
OCTOBEg, 1962 HARWOOD: FAT 

Curren t  products  derived by the chemical process- 
ing of fa ts  and f a t t y  acids represent  a very substantial  
outlet for  both edible and inedible fats. Many fats, 
however, are by-products  of the production of other 
commodities and are, therefore, less susceptible to the 
control of supply  based upon demand. As a result, 
there is a continuing search both in industr ial  and 
government  laboratories for  new products  based on 
fats. There appears  to be no indication that  this effort 
will decrease. Actually,  some fats, and especially 
animal fats, represent  a very  at t ract ive raw material  
f rom the point of view of price. 

As exploration in any field continues, the develop- 
ment  of new knowledge and the discovery of new facts 
becomes increasingly more difficult. The easy and the 
obvious is always done first. A superficial survey of 
the knowledge in the field of fa t  and f a t t y  acid chem- 
is t ry  nfight lead one to conclude tha t  almost every- 
thing has a l ready been done. However,  a more care- 
ful  scrut iny  of this knowledge reveals many  gaps and 
inconsistencies. New analytical  techniques, especially 
chromatography  and spectrophotometry,  have been 
especially effective in dispelling the illusion that  our 
knowledge of fa t  chemistry is even approaching 
completion. 

Although it is usual ly not possible to predict  wherein 
new fundamenta l  knowledge will have pract ical  sig- 
nificance, it is axiomatic tha t  new facts  will direct ly 
or indirectly lead to new useful applications. In  in- 
dustry,  there seems to be a t rend away front basic and 
long-range research which cannot clearly define ob- 
jectives in terms of profits. Even  the government  
Utilization Research laboratories are required to be 
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quite explicit in terms of the end use for the results 
of their  research. And  in this country  at least, the 
amount  of academic research effort in the field of fat  
chemistry is grossly inadequate. There is a need for 
increased basic research on the organic chemistry of 
the f a t ty  acid molecule. This research nmst be done 
by well-trained organic chemists with the skill and 
patiem-e required to cope with the peculiar problems 
which arise as a result of the size and s t ructure  of the 
f a t ty  acid molecule. Perhaps  even a more pressing 
need lies in research on the relationship between 
s t ructure  and physical properties.  Knowledge of this 
relationship is today ahnost completely empirical, yet  
most uses for fats  and f a t t y  chemicals are based upon 
their physical properties.  Studies of s t ructure  and 
propert ies  necessitates a source of compounds of 
known structure,  which again emphasizes the need for 
adequate prepara t ive  skill. 

The chemical processing of fats  and f a t t y  acids is 
pa r t  of the chemical indus t ry  and, like the chemical 
industry,  its fu tu re  lies in basic and long-range re- 
search. In concluding this review of the growth and 
present status of the f a t t y  chemical industry,  we wish 
to stress this need for basic research on the organic, 
physical, and biological propert ies  of f a t t y  chemicals. 
The three fields are inseparable, and each is dependent  
upon the others for sat isfactory progress. Possibly 
the most difficult problem which confronts those of us 
who are still close to the technical aspects of fat  chem- 
is t ry  lies in conmmnicat ing our needs to those who set 
policy in the industrial  government,  and academic 
world. 

Nitrogen Derivatives of Long-Chain Fatty Acids 
R. A. RECK, Armour Industrial Chemical Company, McCook, Illinois 

B Y NECESSITY, a good deal of the mater ial  presented 
in this talk will be somewhat repetit ious of the 

Nitrogen F a t t y  Acid paper  given by H. J. Harwood 
in a similar symposium in 1954 (1). At  that  time, he 
reviewed the chemistry of these derivatives quite 
thoroughly.  However,  since that  time, some of the 
products  he mentioned have become even more im- 
por tan t  commercially and also there have been many  
additions to the ni trogen-containing derivatives of 
the f a t ty  acid family.  Also, there have become sev- 
eral other commercial factors in this area and we can 
now list four  main producers  of these chemicals along 
with several f r inge producers.  There is also produc- 
tion in several foreign countries. This increase in 
product ion can only mean that  these compounds have 
a great  m a n y  more uses or potential  uses than  was 
dreamed of when this research was s tar ted  by Armour  
and Company in the early 1930's. i t  is also worth- 
while noting at  this t ime that  the quali ty of these 
derivatives also have been steadily increasing. 

Dur ing  the course of this discussion, formulae will 
be wri t ten with f requent  use of the te rm R for alkyl. 
In  the f a t t y  acid derivat ive business there can be 
considerable var ia t ion in the alkyl chains, depending 
on the s tar t ing f a t t y  acid. I t  may  be well to consider 
sources of composition at this time. 

The main raw mater ia l  is tallow which has the 
following average composition: 

C-14 ....................................... 5% 
C-16 ....................................... 30% 
C-18 saturated ...................... 20% 
C-18 unsatura ted  ................. 45 % 

Frorn this raw material  is produced almost any  com- 
bination of the above cmnposition. Commercially, be- 
sides the total  mixture,  pure  hexadeeyl, pure  octa- 
deeyl, commercial oleyl, and hydrogenated mixtures  
are available. 

The second most impor tan t  raw mater ia l  is coconut 
oil which has the following average composition: 

C-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8% 
c - 1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 %  
C-12 ....................................... 49% 
C-14 ....................................... 18% 
C-16 ....................................... 8% 
C-18 saturated ...................... 5% 
C-18 unsatura ted  ................. 5% 

Again, any  single chain length and any  combination 
of the above are available. 

In  addit ion to the above, there are many  miscel- 
laneous raw materials  used. Among them are soybean 
oil, cottonseed oil, tall oil fractions, fish oil fractions, 
erucic acid, and various fa t  by-products.  

The method of introduction of nitrogen into the 
f a t ty  acid molecule still remains very  much the same 
al though other methods are beginning to be eonsid- 
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ered. The main procedure is the reaction of fa t ty  
acid with ammonia. The first reaction product, af ter  
soap preparation,  is a simple unsubsti tuted amide (2).  
This process is done in one of two ways. Excess am- 
monia may be introduced continuously bleeding off 
ammonia and water of reaction, or the ammonia may 
be added batchwise with intermit tent  bleed off of ant- 
monia and water. Both methods are used commer- 
cially today. In  some instances the ammonia is recov- 
ered and recycled. In  other instances, due to the lost 
cost of ammonia, it is not recovered. The reaction is 
conducted at about 200C and the yield of amide can 
be as high as 98%. This amide is sold in large quan- 
tities for  a variety of uses. I t  is a hard waxy, high- 
melting material  and can be an excellent lubricant.  
I t  is also an intermediate in the production of other 
derivatives, among them being the reaction of formal- 
dehyde, pyridine,  and hydrogen chloride to produce 
the water-proofing material, Zelan (3).  Although 
there have been inroads on this water-proofing busi- 
ness, the product  is still sold in large quantities. 

RCONH2 + HC1 + H C H 0  + < ~ - ~  ,~ 

The substituted amides that  could be prepared by 
the reaction of fa t ty  acids with amines are many in 
number. F a t t y  acids can be reacted with almost any 
p r imary  or secondary amine to produce substituted 
amides. 

RCOOH + R'NH2 > RCONHR'  + He0  

Probably the most important  of these reactions is the 
production of the surfaetants  by the reaction of fa t ty  
acids with diethanolamine (4,5) to give 

RCON (CH2CH.~OH) 2 

Another  example of substituted amides that  have 
become important  in recent years is the polyamides 
formed by the reaction of dimer acids with diamines. 
These materials have found a great deal of use as 
modifiers and curing agents of epoxy resins. 

Another  e la~ of amides that  probably should be 
mentioned here is that produced by the reaction of 
simple pr imary  amides with acid chlorides (6):  

RCONHOCR'  

Of considerable commercial significance still, is the 
reaetion product  of f a t ty  acid chlorides with n-meth- 
yltaurine.  This reaction is conducted in a typical 
Schotten-Baumann method (7).  

RCOC1 + CH3NHCH2CHeSO3Na + N a 0 H  > 
RCON(CH3) CH2CH2S0aNa + NaC1 + H20 

These products  are, of course, the Igepons and have 
wide uses in the detergent field. 

Another  impor tant  class of substituted amides are 
those produced by the reaction of simple amides with 
ethylene oxide: RCONH (CHeCH20)~ H. Additional 
molecules of ethylene oxide render  the amide surface- 
active and this leads to the usefulness of this class of 
material. 

An interesting amido compound that  is worth men- 
tioning is the reaction product  from 2 moles of pri- 
mary fa t ty  amide and 1 mole of formaldehyde to give 
RCONHCHeNHOCR. These methylene bis-amides are 
very high melting, for fa t ty  derivatives, (135-160C) 
and are used for binders in powder metal lurgy and 
die lubricants. 

Nitriles 
The next  important  class of nitrogen-containing 

derivatives to be discussed are the nitriles. One can 
write the equation: 

RCOOH + N H a  ) RCN + 2 HeO 

Empirically,  it only takes one mole of ammonia to give 
one mole of nitrile. Practically, however, the reaction 
is carried out with a large excess of ammonia. Two 
methods are used today for the production of nitriles: 
(1) continuous vapor phase and (2) liquid batch 
method. In  the vapor phase procedure, ammonia is 
blown through a pool of hot liquid fa t ty  acid. In  this 
par t  of the reaction, of course, some fa t ty  acid is con- 
verted to amide and nitrile. As the ammonia is 
blown through the liquid pool, some of the fa t ty  de- 
rivatives are vaporized and carried into the catalyst 
chamber containing aluminum oxide. Here  the bulk 
of the reaction takes place and nitrile emerges as the 
main product.  

In the batch liquid phase method, the ammonia is 
blown through the liquid pool of f a t ty  acid contain- 
lug the catalyst, such as, manganese acetate. The 
reaction is continued until  all of the derivatives are 
converted to nitrile. Both methods can produce an 
excellent yield of nitrile. Of course, at the temp of 
the reaction, some by-products can be produced. The 
elimination of these by-products, in many eases, gives 
a superior material. Nitriles themselves have found 
limited commercial use. 

Amines 
Primary Amines. While nitriles in themselves are 

not very  important  commercially, they do serve the 
important  function in that they are intermediates in 
the production of f a t ty  amines. There are two meth- 
ods of producing fa t ty  amines from nitriles: 1) cata- 
lytic reduction and, 2) chemical reduction. The lat ter  
does not enjoy any great commercial significance; 
however, it has the advantage of retaining all of the 
unsaturat ion of the fa t ty  chain. 

By far  the most important  method of producing 
amines from nitriles is catalytic reduction. Various 
catalysts can be used for this reaction. The most 
widely used in Raney nickel and the reaction can be 
conducted at pressures as low as 100 lb per square 
inch at 150C. There have been many modifications of 
this reduction and a great var ie ty  of catalysts and 
reduction conditions are being used. I t  would be pre- 
sumptuous of me to judge which of them has the 
greatest merit. Many factors would enter into this 
decision. The use of relaltively low temp, high pres- 
sure, alkaline conditions, and a solvent will give 
superior yields of p r imary  amines (8,9). 

At the present time, alnmst any combination of 
mixtures of commercially available fa t ty  acids can 
be obtained in their  amino derivative. There is com- 
mercially available f a t ty  amino compounds with a 
pur i ty  of 99.5% in regards to p r imary  amine content 
and chain l e n ~ h  puri ty.  In some instances, p r imary  
amines have been prepared by the reaction of alkyl 
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halides with ammonia; however, these are only spe- 
cial cases. A new type of primary amine that has 
been offered recently is prepared by the reaction of 
aerylonitrile with fat ty alcohols followed by reduc- 
tion of the fl-cyanoethyl ether. 

ROCH2CH~CN + He ) R0(CH2)3NH2 

Another series of compounds that can be prepared 
is the result of reaction of epoxidized fat derivatives 
with ammonia or amines. 

CH3(CH2) 7CHCH(CH2) 7CN + RNHe 
\ /  

0 
CHa (CHe) 7CHCH (CH2) 7CN 

L 
OH NH 

I 

The nitrile group is available for amine preparation 
and a great variety of amines can be used to react 
with the epoxy derivatives. This provides us with an- 
other method of producing polyfunctional compounds. 

Secondary Amines. A change in reduction condi- 
tions can produce secondary amines from nitriles. The 
course of this reaction is assumed to be as follows: 

RCH2NH2 
RCN + H2 > R, CH2NH2~ 

) NH 
He RCH=NH / / 

) RCH2 

H2 R C H 2 ~  

> RCH2 ~ NH +NH:~ 

Again, Raney nickel is the most widely used catalyst 
and this reaction can be conducted to produce sec- 
ondary amines in yields greater than 95%. Copper 
chromite may be used if retention of unsaturation is 
desirable. Also, in this ease a great variety of com- 
pounds are possible and are commercially available. 
Availability of the higher aliphatie ketones affords 
another method for the preparation of secondary am- 
ines. Since these ketones, prepared from fat ty acids 
by vapor-phase dehydration-deearboxylation could be 
3btained in large variety, and since a large variety 
~f amines are available, the possibility for secondary 
amine structure is very large. 

R C 0 0 H  + R ' C 0 0 H  ) 
RCOR + RCOR' + R'COR' + H20 + C02 

RNH: + I~'COR" + He ) RNH CH'R" 

One can start with a high tool wt earbonyl compound 
~nd reductively Mkylate with a large variety of am- 
ines. In other cases, one can start with a primary 
fatty amine and react with a large variety of ear- 
bonyl compounds. Proper selection of reactants will 
produce secondary amines with a great variety of 
~hemical and physical properties. It  is possible to 
produce branch-chained compounds and alkylaryl sec- 
andary amines via this method. Many of these mate- 
rials are currently being evaluated. 
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Tcrtiarg Amines. There are a large number of ter- 
t iary amines now commercially available and there 
are many methods for preparing these compounds. 
Trialkyl tertiaries are possible from the reduction 
of nitriles directly. In this instance, all of the alkyl 
groups will be the same, but the yields in this par- 
ticular reaction are not as good as one would like. 
This type of compound can also be prepared by the 
reaction of secondary amines with alkyl halides. In 
this instance it is possible to produce a variety of 
materials. 

R 2 N H + R ' X + N a 0 H  -; R oNR'+NaX+ H20 

Of even greater importance at the present time are 
the dimethyl alkyl amines. Again, here we have a 
rather large number of production methods. A few 
of them are listed: 

1. Leuchkert Reaction 

RNH2 + 2CH20 + 2HCOOH 
2C02+2H20 

)RN(CH3)2+ 

2. Reductive alkylation of primary amines with for- 
maldehyde 

RNH2+2HCHO +H2 > RN(CH3)2+2H.,O 

3. Reaction of higher aliphatie alcohols and dimethyl- 
amines 

ROH+HN(CHa)2  ) RN(CH3)2+H20 

4. Reaction of alkyl chlorides and dimethylamines 

RCI+HN ( CHa. ) _~ + ~ RN ( C H3 ) ,+NaCI+H20 

5. Reduetive alkylation of aliphatic ahlehydes with 
dimethylamine 

RCHO + N H  (CtI:~).,+ H~ +RCttoN(CH3)2+ 
H20 

6. Reduction of substituted amide 

R-CON(CH3)2+H2 ) RCH,_,N(CHa)_~ + H20 

The selection of production route is dependent on 
starting materials available, equipment available, pat- 
ent position, and economic factors. 

Another class of tertiary amines that is now offered 
commercially are the reaction products of primary 
amines with ethylene oxide (10): RN(CH._,CH2OH)2. 
The number of moles of ethylene oxide that are added 
will affect the water solubility of the resulting com- 
pound. In this instance, the addition of ethylene 
oxide after the first 2 moles is random. 

A simple series of compounds can be prepared by 
the addition of propylene or butylene oxide to the 
primary amines. In these eases the resulting products 
are oil-soluble and are not water-soluble regardless 
of the number of moles added. 

An interesting product that can be prepared from 
the bis-(2-hydroxyethyl)alkyl amines is the n-sub- 
stituted morpholines. Vapor phase dehydration will 
give the desired compound in good yield (11). The 
same material can be prepared by the reaction of pri- 
mary amines with ~,B'-dichloroethyl ether. 
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CH2CH2OH 
/ 

RN 
\ 

CH2CH2OH 
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CH2CH2 
/ \ 

RN 0 + H20 
\ / 

CH2CH2 

RNH2 + (C1CH2CH2)20 + 2NaOH 
CHzCH2 

/ \ 
RN O + 2NaC1 + 2H20 

\ / 
CH2CH2 

Diamines 
One series of compounds that  has enjoyed commer- 

cial success is the N-alkyl-l,3-propanedianlines. These 
compounds are prepared by the addition of aeryloni- 
trile to a f a t ty  p r imary  amine followed by the reduc- 
tive amination of the resultant beta-eyanoethylalkyl- 
amine (12). 

RNH2 + CH2CHCN 
RNHCH2CH2C------N + H2 

> RNHCH2CH2CN 

> RNH (CH2) aNH2 

The R group in these compounds can embrace the typi- 
cal fa t ty  chains and can also include rosin acids (14). 

These products have a p r imary  and secondary amino 
function and both are available for any amine reac- 
tions. One series of compounds that have useful physi- 
cal and chemical properties is the alkylene oxide reac- 
tion products (13). There are three reactive sites. 

t~NH(CH2) 3NH2 + 3CH2CH2 ) 
\ /  

0 
R-N (CH2CH20H) (CH2) 3N ( C H2CH20II)  2 

Of interest recently is a derivative of N-alkyl-l,3- 
propanediamine. These compounds are prepared by 
reaction of acids with diamines and have some inter- 
esting biological properties. 

RNH (CH2) 3NHe + CHaCOOH 

R NH (CHe) 3NHOCCH3 

R NH (CH2) NHOCCHa 
A 

CH2CH2 
/ \ 

RN CH2 + H20 
\ / 

C = N  
I 

CH3 
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The reaction is carried on in two steps, the first is the 
preparat ion of an amide and the amide is dehydrated 
to form N-alkyl-3-methyI te trahydropyrimidines.  

F a t t y  amines arc cationic in nature,  form salts 
quite easily, and therein has the reason for other 
usefulness. They undergo reactions that  are typical 
of aliphatic amines except that  in this ease the reac- 
tion products have the long aliphatie chain to alter 
physical properties. 

A number of zwitterion derivatives of fa t ty  anlines 
arc available. P r imary  amines may be reacted with 
one or two moles of ehloroaeetic acid to produce 
N-substituted glycines. 

+ 

RNH2+C1CH2C00I t  ) R,NHCH2C00-+HC1 

RNH2+2C1CH2C00H -J RN'(CH2C00-)2+2HC1 

A zwitterion can also be prepared by the reaction of 
beta-propiolactone and pr imary  amines (15): 

+ �9 

RN H2CH2CH,,COO 

The same compounds can be prepared by the reaction 
of pr imary  amines with acrylic acid. The use of 
erotonie acid produces a zwitterion with a methyl 
side-chain. 

Quaternary Ammonium Compounds 
The largest amount of fa t ty  amines produced 

find their ultimate disposition in the preparat ion 
of "quaternary ammonium compounds."  This term 
is applied to organic nitrogen compounds wherein 
the four alkyl groups are attached to the nitrogen 
atom through covalent bonds. Exceptions to this 
statement will be found in the heterocyclic nitrogen 
compounds wherein one of the alkyl groups may be 
replaced by a carbon-nitrogen double bond. A very  
large var ie ty  of qua ternary  ammonium compounds 
are available and their usefulness depends on the 
strongly positively charged nitrogen atoms. 

Quaternary  ammonium salts are prepared by the 
exhaustive alkylatiou of anfines. Variations in amine 
or alkylating agents will give products  of many dif- 
ferent  types. By  fa r  the most important  of these 
types are produced by the reaction of amines with 
methyl chloride. This reaction is conducted in a 
closed vessel and gives very  good yields. 

RNH~ + 3CH3C1 + 2NaOH ) 
+ 

R(CH3)3NC1 + 2NaCI+2H20 

The start ing anline may be primary,  secondary, or 
ter t iary.  Several alkylating agents are used commer- 
cially; among them are methyl sulfate, benzyl chlo- 
ride, and alkyl halides. These compounds represent 
members of the so-called " R o e c a l "  series. 

Generally speaking, the quaternary  ammonimn com- 
pounds that contain one long-chain alkyl group are 
water soluble and highly biologically active (16). 
The compounds containing two long chains are not 
water-soluble, but are water dispersible. The largest 
single use for this class of materials is in the home 
laundry  softening field. The cationic quaternaries are 
substantive to cotton and impart  a soft " h a n d "  to 
treated goods. Dimethyldihydrogenated tallow ammo- 
nium chloride (or methyl sulfate) is used almost 
exclusively. 
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