NoveEMBER 1954

70. Rheineck, A. E., Rabin, B., and Long, J. S., U. 8. Pat. 2,077,-
371 (1937).

71. Rheineck, A, E., J. Am. Oil Chemists' Soc., 28, 456 (1951).

72. Eckey, E, W, U. S. Pat. 2,558,518 (1951).

73. Harrison, S. A U. 8. Pat. 2622 071 (1952).

74. Jundson, B. E., U. 8. Pat. 2,612,515 (1952).
( 75. Rubin, W., J. 0il and Colour Chem. Assn., 35, No. 386, 418
195

76 Dunlap, L. H., Hassel, L. V., and Maxwell, J., J. Am, Oil Chem-
ists’ Soc., 27, 361 (19 0).
( 71. )Gourley, 8., J. 0Oil and Colour Chem. Assn.,, 33, No. 358, 175
19

78 Mueller, E. R., Eness, P. L., and McSweeney, E. E,, Ind, Eng.
Chem., 42, 1532 (19’)0)

79. C’locker E. T., U. S. Pats. 2,188,882 to 890 (1940).

80. Teeter, H. M., Geerts, M. J., and Cowan, J. C.,, J. Am. Oil
Chemists’ Soc., 25, 158 (1948).

81. Blckford W, G., Kraueczunas, P., and Wheeler, R. H., Oil and
Soap, 19, 28 (194‘))

82, Schwarcman A, U. 8. Pats. 2,412,176; 2,412,177,(1946).

83. Rochleder, F., Ann. 59, 260 (1861).

84, Haller, A., Compt. rend., 143, 657 (1906).

85. Jones, M. and Lapworth, A, Proe. Chem. Soc., London, 38,
141 (1914).

86. Bellet, L. M., Compt. rend., 193, 1020 (1931), 194, 1655 (1932).

87. Reid, E. X, "Am. Chem. J 45, 506 (1911).
) 88. )Pardee A. M and Reld E. E., Ind. Eng. Chem. 12, 129
1920).

89. Anderson, E., and Pierce, H. B., J. Phys. Chem,, 22, 44 (1918).

90. Feuge, R. O., and Gros, A. T.,, J. Am. Oil Chemists’ Soc., 26,
97 (1949).

91. Bradshaw, G. B., and Meuly, W. C., U. 8. Pat. 2,360,844 (1944).

92. Norris, F. A, and Terry, D E,, 0il and Soap, 20, 193 (1944).

93. Schlenk, H., and Holman, R. T., J. Am. Oil Chemists’ Soc., 80,

103 (1953).
94, Sussman, 8., Ind. Eng. Chem., 38, 1228 (1946).
95. Tremt, R. 8. Pat. 2432 181 (1945).

96. Holmberg, J., Acta Polytech., 45 (1949).

97. Edeler, A., and Richardson, A. S., Can. Pats. 340,803-05 (1934).

98. Christenson, C. W., U. 8. Pat. 2,022,493 (1935).

99. Eckey, E. W., and Clark, C. C.,, U 8. Pat. 2,065,520 (1936).

100. Arrowsmith, C. J., and Ross, J U. S. Pat. 2,383,581 (1945).

101. Ross, J., Bell A, O, Azrowsmn.h ¢. J., and Gebhart H. H,
Qil and Soap, 23 257 (1946)

102. Kuhrt, N H,, Welch, E. A, and Kovarik, F, J.,, J. Am. Oil
Chemists’ SOC., 27, 310 (1950).

103. Kuhrt, N, H., U. 8. Pat. 2,634,278 (1953).

104. Chipault, J., and Lundberg, W. O., Ann. Rep. Hormel Inst.
1946-47, 42,

105. Gros, A, T., and Feuge, R. 0., J. Am. Oil Chemists’ Soc., 26,
704 (1949).

Formo: EsTER REACTIONS 559

106. Barkenbus, C., Roswell, C. A,, and Mitts, A, E,,
Soe, 62, 1251 (1940).

167. Schwartz, G. L., U. 8. Pat. 1,558,299 (1925).

08. Norman, W., Ger Pat. 407, 180 (19 0).

109. Eckey, E. W. U. S. Pat. 2,378,006 (1945).

110. Kuempfe, G., Farben-Ztg., 40, 1009 (1935).

111. Powers, P. O. Ind. Eng. Chem., 42, 146 (1950).

112. Albert, K., Ger. Pat. 555,812 (19 2).

113." Greth, A, and Lemmer, F U. 8. Pat. 2217 363 (1940).

114. Schelber, J., Farbe u. Lack 1929, 393, 404, 418,

115. Friedel, C., and Crafts, J. R Ann 133 207 (1865).

116. Van Loon, C., Dutch Pat. 16,703 (1924‘).

117. Normann, W., Ger. Pat. 417,215 (1925).

118. Hilditch, T. P., “The Chemical Constitution of Natural Fats,”
2nd ed., p. 15, John Wiley and Sons, New York (1947).

119. Kartha, A. R. 8., “Studies on the Natural Fats,” vols. T and II,
Ernaculum, India (1951

120. Desnuelle, . and Naudet, M., Bull. Soc. chem., 1946, 90, 595;
1847, 323.

121." Van Loon, C., U. §. Pat, 1,878,513 (1932),

122. Barker, C Gra,wford R. V., and Hilditch, T. P., J. Chem.
Sec., 1951, 1194,

123 E key E. W, U. 8. Pats. 2,442,531, 2,442,532, 2,442,533,
2,442,536, 2,442,537 (1948)

124. Eckey, E. W., U. 8. Pat. 2,558,547 (1951).

125. Eckey, E. W., U. 8. Pat 2,378,005 (1945).

126. Royce, H. D, U. 8. Pat. 2,015,606 (1935),

127. Bailey, A. E,, Oil and Soap, 20, 132 (1943).

128. Gooding, O. M., U. S. Pat, 2,809,949 (1943).

129, Cowan, J. C., J. Am. Oil Chemists’ Soc., 27, 492 (1950).

130, Pabchke, R. F, ‘and Wheeler, D. H., J. "Am. 0il Chemists’ Soc.,
31 208 (1954).

Anderson, L. V., and Porter, J. V., Ind. Eng. Chem., 41, 741

(1949)

132, Bailey, A. E., “Industrial Oil and Fat Products,” 1st ed., pp.
280-284, Interscience Publishers Inc., New York (1945 )

133. Ibid., p. 682.

134. Mattll K. F., and Nelson, D., U. 8. Pat, 2,625,483 (195-’5)

135. Vanderwal R. J., and Akkeren L. A, U. S. Pat. Reissue
23,499 (1952).

136. Hilditch, T. P., Meara, M. L., and Holmberg, J., J. Am. Oil
Chemists’ Soc., 24, 321 (1947).

137. Abbett, A. D, U. 8. Pat. 2,442,538 (1948).

138. Eckey, E. W., U, 8. Pat. 2,442,535 (1948).

139. Eckey, E. W., and Formo, M. W., J. Am. Oil Chemists’ Soc.,
26, 207 (1949).

140 Eckey, E. W,, U, 8. Pat. 2,442,534 (1948).
(légl)Baur F. J., and Lange, W 'J. Am. Clem. Soc., 73, 3926

1

142, Eckey, E. W., U. 8. Pats. 2.378,005 and 2,378,007 (1945).

143. Naudet, M., Desnuelle P, Oleagmeaux, 7, 335 (1952).

144. Reut/en.auer G., and Slsley, J. P, Oleagmeaux, 3, 305 (1948).

J. Am, Chem.

Nitrogen-Containing Derivatives of the Fatty Acids

H. J. HARWOOD, Research Division, Armour and Company, Chiciago, !llinois

HE chemical literature describes the application
of almost all reactions of organic acids to the
higher fatty acids. Among these reactions are
many by means of which the nitrogen atom is intro-
duced into the molecule. Although the present dis-
cussion will emphasize
those processes which are
applied commercially,
many other typical reac-
tions will be mentioned.
Within the past two dec-
ades an important indus-
try has developed based
upon derivatives of the
higher fatty acids which
contain nitrogen. To a
very large extent the use-
fulness of these products
results from the properties
imparted by the nitrogen
atom, in combination with
the hydrocarbon chain.
Generally these useful
properties can be de-
seribed in terms of the
surface activity of the
molecule. Frequent references to this property will
be made throughout the following discussion.

H. J. Harwood

Usually nitrogen is introduced into the fatty-acid
molecule through the reaction of the carboxyl group
with ammonia or amines. By this means are obtained
amides and nitriles and, from these, amines and qua-
ternary ammonium salts. Modifications and deriva-
tives of these major classes make up the greater pro-
portion of the material to be presented here. Methods
of preparation and chemical reactions of various de-
rivatives will be discussed. Properties and uses will
be mentioned briefly.

Throughout the following diseussion chemical rede-
tions will be presented in general terms. The symbol
R will be used to designate either saturated or unsat-
urated normal aliphatic chains.

Amides

Simple amides are produced through the reaction
of a molecule of fatty acid and a molecule of ammonia
with .the elimination of one molecule of water (1) :

RCOOH + NH; — > RCONH. + H.0

This process is employed for the commercial prepara-
tion of the higher aliphatic ecompounds. . The fatty
acids are heated in a closed vessel to a temperature of
about 200° and are then subjected to a stream of
ammonia gas under slight pressure; continuous vent-
ing removes excess ammonia and water as it is
formed. .The resulting product consists of approxi-
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mately 90% amide together with small amounts of
the fatty acid and fatty-acid nitrile.

In the laboratory, reaction of ammonia with esters
or acid chlorides is frequently employed (2).

The simple saturated fatty-acid amides are rela-
tively high melting crystalline solids. Their solubility
in organic solvents is, in general, low (1); in water
they are essentially insoluble. The high melting points
and the low solubility of the amides are attributed to
molecular association through hydrogen bonding.

The higher saturated aliphatic amides undergo the
reactions typical of this class of compounds; those
derived from the more highly unsaturated fatty acids
are subject to rapid deterioration when exposed to
air (2). Pyrolysis of amides leads to disproportiona-
tion with formation of the corresponding fatty acid
and fatty-acid nitrile (3).

SRCONH: —2-— ROOOH -+ RCN + NH,

Catalytic hydrogenation of amides proceeds with some
difficulty to yield mixtures of primary and secondary
amines (4). Lithium aluminum hydride has been em-
ployed in the reduction of amides to primary amines
(5). Treatment of lauramide with aqueous alkaline
hypobromite solutions leads to the formation of N-
undecyl-N'-lauroylurea. However, treatment with so-
dium methoxide and bromine gives a high yield of
methyl undecylearbamate, which may be converted
readily to undecylamine (6).

The higher aliphatic amides are used as anti-tack
(to decrease adhesiveness) or anti-block (to prevent
adhesion) agents, as foam stabilizers, as mutual sol-
vents for blending of waxes with plastics, as ink addi-
tives for reducing slip and gloss, and as intermediates
in the preparation of textile softeners and water
repellents.

Secondary amides are prepared by the reaction of
the primary amide with an acid chloride.

RCONH; + RCOCl ——— (RCO).NH + HC1

The use of distearamide as a textile water-proofing
agent has been suggested.

N-Substituted amides are prepared through the re-
action of the fatty acid, its ester, or its chloride with
amines (1,7), or through the reaction of the simple
primary amide with certain reagents. The properties
of the substituted amide will depend upon the nature
of the substituting group. Those derived from simple
aliphatic or aromatic amines usually are waxy solids.

N-(Hydroxymethyl) (or methylol) amides are pro-
duced by the reaction of amides with formaldehyde;
in the presence of acid catalysts, methylene diamides
are formed. In the presence of pyridine and hydro-
chloric -acid, amides and formaldehyde react to form
the amidomethylpyridinium chloride. This eclass of
substances is used in the application of water-repel-
lent films to cotton fabrics. Formation of the amido-
methyl ether of cellulose is postulated. Amidomethyl
ethers are readily prepared by reaction of either an
amidomethyl ester or the amidopyridinium chloride
with an alcohol. The following scheme will illustrate
these various reactions, as applied to stearamide (8).

N-(2-Hydroxyethyl) amides of the fatty acids
(‘‘ethanclamides’’) are produced by the reaction of
fatty acids with 2-aminoethanol (ethanolamine) or
2,2"-iminodiethanol (diethanolamine). Under acid
conditions the aminoethyl ester of the fatty acid is
transformed to the hydroxy amide. The reaction is

Vor. 31

CHgO + BCl + CEEN
617H3500NH2 7 (017H35001\1HCHZNC5H5) Cl

o, [ mp o0 ey =
é; (CyqMyCON) 5, Heat S _Cf cmagr? Hg:
= Hen OF HY mm(,o 35 2 :
:’ Heat or H+ RYOH
B CqqH350ONCH 0000 mmm s G 3 LCONHCH,OR
£ 3 17H350pNECHy
i 50¢ NaOH

Cy7H35CO00H + NH3 + CHpO '+ ROH

reversed under alkaline conditions. Transformation
of the aminoethyl ester to the hydroxyethylamide
proceeds through the oxazoline as intermediate (9).

[ ,0=Cliz ou~
RCOCH, CHpNE; =g ReC T 1 ‘QB'_. RCNHCHp CHyOH
H¥ N-CH, H* *
¢ 0

The ‘‘ethanolamides’ and ‘‘isopropanolamides’ are
extensively employed as foam stabilizers for synthetic
detergents.

When reaction of the ‘‘‘ethanolamines’ and fatty
acids is carried out in the presence of excess amine, a
mixture is produced which possesses remarkable de-
tergent properties. The exact nature of the mixture
is not known; a simple mixture of the amide and
amine does not possess the desired properties, but if
this mixture is heated, it becomes homogeneous and
takes on these properties. This mixture forms the
basis for the Ninol-type detergents (10).

A class of N-substituted fatty-acid amides which is
produced eommercially on a large scale, the acyl de-
rivatives of N-methyltaurine, is marketed under the
trade name Igepon. Reaction of a fatty-acid chloride
with N-methyltaurine is carried out in the presence of
excess equeous caustic (Schotten-Baumann Reaction)
(11).

RCOCI + CH;NHCH.CH:80:Na + NaOH ———
RCON (CH,) CH.OH.S0sNa + NaCl 4+ H.O

The N-acyl-N-methyltaurines or Igepons are em-
ployed as detergents and surface-active agents. Char-
acteristics of the produet are influenced by the nature
of the acyl group. The oleoyl derivative is most
widely employed although recently an Tgepon derived
from tallow fatty acids has been offered.

Reaction of simple primary amides with ethylene
oxide produces a class of mnonionic surface-active
agents sold under the trade name Ethomid.

CH,CH,0) 2
RCONH, + (x +¥) CH,CH, o par’272?
Y7 NCH,CH,0)3H

Characteristics of these products can be altered by
variation in the fatty-acid residues as well as in the

length of the polyoxyethylene chains. Products con-
taining 2 to 50 ethylene oxide units are produced.

Nitriles

Fatty-acid nitriles may be produced through reac-
tion of the acid and ammonia, with elimination of two
molecules of water,

RCOOH 4 NH,

— RON 4 2H,0

through reaction of an ester with ammonia, or
through dehydration of a simple amide (3). Nitriles
may also be prepared through reaction of an alkyl
halide with sodium or potassium cyanide. This pro-
cedure is frequently employed in the preparation of
odd-carbon homologs.



Novemser 1954

Commercially, production of mnitriles is accom-
plished through a combined liquid vapor-phase proc-
ess. Ammoniation of the fatty acid in the liquid phase
results in the production of a mixture of fatty acid,
amide, and nitrile. This mixture is vaporized through
a catalytic bed, thereby accomplishing complete con-
version to nitrile (12).

The saturated fatty-acid nitriles are liquids or low-
melting solids which are very soluble in most organic
solvents. Myristonitrile and lower homologs possess
pungent and very distinetive odors. The compounds
are reported to be non-toxic.

Nitriles are extremely reactive compounds. Of most
importance commereially is their reduction to amines
(see below). Nitriles may be hydrolyzed to produce
either the corresponding amide or the fatty acid, de-
pending upon conditions. Reaction with Grignard re-
agents offers a convenient method for the preparation
of unsymmetrical ketones (13). Through reaction
with stannous chloride and hydrogen chloride, nitriles
may be converted to the corresponding aldehydes
(14). In the presence of phenylethyllithinmamide,
aliphatic nitriles condense to form iminonitriles (di-
nitriles). These may be hydroylzed to the correspond-
ing ketonitriles or reduced to the diamines (15).

Amines

Amines or substituted ammonias are classified ac-
cording to the number of substituent groups on the
nitrogen: primary, secondary, and tertiary. Several
methods are available for the preparation of higher
aliphatic primary amines. These ineclude nitrile or
amide reduction, reaction of aliphatic halides with
ammonia (16),

RX + 2NH, ——— RNH, + NH,X

reductive amination of ketones (17), the Gabriel syn-
thesis involving alkyl halides and phthalimide (17),
and the Hofmann-Schmidt-Curtius procedures which
result in the conversion of a fatty acid through its
amide or azide to the amine containing one less car-
bon atom (6).

RCO.H 4 HN; — RNH: + CO. + N,
(Schmidt Reaction)

HzS 0‘4

Methods which have been employed for the reduection
of nitriles include catalytic hydrogenation (12) so-
dium reduection (18), and reduction with lithium
aluminum hydride (19). In the laboratory the last
two offer an advantage in that unsaturation in the hy-
drocarbon chain may be retained ; commercially, cata-
lytie hydrogenation is employed.

Secondary amines may be produced through the re-
action of alkyl halides with ammonia (16) or primary
amines, through the reduction of substituted amides
with lithium aluminum hydride or directly from ni-
triles by catalytic hydrogenation under certain condi-
tions. Tertiary amines containing three identical
higher aliphatic groups are prepared most readily
through reaction of the alkyl bromide or iodide with
the secondary amine (20). A similar reaction may of
course be employed for the preparation of mixed ter-
tiary amines. N,N-dimethylalkylamines may be pre-
pared from primary amines through the Leuckhart
reaction, using formic acid and formaldehyde (21).

RNH: 4 2CH.O + 2HCOOH ——> RN (CHa). 4 2C0: + 2H.0

This reaction is not entirely satisfactory since yields
seldom exceed 80% of the theoretical. Commereially,
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dimethylalkylamines are also prepared from the
higher aliphatic alecohols or chlorides and dimethyl-
amine.

ROH + HN (CHy)s — —— RN (CH;) . + H.0

Under the conditions employed in the catalytic hy-
drogenation of nitriles, primary, secondary, and ter-
tiary amines are produced; the proportions are influ-
enced by several factors. The tendency toward higher
alkylation increases with increasing temperature but
decreases with increase in chain length. Above the
12-carbon chain length little if dny tertiary amine is
formed even at high temperatures. An atmosphere of
ammonia will favor primary-amine formation as will
an alkaline catalyst (22). The following reactions are
among those which have been postulated as occurring
during nitrile hydrogenation.

RCEN RGHNH; RCHp .,
@ R?ﬂ;ﬂ{z R nc32>“H NHy

or

s 2RCH,NHy
RCgNH 2 R, e RCHNH + NEy
%, ' N
% 5
%
Y%
RC RCHNHp g RCHp
el YNCRR —%am ROH, - N + Nily
RCH, HCHZ/
T RCi

RCHpNH, + RGH:NH

Raney nickel catalyst is employed in the commer-
cial production of higher aliphatic primary and sec-
ondary amines. For primary amines the hydrogena-
tion is carried out at about 150° and 200 p.s.i. Yields
of about 85% primary amine are obtained. This prod-
uect is purified by fractional distillation (12). For
secondary amine production a temperature of 200-
250° is employed. ‘

The fatty amines are liguids or low-melting solids.
The melting and solubility characteristics are inter-
mediate between those of the fatty acid and the ni-
trile. The amines are weak bases; the secondary is
slightly stronger than the primary or tertiary.
Amines are capable of forming salts with organic and
inorganic acids.

In addition to salt formation, amines undergo a
wide variety of chemical reactions. Exhaustive alkyl-
ation leads to the formation of quaternary ammonium
salts (see below). With carbon dioxide the amines
form alkylammonium alkylearbamates.

ZRNH: 4 CO: ——— RNHCOONH.R

This reaction will occur on exposure to atmospherie
carbon dioxide but can be reversed by heating the
carbamate to a temperature of 90-100°. With carbon
disulfide, primary amines are converted to alkyl-
ammonium alkyldithiocarbamates. Upon heating,
these lose hydrogen sulfide to form dialkylthioureas
(23). Treatment with phosgene converts primary
amines to higher alkyl isocyanates (24).

RNH. + COCl; ——— RNCO 4 2HC1

With salts of heavy metals amines form coordination
compounds and amine salts form double salts (25).
Addition of acrylonitrile to primary amines results
in the formation of the N-(2-cyanoethyl)alkylamines.
These may be reduced to the N-alkylpropanediamines.

2H.

RNH: + CH. = CHCN — RNHCH.CH.CN
RNHCH:CH,CH:NH,

—>
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These compounds are marketed under the trade name
Duomeen. They exhibit unusual surface-active prop-
erties. The diamines or their salts are employed as
corrosion inhibitors and asphalt anti-strip agents.

Certain mixed secondary amines may be prepared
through alkylation of the N-(2-cyanoethyl)alkyl-
amines, Pyrolysis of the resulting tertiary amine re-
sults in elimination of acrylonitrile with formation of
the mixed secondary amine (26).

Like the simple amides, the primary amines react
with ethylene oxide to produce polyoxyethylene de-
rivatives.

o /(CB,CH, 0)xH

22 %050
N (xty to 50)

RNH *+ (x*y) CH CH =i
% {z o}‘z

Although containing a tertiary amino group, these
substances may be regarded as nonionic surface-ac-
tive agents. Here again, characteristics of the com-
pound are determined by the lengths of the alkyl and
polyoxyethylene chains. The lowest members of the
series, bis-(2-hydroxyethyl)alkylamines, can be dehy-
drated to produce N-alkylmorpholines (27).

Primary amines may be reacted with chloroacetic
acid, with befa-propiolactone (28), or with acrylic
acid to produce alkyl amino acids. These have found
some acceptance as detergents and surface-active
agents.

+
BNH, * ClCHzCOOH -?RNHzCHzm: +HCL

RNHy + fiizcﬂfjo —'bmlﬂgcﬂzcﬂzcoﬂ-
(o} /

RNy * CHy = CHCOOH

In addition to the uses as chemical intermediates
which have been suggested, primary amines and their
salts are finding wide application, primarily in con-
nection with their surface-active properties. The
amine salts, usually the acetates, are employed in non-
metallic froth flotation. Among the separations which
are accomplished using these reagents are silica from
phosphate, potassium chloride (sylvite) from sodium
chloride (halite), and silica from cement rock.
Amines and their salts are also used as mold-releasing
agents, flushing agents for pigments, anti-static
agents, and germicides and fungicides.

Quaternary Ammonium Salts

The term ‘‘quaternary ammonium compound’ is
applied to those organie nitrogen eompounds in which
four carbon atoms are directly linked to the nitrogen
atom through co-valent bonds. Heterocyclic nitrogen
compounds in which nitrogen is linked by two co-
valent bonds and one carbon-nitrogen double bond
are included. The resulting tetra-substituted ammo-
nium ion carries a positive charge and is always asso-
ciated with a negatively charged anion. This class of
compounds permits an almost unlimited number of
variations. Probably a wider variety of higher ali-
phatic quaternary ammonium salts have been re-
ported than of any other fatty-acid derivative (see
General References). Interest in these compounds
centers aronnd their surface activity whether they be
applied to material surfaces or biological processes.

Quaternary ammonium salts are prepared by the
exhaustive alkylation of amines or heterocyelic nitro-
gen compounds. The nature of the amine and the na-
ture of the alkylating agent will defermine the proe-
ess employed and the characteristics of the produect

VoL. 31

obtained. Higher aliphatic primary amines may be
alkylated with simple alkylating agents, such as
methyl chloride or dimethyl sulfate, thus leading to
trimethylalkylammonium chlorides or methyl sulfates.

RNH, + 3CH,Cl 4 2NaOH ——
[RN (CH:):] C1 4 2NaCl + 2H0O

In a similar manner higher aliphatic secondary
amines may be methylated to produce dimethyldi-
alkylammonium salts. Tertiary amines, such as the
higher aliphatic dimethylalkylamines, may be alkyl-
ated with alkyl halides in which the alkyl group dif-
fers from those present in the amine. Thus benzyl-
dimethylalkylammonium chlorides are produced from
dimethylalkylamine and benzyl chloride.

RN (CHs): + GH:CH:Cl —— [RN (CH,).CH.CoH;] Cl

Heterocyclic quaternary ammonium salts are com-
monly prepared through the reaction of higher ali-
phatic alkyl halides with heterocyeclic nitrogen bases.
Quaternary ammonium salts containing 2-hydroxy-
ethyl groups result from the interaction of ethylene
or other alkylene oxides with amine salts.

(RNH;)Cl + 3(1}1301{2 — = [RN(CH.CH.0H),] C1
7/

The reaction of tertiary amines with alkyl halides has
been studied extensively. This is a bi-molecular re-
action whose rate is influenced by several factors in-
cluding steric effects, the basicity of the amine, the
activity of the halide, and the polarity of the solvent.
Table I lists types of commercially available higher
aliphatic quaternary ammonium salts.

TABLE I
Commercially Available Higher Aliphatic Quaternary Ammonium Salts

Fatty-Acid Source of

General Formula Higher Aliphatic Radical

(ri(er)3) @ Lauric, Myristic, Palmitic, Stearic,

Coconut, Soy, Tallow
(an(cn3 )2CoH5) Br Coconut
Coconut, Tallow

@2"(%)2) a

{aw(any) 0m,061) 2 Coconut
@) «
D) =

Palmitic

The higher aliphatic quaternary ammonium salts
are usually white crystalline solids although those
containing unsaturation in the higher aliphatic group
are ordinarily obtained as viscous liquids. These salts
are frequently deliquescent, and many form solvates
with water and organic solvents. In general, they are
very soluble in water and polar organic solvents and
are very insoluble in non-polar solvents. The higher
aliphatic derivatives containing more than one long
chain are soluble in both polar and non-polar solvents.

Higher aliphatic quaternary ammonium salts are
cationic surface-active agents sometimes referred to
as invert soaps. The ion carrying the hydrocarbon
group possesses a positive charge, and a great many
of the uses of these compounds depend upon their
tendency to be adsorbed on negatively charged sur-
faces.
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Cationie surface-active agents, including both qua-
ternary ammonium salts and amine salts, exhibit the
property of aggregation or micelle formation in di-
lute aqueous solution. The concentration at which
aggregation commences is dependent upon the length
of the higher aliphatic chain as well as other factors;
for simple alkyltrimethylammonium chlorides it lies
between 0.000346N (C,,) and 0.0228N (C,,). At
higher concentrations gels and liquid-erystalline
phases are formed (29).

The quaternary ammonium ion is usually associated
with the anions of common acids: halides, sulfates,
ete. The hydroxide may be prepared by treating the
halide with silver oxide or aleoholic potassium hy-
droxide, or through the use of ion-exchange resins.
Although stable in solution, attempts to isolate the
free base result in decomposition.

Quaternary ammonium salts are sensitive to heat.
The halides dissociate into tertiary amines and alkyl
halides or decompose into olefing and tertiary-amine
salts.

(RR'R"R"'N)X - RR'R'N + R"'X

(RCH.CH.NR'R"R"") X — RCH=CH. 4 (R'R"R"'NH)X

Both reactions may proceed simultaneously and ac-
curate generalizations are not possible; the course of
the decomposition is determined by the nature of the
substituent groups. Where possible, ethylene or tri-
methylamine will be one of the products.

The higher aliphatic quaternary ammonium salts
are among the most potent germicides and fungicides.
A very large number have been synthesized and eval-
uated with respect to germicidal activity. Variation
among test methods makes it difficult to generalize on
the effect of structure on germicidal activity. In gen-
eral, it can be said that this activity is maximum in
those compounds containing the 16- or 18-carbon
chain. -The quaternary ammonium germicides are
finding wide application in the food industry and
medical fields although their use is not permitted
where food contamination is possible.

These salts react with proteins, probably through
ionie interaction with anionic sites on the protein.
The quaternary ammonium ion will form a complex
with the mineral bentonite. A complex of this type is
employed as a thickening agent in the lubricant
‘‘Bentone’’ grease.

Miscellaneous Nitrogen-Containing Derivatives

A number of other nitrogen-containing derivatives
of fatty acids have received sufficient attention to
justfiy mention. All are cationic surface-active
agents. Alkylglyoxalidines (imidazolines) are pre-
pared by the reaction of fatty acids with ethylenedi-
amine or its derivatives.

RCOOH * Ni,CH,CH,NH, —-»nc'% T 21,0

Compounds of this type are now offered as plant
fungicides. Similarly higher aliphatic 2-alkylbenzi-
midazoles are prepared by the reaction-of fatty acids

with o-phenylenediamine. Higher aliphatic amidines’

are prepared from nitriles via iminoethers (30).
Higher aliphatic hydrazines are prepared from alkyl
halides and anhydrous hydrazine. These may be al-
kylated with alkyl halides to form hydrazonium salts
(31). Like the quaternary ammonium salts, these
compounds exhibit high germicidal activity.
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Isothiouronium salts are produced through the re-
action of higher aliphatic halides with thiourea (32).

Introduction of amino groups into the fatty-acid
hydrocarbon chain has been undertaken in connec-
tion with work on polyamide type polymers. Usually
introduction -of these groups has been accomplished
through reaction of the halogen-substituted acid (usu-
ally substituted in the 2 position) with ammonia or
amines (33).

Recently a preparation has been described involv-
ing the addition of nitriles to oleic acid. Hydrolysis
of the resulting amido acids yields the corresponding
9- (or 10-)amino acid (34).

The foregoing brief review of the chemistry of the
more important nitrogen-containing derivatives of the
fatty acids will perhaps serve to indieate the versatil-
ity of this class of compounds. The industry which is
based upon these chemieals is becoming an important
factor in the effort to upgrade fats. Although one
hesitates to predict what the future holds, from the
point of view of the organic chemist the story is by
no means complete.

Among all applications of fatty chemicals a need
for greater selectivity and greater specificity has be-
come evident. That these objectives can be attained
has been demonstrated in more than one instance
through empirical methods. The more scientifiec ap-
proach to the problem through studies of the relation
of structure to specific properties offers a fascinating
challenge. The wide variety of mitrogen-containing
derivatives of the fatty acids which are potentially
available makes this field especially attractive for sei-
entific research at all levels. We can confidently ex-
pect such research to lead to continuing benefits to
the fat and oil industry specifically and thus indi-
rectly to industry as a whole.
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HROUGH an oversight, deliberate or accidental,
Nature has left a rather wide gap in the oxida-
tive chain from hydrocarbon to fatty acid. Com-
pared with the almost unlimited quantities of hydro-
carbons and fatty acids available, the fatty alcohols
are found In rather limited
quantities, occurring in the
free or combined state
only in certain animal,
vegetable, and mineral
waxes. Even in these, cer-
tain members of the homol-
ogous series of fatty alco-
hols are conspicuously
absent, or present only in
extremely small quantities.
As early as 1883 (1) re-
searchers were attempting
to fill these gaps in the ho-
mologous series of fatty al-
cohols by tedious and
many-step syntheses, which
were complicated by unde-
sirable side reactions and
very low yields. The first
satisfactory laboratory
synthesis of fatty alcohols, starting with readily avail-
able raw materials, was discovered in 1903 by Bou-
veault and Blane (2). Their procedure utilized the
combined reductive action of sodium and ethanol
toward an ester grouping, according to Equations
1 and 2.

G. R. Wilson

0]
Il
R—C—OR + 4Na + 2R"OH ———
RCH:ONa -+ R'ONa 4 2R"ONa 1
RCH.ONa + R'ONa + 2R"ONa + 4H.0 —
RCH.OH + R'OH + 2R"OH +4 4NaOH (2)

Bouveault and Blane’s discovery remained a labo-
ratory procedure for some 30 years. Near the end of
this period, in the 1930’s, a second and equally im-
portant reductive process for the preparation of fatty
alcohols was discovered — hydrogenolysis (3). This
method involves the high-temperature, high-pressure
reduction of fatty acids, esters, or salts with hydrogen
in the presence of a catalyst as in Equation 3.

O

1
R—C—OH + 2H, — > RCH.0H + H.0 (3)

catalyst

Modified and improved, these two processes consti-
fute the two major industrial methods for the current

production of fatty aleohols used in the preparation
of synthetic detergents. A third method, not as im-
portant tonnagewise, is the alkaline saponification of
sperm oil, which yields a mixture of cetyl, stearyl,
and oleyl alcohols. Present annual production of
fatty aleohols (by sodium reduction and hydrogenoly-
sis) is estimated at 130 million pounds, with the so-
dium-reduction route accounting for nearly 80% of
this total.

Hydrogenolysis versus Sodium Reduction

Since details for the preparation of fatty alcohols
by hydrogenolysis or sodium reduction are found in
the chemical and patent literature (4,5), only the
basic fundamentals of operation will be presented
here, to point out differences, special problems that
exist, and their solutions.

The Sodium-Reduction Process. The basic steps of
the sodium-reduction process are diagrammed in Fig-
ure 1. All operations are conducted at atmospheric

_candenaer
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and

Reducing
Alcobol

Bolvent
Caustic Strippe

Fatty
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F16. 1. Process flow sheet ester reduction unit.

pressure in conventional mild-steel reactors. A solu-
tion of ester, reducing alecohol, and solvent (in the
correct proportions) is fed into a reactor containing
metallic sodinm suspended in a solvent (inert to so-
dium). An exothermic reaction occurs, yielding a so-
lution of sodium aleoholates. This solution of alco-
holates is then fed into a reactor containing water,
resulting in hydrolysis of the alecoholates and the for-
mation of a two-phase system—an organic layer (con-
sisting of solvent, reducing alcohol, and fatty alcohol)



