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The present invention relates to a process of
preparing high molecular polymerization prod-
ucts and to the products which are obtainable
thereby.

In accordance with our present invention or-
ganlc dilsocyanates are caused to react with such
organic compounds as contain at least 2 substiiu-
ents which are capable of reacting with the group
—N.C.O. Such groups are, for instance, hydroxy
and amino groups which still contain an ex-
changeable hydrogen atom. The diisocyanates
as well as the other reaction components may be
of the aliphatic, aromatic or heterocyclic series.
It s to be understood that both types of rcagents
may contain various hetero atoms such as O, 8 or
N; furthermore, the compounds which are caused
to react with the dilsocyanates may contain dif-
ferent reactive gioups, for instance one or several
hydroxy groups besldes one or several primary or
secondary amino groups. Examples for suitable
ditsocyanates are:

m- and p-phenylene dilsocyanate,

p.p’-diphenyl dilsocyanate and substitution
products thereof such as diphenyl-3.3'-di-
methyl (or -dimethoxy) -4.4’-diisocyanate,

1:5-naphthylene dlisocyanate,

diphenylmethahe-4.4’'-dlisocyanate,

tetra-, penta-, hexa-, hepta- and octamethylene-
w.w’-dilsocyanate,

As cxamples for the other reactlon compounds
there may be mentioned:

ethylene glykol,

triethylene glykol,

propylene glykols such as the 1.3 compound,

butylene glykols such as the 1.4 compound,

and higher glykols wherein the hydroxy groups
are separated by more than 4 carbon atoms,
say 6-10;

ethylene dlamine,

symmetric di~N-ethyl-ethylene dlamine,

w.w’-tetramethylene dlamine

and its substitution products such as those con-
talning an alkyl group In g-position,

w.w'-hexamethylene diamine,

w.w'-octamethylene diamine,

m- or p-phenylene diamine,

ethanolamine,

n-hutyldiethanolamine,

w.w' -hydroxyaminohexane,

The reaction ls preferably performed in an in-
different solvent such as dioxane, chlorobenzene,
teluene, higher boiling parafines and the llke
while heating to boillng for several hours. In
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most cases the resulting polymerization products
precipitate on coollng; in other cases they may
be separated out by adding the solutlon into a
non-solvent, for Instance, aljphatic hydrocar-
bons.

Depending on the .nature eI I;he starting ma-
terials our new rea.ctlon products represent more
or less high molécular compounds showing vari-
ous softening points. Such compounds are pre-
ferred as have a softenlng point above about 150°
and-among those the products which are com-
posed In the first line of higher allphatic diiso-
cyanates (1. e. those having the lsocyanate groups
separated by a chain of at least 3 links (carbon
atoms plus hetero atoms) and of aliphatic alco-
hols as these products are best sultable for belng
drawn into continuous filaments, sheels, fllms
and the llke. The aliphatlc dilsocyanates and/or
hydroxy or amino compounds can be partly re-
placed by minor proportions of aromatic com-
pounds in order to effect a raise of the softening
point of the final products,

We are aware of the fact that products of a
similar type have been prepared by causing
highér monoaminomonocarboxylic acids to un-
dergo self-condensation or by causing dicar-
boxyli¢ acids or the functional derivatives there-

of to react with polyhydroxy compounds or. paly-

amines. All such prior known reactlons are ac-
compahied by the splitling off of molecules of
water, alcohol and the like depending on whether
use 1s made of the free acld, the ester or chloride
thereof. These by-products will have to be re-
moved In the course of the reaction., Contrary
thereto, the dlisccyanates react with the hydroxy
and amino groups with the formatlon of ure-
thanes or urea derivatives, no such by-products
being evolved,

The iollowing examples illustrate the present
invention without however, restrlctms it thereto.
the parts being by welght:— .

Ezample 1

44 parts.of m-phenylene diisocyanate are dis-
solved in 100 parts of Xylene and added at about
30° to m solution of 16 parts of ethylene glykol
in 50 parts of dioxane, a ralse of temperature to
about 50° being effected thereby. Then, the re-
action 1s completed by heating the whole to 95~
100° for some time, whereupon the solvent mix-
ture 1= removed in vacuo. When stirring the re-
malining polymerization product with methano]
a white erumbly mass is ohtained which is so]u-
ble in pyridine.
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Ezample 2

Into 100 parts of ethylene glykol there Is intro-
duced while stirring a solution of 40 parts of m-
phenylene dilsocyanate in 50 parts of acetone, a
raise of temperature to about 70° being effected
thereby; the polymerization product which re-
malns dissolved 1s separated on cooling as a white
precipitate. After an about 6 hours’ stirring 400
parts of water are added, whereupon the precipi-
tate 15 separated by sucking off, rinsed with water
and then dried. The polymerization product thus
obtained shows similar properties as the product
of example 1.

Erample 3

Into a solution of 40 parts of p-phenylene di-
isocyanate there is added drop by drop while
slowly stirring a solution of 30 parts of g-methyl-
tetramethylene diamine in acetone. With each
drop a reaction occurs with separation of a white
precipitate, the acetone beginning to boil owing
to the heat of reactlon evolved. After a 3 hours’
stirring at 60° the urea derivative thus formed s
separated by sucking off, 62 parts of a whitish
powder belng thus obtalned which is nearly in-
soluble in the usual organic solvents.

Instead of pg-methylietramethylene diamine
there can also be employed ethylene dlamine.

Example &

Into a solution of 40 parts of m-phenylene di-
1socyanate in 150 parts of dioxene there are in-
troduced 40 parts of unhydrous triethylene glykol
of the formula:

HO.CH2.CH20.CHa.CHz0.CH2CH2.0H

After a several hours' stirring at 100° the con-
densation product is still soluble in the solvent.
On distilling off the latter in vacuo an amber-
colored resins is obtained which 1s soluble in di-
oxane as well as in pyridine and glykolmono-
methylether.

Example §

44 parts of n-butyldiethanolamine are added
into a solutton of 44 parts of l.4-phenylene di-
isocyanate in 150 parts of dioXane care belng
taken that the temperature does not surpass 85°,
After stirring the clear solution for about ¢ hours
the solvent 1s evaporated, & clear resin being thus
obtained which is soluble in chloreform, quino-
line, acet{c acid and butanol.

Example &

To a solution of 44 parts of p-phenylene diiso-
cyanate in 150 parts of dioxane there is added
drop by drop while slowly stirring a solution of 16
parts of ethanolamine in dioxane. The reaction
product precipltates, heat being evolved during
the reaction. On stirring with water the precip-
itate 1s sucked off, rinsed and drled, 59 parts of
a weakly colored polymerization product being
thus formed.

Example 7

When gradually heating 15 parts of octameth-
ylene diisocyanate in 50 parts of chlorobenzene
with 6.9 parts of 1.4-butandiol there is observed
after a short time & rather vivid exothermic re-
actlon, the reactlon preduct belng completely
dissolved. On heating for half an hour while re-
fluxing, the solution becomes more and more vis-
cous, until after about 1% hours & substance co-
agulates which 1s Insoluble even in higher
amounts of chlorobenzene. After the removal of
the chlorobenzene this coagulate can be easily
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dissolved in acetic acld, strongly viscous solutions
being thus obtalned which on spraying or pouring
into water yield threads or films. Also the chlo-
robenzene solution ylelds rather strong threads
when pouring into alcohol.

At about 160° the substance begins to soften;
it 1s capable of being spun in the heat. The
threads thus otbained are capable of being di-
rectly dyed by acid dyestuffs.

Ezample 8

When heating to boiling 15 parts of octameth-
ylene-diisocyanate and 7 parts of 1.4-butandiol
in 50 parts of dioxane for 1 hour while refluxing
there is obtained after cooling and sucking off a
soft powdery mass of the melting point 152-154°
which represents a relatively low molecular con-
densation product.

Erample 9

When adding drop by drop while cooling and
stirring 13.2 parts of octamethylene diisocyanate
into a solution of 7 parts of g-methyl-tetrameth-
ylene diamine in 180 parts of dioxane and heat-
Ing after one hour to 90-100°, there is obtalned
after cooling and sucking off a white crumbly
substance of melting point 208-210° which repre-

~ sents a relatively low molecular polymerization
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produet.
Ezample 10

When heating while refluxing 19.8 parts of oc-
tamethylene diisocyanate In 50 parts of dioxane
and 9.2 parts of 1.3-butandiol, there is obtalned
after some time a horn-like mass of the melting
point 77-82°.

Ezample 11

To 7 parts of tetramethylene dlisocyanate in
30 parts of chlorobenzene there are added while
cooling 7.2 parts of octamethylene dlamine,
whereupon the reaction is completed by bolling
for one hour while refluxing. The mass precipi-
tating therefrom is separated from the chloro-
benzene by sucking off, its melting point belng
212-220°, When melting the product thus oh-
tained for 2 hours at 240° in & vacuo of 1-2 mm,
there is obtained after distilling off the volatile
ingredients a honey-yellow preduct which is ca-
pable of being easily spun to threads.

Ezample 12

20 parts of octamethylene diisocyanate and 125
parts of 1.6-hexandiol are heated with the addi-
tlon of 100 parts of chlorobenzene, As sooh as
the exothermic reaction has ceased the mixture
is heated for further 4 hours while refluxing.
The viscous solution {5 then poured while stirring
into benzine, thread-like masses being thus ob-
talned of softening point 151-153°,

Ezxample 13

15.7 parts of octamethylene dilsccyanate are
heated with 14 parts of dekamethylene glykol in
50 parts of anhydrous chlorobenzene, until the
solution has become very viscous. On pouring
into benzine thread-like masses are obtalned of
softening point 135-138° which are capable of
being spun in the molten state.

Ezgmple 14

19.6 parts of octamethylene diisocyanate in 100
parts of chlorobenzene are heated with 19.8 parts
of hydroquinone-diglykol ether. The polymeriza-
tlon product immediately separates and is sucked
off. The white mass thus obtained melts at
208-212°,
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Erample 15

27.5 parts of octamethylene dlisccyanate in 100
parts of chlorobenzene are heated with the ad-
dition of 16.3 paris of quinite. After the reaction
has ceased heating s continued for 2% hours.
The compound separating 1s extracted by means
of benzine. It has the melting point 218-221¢.

Erample 16

23.6 parts of octamethylene dlisocyanate are
heated in 100 parts of chlorobenzene with 17.3
parts of transhexahydroxylylene glykol. The
strongly viscous solution is then poured into ben-
zine, a white solld mass separating thereby which
gradually softens at 160° and which Is capable
of being spun into threads.

Exzample 17

14 parts of tetramethylene diisocyanate in 100
parts of chlorohenzene are heated for 1% hours
with 12.4 parts of 1.6-hexandiol. The solution is
then poured Into benzine and the precipitated
product is sucked off. The yellowish-white com-
pound thus obtalned is heated to 240° for 114
hours in & vacuo of 1-2 mm, a hrownish substance
of melting polnt 177-182° heing thus obtained
which in the molten state i{s capable of heing
spun into threads.

Example 13

14 parts of tetramethylene diisocyanate in 100

parts of chlorobenzene are heated with 18.2 parts
of dekamethylene glykol. After some time the
suspenston i8 poured into benZzine and the pre-
cipitated polymerization product of melting point
171-173° is sucked off.

Ezample 19

16.8 parts of hexamethylene diisocyanate In
100 parts of chlorobenzene are heated to boiling
for three hours with 9.4 parts of l.4-butylene
glykol, After cooling the condensation product
is sucked off and dried, its melting point being
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175-178°, When heating the mass for some time
in vacuo to the melting peint, it can he spun in
the molten state.

Example 20

15.4 parts of pentamethylene diisocyanate are
heated to bhoiling with 9.6 parts of 1.4-butylene
glykol in 100 parts of chlorobenzene and the
whole s kept at this tempserature f-r 1% hours,
whereupon the polymerization product separates
in form of a white powder. After a 2% hours’
heating in vacuo (0.1 mm) to 200° g transparent
resin of melting polnt 155-159° is obtained which
is capable of belng spun in the molten state.

Ezample 21

18.2 parts of heptamethylene diisccyanate are
heated with 9 parts of 1.4-butylene glykol in 100
parts of toluene for 2 hours while refluxing,
whereupon the polymerization product separates
in a solid state. After a 2 hours’ heating in vacuo
to 180-200° g fransparent resin of melting point
155-15%° is obtalned which is capahle of being
spun in the molten state.

Ezample 22

16,7 parts of octamethylene diisocyanate in
150 parts of toluene are heated to boiling for 4
hours while refluxing with 9.3 parts of 1.4-butyl-
ene glykol and 1.35 parts of p.p’-diphenyl diiso-
cyanate. The polymerization product separating
therefrom Is sucked off; it begin to melt at 240°,

Erample 23

13.1 parts of octamethylene diisocyanate, 5.7
parts of l.4-butylene glykol, 0.62 parts of p.p’'-
dioxydiphenyl are heated for a short time to
250-270° while stirring with the addition of 50
parts of paraffin oil; the polymerization product
separating in form of a soft mass melts at 240°
and is capable of being spun In the molten state.
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