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This invention relates to new compositions of

matter and more particularly to synthetic linear
condensation pelyamlides and to filaments, fibers,
yarns, fabrics and the like prepared therefrom.

By heat-condensation of bifunctional poly-
amide-forming components like amino carboxylic
acids and their derivatives, for Instance esters,
amides, lactams, formyl compounds, urethanes or
mixtures or salts of equivalent portions of one
or several diamines and one or several dicar-
boxylic acids or mixtures of functiongl deriva-
tives of the aclds, for Instance esters, amides and
dicarboxylic acids or derlvatives of the amlines,
for instance formyl compounds, N’-carboxyl-
alkyl-substituted primary amino compounds and
dicarboxylic acids, synthetic resins or artificial
materials of very high molecular weight are ob-
tained, when the components are so chosen, that
tendency for the formation of hetero rings, espe-
clally with 5 and 6 ring members, does not exist
or to a very small extent only,

Also mixtures of varlous amide-forming bi-
functional compounds, for Instance of amino
acids or of a palr of substances, especlally di-
amines and dicarboxylic ncids, were condensed
together, for Instance two or several wvarlous
amino aclds fer themselves or amino acids or
derivatives of such acids, for instance lactams
with one or several salts obtained from diamines
and dlcarboxylic acids. There were obtained
mixed condensates with propertles diverging In
many cases from those of uniform compounds.

In these cases the condensation reaction can-
not be entirely foreseen, because it depends on
the reaction welocity of the single components
or the reactants at the respective temperature,
which of the components react preferably and
which of them come ini{o reaction later and
slowlier. In the extreme it may happen that an
amid-forming component reacts first entirely
nearly by itself. As a rule the irregular mixed
condensates show increased transparency and
solubility compared with the uniform products,
whereby the melting point simulteneously de-
creases, On the other hand formed structures
preparzsd therefrom show usually after the cold-
drawing or -rolling a somewhat lower degree of
orientation than the uniform polyamides.

This invention has as an object the preparation
of new and valuable compositions of matter, par-
ticularly synthetic fiber-forming materials,

A further object is the preparation of filaments,
fibers, ribbons and foils from these materials,

A further object is to form these materials by
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casting, dye-casting, injection moulding or rolling
into useful matters.

A further object is the manufacture of yarns,
fibers and the like from sald filaments.

Further objects will become apparent from the
detailed specification following hereinafter.

It has been found that very valuable condehsa-
tion- and mixed condensation products, which
differ in their properties from those obtained by
direct condensation of the same fundamental
components, are obtained, when the condensation
wholly or in part is carried out with bifunctional
components adapted for amid formation, the
chain of which contains already CO—--NR—groups
(R=H or a monovalent organic radical) stable
gt reaction temperature and which are, if neces-
sary, Interrupted by other hetero atoms or atom
groups like O, 8, N, 80, S0:. By CO—NR—
groups, practically stable at reaction tempera-
ture, such aming groups are to be understood,
which do not react in the condensation mixture
under separation of a carbonyl group. Urethane
compounds derived from primary amino groups,
which consequently react in the presence of
carboxyl compounds by splitting off alcohol and
carbon dioxide, are intentionally excepted here
as components according to the present lnven-
tion, provided they do not contain the stable—
CO—NR—¢group In the chein.

By fundamental components there are meant
the simple building stoncs in which the poly-
amides are split up by acld hydrolysis.

Preferably the components according to the
present invention are used as much as possible
in a uniform state. In order to obtain speclal
effects, for instance with regard to solubility, any
mixture may be used for condensation, provided
that the functional groups are present in the
equivalent proportion necessary for polyamid
formation. As the substances containing already
amid groups in most cases are very little or not
at all volatile, advantages result during the prac-
tice of the condensation; quite often it is unnec-
essary to use pressure vessels, Besides the com-
ponents containing amid groups in the chaln also
numerous other substances or palr of substances
suitable for polyamid formation In the heat may
be present in the mixture, for Instance amino
carboxylic aclds and functional derivatives of
such acids like ester, amides, lactams, formyl
compounds, N-carhoxyl alkyl compounds or salts
from dlamines and dicarboxyle aclds or mix-
tures from derlvatives of dlamines and dicar-
boxylic acids ar from derivatives of dicarboxylic
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aclds with diamines suitable for polyamide for-
mation between each other. )

Also finished polyamides which may be trans-
formed into higher molecular products by after-
condensation may be added to the reaction mix-
ture.

The components aeccording to this invention
may be bifunctional containing two Identical
radicals, for Instance two COOH-groups, i. e. for
instance they may be substituted twice by an
amino group or by a carboxyl group. As will
be shown later on such compounds are syntheti-
cally obtainable in many ways, especlally sym-
metrically bullt compounds which are generally
to be preferred. But also bifunctional com-
pounds with two different radicals, for Instance
amino carboxylic acids, are within the scope of
the present Invention, though bifunctional com-
pounds of the same character are easier ob-
talnable as a rule. Instead of compounds with
amino groups and carboXyl groups besides amide
groups, also functional derivatives of them may
be used, for instance esters with low alcohols or
phenols, formyl amino compounds and urethanes
derived from primary amino compounds.

Typlcal reactions used for the synthesis of com-
ponents according to this invention are con-
tained in the examples and arraneed in the fol-
lowing table.

TABLE

Uniform bifunctional components containing
amide groups in the chain.

(I.) CompoUNDs WITH ONE AMIDE GROUP
(a.) Dicarboxylic acids.
HOOC—(CHa) —NR—CO—(CH2) —COQH

I at least=>5, ¥ at least=3, better 4 or more,
R=maonovalent organic radical, especially alkyl.

Example

Reaction product from methylester adipic acid
chloride with e-amino caproic acid, if desired al-
kaline saponification into the dicarboxylic acid.

(b.) Diamine.
H—NR—(CHz)} +—CO—NR—(CH2) —NRH
T=at least 5, y=at least 4.
Ezample

Reaction product of the carboxyethyl-e-amino
caproic acid chloride (from the acid with thionyl-
chioride) with mono-carboxyethyl-hexamethyl-
ene dlamine (the latter being obtained by action
of chloroformie acid ethylester on excess hexa-
methylene-diamine). The diurethane is directly
condensable with dicarboxylic acids.

(c.) Amino carboxylic acid.
H—NR—(CHz} >—~NR—CO—(CH2) —COOH
T at least=—4, ¥ at least=3, better ¢ or more.
Ezample

Reaction product of one mol glutaric acid with
one mol hexamethylene diamine In benzene.

(I1.) COMPONENTE WITH Two AMIDE GROUPS
(g.) Dicarboxyllc aclds.

HOOC—(CH2) ~-NR—CO--A—
CO—NH— (CH2) ——COOH

r=at least 5, A==bivalent organic radical, which
in the simplest case may be=0.

10

15

20

26

30

40

GO

05

70

75

Ezample

Oxalyl-bis-amino caprolc acid. Instead of the
oxalic acld also its homologs or analogs may he
used, for instance mgalonic acid, glutaric acid,
adipic acid, sebaclc acid, yv-thio-dibutyric acid, -
oxydibutyric acld, aromatic dicarboxylic aclds
like terephthalic acid, isophthalic acid.

(b1.) Diamino compounds.

HNR—(CH2) —NH—CQO-—-A—
CO—NH—(CH2) —NHR
T at least=4.
Ezxamyple

Reaction product from oxalic acid diethylester
and N-monomethyl-hexamethylene diamine.
Preferably such components are sultable for the
condensation, which are onesided monosubsti-
tuted for instance by an alkyl radical, an acyl
radical, for instance formyl- or carboxyl radical,
which latter do not disturb the reaction. In-
stead of the oxalic acid also other dicarboxylic
acids may be used as described under a. In the
same manner the diamine may be replaced by
diamino compounds with hetero atoms interrupt-
ing the chain, for instance by gg-diamino diethyl-
ether or gg-diamino diethylsulfide.

(b2.) Diamines.
HNR—(CHz3) —CO—NR—(CHz2) y—
NR—CO—(CH:) —NHR
I=at least b, y=at least 4.
Exgmpie

Reaction product from two mols N-mono-

methyl-e-amino-caproic acid methylester with

one mol hexamethylene diamine (in the presence
of a small amount of sodlum ethylate).

{c.) Amino carboxylic acids.
HNR—(CHz) —NR—CO—A—
CO—NR—(CH3) —~CO0OH
I=at least 5, y=at least, 4.
Ezample

e-amino caproic acld is caused to react with ex-
cess oxallc acid di-ethylester and the obtatned
N-methylester oxalyl caproic acid Is caused to
react with N-monomethyl! pentamethylene di-
amine.
(ITI.) COMPONENTS WITH MORE THAN
Two AMIDE GROUPS

(a.) Dicarboxylic acids.
HOOC—(CH2) -—NR—CO—(A) —CO—NR—
(CH2) ,—NR—CO—A— CO—NR—CHs—COOH
Example
Hexa.metpylene diamine is caused to react with
excess oXalic ester Into the bis-oXamide acid ester.
The latter is condensed with e-amino caproic acid

ester in aleohol solution and then saponified in
alkaline solution.

{(b.) Dlamines.

HNR—(CHz) —NR—C0O—(A) —CO—NR—
(CH2) —NR—CO—A—CO—NR—(CHz2) ,—NR
Ezample
Hexamethylene-bis-oxamide acid ester is con-
densed with two mols monomethy! hexamethylene
diamine,
(IV.) CoMPoUNDS WITH ORE UREA RADICAL
(a.} Dicarboxylic acids,
HOOC—(CH2) ~NR—CO—

NR—{(CH3) ~—COQOH
r=al least 5,



348,883

Examples

Carbonyl-bis-e-amino caproic acid.

Carbonyl-bis-NN’-dimethyl-amino
acid. (Obtainable from the amino
with phosgene or dipheny! carbonate
ing saponification.)

(b.) Diamines.
HNR—{(CHz) —NR—CO—NR—(CH:) —NRH
¥=4 or more.

caproic
acid esters
and follow-

Example

Reaction of N-carboxyethyl-N'-monoinethyl
hexamethylene diamine with phosgene. The di-
urethane is directly condensable with dicarboxylic
aclds. The thermal resistance is increased by
methylation of the urea-nitrogen-atoms.

(c.) Amino carboxylic acids.
HNR—(CH3) m—NR—CO—NR—(CH2) >—CQOOH
Exrample

Condensation of carbamic acid phenylester-e-
amino caproic acid methylester with NN’-di-
methyl heXamethylene dlamine.

(V.) URrEA DERIVATIVES CONTAINING MORE THAN
ONE UREA-QROUP IN THE MOLECULE

(a.) DicarboXxylic acids.

HOOC—{(CH3) =—NR—CO—NR—(CHa) y—-
NR—CO—NR—{(CH2) —COOH

Example

NN’-dimethyl hexamethylene diamine is trans-
formed with phosgene Into the hexamethylene
diamine-bis-carbamic acid chloride. The latier
is coupled with e-aminoc caproic acid or 9-amingo
nonanoic acid.

(b,) Diamines,

HNR—(CHz) —NR~—~CO—NR—(CH2} y-—
NR—CO—NR—(CH:),—NRH

Ezxample

Hexamethylene-bis-carbamic acid chloride is
condensed with N-carboxyethyl-hexamethylene-
dlamine.

The above table which is in no way considered
to be complete, shows, how extensively the com-
ponents according to this invention may be trans-
formed. The invention, however, is not iimited
to the types mentioned there and to the com-
ponents described in the examples. Within the
scope of this inventlon lies also, generaily speak-
ing, the use of bifunctional components adapted
for polyamide-formation, the chains of which are

interrupted by amide groups (urea Eroups) once-

or several times, for the manufacture of high

molecular polyamides with preferably Inear
structure. Excepled are here only simple
urethane compounds derived from primary

amines, whereas urethanes from gecondary amino
compounds, for instance diurethancs from NN'-
dimethyl-hexamethylene diamine or urethanes
from secondary amino carboxylic acids, for in-
stance from N-methyl-e-aming caproic acid are
within the scope of this invention. Of the sec-
ondary urethane compounds are those especially
reactive in which the carboxyl is esterifled with an
aromatic or enclic hydroxyl compound, for in-
stance with phenol, phencl homologs or halo-
genated phenois like p-chloro-phenol or p~chloro-
m-cresol.

In the cases mentioned in the table bifunc-
tional compounds were buill up with amide
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groups from bifunctional starting materials.
However, it is also possible to introduce the final
end-groups by other groups being not reactive in
the sense of the final product, for instance by
exchange of reactive halogen against amino or
nitrile groups, by reduction of nitrile groups or
nitro groups or by oxidation of for instance hy-
droxyl groups.

Especially valuable are starting materials
which contain already prepared two or more
amide groups, for instance the dicarboxylic acids
easily obtainable which consist of a central di-
carboxylic acid radical and two amino acids on
each side. As central dicarboxylic acld the In-
expensive oxalle acid is hesides others especially
useful, With the aid of this component it is
also possible to increase sometimes considerably
the melting point. Especially such diurea com-
pounds are easily accessible besides the simple
urea dicarboxylic acids, which show as central
member the radical of a diamine. Thermally
especially resistant are ureas contalning alkyl
groups, especially methyl groups on the nitrogen
atom.

Only two components are preferably used for
the condensation, If it is intended to prepare
uniformly built polyamides. By condensing an-
other component into the polyamide, the radical
of which is not yet contalned in the bifunc-
tional compound with amide groups, very val-
uable, uniform mixed-polymerisates are obtained.
The uniform mixed-condensates consisting of
more than two functional components are more
valuable for many purposes, for instance for the
manufacture of artificial fllaments, than those
being irregularly built, which, however, in an-
other respect possess advantages. BY mixing
the polyamides In various proportlons, the prop-
ertles may be extensively varied.

The condensation of the bifunctional com-
pounds according to the present Invention with
themselves or with other components containing
opposite or supplementary functional groups is
accomplished in the usual manner, i. e. by heat-
ing to reaction temperature In the presence or
absence of solvents or diluents, for Instance phe-
nols, glycols, low alcohols and water, One may
work partly at atmespheric pressure and, if nec-
essary, partly at increased or reduced pressure.
The temperature sultable for the reaction is eas-
ily found In every case by pre-tests. It lies as
a rule between 150 and 280° C. When using very
reactive reactants, for instance carboxylic acid
arylesters, carbamic acid arylesters or isocy-
anates, already at temperatures below 150° C.
very valuable condensation products are gbtained.
This is important, if components liable to de-
compose or to give side-remctions are present,
for instance sulfo compounds like 89’-diamino-
diethyl-sulfide or dicarboxylic acids tending to
form cyclic monomers like ghutaric acid.

In order to protect delicate componenis, the
condensation may also be carried out according
to U. S. Patent application Ser. No. — (corre-
sponding {0 the German Patent application I.
64 092 IVd/12 o) exclusively or during the greater
part of the reaction time in absence of solvents
below the melting point of the reaction product.

Within the scope of this invention there lie
algo the condensations with bifunctional com-
pounds which besides or instead of acyclic or exo-
_cyclic amide groups show hetero rings interrupt-
ing the chaln with cyeclic-bound aniide groups,
seecording to  German  Patent Application
I. 64 527 IVc/12p, filed May 6, 1939. Other com-
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ponents reacting by themselves in the heat under
amide-formation may be present besides the com-
ponents containing amlde groups or their com-
binations with bifunctional compounds (reactive
with identical or different radicals), for instance
w-gMino carboxylic acids and functional deriva-
tives of such like esters, amides, formyl com-
pounds, N-carboxylic acid compounds derived
from primary amino compounds, nitriles, lactams,
salts of diamines and dicarboxylic acids, also
equivalent portions of reactive derlvatives from
diamines and dicarboxylic aclds or of reactive
derivatives from dicarboxylic acids with diamines.

To increase the pressure or to accomplish hy-
drolytic, alcoholytic or aminolytle precesses, for
instance in the presence of esters, nitriles or
lactams, the addition of water, alcohols or also
ammonia may be of advantage, One works then
with more or less high pressure and finishes up
finally the condensation under atmospheric pres-
sure or reduced pressure, thereby eliminating the
volatile ingredients of the reaction mixture.

To increase or regulate the reaction, especlally
to determine the flnal degree of polymerisation,
there may be added in small quantities acid
compounds or compounds splitting off acid or
alkaline agents, for instance hydrochloric acid,
phosphoric acid, naphthalene sulfo acid, salts of
amines with strong acids, stannous chloride,
magnesium alcoholates, alkali phenolates, espe-
cially such consisting of alkyl-substituted phe-
nols. Furthermore there may be added com-
pounds forming neutral or relatively feeble aclds
or alkaline end-groups to determine the degree
of condensation, for instance mono- and diear-
boxylic aclds, mono- and polyamines, phenol
esters of monocarboxylic acids, amides, glycols.
The quantity of the amide forming admixtures
has to be chosen in such & way, that the equiva-
lent proportion is very little overstepped in one
or the other direction. :

The high molecular condensation products ob-
tained according to the present Invention may
be used in various ways according to thelr prop-
ertlies. High polymeric polyamides may be
worked up from the melt or from the solution,
for instance In phenol, formic acid, acetle acid,
in some cases also alcohols, into filaments, rib-
bons or foils and the like. They may be &lso
formed by dye-casting, spraying or pressing in
every way. Lower polymeric compounds for In-
stance are suited for the manufacture of coat-
ings and impregnations.

Exampie I

Two mols e-amino caproic acid ethyl ester are
caused to react In three parts absolute alechol
with 1 mol oxalic acid diethyl ester at 30° C.
A great deal of the reaction products—oxalyl-
bls-e-amino caproic acid diethyl ester—is sepa-
rated in fiat long needles (f. p. 111° C.). The
rest is distilled off and the residue taken up
with water for purification. The substance may
be recrystallized from alcohol.

This ester is saponified in bolling alcohol by
gradually discharging the calculated amount of
aqueous alkallne liquor into it. The alcohol Is
distilled off, the reaction product dissplved in
water and the oxsalyl-bis-amino caproic acid
(f. p. 178° C.) is precipitated with hydrochloric
acid.

Oxalyl-his-e-amino caproic acid (f. p. 178° C.)
is transformed with the roughly calculated
amount of hexamethylene diamine in 60 per cent
alcohol into the difficultly soluble salt (f. p. 240°).
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This salt is melted in a nitrogen atmosphere at
240° C. The temperature is then ralsed after
one hour to 250° C. and kept there four more
hours, A nearly bubble-free clear viscous melt
is obtained after that time which, when coocled
down, solidifies into a transparent, feebly col-
ored resin. The polyamide melts at 185° C. and
may be drawn from the melt into fine fibers or
bristles which can be oriented by cold draw-
ing. The condensation product is much harder
than the polyamide from amino caprole actd or
e-capro lactam {(f, p. 211-213° C.}.

Example 11

e-amino caproic acid ethyl ester is caused to
react, while cooling, with phosgene in toluene.
There is obtained in good output the carbonyl-
bis-aminoc caproic acid diethyl ester (f. p. 118°
C.)), By saponification with aqueous alcoholic
alkaline liquor in a little more than the calcu-
lated amount at 40° C. the dicarboxylic acid is
obtained (needles from alcohol, f. p. 162-164°).

The acld in aqueous alcohol is united with
the calculated amount of hexamethylene dlamine
and the salt thus formed is isolated.

A part of the salt is heated in a nitrogen at-
mosphere at 180° C. for three hours. The tem-
perature is then raised to 200° C. and kept an-
other five hours at that temperature. After that
relatively short time of heating, at moderate tem-
perature, the substance could be drawn into fila-
ments easily to be oriented.

The same polyamide is obtained when the
ester is condensed with the diamine. In this
case 1t 1s useful to heat first for two hours in a
sealed vesscl, then the reaction product is fur-
ther heated after evaporation of the alcohol at
atmospheric pressure in a nitrogen atmosphere
at 220° C. for still nine more hours.

Example 111

One mol hexamethylene diamine is heated up
in one part alcohol (hy weight) with two mols
cyanoacetic acid methyl ester for one hour on
the water bath. When cooled down, the mass
solidifies to a crystalline product NN’-di-
eyanoacetyl hexamethylene diamine. This dini-
trile may be easily hydrolyzed with alcohol and
hydrochloric acid over the imino ether to hexa-
methylene-bis-malonic acid diethylester amide
(HsC200CCH2COHN (CHz) sNHOCCH2COOCHs) .
If this ester is heated in xylenol with the equiva-
lent amount octamethylene diamine for 6-12
hours at 225° C., a polyamide is obtalned which
can be spun. The malonic ester amide 1s also
obtalned by a reaction of hexamethylene diamine
with malonic ethylester acid chloride,

Exgmple IV

Two mols sodium salt of the sebacic acid mono-
methyl ester and one mol hexamethylene di-
amine are heated at 100-130° C. with diethylene
glycol until no methanol distills off. After re-
moval of the glycol in vacuo the product 18 dis-
solved in water and the dicarboxylic acid precipi-
tated with hydrochloric acid. If this is heated
with the equimolecular amount octamethylene
diamine for 8 hours at 210-230° C, a polyamide
capable of being spun is obtained, if the prod-
uct is worked up in the usual manner. The re-
action product is not ldentical with the poly-
amide obtained when condensing together two
mols sebacic acid, one mo] hexamethylene di-
amine and one mol octamethylene diamine,
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Example V

Two mols NN’-dimethyl hexamethylene di-
amine in benzene are condensed with one mol
chloroformic acid-xylenylester (from technical
xylenol) and the hexamethylene-bis-methyl
carbamic acid xylenylester is also condensed in
the proportion one mol:one mol with octa-
methylenediamine at 210° C. (the amino hydro-
chloride formed as by-product is separated off)
unt¥l the viscosity of the melt is not increased
any more. After diluting with xylenol the re-
action product is precipitated with alcohol, The
polyamide thus obtained is soluble in stronhg
formic acid and may be cast into foils from this
solution.

Example VI

One mo] glutaric acid dichloride is boiled with
two mols N-methyl aminocaproic acid ethylester
hydrochloride, obtained by esterification of
methyl aminocaproic acid with hydrochloric acid
and alcohol, in benzene until the development
of hydrogen chloride is finished. The solvent is
distilled off and the residue saponified with al-
coholic aqueous caustic soda solution, The di-
carboxylic acid thus obtained is heated with one
mol octamethylene:bis-carbamic acid diphenyl-
ester at 200° C., whereupon polyamide-formation
quickly results by splitting off phenol and car-
bondioxide. The mixture is carefully heated un-
til the viscosity does not increase any more, dis-
solved in phenol and precipitated with acetone.
The product may be spun into filaments from
the melt. Also the analogous product from
amino caproi¢ acid can be spun. The polyamide
containing methyl-substituted amide groups is
thermally more resistant.

Example VII

Omne mol sebacic acid methylester acid chloride
(obtained from the ester acid with thionylchlo-
ride) is boiled with one mol hydrochloric e-aminoe
caproic acld methylester in benzene, until the de-
velopment of hydrogen chloride is finished. The
benzene is distilled off and to the residue there is
added one mol hexamethylene diamine. The
whole is then heated in a sealed vessel at 230° C.
for 215 hours. After removal of the eXcess pres-
sure the temperature is raised at 250° C. and kept
there for 7 hours. The polyamlde thus obtained
may be drawn into fine Alaments directly from
the melt, It is not identical with the product ob-
tained, if one mol neutral salt of sebacic acid and
hexamethylene diamine is condensed under simi-
lar conditions with one mol e-caprolactam.

Example VIII

Two mols e-amino caproic acid <limethylester
and octamethylene diisocyanate are umited in
benzene and the dicarboxylic acid ester obtained
under evolution of heat, the chain of which is in-
terrupted by the radical of the octamethylene di-
urea, is condensed after adding xylenol with a
further mol octamethylene diamine at 230° C.
The reaction product is first heated on hour in
a Sealed vessel, then 7 hours under atmospheric
pressure in a nitrogen atmosphere. The reaction
product is isolated by precipitating with alcohol.
By pressing hard structures are obtained.

Example IX

One mol bis-e-amino eaproyl hexamethylene
diamine is heated with one mol ethylene carbam-
ide-NN’-vy-dibutyric acid (according to German
Patent Application I. 64 527 IVe/12p, filed May 6,
1939 in two parts Xylenol at 220° C. After 7
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hours the polyamide thus formed is precipitated

after diluting with a further amount of xylenol by

discharging it in eacetone. The product is re-

meléed under exclusion of atmospheric oxygen

and may be drawn into filaments directly from

the melt. :
Erample X

e-amino caproic acid methyl ester in methylene
chloride is transformed with the aid of chloro-
formic acid xylenyl ester into methyl carbamic
acid xylenyl ester-N-e-caproic acid methyl ester.
This is heated with 1 mol hexamethylehediamine
at 100° C. first for one hour, the temperature is
then raised after sealing the reaction vessel at
200° C., then heated for 2 hours under pressure,
the pressure reduced and cohdensed further ¢
hours at 220° C. The reaction mass is worked
up with acetonme. Instead of hexamethylenedi-
amine also piperazine meay be employed for con-
densation,

Example XTI

Hexamethylene diamine is discharged into a
30% salcoholic solution in excess of oXalic acid
diethyl ester. After leaving at room-temperature
hexamethylene-bis-oxamic acid diethyl ester
(f. p. 89°) Is formed in good output. This ester
reacts at 30—40° C. very easily in alcoholic solu-
tion with 2 mols e-amino caproic acid ethyl ester
under formation of the dicarboxylic acid ester of
the formula

CzHs0OC—(CH2) s—NH—COCO—NH (CH2) e—
NH—~COCO—NH (CHa) 5—COOC:Hs

This ester may be condensed by itself or after
saponification with alcoholi¢ aqueous salkaline
liguor in the presence of xylenol with the equlv-
alent amount octamethylenediamine. In the first
case the mixture of the components is firat heated
for one to two hours in a sealed vessel at 200-210°
C. and then after releasing the pressure In a
nitrogen atmosphere still further 9 hours at 230°
C. In the second case it is condensed for 8 hours
at 225-230° C. in a nitrogen atmosphere,

Example XII

e-amino caproic acid ethyl ester is discharged

into excess oxalic acid diethy! ester in alcohol and
the solution is heated at 60° C., until the alkaline
reaction disappears. Thereby is formed, nearly
exclusively, the oxamide acid ethyl ester-N-e-
caproic acid ethyl ester which may be easily sep-
arated from a small quantity of in alcohol dif-
ficultly soluble oxal-bis-amino caproic acid ester
formed as by-product in small quantity. If the
oxamide acld ester is caused to react with the
equivalent amount N-monomethyl pentamethyl-
enediamine (from e-chloro amyl benzamide and
methylamine with following hydrolysis), the
amino acid ester of the following formula is ob-
tained in good output

C'Hs

PLI—(CHﬂs*f\'T[MC O-—CONI-—-{{"H:);—-C OO :Hy

H

After saponification with agqueous alcoholic al-
kaline liguor the amino acid yields after heating
in xylenol at 225° C. for 12 hours a polyamide
which can be spun.

Example XIIT )

One mol NN’-bis-e-amino eaproyl hexamethyl-
enediamine 1s heated with one mol m-benzene di-
sulfo-bis-e-amino caproic acid (crystallizing with
water in laminae, f. p. 173=174°) in xylenol for 7
hours at 220° C, The reaction product purifieq
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from xylenol by reprecipitating is soluble in di-
luted caustic soda solution and is precipiiated by
acetic acld. The raw product may be dissolved
also directly in the alkaline liquor, acidified with
acetic acid and liberated from xylenol by steam
distillation. The product may be added to al-
kaline cellulose solutlons, for instance solutions
of alkall-scluble cellulose ethers, and may be co-
agulated together with them,
Co
N

IO OC—{CH)i—N

co
Ezample XIV

A warm solution of excess hexamethylene-bis-
carbamic acid diphenyl ester (f. p. 138°) in ben-
zene is discharged, while stirring into N-methyl-
amino caprolc acld methylester, also dissolved In
benzene. The ester thus formed of the formula

CtHr— OO C—NH(CH)r—NH—C O0—N—(CHz}y—COOCH;
H;

is transformed by saponificatlon with aqueous
beryta solution and by following removal of the
barium with the aid of sulfuric acid into «-amino
hexyl carbaminyl-N-methylamino caprolc acid.
The acld may be easlly condensed in xylenol into
a polyamide which may be spun into fllaments
directly from the melt.

The dicarboxylic acld ester may be condensed
also with bivalent amines, for instance NN'-di-
methylhexamethylenediamine. The use of sec-
ondary bases is of advantage in this case, as the
urethanes or isocyanates derlved from primary
aming compounds yield uref.compounds which
may be retransformed In thebeat. Besides that,
the danger of net~formation is avolded by using
secondary amino groups. v

EgampléX¥
2 mols 5-aminopiialic w;fare coupled in

&

A

348,683

alkaline solution with 1 mol sebacic acid chlo-
ride. The tetracarboxylic acld separated with
the ald of acids i1s transformed into the anhy-
dride by heating in vacuo. The calculated

5 amount (2 mols) 2-amino caproic acid is added
to the molten anhydride (1 mol) and the mixture
carefully heated, until the separation of water is
finished. The dicarboxylic acid thus obtained of
the following formula

co
/

N—{CH;)—COO0OH

—NH—CO—(CHy))—CO—NH—

co

15 1s condensed in xylenol with octamethylene di-
isocyanate In the proportion 1lmol:lmol. By
splitting off carbondioxide a high molecular
polyamide precipitable with acetone is obtalned.
The polyamide becomes water soluble by heating
with diluted caustic soda solutlon under cleavage
of the imide groupas.

By using dilsocyanates as coupling components
the danger of splitting up the imide rings during
the condensation is avoided.

Example XVI

In a sealed vessel, in which the air Is replaced
by carbondioxide, exactly equivalent proportions
of hexamethylene-diisocyanate and oxalyl-bis-
e-amino caproic acld are heated in the beginning
at 200* C, untll no further rise of pressure oc-
curs. The formed carbondioxide is then care-
fully removed and the mixture is heated at 230°
C. for two more hours without pressure. The
mixed polymerisate thus obtalned may be formed
directly from the meit Into filaments which can
be drawn. in the cold.

As there 18 no humidity present in the reaction
mixture hydrolytic by-products are not formed.
A product is therefore obtalned, in which a very
regular structure formation must be sassumed.

PAUL SCHLACK.
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