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The yields were not superior to those of Method 1.

The free base is very slightly soluble. One-half g. dissolves in 100 cc.
of boiling water.

In the preparation of the amino esters the nitro esters were synthesized
in all but one case. These are described in Table II.

TaBLE II.—THE PROPERTIES OF THE ESTERS OF THE NITROBENZOIC ACIDS,

M.P,

Compound. °C. Solvent.
Allyl-p-nitrobenzoate................. liquid
iso0-Propyl-p-nitrobenzoate............. 95 glacial acetic acid
n-Butyl-p-nitrobenzoate............... 35 glacial acetic acid
n-Butyl-m-nitrobenzoate.............. liquid
n-Butyl-o-nitrobenzoate............... not prepared
Ethyl-3,5-dinitrobenzoate............. 91 glacial acetic acid
n-Buty-1,3,5-dinitrobenzoate............ 61 glacial acetic acid
n-Butyl-2,4-dinitrobenzoate............ 70 glacial acetic acid

Summary.

The n-butyl esters of (1) p-aminobenzoic acid; (2) o-aminobenzoic
acid, (2) m-aminobenzoic acid, (1) 3,5-diaminobenzoic acid; (3) 2,4-di-
aminobenzoic acid; the allyl ester of (1) p-aminobenzoic acid; and the
ethyl ester of (2) 3,5-diaminobenzoic acid, their hydrochloride salts and
the intermediate nitro compounds, except the ester of o-nitrobenzoic acid,
were prepared and their properties studied. Their anesthetic activities
are indicated by the numerals in parenthesis preceding the names, (1)
referring to high; (2) to intermediate, and (3) to slight anesthetic activity.
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The differences in solubility existing between the fatty acids are ac-
centuated in their salts. Attempts to separate the various fatty acids
into groups are usually based upon these differences in solubility. The
lead salts of the fatty acids have been most studied with this end in view,
and on the whole have given the most nearly satisfactory results. Gusse-
row! and Varrentrap? were the first to attempt the separation of the
saturated or “solid” fatty acids from the unsaturated or “liquid” fatty

1 Gusserow, Ann., 27, 153 (1828).
2 Varrentrap, ¢bid., 35, 197 (1840).
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acids in this way. Modifications of their work have been proposed by
Oudeman,! Kremel? and Roese.® Tewkowitsch* recommends a method
hased upon the modifications proposed by Muter and deKoningh® and by
Lane.®

In the tentative method of the Association of Official Agricultural
Chemists” some suggestions of Renard® are incorporated. The precipi-
tated lead salts are secured from 5 g. of the oil and are treated with 200
cc. of ether. The flask is corked and allowed to stand for some time
until the soap is disintegrated, and then is placed on the water-bath
and boiled for 5 minutes using a reflux condenser. The ether solution
of the soap iscooled to 15 to 17° and allowed tostand until all the insolu-
ble soaps have separated (about 12 hours), when it is filtered.

In none of the methods proposed is it possible to separate either group
sharply and completely from the other or to determine with quantitative
accuracy the amount of either present. In fact, according to Lewkowitch®
losses amounting to several per cent. are not easily avoided. Results
depend upon the quantity of ether used and upon its temperature, and if
either of these two factors is varied the results will change considerably.
Even when larger quantities of ether are used it is not possible to free
the “‘solid”’ acids from the unsaturated acids, while at the same time more
of the salts of the saturated acids pass into the ethereal solution.

In a previous paper'®a method has been outlined for fractionating the
glycerides of fats and oils, which has proved generally applicable to the
separation by means of solvents of substances of similar solubility The
method consists in dissolving the material in two or more solvents, one
(or more) of which is more volatile than the others and at the
same time exerts the greater solvent action. Air is then aspirated
through the solution, whereby the solvents are very gradually volatilized
in the general order of their solvent action while the temperature gradually
becomes lower. During the process the solution is thoroughly agitated
so that the effect is entirely uniform. In this way a condition of insolu-
bility is reached progressively, and at the same time uniformly; separa-
tion is effected more sharply and controlled to some degree, so that re-

1 Qudeman, J. prakt. Chem., 99, 407 (1866).

2 Kremel, Pharm. Zentr., 5, 337 (1890).

3 Roese, Repert. anal. Chem., 6, 684 (1886).

¢ Lewkowitsch, ““Chemical Analysis of Oils, Fats and Waxes,” 5th Ed., Vol. I, p.
544,

8 Muter and deKoningh, Analyst, 14, 61 (1889).

6 Lane, THIs JOURNAL, 15, 110 (1893).

7 “Official and Tentative Methods of Analysis,* Ass. of Off. Agric. Chem., 1920, 250,

8 Renard, Compt. rend., 73, 1330 (1871).

9 Op. cit., Vol. I, p. 548.

16 Seidenberg, J. Ind. Eng. Chem., 9, 855 (1917).
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sults can be selected and graded with a certain amount of refinement and
precision.

Solvents.— In order to apply this method in the most effective manner
it is important to know the solvent action of the various solvents used.
Comparatively little work has been done giving quantitative information
on this subject. According to the observations of Neave,! which are
in accord with those of Twitchell,? the lead salts of the saturated acids
are considerably more soluble in ether than in petroleum ether, particu-
larly at the boiling point. According to Lewkowitsch® and to Mulder,*
to whom he refers, as also according to Fahrion,® the solubilities of the
lead salts of the saturated fatty acids is much increased if the ether holds
in solution the lead salts of the unsaturated acids, so much so that if a
slight amount only of the former is present they will not separate on
cooling the solution. Moisture in the ether decreases the solubility of
the lead salts. Farnsteiner® finds that the lead salts of the saturated
acids can be separated from those of the unsaturated by benzene in which
the former ave insoluble below 8° or 12°. The lead salts of the unsatura-
ted acids, according to Robertson” are readily soluble in ether, petroleum
ether and in alcohol when hot; however, the soluble isomerides of oleic
acid are only sparingly soluble in cold ether. According to Lane® lead
ricinolate is insoluble in petroleum ether.

In addition to the solvents mentioned in the literature several others
were experimented with. Thus carbon disulfide and chloroform were
found to have considerable solvent action on the lead salts of the saturated
acids. In the case of the lead salts of the saturated acids secured from
tallow the solubility in cold chloroform was comparatively slight, but
arnounted to approximately 18 g. per 100 cc. at the boiling point. Chloro-
form has the advantage of being fairly volatile. It proved very satis-
factory when used with ether provided its amount as compared to this
was slight; otherwise, at times a striated and probably colloidal solu-
tion was formed, which was hard to filter.

Effect of Oxygen.—Since at some point in all the proposed methods
air unavoidably comes in contact with the unsaturated acids, particularly
when aspirated through the solutions, it is important to know how the
unsaturated acids are affected by this. The reactions that take place

1 Neave, Analyst, 37, 399 (1912),

2 Twitchell, J. Soc. Chem. Ind., 14, 515 (18953).

8 Lewkowitsch, op. cit., 9, 845 (1890).

+ Mulder, “Chemie d. Austrocknenden Oele,” 1867, p. 44.

8 Fahrion, Z. angew. Chem., 17, 1488 (1904).

8 Farnsteiner, Z. Unters. Nahr. Gennussm., 1, 390 (1898).

7 Robertson, Allen’s ‘“‘Commercial Organic Analysis,” 4th Ed., Vol. II, p. 162.
8 Lane, J. Soc. Chem. Ind., 26, 597 (1907).
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and the products that are formed when oxygen comes in contact with
the unsaturated acids have been studied, by Fahrion,! Griin,? Marcusson?
and others. The extent to which the unsaturated acids are affected by
the oxygen of the air seems to depend upon their degree of unsaturation;*
according to Lewkowitsch,® oleic acid is affected to only a comparatively
slight extent, even when brought into contact with the oxygen of the air
by aspirating for a prolonged time (6 to 10 hours) and at an elevated
temperature (120°). In any case Fahrion® points out the difference
between the amorphous products produced in the process of ‘‘auto-oxida-
tion” and the ctystallizable hydroxy acids formed when the unsaturated
acids are heated inan alkaline permanganate solution, and feels certain
that none of the latter are formed by contact with air alone.

Fahrion” separates the oxidized from the unoxidized unsaturated fatty
acids by the insolubility of the former in petroleum ether. Thus the
oxidized unsaturated acids from cottonseed oil, comprising oleic and
linolic acids, were found by him?® to be completely soluble in ether, although
some were found to be insoluble in petroleum ether. In another paper®
he found that even oxidized linolenic acid was soluble in ether, provided
only that its contact with the solvent was sufficiently prolonged and
thorough. Hodes'® finds that the oxidized fatty acids insoluble in petro-
leum ether readily go into solution on warming in a mixture of equal
parts of chloroform and 959 alcohol. Bauer and Hazura!! state that
there is no difference to be observed between the oxidation of the “liquid”’
fatty acids and that of their salts.

Generally it seems that at ordinary temperature the oxygen of the air
affects the solubilities of the less unsaturated fatty acids (oleic and linolic)
only comparatively slightly and after prolonged contact. It tends to
decrease their solubilities in ether and more so in petroleum ether, and to
increase the solubilities in alcohol.? The solubilities of the more un-
saturated fatty acids (linolenic, etc.) are, however, affected to a consid-
erably greater extent, particularly with petroleum ether, in which, when

1 Fahrion, Z. angew. Chem., 23, 722 (1910); 11,781 (1898); Chem.-Ztg., 99, 1196
(1904); 17, 1848 (1893).

2 Griin, Ber., 42, 3759 (1909).

3 Marcusson, Chem. Rev. Fett. Harz Ind., 12, 290 (1905).
¢ Lewkowitsch, Analyst, 24, 322 (1899).

& Lewkowitsch, op. cit., Vol. 111, p. 169.

¢ Fahrion, Ckhem.-Ztg., 28, 1196 (1904).

7 Fahrion, Z. angew. Chem., 4, 540 (1891); 5, 171 (1892).
8 Fahrion, Chem.-Ztg., 17, 1848 (1893).

° Fahrion, Z. angew. Chem., 23, 725 (1910).
10 Hodes, Chem. Umschau, 24, 90 (1917).

1t Hazura, Z. angew. Chem., 2, 455 (1888).

12 Fahrion, ¢bid., 11, 781 (1898).
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acted on for an extended period or at a higher temperature, they become
decidely insoluble.

Experimental Part.

Preparation of Lead Salts.—The lead salts were prepared from the free
fatty acids. These were secured in the usual way by saponifying 50 g. of the
oil or fat with potassium hydroxide, then acidifying with sulfuric acid,
and extracting the liberated acids with ether. The ether solution was
thoroughly washed until the wash water gave no acid reaction, and was
then evaporated. A weighed amount of the purified mixed fatty acids
was then neutralized! in 100 cc. of water with 0.5 N potassium hydroxide
solution. Next, 30 cc. of a 109, lead acetate solution diluted to 150 cc.
was brought to the boiling point and gradually run into the soap solution
with constant shaking, so that the lead soap adhered to the sides of the
flask on cooling. The liquid was poured off through a filter and the
lead soap remaining in the flask and any slight amounts carried onto the fil-
ter were washed two or three times with hot water. Care was taken
not to heat the lead salts of the fatty acids to any extent after they had
been formed or to boil them with water. It was found later that the
salts formed in this way were difficult to filter and that oxidation of the
unsaturated acids had seemingly progressed to a considerable extent.

General Procedure.—The lead salts of the fatty acids were formed
in a 300 cc. Erlenmeyer flask. The evaporation was carried on in a 200
ce. cylinder without lip, the tube for the admission of air reaching to the
bottom. Air was aspirated through the solution by means of a water
pump and at such a rate that when the solvent consisted chiefly of ether
the reduction in volume was at the rate of approximately 5 cc. per minute.
Filtration was carried on by means of suction through filter paper in a

»ooch crucible. For redissolving the precipitates, they were carefully
transferred by means of a spatula into a 100 cc. Erlenmeyer flask,
including the filter paper, which generally adhered to the caked residues.
After solution of the precipitate the paper was removed. In case the
weight of the lead salt was desired it was determined directly in a weighed
Gooch crucible.

To remove the solvents the lead salt was heated at 100°.- According
to Neave? the melting points of the lead salts of the saturated acids from
lead caprate to lead stearate, inclusive, are above this point; while those
of the unsaturated acids are below it.* In case unsaturated acids were
present the residue became colored at 100° from light yellow to dark

1 Cf. Lewkowitsch, op. cit. Vol. I, p. 109.
2 Neave, loc. cil.
¢ Allen’s “‘Commercial Organic Analysis,” 4th Ed., Vol. II, p. 412.
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brown either in spots or thoughout a considerable part of the mass; but
when only saturated salts were present the residue remained entirely
white. ‘This proved to be valuable as a preliminary means of detecting
the presence of even small amounts of the salts of the unsaturated acids.
No residue was considered to be pure and free from the salts of the un-
saturated acids unless it remained entirely white at 100°,

Discussion of Procedure.—Experiments were conducted on 4 oils or
fats: linseed oil, cottonseed oil, olive oil, and mutton tallow. These
four were chosen because of the range through which their unsaturated
acids vary. According to Friend! the unsaturated acids of linseed oil
consist principally of linolic acid, a lesser amount of linolenic acid, and a
comparatively slight amount of oleic acid. In the case of cottonseed
oil Lewkowitch?® states that the unsaturated acids consist chiefly of linolic
and oleic acids, of which the former predominate in quantity; linolenic
acid may be considered absent. In olive oil® this relationship is reversed,
the oleic acid predominating greatly while linolic is present in much smaller
amounts. In mutton tallow* the unsaturated acids consist essentially
of oleic acid. Farnsteiner® claims to have found small quanitites of
linolenic acid in beef tallow.

A considerable amount of experimental work was performed on the
lead salts of cotton seed oil to determine the effect of various solvents
upon the, separations which it was desired to secure. It was not found
possible to obtain the lead salts of the saturated acids in a pure condition
by fractionating from mixtures consisting of alcohol, ether and petroleum
ether in any combination that was tried; and particularly not when
petroleum ether was present. In order to purify the precipitated lead salts
it was found necessary to redissolve them. For this purpose chloroform
was used. In one experiment the total lead salts were allowed to stand
in chloroform for about one week, when other solvents were added and
suction applied. When filtration was attempted it was found to be
extremely slow, and finally it practically ceased. This could be ascribed
only to the presence of linolate, oxidation of which had taken place due
to the long standing in chloroform, thus decreasing itssolubility so that
it readily precipitated and thereby closed up the pores of the filter
paper.

From the preliminary experiments it became evident that it would
not be possible to separate the salts of the fatty acids into two completely
distinct groups by one fractionation. It was, however, found possible

1 Friend, ““The Chemistry of Linseed Oil,” 1917, p. 64.

2 I ewkowitsch, op. cit., Vol. IT, p. 196.

3 Ibid., p. 355.

* Ihid., p. T67.

5 Farnsteiner, Z. Unters. Nahr. Gennussm., 2, 25 (1899).
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to precipitate the salts of all of the saturated acids in one group in the
first precipitation, accompanied by only slight amounts of the salts of
unsaturated acids. The latter could then be removed nearly com-
pletely by again dissolving them. This allowed the saturated lead salts
to be determined with comparative accuracy, and so could be considered
the most favorable procedure. In order to precipitate completely all
of the salts of the saturated acids, 25 to 30 cc. of alcohol was used, in ad-
dition to the more volatile solvents, chloroform and ether. Alcohol was
chosen as the less volatile solvent, because all of the lead salts of the
saturated acids are insoluble in it, while those of the unsaturated salts
are seemingly slightly soluble, and become more so when they are oxi-
dized. On evaporating the ether and chloroform, the temperature is
rapidly lowered, reducing the solubility of the lead salts; and the propor-
tion of these solvents to alcohol is lessened to a degree that results in
precipitating all the more insoluble lead salts. In practically every case
all of the filtrates obtained from the various precipitates were evaporated
until they became turbid. If there were any indications of the presence
of salts of the saturated acids the precipitates were weighed if sufficiently
pure, or otherwise redissolved and then reprecipitated. In this way
even slight amounts of the salts of the saturated acids held in solution
could be recovered and it was possible to determine with certainty all but
negligible quantities.

Cottonseed oil.—The procedure followed in Expt. 1 is recorded in
detail. This procedure was varied in some minor points in the later ex-
periments, as noted, in order to study the extent to which the results se-
cured in each case represented the actual percentage of saturated lead
salts present and to determine how dependent they were upon the pro-
cedure, The method, if fully applied, should, of course, yield uniform
results even when it is varied within wide limits.

Expt. 1.—Formed lead salts from 2.9140 g. of free fatty acids decanted water as
much as possible and then removed adhering drops with 25 cc. of dehydrated alcohol
in several portions which were then poured into the suction cylinder; dissolved lead
salts in 20 cc. of hot chloroform (solution clear) and evaporated to about 7 cc.; added
about 60 cc. ether; boiled for a moment and poured into suction cylinder; solution clear
at first but on cooling soon became turbid; washed out original flask with another small
portion (about 2 cc.) of hot chloroform and added small amount of ether; poured into
cylinder containing main solution and added ether until total volume equalled 120 cc.
(25 cc. of dehydrated alcohol + 8 cc. of chloroform 4+ 85 to 90 cc. of ether). Suction
reduced the volume to 70 cc. (temperature of solution between 5 and 10°). Filtered
readily.

R);sidue A.—Slightly yellow at 100°; redissolved in 20 cc. of hot chloroform;
evaporated to about 8 cc. (clear while hot); added 50 cc. of ether; boiled for a moment;
allowed to cool at room temperature for about 20 minutes; became very turbid; heavy

precipitate settled to bottom and liquid became clear. Filtered readily, as Residue 4.
Filtrate a.—Continued suction to about '/, volume; turbid; on standing two liquid
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layers separated; lower heavy, oily and strong yellow appearances; no solid precipitate
evident.

Restdue A;.—White at 100°. Repeated treatment as for Residue 4 and filtered
off precipitate as Residue 4.

‘Residue Ap—Entirely white at 100°. Amount 0.7587 g.; m. p. 104.8-105.4°;
melted to slightly opaque bands. Determined free fatty acids on 0.3702 g. Found,
0.2337 (68.53%); m. p. 58.2-58.5°. Added 20 cc. of petroleum ether (b. p. 35-75°)
to free fatty acids; solution very faintly turbid; became entirely clear on addition of
equal volume of ether. Suction reduced the volume to ?/;; heavy precipitate; filtered;
residue slight; evaporated solvent; m. p. of residue 58.3°. Continued suction on filtrate;
secured another residue; amount very slight; m. p. 58.5°; readily soluble in petroleum
ether; continued suction on filtrate until volume became about 5 cc.; filtered; evaporated
off solvent; m. p. of residue 58.3°.

Filtrate ap.—Combined with Filtrate a;; added 20 cc. of 95%, alcohol; suction;
very slightly turbid at first; became stronger at 20 cc. (precipitate largely clinging to sides
of flask); decanted and filtered.

Residue Bgp.—Dissolved in slight amount of hot chloroform (1 to 2 cc.), and 2 cc.
of dehydrated alcohol and 20 cc. of ether; suction applied until the solution became tur-
bid; filtered.

Restdue Cgp.—Evaporated off solvent and heated at 100°; dark brown and brittle:
entirely solid. Amount, 0.0185 g.

Filtrate bsp.—Continued suction; very slight precipitate adhering to cylinder;
strong yellow in color and sticky.

Calculation.—Total lead salts of saturated acids; Residue 4;, 0.7587; Residue
(Cap), 0.0185; total, 0.8772 g. 0.7772 X 0.6845 = 0.5320 g. of free saturated fatty
acids = 18.28%, of total fatty acids.

In order that the slight amounts of water that continued to adhere to the lead salts
after decantation (Expt. 1) might not retard the solvent action of the chloroform these
were washed out with dehydrated alcohol. After solution of the lead salts in chloro-
form, as much as possible is again evaporated, before ether is added to avoid difficul-
ties met in filtering solutions containing considerable quantities of chloroform. Evi-
dently all of the salts of the saturated acids were removed by the first fractionation
(Residue 4) for none could be separated from Filtrate a. However, since some salts
of the unsaturated acids were present in Residue 4 it was redissolved in chloroform
and ether, but in order to remove the salts of the unsaturated acids completely no al-
cohol was added and no suction was attempted. In this way, after two fractionations,
it was possible to obtain a product Residue A4} of satisfactory purity.

The salts of the saturated acids held in the solutions secured in purifying this
Residue were removed as described under Filtrate ap; 20 cc. of 95% alcohol wasadded
to produce greater insolubility giving Residue B,; which was refractionated once
more from a solution containing only a slight amount of alcohol, giving Residue Cgp.
This residue by no means consisted only of the pure salts of the saturated acids, as was
shown by the fact that it became discolored at 100°. However, it undoubtedly consisted
primarily of the salts of the saturated acids. The weight of the salts of the unsaturated
acids present probably about equalled the weight of salts of the saturated acids that re-
mained in Filtrates cgp and b5 and which were otherwise lost.  The precipitate ob-
tained from the filtrates on applying suction was very slight and decidedly viscous,
indicating that the quantity of saturated salts lost is negligible.

In order to ascertain the purity of Residue 4} its free fatty acids were prepared and
examined. They were readily soluble in petroleum ether, the solution showing only a
very faint turbidity, such as might be due to the oxidized unsaturated acids which are
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very insoluble in petroleum ether. The melting points of the fractions separated
from these solutions were practically identical. There was not sufficient material left
to permit the determination of the iodine number, but in Expts. 2, 3 and 4 the iodine
number was determined and was found to be negligible. On the basis of these observa-
tions the conclusion may be safely drawn that no appreciable amounts of unsaturated
acids were present in the residues obtained by the fractionation method.

Expts. 2, 3 and 4 were conducted in very much the same manner as Expt. 1, except
for minor variations. In Expt. 2 the fractionation was continued until the original
solution had been reduced to 65 cc. Residue A was refractionated three times before
being weighed and its fatty acids determined. A fourth fractionation was made on a
portion of it in order to determine its melting point, which was found to be in close agree-
ment with those previously determined. In Expts. 3 and 4 the precipitates were washed
with small portions of ether after filtration had been completed, the washings being
acdded to the filtrates. Expt. 4 was conducted very much in the same manner except
that Residue Cgp was secured from the Filtrate b, and added to Residue Bgp, the
two again dissolved in about 2 cc. of chloroform; 20 cc. of ether added and after cooling
yielded Residue Bgps. The filtrates from these residues (Filtrates cgp, bgpa) were
evaporated; the former gave a very little liquid that was not viscous, while the latter
left a slight yellow viscous residue. Seemingly neither contained salts of the saturated
acids. The weights obtained in this experiment, although higher, are not much above
those secured in the previous experiments. In this experiment Residue 4, was frac-
tionated three more times after its weight had been determined, and the melting points
of the residues were taken each time. ‘These agreed very closely with each other, thus
indicating the purity of the original residue. In Expts. 2, 3 and 4 no alcohol was added
to the mixture of chloroform and ether used for purifying Residue B,p and a somewhat
purer residue was secured than was the case with the corresponding residue in Expt. 1.

Expt. 5 gives the results obtained when the lead salts were boiled with ether and
determined according to the method of the Association of Official Agricultural Chem-
ists.! The percentage of free fatty acids contained in the residue (checked by duplicate
determination) is lower than that found in the previous experiments, where it approxi-
mately equalled the figure reached by calculation. The reason for the deviations is
not entirely apparent. The percentages of the saturated acids are determined on the
basis of the original oil in this experiment; but by means of the saponification number
they can be calculated to the total fatty acids, unsaponifiable matter being neglected.
Tte iodine number of the fatty acids secured in this experiment is considerable, and
solubility in petroleum ether is not complete, indicating the presence of partly oxidized
unsaturated acids.

Olive Oil.—The only significant variation attempted in the fractionation pro-
cedure as applied to olive oil consisted in cooling the solution of the lead salts when first
secured (Expt. 1). This was done on the supposition that less of the saturated acids
would thereby be held in solution. However, it seems there is no advantage in this
since Residue Ap was decidedly discolored. The combined filtrates from the purifica-
tion of the main residue were fractionated and two fractional precipitates removed.
The final filtrate on evaporation proved to contain only a liquid residue, indicating the
absence of salts of saturated acids. The iodine numbers of the fatty acids were slightly
high when fractionation methods were used, but litttle contamination was indicated.
When the lead-salt-ether method was used the jodine number indicated the presence
of unsaturated acids in somewhat larger quantities.

Mutton Tallow.—The fractionation procedure was used in two experiments. In
these as well as in the following experiment where the lead-salt-ether method was used

t Loc. cit.
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CorroN SEEDY.OIL—I VAL. 112. SAroN. VAL. 192:

1 2.9140 Ay 0.7587

Cab 0.0185
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Ap 1.1616
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Cap not clear

A, 105.2-105.6
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Cap 104106
(not clear)
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(not clear)
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Babs 104.5-106.0
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A4 105.8
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2 48844 Ay 0603 Ay 103 (not clear) Ay 70 14 1146 AL 3% 6-540. Ay 10
B., 0.1080
Total 0.7163 With very faint turbidity.
3 4.1778 A 0.5313 A 103 (not clear) A 69.80 9.79 A49.5-50.0 A 2.3 With very faint turbidity.
MvurroN TarLow—I VAL. 38. SAPON. VAL. 194
1 2.2300 A, 1.6542 A, 100.2 A, 68.79 57.32 A, 55.8-56.0 A, 5.5 Cousiderable part insoluble.
Bape 0.2040
Total 1.8582
2 1.4860 A, 1.0807 A, 101.2 A, 69.16 57.18 A, b5 4 A, 7.2 Counsiderable part insoluble.
Babe 0.1480
Total 1.2287
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LinsEED O, (Raw)—I VaL. 188. SaPon. VaL. 194:
1 3.4178 Very considerable part in-
soluble.
2b  4.0138 ' Very considerable part n-
soluble.

21f temperature increases very slowly the column begins to break at 103.5° and then to contract and slowly liquefy; at 106.2° the haziness
disappears entirely and transparent bands are formed.

* Conducted according to the method of the Ass. Off. Agric. Chem. (loc. cit.); other experiments were conducted according to
fractionation method. ‘

The notations used in this table are similar to those used in Expt. 1 of the text (page 1322). Allresidues are designated by cap’tals; the
filtrates from which they have been separated by the corresponding small letters, while the filtrates from which they are derived by the letters
immediately preceding in the alphabetical order. When a residue is secured by first redisso'ving a previous one and again precipitating,
sub-letters are added in the aphabetical order. Thus Bay. is the residue in Expt. 1 (olive oil) derived from Filtrate a,,. which resulted on
combining Filtrates a,,ap, and a.; while (Cupe) is the residue separated from Filtrate c.,e which resulted when Residue B, was separated from
Filtrate b,pe. Residue Bap, in Expt. 4 (cotton sced oil) is secured by dissolving Residue B,y in Solution by, and fractionating ont (Baa).

‘SAIOV ALLVA J0 SLIVS AvdT HHL 0 NOILLVIVJIHES,
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a comparatively high iodine number was obtained. A product insoluble in petroleum
ether was found in the fatty acids secured from the residues by the fractionation method;
practically no such insoluble residue was obtained when the lead-salt-ether method was
used, where there was less contact with air and where, therefore, oxidation had not
progressed to such an extent as was possible in the course of the fractionation method.
The results obtained by the latter method would seem to indicate the presence of an acid
that is more unsaturated than either oleic or linolic acid. Both of these acids were
present in the oils used in the previous experiments but no appreciable amount of prod-
uct insoluble in petroleum ether was found. Since Farnsteiner! found linolenic
acid to be present in beef tallow it is probable that the impurity found in the residue
from mutton tallow is also due to this acid. In the succeeding experiments on linseed
oil where linolenic acid is undoubtedly present in quantity an ether-insoluble product
was also obtained.

Linseed Oil (Raw).— The experiments onraw linseed oil show that some of the
unsaturated acids present in this oil form products whose lead salts are insoluble in hot
boiling ether or chloroforin, while the corresponding free fatty acids are insoluble in
petroleum ether. This is the case even when the lead-salt-ether method is used.
As already shown this is not due to the presence of less unsaturated acids. The con-
clusion is therefore justified that it is due to the presence of a more unsaturated acid,
such as linolenic acid. This acid is not present in the other oils, but it is undoubtedly
present in linseed oil in considerable quantities, in accordance with the investigations of
Fahrion? and others who found that the product insoluble in petroleum ether is formed
primarily by the oxidation of linolenic acid. Since it was not possible to secure the salts
of the saturated acids in any considerable degree of purity, no quantitative determina-
tions of them were made.

Results.—The quantitative results are summarized in the table. In

the case of cottonseed oil the presence of unsaturated acids accounts for
the fact that the results by the lead-salt-ether method are higher than
those by the fractionation method; although the former method does not
vield all of the saturated acids, as shown by the fact that some lead salts
of these acids continued to separate from the ether after filtration. In
the case of olive oil, on the other hand, the percentage of the saturated
acids found by the lead-salt-ether method is lower than that found by
the fractionation method, in spite of the fact that the iodine number
when the former method is used is higher than with the latter, thus indi-
cating the presence of a greater quantity of unsaturated acids. How-
ever, it is probable that the amount of the saturated acids held in solu-
tion when the lead-salt-ether method is used more than equals the amount
of unsaturated acids that separate; particularly since a large proportion
of the latter is present.

In the case of mutton tallow the results by the lead-salt-ether method
are again higher than those by the fractionation method. Here the un-
saturated acids are in lower proportion—less than !/, of the total acids—
so that there is less tendency for the salts of the saturated acids to re-
main in solution. Furthermore, the large amount of the latter present

1 Loc. cit.
2 Loc. cit.



SEPARATION OF THE LEAD SALTS OF FATTY ACIDS. 1335

prevent the quantity of saturated acids so held from affecting the per-
centage so much. The iodine numbers of the residues secured by both
methods are about the same. We can, however, not deduce from this
that the natures and quantities of the unsaturated acids present are the
same; their different solubilities in petroleum ether indicates that thisis
not the case. With the fractionation method the iodine number is proba-
bly due almost entirely to the presence of oxidized linolenic acid, since
the other less saturated acids, as shown in the cases of cottonseed oil
and olive oil, are not separated by this method to any extent. In the
case of the lead-salt-ether method, we may expect the iodine number
to be due to the less unsaturated acids as well as to linolenic acid. Since
the iodine absorption of oleic and to a lesser extent of linolic acid is low
as compared to that of linolenic acid (even when the latter is partly oxi-
dized), considerable quantities of the former acids may be present in a
mixture that has the same iodine number as that given by a compara-
tively slight amount of linolenic acid. However, the number of deter-
minations made is not sufficient to justify a final conclusion on this point.

Proposed Method.—The lead salts are formed from 2 to 5 g. of
free fatty acids, the quantity depending upon the proportion of the
saturated acids to be expected. At the same time long exposure to
the air and high temperatures are avoided. Asmuch of the water as possible
is decanted and the balance finally removed completely with 20 cc. of
dehydrated alcohol in several portions, which are then decanted into a
cylinder. 'The lead salts are then dissolved in 20 cc. of boiling chloroform,
the solution evaporated to about 8 cc., after which about 60 cc. of ether
is added, the whole boiled for a moment and the solution poured into the
cylinder containing the alcohol. The flask is washed out with the least
possible amount of hot chloroform and ether, and the total volume in
the cylinder made up to 120 cc. by the addition of ether. Air is then
aspirated through this solution until the volume has become reduced to
65 or 70 cc., when the solution is filtered through a Gooch crucible. The
precipitate secured in this way is again dissolved in the smallest possible
ammount of boiling chloroform, about 50 cc. of ether added, the whole
boiled for a moment, and then allowed to cool. The mixture of solution
and precipitate is filtered and the precipitate washed three times with
10 cc. of ether. This is repeated until a sufficiently pure precipitate is
secured. The filtrates are combined, 20 cc. of 959, alcohol is added,
and the volatile solvents are aspirated off until the volume has been re-
duced to about 30 cc. 1If, after filtering, the precipitate is not discolored
very greatly at 100°, it is weighed; otherwise it is re-dissolved in about
3 cc. of boiling chloroform, about 20 cc. of boiling ether added, the solution
cooled and filtered, and the residue weighed. The amount of this resi-
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due is added to that of the main residue, and the total gives the amount
of the lead salts of the saturated acids present in the sample.

Summary.

The separation of the lead salts of saturated fatty acids from those of
the unsaturated acids has been studied. The procedure adopted for this
purpose consists in dissolving the lead salts in 3 solvents, alcohol, chloro-
form and ether, the latter two of which are more volatile than alcohol
and at the same time exert a greater solvent action; and in then volatil-
izing them untill all the more insoluble salts are precipitated. This pro-
cedure was found to give sharper and more easily controlled separations
and it affords greater convenience and thoroughness than is possible with
any other method. It permits practically the complete removal of
all the salts of the saturated acids from their solutions, including solvents
used in purifying the precipitates. The fractionation procedure was
varied in the different experiments, but the results were in fair accord
and within wide limits were independent of the quantities of the fatty
acids used.

An attempt was made to determine the effect of the presence of un-
saturated acids upon the results. From oils or fats containing the more
unsaturated acids, such as linolenic acid, it is not possible to obtain the sat-
urated fatty acids in an approximately pure state by either the fractiona-
tion method or the lead-salt—ether method. On the other hand, the free
fatty acids isolated from the main residues obtained from the oils contain-
ing the less unsaturated acids, oleic and linolenic, were found to have
practically no iodine number and to be readily soluble in petroleum ether.
No evidence of the presence of any unsaturated or oxy-acids could be dis-
covered. We may conclude, therefore, that in an oil or fat from which
the more unsaturated acids are absent, not only can the bulk of the sat-
urated acids be sec ured with a high degree of purity by the fractionation
method, but also that the figure obtained for the total percentage present
may be taken as very nearly correct.

Negw Yorg, N, V.



