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The present invention relates to high-molecu-
lar welght flim-forming condensation products
and a process of producing same.

I have found that high-molecular film-form-
ing condensation products are obtained by re-
acting carbon disulphide with aliphatic diamines,
the amino groups of which are separated from
each other by at least 5 carbon atoms and heat-
ing the dithiccarbamic aclds formed at temper-
atures of between 60 and 300° C, preferably from
120 to 200° C, whereby hydrogen sulphide is split
off.

The reaction is likely to take the following
course:
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The latter formula shows the first step In the
further condensation of the dithfocarbamic aclds
which proceeds with the splitting off of hydrogen
sulphide and the formation of the dimer; this
dimer, by reacting with another molecule of di-
thiocarbamic acid or the dimer thereof, forms
higher molecular products until by continued
heating film-forming condensation products are
formed.

As Initial material such aliphatic diamines are
used as bear their amino groups separated from
each other by more than 4 carbon atoms, as for
example pentamethylene diamine, hexamethylene
diamine, octamethylens diamine, decamethylene
diamine, undecamethylene diamine and dodeca-
methylene dlamine. Diamines, the carbon chain
of which is Interrupted by hetero atoms such as
oxygen or sulphur or atomic groups as for ex-
ample the NH-group may &lso be used. The cor-
responding alkyl-, aryl- or aralkyl-subst!tuted
diamines which still contaln at least one hydro-
gen atom attached to each nitrogen atom may
equally be employed. Alternatively, alkyl, ary]
or aralkyl groups may also be introduced Into
the dithioearbamic aclds first obtained before
they are further condensed.

Besgides or instead of carbon disulphide there
may also be employed thiophosegene, in which case
dithiocarbamic acid chlorides are formed in the
first stage of the reaction, hydrogen chloride be-
ing evolved; carbon disulphide, however, Is pre-
ferred onh account of ils greater ease In manip-
ulation.

The dithiocarbamic acids are prepared by caus-
ing carbon disulphide to act upon the diamine
at ordinary temperature. It is advantageous to
use a diluent, such &s water, methanol or ethanol.
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The dithiocarhamic acids are generally obtained
in the form of colorless crystals.

The further condensation of the dithiocar-
bamic acids which proceeds with the splitting off
of hydrogen sulphlde may be carried out depend-
ing on the final products obtained under atmos-
pheric, reduced or superatmospheric pressure
elther in the presence or absenre of solvents or
diluents. Instead of heating the aclds them-
selves their salts, preferably their alkall salts
may be heated for further condensing. Thus. for
example, when heating a solution of the dithio-
carbamic ecids in soda lye, the same products are
formed. Aflr is preferably excluded, because it
sometimes causes side-reactlons and discoloration
of the reaction products.

The reaction products are fusible and may be
drawn into threads when working under mild con-
ditions, and are infusible when working under
more energetic conditlons. The high-molecular
weight condensafion products obtained may be
used for a great variety of purposes, elther alone
or in combination with other sultable substances.
for example for the production of films and
threads, coatings, adhesives, putties and in the
manufacture of safety glass, furthermore as as-
sistants in the textile, artificial leather and paber
Industry as well as for the manufacture of pres-
sure-moulded or injection-moulded articles.

The following Examples serve to illustrate the
nature and the properties of the products In ac-
cordance with the present invention and the
methods of thelr production. The inventlon,
however, 1s not restricted to these Examples. The
parts are by welght.

Erample 1

116 parts of l.6-hexamethylene diamine are
dissolved in 1000 parts of ethanol of 96 per cent
strength end 145 parts of carbon disulphide are
slowly introduced at 0° C. To prevent formation
of supersaturated solutions and consequent sep-
aration of the reactlon product in an olly state,
1t is preferable to add crystals of dithiocarbamic
acld formed in a preceding batch. The dithto-
carbamic acld formed thus separates as beautiful
colorless crystals, They are filtered off by suc-
tlon and washed with alechol or water. For fur-
ther purtfication, which, however is not neces-
sary, they may be reerystallized from ethanol or
water. The pure dithlocarbamic acid

(NHe—(CH2) o—NH.CSSH)

melts at between 156° and 158° C.

When causing the agueous solution of the di-
thiocarbamic acld to boll for some time, hydro-
gen sulphide 1s split off and an olly product which
is insoluble in water, separates. It 1s soft and
plastic at ordinary temperature. It is readily
soluble In formlic acid. It cannot be precipitated
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quantitatively by water, but forms a gel by the
addition of water.

By heating the substance separated by beiling
the aqueous solution of the dithlocarbamic acid or
heating the pure dithiocarbamic acid itself 1n the
form of the colorless crystals (melting point 156
10 158°) above 160° C for a longer space of time,
there takes place a further or first splitting off—
&5 the case may be—of hydrogen sulphide, tough
melts being thus formed. This melt may be
drawn into threads which on stretching in the
cold state may be orientated whereby their tensile
strength is considerably improved. Furthermore
the melt may be cast or drawn into ribbons or
films, which may be orientated by rolling and
thus improved. 'The product is still soluble in
formic acid and may be precipitated with water.
After drying it is a hard, erumbly, tough and
elastic material,

By further heating the melt the condensation
may be carried on until practically Infusible pale
products are obtained which in the cold state are
very hard and hornlike masses. They may be
used for the manufacture of a great variety of
aiticles, either by working them with cuiting
L00ls or by pressing them hot. In this state the
product is no more or but little soluble in formic
acid,

The condensation of the dithioccarbamic acid
which proceeds with the splitting off of hydrogen
sulphide may also be carried out in the presence
of solvents or diluents. The high-molecular con-
densation product formed thereby sometimes
separates similarly as when condensing in water,
Suitable solvents or diluents are, for example,
pyridine, quinoline, hexahydrodlethylaniline, xy-
lene, tetrahydronaphthalene, glycol or glycerine.

Ezxample 2

28.6 parts of octamethylene diamine are dis-
solved in 250 parts of ethano! and cooled down
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to 0° €. A mixture of 17 parts of carbon disul-
phide and 50 parts of ethanol is then dropped in
very slowly, while stirring, to prevent formation
of undercooled solutions, the temperature heing
maintained between 0 and 10° C. After a short
time the l-amino-octamethylene-8-dithiocar-
bamic acid begins to precipitate in the form of
very fine and colorless crystals. The solution is
further stirred for some hours while cold, the
crystals are then filtered off by suction, again
suspended in ice-cooled ethanol, filtered and
drvled. The pure acid melts at between 145 and
147° C with decomposition. On heating the acid
to 160° C in the ahsence of air hydrogen sulphide
is split off, a high-molecular condensation prod-
uct being formed which is suitable for use as a
plastic.
Example 3

81.6 parts of hutane-diol-1.4-di-normal-propyl-
ether-w.«’-dlamine (corresponding to the formula

H:N—CH»>—CH>—CH:OCH>—CHor—
CH3—CHz—O—CH2»—CH>—CH>—NHz)

ere dissulved in 400 parts of ethanol, whereupon
a mixture of 31 parts of carbon disulphide and 100
parts of ethanol is slowly run in, the temperature
being maintained between 0 and 10° C. The di-
thiocarbamic acid precipitated is flltered off by
suction after about 12 hours, twice washed with
ice-cooled ethanol and dried. The yield amounts
to 92 per cent of the theory; the acid melts at
104 C with decomposition. The acid is dis-
sclved in & 25 per cent caustic soda solution and
the clear solution which results is heated to boil-
ing. After some time the insoluble eondensation
product begins to separate on the lye. It is re-
moved, washed with boiling water until neutral
and dried. It may be used as & plastic for the
preparation of coatings or moulded articles or as
an addition for coatings and plasties.
RUDOLF KERN.




