
Reactions Unsaturated Fatty Alcohols. VII. Polymerization of 
Vinyl Ethers Catalyzed by Stannic and Ferric Chlorides I 
E. J. DUFEK, R. A. AWL, L. E. GAST, I. C. COWAN, and H. M. TEETER, 
Northern Regional Research Laboratory, 2 Peoria, Illinois 

p OLY3,IERS showing promise as protective coatings 
can be obtained by polymerization of polyunsatu- 
ra ted  fa t ty  vinyl ethers, such as those derived 

from soybean and linseed alcohols. Boron trifluoride 
was init ially used as a catalyst for  this polymerization 
(3, 6, 8). Use of this catalyst however required cool- 
ing of the reaction mixture to temperatures  of the 
order of --30~ A fu r the r  disadvantage was that  the 
strongly exothermic polymerization reaction was dif- 
ficult to control at subzero temperatures,  par t icular ly  
in the preparat ion of more than a few grams of 
polymer. 

I t  was found (9) that  use of stannic chloride as a 
catalyst permit ted initiation of polym'~rization of 
polyunsaturated fa t ty  vinyl ethers at room temI)era- 
ture and appeared to offer a number of advantages ill 
comparison with boron trifluoride. This paper pre- 
sents the results of a detailed study of the conditions 
required for efficient polymerization of unsaturated 
fa t ty  vinyl ethers with stannie chloride as catalyst 
and describes a satisfactory procedure for prepar ing 
polymers in quantities up to 1 kg. Some ilffornlation 
is included on the use of ferric chloride hexahydrate,  
another catalyst reported (7) to initiate polymeri- 
zation of vinyl ethers at room temperature.  

Polymerization with Stannic Chloride 
Starting Materials. C o n j u g a t e d  soybean  v in y l  

ether (99.5%; conjugated diene, 36.0% ; conjugated 
triene, 0.25%) and conjugated linseed vinyl ether 
(99.5%; conjugated diene, 31.0%; conjugate(t triene, 
5.98'~ ; conjugated tetraene, 0.29%) were prepared 
as previously described (3, 6, 8). Noneonjugated soy- 
bean vinyl ether (99.2%; conjugated diene, 0.9%) 
and noneonjugated linseed vinyl ether (98..()%; con- 
j ugated diene, 1.26 % ; conjugated triene, ().59 % ) were 
prepared from samples of the respective nonCOll- 
jugatcd fa t ty  alcohols by a transvinylation technique 
(~), 10) .  

Generalized I'rocedure. The basis for  s tudy of re- 
action variables described in subsequent paragral)hs 
was as follows. Polymerization studies were carried 
out in a round-bottomed flask fitted with a stirrer,  
thermocouple, nitrogen inlet, Separatory funnel, and 
reflux condenser. The reactor was charged with the 
appropriate  monomers and solvent. The flask was 
purged of air with nitrogen, and the stamlie-chloride 
catalyst solution was added with rapid stirring under  
a continuous flow of nitrogen. After  a suitable inter- 
val the mixture was quenched by adding 50% aqueous 
methanol. The product  layer was washed three times 
with 50% aqueous methanol, dried over sodiunl sul- 
fate, and freed of solvent by distillation. Except  
where otherwise indicated, nmleeular weights of prod- 
ucts were determined eryoscopieally ill cyclohexane. 

z P r e s e n t e d  in p a r t  a t  the  fal l  meet ing ,  A m e r i c a n  Oil Chemists '  So- 
ciety, Chicago,  I l l . ,  Oct. 2 0 - 2 2 ,  1 9 5 8 .  

s Th i s  is  a l a b o r a t o r y  of the N o r t h e r n  Ut i l i za t ion  Resea r ch  and  De- 
ve lopment  Div is ion ,  A g r i c u l t u r a l  Resea r ch  Service ,  U. S. D e p a r t m e n t  
of AGr icu l tu re .  

Type of Solvent. Data on polymerization of con- 
jugated soybean vinyl ether in various solvents are 
shown in Table I. Comparison of polymerizations 
conducted in methylene chloride, chloroform, and car- 
bon tetraehloride shows that  the polymer prepared 
in chloroform had the lowest molecular weight. This 

T A B L E  I 

P o l y m e r i z a t i o n  ~ of C'onjugated Soybean  Viny l  E t h e r  
in D i f f e r e n t  Solvents  

Solvent  b 

1Kethyleno ch lor ide  ... . . . . . . . . . . . . . . . . .  
Chloroform .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbon  t e t r a e h l o r i d e  ................. 
E t h y l e n e  d i ch lo r ide  ... . . . . . . . . . . . . . . . .  
H e p t a n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H e x a n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
To luene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l~o leeu la r  
w e i g h t  

- 3 , 3 9 O - -  
1 , 2 8 0  
4 , 5 5 0  
2 , 9 1 0  
5 , 8 5 0  
3 ,940  
5 , 2 6 0  
4 , 4 5 0  

Deg ree  of Viscos i ty  
polymeri -  ( G a r d n e r )  

za t ion  

4.4 P-Q 
15.5  10o z ~  
20.1 135 z: 
18.0  Z>Z(~ 
15.2  Za 

Color 

a I n i t i a t e d  a t  25~  4.8 mmoles SuCI: ( added  in benzene so lu t ion)  
pe r  mole of monomer .  

b 3 in l . / g ,  monomer ,  exct,pt heptanl , ,  5 n l h / g ,  monomer .  

solvent effect was also observed in polymerizations, 
using boron trifluoride-etherate (6) and ferric chlo- 
ride hexahydrate  (v.i.) catalysts. Because of its satis- 
factory performalmc, boiling point, and low toxicity 
ill comparison with benzene, tohlenc appeared to be 
the more suitable solvent for routine use. 

Catalyst Concentration. I ucreasing the catalyst con- 
centrat ion increased the molecular weight of the poly- 
mer (Table i l l .  In the.so exllerinlents the catalyst 
was added in solution in benzoin,, toluene, or carbon 
tetrachloride without affecting the results. 

Eley  and Pet)per (1) and Eley and Richards (2) 
report  similar results for ttle polymerization of n-butyl 
and 2-ethylhexyl vinyl ether, respectively. However, 
when more than 4.8 mlnoles of stalmic chloride were 
used per mole of e(mjllgaled soybean vinyl ether 
nmnomer, the polymer darkene(t. Polymerization was 
substantially complete except w/Ion less than 1 mmole 
of catalyst was used. 

Rates of polymerizatiotl and maximum temperatures 
of tile reaction mixture imxease with increasing cata- 
lyst concentration (Figure  1). At low concentrations 

T A B L E  1I  

Effect  of Ca ta lys t  Concen t r a t ion  on Po lymer i za t i on  of 
Con juga ted  Soybean Viny l  E t h e r  

Molecu la r  
SnC14 ~' Solvent  we igh t  of U n r e a c t e 4  

polymer monomer  

M m o l e  

0.48  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .96  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 .92 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 .8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 .6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 .4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 .8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

]3enzene b 
]3enzene 
Benzene  
B e n z e n e  
Benzene  
I l e p t a n e  e 
t - lep tane  
H e p t ~ n e  

370  
2 , 7 3 0  
3 ,175  
5 ,260  
5 , 4 0 0  
4 , 9 2 0  
5 ,850  
7 , 7 5 0  

% 
65.8  

6.1 
0.5 
3.0 
0.0 
3,7 
1.6 
1.3 

37 

:~ P e r  mole of monomer .  Reac t ion  i n i t i a t e d  a t  25~ 
b A n h y d r o u s ;  3 m l . / g ,  monomer .  
c 5 m l . / g ,  monolner .  
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�9 ~ 55 I 
50 

o ~  

45 

�9 ~ 4O 

2s 

;-.q1~-9.6 Mmolns SnCI4/Molo Monomer 
~q~---4.8 

1.92 

0.96 

ql 

~ 2 o  t , I ' II ' t 
l 2 3 4 6 8 

Reoctio. Time(Minutes} 

I I 
10 12 14 

F r o .  1. E f f e c t  o f  c a t a l y s t  c o n c e n t r a t i o n  o n  r a t e  o f  p o l y m e r i -  
z a t i o n  o f  c o n j u g a t e d  s o y b e a n  v i n y l  e t h e r ,  b a s i s  o f  3 m l .  
b e n z e n c / g ,  n m n o m e r  a n d  w i t h  r e a c t i o n  i n i t i a t e d  a t  2 5 ~  

an induction t>eriod was ohserved. The sudden de- 
crease in t empera tu re  at the end of each reaction 
results front addition of the quenching agent. 

Quench ing  Time.  Two polymerizations were con- 
ducted which differed o,fly in that  one was quenched 
when the reaction mixture  reached its max imum tem- 
pera ture  and the other was quenched 4 min. later. 
The molecular weights of the respective polymers 
were 5,260 and 4,820, all<t their  Gardner  colors were 
1 and 6. Because no other <tifferenccs in propert ies  
were observed, it was conehI<led that  for  opt imum 
results polyme,'izalio,l shtmhl bt; quenched at the 
max imum tempera tu re  obtained by the reaction 
mixture.  

Water .  A series of polymerizatiol~s of conjugated 
soybean vinyl  ether was carried out in benzene con- 
ta ining vary ing  alnounts of water. The results, shown 
in Table H I ,  demonstra te  that  as the amount  of 

T A B L E  I I I  
Effect of W a t e r  Content  on Polymer iza t ion  a of Conjuga ted  

Soybean Vinyl  E the r  in  Benzene b Solut ion  

W a t e r  

% 
0.003 ............................................... 
0 . O l l  ................................................ 
0.023 ............................................... 
0.053 ................................................ 
0.077 e .............................................. 

Molecular  weight  
of polymer  

5,000 
3,440 
2,600 
2,360 
2,060 

:~ I n i t i a t e d  at  25~ 4.8 mmoles S n C h / m o l e  monomer.  
b 3 ml . /g ,  monomer.  
e Benzene sa tu ra t ed  wi th  water  at  25~ 

moisture in the solvent was increased, the molecular 
weight of the polymer  decreased. 

S o l v e n t  Rat io .  According to data  in Table IV, in- 
creasing the volume of solvent used per  g ram of 

T A B L E  I V  
Polymer iza t ion  a of Con juga ted  Soybean Viny l  E t h e r  in  Benzene 

Solut ions  of Va ry ing  Concent ra t ion  

Solvent  React ion  Max. re- Molecular  
ra t io  t ime act ion we igh t  of 

temp. polymer  

M l . / g .  

m o n o m e r  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 ......................................... 
10 ......................................... 

5 
12 
18 
25 
45 
60 
90 

160 
180 
210 

~ 
71 
57 
53 
47 
41 
36 
36 
34 
33 
32 

10,000 
7,200 
5,400 
4,750 
3,520 
3,900 
3,080 
3,290 
2,700 
2,200 

a I n i t i a t e d  a t  2 5 ~  4.8 mmoles S n O h / n m l e  monomer .  

monomer increased the t ime of reaction, decreased 
the max imum tempera tu re  a t ta ined by the reaction 
mixture,  and decreased the molecular weight of the 
polymer.  As the molecular weight decreased, the vis- 
cosity of the polymers also decreased f rom over Z6 
to Z 1. 

Initiation Temperature. Polymerizat ions init iated 
at several tempera tures  ranging  f rom 25 ~ down to 
--25 ~ gave polymers  with molecular weights shown 
in Table V. Molecular weights above 10,000 were 
obtained by viscosity measurements  at 25~ on ben- 
zene solutions at three concentrations. Ext rapola t ion  

T A B L E  V 
Polymer iza t ions  a of Con juga ted  Soybean Viny l  E t h e r  

In i t i a t ed  at  Different  Tempera tu res  

Proper t ies  of polymer 
I n i t i a t i o n  

t empera tu re  

~  
25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 ....................................... 
O ....................................... 

- -10 ...................................... 
m25 ...................................... 

Molecular  I n t r i n s i c  
we igh t  viscosi ty  

4,700 0.126 
9,600 0.250 

17,000 0.305 
20,000 0.335 
24,500 0.386 

Viscosity 

68 
345 
410 
486 
65O 

4 ml. t o luene /g ,  monomer ;  4.8 mmoles S n C h / m o l e  monomer.  
b Time in  seconds for the bubble to r ise  7.5 cm. in  a Gardner -Hol t  

viscosi ty  tube at  25~ (Z~ is 195 see.).  

to zero concentrat ion gave the intrinsic viscosity. 
Molecular weights were then evaluated f rom a plot of 
intrinsic viscosity vs. molecular  weight (number  av- 
erage).  This plot was based on cryoseopic determi- 
nation of molecular weight for  a series of polymers 
tha t  were p repared  at 25~ with stannie chloride as 
catalyst  and had vary ing  molecular weights below 
10,000. I t  was assumed that  this plot of intrinsic 
viscosity vs. molecular weight could be l inear ly extra- 
polated with val idi ty  beyond molecular weights of 
10,000 (4).  Pepper  has shown (5) tha t  a plot of 
intrinsic viscosity vs. molecular weight for  low molec- 
ular-weight  polystyrene continues to be l inear  for 
high molecular-weight  polymers.  Viscosities and in- 
trinsic viscosities of the vinyl  ether polymers  are also 
listed in Tab]e V. 

M o n o m e r  P u r i t y .  Because the pr incipal  impur i ty  
likely to be found in vinyl  ethers is f a t t y  alcohol, 
various amounts  of nonconjugated soybean alcohol 
were added to noneonjugated soybean vinyl  ethers be- 
fore polymerization. Results of these experiments  are 
itemized in Table VI.  As the alcohol content of the 

T A B L E  V I  
Polymer iza t ion  a of Mixtures  of Nonconjuga ted  Soybean 

Alcohol and  Viny l  E ther  

Molecular  Degree  of Viny l  e ther  weight  of 
in  m ix tu r e  polymer  polymer iza t ion  

% 
99.4 ................................. 5 ,500 18.8 
94.2 ................................. 2 ,790 9.6 
88.3 ................................. 1,490 5.1 
84.4 ................................. 1 ,090 3,7 
80.9 ................................. 980 3.4 

a 3 ml. benzene /g ,  monomer ;  4.8 mmoles S n 0 h / m o l e  monomer.  

monomer increased, the molecular weight of the 
polymers  decreased. 

I n f r a r e d  spectra of the polymers  showed that  this 
reduction in molecular weight was not caused by the 
presence of residual f a t t y  alcohol. 

Similar  results were obtained with conjugated 
monomer and  alcohol. F o r  sat isfactory resul ts  in 
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polymerization, f a t t y  alcohol content of polyunsatu-  
rated f a t t y  vinyl  ethers should be less than 2%. 

Comparison of Conjugated and 
Nonconjugated Monomers 

Polymers  p repa red  f rom noneonjugated soybean 
vinyl  ether had slightly higher molecular weights and 
considerably lower viscosities than did polymers  pre- 
pared  under  identical conditions f rom conjugated 
monomer (Table V I I ) .  This difference in viscosity 

T A B L E  V I I  

Polymer iza t ion  a of Conjuga ted  and Nonconjug 'ated 
Soybean Viny l  E ther  

Con juga ted  Noncon.iu~ated 

Solvent  ratio,  ml./g' ,  monomer  ........ 
Molecular  weight  ............................. 
Viscosi ty ( G a r d n e r )  ....................... 

3 5 
5,130 3,390 
Z~-Z6 Z:~-Z4 

3 5 
3,690 5 ,~)0  
X-Y 

a Benzene solut ion ; i n i t i a t e4  at  25~ ; 4.8 mmoles S u C h / m o l e  monomer.  

suggests tha t  the conjugated system par t ic ipates  in 
polymerization to a greater  extent than  the 1,5-penta- 
diene system of the noneonjugated monomer.  

Recommended Procedure for Polymerization 
On the basis of investigation of the variables affect- 

ing polymerizat ion of soybean vinyl  ether with stan- 
nie chloride, the following procedure is recommended 
for labora tory  polymerizat ion up to 1 kg. of soybean 
vinyl  el:her. Polymers  p repared  by this procedure 
will normal ly  have molecular weights of 4,000-6,000. 
This molecular-weight range appears  to be satisfac- 
tory  for  studies of the fi lm-forming propert ies  of the 
polymers.  This procedure may  also be used for  pre- 
par ing  copolymers if pilot experiments  show tha t  the 
exothermic heat of reaction f rom polymerizat ion of 
the desired nlixture of monomers will not raise the 
reaction tcmI)erature to the boiling point of toluene. 

A ] 2-liter, :/-necked, Morton type of flask is equipped 
with a stainless-steel st irrer,  a condenser, and a s t ra ight  
tube 45 em. in length. An inlet tube for ni t rogen and 
an iron-constantan thermoeouple are inserted through 
the condenser to a point jus t  above the st irrer .  The 
s t ra ight  tube is used for rapid  addition of catalyst  
and quenching agent. Tempera ture  of the reaction 
mixture  is followed by an automatic  recorder to which 
the thermocouple is attached. 

In  a typical  polymerizat ion 1 kg. of conjugated 
soybean vinyl  ether and 3 liters of anhydrous  toluene 
are charged into the flask. Wi th  rapid  s t i r r ing and 
nitrogen bubbling in below the liquid surface, 60- 
65 ml. of 8% (w/w)  anhydrous  stannie chloride in 
toluene are added rapidly.  At  the max imum tempera-  
ture, as indicated by the recorder, the reaction is 
quenched with 500 ml. of 50% aqueous methanol.  
While still warm, the reaction mixture  is washed 
three times with 250 ml. of 50% aqueous methanol  
and dried with sodium sulfate. F i l t ra t ion  and re- 
moval of the solvent under  reduced pressure in a 
ro ta ry  evaporator  give 900-950 g. of polymer.  

Polymerization with Ferric Chloride Hexahydrate 
Procedure. Polymerizat ions with ferr ic  chloride 

hexahydrate  (7) were carried out according to the 
following general procedure.  

Ten grams of conjugated soybean vinyl  ether and 
30 ml. of solvent were placed in a 125-ml. Er lenmeyer  

flask and s t i r red rap id ly  with a magnetic  st irrer .  The 
t empera tu re  was automat ica l ly  recorded by  using an 
i ron-eonstantan thermocouple.  A gas inlet-tube was 
employed to main ta in  an inert  a tmosphere  of nitro- 
gen over the polymerizat ion mixture.  Ten drops of a 
5% solution of ferr ic  chloride hexahydra te  in n- 
butanol  were added. The exothermic reaction tha t  
ensued was complete in 2 rain. When  the m a x i m u m  
tempera tu re  was reached, the catalyst  was quenched 
with 1 ml. of concentrated ammonium hydroxide ;  the 
solution was washed with water  unt i l  neut ra l  to lit- 
mus, dried with anhydrous  sodium sulfate, and fil- 
te red;  and the solvent was removed at a pressure  
of 1 ram. 

Table V I I I  shows the results of polymerizat ions 
ca r r i ed  out in a va r i e ty  of solvents. All polymers  
were much darker  in color than  those p repa red  with 
stannie chloride as catalyst  (compare  Table I )  with 

T A B L E  VIII 

Polymerization of Soybean Vinyl Ether with l~errie Chloride 
t t e x a h y d r a t e  a as Cata lys t  a t  25~ 

Solvent  

None ........................ 
Benzene ................... 
t :[exane .................... 
Hexane  .................... 
Methylene 

chloride ................ 
Chloroform ............... 
Carbon tetra- 

chloride ................ 

2r 
Solvent  I la r  
r ~ ] o  weig~tt 

n o n o m e r  

None I 2,000 
3 1,270 
3 780 
1 1,540 

3 1,400 
3 970 

3 '),100 

Viscosi ty  

�9 G a r d n e r )  

Zr,-Zo 

V 
Z1-Z~ 

W 
L 

Y 

Res idua l  
v iny l  
ether  

% 

0.4 
2.9 

14.8 
2.4 

3.7 
4.4 

8.6 

Color 

( G a r d n e r )  

12 
9 

11 
11 

10 
2 

11 

~ 5 %  solut ion in  n-hutanol .  

the exception of the polynler p repared  in chloroform 
solution. At  least SOlm'~ of the coh)r was caused by  
the presence of unrenloved iron eompoulnts since an 
improved color could be obtained by precipi ta t ion of 
iron as the sulfide. 

Although polymerizat ion was readi ly  init iated at 
25 ~ , f e r r i e  chloride hexahydrate  appeared  to be a 
relatiw,ly inefficient catalyst  since molecular weights 
of the polymers were all comparat ively  low (2,100 or 
less) and since, ill the major i ty  of the experiments,  
the polynler contai m,d over 3 % of residual vinyl  ether. 

Summary 
Variables affecting the use of stannie chloride as a 

catalyst  for ini t ia t ing polymerization of conjugated 
and noneonjugated soybean vinyl  ether were studied. 
Molecular weight of the polymers  increased with an 
increase in catalyst  and a decrease in init iat ion tem- 
perature ,  and it decreased when the amount  of mois- 
ture ill the solvent, the amount  of free f a t ty  alcohol 
in the monomer, or the ratio of solvent to monomer  
was inc.reased. Aromat ic  and aliphatic hydrocarbon 
solvents were superior  to halogenated solvents for  
conducting polymerizations.  Similar  results were 
obtained with nonconjugated monomers except tha t  
viscosities of the polynlers were considerably lower 
than  those of polymers  of the same molecular weight 
obtained f rom conjugated monomer. 

To obtain polymers  suitable for f i lm-forming studies 
(4,000-6,000 molecular  weight) polymerizat ion is in- 
i t iated p re fe rab ly  at 25~ with 3 ml. of anhydrous  
toluene used per  g ram of monomer and 4.8 mmoles of 
stannic chloride per  mole of monomer.  Monomer 
pur i ty  should be at  least 98%. 
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Fer r ic  chloride hexahydra te  init iated polymeriza- 
tion at 25 ~ , but polymerization was incomplete, and 
the polymers  had relat ively low mole(;ular weights. 
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T 
I-IE EARLIFST recorded s ta tement  on the ha rmfu l  
effect of (,ottonseed is a t t r ibuted to Voelker in 
England  ill 185!) (1). Since that  tinle many nla- 

terials have been t)lamed for the adverse i)hysiologieal 
effects noted af ter  fce/ting cottonseed. In  1886 Long- 
more (2) isolated a crude l)igment f rom eottouseed 
oil " l o o t s , "  and Marehlewski (3) in 189!1 extracted, 
purified, and gave. the name " g o s s y p o l "  to a yellow 
pigment  which he had obtained f rom cottonseed 
" f o o t s . "  These {alter two investigators were illter- 
ested in the pigmented material  as a dye and made 
no mention of physiological activity.  The prelimi- 
n a r y  note by Withers  and Car ru th  (4) in 1915 
entitled, "Gossypol ,  a Toxic Substance in Cotton- 
seed ,"  was their  first repor t  of separat ion f rom cot- 
tonseed kernels of a substance which appeared to be 
identical  with the mater ial  separated f rom crude 
cottonseed oil and named by Marehlewski in 1899. 
Withers  and Car ru th  found their  mater ia l  to be toxic 
to rabbi t s  and published three additional paper:.; 
(5-7) ,  all bearing titles similar to the first one. These 
p u b l i c a t i o n s  and  s u b s e q u e n t  w o r k  p r i m a r i l y  by  
Sehwartze (8-10) ,  who made a positive correlation 
between the toxicity of raw cottonseed and gossypol 
content, led to the general belief tha t  the toxicity of 
cottonseed can be a t t r ibuted solely to its gossypol 
content. 

Wi th  the avai labi l i ty of cottonseed p igment  glands, 
separated f rom cottonseed kernels by  a flotation proc- 
ess (11, 12), and of pure  gossypol (13, 14) it became 
possible to evaluate their  toxicity by determining the 
oral mediaIl lethal dose, i.e., the oral LDso value. I t  
was found that  three different samples of unt rea ted  
cottonseed pigment  glands containing 40.0, 37.6, and 
33.7% gossypol, respectively, were more toxic to the 
ra t  than  pure  gossypol itself. These early findings 
were repor ted  for  us by Boatner  in 1947 (15). F rom 
that  t ime to the present,  studies have been made on 
a large series of samples of gossypol and of untreated,  
f raet ionated,  treated, stored, and detoxified eotton- 
seed p igment  glands (16-22).  

1 P r e s e n t e d  at  the  Confe rence  on Chemica l  S t r u c t u r e  and  Reac t ions  
of Oossypol  a n d  Nongossypol  P i g m e n t s  of Cottonseed,  Sou the rn  Utili-  
za t ion  R e s e a r c h  and  D e v e l o p m e n t  Div i s ion ,  U.S .D.A. ,  N e w  Orleans ,  
La. ,  M a r c h  1 9 - 2 0 ,  1959.  

In  Table I are shown a series of 11 different sam- 
ples of untreated cottonseed pigment  glands, varying 
m acute oral toxicity in the ra t  (LDso value) f rom 
925 to 2170 mg./kg,  body weight. I t  should be recog- 
nized that,  while cottonseed pigment  glands are toxic, 
they show a ra ther  wide range of toxicity not refer- 
able to their  analyz(~d gossypol content. 

T A B L E  1 
Toxi( ' i ty and Gossyl)ol Content  of U n t r e a t e 8  

Cottonseed Pi, 'zment (~lands a 

Acute  oral  Gossypol  
P i g m e n t  g l ands  Ll)~o in the  r a t  content  b 

1 ....................................................... 
2 ........................................................ 
3 ........................................................ 
4 ....................................................... 
5 ........................................................ 
6 ........................................................ 
7 ........................................................ 
8 ........................................................ 
9 ....................................................... 

10 ........................................................ 
] l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

m g . / k g .  
925 

1060 
1140 
1345 
1350 
1430 
1635 
1775 
1845 
2000  
2170 

% 
(40.0) 
(36.9*) 

37.8 s 
34,3 s 

(33,5 s) 
32.5 
30.3 a 

(33 .0)  
34.1 a 
33.2 
28.6 ~0 

E a g l e  et al. (1948,  1950, 1952) .  
b The  f igures  in  pa ren these s  denote  ana ly t ica l  r e su l t s  by the a n t i m o n y  

chlor ide  method  of Boa ner  et al. (1947 ,  1 9 4 8 ) ;  all o ther  ana lyses  by 
method  of P o n s  and  G u th r i e  ( 1 9 4 9 ) ;  the  exponent  denotes  the  n u m b e r  
of an~tyses  averag 'ed .  

Table I I  shows a series of 10 different samples of 
gossypol, the LD,~o values of which in the ra t  were 
determined when administered in water  or in oil or 
in each. I t  may  be seen that  gossypol is less toxic, 
whether  adminis tered in oil or in water,  than even 
the least toxic of the 11 samples of un t rea ted  cotton- 
seed p igment  glands tested. 

In  1947 several papers  (23, 24) were presented in 
which it was stated tha t  gossypol was an appet i te  
depressant,  that  intestinal i r r i ta t ion and other toxic 
manifestat ions previously ascribed to gossypol are 
not found with a pure  prepara t ion  of gossypol in 
reasonable doses, and that  purified gossypol has no 
general ly toxic properties.  The widespread publici ty 
relative to the possible use of gossypol in the treat- 
merit of obesity in man neeessitated tha t  we deter- 
mine the effect of small daily doses on the body 
weight and food consumption of the dog. 

F o u r  l i t ter-mate dogs were given 19 doses of 0, 50, 
100, and 200 mg. of gossypol per kg. of body weight 


