SEpT. 1955 PASCHEE ET AL.:

lecular reaction, as has been proposed for the non-
conjugated linolcate isomers.
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Cyclization of Eleostearic Acid’
R. F. PASCHKE and D. H. WHEELER, General Mills Inc.,

0ssMAN, in 1933, was the first to consider seri-

ously the cyeclization of fatty acids (1). For

many years the problem was of only mild aca-
demic interest. However in 1951 Professor Crampton
and his assoctates at MeGill University began an
intensive study of cyclie isomers of linolenie acid
(2, 3,4, 5.

Our own interest began with our earlier work with
methyl linoleate (6). It was noted that after pro-
longed polymerization 60% of the monomer was mono-
olefinic and did not hydrogenate to methyl stearate.
The material was considered to be cyelie. Investiga-
tion of this material is now in progress.

This paper describes onr study of the eyclic isomer
of methyl eleostearate. Hleostearate iz known to ey-
clize readily at temperatures of 250° or less. Lino-
leate however requires much more drastic conditions
(290° or above), and disproportionation or ¢ven rup-
ture of carbon to carbon bonds may occur, Hence,
since the eleostearate would give a cleaner product
and higher yields, it was chosen for our first study.
The determination of the structure of cyclic eleoste-
arate was only a secondary purpose. The primary
purposc was to develop methods (aromatization, oxi-
dative degradation, etc.) and to obtain data (infra-
red and ultraviolet spectra, analytical constants, ete.)
for use in the study of cyclic materials from other
sources.

Experimental

A. Preparation of Alpha-Fleostearic Acid. The acids
from 2 kg. of American tung oil (alecoholic KOH sa-
ponification, 20-min. reflux) were crystallized from
11.3 liters of Skellysolve Fat —25°. The original oil
showed 81% total, 79.9% alpha, aud 1.3% beta eleo-
stearic acid. The crystals (m.p. 46°), isolated by in-
verse filtration (silk bolting eloth on a thistle tube),
were recrystallized twice from 7.5 liters of Skelly-
solve I at -+-5°. The product was clarified by dis-
solving it in 2.25 ke. of A. R. acetone, filtering (Buch-
ner), and evaporating the solvent finally at 100°C.
with a mechanical pump with swirling (10). Yield
was 790 g. (mup. 49.0-49.5 cor.; literature 48.4 [19]
Infrared showed characteristic bands for cis, trans
conjugation at 10.09 and 10.38 mpu (7).
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B. Preparation of Methyl Eleostearate. Methyl es-
ters were preparcd by esterification (10 vol. methanol,
2% sulfuric acid, 3 hrs. reflux), crystallizaiion, and
high vacunum distillation. They showed about 50%
B3- and 509% a-clcostcarate by ultraviolet analyses (8).
Both heat and mineral acid catalyze cis, trans isomer-
ization of the double bonds of eleostearates. [n the
above case the mincral acid was probably the prin-
cipal cause.

C. Cyclization of Methyl Eleostearate (Figure 3).
The cyclization of the methyl eleostearate was done
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as a 10% solution in methyl laurate to promote the
presumably monomolecnlar cyclization reaction and
to minimize bimolecular rcactions, such as dimeriza-
tion and disproportionation. Thus 58.5 g. (0.2 mole)
of eleostearate was heated with 540 g. methyl laurate
at 260° C. for 48 hrs. in a sealed, evacuated ampoule.
Methyl laurate was stripped off through a short col-
umn to a pot temperature of 145° at 0.0d mm. The
residue (67.5 g.) showed 39.9% monomer, 48.2% di-
mer, and 11.9% residnal trimer by wmicromolecular
distillation (11). In eontrast, undiluted eleostearate
would be 80% or more polymerized in only 3 hrs. at
only 230°C. (9).

Cyelized eleostearalec was concentrated from this
residue by removal of noncyelic material as urea ad-
duets (5), followed by distillation to separate it from
polymers. Thus 64 g. of the residue in methanol (ca
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CYGUIZATION OF ELEQSTEARATE
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20 cc./g.) was saturated with urea at reflux, cooled
to room temperature, and filtered. This was repeated
two more times, cooling to —25°C. each time. The
final filtrate afforded 22.6 g. of ester nupon evapora-
tion and washing free of urea (in Skellysolve B, with
dilute sulfuric acid). This material on distillation
(to pot. temperature of 180°C. at 0.05 mm.) gave
16.04 g. of distillate, or 209% on original eleostcarate.
This material showed n}l == 1.4761. The ultraviolet
curve is shown in Figure 1 with peak at 241 mp with
a k value (k £./1,000 cc., 1 cm.) of 16.8. Infrared
absorption spectrum (Figure 2) showed bands at 6-7,
13.3, and 14.3 . Speetral analysis (8) indicated 4.29%
total, 1.6% «- and 2.0% pB-eleostearate. A free acid
contaminant is indicated by the band at 5.8 u. This is
probably lauric acid as shown in Part D.

It might have been preferable to use a higher boil-
ing dilnent (such as methyl arachidate or behenate)
so that the cyclic (and other) monomeric material
could be separated directly from both diluent and
polymers by a fractional distillation.

The eyclie isomer had a micro-hydrogenation iodine
value of 159 (5% Rh on alumina in butanol, 2 parts
catalyst to 1 part sample). The theorctical value for
the cyclohexadiene is 173.6. Approximately 0.5 g.
was hydrogenated, using a gram of the catalyst (Ba-
ker’s No. 310). In 30 hrs. 783% of the theoretical
amount of hydrogen was taken up. The reduced ester
was distilled at 0.1 mm, The I. R. curve of this is
shown in Figure 2. There is somewhat less than the
normal amonnt of absorption in the 139 u region
(chain of 4 CH,) as compared with methyl stea-
rate. Also there is an extra band in the 6.9 p region
{C-H bending) and in the 9 u region.

D. Aromatization of Cyclic Eleostearate (Figure
4). The cyclic isomer is assumed to be mostly a dial-
kyl ¢yclohexadiene. Nine grams of the cyclic concen-
trate (approx. 0.03 mole) were dissolved in 90 ml
of benzene. To this was added 0.03 mole or 5.34 g.
of N-bromosuceinimide. The mixture was heated to
reflux for 2 hrs. The solution was cooled, and most
of the suecinimide was precipitated out on the walls
of the flask. The solution was decanted from the solid
suceinimide. The weight of the solid was 2.68 g, or
approximately 0.027 moles (0.03 g. of the succini-
mide is apparently soluble in the 90 ml. of benzene at
room temperature). The sucecinimide was washed with
fresh benzene, and this was added to the benzene
solntion. The combined solution was transferred to
an ampule (approximately 150-ml. capaeity). The
benzene was stripped off under vacuum. To the resi-
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due, presumably the bromo diene, were added 100 mlL
of fresh 2,4,6-collidine. The ampule was sealed with
a flame while under a water pump vacuum. The
sealed ampule was then heated in an alumjnum block
for 4 hrs. at 150°C. presumably to dehydrohalogen-
ate the diene to the benzene derivative. The ampule
was cooled and opened, and the excess collidine was
stripped off at room temperature by swirling (10)
overnight under high mechanical vaeumm.

The residue of collidine-hydrobromide plus some
succinimide was extracted several times by Skelly-
solve B by deeantation. The Skellysolve solution was
washed five times with dilute HCL, five times with
water, five times with more dilute HCl, and finally
five times with water. The solution was dried by
filtration throngh a column of anhydrous Na,SO,.
The solvent was stripped off to give a dark oil
weighing 8.21 g. This was flash-distilled, giving 7.29
g. of distillate. [Note: During the early part of the
digtillation some distillate erystallized when ecooled.
‘rystallization of 2 g. of the total distillate from 20
ml, of ethanol at —60°C. gave a product which after
two more crystallizations weighed 0.09 g. aud melted
at 44.4 to 44.9°C. (corrected). Two parts of this
with one part of pure lauric acid showed no depression
of melting point. It was eoncluded that the impurity
was lanrie acid, which had coucentrated from the
original methyl laurate nsed as the polymerization
diluent. It has been recently shown that acids have
much less tendency to form urea adduets than do the
methyl esters (12).]

The distillate was dissolved in 200 ml. of Skelly B
and extracted carefully with a 2-3% solation of
K,CO, in 50% methanol. The acid-free ester solu-
tion was dried with anhydrouns Na,S30,, and the sol-
vent was stripped off. The esters weighed 6.00 and
had a n3 of 14946, The ultraviolet and infrared
absorption curves are shown in Figurcs 1 and 2.

B. Ozidation of the Dialkyl Benzene fto Ortho
Phihalic Acid {(Figure 4). Next 0.59 g. of the aro-
matie ester (0.002 moles) was dissolved in 4 ml. of
benzenc containing 0.712 of N-bromosuccinimide
(0.004 moles). This was heated at reflux for 3 hrs.
presumably to substitute bromine atoms in the alkyl
side chains on earbon atoms alpha te the benzene ring.
The solvent was then stripped off with vacuum. The
yellow solid was then extracted with 10 ml of Skelly-
solve B (by refluxing 5 min., cooling, and decanting).
The extraction was repeated 4 more times. The re-
sidual succinimide welghed 0.37 g. (0.0037 moles).
The solvent was stripped from the eomhined decant-
ings to give 0.89 g. of the dibromo ester. The 0.89
of dibromide was heated at reflux for 6 hrs. with
swirling (10) with 2.5 g. of anhydrons Na,CO, dis-
solved in approximately 50 ml. of water. The par-
tially dissolved and emulsified material was neutral-
ized with 5-ml. concentrated H,30, dissolved in 100
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ml. of water. The fatty material was extracted with
3 portions of ethyl ether totalling 125 ml. The ether
solution was washed once with dilute H,80,, then
geveral times with Na,S0, solution, and finally sev-
eral times with water. The solvent was stripped off
with vacuum. The presumably dihydroxy material
weighed 0.64 g. and was insoluble in Skellysolve B.

This was dissolved in approximately 100 ml of
A. R. acetone. To the approximately 2 millimoles was
added 1.68 g. of KMnO, (10.6 millimoles) in inere-
ments of about 0.1 g. The KMnO, was decolorized
rapidly at first while the last 0.1 g. required about 2
hrs. The acetone was stripped off with vacuum. The
10.6 millimoles of MnO, werce reduced with the equiv-
alent amount of NaHSO, plus 109 excess, or 1.22 g.,
in 20 ml. of water containing 2 ml. of concentrated
H,S0,. The water and other volatiles were stripped
off with high vacuum. The residual salts were ex-
tracted repcatedly with small amounts of ethyl ether.
Any mineral acid present was washed from the com-
bined ether solutions (200-300 ml.). The ether was
stripped off, and the residuc was sublimed at atmos-
pheric pressure to give 0.09 g. of sublimate (m.p.
131.5-133.0°). This is a 20% yield as phthalic anhy-
dride, based on the concentrate which was obtained in
299% vield from eleostearate. It was resublimed to a
small. cold finger condenser to give 0.07 g. (softened
at 125°, melted at 130.5°).

After several months’ storage at 4°C., 0.05 g. of the
material was distilled under high vaguum from a 50-
ml. graduated centrifuge tube to a small cold finger
{air) condenser. Heat was supplied by an aluminum
block bored to reeecive the tube. Distillation tempera-
ture was 656°C. After 134 hrs. 20 mg. remained as the
regidue. The sublimate contained some Iiguid im-
purity. It was erystallized from 0.5 ml. of CCl,. The
mother liquor was removed with a fine capillary eye-
dropper. The crystals were washed with a few drops
of fresh CCl,. Removal of the solvent gave 15 mg. of
phthalie anhydride (m.p. 130.0-131.3, remelt 130.0-
130.5). (Mixture with pure P.A. melted 130.5-132.0°.)
The wultraviolet absorption spectrum was identical
with that of pure phthalic anhydride,

. Derivatives of phthalic anhydride (P.A.). Sev-
eral derivatives of P.A. were examined to determine
their value for purposes of characterization. That
eagiest to prepare pure and in high yields was the
imide. ‘

About 5 meg. of the P.A. were heated with 1 ml, of
concentrated NH,OH on the steam bath. After 30-
40 min. all liquid was gone, and another 1 ml. of
NH,OH was added. After 30 miu. the excess NH,0H
and water were removed with vacnum at room tem-
perature. About 5 mg. of the monoamide, monoammo-
nium salt remained.

This apparently converted to the imide before melt-
ing. It melted at 232.4° to 233.5°C. A mixture with
pure imide melted at 233.0° to 233.5°C.

Tt was therefore eoncluded that the eyelie produet
from methyl cleostearate consisted largely of an ortho
dialkyl substitute cyclohexadiene. The infrared ab-
gorption eurve indicates the presence of some aro-
matic molecules apparently due to hydrogen transfer
after cyclization (Fligure 2).

Discussion

Fxamination of moleenlar models (Fisher-Hirsch-
felder-Taylor) of unsaturated fatty acids revcals that
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cyelization is sterically possible in numerous ways.
Indeed, the possibilities could be a study in itself. The
routes that any particular isomer would prefer how-
ever are probably limited. In the case of the conju-
gated triene (eleostearate and its isomers) one mech-
anism is immediately apparent (Figure 3). This is
the one which yields the dialkyl cyclohexadiene.

The sole requirement for a conjugated triene to
approach the position necessary for eyelization to oc-
cur seems to be a c¢is configuration at the central
double bond. Zechmeister (13) has shown that the
central douhle bhond of a conjugated system hasg the
smallest amount of double bond character and that
less activation energy is necessary for its isomeriza-
tion. Of the three possible isomers with a cis eentral
bond, the frans, cis, {rans shows the least steric hin-
drance. The two alkyl groups of the resultant eyclo-
hexadiene wounld be frgns fo cach other about the
ring, The ¢is, eis, cis isomer exhibits the most hin-
drance and would give the same trans isomer. The eis,
ets, trans {or trans, c¢is, ers) would give the ¢is isomer,

A more probable mechanism however involves the
ionie intermediate shown (Figure 3). Models of this
intermediate exhibit no hindrance whatsoever. The
alkyl groups would be either ¢is, or frans to each other
about the ring with the {rons form probably predomi-
nating. No experimental atiempts were made to sepa-
rate any of the isomers. The cyelic concentrate is no
doubt a mixture of double bond positional isomers
formed after cyclization.

Tung oil is known to polymerize at temperatures as
low ag 125% (14). Tt would he interesting to repeat
this work at low temperatures where the chances of
secondary isomerizations would be minimized.

Chis Chin (14, 15) has recently published compre-
hensive accounts of the polymerization and isomeriza-
tion of tung oil, alpha and beta eleostearic acids, and
methyl beta eleostearate and of struetural stndies on
the produets. It would be highly desirable to have
these papers republished in an Occldental language.

It is probable that cyclic isomers of the common un-
saturated fatty acids arve of more significance in indus-
trial operations and are more widely distributed in
processed fatty materials than might previously have
been supposed. The following discussion is entirely
an extrapolation of our present knowledge. These
suggestions may be useful to other workers.

One would expect acid or base to catalyze eycliza-
tion. The diffienlfies of converting pure eleostearie
acids to their methyl esters have already been men-
tioned (9). The usual method employing sulfuric
acid in refluxing methanol yields a mixture of iso-
merie esters. Chis Chin (15) has gone one step fur-
ther and actually prepared concentrates of the eyelic
isomer by lengthy heating in ethanolic H,80,. Also
a-cleostearic acid appears to he a strong enough acid
to catalyze its own elaidinization even under vacuum
at subzero temperature. The esters are relatively
stable. Then, too, in the laboratory preparation of
pseudo-eleostearic acid from normal linolenic acid we
have found the recommended alkali isomerization
time to be many times too long. If the literature in-
struetions are strictly followed, the resultant produet
is so contaminated with what appears to be a cyelic
isomer that high purification of the conjugated tri-
ene in reasonable yields is virtually impossible,

In the eommercial isomerization for improving the
drying properties of unsaturated oils or fatty acids,
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mixtures of linoleie and linolenic or other acids are
frequently employed. The more highly unsaturated
acids conjugated readily but are further exposed to
the time and temperature conditions necessary to con-
jugate a reasonable amount of the diene. During this
over-exposure the triene and more highly unsaturated
materials no doubt undergo considerable cyclization.
Chis Chin has shown that eyelic isomers of eleostearic
acid are very reluctant thermally to polymerize (14).
The drying power of these materials is not known, but
one would expeet it to be weak. One wonld also expect
that the cyclie isomers would plasticize and soften
films,

Slansky has recently reported an alkali-induced
isomerization of linseed o1l (16), nsing glycerine as
the solvent. Approximately 50% of the total fatty
acids were conjugated. It was noted that the film-
forming properties were not very different from those
of the untreated linseed oil. Considerable stearic acid
was also formed during the isomerization reaction.
No doubt, cyclization and hydrogen transfer had both
oceurred. Hydrogen transfer bas been noted before
during thermal polymerization and in this case
involved largely cyclic polymers and unsaturated
monomers (6),

Color formation in fatty acids and oils is a serious
problem to industry, It is suggested that cyclization
is involved (Figure 5). The rcaction sequence for
linoleate would be a) hydroperoxide formation, b)
dehydration as suggested by Lea (17) to the conju-
gated ketone, ¢) enolization to the conjugated triene,
d) eyclization as with eleostearic acid, and ¢) poly-
merization of the resultant unsaturated cyeclic ketone
to volored products (Figure 6). It is also conceivably
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possible for an oxidized linoleate to aromatize by the
elimination of 2 wmolecules of water as shown in
Figure 7.

The formation of triene conjugation in the alkali
isomerization of oxidized linaleate has heen reported
by Privett and Lundberg {18). This is a common
source of error in the spectrophotometric analysis of
oxidized materials.

The color problem is well known to manufacturers
of satarated fatty acids., The small amounts of un-
saturated acids are readily oxidized, especially in the
solid form where oxygen can readily penetrate the
erystal struetures. Since they are highly diluted, they
tend to eyclize when heated rather than to polymerize.

POSSIBLE AROMATIZATION
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The result is a eolor precursor which tends to distil
with the main product and which is not readily re-
moved by adserbants. Crystallization from polar sol-
vents (methanol, acetone, ete.) appears to be the best
method of purification of the saturates. With unsatu-
rates, such as oleic or especially with linoleate, erys-
tallization 18 not practical. The solution would seem
to be In selection of good raw materials and in protec-
tion of these from any unnecessary oxidation or heat,

One may summarize some of the thermal chemical
reactions of polyunsaturates. First, they are easily
oxidized or conjugated. Secondly, they readily un-
dergo Dieis-Alder econdensation. Thirdly, dilution
would favor cyeclization rather than polymerization.
Fourthly, eyclic olefing are known te disportionate to
aromatic compounds. Fifthly, decarboxylation is
possible under cxtreme conditions.

In view of the above it is interesting to examine
arachidonie acid, which is widely distributed in small
amounts in most animals fats. Examination of the
molecular models indicates that, as shown in Figures
8 and 9, the conjngated form of this acid can readily
undergo an intramolecular Dicls-Alder condensation
to give two fused six-numbered rings. Acids with 5
and 6 double bonds conld conceivably cyelize further.
Aromatization and decarboxylation of such substances
would give polyeyche aromatic compounds.

Conditions in many industrial processes are favor-
able for the cyclization of polyunsaturated ecom.-
pounds. The presence of even small amounts of these
gyclic isomers may wmarkedly affeet the value of the
final product.

It certainly is to the advantage of every processor
to examine carefully his methods and to eliminate or
at least to minimize the possibility of these isomeric
materials being formed.

‘We are grateful to Albert Milun for permission to
use his hydrogenation data and to H. M. Boyd and
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W. T. Tolberg for the spectrophotometric studies

they performed.

Summary

1. Mcthyl eleostearate has been thermally eyclized in
good yields, and a concentrate of the eyelic product
has been prepared.

2. Using small amounts, a technique has been devised
for a) aromatization of the resultant cyclohexa-
diene, b) oxidation to orthophthalic acid, and ¢)
characterization of the acid as the anhydride and
the imide.

3. The significance of cyclic fatty acids in industrial
processes iy discussed.
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Zusammenfassung

1. Ringbildung von methyleleostearat auf thermi-
schem wege ergab gute resultate, und ein konzen-
trat des ring-produktes wurde prepariert.

. Bine neue technik fuer dic benutzung von klei-
neren mengen ermoeglichte: a) aromatisation des
entstandenen cyclohexadien, b) oxdierung zu or-
thophthalischer sdure, und ¢) charakterisierung
der sdure ais anhydrin und imid.

3. Die bedeutung von fettsiure-ringen in industriel-

len verfahren wird besprochen.

S

Resumé

1. Le méthylelcostéarate a été cyclisé thermiquement
avee bon rendement ct un eoncentré du produit
eyeligque a été préparé.

2. Au moyen d’une nouvelle technique, utilisant des
quantités minimes de matériel, il a été possible a)
d’aromatiser les eyeclohexadiénes obtenus, b) d’-
oxyder Vaeid orthophthalique, et ¢) d’établir Ia
constitution de 1’acide comme anhydride ou imide.

3. L'importance pour V'industrie des acides gras cy-
cliques est discutée.

REFERENOES

1. Rossman, Fettchem Umachau, 40, 117 (1933).

2, €rampton, Farmer, and Berryhill, J. Nutr,, 43, 431 (1951).

3, Crampton, Common, Farmer, Berryhill, and Wiseblatt, J. Nntr,
42, 533 (1951).

4, Ivid., 42, 177 (1851),

5. Crampton, Common, Farmer, Wells, and Crawford, J. Nutr., 49
333 (1983).

6, TPaschke and Wheeler, J, Am. Oil Chemists’ Soc., 26, 278 (1949},

7, Paschke, Tolberg, and Wheeler, J. Am, Oil Chemisis’ Soc., 30,
97 (1953).

8. O'Conngr, Heinzelman, McKinney, and Pock, J. Am. 0il Chem-
ists' Soc., 24, 212 (1947).
( 9. I;mchke and Wheeler, J. Am. 0il Chemists’ Soc.,, 32, 473-478
1955).

10. Anon., Progress Thru Research, 8 (No. 4), 13 (1954); Chemical
Processing, 17, 116 (1954).

11. Paschke, Kerns, and Wheeler, J. Am. Oil Chomists’ Soe., 4z,

B

5 (1954).
12, Abu-Nasr, Potts, and Holman, J. Am. Oil Chemists’ Soc., 37,
16 (1954).

13. Zechmeister, Chem. Rev,, 34, 270 (1944).
14. Chiz Chin, J, Chem. 8¢c., Japan, 53, 281 (1950).
15. Ibid., 63, 8332 (1950),
16. Slansky, Paint Manuf.,, 24, 121 (1954).
17. Lea, Chemistry and Indastry, 1953, 1304.
18. Privett and Lundberg, J. Am. Oil Chemists’ Soc., 28, 313 (1951},
19. Mod, Skau, and Plauck, J. Am. Oil Chemists Soc., 30, 368
(1953).
[Received Mareh 7, 1955}

GIYcerolysis of Peanut and Mustard Oils

T. N. MEHTA, C. V. N. RAQ, V. LAXMIKANTHAN, and S. N. SHAH, Laxminarayan Institute
of Technology, Nagpur University, Nagpur, M. P., India

to improve their cake-making properties and as

emulsifiers in a variety of other products. Mono-
glyceride mixtures are also prepared as a first step in
the manufacture of oil-modified alkyd resins and in
the preparation of certain detergents. Many methods
for their manufacture are known, but only two are of
industrial importance. In the first method the fatty
acids are esterified with excess of glycerol either
alone or in the presence of mutual solvent with or
without an esterifying catalyst. The second method
consists of heating the fatty oils with an excess of
glycerine either zlone or in the presence of an ester

COMMERCIAL monoglycerides are used in shortening

interchange catalyst. The second method, referred to
as glycerolysis, is a special case of aleoholysis which
results in the formation of a mixture of mono-, di-
and triglyceride (1).

The formation of monoglycerides depends on vari-
ous factors, such as the reaction temperature and time,
the amount and the nature of the catalysts used, as
well as the composition and proportion of fatty acids
or oils and glycerols. Tsuchya and Akiyama (2) ear-
ried ont the experiments with hardened fish oil to
determine the effect of time, temperature, and amount
of glycerol upon the course of reaction. They showed
that, at a temperature of 270-280°C. and with 25—



