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Abstract 
1VIany products  of the reactions of fats  and 

f a t t y  acids are being commercial ly exploited. 
There are, however, m a n y  other potential  prod- 
ucts derived f rom new or inadequately developed 
reactions. Some of these reactions, involving both 
the carboxyl and the f a t t y  acid hydrocarbon 
chain, will be discussed. Emphasis  will be placed 
on the la t ter  and will include examples of substi- 
tution, addition, and elimination reactions. New 
knowledge re la t ing to some of these reactions will 
be stressed. 

Introduction 
VERY LARGE NUM:BER o f  chemical reactions of fats  

and f a t t y  acids have been described in the tech- 
nical l i terature  and m a n y  of these are being exploited 
commercial ly today. }Iowever, this does not mean 
tha t  opportuni t ies  in this field have been exhausted. 
Fa t s  and f a t t y  acids provide a very  at t ract ive raw 
mater ia l  for  chemical modification and it is the pur-  
pose of this article to describe some reactions which 
are not commercial and which deserve fu r the r  study. 
A comprehensive review of the chemistry of fa t ty  
acids is beyond the scope of the article. 

Discussion 
Reactions of f a t t y  acids fall  into two categories, 

those which involve the carboxyl group and those 
which involve the hydrocarbon chain; and, of course, 
combinations of the two. Over the yeal"s major  em- 
phasis has been placed on earboxyl-group reactions. 
Commercial  products  of such reactions include soaps, 
esters, f a t t y  alcohols, the nitrogen-containing deriva- 
tives such as amides, amines, and qua te rna ry  ammo- 
nium salts, etc. 

I n  recent years, reactions of the hydrocarbon chain 
of f a t t y  acids have received an increasing amount  of 
attention, and a number  of commercial products  and 
processes involve this type  of chemistry. Among these 
are polymerization products  derived f rom unsatu-  
ra ted  f a t t y  acids ( including protective coatings pro- 
duced f rom dry ing  oils), products  of oxidative cleav- 
age, and epoxidized oils. Many  other reactions of the 
f a t t y  acid hydrocarbon chain are known, and some 
of these will be discussed in more detail. A review 
article which was published recently is recommended 
for  those who may  wish to pursue the subject more 
exhaustively (1).  In format ion  regarding  the prop- 
erties of the products  to be discussed is f requent ly  
scanty ;  no a t tempt  will be made to suggest uses for 
these materials.  

Most reactions of the hydrocarbon chain of f a t t y  
acids fall  into one of the following classes: replace- 
ment  reactions, addit ion reactions, elimination reac- 
tions, ov cleavage reactions. For  the purposes of this 
discussion, it is convenient to follow this classifcation 
scheme. 

Direct  replacement  by halogen of one or more hy- 
drogens in the hydrocarbon chain of f a t t y  acids offers 
m a n y  interest ing possibilities which are discu~ed in 
another  pape r  in this Symposium (2). Halogenated  
f a t t y  acids may  serve as intermediates for  the intro- 
duction of other groups such as hydroxyl  or alkoxyl 
(3,4,5,6),  mercapto (7),  amino (8,9),  cyauo (10), 
or dialkylphosphono (11). 

The addit ion of a l a r g e  var ie ty  of reagents to the 
ethylenic linkage of unsa tura ted  f a t t y  acids has been 
reported in the l i terature.  Some of these, such as hy- 
drogenation, halogenation, and epoxidation are well 
known. Other  perhaps  less well known reactions will 
be described here. Al though some of these involve 
relatively high-priced chemicals, i t  is always possi- 
ble that  propert ies  of the product  will jus t i fy  a high 
cost. 

Addit ion of N204 to unsatura ted  acids yields a 
nitrosonitrosoSxy acid which may  be hydrolyzed to 
a ni t rosohydroxy acid (12,13). 

H20 --CH = C[]-- + N,.,O.,. > --CH - -  CH-- ) --CH - -  CH-- 

NO ONO NO OH 

(This reaction, and those which are discussed subse- 
quently, yield mixtures  of positional isomers, since 
addition is random.) Dialkylphosphonite  will add to 
esters of monoSlefiuic acids to produce tile dialkyl- 
phosphono derivative of the corr(,spor.liug saturated 
acid (14). 

-Ct t  = CH-- + (RO),.,PHO--------* - C H ~ - - C H -  
] 

oP(on)~ 

Addit ion of silane derivatives is i l lustraied by phenyl- 
silane and a monoiilefin (1.5). 

--CK = CH-- ~- C.H:,SiH:, - -  > --CH~ - -  CH-- 
I 

HfSIC,Hr, 

The last two addition reactions require a peroxide 
catalyst.  

t tydrobora t ion  of internal ly unsatura ted  hydro- 
carbons followed by oxidation and hydrolysis leads 
lo terminal  alcohols. 

CHa(CH~),,CK = CH(CH._,),,,CH:, ~ B~H,~ I____> 

1. Oxidize 
addition compound ~ CH~(CH,~) ....... ~OH 

2. Hydro]yze 

When this series of reactions was carried out with 
methyl  oleate, a mixture  of 9- and 10-hydroxyoeta- 
decanoic acids was obtained ; no isomcrization occurred 
(16). Subsequent work has shown that  the isomeriza- 
tion of the diborane addit ion product  is influenced by 
the terminal  carboxylate group (17). 

A number  of addition reactions of olefinic fa t ty  
acids produce  carbon-to-carbon bonds. Addit ion of 
nitriles yields amido acids which may  be hydrolyzed 
to the amino acid ( ]8) .  

I-IfO 
--OH = CH- -t- RCN -- ---> 

I:I~SO, 
It,O 

--CH~ - -  OH-- ) --CH~ - -  CH- 
1 I 
NItCOR NH2 

The Fr iedel -Craf ts  reaction, between aromatic com- 
pounds and olefinic acids will produce saturated acids 
with aromatic  subst i tuents  (19). Aluminum chloride 
and other acidic catalysts are used. Addit ion of ma- 
leic anhydr ide  to methyl  o]eate yields a mixture  of 
adducts  involving the 8-, 9-, 10-, and l l -carbon posi- 
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tions (20). This is a free radical reaction;  one of the 
products  may be il lustrated by the following reaction. 

-CH = CH -- CH2- + --CH = CH- > --CH = CH -- CH-- 
I I I 

C C C H  - -  CH2 
/ /~  / \ \  I I 

O O O C C 
/ / \  / \ \  
O O O 

- -CH2 - -  CH = C H  - -  CH2 - -  + CH~0  

Other addition reactions which produce carbon-to- 
carbon bonds are the " o x o "  process, involving the 
addition of carbon monoxide and hydrogen (21), 

C o , ( C O ) s  
- C I t  = GI t - -  + CO + H2 ) --CH2 - -  C'H-- 

GHO 

and the carboxylation of oleflnic acids by means of 
carbon monoxide in strong acid (22). 

H20 --Ctt = CH- + CO ) - G H 2  - -  CH-- 
H~SO~ I 

COOH 
Formaldehyde will also add to unsaturated acids to 
yield a mixture of products (Prins reaction) (23). 

cI-I 
/ \ 

H~SO~ - - C t t  C H O H  
T ) 
I 2 i s o m e r s  

CH~ CI-I~ 
\ / 

o 
Polyunsaturated fa t ty  acids which are conjugated 

Or are capable of undergoing conjugation are subject 
to the Diels-Alder reaction with a number of dieno- 
philes (24). The chemistry involved may be illus- 
t ra ted by the reaction of a butadiene system with 
acrylic acid. 

CH = CIt 
/ \ 

- C H = C H C H = C H -  + C H ~ = C H C O O H  ) - O H  C I I - -  
\ / 

CH.- - -  C H C O O H  

Conjugated trienoic acids, such as eleostearic (usu- 
ally as the ester),  are susceptible to cyclizat ion when 
subjected to heat (25). Esters of linolenic acid also 
form cyclic monomers when heated vdth base (26). 
Dimerization reactions of dienoic f a t ty  acids are 
well-known. 

Addition reactions also include those which involve 
the interaction of epoxy fa t ty  acids with various re- 
agents such as hydrogen, water, alcohols, hydrogen 
halides, and amines. The chemistry of epoxides will 
be discussed in a no.ther paper  in this Symposium (27). 

Elimination reactions of f a t t y  acids or their deriv- 
atives are usually under taken as a means of intro- 
ducing unsaturat ion into the molecule. Dehydrat ion 
of rieinoleic acid i s  an example of such a reaction 
which is applied commercially today. Many reports  in 
the l i terature describe attempts at dehydrogenation, 
dehydration, or dehydrohalogenation of saturated 
acids, hydroxy  acids, or halogenated acids, respec- 
tively. With  certain exceptions, these elimination 
reactions are, at best, only moderately successful. 
Many references describing elimination reactions are 
included in the review cited above (1). 

Cleavage of the fa t ty  acid hydrocarbon chain is 
accomplished by pyrolyt ic  or chemical (usually oxi- 
dative) means. Pyrolysis of unsubsti tuted saturated 
f a t ty  acids produces a var ie ty  of products and does 
not appear to be an at tractive reaction (28). Alkali 
fusion of keto acids yields a mixture  of mono- and 
dibasic acids. I t  is actually a combination of pyrolytic  

and oxidative cleavage. Thus, 10-oxdictadecanoic acid 
yields as major  products  nonanoic and decanedioic 
acids (29). 

CH3 (CH~) 7~ (CII2) 8C00H .> 

0 
CI~ (OHm) 7COOH + H00C (C]~) 8C00~I 

Octane is also a product of this reaction, as are small 
amounts of other products, Alkali fusion of hydroxy 
acids yields similar results, since dehydrogenation to 
the keto acid occurs under the conditions of the 
reaction. 

Pryolytic cleavage of unsaturated acids is best ex- 
emplified by the Var ren t rapp  reaction which was first 
described in 1840. This reaction, also an alkali fusion, 
is both pyrolyt ic  and oxidative in character. The 
mechanism of the reaction has been elucidated re- 
cently (30,31). Under the conditions of reaction, 
the shift of the double bond in the unsatura ted fa t ty  
acid occurs in both directions from the original 
position. Shifts into the 2-position are followed by 
irreversible fission. Ultimately, good yields of the 
saturated f a t ty  acid containing two less carbon atoms 
than the original unsa tu ra ted  acid are obtained. The 
end result of the reaction is as follows: 

B a s e  --CIt -- CIt (CIt2).~CH2CH~COOtt ) 

- C H 2 C H ~  ( C H ~ ) n C H  = C H C O O H  - B a s e  

--CI-I~CH~ (CH~)nCOOH + CH3COOH 

Pyrolyt ic  cleavage of ricinoleie acid is not a new 
reaction. In  fact, it is used commercially for  the 
production of both 10-undecenoic and sebacic acids. 
The course of the reaction which is dependent  upon 
the conditions of the pyrolysis is as shown (32). 

OH, (CH~) 5CItCH~GH = Ctt ( CH~ ) ~G00H 

~, P y r o l y s i s  .~ A l k a l i  200C ~, A l k a l i ~ 2 4 0 C  
C H 3 ( C H ~ ) ~ C t I 0  CI-I~ (CH2)  ~ ( ~ H 8  CH~ (OHm) 5CHCH~ 

+ l CH~ = OH (0H~) 8C00H 0 OH 
§ + 

CH2(CH~) sCOOH HOOC(CH~) sOOOH f 
OH 

A scheme which accounts for  the temperature  depend- 
ence of the alkaline fusion has been proposed (29). 

Oxidative cleavage by means of ozone is discussed 
elsewhere in this Symposiunl (34). 

The reactions which have been discussed above by 
no means represent all of the possibilities which may 
interest those concerned with finding new products  
and new processes based upon fats or f a t t y  acids as 
raw materials. Fur thermore ,  it must be made clear 
that  many of these reactions have not been developed 
to the point  of commercial feasibility, nor are uses 
for  the products necessarily known. Certainly, there 
are many unexploited opportunities for  the chemical 
modification of fats and oils---diligence and imagina- 
tion will be rewarded. 
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Hydrogenation of Fats and Oils. 
During Hydrogenation I 

Isomerization 

EDWIN R. COUSINS, 2 Southern Regional Research Laboratory, New Orleans, Louisiana 

Abstract 
This presentatio~ includes a survey of the 

development o f  the presently accepted theory for 
the formation of isomers based on a half  hydro- 
genation-dehydrogenation mechanism with atomic 
hydrogen, an appraisal of the relevant work of 
recent years for its significance when applied to 
the problem of isomerization, and certain experi- 
mental  evidence from other fields of heterogeneous 
catalysis of interest in the hydrogenation of fats 
and oils. Effects of temperature,  pressure, eata- 
lyst concentration, and degree of agitation used 
in commercial plants on the degree of isomcriza- 
tion arc discussed. In  addition the conditions 
necessary for the proper  application of the term 
"se lec t ive"  to a hydrogenation are examined. 
An interpretat ion of recent work to reduce 
isomerization while retaining selectivity by ex- 
tending the normal range of the variables and by 
the use of solvents is covered. Selected works on 
catalysis f rom related fields are used to indicate 
possible modifications of the isomerization mecha- 
nism and, perhaps, to reveal f ru i t fu l  avenues of 
research. 

Introduction 

H YDROGENATION is the oldest and most important  
of the commercial processes used in the chemical 

modification of fats and oils. Sabatier in France  as 
early as 1897 and Normann in Bri ta in  in 1903 were 
responsible for  the basic developnlent of the process 
as it is known today. By 1911, the first commercial 
product  containing hydrogenated fat  was on the 
market  in this country. Today, the importance of the 
process is difficuIt to overemphasize. Currently,  in 
excess of three billion pounds of vegetable oils are 
hydrogenated annually. The process has contributed 
more than any other technique to the great increase 
in the diversi ty of use of various fats and oils. 

Discussion 
Essentially the process involves bringing together 

an unsatura ted fat  or oil, a nickel catalyst, and hy- 
drogen under  such conditions that the hydrogen com- 
bines with the oil. The product  is usually a semi- 
solid, or plastic fat. The original purpose of this 
process was to permit  the use of cheaper vagetable 
oils in the place of more expensive animal shorten- 

1 Presented at the AOCS meeting in New Orleans, 1962. 

ings. The first commercial products  were crude and, 
sometimes, unsatisfactory. They consisted of blends 
of a solid (completely hydrogenated) fa t  with a 
liquid (refined and bleached} oil. It  was not unusual 
for  the consumer of the early products to find that  
the two phases had separated into their original un- 
blended state. There was some "consumer resist- 
ance."  Gradual  improvements in the process and the 
products led to today 's  all-hydrogenated shortenings 
and related products,  that  are not only accepted, but 
are prefer red  by many consumers. 

Yet, even today, hydrogenation must be regarded 
as an enigma of the fat  and oil industry. Funda- 
nlentally, it is not well understood. Certain problenls, 
which have plagued the industry from the beginning, 
are growing in importance. Much can be done toward 
modifying and improving the hydrogenation of vege- 
table oils. An increasingly recognized problem is that 
these hydrogenated oils differ chemically from natural  
oils to a large extent. An excellent review of the 
changes in the nutr i t ive value of fats and oils af ter  
hydrogenation is available (10). Hydrogenated oils 
contain glycerides that may consist partially of p osi- 
tional and geometric isomers of normal linoleie acid. 
Hydrogenated  oils nlay contain large amounts of posi- 
tional and geometric isomers of oleie acid, cis-9-oeta- 
decenoie acid. I t  is generally agreed that glycerides 
of 'these isomers of oleie acid are utilized by the ani- 
mal body as readi ly as are those of oleic acid itself, 
provided the fa t  product  in which they occur does not 
have too high a melting point. Fur the r  work may be 
needed to assess fu l ly  the importance of isomeric prod- 
ucts in human diets. 

While no solution to the problem o[ eliminating the 
formation of geometrical or positional isomers during 
hydrogenation will be presented, it is hoped that  vari- 
ous sections of this discussion will be of value to those 
interested in this field. The objectives of this paper 
will be to survey the development of the presently 
accepted theory for  the formation of isomers, to 
appraise some of the more relevant work of recent 
years for  its significance, to stress the pauci ty  of the 
means of solution with the present theory, and to 
engender interest  in more f ru i t fu l  avenues of re- 
search by reviewing certain work from other fields 
of heterogeneous catalysis. 

D e v e l o p m e n t  of  T h e o r y  

The historical evolution of present-day theory ot 


