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T 
HE PRODUCTION of cottonseed oils having good 
refining and bleaching characteristics has become 
increasingly difficult during the past decade as 

a result of the rapid changes which have taken place 
in the techniques of processing cottonseed for oil and 
meal. I t  has been estimated that  as much as 25 to 
30% of the crude cottonseed oil presently received at 
refineries cannot be bleached readily to a satisfactory 
color. 

The newer solvent extraction and screw-press pro- 
cedures, which are displacing the older hydraul ic  
press method, permit a larger amount of the cotton- 
seed pigments to escape into the oil, and this circum- 
stance, coupled with the extended storage of the 
crude oil at elevated temperatures,  is mainly responsi- 
ble for color reversion 3 in crude cottonseed oils (4). 
During the storage of such oils some of the pigments 
present are converted into forms which are not read- 
ily alkali-soluble and are not removed by the conven- 
tional refining and bleaching procedures (2). 

Gossypol, a polyphenolic binaphthaldehyde,  is the 
principal pigment present in crude cottonseed oil, 
and it has been shown that  the extent of color rever- 
sion of stored, crude screw-pressed oil is directly pro- 
portional to the amount  of the pigment originally 
present in the oil (8). This relationship is not strictly 
obeyed when pre-pressed oils are stored (7), but  color 
reversion in all types of oils can be prevented by 
treat ing the freshly prepared oils with p-aminoben- 
zoic acid, which forms an oil-insoluble derivative with 
gossypol (5). 

The present work describes the preparation,  char- 
acterization, and some of the physical propert ies of 
17 arylimino derivatives of gossypo] which were re- 
quired during a s tudy under taken to find other aro- 
nmtie amines which would form oil-insoluble deriva- 
tives with gossypol. 

Arylimino Derivatives of Gossypol 
The best known representative of this class of 

gossypol derivatives is d ian i l inogossypol ,  or bis- 
(phenylimino)gossypol,  which is formed by the con- 
densation of the two aldehyde groups of gossypol 
with two molecules of aniline and with the elimina- 
tion of two molecules of water. This relatively stable, 
easily purified substance has been used often for  the 
analysis and isolation of gossypol f rom cottonseed 
products  (3). Other amines which have been shown 
to react with gossypol in the same manner  as aniline 
are o-phenylenediamine (6, 1) and fl-naphthylamine 
(1). I t  has been reported that p-chloroaniline, p-an- 
isidine, and the three isomeric toluidines also react 
with gossypol, but  the products do not give the ex- 
pected percentage composition on analysis (1), an 
observation which has been confirmed in the present 
s tudy for the toluidines only. 

1 Presen ted  at  the 1955 S p r i n g  Meet ing of the Amer ican  Oil Chem- 
ists '  Society, New Orleans, La.  

2 One of the Labora tor ies  of the Southern  Ut i l i za t ion  P~esearch 
Branch ,  A g r i c u l t u r a l  Research Service, U. S. Depa r tmen t  of Agri-  
culture.  

By color revers ion  is mean t  the difference in  plmtometr ic  or Lovi- 
bond color of the refined and bleached oil bcforc and after  storage. 

The general method of prepar ing the arylimino 
derivatives listed in Table I was to t reat  one molar 
equivalent of gossypol with two molar equivalents of 
the aromatic amine in refluxing absolute ethyl alco- 
hol for  one-half hour. The compounds were obtained 
in good yield throughout,  75-100%, and were found 

T A B L E  I 

Subs t i tu ted  Ary l imino  Der iva t ives  of Gossypol 

Abs. Max. in  
Compound CHC18, m~ 

Bis (a -naphthy l imino)  
Bis  (~-naphthyl imino)  
Bis  (o-carboxyphenylimino)  .... 

Bis  (m-carboxyphenyl imino) . .  
Bis  (p-earboxyphenyl imino) . . .  
Bis  ( o-hydroxyph en ylinlino ) ... 
Bis  (m-hyd ,-oxyph enyl imine) . .  
Bis  (p -hydroxyphenyl imino) . .  
Bis  (p-methexyphenyl imino) . .  
Bis  (p-pheny]phenyl imino)  ..... 
o-Nitrophenylimino. . .  
Bis  (o-n i t rophenyl imino)  ........ 

Bis  (m-n i t rophenyl imino)  ....... 
Bis  (p-ni t roph enyl imino)  
Bis  (p-chlorophenyl imino)  ...... 
Bis  (o-mereaptophenyl imino) .  

a- (p-Anl inophenyl)  - 
p-tolylimino ......................... 

% 
Yield 

82 
91 
87 

91 
93 
91 
94 
97 
94 
88 
94 
97 

90 
75 
88 

IO0 

98 

:gecrys- :M. P. 
tall ized °C. 

f rom (dee.) 

CHCI:¢ 2 8 3 - 5  
C~HsCI 302-3  ~' 

C~H~C1 -{- > 360 
1-C1CIoH7 
C~,tI:,CI > 360 

> 3 6 0  a 
Abs. E t O H  2 6 8 - 9  
95% E t O H  287 
95% E t O H  291 
95% E t O t t  2 8 7 - 9  
C~HsC1 327-8  
C,t tsCI 202 
1-CIC,oH7 234 .5 -  

5.5 
1-C1C~oH7 280-2  
1-CIC1oH7 3 0 5 - 6  
CHCI:~ 302 
C~H~+ 2 2 7 - 8  
CHCla 

C,~HsCI 322-3  

] 452,  325 
,472 ,447 ,  312 
445, 314 

(448, 314) I' 
(457, 322)  c 
472, 447 
463, 441, 311 
445 
4 6 7 , 4 4 5  
470, 449, 317 
467, 400, 310 
465, 310 

467, 312 
467, 323 
4 6 5 , 4 4 3 ,  312 
450, 315 

454 

a Adams and co-workers ( l )  repor t  m . p .  310-13°C.  (dec.) for this  
compound. 

h, c Dete rmined  in anhydrous  pyr id ine .  
d Prev ious ly  repor ted  by Dcchary  and co-work-rs (5 ) .  

76 

to be high melting, brightly colored substances (light 
yellow to deep red) insoluble, for  the most part,  in 
the conlmon orgauie solvents. I t  was not possible to 
recrystallize bis (p-carboxyphenylimino) gossypol from 
any of the solvents used. 

When o-nitroaniline was reacted with gossypol, 
using the general procedure, a molecule of the amine 
condensed with one of the aldehyde groups of gossy- 
pol, and o-nitrophenyliminogossypol was formed in 
94% yield. However, by employing a large excess of 
the amine (250%) and an extended reaction time 
(24.5 hrs.),  bis(o-nitrophenylinfino)gossypol could 
be obtained in 97% yield. When a 200% excess of 
the amine was used with only three hours '  reaction 
time, both compounds were formed together, and bis- 
(o-nitrophenylimino) gossypol could be isolated from 
the mixture in 29% yield. These results would indi- 
eate the existence of steric hindrance of a kind which 
would make difficult the introduction of a second 
o-nitrophenylimino group into the gossypol molecule 
although no such difficulty was observed when a 
Stuart-Briegleb molecular model of bis (o-nitrophen- 
ylimino)gossypol was constructed. I t  is to be con- 
eluded that  some other factor, or factors, besides the 
spatial requirements of the o-nitrophenylimino group, 
is responsible for this anomalous behavior. 

One other amine, p,p'-methylenedianiline, gave a 
one to one condensation product  with gossypol and in 
excellent yield, 98%. The employing of an excess of 
the diamine did not alter the course of the reaction. 

The visible and ultraviolet absorption spectra of 
o-nitropht, llyliminogossypol and the three isomeric 
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bis (nitrophenylimino)gossypols are illustrated in Fig- 
Ure 1. These are of interest in that the absorption 
spectra of the o-nitrophenylimino compound (Figure 
1A) is clearly differentiated from that of the others 
(Figures 1B, C, D) by the presence of an additional 
absorption maximum at 400 m~. The positions of the 
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Fro .  1A.  T h e  a b s o r p t i o n  s p e c t r a  o f  o - n i t r o p h e n y l i m i n o g o s s y -  
po l  i n  c h l o r o f o r m .  

J~'m. l B .  T h e  a b s o r p t i o n  s p e c t r a  o f  b i s ( o - n i t r o p h e n y l i m i n o ) -  
g o s s y p o l  i n  c h l o r o f o r m .  

F r o .  1C. T h e  a b s o r p t i o n  s p e c t r a  o f  b i s ( m - n i t r o p h e n y l i m i n o ) -  
g o s s y p o l  i n  c h l o r o f o r m .  

]~I~. I D .  T h e  a b s o r p t i o n  s p e c t r a  o f  b i s ( p - n i t r o p h e n y l i m i n o ) -  
g o s s y p o l  i n  c h l o r o f o r m .  

characteristic absorption maxima of all of the gossy- 
pot arylimino derivatives are given in Table I. 

Twelve of these compounds exhibit almost identical 
spectra with maxima between 440 and 470 m/~, pos- 
sessing two cusps, one located at 445 m~ and a second 
somewhat less intense cusp located at 466 m/~. The 
exact positions for these maxima in the spectra of the 
12 individually substituted bis (arylimino) derivatives 
agree with these two average values within ± 5 m/~. 

The remaining five compounds exhibit somewhat 
different spectra. This group includes the three bis- 
(nitrophenylimino)gossypols and the two arylimino- 
gossypol derivatives obtained from o-nitroaniline and 
p,p'-methylenedianiline, respectively. All the bis- 
(nitrophenylimino)gossypols and o-nitrophenylimino- 
gossypol exhibit only a single maximum at 468 ± 2 
m~. a-(p-Aminophenyl )-p-tolyimiuogossypol exhibits 
a spectra consisting of a single band at 452 mt~. 

In the small variations noted in the positions of the 
cusps of the substituted derivatives there does not 
appear to be any systematic effect of o-, m-, and p- 
substitution in the phenyl group, nor is any particu- 
lar effect of polarity of the substituent observed. 

Although all of the aromatic amines examined in 
the present work gave arylimino derivatives when 
reacted with gossypol in alcohol solution, only p- 
aminobenzoic acid reacted with the gossypol of crude 
cottonseed oils to yield an oil-insoluble compound (5). 
The other amines failed to dissolve sufficiently in the 
oil to react, or the compound, if formed, remained 
dissolved in the oil. 

Experimental 
Physical Measurements. Capillary melting points 

listed in Table I are uncorrected and were deter- 
mined in a bath pro-heated to within 3-5 ° of the 
melting point of the compound and with a rapid rate 
of heating, 2 ° per minute. Reproducible values were 
obtained only in this manner. 

Analyses for the percentage of nitrogen were de- 
termined by the miero-Kjeldahl method except for 
the nitro-substituted compounds which were analyzed 
by the micro-Dumas method. Elementary analyses of 
the compounds are given in Table II. 

TABLE II 

Element~ary Analyses of Substituted Arylimino 
Derivat ives  of Gossypol 

Requires ( % )  Found ( % )  Calculated 
}~or 

C ~ I t ,  N20~ ............................ 
C~otI~N2Oa ............................ 
C~I~oN~0to ........................... 
04aHdoN.~O10 ........................... 
Cd~HdoN20~o ........................... 
Cd_~H~oN2Os ............................ 
Od~.HdoN~Os ............................ 
Cd~I~oN_~Os ............................ 
C44H44N~Os ............................ 
C~HdsN206 ............................ 
C~H~aNe09 ............................ 
C~2HssN40~o ........................... 
C4:HasN, O~o ........................... 
C42H3sN~O~o ........................... 
C~211asCI2N~06 ........................ 

C42H4oNu0~S., ......................... 

C l=[ N 

78.10 5.77 3.64 
78.10 5.77 3.64 
69.83 5.33 3.70 
69.83 5.33 3.70 
69.83 5.33 3.70 
71.98 5.75 4.00 
71.98 5.75 4.00 
71.98 5.75 4.00 
72.51 6.09 3.84 
79.00 5.89 3.41 
67.70 5.37 4.39 
66.48 5.05 7.38 
66.48 5.05 
66.48 5.05 
68.38 5.19 

C 

78.02 
77.90 
69.38 
69.63 
69.28 
71.61 
71.25 
71.13 
72.00 
78.79 
67.84 
66.42 

7.38 66.70 
7.38 66.40 
3.80 68.28 

Cl, 9,61 
68.83 5.50 3.82 
S, 8.75 
73,90 6.06 4.01 

t I  N 

5.88 3.65 
5.82 3.54 
5.50 3.62 
5.59 3,74 
5.41 3.78 
5.69 3.93 
5.81 3.91 
5.7O 3.95 
6.03 3.60 
6.00 3.26 
5.40 4.36 
5.07 7.26 
5.06 7.39 
5.27 7,38 
5.30 3.69 

C1, 9,84 
68.88 5.40 4,00 
S, 8,95 
74.08 6.07 3.94 

Absorption spectra were determined in chloroform 
solution (unless otherwise noted in Table I) ,  using 
the Cary spectrophotometer, Model 11 M. 

Reagents. Solid amines used for the reaction with 
gossypol were freshly recrystallized samples, agree- 
ing in melting point with the accepted values re- 
ported in the literature. Liquid o-aminobenzenethio], 
a commercial sample of 95% purity, was used with- 
out further purification. The gossypol was of 99% 
purity or better. 

Preparation of the Gossypol Arylimino Derivatives. 
One millimole of gossypot (0.52 g.) and two milli- 
moles of the aromatic amine were dissolved in 40-50 
ml. of absolute ethyl alcohol, and the solution was 
boiled under reflux for one-half hour when the deriv- 
ative usually crystallized. When required, solvent 
was removed by evaporation on the steam bath until 
crystals separated, o-NitrophenyliminogossypoI was 
isolated by reducing the volume of the reaction mix- 
ture by one-third and allowing it to stand at 4-5°C. 
for one week. On further  concentration and chilling 
of the mother liquors, another crop of crystals was 
obtained. Repetition of this process gave four crops 
of crude crystalline material. 

The crude compounds were washed three times with 
10-15 ml. of cold 95% ethyl alcohol, twice with 10-15 
ml. of cold diethyl ether, dried in vacuum over phos- 
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phorus peutoxide, and reerystallized from the appro- 
priate solvent (see Table I) unti l  the nitrogen con- 
tent  was constant. When high boiling solvents were 
used, the crystals were given a thorough washing 
with 95% ethyl alcohol, followed by a few minutes '  
refluxing in absolute ethyl alcohol. 

The crystals were freed of traces of solvent by 
heating in vacuum for  16 hrs. at 70°C. (4 hrs. at 
50°C. for the o-nitrophenyliminogossypol).  Because 
the arylimino compounds tend to decompose mark- 
edly on exposure to the combined action of light and 
air, analytical samples were preserved by storing in 
evacuated ampules a t  --15°C. 

Bis(o-ni t rophenyl imi~w)gossypol .  A s o l u t i o n  of  
2.07 g. ( four  millimoles) of gossypol and 2.76 g. (two 
eentimoles, a 250% excess) of o-nitroaniline in 100 
ml. of absolute ethyl alcohol was boiled under  gentle 
reflux for 24.5 hrs. The deep red-brown solution was 
allowed to stand at 4-5°C. for  16 hrs., and the pre- 
cipitate which formed was collected, washed twice 
with 15-20 m]. of cold 95% ethyl alcohol, and dried 
in vacuum, giving 2.2 g. of deep red micro-prisms, 
m.p .  229.5-230°C. (dee.). On concentrating the fil- 
t rate  and washings to 30~10 ml., an additional 0..72 g. 
of product  of the same m.p.  was obtained. Fur the r  
concentration of the mother liquors to 10-15 ml. gave 
0.032 g. of impure material, m.p .  225-228°C. (dec.). 
The total yield of crude product  was 2.95 g., 97% of 
theory. The analytical sample, m.p .  234.5-235.5°C. 
(dec.), was prepared by reerystallizing a portion of 
the first fract ion four  times from boiling 1-ehloro- 
naphthalene. 

I t  was also possible to obtain a 96% yield of this 
compound by treat ing gossypol with a 1000~. excess 

of o-nitroauiline (no solvent) for  one hour at 80-90 ° 
C. and extracting the unchanged amine with boiling 
absolute ethyl alcohol. 

Summary 
Seventeen substituted arylimino derivatives of gos- 

sypol have been prepared and characterized. F i f teen  
of these are new compounds, o-Nitro.aniline gave both 
a mono- and a disubstituted derivative with gossypol 
while p,p ' -methylenediani l ine  gave only a monosub- 
st i tuted derivative. 

During experiments designed to prevent  color re- 
version in stored, crude cottonseed oils by t reatment  
with various aromatic amines, only p-aminobenzoic 
acid formed an oil-insoluble derivative with the gossy- 
pol in the oils. 
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A Modified Dilatometer for Fast Evaluation of "Solids 
Content" in Fats 
B. F. TEASDALE and R. SVARDAL, Canada Packers Ltd., Toronto, Canada 

T 
IIE DIL4.TOMETRIC method, noted for  its usefulness 
m phase studies (1),  seems to have become in- 
creasingly popular  in the edible fa t  indus t ry  in 

recent years. The estimation of "sol ids con ten t "  by 
this method is made use of in formulat ion and in hy- 
drogenation control. 

The fact that  dilatometrie methods are time-con- 
suming has been a major  drawback in their  applica- 
tion in routine analysis of plastic fats. When dila- 
tometry  is applied in hydrogenation control, it is of 
par t icular  importance to cut to a minimum the time 
required to ca r ry  out an analysis. Successful work 
to this end has been reported in this journal  (3), of 
which one feature was a commendable tempering step 
introduced in the procedure. 

We have nlade a change in the dilatometer design, 
which we have found very  effective in cutt ing the 
time requirements of test operations. Moreover the 
c:h~mge was a very  convenient and inexpensive one to 
make since it involves the dilatometer stopper only, 
and not the bulb itself. 

The change resulted in a considerable reduction in 
the time required to obtain temperature  equilibrium 
throughout  the fat sample. This effect results from: 

a) Increased dilatometer surface area exposed to 
the water in the constant temperature  water  
bath. 

b) Decreased thickness of the fat  body. 

Apparatus 
We have been using a dilatometer of the volumet- 

ric type, with a bulb volume of ca. 11 ml., and with a 
capillary graduat ion in cubic millimeters. 1 The orig- 
inal 14/20 ground glass stopper has now been re- 
placed by a hollow stopper, made by our g]assblower. 
F igure  1 shows the two stoppers separately, and the 
open-stopper dilatometer assembled. 

The hollow stopper was made from Pyrex  tubing 
with s tandard ground glass joint. The outside diam- 
eter of the stopper is well over one-half of that  of the 
dilatometer bulb. Comparing the original (D~) and 
the modified dilatometer (D2), the ratio of surface 
area effecting heat t ransfer  is ca. 1:1.5. The sample 
weights are close to 9 and 6 g., respectively. The 
9-g. ~ m p l e  (in D~) has a radius of ca. 9 mm. while 
the 6-g. sample (in D2) is, roughly, a cylindrical r ing 
of fat, the thickness of which is 3-4 mm. 

Manufacture(t  by H, S, Mart in,  Evanston,  IlL 


