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[57] ABSTRACT 

Compounds of the formula: 

R’ c00—~—R" 

“9m”; 
CH3 N CH3 

1 ,, , 

wherein R is hydrogen or alkyl (C1-C3), R’ is hydrogen, 
hydroxyl or lower alkoxy (C1-C3); R” is alkyl (Cl-C20), 
a1ky1ene(C2-C12), cycloalkyl, wherein the alicyclic ring 
contains 5- or 6-_carbon atoms, cycloalkylene, wherein 
the alicyclic ring may contain lower alkyl substituents, 
alkenyl (C3-C20), arylene or aralkylene; n is an integer 
from 1 to 4, are useful for stabilizing polyole?n polymer 
against photo and thermal degradation. 

11 Claims, N0 Drawings 



LIGHT AND HEAT STABILIZERS FOR 
' POLYQLEFINS 

Matter enclosed in heavy brackets L] appears in the 
original patent but forms no of‘ this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. ' ~ ' 

20,1977. _ .1 v_ M 

This invention relatesto esters ‘of 2,2,6,6-tetramethyl 
piperidine-4-carboxylic acid, and more particularly to 
esters ‘represented by formula (I): ‘ 

where R is hydrogen or‘ alkyl (C1-C3); R’ is hydrogen, 
hydroxyl or alkoxy (C1-C3); R" is alkyl(C1—C20):, [alkyl 
ene (CZ-C12), cycloalkyl,» wherein the cycloaliphatic. 
ring contains 5- or 6-carbon atoms, cycloalkylene, 
wherein the cycloaliphatic ring may contain lower 
alkyl substitu'ents, arylene, aralkylene‘ and alkenyl 
(C3-C20); n is an integer from 1 to 4. 
The invention also relates to the use of these esters as 

stabilizers against photo- and thermal degradation, par 

This is a reissue of [1.8. Pat. No. 4,064,102,, dated Dec. 

R’e. 30,385 

‘ whereiniRq and R2 are as de?ned above; R3 is an acyl, 
diacyl or triacyl‘ group derived from aliphatic, alicyclic . 

I by (I), are superior to esters of 2,2,6,6-tetramethyl-4- - i 

' "225 

35 

ticularly againstedegradat‘ion induced by UV light, of 
synthetic polymers, especially polyole?ns. The inven 
tion further relates to polymer compositions stabilized 
by the incorporation therein of said esters. 

Stabilizers for synthetic and naturally occurring poly 
mers,‘ including UV stabilizers, have been the subject of 
continuing investigation for many years, and numerous 
‘compounds have been suggested for such purpose. Re 
cent patent literature has described a considerable num 
ber of stabilizer compounds which are derivatives of 
hindered amines of the type: 

wherein R1 and R2 may be the same or different and 4. 
represent an alkyl of l to 4 carbonlatoms. Of particular 
interest is 2,2,6,6-tetramethylpiperidine and *itsvderiva 
'tives. ' ' a 5 L 

US Pat. No. 3,640,928 (Murayama to Sankyo Com-v 
pany, Ltd.) particularly describe esters, and their use in 
stabilizing polymers, of the type represented by formula ‘ 
(II): 

55 

‘ pentyl glycol, 

lipan'e, pentaerythritolaand the like,‘ 

' (H) 

CH3 

CH3 

ior~i heterocycliomonoa di-.or tricarboxylic acids; n is 1 
to 3,v ' ~ ' - 

,,_,~,,We have now,,discovered, quite unexpectedly, that 
estersfofv formula (1) provide superior stabilizing proper 

I ties against lphotodegradation of synthetic polymers, 
.3 particularly polypropylene, as compared with the esters 

20_ ' ‘ 

:It is surprisingp'anduneirpected that esters of 2,2,6,6 
tetramethylpiperidine-4-carboxylic acid, as represented 

hydroxypiperidine, as represented by (II). 
In the above formula (I), when n is l, R” is a monova 

lent aliphatic or cycloaliphatic radical derived from an 
aliphatic or cycloaliphatic alcohol. Representative alco 
hols include methanol, ethanol, n-propanol, ispropanol, 
n-butanol, sec. butanol, tert. butanol, amyl alcohol, 
isoamyl alcohol, neopentyl alcohol, , n-hexanol, n 
octanol, Z-ethylhexyl alcohol, n-decyl alcohol, n-dode- ‘ ' 

cyl alcohol, stearyl alcohol, eicosaiiol, and the like; 
cyclopentanol, cyclohexanol, methyl‘cyclohexanol, and 
the like. I, v _ ' l - 

When n is 2, R" is a divalent alkylene, cycloalkylene, 
arylene or aralkylene radical derived from an al 
kanediol, cycloalkanediol, dihydric phenol or aralky 
lene diol. Representative of such diols are ethylene 
glycol, 1,2- and l,3-propane diol, 1,4-butanediol, neo 

1,6-hexanediol, 1,8-octanediol, 1,10 
decanediol, cyclopentanediol, 1,4-cyclohexanediol, 1,4 
cycloheiiane _ dimethanol, 1,4-cyclohexanediethanol, 
and the like; hydroquinone, a,a-xylylene glycol, and 
the like. Also included within the de?nition of R" are 
radicals derived from diols containing a heteroatom in 
the chain, such as thiodiethanol, diethanolamine, and 

.4 diethyleneglycol. , . 

50-‘; ,. . ,lphatic radial derived from an aliphatic polyol. Repre 
When n is ,3 or 4,_R" is a trivalent or tietravalent ali 

‘sentative ‘of such polyols are glycerol, triifiethylolpro 

The term ‘fl‘suynthetic polymer”, as 
tended to include polyole?n's, and particularly poly-a 

I olefnis, such as polyethylene, polypropylene, polybutyl 
v ‘ene and copolymers thereof, for example, ethylenepro 

' readily by conventional esteri?cation of 

pylenelcopolymer. Also intended‘ are'apolyole?ns such ' 
as polystyrene, polybutadiene, polyisoprene, and the 
like, and copolymers, such as ethylene-vinylacetate 
copolymers, styrene-butadiene copolymers, acryloni 
trile-butadienestyrene polymers (ABS plastics), and the 
like. The invention is particularly directed to the stabili- ' 
zation of polypropylene. _ _ Y 

The compounds of formula (1) maybe prepared 
the carboxylic 

acid (III): 

used herein is‘in- _ 



3 , 

R’ Cool-I (III) 

CH3 CH3 

CH3 N > CH3 
l 
R 

The carboxylic acid (III) may be obtained in accor 
dance with procedures similar to those described by 
Sadyky-Zade et a1, Zh, Organ. Khim. 9, 1841-44 (1973), 

.U.S. Pat. No. 3,274,227, or Weizmann et al, J. Am; 
Chem. Soc. 70, 1153-58 (1948), whereby 2,2,6,6-tet 
ramethylpiperidin-4-one (IV) is reacted with chloro 

. form in the presence of a base to form the correspond 

ing 4-trichloromethyl-4-hydroxy derivative (V), fol 
lowed by hydrolysis of (V) in the presence of water or 
an alcohol, such as methanol, to give the carboxylic 
acid (III), where'R’ is hydroxyl or alkoxy. 

0 
ll 

'CH’QCH’ -—+C“c‘3 Base CH3 N CH3 
l 
R 

(IV) ’ 

Cl3C on 

winch Hydrolysis ; 
CH3 N CH3 Alcohol 

l 
R 

(v) 
R’ COOH 

H c 3 CH3 R'= alkoxy,hydroxyl 
cu; N cu; 

I 
R 

(III) 

The intermediate carboxylic acid (III), wherein R’ is 
hydrogen, may be prepared in accordance with 'proce 
dures similar to those described by Simchen et al in 
Synthesis, 1975, No. 9, pages 605-607, whereby the 
4-bromo compound (VI) is reacted with a tetraalkylam 
monium cyanide, such as tetraethylammonium cyanide, 
in a suitable solvent, such as dichloromethane, acetoni 
trile or dimethyl sulfoxide, followed by hydrolysis of 
the nitrile (VII). 

Br 

CH3 

CH3 

CH + 
3 + (czH3)4NcN-% 

. CH3 

(VI) 
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-continued .. 
’ CN ‘ ' 

C 
Hydrolysis ; 

- ' CH3 -, I 

CH3 

CH3 

" (In) 

The 4-br0mo compound (VI) is readily obtained by 
reaction of 2,2,6,6-tetramethylpiperidin-4-ol (VIII) with 
conc. hydrobromic acid to form the 4-bromo hydrobro 
mide salt (IX), which is'then neutralized with a base, 
e.g. sodium carbonate. ' "' ’ 

OH 

CH3 CH3 ' _ 
Conc. HBr 

CH3 N CH3 I 

R 

Na2CO3 

Br 

CH3 CH3 

CH3 N CH3 
‘ .. 

R . 

(VI) 

Compound (III) wherein R’ is hydroxyl may also be 
prepared in accordance with procedures similar to 
those described by Nazarov et al, J. Gen. Chem. 
U.S.S.R. (English) 26, 3877-3889 (1956) whereby the 
ketone (IV) is reacted with potassium cyanide in the 
presence of an acid to produce the corresponding cya 
nohydrin (X) which may then be hydrolyzed to the 

' hydroxy acid. 

0 . 

ll 

CH’QC‘“ "C W) CH3 N - CH3 
l ‘ - 

R 

(IV) 



-continued 
CN HO 

Hydrolysis 5 CH3 

CH3 N - CH3 
| 

. . R 

‘ (X) i ‘ 

~ HO COOH 10 

CH3‘ 7 CH3 

CH3 N CH3 - 

[L 15 

(Ill) 

Representative ‘examples of the ‘ester derivatives of 
this invention‘are listed below. It is, however, to be 20 
understood that the invention is not limited thereto. 

1. methyl 2,2,6,6-tetramethylpiperidine-4-carboxylate 
2. n-butyl 2,2;6,6-tetramethylpiperidine-4-carboxylate 
3. n-octyl 2,2,6,6-tetramethylpiperidine-4-carboxylate 
4. stearyl 2,2,6,6-tetramethylpiperidine-4-carboxy1ate 25 
5. cyclopentyl 2,2,6,6-tetramethylpiperidine-4-car 

boxylate 
6. cyclohexyl 

boxylate 
7. 4-methylcyclohexyl 2,2,6,6-tetramethylpiperidine- 30 

4-carboxylate ' 

8. allyl 2,2,6,6-tetramethylpiperidine-4-carboxylate 
9. ethyl 2,2,6,6-tetramethylpiperidine-4-hydroxy-4 

carboxylate 
> 10. n-hexyl 2,2,6,é-tetramethylpiperidine-4-hydroxy- 35 
4-carboxylate 

ll. cyclohexyl 
hydroxy-4-carboxylate ,, 

l2. allyl 2,2,6,6-tetramethylpiperidine-4-hydroxy-4 
carboxylate , > v 

l 3. isopropyl 2,2,6,6-tetramethylpiperidine-4 
methoxy-4-carboxylate 

l4. 2-ethylhexyl 
ethoxy-4-carboxylate 

15. stearyl 2,2,6,6-tetramethylpiperidine-4-butoxy-4- 45 
carboxylate ' 

16. cyclohexyl 2,2,6,6-tetramethylpiperidine-4 
octyloxy-4-carboxylate 

l7. 1,2-ethylene 2,2,6,6-tetramethylpiperidine-4-car 
boxylate . 

18. 1,4-butylene 2,2,6,6-tetramethylpiperidine-4-car 
boxylate 

19. 1,6-hexamethylene 2,2,6,6~tetramethylpiperidine~ 
4-carboxylate ' 

20. 2-butylene 2,2,6,6-tetramethylpiperidine-4-car- 55 
boxylate 

21. thiodiethylene 2,2,6,6-tetramethylpiperidine-4 
carboxylate 

22. l,4-cyclohexylene 2,2,6,6-tetramethylpiperidine 
4-hydroxy-4~carboxylate 

23. 2-butylene 2,2,6,6-tetramethylpiperidine-4 
hydroxy-4-carboxylate 

24. iminodiethylene 2,2,6,6-tetramethylpiperidine-4 
ethoxy-4-carboxylate 

25. oxydiethylene 2,2,6,6-tetramethylpiperidine-4- 65 
octyloxy-4-carboxylate ‘ 

26. 2-ethyl-1,2,3-propanetriyl 
piperidine-4-carboxylate 

2,2,6,6-tetramethylpiperidine-4-car 

2,2,6,6-tetramethylpiperidine-4 

4O 

2,2,6,6-tetramethylpiperidine-4 

2,2,6,6-tetramethyl 

Re. 30,385 
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.2'7. neopentanetetrayl 2,2,6,6-tetramethylpiperidine 
'4~yhydroxy-4-carboxylate - 

728. 2-ethyl-1,2,3-propanetriyl 2,2,6,6-tetramethyl 
piperidine-4fethoxy-4-carboxylate . 

29. p-phenylene' 2,2,6,6-tetramethylpiperidine-4-car 
boxylate I ' 

> 30. p-xylylene' 2,2,6,6-tetramethylpiperidine-4-car 
boxylate ’ 

31. methyl l-methyl-2,2,6,6-tetramethylpiperidine>4 
carboxylate ' 1 

32. n-butyl l-ethyl-2,2,6,6-tetramethylpiperidine-4 
hydroxy-4-carboxylate _ 

33. ethyl-l-methy1-2,2,6,6-tetramethylpiperidine-4 
methoxy-4-carboxylate 

34. p-p'henylene _l-methyl-2,2,6,6-tetramethylpiperi 
dine-4-hydroxy-4-carboxylate 

35. p-xylylene 1-butyl-2,2,6,6-tetramethylpiperidine 
4-methoxy-4-carboxylate, and the like. 
The compounds of the invention may be incorpo 

rated into the polymer substrate by any of the various 
standard procedures used in the art, at any stage prior to 
the manufacture of shaped articles therefrom, including 
?laments, ?bre, yarn, ?lm, sheet, other molded articles, 
and the like. Thus, the mixing, extrusion, etc. or a sus 
pension or emulsion of the stabilizer may be mixed with 
a suspension or emulsion of the polymer, and the like. 
The amount of the esters of formula (I) which may be 

incorporated into the polymer may vary widely de 
pending on the type, properties and particular usespof 
the polymer to be stabilized. In general, they may be 
added in amounts ranging from about 0.01 to 5% by 
weight based on the polymer, preferably about 0.01 to 
2% by weight, and preferably 0.01 to 1% by weight in 
polyole?ns. 
The compounds may be used alone or in combination 

with other known stabilizers, ?llers, or other com 
pounding ingredients commonly used. 
We claim: 
1. A compound represented by the formula: 

I 
R coo R” , 

“fie”; 
on; N ' CH3 

I . 

II R 

wherein R is hydrogen or alkyl (C1-C8), R’ is hydrogen, 
or lower alkoxy (C1-C3); R” is alkylene (Cg-C12), cy 
cloalkylene, wherein the alicyclic ring may contain 
lower alkyl substituents, arylene or aralkylene, n is 2. ' 

2. A compound as de?ned in claim 1 wherein R’ is 
hydrogen. 

3. A compound as de?ned in claim 1 wherein R’ is 
lower (C1-C8) alkoxy. 

4. A synthetic polyole?n polymer composition stabi 
lized against photo- and thermal degradation compris 
ing an effective stabilizing amount of a compound of 
claim 1. > 

I 5. A composition as de?ned in claim 4 wherein said 
polyole?n is polypropylene. 

6. A composition as de?ned in claim 4 wherein said 
compound is incorporated in an amount of about 0.01 to 
5% by weight. 
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7. A composition as de?ned in claim 5 wherein vsaidv 

compound is incorporated in an amount of about 0.01 to I _CH2@ CH2_ 
‘2% by weiglit. ' Y 5 I ~~ ‘ 

_ 8. A compound as de?ned in claim 1 wherein ‘R is and n is 2_ 

hydrogen: 1]. A compound represented by the formula 
' l0 

9. A compound as de?ned in claim 1 wherein R” is 

alkylene (Cg-C12). R’ C00 R 

10. A compound represented by the formulo I 15 CH3 CH3 
v ’ ' CH3 N CH3 

' . ' ' T , I - l . 

wherein R is hydrogen or alkyl (C1-C3) R’ is hydrogen or 
lower alkoxy (C1-C3); R” is . CH3 

wherein hydrogen or alkyl ‘(Cl-C3), R’ is hydrogen or 
g and n is 2. 

lower aIkoxy>(C1-Cg); R" is s * * t t 

'30 
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