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LTrIOUa~I refinements in technique b y  various 
workers have improved the reliabili ty of the 
original method of analysis by alkali isomeri- 

zation (1), they have done little to s impl i fy  the .4oo- 
equipment a n d  operations which are necessary to 
obtain acceptable results. Use of an inert  gas in the 
reaction vessel at 180 ~ (2) has, in fact, made the 
analysis more cumbersome. One of the most objec- 
tionable features  of the method however is the use zao 
of a 180 ~ oil bath. An impor tan t  step toward its 
elimination was made by Sreenivasan and Brown (3) 
in showing that  potassium-t-butoxide can produce the / 
conjugation at temperatures  as low as 90 ~ Their  find- ~ 
ings resulted in little simplification of techniques how- ~ .a4o 
ever, since the reaction containers were either flasks o | 
fitted with air  condensers (3) or sealed tubes (4).  

t In  this paper  we present  a simplified technique, 
referred to as the "bo t t l e  me thod , "  in which the 
sample is isomerized with potassium-t-butoxide in a .iso 
reagent bottle at  60 ~ for  20 hrs. 

[ I I t 

1 

Experimental 
Pre l iminary  tests showed that  molar potassium-t- 

butoxide was capable of effeeting isomerization at 60 ~ 
and even lower temperatures .  Absorpt iv i ty  values 
were calculated for pure  linoleic and tinolenic acids 
af ter  alkali isomerization with 1.1 3/[ potassium-t- 
butoxide in t-butanol at 60 ~ for 20 hrs., and these 
constants were used for  a comparison of results with 
the A.O.CIS. Method Cd 7-58 (2) on three samples 
(Table I ) .  These samples were a) a synthetic mix- 
ture  of the methyl  esters of pMmitie, oleic, linoleie, 
and linolenic acids in proport ions commonly found in 
soybean oil; b) soybean oil; and e) the esters ob- 
tained af ter  methanolysis of the soybean oil. 

T A B L E  I 

Comparison of Methods 

" I Linolcie acid I Linolenic a c i d  
Sample analyzed I- - - ~  I ~ - - -  

. . . .  A.O.C.S. Bottle A,O.C.S . .  Bottle 

Synthetic r a i x t u r e  o f  1 % ] % ] % [ % 
methyl esters ~ ............................. 42.4 42.6 7.4~1 I 7.36 

t 
Soy.oan oi, ...................................... 1 } i 07 .  i 
2r esters obtained af ter  alto- ] / 1 

holysis of soybean oil ................... 47.5 48.2 6.75 7.17 

a The mixture  contained 1 2 . 4 ~  palmitic, 30.9% oleic, &2.3% l i n o l e i c ,  
a n d  7.41'% Iinolenic acids. 

For  the synthetic  mixture  both procedures gave 
results consistent with the amounts of each of the 
polyunsatura ted  f a t t y  acids known to be present.  For  
soybean oil both procedures showed the same amount  
of linoleic acid present. However  the potassium-t- 
butoxide reaction at 60 ~ showed a much larger  amount  
of linolcnie acid than the A.O.C.S. method. On the 
other hand, when the soybean oil was subjected to 
methanolysis before analysis, this discrepancy in the 
amount  of linolenic acid was no longer observed. 
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~I(}. 1, S p e c t r a l  a b s o r p t i o n  c u r v e s  o f  i s o m e r i z e d  m e t h y l  l in -  
o l e n ~ t e  (ot?en c i r c l e s )  a ~ d  t h e  g l y c e r o l  r e a c t i o n  m i x t u r e  ( c l o s e d  
c i r c l e s } .  T h e  c o n c e n t r a t i o n  ( g . / l i t e r )  o f  g l y c e r o l  w ~ s  f o u r -  
f o l d  t h a t  o f  l i n o l e n a t e .  

Reaction of Glycerol with Potass{um-t-Butoxide. 
Glycerol was found to react with potassium-t-butox- 
ide under  the experimental  conditions to produce a 
sharp absorption max imum at 267 mt~, thus result ing 
in the high values for  linolenic acid (F igure  1). The 
position of the absorption max imum of the glycerol 
reaction product  was Mmost identical with tha t  of 
the conjugated tr iene f rom isomerized linolenie acid. 
I ts  absorpt iv i ty  was only about  30% as great  however. 

Reaction studies on the glycerol reaction product  
showed that  the values at 268 m~ reached a maximum 
af ter  16-20 hrs. and then sharply  declined (F igure  2). 
Because of the great  variat ions in absorpt ivi ty  af ter  
16 hrs. it was not possibl e to ascertain a maximum 
value. The absorptivit ies at  233 m~ were low and in- 
creased only slightly dur ing the 48-hr. t ime study. 

In  view of the considerable absorption of the 
glycerol reaction product  in the region of conju- 
gated triene in the present  study, other methods of 
alkali isomerization were tested to observe whether  
they would produce a similar  effect with glycerol 
(Table I I ) .  Absorpt ion produced f rom glycerol in 
the A.O.C.S. method with different concentrations of 
KOH was negligible dur ing  s tandard  periods and 
also dur ing  shorter  periods of time. However  the 
addition of glycerol to potassium-t-butoxide reagent  
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Fro .  2. C h a n g e s  i n  a b s o r p t i v i t y  o f  g l y c e r o l  r e a c t i o n  m i x t u r e  
w i t h  t i m e .  

resulted in an absorpt ivi ty  of 4.8 at 268 In/* in the 
open-tube method of Sreenivasan and Brown (3) and 
an absorpt ivi ty  of 17.6 in the bottle method. The 
reaction of glycerol with potassium-t-butoxide and 
with K 0 H  at 60 ~ for  20 hrs. resulted in absorptiv- 
i ty values which showed that  potassium-t-butoxide 
ra ther  than  low tempera tu re  and length of isomeri- 
zation was the active agent  in producing the glycerol 
absorption at 268 m~. 

Trea tment  with hydrochloric acid, as described in 
a la ter  section, was found to be an effective means 
of avoiding the glycerol effect. Tests showed that,  
at  2.5, 5, 10, and 30 rain. af ter  acidification, the 
absorpt ivi ty  was reduced to the same degree. 

Af te r  acidification the absorpt ivi ty  declined f rom 
17.6 to 0.7 with free glycerol and f rom 19.6 to 1.4 
with an equivalent amount  of glycerol released f rom 
triolein. The higher value for triolein probably  re- 
fleeted the presence of a small amount  of polyunsatu-  
ra ted f a t t y  acid in the triolein. Residual absorptivi-  
ties seemed to be slightly higher than  those obtained 
in the A.O.C.S. proeedure.  However,  it appeared  
that,  when the acidification step was included, the 
bottle reaction at 60 ~ provided the basis for  a simple 

TABLE I I  

l~eaction of Glycerol with Alkali in Different Methods 

Absorptivity 

l~ethod 

A.O.C.S. 

A.O.O.S. 

Sreenivas~n 
and Brown 

Bottle 

Bottle 

Bottle 

Conditions 

25 rain., 
6.6% KOI-I, 180 ~ 

I5  rain., 
21% KOl=f, 180 ~ 

4 hrs., 
17.8% Kt/3, a 90 ~ 

20 hrs., 
15.5% KtB 60 '  

20 hrs., 
15.5% Kt/3 60 ~ 
(acidified) 

20 hrs., 
6.6% KOI-I, 60 ~ 

Glycerol Glycerol from 
triolein 

238 m# 0)68 nl/e 

.08 

.00 .00 

1.2 4.8 

1,7 17.6 

1.3 ,7 

.O0 .00 

283 ra/z 268 rote 

3 . 2  .85 

2.4 .53 

4.4 5.6 

4.6 19.6 

4.7 1.4 

a Kt/3 ~ potassium-t butoxide. 

alkaline isomerization technique for the determina- 
tion of polyunsatura ted  f a t t y  acids. 

Isomerization of Linoleic and Linolenic Acids with 
Potassium-t-Butoxide. Absorpt iv i ty  values of high 
quali ty methyl  linoleate (Hormel)  and methyl  lino- 
lenate ( t to rmel )  were calculated for the free acids 
af ter  isomerization for various lengths of t ime (Fig-  
ure 3). The absorpt iv i ty  of linoleie acid rose rap id ly  
at first and then increased slowly. The max imum 
value had not been reached even at the end of 72 
hrs. Maximum absorpt iv i ty  values for linolenic acid 
at  233 ln~ and 268 m~ were at tained much more 
quickly, and both maxima decreased with time. The 
absorpt ivi ty of isomerized linolenic acid was always 
greater  at 233 m~ than  at  268 mt~. Accordingly there 
is no evidence that,  at  60 ~ conjugated diene is a 
precursor  of conjugated tr iene as was observed by  
Sreenivasan and Brown with potassium-t-butoxide at 
90 ~ (3).  F rom these data an isomerization period 
of 20 hrs. was selected as a reasonable compromise 
between the rising values for linoleie acid and the 
decreasing values for linolenic acid. The importance 
of t iming for the reaction was therefore not as criti- 
cal by this method as with the A.0.C.S. method. 
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FIG. 3. A b s o r p t i v i t y  v a l u e s  a f t e r  i s o m e r l z a s  f o r  v a r i o u s  
l m l g t h s  of  t i m e .  M e t h y l  l i n o l e a t e  a n d  m e t h y l  l l n o l e n a t e  b o t h  
c a l c u l a t e d  to  a c i d  b a s i s .  A l l  r e a d i n g s  w e r e  m a d e  i n  a b s o l u t e  
m e t h a n o l .  

A comparison is shown of the published absorptiv- 
i ty values (5) for the A.O.C.S. 6.6% KOH-glycol  
method with those for the bottle method (Table I I I ) .  

T A B L E  III 

Constants for A.O.O.S. ~nd Bottle Methods 

&~33 a2s8 
Acid . . . .  

Linoleic ................................ 
Linolenic ............................. 

A.O.C.S. I 
(lit.) I 

92.1 
61.6 

Bottle 

76,7 
67,2 

A.O.C.S. 
(lit.) 13 oCtle 

5"b'.'7 6"i"4 
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Since max imum precision in fa t  analysis by  alkali 
isomerization can general ly be expected to result  
f rom those procedures which yield the highest degree 
of conjugation with pure  acids, the bottle method 
should have a slight advantage in the analysis of lin- 
olenie acid. This is desirable for the analysis of soy- 
bean oil or other oils which are low in linolenic acid. 

T h e  B o t t l e  M e t h o d  

Preparation of Isomerizing Reagent. Ter t i a ry  bu- 
tanol was dried by refluxing over calcium hydride,  
then the f ract ion boiling at 82-83 ~ was collected. 
Potassium sticks were cleansed by  immersion, first in 
heptane  to remove the mineral  oil, and then in d ry  
t e r t i a ry  butanol. The slow reaction of the la t ter  sol- 
vent with potassium removed the oxidized layer  on 
the surface of the metal  and thus eliminated the need 
for cut t ing it  under  an inert  solvent. The amonnt  
of potassimn (5 g. in 100 ml. of t-butanol)  needed 
to provide approximate ly  17% of the alkoxide was 
allowed to react with t-butanol for  6 hrs. Any  excess 
potassium, if present,  was then removed by decanta- 
tion or by fil tration through glass wool. An aliquot 
was t i t ra ted  with I M HCt,  using phenolphthalein 
as indicator, and the solution was then diluted to 1.1 
M (15.5%) potassium-t-butoxide in t-butanol. 

Procedure. About  100 (---+5) rag. of fa t  were 
weighed accurately  into a 60-ml. glass-stoppered Py-  
rex reagent  bottle, then blanketed with nitrogen. 
Following the addition of 10 ml. of the isomerizing 
reagent,  the bottle was stoppered and swirled to in- 
sure complete mixing and placed in a forced-draf t  
60 ~ oven for  20 hrs. Use of a forced-draf t  oven was 
a safe ty  precaut ion to prevent  accumulat ion of vapor  
in case of breakage or leakage f rom reaction flasks. 
The reaction was terminated by sett ing the bottles 
in a cold-water bath. An appropr ia te  aliquot f rom 
the reaction mixture  which had been diluted to 
100 ml. with methanol or ethanol was pipet ted 
direct ly into 10 ml. of 6 M HC1 contained in a 
100-ml. volumetric flask. The contents were swirled 
and 15 min. later  were diluted to volume with metha-  
nol. Ethanol  was not a suitable diluent a f ter  acidi- 
fication since it produced a white precipitate.  

Light  absorption at 233 m~ and 268 m~. was meas- 
ured with a Beckman DU spectrophotometer,  and 
the absorpt ivi ty  values were calculated. The absorp- 
t ivi ty  of the glycerol reaction mix ture  af ter  acidi- 
fication was subtracted f rom the observed value. 
A correction for  background absorption with the 
equation f rom the A.0.C.S. method was made on 
isomerized cottonseed and corn oils. The corrected 

absorpt ivi ty  values were then placed in the following 
equalities, which were derived by subst i tut ing the 
constants of the bottle method (Table I I I )  in two 
simultaneous equations: 

% linolenie acid = 1.553 a268 
% linoleic acid = ] . 3 0 4  a233 - ].360 a268. 

Fat Analysis. The bottle method as finally adopted 
was compared with the A.O.C.S. 6.6% KOH-glycol  
method in the analysis of five na tura l  oils (Table IV) .  

T A B L E  I V  

C o m ) a r i s o n  of Methods  Appl ied  to Oils a 

L ino le ic  acid  L ino len ic  acid 
0 i l  

Cottonseed . . . . . . . . . . . . . .  

Corn A ex t r ac t  b ...... 
Corn  B extract ,  b 

h i g h  ca ro tene  ~ ..... 
Corn  C ext rac t ,  b 

low caro tene  c ....... 
W h e a t  g e r m  .... . . . . . . . .  
Soybean .. . . . . . . . . . . . . . . .  
L inseed  .. . . . . . . . . . . . . . . . . .  

A.O.C.S.  Bot t l e  

% % 
46.8  ~--- .11 46 .6  -:: .49 
50 .1  ~--- .10 50 .8  ~- .32 

58 .4  58 .4  

63 .4  6 i . 9  
48 .9  • .34 47 .7  ~ .32 
46 .9  • .19 46 .1  I+ .29 

13.5  13 .4  

A.O.C.S.  Bot t le  

% % 
0 0 

. 5 4 - - + . 0 1 4  . 8 9 •  

.63 1 .03 

1 ,45  1 .78 
6 .44 • .026 7 ,46  • .12 
6.72 ~ .029 7 .07 +--- .01 

49 .9  50.0  

a The. oils, except  for  corn,  were  ob ta ined  f rom commerc ia l  sources .  
Spee~ropho.tometric tests  showed only t r a c e  amoun t s  of con juga t ed  
bonds.  T h e  s t a n d a r d  e r ro r s  of th~ m e a n  shown a r e  based  on ave rages  
of at  l eas t  five analyses .  Other  va lues  show s imple  ave r ages  of dupli-  
cate  de t e rmina t ions .  

b Whole  k e r n e l s  of corn w e r e  g r o u n d  and  then  ex t r ac t ed  wi th  pu r i -  
fied hexane .  

r R e s i d u a l  oil a f t e r  molecu la r  d is t i l la t ion .  Corn B and  Corn C had  a 
c a ro t ene  content  of 1 9 0 0  and  15 # g . / g .  of ext rac t ,  respect ively .  

The percentage of linoleic acid found by  the bottle 
method agreed well with the comparable values found 
by the A.O.C.S. method;  however the percentage of 
lino]enie acid was slightly higher with the former  
than with the la t ter  procedure. I t  is uncer ta in  
whether  these small discrepancies are caused by real  
differences in the two methods or whether  they re- 
fleet a dissimilari ty in the pur i ty  of the linoleie and 
linolenie acids used as s tandards  or indicate that  
some of the triene measured in the bottle method is 
coming f rom factors  other than linolenic acid. Fresh 
extracts  of ground corn f rom three sources showed an 
absorption max imum in the conjugated tr iene region 
af ter  alkali isomerization, and this was not elimi- 
nated by molecular distillation at 175 ~ for  1 hr. 

Mildly oxidized linolenic and ]inoleie acids, when 
heated in ethylene glycol either with or without  KOH, 
have been shown to give rise to absorption bands 
characteristic of conjugated tetraenoic and trienoie 
f a t t y  acids, respectively, thus indicating polyunsatu-  
ra ted f a t t y  acids which are not present  (6). How- 
ever, in this study, a slightly autoxidized extract  of 

T A B L E  V 

Spec t rophotomet r ic  Analyses  of Some Samples  A f t e r  V a r i o u s  T r e a t m e n t s  

Absorp t iv i ty  
Sample  T r e a t m e n t  

233  m/t 262  m~ 268  m~ 2 7 4  rote 

F r e s h  ex t r ac t  of g r o u n d  corn A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sl ight ly  au toxid lzed  corn A ex t rac t  (PW = 8) .. . . . . . . . . . . . . . .  

Au tox id ize4  e thyl  l ino lea te  ( P u  = 7 8 )  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glycer61 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

None . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a t e d  a in  t -bu tanol  .............. 
Bo t t l e  method . . . . . . . . . . . . . . . . . . . . . . . . .  

None  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Heatea in t -bu tanol  .. . . . . . . . . . . . . . .  
Bot t le  method . . . . . . . . . . . . . . . . . . . . . . . . .  

~ o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e a t e d  in  t -bu tano l  . . . . . . . . . . . . . . . .  
Bo t t l e  method .. . . . . . . . . . . . . . . . . . . . . . . .  

Bo t t l e  method . . . . . . . . . . . . . . . . . . . . . . . . .  

.15 

.13 
38 ,0  

.22 

.22 
38 .5  

2 .58  
61 .7  

.053 
,047  
.91 

.051 

.044  

.87 

.074  

.088 
,92 

.77 

.066  

.055 

.98 

.059 

.051 

.94 

.070  

.079  

.86 

.72 

.079 
.063  
.77  

.070  
,059  
.73 

.060  
,069  
.76 

.72 

1 2 0  hrs .  a t  60 ~ 
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corn or pure  ethyl linoleate autoxidized to a peroxide 
value of 78, when heated in t-butanol without  added 
potassium, did not form an absorption max imum at  
268 m~ (Table V) .  Fu r the rmore  the 20 hours  of 
heat  t rea tment  did not produce any oxidation-con- 
jugat ion in fresh extracts of corn. The samples f rom 
corn showed a maximum at 268 m~ only af ter  heat  
t rea tment  with alkali. 

Gas-liquid chromatography  of the methyl  esters 
p repared  f rom Corn C extract  separated an amount  
of linolenic acid ester in agreement  with the alkaline 
isomerization treatments.  The experimental  condi- 
tions were: flow rate, 70 ml. of he l imn/min . ;  tem- 
perature,  218~ sensitivity, 250 mil l iamperes;  column 
(5 ft., 1/2 in. in diam.),  Craig butanediol suecinate. 
However  this procedure did not clearly define a peak 
for methyl  linolenate in the esters p repared  f rom 
Corn A extract.  

Summary 
Potassium te r t ia ry  butoxide (1.1 M, 1 5 . 5 % ) i n  

t-butanol readily isomerized linoleie and ]inolenic 
acids at 60~ The absorpt iv i ty  value for  linoleie 
acid dur ing isomerization rose rapidly,  then slowly 
reached a maximum (88.5) af ter  three days. Maxi- 

mum absorpt ivi ty  values for  linolenic acid at  both 
233 mt~ (68.5) and at 268 m~ (65.0) were a t t a ined  at 
12 hrs. ;  thereaf ter  absorpt iv i ty  at both wavelengths 
decreased with time. 

Glycerol also reacted with potassium-t-butoxide un- 
der the experimental  conditions to produce an absorp- 
tion max imum at 267 m~; however this absorbance 
was easily destroyed by t rea tment  with hydrochloric 
acid. 

A simple procedure has been described for  isomer- 
ization with the alkoxide in a reagent bottle at  60 ~ 
for  20 hrs. Analyses for linoleie and linotenic acids 
in five seed oils isomerized by the "bo t t l e  m e t h o d "  
agreed well with results obtained by the A.0.C.S. 
KOH-glycol  method. 
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Acid-Catalyzed Addition of Phenols and Phcnyl Ethers to 

Oleic Acid * 
EDWARD T. ROE, WINFRED E. PARKER, and DANIEL SWERN, Eastern Regional Research Laboratory, 2 
Philadelphia, Pennsylvania 

O uR W0aK on the addition of nitriles to unsatu- 
rated compounds (I, 2) suggested that other 
nucleophilie substances should add to the re- 

active center of oleic acid in s t rong acid media, that  
is, in the presence of carbonium ion-producing sub- 
stances. In  this paper  we are repor t ing the addition 
of phenols and phenyl  ethers to oleie acid in a sul- 
furic acid medium and also in the presence of an 
acid ion-exchange resin catalyst. We are also report-  
ing on the s t ructure  of the reaction products  based 
Oll in f ra red  absorption spectra. 

Although isolated instances of reactions between 
phenols and unsa tura ted  compounds have been known 
for  a long time, Niederl  and co-workers (3) examined 
the reaction more closely and applied it to several 
types of unsatura ted  compounds. Later  m-cresol (4) 
and phenol (5) were added to oleic acid in the pres- 
ence of concentrated sulfuric acid. St ir ton and co- 
workers (6) have reported the addit ion of a w l  ethers 
to oleic acid, using a luminum chloride as the condens- 
ing agent. More recently Gisser and co-workers (7) 
published their  work on the p repara t ion  of hydroxy-  
arylstearic  acid. In  one instance, with sulfuric acid as 
the  c o n d e n s i n g  agen t ,  p - t e r t . - b u t y l c a t e c h o l  a d d e d  
to oleie aeid to fo rm 9(10)-(2,3,-dihydroxy-5-tert . -  
bu ty l )phenyls tear ic  acid. Inasmuch as derivatives of 
this type are of interest  as lubr icant  additives, we 
hoped to broaden the scope of the reaction to include 
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other phenolic materials  and, in the cases reported,  
to increase the yields. 

By  adaptat ion of the methods found successful in 
our earlier work with nitriles (1, 2), other phenolic 
materials  than  were previously repor ted have now 
been added to oleic acid in a sulfuric acid medium. 
When it became apparen t  that  the l imit ing factor  
in the yields of products  was by-product  format ion 
owing to polymerizat ion or other reaetion, different 
condensing agents were sought. Recently Loev and 
Massengale (8) used sulfonic a d d  cation-exchange 
resins as catalysts for  the alkylation of phenol with 
olefins. While their  investigations were with the rela- 
t ively more reactive olefins, such as isobutylene and 
1-nonene, we were able to obtain condensations with 
oleic acid, provided sufficient reaction time was al- 
lowed and a sufficient quant i ty  of the appropr ia te  
resin catalyst  was used. No a t tempt  was made to 
examine a wide var ie ty  of resins. 

Experimental 
Starting Materials. 01eic acid (93.3%) essentially 

free of polyunsa tura ted  acids was p repared  f rom 
commercial oleie acid by  one low-temperature  crys- 
tallization and fract ional  distillation. The phenols 
and pheny] ethers were the best commercial grades 
and were used as received. 

I,nfrared Spectra. I n f r a r ed  spectra were obtained 
on a Perkin  Elmer  Model 21 double beam recording 
speetrophotometer.  For  general spectra a demount- 
able cell consisting of sodium chloride prisms (one 


