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Preparation of polyisocyanates containing isocyanurate groups and

ugse thereof

L

5 Abstract of the Disclosure: Polyisocyanates containing isocy-
anurate groups are prepared by a partial trimerization of
(cyclo)aliphatic diisocyanates in the presence of at least one
trimerization catalyst selected from the group consisting of te-

traalkylammonium alkyl carbonates of the formula (I}
10

R3

rR2—_ N2 _r4 ©0—CO—0R3 (I) and

15 |
R1

(quaternary ammonioalkyl) carbonates having a betaine structure
20 of the formula (II)

R3

R2— N2 R5—0CO—d° (IT)
25 |
Rl

and the preferred use of the polyisocyanates containing isocyanu-
30 rate groups which are obtainable in this way 1s as polyisocyanate
component in polyurethane finishes.
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Preparation of polyisocyanates containing isocyanurate groups and

use thereof

-

The present invention relates to a novel process for preparing
polyisocyanates containing isocyanurate groups by partial tri-
merization of (cyclo)aliphatic diisocyanates, preferably
(cyclo)aliphatic diisocyanates obtainable by phosgene-free pro-
cesses, in the presence of at least one trimerization catalyst
selected from the group consisting of tetraalkylammonium alkyl
carbonates and (quaternary ammonioalkyl) carbonates having a
betaine structure and the preferred use of the polyisocyanates
containing isocyanurate groups obtainable in this .way as polyiso-

cyanate component in polyurethane finishes.

Processes for the partial or complete trimerization of organic
polyisocyanates to prepare polyisocyanates containing isocyanu-
rate groups or cellular or compact polyurethanes containing iso-
cyanurate groups are known and are described in numerous litera-
ture publications, such as the Runststoff-Handbuch, Polyurethane,
volume 7, 2nd edition 1983 (page 8l1) published by Dr. G. Oertel,
Carl Hanser Verlag, Munich, Vienna, in Polyurethanes, Chemistry
and Technology, Part I, 1962, by J.H. Saunders and K.C. Frisch,
(page 94), Advances in Urethane Science and Technology, Vol. 3,
(Technomic Publishing Co., Inc. 1974, page 141) and Plaste und
Kautschuk 23, pages 162ff and 177ff (1976), and Patents. Suitable
trimerization catalysts which may be mentioned are, for example,
alkali metal oxides, alkali metal hydroxides and strong organic
bases such as alkali metal alkoxides, alkali metal phenoxides,
metal salts of carboxylic acids, for example cobalt naphthenate,
sodium bpenzoate, sodium acetate and potassium formate, tertiary
amines, for example triethylamine, N,N—dimethylbenzylamine, tri-
ethylenediamine, tris—-2,4,6—(dimethylaminomethyl )phenol and
tris-1,3,5—(dimethylaminopropyl)—-S—hexahydrotriazine, tertiary
phosphines and tertiary ammonium compounds.

According to DE-A—38 06 276, trimerization catalysts which have

proven useful are quaternary ammonium hydroxides, preferably
N,N,N—trimethyl-N—benzylammonium hydroxide and N,N,N-tri-
methyl—-N—(2-hydroxypropyl)ammonium hydroxide. A disadvantage of
these catalysts is that they are very sensitive to impurities and

the diisocyanates used for the trimerization have to be freed of
carbon dioxide down to a residual content of less than 20 ppm.

EP—A—0 339 396 (US—-A—4 960 848) describes gquaternary ammonium
fluorides as trimerization catalyst and Ep—A-—-0 379 914

(US—A—5 013 838) specifies quaternary ammonium or phosphonium
fluorides as catalysts, with the trimerization being carried out
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in the presence of carbon dioxide passed into the reaction mix-—
ture. A disadvantage of the trimerization catalysts specified 1is
that, in the reaction of hexamethylenediisocyanate, also abbre-
viated to HDI, they give predominantly turbid products which are
unusable in the surface finish application. Turbidity-free poly-
isocyanates containing isocyanurate groups are obtained, accord-
ing to EP—A—0 010 589 (Us-A—4 324 879), using hydroxyalkyl-sub-
stituted quaternary ammonium hydroxides as catalyst. Disadvan-
tages of this process are that the hydroxyalkylammonium hydrox-
ides are very difficult to prepare in colorless form and have to
be used in relatively large amounts, for example in amounts of up
to 0.6% by weight. The polyisocyanates containing isocyanurate
groups and freed of excess HDI can therefore be yellowish. For
the trimerization and polymerization of polyisocyanates and for
the polyaddition of polyisocyanates and polyols, UsS—-A—-3 817 939
describes catalysts which are organic metal salts of the formula
(A)“—R~O—CO-OOM@, where A is hydroxyl or hydrogen, n is from 1 to
3, R is a polyfunctional, linear or branched, aliphatic or
aromatic hydrocarbon radical and M is a cation of a strong base,
eg. an alkali metal cation or a quaternary ammonium cation such
as tetraalkylammonium. US—A—3 703 520 specifies, as trimerization
catalysts, adducts of ethylene carbonate and triethylenediamine
in essentially equimolar ratios. In this process too, disadvan-
tages are the relatively high amounts of catalyst, from 0.5 to 5%
by weight based on the amount of polyisocyanate, which are re-
quired for the trimerization. DE-A—26 31 733 (US—A44 040 992) de-
scribes a process for preparing polyurethanes and polyisocyanu-
rates from organic polyisocyanates and, if desired, polyols 1in
the presence of quaternary hydroxyalkylammonium compounds of the

formula

®
R,R,RN — CH, — CH(OH)— R® 0— Cco— R

as catalyst. Disadvantages of these catalysts are their thermal
lability, so that they can only be used in a narrow temperature
range, and their low catalytic activity which can lead to dis-
coloration of the final product.

Also known are the preparation of quaternary ammonium carbonates
by reaction of tertiary amines and dialkyl carbonates in a pre-
ferred molar ratio of from 2:1 to 3:1 as described in

US—A—2 635 100 and betaine—type monocesters of carbonic acid of

the formula
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and also a process for their preparation described in

EP—A-0 400 435. Not described in the specified patent publica-
tions is the use of the quaternary ammonium carbonates and
betaine—type monocesters of carbonic acid for preparing polyiso-

cyanates containing isocyanurate groups.

It is an object of the present invention to reproducibly prepare
essentially colorless polyisocyanates containing lsocyanurate
groups, which can be used as polyisocyanate component for, pre-
ferably, polyurethane (PU) finish systems, by a very simple pro-
cess in very good quality, preferably from (cyclo)aliphatic
diisocyanates obtainable by phosgene—free processes.

We have found that this object is achieved by the use of tetra-

alkylammonium alkyl carbonates and/or (quaternary ammonioalkyl)
carbonates having a betaine structure as trimerization catalyst.

The present invention accordingly provides a process for pre-
paring polyisocyanates containing isocyanurate groups by partial

trimerization of aliphatic and/or cycloaliphatic diisocyanates 1in
the presence of at least one trimerization catalyst and deactiva-

tion of the trimerization catalyst after reaching the desired

degree of trimerization, wherein the trimerization catalysts used

are tetraalkylammonium alkyl carbonates of the formula (I)

R3

' l

rR2— N2 r4 ©0—CO—0R3 (I)

Rl

or (quaternary ammonioalkyl) carbonates having a betaine struc-
ture and the formula (II)

R3

R2— N2-R5—0CO—° (I1)

Rl
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or mixtures of (I) and (II1), where

Rl, R2 and R% are jdentical or different and are a C;— to

—alkyl group, preferably a C;— to Ce¢—alkyl group, a Cs— Or

C2o
preferably a

Ce—cycloalkyl group, a c— to C;p—aralkyl group,
c,—aralkyl group, or a phenyl group, or where R! and R4
together form a 5—membered or 6—membered cycloalkyl group or,
together with the nitrogen atom, form a 5-membered oOr

6—membered ring which can contain an additional nitrogen or
oxygen atom as a bridge member, or where R!, R? and R¢ togeth-
or form a multi-membered, preferably six—-membered, multi-ring
system, preferably a two-ring system, which can contain one
or more additional nitrogen atoms, oxygen atoms or nitrogen

and oxygen atoms as bridge members,

10

R3 is a C;— to C4—alkyl group, preferably a methyl group,

RS is a C,— to Cpp—alkylene group,; preferably a C;— to Cyo—alky-
lene group, a Cs— oOr Ce—cycloalkylene group, a C;— to
20 C;p—aralkylene group, preferably a benzylene group or a pheny-

lene group Or
-her are an alkylene group and together

R5 and R! toge
with the nitrogen atom acting as a bridge member, form

2 5-membered to 7-membered heterocyclic ring.

The tetraalkylammonium alkyl carbonates and (quaternary ammonlio-
alkyl) carbponates having a betaine structure which can be used
according to the invention as trimerization catalysts are ther-
mally stable at temperatures above 100 C and are thus catalytical-
ly active over a temperature range from about 20 to 180 C, while
the quaternary hydroxyalkylammonium carboxylates described 1in
DE-A—26 31 733 are, because of their thermal lability, generally

usable at temperatures of from 60 to 80°C. Higher trimeriza-
bove 95°C, are advantageously used

30

only
tion temperatures, for example a
for the trimerization of sterically hindered diisocyanates, such

as isophorone diisocyanate OrI 2—-butyl—2—ethylpentane—-1,5—diiso-

since this can achieve higher space—time yields. The
using the te-

be increased

cyanate,
reaction rate of the trimerization reaction can,

traalkylammonium alkyl carbonates of the invention,
by a factor of from 2 to 8, and using the (quaternary ammonioal-

kyl) carbonates having a betaine structure be increased by a fac-
40 tor of from 15 to 20, or the amount of the catalysts of the in-

vention used can be considerably decreased in comparison with,
for example, N—(2—hydroxypropyl—N,N,N—trimethylammonium

mono—2—ethylhexanocate.
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The novel trimerization catalysts of the invention can be used
for trimerizing (cyclo)aliphatic diisocyanates prepared by any
processes. However, they have proven particularly useful and are
therefore preferably used for the trimerization of

(cyclo)aliphatic diisocyanates prepared by phosgene—free pro-
cesses, since in this way it is not only possible to considerably
increase the reaction rate of the trimerization reaction, but
polyisocyanates containing lisocyanurate groups which have
extremely low Hazen color numbers, eg. preferably less than 35,

are also obtained.

As already mentioned, the trimerization catalysts which can be
used according to the invention can be prepared by known pro-
cesses. Tetraalkylammonium alkyl carbonates of the formula (I),

preferably trialkylmethylammonium methyl carbonate, can be pre-
pared by reacting, for example, dialkyl carbonates, preferably

dimethyl carbonate, with tertiary amines in the absence or
presence of solvents, eg. chlorobenzene, at temperatures of
advantageously from 100 to 180°C. Examples of suitable tertiary
amines which may be mentioned are: N,N’'—dimethylpiperazine,
N-methoxyphenylpiperazine, N-methylpiperidine, N—ethylpiperidine,
quinuclidine, trialkylamines such as trimethylamine, triethyl-
amine and tripropylamine, and preferably 1,4—dimethylpiperazine,
N,N—dimethylbenzylamine and triethylenediamine.

The tetraalkylammonium alkyl carbonates preferably used as tri-
merization catalysts, which like other suitable tetraalkyl-
ammonium alkyl carbonates can be used individually or in the form

of mixtures, have the formulae (III) to (V)

b H13C \@f \

N N—CH; ©O0COOCH; (III)
H,c” \_/
CH,
H3C k) CHZ——<Z:3> (DOCOOCH3 (IV) and
s

H,C— © 0coocH; (V).

Ny
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The preparation of the (quaternary ammonioalkyl) carbonates hav-
ing a betaine structure and the formula (II) can be carried out,
for example, by reaction of dialkyl carbonates, preferably

dimethyl carbonate, with hydroxyl-containing tertiary amines at
temperatures of from 25 to 200°C in accordance with EP—-A-400 435.

Examples of suitable hydroxyl—containing tertiary amines which
may be mentioned are: N,N-dialkylaminoalkanols such as

N, N—dimethylaminoethanol, N, N—dimethylaminobutanol, N,N-dimethyl-
aminooctanol, N,N-diethylaminoethanol, N,N-diethylaminopropanol,
N, N—diethylaminocbutanol, N,N—diethylaminopentanol, N,N-diisopro-
pylaminoethanol, N-butyl—N—methylaminopropanol, N—cyclo-
hexyl-N-methylaminoethanol, N—-benzyl-N-propylamineethanol,
N-hydroxyethylpyrrolidine, N-hydroxyethylpiperidine, N-hydroxy-
ethylmorpholine, N-hydroxypropylpyrrolidine, N-hydroxypropyl-
piperidine, N-hydroxypropylmorpholine, 3-hydroxyquinuclidine,

N, N—dimethylaminoneopentanol, 1-hydroxymethyl—-1—dimethylamino-
methylcyclohexane, N, N—diethylaminoneopentanol, N,N—dibutylamino-
neopentanol, pyrrolidinoneopentanol, piperidinoneopentanol,
3—hydroxymethyl—-3—dimethylaminomethylheptane, 3-hydroxy- .
methyl—3—diethylaminomethylheptane, 3-—hydroxy-
methyl—-3—(N—methyl-N—hexylamino)heptane, (N—methoxyethyl-N—
methylamino)ethanol, (N-—butoxyethyl-N—ethylamino)ethanol,
(N—phenoxyethyl~N-methylamino)propanol, N-methyl—-3-pyrrolidinol,
and preferably N,N—dimethylaminopropanol, N,N—dimethylamino-
hexanol and N-methyl-—-4—piperidinol.

The (quaternary ammonioalkyl) carbonates having a betaine struc-
ture and preferably used as trimerization catalysts, which like
other suitable (quaternary ammonioalkyl) carbonates having a
betaine structure can be used individually or in the form of

mixtures, have the formulae (VI) to (VIII)

CH, — CH
HAC\®/ 2\
N HC—O—CO—0@ (VI)

/
H3C \CHZ__ CHz/

CH,

H3C—-®N CHzCH2(3‘12—0(:0—~C5_3 (VI1) 'and

CHs

CH3

®
H,C-—N—CH,CH,CH,CH,CH,CH,—0CO—& (VIII).
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7
As trimerization catalysts, 1t is also possible to use mixtures

of tetraalkylammonium alkyl carbonates (I) and tetraalkylammonium
carbonates having a betaine structure (II), with these being able
to be mixed in a wide range of ratios, for example in ratios of
from 90:10 to 10:90 and preferably from 60:40 to 40:60.

To prepare the polyisocyanates containing isocyanurate groups,
the trimerization catalysts of the invention are, depending on
their datalytic activity, advantageously used in very small

effective amounts which can be experimentally determined in a

simple manner.

In the process of the invention, the tetraalkylammonium alkyl
carbonates (I) are generally used in an amount of from 0.002 to
0.05% by weight, preferably from 0.005 to 0.02% by weight, and
the (gquaternary ammonioalkyl) carbonates having a betaine struc-
ture (II) are used in an amount of from 0.001 to 0.03% by weight,
preferably from 0.002 to 0.01% by weight, in each case based on
the weight of the (cyclo)aliphatic diisocyanates,

The process of the invention is advantageously carried out at a
temperature in the range from 30 to 150°C. At temperatures below
30°C, there can be gel formation which is attributable to a linear
polymerization of the (cyclo)aliphatic diisocyanates to give
nylon—1 structures. At temperatures above 150 C, discoloration of
the polylsocyanates containing isocyanurate groups can occur, for
example at relatively long reaction times.

When using tetraalkylammonium alkyl carbonates (I), reaction tem-
peratures above 80 C, in particular from 85 to 120°C, are pre-
ferably used, while when using (quaternary ammonioalkyl)
carboﬁates having a betaine structure (II), reaction temperatures
below 80°C are preferred, with essentially colorless trimerization
products being obtained, in particular at reaction temperatures

of from 60 to 40 C.

After reaching the desired degree of trimerization or NCO content
in the isocyanurate/(cyclo)aliphatic diisocyanate reaction mix-
ture, which is advantageously in the range from 45 to 25% by
weight of NCO groups, preferably from 43 to 38% by weight of NCO
groups, and for which purpose reaction times of from 0.05 to 4
houis, preferably from 1 to 2 hours, are usually required, the
trimerization reaction is stopped by deactivation of the trimeri-
zation catalysts. Suitable deactivators are, for example,
inorganic acids such as hydrochloric acid, phosphorous acid or
phosphoric acid, carbonic acid halides such as acetyl chloride or

benzoyl chloride, sulfonic acids or esters such as

«
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8

methane—-sulfonic acid, p—toluenesulfonic acid, methyl or ethyl
p—toluenesulfonate, m—chloroperbenzoic acid and preferably dial-
kyl phosphates such as di—2—ethylhexyl phosphate and in particu-
lar dibutyl phosphate. The deactivdtors can be used in equiva-
lent, excess or deficient amounts based on the trimerization cat-

alysts, with preference being given to the smallest effective
amount, which can be experimentally determined, if only for eco-

nomic reasons.

The process of the invention is preferably carried out in the
absence of solvent. However, if the (cyclo)aliphatic diiso-
cyanates are partially trimerized in the presence of solvents or
diluents, use may be made both of inert nonpolar and of inert

polar solvents or diluents such as toluene, xylene, cyclic
ethers, carbonic esters and ketones or mixtures thereof.

The polyisocyanates containing isocyanurate groups which are pre-
pared by the process of the invention can be freed of anj solvent
or diluent present and/or preferably of excess, unreacted
(cyclo)aliphatic diisocyanates in a manner known per se, for

‘example by thin-film distillation or extraction, so that the

polyisocyanates containing isocyanurate groups are obtainable
with a content of monomeric diisocyanates of, for example, below
1.0% by weight, preferably below 0.5% by weight.

The excess monomeric diisocyanates are advantageously removed
when the process products are used for the production of poly-
urethane finishes. Without removal of the excess monomeric diiso-
cyanates, the polyisocyanates containing isocyanurate groups are
useful, for example, for producing PU foam materials, cellular or
compact elastomers, sealing compositions and adhesives. The mono-
mer—free and monomer-containing polyisocyanates containing iso-
cyanurate groups can also be modified in a manner known per se by
introducing, for example, urethane, allophanate, urea, biuret
and/or carbodiimide groups and/or the isocyanate groups can be
blocked using suitable blocking agents such as g—caprolactam,
dimethyl malonate, acetoacetic esters or aromatic hydroxyl

groups.

The process of the invention can be used to trimerize any organic
diisocyanates having aliphatic, cycloaliphatic or aliphatic and

cycloaliphatic isocyanate groups or mixtures thereof.

Suitable aliphatic diisocyanates advantageously have from 3 to 16
carbon atoms, preferably from 4 to 12 carbon atoms, in the linear

or branched alkylene radical and suitable cycloaliphatic diiso-
cyanates advantageously have from 4 to 18 carbon atoms,
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preferably from 6 to 15 carbon atoms, in the cycloalkylene
radical. Examples which may be mentioned are: 1,4—diisocyanato-
butane, 2—ethyl-1,4—diisocyanatobutane, 1,5-diisocyanatopentane,
2—methyl—1,5—diisocyanatopentane, 2,2—dimethyl-1,5—-diisocyanato-
pentane, 2-propyl-2—ethyl-1,5—diisocyanatopentane,
2—butyl—-2—ethyl—-1,5—-diisocyanatopentane, 2-alkoxy-
methylene-1,5—diisocyanatopentane, 3-methyl—-, 3—ethyl-1,5-diiso-
cyanatopentane, 1,6-hexamethylenediisocyanate, 2,4,4— or
2,2,4—trimethyl-1, 6—hexamethylenediisocyanate, 1,7-diisocyanato-
heptane, 1,8-diisocyanatooctane, 1,10-diisocyanatodecane,
1,12—diisocyanatododecane, 4,4'-—-diisocyanatodicyclohexylmethane,
2,4'—-diisocyanatodicyclohexylmethane and also mixtures of the
diisocyanatodicyclohexylmethane isomers, 1,3—diisocyanatocyclo-
hexane and also mixtures of isomers of diisocyanatocyclohexanes
and l—isocyanato-3—isocyanatomethyl-3,5,5—~trimethylcyclohexane.
(Cyclo)aliphatic diisocyanates preferably used are 1, 6—-hexamethy-
lenediisocyanate, isomeric aliphatic diisocyanates having 6
carbon atoms in the alkylene radical and also mixtures thereof,
2—-butyl-2—ethyl—-1,5—diisocyanatopentane and l—isocyanato-3—iso-
cyanatomethyl-3,5,5—trimethylcyclohexane.

The (cyclo)aliphatic diisocyanates which can be used according to
the invention can be prepared by any processes, for example by
phosgenation of the corresponding diamines and thermal cleavage
of the dicarbamic acid chlorides formed as intermediates.
(Cyclo)aliphatic diisocyanates prepared by phosgene—free pro-
cesses do not contain chlorine compounds as byproducts and there-
fore have a fundamentally different byproduct spectrum. It has
surprisingly been found that, in the trimerization of
(cyclo)aliphatic diisocyanates prepared by phosgene—free pro-
cesses, the trimerization catalysts which can be used according
to the invention have a significantly higher catalytic activity
and give polyisocyanates containing isocyanurate groups with an
appreciably lower color number than in the analogous reaction of
(cyclo)aliphatic diisocyanates prepared by phosgenation. It has
therefore proven to be advantageous in the process of the inven-
tion to use (cyclo)aliphatic diisocyanates obtainable by, pre-
ferably, a phosgene—free process and, in particular, by thermal
cleavage of (cyclo)aliphatic dicarbamic esters, with particular
preference being given to using diisocyanates obtainable by
thermal cleavage of (cyclo)aliphatic dicarbamic esters and
selected from the group consisting of 1,6—hexamethylenediiso-
cyanate, 2-butyl-2-—ethylpentamethylene-1,5-diisocyanate and
l—isocyanato-3—isocyanatomethyl-3,5,5—trimethylcyclohexane. Poly-
isocyanates containing isocyanurate groups prepared by these pro-

cess variants are very useful for preparing polyurethane
coatings, eg. textile and leather coatings, for polyurethane
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dispersions and adhesives and can be used, 1in particular, as
polyisocyanate component in two—component polyurethane systems
for high-performance, weather—resistant polyurethane finishes and

high—-solid finishes. -

Examples

Catalyst preparation

10 Preparation of tetraalkylammonium alkyl carbonates of the formula

I

1.

15

20
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30
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Preparation of 1,1—dimethyl-l1—azonia—4-—methyl-4-aza-
cyclo[2.2]hexane monomethyl carbonate of the formula (III),
hereinafter abbreviated as cat. 1

In a reaction vessel fitted with stirrer, reflux condenser
and gas inlet and outlet, a mixture of 57.1 parts by weight
(0.5 mol) of N,N'—dimethylpiperazine and 90.1 parts by weight
(1 mol) of dimethyl carbonate was heated to 95°C while stir-
ring in an inert gas atmosphere (nitrogen) and reacted at
this temperature for 8 hours. The excess dimethyl carbonate
was then distilled off and the distillation residue obtained
was taken up in 2500 parts by weight of methyl ethyl ketone.
The 1,l—-dimethyl-l—azonia—4-—methyl-4—azacyclo[2.2]hexane
monomethyl carbonate crystallized from the methyl ethyl
ketone was filtered off with suction under an inert gas

atmosphere and dried.
Elemental analysis (CgH29N3203)

Calculated (8 by wt.]}: C 52.9; H 9.9; N 13.7; 0 23.5
Found [$¥ by wt.]: C 52.7: H 9.1: N 14.2: O 24.3

Decomposition range: 220 to 240°C

Preparation of N,N,N-trimethylbenzylammonium monomethyl
carbonate of the formula (IV), hereinafter abbreviated as
cat. 2

The preparation was carried out in a similar way to that of
cat. 1, but using 67.6 parts by weight (0.5 mol) of

‘N, N—dimethylbenzylamine in place of N,N’—dimethylpiperazine.
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11
Elemental analysis (CjoHi9NO;3)

Calculated [ by wt.]: C 63.9: H 8.5 N 6.2;: O 21.3
Found [$ by wt.]: C 63.7; H 8.6; N 6.0; O 21.6

Decomposition range: 210 to 230°C

Preparation of l—methyl-l—azonia—-4-—azabicyclo(2.2.2]octane
monomethyl carbonate of the formula (V), hereinafter abbre-

viated as cat. 3

The preparation was carried out in a similar way to that of
cat. 1, but using 56.1 parts by weight (0.5 mol) of diazabi-
cyclo[2.2.2]octane in place of N,N’—dimethylpiperazine.

Elemental analysis (CgH;glN3;03)

Calculated [% by wt.]: C 51.3: H 8.1 N 15.0; O 25.6
Found (¢ by wt.]: C 51.3;: H B8.6: N 14.3; 0O 25.3

Decomposition range: 220 to 240°C

Preparation of (quaternary ammonioalkyl) carbonates having a

betaine structure and the formula (II)

4.

Preparation of 4—(N,N—dimethylpiperidino) carbonate of the
formula (VI), hereinafter abbreviated as cat. 4

In a reaction vessel fitted with stirrer, reflux condenser
and gas inlet and outlet, a mixture of 73.6 parts by weight
(0.5 mol) of N—methyl—-4—piperidinol and 90.1 parts by weight
(1.0 mol) of dimethyl carbonate was heated to 95°C while

stirring in an inert gas atmosphere (nitrogen) and reacted at

this temperature for 8 hours. The excess dimethyl carbonate
was then distilled off and the distillation residue obtained
was taken up in 2000 parts by weight of methyl ethyl ketone.
The 4—(N,N—dimethylpiperidino) carbonate crystallized from
the methyl ethyl ketone was filtered off with suction under

an inert gas atmosphere and dried.

Elemental analysis (CgH;5NO;3)

‘Calculated ([% by wt.]: C 55.5: H 8.7; N 8.1; 0 27.7

Found [# by wt.]: C 55.3; H 8.9; N 8.3; 0 27.5

Decomposition range: 240 to 260 C

Ca ok
S
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Preparation of N,N,N—trimethylammoniopropyl carbonate of the
formula (VII), hereinafter abbreviated as cat. 5

The preparation was carried out in a similar way to that of

cat. 4, but using 51.5 parts by weight (0.5 mol) of
N, N—dimethylaminopropanol and 90.1 parts by weight (1 mol) of
dimethyl carbonate as starting materials.

Elemental analysis (C;H;sNO3)

Calculated [ by wt.]: C 52.2: H 9.4; N 8.7; O 29.8
Found [¢ by wt.]: C 51.6; H 9.4; N 8.9; O 30.7

Decomposition range: 200 to 220°C

Preparation of N,N,N—trimethylammoniohexyl carbonate of the
formula (VIII), hereinafter abbreviated as cat. 6

The preparation was carried out in a similar way to that of
cat. 4, but using 72.6 parts by weight (0.5 mol) of

N, N—dimethylaminohexan—1l-ol and 90.1 parts by weight (1 mol)
of dimethyl carbonate as starting materials.

Elemental analysis (C10H21NO;y)

Calculated [¢ by wt.]: C 59.1; H 10.3; N 6.9; 0 23.7
Found [¢ by wt.]: C 58.5: H 10.3: N 7.1; O 24.2

Decomposition range: 240 to 260°C

Preparation of the polyisocyanates containing isocyanurate groups

Examples 1 to 19 and Comparative Examples I to III

35 The (cyclo)aliphatic diisocyanates were heated to a reaction tem-
perature in the range from 30 to 110°C while stirring in an inert

gas atmosphere, eg. nitrogen or argon, a catalyst solution was
added and the diisocyanates were trimerized for a period of from
60 to 120 minutes. To stop the trimerization reaction, the cata-

40 lyst was deactivated by addition of dibutyl phosphate.

The comparative catalyst used (in the Comparative Examples) was
N—(2¥hydroxypropyl)~N,N,N—trimethylammonium 2—ethylhexanoate,
hereinafter abbreviated as cat. 0.

45
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The Table below summarizes the (cyclo)aliphatic diisocyanates
used, the catalyst type, amount and solution, the reaction tem-
perature and time and the isocyanate content and the color number
of the polyisocyanates containing isocyanurate groups prepared.

In the Table:

HDI: 1is 1l,6-~hexamethylenediisocyanate prepared by thermal cleav-
age of hexamethylenedibutylurethane
IPDI: is lnisocyanato~3—isocyanatomethyl~3,5,S—trimethylcyclo—

hexane
BEPDI: is 2-butyl—-2—ethylpentamethylene—1,5—-diisocyanate

>
e :r& r.'.’;'-
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1. A process for preparing polylsocyanates containing iso-

cyanurate groups by partial trimerization of aliphatic and/or

cycloaliphatic diisocyanates 1in the presence of at least one
+rimerization catalyst and deactivation of the trimerization
catalyst after reaching the desired degree of trimerization,

wherein the trimerization catalysts used are tetraalkyl-
ammonium alkyl carbonates of the formula (I)

R3

rR2—N2-R4¢ ©0—CO—OR3 (1)

Rl

or (quaternary ammoniocalkyl) carbonates having a betaine
structure and the formula (II)

R3
|

R2—N2_R5—0CO—d° (II)

R1

or mixtures of (I) and (II), where

R!, R? and R%* are identical or different and are a C;— to
Cyo—alkyl group, a Cs— to Cg—cycloalkyl group, a Cy— to

C;o—aralkyl group or a phenyl group or where R! and R?
together form a S5—membered or 6—membered cycloalkyl group

or, together with the nitrogen atom, form a 5-membered or
6—membered ring which can contain an additional nitrogen
or oxygen atom as a bridge member, or where R!, R? and R4
together form a multi-membered multi-ring. system which
can contain one or more additional nitrogen atoms and/or

oxygen atoms as bridge members,
R3 is a C;— to C4—alkyl group,

R5 is a C,~ to Cyp—alkylene group, a Cs— to Cg—cycloalkylene
group, a C;— to Cjg—aralkylene group or a phenylene group

or
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R and Rl together are an alkylene group and

together with the nitrogen atom acting as a

bridge member, form a 5-membered to 7-membered

heterocyclic ring.

2 . The process as claimed 1in claim 1, wherein the
trimerization catalysts are selected from among

tetraalkylammonium alkyl carbonates of the formulae

H3C\@®/ '\
o .y N\_/N-— CH; ©ocoocH, (IIT)
CH;
H3c_.._],,\,§9_cgz—-© © ocoocH, | (IV) and
CH;

@/'—\

H3C—N" SN S
3 a QFOOCHg (V).
20 3. A process as claimed in claim 1, wherein the

trimerization <catalysts are selected from among

(quaternary ammonioalkyl) carbonates having a betaine

astructure and the formulae

CH;— CH>
H,C\®/ \
| 3 /N HC—O0—CO0—0° (VI)
| H3C \CHz'—_CHz/
CHj,
H,C-2N—CH,CH,CH,—0C0O—0° (VII) and

30 ‘
‘ CHj
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CHj;

o

H,C—N—CH,CH,CH,CH,CH,CH,—O0CO—& (VIII).

CHj

The process as claimed in claim 1, wherein the partial

rrimerization is carried out at from 30 to 150°C.

The process as claimed 1n any one of claims 1 to 4,
wherein the tetraalkylammonium alkyl carbonates (I) or
(quaternary ammonioalkyl) carbonates having a betaine

structure (II) are deactivated by addition of dibutyl

phosphate.

A process as claimed 1n any one of claims 1 to 5,
whereiln, after reaching the desired degree of
trimerization and deactivating the trimerization

catalyst, the wunreacted monomeric (cyclo)aliphatic

diisocyanates are removed.

The process as claimed 1n any one of claims 1 to 6,
wherein the partial trimerization is carried out using
(cyclo)aliphatic dililisocyanates prepared by a phosgene-

free process.

The process as claimed in any one of claims 1 to 6,
wherein the partial trimerization is carried out using

(cyclo)aliphatic dilsocyanates obtained by thermal

cleavage of (cyclo)aliphatic dicarbamic esters.

smemmrryw
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The process ‘as claimed in any one of claims 1 to 8,
wherein the partial trimerization is carried out using
(cyclo)aliphatic diisocyanates obtained by thermal
cleavage of (cyclo)aliphatic dicarbamic esters and
selected from the group consisting of 1,6-hexa-
methylenediisocyanate, 2-butyl-2-ethylpentamethylene-
1,5-diisocyanate and 1l-isocyanato-3-isocyanatomethyl-

3,5,5-trimethyl-cyclohexane.

Use of polyisocyanates containing isocyanurate groups
and obtained by the process as claimed in any one of

claims 1 to 9 as polyisocyanate component 1in

polyurethane finishes.

Use of polyisocyanates containing 1socyanurate Jgroups
and obtained by the process as claimed in any one of
claims 1 to 9, prepared from (cyclo)aliphatic
diisocyanates obtained by phosgene-free processes, as

polyisocyanate component in polyurethane finishes.




R3
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