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HYDROXY-SUBSTITUTED N-ALKOXY HINDERED 
AMINES AND COMPOSITIONS STABILIZED 

THEREWITH 

[0001] The instant invention pertains to hindered amine 
compounds Which are substituted on the N-atom by 
N-alkoxy moieties containing one to three hydroxyl groups. 
These materials are particularly effective in stabilizing poly 
ole?ns, especially thermoplastic polyole?ns, against the 
deleterious effects of oxidative, thermal and actinic radia 
tion. The compounds are also effective in stabilizing acid 
catalyZed and ambient cured coatings systems. 

BACKGROUND OF THE INVENTION 

[0002] 4-Hydroxy-1-oxyl-2,2,6,6-tetramethylpiperidine 
and 4-oxo-1-oxyl-2,2,6,6-tetramethyl-piperidine are 
reported to have been used to trap carbon centered radicals 
formed from methanol, ethanol, isopropanol and sec-butanol 
by S. Nigam et al., J. Chem. Soc., Trans. Faraday Soc. 1, 
w, 72, 2324 and by K. D. Asmus et al., Int. J. Radiat. 
Biol., w, 29, 211. 

[0003] US. Pat. No. 5,627,248 and European Patent 
Application No. 135,280 A2 describe, respectively, difunc 
tional and monofunctional living free radical polymeriZation 
initiators, some of Which contain hindered amine ethers 
substituted by hydroxy groups. These compounds differ 
substantially in structure and performance from the instant 
compounds. 

[0004] European Patent Application No. 427,672 A1 and 
US. Pat. No. 4,972,009 mention, but do not exemplify, 
respectively, hydroxylamine and nitrone structures, some of 
Which contain C1—C4 hydroxyalkoxy substituted 2,2,6,6 
tetramethylpiperidine derivatives. Such structures are out 
side the scope of the instant invention. 

[0005] US. Pat. No. 5,204,473 describes N-hydrocarby 
loxy hindered amine derivatives that are prepared exclu 
sively from organic compounds containing only carbon and 
hydrogen atoms. Such compounds are structurally quite 
different from the instant compounds. 

[0006] US. Pat. No. 5,004,770 describes hindered amine 
compounds Which are substituted on the N-atom by alkoxy 
moieties Which alkoxy groups are themselves unsubstituted. 
These compounds are especially useful in polymers includ 
ing polybutadiene, polystyrene, ABS, polyacetal, polya 
mide, polyester, polyurethane and polycarbonate. 

[0007] US. Pat. No. 5,096,950 also describes hindered 
amine compounds Which are substituted on the N-atom by 
alkoxy moieties Which alkoxy groups are themselves unsub 
stituted. These compounds are found to be useful in poly 
ole?ns. 

[0008] The instant compounds are N-alkoxy substituted 
derivatives of 2,2,6,6-tetraalkyl-piperidines Where the 
alkoxy group is substituted by one to three hydroxy moi 
eties. The instant compounds also comprise N-alkoxy 
bridged derivatives of the 2,2,6,6-tetraalkylpiperidines 
Where the alkoxy moiety, Which is substituted by one to 
three hydroxy groups, is shared by tWo hindered amine 
molecules. The free hydroxy moieties of these compounds 
may be reacted With carboxylic acids, acid chlorides or 
esters to form simple esters or polyesters, or With isocyan 
ates to form urethanes or polyurethanes. 
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[0009] The instant compounds, because of their loW bas 
city Which is shared by the simple unsubstituted N-alkoxy 
compounds cited in the tWo patents mentioned above, are of 
particular value in the stabiliZation of polyole?ns and auto 
motive coating compositions Where the activity of the more 
basic hindered amine stabiliZes is signi?cantly reduced 
because of interaction With the polymer substrate or acid 
catalytic system needed for curing such substrate. 

[0010] Examples of polyole?n compositions in Which the 
instant compounds are effective include ?ame retardant 
polyole?ns Where acidic residues from the decomposition of 
the halogenated ?ame retardants deactivate hindered amines 
not having the N—OR group, greenhouse ?lms and agri 
cultural mulch ?lms Where acidic residues from pesticides 
interfere With the activity of “normal” hindered amine 
stabiliZers, and in thermoplastic polyole?ns Where pigment 
interactions With basic hindered amine stabiliZers interfere 
With painting the substrate surfaces. Examples of coating 
compositions in Which the instant compounds are effective 
include melamine crosslinked thermoset acrylic resins, 
Which are cured using strong acids that interact With basic 
hindered amine stabiliZers. The instant compounds are also 
effective in acrylic alkyd or polyester resins With isocyanate 
crosslinking agents, and in epoxy resins With carboxylic 
acid, anhydride, or amine crosslinking agents. 

[0011] While the unsubstituted N—OR compounds 
described in US. Pat. Nos. 5,004,770 and 5,096,950 also 
perform Well in the compositions described in the paragraph 
above, the instant compounds differ signi?cantly in both 
structure and in performance from the prior art compounds 
by virtue of the presence of the one to three free hydroxy 
groups present on the N-alkoxy moiety. These hydroxyl 
groups in the instant compounds provide said compounds 
With superior antistatic properties, compatibility in more 
polar environments such as polyurethane based and in 
Water-bome automotive coating systems, and in stabiliZing 
painted automotive thermoplastic ole?n structures. 

[0012] The instant compounds are particularly suited for 

[0013] (a) providing superior compatibility in poly 
carbonates and polycarbonate/ABS blends compared 
to the N—OE prior art compounds; and 

[0014] (b) providing superior compatibility in poly 
esters and polyamides compared to the prior art 
N—OE compounds. 

OBJECTS OF THE INVENTION 

[0015] There are tWo objects to the instant invention 
Which are: 

[0016] 1. Novel compounds having on the 1-position 
of the hindered amine a moiety —O—E—OH Where 
the OH group provides important properties; and 

COIII OSIIIOIIS stabiliZed the novel COIIl p 
pOllIldS described above. 

DETAILED DISCLOSURE 

[0018] The instant invention pertains to novel compounds 
having 1-alkoxy substituted hindered amine derivatives 
Where the alkoxy moiety is substituted by one to three 
hydroxy groups as described in formulas (1) to (15); or to 
novel compounds having 1-alkoxy bridged hindered amine 
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derivatives Where the alkoXy moiety, substituted by one to 
three hydroXy groups, is shared by tWo hindered amine 
molecules as described in formulas (16) to (28); or to 
oligomeric or polymeric hindered amine molecules made 
from the reaction of dialkyl esters or isocyanates With 
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hydroXy substituted N-alkoXy derivatives of 4-hydroXy-2,2, 
6,6-tetraalkyl-piperidine as described in formula (29); or to 
simple diester or urethane derivatives of hydroXy substituted 
N-alkoXy derivatives of 4-hydroXy-2,2,6,6-tetramethylpip 
eridine as described in formula (30) 
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(CH2)k 

HRQ 



[0019] G1 and G2 are independently alkyl of 1 to 4 carbon 
atoms, or G1 and G2 together are pentamethylene; preferably 
G1 and G2 are each methyl; 

[0020] E is a straight or branched chain alkylene of 1 
to 18 carbon atoms, cycloalkylene of 5 to 18 carbon 
atoms, cycloalkenylene of 5 to 18 carbon atoms, a 
straight or branched chain alkylene of 1 to 4 carbon 
atoms substituted by phenyl or by phenyl substituted 
by one or tWo alkyl groups of 1 to 4 carbon atoms; 

[0021] b is 1, 2 or 3 With the proviso that b cannot 
exceed the number of carbon atoms in E or L, and 
When b is 2 or 3, each hydroXyl group is attached to 
a different carbon atom of E or L; the tWo hindered 

amine groups are generally, but not alWays, attached 
to tWo different carbon atoms of L; 

[0022] in each of the formulas (1) to (15) 

[0023] m is 0 or 1; 

[0024] R1 is hydrogen, hydroXyl or hydroXymethyl; 

[0025] R2 is hydrogen, alkyl of 1 to 12 carbon atoms 
or alkenyl of 2 to 12 carbon atoms; 

[0026] n is 1 to 4; 

[0027] When n is 1, 

[0028] R3 is alkyl of 1 to 18 carbon atoms, alkoXy 
carbonylalkylenecarbonyl of 4 to 18 carbon atoms, 
alkenyl of 2 to 18 carbon atoms, glycidyl, 2,3 
dihydroXypropyl, 2-hydroXy or 2-(hydroXymethyl) 
substituted alkyl of 3 to 12 carbon atoms Which alkyl 
is interrupted by oXygen, an acyl radical of an 
aliphatic or unsaturated aliphatic carboXylic or car 
bamic acid containing 2 to 18 carbon atoms, an acyl 
radical of a cycloaliphatic carboXylic or carbamic 
acid containing 7 to 12 carbon atoms, or acyl radical 
of an aromatic acid containing 7 to 15 carbon atoms; 

[0029] When n is 2, 

[0030] R3 is alkylene of 2 to 18 carbon atoms, a 
divalent acyl radical of an aliphatic or unsaturated 
aliphatic dicarboXylic or dicarbamic acid containing 
2 to 18 carbon atoms, a divalent acyl radical of a 
cycloaliphatic dicarboXylic or dicarbamic acid con 
taining 7 to 12 carbon atoms, or a divalent acyl 
radical of an aromatic dicarboXylic acid containing 8 
to 15 carbon atoms; 
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(30) 

[0031] When n is 3, 

[0032] R3 is a trivalent acyl radical of an aliphatic or 
unsaturated aliphatic tricarboXylic acid containing 6 
to 18 carbon atoms, or a trivalent acyl radical of an 
aromatic tricarboXylic acid containing 9 to 15 carbon 
atoms; 

[0033] When n is 4, 

[0034] R3 is a tetravalent acyl radical of an aliphatic 
or unsaturated aliphatic tetracarboXylic acid, espe 
cially 1,2,3,4-butanetetracarboXylic acid, 1,2,3,4 
but-2-enetetracarboXylic acid, 1,2,3,5-pentanetetra 
carboXylic acid and 1,2,4,5-pentanetetracarboXylic 
acid, or R3 is a tetra-valent acyl radical of an aro 
matic tetracarboXylic acid containing 10 to 18 carbon 
atoms; 

[0035] p is 1 to 3, 

[0036] R4 is hydrogen, alkyl of 1 to 18 carbon atoms 
or acyl of 2 to 6 carbon atoms; 

[0037] 
[0038] R5 is hydrogen, alkyl of 1 to 18 carbon atoms, 

an acyl radical of an aliphatic or unsaturated ali 
phatic carboXylic or carbamic acid containing 2 to 18 
carbon atoms, an acyl radical of a cycloaliphatic 
carboXylic or carbamic acid containing 7 to 12 
carbon atoms, an acyl radical of an aromatic car 
boXylic acid containing 7 to 15 carbon atoms, or R4 
and R5 together are —(CH2)5CO—, phthaloyl or a 
divalent acyl radical of maleic acid; 

[0039] When p is 2, 

[0040] R5 is alkylene of 2 to 12 carbon atoms, a 
divalent acyl radical of an aliphatic or unsaturated 
aliphatic dicarboXylic or dicarbamic acid containing 
2 to 18 carbon atoms, a divalent acyl radical of a 
cycloaliphatic dicarboXylic or dicarbamic acid con 
taining 7 to 12 carbon atoms, or a divalent acyl 
radical of an aromatic dicarboXylic acid containing 8 
to 15 carbon atoms; 

[0041] When p is 3, 

[0042] R5 is a trivalent acyl radical of an aliphatic or 
unsaturated aliphatic tricarboXylic acid containing 6 
to 18 carbon atoms, or a trivalent acyl radical of an 
aromatic tricarboXylic acid containing 9 to 15 carbon 
atoms; 

[0043] When n is 1, 

[0044] R6 is alkoXy of 1 to 18 carbon atoms, alkeny 
loXy of 2 to 18 carbon atoms, —NHalkyl of 1 to 18 
carbon atoms or —N(alkyl)2 of 2 to 36 carbon atoms, 

When p is 1, 
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[0045] 
[0046] R6 is alkylenedioXy of 2 to 18 carbon atoms, 

alkenylenedioXy of 2 to 18 carbon atoms, -NH 
alkylene-NH- of 2 to 18 carbon atoms or -N(alkyl) 
alkylene-N(alkyl)- of 2 to 18 carbon atoms, or R6 is 
4-methyl-1,3-phenylenediamino, 

[0047] 

When n is 2, 

When n is 3, 

[0048] R6 is a trivalent alkoXy radical of a saturated 
or unsaturated aliphatic triol containing 3 to 18 
carbon atoms, 

[0049] When n is 4, 

[0050] R6 is a tetravalent alkoXy radical of a saturated 
or unsaturated aliphatic tetraol containing 4 to 18 
carbon atoms, 

[0051] R7 and R8 are independently chlorine, alkoXy of 1 
to 18 carbon atoms, —O—T1, amino substituted by 2-hy 
droXyethyl, -NH(alkyl) of 1 to 18 carbon atoms, -N(all<yl)Tl 
With alkyl of 1 to 18 carbon atoms, or -N(alkyl)2 of 2 to 36 
carbon atoms, 

[0052] R9 is a divalent oxygen atom, or Rg is a divalent 
nitrogen atom substituted by either hydrogen, alkyl of 1 to 
12 carbon atoms or T1 

[0053] R10 is hydrogen or methyl, q is 2 to 8, R11 and R12 
are independently hydrogen or the group T2 

1 
T2: 

[0054] R13 is hydrogen, phenyl, straight or branched alkyl 
of 1 to 12 carbon atoms, alkoXy of 1 to 12 carbon atoms, 
straight or branched alkyl of 1 to 4 carbon atoms substituted 
by phenyl, cycloalkyl of 5 to 8 carbon atoms, cycloalkenyl 
of 5 to 8 carbon atoms, alkenyl of 2 to 12 carbon atoms, 
glycidyl, allyloXy, straight or branched hydroXyalkyl of 1 to 
4 carbon atoms, or silyl or silyloXy substituted three times 
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independently by hydrogen, by phenyl, by alkyl of 1 to 4 
carbon atoms or by alkoXy of 1 to 4 carbon atoms; 

[0055] R14 is hydrogen or silyl substituted three times 
independently by hydrogen, by phenyl, by alkyl of 1 
to 4 carbon atoms or by alkoXy of 1 to 4 carbon 
atoms; 

[0056] d is 0 or 1; 

[0057] h is 0 to 4; 

[0058] k is 0 to 5; 

[0059] X is 3 to 6; 

[0060] yis 1 to 10; 

[0061] Z is an integer such that the compound has a 
molecular Weight of 1000 to 4000 amu, 

[0062] R15 is morpholino, piperidino, 1-piperiZinyl, 
alkylamino of 1 to 8 carbon atoms, especially 
branched alkylamino of 3 to 8 carbon atoms such as 
tert-octylamino, -N(all<yl)T1 With alkyl of 1 to 8 
carbon atoms, or -N(all<yl)2 of 2 to 16 carbon atoms, 
R16 is hydrogen, acyl of 2 to 4 carbon atoms, 
carbamoyl substituted by alkyl of 1 to 4 carbon 
atoms, s-triaZinyl substituted once by chlorine and 
once by R15, or s-triaZinyl substituted tWice by R15 
With the condition that the tWo R15 substituents may 
be different; 

[0063] R17 is chlorine, amino substituted by alkyl of 
1 to 8 carbon atoms or by T1, -N(alkyl)T1 With alkyl 
of 1 to 8 carbon atoms, -N(alkyl)2 of 2 to 16 carbon 
atoms, or the group T3 

[0064] R18 is hydrogen, acyl of 2 to 4 carbon atoms, 
carbamoyl substituted by alkyl of 1 to 4 carbon atoms, 
s-triaZinyl substituted tWice by -N(alkyl)2 of 2 to 16 carbon 
atoms or s-triaZinyl substituted tWice by -N(alkyl)T1 With 
alkyl of 1 to 8 carbon atoms; 

[0065] Lis straight or branched chain alkylene of 1 to 
18 carbon atoms, cycloalkylene of 5 to 8 carbon 
atoms, cycloalkenylene of 5 to 8 carbon atoms, 
alkenylene of 3 to 18 carbon atoms, a straight or 
branched chain alkylene of 1 to 4 carbon atoms 
substituted by phenyl or by phenyl substituted by one 
or tWo alkyl of 1 to 4 carbon atoms, 

[0066] in formulas (16) to (28), R1, R2, R7, R8, R9, 
R10, R13, R14, d,h, k, m, q, and T1 have the same 
meanings as in formulas (1) to (15); 

[0067] R19 is hydrogen, alkyl of 1 to 18 carbon 
atoms, alkenyl of 2 to 18 carbon atoms, glycidyl, 
2,3-dihydroXypropyl, 2-hydroXy or 2-(hydroXym 
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ethyl) substituted alkyl of 3 to 12 carbon atoms 
Which alkyl is interrupted by oxygen, an acyl radical 
of an aliphatic or unsaturated aliphatic carboXylic or 
carbamic acid containing 2 to 18 carbon atoms, an 
acyl radical of a cycloaliphatic carboXylic or car 
bamic acid containing 7 to 12 carbon atoms, or acyl 
radical of an aromatic acid containing 7 to 15 carbon 
atoms; 

[0068] R20 is alkylene of 2 to 18 carbon atoms, a 
divalent acyl radical of an aliphatic or unsaturated 
aliphatic dicarboXylic or dicarbamic acid containing 
2 to 18 carbon atoms, a divalent acyl radical of a 
cycloaliphatic dicarboXylic or dicarbamic acid con 
taining 7 to 12 carbon atoms, or a divalent acyl 
radical of an aromatic dicarboXylic acid containing 8 
to 15 carbon atoms; 

[0069] R21 is hydrogen, alkyl of 1 to 18 carbon atoms 
or acyl of 2 to 6 carbon atoms; 

[0070] R22 is hydrogen, alkyl of 1 to 18 carbon 
atoms, an acyl radical of an aliphatic or unsaturated 
aliphatic carboXylic or carbamic acid containing 2 to 
18 carbon atoms, an acyl radical of a cycloaliphatic 
carboXylic or carbamic acid containing 7 to 12 
carbon atoms, an acyl radical of an aromatic car 
boXylic acid containing 7 to 15 carbon atoms, or R4 
and R5 together are -(CH2)5CO-, phthaloyl or a 
divalent acyl radical of maleic acid; 

[0071] R23 is hydrogen, alkyl of 1 to 4 carbon atoms 
or acyl of 2 to 6 carbon atoms; 

[0072] R24 is alkylene of 2 to 18 carbon atoms, a 
divalent acyl radical of an aliphatic or unsaturated 
aliphatic dicarboXylic or dicarbamic acid containing 
2 to 18 carbon atoms, a divalent acyl radical of a 
cycloaliphatic dicarboXylic or dicarbamic acid con 
taining 7 to 12 carbon atoms, or a divalent acyl 
radical of an aromatic dicarboXylic acid containing 8 
to 15 carbon atoms; 

[0073] R25 is alkoXy of 1 to 18 carbon atoms, alk 
enyloXy of 2 to 18 carbon atoms, -NHalkyl of 1 to 18 
carbon atoms or -N(all<yl)2 of 2 to 36 carbon atoms, 

[0074] R26 is alkylenedioXy of 2 to 18 carbon atoms, 
alkenylenedioXy of 2 to 18 carbon atoms, -NH 
alkylene-NH- of 2 to 18 carbon atoms or -N(alkyl) 
alkylene-N(alkyl)- of 3 to 18 carbon atoms, 

[0075] in formulas (29) and (30), G is a carbon 
centered diradical derived from a primary, secondary 
or tertiary alcohol G—OH, Where 

[0076] 
[0077] G is straight or branched chain alkylene of 1 

to 18 carbon atoms, cycloalkylene of 5 to 8 carbon 
atoms, cycloalkenylene of 5 to 8 carbon atoms, 
alkenylene of 3 to 18 carbon atoms, a straight or 
branched chain alkylene of 1 to 4 carbon atoms 
substituted by phenyl or by phenyl substituted by one 
or tWo alkyl of 1 to 4 carbon atoms, With the proviso 
that in formula (29) successive hindered amine moi 
eties can be oriented in either a head to head or head 

to tail fashion; 

Z is as de?ned above, and 
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[0078] T4 is hydrogen or 

[0079] R27 is a straight or branched chain alkylene of 
1 to 18 carbon atoms, cycloalkylene or cycloalk 
enylene of 5 to 8 carbon atoms, phenylene or -NH 
alkylene-NH- of 2 to 18 carbon atoms including 
5-amino-1-aminomethyl-1,3,3-trimethylcycloheX 
ane and -NH-Xylylene-NH-; 

[0080] R28 is alkyl of 1 to 4 carbon atoms; 

[0081] R29 is a straight or branched chain alkyl or 
-NH-alkyl of 1 to 18 carbon atoms or -NH-cy 
cloalkyl of 5 to 8 carbon atoms; and 

[0082] With the further proviso that in formulas (1) 
and (2), When b is 1, E is not methyl, ethyl, 2-propyl 
or 2-methyl-2-propyl. 

[0083] Preferably, G1 and G2 are each methyl. 

[0084] Preferably, in formulas (1) to (28), b is 1 or 2, most 
preferably 1. 

[0085] When b is 1, E—OH and L—OH are respectively 
a carbon-centered radical or diradical formed preferably 
from 2-methyl-2-propanol, 2-propanol, 2,2-dimethyl-1-pro 
panol, 2-methyl-2-butanol, ethanol, 1-propanol, 1-butanol, 
1-pentanol, 1-heXanol, 1-nonanol, 1-decanol, 1-dodecanol, 
1-octadecanol, 2-butanol, 2-pentanol, 2-ethyl-1-heXanol, 
cycloheXanol, cyclo-octanol, allyl alcohol, phenethyl alco 
hol or 1-phenyl-1-ethanol; most preferably E—OH and 
L—OH are formed from 2-methyl-2-propanol or cycloheX 
anol. 

[0086] When b is 2, E—OH and L—OH are respectively 
a carbon-centered radical or diradical formed preferably 
from 1,2-ethanediol, 1,2-propanedial, 1,3-propanediol, 1,2 
butanediol, 1,3-butanediol, 1,4-butanediol, 2,2-dimethyl-1, 
3-propanediol, 1,2-cycloheXanediol, 1,3-cycloheXanediol or 
1,4-cycloheXanediol; most preferably E—OH and L—OH 
are formed from 1,4-butanediol, 2,2-dimethyl-1,3-pro 
panediol, 1,2-cycloheXanediol, 1,3-cycloheXanediol or 1,4 
cycloheXanediol. 
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[0087] When b is 3, E—OH and L—OH are respectively 
a carbon-centered radical or diradical formed from glycerol, 
1,1,1-tris(hydroXymethyl)methane, 2-ethyl-2-(hydroXym 
ethyl-1,3-propanediol, 1,2,4-butanetriol or 1,2,6-heXan 
etriol; most preferably E—OH and L—OH are formed from 
glycerol, 1,1,1-tris(hydroXymethyl)methane, 2-ethyl-2-(hy 
droXymethyl-1,3-propanediol. 
[0088] Preferably in formulas (29) and (30), -G-O- is 
formed from ethanol, phenethyl alcohol, cycloheXanol or 
2-methyl-2-propanol (=tert-butyl alcohol). 
[0089] Preferably in formula (3), m is 0, R1 is hydrogen or 
hydroXymethyl, and R2 is hydrogen; or m is 1, R1 is hydroXy 
or hydroXymethyl, and R2 is hydrogen, methyl or ethyl. 

[0090] Preferably in formula (5), R2 is hydrogen or dode 
cyl. 
[0091] Preferably in formula (6), n is 1 or 2, and When n 
is 1, R3 is allyl, glycidyl, acryloyl, methacryloyl, octade 
canoyl, heXadecanoyl, tetradecanoyl, methoXycarbonylpro 
pionyl, methoXycarbonylbutyryl, methoXycarbonylpen 
tanoyl or methoXycarbonyinonanoyl; or When n is 2, R3 is 
succinyl, glutaryl, adipoyl, sebacoyl, 1,6-heXanedicarbam 
oyl or cis-or trans-5-carbamoyl-1-(carbamoylmethyl)-1,3,3 
trimethylcycloheXane. 

[0092] Preferably in formula (7), p is 1 or 2, and When p 
is 1, R4 is hydrogen and R5 is butyl; or R4 and R5 together 
are the divalent acyl radical of maleic acid; or When p is 2, 
R4 is hydrogen or acetyl, and R5 is 1,6-heXanediyl. 

[0093] Preferably in formula (8), n is 1 or 2, and When n 
is 1, R6 is ethoXy, 6-methyl -1-heptyloXy, ethylamino, buty 
lamino or octylamino; or When n is 2, R6 is 1,2-ethanedioXy, 
1,4-butanedioXy, ethylenediamino, heXamethylenediamino, 
or 4-methyl-1,3-phenylenediamino. 

[0094] Preferably in formula (9), R7 and R8 are indepen 
dently chlorine, octylamino, tert-octyl-amino or amino sub 
stituted by T1 and ethyl, butyl or dodecyl; and R9 is a 
divalent nitrogen atom substituted by ethyl, butyl or dode 
cyl. 

[0095] Preferably in formula (10), q is 2, 4 or 6, R7 is 
chlorine, octylamino, octadecylamino or amino substituted 
by T1 and ethyl, butyl or dodecyl; and R10 is hydrogen. 

[0096] Preferably in formula (11), n is 3, p is 2, R2 is ethyl, 
butyl or dodecyl; and one of R11, or R12 is T2, and the other 
is hydrogen. 

[0097] Preferably in formula (12), k is 3, R9 is a divalent 
oXygen atom or is a divalent nitrogen atom substituted by 
ethyl, butyl or dodecyl, R13 is hydrogen or methyl, and When 
dis0,Xis5or6,andWhendis1,Xis3or4. 
[0098] Preferably in formula (13), d is 0 or 1, h is 0-2, k 
is 0 or 3, y is 1-8, R9 is a divalent oXygen atom or a divalent 
nitrogen atom substituted by ethyl, butyl or dodecyl, R13 is 
hydrogen, methyl, ethyl, methoXy or ethoXy, and R14 is 
hydrogen or trimethylsilyl. 

[0099] Preferably in formula (14), R9 is a divalent oXygen 
atom, R10 is hydrogen or methyl, m is 0 and Z is an integer 
such that the molecular Weight of the compound is 1500 
3000 amu. 

[0100] Preferably in formula (15) q is 6, y is 1-7, R15 is 
tert-octylamino, morpholino, amino substituted by T1 and 
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butyl, Which may also be designated as Tl-butylamino, R16 
is hydrogen, acetyl, ethylcarbamoyl, 2,4-bis(dibutylamino) 
s-triaZinyl, 2,4-bis(diethylamino)-s-triaZinyl, s-triaZinyl 
substituted tWice by T1 -butylamino or s-triaZinyl substituted 
once by diethylamino or dibutylamino and once by Tl-bu 
tylamino, R17 is dibutylamino, diethylamino, Tl-butylamino 
or R17 is T3 Where R18 is acetyl or ethylcarbamoyl. 

[0101] Preferably in formula (17), m is 0, R1 is hydrogen 
or hydroXymethyl, and R2 is hydrogen; or m is 1, R1 is 
hydroXy or hydroXymethyl, and R2 is hydrogen or methyl. 

[0102] Preferably in formula (19), R2 is hydrogen or 
dodecyl. 

[0103] Preferably in formula (20), R19 is hydrogen, allyl, 
acryloyl, methacryloyl, octadecanoyl or heXadecanoyl. 

[0104] Preferably in formula (21), R20 is succinyl, glu 
taryl, adipoyl, sebacoyl, 1,6-heXane-dicarbamoyl, or cis-or 
trans-5-carbamoyl-1-(carbamoylmethyl)-1,3,3-trimethylcy 
cloheXane. 

[0105] Preferably in formula (22), R21 is hydrogen and 
R22 is hydrogen or butyl; or R21 and R22 together are the 
divalent acyl radical of maleic acid. 

[0106] Preferably in formula (23), R23 is hydrogen or 
acetyl, and R24 is ethylene or heXamethylene. 

[0107] Preferably in formula (24), R25 is ethoXy, 6-methyl 
1-heptyloXy, ethylamino, butylamino or octylamino. 

[0108] Preferably in formula (25), R26 is 1,2-ethanedioXy, 
1-4-butanedioXy, ethylenediamino or heXamethylenedi 
amino. 

[0109] Preferably in formula (26), R7 and R8 are indepen 
dently chlorine, octylamino, tert-octyl-amino, octadecy 
lamino, Tl-ethylamino, Tl-butylamino or Tl-dodecylamino, 
and R9 is a divalent nitrogen atom substituted by ethyl, butyl 
or dodecyl. 

[0110] Preferably in formula (27), q is 2, 4 or 6, R7 is 
chlorine, octylamino, octadecylamino, Tl-ethylamino, 
Tl-butylamino or Tl-dodecylamino, and R10 is hydrogen. 

[0111] Preferably in formula (28), d is 0 or 1, h is 0-2, k 
is 0 or 3, R9 is a divalent oXygen atom or a divalent nitrogen 
atom substituted by ethyl, butyl or dodecyl, R13 is hydrogen, 
methyl, ethyl, methoXy or ethoXy, and R14 is hydrogen or 
trimethylsilyl. 

[0112] Preferably in formula (29), R27 is ethylene, trim 
ethylene, tetramethylene, octamethylene, 1,6-diaminoheX 
ane or 5 -amino-1-aminomethyl-1,3,3-trimethylcycloheXane; 
Z is an integer such that the molecular Weight of the 
compound is 1500-3000 amu, R28 is methyl or ethyl, and G 
is ethylene, 1,2-cycloheXanediyl, 1,3-cycloheXanediyl, 1,4 
cycloheXanediyl, -CH(C6H5)CH2-or-CH2C(CH3)2-. 
[0113] Preferably in formula (30), R29 is pentadecyl, hep 
tadecyl, butylamino or cycloheXyl-amino. 

[0114] Still more preferred embodiments of the instant 
invention are the compounds of formulas (1) to (30) Where 
E—OH, L—OH and G—O-are formed from 2-methyl-2 
propanol (=tert-butyl alcohol) or cycloheXanol. 

[0115] Most preferably in formula (6), When n is 1, R3 is 
acryloyl, methacrloyl, glycidyl, octadecanoyl, heXade 
canoyl, methoXycarbonylpropionyl, methoXycarbonylbu 



US 2001/0034449 A1 

tyryl, methoxy-carbonylpentanoyl or methoxycarbonyl 
nonanoyl; or When n is 2, R3 is succinyl, glutaryl, adipoyl, 
sebacoyl, 1,6-hexanedicarbamoyl or cis-or trans-5-carbam 
oyl-1-(carbamoylmethyl)-1,3,3-trimethylcyclohexane. 

[0116] Most preferably in formula (7), p is 1 or 2, and 
When p is 1, R4 is hydrogen and R5 is hydrogen or butyl; or 
When p is 2, R4 is hydrogen, and R5 is 1, 6-hexanediyl. 

[0117] Most preferably in formula (9), R7 is chlorine, 
octylamino or Tl-butylamino, R8 is chlorine or Tl-buty 
lamino, and R9 is a divalent nitrogen atom substituted by 
butyl. 

[0118] Most preferably in formula (10), q is 6, R7 is 
Tl-butylamino; and R10 is hydrogen. 

[0119] Most preferably in formula (11), n is 3, p is 2, and 
one of RM or R12 is T2, and the other is hydrogen. 

[0120] Most preferably in formula (12), k is 3, R9 is a 
divalent oxygen atom, R13 is hydrogen or methyl, and d is 
0, xis 5 or 6, and When d is 1, xis 3 or 4. 

[0121] Most preferably in formula (13), d is 0 or 1, h is 
0-2, k is 0 or 3, y is 1-8, R9 is a divalent oxygen atom, R13 
is hydrogen, methyl, ethyl, methoxy or ethoxy, and R14 is 
hydrogen or trimethylsilyl. 

[0122] Most preferably in formula (15) q is 6, y is 1-7, R15 
is Tl-butylamino, R16 is hydrogen, acetyl, ethylcarbamoyl, 
2,4-bis(dibutylamino)-s-triaZinyl, 2,4-bis(diethylamino)-s 
triaZinyl, s-triaZinyl substituted tWice by Tl-butylamino or 
s-triaZinyl substituted once by diethylamino or dibutylamino 
and once by Tl-butylamino, R17 is dibutylamino, diethy 
lamino, Tl-butylamino or R17 is T3 Where R18 is acetyl or 
ethylcarbamoyl. 

[0123] Most preferably in formula (20), R21 is hydrogen, 
octadecanoyl or hexadecanoyl. 

[0124] Most preferably in formula (22), R21 is hydrogen 
and R22 is hydrogen or butyl. 

[0125] Most preferably in formula (23), R23 is hydrogen, 
and R24 is hexamethylene. 

[0126] Most preferably in formula (26), R7 is chlorine, 
octylamino or T1-butylamino, R8 is chlorine or Tl-buty 
lamino, and R9 is a divalent nitrogen atom substituted by 
butyl. 

[0127] Most preferably in formula (27), q is 6, R7 is 
Tl-butylamino, and Rg is a divalent nitrogen atom substi 
tuted by butyl. 

[0128] Most preferably in formula (29), R27 is ethylene, 
trimethylene, tetramethylene or octamethylene, Z is an inte 
ger such that the molecular Weight of the compound is 1500 
to 2000 amu, and R28 is methyl. 

[0129] Most preferably in formula (30), R29 is pentadecyl 
or heptadecyl. 

[0130] Still more preferred embodiments of the instant 
invention are the compounds of formulas (1) to (30) Where 
E—OH, L—OH and -G—O-are formed from 2-methyl-2 
propanol (=tert-butyl alcohol). 
[0131] Especially preferred compounds of formula (6) are 
those Where n is 1, R3 is acryloyl, methacryloyl, glycidyl, 
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octadecanoyl, hexadecanoyl, methoxycarbonylpropionyl or 
methoxycarbonylbutyryl, and Where n is 2, R3 is succinyl, 
glutaryl, adipoyl or sebacoyl. 

[0132] Especially preferred compounds of formula (7) are 
those Where R4 is hydrogen, and When p is 1, R5 is hydrogen 
or butyl, or When p is 2, R5 is hexamethylene. 

[0133] Especially preferred compounds of formula (9) are 
those Where R7 is chlorine, octylamino or Tl-butylamino, R8 
is Tl-butylamino, and R7 is a divalent nitrogen atom sub 
stituted by butyl. 

[0134] Especially preferred compounds of formula (10) 
are those Where q is 6, R7 is Tl-butylamino and R10 is 
hydrogen. 
[0135] Especially preferred compounds of formula (11) 
are those Where n is 3, p is 2, one of RM or R12 is T2 and the 
other is hydrogen. 

[0136] Especially preferred compounds of formula (12) 
are those Where d is 1, k is 3, X is 3 or 4, R9 is divalent 
oxygen atom, and R13 is methyl. 

[0137] Especially preferred compounds of formula (13) 
are those Where k is 3, y is 4-8. R9 is a divalent oxygen atom, 
R13 is hydrogen or methyl, d and h are 0, R14 is hydrogen, 
or d is 1 and h is 0, and R14 is trimethylsilyl. 

[0138] Especially preferred compounds of formula (14) 
are those Where m is 0, R9 is a divalent oxygen atom, R10 is 
hydrogen or methyl, and Z is an integer such that the 
molecular Weight of the compound is 1500-3000 amu. 

[0139] Especially preferred compounds of formula (15) 
are those Where q is 6, y is 1-7, R15 is Tl-butylamino, R16 
is hydrogen, acetyl, ethylcarbamoyl, 2,4-bis(dibutylamino) 
s-triaZinyl, 2,4-bis(diethylamino)-s-triaZinyl, s-triaZinyl 
substituted tWice by T1 -butylamino or s-triaZinyl substituted 
once by diethylamino or dibutylamino and once by Tl-bu 
tylamino, R17 is dibutyl-amino, diethylamino, or T3 Where 
R18 is acetyl or ethylcarbamoyl. 

[0140] Especially preferred compounds of formula (20) 
are those Where R19 is hydrogen, octadecanoyl or hexade 
canoyl. 
[0141] Especially preferred compounds of formula (21) 
are those Where R20 is succinyl, glutaryl, adipoyl or seba 
coyl. 
[0142] Especially preferred compound of formula (30) is 
that Where R29 is heptadecyl. 

[0143] The instant invention also pertains to a polymer 
composition containing an effective stabiliZing amount of 
one or more compounds selected from the compounds of 
formula (1) to formula (30) as described above. 

[0144] Preferably, the organic material is a natural, semi 
synthetic or synthetic polymer, especially a thermoplastic 
polymer. 
[0145] Most preferably, the polymer is a polyole?n, espe 
cially a thermoplastic polyole?n useful in automotive coat 
ings and applications or a urethane based automotive coat 
ing. 
[0146] The compounds of this invention exhibit superior 
hydrolytic stability, handling and storage stability as Well as 
good resistance to extractability When present in a stabiliZed 
composition. 
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[0147] In general polymers Which can be stabilized 
include 1. Polymers of monoole?ns and diole?ns, for 
example polypropylene, polyisobutylene, polybut-1-ene, 
poly-4-methylpent-1-ene, polyisoprene or polybutadiene, as 
Well as polymers of cycloole?ns, for instance of cyclopen 
tene or norbomene, polyethylene (Which optionally can be 
crosslinked), for example high density polyethylene 
(HDPE), loW density polyethylene (LDPE), linear loW den 
sity polyethylene (LLDPE), branched loW density polyeth 
ylene (BLDPE). Polyole?ns, i.e. the polymers of monoole 
?ns exempli?ed in the preceding paragraph, preferably 
polyethylene and polypropylene, can be prepared by differ 
ent, and especially by the following, methods: 

[0148] a) radical polymerisation (normally under 
high pressure and at elevated temperature). 

[0149] b) catalytic polymerisation using a catalyst 
that normally contains one or more than one metal of 
groups IVb, Vb, VIb or VII of the Periodic Table. 
These metals usually have one or more than one 

ligand, typically oxides, halides, alcoholates, esters, 
ethers, amines, alkyls, alkenyls and/or aryls that may 
be either J's-or o-coordinated. These metal complexes 
may be in the free form or ?xed on substrates, 
typically on activated magnesium chloride, tita 
nium(III) chloride, alumina or silicon oxide. These 
catalysts may be soluble or insoluble in the poly 
merisation medium. The catalysts can be used by 
themselves in the polymerisation or further activa 
tors may be used, typically metal alkyls, metal 
hydrides, metal alkyl halides, metal alkyl oxides or 
metal alkyloxanes, said metals being elements of 
groups la, Ila and/or IIIa of the Periodic Table. The 
activators may be modi?ed conveniently With further 
ester, ether, amine or silyl ether groups. These cata 
lyst systems are usually termed Phillips, Standard 
Oil Indiana, Ziegler (-Nafta), TNZ (DuPont), metal 
locene or single site catalysts (SSC). 2. Mixtures of 
the polymers mentioned under 1), for example mix 
tures of polypropylene With polyisobutylene, 
polypropylene With polyethylene (for example 
PP/HDPE, PP/LDPE) and mixtures of different types 
of polyethylene (for example LDPE/HDPE). 3. 
Copolymers of monoole?ns and diole?ns With each 
other or With other vinyl monomers, for example 
ethylene/propylene copolymers, linear loW density 
polyethylene (LLDPE) and mixtures thereof With 
loW density polyethylene (LDPE), propylene/but-1 
ene copolymers, propylene/isobutylene copolymers, 
ethylene/but-l-ene copolymers, ethylene/hexene 
copolymers, ethylene/methylpentene copolymers, 
ethylene/heptene copolymers, ethylene/octene 
copolymers, propylene/butadiene copolymers, 
isobutylene/isoprene copolymers, ethylene/alkyl 
acrylate copolymers, ethylene/alkyl methacrylate 
copolymers, ethylene/vinyl acetate copolymers and 
their copolymers With carbon monoxide or ethylene/ 
acrylic acid copolymers and their salts (ionomers) as 
Well as terpolymers of ethylene With propylene and 
a diene such as hexadiene, dicyclopentadiene or 
ethylidene-norbomene; and mixtures of such copoly 
mers With one another and With polymers mentioned 
in 1) above, for example polypropylene/ethylene 
propylene copolymers, LDPE/ethylene-vinyl acetate 
copolymers (EVA), LDPE/ethylene-acrylic acid 
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copolymers (EAA), LLDPE/EVA, LLDPE/EAA and 
alternating or random polyalkylene/carbon monox 
ide copolymers and mixtures thereof With other 
polymers, for example polyamides. 4. Hydrocarbon 
resins (for example C5—C9) including hydrogenated 
modi?cations thereof (eg tacki?ers) and mixtures 
of polyalkylenes and starch. 5. Polystyrene, poly(p 
methylstyrene), poly(ot-methylstyrene). 6. Copoly 
mers of styrene or ot-methylstyrene With dienes or 
acrylic derivatives, for example styrene/butadiene, 
styrene/acrylonitrile, styrenelalkyl methacrylate, sty 
rene/butadienelalkyl acrylate, styrene/butadiene/ 
alkyl methacrylate, styrene/maleic anhydride, sty 
renel-acrylonitrile/methyl acrylate; mixtures of high 
impact strength of styrene copolymers and another 
polymer, for example a polyacrylate, a diene poly 
mer or an ethylene/propylene/diene terpolymer; and 
block copolymers of styrene such as styrenelbutadi 
ene/styrene, styrene/isoprene/styrene, styrene/ethyl 
ene/butylene/styrene or styrene/ethylene/propylenel 
styrene. 7. Graft copolymers of styrene or a-meth 
ylstyrene, for example styrene on polybutadiene, 
styrene on polybutadien/estyrene or polybutadiene 
acrylonitrile copolymers; styrene and acrylonitrile 
(or methacrylonitrile) on polybutadiene; styrene, 
acrylonitrile and methyl meth-acrylate on polybuta 
diene; styrene and maleic anhydride on polybutadi 
ene; styrene, acrylo-nitrile and maleic anhydride or 
maleimide on polybutadiene; styrene and maleimide 
on poly-butadiene; styrene and alkyl acrylates or 
methacrylates on polybutadiene; styrene and acrylo 
nitrile on ethylene/propylene/diene terpolymers; sty 
rene and acrylonitrile on polyalkyl acrylates or poly 
alkyl methacrylates, styrene and acrylonitrile on 
acrylate/butadiene copolymers, as Well as mixtures 
thereof With the copolymers listed under 6), for 
example the copolymer mixtures knoWn as ABS, 
MBS, ASA or AES polymers. 8. Halogen-containing 
polymers such as polychloroprene, chlorinated rub 
bers, chlorinated or sulfochlorinated polyethylene, 
copolymers of ethylene and chlorinated ethylene, 
epichloro- hydrin homo- and copolymers, especially 
polymers of halogen-containing vinyl compounds, 
for example polyvinyl chloride, polyvinylidene chlo 
ride, polyvinyl ?uoride, polyvinylidene ?uoride, as 
Well as copolymers thereof such as vinyl chloride/ 
vinylidene chloride, vinyl chloride/vinyl acetate or 
vinylidene chloride/vinyl acetate copolymers. 9. 
Polymers derived from ot,[3-unsaturated acids and 
derivatives thereof such as polyacrylates and poly 
methacrylates; polymethyl methacrylates, polyacry 
lamides and polyacrylonitriles, impact-modi?ed 
With butyl acrylate. 10. Copolymers of the mono 
mers mentioned under 9) With each other or With 
other unsaturated monomers, for example acryloni 
trilel butadiene copolymers, acrylonitrile/alkyl acry 
late copolymers, acrylonitrile/alkoxyalkyl acrylate 
or acrylonitrile/vinyl halide copolymers or acryloni 
trile/ alkyl methacrylate/butadiene terpolymers. 11. 
Polymers derived from unsaturated alcohols and 
amines or the acyl derivatives or acetals thereof, for 
example polyvinyl alcohol, polyvinyl acetate, poly 
vinyl stearate, polyvinyl benZoate, polyvinyl male 
ate, polyvinyl butyral, polyallyl phthalate or polyal 
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lyl melamine; as Well as their copolymers With 
ole?ns mentioned in 1) above. 12. Homopolymers 
and copolymers of cyclic ethers such as polyalkylene 
glycols, polyethylene oxide, polypropylene oxide or 
copolymers thereof With bisglycidyl ethers. 13. Poly 
acetals such as polyoxymethylene and those poly 
oxymethylenes Which contain ethylene oxide as a 
comonomer; polyacetals modi?ed With thermoplas 
tic polyurethanes, acrylates or MES. 14. Polyphe 
nylene oxides and sul?des, and mixtures of polyphe 
nylene oxides With styrene polymers or polyamides. 
15. Polyurethanes derived from hydroxyl-terminated 
polyethers, polyesters or polybutadienes on the one 
hand and aliphatic or aromatic polyisocyanates on 
the other, as Well as precursors thereof. 16. Polya 
mides and copolyamides derived from diamines and 
dicarboxylic acids and/or from aminocarboxylic 
acids or the corresponding lactams, for example 
polyamide 4, polyamide 6, polyamide 6/6, 6/10, 6/9, 
6/12, 4/6, 12/12, polyamide 11, polyamide 12, aro 
matic polyamides starting from m-xylene diamine 
and adipic acid; polyamides prepared from hexa 
methylenediamine and isophthalic or/and tereph 
thalic acid and With or Without an elastomer as 
modi?er, for example poly-2,4,4,-trimethylhexam 
ethylene terephthalamide or poly-m-phenylene 
isophthalamide; and also block copolymers of the 
aforementioned polyamides With polyole?ns, ole?n 
copolymers, ionomers or chemically bonded or 
grafted elastomers; or With polyethers, eg with 
polyethylene glycol, polypropylene glycol or poly 
tetramethylene glycol; as Well as polyamides or 
copolyamides modi?ed With EPDM or ABS; and 
polyamides condensed during processing (RIM 
polyamide systems). 17. Polyureas, polyimides, 
polyamide-imides and polybenZimidaZoles. 18. 
Polyesters derived from dicarboxylic acids and diols 
and/or from hydroxycarboxylic acids or the corre 
sponding lactones, for example polyethylene tereph 
thalate, polybutylene terephthalate, poly-1,4-dim 
ethylolcyclohexane terephthalate and 
polyhydroxybenZoates, as Well as block copolyether 
esters derived from hydroxyl-terminated polyethers; 
and also polyesters modi?ed With polycarbonates or 
MES. 19. Polycarbonates and polyester carbonates. 
20. Polysulfones, polyether sulfones and polyether 
ketones. 21. Crosslinked polymers derived from 
aldehydes on the one hand and phenols, ureas and 
melamines on the other hand, such as phenol/form 
aldehyde resins, urea/formaldehyde resins and 
melamine/formaldehyde resins. 22. Drying and non 
drying alkyd resins. 23. Unsaturated polyester resins 
derived from copolyesters of saturated and unsatur 
ated dicarboxylic acids With polyhydric alcohols and 
vinyl compounds as crosslinking agents, and also 
halogen-containing modi?cations thereof of loW 
?ammability. 24. Crosslinkable acrylic resins 
derived from substituted acrylates, for example 
epoxy acrylates, urethane acrylates or polyester acry 
lates. 25. Alkyd resins, polyester resins and acrylate 
resins crosslinked With melamine resins, urea resins, 
polyisocyanates or epoxy resins. 26. Crosslinked 
epoxy resins derived from polyepoxides, for 
example from bisglycidyl ethers or from 
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cycloaliphatic diepoxides. 27. Natural polymers such 
as cellulose, rubber, gelatin and chemically modi?ed 
homologous derivatives thereof, for example cellu 
lose acetates, cellulose propionates and cellulose 
butyrates, or the cellulose ethers such as methyl 
cellulose; as Well as rosins and their derivatives. 28. 
Blends of the aforementioned polymers (poly 
blends), for example PP/EPDM, Polyamidel/-EPDM 
or ABS, PVC/EVA, PVC/ABS, PVC/MBS, 
PC/ABS, PBTP/ABS, PCIASA, PC/PBT, PVC/CPE, 
PVC/acrylates, POM/thermoplastic PUR, PC/ther 
moplastic PUR, POM/acrylate, POM/MBS, PPO/ 
HIPS, PPO/PA 6.6 and copolymers, PA/HDPE, 
PA/PP, PA/PPO. 29. Naturally occurring and syn 
thetic organic materials Which are pure monomeric 
compounds or mixtures of such compounds, for 
example mineral oils, animal and vegetable fats, oil 
and Waxes, or oils, fats and Waxes based on synthetic 
esters (e.g. phthalates, adipates, phosphates or trim 
ellitates) and also mixtures of synthetic esters With 
mineral oils in any Weight ratios, typically those used 
as spinning compositions, as Well as aqueous emul 
sions of such materials. 30. Aqueous emulsions of 
natural or synthetic rubber, e.g. natural latex or 
latices of carboxylated styrene/butadiene copoly 
mers. 31. Polysiloxanes such as the soft, hydrophilic 
polysiloxanes described, for example, in US. Pat. 
No. 4,259,467; and the hard polyorganosiloxanes 
described, for example, in US. Pat. No. 4,355,147. 
32. Polyketimines in combination With unsaturated 
acrylic polyacetoacetate resins or With unsaturated 
acrylic resins. The unsaturated acrylic resins include 
the urethane acrylates, polyether acrylates, vinyl or 
acryl copolymers With pendant unsaturated groups 
and the acrylated melamines. The polyketimines are 
prepared from polyamines and ketones in the pres 
ence of an acid catalyst. 33. Radiation curable com 
positions containing ethylenically unsaturated 
monomers or oligomers and a polyunsaturated ali 
phatic oligomer. 34. Epoxymelamine resins such as 
light-stable epoxy resins crosslinked by an epoxy 
functional coetheri?ed high solids melamine resin 
such as LSE-4103 (Monsanto). 

[0150] In general, the compounds of the present invention 
are employed in from about 0.01 to about 5% by Weight of 
the stabiliZed composition, although this Will vary With the 
particular substrate and application. An advantageous range 
is from about 0.05 to about 3%, and especially 0.05 to about 
1%. 

[0151] The stabiliZers of the instant invention may readily 
be incorporated into the organic polymers by conventional 
techniques, at any convenient stage prior to the manufacture 
of shaped articles therefrom. For example, the stabiliZer may 
be mixed With the polymer in dry poWder form, or a 
suspension or emulsion of the stabiliZer may be mixed With 
a solution, suspension, or emulsion of the polymer. The 
resulting stabiliZed polymer compositions of the invention 
may optionally also contain from about 0.01 to about 5%, 
preferably from about 0.025 to about 2%, and especially 
from about 0.1 to about 1% by Weight of various conven 
tional additives, such as the materials listed beloW, or 
mixtures thereof. 
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esters, such as of the methyl, ethyl or butyl ester, nickel 
complexes of ketoximes such as of 2-hydroxy-4-methyl 
phenyl undecyl ketoxime, nickel complexes of 1-phenyl-4 
lauroyl-5-hydroxy-pyraZole, optionally With additional 
ligands. 2.6. Sterically hindered amines, for example bis-(2, 
2,6,6-tetramethylpiperidyl) sebacate, bis-(1,2,2,6,6-pentam 
ethylpiperidyl) sebacate, n-butyl-3,5-di-tert.butyl-4-hy 
droxybenZyl malonic acid bis-(1,2,2,6,6 
pentanemethylpiperidyl)ester, condensation product of 
1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine 
and succinic acid, condensation product of N,N‘-(2,2,6,6 
tetramethylpiperidyl)-hexamethylenediamine and 4-tert-oc 
tylamino-2,6-dichloro-s-triaZine, tris-(2,2,6,6-tetramethylpi 
peridyl)-nitrilotriacetate, tetrakis-(2,2,6,6-tetramethyl 
-4-piperidyl) 1,2,3,4-butanetetracarboxylate, 1,1‘(1,2 
ethanediyl) -bis-(3,3,5,5-tetramethylpiperaZinone), bis(1 
octyloxy-2,2,6,6-tetramethylpiperidin-4-yl) sebacate. 2-(2 
hydroxyethylamino)-4,6-bis{N-[1-(cyclohexyloxy)-2,2,6,6 
tetramethylpiperidin-4-yl]-butylamino-s-triaZine, oligomer 
of N-{[2-(N-2,2,6,6-tetramethylpiperidin-4-yl)butylamino] 
s-triaZin-4-yl}N,N‘-bis(2,2,6,6-tetramethyipiperidin-4-yl) 
1,6-hexanediamine terminated With 2,4-bis(dibutylamino) 
s-triaZin-6-yl, N,N‘,N“-tris{2,4-bis[N-(1,2,2,6,6 
pentamethylpiperidin-4-yl) butyl-amino]-s-triaZin-6-yl}3, 
3‘-ethylenediiminodipropylamine, N,N‘,N“-tris{2,4-bis[N 
(1,2,2,6,6-pentamethylpiperidin-4-yl)butylamino]-s-triaZin 
6-yl}3,3‘-ethylenediiminodipropylamine and N,N‘, N“,N“’ 
tetrakis{2,4-bis[N-(1,2,2,6,6-pentamethylpipeddin-4 
yl)butylamino]-s-triaZin-6-yl}-3,3 
ethylenediiminodipropylamine; N,N,N“-tris{2,4-bis[N-(1 
cyclohexyloxy-2,2,6,6-tetramethyl-piperidin-4-yl) 
butylamino]-s-triaZin-6-yl}3,3‘-ethylenediiminodipropy 
lamine, N,N‘,N“’-tris{2,4-bis[N-(1-cyclohexyloxy-2,2,6,6 
tetramethylpiperidin-4-yl)butylamino]-s-triaZin-6-yl}3,3‘ 
ethylenediiminodipropylamine and N,N‘, N“, N“” 
tetrakis{2,4-bis[N-(1-cyclohexyloxy-2,2,6,6-tetra 
methylpiperidin-4-yl)butylamino]-s-triaZin-6-yl}3,3‘ 
ethylenediiminodipropylamine. 2.7. Oxalic acid diamides, 
for example, 4,4‘-di-octyloxy-oxanilide, 2,2‘-di-octyloxy-5, 
5‘-di-tert-butyl-oxanilide, 2,2‘-di-dodecyloxy-5,5‘-di-tert 
butyl-oxanilide, 2-ethoxy-2‘-ethyl-oxanilide, N,N‘-bis 
(3-dimethylaminopropyl)-oxalamide, 2-ethoxy-5-tert-butyl 
2‘-ethyloxanilide and its mixture With 2-ethoxy-2‘-ethyl-5, 
4‘-di-tert-butyloxanilide and mixtures of ortho- and para 
methoxy- as Well as of o-and p-ethoxy-disubstituted 
oxanilides. 2.8. Hydroxyphenyl-s-triaZines, for example 2,6 
bis-(2,4-dimethylphenyl)-4-(2-hydroxy-4-octyloxyphenyl) 
s-triaZine; 2,6-bis-(2,4-dimethylphenyl)-4-(2,4-dihydrox 
yphenyl)-s-triaZine; 2,4-bis(2,4-dihydroxyphenyl)-6-(4 
chlorophenyl)-s-triaZine; 2,4-bis[2-hydroxy-4-(2-hydroxy 
ethoxy)phenyl]-6-(4-chlorophenyl)-s-triaZine; 2,4-bis[2 
hydroxy-4-(2-hydroxy-4-(2-hydroxy-ethoxy)phenyl]-6-(2, 
4-dimethylphenyl)-s-triaZine; 2,4-bis[2-hydroxy-4-(2 
hydroxyethoxy)-phenyl]-6-(4-bromophenyl)-s-triaZine; 2,4 
bis[2-hydroxy-4-(2-acetoxyethoxy)phenyl]-6-(4 
chlorophenyl)-s-triaZine, 2,4-bis(2,4-dihydroxyphenyl)-6 
(2,4-dimethylphenyl)-s-triaZine. 3. Metal deactivators, for 
example, N,N‘-diphenyloxalic acid diamide, N-salicylal-N‘ 
salicyloyl-hydraZine, N,N‘-bis-salicyloylhydraZine, N,N‘ 
bis-(3,Sdi-tert-butyl-4-hydroxyphenylpropionyl)-hydraZine, 
3-salicyloylamino-1,2,4-triaZole, bis-benZylidene-oxalic 
acid dihydraZide. 4. Phosphites and phosphonites, for 
example, triphenyl phosphite, diphenylalkyl phosphites, 
phenyldialkyl phosphites, tri-(nonylphenyl) phosphite, 
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trilauryl phosphite, trioctadecyl phosphite, di-stearyl-pen 
taerythritol diphosphite, tris-(2,4-di-tert-butylphenyl) phos 
phite, di-iso-decylpentaerythritol diphosphite, di-(2,4,6-tri 
tert-butylphenyl)-pentaerythritol diphosphite, di-(2,4-di 
tert-butyl-6-methylphenyl)-pentaerythritol diphosphite, 
di-(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, 
tristearyl-sorbitol triphosphite, tetrakis-(2,4-di-tert-bu 
tylphenyl) 4,4‘-diphenylylenediphosphonite. 5. Compounds 
Which destroy peroxide, for example, esters of [3-thiodipro 
pionic acid, for example the lauryl, stearyl, myristyl or 
tridecyl esters, mercapto-benZimidaZole or the Zinc salt of 
2-mercaptobenZimidaZole, Zinc dibutyl-dithiocarbamate, 
dioctadecyl disul?de, pentaerythritol tetrakis-(B-dodecylm 
ercapto)-propionate. 6. Hydroxylamines, for example, N, 
N-dibenZylhydroxylamine, N, N-diethylhydroxylamine, N, 
N-dioctylhydroxylamine, N,N-dilaurylhydroxylamine, 
N,N-ditetradecylhydroxylamine, N, N-dihexadecylhydroxy 
lamine, N,N-dioctadecylhydroxylamine, N-hexadecyl-N 
octadecylhydroxyl-amine, N-heptadecyl-N-octadecylhy 
droxylamine, N,N-dialkylhydroxylamine derived from 
hydrogenated talloW amine. 7. Nitrones, for example, 
N-benZyl-alpha-phenyl nitrone, N-ethyl-alpha-methyl 
nitrone, N-octyl-alpha-heptyl nitrone, N-lauryl-alpha-unde 
cyl nitrone, N-tetradecyl-alpha-tridecyl nitrone, N-hexade 
cyl-alpha-pentadecyl nitrone, N-octadecyl-alpha-heptade 
cylnitrone, N-hexadecyl-alpha-heptadecyl nitrone, 
N-octadecyl-alpha-pentadecyl nitrone, N-heptadecyl-alpha 
heptadecyl nitrone, N-octadecyl-alpha-hexadecyl nitrone, 
nitrone derived from N,N-dialkylhydroxylamine derived 
from hydrogenated talloW amine. 8. Polvamide stabilizers, 
for example copper salts in combination With iodides and/or 
phosphorus compounds and salts of divalent manganese. 9. 
Basic co-stabiliZers, for example, melamine, polyvinylpyr 
rolidone, dicyandiamide, triallyl cyanurate, urea derivatives, 
hydraZine derivatives, amines, polyamides, polyurethanes, 
alkali metal salts and alkaline earth metal salts of higher 
fatty acids for example Ca stearate, Zn stearate, Mg stearate, 
Na ricinoleate and K palmitate, antimony pyrocatecholate or 
Zinc pyrocatecholate. 10. Nucleating agents, for example, 
4-tert-butyl-benZoic acid, adipic acid, diphenylacetic acid. 
11. Fillers and reinforcing agents, for example, calcium 
carbonate, silicates, glass ?bers, asbestos, talc, kaolin, mica, 
barium sulfate, metal oxides and hydroxides, carbon black, 
graphite. 12. Other additives, for example, plasticiZers, 
lubricants, emulsi?ers, pigments, optical brighteners, ?ame 
proo?ng agents, anti-static agents, bloWing agents and thio 
synergists such as dilauryl thiodipropionate or distearyl 
thiodipropionate. 13. BenZofuranones and indolinones, for 
example those disclosed in US-A-4325863, US-A-4338244 
or US-A-5175312, or 3-[4-(2-acetoxyethoxy)phenyl]-5,7 
di-tert-butyl-benZofuran-2-one, 5,7-di-tert-butyl-3-[4-(2 
stearoyloxyethoxy)phenyl]benZofuran-2-one, 3,3‘-bis[5,7 
di-tert-butyl-3-(4-[2-hydroxyethoxy]phenyl)benZofuran-2 
one], 5,7-di-tert-butyl-3-(4-ethoxyphenyl)ben-Zofuran-2 
one, 3-(4-acetoxy-3,5-dimethylphenyl)-5,7-di-tert-butyl 
benZofuran-2-one, 3-(3,5-di-methyl-4-pivaloyloxyphenyl) 
5,7-di-tert-butyl-benZofuran-2-one. 

[0164] The co-stabiliZers, With the exception of the ben 
Zofuranones listed under 11, are added for example in 
concentrations of 0.01 to 10%, relative to the total Weight of 
the material to be stabiliZed. 
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[0213] 2,4-bis(2,4-dimethylphenyl)-6-[2-hydroxy-4 
(3-do-/tri-decyloxy-2-hydroxypropoxy) -phenyl]-s 
triaZine; and 

[0214] 2-(2-hydroxyethylamino)-4,6-bis[N-butyl-N 
(1 -cyclohexyloxy-2,2,6,6-tetramethyl-piperidin-4 
yl) amino]-s-triaZine. 

[0215] The acrylic resin lacquers Which can be stabilized 
against light, moisture and oxygen in accordance to the 
instant invention are conventional acrylic resin stoving 
lacquers or thermosetting resins including acrylic/melamine 
systems Which are described, for example, in H. Kittel’s 
“Lehrbuch and Beschichtungen”, Vol. 1, Part 2 on pages 735 
and 742 (Berlin 1972), “LackkunstharZe” (1977) by H. 
Wagner and H. F. Sarx on pages 229-238, and in S. Paul’s 
“Surface Coatings: Science and Technology”, (1985). 

[0216] The polyester lacquers Which can be stabiliZed 
against the action of light and moisture are conventional 
stoving lacquers described eg in H. Wagner and H. F. Sarx, 
op. cit., on pages 86-99. 

[0217] The alkyd resin lacquers Which can be stabiliZed 
against the action of light and moisture in accordance With 
the instant invention are the conventional stoving lacquers 
Which are used in particular for coating automobiles (auto 
mobile ?nishing lacquers), for example lacquers based on 
alkyd/melamine resins and alkyd/acrylic/melamine resins 
(see H. Wagner and H. F. Sarx, “LackkunstharZe” (1977), 
pages 99-123). Other crosslinking agents include glycoluril 
resins, blocked or unblocked isocyanates or epoxy resins. 
Other lacquers Which can be stabiliZed include those With 
crosslinkable functionalities such as carbamate and siloxane. 

[0218] The lacquers stabiliZed in accordance With the 
invention are suitable both for metal ?nish coatings and 
solid shade ?nishes, especially in the case of retouching 
?nishes, as Well as various coil coating applications. The 
lacquers stabiliZed in accordance With the invention are 
preferably applied in the conventional manner by tWo meth 
ods, either by the single-coat method or by the tWo-coat 
method. In the latter method, the pigment-containing base 
coat is applied ?rst and then a covering coat of clear lacquer 
over it. 

[0219] Although major emphasis in this application is 
directed to acid-catalyZed baked ?nishes, it is also to be 
noted that the compounds of the present invention are 
applicable for use in non-acid catalyZed thermoset resins 
such as epoxy, epoxy-polyester, vinyl, alkyd, acrylic and 
polyester resins, optionally modi?ed With silicon, isocyan 
ates or isocyanurates. The epoxy and epoxy-polyester resins 
are crosslinked With conventional crosslinkers such as acids, 
acid anhydrides, amines and the like. Correspondingly, the 
epoxide may be utiliZed as the crosslinking agent for various 
acrylic or polyester resin systems that have been modi?ed by 
the presence of reactive groups on the backbone structure. 

[0220] The amount of instant stabiliZer compound used is 
0.1 to 5% by Weight, based on the solvent-free binder, 
preferably 0.5 to 2% by Weight. The binders can be dis 
solved or dispersed in customary organic solvents or in 
Water or can be solvent-free. 

[0221] When used in tWo-coat ?nishes, the compounds of 
the instant invention can be incorporated in the clear coat or 
both in the clear coat and in the pigmented base coat. 
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[0222] To attain maximum light stability, the concurrent 
use of other conventional light stabiliZers can be advanta 
geous. Examples are UV absorbers of the benZophenone, 
benZotriaZole, acrylic acid derivatives, oxalanilide, aryl-s 
triaZine or metal-containing types (eg organic nickel com 
pounds). In tWo-coat systems, these additional light stabi 
liZers can be added to the clear coat and/or the pigmented 
base coat. 

[0223] If such combinations of stabiliZers are used, the 
sum of all light stabiliZers is 0.2 to 20% by Weight, prefer 
ably 0.5 to 5% by Weight, based on the ?lm-forming resin. 

[0224] When Water-soluble, Water miscible or Water dis 
persible coating are desired ammonium salts of acid groups 
present in the resin are formed. PoWder coating composition 
can be prepared by reacting glycidyl methacrylate With 
selected alcohol components. 

[0225] It is also contemplated that the instant compounds 
Would ?nd particular value When used With Water-soluble 
inks and related polar oriented utilities Where the presence of 
the OH moiety Would provide for better compatibility and 
properties related to such aqueous environments. 

[0226] The instant compounds are also useful in the sta 
biliZation of acid catalyZed thermoset resins Which are 
disclosed in US. Pat. No. 5,112,890, the relevant parts of 
Which are incorporated herein by reference. 

[0227] These resins are used in baked enamels or stoving 
lacquers. Hindered amine light stabiliZaers are Well knoWn 
to be effective in stabilizing a host of organic substrates 
including polymers from the deleterious effects of oxygen 
and light. Such hindered amine light stabiliZers have been 
used in the stabiliZation of hot-crosslinkable alkyd or acrylic 
metallic stoving lacquers (see US. Pat. No. 4,426,472) and 
in stabiliZing acid-catalyZed stoving lacquers based on hot 
crosslinkable acrylic polyester or alkyl resins (see US. Pat. 
Nos. 4,344,876 and 4,426,471). None of the hindered amine 
light stabiliZers of these patents possess structures having an 
Q-substituted hydroxyl group substituted directly on the 
N-atom of the hindered amine. The instant compounds have 
such substitution and additionally are even less basic than 
the NOR compounds described in US. Pat. No. 5,112,890 as 
is seen in instant Working Example 114. 

[0228] In their industrial uses, enamels With high solids 
content based on crosslinkable acrylic, polyester, urethane 
or alkyd resins are cured With an additional acid catalyst. 
Light stabiliZers containing a basic nitrogen group are 
generally less than satisfactory in this application. Forma 
tion of a salt betWeen the acid catalyst and the light stabiliZer 
leads to incompatibility or insolubility and recipitation of the 
salt and to a reduced level of cure and to reduced light 
protective action and poor resistance to moisture. 

[0229] The acid catalyZed thermoset enamels must be 
stabiliZed in order to function acceptably in end-use appli 
cations. The stabiliZers used are hindered amines, preferably 
those substituted on the N-atom by an inert blocking group 
in order to prevent precipitation of the basic amine With the 
acid catalyst With a concomitant retardation in cure, option 
ally in combination With UV absorbers as described above. 

[0230] The stabiliZers are needed to impart greater reten 
tion of durability to the cured enamels (as measured by 20° 
gloss, distinction of image, cracking or chalking); the sta 
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biliZers must not retard cure (normal bake for auto ?nishes 
at 121° C.; and loW bake repair at 82° C.) as measured by 
hardness, adhesion, solvent resistance and humidity resis 
tance; the enamel should not yelloW on curing and further 
color change on exposure to light should be minimized; the 
stabilizers should be soluble in the organic solvents nor 
mally used in coating applications, such as methyl amyl 
ketone, xylene, n-hexyl acetate, alcohol and the like. 

[0231] The instant hindered amine light stabilizers on 
the N-atom by an C) -substituted moiety containing a free 
hydroxyl group ful?ll each of these requirements and 
provide alone or in combination with a UV absorber 
outstanding light stabilization protection to the cured 
acid catalyzed thermoset enamels. 

[0232] The instant invention also pertains to resin sys 
tems capable of being fully cured under ambient condi 
tions. For example, applicable resins include alkyd, 
acrylic, polyester and epoxide resins as described in S. 
Paul’s “Surface Coatings: Science and Technology” 
(1985), pages 70-310. Various acrylic and modi?ed 
acrylic resins are described in H. Kittel’s “Lehrbuch der 
Lacke unde Beschichtungen”, Vol. 1, Part 2, on pages 735 
and 742 (Berlin 1972), and in “Lackkunstharze” (1977) 
by H. Wagner and H. F. Sarx, op. cit, on pages 229-238. 
Typical crosslinkable polyester resins which can be sta 
bilized against the action of light and moisture are 
described e.g. in H. Wagner and H. F. Sarx, op. cit., on 
pages 86-99. The unmodi?ed and modi?ed alkyd resins 
which can be stabilized are conventional resins which are 

used in trade sales, maintenance and automotive re?nish 
coatings. For example, such coatings are based on alkyd 
resins, alkyd/acrylic resins and alkyd/silicon reins (see H. 
Wagner and H. F. Sarx, op. cit., pages 99-123) optionally 
crosslinked by isocyanates or epoxy resins. 

[0233] In addition various acrylic lacquer coating com 
positions are disclosed in U.S. Pat. No. 4,162,249. Other 
acryliclalkyd resins with polyisocyanate additives are 
disclosed in U.S. Pat. No. 4,471,083; and acrylic resins 
containing either pendant amino ester groups or glycidyl 
groups are described in U.S. Pat. No. 4,525,521. 

[0234] The ambient cured coatings stabilized by the 
instant compounds are suitable both for metal ?nish 
coatings and solid shade ?nishes, especially in the case of 
retouching ?nishes. The lacquers stabilized by the 
instant compounds are preferably applied in a conven 
tional manner by two methods, either by the single-coat 
method or by the two-coat method. In the latter method, 
the pigment-containing base coat is applied ?rst and a 
covering coat of clear lacquer applied over it. When used 
in two-coat ?nishes, the instant hindered amine com 
pound can be incorporated in the clear coat or both in 
the clear coat and in the pigmented base coat. 

[0235] The instant invention also pertains to abrasion 
resistant coating compositions suitable for coating over 
polycarbonates. Such coatings as described in U.S. Pat. 
No. 5,214,085 comprise a silyl acrylate, aqueous colloidal 
silica, a photoinitiator and optionally a polyfunctional 
acrylate as well as UV absorbers. Such coatings provide 
resistance after prolonged outdoor exposure to sunlight, 
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moisture, thermal cycling causing yellowing, delamina 
tion and formation of microcracks and decreasing trans 
parency. 

[0236] Related hindered amine stabilizers have been 
utilized individually and in combination with UV 
absorbers to improve the performance characteristics of 
ambient cured coating systems. Notwithstanding such 
improvements, there still exists a need to further retard 
the photooxidation and photodegradation of such ambi 
ent cured systems and thereby provide increased effec 
tiveness by maintaining the physical integrity of the 
coatings. Such effectiveness can be manifested by pre 
vention of embrittlement, cracking, corrosion, erosion, 
loss of gloss, chalking and yellowing of the coating. 

[0237] It has now been determined that the aforemen 
tioned improvements canbe achieved by substitution of 
the N-atom of the hindered amines with an-OR moiety 
and by the utilization of such derivatives in ambient 
cured coating systems as is taught in U.S. Pat. No. 
5,124,378, the relevant parts of which are incorporated 
herein by reference. The instant compounds are even less 
basic than the compounds of U.S. Pat. No. 5,124,378 and 
are particularly well suited for this task. In particular, 
the physical integrity of the coatings is maintained to a 
higher degree with signi?cant reduction in loss of gloss 
and in yellowing. Accordingly, the instant invention 
relates to the use of the instant NOR compounds, where 
the R moiety is further substituted by a hydroxyl group, 
optionally together with further stabilizers, for stabiliz 
ing ambient cured coatings based on alkyd resins; ther 
moset acrylic resins; acrylic alkyds; acrylic alkyd or 
polyester resins optionally modi?ed with silicon, isocy 
anates, isocyanurates, ketimines or oxazolidines; and 
epoxide resins crosslinked with carboxylic acids, anhy 
drides, polyamines or mercaptans; and acrylic and poly 
ester resin systems modi?ed with reactive groups in the 
backbone thereof and crosslinked with epoxides; against 
the degradative effects of light, moisture and oxygen. 

[0238] The instant invention also relates to electrode 
posited coatings applied to metal substrates where vari 
ous top coats may be applied thereover. The inclusion of 
the instant compounds in the E-coat provides delamina 
tion resistance to said E-coats. The primary resins in said 
E-coats are acrylic or epoxy resins. These E-coats are 
described in European patent application EP 0 576 943 
A1. 

[0239] The instant invention also pertains to UV-cured 
coating systems using unsaturated acrylic resins, poly 
urethane acrylates, epoxy acrylates, polyester acrylates, 
unsaturated polyesterlstyrene resins and silyl acrylates. 

[0240] Synthesis of Compounds 

[0241] The instant compounds may be prepared by the 
reaction of tributyltin hydride and a halogen substituted 
alcohol to produce carbon centered radicals that are 
trapped by nitroxyl compounds. 

[0242] The instant compounds may also be prepared 
by coupling an N-oxyl hindered amine with a carbon 
centered radical generated by the photochemical or ther 
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mal decomposition of a perester or dialkyl peroxide in 
the presence of an alcohol. The bridge compounds 
described above can be formed when two nitroxyl radi 
cals couple with the same solvent molecule, especially 
when the amount of solvent is reduced. 

[0243] The preferred method of preparation of the 
instant compounds is to react an N-oxyl hindered amine 
with a carbon centered radical generated by mixing an 
aqueous or alcoholic soluton of a metal ion such as Fe“, 
Fe“, Cu2+or Cu+and a peroxide such as tert-butyl 
hydroperoxide or hydrogen peroxide in the presence of 
an alcohol solvent at a temperature of 20-80° C. Espe 
cially effective is the combination of ferrous chloride, 
ferric chloride or ferrous sulfate, particularly ferrous 
chloride, or ferric chloride, and hydrogen peroxide. 
Water may be added to the alcohol at the beginning of 
the reaction to improve solubility of the metal salt or to 
dissolve an alcohol which is solid at the reaction tem 
perature. A ligand such as 2,2'-dipyridyl, 2,2':6',2" 
terpyridyl, may be added to the reaction mixture. Two 
nitroxyl radicals can sometimes couple with the same 
solvent molecule to produce bridged compoundsde 
scribed in some formulas listed earlier. The formation of 
bridge compounds is more favored when the amount of 
solvent is reduced. 

[0244] Some of the instant hydroxy-substituted 
N-alkoxy compounds may be reacted with monofunc 
tional or difunctional esters, acids or acid chlorides or 
isocyanates to form polymeric ester or urethane deriva 
tives. 

[0245] The following examples are for illustrative pur 
poses only and are not to be construed to limit the instant 
invention in any manner whatsoever. 

EXAMPLE 1 Reaction of 1-Oxyl-2,2,6,6-tetram 
ethyl-piperidin-4-one With Cyclohexanol 

[0246] A solution of 55 g (0.49 mol) of 30% aqueous 
hydrogen peroxide is added dropwise over a 4.25 hour 
period to a mixture of 23.5 g (0.14 mol) of 1-oxyl-2,2,6, 
6-tetramethyl-piperidin-4-one and 4.0 g (0.020 mol) of 
ferrous chloride tetrahydrate in 14 g (0.14 mol) of cyclo 
hexanol and 150 g of cyclohexane. The reaction tempera 
ture is maintained at approximately 40° C. throughout 
the addition. The reaction mixture is stirred at 40° C. for 
three hours after the peroxide addition is complete. A 
second portion of 30% aqueous hydrogen peroxide (10 g, 
0.09 mol) is added and the reaction mixture is heated at 
40° C. for seven hours. After the mixture is cooled to 
room temperature, sodium sul?te (5 g) is added. The 
reaction temperature is carefully brought to 60° C. for 
one hour to decompose excess peroxide. Upon cooling, 
the organic layer is separated, dried over anhydrous 
magnesium sulfate, and concentrated to give 22.6 g of a 
brown oil. The oil is dissolved in cyclohexane and passed 
through silica gel with cyclohexane and then 1:2 (v/v) 
ethanol/cyclohexane to afford 16.5 g of a yellow oil. 

[0247] Analysis by gass chromatography and mass 
spectrometry shows the product to be a mixture which 
contains at least four isomers of 1-(hydroxycyclohexy 
loxy)-2,2,6,6-tetramethyl-piperidin-4-one. 
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EXAMPLE 2 Bis[1-(2-hydroxy-2-methylpropoxy) 
2,2,6,6-tetramethylpiperidin-4-yl)] Sebacate 

[0248] A solution of 73 g (0.64 mol) of 30% aqueous 
hydrogen peroxide is added dropwise over a 3.5 hour 
period to a mixture of 30.0 g (0.059 mol) of bis(1-oxyl 
2,2,6,6-tetramethyl-piperidin-yl) sebacate and 4.7 g 
(0.024 mol) of ferrous chloride tetrahydrate in 150 g of 
tert-butyl alcohol and 6 g of water. The reaction tem 
perature is kept at approximately 40° C. throughout the 
peroxide addition. The reaction mixture is stirred at 40° 
C. for four hours after the addition is complete. The 
reaction mixture is diluted with 150 g of ethyl acetate. A 
colution of 100 g of 20% aqueous sodium sul?te solution 
is added and the reaction mixture is stirred for 1.5 hours 
at 45-60° C. to decompose excess peroxide. The aqueous 
layer is extracted with 100 g of ethyl acetate, and the 
combined organic layers are washed with 200 g of 5% 
sulfuric acid. Solvent is evaporated to obtain 39.4 g of a 
pale yellow liquid which is puri?ed by ?ash chromatog 
raphy on silica gel with a 4:1:5 part mixture (by volume) 
of ethyl acetate:isopropanol:hexane to afford 19.1 g 
(49% yield) of the title compound as a pale yellow oil. 

EXAMPLE 3 Reaction of 
Bis(1-oxyl-2,2,6,6-tetramethyl-piperidin-4-yl) 

Sebacate With Cyclohexanol 

[0249] A solution of 70 g (0.62 mol) of 30% aqueous 
hydrogen peroxide is added dropwise over 2.75 hours to 
a mixture of 32.4 g (0.063 mol) of bis(1-oxyl-2,2,6,6 
tetramethylpiperidin-yl) sebacate and 5.0 g (0.025 mol) 
of ferrrous chloride tetrahydrate in 100 g of cyclohex 
anol. The reaction temperature is maintained at 40-45° 
C. during the addition. The reaction mixture is then 
stirred at 40° C. for ?ve hours and during this time, fresh 
50% aqueous hydrogen peroxide (5.0 g, 0.074 mol) is 
added to the reaction mixture in two equal portions. The 
following day, the reaction mixture is heated to 40° C., 
another portion of 50% aqueous hydrogen peroxide (2.5 
g, 0.037 mol) is added, and the mixture is maintained at 
40° C. for another ?ve hours. A solution of 100 g of 20% 
aqueous sodium sul?te is added to the mixture and the 
reaction temperature is maintained at 70° C. for 45 
minutes to decompose excess hydrogen peroxide. The 
combined organic layers are concentrated to give 151 g 
of crude product. Water is added, and residual cyclo 
hexanol is removed by steam distillation. The remaining 
50 g of crude product is puri?ed by ?ash chromatogra 
phy on silica gel with a 10:1:10 part mixture of ethyl 
acetate:ethanol:hexane to afford 32.9 g of an oil. NMR 
analysis shows that the oil contains bis[1-(trans-2-hy 
droxycyclohexyloxy)-2,2,6,6-tetra-methylpiperidin-4-yl] 
sebacate in addition to other structural isomers of said 
sebacate compound. 

EXAMPLE 4 Reaction of 
4-Hydroxy-1-oxyl-2,2,6,6-tetramethylpiperidine 

With Cyclohexanol 

[0250] A solution of 50 g (0.74 mol) of 50% aqueous 
hydrogen peroxide is added dropwise over a 1.75 hour 
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period to a mixture of 35.0 g (0.20 mol) of 4-hydroxy-1 
oxyl-2,2,6,6-tetra-methylpiperidine and 10.0 gr (0.050 
mol) of ferrous chloride tetrahydrate in 100 g of cyclo 
hexanol. The reaction temperature is maintained at 
approximately 40-45° C. throughout the addition. After 
the peroxide addition is complete, the reaction mixture is 
stirred at 40° C. for ?ve hours. The mixture is cooled to 
room temperature and a solution of 100 g of 20% 
aqueous sodium sul?te is added. The reaction mixture is 
carefully heated at 60° C. for one hour to decompose 
excess peroxide. After acetone is added to the organic 
layer, the crude product mixture is ?ltered to remove 
solids and the ?ltrate is concentrated. Water is added 
and residual cyclohexanol is removed by steam distilla 
tion. The crude product is puri?ed by ?ash chromatog 
raphy on silica gel with 2:1 (v/v) hexane/ethyl acetate to 
afford 36.3 g of a yellow oil. 

[0251] Analysis by mass spectrometry shows the oil to 
be a mixture of isomers of 1-(hydroxycyclo-hexyloxy) 
-4-hydroxy-2,2,6,6-tetramethylpiperidine and 1-(dihy 
droxycyclohexyloxy) -4-hydroxy-2,2,6,6-tetramethylpip 
eridine. 

EXAMPLE 5 Reaction of 2,4-Bis[N-(1-0xyl-2,2,6, 
6-tetramethyl piperidin-4-yl)butylamin0-6-chl0r0-s 

triaZine With Cyclohexanol 

[0252] A solution of 30 g (0.44 mol) of 50% aqueous 
hydrogen peroxide is added over a 2 hour period to a 
mixture of 39.4 g (0.070 mol) of 2,4-bis[N-(1-oxyl-2,2,6, 
6-tetramethylpiperidin-4-yl)butylamino-6-chloro-s-tri 
azine and 7.0 g (0.035 mol) of ferrous chloride tetrahy 
drate in 150 g of cyclohexanol at a temperature of 40-45° 
C. The reaction mixture is stirred at 40° C. for ten hours 
after the peroxide addition is complete, and during this 
time, another 19 g (0.28 mol) portion of 50% aqeuous 
hydrogen peroxide is added. Another portion of 50% 
aqueous hydrogen peroxide (25 g, 0.37 mol) is added 
while the reaction mixture is heated at 50-65° C. for four 
hours. The reaction mixture is treated with a solution of 
100 g of 20% aqueous sodium sul?te at 60° C. for one 
hour to decompose residual peroxide. The organic layer 
is concentrated to a brown oil which is extracted thrice 
with cyclohexane and once with ethyl acetate. The com 
bined extracts are concentrated to afford 43.4 g of a 
yellow solid. 

EXAMPLE 6 2,4-Bis{N-[1-(trans-2-hydr0xycycl0 
hexyloxy)-2,2,6,6-tetramethylpiperidin-4 

yl}butylamin0-6-(2-hydr0xyethyl)amin0-s-triaZine 
[0253] The product obtained in Example 5 is reacted 
with ethanolamine and sodium hydroxide solution. The 
crude reaction mixture is duluted with ethyl acetate and 
washed with water. The aqueous layer is extracted with 
ethyl acetate, and the combined organic layers are con 
centrated. The residue is dissolved in ethyl acetate and 
cyclohexane is added. A brown oil is removed. The 
remaining solution is concentrated to give 13.7 g of crude 
product. The crude product is puri?ed by ?ash chroma 
tography on silica gel with 2:1 (v/v) ethyl acetate/hexane 
and then 8:1 (v/v) ethyl acetate/methanol to afford 6.4 g 
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of a yellow oil. The oil is dissolved in ethanol and treated 
with decolorizing carbon at 60° C. for one hour. Solids 
are removed by ?ltration and the solvent is evaporated to 
give 6.5 g of an off-white solid, melting at 67-80° C. 

[0254] NMR analysis shows the solid contains the title 
compound in addition to a mixture of hydroxy-cyclo 
hexyloxy and dihydroxycyclohexyloxy structural iso 
mers. 

EXAMPLE 7 Bis[1-(2-hydr0xy-2-methylpr0p0xy) 
2,2,6,6-tetramethylpiperidin-4-yl] Adipate 

[0255] Aqueous hydrogen peroxide is added to a mix 
ture of bis(1-oxyl-2,2,6,6-tetramethyl-pieridin-4-yl) adi 
pate and ferrous chloride tetrahydrate in tert-butyl alco 
hol at 30-50° C. Excess peroxide is decomposed with 
aqeuous sodium sul?te solution. The organic layer is 
concentrated and the crude product is puri?ed by ?ash 
chromatography on silica gel to afford the title com 
pound. 

EXAMPLE 8 Bis[1-(2-hydr0xy-2-methylpr0p0xy) 
2,2,6,6-tetramethylpiperidin-4-yl] Glutarate 

[0256] Aqueous hydrogen peroxide is added to a mix 
ture of bis(1-oxyl-2,2,6,6-tetramethyl-pieridin-4-yl) glu 
tarate and ferrous chloride tetrahydrate in tert-butyl 
alcohol at 30-50° C. Excess peroxide is decomposed with 
aqeuous sodium sul?te solution. The organic layer is 
concentrated and the crude product is puri?ed by ?ash 
chromatography on silica gel to afford the title com 
pound. 

EXAMPLE 9 Bis[1-(2-hydr0xy-2-methylpr0p0xy) 
2,2,6,6-tetramethylpiperidin-4-yl] Succinate 

[0257] Aqueous hydrogen peroxide is added to a mix 
ture of bis(1-oxyl-2,2,6,6-tetramethyl-pieridin-4-yl) suc 
cinate and ferrous chloride tetrahydrate in tert-butyl 
alcohol at 30-50° C. Excess peroxide is decomposed with 
aqeuous sodium sul?te solution. The organic layer is 
concentrated and the crude product is puri?ed by ?ash 
chromatography on silica gel to afford the title com 
pound. 

EXAMPLE 10 Bis[1-(2-hydr0xy-1-pheneth0xy)-2, 
2,6,6-tetramethylpiperidin-4-yl] Sebacate 

[0258] Aqueous hydrogen peroxide is added to a mix 
ture of bis(1-oxyl-2,2,6,6-tetramethyl-pieridin-4-yl) seba 
cate and ferrous chloride tetrahydrate in phenethyl alco 
hol at 30-50° C. Excess peroxide is decomposed with 
aqeuous sodium sul?te solution. The organic layer is 
concentrated and the crude product is puri?ed by ?ash 
chromatography on silica gel to afford the title com 
pound. 

EXAMPLE 11 2,4-Bis(N-[1-(2-hydr0xy-2-methyl 
propoxy)-2,2,6,6-tetramethylpiperidin-4-yl]buty 

lamino) -6-chl0r0-s-triaZine 

[0259] A total of 40 g (0.59 mol) of 50% aqueous 
hydrogen peroxide is added in two portions over ?ve 
hours to a mixture of 43.2 g (0.076 mol) of 2,4-bis[N-(1 


































































