoeyclic double bond or
bonds as shown by infrared spectra, and the identi-
fication of cleavage products will clearly establish the
structure and position of the double bonds in conju-
gated polyene acids,

Summary

The ecis, trans isomers of the conjugated trienes
present a difficult problem for complete determina-
tion of structure.

Several methods of attack have been outlined, and
application of two of them have been made to «
and B eleostearic acids, « and B licanic acids, and
to pseudoeleostearic acid.

These results indicate the following structures:

a eleostearic: ¢is-9, trans-11, trans-13

B eleostearic: trans-9, trans-11, trans-13
pseudoeleostearic: trans-10, trans-12, trans-14

a lieanie: 4-keto, €is-9, trans-11, trans-13

B licanie: 4-keto, trans-9, trans-11, trans-13

REFERENCES
1. Toyama, Y., and Tsuehiya, T., J. Soc. Chem. Ind. Japan, Suppl
bind., 38, 182-5, 185-7 (1935).
2. Farmer, F. H., and van den Heuvel, F. A, J. Chem. Soc., 1936,
1809-11.

3. Rossman, N. E.,, Chem. Umschau., 39, 220 (1932).

4. Morrell, R. 8., and Samuels, H., J. Chem. Soc., 1932, 2251,

5. Morrell, R. 8., and Davis, W. R.,, Trans. Faraday Soc., 32, 209
(1936).

6. Morvell, R. 8., and Davis, W. R., J. Chem. Soc., 1936, 1481,

7. Markley, K. 8., “Fatty Acids,” Interscience Publishers Ine., New
York, 1947, p. 69

8. Moore, T., Biochem. J., 31, 138 (1937).

9. Kass, J. P., and Burr, G. 0., J. Am, Chem. Soc., 61, 3292 (1939).

10. Nichols, P. L., Herb, 8. F., and Riemenschneider, R. W., J. Am,
Chem. Soc., 73, 247 (1951).

11. Mikusch, J. D. von, Angew. Chem., 62, 475 (1950).

12. Alder, K., and Vogt, W., Ann., 571, 137 (1951).

13. Wheeler, D. H., Official Digest, Federation Paint and Varnish
Production Clubs, 322, 660 (1951).

14, Jackson, J. E., Paschke, R. F. Tolberg, W., Boyd, H. M., and
Wheeler, D. H J. Am. Oil Chem. Soc 29, 229 (1952).

[Received August 25, 1952 ]



