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TABLE I I  

GLC Data on Methyl Esters from Selected Calenduleae Oils 

Species  

Calendul~ o~einal i s  (2) b ....... 
Chrysan themoides  moni l i jera  

(3) b .................................... 
Crysanthemoides  incana  ........ 
Os t eospermum amplec tans  ..... 
Os t eospermum m i c r o p h y g u m .  
Os teospermum spineseens  ...... 

Methyl ester composition, % 

GLC UV ~ 

16:0 18:0 18:1 18:2 conY... Othel 

- r - i - c -  1 I- -1 71-a7 - -  
6 I 7 116 I 37 I 33 I 2 

lO I 5 117 ] 56  I 11 I 1 
4 I 4 ] 10  I 52 I 29 I 1 
9 [ 6 24 39 20 1 
6 I 4 I 8 [ 46 I 34 I 1 

18:3 
conj. 

59 

38 
16 
3O 
21 
39 

a D e t e r m i n e d  on oil. 
b Number of samples included in the average figures shown. 

dimorphecolic acid, the isomer having the hydroxy l  
group at position 13 and the unsa tura t ion  at  posi- 
tions 8 and 10. Our  survey  analyses do not dist inguish 
between isomers of this type,  nor do they detect the 
small amounts  of epoxy compounds repor ted  by  
Morris e t a l .  (12) in Dimorphotheca. 

The conjugated trienoic acid in Calendula officinalis 
oil was shown by  MeI~ean and Clark (9) to be the 
8,10,12 isomer and by  Chisholm and Hopkins  (5) 
to have the trans,trans,cis configuration. Al though no 
definitive evidence has been obtained, it is reasonable 
again (4) to suggest that  the conjugated trienes here 
reported may  be the 8,10,12 isomer which arises in 
one way  or another  in the p lant  by  dehydra t ion  of 
dimorpheeolic acid. However,  should this be the 
mechanism, it would involve the unexpected t rans-  
format ion of the 12,13 double bond f rom trans to 

cis to make the configuration like tha t  in Calendula. 
Since Hopkins  and Chisholm (7) repor t  tha t  at least 
one genus can produce two different conjugated  tr i-  
enoic acids, the question can be resolved only by  
fu r the r  investigation.  

I n  any  case, a l though effects of soil and  climate on 
composition cannot be discounted, present  analyses 
indicate the existence of a wealth of genetic stock 
f rom which oilseeds rich in ei ther dimorphecolie acid 
or conjugated trienoic acid might  be developed. 
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Autoxidation of Fatty Materials 
Affecting the Histidine-Catalyzed 

Emulsified Methyl Linoleate 1 

in Emulsion. II. Factors 
Autoxidation 

J. E. C O L E M A N ,  ]. W.  H A M P S O N ,  and D.  H.  S A U N D E R S ,  Eastern Regional  Research Laboratory, 2 
Philadelphia, Pennsylvania 

Abstract  

Several  factors  which affect autoxidat ion of 
methyl  linoleate in emulsion have been examined. 
Data  are presented which indicate:  1) In  the 
presence of histidine, the ionic (anionic) emul- 
sifiers examined promote  autoxidat ion of emul- 
sified methy l  linoleate, bu t  nonionie emulsifiers 
do not. 2) The concentrat ion of an emulsifier 
affects the ra te  of oxygen absorption.  3) In-  
organic salts (0.1 M or less) such as sodium 
chloride, sodium acetate and sodium sulfate  af- 
fect oxygen absorpt ion of emulsified methyl  lino- 
leate p repa red  with either inonie or nonionie 
emulsifiers. In  histidine-catalyzed autoxidat ion 
there is a suppress ing effect in the case of the 
ionic and a promotional  effect in the case of the 
nonionic. In  uncata lyzed autoxidation,  these salts 
have a promotional  effect in ionic emulsions and 
none in nonionic emulsions. 4) Sodium phosphate  
buffers completely suppress autoxidat ion due to 
histidine catalysis, but  do not suppress  the nor- 
real uncata lyzed autoxidat ion of emulsified 
methyl  linoleate. 5) The pro-oxidat ive effects of 

1 Presented  at the AOCS meeting in Toronto,  October, 1962. 
e E. Utiliz. Res. and Dev. Div., ARN, USDA. 

histidine and hist idine-metal  ion complexes on 
emulsified unsa tu ra ted  mater ia ls  is not l imited to 
polyolefins but  also includes mono-olefinie com- 
pounds.  

Introduct ion  

I N A PREVIOUS pape r  (7) the pro-oxidat ive effects of 
hist idine and meta l  ions on the autoxidat ion  of 

linoleate esters in emulsion were reported.  Al though 
in tha t  repor t  cognizance was given to other fac tors  
which also affect autoxidat ion in emulsion, da ta  and  
details were then incomplete. 

One such fac tor  then under  invest igat ion was 
whether  the type  and concentrat ion p layed any  role 
in the autoxidat ion process other than  aiding in emul- 
sion formation.  The question as to whether  emulsifiers 
have a promotional ,  re tarding,  or neut ra l  effect upon 
autoxidat ion processes has not  been studied in detail. 
However,  Marcuse (6) observed tha t  the Tweens and  
several re lated nonionic enlulsifiers general ly  r e ta rded  
pro-oxidat ive effects and enhanced ant ioxidat ive ones 
m propor t ion  to emulsifier eoncn. 

Another  such fac tor  then under  invest igat ion was 
the effect of inorganic salts which are of ten intro-  
duced as components  of buffer mixtures.  I t  is gen- 
eral knowledge tha t  inorganic salts are used in m a n y  
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Fie,. 1. Effect of 6 emulsifiers on the histidine-catalyzed 
autoxidution of methyl finoleate. 

instances to break emulsions, but with very few ex- 
ceptions (5) thc effects of inorganic salts upon au- 
toxidation processes in emulsions have not been 
examim,d in detail. 

A lhird t'actor of interest was the effect of the 
struclure of lhe emulsified fa t ty  materials. Although 
lhe fruilful history of autocatalytic amt chelnical oxi- 
(tation of both mono- and dioh,fins is well known, it 
sheds little light on cur problcnb for in most instances 
this work has been carried ()nit iu media (8,9) other 
than emulsions. ()lU~ notable exception in the area 
of chemical oxidation of cmulsified mono-olefins, how- 
ever, is thc work of Coleman and Swern (1). Other- 
wise frui tful  information on the autoxidation of emul- 
sifted mono-olefinic compounds is indeed sparse. 

Although there arc doubtlessly many other factors 
which possit)ly affect and influence autoxidation in 
enmlsi(m, this pal)er is limited to the factors men- 
tioned above. 

Experimental  

Materials. The preparation of methyl linoleate and 
the puri ty and sources of other reagents used such as 
1-histidine, emulsifiers, water and inorganic salts have 
already been dcscribed (7). Methyl oleate was pre- 
pared from pure oleic acid isolated from the fa t ty  
acids of olive oil (4). 

Procedure. Methyl linoleate or oleate, enmlsifier, 
and redistilled water were emulsified for 15 min in 
a Virtis 45 homogenizer. One ml of this emulsion was 
placed in a Warburg  flask having a volume of ca. 
20 ml. In  the sidearm of the flasks were placed aque- 
ous solutions of histidine, inorganic salts and other 
reactants, or water. When the contents of the side- 
arm were added to the emulsion in the main body 
of the flask, the conch of the reactants in the resulting 
emulsified mixture were as follows: 0.1 M methyl 
linoleate or oleate; 0.01 M histidine; 0.001,0.005, 
0.025 or 0.1 M inorganic salts ; and 0'.002,0.004 or 0.008 
M emulsifier. [The average reel wt of the nonionic 
emulsifiers, ethenoxylated tetradecanol, polyoxyethyl- 
erie sorbitan monolaurate (Tween 20) and sorbitan 
monolaurate (Span 20) were calculated to be 875, 
1226, and 346, respeetively; those of the ionic emul- 
sifiers are readily available.] The flask-manometer 
assemblies were flushed with oxygen for 5 rain, then 
t ransferred to a W a r b u r g  bath which was maintained 
at 30C in the dark. The flasks were equilibrated for  
10 min, sealed and sidearm contents mixed with emul- 
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FIe. 2. Effect of 6 emulsifiers on the uncatalyzed autox- 
idation of methyl linoleate. 

sion. Readings on manometers containing Brodie 
solution were recorded regularly. 

Results 

Effect of Emulsifiers. In  :investigating the effects 
of emulsifiers upon oxygen absorption of emulsified 
methyl linoleate, both ionic and nonionie types were 
examined. The ionics included so(titan dodecylsulfate, 
potassium pahnflatc aml sodium myristate. The non- 
ionic emulsifiers examined have hem, listed previously. 
With the exception of Span 20, 0.001 M concu of 
cnmlsifiers gem~rally yielded stable reproducible emul- 
sions. Howewu', a 0.002 M eom;n was adopted as 
s tandard as offering a greater margin of stability. 
Emulsions prepared with this rouen of Span 20 con- 
tained some oil droplets as large as 2-3 /, in size as 
compared with only an oecasiomd droplet as large 
as 1 2 /, in size in emulsions p,'elm.red with the other 
five emulsifiers. 

The curves in Figure  1 show the variation with 
time of the comparative quantities of oxygen adsorbed 
in emulsions prepared with various emulsifiers and 
containing histidine at the 0.01 M level. I t  is im- 
mediately apparent  that  the rates of oxygen absorp- 
tion of emulsions I)repared with lhe ionic emulsifiers 
(sodimn dodecylsulfate, sodium myristate and potas- 
sium palmitate) great ly  exceeded those prepared with 
the nonionie emulsifiers (ethenoxylated tetradecanol, 
Tween 20, and Span 20). It is also apparent  that  
emulsions prepared with different ionic emulsifiers 
absorbed oxygen at different rates. I t  is quite possible 
that this difference in rates may be traceable, at 
least in part, to s truetural  dissimilarity of the ionic 
eniulsifiers. This suggestion is supported by the fact 
that  emulsions prepared with the soaps, sodium my- 
ristate and potassium palmitate, absorbed oxygen at 
very nearly the same rate. This rate is approximately 
one half of that  of the emulsions prepared with the 
detergent, sodium dodeeylsulfate, although the oil 
particle size in the emulsions was, for all practical 
purposes, the same. 

A similar dispar i ty  existed in emulsions prepared 
with nonionic emulsifiers even though the rate of 
oxygen absorption was slow in all cases. Compounds 
containing polyoxyethylene groups (ethenoxylated 
tetradeeanol and Tween 20) yielded emulsions which 
absorbed oxygen at a higher rate than those prepared 
with Span 20 which has no polyoxyethylene content. 
Here it is suggested that the more hydrophobie nature 
of Span 20 results in emulsions containing larger 
oil droplets and consequently a smaller oil-water in- 
terface at which autoxidation can take place or at 
which reactants can pass from one phase to the other. 

In  experiments where no histidine was added to the 
emulsion (Fig. 2), the rate of oxygen absorption by 
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FIG. 3. Autoxidation of linoleate in 0.002 M ethenoxylated 
tetradeeanol enmlsion showing antioxidative ( . . . . .  ) and pro- 
oxidative ( ) action of histidine. 

emulsions p repared  with sodium myr is ta te  and potas- 
sium pahni ta te  f a r  exceeded tha t  of the emulsion 
p repared  with sodium dodeeylsulfate.  This was the 
reverse of what  occurred when histidine was present.  
By  comparison with sodium dodecylsulfate,  the two 
soaps (sodium myris ta te  and potass ium pahni ta te)  
appear  to have a pro-oxidative action by themselves 
but  re ta rd  catalysis by histidine. A plausible ex- 
planat ion of these observations, however, must  await  
fu r the r  investigation. 

The relative rates  of oxygen absorption of emul- 
sions p repared  with nonionic emulsifiers (ethenoxy- 
lated tetradecanol,  Tween 20 and Span 20) were 
found in the absence of histidine (Fig.  2) to be 
very  similar to those obtained with 0.01 M histidine 
present  (Fig.  1). Actually,  in the initial stages of 
autoxidation, histidine had a slight ant ioxidat ive ac- 
tion, but as soon as a small amount  of oxidation had 
taken place, histidine became mildly pro-oxidative.  
This is best seen in F igure  3. Compared  to the 
uncatalyzed control, the rate  of oxygen absorption in 
emulsions p repared  with ethenoxylated te t radeeanol  
was slower in presence of histidine for  the first 20 hr 
and more rapid  subsequently. The same change in 
the action of histidine f rom antioxidat ive to pro- 
oxidative was observed in emulsions p repared  with 
Tween 20 and Span 20 but  at a later  period in the 
oxidation. 

Ethenoxyla ted  te t radecanol  and sodium dodeeyl- 
sulfate appeared  to be representat ive of the nonionic 
and ionic emulsifiers, respectively, both in histidine- 
catalyzed and normal  uncatalyzed reactions. Since 
autoxidat ion in uncata lyzed control emulsions pre- 
pared  with these two emulsifiers occurred at a low 
rate  and since both emulsifiers were known to be 
of high pur i ty ,  they were chosen for  use in subsequent 
experiments.  

Effect of Emulsifier Concentration. In  explora tory  
experiments,  the rate  of oxygen absorption in linoleate 
emulsions p repared  with 0.002 M conen of an emul- 
sifier was equal and in an occasional exper iment  
superior  to that  in emulsions with 0.001 3/[ emulsifier. 
However,  as the concn was increased f rom 0.002 to 
0.008 M in emulsions containing sodium dodecylsul- 
fate  and 0.01 3/[ histidine, the ra te  of autoxidat ion 
was re tarded as shown in F igure  4. Similar  re ta rd ing  
effects were noted in emulsions p repared  with the 
same emulsifier, but  which contained no histidine. 
Retardat ion  was also noted in nonionic emulsions 
p repared  with ethenoxylated tetradeeanol  but  only at 
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Fro. 4. Effect of 3 conen sodium dodeey]su]fate on the 
histidine-cata]yzed autoxidation of ]ino]eate in emulsion. 

the 0.008 3/[ level when histidine was present  and at  
the 0.004 3/[ level in uncata lyzed emulsions. Lit t le  
fu r the r  decrease in oxygen up take  was observed at  
the 0.008 M level. 

Effect of Inorganic Salts. The effect of var ious 
conch (0.001,0.005,0.025 and 0.1 M) of sodium chlo- 
ride, sodium acetate, sodium sulfate  and sodium phos- 
phates were invest igated in emulsions whose p H  was 
adjusted to p H  7.3. In  the hist idine-catalyzed autoxi- 
dation of methyl  linoleate in emulsions p r epa red  with 
sodium dodeeylsulfate  (Fig.  5), oxygen absorpt ion 
was found  to be inversely propor t ional  to salt  conch 
in the range of 0.001-0.1 3/[. The decrease in oxygen 
uptake  was roughly  exponential  with small init ial  
conch of salt causing the greatest  propor t iona l  de- 
crease. Fo r  example,  a f te r  a 3-hr oxidation, 0.005 M 
sodium chloride was found to have caused a 50% 
decrease in oxygen uptake.  Increas ing  the salt  con- 
centrat ion 20-fold (0.1 3/[) resulted in a fu r the r  
decrease in oxygen uptake  of only 30%. Sodium ace- 
tate and sodium sulfate  had a similar  inhibi t ing ef- 
feet  on oxygen absorption.  Al though high conen of 
salt would be expected to affect emulsion stabili ty,  
the part icle size of oil droplets  remained constant  in 
these experiments.  

The same COhen of salts did not have this inhibi t ing 
effect on autoxidat ion under  other enmlsion condi- 
tions. In  sodium dodecylsulfate  emulsions, not cata- 
lyzed by histidine, t he re  was a small g radua l  increase 
in ra te  of autoxidat ion with increasing salt  conch. 
Salt  in concn of 0.1 M or less had no effect on oxygen 
absorpt ion in uneata lyzed linoleate emulsions pre- 
pared  with e thenoxylated tetradecanol.  However ,  
when methyl  linoleate with an initial  peroxide value 
of 15 was emulsified with this emulsifier and its autoxi- 
dation catalyzed with histidine, the ra te  of oxygen 
uptake  increased with the sodium chloride eonen 
as shown in F igu re  6. The " c o n t r o l "  curve cor- 
responds to oxygen absorpt ion in uncata lyzed nonionie 
ethenoxylated te t radeeanol  emulsion with or wi thout  
salt. The presence of 0.01 M histidine increased the 
oxygen absorbed in 24 hr to 2.6 times tha t  of control 
while the combined effect of hist idine and 0.1 3/[ 
sodium chloride was 3.7 t imes tha t  of the control. 

A buffer mix tu re  of sodium dihydrogen phosphate  
and sodium nmnohydrogen phosphate  ( p H  7.3) was 
invest igated at conch up  to 0.1 M in emulsions pre- 
pared  with sodium dodeeylsulfate.  The var ia t ion  
of the oxygen absorbed with increasing phosphate  ion 
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atttoxidation of methyl linoleate in 0.002 M sodium dodeeyL 
sulfate emulsion. 

conch after  3 hr autoxidation is shown in Figure  7. 
The catalytic effec~t of 1).01 M histi(lim~ is reduee<l 
82% by 0.005 M phosl)hate and conq)letely SUl)l>resse(t 
by a O.l M 1)hosphate. In the absel|(;e of histidine, 
there, was a small, gradual  increase in oxygen ab- 
sorpti(m with increasing l)hosphate cOnCh, similar to 
that ohserve<l with other sodimn salts. 

A,u tr ~ of Emulsified Mono-olefinic Ester. Be- 
cause of the powerful pro-oxidative effect of histidine- 
metal ion (:Oml>lexes on enmlsified linoleate esters, the 
(luesliotl arose as to whether these effects were peculiar 
to l)<)lyolefinic compounds. To resolve this question, 
methyl oleate was chosen because of its s t ructural  
similarity to methyl linoleate. 

Table I shows the comparative differences in the 
amount  of oxygen absorbed by emulsified methyl 
oleate under w, ' ious experimental conditions. [n the 
22-hr oxidation period relatively little oxygen (1.3 
mmole/nn>le methyl oleate) was absorbed in the ab- 
sence of histidine. When 0.01 M histidine was added 
to the enmlsiou there was a 6-fold increase in oxygen 
absorption in the same period of time. When trace 
quantities of iron (2 • 10 -4 M) in the form of ferric 
chloride were added to the emulsion there was a 32- 
fold increase in oxygen absorption. When both his- 
tidine (0.01 M) and trace quantities of iron (2 • 10 -4 
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FIG. 6. Effect  of hist idine alone and with sodium chloride 
on the autoxidat ion of methyl  linoleate in 0.002 M ethenoxy- 
lated tetradecanol emulsion. 
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M) were added to the emulsion, there was an 80-fohl 
in(;rease in oxygen absorption above that of the emul- 
sion alone; a 13-fohl iln.rease ahow' that of the emul- 
sion to which only histidine was addc<t; and a 2.5- 
fold increase ahow, that of the emulsion to which 
only iron was adde(I. When the cohen of Pe ...... was 
decreased to 2 X 10 r, M and the O.O1 M histi(line was 
maintained, a decrease in o x y g e n  abs(>rl)tion was 
re)ted. 

Although under similar experime.tal  conditions 
emulsified methyl linoleate absorbed oxygen more  

rapidly, nevertheless, the point seems quite clear that  
this powerful pro-oxidative effect of histi<line-metal 
ion complexes is not peculiar to di<)lefinic compounds 
alone. The results of a detailed study of the effects 
of histidine-metal ion complexes on the autoxidation 
of emulsified mono-olefinic compounds, will be the 
suhjeet of a subsequent publication. 

Discuss ion  

The results of this investigation have shown that 
the histidine-catalyzed autoxidation of emulsified 
methyl linoleate or oleate is a highly specialized reac- 
tion which takes place only under certain limited 
conditions. Since the ionic nature of the emulsifier is 
critical, it appears likely that the pro-oxidative inter- 
action is dependent pr imari ly on factors peculiar to 
the oil-water interface. 

The known facts of surface chemistry provide a 
basis for describing the oil-water interface in a methyl 
linoleate emulsion (2). in  the oil droplets, polar 
groups are oriented at the interface toward the water 
phase. This includes earbmethoxy, hydroperoxide 
(initially present or formed in the reaction) and the 
hydrophilic group of the emulsifer. When an anionic 
emulsifier such as sodium dodeeylsulfate is used, the 
linoleate boundary  will have a negative electrical 
charge due to the ionic sulfate group. A second 
charged layer of positive ions exists on the aqueous 
side of the interracial boundary.  In  an uncatalyzed 
autoxidation, this will be composed of sodium and 
hydrogen ions. In  catalyzed reactions, ferric ions 
(or other transition metal ions), present as trace im- 
purities or deliberately added, will also be conch 
at the interface while dipolar histidine will be ori- 
ented with its amino and imidazole groups adjacent to 
the metal ions. Dissolved oxygen is distributed uni- 
formly within each phase and may also be present at 
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TABLE I 

Autoxidation of l~ethyl Oleate in Emulsion, P repared  with 
Sodium Dodecylsulfate, at  30C 

Hist idine Fe +++ Mmole 02/mole methyl 
M 1V[ oleate 22 hr  

0 0 1.3 
0.01 0 8.0 
0 2 X 10 -4 42.0 
0.01 2 X 10 -~ 104.0 a 
0 2 X 10 -5 4.4 
0.01 2 X 10 -5 61.0 

a Calculated value based upon the rate of oxygen absorption at the 
thirteenth hour of oxidation. 

the interface eomplexed by  the ferr ic  ion. 
The catalysts and reactive groups are thus present  

at the interface in high eoncn and oriented in posi- 
tions which should be highly favorable  to energy 
transfer .  This is in accord with experience where 
a rapid  rate  of autoxidat ion is obtained. The myris-  
ta te  and pahni ta te  soaps would be expected to behave 
quant i ta t ively  alike since each would have a carboxyl  
group oriented at the boundary  and exert ing the same 
electrostatic force. The sulfa te  group o f s o d i u m  
dodecylsulfate would exert  a force which was similar  
in type of effect but  different in amount.  

F rom a consideration of the na ture  of the interface,  
we would expect tha t  increasing the eoncn of the 
emulsifier, sodium dodeeylsulfate beyond an op t imum 
amount  (0.002 M) or by  adding sodium salts such 
as sodium chloride, would increase the eonen of sub 
fa te  and sodium ions at  the boundary.  I t  is suggested 
that  these would act as a bar r ie r  h inder ing contact 
between the catalyst  and react ing groups in the au- 
toxidation. This would explain the re ta rd ing  effects 
of increased emulsifier or salt cohen. In  case of the 
sodium phosphates,  pa r t  of the suppress ing effect can 
be a t t r ibuted  to the increase in concn of the sodium 
ions at  the boundary  as with other salts. However,  
since the suppression of catalysis is so complete, i t  is 

believed tha t  the phosphate  ion also interacts  with 
the cata lys t  render ing  it inactive (7).  

When  we employed a nonionic emulsifier such as 
the polyoxyethylene  ether of tetradecanol,  the ra te  
of the hist idine-eatalyzed react ion differed only 
sl ightly f rom the uncata lyzed rate. This  would be 
expected for  in this emulsion, there is no ionized 
charge at  the interface.  As a result  metal  ions and 
histidine will be d is t r ibuted r andomly  th roughout  
the bulk aqueous phase and  the chance of a metal-  
complex catalyzed reaction at the interface would 
be slight. The fact  tha t  histidine becomes mi ldy  pro- 
oxidative only when sonle oxidation has taken place 
may  be explained by an a l ternat ive  mechanism pro- 
posed by  Ingold (3) in the discussion of meta l  catalysis 
of lipids in emulsion. I t  was suggested tha t  since hy- 
dra ted  metal  ions (catalyst)  are present  only in 
the w a t e r  phase, they m a y  exert  their  effect in this 
phase by  react ing with water-soluble radicals (e.g., 
�9 OH, -OOH)  or oxidation products  (e.g., hydro-  
peroxide) which would be more soluble in water  than  
the original  substrate.  This  is in accord with  our 
observation tha t  histidine has a pro-oxidat ive action 
in nonionic emulsions only when oxidation products  
are present .  
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The Elaidinization of Methyl Oleate with Mercaptans 1' 
H. W. K]RCHER, Department of Agricultural Biochemistry, University of Arizona, Tucson, Arizona 

Abstract 
Methyl oleate is t r ans formed  into methyl  elai- 

date by mercaptans .  The equil ibrium mixture,  
containing 77% elaidate, can be obtained f rom 
either isomer. A concomitant,  a l though much 
slower reaction, is the addit ion of the su l fhydry l  
group to the double bond of either ester. The 
effects of numerous  reaction conditions on the ex- 
tent  and rate  of the isomerization are given. The 
reaction is presented as an incipient  addit ion of 
the mereap tan  to the double bond, as a reversible 
thiyl  radical  a t tack on one of the unsa tu ra ted  
carbon atoms. 

Introduction 

D URING RATE STUDIES on the addit ion of methyl  mer- 
eaptan  and f l -mereaptopropionie acid to methyl  

sterculate and stereulene in dilute solutions, methyl  
oleate was used as a blank to check the react ivi ty  of 
a common unsa tura ted  ester to su l fhydry l  addit ion 
(6). Very  little addit ion of the mereap tans  to methy l  
oleate was observed;  a routine check, however, of 
the I R  spect rum of the products  f rom a blank run  

1 Presented at the AOCS meeting in Minneapolis, 1963. 
s Contribution No. 858 of the Agricul tural  Exper iment  Station, Uni- 

versi ty os Arizona. 

showed a new band in the methyl  oleate spec t rum 
at 10.33/, indicative of the tran~ double bond (12,13). 
Since the elaidinization of oleie acid or oleates is 
usual ly  carr ied out with selenium or sul fur  at  high 
temp (3,8,9,16) or with oxides of ni t rogen at lower 
temp (4,5,10,11), the su l fhydry l  catalyzed isomeriza- 
tion in dilute solution seemed sufficiently novel to war-  
r an t  its investigation.  The react ion was also of inter-  
est because of its biological implicat ions;  the proteins  
involved in l ipid t r anspor t  and metabolism often con- 
tain su l fhydry l  groups (1).  

Experimental 
Materials. Technical  grade methy l  oleate (518 g) 

was distilled to yield only the C~s esters. These were 
saponified and the acids crystall ized f rom ethanol (2 
liters) at  10C, 0C and - 1 5 C .  Each f rac t ion  was re- 
crystall ized f rom petroleum ether (Skellysolve B) at  
- 1 5 C  to yield oleie acid. Af t e r  esterifieation with 
f reshly  p repa red  7% BF3 in methanol  (2 l i ters) at  
room t empera tu re  for  24 hr, the produc t  was distilled 
to yield 250 g methyl  oleate bp 140~ mm, naD ~ 1.4487 
[lit. 1.4484 (13) ]. 

Elaidie  acid, mp 44-6C [lit. 44 (13) ], obtained f rom 
an isomerization r u n  was s imi lar ly  conver ted to the 


