ARACHIDONIC
BY A. W.
(From

the Laboratory

ACID

BOSWORTH

IN BUTTER
AND

E. W. SISSON

of Physiological
Chemistry,
Columbus)
(Received

for

publication,

FAT

July

the Ohio

State

University,

19, 1934)

In a recent communication
from this laboratory
(1) concerning
studies of butter fat, the presence of highly unsaturated
acids of
the arachidonic acid type was reported.
The small amount of
material available at that time prevented a further investigation
into the identity of these acids. Since then the pure butter fat as
obtained from 125 pounds of butter has been esterified and the
esters subjected to careful fractional distillations.
This paper is
a report upon some of the constituent CA0 fractions.
The preparation of the pure butter fat, its esterification,
and
the subsequent distillation of the methyl esters were conducted
in the manner previously reported (l), except that the final distillations were made at a pressure of 5 mm. of mercury.
EXPERIMENTAL

Separation of Saturated from Unsaturated Acids by Lead SoapEther Method-The
saturated and unsaturated acids in the several
fractions
were separated by the well known
lead soap-ether
method, after the removal of any unsaponifiable matter present,
and the lead soaps thus obtained were converted into acids in the
usual manner.
The saturated acids were crystallized
twice from
acetone in order to remove any unsaturated
acids which might
have been present.
The two series of acids thus obtained were
examined and the results will be found in Table I.
The saturated acids were subjected to a series of fractional crystallizations from acetone and were thereby resolved into three fractions.
Fraction 1 had a molecular weight of 284, melted at 69”
uncorrected, and was identified as stearic acid. Fraction 2 had a
mean molecular weight of 302, melted at 66” uncorrected,
and
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upon being acetylated was found to have an acetyl value of 22.6.
The amount of material obtained in this fraction was so small that
the positive identification
of the hydroxy acid was not possible.
The fraction was probably a mixture of stearic acid, hydroxystearic
acid, and behenic acid. Fraction 3 had a molecular weight of 343,
melted at 80”, and was considered almost pure behenic acid
(C22H4402). This confirms the previous finding of Bosworth
and
Brown (1) as to the presence of behenic acid in butter fat. It is
to be noted that no fraction ‘was obtained which would indicate
the presence of arachidic acid (CXOH4002).
The figures for the mean molecular weights of the unsaturated
acids indicate that they are mixtures of acids of the Cl8 series and
TABLE

Data

Obtained

from

Examination

o.f Acids
Method

I
As Separated

by Lead

Soap-Ether

Unsaturated
Fraction
NO.

EI.P. of ester
at 5 mm.

Series

Weight

acidt
E!aturated
Mean mol. wt.
_

wt.

mol.

I No.

gm.

“C.

185-190
190-195
195-200
200-205
205-210
210-215

Mean

acids

c1rc20
G&20
cwc20
cwc20
Gs-czo
Go

650.0
104.0
100.0
73.0
65.0
14.5

287
287
290
296
305
312

286
295
299
298
305
317

99.7
108.8
120.7
121.4
132.8
141.0

acids of greater molecular weight than those of that series. The
iodine numbers show that unsaturated
acids with more than one
double bond are present.
Separation of Unsaturated Acids into Two Fractions by Barium
Soap-Benzene Method-The
unsaturated acids prepared by the
lead soap-ether separation were converted into barium soaps and
then subjected to the barium soap-benzene separation, which
gave two sets of acids for each fraction.
These were examined
and the results are given in Table II.
The mean molecular weights for the acids obtained from the
barium soaps which were insoluble in benzene indicate that they
are mixtures of acids of the C18and CzOseries. The iodine numbers
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of Fractions 1 to 3 indicate that they contain some acids with more
than one double bond. This was proved by the fact that they
yielded insoluble polybromides when brominated in cold ether. The
figures for Fractions 4 and 5 are so close to the theoretical figures for
gadoleic acid (theory, molecular weight 310, iodine number 81.9)
that they seem to substantiate
the previous guarded statement of
Bosworth
and Brown (1) with reference to the presence of this
acid in butter fat. The amount of material remaining after the
analyses were completed prevented a more positive identification
of this acid.
II

TABLE

Data

Obtained
Fractions

-

from Examination
of Unsaturated
Acids
by Lead Soap-Ether
Method,
Followed
Soap-Benzene
Method
Acids

Fraction

No.

Insoluble
Mean

mol.

from

barium

in benzene
wt.

I No.

As Separated
by Barium
soaps
Soluble

Mean

from

mol.

in benzene
wt.

I No.

“C.

185-190
190-195
195-200
200-205
205-210
210-215
* Upon
bromides.
t Yield

bromination
was not

288
289
294
297
300
t
these

sufficient

acids
for

93.3*
91.7*
91.2*
87.3
74.0
t
gave

small

298
300
307
309
314

amounts

of insoluble

118.6
115.0
139.6
132.0
136.5
148.6
poly-

analysis.

The mean molecular weights for the acids obtained from the
barium soaps which were soluble in benzene indicate that Fractions 1 to 3 are mixtures of unsaturated
acids of the C18 and C&o
series. The iodine numbers indicate the presence of acids with
more than one double bond. All these acids yielded ether-insoluble polybromides
which proved that highly unsaturated
acids
were present.
Bromination
of Highly Unsaturated Acids-The
acids obtained
from the barium soaps which were soluble in benzene were dissolved in cold ether and brominated in the usual manner.
The
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insoluble bromides were removed, washed with ether, and dried
bromides were separated into two
at 60”. These ether-insoluble
fractions, those soluble in benzene and those insoluble in benzene.
The ether solution of the ether-soluble
bromides was heated to
expel the ether and petroleum ether was added. The insoluble
bromides which settled out were removed, washed with petroleum
ether, and dried at 60”. By this procedure the brominated acids
were separated into three fractions which upon examination gave
the data for Table III.
All bromine determinations
reported in
this paper were made by the Carius method.
The bromine content of the bromides separated from the several
fractions is so high that the presence of acids with two or three
double bonds seems to be excluded.
The close agreement for t’he
TABLE

Data
Acid

Obtained

from

III
Brominated

Acids

bromides

in petroleum
ether,
soluble
in ether..
“ both
petroleum
ether
and ether,
soluble
in benzene..
. . . .. . . . . . . . . . . . . . .
Insoluble
in all three solvents
(petroleum
ether,
ether,
and benzene).
.. .. ... .. .... . .. ... ..
Theory
for octabromoarachidic
acid..
.. . . .

MP

Insoluble
“

-

“C.

per cent

162

66.4

208

66.6

262

66.7
67.7

bromine content of the three products indicates however that they
are all octabromoarachidic
acid. Their different solubilities
in
the solvents used, together with their different melting points, indicate that there are at least three isomers present.
In order to
obtain more information
about this possibility
the following experiment was performed.
Bromination
of Pure Arachidonic Acid-Through
the courtesy
of Dr. W. C. Ault of this department
we were able to secure a
large sample of pure arachidonic acid. This acid was brominated
in cold petroleum ether in the usual manner; the insoluble bromides which settled out were removed, washed several times with
petroleum ether, and then dried at 60”. A sample of these was
removed for examination and the remainder was separated into
three fractions in the following manner.
They were first extracted
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with hot ether to remove the ether-soluble bromides.
The residual
ether-insoluble
bromides were then extracted with hot benzene to
remove benzene-soluble
bromides, leaving the benzene-insoluble
bromides.
The ether containing the ether-soluble
bromides and
the benzene containing the benzene-soluble bromides were evaporated to dryness.
The products thus obtained were heated in a
vacuum oven at 60” to remove the last traces of the solvents.
These three products and the sample of the original bromides as
separated from the petroleum ether were examined and the results
will be found in Table IV.
Attempts
to determine the melting points of the bromides by
the ordinary procedure of subjecting them to a gradual increase of
TABLE

Data Obtained
Acid

from

Brominated

IV
Arachidonic

bromides

Acid
M.p.

Original
preparation
insoluble
in petroleum
ether........................................
Fraction 1. Insoluble in petroleum ether, soluble in ether..................................
Fraction 2. Insoluble in both petroleum ether
and ether, soluble in benzene..
. .
.
Fraction 3. Insoluble in all three solvents (petroleum ether, ether, and benzene). .
..
Theory for octabromoarachidic
acid..
.. ... ..

-

“C.

227-229

per cent

*

66.5

157

66.5

198

66.4

257

66.7
67.7

* Decomposed.

temperature failed, as they decomposed with no sign of melting.
When the closed ends of melting point tubes containing someof the
bromide under examination were immersed in the sulfuric acid
bath at various temperatures, a temperature was finally found at
which the bromide instantly melted, and this was usually immediately followed by decomposition and the evolution of gas. The
melting points given in Tables III and IV were determined by this
method.
The figures in Table IV show that arachidonic acid, when
brominated, gives at least three isomers which may be separated
by the use of the three solvents, petroleum ether, ether, and benzene. The close agreement between the figures in Tables III and
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IV makes us feel justified in saying that the bromides secured from
our butter fat fractions as reported in Table III are isomers of
octabromoarachidic
acid. This is more conclusively proved however by the following experiments.
Reduction of Bromides to Arachidonic
Acid-Some
of the insoluble bromides obtained by bromination in cold petroleum ether
(i.e. a mixture of all three isomers) were reduced to unsaturated
acids, in ethyl alcohol, by the use of zinc and a few drops of hydrochloric acid. The fatty acid thus obtained had a molecular
weight of 306.5, and an iodine number of 332.3 (Hanus, 4 hours
reaction).
These figures are in close agreement with those of
arachidonic
acid, i.e. molecular weight 304.25, iodine number
337.7.
Reduction of Unsaturated Acids to Saturated Acids-The
unsaturated acids, obtained by the action of zinc upon the bromides,
were reduced to saturated acids by the action of platinum and hydrogen.
The acid thus obtained had a melting point of 74” uncorrected and, upon analysis, gave the following data.
Arachidic

acid.

Calculated.
Found.

C 76.84, H 12.91
“ 75.92, “ 12.97

The data given in the last two paragraphs above prove that the
three sets of bromides given in Table III are isomeric forms of
octabromoarachidic acid.
Separation of Methyl Octabromoarachidate-The presence of
highly unsaturated acids in the fraction which distilled at a temperature range of 185-190” suggested the possibility of directly
separating methyl octabromoarachidic acid from this fraction.
Therefore, 550 gm. of this fraction were brominated in cold
ether, and the insoluble bromide which separated was removed,
washed with ether several times, and dried at 60”. Upon examination this bromide was found to melt at 230” and to contain 66.5
per cent of bromine (theory 66.7 per cent of bromine). These
figures establish its identity as methyl octabromoarachidate and
t,his in turn again proves the presence of arachidonic acid
(C,0H3202)in butter fat.
DISCUSSION

Brown and Sutton (2) have reported the presence of highly unsaturated acids in butter fat but they have made no attempt to
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identify these acids. Bosworth
and Brown (1) also reported the
presence of highly unsaturated
acids in butter.
They stated
however that they believed that little if any arachidonic acid was
present.
The work reported in this paper constitutes a correction
of that statement, for arachidonic acid has now been shown to be
present in butter fat.
E&stein
(3) has reported the presence of linoleic and linolenic
acids in butter.
Our finding with reference to the isomers of octabromoarachidic
acid is important in this connection for Eckstein
based his conclusions as to the presence of linoleic and linolenic
acids in butter fat upon the separation of petroleum ether-insoluble and benzene-soluble bromides from butter fat acids, per
se, without
subjecting the acids to esterification
and fractional
distillation
in order to separate the acids of the different series
present.
The work reported in this paper shows that linoleic
and linolenic acids cannot be detected as tetrabromide
and hexabromide respectively in the presence of any appreciable amount of
arachidonic acid as this acid forms isomeric bromides which will
be thrown out of solution with the reagents used to separate either
the tetrabromides
or hexabromides
of the acids of the Cl* series.
In this connection we might say that we have carefully examined
our constituent Cl8 fractions and have been unable to secure any
evidence to indicate the presence of either linoleic or linolenic acid.
The separation of a bromide of linoleic acid from the fat of human
milk by Bosworth (4) would lead one to believe that such a bromide
could be separated from butter fat by the same method, after
careful fractional distillation of its methyl esters, if such an acid
was present.
SUMMARY

1. The methyl esters of the fatty acids from 125 pounds of
butter have been efficiently fractionated
and the data from the
constituent
Go fractions have been presented.
2. Stearic acid and behenic acid were found in these fractions
but no arachidic acid could be isolated.
3. Arachidonic acid was separated as an octabromide of both the
acid and its methyl ester.
4. A new technique for the determination
of the melting points
of brominated fatty acids is described.
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5. The relation of the isomeric forms of octabromoarachidic
acid to the detection of linoleic and linolenic acids in butter fat
has been discussed.
The authors wish to acknowledge
their indebtedness to the M
and R Dietetic Laboratories,
Inc., for financial assistance which
enabled them to carry on this investigation.
They also express
their appreciation to Dr. C. 5. Smith, Chairman of this department, for his advice and encouragement.
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