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® Polymers containing polysikyipiperidines snd use thereof as stabllizers.

. @ Polymers containing polyalkylpiperidines and use

thereof as stabilizers for synthetic polymer compositions are

: described. In said polymers, sterically hindered polyalky!-

* ) piperidines are linked in the main chain via bridging members

: g containing 2-hydroxy-1,3- trimethylene groups, or derivatives

thereof. The polymers are distinguished by an improved

stabilizing effect in various synthetic polymer compositions,

such as polyolefins, against light- and/or heat-induced
deterioration thereof. The polyalkylpiperidine-containing

"polymers of the invention are hardly volatile upon heat-

processing or during storage of shaped articles containing
said polymers, and are resistant to extraction with solvents.
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"POLYMERS CONTAINING POLYALKYLPIPERIDINES AND USE THEREOF

AS STABILIZERS

The present invention relates to novel polymers con-
taining sterically hindered polydkylpiperidines and which
are useful as stabilizers for synthetic polymers, and syn-
thetic polymer compositions stabilized against light- and
heat -deterioration containing said novel polymers.

It is known that polyalkylpiperidine derivatives in
which the 1- and/or 4-positions are substituted are effec-
tive polymer stabilizers against light- or heat-induced
degradation thereof. For example, 4-spirohydantoins of
2,2,6,6-tetramethylpiperidine or 2,6-diethyl-2,3,6-trime-
thylpiperidine are disclosed in U.S. Patents nos.
3,542,729, 3,705,126, 3,941,744, 4,005,094 and
3,898,303 and German Offenlegungsschrift no. 2,623,464;
amino derivatives are disclosed in U.S. Patents nos.
3,684,765 and 3,904,581 and German Offenlegungsschrift
no. 2,621,870; esters, ethers and carbamates of 4-piperi-
dinols are disclosed in U.S. Patents nos. 3,640,928,
3,840,494, 4,021,432, 3,940,363, 3,993,655 and
4,075,165 and German Offenlegungsschrift 2,647,452; ketals
of 4-oxo0 compounds are disclosed in U.S. Patents nos.
3,899,464 and 3,940,363 and German Offenlegungsschrift
no. 2,621,855; and pinacol type derivatives are disclosed
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in U.S. Patents nos. 4,061,616 and 4,055,536 as well as
Japanese Provisional Patent Publication no. 51-145548,
respectively. Furthermore, polymers containing 4-amino-
polyalkylpiperidines as the side chain are proposed in
German Offenlegungsschriften nos. 2,611,208, 2,636,144
and 2,636,130,

The invention provides polymers in which groups con-
taining polyalkylpiperidines represented by the general
formulae: | '

CH, R . CH, o -
3 51 R,CH, 3Ry

R,CH,

— N or . —N

3 - RyCHy CH,

wherein R1 represents a hydrogen atom or a methyl group,
are linked in the main chain via bridging members contain-
ing groups having the formula -CH CHCHZ- ,» or derivatives
thereof. | ? 6H

The new polymers sHow impfoved stabilizing effect in
various polymeric materials against light- and heat-degra-
dation thefeof, with less sublimation and exudation there-
from.

" The polymers of the present invention containing poly-
alkylpiperidines are represented by the following formula
(1) :

—+ CH, CHCH,—¢ X-CH2(l:HCH2-——)—nTl ¥ —¢ CH, CHCH, -x—)@—-]_—l_ (1.
0z 0z 0z
In the above formula, l_fepresents an integer of from
2 to 50, preferably 2-10, and most preferably 2-6.
Both my and m, represent 0O, or one of them represents

-1 and the other represents O.

X represents a group of formula -OCHZQHCHZO-,
0z
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—0—CH ?HO}E— or —OWO —CH FHCHZ-OWO}H-—— .
R' © 0z 2

R' represents a hydrogen atom or a methyl group, pre-
ferably a hydrogen atom.

n; represents an integer of from 1 to 10, preferably
1,

n, represents O or an integer of from 1 to 10, pre~
ferably O.

CH3
]
W represents a group of formula -—<Z3V‘C *<:j}‘,
)
?HB CH3
OO Do D eromany o
t
CH3 :

n, represents an integer of from 1 to 10, preferably
4 to 10, most preferably 4. As such groups may be mention-
ed, for example, the malonyl, succinyl, adipoyl, suberoyl,
sebacoyl or decane-1,10-dicarbonyl group.

W further represents a group of formula -CO .CO-,

&

e.g. isophthaloyl or terephthaloyl, preferably phthaloyl,
or a group of formula _CO?Ejj;CO-’ e.g. cyclohexane-1,2-

dicarbonyl.

- Y represents, when both my and m, are 0, one of the
following formulae (II) to (IV):

(I1)

in which R1 represents a hydrogen atom or a methyl group,

"preferably a hydrogen atom, and R2 represents a hydrogen

atom or an alkyl group having from 1 to 18 carbon atoms,

e.g. methyl, ethyl, n-propyl, n-butyl, octyl, dodecyl or

30 octadecyl, particularly methyl. Preferably, R2 is a hydro-
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gen atom,
CH
RlCH2 3 R
1
— 0 — (1II)
RlCH2 H3

in which Rl has the meaning given above.

CH

R,CH, 3 Ry
0"“\\
— o j3‘CH2°' (IV)
R,CH, CH,

5 in which R1 has the meaning defined above, R3 represents
a group of formula -?Hz or 'CH2\~ /’RA s, and
CH—  -CH,” O~
R4 represents the methyl or ethyl group.
Y represents, when one of my and m, is 1 and the
10 other is O, a group of the following formulae (V) to (XI):

| R, CH, CHy CHyR;

CH '
3R
1o

AN e S

. o) {1 -

in which: R1 and R2 have the meanings defined above.
A represents an alkylene group having from 2 to 12,
preferably 2 to 6, and most preferably 6 carbon atoms, e.g.
15 ethylene, tetramethylene, hexamethylene, octéﬁethylene,
decamethylene or dodecamethylene; a xXylylene group, e.g.
o-, m~ or p-xylylene, preferably p~xylylene; a group of
formula -CHZ-H2~ ; a group of formula

—CHZCOO—Rs-OCOCHz— in which R5 is an alkylene group hav-
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ing from 2 to'8 carbon atoms, e.g. ethylene, tetramethy-
lene, hexamethylene or 2-ethyl-l,6-hexylene, preferably
ethylene; a group of formula -CHZCHO-R7-OCHCH2- in which
J t

Rg Rg

R6 represents a hydrogen atom, a methyl group or a phenyl

group, preferably a hydrogen atom, and R7 represents an
aliphatic, aromatic or alicyclic diacyl group havhg up to

.12 carbon atoms, for example, an alkanedicarbonyl group

having from 4 to 12 carbon atoms and which is optionally
interrupted by sulfur, such as malonyl, succinyl, adipoyl,
sebacoyl, decane-1,10-dicarbonyl or 3,3'-thiodipropionyl,
phthaloyl, isophthaloyl, terephthaloyl or cyclohexane-l,4-
dicarbonyl; or a group of formula -CHZFHCHi{RS-CHZQHCHZ}E
0Z 0z
in which p is O or 1, preferably 1, R8 has the same mean-
ing as the above-defined X, and Z has the meaning defined
below.

R,CH, CH3 . | CH, CH,R
1 1 Ry Rgnl 3 2™
| i .
— Ne—m B — N _— (V1)
. R,CH '
1-°2 cHy CH; CH,R,
in yhich:

R1 has the meaning defined above. R9 represents an élkyl
group having from 1 to 18, preferably 1 to 8 carbon atoms,

- e.g. methyl, ethyl; n-propyl, n-butyl, n-octyl, 2-ethyl-

hexyl, undecyl or octadecyl; a phenyl group; a benzyl group;
a cyclohexyl group; or an aliphatic, aromatic, araliphatic
or alicyclic acyl group having up to 18 carbon-atoms, for
example, an alkanoyl group having from 2 to 18 carbon atoms
such as aéetyl, propionyl, hexanoyl, octanoyl, 2-ethyl-
hexanoyl,\lauroyl or stearoyl, benzoyl, toluoyl or 3-(2,4-
di-tert-buryl-é-hydroxyphenyl)propionyl.R9 most preferably
|

i
:
t
!
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is an alkyl group having from 1 to 4 carbon atoms or the
acetyl group. ,

‘ B represents an alkylene group having from 2 to 10,
preferably 2 to 6 carbon atoms, e.g. ethylene, tetramethy-
lene, hexamethylene, octamethylene or decamethylene; a
xylylene group, e.g. o-, m- or p-xylylene, preferably p-
xylylene; a group of formula -CH2-<:f>——- CHZ-; a
group of formula -CHZCOO-Rs-OCOCHZ- in which R5 has the
meaning defined above; a group of formula
-CHZQHO-R7-O?HCH2- in which R6 and R7 have the meanings

Re R6
defined above; or a group of formula
-CHZFHCHz—f-R8-CH29HCH2—?5 in which Rg and p have the
0z 0z

meanings given above and Z :has the meaning defined below.

RlCH2 CH 3 Rl R CH3 CHZRl
¥~ X
~— N o} D o} N— (VII)
RlCH2 CH 3 CH3 CHZR]_
in which:

R1 has the meaning defined above.
D represents an aliphatic, aromatic, araliphatic or alicyc-

‘lic diacyl group having up to 36 carbon atoms, for example

diacyl groups as described unger R7, an alkanedicarbonyl
group having from 4 to 12 carbon atoms and which is opt-
ionally interrupted By sulfur; phthaloyl, isophthaloyl,
terephthaloyl or cyclohexane-1,4-dicarbonyl, or a diacyl
group derived from a dimeric acid, or a group of formula
-CO ///R13 in which R13 represents an alkyl group hav-

14 .
ing from 1 to 4 carbon atoms, a benzyl group or a 3,5-di-
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tert-butyllphydroxybenzyl group and R,, has ‘the same mean-
ing as R13 or represents a hydrogen atom; or a group of
formula -CONH-RlO-NHCO- in which R10 represents an alky-
lene group having from 2 to 10, preferably 6 carbon atoms,
e.g. ethylene, tetramethylene, hexamethylene, octamethy-
lene or decamethylene, a phenylene group optionally sub-
stituted with methyl, e.g. 0-, m- or p-phenylene, particu-
larly 2,4-tolylene, a naphthylene group, e.g. 1,5-naphthy-
lene, a xylylene group, e.g. p-xylylene, a cyclohexylene
group optionally substituted with methyl, e.g. 1l,4-cyclo-

hexylene or methyl-2,4-cyclohexylene, a group of formula
7 N\

4C;>FR11-<::>- in which R;; represents an oxygen atom or
a methylene group, a group of formula , a group

of formula -4(:)% CHj or a group of formula
-y )cH,-.
R ' Ry cn
o— : g -
- R: -CH,0~ G — OCH,-R N — (VIII)
3 2 2 73
R:LCH2 R - C 3 H2Rl
CH, '
in which:
R1 and R3 have the meanings given above.
G has the same meaning as the above-defined D, or it re-

presents an alkylene group having from 3 to 10, preferably

4 to 6 carbon atoms, e.g. trimethylene, tetramethylene,

hexamethylene, octamethylene or decamethylene; a xylylene

group, e.g. o-, m- or p-xylylene, preferably p-xylylene;

a group of formula -CH2 CHZ- or a group of for-

mula -CHZFHCHZ-RS-CH29HCH2- in which R8 has'the meaning
0Z 0z

defined above and Z has the meaning defined below.
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CH * CH. CH,R
ngaz -3 Ry R 3 8%y
. .0 ‘ . '
R,CH o '
1-72 CHy , CH; CH Ry

in which Rl has the meaning defined above.

C

| H CH -
RlCHz 3 Rl Rl 3 CHle
-— N— - (X)
. RlCHZ CH3 'CH3 CHZR_I

in which R1 has the méaning defined above.

’ CH,, ~ » CH '
R.CH 3 R R 3
5 l. }L_< 1 N | CHle
__/><:J/ : ;:;7éi:- (X1)

in which Rl has the ﬁeaning defined above.
All of Z in the molecule represent a hydrogen atom;
an alkyl group having from 1 to 18 carbon atoms, e.g. me-
. thyl, ethyl, n-~propyl, n-butyl, oétyl, dodecyl or octade-
10 cyl, particularly methyl; an aliphatic, aromatic, aralipha-
tic or alicyclic acyl group having up to 18 carbon atoms,
for example as described under R9, an alkanoyl group hav-
ing from 2 to 18, preferably-2 to 4 carbon atoms, benzoyl,
toluoyl or 3-(3,5~di~tert-butyl-4-~hydroxyphenyl)propionyl;
15 a group of formula -CONHR12 in which R12 is an alkyl group
having from 1 to 18, preferably 1 to 4 carbon atoms, a
phenyl group or a cyclohexyl group. ‘
Alternatively, a part of Z in the molecule may repre-
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sent  hydrogen atoms while the remaining Z represent
above-defined groups other than hydrogen.

Preferably, all of Z in the molecule represent hydro-
gen atoms, acetyl or benzoyl groups, or a part of Z in the
molecule are hydrogen atoms and the remaining Z are acetyl
or benzoyl groups.

In formula (I), the terminal groups -CH -CH-CHZ- may

2
be present as groups of formula CHi——/CHCHz- OH
~0

which impart a similar stabilizing effect and are included
within the scope of the polymers of the invention.

Among the polymers of formula (I), preferred groups
are as follows: |
1) in formula (I), when both my and m, represent 0,
l-a) polymers in which Y is a group of formula (II) and Ry
and R, are hydrogen atoms,
1-b) polymers in which Y is a group of formula (III) or
(IV) and R; is a hydrogen atom;
2) in formula (I), when one of my and m, represents 1
and the other represents O, X represents a group of formu-

la -OCH

formula

2CH20- or -OWO- in which W represents a group of
9H3 . ?H
oD O
[} s
CH3 CH3
-CO(CHZ%ETCO- (n3 represents an integer of from 4 to 10,
preferabl% 4), or a group of formula -COz :CO-; most

preferably X is a group of formula
CHy -
-0
t
CH3
2-a) polymers in which Y is a group of formula (V), Ry and

R2 are hydrogen atoms and A is an alkylene group having

from 2 to 6, particularly 6 carbon atoms, or a group of
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formula -CHZFHCHZ-RS-CHZ?HCHZ- wherein Rg has the same
OH OH
meaning as the above-defined X,
2-b) polymers in which Y is a group of formula (VI), Ry is
a hydrogen atom, and R9 is an alkanoyl group having from
2 to 4 carbon atoms or an alkyl group having from 1 to 8
carbon atoms and B is an alkylene group having from 2 to
6 carbon atoms, or R9 is an alkyl group having from 1 to 8
carbon atoms and B is a group of formula
-CH2§HCH2-R8-CH ?HCHz— wherein Rg has the same meming as X;
OH OH
2-c) polymers in which Y is a group of formula (VII), R1
is a hydrogen atom and D is an alkanedicarbonyl group hav-
ing from 4 to 12 carbon atoms,particularly 10 carbon atoms,
or a benzene dicarbonyl group; )
2-d) polymers in which Y is a group of formula (VIII), R,
is a hydrogen atom and G is an alkanedicarbonyl group hav-
ing from 4 to 12 carbon atoms or a group of formula
-CHZQHCHZ-RS-CHZQHCHZ- wherein R8 has the same meaning as
OH : OH
the above-defined X,
2-¢) polymers in which Y is a group.of formula (IX), (X)
or (XI) and Ry is a hydrogen atom.
The following is a non-limiting list of recurring

units of the polymers of the invention:
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The polymers of the invention having formula (I) may
be either homopolymers or copolymers. In other words,each
of W, X and Y may be all the same, partly different, or
all different in their structures. In some instances, co-
polymers give better physical and/or stabilizing proper-
ties than homopolymers. .

Polymers having the above-mentioned recurring units
wherein a part or all of the hydroxy groups of the polymer
are etherified, esterified or converted into carbamate
groups are also represeﬁtative polymers of the invention.
Preferred such polymers with Z # hydrogen are, e.g. methyl
ethers, ethyl ethers, acetates, propionates, benzoates,

N-methyl carbamates, N-ethyl carbamatcs, N-phenyl carba-
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mates and N-cyclohexyl carbamates.

The polymers of formula (I) according to the inven-
tion may be prepared by any one of the following methods
which are performed under conditions known per se.

1) Polymers in which Z is a hydrogen atom and both my
and m, are O may be prepared by polymerizing an epoxy com-
pound having the formula
CIi{"‘/CHCH2 -Yl
o)
in which Y1 is a group of formulae (II) to (IV), with the

proviso that the 2,3-epoxypropyl group is linked to the

-H . (XII)

nitrogen atom at 3-position, the oxygen atom at 4-position -
or the oxygen atom of -CHZO— in formulae (II), (ITII) and
(IV), respectively.

The reaction is performed preferably by heating the
starting compound (XII) at 60 to 230°C in the presence or
absence of an inert solvent. Suitable solvents are, e.g.,
ethers such as dioxane or diethylepneglycol dimethyl ethef;
dialkylamides such as dimethylformamide or dimethylacet-
amide; chlorinated or non-chlorinated aromatic hydrocarbons
such as benzene, toluene,xylene,chlorobenzene o p-dichloro-
benzene; and alcohols or mixtures thereof with water such '
as methanol, ethanol, n- or tert-butanol, n-octanol,
aqueous methanol or aqueous ethanol.

In performing the reaction, there may be employed a
catalyst, if necessary. Suitable catalysts are for instance
those used for curing epoxy resins, e.g. tertiary amines
such as triethylamine, triethanolamine or 1,5-diazabicyclo-
[5.4.0lundecene-5 (DBU) or Lewis acids such as boron tri-
fluoride or zinc borofluoride. , '

The starting compounds (XII) may be prepared by react-
ing a compound of formula HsYl-H with one mole equivalent
of an epihalohydrin.

2) Polymers of formula (I) in which Z is a hydrogen atom
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and one of ml'and m, is 1 and the other is O may be pre-
pared by polymerizing an epoxy compound of formula
QEZEZFHCHZ'X'CHZCE:;>§H2 (X111) with a piperidine com-

i

pound of formula_H;Yz-H, or by polymerizing an epoxy com-

pound containing a piperidine of formula

CH //QHCH -CH CH‘—'CH2 (XIV) with a compound H-X-H
Ny~

in which Y, is an above-defined group of formula (V) to

(XI) and X has the meaning defined above.

The reaction is performed under similar conditions
as in the aforementioned process variant 1).

The starting compounds (XIV) méy be prepared by re-
acting a compound.of formula H-YZ-H with two mole equlva-
lents of an epihalohydrln ,

3) Compounds of formula (I) in which a part or all of
Z are other than hydrogén may be prepared by introduﬁing
a substituent into a compound in which Z is a hydrogen atom
and oBtained in accordénce with the above-mentioned process
variants 1) or 2), by the methods described below:
3-a) Compounds in which Z is an alkyl group may be prepared
by reacting the corresponding compound in which Z is a hyd-
rogen atom with a strong basic alkali metal compound such
as sodium hydride or potassium tert-butyrate and then with
the desired alkyl halide.
3-b) Compounds in which Z is an acyl group mayle prepared
by reacting the corresponding compound in which Z is a hyd-
rogen atom with a reactive derivative of the corresponding
carboxylic acid. As reactive derivatives acid halides, acid
lower alkyl esters or acid anhydrides, preferably acid an-
hydrides, may be employed.

3-c) Compounds in which Z is an N-substituted carbamoyl
group may be prepared by reacting the corresponding com-
pound in which Z is a hydrogen atom with the corresponding

35 isocyanate.
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The polymers of formula (I) according to the invention
can effectively stabilize a wide variety of synthetic poly-

'~ mers, such as:

olefin and diene polymers, including homopolymers of ole-

fins and dienes (e.g. low-density, high-density and cross-
linked polyethylenes, poiypropylene, polyisobutylene,poly-
methylbutene-1l, polymethylpentene-1l, polyisoprene and poly-
butadiene), mixtures of such homopolymers (e.g. mixtures

of polypropylene and polyethylene, polypropylene and poly-
butene-l, or polypropylene and poljisobutylene), and co-
polymers of olefins and dienes (e.g. ethylene/propylene-
copolymers, propylene/butene-l1 copolymers, propylene/iso-
butylene copolymers, ethylene/butene-l1 copolymers, and ter-
polymers of ethylene and precpylene with dienes such as
hexadiene, dicyclopenﬁadiene or ethylidene norbornene) ;

styrene polymers, including polystyrene, copolymers of sty-

rene and of a-methylstyrene (e.g. styrene/butadiene copoly-
mers, styrene/acrylonitrile copolymers, styrene/acrylo-
nitrile/methylmethacrylate.copolymers, styrene/acrylonit—
rile/acrylic ester copolymers, styrene/acrylonitrile co-
polymérs modified with acrylic ester polymers to provide
impact strength, and styrene polymers modified with ethy-
lene/propylene/diene elastomers to provide impact strength),
and graft copolymers of styrene (e.g. polymers in which
styrene is grafted onto polybutadiene, and polymers in
which styrene and acrylonitrile are grafted onto polybuta-
diene as well as mixtures thereof with the aforementioned
styrene copolymers, commonly known as acrylonitrile/buta-
diene/styrene or ABS plastics);

halogenated vinyl and vinylidene polymers, inclﬁding poly-

vinyl chloride, polyvinylidene chloride, polyvinyl fluoride,
polychloroprene, chlorinated rubbers, vinyl chloride/viny-
lidene chloride copolymers, vinyl chloride/vinyl acetate
copolymers, and vinylidene chloride/vinyl acetate copoly-

mers,;
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polymers derived from a,R-unsaturated acids, and deriva-

tives thereof, including polyacrylates and polymethacry-
lates, polyacrylic amides and polyacrylonitrile;

polymers derived from unsaturated alcohols and amines.and

from the acyl derivatives thereof or acetals, including
polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate,
polyvinyl benzoate, polyvinyl maleate, polyvinyl butyral,
polyallyl phthalate, and polyallyl melamine, and copoly-
mers thereof with other ethylenically unsaturated monomers
(e.g. ethylene/vinyl acetate copolymérs);

epoxy polymers, including homopolymers and copolymers de-

rived from epoxides (e.g. 'polyethylene oxide), and poly-~

mers derived from bls-glyc1dy1 ethers,,

.polvacetals, polyalkylene ox1des and polyphenylene ox1des,

including polyoxymethylene,'oxymethylene/ethylene ox1de.
copolymers, polyoxyethylene, polypropylene oxide, polylso-
butylene oxide and polyphenylene oxides;

polyurethanes and polyureas;

polycarbonates;

polysulphones;

polyvamides and copolvamides derived from diamines and di-

carboxylic acids and/or from amino-carboxylic acids or the
corresponding lactams, including nylon-6, nylon-6,6,
nylon-6,10, nylon-11 and nylon-12;

polvesters derived from dicarboxylic acids and dialcohols

and/or from hydroxycarboxylic acids and the corresponding
lactones, e.g. polyethylene glycol terephthalate and poly-
1,4-dimethylol-cyclohexane terephthalate;

crosslinked polymers derived from aldehydes together with

phenols, ureas or melamines, e.g. phenol/formaldehyde,
urea/formaldehyde and melamine/formaldehyde resins;
alkyd resins, e.g. glycerol/phthalic acid resins and mix-

tures thereof with melamine/formaldehyde resins;

unsaturated polyester resins derived from copolyesters of




10

15

20

25

30

0000769
- 28 -

saturated and unsaturated dicarboxylic acids with poly-
hydric alcohols as well as from vinyl compounds as cross-
linking agents, and also halogenated flame-resistant modi-
fications thereof.

The amount of stabilizers of the invention needed for
effective stabilization of organic polymers will depend
on a variety of factors, such as the type and properties
of the polymer concerned, its intended use, and the pre-
sence of other stabilizers. It is generally satisfactory
to use from 0.0l to 5.0% by weight of the stabilizers of
the invention, based on the weight of the polymer, but
the most effective range will vary with the type of the
polymer; viz. 0.01% to 2.0%, preferably 0.02% to 1.0%, by
weight for olefin,diene and styrene polymers; 0.01% to
1.0%, preferably 0.02% to 0.5%,by weight for vinyl and
vinylidene polymers; and 0.01% to 5.0%, preferably 0.027%
to 2.0%, by weight for polyurethanes and polyamides. If
desired, two or more of the polymeric stabilizers of the
invention may be used together.

The polymeric stabilizers of the invention may readi-
ly be incorporated into synthetic polymers to be stabili-
zed by conventional techniques at any convenient stage
prior to the manufacture of shaped articles tHerefrom.For
example, the polymeric stabilizer may be mixed with the
polymer to be stabilized in dry powder form, or a suspens-
ion or emulsion of the stabilizer.may be mixed with a solu-
tion, suspension or emulsion of the polymer to be stabi-
lized. .

The stabilized polymeric composition of the invention
may optionally also contain one.or more of various additi-
ves conventionally used in polymer techmnology, such as the
additives listed in British Patent Specification no.
1,401,924, at pages 11-13,In the following Examples the
mean molecular weight was measured by the vapour pressure

depression method.
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Example 1 P
CHZ?HCHj—-
OH
"0
N

1.4 g of 3-(2,3-epoxypropyl)-7,7,9,9-tetramethyl-1,3,8-
triazaspirol4.5]decane-2,4~dione were heated at 180-190°C
for 20 minutes in the absence of a solvent. Ethyl acetate
was added to the reaction mixture, and insoluble residues
were filtered off. A precipitate formed by adding n-hexane
to the ethyl acetate solution, and said precipitate was
collected by filtration and dried under reduced pressure,
giving a white powder (Compound no. 1) softening at 205-
208°C and having a mean molecular weight of 1,350.

Example 2 ) N A - . -
/ _ CH, CHj
CHZ?HCHi—-O —_—
OR _
' CH
N 3 3 )

3.0 g of 4-(2,3-epoxypropoxy)-2,2,6.6-tetraméthy1piperidine
were heated at 210-220°C for 5 hours under an argon stream.
Upon cooling, the reaction product solidified, yielding a
vitreous solid which was triturated giving a pale yellow
powder (Compound no. 2) softening at 140-145°C and having
a mean molecular weight of 3,800,

Example 3 ‘

Acetate of compound no. 2. A mixture of 1,0 g of the palec
yellow powder obtained according to Example 2 and 10 g of
acetic anhydride was heated at 100-110°C for 5 hours under
a nitrogen stream. The reaction mixture was poured into
ice-water, neutralized with aqueous ammonia and extracted

with ethyl acetate. The organic phase was washed with
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water and dried over anhydrous magnesium éulfate. The
ethyl acetate was removed by evaporation under reduced
pressure, yielding the desired compound (Compound no. 3)
softening at 103-106°C. Examination of the compound by
infrared and NMR spectrometry revealed that all of the hy-

droxy groups of the compound were acetylated

Example 4 '/ 4
corert CHZ?HCH -OCH _.[: Q
-

3.0 g of 2-(2,3-epoxypropoxymethyl) - 7 7.9 9-tetramethy1-
1,4-dioxa-8-azaspiro[4.5]decane were heated in a similar
manney as in Example 2. Further treatment of the reaction
product as described in said Example 2 yielded the desired
compound (Compoﬁnd no. 4) as a pale yellow powder soften-
ing at 128-135°C and having a mean molecular weight of
14,000, By heating the starting material to 210-220°C for
2 hours under an argon stream and treating the reaction
product as described in Example 2, a pale yellow powder
(Compound no. 5) was obtained, softening at 80-85°C and
having a mean molecular weight of 2,200.

Example 5 4 ' o \
CHy CH,
— cnzc':ﬁcnz—ocnz_ ‘ 0 /
OH ‘ c CH, -
3 *3 )

N\ : .
To 6.0 g of 2-hydroxymethyl-8-(2,3-epoxypropyl)-7.7.9,9-
fetramethyl—l,4-dioxa-8-azaspiro[4.5]decane were added 20
ml of 10% agqueous potassium hydroxide solution and the

mixture was refluxed for 5 hours while stirring. The re-

action mixture was then extracted with benzene and the ben-
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zene solution was washed with water and dried over potas-
sium carbonate. The residue obtained by removing the sol-
vent was purified by column chromatography (silica gel;
ethyl acetate:triethylamine = 19:1), giving the desired
compound (Compound no. 6) as a pale yellow viscous oily

product having a mean molecular weight of 600.

Example 6
. : ~
I'd - - CHy CH,
CZHS
) N

f-—"-CHZCHCHZ—OCH2

L .63 . CH; CH;

5.0 g of 3-ethyl-3-(2,3-epoxypropoxymethyl)8,8,10,10-tetrame-
thyl-1,5-dioxa-9-azaspiro[5.5]undecane were heated to 220-
230°C for 10 hours under an argon stream. The reaction mix-
ture was then treated in a manner similar to that described
in Example 2, yielding the desired compound (Compound no.
7) as a pale yellow powder softening at 130-140°C and hav-
ing a mean molecular weight of 14,000.

By heating the above-mentioned starting material to
210-220°C for 2 hours under an argon stream and treating
the reaction product as described in Example 2, the desir-
ed compound (Compound no. 8) was obtained in the form of
a white powder softening at 55-60°C and having a mean mole-
cular weight of 1,200,

Example 7 : : ) cH. ¢
3
. ' - CH cucn -
e, CHCH -0 -@-o-cs CHCH,~ _I
.on iy

-o-@— f -@—o—ca CHCH, - & l
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7.9 g of 2,2-bis(p-[2-hydroxy-3-(7,7,9.9-tetramethyl-2,4-~
dioxo-1,3,8~triazaspiro[4.5]dec-3-yl)propoxy lphenyl)pro-
pane and 3.4 g of 2,2-bis[p-(2,3-epoxypropoxy)phenyl lpro-
pane were heated to 180-190°C for 20 minutes in the absen-
ce of a solvent. The reaction mixture was washed with
ethyl acetate and dried under reduced pressure, giving the
desired compound (Compound no. 9) as a white powder soft-
ening at 175-180?C and having a mean molecular weight of
3.,200.

Example 8 S ) CH; CH,

CH, CH; '
5.0 g of 3,3'-hexamethylene-bis-(7,7,9,9-tetramethyl-1,3,8-

triazaspirol4.5)ldecane-2,4-dione) and 3.3 g of 2,2-bis[4-

(2,3-epoxypropoxy)cyclohexyl |propane were heated at 230°C
for 3 hours under an argon stream. The reaction mxture
was dissolved in chloroform and the sdblution was poured
into n-hexane, whereby a precipitate was formed. The preci-
pitate was collected by filtration and dried under reduced
pressure, giving the desired compound (Compound no. 10) in
the form of a whi;e powder softening at 139-141°C and hav-
ing a mean molecular weight of'l,QOO.

Example 9 .

Benzoate of Compouﬁd;no. 10. 2.0 g of the.white powder
obtained accordingiExémple 8 and 8.0 g of benzoic anhydride
were heated to 150°C for 15 hours unéer argon. The reaction
mixture was dissolved in ethyl acetate, washed with 5%

aqueous potassium carbonate solution and water, and dried
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over sodium sulfate. The residue obtained by removing

the solvent was purified by column chromatography. At
first,elution with ethyli acetate gave a white powder (Com-
pound no. 11) softening at 115-120°C. The NMR spectrum of
the compound showed that the benzoylation rate was 95%.

A second elution with ethyl acetate:ethanol:triethylamine
= 20:1:1, gave a greyish white powder (Compound no. 12)
softening at 115-118°C. The NMR spectrum of the compound
showed that the benzoylation rate was 45%.

Example- 10
. CH, CH, fOCH3 CH, CH,
H caca o~<;>— ? —<:>»o-cn cncn _ N~{CH }—N N
;. CH, CH CH /
3 CHy 3O CH, CHy

4.8 g of N,N'-hexamethylenebis[N-(2,2,6,6-tetramethyl-4-
piperidyl)acetamide and 3.4 g of 2,2-bis[p-(2,3-epoxypro-
poxy) phenyllpropane in 25 ml of n-octanol were refluxed
at 180-200°C for 8 hours. n-Octanol was removed under re-
duced pressure and the residue was purified by column
chromatography (silica gel; ethyl acetate:triethylamine:
methanol = 8:1:1) giving a white powder (Compound no. 13)
softening at 108-115°C and having a mean molecular weight
of 2,600 from the first eluate, and a white powder (Com-
pound no. 14) softening at 90-110°C and having a mean mole-
cular weight of 1,650 from the second eluate.

The above-mentioned starting material was heated to
200-220°C for 3 hours in the absence of a solvent and then
treated and purified in a similar manner as described above,
giving a white powder (Compound no. 15) softeniné at 150-
160°C and having a mean molecular weight of 6,000 from the
first eluate, and a white powder (Compound no. 16) soften-
ing at 120-130°C and having a mean molecular weight of
2,650 from the second eluate. |
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Example 11 _ : : \1'
, CH_ CH CH, CH
¢ | _ . 3,73 focaa | 3,3
CHZ?HCHZ-OCO COO-CHZ?HCHZ- N N-%CH5+€-:f N e
OH b on : CH,CO
N . . ~ CH, CHj : CH, CH,

. -/
4.8 g of N,N'-hexamethylenebis[N-(2,2,6,6-tetramethyl~4-
piperidyl)acetamide] and 2.8"g of Bis(2,3-epoxypropyl) -
1,2-cyclohexahedicarboxylate were heated to 200°C for 5
hours under a nitrogen stream. The reaction mixture was
purified by column chromatography'(silica gel; ethyl acet-
ate:triethylamine :methanol = 8:1:1) and the crude product‘.
thus obtaiﬁed was dissolved.in beqzenéu'The:benzene solut -
ion was pouréd info n-hexane and thé'précipitate formed:'}"
was collected.by"filtration,*giving‘a.white.powder (Com-"~
pound no. 17) softening at 115-125°C" and having a mean
molecular weighf of 2,700..

Example 12 .
: - cHy cy cH, cH_
CHszCHZ—o-Q- o -@-O—CHZ(IZHCHZ- N 0Co (CH, ) .C N
OH ~ - cu OH - i
CH, CHy . cHy cHy

3.0 g of bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate and
2.1 g of 2,2-bis[p-(2,3-epoxypropoxy)phenyl lpropane were
heated to 190-200°C for 4 hours under argon. The reaction
mixture was purified by column chromatography (silica gel;
ethyl acetate:triethylamine= 20:1), giving a pale yellow
solid product (Compound no. 18) softening at 85-90°C and
having a mean molecular wéight of 2,500 from-the first elu-
ate, and a pale yellow solid procuct (Compound no. 19) sof-
tening at 74-77°C and having a mean molecular weight of
1,900 from the second eluate.
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Example 13
N\
CH, CH,
N- caz?acuz-oco(CHz)é-coo —te
. OH
q City Clig . | CH, cHy y

2.2 g of bis[1-(2,3-epoxypropyl)-2,2,6,6-tetramethyl-4-
piperidyl] sebacate and 0.55 g of adipic acid were reflux-
ed in 5 mol of n-butanol for 24 hours. The n-butanol was
removed from the reaction mixture and the residue was
washed with n-hexane and then treated with ethyl acetate.
The ethyl acetate soluble fraction was purified by column
chromatography (silica gel; ethyl acetate:ethanol = 4:1),
giving the desired compound (Compound no. 20) as a pale
yellow o0il having a mean molecular weight of 1,600,

Example 14
( - \
) CH3 CH3 CH3 CH3
o S - . w._._
[ CH,qHcH, OCO+CH,3-5C00 N-CHszCH2~OCO+CH2+ibC
OH . OH ‘
CHB CH3 ) CH3 CH‘3
\ . . : . : /

2.7 g of bis[1-(2,3-epoxypropyl)-2,2,6,6-tetramethyl-4-
piperidyl] sebacate and 0.95 g of 1,10-decanedicarboxylic
acid were refluxed in 6 ml of n-amyl alcohol for 17 hours.
The reaction mixture was then treated in a similar memcer
as described in Exémple 12, yielding the desired compeund
(Compound no. 21) as a pale yellow oil having a wmeaa wole-
cular weight of 1,820. '

Example 15
( Cl( ﬁl \
—— CH2(|JHCH ~OCH,CH. o CH CHCH —j;>»oco(c1-l ) coo—q —
CH, CH3 )

S
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3.0 g of bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate and
1.1 g of ethyleneglycol diglycidyl ether were, heated at
200-200°C for 8 hours under an argon stream. The reaction
mixture was purified by column chromatography (silica gel;
ethyl acetate:ethanol:triethylamine = 20:1:1), giving a
pale yellow viscous 0il (Compound no. 22) having a mean
molecular weight of 3,000 from the first eluate, and a pale
yellow viscous o0il (Compound no. 23) having a mean molecul-
ar weight of 2,300 from the second eluate. .

Example 16 i \
2gucn -o-@- -@—O—Cﬂz?HCH - )< X )q.__.__
‘_ _ CH, CHy ‘

/

4.4 g of 2,2,4,4,14,14,16,16-octamethy1-7,11,18,21-tetra-
oxa-3,l5-diazatrispiro[5.2.2.5.2.2)heneicosane and 3.4 g
of 2,2-bis[p-(2,3-epoxypropoxy)phenyl lpropane were heated

to 180°C for 8 hours under a nitrogen stream. The reaction

mixture was purified by column chromatography (silica gel;
ethyl acetate: triethylamine‘= 9:1), and the product was
dissolved in benzene and precipitated with n-hexane, yield-
ing the desired compound (Compound no. 24) as a white pow-
der softening at 180-200°C and having a mean molecular
weight of 3,450,

Example 17

Acetate of Compound no. 24, 2 g of the white powder ob-
tained according toExample 16.and 10 g of acetic anhydride
were refluxed in 20 ml of benzene for 5 hours. The reaction

mixture was washed with 10% aqueous potassium carbonate

solution, and the benzene layer was dried over potassium
carbonate. The residue obtained .by removing the solvent

was purified by column chromatography (silica gel; ethyl
acetate) and the obtained crude product was dissolved in
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in benzene. By pouriag the benzenc solution inte n-hexane,
a precipitate war formed which precipitate was collected
by fiitrativn, vietding o white powder (Compound no. 25)
softening at 155-175°C. The IR and . spectra showed that
the hydroxy groups of tae polymer had been completely
acetylated.

Example 18

/ it -,

3 CH3 CH,y CHB

OH

0~/ -0 2(1)

o
CHy CHy - J

2.1 g of 3,15-bic{2 3-epoxypropyl)-2.2 . 4,4,14,14,16,1¢-

oCct c.l"'x("t%‘ 1-7 :11 s

\ 3 CH.

imemd

t,2l-tetraoxXa-3,15i-digza~trispire(5.2.2,

~y

5.2.2)hencicosare and 0,8 g of sebacic acid were refluxed
in a mixcure of 10 mi «f tert-butarcl and 10 wl of toluene
foer 14 hours, Afner rermoval of the sgolvent under reduced
pressure. the residue was purxfled by column chromatogra-
phy (silica gel: ethyl acetate:methancl = 1:1), giving
the desired compound {Compound no. 26) as a whifte powder
softening st 149-156°C and bhaving a mean molecular weight
of 5,100.
Example 19

: _ cr, CoH, - City CHg
RERVARS %
CH_CHCH -OC'H CH. O-CH_,CHCH_~N —t
: CH CH

oH OH _'
CH, cu,

4.1 g of 2,2,4,54,14,14,16,16- octamvbhvl 7.11,18,21-terra-
oxa-3,15-diazatrispiro{5.2.2.5.2.2}hencicosanc and 1.74 g
of ethyleneglycel diglycidyl ether vere heated to 200°C in

4 ml of octanol for 20 hours while stirring. After rewmoval
of the cctanol under roduced pressure, the residue was puri-
fied by column chromatogcaphy (silica gel; ethyl acetate:

methanol :triethylamine = 2:2:1), giving the desired
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compound (Compound no. 27) as a pale yellow powder soft-
ening at 140-154°C and having a mean molecular weight of
2,770.

Example 20

0 OH

6.4 g of 4,4'-bis(2,2,6,6-tetramethyl-4-piperidinol) and
6.8 g of 2,2-bis[p-(2,3-epoxypropoxy)phenyl lpropane were
heated in 80 ml of octanol to 150-160°C for 8 hours while
stirring. After removal of the octanol under reduced pres-
sure, the remaining vitreous mass was triturated, giving
the desired compound (Compound no. 28) as a white powder
softening at 106-109°C and having a mean molecular weight
of 1,850.

Example 21

: CH; CH, CH, CHj
CH2?HCH ~o~<::> —<i:>-o—ca CHCH,~ N
. ©OH

CHCH CHCH

1.5 g of 2,2,2',2',6,6,6",6' bctamethyl 4,4' ~bipiperidyl-
ydene and 1.8 g of 2,2-bis[p-(2,3-epoxypropoxy)phenyllpro-
pane were heated to 180-220°C for 2 hours under an argon -
stream. The reaction mixture was dissolved in chloroform,
methanol was added thereto whereupon a precipitate formed.
The precipitate was collected by filtration. washed with
methanol and dried under reduced pressure, giving the de-

'sired compound (Compound no. 29) as a white solid soften-

ing at 170-180°C and having a mean molecular weight of
5,300.
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Example 22

CH, Cil, CH, CH,
/

caz?acnﬂ~o<23}- -<:>»c-ﬁn ciic i§>~;> o-e- (CH,) c o- —_
A

OH 'gﬂ

CZ’.3 C‘”

A mixture of 5.24 g of bi=(2,2,6,6-tetramethyl-b4-piperidyi)

adipate and 4.2 g of 2,2-his{p-(2.2-epoxypropoxy)phenyl ]
propane was heated to 16G-170°C for & hours under a nitro-
gen strezm. The reactiou mixture wezs purified by column
chroma:ography through silica gel sgluted with ethyl aceu-
ate, giving the desired compound {(Compcund no. 30) in the
form of & white powder scitening at 95-115°C and having ¢
mean molecular weight ci 3,700. '

Example 22

.
CH. O, ci, ch, |
3 3 3 3
(o] C N O C|J /
i N { 1t \
Ci.. CHCL, ~0~C-- (CL Ce)-Cii CHCH -~ p-C- (CH,) =C- O N e g
Ci 2?}"\, - o-C (CIZ)4 C 25 2 3 (
on ’ - OH Ay - N
CH., i, CHB CLS
2 3 s

A mixture of 8.5 g of £:15(2,2,6,€-terramethyl-4-piparid, i®
adipate and 5.2 g of L1w<2 3—e“oxvprop31) 1.4-butancdi -
carboxylate was hezti2d "¢ 160-170°C for 4 bhruvs under =z
nitrogen stream. The reeaction mixture wuas dissolved in

ethyl acetate ancd the sciucion wa: goured into n-hexane
d

yielding zn oily subst:iace which was insoluble in n-hoxaae,

The oily substance wes dried under reduced pressure, giving

s

the desired compeund (Ccmpourd nc. 31) in the form of a

colourless solid softening at 37-115°C and having & meen

molecular weight of 3,700,

Example 24 .
Cl. ch CH. CH.
Li ‘.C 5 { .rj . ,
0 C hY \":X'h’{ . !
i ,.—~—- H
CH cv"t.-0~é~fc? =0k THOR \\—-n (CH,) ~N n——*'“%”
2 2 S !
On SH i Nen Chg‘o o’ e '
y My 3 “Fs



10

15

20

25

- 40 -

0000769

A mixture of 4.8 g of N,N'-hexamethylenebis[N-(2,2,6,6-
tetramethyl-4-piperidyl)acetamide] and 2.6 g of bis(2,3-
epoxypropyl) 1,4-butanedicarboxylate was heated to 200°C
for 3 hours under a nitrogen stream. The reaction mixture
was washed with hot n-hexane and dried under reduced pres-
sure, yielding the desired compound (Compound no. 32) in
the form of a pale yellow powder softening at 50-60°C and
having a mean molecular weight of 2,020.

Example 25
CH., CH
' 3,3 Emch
- - HCH_ - —
CHZ?HCHZ OCHZCH20~CH2? CH,~ N N
OH OH '
CH; CH,

A mixture of 4.8 g of N,N'-hexamethylenebis[N-(2,2,6,6-
tetramethyl-4-piperidyl)acetamide] and 1.74 g of ethylene
glycol diglycidyl ether was heated to 250°C for 1 hour
under a nitrogen stream. The reaction mixture was dissolved
in benzene and the solution was poured into n-hexane to |
give a precipitate. The precipitate was collected by filtr-
ation and dried under reduced pressure, affording the de-
sired compound (Compound no. 33) in the form of a pale yel-
low powder softening at 85-95°C and having a mean molecular
weight of 2,360.

Example 26

‘CH, CH

o o 3/ 3% o o i 3
" i oJ'( T \
- - H - —<{CH —
CH2$HCH2 0-C C O~CH2?HC - N C 7€
OH OH .
CH; CH, . CHj CHy

A mixture of 4.25 g of bis(2,2,6,6-tetramethyl-4-piperidyl)
adipate and 2.84 g of bis(2,3-epoxypropyl) 1,2-cyclohexane-
dicarboxylate was heated to 170-180°C for 16 hou&s undexr

an argon stream. The reaction mixture was dissolved in ben-

zene and the solution was poured into n-hexane t> give a
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pound {Compound nc. 34) in rhe form of a colouriecs 0% is
. softening at 86-93°C acd naving = Toad Lo Gh A -

of &,530. . / ‘ R
Example 27

\,,.3 : Ny

\« % - e o
CH,CHCH,) oP/ S c~a;=7~o-cn pHCH ;X 5

[

- 2 2

‘ ! = LR : “ :
Ch . \JH N\ L . . :
OH 3 ‘ CH, C.i. NP U

A mixture of 3.0 g of 2i3(2,2,6,6-cc0vame

ARSI SPURS el
"isophthalate and 2.3 g of bis[p-(2,7-zpow Sges g e e

propane was heatéed cto 180°C for 7 hours vwiar a ri_.zgen
stream. The rezciinoa mixture was disssive oo Lo-ozane ac

the solution was poured into n-hexac: co ;0 = a co=. citare

Pye = L L et 8T8,
The precipitate was collected by €4 Z:ov.o.i .ae t:. = sad-w

reduced pressure to give the desired zoazliond {Jommcooa o

35) in the form of a white powder szfroclor oo 57 732°C

and having a mean molecular weight of &, 2703.
Example 28

o © S o o -
il i »

H - - 1 _— ~_ _‘--"‘:—{" J el
CHZ?HC 5 Oo-C /C‘O—CHZ?HCHz N o-C C--C !

oH - CH J/ N 7 f
, 5\—4) CH, CH, Lo & onl e

A mixture of 3.5 g of bis(2,2,6,6- tvt_ruu._,.\l-f—b*;‘.’zi.:l:

k-f‘

isophthalate and 2.2 g of bis(2,3-eperys-

1, -0 \i:‘
hexanedicarboxylete was heated to L1:0°7 Zus 7 v ol

o

a nitrogen stream. The reaction minture was Jisso.vod in

benzene and the zglution was poured “aca - vewarns i
a precipitate. The grecipitate was volliec.ce oy AN
and dried undev veauced sressure, VoLl o o2 L ~

pound (Compound ro. 36 ia the form ¢f & while —cocer iz

ening at $4-103°C aund having a mca. wolcouiary wei - o of

1,660.
BAD ORIGINAL @
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Example 29 _ i : '

) CH, CH, - CH, CH 3

= 3 -~ TTee .
o o} /3 6 o 3 -

T i - g u 2R

- —C- CHCH_-N 0-C - - B

cnzci:HCH2 O-C~CH,))5~C O—CHZ' CH, c .

OH ~ OH Tfiﬁ -\ s .

: E ) CH, CH, % cH, CH, /. B

A mixture of 3.5 g of bis(2,2,6,6-tetramethyl-4-piperidyl)
isophthalate and 2.0 é of bis(2,3-epoxypropoxy)adipate

was heated to 180°C for 7 hours under a nitrogen stream.
The reaction.mixture was dissolved in benzene and the sol-
ution was filtered and poured into n-hexane to give a '.pre-
cipitate. The precipitate was collected by filtration and
dried under reduced pressﬁre to give the desired’ compound
(Compound no. 37) in the form of a pale yellow powder soft-
ening at 9OF100°C'and having a ﬁean3mQLecular weight of
3,000. )

Example 30 ,
CH_ CH CH, CH
) 3 o o] 3
2?HCH2—OCH2CH20—CH2fHCH2—— - O- -0
OH ' OH ‘ '
. CH, CH, CH, CH,

A mixture of 3.5 g of bis (2,2,6,6-tetramethyl-4-piperidyl)
isophthalate and 1.4 g of ethylene glycol diglycid§1 ether
was heated to 180°C for 7 hours under a nitrogen étf;am.
The reaction mixture was dissolved in benzene and:the sol-
ution was poured into n-hexane to give a precipitate.The
precipitate was collected by filtration and dried under r¢¥
duced pressure, yielding the desired compound (Comﬁound no.
38) in the form of a pale yellow powder softening at 98-
105°C and having a mean molecular weight of 3,20C0.

Example 31 ' '

Stabilization of polypropylene. Mixtures were prepared
from 100 parts of unstabilized polypropylene powdér (melt
flow index = 18), 0.2 parts of stearyl 3-(3,5-di-tart-
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butyl-4-hydroxyphenyl)propionate (a conventional antioxi-
dant) and 0.25 pérts of each of the stabilizers listed
in the following Table 1. [All parts are parts by weight!.
The mixtures were blended and homogenized with a Brabender
Plastograph at 200°C for 10 minutes and the obtained mass
was pressed into a sheet of 2-3 mm thickness with a labo-
ratory press. The sheet was then pressed in a hydraulic
press at 260°C for 6 minutes (12 tons) and put immediately
into cold water to form a film of 0.5 mm thickness, from
which a film of 0.1 mm thickness was obtained by the same
procedure.

The film was Eut into test specimens of 50 x 120 mm.
The test specimens were exposed to light in a Sunshine
Weather Meter at a black panel temperature of 63+3°C and
examined periodically to determine the percentage of elong-
ation at break. From the test results the ratio of the
time required for the test specimens containing stabilizer

to reach 507 elongation at break was determined, to the

time required for an unstabilized test specimen to reach

50% elongation at break. The results are summarized in
Table 1. ,
Table 1

Compound no. Ratio Compound no. Ratio
1 7.8 21 6.2
2 7.2 22 7.8
3 7.4 27 6.4
5 5.4 28 ' 4.3
8 6.1 29 4. b
10 4.8 ‘ 30 5.0
14 7.1 31 7.1
17 6.8 32 5.3
19 6.0 33 5.9
20 7.7 34 6.7
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" Example 32

Stabilization of polystyrene . Mixtures were prepared
from 160 parts of polystyrene ("Styron 666", trade name,
manufactured and sold by Asahi Dow Co. Ltd.) and 0.25 parts
of each of the stabilizers listed in the following Table 2.
The resultant mixtures were blended and homogenized by
means of a Brabender Plastograph at 200°C for 5 minutes,
then compression-molded at 180°C for 2 minutes, forming
sheets of 1.5 mm thickness. Each test sheet was éxposed

to light in a Xenon Weather-O-Meter (6.5 kw; ASTM G 26-77)
£or 1500 hcurs, and the yellowness index of the sheet be-
fore and after irradiation was determined in accordance
with ASTM D 1925, The results are shown in Table 2.

Table 2
Yellowness Index
Cempound no. before irradiation Jafter irradiation
2 1.9 7.1
8 1.8 8.7
10 2.0 8.6
‘17 2.2 10.2
19 1.8 10.8
20 1.7 8.3
22 1.9 9.5
Z28 2.1 10.4
sgzégggger -1’8. 35.2

Example 33

Stabilization of polyurethane. Mixtures were prepared
from 10 g of polyurethane ("Paraprene 228", trade name,
manufactured and sold by Nippon Polyurethane Kogyo KK) ,and
0.05g of each of the stabilizers given in the following
Table 3. Each mixture was dissolved in 30 ml of dimethyl-
formamide and the resulting solution was drawn on a glass

plate to form a sheet of 0.4 mm thickness. The sheets were

£
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maintained at 60°C for 20 minutes and dried at 120°C for

15 minutes to cast films of 0.1 mm thickness. The films
thus obtained were exposed to ultraviolet radiation in a
Sunshine Carbon Arc Lamp Weather Meter (type "WEL-SUN-HC",
trade name of Suga Test Instruments Co. Ltd.) for 300 hours
and the yellowness index before and after irradiation was
determined in accordance with ASTM D1925.The results are
shown in Table 3.

Table 3
Compound no. h = - Yg119wness Indgx e
efore irradiation |after irradiation
2 1.5 23.7
8 1.9 25.5
10 1.7 22.8
17 2.0 26.5
19 1.6 23.1
20 1.8 21.9
22 1.6 22.8
:ézggggzer 1.5 47.6
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WHAT IS CLAIMED IS:
1. A polymer represented by the formula (I):
— cH ('IHCHZ——G-X CHZC':HCHE)—&-l— Y—CH CHCH,, -X) n;z——}i (1)
0Z 0Z 0z
wherein
1 is an integer of from 2 to 50,
my and m, are O, or one of them is 1 and the other is O,
X  represents a group of formula -OCHz?HCHZO-,

0z
-0 <CH CHO)E- or -0WO —CH CHCHZ-OWO}B in which
! f
R! 1 0z 2
R' is a hydrogen atom or a methyl group,

ny is an integer of from 1 to 10,
n, is O or an integer of from 1 to 10,

l
W represents a group of formula —<::>— -{C:>‘,

0'0 Oran O . coangieco-

-CO CO— or -CO CO- in which

ny is an integer of from. .1 to 10, and

Z has the meaning defined below,

Y represents, when my and m, are 0, a group of the follow-
ing formulae II to IV:

(I1)

in which:

R, represents a hydrogen atom or a methyl group,
Ry
from 1 to 18 carbon atoms,

represents a hydrogen atom or an alkyl group having
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(I11)

RlCH2 CH3

~in which R1 has the meaning defined above,

R1CH2 CH3 Rl'

0
-— N R3 - CH20'—‘

-/

(1IVv)

R,CH CH

1772 3

in which.R1 has the meaning defined above,

R3 represents a group of formula -?HZ or 'CHZ*\ ,/R4 and

CH—  CH,” O
R4 represents the methyl or ethyl group,
Y represents, when one of my and m, is 1 and the other

is O, a group of the following formulae V to XI:

CH. *° CH, CH.R
3 R ' 3“2y
1 oR

RlCH2

(V)

.0
J@‘2 CH; CH,R,;

 RyCHj CHy R,
in which: .
Ry and R, have the meanings defined above,
A represents an alkylene group having from 2 to 12 car-
bon atoms, a xylylene group, a group of formula
--CH2 CHZ-, —CHZCOO-RS-OCOCHZ-,
-CHZQHO-R7-09HCH2- or -CHZQHCHi—{RS-CHZQHCHi—}E, in which
R6 R6 -0z 0z
R5 represents an alkylene group having from 2 to 8 carbon
atoms,
R6 represents a hydrogen atom, the methyl or phenyl group,

R represents an aliphatic, aromatic or alicyclic diacyl

7
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group‘having up to 12 carbon atoms,

R8 has the same meaning as the abcve-defined X,

P is O or 1, and
zZ has the meaning defined below,

R,CH, CHj ' . CH, CHR

17 1 Ry Rg"L 3,721

] | :
— Ne— B ~— N — (VI)

R,CH - ; .

172 cHy o (CH3 CHRy
in which:
R1 has the meaning defined above,

R9 represents an alkyl group having from 1 to 18 carbon
atoms, a phenyl group, a benzyl group, a cyclohexyl group,
or an aliphatic, aromatic, araliphatic or alicyclic acyl
group having up to 18 carbon atoms,

B represents an alkylene group having from 2 to 10 car-
bon atoms, a xylylene group, a group of formula

N - - ] _
oty Y~ H-cn,-, -cn,c00-r;-0C0CH,-

-CH2CHO—R7 -OCHCHZ- or -CH CHCHQ—-(R -CH CHCHia—-p— s in which
f f !

R6' R6 - 0Z 0Z
RS’ R6’ R7, R8 and p have the meanings defined above, and
Z has the meaning defined below,

RlCH CH3 ~R

- {viz)
'R,CH . \
1772 CH3 | CH37 C_:HZRI'

in which:
R1 has the meaning defined above,
D represents an aliphatic, aromatic, araliphatic or

alicyclic diacyl group having up to 36 carbon atoms or a

group of formula -CONH-RlO-NHCO- in which
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R10 represents an alkylene group having from 2 to 10 car-
bon atoms, a phenylene group optionally substituted with
methyl, a naphthylene group, a xylylene group, a cyclohex-
ylene group optionally substituted with methfl, a group

of formula -*(:)V'Rli“<:j>' s -*<:3>‘CH2
-CHZ-—O—CHZ- or in which

R11 represents an oxygen atom or the methylene group,

R,CH

CH3 ' ' |
1772 _
: R1 Rl CH CHle
07 ™\ /‘0
—N R,~CH,0 - G =OCH,~Ry N—  (VIII)
0~,// | \\~_o
2 3 T

R,CH, CH | CH;  CH,R;

in which:

R1 and R3 have the meanings defined above,

G has the same meaning as the above-defined D, or re-
presents an alkylene group having from 3 to 10 carbon atoms,

a xylylene group, a group of formula -CH2 CH, -

or a group of formula -CH2?HCH2—R8-CH29HCH2- in which
' 0Z 0z
R8 has the meaning defined above, and

Z has the meaning defined below,

cH " CH, CH.R
R, CH, 3 Ry R 3 2hL
o) .
—N N — (IX)
R,CH
1-°2° CHy . CHy CH,R,

in which R1 has the meaﬁing defined above,
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' CH CH T
R1CH2 3 Rl Rl 3 CHZRl
- N— . (x)
RlCH2 CH3 ~.', CH3 CHle

in which R1 has the meaning defined above,

(X1)
R,CH, CH, CH; CH,Ry

in which Ry has the meaning defined wbove, and

all cf Z in the molecule represent a hydrogen-atom, an
alkyl group having from 1 to 18 carbon atoms, an aliphatic,
aromatic, araliphatic or alicyclic acyl group having up to
18 carbon atoms or a group of formula -CONHR12 in which.
R12 represents an alkyl group having from 1 to 18 carbon
atoms, @8 phenyl or cyclohexyl group,

or a part of Z represents a hydrogen atom and the remain-
ing Z represent above-defined groups other than hydrogen.
2, A polymer as claimed in claim 1, wherein Y is a group
of formula (II) to (XI) and-R1 is a hydrogen atom. ‘

3. A polymer as claimed in claim 2, wherein both my and
m, are 0, Y is a group of formula (II) in which R1 and R2
are hydrogen atoms. ,

4., A polymer as claimed in claim 2, wherein both my and
m, are 0, Y is a group of formula (III) in wﬁieh R; is a
hydrogen atom.

5. A polymer as claimed in claim 2, wherein both my and
m, are 0, Y is a group of formula (IV) in which R1 is a

bhydrogen atom.

6. A polymer as claimed in claim 2, wherein one of my

and m, is 1 and the other is 0, X is a group of formula

U4
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-oCHZCHZO- or -OWO- in which CH

¢ 3
1 is a group of formula —1<:>r-c —4<:>>— s
t

Cly CH,y
—<::>-C~—<::>— s ~CO€<CH,>— CO-, n, being an integer
' 2n 3
3
CH3

of from 4 to 10, or -CO: /CO-.

7. A polymer as claimed in claim 6, wherein Y is a group
of formula (V) in which R; and R, are hydrogen atoms and

A is an alkylene group having from 2 to 6 carbon atoms
8-CH29HCH2- wherein R8 has
the same meaning as X, OH OH

or a group of formula ‘CHngCHz'R

8. A polymer as claimed in claim 6, wherein Y is a group

of formula (VI) in which R, is a hydrogen atom, and Rqy is

an alkanoyl group having from 2 to 4 carbon atoms or an

alkyl group having from 1 to 8 carbon atoms, and B is an

alkylene group having from 2 to 6 carbon atoms, or R9 is

an alkyl group having from 1 to 8 carbon atoms, and B is

a group of formula -CHZQHCHZ-RB-CHZPHCHZ- wherein R8 has
OoH OH

the same meaning as X.

9. A polymer as claimed in claim 6, wherein Y is a group

of formula (VII) in which Ry is a hydrogen atom and D is

an alkanedicarbonyl group having from 4 to 12 carbon atoms

or a benzene dicarbonyl group.

10. A polymer as claimed in claim 6, wherein Y is a group

of formula (VIII) in which Rl_is a hydrogen atom and G is

an alkanedicarbonyl group having from 4 to 12 carbon atoms

or a group of formula -CHZQHCHZ-Rs-CHZFHCHZ- wherein Rg

"OH ’ OH

has the same meaning as X,

11. A polymer as claimed in claim 6, wherein Y is a group

of formula (IX), (X) or (XI) in which Rl is a hydrogen atom.
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12, A polymer as claimed in any one of claims 7 to 11,

wherein X is a group of formula CH3 '
4
0- D820y o
' N
CH3

13. A polymer as claimed in claim 1 wherein all of Z in
the molecule are hydrogen atoms.
14, A polymer as claimed in claim 1, wherein all of Z in
the molecule are acetyl or benzoyl groups, or a part of Z
are hydrogen atoms and the remaining Z are acetyl'or ben-
zoyl groups.
15. A polymer as claimed in claim 1, wherein l is an in-
teger of from 2 to 10. '
16. A synthetic polymer composition stabilized against
light- and heat-degradation thereof, which is characterized
in that there is incorporated into a synthetic polymer to
be stabilized from 0.01 to 5.0% by weight, based on the
weight of said synthetic. polymer, of at least one polymer
tepresented by the formula (I):
g cungcH-z — X CHZQHCH?E—JY——&H C'!HCHZ-X) 52—-—]i (1)

. 0Z 0Z ~ 0Z
wherein . L
1 is an integer of from 2 to 50,
my and m, are 0, or one of them is 1 and the other is O,
X represents a group of formula -OCH CHCHZO—,

0z

-0 —CH,,CHO)— or - -OWO—{CH,CHCH,-OWO)— in which

t nl 2 ] 2 nz

R' 0z
R' is a hydrogen atom or a methyl group,
ny is an integer of from 1 to 10, )
n, is O or an integer of from 1 to 10, 9H3
W represents a group of formula C -—<::>—,

CH CH
—O—C:I—O- ’ -Q'CHZ-Q— , -co—,{cnza'a??,co-
CH, .

g
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-CO CO- or -CO CO~- in which

&

n, is an integer of from 1 to 10, and

Z has the meaning defined below,

Y represents, when my and m, are 0, a group of the follow-
ing formulae II to IV:

RyCHp CHy By

(1I1)

in which:
R1 represents a hydrogen atom or a methyl group,
R2 represents a hydrogen atom or an alkyl group having
from 1 to 18 carbon atoms,
R'.LCH2 CH3
? / 0 - (I11)
R].CH2 CH3

in which'R1 has the meaning defined above,

RICH 2 CH3 R]_
0O

- N ‘ R3 - CHZO‘—" (IV)

RlCH 2 CH 3

A}

in which R, has the meaning defined above,

R3 represents a group of formula '?HZ or -CHZ;\ //R4 and

CH—  -CH,~ “>

R4 represents the methyl or ethyl group,
Y represents, when one of my and m, is 1 and the other

20 1is O, a group of the following formulae V to XI:
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R,CH, CH, R CH; CH,R,
| -_-N _ | (V)
— | RiCH, CHy R, 2"(:33 cnzp;l

in which:
R1 and R2 have the meanings defined above,
A represents an alkylene group having from 2 to 12 car-

5 bon atoms, a xylylene group, a group of formula

~CH, Q O CH, -, -CH,COO-R. -OCOCH.. -

2 2 5 2’
-CHZ?HO—R7-09HCH2- or -CHZ?HCHQ—{RB-CHZQHCHi—}E in which
R6 R6 0Z 0Z

et e e

R5 represents an alkylene group having from 2 to 8 carbon
10 atoms,
R6 represents a hydrogen atom, the methyl or phenyl group,
] R7 represents an aliphatic, aromatic or alicyclic diacyl
group having up to 12 carbon atoms,

i : R has the same meaning as the above-defined X,

-8
15 p is 0 or 1, and

| , A has the meaning defined'below,

CH3' CHle_

- - (V1)
R, CH S '
17772 qg3- - . .Cg3 CHZRl
in which: .
R1 has the meaning defined above,
20 Ry represents an alkyl group having from 1 to 18 carbon

atoms, a phenyl group, a benzyl group, a cyclohexyl group,

~or an aliphatic, aromatic, araliphatic or alicyclic acyl

group having up to 18 carbon atoms,

'B represents an alkylene groﬁp having from 2 to 10 car-
25 bon atoms, a xylylene group, a group of formula
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-t/ Yy~ H-cn Hy-, -CH,C00-Rg-0COCH, - ,

-CHZCHO-R7-OCHCH2- or -CH CHCHi—(R -CH CHCHE)S— » in which
R6 0z 0z

R
6
R7, R8 and p bhave the meanings defined above, and

Rg, R,
Z has the meaning defined below,

Rch -CH3'R

1 .
- 0 —D —o0 tvin)
‘R.CH |
1772 ACH3 CH3 ;Hle
in which:
R1 has the meaning defined above,
D represents an aliphatic, aromatic, araliphatic or

alicyclic diacyl group having up to 36 carbon atoms or a
group of formula -CONH-RlO-NHCO- in which

R10 represents an alkylene group having from 2 to 10 car-
bon atoms, a phenylene group optionally substituted with
methyl, a naphthylene group, a xylylene group, a cyclohex-
ylene group optionally substituted with methfl a group

of formula '—<:)f'R1'4C:>* —{C:>—CH
-CH ——O—-CH - or in whiqh

represents an oxygen atom or the methylene group,

Riy
R CH, ' CH 1.R
‘ R CH Ry

7 °

—_— -cn 0 - G -OCH,-R y—  (VIII)
2R3

\\__0 ‘
R, CH, o - CHy  CHRRy
in which:

Rl and R3 have the meanings defined above,
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G has the same meaning as the above-defined D, or re-

presents an alkylene group having from 3 to 10 carbon atoms,

a xylylene group, a group of formula -CH2 O O CHZ-

or a group of formula -CHZQHCHZ-Rg-CHZQHQHZ- in which
0z 0z

R8 has the meaning defined above, and

Z has the meaning defined below,

CH. . . " CH, CH.R
o .
-y _ : N— (IX)
R,CH | '
1°"2" cny CH, cnznl

in which Rl has the meaning defined above,

' CH . CH T
R,CH, 3R Ry ~3 CH,R,

- . N— . (X)
R1CH3 CH, CH; CH,R,

in which R1 has the meaning defined above,

(X1)

in which R, has the meaning defined above, and

all of Z in the molecule represent a hydrogen atom, an
alkyl group having from 1 to 18 carbon atoms, an aliphatic,
aromatic, araliphatic or alicyclic acyl group having up to
18 carbon atoms or a group of formula —CONHR]_2 in which

R represents an alkyl group having from 1 to 18 carbon

12

L ]
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atoms, a phenyl or ecyclohexyl group. _
or a pért of Z represents a hydrogen atom and the remain-
ing Z represent above-defined groups other than hydrogen.
17. A synthetic polymer as composition as claimed in
claim 16, wherein the synthetic polymer is an olefin or
diene polymer, a styrene polymer or a polyurethane.
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