WO 02/ 33026 PCT/ USOL/ 30954 BLENDS OF QUI NONE ALKI DE AND NI TROXYL COVPOUNDS
AS PCOLYMERI ZATION INHIBITORS | claimthe benefit under Title 35, United
States Codep2/3320 to U.S. 5 Provisional Application NunbpeT/6041239054085,
filed Cctober 16, 2000, entitled BLENDS OF QU NONE ALKI DE AND NI TROXYL

Frel d of the 1 ndicTon ORIk Av e AXENIVPRYE cOREOPRs ¢ or "o
conbi nation of at |east omd> K XW@&TW&H&‘& TORSt one ni troxyl

conpound to inhibit the polynerization of ethylenically unsaturated
mononmers, 2. Deslodaipt iherbeotlfiRendgrebitlasst, UsithhiRjates Gytlery 24 toyU.Onsat ur at ed
nmononenss unkiesisiculal Xppbhtativer Nambat 69/240,085S, filad Ogesbenfl 61 D@10, emtithest act ur e,

pr ocessi ng, BDENGIS 0§ .QSINONTeA LKTORIAND RIPROX YUIGDMPOUNDSASsoMe probl em

i S equi prenpOf M ERW ARORANIYIHIQIOREri zation in the purification stages
of the production processes of such nononmers. Polynerization, such as

thermal pol ynerizati on, %tpro%aﬂm)w FﬁgNVE&Tr 6?\3“" ts in the | oss of

the nononer and a loss in uction e ency owing to the deposition
of pol in or ment being wused in the purification, the
deposﬂ%és off-whi dfi H‘L?g E" E‘B(}ed fromtinme to tine. Addltlonally, t he
formati on of soluble polymer |eads to | oss of nmononer, i.e., a |ower
yield, and an i nieaugent invantienys dicestidity tof usgroy acgmbinakiar ofretyleastopt oduced.
The processing of the tars then requires higher tenperature and work
(ener gy cosfuindne aikélenwe at Rastcualnitr@yl ecomoruad to Ahviiidide palymetiyatoh afonpounds
has been proposed and used for inhibiting uncontrolled and undesired

pol yneri zatdiglefaltidh R Mdn¥nidRsat urat ed nononers, In particular, there
is a need for an inhibitor that not only provides hi ghly effective

i nhi bi tion pf p%éé@‘?ﬁhgﬁ"wﬁ 14 Ap@ normal operation of a continuous

manuf acturing o

15 Many ethylenically unsaturated monomers undesirably polymerize at various
stages of their manufacture, processing, handling, storage, and use. A particularly
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

20 production efficiency owing to the deposition of polymer in or on the equipment being
used in the purification, the deposits of which must be 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

25 monomer.

A wide variety of compounds has been proposed and used for inhibiting
uncontrolled and undesired polymerization of ethylenically unsaturated monomers. In
particular, there is a need for an inhibitor that not only provides highly effective

inhibition of polymerization during normal operation of a continuous manufacturing or



WO 02/ 33026 PCT/ US01/ 30954 purification process, but also provides
satisfactory protection in the event of a |loss of continuous inhibitor
feed. Whiweozrsaog6 i nhi bitors are known to provide suffici ePCT/USOIG0RRH | ON i N
one of these scenarios, these inhibitors have not been fully satisfactory
under both normal and upset operating conditions. Accordingly, there has
been a 5 substantial need in the art for inproved conpositions for

i nhi bi ti ng pufifcdioh @ik 8li 45 plovidey sdishBoeNBioSecBUh imtheteh@itibf pIQFWEL i on and
the distillation process for purifying or separating themfrominpurities,

as wel | as gy g i hﬂa‘i}%PR:reB WleSha & ﬁﬁto%‘hr@q\%&ﬂ?%gkﬂ}?& s%ﬁ% idph t T oxyl

conpounds are known polymerization tors ne nethides act mainly
as retarders ivi.n ni fi cant dur i nor mal

oh bi 11 on msdien Bopeaf e ARG of R BW%fhP%Vﬁé‘mébaﬁﬂfgw SRR upset
during nmononer purification by slowing the rate of mer formation under
static condiernoHsnorgst adsiepsef orasw n@&@ﬁdlﬁmwwprm'pgiy ttx?fﬁ haebgedranance,

gui none net hides nmust be used in fairly high dosages, meking them not very
econonfcal stlstansiel nelel irShe Ratfenimosed ebn@O3i}i8 BOfoa nthibkdtigelhe Pdlvndriggionsd t he
use of quinone alkides in 15 a styrene purification process. The foll ow ng

patents, aseéignesbrids Guibar Geir gyoduetipsat the BisallatGnproERe fr pltifyingdrem cal s
Corporation, relate to quinone nethides and uses thereof U S. Patent Nos.

5, 983, 247; ¢ a‘?e?th 4R fr%prgx ﬁg?ﬁ@s %@@;ﬁ"a?@wﬂ%%rén@ HPEn?cf ?t%];a:ggn of

et hyl eni cal aturate nomer rom pr emat u e po I zation during
manuf act ur e 20 nd stortﬁg & the |ncor or,ati qn ther |n of .. an. E’F ective

st abi | i zi ng anmoudt"GF " é“"??iy H?'BR LE‘S?T%” QYR Yﬁ@er&ﬁ“% BRI
wi t hdrawi ng substituent at the 7-nethylene group. U S. Patent No, 5,616,774
di scl oses the pltradeimsihiges aof MpbICEIFJerugeand s sgpfcanismonelref FOhYRET
premature polynerization during manufacture and storage by the 25
i ncor por at idoring henel mhibiticanusegd, dot proeidsteghpiesizomig therewent od plantipaety |
qui none net hi de WO 02/ 33026 PCT/ US01/ 30954 conpound wherein the 7-aryl
subst i t uentdutisg Aronoder Jrifdatidf bydyibwingd thediateofigoly@ny forndatiofunder static
conditions. Because of the poor normal inhibition performance, quinone methides must
be used in fairly high dosages, making them not very economical to use.
U.S. Patent Nos. 4,003,800 and 4,040,911 disclose the use of quinone alkides in
15 a styrene purification process.
The following patents, assigned to Ciba-Geigy Corporation or Ciba Specialty
Chemicals Corporation, relate to quinone methides and uses thereof.
U.S. Patent Nos. 5,583,247; 5,670,692; and 5,750,765 disclose the protection of
ethylenically unsaturated monomers from premature polymerization during manufacture
20 and storage by the incorporation therein of an effective stabilizing amount of a quinone
methide compound having an electron withdrawing substituent at the 7-methylene
group.
U.S. Patent No. 5,616,774 discloses the protection of ethylenically unsaturated
monomers from premature polymerization during manufacture and storage by the

25 incorporation therein of an effective stabilizing amount of a 7-aryl quinone methide
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pyrryl, 2- or 3-fiiryl, aryl of 6 to 10 carbon atons, or said aryl
substituted by one to three alkyl of | to 8 carbon atons, al koxy of 1 to 8
car bon atwoe/33bkkylthio of | to 8 carbon atons, alkyl arnP@Dusé1/3n9s4o 8
carbon atons, dialkylamno of 2 to 8 carbon atons, 5 al koxycarbonyl of 2 to
8 carbon atons, hydroxy, nitro, am no, cyano, carboxy, am nocarbonyl,
chloro, or mxtures of said sybstituents. The conbi nati on af hese qui none
met hi des wicPAPaEN| whgeindhe /<rdristitisnt t§>?yl3 c?cSﬁﬁﬁ’u‘ﬁlbj] ?so‘é£§ s%loééed U. S.
Patent No. 5,912,106 discloses a nmethod of inproving the quallty and

resol ution pgfrybﬁepoﬁfﬁmrazg@s_/l by itmEdrpbrationy, vl aleubtiduied by apkeo r esi n
conposition to 10 be used a sel ected anmount of a polynerization inhibitor
so that phehepalkyl®f i #ag tHbo0itomt Nk gyaifaqu Badatnrashy) alks/thishifli toesd i n
those areas not directly inpinged by light. Inhibitors that can be used are
sel ect ed frgm m?orgm 1a9%%fsltfo@ce%oxl\htemxldlm BhinbQfhd8 8 GPTROHIES

qui none net es, ni'troso conpounds p enoth|a2|ne and sel ect ed phenol s.

H nder gd n| d ry_active |n i bitors of free
15 rad?cal pl?ﬂ %?é? gpfggoﬁﬁrg%%g do%l’(yrrglnrgn%rrmsnosﬁycaﬂo (fx%ene acrylic
acid, methacrylic acid, and the Ii Pat ent Nunher 63 677

di scl oses RMQSATHongk BaPo; g BW‘W)?EIPBW Wthté‘gnts aﬁge F\PTNQ‘H‘?t tth¢sst ed
nitroxides of the formulae: 1 R ?I 20 R2- i NO i -R2 and R- i NO° L
R3 2 R3 R3 qRinghemetind®R witlR2 leaghoheRstatde ritroadeommonidiy lalspaltickaed.-havi ng | to
15 carbon atons. (As used herein, the designation N-O° denotes a stable
free radi cal whaygi PatbtheNASt BN Ki6 disld@Bs a hRhdid 08 th gloedk: tdqyalifhend

N, N, O-trisubstituted hydroxyl am nes can be used to nake the -3 WD 02/ 33026
PCT/ USO1/ 3Q034, i N Jitpilb SuRstel byiidr Joir At thideRe piIb Gt sl AR shibR &

radi cal s and;%arle salp to %% uge urﬁyés n%po yrreel?| zatl?:)n |r§h| bi tpg)rgs1 ?

Pat enrlO Nu %ruse3d a3 §é}éojfg an%usn g%(s)ly;[n%g%atlryntqul% {ocrl%g s hgt%pglrym%rlzeﬁ%nforfom

the photocurable resin is inhibited in those areas not directly impinged by light.
Inhibitors that can be used are selected from the group consisting of N-oxyl or nitroxide
compounds, quinone methides, nitroso compounds. phenothiazine and selected phenols.
Hindered nitroxyl compounds are known to be very active inhibitors of free
15 radical polymerizations of unsaturated monomers such as styrene, acrylic acid,
methacrylic acid, and the like.
U.S. Patent Number 3,163,677 discloses NN, O-trisubstituted hydroxylamines

and N, N-disubstituted nitroxides of the formulae:

R
20 lTl }Fl and It
- —O——C— R.-C N—O*
R, Cl: N—O c|: R, 2"
R R R
3
3 2 3 2

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 the



t he correspondi ng heterocyclic am ne wherein the nitrogen atom of the
nitroxide group 5 is attached to other than a tertiary carbon of an

al i phati ovgopsge2€¢i,e., the nitrogen atom forns a part of Pparstevosyclic
nucl eus), These nitroxides are said to have useful properties simlar to

t hose described for the N, N-disubstituted nitroxides of U S. Patent Nunber
3,163,677, U S. Patent Nunber 3,372,182 discloses that a(?reat vari ety of

N, N 10 di sdbbtdisubsiedtedstiaptides, hish areadibalieniadicakiang arawid Greeraiibs r eadi |y
avai l abl e can be prepared by a sinple and conveni ent process that

conpri ses pykaleyizitivg ihibiasrsi nert  reaction mediumvirtual ly any
hydroxyl am ne that is susceptible to cleavage of the O C bond, e.g,

tri-t-butyl hydrexy! gfitdievurkber3 3Bat1eBtistesRahatdhi A@@dés%nc@bwp@seasrr@ﬁ abl e,
free radical nitroxi des of the 15 fornula: 0% H I N,

I R
wherein R i s selecte t r r
al karyl, hgfeo?im egpondgr@ }éeg?%g}?o gm%%mq%ﬁégig}%rdyﬁ?gg yﬁt :ngar%{tf/@ Hé’% y

dlalkylanlnoaryl is tertiar These nltro S are sald t

be useful &s? Eaﬁlé"r?stof‘ﬁ?errté%% fegiary £ éo‘? 8&1‘?%‘31*’%’%“(}%@“? -5 LS 98 190" of free
radi cals and for inhibiting oxidation and free radical polynerlzatlon u. S
Pat ent Nunifems3, prouoBittetosydliosededs). eghesaditeadides gfe saibtoiave usdfdle type for
use as initiators of free radical reactions, collectors of free radicals,
pol ymer i zapr&yertZh sirilur lod tiss devoribet ﬁoomedam-sisut%heyecamieroxidnsmﬁItI.tSt Batehly

ni trogenous bicyclic conpounds in -4 WO 02/33026 PCT/USO1/ 30954 which one
of the brigggs.F8MREIc3gs solely the nitroxide radical group and, in
parti cul ar,

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.S. Patent Number 3,422,144 discloses stable, free radical nitroxides of the

15 formula:

wherein R is selected from the group consisting of tertiary alkyl, aryl, alkaryl, haloaryl,
20 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 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
25 inhibitors or antioxidants. They are constituted by nitrogenous bicyclic compounds in
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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 Nunmber 3,873,564 discloses conpounds and a

nmet hod f woaysamgé ng enzynmes by adding to a nedi um cont ai PCTVgS@BoeRZY e a
stable free radical conmpound 5 having a stable free radical functionality
whi ch, when subjected to an enzyne-catal yzed reaction, changes the
environnent of the free radical functionality. By followng the change in

the el ectr QmichRing of BRANRABELcENRGRES tRIashafifredtethdayl gloep ahdngeartioular,
environnment, the type of enzynme and the activity of the enzyne can be

det er mi ned by %;geg_%ggagt@ﬁ,rsrlgfnggmﬁng@fe{m .02k R L AR )(1&& Pt @) RbrtahBk S,

radi cals w an 10 enzy tionality. Qther conpounds include

two cyclic nitroxi C ai ni rings joined b chai I . enzymne
| abi | ot unct i ong O RE T Sl ABeb X Gty AR [ AR
2,2,7,7-tetraal kyl - and 2, 7- di spiroal kyl ene-5- oxo- %,4}%ia acycl ohept anes
subst i t ut e@niymes i 2ddipe &1 @ MEAIUBYCTRHHINS BR cnayBieraaali e HEe f éﬁaﬁ%ﬂ%ooé}%
powerful light-stabilizers for organic polynmers. They are said to 15
possess hi gheng esmplatiicbirhdital fitrtvainnalineivhich- whedobiepted tte dn hogypleotptrdzed f r om
whi ch they can be synthesized by reactions known for N alkylation.

Preferred suRsbh lHa{pes tHelbnt iBniflent ROSIctft@tadit# fialdkphalital By lfeievingdteenyl
aral kyl, and esteralkyl groups, The I-nitroxyls derived fromthe

i m dazol i di ' j j ' boxylic acids
are al so sﬁﬁﬁifgy%gﬁgggéh?Qaﬁ%&ﬁ%g%gFgggﬁgggg%%%g%yqﬁzggﬁ @hunbgr 4,182, 658

di scl oses a net hod for preventin e 0. i zation of adi ly

pol yner i zalSPErAIR) t}éertéfﬁﬁPf[%nzé(Blﬁ%BEtjlﬂbe a&ﬁ?‘#%i@%? PP af](l))ﬁ%g{&mfeaféévat ed
tenperatures within a distillation apparatus that. is. subject to an
emergency condiThe epmpeuish fawndussihare nebpafestabihnigopden “@5Wﬁ??%es
force-feeding a supplenental polynerization inhibitor having a high

sol ubilbi t y ehsyniciebile faydtioanliyaiQt ter25 mponmpis imau dertev oacycbngt rewida cpataingis
efficiency into each of the distillation vessels of a -5 WO 02/33026

PCT/ US01/ 3QQ@doirfe@ By @hhianalingiatehtndd il fappanalitys in an amount sufficient

to prevent polynerization therein,

U.S. Patent Number 3,966,711 teaches that 2,2,7,7-tetraalkyl- and 2,7-
dispiroalkylene-5-oxo-1,4-diazacycloheptanes substituted in the 4-position by mono- or
tetravalent radicals are powerful light-stabilizers for organic polymers. They are said to

15 possess higher compatibility than their 4-unsubstituted homologues, from which they
can be synthesized by reactions known for N-alkylation. Preferred substituents in the 4-
position are alkyl, alkylene, alkenyl, aralkyl, and esteralkyl groups. The 1-nitroxyls
derived from the imidazolidines by oxidation with hydrogen peroxide or percarboxylic
acids are also said to be good light stabilizers.

20 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 emergency
condition, such as a power outage. This method comprises force-feeding a
supplemental polymerization inhibitor having a high solubility in the vinyl aromatic

25 compound and a long duration of efliciency into each of the distillation vessels of a
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U.S. Patent Nunber 4,665,185 discloses a process for the efficient
preparation of nitroxyls of sterically hindered am nes by the oxidation of
t he am neavas2/se92@ 5 hydroperoxide in the presence of a sneCT/usomepi4 of a
nmetal ion catalyst, at noderate tenperature for a short period of tinme, to
give the nitroxyl in high yield and purity. U S Patent Nunber 4,774,374

di scl oses a vinyl aromatic conposition stabilized against polynerization

conpri si ng ghadenBoNd! @Vsltill@fd?l%hﬁrﬁtLﬁ@rﬂﬁr@h‘ﬁl@uxﬂ@dfﬁ@@ﬁ @rprefdnepbliymerizamaunt of a
stabilizer systemin which the active ingredient consists essentially of an

10 oxygena%aqeispeci es formed by the reaction of oxygen and an
N-aryl -N -aI?yfl‘- p- phenyl enedi am ne. Al so disclosed is a process for

inhibiting the polyperization of _vinyl aromatic conpoupds enpl oyj.ng such
an oxygenat ed sp}géi %@?"tﬁ?‘@beﬁétg@ﬁtm%d%@rse%‘? @rgﬁ?sfg‘?fn%‘éﬁ gt {’T;P%B? {'Wg

pol yneri zation of a vinyl aromatic conmpound, such as styrene, is very

ef f ecti vel pfinfitrixpistof dtedealiyrgndgrest aninestiydhe exidati® ik fpieatpsa aby t he
presence of at |east one stable nitroxyl conpound together with at | east
one ar onat ihgdivptirodideanpeyicentd & a HatllemtouNuobemstabion4stahB8L anmedbratd5, 786
di sclose that nitroxyl inhibitors in conbination with sonme oxygen reduce

the premat YLe, QYR aZREH BBQS oIy lto 3ReTR ﬁiﬁ‘roxﬂ@rﬂ@i?ﬁ gﬁalcﬂwdi mgity.he _
manuf act uri ng processes for such nononers. Even smal 0 quantities of air

used in conbi ”agb.lggga}’%"gét'iﬂ&n%eerﬂiH4%M'di{oﬁbg£§°i %igﬂz‘irs. ﬁﬁ%‘n%géﬁoﬁ%&%lh%%d n

vastly prol onge ition tihes for nononer tent Nunper 5,71

1,767 discloses that the use of. nitroxi de conpounds | one .or in .
combi nat i o SHPEIPORFRRTERHQN CHRMISS (@R KINYRranpiLG Wﬂtﬂ%&gﬁﬂ@ﬁmaaﬁgg?t&rﬁ nes, or

phenolic antioxidants provides an effective way to prevent oxidative
degr adat i ornandt @ geiritifes sysbani onwhiah gesislivhiagrediegt Wnsop/ asoigly of an
PCT/US01/ 30954 U, S. Patent Nunmber 5,907,071 discloses that the
pol yneoi zatdx9genafedwipiaits farmety ihe Memtdor bBosigeh aabarsNyargmie’-alRyli-mhi bi t ed by
the addition of a conposition of a stable hindered nitroxyl radical and an
ox1 e Conp%@ﬁgrlenediamine. Also disclosed is a process for inhibiting the polymerization of vinyl

aromatic compounds employing such an oxygenated species,

U.S. Patent Number 5,254,760 teaches that the polymerization of a vinyl
aromatic compound, such as styrene, is very effectively inhibited during distillation or

15 purification by the presence of at least one stable nitroxyl compound together with at
least one aromatic nitro compound.

U.S. Patent Numbers 5,545,782 and 5,545,786 disclose that nitroxyl inhibitors in
combination with some oxygen reduce the premature polymerization of vinyl aromatic
monomers during the manufacturing processes for such monomers. Even small

20 quantities of air used in combination with the nitroxyl inhibitors are said to result in
vastly prolonged inhibition times for the monomers.

U.S. Patent Number 5,711,767 discloses that the use of nitroxide compounds
alone or in combination with aromatic amines, such as substituted phenylenediamines, or

phenolic antioxidants provides an effective way to prevent oxidative degradation and

25 gum formation in gasolines.



U S, Patent Nunber 5,910,232 teaches that inhibition performance in styrene
5 processing is inproved through the addition of a stable nitroxide free
radi cal ovopwsseds to the styrene feed and to the refl ux oPCBRUSHIEMSI4 One
colum, A non-toxic retarder, such as phenyl enedi am ne, may al so
optionally be added to the styrene feed and to the reflux, European Patent
Application 0 178 168 A2 discloses a method for inhibiting the
pol ymeri zati on f saphan(Nifid %l ®RiogaldysnsaiuhahsgmeRARGAPOXYl i ¢ acid
during its 10 recovery by distillation by using a ni troxide free radi cal ,
Eur opean Paten tabi | rylic
rer 0" conpatTisARoia eRTenstBae rep el fe PETRS oBA PP 8% L
i nhi bited durln the distillation process for purifying or separatlng t he
acrylic acpigb aémmeﬁwra§0ﬁﬂrwha*@wbﬁs@ewecoeﬁau -orage. The conpositions
conprise three conponents: (a) acrylic acid, (b) a stable 15 nitroxyl
radi cal, and (c)l&lﬂﬁhﬁﬂémnmsdﬁﬁ@ﬂﬁ@ﬁ@ﬂhﬁeh%én@bﬁonp@@mmumavhngwemeIeast
one transferable hydrogen (e.g,, a quinone derivative such as the
{r:’)g.gggélh%/l e(;[cgser OTS lmhl)é)ve(?ﬂﬁ O%%%qg% gg@bchQ? gf'a s%b ? nQrotxni% r%loal %&mggur%r ocess,
pol ymeri zati on- |nh|b|t|ng annunt Duri ng the dlstl Iatlon process, oxygen
(d) i's prefetashyentdaed v tqrhemﬂﬁéﬁéﬁrleasrsye SHHMpCY NIHLONS i
concerns substance m xtures containing: (A nononers containing vinyl
groups, ands piBnygnediamingemayralsmbptafnally bd addgd ¢o Wisi stirenanfsed rndstoghe ndluar e
pol yneri zati on of the nononmers containing vinyl groups during their
purification or EudbgehhlPheht applaatdocony il 6% A2 (discldied neemoQ, f8Snabiding the Wt %
relative to the total m xture (B), of at |east one N-oxyl conpound of a

secondary gr'grh%nmlo%msa PO 0o A RBhnbc QR 38A20RERL US01/ 30954

the a-C at and (i1) ween 99 , 5 WM %relative to the tota
m xture (B a ne.nitr qun he publication al so
discleges £¢B¥%€£¥ ’?@@§?n Eﬁ %anﬂoFﬁg?ﬁ?e Ire polynerlzatlon of

nononers, and the use of m xture for nhrbr g the premature
pol ymeri zati n ofURRItSREREN %W@a@@?’ Zﬁﬁ%SjSAééjl‘%‘} %5 % ﬁébﬁ‘l‘%%ieao FyR€ri zati on

of vinyl aromatic nonomers
composition in which the polymerization of the acrylic acid is inhibited during the

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

15 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, 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).

20 WO 97/46504 concerns substance mixtures containing: (A) monomers
containing vinyl groups; and (B) an active amount of a mixture which inhibits premature
polymerization of the monomers containing vinyl groups during their purification or
distillation and contains: (i) between 0.05 and 4.5 wt %, relative to the total mixture (B),

of at least one N-oxyl compound of a secondary amine which has no hydrogen atom at



such as styrene is inhibited by the addition of a conposition of a stable
hi ndered nitroxyl radical and an oxi me conpound. WO 98/ 25872 concerns
subst ancavoxsmees contai ning: (A) conpounds contai ni ng PCTYROIgRIRUPS; ( B)
an active anount of a m xture which inhibits premature 10 pol ynerization
of the compounds contai ning vinyl groups and contains: (i) at |east one

N- oxyl conpound of a secondary am ne whi ch does not carry any hydrogen

atonms on ey HBMBOMIALPREWeaNdo 05 hid 985 MeastelanR tbﬁ@@t&ﬂﬂmQMB@%B)( 0
optionally nitro compounds; and (D) optionally co-stabilizers. The

publ i cati 0Bl 58, 61 6L3E8. 8 A8 OFRE ful Ao Y BHIAG, LARR ERIIG:

pol ymeri zati on of conpoun contal ning vinyl grou and t

(B) optionally mxed with.ni.tro.compounds ( and/ or co-stabilizers, (D)

fo i bi Shctrar opLPIRLOR OF FREPTS FoTor St Sa et 2 bEF YR ah o
conpounds and stabilizing organic materials against the harnful effect of
radi cal s. WBNOOUR@SBMefigats) ofppermerNo, 5, 955, 643) di scl oses t hat

pol ymeri zation can be inhibited during the anaerobic production of styrene
t hrough t he addiwO®R/laftl@dRBlossrnhitnbt pdpmefizadios babingl abtrixindeoherse radi ca
conpound and a non-toxi c phenyl enedi am ne conpound, -8 WD 02/ 33026

PCT/ US01/ 3QQtas sgﬁréﬁe iPahentd ByrResddkiohdfakdhpdiis6h 068 5tabRatindaeddnlitrexydci d

can be stabilized agai nst polynerization by the addition thereto of a

ni troxide ?&(&a’i‘%%h%@%%%&&hndﬂe' etal structure; 0* 5i%\ i3 R-CCR

24 11 erein R and R4 are al kyl groups and no hydrogen is

bound to the reqggini . . .
%6@8}}%872 concerns substance mixtures containing: (A) compounds

containing vinyl groups; (B) an active amount of a mixture which inhibits premature

10 polymerization of the compounds containing vinyl groups and contains: (i) at least one
N-oxyl compound of a secondary amine which does not carry any hydrogen atoms on
the ot-carbon atoms; and (ii) at least one iron compound; (C) optionally nitro
compounds; and (D) optionally co-stabilizers. The publication also discloses a process
for inhibiting the premature polymerization of compounds (A) containing vinyl groups,

15 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.

WO 99/20584 (U.S. Patent No. 5,955,643) discloses that polymerization can be

inhibited during the anaerobic production of styrene through the addition of a

20 combination of a stable nitroxide free radical compound and a non-toxic

phenylenediamine compound,



val encies on the carbon atons bound to the nitrogen. The two renai ning
val encies that are not satisfied by R to R4 or nitrogen can also form
part of avoomspote,g., 2,2,6,6 10 tetramethyl-4-hydroxy- pi PET/USI 954
-oxyl), CS-260755 B 1 is directed to the preparation of
4-substituted-2,2,6,6- tetranethyl piperidine nitroxyls as olefin
stabilizers, SU- 334845 Al is directed to the inhibition of the radical
pol ymeri zati on i acryil-at i i M radi ahi bitors
m‘}ilé: 9%&2@&%&%1 Gyt B3 1448 it AJFHINONM cdnafdisedllized

of a given for 838 is directed to the inhibition of the

radi cal polynerization of  oli ster acrylates and the preventijgn, of
oIigonericag@P%i@E@?“ﬁ@ﬁﬁﬂwghﬁgﬁﬁ??]ﬁfﬁ%@ﬁ%?P§%¥F%%8WH%ﬁ%??gynggﬁfkgging
dui none, FR 2,761,060 relates to the prevention of premature polynerization
of styrenestrdgitiieng its production by dehydrogenation of ethyl benzene by
injecting into the process 20 effluent a radical inhibitor based on an
oxyl -tetranet hyl pi peri di ne derivative. Eae di scl osures of the foregoing are
i ncorporated herein by reference in theijr rentirety. -9 WO 02/ 33026

PCT/ USX / 30954 SUMMARY OF THE INVEN'[I'%N\AIS menti oned above, (a) nitroxyl
conpounds and (b) qui none net hi des ar eaéﬁ_Rknomn to be inhibitors or
retarders of free radical polynerizati'ons 'of unsaturated nononers. The
present invention is directed to the discovery that the conbination of at 5

| east one nitroxyl copgpoun withlf t |east,on ui non aI%'d referably a
qui none né?ﬁ?ﬁ%%*ﬁgwggﬁng 48“@%5?@H““F@H8P8%V%6g8}8§8u% kpﬁsrgy%gggtion
provi des better perfornmance than either conponent alone, as jndicated by
both the | owepeiryerethe cabrpaiomshougd bathy nireded. dig tYpseapiping valeacigy that
pol ymeri zation after shutoff of feed in a steady state dynam c testing
system 10 akbn@& spidsficd byRatd R, ot hieoperesardlsa fovephitef airmgdeget2e66t o a net hod
for inhibiting the premature polynerization of ethylenically unsaturated
NDNOMEHS CQBPArh&hy19-RAEDRpip&idine-1-oxyl).
CS-260755 B 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.
15 SU-478838 is directed to the inhibition of the radical polymerization of
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
20 effluent a radical inhibitor based on an oxyl-tetramethylpiperidine derivative.

The disclosures of the foregoing are incorporated herein by reference in their

entirety.



sai d nononmers an effective anmount of: A) at |east one nitroxyl compound,
and B) at | east one quinone al ki de conpound havi ng an el ectron w t hdraw ng
group at wab2/siees 7- position. In another aspect, the preseR€CTURMEAMI4ON i S
directed to a conposition conprising: A) at |east one nitroxyl comnpound,
and B) at | east one qui none al ki de conpound having an el ectron-w t hdraw ng
group at the 7-position, 20 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS | f a

relatively small anount of QuEtAGDE o Kidemsvbstitbwt ed with an el ectron
Wi t hdrawi ng group at the 7-position (relative to the quantity necessary for

e ahor ) A ldad bR GRYLRTRNRLLAL Aab] AR HOTRAU A B 1 Ve

to the quantity necessary to S ‘use alone), p rization inhibition
under nornmal usage conditions can be obt iqed 25 that is e ivaéent to the
Use of thekRPYR ST MBOHBEUA A SHec (TG SaVBY W s SOPTREIAd 1o v

02/ 33026 PCT/ US01/ 30954 at steady state in a reboiler test) and provides
excel | ent prospeetsi drheipresehieinesisinn 1odiregteditanie disgoyery thatribe expliertiop ofjabw

pol ymer increase over tinme), This very effective inhibitor mxture is used
at very reasonaklirégsagapoundnoiv silegt ame @éamenilldad, lpyeferiablylaguinooebi nat i on
wi th enhanced performance characteristics. 5 The nitroxyl conpounds that

can be enploviage i@ aRkRakbO NI LN it Bodyhnaae-pRlikh §es/idd bkt practi ce of
the present invention are preferably of the structure: Xi X2 R1-C ~CR4

glr ;!ﬁpl 052 Sipg;ffﬁ)r%rgan\g?ﬁﬁg%ﬂgeg\r)écr?%r}]}%ngé afon€, Asﬁﬁo‘?@a‘?&dﬁ%&){ tl:?‘eelloafcﬂo%%e{rr om the
numbers at steady state and the slow rate of polymerization after shutoff of feed in a
steady state dynamic testing system.

10 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) at least one nitroxyl compound, and
B) at least one quinone alkide compound having an electron withdrawing group at

15 the 7-position.

In another aspect, the present invention is directed to a composition comprising:

A) at least one nitroxyl compound, and

B) at least one quinone alkide compound having an electron-withdrawing
group at the 7-position,

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS

If a relatively small amount of a quinone alkide substituted with an electron
withdrawing group at the 7-position (relative to the quantity necessary for its use alone)
is added to a small amount of a nitroxyl compound (relative to the quantity necessary for
its use alone), polymerization inhibition under normal usage conditions can be obtained

25 that is equivalent to the use of the nitroxyl compound alone (indicated by wt % polymer

- 10 -



al kyl, and heteroatorn-substituted alkyl and R, and R3 are (1)

i ndependently selected fromthe group consisting of alkyl and

het er oat Ww@oezsdegs i t ut ed al kyl, or (2) taken together, forPar/@Sen/angs4
structure with the nitrogen; and X, and X2 (1) are independently selected
fromthe group consisting of hal ogen, phosphorus (in any of it oxidation
states), 15 cyano, COOR,, -S-COR7, -OCOR,, -S-R, (wherein R7 is al kyl or
aryl), am gﬁsétec (E/]EJPEQQYA a reb@il&qggd emcpéro@ild%y%xrazgﬁen@p;of?ecl-i%nQ@{@%eﬁt&%lar@r (2)

t aken toge r, forma ring structure w the nitrogen. In a particularly

b e et ed, SEROTERy IR hay R e SRR Rl L b = 20
wherein R, and R4 are independently selected fromthe_ group, consisting of
hydrogen, MKRk{A is uasfRtvEDEEaRNARE SOHEEs. IV Y ARk FIONamiray VRRlE R3 are

i ndependently selected from the group consisting of alkyl and

het er oat omcsmbsiiivutvetl ealhdagtd pafidmehe dapoteriston. represents t he at ons
necessary to forma five-, six-, or seven-nenbered heterocyclic ring.
Accordingly, onenefhittdigl saMRIuals Bladssese @fpleyedlin obihitivt Wielstehpinoaan be
enployed in the practice of the present invention can be represented by

the foll ow,fgy344 H]%tp%c"?ilce %Pthfe%rré’gélﬂaihvg/ﬁgh afe lﬁefgrabN &F3he Brudide:

X X

102
R17 %~ - Ra
R, | R
2 O 3
10 wherein R, and R, are independently selected from the group consisting of hydrogen,

alkyl, and heteroatom-substituted alkyl and R, and R; are (1) independently selected

from the group consisting of alkyl and heteroatom-substituted alkyl, or (2) taken

together, form a ring structure with the nitrogen; and X, and X, (1) are independently

selected from the group consisting of halogen, phosphorus (in any of it oxidation states),
15 cyano, COOR;, -S-COR,;, -OCOR,, -S-R, (wherein R, is alkyl or aryl), amido, carbonyl,

alkenyl, or alkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure

with the nitrogen.

In a particularly preferred embodiment, the nitroxyl compound has the structural

formula:

20
Rl‘m/Rﬁl
™~

11 -



0* 15 wherein Z1, Z,, and Z3 are independently selected fromthe group
consi sting of oxygen, sulfur, secondary am nes, tertiary am nes,
phosphor v80 01/33p26 | ous oxi dation states, and substituted PEeTWRGLAISI4 t ut ed
carbon atons, such as >CH,, >CHCH3, >C=0, >C(CH3)2, >CHBr, >CHCl, >CH,
>CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH, >CHCOOCH3, >CHCOOCZH5,

>C( OH) COOC2H5, >C( OH) COOCH3, 20 >C( OH) CHOHC2H5, >C ' RSR6 >CCONRSRS,

>CH=NCH, >g@%nc§'*§nd ﬁcfr%’in(fvfgxﬁq[dlzntly ?ﬁ@% fr&ﬂﬁfeoyrﬁgﬁgﬂwgﬁﬁﬁﬂg@%@&gﬂ{ he like,

where R5 a are 1 ntepen y selected rou I3trng of

hydr ogen, al kyl, jaryl, and acyl ] R13 R14, and .R]5 are  ind dently
cat eored 1 Al e i onST L) R RO AAD 6 T BLPEBIEY STRYRS PRI Y <o,
OR16, and NRL17R1K, where R 6, Rl7, and RIR are independently selected from
the group 25 &enBcatsishigs of alkyldnd deteroaapRyslbstiygd a‘#yf?“W’ére R5 and/ or R6
are alkyl, it is preferred that - 12 WD 02/33026 PCT/US01/ 30954 they be
a |lower alkyl (i.e,, one having one t ur carbon atons, e, g., nethyl,
ethyl, propyl, butyl, and isoners thereofl\), Were R5 and/or R6 are aryl,
it is preferred that they be aryl of from6 to 10 carbon atons, e,gq,,
phenyl or naphthyl, which, in addition, may be substituted with 5

noni nterferi S i 0 , and the
ke vher 2RIt R N e par W Ringf - HOUPRelRARERE. 2001 o
the structyre 0 R19 10 where R19 is alkyl, aryl, OR o, or NR OR, and
where R o ARETIOCIGHE al kyl, aryl, or 0 where R2 is alkyl or aryl. Were
R19, R20, R21, or R' are alkyl, they are preferably alkyl 15 of from1 to
15 car bon at ons Acgprdngy, ohe paBieysey ailstassgdsiof oy @it Wtf@%ﬁ‘%rﬁ%ﬂttcén Poemplosedhon
atons, as described above, Were R19, R20, R21, or R' are aryl, they are
pr ef er abl y iathglpracice bf tpdesent iknaan banbatepnsentasbyltedolidyadg stioateral

10 formula:
Zl
2
Rl/}\N R,
R, R,
O*
15 wherein Z,, Z,, and Z, are independently selected from the group consisting of oxygen,

sulfur, secondary amines, tertiary amines, phosphorus of various oxidation states, and
substituted or unsubstituted carbon atoms, such as >CH,, >CHCH,, >C=0, >C(CH,),,
>CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH,
>CHCOOCH,, >CHCOOC,H;, >C(OH)COOC,H,, >C(OH)COOCH,,

20 >C(OH)CHOHC,H,, >CNR R, >CCONR R, >CH=NOH, >C=CH-C.H,, >CF,, >CCl,,
>CBr,, >Cl,, >CPR;R,R s, and the like, where R, and R, 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, =O,
OR,; and NR;R,y, where R, R, and Rg are independently selected from the group

25 consisting of hydrogen, alkyl, and aryl. Where R, and/or R; are alkyl, it is preferred that

-12.



Anot her of the several classes of cyclic nitroxides that can be enpl oyed in
the practice of the present invention can be represented by the foll ow ng
structuravobpsaméa: 20 Z- R NR4A R | R3 0* - 13 WO PCI/BS@2ZH954

PCT/ US01/ 30954 wherein Z, and Z, which may be the sane or different, are
nitrogen or substituted or wunsubstituted carbon atons, such as =C(f 1)-,
=C(Cl 13)-, =C(COOH)-, =C(COOCH3)-, =C(COo0oC2H5) - -C(O—|) =C(CN) -

=C( NR5R6) - ,th %mem&yl (i.@ngnd iy dhe to &nd cambeneonds c. gR5netﬂy’ldetﬁ§’1 are as
descri bed above 5 The cyclic nitroxides enployed in the practice of the

present inventieniganddses ierderived fromfive-nenbered rings. These
conpounds ?r(gbtyo% }}rﬁe s?grouctrijre] ?’\ Rl NR, R R3 10 0* wherein Z2 and

Z3, which may be the sane di ff n e S dary
amines, tertiar s’w?fﬁ? Red” B'h%@?)' c?Pﬁ’s'? fprefa'rr?%ﬁl he?’é’g r3>{§§Prf)r<'§1]t62ts9olrbor
substituted or unsubstltut ed carbon atoms, such as >CH, >CHCH3, >C=0
>C(CH3) 2, saipp atomsceigy, phemlier naphilpy!, wWeshow a%m@@wmteéwm
>CHCOOCH3, 15 >CHCOOC2H5, >C( OH) COCOC, H5, >C( OH) COOCH3, >C( OH) CHOHC2HS,
>CNR5R5,  +OOGNRERGg SubCHaiDS, 2 ChoGier @khbgroqpe halogensOmrd the likk., >CPR1L3R14RLS,
and the |I|ike, wherein the several R groups are as descri bed above. The
cyclic nitroxi degh&eRl ey@er Rpateheylpit acirteaedthat fieyeasgndf thewtairtiren can

al so have the structure
/U\R

10 where R, is alkyl, aryl, OR,,, or NRyR,; and where R,, and R,, are alkyl, aryl, or

19

0

A

where R, is alkyl or aryl. Where R}, Ry, Ry, or Ry, are alkyl, they are preferably alkyl
15 of from 1 to 15 carbon atoms, more preferably lower alkyl of from one to four carbon
atoms, as described above. Where Ry, Ry, Ry, or R,, are aryl, they are preferably aryl
of from 6 to 10 carbon atoms, as described above.
Another 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:

20



20 RL NRi R= R3 0* wherein Z, and Z5, which can be the sanme or
different, can be nitrogen or a substituted 25 or unsubstituted carbon
atom suohoam3ze®( 1-1)-, =C(CH3> , =C(COOH)-1 =C(COOCH3) -, PCT/U%d1/3083402/ 33026
PCT/ US01/ 30954 =C(COOC2H5)-, =C(OH)-, =C(CN)-, =C(NR5R6) =C(CONR5SR(, ) -

and the like, where R5 and R6 are as descri bed above. Another class of
cyclic nitroxides that can be enployed in the practice of the present

invention ivsheRfin NEndSLS WBldUNRdy B 0F saiffe R dilNefR3t, B® niddgehdorWabstieited 4r and Z3,
whi ch may be the same or different, are sul fur, oxygen, secondary 10

:;n 2?;2 ter; Mtumc@gdn "?ﬁ &g)pagastu%ﬁ% Orc(g_'érbs@b_'@@pg (@9 oS such
&G GHoHEGE OB ek Rsrs Cepriaee - taiehy” SERC e e ahe‘;ﬂﬂ@@m&?ﬁ 3

., and the like, where R5 and R6 are as described above, 15 Further, t wo
or nore ni trhexgLs. Rs AMIRGENILEEPHRESEAPOVEN t he same mol ecul e, for exanpl e,
by being |inked through one or nore of the Z-type noieties by a |inking
group SE, as di stHeasdd: rimoxitiS. enRadyeedtin Nierdyeetics 0P 8%, p7&0nt nkéndionicgn also
i ncorporated herein by reference.

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

21,
Rl/*\N /J\Rd
R, R,

O*

wherein Z, and Z,, which may be the same or different, are sulfur, oxygen, secondary

10

amines, tertiary amines, phosphorus of various oxidation states, or substituted or
unsubstituted carbon atoms, such as >CH,, >CHCH,, >C=0, >C(CH,;),, >CHBr,
>CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH, >CHCOOCH,,

15 >CHCOOC,H,, >C(OH)COOC,H;, >C(OH)COOCH,, >C(OH)CHOHC,H,, >CNR;R,
>CCONRR,, >CH=NOH, >C=CH-CgH;, CF,, CCl,, CBr,, CI,, >CPR ;R ,R 5, and the
like, wherein the several R groups are as described above.

The cyclic nitroxides employed in the practice of the present invention can also
have the structure:

20

wherein Z, and Z,, which can be the same or different, can be nitrogen or a substituted
25 or unsubstituted carbon atom, such as =C(H)-, =C(CHj,, =C(COOH)-, =C(COOCH,)-~,

- 14 -



As stated above, R, and Ra are independently selected fromthe group
consisting 20 of hydrogen, alkyl, and heteroatom substituted al kyl and R
and R3 ameomsBependent|ly selected fromthe group consi stpPagyusé/zabieyl and
het er oat or n-substituted al kyl. The al kyl (or heteroatom substituted al kyl)
groups R, through Ra can be the sane or different and preferably contain 1
to 15 carbon atonms, e.g., nethyl, ethyl, propyl, butyl, pentyl, hexyl,

heptyl , ocktkco@@”'m yat%erb Am@@gchrﬂRge yLC(G@N‘erI@(}ﬂ and ﬂrerrméemrém
pentadecyl and tRe 25 1i ke, and i somers hereo e’g., t-butyl,

2- et hyl hex d_the S nore preferred - 15 WD 02/ 33026
PCT/USOl/3§9%%?ﬁ Weasdey?hF%Sgﬁ%R4 be i ndependently sel ected | ower aIkyI

(or heteroatom substituted, |ower alkyl) of one f our carbon (e.g.,
methyl, ethyl, &“BHSFFCaﬁfift’%ﬂyc"%’HHW‘Q%%%C"”tbﬁ&T@EﬁYF d Wit af Bt om
substituents are present, they can, for exanple, include hal ogen, oxygen,
sul fur, nipﬁ@géhmﬁaﬁdnﬁhéfh¢kewhhﬁ is nost preferred that all of R 5
through R4 be nmethyl. Exanples of suitable nitroxide free radical conpounds
t hat csn be used in conbination mnth t he qui none al kide inhibitor in the
practice of the present invention |qplude but are not limted to:
2,2,6,6-tetranethy|-piperrdrnon>3i
4-anino-2,2,6,6-tetranethy|-piﬁerrdrn o%y;
4- hydr oxy- 2, 2, 6, 6-t et ranet hyl - pi peri di hyl oxy;
4-oxo-2,2,6,6-tetranethy|-piperidinyhgxy;

4-di met hyl am no- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;

4- et hanoyl oxy- 2, 2, 6, 6-tetramet hyl -pi peridinyl oxy; 15

2,2,5,5- tetranethylpyrrolrdrnyloxy,

3- am no- 2, ¥hsrein Tetndadye whichpyayrbelthelsanyd @xdytiere®, aregsulfur, ekygemetehgndary
- oxa- 3- azacyclopentyl 3- oxy;

2, 2, 414-t ebfaiEettbitlary amas, Drpystialtedyl udsulpxiyutdd cabdoxtyhiscsuabas;>CH,,
2,2,3,3,5,5,6,6-o0etanethyl - 1,4-diazacycl ohexyl -1, 4-di oxy;

>CHCH,, >C=0, >C(CH,),, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN,
>C(OH)CN, >CHCOOH, >CHCOOCH,, >CHCOOC,H;, >C(OH)COOC,Hj,
>C(OH)COOCH,;, >C(OH)CHOHC,H,, >CNR;R, >CCONR,R,, >CH=NOH, >C=CH-
CH,, CF,, CCl,, CBr,, CL, and the like, where R, and R; are as described above.

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

20 of hydrogen, alkyl, and heteroatom-substituted alkyl and R, and R; are 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

25 like, and isomers thereof, e.g., t-butyl, 2-ethylhexyl, and the like. It is more preferred

- 15 -



20 4-Dbrono-2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;

4-chl oro-2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;

4-1 odo- 2,W0 62/830eet r amet hyl - pi peri di nyl oxy; PCT/US01/30954
4-fluoro-2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;

4-cyano- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy; 25

4- car boxy- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy; 16 WO 02/ 33026

PCT/ USO1/ - , O e ’
4- carbethgg§§§"gﬂ%&%{gggfgﬁeth§%1gsg§§]%ﬁ%&ﬁggyP&Jh Rir RO MBI O

j %taﬂ;)l 4- de%%g\xl é)[fi%ag,g?ﬁ):y?tcrxr OBSPGYn&I }57)' methqueq r¥)pyl butyl, and isomers

4- carbethoxy 4- hydr oxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy

4- hydr oxy- Ahqrqofhywm@mte@wpmsgb@%e%&%rétpfeéﬁ*ﬁt gy spb- rf%*f?wrﬂﬂ gepde 4- et hyl
-2,2,6,6-tetramethyl -1, 2,5, 6-tetrahydropyridine -1 -oxyl;

4- car boxy- Raldg6, 6xyens anft hytlreggnz;nﬁ e fike. r&hympsipyﬁﬁedﬁﬁléhai all ok ;

4- car bomet hoxy-2, 2,6, 6-tetranet hyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl; 10
4-carb§thoxmbglzg6b@mgm ranmethyl -1, 2,5, 6-tetrahydropyridine -1I-oxyl
4-anino-2,2,6,% tetrane hyl -1, 2,5, 6 tetrahydropyrldlne -1l-oxyl; 4-amd

0-2,2,6,6-tetr ag?«ngﬁ%ge% 5f &ui f‘;:’i f n%%ﬁ%%{ﬁ@ﬂl'c@hﬁﬁunds thQ¥Mhhibe used in

3, 4-di ket o-2, 2, Fanet yIpyrr nyl oxy;

g- tgt 8- j- g)é(?iﬁ%?lgmzlhéltgﬂg %Jelt%ornt% céﬁ\;‘gﬁﬁw Ob:ﬂ?eloﬁ) l Oc)t%qfthe present invention,

3- ket 0- 4, 4-di br ono- 2, 2tgmgghgé;?gfégygpgrgogl?l?ylox¥h I2 2, 3I3d5 5|h exam
gtgilgy;gogmgkh%hgx?Z?ianethyIpyrrolldlnyloxy,eZBanE YIRYTTOTT A YO,

3- hydr oxy- 2,26 B;teriredthgmepdndimyoxyol i di nyl oxy;

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;
2.2 4 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-gyano-2,2.6,6-tetramethyl-piperidinyloxy;

25 4-carboxy-2,2.6,6-tetramethyl-piperidinyloxy;

- 16 -



3- cyano- 3- hydroxy- 2, 2,5, 5-tetranet hyl pyrrol i di nyl oxy;

3- car bonet hoxy- 3- hydr oxy- 2, 2,5, 5-t et ranet hyl pyrrol i di nyl oxy;

3- car bet woaxy2/30obg/dr oxy- 2, 2, 5, 5-t et ranet hyl pyrrol i di nyl oxyPCT/US01/30954
2,2,5,5-tetranet hyl - 3- car boxam do- 2, 5-di hydropyrrole- | -oxyl; 25

2,2,5, 5-tetranet hyl - 3-am no- 2, 5-di hydropyrrole- |-oxyl; - 17 WO 02/33026
PCT/ US01/ 30954 2, 2,5,5-tetranet hyl - 3- carbethoxy 2, 5-di hydropyrrol e-1-oxyl;

2,2,5,5- teut&mxmlo@ fyer@%eaaéemyhylgémws@ e- | -oxyl; bis(l
-oxyI 2,2,6, 6- tetrarrethy p| per] din-4 yI)sucm nate, bis( I

-oxyl -2, 2, ] t

L SRR |
(I OX etraneg In n u mal onat e,
bi s( 1- ox§| zCY?n%‘*él‘/tdéWan%?ﬁ;tFBFﬁg‘SVEI?’HG%‘ v?fwht hal gte bi s( |

-oxyl-2,2,6,6-tetranet hyl piper] din-4-yl)isophthalate,,
bi s(1- oxyI Azmathel-B2 et resramethy|-pppedindPrc 4-y1 ) t er epht hal ate, 10
bi s(1-oxyl-2,2,6,6-tetranet hyl pi peri di n-4-yl)hexahydr ot erepht hal at e;

N, N' - bf s( 14%&&&@;1:6hﬁifrb@t-z,arﬁaﬁ-twapiemrﬂipdieﬁdi«ﬁylysky;adi pam de; N-(|I
-oxyl -2, 2, 6 6-t etranet hyl pi peridi n-4-yl)-caprol actam

N-(1- oxyl - 1& §@>® A@ @t hﬁd@&m&@nmalfm Bt Amk - ggeﬁgmy]@aé}cc' ni mi de;
2,4, 6- tr| S- [

o Btthgf(&la é-reyrﬁ;% AL ?é‘etyahqgt;{oﬁgmeazl' ;

4, 4’ -et hyI en'é1 er azl n-'3- one) and the |ike,
It is preferred that one rrenbe (gblnatlo |l oyed in the practice
by Sohyl

of the pré&semboRynyehts @Ha"lﬂ%thﬁl %15rﬁ)teﬁm oG ArEPhyl - pi peri di nyl oxy
(4-am no- TEMPO, 4-oxo0-2,2,6,6-tetramnethyl pi peridi nyl oxy (4-oxo-TEMPO),
4- hydr oxy- 2- @rﬁqrﬁetﬁ@cy&éﬁﬁmmmbmbéﬂ;m terfapxgropridiyatrlopyiTEMPO) ,  or
2,2,6, 6-tetranet hyl - pi peridi nyl oxy (TEMPO).

10 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-oxyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

15 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;
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

20 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;
2,2,5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole- 1-oxyl;

25 2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole- I -oxyl;

- 17 -



Bl ends of two or nore of the foregoing, e.g., 4-am no- TEMPO and 4- oxo-
TEMPO, can al so be enployed. -1S WO 02/33026 PCT/ USO01/ 30954 Such stable

ni t r oxi davéozssoe@di cal conpounds can be prepared by knownrperpUked®9Is4 See,
for exanple, U 'S, Patent Numbers 3,163,677; 3,334,103; 3,372,182;

3,422, 144; 3,494,930, 3,502,692, 3,873,564,, 3,966, 711; and 4, 665, 185; which
are incorporated herein by reference.) They are suitable for use over a

wi de range 292‘,5,é-twm&h?lt%%ethbk{,Lz,@iosrwdlrd,@tniowl1Ioieaplperat_ures enpl oyed wi th
the ethylenically unsaturated nononers that are stabilized by the process

of the preagp&5hQ%ﬁg@%ggﬁ&%ggca§h¥wq@@gﬁo%f@g@wabout 60C to about 180C,

pref erably fromabou 0 abou and, nore preferably, from about

80C to abouyt 150C._ Such distil]ati.qns e generally perforned at an

absol ut e pﬁé@%ﬂ?é&%%gﬁgﬁ“ﬁgﬁﬁﬁFBF”EW&U%Sﬁ@gP@eabout 1,200 nm of Hg, 10

Qui none al ki de conpounds that are useful in the practice of the present

i nvention bisgtbudel. 2 Adsetrdinsdlybasadint-yhaskipadsianpl e, US, Patent No,
5,583,247. More specifically, it 1is preferred that the quinone al kide be a
conpoutd obis{ borytA2 6,6-REamRSRIpipkhdiRibyhsbacarer ei n: R31 and R32 are

i ndependently al kyl of 4 to 18 carbon atons, cycloal kyl of 5 to 12 20

car bon at omgRbxRENY| @lekYhe@ 1pheti@inlby GRbRMAL RS, and R33 is -CN, - COCH,
- COOR31, -Cagssf(ﬁ-ocmsé -8021&31)78&35 o%lg-P%CRSQ), where R34 is al kyl of |

to 18 carb%n(ﬁ%gqg%%%¥%kg%hyyﬁkﬁ%gﬁgfkgméﬁmgﬁgbon atons, phenyl or benzyl,

R35 is alkyﬁ 0 carbo % to 10 carbon atons or said

aryl substituted 25 by | or 2 al | of I to carbon atons or by hydroxyl,
Y bis(1 —oxyl-2,2,6,6¥tetramethylp?peﬁ%in%-yl)lsophtha?ate; y ny y

bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;

10 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-o0xyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam,
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;

15 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
the present invention be 4-amino-2,2,6,6-tetramethyl-piperidinyloxy (4-amino-TEMPO),
4-0x0-2,2,6,6-tetramethylpiperidinyloxy (4-oxo-TEMPO), 4-hydroxy-2,2,6,6-

20 tetramethylpiperidinyloxy (4-hydroxy-TEMPOQ), or 2,2,6,6-tetramethyl-piperidinyloxy
(TEMPO)

Blends of two or more of the foregoing, e.g., 4-amino-TEMPO and 4-oxo-

TEMPO, can also be employed.

- 18 -



- 19 WD 02/33026 PCT/US01/30954 R36 is alkyl of I to 18 carbon atons, aryl
of 6 to 10 carbon atons or said aryl substituted by 1 or 2 alkyl of 1 to 4
car bon atwooe2/83020y hydroxyl, R37 and R38 are independent| pChydoicagess, al kyl
of I to 18 carbon atons or said alkyl substituted by alkylarnino of 1 to 4
carbon atons, by dialkylamno of 2 to 8 carbon 5 atons or by hydroxyl;
benzyl, aryl of 6 to 10 carbon atons or said aryl substituted by alkyl of

1 to 4 carbon akQpByably nﬁl&ydeamen@m@z‘n c%n{peu#dsccaﬁ leeere%fm,y dywei al kyl ani no
of 2 to 8 carbon atons, by pheny am no or by hydroxyl, orf -NR37R38 is

mor phol | no éiﬁdl(g%n%éﬁ)‘i"ggl Q§ ?’Iapent N Eﬁ?lsh%%‘;}ﬁ %26? 63| %lﬁf 1 tO 18

carbon at on¥ rogen
- 000H, _ COOR33 2. Preferably, R31

and R32 aré. 4c2§r1t44b%§’ﬂ 939 é’réoza%?l 3 8t7éf5?46’c?(§ﬁ 71 1c9’&4%ﬁé§<3}%5 which argt hy | benzyl
or a, o-di met hyl benzyl. Mst preferably, R31 and R32 are test-butyl,
tert-anyl arcotpersted bergin bylisfePerst o r Blidyyare Rit3Bleifer usever @MY ran R34,

- COR35, -0COR36, -CONR37R38 or -PQ(0OR39), wherein: R34 is alkyl of 1 to 8

car bons at om@wperRdkes] ut @RLINMiorolempBanNts e36yddswvig #igletilenicatlpud@ticaedon
atonms or phenyl, 20 R37 and R38 are independently hydrogen or alkyl of 1 to

18 carbon %&gﬁwerSQE%t aré\lsth‘l?lEQﬁb)’ ﬁe%o@&%f‘tﬂ@pr@%n@h@@ﬁt‘i &Bi’cal%né@@ohs

al kyl of 1 to 4 car toms. Nbst preferably,

alcli?il?&o% "1 ch}%géougqgﬁéf %gggr%gﬁ%‘rom abou %W QbouY"'?%C’%f nd, IRorE34 I's

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.

10 Quinone alkide compounds that are useful in the practice of the present invention
include those disclosed in, for example, U,S, Patent No. 5,583,247, More specifically, it

is preferred that the quinone alkide be a compound of formula

O
Ry, Ry,
15
R,s Ry,
wherein:
R,, and Ry, are independently alkyl of 4 to 18 carbon atoms, cycloalkyl of 5 to 12
20 carbon atoms or phenylalkyl of 7 to 15 carbon atoms, and

R,; is -CN, -COOH, -COOR;,, -COR;;, -OCOR,,, -CONRy;R 33 or -PO(OR,,), where
R,, is alkyl of 1 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, phenyl or
benzyl,

R is alkyl of 1 to 18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted

25 by 1 or 2 alkyl of I 1o 4 carbon atoms or by hydroxyl,

- 19 -



WO 02/ 33026 PCT/US01/30954 R35 is nethyl or phenyl, R37 and R3, are

i ndependently hydrogen or alkyl of | to 4 carbon atons, or -NR37R3H is
nor phol i moQ ozsm24k39 is al kyl of 1 to 4 carbon atons. 5 Pre€euatlipss he
gui none al ki des of the present invention are selected fromthe group
consisting of',
(3,5-di-tert-butyl -4-oxocycl ohexa-2, 5-di enyl i dene)acetonitrile,

(3,5-di-t ent - i@lémyl oft AXPELYE heSRs Zrp-FHicaBYilol drg)268¢ biCsadfirdlh substituted
(3,5-di-tert-anyl-4-oxocycl ohexa- 2, 5-di enyl i dene) acetic acid, 10 nethyl

(3,5-di-tert-butyl:4- cl - -dj j dene)acetate, ethyl
(3,5-di-t e'rb?'-lbOJtzg?f”-‘yj-ogﬁg@ﬁ@?%ﬁgég@% (grbg}l @ﬁﬁﬁygene) acetate, n-butyl
(3,5-di-tert-butyl-4-oxocycl ohexa-2, 5-di eny| | depe) acetate, .

2, 6- di - t er Rapiftdffss 215 1995H ‘81551/‘%88%)&%68?/ L%@@%E@I}s@taiﬂéﬁaﬁ@ afvbt hy
(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) net hanephosphonate, 15
(3, 5-di - t esubspitityd by alsxlewyol dHerd- @ridnditemns| byderie)lwrang il 24e Stcarton
(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) met hyl pi val at e,

(3, 5- df - t extorhudty- Hdexet yehahara o2 6% dD empbh deme) sratidydrylibebstvated by and
N, N-di et hyl -2-(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) acet am de.

-21 WO 02/ %gﬁeéf PET4 U044 308R %y Aik@adton@Naoal ditasi@hs, bhRiMegsanb of 2

i nvention c If desired, be conbined with a 7-aryl qui none "al ki de, such
as those desgribed in US. . Paten . 774, Preferably, such 7-aryl
e R TR KA

qui none al kY 0 or-mu E2 HE3
-NR3;R;; is morpholino, piperidino or pyrrolidino,
R, is hydrogen or alkyl of 1 to 18 carbon atoms, and
10 R,, is hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN, -COOH, -COOR;,, -COR,
-OCOR,;, -CONR;;R ;5 or -PO(OR,),.
Preferably, R,, and R, are tert-butyl, tert-amyl, tert-octyl, cyclohexyl, o-
methylbenzyl or o, ct-dimethylbenzyl.
Most preferably, R,, and Ry, are tert-butyl, tert-amyl or tert-octyl.
15 Preferably, Ry; is -CN, -COOH, -COOR;,, -COR;;, -OCOR 4, -CONR;R 5 o1
-PO(OR,,), wherein:
R,, is alkyl of 1 to 8 carbon atoms,
R,; is methyl or phenyl,
Rsq is alkyl of 1 to 18 carbon atoms or phenyl,
20 R;, and Ry, are independently hydrogen or alkyl of 1 to 18 carbon atoms, or
-NR;;R,4 is morpholino or piperidino, and
R, 1s alkyl of | to 4 carbon atoms.
Most preferably, R;; is -CN, -COOH, -COOR,,, -COR;;, -OCOR,,
~-CONR;;R;, or -PO(OR;y), wherein:

25 R,, is alkyl of 1 to 4 carbon atoms,



10 wherein E, and E2 are independently alkyl of 4 to 18 carbon atons,
cycloal kyl of 5 to 12 carbon atons or phenylal kyl of 7 to 15 carbon atons,
and E3 i wQ@02/3826 or 4-pyridyl, 2- 3-thienyl, 2- 3-pyrryl, PCFuUSetfaeesl , aryl
of 6 to 10 carbon atonms, or said aryl substituted by one to three al kyl of
| to 8 carbon atons, alkoxy of 1 15 to 8 carbon atons, alkylthio of 1 to 8
carbon atons, alkylamno of 1 to 8 carbon atons, dialkylamno of 2 to 8

car bon ato@Fﬁs%&ﬁ%%%?Bﬁpryl of 2 to 8 carbon atons, hydroxy, nitro,
am no, cyand, car boxy, am’nocarbonyl, chloro or mxtures of said

substituents. Preferabl uch c ounds, are sel ected from the group

consi St i ng Rar 8 s A1 Ry IS HOBGHIy Tk a6y CRORBALIBS B dr enone. 20
2,6-di-tert-butyl -4-(4-nitrobenzylidene)-cycl ohexa- 2, 5-di enone,

2, 6- di - t er tNBuiyd is ;qrhaliner d¥enzyl i dene) - cycl ohexa- 2, 5- di enone,
2,6-di-tert-butyl -4-(4-cyanobenzylidene)-cycl ohexa- 2, 5-di enone,

2, 6-di -t enfR,pigtaidyt df | & 4 carivet lipham nobenzyl i dene) - cycl ohexa- 2, 5- di enone,
2,6-di-tert-anyl -4-benzyl i dene-cycl ohexa- 2, 5-di enone, 25

2,6-distert-but yﬂreféra(>§7; Rty bamzkt beagr@reeNChoBeNa ars Ricdic8MIAEiheand
2,6-di-tent-butyl-4-(3,5-di-tort-butyl - 4-hydroxybenzyl i dene) - cycl ohexa- 2, 5-

di enone. / / US01/ 30954 The effective anount of the
conbinatiX%%% (%%g%ﬁﬁgggxyl conmpound and (ii) quinone al kide compound is

neat ur at el ABTER S NGB D AT S DUO ST e & ange. may be.

appropri ate dependi ng upon the conditions of use. The anmount of the

conbi nat i of3.6fdiBerhbuiybstyixoehgsund. Satigndidentoretiapiilde is preferably about 5
to about 1,000 ppm based on the weight of the ethylenically unsaturated
nononer, TK&Spaliedrenmebd-anocytchend-2 Salipotieniedaceiig ag@td (ii) are 1 to 99
percent by weight of conmponent (i) and, correspondingly, 99 to 1 percent
by weight %t}g@)@,9raﬂlért-()bﬂy)-a-oxag,(cfohefaetsrcﬁagmder?e hde@t80 percent by wei ght

of conmponent (i) and, correspondingly, 80 10 to 20 percent by wei ght of
component (i) i3 AN P PESLEGARWa. 29:R0 RELERRLRY Vel gt
n-butyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate,
2,6-di-tert-butyl-4-(2-oxopropylidene)-cyclohexa-2,5-dienone,
diethyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methanephosphonate,
15 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl acetate,
(3,5-di-tert-butyl-4-oxocyclohexa-2, 5-dienylidene)methyl pivalate,

(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl benzoate, and

N,N-diethyl-2-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetamide.



of conponent (i) and 50-80 percent by weight of conponent (ii). The

i nhi bitor conbination of the present invention is suitable for use over a
wi de ramngeonsleenperatures, but distillation tenperatureBCEPUpIBeTs W t h
the ethylenically wunsaturated nononers that are stabilized by the process
of the present invention 15 typically range fromabout 60 C to about 180 C,
preferably fromabout 70 Cto about 165 C, and, nore preferably, from

about 80 C to ahqubyihshe {r?hd@k‘%hth@'p?éslen'] me'n%ﬁcﬁ{ ﬁde&‘?&ﬁ'&@'cb%bnﬂ@& TV%'XEd at

an absolute pressure in the range of about t 0 about The

et hyl eni cally unsat ur at > ich

20 is an ogz%gtug?“?ﬁﬁ(% ggn nﬁﬁ dﬁ?“%ggmggﬁ Bgeghgxg§§h§2%koﬂ§$r¥%$ whi ch
uni nt ended polynerlzatlon durlng its manufacture, storage, and/or

di stri buti &#hi 52! grippeefidangnde hers<d tidRBER's that will benefit fromthe
practice of the present invention are; styrene, a-nethyl styrene, styrene
sul fonic acid, vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated
styrene, 2-vinylpyridine, acrylonitrilep nethacrylonitrile, methyl

acrylate, ethyl 25 acryl ate, nethyl netlacrylate, et hyl nethacryl at e,
acrylic acid, methacrylic acid, butadiene, chl oroprene, isoprene, and the
| i ke, The ethylenically unsaturated s wll not necessarily be
stabilized indefinitely by the presgnce agf the inhibitor blend, especially
when the nononers are heated as in di ation, but they can be
considered to be stabilized as |ong as Eere is a-23 WD 02/ 33026

PCT/ US01/ 30954 neasurabl e increase in e time for which they can be

heat ed before the onset of polynerizationgin a static system and/or the
amount of pol ymer made at constant tenperature remmins constant over tinme
in a dynam c system Those skilled in the art will understand that, if
desired, additional free radical 5 scavengers can be included in the

st abi o zedwgersppsitions. For exanple, air or 02, as disclosed in U S.

Pat ent Nunbers 5, 545,782 and 5, 545, 786, can be added as can the aromatic

nitro Conp%lljgr%}igellr%% e?)gr(ljdelnﬁy qksl ofpliat el%t ah!)on a?oms CYG gélzg of 5 tqu%larrt])%%er 0-

atoms or phenylalkyl of 7 to 15 carbon atoms, and

E, is 2-, 3- or 4-pyridyl, 2- 3-thienyl, 2- 3-pyrryl, 2- 3-furyl, aryl of 6 to 10 carbon
atoms, or said aryl substituted by one to three alkyl of 1 to 8 carbon atoms, alkoxy of 1

15 to 8 carbon atoms, alkylthio of | to 8 carbon atoms, alkylamino of 1 to 8 carbon atoms,
dialkylamino of 2 to 8 carbon atoms, alkoxycarbonyl of 2 to 8 carbon atoms, hydroxy,
nitro, amino, cyano, carboxy, aminocarbonyl, chloro or mixtures of said substituents.

Preferably such compounds are selected from the group consisting of’

2,6-di-tert-butyl-4-benzylidene-cyclohexa-2,5-dienone,

20 2,6-di-tert-butyl-4-(4-nitrobenzylidene)-cyclohexa-2,5-dienone,
2,6-di-tert-butyl-4-(3-nitrobenzylidene)-cyclohexa-2,5-dienone,
2 6-di-tert-butyl-4-(4-cyanobenzylidene)-cyclohexa-2,5-dienone,
2 6-di-tert-butyl-4-(4-dimethylaminobenzylidene)-cyclohexa-2,5-dienone,
2,6-di-tert-amyl-4-benzylidene-cyclohexa-2,5-dienone,

25 2 6-di-tert-butyl-4-(4-methoxybenzylidene)-cyclohexa-2,5-dienone, and

2,6-di-tert-butyl-4-(3,5-di-tert-butyl-4-hydroxybenzylidene)-cyclohexa-2,5- dienone.



substituted benzene conpounds having at |east one transferabl e hydrogen,
e.g., a quinone derivative such as the nono-nethyl-ether of hydroqui none
di scl osedvd n2/3W2&ur opean Pat ent Application 0 765 856 Al , randsatdeess
inhibitors, e.g., phenolics and certain inorganic salts, well-known to
those skilled in the art, The polynerization inhibitor conposition can be
introduced into the nononer to be protected by any conventional nethod. It
can be added as TheG@B@BRuENRUANOHBAE YbinbiRatidh ofFDiritaddyeceapmartadjlist upstream
fromthe point of desired application by any suitable 15 neans, For
exanpl e, t lyeinoneakidduwampbmind iitypicedly aboponerit, 80cgm, besddgredeeckige pltiat el y or
in conmbination to the nononmer feed tank prior to injection into a

di still ati ethylaniially umhiiratedhdionpatemlaltheirghbimdunly ongrohisieagecany B¢ so be
injected separately into the distillation train along with Ehe.inc m ng
feed or thrRBRIGRTISESEPHIEcaONhHERTHIONS OF BRE ity ampupko] e gAmbigtETont

di striputi f the inhibitors. § t he inhibi dual | | et ed

dur i ng® 20 ol Strrd g 8hBheddh T v gwRil 8 oty PR B0 ©
ring’20 f . TS PgEHr AT gy ant dge

aistitati o GoRRRl LA Rl Mo Bfed PO r™ The course of the

distillation pr ?%g?ﬁefel'%;ddjéuﬂguﬂt@ .(Squntqﬂfl@ntg ) REGHARE] & SDBE M 17 wasner al |y

conti nuous basi intermttent in ordéer to'maintain the cdoncentration

of i nhi bi t.etoMpteat @) AR YErEPBndhEly NN PRMEER Dy WYL of 8mPdiRnB@yant ages

and the inportant features of the present 1nvention will be nore apparent
fromthe fohdroptdigrabxarmloess. perdeht WOwWRRB 306 FGEAWYSGhY 3618 bedp ok 18ES

Procedure for Dynam c Reboiler Test with Feed Shut-Of Preparation of Feed
Sol ut iLén. Te Blipytceatt yohaght(SFBONppsent émpwatimbstpneleohiye? @S8Ipesceniviai weishte
styrene by 5 distillation under vacuum_ Renoval of TBC is verified by
caustic ti tof semppnenthibanfet]-B@acroghdumveioht of AAMpPRest(9) is added to this
AP R AT PR RS N W B P
range of temperatures, but distillation temperatures employed with the ethylenically
unsaturated monomers that are stabilized by the process of the present invention
15 typically range from about 60° C to about 180° C, preferably from about 70° C to 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.
The ethylenically unsaturated monomer, the premature polymerization of which
20 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, divinylbenzenes, polyvinylbenzenes,
alkylated styrene, 2-vinylpyridine, acrylonitrile, methacrylonitrile, methyl acrylate, ethyl
25 acrylate, methyl methacrylate, ethyl methacrylate, acrylic acid, methacrylic acid,
butadiene, chloroprene, isoprene, and the like.
The ethylenically unsaturated monomers will not necessarily be stabilized

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
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with TBC-free styrene. Procedure for Reboiler Test. 10 A quantity of the
Feed Sol ution containing inhibitor (blend) at the desired charge (stated
as a W/ wobopsabe i nhibitor to styrene) is added to a rounBebostiaws4d ask
(the "Pot") and heated to the desired tenperature (usually 1 16 C) and
brought to reflux by adjusting the pressure/vacuum Once the Pot contents
are at tenperature, a continuous streamof fresh Feed Sol ution is begun at
a rate thatmedishitabdocredre ivoleumee fof whivk thayi dandk hPotd b&osothatonga of o t he Pot
over a period of tine called the residence tine (typically one hour). At
the same tipmdymnératiohs f stelshsyFemdngorr the wrouit ehpelsmberade attdeastBut t ons
Streamflowis also begun. The Bottons Streamis solution in the Pot that
is removed tﬁ't“p?'ﬁé”%éeﬁ%a‘?sa(toé‘smé‘sovteh%mfaH'b%ﬂy‘lﬂéé%ii“)ﬁ%ﬂ%t| on is added. The equal

constant over ¢ hEEFAETGY e eRpbPTRERT i & Borsh Koyt Bentigbus
repl enisshment. of icni Bi fiQlaed N e RLOFAIULS S at £ e&t;[% e ol Bhidal tor s

are used in ae%%stllﬁlla |on train o% pl ant” produci ng vi R MOnGRErs. The

experi ment GOMEAULS Mphbnf NOWLER sestaté 7@utan@fs §48€7860 anf radaeosrag%aé fgd period
of time, typically seven hours. Sanples are collected hourl'y fromthe

Bott onms St reamutidRiesonpaiidseBschised aNalsy @dnf 19imp& y1er 7600 Meithetba t he
met hanol turbidity method. The 25 anobunt of polyner in'the sanples is an

i ndi cat i on sabstefifee bbnaceaesspainds hevingitiléist ofie haisfigablé Bairegen, €lag d ower the
anount of polyner in the hourly sanples, the nore effective the inhibiting
syst em shouluindve dduvitivg sndr arethe opeo-atettohredier af inohedumeslisviosed act uri ng or
purification process. - 25 WD 02/33026 PCT/US01/ 30954 Procedure for Feed
Shut - cf . /Eurph@né’r@épnéf/\pph@mé@&6ﬁéﬁéﬁés@nmwe( npibiters) £g., Peohchand s), a
sanple is collected m t h«? Botton@\ﬂgg re ?851 Thi s sanple corresponds to
Feed Shut - @eﬁamllﬂgg@mﬁ? {5t we!l-kippan 19 flledrigde atbed Sol ution and Bott oms

S S PP et AL A RN LSRG LRNh L E ALY USt e
to nmaintain boil

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

15 means. For example, the individual inhibiting components can be injected separately or
in combination to the monomer feed tank prior to injection into a distillation train. The
individual inhibiting components can also be injected 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

20 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. 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.

25 The advantages and the important features of the present invention will be more

apparent from the following examples.



tenperature of the experinment. Sanples are periodically renmoved fromthe
Pot (typically every five mnutes). These sanples are anal yzed for polyner
content wW@o1/bs®26 met hanol turbidity nethod. A | onger peripdrosoyions bef ore
initiation of significant polymer formation is an indication of a nore
effective inhibiting systemin the event of a 10 loss of feed in the plant,
Additionally, the |lower the polyner nunber at a specific length of tine
after feed shut-off, the nore effeckixwevirhgs nhi bitor system at providing
protection for that length of tinme, The results in Table |I show that the
performance of the eeshidaaé forrDafanic tedxitér Toit titlgBecoSientaDRi de i s i nproved
conpared to either conponent alone in both steady 15 state and feed
shut - of f t dstparalibusf Fedl Sololiend shoul d provi de inproved perfornmance under
both normal and upset operating conditions in a plant. -26 WO 02/ 33026

PCT/ US01/ 30954 TrablysatechaiKiTBI) é re(Duekoscerenerapli @vaigily suient Wi t * / o)

Pol 50 t ft heed Shut - OF f N 0003

S;%y E‘Z %*'OB Bg%x”?t(a%én%srﬁa%mi %G‘T@ggl@fﬂ%ée’e“@G%él?ﬁrs%éﬁa%ﬁor%(ﬁddo( 350
i

2,52 10 N PFE¥ 0(%%%@ Spﬂduﬁ1 &go Bbsggéﬁq* Sty{j\ﬂe eétthgr oF g’ﬁﬁ“ﬁ% O%yl s

4- 0X0- TEMD %‘?\%Ja%d s&u?‘ntﬁoﬁ he n\%ﬁﬁkﬁlm Q'B%X@eec%ﬁjef?@ﬁ%l%\a%d%y%rﬂ{éyldlhqme

acetic aci ructure O
with TBC-free styrene.

Procedure for Reboiler Test.

10 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 continuous
stream of fresh Feed Solution is begun at a rate that will add the volume of the initial Pot

15 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 Feed and Bottoms streams
cause the quantity in the Pot to remain constant over the time of the experiment while

20 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 from the Bottoms Stream. These
samples are analyzed for polymer content via the methanol turbidity method. The

25 amount of polymer in the samples is an indication of effectiveness of the inhibitor being
tested. The lower the amount of polymer in the hourly samples, the more effective the
inhibiting system should be during normal operation of a continuous manufacturing or

purification process.



O }1C .OM 20 0 @V ester is ethyl

3,5-di-tert-butyl -4-oxo-cycl ohexa- 2, 5-di enyl i dene acetate, In view of the
many chamng@se2/adas nodi fi cati ons that can be nmade w t hout Bepaseliogs4 rom
principles underlying the invention, reference should be made to the 25
appended cl ai ns for an understandi ng of the scope of the protection to be
afforded the invention. -27 WO 02/33026 PCT/US01/30954 CLAIMS What is

cl ai med i s:PracdlurAforel¢teddSHudtOffnhi bi ti ng the premature pol ynerizati on of
ethylenically 2 unsaturated nononers conprising adding to said nononers an
ef fective anountAtghe esl gjthaRebaigs Megdaimit ey Fe\eahpeighd, sSaBRl 1B caiectsd | east

one Ul nons, a1 K195, GorPRund Y ng, a0, o sel e LU v g, 5 orolp at (he
LEREUERER MR L e R T
5 vacuum and temperature are monitored and adjusted to maintain boiling at the 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. A longer period of time before initiation of significant
polymer formation is an indication of a more effective inhibiting system in the event of a
10 loss of feed in the plant. Additionally, the lower the polymer number at a specific length
of time after feed shut-off, the more effective the inhibitor system at providing
protection for that length of time.
The results in Table 1 show that the performance of the combination of nitroxyl
with quinone alkide is improved compared to either component alone in both steady

15 state and feed shut-off tests. Thus, this blend should provide improved performance

under both normal and upset operating conditions in a plant.



7 al kyl, and heteroatom substituted alkyl and R, and R are (1)

i ndependently selected 8 fromthe group consisting of alkyl and

het er oat mo sub®eé t ut ed al kyl, or (2) taken 9 together, forPCIvUa8OWIongy
structure with the nitrogen; and X, and X2 (1) are independently 10
selected fromthe group consisting of hal ogen, phosphorus (in any of it

oxi dation states), 11 cyano, COOR,, -S-COR, -QOCOR , -S—R? (Wnerein R7 is
al kyl or apH)—am-do—ecarbeny—312—al keny., otr—atkyt—ef—1—to—15—carpon
atoms, or (2) taken together form a rliablg Istructure 13 with the nitrogen. 1

5 oo Tt 1O g T Sl Rl ERTIONS s s

PCT/ USO]_/S)Q':.A 6. wherein R _and R4 are |ndnpnndnrtl\/ sel ected rnmf e

oGt

group consi st imigroafl (hjbdrppgen 7 al kyl0,068dd het er gat om subsitZtut ed al kyl
and R _and[R3—are Illuepenuentl y select ea from g tjhe gr oup @ggsi Sti ng| of
al kyl 4nd 1et1§§8éf(r£? g PlWut pd al kyl9: U%4d the 9| 100 1199 portion

Mt asHsA0é 8

represents|t Sary| to forma five-, silx-, or seven-menherkd 13
het erocycl i c ergamdl(gz},o p];hg rre [ hod of (pd)@sm 1 wherlei n thepmibt7 oxyl coprpound

i s sel ect e—fromthe g-otup uuna|aL|||g of—3

2,2,6, 6-tef ra@ﬂ@ﬂerbi%)elmr@)l ny oxy; 4 049 4.66

4-amino-2, 7,6, 81 et r gugtyl)- pt peri di nyj qyy; 2.52
10 Nitroxyl (50 ppm) plus 0.0007 1.48

QM ester (100 ppm)
Nitroxyl is 4-oxo-TEMPO

QM acid is 3,5-di-t-butyl-4-oxo-cyclohexa-2,5-dienylidene acetic acid, the structure of
which is

15

HC OH

~."
20

[onumnie!

QM ester is ethyl 3,5-di-tert-butyl-4-oxo-cyclohexa-2,5-dienylidene acetate.
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
25 appended claims for an understanding of the scope of the protection to be afforded the

invention.



- hydroxy- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy; 6
Xo0-2, 2, 6, 6- tetranethyl pi peridi nyl oxy; 7
|nethyvanumm2Q 2,6, 6-tetranet hyl - pi peridinyloxy; 8  PCT/US01/30954
thanoyloxy 2,2,6,6-tetranet hyl - pi peridi nyl oxy; 9
, 5, 5- tetranethylpyrrolldlnyloxy, 10
no-2,2,5,5-tetranet hyl pyrrolidinyloxy; 11 2,2,4,4-tetranethyl- |

3-carboxylic acid; 13

, 3,5, 5V&n&¢@mhﬁﬂmihyl 1, 4-di azacycl ohexyl -1, 4-di oxy; 14

nD 2,2,6,6-tetranet hyl - pi peridi nyl oxy; 15

oro-2, 2,6, 6-tetranet hyl - pi peridi nyl oxy; 16

do- 2, 2, 6, 6-t et ranmet hyl - pi peri di nyl oxy;

4-11 uoto. 2 12,6, eAméfthpérﬁ@tlnvgmﬁg;s@rwr@mnvwwWer@lon of ethylenically

4- cyang- 2, 2 6 6- tetranethyl pi pe i.nyl ox

4- car boxy zmgat@ra@ t”éanog}?ést Wﬁ‘prﬁi"ﬁé&’ﬁﬂ’gﬁ9IS%QWOW@G” an effective amount of:

4- car bgnet hoxy- 2 6 ] ﬁtral |etp%)%& P? i nyl oxy; -29 WD 02/ 33026
PCT/ US01/ 30954 b SPHSURSY! Bt et anet hyl - pi peri di nyl oxy; 22
4-cyang- 4- hydro 2 %t @a%h%?tq[lf%gﬁég ideQFREé Z@Cln% elecron withdrawing

4- et hyl - 2, 2, 6 tetrame plperl I nylo
4- carbgthozyoq?ﬁyggpégmg@@ 6, 6-tetranet hyl - pi peridi nyl oxy; 25
4- hydr oxy- hydr oxypropyl ) -2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy; 26
4-met hyl -2, 2,6, 6-tetranet hyl 2 5, 6-tetrahydropyridi ne -1-oxyl; 27
4- car boxy- 2, 2, 6, 6-tetranet hyl ,2,5,6-tetrahydropyridine -1-oxyl; 28
4- car bbrret Roxy - Zh2 netlGod @talamet Wigdreid tRs @{réx ¢l @bmahyidt oy theditmeturd - oxyl ;
2
6

-h-b-bl\)'
Oj"

-1
-1

4- car bet hoxy-2, 2,6, 6-tetranethyl -1, 2,5, 6-tetrahydropyridine -1-oxyl; 30
4-anmnd-2,2,6,6-tetranethyl -1,2,5,6-tetrahydropyridine -1-oxyl;

X X
3 11 |2
F17 8~ -F R
R, | R
4 20,73
5
6 wherein R, and R, are independently selected from the group consisting of hydrogen,

7 alkyl, and heteroatom-substituted alkyl and R, and R; are (1) independently selected

8 from the group consisting of alkyl and heteroatom-substituted alkyl, or (2) taken

9 together, form a ring structure with the nitrogen; and X, and X, (1) are independently
10 selected from the group consisting of halogen, phosphorus (in any of it oxidation states),

11 cyano, COOR,, -S-COR;, -OCOR,, -S-R; (wherein R, 1s alkyl or aryl), amido, carbonyl,

12 alkenyl, or alkyl of I to 15 carbon atoms, or (2) taken together, form a ring structure
13 with the nitrogen.

1 3. The method of claim 2 wherein the nitroxyl compound has the structural

2 formula:

3

er//’\\é/R4
4 | \N/1
5 Ry 1 Ry
O*

m
a- 3- azacyclopentyl 3-oxy; 12 2,2, édatakranet hyl - | -oxa-3-pyrrolinyl -
y



31 4-am do-2,2,6,6-tetranethyl -1, 2,5, 6-tetrahydropyridine -1 -oxyl; 32
3,4-di keto-2,2,5,5-tetra nethyl pyrrolidinyloxy; 33

3- ket o- 4vooxomBa006 2, 2, 5, 5-tetrarrret hyl pyrrolidinyl oxy; 3BCT/US01/30954

3- ket 0- 4- benzylidine-2,2,5,5-tetranet hyl pyrrolidinyl oxy; 35

3- ket o-4, 4-di bronp-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy; 36

2,2,3,3,5, 5- hexanet hyl pyrrolidinyl oxy; 37

3- car bexi myg@rdn &, andR| %H@Eﬁéﬁ&éhﬂyEé]élitd:dﬂr@ﬁﬁ't@é(ghoup 38nsisting of hydrogen,

3- oxi mi no- 2, 2, 5, 5-t et r amet h pyrrolidinyl oxy; 39

3- hydr oxy- 21 l@,l,&,naht:etcrammism}slnpyed olkidindyl,exy R, 408 independently selected from
3-cyano- 3- hydr oxy- 2, 2, 5, 5-tetranet hyl pyrrolidi nyl oxy; 41
3-carb&nethb«gmﬁphvdﬁﬁmg{ﬁ?myﬁmﬁimér®®ﬁ@ﬂhbﬁbWRﬂ@WWéhn@N@xy; 42

3- car bet hoxy- 3- hydroxy- 2, 2, 5, 5-tetranet hyl pyrrolidi nyl oxy; 43
2,2,5,8-tetramet hyl - 3- car boxani do- 2, 5- di hydropyrrol e-1-oxyl; 44

2,2,5, 5-tetranet hyl - 3-am no- 2, 5-di hydropyxrole- | -oxyl; 45

2,2, 51l -tetranethyl 3- car bet hoxy- 2, 5¢di hydropyrrol e-1-oxyl; 46

2,2, Sqi t etramet hyl - 3- cyano- 2, 5-di hydropyrrol e- |-oxyl; 47

bis(l- xyl-2,2,6,6-tetranet hyl pi peridin-4-yl)succinate; 48

bi s(1,9xyl 6, 6- - di:pa

bi s(1- gxyl p%@o”a"egretsgﬁ %%W% ‘%%‘JESZSHYﬂ”’?MF)L?e HRE o geve%?“seé“ 85652/ 33026
PCT/ Ugg1/ 391%56400 QC rin

bi s(1- oxyl - %ranethylplperldln 4-yl ) n-butyl mal onate, 51

bi s(I-oxyl - 2 2 6 6 tetranethylplperldln 4-yl)phthal ate; 52
bis(l-oxyl-2,2,6,6-tetranethy| pi peridin-4-yl)isophthal ate; 53

bi s( 1- oxyl 42, 2, 6l'e-mhehohobddipl pwperindhed-oxl))doerephd bakatted fisan the group
bIS(l oxyl -2, 2,6, 6-tetranet hyl pi peri di n-4-yl)hexahydroterepht hal ate; 55
N, N bﬁs(lxmmyMH%<ﬁ"6 6-t et ramet hyl pi peri di n-4-yl)adi pam de; 56

N (1- oxyI 2 2,6, 6-tetranet hyl pi peridi n-4-yl)-caprol actam
2,2,6,6-tetramethyl-piperidinyloxy;

4 4-amino-2,2,6,6-tetramethyl-piperidinyloxy;
5 4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
6 4-0x0-2,2,6,6-tetramethyl-piperidinyloxy;
7 4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloxy;
8 4-ethanoyloxy-2,2,6,6-tetramethyl-piperidinyloxy;
9 2,2,5,5-tetramethylpyrrolidinyloxy;
10 3-amino-2,2,5,5-tetramethylpyrrolidinyloxy;
11 2.2,4 4-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy;
12 2,24 4-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid;
13 2,2,3,3,5,5,6,6-octamethyl-1,4-diazacyclohexyl-1,4-dioxy;
14 4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
15 4-chloro-2,2,6 6-tetramethyl-piperidinyloxy;
16 4-i0do-2,2,6,6-tetramethyl-piperidinyloxy;

17 4-fluoro-2.2

Sy

6,6-tetramethyl-piperidinyloxy;
18 4-cyano-2,2,6.6-tetramethyl-piperidinyloxy;
19 4—carboxy—2,2,6,6-tetramethyl-piperidinyloxy;

20 4-carbomethoxy-2.2,6,6-tetramethyl-piperidinyloxy;
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57 N-(1-oxyl-2,2,6,6-tetranethyl pi peridin-4-yl)-dodecyl succi ni m de; 58
2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-tetranethyl piperidin-4-yl)]-s-triazin
e; and 3004/3302€t hyl enebi s(1-oxyl -2, 2, 6, 6-tetranet hyl pi ppeEDSOEBITINE) . 1
5, The method of claiml wherein the quinone alkide is a conpound of the
formula 20 3 R3 R3z 45 6 7 R33 8 wherein: 9 R31 and R32 are

i ndependently al kyl of 4 to 18 carbon atons, cycloal kyl of 5 to 12 10

car onlat0ETBcaﬂfetIﬂié%f:?{t,%!Gkﬁélraﬂ%tl@l—ﬁi@erl(ﬁnﬂ@t’ybon atoms, and 1 | R33 is -CN,

- COK, -COOR34, - 5, -OCOR36, -CONR37R,'$ or -PQ(OR39)2 where 12 R34 is
al kyl 20f | 4t@ad84aadhog-ne oretetayelhoapikylidioflod;t o 12 carbon at ons, phenyl
or 13 benzyl, 14 R35 is alkyl of 1 to 18 carbon atons, aryl of 6 to 10

car bof3 at odsmehylshR @, @teplanetiybpipeudiegoxyl5 by 1 or 2 alkyl of 1 to 4 carbon
atons or by hydroxyl, 16 R36 is alkyl of Ito 18 carbon atons, aryl of 6 to
10 calbon Ftometiryshhraryl 2subsetianatisdriperdipyloryor 2 alkyl of 1 to 4
carbon_atons or by hydroxyl, -~1 WO 02/33026. PCT/.US01/30954 18 R37 and R38
are iﬁaepeﬁdé’ﬁf@?’"ﬁ&%f%%@ﬁy,m%?ﬂb%2&[* “fet‘faﬁ’eﬁé/l'@&’iﬂﬂ BY9¥%ns or said alkyl 19

cunet bt S KGN f0,0ly 19 SGSarmRgRRTEy Brofl il aiio of 2 Lo ¢
1219 301, BRI SRR AUITY ol el udofaien-abpre. by kol am o of

28 4-carbomethoxy-2,2,6 6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

29 4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

30 4-amino-2,2,6,6-tetramethyl-1,2,5 6-tetrahydropyridine - 1-oxyl;

31 4-amido-2,2,6,6-tetramethyl-1,2,5 6-tetrahydropyridine -1-oxyl;

32 3,4-diketo-2,2 5, 5-tetramethylpyrrolidinyloxy;

33 3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

34 3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;

35 3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy:;

36 2,2,3,3,5,5-hexamethylpyrrolidinyloxy;

37 3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy;

38 3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

39 3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;

40 3-cyano-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;

41 3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;

42 3-carbethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;

43 2,2,5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl;

44 2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole-1-oxyl;

45 2,2,5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole-1-oxyl,

46 2,2,5,5-tetramethyl-3-cyano-2,5-dihydropyrrole- 1 -oxyl;

47 bis(1-oxyl-2,2,6 6-tetramethylpiperidin-4-yl)succinate;

48 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipate;

49 bis(1-oxyl-2.2.6,6-tetramethylpiperidin-4-yl)sebacate;

-30 -



22 to 8 carbon atons, by phenylam no or by hydroxyl, or 23 -NR37R38 is

nor phol i no, piperidino or pyrrolidino, 24 R39 is hydrogen or alkyl of 1 to
18 carbowabws®m26 and 25 R40 i s hydrogen, al kyl, aryl, hydrOrRYKo1/3bidoxy,

-CN, -000H, -000R34, -COR35, 26 -0OCOR36, -CONR37R38 or -PQ(OR39),. 1 6.
The net hod of clain15 wherein the quinone alkide is selected fromthe group
2 consisting

(3,5-af- telth(bB’éBSW 2%0.8x6\cy Rt EpBIpaLidingt- Hiréhwlil feacetonitri le, 4
3,5-dj -t h d t d, 5
(5 30 b RGeS G L S ety
(3,5 bte'bs(gut l_z‘%%)ien t%%@é%n%m g?érpf“gné]e)acetate 7 ethyl

(3,5 i -tert 426X6CyCr ene)acetate, 8 n-butyl

(3, 5- g - t effr pyg 'z-flsmgﬁa/ﬁém dndr ghienyhindene) acetate, 9

2,6 SI-tentSE M - -ox&pro%@ﬁ?neﬁe 92y§¥ohexa 2, 5-di enone, 10 di et hyl
(3, 5-di- telbts(buwlz-zfls@&@@m&mg@mn&n& yip&ayﬂyde&%%)nmmawﬁephosphonate 11
(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) net hyl acetate, 12

(3, 5- 86 - t elN,Nbutsyll-oxd4-QxX0E pakvhvexaylBipbridinanyllddgamedayet hyl pival ate, 13
(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) net hyl benzoate, and 14
N, N-dﬁ@thyE¢QL98ﬂ32U66ﬂe¢@n@bymkwddmxbﬂy@mnhb%amZ 5-di enyl i dene) acet am de.
32 WD 02/ 33026 PCT/US01/30954 1 7. A nmethod for inhibiting the prenmature
pol ynéti zafN-Onowf- 7e9c%91tétrﬁare@thylyxp2ﬂ@ms4azlmﬂa@@Mlswwmes conpri sing adding to

sai d npnoners an ve anpunt east._one. nitroxyl conpound
of thedstr bt ﬁ\h[)%y -B-(k10%yd-2 2Fé_6¢etwr@té4plpenc]m 4- 1'])] -s-triazine; an)éy P

59 4,4’ -ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperazin-3-one).

1 5. The method of claim 1 wherein the quinone alkide is a compound of the formula

O

31 32

8 wherein:
9 R,, and R, are independently alkyl of 4 to 18 carbon atoms, cycloalkyl of 5 to 12
10 carbon atoms or phenylalkyl of 7 to 15 carbon atoms, and

Il Ryis-CN, -COOH, -COOR,,, -COR,;, -OCOR,, -CONR,,R,, or -PO(OR,), where

12 R,, is alkyl of 1 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, phenyl or
13 benzyl,
14 R, is alkyl of 1 to 18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted

15 by 1 or 2 alkyl of I to 4 carbon atoms or by hydroxyl,
16 R, is alkyl of 1 to 18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted

17 by 1 or 2 alkyl of 1 to 4 carbon atoms or by hydroxyl,



6 R 1 R3 0* 7 8 wherein R and R4 are independently selected fromthe
group consisting of hydrogen, 9 alkyl, and heteroatom substituted al kyl
and R, amiOR33zee (1) independently selected 10 from thePQT/@wa@/®esISi sting
of al kyl and heteroatom substituted alkyl, or (2) taken I 1 together, form
aring structure with the nitrogen; and X, and X2 (1) are independently 12
selected fromthe group conS|st|ng of hal o en hosphor us (|n any of it

oxi datlfon dtapesRy arﬂ@d@gﬁéﬁ%ﬁt yOweR gen,- 2y &Kﬂ’@“ atogsRr spigiddin R i s

| kyl b 14 al 1 15 b
tons, Sor (SR Bl 1t o §§%§ﬁyu¥f1h§@m¥*@ Gk & R § ooen.

d 16,.B f th f 0 18 Rol
and 19:5) ahheasky RIE: AREAR B A9 TRAMAY s oG FMk il g 10 T
2Ryl oot 4 A3y 18 1 5ubgm L0, EYRL R 00 écaﬁsbnla%omg%yccﬁglpggmmom or

phenyl al kyl to 15 car and s -CN,
- COR332 - OpR3ehrbonCbis I%% gﬂdﬁ%%%ﬁ whefieor 27 R34 is alkyl of I to 18
carbon atons, cycl oal kyl to 12 car}()on atons, phenyl or 28 benzyl, - 33

VO 02/2330261@(;3!1 QJSGMrBB)&M pigeridR3Soi syrédlidio, of |1 to 18 carbon atons, aryl
of 6 to 10 carbon atons or said aryl substituted

24 R,y is hydrogen or alkyl of 1 to 18 carbon atoms, and

25 R,, is hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN, -COOH, -COOR,,, -COR;,

26  -OCOR,,, -CONR4;R,; or -PO(OR,,),.

1 6. The method of claim 5 wherein the quinone alkide is selected from the group
2 consisting of:

3 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetonitrile,

4 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetic acid,

5 (3,5-di-tert-amyl-4-oxocyclohexa-2,5-dienylidene)acetic acid,

6 methyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate,

7 ethyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate,

8 n-butyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate,

9 2,6-di-tert-butyl-4-(2-oxopropylidene)-cyclohexa-2,5-dienone,
10 diethyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methanephosphonate,
11 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl acetate,
12 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl pivalate,
13 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl benzoate, and

14 N,N-diethyl-2-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetamide.



30 by I or 2 alkyl of I to 4 carbon atons or by hydroxyl, 31 R36 is alkyl
of 1 to 18 carbon atons, aryl of 6 to 10 carbon atons or said aryl
substi t utved 02/3®2by | or 2 alkyl of | to 4 carbon atons orPOYUR§d003ey| , 33
R37 and R3H are independently hydrogen, alkyl of 1 to 18 carbon atons or
said alkyl 34 substituted by al kylarnino of I to 4 carbon atons, by

di al kylamno of 2 to 8 carbon 35 atons or by hydroxyl; benzyl, aryl of 6
to 10 c¢arbon at rmetiodSar thhibitily tbaipetiatuut edybyridioaldf glhytzhichllt 0 4 car bon
atons, by alkylarnino of 1 to 4 carbon atons, by dialkylamno of 2 37 to 8
car bonZ2at onesatnatqoireoydiasrncoropomngoaddimgd p oxiglmonmmeagan NRETR3Bnowt wbr phol i no,
pi peridino or pyrrolidino, 39 R39 is hydrogen or alkyl of I to 18 carbon

at oms, 3and 40 RAD i s dhjedslogemitralykgempamng ol thyydueiye:, al koxy, - CN, - 000H,

- CO0R34, -COR35, 41 -0COR36, -CONR37R3R or -PQ(OR39)" 1 8, The nethod of
claim? carried out in the presence of oxygen, 1 9. The nethod of claim?7
carried out in the presence of oxygenTl 1720. A conposition conprising: 2
A) at feast one nitroxyl conpoundgr and, 3_B)yrat |east one quinone alkide
conpoupd having an electron-mjthdramjﬂ%T 4 group at the 7-position 1 1 1.
The conposition of claim 10 wherein t oniﬁroxyl compound is of the
structgre: 2 X1 x2 R-~C. .GCRA N4 R2R3 0* 5 34 WD 02/33026

PCT/ USO01/ 30954

8 wherein R, and R, are independently selected from the group consisting of hydrogen,

9 alkyl, and heteroatom-substituted alkyl and R, and R, are (1) independently selected
10 from the group consisting of alkyl and heteroatom-substituted alkyl, or (2) taken

gl together, form a ring structure with the nitrogen; and X, and X, (1) are independently

12 selected from the group consisting of halogen, phosphorus (in any of it oxidation states),
13 cyano, COOR,, -S-COR,, -OCOR,, -S-R, (wherein R, is alkyl or aryl), amido, carbonyl,
14 alkenyl, or alkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure

15 with the nitrogen, and

16 B) at least one quinone alkide compound of the formula

17

O
18

31 32

19
20

23 wherein:

24 R;, and R, are independently alkyl of 4 to 18 carbon atoms, cycloalkyl of 5 to 12

25 carbon atoms or phenylalkyl of 7 to 15 carbon atoms, and

26 R;; is -CN, -COOH, -COOR;,, -COR,,, -OCOR,;,, -CONR;,R;; or -PO(OR,,), where
27 R,, is alkyl of 1 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, phenyl or

28 benzyl,



6 wherein R, and R 4 are independently selected fromthe group consisting
of hydrogen, 7 alkyl, and heteroatom substituted alkyl and R, and R3 are
(1) indepeadrsioky sel ected 8 fromthe group consisting oPCEURYI30933d

het er oat om substituted al kyl, or (2) taken 9 together, forma ring
structure with the nitrogen; and X, and X2 (1) are independently 10

sel ected fromthe group consisting of hal ogen, phosphorus (in any of it

oxi datbon R,afsafklyl of Licll & y@ben atCORRy! of$- ICARarbdnGORMs or Gidary( whetiteied R7 is
al kyl or aryl), amdo, carbonyl, 12 alkenyl, or alkyl of I to 15 carbon

at ons 30or (@)1 arékaky!toddeb Herarbohortemaor hynlgydsexylict ure 13 with the nitrogen, 1
12_ The conposition of claim!l 1 wherein the nitroxyl conpound has the

st rucBiral Rs2isfbiyhof hto B3 Rrben atrans, a1yhofi6 iy 10 @iy afoRgor gud argl syhgtitate R
and R4 are independently selected fromthe group consisting of hydrogen, 7
al kyl 32and bhetBroakdmt 4 dp S Rpedoas Ry pY *é}'ﬁiélo’ﬁg and R3 are independently

I d f t he . i Sti f I d, het t or.n- tituted
2 kol Band g 1 PIPReGRTFIsi, By BLH L Reo S BREHSRIARY 1o orm
gorr;)\cl)gillti zlr?éfc)) 't@%%?ﬁc{%graﬁ@%{ﬁgt(ﬁgarﬁﬁ ?é@gﬁybglcdéﬁ%%lhﬁgwiO;fz;tglge%trbg)& fromthe
2 grodg consisd dg, Wd'ro@u%eazﬁ,a@yl_t&fertarr@tca%bngicp@sr&rdsiawel@p%bstﬂuted by

4- am no- 2, 2, 6, 6-t étranet hyl - pi peri di nyl oxy;
4- hydnexy- 2iidi 65 btd £t480Ritvls; By PRYIaiHdYIFaXY;4 carbon atoms, by dialkylamino of 2
37 to 8 carbon atoms, by phenylamino or by hydroxyl, or
38 -NR;R, is morpholino, piperidino or pyrrolidino,
39 R;, is hydrogen or alkyl of 1 to 18 carbon atoms, and
40 R,, is hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN, -COOH, -COOR,;,, -CORg;,

41 -OCOR,;, -CONR;;R; or -PO(ORyy)..

1 8. The method of claim 1 carried out in the presence of oxygen.

1 9. The method of claim 7 carried out in the presence of oxygen.

1 10. A composition comprising:

2 A) at least one nitroxyl compound, and

3 B) at least one quinone alkide compound having an electron-withdrawing

4 group at the 7-position,

1 11.  The composition of claim 10 wherein the nitroxyl compound is of the structure:
2

X R

D -

Rl - CI: ~ - (.: R4
4 Ry 1 Ry
Ox*
5



oxy- 36car eydih &, a6d H; ared@dependently selected from the group consisting of hydrogen,
3,3,5,5, 6, 6- octanethyl 1, 4-di azacycl ohexyl -1, 4-di oxy; 14
rond- 2, 2jlg),Gnt éattltaemreilhyhbsmutmed nld;i_ylnynkic&gymd :&'—,‘; arc (1) independently selected
hl or o- 2 2,6, 6-tetranet hyl erldlnylox
4-j0do82, 2 fe)n@st}tee;r@@mrﬂﬁylmg)pg@ l@ml]yptgwtom—iqbstxtuted alkyl, or (2) taken
4-fluoro-2, 2,6, 6-tetramet hyl - |per|d|n
4- cyan8 2, zogt@e‘rt @[npm%qucbir%gﬁt ‘]%9‘?’8&%}1 1nq|_§l and X, (1) are independently
4-car

4-car Eg ﬁslfg;e r?l ﬁl%%@})w&ﬁggﬁl&ewm l%’%'i] dj)fl %}]SW (in yy of it oxidation states),
4-car l?‘l:'lt hoxcydrll, OX)@Q t%@éﬁggt@éfb pljgeﬁl h@y‘alnp 7S all{g?or arﬁl\,)) amido, carbonyl,

4- cyano- 4-h ttamethyl - per|d|

4- et hyl - ’a:l?kegyl of ﬁkyl%rmttBWS GQ}b%%ra'téih{%L @293431\62140 ether, form a ring structure
4- carbethoxy 47 hydr oxy- 2, 2, 6, 6-t et ramet hyl’- pi per] di nyl oxy; 25

4- hydipexy- 4Ng;mg%qhg%ypropyl) 2,2,6,6-tetranet hyl - pi peridi nyl oxy; 26

6 4-o0x0-2, 2,6, 6-tetranethyl -pi peridinyl oxy; 35 WO 02/ 33026 PCT/ US01/ 30954
7 4-dlmet hyl am no-2, 2, 6, 6-tetranet hyl - pi peridi nyl oxy; 8
4- et hanoWwoxry3®e, 6, 6-t et r amet hyl - pi peri di nyl oxy; 9 PCT/US01/30954
2,2,5,5-tetramet hyl pyrrolidinyl oxy; 10
3-amno-2,2,5 5-tetranet hyl pyrrolidinyloxy;, 11 2,2,4,4-tetranethyl -
- oxa- 3-azacycl opentyl -3-oxy; 12 2,2,4,4-tetranmethyl- | -oxa-3-pyrrolinyl- |
X
2,
b
c

2,
4-
4-

4-met hyl -2, 2,6, 6-tetranet hyl -1, 2 5 6-tetrahydropyridine -1 -oxyl; 27
4- carboxy 2 2 6, 6-tetranet hyl - 1 2 5, 6-tetrahydropyridi ne -1-oxyl; 28
4-carbonethoxy-2,2,6,6-tetranethy|-1,2,5,6-tetrahydropyridine “ 1 ox l; 29

4- car bét hoxig- 2, I8, ®+npetitiamef Hyim 1| ¥hech-thenitalyldooppridhrethe strostylal 30
4-am no- 2, 2, 6, 6 tetramethyl -1, 2,5, 6-tetrahydropyridine -1-oxyl; 31
4- am dé- 2, Zbﬁméatetranethyl 1,2,5,6-tetrahydropyridi ne -1-oxyl;

3
RLJ//\\X/R4
4 ~

I !
N
R, ¥ R
5 2 O* 3
6 wherein R, and R, are independently selected from the group consisting of hydrogen,

7 alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from

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

10 2

11

12 portion represents the atoms necessary to form a five-, six-, or seven-membered
13 heterocyclic ring.
1 13. The composition of claim 10 wherein the nitroxyl compound is selected from the
2 group consisting of:
3 2,2,6,6-tetramethyl-piperidinyloxy;
4 4-amino-2.2.6,6-tetramethyl-piperidinyloxy;

5 4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;

6 4-0x0-2.2.6,6-tetramethyl-piperidinyloxy;



-tetranmet h_yl pyrrolidinylox_y; 33

etranet hyl pyrrolidi nyl oxy; 34

, 5-tetranet hyl pyrrolidinyl oxy; PGBHUS01/30954
-tetranet hyl pyrrolidinyloxy; 36 WO 02/33026

PCT/ USO01/ 30954 36 2, , 5, 5- hexanet hyl pyrrolidi nyl oxy; 37

3-carboxi mdo-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy; 38

3- oxi n? no- Z-9nstiylangne-3.- 2o O AP PYHPOIRREAYIYERY; 39

3-hydrogxy-2,2 5, 5-tetr t hyl rralidjnyl oxy; 40

3 cyanb. 3. AyhBIgIor V2 5 0 elep S HYT UG di nyl oxy: 41

3- car bgnet hoxy-3- hydroxy-2, 2..5,5-t et ranmet hyl pyrrolidi nyl oxy; 42

3-carbgthogyégéﬁﬁgggﬁﬁy%yg?é?%ﬂ?%&ranethyIpyrrolidinyloxy; 43

2,2,5,;8-tety I - 1,405 -di hydropyrrole- | -oxyl; 44

2,2,5}§-teﬁr%ﬂ§%2¥?§§i%ﬁ?ﬁg%g?g?grﬁyg? pyrrole- | -oxyl; 45

2,2, 5,9t ety antnhm3merr BRI DN yRIpedlybydrkppyrrol e- | -oxyl; 46

2,2,5,5-tetranet hyl - 3-cyano- 2, 5-di hydropyrrol e-1-oxyl; 47

bi s( 141exyl 2222 46tefratethy Rmekhypirpinyldi-oxyd3 yhibskgdoidoat e, 48

bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl)adi pate, 49

bi s( 14dxyl 222,2,363, B.61cevatanethilyl, pidperdydiohextd il 4-diebgcat e, 50

bi s(1-oxyl-2,2,6,6-tetranmethyl piperidin-4-yl)n-butylmal onate, 51

bi s( 11éxy| 42brene-32t6e-taimeteHyl-pippedindprs4- yl ) pht hal ate; 52

bi s(1-oxyl-2,2,6,6-tetranet hyl pi per.idin-4-yl)isophthal ate; 53

bi s( 118xy| H2cB0i-52 Ot telrBreHY - pPped PUPRE 4- yI ) t er epht hal ate, 54

bi s(1-oxyl-2,2, -t et ramet hyl.pi peri di n-4-yl ) hexahydrot er epht hal at e,
N, N -Bgs(l -%B?éP%?éi%ﬁeéﬁ% V‘éﬁ@?‘ﬁ@?%‘?*ﬁeri di n-4-yl)adi pani de; 56
N-(1-9x%yl-2,2, 6 655ety hyl, B -] di n-4-yl)-caprol actam 57
N-(l-gzyl-%{éwng%%Ef{%ﬂgﬁﬁ%kbﬁggﬁﬁggﬁgﬁ-yI)-dodecylsuccininide;

18 4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;

32 3,4-di keto-2,2,5,
3- ket 0- 4- oxi m no- 2, 2,
e
2

5
3,
21 ’
2
2

tet

5-t
3- ket 0- 4voenzgdoedi ne- 2, 2, 5
, 5,5
3,3
e

3-ket 0-4, 4-di brono- 2,

19 4-carboxy-2,2,6,6-tetramethyl-piperidinyloxy;

20 4-carbomethoxy-2,2,6,6-tetramethyl-piperidinyloxy:;

21 4-carbethoxy-2,2,6,6-tetramethyl-piperidinyloxy;

22 4-cyano-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;

23 4-methyl-2,2,6,6-tetramethyl-piperidinyloxy;

24 4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;

25 4-hydroxy-4-(1-hydroxypropyl)-2,2,6,6-tetramethyl-piperidinyloxy;
26 4-methyl-2 2,6 6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

27 4-carboxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

28 4-carbomethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine - 1-oxyl;
29 4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
30 4-amino-2.2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

31 4-amido-2,2 6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

32 3,4-diketo-2,2

14

5,5-tetramethylpyrrolidinyloxy;

33 3-keto-4-oximino-2,2,

5,5-tetramethylpyrrolidinyloxy;,
34 3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;

35 3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;

- 36 -

55



58

2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-tetranethyl piperidin-4-yl)]-s-triazin
e; and 3004/3302€t hyl enebi s(1-oxyl -2, 2, 6, 6-tetranet hyl pi ppCEDSOLBITINE) . -
37 WD 02/33026 PCT/US01/30954 1 14, The conposition of claim 10 wherein

t he qui none alkide is a conpound of the 2 formula 30 4R R1 56 7 8
RA0 R33 9 10 11 wherein: 12 R31 and R32 are independently alkyl of 4 to
18 capbon @t%hﬁS%ﬂl%ﬂaﬁbﬂthnyY@ﬂldmk%y 12 13 carbon atoms or phenyl al kyl of 7

to 15 car bon atoms and 14 )& OH, -COOR34, -COR35, -0OCOR3G
CO\IR@?RBB oc’rar PR3 5- S\A)I‘Féff‘@e”‘I@Y’F@W‘i‘ O‘é’l kyl of 1 to 18 carbon atons,
cycl ogl ky Lan bon or 16 benzyl, 17 R35 is al kyI of
1to ?g ﬁb‘Bﬂ Qtoo?n% ArR TS hyh’yfr(?hi‘ bon atoms or said aryl substituted

18 by g, or 2h %IBIE%/I a?fs é_tet“%m% h@g)fyprgn?l%@%ﬁcor by hydroxyl, 19 R36 is alkyl

of 1 o 18°c arbon atons or said aryl

subst iyput ed_..20, BV - &K 222@I5k%lt REindit QokdisReRen atons or by hydroxyl, 21
R37 and R38 feol n elber}l/ dently h r;dro%ep?l OaI ﬁ?l ng 1 to 18 carbon atons or

sai d ahkyl 3-@eorhiBdiyt 3hedroky-2al K ylt@minnehyfyriolidnyfoxgar bon at ons, by
di al kylam no of 2 to 8 carbon 23 at ons or by hydroxyl; benzyl, aryl of 6
t o 104gar bGRcantiedimxyat-hgdory-asys, Ssethstetliylyiyecblidiny R4y al kyI of 1 to 4 carbon

atons, by alkylamno of 1 to 4 carbon atons, by dial kylam no of 2
43 2.2,5,5-tetramethyl-3-carboxamido-2,5- dlhydropyrrole 1-oxyl;

44 2.2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole- I -oxyl;

45 2,2,5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole- 1 -oxyl;

46 2,2.5,5-tetramethyl-3-cyano-2,5-dihydropyrrole- 1-oxyl;

47 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate;

48 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipate;

49 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)sebacate;

50 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)n-butylmalonate;

51 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)phthalate;

52 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate;

53 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;

54 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydroterephthalate;
55 N,N’-bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide;

56 N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam,

57 N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;

58 2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)]-s-triazine; and

59 4. 4’-ethylenebis(1-oxyl-2,2 6, 6-tetramethylpiperazin-3-one).

-37 -




25 to 8 carbon atons, by phenylam no or by hydroxyl, or 26 -NR37R3$ is
nmor phol i no, piperidino or pyrrolidino, 27 R39 is hydrogen or alkyl of 1 to
18 carbowabws®m26 and 28 Rap i s hydrogen, al kyl, aryl, hydrOrRyKo1/3bidoxy,
-CN, -000H, -COOR34, -COR35, 29 -0COR36, -CONR37R3k or -PO(OR39),. - 38
WO 02/ 33026 PCT/US01/30954 1 15. The conposition of claim 14 wherein the
qui none alkide is selected fromthe 2 group consisting of 3

(3, 5-di - t ent- butryik cdmpadicycd fahemarRwberdinehy 4 iisleree)iddetsandédnrioued of the
(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene)acetic acid, 5

(3, 5-d2-teféernauby| - 4- oxocycl ohexa- 2, 5-di enyl i dene) acetic acid, 6 nethyl
(3,5-di-tert-butyl-4-oxocycl ohexa- 2, 5-di enyl i dene)acetate, 7 ethyl
(3,5-dP-tert-butyl -4-oxocycl ohexa- 2, 5-dpenyl i dene) acetate, 8 n-butyl
(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-d|jenyl i dene) acetate, 9
2,6-di4tert-butyl - 4-(2- oxopropyl iR ¢ Bxa- 2, 5- di enone, 10 di et hyl

(

(

(

(

d%-tert-butyl-4-oxocyclohexa-2, yl i dene) net hanephosphonate, 1
di-tert-butyl -4-oxocycl ohexa- 2, yl i dene) net hyl acetate, 12
di-tert-butyl -4-oxocycl ohexa- 2, Ayl i dene) net hyl pival ate, 13
,5-di-tert-butyl - 4- oxocycl ohexa- 2, 5- di{gnyl i dene) net hyl benzoate, and
N, N-di et hyl -2-(3,5-di-tert-butyl -4-oxocycl ohexa-2, 5-di enyl i dene) acet am de.
1 16. A conposition for inhibiting fthe pregature pol ynerization of
ethylegically 2 unsaturated nononmer$ wherefn said conposition conprises: 3
A) at |east one nitroxyl compound of the structure: 4 x 51 12 RI-N'CR4
9

3, 5-
3, 5-
3, 5-
3, 5-

10

11 wherein;

12 R,, and R, are independently alkyl of 4 to 18 carbon atoms, cycloalkyl of 5 to 12
13 carbon atoms or phenylalkyl of 7 to 15 carbon atoms, and

14 Ry is-CN, -COOH, -COOR,,, -COR,,, -OCOR;, -CONR;Ry; or -PO(ORs,), where

15 R, is alkyl of 1 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, phenyl or
16 benzyl,
17 R.; is alkyl of 1 to 18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted

18 by 1 or 2 alkyl of 1 to 4 carbon atoms or by hydroxyl,

19 R, is alkyl of 1 to 18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted
20 by 1 or 2 alkyl of 1 to 4 carbon atoms or by hydroxyl,

21 R,; and Ry, are independently hydrogen, alkyl of 1 to 18 carbon atoms or said alkyl

22 substituted by alkylamino of 1 to 4 carbon atoms, by dialkylamino of 2 to 8 carbon

23 atoms or by hydroxyl; benzyl, aryl of 6 to 10 carbon atoms or said aryl substituted by

24 alkyl of 1 to 4 carbon atoms, by alkylamino of 1 to 4 carbon atoms, by dialkylamino of 2
25 to 8 carbon atoms, by phenylamino or by hydroxyl, or

26 -NR,;R; is morpholino, piperidino or pyrrolidino,

27 R,, is hydrogen or alkyl of 1 to 18 carbon atoms, and

28 R, is hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN, -COOH, -COOR;,, -COR;s,

29 -OCOR,;, -CONRy;Ry; or -PO(ORy,),.
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6 R 1 R3 0* 7 8 wherein R and R4 are independently selected fromthe
group consisting of hydrogen, 9 alkyl, and heteroatom substituted al kyl
and R, amiOR33zee (1) independently selected 10 from thePQT/@wa@/®esISi sting
of al kyl and heteroatomsubstituted alkyl, or (2) taken 1 1 together, form
aring structure with the nitrogen; and X, and X, (1) are independently 12
sel ected fromthe group consisting of hal ogen, phosphorus (in any of it

oxi dat i on gtsat eshhe cohposiyansef clOR, wherSm @R yine0GORTe is-s8eREd fwhethei n R7 i s
al kyl or aryl), am do, carbonyl, -39 WD 02/33026 PCT/US01/30954 14

al keny?, orralkgdnsefinglof o 15 carbon atonms, or (2) taken together, forma
ring structure 15 with the nitrogen, and 16 B) at |east one qui none al ki de
conpouhd of(3Skd-tedibrinl-4-oxpgyapherg 2Radignyidenejacelapgrilep; 22 40 R33 23 24 25
wherein: 26 R31 and R3, are independently alkyl. of. 4 to 18 carbon atons,
cycl oafkyl @rfs"B‘t?ré‘bﬂ2/1‘4207‘06%&1%15’ﬁa‘§t50§‘§“56‘1d%‘ﬁ%%%)Fé?lﬁfyl of 7 to 15 carbon

om0 28,3880 187 O PRy G oo, [T
to 12 sar b%‘et%;l ?gr,%ldiRgr?—%}{tlyl-g—roxggycli)(ﬁiggX—l’l,’5-dienylidene)acetate,

7 ethyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate,

8 n-butyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate,

9 2,6-di-tert-butyl-4-(2-oxopropylidene)-cyclohexa-2,5-dienone,

10 diethyl (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methanephosphonate,

11 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl acetate,

12 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl pivalate,

13 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl benzoate, and

N,N-diethyl-2-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetamide.

] 16. A composition for inhibiting the premature polymerization of ethylenically
2 unsaturated monomers wherein said composition comprises:
3 A) at least one nitroxyl compound of the structure:
4
: hoob

BTG~ - F Ra

R, ] R

6 20,73
7
8 wherein R, and R, are independently selected from the group consisting of hydrogen,

9 alkyl, and heteroatom-substituted alkyl and R, and Ry are (1) independently selected

10 from the group consisting of alkyl and heteroatom-substituted alkyl, or (2) taken

I together, form a ring structure with the nitrogen; and X, and X, (1) are independently
selected from the group consisting of halogen, phosphorus (in any of it oxidation states),

13 cyano, COOR,, -S-COR;, -OCOR;, -S-R; (wherein R; is alkyl or aryl), amido, carbonyl,



31 R35 is alkyl of I to 18 carbon atons, aryl of 6 to 10 carbon atons or
said aryl substituted 32 by 1 or 2 alkyl of 1 to 4 carbon atons or by

hydr oxyl w@82/k886is al kyl of 1 to 18 carbon atons, aryl oPCHUS@/IAs4carbon
atons or said aryl substituted 34 by |I or 2 alkyl of I to 4 carbon atons
or by hydroxyl, 35 R37 and R38 are independently hydrogen, alkyl of | to 18
carbon atons or said alkyl 36 substituted by al kylamno of | to 4 carbon
at ons,j4by dii@hfybaamkiaraftod stearbdn GasiR0Br (2) 44k ML £E2 33026 aRGE UGoLF80954 37
atons or by hydroxyl; benzyl, aryl of 6 to 10 carbon atons or said aryl
subst it ut edvibythd8itadgey) andf | to 4 carbon atons, by alkylamno of | to 4
carbon atonms, by dialkylamno of 2 39 to 8 carbon atons, by phenyl arnino
or by lAydroxyl, Br 40tleaR3mR3ginoge aisidglsomipaend ¢f thefireiulio or pyrrol i di no, 41
R39 is hydrogen or alkyl of 1 to 18 carbon atons, and 42 R40 is hydrogen,

al kyl 7aryl, hydroxyl, al koxy, -CN, -008H, -000R3A, -COR35, 43 -OCOR36,
CO\IR?TgRSS or -PQ(OR39)2, -41

R.S 1 R}Z

19

20

21

22 o 3

23

24

25 wherein:

26 R,, and R,, are independently alkyl of 4 to 18 carbon atoms, cycloalkyl of 5 to 12
27 carbon atoms or phenylalkyl of 7 to 15 carbon atoms, and

28 R, is-CN, -COOH, -COOR,,, -COR,,, -OCOR 4, -CONRy;Ry, or -PO(ORs,), where

29 R,, is alkyl of 1 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, phenyl or
30 benzyl,
31 R,; is alkyl of 1 to 18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted

32 by 1 or 2 alkyl of I to 4 carbon atoms or by hydroxyl,

33 R, is alkyl of 1 to 18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted
34 by 1 or 2 alkyl of 1 to 4 carbon atoms or by hydroxyl,

35 R, and R,; are independently hydrogen, alkyl of 1 to 18 carbon atoms or said alkyl

36 substituted by alkylamino of I to 4 carbon atoms, by dialkylamino of 2 to 8 carbon

40 -



38
39
40
41
42

43

WO 02/33026 PCT/US01/30954

atoms or by hydroxyl; benzyl, aryl of 6 to 10 carbon atoms or said aryl substituted by
alkyl of 1 to 4 carbon atoms, by alkylamino of 1 to 4 carbon atoms, by dialkylamino of 2
to 8 carbon atoms, by phenylamino or by hydroxyl, or

-NR;,R;5 is morpholino, piperidino or pyrrolidino,

R, is hydrogen or alkyl of 1 to 18 carbon atoms, and

R, is hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN, -COOH, -COOR,,, -CORg;,
-OCOR;,, -CONR;;R;; or -PO(OR,,),.
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