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Abstract

Studies of the reactions of fats and oils mentioned above consist of
those on fat splitting, surface-active agents, autoxidation, hydrogenation,
fatty acid derivatives, etc.

[17 Fat-Splitting Reactions and Surface-Active Agents

Eight new fat-splitting agents (acid type surface-active agents)
which were superior to those usually used were prepared. On the
mechanism of fat splitting, two theories which were inconsistent with
each other had been presented; one: the hydrolysis of fats was a
surface reaction and the other: a homogeneous reaction in oil phase.
New mechanism that three stepwise reactions are performed in oil
layer and interface; oil layer (on which the reaction less depends than
in the former case) and interface; and water layer, respectively, was
proposed. The mechanism was demonstrated theoretically and experi-
mentally, and both theories mentioned above were able to be explained
by this mechanism reasonably.

Besides, several new superior detergents were prepared.

[2] Autoxidation Reactions of Fats (Involving the papers on Atherosc-
lerosis and Cancer)

In the autoxidation of highly unsaturated fatty acid esters at low
temperature (about 0C), extremely high peroxide values (m.eq./kg.)
which had been never reported in the field of fats, for example about
1% 104, were estimated, and it was made clear that monomeric dihyd-
roperoxides, which were separated in the concentrated state, could be
formed. It was also first confirmed that at low temperature conjugated
dienes were easily formed, but conjugated triene and so on scarcely.
Trimers were first separated from the oxidized polymers of highly
unsaturated fatty acid esters.

The existence of trans, trans conjugated diene hydroperoxides (a
kind of lipoperoxides) in atherosclerotic artery and the tissus of cancer
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was first shown. From the results of the studies and the other
literature, so-called “lipoperoxide hypothesis” as the causes of the
generation of atherosclerosis and cancer was first presented, by which
many phenomena about these diseases were explained reasonably. It was
first found that the DNA radicals were formed by the reaction of DNA
with lipoperoxide. From the resemblance of such DNA radicals to the
radicals in cancer tissues, it was suggested that cancer itself might be
DNA radicals.

The difference in the effect of antioxidants on the autoxidation of
geometric and position isomers of lipids was first made clear. It was
found that photosensitizing dyes, phenothiazine derivatives, ion exchange
resins, and ethyleneimine polymers were useful antioxidants. Tocopherols
as antioxidants were examined, and nucleic acids were first shown as
effective synergists. .

Besides new quantitative ‘methods for hydroperoxides by infrared
spectroscopy and NMR shift reagent were reported.

In the same composition systems the TBA test could be utilized to
estimate the variation of lipoperoxides, but not in the different systems.
Even in the latter case, the TBA test could be used to evaluate
lipoperoxides as long as the special treatment takes place.

[37] Hydrogenation Reactions of Fats and Some Other Compounds

In the heterogeneous catalytic hydrogenation of highly unsaturated
fatty acid esters, it was clarified that precise results were hardly
obtained by ultraviolet spectroscopy and gas liquid chromatography.
The hydrogenation of conjugated tetraenoate took place first, and con-
jugated triene and conjugated diene were not detected in the reaction
mixture. Conjugated diene in polyenes was hydrogenated faster than
nonconjugated polyenes.

The reaction systems having the characteristic that selectivity was
10045 and almost no trans isomers were formed were found by us, of
which the discovery had been desired eagerly but it had been almost
impossible. They were the new transfer hydrogenation systems using
RuCl, (PPh;); and RuH, (PPh;), as homogeneous catalysts, methyl
linoleate as a hydrogen acceptor, and 2-propanol and hydrocortizone as
hydrogen donors, respectively. Almost no studies on the homogeneous
transfer hydrogenation of simple olefins except for ours had been
published. Especially such studies of ours on unsaturated fatty acid
esters were the first in the world. Besides, by using general organic
compounds as hydrogen acceptors, many new effective hydrogen donors
such as indoline etc. were found, the reaction mechanism was first
clarified, and many new informations were obtained.

[47 Fatty Acid Derivatives and Others

Gas liquid chromatography for highly unsaturated fatty acid esters
was reported almost earlist.

Reactivity for the side chain of heterocyclic compounds containing
nitrogen with carboxylic acids as catalysts was investigated. It was
shown that eliminations from the compounds having quinolyl group as
an electron-withdrawing group took place easily, whose mechanism was
proposed. The elimination with carboxylic acid catalysts had never
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been reported.

The olefin metathesis reactions catalyzed by the WClg-cocatalyst
system were performed. The metathesis of olehins with functional
groups had not been studied in detail. That of methyl oleate, a kind of
these olefins, was carried out, and good results were obtained. Besides
new superior catalyst systems and solvents were found, and the reaction
mechanism was made clear.
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1. Introduction

As the reactions of fats and oils, hydrolysis, autoxidation, hydrogenation, etc.
are important. In the industry of fats and oils, hydrolysis is available to produce
fatty acids and glycerol from fats as fat splitting; autoxidation to dry paint and
varnish and to recognize the deterioration of edible oils; and hydrogenation to
manufacture margarine, shortening, stabilized edible oil, and the raw material of
soap. Besides, autoxidation has the connection with lipoperoxides, which are found
in the artery of atherosclerosis and in the tissues of cancers. By the way the
existence of lipoperoxides in the tissues of cancers has been first discovered in the
world by us. :

[17 In the Twitchell fat-splitting, studies on new superior fat-spliting agents
and correct fat-splitting mechanism were performed. The investigations on new
excellent detergents also took place.

[2] Studies on the autoxidation of pure highly unsaturated fatty acid esters
had never been undertaken. Therefore they were carried out. Thogh the investiga-
tion showing the existence of lipoperoxides in atherosclerotic artery had been
published, the properties of the lipoperoxides had not been given. So studies on
lipoperoxides in connection with atherosclerosis and cancer were performed, and
the connection between lipoperoxides and the causes of atherosclerosis and cancer
was discussed. The investigation on the reaction of lipoperoxides with DNA was
first carried out. And then new superior antioxidants were studied. Besides,
whether the TBA test could be utilized to estimate the variation of lipoperoxides
was ascertained.

[3] Studies on heterogeneous catalytic hydrogenation of pure highly unsaturated
fatty acid esters had never been carried out, so they took place. In the hydroge-
nation of fatty oils, the higher the selectivity, the larger the isolated frans double
bonds. The discovery of the reaction systems having characteristic that the select-
ivity is 100% and the amount of isolated trans isomers is trace had been desired
eagerly from the viewpoint of edible oils and the raw material of soap. In practice,
the attainment had been thought impossible. Therefore homogeneous transfer
hydrogenation of fatty acid esters was first studied to attain the desire. It was
done on the basis of informations on the transfer hydrogenation of general organic
compouuds, of which investigations were performed in our laboratory.

[4] Gas liguid chromatography for highly unsaturated fatty acid esters took
place almost earliest. Studies on the reaction of side chain of heterocyclic com-
pounds containing nitrogen with carboxylic acids as catalysts were first undertaken.
The metathesis of olefins such as especially unsaturated fatty acid esters was
carried out in detail to find new superior catalyst systems and to discuss the
reaction mechanism.

2. Fat-Splitting Reactions and Surface- Active Agents

2. 1. Introduction
In Twitchell’s fat-splitting process, the ability of fat-splitting agents (acid type
surface-active agents) is the most important. FEight new fat-splitting agents, such
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as dodecyl phenol sulfonic acid and its halogen (Cl, ) derivatives, a-chlorodibutyl
naphthalene sulfonic acid, tri- and tetra-butyl naphthalene sulfonic acids, fat-splitting
agent prepared from naphthalene, B, B-dinaphthyl, butanol, sulfonic acid, etc., and
fat-splitting agent prepared from naphthalene, diphenyi, butanol, sulfonic acid, etc.
were prepared to estimate the ability of fat-splitting.

In the usual Twitchell fat-splitting process the reaction is performed at about
100°C under atmospheric pressure with vigorous stirring. For kinetic studies of the
stepwise nature of the hydrlysis a slower rate of reaction was desirable. Accordingly
experiments were conducted to determine the degree of fat splitting at 35°C without
agitation of the mixture, and the reaction mechanism was discussed.

Subsequently, the detergency properties of neutral type of fat-splitting agents
mentioned above were investigated, since these compounds had not yet been used as
detergents.

2. 2. Fat-Splitting Agents

Dodecyl phenol sulfonic acid and its halogen derivatives, such as chloro- and
iodo-derivatives, were prepared, and the fat-splitting power of these substances was
compared with that of fat-splitting agents usually used, such as dodecyl benzene
sulfonic acid and Kontaktspalter.!> These new fat-splitting agents are superior to
usual ones. The fat-splitting power of dodecyl benzene sulfonic acid is increased by
introducing the hydroxyl group into benzene ring, and further by introducing chlorine
or iodine. a-Chlorodibutyl naphthalene sulfonic acid, synthesized by the treatment
of a-chloronaphthalene and butanol with conc. sulfuric acid, was used as a new fat-
splitting agent.?> The fat-splitting power of this sulfonic acid is superior to that
of usual fat-splitting agents. The fat-splitting ability of tri- and tetra-butyl
naphthalene sulfonic acids, prepared from naphthalene, butanol, and conc. sulfuric
acid, is superior to that of dibutyl naphthalene sulfonic acid, the well-known powerful
fat-splitting agent.® Fat-splitting power of sulfonic acids prepared from naphthalene,
B, B-dinaphthyl, butanol, sulfuric acid, etc. and prepared from naphthalene, diphenyl,
butanol, sulfuric acid, etc. is superior to that of fat-splitting agents usually used.*®
That is, eight new fat-splitting agents mentioned above are superior to usual ones.

2. 3. Fat-Splitting Reaclions®~12

For the first time it has been demonstrated that. at 35C, splitting of a fat by
the Twitchell process occurs in a stepwise way. Coconut oil in contact with 1 N
sulfuric acid containing the sulfonic acid, corresponding to 1% by the weight of the
oil, was about 90% split in 15 to 30 days, depending on the area of contact of the
two layers. The diglyceride concentration reached a maximum during the early days
of the reaction and then decreased somewhat. Monoglyceride concentration appeared
to reach a maximum more slowly and then continued at that level as the concent-
ration of free fatty acids and glycerol steadily increased.”,®

From kinetic studies of the stepwise nature of the hydrolysis, the following new
mechanism was proposed, and demonstrated theoretically and experimentally.9~12
Reaction (a) is performed in oil layer and interface; reaction (b) in oil layer (on
which the reaction less depends than reaction (a)) and interface; and reaction (c)
in water layer; where reactions (a), (b), and (c) are shown below, respectively.

(a) Triglyceride + H,O0 —> Diglyceride + Fatty acid

(b) Diglyceride + H,O —> Monoglyceride + Fatty acid

(¢) Monoglyceride + H,O —> Glycerol + Fatty acid
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This mechanism could explain reasonably two theories which had been presented.
These old theories were inconsistent with each other, that is, one: the hydrolysis
of fat was a surface reaction and the other: it was a homogeneous reaction in oil
phase. Consequently, these old theories had explained only a part of phenomena,
respectively.

2. 4. Surface-Active Ageniss, 13~1D

Tetrabutyl naphthalene sulfonate!® and surface-active agent prepared from
naphthalene, $, 8-dinaphthyl, butanol, sulfuric acid, etc.,*5> which are new detergents,
have more excellent surface-active properties than dibutyl naphthalene sulfonate,
which is the principal ingredient of Nekal. For polybutyl naphthalene sulfonate,
within the limits of the research, the capillary activity becomes greater with
increasing butyl groups introduced into the naphthalene ring. The capillary activity
becomes more excellent, when the lipophilic property of butyl aryl sulfonate is
increased by using the bimolecular condensation product of aromatic hydrocarbon,
such as f, §-dinaphthyl, together with naphthalene.

2. 5. The Miscellaneous18~23

Cation exchange resin together with sulfonic acid having lipophilic group can be
used as excellent catalysts in fat splitting.2®

It has been ascertained that certain fat-splitting agents, such as Kontakt and
Divulson D, are a little superior to oleic acid etc. as flotation agents.2?

Dodecyl phenol sulfonate and its halogen derivatives are equal or a little superior
to butyl p-hydroxybenzoate as antiseptics for soy.?3

3. Autoxidation Reactions of Fats (Involving the Papers on
Atherosclerosis and Cancer)

3. 1. Introduction

A great many papers on the autoxidation of fatty acid esters, such as oleate,
linoleate, and linolenate, in pure state, had been published. But studies on the
autoxidation of pure highly unsaturated fatty acid esters had never been performed,
because the separation of pure highly unsaturated fatty acid esters from fish oils
was difficult, and they were extremely unstable. So studies on these fatty acid
esters carefully took place.

The existence of lipoperoxides in atherosclerotic artery had been shown, and it
had been given that the more serious atherosclerosis, the larger amount of
lipoperoxides. But the properties of the lipoperoxides had not been investigated.
Therefore studies on lipoperoxides in connection with not only atherosclerosis but
also cancer took place, because over 40 years old persons in general suffer from
these diseases. And then the relationship between lipoperoxides and the causes of
atherosclerosis and cancer was investigated on the base of our studies and other
literature. Though it is well-known that DNA is attacked by radioactive rays, the
reaction of lipoperoxides with DNA had never been studied. So the investigation of
this reaction first took place in connection with cancer.

Though many papers on the antioxidants for the autoxidation of fatty oils had
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appeared, to obtain new excellent antioxidants the studies were undertaken.

Even if the TBA test can be used to evaluate the variation of lipoperoxides in
the same composition systems, it would not be done in the different composition
systems. To be able to utilize the TBA test even in the latter case, the investiga-
tion of the special treatment in the test was carried out.

3. 2. Autoxidation of Highly Unsaturated Fatty Acid Esters?4~36)

Studies on the autoxidation of pure highly unsaturated fatty acid esters had
never been performed. So they took place.

A comparison of the autoxidation of conjugated and unconjugated methyl
docosahexaenoates in the dark at about 0C revealed that hydroperoxides were
obtained more readily from the unconjugated precursor.?%’ Autoxidation at 0 to
2°C, in the dark, of a mixture of methyl pentaenoates and hexaenoates derived from
cuttle-fish oil showed that at relatively high levels of autoxidation, the hydroperoxyl
groups appeared as expected at a-positions relative to double bonds.2¢> Also although
appreciable amounts of conjugated diene appeared, very little conjugated triene and
no conjugated tetraene were observable. On the basis of infrared spectra and other
measurements, it was suggested that dihydroperoxides were also formed. In another
study the autoxidation of highly purified methyl docosahexaenoate derived from
cuttle-fish oil was conducted at 33 to 35°C.2"> In this higher temperature range,
stronger evidence for the formation of dihydroperoxides was obtained, and it was
found that a higher proportion of the conjugated dienes had a ¢ramus, frans con-
figuration. Appreciable amounts of polymer were also generated.

A concentrate of monomeric dihydroperoxides has been obtained by partition
chromatography of autoxidized methyl docosahexaenoate, which were characterized
by means of peroxide value measurements, molecular weight determinations, and
ultraviolet and infrared spectra.?8,29

Cuttle-fish oil, which contains considerable amounts of highly unsaturated fatty
acid esters, was autoxidized at 35C in scattered sunlight to a high peroxide value,
and the product was permitted to decompose in the dark at 35C wunder nitrogen,
with and without the addition of metallic soaps. During decomposition, hydroperoxide
groups were largely converted to OH groups, with concomitant decrease in the
amount of conjugated diene.?®> Aldehydes were also formed, but the residual cis
unsaturation did not vary appreciably. In the presence of iron or copper soaps, the
changes were qualitatively similar, but occurred more rapidly and extensively.

In two studies of polymerization in autoxidation products of methyl esters of
highly unsaturated fatty acids, the polymeric products obtained from methyl esters
of cuttle-fish oil fatty acids, and also those obtained in the autoxidation of a nearly
pure methyl docosahexaenoate at 35C were characterized.??> It was postulated that
the polymers of the autoxidation products involved oxygen-containing rings.?® In
yet another experiment, methyl docosahexaenoate was autoxidized in sunlight at 35C
for 90 hours and then alkali-isomerized.?® The derivatives of the alkali-isomeriza-
tion varied in molecular weight from 440 to 1600. In another study, the dimer
concentrates obtained from autoxidized methyl docosahexaenoate were found to
contain dimers with direct carbon-to-carbon linkages as well as carbon-oxygen-
carbon linkages.3® Trimers were first isolated. '
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3. 3. Relationship among Lipoperoxide, Atherosclerosis, and Cancer

3. 3. 1. Relationship between Lipoperoxide and Atherosclerosis

Atherosclerosis is caused by deposits of lipids in the arteries. Lipids containing
oxidized unsaturated fatty acids®” and protein form complexes which have strong
linkages unable to be separated by solvent extraction.3® If oxidized lipids, lipo-
peroxides, form the complexes with protein of arterial wall, deposits of cholesterol
and its esters of fatty acids may occur around the complexes. In this case oxidized
lipids, lipoperoxides, may be detected in the lipids of arteries. It was already
reported that lipoperoxides are contained in the aorta of subjects suffering from
atherosclerosis. But the properties of the lipoperoxides were not shown.?9 Therefore
lipids were extracted from atherosclerotic artery with methanol-chloroform (1:2)
at room temperature. Fatty acids, and then methyl esters were obtained from the
lipids. All procedures were performed at room temperature under the atmosphere
of nitrogen. Fatty acids composition was calculated from the results of ultraviolet
spectrum analysis. It became clear that frans, trans conjugated diene hydroperoxides
exist in the methyl ester from the infrared spectrum. No hydroperoxides were
found in the lipids of normal artery.4®

Highly unsaturated acids in the lipids of arteries are concentrated in phospholipids.
And also, more highly unsaturated acids are more easily oxidized. Therefore, in this
case, oxidized lipids, lipoperoxides, may be concentrated in the phospholipids contained
in the lipids of atherosclerotic arteries. From this point of view, lipids of atheros-
clerotic abdominal aorta were dialysed to separate the residue (phospholipids
concentrates) and the dialysate. And then these fatty acids were obtained. From
ultraviolet and infrared spectra, compositions and properties of these fatty acids.
were made clear. It was ascertained that oxidized lipids, lipoperoxides, were
concentrated in the phospholipids contained in the lipids of the atherosclerotic aorta,
and that the {rawms, trans conjugated diene hydroperoxide existed in the oxidized
lipids.

After extracting the lipids from the atherosclerotic aorta, further extraction
was performed to obtain residue which then was hydrolysed with alkali, and the
amount of fatty acids in the residue was estimated. Thus, it was first demonstrated
that the atherosclerotic aorta contained lipid-protein complexes. From the infrared
spectrum it became clear that oxidized lipids, lipoperoxides, containing trans isomers
existed in the lipids of the lipid-protein complexes.41

From the results of our studies mentioned above and the other literature, as
the cause of atherosclerosis outbreak, so-called “lipoperoxide hypothesis” that,
“lipoperoxides form the complex with the protein in aorta vessel, and then the
lipids, such as cholesterol or cholesterol esters, are deposited around the complex in
the artery” was first presented.42,43> Many phenomena about atherosclerosis can
be explained by “lipoperoxide hypothesis” 42,42

3. 3. 2. Relationship between Lipoperoxide and Cancer

In general, carcinogenic agents have a close connection with protein and combine
with it. Lipids having oxidized unsaturated fatty acids, lipoperoxides, and protein
form complexes. Because of their strong linkges, the complexes are not decomposed
by solvent extraction. Would be lipoperoxides form complexes with nucleoproteins,
the status of cell-division may probably change. It is thus assumed that the
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cancerous cells may be produced. In such a case, cancerous tissues may contain
lipoperoxides. From this point of view, lipids were extracted from cancerous
tissues, such as gastric scirrhous carcinoma, gastric adenocarcinoma, rectal adeno-
carcinoma and mammary carcinoma indicated the picture of carcinoma simplex
tissues. Then fatty acids and their methyl esters were obtained. All procedures
were carried out at room temperature under the atmosphere of nitrogen without
exposing samples to direct sunlight. From ultra-violet spectrum, fatty acids com-
position was calculated. It was ascertained that frams, {rans conjugated diene
hydroperoxides exist in the methyl esters obtained from cancerous tissues, and that
trans, trans nonconjugated dienoic acid also exists in some such esters from the
results of infrared spectrum analysis.4®

There has been the suggestion that all carcinogenic compounds are able to
concern themselves in reactions leading to produce free radicals. Besides, it has
been recognized that lipids is oxidized through catalysis by the free radicals. But
it can be hardly assumed that cancer of lung may be generated by taking lipoperoxides
directly through trachea. If the substances containing free radicals such as cigarrette
smoke enter into the lung, lipids of the tissue may be oxidized with free radicals
as catalysts. In such a case, carcerous tissue in lung may contain lipoperoxides.
From this point of view, lipids were extracted from the tissue of bronchial
carcinoma, a kind of cancer of lung, and fatty acid methyl esters of the lipids
prepared. All procedures were performed at room temperature under the stream
of nitrogen. The methyl esters of fatty acids of lipids from cancerous pleural
fluids were also obtained. Then acids compositions were calculated from ultraviolet
spectrum. It was made clear that {rams, {rams or cis, trans conjugated diene
hydroperoxide was contained in the methyl esters of fatty acids obtained from the
lipids of all samples from the infrared spectrum.?5

Taking our studies mentioned above and other literature into consideration,
so-called “lipoperoxide hypothesis” that “cancer is generated owing to lipoperoxides
accumulated in a living body” was first presented. Many phenomena about cancer
can be understood by “lipoperoxide hypothesis” 46~48)

3. 3. 3. Relationship of Lipoperoxide to the DNA Radical and Cancer*s,5%

The autoxidation reaction of lipids in the presence of nucleic acids was in-
vestigated, and it was first confirmed by the ESR measurement that the DNA
radical or the RNA radical is generated in the reaction. It was also found that the
radical present in cancer tissues is similar to the DNA radical mentioned above.
This radical is different from the other ones which might exist in the tissues.
Therefore, cancer itself might be DNA radicals.

3. 3. 3. 1. Introduction

It was reported that many chemical carcinogens and/or their intermediates may
either be free radicals themselves or else may be activated by free radicals,5? and
the resulting, highly reactive intermediates can rapidly react covalently with DNA,
and so can be potent frameshift mutagens.51,52 But no paper has been given about
nucleic acid free radicals generated by chamical carcinogens and/or their interme-
diates. On the one hand, it is well known that nucleic acids free radicals are
produced by irradiation with 7-rays etc.53~6%9) But no paper has been published
about the reaction of lipoperoxides with deoxyribonucleic acid (DNA) or ribonucleic
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acid (RNA). On the other hand, it is also known free radicals exist in cancer
tissues, and cancer cells have greater free-radical character than normal ones,?0~72
But almost no studies have taken place on free-radicals in cancer tissues in detail.

In the mechanical degradation of polymers, free-radicals are produced, as follows.
(A) Polyethylene and polypropylene form free-radicals when cut under benzen.”®
(B) Electron spin resonance (ESR) spectra showed that grinding of elastomers
produced radicals at room temperature.”® Animal tissues contain a lot of polymers,
and so free-radicals in tissues must be measured as they are, without treatments
such as the use of homogenizer.

Therefore, the autoxidation reaction of lipids in the presence of nucleic acids
was investigated by using ESR spectroscopy. Moreover the free-radicals in the
gastric cancers and the normal human beings tissues, and those in the Ehrlich’s
ascites tumors, the Ehrlich’s carcino-sarcoma, and the normal tissues of mice, have
been measured with ESR as tissues are, without treatments except drying.

3. 3. 3. 2. Experimental Procedure

Materials: Chemical experiments were performed by K. Fukuzumi and N. Tkeda,
Nagoya University. Methyl linoleate was prepared from sufflower oil through a
urea adduct procedure, and it was of 99 % purity as determined by GLC. It contained
no conjugated acids shown in UV spectra, no isolated f7ans double bonds in IR
spectra, no natural antioxidants such as tocopherols, and no heavy metals, such as
copper and iron, in atomic absorption spectra.

The DNA with low molecular weight was a commercial high grade reagent
degraded from herring. Its UV spectrum had an absorption band at 262 nm, and
its absorptivity was 0.0259 (cm~'. pg~1. ml). The typical DNA absorbs at 260 nm,
and the absorptivity is 0.020 (cm~!. pg-!. ml). Therefore, the DNA with low
molecular weight had considerably lower molecular weight than the typical.63) The
DNA with high molecular weight was a commercial high grade reagent highly
polymerized from cod sperm. It absorbed at 258 nm, and the absorptivity is 0. 0163
(em~'. pg=l. ml). Then, it had considerably higher molecular weight than the
typical.6®

RNA was a commercial high grade reagent from yeast. Its UV band at 261 nm
showed the absorptivity 0.0247 (cm~!. pg=!. ml). The absorptivity at 260 nm for
the typical RNA is 0.022 (cm~'. #g.~! ml). So the commercial RNA had practically
the typical molecular weight.s®

The above-mentioned nucleic acids were negative for the biuret and xanthoproteic
reactions.

Egg albumin was a commercial high grade reagent, and of course, positive for
the biuret and xanthoproteic reactions.

B-NAD (B-nicotinamide adenine dinucleotide), 8-NADH (f-nicotinamide adenine
dinucleotide, reduced form, disodium salt), NADP (nicotinamide adenine dinucleotide
phosphate), NADPH (nicotinamide adenine dinucleotide phosphate, reduced, sodium
salt), and ATP (adenosine-5-triphosphate) were also commercial high grade reagents.

Ehrlich’s ascites tumors, carcino-sarcoma, and normal tissues of mice (each &,
ddy, 5-6 weeks old) were prepared by H. Kodama and T. Hiraiwa, Toyama Chemical
Co. The abdomen of the mouse mentioned above was injected with Ehrlich’s ascites
tumor cells. In the ascites after the lapse of 6 days from injection, 108/ml of
cancer cells existed. This ascites was diluted five times with physiological saline
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solution, and then each 0.2 ml of the diluted ascites was injected into the abdomens
of the same kind of mice as described above. After the lapse of 6 days from the
injection, these were used as the Ehrlich’s ascites tumor-bearing mice. Each ascites
was centrifuged at a speed 2,000 rpm for 10 minutes, and the residue was used as
the Ehrlich’s ascites tumor tissue.

Each 0.1 ml of the ascites diluted twice instead of five times with physiological
saline solution was injected under the skin of the mice. After the lapse of 12-13
days from the injection, these were used as Ehrlich’s carcino-sarcoma-bearing mice.

Gastric cancers, such as adenocarcinoma scirrhosum and carcinoma scirrhosum,
and normal tissues were obtained through K. Nakamura, Tokyo Jikeikai Medical
College. On the one hand, pathological examinations on the tissues mentioned above
took place by J. Torimi, Tokyo Jikeikai Medical College. On the other hand, these
tissues wrapped with polyethylene were immediately refrigerated but not dried.

Autoxidation: Methyl linoleate containing 2 weight % of DNA, RNA, egg
albumin, B-NAD, 8-NADH, NADP, NADPH, or ATP, with or without 0. 05 weight %
of a carcinogen 3,4-benzpyrene, placed in glass dishes to an oil depth of 1.03 mm
was autoxidized at 36+0.5C. Besides, the experiments were also performed by
using 0.1 weight % of the DNA with low molecular weight or RNA.

Free-Radical Determination: Free-radicals were measured at room temperature
about not only the autoxidized samples but also the cancer tissues etc. in nondried
state or dried (drying at room temperature under 10-3 mmHg for 15 hours) with
a Nihon Denshi-JES-ME-1 X type apparatus for electron spin resonance spectra
determination.

3. 3. 3. 3. Results and Discussion

Fig. 1 shows the ESR spectrum of the DNA with low molecular weight, because
the autoxidized methyl linoleate itself does not show any peak in the ESR spectrum
under this determination condition. The g-value for the DNA radical with low
molecular weight is 2.0035, strikingly resembles that for DPPH, 2.0035, and larger
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Fig. 1. ESR spectrum of the DNA with low
molecular weight (2%) in the autox-
idized methyl linoleate.
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than that for free electron, 2.0023, but the shape of the spectrum for the DNA is
quite different from that for DPPH.

The ESR spectrum of the DNA with high molecular weight in the autoxidized
methyl linoleate is given in Fig. 2. The g-value for the DNA radical with high
molecular weight is 2. 0042,

b
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Fig. 2. ESR spectrum of the DNA with Fig. 3. ESR spectrum of RNA (2%) in the
high molecular weight (2%) in the autoxidized methyl linoleate.
autoxidized mathyl linoleate.

Fig. 3 shows the ESR spectrum of RNA in the autoxidized methyl linoleate.
The g-value for the RNA radical is 2.0049, and larger than that for the DNA
radical with low molecular weight, 2.0035 or that with high molecular weight,
2.0042.

il

k1064 Fig. 4. ESR spectrumof egg albumin (24) in
the autoxidized methyl linoleate.
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The ESR spectrum of egg albumin in the autoxidized methyl linoleate is shown
in Fig. 4. The g-value for the egg albumin radical is 2. 0071, and larger than that
for the RNA radical, 2. 0049.

Fig. 5 gives the radical concentration of the DNA with low molecular weight
in the autoxidized methyl linoleate with or without 3, 4-benzpyrene. As the autox-
idation of methyl linoleate proceeds, the weight gain of each sample increases,
which is mainly due to the absorption of oxygen. By the addition of 3, 4-benzpyrene,
the formation of the radical is appreciably accelerated at the start, and subsequently
retarded.
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Fig. 5. Radical concentration of the DNA Fig. 6. Radical concentration of the DNA
with low molecular weight in the with high molecular weight in the
autoxidized methyl linoleate with autoxidized methyl linoleate with

or without 3, 4-benzpyrene. or without 3, 4-benzpyrene.

Fig. 6 shows the radical concentration of the DNA with high molecular weight
in the autoxidized methyl linoleate with or without 3, 4-benzpyrene. By the addition
of 3, 4-benzpyrene, the formation of the radical is remarkably accelerated.

The radical concentration of RNA in the autoxidized methyl linoleate with or
without 3, 4-benzpyrene is given in Fig. 7. The effect of the addition of 3, 4-
benzpyrene on the formation of the radical is similar to the previous case of the
DNA with low molecular weight.

Fig. 8 shows the radical concentration of egg albumin (2 %) in the autoxidized
methyl linoleate. The concentration of the radical was low under the experimental
condition.
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Fig. 7. Radical concentration of RNA in Fig. 8. Radical concentration of egg albu-
the autoxidized methyl linoleate min in the antoxidized methyl
with or without 3, 4-benzpyrene. linoleate.

The ESR spectra of 8-NAD, 8-NADH, NADP, NADPH, and ATP (2%) in the
autoxidized methyl linoleate were also measured. Only the S-NADH, NADPH, and
ATP radicals are detectable, but these radical concentrations are low as much as
that of egg albumin in Fig. 8. The g-values for the B-NADH, NADPH, and ATP
radicals are 2.0107, 2. 0178, and 2. 0092, respectively.

It is well-known that lipoperoxides have free radicals. But no radicals are
found by usual ESR measurements, because the concentration of radicals is extremely
low and lipoperoxides are polar substances. When 0.05% 3, 4-benzpyrene is used,
its radical also is not found by this ESR measurement. Organic bases in DNA or
RNA contain amino group. Therefore, this hydrogen may be abstracted by the
peroxy radical, ROO-, a electrophilic radical in lipoperoxides. The DNA with low
molecular weight more easily generates radicals than that with high, especially in the
early stage of the autoxidation, because the steric hindrance is lower. As is well
known, the yield of free radicals induced by 7- or x-irradiation on DNA, as determined
by ESR, also varied inversely with the molecular weight.67,69

Table 1 shows the g-values and the mean contents for the radicals in the various
tissues of normal mice, and those in the cancer and other various tissues of
carcinoidal mice.

- The g-values for radicals in the Ehrlich’s ascites tumor, the carcino-sarcoma,
and the human cancer (for example stomach cancer) tissue were almost all about
2. 003. ’

The g-values for radicals in the normal tissues of the normal and the carcinoidal
mice, such as liver, spleen, stomach, kidney, small intestine, and colon, were not
2.003 but 2.004-2.005. In the case of normal mice, the g-values for radicals in the
stomach, the kidney, and the colon tissue were about 2.005 and those in the liver,
the spleen, and the small intestine were about 2.004. In the Ehrlich’s ascites tumor
and the Ehrlich’s carcino-sarcoma mice, the g-values for radicals in organ tissues
(such as stomach, liver, etc.) were all about 2.004, except for the colon one.
However the g-value for radicals in blood was 2.007 for the normal mice, but 2. 006
for the Ehrlich’s carcino-sarcoma ones. Consequently, though the g-values for
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Table 1. The g-Value and the Mean Contents for the Radicals in Various
Tissues of Normal Mice, and Those in the Cancer and Other
Various Tissues of Cancer-Bearing Mice

. Ehrlich’s ascites Ehrlich’s carcino-
Tiss Normal mice tumor-bearing mice |sarcoma-bearing mice
ue
g-Value Content g-Value Content g-Value Content
. 2.00329(10)| 5.700(10)
Ascites tumor £0.00005 | +0.772
Carcinosarcoma 1808%%6:1)’5) eigsg%&
Liver 2.00438(10) 3.395(10) | 2.00417(10)| 4.671(10) | 2.00431(10)| 3.734(10)
, £0. 00003 +0. 534 +0. 00005 +1.088 0. 00004 +0.793
Spleen 2.00421(10), 3.029(10) | 2.00394(10)| 8.140(10) | 2.00406(9) | 4.984(10)
=+0. 00004 +0. 581 +0. 00004 +2. 223 +0. 00005 +1.190
Stomach 2.00479(6) | 2.082(10) | 2.00437(9) | 3.544(10) | 2.00433(10)| 5.672(10)
+0.00018 +0. 586 +0. 00005 +1.227 +0. 00004 40.951
Kidne 2.00474(10)| 4.351(10) | 2.00402(9) | 6.361(10) | 2.00436(7) | 6.104(10)
y +0. 00014 +0.704 +0. 00005 +3.685 -+0.00003 +1.006
. . 2.00414(4) | 1.560(10) | 2.00410(9) | 1.654(10) | 2.00414(7) | 1.941(10)
Small intestine | 7 0°50008" | £0.675 | 4-0.00008 | -£0.448 | +0.00004 | 0.786
Colon 2.00531(9) | 3.220(10) | 2.00477(9) | 2.553(10) | 2.00526(8) | 1.707(10)
4-0. 00005 --0. 540 +0. 00034 +0.816 +0. 00003 +0.437
Blood 2.00704(3) | 5.317(3) 2.00611(3) | 7.896(3)
+0. 00010 -+0. 679 +0. 00010 +1.289

Content: (10-%mole/1).

The number in the round brackets, ( ), is that of samples.

radicals in the cancer tissues are all 2.003, those in the normal tissues for the
carcinoidal mice show a tendency to decrease in comparison with the normal mice,
for example in stomach etc., from 2.005 to 2. 004.

The contents of radicals in the normal tissues for the carcinoidal mice tend to
increase in comparison with the normal mice, except for the colon tissue. The
contents of radicals in the organ tissues for the normal mice are of the narrow
range of 1.6-5.3x10-¢ mole/], and vary little among those contents of radicals in
the same tissues. The contents of radicals in the normal tissues for the carcinoidal
mice are of the rather wide range of 1.7-8.1x10-6 mole/l, and are rather variable
among those in the same tissues.

The ESR spectra of RNA, DNA, one of nondried gastric cancer tissues (adeno-
carcinoma scirrhosum, ¢, 70 years old), and one of dried Ehrlich’s ascites tumors
were shown in Fig. 9.

It is well-known that lipoperoxides have free radicals. But no radicals for
lipoperoxides are found with ESR in this experimental condition. Also no radicals
are found for nondried normal tissues of human beings and mice, and nondried
Ehrlich’s ascites tumors. But radicals for nondried gastric cancer tissues (adeno-
carcinoma scirrhosum), dried Ehrlich’s ascites tumors, and dried normal tissues of
mice can be measured with ESR, as given in Fig. 9 partly. The g-values for the
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RNA radical, the DNA radical with high )
molecular weight, and that with low
molecular weight are 2. 0049, 2. 0042, and \//\M VWW\\’/

2.0035, respectively, as mentioned above. WW RNA
Besides, the g-values for the nondried \

tissue of gastric cancer (adenocarcinoma WWA
scirrhosum) and for dried Ehrlich’s DNA
ascites tumor are 2.0040 and 2.0033, :

respectively. In the same kind of mice 'MW

as have the tumor, their dried normal

stomaches show smaller amounts of
radicals than their dried tumors. But
the g-value of this normal stomach
radical is 2.0048 instead of 2.0033, as M\AW

GASTRIC CANCER
( ADENOCARCINOMA
SCIRRHOSUM)

shown in Table 1.

It was confirmed that the gastric
cancer tissues (nondried state) radicals
are almost the same in the shape and
the g-value as the DNA radical formed
by treating the DNA with low molecular Fig. 9. ESR spectra of RNA and DNA

EHRLICH'S ASCITES TUMOR
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weight with lipoperoxides, and that the (0.1%%) treated with the autoxidized
Ehrlich’s ascites tumors (dried state) methyl linoleate, the nondried
radicals are also almost the same in tissue of gastric cancer (adeno-
shape and g-value as the DNA radical, carcinoma scirrhosum), and dried

as shown in Fig. 9. The protein (for Ehrlich’s ascites tumor.

example, egg albumin), 8-NADH, NADPH,

and ATP radicals which might exist in the tissues are of a small amount and dif-
ferent from the gastric cancer tissue, Ehrlich’s ascites, and Ehrlich’s carcino-
sarcoma radicals, in the g-value, because the g-values for the cancer radicals are
all 2.003-2.004, and those for the albumin, §-NADH, NADPH, and ATP radicals
are 2.007, 2.011, 2.018, and 2.009, respectively, as described before. Therefore,
lipoperoxide might attack directly RNA and DNA considerably to generate the RNA
and the DNA radical, especially the DNA radical with low molecular weight. This
stage might be cancer. Therefore, it is suggested that cancer itself might be the
DNA radical. Virus mainly consists of DNA, so the above-mentioned is not always
contrary to ‘“virus hypothesis” about cancer.

3. 4. Antioxidants in the Autoxidation of Fatty Acid Esters

Many studies had been published on the effect of antioxidants on unsaturated
fatty acid esters but the differences of the effects of antioxidants on geometric
isomers had never been investigated. Methyl cis-9, cis-12-octadecadienoate and its
trans isomer methyl {trans-9, trans-12-octadecadiencate were used as methyl
nonconjugated dienoates, and BHA, BHT, PG, NDGA, 4, 4'-dihydroxy-3, 5, 3, 5’-tetra-
tert-butyl diphenyl methane, L-thyroxine sodium salt, «-tocopherol and sesamol
were used for this purpose. The differences of the effects of antioxidants on both
geometric isomers were investigated by determining the induction period using the
weighing method. Also determined were the infrared and ultraviolet spectra,
peroxide values, conjugated diene contents, isolated trans double bond contents and
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molecular weights for the controls and the samples containing antioxidants. The cis,
cis isomer was more easily autoxidized and had a shorter induction period than the
trans, trans form. By the end of the induction period, no isolated frams double
bond forms in the cis, cis isomer, but a considerable amount of isolated frans
double bond decreased in the trams, trams isomer. In general, the effects of
antioxidants, except NDGA, on the cis, ¢is isomer were larger than the frans, trans
form.”%

The effect of antioxidants on the autoxidation of methyl conjugated cis, frans-
octadecadienoates was evaluated by estimating the induction period by measuring the
increase in weight with time. Peroxide values and molecular weights were also used
to determine extent of oxidation. UV and IR absorptions were measured to determine
conjugated dienes and isolated {rans double bonds. Antioxidants, such as butylated
hydroxy anisole (BHA), butylated hydroxy toluene (BHT), propyl gallate (PG) and
sesamol, lengthened the induction period as much as seven to twelve times. After
autoxidation to a weight gain of 10 mg per 1.5g, the antixidant containing samples
had higher molecular weights and lower diene contents than the control samples.
The induction periods were shorter, and the peroxide values lower with or without
antioxidants for the conjugated dienoates than for the nonconjugated dienoates.
Effect of antioxidants might be explained by the formation of a hydrogen bond of
the hydroxyl of the antioxidant and =-electrons as well as the inhibition of the
chain-reaction.”®

The sensitizing dyes for photo which are cyanine homologues have been used as
medicine and cosmetics. Their uses are widespread. It was expected that these
dyes might serve as antioxidants by a radical termination mechanism such as peroxy
radicals added to the many conjugated double bonds which exist in the dyes.
Determination of the induction period by the weighing method confirmed that some
sensitizing dyes for photo are available as antioxidants in the autoxidation of methyl
linoleate. Therefore, these dyes may serve as new types of antioxidants.”’~79

The effect of new antioxidants, such as phenothiazine derivatives, on the autoxi-
dation of methyl linoleate was evaluated by estimating the induction period using
the weighing method. Peroxide values (iodometry and IR3®), refractive indices,
mol wts, and UV and IR spectra were measured to investigate the extent of the
autoxidation. The induction period evaluated from the weighing method gives almost
the same value as that from the peroxide values. It was shown that some new pheno-
thiazine derivatives are remarkably effective antioxidants, and, besides, the mechanism
for the autoxidation of methyl linoleate containing phenothiazine derivatives as
antioxidants is probably of the same type as that for the substrate alone. The
reaction mechanism of phenothiazine derivative antioxidants by determining the
electron spin resonance spectra for the antioxidants in the autoxidation of methy!
linoleate was also investigated. Then, the following mechanism was proposed. That
is, within the induction period, these inhibitors hold stable nitroxide radicals C>NO-)
in the reaction between the antioxidant amino radical (C>N.), produced by the
reaction of the antioxidant with ROQO- or O,, and the peroxy radical (ROO-).
Besides, the more superior the phenothiazine derivative antioxidant, the more inactive
the antioxidant makes oxygen and the peroxy radical for the methyl linoleate
autoxidation and also for the antioxidant oxidation.®®’

The antioxidant activity of ion exchange resins and ethyleneimine polymer was
determined in methy! linoleate free from natural antioxidants and metals. Superior
antioxidant activities were recognized in an ion exchange resin with NH groups and
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in the ethyleneimine polymer: The  antioxidant activities in these heterogeneous
reaction systems increased in linear proportion to the amount present. These
antioxidant activities in the heterogeneous reaction system were mainly owing to
their ability to donate hydrogen to the peroxy radicals produced in the autoxidation
of methyl linoleate. The antioxidant radicals produced in these cases were very
stable and generally couldn’t participate in the increase of the induction periods in
the autoxidation of methyl linoleate by terminating the peroxy radicals. These
results have never been obtained in the homogeneous reaction system but are
characteristic in the heterogeneous one.82

The antioxidant effects of ion exchange resins and ethyleneimine polymer on
the autoxidation products of methyl linoleate in a heterogeneous reaction system
are discussed. Results from analyses of the various autoxidation products from
linoleate samples with and without the antioxidants showed that the addition of the
antioxidants did not change the original autoxidation mechanism of methyl linoleate.
However, the antioxidants did retard the autoxidation in response to their antioxidant
activity and, compared with a linoleate control, changed the yields of some autoxidized
products such as an increased amount of conjugated diene hydroperoxides in linoleate
samples with added ion exchange resins.8®

An attempt to quantitate the tocopherol content in the autoxidized methyl
linoleate was made by the iron (JJ) chloride-2, 2-bipyridine method. But the quan-
titation was very difficult owing to the interference of hydroperoxides. This inter-
ference was also observed in t-butyl and cumene hydroperoxides, but not in di-t-
butyl and dicumene peroxides. Such hydroperoxides as autoxidized methyl linoleate,
t-butyl and cumene hydroperoxides catalyzed the Emmerie-Engel color reaction by
itself as if it contained tocopherols. This result is contradictory to the earlier
studies that the peroxides in fats inhibited the color development in the Emmerie-
Engel procedure. Tocopherols in autoxidized methyl linoleate were quantitatively
determined when hydroperoxides were removed by the potassium iodide treatment.84

The antioxidant activities of d/-a-tocopherol(a-T), d-7-tocopherol (7-T), and
d-d-tocopherol(6-T) were determined in methyl linoleate free from natural antioxi-
dants and metals. The relative antioxidant activities of tocopherols, at the equivalent
mole concentration, were in the order a-<(y-<(8-T as generally recognized. The
parts of tocopherols effectively used as antioxidants were merely 13% for «a-T,
46 % for ¢-T, and 77 9% for 6-T. Tocopherols added to methyl linoleate were
absolutely consumed during the induction period, and the consumption rate was in
the order a->7->8-T. The rate of the formation of tocopheroxyl radicais was in
the order a->7->4-T. In the experiments oxidizing tocopherols by PbO, etc., the
mobility of hydroxyl hydrogen of tocopherols and the stability of tocopheroxyl
radicals were in the order «->7->8-T. These data showed that the ability as
hydrogen donors was in the order a->7->8-T. However, tocopherols were consumed
by direct air oxidation in the order a->>7->8-T. These results suggest that superior
hydrogen donors are not always excellent antioxidants. Because, the substituent
effect of antioxidants, as shown in tocopherols, can increase not only the ability of
antioxidant as hydrogen donor but also the unstability of antioxidant against air.8®

The study of antioxidant effects on the autoxidation products of substrates is
very important in elucidating the autoxidation reaction mechanism. The antioxidant
effects of tocopherols on the autoxidation products of methyl linoleate were discussed.
Results from analyses of the various autoxidation products from linoleate samples
with and without tocopherols showed that the addition of tocopherols did not alter
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the original autoxidation mechanism of methyl linoleate. However, tocopherols did
reatard the formation of autoxidation products, derived from methyl linoleate
samples, according to their individual antioxidant activities. Therefore, that the
antioxidant activities of tocopherols were in the order of a-<r-<(d-T did not result
from the difference of the autoxidation products among methyl linoleate samples
with and without added tocopherols.®6

Nucleic acids acted as synergists with tocopherols in inhibiting the oxidation of
methyl linoleate. DNA and RNA enhanced the activity of tocopherols to different
extents in the order a>>7->>8-tocopherol. Nucleic acids decreased the rates of
consumption of tocopherol in the presence of oxidizing methy! linoeate. Nucleic
acids also decreased the rate of oxidation of tocopherols by PbO;. The synergistic
effect of nucleic acids seemed to be caused by hydrogen bond formation with
tocopherols which protected tocopherols from direct air oxidation.’8”

3. 5. The Miscellaneous

3. 5. 1. The 2-Thiobarbituric Acid Reaction of Autoxidized
Unsaturatted Fatty Acid Esters®®

It has been postulated that malonaldehyde etc. are the compounds responsible
for the TBA test. But the suggestion that the TBA test could be used as an
estimation of lipoperoxides has been often accepted. Therefore the relationship of
the TBA value to the peroxide value has been exactly investigated. Methyl oleate,
methyl linoleate, and methyl linolenate were used as the substrates, which were 94,
99, and 86 % pure by GLC, respectively. In the autoxidation of methyl linoleate,
the variation of the absorptivity at 532nm in the TBA reaction with oxidation time
is similar to that of the peroxide value with the time, but in methyl linolenate the
maximum points of their variations don’t appear at the same time. The absorptivity
at the maximum point in methyl linolenate is ten and hundred times larger than
that in methyl linoleate and that in methyl oleate, respectively. Consequently, in
the same compsition systems the TBA test can be utilized to estimate the variation
of lipoperoxides during the early stage of autoxidation, but not in the different
systems. Even in the latter case, the TBA test can be used to evaluate lipoperoxides
as long as the special treatment given in this study takes place.

3. 5. 1. 1. Introduction

Wilbur et al.89 proposed that the TBA reaction could be used as an estimation
of oxidative products of unsaturated fatty acids. Patton et al.?0,°D postulated that
malonaldehyde was the compound responsible for the red TBA color test and the
material was present in rancid fat. But many papers?2~% have been reported that
a brilliant red color with an absorption maximum at 532nm is produced by the
reaction of TBA with dienals as well as with malonaldehyde. Besides there is a
report that the TBA reactive material is not malonaldehyde.?®

Whatever the TBA reactive material is, it is. the fact that TBA reacts with
the oxidative products of lipids. The TBA test is more sensitive than the peroxide
one for measuring oxidative deterioration in fats, and has the advantage over the
peroxide test, because it may be conducted on the intact sample and does not require
fat extraction from fat-containing foods or tissues. Therefore, to investigate the
utility of the TBA method for estimating the extent of the autoxidation of fats,
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the TBA reaction to autoxidized unsaturated fatty acid esters has been studied.
That is, the absorptivity at 532 nm due to a red color pigment in the TBA test has
been compared with the peroxide value which provides a direct measure for the
extent of the autoxidation of fats,

3. 5. 1. 2. Experimental Procedures

Materials: Methyl linolenate used as a substrate for autoxidation was prepared
from methyl esters of linseed oil fatty acids by separating them by the urea adduct
formation. Peroxides and pigments in the ester were removed by transfering it to
a chromatography column containing silicic acid, and eluting with n-hexane. Thus
obtained methyl linolenate was found to be 83.4 % pure by GLC analysis. Methyl
linoleate (99.9 % pure by GLC analysis) and methyl oleate (95.3% pure by GLC
analysis) were obtained from sufflower oil fatty acids and olive oil fatty acids,
respectively, by the same method as mentioned above. A part of methyl linolenate
was a commercial product and 99.9 % pure by GLC analysis. Soybean oil removed
metallic ions and natural antioxidants from a commercial product was also used.

Autoxidation : Methyl linoleate (1.5000-1.5005g) was put into a beaker 4.lcm
in diameter. Each beaker was accurately weighed and then placed in an oven at a
constant temperature of 36.540.5C. Of course, the depth of the oil layer for each
sample was kept constant 1.03 mm.

TBA Reaction: Many reports have been published about the TBA test. The
study was performed by the experimental method mentioned in Sinnhuber’s review?6>,

TBA Solution: 1g of TBA is dissolved in 7.5ml of 0.1 N NaOH and diluted to
100 ml with distilled water.

Trichloroacetic Acid-HCI Reagent: 50ml TCA solution (25%) and 30 ml HCI
(0.6N) are mixed with 420 ml of distilled water.

Antioxidant Solution: 0.3 g butylated hydroxyanisole (BHA) is dissolved in
5.4 g propylene glycol, and 0.3 g butylated hydroxytoluene (BHT) is dissolved in
4.0g of warm Tween 20.

The sample (20-50 mg) is introduced into a test-tube and accurately weighed.
Three drops of antioxidant solution and 1.5ml of TBA solution are added to the
tube. 8. 5ml of trichloroacetic acid-HCI reagent is then added. The tube is flushed
with N, and then the cap is tightly closed. Another tube containing the same
quantity of reagents, but without the sample, is used as a blank. The tubes are
heated in a boiling water bath for 30 minutes. The tubes are immediately cooled
to room temperature in water. Approximately 3ml of chloroform is added and
contents are centrifuged for 20 minutes at 3,000 RPM. The aqueous clear pink color
solution is used for the absorptivity measurement at 532 nm. The yellow chromogen
at 453 nm is measured by the same procedure as mentioned above, except that it is
heated at 50C instead of 100C.

3. 5. 1. 3. Results and Discussion

Fig. 10 shows the changes in the peroxide values, the absorptivties of the TBA
colors (532 nm and 453 nm), and that at 272 nm due to «, 8, 7, §-unsaturated carbonyl
compounds, during the autoxidation of methyl linolenate. The peak of the peroxide
value appeared at the 7th day from the start of the experiment, and somewhat later
than that of the absorptivity at 532nm in the TBA color. After the peak both the
peroxide value and the absorptivity decreased in a similar pattern. The absorptivity
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at 453 nm was extremely weaker than that at 532nm, and its reproducibility was
bad, so it is not available. The peak of the absorptivity at 272 nm due to «, B, 7,
§-unsaturated carbonyl appeared later than that of the TBA color (532nm). After
the peak, the absorptivities at 272nm decreased rapidly, and showed a different
pattern from peroxide values and the absorptivities of the TBA color (532 nm).
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Fig. 10. Changes of POV, «, 8, 1, - Fig. 11. Changes of POV, «, 8, 7, 9¢-
unsaturated carbonyl and the TBA unsaturated carbonyl and the TBA
absorptivity (632nm and 453 nm) absorptivity (532nm and 453 nm)
in the autoxidation of methyl in the autoxidation of methyl
linolenate. linoleate.
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The similar changes for methyl linoleate are shown in Fig. 11. Its absorptivity
at 532nm in the TBA color was extremely weaker than in the case of methyl
linolenate. The peak of the peroxide value and that of the absorptivity at 532nm
appeared at the same time, the 10th day from the start of the experiment. Before
and after the peak, they showed a similar pattern, each other. The absorptivity at
453nm in the TBA color was not available as shown in methy! linolenate. The
pattern for the absorptivities of 272nm due to «, B, 7, J-unsaturated carbonyl was
different from those for peroxide values and the absorptivities in the TBA color
(532 nm), especially after the peak. There seems to be a little in the contribution
of a, B, 7, 6-unsaturated carbonyl to the absorptivity of 53Z2nm in the TBA color
in the both cases of methyl linoleate and methyl linolenate.

Fig. 12 shows the changes in the peroxide value, the absorptivities in the TBA
colors (532nm and 453 nm), and the absorptivity at 223nm due to a, B-unsaturated
carbonyl, during the autoxidation of methyl oleate. The absorptivity at 532nm in
the TBA color could be detected, though it was extremely weak. The absorptivity
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at 463 nm appeared appreciably. The maximum of the absorptivity appeared earlier
than that of peroxide value. The change in the absorptivity at 223nm due to a,
B-unsaturated carbonyl showed the different pattern from from those in the TBA
color and peroxide value.

In the cases of methyl linolenate and methyl linoleate, the absorptivity at 532
nm in the TBA color showed the similar pattern to peroxide value especially in the
early stage of autoxidation. Therefore the relationship between peroxide values and
the TBA absorptivities (532 nm) in the autoxidation of methyl linolenate and methyl
linoleate is shown in Fig. 13, from which Equations (1) and (2) were obtained in
the cases of methyl linolenate and methyl linoleate, respectively.

POV=318x TBA absorptivity 1
POV=11,300x TBA absorptivity (2)

In the case of methyl linolenate or methyl linoleate, by determining the TBA
absorptivity (532nm), the peroxide value can be evaluated by Equation (1) or
Equation (2).

Fig. 14 shows the relationship between peroxide values and the TBA absorptivities
(532 nm) in the autoxidation of the mixtures of methyl linolenate and methyl linoleate.
The ratios of methyl linolenate to methyl linoleate are 3:1, 1: 1, and 1:4. In these
cases, Equations (3), (4), and (5) were obtained, by which the peroxide values can
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be estimated by determining the TBA absorptivities (532nm), respectively.
Linolenate : linoleate=3 : 1 POV =315xTBA absorptiVity (3)
7 =1:1 POV=436 ” (4)
’ =1:4 POV=0667 ’” ®)

But in Equation (5), the deviation from the found value becomes large, when
the peroxide value is larger than 800.

8 L
4 >
3
>- e
. 3 L “_
= 2
; 6 O 4 I
o ol b
5 m
a ' <
a @/GDQ{G) 2|
«a 17
0 . X
OO 500 1000 0] 1000 2000 3000
POV (MEQ /KG) POV (MEQ/ KG)
Fig. 14. Relationship between POV and Fig. 15. Relationship between POV and the
the TBA absorptivity (532nm) in TBA absorptivity (532nm) in the
the autoxidation of the mixture autoxidation of soybean oil and
of methyl linolenate and methyl the mixture of methyl oleate and
linoleate. methyl linolenate or methyl
©; Linolenate : linoleate=3: 1. linoleate. .
O ; Linolenate : linoleate=1: 1. O ; Soybean '011.
(D; Linolenate : linoleate=1": 4. (@ ; Oleate : linolenate=1: 1.

©; Oleate : linoleate=1: 1x10.

The similar plots to Fig. 14 about the mixture of methyl oleate and methyl
linolenate and that of methyl oleate and methyl linoleate (the ratios of fatty acid
methyl esters are both 1:1) are shown in Fig. 15. Studies of the autoxidation of
methyl linolenate, methy! linoleate, and methyl oleate by Kenaston et al.?”> showed
that the TBA values for methyl linolenate were 30-80 times as large as those for
methyl linoleate at the same peroxide values. They reported that these values had
almost no relation to peroxide values but to the amount of aldehydes, and that
methyl oleate did not give the TBA values. But Dahle et al.?®) showed a linear
relationship between the TBA value and the peroxide value for methyl esters of
polyunsaturated fatty acids except for methyl linoleate. A direct comparison
between the peroxide value and the TBA value was found in the early stage of the
autoxidation of a fish oil by Sinnhuber et al.?®
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In this study, the TBA value (532 nm) was relative to the peroxde value for methyl
linolenate or methyl linoleate, and was not necessarily relative to the amount of
unsaturated carbonyls. Extremely slight TBA absorptivity (532nm) was detected
for methyl oleate. The TBA value extremely changes with the unsaturation of
fatty acids. The TBA values among the substrates having different composition of
fatty acids are not available for the comparison of the degree of autoxidation.?®
But for the mixture of methyl linolenate and methyl linoleate, even if it consists of
any ratio, in the early stage of autoxidation, a linear relationship between the TBA
value and the peroxide value is given as follows.

POV=axTBA absorptivity (6)

[Tl

The values of “a” at various composi-
tions of methyl linolenate and methyl 11300£ L

linoleate have been poltted in Fig. 16. The
plots of “a” values are found below the
straight line gotten by connecting the value
of methyl linolenate and that of methyl
linoleate. There is a very good reason for
it. That is, the rate of the autoxidation
of methyl linolenate, is faster than that
of Imethyl linoleate, so in the mixture,
methyl linoenate is more predominantly
autoxidized and shows extremely stronger
TBA absorptivity (532nm) than methyl )
linoleate. ~ If the composition of the 00 50 100

w1t

mixture is determined, from the curve “«
in Fig. 16, the wvalue of “&” can be
estimated. By measuring the absorptivities
(532 nm) of both mixtures having different

composition, respectively, both peroxide

500
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Fig. 16. Plot of methyl linolenate % in
the mixture of methyl linolenate
and methyl linoleate vs. factor

values can be evaluated from Equation 6 ;OV:a x (TBA absorptivity).
substituted “a” by the estimated values, a value for methyl linolenate :
respectively, and then the comparison of . 318. ;

the degree of autoxidation between the a value for methyl linoleate :
mixtures becomes available. In fact, in 11, 300.

soybean oil, a linear relationship between

the TBA value and the peroxide value is obtained, and in this case the found value
of “a” is 1.7x103. Soybean oil used contained 7.9 % linolenic acid, 60.6 % linoleic
acid, 21.4 % oleic acid, and 10.6 % other fatty acids. The ratio of linolenic acid
and linoleic acid is 11: 89, and “a” obtained from Fig. 16 is approximately the same
as the found value mentioned above.

In the mixture of methyl linolenate and methyl oleate or that of methyl
linoleate and methyl oleate, a linear relationship between the TBA value and the
peroxide value can be observed at the early stage of autoxidation. In this case the
rate of autoxidation of methyl oleate is extremely slow in comparison with that of
methyl linolenate or that of methyl linoleate, so the peroxide value and the TBA
absorptivity (532nm) are almost due to the autoxidation of methyl linolenate or
that of methyl linoleate in the mixture. Therefore for the mixture, the value of
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“¢” in Equation 6 shows the approximation of “a” for methyl linolenate or that of
“a” for methyl linoleate.

In the TBA reaction, not only the typical pink pigment at 532nm, but also a
yellow pigment at 453 nm is formed. The compounds responsible include epihydrin
aldehyde, 100 glyceraldehyde,100,101 alkenal,®3,°® and alkanal.®3,4> There are few
reports that the yellow pigment was used as a measure for the autoxidation of
lipids. In this study, the formation of the 453nm pigment was not used as a measure
of methyl linolenate oxidation or methyl linoleate one. The absorptivity at 453 nm
was weaker than that at 532nm, and its reproducibility was worce. But in the case
of methyl oleate, the 453 nm pigment is more readily formed than the 532 nm pigment.
The absorptivity at 453nm has no special relation to the peroxide value, so it is
not used as a measure of methyl oleate oxidation.

Consequently, in the case of lipids with the same composition, the TBA test
can be used as a measure of the autoxidation of lipids, but even if in the case of
lipids with the different composition, it can also be used as the measure by converting
the absorptivities (532nm) to the corresponding peroxide values, respectively, by
the aid of Fig. 16 and Equation 6.

3. 5. 2. New Analytical Methods for Autoxidized Fatty Acid Esters etc.

The quantitative determination of hydroperoxides by infrared spectroscopy was
first investigated, and a new analytical method was proposed.®® The study on
quantitative analyses of hydroperoxides and alcohols by NMR shift reagent was also
performed.19? The accumulation of lipoperoxide in animal tissue and blood was
examined.10®

The investigation on the autoxidation of soaps of unsaturated fatty acids in
aqueous colloidal solution was carried out, and it was confirmed that the autoxidation
mechanism in these cases is almost the same as that in the liquid phase of fatty
acid esters.194,105 The studies on the autoxidation of common unsaturated fatty
acid esters instead of highly unsaturated ones mentioned at 3. 2. also took place.!?¢
~108) Prooxidant effects of inorganic chromium compounds in the autoxidation of
methyl linoleate were investigated, and new informations were given.*??’

4. Hydrogenation Reactions of Fats and Some Other Compounds

4. 1. Introduction

There are a great many papers, about heterogeneous hydrogenation, using
heterogeneous catalyst and hydrogen gas. In industrial hydrogenation, this type has
been generally used. Studies on the hydrogenation of pure highly unsaturated fatty
acid esters, which had never been published until our investigations, were also grouped
into this category. By these studies many informations were given.

Of course, a good many papers have been published about homogeneous hydroge-
nation, using transition metal complexes as catalysts and hydrogen gas. Many papers
have been also presented about heterogeneous transfer hydrogenation, using heteroge-
neous catalysts and organic compounds as hydrogen donors. But there are relatively
few studies about homogeneous transfer hydrogenation, using transition metal
complexes as catalysts and organic compounds as hydrogen donors.

Almost no studies have been published about homogeneous transfer hydrogenation
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of simple olefins, especially fatty oils, except for our studies. The merit of using
homogeneous catalysts such as transition metal complexes is that in general high
selectivity can be obtained. The demerit of using such catalysts is that the separa-
tion of reduction products from catalysts and the recycle of catalyst are difficult.
Nowadays the demerit can be overcome by using transition metal complexes having
appreciably high molecular weight ligands as catalysts. In the homogeneous transfer
hydrogenation with these catalysts, high selectivity is maintained and besides the
separation of reaction products from catalysts may get easier. In the hydrogenation
of fatty oils, the higher selectivity and the lower amount of trans isomers had been
desired eagerly in the edible oils and fats and the soap industry. Generally the
higher the selectivity, the larger the amount of isolated trans double bonds.
Therefore, attaning the desire had been thought impossible. The studies on the
homogeneous transfer hydrogenation of fatty oils had never been performed as
mentioned above, and so took place in order to attain the desire, after those of
general organic compounds.

4. 2. Hydrogenation of Highly Unsaturated Fatty Acid Esters

Studies on the hydrogenation of pure highly unsaturated fatty acid esters had
never been undertaken, owing to the difficult isolation and the low stability of these
fatty acid esters. But such studies were first carried out to obtain new informa-
tions.110~114) The jsomerization during the hydrogenation of methyl docosahexaenoate
was investigated, and it was shown that the composition of fatty acids during the
hydrogenation can not be exactly determined by GLC or the ultraviolet absorption
method.11®  The study on hydrogenation of conjugated polyenes, such as methyl
conjugated eicosapentaencate!!?’ and methyl conjugated octadecatetraenoatell?’ was
first carried out. During the hydrogenation the amount of the conjugated tetraene
was decreased and no other conjugated polyenes appeared.?12> The migration of
double bonds in the hydrogenation of methyl eicosapentaenoate was determined.11®
In the hydrogenation of conjugated diene concentrates obtained from methyl
docosahexaenoate catalyzed by mnickel-diatomaceous earth catalysts, the rate of
hydrogenation of the conjugated diene was faster than that of nonconjugated
polyenes.114

4. 3. Heterogeneous Transfer Hydrogenationl1®

Transfer hydrogenation has the same meaning as conjugated hydrogenation.
Relatively many studies on heterogeneous transfer hydrogenation using hetrogeneous
catalysts and organic compounds as hydrogen donors had been carried out. Conjugated
hydrogenation of methyl linoleate and methl conjugated octadecadienoate using nickel-
diatomaceous earth as a heterogeneous catalyst and various alcohols as hydrogen
donors was investigated.115> The selectivity in the hydrogenation with primary
alcohol is inferior to that with secondary alcohol. By using the former, alcoholysis
of fatty acid esters also occurs. In the conjugated hydrogenation of conjugated
dienes, cis, trans conjugated dienes were decreased, and trans, trans ones increased,
in the early stage. And then both conjugated dienes were hydrogenated at the same
rate.11%’
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4. 4. Homogeneous Transfer Hydrogenation

4. 4. 1. Introduction

In general homogeneous catalysts show higher selectivity and better reproducibility
and accelerate the rate of reactions under milder conditions, in comparison with
heterogeneous catalysts.

" The study on the homogeneous transfer hydrogenation of fatty oils had never
been undertaken. As such a kind of study, the homogeneous transfer hydrogenation
of fatty acid esters catalyzed by Ni(acac), was first investigated to obtain hydroge-
nated products in our laboratory.116> Though in the studies on the homogeneous
hydrogenation using fatty oils and hydrogen gas, Itatani and Bailar showed that
hydrogen might be lost from solvents,117~119 this was only a sign of the homo-
geneous transfer hydrogenation of fatty oils. For simple olefins except for fatty
oils, studies on the homogeneous transfer hydrogenation using alcohol120,121) and
formic acid!22 as hydrogen donors were only performed at almost the same time
that our study!l® was carried out or after the study. However, there are a good
many papers on the homogeneous transfer hydrogenation of double bonds in «, B-
unsaturated carbonyl compounds.120,121,128~129)

The studies on the homogeneous transfer hydrogenation of simple unsaturated
compounds using homogeneous catalysts, such as ‘RuCl, (PPhj),,130~153) toot place,
and then those of fatty acid esters!54~161) were carried out. As mentioned in 4. 1.,
the attainment of 100 % selectivity and a trace of trans isomers had been desired
eagerly, but it had been thought impossible. As described later, in our laboratory
the desire was first attained by the homogeneous transfer hydrogenation of methyl
linoleate catalyzed by RuCl,(PPhj); and RuH,(PPh;), and donated with hydrogen
by isopropy! alcohol and hydrocortisone, respectively.

Homogeneous transfer hydrogenations can be generalized as in the following
equation. - i

Homogeneous catalyst
DHx+nA nAHx+D
Solvent '

DHy : hydrogen donor; A : acceptor ; Homogeneous catalyst :
R‘Uclz(PPh3)3, RhH(PPh3)4, RUH2 (PPh3>4, etc.; Solvent :
toluene etc.

4.-4. 2. Homogeneous Transfer Hydrogenation of Simple Unsaturated
‘Compoundsi3o~153

Studies ‘on 'the homogeneous transfer hydrogenation of simple unsaturated
compounds in our laboratory also include those on hydrogenolysis.
"~ Hydrogen ‘transfer from a number of organic compounds to olefins in a homo-
geneous system was studied. In the case of hydrogen transfer to 1, 5-cyclooctadiene,
using dichlorobis(triphenylphosphine)iron (1) as the catalyst, dzhydroxylbenzenes
such as pyrocatechol and hydroquinone, were much superior to prim- and sec- alcohols,
1-dodecanethiol, and cyclohexene as hydrogen donors.13? Hydrogen transfer from
alcohols to olefins was studied to find effective homogeneous catalysts and convenient
reaction conditions, and it was found that RhH(PPhs), had the highest catalytic
activity among the complexes which were tried. Spectroscopic measurements (ir,
uv, and gc-mass spectrum), hydrogenation by molecular hydrogen, and isotope effects
were studied. Kinetic studies were carried out at 60-100°C using the Rh(]) complex
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as a catalyst, 2-propanol as a hydrogen donor, cycloheptene as a hydrogen acceptor,
and toluene as a solvent. The hydrogen transfer reaction is inferred to proceed in
the follwing order: (1) the release of triphenylphosphine from RhH(PPhs),, (2)
coordination of 2-propanol to the metal, (3) hydrogen trnsfer from 2-propanol to
the metal with the oxidative addition to form a trihydride complex, (4) coordination
of cycloheptene to the metal, and (5) transfer of hydrogen of the trihydride complex
to cycloheptene to form cycloheptane. These data are compatible with the expression
rate =K 1K,ks[D] [Rhiorar/((PI+K,), where [D], [Rhlieia;, and [P] are donor,
catalyst, and phosphine concentration, respectively, The rate-determining step of
this reaction was considered as.the transfer of hydrogen from alcohol to a Rh (] )
species.138) ,

Hydrogen transfer from 1, 4-dioxane to olefins catalyzed by RhCI(PPhs);
occurred. Stoichiometric amounts of paraffins and dioxene were formed from olefins
and dioxane. After the reaction, the dioxane complex, RhCI(PPh;),(C,H30,), was
isolated. The large value of the kinetic isotope effect, Ry/Rp=3.1, in the use of
octadeuteriodioxane and the kinetic result showed that the rate-determining step of
the reaction is the dehydrogenation, that is, the formation of the monohydride
complex, RhCIH(C,H;0,) (PPh3),, by the oxidative addition of dioxane by the cleavage
of a C-H bond.'34> In the hydrogen transfer from organic compounds to olefins
catalyzed by RhCI(PPhj)s, some cyclic amines were found much more reactive than
oxygenated and hydroaromatic compounds such as primary and secondary alcohols,
tetralin, etc. Reactivity decreased in the order indoline>pyrrolidine >tetrahydroqu-
inoline > piperidine > 2, 3-butanediol > dioxane > cyclohexanol >> isopropyl alcohol.
Indoline and tetrahydroquinoline gave stoichiometrically indole and quinoline,
respectively.1#7> The mechanism of hydrogen transfer from indoline to cycloheptene
in toluene catalyzed by RhCI(PPh;); has been studied. The rate data of the reaction
can be accommodated by the rate expression of the form, rate =a[D[Cl,/(b+[LD
where [CJo,[D], and [L7] are the concentration of the catalyst, indoline, and
triphenylphosphine, respectively. The rate-determining step of the reaction is
inferred to be the dehydrogenation of indoline, that is, the hydrogen transfer from
the amine to a Rh(J) complex to form a hydride complex by oxidative addition.?3#®

The dihydride complex, RuH;(PPh;3) 4, has been found to be an excellent catalyst
for the hydrogen transfer from 2-propanol to olefins. For cyclohexene in toluene
solution, the rate law at 80C was:

0.04[CJ, [D]
1+24[P]

where [CTlo, [D] and [P] are the concentration of the catalyst, 2-propanol and
triphenylphosphine, respectively. It is pressumed that active intermediates of the
reaction are not Ru(]V)-species but Ru(0)-species. The rate-determining step of
the reaction is inferred to be the dehydrogenation of 2-propanol, that is, the
hydrogen transfer from the alcohol to Ru(0)-complex to form a hydride complex
by oxidative addition.139

A considerable amount of benzene was formed in the reaction of RhCI(PPhj);
and RhH(PPh;), with amines, alcohols, hydroaromatic comounds, and dioxane. For
example, about eight or ten molecules of benzene were formed from a molecule of
RhCI(PPh;)s or RhH(PPhj),, respectively, when these complexes were heated at
100C for 6h in pyrrolidine. In the reaction of RhCI(PPh;); in pyrrolidine, diphenyl-
phosphine and biphenyl also were detected; a bright yellow complex which was

Rate=
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tentatively identified as RhCI(PPh;s), (pyrrolidine) was isolated as a reaction
intermediate. The isolated complex gave benzene by heating in inert selvents. The
hydrogen transfer from indoline, tetrahydroquinoline, and dioxane was confirmed by
the quantitative analysis of reaction mixtures.15%

In the hydrogen transfer from organic compounds to aldehydes and ketones,
RuH, (PPh3), was found to have an excellent catalytic activity under mild conditions.
Ethers, hydroaromatic compounds, tertiary amines, and alcohols showed hydrogen
donating ability, and the ability decreased in the order 2, 5-dihydrofuran>tri-n-
propylamine >benzyl alcohol>>cyclohexanol>ethyl alcohol>> tetralin =~ 1, 2-dihydro-
naphthalene>dioxane. The mechanism of hydrogen transfer from alcohols to the
aldehydes was investigated. The data of the reaction can be accommodated by the
rate expression of the form rate = k[D][Cat],/(1+K[RCHOJ), where [D], [Cat]g,
and [RCHO] are alcohol, catalyst, and aldehyde concentrations, respectively. The
kinetic isotope effect, Ry/Rp=0.9, and other data suggest that the rate-determining
step of the reaction is the coordination of the alcohols to the complex. The process
of the hydrogen transfer from alcohols to aldehydes on the metal is also proposed.!*?)
Aromatic hydrocarbons, such as indan and ethylbenzene, were dehydrogenated and
reduced aldehydes under mild conditions in the presence of RuH,(PPhs),. It was
also found that indan and isobutylbenzene reduced cycloheptene under more drastic
condition in the presence of RhCI(PPhj);. The mechanism of hydrogen transfer
from indan, tetralin, and dioxane to an aldehyde catalyzed by RuH,(PPhs), was
investigated, and found to be different from that of the reduction of aldehydes by
alcohols. The transfer hydrogenation by the aprotic substances occurs via dihydride
complexes, and the overall rate law was rate = a[DH,] [cat.]o/(1-++b[DH,]+c
[RCHOY) where [DH;], [cat.Jo, and [RCHO] are hydrogen donor, added catalyst,
and aldehyde concentrations, respectively. The rate-determining step of the reduction
by the aprotic hydrogen donors is the hydrogen transfer from the donors to the
catalytic species.14®

The dehydrogenation of 2-propanol by chloral was found to occur in the presence
of several transition metal complexes to give acetone and tetrachlorohydroquinone.
Some of these reactions seem to be explained by a mechanism that requires both
the donor and the acceptor to coordinate simultaneously on the central metal of
the catalyst, and hydrogen atoms to be transferred directly from the former to
the latter without forming hydride complexes. The dehydrogenation of tetralin and
2, 5-dihydrofuran, which are unsaturated compounds, was not influenced by the
addition of the metal complexes.'3% Noble metal salts were found to catalyze the
homogeneous transfer hydrogenation of nitrobenzenes to anilines in good yields using
indoline as a hydrogen donor.145> It is shown that in the presence of Pd(]) salts
the carbon-halogen bond of aryl halides is cleavaged to give the corresponding aryl
compounds and hydrogen halides by hydrogen transfer from organic compounds.!*#

Aralkyl- and aryl-oxygen bonds of ethers, esters, and alcohols, and aralkyl- and
aryl-nitrogen bonds of amines, an imide and an amide were hydrogenolyzed by the
hydrogen transfer from organic compounds such as indoline in the presence of some
noble metal salts. In these reactions, not only benzyl group but phenethyl and phenyl

group were removed.!49)
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4. 4. 3. Homogeneous Transfer Hydrogenation of Fatty Acid Esters1®*~16D

4. 4. 3. 1. Experimental Procedure

Materials : Methyl linoleate was prepared from safflower oil. Conjugated
linoleate was obtained by the reaction with potassium hydroxide. Methyl trans-9,
trans-12-octadecadienoate was prepared by the isomerization of methyl linoleate by
sodium nitrite. Methyl oleate and methyl elaidate were prepared by esterification
of refined oleic and elaidic acids with methyl alcohol, respectively. Complex catalysts
were synthesized by the methods previously reported.133,134,187,189,142  The
hydrogen donors and the solvent were purified by distillation.

An Example of Transfer Hydrogenation: Methyl linoleate (0.2 M), a hydrogen
donor (0.4M), and a catalyst (20mM) were in a pyrex glass tube with toluene as
a solvent. The tube was sealed under vacuum using liquid nitrogen and a vacuum
line. The sealed tube was heated for 3 hr with continuous oscillation in a polyethylene
glycol bath kept at the designated temperature +1°C. The reaction mixture was
submitted to gas liquid chromatographic analysis which was performed at 220,
using 15 gl of dibenzyl ether as an internal standard. A 2mx6mm stainless steel
column packed with 12 ¢ diethylene glycol succinate on Diasolid L was used. Volatile
compounds were removed from the reaction mixture under reduced pressure. The
residue was dissolved in carbon tetrachloride and then submitted to IR analysis
using the peak at 968cm-! as elaidate, to measure the amount of trans double bonds.
Although the residue contained dibenzylether, indoline, and indole, it was confirmed
that they did not influence the IR analysis.

Other transfer hydrogenations were carried out in a similar way.

4. 4. 3. 2. Results and Discussion

Results

As substrates, methyl esters of trans-9, trans-12-octadecadiencic acid (¢-9, ¢-
12-diene), conjugated octadecadienoic acids (conj. dienes), cis-9-octadecenoic acid
(oleate), and trans-9-octadecenoic acid (elaidate) were chosen in addition to linoleate.
Conj. dienes were shown to consist of 90 % of cis, trans and 10% of trans, trans
isomers by GLC analysis.

As hydrogen donors, isopropy! alcohol, indoline, dioxane, tetrahydroquinoline,
tetralin, 2,5-dihydrofuran, L-ascorbic acid, L-arabinose, sucrose, and naturally
occurring materials, such as steroids, terpenes, and alkaloids, were examined.
Alcohol has been used in many studies as a representative hydrogen donor.116,133,
139’140,143)

Hydrogen Transfer from Isopropyl Alcohol: Tt is well known that isopropyl
alcohol gives olefins hydrogen to yield acetone,133,139,140,143 but it is inferred that
the hydrogen-donating power of the alcohol is lower than indoline.?37,142 Therefore,
the hydrogen transfer from isopropyl albohol was examined only with those catalysts
which were active in the reaction with indoline or had been reported to be active
in the transfer hydrogenation of oils. In the transfer hydrogenation of methyl
linoleate catalyzed by RuCl,(PPh;);, and donated with hydrogen by isopropyl alcohol,
100 % selectivity and a trace of trans isomers were first obtained as shown in
Table 2. As described before, the attainment of 100 % selectivity and a trace of
trans isomers had been desired eagerly, but it had been thought impossible.

In the table, conversion shows the total yield of the hydrogenation products, and
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Table 2. Homogeneous
Transfer Hydrogenation Catalyzed by RuCl2(PPh3s)3®

Temp Yield ((;)pmdﬁ Conv.c | Select.d T(r%%se

Substrate ) S 1\; o (%)' %) —A—-T
Linoleate®) 140 0 68 15 68 100 Trace
t, t-Diene 160 0 32 29 32 100 44 39
Conj. dienes 140 0 96 4 96 100 51 53
Oleate 140 0 100 0 Trace
Elaidate 140 0 100 0 80 80
Linoleate? 100 14 65 0 79 82 4 83
t, t-Diene 100 | 14 86 0 100 86 62 72
Conj. dienes 100 10 90 0 100 90 51 56
Oleate 100 38 62 0 46 74
Elaidate 100 13 87 0 64 74
Linoeate®) 140 0 88 0 88 100 50 44
t, t-Diene 140 0 100 0 100 100 55 55
Conj. dienes 140 0 74 26 74 100 32 43
Oleate 140 0 100 0 53 53
Elaidate 140 0 100 0 50 50
Oleate® 140 0 100 0 0 0
Elaidate 140 0 100 0 101 101

1) : isopropyl alcohol, 2) : indoline, ~ 3): glucose, 4) : none.

2A hydrogen donor (0.4M), methyl linoleate (0.2 M), and a catalyst (20 mM) were
heated at 140C (100, 160C) for 3 hr in toluene.
8S= methyl stearate. M= monoenes. CD= conjugated dienes.

[Stearate] + [Monoenes
[Cis-esters *100.

¢Conv.= conversion, given by

[Monoenes | % 100.

dSelect.= selectivity, given by FStearate] + [Monoenes]

Y= [Trans isomers as elaidate] %100

¢Percent trans (A [Cis-esters]
18-

[Trans isomers as elaidate] ><10’0

Percent trans (B)= [Monoenes ] + [Nonconjugated dienes] X 2

selectivity represents the percentage of monoenes in the hydrogenation products.
Trans percent (A) implies the supposed yield of trans isomers based on elaidate,
and trans percent (B) exhibits the percentage of isolated trans double bonds in all
the isolated double bonds in the reaction mixtures. The former notation has been
used in most reports on the hydrogenation of oils, but the latter seems to be more
useful in scientific discussions. As the rough tendency, selectivity decreased, and
the trans percent (B) increased with an increment in conversion. Therefore, the
comparison of selectivity and trans percent (B) at constant conversion is desirable
to discuss the selectivity to cis-monoenes.

Hydrogen Transfer from Indoline: It was confirmed that in the hydrogen
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transfer from indoline to olefins, the stoichiometric. amount of indole and para
ffins were formed and the following reaction proceeded without ‘side reactions.137,142)
In the catalytic reaction between indoline and methyl linoleate, monoenes, stearate,
isomerized dienoates and indole were formed as given in Table 2 and the following
equation.

—> 4+H —C—C—H
N | 1
H N

The total amount of these Cij-esters, including residual linoleate, in the
reaction mixtures was found to be equal to the amount of the initial linoleate within
experimental error. The amount of the indole formed also equaled the theoretical
within experimental error.

The results obtained by using glucose as a hydrogen donor are shown in Table 2.

Table 3. Homogeneous
Transfer Hydrogenation by Various Hydrogen Donors

React. Yield (Oéf/ prod.? Conve | Select.4 T(roaglse

Hydrogen donor cond 2 @) 5 : 2
. S M CD A B

Dioxane a A 0 2 28 42 100 34 34
Tetranydro- a, B 0 33 6 33 100 23 15
Tetralin a, A 7 28 38 35 80 37 45
2, 5-Dihydrofuran a, A 0 26 51 26 100
L-Ascorbic acid a, A 0 70 0 70 100 25 19
L-Ascorbic acid a, B 0 35 36 35 100 26 23
L-Arabinose a, A 12 59 7 71 83 " Trace
Sucrose a, A 0 33 49 33 100 21 30
Sucrose a’, B 0 48 26 48 100 24 . 25

a’: methyl linoleate (0.1M), a hydrogen donor (0.2M), and a catalyst (10 mM)
were heated in tetrahydrofuran at 140C for 3 hr. N !

A: RuHz(PPh3)4, B: RuCl2(PPhs)s.

Other notations in this table are the same as those in Table 2.

Various Hydvogen Donors: A part of the results given by using dioxane,
tetrahydroquinoline, tetralin, 2, 5-dihydrofuran, L-ascorbic acid, L-arabinose, and
sucrose as hydrogen donors is summarized in Table 3.

The combination of hydrogen donors and catalysts was determined by reference
to the literature and our experience. Dioxane!37,143,144) and 2, 5-dihydrofuran!40,14%
have been reported as hydrogen donors in transfer hydrogenation. In the reduction
by 2, 5-dihydrofuran, the analysis of trans isomers could not be performed, because
the IR spectra of the reaction mixtures showed a broad peak at 960-1000 cm~?.
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The fact that the total amount of Cis-esters and that of 2, 5-dihydrofuran and
furan diminished suggests that a Diels-Alder type reaction occurred.

Then we examined some naturally occurring polyhydroxy compounds including
L-ascorbic acid, which is known to function as a reducing agent to give L-dehydro-
ascorbic acid in vivo. In the reduction of linoleate with this reductant catalyzed
by RuH,(PPh;),, conversion, selectivity, and trans percent (B) were 70, 100, and
19 %, respectively. In any case, with this hydrogen donor the selectivity was 100 %.
In these reactions L-dehydroascorbic acid was identified in the product mixture by
TLC analysis. This result shows that endiol structure of the reductant was trans-
formed to diketone form by the hydrogen transfer.

0=C — 0=C ——

HO(ll —2H :(13

HO ¢ ~ @ o=¢ |

HO CIIH HO (llH
(IIHzOH CI)HZOH

The L-arabinose-RuH, (PPh;), system showed high conversion and very low trans
percent (B), but the selectivity was not complete. Sucrose also reduced linoleate.
It is worth noting that in almost all reactions with conversions of less than 70 %,
significant amounts of conjugated dienes were detected. Among the reactions given
in Table 3, the L-ascorbic acid-RuH,;(PPh;), system seems to be best.

When L-ascorbic acid was used as a hydrogen donor, the selectivity to monoenes
was 100 % in every case, and trans percent (B) was about 30 % in the reduction of
dienes. Oleate and elaidate were hardly reduced in the presence of the acid even
at 140°C. This means that L-ascorbic acid not only gives no hydrogen to monoenes
but also inhibits the hydrogen transfer from RuH,(PPh;), to monoenes. This may
be responsible for its complete selectivity to monoenes. In the reaction of the
monoenes, trans percent (B) was nearly equal and about 40 %, showing that the
ratio of cis to frams was about 3 : 2. In the absence of hydrogen donors, the
reaction of oleate and elaidate gives frans percent (B) of 67 % and 71%. This
result demonstrates that the cis to #rans ratio in the absence of hydrogen donors
was about 1 : 2.

Hydrogen Transfer from Natural Products$0,161: In the transfer hydroge-
nation of linceate catalyzed by RhH(PPhs),, eleven steroids, six terpenes, and an
alkaloid were examined as hydrogen donors, and the results are summarized in
Table 4. In the table, the conversion shows the total yield of the hydrogenation
products, and the selectivity represents the percentage of monoenes in the hydroge-
nation products. Trans percent, (A) implies the supposed yield of frans isomers
based on elaidate, and frans percent (B) exhibits the percentage of isolated {rans
double bonds in isolated double bonds in the reaction mixtures.

In Table 5, the hydrogen-giving ability of the natural products examined is given
from the convesion shown in the preceding table.



Studies on the Reaction of Fats and Oils 233

Table 4. Homogeneous
Transfer Hydrogenation of Methyl Linoleate Catalyzed by RhH(PPh3z)4®

Yield of products? Trans®
Hydrogen donor (%) Conv.e | Select.s (%)

S M cD (%) (%> A B
Ergosterol 0 95 2 95 100 238 236
Borneol 8 87 0 95 93 37 38
Menthol 0 93 0 93 100 35 33
Testosterone 0 93 0 93 100 59 56
Cholesterol 0 92 5 92 100 18 19
p-Sitosterol 3 89 0 92 96 54 52
Stigmasterol 3 85 6 88 97 171 175
Stanolone 0 84 4 84 100 58 54
Androsterone 2 66 25 68 98 64 78
B-Cholestanol 0 65 27 65 100 29 36
Lanosterol 0 63 22 63 100 28 30
D-Limonene 0 22 52 22 100 Trace
p-Citronellol 3 18 53 21 84 5 7
Methyltestosterone 0 19 67 19 100 8 16
Geraniol 2 12 51 14 84 7 8
Abietic acid 0 13 35 13 100 11 9
Hydrocortizone 0 12 48 12 100 Trace
Nicotine 0 11 71 11 100 Trace
a-¢Notations in this table are the same as those in Table 2.

Table 5. Hydrogen-Donating Ability in the Homogeneous Transfer
Hydrogenation of Linoleate Catalyzed by RhH(PPH3)4
Ergosterol =~ borneol > menthol &~ testosterone = cholesterol =~ f-sitosterol >

stigmasterol > stanolone > androsterone > f-cholestanol > lanosterol > D-
limonene = f-citronellol > methyltestosterone > geraniol = abietic acid =

hydrocortizone = nicotine.

It is infered that in the reactions of the steroids except for methyltestosterone
and hydrocortizone, the 8-hydroxyl group attached to C; or C,; gives two hydrogen
atoms to linoleate to form ketones. The hydrogen-donating power of primary
alcohols seems to be weaker than that of secondary alcohols, because the conversion
in the reaction of f-citronellol or geraniol was lower than that in the reaction of
borneol, menthol, or most of the stercids examined. Consequently, in the hydrogen
transfer from hydrocortizone, the hydroxyl group attached to C,; is assumed to
donate hydrogen prior to the one attached to C,;. It is considerable that D-limonene
gave dehydrogenation products having a benzene ring, but the products are not
identified as yet. Nicotine which has N-methylpyrrolidine ring is speculated to be
dehydrogenated at the pyrrolidine part, for N-methylpyrrolidine hydrogenated
cycloheptene.’3”  The selectivity to monoenes was complete or almost complete in
any case but for the reaction of B-citronellol and geraniol.
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Generally, the values of frans percents increase with increasing conversion as
described in the previous paper.156~158 Therefore, it is noteworthy that the frans
percents were 18-19 % even at the conversion of 92 % in the reaction of cholesterol
which showed the complete selectivity to monoenes. According to the definition of
trans percent (B), the value of this parameter cannot exceed 100 %, but the values
in the reactioes of ergosterol and stigmasterol were abnormally large and exceeded
100 9. As described earlier, isolated frans double bonds show a peak at 968 cm~1
and ergosterol has a frans double bond at 22 position. Therefore, in the reaction
of this steroid, the value of trans percents which is evaluated from the peak, does
not represent the nature of fatty acid esters in the reaction mixture. Similarly in
the reduction by stigmasterol which has a cis double bond at 22 position, the value
of trans percents may not show the amount of frans double bonds of the esters,
because the isomerization of cis bond of this steroid to frans bond cannot be denied.

Various natural products described earlier, were examined as hydrogen sources
in the reduction of linoeate catalyzed by RuH,(PPhj3),, and the results are shown
in Table 6 and Table 7. The catalytic activity of this catalyst was higher than that
of RhH(PPh;), except for the reduction by borneol, menthol, and lanosterol.
Hydrogen-donating ability of steroids was high and the conversion in the reaction
of some steroids was almost100 % under the reaction condition described previously.
To clarfy the order of the hydrogen-giving power of these hydrogen donors and to
raise the selectivity to monoenes by lowing the conversion, the reactions in which
the concentration of these steroids was reduced to 0.2 M were also carried out.

Table 6. Homogeneous
Transfer Hydrogenation of Methyl Linoleate Catalyzed by RuHz(PPhs)4®

Yield of products?® Trans.®
Hydrogen donor | (%) Conv.t | Select.® (%)

S ‘ M Cb (%) (%) A B
B -Cholestanol 30 70 0 100 70 24 35
Stigumasterol 20 80 0 100 80 60 75
Ergosterol 12 88 0 100 88 201 228
Testosterone 11 87 2 98 89 33 38
Cholesterol 25 72 2 97 74 17 23
Stanolone 34 61 0 94 64 31 43
Andorosterone 39 52 7 91 57 34 54
B-Sitosterol 10 80 0 90 89 49 49
Borneol 11 73 4 84 87 40 42
Lanosterol 0 74 14 74 100 34 35
Methyltestosterone 0 61 28 61 100 11 13
D-Limonene 1 56 31 57 98 9 23
Hydrocortisone 0 47 41 47 100 Trace
B-Citronellol 2 35 63 37 95 25 72
Menthol 3 29 57 32 91 38 74
Nicotine 0 32 58 32 100 Trace
Geraniol L0 24 66 24 100 8 17

a-eNotations in this table are the same as those in the previous table.
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Table 7. Homogeneous '
Transfer Hydrogenation of Methyl Linoleate Catalyzed by RuHz(PPh3)4%

Yield of products? Trans®
Hydrogen donor (%) Conv.t | Select.? (%)

S M CD (%) (%) A B
B-Cholestanol 39 38 13 77 49 32 35
Stigmasterol 38 37 17 75 49 74 141
Ergosterol 24 33 17 58 58 116 137
Testosterone 8 56 31 64 87 18 27
Cholesterol 32 39 22 71 54 14 24

@The designated donor (0.2 M) and linoleate (0.2 M) were heated in toluene in
the presence of RuHz(PPhg)s (20 mM) at 140°C for 3hr.
b-¢Notations in this table are the same as those in the preceding table.

Table 8. Hydrogen-Donating Ability in the Homogeneous Transfer
Hydrogenation of Linoleate Catalyzed by RuH: (PPhs)s

B-Cholestanol =~ stigmasterol > ergosterol > testosterone = cholesterol >
stanolone > androsterone = [J-sitosterol > borneol > lanosterol > methyl-

testosterone > D-limonene > hydrocortizone > pf-citronellol > menthol =
nicotine > geraniol,

In Table 8, the hydrogen-donating ability of the natural products examined is
shown, which is estimated from the conversion expressed in the preceding tables.
Abietic acid hardly reduced linoleate. The selectivity to monoenes was not so good
in the reactions in which conversion was higher than 74 95. The lowering of the
concentration of hydrogen donors such as f-cholestanol, stigmasterol, ergosterol,
testosterone, and cholesterol made unexpectedly the selectivity worse in most cases,
as shown in Table 7.

The values of frans percents were also not improved by the reduction of the
amount of the steroids described above. The abnormal values of frans contents in
the case of stigmasterol and ergosterol can be explained by the double bond situated
at 22-position of these steroids which is f7ans or can isomerize to {rans geometry,
as mentioned before.

Perhaps, it may be worth noting that moderate conversion, complete selectivity,
and low {rans percents were realized in the reduction by methyltestosterone and
hydrocortizone.

The kinetic studies on the homogeneous transfer hydrogenation of a variety of
olefins were carried out and the reaction mechanism was proposed.133,134,138~140,14%)
In the case of using cycloolefin as a hydrogen acceptor, it has been reported on the
basis of the reaction kinetics that the coordination of hydrogen donor to the
homogeneous catalyst proceeds prior to that of the hydrogen acceptor. The observed
kinetic isotope effect distinctly shows that a hydrogen transfer step is rate-
determining. The hydrogen donor coordinates to the complex catalyst at a
heteroatom, and then makes a oxidative addition to it at the C-H bond adjacent to
the heteroatom, followed by a reductive elimination.
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Discussion

The mechanism for the homogeneous transfer hydrogenation of olefins is
summarized as shown in Scheme 1.

In the case of using unsaturated fatty acids esters as hydrogen acceptors, the
olefins mentioned above may be substituted by the esters. But in the geometric and
position isomers of the unsaturated esters, the rate of their hydrogenations is

Scheme 1. Reaction Mechanism of Homogeneous Transfer Hydrugenation

N\ /
¢ v
LmM" + :C_H-—XH ;:iLmM“u—)l( :Lml\{lm—— c —
H H }I(
N/ H
LmM"*H, + ?
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LmM" + v - g::ﬁLmM“w‘{l ! —
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H H H H
Y—R' .
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M" : n-valent transition metal; Lm : ligand; X : O\’ ~—N\ 5 Y :/C:O,
H H R
:CZCi , O: , or—N: .
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M’ : complex added; M : active species; D : hydrogen donor; De: dehydro-
genated hydrogen donor; S : olefin; SHz : hydrogenated olefin.
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different from each other, though the same catalyst and the same hydrogen donor
are used.'®7,159  This can be realized from the following points of view: (1) the
total electron charge of the central transition metal should be zero, by Pauling’s
electroneutrality principle, except for the case that there are extreme difference
among the electronegativities of atoms; (2) electrons of c¢is-double bonds have
larger electron-donating ability than ones of ?rans-double bonds.159

In the case of using methy! linoleate as a hydrogen acceptor, isopropyl alcohol
as a hydrogen donor, and RuCl,(PPh;); as a catalyst, it has become practically
possible that the selectivity is 100 ¢, the conversion 68%, and the amount of isolated
trans double bond almost zero; which is thought impossible.157,159) The possible
mechanism has been proposed as follows.189 Isopropyl alcohol as a hydrogen donor
has the following resonance hybrid owing to the lone pairs of oxygen.

H H@
CH3\ f oo CHg\ @
C—0—H - = C=—0 —H
CHg/ °° CHg/ ° 0

But the OH group has high electronegativity, so the electron desity for the
hydrogen of the CHjz groups in this case may be smaller than that for the hydrogen
of usual CH; groups.

H &+
\ Cc?— H

The selectivity in the case of using isopropyl alcohol as a hydrogen donor may
be larger on account of donating two hydrogen atoms per a molecule.!55 This
hydrogen donor coordinates to the complex catalyst by the lone pair of oxygen, the
hydrogen acceptor also does, and then the hydrogen transfer may be carried out.
At that time, the mutual affinity between the hydrogen of these methyl groups and
7 electrons of cis double bonds, which have electron donating ability, may operate.
The affinity may act favorably for hydrogen transfer, and inhibit the formation of
trans isomers from cis double bonds, as shown in scheme 2.

Scheme 2. Reaction Mechanism (1) of Obtaining cis-Moncene
from Nonconjugated Diene

\=:/\:=/ (M + D) \“_‘_——/\t—/ M : metal complex.

D: hydrogen donor.

+2 ; .
H \ A / \::/\/\ De : dehydrogenated donor.
(™ + pe)
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Scheme 3. Reaction Mechanism () of Obtaining cis-Monoene
from Nonconjugated Diene

N
o
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So, the selectivity is 100 % and the amount of isolated frans double is almost
zero. In the case of methyl oleate, no hydrogen transfer occurs.17,15% It may be
realized by the lack of favorable conditions for hydrogen transfer mentioned above.

The electron density for the hydrogen of the OH group in isopropyl alcohol is
small, and besides that for the hydrogen of the CHjs groups also decreases mentioned
before. That is, the both hydrogens may be large as 4+ (especially the hydrogen of
the OH group). 7 electrons of double bonds in cis, cis nonconjugated diene are
electron-donating, so they have the affinity to the both hydrogens mentioned above,
respectively, as given in Scheme 3.

Especially the hydrogen bond forms between a hydrogen of the OH group and ©
electrons of a double bond. Therefore, from the configuration between isopropyl
alcohol and cis, c¢is nonconjugated diene, it is realized that the reaction shown in
Scheme 3 may occur. So, the attainment of 100 % selectivity and a trace of isolated
trans double bonds is easily explained. The reaction mechanism for other systems,
in which 100 % selectivity and trace of isolated frans double bonds have been
attained, is also similar.

5. Fatty Acid Derivatives and Othersl62~179,184~19D

Gas liquid chromatography for highly unsaturated fatty acid esters, such as
methyl octadecatetraenoate, methyl eicosapentaenoate, and methyl docosahexaenoate,
was investigated almost earliest.162~164

It was shown that the reaction of the side chain of heterocyclic compounds
containing nitrogen, such as 1-(p-nitrophenyl)-2-(2-quinolyl) ethyl acetate, with
carboxylic acids as catalysts proceeded. Elimination reactions of acetic acid from the
compounds having quinolyl group as an electron-withdrawing group mentioned above
took place easily, whose mechanism was proposed.185~170  The elimination with
carboxylic acid catalysts had never been reported.

The studies on the olefin metathesis reactions catalyzed by the WClg-cocatalyst
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system were carried out,171~179,184)  The metathesis of olefins with functional
groups had not been studied in detail. That of metyl oleate, a kind of these olefins,
took place.l79 The metathesis of methyl oleate gives 9-octadecene and dimethyl
9-octadecenedioate.

CHsy(CH,);CH=CH(CH,),COOCH;
-+ —
CHs(CH,);CH=CH(CH,),COOCH;
CHs(CH,).CH CH(CH,);COOCH;

(I
CHs(CH.)-CH CH(CH:)-COOCH;

The unsaturated dicarboxylic acid ester is significant as raw material for the
preparation of unsaturated polyesters and polyamides, as well as for the synthesis
of certain flavoring agents, from technological view points.'®3> The reactivities of
the WClg-cocatalyst systems which were found to be effective for the 2-heptene
metathesis were examined in this reaction. Tetra-n-butyltin, tetraethyltin and
triethylaluminum were found to be effective as cocatalysts with WCls for this
reaction. It is worth noting that nBu,Sn is less toxic and easier to handle than
Me,Snt80~18% and also less hazardous than Et;B. In the WClz-EtsAl system, the
yield and the selectivity were low as compared to those in the WClg-Et,Sn and
WClg-nBu,Sn systems, owing to the side reaction between methyl oleate and
triethylaluminum. The WClg-Ph,Sn, WCl;-PhPb, and WClg-Ph;Bi systems were
inactive for this reaction under these reaction conditions. The presence of the
considerable amount of ester groups may hinder the phenylation of WCls by
arylmetals and/or the reductive elimination of Ph and Cl from phenyltungsten
intermediates. n-Butyl-lithium, lithium aluminum hydride, or sodium borohydride in
conjunction with WClg did not catalyze this reaction. Probably these reagents were
consumed by the reactions with the ester. Diethylzinc did not form the active
catalyst with WCls. On the other hand, the WOCI,-nBu,Sn system efficiently
catalyzed this reaction.

The optimum reaction conditions are as follows. It is presumed that the
optimum conditions for the metathesis of methyl oleate are different from those
for the metathesis of alkene having no functional group, since methyl oleate contains
ester group. The optimnm reaction conditions for this reaction were searched
using WClg-nBu,Sn.

In the reactions at 100C, good yield was obtained in the extremely wide range
of Sn/W ratio, viz: 2-8. This optimum range agrees with the one in the metathesis
of l-octene catalyzed by the WCl;-CHzCOOnPr/nBu,Sn system. The optimum
methyl oleate/WClg ratio was less than 30 under this reaction condition. The yield
significantly decreased with an increase in the methyl oleate/WClg ratio. The fairly
low optimum olefin/WCls ratio is attributable to the poisoning effect of ester
group. A lowering in temperature decreased the yield intensively. This effect was
observed more remarkably at the methyl oleate/WCl¢ ratio of 30 than at the ratio
of 15. This result also shows that heating promotes the metathesis while the ester
group inhibits this reaction. The best result was obtained at 100C. The yield and
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the selectivity both decreased at 120°C. Over-heating may induce the catalyst
decomposition and the side reactions.

Effect of ester group of methyl oleate is described below. The addition of
methyl oleate and methyl stearate provided a good metathesis yield by depressing
the various side reactions such as double bond migration and oligomerization/
ploymerization of olefins in the metathesis of l-octene at elevated temperature,
smilarly to the addition of alkyl acetates. These additives also depressed the Friedel-
Crafts reaction in the 2-heptene metathesis in benzene at high temperature. These
facts indicate that in spite of the high reaction temperature, the relatively high
selectivity is obtained in the metathesis of methyl oleate, owing to the existence
of its ester group. After all, it is concluded that the action of ester group in
methyl oleate molecule is essentially the same as those of esters as additives.
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