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Oxidation of Olefins with Potassium Permanganate 
in Oil/Water Emulsion 
JOSEPH E. COLEMAN and DANIEL SWERN, Eastern Regional 
Research Laboratory, ~ Philadelphia, Pennsylvania 

T 
HE MILD OXIDATION o f  o l e f i n s  w i t h  potassium p e r -  

manganate in aqueous alkaline and neutral  media 
has been studied in considerable detail (1, 3, 4, 

6, 8, 10, 13, 14t). The marked effect of pH on the 
type and yields of products  formed from oteic acid 
under  these conditions was recently demonstrated by 
us (1).  I t  was confirmed that  high-melting 9,10-dihy- 
droxystearie acid is the major  product  of permanga- 
nate oxidation of potassium oleate in aqueous alka]ine 
medium (pH 11-12), but  by controlling the pH of 
the reaction in the neutral  range (pH 9.0-9.5), the 
formation of 9 (10),10 (9)-ketohydroxystearic acids is 
favored. 

Despite these detailed studies there remain many 
important  aspects of this reaction vet unexplained. 
For  example, the effects of low p i t  levels (acidic 
media) on the type of products formed has received 
little or no attention. The effect of permanganate to 
olefin ratios during the reaction is another neglected 
aspect. And still another is the effect of excess per- 
manganate at various pH levels. I t  is toward these 
goals that  the present investigation is directed. 

Except  for  the work of Khan and Newman (5), in 
which stearolic acid was cleaved with potassium per- 
manganate in an acidic dioxane solution, no informa- 
tion could be found on the permanganate oxidation 
of water-insoluble olefins, especially unsatura ted fa t ty  
acids, in dilute acidic aqueous medium. Work in 
acidic medium has been neglected because a) it  is not 
feasible to carry  out oxidation of soaps of unsaturated 
fa t ty  acids at low pH's ,  and b) olefins, are insoluble 
in dilute aqueous solutions at acid concentrations be- 
low which the acid will react with the olefins by 
double bond addition. 

Although it has been suggested that  permanganate 
concentrations play a par t  in determining the type 
of products  formed (14), this has not been ade- 
quately demonstrated, and the explicit effects of the 
permanganate content of an oxidation system and of 
pH have no.t been resolved. In  this investigation it 
will be shown that  when olefin content exceeds per- 
manganate content dur ing an oxidation, pH  is the 
most impor tant  factor  in determining the mode of 
reaction and the type of products  formed. When 
permanganate content exceeds olefin content, the 
effects of pH  are somewhat reduced. This investiga- 
tion will also demonstrate the marked effects of large 
excesses of permanganate at various pH  levels. 
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Since the oxidizing power o~ permanganate  is 
greatest in aqueous acidic solution (11), the assump- 
tion was made that  when the content of olefin ex- 
ceeded that  of permanganate in the system, more 
hig'bly oxidized products  should be obtabled in aque- 
ous acidic media thai1 in neutral  media; and in tu rn  
the products  from the neutral  media should be more 
highly oxidized than those formed in the alkaline 
media. That  this line of reasoning is correct is read- 
ily seen upon comparing the known major product  
of oxidation in alkaline media (1,2-glycol) with that  
of neutra l  media (ketols). I t  will be shown tha t  a-di- 
ketone is a main intermediate under similar mildly 
acidic conditions ( p H  6-7) and cleavage predomi- 
nates at low p H ' s  (1-2).  

To be able to handle water-insoluble olefins and 
thus have a general and uniform method of oxidation, 
emulsions of the oi l /water  type were employed. These 
were prepared with a nonionic emulsifier. The emul- 
sions obtained were stable both to pH changes and 
to aqueous potassium permanganate solution. 

To find out to what extent, if any, emulsions would 
alter or affect the reaction, several oxidations of 
emulsified oleie acid were conducted in alkaline and 
neutral  media to compare the results obtained with 
those on soap solutions. The method of addition, 
time of reaction, and concentrations of oleie acid 
were the same as those published for soap solutions. 
Hfgh melting 9,10-dihydroxystearic acid and 9(10),  
10(9)-ketohydroxystearie  acids were formed, respec- 
tively, in yields comparable to those obtained when 
homogeneous solutions of potassium oleate were used. 

Two methods of oxidation were employed. The first 
method consisted of adding aqueous potassium per- 
manganate solution to the emulsions at various pH  
levels, at such a rate that  the content of olefin in 
the system always exceeded the content of permanga- 
nate. This method yielded predominantly intermedi- 
ate (noncleavage) products when the stoichiometric 
quantities of permanganate were used. The second 
method consisted of adding the emulsions to the aque- 
ous potassium permanganate solution at various pH  
levels, at such a rate that  the content of permanga- 
nate always exceeded that  of the olefin. This method 
yielded predominant ly  cleavage products. In  these 
two methods the effects of p H  on the type of products  
formed can be observed, both when the content of 
permanganate in the system is greater  than olefin 
content and vice versa. These methods also demon- 
strated the marked effects of large excesses of per- 
manganate upon the type of products  formed f rom an 
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olefin as well as the effects upon the intermediate 
products. 

Experimental 
Starting Materials. Purified oleic acid (iodine no. 

89.0; oleic acid content 99%) was isolated f rom 
olive oil fa t ty  acids as previously reported (7). Un- 
deeylenie acid (b.p. 136 ~ at 1.5 ram. and n~ 1.4458) ; 
1-oetadecene (iodine number, 99.7); and cyclohexene 
were obtained by fractional distillation of the best 
commercial grades. The nonionic emulsifier used was 
Tween-20,  a product  of Atlas Powder Company. All 
other reagents were the purest  available grades. 

Oxidation of Emulsions. Method No. 1. Addition 
of Aqueous Potassium Permanganate Solution to 
Emulsions (Isolation of Intermediate Products). An 
emulsion was prepared by mixing 11.3 g. (0.040 mole) 
of oleic acid with 25 ml. of distilled water containing 
from 1-2% of nonionic emulsifier, based on oleic acid, 
and passing this mixture several times through a 
hand-operated laboratory homogenizer. The emulsion 
was placed in a 600-ml. beaker equipped with a stirrer,  
a thermometer,  and electrodes attached to a continu- 
ous-reading pH meter. To the well-stirred emulsion 
an aqueous solution of potassimn permanganate (ap- 
proximately 20 ml. water/g.)  was added dropwise at 
such a rate that  the content of olefin in the system al- 
ways exceeded that  of permanganate. The quant i ty  of 
potassium permanganate used depended upon the type 
of products desired, as will be described later  under  
the specific oxidations. The pH was maintained at the 
desired level by the addition of 1 N sulfuric acid or 
sodium hydroxide as needed. The temperature  was 
maintained between 5-10~ by means of an ice bath. 
After  the reaction was over (20 rain. to 1 hr.) ,  the 
reaction mixture was decolorized by the addition of 
an aqueous solution of sodium bisulfite, and 6 N hy- 
drochloric acid was added unti l  pH  1-2 was obtained. 
Usually the addition of hydrochloric acid broke the 
emulsion, but  when this did not occur, the emulsion 
was broken by heating it on the steam bath to 60- 
70~ The reaction mixture was then extracted with 
diethyl ether in a continuous extractor  over-night (15 
to 18 hrs.),  and the ether was then evaporated from 
the crude reaction products. Fo r  product  separation 
the crude reaction products were crystallized from 
various solvents. 

Example No. 1. pH 12-13. To an oleic acid/water  
type of emulsion, 4.65 g. (0:0268 mole + 10% excess) 
of potassium permanganate in 80 ml. of distilled 
water were added dropwise with rapid stirring. The 
reaction was carried out at 5-10~ and pH 12-13 
and was discontinued af ter  20 rain. ; 9.8 g. of crude 
reaction products were recovered. Composition by an- 
alysis: 9,10-dihydroxystearie acid 78% ; 9(10) ,10(9)-  
ketohydroxystearie  acids 5%;  unreacted oleie acid 
12% ; and unaccounted for 5%. 

Example No. 2. pH 7-10. To an oleic ac id/water  
type of emulsion 9.26 g. (0.0533 mole + 10% excess) 
of potassium permanganate in 200 ml. of distilled 
water were added dropwise with rapid stirring. The 
reaction was carried out at 5-10~ and p H  7-10 
and was discontinued af ter  30 rain. ; 11.7 g. of crude 
reaction products  were recovered. Composition by an- 
alysis: 9,10-dihydroxystearic acid 17 % ; 9 (10) ,10 (9) - 
ketohydroxystearic acids 60%;  9,10-diketostearic acid 
4% [determined polarographically (15)] ; unreacted 
oleic acid 14%;  and unaccounted for 5%. 

Example No. 3. pH 6-7. To an oleic acid/water  

type of emulsion, 13.9 g. (0.080 mole + 10% excess) 
of potassium permanganate  in 250 ml. of dist i l led 
water were added dropwise with rapid stirring. T h e  
reaction was car r ied  out at 5-10~ and pH 6-7 a n d  
was discontinued af ter  30 rain.; 12.3 g. of crude reac-  
tion products were recovered. The crude react ion 
products  were washed with petroleum naphtha (hex- 
ane fract ion) ,  an d  the insoluble port ion was fi l tered 
off. The insoluble solid weighed 7.0 g., and evapora-  
tion of the solvent from the filtrate yielded 5.3 g. o f  
liquid. Composition by analysis of the insoluble solid : 
9,10- dihydro~ystearic  acid 0 % ; 9 ( 10 ), 10 (9) -ketohy- 
droxystearic acids 30% ; 9,10-diketostearic acid 25% ; 
cleavage 28%; unreacted oleic acid 8%;  and unac-  
counted for 9 %. Composition by analysis of the l iquid 
filtrate: cleavage 53%; unreacted oleic acid 33% ; 
ketols 5%;  and unaccounted for 9%. 

Example No. 4. Large Excess of Permanganate. 
pIf 6.5-7.5. To an  oleie acid/water  type of emulsion 
containing 14.1 g. (0.05 mole) of oleic acid in a 1000- 
ml. beaker, 34.7 g. (0.20 mole § 10% excess) of potas- 
sium permanganate  in 700 ml. of distilled water were 
added dropwise with rapid stirring. The reaction was 
carried out at 20-30~ and pH 6.5-7.5 and was dis- 
continued af ter  30 rain.; 14.5 g. of crude reaction 
products were recovered. The crude products were 
washed with petroleum naphtha, and the insoluble 
portion (8.0 g.) was filtered bff. Evaporat ion of the 
solvent from the filtrate yielded 6.5 g. of residue. 
The insoluble port ion was crystallized from absolute 
ethanol at 0~ ; 2.0 g. of 9,10-diketostearic acid (m.p. 
83.5-85~ % carbonyl oxygen 9.8) were obtained. 
Upon evaporat ing the solvent f rom this filtrate, 6 g. 
of azelaic acid (neutralization equivalent 100, m.p. 
100-101~ were recovered. A mixed melting point  
with a sample of analytically pure azelaic acid gave 
no depression. F rom the residual m~saturation, neu- 
tralization equivalent, and typical  pelargonic acid 
odo.r the first filtrate (6.5 g.) was judged to be a 
mixture of unreacted oleic acid (22%) and pelargonic 
acid (78%).  The odor of shorter chain monobasic 
acids was absent. Since the liquid filtrate was not of 
interest, no fu r t h e r  examination of it was made. 

Example No. 5. Large Excess of Permanganate. 
pH 10-12. To an oleic acid/water  type of emulsion 
containing 14.1 g. (0.05 mole) of oleic acid in a 1000- 
ml. beaker, 34.7 g. (0.20 mole + 10% excess) of potas- 
sium permanganate  in 700 ml. of distilled water were 
added dropwise with rapid stirring. The reaction was 
carried out at 20-30~ and pH 10-12 and was dis- 
continued af te r  30 min.; 14.5 g. of crude reaction 
products  were recovered. The crude products were 
crystallized f rom benzene at room temperature, and 
5.8 g. of high-melting 9,10-dihydroxystearic acid (m.p. 
129.5-131~ ; % hydroxyl  oxygen 10.0) were filtered 
off. The benzene was evaporated from the filtrate, and 
the residue was crystallized from absolute ethanol at 
0~ 2.7 g. of 9,10-diketostearic acid (m.p. 81.5-83~ ; 
% carbonyl oxygen 9.5) were obtained. The alcohol 
was evaporated from the second filtrate, and this resi- 
due was crystallized from petroleum naphtha at 0~ ; 
3.0 g. of azelaic acid (neutralization equivalent 100; 
m.p. 100-101~ were separated. When the petro- 
leum naphtha was evaporated from the filtrate, 3.0 g. 
of an oily liquid remained. The filtrate was moder- 
ately pure pelargonic acid (neutralization equivalent 
165). The odor of shorter chain monobasie acids was 
absent. 
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Oxidation of Emulsions. Method No. 2. Addition 
of Emulsions to Aqueous Permanganate Solution 
(Cleavage). In  a 1000-ml. beaker equipped with a 
stirrer,  a thermometer,  and electrodes attached to a 
continuous-reading p t I  meter an aqueous solution of 
potassium permanganate was placed. This solution 
was prepared by dissolving 34.7 g. (0.20 mole + 10% 
excess) of potassium permanganate in 700 ml. of dis- 
tilled water (approximately 20 ml;/g.) and adding 
1 N sulfuric acid or sodium hydroxide to the desired 
p t I  level. Additional 1 N sulfuric acid or sodium 
hydroxide was added as needed during" the oxidation 
to maintain the p i t  at the desired level. To this rap- 
idly st irred aqueous solution of potassium permanga- 
nate, emulsions prepared as described in Method 1 
were added. The temperature  was maintained be- 
tween 3040~  Af te r  the reaction was over (30 nlin. 
to 1 hr.) ,  the reaction mixture was decolorized by the 
addition of an aqueous solution of sodium bisulfite, 
and 6 N hydrochloric acid was added to the higher 
p i t  level oxidations (pH 6.5-12) unti l  pH 1-2 was 
obtained. This mixture was then heated on the steam 
bath to 60-70~ to break the emulsion. The reaction 
mixture was extracted with diethyl ether in a continu- 
ous extractor  over-night (15 to 18 hrs.) and handled 
as already described. 

Example No. 1. Oleic Acid Cleavage. pH 10-12. 
An emulsion containing 14.1 g. (0.05 mole) of oleic 
acid was added with rapid st irr ing to an alkaline 
potassium permanganate solution (p i t  12) prepared 
as described above. The reaction was carried out for  
30 rain. at a temperature  between 30-40~ and pt I  
10-12; 13.5 g. of crude reaction products were recov- 
ered. Crystallization from benzene at room tempera- 
ture gave 1.45 g. of a precipitate which we were un- 
able to identify.  The benzene was evaporated from 
.the filtrate, and the residue was crystallized from 
absolute alcohol at 0~ 2.8 g. of 9,10-diketostearic 
acid (m.p. 82.5-83~ % carbonyl oxygen 9.5) were 
obtained. When the ethanol was evaporated from the 
filtrate and the residue crystallized from petroleum 
naphtha at 0~ 3.1 g. of crude azelaie acid (neutrali- 
zation equivalent 104; m.p. 98-102~ were obtained. 
A mixed melting point of this compound with a sam- 
ple of analytically pure azelaie acid gave no depres- 
sion. The filtrate remaining af ter  evaporation of the 
petroleum naphtha  was a mixture of pelargonic acid 
and unidentifiable compounds. Detectable quantities 
of dihydroxystearie acid were conspicuously absent. 

Example No. 2. Oleic Acid Cleavage. pII 6.5-7.5. 
In  this experiment a smaller quant i ty  of potassium 
permanganate was used. The purpose was to de- 
termine whether a smaller  excess of permanganate 
would give cleavage or intermediate products  at this 
pI-I. To an aqueous neutral  solution of 17.4 g. (0.10 
mole + 10% excess) of potassium permanganate in 
375 ml. of distilled water, an emulsion containing 
14.1 g. (0.05 mole) of oleic acid was added with 
rapid stirring. The reaction was carried out for  30 
rain. at a temperature  between 3040~  and pH 
6.5-7.5; 13.5 g. of crude reaction products  were re- 
covered. Crystallization from petroleum naphtha at 
0~ gave 6.5 g. of crude aze]aie acid (neutralization 
equivalent 102; m.p. 99.5-102~ From the resid- 
ual unsaturation, neutralization equivalent, and typi- 
cal pelargonic acid odor the filtrate (7.0 g.) was 
judged to be a mixture of unreaeted oleie acid 
(22%) and pelargonie acid (78%).  I t  was not 
studied further .  

Example No. 3. Oleic Acid Cleavage. pH 1-2. To 
the aqueous acidic solution of potassium permanga- 
nate, prepared as described originally in Method No. 
2, an enmlsion containing 14.1 g. (0.050 mole) of 
oleie acid was added with rapid stirring. The reac- 
tion was carried out for 1 hr. at a temperature  be- 
tween 30-40~ and pH 1-2; 15.7 g. of crude reaction 
products were recovered. Crystallization f rom petro- 
leum naphtha at 0~ gave 9.2 g. of crude azelaic 
acid (neutralization equivalent, 102) and 6.5 g. of a 
light brown liquid by evaporation of the filtrate. 
Reerystallization of the precipitate f rom petroleum 
naphtha  (5:1 ratio) at 0~ gave 7.7 g. (82% yield) 
of azelaic acid as a white crystalline solid (neutrali-  
zation equivalent, 99; m.p. 101-102~ No depres- 
sion in melting point was noted when a mixed melting 
point  was run  with a sample of analytically pure 
azelaic acid. The neutralization equivalent of the fil- 
t ra te  was 172, and it possessed the typical  odor of 
pelargonie acid. No fur ther  work was done on this 
fraction. 

Example No. 4. Undecylenic Acid Cleavage. pH 
1-2. An emulsion containing 9.3 g. (0.050 mole) of 
undeeylenic acid was added with rapid st irr ing to an 
aeidie potassium permanganate solution prepared as 
deseribed originally in Method No. 2. The reaction 
was carried out for  30 min. at a temperature  between 
30-40~ and p H  1-2; 9.8 g. of crude sebacic acid 
(neutralization equivalent, 116) were recovered. I t  
was boiled with distilled water for  1 hr,, and the 
small quant i ty  of undissolved oil at the surface was 
discarded. The water solution was cooled to 5~ 
yielding 6.7 g. (67%) of sebaeic acid, m.p. 133~ 
and neutralization equivalent, 102. No depression in 
melting point was noted when a mixed melting point 
was run  with a sample of analytically pure sebacic 
acid. 

Example No. 5. Cyclohexene Cleavage. pH 1-2. 
To an aqueous acidic solution of 23.1 g. (0.133 mole + 
10% excess) of potassium permanganate in 450 ml. 
of distilled water, an emulsion containing 8.2 g. (0.1 
mole) of cyclohexene was added with rapid stirring. 
The reaction was carried out for  30 min. at a temper- 
a ture  between 30-40~ and pH 1-2; 8.5 g. of crude 
adipic acid (neutralization equivalent, 81) were ob- 
tained. Crystallization from 95% ethyl aleohoI at 
0~ (5:1 ratio.) yielded 7.5 g. (51%) of adipie acid 
(m.p. 151.5-152.5~ neutralization equivalent, 75). 
No depression in melting point was noted when a 
mixed melting point was run with a sample of ana- 
lytically pure adipic acid. 

Example No. 6. 1-Octadecene Cleavage. pH 1-2. 
An emulsion containing 12:6 g. (0.05 mole) of 1-octa- 
decene was added with rapid st irr ing to an acidic 
potassium permanganate  solution prepared as de- 
scribed originally in Method No. 2. The reaction was 
carried out for 1 hr. at a temperature  between 30- 
40~ and p H  1-2; 13.3 g. of crude reaction products 
(neutralization equivalent, 308), consisting largely of 

n-heptadecanoic acid, were recovered. Crys ta l l i za t ion  
from acetone (10:1 ratio) at -10~  yielded 12.5 g. 
of moderately pure n-heptadecanoic acid as a white 
precipitate (neutralization equivalent, 290; m.p. 58.5- 
59.5~ Four  successive crystallizations of this prod- 
uct from 95% ethyl alcohol (5:1 ratio) yielded 7 g. 
(52%) of n-heptadeeanoic acid, neutralization equiva- 
lent, 274. X-ray  diffraction analysis indicated that  the 
product  was 99% n-heptadecanoic acid. 
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Results and Discussion 

At pH 12-13, when olefin content during the re- 
action exceeds that of permanganate and stoichio- 
metric quantities of the latter are used, high melting 
9,10-dihydroxystearie acid accounts for approximately 
90% of the oxidation products of emulsified oleie acid 
while 9 (10) ,10 (9) -ketohydroxystearic acids represent 
about 5%. Diketostearic acid is not detectable. When 
a similar oxidation is carried out at pH 7-10, 9,10- 
dihydroxystearie acid accounts for only 19% of the 
oxidized products whereas 9 (10) ,10 (9) -ketohydroxy- 
stearic acids account for about 70%. A small amount 
(4%) of diketostearic acid is also formed. At pH 6-7 
no dihydroxystearie acid is formed, the conversion of 
oleie acid to 9 (10),10 (9)-ketohydroxystearie acids is 
reduced to 33%, but conversion to 9,10-diketostearie 
acid is increased to 27%. Cleavage products, arising 
presmnably front 9,10-diketostearic acid, increase to 
40%. 

The following facts are clear concerning the potas- 
sium permanganate oxidation of o]eic acid in emulsion 
when olefin content exceeds permanganate content 
and stoichiometric quantities of the latter are used: 
a) 9,10-dihydroxystearic acid is not a product in aque- 
ous media at pH 6-7 but is the dominant product in 
alkaline media, p i t  12-13; b) 9,10-diketostearie acid 
is not a product in aqueous alkaline media, pH 12-13, 
but is an important product in aqueous media, pH 
6-7; and e) the formation of 9(10),10(9)-ketohy- 
droxystearic acids is not favored in either strongly 
alkaline media, pH 12-13, or in aqueous media, pH 
6-7. The type and yield of products formed are de- 
pendent both upon the oxidizing power of the per- 
manganate and upon the pH. 

I t  has been suggested that ,  under  the above 
specified conditions, 9,10-dihydroxystearie acid and 
9 (10),10 (9) -ketohydroxystearie acids are not inter- 
mediates in the formation of 9,10-diketostearic acid 
but that the last-named is presumably formed by 
oxidative attack on both carbon atoms of a common, 
unhydrolyzed complex (1, 14). Since 9,10-diketoste- 
arie acid is a product of oxidation in mildly acidic 
media (pH 6-7), attack on both carbon atoms of the 
complex must be favored under these conditions. 
This is in contrast to oxidation at pH 9 (ketol forma- 
tion), where only one carbon atom of the complex is 
oxidatively attacked, and to oxidation in alkaline 
medium (pH 12) where neither carbon atom of the 
complex is oxidatively attacked but hydrolysis pre- 
dominates. We wish to propose therefore that the 
initial reactio~l of permanganate with olefins at all 
pH ranges is the formation of a single complex, with 
the subsequent reactions depending on the pH when 
the permanganate is not in large excess. 

When the content of permanganate in the system 
exceeds the content of oleie acid (oxidation by Method 
2), the characteristic intermediate products just dis- 
cussed are not obtained. In the acidic and neutral 
media, cleavage products are obtained in high yields, 
but the low pH oxidations (1-2) give more complete 
Cleavage (80% yields) and less complex products. 
It is not clear however whether intermediate prod- 
ucts are f r s t  formed and cleavage occurs thereafter 
or whether cleavage occurs on the carbon atoms while 
they are still a part of the complex. In the alkaline 
medium (Method 2) a variety of products are ob- 
tained from oleic acid. 9,10-Diketostearic acid, azelaic 
and pelargonic acids, and unidentified acidic corn- 

c~3(c~)6-c~-~ - cE - c% - (c~2)6-cooE 

OH OH 

Excess 
~n0h + 
Alkali 

C H 3 ( C ~ ) 6 - C ~  2 - C - C - Cm~- (C~)6 -C00~  
, It 

Enoliza%ion 
i 

, O~OH' 

C~3(c~)6COOH + HOOC-C00~ + HOOC(C~)6-C00~ 

Ovtanoiv Avid Oxalic Avid Suberiv Avid 

pounds are among the products. The difference in 
products obtained at various pH levels demonstrates 
that pH does affect the type of products formed, even 
when permanganate is in excess. 

When large excesses of permanganate are used 
with civic acid, even in Method 1, different products 
are obtained from those under the same pH condi- 
tions when stoichiometric quantities of permanganate 
for production of intermediate products are used. 
In the acidic and neutral media, cleavage products 
are dominant, but Method 2 is still preferred for 
cleavage because the composition of the oxidation 
products is simpler. Since the intermediate oxidation 
products of oleic acid at these pH levels are known 
when stoichiometric quantities of permanganate are 
used, the cleavage products obtained by Method 1 
with excess permanganate are believed to be derived 
from the further  oxidation of these intermediate 
products. In the alkaline medium however, numerous 
products are obtained with none predominating. A 
typical composition by analysis of the isolated reac- 
tion products from oleic acid oxidation is: 9,10-dihy- 
droxystearie acid 40%; 9,10-diketostearic acid 20%; 
azclaic acid 18%; pelargonic acid 18%; and ketols 
4%. It is believed that the 9,10-diketostearic acid and 
azelaie and pelargonic acids are derived from the 
further oxidation of 9,10-dihydroxystearic acid. 

That azelaic and pelargonic acids are obtained from 
the further oxidation of 9,10-dihydroxystearie acid in 
alkaline medium may seem in conflict with the reports 
of Spiridonov (12), Lapworth (9), and Green (2). 
In these reports suberic, oetanoic, and oxalic acids are 
the sole products of the permanganate oxidation of 
9,10-dihydroxystearic acid in alkaline medium. These 
authors however used not only a large excess of potas- 
sium permanganate but also a large excess of alkali 
(approximately 16 moles per mole of 9,10-dihydroxy- 
stearic acid). It  is believed that the initial step in 
such reactions is the oxidation of the hydroxyl groups 
to earbonyl groups, followed by enolization of the 
carbonyl groups, brought about by the excess alkali. 
Further  oxidation of the enolized form would produce 
suberic, oetanoic, and oxalic acids, as shown. 

On the other hand, azelaic and pelargonie acids 
are obtained from the further oxidation of 9,10-di- 
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hydroxystearic acid (as in this investigation) when 
excess alkali is absent. Although the initial step is 
also presumed to be the oxidation of the hydroxyl  
groups to earbonyl groups, enolization cannot take 
place because of the absence of excess alkali. Fur -  
ther oxidation therefore occurs between the earbonyl 
groups of 9,10-diketostearic acid, and azelaic and 
pelargonic acids are the resulting products, as shown. 

C~3(CEf)7r - C~ - (C~s)7C0C~ 

OH~Excess 
~no~ 

! 
! 

CH3(C~)7COOH + HOOC-(C~)7-COOH 

Pelargonic Aoid Azelaio Aoid 
The intermediate oxidation products  of cyclic and 

terminally unsatura ted hydrocarbons, under  condi- 
tions which gave essentially no cleavage with oleie 
acid (Method 1), were cleaved to a considerable ex- 
tent  even in alkaline and neutral  media (results not 
detailed in this paper) .  Oxidation at pH 10-12 with 
the quant i ty  of permanganate calculated to give gly- 
col or ketol yielded only about 66% of mixtures of 
glycols and ketols and as much as 34% of acidic 
cleavage products. 

F rom undecylenic acid by Method 2, sebaeic acid 
was obtained in high yields, and adipie acid was 
obtained from cyclohexene in 50% yield. F rom 1-oe- 
tadeeene an 86% yield of crude and 52% yield of 
pure n-heptadecanoic acid was obtained. Aqueous 
acidic potassium permanganate oxidation therefore 
provides a method not only for preparing dibasic 
acids from terminal ly and nonterminal ly unsatu- 
rated fa t ty  acids and cyclic hydrocarbons but  also 
for preparing monobasie acids with an odd number 
of carbon atoms from readily available, terminally 
unsaturated hydrocarbons. 

Summary 
Oxidation of water-insoluble olefins, such as oleic 

and undeeylenic acids, eyclohexene, and 1-octadecene, 
has been conducted in oi l /water  emulsions, using a 
nonionie emulsifier. Emulsions of these olefins were 
sufficiently stable over a wide pI-I range to permit  
rapid and efficient oxidations to be carried out from 
pH  1-12. 

Two methods of oxidation were employed. Method 
I consisted of adding aqueous potassium permanga- 
nate solution to the emulsion at various pH levels, 
at such a rate that  the content of olefin in the system 
always exceeded that  of permanganate.  Method 2 
consisted of adding the emulsion to the aqueous po- 

tassinm permanganate solution at various pH levels, 
at such a rate that  the content of permanganate in 
the system always exceeded that of olefin. 

In  Method 1, when stoiehiometric quantities of 
permanganate were used, glycols and ketols were 
the main products from emulsified cyclohexene and 
1-oetadecene, under  alkaline and neutral  conditions, 
but  substantial cleavage also occurred. Oleic acid in 
emulsion under  similar conditions was also oxidized 
in the alkaline (pH 12) and neutral  ( p i t  9) regions 
to form high-melting 9,10-dihydroxystearic acid and 
9 ( 10),10 (9) -ketohydroxystearic acids, respectively, as 
the major  products with essentially no cleavage. The 
yields were comparable to those obtained when pota~- 
siren oleate was oxidized in dilute solution by previ- 
ously published procedures. 9,10-Diketostearic acid 
was a major  product  of the mild aqueous acidic (pH 
6-7) permanganate oxidation of oleie acid under  the 
above specified conditions (Method 1). 

In Method 2 dibasic acids were obtained in good 
yields from oleie acid, undeeylenie acid, and cyclohex- 
ene at p H  1-2. An improved method for preparing 
monobasie acids with an odd number of carbon atoms 
from terminally unsaturated hydrocarbons with an 
even number of carbon atoms has also been reported. 

When excess permanganate was used in either oxi- 
dation method, cleavage occurred at all p t I  levels but  
was more complete at low p H  levels by Method 2. 
When excess pennanganate  was used in Method 1, 
the intermediate products from oleic acid were fur- 
ther  oxidized. At low pH levels (1-7) these interme- 
diates were converted almost exclusively to azelaie 
and pelargonie acids; at high pII  levels (8-12) they 
were converted to a mixture of more highly oxidized 
products, including azelaie and pelargonic acids. 

The oxidizing power of potassium permanganate 
increases with reduction in pII  and, when olefin con- 
tent  exceeds permanganate content in the systems, pH 
is the most important  factor in determining the mode 
of reaction and the type of oxidized products formed. 
When an excess of potassium permanganate  is avail- 
able, the effect of pI-I is not as dramatic. 
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