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Infrared studies on initiation of the autoxidation of 
some fatty acid esters with and without light-sensitized chlorophyll, 

ultraviolet light and lipoxidase* 

The  s tud ies  by  appl ica t ion  of t r ace r  t e chn i ques  invo lv ing  pa r t i cu la r ly  deutero-o lea te  h a v e  indi-  
ca ted  t h a t  t he  i nduc t ion  per iod is no t  bas ical ly  due  to t race  impur i t ies ,  b u t  r a t he r  to the  role p l ayed  
by  the  double  bonds  t oge t he r  wi th  t he  a lpha  m e t h y l e n e  g roups  du r ing  t he  t r ans i t i on  s t a t e s  of act i -  
va t ion  in the  init ial  s tages  of a u t o x i d a t i o n  react ions .  The  r e m o v a l  of t he  t race  impur i t i e s  1, 2 ha s  added  
fu r t he r  s u p p o r t  to t he  s ame  concept .  The  r ecen t  inves t iga t ions  emp loy ing  t he  inf rared  spec t r a  3.e 
have  also b r o u g h t  for th more  conclus ive  e x p e r i m e n t a l  evidence for the  in i t ia t ion  processes  in au tox i -  
da t ion  of m e t h y l  oleate,  l inoleate and  l inolenate .  The  purpose  of t he  p r e sen t  p r e l imina ry  repor t  is to 
show b y  m e a n s  of the  inf rared  abso rp t ion  ana lys i s  t h a t  in the  above  in i t ia t ion  step,  i somer iza t ion  
and  molecu la r  r e a r r a n g e m e n t  of the  s u b s t a n c e s  used  occurs  a t  t he  i n t e rmed ia t e  t r ans i t i on  s t a t e s  of 
the i r  reac t ions  wi th  oxygen .  

Me thy l  oleate  was  p repa red  f rom olive oil m e t h y l  es ters  b y  a c o m b i n a t i o n  of l ow- t empe ra tu r e  
c rys ta l l i za t ion  and  f rac t ional  dis t i l la t ion a t  reduced  pressure  7. The  p r o d u c t  was  sub jec ted  to mild 
h y d r o g e n a t i o n  to r emove  the  t races  of po lye theno id  impur i t i e s  a n d  f inally to l ow- t empe ra tu r e  
c rys ta l l i za t ion  2. Me thy l  oleate  (Iodine n u m b e r  ~ I .N.,  85.6 ) showed no abso rp t ion  a t  lO.36/z 
charac te r i s t i c  of t rans  olefines. Linoleie acid was first p repa red  by  b r o m i n a t i o n  and  deb romina t i on  
p rocedure  and  t h e n  recrystaUized twelve  t i mes  for p e t r o l e u m  e the r  a t  - - 6 5  ° to - - 6 0  ° C accord ing  
to t he  m e t h o d  of MATHEWS et al. 8 cis,  c i s - m e t h y l  l inoleate (I.N., 172.2 and  free of t rans  double  bond) 
was p repa red  by  first es te r i fy ing  such  linoleic acid and  t h e n  dist i l l ing u n d e r  reduced  pressure .  Me thy l  
l inolenate  (I.N., 259-4) p repa red  by  the  u sua l  b r o m i n a t i o u  and  deb romina t i on  procedure  showed  
some absorp t ion  charac te r i s t ic  of t rans  double  bond  in t he  inf rared  region.  

Me thy l  oleate and  l inoleate were au tox id ized  to io % peroxide  con t en t  and  m e t h y l  l inolenate  
o 5 %. Oxygen- f l ee  n i t rogen  was  bubb l ed  t h r o u g h  all t he  s amples  as a p recau t ion  aga ins t  fu r the r  
ox ida t ion .  The  solvents ,  e ther ,  alcohol, p e t r o l e u m  e the r  (b.p., 30°-60°) ,  h e p t a n e  were purif ied by  the  
u sua l  me thods .  All ana ly t ica l  d e t e r m i n a t i o n s  in th i s  repor t  were carr ied ou t  on t he  s u b s t a n c e s  isolated 
f rom solu t ions  as t he  necess i ty  arose  due  to e x p e r i m e n t a l  condi t ions .  

Of four  different  s amples  (each, 25-30 g) of m e t h y l  oleate  (a-d),  two samples  (a, b) were au tox i -  
dized in da rkness  a t  r oom t e m p e r a t u r e  (25-3 o°) and  the  o the r  two (c, d) u n d e r  i r rad ia t ion  wi th  
u l t r av io le t  a t  35 o. However ,  t he  degree of ag i t a t ion  in some  of these  s amples  was  var ied  by  emp loy ing  
a and  c as a layer  in a shal low dish  in the  still a t m o s p h e r e  of air and  by  ag i t a t i ng  b a n d  d con ta ined  
in na r row cyl indr ical  t u b e s  (each, I" × io") by  oxygen  bubb led  t h r o u g h  a gas  d ispenser  (Corning 
f l i t t ed  glass). The  peroxides  fo rmed  were isolated by  c o u n t e r - c u r r e n t  extract ion*.  The  so lven t  pair  
u sed  was,  87 % alcohol  and  p e t r o l e u m  e the r  s a t u r a t e d  wi th  the  s a m e  alcohol. In f ra red  ana lyses  on 
(i) Perox ide  concen t r a t e s  (5540-5780 m.equiv . /kg) ,  (if) recovered  unoxid ized  ma te r i a l s  revealed  t h a t  
t he  former  con ta ined  all t he  t r a n s - i s o m e r  absorb ing  a t  lO.36/~ and  the  l a t t e r  none.  The  peroxide  
concen t r a t e s  f rom the  four  au tox id ized  samples ,  a -d ,  con ta ined  respect ively ,  6 1 - 6 6 % ,  7 4 - 7 6 % ,  
65-68 % and  87-90 % of t r a n s - f o r m .  These  e s t i m a t e s  are based  on compar i sons  wi th  the  absorp t ion  
of m e t h y l  elaidate,  a s s u m i n g  a c o n s t a n t  molecular  ex t inc t ion  coefficient for an  isolated t rans  double  
bond.  These  va r i a t ions  in i somer iza t ion  indicate  the  p r i m a r y  role p l ayed  by  o x y g e n  itself dur ing  
a u t o x i d a t i o n  u n d e r  different  e n v i r o n m e n t a l  condi t ions .  

In  our  ini t ial  e x p e r i m e n t s  1°, t he  pho to -ch lo rophy l l  ox ida t ion  of m e t h y l  l inoleate was  found  to 
fo rm l inoleate  hydrope rox ide  w i t h  an  isola ted t rans  double  bond.  Since ce r ta in  pe rcen tage  of t he  
original  l inoleate  also h a d  a n  isolated t rans  double  bond  TM, i t  was  no t  k n o w n  defini te ly w h e t h e r  
th i s  gave  rise to the  peroxide  wi th  an  isolated t rans  double  bond  in spite of m u c h  expe r imen t a l  
evidence.  I n  t he  p r e sen t  work, pho to -ch lo rophy l l  ox ida t ion  of pure  cis,  c i s - l ino lea te  (25-30 g a t  a 
t ime) as a 3 ° % solu t ion  in h e p t a n e  below o ° C  yielded decisive resul ts .  Me thy l  l inolenate  (25-30 g 
a t  a t ime)  ha s  also been  oxidized us ing  t he  s ame  t echn ique  in the  presence  of ch lorophyl l  w i th  s imi lar  
resul ts .  Due  to t he  ins tab i l i ty  of the  peroxides ,  modif ica t ions  in the  p rocedures  for isolat ion had  to be 
in t roduced .  The  peroxides  were concen t r a t ed  by  coun t e r - eu r r en t  ex t r ac t i on  9 w i t h o u t  l e t t ing  the  
t e m p e r a t u r e  rise above  io  °. The  peroxide  concen t r a t e s  (5980 m . e q u i v . / k g  in the  case of l inoleate and  
5560 m .equ iv . / kg  in t h a t  of l inolenate  products )  were r educed  by  s t a n n o u s  chloride. The  reduced  
p roduc t s  were ex t r ac t ed  by  cold e ther .  The  e the r  ex t r ac t  was first washed  by  3 % HC1 solut ion and  
t h e n  t h o r o u g h l y  b y  wa te r  and  dr ied over  a n h y d r o u s  s o d i u m  sulfate .  On  r e m o v a l  of e ther ,  t he  p roduc t s  
were dissolved in precooled p e t r o l e u m  e the r  and  pas sed  t h r o u g h  a 3 n × 12" c o l u m n  packed  wi th  
I" charcoal  over  2" d ry  suga r  (dried in v a c u u m  at  9 ° °  for I h) to r emove  a n y  chlorophyl l  p roduc t s  
and  f inally e lu ted  by  1% e the r  in p e t r o l e u m  ether .  T he  t e m p e r a t u r e  was  kep t  below 20 ° for l inoleate 
and  below IO ° for l inolenate.  

* Most  of the  e x p e r i m e n t a l  work  was  comple ted  t h r o u g h  t he  cou r t e sy  of t he  different  labora tor ies  
in U.S.A. 
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Chemica l  a n d  phys i ca l  ana lyses  inc lud ing  infrared ind ica ted  t h a t  t he  p roduc t s  were mono-  
h y d r o x y  l inoleate and  l inolenate .  B o t h  t ypes  of p roduc t s  cons is ted  of the  s imilar  t ypes  of isomers,  
abso rb ing  m o d e r a t e l y  a t  lO.55 p (cis, trans conjuga ted) ,  s t rong ly  a t  lo.12 # (trans, trans conjugated)  
and  m o d e r a t e l y  a t  lO.36 # (isolated traus). 

The  fo rma t ion  of the  peroxides  wi th  the  isolated trans double  bond  by  the  cis, cis-linoleate 
shou ld  indicate  the  format ion  of i i -hydroperox ide .  Similarly,  the  isolated trans double bond  in 
the  case of l inolenate  peroxides  should  m e a n  the  fo rmat ion  of e i ther  I i-, or i 4 -hydrope rox ide  t h a t  
ha s  no t  been repor ted  before. These  obse rva t ions  es tab l i sh  one miss ing  link in the  field of au tox ida t i on  
of m e t h y l  l inoleate and  l inolenate .  In  no o the r  a u t o x i d a t i o n  reac t ions  for l inoleate 1° and  l inolenate  
excep t  th is  pho to -ch lo rophy l l  ox ida t ion ,  was  such  peroxide  obta ined .  Peroxides,  f rom a u t o x i d a t i o n  
of l inolenate  5, f rom ca ta lyzed  a u t o x i d a t i o n  by  u l t rav io le t  i r radia t ion  (3 % oxida t ion  be ing  ac- 
compl i shed  below o ° C), and  f rom l ipoxidase  ca ta lyzed  ox ida t ion  carr ied out  according to t he  prev ious  
m e t h o d s  4,11,12 below zero degree (5 °/o oxidat ion)  in the  case of l inolenate  soap, or in t h a t  of emuls ion  
of m e t h y l  l inolenate  (by m e a n s  of g u m  gu t ty )  in tlle p r e sen t  inves t iga t ion ,  did show smal l  a m o u n t s  
of cis,trans and  m a j o r i t y  of traus, t~,a~zs con juga t ed  p roduc t s  by  infrared absorp t ion  ana lyses .  Grea t  
pa ins  were t a k e n  in cont ro l l ing  factors,  such  as, t empe ra tu r e ,  pH,  du ra t i on  and  e x t e n t  of ox ida t ion  
wh ich  have  a p ro found  influence on the  final p roduc t s  9. 

I t  is, t hus ,  ev iden t  t h a t  the  hydrope rox ide  wi th  the  isolated trans double  bond,  once formed,  is 
s table,  unde rgoes  no r e a r r a n g e m e n t s  and  can  be easi ly de tec ted .  I t  seems,  therefore,  p robable  t h a t  
t he  r e a r r a n g e m e n t  of t he  n o n - c o n j u g a t e d  l inoleate and  l inolenate  a lmos t  en t i re ly  to con juga t ed  
p r o d u c t s  by  a u t o x i d a t i o n  reac t ions  in genera l  shou ld  have  occurred  du r ing  the  i n t e rmed ia t e  t r ans i t i on  
s t a t e s  involved  in t he  reac t ions  wi th  oxygen.  The  changes  ill t h e  geometr ic  conf igura t ions  of t he  
different  peroxidic  p roduc t s  indicate  i somer iza t ion  u n d e r  the  same  c i rcums tances .  These  concepts  
are also borne  ou t  by  the  fact  t h a t  t he  e x t e n t  of i somer iza t ion  du r ing  the  au tox ida t i on  reac t ions  
var ied  unde r  different  e n v i r o n m e n t a l  condi t ions  for the  different  f a t t y  acid esters ,  especial ly m e t h y l  
oleate  in the  p r e sen t  work.  Hence ,  the  doub t  expressed  by  SEPHTON AND SUTTON 6 regard ing  the  
presence  of I i - hyd rope rox ide  in t he  au tox id ized  m e t h y l  l inoleate is conf i rmed by  our  expe r imen t a l  
resul ts .  Similarly,  t he  i i - ,  or I4 -hydrope rox ide  has  been p roved  to be a b s e n t  in the  au tox id ized  
m e t h y l  l inolenate .  A n o m a l o u s  resu l t s  in l i t e ra tu re  on au tox ida t ion  of m e t h y l  l inolenate  ob ta ined  by  
va r ious  workers  m a y  be a t t r i b u t e d  to the  ex t r eme  difficulties in isolat ing the  h igh ly  uns t ab le  p r i m a r y  
hydrope rox ides .  

The  foregoing d a t a  on the  ini t ial  s tages  of au t ox i da t i on  reac t ions  offer e x p e r i m e n t a l  evidence 
for, (a) the  i somer iza t ion  and  o the r  molecu la r  changes  occurr ing  only  in the  au tox id ized  p roduc t s  
of m e t h y l  oleate, l inoleate and  l inolenate  and  none in the i r  unoxid ized  f rac t ions ;  (b) the  occurrence  
of such  i somer iza t ion  (geometrical)  du r i ng  t he  i n t e rmed ia t e  a c t i va t ed  s tage  invo lv ing  energy  t rans fe r  
and  leading to the  fo rmat ion  of monomer i c  m o n o h y d r o p e r o x i d e s ;  (c) the  ac t iv i ty  of a lpha  me thy len ic  
g roups  (especially, t h a t  in I I -C  in l inoleate and  II-C, or I4-C in l inolenate) in all au tox ida t i on  
reac t ions  in close p r o x i m i t y  wi th  the  double  bonds  ; and  (d) the  absence  of hydroperox ides  a t  Carbon,  
I I  in au tox id ized  l inoleate,  as well as the  absence  of those  a t  Carbon,  i I or 14 in the  au tox id ized  
l inolenate  p roduc t s .  These  f indings m a y  d e m a n d  some  modif ica t ions  in t he  mechan i s t i c  concept  of 
the  in i t i a t ion  s teps  of a u t o x i d a t i o n  react ions .  
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