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are unsaturated, or the fractions in question contain
some other unsaturated components.

Data and characteristics concerning Fraction I are
inconsistent. It seems that if only the molecular weight
and the carbon content are taken into consideration,
Fraction 1I could be the methyl ester of an aliphatic
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monocarboxylic acid CooHyoO2, and Fraction I1I some
methyl ester of the acids 019H3802~022H4402. The hy-
drogen content however is smaller than in the mole-
cules mentioned above, which can be explained by the
unsaturated character of the fractions in question.

If the molecular size of Fraction IV is calculated
on the basis of its hydroxyl number, 122.5, and if the
presence of an aliphatic monohydroxy acid is assumed,
the resultant molecule will be CagHj3503. On the basis
of the molecular weight and carbon content our result
will be a methyl ester Csp—Csy, which is also indi-
cated by Beilstein’s (11) report about the melting
point 70-71°C. of the methyl ester of 20-hydroxy-
eicosan-carboxylic acid. Since the hydroxy acid con-
tained in Fraction IV evidently is not pure, the num-
ber 122.5 is too small and the molecular weight cal-
culated on the basis of it is too large. Thus the real
molecular size would be nearer to the latter alterna-
tive, Cg9—Co1. Fractions V and VI have an ash econ-
tent which obviously is AlaOj carried over from the
column.
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Pressure Reaction of Maleic Esters with Vegetable Oils'

W.R. MILLER, E.-W. BELL, J.C. COWAN, and HM. TEETER, Northern Regional

Research Laboratory,” Peoria, Illinois

The reaction of dimethyl maleate and some related dienophiles
with vegetable oils under pressure has been studied successfully.
When safflower oil reacts with 100% excess maleate, sulfur
dioxide catalyst, and hydroquinone inhibitor at 290° for 1 hr.,
80 to 90% yields of adduct fraction, based on linoleate, are
obtained. Under the same conditions almost equally good yields
result with either linseed or soybean oils. With safflower oil,
dimethyl fumarate gave slightly lower yields. Di-n-butyl male-
ate gave even poorer yields, and much residue was formed.

1 Paper II in a series entitled, “Reactions of Dienophiles with Vege-

table Oils.” Presented at annual meeting, American Oil Chemists’ Soci-
ety, St. Louis, Mo., May 1-3, 1961.

2 This is a laboratory of the Northern Utilization Research and De-
velopment Division, Agricultural Research Service, U.8. Department of
Agricuiture,

Use of anthraquinone as catalyst gave a 5390 vield while a
nickel conjugation catalyst gave 64%.

If linoleate and linolenate are present, both will react, but
the linolenate is more reactive. There is little reaction with
oleate, and attempts to force such a reaction lead to decompo-
sition, probably through reversal of the Diels-Alder reaction.
The fragments then recombine to form nonvolatile residues.

action of dimethyl maleate with safflower oil at

atmospherie pressure. Using sulfur dioxide cata-
lyst, a maximum yield of 70.3% of adduet fraction,
based on linoleate, was obtained.

IN A PREVIOUS PUBLICATION (5) we described the re-
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‘We have now studied this same reaction, but under
pressure. Yields of 80 to 90% have been obtained.
Optimum conditions for this reaction have been ap-
plied to the reaction of dimethyl maleate with linseed
and soybean oils. Use of dimethyl fumarate and di-n-
butyl maleate with safflower oil has been explored.
Anthraquinone and nickel catalysts have been ex-
amined.

Experimental

Reactions were run in a Parr pressure reaction
apparatus. In a typical run the bomb was cooled
with solid carbon dioxide and then charged with 150
g. of safflower oil (77.5% linoleate, equivalent to
0.133 mole trilinolein), 117.2 g. (0.8 mole, 1009 ex-
cess) of dimethyl maleate, 0.75 g. (0.5% based on
oil) of liguid sulfur dioxide, and 1 g. of hydroqui-
none. The bomb was sealed and heated to 296-302°.
The contents were continuously stirred. After 1 hr.
the bomb was immediately cooled under a water tap,
and the contents were worked up as previously de-
seribed (5). An 87.6% yield of adduct fraction based
on linoleate was obtained, together with 18.6% poly-
meric residue.

Results and Discussion

The optimum conditions for the reaction of di-
methyl maleate with safflower oil were found to be
100% excess maleate (based on linoleate), 0.5% sul-
fur dioxide catalyst, and 0.69% hydroquinone in-
hibitor (both based on oil) ; the mixture was heated
at 290° for 1 hr., transesterified, and distilled.

Under these conditions, consistent yields of 80 to
90% were readily obtained. In one experiment a 99%
yield of adduct fraction was achieved, with a 10%
residue. This yield could not be exactly duplicated,
probably because of the sensitivity to any minor vari-
ations in conditions. When only an equivalent quan-
tity of maleate was used, the maximum yield was
65%. Increasing the sulfur dioxide ratio to 10%
had no favorable effect. Lower temperatures gave
lower yields, and extended reaction times did not
improve them. With benzene as a solvent, yield is
reduced. Benzene as a solvent plus water to inhibit
polymer formation (1) resulted in a 599% yield with
17% residue. Elimination of the sulfur dioxide causes
a small decrease in residue but a more-than-corre-
sponding loss in yield. Caleunlations based on forerun
and residue suggest that the funection of the hydro-
quinone is to inhibit copolymerization of the maleate
with the isomerized oil.

After optimum conditions for the dimethyl maleate-
safflower oil reaction were established, these conditions
were used with other oils, dienophiles, and catalysts.
Linseed oil differs from safflower oil in that the major
constituent is linolenic acid rather than linoleic acid.
This difference had little effect on the reaction as a
78% yield of adduct fraction, based on linoleate plus
linolenate, was obtained. With soybean oil, which
contains linoleate and linolenate in about 10:1 ratio,
the yield was 80%.

The foreruns from the distillation of the transes-
terified reaction products was analyzed by gas-liquid
chromatography (Table I). From these data it ap-
pears that, when there is a possibility for competitive
reactions, the linolenate reacts preferentially. Because
of the complex nature of the adduct fraction, the ex-
act course of the reaction cannot be elucidated at
this time.
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TABLE I

Consumption of Linoleate and Linolenate in Reactions of
Oils with Dimethyl Maleate

Linoleate, % Linolenate, %
il In In TUnre- In In Unre-
oil forerun | acted oil forerun | acted
— 3
Linseed........... 15.6 14.7 39 51.0 12.6 10.3
Soybean. ] 485 14.2 12 4.7 | . N AR
Saflower, 77.5 62 1.82 | . 24> | ...

& Unknown including linoleate. .
b The original analysis of the oil showed no linolenate. It may have
heen obscured by the massive amounts of linoleate.

To extend the reaction to other dienophiles, di-
methyl fumarate and di-n-butyl maleate were used.
With the fumarate the yield of adduct fraction was
71%. This yield was unexpected as our previous
work had shown no appreciable differences in the re-
activity of maleate and fumarate. Possibly in the
present reaction some of the fumarate sublimed from
the reaction zone, thereby lowering the yield some-
what. It should also be emphasized that the conditions
used were those found best for the dimethyl male-
ate-safflower oil reaction and that relatively minor
variations have significant effeet on yields. Slight
modifications for different reactants would very prob-
ably effect improvement in yields.

TUse of di-n-butyl maleate at atmospheric pressure
had been found to be complicated by a previously un-
recognized decomposition (6). It was thought that,
since decomposition produets include two gases, oper-
ation under pressure might suppress this decomposi-
tion. If there were any such suppression, it was more
than counterbalanced by other reactions. Yield was
55% with 39% residue.

Two other isomerization-elaidinization catalysts were
investigated. With anthraquinone (4) (5% based on
0il) the yield of adduct fraction was 53% with 37%
residue. With Unilever nickel catalyst (2) the yield
was 64 %, residue 23%.

As indicated above and in Part I of this series,
the adduct fractions are considered to be mixtures
of equimolar adduets of dienophile with linoleate or
linolenate with virtually no oleate-derived adduets.
Conditions were chosen to form a {ransifrans con-
jugated system in the linoleate (and linolenate) por-
tion of the oil. Therefore we assume that the Diels-
Alder-type adduct (I) is formed in preference to,
and probably to the exclusion of, the substituted
succinate (II) (8):

£
—-C// \}]~+—C“—‘C~—~—> ~C (e
N,
C—I-C
,C:C—C—+—C:C——~——>~C:C—~?—
(E~
(S

11

Nevertheless, because of the complex nature of the dis-
tillable adduet fraction and the virtual impossibility
of separating a Diels-Alder adduct from a succinate
adduet, the possibility of some oleate reaction cannot
be categorically eliminated.

Efforts to force reaction with the oleate portion of
safflower oil by increasing the reaction time were un-
snceessful. When the reaction was run for 3 hrs. the
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F16. 1. Reaction of dimethyl maleate with methyl oleate.

vield of adduect fraction was 58% with 45% residue.
Fas-liquid chromatographic analyses of the foreruns
from the distillations of the transesterified reaction
products showed that, although recovery of oleate was
never quantitative, recovery from the 3-hr. reaction
was about 25% greater than that from the standard
1-hr. reaction.

Experiments at atmospheric pressure showed that,
under conditions which give 70% yields of adduect
fraction based on linoleate (0.5 hr. at 290° while
sweeping the reaction mixture with sulfur dioxide),
there was only a little reaction between dimethyl mal-
eate and methyl oleate. Refluxing with 1009 excess
maleate resulted in a slow reaction, the course of
which was followed by periodic determination of un-
reacted oleate (Figure 1). Two faects indicate that
this reaction is not simple adduct formation: a) for
each mole of methyl oleate, 1.5 moles of dimethyl
maleate have reacted; b) despite this, final distillation
of the reaction mixture gave back 47% of unreacted
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oleate. Reports of successful reactions of this type
(3) seem generally to be based on the formation of
nonvolatile residues of undetermined structure.

‘When the reaction is run under optimum pressure
conditions however, a 61% yield of adduet fraction is
obtained together with 18% residue.

From these observations it appears that maleic esters
will react with oleate. When more active conjugated
systems are present, these react preferentially. Fore-
ing conditions cause decomposition, which more than
offsets any possible reaction with oleate. This result
tends to confirm the assumption that the primary,
probably exclusive, reaction of maleic esters is with
the polyunsaturated acids.

Increased formation of residue and reduced yield
on prolonged heating are consistent with the finding
that heating the distilled adduct fraction in the pres-
ence of sulfur dioxide causes extensive decomposition.
After 3 hrs. at 290°, 40% of the adduct fraction is
transformed into undistillable residue. This decom-
position is probably largely due to reversal of the
Dields-Alder reaction. According to a recent report
(7), simple tetrahydrophthalic anhydrides, formed
from dienes and maleic anhydride, are cleaved in a
reverse Diels-Alder reaction at 290 to 350°. This
decomposition temperature is striking as it corre-
sponds closely to the range necessary to promote suc-
cessful reaction of oils and maleic esters. We origi-
nally chose the temperature range as that best suited
for isomerization and elaidinization of the linoleate.
No doubt there is a complex set of equilibria here, in-
cluding the formation and decomposition of the de-
sired Diels-Alder adduct between the isomerized lin-
oleate and the maleate, together with similar reactions
between two molecules of linoleate to form nonvolatile
dimeric adducts with subsequent competing polymeri-
zation and copolymerization reactions. How slight va-
riations of conditions shift these equilibria and change
results can readily be understood.
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