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T I t E  first products  of autoxidat ion of oleic and 
linoleic acids are hydroperoxides  (1, 2). The 
products  of decomposition of these hydroperox-  

ides have not previously been identified. The results 
repor ted here indicate tha t  one of the decomposition 
reactions of methyl  hydroperoxido oleate is fission to 
produce ~,fl-unsaturated earbonyl  compounds, one of 
which is 2-undeeenal. 

Experimental 
Methyl hydroperoxido oleate was prepared  by a 

previously, described method (3). I t  was observed 
that  decomposition of the hydroperoxide at tempera-  
tures  of 60~ 90~ and 150~ yielded products  
whose absorption spectra in 95% ethanol exhibited 
maxima at 223-224 m/x and corresponding extinction 
coefficients, E g./1. of 7.5, 10, and 14, respectively. 

) e l n ,  

Identification of at least one of the substances re- 
sponsible for the absorpt ion at 223-224 n >  was ac- 
complished as follows: 

Methyl  hydroperoxido oleate (20 g.) was decom- 
posed by  immersing it in an oil ba th  heated to 150~ 
Af te r  about  3-4 mitmtes spontaneous decomposition 
occurred dur ing which reaction the temperature,  of 
tile sample rose ral)idly to 260~ and then deereasetl 
(luring the next 3-4 minutes to the approximate  tem- 
pera ture  of the bath. 

Tile (leeompositio)t nfixture (extinction coefficient 
at  223 mt~ ill 95% ethanol, E ~'/l' = 13.9) was frac-  
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t ionated to yiohl the following series of f ract ions:  
(1) Approxinla le ly  1 g. of product  (extinction eoeffi- 
(dent a.t 222 m~, FP /~ ~ -  17.2) which (listilled at 95 ~ 

I ('[11, 

10()~ at ca. ]7 toni. I)ressure; (2) ca. 2 g. of l)roduet 
(extinction eoeffieie)lt at  222 m/,, E ~./1. ~ 29.8) wMch ( , m .  

distilled at 100~176 at ca, 1 toni. pressure;  and 
(3) ca. 2 g. of product  (extinction eoeNeient at 224 
mu, E,~/l,.,,,. ~ 22.5) which distilled at 150~ )~ (,.~ at 
ca. 1 mnl. pressure. 

2,4- Di~ itroph e Jl ylh ydrazon e. The 2,4-d in itroph e n yl- 
hydrazo)m l))'e))ared for  each fract ion was a mixture  
of red crystallil,e substances. The first two distillate 
fract ions yielded reaction products  f rom which a 
2 ,4-din i t rophenylhydrazone melt ing at 117~ ! . was 
separated by repeated crystall izations and chromato- 
graphic  separat ions on columns of alunfina. The 
absorption spect rum of the 2,4-l l initrophenylhydra- 
zone melt ing at  1.17~ exhibited a max imum at 
373-377 mu, and a molecular extinction of e ~ 29,239, 
calculated on the basis of a molecular weight corre- 
sponding to C~/I.,,O,N4, which is in accord with 
recently published data ( 4 )  tl) the effect that  the 
2, 4- d ini t rophenylhydrazones  of a,/?- unsa tura ted  car- 
bonyl compounds have absorpt ion spectra exhibit ing 
a max imum at 377-379 m~ and a molar extinction, 
�9 ~--- 26,600 to 29,200. 

Anal:  Calc 'd  for C~,tt~,O4N,: C, 58.6; II ,  6.9; N, 
16.1. Found :  C, 57.7; t I ,  6.8; N, 16.2. 
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Semicarbazone: A similar distillate f ract ion pro- 
duced f rom another  sample of thermal ly  decomposed 
methyl  hydropero l ido  oleate was reacted with semi- 
carbazide hydrochloride.  The produc t  was a crystal-  
line semiearbazone melt ing at 159~176 

Anal:  Cale 'd  for  CI~II2,~ONa: C, 64.0; H, 10.3; N, 
18.7. Found :  C, 63.0; II, 9.7; N, 19.0. 

The aldehyde, which was regenerated by  steam dis- 
ti l lation of a 4% hydrochloric acid solution of the 
semicarbazone, gave a positive reaction with ammoni-  
acal silver ni trate,  Feh l ing ' s  solution, and Schiff 's  
reagent.  

The regenerated oily product  was converted to a 
2, 4- d ini t rophenylhydrazone which melted at 112 ~ 
114~ Insufficient mater ia l  was available for  f u r t h e r  
purification of the product .  IIowever,  a 50:59 mix- 
ture of the product  with the previously described 
2,4-dini trophenylhydrazone (m.p. 117~ melted at 
114~176 

Reduction of the Scmicarbazone of the Unsaturated 
Aldehyde.  The semicarbazone (m.p.  159~176 on 
hydrogenat ion with pal ladium as c a t a l y s t  g a v e  a 
crude crystalline product  which melted at 94~176 
After  two crystall izations from ethanol the produc t  
melted at 101~176 A nlelting point of 103~ has 
been reported for the senliearhazone of undeeanal (5).  

The melt ing point, 101~176 L, of the semicarba- 
zone was line, hanged when a(lmixed with an authentic  
specimen of the semie, arbazone of un(tecanal, m.p. 
103~ Its melt ing point  was depressed to 96~176 
when admixed with an authentic specimen of the 
semicarbazone of decanal, nl.p. 102~ A mixture  of 
authentic semiearbazoln,S of undecanal and deeamfl 
melted at 95~176 

A~al: Calc 'd for  (',~ll.,:,()N:,: (!, 63.4; II ,  11.0; N, 
18.5. Found :  C, 63.0; II, 10.9 ;N,  18.5. 

A second fract ion obtained from the mother  liquors 
melted at 97~176 

Anal:  Found :  C, 62.4; l[, 10.9; N, 18.5. 
The above crystall ine products,  on hydrolysis  in' 

aqueous hydrochh)ric aci(I yielded an aldehyde which 
gave positive reactions with Schiff 's and Tollen 's  
reagmlis. 

Discussion 
F a r m e r  (1) and others (3, 6, 7) have shown that  

the autoxidation of methyl  oleate results in the forma-  
tion of a. mixture  of methyl  8- and 11-hydroperoxido- 
9-oetadeeeuoic aeitls, or, mr)re probably ,  this mixture  
and ill addition, methyl  9-hydroperoxido-10- and 10- 
hydroperoxido-S-octadeeenoic acids. I t  has been shown 
in the present  work that  the thermal  decomposition of 
this mixture  of oxidized ester produces a,fl-unsatu- 
rated aldehydes as fission products, one of which has 
been identified as 2-umleeenal. This aldehyde is prob- 
ably  produced according to the equation 

C H a  (CH~)  ~ C H ~  C H C : H  (CH._,) , )COOCIt .  -+ 
O 
J 

O t t  
em(eH.~),CH~CHCHO+--CH~(Cm)~COOOH~+ 

HO~ 
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Quali tat ive evidence has been obtained in the course 
of the isolation and purification of 2-undecenal of tile 
presence of the decomposition mixture  of analogs and  
homologs of this aldehyde. Aldehydes of the type  rep- 
resented by 2-undecenal readily undergo oxidation, 
reduction, and isomerization thus making it possible 
to account for  m a n y  of the end products  which have 
been qual i tat ively and quant i ta t ively  identified in 
various types of oxidizing fa t  systems. 
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The Hydrolysis of Soap Solutions. II. The Solubilities of 
Higher Fatty Acids 
/UCIL/E M. JOHN* and JAMES W. McBAIN, Stanford University, California 

I N studying the hydrolysis  of soap systems, some 
investigators state that  the f a t ty  acid formed is in 
excess of its saturat ion value ill certain concentra- 

t ions;  others state tllat it is always less. The first step 
is to determine what  tlle saturat ion values actual ly  
are. 

In  general, there haw; been few available data  for  
the sohd)ilities of the higller f a t ty  acids though sonic 
isolated vallms are given in the l i terature.  In  1942 
Ralst(m and l l oe r r  (1) determined tlle sohd)ilitics of 
the ln)rmal sa tura ted  f a t ty  acids f rom C~-Cjs in water  
and in a mnnt)er of organic s<>lvents at the tempera-  
tures 0, 20, 30, 45, and 60~ Sa tura ted  sohltions of 
the acids made with Col~duetivity water  were t i t ra ted  
with ba r ium llydroxide, using I>helmlphthalein as indi- 
cator. Tile authors  appa ren t ly  made no correction for  
carbon dioxide, neglect of which wouht lead to high 
results. 

Experimental 
The solubilities of capric, laurie, myrist ic,  palmitic,  

and stearic acids in water  were determined at 25 ~ and 
500C., using a conduct ivi ty  method. Sa tura ted  solu- 
tions of the pure  K ah l baum  acids (except E a s t m a n ' s  
capric and some Lepovsky ' s  especially p repa red  my-  
ristie) were p r epa r ed  b y  adding crystals  of the acids 
to conduct ivi ty wa te r  in 100 ml. or 250 ml. J ena  glass 
bottles. They were heated on a water  ba th  to about  
60-70~ for  half  an hour  or longer, with in te rmi t ten t  
shaking, then allowed to stand, usual ly  24 hours  or 
longer. Crystals  of caprie and laurie acids separa ted  
on cooling, leaving the solutions perfect ly  clear. Ex-  
cess myrist ic,  palmitic,  and stearic acids in finely di- 
vided form often remained suspended in the solutions, 
making them appea r  cloudy. 

The conduct ivi ty  of these solutions was determined 
by  use of a Grinnell  Jones-Dyke type  of br idge sup- 
plied b y  Leeds and Nor thrup ,  with an oil thermos ta t  
at 25~ -+- 0.01 ~ and 50~ • 0.05 ~ Bottles of solu- 
tion were allowed to come to the desired t empera tu re  
in the thermostat ,  then the conductivi ty cell was filled. 
The reading was taken a f te r  about  15 minutes. The 
resistance did not remain  constant bu t  changed ahnost  
continuously even over a period of several hours. The 
values usually, bu t  not always, increased with time, 

* Present  address: D u e h e s n e  College, O m a h a ,  Nebr .  

probab ly  due to sorption of the dissolved acid. The 
cell was rinsed with acetone to remove any sorbed 
acid before reiillillg it for  anotller trial.  

The resistance given for  tile acids in Table I is the 
average of f rom 5 to 10 measurements,  rounded off 
to two or three significant figures, l)eviation f rom the 
mean ranged f rom 0.7% in tile case of capric and 
laurie acids, to about  7% in tile case of stcaric and 
l)ahnitic acids at 25~ where the sohll)ility is very  
low. 

Tile cqnivalcut e.lmductivitics for  tlle acids at 25 ~ 
and 50 ~ were obtained f rom tile values of l~lmbury 
and Mar t in (2 )  and of Goniek (3). Some of tile mo- 
bilities were known at 25 ~ a m / a t  90~ and the val- 
ues at  50 ~ were calculated by  l inear interpolation. 
The equivalent conduetivities used at 25 and at 50~ 
were tile following: 

25" 50 ~ 

I [ y d r o g e n  i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 4 9 . 8  4 7 8  
C a p r i e  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 4 . 7  5 1 9 . 2  
L a u r i e  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 3 . 3  5 1 7 , 4  
M y r i s t i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7 2 . 3  5 1 6  
Palmitie acid ............................ 371.4 514.7 
Stearic acid ............................... 370.7 513.6 

The method of calculation was that  used by  Mc- 
Bain and Taylor  (4).  The following calculation for  
the solubili ty of pahni t ic  acid at 50~ il lustrates the 
method used for all. Tile cell constant  was 0.02895. 
The specific conduct ivi ty of water  at  50 ~ was 1.47 }( 
10 6 (at  25 ~ it was 0.72X10-G), and tha t  of the satu- 

0.02895 
ra ted  palmit ic  acid solution at 50~ was 

13,200 
2.19 X 10 _6 mhos. The conductivi ty of conduct ivi ty 
water  is assumed to be due to the H § and HC03-  f rom 
dissolved carbon dioxide. Therefore the dissolved pal- 
mitic acid slightly increased the I t  + concentrat ion and 
decreased the t IC03-  concentration. The difference 
between the increased hydrogen ion concentration, 
CH § and the decreased t IC03-  concentration, Cnco3- 
would be equal to the concentrat ion of the free pal- 
mitate ion, Cp-. In  the above measurements  the con- 

2.19 
duct ivi ty  of palmitic acid is ~ times tha t  of water.  

I f  V~ is the volume in liters containing one mole of 
acid completely dissociated, and A is the equivalent 


