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~]-~IIE oil obtained f rom the f rui ts  of the Chinese 
_[_ tallow tree, Sapium Sebiferum, is c o m m o n l y  

known as stillingia oil al though this name is in- 
correct botanically. This oil, former ly  used as au 
i l luminating oil in the Orient, offers possibility of 
d e v e l o p m e n t  as a drying oil because of its high 
lmsaturat ion and its drying qualities (1).  A frac- 
tionati(/n of this oil into more or less unsa tura ted  
components may yiekl products  more suitable as dry- 
ing and edible oils respectively. (31romatographi(, 
fraetioJlation similar to that  of Reinbold and l)utton 
on soybean oil and its esters (2) was thought  prom- 
isiug enough to attenlpt. 

I npublished spectral data on the oil (3) aml the 
unusually tligh negative optical rotation suggest the 
presence of some unknown consti tuent (or constitu- 
ents) in the oil. A fu r the r  s tudy of the spectral 
absorption and an a t tempt  to fract ionate the ethyl 
esters of the stillingia acids seemed likely to yiel(t 
some information regarding the unknown constituent. 

Experimental 
The oil used in this investigati(m was extracted 

from seed gathered in i lonston, Texas, The see(l coat 
and tile adhering tallow were remove(l by s t i rr ing 
the seed rapi(tly in water  at  60~ The oil was then 
extracted front the ground seeds by petroleum ether. 
Pre l iminary  spectral  analyses of oil p repared  in this 
way showed no difference between this product  and 
an oil obtained hy extraction of the meats separatctl  
f rom the shell. The bulk sample of oil used in these 
studies had a Wijs iodine number  of 177.7 and a 
i:eroxide vahle of 1.4 m. eq./kg. No evidence of oxi- 
dation was noted in the absorpt ion spectrum. 

Absorpt ion speclra of the oil in t)etroleum ethel' 
solution were m e a s u r e d ,  using the Beckman Spec- 
trophotometer.  Analysis of the oil for unsatura ted  
fa t ty  acids by alkaline eonjngation was made by the 
metho(t of Brice and Swain (4). 

The chromatographic  separat ion was carried out 
in a mamler  similar to 1hat used by Dutton and 
Reinbold in their  s tudy with soybean oil (2) llow- 
ever, the chromatographic  column consisted of three 
coupled filters, the effect of which is to sharpen the 
fronts  in the ehromatogram (5'). These have been 
successfully used on a much smaller scale in the sep- 
arat ion of f a t t y  acids (6). The column was packed 
with 420 gm. of I ia rshaw Al-2 alumina and celitc 
analytical Fi l ter  Aid mixed in a ratio of 10 to ]. 
Fi l ters  were packed wet and were washed with 2 
liters petroleum ether before 25 gin. of stillingia oil 
in 100 ml. petroleum ether was forced into the col- 
umn. The elnant, consisting of 15% ethyl ether in 
petroleum ether, was then forced through the column 
under  pressure of CO,.,. Total time of operat ion was 
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FIo .  1. A p p a r a t u s  u s e d  f o r  c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  
g l y c e r i d e s  a n d  e s t e r s .  

13.5 hours. The change in composition of the eluatc 
was followed dur ing  the course of the experiment  by 
observation of the change in refract ive index of the 
ehlate by means of a d ipping ref rae tomcter  placed 
in a specially designed cuvette allowing constant ob- 
servation of the flowing liquid. The appara tus  used 
is shown in Fig. 1. In  the chromatographic  separa- 
tion of the ethyl esters of stillingia acids, alcohol was 
used as solvent, and the esters were displaced by a 
picric acid solution. 
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l~m. 2. Absorption spectra of stillingia oil and acids. 
1. Stillingia oil in petroleum ether solution. 
2. Sti.llingia acids in alcohol solution. 

Results and Conclusions 
Absorption Spectra. The a b s o r p t i o n  spectra of 

still ingia oil, shown in Fig. 2, has a shape unusual  
for  fats  or oils. The oil has a smooth absorption 
band  with a max imum at  2600 A and an inflection 
at 3].00 A. The low absorpt ion at 2300 A indicates 
the absence of conjugated dienes. The unique ab- 
sorption band  is associated with a f a t t y  acid con- 
st i tuent  because the f a t t y  acids p repa red  f rom the 
oil showed the same band. A typical  sample of acids 
had an absorpt ion at  2600 A of a ~ 7.1. The smooth 
nature  of the absorpt ion band  at  first suggested the 
possibil i ty of the presence of a ketonic acid. As yet  
a t tempts  to p repare  a 2 ,4-d in i t ro -phenylhydrazone  
have been unsuccessful, and  t rea tment  of the acids 
with alkali produces no enolization shift  in the ab- 
sorption band.  

'Alkal ine  isomerization of the oil leads to the devel- 
opment  of s trong absorpt ion bands characterist ic of 
diene and tr iene conjugation. However,  the presence 
of the unique absorpt ion band  in the oil itself corn-  

plieates the calculation of linoleic and linolenic acid 
contents. Calculations using Beadle 's  simpler method 
(7) indicate the presence of 44.9% linolenic, 26.0% 
linoleic, 1.8% oleic, and 27.3% saturated acids as- 
suming the destruction of the chromophore present  in 
the fresh oil dur ing the high tempera ture  alkaline 
t reatment .  On the other hand, if it is assumed this 
consti tuent is stable dur ing the isomerization, the 
composition is 32.2% linolenic, 32.2% linoleic, 4.4% 
ol~ic, and 31.2% saturated acids. Unti l  the unknown 
consti tuent is isolated and its behavior  studied under  
alkaline isomerization conditions, the analysis b y  al- 
kaline isomerization cannot be applied to sti!lingia 
oil. 

Optical Rotation. The sample of stillingia oil 
a v a i l a b l e  showed a specific rotat ion of - - 5 ~  ' in 
chloroform solution. The asymmetr ic  center could be 
present  in the unsaponifiable fraction, in a compo- 
nent  f a t ty  acid, or in the glycerin port ion of an 
unsymmetr ica l  triglyceride. Saponification destroyed 
the optical activity,  neither f a t ty  acids nor unsaponi- 
fiable f ract ion possessing any  ro ta tory  proper ty .  This 
destruction could be the result  of hydrolysis of an 
unsymmetr ica l  glyceride or of racemization as the 
result  of alkaline t reatment .  In  an effort to decide 
which is the case a sample of ethyl esters was p r e -  
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FIe. 3. Chromatographic separation of stillingia glyceride~. 

1. Concentration of oil in eluate, mg./ml. 
2. Refractive indices of ell fractions (Abbe). 
3. Iodine value of oil fractions. 
4. Light absorption of oil fractions at 2600 A. 
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pared by acid alcoholysis and showed a specific rota- 
tion of - - 2 ~  ', indicating the probabil i ty  that  the 
asymmetric center is in a f a t ty  acid. The possibility 
still remains that sterols raccmized by alkali but  solu- 
ble in the esters could be responsible for  the rotation. 

Chromatographic Separation of Stillingia Glycer- 
ides. The chromatographic fractionation of stillingia 
oil in petroleum ether on alumina indicates the pos- 
sibility of separating the oil into fractions somewhat 
higher and lower in unsaturat ion than the original oil. 
The differential leaves much to be desired, however. 
A comparison of the concentration distribution, the 
refractive indices of the fractions as determined with 
an Abbe r e f r a c t o m e t c r ,  iodine value of fractions, 
and the light absorption of the fractions at 2600 A 
indicates that  the glyeerides were s e p a r a t e d  into 
quite different components. The initial large frac- 
tion cluted was highly unsatura ted but  had rela- 
tively lower refractive index and light absorption 
than later  fractions. Optical rotations could not be 
determined on the fractions because of their  small 
size. In another chromatographic separation experi- 
ment the pooled fractions corresponding roughly to 
the first 1000 ml. eluate in this experiment showed a 
specific rotation of - -2~  ' whereas the pooled sam- 
ples for  the remainder of the experiment had a spe- 
cific rotation of - - 6 ~  '. Thus the optical r o t a t i o n  
seems to be associated with the high refract ive index. 
Measurement of the light absorption of the fractions 
at 2600 A indicated that  the glyceridcs bearing the 
chromophoric groups arc clnted somewhat later  than 
the highly u n s a t u r a t e d  fraction. The spectral ab- 
sorption seems also to be associated with the high 
refractive index. At an eluate volume of 1850 ml. 
the eluent was changed to ether which removed more 
strongly adsorbed glyeeridcs from the column. The 
total recovery of oil was 83%. 

Chromatograplzic Separation of Ethyl Esters. An 
at tempt  to separate a chromophore-bearing ester was 
made, using the displacement technique with absolute 
alcohol as solvent and picric acid as displacer. The 
refractive index of the eluate as measured by  the 
dipping refractometer  and the light absorption at 
2600 l i  of the eluate fractions are plotted together 
in Fig. 4. I t  will be seen that  the esters can be sep- 
arated into a large initial f ract ion carrying the light 
absorbing group and into numerous later  fractions 
in which the light absorption is negligible. I t  would 
thus appear  that  this chromatographic separation, 
which was in effect an elution ra ther  than a dis- 
placement, was quite successful in concentrating the 
chromophoric constituent. 

Properties of the Unknown Constituent. The sub- 
stance responsible for  the unusual ultraviolet  absorp- 
tion spectrum in stillingia oil is found in the fa t ty  
acid fraction. The chromophore is not influenced by  
alkali and a concentrate of the substance did not 
yield a 2,4-dinitro-phenylhydrazone. I t  thus appears 
that  the chromophore is not ketonic. The maximum 
at 2600 A and the inflection at 3100 .% appear  to be 
due to one snbstance because the ratios between these 
two absorptions remained the same in the chromato- 
graphic fractions of stillingia oil. 

The chromatographic studies on stilliagia oil sug. 
gcst that  the chromophore bearing acid is associated 
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FI~.  4. C h r o m a t o g r a p h i c  s e p a r a t i o n  of  s t i l l i n g i a  e t h y l  es te r s .  
1. : R e f r a c t i v e  i n d e x  of  e l u a t e  b y  d i p p i n g  r e f r a c t o m c t e r .  
2. L i g h t  a b s o r p t i o n  o f  f r a c t i o n s  a t  2600 A. 

with optical activity and high refractive index. Ex- 
posure of stillingia oil to 180 ~ in vacuum-sealed am- 
pules resulted in the reduction of optical activity 
and light absorption at 2600 li. The optical activity 
decreased 80% ill 10 hours whereas the light absorp- 
tion decreased only 25%. T h e  absorption spectrum 
of the sample heated 10 hours showed a general flat- 
tening of the curve from 2200-2600 A, absorption 
due to the native chromophore being decreased, and 
absorption at the lower wavelength being increased. 
A simultaneous increase in the region above 3200 A 
was also observed. 

Since this manuscript  was prepared, IIi lditch (J.  
Oil Coh)ur Chem. Assn. 32, 5, 1949) has repor ted 
studies on stillingia oil in which the spectrum has 
been determined, l te  also established the s t ructure  
of the light absorbing short chain acid as deca-2,4- 
dienoic acid. Subsequent studies from our laboratory 
indicate the multiple nature  of the c h r o m o p h o r i c  
substance. 

Summary 
1. Absorption spectra of stillingia oil and its acids 

indicate the presence of a new fa t ty  acid with a 
smooth absorption band having a maximum at 2600 
A and an inflection at 3100 A. This l ight absorptive 
p roper ty  appears  to be associated with the optical 
activity and high refract ive index. The light absorp- 
tion and optical activity arc reduced by  heat in the 
absence of air. 

2. The unknown consti tuent can be concentrated 
by  chromatographic adsorption of the ethyl esters in 
alcohol solution on an alumina column. 

3. Chromatography of stillingia oil indicates that 
it can be separated into fractions having widely dif- 
ferent  properties.  
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