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and the development of methods for its estimation

have necessitated the preparation of a supply of
the pure compound. To obtain this supply, gossypol
has been extracted from cottonseed, isolated from the
extract, and purified by reerystallization.

Gossypol has usually been prepared by extracting
it with ether from flaked cottonseed meats, which
cither have (2, 3, 4) or have not been defatted with a
petroleum solvent (6, 11). After removal of the ether,
the gossypol can be precipitated with glacial acetie
acld as gossypol-acetic acid. The yield of gossypol by
this procedure however has frequently been low when
compared to the amount known to have been present
in the cottonsced meats (3, 9). Furthermore the fil-
trates from the acetie acid precipitation yield addi-
tional gossypol when treated with aniline (9), indi-
cating incomplete precipitation as the acetic acid
derivative.

Aniline precipitates gossypol as the dianilino deriv-
ative almost guantitatively even in the presence of
large amounts of oil (4), thus making this reaction
very satisfactory for isolating gossypol from extracts
of cottonseed. The stability of dianilinogossypol how-
ever presents a problem in the separation of this com-
pound into gossypol and aniline. Small amounts of
dianilinogossypol have been separated by heating with
concentrated 11,804 (1, 5). Murty of al. (9) found
this method unsatisfactory for 10 g, and subsequently
hydrolyzed dianilinogossypol by boiling with acetic
anhydride. King and Thurber (8) noted that neither
of the methods ecited was completely satisfactory for
hydrolyzing large amounts of diantlinogossypol.

Carruth (4) hydrolyzed dianilinogossypol with hot
ethanolic KOH, which contained sodium hydrosulfite
to prevent the oxidation of the liberated gossypol;
steam-distilled the aniline; and extracted the gossy-
pol from the acidified solution with ether. King and
Thurber (8) modified Carruth’s method for the sep-
aration of the liberated gossypol from the aniline and
the unhydrolyzed dianilinogossypol. They then crys-
tallized the gossypol, in good yields, from a mixture
of cther and xylene.

In the study reported herein, a method has been
developed for the acid hydrolysis of dianilinogossypol
in large amounts and from which pure gossypol can
be readily prepared. The hydrolyzed gossypol is puri-
fied first by crystallizing it as gossypol-acetic acid and
then as gossypol from either a mixture of ether and
petroleum ether or a mixture of ether, ethanol, and
water.

S'I‘IYI)HCS on the chemistry and toxicology of gossypol

Procedure

Extraction of Gossypol and Precipitation of Diani-
linogossypol. lace 8-9 kg. flaked cottonseed meats with
slight packing into a glass percolator, an inverted
5-gal. bottle from which the bottom has been removed.
A 9-in. porcelain desiccator plate with 34-in. perfora-

1 Published with the approval of the Director of Research, North
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tions, covered with a layer of cotton, serves as a bot-
tom for the percolator. Place in the mouth of the
bottle a cork stopper through which passes a glass
tube with a piccee of rubber tubing attached. Pour
peroxide-free cther over the meats, and maintain the
level above their surface during the extraction. Regu-
late the rate of percolation to 3 to 4 gal. per hour hy
means of a serew clamp on the rubber tubing at the
bottom of the percolator. Discontinue the extraction
after 6 to 7 gal. of cther have passed through the
meats and the extraet shows little color. Transfer the
extract, collected in gallon bottles, to a 12-liter flask
placed in a steam-heated water bath and remove the
ether by distillation. Filter the residual extract
through glass wool into a 5-liter flask.

To avoid the formation of very fine erystals, at
first add only 15 ml. of aniline and mix. When the
precipitation subsides, add an additional 20 ml. of
aniline and heat the mixture to 60°C. Decant the
supernatant solution through a paper in a Buchner
funnel after the mixture has stood over-night at room
temperature. Finally transfer the precipitate to the
Buchner funnel, and wash well with Hght petrolenm
ether (Skellysolve F'). The dried dianilinogossypol
had a purity of 97.89%,.

Hydrolysis of Dwanilinogossypol and Recrystalliza-
tion of Gossypol-Acetic Acid. Suspend 50 g. of diani-
linogossypol in a mixture of 750 ml. of peroxide-free
ethyl ether and 750 ml. of glacial acetic acid in a 2-liter
beaker. Cool the mixture to 18-20°C. in an ice-water
bath. With constant stirring, add 90 ml. of concen-
trated HoSOy4 and, after 1.5 min., add 200 ml. of dis-
tilled water. Iiet the mixture stand for about 10 min,
for the gossypol-acetic acid to precipitate. Filter un-
der vacuum through paper in a Buchner funnel, wash
well with water, and suck dry.

Recrystallize the precipitate immediately as gos-
sypol-acetic acid, as follows. Transfer the precipitate
to a 2-liter beaker, add about 1,200 ml. of distilled
water, 0.3 to 0.4 g. of sodiwmm hydrosulfite, and 600
ml. of peroxide-free ether. Stir until the gossypol has
dissolved, then transfer the mixture to a 2-liter sep-
aratory funnel and shake. When the layers have sep-
arated, withdraw the water layer and wash the ether
layer with an additional 400 ml. of water containing
about 0.1 g. of sodium hydrosulfite. Filter the ether
layer through paper in a small Buchner funnel to
remove the small amount of unhydrolyzed dianilino-
gossypol (about 5% ). Add an equal volume of gla-
cial acetic acid, and allow the mixture to stand about
10 min. for the precipitation of gossypol-acetic acid.
Filter and wash the precipitate with either low-boiling
petroleum ether (Skellysolve F') or hexane. The yield
of gossypol at this stage is about 869, based on the
starting material.

Further purify the gossypol by twice dissolving the
gossypol-acetic acid, and recrystallize it as gossypol-
acetic acid, as directed above. A recovery of approxi-
mately 95% results from each recrystallization as
gossypol-acetic acid, based on the amount of dry gos-
sypol-acetic acid dissolved.
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Pure Gossypol from Gossypol-Acetic Acid. Dissolve
50 g. of gossypol-acetic acid in 600 ml. of peroxide-
free ether over 1,200 ml. of water containing 0.3 to
0.4 g. of sodium hydrosulfite in a separatory funnel
and shake. Withdraw the water layer, and wash twice
with 400 ml. of water, omitting the sodium hydrosul-
fite from the last wash. Transfer the ether solution
to a beaker, dry it with anhydrous sodium sulfate,
and filter under vacuum through paper on a small
Buchner funnel.

The gossypol may be recovered from the filtrate by
either crystallizing it from a mixture of ether and
low-boiling petroleum ether and then from ether over
water according to a method previously described
(11) or from a mixture of ether, alecohol, and water.
Although both methods were used in this study, only
the latter is considered in detail.

To erystallize the gossypol from an ether-aleohol-
water mixture, concentrate the filtrate to 200 ml. un-
der reduced pressure by placing the flask into a pan of
warm water. Transfer the concentrated ether solution
to a 1-liter beaker, and add 400 ml. of 95% ethanol
previously used to remove the residual gossypol from
the suction flask. Cool the mixture to 15 to 20°C. in
an ice bath. Mix 300 g. of crushed ice, prepared from
distilled water, with the solution. After about 10
min. add 100 ml. of ice water with stirring, and allow
to stand for 10 to 15 min. before filtering through
paper in a Buchner funnel. Wash the precipitate
first with aqueous ethanol (1:1 by volume), then with
an ethanol-hexane mixture (1:3 respectively), and
finally with hexane. Dry the precipitate at room tem-
perature and them in a vacuum oven at 70°C. for
about 16 hrs. Store the gossypol in tightly closed
bottles under refrigeration.

The addition of 400 ml. of 95% ethanol to 200 ml.
of cther solution of gossypol gives a solvent mixture
containing about 31.4% ether, 60.2% ethanol, and
3.4% water. To this mixture water can be added in
relatively large amounts without separating the solu-
tion into two phases. Since gossypol is relatively in-
soluble in water, the addition of 300 g. of erushed ice
to the cold solution starts the crystallization, which is
carried to completion by adding the final 100 ml. of
ice water. The final composition of the solvent mix-
ture is approximately 17% ether, 35% ethanol, and
489 water. Cooling the solution before adding the
crushed ice prevents the formation of a scum of non-
erystalline gossypol on the surface of the solvent mix-
ture caused by a momentary rise in temperature. If
all of the ice and water are added at once, the crystals
are so fine that filtering and washing may become a
problem.

The yield from the ether-alecohol-water crystalliza-
ation is almost quantitative. The over-all yield of pure
gossypol from dianilinogossypol is about 75%.

Purity of Gossypol

Spectral absorption curves were made, using a Beck-
man DU spectrophotometer, on solutions of the pure
gossypol in spectro-grade cyclohexane. A representa-
tive eurve is shown in Figure 1. This curve is in good
agreement with that shown by Pons ef al. (10) on
gossypol purified by numerous recrystallizations. It is
also in agreement with the data obtained by King and
Thurber (7) on a highly purified sample prepared by
an improved procedure. Absorption maxima were ob-
served at wavelengths of 236, 286, and 358 mp. These
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I'1g. 1. Spectrophotometrie curve for gossypol, prepared from
dianilinogossypol, in cyclohexane.

maxima agree with those reported by other investi-
gators (7, 10), who consider the extinction coefficient
at 358 mpu as a measure of the purity of the gossypol.
The extinetion coefficients, Es-/L/1em - at 936 286, and
358 mu for various preparations of gossypol prepared
from dianilinogossypol are shown in Table T. The
purity of each preparation is also indicated in Table 1
and was caleulated from the extinction coefficient obh-
served at 358 mpu by assuming that the value of 39.9
observed by Pons et al. (10) is the correct value. These
data indicate that the purity of gossypol prepared
from dianilinogossypol i1s equal to that of gossypol
prepared by other methods (7, 10).

The purity of each preparvation was measured also
by a seeond procedure. Samples of the gossypol were
placed in a 250-ml., wide-mouth flask and dissolved
in 10 ml. of peroxide-free ether. Fifteen milliliters of
0.05 N NaOH were added, and the ether was removed
under reduced pressure while rotating the flask in
warm water. Then 100 ml. of boiled and cooled dis-
tilled water were added, and the excess NaOIl was
titrated electrometrically, wusing glass-calomel elec-
trodes, with standard 0.05 N ITCl. The titration was
continued through the second inflection of the curve,
indicating that the disodium salt was converted to
gossypol. A typical titration ecurve is shown in
Figure 2.

The percentages of purity caleulated from the titra-
tion data are shown in Table I. These values substan-
tiate those derived spectrophotometrically and are in
agreement with values obtained on a sample prepared

TABLE I
Characteristics of Pure Gossypol Prepared from Dianilinogossypol
Extinction coefficient in Purity calculated
cyclohexane from
Preparation - e ] —*fzﬁ{- lm —
No. i xtinction ali-
236 286 358 coefficient metric
mg mu g at 358 mu titration
% %o
206.0 70.4 39.9 100.0 99.5
210.0 70.0 39.8 99.7 99.1
205.0 70.0 39.8 99.7 99.9
210.0 69.0 39.8 99.7 100.0
212.0 69.4 40.2 100.5 97.8
Average.........coeeeein 208.6 69.8 39.9 99.9 99.3

a Orystallized from an ether-alcobol-water mixture.
b COrystallized two times from the ether-alcohol-water mixture.
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Fig. 2. Eleetrometrie titration eurve of 0.1013 g. of gossypol,
prepured from dianilinogossypol, dissolved in an excess of NaOH
(15 ml., 0.0508 N) with 0.0516 N HCI.
from gossypol-acetic acid by an carlier method (11).
The nitrogen content of representative samples Nos.
2, 4, and 5 were respectively (0.093, 0.008, and 0.040%
by the Macro-Kjeldaht method.

Discussion

Considerably more gossypol can be precipitated
from an ether extract of cottonseed as dianilinogossy-
pol than as gossypol-acetic acid. For example, 16 kg.
of flaked cottonseed meats were extracted with ether,
and the resulting oil was divided into two equal parts.
The gossypol isolated as dianilinogossypol from one-
half of the oil was 1.2%, based on the weight of the
seed, while the gossypol isolated as gossypol-acetic
acid from the other half of the otl was only 0.51%.
An additional 0.56% gossypol precipitated from the
filtrate of the latter by adding aniline.

The isolation of gossypol as the aniline derivative
eliminates the necessity for removing most of the oil
in order to precipitate gossypol-acetic acid more eom-
pletely. The reddish color associated with gossypol
appears to be more readily removed by the hydrolysis
of the dianilinogossypol than it is when the gossypol
is isolated from the extract as gossypol-acetic acid.

The conditions of hydrolysis described apparently
circumvent the decomposition of gossypol as observed

Vor. 37

by Murty ef al. (9) when large amounts of dianilino-
gossypol were hydrolyzed with hot concentrated
H.S04. Moreover the recombination of the hydrolyzed
gossypol and aniline is not a problem, as was noted by
King and Thurber (8), when the hydrolysis was car-
ried out with ethanolic KOH. This reeombination was
apparently suppressed by the presence of the strong
H,S0, with which the aniline was probably combined
as the antline salt.

[u purification, the yield is improved because of the
low solubility of gossypol in the ecther-ethanol-water
mixture. The yield of pure gossypol was approxi-
mately 75%. Additional gossypol ecould be recovered
by treating the filtrates obtained in the purification
process with aniline.

Summary

A simple method has been developed for the acid
hydrolysis of dianilinogossypol, resulting in gossypol
vields of about 86%. The gossypol may be readily
purified by reerystallization as gossypol-acetic acid
from a mixture of ethyl ether and acetie acid. After
removal of the acetic acid the gossypol may be crystal-
lized either from a mixture of ether and light petro-
leum ether or from a mixture of ether, ethanol, and
water. Crystallization from the latter mixture results
in a vield of about 75% of gossypol, based on the
amount of dianilinogossypol hydrolyzed, with a high
degree of purity as is indicated by speetrophotometric
and titrimetric methods.
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Synthesis of Amino Acid Derivatives of Ethanolamine®:

ELIZABETH C. SMITH, P. M. ALTHOUSE, and JAMES W. SHIGLEY, The Department of
Agricultural and Biological Chemistry, The Pennsylvania State University, University Park, Pennsylvania

shown in the amino acid derivatives of ethan-
olamine. Although Frinkel and Cornelius (1)
synthesized N,O-diglycylaminoethanol in 1918, it re-
mained for James and Synge (2) in 1951 to detect
an amino acid-ethanolamine linkage in a naturally-
oceurring material, the ecyclic peptide gramicidin.

UNTIL QUITE RECENTLY little interest has been

1 Portion of a thesis presented by Elizabeth C. Smith as partial ful-
fillment of the requirements for the degree of Doctor of Philosophy.

2 Authorized for publication as Paper No. 2399 on Sept. 1, 1959, in
the Journal Series of the Pennsylvania Agricultural Experiment Station.

Cheftel and co-workers (3, 4) have since been puz-
zled by the existence of what appear to be phospha-
tidyl ethanolamine-amino acid combinations of either
a physical or chemical nature in blood. These mate-
rials, called ‘‘peptidic cephalins,”’ behave in a pecul-
iar manner during the process of purification. Their
behavior pattern resembles the instability of the sim-
ple fatty acid esters and amides of ethanolamine
under certain eonditions of acidity and basicity (5).

This paper describes several attempts to find suit-



