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FATS = VERSATILE RAW MATERIALS FOR CHEMICAL USE

By

Daniel Swern

 ABSTRACT
(For List of Publications)
Several importent chemicel reesctions of fats and fatty acids are
briefly revieweds These include epoxidation, monohydroxylation, diasy
hydroxylation, maleic enhydride addition and the preparation of nitrogen

derivatives, dimer acids and vinyl esters.
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Fats have been kmown to mem since prehistoric times but how or why
man chose to use fats for food and non-food uses is umknown, Although
fats have been known for a long time, the bulk of our present day uses
differ only slightly from the original onese At the risk of gebting shead
of myself it should be pointed out that with the exception of glycerol,
fats have generally not been used as sources of pure organic chemicals
where the distinctive propérties of substences are the basis for their
industrial utilization. In two fields in which fats have always found a
substential outlet serious inroads have been made by cother materialss
The production of synthetic detergents, which are primarily mon-fat based,
has grown rapidly, mainly et the expense of soap expamnsion, and synthetic
surface coating materials, such as rubber~based paints and vinyls, are
taking the place of treditional drying oil preductse

The failure of fats to change their role over the past few thousand
years can be attributed in lerge part to their neglect by research workers.,
As a valusble recurring natural resowrce fats should have been the subject
of intense investigation es sources of industrial chemicalse In the past

twenty-five years pfogress in the chemistry ef and the development of
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industrial chemicals from fats has indeed been gratifying. The main reason
for this is an awareness on the part of the scientist and business man of
the value of fatse Other reasons are ready availability, low price, and

the by=-product nature of some fatse We have already accumulated a sufficient
body of fundamental deta regerding the reactivﬁ:y of fats and their compon-
ent asids that the ingenious scientist can write numerous chemical reactions
which have & reasonsble chance of being successful not only in the labora-
tory but also on a large scales Ths field is far from exhgusted, however,
end there are still numerous importgnt arees in fat chemistry which require
e large amount of fundemental investigation.

It seems reasonable to assume, then, that even though progress in the
industrial utilization of fats is a much belated phenomenon it is inevitable
that fats will also become the source of large quantities cf pure shemicals.
In the not too distant fubture there will umdoubtedly be a large femily of
"oleochemicels" from fats comparable to "pstrochemicals" from petroleums

The remainder of this article will be dsvoted to chemical reactions
which are (a) already being employed on en industrial scale, (b) show
promise of industrial acceptamce or (o) illustrate the versatility of fats
in the synthesis of interesting types of orgenic compounds. Since fats
are mede up mainly of fatty acid esters, most of the reactions to be dis-
cussed are reactions of the fatty ascid moiety,

EPOXIDATION: Epoxidation is the conversion of amn olefinic double bond

to the oxireme group by reaction with amn orgenic peracid, as illustrated by
the equation:

~CH = CH= + RCOz ———>> =CH-CH- + RCOHH
\/
0



The reaction was disccveredkin 1909 by the Russien chemist Prileschajewl
who showed that perbenzoic acid is en efficient epoxidizing agent for
isolated double bondse It is an excellent reaction for laboratory use be=
cause it is often rapid under mild conditions in nonreactive crgemic sol-
vents, and yields are high., Since the original discovery, over 350 ole=~
finic compounds have been epoxidized end numerous other perecids have been
shown to be usable, notably peracetic, monoperphthalic end performic acid.?

The epoxidation reaction assumed practical importance only within the
past ten years with the development of in situ techniques for preparing
ead using up perfqrmic3 end peraaetich aciis as they are formed, Since
the preparation of peracids is an equilibrium, it is possible to avoid
their separate preparation by condusting the reaction of hydrogen perexide
with the aliphatic acid in the presence of the olefinic campound to be |
epoxidizeds

HpOp + RCOpH S5 RCOzHE + HO0

By operating in this way losses of active oxygén are kept at & min-
jmum end the hydrogen peroxide can be efficiently utiligede Theo oaly
epoxidation techniques which have achisved commercial impcrteamce are the
in situ ones, using hydrogen peroxide with either formie or acetic acid
as the oxygen carrierss

The introduction of the oxirame group into the alkyl chain of a fatty-
acid ester markedly increases its campatibility with polyvinyl chloride
and other resinous materialse Furthermore, the oxirane group reacts rapidly
and quantitatively with hydrogen chloride thersby exérting a stabilizing

effect on chlorine¥oontaining pclymerse These desirable characteristics
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heve resulted in the commercial use of epoxidﬁ.éed fatty-acid esters as
stabilizing plasticizers for chlqrine-oontaining polymers and copclymers,
particularly polyvinyl chlorides?

Epoxidized soybean oil was the first commercially availabls epoxy
fatty ester primarily because of its availability amd roelatively low pricee
Tts limited ocompatibility with polyvinyl chloride, howsver, prompted re-
search on the preparation of epoxy fatty esters which cen be used as primary
plasticizerss |

Numerous simpler epoxy esters have since besm reporteds Thus, butyl,
hexyl, and other alkyl epoxystearates have excellent compatibility with
polyvinyl chloride and they impart outstending low-temperature character-
istics to the polymer. Alkyl epoxysteérates are now commercially aveil-
able, as are salts of epoxystearic acide

The oxirane ring in fatty acids is extremely reective and, in addition
to its reaction with hydrogen chloride already mentioned, it undergoes the

following reactions with compounds conteining active hydrogen atoms:

-CH-;)H«- + RCOoH -~————>> ~CH~CH=-
\ ‘ o
0 OH 0-C-R

H
0

+ RO —> ~CH~CH-
i
OH OR

+ RNHp —3 -CH-CH-
!
OH NH
1
R
+ Hy ——> =CH - CH~

|
OH
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These products mey be useful in the preparation of plasticizers, lubrisants,
or lu'bi-icant additiveses Furthermore, epaxidized oils and esters cean be
employed in polycondénsa’cion reactions to prepare valuable swface coebing
meterialse

MONOHYDROXYLATTION' 12-Hydroxystoaric acid, derived from castoer oil by

hydregenetion and hydrolysis, is am importent component (as the lithium
salt) of allepurpose greases for airoraft and othér military usese Further-
more, eéterification of the cerboxyl and hydroxyl groups with the approp-
riaste aloohol and acid yields useful secondary plastiocizerss Simce castor
0il is e nondomestic oil, recent research has been directed toward the
preperation of monchydroxystearic acid from plentiful domestic sowrces,
particularly oleic aéid obtained from enimal fatse

A mixture of isomeric monohydroxystesric acids is obtained in good
yield from oleic acid by low~-tempereture addition of concemtrated sulfuric

acid followed by hydrolysis of the intermediate sulfate esters:6
CHz - (CHp)7 = CH =CH = (CH2)7 - COoH

1, HQSOh
2. Hy0
CHz = (CHy)y = C'SH - (cHy)y - COHE
CH (x +y = 15)
A caavenient procedure for preparing monchydroxystearic acids of kmown
structure is hydrogenation or chemical reduction of the corresponding

oxira.nez7

- CH - Reduc',l:i.onA> - CB, - CH -
\/ |

0 OH
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A recently discovered reaction for the synthesis of monohydroxy aclds,
and one which may heve wide applicability both on a laboratory and om &
commercisl scale, is the addition of 90-~100% formic acid &t its boiling
point to olefinic acids, followed by hydrolysis of the intermediate formete
esters.® The reaction rete is inoreased considerably by eacidic ocatalysts,
perticularly perchloric end sulfuric acids and boron fluoridso The yield
of monchydroxystearic acids from oleic acid is over 70%, with the 9~ and
10~ isomers predomineting by fare

Numerous esters of monohydroxy fatty acids have beem prepareds Thece
have been gaggested as high-meiting waxes ond release agents for plastics,
end as intermediates in the preparation of plasticizers and surface~active
agentss An interesting new potential use for diesters of mon.shydrmcy-
stearic acid is in the synthetic lubricent fieldo?

DIHYDROXYLATIONs Two general end widely used methods ere evailable

fdr preparing comtiguously substituted (a?glycol) dihydroxy fatty acidso
These are epoxidation of the corresponding olefinic acid with organic
 peracids followed by hydrolysis® end aridation of the olefinic ecid with
ailube, oold slkaline potassium permmngenatesl® Yields of dihydroxy esids

are good, often exceeding 907% The peracid hydroxylation follows:

CHz - (CHp)q - CH = CH = (CHp)q - COE Oleic Aoid
le R = COzH (HpOp + R COpH)
12 B0
CHz - (cne)., - CH - ?H - (c32)7 - COH
& o

9,10-Dihydroxystearic acid
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In peracid hydroxylations it is ocustomary to use an in situ method with
conditions arrenged to cause opening of the axirame ring as it is formede.
The resulting hydroxy~acyloxy compound is more easily couverted to the
a=glycol than is the oxirane, end yields are essentially quantitative.
MALEIC ANHYDRIDE ADDITION: Drying oils modified by reaction with

maleic anhydride have improved drying properties and are extemsively usede
The chemistry involved in such a complicated system is not kmown in detail
but some recent work has been published on the reaction of maleic enhydride
with pure unsaturated fatty esters, both conjugated and nonconjuzated.
At 200° methyl oleate and maleic anhyiride form at least four isomersel?

The maleic anhydride attacks at the reactive allylic system, with corres-
ponding double bond shift, ylelding products substituted in the 8, 9, 10,

or 11 positions The structures of these products are similar to that shom

belowe
CHz - (CHy)g -VCH = CH - CH - (052)7 - CC,CHy

- 'CH~CHp

i

c=t ¢=0
\ /
0

Methyl linoleate end maleic apnhydride give more complex prmlm.rt::s.l2
A small smount of & l:l adduwet is formed which appears to be & Diels-Alder
addition product of ome mole of meleic anhydride with one mole of con-
Jjugated methyl octadecadlenoate formed by isomerizetion umder the condi-
tions of the reaction. The predominant adduct, however, is polymeric end
contains & multiple number of maleio enhydride and methyl linoleate unitse

One product which has been isolated eppears to contein three maleic
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anhydride and two methyl lincleate unitse A possible structurs, showing
only the central portion of the linoleate molecules, is given belows Thus,
meleic enhydride can react to comnect two glyceride molecules containing

linoleic radicals thereby acting as a bodying or thickening agente

/‘Q)\\
0=C cC=0
| |
CH ~(.3H

|
'y ~ Ry.= CH=CHp»CH~CHE~CHp -Rp

0
4
CH-C :
o
CH-C[
Yo
R);~CH-CH=CH~CH-CH-R5
| |
CH cH
i |
#0=C c=0

0

Maleic enhydride reacts with conjugated fatty acids by & Disls-Aller
reaction. The reaction, umder mild condi'bions;has been used to measwre
conjugation but is not nearly so gocd for this purpose as spectrophoto~
metrio analysise The maleic anhydride adducts of a- end (3~ eleosteario
acids heve recently been used, together with physical end other chemical
evidence, to demonmstrate unequivocally that the structure of a-eleostearic

acid is 9-cis, ll-trans, 1l3-trens-occtadecatrienoic acid, end B-elecstearic

acid is 9-trens, ll-trans, lﬁ—ttans-ootadecatrienoic acideld

Maleic enhydride adducts of umsaturated fatty acids contein three or



-9-

more carboxyl groups (or their equivelent in arhydride groups)s These cen
undergo typical réactions of the carboxyl group to yleld esters and amides,
for exesmple, or they cen be used in polycondensation reactionse Meleic
enhydride adducts of polyunsaturated fatty acids still contain double bonds
which can be epoxidized emnd hydroxylated, to neme only two potentially
useful reactionse

NITROGEN DERIVATIVES: The most widely used long-chain nitrogen deri-

vetives are smides, nitriles, amines and their reaction products, meny of
which ere commercially evailables They are ususlly derived from purified
fatty acids by the following reactionss

heeat ~

RCOCH + Nij —>  RCONH, + Hy0
RCONH hest > RCN + Hpo
RON B2 >

> RCHpNHp + RCHpNHCHoR

Amides can also be prepared in high yield by reaction of the gly-
cerides with ammonia or amines. Amides are neutral substences and range
in physical appearance from waxy solids (saturated) to pacty masses (vn=
saturated), Fatty acid smides are used as anti-block egents in plastic
and wax formulations to reduce surface tack, as mutuel solvents to inorease
the compatibility of synthetic resins with wexes, in printing inks as anti-
offset and anti-scratch agenis, as thickeners and stebilizers for emulsions,
as dye solubilizers, snd as "builders" in synthetic detergent formulations
to enhance the detergent propertiss end increase foem stability. Fatty
acid emides are also used for the synthesis of permsnemt textile water
repellents and elso in the prepsration of a whole hest of non-ionic surface

sctive egents by condensetion with verying emounts of ethylene oxidee
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Fatty nitriles are useful as low temperature plasticizers for poly-
eorylonitrile and vinyl polymers, as yarn lubricants, in the synthesis of
textile water repellents and, in ome case (lauronitrile), as an irsect re-
pellents

Fatty emines are basic and very reactives They are insoluble in water
but they can be readily converted to a water-soluble or weter-dispersible
form by reaction with acids to form ammonium saltss Fatty emines also react
with acid chlorides or emhydrides to form N-substituted amides end they are
readi1y~convertéd to surface active and germicidel quaternary emmonium salts.
In general, fatty amines show the same reactivity as the short chain primary
and secondary aminese

Fetty amineé are used in the rubber industry as reclaiming, mold release
end accelerating agents; as retarders end anti-scorching agents for butyl
rubber; in the textile industry for preparing cationlc softening agents,
dyeing assistants end enti-static agents; in froth flotation end azglomera-
tion types of mineral concentration; as corrosion inhibitors; in the prepara-
4idm: of cationioc surface sctive agents which are good emulsifiers and also
have germicidal and algaecidel properties; end in the preperation of non-
fonic surface active egents by reaction with ethyleme oxideo

DIMER ACID FORMATION, A comparatively new use for fats is the prepara-

tion of dimer aoids from linoleic acid (9,12-cctadecadiencic pcid)es When
linoleic acid, its methyl ester or oils rich in linoleic acid ars heated
to sbout 300°, the linoleic ecid chains dimerizeolt In this reaction, ome
molecule of linoleic acid iscmerizes to a conjugeted octadecedienoic acid,
either 9,11~ or 10,12-, end this in turn reacts with ons molecule of un-

chenged linoleic acid by e Diels=-Alder reaction, as showns



COoH (lzoaﬂ
(cB2)7 (CHp)7 COpH
CH==————-~ (‘:I-I J
’ (CH2) 7
b b l
| N Eet o o
?H - < rima 300°
Pre HC CH~(CHp ) »=COoH
CH (’}H » H2)7 %
< |
(?H2)5 e HC CH-CHp~CH=CH~(CHp )),~CH3
o3 (B, N\
| CH
C'H3 |
(<'=H2)5.
CHz
% 11-Linoleic Acid 9,i2~Linoleic Acid Dimerized Linolels Joid

Tt is evident that a variety of geometric and position iscmers can be
formed by this reaction, end undoubtedly ares

Dimerized linoleic acid is a dibasic acid and undergoes the expeeted
polycondensation reactions with glycols and dieminess The polyesters
obtained with glycols are readily increased in molecular woight by reacti
with diisocysnates; the resulting products can then be converted to foamed
rubber articless Polyezhides are used as wafer-resistant adhesives, shellac
substitubes, and nonblocking peper coatingse Coreaction of the polyamides
with epoxy resins forms new high polymers with e wide renge of flexibility
depending on the componentse

LONG CHAIN VINYL ESTERS. A potentially large chemical use for fats

is the preparation of vinyl esters of long chain fatty acids for use in

the preparation of polymers or copolymers with commercielly importent
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moncmers, such as vinyl acetate or vinyl chlorides The following equations
show the preperation of vinyl esters by the reasction of fatty ecids with
acetylene under pressure or by an interchenge resotion from fatty acids and

vinyl acetate at atmospheric pressure:l5

heat
RCOH + HC
2 =cH metal se.l!:l:s::9 RCOpCH=0Rp
S
RCOpH  + CH3CO,CH=CHp ..%_9.1&_—» RCO,CH=CH, + CH3COoH
S0},

.

Lbng—chain vinyl ethers are prepared from the correspondirg fatty
alcohole

The main interest in vinyl esters of long-chain fatty acids is in the
preparation of intermally plesticized copolymers in which the plasticizer
is chemically bound. Internally plasticized copolymers would be expected
to be supérior to resins plasticized in the ususl way in thet the plasticizer
cannot migrate, eveporate or cause unpleasant ocdorse

Emulsion copolymers of vinyl acetate with vinyl stearate are being used
as water-base paints for outdoor epplicationse -Polyvinyl acetato emulsicns
were among the first water-base paints to be exemined, particulerly for
outdoor use, but problems concerned with external plasticization of the
polymer end poor water resistance were discouraging factorse Internally
plasticized copolymers of vinyl acetete with vinyl stearate overcome both
problems sa.-!:.i.sfeaur!:or:’n.lye16 |

Copolymers of vinyl steerate with vinyl chloride fall into two main
ca:begories;l? Those containing abeut 10-20% of vinyl stearate ere essen=-

tially rigid plasticse. They may be advantageous for rigid plastic uses
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where their low milling température end low viscosity-temperature coefficient
are desireds Applications which suggest themselves are plastic tubes, pipes
and other extruded forms, sheets far structural pwrposes such as floor
coverings eamd wall board, end other uses such as toys and phonogreph recordse

Copolymers containing about 30-L5% vinyl stearate resemble polyvinyl
chloride resins plasticized externally with about 25-35% plasticizers These
polymers should be of particuler adventege where plasticizer loss by migra=-
tion, extraction or evaporation must be avoided or elimination of adors is
desirable. Applications which suggest ﬁhemsqlves are wire coatings in=-
cluding protective sheathing for coaexial cable, fabric and other protective
coatings, especially those which are subjected to repeated wiping or washing
of such as table covers and autamobile seat covers, and in food packeginge

Vinyi chloride-vinyl stearate copolymers form flexible films and they
ocan be plasticized if desired with the conventional plasticizers for poly-
vinyl chlcride, as well as with less expensive plasticizers readily pre-
pered from fats with which the copolymers, unlike polyvinyl chloride, are
compatiblee

Obviously only & small fraction of the interesting chemical reactions
and uées of fatty acids could be described in this articles No mentiim has
been made of recemt work on the preparation of fatty acids containing
fluorine, sulfur and phosphorus, nor of recent work in the addition of
numerous reagents to the double bonds of unsaturated fatty acidse The in=-
oreesed research asctivity in this field will undoubtedly result in meny
significant developmemts in the near future both in fundemental end in-

dustrial chemistrys
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