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benzyl, a-methylbenzyl or o o-dimethylbenzyl, l

Compounds of formula (I), wherein Ri is C1-C:§ alkyl, Cs-C12 cycloalkyl, phenyl,
3, and n is a pumber from 1 to 15, are suitable

Rz is hydrogen or has one of the meanings given for Ry, R3 is C4-Csp alkyl, mis 1, 2 or
for stabilising organic material against thermal, oxidative and/or actinic degradation.
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Novel liquid phenolic antioxidants

The present invention relates to novel liquid phenolic antioxidants, to organic materials
stabilised with said compounds against thermal, oxidative and/or actinic degradation, and

to the use of said novel compounds as stabilisers.

Sterically hindered phénols are known stabilisers for organic materials that are susceptible
to thermal, oxidative and/or actinic degradauon Thus, for example, US-A-4 (032 562
discloses phenol stabilisers that may contain up to 3 to 8 alkylene oxide units and are
termunated with -OH, methoxy or ethoxy. US-A-4 713 475 and US-A-4 228 297 disclose
‘phenol-substituted propionates containing 3 to 50 carbon atoms 1n the ester radicals.
US-A-4 477 638 teaches the use of different phenolésubstituted propionic acid derivatives
as chain-terminators for the synthesis of polyvinyl chloride. BE patent 645 505 discloses
stearyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate as component of a stabiliser
‘mixture together with phosphites and thioesters. Analogous compounds are disclosed 1in
BE patent 636 254 and GB 1 290 848 the compound being used in the Belgian patent as
component of a stabiliser mixture together wnh a selecnon of many other components.
US-A-3 247 240 discloses a proccss for the preparanon of carbonyl compounds that
contain hindered phenol groups |

Some novel phenohc carboxyhc acxd estcrs have now been found that have particularly
good stablhser properties.

Specifically, the invention relates to compounds of formula I

O
C H———C—0Q(CH,CH,0) R
- m 2m ek 2)n:3 M

“wherein
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R, is C;-C,galkyl, C5-Cy,cycloalkyl, phenyl, benzyl, a-methylbenzyl or
o,0-dimethylbenzyl,

R, is hydrogen or has one of the meanings given for R,

R, is C4-Cspalkyl,

mis 1,2 or 3, and

n is a number from 1 to 15.

R, and R, defined as C,-C,galkyl are a branched or unbranched radical. Branched
C,-C,galkyl will be understood as meaning radicals containing secondary carbon atoms as
well as those containing tertiary carbon atoms. Typical examples of branched and
unbranched C;-C,galkyl radicals are methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl,
1sobutyl, tert-butyl, 2-ethylbutyl, n-pentyl, i1sopentyl, 1-methylpentyl, 1,3-dimethylbutyl,
n-hexyl, 1-methylhexyl, n-heptyl, isoheptyl, 1,1,3,3-tetramethylbutyl, 1-methylheptyl,
3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trimethylhexyl, 1,1,3,3-tetramethylpentyl,
nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3,3,5,5-hexamethylhexyl, tridecyl,
tetradecyl, pentadecyl, hexadecyl, heptadecyl or octadecyl, preferably methyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl. Methy! and tert-buty! are
particularly preferred.

R, and R, defined as C5-Cy,cycloalkyl are cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl or cyclododecyl. Cyclopentyl and
cyclohexyl are preferred. Cyclohexyl is particularly preferred.

R; defined as C4-Csgalkyl is a branched or linear radical. Branched C,-Csjalkyl will be
understood as meaning radicals containing secondary carbon atoms as well as those
containing tertiary carbon atoms. Typical examples of branched and unbranched
C4-Cspalkyl radicals are n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-pentyl,
isopentyl, 1-methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, isoheptyl,
1,1,3,3-tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-tri-
methylhexyl, 1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl,
1,1,3,3,5,5-hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl,
octadecyl, eicosyl, docosyl, tetracosyl, pentacosyl, octacosyl, triacontyl, dotriacontyl,
tetracontyl or pentacontyl.

R, is preferably unbranched alkyl, more particularly nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl and pentadecyl. Rj is typically Cg-Cypalkyl, conveniently C,4-Cygalkyl
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or Cyo-Cygalkyl, preferably C;,-C;qalkyl.

CmHon 1s linear or branched alkyl containing not more than 3 carbon atoms and is
typically methylene, ethylene, propylene, ethylidene or propylidene, preferably methylene

and ethylene. Ethylene is most preferred.

The compounds of formula I are typically prepared by transesterifying phenol esters of

formula II with alcohols of formula III in the presence of a catalyst:

— OR, +  Rg(OCH,CH,).OH

111
base b
A
| O
o
—C H—-C O{CH,CH.,O R
m 2m ( 2 2 ) 3 + R4OH
(D

Ry, R, R3, n and m are as deﬁncd for fonnula I R4 is an alkyl radical, preferably methyl

or ethyl

Those skilled in the art wﬂl be familiar wuh such reactions, which are described, inter alia,
- n standard textbooks of chemlstry or also in US-A-4 228 297 3 644 482 and 3 285 855.

- The reactlon can be camed out In per se known manner, conveniently by adding one of the

B two educts 1o the second educt a.nd throughly mixing both reactants, preferably excluding

atmosphenc oxygen The reacnon can be carried out in the presence of a solvent, typically

~ toluene, or also wnhout a solvent The reacuon temperaturcs depend on the respective

educts and are in the range. from 50 200°C, preferably from 60-80°C and, most preferably,

~ from 80- 170°C During the i:ranscstenficanon 1t is expedient to add customary
transesterification cat_alysts to the reaction mixture. Exemplary of such catalysts are
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organic or 1norganic bases such as lithium amide, lithium methoxide or potassium
hydroxide, or Lewis acids such as dibutyltin oxide.

The transesterification reacttons are usually cquthbnurn reactions. To shift the equilibrium
to the product side it 1S thercfore expedient to Temove contmuously a component that

forms from the reactron tmxture, convemently by dtsullauve removal of the alcohol.

Another means of shifting the equthbnum conststs in mcreasmc the concentration of one

- or both reactants, preferably that of the alcohol

The resultant product can 11kew1se be 1solated and punﬁed by known methods, typically
by washing wrth water extraction wrth an orgamc solvent distillation and/or chromato-

‘ graphy. The preferred solvent for the extracuon and for the chromatograph1c punﬁcauon
" step. is hexane ethyl acetate or a rmxture thereof |

. Other preparattvc methods are typically the cstertﬁcatton of phenohc carboxyhc acxds or
: carbonyl chlondes with alcohols. The estenﬁcauon of the phenohc carboxyhc acids is
' acxd-catalysed. It is expedlent to carry out this reacuon using a water Separator, removing

8 '-water by distillation and/or using reagents that take up water of reacnon typtcally
E dtcyclohexyl carbodurmde. When esterifying carbonyl chlondes it is convenient toadd an

_ acid acceptor to the reacuon mixture, Suttable acxd acceptors are typtcally armnes such as
R pyndme or tnethylarmne, or bases such as sodium hydromde The amount of acid acceptor
1S preferably at least cqtnvalent to thc amount of the acrd chlonde and 1S convemently l to

o | '. .2 equlvalents, based on the a01d chlonde.

.o . P s .,
. —— r——
v e rep— T gy d——y - .

| -Those sk:tlled in thc art w1ll be fatmlar w1th the above descrtbed reacttons which are
~ described in standard textbooks of chermstry '

it ''The educts fof;prépaﬁng compounds of formula I'are widely commercially dvailable and
' o . -those sk111ed in the art wﬂl be farmhar w1th thetr preparanon They are fully descnbed in
. the chemtcal l:tterature e ' ‘

; -'Alcohols are used m all of the above descnbed syntheses of compounds of formula I. Such
. . alcohols are also commercmlly avatlable in the form of rmxtures of compounds havmg a
S '."-dtffcrcnt number of carbon atoms (m accordance thh R3) and a dtfferent number of
E ,'  f ' " scthylene ox1de umts (m accordance w1th n) (e g dtfferent ®Dobanols sold by SHELL)
S ,:’The preparanon of compounds of forrnula I w1th such mixtures is of parucular interest.
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The pure compounds can be obtained by conventional separating methods such as
distillation or chromatography. The direct use of resultant mixtures of compounds of
formula I as antioxidants is, however, of especial interest.

The invention therefore also relates to mixtures of compounds of formula I obtainable by

reacting of compounds of formula IV

C H—C—R
m om 5 (V)

whercm

| R; is C;-Cygalkyl, C5-(‘ucycloalkyl phcnyl benzyl, o-methylbenzyl or

o, a-dimethylbenzyl, ,
R, is hydrogen or has one of thc meanmgs gwen for Rj,
mis 1,2 or 3, and

‘Rs is OH, C;-C,alkoxy or Cl,

with mixtures of alcohols of formula III
* R3(OCH,CH,),OH (I)

wherein o
R3 is C4-Cspalkyl, and

nisa number from 1-15, said mixture of alcohols comprising at least two alcohols having

different values for n and/or containing different radicals Ra.

) 'Mlxturcs of alcohols compnsmg 2-6, preferably 4 b §ac, most preferably, : dlffercnt

. alcohols will typlcally be used.

" The alcohols may be prcscnt in the Imxturcs n dlfferent ratios. For example, the ratio of

two alcohols containing different rad1cals R3 or having different values for n may be 1:99

to 99:1. When using a mixture of alcohols in which typically
A =HO- (CHZCHZO)s-Cqus, B = HO-(CH,CH,0)s-Cy3Hys,

C HO (CHzCHzO)é*CleZS and D = HO-(CH2CH20)6-C13H27, the amounts Of
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components A, B, C and D may each be from 1-97 %, the sum of the components being
100 %. '

Preferred compounds of formula I are those wherein R, is C;-C,alkyl or cyclohexyl,

preferably tert-butyl.

Further mterostmg compounds of formula I are thoso whorem Rj is Cg-Capalkyl,
preferably C,0-Cygalkyl.

Compounds of formula I, wherein m is 2 or 3,preforab1y 2# merit special interest.
- Those compounds of forrnula I, Where_in n is 2-12, prcforably‘. 3—8, are especially preferred.

Interesting compounds of formula I are those wherein R, and R, are identical.

: Othor preforred compounds of formula I are those whorom RI and Rz are tert-butyl, R3 is
' CIO'ClsaJkyl nis 3- 8 and m 1s 2 S . .

Preferred mixtures of compounds of formula I are those whorem R3 18 nonyl decyl and
undecyl ' | '

Funher proforred mlxtm'os of compounds of formula I aro those wherem R3 1S dodocyl and
o tndocyl ' ' -

To be smgled out for spccxal menuon aro also mlxtures of compounds of formula I
wherein R3 is dodocyl mdecyl tetradecyl and pontadecyl '

Further interesting mixtures contain compounds of formula I wherein Ry is tetradecyl and
© pentadecyl. A : '

- --',,'Mlxtures of compounds of formulaI whorom n is 2 and 5 or 5 and 6 are also of pamcular

S mterest

Tho compounds of fonnula I and the rmxtures thereof are suitable for stabilising organic
'_-'matonals agamst thcrmal oxxdauvo and acnmc de gradanon. Particular attention is drawn

1o their Ou‘tstandingfactiOn as.'_:a,n.tiOXida'nts for stabilisin g o‘rganic; materials.

o i
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Illustrative examples of such matenals are:

1. Polymers of monoolefins and diolefins, for example polypropylene, polyisobutylene,
polybut-1-ene, poly-4-methylpent-1-ene, polyisoprene or polybutadiene, as well as poly-
mers of cycloolefins, for instance of cyclOpentene or norbormene, polyethylene (which
opuonally can be crosslmked) for example high density polyethylene (HDPE), low

- ‘density polyethylene (LDPE), linear low d.ensny polyethylene (LLDPE), branched low
densuy polyethylene (BLDPE) ‘

-~ Polyolefins, i.e.' the polymers of monooleﬁns exemplified in the preceding paragraph,
preferably polyethylene and polypropylene, can be prepared by different, and especially
by the following, methods: |

a) radloal polymensanon (normally under high pressure and at elevated
temperature) '

b) " _catalync polymensanon using a catalyst that normally contains one or more
than one metal of groups IVb, Vb VIb or VI of the Periodic Table. These

metals usually have one or more than one ligand, typlcally oxides, halides,
alcoholates esters, ethers, ammes, alkyls alkenyls and/or aryls that may be
either - or o-coordmated These metal complexes may be in the free form or
~ fixed on substrates typically on acuvated magnesmm chloride, titanium(lI)
~chloride, alumma or silicon oxide. These catalysts may be soluble or insoluble
in the po]ymensanon medmm The catalysts can be used by themselves in the
' polymensatlon or further activators may be used typically metal alkyls, metal

_ ‘ hydrides, metal alkyl halides, metal alkyl oxides or metal alkyloxanes, said
. " metals beemg elements of groups Ia, IIa and/or ITa of the Petiodic Table. The

- acuvators may be modified convemently with further ester, ether, amine or silyl
~ ether groups. These catalyst stystems are usually termed Phillips, Standard Oil
Indiana, ergler (-N atta) TNZ (DuPont) metallocene or smgle site catalysts

'_ \SSC)

2. Mixtures of the pOlymers mentioned u.nder 1), for example mixtures of polypropylene
- with polyisobutylene polypropylene with polyethylene (for example PP/HDPE,
B PP/LDPE) and mixtures of different types of polyethylene (for example LDPE/HDPE).
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3. Copolymers of monoolefins and diolefins with each other or with other vinyl mono-
mers, for example ethylene/propylene copolymers linear low density polyethylene
(LLDPE) and mixtures thereof with low density polyethylene (LDPE), propylene/but-

- l-ene copolymers, pr0pylene/1sobutylene copolymers, ethylene/but-1-ene copolymers,

ethylene/hexene copolymers, ethylene/methylpentene copolymers, ethylene/heptene
copolymers, ethylene/octene copolymers, prOpylene/butadAene copolymers, isobutylene/-
isoprene copolymers, ethylene/alkyl acrylate copolymers, ethylene/alkyl methacrylate
copolymers, ethylene/vinyl acetate copolymers and their copolymers with carbon mon-
oxide or ethylene/acryhc acid copolymers and therr salts (1onomers) as well as terpoly-
mers of ethylene with propylene and a diene such as hexadrene, dicyclopentadiene or ethy-
hdene—norbornene, and mixtures of such COpolymers with one another and with polymers

. _mennoned in 1) above for example polypmpylene/ethylene-propylene 00p01ymers

LDPE/ethylene-vinyl acetate copolymers (EVA) I..DPE/ethylene— acrylic acid copolymers
(EAA) LLDPE/EVA LLDPE/EAA and alternatin g or random polyalkylene/carbon mon-

' ox1de copolymers and rmxtures thereof with other polyrners, for example polyamldes

SRR .4 Hydrocarbon resins (for exarnple Cs- C9) mcludmg hydrogenated mochﬁcauons thereof
. (e g tackifiers) and rmxtures of polyalkylenes and starch S

- 5 | POlystyrene, poly(p-methylstyrenc); POly'(oc'-methyIStyrene).'
6 Copolymers of styrene or oz-methylstyrene thh chenes or acryhc denvauves for '

; example styrene/butadlene, styrene/acrylommle, styrene/alkyl rnethacrylate, styrene/'buta- :
'd.rene/alkyl acrylate styrene/butadrene/a]kyl methacrylate styrene/malexc anhydnde, ‘

styrene/acrylomtrﬂe/methyl acrylate, mixtures of hlgh unpact strength of styrene copoly-

~ mers and another polymer, for example a polyacrylate, a diene polymer or an ethylene/-

propylene/dlene terpolymer; and block c0polyrners of styrene such as styrene/butad1ene/~
~ styrene, styrene/130prene/styrene styrene/ethylene/butylene/styrene or styrene/ethylene/-
'pmpylene/ styrene o ' ’

7. Graft copolymers of styrene or a-methylstyrene for exam;:le Styrene on polybutadlene

‘styrene on polybutadrene-styrene or polybutadrene-acrylommle copolymers styrene and
N facrylommle (or methacrylommle) on polybutadrene styrene acrylomtnle and methyl
. methacrylate on polybutachene, Styrene and maleic anhydnde on polybutadxene styrene,
'acrylommle and maleic anhydride or maleimide on polybutadiene; styrene and maleimide
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on polybutadiene; styrene and alkyl acrylates or methacrylates on polybutadiene; styrene
and acrylonitrile on ethylene/propylene/diene terpolymers; styrene and acrylonitrile on
polyalkyl acrylates or polyalkyl methacrylates, styrene and acrylonitrile on acrylate/buta-
diene 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 rubbers, chlorinated
or sulfochlonnated polyethylene, copolymers of ethylene and chlorinated ethylene, epi-
chlorohydrin homo- and copolymers, especially polymers of halogen-containing vinyl
compounds, for example polyvinyl chloride, polyvinylidene chlonde, polyvinyl fluoride,
polyvinylidene fluoride, as well as copolymers thereof such as vinyl chloride/vinylidene
chloride, vinyl chlonde/wnyl acetate Or vmyhdene chloride/vinyl acetate copolymers

9. Polymers derived from ¢ B-unsaturated acids and denivatives thereof such as polyacry-

‘lates and polymethacrylates; polymcthyl methacrylates, polyacrylamides and polyacrylo-
nitriles, 1mpact~mod1fied with butyl acrylate.

10. Copolymers of the monomers mentioned under 9) with each other or with other

unsaturated monomers, for example acrylonitrile/ butadiene copolymers, acrylonitrile/-

alkyl acrylate copolymers, acryloniu'ile/alko:-:yalkyl acrylate or acrylonitrile/vinyl halide
_ copol..yrners or acrylonitrile/ ‘ alkyl methacrylate/butadiene terpolymers.

11. Polymers denved from unsaturated alcohols and amines or the acyl derivatives or

acetals thereof, for example polyvmyl alcohol, polyvmyl acetate, polyvinyl stearate, poly-

vinyl benzoate, polyvmyl maleate, polyvmyl butyral polyallyl phthalate or polyally!
“melamine; as well as their copolymers with olefins mentioned in 1) above.

o 12 HomOpolymers and copolymers of cyclic ethers such as polyﬂk}'lene glycols, poly-
- ethylene OXIdC polypropylene oxide or copolymers thereof with bis glymdyl ethers.

13. Polyacetals such as polyoxymethylene and those polyoxymethylenes which contain
- ethylene oxide as a comonomer polyacetals maodified with thermoplastic polyurethanes,

. acrylates or MBS.

1}4.' Polyphenylene oxides and Sulfides;,. and mixtures of polyphenylene oxides with Sty-

- rene polymers or polyamides.
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15. Polyurethanes derived from hydroxyl-terminated polyethers, polyesters or polybuta-
dienes on the one hand and aliphatic or aromatic polyisocyanates on the other, as well as

precursors thereof.

16. Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or
from anﬂnocarboxylic acids or the corresponding lactams, for example polyamide 4, poly-
amide 6, polyamide 6/6, 6/10, 6/9, 6/ 12, 4/6, 12/12, polyamide 11, polyamide 12, aromatic
polyazmdes starting from m-xylene diamine and adipic acid; polyamides prepared from
hexamethylenediamine and 130phthahc or/and terephthahc acid and with or without an
elastomer as modifier, for example. poly-2,4,4,-trimethylhexamethyiene terephthalamide
or poly-m-phenylene isophthalamide; and also block copolymers of the aforementioned
polyamides with polyolefins, olefin copolymers, 10nomers or chemically bonded or graf-
ted elastomers; or with polyethers, e.g. with polyethylene glycol, polypropylene glycol or

polytetramethylene glycol; as well as polyamides or copolyamides modified with EPDM
or ABS; and polyamides c_ondensed during processing (RIM polyamide systems).

17. Polyureas, polyimidcs,' polyarnide~in1idcs and polybenzimidazoles.

18. Polyesters denived frorn dicarboxylic acids and diols and/or from hydroxycarboxylic

acids or the correspondmg lactones, for exarnple polyethylene terephthalate, polybutylene
- terephthalate, poly-1,4- dlmcthylolcyclohcxane terephtha.late and polyhydroxybenzoates,

as well as block copolyether esters denved from hydroxyl-termmated polyethers; and also
polyestcrs modified wath polycarbonatcs or MBS

19. POlycarbonates and pOIyestcr carbonates.

- 20. Polysulfones, 'polyé'ther sulfones and polyether ketones.
21. Crosslinked pol'y'r‘ners dcriVed from aldehydes on the one hand and phenols, ureas and
melamines on the other hand, such as phenol/formaldehyde 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 unsaturated
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dicarboxylic acids with polyhydric alcohols and vinyl compounds as crosslinking agents,
and also halogen-containing modifications thereof of low flammability.

24. Crosslinkable acrylic resins derived from substituted acrylates, for example epoxy

acrylates, urethane acrylates or polyester acrylates.

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 cycloaliphatic diepoxides.

27. Natural polymeré such as cellulose, rubber, gelatin and chemically modified homolo-
- gous derivatives thereof, for example cellulose acetates, cellulose propionates and celiu-
lose butyrates, or the cellulose ethers such as methyl cellulose; as well as rosins and their

~ derivatves.

28. Blends of the aforementioned polymers (polyblends), for example PP/EPDM, Poly-
 amide/EPDM or ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ARBS,

' . PC/ASA, PC/PBT, PVC/CPE PV C/acrylates, POM/thermoplastic PUR, PC/thermoplastic
PUR, POM/acrylate, POM/MBS PPO/HIPS, PPO/PA 6.6 and copolymers, PA/HDPE,
PA/PP PA/PPO. B

29. N aturally occumng and synthenc organic matenals which are pure monomernc com-
pounds or mixtures of such compounds for cxample mineral oils, animal and vegetable
fats, oil and waxes, or oils, fats and waxes based on synthetic esters (e.g. phthalates, adi-
pates, phosphates or mmclhtatcs) and also mixtures of synthcnc esters with mineral oils 1n
" 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 styrcne/bmadiene copolymers.

The suitable lubncants and hydrauhc fluids may be based on mineral or synthetlc oils or
~ mixtures thereof. The lubncants are known to the skilled person and descnbed 1in the

pemnent technical hterature, for example in Dieter Klamann, "Schmierstoffe und
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verwandte Produkte" (Lubricants and Related Products), Verlag Chemie, Weinheim, 1982,
in Schewe-Kobek,""Das Schmiermittel-Taschenbuch" (The Lubricant Handbéok),

Dr. Alfred Hiithig-Verlag, Heidelberg, 1974) and in "Ullmanns Enzyklopédie der
technischen Chemie", (Encyclopedia of Industrial Chemistry), Vol. 13, pages 85-94
(Verlag Chemie, Weinheim, 1977).

Further objects of the invention are compositions comprising an organic material that is
susceptible to oxidative, thermal and/or actinic degradation and at least one compound of
formula I, as well as the use of compounds of formula I for stabilising organic material
against oxidative, thermal and/or actinic degradation.

The invention therefore further relates to a process for stabilising organic materials against
oxidative, thermal or light-induced degradation, which comprises incorporating therein at
least one compound of formula I.

Those compositions comprising an organic material that is susceptible to oxidative,
thermal and/or actinic degradation and a mixture of compounds of formula I, as well as the
use of mixtures of compounds of formula I for stabilising organic material against
oxidative, thermal and/or actinic degradation, have a particularly interesting utility.

Furthermore, the invention relates to a method of stabilising organic materials against
oxidative, thermal or light-induced degradation, which comprises incorporating therein a
mixture of compounds of formula .

The use of compounds of formula I as antioxidants for synthetic organic polymers or
lubricant oils and as antioxidant for polyolefins or elastomers is of particular interest.

Preferred organic materials are polymers, typically synthetic polymers, preferably
thermoplastic polymers. Especially preterred organic materials are polyolefins and styrene
copolymers, for example those listed under items 1 to 3 above and under items 5 and 6
above, preferably polyethylene and propylene as well as ABS and styrene-butadiene
copolymers. The invention therefore preferably relates to compositions in which the
organic material is a synthetic organic polymer or a mixture of such polymers, in
particular a polyolefin or a styrene copolymer. A preferred composition is one in which
the organic material is a synthetic organic
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polymer or a lubricant oil.

A composition in which the organic material is a polyolefin or an elastomer is also
preferred.

The compounds of formula I will usually be blended with the matenal to be stabilised in
an amount of 0.01 to 10 by weight, typically 0.01 to 5 by weight, preferably 0.01 to 2 %
by weight, based on the total"amount of said material'to be stabilised. It 1s especially
h preferred to use the novel compounds in amounts of 0.01 to 0. 5 %, most preferably of 0.05
to 0.3 %. .

- In addition to the compounds of formula I, the novel compositions may contain
conventional additives, typically those listed hereinbelow. |
1. Antioxidants '

1.1. Alkylated monophenols, for eXample 2,6~ diétert-butyl'-df-methylphenol 2-tert-butyl-
4 6-d1methylphen01 2 6-d1-tert-butyl~4~ethylphenol 2,6-di-tert-butyl-4-n-butylphenol,
2 6-d1~tert-butyl-4-1sobutylphenol 7 A 6-d1cyclopentyl-4-methylphenol 2-(o-methylcyclo-
‘hexyl)- 4 ,0-dimethylphenol, 2 6-dloctadecyl 4-rnethylphenol 2,4,6-tricyclohexylphenol,
o 6~d1-tert~butyl-4-methoxymethylphenol 2 6-d1~nonyl 4-methy1phenol 2,4-dimethyl-6-
(1 -methylundec-1'-yl)phenol, 2 4-dimethyl- 6-(1'-methylheptadec-1'-yl)phenol 2,4-di1-
- ‘me_thyl~6«(1'-methylmdec-1'-y1)phenol and mixtures therof.

1 2 Alkxlmlomethxlphenols, for example 2, 4- dmctylﬂuomethyl-é-tert-butylphenol
2,4- dloctyltluomethyl 6-methylphenol 2,4- d10ctylth1omethyl-6 ethylphenol 2,6-di-do-

decylthlomethyl 4-nonylphenol

' 1.3! Hydroguinones and al latedh dr uinones for example 2 6-d1-tert-butyl—4- '
methoxyphenol, 2,5- d1-tcrt~butylhydroqumone 2,5-di-tert-amylhydroquinone, 2,6-di-
phenyl 4-octadecyloxyphenol 2 6-d1-tert-butylhydroqumone 2,5-di-tert-butyl4-hydroxy-
. amsole, 3,5-di- tert-butyl-4 hydroxyamsole, 3, 5- ch tert-butyl-4 -hydroxyphenylstearate,

- bis- (3 5-di- tert«-butyl—f-l hydroxyphenyl)adlpate '

1.4, Hydroxylated thlodlphenyl ethelr's2 for example 2,2’-thiobis(6-tert-butyl-4-methyl-
phenol) 2,2’- thlobls(4-octylphenol) 4 4’-th10bls(6 tert-butyl-3-methylphenol), 4,4 -thio-
b13(6~tert-butyl 2-methylphenol) 4,4 tthblS (3,6-di-sec-amylphenol), 4,4'-bis- (2 6-dim-
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1.5. Alkylidenebisphenols, for example 2.2’-methylenebis(6-tert-butyl-4-methyiphenol),
2,2’-methylenebis(6-tert-butyl-4-ethylphenol), 2,2’-methylenebis[4-methyl-6-(a-methyl-
cyclohexyl)phenol], 2.2’-methylenebis(4-methyl-6-cyclohexylphenol), 2,2°-methylene-
bis(6-nonyl-4-methylphenol), 2,2’-methylenebis(4,6-di-tert-butylphenol), 2,2’~ethyhidene-
bis(4,6-di-tert-butylphenol), 2,2’-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2’ -methy-
lenebis[6-(a-methylbenzy_l)-4-nonylphenol], 2,2’-methylenebis[6-(o,a-dimethylbenzyl)-
4-nonylphenol], 4,4’-methy_lenebis(2;6-di~tert-butylphenol), 4,4’-methylenebis(6-tert-
butyl-Z—methylphenol), 1,1-bis(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-bis(3-
tert-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-4-hydroxy-
2-methylphenyl)butane, 1,1-bis(S-tert--buty1-4-hydroky-Z-mcthyI-phenyl)-B-nfdodecylmer-
captobutane, ethylene glycol bis[3,3.-bis(3’-tcrt-butyl«4’-hydroxyphenyl)butyfatc], bis(3-
tert-butyl-4-hydroxy-5-methyl-phenyl)dicyclopentadiene, bis[2-(3’-tert-butyl-2’-hydroxy-
5’-methylbenzyl)-6-tert-butyl-4-methylphenyl]jterephthalate, 1,1-bis-(3, 5-dimethyl-2-

| hydroxyphenyl)butane, 2 ,2-bis-(3 5-di-tert-butyl-4-hydroxyphenyl)propane, 2,2-bis-(5-
tert-butyl- 4—hydroxyZ-methylphenyl)-4-n~dodecy1mercaptobut.ane, 1,1,5,5-tetra-(5-tert-
butyl-4-hydroxy2-methylphenyl)pentane.

1.6, O-, N- and S-benzyl compounds, for example 3,5,3',5'-tetra-tert-butyl-4,4"-dihydroxy-
dibenzyl cther,'octadecyl-4-hydroxy-,-3,5-dimcthylbcnzylmercaptoacetate, tris-(3,5-di-tert-
' butyl%-hydroxybenzyl)amine,.b_is(4-tert-butyl~3~hydroxy-2,6-dimethylbenzyl)dithio-
terephthalate, bis(3,5-di-tert-butyl~4-hydroxybenzyl)sulﬁdc, isooctyl-3,5di-tert-butyl-4-
' hydroxybenzylmercaptoacetatc‘. '

1.7. Hydroxybenzylated'malonates for example dioctadecyl-2,2-bis-(3,5-di-tert-butyl-2-
hydroxybcnzyl)-malonate di-octadecyl- 2-(3-tert-butyl-4-hydroxy-5 methylbenzyl)-malo—
nate, di- dodecylmercaptocthyl -2,2-bis-(3, 5- di-tert-butyl-4- hydroxybenzyl)malonate bis- |
[4-(1,1,3,3-tetramethylbutyl)phenyl}-2,2-bis(3,5-di- tert-butyl-4- -hydroxybenzyl)malonate.

1.8. Aromatic hydroxybcnzyl t:'onrlpox.mds,t for example 1,3,5-tris-(3,5-di-tert-butyl-4-hy-
d:oxybenzyl)-2,4,6~_-t1fimethylbén28ne, 1,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)-2,3,5,6-
tetramethylbenzene, 2,‘4,6-1:15’13(3,5-di-ten-buty1-4-hydroxybcnzyl)phcnol.

1.9. Tniazine Com ounds, for cxample' 2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-
hydroxyanilino)-1,3,5-trnazine, 2-octy1rnercapto-4,6-bis(3,5-di-tert-butyl-4~hydroxy-
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anilino)-1,3,5-triazine, 2-0cty1mcrcapto-4,6-bis(3,S-di-tcrt-butyl-4-hydroxyphcnoxy)-
1,3,5-triazine, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,2,3-triazine, 1,3,5-tris-
(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2, 6-ci-
methylbenzyl)isocyanurate, 2,4,6-tr1s(3, 5-di-tert-butyl-4-hydroxyphenylethyl)-1,3,5-t11-
azine, 1,3,5-tr1s(3,5- d1~tcn-butyl-4~hydroxyphcny1proplony1)-hcxahyd:ro 1,3,5-tr1azine,
1,3,5-tris(3,5- chcyclohcxyl—4-hydroxybcnzyl)1socyanuratc

1.10. Bcnzylghosghonatcs, for example dlmcthyl -2,3- dl-tert~butyl-4 hydroxybcnzylphos-
phonate, dlethyl 3,5-di-tert- butyl—4-hydroxybcnzylphosphonatc dioctadecyl3,5- di-tert-
butyl-4-hydroxybenzylphosphonate, dioctadecyl-5- -tert-butyl-4-hydroxy3-methylbenzyl-
phosphonate, the calcium 'salt"of the mOnocthyl ester of 3,5-di-tert-butyl-4-hydroxybenzyl-
phosphonic acid.

1.11. Acylamlnoghenol s, for examplc 4-hydroxylauranilide, 4-hydroxystcaran1hdc octyl
N-(3 S5- d&-tert-butyl-él- hydroxyphcnyl)carbamatc

1. 12 Esters of B-(3,5- di'-teft-but 1-4-h' drox phen Dpropionic acid with mono- or poly-
hydnc alcohols, e.g. wnh methanol ethanol, octadecanol 1,6-hexanediol, 1,9-nonanediol,
cthylcnc glycol, 1 2-propaned101 ncopcntyl glycol tluod1cthy1cne glycol, diethylene
glycol, triethylene glycol, pentacrythntol tns(hydroxyethyl) isocyanurate, N,N’-bis(hy-
droxyethyl)oxamide, 3-thiaundecanol, 3-tluapcntadecanol trimethylhexanediol, tn-
methylolpropane, 4~hydroxymemyl-1-phospha-2 6 7-tnoxab1cyclo[2 2.2]octane.

1.13. Esters of 3- S-tcrt-but 1-4-h drox -3-methvlr hen Dpropionic acid with mono- or
- polyhydric alcohols, e.g. wnh methanol, cthanol octadccanol 1, 6-hcxaned101 1,9-nonane-
diol, ethylene glycol 1 2-propaned101 ncopcntyl glycol, thiodiethylene glycol, diethylene
~ glycol, triethylene glycol pcntacrythntol ms(hydroxycthyl) 1socyanuratc N, N’-bls-
i;3(hlychroxycthyl)oxarmdc 3-thiaundecanol, 3-thlapcntadcca.nol mmcthylhcxanedlol tn-
mcthylolpropanc, 4-hydroxymcthyl-1-phospha~2 6 7-tnoxab1cyclo[2 2.2]octane.

1.14 Esters of f B-(3,2- dxc clohex 1-4-h drox rphenyl)propionic ac1d with mono- or poly-

- hydnc alcohols e.g. with mcthanol cthanol octadccanol 1,6- hcxancchol 1,9-nonanediol,
‘ethylene glycol, 1 2--pr0pancdxol ncOpcntyl glycol thiodiethylene glycol, diethylene

- glycol, tethylene glycol, pentacrythntol ms(hydroxycthyl) xsocyanuratc N N’-bls(hy--
' droxycthyl)oxarmdc 3- thxaundccanol 3- thlapcntadccanol mmcthylhcxancdml tri-

methylolpropane, 47-_hydroxymcthy1 1-phospha-2,6,7-trioxabicyclo[2.2. 2}octane.
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1.15 Esters of 3.5-di-tert.-butyl-4-hydroxyphenyl acetic acid with mono- or polyhydric
alcohols, e.g. with methanol, ethanol, octédccanol, 1,6-hexanediol, 1,9-nonanediol, ethy-
lene glycol, 1,2-pr0panediol-, neopentyl glycol, thiodiethylene glycol, diethylene glycol,
triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N’-bis(hydroxy-
ethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpro-
pane, 4-hydroxymcthyl-1-phospha-z,6,7-trioxabicyclo[2.2.2]octane.

1.16. Amides of B-(3,5-di- tert-but 1 4-hvdroxyphen 1 HTODIONIC amd e.g. N,N’-bis(3,5-di-
tert-butyl- 4whydroxyphenylpmplonyl)hcxarnethylenedlamlne N,N’-bis(3,5-di-tert-butyl-
4- hydroxyphenylpropxonyl)mmemylenedaannne, N,N’-bis(3,5-di-tert-butyl-4-hydroxy-
phenylpropionylhydrazine.

- 2. UV absorbers and light stabilisers

2.1, 2-(2’-Hydroxyphenyl )benzotnazolcs, for example 2-(2’-hydroxy-5’-methylphenyl)-
benzmazolc, 2-(3",5 -ch-tcrt«butyl-z’-hydroxyphenyl) -benztriazole, 2-(5’-tert-butyl-2’-
hydroxyphenyl)-benztriazole, 2-(2’-hydroxy-—5’-(1 1,3,3-tetramethylbutyl)phenyl)-benztri-

“azole, 2-(3',5’ -di-tert-butyl- 2’-hydroxyphenyl) -5-chlor-benztriazole, 2-(3’-tert-butyl- 2’-

hydroxy-S’-mcthylphenyl) -5- chlor-benztriazole, 2-(3’-sec-butyl-5’-tert-butyl-2’°-hydroxy-
phenyl)-benztriazole, 2~(2’-hydroxy—4’-octoxyphenyl)-bcnzmazole, 2-(3’,5’-di-tert-amyl-

2’-hydroxyphenyl)-benztriazole, 2- (3’,5’-blse(a a-dimethylbenzyl)- -2’-hydroxyphenyl)-
‘benziriazole, mixture of 2-(3'-tert-butyl-2’-hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)-
~ 5-chlor-benztriazole, 2-(3'-tert-butyl-5-[2- (2-ethylhexyloxy)-carbonylethyl}-2’.;hydroxy..

phenyl)-5-chlor-benztriazole, 2-(3'-tert—buty1—2’-.-hydroxy-S’-(Z-methoxycarbonylethyl)-

‘phenyl)-5-chlor-benztriazole, 2-(3'-tert-butyl-2’-hydroxy-5'-(2-methoxycarbonylethyl)-

phenyl)-benztriazole, 2- (3‘-tert-butyl-2’-hydroxy-S' (2-octyloxycarbonylethyl)phenyl)-

" benztriazole, 2*(3'~ten-butyl-5’ [2- (2-ethy1hcxyloxy)carbonylethyl] -2'-hydroxypheny))-

benztriazole, 2-(3'-dodecyl- -2’-hydroxy- -5'-methylphenyl)-benztriazole, und 2- (3'-tert-
butyl-?.'-hydmxy~5' (2-1sooctyloxycarbonylcthyl)phenyl -benziriazole, 2,2'-methylene-
blS[4—( 1,1,3,3- ten'amemylbutyl) -6- benzmazole~2-yl~phenol] the transesterification

. product of 2- [3‘-’tert-butyl-5’ (2—methoxycarb0nylcmyl)-2' -hydroxyphenyl]-2H-benztri-

azole with polycthylcne glycol 300; [R-CH,CH,-COO(CH,)s}5— , where R = 3'-tert-
butyl-4‘-hydroxy~5’-2H-benzotriazol-Z-ylphenyl.

2.2, 2-Hydroxxben209 héhones, for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-de-

.......
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cyloxy, 4-dodecyloxy, 4-benzyloxy, 4,2°,4’-trihydroxy and 2’-hydroxy-4,4’-dimethoxy
derivatives.

2.3. Esters of substituted and unsubsntutcd bcnzoxc acids, as for example 4-tertbutyl-
phenyl salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4-
tert-butylbenzoyl) resorcinol, benzoyl resorcinol, 2,4-di-tertbutylphenyl 3,5- di-tert-butyl-
4-hydroxybenzoate, hexadeCyl 3, 5' di-tert-butyl-4- hydroxybcnzoate' octadecyl 3,5-di-tert-
butyl- 4-hydroxybenzoatc, 2-methyl -4,6- dl-tert-butylphcnyl 3,5- d1-tcnt—butyl-4 -hydroxy-
benzoate ~ '

- 2.4. Ac_nj lates, for examplé ethyl a-Cyano BB diphenylacrylate isooctyl a-cyano-,p-di-
phenylacrylate, methyl oc-carbomcthoxycmnamate methyl a-cyano-f- methyl-p-mcthoxy-

o cinnamate, butyl a-cyano-B-methyl-p-methoxy-cmnamate methyl a-carbomethoxy-p-

‘methoxycinnamate and N-(f- carbomcthoxy-B-cyanovmyl) -2-methylindoline.

" 2.5. Nickel compounds, fdr eXarnp'le nickel complexes of 2,2’~thio-bis-[4- (1- 1,3,3-tetra-
methylbutyl)phenol] such as the 1:1 or 1:2 complex w1th or without additional ligands
such as n-butylamine, mcthanclamme or N-cyclohexyldlemanolanune mckel dibutyldi-

. thiocarbamate, nickel sa.lts of the monoalkyl esters e.g. the methyl or ethyl ester, of 4-

. hydroxy-3 - d1-tcrt~butylbenzylphosphomc ac1d mckel complcxes of ketoximes, e.g. of

. 2-hydroxy~4-meﬂ1ylphenyl undecylkctomme nickel complcxes of 1-phcnyl-4-lauroyl -5-

hydroxypyrazolc, thh or w1thout addmonal hgands N

2. 6 Stcncallx hindered armnes, for example blS(2 2, 6 6- tctramethyl-plpendyl)scbacate
bxs(Z 2,6,6- tetramethyl~p1pendyl)succmate, blS(l 2 2,6 6-pentamethylp1pendyl)sebacatc
' blS( 1,2, 2 0 6—pentamcthylp1pendyl) n-butyl 3 5-di- ten-butyl-4 hydroxybenzylma.lonatc
the condensate of 1- (2-hydroxyethyl) -2,2,6, 6- teu'amemyl~4-hydmxyp1pcnd1nc and succi-
‘ni¢ amd the condensate of N N’- bis(2,2, 6 6-tetramcthyl 4-p1pendyl)hexamethylcnedx~
o armne and 4~tert—octy1annno-2 6-d1chlor0-1 3, S-tnazme ris(2,2, 6 6-tetramethyl-4-p1pen-
' "dyl) mmlotnacetate tetrakls(z 2 6. 6~tetrarnethyl -4- pxpendyl) 1 2 3 4-butane-tetracar-

o | boxylate 1 1’ (1 2-etha.ned1yl)bxs(3 3,5,5- tetramethylplperazmonc) 4-benzoyl-2,2,6,6-

. 'tetra.methylplpendme 4-stearyloxy 2,2, 6 6-tetramethylp1pendme, bis(1,2,2,6,6-penta-
. methylpxpendyl) 2-n-butyl -2- (2-hydroxy-3 5 di- tert-butylbenzyl)malonate 3-n-octyl-
- ; 77 7.9,9- tetramcthyl-l 3 8 tna.zaspno[4 5]decan«-2 4- dion, bis(1-octyloxy-2,2,6,6-tetra-
‘ mcthylplpendyl)sebacate blS( l-octyloxy -2,2,6,6- tctramethylplpcndyl)succmate the
. condensate of N,N' -Dis- (2 2 6 6- tetramethyl 4-pmendyl)hexamcthylenedlamme and
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4-m0rphohn0-2,6-dlchloro~1,3,5-triazine, the condensate of 2-chloro-4,6-bis(4-n-butyl-
amino-2,2,6,6-tetramethylpiperidyl )-1,3,5-triazine and 1,2-bis(3-aminopropylamino)-
ethane, the condensate of 2-ch10r0-4,6-di-(4-n¢butylamino-1,2,2,6,6-pentamcthylpiperi-
dyl)-1,3,5-triazine and 1.2-bis-(3-aminopropylamino)ethane, 8-acetyl-3-dodecyl-7,7,9,9-
tetramethyl-1,3,8-triazaspiro[4.5)decane-2,4-dione, 3-dodecyl-1-(2,2,6,6-tetramethyl-4-
piperidyl)pyrrolidin-2,5- dlone 3- dodecyl 1-(1,2,2,6,6-pentamethyl-4-piperidyl)pyrroli-
dine-2,5-dione.

2.7. Oxamides, for example 4,4’-dioctyloxyoxanilide, 2,2’-dioctyloxy-5,5’-di-tert-butox-
anilide, 2,2’~didodccyloxy-5,5’-di-tert-butoxanilidé, 2-ethoxy-2’-ethoxanilide, N,N’-
bis(3- damcthylaxmnopr(jpyl)oxamide, 2-ethoxy-5-teri-butyl-2’-ethoxanilide and 1ts mix-
ture with 2- ethoxy—2’-ethy1 -5,4’-di-tert-butoxanilide and mixtures of ortho- and para-
methoxy-disubstituted oxanilides and mixtures of o- and p- ethoxy-dlsubstltuted oxani-

lides.

. 2.8. 2-(2-Hydroxyphenyl)- 1,3,5-triaizines, for example 2,4,6-tris(2-hydroxy-4-octyloxy-

- phenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2 4-d1methylphenyl)

1,3,5-triazine, 2-(2,4- dxhydroxyphenyl)4 6-bis(2 4-d1mcthylphenyl)-l 3,5-triazine,

2 4-—bls(2~hydroxy-4-propyloxyphenyl)-6 -(2,4- dimethylphenyl)-1,3,5-triazine, 2-(2-hy-
dmxy-4-octyloxyphenyl)~4 6-bis(4-methylphenyl)-1 3.5-triazine, 2-(2-hydroxy-4-dodecyl-
oxyphenyl)-4,6-bis(2,4- dimethylphenyl)-1,3,5-triazine, 2-[2- -hydroxy-4-(2hydroxy-
3-butyloxy-propoxy)phenyl]}-4,6-bis(2 4-d1methyl) -1,3,5-triazine, 2-[2-hydroxy-4-(2-

. hydroxy-3-octyloxy-propyloxy)phcnyl]-4 6-b18(2 4—d1methyl) -1,3,5-triazine.

3. Metal deactivators, for example N,N-’-diphcnyloxarrﬁde, N-salicylal-N’-salicyloyl

' hydrazine, N,N'-bis(salicyloyl) hydrazine, N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenyl-

‘propionyl) hydrazine , 3-salicyloylamino-1,2,4-triazole, b1s(bcnzyhdene)oxalyl di-
" hydrazide, oxanilide, lsophthaloyl dihydrazide, sebacoyl blsphenylhydraz.lde N,N'-di-

acetaladipoyl dihydrazide, N N’-bls(sahcyloyl)oxalyl dihydrazide, N,N'-bis(salicyloyl)-
thiopropionyl dxhydrazxde '

4. Further ghosphitesjl and Q "hosphonites,for example triphenyl phosphite, diphenyl alkyl |
phosphn:es, phenyi d1a1ky1 phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, tri-

octadecyl phosphite, dlstearyl pentaerythntol diphosphite, tris(2,4-di-tert- butylphenyl)

phosphite, diisodecyl pentaerythntol diphosphite, bis(2,4-di-tert-butylphenyl) penta-

' erythntol diphosphite, blS(2 6-di-tert-butyl-4-methylphenyl)-pentaeryt hritol diphosphite,

- e . -
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diisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)penta-

. - erythritol diphosphite, bis(2,4,6-tris(tert-butylphenyl)pentaerythritol diphsophite, tristearyl
sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4’-biphenylene diphosphonite, 6-
isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenz[d,g}- 1,3,2-dioxaphosphocin, 6-fluoro-
2,4,8,10-tetra-tert-butyl-12-methyl-dibenz[d,g]-1,3,2-dioxaphosphocin, bis(2,4-di-tert-
butyl- 6-methylphenyl)mcthylphosphlte bis(2,4-di-tert-butyl-6-methylphenyl)ethylphos-
phite.

- 5. Peroxide scavengers, for example esters of B-thiodipropionic acid, for example the
. lauryl, stearyl, myristyl or tridecyl esters, mercaptobenzimidazole or the zinc salt of
2-mercaptobenzimidazole, zinc dibutyldithiocarbamate, dioctadecyl disulfide, penta-
erythritol tetrakis(B-dodecylmercapto)propionate.

o . 6. Poly' amide stabiilisersz for 'examp'l'e', copper salts in combination with iodides and/or
phosphorus compounds and salts of divalent manganese.

L Basic co-stabilisers, for example, melamine, polyvinylpyrrolidone, dicyandiamide, tri-
allyl cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides, polyure-
‘thanes, alkali metal salts and alkaline earth metal salts of higher fatty acids for example
calcmm stearate, zinc stcarate, magnesmm behcnate magnesium stearate, sodium rici-

T nole:ate and potassium pahmtate, antimony pyrocatecholate or zinc pyrocatecholate.

. B 8. Nucleanng agents, for example 4-ten-butylbenzoxc acid, adipic aczld dlphenylacenc
1 -~ acid.

- 9. Fillers and reinforCing' a.gc:rits"=l for eXample, calcium carbonate, silicates, glass fibres,
asbestos, ta.lc, kaohn, xmca, banum sulfate metal ox1des and hydroxydcs carbon black

. .
Cane v ke gl e s—
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: 10 Other addmves, for cxample plastlcxsers lubncants emulsifiers, pigments, optical
bnghteners ﬂarneprooﬁng agents, annstanc agents and blowmg agents.

11 Benzofuranones and mdohnones for example those disclosed in US-A-4 325 863 or
, US A-4 338 244 or 3 [4 (2- acetoxyethoxy)phenyl] -5,7-di-tert-butyl-benzofuran-2-one
5,7 -di- tert-butyl -3- [4~(2-8tearoyloxyethoxy)phcnyl]benzofumn -2-one, 3,3’-bis[3,7-di-tert-
| bu-ty1-3-—(4-[2-hydroxyet_hoxy]pheny1)benzofuran-Z-one], 5,7-di-tert-butyl-3-(4-ethoxy-
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phenyl)benzofuran-2-one, 3—(4-acctoxy-3,S-dimethylphcnyl)-S,7-di-tcn-butyl-benzo-
furan-2-one, 3-(3,5-dimethyl-4-pivaloyloxyphcnyl)-5,7-di-tert-butyl-benzofuran-Z-onc.

Novel lubricant formulations may contain still other additives that are added to improve
wear properties, typxcally fuerther antioxidants, metal deactivators, rust inhibitors,
viscosity index improvers, pour-point depressants, dispersants/surfactants and antiwear

‘additives. Representative examples of antioxidants will be found in item 1 of the above

list. Exemplary further additives for the novel lubricant composition are:

Examples of aminic annoxxdants
N N’-dnSOpropyl-p~phenylened1armnc, N, N’-di-sec- butyl-p -phenylenediamine, N,N’-bis-

(1,4-dimethylpentyl)- p-phenylcncdlarmne N,N° -bis(1-ethyl-3- methylpentyl)-p-pheny-
lenediamine, N N’-bls(1-mcthylheptyl)-p-phenylenedlarmnc N,N’ dlcyclohexyl-p-pheny-

lenediamine, N,N’-diphenyl-p- phcnylcnedlannnc N,N’-bis(2-naphthyl)-p- -phenylenedi-

amine, N«-mopropyl-N’-phenyl-p-phenylenedlannne N-(1,3-dimethyl-butyl)-N’-phenyl-p-
phenylenediamine, N-(1-methylheptyl)-N’-phenyl-p- -phenylenediamine, N-cyclohexyl-
N’ -phenyl-p-phcnylencdlamme, 4-(p-toluenesulfamoyl)dlphenylarmne, N N’-dlmethyl-

N N’-m-sec-butyl-p-phenylenemamme dxphcnylarmne N-allyldiphenylamine, 4~130pr0~

. poxydlphcnylannne N-phenyl l-naphthylaxmnc N~phenyl«2~naphthylannne, octylated di-

phenylamine, for example p,p -d1~tcrt-octyld1phcnyla1mne, 4-n~butylannn0phenol 4-buty-
rylaminophenol, 4-nonanoyla1mnophenol 4-dodecanoylaminophenol, 4-octadecanoyl-
aminophenol, bls(4-mcthoxyphenyl)annne, 2.6-di-tert-butyl-4-dimethylaminomethyl-
phenol, 2 4’-d1annnod1phcnylmethane 4 4’-dxam1nod1phenylmethane N,N,N’,N’-tetra-

- methyl-4 4’~d.1ammod1phenylmethane, 1 2-bls[(2-methyl-phenyl)anuno]cthane, 1,2-bis-
- (phenylamino)propane, (o-tolyl)bzguamde, bis[4-(1°, 3’wdxmcthylbutyl)phenyljarmnc tert-

octylated N-phenyl-l-naphthylarmnc, a mixture of mono- and dialkylated tert-butyl/tert-
octyldlphenylauuncs a rmxturc of mono- and dialkylated isopropyV/isohexyldiphenyl-

' amines, mixtures of mono- and dialkylated tert-butyldiphenylamines, 2,3-dihydro-3,3-di-
- methyl- -4H-1,4-benzothiazine, phcnothlazme N-allylphenothiazine, N,N,N',N'-tetra-
_ phenyl 1,4- dlarmnobut-2-enc N N-bis(2,2,6,6-tetramethylpiperid-4-yl- -hexamethylenedi-
" amine, bis(2,2,6 6-tetramethylp1pend-4 yl) sebacate, 2,2,6,6- tetramethylpiperidin-4-one
~and 2,2,6,6-tetramethylpiperidin-4-ol.

' ‘Examples of other 'Iantioxidant
~Aliphatc or aromatic phosphites, esters of thiodipropionic acid or of thiodiacetic acid, or
salts of dithiocarbamic or dithiophosphoric acid, 2,2,12,12- tetramethyl-5,9-dihydroxy-
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3,7,11-trithiatridecane and 2.2.15,15-tetramethyl-5,12-dihydroxy-3,7,10,14-tetrathiahexa-
decane.

Examples of metal deactivators, for cxample for cogger, are:

a)

b)

25 dlmercapto-l 3,4-thiadiazole and denvanves thcreof and 3 ,5- bls[d1(2-ethy1-
hexyl)ammomethyl]-l 3 4-thxad1azolm- 2-one.

a :‘_E__ples of rust mhlbltors are:’ S IR IR R
. Orgamc acxds their esters, metal salts, amme salts and anhydndes for exarnplc
| ' alkyl- and alkenylsuccmlc ac:1ds and thcxr pamal esters wnh alcohols, leIS or
' .':"'hydroxycarboxyhc aczds, pamal axmdes of alkyl- and alkenylsuccmm acnds .
4~nonylphenoxyaccnc ac1d alkoxy-» and alkoxyethoxycarboxyhc acids such as dode-
. 'cyloxyaccnc acid, dodecyloxy(cthoxy)acenc acid and the amine salts thereof, and
' _'also N-oleoylsarcosme sorbxtan monooleate lead naphthenate alkenylsuccinic ’

a)

Benzotriazoles and derivatives thereof, for example 4- or 5- alkylbenzomazoles (e.g.
tolutnazole) and derivatives thereof, 4,5,6,7- tetrahyd:obenzomazole and 5,5°-
methyleneblsbenzomazole, Mannich bases of benzotriazole or tolumazole, e.g.

1- [bxs(2~ethy1hexyl)a.mmomethyl)tolumazole and 1- [b1s(2-cmy1hexyl)armno-

methyl)benzomazole° and alkoxyalkylbcnzomazolcs such as 1- (nonyloxymethyl)-
benzotriazole, 1- (lwbutoxyemyl)bcnzomazole and 1- (1 cyclohexyloxybutyl)
tolutndzole ' ' ‘

1,2, 4-Triazoles and denvatlves thereof, for cxample 3-alkyl(or aryl)-1,2}4-triazoles,
and Mannich bases of 1 2 4-tr1azolcs, such as 1- [bls(2-cthylhexyl)annnomethyl-
1,2,4-triazole; a]koxyalkyl-l 2, 4-tnazolcs such as 1 (1 butoxyethyl) -1,2,4-triazole;

| and acylated 3-ammo~1 2 4--tnazoles.

Imidazole derivatives, for example 4 ,4’-methylenebis(2-undecyl-5-methylimid-

azole) and bis[(N-mcthyl)imidazol_-Z-yl]carbinOI -_oczyl ether.

Sulfur-contamm g heterocychc compounds for example 2-mercaptobenzoﬁuazole

” Atmno compounds for example sahcyhdencpropylenemamme sahcylaxmnoguam- ,
dine and salts thcreof o =

5 R
* .
¢
1 .. .
H

anhydndes, for cxample dodecenylsucmmc anhydnde 2-(carboxyethyl)-
1- dodecyl 3-methy1glycerol and the axmnc salts thcreof
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b) Nitrogen-containingcempounds, forexample:
I.  Primary, secondary or tertiary aliphatic or cycloaliphatic amines and amine
salts of organic and inorganic acids, for example oil-soluble alkylammonium
carboxylates, and also 1-[N,N-bis(2-hydroxyethyl)amino]-3-(4-nonyl-
phenoxy)propan-2-ol. '

11 Heterocyclic' cornp()unds, for example_: substituted imidazolines and oxazo-
lines, and 2-heptadecenyl-1-(2-hydroxyethyl)inﬁdazoline.

c) Phosphorus-containirigconipoends, for 'eXample: Anﬁne salts of phosphorie acid
partial esters or phosphonic acid partial esters, and zinc dialkyldithiophosphates.

'd)  Sulfur-containing compounds for example banurn dmonylnaphthalenesulfonates
- calcium petroleum sulfonates, alkylthlo-subsututed aliphatic carboxyhc acids, esters
of ahphanc 2-su1focarboxyhc a01ds and salts thereof.

e) Glycerol derivatives, for exaxnple* glycerol monooleate 1- (alkylphenoxy) -3-(2-
hydroxyemyl)glycerols 1- (alkylphenoxy) 3 (2 3- dlhydroxypropyl) glycerols and 2-
carboxyalkyl-l 3- d1alky1 glycerols ' '-

Examples of viscosity index 1rngr0vers are - . .
Polyacrylates, polymethacrylates vmylpyrrohdone/memacrylate copolymers polyvinyl-

pyrrolidones, polybutenes oleﬁn copolyrners styrene/acrylate c0polyrners and polyethers.

o Examples of pour-pomt degressants are:
Polymethacrylate and alkylated naphthalene denvanves

) B Examples of dlsgersants[surfactams are: |
'Polybutenylsucmmc armdes or -»1m1des polybutenylphos:phomc acid derivatives and basic

magnesmm, calcium and banurn sulfonates .and phenolates.
. | Examples of annwear addlnves are ' . _
' Sulfur- and/or phosphorus- and/or halogemcontamm ¢ compounds, e.g. sulfurised olefins

. . :and vegetable oils, zine dlalkyldlthlophOSphates alkylated triphenyl pho:;phates tritolyl
--'.','-_phosphate tricresyl phOSphate chlonnated parafﬁns alkyl and aryl di- and trisulfides,
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arnine salts of mono- and dialkyl phosphates, amine salts of methylphosphonic acid, di-
emdnolaminomethyltolyltriazole bis(2-ethylhexyl)aminomethyltolyltriazole, derivatives

of 2,5-dimercapto-1,3,4-thiadiazole, ethyl 3- [(dusopropoxyphOSphlnothloyl)thlo]proplo-
nate, triphenyl thmphosphate (mphenylphosphoroduoate) tris(alkylphenyl) phosphoro-
thioate and mixtures thereof (for example tris(isononylphenyl) phosphorothioate), di-
phenyl monononylphenyl phosphorothmate 1sobutylphenyl diphenyl phosphorothioate,
the dodecylamine salt of 3-hydroxy-1,3- thiaphosphetane 3-oxide, trithiophosphoric acid
5,9 S-tnshsooctyl 2—acetate] derivatives of 2-mercaptobenzoth1azolc such as 1-[N,N-bis-
(2-ethy]hexyl)annnomethyl] 2-mercapto-1H-—l 3- benzothlazolc, and ethoxycarbonyl -5-
octyldithiocarbamate. '

The convenuonal addmves are typlcally used in concentranons of 0.01 to 10 %, based on

t

Some of the novel compounds of formula I: are hqmd and can for this reason be very

‘readily incorporated in the materials to be stablhsed They are therefore also especially

suitable for spray apphcanon The novel compounds are 1mmed1ately soluble in oils, sO

- that heatmg the substrate for the dissolving process can be dlspensed with. The low

olaohty of the novel compounds of formula | prevents migration from the polymer

) dunn g processing.

'The compounds of formula I and further Opnonal addxnves are mcorporatcd in the organic

material by known methods. Incorporation in the matcrlals can be effected by blendmg

_them with, or by applym g thereto the compound of formula 1 and further optional
~additives by methods which are cornmonly used in the art. If the orgamc matenals are

polymers, especially synthenc polymers, the mcorporanon can be effected before or
during the fabrication of shaped articles or by applymg the dxssolved or dispersed

" compound to the polymer, with or without subsequent evaporation of the solvent. Inl the

- case of elastomers, these rnay also be stablhsed as lattices. A further means of blending
.~ the compound of formula I Into polyrners consxsts in addmg smd cornpound before, dunng_
or dn'ectly after the polymensauon of the correSpondmg monomers or before crosslinking.

“The compound of formula Ican a,lso be added in encapsulated form (e.g. in waxes, oils or

- polymers) If the cornpound of fonnula Iis added before or during polymensauon it can

‘, also act as regulator for the chznn len gth of the polymers (cham terminator).
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- The compounds of formula I can also beadded n thc form of a masrerbatch which
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contains these compounds to the polymers to be stabilised, typically in a concentration of
2.5 to 25 % by weight.

The stabilised materials may be used 1n any form of presentation, typically as sheets,
filaments, ribbons, mouldings, profiles or binders for paints and varnishes, adhesives or

putties.

The invention is illustrated in more detail by the following Examples in which, as also
- throughout the remainder of the description and in the claims, parts and percentages are by

weight, unless otherwise indicated.

‘Example 1: Preparation of a compound of formula I, whereinn =3 and 6, R3 = Cyralkyl
and C13a1ky1

O :

CHy— C —— H C__ __H
CHCHy— C ——0(CHCHO0) . (C | Hog o7

t- C4H9

146.2 g (0.5 mol) of methyl 3 (3, 5 dJ-tcrt-butyl -4-hydroxyphenyl)propionate (®Menlox
Ciba-Geigy) and 225.2 g (0.5 mol) of ®Dobanol 23-6,5" (Shell) are charged under

~ nitrogen to a 750 ml round-bottomed flask and heated to 80 °C. Then 0.23 g (2 % molar)
of lithium amide are added to the yellowish clear solution and the temperature is further

- raised. From about 120 °C methanol slowly begms to split off. After 1 hour the
temperature 1s 165°C and thc rcacnon mixture is kept at this temperature for 8 hours. The
resultant brown melt is coolcd to room temperature, taken up in 500 ml of toluene and

. washed with 3x200 ml of water: The organic phase is separated, dried over scdium sulfate

and filtered. The, filtrate 1s concentratcd and the residue is dried under a high vacuum at

80°C, giving 347 6 g (1 e. 97. 8 % of theory) of the title compound as a clear brownish oil.

- Elemental analysis: -
'  caled: C: 69.3% " found: C:69.3%
. H: 103 % H: 10.5 %

* ®pobanol 23-6,5 is a m_ixture of prima_ry: alcohols containing a different number of

ethylene oxide units .ahdalkyl radicals having a relative molar mass of 480:
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HO-(CH,CH;0)s-CyaHas, HO- (CHZCHZO)S-CmHg—;, HO- (CHZCHZO)5-C12H25,
HO-(CH,CH,0)¢-C1aHy

Example 2: Preparanon of a compound of formula I, wherem n=>5and 6, R3 Cualkyl

‘ | t“Q4Hg | | O

- CHZCHz--- C — o(CHQCHZO) 12 13H 25-27

CHj3

l

‘With snrnng, 23. 0 g (0.1 mol) of methyl 3- (3-ten-butyl-4 hydroxy-S-methylphenyl)pro-

“pionate and 45.0 g (0.1 mol) of ®Dobanol 23- -6, 5 are heated to 80 °Cin a 350 m '
sulfonatmg flask with descendmg condenser and mtrogen inlet. Then 0.1 g (5 % molar) of

' 11th1um amide is added to the clear yellomsh melt and methanol begms to splitoffat

- G 120 °C. The temperature of the reacuon mixture is rmsed to 165 °C and these condmons :
o are kept for 6 hours After coohng to C. 80°C 100 ml of toluene are added and the m1xture
- is washed with 3x100 ml of water The orgamc phase is separated dned over sodmm '

' ,sulfate and ﬁltered The ﬁltrate is concentrated ona rotary evaporator and the Iemdue is

- _-,.'.;I-;dned for 1 hour at 80°C under a hlgh vacuum, gwmg 64 2 g (96 % of theory) of a
. "’browmsh 011 e AR

calcd ' C 6823 Po found: C 68 80%
- H 10 25% S HO, 14%

) GH,CHy— G —— O(CHCH;0) CrzHas
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With stirring, 58.5 g (0.2 mol) of methyl 3- (3-tert-butyl-4-hydroxy-5-methylphenyl)pro-
pionate and 63.7 g of ®Exxal12+3EO (polyethylene glycol sold by Exxon) are heated to
c. 80 °C in a 350 ml sulfonating flask with descending condenser and nitrogen inlet. Then

0.4 g of dibutyltin oxide is added to the clear yellowish melt. Methanol begins to split off
at c. 145 °C. The temperature of the reaction mixture 1s raised to 155 °C and these

~ conditions are kept for 12 hours. Yield: 144.4 g (99 % of theory) of a brown viscous o0il.

'Elemental analysis:

‘calcd: C:  T72.62 % . found: C:71.85 %
H: 10.80% H: 10.90 %

- Examples 4-6: The compounds of Examples 4-6 are prepared in general accordance with

the procedure described for obtaining the compound of Example 3, using in accordance
with the definition of R either methyl 3-(3,5- dl-tcrt-butyl-4—-hydroxyphenyl)prop1onate or
methyl 3- (3-tert-butyl-4-hydroxy-S-methylphcnyl)propmnate and varying the reaction
time as mdlcated in the Table. Structures and physical data of the compounds are given 1n
Table 1. ' '
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Example 7: Heat-ageing of polypropylene

100 parts of polypropylene (®Pro‘fax 650 1, prestabilised with 0.1 % of calcium stearate)
are kneaded with 0.2 part of test compound in a Brabender plastograph at 200 °C for

10 minutes. The composition so obtained is subsequently moulded in a platen press for

6 minutes at 260°C to 1 mm sheets from which strips 1 cm wide and 17 cm long are cut.
The test for the effecuveness of the additive incorporated in the test strip is carried out oy
heat-ageing in a circulating air oven at 135°C and 149°C, using an additive-free strip for
comparison purposes. Three stnps made from each formulation are used for the test. The
initial decomposition which 1s easily recogmsablc from complete embrittiement of the
Strip is defined as the end point. The results are expressed in days. The results are reported

in the following Tables 2 and 2a.

~ Table 2

Days to the onset of de-
composition at 135 °C

1 nonc

of Example 1
of Example 2

of Example 5 |

Tablo2a

Days to the onset of dc-
composmon at 149 °C

Example 8: Depostt and Oxidation Panel Test (DOPT)
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The Deposit and Oxidation Panel Test 1s a modified version of a method of testing engine
oils, especially diesel engine oils, which has been described by G. Abellaneda et al, 11I¢
Symposium CEC, 1989, 61, New Cavendish Street, London WIM8AR, England. The
object 1s to test the suitability of the stabilised oils to prevent deposits on the piston. The
,tes't duration is 20 hours, the panel temperature 260°C and the oil flow is 1 ml/minute. The
humid atmosphere is enriched with 260 ppm of 260 ppm NO; and 26 ppm of SO,. After
the test, the panel on to which the oil drips 1s wexghed and assessed visually. The lower the
ﬁgurcs the better the stabiliser effect of the tcsted compound Commercially available
CD oil diluted with STAN CO 150 base oil 1s used as lubricating oil. The stabiliser
indicated in Table 3 1s blended with thlS prepared 011 in an amount of 0.6 % by weight,
‘based on said oil and subjected to a DOPT

Table 3
| Stabiliser | Deposits on the panel
' weight [mg]  visual |

| none

' of Exampie 1
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What js claimed is:
1. A compound of formula 1
R, Tl)
HO C H—C—=0(CH,CH
o Den (CH,CHR0) nHa a)
Ry

wherein

R, 1s C;-C,galkyl, C5-Cy cycloalkyl, phenyl, benzyl, o-methylbenzy!l or
o, a-dimethylbenzyl,

R, is hydrogen or has one of the meanings given for R,,

R4 is C4-C50alkyl,

mis 1,2 or 3, and

n is a number from 1 to 15.

2. A compound of formula I according to claim 1, wherein R; is C,-C,alkyl or cyclohexyl.
3. A compound of formula I according to claim 1, wherein Rj is Cg-Cqpalkyl.

4. A compound of formula I according to claim 1, whereinm is 2 or 3.

5. A compound of formula I according to claim 1, wherein n is 2-12.

6. A compound of formula I according to any onc of claims 1 to 5, wherein R, and R, are
identical.

7. A compound of formula I according 10 claim 6, wherein R, and R, are tert-butyl, R4 is
C,0-Cigalkyl, nis 3-8 and m is 2.

8. A mixture of compounds of formula I according to claim 1, obtained by reacting a
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compound of formula IV

O
C H (ll R
1 om 5 (IV)

| wherem

Ry 1s C;- Clgalkyl C5-C12cycloalkyl phenyl benzyl oc-methylbenzyl or
o oa-damethylbenzyl ' '

| R, is hydrogen or has one of the mcamngs gwen for RI,

mis 1, 2 or 3, and
Rs 1s OH, Cl C4alkoxy Or Cl |
w1th a mixture of alcohols of formula III

 Ry(OCH,CH,),0H (I

- wherein

) -.R3 15 C4-C50alky1 and '
- nis a number from 1- 15, sa.ld mlxture of alcohols compnsmg at least two alcohols having

~ different values for n a.nd/or contammg dlffercnt radlcals Rs.

- 9.A composmon compnsmg an orgamc matcna.l that 18 sucepnble to thermal, oxidative

organic polymer or a lubricant oil.

and/or actlmc dcgradauon and at least one compound of formula I as claimed in claim 1.

- 10. A composition according to claim 9, wherein the organic material is a synthetic

.l:: ) B l’ ' { {.f;

11 A composmon accordm g to clalm 10 wherem the orgamc material i 1S 2 polyolcfin or

- an elaStomer

12. Use of a compound of forrnula 1 as clalmed in clalm 1 for stablhsmg orgamc material
- -_agamst thcrmal omdaove and/or acumc degradaoon '

. 13 U-Se according m- o laim 1 2 of a-COmpound of formula I as antioxidant in synthetic
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organic polymers or lubricant otls.

14. Use according to claim 13 of a compound of formula I as antioxidant for polyolefins or
elastomers.

15. A method of stabilising organic material against thermal, oxidative and/or actinic
degradation, which comprises incorporating in said material at least one compound of
formula I as claimed in claim 1.



O

C H—C—=0O(CH,CH,0O) R
m 2m ( 2 2)n3 (I)
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