
MAY, 1958 PISKUR: REPORT OF THE LITERATURE REVIEW COMIVfITTEE 225 

water and is catalyzed by the fa t ty  acids; enzymatic hydrolysis  
is rarely observed (Loncin- - Ind .  chim. belge 20, Spec. no. 883). 
An activation factor which initiates the acidification is de- 
stroyed by heat ing the oil to 80 ~ (Thur iaux-- Ib id .  915). When 
palm oils were acidified through action of natural  enzymes, 
monoglycerides were highest  (12.3%) in samples containing 
49% free f a t t y  acids, and diglycerides were highest  (32%) in 
samples containing 32.8% free acids (Desnuelle et al .--Rev.  
franc, corps gras 4, 203). 

I r radia t ing fa ts  with fl- or 5'-rays produces peroxides and 
carbonyl compounds, and results in odor and flavor changes 
which do not correlate well with chemical changes (Chipault 
et aL--Ind.  Eng. Chem. 49, 1713). With  oleic acid, ~/-irradia- 
tion forms mixtures of 8-, 9-, 10-, and ll-hydroperoxido-51eates 
and Cs and C, mono- and diearboxylic acids (Slover & D u g a n - -  
J. Am. Oil Chemists'  Soe. 34, 333). When meat  is subjected to 
7-radiation for sterilization, carbonyl compounds are formed 
which are different from those developed during irradiation of 
fa t  (Ba tze r - - J .  Agr. ~ Food Chem. 5, 700). 

p-Aminobenzolc acid was mixed with crude cottonseed oil 
before refining to form insoluble derivatives of gossypol and 
related pigments (Dechary et al.--U. S. 2,787,6~5). Thus 
treated oils refine and bleach easier and are color stable. Color 
reversion in tallow is inhibited by addition of a small amount  
of hexamethyIenetetramin~ to the tallow af te r  i t  has been de- 
colorized with propane (Sims & Nelson--U.  S. 2,733,256). 

Chlorine dioxide t rea tment  of flour does not have a signifi- 
cant effect on the supply of essential f a t ty  acids in the flour 
and it  is thus  unlikely that  such t rea tment  will result in 
essential f a t ty  acid deficiency (Fisher et al .--Chemistry 
IncTustry 1957, 1179). 

Sorbic acid is effici6nt for  inhibit ing microbiological spoil- 
age of margar ine;  it preserves taste;  and is physiologically 
unobjectionable (Beeker & Roeder--Fette-Seifen-Anstrich- 
m~tte~ 59, 321). 

The control of garlic flavor and other flavors in but ter  has 
been discussed with regard to removal of the contributing 
plants with the use of herbicides (Dibbern--Ibid.  58, 1043). 

The Reaction of Mercaptoacetic Acid with Methyl 
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D 
URING THE COURSE Of a n  investigation of the 
addition of various compounds to the ethylenic 
bonds of linoleic acid the reaction between mer- 

captoaeetic acid and methyl linoleate was explored, 
and i t  appeared to merit  more detailed study. Most 
of the previous work on the addition of mercapto- 
acetic acid to unsaturated compounds has been con- 
fined to addition of the reagent to terminal ly un- 
saturated olefins. However Koenig and Swern (6) 
have studied the addition of mercaptoacetic acid to 
undecylenic, ricinoleic, and oleic acids, and its addi- 
tion to peanut  oil has been reported (14). Earl ier  
workers (2) reported that  mercaptoacetic acid adds 
quanti tat ively to both double bonds of methyl linole- 
ate although the reaction product  was not isolated. 
In  addition to the isolation and characterization of 
the di-adduet it appeared to be of especial interest to 
ascertain the possibility of selective addition of mer- 
captoacetic acid to methyl linoleate since the prefer-  
ential addition of bromine to form 12,13-dibromo-9- 
octadecenoic acid (7) and of thiocyanogen to form 
9,10-dithioeyano-12-octadecenoic acid (13) has been 
reported. Consequently the present investigation wa:~ 
directed toward the preparation,  purification, and the 
characterization of the mono-adduct (carboxymethyl- 
thio-octadecenoic acid) and the location of its residual 
ethylenic bond as well as the characterization of the 
di- a dduct, di (carboxymethylthio) - oetadeeanoic acid, 
and its t r imethyl  ester. 

Experimental and Discussion 
Analytical Methods 

1. The progress of reactions was followed by peri- 
odic determination of unreacted mercaptoacetic acid 
in the reaction mixtures. Mercaptoacetic acid, alone 
or in reaction mixtures, was determined as follows. 
An accurately weighed sample of sufficient size to 

1 One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. Depart- 
mcnt of Agriculture. 

contain 0.7 to 1.0 milliequivalent of mercaptoacetic 
acid was dissolved in 5 ml. of carbon tetrachloride, 
]0 ml. of distilled water  were added, and the sample 
was t i t ra ted to a permanent  yellow color with a stand- 
ard 0.1 N solution of iodine in glacial acetic acid and 
baek-titrated with s tandard 0.1 N sodium thiosulfate 
until the yellow color just  disappeared. In  the an- 
alysis of reaction mixtures containing a large excess 
of mereaptoaeetic acid, determinations were carried 
out on a scale five times as large as that  described 
above. 

2. Chromatographic separation of adduets was uti- 
lized for determination of the approximate amounts 
of the various components in crude and purified reac- 
tion products, and on a larger scale for  preparat ive 
purposes. A modification of the Ramsey-Patterson 
procedure (10) for the separation of short chain 
monocarboxylic acids was employed for analyzing 
addition products of methyl linoleate and mercapto- 
acetic acid. The column was prepared as described 
by Ramsey and Patterson, but the neutralization step 
was omitted. Since the products were not completely 
soluble in iso-octane (the mobile phase),  samples were 
added to the column in iso-octane containing about 
15% of ether. Methyl linoleate moved rapidly through 
the column and was eluted principal ly at an effluent 
volume of 10 to 20 ml. The threshold volume (the 
volume at which the band reached the bottom of the 
column) of the half-ester of the mono-adduct gener- 
ally amounted to about 40 ml. The monomethyl ester 
of the di-adduet was not eluted by iso-octane. The 
amount  of mono-adduct was determined directly by 
t i t rat ion of appropriate  fractions of the eluate. The 
acid which was not eluted from the column by iso- 
octane was assumed to be the di-adduct. The amount  
of unreacted methyl  linoleate was determined by sub- 
t ract ing the total calculated weights of mono- and di- 
adduets from the sample weight. Where the threshold 
volume of the mono-adduct was large enough to per- 
mit good separation from methyl tinoleate, the weights 
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of the recovered methyl  linoleate and  mono-adduct  
f ract ions were in good agreement  with the calculated 
values, 92-100% and 100-110%, respectively. Since 
some variat ion in appa ren t  mono-adduct  was observed 
when samples of different size were analyzed, compar- 
isons of the mono-adduct  contents of various reaction 
products  were made on samples of uni form weight 
(0.2 g.). Applicat ion of the Marvel-Rands chromato- 
graphic procedure (8) to the free acids obtained f rom 
linoleate free reaction products  effected the separat ion 
of the mono-adduet  (peak effluent volume, 30 ml.) 
f rom the di-adduct (peak effluent volume, 140 ml.).  
The amount  of each component  was deterufined di- 
rect ly by  t i t rat ion of the eluate. 

3. P re formed conjugation was determined by the 
A.O.C.S. official method (1). Isolated trans bonds 
were determined by the nlethod of Shreve et al. (11). 
Materials 

1. Linoleic acid (iodine value 179.5) was prepared  
f rom the free acids of safflower oil by a modification 
of the urea  complexing method of Swern and Pa rke r  
(12). A 1,000-g. sample of safflower acids was sub- 
jected to urea precipi tat ion a t  about  5~ f rom 4,000 
ml. of methanol, in which were dissolved 1,600 g. of 
urea. The urea and methanol-free fract ion which had 
not complexed was then distilled through a 6-in. 
Vigreaux column. Products  with iodine value of 
179 were obtained in good yield without difficulty. 
I t  was found that  the free acids afforded a product  
of higher pur i ty  than  that  obtained by  complexing 
the methyl  esters. 

2. Methyl linoleate was p repared  by esterification 
of linoleie acid purified as described above. The 
methyl  linoleate was purified by  vacuum distillation 
through a 6-in. Vigreaux column. The three differ- 
ent preparat ions  of methyl  linoleate used in this 
work had iodine values of 171.7, 170.9, and 167.6 
(theory, 172.5). 

3. Eas tman ' s  pract ical  grade (95%) mercaptoacetic 
acid was used, in some cases without  fu r ther  purifi- 
cation. However, for  the major i ty  of the work, mer- 
captoacetic acid was distilled (b.p. 101-102~ a t  11 
microns) through a 6-in. Vigreaux column. The dis- 
tilled products  analyzed 98% mercaptoaeetic acid, as 
determined iodimetrieally. 

Reaction Rates. Mereaptoacetic acid and methyl  
linoleate or linoleic acid are completely miscible. A 
reaction which is not noticeably exothermic occurs 
extremely slowly and at vary ing  rates. Although 
methyl  oleate has been reported to be more sluggish 
in reaction with mercaptoaeet ie  acid than oleic acid 
(6), linoleic acid and its methyl  ester were found to 
react at approximate ly  equal rates. The rate of reac- 
tion appeared to be par t icu lar ly  susceptible to traces 
of contaminants.  Reproducibi l i ty  was improved some- 
what  by use of f reshly  cleaned glassware of known 
history. Among the other factors investigated, only 
the amount  of excess of mereaptoacetie acid appeared  
to have any  effect on the reaction rate. The time re- 
quired for  saturat ion of 1 double bond per  mole of 
methyl  linoleate was about 250 hrs. when 220% of 
the amount  of mercaptoaeetic acid required to react  
with I double bond per mole of methyl  linoleate was 
used and 71 hrs. when 420% of theory was used. In  
two trials in which 10 times the theoretical amount  
was used, 5 and 32 hrs. were required to saturate  one 
double bond. The reaction rate  was not significantly 
affected by the addition of catalytic quantities of 
concentrated sulfuric  acid or of peroxides, such as 

benzoyl peroxide, cumene hydroperoxide,  or phenyl- 
cyclohexyl hydroperoxide;  by  exposure to ultraviolet  
l ight;  by reacting in solution in carbon tetrachloride 
or in glacial acetic acid; or by va ry ing  the temper-  
a ture  f rom 5 to 70~ 

Preparation of Adducts .  Methyl linoleate or ]in- 
oleic acid (0.07 to 0.14 mole quantities) and  distilled 
mereaptoacetic acid (2.2 or 10.0 moles per  mole of 
linoleate) were mixed in freshly cleaned, glass-stop- 
pered bottles and allowed to react, usual ly  at room 
temperature .  When determinat ion of the amount of 
unreacted nlercaptoaeetic acid indicated that  the de- 
sired amount  of reaction had occurred, the reaction 
mixtures  were dissolved :in a solvent, usual ly ben- 
zene, and washed repeatedly with water.  The washed 
solutions were dried with sodium sulfate, af ter  which 
the solvent was removed in vacuo. 

In  order to determine whether reaction conditions 
or pu r i ty  of the mercaptoacetic acid had  any effect 
on the relative amounts of mono-adduet  formed, three 
crude reaction products  freed of mereaptoacetie acid 
were analyzed chromatographical ly  on a Ramsey-Pat-  
terson column af ter  reactions had proceeded to the 
extent of sa tura t ing  1 double bond per  mole of methyl  
linoleate. These were: 

1. the product from the reaction at 5~ of 0.10 mole of 
methyl linoleate and 0.22 mole of distilled mercaptoacetic acid 
for 188 hrs.; 

2. the product from the reaction at room temperature (about 
25~ of 0.028 mole of methyl linoleate and 0.28 mole of dis- 
tilled mercaptoacetic acid ,for 5 hrs.; 

3. the product from the reaction at room temperature of 
0.1 mole of methyl linoleate with 1.0 mole of undistilled mer- 
captoacetie acid for 24 hrs. (The content of mono-adduct in 
the above products was 39%, 43%, and 30% by weight, re- 
spectively. Since the use of undistilled mercaptoacetic acid 
resulted in a low yield of the mono-adduct, reaction products 
prepared with distilled mercaptoacetic acid were used as start- 
ing materials for the isolation of mono-adduet.) 

Purification of Mano-adduct by Alkal i  Extraction 
and Distillation. The reaction mixture  previously 
freed f rom mercaptoacetic acid was extracted with 
alkali, thereby removing the unreacted methyl  lino- 
leate f rom the mixture  of adducts. Some saponifi- 
cation of the ester linkage of the adducts  occurred 
dur ing this step. At tempted  vacuum distillation of 
the ester adduct  resulted in decomposition. How- 
ever vacuum distillation could be effected without ap- 
parent  decomposition by conversion to the neutra l  
methyl  ester. An example of this procedure is as 
follows. Methyl linoleate (0.10 mole, I.V. 170.9) and 
distilled mereaptoacetic acid (0.22 mole) were allowed 
to react at room tempera ture  until  hal f  of the unsatu- 
urat ion had disappeared (240 hrs.) The reaction nfix- 
tm'e was taken up in ether and freed of excess mer- 
captoacctie acid by washing with distilled water. The 
adduet  f ract ion was then extracted with 1% sodium 
hydroxide solution. The soaps were acidified with 
hydrochloric acid, extracted with ether, and washed 
with distilled water  unti l  free of mineral  acid. The 
yield of adduct  fract ion was 28.6 g. Esterification 
with methanol,  using sulfuric acid catalyst,  yielded 
29.0 g. of methyl  esters. A 27.0-g. sample of the 
methyl  esters was distilled f rom a modified Claisen 
flask. The middle fract ion (b.p. 180-182~ at  20 
microns),  n} ~ = 1.4753, weighed 10.2 g. Anal. Cal- 
culated for  Cz~HasO4S: C, 65.96; H, 10.06; S, 8.00; 
sap. equiv., 200.3. Found:  C, 65.48; H, 10.09; S, 8.54; 
sap. equiv., 201.4. Chromatographic  analysis on a 
Marvel-Rands column, obtained a f te r  saponification 
of the free acids, indicated tha t  the product  contained 
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approximately 91% of mono-adduet. Infrared absorp- 
tion spectra indicated that about 70% of the residual 
double bonds have the trans configuration, assuming 
that the sample is approximately 90% mono-adduct 
and 10% di-adduet. 

Purification of the Mono-adduct by Chromatog- 
raphy. Methyl linoleate (0.14 mole, I.V. 167.6) and 
distilled mereaptoaeetic acid (1.4 moles) were allowed 
to react for 48 hrs. at room temperature. Determina- 
tion of unreacted mercaptoacetic acid indicated that 
1.1 to 1.2 double bonds per mole of methyl linoleate 
had reacted. The yield of mercaptoaeetic acid-free 
reaction product (53.6 g.), the neutral equivalent 
(364.6), and the sulfur content (8.94%) were all in 
good agreement with the values to be expected from a 
product obtained by addition of 1.1 moles of mercap- 
toaeetic acid per mole of methyl linoleate. Infrared 
absorption spectra indicated that about 70% of the 
residual double bonds have the trans configuration. 

Analysis, using a Ramsey-Patterson column, indi- 
cated that this product contained approximately 44% 
of mono-adduct. A larger quantity of mono-adduet 
was isolated from the mercaptoaeetie acid-f~'ee reac- 
tion product by using' a Ramsey-Patterson type col  
umn 70 mm. I.D. containing 468 g. of silieie acid. 
The proportions of methanol, indicator, ammonia, 
iso-oetane and silieie acid, and the method of packing 
the column were the same as those employed by Ram- 
sey and Patterson, but the mode of addition of the 
sample was changed. Small-scale experiments indi- 
cated that the crude product was not completely 
soluble in iso-octane but could be dissolved in a mix- 
ture of iso-oetane and ether. Since the presence of 
ether tends to lower the threshold volume of the mono- 
adduet and could therefore result in poor separation 
from unreaeted methyl linoleate, the sample was in- 
troduced in the following manner. A 10.8-g. portion 
of the crude, mercaptoaeetie acid-free reaction prod- 
uct was extracted with three portions, totalling 100 
ml., of iso-oetane saturated with methanol; and an 
80-ml. aliquot of this solution was ehromatographed. 
After elution of the unreaeted methyI linoleate band 
and the principal mono-adduct band with iso-octane, 
the remainder of the sample was introduced. This 
was done by dissolving the iso-oetane-methanol insol- 
uble residue in 15 ml. of ether, diluting to 100 ml. 
with iso-oetane and adding an 80-ml. aliquot of the re- 
sultant solution to the column. Elution with iso-octane 
was then resumed and continued until a second mono- 
adduct baud was removed. The mono-adduet obtained 
from combination of the two portions of mono-adduct, 
3.32 g., was an odorless, colorless viscous oil n~ = 
1.4841. Anal. Calculated for Cmtt3s04S: C, 65.22%; 
H, 9.91%; S, 8.29%. Found: C, 65.22%; H, 9.80%, 
S, 8.03%. 

A portion (3 g.) of the mono-adduct was saponified 
by treatment of the half ester with an excess of 4 N 
potassium hydroxide (6 ml.) at room temperature, 
and the acids were recovered from the soaps by acidi- 
fication with HC1 and extraction with ether. The free 
acid, a colorless oily viscous liquid, n~ ~'7 = 1.4908, 
was obtained in substantially quantitative yield, and 
infrared analysis indicated that about 87% of the re- 
sidual double bonds had the trans configuration. Anal. 
Calculated for C2oH3604S: C, 64.47%; H, 9.74%; S, 
8.62% ; neutral equivalent, 186.3. Found: C, 64.50% ; 
H, 9.65%; S, 8.51%; neutral equivalent, 188.7. 

The methyl linoleate portion recovered from the 
large column (1.2 g.) contained about 12% of con- 

jugated diene, and infrared analysis indicated that 
about 40% of the isolated ethylenie bonds were of the 
trans configuration. 

An experiment conducted, using catalytic quanti- 
ties of mercaptoacetic acid (1% by weight), failed to 
induce any appreciable amount o f  conjugation or 
isomerization to the trans configuration. 

Location of the Position of the Residnat Double 
Bond of the Mono:adduct. This was accomplished by 
ozonolysis and chromatographic analysis of the result- 
ant acids. A sample (0.5 g.) of the free acid of the 
chromatographically purified mono-adduct was ozo- 
nized in ethyl acetate solution, and oxidation was 
completed by refluxing with 10 ml. of 30% hydrogen 
peroxide for 2 hrs. In order to prevent loss of mono- 
basic acids the ozonolysis product was neutralized 
with aqueous NaOH prior to removal of the solvent. 
The ozonolysis mixture contained about 20 times the 
amount of acid to be expected from fission of the 
ozonide of the mono-adduct, presumably because of 
the formation of acetic acid from the ethyl acetate. 
The soaps were diluted to 100 ml. with water, and 
separate aliqnots were used for the determination of 
caproie and azelaie acids by procedures which gave 
good recovery of these acids from known mixtures 
containing appropriate quantities of azelaie, caproic, 
and acetic acids. For the determination of eaproie 
acid the acids were recovered from their-sodium soaps 
and made up to standard volume in iso-oetane and 
ehromatographed by the Ramsey-Patterson procedure. 

For  the determination of dibasic acids the acids 
recovered from the sodium soaps were freed of mono- 
basic acids by repeated evaporation to dryness, dis- 
solved in a mixture of 1 ml. tertiary amyl alcohol and 
0.1 ml. of water made up to 10.0 ml. with chloroform. 
An aliquot was analyzed by the method of Higuchi 
st al. (5), modified (4) in the following manner. The 
silicie acid was oven-dried at 110-115~ prior to use, 
25 g. of silieie acid were admixed with 19 ml. of buf- 
fer, 100% chloroform was used in preparing the 
slurry and as ~ the first eluant; 100 ml. of each elu- 
ant were used. The analysis for monobasic acids 
indicated that the ozonolysis product contained 0.29 
milIiequivalents of eaproic acid (threshold volume, 
116 ml.) per mole of mono-adduet ozonized. Although 
no visible bands for monobasie acids other than ca- 
proic were observed, the fract ion collected in the 
r a n g e  at which euanthie acid would be expected 
(threshold volume about 90 ml.) contained 0.06 milli- 
equivalent of acid per mole of mono-adduet ozonized. 
The.anMysis for dibasic acids indicated the presence 
of sebaeic acid (effluent volume 170-200 ml.) and su- 
berie acid (effluent volume 440480 ml.) in addition 
to azelaie acid (effluent volume 240-320 ml.). The 
am0unts of azelaic, sebaeie, and suberic acids were 
0:38, 0.06, 0.04 mole, respectively, per mole of mono- 
addnet  ozonized. Since the ratio of eaproie to azelaic 
acids  was about 1 to 1.2, it was concluded that addi- 
tio~ occurred about equally at the 9,10- and the 12,13- 
ethylenic bonds. 

Preparation of Di-adduct. Linoleic acid (20 g., 0.07 
mole) and mereaptoaeetie acid (65 g., 0.7 mole) were 
al!owed to react at room temperature for 144 hrs. 
Analysis for mercaptoacetie acid indicated that 0.14 
mole had reacted. The yield of mereaptoaeetie acid- 
free reaction product was 96% of theory. The prod- 
uet, a nearly colorless, viscous oil, (~/ --= approx. 110 
poises of 25~ nfr -~ = 1.5071, d~o ~ = 1.110. Anal. 
Calculated for C~2H4oO6S2: C, 56.86%; I-I, 8.68%; S, 
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TABLE I 
Absorpt ion  Bands  in  the I n f r a r e d  Spectra  of Linoleie  Acid, Methyl Linoleate,  and  Their  Mercaptoacetic Acid Der iva t ives  

VoL. 35 

W a v e l e n g t h  pos i t ion  a) of maxima  
Curve  > 

F u n c t i o n a l  g roup  
1. O - H  . , . 0 s t re tch ing  

(bonded)  ............................ 
2. C - H  s t re tch ing  ( -CHa)  .......... 
3. C - H  s t re tch ing  ( -CH2)  .......... 
4. C - H ,  O - H . . .  0 eombL 

na t ion  band ........................ 
5. C ~ 0  s t re tch ing  (ester 

c a .  5.75)  ............................ 
6. C : O  s t re tch ing  (acid 

c a .  5.85) ............................ 
7. C - H  deformat ion  

(-CH2,  -CH~)  ................... 
8. - C H a  symmetr ica l  deforma- 

t ion  (COOCH~) ................. 
9. U n a s s i g n e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10. -CH3  asymmetr ica l  deforma- 
t ion  (COOCHs) .................. 

11. C-O and  C - S (  ?) (see text) . . .  
12. C-O s t re tch ing  ester ................ 

0 \ // 
13. C-O s t re tch ing  and \ 

O // 
S -CH~-C  (see text)  ..... \ 

O 
N 

14. COOH ..................................... 
15. C 0 0 C H a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16. C - H  bend ing  about  I 
t r a n s  C=C .......................... 

A 

3.~ 
3A 
3.~ 

3.~ 

5.~ 

6 . t  

7.09 

8.85 

9.65 

B 

3.43 
3,50 

5.78 

6.83 

6.95 
7.15 

7.33 
7.89 
8.55 

8 .88- .92  

C D 

3.25 
3.46 3,45 
3.51 3.50 

...... 3.76 

5.80 ...... 

...... 5 .82- .87  

6.86 6.86 

6.96 
...... 7.10 

7 ,32- .39  
7 ,95-8 .03  7 .72- .77  
8 , 5 8  . . . . . . .  

...... 8.80 

9 .63- .68  
9.92 ...... 

10.28 10.32 

3 ,21- .29  
3.41 
3,50 

3.76 

5 .76- .83 

6.84 

6.94 
7.06 

7.30 
7 .77- .78  
8.56 

8 .80- .84  

9 .60 - .64  i 
9.90 

10.26 

F 

3.41 
3.48 

5.75 

6.84 

6.94 

7.31 
7 .76- .79  
8.60 

8.80 

G 

3.24 
3,45 
3.51 

3.77 

5 .80- .90  

6.88 

7 .10- .12  

7 .72- .80  

8.82 

9 . 6 6  

H 

3.45 
3.51 

5 .75- ,80 

6.87 

6.97 

7.33- .38 
7.80 
8 .65- .69 

8.82 

9.86 9.87 9,93 

...... 10.27 10.25 

I n f r a r e d  absorpt ion spectra ( in  CHCla solut ion)  of l inoleie acid, methyl  l inoleate,  and react ion products  wi th  mercaptoacetic ac id :  
A, l inoleic ac id ;  B, methyl  l inoleate;  C, unreae ted  methyl  l inoleate recovered from reac t ion  p roduc t ;  D, free acid of mono-adduct ;  E, half  ester 
of crude mono-adduct,  ester on fa t ty  acid moie ty ;  F, d imethyl  ester of mono-adduet ;  G, free acid of d i -adduct ;  and  H, t r ime thy l  ester of di-adduct.  

13.80%; neut. equiv., 154.9. Found:  C, 56.68%; H, 
8.55%, 8.93%; S, 13.42%; neut. equiv., 161. 

The t r imethyl  ester was obtained in good yield by 
esterification with methanol, using 1% H2S04 as a 
catalyst. The ester was a near ly  colorless oil, having 
a viscosity of 0.5 poise at 25~ n~ ~ -- 1.4861, and 
d~o ~ = 1.051. Anal. Calculated for  C25H4606S2; C, 
59.25%; H, 9.15%; S, 12.65%; sap. equiv., 168.9. 
Found:  C, 59.60% ; H, 9.14% ; S, 12.41% ; sap. equiv., 
171.6. 

Infrared Spectra 
The inf rared  spectra of pure linoleic acid and 

methyl linoleate and of several products of the reac- 
tion of these compounds with mercaptoacetie acid are  
shown in Figure  1. Principal  absorption bands in 
these spectra, those with absorptivities of 0.10 or 
more, are compared in Table I. Most of the observed 
bands can be correlated with vibrations of functional 
groups which give rise to them, and the correlations 
support  the postulated structures of the reaction 
products. 

The region about 7.7 to 8.9 microns is of special in- 
terest. Bands are observed between 7.7 to 7.95 tL and 
between 8.8 and 8.95 t~ in the spectra of all the sam- 
ples. Koenig and Swern (6) suggest a correlation be- 
tween bands in the range 1271-6 cm. -1 (7.84-7.87 ~) 
and 1128-32 cm. -1 (8.83-8.87 t~) and the carbalkoxy- 
methylthio (-SCH2COOR) group. They report  that  
these bands do not occur in compounds which contain 
carboxymethylthio ( -SCH2-COOH) group. The data 
in Table I do not appear  to support  these specific 
correlations. F rom a s tudy of the inf rared  spectra of 
long chain fa t ty  acids and their esters, in CS2 solu- 
tion or as the pure liquids, Shreve et aI. (11) reported 
strong C - 0  vibrations at about 7.8 and 8.0 ~ for the 
acids and three bands at about 8.0, 8.3, and 8.5 ~ in 
the spectra of the esters. O'Connor,  Field, and Single- 
ton (9),  from similar measurements in CHC13 solu- 
tion, reported C-O stretching bands for  the acids at  

7.75-7.80 and 8.40-8.45 ~ and at 7.90-7.95 and 8.48- 
8.50 ~ for  the methyl esters. In the chloroform solu- 
tion spectra reported here, C-O stretching would ap- 
pear to account for  the bands at 7.7-7.95 ~, a band 
appearing between about 7.7-7.8 ~ for the acids and 
7.8-8.0 ~ for the methyl esters. Bellamy (3) has em- 
phasized that  the C-O stretching mode is very  sensi- 
tive to change in mass and nature  of attached groups. 
A consideration of the intensities of these bands how- 
ever indicates that another absorption band, probably 
arising f rom a C-S stretching, is unresolved from the 
C-O absorption at these wavelengths. In  Table I I  
bands between 7.7 and 7.9 ~ are tabulated with their  
intensities, as molecular absorptivities. Compounds 
in Group I (Table I I )  contain one C-O and no C-S 
groups, G r o u p  II, two C-O and one C-S group, and 
Group III ,  three C-O and two C-S linkages. A dou- 
bling and tr ipl ing of the observed intensities in Group 
I is not sufficient to account for the observed intensi- 
ties in Groups II  or III .  Postulation of an unresolved 
C-S stretching results in somewhat better  agreement 
although such a hypothesis would require that the 
C-S stretching vibration be somewhat weaker than 
that of the C-O stretching and that  the two stretch- 
ing vibrations occur at almost identical wavelengths. 

T A B L E  I I  
In t ens i t i e s  of Bands  at  Approximate ly  7.8 and 8.8 l~icrons 

ca. 7.8 microns  
Compound 

Linoleic acid ............. 
Methyl l inoleate ......... 

Free acid ................... 
Ha l f  ester .................. I 
Diester  ...................... 

Tr iac id  ....................... 
Tr ies ter  ..................... 

c a .  8.8 microns 

a e X a e 

Group I 
i 

7.80 0.31 93 I 8.85 0.13 39 
7.89 0.28 84 I 8 .88- .92  0.11 33 

Group  I I  (Mono-adducts)  

7 .72- .77  0.59 236 t 8.80 0.24 96 
7 .77- .78  0.56 224 I 8 .80- .84  0.33 132 
7 .76- .79 0.60 2 4 0 _  8.80 0.41 164 

Group  I I I  (Di-adducts )  

7.72--.80 0.65 325 [ 8.82 0.30 150 
7.80 0.71 355 I 8.82 0.50 250 
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Fie. 1. Infrared absorption spectra (in CHC% solution) of 
linoleie acid, methyl linoleate, and reaction products with mer- 
eaptoacetic acid: A, linoleic acid; B, methyl linoleate; C, unto- 
acted methyl linoleate recovered from reaction product ;  D, free 
acid of mono-adduct; E, half  ester of crude mono-adduct, ester 
on fa t ty  acid moiety; F, dlmethyl ester of mono-adduct; G, free 
acid of di-adduct; and H, tr imethyl ester of di-adduct. 

For  example, the band at 7.80 ~ in the spectrum of 
the t r imethyl  ester of the diadduct,  with two C-S and 
three C-O groups, is ra ther  sharp. Analysis of the 
absorptivities at ca. 7.8 ~ (Table I I )  fails to reveal 
any part icular  evidence for  an absorption arising 
from the carbalkoxymethylthio ra ther  than the car- 
boxymethylthio group. 

Bands at about 8.7 and 9.0 ~ for the long-chain 
fa t ty  acids and at 8.9-9.0 ~ only for  the esters have 

been reported by O'Connor et al. (9). In  all the 
spectra measured in the present investigation a band 
is observed between 8.80 and 8.90 ~ although in the  
spectra of the pure  methyl linoleate this band is 
weak. At the resolution of these measurements this 
band could not be used to ident i fy  a sulfur-contain- 
ing group. Again a s tudy of intensities, Table II ,  

O 
il 

indicates that  the vibration of the - C - O R  may be un- 
O // 

resolved from some vibration of the - S - C H 2 - C - O - R .  
There is no evidence for a differentiation between 
carbalkoxymethylthio and carboxymethylthio groups 
although the absorption of the esters of the sulfur  
compounds is distinctly more intense than is the ab- 
sorption of the free acids; and the contribution, to 
the absorption, of the sulfur-containing moiety seems 
to be greater in this region than it is in the 7.7-7.9 
micron region. 

At about 10.3 u the C-H  bending about the trans 
C -- C, which has been used for  the quantitat ive esti- 
mation of this group, is seen in all the unsaturated 
reaction products, including the recovered methyl 
linoleate. Obviously a considerable proport ion of the 
cis bonds originally present in the methyl linoleate 
has been isomerized to the trans isomer dur ing the 
reaction with mercaptoacetic acid. 

S u m m a r y  

The reaction of mereaptoacetic acid with methyl  
linoleate and with linoleic acid was investigated. The 
reaction proceeded at low and erratic rates, with and 
without catalysts, such as peroxides at various tem- 
peratures,  but  could be accelerated by use of a large 
excess of mereaptoacetie acid. 

Addition of I mole of mercaptoacetic acid to 1 mole 
of methyl linoleate resulted in a product  containing 
about 40% of mono-adduet. Ozonolysis of the purified 
mono-adduct yielded approximately equimolar quanti- 
ties of caproic and azelaic acids, indicating that  addi- 
t ion occurred about equally at the 9,10- and 12,13- 
ethylenie bonds. The dicarboxylic acid and the di- 
methyl ester of the mono-adduct and the tricarboxylic 
acid and t r imethyl  ester of the di-adduet of linoleic 
acid and mercaptoacetic acid were prepared, and the 
infrared spectra and some physical and chemical 
characteristics of these products  were determined. 

The infrared spectra of the reaction products were 
obtained and correlated with functional  groups which 
give rise to them. Bands at about 7.8 and 8.8 u, com- 
monly observed in long chain acids and esters and 
ascribed to C-O vibrations, are intensified in the 
sulfur-containing reaction products ,  suggesting char- 
acteristic absorption of C-S compounds at almost 
identical wavelengths. 

The formation of adducts was accompanied by a 
high degree of isomerization of the unreacted ethyle- 
nie bonds from the cis to the trans form both in the 
mono-adduct and in unreaeted methyl  linoleate. The 
methyl linoleate recovered contained about 12% diene 
conjugation, but  catalytic quantities of  mercaptoacetic 
acid were not effective in inducing conjugation. 
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Observations on the Permanganate Oxidation of 
Unsaturated Esters 123 

L. R. ESHELMAN and EARL G. HAMMOND, Dairy Industry Section, 
Iowa Agricultural Experiment Station, Ames, Iowa 

~ ] F ' ~ I E  OXIDATION of fats with potassium permanga- 
| hate to convert the unsaturated glycerides to 
- ' -  azelaoglyeerides was originally suggested by Hil- 
ditch and Lea (1). Kar tha  has suggested (2) that  
Hildi tch 's  procedure (3) can be improved by con- 
duct ing the oxidation in the presence of acetic acid. 
Kar tha  has pointed out that, dur ing the permanga- 
nate oxidation of fats in acetone, alkaline products 
accumulate which may hydro]yze the ester groups of 
the fat. He believes that  the ester linking the azelaic 
acid moiety to the glycerol is especially easily hy- 
drolyzed under  these conditions. Hildi tch has ex- 
pressed doubt that the hydrolysis which might occur 
during the permanganate oxidation is significant, es- 
pecially when compared with that  which might occur 
during subsequent alkaline extractions of the prod- 
uct. There have been exchanges of view-point in the 
l i terature (4, 5, 6). 

Recently work has been started in this laboratory 
to t r y  to improve the present methods of glyceride 
analysis. One approach that  appeared feasible was to 
t ry  to improve the methods of separating the azelao- 
glycerides and ful ly  saturated glycerides obtained 
after  permanganate  oxidation of fat. However some 
of the: products obtained by potassium permanga- 
nate oxidation according to Kar tha ' s  procedure were 
found to have an unexpectedly high proport ion of 
ester groups. This led to a critical s tudy of Kar tha ' s  
procedure and other procedures on some known com- 
pounds. The results of this s tudy are reported below. 

Materials and Methods 

Undecylenic acid (Eastman practical) was con- 
verted to the methyl ester by refluxing for  six hours 
with an excess of methanol and a sulfuric acid cata- 
lyst. 4 The methyl undecylenate was freed from acid 
by washing with 3% aqueous sodium carbonate and 
was distilled through a Vigreaux column 25 cm. long 
at l-ram, pressure. The fract ion boiling between 80.2 
and 80.5~ amounted to about 80% of the charge. 

1A report of this work was given at the American Dairy Science 
Association meetings, Stilhvater, Okla., in June, 1957. 

Journal  Paper  No,. J-3245 of the Iowa Agricultural and :Home Eco- 
nomics Experiment Station, Ames, Ia., Project No. 1128. 

a Supported in par t  by a grant  from the American Dairy Association. 
During the preparatiou of this and the other unsaturated esters, the 

fatty acids were protected from autoxidation by oxygen-free nitrogen. 

I t  gave the following analysis: n~  1.4390, saponifica- 
tion value 283.4 ( theory 282.9), iodine value 127.6 
( theory 128.0), d 2~ 0.88414 g./ce. When hydrogen- 
ated, the product  had n~) ~ 1.4292 [calculated value 
1.4291 (7) ]. 

Triundecylenin was made by reacting 347 g. of the 
above methyl undeeylenate with 127 g. of triacetin 
(Eastman) ,  using 2.3 g. of sodium mcthylate as a 
catalyst. The reaction mixture  was st irred with a 
magnetic stirrer,  and ni trogen was bubbled through 
it. The pressure was reduced f rom 40 ram. to 5 ram. 
over several hours, and the mixture  was left  under 
5 ram. of pressure over-night. Next day the pressure 
was reduced to 0.2 ram. for  a few hours. The methyl 
acetate which distilled was caught in a d ry  ice trap 
and amounted to 93% of theory. The catalyst was 
destroyed with 3 ml. of acetic acid and 500 ml. of 
water. The product  was washed f ree  from acids with 
aqueous sodium carbonate. The product  (349 g.) was 
crystallized f rom 1,750 nil. of ether at - -65~ The 
crystalline residue, which weighed 135 g., was crys- 
tallized from ],350 ml. of methanol-ether (4:1) at 
--30~ The product  weighed 115 g. I t  gave the fol- 
lowing analysis: saponification value 287.2 (theory 
284.9), hydroxyl  value zero, iodine value 128.1 (the- 
ory 128.9) n~  1.4650, d 2~ 0.94416 g./cc., m.p. 8.0- 
8.3~ When hydrogenated,  the product  had a m.p. 
30.15-30.40~ [reported for  t r iundecanoin 30.50~ 
(8)] and a n~) ~ 1.4541. 

Methyl oleate was prepared  as follows. A commer- 
cial oleic acid was purified with urea by the method 
of Swern and Parker  (9).  The oleic acid was then 
esterified with methanol, using a sulfuric acid cata- 
lyst, and the product  was washed free of oleic acid 
with aqueous sodium carbonate solution. The methyl 
oleate was then distilled at  3 ram. through a three- 
foot column packed with glass helices. The fraction, 
whose boiling point indicated an 18-carbon chain, 
was collected and dissolved in 10 volumes of meth- 
anol. The portion crystallizing from the methanol 
at --30~ was discarded. The methyl oleate recov- 
ered from the methanol filtrate gave the following 
analysis: saponification value: 189.6 ( theory 189.2), 
iodine value 85.2 ( theory 85.6), n~  1.4528 [calcu- 
lated 1.4520 (7)] .  Alkali isomerization (10) and 


