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S 
TVDmS on the (',hemistl'y and toxicology of gossyl)(ll 

and the dcveh)pment of llmtho(ls for ils estinmtion 
haw~ necessilate(t ltle p repara t ion  /)f a SUl)t)lY t)f 

the pnre (tOlnl)oun/t. To obtain this sut)l)ly , gossyl)ol 
has been extra(~'te(1 from eottollseed, isolated from the 
(,xtraet, and |)urified by i 'ecrystallization. 

Gossyl)ol has usually been prel)ared //y extract ing 
it with ether from tlaked co ttons(~e/1 nleats, whi(;h 
(,ither have (2, 3, 4) or have not been (tefatt(,d witll a 
l)/~trolcuHl solvent (6, 1 l ). Af te r  r0anowfl of tit(; ether, 
the gossypol van be pr(~(dl/itated with glacial acetic 
aci(I as gossyl)ol-acelic a(:i(I. The yiehl of gossyl)ol by 
lhis l)r/)(.,(~dnre howl,vet has f requent ly  be(m low when 
eOn l i ) a r e ( [  t o  t h e  a m o l l u t  k l l o w l l  to  h a v e  / )ee | l  p r e s e l l t  
in the eottonse(~d meals (3, 9). Pur t t lermore  the fil- 
t ra tes  f rom the act,tic aci(l l/rc(dpitatiou yieht addi- 
tional gossypol when treated with aniline (9), indi- 
cating incoml)lcle Im~('~il)ilation as tit(,, acetic acid 
derivative.  

Anil ine preeipitatl,s gossyl)ol as the dianilino deriv- 
ative ahnost quant i la t ively  even in lhe pl:esenee of 
large amounts  of oil (4),  thus making tills reaction 
very sa t is factory for isolating gl)ssyl)ol fr/)m extracts 
of eoltonseed. The stabil i ty of (lianilinogo,~sypol how- 
o v e r  p r e s e l l t s  it proI)] /q l l  ill t h e  S e l ) a r a l i o n  o f  this (.'ore- 
])mind into gossyl)ol and aniline. Small amounts of 
dianilinogossyl)ol have I)c(m separate<l by heating with 
(um('entrated lI.,S()4 (1, 5). Mur ly  (t al. (9) found 
this metho(t mlsatisfa(~'tor.v for 1(1 g. and sul)scquently 
hydrolyzed dianilinogossyl)ol by boiling with acetic 
anhydride.  King and Thurbc r  (8) noted that  neither 
of the methods cited was completely sat isfactory for 
tlyd rolyzi ng large amounts of dian ilinogossyp(fl. 

Ca r ru th  (4) hydrolyzed dianilinogossypol with hot 
ethauolie KOI t ,  which contained sodium hydrosulfite 
to prevent  the oxidation of the l iberated gossypol; 
steam-distil led the anil ine;  and extracted the gossy- 
pol f rom the a(.i/lified solution with ether. King and 
Thurbe r  (8) nlodified C a r r u t h ' s  method for  the sep- 
arat ion of the l iberated gossypol f rom the aniline and 
the unhydrolyzed diani]inogossypol. They then crys- 
tallized the gossypo], in good yields, f rom a mixture  
of ether and xylene. 

In  the s tudy  repor ted  herein, a method has been 
developed for  the acid hydrolysis  of dianilinogossypol 
in large amounts  and f rom which pure  gossypol can 
be readi ly  prepared.  The hydrolyzed gossypol is puri-  
fied first by  crystall izing it as gossypol-aeetie acid and 
then as gossypol front either a mixture  of ether and 
petroleum ether or a mixture of ether, ethanol, and 
water. 

Procedure  

Extractio~l of Gossypol and Precipitation of Diani- 
linogossypol. Place 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 3~-in. perfora- 

1 Published with the approval of the Director of P~esearch, North 
Caxolina Agricultural Experiment Station, as Paper No. 1086 of the 
J o u r n a l  Seriea. 
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lions, (~ovored with a layer of cotton, serve, s as a boi- 
tom for tile pert, olator, l ' laee in the moulh of the 
bottle a cork s topper  through which passes a glass 
tube wit/l a l)iece of rubber  tubing attached. Pollr 
t)eroxide-free ether over the meats, anti mainta in  the 
level above their  surface dur ing  the extravtiou. Regu- 
late the rate of percolation to 3 to 4 gal. per horn" by 
means of a screw clamp /m the rubber  lut)ing at the 
bottonl oJ' Itle [)ereolator. Discontinue the extraction 
af ter  6 to 7 gal. of ether have passed lhl-ough the 
meats aml the extract  shows little color. Transfm'  1in, 
t,xtract, colleetelt in gallon bottles, to a 12-1it(,r flask 
placed in a steam-heated water  bath  and rcnlove the 
ether by distillation. Fil ter  the residmll exlraet  
through glass wool into a 5-liter flask. 

To avoid the format ion of very  fine crystals, at  
first add only 15 nd. of aniline and mix. \Vhen the 
precipi tat ion subsides, add an additi<mal 2(1 nil. of 
aniline and heat  the mixture  to 60~ [)ecant the 
superna tan t  solution through a paper  :in a l),uehner 
fmmel  af ter  the mixture  has stood over-nighl at  room 
temperature .  F ina l ly  t ransfer  the prceipi latc  to lho 
Buehner  funnel,  and wash well with lighl petroleum 
ether (Skellysolve F) .  The dried dianilinogos.~vpol 
had a pu r i t y  of 97.8%. 

Hydrolysis of Dianilinogossypol and llccrystalliza- 
tion of Gossypol-Acctic Acid. Suspend 50 g. of /liani- 
linogossypol in a mixture  of 750 ml. of p(,roxid/~-fr/,(~ 
ethyl ether and 750 ml. of glacial acetic acid in a 2-liter 
beaker. (Jool the mixture  to 18-20~ in an ice-water 
bath. With  constant s t i r r i ,g ,  add 90 ml. of (;onl:en- 
t ra ted  HeSOa and, a f ter  1.5 rain., add 200 nil. of dis- 
tilled water. Let  the mixture  stand for about  10 rain. 
for  the gossypol-ae.etic acid to precipitate.  F i l te r  un- 
(ler vacuum through paper  in a Buchner  funnel, wash 
well with water,  and suck dry. 

Reerystallize the precipi tate  immediately  as go~- 
sypol-acetic acid, as follows. Transfer  the l)recipitate 
to a 2-liter beaker, add about 1,200 ml. of distilled 
water, 0.3 to 0.4 g. of sodimn hydrosulfite, and 600 
ml. of peroxide-free ether. Stir  unti l  the gossypol has 
dissolved, then t ransfer  the mixture  to a 2-liter sep- 
a ra to ry  funnel  and shake. When the layers have sep- 
arated,  withdraw the water  layer  and wash the ether 
layer  with an addit ional  400 ml. of water  containing 
about 0.1 g. of sodium hydrosulfite. F i l te r  the ether 
layer  through paper  in a small Buchner  funnel  to 
remo.ve 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 rain. for  the precipitat ion of gossypol-aeetie acid. 
F i l te r  and wash the precipi tate  with either low-boiling 
petroleum ether (Skellysolve F )  or hexane. The yield 
of gossypol at this stage is about  86%, based on the 
s ta r t ing  material .  

Fu r the r  pm ' i f y  the gossypol by twice dissolving the 
gossypol-acetic acid, and recrystall ize it as gossypol- 
acetic acid, as directed above. 3_ recovery of approxi-  
mately  95% results f rom each reerystal l izat ion as 
gossypol-aeetie acid, based on the amount  of d ry  gos- 
sypol-aeetic acid dissolved. 
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Pure Gossypol from Gossypol-Acctic 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. o~ sodimn hydrosu]fite in a separatory funnel 
and shake. Withdraw the water layer, and wash twice 
with 400 m]. of water, omitting the sodium hydrosul- 
rite f rom the last wash. Transfer the ether solution 
to a beaker, d ry  it with auhydrous 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, alcohol, and water. 
Although both methods were used in this study, only 
the latter is considered in detail. 

To crystallize the gossypol f rom an ether-alcohol 
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 l-li ter beaker, and add 400 ml. of 95% ethanol 
previously used to remove the residual go.ssypol from 
the suction flask. Cool the mixture to 15 to 20~ in 
an ice bath. Mix 300 g. of crushed ice, prepared from 
distilled water, with the solution. Af ter  about 10 
rain. add 100 ml. o,f ice water with stirring, and allow 
to stand for 10 to 15 rain. before filtering thro.ugh 
paper in a Buehner funnel. Wash the precipitate 
first with aqueous ethanol ( l  : 1 by volmne), then with 
an ethanol-hexane mixture ( l : ' l  respectively), and 
finally with hexane. Dry  the precipitate at room tenl- 
l)erature an/l then in a vaeuum oven at 70~ for 
about 16 hrs. Store the gossypol in t ight ly closed 
bottles under refrigeration. 

The adltition of 400 ml. of 95% ethanol to 200 ml. 
of ether solution of gossypol gives a solvent mixture 
containing about 31.4% ether, 65.2% ethanol, and 
3.4% water. To this mixture water can be added in 
relatively large amounts without separating the solu- 
ti(m into two phases. Since gossypol is relatively in- 
soluble in water, the addition of 300 g. of crushed ice 
t(> the cohl solution starts the crystallization, which is 
carried to conlpletion by ad<ling the final 100 ml. of 
ice water. The final composition of the solvent mix- 
ture is approximately 17% ether, 35% ethanol, and 
48% water. Cooling the solution before adding the 
crushed ice prevents the re.treat|on of a scum of non- 
crystalline gossypol on the surface of the solvent mix- 
ture caused by a momentary rise in temperature. I f  
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-alcohol-water crystalliza- 
at |on is ahnost quantitative. The o~er-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 spectre-grade eyclohexane. A representa- 
tive curve is showu in Fignre  1. This curve is iu good 
agreement with that shown hy l)ons ct al. (10) on 
gossypol purified by ninnerous reerystallizati//ns. I t  is 
also in agreement with the data (/btained by King and 
Thurber  (7) on a highly purified sample prepared by 
an improved procedure. Absorption maxima were ob- 
served at wavelengths <>f 2'.16, 286, and  358 m~. These 
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Fro. 1. Speetrophotometric curve for gossypol, prepared from 
dianflinogossypol, in eyclohexane. 

nlaxima agree with those reported by other investi- 
gators (7, 10), who consider the extinctir coefficient 
at 358 m/x as a measure of the pur i ty  of the gossypol. 
The extinction coefficients, E ~./l./1 ...... , at 2:16, 286, and 
358 m~ for various Ilreparations of gossypol prepared 
from dianilinogossypol are shown ill Table I. The 
Imri ty  of each preparation is also indicated in Table I 
and was eahmlated from the exiil|eti|ln coeffieil'||t ob- 
served at 358 m~ by assuming that the vahle of 39.9 
ohserved by l)</llS et el. (10) is the correct value. These 
data indicate that  the l)urity of gossyl)ol prepared 
from dianilin/)gossypol is e|llml lo lhat of gossypol 
prepared by other methods (7, 10). 

The pur i ty  of each preparation was measured also 
by a second procedure. Sanlllles of Ill(' go~sypol were 
placed in a 250-m1., wide-mouth flask anlt dissolved 
in 10 ml. of peroxide-free ether. Fifteen milliliters of 
0.05 N NaOH were added, and the elher was removed 
ulldC-r reduced pressure while rolali|lg the flask irl 
warm water. Then 100 nil. of 1)(/ih,d and cooled dis- 
tilled water were added, and the excess NaOl I  was 
t i trated electrometrieally, USilig glass-(mlomel elec- 
trodes, with s tandard 0.05 N IICl. The t i trat ion was 
continued through the second inflec|i()n of the curve, 
indicating that  the disodium salt was converted to 
gossypol. A typical t i tration curve is shown in 
Figure 2. 

The percentages of pur i ty  calculated froln the titra- 
tion data are shown in Table I. These valm~s substan- 
tiate those derived speetrophotometrieally and arc ill 
agreement with values obtained (|n a salnple I)rcl/ared 

T A B L E  I 

C h a r a c t e r i s i i e s  of P u r e  G o s s y p o l  P r e p a r e d  fl 'om D i a n i l i n o ~ : o s s y p o l  

P r e p a r a t i o n  
No.  

2 a . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 i, . . . . . . . . . . . . . . . . . . . . . . . . . . .  

b . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.5 a . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v e r a g e  . . . . . . . . . . . . . . . . . .  

E x t i n c t i o n  coe f f i c i en t  in  
c y c l o h e x a n e  

2 3 6  
mt t  

2O6.O 
2 1 0 . 0  
2O5.O 
2 1 0 . 0  
2 1 2 . 0  

2 0 8 . 6  

P u r i t y  c a l c u l a t e d  
f r o m  

2 8 6  
ln/ t  

7 0 . 4  
7 0 . 0  
7 0 . 0  
6 9 . 0  
6 9 . 4  

6 9 . 8  

E x t i n c t i o n  A l k a l i -  
3 5 8  coe f f i c i en t  m e t r i c  
rote a t  3 5 8  m ~  t i t r a t i o n  

% % 
3 9 . 9  1 0 0 . 0  9 9 . 5  
3 9 . 8  9 9 . 7  99 .1  
3 9 . 8  9 9 . 7  9 9 . 9  
3 9 . 8  9 9 . 7  1 0 0 . 0  
4 0 . 2  1 0 0 . 5  97.1~ 

3 9 . 9  9 9 . 9  9 9 . 3  

a C r y s t a l l i z e d  f r o m  a n  e t h e r - a l c o h o l - w a t e r  m i x t u r e .  
b C r y s t a l l i z e d  t w o  t i m e s  f r o m  t h e  e t h e r ~ a l c o h o l - w a t e r  m i x t u r e .  
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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- 


