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MONOVERS BACKGROUND OF THE I NVENTION 5 1. Field of the Invention The
present {yfipifen is directed to the use of a conbinati onpiydbodessst one
stabl e nltrOX|de free radi cal conpound and at |east one quinone and/or
hydr oqui none &herelnafter ui none/ h dro inone) to inhibit the
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Rel ated Art Many et hyl enically unsaturat ed m)noners undesi rably poI ynerize
at various stages of their manufacture, processing, handling, storage, and

use. A particularly 15 troNOKGROUND @ THE SNVENTIONt foul i ng caused by
pol yneri zati on | n the purification stages of the production processes of

such nono t such as thernmal polynerization, during
their purif catl o i/d @tstuh%%nb?lﬁi?%e | oss of the m)norrer and a Ioss in
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viscosity of any tars that nay be produced. The processing of the tars
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nonomner . y of “conpounds has been proposed and used f
|nh|b|t|ng 25 unco troIIed and undesired pol yneri zation of ethylenlcally
unsat ur at ed" 1t Barﬁ’“ecf NOPGRever, these compounds have not been fully

sati sfactor Accordl ngly, there has been a substantial need in the art
for i nprove% conﬂcﬂgrmb@ns)ffliﬁlafﬁdmrbl ting the

Many ethylenically unsaturated monomers undesirably polymerize at various
stages of their manufacture, processing, handling, storage, and use. A particularly
15 troublesome problem is equipment fouling caused by polymerization in the
purification stages of the production processes of such monomers. Polymerization,
such as thermal polymerization, during their purification results in the loss of the
monomer and a loss in production efficiency owing to the deposition of polymer in or
on the equipment being used in the purification, the deposits of which must be
20 removed from time to time. Additionally, the formation of soluble polymer leads to
loss of monomer, i.e., a lower yield, and an increase in the viscosity of any tars that
may be produced. The processing of the tars then requires higher temperature and
work (energy cost) to remove residual monomer.
A wide variety of compounds has been proposed and used for inhibiting
25 uncontrolled and undesired polymerization of ethylenically unsaturated monomers.
However, these compounds have not been fully satisfactory. Accordingly, there has

been a substantial need in the art for improved compositions for inhibiting the



-1 WD 01/40149 PCT/ USOQ 30552 pol yneri zation of such nononers during their
production and the distillation process for purifying or separating them
frominpurities, as well as during transport and storage., Hi ndered

ni troxylwcf’o%%"ﬁds are known to be very active inhibitor s PHT/UPPESS5

radi cal polymerizations of unsaturated nononers such as styrene, acrylic
acid, met hasdymbiigatiaaiof suanthohbmetsi dueing @din proelscaondatty dhe aligtillaome praess al so

known to have a simlar capacity. Wang et al., Lanzhou Daxue Xuebao, Ziran
Kexueban 23(3) idfnd 8P sdphPRifl th&H Aot ifpudR®, hiklial l@hAngihBSforCdnd he
stabl e ni t?%)%i)paégglrl%e ?:fél clg%, di-t- butgLIl ni troxi de,al [ on%n at ﬁﬁgr g

pol yneri zation of acrylic acid and styrene nononers by three nethods:
separ ati on 2¥8%9d, reboiling method, and expanding nethod. The results
showed that di-t-butylnitroxide itself has an inhibiting effect, and when
it blends with Hijdemguiitornd, compounds arg&newhdp be yerzasdir ahibitors pé free
inhibition effect is better than comon inhibitors. 15 U S. Patent Nunber
3, 163, 677 dia@RkhPpsl$mblibhtdnt of ahdsirated tneshoimeds suchl Bstyrese, aandic acid,

N, N-di substituted nitroxides of the formulae: 1 RR | 2 RCNO i -RZ 2
and LONO* |%ngihgcrylic acid, and the like. Quinones and hydroquinones are also known to have a

similar capacity.

Wang et al., Lanzhou Daxue Xuebao, Ziran Kexueban 23(3):138-140 (1987)
evaluated the inhibition effect of the stable nitroxide free radical, di-t-butylnitroxide,
10 on the polymerization of acrylic acid and styrene monomers by three methods:

separation method, reboiling method, and expanding method. The results showed

that di-t-butylnitroxide itself has an inhibiting effect, and when it blends with

hydroquinone, t-butyl catechol, benzoquinone, the inhibition effect is better than

common inhibitors.

15 U.S. Patent Number 3,163,677 discloses N,N,O-trisubstituted hydroxylamines

and N,N-disubstituted nitroxides of the formulae:

R
| - and N
RZ‘(IZ N-—O0—"C—R, R2‘<|3 N—Ox*
R R, R3
3 5 2

20
wherein R}, R,, and R, are each an alkyl radical having 1 to 15 carbon atoms. (As
used herein, the designation N-O* denotes a stable free radical wherein the asterisk is

an unpaired electron.) The N,N,O-trisubstituted hydroxylamines can be used to make



32332 20 wherein R, R2, and R3 are each an alkyl radical having 1 to
15 carbon atons. (As wused herein, the designation N-O° denotes a stable
free radisthprein the asterisk is an unpaired el ectropetybhfsoss:

N, N, O-trisubstituted hydroxyl am nes can be used to nake -2 WO 01/40149

PCT/ US00/ 30552 the N, N-disubstituted nitroxides, which are stable free
radi cal s anthedY.&N-dispbstitged giroxades yWhich ase sobis iTesdaIsals RAR R 134t ©© by, S,

Pat ent Nunber 3,334, 103 discloses that nitroxi des can be prepared from the
cor r espondi ugfilleis obaysrizatominhitdtorhrer ei n t he nitrogen atom of the nitroxide
5 group is attached to other than a tertiary carbon of an aliphatic group

(i.e., the nitregerpARRIIMBIS BPR didllosks 1Rk HHOGHEHS anbePrepsed frbhese
nitroxides are said to have useful properties simlar to those described

for the N, N-disubstituted nitraoxides f U S Patent Nu r. 3,163 677. U. S.
pat ent - NunbdF Caiasndis bR atiRepRirelt B oERagh gf tig epae

di substituted, stable, free radical nitroxides not otherw se readily

avai | abl es cgnoubads achph reerhpr than gjteRsiaey eathor ehaealirhatic gFEwd € tthat
conprises pyrolyzing in an inert reaction nediumvirtually any

hydr oxyl am merogb@htohsfoss @gfaki &l £hdterocy @rvagkuef Thse BitrdXidwrds seidgo,
tri-t-butyl hydroxylam ne. U. K Patent Nunber 1,127,127 discl oses that

Soner ! R RRRH Ff d SSTb TE AFeR fed BRege
of U.S. Patent Number 3,163,677.
U.S. Patent Number 3,372,182 discloses that a great variety of N,N-
10 disubstituted, stable, free radical nitroxides not otherwise readily available can be
prepared by a simple and convenient process that comprises pyrolyzing in an inert
reaction medium virtually any hydroxylamine that is susceptible to cleavage of the O-
C bond, e.g., tri-t-butylhydroxylamine.
U.K. Patent Number 1,127,127 discloses that acrylic acid can be stabilized

15 against polymerization by the addition thereto of a nitroxide having the essential

skeletal structure:

20 wherein R, R,, R;, and R, are alkyl groups and no hydrogen is bound to the
remaining valencies on the carbon atoms bound to the nitrogen. The two remaining
valencies that are not satisfied by R, to R, or nitrogen can also form part of a ring

(e.g., 2,2,6,6 tetramethyl-4-hydroxy-piperidine-1-oxyl).



"IN'l R-CCGR2114 20 wherein R, R, R3, and R4 are al kyl groups and
no hydrogen is bound to the remaining val encies on the carbon atons bound

to the n The two renmmining valencies that are no bedosed by R
to R4 orhk{@?@ggn can also formpart of aring (e.g., gcgﬁ%

t et ranet hyl - 4- hydr oxy- pi peri di ne-1-oxyl). -3 WO 01/40149 PCT/ US00/ 30552
U.S. Patent Nunb&rS3Paom Numbeti 5425444 diselapisestabiq, decerradicabpitioxided of €8s of
the formula: 0* HI RI CR | R 5 wherein Ris selected fromthe
group consi gridath:-of tertiary al kyl, aryl, alkaryl, haloaryl, carboxyaryl,
al koxyaryl, al kylthioaryl, pyridyl, and dial kylam noaryl, and R is
tertiary alkyl. These nitroxides are said to be useful as traps for
reactive free radicals both in the courhti(lh*g of free radicals and for
inhibiting oxidation and free io radieali pelynmerization. U 'S, Patent Nunber
3,494,930 discloses free radicals of thé& nitkoxide type for wuse as
initiators of free radical reactions, cgllectors of free radicals,

pol yneri zati on

wherein R is selected from the group consisting of tertiary alkyl, aryl, alkaryl,
haloaryl, carboxyaryl, alkoxyaryl, alkylthioaryl, pyridyl, and dialkylaminoaryl, and
R’ is tertiary alkyl. These nitroxides are said to be useful as traps for reactive free
radicals both in the counting of free radicals and for inhibiting oxidation and free

10 radical polymerization.

U.S. Patent Number 3,494,930 discloses free radicals of the nitroxide type for
use as initiators of free radical reactions, collectors of free radicals, polymerization
inhibitors or antioxidants. They are constituted by nitrogenous bicyclic compounds in
which one of the bridges comprises solely the nitroxide radical group and, in

15 particular, by aza-9-bicyclo (3,3,1) nonanone-3-oxyl-9, and by aza-9-bicyclo (3,3,1)
nonane oxyl-9.

U.S. Patent Number 3,873,564 discloses compounds and a method for
assaying enzymes by adding to a medium containing an enzyme a stable free radical
compound having a stable free radical functionality which, when subjected to an

20 enzyme-catalyzed reaction. changes the environment of the free radical functionality.
By following the change in the electron spin resonance spectrum as affected by the
change in environment, the type of enzyme and the activity of the enzyme can be

determined.



i nhibitors or antioxidants. They are constituted by nitrogenous bicyclic
conpounds in which one of the bridges conprises solely the nitroxide

radi cal in 15 particular, by aza-9-bicyclo (3,
nonanonéa@RHBY$99 and by aza-9-bicyclo (3,3,1) nonane d§§ %”Bﬁﬁé Pat ent
Nunber 3,873,564 di scl oses conpounds and a nmethod for A assayi ng enzynes by
adding to a mediihncoomosnds fayndpseilarmmormaliygille nitsexideradicals Wibapound
having a stable free radical functionality which, when subjected to an zo
enzyme- cat ahyyfél 1abaa fundidnalth arQesr ¢dnepoandtd rmhﬂemwO@&clﬁmmtxfomle r adi cal
functionality. By followi ng the change in the electron spin resonance

spect rum a%oﬂﬂca;n%t?% H%Pgoﬁéaeo &E‘%ﬂﬁﬁaxﬁﬁ SRUHARRRHe flfohype of enzyme and

the activit det rmn 4 WO 01 40149
PCT/USOO/30552 The co oun sef I abl e |trOX|de
radicals with ar elll??;‘? Nu FT é%ggf}& E‘Fsi %tzgofgﬁ E%‘Hﬁ' ’| hcl ude two
cyclic nitroxide containing rings jOIned by a chain having an enzyne | abile
f unct i onal idispiroblkglenPdt@vot 1 Mediivgacy Golgpangs Jubstitigdteis the4tposition by mono-
2,2,7,7-tetraal kyl- and 2,7 5 dispiroal kyl ene-5-0x0-1, 4-di azacycl ohept anes

subst i t Ut eyrirgirdvaRnfradRSis Are o P Nght-sedbiliRty ﬁif&ﬂrgmﬁc palgtinesd. STRsyearpowver f ul
| ight-stabilizers for organic polyners. They are sald t o possess hi gher

corrpatl bi | I éxéc}gg)%gseégﬁ{gher CO alﬁ%ﬁh E%HIEHCIF ;q?ll ?&ltllﬁﬁe fg}ﬂ\%l (ER) hey can

be syntheS| Cti onS Known substituents

in the 4-position are_al kyl, alkylene, al kenyl, aral ky I and esteral kyl io
groups. Thevhicthihey 62y bg SH@hFS}%@G qyr’i?ﬁ?ttqli’é kPPrWHzfQ’bNr‘ﬂkﬂé%mby Pegfergedt i on with
hydrogen peroxide or percarboxylic acids are also said to be good |ight
Ls';] 2bi | i zer Subddnzntat thatd-pdsivdoarard alk8D ,aiiS8erddi slkeogle sradkyteadvbebtdralkypr event i ng
10 groups. The 1-nitroxyls derived from the imidazolidines by oxidation with hydrogen
peroxide or percarboxylic acids are also said to be good light stabilizers.
U.S. Patent Number 4,182,658 discloses a method for preventing the
polymerization of a readily polymerizable vinyl aromatic compound during
distillation at elevated temperatures within a distillation apparatus that is subject to an
15 emergency condition, such as a power outage. This method comprises force-feeding
a supplemental polymerization inhibitor having a high solubility in the vinyl aromatic
compound and a long duration of efficiency into each of the distillation vessels of a
conventional distillation apparatus in an amount sufficient to prevent polymerization
therein.
20 European Patent Application 0 178 168 A2 discloses a method for inhibiting
the polymerization of an «,B-ethylenically unsaturated monocarboxylic acid during its
recovery by distillation by using a nitroxide free radical.
U.S. Patent Number 4,665,185 discloses a process for the efficient

preparation of nitroxyls of sterically hindered amines by the oxidation of the amine
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pol ymeri zation of a readily polynerizable vinyl aromatic conmpound during
distillation at el evated tenperatures within a distillation apparatus that

i's subjeglodiofyd 15 emergency condition, such as a power pgt@dfs0ddd S
met hod corrprl ses force-feeding a suppl enental poI ymeri zation 1 nhibitor
having a high solubility in the vinyl aromatijc mpound and a | ong

dur ati on of UERg pdIYERRPPIe¥doinghe RresenaeHy aggmaal} ﬁmﬁ‘ir}té’f] a\fpeialdpn cafplyst, i
conventional distillation apparatus in an anount sufficient to prevent
pol yner i zat moderathengeratur2 o shqre peridihbetite Appdive giei mmoLyl 17 &ighb@eld2and

di scl oses a rret hod for inhibiting the polynerization of an a,

(3- et hyl eni y unsat ur ated nonocarboxylic acid during its recovery by
distillatio using a nitroxide free radical. U S. Patent Number

) : di | ff f_.ni
of sterical §Ch.°if"ér BBV 8o >4 280 Bt B o BRRBRAHE o5 0/ dotas

PCT/ US00/ 30552 using a hydroperoxide in the presence of a small anount of
a metal i onawmasicyomponrd, syekies aveeneeifpernelipaivebr inhibipé duripedisglatiem t i e,
to give the nitroxyl in high yield and purity. U S. Patent Nunber

5, 254, 760 t paphefcdtidatbytthe prakyueriTiat ddakosheOstatde Witrxl1 Conayoi trbgetiegnpichuind,
such as styrene, is very effectively inhibited during distillation or

purificati p?ﬁ}QXSt%? ag&ﬁﬁ%&g&g%%ﬁ@&ﬁ@aﬁ one stable nitroxyl conpound
S

t oget her w _ trc nitro conpound. U S. Patent Nunbers
W Th some oxygenChSdbRETONGTTS wetdss Bt 7258 FHOHOM Ty BGRAYI ar omet | c
nmononers during the manufacturing processes for such nononers. Even small
quanti ti es ofhitdiors isesmbinatconwithaome oxygdnreting the prayxagirei potyherizationaf e sai d
10 vinyl aromatic monomers during the manufacturing processes for such monomers.
Even small quantities of air used in combination with the nitroxyl inhibitors are said
to result in vastly prolonged inhibition times for the monomers.
European Patent Application 0 765 856 A1l discloses a stabilized acrylic acid
composition in which the polymerization of the acrylic acid is inhibited during the
15 distillation process for purifying or separating the acrylic acid as well as during
transport and storage. The compositions comprise three components: (a) acrylic
acid, (b) a stable nitroxyl radical, and (c) a dihetero-substituted benzene compound
having at least one transferable hydrogen (e.g., a quinone derivative such as the
monomethyl ether of hydroquinone (MEHQ)). During the distillation process,
20 transport, and storage, components (b) and (c) are present in a polymerization-
inhibiting amount. During the distillation process, oxygen (d) is preferably added
with components (b) and (c). According to the specification, examples of suitable
nitroxide free radical compounds include di-t-butylnitroxide; di-t-amylnitroxide;
2,2,6,6-tetramethyl-piperidinyloxy; 4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
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toresult in vastly prolonged inhibition tinmes for the nononers. European

Pat ent Application O 765 856 Al discloses a stabilized acrylic acid

conposi ty i ich the polynerization of the acrylic aci@i§olspsrbited

during twg’%i)'g&éiw@ti |l ati on process for purifying or separa(?rl ng the acrylic

acid as well as during transport and storage. The conpositions conprise

t hree conpohend<:2.0)-terempthytpipgtifigyloqxy) 44ligethiplaging-£ Lok Pricramedsl-, and (c)

a di hetero-substituted benzene conmpound having at | east one transferable

hydrogen ( epigesididyRsy Noamister 2v@bivearsetal-giperidiaylonprbemtinslioet D6 ,6f

hydr oqui none (MEHQ ). During the distillation process, 20 transport, and

storage, co of)i C) 2 8_ B GRERY Ik P oBdPOloXYES iag@hd-0, 5 jsohi bi ti ng
RGPS Pl oh 7 oo BEERCRY P RoRURTINEES o

anount . During rocess, oxygen ( 15 preferably added

wi th conponents (b) and. (c). Acc ing to.t specification, .exanpl es of
Sui tabl e’ nieABR IR B i o2 S B ey ok BR AR bt de:

di -t-anyl nitroxide; 2,2,6,6-tetranethyl-piperidinyloxy;

4- hydr oxys 22 2,%58etranethytet-hyd-3 piypeotingi- hpkpdycarbaxypacidy aoh 22,3180, 6y 30552
4- oxo0- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;

4- di net hyl a&tﬁlﬂet%ylzl,ﬁr(ﬁaia@%'d'lél!i@@by,m?di@kﬁ.er' di nyl oxy;

4-am no- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy; 4-ethanoyl oxy-2, 2,6, 6-

tetramet hyl - pi pe(x{(gigﬁéﬂggp% ;c/?rgc)??ns%’uﬁgﬁﬁéerrﬁ%&rgy EaainRlt BA MRS Mers

3-amno-2, 2,5, 5- rrolidrnyl oxy;

2,2,5 5-tetranet hyl -1-oxa-3-azacycl opentyl -3-oxy; s e e

2,2, 5, 5-t et eosEinig vinyl graurs: pyd ) AAAIVE .aax@ymsefﬁaamm Wluch datgbits,
2,2,3,3,5,5,6,6- octamethyl -1, 4-di azacycl ohexyl - 1, 4-di oxy. WD 97/ 46504
concerns sup&imace polyatarizesorc ofithainminognerg #)ntamimgmeny groupsaduringgheir ny |
groups; and (B) an active anount of a m xture which inhibits premature

pol ymer i zat o Of; G SnCQHARN DDVl 0.05 aPa. Tt N Geldfioh o tHR
purifi caﬁao lﬁjgfrl& Pé'??ld apl (l)n and cont aiql)s:e (i) between 0.05 aﬁ(;l 4.5 w %

relative t Otottaqemixture (B), of at least one N-oxyl compound of a secondary amine which has

no hydrogen atom at the «-C atoms; and (ii) between 99.95 and 95.5 wt % relative to
the total mixture (B), of at least one nitro compound. The publication also discloses a
process for inhibiting the premature polymerization of monomers, and the use of

15 mixture (B) for inhibiting the premature polymerizatin of monomers.

WO 98/02403 relates to inhibiting the polymerization of vinyl aromatic
compounds by using a mixture of a phenol and a hydroxylamine. It is said that the
process is useful in ethylbenzene dehydrogenation effluent condenser systems and
styrene-water separator vent gas compressor systems and that it effectively inhibits

20 polymerization of monomers, preventing the formation of a polymer coating on
condenser and compressor equipment, thus reducing the necessity for cleaning of

equipment surfaces.



total mxture (B), of at |east one N oxyl conpound of a secondary am ne
whi ch has no hydrogen atomat the a-C atons; and (ii) between 99.95 and
95.5 wt %relative to the total mxture (B), of at least_one nitro
conpoundWOrHE Kbl i cation al so discloses a process for iRhFESII5% he
premature pol ynerization of nononers, and the use of 15 m xture (B) for

i nhibiting the pMeO®BUIdd1pdliseimes that ihe polynnoiratien sf vii{l &8h{a#id @oroaleat es to
i nhibiting the polynerization of vinyl aromatic conpounds by using a

m xture of @xﬁgﬁh%%?}reﬁé‘ﬁ iAniBYEd By YhedMidigon dtta écinpRitdntdFal shile niReRgESS 1S

useful in et enzene dehydrogenation effluent condenser systens and
styrene-water separator yent gas conpressor systens and that it effectively
i nhibits 20“BHV¥EE¥W%@?W%%“8¥ﬁhﬁﬁﬂﬁﬁaﬂgg preventing the formation of a

pol ynmer coating on condenser and conpressor equipnent, thus reducing the
necessity for cl 84AINBEEI2 cengprpnutbstages maderss corramne) (A1 0ampounds

PCT/ US00/ 30552 WD 98/ 14416 di scl oses that the pol ynerization of vinyl

aronati ¢ HoBeMEhmgSHAY! @6urst YBEMEadthel anivut bed miivtutdwhiat dhlibRo pmature
conposition of a stable hindered nitroxyl radical and an oxi me conpound.

WD 98/ 25872 ' ; +ai niong.
cont ai ni g B Gnr e BRFoddt cdhaRuE Pndt BoIg: add Yok AN M Sestt i1
premature polymerization of the c ounds copt ai ni ng vinyl groups and

contains: (P Nronhsempogieofa mn&ggﬁﬁmmﬁ@ﬁ e BRIGAT Y ANCFRRAi ch does
not carry any hydrogen atons on the a-carbon atons; and (ii) at |east one
i ron conpouatms(a@)thepttanbel dtpmaj amd(ii) ao gasiuong sronactan{oDpd o) @qimhhly nitro

co-stabilizers. The publication also discloses a io process for inhibiting

the prenat UE&np&JrMQPJﬂdZ@)idf)ﬂoﬁill}C&ﬁﬁ%ﬁ_ﬂQ&s ( AheGRBE&HN Ao HikAY¥des@r oups, and
the use of (B) optionally mxed with nitro conmpounds (C) and/or
10 process for inhibiting the premature polymerization of compounds (A) containing
vinyl groups, and the use of (B) optionally mixed with nitro compounds (C) and/or
co-stabilizers (D) for inhibiting the premature polymerization of radically
polymerizable compounds and stabilizing organic materials against the harmful effect
of radicals.
15 CS-260755 B1 is directed to the preparation of 4-substituted-2,2,6,6-
tetramethylpiperidine nitroxyls as olefin stabilizers.
SU-334845 Al is directed to the inhibition of the radical polymerization of
oligoester acrylates using iminoxyl radical inhibitors of a given formula.
SU-478838 is directed to the inhibition of the radical polymerization of
20 oligoester acrylates and the prevention of oligomeric peroxides using a binary
polymerization inhibitor comprising quinone.
FR 2,761,060 relates to the prevention of premature polymerization of styrene
during its production by dehydrogenation of ethylbenzene by injecting into the

process effluent a radical inhibitor based on an oxyl-tetramethylpiperidine derivative.
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co-stabilizers (D) for inhibiting the premature polynerization of radically
pol yneri zabl e conpounds and stabilizing organic materials agai nst the

har nf ul f of radicals. 15 CS-260755 131 is directe
preparatﬁrﬁﬁéﬁmz-substituted-2,2,6,6- tetranethylpiperid?ﬂ%ﬂﬁgﬁggﬁgls as

ol efin stabilizers. SU- 334845 Al is directed to the inhibition of the

radi cal polynerization of oligoester acrylates using i mnoxyl radical
inhibitors of a given fornmula. SU 478838 is directed to the inhibition of
the radical pol ypRY fot@tdifnaefind@polaicddrssiabyaefeydrat és tmncerttibety pr event i on of
ol i goneri c peroxides using a binary polynerization inhibitor conprising
qui none. FR 2,761,060 relates to the prevention of premature polynerization
of styrene during its production by dehydrogenation of ethyl benzene by
injecting into the process eff r.adi Lnhihitor based on an

oxyl -t etranet hyl pi peri di ne Mﬁ&ﬁ“@‘qm@%!‘ﬁg PCT/ USCQO 30552 The
foregoing are incorporated herein by reference in their entirety. SUMVARY
OF THE | NVENTI ONAs ussl heseid, Herabbreviations TEBYPO\dtands dor 32MROteTamiBylf br

2,2,6,6-tetramethyl -1- piperidinyloxy. Thus, 4-amno-TEMPOis
4-am no- 2, i@e&iihﬁbkﬁ”ﬂ%ﬁw 4-hmi-PEMI) Ry4-eitio-2210, 8nteametiNPO i s
4- hydroxy-2, 2,6, 6-tetranethyl -1- piperidinyloxy (also known in the art as

R e S S A AL St T S e
i bi t or & WpCHBBONBAIEAKNO I e AT HRSE: driSar LR G oHArErsS 6The
present invention is directed to the

tetramethyl-1-piperidinyloxy; and so on.

10 As mentioned above, (a) hindered nitroxyl compounds and (b) quinones and/or
hydroquinones are each separately known to be very active inhibitors of free radical
polymerizations of unsaturated monomers. The present invention is directed to the
discovery that a mixture of at least one stable hindered nitroxyl compound (e.g., 4-
amino-TEMPO or 4-oxo-TEMPO) with at least one quinone/hydroquinone provides

15 better performance than either component alone, as indicated by the slow rate of
polymerization after shutoff of feed in a steady state dynamic testing system.

More particularly, the present invention is directed to a method for inhibiting
the premature polymerization of ethylenically unsaturated monomers comprising

adding to said monomers an effective amount of a mixture comprising:

0 A) at least one inhibitor having the following structural formula:
o

R - ?\ - ? “R 1))
R R

and



di scovery that a mxture of at |east one stable hindered nitroxyl conpound
(e.g., 4- am no-TEMPO or 4-oxo-TEMPO) with at | east one

qui none/‘gﬁ%ggﬂbnone provides 15 better perfornmance than gi4D&f68P0Nnent
alone, as’indicated by the slowrate of polynerization after shutoff of

feed in a steady state dynam c testing system Mre particularly, the
present i nv@nti o lgast dhe Ehitii@r seleeiedrBORbHICIZEPUR EHISIIING Af OrthergUBIoBemt ur e

pol ynmeri zati on of ethylenically unsaturated nonomers conprising adding to
sai d nonomesrth@ERy@HERbIY PadmIinGned ba@-tyidxbquitoreo apd Haivagive26f BB at | east
one inhibitor having the follow ng structural formula: x x 1112 R-C- N4
(1) RIR3,0%, -9 WD 01/40149 PCT/ US00/ 30552 B) at |east one inhibitor
sel ected fromyx ‘group consisting of ortho-quinone, ortho-hydroquinone,

par a- qui none, para- hydr oqui_non and. derivatives of the foregoing. .ln
fornula (1), R alén@rléﬂ{aa(ﬂe it A0S Re Atfe F@angﬁ“b'cfei‘i?tefdr%?ﬁntth%gbqngfﬁngéﬂgg sting
s of hydrogen, alkyl, and heteroatom substituted alkyl and R, and R3 are

i ndependentdfyhydsegeac alkyl, fand leteheatgmoupstivend iabwil agd Bf ard Ry preaindependently

het er oat om substituted al kyl; and X, and X2 (1) are independently selected
fromthe grQuRRMRGHhThd BHupfcoRatta@est, alley aRA hetetSIRh.substiteeRalkyt; QHdRY,

(wherein R7 is alkyl or aryl), amdo, -S C6H51 carbonyl,
and X, (1) are independently selected from the group consisting of halogen, cyano,
COOR,, -S-COR,, -OCOR,, (wherein R; is alkyl or aryl), amido, -S-C¢H,, carbonyl,
alkenyl, or alkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure
10 with the nitrogen, preferably of five, six, or seven members.
The present invention is directed preferably to a method for inhibiting the
premature polymerization of ethylenically unsaturated monomers comprising adding

to said monomers an effective amount of a mixture comprising:

A) at least one inhibitor having the structural formula:

15 R
R1~ !

wherein R, and R, are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from

20 the group consisting of alkyl and heteroatom-substituted alkyl, and the

2
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al kenyl, or alkyl of 1 to 15 carbon atons, or (2) taken together, forma
ring structure io with the nitrogen, preferably of five, six, or seven

nenberswghf;‘wq‘r‘;sent invention is directed preferably to papiRiohassss or
inhibiting the  premature polynerization of ethylenically unsaturated

mononers conprising adding to said nononers an effective anount of a

m xture cOYPHITLTEREESEy the Atpwa JECASHEY it FITBY & HVeh al ngf enen-sremberss al

formula: 15 R, ,R4 1'-, NI RR 1 R3 0* wherein R and R4 are

i ndependenieteyoselie¢ingdinfir om t he group consi sting of hydrogen, alkyl, and
het eroat om substituted al kyl and R, and R3 are independently selected from

20 the gragyp C%@ﬁ*&%%}%%gﬁ%&?% Eé{écwf}pﬂl%@@ﬁﬂfp%?g@ﬁw Slgsdq@hbyd . and the

-10 WO 0174014 2 portion represen e atons necessary to
forma five-, six-, or seven-nenbered eterocycli.c, ring an at | east
one. | i bir - S BT PTGy DA APPSR e,

ort ho- hydr oqui none, para-qui none, para-hydroqui none, and derivatives of the
5 foregoi Mgregding. akheratome oecessary ta eoropleisl the eing hieferried go pledverare @reforabbove are
preferably carbon atons, but heteroatons, such as 0, N, P, or S, may also

be presentcarbbaaiéhi, ant hv@rcuidbdtsuti ad e N; @1tor S timagnalaf barpiesenty! conpound
and qui none/ hydroqui none is typically about 1 to 2,000 ppm based on the

wei ght of they RN bk S LRI TR xy1 RoBHADaOUNt S out si de

this range ma

quinone/hydroquinone is typically about 1 to 2,000 ppm, based on the weight of the
ethylenically unsaturated monomer, although amounts outside this range may be
10 appropriate depending upon the conditions of use. The amount of the combination of
nitroxyl compound and quinone/hydroquinone is preferably about 5 to about
1,000 ppm, based on the weight of the ethylenically unsaturated monomer.
In another embodiment, the present invention is directed to a composition
comprising:
15 (@) an ethylenically unsaturated monomer, and
(b) an effective inhibiting amount, to prevent premature polymerization of
the ethylenically unsaturated monomer, of a mixture of

i)  at least one inhibitor having the structural formula:
R
20 R 7O~ ~G7R ()]
R R

and
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i o appropriate depending upon the conditions of use. The amount of the
conbi nation of nitroxyl conpound and qui none/ hydroqui none is preferably

about 5 1,000 ppm based on the weight of the et ' y
unsatura%gaﬁﬁgﬁ%ner. I n anot her enbodi nent, the present ﬁﬂ%@%&?@ﬁ%%s

directed to a conposition conprising: 15 (a) an ethylenically unsaturated
mononer, and (b) an éf ectt leest aiksiiphibitpigselaetrdniromiihe Brapcionsiphingelt ur e
pol ynmeri zation of the ethylenically unsaturated nononer, of a m xture of

i) at | easir@puindatbbries-hhdrehiigond) asd-quiadny, phra-oydroduanones and | 1 12 20 R
-C'iCGR (I 1 N~aRs 0* and-11 WO 01/40149 PCT/US00/ 30552 ii) at

| east one idgmlmvteg)rofal%lf%pég%gﬁrom the group consisting of ortho-qui none,
ort ho- hydr oqui hone, par a- qui rmone, par a- hydroqui none, and derivatives of

the or oup. consi 38 FAGIS Uof Rt By ISfPEpIont eI CHER o gt By QB LTIy Ped
al kyl and R2 and R, are independently selected fromthe group consisting
of al kyl sanf hpdiogemaallyh subbeteroatosatsiskijuted akyl aud R, and R, are independently
selected from the group consisting of alkyl and heteroatom-substituted alkyl; and X,
and X, (1) are independently selected from the group consisting of halogen, cyano,
COOR,, -S-COR,, -OCOR,, (wherein R, is alkyl or aryl), amido, -S-C¢Hj, carbonyl,
alkenyl, or alkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure
10 with the nitrogen, preferably of five, six, or seven members.
In a preferred embodiment, the present invention is directed to a composition
comprising:
(a) an ethylenically unsaturated monomer, and
) an effective inhibiting amount, to prevent premature polymerization of
15 the ethylenically unsaturated monomer, of a mixture of

(1) 1 to 99 percent by weight, based on the total weight of

components (i) and (ii), of at least one inhibitor having the structural formula:

R

R _Cf\ /$_R (I)
R R

20

and, correspondingly,

(ii) 99 to 1 percent by weight of at least one inhibitor selected from

the group consisting of ortho-quinone, ortho-hydroquinone, para-quinone, para-

S 12 -



and X2 (1) are independently selected fromthe group consisting of hal ogen,
cyano, COOR7, -S-COR7, -OCOR7, (wherein R7 is alkyl or aryl), am do,

-S- G6H51 al kenyl, or alkyl of 1 to 15 carbon a sofBosé2) taken
together‘ﬁ?orma ring structure io with the nitrogen, pre?’@m{ﬂy o$ five,

six, or seven nenbers. In a preferred enbodi ment, the present_invention is
di rect ed t ohydredHpers. tapéﬁe“léfﬁﬁ‘ﬁﬁ Pthﬁéore@QPgaWhéf%B@an£3b Reuts ahdisat ed
nononer, and (b) an effective inhibiting anount, to prevent premature

pol yrreri zat arenis @escribedtabeveet hyl eni cal | y unsat ur at ed nononer, of a mxture
of (i) 1 to 99 percent by weight, based on the total weight of conponents

(i) and (ii), ofp t t okt la: x x
)Mo (TR PR S0 Sl o ot g

percent by weight of at st _pne i nhi ted f roup
consi sting BF& T’%‘bonafﬁﬂrﬁ%@) IB\? RHGWBEI(% P ﬁgﬁgqﬁﬁaﬂ%nh ?ﬁgﬁ) gara - 12 WO
01/ 40149 PCT/ US00/ 30552 hydr oqui none, and derivatives of the f or egoi ng,
wher ei n Ril, caRpongat (IRAmorqp@fmqbiy 20 k8 Bergenidpi Weighefospanponpet (prasder r ed
anounts of conponents (i) and (ii) are 10 to 90 percent by

correspondingly, 80 to 20 percent by weight of component (ii); and most preferably,

20-50 percent by weight of component (i) and 50-80 percent by weight of component

(i1).

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing polymer made during feed shut-off at 116° C.
Prior to feed shut-off, these tests were run under dynamic conditions at 116° C for
seven hours with a one hour residence time and containing 100 or 105 ppm total
inhibitor.
15 Figure 2 is a graph showing polymer made during feed shut-off at 116° C.
Prior to feed shut-off, these tests were run under dynamic conditions at 116° C for

seven hours with a one hour residence time and containing 150 ppm total inhibitor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
20 As stated above, in one preferred aspect, the present invention is directed to a
method for inhibiting the premature polymerization of ethylenically unsaturated
monomers comprising adding to said monomers an effective amount of a mixture
comprising:
A) at least one inhibitor having the structural formula:

13 -



wei ght of conmponent (i) and, correspondingly, 90 to 10 percent by wei ght of
5 conponent (ii); nore preferably, 20 to 80 percent by wei ght of conponent

(1) and, . G pondi ngly, 80 to 20 percent by wei ght of Raks2(11) ;
and rmstwf))rog?élre"gbly, 20-50 percent by wei ght of conponent El?ﬁancf 50- 80

percent by wei ght of conponent (ii). 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a graph show ng pol yner nade during feed shut-off at 116 C
Prior to feed shut-off, these tests e run under dynami c conditions at
116 C for seven hours with a ohedthour eghdence time and containing 100
or 105 ppmtotal inhibitor. 15 Fign$ﬁ/21is a graph show ng pol ynmer nade
during feed shut-off at 116 C. PrReritoRfeed shut-off, these tests were
run under dynam c conditions at 116 C*for seven hours with a one hour
residence tinme and containing 150 ppmtotal inhibitor. DESCRI PTION OF THE
PREFERRED EMBODI MENTS 20 As stated above, in one preferred aspect, the
present invention is directed to a nethod for inhibiting the premature

pol ymer i zatwherenf R eadyR paiedaddpgndemsiztsaieated dromrifreagrevns censtgping $if hgdengdinng t o
said nononmers an effective amount of a mxture conprising: A at |east one

| nhi bit or h:%’ll(%[‘@n@ Erefdabdte kbibsdutt PEIRY] &id R; arkBR, MO iAddpéRdehdly RETEL IS BRINB 0552
RL.r'~R4 1 /"1 R21R3 O0*

the group consisting of alkyl and heteroatom-substituted alkyl, and the

2

10
portion represents the atoms necessary to form a five-, six-, or seven-membered
heterocyclic ring; and
B) at least one inhibitor selected from the group consisting of ortho-quinone,
ortho-hydroquinone, para-quinone, para-hydroquinone, and derivatives of the

15 foregoing.

Accordingly, one of the several classes of cyclic nitroxides that can be

employed in the practice of the present invention can be represented by the following

structural formula:

1
Z/ ~

Z
2 Z3
20
R, N R,
R, R,
O*
wherein Z,, Z,, and Z, are independently selected from the group consisting of

oxygen, sulfur, secondary amines, tertiary amines, phosphorus of various oxidation

- 14 -



5 wherein Rl and R4 are independently selected fromthe group consisting of
hydr ogen, al kyl, and heteroatom substituted alkyl and R, and R3 are

i ndependently selected from the group consisting of alkyl and

het er oat YR ALY t ut ed al kyl, and the 10 portion represenfPSTUSEY s
necessary to forma five-, six-, or seven-nenbered heterocyclic ring; and

B) at | eaststaag andBulxtihaed sehiewbettufed aaridaai@nguncic ansi GHi.ng CGHCH,,
ort ho- qui none, ortho-hydroqui none, para-qui none, para-hydroqui none, and

der i vati ves.f_phe. dR-fior eaeifigr, AesRudiihy, >@ifr o dligrseypigincl asses of

cyclic nitroxides't dn be énployed in the practice of the present

20 R N e RsOREY S0 > BRE OBt BB o SRR ect ca

fromthe group consisting of oxygen, sulfur, secondary am nes, tertiary
am nes, pho3HEOHIEOSICRar? 6(OHIKHAHICoh, >AWRIK 01CGONRRRCFIEeNGII552

states, and substituted or unsubstituted carbon atons, such as > CH2. >

R, and Ry are independently selected from the group consisting of hydrogen, alkyl,
aryl, and acyl and R;; R}, and R are independently selected from the group
consisting of unshared electrons, alkyl, aryl, =0, OR, and NR;R ;. where R(, R,
and R,; are independently selected from the group consisting of hydrogen, alkyl, and
10 aryl . Where R, and/or R are alkyl, it is preferred that they be a lower alkyl (i.e.,

one having one to four carbon atoms, e.g., methyl, ethyl, propyl, butyl, and isomers
thereof).

Where R, and/or Ry are aryl, it is preferred that they be aryl of from 6 to 10
carbon atoms, e.g., phenyl or naphthyl, which, in addition, may be substituted with

15 non-interfering substituents, e.g., lower alkyl groups, halogens, and the like.

Where R, and/or Ry are acyl, it is preferred that they be acyl of the structure

20 where Ry, is alkyl, aryl, OR,,, or NR,(R,, and where R,, and R,, are alkyl, aryl, or

- 15 -



> C(OH) COOCH31 > C(OH) CHOHC2H51 > CNRS5R6 > CCONRSR6, > CH = NOH, 5 > C
=CH C6H5, > CF21 > CCl121 > CBr2l1 > Cl21 > CPR13R14R15, and the |ike, where
R5 and F@(ﬂf &oi49dependently sel ected fromthe group consi g&tgeepdosfdydr ogen,
al kyl, ar and acyl and R13, R14, and R15 are |ndependently sel ected
frontthe group consrstrng of unshared el ectrons, al kyl, ary =0, . OR16

and NR17R18Yheip&eais piky] oRaryl. IMberREss. dhe Rzndgp%naéentlwl éléqyee? SeeferaB t he
group consisting of hydrogen, alkyl, and io aryl . Wiere R5 and/or R6 are
al kyl, it iskylrofffeom édotiiatridnearoibe raoleaefierablkidwef iallkyl of fromel ba¥i ng one to
four carbon atons, e.g., nmethyl, ethyl, propyl, butyl, and isoners

t hereof). \M%&tﬁéménét/&@cmdagbev@rwherwlg,m(prwf errredaréﬂ@f 1tm@yaﬂee aryl of
from6 to 10 carbon atons, e.g., pheny or t addi ti on,

b bst d t 15 b t , | kyl
or ups, halEHL aihof st p RS TO\GHEPR « %aﬁ%ctr‘&eésﬁ” chre 0., |er ally

preferred that they be acyl of the structure 0 R19 20 where R19 is al kyl,
aryl, OR20, or NgReriofdhelseiesd elavsy afwaiclionitrakided hiay Fan e gmploged imther: -
15 MO 01/ 40149 PCT/ US00/ 30552 where R2, is alkyl or aryl. Were R19, R20,
R21, or R' pra&icalofyhe piebeay idvedtipi e:irebcﬁprYeseﬁtbdﬂbbl thd fdfllovimdl stihectdral car bon
atons, nore preferably |lower alkyl of froml1l to 4 carbon atons, as
described ap Hﬁ Where R19, R20, R21, or R22 are aryl, they are preferably
aryl of from ?o 10 carbon atons, as described above. s Another of the
several classes of cyclic nitroxides that can be enployed in the

/
z;// \\23
10 RI/‘\N/}\R“
R, R,
O*

wherein Z, and Z,, which may be the same or different, are nitrogen or substituted or
unsubstituted carbon atoms, such as =C(H)-, =C(CH,)-, =C(COOH)-,
15 =C(COOCH,)-, =C(COOC,H;)- =C(OH)-, =C(CN)-, =C(NR;Ry)-
=C(CONR;Ry)-, and the like, and where Z,, R, and R are as described above.
The cyclic nitroxides employed in the practice of the present invention can

also be derived from five-membered rings. These compounds are of the structure:

20
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practice of the present invention can be represented by the foll ow ng
structural fornmula: z ZZ Z3 10 RR NR4A R R3 0* wherein Z1 and Z2, which

may be A% or different, are nitrogen or substltute 0 gpstltuted
car bon é{? Pré Such as =Q(H -, =C(CH3)-, =C( %VOU(%_%?&%

=C( COOC2H5) - =C( OH) -, =C(CN)-, =C( NR5R6) - CO\IR;5R6) and the like, and
where 73, RBeramd, Rl Zg,ewmchd@gd?el tbe@aramvél erefie aé‘%/&‘}lf% AXXgeBxi des
enpl oyed in the practice of the present invention can also be derived from

fi ve- menmbek&@niiafGsnindd) e&€iafoaRREN dshogpiRred oft Neiost ouidatioestates 3or 20 R N R4
R, R3 O -16 WO 01/40149 PCTI LJSOO 30552 wherein Z2 and Z3, which may be

;&enzgmpﬁé%%sﬁut% Spﬁnsuﬁgtﬁuéﬂlcfaf'ﬁoga?&ﬁgesﬂch a§e(¥)@ﬂ‘%r ¥ Cgﬁ’@ nes»deptiary

orus or Vvarl ous oOxXl lon states, t fut ed or

unsubstituted carbon atons, such a > 1>
omsuoat e 1500 ST, SHST By oRRY. 3 R, SRR
CHCOOCH31 > CHCOOCZHS > C(OH) COOC2H51
s >CHCOOH, >CHCOOCH,, >CHCOOC,H;, >C(OH)COOC,Hs,
>C(OH)COOCH,, >C(OH)CHOHC,H;, >CNR;R; >CCONR;R;, >CH=NOH,
>C=CH-CH;, CF,, CCl,, CBr,, CI,, >CPR;R,R;;, and the like, wherein the
several R groups are as described above.

The cyclic nitroxides employed in the practice of the present invention can

10 also have the structure:

15

2 wherein Z, and Z,, which can be the same or different, can be nitrogen or a
substituted or unsubstituted carbon atom, such as =C(H)-, =C(CH,,, =C(COOH)-,
=C(COOCH,)-, =C(COOC,H,)- =C(OH)-, =C(CN)-, =C(NR;Ry)-,

=C(CONRGRy)-, and the like, where R and Ry are as described above.

-17 -



> C(OH) COOCH31 > C(OH) CHOHC2H5, > CNRSR6, > CCONRSR6, > CH=NOH, > C =
CH C6H5, CF21 CCl121 CBr21 Cl,, > CPR13R14R15, and the like, wherein the
several Rdgi§dgps are as described above. The cyclic nitropigesedivesoyed in
the practice of the present invention can to also have the structure: 15
Z47Zs RLNRA R R3 20 wherein Z4 and Z5, which can be the same or
different, can bAnpiher @Q@rpf(?b’chc nigieprides that can 5 emRYBS iR thgtsactics A dbe at om
such as :C(H) =C(CH3) _, =C(COCH) - =C( COOCH3) -, =C( COOC2H5) -, =C(OH) -
=C(CN) -, =C16ﬂHE%5R61)ventio&ﬁ(m5tmotune:and the like, where R5 and R6 are as
descri bed above. -17 WD 01/40149 PCT/ US00/ 30552 Anot her class of cyclic
nitroxi des that can be enployed in the practice of the present invention
is of the structure: 0* Rl R1'f 3 52Z-Z2 3 wherein Z2 and Z3,
whi ch may be the sane or differenf, aressul fur, oxygen, secondary

R f R
2 3

z,°2,
wherein Z, and Z,, which may be the same or different, are sulfur, oxygen, secondary
amines, tertiary amines, or substituted or unsubstituted carbon atoms, such as,
>CH,, >CHCH,, >C=0, >C(CH,),, >CHBr, >CHCI, >CHI, >CHF,

1o >CHOH, >CHCN, >C(OH)CN, >CHCOOH, >CHCOOCH,, >CHCOOC,H,,
> C(OH)COOC,H;, >C(OH)COOCH;, >C(OH)CHOHC,H;, >CNRR,
>CCONR,R,, >CH=NOH, >C=CH-CH;, CF,, CCl,, CBr,, Cl,, and the like,
where R, and R, are as described above.

Further, two or more nitroxyl groups can be present in the same molecule, for

15 example, by being linked through one or more of the Z-type moieties by a linking
group E, as disclosed in U.S. Patent Number 5,254,760, which is incorporated herein
by reference.

As stated above, R, and R, are independently selected from the group
consisting of hydrogen, alkyl, and heteroatom-substituted alkyl and R, and R, are

20 independently selected from the group consisting of alkyl and heteroatom-substituted

alkyl. The alkyl (or heteroatom-substituted alkyl) groups R, through R, can be the

same or different and preferably contain 1 to 15 carbon atoms, e.g., methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, and the like, and isomers thereof, €.g., t-butyl, 2-ethylhexyl,

- 18 -



am nes, tertiary am nes, or substituted or unsubstituted carbon atons, such
as, > CH21 > CHCH31 >C=01 > C(CH3)21 >CHBr, > CHC1l, >CH, >CHF, 10 > CHOH,
>CHCN > CHCOOH, > CHCOOCH31 > CHCOOC2H51 >Q§ foi kxS, >
4
C&Iﬂ&q}m O—I)CI—IO—ICZH51>CI\IR5R6>CCO\IR5R6 > CH = ,>C:
CH-CGH51 CF21 CCl21 CBr21 CL, and the |like, where R5 and E%W
descri bed aamgvihe likg:r dhis mmore piefgrredgiat Roitfirpaghy R. B H@ﬁge@éﬂtllﬁé‘ﬂﬁﬁ‘t@% i n the

sanme nol ecule, for 15 exanple, by being |linked through one or nore of the
Z-type noi eflk@obyetardaionksuigtingedloweE alkys) dimeltod@d darbdd SomP&t.ent Nunber
5, 254, 760, V\hi ch i s incorporated herein by reference. As stated above, R

and R4 are | Réﬂog SelLBe! af 1E619@9stdi@e OPher€ PBEISHidAGuBiiksney ogen,
al kyl, and et oato %Stl tuted al kyl and and R3 are 20 i ndependent |y

sel ected fromthe group copsistin and heter ubsti t ut ed
Kyl - The &7 RYSCpo /Gty B eame ol s B PG SEhE HHER diifRe can
be the sane or different and preferably contain 1 to 15 car bon at ons,

e.g., methylike. elt iyymost prefsped thaswdhyof R,parrogh R.Aemethylhept yl , octyl, nonyl ,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and the i ke,

and i sonmers therE@tm 1@s<§fsu1ttabllauﬁtyd>x1daﬁet lﬁadlm)&yﬂnpoundslﬁat Db 14D 9
PCTI USOO' 30552 and the like. It is nore preferred that R, through R4 be

| ndependent o SELERLeth [RYRA Rl oMo HEEARUATIEASELS b B chaver al k1)

of one to four car

i soners thereof). Were heteroatgoms bstltuents are present they can, for
exanpl e, i BYEHION HICBYEn buiars Beh lmétﬁ‘ialf‘?jr, nitrogen, and the 5 like. It is
nost preferred that all of R through R4 be nethyl. Exanples of suitable

ni troxi de f2,28,6-sadianadthyd gupoidmgdoxyhat can be used in

10 4-amino-2,2,6,6-tetramethyl-piperidinyloxy;
4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-0x0-2,2,6,6-tetramethyl-piperidinyloxy;
4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloxy;
4-ethanoyloxy-2,2,6,6-tetramethyl-piperidinyloxy;

15 2,2,5,5-tetramethylpyrrolidinyloxy;
3-amino-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,4,4-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy;

2,24 ,4-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid;
2,2,3.3,5,5,6,6-octamethyl-1,4-diazacyclohexyl-1,4-dioxy;

20 4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
4-chloro-2,2,6,6-tetramethyl-piperidinyloxy;
4-iodo-2,2,6,6-tetramethyl-piperidinyloxy;
4-fluoro-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;

- 19 -



conbi nation with the qui none/ hydroqui none inhibitor in the practice of the
present invention, include, but are not limted to: 2,2,6,

6-tetra L abioperi di nyl oxy; 10
. 140 Yol yloxy, . PCT/US00/30552
4- am no- g t et ramet hyl - pi peri di nyl oxy; 4-hydroxy- 2, % 6,

6- tetranethyl pi peridi nyl oxy; 4-oxo-2, 2, 6, 6- tetranethyl pi peri di nyl oxy;
4- di met hy| ahcardory-22.6 waﬁﬁﬁﬂwhnﬁﬁﬁ9mwaﬁerldlnyloxy
4- et hanoyl oxy- 2, 2,6, 6- tetranethyl pi peri di nyl oxy; 15

2,2,5, 5-tet4@mbﬂmﬂmyml,Bm-&waﬁmmyl-pﬁ)eﬁmﬂ?mx?;, 2, 5,
5- tetranethylpyrrolldlnyloxy; 2,2,4 , 4-tetramethy |- | -oxa-3 -azacycl

opentyl - - E]E{H? g =il v3-pyrrolinyl-Il-oxy-3-carboxylic
ac;)d 2,2, Agé%rbgthggyé%g ﬁ%ﬁ% Iqi%rlgmgfz&gzycl ohexyl - 1, 4-di oxy; 20
4-brono-2, 2, 6, 6-t tra y | erl I nyl.Qx 4-chloro-2, 2, 6,

6- t et r amet HyEYBIOFE -Py %Y1 @i% ey ?Elp%ﬁgméloxy

6-t et ranet hyl - pi peri di nyl oxy; 4 quoro 2, 2, 6,

6-t et r anet Wmmménl,didﬁgetmmthylﬂpimyidmyl@(y; 2, 6,
6-t etranet hyl - pi peridi nyl oxy; -19 WO 01/40149 PCTIUSCEY30552 4- car boxy- 2,

2, 6, 6-tety asmBbiipk m{gfa&w ny! @wetrﬁn&ﬁmﬁﬁ@mﬁwx;z 2, 6,
6-tetranet hyl - plperldlny oxy 4- car bet hoxy- 2, 2,

g E g{ ' ggt %}1 % 82:4:43 %@{pﬁropsy[b-f %% 8—tetr?ﬂ&ﬁﬁ¥ﬁpgridlgylo;§y;
4-methyl - '4- m?ath?/l tZeZt r6a6rrt%ttr2¥nleth§fll F%62”5,d6I tg r!al?y)gépyridine -1-oxyl;
4-carboxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

10 4-carbomethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
4-amino-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
4-amido-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-0xyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy;

15 3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,3,3,5,5-hexamethylpyrrolidinyloxy;
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy;

20 3-0ximino-2,2,5,5-tetramethylpyrrolidinyloxy;
3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-cyano-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
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4- car bet hoxy- 4- hydroxy-2, 2, 6 , 6-tetranethyl-piperidinyl oxy;

4- hydr oxy- 4- ( 1- hydroxypropyl)-2 , 2, 6, 6-tetranethyl -piperidinyl oxy;
4-methyl -2 , 2, 6, 6-tetranethyl-1, 2, 5, 6-tetrahydropyridi ne -1-oxyl;
4- car boxWOOIMOBI96_ t et ranet hyl -1, 2, 5, 6- t et rahydr opyri di ne” PETERIN3055%
4- car bonet hoxy- 2, 2,6, 6-tetranethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;
4- car bet hoxz/,-2,25,&t&reﬁnétﬂyltaaabbwmiaoz,ﬁdﬁyaﬁ?&ﬁ*@y&maymi di ne -1-oxyl;
4-amno-2,2,6,6-tetranethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;

4-am do- 2, , Ozt hyl -1 25 %, 6- Iropyk.i dine -1-oxyl; 3,
4- di ket o- 222256?&}%%@?’1?%%@%@}’@?% b

3-ket 0o-4-oxi m no-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy;

3- ket o- 4- be?"v%yﬁ9519‘?‘%“321}3’123:‘C%b?th8’9t%t5r' rﬁ?ﬁﬁ?‘%ﬂd?’ﬂai nyl oxy:
3-keto-4,4-di bronp-2,2, 5, 5-tetranethyl pyrrolidinyl oxy;

2, 2, 3, 3, 5, 52,Bek sttt dmydthylr 3-of andi n§Hddwdrof§riede-baxiyhi do- 2, 2, 5,
5-tetranet hyl pyrrolidinyl oxy; 20

3- oxi i No- Zid1%x91-bet, b AR MY PR idh-a%h R¥dGinatd- hydroxy-2, 2, 5, 5
-tetranet hyllg(yr rxgll i di nyl oxry; tm%-p(r}%ano- B&hgdrg)l(ay- 2, 2, 5,

5-tetramet hyl pyrrolidinyl oxy; .3. -carbo hoxy- 3- hydroxy-2, 2, 5,
5-tetranet %f(gwxryg?r%b%ﬁeﬁ@?thy@@eégg%g%ﬁ}g%y}(@,_ h§drox§- 2, 2,5
-tetranet hyl‘pelrro lidiny loxy; -20 WO 01/40149 PCTI USOO 30552 2
5-t et ramet Hyib lw&ﬁb?osi%ﬁea@mzthymnﬁrwwdwwa@mé; 1-oxyl; 2,2,5,
5-tetranmet hyl - 3-am no-2, 5-di hydropyrrol e-1-oxyl; 2,2,5,
5-t et r amet hpibd oxga2IESG JHossraRethSipihenidiii-opynrltgnbdenayd; ; 2, 2, 5,
5-tetranet hyl - 3- cyano- 2, 5- di hydr opyrrol e- 1- oxyl ;
bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)phthalate;

, 5
, 2,5

10 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydroterephthalate;
N,N’-bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide;
N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam;

15 N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;
2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)]-s-triazine;

4,4’ -ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperazin-3-one);
and the like.
It is preferred that one member of the combination employed in the practice of

20 the present invention be 4-amino-2,2,6,6-tetramethyl-piperidinyloxy (4-amino-
TEMPO), 4-0x0-2,2,6,6-tetramethyipiperidinyloxy (4-oxo-TEMPO), 4-hydroxy-
2,2,6,6-tetramethylpiperidinyloxy (4-hydroxy-TEMPO), or 2,2,6,6-tetramethyl-

piperidinyloxy (TEMPO).
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5 bis(1-oxyl-2,2,6, 6-tetranethyl pi peridin-4-yl)succinate; bis(1-oxyl-2,
2, 6, 6-tetranethyl piperidin-4-yl)adipate; bis(1l-oxyl-2,2, 6,

6-tet rar{gy&y’l“pﬂ@eri di n-4-yl)sebacate; bis(1-oxyl-2 , 2, gr/uso0305s2
6-tetranet hyl pi peridin-4-yl)n-butyl mal onate; bis(l-oxyl-2 , 2, 6,
6-tetranet hyl pi peridin-4-yl)phthalate; i0 .

bi s( 1- oxyl - 2, 2, Blendseafrtwreartinergiohdirg (Aregaing;|o) g s SR TAMPO i d-axqxy| - 2, 2,
6, 6-tetranethyl piperidin-4-yl)terephthalate; bis(l-oxyl-2 , 2, 6,

6-t et r amet pENIPPE IchflaRo be)mpdepedhydr ot er epht hal ate; N, N -bis(1-oxyl-2, 2,
6, 6-tetranethyl pi peridin-4-yl)adi pamde; N (1l-oxyl-2 , 2, 6,

6-t et ranet hyl pi L dinrd=yl) - :

N (1- oxyl - 2, 2, efs‘éfCPgta?éen%%’”ﬁ)y‘ﬁd%?%%?? %?%@“ﬁlﬁ fri B e A cRared Py gawn,,

o tris | wége‘{ﬂ%&sg\fs%ﬂ%%%ﬂé@gsfrls.gg&;&t ,&réb?%s,eﬁﬁ%g R77P5d! 3% bl 12,
6-tetramet hyl pi perazin-3-one); and the like. It is preferred that one
menber ofs 342 bévai Ha94,830;ehp0DH oYU 3.871.h6t;ph. 904 .Vt aofl 4.600.1%% vpiriek art

i nvention be 4-am no-2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy (4-am no- TEMPO),

4- 0x0- 2, 2, Qn&srhElatARidin bR reRkdride Y TReY arebuftile TorNRoverta Mgl txge of
2,2,6,6-tetranet hyl pi peri di nyl oxy (4-hydroxy- TEMPO, or

B onds of - tbgPar s SO RS AR bioved bl I T e

TEMPO, can al so be enployed. Such stable nitroxide_free radical . conpounds
can be prepastErasd BABNACTS 1B ez sabilizedby therpraceskf Hie RIENt BYERIAN Nunber s
3,163,677, 3,334,103, 3,372,182;

typically range from about 60°C to about 180°C, preferably from about 70°C to

10 about 165°C, and, more preferably, from about 80°C to about 150°C. Such
distillations are generally performed at an absolute pressure in the range of about 10
to about 1,200 mm of Hg.

As pointed out above, the quinones/hydroquinones that are used in
combination with the stable nitroxide free radical compounds in the practice of the

15 present invention can be para-quinone, para-hydroquinone, ortho-quinone, ortho-
hydroquinone, or derivatives of any of the foregoing. Thus, they can be represented

as having the following structural formulae:

o
<

20

Le)
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S 3,422,144; 3,494,930; 3,502,692; 3,873,564; 3,966, 711; and 4, 665, 185;
whi ch are incorporated herein by reference.) They are suitable for use over
a wider fo tenperatures, but distillation tenperatus@esy§Bhayed wth
the eth ﬁ@ﬁﬁ@@ﬁ?y unsat urated nononers that are stabilizé%ﬁgy the process
of the present invention typically range from about 60C to about 180C,
preferably from about 70¢%'to | o about 165C, and, mor &tpreferably, from

poi nt ed out above
with the stable nitr ee radi cal gonpounds in the -ractlce of the 15
present invention can be pafja-qui none, para-hydrogui nonel| ortho-qui none,

ort ho hydroqui none ves of any of the ~_ Thus, they can
be represented d% having RO ::: 20 RO
Rii ORoO -22 W 01/40149 PCT/US00/30552 OHOH:::|ROX Y Ro 5 OHRoO
where R8,5 R9, R10, and Rdg are independently selecteq{fron1the group

consi sting of hydrogen, alkyl, anino, alkoxy, aryl, cyano, hal ogen,

hydr oxyl, nitro, SQ2Ar,

where Rq, Ry, Ry, and R, are independently selected from the group consisting of
hydrogen, alkyl, amino, alkoxy, aryl, cyano, halogen, hydroxyl, nitro, SO,Ar,
COOH, SO,H, COOR,,, NHCOR,,, OCOR,,, and the like, where R;, is alkyl,

1o preferably of from 1 to 5 carbon atoms, and Ar is aryl. Additionally, any of Ry, Ry,
R,,, and R, can be taken together with an adjacent R group to form one or more ring
structures, preferably having 5 or 6 members and preferably aromatic. Such ring
structures may also be substituted at one or more positions with groups such as alkyl,
alkenyl, amino, alkoxy, aryl, cyano, halogen, hydroxyl, nitro, SO,Ar, COOH, SO,H,

15 COOR,,, NHCOR,,, OCOR,,, and the like.

As examples of such quinones/hydroquinones may be listed ortho-quinone,
para-quinone, f3-naphthoquinone, a-naphthoquinone, anthraquinone, 2-amino-1.4-
naphthoquinone, 2-methyl-1,4-naphthoquinone, 2-chloro-1,4-naphthoquinone, 2-
hydroxy-1,4-naphthoquinone, 2-methoxy-1,4-naphthoquinone, 4-methoxy-1,2-

20 naphthoquinone, 4-amino-1,2-naphthoquinone, 1,2-naphthoquinone-4-sulfonate. 4-
anilino-1,2-naphthoquinone, 2-methyl-3-bromo-1,4-naphthoquinone, phthiocol, /in-
naphthindazole-4,9-quinone, 1-methyl-/in-naphthotriazole-4,9-quinone, 6-bromo-1,2-
naphthoquinone, 3-nitro-1,2-naphthoquinone, 2-phenyl-1,4-benzoquinone, 2,3-
dimethyl-1,4-naphthoquinone, fumigatin, spinulosin, embelin, rapanone, perezone,
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COOH, SO03H, COOR12, NHCOR12, OCCR12, and the like, where R12 is alkyl, to
preferably of froml to 5 carbon atons, and Ar is aryl. Additionally, any

of RS, and R11 can be taken together with an adgj roup to
Fopuight, e hniied

form on ring structures, preferably having 5 or ers and
preferably aromatic. Such ring structures may al so be substituted at one
or nore podiydicamperakate, gersainons sy pesicaicidy atromgnidrprscagifiméhelephiosicy . aryl |
cyano, hal ogen, hydroxyl, nitro, SQ2Ar, COON, SO03H, 15 COOR12, NHCOR12,

OCOR12, angcidhévsoke, jubfonexglimibeginOfapachoh @ipaciings! Pylapaetong) AHiesiromy be
| i sted ortho-quinone, para-quinone, (3-naphthoquinone, a-naphthoquinone,

ant hr aqui n -am no- 1y, 4- %m&? | . -6Li 'E}fb‘ﬁ@t hoqui none,
2-chl or o- 1326’}:’& H’te%/gdflﬁ?)ﬁé‘} R - %%?g’%?ﬁlfflﬁgpr%%%tﬁln%ﬁe, ’

2- met hoxy- 1, 4- napht hoqui none,  4- et hgxy-.1, 2 20 napht hoqui nope, ..

4- anmi no- 1, SOIPHHH odAMife ,allﬁé@nﬁé]ﬁhgﬁoﬂﬂrw&ﬁél-’ﬂ%gm%‘ : E’%-‘dl't'butyl'

ani | i no-1, 2- napht hoqui none, 2-nethyl - 3-brono- 1, 4- napht hoqui none, phthiocol.

| i n- napBt hisdazoleindne, 2,30, rormamethyldt Apenzogminaagp htdroespoadiog e- 4,
9- qui none, 6-brono-1, 2- naphthoquinone, 3 -nitro- 1, 2-naphthoqui none,

2- phenyl - 1,@3%{1%91& NPASKe Bke3- di met hyl -1, 4- napht hoqui none, funi gatin,
spi nul osi n, “enbel I n, rapanone, perezone, -23 WD 01/40149 PCT/ US00/ 30552

hydr oxyper ezone erezi nqne, ,pal ypaor, i a [ rufe
thel ephoric acid erle%cﬁ)g 5 Rurgffion d I%p ﬁf%%gln?ﬂﬁgggi’hégffa%ﬁ%gg hfgbr{%,
P- | apachone, 2-hydroxy- 3((3, 3-di nethylvinyl)-1, 4-napht hoqui none, | omatiol,
dehydr o- P- lapaéheanteon atewis oergt i BEthyld gHivl.arepylabhgdursaidnbexyl. heptyl, octyl,
2,5-di-t-butyl -1, 4-benzoqui none, 2,6-di-t-butyl- 5 1, 4-benzoqui none,
2,3, 5, 6- t etnbayedbyl; dndbchi Rindeyil noidecyl cetmésyhnenmgechy ardbtmilionas] and t he
| i ke. Where any of R8, R9, R10, and Rl11 are alkyl, they are preferably
al kyl of 1of [ Mers thereof, e.g., t-butyl, 2-ethylhexyl, and the like. It is more preferred that Ry
through R, be lower alkyl (or heteroatom-substituted lower alkyl) of one to five
carbon atoms (e.g., methyl, ethyl, propyl, butyl, pentyl, and isomers thereof). As
employed herein, the term "alkyl" is intended to include "cycloalkyl", preferably
containing 5 or 6 carbon atoms, e.g., cyclohexyl or cycloheptyl. Such cycloalkyl

15 groups may also be substituted.

Where any of Rq, Ry, Ry, and R,; are amino, they can be primary, secondary,
or tertiary amino. Any alkyl groups attached to the nitrogen atom may have from 1
to 15 carbon atoms, preferably from 1 to 5 carbon atoms, as described above for
alkyl.

20 Where any of R;, Ry, Ry, and Ry, are alkoxy, they are preferably alkoxy of
from 1 to 15 carbon atoms, e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy,
hexoxy, heptoxy, octoxy, nonoxy, decoxy, undecoxy, dodecoxy, tridecoxy,
tetradecoxy, pentadecoxy, and the like, and isomers thereof, e.g., t-butoxy, 2-

ethylhexoxy, and the like. It is more preferred that Ry through R;; be lower alkoxy
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1 to 15 carbon atons, e.g., nmethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,

pent adec Mdyot he like, and to isoners thereof, e.g., tpB¥liXbosess2
2-ethy|h§§§?, and the like. It is nore preferred that R8 tErough R11 be

| ower al kyl (or heteroatom substituted |ower alkyl) of one to five carbon
atoms (e. g. (or hetergatomesubstituted deypsr alkaxyd pf ongenfive carberbatosstegs, mp@eEnf ). As
enpl oyed herein, the term"alkyl"” is intended to include "cycloal kyl ",

preferably et dropddy, bunky Spaddioandisofirs thegeof). cycl ohexyl or
cycl oheptyl. Such cycl oal kyl 15 groups may al so be substituted. Were any

of R8, RO, R10, 5%1&7 1 PO, e | nar. O,
tertiary am no. %P&ra y?frlg‘r”o ’pg\’oé?%&;g}r;‘eagé? C tﬁgéynﬁ%%fg%%gﬁ%%ﬁ%go aéle
from1l to 15 carpon atons, ef erab roml to 5 carbon atons, as
oot i bed BB aaimey e BhEhereni) Ghiih PoegRyD A be WGd: ‘high
al koxy, they are preferably al koxy of from1l to 15 carbon atons, e.g

met hoxy, setiaxbe suhstiposd or bosubstytutegent oxy, hexoxy, hept oxy, octoxy,
nonoxy, decoxy, undecoxy, dodecoxy, tridecoxy, tetradecoxy, pentadecoxy,

and the like, andi§pRf@i& hREREH,, R, dnd R - huicleYed ffomehd %dﬁg&@ﬁmﬁ%d t he
like. It is nore preferred that R8 hrough R11 be | ower alkoxy -24

01/ 40149 PCL. % 0 0 Stitute LJb r ko of one to
five carbo nOflaI}l}Jlg b e?‘e‘*?‘é.%} k}&r’eérﬁgeg %/t%' gg{yﬁ(@?}t&&p&bep%x@\g a%x%}?&%’e%%%%{he%nd
i soners thereof). Were any of R8, RO, R1O, and Rl | are aryl, they are
pr ef er abl y g naghthy}, swthgyl, 05 Phonaaghrpbgroapoivith the guinpmibxAroduagne hyl |
anthryl, phenanthryl, and the |like, which 5 nay be substituted or
unsubsti t utmdiety.t is preferred that R8, R9, R10, and R11l be selected from
the group consisting
10 The ethylenically unsaturated monomer, the premature polymerization of
which is an object of the present invention, can be any such monomer for which
unintended polymerization during its manufacture, storage, and/or distribution is a
problem. Among those monomers that will benefit from the practice of the present
invention are: styrene, o-methylstyrene, styrene sulfonic acid, vinyltoluene,
15 divinylbenzenes, polyvinylbenzenes, alkylated styrene, 2-vinylpyridine, acrylonitrile,
methacrylonitrile, methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl
methacrylate, acrylic acid, methacrylic acid, butadiene, chloroprene, isoprene, and
the like.
The ethylenically unsaturated monomers will not necessarily be stabilized
20 indefinitely by the presence of the inhibitor blend, especially when the monomers are
heated as in distillation, but they can be considered to be stabilized as long as there is

a measurable increase in the time for which they can be heated before the onset of

polymerization.
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of hydrogen and al kyl, preferably alkyl of fromone to five carbon atons,
or that they formnaphthyl, anthryl, or phenanthryl groups wth the
quinone/axﬂﬁﬂgﬂbnone moi ety. 10 The ethyl enically unsat upgtpdoghagger, the
premat ure pol ynerization of which is an object of the present 1nvention,
can be any such nononer for which _unintended pol ynerization during its
manuf act ure, st oFlaase skidled/inthecirs will Bodareiand ghap if dessis epddinprah dree Hadigal
nononers that will benefit fromthe practice of the present invention are:
styrene, a-Jgreidhgbstonn®ranciGded @nke stabiiieed corapasitionsiany kicomeehiods {5
di vi nyl benzenes, pol yvi nyl benzenes, al kyl ated styrene, 2-vinyl pyridine,
acrylonitri . l.aniqt rd 2 i I nmet hyl
r%pg&%@@ﬁ%%hﬁ@ 'tﬁe]r %%bge,ct Bpfh;!/?ﬁr%ﬁﬁtr !Xllv@ﬁtﬁyn SRS alﬁ@Teg éllﬁé(?r 0O,

met hacryl at'e, acry acr aci d, nethacry

but adi ene, chl oropren i soprene, . an he |ike t hyl.eni ca

unsat ur at e&srﬁj%?lségén%-ﬁi ﬁﬁglﬂtelﬁ‘é@@%ré r?‘{sy‘? a’ét%tﬁ‘lg]’?%@oca &S aﬁ@%‘%’i 2%f?ictaﬁl y by
the presence of the inhibitor blend, especially when the nononers are

heat ed ass i the dr@hatld mitrb @ampbunidstdiggjosednn bkS cBateiitdurabert 0256 769.abe | | zed as
long as there is a neasurable increase in the tine for which they can be

heat ed bef qfifetREsUBRERIcdTenzdifR! biipolsd! hing atd8asV6hO&hrkderaBleRiyltdgea0/ 30552

Those skilled in the art will understand that, if desired, additional free
radi cal scavengers_can, be i.nc i i L Siti t he
ethods Tort B indi e Ra NCutf 6 A l6 R MR el B pEBRARORL ARFIORRE 0

For exanple, air or 02, as disclosed in U S Patent Nunbers 5, 545,782 and
5, 545, 786, @dimrppeaadiaiant Applisaipn 765854 Ad nile EOTHARPUAEHHEIGIRE B scl osed
in U S. Patent Number 5,254,760, the dihetero-substituted benzene conpounds
havi ng at |wa@¥8/26852 tand nsfee iattibeorhyelgagernolics and certain inorganic salts, well-

10 known to those skilled in the art.

The polymerization inhibitor composition can be introduced into the monomer
to be protected by any conventional method. It can be added as a concentrated
solution in suitable solvents just upstream from the point of desired application by any
suitable means. In addition, the individual inhibiting components can be injected

15 separately into the distillation train along with the incoming feed or through separate
entry points, provided there is an efficient distribution of the inhibitors. Since the
inhibitors are gradually depleted during the distillation operation, it is generally
advantageous to maintain the appropriate amount of the inhibitor mixture in the
distillation apparatus by adding inhibitors during the course of the distillation process.

20 Adding inhibitors can be done either on a generally continuous basis or intermittently,
in order to maintain the concentration of inhibitor mixture above the minimum
required level.

The advantages and the important features of the present invention will be
more apparent from the following examples.
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e.g., a quinone derivative such as the nono-nethyl -ether of hydroqui none
di scl osed in European Patent Application O 765 856 Al, the iron conpounds

di scl oseg J 144998/ 25872 and other inhibitors, e.g., phenpttggoemassacertain
i norganiC saf{)s, well- 1o known to those skilled in the art. The

pol yneri zation inhibitor conposition can be introduced into the nonomer to
be protected by any conventional net®84MPEESan be added as a concentrated
solution in suitable solvents just upstreamfromthe point of desired
application by any pmecédiredorBsnamid RebsilbrtTeanwithieeedr8tiuti@ffal i nhi biting
conponents can be injected 15 separately into the distillation train along

with the ingomng.fe r h separate entry points, provided there is
an efficient @rsTHY %ﬁ%ﬁ%ﬁmﬁﬁ@ inhibitors. Since the inhibitors are

gradual |y depleted during the distillatjon operation, it. i enerally
advant ageous to %wlaatngohg%%b%smp&?dega g Hé‘v?lﬂﬁhﬁ%&ﬁ'fﬁm%"xt ure in

the distillation apparatus by adding inhibitors during the course of the
di still atd ofistjifavioasmder2@ichnidi NBermomal bf TBECsis varifibé by caustieitittadionoThg
general ly continuous basis or intermttently, in order to maintain the

concent r at i Qu;:d AmBRUtiRRibIOAE)UE Bd@dd0Wanis MEBCYifRE Riyene @thel daectyeyeby The
advant ages and the inportant features of the present invention wll be

_ p
Bt S PR Be poenE e MR TR i P BEO SRR 70052

Preparation of Feed Solution. T-Butylcatechol (TBC) is renoved from
commer ci al | fprtheradilutismevish yBEnEep§tyraedi stil | ati on under vacuum Renoval of
TBC is verified by caustic titration. The

10 Procedure for Dynamic Reboiler Test.

A quantity of the Feed Solution containing inhibitor (blend) at the desired
charge (stated as a wt/wt total inhibitor to styrene) is added to a round-bottom flask
(the "Pot") and heated to the desired temperature (usually 116° C) and brought to
reflux by adjusting the pressure/vacuum. Once the Pot contents are at temperature, a

15 continuous stream of fresh Feed Solution is begun at a rate that will add the volume
of the initial Pot solution to the Pot over a period of time called the residence time
(typically one hour). At the same time that the fresh Feed Solution flow is begun, the
Bottoms Stream flow is also begun. The Bottoms Stream is solution in the Pot that is
removed at the same rate as the fresh Feed Solution is added. The equal flows of

20 Feed and Bottoms streams cause the quantity in the Pot to remain constant over the
time of the experiment while allowing continuous replenishment of inhibitor. This
procedure simulates the way inhibitors are used in a distillation train of a plant
producing vinyl monomers. The experiment continues with flow in and out of the Pot
for a specified period of time, typically seven hours. Samples are collected hourly
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desired anDunt of inhibitor(s) is added to this TBC-free styrene either
directly or first making a concentrated solution of the inhibitor in
TBC-free_ st rene followed by further dilution with TBC-free styrene. io
Procedur & ‘Iva‘ Bfnani c Reboiler Test. A quantity of the FeBHTASIRMPINn
containing inhibitor (blend) at the desired charge (stated as a wt/w

t ot al i nhi birb@rtht Bosbink F@hmi. STIRdelesnplos arer @ulyded et gl rhéaatent baethé Pot )
and heated to the desired tenperature (usually 116 C) and brought to

refl ux by g;e{-ﬁg%r}gr&@?y RBRAUr Al AMTLr NGRct BE R bRALE ShallfoRlr

t enper at ur e, conti-nuous stream I on |s egun at a
rate that w |l add the volume of the initial Pot solution to the Pot over
a period ofefchﬁ‘ﬁe%eé$ petherpbibiashbeahsteti ne  (typically one hour). At the
sane time that the fresh Feed Solution flowis begun, the Bottons Stream
flowis also begun. The Bottons Streamis solution in the Pot that is
renoved at the sane rate as the fresh Feed Solution is added. The equal

flows of 20pfKeduf frBRel Fut-tfcans cause the quantity in the Pot to
remai n constant over the tinme of the experl ment while allow ng cont i nuous

I h f hi bi I th hi bi
D1 ST o IR G e s R SR RO A B 073,

experiment continues with flow in and out of the Pot for a specified
period of t¢qHectedyipine the Botkamehtrensyr dhissampléecorsgsaords| tpé:@?@eéh%gffl Timep7 wWo
01/ 40149 PCTI USOO 30552 fromthe Bottons Stream These sanples are

anal yzed foe @alipues. Thatlems ofiffesh leed Selutiamahd Bottbind Strgamatrdedppebhe anmount
of pol yner in the sanples is an indication of effectiveness of the

i nhi bi t or %jctuﬁl?xt £ te F{aﬁﬁ@qw ohRbrell %ﬁ&i a@ﬁ's'lted% fmanﬁﬁmtﬂa)ﬁlrf'gnﬂ R the

Reboi | er Test ypI ca y seven ours), a sanple

0 desired temperature of the experiment. Samples are periodically removed from the
Pot (typically every five minutes). These samples are analyzed for polymer content
via the methanol turbidity method. Data during this time is used to generate the "Feed
Shut-Off Curve" for the run.

A less steep slope in the Feed Shut-Off Curve (slower rate of polymer

15 production over time) indicates a more effective inhibiting system in the event of a
loss of feed in the plant. A longer period of time before initiation of significant
polymer formation is also an indication of a more effective inhibiting system in the
event of a loss of feed in the plant. A preferred system will have a long delay prior
to initiation of polymer formation followed by a slow rate of polymer production once

20 initiated.

The above procedure is carried out using 4-0xo-TEMPO (A) alone and in
combination with 2,6-di-t-butyl-1,4-benzoquinone (B), 2,5-di-t-butyl-1,4-
hydroquinone (C), and 2,5-di-t-butyl-1,4-benzoquinone (D). The results are shown in
Figures 1 and 2 and clearly indicate the improvement that is realized by employing
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collected fromthe Bottons Stream This sanple corresponds to Feed Shut-Off
Time =0 mnutes. The flows of fresh Feed Sol ution and Bottons Stream are
st opped. cuum and tenperature are nonitored and adj mai nt ai n
boi li ng ggnpﬁgﬁ?o desired tenperature of the experinent. %gﬁgﬁgﬁﬁg?e
periodically renoved fromthe Pot (typically every five mnutes). These
sanpl es ar etharcampinationof theopresast inveRti@htas oppasedtie 4rxonBRMPQ alops diTihy

met hod. Data during this time is used to generate the "Feed Shut-Of
Curve" for ghie fénihe gfaphe®$ Fedieep! shdparé shawieinFEede Shut - OF f Curve (sl ower
rate of polynmer 15 production over tinme) indicates a nore effective
inhibiting systemin the event of a l|loss of feed in the plant. A | onger
period of tinme before initiation of significant polyner formation is also
an indication of a nore effective inhibiting systemin the event of a |oss
of feed in the plant. A preferred systemw || have a long delay prior to
initiation of polynmer formation followed by a slow rate of pol yner
production once 20 initiated. The above procedure is carried out using

4- oxo- TEMPO (A) alone and in conbination with
2,6-di-t-butyl -1, 4-benzoqui none (B), 2,5-di-t-butyl-1,4- hydroqui none (C),
and 2,5-di-t-butyl -1, 4-benzoqui none (D). The results are shown in Figures
1 and 2 and clearly indicate the inprovenent that is realized by enpl oying
-28 WD 01/40149 PCT/ USO0/ 30552 the conbination of the present invention,
as opposed to 4-oxo- TEMPO al one. The data for the graphs of Figures 1 and
2 are shown in Table 1. -29 WO 01/40149 PCT/ US00/ 30552 TABLE 1
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Reboi | er

Data for 4-oxo-TEMPO and Bl ends at 116 C/ 1- Hour

Resi dence Ti ne

(%

Polymer) Tinme (hrs) AABACAACAD (100 ppm) 75/30 ppm (50/50 ppm

(150 PP o3R6:460 ppm (50/100 ppm) 5 0 0 0 0 0 0 0 2 0.Q958sd396%

FRPOOOOOOO

5 0.0018

0.0061 0.0053 0.00084 3 0.0087 0.0031 0.0024 0.006 0.0041 0.0008 4 0.0069
.0037 0.0029 00051 0. 0042 0 00074 '—'x ﬂ Q066 _0.0085 0. 006 0 0054 0 0034
. 00052 10[6 0.0065 0.012 0.01 0.0054;QgPR3L 0.00041 7 0.0077 0.0138|0.018
0042 0 00 Jf’%ﬂ?'gﬁéf‘aof%oﬁ@’b&ﬁ‘f@ﬁ?@tﬁ@ Ef'fﬁﬁ’%gp b - Holly Régedeo Tin 8o
. 066 0.0063 0.088 0.0118 15 0.64 (/2B8YH®hs o 0074 0.295 0.112 20]1. 27
.585 0.72[0746@0.16 0.032 |25 4l 6 1.03A/c1. 141 .7 0]5120 37 2. 4p0l. 46 1.5
32 1.09 (.76 35 [2.(R0dmB2| 1150 sim8 |L6704m07] _&0n8) 2| 2008 pi2y J56:21048m1 | 98
2; é-ldi '-A\t ISEm?yIO)(()(i 1 h/\li’(?r(ch]u: ioﬁeg di -t - bthyI -1, 4-6)enz bqul 80ne, 250 Cis
2 0.0058 | 0.0055 | 0.0018 | 0.0061 | 0.0053 | 0.00084
3 0.0087 | 0.0031 | 0.0024 | 0.006 | 0.0041 | 0.0008
4 0.0069 | 0.0037 | 0.0029 | 0.0051 | 0.0042 | 0.00074
5 0.0066 | 0.0085 | 0.006 | 0.0054 | 0.0034 | 0.00052
10 6 0.0065 | 0.012 0.01 0.0054 | 0.0031 | 0.00041
7 0.0077 | 0.0138 | 0018 | 0.0052 | 0.0037 | 0.00034
Time (min
after F/SO)
0 0007 | 00138 | 0019 | 0.0057 | 0.0042 | 0.00034
15 5 0008 | 00164 | 0.02 | 0.0063 | 0.0135 .
10 00212 | 0068 | 0066 | 00063 | 0088 | 0.0118
15 0.64 0.285 0.244 | 0.0074 | 0.295 0.112
20 1.27 0.585 0.72 0.162 0.6 0.032
25 1.6 1.03 1.14 1 0.7 0.51
2 30 2.1 1.46 1.5 1.32 1.09 0.76
35 2.7 1.82 1.9 1.8 1.7 1.07
40 3.2 2.05 2.35 2.48 1.98 1.11

A is 4-0x0-TEMPO,
B is 2,6-di-t-butyl-1,4-benzoquinone,

25

C is 2,5-di-t-butyl-1,4-hydroquinone,

D is 2,5-di-t-butyl-1,4-benzoquinone.

In view of the many changes and modifications that can be made without

departing from principles underlying the invention, reference should be made to the

30

invention.

-30 -
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Dis 2,5-di-t-butyl-1, 4-benzoqui none. In view of the many changes and

nodi fi cations that can be nmade wi thout departing from principles

underlying the invention, reference should be made to the_30 appended
clains f P Y#0Mder st andi ng of the scope of the protecti oRCTEHSHEOZ or ded
the invention. -30 WO 01/40149 PCT/USOQO 30552 CLAIM5S What is clained is:
1. Anmethod for inhibiting the prematQLAIMS yneri zation of ethylenically s
unsat urated nononers conprising adding to said nononers an effective anount
of a mxture conprising: A) at |east one stable hindered nitroxyl conpound
having the structural formula: x x 1112 RC~- GR4 R 3 0* 10 wherein R1
and R4 are independently selected fromthe group consisting of hydrogen,

al kyl, and WoRkssBad &ibstituted al kyl and R2 and R3 are independent!y
selected from the group consisting of alkyl and heteroatom substituted

al kyl ; and X1 andl m2hd¢dlforankbitingdbe predetre polyahesznaon df ethylehisaly oup

consi sting of hal ogen, cyano, COOR7, -S 15 COR7, -OCOR7, wherein R7 is

al kyl or arnfsamsiitdfonomeSidabrkaizbRiag toahigeiyhomers an akeiiveOfmdunk of 45
carbon atons, or (2) taken together, forma ring structure with the

mixture comprising:

A) at least one stable hindered nitroxyl compound having the structural formula:

10
wherein R, and R, are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R, and R; are independently selected from
the group consisting of alkyl and heteroatom-substituted alkyl; and X, and X2~ (1) are
independently selected from the group consisting of halogen, cyano, COOR,, -S-

15 COR,, -OCOR,, wherein R, is alkyl or aryl, amido, -S-C¢H,, carbonyl, alkenyl, or
alkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure with the
nitrogen; and
B) at least one inhibitor selected from the group consisting of ortho-quinone,
ortho-hydroquinone, para-quinone, para-hydroquinone, and derivatives of the

20 foregoing.

2. The method of claim 1 wherein the stable hindered nitroxyl compound is of

the structural formula:

-31-



nitrogen; and B) at |east one inhibitor selected fromthe group consisting
of ortho-qui none, ortho-hydroqui none, para-quinone, para-hydroqui none, and

derivati he 20 foregoing. 2. The nethod of claim lLMhesdelshsskhe
stabl e H&ﬁ?@@@égnitroxyl conmpound is of the structural fornu?a: - 31

01/ 40149 PCT/US00/30552 RR4 1,--, N~ R21 R3 O0* wherein RL and R4 are
i ndependently selected fromt oupNcopsi sting of hydrogen, s alkyl, and
het er oat om substituted al kyl and¢cR2 and” are independently selected from
the group consisting of alkyl and hgteloatom substituted alkyl, and the lo
portion represents the atons necgssaryRio forma five-, six-, or

seven- menbered heterocyclic ring. 8 The nethod of claim 2 wherein the
stabl e hindered nitroxyl conmpound is 4- amno-2 , 2, 6,

6-tetranet hyl pi peridinyloxy ., 15 4. The hod_of claim2 wherein the
O et K i o St e b8t oS e LR BF oS
6-tetranet hyl pi peridinyloxy . 5. The nethod of claim2 wherein the stable

hi nder ed snialkydxsid baemotpndsubstidited2gkyl and R, and R, are independently selected from
hydr oxy- 2, 2, 6, 6-t et ranmet hyl pi peri di nyl oxy. 6. The method of claim2 wherein

the stabl e hi BHRHEDnSEHEOSYAIKFIOMAHRF0dtEmBubstituted alkyl, and the

&

10 portion represents the atoms necessary to form a five-, six-, or seven-membered

heterocyclic ring.

3. The method of claim 2 wherein the stable hindered nitroxyl compound is 4-
amino-2,2,6,6-tetramethylpiperidinyloxy.

15

4. The method of claim 2 wherein the stable hindered nitroxyl compound is 4-

0x0-2,2,6,6-tetramethylpiperidinyloxy.

5. The method of claim 2 wherein the stable hindered nitroxyl compound is 4-

2 hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

6. The method of claim 2 wherein the stable hindered nitroxyl compound is a
blend of 4-amino-2,2,6,6-tetramethylpiperidinyloxy and 4-0x0-2,2,6,6-
tetramethylpiperidinyloxy.

32 -



bl end of 4-am no-2, 2,6, 6-tetranet hyl pi peridi nyl oxy and 4-oxo-2, 2, 6, 6-

t et ranet hyl pi peri di nyl oxy. -32 WO 01/40149 PCT/ US00/ 30552 7. The nethod of
claim 1 whgigbfet he ethylenically unsaturated nmonomer is pSEligfkessfromthe
group conS|st|ng of styrene, a-nethylstyrene, styrene sulfonlc acl
vinyl tol uene, divinyl benzenes, polyvinyl benzenes, alkyl at ed styrene

2-vi nyl pyr i7di ne, Theametfipdef elimd, Wh%tilﬁéé gthglenically snsaigpiedimepomards e, et hyl
acrylate, nethyl nmethacrylate, s ethyl nethacrylate, acrylic acid,

met hacryl i Gereied, frditl tidir@op condidtimgarirsenene, anthethiybojpesn atyr8ue inmn'nmdimd of
claim7 wherein the ethylenically unsaturated nononer is Styrene. 10 9.

The net hod h : I s 4-
anino-2 . g i %%%%p O A i S TP LB DT
wherein the stabl e hindere rox C ound

Bt et r amet AT BIE ARG, it frenna cge  aituialy R mabs s atest abi e
hi ndered nitroxyl conpound is 4 hydroxy 2, 2, 6,

6- t et r amet feyitydinpehdcdylatel esylic aid, fRthathdicrasidadtitadienel clilprogrankesnd n t he
stabl e hindered nitroxyl conpound is a blend of

4-am no- 2, 3sGrénd et ramet hyl pi peri di nyl oxy and 4-oxo-2, 2, 6, 6-

t et ranet hyl pi peri di nyl oxy. -33 WO 01/40149 PCT/ US00/ 30552 13. The net hod
of claim2 wherein the the ethylenically unsaturated nonomer is

8. The method of claim 7 wherein the ethylenically unsaturated monomer is
styrene.

10
9. The method of claim 8 wherein the stable hindered nitroxyl compound is 4-

amino-2,2,6,6-tetramethylpiperidinyloxy.

10.  The method of claim 8 wherein the stable hindered nitroxyl compound is 4-

15 0X0-2,2,6,6-tetramethylpiperidinyloxy.

11. The method of claim 8 wherein the stable hindered nitroxyl compound is 4-

hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

20 12. The method of claim 8 wherein the stable hindered nitroxyl compound is a

blend of 4-amino-2,2,6,6-tetramethylpiperidinyloxy and 4-0x0-2,2,6,6-

tetramethylpiperidinyloxy.
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selected fromthe group consisting of styrene, a-nethylstyrene, styrene
sul fonic acid, vinyltoluene, divinylbenzenes, polyvinyl benzenes, alkyl ated

styrene, w2+ M pyridine, acrylonitrile, nethacrylonitribgrdBlisgs:
acrylate?ggﬁﬁ@¥bacrylate, met hyl nethacrylate, s ethyl nethacryl ate,

acrylic acid, nethacrylic acid, butadiene, chloroprene, and isoprene. 14.
The met hod 16f clTBiermatBodvhelainy 2twhaereinrihe eheiatlalenicaliysusaisatedimepadaRls | s
styrene. 10 15. The method of claim 14 wherein the stable hindered nitroxyl

conpound i Sefctedon® the: gréup cnsistig toFtstyasmy, lymbyisprend, isgréne dudiopic. acl®. The
met hod of claim 14 wherein the stable hindered nitroxyl conpound is 4- 15

oxo- 2, 2, 6, 6- t i 1. di d chat : rein
the st abl o HITLREE: B BARSrES IOt blaendy BUTEL PG e 3 ShiDighidthE
6-tetranet hyl pi peridinyloxy . 20 18 The neth%d of claim14 wherein the
stabl e hi ndePAeniHiler BRPACTY AMIEH NFBYIACTHRE ngyk acrylate, methyl methacrylate,

4-am no- 2, 2, 6, 6-tetranet hyl pi peridi nyl oxy and 4-oxo-2, 2, 6, 6-

t et r anet hy legiyp @rdtithicrylhtox yeryi® acidhmethattydid aofd, bh@ailiend, chhenopienet fuwl

gui none/ hydroqui none is: -34 WD 01/40149 PCT/USOCQO 30552 O O :x:: Y RO Rl11

s OR o Ogddrbne.

14. The method of claim 13 wherein the ethylenically unsaturated monomer is

styrene.

10

15.  The method of claim 14 wherein the stable hindered nitroxyl compound is 4-

amino-2,2,6,6-tetramethylpiperidinyloxy.

16.  The method of claim 14 wherein the stable hindered nitroxyl compound is 4-

15 0x0-2,2,6,6-tetramethylpiperidinyloxy.

17. The method of claim 14 wherein the stable hindered nitroxyl compound is 4-

hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

20 18.  The method of claim 14 wherein the stable hindered nitroxyl compound is a
blend of 4-amino-2,2,6,6-tetramethylpiperidinyloxy and 4-0x0-2,2,6,6-

tetramethylpiperidinyloxy.

19.  The method of claim 1 wherein the quinone/hydroquinone is:
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Rs RRo or Rg OH 10 RO R11 RO Rii OH R o where R8, R9, Rl10, and Rl1l are

i ndependently selected fromthe group consisting of hydrogen, alkyl,

am no, ryl, cyano, hal ogen, hydroxyl, nitro, SQO2 §6b/3553H, SQBH,
CCCRlZ,qhhﬁﬁéﬁ%? OCOR12 where R12 is al kyl, or any of FB,ﬁég?yﬁglo, and R11
is taken together with an adjacent R group to formone or nore ring
structures. 20. The nmethod of claim 19 wherein RS, ;, R10, and R11l are

i ndependently 20 sel ected% romthe group consisting of hydrogen and al kyl

or any of R8, RO, RIO ang Rl1l is taken together w tth an adjacent R group
to formone or nore, ring Res.  -35 WO $4/4014 300/ 30552 21
The nmethod of claim?28 er enp't he qui none/ hydr og its sel ected from
the group consisting o -t-butyl -1, 4-benzoq 2,5-di-t-butyl-1,4
benzoqui none, 2,5-di-t , 4- hydr oqui none,
The met hod of claim )
the group consistiRg of 2
2,5-di-t-putyl -1, 4- benzoqui none, 2,5-di-t-butyl-1, 4-hydroqui none, and
m xtures thereof. 23. Theonethod of claim 16 wherein Rhe

qui none/ hydroqui none is selected from io the group consisting of
2,6-di-t-butyl -1, 4- benzoqui none, 2,5-di-t-butyl-1,4- benzoqui none,
2,5-di-t-butyl-1,4-hydroqqﬁpone, and m xtures thereofoH24. The net hod of
claim17 wherein the quingne/ hydroqui none is selected| from the group
t-butyhpl, 4

where Rq, Ry, Ry, and R;; are independently selected from the group consisting of
hydrogen, alkyl, amino, alkoxy, aryl, cyano, halogen, hydroxyl, nitro, SO,Ar,

15 COOH, SO;H, COOR,,, NHCOR,,, OCOR,, where R, is alkyl, or any of Rg, R,
R,,, and R;; is taken together with an adjacent R group to form one or more ring

structures.

20.  The method of claim 19 wherein Rg, Ry, R,,, and R;, are independently

20 selected from the group consisting of hydrogen and alkyl or any of Rq, Ry, R, and

R,, is taken together with an adjacent R group to form one or more ring structures.
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15 benzoqui none,

2,5-di-t-butyl -1, 4- hydroqui none, and m xtures thereof. 25.

The nmethod of claim 18 wherein the quinone/hydroquinone is selected from
the gr ouR,Oc(ﬂQ‘?h?tl ng of 2,6-di-t-butyl-1,4-benzoqui none, pcr/us60/30552
utyl -1, [

2,5-di-t-b

m xt ures ther eof
unsat ur at ed2hono
premat ure pol yne

m xture of 36y
ni troxyl conpoun

4- benzoqui none, 2,5-di-t-butyl -1, 4-hydroqui none, and

. 20 26. A conposition conprising: (A) an ethylenically

e meainadl ¢fB)aizn2@ hersin the quinsinglhydguaiess it selectedplirement

rization of the ethylenically unsaturated nononmer, of a
0d#stfiihg D PE-L1S00% BO ASenzd@in@le, Rehsit-angl-s4abl e hi nder ed
having the structural fornmula: x x =12 R-CI iC5

“R¢ N R2 é%l}gﬁgﬁig}{}ﬂ%rfgﬁiﬂbu@ﬁ]—gr 'ﬂ?@}l}hgﬁi%ﬁ%‘ﬁ%'ré’s felgeted from the

group consi

ydr ogen, teroat om substituted al kyl and

R2 and R3 are independently selected from the group consisting of alkyl
and heteroatomsubstituted alkyl; and X, and X2 (1) are | o independently
sel ected fromthe group consisting of hal ogen, cyano, COOR7, -S- CORY,

- OCOR7, whefin

Rheimsethdb& yf claim 4 wherenititoquin@hedgidsaquinenganyelected kiony| , or

the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-

benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

23.

The method of claim 16 wherein the quinone/hydroquinone is selected from

10 the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-

benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

24.

The method of claim 17 wherein the quinone/hydroquinone is selected from

the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-

15 benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

25.

The method of claim 18 wherein the quinone/hydroquinone is selected from

the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-

benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

20

26.

A composition comprising:
(A)  an ethylenically unsaturated monomer, and

(B)  an effective inhibiting amount, to prevent premature polymerization of

the ethylenically unsaturated monomer, of a mixture of
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al kyl of 1 to 15 carbon atons, or (2) taken together, forma ring structure
with the nitrogen; and (b) at |east one inhibitor selected fromthe group
consi sting 0fo14¢> OF t ho-qui none, ortho-hydroquinone, par apéii;§RR8ss2
par a- hydr oqui none, and derivatives of the foregoing. 27. The conposition
of claim 26 wherein the stable hindered nitroxyl compound is  of the
structural formula: 2@) R1,atfepst fpe stable higmlenedrgtrogyl comppuggbhaming thes9
PCT/ US00/ 30552 wherein R, and R4 are independently selected fromthe group
consi sti ng @fuchirsrfoganla: al kyl, and heteroatom substituted al kyl and R2 and
R3 are independently selected from the group consisting of alkyl and
het eroat om substituted al kyl, and the 5 portion represents the atons
necessary to forma five-, six-, or seven-nenbered heterocyclic ring. 10
28. The conposition of claim 27 wherein t stabl e hi ndered nitroxyl
compound is 4-amno-2 , 2, 6, 6-tetranethyd piperidinyloxy . 29. The
conposi tion of claim 27 wherein ther stablechkndered nitroxyl compound is
4-o0x0-2, s2, 6, 6-tetranethy Ip iperidierl)}ﬂ oxy . 15

O*

wherein R, and R, are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from
the group consisting of alkyl and heteroatom-substituted alkyl; and X, and X, (1) are
10 independently selected from the group consisting of halogen, cyano, COOR;, -S-
COR,, -OCOR,, wherein R, is alkyl or aryl, amido, -S-C¢H,, carbonyl, alkenyl, or
alkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure with the
nitrogen; and
(b) at least one inhibitor selected from the group consisting of
15 ortho-quinone, ortho-hydroquinone, para-quinone, para-hydroquinone, and

derivatives of the foregoing.

27.  The composition of claim 26 wherein the stable hindered nitroxyl compound is

of the structural formula:

20
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30. The conposition of claim27 wherein the stable hindered nitroxyl
conpound is 4-hydroxy-2, 2,6, 6-tetranethyl pi peridinyl oxy. 31. The
conposition of claim27 wherein the stable hindered nitroxyl conpound is
20 a bl e W40 i no- 2, 2, 6, 6- t et r anet hyl pi peri di nyl oxy aﬁéTﬁ5gy 53 2,6, 6-
t et ramet hyl pi peri di nyl oxy. 32. The conposition of claim 26 wherein the

et hyl eni cal lwhewsls ®, Wha Re dréiiiep@idenil s sded@rtresh the @rouphengikaud oERYEDSEH, Ng Of
styrene, a-methylstyrene, styrene sulfonic -38 WO 01/40149 PCTI USOQQO 30552

acid, vinylt ene, +.di v nyl j I ene,
2-vi nyl pyri |ﬁ4 €, ihglcl}eg%ré%tp%r %%gﬁﬁ %gtsﬁ%lgg%w?ﬁ:&%ﬁ??ﬁg@ﬂngg %%/q%eg@ g‘%lg‘#%(?h}eshyl
acrylate, nethyl nethacrylate, ethyl nethacyylate, acrylic acid,
met hacryl i ¢ WS QUPARHHTERS, alkd And I -y ltﬁltgﬁﬁ}l%ﬁé%ﬂdéh%s. The
conposition of claim32 wherein the ethylenically unsaturated nononer is
styrene. 34. The conposition of claim33 wherein the stable hindered
nitroxyl conmpound is 10 4-amno-27, 2\ 6, 6-tetranethyl piperidinyl oxy .
35. The cqnposition of claim33 erein the stabl e hindered nitroxyl
compound is 4-oxo0-2, 2, 6, 6-tetramethylpiperidinyloxy . 15 36. The
conposition of claim33 wherein the stable hindered nitroxyl compound is
4- hydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di nyl oxy. 37. The conposition of claim
33 wherein the stable hindered nitroxyl compound is a blend of
4- am no- 2, 2 PETtENY IEPFeseRis HiP 301HE NEGESHAFY SX {orEhd fe-o Rigk- 20rseg e membered
t et ranmet hyl pi peri di nyl oxy.

heterocyclic ring.

10 28.  The composition of claim 27 wherein the stable hindered nitroxyl compound is

4-amino-2,2,6,6-tetramethylpiperidinyloxy.

29.  The composition of claim 27 wherein the stable hindered nitroxyl compound is
4-0x0-2,2,6,6-tetramethylpiperidinyloxy.

15
30. The composition of claim 27 wherein the stable hindered nitroxyl compound

is 4-hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

31.  The composition of claim 27 wherein the stable hindered nitroxyl compound is
20 a blend of 4-amino-2,2,6,6-tetramethylpiperidinyloxy and 4-0x0-2,2,6,6-

tetramethylpiperidinyloxy.

32.  The composition of claim 26 wherein the ethylenically unsaturated monomer
is selected from the group consisting of styrene, o-methylstyrene, styrene sulfonic
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38. The conposition of claim 27 wherein the the ethylenically unsaturated
nmononmer i s selected fromthe group consisting of styrene, a-nethylstyrene,

styrene Lonyc acid, vinyltoluene, divinylbenzenes, popyvi§uls@pzenes,
al kyl at e‘ﬁaﬁi"g‘/@(@%e, 2 -39 WD 01/ 40149 PCTI USOQ 30552 Vi niiﬁL pyr.g%} ne.

acrylonitrile, nmethacrylonitrile, nmethyl acrylate, ethyl acrylate, nethyl
met hacr yl atagjd, efitpgitoluemt hdivinyllkenecneacpgly vioy henzgne e kydated siyeengei d,
but adi ene, chl oroprene, and isoprene. s 39. The conposition of claim 38

wher ei n t hey efnfyeidireakhtsyldmiené unethasdyBaneme nethyd a8tyateNethy Wldryldiee
conposition of "claim 39 wherein the stable hindered nitroxyl conmpound is

4-am no-2 , - r i i, di : The. L1 on of
ol ai m 30 wiepty Foe Rt GG T ELREIhEL Bty Boufln E G HRERE: 01 8
6-tetranet hyl pi peridinyl oxy . 42. The conposition of claim39 wherein the
stable hin @Gpli?i“?f@%llsol?;ré%ound 15 is

4- hydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di nyl oxy. 43. The conposition of claim
39 whereisn the stable hindered nitroxyl compound is a blend of

4- am no- 2, 2, 6, 6-tetranet hyl pi peri di nyl oxy and 4-oxo-2, 2, 6, 6-

tetranet hylyy perigl oyhssitiond® ddim INGLERIPOS ickiyRhicilyalndhiit2&l MBssBEN t he
qui none/ hydroqui none is: -40 WO 01/40149 PCTI USOO 30552 O O

is styrene.

34.  The composition of claim 33 wherein the stable hindered nitroxyl compound is

10 4-amino-2,2,6,6-tetramethylpiperidinyloxy.

35.  The composition of claim 33 wherein the stable hindered nitroxyl compound is

4-0x0-2,2,6,6-tetramethylpiperidinyloxy.

15 36. The composition of claim 33 wherein the stable hindered nitroxyl compound

is 4-hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

37.  The composition of claim 33 wherein the stable hindered nitroxyl compound is
a blend of 4-amino-2,2,6,6-tetramethylpiperidinyloxy and 4-0xo0-2,2,6,6-

20 tetramethylpiperidinyloxy.

38.  The composition of claim 27 wherein the the ethylenically unsaturated
monomer is selected from the group consisting of styrene, o-methylstyrene, styrene
sulfonic acid, vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated styrene, 2-
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X:: RORR s ORo OHORB Ro:H oorti |l OHRO were R3, R9, R10,
and R11 are independently selected fromthe group consisting of 15

hydrogen‘&lyéﬁ_l‘}g‘)ﬁS am no, al koxy, aryl, cyano, hal ogen, hydpexykeo dsda O
SO, Ar, : %H, COOR12, NHCOR12, OCOR12 where R1, is alkyl, or any of

R8, R9, R10, and Rl11l is taken together with an adjacent R group to form
one or nor evinyhyridéne, @g}tymr@tgl_le,ggetgg:_ryrpnérllg@ meoley ! acbiatef ethYlaAchylae, wisdnéi n
R8, R9, R10, and Rl11l are independently selected fromthe group consisting
of hydr ogenmetiicalikyg] ettyl @ediact1akg aci®ic aBH) meatryliRlabid, dutakiae, t oget her
with an adjacent R group to formone or nore ring structures. -41 WO

01/40149 Pc;lﬂggg)géﬁ’éogﬁg i&Brendne conposition of claim45 wherein the wherein
t he qui none/ hydroquinone is selected fromthe group consisting of

2,6-di-t-butyl -1, 4-benzoqui none, 2,5-di-t-butyl- 1, 4-benzoqui none,
2,5-di-t-butyl -1, 4- hydroqui none, and m xtures thereof. s 47. The

conposi tion of claim40 wherein the quinone/hydroqui none is selected from
t he groups cdhsi sThagompositien df clainhd8 whenein theegiylguicalbnensaturated monomer
2,5-di-t-butyl -1, 4- benzoqui none, 2,5-di-t-butyl-1, 4-hydroqui none, and

m xtures thpregene.

40. The composition of claim 39 wherein the stable hindered nitroxyl compound is
4-amino-2,2,6,6-tetramethylpiperidinyloxy.

10
41. The composition of claim 39 wherein the stable hindered nitroxyl compound is

4-0x0-2,2,6,6-tetramethylpiperidinyloxy.

42. The composition of claim 39 wherein the stable hindered nitroxyl compound

15 is 4-hydroxy-2,2,6,6-tetramethylpiperidinyloxy.

43.  The composition of claim 39 wherein the stable hindered nitroxyl compound is
a blend of 4-amino-2,2,6,6-tetramethylpiperidinyloxy and 4-0x0-2,2,6,6-
tetramethylpiperidinyloxy.

20

44, The composition of claim 26 wherein the quinone/hydroquinone is:
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48. The conposition of claim4l wherein the quinone/hydroqui none is
selected io fromthe group consisting of 2,6-di-t-butyl-1,4-benzoqui none,
2, 5-di -t Vdo14h. 4- benzoqui none, 2,5-di-t-butyl -1, 4-hydr pgyiRegssand

m xtures thereo 49. The conposition of claim42 wherein the
qU|none/hydrqu|none is selected fromthe group consisting of
2,6-di-t-butyl -1, 4- benzqu|none 2,5-di-t-butyl-1,4 15 benzoqui none,
2,5-di-t-butyl -1, 4- hydroq I none, and m xtures thereof]] 50. The conposition
of claim43 wherein the g |none/hydrqu|none |s sel egfed fromthe group
consi sting of 2,6-#j.- H L. Fyenzoqui none, - ‘,¢?L1 4-

benzoqui none, 2,5-di - 4- hydr oqui none, es thereof. 20 -42

OH OH

OH

oo
(=1
oo

10 or

OH R

where Ry, Ry, R,,, and R, are independently selected from the group consisting of
15 hydrogen, alkyl, amino, alkoxy, aryl, cyano, halogen, hydroxyl, nitro, SO,Ar,

COOH, SO;H, COOR,,, NHCOR,,, OCOR,, where R, is alkyl, or any of R,, Ry,

R,y, and Ry, is taken together with an adjacent R group to form one or more ring

structures.

20 45. The composition of claim 44 wherein Ry, Ry, R,,, and R,, are independently

selected from the group consisting of hydrogen and alkyl or any of Ry, R,, R,,, and

R, is taken together with an adjacent R group to form one or more ring structures.
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46.  The composition of claim 45 wherein the wherein the quinone/hydroquinone is
selected from the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-

1,4-benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

s 47. The composition of claim 40 wherein the quinone/hydroquinone is selected
from the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-

benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

48. The composition of claim 41 wherein the quinone/hydroquinone is selected
10 from the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-

benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

49. The composition of claim 42 wherein the quinone/hydroquinone is selected
from the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-

15 benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

50.  The composition of claim 43 wherein the quinone/hydroquinone is selected
from the group consisting of 2,6-di-t-butyl-1,4-benzoquinone, 2,5-di-t-butyl-1,4-
benzoquinone, 2,5-di-t-butyl-1,4-hydroquinone, and mixtures thereof.

20
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