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quinone isomerized oils exhibited much less after-tack 
than did the Nickel-Carbon isomerized oils. 

Summary 
Anthraquinone and  its derivatives have been found 

to be effective catalysts for  the isomerization of dry- 
ing and semi-drying oils to conjugated forms. A pos- 
sible mechanism to account for  the catalytic activity 
of these materials has been proposed. Possible com- 
mercial application of the isomerization of oils with 
anthraquinone was briefly discussed. 
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Bromination of Methyl Esters of Soybean Fat Acids and Methyl 
Linoleate With N-Bromosuccinimide' 
HOWARD M. TEETER, Northern Regional Research Laboratory/ Peoria, Illinois 

Z I E G L E R ,  et al. (5),  have shown that  a hydrogen 
atom on a m e t h y l e n e  group adjacent to an 
ethylenic double bond may easily be replaced 

by  bromine by means of N-bromosuecinimide. The 
reaction may be formulated as follows: 

o / /  
~ CH=--C 

--C~e--CII~-- -{- ) N B r - - - > - - C ~ C - - C - -  -[- 
/ I 

CH= -- C B r CH= -- C 
\ \  \ \  

O 0 

The reaction is of quite general applicability, bu t  
in the field of fats and oils apparent ly  the only in- 
stance of its use is Ziegler's bromination of methyl  
oleate. Beyond the statement that  the bromine in 
methyl  bromoleate is loosely bound, Ziegler gave no 
fu r the r  description of the product  and its reactions. 

Since the double bonds in unsatura ted  fa t ty  acids 
are located near the center of the carbon chain, this 
reaction is of great  interest as a possible means of 
introducing a reactive center without undesirable 
side reactions such as polymerization or loss of un- 
saturation. This reactive center might serve for the 
preparat ion of new derivatives of unsatura ted fa t ty  
acids through r e p l a c e m e n t  of bromine by  other 
groups, such as hydroxyl  or cyano groups, or through 
coupling reactions. 

The reaction of methyl  esters of soybean fat  acids 
with N-bromosuccinimide was therefore studied, and 
the reactions of the brominated esters with sodium 
methoxide, cuprous cyanide, and sodium cyanide were 
investigated. The reaction was also applied to methyl 
linoleate. 

Although it became necessary to discontinue this 
investigation before more than prel iminary data had 

1Par t  of a paper  presented before the American Oil Chemists'  Society, 
Chicago., Illinois, November 1, 1946. 

2One of the laboratories  of the B u r e a u  of Agr icu l tura l  and  Industrial  
Chemistry, Agr icu l tura l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture.  

been obtained on the replacement of halogen in the 

o / /  
CH~--C 

\ 

/ 

brominated methyl esters, the data are, nevertheless, 
presented because they may be of interest to others. 

Discussion of Results 
The reaction of methyl  esters of soybean fat  acids 

with N-bromosuccinimide proceeded rapidly  and al- 
most quanti tat ively (Tables I and I I ) .  The con- 
ditions specified by  Ziegler (5),  i.e., refluxing the 
reaction mixture which contained a small amount of 
carbon tetrachloride, were too vigorous and resulted 
in marked decomposition of the product.  Excellent 
results were obtained, however, at temperatures  of 
70~ or lower. 

T A B L E  I 

Bromination of Methyl Esters  of Soybean ~ a t  Acids and 
Methyl Linoleate 

(40-Minute Reaction Time) 

Halogen Succinimide 
Substance transfer recovered 

Per cent Per  cent  
Methyl esters of soy- 97 86 

bean fat acids 99 91 
92 96 
99 96 

Methyl linoleate 76 107 
72 111 

A solvent was not necessary to insure complete 
reaction (Table I I I )  although a small amount  facili- 
ta ted st irr ing arid filtration of the reaction mixture. 
When the volume of carbon tetracbloride or mixed 
heptanes was increased, the extent of reaction was 
substantially decreased (Tables I I I  and IV),  but  this 
effect could be overcome by prolonging somewhat the 
time of reaction (Table I I ) .  Other solvents used 
included benzene and halogenated aliphatic and aro- 
matic hydrocarbons (Table IV) .  Increasing the vol- 
ume of these solvents had little effect on the extent 
of reaction. F rom the standpoint of color of product,  
benzene and mixed heptanes were outstanding. 

Besides causing bromination, N-bromosuceinimide 
may also add to the ethylenic bond. The addition 
product  with methyl  esters of soybean fat  acids would 
contain approximately 3% nitrogen. Nitrogen analy- 
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T A B L E  I I  

Effect  of Var i a t ion  of Time of P~eaction Upon  Bromina t ion  of Methyl 
Es te rs  of Soybean Fa t  Acids 

(3.5 ml. Solvent  per  10 g. of Es t e r )  

Time of Halogen  
Solvent  react ion t r ans f e r  

.ll?ilttttes P e r  c e n t  
Carbon te t rach lor ide  10 41 

20 71 
25 78 
30 97 
40 99 

Mixed heptanes  25 72 
35 84 
47 95 

T A B L E  I I I  

Effect of Va r i a t i on  of Volume of Carbon Tetraehlor ide  on 
B r o m i n a t i o n  of Methyl Es te rs  of Soybean F a t  Acids 

(25-Minute  React ion  Time)  

Volume of Halogen  
solvent  t r ans fe r  

MI. 
0 
0 
0 
3.5 

10.0 
20.0 
35.0 

P e r  c e n t  
97 
96 
98 
78 
62 
56 
54 

T A B L E  I V 

Effect of Var ious  Solvents  on Bromina l ion  of 
Methyl Esters  of Soybean Fa t  Acid.~ 

(25-Minute  React ion Time)  

Carbon te t rachlor ide ..................................... 
Chloroform .................................................... 
1 ,2-Dichloroethane ........................................ 
1 ,1,2,2,-Tetrachloroethane ............................ 
Chlorobenzene ............................................... 
1 ,2-Dibromoethane ........................................ 
Benzene ......................................................... 
Mixed heptanes  ............................................. 

Halogen  t ransfer  

3.5 ml. 35 ml. 
so lvent  solvent  

P e r  c e n t  P e r  ce t , t  

78 54 
99 99 
99 100 

100 100 
98 99 
99 98 
98 97 
72 32 

sis of a typical sample of brominated methyl esters 
of soybean fat acids indicated the presence of 0.5% 
of nitrogen but, after the sample was washed once 
with water, it contained only 0.05% of nitrogen. 
This observation indicates that the nitrogenous im- 
puri ty was merely dissolved succinimide. Karasch 
and Priestley have reported (2) that N-bromosuccini- 
mide did not add to olefins such as propene, 2-methyl- 
propene, vinyl chloride, and styrene. 

With methyl linoleate (Table I) bromination pro- 
ceeded to the extent of 84.5% based upon analysis 
of the product for halogen. Iodometric titration of 
recovered succinimide indicated, however, that bromi- 
nation had proceeded only to the extent of 72-76%. 
No satisfactory explanation for this discrepancy has 
been suggested. The somewhat less complete halogen 
transfer in the case of methyl linoleate as compared 
to that of the methyl esters of soybean fat acids may 
be due to loss of hydrogen bromide in side reactions, 
which could result from enhanced reactivity of 
methyl bromolinoleate. An enhancement of reactivity 
might be expected because of activation of the central 
methylene group by two ethylenic linkages and as a 
consequence of the absence of relatively large pro- 
portions of inert or less reactive diluents, i.e., methyl 
stearate and methyl oleate, which are present in the 
methyl esters of soybean fat acids. 

The halogen introduced by N-bromosuccinimide 
should be allylic in nature, and, in fact, the bromi- 

nated methyl esters produced immediately a precipi- 
tate with cold, alcoholic silver nitrate. Attempts were 
made, therefore, to replace the halogen of these esters 
with methoxyl and cyano groups. The reagents em- 
ployed were sodium methoxide, sodium cyanide, and 
cuprous cyanide. In each case, and particularly in the 
attempts to introduce the cyano group, it was found 
that while the reagent removed halogen, replacement 
with the desired group did not occur to the extent 
anticipated. 

From the reaction with sodium methoxide a neutral 
and an acidic fraction were isolated. Analyses of the 
neutral fraction can be explained upon the premise 
that this material contains 8.5% of unreacted bro- 
minated esters and 91.5% of a bromine-free substance 
having a methoxyl content of 15.3%, a figure which 
is 79% of the calculated methoxyl content (19.3%) 
for methyl esters of methoxylated soybean fat acids. 
These data indicate that the methoxylated esters, if 
actually present, represent about 50% by weight of 
the reaction products isolated. The acidic fraction 
had a neutral equivalent of 466, and it is probable 
that this material is some type of dimer, or perhaps 
an estolide, formed by a coupling reaction during 
renioval of halogen by tile sodium methoxide. The 
neutral and acidic fractions taken together account 
for al)proximately 82% by weight of the expected 
yield of debrominated product. 

In the reaction with sodium cyanide, halogen con- 
tent was reduced from 18.6% to 0.12 and 0.47% in 
the two volatile fractions isolated, whereas the nitro- 
gen content of these products was only 0.26% and 
0.18~, respectively, as compared to the calculated 
value 4.31%. In the second fraction a somewhat high 
alkoxyl value indicates that some replacement of 
halogen by ethoxyl occurred through contact with 
the ethanol in the reaction mixture. Most of the 
crude reaction product was converted to a pasty 
solid during the distillation. 

The treatment with cuprous cyanide resulted in 
reduction of bromine to 3.17% and introduction of 
only 0.28% of nitrogen. A substantial increase in 
viscosity was noted during the reaction. These ob- 
servations may be explained if coupling is assumed 
to be the predominate reaction under the conditions 
employed. 

Because of the complexity of the products of these 
reactions no attempt was made to determine their 
exact structure. Other reactions than replacement 
and coupling may have occurred; for example, de- 
hydrohalogenation, hydrolysis, and cyclization. For 
these reasons, the e x p l a n a t i o n s  given constitute 
merely one possible interpretation of the experi- 
mental data. It may be concluded that the custom- 
ary conditions for effecting replacement of allylic 
halogen are not satisfactory for the b r o m i n a t e d  
methyl esters of soybean fat acids. 

Experimental 
Bromination With N-Bromosuccinimide. A pre- 

liminary experiment with methyl esters of soybean 
fat acids under the conditions used by Ziegler (5) 
for methyl oleate disclosed that these conditions were 
too vigorous. Hydrogen bromide was evolved copi- 
ously, and the product was almost black. The bro- 
minations reported in this paper were conducted 
therefore according to the following procedure unless 
otherwise noted. 
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In a flask equipped with a stirrer and immersed in 
a constant temperature bath (70~ was placed the 
desired amount of methyl estees of soybean fat acids 
or methyl linoleate together with any solvent em- 
ployed. After stirring for a few minutes until tem- 
perature equilibrium was reached, the c a l c u l a t e d  
amount of powdered N-bromosuceinimide was added. 
Stirring was continued for 40 minutes, after which 
the mixture was filtered to remove suceinimide and 
unreacted N-bromosuceinimide. Carbon tetrachloride 
was a convenient solvent for rinsing the flask and 
washing the filtercake. The filtrate was evaporated 
in vacuo at 45 ~ , and the product remained as an 
orange-colored oil. The material recovered on the 
filter was titrated iodometrically to determine the 
amount of nnreacted N-bromosuecinimide and the 
approximate transfer of halogen was calculated. The 
brominated oils are unstable and evolve hydrogen 
bromide on standing at room temperature. They may 
be preserved for some time, however, if stored at 0 ~ 
to --  40 ~ 

The results of several typical experiments con- 
ducted under these conditions in the presence of 
3.5 g. of carbon tetrachloride per 10 g. of methyl 
esters are given in Table I. Analysis of the product 
of a typical experiment indicated the presence of 
18.3% bromine. The calculated value, based upon 
Mattil's (3) data for the composition of soybean oil, 
was 18.9%. This corresponds to 96.8% halogen trans- 
fer and is in excellent agreement with the value of 
97% determined iodometrically. The percentages of 
succinimide recovered, listed in Table I, are based 
upon the calculated value for 100% halogen transfer;  
they are uncorrected for halogen content. 

Methyl linoleate was prepared by debromination of 
tetrabromostearic acid. Spectrophotometric analysis 
indicated 98.2% puri ty;  0.32% of conjugated mate- 
rials were present. The results obtained when methyl 
linoleate was brominated in accordance with the pro- 
cedure outlined are smmnarized in Table I. Analysis 
of a typical product gave Br, 18.03%; calculated 
value, 21.4%. 

Effect of Variation of Reaction Conditions Upon 
Bromination. Time of Reaction. A series of experi- 
ments was performed in which methyl esters of soy- 
bean fat acids were brominated for various lengths 
of time in the presence of 3.5 ml. of carbon tetrachlo- 
ride or mixed heptanes per 10 g. of esters. The 
conditions otherwise were those outlined above. The 
results are given in Table II. 

Solvent Effects. Since bromination is essentially 
complete in 40 minutes at 70~ when 3.5 ml. of 
carbon tetrachloride per 10 g. of esters is present, a 
reaction time of 25 minutes was selected for a series 
of experiments to demonstrate the effect of varying 
the amount of this solvent. The results of these 
experiments, which otherwise followed the procedure 
given above, are shown in Table III.  

The effect of using other solvents than carbon 
tetrachloride is shown by the data of Table IV. In 
these experiments the reaction time was 25 minutes; 
the temperature, 70~ and the volume of solvent 
employed, either 3.5 ml. or 35 ml. per 10 g. of esters. 

Reaction Befween Brominated Methyl Esters of 
Soybean Fat Acids and Sodium Methoxide. In a 
small flask equipped with a stirrer, condenser, and 
drying tube was placed 25 ml. of absolute methanol 
and 0.5'3 g. (0.023 mole) of sodium. To the resulting 

solution of sodium methoxide was added 10 g. (0.023 
mole of combined bromine) of brominated methyl 
esters of soybean fat acids. The mixture was stirred 
for 2 hours at room temperature, but there was no 
indication of reaction. The mixture was then re- 
fluxed. A solid began to separate after 1.5 hours, 
and refluxing was continued for a total time of 12 
hours. After standing for 2 days at 0~ the mixture 
was filtered from a solid (sodium bromide) and evap- 
orated, yielding a gelatinous semi-solid residue which 
appeared to contain soaps. The residue was extracted 
10 times with I0-ml. portions of petroleum ether (b.p. 
30~176 and the extract was filtered and evaporated. 
An orange-colored oil (4.6 g.) was obtained which had 

30 1.4601. Anal.: Found--Br ,  1.58; OCH3, 14.68. n D , 

The soaps remaining after e x t r a c t i o n  with the 
petroleum ether were dissolved in 50 ml. of water. 
Tile solution was neutralized with sulfuric acid, and 
tile free fatty acid was isolated in the customary way. 
It  weighed 2.0 g. and had n~, 1.4862. Anal. : Found- -  
Br. 1.86; OCI[:, 8.15; neut. equiv. 466. 

Reaction Between Brominated Methyl Esters of 
Soybean Fat Acids and Sodium Cyanide. Bromi- 
hated methyl esters of soybean fat acids (21.1 g., 
containing 0.05 moles of combined bromine)were  
treated with 3.63 g. (0.05 mole) of sodium cyanide 
according to a recommended procedure (1) for the 
conversion of benzyl chloride to benzyl cyanide. 
Distillation of the crude reaction product gave two 
fractions: (1) b.p. 110~176 at 3 ram.; wt. 2.13 g.; 
n~ ~ 1.4498; (2) b.p. 145~ ~ at 3 mm., wt. 6.03 g.; 

3o 1.4539. The non-volatile residue was large and 111), 

consisted of a carbonized pasty solid. Anal.: Frac- 
tion 1, Found---N, 0.26; Br, 0.12. Fraction 2, Found 

N, 0.18; Br, 0.47; OCH.~, 12.8. 
A related experiment in which cuprous cyanide 

was employed in an attempt to replace bromine with 
the cyano group (4) gave a product containing 3.17% 
bromine and 0.28% nitrogen. During this experiment 
an increase in viscosity from approximately 0.062 
poise for the brominated ester to 0.5 poise for the 
product was noted. 
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Summary 
1. The reaction of N-bromosueeinimide with methyl 

esters of soybean fat acids and with methyl linoleatc 
has been investigated, and the influence of changes in 
the conditions of reaction has been studied. 

2. The reaction of brominated methyl esters of soy- 
bean fat acids with sodium methoxiele produced both 
methoxylated products and a dimer-like substance. 

3. The reaction of brominated methyl esters of 
soybean fat acids with sodium cyanide and cuprous 
cyanide did not result in significant replacement of 
bromine with the eyano group. 
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