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utilized for growth to some extent. Eventual ly  it may 
be possible to calculate the percentage utilization of 
these products when the caloric availability of the 
component par ts  of the new-type fat  is determined. 
Thus about 20% of the amylose stearate containing 
18% amylose was digested. I f  amylose provides 4 
calories per g and stearic acid 9 cal per g, then 20% 
of a 0.5-g supplement of amylose stearate could actu- 
ally yield only 0.8 cal of energy to the animals which 
would be equivalent to 0.2 g of glucose. 

The data emphasize the importance of the modi- 
fication in the caloric availability assay that  was 
introduced to detect false-positive weight gains for  
certain supplements. This was especially true for  the 
0.75-g adipostearin-supp]emented group (--17) and 

the 0.75-g adipo-olein group (--12). 
These data agree well with digestibility values re- 

ported by Shull et al. (6) for  the diglyceride adipate, 
adipo-oleostearin. 
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Abstract 

The equilibrium composition of cis and trans 
isomers obtained by isomerizing oleic, linoleic, 
and linolenic acids with selenium or nitrous acid 
has been studied using gas chromatography and 
infrared spectroscopy. The oleic/elaidic equilib- 
r ium mixture was found to contain 75-80% ela- 
idle acid instead of the generally accepted 66% 
value. I t  is fel t  that  the greater accuracy of gas 
chromatography and infrared analyses over older 
methods allows this equilibrium to be defined with 
greater  precision. 

Similar studies on the cis-trans isomerization of 
linoleic and linolenic acids indicated that  their  
equilibrium mixtures also contained 75-80% trans 
double bonds. With linoleic acid, these trans 
bonds were shown to be randomly distr ibuted 
among the double bonds present. 

Cis-trans isomerization of linoleic or linolenic 
acids with selenium produced by-products having 
elation times equivalent to 18:2, 18:1, and 18:0 
on a gas chromatograph. No such by-products 
were observed when oleic acid was isomerized. 
Apparent ly  some type of hydrogen-transfer  reac- 
tion accompanies the cis-trans isomerization of 
polyunsaturated acids with selenium. 

Introduct ion 

D URING UECENT WORK in this laboratory on the cis- 
trans isomerization of natural  fats, it became 

necessary to know the maximum amount of trans 
bonds which such a process could introduce into the 
natural ly-occurr ing cis fa t ty  acids. I t  has long been 
recognized (1,2) that  the cis-trans isomerization of 
unsaturated fa t ty  acids is an equilibrium reaction, and 
that  the complete conversion of all cis bonds to trans 
bonds in one reaction is impossible. Therefore, we set 
out to define the equilibrium concentration of geo- 
metric isomers for the three most common unsatura ted 
fa t ty  acids: oleic, linoleic, and linolenic. 

Griffiths and Hildi tch (1) studied the cis-trans 

I Presented at the AOCS meeting in Toronto, Canada, 1962. 
s Dept. of Chemistry, A & /V[ College of Texas, College Station, Texas. 

isomerization of oleic, elaidic, petroselinic, and erucie 
acids using nitrous acid and sulfur as catalysts. They 
reported that  the maximum amount of trans acid pres- 
ent at equilibrium was 66%. Ber t ram (2) reached 
similar conclusions after  s tudying the isomerization 
of oleic and elaidic acids with selenium. I t  is now 
generally accepted that  the equilibrium ratio of ela- 
idle to oleie acid is 2:1, and that  these equilibrium 
concentrations are independent  of catalyst and proc- 
essing conditions. However, the analytical techniques 
available to these workers 25-30 years ago were con- 
siderably less sophisticated than those available today ; 
and, as Harwood (3) has recently pointed out, a re- 
investigation of the oleic/elaidic equilibrium has been 
long overdue. ~4odern techniques such as gas-liquid 
chromatography (GLC) (4,5,6) and infrared spec- 
troscopy (7) can now give a far  more accurate picture 
of the geometric isomers present in cis-trans isomeriza- 
tion reaction mixtures. 

The l i terature  does not provide precise information 
as to the equilibrium ratio of cis and trans isomers for 
linoleie acid. MaeGee, Mattson, and Beck (8) isom- 
erized ethyl linoleate with S02 and were able to re- 
duce the content of the 9-c/s, 12-cis isomer to as low as 
7%. They reported an 87% conversion of cis bonds to 
trans bonds based on infrared analysis of their  reac- 
tion product.  Subrahmanyam and Quaekenbush (9) 
recently reported that  approximately a 2:1 trans to 
cis ratio was achieved af ter  the isomerization of ethyl 
linoleate with selenium. However, neither MacGee et 
al. (8) nor Subrahmanyam and Quackenbush (9) 
corrected their values for  all the non-9, 12-octadeea- 
dienoate by-products present in their  reaction mix- 
tures, so that their  equilibrium values are only ap- 
proximate. Cis-trans isomerization is known to be 
accompanied by conjugation (8,9), polymerization 
(9), and catalyst addition products  (1,10,19). On the 
basis of theoretical steric considerations, Blekkingh 
(11) predicted that  the equilibrium ratio of cis and 
trans isomers for  isomerized linoleie acid would be 3. 
17.6% 18:2--9c,12c; 17.6% 18:2--9c,12t; 17.6% 

a For brevity, the geometric isomers of oleic, linoleic, and linolenic 
acids are referred to in this paper by a shorthand designation. For ex- 
ample, 18:2- -9 t ,1~c  refers to 9-tranG 12-e/s-octadecadienoie acid. See 
Table I for a complete listing of such shorthand designations. 
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18:2--9t,12c; and 47.1% 18:2--gt,12t; but  he re- 
ported no work to ver i fy  this prediction. Recent work 
on the equilibrium composition of cis and trans iso- 
mers for  conjugated oetadeeadienoic acids (12,13) is 
not necessarily applicable to similar non-conjugated 
acids. Litchfield et al. (4) have recently reported a 
method for determining the four  geometric isomers of 
methyl  linoleate by  gas chromatography,  and their  
technique seems ideally suited for  determing the cis- 
trans equil ibrium point  for  linoleie acid. 

No information concerning the equilibrium ratio 
of cis and trans isomers for linolenic acid was found 
in the l i terature.  

This paper  describes a s tudy of the cis-trans isom- 
erization of oleic, linoleic, and linolenie acids as well 
as their  corresponding all-trans isomers (18:1--9t; 
18:2--g t ,12t ;  and 18:3--gt ,12t ,15t) .  The equilibrium 
concentration of cis and trans isomers was investigated 
for  each acid using GLC and in f ra red  spectroscopy. 

Procedure 
Materials 

Oleie acid, 99+%,  f rom I Iormel  Foundat ion,  Austin, 
Minn., was used without  fu r ther  purification. 

Elaidic acid was p repared  f rom technical grade 
oleic acid using the procedure of Swern and Seanlan 
(16). The final product  showed no impuri t ies  as de- 
termined by gas chromatography  on a 200 f t  Apiezon 
L capi l lary column, or by inf rared  absorption at  10.36 
u. I t s  melt ing point  was 43.2-43.8C. Swern and 
Seanlan (16) repor t  44-45C. 

Linoleic acid (18:2--9c,12c) was prepared  essen- 
t ial ly by the procedure of Keepler  et al. (14). The 
final product  showed no impuri t ies  as determined by 
gas chromatography  on a 200 f t  Apiezon L capil lary 
column or by in f ra red  absorption at 10.36 ~. The 
iodine value was 178.5 (theoretical:  181.0). 

28 : 2--9t,12t was prepared  by isomerizing 18:2--9c,  
12c with selenium and then recrystal l izing f rom meth- 
anol (15). The final product  showed no impuri t ies  
as determined by gas chromatography  as above. In-  
f ra red  absorption of its methyl  ester at 10.36 ~ was 
near ly  twice that  of methyl  elaidate. The acid melt ing 
point was 27.8-28.4C. Kass and Bur r  (15) repor t  
28-29C. 

Linolenie acid (18:3--9c,12c,15c) was prepared  
f rom linseed oil essentially according to the bromina- 
t ion-debromination procedure of Rollett  (17). The 
product  analyzed 98% 18:3 by GLC on a diethylene 
glycol adipate polyester ( D E G A )  packed column. In-  
f ra red  absorption at 10.36 ~ indicated the presence of 
some trans bonds (4.7%) as is usual with f a t ty  acids 
p repared  by the brominat ion-debrominat ion technique, 
but this impur i ty  did not affect the usefulness of the 
mater ia l  for our experiments.  

18:3--9t,12t,15t was prepared  f rom linseed oil using 
the procedure of Kass, Nichols, and B u r r  (18). The 
final product  analyzed 99+% 18:3 by GLC on a 
packed D E G A  polyester column. I n f r a r ed  absorption 
at 10.36 u indicated that  93% of the double bonds 
present  had a trans configuration, but  this small 
amount  of cis impur i ty  did not  affect the usefulness 
of the mater ia l  for  our experiments.  The melt ing point 
was 26-28C. Kass et al. (18) repor t  29-30C. 

Methods 
Gas Chromatography. A Barber-Cohnan Model 20 

gas chromatograph with a capi l lary column and an 
argon-ionization detector was used for all high-resolu- 
tion gas chromatography  analyses. Operat ing condi- 

tions for  analysis of the geometric isomers of oleic, 
linoleie, and linolenic acids on high-resolution capil- 
lary  columns coated with Apiezon L, diethylene glycol 
succinate polyester, or nitri le silicone have been de- 
scribed (4,5,6,26). Where  there was overlapping of 
18 : 1, 18: 2, and 18: 3 isomers due to by-product  forma,  
tion (see Discussion), p repara t ive  gas chromatography 
was used to isolate relat ively pure  18:2 and 18:3 
fract ions before analysis on the Apiezon L and nitrile 
silicone capi l lary eolunms. A 6 f t  by  5/s in. packed 
column coated with 25% diethylene glycol suceinate 
polyester (DEGS)  and operated at  190C gave good 
prepara t ive  separations of 18:1 f rom 18:2 f rom 18:3 
but did not distinguish between geometric isomers. 
Normal  GLC analyses were run  at 185C on 6 f t  by 1/~ 
in. packed columns coated with either 20% DEGS or 
D E G A  polyester. 

Infrared Spectroscopy. I n f r a r ed  analyses to deter- 
mine the amount  of isolated trans bonds were run  on 
Beckman IR-4 and IR-5 inf ra red  spectrophotometers.  
The AOCS tentative method Cd 14-61 (7) was used 
with minor  modifications. Pure  18:2--9t,12t methyl  
ester was used as a p r i m a r y  calibration s tandard  in- 
stead of methyl  elaidate when measuring the per cent 
trans bonds in isomerized polyunsatura ted  f a t t y  acid 
methyl  esters. Methyl elaidate was used as a p r ima ry  
calibration s tandard  only with oleate/elaidate mix- 
tures. Results were computed in terms of the per 
cent of double bonds present  which had a trans con- 
figuration, ra ther  than in terms of methyl  elaidate. 
When gas chromatography  showed tha t  a sample con- 
tained small amounts of contaminat ing material  (such 
as conjugated dienes), in f ra red  results  were corrected 
to give only the per cent trans bonds in the material  
being analyzed for. 

Experimental 
The following f a t t y  acids were each isomerized to 

equil ibrium using the two isomerization procedures 
described below: oleic acid; elaidic acid; 18:2--9c,12c; 
18:2--9t ,12t ;  18:3--9c,12c,15c ; and 18:3--9t,12t,15t. 

CIs-TRANS Isomerization with Selenium. Five to 
ten g of f a t t y  acid and 0.1-2.0.% gray  powdered sele- 
n ium (depending on the amount  of isomerization re- 
quired) were placed in a magnetical ly-st irred round 
bottom flask with ni t rogen blanketing. The flask was 
then placed in an oil bath  preheated to 210C and 
mainta ined at this t empera tu re  unti l  all the g ray  
selenium disappeared and the f a t t y  acid turned red. 
The reaction was per formed in a fmne hood to avoid 
ha rmfu l  effects f rom the selenium vapors  carried out 
by the nitrogen. The oil bath  was not allowed to reach 
216C, since selenium melts at this temperature ,  and in 
the liquid state its catalytic efficiency is great ly  re- 
duced. At  the end of the reaction, the flask was re- 
moved f rom the oil bath and quickly cooled. No at- 
t empt  was made to remove the selenium from the 
isomerized f a t ty  acids, since it would not interfere 
with the analyses which followed. The reaction prod- 
ucts were then converted to methyl  esters by diazo- 
methane, H2SO4-catalyzed esterifieation with metha- 
nol, or BFs-eatalyzed esterifieation with methanol. 

Reactions with 18:2--9t,12t and 18:3--9t,12,15t 
were carr ied out in a 10% methyl  lauratc  solution to 
conserve these synthesized isomers. Methyl laurate  
was chosen as a diluent since it would not interefere 
with the reaction nor the subsequent analyses. 

I t  was presumed that  equilibrium had been reached 
when repeat ing the selenium isomerization produced 
no fu r the r  changes in the relative heights of the cis- 
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T A B L E  [ 
P e r  cent Trans Bonds  After  E q u i l i b r i u m  Cis-Trans I somer iza t ion  of (~s U n s a t u r a t e d  Fa t ty  Acids 

F a t t y  acid 

Systematic  name TriVmieal 

9-e/s-oetadecenoie acid ......................................................................... I Oleie 
9-trans-oetadeeenoic acid ..................................................................... ]Elaidic  
9-cis, 12 .cis-oetadecadienoic acid .......................................................... I Linoleie 
9-trans,12-trans-octadecadienoie acid ................................................. Linole la id ie  
9-cis,12-cis,15-cis-oetadeeatrienoie acid ............................................... ]Linoleuie  
9-trans,12-trans,15-trans-octadecatrienoie acid .................................. iLinolenela idie  

Shor thand  
d~signaH(n 

1 8 : 1 - - 9 c  
1 8 : 1 - - 9 t  
1 8 : 2 - - 9 c , 1 2 e  
1 8 : 2 - - g t , 1 2 t  
1 8 : 3 - - 9 c , 1 2 c , 1 5 e  

I18:3--9t.12t,15t 

% Tran~ b o n d s a ,  b 

Se catalyst  HNOe catalyst  

-i 
I O L e  I .R.  GLC I.R. 

75.0 I 74.0 I 79 .6  I 74.6 
79.5 75.4 79.0 I 72.2 
76.0 ..... : 75.4 I 75.8 
76.3 ...... 76.2 I ...... 
...... / ...... / 82.5 I 80.0 

75.8 i 81 .5  ~ 80 .2  ~ 73.7 

a Computed as the  per  cent of isolated double bonds present  which have  a trans configurat ion.  
b The eis-trans i somerizat ion of po lyunsa tu ra t ed  fa t ty  acids wi th  e i ther  se lenium or n i t rous  acid leads  to the  produc t ion  of n u m e r o u s  by-products.  

These  by-products  w e r e  separated  before  analys i s .  Therefore,  the per  cent trans b o n d s  reported  here  re fers  only to the non-conjuga ted  1 8 : 2  or 18 :3  
acids  found  in  the  reac t ion  products .  

trans isomer peaks on a gas ehromatogram. Another  
check on equilibrium composition was when the pat-  
tern of GLC peaks for the all.cis isomer reaction ap- 
peared identical with those for  the corresponding all- 
trans isomer reaction. I t  was usually necessary to per- 
fo rm several isomerizations on polyunsa tura ted  f a t ty  
acids in order to reach equilibrium. 

CIs-TRANS Isomerization with Nitrous Acid. Five 
to ten g of f a t t y  acid and 3-15 ml (depending on the 
amount  of isomerization required) of f reshly  p repared  
2M NaNO2 were placed in a round bottom flask 
equipped with a magnetic stirrer,  a ni trogen purg ing  
system, and a dropping  funnel. A flask having mini- 
mum volume was used to avoid loss of the gaseous 
catalyst.  The system was purged  with ni t rogen and 
placed in a 60C oil bath. Nitrogen flow was stopped 
and the system closed except for  exhaust through a 
bubble counter. 2-10 ml (2~ of the vol of 25I NaNO2) 
of 6M HNO3 was then added dropwise  wi th  vigorous 
s t i rr ing to ensure mixing of the f a t t y  and aqueous 
layers. Af te r  3 hr, the flask was again purged  with 
ni trogen and quickly cooled to room temperature .  
Distilled water  was added and the isomerized f a t t y  
acid was extracted with Skellysolve F in a separa tory  
funnel. The extract  was washed repeatedly  with dis- 
tilled water  to remove the yellow-brown catalyst  
addition products,  dried over anhydrous  Na2SOd, fil- 
tered, and the solvent evaporated. The reaction prod- 
ucts were then converted to their  methyl  esters as 
described above. The presence of equil ibrium was de- 
termined in the same manner  previously described for 
selenium isomerized acids. 

Analysis of Reaction Products. Each reaction mix- 
ture was analyzed for the geometric isomers present  
by GLC on high-resolution capi l lary columns. GLC 
data are shown in Table I. Results f rom oleie and 
elaidie acids are expressed as the per cent tra~ts bonds 
in the octadecenoic acid f rom the reaction products. 
Results for 18:2 and 18:3 are expressed as the per 
cent trans bonds in the non-conjugated 18:2 or 18:3 
acids found in the reaction products.  

The oleic and elaidic reaction mixtures  were ana- 
lyzed direct ly for percent  isolated trans bonds by 
measuring their  inf rared  absorption at 10.36 ~ (see 
Table I ) .  

The cis-trans isomerization reaction mixtures  of the 
polyunsatura ted  acids could not be analyzed direct ly 
by inf rared  f o r  per  cent trans bonds because of the 
presence of numerous reaction by-products  (polymers,  
conjugated f a t t y  acids, catalyst  addit ion products,  
etc.). To eliminate these contaminants,  relat ively pure  
fract ions were isolated by prepara t ive  gas chromatog- 
r aphy  on a packed D E G S  polyester column. The frac-  
tions so isolated were analyzed for  per  cent isolated 
trans bonds using infrared.  I t  has a l ready been shown 
(4) that  in f ra red  and GLC analyses are equivalent 

for  determining the per cent isolated trans bonds in 
a mixture  of 9,]2-oetadecadienoate isomers. There- 
fore, inf rared  analysis was run only on the 18:2--9c,  
12c nitrous acid reaction p roduc t  to check the GLC 
resul ts .  As expected, the two methods agreed closely 
(75.4% trans by GLC, 75.8% trams by in f ra red) .  
Three of the 18:3 acid reaction products  were also 
isolated by prepara t ive  GLC and then analyzed by in- 
f rared.  In  the case of the selenium isomerized 18 :3 - -  
9c,12c,15c, however, it was necessary to use so much 
selenium (4.5%) to reach equilibrium tha t  a great  
m a n y  by-products  were produced (see Discussion). 
Capi l lary  column GLC showed that  some of these 
unknown by-products  eluted with 18:3 peaks and 
would be contaminants  of unknown ident i ty  in any 
collected 18: 3 f ract ion f rom prepara t ive  GLC. For  this 
reason, it was not possible to determine the per  cent 
isolated trans bonds in 18:3--9c,12c,15c isomerized to 
equil ibrium with Selenium. 

D i s c u s s i o n  

The data  in Table [ on oleie and elaidie acids in- 
dicate tha t  the oleic/elaidic equilibrium mixture  does 
not contain the expected 66% elaidie acid. GLC and 
in f ra red  results on selenium isomeriz~d mater ia l  point 
to an equil ibrium containing 74-80% elaidie acid. 
GLC results on nitrous acid isomerized mater ia l  are 
in the same range, but inf rared  results are a few pe r 
cent lower. Since the monoene inf ra red  samples were 
run  without pr ior  purification by  prepara t ive  GLC, 
the presence of ni trogen-containing catalyst  addition 
products  (1,10) probably  accounts for  these lower 
in f ra red  values. In  any  case, the amounts of elaidic 
acid found by  in f ra red  in the ni trous acid isomerized 
monoenes were still more than the expect~ 66%. 

GLC results on both selenium and ni trous acid 
isomerized 18:2 acids indicate tha t  about  75-77% 
trans bonds are present  at equilibrium. The actual  
isomer content found at equil ibrium was approxi-  
mately:  6% 18:2---9c,12c; 19% 18:2--9c,12t; 19% 
18:2---9t,12c; and 56% 18:2--gt,12t.  Previous work 
(4) has shown that  such GLC results  are equivalent  
to tho~e determined by  infrared,  but  one reaction 
product  was checked to ver i fy  this. Af te r  pur i fy ing  
the non-conjugated 18:2 mater ia l  f rom the nitrous 
acid catalyzed reaction with 18:2---9c,12c using prepa-  
rat ive GLC, the amount  of isolated trans bonds meas- 
ured 75.8% by inf ra red  compared to 75.4% by GLC. 

In f r a r ed  and GLC results on selenium and ni trous 
acid isomerized 18:3 acids were more scat tered (pos- 
sibly due to the presence of small amounts  of non-18:3 
by-products  in the collected GLC fract ions) ,  but  they 
general ly point to an equil ibrium composition con- 
taining between 74 and 82% trans bonds. 

F rom the above results, it appears  that  the per  cent 
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ELAIDIC ACID 
~'IO. ]. 3/Ielting point diagram for mixtures of oleic and 

e]aidic acids according to Grlffiths and Hilditch (1).  

trans bonds at equilibrium was about the same for  all 
the f a t ty  acids tested. The final product  contained ca. 
75-80% trans bonds whether  the initial acid contained 
one, two, or three double bonds. This indicates that  
there is no interact ion of one isolated (non-conju- 
gated) double bond with another  as fa r  as cis-trans 
equilibration is concerned. (Double bonds close to the 
carboxyl or other subst i tuent  groups might  possible 
deviate f rom this pat tern ,  however.) Switching f rom 
selenium to nitrous acid as an isomerization catalyst  
did not appreciably  al ter  the equilibrium compositions 
for  any  of the acids tested. 

Because our results on the oleic/elaidic equilibrium 
differed appreciably  f rom those previously reported 
by  Griffiths and Hildi tch (1) and Ber t r am (2), their  
data  were re-examined in de ta i l  Griffiths and Hildi tch 
used a lead salt precipi tat ion method for analyzing the 
amounts of oleie and elaidic acids in their reaction 
products.  At  the time of their  research, they were 
hoping to develop an analytical  procedure for deter- 
mining oleie acid by converting it to elaidie acid, 
which could be much more easily precipi tated for 
gravimetr ic  analysis. To do this, they investigated 
the per  cent conversion of oleie to elaidic acid. They 
concluded that:  " T h e  trans acid is formed to the 
extent of about 66% of the acid isomerized" ( l ) .  
Therefore  their  66% elaidic acid was a yield figure, 
and did not necessarily represent  the equilibrium be- 
tween oleic and elaidic acids. They also reported ap- 
preciable percentages of ni trogen-containing catalyst  
addition products  in their  reaction irfixtures. I f  one 
calculates the oleie/elaidic equilibrium f rom their data  
U O l & I ~  ~ l J & ~  b l l b  ~ I I I U  U K &  b O  U s  U l g & b  ~ ] L N  ~ I f i l U  L ~  ~ b l U 3  

found in the reaction prodnets, values of 75-87% 
elaidie acid are obtained. On this basis, the work of 
Griffiths and Hildi tch (1) does not disagree great ly  
with the work reported here. 

The oleie/elaidie equil ibrium data of Ber t r am (2) 
was obtained using the iodine equilibrium constant 
method of van der Steur  (27). I t  is not known why 
B e r t r a m ' s  results differ f rom those presented here. 

Some workers (1,19) have used the melt ing point 
of oleie/elaidic acid mixtures  to deternfine their com- 
position. Such a melt ing point vs. composition curve 

is shown in F igure  1. This analytical  method has two 
weaknesses: a) in the 60-80% elaidic acid range, the 
melt ing point  is fa i r ly  insensitive to changes in com- 
position; b) any catalyst  addit ion products  present 
could artificially lower the melt ing point and thus 
indicate a f ict i t iously low elaidic acid content. The 
melt ing point  data  of B e r t r a m  (2) is markedly  dif- 
ferent  than tha t  shown in F igure  1. 

In  view of the above, we feel that  the greater  ac- 
curacy of GLC and in f ra red  analyses over older 
methods of measuring trans f a t ty  acids now allows 
cis-trans equilibria to be defined with greater  pre- 
cision than before. 

McCutehon et al. (10) have studied the elaidiniza- 
tion of methyl  ricinoleate using nitrous acid as a 
catalyst.  Using inf ra red  analyses, they found that  the 
maximum cis to trans conversion of the ethylenic bond 
was about 76%. This value agrees with our equilib- 
r ium determinations. In  their  article, MeCutchon et 
al. a t t r ibuted this high equilibrium value to the in- 
fluence of the nearby hydroxyl  group in methyl  riein- 
oleate. However,  in light of the work reported here, 
the double bond in methyl  rieinoleate may have acted 
independent ly  of the hydroxyl  group and have merely 
reached the same equil ibrium point as we have shown 
for oleic acid. 

Similar cis-trans equil ibrium concentrations have 
been shown for  the polymer  of 1,3-butadiene, which 
contains a 1,4-diene system similar to linoleic and lino- 
lenie acids. According to Berger  and Buckley (25) 
and Golub (25), an equilibrium mixture of 75 80% 
trans and 20-25% cis double bonds results when this 
polymer is isomerized with ultraviolet  i r radiat ion in 
the presence of phenyl  disulfide. These equilibrium 
values (obtained by in f ra red  analysis) agree closely 
with our results with f a t t y  acids. 

t t igh-resolution gas chromatography  can now be 
used to follow the cis-trans isomerization of linoleic 
acid (4) and determine the content of the four geo- 
metric isomers at any point  in the reaction. Dur ing 
the course of the experiments  described here, a con- 
siderable amount  of such data  was obtained. We de- 
cided to use this information to determine the random- 
ness of the cis-trans isomerization reaction with lino- 
leic aeid, i. e., if the trans bonds produced were ran- 
domly distr ibuted among those double bonds present. 

I f  one assumes that  dur ing cis-trans isomerization 
of linoleie acid cis bonds are converted into trans 
bonds (and vice versa) in a random manner,  then 
the isomer content of the product  can be computed 
at any  given content of trans bonds by using the laws 
of probabili ty.  The curves in Figure  2 show the per- 
centages of 18:2--9c,12e, 18:2--9c,12t plus 18:2--9t, 
12c, and 18:2--9t,i2t isomers in such randomly isom- 
erized linoleie acid. Exper imenta l ly  determined values 
using both selenium and nitrous acid catalysts are 
also shown, and they agree closely with the calculated 
c u t  v ~ .  • [1~ h i i ] O i i i i b  U• C ~ u H  i S O i i i t ~ f  a j D p e & r b  ~o b e  u b [  

about that  which would be predicted by a random 
reaction mechanism. Peak separat ion in the GUC 
analysis (4) is such that  the 18:2--9c,12e and 18 :2 - -  
9t,12t isomers are determined most accurately. Be- 
cause of peak overlapping at certain isomer ratios, 
the mono-trans isomer ( 18 : 2--9c,12t and 18 : 2--9t, 12c) 
determinations are somewhat less accurate. There- 
fore, the curve in Figure  3 shows the combined amount  
of these two isomers. However,  in those reaction prod- 
ucts where accurate analyses could be obtained, the 
two mono-trans isomers were found to be present in 
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FiG.  2. I s o m e r  c o m p o s i t i o n  o f  r a n d o m l y  c i s - t rans  i s o m e r i z e d  
l i n o l e i c  a c i d  c a l c u l a t e d  c u r v e  f o r  r a n d o m  i s o m e r i z a t l o n  
r e a c t i o n .  O e x p e r i m e n t a l  v a l u e s  u s i n g  s e l e n i u m  c a t a l y s t .  A ex- 
p e r i m e n t a l  v a l u e s  u s i n g  n i t r o u s  a c i d  c a t a l y s t .  

approximate ly  equal amounts.  I t  appears  quite likely, 
therefore, that  the cis-trans isomerization of linoleic 
acid with selenium or nitrous acid proceeds in a ran-  
dom manner.  I f  this is true, then the isomers pro- 
duced by cis-trans isomerization of linoleic acid can 
be computed f rom the per  cent trans bonds (by infra-  
red spectroscopy) found in the 9,12-octadecadienoie 
fract ion of the products.  

While running  GLC analyses on selenium isom- 
erized linoleic and linolenic acids, we noted with sur- 
prise tha t  the isomerization reaction produced by- 
products  with GLC elution times equivalent to 18:2, 
18:1, and 18:0. F igure  3 shows a typical  example. 
Before isomerization, the methyl  linolenate eluted as 
one peak. Af te r  isomerization, there were also 18:0, 
18:1, and 18:2 peaks present.  The same by-products  
had similar elution characteristics on Apiezon L col- 
umns. No such by-products  were observed when oleic 
or elaidic acids were isomerized. Apparen t ly  some 
type of hydrogen- t ransfer  reaction accompanies the 
cis-trans isomerization of polyunsatura ted  f a t t y  acids 
with selenimn. No similar by-products  were found 
when ni trous acid was used as a catalyst.  

Teeter et al. (20) have repor ted a reaction which 
may offer a possible explanation for these by-products.  
These authors reported that  at 250C selenium can 
cause the cyclization of conjugated octadecadienoie 
acid into a six membered r ing by abst ract ing hydro-  
gens f rom the methylene groups adjacent  to the 
double bonds. The hydrogen thus removed is t rans-  
ferred to another unsa tura ted  fa t ty  acid, result ing in 

~ )  METHYL LINOLENATE 

Se CIS-TRANS ISOMERIZED 

iS:3 

METHYL LINOLENATE 

LINSEED METHYL ESTERS ,8:, 

t 6 : 0  1 8 : 2  

' ,'o ' . ;o ' 2~ ' 2~ ' ,'o 
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:Pie. 3. Gas chromatograms showing the appearance of more 
saturated by-products during cis-trans isomerization with Se. 
(A) Linolenlc acid before isomerization. (B) Linolenie acid 
after isomerization with 4.5% So. (C) Linseed methyl esters 
used to identify peaks. 

hydrogenation. Since conjugated fatty acids are 
known to be by-products in the selenium catalyzed 
isomerization of polyunsaturated fatty acids (8,9,11), 
and since no hydrogen-transfer occurred with oleie or 
elaidie acids, this proposed mechanism fits the ob- 
served facts. Similar hydrogen-transfer reactions be- 
tween selenium and an olefin have also been ob- 
served with guaiene by House and 0rehin (21), with 
cholesterol by Doree and Petrow (22), with several 
unsaturated fatty acids by Yohoyama and Kotake 
(23), and with various indenes by Ruzicka and Peyer 
(24). 
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