
SEPT. 1955 BOUCHER ET AL.: PHASE BEHAVIOR 501 

Summary 
Fundamenta l  physical chemical data have been ob- 

tained which indicate on a laboratory scale the feasi- 
bility and advantages of solvent winterization of 
crude cottonseed oil in 85-15 aeetone-hexane mixture. 
The results show the effect of oil-solvent ratio, chilling 
temperature,  durat ion of chilling, and the addition of 
adsorbents on the degree of winterization, the refining 
loss, and the color of the winterized oil. Crystalliza- 
tion is markedly inhibited by the presence of a phos- 
phatide-rich material in the. crude oil, but  this can be 
overcome by the proper  control of the oil-solvent ra- 
tio and temperature  and by the addition of adsor- 
bents. Winterization in this solvent with or without 
adsorbents results in the separation of a large pro- 
portion of the phosphatides, and a marked reduction 
in refining loss and color. The advantages of winter- 
izing hexane-extracted cottonseed oils before refining 
are discussed. 
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Infrared Studies on the Isomers of Kamlolcnic Acid 
SHARDA DAS GUPTA and J. S. AGGARWAL, National Chemical Laboratory of India, 
Poona, India 

K 
AMALA OIL, obtained f rom the seeds of Mallotus 
philippinensis Muell. Arg., has recently been 
found to be a rich source of a-kamlonenic acid, 

to which the constitution 18-hydroxy, 9,11,13-octa- 
deeatrienoic acid has been assigned (5). The acid is 
t ransformed to its fl-isomer (6) on irradiat ion with 
ultraviolet light. Kamlolenie acid has a t t racted a 
great deal of at tention during recent years because 
the hydroxyl  group is present at the terminal  carbon 
atom. 

I t  is the purpose of the present paper to establish 
the cis-trans configuration of a- and fl-kamlolenic 
acids by studying their inf rared spectra, their  acetyl 
derivatives and maleic anhydride adducts, and the 
chemistry of the addition compounds. Quantitative 
absorption data in the 10 t~-ll ~ region are also pre- 
sented. A prel iminary note in this connection has 
already been published (4).  In f ra red  studies on the 
cis-trans isomerism of a- and fl-elaeostearic acids, 
which are very  similar to a- and fl-kamlolenic acids 
with three double bonds in the 9,11,13-positions, have 
already been carried out by Ahlers, Brett ,  and Mc- 
Taggart  (1), Bickford, DuPr6, Mack, and O'Connor 
(3), and Paschke, Tolberg, and Wheeler (8). 

Experimental 
P R E P A R A T I O N  OF T H E  ~ I A T E R I A L S  

a-Kamlolenic Acid (6). Kamala oil f a t t y  acids (15 
g.), prepared by the saponification of the oil with 
alcoholic potash in the usual manner, were shaken 
with 150 ml. of petroleum ether (40-60~ and occa- 
sionally warmed. A pale white solid (4.9 g.), which 
separated on cooling, was filtered and crystallized 
three times from ethyl acetate as white needles (m.p. 
78-79~ 

fl-Karalolenic Acid (6). A suspension of a-kamlo- 
lenic acid in petroleum ether (40-60~ containing 
traces of iodine, was i rradiated by ultraviolet light in 
a quartz flask for 3 hrs. and then cooled in ice water. 
When the separated acid was crystallized from ethyl 
acetate, white needles melting at 90-91~ were 
obtained. 

Acetyl Derivatives of a- amd fl-Kamlotenic Acids 
(5). a-kamolenic acid (10 g.) was placed in a flask 
in d ry  ethyl ether (100 ml.) and cooled to 0~ 
Acetyl chloride (20 ml.) was slowly added with con- 
stant shaking and cooling. The mixture  was left  over- 
night at 0~ and then at room temperature  for  2 hrs. 
By  the end of this  time all suspended unreacted mate- 
rial was in solution. Crushed ice was added, and the 
ether solution was washed with cold water several 
times. The solvent was distilled off, and the last 
traces were removed under vacuum. The residue on 
crystallization from ethyl acetate yielded a white 
crystalline solid m.p. 43-44~ The similar acetylated 
product  obtained from the fl-acid was found to melt 
at 58-59~ 

Maleic Anhydride Adducts of ~- and fl-Kamlolenic 
Acids (5). To 3 g. of a-kamlolenic acid, 25 ml. of 6% 
maleic anhydride solution in toluene were added, and 
the mixture  was refluxed for  3 hrs. with occasional 
shaking. The flask containing the above material  was 
cooled for a few minutes, and 10 ml. of distilled water  
were added and the boiling continued for 10 min. 
The contents of the flask were then cooled to about 
25~ and t ransfer red  to a separatory funnel  with 
ethyl ether. The solution was thoroughly shaken a 
number of times with cold water and dried with an- 
hydrous sodium sulphate, the solvents were distilled 
off, and the last t races  were removed under  high 
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vacuum. The adduct  was a pale-colored, thick, vis- 
cous liquid. The fl-acid gave a similar type  of maleic 
anhydr ide  adduct. Neither  of the two adducts  could 
be obtained in a solid crystalline form. 

In f rared  Spectra. The data recorded have been ob- 
tained with a Grubb Parasons  spectrometer  having a 
sodium chloride prism. All the above substances were 
examined as solutions of known concentrat ion in puri-  
fied carbon tetrachloride in the regio n 2.8 ~ to 7 /~ 
and carbon disulphide in the region 7 ~-15 ~ in a rock 
salt cell having a capaci ty  of 0.1 inl. The quant i ta t ive 
absorption in the 10.0-11.0 ~ region was studied in 
chloroform solutions, and the specific extinction co- 

efficients were measured by using a fixed slit width of 
0.22 mm. The same cell was used throughout  this 
investigation. 

Results and Discussion 

The inf ra red  spectra of a- and fl-kamlolenic acids, 
their  acetyl derivatives and maleie anhydr ide  adducts 
in the solvents mentioned above are given in F igure  
I as wavelengths vs. percentage absorption curves. 
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The absorption bands of the two acids and their  
aeetyl derivatives are similar to those of long chain 
unsatura ted  f a t t y  acids. 

The 2-9 ~ Region. 1. The band in the 3.00 ~ region, 
assigned to the OH stretching vibrations, is weak in 

intensi ty in the spectra of aeetyl derivatives because 
of the presence of the OH of carboxyl groups. This 
band is of medium intensi ty in the spectra of both the 
acids, indicat ing the presence of OH f rom both the 
p r ima ry  alcoholic and earboxyl groups. 

2. The band at 3.45 ~ is due to the valence vibra- 
tions of all the methylene and methyl  groups. 

3. A strong band with an absorption max imum at  
5.85 ~ was observed in the spectra of both the acids 
and their  aeetyl  derivatives, arising f rom valence vi- 
brations of the acid C ~ O  group. Another  strong 
band at 5.75 ~ was also observed in the case of acetyl 
derivatives because of the aeetyl C----O group. 

4. Bands at 6.85 ~ and 7.05 ~ are a t t r ibuted to def- 
ormations of the methylene groups. 

The 9-15 ~ Region. A strong band at 9.30 ~, ob- 
served in the acids, is assigned to a p r i m a r y  alcoholic 
OH deformat ion vibration. Bands  are observed be- 
tween 13 and 14 ~ arising f rom methylene rocking 
vibrations. 

The absorption maxima in this region are more or 
less dependent  upon the entire molecule as a vibrat-  
ing unit, and as such differences indicative of cis and 
trans configurations are expected. 

a-Kamlolenic acid in chloroform solution shows a 
strong absorption band at 10.09 ~ with an extinction 
coefficient of 1.336, also a subsidiary band of medium 
intensi ty at 10.36 ~ with an extinction coefficient of 
0.422, as observed by Ahlers et al. (1) in the case of 
a-elaeostearie acid. No possible explanation of the 
presence of the 10.36 ~ band can be given at  this 
stage. A weak band at 10.5 ~ may  be a t t r ibuted to a 
cis-trans conjugation. 

fl-Kamlolenie acid, whel~ examined under  similar 
conditions, shows a single absorption band with a 
maxima at 10.06 ~ and an extinction coefficient of 
1.827. This value :is about three times that  given by 
elaidic acid at 10.33 ~, extinction coefficient 0.601 (1). 

These results are in fa i r  agreement  with those of 
a- and fl-elaeostearic acids repor ted by  Ahlers et al. 
(1) hence the possible s t ructure  for  a-kamlolenic acid 
may  be either cis-trans-trans or trans-trans-cis and 
for the fl-acid, trans-trans-trans. 

The presence of a trans-trans conjugated pair  of 
double bonds in the s t ructures  of both a- and fi-kam- 
lolenic acid can also be established by consideration 
of their maleic anhydride  addit ion reactions. Von 
Mikusch (7) and Alder and Vogt (2) have shown 
that  maleic anhydr ide  a) adds readily to trans-trans 
conjugated acyclie double bonds at 100~ or lower, 
b) adds slowly to a cis-trans conjugated system only 
at elevated temperatures ,  which e) it does not add 
to eic-eis conjugated systems except in the presence 
of an isomerization catalyst. As both a- and fl-kamlo- 
lenie acids and their  acetyl derivatives fo rm maleic 
anhydride  adducts  even in boiling benzene a pa i r  of 
trans-trans double bonds is established in both the 
isomers. 

I t  has been reported (9) that  the appearance of a 
band in the 10.3 ~ region (maximum usually at 10.33 
~) is assigned to a C - - H  deformation vibrat ion about 
a trans C ~ C  group. Appearance  of this band thus 
establishes the presence of an isolated (non-conju- 
gated) trans double bond. The inf rared  spectra of 
these adducts  revealed a band with a max imum at 
10.32 ~ on the shoulder of the 10.45"and 10.6 ~ bands 
in the case of fl-kamlolenic acid and only the la t ter  
two in the ease of a-acid, thereby showing that  the 
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third double bond of the B-isomer is trans C~---C 
whereas in the a-isomer it is cis. This has also been 
observed in the spectra of the maleic anhydr ide  ad- 
ducts of a- and fl-elaeostearic acids by  Bickford et al. 
(3). The intense bands at 10.45 ~ and 10.6 t~ have 
been a t t r ibu ted  by them to the ring vibrat ions of the 
eyelohexene or the maleie anhydr ide  r ing or to both. 

The maleie anhydr ide  adduets of a- and fl-kamlo- 
lenic acids were t reated with alkaline potassium per- 
manganate  by  Gupta,  Sharma, and Aggarwal  (6), 
and azelaic acid with small quantit ies of suberic acid 
was isolated f rom the oxidation products  in both the 
cases. T h i s  shows that  the adduct  format ion  in the 
a- and B-isomers takes place at the 11,13 conjugated 
double bonds while the exocyclic double bond is at the 
9-position, which evidently is cis in the former  and 
trans in the la t ter  cases. 

As all three conjugated double bonds in fl-kamlo- 
lenic acids are trans, two maleic anhydr ide  adduets  
would be predicted, as in the case of fl-elaeostearic 
acid (3), ra ther  than  only one. I t  has been men- 
tioned above that  the product  was obtained as a thick 
viscous liquid and even if two adducts  had been 
formed f rom fl-kamlolenic acid, they could not have 
been separated.  When the fl-kamlolenic acid adduct  
was t rea ted  with perbenzoic acid in chloroform solu- 
tion (3),  no precipi tate  was obtained even a f te r  keep- 
ing for  48 hrs. at 0~ showing thereby that,  similar 
to the ~-aeid, only one maleic anhydr ide  adduct  is 
formed f rom fi-kamlolenic acid. F u r t h e r  suppor t  for  
this conclusion is drawn f rom the permangana te  oxi- 
dation products  of the adduct  f rom fl-kamlolenic acid. 

No glutaric acid could be isolated, and format ion  of 
azelaic acid in sufficient yield indicates that  the 
maleic anhydr ide  adduct  format ion most probably 
takes place in the case of B-isomer a t  the l l ,13-conju-  
gated double bonds only. Hence the three double  
bonds in a-kamlolenie acid are cis 9-trans 1]- trans 
13 and in the fl-isolner trans 9-trans l l - t rans  13. 

Summary 
The cis-trans and positional configuration of a- and 

fl-kamlolenie acids ha~e been investigated. I n h ' a r ed  
data of the two isomers, their  acetyl derivatives and 
maleie anhydr ide  adduets, and the permangana te  oxi- 
dation products  of the addit ion compounds, together 
with the selective epoxidation of the exocyelie double 
bond of the maleinated derivatives, have been used to 
confirm the s t ruc ture  of the three conjugated double 
bonds in a-kamlolenie acid as cis-9-trans 11-trans 13 
and fl-kamlolenic acid as trans 9-trans 11-trans 13. 
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Report of the Oil Color Committee, 1954-55 

T 
HE LAST -MEETING of the Oil Color Committee was 
held in Minneapolis at the time of the fall con- 
vention of the American Oil Chemists' Society. 

I t  was decided then to continue the investigation of 
the chlorophyll  determinat ion and to prepare  a method 
for  the determinat ion of spectral  t ransmission curves 
for joint  use of the Color and Bleaching Committees. 
At the t ime and in a subsequent let ter  to each member  
comments were requested on the fu ture  p rog ram of 
the Color Committee. I t  was the consensus tha t  the 
work on the chlorophyll  determinat ion should be 
completed and that  the inimediate work should be 
closely identified with that  of the Bleaching Com- 
mittee in determining the best method for  measur ing 
oil color and how the oil could be evaluated by  
bleaching methods. 

Six samples of oil containing various amounts  of 
chlorophyll were submit ted to 17 members  of the 
committee. E ight  laboratories analyzed the samples. 
Three laboratories repor ted  tha t  they were unable to 
under take  the work outlined. Six laboratories made 
no rep ly  whatsoever. The data obtained f rom the 
eight laboratories repor t ing  are shown in Table 1. 
Labora to ry  No. 3 was not included in the average 
shown since the results were not in accord with the 
other laboratories for  some unknown reason. 

I t  should be noted tha t  the percentage o f  average 
deviation f rom the mean value is about 5% for  all 
values above approximate ly  .1 p.p,m. This is excep- 
t ionally good for  a method which  is being used for  
the first time. The committee therefore  recommends 

this procedure to the Society to be placed in its books 
as a tentat ive A.O.C.S. method. A copy of the final 
procedure is attached. 

The method for  the determinat ion of spectral  t rans-  
mission curves to be used in the joint work of the 
Color Committee and the Bleaching Committee is at- 
tached and becomes a pa r t  of this report .  

G. W .  AGEE E . J .  WALLEX 
i~. J .  BUSWELL C . L .  MANNING 

W .  T.  COLEMAN V . C .  MEttLENBA(]HER 
M. W. Fol~Mo R.T. O'CoNNoR 
SEYMORE GOLDWASSER R . C .  POPE 
D. L. HENau R.J. S~ITI-I 
DUNCAN MACI~IILLAN L .  K ,  WtIYTE 

R.  C. STILLMAR', c h a i r m a n  

Spectral Transmission Curves 
This method is to be used for  the determinat ion of 

the spectral  t ransmission curves on 'oil samples being 
examined by  the A.0.C.S. committees on bleaching 
and oil color. 

Reagents .  C a r b o n  t e t r a c h l o r i d e ,  spectro grade, 
Eas tman  No. S-444. 

A p p a r a t u s .  S p e c t r o p h o t o m e t e r s ,  Beckman DU, 
Cary  and Beckman B, with continuous sensit ivity 
control. 

Operation: Adjus t  the spectrophotometer  to be used 
careful ly  in accordance with the directions furnished 
by the manufac turer .  I t  is impor tan t  to be sure that  
the wavelength setting is correct and tha t  the in- 
s t rument ' s  response at the various wavelengths is as 


