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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 
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TABLE I 

Effec t  of lY[ercaptan S t r u c t u r e  on the I s o m e r i z a t i o n  

M e r c a o t a n  

T H E  J O U R N A L  Ol~ T H E  A M E R I C A N  0 I L  ~ I - I E M I S T S '  ~ O C I E T Y  

TABLE II 

Effec t  of So lven t  Oh the I s o m e r i z a t i o n  

% E l a i d a t e  

5 h r  

61 
64 
75 
63 

f t -Mercap toprop ion ic  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G lycol d i m e r c a p t o a c e t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i o m a l i c  acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
] , 4 - B u t a n e d i t h i o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 , 5 - P e n t a n e d i t h i o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e n z y l m e r c a p t a n  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  
a , a ' - D i m e r e a p t o - p - x y l e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 .10-D e caned i th io l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E thy lcye lohexyl  d i m e r e a p t a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Methy l  m e r c a p t a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E t h y l  m e r c a p t a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cys te inc  hyd roch lo r ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
]%q('thyl eysteinat,  e hyd roch lo r i de  . . . . . . . . . . . . . . . . . . . . . . . . . .  
None (methyl  oleate b l a n k )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Non(  (methy l  e l a ida t c  b l a n k )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

58  
22  
19 
33 

6 
4 
5 
0 
4 

- -3  
(,)7 

24  h r  

64  
54 
79 
64 
59 
39 
3 0  
29 
27 
12 
10 

1 
3 
0 

100 

~/:{O n l ( q h y ]  e s t e r ,  h ] )  125-6C/0 .125  I n n l ,  ~ l )  1 . 4 4 7 3  I l i t .  
1.4492 (13)1. Bolh est(ws gave  a s ingle  s y m m e t r i c a l  
p( 'ak (m GI~(] .  

M(,th.yl l i .oh ,a l ( ,  and  linolenat(~ were  ]~]llrchascd fT'()lll 
Tim l lo rmt ' l  F m l n / / a t i o n ;  olive oil fr / lnl  a local s tore.  

rl ' | l (~ T n e r ( ' a l ) l a l } s  w ( q ' e  l ]se( ]  a S  r ( ' ( q ' i v e d  f r o m  E a s t -  

m a . ,  Aldri( .h,  1)hillips (lr E v a n s  (]hemeties ,  Inc . ;  
r (mgent-gra(h ,  so |ven ts  were  used  w i t h o u t  f u r t h e r  
pu~'ificatil)n. 

.l.(d!//ie(d. 'l'h(~ in i l ia l  ,.omm of cst( . ' s  in 1he r(~a(;- 
ii()n m i x t u r e s  wm'c  (hq:m'mi.c/t  by ( l i lut i l ln  ot! wc.iglmd 
( tuant i t ies .  Tim m( ' r ( ' a l ) i a ,  c(/ncn were  lhqcrmine( l  be- 
for(, and  ( h ] r i . g  t i m  r , ' a (q io . s  by  l i t ; rat ion of a l iquo ts  
with 0.1 N 1., in !)5% c lhauol .  F o r  th is  t i t r a t i o n ,  
wa te r  m u s t  im alhh,/1 1o tim solu t ion  1o he t i t rat( ,( l  to 
~tssnrc a s~la, r I} etid|/Obl~. 

The  ] ) e r ( ' e l l i a g c  o f  t ' ) ' ( t H s  ( ~ o ] l l l ) o l l e l / t  i l l  l h c  methy l  
es te r  mix tur ( ,  i so la ted  f rom the r eac t ions  was de te r -  
min/~d hy  IR Sl)eCtVOS('opy (12) ill ()S~ so lu t ion  in 0.5- 
ram ~(,lls with a l ' / w k i n - E l m c r  h l f r a c o r d  137B spcc t ro -  
I)hotomctcr .  A s t a n d a r d  (',urve was p r e p a r c ( l  f rom 
k~mwn mixl, urcs  o:1! mel l ly [ / ) l ca te  and  e l a ida t c  r e l a t i n g  
()l)li(.a] densHy  a t  10.33 ~ and es ter  COn(m to th(' 
am()unl  of lmqhyI  elaidaie,  in t i le mix tu re .  

I~al~' /~'w~x. The l'eae, t io~s wer(~ i~ i t i~ ted  by  tn ix iug  
t i m  ,~slcr and fl-m(w('aIltoi)rol)i(/nic ac id  so lu t ions  at  
zero t ime in p o l y c l h y l c n e  s t ( /ppercd  50 or  125-ml 
Erh,,~m,,y,w flasks. 1 .  a l l  of t i le r u n s  c o m p a r a t i v c  
CXl)(.'i]nm~ls w(,rc (]/).e c o n c u r r e n t l y ,  The same stock 
so lu th /ns  o,' so lvents  were used  because  the  ra tes  ob- 
se rved  w(q'., a func t ion  of the  p r i o r  h i s t o ry  of the  
solu t ions.  

8 0 - -  

0% H2 0 

oZ 70-- 

h so- 

Q 

D A  

~ , g ~ - - ~ ' ~  zs, to, iz.5% H~o --x 

i p i i i i i 
' ' ~ ' ~ ' ; ' ~ ' , o  ~2 ,~ ,; ,s  

HOURS 
]:~IG. 1. Effect of water on the isomerization and addition 

reactions in ethanol. 
Solid lines: per cent elaidate. Dashed lines: per cent 
addition. 

Solven t  

95 % E t h a n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2of e thanol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T e t r a h y d r o f u r a n  . . . . . . . . . . . . . . . . . . . . .  
E ther . . '  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbon  t e t r a ch lo r i de  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P y r i d i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i p e r i d i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Skel lysolve B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chloroform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% E l a i d a t e  

S t {  a , a  r 

76 29 
32 17 
39 7 
22  2 
28 2 

9 2 
0 0 
5 a 0 b 
0 0 
5 2 

IVfe SI-I 

7 
4 

10 
2 
7 
0 
3 

10 a 
1 
1 

a 7 0 - 8 0  % of the m e r c a p t a n  was consumed  in  these r eac t i on  mix tu res .  
b P r e c i p i t a t i o n  of the m e r c a p t a n  p i p e r i d i n i u m  sa l t  occu r red .  

S a m p l e s  (5 or 10 ml )  of the  r eac t ion  m i x t u r e s  were  
removed  p e r i o d i c a l l y ,  a d d e d  to ] 5 ml w a t e r  and  the i r  
s u l f h y d r y l  con ten t s  d e t e r m i n e d  iodomet r i ca l ly .  Ex -  
cess io ( t i . e  was d e s t r o y e d  with  a l i t t l e  t ,h ioslJfa te  solu- 
t ion,  30 in! of 0,5 N sodi t lm hydroxide ,  was a d d e d  and 
the m i x t u r e s  were  e x t r a c t e d  with  low boi l ing  pe t ro-  
l eum e the r  (Sk /q lyso lve  F, 8 m l) in the  t i t r a t i o n  flasks. 
l ' o r t i ons  of the  S . l lCrml tan t  so lu t ions  were  evapora ted ,  
first  on a s team hath and th(,. at  50-70(]  a t  0.1 rain 
and the r e s idua l  m i x l u r e  of me thy l  oleate  and  e la ida te  
ana lyzed  s p e c t r o p h o t ( m m t r i c a l l y  as out l i ,m/ l  above. 

The lower,  a l k a l i . . ' ,  a( lm'ous phases ( ,outa ining tim 
iodim~ oxidize(l  fi-m,'r(~aph)pr.pimJi('~ ac id  as i ls s o d i m .  
sa l t :  

( S  t~ll. (~11~ ( ' ,()()N:~): 

as well as the  sod imn s a h s  of the  two add i t i on  
p r o d u e t s :  

C H : , - - ( C H ~ ) ~ - - ( J [  ( ( ~ I [ , , ) s - C ( / ( ) ( ~ I [ : ,  x - - f ,  y - 8  
I 

S o r  

C I [ ~  C I I . _ , - C ( ) O  N a '  x S, y = 7  

w e r e  d i s c a r d e d .  

The a moun t s  of m(qhyl  elaidal( ,  shown i .  the tables  
a n d  f igures  a re  extlress( 'd as i he per(',l,~tag(, of elaidat(;  
i .  the  o l ea t e -c l a ida tc  mix tu re s  is(llated f r o m  the reae-  
films, no t  as a I)el'e(mtag/~ of lhc  m e t h y l  ( )bate  or  elai-  
da te  ( / r ig ina l ly  pla(~(~(l i .  the  rcaeti(ln mix tu res .  

W h e n  m e t h y l  o lca tc  and e la ida tc  were  run t h r o u g h  
t i le t i t r a t i o n - e x t r a c t i o n - a n a l y s i s  pro('~edures, t hey  ana-  
lyzed  for  --3 to 0% and 97-103% m e t h y l  e la idate ,  
r e spec t ive ly ,  showing  t h a t  no i somer iza t ion  occurs du r -  
ing the  ana lys i s .  

Unless otherwise noted, all runs were made on the 
desk top in diffuse light at room temp (26-2~C) in 
95% ethanol. 

R e s u l t s  

Effect of Mercaptan Structure. Solu t ions  0.2 M in 
me thy l  oleate  a n d  0.2 N in m e r c a p t a n  were  ana lyzed  
fo r  e l a ida t e  a f t e r  5 and a f t e r  24 hr.  The  d a t a  show 
in Table  i .  

Effect of Solvent. A.  A p p r o x i m a t e l y  0.2 N solu- 
t ions  of f i - m e r c a p t o p r o p i o n i c  ac id  ( f l -HS) ,~ ,W-dimer-  

TABLE III 

Effect  of Oleate  a n d  M e r e a p t a n  Concen t r a t i ons  on the 

[$ sH] 
M 

0.2 
0.2 
0.2 

0.1 
0.1 
0.1 

0 .05  
0 .05  
0 .05  

R a t e  of i s o m e r i z a t i o n  

[ 01ea te]  
M 

0.2 
0.1 
0 .05  

0 . 2  
0.1 
0 .05  

0.2 
0.1 
0 .05  

A f t e r  
2 %  hr  

61 
57 
68 

2 5  
29 
17 

3 
3 
3 

% E l a i d a t e  

A f t e r  
5 h r  

75 
69 
70 

52 
44  
33 

6 
10 

9 

Afte r  
8 ~  h r  

77 
69 
72 

6 4  
59 
48 

12 
18 
13 
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Effec t  of  t emp  on the  ra tes  of  i somer iza t ion  and  

capto-p-xylene (~,a'),  and methyl  mercap tan  (MESH) 
were p repa red  in 10 solvents. Th i r ty  ml each solution 
was added to 1.8 g methyl  oleate; the elaidate content 
of each solution was measured af ter  25 hr in the fl-HS 
and a,~', experiments  and af ter  43 hr in the MeSH 
experiment,  The data  show in Table I I .  

Effect of Solvent. B. Solutions were p repa red  f rom 
methyl  oleate, f l -mereaptopropionie acid, absolute eth- 
anol and water  to contain 0.2 M reactants  and 0-12.5% 
water. Samples were removed periodical ly for  analy-  
sis; the results show in F igure  1. 

Effect of Reagent Concentrations. Aliquots of 
f reshly  p repared  0.4 M solutions of methyl  oleate and 
f i-mereaptopropionic acid were mixed with 95% etha- 
nol to give reaction mixtures  0.2, 0.1 and 0.05 M in 
each reagent  in all combinations. Samples were re- 
moved, washed with aqueous alkali and analyzed for  
elaidate. The results show in Table I I I .  

Effect of Temperature. Duplicate  solutions con- 
ta ining methyl  oleate and f l-mereaptopropionic acid 
(0.2 M each) were placed in a freezer ( - -22C),  a 
re f r igera tor  (6C),  a water  bath (12C) and the desk 
top (26C). Samples  were removed periodical ly and 
analyzed for  elaidate;  at the end of the run  aliquots 
were t i t ra ted  for  su l fhydry l  consumption. Af t e r  9.5 
hr the mixtures  held at - 2 2 C  contained only 1 -2% 
elaidate;  they were discarded. The results  f rom the 
other runs  show in F igu re  2. 

Effect of Sunlight. Solutions containing methyl  
oleate and f l-mereaptopropionie acid (0.1 M each) 
were placed in direct sunlight  or in diffuse light. In  
another  exper iment  the solutions were 0.2 M in oleate 
and 0.1 M in f l-mereaptopropionie acid. The data  show 
in F igure  3. 

The Oleate < > Elaid~te Equilibrium and the El- 

8 0 - -  

70  

t ~  6 0  
F- 

50 
J 
1"40 
I -  

t s 3 0  
O 
flg 

10 f j . . ~  ,, ,, , , s  

[ 2 3 4 5 6 
HOURS 

FIG. 3. Effec t  of  sun l igh t  on the  i somer iza t ion  ra te .  
Solid l ines :  0.1 M reagen t s .  Dashed  l ines :  0.2 M oleate, 
0.1 M f l -mereaptopropionic  acid. 
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FIG. 4. D e t e r m i n a t i o n  of  the  o lea te-e la idate  equ i l ib r ium an d  
effect of  an  ine r t  a t m o s p h e r e  on the  i somer iza t ion  ra te  an d  
a m o u n t  of  addi t ion .  

Solid l ines :  per  cent  e la idate .  Dashed  l ines :  per  cen t  ad- 
di t ion.  Curves  : 1 - - m e t h y l  e la idate ,  2 - - 3 : 1  ela ida te  :oleate,  
3 - - m e t h y l  o lea te ;  4 - - m e t h y l  oleate  unde r  N.~. 

fect of an Inert Atmosphere on the Rate of Isomeriza- 
tion. F o u r  solutions were prepared,  all 0.2 M in fi- 
mereaptopropionic  acid. The first two were 0.2 IV[ 
in methyl  oleate, the th i rd  0.2 M in methyl  elaidate 
and the four th  0.15 M in elaidate and 0.05 M in oleate. 
The reac tant  solutions for  one of the 0.2 M oleate 
runs were thoroughly  flushed with ni t rogen before 
mixing and the reaction mix ture  subsequent ly  kept  
under  a ni t rogen atmosphere.  Aliquots f rom the four  
solutions were wi thdrawn periodical ly for  analysis.  
The data  are presented in F igure  4. 

The su l fhydry l  consumption of the three react ion 
mixtures  under  air  rose evenly to 26% af te r  12 hr 
and 40% af te r  24 hr. There was no su l fhydry]  con- 
sumpt ion in the reaction mix tu re  held under  nitro- 
gen;  a f ter  24 hr  the iodine t i ter  of an aliquot was 
the same as it was at zero t ime (21.0 vs. 21.0 ml) .  

Experiments with Methyl Linoleate, Linolenate and 
Olive Oil. Absolute ethanol solutions of methyl  oleate 
(0.2 M),  olive oil (0.2 M, assumed MW = 300/double 
bond),  methyl  linoleate (0.1 M) and methyl  l inolenate 
(0.067 M) were prepared.  All solutions were also 
0.2 M in f l -mereaptopropionie  acid. They were sampled 
as usual for  analysis. The results show in F igu re  5. 

Af te r  24 and 48 hr the isomerized olive oil isolated 
f rom the reaction mixture  was a very  viscous l iquid;  
a f ter  96 hr  it was a waxy  solid. 

D i s c u s s i o n  

F r o m  the tables and figures the following points  are 
evident: 

~o 

~ Z 60 3 x ~ - -  

o E~o 4 

~o Q 

i- 030 4 ..... .a 

 ot- I / t  _ _ 
~_ ,o~y .~ . .~ -  ~-s-: . . . .  

o w l -  I ] I 1 
0 I 2 5 4 

D A Y S  

FIG. 5. I s o m e r i z a t i o n  a n d  add i t i on  reac t ions .  
Solid l ines :  per  cent  of  to ta l  double b o n d s  in trc~ns configu- 
ra t ion .  Dashed  l ines :  per  cent  of  o r ig ina l  double bonds  
t ha t  have  added  m e r c a p t a n .  Curves :  1 - - m e t h y l  oleate, 2 - -  
olive oil, 3 - - m e t h y l  l inolenate ,  4 - - m e t h y l  l inoleate .  
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1) The mercap tan  catalyzed isomerization of methyl  
oleate is a funct ion of mercap tan  s t ruc ture  (Table I ) ,  
solvent (Table II, Fig. 1),  temp (Fig.  2),  the presence 
or absence of sunlight (Fig.  3) and of oxygen (Fig.  
4) ,  and the mereaptan cohen (Table III ) .  The methyl 
oleate concn was the only variable which had a rela- 
t ively small influence on the rate of elaidinization 
(Table III ) .  

2) The equil ibrium mix ture  of oleate and elaidate 
contains 75-80% of the trans isomer. This equil ibrium 
is readi ly  a t ta ined f rom either isomer or is nlain- 
tained by a p re formed mix ture  of the two (Fig.  4).  

3) The addit ion of the mereap tan  to the double 
bond of either isomer is a side reaction whose ra te  
is considerably slower than the isomerization. The ad- 
dition can be suppressed by working in an inert  atmos- 
l)here (Fig.  4). 

4) Even though 30-40% of the olefin has irreversi-  
bly added the su l fhydryl  compound, the remaining 
i)ortion mainta ins  the equil ibrium cones of oleate and 
elaidate (Fig.  1,4). 

5) l~ike other cis-trans isomerizations, the mereap-  
tan catalyzed reaction is not speeifi(" for nlethyl oleate, 
but also oc('urs with linoh'ate, l inohmatc aml ()live oil 
(Fig.  5). 

Similar  studies haw~ appeared in tim literature.  The 
methyl  mer(~aptan catalyz(,d isomerizations of cis and 
tra'ns-2-butene in the gas phase has been studied by 
Sivertz and co-workers (14,15) who showed that  tin; 
isomerization is more rapid than the addit ion reaction 
and that  trans-2-butene is conv(,rted to about a 3:1 
trans:cis mixture.  The same reaction in the liquid 
phase at 60C was described by Wall ing and Helmreieh 
(17) who showed tha t  the cis to trans isomerization 
was 85 times as rap id  as the rate of sulfhydry]  ad- 
(lilies and that  the trans to cis rate was 20 times as 
fasl  as the addition reaction. 

(',unneen, l l iggins  and Watson (2) i r radiated rub- 
b(;r a , d  gut ta -percha  in the prt~sent.e of thiolbenzoie 
a(',id or dibenzoyl disulfide, at: room temp or heated 
the mixtures  to 140C in the absence of light. They 
repor ted that  about 60% of the double bonds in the 
resul t ing l)olymers were in the trans form whether  
they s tar ted with the all cis rubber  or the all trans 
gutta-percha.  No mention was made of the addit ion 
reaction. Neurei ter  and Bordwell  (7) showed tha t  
the addit ion of a few drops of thiolaeetie acid to 1.7 g 
cis-2-chloro-2-butene followed by i r radia t ion for  an 
hr  produced 80% of the trans isomer. 

Sivertz (14) appears to have been the first to sug- 
gest the reversibility of the initial attack of the thiyl  
radical  ( I )  on the unsa tura ted  carbon atom: 

\ / I / 
J~s- + c=c  ~-  B - s - c - c .  
(I) / \ I \ 

This concept was elaborated by  Wal l ing  (17) who 
postulated the following mechanism for  the isomeriza- 
tion of the butenes (R, g ' ,  R" = CH3). 

B' R" t%' R" 
\ / \ / 

Rs. + c=c  ~ R - S - C - - C .  
(I) / \ /(xl)\ R' 

H t I  H H R H S  I 
r a p i d  $~ - - - *  R - - S - - C - - C H : - - R "  

B' H n' ~[ I 
\ / \ / 

~s.  + c=c  ~ B - s - c - - c .  +Bs- 
( I )  / \ / \ ( I )  

H R "  H R "  
( I I I )  

A similar  meehansm undoubtedly  applies to the 
other studies noted above as well as the present  work. 
The free radical  a t tack  and subsequent rotat ion about 
the carbon-carbon single bond followed by dissociation 
of the more favored trans in termedia te  ( I I I ,  R '  = CH3 
( C H 2 ) 7 - ,  R " = - - ( C H 2 ) 7 - C O O C H 3  or the reverse) 
to the trans isomer and the thiyl radical  ( I )  is the 
most likely explanat ion for  the mereap tan  catalyzed 
isomerization of methyl  oleate to elaidate. 

This " i n c i p i e n t "  addit ion of the mereap tan  to form 
the intermediate  radical  nlixture ( I I  and I I I )  requires 
an ext ra  push to go over to full  addit ion of the sulf- 
hydry l  group to the double bond. h i  the present  
study, this extra  push is supplied by oxygen or free 
radical substances produced by oxygen. Ill the absence 
of air, the isomerization proceeded readily,  albeit more 
slowly than in its presence, but  full addit ion occurred 
very little or not at all. 

Tile :rates of the isonlerization and addition reac- 
tions, via: the fornlat ion of the thiyl radicals (1) or 
their  addit ion to form the intermediates  11 and I I l ,  
are quite depen(lent upon the solvent, and the nature  
of R in R Sit .  The most active mereaptans  appear  
to be those that  itre (tifum',tional, with not too large a 
residue b(,|w(,(,n the sult 'hy(tryl group and the otiler 
fum:tional groups. Tha t  the isonwrizations did not 
pro(~(~e(I (~xtensively in non-polar solvents may be cx- 
plab,ed in two ways. Ei ther  very few thiyl radi(ta/s 
fornled in tiles(,, solvents or the nwrcaptan was pref- 
erential ly solvated by the ester function of methyl 
oleate and was inaccessible to the (tout)h~ bond. 

I t  is possible tha t  the equilibrium mixture  of oleate 
and elaidate observed in this work with fl-mercapto- 
propionic, aeid is not invar iant  and changes with dif- 
ferent  solvents or with the R in RSI I ,  e.g., for certain 
R groups, tile intermediate  I1 may be the nlore favor- 
able configuration or the rate of disso(-iation of I I  may 
be greater  than tha t  of I I [ .  In  the light of the other 
work cited, however, with sulfur,  selenium, oxides of 
ni trogen or other mercaptans  as catalysts,  and with 
the butenes, chlorobutenes, rubber  and gutta-percha,  
the equil ibrium composition of 70-80% trans, 30-20 
cis double bonds seems to be universal ly held. 
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