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undesired increases in viscosity. On the other hand, 
where a low pour-point could be obtained by intro- 
duction of small substituents, the viscosity index was 
excessively low. 

Although none of these diesters tu rned  out to have 
characteristics that  would jus t i fy  their  use as replace- 
ments for  bis (2-ethylhexyl) sebacate, they represent 
considerable i m p r o v e m e n t s  over earlier materials 
based on higher f a t t y  acids. 
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Conversion of Dianilinogossypol to Pure Gossypol 
W. H. KING and F. H. THURBER, Southern Regional Research Laboratory, ~ New Orleans, Louisiana 

~ ILI~E reacts readily with gossypol, under  cer- 
tain conditions giving quanti tat ive yields of 
dianilinogossypol. This is a condensation re- 

action in which water is split out from the amino 
hydrogen atoms of two molecules of aniline and the 
oxygen atoms of the two carbonyl groups of gossypol. 
Dianilinogossypol is a relatively stable compound and 
is only sparingly soluble in most organic solvents at  
ordinary temperatures.  Because of these properties 
aniline has been used to recover gossypol f rom ex- 
tracts of cotton seed (1, 2, 3). 

Unlike gossypol-acetic acid, which is readily dis- 
sociated to gossypol and acetic acid, dianilinogossypol 
is relatively resistant to splitt ing into its component 
parts. The l i terature describes three reagents by 
which its decomposition has been effected: a) with 
alcoholic potash, b) concentrated sulfuric acid, and 
c) with acetic anhydride.  With all of these reagents 
the objective was to remove the liberated aniline by 
distillation or to change the aniline into chemical 
compounds which arc no longer capable of recombin- 
ing with the gossypol formed. None of these pro- 
cedures has been found entirely suitable for the 
recovery of larger quantities of pure gossypol. 

In  the present work it was desired to develop a 
procedure involving a mild t reatment  in order  to 
protect  the reactive gossypol molecule from decom- 

i One of the l~boratories of the Southern Utilization Research Branch ,  
Agr icu l tura l  Research Service, U. S. Depar tment  of Agricul ture.  

position so as to improve the yield of gossypol. Con- 
siderable difficulty was experienced in the search for 
a solvent which would separate gossypol and aniline 
following alkaline hydrolysis, because of: the rapidi ty  
with which gossypol and aniline reeombined. Ex- 
cellent results were obtained however: by rapidly 
hydrolyzing dianilinogossypol with alcoholic potash 
diluted with water, followed immediately by cooling 
and acidification with dilute, aqueous mineral acid 
which precipitated the gossypol and left  the aniline in 
the aqueous solution as a salt. Following are the 
details of this procedure. 

Hydrolysis of Dianilinogossypol 
To 25 g. of powdered dianilinogossypol in a l-l i ter 

Florence flask were added 300 ml. of ho t  (50°C.) half  
normal ethanolic potassium hydroxide (in 95% eth- 
anol). Next 0.2 g. of sodium hydrosulfite (Na._)S~O~) 
was added, and the mixture was swirled for 1/~ rain. 
to dissolve essentially all of the solid material. Then 
240 ml. of water (80-90°C.),  to which 0.25 g. of 
NazS204 had just  been added, were poured into the 
flask, which was then heated by immersion in a steam 
bath for 8 to 10 rain. (4 to 5 rain. to heat to the boiling 
point followed by 4 to 5 rain. of boiling). One tenth 
gram of NapS..,04 was added, the flask was closed, and 
the contents were cooled rapidly  to 50°C. The mix- 
ture was acidified with 210 ml. of normal hydrochloric 
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acid, and the precipitated gossypol was poured into 
600 ml. of cold water containing 0.1 g. of Na2S~Q. 
The mass was stirred in the water until the solid 
gossypol became granular. 

Spectrophotometric Determination of Gossypol 
and Dianilinogessypol in Mixtures 

In order to determine quantitatively the composi- 
tion of crude hydrolysis products prepared by the 
method described the following analytical method was 
devised. This method was used to evaluate variations 
of the hydrolysis procedure to determine optimum 
conditions of hydrolysis. 

Approximately 0.1000 g. of the mixture (accurately 
weighed) was dissolved in 100.0 ml. of benzene (warm- 
ing on the steam bath if necessary). A suitable dilu- 
tion to give an accurate absorbance (A) reading 
(e.g., 1.00 ml. to 100.0 ml.) was made in the same 
solvent. The absorbance was determined at the di- 
anilinogossypol peak near 440 millimicrons wave- 
length on a Beckman model B spectrophotometer 
against the solvent in a 1-cm. cell. The absorptivity 
a was calculated, using the following equation : 

a - -  E g./1. - -  A 
- -  1 cm. 

Concentration in g./1. 

The dianilinogossypol content of the crude hydrolysis 
product was calculated, using the following equation: 

a(lO0) 
% dianilinogossypol 

65.7 

The value 65.7 in the above equation was carefully 
determined to be the consistent absorptivity value, in 
benzene, for specimens of dianilinogossypol of the 
highest purity, prepared by the writers after multiple 
recrystallizations from various solvents followed by 
washing and drying. (Benzene, chloroform, aniline, 
toluene, and chlorobenzene 2 were used as solvents.) 

For the gossypol determinations 12.0 ml. of the 
above diluted sample solution were transferred to a 
25-ml. glass-stoppered graduated cylinder, and 10 
drops of redistilled aniline were added. The cylinder 
was tightly stoppered, and, after the contents were 
mixed, was placed in a water bath at 60-70°C. for 1 
hr. This quantitatively converts the gossypol to di- 
anilinogossypol. The cylinder was removed from the 
bath, cooled to room temperature, and, when neces- 
sary, benzene was added to bring the volume back to 
the original mark to replace any evaporation loss. The 
4% increase in volume of the sample solution, result- 
ing from the addition of aniline is accounted for in 
the correction shown below upon calculating the cor- 
rected absorbance. An aniline-benzene blank was pre- 
pared in the same way. After determination of the 
absorbance of both as described above, the corrected 
absorbanee of the treated sample solution was caleu- 
lated as follows: 

Ag ~ A~ -4- 0.04Asa - -  Aa 
Ag ~--- corrected absorbance 

A~a ~--- absorbance of the treated sample solution 
Aa ~ absorbance of the aniline blank. 

Calculation of a for the treated solution was then 
made as above, using the corrected absorbance and % 
of gossypol in the original sample was calculated from 
the following equation: 

Chlorobenzene is an excellent solven~ for recrystallizing dianilino- 
gossypol ,  giving much better yields than the other solvents mentioned. 

% g o s s y p o l  = 

[ a  ( t r e a t e d  s a m p l e  sol.)  - -  a ( o r i g i n a l  s a m p l e  so ln . )  ] 77.5 

65.7 

The value 77.5 is the percentage of gossypol theoret- 
ically obtainable from dianilinogossypol. The spec- 
trophotometric data in Figure 1, which are typical of 
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FIG. 1. Absorp t ion  Spectra o f  D ian i l inogossypo l  and Gossypo]. 
A---O Dianilinogossypol prepared from pure gossypol. 
B - -  /k Gossypol preparvd by hydrolysis of dianilinogossy:po~--crude 

hydrolysis product. 
C - - 0  Gossypol prepared by hydrolysis of dianilinogossypol---obtained 

by purifying the crude hydrolysis product. 
(in chloroform) 

the data for the crude hydrolysis product prepared 
from dianilinogossypol from the various sources used, 
confirm the validity of the above methods of analysis 
and, together with recovery data, show that no inter- 
fering substances are produced by the hydrolysis pro- 
cedure described. A very slight absorptivity due to 
gossypol at the wavelength of 440 mix was found not 
to interfere significantly with the precision of the 
method for the purpose used. 

When purified dianilinogossypol is used as the start- 
ing material, the crude hydrolysis product was found 
to contain approximately 13% of unchanged diani- 
linogossypol. Any water-insoluble impurities present 
in the starting material will also be found in the crude 
hydrolysis product. Table I gives typical analyses of 
crude hydrolysis products, prepared from starting 
material obtained from different sources. 

Separation of Gossypol and Dianilinogossypol 
Since dianilinogossypol is slightly soluble in ether, 

it was found that two recrystallizations of the crude 
hydrolysis product are necessary to obtain pure gos- 

TABLE I 

Analyses of Crude Hydroid'sis P r o d u c t s  

Sollree 

Unrecrysta l l ized precipitate  obtained 
from ether solution of purified 
gossypol by addit ion of anil ine .............. 

Recrystallized dianilinogossypol 
obtained by extraction of raw, 
oil-free cottonseed flakes with a 
mixture of chloroform and aniline ........ 

Crude dianilinogossypol of  83% puri ty  a .... 
Crude dianilinogossypol ~ recrystallized 

from chlorobenzene ................................... 

% Gossypol  

86 

87 
71 

85 

% dianilino- 
g~ssypol  

13 

13 
13 

13 

a Supplied by Buckeye Cottenol] G*mpany, Cincinnati, O. 
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sypol. This reduces the yield. In order to increase 
the yield as well as to shorten the purification opera- 
tion a new procedure was developed, which consists 
of dissolving the crude hydrolysis product in chloro- 
form (both gossypol and dianilinogossypol are quite 
soluble in chloroform) and selectively extracting the 
gossypol from the chloroform solution with aqueous 
sodium hydroxide solution. This procedure produces 
gossypol of the highest puri ty in a single crystalliza- 
tion. The details of this procedure follow. 

Purificatio~ of Crude Gossypol 
The aqueous slurry of the crude hydrolysis prod- 

uct was transferred to a separatory funnel, and the 
solid material was extracted with one 400-ml. por- 
tion of chloroform. The chloroform layer was filtered 
through cotton into an open-top cylindrical special 
separatory funnel. This funnel is approximately 3.5 
in. in diameter and of sufficient length to provide ade- 
quate capacity for the extraction operation. Then 
i~00 ml. of normal NaOH solution, containing 1 g. 
of Na~S~O4, were carefully poured down the side of 
the funnel so as to form a layer above the chloroform 
solution. Immediately 50 ml. of xytene were carefully 
poured down the side to form a third layer above the 
NaOH solution to protect the alkaline solution of 
gossypol from oxidation by air. The chloroform layer 
was carefully stirred for 30 min. in such a way as to 
keep the three layers separate and dissolve the gossy- 
pol in the NaOH solution. The chloroform layer was 
then carefully withdrawn. (In some cases where it 
was difficult to distinguish the aqueous and chloro- 
form layers, the chloroform was drawn off slowly so 
that the interface could be seen which it approached 
the stopcock. A clean separation is necessary for the 
best quality of product.) 

The NaOH layer was next drawn off into a sep- 
aratory funnel containing 250 ml. of normal HC1 so- 
lution and 300 ml. of peroxide-free ether. 4 This was 
shaken well to dissolve the gossypol in the ether. The 
aqueous layer was drawn off, and the ether layer was 
decanted through a folded filter paper (S & S No. 588 
or its equivalent)5 which had previously been half- 
filled with pulverized anhydrous sodium sulfate, into 
a l-liter filtering flask containing 125 ml. of xylene. 
Boiling aids were added, and the flask was closed with 
a rubber stopper through which a thermometer had 
been inserted, extending nearly to the bottom of the 
flask. The ether was boiled off under reduced pres- 
sure (not exceeding 25 mm.) on a covered steam 
bath. The flask was shaken occasionally during the 
distillation and frequently toward the end. The tem- 
perature of the liquid in the flask was not allowed to 
rise above 25°C. When crystals began to form, the 
flask was removed from the steam bath and shaken 
continuously during the crystallization. The flask and 
contents were allowed to stand in an ice water bath for 
about 30 min. after releasing the vacuum. The crys- 
tals were filtered by suction on a fritted glass filter 
funnel (Buchner type). As soon as the mother liquor 
was drawn off, the flask and crystals were washed 
with petroleum ether. The crystals were washed sev- 
eral times more by slurrying with petroleum ether in 
the funnel followed by filtering each time. The crys- 

4 Wash the ether just before usin~ with water  which contains a smal l  
amount of NasS-.~O~ to remove peroxides. 

5 Trade names l~ave been used only for the purpose of identifying 
equipment ol* m~terials actualiy used in conducting the work, and such 
u s e  does  not imply endorsement or recommendation by the U. S. De- 
par tment  of Agriculture over o t h e r  f irms or  s imi lar  p r o d u c t s  not 
mentioned. 

tals were finally dried in a vacuum oven to constant 
weight at 70°C. (Overnight is usually sufficient.) 

Filtrates and residues may be treated with aniline 
and the dianilinogossypol may be reworked, as above. 

Purified gossypol was obtained by the procedure 
with 63% yield based on the amount present in the 
original dianilinogossypol starting material, and 72% 
yield based on the actual amount of dianilinogossypol 
converted. 

Discussion 
The procedure was found to be applicable to the 

following: dianilinogossypol prepared from pure gos- 
sypol (by precipitation from ether with aniline fol- 
lowed by washing and drying),  dianilinogossypol pre- 
pared by cold extraction (25°C.) of raw, defatted 
cottonseed flakes with a mixture of aniline and chloro- 
form, and from a specimen of dianilinogossypl pre- 
pared by the Buckeye Cottonoil Company, Cincin- 
nati, O. 3 The crude hydrolysis products were obtained 
in essentially quantitative yield. Further  gossypol can 
be recovered by reworking the filtrates from the puri- 
fication process, either as described previously (4) or 
by adding aniline to reprecipitate dianilinogossypol. 

Spectral data show that the purified gossypol meets 
the standards of puri ty suggested by the writers 
elsewhere (4) and the absence of nitrogen was 
confirmed by the microkjeldahl method. Figure 1 
shows typical qualitative and quantitative spectral 
characteristics of dianilinogossypol prepared from 
purified gossypol, the crude hydrolysis product pre- 
pared by the procedure outlined, and the purified 
gossypol obtained. These data show that approxi- 
mately 13% of the dianilinogossypol remains unhy- 
drolyzed in the crude hydrolysis product. 

Gravimetric determination of aniline as [Cu-An2- 
(SCN),] by the method of Pacu and Dime (5) in the 
aqueous washings from the hydrolysis product and 
from the vapors condensed during the heating period 
in a specially conducted hydrolysis demonstrate that 
only 3% of the aniline formed by hydrolysis passes 
out with the vapors while the remainder resides in 
the acidified aqueous solution from which the gossy- 
pol was precipitated. 

Summary 
A procedure for the isolation of gossypol (in 86% 

yield) from dianilinogossypol, together with a proce- 
dure for the purification of gossypol, is recorded. 
Dianilinogossypol is hydrolyzed in alcoholic potas- 
sium hydroxide, and the hydrolysis mixture is rapidly 
cooled and acidified, Whereupon the gossypol is pre- 
cipitated while the aniline remains in solution as the 
salt. Directions are given for the separation of gossy- 
pol from unhydrolyzed dianilinogossypol through par- 
tition between aqueous alkali and chloroform. 
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