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wet strengths of the bonds are significantly inereased.
This possibility of modifying the glue bonds to in-
crease their wet strengths, i.e., to increase the forces
of adhesion by substituting other attractive forces for
ionic forces, is the subject of another investigation.

Summary

The resistance of cottonseed and peanut meal and
casein birch plywood glue bonds to organic and inor-
ganic reagents for periods ranging from 1 to 14 days
was determined. It was suggested that the prinecipal
attractive forces involved in the protein bonds were
ionic or valence forees and that differences observed
in the resistance of the glues to chemical reagents

Fatty Acid Amides. IV." Reaction

Ammonia and Amines’

were probably due to variations in the amino acid
constitution of the proteins.
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of Fats With

EDWARD T. ROE, JEANNE M. STUTZMAN, JOHN T. SCANLAN, and DANIEL SWERN,
Eastern Regional Research Laboratory,® Philadelphia, Pennsylvania

ATTY acid amides have a well-established indus-

trial position, and their use is widespread and

increasing (7, 11). In the commercial prepara-
tion of fatty acid amides, fatty acids, rather than fats,
are treated with ammonia or amines. The main reason
for this is probably the availability of inexpensive,
purified fatty acids, notably from vegetable oil foots
and inedible animal fats. A large increase in the de-
mand for amides, coupled with the need for utilizing
fatty acids in other applications, would probably re-
quire that fats themselves be employed as starting
materials. The direct conversion of fats to amides and
glycerol by reaction with ammonia or amines appears
to be an attractive reaction because of its apparent
simplicity and the ready availability and low cost of
the starting materials. Numerous studies of this reaec-
tion have been published in the patent literature, but
only a few reports have appeared in technical jour-
nals deseribing systematic investigations (1,7, 8, 11).

Study of the published reports reveals considerable
difference of opinion regarding the best techniques
for quantitative conversions of fats to amides and
glycerol. The points in question are the time and
temperature of reaction, the desirability of operating
under anhydrous or aqueous conditions, the need for
catalysts, such as ammonium chloride and other salts,
and the quantity of ammonia or amines required.
Furthermore the basis for assuming that high vields
have been obtained is not clear from much of the
published work and, in some cases, is open to serious
question. In most patents the assertion that quanti-
tative yields are obtained is usually unsubstantiated
by actual experimental data.

As part of a systematic investigation of the prepa-
ration and characteristies of nitrogen-containing fatty
materials in progress in our laboratory (12, 13, 14, 15,
17), it was considered desirable to study the direct
conversion of some selected fats to amides and glycerol
to define conditions for obtaining quantitative yields

1The previous paper in this series is reference 14.

? Presented at the Fall Meeting of the American Oil Chemists’ Society,
Chicago, Il., Oct. 8-10, 1951.

? One of the laboratories of the Bureau of Agricultural and Industrial
Chemistry, Agricultural Research Administration, U. S. Department of
Agriculture,

of products. A major portion of the present investi-
gation was devoted to a study of the direct conversion
of beef fat (in this study, oleo oil) to amides and
glycerol since the most plentiful inexpensive domestic
industrial fats are of animal origin. To demonstrate
the generality of this work and to extend its utility,
olive, castor, and tobacco seed oils were included. The
direct preparation of N-(n-dodecyl)- and N-(2-hy-
droxyethyl)- as well as unsubstituted amides was also
studied.

An additional line of work investigated, after condi-
tions had been developed for quantitative conversion
of fats to amides and glycerol, was the fractionation
of amides by erystallization techniques in an attempt
to prepare purified fatty acid amides. These could
presumably then be readily converted to fatty acids
by hydrolysis or employed in applications where their
specialized properties made them valuable. The rea-
sons for employing amides for the preparation of pu-
rified fatty acids, particularly the unsaturated ones,
were that they are among the highest melting fatty
acid derivatives, and their solubility in organic sol-
vents is usually so low that they can be conveniently
crystallized at or above 0°C. In general, crystalli-
zation for purification of unsaturated acids requires
temperatures in the range of —40° to —80°C. (7,11),
and it would be a considerable advantage to be able
to conduet the purifications at higher temperatures.
With the exception of ricinoleamide from castor oil,
oleamide from olive oil, and perhaps N-(2-hydroxy-
ethyl) oleamide from oleo oil, amides of high purity
(above 909 ) were not obtained, presumably because
the solubility of all the components of the mixtures
were considerably reduced and, more important, the
differences in solubility of the various amide types
(based on degree of unsaturation) were probably too
small for efficient fractionation. Some degree of frac-
tionation was achieved however in all cases.

Experimental

All reactions with amines were conducted in an
atmosphere of nitrogen; those with ammonia in an
ammonia atmosphere.
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TABLE I
Reaction of Methyl Oleate With Ammonia

28¢, Aqueous Ammonia

= Temp., Time, Quantity : O%eizi‘r?li?iie . "
xpt. No. °Q. Hours of NHy } Isolated Special Conditions and Remarks
"
25 25 | a { 0 | Oleic acid added in an amount equal to 2% by weight of methyl oleate.
25 25 | L. a ;‘ 0 J Methanol present in an amount equal to that of methyl oleate.
100 6 | ... a 0.7-2.5 ‘ Conducted both in absence and presence of 2% of oleic acid.
150 1 a ‘ 1 :
150 3 - 25 \
Brverereeeesessssessssnsesesneresernne, 150 6 | a 45 ;
SR 150 6 | . A 50 ’ 204 of oleic acid present.
Bureerririrrrers e trtaea s ainateee e 150 6 [N a 32 ; 135 g. of ammonium chloride present per 100 g. of methyl oleate. Re-
{ | action product darkly colored.
Dttt e rr s 175 6 i a 50 | Conducted both in absence and presence of 2% of oleic acid.
Anhydrous Liquid Ammonia
25 6 l ...... b Trace J
100 T e 7892 |
135 6 ] ...... ¢ 40 }
135 12 e LI 62 5
165 6-12 ‘ ...... e 86-90 1‘ The shorter time gave the slightly lower yield.
175 3 ‘ ...... o 78 i
B PPN 175 6-12 & ...... < ‘ 85-89 ;
L RO 175 6 | ¢ 86 %
T Bueveirieireieeerenreeieacenreassrerarerrren 200 6-12 ] ...... e 79-83 Reaction product darkly Vco]ored.
L1t iiireee e einiresrarn e aansernens 200 12 : ...... a 75 Reaction product darkly colored.

2900% excess.

b3 ml, NHs : 2 ml. methyl oleate (approx. 22 moles NH; per mole methyl oleate)
c1 ml. NHy : 1 ml. methyl oleate (approx. 15 moles NH; per mole methyl oleate)
41 ml. NHy : 2 ml. methyl oleate (approx. 7.5 moles NHj per mole methyl oleate)

Starting Materials. Beef fat (edible ‘‘oleo oil’’):
acid number, 0.8; saponification number, 195; iodine
number, 43.7-39.7 (changed during storage and han-
dling ; polyunsaturated acids, 3.3% (2).

Olive oil (edible grade) : acid number, 1.5; saponi-
fication number, 193; iodine number, 80.9.

Castor oil (U.S.P. grade) : acid number, 2.1; saponi-
fication number, 183; iodine number, 86.1; hydroxyl,
4.79%.

Tobacco seed oil was prepared by extracting the
ground tobacco seed with petroleum naphtha (hexane
fraction) in a Soxhlet extractor. The solvent-free oil
had the following characteristies: saponification num-
ber, 195; iodine number, 132.0.

Methyl oleate, iodine number, 83.5, methyl oleate
-content, 97.5%, was prepared by the esterification of
purified oleic acid obtained from olive oil by multiple
low-temperature fractional crystallization and distil-
lation (3, 16).

7 -Dodecylamine and monoethanolamine were ob-
tained by fractional distillation of the purest com-
mereial grades through efficient columns. They had
the correct physical and chemical characteristics. An-
hydrous liquid ammonia was the purest commercial
grade. It was purchased in cylinders and was used
without further purification. The 28% aqueous ammo-
nia was the A.C.S. grade.

Preparation of Amides. Before investigating the re-
action of fats with ammonia, a systematic study was
conducted on the ammonolysis of methyl oleate. This
compound was selected because the determination of
yield is simpler when a single amide is produced and

the reaction conditions can be translated directly to
the ammonolysis of triglycerides.

Reaction of Methyl Oleate With 28% Aqueous Am-
monia. Fifty-nine grams (0.2 mole) of methyl oleate
and 123 g. of 289 aqueous ammonia (2.0 moles of
NH,) were placed in a specially constructed stainless
steel bomb (400 ml. capacity ), which was then rotated
end over end in a thermostatically controlled oil bath
(9). Experiments were conducted from 25° to 175°C.
for various reaction times (Table I). After the bomb
had cooled, the contents were transferred to a beaker
and agitated while being warmed on the steam bath
to expel excess ammonia. The mixture was then made
slightly acid by the addition of 6N hydrochloric acid,
and the melted layer of fatty material was washed
with warm water until free of acid. It was then dis-
solved in petroleum naphtha (hexane fraction) (3 mL
/g.), treated with activated carbon, and filtered. The
filtrate was adjusted to 5 ml. of solvent per gram of
solute and eooled to 0°C. to precipitate oleamide. Ta-
ble T shows the results of these experiments. The yield
of oleamide given is that isolated as precipitate from
petrolenm naphtha at 0°C. Based upon recrystalliza-
tion experiments with erude and pure samples of ole-
amide, it is estimated that approximately 85 to 90%
of the oleamide present was isolated. ‘

Evaporation of the filtrate after separation of ole-
amide yielded a liquid product consisting almost en-
tirely of free acids.

Reaction of Methyl Oleate With Liquid Ammonia.
Thirty grams of methyl oleate (0.1 mole) were placed
in a stainless steel bomb (400-ml. capacity) and cooled
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TABLE II
Characteristics of Mixed Amides From Fats
Todine No. B
Amides M.P, __ odme e | Ester Acid
C. Caled. | Found No. Xo.
Unsubstituted amides 78-84 41.8 41.7 2.9 2.6
(from oleo o0il)
Unsubstituted amides 73-7T4 84.9 83.2 3.0 1.5
(from olive oil)
Unsubstituted amides?2 62-64 90.1 85.6 4.3 1.5
(from castor oil)
Unsubstituted amides 59-65 138.6 136.5 2.7 3.4
(from tobacco seed oil)
N-{n-Dodecyl) amides 62-68 28.4 28.1 3.2 4.1
(from oleo oil)
N-(2-Hydroxyethyl) am- 76-85 39.4 38.4 3.2¢ | ..
idesP (from oleo oil)

a Hydroxyl, 4.69% (caled. 5.0%).
» Hydroxyl, 5.46% (caled. 5.4%).
¢ Saponification number.

to —45°C. Thirty ml. of liquid ammonia were drawn
off into a graduated cylinder (4, 6), packed in solid
carbon dioxide, and added to the cold methyl oleate.
The lid (also cooled to —45°C.) was then quickly put
in place and screwed down. Experiments were con-
ducted from 25° to 200°C. for various reaction times
(Table 1), as described in the previous paragraph.
After cooling, the excess ammonia was vented through
a needle valve before the bomb was opened. The gran-
ular solid was dissolved in petroleum naphtha and
then decolorized and crystallized at 0°C. using 7 ml.
of solvent per gram of solute. Substantially quanti-
tative conversion of methyl oleate to oleamide was ac-
complished by heating it for 6 hours at 170° =+ 5°C.
with one-half its volume of liquid ammonia (experi-
ment nos. 14, 16, and 17; Table T).

Reaction of Fats With Liquid Ammonia. In the
initial experiments the volume of liquid ammonia was
one-half that of the fat since it had been shown with
methyl oleate that quantitative conversion to amides
was obtained in this way (Table I). Similar results
were obtained however even when the volume of lig-
uid ammonia was one-fourth that of the fat, and all
subsequent work was conducted with this ratio.

The preparation of unsubstituted amides from oleo
oil is typical of the reaction of all the triglycerides
with liquid ammonia.

Three hundred and fifty ml. (314 g., 0.364 mole)
of oleo o0il (iodine number 39.7) were placed in a
stainless steel bomb (700-ml. capacity), and the lid,

which was provided with a needle valve, was put in
place and seeurely tightened. The bomb was cooled
to —50°C. and evacuated by means of a mechanical
pump. Ninety ml. of liguid ammonia were drawn off
into a graduated separatory funnel packed in solid
carbon dioxide, and the ammonia was then introduced
into the bomb through the needle valve. The bomb
was then heated to 170° =+ 5°C. for six hours with
rocking (caleulated pressure, approximately 2,500 1b./
sq. in.), after which it was cooled to room temperature.
The excess ammonia was allowed to escape through the
needle valve, and the vellow solid remaining in the
bomb was transferred to a beaker and washed free of
glycerol with several hot water washes. On eooling,
the oily laver formed a hard cake which was broken
up and dried, yielding 294 g. (98% ) of mixed amides,
characteristies of which are given in Table II.

By the same procedure unsubstituted amides of olive
oil, tobacco seed oil, and castor oil were also prepared
in substantially quantitative yield (Table II).

Glycerol was readily recovered in high yield from
the aqueous washes by evaporation of the water and
vacuum distillation of the erude glycerol eoncentrates.

N-(n-Dodecyl) Amides of Oleo Oil. A mixture of
43 2. (0.05 mole) of oleo oil {iodine number 43.7) and
30 g. (0.156 mole) of n-dodecylamine was heated for
three hours at 230°C. When the mixture had cooled
below 100°C., 1IN hydrochloric acid was added with
stirring. The layers were allowed to separate, and the
aqueous layer was removed after the amides had solid-
ified. The amide cake was remelted and washed several
times with hot water until free of acid, yielding 65.6
g. (98%) of mixed dodecyl amides; m.p. 62° to 68°C.
(Table IT). Glycerol was readily isolated by distilla-
tion of the combined agneous layers.

In a larger run consisting of 500 g. of oleo oil and
325 g. of n-dodecylamine, an approximately 90% con-
version to amides, m.p. 62° to 68°C., was obtained.
This material was employved in the fractionation re-
ported in Table ITI.

N-(2-Hydroxyethyl) Amides of Oleo Oil. A mixture
of 500 g. (0.58 mole) of oleo oil (iodine number 43.7)
and 159 g. (2.1 moles) of monoethanolamine was re-
fluxed for 15 minutes. The cooled reaction mixture was
dissolved in warm petroleum naphtha (10 ml./g.) and
washed several times with warm 109 sodium sulfate
solution to remove the excess monoethanolamine and

TABLE III
Fractional Crystallization of Mixed Amides From Fats

Crystallized Amides

Mixed
Amides Fraction I Fraction IT Fraction ITT Filtrate
M Tod Solvent® (Crystn, Crystn. Crystn.
5 CP odine Temp. Yield M.p. Iodine|Temp. Yield M.p. TYodine|Temp.Yield M.p. Iodine Yield M.p. Iodine
: no. °C. % °C. no. . % °C. no. °C. Yo °C. no. % °C. no.
Unsubstituted
78-84 41.7 A, 5/1 25 46.8 9597 134 37.0 B7-72 69.6 | .icoi ceeer e eenen 11.2 3940 67.1
! | 78-7T4 83.2 A, 8/1 24 8.8 87-88 34.2 74.9 74-75 82.9 | —30 8.0 69-73 98.6 4.7 39-53 157.9
Castor oil¢ 62-64 85.6 A, 5/1 0 69.0 65-66 86.3 13.3 62-63 91.2 ;| —40 4.4 59-60 99.5 5.7 39-43 107.5
Tobacco seed I semi-
31 o 59-65 136.5 A 5/1 15 8.0 85-90 43.3 5 11.0 67-71 1162 | —40 70.0 52-63 150.7 11.0 solid 119.2
N-(n-dodecyl)
amides semmi-
Oleo oild................. 62-68 28.4 E, 25/1 24 452 78-79 6.1 37.7 4555 46.6 | ... ... e e 116.3 solid 39.2
N-(2-hydroxyethyl i
amides !
Oleo 0il® .vrrrererenss 76-85 38.4 A, 15/1 0 54.8 86-92 9.2 27.2 57-59 T1.0 | ... iih e e [15.5 82-36 73.0
aA = acetone, B = 959 ethanol. The numbers indicate solvent ratio in ml./g.

b Qaled. for oleamide: iodine number 90.2.

¢ Caled. for ricinoleamide: iodine no. 85.3; % OX 5.72. The 9% OH of the mixed amides was 4.69; Fraction I, 5.39; Fraction II, 4.82; Fraction

III, 4.39; and Filtrate, 4.32.

4The acid number of the mixed amides was 6.0; Fraction I, 1.0; Fraction II, 1.7; Filtrate, 30.0.

¢ Qaled. for N-(2-hydroxyethyl) oleamide: iodine number 78.0.
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the glycerol formed. The solvent was evaporated, yield-
ing 525 g. (95%) of N-(2-hydroxyethyl) amides, m.p.
76.3° to 85.1°C. (Table I1).

Fractional Crystallization of Amides. Table I1I sum-
marizes the results obtained in the erystallization of
the amides prepared from the various fats. Crystalli-
zation temperatures above 0°C. were maintained for
two hours; 0°C. or below, overnight.

Hydrolysis of Amides to Free Acids. One mole of
amide fraction, obtained by crystallization as just de-
seribed, was refluxed with 1 1. of constant boiling
(approximately 209 ) aqueous hydrochloric acid. An-
alytical samples were removed at intervals, dissolved
in petroleum naphtha, and washed with warm water
until free of hydrochloric acid. Todine and acid num-
bers were then determined on the dried samples.

An oleamide-rich fraction (iodine number 85.5; acid
number, 1.4) required only two hours refluxing to
yield free acids with an iodine number of 78.4 (caled.
85.2) and an acid number of 192. Longer hydrolysis,
up to 24 hours, did not increase the acid number.

An N-(2-hydroxyethyl) oleamide-rich fraction (io-
dine number, 62.0; acid number, 0.8) was also com-
pletely hydrolyzed in two hours, yielding free acids
with an lodine pumber of 70.8 (caled. 71.5) and an
acid number of 191.

On the other hand, an N-(n-dodecyl) oleamide-rich
fraction (iodine number, 44.9; acid number, 1.4) re-
quired 24 hours to obtain an aeid number as high as
183.2. The iodine number of the free acids was 28.5
(caled. 56.4). Their chlorine content was 6.35%, indi-
cating substantial addition of hydrochloric acid to
the double bond.

Hydrolysis of the amides with aqueous sulfuric acid
or aleoholic potassium hydroxide proceeded too slowly
for practical use. With the former considerable in-
crease in color was noted.

Discussion

Table I shows that the maximum yield of oleamide
isolated from the reaction of methyl oleate with excess
28% aqueous ammonia was about 509% (6 hours reac-
tion at 150° to 175°C., experiment nos. 6, 7, and 9).
This yield appeared to be a limiting value probably
because of the competition between the hydrolytic and
ammonolytic reactions. Evidence for this conclusion
is the fact that evaporation of solvent from the acidi-
fied filtrate after separation of oleamide yielded a lig-
uid product consisting almost entirely of free acids.

Emulsions were frequently encountered in working
up the produets from experiments in which water was
present apparently because of the formation of ammo-
nium soaps. In the early experiments (mnos. 1, 3, 7,
and 9, Table I) a small amount of oleic acid was added
to the methyl oleate to obtain ammonium oleate im-
mediately, which would presumably favor contact be-
tween the ester and the aqueouns system, thus speeding
up the reaction. This was soon abandoned because it
had no beneficial effect and soaps were being formed
anyway. Addition of ammonium chloride did not fa-
vor amide formation (experiment no. 8) and resulted in
a dark reaction product. Oleamide was not formed or
was obtained only in traces at or below 100°C. (ex-
periment nos. 1, 2, and 3).

With anhydrous ammonia, quantitative conversion
of methyl oleate to oleamide was obtained (6 to 12
hours at 165° to 175°C., experiment nos. 14, 16, and
17, Table I). Above 175°C. (experiment nos. 18 and

19), the yield was lower and the reaction product was
darkly colored. Oleo oil, olive oil, castor oil and tobac-
co seed o1l were also converted to amides and glycerol
in substantially quantitative yields in the same way
(Table II). The ester numbers of the erude mixed
amides from the fats were about 3 to 4. These values
are not significant because even with rigorously puri-
fied amides, such as oleamide, ester numbers in this
range are usually obtained when the compounds are
refluxed with 0.2N alcoholie potassium hydroxide for
30 minutes.

It can be concluded from these studies that anhy-
drous liquid ammonia is preferable to 28% aqueous
ammonia for the conversion of fatty esters to amides,
a reaction temperature of 170° =+ 5°C. for 6 hours is
sufficient, ammonium chloride is not required and is
actually deleterious and, in the case of glycerides,
glyeerol is readily recovered in high yield.

A disadvantage to the use of anhydrous liquid am-
monia was the relatively high pressures involved. Tt
may be possible however to conduct the reaction at
moderate pressures by simultaneously introducing and
venting ammonia. In the conversion of fats to N-(n-
dodecyl)- and N-(2-hydroxyethyl) amides however at-
mospheric pressure reaction conditions were employed
(Table IT). Particularly significant was the quanti-
tative conversion of oleo oil to N-(2-hydroxyethyl)
amides in only 15 minutes by refluxing with ethanola-
mine. The conversion to N-(n-dodeeyl) amides how-
ever required 3 hours heating at 230°C. with n-do-
decylamine, and conversion to unsubstituted amides
required 6 hours heating at 170°C. under pressure
with liquid ammonia.

Crystallization of the amides from the varions fats
gave some interesting results although fractionation
was not as clear-cut in all cases as had been hoped
when this work was initiated.

In Table ITT are shown results of the fractional
crystallization from acetone of the unsubstituted
amides of oleo oil. Two main precipitate fractions
were obtained at room temperature and —20°C., re-
spectively. These can be deseribed as predominantly
saturated (iodine number 134) and predominantly
monounsaturated (iodine number 69.6), but no sep-
aration into pure amides could be achieved under
a variety of conditions, including recombination of
selected fractions and recrvstallization. Petroleum
naphtha and 95% ethanol were also employed as
solvents. Petroleum naphtha gave results similar to
those with acetone with respect to erystallization
temperatures and wields, but the precipitates were
difficult to filter and dry. Ethanol also gave results
similar to those with acetone, but lower crystalliza-
tion temperatures were required. Acetone was the
best all-round solvent.

Both acetone and 95% ethanol were employed with
the unsubstituted amides of olive oil. Acetone was su-
perior. As shown in Table III, after removal at room
temperature of a small amount (8.8%) of amide frac-
tion, which was predominantly saturated (iodine num-
ber 34.2), a substantial precipitate amounting to
about 75% of the starting material and consisting
mainly of oleamide (estimated purity 92%) was then
obtained at 0°C. Thus a high recovery (93% vield
based on the assnmption that olive oil contains 80%
oleiec acid) of oleamide was readily obtained from olive
oil amides by precipitation at 0°C. whereas precipita-
tion of oleic acid from olive oil acids requires temper-
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atures of about —60°C. The filtrate amides (iodine
number, 157.9) were predominantly linoleamide.

In Table III are shown the results obtained in
the crystallization from acetone of the unsubstituted
amides of castor oil. An 86% yield (based on the as-
sumption that castor oil contains 809% ricinoleic acid)
of ricinoleamide (estimated purity, >95%) (5) was
obtained by a single crystallization of the amides at
0°C. Ethanol was not as satisfactory for this frac-
tionation as was acetone.

The results obtained in the erystallization from ace-
tone of unsubstituted amides of tobacco seed oil were
not as good as had been anticipated, considering the
predominance of linoleic acid (as glycerides) in this
oil (Table ITI). It is estimated that the precipitate
obtained at —40°C. (iodine number, 150.7) contained
only about 70% of linoleamide. Petroleum naphtha
as solvent gave even less satisfactory results.

The N-(n-dodeeyl) amides of oleo oil were fraction-
ated (Table IIT) only from 95% ethanol because of
their extremely low solubility in acetone and petro-
leum naphtha. An approximately equal division into
two fractions was obtained: one consisting predomi-
nantly of saturated dodeeyl amides (iodine number
6.1) and the other (jodine number 46.6) predomi-
nantly of dodecyloleamide.

In Table ITI are shown the results obtained in the
fractional erystallization from acetone of the N-(2-hy-
droxyethyl) amides of oleo oil. Acetone was superior
for one reason or another to 95% ethanol, petroleum
naphtha, isopropyl aleohol, and mixtures of acetone
and petroleum naphtha. In ecrystallizing N-(2-hy-
droxyethyl) amides from acetane, eare should be ex-
ercised to remove free monoethanolamine completely
from the amides because of its reaction with acetone.
‘We avoided the use of hydrochloric acid to neutralize
excess monoethanolamine because of the possibility of
an acid-induced rearrangement of N-(2-hydroxyethyl)
amides to amino esters (10).

The N-(2-hydroxyethyl) amides yielded a fraction
predominantly saturated (iodine nmumber 9.2) and a
fraction (iodine number 71.0) consisting of about 909%
N-(2-hydroxyethyl) oleamide.

Attempts were made to isolate fractions even richer
in oleamide or substituted oleamides by recrystalliza-
tion of fractions rich in these substances. These ex-
periments were unsuccessful,

The hydrolysis of unsubstituted amides and N-(2-
hydroxyethyl) amides with constant boiling aqueous
hydrochloric acid was rapid and complete within two
hours, and the parent fatty acids could be readily
isolated. N-(n-Dodecyl) amides however hydrolyzed
slowly (24 hours), and chlorine-containing produects
were obtained when the hydrolysis was carried to
completion.

Summary

Conditions have been worked out for the quantita-
tive conversion of oleo oil, olive oil, castor oil, and to-
bacco seed oil to amides and glycerol by reaction with
liquid ammonia under pressure. Similarly methyl ole-

ate has been converted to oleamide in excellent yield.
The reaction of aqueous ammonia with methyl oleate,
however, gives a maximum yield of isolated oleamide
of only 50%, apparently because of competition be-
tween hydrolytic and ammonolytic reactions,

N-(2-hydroxyethyl)- and N-(n-dodecyl) amides have
also been prepared by the reaction of oleo oil with
monoethanolamine and n-dodecylamine, respectively,
at atmospheric pressure. Particularly significant is the
quantitative conversion of oleo oil to N-(2-hydroxy-
ethyl) amides by refluxing with monoethanolamine
for only 15 minutes. The conversion to N-(n-dodecyl)
amides however required three hours heating at 230°
C. with n-dodecylamine, and conversion to unsubsti-
tuted amides required six hours heating at 170°C.
under pressure with liquid ammonia.

Crystallization of the amides obtained from the
various fats yielded oleamide (purity, 92%) from
olive oil, ricinoleamide (purity, >95%) from castor
oil, and N-(2-hydroxyethyl) oleamide (purity, 90%)
from oleo oil. Little fractionation was accomplished
with the amides of tobaceo seed oil however. In the
fractionation of the unsubstituted and N-(n-dodecyl)
amides from oleo oil, fractions which were predomi-
nantly saturated and monounsaturated were obtained
readily, but no greater purification could be effected
by reerystallization.

Unsubstituted and N-(2-hydroxyethyl) amides were
readily converted to the corresponding free acids by
refluxing for two hours with constant boiling (approx-
imately 20% ) aqueous hydrochloric acid.
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