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Nitrogen-Containing Derivatives of the Fatty Acids 
H. J. HARWOOD, Research Division, Armour and Company, Chicago, Illinois 

T HE chemical literature describes the application 
of almost all reactions of organic acids to the 
higher fat ty acids. Among these reactions are 

many by means of which the ni t rogen atom is intro- 
duced into the molecule. Although the present dis- 

cussion will emphasize 
. . . . . . . . . . . . . .  those processes which are 

a p p l i e d  c o m m e r c i a l l y ,  
many other typical reac- 
tions will be mentioned. 

Within the past two dec- 
ades an important indus- 
try has developed based 
u p o n  d e r i v a t i v e s  of the 
higher fat ty acids which 
c o n t a i n  n i t r o g e n .  To a 
very large extent the use- 
fulness of these products 
results from the properties 
imparted by the nitrogen 
atom, in combination with 
the h y d r o c a r b o n  cha in .  
G e n e r a l l y  these  u s e f u l  
p r o p e r t i e s  can be de- 

ll. J. Itarwood scribed in terms of the 
s u r f a c e  a c t i v i t y  of the  

molecule. Frequent references to this property will 
be made throughout the following discussion. 

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 discussion chemical reac- 
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 arc produced through the reaction 
of a molecule of fat ty acid and a molecule of ammonia 
with the elimination of one molecule of water (1) : 

RCO'OH + NH3  .--> I~CONH,_, + H,_,O 

This process is employed for the commercial prepara- 
tion of the higher aliphatic c o m p o u n d s .  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 
fornled . .The  resulting product consists of approxi- 
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mately 90% amide together with small amounts of 
the fa t ty  acid and f a t ty -add  nitrile. 

In  the laboratory,  reaction of ammonia with esters 
or acid chlorides is f requent ly  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 a t t r ibuted to 
molecular association through hydrogen bonding. 

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

2RCONH,_, ~-> I~COO'H Jr- R CN -l- NH3 

Catalytic hydrogenation of amides proceeds with some 
difficulty to yield mixtures of pr imary  and secondary 
amines (4). Li thium aluminum hydride has been em- 
ployed in the reduction of amides to pr imary  amines 
(5). Treatment  of lauramide with aqueous alkaline 
hypobromite solutions leads to the formation of N- 
undeeyl-N'-lauroylurea. However, t reatment  with so- 
dium methoxide and bromine gives a high yield of 
methyl undeeylcarbamate,  which may be converted 
readily to undecylamine (6).  

The higher aliphatie 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 preparat ion of textile softeners and water 
repellents. 

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

R, CONH2 q- RCO,C1 -+ (RCO),.,NII + tIC l 

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

N-Substi tuted amides are prepared  through the re- 
action of the fa t ty  acid, its ester, or its chloride with 
amines (1, 7), or through the reaction of the simple 
pr imary  amide with eertain reagents. The properties 
of the substituted amide will depend upon the nature 
of the substituting" group. Those derived from simple 
aliphatie or aromatic amines usually are waxy solids. 

N- (Hydroxymethy l )  (or methylol) amides are pro- 
dueed by the reaction of amides with formaldehyde;  
in the presence of acid catalysts., methylene diamides 
are formed. In the presence of pyr idine  and hydro- 
ehlorie acid, amides and formaldehyde react to form 
the amidometbylpyridinium chloride. This class 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 - H y d r o x y e t h y l ) a m i d e s  of the f a t t y  a c i d s  
( "e thano lamides" )  are produced by the reaction of 
f a t t y  add s  with 2-aminoethanol (ethanolamine) or 
2,2'-iminodiethanol (diethanolamine).  U n d e r  a c i d  
conditions the aminoethyl ester  of the fa t ty  acid is 
t ransformed tO the hydroxy amide. The reaction is 

| Rear or H + R'OH 

17 ~5 2 3 17 35 ~ 50g2Na0H 

Ca7H35COOH + NH 3 + CHfO '+ ROH 

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

o~" ,, o-c~ ~_- 
RCOCH2CH2NF~ D,,C , ~ RCNHCH2CH20 H 

The "e thano lamides"  and " isopropanolamides"  are 
extensively employed as foam stabilizers for  synthetic 
detergents. 

When reaction of the ' " e thano lamines"  and fa t ty  
acids is carried out in the presence of excess amine, a 
mixture is produced which possesses, remarkable de- 
tergent  properties. The exact nature  of tile mixture 
is not known; a simple mixture of the amide and 
amine does not possess the desired properties, bu t  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 commereially 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 q- C'H:,NHCII~CH~SO:,Na q- NaOJ[ - - - - - +  
RCON (CHa)OIt..,C'H._,SO:,Na q- Na.C1 q- HsO 

The N-aeyl-N-methyltaurines or lgepons are em- 
ployed as detergents and surface-active agents. Char- 
aeteristics of the product  arc influenced by  the na ture  
of the acyl group. The oleoyl derivatiVe is most 
widely employed although recently an Igepon derived 
front tallow fa t ty  acids has been offered. 

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

~co~,~ + (x + y) CH,,CR~ --....-RCON " ( c ~ c ~ ° ) ~  
~o" " " , ( % % o ) y .  

Characteristics of these products can be altered by 
variation in the fat ty-acid residues as well as in the 
length of the polyoxyetbylene chains. Products  con- 
taining 2 to 50 ethylene oxide units are produced. 

Nitri les  

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

It,CO,OII q- NI-Ia -> RC!N -}- 211~O 

through reaetion o£ an ester with ammonia, or 
through dehydration of a simple amide (3). Nitriles 
may also be prepared through reaction of an alkyl 
halide with sodimn or potassium cyanide. This pro- 
cedure is f requent ly  employed in the preparat ion of 
odd-carbon homologs. 
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Commercially, production of nitriles is accom- 
plished through a combined liquid vapor-phase proc- 
ess. Ammoniation of the fat ty acid in the liquid phase 
results in the production of a mixture of fat ty 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 distinctive odors. The compounds 
are reported to be non-toxic. 

Nitriles are extremely reactive compounds. Of most 
importance commercially is their reduction to amines 
(see below). NitriIes 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, nitri]es 
may be converted to the corresponding aldehydes. 
(14). In the presence of phenylethyllithiumamide, 
aliphatie 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 
aliphatie primary amines. These include nitrile or 
amide reduction, reaction of aliphatic halides with 
ammonia (16), 

RX ~- 2NH~ --> ~NH2 + NH~X 

reduetive 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 fat ty acid through its 
amide or azide to the amine containing one less car- 
bon atom (6). 

H:SO,4 
RC'O,_,H -I- HN~ -~ RNH2 + CO~ -~- N~ 

(Schmidt  React ion)  

Methods which have been employed for the reduction 
of nitriles include catalytic hydrogenation (12) so- 
dium reduction (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- 
lytic 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). 

R,NH~ -t- 2OHIO -~- 2HCOOH ----> RN (CH~)2 + 2~O.. -1- 2H~O 

This reaction is not entirely satisfactory since yields 
seldom exceed 80% of the theoretical. Commercially, 

dimethylalkylamines are also prepared from the 
higher aliphatic alcohols or chlorides and dimethy]- 
amine. 

ROH + H N ( C H ~ ) 2 - - - - - ~  R N(CH3)_~ -t- H..O 

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 any 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 aSr occurring 
during nitrile hydrogenation. 

RC 

2ac.2s~2 

;,.%. ~ Rc~ - .  * % 

or RC~2 ) 
RCH2NH 2 + 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- 
uct is purified by fractional distillation (12). For 
secondary amine production a temperature of 200- 
250 ° is employed. 

The fatty amines are liquids, or low-melting solids. 
The melting and solubility characteristics are inter- 
mediate between those of the fat ty 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 alkylcarbamates. 

2R,NH: + CO~ --> RNHCOONH~R 

This reaction will occur on exposure to atmospheric 
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 alky]dithiocarbamates. Upon heat ing,  
these lose hydrogen sulfide to form dialkylthioureas 
(23). Treatment with phosgene converts primary 
amines to higher alkyl isocyanates (24). 

RNH~ + COC12 - - - - *  R,NCO -/- 2HC] 

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) alkylanfines. 
These may be reduced to the N-alkylpropanediamines. 

RNH2 + OH-. = C!HCN --> RNHC:H~C!H.~CN -~ 
RNHCH~GH~C'H2NH: 
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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. 

ItHF[2÷ (X+Y) ~ ) H  2 ~ X(C~2CH2)YH (x~ = 2 to 50) 

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 chloroacetie 
aeid, with beta-propiolactone (28), or with acrylic 
acid to produce alkyl amino acids. These have found 
some acceptance as detergents and surface-active 
agents. 

÷ 

RNH 2 + H2CH2CO ~ RNH2CH2CH2COO" ~o~J " 

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, ant i -s tat ic  
agents, and germicides and fungicides. 

Quaternary Ammonium Salts 

The term "quaternary  ammonium compound" is 
applied to those organic nitrogen compounds in which 
four carbon atoms are directly linked to the nitrogen 
atom through co-va]ent 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 higl~er ali- 
phatic quaternary ammonium salts have been re- 
ported than of any other fatty-acid derivative (see 
General References). Interest in these compounds 
centers around 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 determine the proc- 
ess employed and the characteristics: of the product 

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~ 2 c 3CHIC1 -t- 2NaO.H -~ 
[RN(CH~)3] C] + 2NaC1 ~- 2H.~O 

In a similar manner higher aliphatie 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 (CH,)~ + C~ttsCH~C1 ----> [R.N (CH~) _~C'H~C~H~ ] C1 

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

(RNH~)CI ~- 3CH~CH._,----~ [RN(CII~CH2OH)3] CI 
\/ 
o 

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 sterie 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 Aliph~atic Quaternary Ammonium Salts 

:Fatty-Acid Source of 
General Formula Higher Alipha£ie RadicM 

P~(CH3)3) CI ~uric, ~rrie~c~ Palmitic, Stearicb 
Coconutj 8oyj Tallow 

The higher aliphatic quaternary ammonium salts 
are usually white crystalline solids although those 
containing unsaturation in the higher aliphatie 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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Cationic 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~s) and 0.0228N (C12). At 
higher concentrations gels and l iquid-crys ta l l ine  
phases are formed (29). 

The quaternary ammonium ion is usually associated 
with the anions of common acids: halides, sulfates, 
etc. The hydroxide may be prepared by treating the 
halide with silver oxide or alcoholic 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 olefins and tertiary-amine 
salts. 

( R I ~ ' R " R " ' N ) X  --~ R R ' R " N  -~- R " ' X  
( R C I I 2 C H = N R ' R " R , " ' )  X - - - - >  R C H = C t I _ .  -[- ( R ' I ~ " R " ' N H )  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 
ionic 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-act ive  

agents. Alkylglyoxalidines (imidazolines) are pre- 
pared by the reaction of fat ty acids with ethylenedi- 
amine or its derivatives. 

~N-CH 2 

Compounds of this type are now offered as plant 
fungicides. Similarly higher aliphatic 2-alkylbenzi- 

midazoles are prepared by the reaction,of fa t ty  acids 
with o-phenylenediamine. Higher aliphatic amidines 
are prepared from nitriles via iminoethers (30)• 
Higher aliphatie 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. 

Isothiouronium salts are produced through the re- 
action of higher aliphatie 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. Itydrolysis 
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 
fat ty acids will perhaps serve to indicate the versatil- 
ity of this class of compounds. The industry which is 
based upon these chemicals 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 fa t ty  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 scientific ap- 
proach to the problem through studies of the relation 
of structure to specific properties offers a fascinating 
challenge. The wide variety of nitrogen-containing 
derivatives of the fatty acids which are potentially 
available makes this field especially attractive for sci- 
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. 

REFERENCES 

I. Ralston, A. W., Hoerr, C. W., and Pool, W. 0., J. Org. Chem., 
8, 473 (1943). 

2. Sworn,  n~niel ,  Stutzman,  J. M., and  Roe, E. T., J .  Am. Chem. 
Soc., 71, 3017 (1949) .  

3. Ralston, A. W., Harwood,  H.  J., and  Pool, W. 0. ,  J .  Am. Clmm. 
Soc., .59, 986 (1937) .  

4. Adkins,  H.,  a n d  Wojcik, B., J. Am. Chem. Soc., 56, 247 (1934) .  
5. Wessely, F., a n d  Swoboda, W., Monatsh.,  82, 621 (1951) .  
6. Adams, R., " O r g a n i c  React ions ,"  voi. I I I ,  John  Wiley and  Sons 

Inc., New York, 1946. 
7. Roe, E. T., Scanlan,  J. T., and  Swern,  D., J. Am. Chem. Soc., 71, 

22~5 (1949) .  
• Weaver,  J. W., Schuyten,  I t .  A . ,  Fr ick,  J .  G. Jr . ,  and  Reid, J. D ,  

J .  Org. Chem., 16, 1111 (1951) .  
9. Desmelle, P.,  Nandet ,  M., and  Sambuc, E., Bull. soc. chim. France ,  

1949, 650. 
10. Kri tchevsky,  W., U. S. 2,089,212 (1937) .  
11. Kastens,  M. L., and  Aye, J .  J., Ind .  Eng.  Chem., 42, 1626 

(1950) .  
12. Kengon,  R. L., StingIey, D. V., and  Young, H. P., Ind.  Eng .  

Chem., 42, 202 ( 1 9 5 0 ) ;  Ports,. R. H., and  Christensen, C. W., U. S. 
2,314,894 (1943) .  

13. Ralston,  A. W., and  Christensen, C. W., Ind.  Eng.  Chem., 29, 
194 (1937 ) ;  Whitmore,  F. C., Schiessler, R. W., Rowland,  C. S., a n d  
Cosby, J .  N., J .  Am. Chem. Soc., 69, 235 (1947) .  

14. Lieber, E., J .  Am. Chem. Soc., 71, 2862 (1949) .  
15. iYicCorkle, 1~. R., Iowa State Coll. J. Sci., 14, 64 (1939) .  [C.A. 

34, 6220 ( 1 9 4 0 ) ] ;  Lazier,  W. A., and  Howk,  B. W., U. S. 2,292,949 
(1942) .  

16. Westphal,  0. ,  and  Jerchel,  D., Bet .  78B, 1002 (1940) .  
17. Barrows,  E. T., Hargreaves ,  B• M. O, Page,  J. E., Resug'gan, 

J. C. L., and  Robinson, F. A., J .  C:hem. Soc., 1947, 197. 
18. Hansley,  V. L., Ind.  Eng.  C:hem., 39, 55 (1947 ) ;  Harwood,  

It .  J., U. S. 2,122,644~ (1998) .  
19. Nystr~m, R. F., and  Brown,  W. G., J .  Am. Chem. So c ,  70, 

3738 ( 1 9 4 8 ) ;  Amundsen,  L. H.,  and Nelson, L. S., ibid., 73, 242 
(1951) .  Adams, R., " O r g a n i c  React ions ,"  vol. VI, oh. 10, John  Wiley 
and  Sons Inc., New York, 1951. 

20. Ralston, A. W., Hoerr ,  C. W., and  DuBrow,  P. L., J. Org. 
Chem., 9, 2 5 9  (1944) .  

21. Reck, R. A., Harwood,  H.  J., and  Ralston, A. W., J .  Org. Chem., 
12, 517 (1947) .  

22. Schwoegler, E. J., and  Adkins,  It . ,  J.  Am. Chem. Soc., 61, 3499 
( 1 9 3 9 ) ;  Adkins,  H., and  Billica, H.  1%., ibid., 70, 695 (1948 ) ;  Young, 
H.  P.,  and Christensen, C. W., U. S. 2,287,219 (1942) .  

23. Wagner~Jauregg,  T., Arnold, H.,  and  Raaen ,  n . ,  Ber. 74B, 1372 
(1941) .  

24. Tu~3)in, G. S., Ber.  21, 2486 ( 1 8 8 8 ) ;  P inner ,  S. H.," Plastics, 
11, 206, 257 (1947) .  



564 THE JOURNAL OF THE AMEmCAN 0IL CHEMISTS' S0ClETY VOL. 31 

25. Broome, F. K., Ralston, A. W., and Thornton, 3/I. H., J. Am. 
0hem. Soc., 68, 67 (1946).  

26. nuBrow,  P. L., and I-Iarwood, It .  J., J. 0rg.  Chem., 17, 1043 
(1952). 

27. Reck, P~. A., U. S. 2,597,260 (1952).  
28. Gresham, T. L., Jansen, J. E., Shaver, F. W., Bankort, 1~. A., 

and Fiedorek, F. T., J. Am. Chem. Soc., 73, 3168 (1.951). 
29. Broome, F. K., Hoerr, C. W., and tiarwood, H. J., J. Am. Chem. 

See., 73, 3350 (1951); 0ella, J. A., Eggenberger, D. N., Noel, D. 1~., 
Harr iman,  L .  A., and  ttarwood, n .  J., ibid., 74, 2061 (1952).  

30. Eitner, P., and Wetz, H., Ber. 26, 2840 (1893).  
31. Westphal, 0., gel' .  74B, 759, 1365 (1941).  
32. Bandelin, F. g., and Tnschheff, J. V., J. Am. Chem. Soc., 74, 

4271 (1952). 

33. 0heronis, N .D., and SpitzmuMler, I~:. H., J. 0 rg .  (3hem., 6, 349 
(1941) ;  Sisler, H. tI., and Cheronis, N. n . ,  ibid., 6, 467 (1941).  

34. Roe, E. T., and Swern, Daniel, .J. Am. Chem. Soc., 75, 5479 
(1953).  

GENE I~AL t~E~E RE NCE S 

]~alston, A. W., "Fat ty  Acids and Their Derivatives," John Wiley and 
Sons, New York, 1948. 

Schwartz, A. 2¢I., and Perry, J. W., "Surface-Active Agents," Inter- 
science Publishers Inc., New York, 1949. 

Lawrence, C. A., "Surface-Active Quaternary  Ammonium Germicides," 
Academic Press  Inc., New York, 1950. 

Itarwood, tI .  J., "Progress  in the Uhemistry of Fats and Other Lipids," 
p. 127, Pergamon Press Ltd., London, 1952. 

Fatty Alcohols 
GLENN R. WILSON, Ethyl Corporation, Research Laboratories, Ferndale, Detroit, Michigan 

T I I R O U G H  an oversight, deliberate or accidental, 
Nature  has left  a ra ther  wide gap in the oxida- 
tive chain f rom hydrocarbon to fa t ty  acid. Com- 

pared  with the ahnost unlimited quantit ies of hydro- 
carbons and f a t ty  acids available, the f a t t y  alcohols 

are found in ra ther  limited 
quantities, occurring in the 
f r e e  or  combined state 
only in certain a n i m a l ,  
v e g e t a b l e ,  and mineral  
waxes. Even in these, cer- 
tain members  of the homol- 
ogous, series of f a t ty  aleo- 
hols are c o n s p i c u o u s l y  
absent, or present  only in 
extremely small quantities. 

As early as 1883 (1) re- 
searchers were a t tempt ing  
to fill these gaps in the ho- 
mologous series of f a t ty  al- 
cohols b y  t e d i o u s  a n d  
many-step syntheses, which 
were complicated by undo- 
sirable side reactions and 

G.  R .  W i l s o n  very low yields. The first 
s a t i s f a c t o r y  labora tory  

synthesis of f a t ty  alcohols, s tar t ing with readily avail- 
able raw materials,  was discovered in 1903 by  Bou- 
veault  and Blanc (2). Their  procedure utilized the 
combined reductive action of sodium and ethanol 
toward an ester grouping, according to Equations 
1 and 2. 

O 
II 

R--C--OR' + 4N~ + 2R"OI-[ ------~ 
RCH~ONa + R'ONa + 2PJ'ONa (1) 

RCII=,ONa + R'ONa + 2R"ONa + 4H,.,0 --> 
RCH~OH + IVOH + 2R"0H + 4NaOH (2) 

Bouveault  and Blanc 's  discovery remained a labo- 
ra tory  procedure for  some 30 years. Near  the end of 
this period, in the 1930's, a second and equally im- 
por tan t  reduetive process for  the prepara t ion  of f a t ty  
alcohols was d i s c o v e r e d - -  hydrogenolysis (3). This 
method involves the high-temperature,  high-pressure 
reduction of f a t ty  acids, esters, or salts with hydrogen 
in the presence of a catalyst  as in Equat ion 3. 

O 

R--C--OH + 2H~ -> RCH:OH + H20 (3) 
catalyst 

Modified and improved, these two processes consti- 
tute the two major  industr ial  methods for  the current  

production of f a t t y  alcohols used in the preparat ion 
of synthetic detergents. A th i rd  method, not as im- 
por tan t  tonnagewise, is the alkaline saponification of 
sperm oil, whieh yields a mixture  of eetyl, stearyl, 
and oleyl alcohols. Present  annual  product ion of 
f a t ty  aleohols (by  sodium reduetion and hydrogenoly- 
sis) is est imated at 130 million pounds, with the so- 
dium-reduction route accounting for near ly  80% of 
this total. 

H y d r o g e n o l y s i s  versus  S o d i u m  Reduct ion  

Since details for  the p repara t ion  of f a t t y  alcohols 
b y  hydrogenolysis or sodium reduction are found in 
the chemical and patent  l i terature (4, 5), only the 
basic fundamenta ls  of operat ion will be presented 
here, to point out differences, special problems that  
exist, and their  solutions. 

The Sodhtm-Reduction Process. The basic steps of 
the sodium-reduction process are d iagrammed in Fig- 
ure 1. All operations are condueted at atmospheric 

8tea Solvl~l ~ g t ,  y 

hlao~l 

FI(~. 1. P r o c e s s  flow shee t  e s t e r  r e d u c t i o n  un i t .  

pressure in. conventional mild-steel reactors. A solu- 
tion of ester, reducing alcohol, and solvent (in the 
correct proport ions)  is fed into a reactor containing 
metallic sodimn suspended in a solvent ( inert  to so- 
dium).  An exothermic reaction occurs, yielding a so- 
lution of sodium aleoholates. This solution of aleo- 
holates is then fed into a r eac to r  containing water,  
result ing in hydrolysis  of the alcoholates and the for- 
mation of a two-phase sy s t em- -an  organic layer  (con- 
sisting of solvent, reducing alcohol, and f a t ty  alcohol) 


