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The Infrared Spectra and the Structural Relationships Between
Alpha- and Beta-Eleostearic Acids and Their

Maleic Anhydride Adducts

W. G. BICKFORD, E. F. DuPRE, C. H. MACK, and R. T. O'CONNOR,
Southern Regional Research Laboratory, New Orleans, Louisiana ?

ECENTLY Paschke, Tolberg, and Wheeler (15)
have reviewed the subject of the eis, trans

isomerism in the eleostearate isomers. They.

have pointed out that the previously proposed strue-
tures for the alpha- and beta-eleostearic acids have
not been established definitely. These authors have
adduced evidence from infrared spectra and chemi-
cal reactivities to show that alpha-cleostearic acid
contains a cis, trans, trans conjugated triene system
and that beta-eleostearic acid is the all trans isomer.
Previously Morrell and co-workers (9, 11) as well
as Chin (2), while investigating the maleic anhy-
dride adducts of these two acids, reported that addi-
tion occurred across the 11 and 13 double bonds of
alpha-eleostearic acid and across only the 9 and 11
double bonds of beta-eleostearic acid. Although their
interpretation of these results led them to agreement
regarding the ecis, trans configuration of the alpha
isomer, their views were divergent with regard to the
beta isomer. If the beta-eleostearic acid is in fact an
all trans isomer, as proposed by Paschke et al. (15),
then two adducts would be predicted rather than
only one. It is the purpose of this paper to present
evidence for the existence of two maleic anhydride
adducts of beta-eleostearic acid and to verify the
structures of alpha- and beta-eleostearic acids through
interpretation of data obtained by infrared spectro-
scopy as well as chemical means.

Experimental

Alpha- and beta-eleostearic acids. These acids were
prepared from fresh authentic samples of tung oil
according to the methods deseribed by O’Connor et
al. (13). The spectral analysis (13) showed that the
alpha-acid (m.p. 48.0°C.) had a purity of 98.6%
and that the beta-acid (m.p. 71°C.) was 96.4% pure.
These acids had hydrogen-iodine values (14) of 271.8
and 270.9, respectively.

Maleinization. Ten percent solutions of alpha-and
beta-eleostearic acids in toluene were refluxed with

10mne of the laboratories of the Bureau of Agricultural and Industrial
Chemistry, Agricultural Research Administration, U. §. Department of
Agriculture.

1509% excess of maleic anhydride until the character-
istic yellow color had disappeared. The reaction mix-
tures were then diluted with an equal volume of ethyl
ether and washed with water until free of maleic an-
hydride. Following drying and the removal of the
solvents under reduced pressure, the recovered ad-
duets were erystallized from 90% methanol solution.
The alpha-eleostearic acid-maleic anhydride adduect,
m.p. 64°C., analyzed 70.26% C and 8.67% H, calcu-
lated 70.18% C and 8.57% H, and had a hydrogen-
iodine value of 132.2, calculated hydrogen-iodine val-
ue, 134.1. The beta-eleostearic acid-maleic anhydride
addition product, m.p. 77°C., analyzed 70.25% C and
8.59% H, and had a hydrogen-iodine value of 131.8.
Hydrogenation of malewnated products. Approxi-
mately 2.5% solutions of the recrystallized maleinated
products in glacial acetic acid were hydrogenated at
room temperature and atmospheric pressure using an
excess of platinum oxide catalyst. After the absorp-
tion of the theoretical amount of hydrogen (2 moles/
mole) these products were freed of catalyst and sol-
vent in the usual manner and finally dried in vacuo
over solid sodium hydroxide. The white hydrogena-
tion products for the alpha- and beta-isomers melted
at 74°C. and 58°C., respectively. Morrell and Davis
report 74°C. and 63°C., respectively (9).
Epozidation of the mwlemated products. Prelimi-
nary experiments were conducted on the alpha- and
beta-maleinated products to determine if there was a
possibillity of selective epoxidation of the eyelie or
exocyclic double bonds. Then 3.7 grams of each of
the recrystallized adduects were dissolved in 50 ml. of
4078 N perbenzoic acid-chloroform solution (approx-
imate 10% excess based upon the epoxidation of two
double bonds). After standing at 0°C. for 21 hours,
titration of the excess perbenzoic acid indicated that
1.03 double bonds had been saturated. There was a
white copious precipitate found in the reaction flask
containing the beta-isomer, but there was no indica-
tion of an insoluble product formed in the reaction
mixture containing the alpha-isomer. Infrared as well
as chemical data presented elsewhere in this paper
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showed that the exoeyclic double bond had been pref-
erentially epoxidized.

Selective epoxidation of the exocyclic double bond
of the maleinated products. Next 7.3 grams of each
of the recrystallized adducts were dissolved in 50 ml.
of .4078 N perbenzoic acid-chloroform solution and
maintained at 0°C. for 41 hours. At the end of this
time the reaction was 95% complete, and again it was
noted that the reaction mixture containing the beta-
isomer had formed a precipitate whereas none was
evident in the alpha-isomer reaction mixture. The
white precipitate formed in the reaction with the
beta-isomer was reeovered and erystallized several
times from absolute methanol. A 10% yield of a
compound melting at 144°C. was obtained. Subse-
quent recrystallization of this compound from vari-
ous solvents did not result in any change in its melt-
ing point. (Caleulated for C,,H,,0,: C, 67.32%, and
H, 822%; found, C, 67.34%, and H, 8.21%). The
chloroform soluble material from the above reaction
mixture was recovered from the solvent and separated
from benzoic acid through ecrystallization from meth-
anol. A 30% yield of this material was obtained
melting at 118°C. Reerystallization of this product
from chloroform did not inerease its melting point.
(Calenlated for C,,H,,0,: C, 67.32%, and H, 8.22% ;
found, C, 67.09%, and H, 8.21%). The chloroform
was removed from the reaction mixture containing
the epoxidized adduect of the alpha-acid. The result-
ing mixture containing benzoic acid was an oily
viscous material, which did not erystallize from sol-
vents such as methanol, petroleum ether, and acetone,
irrespective of the temperature employed.

Esterification of the maleinated products. Recrys-
tallized maleic anhydride (alpha and beta) adducts
were esterified with n-butyl aleohol, using toluene as
the solvent and p-toluene sulfonic acid as the catalyst.
The water formed in the reaction was distilled azeo-
tropically and continuously separated until the reac-
tion was complete. The purified tri-n-butyl esters
were semi-viscous and analyzed approximately 98%
pure. Hydrogenation value: found, 1.95 moles hydro-
gen/mole of ester; caleculated, 2.0 moles hydrogen/
mole of ester.

Epoxidation of the tri-butyl esters. The tri-butyl

esters of the maleinated products were epoxidized in
a manner analogous to that described above. After
four days the theoretical amount of oxygen had been
absorbed. The chloroform solutions of ‘the epoxides
were freed from perbenzoic and excess benzoic acid
by shaking for several hours with twice the theoreti-
cal amount of barium oxide in the presence of sodium
sulfate. The epoxidized compounds were found to be
viscous liquids. The hydrogen-iodine value for the
isomer from the alpha-acid was 42.6 and for the iso-
mer from the beta-acid, 47.3. The calculated is 43.8.
These products were refluxed with a large excess of
acetic acid during the course of 5 hours for the pur-
-pose of destroying the oxirane group with the at-
tendant formation of the hydroxy-acetoxy derivative.
Subsequent hydrogenation of these reaction products
showed a 93% conversion of the epoxide to their re-
spective hydroxy-acetoxy derivatives.

Reference compounds. Maleie anhydride of highest
analytical purity was recrystallized from chloroform ;
melting point, 60°C. Dimethyl maleate was prepared
from the maleic anhydride by esterification in the
usual way; hydrogen-iodine value, 176.1 (calculated,
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176.1). Dimethyl fumarate was prepared from an
authentie sample of fumaric acid in the usual way;
melting point, 102°C., and hydrogen-iodine value,
176.6 (calculated, 176.1). The maleic anhydride ad-
duct of butadiene was prepared in benzene solution
by the method described by Flett and Gardner (4).
The recrystallized product melted at 102°C. The di-
methyl ester of the maleic anhydride-butadiene ad-
duct was prepared by esterifying the above adduct
with methanol; hydrogen-iodine value, 127.2 (calcu-
lated, 128.0).

Infrared spectra. All spectra were obtained with
a model IR-2T Beckman automatic recording infrared
spectrophotometer.? The instrument was housed in a
room maintained at about 23.3°C. and 20% relative
humidity, and its temperature was maintained econ-
stant at 25°C. == 0.1° by water circulated from a
constant temperature bath. The coneentrations of the
chloroform solutions were all very close to 40 g. per
liter and all were measured in an 0.4 mm. rock salt
cell against the pure solvent in the same cell.

2Mention of names of firms or trade products does not imply that
they are endorsed or recommended by the U. 8. Department of Agricul-
ture over other firms or similar products not mentioned.
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Results and Discussion

The presence of a trans-trans conjugated pair of
double bonds in the structures of both alpha- and
" beta-eleostearic acids can be established by consider-
ation of maleic anhydride addition reactions and by
considerations of the infrared spectra of the acids
themselves. The cis, trans configuration of the third
double bond can be established by interpretation and
comparison of the infrared spectra of maleic anhy-
dride addition produects, their esters and their epoxy
derivatives, whereby interfering absorptions are elim-
inated, with related ‘‘model’’ compounds.

Infrared spectra of chloroform solutions of alpha-
and beta-eleostearic acids, of oils containing eleoste-
arins, and of several maleic anhydride and epoxy-
derivatives, are shown in Figures 1, II, and III. In
these figures are included spectra of selected ‘‘model’’
compounds of known molecular configuration. These
spectra are used to clarify some of the interpretations
of the infrared spectra of maleic anhydride adduets
of the alpha- and beta-eleostearic acids and of their
derivatives.

In the ‘“‘group frequeney’’ region of the infrared
spectra, between 2 and 9 microns, the spectra of the
eleostearic acids and of oils containing them, exhibit

some half dozen prominent bands resembling those
found in the spectra of saturated fatty acids and
esters. From previous studies (12) these bands can
be readily correlated with the vibrating groups which
give rise to them ; 3.30 microns (0.88),> C—H streteh-
ing vibration; 5.70-5.80 microns (0.66), C=0 stretch-
ing vibration; 6.95 mierons (0.27), C—H bending
vibration; and 7.75, 8.00, and 8.80 mierons (0.28),
(0.28), and (0.16), C—O stretching vibrations. The
values cited are from the spectra of alpha-eleostearie
acid. Corresponding values from the spectra of beta-
eleostearic acid are essentially identical while those
from the speectra of the oils are compatible with their
glyceride content.

In the ‘‘fingerprint’’ region of the infrared spectra
included in these studies, from 9 microns to 12 mi-
crons, absorption maxima are more dependent upon
the entire molecule as a vibrating unit, and differ-
ences indicative of ecis- and trans-configuration may
be expected. In spectra of mono-unsaturated com-

2Wavelength positions are those of band maxima, Values in paren-
theses are absorptivities. All spectroscopic momenclature used through-

out this paper is in conformity wtih the ‘“Suggested Nomenclature in
Applied Spectroscopy’” (17).
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pounds, appearance of a band with maximum at 10.3
mierons, assigned to a C—H deformation vibration
about a trans C=C group (7, 16, 18), would establish
the presence of a trans C=C group. In polyunsatu-
rated compounds evidence is accumulating that the
absorption of isolated trans double bonds is additive,
but conjugated systems exhibit bands with maxima
at appreciably different wavelengths (6). In the speec-
tra of both alpha- and beta- eleosteariec acids the most
prominent band in this region is at 10.03 microns
(Figure IV, 1 and 2), arising from conjugated carbon-
carbon double bonds. Further Jackson et ol. show that
a band at about 10.03 mierons is characteristic of a
trans-trans conjugated system. It is evident therefore
that both alpha- and beta-eleostearic acids contain a
conjugated trans-trans pair.

Von Mikusch (20) and also Alder and Vogt (1)
have demonstrated that trans-trans conjugated dienes
readily react with maleic anhydride at temperatures
below 100°C. whereas cis-cis and cis-trans conjugated
dienes do not. On the bases of these and other obser-
vations Paschke, Tolberg, and Wheeler have concluded
that both alpha- and beta-eleostearic acids contain a
pair of conjugated trans-trans acyelic double bonds.
Observations made in this laboratory, identical with
Paschke et al., support and confirm this conclusion.

Maleinization reactions and infrared spectra have
established that a trans-trans conjugated pair does in

faet occur in both alpha- and beta-eleostearic acids.
Therefore the only problems which remain to confirm
the complete cis-trans configuration of the two acids
are definitely to establish the position of the trans-
trans pair along the molecular chain and to prove
the cis- or trans-configuration of the remaining un-
saturated bond. Morrell and Davis (10) through
ozonolysis of the maleic anhydride adduct of alpha
eleostearic acid have established the position of the
trans-trans pair along the molecular chain for this
acid and hence the position of the remaining cis dou-
ble bond to be at the 9,10 position. However the evi-
dence is inconclusive with respect to the beta isomer
(2,11). The infrared spectra of the maleic anhydride
reaction product with both alpha- and beta-eleoste-
aric acids might be expected to supply an answer to
this second problem. These adducts are non-conju-
gated dienes with one of the double bonds a cis bond
in a ring structure. The other unsaturated bond, which
did not take part in the addition of the maleic anhy-
dride, appears in a side chain and should, if trans,
exhibit the well established band with maximum at
10.3 mijcrons. If this third unsaturated bond is cis,
no maximum should appear at 10.3 microns. Study
of the speetra of the two adducts of the eleostearie
acids in this region (Figure IV, 3 and 4) reveals very
intense bands with maxima at 10.45 and 10.60 mi-
crons, which interfere with the C=H bending band
at 10.3 microns. It is very significant however that
in the spectra ‘of the maleic anhydride adduct of the
beta-eleostearic acid a very pronounced shoulder is
exhibited on the short wavelength side of the 10.45
and 10.60 micron band, at about 10.3 microns. No
similar shoulder is observed in the spectra of the ad-
duet with the alpha-eleostearic acid. Examination of
the spectra of the hydrogenated adducts of both al-
pha- and beta-eleostearic acids {(Figure II, 14 and
15) shows that neither exhibits a shoulder at 10.3
microns. This may be interpreted as evidence that
this absorption at 10.3 microns in the spectra of the
adduct of beta-eleostearic acid arises from a double
bond and at this wavelength must be attributed to a
C—H bending about a trans C=C. Thus the infra-
red spectra indicates that the third double bond in
beta-eleostearic acid is trans while in alpha-eleoste-
aric acid it is eis.

The intense bands at 10.45 and 10.60 microns in
the spectra of the maleic anhydride adducts of alpha-
and of beta-eleostearic acids probably arise from ring
vibrations of the cyclohexene or the maleic anhydride
ring, or from both. Maleic anhydride exhibits four
strong bands in this region (Figure IV, 5); 9.45 mi-
crons (1.24); 11.22 miecrons (1.68); 11.52 microns
(0.66) ; and 11.87 microns (1.32) ; comparable to the
four strong bands exhibited by cyclohexane 9.63 (6),*
9.86 (4), 11.05 (9), and 11.60 (10), and by cyclohex-
ene 9.64 (7), 9.92 (4), 10.90-11.06 (8), and 11.41 (9).
That- these intense bands in the spectra of maleic an-
hydride are due to the ring structure is demonstrated
by comparison with the spectra of dimethyl maleate
or dimethyl fumarate, where the ring is broken and
only weak bands (1ntens1t1es less than 0.5) are ob-
ser ved (Figure 1V, 6 and Figure V, 7). '

The intense bands in the spectra of maleic anhy-
dride would not interfere with the identification of

+Data for cyclohexane and cyclohexene are taken from the A P 1.
hbrary -of infrared curves. Wa,velengths are positions of maxima, val-
ues in parentheses are relative intensities (on a scale of 0-10, 10=
most intense).
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the C—I bending bands with maximum at 10.3 mi-
crons. However in the spectra of the maleic anhy-
dride addition produets with butadiene (Figure V, 8)
the four strong bands appear but at considerably dif-
ferent wavelength positions: 9.60 (0.41), 10.08 (2.0),
10.40 (1.06), and 10.75 (1.44). These bands resemble
rather closely the prominent bands in this region ex-
hibited by the spectra of the maleic anhydride ad-
ducts of both alpha- and beta-eleostearic acids. The
band with maximum at 10.40 microns, comparable to
the band with maximum at 10.45 microns in the spec-
tra of the eleostearic acid adducts, interferes with the
C—H bending band at 10.3 microns. That these bands
also arise from ring vibrations can be demonstrated
by comparison of the spectra of the dimethyl ester of
the maleic anhydride adduct of butadiene (Figure V,
9), which exhibits no strong bands in this region. The
spectra of the heavily substituted cyclohexene ring
does not exhibit the symmetrical ‘‘breathing’’ vibra-
tions which appear in the speectra of unsubstituted
cyclohexene. ’

It is to be expected from the foregoing observa-
tions that opening of the anhydride ring present in
the adducts of alpha- and beta-eleostearic acids by
means of esterification would result in the disappear-
ance of the strong interfering bands at 10.45 and
10.60 microns. Both of the eleostearic acid adduects
were converted to the corresponding tri-n-butyl esters

and spectra of each obtained. Examination of these

spectra (Figure V, 10 and 11) reveals a pronounced

10.3 micron band in the spectra of the tri-butyl ester

of the maleic anhydride adduet from beta-eleostearic

acid and no trace of a corresponding band in the

spectra of the ester from the adduct from alpha-eleo-

stearic acid. Thus infrared spectra establishes the

fact that alpha-eleostearic acid has one cis and two
trans double bonds while the beta-isomer has three

trans bonds.

Feuge ef al. (3) have shown that isolated trans dou-
ble bonds have an absorptivity in ehloroform solution
of approximately 0.4, at 10.36 microns. From the in-
frared spectra of alpha- and beta- eleostearic acids
(Figure IV, 1 and 2) the absorptivities have been cal-
culated to be 0.8 for the alpha isomer and 1.2 for the
beta isomer at 10.01 microns. On the basis of simple
additive absorption of the trans double bond it may
be concluded that the alpha eleostearic acid has two
trans double bonds and beta eleostearic acid, three
trans double bonds.

Shreve et al. (19) have shown that, in the spectra
of epoxy compounds, a band with maximum at 11.2
microns is exhibited if the oxirane ring is derived
from an internal mono-unsaturated compound having
the trans configuration at the double bond, 7.e., elaidie
acid. The corresponding cis eonfiguration, t.e., oleic
acid, gives rise, in the spectra of the epoxy derivative,
to a weak band at 12.0 microns only. These correla-
tions afford an opportunity to confirm the cis-trans
structure of the exocyclic double bond in the spectra
of the maleic anhydride adducts of alpha- and beta-
eleostearic acids.

In view of the above considerations the maleic an-
hydride adducts of alpha- and beta-eleostearic acids
were selectively epoxidized. The chemical evidence
obtained showed that only one gram atom of oxygen
was absorbed per mole of adduect irrespective of the
amount of oxygen available even though there were
two double bonds present in the molecule. This indi-
cates that only one of the two double bonds was being
attacked. While it was found impossible to crystal-
lize the epoxide of the maleic anhydride adduect of
alpha eleostearic acid, there were obtained two crys-
talline mono-epoxides of the beta-isomer. The infrared
spectra of these two beta-mono-epoxides showed that
the exoeyclic double bond had selectively been satu-
rated. Reference to Figure VI, 12 and 13, shows that
the characteristic trans absorption at 10.3 microns was
no longer present but that a new absorption band ap-
peared at 11.0 microns indicative of a trans epoxide.
The fact that two trans epoxides were isolated from
the beta-isomer is further strong evidence for the
trans, trans, trans configuration sinece two maleic an-
hydride adducts for beta-eleostearic acid would be
predicted, one involving the 9,11 pair of double bonds
with the exocyclic double bond at 13 and the other
involving the 11,13 pair of double bonds with the
exocyclic double bond at the 9 position.® In the inter-
est of exact comparison between the epoxides of the
alpha- and beta-adducts with a reference to the eis-
trans configuration of the exocyclic bonds, it was
found expedient to prepare the tri-butyl esters of
the adducts prior to epoxidation. This was necessi-
tated by the fact that the epoxide of the maleinated

“Recent investigations of this point through application of ozonolysis
and chromatographic separation of the fission produets (8) yielded evi-
dence for the presence of the expected valeric and azelaic acids (5).
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alpha-acid could not be isolated in a pure form, and
hence no direet comparison between the epoxy male-
inated alpha- and beta-acids was possible. The spec-
tra for these compounds are also shown in Figure VI,
14 and 15. The spectra of the epoxy compound from
the alpha-eleostearic acid derivative exhibits a weak
maximum at 12.0 microns and no band at 11.0 mi-
crons, verifying the fact that the exoeyclic double
bond was cis prior to epoxidation. The spectra of the
compound from the beta-eleostearic acid derivatives
reveal pronounced bands at 11.0 microns and no
bands at 10.3 or 12.0 microns, verifying the fact that
the epoxidation had attacked a trans exocyclic double
bond. These data again confirm the presence of cis-,
trans-, trans- (or trans-, trans-, cis-) double bonds in
alpha-eleostearic acid and of trans-, trans-, trans-
double bonds in beta-eleostearic acid. The postulation
of Shreve et gl. that the bands with maxima at 11.0
microns and 12.0 microns arise from vibrations of the
oxirane ring (19) can be further verified by examina-
tion of the spectra of acetylated epoxy derivatives of
the maleic anhydride adducts of the tri-butyl esters
of alpha- and of beta-eleostearic acids, Figure VI,
16-and 17. In these compounds the oxirane rings have
been broken and their spectra exhibit no bands with
maxima at 11.0 or 12.0 microns.

Summary ,

The cis, trans, and positional configuration of alpha-
and beta-eleostearic acids have been investigated. The
maleic anhydride adduets of alpha- and beta-eleoste-
aric acids were prepared and subjected to hydrogen-
ation, selective epoxidation, and esterification. Two
epoxy derivatives of the maleinated beta-eleostearic
acid were isolated and characterized. Infrared spec-
tra of these maleic anhydride adducts and their vari-
ous derivatives have been measured in the rock salt
region, 2-12 microns. These infrared data together
with chemical evidence have been used to confirm the
structure of alpha-eleostearic acid as 9-cis, 11-trans,
13-trans octadecatrienocic acid and beta-eleostearic
acid as 9-trans, 1l-trans, 13-trans octadecatrienoic
acid.

Complete infrared spectra are presented for au-
thentic samples of alpha- and beta-tung oil, China
wood oil, oiticica oil, and alpha- and beta-eleostearic
acids. Infrared absorption eurves are presented, in-
cluding the maleic anhydride adduects of alpha- and
beta-eleostearic acids, various derivatives of these ad-
ducts and the following referenece compouds: maleic
anhydride, dimethyl maleate, dimethyl fumarate, the
butadiene-maleic anhydride adduet and its dimethyl
ester.
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