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The margerines, as the name implies, are compounds
formed by the chemical union of glycerol and margaric acid.
The chemistry of this acid has enlisted the attention and
interest of scientific investigators for a great many years.
Since the classical researches of Chevreul on the fats in
1815, the subject has been the cause of a great deal of
discussion, and a large number of chemists have contributed
their share of patient toil and untiring energy in an effort
to throw some light on the matter.

It would seem advisable at this point to outline
briefly the history of margaric acid and trace the various

vicissitudes it has experienced in the last hundred years.

THE LITERATURE OF HARGARIC ACID

The term "margaric acid” was formerly applied to an
acid intermediate between stearic and palmitic acids,
supposed to be produced, together with others, by saponifica-
tion of solid natural fats, but it is now restricted to an
artificiaslliy prepared fatty acid of the series C _H, O

nan 2’
resulting from a definite reaction.
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In a paper dealing with the properties of margaric
acid, and published by Dr. R. F. Ruttan;in the records of
the Eighth International Congress of Applied Chenmistry, we
find the following paragraph:-

"Chevreulzwas the first to use the name "Margariec
Acid", It is found in his early researches on the constitu-
tion of fats and soap formation, published in 181l. From
pigs' fat he separated two fats of different melting points,
the s0lid one he called "Stearin"” and the liquid fat "Elsein".
The acid obtained from the soap of the former he named "Acide
Margarique™, and from the oily fat he obtained an acid called
by him "Acide Oleique". He subsequently resolved a large
number of animal and vegetable fats into these acids and
described Margaric Acid as the characteristic acid of
Spermaceti. In 1820 he divided Msrgaric Acid into two acids
of different melting points - "Acide Margarique"” and "Acide
Stearique”.

Liebig3 in 1840 quoted Chevreul's analytical figures

for margaric acid as follows:-

Carbon 76.366%
Hydrogen 11.978%
Oxygen 11.656%

and indicated that this would correspond to the following
formula, on the basis of the molecular weight of oxygen
being equal to 100, -
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Mol.Weight Percentage

70 atoms Carbon 535045 - 76,575
134 " H 836e1 - 11.967
g8 "™ 0 800,0 - _ 11.458
69864+6 100.000

and by subtracting from this the elements of two molecules

of water, he obtained the following formula for the "anhydrous”

acid,
Mol.Weight Percentage
70 atoms Carbon 5350.50 - 79.132
130 " H 811l.16 =~ 11.995
6 " 0 600,00 - _ 8.873

6761.66 100.000

The percentage of hydrogen determined in Chevreul's analysis
agreed with the theoretical value. Liebig mentioned that
there was the possibility of experimental error in Chevreul's
analysis and that the hydrogen value was too high. The more
probable formula for the non-anhydrous acid would, therefore,
be CygH1320g, and hence the "anhydrous" acid would possess
the formula CypoHisg0ge The latter he conceived to be con-
stituted of one molecule of stearic acid, one of oleic acid
and two of water, thus -

1 Molecule Stearic Acid 70 C +136H+ 70

1 " Oleic " 70 C+124H~+ 70

2 " s Water 4H + 20
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The summation of these values would give -

140 C+264 H+ 16 0 = 2 (70 C+ 132 H+80) = 2 mol. margaric
acid hydrate.

He also stated that observations made on the distillation of
oils and fats sppeared to place beyond all doubt the relation
between oleic and stearic acids on the one hand and margaric
on the other. Ordinary mutton tallow was supposed to contain
stearin, olein (both being compounds of "glyceryloxyd" and
stearic or oleic acids), and a little margaric acid.

By the dry distillation of these, there was obtained
a substance, which at ordinary temperature was a solid and
contained no traces of stearic but only oleic and margaric
acids, the latter being present to the extent of thirty per-
cent of the weight of the original fat.

From the similarity of stearic and margaric acids,
Berzelius concluded that there was a close relationship exist-
ing in the structure of both acids. He assumed the formula
of margaric acid to be C7OH15205.

These assumptions appeared to be confirmed by the
experiments and observations of Von Varrentrapp4 who
subjected ox tallow, swine fat, olive 0il and raw oleic acid
to dry distillation. He stated that ox tallow and mutton
tallow contained none, or only traces of margaric acid, and
that Bussy had shown that these materials under the influence
of high temperatures gave rise to products which represented

mixtures of fatty acids from which ,by recrystallization from
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alcohol, it was possible to remove all traces of stearic acid.
Under these circumstances the stearic acid was supposed to
decompose and there was obtained in its place margaric aecid,
which, in its melting point and other properties, was identical
with the margaric acid recognized by the chemists of the time.
The product of the distillation consisted of two main
portions, one an 0il and the other a solid. The latter was
gseparated from the o0il by "pressing out" and repeated recrysta-
llizations from alcohol. It was then saponified with sodium
hydroxide, boiled up for some time in water and then reconverted
to the acid. The product was a perfectly white crystalline
substance melting at 55-56"C. It was recrystallized twice from
alcohol, saponified, reconverted to the acid and distilled.
During all these operations, the melting point did not change
and he was convinced that the temperature cited.@gsthe actual
melting point of the so-called "Margaric Aeid", and not of a
mixture of lower melting or liquid substances. All the acids
obtained from the different fats gave concurrent results and
he therefore claimed that they were identical.
He performed several determinations of the molecular
weight of.the acide The value obtained from the lead salt
by combustion was 3522-3513 and that from the sodium salt
3700. The fact that the values did not agree very well was
attributed by Varrentrapp, to the large differsnce between
the atomic weight of sodium and the molecular weight of the

acid. The value obtained by analysis of the silver salt was
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3340 for the "anhydrous™, and 3453 for the hydrated acid.
This analysis showed a smaller percentage of carbon than that
calculated for the hydrated acid. He prepared the calcium
salt by the addition of calcium chloride to an aqueous solu-
tion of the sodium soap. On extracting the dry salt with
ether, he obtained two substances, one liquid,and the other
solid. These were richer in carbon and poorer in oxygen than

fact
the acid and this, according to Varrentrapp, accounted for the

A
low value of carbon in the silver salt, i.e.; when the latter
was prepared igﬁalcoholic medium these suobstances remained
in solution.
Varrentrapp then proceeded to purify all the acids in
the same manner, and in this way obtained the acid melting

at 60°C., On analysis it gave values which agreed with the

following figures -
In 100 Parts

34 Atoms C 2598.79 - 75,92
68 " H 424.30 - 12,39
4 " 0 400 - 11.69

Accordingly, he gave to the"anhydrous"acid, the formula -
054H6605 and to the hydrated, 054H6605H20, and to the silver
salt, CZ4H6605 . Ag O,

He then prepared "Margaron" by treating the acid with
one-quarter its weight of lime and distilling, and obtained
s substance melting at 76°C., By distilling the pure acid, he

obtained a substance which he found to be identical with
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"margaron”. He also prepared the acid by saponifying human
fat, separating the oleic acid and recrystallizing the former
to a constant melting point (60°C). This "margaric acid" on
anglysis agreed very closely with that obtained from the other
fatse.

He stated also that Meyer, in the same laboratory,
prepared from olive oil a "margaric acid" possessing the same
properties and melting at 60°C. He concluded by saying that,

"The formation of margaric acid from stearic acid

and its presence in all distillation products of

fats, has been clearly demonstrated and the com-

position of the acid definitely established’.

Bussy5 in the same year treated one part of stearic acid
(from ox tallow) in the warm with two to three parts of nitric
acid, and found that a lively reaction took place. On heating
the mixture, oxides of nitrogen were evolved accompanied by
very pungent fumes. Finally, a product remained which melted at
35-45°C. "Margaric acid", he claimed, "is thus obtained
combined with oily material. On saponification, there is
obtained a blood red soap which, after separation of the acid,
retains the deep colour”. The mass was washed with water and
after repeated saponifications and recrystallizations the
acid melted at 60.5°C, and formed a brittle crystalline mass.
Analysis of the substance agreed with the formula Cz4qHgeO03aq,
and hence with the values previously obtained.

He stated that the formation of margaric acid from

stearic acid was clarified by this oxidation process in which
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stearic acid assumed two atoms of oxygen, one of which entersd
into the composition of the resulting acid and the other com-
bined with two equivalents of hydrogen and separated as water.
Consequently, if one subtracted from hydrated stearic acid,

two atoms of hydrogen and added one atom of oxygen, there would

be obtained;~
68 C+ 138 H + 7 0

- 2 H +0

®® C + 136 H +80
which would correspond exactly to the composition of two
molecules of“hydrated"margaric acid.

He treated a small quantity of very pure stearic acid
with concentrated nitric acid, whereby,he stated, the former
was converted into pure "margaric acid". He also claimed to
have obtained the acid from oleic acid which was not free from
steariec acid. %When using very pure olive o0il, he obtained
neither "margaric” or elaidic acids, but one melting at 80°C.

Redtenbacher6 investigated the distillation products
of stearic acid and considered "margaric acid" to be derived
thereby, and as a result of his experiments and analyses

ascribed the following formulae:-

Margaric Acid - 054H66*50-+H20
Stearic Acid - 054H66+5O+-H20

7
Pelouze and FP. Boudet experimented with palm o0il and obtained
two different "oleins" from it. Both these "oleins" were

supposed to contain "margarin” in solution. From these substances
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they obtained the scid melting at 60 C. They claimed that,
"in the liquid portion of human fat is found the margarin in a
dissolved state with olein, whereas in hog fat it is combined
with stearic acid.”

Von Fremy8 saponified palm oil with potash and obtained
a liquid fatty acid in small quantity accompanied by a solid
scid. He heated the latter to 300°C and recrystallized it
from alcohol. During this treatment the crystal structure
changed but the composition remained the same. To this acid
he gave the name "palmitic" acid, and he considered it to be
dibasic.

He thus showed that the "margaric acid" obtained from
palm 0il by Pelouze and Boudet was a mixture of palmitic and
oleic acids.

Stenhouse9 elso investigated the saponification
products of palm oil and stated that his results corroborated
those of Von Fremy. He found the acid to melt at 60°C. and
palmitin at 48°C. He also saponified cacoabutter obtained
from "Theobroma Cacoa". The mixed acids obtained melted at
51°C., After ten recrystallizations from alcohol, an acid
melting at 69° C. was obtained, and from his analysis he
considered it to be stearic acid. He claimed that, by distilla-
tion of cacoa-butter no appreciable quantity of fatty acids
wereobtained. From the alcohol-soluble matter obtained by
recrystallizing the stearic acid, he separated a small quantity

of oleic scid and he was of the opinion that a third acid
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melting at 60°C. was also present in cacoa-butter and that
it was, in all probability, mergaric acid.

Chevreul had raised the Question whether stearic and
mergaric acids were identical. Isurent and Gerhardflowere of
the opinion that such was the case. They drew attention to
the similarity of margaric and stearic acids in chemical
relations,tgngﬁghgicihe composition of both acids on the basis
of their salts were fsund to be very nearly the same. They

compared the results of anslysis of various preparations in

the following manner:-

Stearic Acid Margaric Acid
C 75.40 - 75.60 75.55
H 12,53 - 12.61 12.56

0 11.79 - 12.06 11.89

The values they give for mergaric acid were calculated from
the formula. They concluded that stearic and margarie ascids
were identical, i.e.; they were different modifications of

the same acid, and to stearic acid they ascribed the formula -

Cz4H6804
and to margaric acid the formulsa,

C1nHz402

11
R. O. Thomson and E. T. Wood in 1849 investigated the
so-called "shea-butter",which is obtained from certain tress
in West Africa - similar to the American osk, by extracting

the fruit kernels with boiling water.
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By saponification, separation of the soap by means
of common salt and decomposing the lstter with tartaric acid,
they separated a fatty acid which, after repeated recrystalli-
zation from alcohol, was obtained in crystals possessing a
nacreous lustre, and melting at 61.1 C. From the analysis of
the silver salt, they considered it to be "margaric acid".

Chinese vegetable tallow from the juice of the
ngti1lingia Sebifera", contains an acid melting at 67.8 C.
which Thomson and Wood consider to be a mixture of stearic
and margaric acids.

The analysis of fats was directed into new channels
by W. Heintz, who mndertook to separate, by recrystallization,
the fatty acids obtained by the saponification of fats.

During his investigations on human fatlzin 1851, he obtained
three acids, the first margaric acid, 017H3402,melting at

60°C., secondly, palmitic scid, CqgHzp0p, melting at 62° C.,

snd thirdly, & new acid possessing the same formula as margaric
acid, but melting at 56° C. He named the latter "Anthropinsaure”,
and mointained that it was identical with the "Madiasaure"

found by ILucke.

In 1852, during the course of his experimentation with
spermacet%? he found & margaric acid of melting point 60° C.,
begsides palmitic and other acids, which formed the main con-
stituents of the product.

Later o%? during his researches with mutton tallow,

Heintz came to the conclusion that it was possible to obtain
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a substance composed of a mixture of pealmitic and stearic
acids, which exhibited the properties of an entirely
different acid. It was not possible to separate the con-
stituent acids of this mixture by recrystallization. The
only manner in which separation could be accomplished was by
fractional precipitation of the magnesium or barium salts of
the acids by means of the metallic acetates.

The acid to which he gave the name "Anthropinsaure”,
he later identified as a mixture of five parts of steariec
acid with seven parts of palmitic acid.

He issued the statement that acids containing an
uneven number of carbon atoms in the molecule do not occur
in nature. Accordingly, all the various acids up to this
time considered as margaric acid. were mixtures of palmitic
and stearic acids.

Co:L:I.etl5 in 1854, undertook to settle the question -
whether Chevreul's "margaric acid" was to be considered a
mixture of palmitic and stearic acids. He desired to
investigate the "margaric acid" obtained from a substance
in which no stearic acid could be detected, and with this
in view, he experimented with the solid acids of olive oil.
The o0il was saponified, and the soap solution treated with
lead acetate., From this salt all oily material was separated
by extraction with ether. The salt was decomposed with

mineral acid and the fatty acid recrystallized from alcohol.
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It showed the constant melting point of 60 C. and analysis
gave the formuls 052H5204.

Collet was led to the conclusion that margsric and
palmitic acids were identical, and that the former was by
no means a mixture of palmitic and stearic acids. He
emphasized the results of Varrentrapp's analysis of margaric
acid, which, calculated according to the new equivalent weight
of carbon, corresponded to the formula CzpgHz204, being identical
with his own. He thought that the old nomenclature "mergaric
acid", should be retained for the acid of this composition.
Berthelot'® was of the same opinion.

Heints'

reiterated, however, that pure palmitic acid
melts at 62°C and that it was demonstrated by his previous
investigations that the so-called™margaric acid" melting at
60" C., could not be resolved into palmitic and stearic acids
by recrystallization, but only by fractional precipitation.
It was decided that the acid 052H5204 should still retain the
name "palmitic acid", under which name it was described when -
first obtained in the pure state. He mentiomed the researches
of Hetzer on the solid fatty acids of olive 0il, who obtained
therefrom palmitic acid melting at 62° C. by mere recrystalli-
zation, without previously removing the oleic acid.

Heintz supposed that the less thorough method of
purification, that is, recrystallization without previously
removing the oleic acid, @actually yielded a purer product; the

oleic acid retaining the impurities in solution while the
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palmitic acid erystallized out. He supposed that stearic
acid was detected among the saponification products of olive
oil.

Since Heintz made the assertion that acids of the
formula 017H5402 did not oceur in natural fats there remained
the problem of obtaining margaric acid synthetically. Then,
almost simultaneously, yet independently of each other, Becker
and Heintz synthetically prepared"mergaric scid"from cetyl
cyanide. |

H. Koler'® under the direction of Heintz, investigsted
the synthetical preparation of this acid. He prepared cetyl
alcohol from spermaceti and by treatment with sulphuric acid,

converted the alcohol into potassium cetyl sulphate,

O OK

/\

which on treatment with potassium cyanide yielded cetyl cyanide,

_—> K SO +C. H_ _CN

| 4 16733
° 0016555

I
+ KCN
|

16 55
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The yield of cetyl cyanide was so small, however, that after
saponification with alcoholic potash, no margaeric acid could
be detected in the reaction product.

Heint}9 synthesised margaric acid in the following manner.
Cetyl cyanide, prepared by the action of potassium cyanide on
cetyl alcohol at 200°C., was continuously boiled with alcoholic
votash, till ammonia was no longer given off and the residue had
become 80lid. This residue was then decomposed with boiling
hydrochloric acid; the separated fatty acid shaken up with
aqueous ammonia, and the turbid solution precipitated with barium
chloride. The precipitate, after being washed with water and
alcohol, and repeatedly boiled with ether, yielded to this
solvent an o0il which solidified in the cold, melting below 40°C,
and which had the composition of cetylic ether and cetylic
aldehyde. The undissolved barium salt was decomposed by agita-
tion with hydrochloric acid and ether, and by pipetting off the
ethereal liquid and distilling off the ether, crude yellowish
margaric acid was obtained, melting at 56.6° C. and solidifying
in scales and fine needles. By several recrystallizations from
alcohol, repeated partial precipitation from the solution of its
sodium salt by acetate of magnesium and subsequent recrystalliza-
tion of the portions of acid again separated, this acid was
resolved into margaric and another acid containing & larger
proportion of carbon, (C;gHzg0p)~ and Wwhich oceurred chiefly in
the portions first precipitated by magnesium acetate.

The final fractions yielded margaric acid, which, after
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its melting point had been raised by repested recrystalliza-
tion to 59.9° C. exhibited the characteristics of a pure fatty
acid, and could not in any way be resolved into acids differ-
ing in melting point.

Beckerzo proceeded in the following manner;- By the
saponification of spermaceti with alcoholie caustic potash,
precipitation of the palmitic acid with barium chloride,
distillation of the alcohol, washing of the residue with hot
water, and dissolving in a little alcohol, he obtained cetyl
alcohol., It was treated in the molten state with iodine and
rhosphorus until the colour of iodine remained, being thus
transformed into cetyl iodide. The latter was poured off
from the amorphous phosphorus, washed with water and freed
from cetyl alcohol by boiling with ethyl alcohol. An impure
specimen of cetyl cyanide was obtained by boiling the cetyl
iodide for severasl days with an alcoholic solution of
potassium cyanide, distilling off the alcohol, treatment of
the residue with hot water to remove the potassium iodide, and
recrystallization from alcohol. A small quantity of margariec
acid crystallized out. To convert the cetyl cyanide into
mergaric acid, it was boiled for three days with aqueous
alkali, ammonis being evolved during the process., After
removal of the aleohol, the residue was decomposed with hydro-
chloric acid, the fatty acid dissolved in alcohol, and pre-
cipitated as a lead salt. This salt was extracted with

alcohol and again decomposed by means of minersl acid.
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The free acid was then recrystallized repeatedly from alcohol,
and formed nacreous scales melting at 52-53" C. Analysis of
the barium salt yielded values corresponding to the formula
61735402. He prepared a larger sample of the acid and found
it to possess the same composition and to melt at the same
temperature, even after fractional precipitation.

Whereas Becker and Heintz approached the problem by
attempting to build up margaric acid from compounds possess-

21nwthod

ing fewer carbon atoms in their molecule, Krafft's
of attack was directed in the opposite channel; that is to say,
the breaking down of a compound possessing a larger number of
carbon atoms. His starting point was stearic acid. He con-
verted it into the barium ssglt,zm& intimately mixXed some barium
acetate with it and obtained the corresponding ketone upon
distillation. The product melted at 55.5 C. From this ketone,
by oxidation with potassium bichromate in dilute sulphuric acid
solution, he obtained margaric acid melting at 59.8 C. The
silver salt contained 28.58 percent of silver. After extraction
of the metallic salt with ether it showed the same silver con-
tent.

Ebert22 carried out an investigation on adipocere. He
saponified this substance,whereby emmonia was evolved to the
extent of one percent and an insoluble residue, to the extent
of six percent, remained, which consisted of tissue, etfc. The
scids were then fractionally precipitated by means of magnesium

acetate., The chief constituent was palmitic acid (middle portion)
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and in smaller quantities margaric acid was present (in the
first fraction). He stated that although the pure acid was
obtained previously only by synthetical me thods, he considered
it to be present in adipocere in the pure state, inasmuch as
he observed the melting point 59 C. which was not altered by
the usual fractional precipitation methods. Analytical results
agreed with the theoretical requirements. From the last
fraction of the magnesium precipitation of the adipocef%f%%s
obtained an acid melting at 80° C., which he called oxymargaric
acid, and which he claimed possessed the formula CqnHz,0z.

His conslusions were based on the results of the analysis of
the silver and magnesium salts.

Bom.er23 drew attention to the fact that it has remained
unestablished whether the acid found by Ebert in adipocere is
identical with the synthetical margaric acid.

E. Gerhardt24 in 18920 extracted the fatty oil of the
gseeds of the Datura Stramonium with ether, converted the acids
into the lead soap, dried the latter, and extracted with
anhydrous ether to dissolve out the lead - oleate and linoleats.
After decomposition of the salt and reerystallization, the
acid melted at 56°C. and the mother liquor contained a sub-
gtance melting at 58.5°C., the lower melting substance being
the richer in carbon. By fractional precipitation with barium
acetate, the higher melting acid yielded pure palmitiec acid
melting at 62° C. and the other, an acid to which he gave the
name "Daturic Acid", which melted at 55 C. Analytical results
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agreed with the formula - 017H5402. The compound solidified
at 53°C. He commented on the changeability of the silver salt
in the presence of moisture and light; k&x prepared a number
of salts, and also the substance, "Daturon”, (Cléﬁsscoclsﬂss)
by distillation of the acid with caustic lime.

The occurrence of this scid was doubted by Armand25,
who maintained that it was & mixture of palmitic and stearic
acids. Von Gerhardt claimed to have shown its uniformity =X
thexgeid by the fractional recrystallization of the acid, its
alkyl esters and salts. After regeneration from the esters
and salts, it melted definitely at 54.5°C., whereas a mixture
of palmitic and stearic acid, when submitted to the same trest-
ment, yielded fractions melting anywhere from 55.5 to 63 C.

H. Nordlinger26 in 1892 found palmitic and stearic
acids among the fatty acids of palm o0il and also,by fractional
precipitation and distillation in wvacuo, an acid possessing
the formula - CyrHz40p, and which melted at 57°C. It distilled
at 223-225"C, under 15 mm. pressure. He considered it to be
identical with the Daturic Acid of Gerhardt.

Holde and Stange27 in 1901 discovered in olive o0il an
acid of the constitutionvC17H54oz, which, although it was not
obtained in a perfectly pure state, they considered to he
jidentical with Daturic Acid., These investigators affirm,
however, that by exhaustive fractionsl precipitation of the

acid with magnesium acetate, various fractions were obtained
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from a consideration of which it was very probable that the
originel acid consisted of a mixture of palmitic acid and

two isomeric acids of the formula 01735402. Holdezs, however,
retained it for further study.

In the year 1904, Kreis and HaffnerZ’ in their pub-
lication, "On the naturally occurringand synthetically prepared
mixed fatty acid glycerides", claimedthat they obtained
from hog fat an acid containing seventeen carbon atoms in its
molecule. They exercised great care in the purification and
determination of the acid, which melted at 55,5 C. Sinece they
were undecided however, whether it was identical with Gerhardt's
Daturic Acid, they named it Heptadecylic Acid.

In 1905, Holde 2°

published the results of his investi-
gation concerning the naturally occurring Heptadecylic Acid
(Margaric Acid), which he exhaustively studied over a period
of two years. He writes that, since the Heptadecylic Acid
ocecurring in nature differs considerably from that prepared
synthetically in melting point, the former melting at 53-57 C.
and the latter at 59.9°C., there must at least be three or
four iso-acids. This result would be surprising, owing to

the fact that all sacids of this type, whether of high or low
molecular weight, possess a normal carbon chain. He investi-
gated the mergaric acid of Gerhardt, Kreis and Haffner,
Nordlinger, and that obtained from Olive 0il. From the work

of Holde, it would appear, according to Bomer, that,for the
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time being the assumption that Heptadecylic Acid occurs
naturally, is not justified.

The facts concerning the supposedly naturally occurr-
ing Heptadecylic (margaric acid) which were brought to the

fore by Holde's work, are the following:-

(1) Heptadecylic Acid from Olive 0il

The fractional precipitation gave, in fifteen series
of fractionations, at first,a few fractions which agreed in
melting point and molecular weight with Heptadecylic Acid.

In the later fractions there was proved the presence of almost
pure palmitic acid (melting point 61.8°C., molecular weight
2656.3), stearic acid, and an acid of higher molecular weight
(greater than 290) and melting at 74-76 C. He also obtained
directly from olive oil an acid melting at 72-72.8 C. possess-

ing & molecular weight of 368.7.

(2) The Heptadecylic Acid of Kreis and Haffner

By repeated precipitation of the magnesium salt of
this specimen, Holde showed the presence of stearic acid, and

hence it represented a mixture.

The Heptadecylic Acid of Gerhardt

(3) Holde stated that the proof of Gerhardt for the unifor-
mity of this sample was not free from objection. New experi-

ments performed by the former investigator, in which he employed
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60 grams of acid freshly prepared from Datura 0il, demon-
strated the fact that in the constant melting and apparently
uniform fraction, the molecular weight of which corresponded
to the formula - Cy7Hz40g, there was present an acid of
higher molecular weight.

4, Nordlinger's Heptadecylic Acid

FProm 320 grams of acid from palm o0il, by a series of
fifteen fractional distillations and a subsequent fractional
precipitation in four series, there apparently could be
separated no trace of a homogenecus acid with the melting

point at 56 C and a molecular weight of 270.

The leading points sstablished by Heintz51 in his

researches, were the following:-

(a) All the acids obtained in the saponification of fats
 contain an even number of carbon atoms in their
moleculee.
(b) The margaric acid of most chemists is separable into
palmitic and stearic acidse.
(c) Patty acids may be mixtures, and not definite com-
| pounds, even though neither their composition nor
melting point can be altered by reerystallization.
(d) Such mixtures may, however, be resolved into the

various components by partial precipitation.
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(e) They differ from pure acids as regards their melting

point and mode of solidifying.

Heintz has, moreover, determined with acecuracy the
melting point, composition, and many other properties of the
fatty acids, and has also drawn up tables of constants of
mixtures of fatty acids of known composition. Prem these, and
the investigations of other chemists, the results of which were
subsequently published, it appears that the nature of the bodies

described as margaric acid was probably as follows:-

1. Margaric Acid of Chrevreul

This, according to Heintz,1¥§f¥%garded as a mixture
of 90 percent of palmitic acid and 10 percent stearic acid,
which is probable from the circumstance that it crystallizes
in needles on cooling. Of similar nature, no doubt, are - the
margaric acid of Varrentrapp, obtained from human fat; that from
goose fat by Gottlieb; from shea-butter by Thomson and Wood, and
many others.
During his investigation of the properties of margaric
acid, Dr. R. F. Ruttan demonstrated the fact that a mixture of
nine parts of palmitic acid and one part of stearic acid behaves
very similarly to margaric acid in its general deportment.

This similarity extends even to quantitative relationships.
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2. Morgaric Acid of Bromeis

The acid obtained by oxidation of stearic acid is
undecomposed stearic acid, which owes its lower melting point
to association with volatile acids.

Respecting the margaric acid which is obtained from
impure oleic acid by the action of nitric acid, the following
is significant, viz:- that strong nitric acid attacks oleic
acid with violence, with the evolution of red nitrous vapours,

-arg& producing volatile acids of the series Cnﬂznpz' viz:~-
acetic propionic, butyriec, valeric, caproic, oenanthylie,
caprylic, pelargonic and capric acids, and fixed acids of the
series CnHZn-4°2; viz:~- suberie, pimelie, adipie, lipic and
azelaic acids, the number and proportion of these varying

with the duration of the sction.

3. Margaric Acid of Redtenbacher and Varrentrepp

That of Redtenbacher was obtained by the dry distilla-
tion of stearic acid, when, according to Heintz, most of the
stearic acid passes over unchanged.

That of Varrentrapp, obtained by the dry distillation
of beef-suet, hog's lard, olive oil, or crude oleic acid,
doubtless varied in composition according to the nature of

the fat employed.

4. Anderson's largaric Acid

33
This acid was obtained, together with swlphydric acid,
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odmyl and other products, by the dry distillation of almond
0il with sulphur. Apparently it was palmitic acid formed

by the decomposition of oleic acide.

5. Margaric Acids of Poleck, Lewy and Others

These acids were obtained by the dry distillation of
wax and, doubtless, consisted of palmitic acid, more or less

pure.

2 ax?

In 1904, H. Rondel Le Lueur>?® synthesized margaryl
aldehyde, Cq4HzzCHO, by heating o« hydroxy stearic acid obtained
by the saponification of «brom stearic acid. By oxidation of
this sldehyde he obtained a small quantity of margaric acid

and prepared some of its salts. The aldehyde may be regarded

as being formed directly from the o hydroxy acid, -

CH3
(CHz)1s H

‘f
HOH —_— (Iﬁg)w + HCOOH

(4]

OOH HO

or through the lactide, -
CHz - (CHg)15+CHOH HO-0

—_—
00H HO-HC (CHg)1s CH3

CHz - (CHg)15 CH:0-CO > 2CHg-(CHg)q5- CHO+2CO
OC‘O‘HC(CHz)ls‘CHz
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The principle of this method offers a ready means of passing

from an acid of the acetic series to the next lower homologue,
B.CHZ.COOH-—Q-R.GH.Br.COOH-—*R.CH(OH)COOH-—*R.CHO-—*R.COOH

LeSeur also prepared margaramide, o brommargaric acid
and <« hydroxymargaric acid.

35 in 1910 claimed to have found

H. Meyer and A. Eckert
in coffeeberry oil, one to one and a half percent of an acid,
having the formula Cj,H,,0, and melting at 57 °C., the magnesium
salt of which melted at 137-142°C,

In 1912 Meyer and Beer36

indicated that they had isolated
from Datura 0il itself, a heptadecylic acid which they claimed
to be identical with Krafft's synthetical margaric acid.

There is still no satisfactory evidence, however, of
the occurrence in natural fats of acids with an odd number of
carbon atoms.

We are indebted to Dr. R. F. Ruttan37 for the develop-
ment of the first practical method for the preparation of
margaric acid in quantity.

Dr. Ruttan synthesized margaric acid conveniently and
directly by an application of the Grignard reaction, determined
a large number of its properties and has made a detailed com-
parison between the properties of margaric, palmitic and
stearic acids. He has also prepared the margaryl esters of

ethylene and propylene glycol and determined their properties.
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Due to the circumstance that margaric acid employed
in this investigation was prepared by Dr. Ruttan's modifica-
tion of the Grignard reaction, it would appear advisable to
review the salient features of this reaction, insofar as they
bear upon the problem under consideration, before setting
down in detail the method employed in the preparation of
margaric acid,.

Grignardza made the important observation that one
molecular weight of monobrom and monoiodo derivatives of
different hydrocarbons unite with one atomic weight of

magnesium in the presence of absolute ether e.g.,

//CH5
CHzI + Mg — Mg (1)

N

me thyl magnesium iodide

With long carbon chains in the aliphatic series, saturated
hydrocarbons are also formed, and the longer the chain the
more readily will this reaction take place. With molecules
containing six or more carbon atoms, the reaction consists
largely in the removal of halogen and the formation of the

hydrocarbon,

2 CHygBr + Mg —— MgBry, + Cy Ho. (2)
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In an analagous way are formed CgHgpMgBr, phenyl
magnesium bromide and CgHgMgI, phenyl magnesium iodide, etec.
Since these compounds are formed only in the presence of
ether as a solvent, it appears probable that the ether not
only serves as a solvent, but also plays an essentisl part
in the reaction. In point of fact a compound 02H5Mg14-(02H5)20
has been isolated which may be regarded as an oxonium deriv-
ative, =~

Mg-C_H

c2H5 25

Ny
CzHé// \\I

The alkyl magnesium haloids or their ether derivatives are
soluble in ether. On account of their unusual reactivity
they may be used generally for the synthetical preparation
of a large number of compounds.

To illustrate two important types of reactions whieh
are concerned in the synthesis which will be described later,
we may consider the following:-

When acetophenone is subjected to the Grignard re-
action, a tertiary alcohol is formed. The first stage of

the reaction would be, -

CH

3
PR /
© 65 4 CH,MgI —— C OMgI (3)
CH, \0635
CH,
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Then,on treatment with water or acids the Mgl residue is sub-

stituted by hydrogen, -

C.H C

4510355 4£:°Ha
Q;ICHS Y;ICHS

OMgI OH

c (4)

The esters of mono and polybasic carbonic acids also react
readily with alkyl magnesium haloids with the formation of
alcohols. In this case, two molecules of the magnesium

compound react with one molecule of the ester, i.e.,

R OMgB
' , Vo

co + R+ MgBr —C

N
\\\OR’ \\gR’

The next stage consists in the interaction of the produect so

(5)

formed with another molecule of alkyl magnesium haloid,

OMgBr OMgBr

4 /.
N N

OR R

+ BrMgR — > C

Then by removsl of the MgBr residue by the action of an acid

there is obtained the tertiary alcohol.
OMgBr OH
/R R
¢ + H1 —> ¢ 4 MgBrCL (1)

N N\

R /
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The reaction consists essentially in the replacement of the
carbonyl oxygen of the corresponding free acid by two uni-
valent hydrocarbon residues.

Tertiary alcohols possess the property of readily
losing the elements of water, producing unsaturated or
ethylene hydrocarbons, e.g., Phenyl dimethyl carbinpl loses

the elements of water in the following manner;-

/Csﬁs CeHs
v > cl—cHyg
NN |

OH CHy

In the preparation of alcohols by means of the Grignard
reaction, these unsaturated bodies may be produced either
as by-products or may manifest themselves as the main
products of the reaction.

When alkyl magnesium haloids are treated with dry

ecarbon dioxide, the latter is absorbed, i.e., -

R.COOMgI (8)

RMgI + CO,

By the action of acids on the compounds so formed, carboniec

acids are produced. -
R.COOMgI + HC1 —— R.COOH -+ MgICl (9)

In the present investigation margaric acid was prepared
by the method devised by Dr. R. F. Ruttan. Among the numerous

applications of this reaction comparatively few studies have
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"been made of the action of carbon dioxide upon the magnesium‘
haloid compounds in the Grignard reaction. Dr. Ruttan was
interested in ascertaining whether cetyl iodide would, with
the constituents of the Grignard reaction, take up carbon
dioxide and produce margaric acid. It seemed probable from
Grignard's researches that magnesium,in the presence of
anhydrous ether,would unite with cetyl iodide to produce
the organo-metallic compound Cy HzzMgI (Reaction 1), and this
might absorb COy (Reaction 8), and form such an intermediate
unstable compound as ClsﬁzchOMgI, which on acidification
with hydrochloric acid would give margaric acid, ClstscOOH
(Reaction 9).

After a few preliminary experiments, Dr, Ruttan devised
s method by which the Grignard reaction was applied as described
above, and which gave 60-70 percent of the of the theoretiecal
yield of margaric acid. The chief difficulty was found, not
in obtaining the reaction, but in separating the acid from the
other constituents resulting from the reaction.

Another method of preparation of mergaric acid is the
folloWingiS&This synthesis also depends upon certain properties
of the Grignard reagent as embodied in the preceding discussion.
Magnesium is allowed to act upon brombenzene in the presence

of absolute ether, -

CcHgBr + Mg ——— CgHgMgBr Reaction (1)
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The aryl magnesium haloid so obtained reacts with methyl

stearate, -~
///Clﬁﬂzs
co CinHz5
N Olighr

3

The compound so formed reacts with another molecule of the

aryl magnesium haloid, -

H H

/ ﬁgB%f) /0&17 35
+  BrMgOgH; — < o &

\08 NCgHz

The product is then treated with hydrochloric acid,

o H

35 7835
< oggs et /Oéﬁs
CoHz \0635

This compound is a tertiary alcohol and loses the elements of

water to form an unsaturated compound, -

CH,. C-.H CH. C..H
042 16933 . Czcﬂlezz
> 65
\06H5
By Cels

which is hexadecydiphenylethylene. This compound on oxidation
with suphuric acid and sodium bichromete assumes three atoms

of oxygen and the molecule is ruptured at the double bond,
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with the production of benzophenone as a by-product, and

margaric acid, according to the reaction, =

C.H
s
ClGHBZCH-T‘C

016H55000H + CGH 5000635

CeHs

Margaric Acid Benzophenone

The Chemical Constitution of Fats

Fats are the products of the chemical combination of
glycerol and fatty acids. Glycerol, being a tryhydric alcohol,
and consequently deporting itself like a trihydric base, is
capable of combining with three radicals of fatty acids, as
illustrated in the following equation, in which "R" represents

any fatty acid residue:-

CH0H R.OH Cp-0.R
CHOH + ROH —— ?H.O.R + JH20
CHoO0H R.OH CHZQ.R

The resulting compounds are termed "triglycerides™ or "neutral
glycyl esters”, and may be compered to neutral salts. There-
fore, the triglycerides are also termed "neutral fats", and

the nomenclature employed for salts has been adopted for them
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by some authors. Thus we speak of glyceryl stearate, glyceryl
margarate or stearic glyceride and margaric glyceride.

This constitution of fats has been established by the
classical researches of Chevreul.

Adopting this constitution of neutral fats, theory
predicts the possible existence of monoglycerides and digly-
cerides in which,respectively,only one or two acid residues
are present in the molecule of the fat.

In nature, apparently, only the triglycerides occur.
Mono~ and diglycerides are, as a rule, not met with in freshly

prepared fats.

Monoglycerides

These compounds have the general formula CzHg.OR(OH),,
R having the seme significance as previously indicated.
According to the position which the fatty acid radicle
occupies in the molecule, two isomeric monoglycerides are

theoretically possible, i.e. -

o CH,OR CHo0H
| 2 |

(3 (IJH.OH and (IEH.OR

y  CH,OH CH20H

It will be observed from a consideration of the formulae,
that the o and Y positions are identiecal. Compounds

corresponding to the first formula are denoted < monoglycerides.



(35)

They contain an asymmetric carbon atom and may, therefore,
represent racemic compounds.

Monoglycerides in which the fatty acid radicle is
attached to the carbon atom occupying the central position

are known as 3 monoglycerides and are symmetrical in structure.

Diglycerides

These glycerides possess the general formula C3H5(OR)20H.,
Theoretically there are two possible isomeric modifications of
diglycerides, according as the two fatty acid radicles are
adjacent, i.e., attached to the carbon atoms in the andﬂ
position, or to the two terminal carbon atoms in the «andy
positions. The « and By modifications are structurally

identical. This is illustrated by the following formulse, -~

CHZOR | CHo0R
?HOH and ?HOR
CHoOR CH20H

The compounds conforming to the first formula are
denoted « Yy and the second «/3 diglycerides, or simply
o( diglycerides and 3diglycerides. Those of. the second
type possess an asymmetric carbon atom and, hence, may‘

represent racemic compounds.
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Triglycerides

Theory predicts the existence of two main classes of
triglycerides according to whether all three fatty acid
radicles in the molecule have the same or different composi-~
tion. Those possegsing the former configuration are known
as "simple triglycerides”, whereas the latter are suitably
denominated "mixed tryglicerides”". Of the former class only

one representative can exist for each fatty acid, namely, -

CHo0R
?H.O.R
CH20R

There are, however, two isomeric triglycerides of the second

type, one having a symmetrical and the other an unsymmetrical

structure, -
cl:HzoR' (IIHZOR'
CH.OR and <I3H. or’
CHgOR' CH50R

For a long time most of the natural fats were con-
sidered to consist of mixtures of simple triglycerides of the
fatty acids, although Berthelo%86 had pointed out that the
complexity of the natural fats and oils might be best explained

by the existence of mixed glycerides.
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The first mixed triglyceride to be isolated was an
oleodistearin, obtained by Heise from Mkanyi fat and from
Kokum butter, and stated also to occur in cacoa butter
% £40)

R Hansen41

(Fritsweiler®>) and in Borneo tallow (Klimon
in 1902 separated from mutton tallow by repeated recrystalli-
zations from ether products which he regarded as a palmito~
distearin and a stearodipsalmitin. ZXreis and Hafner42 in

1903 also obtained a ,3—palmitodistearin from beef fat,

from mutton fat and from 1ard43. More recently Bomer has
carried out some praiseworthy pieces of work, in which he

has subjected mutton tallow, beef tallow and lard to laborious
fractional crystallizations, and, as a result, has isolated
what he regards as homogeneous products, representing from
beef fat44:and from mutton fat45 stearodipalmitin, palmitodi-
stearin and tristearin, and from 1ard46 stearodipalmitin and
palmitodistearin.

Kreis and Hafner also obtained from lard a product
which they regarded as a glyceride of margaric (heptadecylic
or daturic) acid. More recent work by Bomer and Limprich46?
who prepared the triglyceride of margaric acid renders it
improbable that Kreis and Hafner's product was in fact tri-
mergarine. It may be remarked that the free acid derived
from their material is stated to melt at 55.6°C, whereas the
melt ing point of margaric acid as found by Dr. R. F. Ruttan

is 59.9° C.
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The preparation of pure glycerides from natursal products
is a very laborious task and has not always been accomplished
satisfactorily, owing to the great difficulty of separating
the various triglycerides.

Thus,Duffy47 on recrystallization of 2000 grams of
mutton tel low from large quantities of ether, obtained after
thirty-two successive crystallizmtions, no more than eight
grams of substance which even then could not be considered to
be pure tristearin.

Again,Krafft48 showed that whilst trilsurin and tri-
myristin could be obtained (by fractional distillation in a
perfect vacuum) from laurel oil and nutmeg butter, respectively,
in such a state of purity that after one recrystallization
glycerides of normal melting point are obtained, higher tri-
glycerides underwent decomposition, so that, e.g., pure
tripalmitin could not be prepared from Japan wax by this method.
Hence,for the preparation of pure triglycerides synthetical

methods must be employed.

As already stated, the margarines are the glyceryl
esters of mergaric acid, and in view of the fact that this
relationship expresses chemical constitution, they represent
true fats, just as the stearins and palmitins, which are the

glyceryl esters of stearic and palmitic acids.
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Margaric acid has the formula Cq7Hz40p, 8nd by virtue
of its possessing seventeen carbon atoms in the molecule it
occupies the position intermediate between palmitic and
stearic acids in the fatty acid series.

The fundamental distinguishing characteristic, and the
one of prime importance between the margarines on the one hand
and the stearins, palmitins or the glyceryl esters of other
acids possessing an even number of carbon atoms in their
molecule, on the other, is the fact that the latter exist in
nature, whereas the margarimnes do not. It is probably more
than a coincidence that odd numbered carbon atom fatty acids

do not exist in nature.

The present investigation had for its object the
synthesis and determination of the properties of the margarines,
that is to say - fats in which the acid radicle consisted
solely of margaric acid, and, in addition,the synthesis of
various mixed triglycerides containing residues of margaric,
palmitic and stearic acids.

The following compounds have been prepared and their

more important properties determined; -
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 Monomargarine
(2 Monomargarine
o« Dimargarine
@ Dimargarine
Trimargarine
o« Margaro- @3-y -dipalmitin
o« Margaro- B-Y -distearin
PBMargaro-« -Y -dipalmitin
BMargaro~<-Y -distearin
o Palmito- B -Y ~dimargarine
A Stearo-fB - Y -dimargarine
3 Palmito~« - Y ~dimargarine
B Stearo- ¥~ Y -dimargarine
P Margaryl-X-Y -dichlorhydrin
Y Margaryl-«-/@ -dibromhydrin
Margaryl-acetone-glycerol

With the exception of Trimergarine none of these
compounds have been prepared previously. The following
properties of these compounds have been determined, namely,
melting point, saponification value, refractive indices at
various temperastures, and solubilities in absolute aleohol

and ether at O C and 16 C.
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The synthesis of the margarines is of particular
interest in view of the fact that this region of the domain
of organic chemistry has hitherto remained unexplored, and,
also from considerations applicable to the study of fat
metabolism,and, consequently, also to the disease of diabetes.

When fats are introduced into the animal organism,
cleavage of the molecule takes place with the separation of
the fatty ecid and glycerol. The fatty acid then undergoes
oxidation on the beta carbon atom.

Palmigyga%as the formula CygHz20p or,

CHz. ( CHp )qp. CHp. CHp. COOH

and oxidation on the beta carbon atom gives rise to the follow-

compound,

CHz. ( CHz )jg. CO. CHp. COOH

Acid hydrolysis then takes place with the production of myristic

and acetic acids, in the following manner,

CHz. ( CHp )jg. CO. CHp. COOH
CHz. ( CHg )qp. CHgCHg COOH + CHz. COOH

Oxidation again occurs on the beta carbon atom, followed by acid

hydrolysis, whereupon is obtained lauric and acetic acids,

This process continues through the acids capric, caprylic,

caproic, butyric and acetoacetic acid. The latter breaks down
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into acetone and phydroxybutyric acid, in the following

manner, -
CHS.CO. CHg.COOH Acetoacetic acid.
CHzCOCHz CHzCH(OH) CHp COOH
Acetone -hydroxybutyric acid

Due to the fact that Knoop in 1905 indicated that this
process was involved in fat metabolism,it is known as the
"Beta Oxidation Theory of Knoop".

The compounds, CH3COCH3, CH3COCH2CO0H, and CH3CH(OH)CH2COOH
are known as acetone bodies.

Diabetes is one of the more common ailments of man,
The diabetic is not capable of assimilating starches and sugars.
The fats are partially digested in the diabetic organism, but
there is formed the objectionable group of acids containing
four carbon atoms, butyric, oxybutyric and acetoacetic acids.
It is this latter which breaks down to form acetone, which shows
in the breath and urine of diabetics. The presence of these
acids gives rise to acidosis (ketosis), and this condition is
accompanied by diminished ability of the blood to absorbd COp
and carry it to the lungs for elimination. When death occurs,
it is ordinarily due to acidosis and is generally preceded by

a state of coma., Acidosis is due to the incomplete metabolism

fats.
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In 8 normal individual when the fats are digested
they are oxidized to carbon dioxide and water. In the diabetic
the fat is partially burned in the system but the process stops
at the four carbon atggffbarticularly acetoacetic acid.

According to the beta oxidation theory of Knoop, if one
would start not with a fat containing a fatty acid of even
number of carbon atoms (CqgHz.0,) but With an acid containing
an o0dd number of carbon atoms (CyHz40p, Margariec Acid) there
should not be obtained on digestion an acid containing four
carbon atoms, that is, the objectionable acetoacetic acid.

These principles are involved in the preparation of
Intarvin, which is claimed to be essentially glyceryl margarate,
05H5(017H3502)5'a product developed by Dr. Max. Kr:?.h.n.é:9

Trials of this artificial fat showed that it could be
digested by diabetic patients without difficulty and that there
were no undesirable effects. The patient promptly lost the

acidosis of the blood, the gnawing hunger, and improved in
general mental and physical health,

49%
It has been pointed out, however, by Hurtley (1916),q

who has made a careful analysis of available data, including
those from his own valuable investigations of diabetic patients,
that there is no absolutely direct proof that the B-hydroxy-
butyric acid and acetoacetic acid, together with acetone which

arises from the hydrolysis of the latter, which are found
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normally in such cases, are derived from fat. There is, how-
ever, & considerable amount of indirect evidence. Normal,
healthy individuals excrete a small amount of acetone in the
urine, usually less than 100mgrms. in twenty-four hours. The
amount increases when large amounts of fats are taken,and butter
fat appears to cause the greatest increase. The increases are,
however, not great, the absolute amount of acetone excreted
represents only a minute fraction of the fat given, and in some
cases no increase has been obtained. Other evidence in favour
of the origin of "acetone bodies" from fat comes from a quanti-
tative study of the excretion of these substances in severe
diabetes. This was first carried out by Magnus Levy (1901), and
the results have been extended and confirmed by others. The
amount of carbon in the "acetone bodies" excreted over a given
period is sometimes greater than that of the carbon in the
protein catabolised during the same time, so that the whole of
these substances cannot arise from protein. But it is well
established that in severe cases of diabetes such as Magnus Levy
investigated, a considerable amount of the protein which is
catabolised gives rise to the formeation of glucose, so that only
a part is left for "acetone body"” formation. The evidence for
the participation of fat in the formation of these substances

is therefore strengthened. Some collateral evidence on this
point has been furnished by the publication of Kahn (1923),
which has already been referred to. The latter investigator
found that trimargarine is absorbed to the extent of about

95 percent. Sevringhaus (1924) has, however, not been able to
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find any diminution of "acetons body" excretion when glyceryl
margarate in amounts up to 100 grms. daily was taken by a
normal person who was excreting acetone bodies owing to a
deficiency of carbohydrate in the diet. The results of further
experiments on this interesting and important question will be

awaited with interest.
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CRITIQUE OF THE SYNTHETICAL METHODS FOR THE

PREPARATION OF GLYCERIDES

Reviewing, insofar as they bear on the present problem,
the synthetical methods which have been employed for the
preparation of glycerides, simple and mixed, the following

discussion embodies the salient features.

oL Monoglycerides

CHo0R
|

?HOH
CHoO0H

Berthelot’goclassic method consisted in heating together

the fatty acid with an excess of glycerol in a sesaled tube.

CH,0H + R.COOH CH,OR
CHOH ——— CHOH + Hs0
|

CH50H CHoOH

Inasmuch as it is difficult to control the reaction in such a

manner that only a monoglyceride (without any diglyceride)

be formed - Romburg51 Guth52, and Krafft53, mixed equivalent

14

guantities of el monochlorhydrin or bromohydrin with the finely

powdered sodium saelt of the fatty acid and heated the mixture

to a relatively high temperature, i.e., =
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?H2-01 + R.COORs CHp0 *CO*R
l
?HOH —> CHOH + Tacl.
I
CHs.OH CH, «OH

In the preparation of « monopalmitin,

?HZ'O'CO '015H31
?HOH

Krafft heated together two molecular equivalents of potassium
palmitate and one part of monochlorhydrin for several hours
at a temperature of 180-190° C. The product, after cooling,
was extracted with ether, recrystallized from isobutyl alcohol
and separated from the last traces of di~ and tripalmitin by
recrystallization from hot benzene.

Fischer54, synthesizedwvmonoglycerides utilizing acetone-
glycerol or isopropylidene-glycerol as a starting point.

In view of the fact that this method was utilized in the
present investigation for the preparation of « monomargarine,
it is advisable at this point to discuss the theoretical con-
siderations involved.

Isopropylidene-glycerol is a condensation product of
glycerol and acetone. 1Its structure has been elucidated by
Irvine, MacDnnald and Soutar55.

Definite condensation compounds of polyhydric alcohols
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with acetone or benzaldehyde were first isolated by Fisher
in the course of his earlier work in the sugar group and
a considerable amount of research has been devoted to elucidate
the structure of the substances thus produced. Owing to the
extreme ease with which they are hydrolysed into their com-
ponents (an instability emphasized in the course of Fischer's
papers), it was a matter of some difficulty to obtain direct
experimental evidence beering on this question. Irvine,
MacDonald and Soutar carried out an investigation which had as
its original object a study of the condensation of glyecerol
with acetone and benzaldehyde, evidence regarding the mechanism
| of this reaction being highly desirable in view of the nature
of their work in the sugar group. In the earlier speculations
on this subject, it was recognized that on account of its
relatively simple structure, glycerol is an extremely suitable
compound in which to étu&y the resction in question, particularly
as the hydroxyl groups do not differ widely in their reactivity.
As indicated by Fischer, the isopropylidene glycerol
(acetone-glycerol) formed by the interaction of glycerol and
scetone in the presence of a catalyst, may possess either of

the structures

CHo- 0 CHg-0~_ _~CH3

CH-0OHE C or CH-O CH3
// TCH

CHg-0 CHy - OH

(10) (11)
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and no other alternatives need be considered. From the fact
that ethylene glycol
CHz L4 OH

I
CHy » OH

fails to react with ketones, whilst trimethylene glycol

CH, « OH

b,

CEg + OF
gives a positive result, the opinion has been expressed that the
condensation involves hydroxyl groups attached to /& carbon atoms
and that, accordingly, isopropylidene glycerol should be repre-
sented by formula (10) . In the case of compounds formed with
difficulty and hydrolysed with extraordinary ease, negative
evidence of this nature is not conclusive, and ultimately the
entire question of constitution was left quite open by Fischer,
who termed the compound "acetone~glycerol"”.

The methylation process adopted by Irvine and his co-

workers offereda ready means of solving the problem. By
me thylation and subsequent hydrolysis, compounds constituted
aceording to formulae(l0) and (11) should yield respectively
ﬂ or < monomethyl ethers of glycero], formulae (12) and (13)

CHpOH fHZOH
CH-0 +CHz CA- OF
CH20H CHp0- CHg

(12) (13)
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and, of course, a similar series of reactions should be

applicable to benzylidene-glycerol, and thus discriminate

between the two formulse -

CHo- O CHo- 0
2 2
| \\\ | /;:>CH Ph,
CHOH ///CHPh. CH.0
LHQ.O CHz+0H
(14) (15)

and as & consideration of this compound is contributory to
the final proof of the structure of acetone-glycerol,we shall
discuss it later.

On methylating isopropylidene-glycerol by the silver
oxide reaction (methyl iodide and silver oxide), these
investigators discovered that only one methyl group could be
introduced and the product obtained consisted of the correspond-
ing monomethyl ether (b.p.57 C/13 mm). This result disposed
of all structural schemes based on the reaction of acetone in
the enolic modification. Hydrolysis of the isopropylidene-
glycerol methyl ether yielded glycerol-mono-methyl ether
(bep,110-111 C}lz mm), and Irvine, MacDonald and Soutar
directed their effort to the allocation of the methyl group
in this compound.

This was by no means an easy task. C. F. Boehringer
and Sohne56 have described and patented a glycerol-methyl
ether, but the description is imperfect and according to
Irvine and his collaborators the physical constants quoted

are evidently rough approximations unsuitable for the
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‘purposes of comparison and identification of the compound.
If, as these investigators suspected, the methylated glycerol
obtained from iscpropylidene-glycerol corresponded with
formuls (13) the compound possesses an asymmetric carbon atom
and should be capable of resolution into active forms, and
with this object in view, they attempted to prepare an acid
phthalate according to the method of Pickard and Kenyon57 .
In the case of a glycol, such as glycerol methyl ether,
condensation with phthalic anhydride may giverise to several
compounds, and Irvine failed to isolate a pure product or
to obtain satisfactory alkaloidal salts. Accordingly, he
attempted an alternative process. By condensation of a dl-~
glycol with an active ketone two compounds should result,
which should be separable by recrystallization. From these
in turn, by the action of hydrolysts, the active glycols
should be regenerated. In the case of glycerol methyl ether,
the desired reaction was carried out with laevo-menthone and
with camphor, but in each case the products were liquids and,
therefore, useless for the particular object in view,
Recourse was,therefore, had to synthetical and decompo-
sition methods of determining the constitution of the methyl-
ated glycerol. Starting from allyliodide (16) the correspond-
ing methyl allyl ether (17) was prepared and converted into

ﬁ - )/ ~dibromo- « -methoxy propane (18) .
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The reaction is as follows:-

?Hg CH, CHp Br
CH —_— CH ?HBr

Hel CHp OCHz CHz OCHz
(16) (17) (18)

The replacement of the halogen atoms in this compound
could not be accomplished directly, but by the action of silver
acetate the bromide was converted into (3-y-discetin methyl

ether (19) which on hydrolysis yielded glycerol K methyl ether (20)

?Hg-Br CHz-C00-Ag ?Hg-O-GO'Cﬁz
fHBr + CHz-C00:-Ag — ?H - 0-CO- CH3
CHg 'OCH5 CHz Q- CHz
(19)
CHp . OH
Hydrolysis
> ?HOH + 2CH57000H
CHg- 0CHg
(20)

This product proved to be identical with the methylated
glycerol obtained from isopropylidene glycerol, the constitution
of the latter compound being thereby solved. To obtain confirﬁ-
atory evidence the gl&cerol methyl ether derived from the iso-
propylidene compound was heated with excess of anhydrous oxalic
acid, and thus converted into methyl allyl ether, from which
in tarn, the corresponding dibromide was prepared. The specimen
isolated was identical in every respect with that obtained as
described above from allyl iodide, the identity being established

by boiling point determinations at different pressures, the
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valuation of refractive index, density and molecular refraction.

The proof that benzaldehyde condenses with glycerol
in precisely the ssme manner as does acetone, was arrived at
in the course of a parallel series of resctions performed by
the same investigators. Benzylidene-glycerol, prepared by the
process patented by Gerhardt58 gave, on methylation, benzyiidene
glycerol methyl ether. snd this, on hydrolysis, was converted
into a glycerol methyl ether, which proved to be identical with
the mono methyl ether prepared through the ageney of isopropyli-
dene glycerol.

Purther confirmatory evidence of the structure of this
compound was obtained in the following manner:-

Glycercl methyl ether derived from the isopropylidene
compound, was condensed with benzaldehyde, thus forming benzyli-
dene glycerol methyl ether. Similarly, in a parallel experiment,
the methylated glycerol obtained from the original benzylidene
compound was successfully condensed with acetone. The respective
product proved to be identical with those previously prepared.
The schemes of reaction involved in the structural study and in
determining the constitution of glycerol oL methyl ether and
hence of isopropylidene glycerol or acetone-glycerol are

summarized as follows:-
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CH OH c . L . ]
l S Hy. 0 CHyz CHy+ 0-CHy
?H O\\ _CHz — . ?H o\\c/CH3.___+ CH:0H
//
CH .0~ cH 7N
o 5 CH,. 07 “CH, CHyp - OH
Acetone glycerol Isopropylidene Glycerol methyl
(IsoPrOPyllafne glycerol) methyl ether ether
A
CHOH Identical
| !
(I)Hz'OH CH2 o OCH CHZ + Q- CH3
CH O i H ?H . \\ ?HOH
— CH C.H.—
032 o/c CHp - 07 ®5 ch,.om
cI:HZ - OH cl:Hz - OH CHg-Br
CHOH —— CHBr or CH - OH
CHZ.OCH3 CH2-OCH3 ‘//EF2.OCH5
\ cﬁﬁz clmz ?Hg- OH
CH EHBr CH - OH
CH,* 0 +CH, 0'CHz CHp-0-CHy

Irvine states that, of course, it is possible that
isomeric forms of isopropylidene glycerol and of benzylidene

glycerol exist in which the substituting residues are attached
to the terminal carbon atoms, formulae (10) and (14),and, in
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‘this connection, it may be noted that Hornitzki and Menschu-
tkin59 describe a "benzoglycerol" which is apparently
different from Fischer's "benzol glycerin".

There is, however, little doubt that all the com-
pounds described by Irvine are individusl substances and not
mixtures,as in each preparation involving distillatiouns,
fractions were collected at frequent intervals even when the
boiling point showed no change. In no case was there any
appreciable variation in the refractive indices determined
and, as all the compounds described have besn prepared on
several occasions without any irregularity being observed
in the physical constants, it would appear that they are
pure substances.

As a result of these investigations, it has been
definitely established that isopropylidene glycerol, or
acetone glycerol, has the structure shown in formula(ll) .

Irvine further claims that,in all probability the
methods described by him will be capable of extension to the
problems connected with the constitution of fats and glycero-
phosphates. By alkylation of a mono- or di-glyceride followed
by hydrolysis, a glycerol dimethyl, or monomethyl ether should
result, and identification of the positions occupied by the
alkyl groups would give direct evidence as to the structure

of the parent compound. Moreover, much important research on

the fats has shown that the hydrolysis of mixed glycerides by
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acids or enzymes can be controlled to give the intermediate
di- and monoglycerides, so that the allocation of definite
positions to the acyl groups in the glycerol residue should
not be a matter of great difficulty. It would, of course,
be necessary as a preliminary to such work, to determine the
constants of all the possible methylated glycerols or to
obtain derivatives from them suitable for the purpose of
identification, and with this object in view, Irvine stated
that it was his intention to make a complete examination of
the two glycerol monomethyl ethers and of the two correspond-
ing dimethyl ethers so that it would be possible to utilize
these substances in determining the structure of mixed

glycerides and glycerophosphates.

The "biochemical™ synthesis of monoolein by means of
pancreas ferment (Pottevinﬁo) should be mentioned here. The
action of the ferment appears to exhibit the same catalytic
nature as the Twitchell reagent61 possesses. If the latter,
which is a sulphoe-aromatic compound, be added to a mixture of
glycerol and fatty acids, glycerol being in excess and care
being taken to remove the water as it is formed, monoglycerides
(together with diglycerides) are obtained.

Another synthesis of an «monoglyceride that is worthy
of note, was the preparation of omonobutyrin by Harriot, who

obtained it by allowing lipase to &act on a mixture of glycerin

and butyric acid.
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62
Bergman™~ synthesizes < monoglycerides using as the

initial substance -

C1*CHoCH- CHQTH.

0 CH'06H5

Phenylchloromethyl oxazolidine.

By treating this compound in chloroform with pyridine and
lauryl chloride at 0°C and eliminating the elements of
benzaldehyde by means of hydrochloric acid, he obtained the
compound ochloro-f3-hydroxy-propyl-Y-laurylamide.

CHoC1
CH-0OH

On heating this compound with water and shaking, the elements
of water are assumed by the molecule and simultaneous
migration of the lauryl residue to the olposition and the
chlorine atom to the y-position occurs with the production

of Xlauryloxy-f-hydroxypropyl-y-amine-hydrochloride.

CHg « O - CO - C11H23
CHOH
HoNHoHCL
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Nitrous acid reacts with this compound and ,as a consequence
an hydroxyl group is substituted for the amino and hydrochloric

acid residues in the'y position, thus yielding the « mono-
glyceride.

In the present investigation it was originally intended
to prepare the margarines, utilizing the appropriate chlor-
hydrins and the silver salt of margaric acid. The latter was
chosen in preference to the alksli salts in order to avoid
any possibility of hydrolytic phenomena due to free alkali
complicating the reaction. It was shown by Dre. Whitby that
the silver salts of palmitic and stearic acids are not
appreciably subject to hydrolysis by water and it was quite
reasonable to assume the same to be true of margaric acid.

The stability of silver margarate was tested by
heating a small portion of the salt in the electric oven at
110°C for six hours. At the end of this time the decomposition
amounted to only six-tenths of one percente.

Silver salts have been employed but little in the
synthetical preparation of glycerides, except in the case of
simple triglycerides. They have been utilized by Dr. R.F.Ruttan
in the syntheses of various fatty acid esters of ethylene
glycol, and also by Dre G. S. Whitby in the preparstion of
mixed glycerides containing palmitic, stearic and butyrie

acid residues.
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The use of silver salts in the syntheses of the
margarines would seem to commend itself, therefore, owing
to the considerstions already described. With regard to the
experimental procedure in effecting reaction between the
chlorhydrins and the silver salts of margaric acid, the
following observations may be mades -

Reaction may, in most cases, be brought about at a
reasonably rapid rate by heating at any temperature above,
say 130’ C. The temperature actuslly selected in any parti-
cular case was decided by several considerations, such as
the following:-

(a) The temperature must not be so high as to induce
“ decomposition in the fat which results from the
reaction, or to volatilize the chlorhydrin.
(b) The silver salts might suffer some decomposition on
prolonged heating, with the formation of free acid.

In general, it appeared best to bring about reaction

by heating for a2 short time at a higher temperaturs

than for a long time at a lower temperaturee.

Berthelot in 1854, stated that he had synthesized
oL mono-margarine by hesting glycerol and margaric acid to
200° C for twenty-one hours and then at 100°C for an extended
period. The product was neutral, white, difficultly soluble
in ether and melted st 56°C. The acid he used, however, was

obtained from human fat and consisted of a mixture of acids.
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As determined in the present investigation, pure o« monomargarine
melts at 76.4 C.

In the case of < -monomargarine, reaction was induced
by mixing together the chlorhydrin and dry silver salt as
thoroughly as possible,in a oylindrical reaction vessel by
means of a glass stirring rod and heating slowly in an oil
bath to 135°C for about three hours. Considerable difficulty
was encountered in eliminating colloidal silver chloride and
silver from the reaction product. This phenomenon was
previously reported by Dr. Ruttan and Roebuck in 1915, in
connection with the investigation of the esters of ethylene
glycol.

The amount of decomposition ocourring during the
reaction was found to be extremely large, over half of the
reaction product consisting of free margaric acid. It was
suspected that the large percentage of decomposition might
be due to the possibility of the presence of a trace of
moisture in the reactants. The chlorhydrin, distilling at
a high temperature under reduced pressure, was water-free.
Accordingly, the silver salt was very carefully dried in
the electric oven at 110 C and then at a lower temperature
under reduced pressure, the test of stability of the silver
salt having demonstrated that this treatment effects no
change in silver margarate, providing no liquid phase is

present. The reaction was then repeated and it was found
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that this modification of procedure improved matters but
little. The free acid, due to the decomposition of the
silver salt, amounted to one-half of the reaction product.

It was thought that the excessive decomposition might
be due to incomplete mixing of the reacting constituents.
This presented a little difficulty due to the fact that the
proportions employed involved intimaste contact between a
small volume (about 4 cec.) of a relatively viscous liquid
and a large volume (about 60 cc.) of a light powder.

It was thought that if incomplete mixing were the
cause of the large amount of decomposition, when this con-
dition obtained, reaction would occur locsally and those
molecules of silver margarate having none of chlorhydrin
in their viceinity with which to react, entered upon side
reactions involving the production of relatively large amount
of by-products and considerable decomposition, with the formsa-
tion of free acid.

To accomplish thorough mixing, the chlorhydrin was
dissolved in a suitable volume of ether, the silver salt
suspended in the solution, and the whole thoroughly stirred.
The ether was then slowly evaporated in the electric owven
at a low t