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OLYMERS showing promise as protective coatings
P can be obtained by polymerization of polyunsatu-

rated fatty vinyl ethers, such as those derived
from soybean and linseed alcohols. Boron trifluoride
was initially 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°C. A further disadvantage was that the
strongly exothermic polymerization reaction was dif-
ficult to control at subzero temperatures, particularly
in the preparation of more than a few grams of
polymer.

It was found (9) that use of stannic ehloride as a
catalyst permitted initiation of polymerization of
polyunsaturated fatty vinyl ethers at room tempera-
ture and appeared to offer a number of advantages in
comparison with boron trifiuoride. This paper pre-
sents the results of a detailed study of the conditions
required for efficient polymerization of unsaturated
fatty vinyl ethers with stannic chloride as catalyst
and describes a satisfactory procedure for preparing
polymers in quantities up to 1 kg. Some information
1s 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. Conjugated soybean vinyl
ether (99.5%; coujugated diene, 36.0% ; conjugated
triene, 0.25%) and conjugated linseed vinyl cther
(99.5% ; conjugated diene, 31.09% ; conjugated triene,
5.98% ; conjugated tetraene, 0.29%) were prepared
as previously described (3, 6, 8). Nonconjugated soy-
bean vinyl ether (99.2%; conjugated diene, 0.9%)
and nonconjugated linseed vinyl ether (98.9%; con-
jugated diene, 1.26% ; conjugated triene, 0.59%) were
prepared from samples of the respective noncon-
Jugated fatty alcohols by a transvinylation technique
(9, 10).

Generalized Procedure. The basis for study of re-
action variables described in subsequent paragraphs
was as follows. Polymerization studies were carried
out in a round-bottomed flagsk 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 stannic-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 sodium sul-
fate, and freed of solvent by distillation. Except
where otherwise indicated, molecular weights of prod-
ucts were determined cryoscopically in cyclohexane.

1 Presented in part at the fall meeting, American Oil Chemists' So-
ciety, Chicago, Ill., Oct. 20-22, 1958.

2 This is a laboratory of the Northern Utilization Research and De-

velopment Division, Agricultural Research Service, U. 8. Department
of Agriculture.
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Type of Solvent. Data on polymerization of con-
jugated soybean vinyl ether in various solvents are
shown in Table 1. Comparison of polymerizations
conducted in methylene chloride, chloroform, and car-
bon tetrachloride shows that the polymer prepared
in chloroform had the lowest molecular weight. This

TABLE I

Polymerization * of Conjugated Soybean Vinyl Ether
in Different Solvents

Degree of . .

b Molecular | Viscosit;
Solvent weight p?ﬁl&'{l‘fﬂm' { Gardnez) Color
Methylene chloride.... 3,390 11.6 XY 1
Chloroform............ 1,280 4.4 P-Q 1
Carbon tetrachloride. 4,550 15.5 Zs 1
Ethylene dichloride 2,910 10,0 Z-7Z1 3
Heptane.... 5,850 20.1 Za 5
Hexane... 3,940 13.5 Zs 3
Benzene.. 5,260 18.0 Z5-Ze 1
Toluene..... 4,450 15.2 Zs 2

* Initiated at 25°C.; 4.8 mmoles SnCls (added in benzene solution)
per mole of monomnier.

b3 ml./g. monomer, except heptane, 5 ml./g. monomer.

solvent effect was also observed in polymerizations,
using boron trifluoride-etherate (6) and ferrie chlo-
ride hexahydrate (v.4.) catalysts. Because of its satis-
factory performance, boiling point, and low toxicity
in comparison with benzene, toluene appeared to be
the more suitable solvent for routine use.

Catalyst Concentration. Increasing the catalyst con-
centration inereased the molecular weight of the poly-
mer (Table II). In these experiments the catalyst
was added in solution in benzenc, toluene, or carbon
tetrachloride without affeeting the results.

Eley and Pepper (1) and Eley and Richards (2)
report similar results for the polymerization of n-butyl
and 2-ethylhexyl vinyl ether, respectively. However,
when more than 4.8 mmoles of stannic chloride were
used per mole of conjugated soybean vinyl ether
monomer, the polymer darkened. Polymerization was
substantially complete except when less than 1 mmole
of catalyst was used.

Rates of polymerization and maximum temperatures
of the reaction mixture increase with increasing cata-
lyst concentration (Figure 1). At low concentrations

TABLE 1I

Effect of Catalyst Concentration on Polymerization of
Conjugated Soybean Vinyl Ether

Molecular U "
SnClst Solvent weight of nreacted
polymer monomer
Mmole %
0.48 Benzene b 370 65.8
0.96.. Benzene 2,730 6.1
1.92.. Benzene 3,175 0.5
4.8 Benzene 5,260 3.0
9.6 Benzene 5,400 0.0
2.4 Heptane ¢ 4,920 3.7
4.8 Heptane 5,850 1.6
9.6 Heptane 7,750 1.3

* Per mole of monomer. Reaction initiated at 25°C.
b Anhydrous; 8 ml/g. monomer.
¢ 5 ml./g. monomer.
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an Induction period was observed. The sudden de-
crease in temperature at the end of each reaction
results from addition of the quenching agent.

Quenching Time. Two polymerizations were con-
ducted which differed only in that one was quenched
when the reaction mixture reached its maximum tem-
perature and the other was quenched 4 min. later.
The molecular weights of the respective polymers
were 5,260 and 4,820, and their Gardner colors were
1 and 6. Beeause no other differences in properties
were observed, it was concluded that for optimum
results polymerization should be quenched at the
maximum temperature obtained by the reaction
mixture.

Water. A series of polymerizations of conjugated
soybean vinyl cther was carried out in benzene con-
taining varying amounts of water. The results, shown
in Table I1II, demonstrate that as the amount of

TABLE IIT

Effect of Water Content on Polymerization 2 of Conjugated
Soybean Vinyl Ether in Benzene ® Solution

Molecular weight
of polymer

Water
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2 Initiated at 25°C.; 4.8 mmoles SnCli/mole monomer.
b3 ml./g. monomer.
¢ Benzene saturated with water at 25°C.

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

Solvent Ratio. According to data in Table IV, in-
creasing the volume of solvent used per gram of

TABLE IV

Polymerization * of Conjugated Soybean Vinyl Ether in Benzene
Solutions of Varying Concentration

: Max, re- Molecular

So%vgnt Re;ﬁféon action weight of

ratio temp. polymer

Ml./g.
monomer Sec. °C.

b O O PPN 5 71 10,000
2. 12 57 7,200
3. 18 53 5,400
4. 25 47 4,750
5. 45 41 3,520
6. 60 36 3,900
7. 90 36 3,080
8. 160 34 3,290
9. 180 33 2,700
10. 210 32 2,200

a Initiated at 25°C.; 4.8 mmoles SnCli/mole monomer.
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monomer Increased the time of reaction, decreased
the maximum temperature attained 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 from over Zg
to Zl.

Initiation Temperature. Polymerizations initiated
at several temperatures ranging from 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°C. on ben-
zene solutions at three concentrations. Extrapolation

TABLE V
Polymerizations * of Conjugated Soybean Vinyl Ether
Initiated at Different Temperatures

Properties of polymer
Initiation >

temperature olecular Intrinsic . :
weight viscosity Viscosity

Sec®

4,700 0.126 68

9,600 0.250 345

17,000 0.305 410

20,000 0.335 486

24,500 0.386 650

t 4 ml. toluene/g. monomer; 4.8 mmoles SnCli/mole monomer.
b Time in seconds for the bubble to rise 7.5 cm. in a Gardner-Holt
viscosity tube at 25°C. (Ze is 195 sec.).

to zero concentration gave the intrinsic viscosity.
Molecular weights were then evaluated from a plot of
intrinsic viscosity vs. molecular weight (number av-
erage). This plot was based on cryoscopic determi-
nation of molecular weight for a series of polymers
that were prepared at 25°C. with stannic chloride as
catalyst and had varying molecular weights below
10,000. It was assumed that this plot of intrinsic
viseosity vs. molecular weight could be linearly extra-
polated with validity beyond molecular weights of
10,000 (4). Pepper has shown (5) that a plot of
intrinsic viscosity vs. molecular weight for low molec-
ular-weight polystyrene continues to be linear for
high molecular-weight polymers. Viscosities and in-
trinsic viscosities of the viny! ether polymers are also
listed in Table V.

Monomer Purity. Because the prineipal impurity
likely to be found in vinyl ethers is fatty aleohol,
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

TABLE VI

Polymerization * of Mixtures of Nonconjugated Soybean
Alcohol and Vinyl Ether

Vinyl ether L‘gg%e(}allzlgg Degree of
in mixture pol%mer polymerization
5,500 18.8
2,790 9.6
1,490 5.1
1,090 3.7
980 3.4

23 ml. benzene/g. monomer; 4.8 mmoles SnCli/mole monomer.

monomer inecreased, the molecular weight of the
polymers decreased.

Infrared spectra of the polymers showed that this
reduction in molecular weight was not caused by the
presence of residual fatty alcohol.

Similar results were obtained with conjugated
monomer and alechol. For satisfactory results in
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polymerization, fatty alcohol content of polyunsatu-
rated fatty vinyl ethers should be less than 2%.

Comparison of Conjugated and
Nonconjugated Monomers

Polymers prepared from nonconjugated soybean
vinyl ether had slightly higher molecular weights and
considerably lower viscosities than did polymers pre-
pared under identical conditions from conjugated
monomer (Table VII). This difference in viscosity

TABLE VII

Polymerization * of Conjugated and Nonconjugated
Soybean Vinyl Ether

Conjugated Nonconjugated
Solvent ratio, ml./g. monomer........ 3 5 3 5
Molecular weight................ .. 5,130 3,390 5,500 3,690
Viscosity (Gardner).... Z5-Ze Zis-Zia Y X-Y

* Benzene solution ; initiated at 25°C.; 4.8 mmoles SnCls/mole monomer.

suggests that the conjugated system participates in
polymerization to a greater extent than the 1,5-penta-
diene system of the nonconjugated monomer.

Recommended Procedure for Polymerization

On the basis of investigation of the variables affect-
ing polymerization of soybean vinyl ether with stan-
nie chloride, the following procedure is recommended
for laboratory polymerization up to 1 kg. of soybean
vinyl ether. Polymers prepared by this procedure
will normally have molecular weights of 4,000-6,000.
This molecular-weight range appears to be satisfac-
tory for studies of the film-forming properties of the
polymers. This procedure may also be used for pre-
paring copolymers if pilot experiments show that the
exothermic heat of reaction from polymerization of
the desired mixture of monomers will not raise the
reaction temperature to the boiling point of toluene.

A 12-liter, 3-necked, Morton type of flask is equipped
with a stainless-steel stirrer, a condenser, and a straight
tube 45 em. in length. An inlet tube for nitrogen and
an iron-constantan thermocouple are inserted through
the condenser to a point just above the stirrer. The
straight tube is used for rapid addition of catalyst
and quenching agent. Temperature of the reaction
mixture is followed by an automatic recorder to which
the thermocouple is attached.

In a typical polymerization 1 kg. of conjugated
soybean vinyl ether and 3 liters of anhydrous toluene
are charged into the flask. With rapid stirring and
nitrogen bubbling in below the liquid surface, 60-
65 ml. of 8% (w/w) anhydrous stannic chloride in
toluene are added rapidly. At the maximum 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. Filtration and re-
moval of the solvent under reduced pressure in a
rotary evaporator give 900-950 g. of polymer.

Polymerization with Ferric Chloride Hexahydrate

Procedure. TPolymerizations with ferric 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. Erlenmeyer
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flask and stirred rapidly with a magnetic stirrer. The
temperature was automatically recorded by using an
iron-constantan thermocouple. A gas inlet-tube was
employed to maintain an inert atmosphere of nitro-
gen over the polymerization mixture. Ten drops of a
5% solution of ferrie chloride hexahydrate in n-
butanol were added. The exothermic reaction that
ensued was complete in 2 min. When the maximum
temperature was reached, the catalyst was quenched
with 1 ml. of concentrated ammonium hydroxide; the
solution was washed with water until neutral to lit-
mus, dried with anhydrous sodium sulfate, and fil-
tered; and the solvent was removed at a pressure
of 1 mm.

Table VIII shows the results of polymerizations

‘carried out in a variety of solvents. All polymers

were much darker in color than those prepared with
stannic chloride as catalyst (compare Table I) with

TABLE VIII

Polymerization of Soybean Vinyl Ether with Ferric Chloride
Hexahydrate » as Catalyst at 25°C.

Molecu- Residual
Solvent S;) ;:fnt lar Viscosity vinyl Color
e weight ether
Ml./g. (Gardner) % (Gardner)
monomer
None 2,000 Zs-Zo 0.4 12
3 1,270 Y-Z 2.9 9
3 T80 w 14.8 11
Hexane.. 1 1,540 Z1-Zs 2.4 11
Methylene
chloride......c.oceern 3 1,400 w 3.7 10
Chloroform... 3 970 L 4.4 2
Carbon tetra-
chloride................ 3 2,100 Y 8.6 11

256 solution in n-butanol.

the exception of the polymer prepared in chloroform
solution. At least some of the color was caused by
the presence of unremoved iron compounds since an
improved .color could be obtained by precipitation of
iron as the sulfide.

Although polymerization was readily initiated at
25°, ferric chloride hexahydrate appeared to be a
relatively inefficient catalyst since molecular weights
of the polymers were all comparatively low (2,100 or
less) and since, in the majority of the experiments,
the polymer contained over 3% of residual vinyl ether.

Summary

Variables affecting the use of stannie chloride as a
catalyst for initiating polymerization of conjugated
and nonconjugated soybean vinyl ether were studied.
Molecular weight of the polymers increased with an
inerease in catalyst and a decrease in initiation tem-
perature, and it decreased when the amount of mois-
ture in the solvent, the amount of free fatty alcohol
in the monomer, or the ratio of solvent to monomer
was increased. Aromatic and aliphatic hydrocarbon
solvents were superior to halogenated solvents for
conducting polymerizations. Similar results were
obtained with nonconjugated monomers except that
viscosities of the polymers were considerably lower
than those of polymers of the same molecular weight
obtained from conjugated monomer.

To obtain polymers suitable for film-forming studies
(4,000-6,000 molecular weight) polymerization is in-
itiated preferably at 25°C. with 3 ml. of anhydrous
toluene used per gram of monomer and 4.8 mmoles of
stannic chloride per mole of monomer. Monomer
purity should be at least 98%.
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Ferric chloride hexahydrate initiated polymeriza-
tion at 25°, but polymerization was incomplete, and
the polymers had relatively low molecular weights.
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A Review of Some Physiological Effects of Gossypol and

Cottonseed Pigment Glands'

EDWARD EAGLE, Research Laboratories, Swift and Company, Chicago, Illinois

effect of cottonseed is attributed to Voclker in

England i 1859 (1). Since that time many ma-
terials have been blamed for the adverse physiological
effects noted after feeding cottonseed. Tn 1886 Long-
more (2) isolated a crude pigment from cottonseed
oil ““foots,”” and Marchlewski (3) in 1899 extracted,
purified, and gave the name ‘‘gossypol’’ to a yellow
pigment which he had obtained from cottonsced
“foots.”” These latter two investigators were inter-
ested in the pigmented material as a dye and made
no mention of physiological activity. The prelimi-
nary note by Withers and Carruth (4) in 1915
entitled, ‘‘Gossypol, a Toxie Substance in Cotton-
seed,”” was their first report of separation from cot-
tonseed kernels of a substance which appeared to be
identical with the material separated from crude
cottonseed oil and named by Marchlewski in 1899.
Withers and Carruth found their material to be toxie
to rabbits and published three additional papers
(5-T7), all bearing titles similar to the first one. These
publications and subsequent work primarily by
Schwartze (8-10), who made a positive correlation
between the toxicity of raw cottonseed and gossypol
content, led to the general belicf that the toxicity of
cottonseed can be attributed solely to its gossypol
content.

With the availability of cottonseed pigment glands,
separated from cottonseed kernels by a flotation proe-
ess (11,12), and of pure gossypol (13, 14) it became
possible to evaluate their toxicity by determining the
oral median lethal dose, i.e., the oral 1.Dj, value. It
was found that three different samples of untreated
cottonseed pigment glands containing 40.0, 37.6, and
33.7% gossypol, respectively, were more toxic to the
rat than pure gossypol itself. These early findings
were reported for us by Boatner in 1947 (15). From
that time to the present, studies have been made on
a large series of samples of gossypol and of untreated,
fractionated, treated, stored, and detoxified cotton-
seed pigment glands (16-22).

THE EARLIEST recorded statement on the harmful

1 Presented at the Conference on Chemical Structure and Reactions
of Gossypol and Nongossypol Pigments of Cottonseed, Southern TUtili-
zation Research and Development Division, U.S.D.A., New Orleans,
La., March 19-20, 1959.

In Table I are shown a series of 11 different sam-
ples of untreated cottonseed pigment glands, varying
in acute oral toxicity in the rat (LD, value) from
925 to 2170 mg./kg. body weight. It should be recog-
nized that, while cottonseed pigment glands are toxic,
they show a rather wide range of toxicity not refer-
able to their analyzed gossypol content.

TABLE 1

Toxicity and Gossypol Content of Untreated
Cottonseed Pigment Glands 2

Acute oral

N Gossypol
Pigment glands LDso in the rat content b
myg./kg. %
1. 925 (40.0)
2 1060 (36.9%)
3 1140 37.82
i 1345 34,32
5 1350 (33.58%)
6 1430 32.5
7 1635 30.33
s 1775 (33.0)
9 1845 34,13
10 2000 33.2
1 2170 28.62

1 Eagle et al. (1948, 1950, 1952).

b The figures in parentheses denote analytical results by the antimony
chloride method of Boa ner et al. (1947, 1948); all other analyses by
method of Pons and Guthrie (1949); the exponent denotes the number
of analyses averaged.

Table IT shows a series of 10 different samples of
gossypol, the LDy, values of which in the rat were
determined when administered in water or in oil or
in each. It may be seen that gossypol is less toxic,
whether administered in oil or in water, than even
the least toxie of the 11 samples of untreated cotton-
seed pigment glands tested.

In 1947 several papers (23, 24) were presented in
which it was stated that gossypol was an appetite
depressant, that intestinal irritation and other toxie
manifestations previously ascribed to gossypol are
not found with a pure preparation of gossypol in
reasonable doses, and that purified gossypol has no
generally toxic properties. The widespread publicity
relative to the possible use of gossypol in the treat-
ment of obesity in man necessitated that we deter-
mine the effect of small daily doses on the body
weight and food consumption of the dog.

Four litter-mate dogs were given 19 doses of 0, 50,
100, and 200 mg. of gossypol per kg. of body weight



