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MILLIMICRONS 

FI~.  4. U l t r a v i o l e t  a b s o r p t i o n  cu rves  of  c o n j u g a t e d  l i no l ea t c  
i somers .  

produced decreased values for k. The results of equili- 
brat ion are shown in Table I I .  Percentage conjuga- 
tion was calculated on the basis of the cis, trans 
isomer as 100% conjugated by  dividing the equilib- 
r ium values by  102.4. 

The isomerization was done on the solutions used 
to measure absorption at concentrations suitable for 
accurate measurements  by  the instrument .  

The agreement  between the in f ra red  and ultravio- 
let values are excellent for  the cis, cis and trans, tra~s 
compounds. On the dehydrated (;astor oil ester frac- 
tion and the alkali conjugated liuoleate, 'the inf rared  
values are  higher. I n  the former  ease, at  least, this is 
probably  at t r ibutable  to the isolated trans structure,  
whieh has a peak at 10.3 ~ and would contribute to 
the 10.13 ~ band. 

The equilibrated cis, trans isomer, assumed to be 
100% conjugated, has a value of k231.5 = 102.4. The 
calculated value, by adding 64% of the corrected 
k.~:n 5 of the unisomerized trans, trans isomer plus 
32% of k23,5 of the mfisomerized cis, trans isomer, 
plus 4% of k2:u..~ of the unisomerized cis, cis isomer, 

TABLE II 

Compound 

Cis, trans 
Tre~ns, trans 
Cis, tie 
Deh. c.o. 
Alk. conj. 

m/~ k, before equil. 

max. Cary D.U. 

233.0 [ 93.7 I 93.9 
231.5 I 103.1 I 103.6 
235.5 80.8 [ ...... 
232.0 I 67.7 ] 

I 233.0 [ 79.5 [ 

k, equil. Conj. 
231.5 ~ u.v77~ I.n. 

% % 
102.4 I00 I00 

97.3 95 98 
90.9 89 91 
74~0 72 82 
88.6 I 87 I 93 

is k = 102.8 (if  the conjugated trans, trans isomer is 
assumed to be 95% pure)  or k = 100.6 if  the trans, 
trans isomer is assumed to be 98% pure. 

Discussion 
In  the absence of much isolated trans, the iodine- 

equilibrated mixture  should afford a convenient in- 
f ra red  spectrophotometrie  method for analyzing mix- 
tures of conjugated diene isomers for  total  conjuga- 
tion. Since it is reported ~hat iodine does not cause 
conjugation of isolated double bands under  similar 
conditions (2),  it should be applicable to mixtures 
of conjugated diene isomers with cis nonconjugated 
dienes. I t  is spectral ly somewhat analogous to the 
chemical "pand ienzah l"  of Von Mikush (3). Ultra-  
violet absorption on the equil ibrated mixture  would 
give total  conjugation without  interference by tran~ 
isomers. For  determinat ion of cis, trans and truns, 
trans conjugated isomers (in the absence of much 
isolated trans) in f ra red  absorption is useful. 

Summary 
In f r a r ed  and ultraviolet  studies have shown that  

the three geometrically isonleric types of conjugated 
linoleates (cis, cis; cis, trans; and trans, trans) are 
readily equil ibrated by dilute iodine and light. In-  
f rared  shows tha t  the equilibrium is at  32% cgs, 
trans and 64% trans, trans isomer. Probably  no more 
than 5-10%, if any, cis, cis isomer exists at equilib- 
rium. The equilibrated nfixture can be used to deter- 
mine total  conjugation in mixtures  of conjugated 
geometric isomers by either in f ra red  or ultraviolet 
absorption. 
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Fractionation and Glyceride Composition of Fats 1' '3 
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T ins  PAPER deals with a new method of correlating 
fracfionat ion data for  na tura l  fats, which pro- 

"~ r ides fu r the r  informat ion on the g]yceride com- 
position of the fats. I n  par t icular  it relates to the 
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distribution of the unsa tura ted  f a t ty  acids among 
the glyceride types  GS2U, GSU2, and  GU3. 

The present  work was begun when it was noted 
that  a direct  relation existed between the linolenie 
acid content and iodine value for fractions obtained 
f rom rapeseed oil. Such a regular  relation must stem 
from some definite pa t te rn  for the separat ion of the 
glycerides on fractionation, and the fo rm of the rela- 
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FIG. I .  ]~'atty acid content versus iodine value for sunflower 
oil fractionated by Craig (1). 

tion must u l t imate ly  be determined by the amounts  
and types of the various glycerides present.  Rape- 
seed oil coutains a relatively large number  of f a t t y  
acids vary ing  both in chain length and degree of 
unsaturat ion,  and the result ing mixture  of glycerides 
is too complex to be suitable for  fu r the r  analysis of 
this type. 

Examinat ion  of fract ionation da ta  in the litera- 
ture for less complex fats showed that  similar direct 
relations existed here. For  example, Craig (1) has 
divided sunflower oil into five fractions by  low-tem- 
pera ture  crystallization f rom acetone and determined 
the iodine values and f a t ty  acid compositions of the 
fractions. These data  are plotted as the content of 
the various f a t t y  acids vs.  iodine value in F igure  1. 
For  each of the f a t t y  acids there is a direct relat ion 
between the iodine value of the fract ions and the 
percentage of f a t t y  acid in the fractions. 

Such direct relations would only be expected if 
fract ionation led to a division of the oil into compo- 
nents, the iodine values and f a t t y  acid compositions 
of which were such that  they fall  on the same lines 
as those for the experimental  fractions. I f  the com- 
ponents into which the oil was divided did not have 
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FIO. 2. Fractions and component glycerides of sunflower oil. 
�9 Fractions obtained by Craig (1), �9 component glycerides, 
S--saturated acids, O--oleic acid, L--linoleie acid. 

these properties,  a scat ter ing of the points would be 
expected, represent ing fractions rich in some part icu-  
lar component. 

The possible glycerides present  in the oil do not 
give points lying on the lines joining the experi- 
mental  points. This is i l lustrated in F igure  2, in 
which the linoleic acid content of the fract ions f rom 
sunflower oil are replot ted against  iodine value along 
with points represent ing the possible glycerides pres- 
ent in the oil. I t  would therefore appear  that  frac-  
tional crystallization does not result  in separat ions 
based on individual  glycerides but  ra ther  in separa- 
tions based on certain groups of glycerides. The 
propert ies  of these groups must  be such that  points 
represent ing them lie on the same lines as the ex- 
per imental  fractions. 

Although the approach taken here is new, the idea 
tha t  fract ional  crystall ization of fats  leads to a divi- 
sion of glycerides into groups is not new. Hildi tch 
(2), Longenecker (3), and Riemenschneider et  al. 

(4, 5) have assumed the glycerides to be divided 
into groups on the basis of their  sa tura ted  acid con- 
tent. Doersehuk and Dauber t  (6), on the other hand, 
assumed division on the basis of iodine value. This 
lat ter  method of grouping  was also assumed by  Dut-  
ton and Cannon (7) and by  Scholfield and Hicks (8) 
for the distr ibution of oils between two solvents in 
the Craig appara tus .  
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FIG. 3. Fractions from mixture of oleodistearin (SSO), lin- 
oleodistearin (SSL), and stearodiolein (OOS). �9 :Fractions 
crystallized from acetone, �9 fractions crystallized from Skel]y- 
solve F, �9 glycerides in mixture. 

I t  seems unlikely tha t  either of these factors would 
be solely responsible for  the solubility characteristics 
of the glycerides. One factor  m a y  be sufficiently pre- 
dominant  however to obscure the effect of the other. 
Which, if  either, of these factors is predominant  m a y  
be determined by  fract io~at ion of known mixtures  
of synthetic glycerides. A mixture  of oleodistearin, 
linoleodistearin, and stearodiolein contains two glyc- 
erides with the same sa tura ted  acid content and two 
with the same iodine value. Fraet ionat ion of such a 
mixture  should clearly distinguish between the two 
factors. 

The above three glyeerides were therefore synthe- 
sized, and a mix ture  of the three was fraet ionated 
by  low tempera ture  crystallization f rom acetone and 
f rom Skellysolve F (petroleum solvent boiling range 
35-58~ The results of these crystallizations are 
shown in F igure  3. I f  the glyceridcs were divided on 
the basis of their  iodine value, the oleodistearin would 
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be separated f rom the other two and the fract ions 
would lie on a line through oleodistearin and the 
original mixture.  I f  the sa turated acid content of 
the glyeerides were the determining factor, the ste- 
arodiolein would be separated f rom the other two 
and the fract ions would lie on a line through stearo- 
diolein and the original mixture.  The points repre-  
senting the experimental  f r ac t ions  lie Very close to 
this la t ter  line, indicat ing that  the sa turated acid 
content of the glycerides is the predominant  factor  
in determining their  relative solubilities. 

In  complex mixtures,  such as na tura l  fats, there 
may  be complicating factors such as mutua l  solubility 
not encountered in the above simple mixture.  A syn- 
thetically prepared  " r a n d o m "  mixture  of the possi- 
ble glycerides of stearic, oleic, and ]inoleie acids was 
therefore prepared,  and the mixture  was fraction- 
ated by low-temperature  crystallization f rom acetone. 
The results of these fract ionations are shown in Fig- 
ure 4. The amounts of the various glyeerides in the 
mixture  were calculated on the basis of mathematical  
probabi l i ty  f rom the relative amounts  of the three 
acids. The glycerides were then grouped according to 
their  sa tura ted  acid content and according to their  
iodine value. The aggregate iodine values and lino- 
leic acid contents of each group were then calculated 
and points represent ing them plotted in Figure  4. 

60 

Q 

< 4 0  
t~ 
hJ 
._1 
o 
z_20 
.J 

I ! I I I I 

"'7 

- r ~ - - - - r ~ L , .  
I I I I I I 

0 20  4 0  6 0  8 0  I 0 0  120 

IODINE VALUE 

FIG, 4. F rac t i ons  f rom r andom mix ture .  �9 F rac t i ons  c rys  - 
tall ized f rom acetone, �9 glycer ide groups ,  1=,  2=,3=,  etc., r e fe r  
to total  n u m b e r  of  double bonds  h~ the glycerides.  
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FIG. 5. F r ac t i ons  and  glyeer ide g roups  for  sunflower oil. 
�9 F rac t i ons  obta ined  by Craig  (1) ,  �9 glyeer ide groups .  

Figure  5. All the points do, in fact, fall  along a 
single s t ra ight  line. 

F igure  6 shows a similar plot of the data  of Rie- 
mensehneider, Swift, and Sando (4) for  the frae- 
tionation of cottonseed oil. The linoleic acid content 
and iodine values of the glyceride types were cal- 
culated by assuming a constant ratio between the 
unsa tura ted  acids, t te re  again the experimental  
points and the calculated points for  the glyeeride 
types lie on a single s t ra ight  line. 

F igure  7 is the same type  of plot for  beef tallow. 
The experimental  data are those of Riemenschneider, 
Luddy,  Swain, and Ault  (5).  Here  the content of 
oleic acid is plotted v s .  iodine value. The major  com- 
ponent acid was plotted for  each of the fats as it 
shows the widest var ia t ion and is ]east subject to 
analytical  errors. As before, experimental  and cal- 
culated points  fall  on a single line. 

I t  therefore appears  tha t  in at least these three 
fats the relative proport ions of the unsa tura ted  acids 
are constant throughout  the glyeeride types GSfU, 
GSU~, and GU3, i . e . ,  there is no specificity for the 
location of a par t icular  unsa tura ted  acid with either 
the monosaturated or disaturated glycerides. For  

Points represent ing the groups based on saturated 
acid content are joined by a solid line. Points rep- 
resenting the groups based on iodine value are joined 
by a broken line. The points represent ing the frac-  
tions lie, within experimental  error,  on the solid line. 
It  therefore appears  tha t  fract ional  crystallization 
separates glycerides oil the basis of their  sa turated 
acid content. 

Return ing  then to the fract ional  crystallization of 
sunflower oil, the aggregate  ~atty acid composition 
and iodine values of each of the four  glyceride types 
in the oil must  be such that  points represent ing the 
four types lie in a single s traight  line on a plot of the 
content of a given f a t t y  acid v s .  iodine value. This 
would be the case if  the relative proport ions of the 
various unsatura ted  acids in each type were the same. 
On the basis of this assumption the iodine values and 
linoleic acid contents of the four  glyceride types were 
calculated for  the sample of sunflower oil fraction- 
ated by Craig (1). Points represent ing the glyceride 
types and the experinlental  fractions are plotted in 
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FIG. 6. Fractions and glyceride groups for cottonseed oil. 
�9 Fraction obtained by Ricmenschneider et  al. (4), �9 glyecr- 
ide groups. 
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FIG. 7. Frac t ions  and glyceride groups  fo r  beef tallow. 
�9 Frac t ion  obtained by- Riemensehneider et  al. (5),  �9 glyc- 
eride groups.  

example in sunflower oil, which contains only oleie 
and linoleic acids as the unsa tura ted  acids, the ra- 
tio of oleodisaturated glycerides to l inoleodisaturated 
glycerides is the same as the rat io of oleic acid to 
linoleic acid in the whole oil. This type  of correla- 
tion gives no indication whether  the d isa tura ted  glye- 
erides are symmetrical,  unsymmetrical ,  or a mixture  
of the two isomers. Neither can any  conclusion be 
drawn as to the relative amounts of the various glyc- 
eride types. Since the glyceride types and experi- 
mental  fract ions all lie on a single s t ra ight  line, it 
cannot be assumed that,  because a f ract ion lies be- 
tween two glyeerdie types, it is composed of only 
those two types. Such a fract ion could, and quite 
possibly does, contain some of all four  glyceride 
types. However,  i f  a f ract ion is obtained which lies 
between GSa and GSyU, the f ract ion must  contain 
some GSa. Similar ly if a fract ion lies between GU3 
and GSUe, some GU3 must  be present.  

This might all be summed up by  saying that  in the 
three na tura l  fa ts  tested, having once located the 
sa tura ted  acids on the glycerol molecules, the unsatu- 
ra ted acids appear  to be distr ibuted without any  
specificity among the remaining positions. This is 
in accord with either a "comple te  r a n d o m "  or " r e -  
stricted r a n d o m "  distr ibution and does not p rec lude  
the possibility that  only certain of the possible posi- 
tional isomers may  be present  in na tu ra l  fats. I t  
does however rule out an " e v e n "  distribution as 
this implies a certain specificity for  the location of 
the various unsa tura ted  acids among the glyceride 
types. This is i l lustrated in F igure  8, in which the 
points represent ing the glyceride types  calculated on 
the basis of an even distribution are shown along 
with the experimental  fract ions for  sunflower oil. 
The cMeulated and experimental  points no longer lie 
on a single line. 

So far  we have only dealt with fract ionat ion by  
crystallization. Dut ton and  Cannon (7), on fraction- 
at ing linseed oil by  distr ibution between two solvents, 
concluded that  they had obtained a separat ion of the 
glyeerides on the basis of iodine value and tha t  the 
amounts  of these glycerides agreed with a random 
distribution. To see if this agrees with the present  
method of correlation, the glycerides in linseed oil, 
as calculated by Dut ton and Cannon for a random 

distribution, were grouped according to their  iodine 
value and according to their  sa tura ted  acid content. 
These two calculated sets of groups are plotted as 
percentage of linolenic acid v s .  iodine value along 
with points represent ing the exper imental  fract ions 
in F igure  9. I n  the figure the groups on the basis of 
sa turated acid content have been joined by  a solid 
line and those on the basis of iodine value by a 
broken line. The experimental  fract ions do indeed 
fall  along this la t ter  line. The manner  in which 
glyeeridcs are divided is appa ren t ly  different for  
crystall ization f rom a single solvent than  it  is for  
distr ibution between two solvents. I f  this is cor- 
rect, f raet ionat ion of a par t icular  fa t  by  the two 
methods would give a cross correlation for  the rela- 
tive amounts  of the various chemically distinguish- 
able glycerides. This would be extremely interesting 
for  a fa t  such as cacao butter,  which K a r t h a  (9) has 
shown does not follow a completely r andom distri- 
bution pat tern.  

E x p e , r i m e ~ t a l  

The three f a t ty  acids required for the synthetic  
glyeerides were prepared  f rom vegetable oils. The 
oils were converted to methyl  esters and  distilled to 
give a f rac t ion  containing only C~s acids. The desired 
acids were then separated f rom these fraetions. Ste- 
arie and o]eic acid were obtained as the individual  
acids, but  because of the difficulties involved no 
a t tempt  was made to obtain linoleic acid as such. 
Instead a mixture  of linoleic and oleic acids was 
used in the synthesis since the desired mixture  of 
glycerides contained both of these acids in combi- 
nation with distearin. The stearic acid had a m.p. 
of 69.2~ the oleic acid had an I.V. of 89.6, and 
the mixture  of 23.1% oleic and  76.9% linoleic acid 
had an I.V. of 160.0. 

The prepara t ion  of glycerides containing two dif- 
ferent  acids involves blocking one or two of the hy- 
droxyls of the glycerol, adding one acid radical, 
removing the blocking agent, and adding the other 
acid radical. The acid radicals were added as the 
acid chlorides, which were p repared  as described in 
an earlier publication (10). 

Distearin was p repared  by using the t r i ty l  group 
as the blocking agent  (11). An 80% yield of re- 

| 00  - 

8 0 -  

U 

'~ 6G - 
0 m 
I,=.1 
. 3  

z ~ 4 o  
_J 

ae 

2 0  

0 

I I I I I ! 

GSU 2 

l I I I I | 
0 4 0  8 0  120 160  2 0 0  

IODINE VALUE 

FIG. 8. Frac t ions  and glycericle groups  for  sunflower oil. 
�9 Frac t ions  obtained by Craig (1) ,  �9 glyceride groups  for  an 
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: F i g .  9. F r a c t i o n  a n d  g l y c e r i d e  g r o u p s  f o r  l i n s e e d  oi l .  �9 F r a c -  
t i o u s  o b t a i n e d  b y  D u t t o n  a n d  C a n n o n  ( 7 ) ,  m g l y c e r i d e  g r o u p s  
f o r  ~ C ' r a n d o m "  d i s t r i b u t i o n ,  1 = ,  2 = ,  e t c . ,  r e f e r  to  t h e  t o t a l  
n u m b e r  o~ d o u b l e  b o n d s  i n  t h e  g l y c e r i d e .  

crystallized product  was obtained, having a melting 
point of 76 to 79~ This procedure reportedly re- 
sults in the symmetrical 1,3-distearin, for which 
nlelting points as high as 80~ have been reported 
(12). Recent work by Verkade and  Van Lohuizin 
(13) indicated that  a mixture of 1,3- and 1,2-diste- 
arin is obtained. This was verified by X-ray  dif- 
fract ion pat terns for  the sample obtained here. Lines 
corresponding to the reported spacing (14) for  both 
the symmetrical and unsymmetrical  distearins were 
present. This possibly accounts for  the low melting 
point obtained. Determination of the hydroxyl  con- 
tent of the distearin by the method of West et al. 
(15) gave the theoretical value. 

The distearin was reacted with a mixture of oleoyl 
and linoleoyl chlorides to give a mixture  of oleodi- 
stearin and ]inoleodistearin. The product  was crys- 
tallized from acetone, giving a 68% yield of material  
with an iodine value of 42.0 and ]inoleic acid content 
of 17.8%. A nfixture of only oleodistearin and lin- 
oleodistearin containing 1.7.8% ]inoleic acid would 
have an iodine value of 43.8, The mixture of glyc- 
erides obtained therefore  must have contained about 
4% unreacted distearin. This small amount  would 
not be expected to interfere material ly with the sub- 
sequent fractionations. 

Monostearin was prepared, using the isopropyli- 
dine group as the blocking agent (16, 17). A 57% 
yield of recrystallized product  was obtained with a 
melting point of 78.5 to 79~ X-ray  diffraction 
pat terns  showed this to be largely the fl form of 

T A B L E  I 

F rac t iona l  Crys ta l l iza t ion  D a t a  for  a Mix tu r e  of Oleodis tear in ,  
L ino leod i s t ea r in  a n d  S tearodio le in  

]o(l ine Linole ic  
F rac t io l t  va lue  acid  

P r e c i p i t a t e  1 ...................................... 
F i l t r a t e  1 ............................................ 

P r e c i p i t a t e  2 ............................ . ......... 
F i l t r a t e  2 ............................................ 

P r e c i p i t a t e  3 ...................................... 
F i l t r a t e  3 ............................................ 

P r e c i p i t a t e  4 a ............... : ..................... 
F i l t r a t e  4 a .......................................... 

43.1 
57.9 

30.9 
45.5 

40.1 
50.4  

39.7 
54.9 

% 
11.3 

3.0 

8.0 
12.9 

14.1 
8.9 

1 2 . 6  
4.9 

a Crystal l ized f r o m  Skellysolve F.  

1-monostearin, for  which the reported nlelting point 
is 81~ (14). Determination of the monoglyeeride 
content of the product  by the periodate method (18) 
gave a value of 102%. 

Monostearin was reacted with oleoyl chloride to 
give stearodiolein. An 80% yield of recrystallized 
product  was obtained with an iodine value of 56.6 
(theoretical 57.2). 

Stearodiolein was added to the mixture  of oleodi- 
stearin and linoleodistearin, and the mixture of the 
three glycerides was fractionally crystallized from 
acetone. The fractions remaining af ter  removal of 
samples for analysis were reeombined, and this ma- 
terial was crystallized from Skellysolve F to see if 
there was any marked difference between a polar and 
nonpolar solvent. The iodine values and linoleie acid 
contents of the fractions are given in Table I. The 
small amount of distearin present in tbe mixture of 
disaturated glycerides was concentrated in the least 
soluble fraction, precipitate 2. As a result, this 
fraction has a lower iodine value than tan  be ac- 
counted for by any combination of the three glycer- 
ides in the mixture having the determined linoleic 
acid content. 

A random mixture  of the possible glycerides of 
stearie, oleie, and linoleic acid was prepared by in- 
teresterification of a mixture of the methyl  esters of 
the acids with triaeetin, using sodium methoxide as 
a catalyst. The loss in weight caused by the removal 
of nlethyl acetate was 96% of the theoretical. The 
resulting material had an iodine value of 75.7 and 
linoleic acid content of 24.6%. This corresponds to 
a mixture containing 38.6% oleic acid and 36.8% 
stearic acid. 

The random mixture  was fract ional ly crystallized 
fronl acetone. The iodine values and linoleic acid 
contents of the fractions are given in Table II.  

T A B L E  I I  

F rac t iona l  Crys ta l l iza t ion  D a t a  for  R a n d o m  :t-Viixture of  Glycerides 

F r a c t i o n  

P r e c i p i t a t e  ] ...................................... 
F i l t r a t e  1 ............................................ 

P r e c i p i t a t e  2 ...................................... 
F i l t r a t e  2 ............................................. 

P r e c i p i t a t e  3 ...................................... 
F i l t r a t e  3 ............................................ 

P r e c i p i t a t e  4 ...................................... 
F i l t r a t e  4 ............................................ 

I o d i n e  
va lue  

55.6 
96.7 

88.6 
~05.2 

39.3 
72.6 

10.0 
45.2 

Linoleic 
acid  

% 
16..2 
31.2 

26.3 
32.8 

11.8 
21.9 

3.5 
13.0 
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The Reactions of Hydrogen Bromide with Oleic Acid and 
Its Esters. II. Free Radical Addition 1 
ERIC JUNGERMANN, Armour and Company, Chicago, and P. E. SPOERRI, 
Polytechnic Institute of Brooklyn, Brooklyn, New York 

DDITION Of unsymmetrical  reagents to the 9,10- 
double bond of oleic acid can yield a mixture  
of two-position isomers: 

X Y  

I IH H f - ~ C H a ( C H e ) ~ C H C  (C ~)TCOOII 
CIIa (CH..,) ~CII = CII(CII..,) 7COOU + X Y - - ~  

X--~CHa  (CHf) 7CHCH (Clle) ~COOIX 
f J 

Y X 

In  the major i ty  of reactions with unsymmetrical  
reagents that  have been reported the resultant  mix- 
tures were not separated. The authors  assumed an 
even distribution at the center since the double bond 
was too fa r  removed from the carboxyl group to be 
influenced by means of inductive or other effects. 
However several reports have appeared in the liter- 
ature within the last few years where a difference in 
reactivity at the 9- and 10-carbon atom was observed 
with derivatives of oleic acid (1, 2, 3). The catalytic 
hydrogenation of 9,10-epoxystearie acid yielding only 
10-hydroxystearie acid was an outstanding example 
of this type of reaction (4). 

In the field of unsatura ted fa t ty  acids and their 
derivatives few investigations have been conducted 
to s tudy the effect of variations of experimental  con- 
ditions in addition reactions with hydrogen halides. 
The formation of chloro-, bromo-, and iodostearic acids 
by the action of the concentrated inorganic acids on 
either oleic or elaidie acid were first reported by 
Piotrowski (5) in 1890. The preparat ion of fluor0- 
stearic acid by the action of hydrogen fluoride in the 
presence of mercuric chloride was reported more 
recently (6). The products  obtained in all of these 
reactions were reported as mixtures of the 9- and 10- 
isomers without regard to the composition of the mix- 
ture. Af ter  the discovery of the peroxide effect by 
Kharasch and Mayo (7) some of the s impler  f a t t y  
acids with terminal double bonds were investigated 
in hydrogen bromide addition reactions under  ionic 
and free radical conditions (8, 9, 10). However no 
investigations have been reported on the direction of 
addition of hydrogen halides to the na tura l ly  occur- 
ring 18-carbon unsatura ted  fa t ty  ac ids .  

I t  was the purpose of our investigation to examine, 
under  closely controlled conditions, one part icular  
addition reaction, namely, the addition of hydrogen 
bromide to esters of oleic acid. Hydrogen  bromide 
was chosen since it allowed addition under  both free 
radical and ionic conditions. In this paper  we are 
repor t ing the effects of variations of solvents, dilu- 
tions, and tenlperature on the relative react ivi ty at 

1 This paper  comprises pa r t s  of a dissertat ion submitted by Er ic  
J u n g e r m a n n  in pa r t i a l  fulfillment of the requi rements  for  the degree 
of Doctor of Phi losophy at the Polytechnic Ins t i tu te  of Brooklyn. 

the 9- and 10-position of a series of oleate esters 
when the addition is carried out under  free radical 
conditions. 

E x p e r i m e n t a l  
RAw MATERIALS. Pure  methyl oleate was prepared 

by the method described by Swern (11). A major 
portion of the ester was converted to the urea complex 
for easier preservation (12). 

Anal. Caled. for  C19H3602: S.E., 296; I .u  85.6. 
Found:  S.E., 295; I.V., 85.8. 

Oleic acid was prepared by saponifying methyl  ole- 
ate with 2 N alcoholic potassium hydroxide for two 
hours under  nitrogen. 

Anal. Caled. for  C18H3402: Neutral  Equivalent  382 ; 
I.V., 90.0. Found:  Neutral  Equivalent,  281; I.V., 89.6. 

Esters of oleic were prepared,  using a Schotten- 
Baumann procedure by the action of oleoyl chloride 
on the alcohol which was dissolved in an iner t  organic 
solvent containing pyridine as the hydrogen chloride 
aeeeptor. 

Preparation of Oleoyl Chloride. Oleie acid (84.6 g., 
.30 mole) was allowed to react with oxallyl chloride 
(95.1 g., .75 mole) at room temperature  and then 
allowed to reflux one hour. The  excess oxallyl chloride 
was distilled off yielding oleoyl chloride (88.0 g., .29 
mole, 98%) which was then distilled, b.p. 185-190~ 
at 7-10 mm.; reported b.p. 213~ at 14.5 ram. (13). 

Anal. Calcd. for  C18Ha:~O10: % free oleic acid, 0.0. 
Found:  % free oleie acid, 0.0 (13a). 

Preparation of Phenyl Oleate (14, 15). 
Oleoyl chloride (3 g., .01 mole) dissolved in d ry  

ether was added slowly to phenol (0.94 g., .01 mole) 
and 1.65 ml. pyridine (1.60 g., 0.2 mole). A precipi- 
tate was formed and the temperature  rose to ca. 40~ 
The reaction mixture was allowed to stand for  half  an 
hour and then was filtered. Water  was added and the 
solution extracted twice with ethyl ether. The ether 
solution was washed consecutively with water, dilute 
hydroehloride acid, water, dilute Sodium hydroxide 
and water and then dried over anhydrous sodium sul- 
fate. The solvent was stripped, yielding phenyl  ole- 
ate (2 g., .0056 mole, 56%) and containing a trace of 
oleie acid. Saponification equivalent, theoretical 358, 
found 361. 

The material had a slightly yellow color. B y  dis- 
solving it in ethyl alcohol and removing a small 
amount of insoluble material,  the ester could be re- 
covered as a colorless oil (1.9 g., .00053 mole, 53%).  
Reported 55% (14). 

Anal. Calcd. for  C24HaaOf: S.E., 357; I.V., 70.9. 
Found:  S.E., 357; I.V., 71.2. 


