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The addition of alcohols to vinylacetylene s
knowri, Thereby proditets were oblained  bding
interpreted partly as botine derivatives, purtly. ss
allene derlvatives and pattly. as alkoxy-2-buts=
dlenes. Useful polymers could not yet be pro-
duced out of these compounds.” Experiments of
polymerization were nearly alwayy negative, com-
pare e. g. Rothenberg Zentralblatt 1936, I, p.
1895,

We have now found, applyitig kallum-alcb- 10
holate as catalyst, & new-class. of alcohol addi-
tlon products of vinylacetylene not known until
now which surprisingly polymerizes easfly. ‘THey
have, as stated by us, the constltution of alkoxy-
l-butadiene-1,3 of the general formiula’

RO.CHE=CH-—-CH=CH:
whereby OR, may be any kind of aleéhdl, By dis-
coverihg effective cathlysts used suceesshuly fdr-
alkoxy-1-butddienés, we were able 1o realize the
polymeérization of alkoxy=2-butdditnes. Mikttiids 20
of 1- and 2-alkoxy-butadienes are also polymeriz-
able,

Speclally suitable polymerfzation catalysts are:
kapillar-actlve substénces ke above all ¢lay,
kaolin and kapillardctlve hydrosileates: knowh 26
f. 1. under the name of Tonsil, Frankonit, Floridin
and the like. The polymerization 1s not acceller-
ated by all of these substances, active carbon arnd
sillcagel scircely att. Aspolymerizatiorn catdlysts”
qiite different substahces however-alsé may -be 30
used; especially some metal chiorides ke FeCli,
AlC), ZnClz and horon fluoridé. Acids UEe hiy-
drochloride acld, sulfuric acld, nitri¢ acld; phoy-
phordus pentoxyde' also cause polymerization.
Elerfiéntary oxyeen ahd the knowri-péroxydeacs 35
céllerators catalyze the polymerization. Fiirther
on the polymérd thernselvés are polymerizetlon
catalysts. These cathilysts can bé einployed-as -
suspensions or solutions.
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The properties:of the polymerization~products: 40

may be largely - varled-by means of the nitreérons -
methods applied-in’the ait'of ‘polstitéiization of
to-ddy, aecording” to- the Inténted:6 usa, Bieh"
means are {. 1. the polymerization at defined teins
peratures with or withéut af¥ solvents, the poly- 45
merization of the monomeric compound in an
emulsified state, the polymerization of the mono-
merlc compound with other polymerigable sub-
stancés or with substéinces not polymerizing.per
se, the polymerization in-the presence of polymers 50~
of other substances and’ the varlation of the
amount aid conipositibiii of "the ‘polyrietization
catalysts-and stof.--

Above 'all' 1t s impbrtant that therk risthe pods-
sibilityof polymerdig: tHe “alkokit t-hitadiotws” 557

.reaction heat Is not removed.

with substances polymeriking perse as £. 1. aeryiie.
nitril, 1- and 2-acetoxy-butadiene, linseed oil or
also with such ones polymerizihg only in special
cases together with other substances, as I. 1.
malele anhydride. The reaction of alkoxy-2-
butadiene with malelc aold anhydride has already
been {ried, obvlously with the Intention to per-
torm a “dlene-synthesis”, but only a dark resin
was obtained thereby under violent reaction. By
the method of working ‘apblled by us, however,
light elastic interpolymers: are obtained with 1-
and 2-alkoxy butadiene which according .to the
presence of functional groups may further be
converted into derivatives of carbon aclds. Part-
1y the polymers are also-olls with drying proper-
tles. In many.cases the polymers are rubher-
like, that 1s they are wvulcanizable; they can
chiefly be applled In the laequer-industry and for
artificlal resins. The Interpolymers comprise the
whole scope of artificial resins which are oillike,
rubberlike ‘and reszinlike.

Example 1
0,1 g of fine powdered kaolln are added to 10 g
of ethoxy-butadlene at room temperature. The
polymerization begins- slowly: the-temperature
tises 'and solid polymerization produots are pre-
cipitated. The temperature rises to the. bolling.
point and the heat 18- removed by ‘cooling.: After

-few minutes the polymerization is finished. The -

polymer is s colorless. till slightly yellow, rubber-
like and slightly stieky- mass which'can be vul-
canfzed by sulfur or other suitable meéans.

The abltity of polymerizing depends on the

purity of the ethoxy-butadiene that is the in-

clination of the product to polymerize increases
with the Increasing purlty of the product. Bu-
tadiene ethers too reget In the same way., THe
activity of the cafalyst may be Increased by
previous heating; unglazed, burnt clay Is a sult-
able catalyst too, The polymeérization with pure
substances-and high active kaolin, used as cata-
yst, proceeds so.violently that larger amounts
overheat themselves until decomposition, if the
The thus obtained
polymers are for the most part very high molecu-
lar and unsoluble but swellable in solvents, Low
molecular constituents can be extracted by ether.
The course of the polymerization may be mod-
erated by-the addition of. sclvents..

In the same way alkyl-homologe of the ethoxy-
1-butadiane rmay-be polymerized: f, 1. methoxy-,
Propoxy-; butoxy-butadiens and :the -llke. 'The
pelymerization: 1s -searcely influenced. by: anti-
oxldation catelysts-as f. 1, hydroguinone. The



2 353,002

methoxy-1-butadiene, boiling point: 87.5° C/703
mm I)420:0.8296, polymerizes somewhat more
slowly than the ethyl derlvative which shows the
greatest ability of polymerizing. The polymeriz-
atlon velocity of the ethers with higher alkyl
groups decresses when the alkyl groups increase.

Ezample 2
In a vessel, equipped with a stirrer, 50 parts

by weight of benzene together with 0.6 parts by-

weight of kaolln are heated up to the boiling
point and a mixture of 10 parts by welght of
ethoxy-1-butadiene and 20 parts by weight of
benzene are added dropwise. After 15 minutes
g white gel-like mass begins to preclpitate. The
reaction is finished after a further hour. The
solvent may be removed by water steam or by dis-
tillation, The remaining polymer is a nearly
colorless, elastic mass, Instead of henzene other
solvents such as ethyle acetate, carbon tetra-
chloride, methylene chloride and others may be
used. -
Example 3

Hexoxy-1-butadiene 1s solved in the game
amount of benzene and heated with 1% of Flori-
din till to the bolling point. The working up
takes place as shown in Example 2. A light elas-
tic mass 1s obtained.

Ezample 4

Ethoxy-1-butadiene Is heated with 05% of
zine chloride to 60° C under stirring., The re-
sulting polymer ls a thick, tough mass. Salts
like aluminium chloride, iron chloride and other
react similarly. The polymers are partly soluble,
for the most part, however, they are unsoluble in
the usual solvents like benzene, acetone, alcohol,
ethylacetate, and the like.

Example &

1% of kaolin is added .fo ethoxy-2-butadiene
and heated up In a pressure vessel to 100° C for 8
hours. A rubberlike polymer s obtalned.

Ezample §

2% of kaolin are added to a mixture of 9 parts
by weight of ethoxy-l-butadiene and 1 part by
welght of ethoxy-2-butadliens.

The polymerization Is started by heating
whereby the temperatures of the reaction must
not be allowed to rise above 80°. When the
temperature begins to decrease the polymeriza-
tion by heating. The polymer is a light elastic
tion Is finished by heating. The polymer {s a licht
elastic mass.

Exemple 7

A molar amount of malelec anhydride is added
to & solution of butoxy-1-butadiene in the double
volumen of benzene; the mixture I1s heated
whereby the sulfur-yellow solution becomes color-
less. The very viscous solution ylelds after the
evaporation of the benzene a rubberlike elastic
mass. The polymer is vulcanizable,

Without diluents the alkoxy-1-butadlene react
50 violently with maleic anhydride that decom-
position takes place. The reaction may easily be
regulated by the addition of inert diluents. The
interpolymers with larger aleohol groups show
better solubllity than those with smaller ones.
The solubility also depends on the course of reac-
tion and the after-treatment. If the sclution is
evaporated by a higher temperature the products
cannot be solved in such an easy manner. Prod-
ucts being soluble In a specially easy manher are
obtained if the reaction ls executed rapidly and
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with few solvents. The polymers swell extraor-
dinarily well in lyes; the low molecular products
vield high viscous solutions. The anhydride
groups of the pclymers can be converted with
compounds reacting generally withh anhydride as
f.i. alcohols, amines and the like, whereby de-
rivatives of the interpolymers are obtained. By
this way the properties of the rolymers may be
varied.
Erampic 8

Molar amounts of ethoxy-l-butadiene and
maleic anhydride are polymerized in the same
amount of benzene as in Example 7. Hereafter
an amount of ethylene glycol, corresponding with
1 mol, is added and the mixture Is boiled under
reflux as long as a homogeneous solution is ob-
tained. By evaporating the golvent the ester of
the Interpolymer is obtained.

Ezample 9

In g vessel equipped with a stirrer are 5 parts
by weight of boiling benzene and 0.06 parts hy
welght of kaolln. A mixture of 10 parts by
weight of ethoxy-l-butadiene and a solutlon of
1 part by weight of maleic anhydride in 11 parts
by welght of benzene Is added dropwise. The
polymerization is finished after 1 hour. A prod-
uct of rubberlike properties is obtained after
evaporating the solvent.

Egample 10

Ethexy-2-butadlene is brought to reaction with
malete anhydride In a boiling etheric solutlon.
At the beginning of the reaction the solution Is
Intensively yellow but when the polymerization
proceeds the solutlion becomes more and more
lighter., A high elastic product is obtalned after
evaporating the solvent at 100°. Another course
of polymerization runs as follows: ethoxy-1-buta-
diene lz solved in the same volume of benzene
and the molar amount of malele anhydride is
added. After standing for 24 hours the yellow
color disappears and a thick solution of the nearly
colorless interpolymer is obtained.

Ezample 11

A slow current of oxygen is conducted at room
temperature through butoxy-1-hutadlene. After
12 hours a polymer In form of a thick colorless
oil is obtained out of which still some monomeres
may be removed by water steam. The oil has
the property of drying and yields with the usual
siccatives hardening films. Similar products are
also obtained by the other alkoxy-1-derjvatives of
butadiene. The alkoxy-2-derivatives react cor-
respondingly. The ethyl-glycol-ethers of the
oxy-1l-butadiene (boiling polnt 66-67°/9 mm
D20y 0,8970, of Intensive odor of cress) and the
oxy-2-butadlene (bolling point 54-55°/9 mm
D2y 0,8983, of aromatic odor but quite different
from the odor of the 1-derivative) polymerize in
a specially casy manner under the influence of air
oXygen.

Ezample 12

Ethoxy-1-butadiene 1s bolled with 05% of
banzoyl peroxyde. After 30 hour a viscous fAuid
1s obtained still containing somewhat unpoly-
merized ether.

Ezomple 13

Pure ethoxy-1l-butadiene 1s heated up to 120°
in a pressure vessel, After 5 hours a thlk color-
fess oil is obtained which is formed within a
shorter time if the temperatures are higher,
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Example 14

Oxyegen is conducted at room temperature
through cyclohexoxy-1-butadiene and the mix-
ture is allowed to stand. After 3 days a thik
colorless oil 1s obtained.

Example 15

1-z-Ethyl-hexoxy-butadiene is shortly treated
with oxygen a&s shown In Example 14 and here-
after heated up to 100°, After some hours a thik
colorless oil 1s obtalned. The same result is ob-
tained with the n-hexoxy-derivative,

Example 16
100 parts by weight of ethoxy-1-butadiene are
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stirred with 200 parts by weight of petrolether and
1 part by weight of kaolin at 0°. After 3 days the
essential amount is polymerized. The white poly-
mer, unsoluble in petrolether, is separated from
petrolether and extracted with new one.

Example 17

Ethoxy-1-butadiene is heated up to 130° with
half the amount of acrylic-nitril in a closed vessel
for 6 hours. A thik ofl of a slightly yellow color
is obtained.
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