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ML HYDROCMLORIC ACID 

FIe,. 2. E l c c t r o m e t r i e  t i t r a l i o n  c u r v e  of  0.101',1 g. o f  go s sy p o l ,  
p r epa . r ed  f r o m  d ian i l inogossy i )o l ,  d i s so]ved  in a n  excess  of  N a O H  
(15 ml. ,  0 .050a N) w i t h  0.051.6 N IICI.  

front gos,~ypol-acctic aei(1 by an earlier method (11). 
The nitrogen content of represmltativc samples Nos. 
2, 4, and 5 were respectively 0.09:1, 0.008, and 0.040% 
by the Macro-Kjcldahl method. 

Discussion 
Considerably more go.~ypol (,,a|l be precipitated 

from an ether extract  of cotto|lseed as dianilinogossy- 
pol than as gossypol-aeetie acid. For  example, 16 kg. 
of flaked cottonseed meats were extracted with ether, 
and the resulting oil was divi(h,d illtO two equal parts.  
The gossypol isolated as (lia||ili|log/).~sypol f rom one- 
half  of the oil was 1.2%, t)ased o|l thc weight of the 
seed, while the gossypol isolated as gossypol-acetie 
acid from the other tlalt' of the oil was only 0.51%. 
An additional 0.56% gossypol precipitated from the 
filtrate of the lat ter  by adding aniline. 

The isolation of gossypol as the a|]iline derivative 
eliminates the necessity for re]noving ntost of the oil 
in order to precipi tate  gossypol-acetic acid move com- 
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-aeetie acid. 

The conditions of hydrolysis  described apparent ly  
circumvent the decomposition of gossypol as observed 

by Mur ty  at al. (9) when large amounts of dianilino- 
go~sypol were hydrolyzed with hot concentrated 
I[,,SO4. 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 ethanolie KOtI .  This recombination was 
apparent ly  suppressed by the presence of the strong 
lI.,S()t with which the aniline was probably combined 
as the aniline salt. 

lit purifieatio,b the yield is improw~.d be/tause of the 
low solubility of go ssypol in the ether-ethanol-water 
nlixture. The yield of pure gossypol was approxi- 
mately 75%. Additional gossypol COlfld be recovered 
by treat ing the filtrates obtained in 1tie lmrification 
proeess with aniline. 

Summary 
A simple lnethod has been develop(,d for the acid 

hydrolysis of dianilinogossypol, result ing in gossypol 
yiehts of ab(>ut 8iVy,,. The gossypol nlay be readily 
purified by recrystallization as gossypol-aeetic acid 
fronl a mixture of ethyl ether an<t acetic aeid. Af te r  
relnowd of the acetic acid the gossypol may be crystal- 
lized either from a mixture  of ether and light petro- 
hm]ll ether or from a mixture  of ether, ethanol, and 
water. Crystallization from the latter mixture  results 
in a viehl <>f about 75% of gossypol, based on the 
am(refit of dianilinogossypol hydrolyzed, with a high 
de~l'l,e of tmrity as is indicated by Sl)e~eir(>photometrie 
and litrilnetrie niethods. 
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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 

U 
'NTIL QUITE RECENTLY little interest has been 

shown in the amino acid derivatives of ethan- 
olamine. Although Friinkel and Cornelius (1) 

synthesized N,O-diglycylaminoethanol in 1918, it re- 
mained for James and Synge (2) in 1951 to detect 
an amino aeid-ethanolamine linkage in a natural ly-  
occurring material,  the cyclic peptfde gramicidin. 

1 Portion of a t h e s i s  p r e s e n t e d  by Elizabeth C. Smith as part ial  ful- 
fillment of the requirements for the degree of Doctor of Philosophy. 

2Authorized for publication as Paper  No. 2399 on Sept. 1, 1959, in 
t h e  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- 
t idyl  ethanolamine-amino acid combinations of either 
a physical or chemical nature  in blood. These mate- 
rials, called "pep t id ic  cephalins,"  behave in a pecul- 
iar manner  during the process of purification. Their  
behavior pat tern  resembles the instabili ty of the sim- 
ple f a t t y  acid esters and amides of ethanolamine 
under  certain conditions of acidity and basieity (5).  

This paper  describes several at tempts to find suit- 
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able methods for the synthesis, purification, and 
characterizat ion of simple amino acid and peptide 
derivat ives of ethanolamine. 

:Experimental 
A simple amino acid derivat ive of ethanolanfine, 

N-phthaloylglyeylaminoethanol ,  was p repared  by  a 
modification 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 f reshly  distilled acetonitri le was 
added 0.147 g. (0.00241 mole) of ethanolamine and 
0.495 g. (0.00241 mole) of N,N'-dicyclohexylearbodi-  
imide. The reaction was allowed to proceed for  5 hrs. 
at room tempera ture .  The aeetonitrile was removed 
under  reduced pressure, and the residue was extracted 
with approx imate ly  200 ml. of boiling acetone. Upon 
cooling, crude phthaloylglycylaminoethanol  was crys- 
tallized f rom the acetone. This was reerystall ized 
f rom hot water,  yielding a white stat ically-charged 
material  with a melt ing point  of 216-217~ The 
yield of N-phthaloylglycylaminoethanol  f rom this syn- 
thesis was 24% of theoretical. 

N-Phthaloylglycylaminoethanol  was soluble in water  
and hot acetone but relat ively insoluble in cold 95% 
ethanol. Acid hydrolysis  of the monosubst i tuted amino 
alcohol yielded only glycine and ethanolamine when 
checked e l e e t r o p h o r e t i e a l l y  for n i n h y d r i n - p o s i t i v e  
compounds. No free amino group was present  in 
N-phthaloylglycylaminoethanol  as evidenced by  a lack 
of reaction wh(,n it was t reated with nitrous acid. The 
percentage of ni trogen as determined by  the micro- 
Kjeldahl  meth<)d was 11.23 compared to a theoretical 
value of N-phthaloylglycylaminoethanol  of 11.28%. 

N-Phthaloylglycylaminoethanol  reacted with acetic 
anhydr ide  to yield a white crystall ine solid, melt ing at 
145~ which was assumed to be N-phthaloylglycyl-  
aminoethyl  acetate. This compound was shown to 
contain 9.48% ni t rogen;  theoretical percentage of 
nitrogen for N-phthaloylglycylaminoethyl  acetate is 
9.65. 

A comparison of the in f ra red  spectra of N-phthal- 
oylglycylaminoethanol  and N-phthaloylglycylamino-  
ethyl 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 la t ter  compound. Since the 
peak at 9.58 microns is often associated with the free 
alcohol and the peaks at 8.04 and 8.12 microns with 
the ester bond, addit ional evidence is offered for  the 
prepara t ion  of both the acetate of N-phthaloylglycy]-  
aminoethanol and the free alcohol. 

An investigation of the reaction of acid with 
N-phthaloylglyeylaminoethanol  was under taken  to de- 
termine whether  or not this compound would nndergo 
an aminoacyl shift  (5). A small quant i ty  of this com- 
pound was dissolved in absolute ethanol sa tura ted  
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 
melt ing over a range of 100-180~ Recrystal l izat ion 
of this residue f rom 1 N HCI gave two fractions, one 
acid-insoluble port ion mel t ing at 115-120~ The in- 
f ra red  spectra of these compounds was almost identi- 
cal, each showing only a fa in t  indication of peaks at 
3.06 and 6.34 microns. In neither case was a peak 
observed at 9.58 nficrons. The disappearance of these 

~All melting points recorded in this paper arc uncorrected. 

peaks indicates tha t  the products  isolated f rom ethanol 
probably  do not contain an amide (peaks at  3.06 and  
6.34 microns) or a free hydroxyl  group (peaks a t  9.58 
microns) as does N-phthaloylglyeylaminoethanol .  Fu r -  
ther  purification of this mater ia l  failed to yield a 
product  with a sharp  melting-point.  

An a t t empt  was made to prepare  N-glycylamino- 
ethanol f rom N-phtha loy lg lycy laminoe thanol  by  a 
modification of the method of Sheehan and F r a n k  
(7).  A mixture  of 0.0044 mole of N-phthaloylglycyl-  
aminoethanol,  0.0044 mole of hydrazine  hydra te  (in 
the form of a 1 molar  alcoholic 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-glycylaminoethanol .  Although an elec- 
t rophoret ic  analysis of the propanol  solution showed 
the presence of a ninhydrin-posi t ive compound other  
than  glycine or ethanolamine, N-glyeylaminoethanol  
hydrochloride could not be isolated by  passing d ry  
hydrogen chloride through the alcohol solution. Sev- 
eral very  hygroscopic compounds were isolated, but  
in each instance they contained only 1% ni t rogen 
whereas theoret ical ly they should contain 18.12% 
nitrogen. 

The  p r o c e d u r e  d e s c r i b e d  fo r  the  syn thes i s  of 
N-phthaloylglycylaminoethanol  was modified to pre- 
pare N-phthaloylglycylglycylamiuoethanol .  In  this 
ease the phthaloylglycylglyeine was used instead of 
phthaloylglycine,  t e t r ahydro fu ran  was subst i tuted for  
aeetonitrile, and the time of reaction was increased 
f rom 5 hrs. to 6 days. The e tude N-i)hthaloylglycyl- 
glycylaminoethanol was reerystallizcd from dioxane to 
yield a product  melt in~ at 210-212~ Although an 
electrophoretie analysis of the mixture  obtained on 
hydrolysis  of this componml showed the presenee of 
glyeine and ethanolamine, the N-phthaloylglycylgly-  
eylaminoethanol was impure  as shown by the amount  
of ni trogen in the sample. The product  of this syn- 
thesis contained 11.87% ni t rogen;  theoret ical ly the 
N-phthaloylglyeylgyleylaminoethanol  has 13.77% ni- 
trogen. 

N-l?hthaloylalanylaminoethanol was synthesized by  
the procedure used for the prepara t ion  of N-phthaloyl-  
glycylaminoethanol  ; phthaloylalanine was subst i tuted 
for phthaloylglycine.  In spite of the fact  tha t  electro- 
phoretograms of the acid hydrolysis  of a f rac t ion  of 
the reaction mixture  melt ing at 218-219~ indicated 
the presence of N-phthaloylalanylaminoethanol ,  this 
compound was not actual ly  isolated. 

Dur ing  the investigation of methods for  synthesiz- 
ing amino acid derivatives of ethanolamine a n u mb er  
of synthetic methods were shown electrophoretically 
to be sat isfactory for the product ion of N-glyeylamino- 
ethanol. The Fr:,inkcl and Cornelius synthesis of 
N,O-diglyeylaminoethanol (1) resulted in a reaction 
mixture  which contained five ninhydrin-posi t ive  com- 
pounds: glycine, ethanolamine, N-glyeylaminoethanol ,  
and two other compounds suspected of being O-glyeyl- 
aminoethanol and N,O-diglycylaminoethano].  

The Desnuelle synthesis of f a t t y  acid amides of 
ethanolamine (5) was modified in the following man-  
ner to yield N-g]yeylaminoethanol.  Pure  monochlor- 
acetic acid (0.1 mole) was heated for 3 hrs. with an 
excess of ethanolamine (0.2 mole) at a t empe ra tu r e  
not exceeding 180~ 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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port ions of ether to remove unreaeted monoehloraeeti(: 
acid and some ethmlolamine. Pr ior  to the ammoniat ion 
of this solution by the addit ion of an excess ( three 
times the volume) of ammonium hydroxide,  the water  
was removed under  reduced pressure. The flask was 
s toppered and allowed to stand several days, after' 
which t ime the ammonium hydroxide was renloved 
under  reduced pressure and the residue in the flask 
was concentrated to its smallest volume. An electro- 
phoretie analysis Ilf the, reaction mixture  indicated the 
presence of three niuhydrin-posi t ive eonll)Oun(ls: gly- 
eine, ethanolamine, and a compound oceupying a I)osi- 
tion intermediate  between these two, N-gly(,ylamino- 
ethanol. 

A modifieation of |he earbodiimide synthesis (6) 
in which the trifluorl)aeelyl group was used as the 
blocking agent  instead (if the phthaloyl group resulted 
in tile synthesis of N-glycyhtndnoethanol.  To a sohl- 
lion of (I.412 g. (0.0(1241 nmle) ()f triflm>roavetyl gly- 
cine in 10 ml. ot! 80% a(lue(>us tlil>xane was adde(I 
(I.495 g. (0.00241 mole) t)f N,N'-ltieych)hexyh,arbo(li- 
inlidc. TI) this was adlled (drol)wise , willl swirling) 
0.159 g. (0.0026()ml)le) of ethauolamine. Tim real!lion 
mix ture  was allowed lo stand for seven days, a f te r  
which t ime the solv(,nl was rl,moved un(ler r(,dueed 
pressure.  The residue was extracted with two 25-nil. 
portions of boiling henzene t(i remove tile unreal~te(I 
trifluoroaeetyl glyeine. The material  insoluhlc in t)(m- 
zone showed the l)resenee of trifluorllac(qyl glycine, 
gly(,ine, N-glyeylanlinoethanol,  and ethanolanline when 
subjected to (qectrol)horctic analysis, followed by basil'. 
hydrolysis  alnl color deveh)pnn, nt with a(.(,ti('-ninhy- 
(h'in r(,agent (8).  

Discussion 

Synthesis of flw lower andno acid derivatives of 
ethanolamine has been avoided because o|! the diffi- 
culties encountered in Ilrel)aration and in purifi(~atil)n. 
K ip r iyauov  (9) found that  glycyl and alanyl ah'- 
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 by 
Crowhall and Ell iot t  (10) in the isolation of amino 
alcohols p repa red  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 pI{ of the buffer was raised above 
6.3. Although starch block eleetrophoresis gave a sep- 
arat ion of the eomponents of the various reaction 
methods, the N-glyeylaminoethanol  f ract ion was not 
ent i rely free of glyeine and ethanolamine. Not enough 

is known about s tabil i ty of N-glyeylaminoethanol at 
l)II 6 raider the iuflUmlCe of an eleetrie current  to 
determine whether the el)ntanlination of the amide 
oeeurred because of deeonlposition or a poor separa- 
tion. In  any  event the separat ion obtained was not 
such that  it can be reeommended as a method of Imri-  
fieation for glyeine derivatives of ethanolanlhm. Two 
other methods of purification, solvent extraction and 
ilistillation, proved valueless when applied to this 
problem. 

Prepara t ion  of N-phthaloylglycylaminoethanol  by 
means of the earbodiimide method appeared to be till' 
most sat isfactory nlcans for the synthesis of this ite- 
rivative of ethanolalnine. Although the yieM of alni(h! 
was only 24% of theoretical by this metholl, litth, 
difficulty was enelmntered in obtaining a pure prod- 
uct. The solubilities of phthah)ylglyeine, N-phthahlyl- 
glycylaminoethanol,  ethanolanline, earbodiimide, and 
llicyelohexyl urea  were suftMently different to Ilermi| 
isolation and purifi(;atil)n by recrysta!l iza| i lm alone, 
(,liminating the necessity for the acid and bicarbonate 
washes used by  Sheehan (6). 

S u m m a r y  
N-Phthaloylglycylanl inoethanol  may  be prepared in 

24% yield by a modification of the Sheehan earbodi- 
imide synthesis of l)el)tides of hydroxy  amino acids 
(6). The amino alcohol is characterized as to melt ing 
point, solubility in various solvents, the ahility lo 
form a derivat ive with acetic anhydride,  percentage of 
nitrogen, and inf rared  spectra. In  acid solutilm this 
(,ompound appears  to undergo the aminl)aeyl shif t  
characterist ic of compoumls containing an amMe link- 
age and a free hydroxyl  groul). At tempts  to isolale 
N-glycylaminoethanol by hydrolysis  of the, phthaloyl 
derivat ive with hydrazine hydra te  have been UnSlW- 
eessful. Impure  N-phthaloylalanylaminoethanol  and 
N-phthaloylglycylglyeylaminoethanol  were also syn- 
lhesized by  means of this procedure. Several other 
methods for  synthesizing N-glyeylaminoethanol are 
discussed. 
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