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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
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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-
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able methods for the synthesis, purification, and
characterization of simple amino acid and peptide
derivatives of ethanolamine.

Experimental

A simple amino acid derivative of ethanolamine,
N-phthaloylglycylaminoethanol, was prepared by a
modifieation of the Sheehan synthesis of peptide de-
rivatives of hydroxy amino acids (6).

To a solution of 0.738 g. (0.0036 mole) of phthaloyl-
glycine in 10 ml. of freshly distilled acetonitrile was
added 0.147 g. (0.00241 mole) of ethanolamine and
0.495 g. (0.00241 mole) of N,N’-dicyclohexylcarbodi-
imide. The reaction was allowed to proceed for 5 hrs.
at room temperature. The acetonitrile was removed
under reduced pressure, and the residue was extracted
with approximately 200 ml. of boiling acetone. Upon
cooling, crude phthaloylglycylaminoethanol was erys-
tallized from the acetone. This was recrystallized
from hot water, yielding a white statically-charged
material with a melting point of 216-217°C.2 The
yield of N-phthaloylglyeylaminoethanol from this syn-
thesis was 24% of theoretical.

N-Phthaloylglycylaminoethanol was soluble in water
and hot acetone but relatively insoluble in cold 95%
ethanol. Acid hydrolysis of the monosubstituted amino
alecohol yielded only glycine and ethanolamine when
checked clectrophoretically for ninhydrin-positive
compounds. No free amino group was present in
N-phthaloylglyceylaminoethanol as evidenced by a lack
of reaction when it was treated with nitrous acid. The
percentage of nitrogen as determined by the micro-
Kjeldahl method was 11.23 compared to a theoretical
value of N-phthaloylglycylaminoethanol of 11.28%.

N-Phthaloylglyeylaminoethanol reacted with acetice
anhydride to yield a white erystalline solid, melting at
145°C., whieh was assumed to be N-phthaloylglyeyl-
aminocthyl acetate. This compound was shown to
contain 9.48% nitrogen; theovetical percentage of
nitrogen for N-phthaloylglycylaminoethyl acetate is
9.65.

A comparison of the infrared spectra of N-phthal-
oylglyeylaminocthanol and N-phthaloylglyeylamino-
cthyl acetate showed the presence of a peak at 9.58
microns in the case of the former compound and two
small peaks, one at 8.04 microns and the other at 8.12
microns, in the case of the latter compound. Since the
peak at 9.58 microns is often associated with the free
aleohol and the peaks at 8.04 and 8.12 microns with
the ester bond, additional evidence is offered for the
preparation of both the acetate of N-phthaloylglyeyl-
aminoethanol and the free alcohol.

An investigation of the reaction of acid with
N-phthaloylglycylaminoethanol was undertaken to de-
termine whether or not this compound would undergo
an aminoacyl shift (5). A small quantity of this com-
pound was dissolved in absolute ethanol saturated
with hydrogen chloride gas and allowed to remain
one to four days at room temperature. Removal of
the solvent under reduced pressure yielded a solid
melting over a range of 100-180°C. Reerystallization
of this residue from 1 N HCI gave two fractions, one
acid-insoluble portion melting at 115-120°C. The in-
frared spectra of these compounds was almost identi-
cal, each showing only a faint indication of peaks at
3.06 and 6.34 microns. Tn neither case was a peak
observed at 9.58 microns. The disappearance of these

3 All melting points recorded in this paper arc uncorrected.
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peaks indicates that the products isolated from ethanol
probably do not contain an amide (peaks at 3.06 and
6.34 microns) or a free hydroxyl group (peaks at 9.58
microns) as does N-phthaloylglyeylaminoethanol. Fur-
ther purification of this material failed to yield a
product with a sharp melting-point.

An attempt was made to prepare N-glycylamino-
ethanol from N-phthaloylglycylaminoethanol by a
modification of the method of Sheehan and Frank
(7). A mixture of 0.0044 mole of N-phthaloylglycyl-
aminoethanol, 0.0044 mole of hydrazine hydrate (in
the form of a 1 molar aleoholic solution), and 50 ml.
of alcohol were heated under reflux for one hour. The
solvent was removed under reduced pressure. The
residue was extracted with 25 ml. of 1-propanol to
remove the N-glyeylaminoethanol. Although an elec-
trophoretic analysis of the propanol solution showed
the presence of a ninhydrin-positive compound other
than glycine or ethanolamine, N-glycylaminoethanol
hydrochloride could not be isolated by passing dry
hydrogen chloride through the aleohol solution. Sev-
eral very hygroscopic compounds were isolated, but
in each instance they contained only 1% nitrogen
whereas theoretically they should contain 18.12%
nitrogen.

The procedure described for the synthesis of
N-phthaloylglycylaminoethanol was modified to pre-
pare N-phthaloylglycylglyeylaminoethanol. In this
case the phthaloylglyeylglycine was used instead of
phthaloylglycine, tetrahydrofuran was substituted for
acetonitrile, and the time of reaction was increased
from 5 hrs. to 6 days. The ¢rude N-phthaloylelycyl-
glyeylaminoethanol was recrystallized from dioxane to
yield a product melting at 210-212°C. Although an
electrophoretic analysis of the mixture obtained on
hydrolysis of this compound showed the presence of
glyeine and ethanolamine, the N-phthaloylglyeylgly-
cylaminoethanol was impure as shown by the amount
of nitrogen in the sample. The product of this syn-
thesis contained 11.87% nitrogen; theoretically the
N-phthaloylglyeylgyleylaminoethanol has 13.77% ni-
trogen.

N-Phthaloylalanylaminoethanol was synthesized by
the procedure used for the preparation of N-phthaloyl-
glyeylaminoethanol ; phthaloylalanine was substituted
for phthaloylglyeine. In spite of the fact that electro-
phoretograms of the acid hydrolysis of a fraction of
the reaction mixture melting at 218-219°C. indicated
the presence of N-phthaloylalanylaminoethanol, this
compound was not actually isolated.

During the investigation of methods for synthesiz-
ing amino acid derivatives of ethanolamine a number
of synthetic methods were shown electrophoretically
to be satisfactory for the production of N-glycylamino-
ethanol. The Frinkel and Cornelius synthesis of
N,O-diglycylaminoethanol (1) resulted in a reaction
mixture which contained five ninhydrin-positive com-
pounds: glycine, ethanolamine, N-glycylaminoethanol,
and two other compounds suspected of being O-glyeyl-
aminoethanol and N,0O-diglycylaminoethanol.

The Desnuelle synthesis of fatty acid amides of
ethanolamine (5) was modified in the following man-
ner to yield N-glycylaminoethanol. Pure monochlor-
acetic acid (0.1 mole) was heated for 3 hrs. with an
excess of ethanolamine (0.2 mole) at a temperature
not exceeding 180°C. The reaction mixture was allowed
to cool and then diluted with 100 ml. of distilled water.
The aqueous solution was extracted with five 50-ml.
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portions of ether to remove unreacted monochloracetic
acid and some ethanolamine. Prior to the ammoniation
of this solution by the addition of an excess (three
times the volume) of ammonium hydroxide, the water
was removed under reduced pressure. The flask was
stoppered and allowed to stand several days, after
which time the ammonium hydroxide was removed
under reduced pressure and the residue in the flask
was concentrated to its smallest volume. An electro-
phoretic analysis of the reaction mixture indicated the
presence of three ninhydrin-positive compounds: gly-
cine, ethanolamine, and a compound occupying a posi-
tion intermediate between these two, N-glyeylamino-
ethanol.

A modification of the carbodiimide synthesis (6)
in which the trifluoroacetyl group was used as the
blocking agent instead of the phthaloyl group resulted
in the synthesis of N-glyeylaminoethanol. To a solu-
tion of 0412 ¢. (0.00241 mole) of triflnoroacetyl gly-
cine in 10 ml of 8BO% agueous dioxane was added
0.495 ¢. (0.00241 mole) of N,N’-dieyclohexylearbodi-
imide. To this was added (dropwise, with swirling)
0.159 g. (0.00260 mole) of ethanolamine. The reaction
mixture was allowed to stand for seven days, after
which time the solvent was removed under reduced
pressure. The residue was extracted with two 25-ml.
portions of boiling benzene to remove the unreacted
trifluoroacetyl glycine. The material insoluble in ben-
zene showed the presence of triftuoroacetyl glycine,
glycine, N-glyeylaminocthanol, and ethanolamine when
subjected to electrophoretic analysis, followed by basic
hydrolysis and color development with acetic-ninhy-
drin reagent (8).

Discussion

Synthesis of the lower amino actd derivatives of
ethanolamine has been aveided because of the diffi-
culties encountered in preparation and in purification.
Kiprivanov (9) found that glyeyl and alanyl ale-
amino acids, formed by the interaction of a-hydrox-
ides and amino acid esters, were impossible to purify.
The problem of purification was also encountered hy
Crowhall and Elliott (10) in the isolation of amino
alcohols prepared by the reduction of peptides.

Despite the fact that N-glyeylaminoethanol was pro-
duced in each of the syntheses mentioned, this com-
pound could not be isolated. Ion exchange chromatog-
raphy, according to the method of Moore and Stein
(11), resulted in some decomposition of the desired
compound when the pH of the buffer was raised above
6.3. Although starch block electrophoresis gave a sep-
aration of the components of the various reaction
methods, the N-glycylaminoethanol fraction was not
entirely free of glycine and ethanolamine. Not enough
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is known abont stability of N-glyeylaminoethanol at
pIl 6 under the influence of an electric current to
determine whether the contamination of the amide
oceurred because of decomposition or a poor separa-
tion. In any event the separation obtained was not
stich that it can be recommended as a method of puri-
fication for glycine derivatives of ethanolamine. Two
other methods of purification, solvent extraction and
distillation, proved valueless when applied to this
problem.

Preparation of N-phthaloylglyeylaminoethanol by
means of the carbodiimide method appeared to be the
most satisfactory means for the synthesis of this de-
rivative of cthanolamine. Although the yield of amide
was only 24% of theoretical by this method, little
difficulty was encountered 1n obtaining a pure prod-
uet. The solubilities of phthaloylglyeine, N-phthaloyl-
glyceylaminpoethanol, ethanolamine, carbodiimide, and
dieyelohexyl urea were sufficiently different to permit
isolation and purification by reerystallization alone,
eliminating the neeessity for the acid and bicarbonate
washes used by Sheehan (6).

Summary

N-Phthaloylglycylaminoethanol may be prepared in
249 yield by a modification of the Sheehan carbodi-
imide synthesis of peptides of hydroxy amino acids
(6). The amino alcohol is characterized as to melting
point, solubility in various solvents, the ability to
form a derivative with acetic anhydride, percentage of
nitrogen, and infrared spectra. In acid solution this
compound appears to undergo the aminoacyl shift
characteristic of compounds eontaining an amide link-
age and a free hydroxyl group. Attempts to isolate
N-glyeylaminoethanol by hydrolysis of the phthaloyl
derivative with hydrazine hydrate have been unsuc-
cessful. Impure N-phthaloylalanylaminoethanol and
N-phthaloylglyeylglyeylaminoethanol were also syn-
thesized by means of this procedure. Several other
methods for synthesizing N-glycylaminoethanol are
discussed.
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