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Abstract 
The dehydro-dimer of methyl oleate was pre- 

pared and its structure determined as a model of 
a non-ring dimer for reference in studying the 
structure of other fat ty  dimer acids. 

The dehydro-dimer of methyl oleate is formed 
by the action of all-t-butyl peroxide on methyl 
oleate. The reaction is stoiehiometric; one mole 
of DTBP producing one mole of dehydrodimer 
and two moles of t-BuOH, when excess methyl 
oleate is used. The dimer was shown to contain 
two double bonds, and to be formed by carbon-to- 
carbon linkages predominantly and equally at 
the 8, 9, 10 and 11 carbons of the oleate monomer 
segments. 

l~nsaturation was determined by quantitative 
hydrogenation and far I?V absorption. The points 
of linkage were established by diagnosis of the 
positions of the involved tert iary carbons of the 
hydrogenated dimer 1) by chemical oxidation, 
and 2) by mass spectrometry. Positions of the 
double bonds were determined by quantitative 
ozonization, reduetive cleavage followed by gas 
chromatography of the aldehydes and aldehyde 
esters. Precise molecular weight of the hydro- 
genated dimer was determined from the parent 
mass peak at the expected m/e of 594, confirm- 
ing the non-ring structure. The unhydrogenated 
dimer showed a parent m/e peak at the expected 
~alue of 590. 

The bridging at the 8 and 10 positions is ex- 
plained as being due to coupling of radicals with 
limiting resonance structures resulting from loss 
of a hydrogen atom from the methylene at posi- 
tion 8. The bridging at the 9 and 11 positions 
is explained as due to coupling of limiting reso- 
nance structures resulting from loss of a hydro- 
gen atom from the methylene at position 11. 

Mass spectrometric data indicate~ that the di- 
merization is a coupling of the expected free 
radical forms, rather than attack by an oleate free 
radical on the double bond of an intact oleate 
molecule, with subsequent loss of hydrogen to 
form the second double bond in the dimer. 

Coupling at the 2-position (a to COOCHa) 
occurs in not more than 5-10% of the molecules. 
A small amount of cyclic dimer may be present. 

Introduction 

I N A STUDY of the po]ymerization of allyl and vinyl 
linoleate initiated by di-t-butyl peroxide, Harr ison 

and Wheeler (1) noted the formation of conjugated 
linoleate structure. They suggested that  the t-butoxy 
radical could remove a hydrogen from the 11 carbon 
atom of linoleate, that this radical would also have 
limiting resonance structures with the double bonds 
in the conjugated 9, 11 and 10, 12 positions, and that 
these various radicals might couple to give dimers. 

1 Journal  Series No. 295. Central Research Laboratories, General 
Mills, Inc., 2010 E. t tennepin Ave., Minneapolis, Minn. Presented at  
the AOOS meeting in ~_tla.~ta, April, 1963, 
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Subsequently, Harrison and Wheeler (2,3) and 
Clingman and Sutton (4) studied the dimerization of 
methyl linoleate with di-t-butyl peroxide and con- 
firmed the conjugated structure in the isolated dimer. 
The dimer contained the four double bonds of the 
two linoleate segments, and one of the two pairs of 
the double bonds was conjugated. The remaining 
pair of non-conjugated double bonds was quite re- 
sistant to alkali conjugation, suggesting either a 
branching at the 11 carbon of a • 9,12 linoleate seg- 
ment, or free radical attack at carbon 8 or 14 (methyl- 
enes activated by one adjacent double bond, in con- 
trast  to carbon 11 which is activated by two adjacent 
double bonds). Limiting resonance forms of such 
radicals would include the doubly methylene inter- 
rupted 1,5 diene systems which on coupling would 
also have the branching at a position between the 
double bonds. 

I t  was also shown (3) that at low conversions, the 
product is mostly dimeric and that the reaction is 
non-catalytic, but essentially stoichiometric in form- 
ing one mole of dimer and two moles of t-butanol from 
one mole of di-t-butyl peroxide. 

Methyl oleate in the presence of ]inoleate was 
shown to similarly polymerize or eopolymerize (3), 
and methyl stearate was also shown to be polymerized 
by di-t-butyl peroxide (4). The dimerization of oleic 
acid by di-t-butyl peroxide has been patented (5). In 
the case of methyl stearate, it was suggested that the 
methylene a to COOCHa might be attacked (4). 
The suggested structures of these dehydropolymers 
were based on proposed mechanisms deduced from the 
properties indicated, and by analogy to similar re- 
actions on other olefins. 

The present s tudy is on the structure of the de- 
hydrodimer of methyl oleate. The presence of two 
double bonds in the dimer was shown by quantitative 
hydrogenation and far UV absorption. Double bond 
positions were determined by ozonization, reduetive 
cleavage and GLC analysis of the aldehydes and alde. 
hyde esters. The position of joining between the 
two oleate segments was determined by oxidative 
cleavage at the ter t iary carbons involved and by mass 
spectrometry. Joining was found to be predominantly 
and equally at positions 8,9,10 and 11, with 5-10% 
at position 2, a to COOCHa. 

The proposed mechanism is as follows: 

10 9 
CHa (CH2) 6 - -CH~- -CH=CH--CH2 (CIt2)  ~COOCH3 + t -BuO.  

x ] Y 
$ 

X - - C H = - - C H = C H - - C I - I Y  a n d  X - - C K - - C H - C H - - C I - I 2 u  

A 1 I B 
$ $ 

X-CH~-CH-CH=CHY X-Ctt=C!H--CH-Ott2Y 
. 

c D 

The free radical species A,B,C and D couple randomly 
to form dimer, resulting in 10 species of dimer,  AA, 
AB,AC,AD,BB,BC,BD,CC,CD and DD. These dimers 
would be jointed equally at positions 8,9,10 and 11 of 
the oleate segments of the dimers, and on hydrogena~ 
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TABLE I 

Stage I 

0.123 

95 .0  

D T B P / o l e a t e  ( m o l a r )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R e s i d u a l  D i m e r  

% Yie ld  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
nao 

n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4663  
% T r a n s  b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 .1  
I . V .  ( W i j s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100.3 
I.V. (Kaufman) ................................... 61.4 
Dimer/Trimer ( 6 ) ............................... 2.9 

Monomer 
1130 

D ................................................ 1.4487 
% T ran,~ b. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 
I . V .  ( W i j s  1/~ h r )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 .0  
I . V .  ( K a u f m a n )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80.2 

Sta.ge I I 
. . . . .  

0 . 1 2 9 - -  

92 .9  

1 . 4 6 6 2  
56.8  

103 .4  
62.1 

2.9 

. 4 4 8 4  

.7 
77 .4  
75.5  

S t a g e  IIl 

0 .102  

96 ,5  

1 . 4 6 5 9  
56 .0  
97 .7  
61.0 

2.7 

1 .4489  
3.6  

74.0  
72 .6  

:' Bas i s ,  1 mole  di-t.-bu.t.yl p e r o x i d e  g ives  one mole  of d i m e r .  
h As met l lyl  e l a ida t e ,  

tion would give dimers of the-followi, ,g 
st-rueture- 

CH~ (e l l , )  , . -  e l l -  ( cg~)  , , - c o  o c H~ 
I 

c T ~::, ( CH~ ) m-el l-  (C.'H,) ~- C 00C H:~ 
t 
8 , 9 , 1 0 , 1 1  

m 4- n = 15  

general 

E x p e r i m e n t a l  

Preparation of De hydrodimer of Methyt  Oleate. 
Methyl oleate (Hormel) 287 g (0.97 mole), di-t-butyl 
peroxide 18.0 g (0.123 mole) were heated under nitro- 
gen with stirring at 135C for 48 hr. Volatiles were 
stripped under vacuum (0.05 ram) up to 80C pot 
temperature, with t-he receiver in dry ice. Loss of 
volatiles was 1.7.7 g. Collected condensate was 14.2 ~, 
(theoretiea.1 t - b u t a n o l -  18.2 g). Gas-liquid chroma- 
tography (GLC) of the condensate showed only 4.2% 
acetone in the recovered t-butanol. 

The residual product was stripped of monomer 
under vacuum (0.05 ram) to 250C .pot. temperature. 
Yield of residual dimer was 23.4% of starting oleate 
(95% of theoretical for 1. mole dimer per mole of 
di-t-butyl peroxide). 

The reeovered monomer was similarly treated with 
di-t-butyl peroxide, and the monomer from this sec- 
ond stage was again similarly treated. The results 
on these three stages of polymerization are summar- 
ized in Table I. 

A composite of the residual dimers from the three 
stages was distilled in an alembic molecular still to 
give a distilled dimer fraction (7,8). 

Figure 1 shows the results of the. distillation and 
the dimeric ester fraetion selected as pure dimer for 
structure studies. This di.mer fraction showed the 
following analyses. I.V. ( W i j s ) -  1.12..7; I.V. (Kauf- 
m a n ) - 6 5 . 7 ;  % tra..ns-62..1 (as etaidate) (1.24 
trans double bonds per mole) ; kza2 mt~ (peak) -2 .2 . ;  
k2a2 after alkali isomerism -- 1.9 ; % monomer -- 5.5; 
tool w t - - 5 0 7  ( t h e o r y - 5 9 1 ) ;  % C - 7 6 . 7 ;  % Hi-- 
11.8 (theory, % C - 7 7 . 2 ,  % H - 1 1 . 9 ) .  

Hydroge'natio~. of Pure Dimer Fraction. Hydro- 
genation was performed in a Parr  shaker-type hy- 
drogenator at room temp and 50' psi pressure, with a 
test. gauge permitting estimation to 0.1 psi. Catalyst 
was saturated with hydrogen before addition of 
sample. The 250 ml pressure bottle was ealibrated 
with pure methyl olea.te as a standard. The catalyst 
used was a 10% Pd on ehareoaI (Baker),  solvent was 
ethanol (50 ee/g ester). The oleate standard hydro- 
genated rapidly (95% in 1/~ hr, 98.2% in 1/2 hr) with 
5% (of ester) catalyst.. 

The methyl dimerate hydrogenated much more 
slowly--when 100% weight of. catalyst (10% Pd) 
based on the weight of dimer was used, hydrogenation 
was 70% e.omplete j.n l/h hr, 95% in 4.1./Z, z hr, eomplet.e 

FRACTION T#,KF.N AS PURE DIMER ~ I 

1 

I /- 

m ?o ~o ~o 5 0  6 o  l o  8 0  9 0  1oo 
P~n C E N I  O I S I q t t ~ o  

Pro. 1. Distillation of composite residual methyl dimera.te. 

over night (18 hr).  The hydrogen absorbed cor- 
responded to 1.95 moles per mole of dimer. The re- 
covered hydrogenated methyl dimerate showed. I.V. = 
0.3, tool w t - 5 2 7  (theory 595); % C -  76.7; % H -  
12.1 (theory, % C -  76.7, % I { -  12.5). 

The Double Bonds in Methyl  Dime rate. The hydro- 
genation data presented above indicate very nearly 
two double bonds per mole of methyl dimerate, iodine 
Values (I.V.) indicate 1.5 (Kaufman) or 2.5 (Wijis) 
double bonds per mob. 

Far  UV absorption confirmed the prese~lee of ca. 
two double bonds per mole. Non-conjugated olefins 
absorb at ].80-]90 mr, (9). 5'Iethyl oleate was found 
by us to have e -  1.1,000 at 183 m,~ (max) and elaidate 
showed e - 1 1 , 4 0 0  at 186 m/, (max). The unhydro- 
genated methyl dimerate showed e -  1!),800 at 189 mr, 
(max), corresponding to 1.76 double bonds per mole. 
The hydrogenated methyl dimerate showed no ab- 
sorption from 180-250 mr,. 

After this paper had been presented to the AO- 
CS 1963 Spring Meeting, arrangements were made 
through Orville Privett. The l-lormel Institute, to 
determine the double bond positions of the unhydro- 
genated methyl dimerate. Their method of q.uantita- 
rive ozon.ization, reduetive cleavage, and GLC analysis 
of the aldehydes and aldehyde-esters was applied t.o 
the unhydrogenated re.ethyl dimerate. Their data, 
calculated to tool %. showed 2.6% Cs aldehyde; 30.% 
C9 aldehyde- 2.1%. Cs aide.hyde-ester and 22% C9 
aldehyde-ester. 

No significant amount of aldehydes or a.ldehyde- 
esters of other chain lengths were noticed. These re- 
sults confirm the double bond positions required by 
the postulated mec.hanisna. 

The unhydrogenated dimer showed only a small 
amount of UV absorption corresponding to eon.jugated 
diene, but this value was not i.nereased on heating 
with alkali as in determining normal, linoleate. This 
suggests that most of the double bonds are separated 
by two or more carbons, and/or  that bridging occurs 
on intermediate carbons. 

The fact. that the unhydrogenated methyl dimerate 
shows 1.25 tra.n.s double bon.ds per mole (62.4% trans) 
suggests that cis-trans equilibration is fairly complete 
(luring the life of the free radicals. Since the re- 
covered monomer had very little trans content, there 
is very little reversal to form olefin monomer from 
the free radical. 

Loca.t~bn. o.f Bra.nchi~.z.g or Joi.ning Points in ;TIethyZ 
Dimcrate. O:r.ida, tive Ctea.va.ge. The method of Cason, 
et ai. (10), for determining the location of a braneh 
in a saturated carbon, eh.ain was applied to the hydro- 
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Fro. 2. Mass spectrum of hydrogena ted  methyl  dimerate.  

genated dimer acid. This chromic acid oxidation 
cleaves the te r t ia ry  carbon-carbon linkages of a 
�9 branched position quite preferentially,  compared to 
secondary or p r imary  linkages, except when the 
branching is gamma or closer to the carboxylic acid 
group. The mono- and dibasic acids resulting from 
this cleavage were analyzed as methyl esters by GLC, 
and ranged in chain length from 4-10 carbons with 
a peak at 7 carbons, corresponding to branching at 
carbons 5-11 inclusive, with a maximum at carbon 8, 
according to the dibasic acid chain length. I t  was 
shown by similar oxidatim~ of pure oleic acid that  in 
addition to cleavage at the double bond to give C9 
dibasic acid, there was some chain length degradation 
to give 15-20% Cs dibasic and monobasic acids and 
smaller amounts of C4, C~, C6 and C7 mono- and di- 
basic acids, with no acids above C9. In view of this, 
the results on the dimer acid indicate branching to be 
largely from carbon 7-8 to carbon 11. Mass spec- 
t rometry confirmed this in a more definite manner.  

Mass Sp.ectro~netry of Dim ers. The mass spectrom- 
eter used was Consolidated Engineering Model 21-103- 
C with an all-glass high temp inlet system described 
by one of us (11). An inlet temp of 275C, ionizing 
voltage 70 v, cu r r en t  10 t~ amp, Isatron temp of 250C 
was used. Scans run at 5 and 10 rain after introduc- 
tion of sample were identical, indicating thermal sta- 
bility under conditions used. Eight  replicates run 
at intervals over two months gave relative peak heights 
which agreed within 5% on all peaks, except that  one 
peak (M/2) on one sample was very weak, apparent ly  
due to a transient  instrumental  effect, since the peak 
was unsymmetrical.  Response of parent  peak per unit  
of weight (sensitivity) was reproducible to -+-10%. 

The excellent review by Ryhage and Stenhagen 
(12) on the mass spectrometry of lipids outlines many 
of the modes of f ragmentat ion of fa t ty  acids and 
derivatives, especially as affected by branching of the 
chains. The preferred cleavage at branched positions 

was a par t icular ly  useful principle in interpret ing 
the spectra of the dehydrodimers. 

Unhydrogenated dimer showed a single parent  peak 
M, at m / e = 5 9 0 ,  as expected for a carbon-carbon 
linked dimer with two double bonds. The parent  peak 
was weak, since there are many bonds where cleavage 
could occur. One which is particularly prone to 
cleavage is the bond joining the two oleate fragments, 
since this linkage is between two ter t iary carbons, and 
is allylic to two double bonds. Very strong peaks 
were seen at 295 (base peak, M/2) and 294 (hydrogen 
rearrangement) .  

Preferential  loss of alkane fragments C7H15 and 
CsH17 would be expected, since these are the only 
hydrocarbon groups which are attached to a ter t iary  
carbon and are at the same time allylic, according to: 
the proposed structure.  Peaks which are prominent  
relative to adjacent members of the series were seen 
at m/e  477 and 491, corresponding to loss of C7H15 
and CsH17 from the parent  mass of 590. 

Similarly, loss of C6H12COOCH3 and CTH14COOCtt~ 
would be prominent, since these are similarly the only 
groups of this type which are attached to te r t ia ry  
carbons and which are also allylic. Prominent  peaks 
relative to adjacent members  of the series were seen 
at m//e 447 and 433, corresponding to loss of these 
radicals from the parent  mass. 

A moderate peak at m/e  370, which is 220 mass 
units less than parent  mass, may be related to a 
linkage with loss of C16H31 (cf. hydrogenated dimer, 
below), but should be at M-222 for the usual mode of 
cleavage of the a-fl linkage with hydrogen rearrange- 
ment. This anomaly is not explainable at present. 

The peak a t  mass 74 due to (CIt2COOCH3-+-H) § 
was strong as is common in non-a-substituted fa t ty  
methyl esters (12). 

Hydrogen+areal .d~mer actually proved to be much 
more f rui t fu l  in establishing s t ruc ture .  The mass 
spectrum of the hydrogenated methyl dimerate above 
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m/e  = 260 is shown in Figure 2. The parent  peak M 
was at 594, the expeeted mass for a saturated dimer 
with one carbon-to-carbon linkage joining the two 
()18 chains. A small 592 peak (ca. 8% as intense as 
594) eould indicate a small amount of ring structure 
or the.loss of two ( ter t iary  ?) hydrogens by electron 
impact. Peaks at M - C H a O  and M - C H 3 O H ,  and 
M-2CIIaO are seen, and would be expected for the 
methyl ester of a. dibasic acid. The spectrum below 
m/e  260 showed th.e strong m/e 74 peak (87% of 
base peak) common to non-~-substituted methyl esters, 
and the expected series of alkane an.d of earbometh- 
oxyalkane peaks which were not of diagnostic value. 

Cleavage at the bond joining the two chains is very 
pronounced, the peak at. mass 297 M/2 being the 
stro,~gest peak (base peak) in the speetrum. This is 
expected, sin{~e this is a bond between two ter t iary 
{~arbons. The almost eq.ually strong peak at 298 as 
well as lesser peaks at 299, 300., 296 and 295 must be 
due to hydrogen rearrangements  as well as isotope 
effect. Peaks at M/'2-32 and M/2-33 are related to the 
same cleavage, with simultaneous loss of CHsOH and 
CH:~OH + H.  

The series of peaks between 360 and 520 proved to 
be most informative in determining the position at 
which the two C18 chains are joined. This section of 
the spectrum is shown on an expanded scale, in the 
in the insert in Figure 2. 

One homologous series at 495,481,467 and 453 were 
of equal intensity, with. no homologous peaks on either 
side of the series. This series corresponds to loss of 
C7H1~, C~H].7, C9H,9 and C]on21, from the parent  
mass of 5!)4, indicating joining at atoms 8,9,10 and 11. 

A second series of peaks of equal intensity was at 
masses 451,437,423 and 40.9, corresponding to loss. of 
CaII12COOCHs, C;}I14COOCtt3, CsII16COOCHa and  
C.~II~sCOOCH:~, from the parent  mass of 594, again 
indicating joining at carbons 8,9,10 and 11. 

A third series of peaks of equal intensity was at 
m/e  463,449,435 and 421. These correspond to loss of 
Cnt{2,,+l + CHsOH from the parent  mass of 594, where 
n = 7,8,9 and 10, again indicating the points of join- 
ing to be. at carbons 8,9,10 and 11. Weak peaks at 
477 and 491 correspond to joining at carbons 12 and 
13. 

A fourth series of peaks of equal intensity was at 
m/e 431,417,403 and 389. These correspond to loss of 
C,H_~n+~ + 2Ctt3OH from the parent  mass of 594, 
where n = 7,8,9 and 10, again indicating the poins 
of joining to be at carbons 8,9,10 and 11. Weak peaks 
at 445 and 459 correspond to joining at carbons 12 
and 13. 

A fifth series of peaks, at m/e  419,405,391 and 377, 
corresponds to loss of CnH2~COOCH3 + CIt3OH from 
the parent  mass of 594, where n-= 6,7,8, and 9, again 
indicating joinin.g at carbons 8,9,10 and 11. 

However, this series has three adjacent higher 
homologous peaks at 433,447 and 461, corresponding 
to joining at carbons 5,6 and 7. The peaks in this 
whole series are not equal in intensity as in the other 
four series, the peaks at 419,433 and 447 being 50~- 
80% stronger than the others. No satisfactory assign- 
merit can be given at this time to those at 433,447 and 
461, in view of the preponderance of evidence from 
the other four series. 

Discuss ion 

The four series, each containing members of es- 
sentially equal intensity, indicating joining at .carbons 
8,9,1_0 and 11. substantiate the proposed mechanism; 

viz., equally probable attack by the t.-butoxy radieal 
to remove a proton from carbons 8 or 11 to give a 
free radieal, with coupling of these and their reso- 
nance-equivatent structures (with a free radical at 
carbons 9 an.d 10), giving equal probabili ty of eou- 
piing at positions 8,9,10 and 11. 

Another possible, mechanism would be formation 
of the free radicals as above, equally probable at 
carbons 8,9,10 and 11, followed by addition of this 
radical-to the 9,10 double bond of an in.taet oleate, 
with subsequent loss of ter t iary  hydrogen from the 
resulting dimer free radical to give the second double 
bond found in the dimer: 

H H t t  
X-CH~-C=C-C-Y 

+ 
X -- C H ,- C= C- CII -Y-~ 

HII 

],0(9) 9(lo) 
X-C:H~--CH=CH-Ct.{-Y 

T 
X--CH~-CH-CH--CH2Y 

]0(9) 
X-CH~-CH=CK-CH-Y 

] 
X-CH2-CH-CH-CH~-Y 

+ tBuO' 

X-CH._,.CH=CH-CH-Y 
1 

X-CHFC-C.K-Y 

]0(9) 

X--CH,,.CH=CH-CH--Y 
T 

X--CHe-C!=C-Y 
]{)(9) 

+ tBuOH 

tIowever, this mechanism would give joining only 
at the 9 or 1.0 position on one of the two oleate seg- 
ments of the dimer, and would result in a ratio of 
1:3:'}:1 for positions 8,9,10 and 11 respectively as 
the overall points of coupling of the oleate segments. 
In view of the essentially equal in.tensities of the 
four members of each. series of fragment peaks eorres- 
ponding to joining at positions 8,9,10 and 11, this 
mechanism appears unlikely, and radical coupling ap- 
pears to be the predominant mechanism. 

A. peak at m/e  370 is moderately strong, and eorres- 
ponds to loss of 224, or C~6H88-H from the parent  
mass of 594. This e.leavage, with hydrogen rearrange- 
merit, would be expected of a dimer with a linkage 
a to COOCHa, i.e., on. carbon 2. This would be a 
reasonable possibility since hydrogens on the a methyl- 
erie might be expected to be somewhat activated, but 
probably not as much as those adjacent to a C=C 
double bond. Clingman and Sutton (4) suggested 
that ~ as welt as random coupling might occur with 
methyl stea.rate. 

In a study to be. published later, the dehydrodimer 
of methyl stea.rate was found to have a peak at m/e  
370 which was 1.5 times as strong as that  observed 
with the hydrogenated dehydro-oleate dimer. Fur ther-  
]note, a fraction of this dehydrostearate dimer was 
obtained which was much richer in ~ linkage. This 
was isolated by forming the anhydride of the erude 
dehydrostearie acid and moleeularly distilling the 
eyclic ~,~' linked dimer anhydride from the polymeric 
non-a,a' linked dimer. This fraetion, converted to 
methyl ester, showed a peak at m/e  370 whieh was 20 
tim.es as strong as that  of the hydrogenated dehydro- 
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oteate. The amount of alpha linkage is, therefore, not 
more than 5-10% in the dehydro-oleate dimer ester. 
In view of this fact, attack at other non-activated 
methylenes is probably quite small in extent. 
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Cyclic Fatty Acids from Linolenic Acid 
R. A. EISENHAUER, R. E. BEAL, and E. L. GRIFFIN, Northern Regional Research Laboratory, 2 
Peoria, illinois 

Abstract 
Linolenic acid of 95% purity was heated with 

excess alkali in ethylene glycol to produce cyclic 
fatty acids. Reaction variables, which are asso- 
ciated wi'th the eyclization reaction and which 
were investigated, included solvent-to-fatty-acid 
ratio, catalyst concentration, and reaction tem- 
perature, headspace gas (N2 or C2H4), and head- 
space gas pressure. 

Yields of cyclic acids were improved by in- 
creasing solvent ratio (1.5-6 wt basis), reaction 
temperature (225-295C), and catalyst concen- 
tration (10-100% excess). With nitrogen the 
optimum catalyst concentration was about 100% 
excess, but when ethylene was used, no increase 
was obtained beyond 50% excess catalyst. Yields 
of polymeric acids produced in the reaction gen- 
eraIly decreased as cyclic acid yields increased, 
except in one instance. 

Higher yields of eycli'c fat ty acids were ob- 
tained with ethylene than with nitrogen under 
all comparable conditions, and increasing the 
ethylene pressure to as high as 500 psi improved 
the yield. Ethylene adds to the conjugated double 
bonds and is believed to give C2o fat ty acids hav- 
ing a 1,4-disubstituted monoene ring in the chain. 
The maximum yield of monomeric cyclic acids 
from 95% linoleni'c acid was 84.6%, the bal- 
ance being polymeric and unreacted monomeric 
acids. Monomeric acids from this test contained 
95% cyclic acids. 

Introduction 

I N A PREVIOUS P A P E R  ( 4 )  i t  w a s  d e m o n s t r a t e d  t h a t  

the linolenic acid fraction of linseed oil can be con- 
verted to a cye]ized structure under proper reaction 
conditions. L~nolenie acid of 95% purity, prepared 
at this laboratory from linseed fatty acids by liquid- 
liquid extraction as reported by Beal et al. (2), was 
cyelized with ethylene glycol as the solvent and so- 
dium hydroxide as the catalyst. These reacti'ons were 
conducted with either nitrogen or ethylene under 
various pressures in the reactor headspace. Increased 
yields of cyclic acids have been reported by conduct- 
ing the cyclization reaction with linseed oil in the 
presence of ethylene (1). Ethylene enters into the 
react}on to form a cyclized C2o fatty acid. In the 

1 Presented at AOCS meeting, New OrIeans, 1962. 
2 No. Uiiliz. t~es. & Dev. Div., ARS, U.S.D.A. 

present studies, undertaken to determine optimum 
conditions for producing cyclic acids from linolenic 
acid, substantially increased yields were again ob- 
tained with ethylene. 

Reaction conditi'ons, such as solvent ratio, catalyst 
concentration, temperature, re actor~ headspace gas, 
and gas pressure, were varied to determine their 
effects on the yield of cyclic fat ty acids. 

Experimental 
A 2-liter Parr  autoclave equipped with stirrer and 

sample tube was used for all reactions. Figure I is 
a flowsheet (of the method used) for determining 
percentage of cyclic and polymeric ester yields. The 
autoclave was charged with ethylene glycol, NaOH, 
and linolenic acid. The headspace was evacuated and 
filled with either nitrogen or ethylene gas. Solvent 
ratios of 6,3, and 1.5 to 1 (wt basis); temperatures 
of 225,250,275, and 295C; ethylene gas pressures of 
150,300, and 500 psi (before heating);  and excess 

Linolenic Acid 
Ethylene Glycol ~1~ NaOH 

H2S04-~ 
Water_/ 

Reaction 
225-295 C 

,..r~ Neutralization 

Separation 
Methanol n )  ~ ' ~ ~ A q u e o u s  Phase 
Dimethoxypropa Esterifkation 
H2S04 

Distillation 
~ ~ ~  Polymeric Esters Monomeric Esters 
§ 

Hydrogenation 
200 C, 20001 ,psi, 0.1% Pd 

T 
G a ~ p h  y 

Steari( and Saturated Cyclic Esters Palmitic Esters 
:FIG. 1. :Flow shee t  fo r  d e t e r m i n i n g  p e r c e n t a g e  of cycl ic  

a n d  p o l y m e r i c  e s t e r  y ie lds .  


