;opgr st e3e, x6TWO 02/ 3302fi PCT/ US01/3095. 1 BLENDS OF QUI NONE ALKI DE AND
NI TROXYL COMPOUNDS AS POLYMERI ZATION | NHI BITORS | claimthe benefit under
Title 35 wOm2BadéSt ates Code, 120 to U. S. 5 Provisional Apg/usnai3osa
Nunber' 0/ 240,085, filed October 1G 2000, entitled ' BLENDS OF QU NONE

ALKI DE AND NI T Y I T i GROUND OF
THE | NVENT! N 10PN BSdpg QTR e SRR ANB SPERARYL GOptmopips o
directed to the use of a cOHMNRENNERIZAIHONKEHIBREORS none al ki de and at

| east one nitroxyl conpound to inhibit the polynerization of ethylenically
unsat ur at ed nonohenan tize bOedit undeir FitloI S, RblittdddtarestCdde, BHAY telhyl eni cal |y
unsat ursat edprsvigionei A pipidedon AlunybqraOy2u®(85efikd Oabber 56,2080 tidfedt hei r

nmanuf act ur e LINIIS 6F QUIN ONEIATTKID B AN BOE T ROX YIS€EOMPPDUNDS Wsar |y

t r oubl esomeppiseERIZA TAON PNRTBITORS, Ng caused by pol ynerization in the
purification stages of the production processes of such nononers

Pol ynmeri zation, such as th r j ‘quig their purification
results in the | oss of theﬁéoﬁﬁ%(ﬁg?i%ﬁ? %ﬁf%ﬂégqﬁn Jr[pt?I(\)Iducti on efficiency

ow ng to the deposition of polymer in or on the equipnment being used in the
purifi@tioh, tnEelbpfddedavertiogh ch nust be renmoved fromtine to time.
Additionally, the formation of soluble polyner |eads to | oss of nononer,
i.e , a |lower yi&hapresamtiinaantioncis daseed o thhasy pEz oghbipatofn ofray ldastranet hat may
be produced. The processing of the tars then requires higher tenperature
and wor k ( eqéfighe a8 indt O 1€ NBWENire Syl umpod 1ARIBR thefpoMderizadbh ef y of
conpounds has been proposed and used for Inhibiting uncontrolled and

undesi r ed p@th%l@?ﬁ&d”&%&zﬁ&'ra@d RBoph&hi cal Iy unsaturated nononers In
particular, there i's a need for an inhibitor that not only provides highly

effective igphibition Q.f pg:ﬁ/ rh a_ttion during normal operation of a

conti nuous franuf d&YUIPIRY % eiate 02/ 33026 PCT/ US01/ 30954 purification
process, but al so provides satisfactory protection in the event of a | oss
of contd nuous i niiPRY Bthylepisdlly, unpptur e BERYOPERUBI ¢HRRIY ROEMGEBGAL YBI0YE ovi de
sufficient protection in one of these scenarios) these inhibitors have not
been ful |l y gagdssf dwironanulactiee, frotdssingr matllingy diongee tndpwer 24 partjoderdi t i ons.
Accordingly, there has been a 5 substantial need in the art for inproved
conposi ti ongoiitdésoindhpir&lérh Rgeduligmd fyRgicaadet ©n pofynsadiehtidroinaneprifibafiong
their production and the distillation process for purifying or separating

themfrom igp&’ersiotfh% lroé\?cti\’ﬂfﬁ'pkao?se%?m i erbolgrgggiéaﬁi%f]ﬁ%?%agﬂeﬂﬂﬂe

met hi des and Ti t rox compoun are known pol ynerization Itors,

[?CJ): ;?nra]re met ;r)]ci)l)qrggriz%ggn,%iriglg¥he?rspurn chtrignerregdltsqinYliqussaofsti)g nmioggglgngndaanﬁ)lélsnitn of

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

LA AN LT
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10 during nornal inhibition usage, but providing protection in the event of
" a plant upset during nononer purification by slowng the rate of polyner

f or mat i orwawngss26t ati ¢ condi ti ons Because of the poor nor palr/usol®ssi on
performance, qui none nethides nust be used in fairly high dosages, making

t hem not very econonmical to use. U 'S. Patent Nos 4,003,800 and 4, 040,91 1
di scl ose the use of quinone alkides in 15 a styrene purification process

The fol | ow uglﬁ@ﬁFoWHr%es@%%l a8s 16&18@3&%?3@%?% rSRERAN AT QR RN ofd 188 sipeci al ty
Chem cal s rporation, relate to quinone nethides and uses thereof U S.

Pat ent Nos 5 83 247 0,765 di scl ose the r.otecti on of
ethylcnicaﬁiy uﬁ?&ﬁhﬂ %%giﬁnﬁgﬁEPBmp”"“bEQEna5HF@”38ﬂyﬂé ?i“ﬁ?%ﬁ during

manuf acture 20 and stora t he |ncorporat|on therein_of an effective

st abi | i zi ngralseRR inere 8F g\%%%émfﬁ?t HietrenuBihpyS iAYe Prhiery fully salidedteryn

wi t hdrawi ng substituent at the 7-nethylene group U S- Patent No. 5,616,774
di scl oses tundempryadh ectiadandbpset hydretmgaindyionnsAteardingly, thereomesbserf 2 om

premat ure pol ynerization during manufacture and storage by the 2S

i ncor per at isabstihRr gded i®theaiit @ ii@pilovi®cEhERItlong fardnidbibivg thedfolpmeriAatiyh of

qui none net hi de WO 02/ 3302G PCT/ US01/ 3095~ conpound wherein the 7- aryI

subsi t uent s'uélf %'()Porgérs(a[lrilég %{rbpgwiucn%n ald th% dtlé?fllg g/ro%ess%r ;S?h ﬁ}/lﬂ%'&[)y one t 0

3-firryl, ary car sal substi t
t hree alky car bon rbon atons,

ot at o) sroatg Seg AR oaEse By ﬂ@ﬂ? nblrapobt BagRigR o

di al kylam no of 2 to 8 carbon atons al koxycarbonyl of 2 to 8 carbon atons,
hydroxy, vitro, @9, m@pléﬁbandclat«rawwomaw%@a%lﬁaﬂm polymerigabion glibiors ur es
of said substituents. The conbination of these qui none nethides with at

| east one st abl duindrreongthideoagp onandy hsreddrdes,diisiog aseifichhtSimdeat efipoliioer a912,
| 06 discloses a nethod of inproving the quality and 10 resol uti on of

phot oijgagesiubig hDGeN RMKAE b MGsab Bttt HREI RO REdstiaRkEthe @FéM FQPRMS LpdedN tO be
used a sel ected anount of a polynmerization inhibitor so that

phot opol ym%{u'n% ﬂo?an%I %ﬁrhﬁagﬁpf)f glg@gﬁttﬁe Fa?éhp;g(ﬂlim’emhgétﬁo% r{d@r gtgﬁ) € areas

not directly i ors t an be used are selected

fromthe group,consjstin f N- 0X i.troxi de conpounds i hon

e i dos, SrEPRESE S5t HGde en st OEp e P L RSt ed

ni troxyl conpounds are known to be very active inhibitors of free 15

radi cal polbgrsed Bidfpirlyhighgospgpsamakiae S oRBr e0o8RBisaki® UWeyrene, acrylic
acid, nethacrylic acid, and the like U'S. Patent Nunmber 3,163,677 discloses
N, N, O-trisubsti tUhSeHathdﬂmyl%)ﬁjS@Qsand 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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20 and N, N-di substituted nitroxides of the formulae. RL R2 C1 NO---Cl R2

"and R-CNNO* | I | RB32 RBR3 2 wherein R, R, and R are each an al kyl

radi cal huQiowg3026t o 15 carbon atons (As used herein, the ®EIVERIABISH N- O
denotes a stable lice radical wherein the asterisk is an unpaired el ectron
} The N,N,O-trisubsiriuted hydroxyl am nes can be used to nake the 1 WO
02/ 33026 PCT/ USO01/ 309y N, N-di substjtuied nitroxides, which are it able free
radi cal s arfﬂm}i’toé"%ét‘ihﬂreﬂ'b‘hﬁg‘%‘élegf‘m"t%@"b%?‘yﬁ‘e?'i‘%‘ﬁi’ri‘%;l} I ohicoitedyYs 2- O & pat ent
Nunmber 3, 334, 103 di scl oses that nitroxides can be prepared fromthe

cor r espondipygryhét er ddfyoil.iacyl afiorie [Gilverbenntare onkaid agyésubationedfy oteetoni t r oxr de
group 5 is attached to other than a tertiary carbon of an aliphatic group
(i.e., the thidelai@@Bf AtOBCABBMBIOMSPAKDxYHf BLdEtAbeCohisCalRyitHi€us) to hese
nitroxides are said to have useful properties simlar to those described

for the N, N‘aq;ozxuag ﬁl-b,tamiﬁfagniﬁ‘ci: lt)r% g’%ﬁxb@ﬁ aldnR, E@k@&hiwwgo%:}&@%@?@mﬁ S

Pat ent Nunber 2,18 Iscloses that a great variety of N,

disubstituted, stable, -free radical nitroxides not otherw se readily

avai 1 abl o clienEBRagar sl B AOL A e il 28Tk i gl e Be hat
conprises pyrolyzing in an inert reaction nmedium.yvirtually an¥ hydr oxyl

am ne t hat an§negaskemt ichlogo, p "H'Ftéé[-“\?é)ééaléﬁu‘isﬁé’eﬁﬁcT%ﬁamba‘aé??0 these
tri-t-butyl hydroxylanrne, U S. Patent Nunber 3,422, 144 discloses stable,
free radi cajuiminemosthidesswitli attlaast bn&Ssthlole miteaxy) eompdund R-dlseNdislod®d. | R wher ei n
Ris selected fromthe group consisting of tertiary al kyl, aryl, alkaryl,

hal oaryl, 20 carb@xyaledl Noad BEPXY@Ed dikclogtk l)hdi R Osfidprovnd ihdulitaaed
dral kylam noaryl, and R is tertiary alkyl, These nitroxides are said to be

useful as t -f0 L r: i: cA] i i : Free
radi cal s ar{g@%}&} é\ftﬁhgfoﬁ]h%e%g&i'@trllg%ghﬁgﬁ} @ggncr)tg ?%QII% rg%?g%?@éﬁtgn uU. S.
Pat ené ONu

er 3,494, 3(5) disclases, free radicals of the nitroxide.t For
uae 401 ni tiedee a3elspict pBH adRagh et oRED Fon e geio R Bl cals,
pol yneri zation 25 inhibitors or antioxidants They are constituted by
ni t r ogenoush®pbsterirable egyvoisathibited 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 N,N,O-trisubstituted hydroxylamines

and N N-disubstituted nitroxides of the formulae.

R R By
20 N L and I
- —o——(— R.-C N—O%*
R, ? N—O |c R, 2’
R R R
3
3 5 3 2

wherein R, R, and R, are each an alky! radical having 1 to 15 carbon atoms (As used
herein, the designation N-O* denotes a stable fiee radical wherein the asterisk is an

unpaired election ) The N,N,O-trisubstituted hydroxylamines can be used to make the



WO 02/ 3302G PCT/ US01/ 30954 whi ch one of the bridges conps ices solely the

"nitroxide radical group and, in particular) by aza-9-bicyclo (3,3,1)

nonanone-wOarBte28, and by aza-9-bicyclo (3,3,1 ) nonane oxpdr/Bso1ldodss Pat ent
Nunber 3,873, S64 di scl oses conpounds and a nethod for assaying enzynes by
adding io a nedium containing an enzyne a stable free radical conmpound 5
having a stable free radical functionality which, when subjected to an
enzyme- cat al yzddulrstiaded onroxgleangash trastableviizeondisnls and atersgidfto de usefdl asal
functionality. By follow ng the change in the el ectron spin resonance

spect rum asoifh@hedn hnitiles. change in environnent, the type of enzyne and
the activity of the enzynme can be determ ned. The conpounds found usef ul

‘are normal 1y stablee piidT QKiE £ 390,561 8501 R IR LTE L BRELES fom

-

functionality. her conpoun Include two cyclic n

rings joined by a chain having an .enzyne.labile functiopality. U S. Patent

Nunber 3. oaBe SmerpiuRbe i amthe e CheEis P aiRgen i obihy nitoade Gou

di spi roal kyl ene-5-0xo0-1, 4-di azacycl ohept anes substituted in the 4-position

by nond- oris tlétchad & eter taniadentiarynasbopgianfaliphaticgieunstigbithe vispgest ¥pMor gani ¢
pol ymers. They are said to 15 possess higher conpatibility than their

4- unsubst i tfutreda hawrof e etesqcytlicamclehs)c T tebeyitroandeberesyntthdaveedfily reacti ons
known For N-al kylation. Preferred substituents in the 4 position are al kyl,

al kyl ene, glrkpaés) sidliad todthoseaRReerRel €srah& W NGfiQUBSuteitroNidsr XY K Sp4ledti ved
From the i m dazolidines by oxidation with hydrogen peroxide or

per car boxyly i~d al so said to be good light stabilizers. 20 U S_
Pat ent Nunﬁ@%“%%3r§§§%§% di scl oses a nethod for preventing the

pol ymeri zati on of .a_read;| 0 i.zabl e vinyl aromatic ound during

di stillation atQJélgaﬁ?b ”¥@Eﬁ£¥g£L$%$sﬂP¥ﬁﬂmxé5H?§WPWw¥P¥gﬁthparatus t hat
is subject to an enmergency condition, such as a power outage This method
conprilfes fdsubstititeddptablealreqagicalmatiexfespuit phiervisareadiy prhiable car bhavi ng a
hi gh solubility in the vinyl aromatic 25 conmpound and a | ong duration of

ef fici ency pgrepseclgh soiplé hved einsénidt pidcess thassehgise$ pgolyaing iMéh Bi213302C

PCT/ USOL/ 3095-t conventional distillation apparatus in an anmount sufficient

to prevent paliyABidAdhvRHLAIDaREh oM ainLale Rtsubiephsk 14 cREmgd @Bl ot 0ses a
process for the efficient preparation of nitroxyls of sterically hindered

am nes by t ox| dat i, ¢ camne using a S hydroperoxide in the
presence oﬁdiS%%T éﬁgaﬁ%dgpggﬂﬂ%¥al ion catalyst, at noderate tenperature

for a short peri f tje, to gV he nitroxyl .in hi yield and purity
US. “patent Rumdar SeeeolNimpeh 81 Sad 850 iiapehatid) wingoes 16
stabilized agai nst pol ynerization conprising {a) a vinyl aromatic conpound
and (bY an fefmdative

roxi d ont al ni ng

wherein R is sclected 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 {ree 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

S



anount of a stabilizer systemin which the active ingredient consists

"essentially of an 10 oxygenated species formed by the reaction of oxygen

and an N -WOM02/3926al kyl - p phenyl enedi am ne. Al so di scl osed per/asqavingass for

i nhibiting the polynerization of vinyl aromatic conpounds enpl oyi ng such an
oxygenat ed species. U S Patent Nunber S, 2Sd, 760 teaches that the

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

ef fecti vel ywhiohohd dBitle dtldgRGodipsised dobdly Ml nFoxide fuichll groap bed) ibyartibdar,
presence of at |east one stable nitroxyl conpound together with at | east

one aromatig yhlg Qe J_,y,ﬁlﬂgo;‘r!néne-ﬁ’?!}x g@, A %rz§-95qiéy;%5os @%I?Maﬁe 85n-0/ 86

di sclose thdat nitroxyl inhibrtors in nbi nation wt ne oxygen reduce

i il i n"Combi nat fiE oxygen F
manutactur i ng brBeeEREt FPCE bR HetbARr e EERCRRTo 2t Ry PR of ai

-

used in conbination with the nitroxyl .inhibitors are said to result in
vast |y pr ol Ryaes lMﬂﬂdblBt‘Po"r\”]t:‘i“m?scof’éfn“iﬂq@ fenmRersiblafre rapealgompunder S, 7
t 1,767 discloses that the use of nitroxi de conpounds alone or in

conbi nat i onhamingh sabdefitd mdaml fuastiomtiyhviash, sules tsibjacted tpireendyewediabizad nes,
or phenolic antioxidants provides an effective way to prevent oxidative
degr adat i onreadifbn2&hadped the eABEd PNt Bf AFRE kAteal ﬁﬁ,ctiomﬁ%,’sﬁﬂ%@ing the

2

PCT/USC&/30954 U. S Pat ent Nunber 5,907, 071 discloses that t he o
pol yner i Zat&l{aﬂg‘;e% tfd Q¥ ir Y QiTRES narﬁBé‘?dE%{rﬁm%Q% ed8d B%Y}{eeé?\@n Spl nhibited by
a conp a stab I

the addition o ositron o e hindered r ox radi cal and an
oxi me conpound U. S. P?tenL Nunber 19I Ongé t eaches thgt inhLbk{ion

per f or manceSVHORPSH the PEi G08XEs Ay 118 2PIRpY AT 40P ¢y B SRR PRECEEHMY on of a
stable nitroxide free radical conpound to the styrene feed and to the
reflux of at |eable empogpdufennd nsefipire pxinally stablequiroxideeadicals with an

phenyl enedi am ne, may al so optionally be added to the styrene feed and to

t he refll ux. enzyne ppbdn filatiendityApPihec adihpounds inéBidd 680 AYcldi rsich:adesormainieghod f or
i nhi biting the polymerization of an oc, (3-ethyl enically unsaturated

monocar boxyfihds j@eébydERMInd iSg éper{z?ﬁ,e%myﬁhwigham_l lation by using a
nitroxide freeradi cal. European Patent Application O 765 856 A 1 discloses
a stabilized acryld ¢_aci LEEon, | ' rj jon of the
acrylic acid is gﬁ%?%&ﬁ%ﬁ”@ﬁ??ﬁggézg]5?@F¥Pkg?f%ﬂ§ﬁgg%ég§'+@?£%Urifying or
separating the acrylic acid as well as during.tragnsporf and storage. The
conposi t | on@sw&ﬁv%g@%t%@éb‘*zﬂﬁ%ﬁﬁ@ﬁéﬂ?gtﬂ"%%ugg&lvﬁi"& z?c‘f-awc%ybyazng UWe | S
ni troxyl radical, and {C) a di het ero-substituted benzene conpound havi ng at
| east one tielagient ssicalshye payerullehgstabiizeis foionganiepolyaeisy d heyiete saisl tohe
nmononet hyl et her of hydroqui none (MEHQ ). During the distillation process,
transport, possesshghagempatbiiontan she{rd)-uesabst{iated dpmofirgase fitom wheh they

pol ymeri zati on-i nhi biting anount During the distillation process, oxygen

(d) is pref@anaRlsyntaesiad vyirbdtteaIRRNaNtos N-Bky@ish, ( BeferZ sWeliA|mEa0 e 4-

concerns substance m xtures containing. (A) nononers
position are alkyl, alkylene, alkenyl, aralkyl, and esteralkyl groups The [-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 efficiency into each of the distillation vessels of a

-5



contai ning vinyl groups; and (B) an active anmount of a m xture which
"inhibits premature polynerization of the nononer s containing vinyl groups
during t heEpo2gmsfication or distillation and contains. (iPpcThesonserss0 OS
and 4.5 w % relative to the total m xture (B), of at |east one N oxyl
conpound of a secondary am ne which has no hydrogen atomat _7 WO

U2/ 33026 PCTI US01/3095.1 the Cerr)-C atons, and (ii) between 99 95 and 95.5
W % rel at idsavémiohehdtMhadn psFaiEin@RamRht AiMdiaAss pRIHtPAYRerkaepund. The
publication al so discloses a process for inhibiting the premature
polynerizaghgghpf nmononers, and the use of mxture {B) for inhibiting the
premature polymerizalin of nononers. WD 98/ 14416 di scl oses that the

«pol ymeri zation of vinyl aropat]j omers such as styrene.is inhibjted by
the addition of %Sc%ﬁﬁsawt"ﬁ] 1 6% By GipHIaseh f RSBt ORFter gl Pt PAEREAIOMand an
oxi me conpound WD 98/ 25872 concerns substance m xtures containing (A

* conmpounds  cdmitadxyls sterigglly gndaupbamBy bahheaxidavien afbgrmingf ussngd xt ure whi ch
inhibits premature 10 pol yneri zati on of the conpounds contai ni ng vinyl
groups5and ydripeiaisde igithe priesdneast a enall Anoxiytlof @ onpd usrdcadlya, secededaey ani ne
whi ch does not carry any hydrogen atons on the (err)-carbon atons, and (ii)

at |east ongmbEQRré RIMRANBA pefi&d opf?zﬁﬂe,ot'&aéiJ/é/tI%%th&yﬁﬁm%ng§an@?ﬁlrit( D)
optionally co-stabilizers. The publication also discloses ap ocgss for
u

opt i onal |y ¢o ubl cat 1 or scloses a procéss for
oroups, 15 and (e Leg orooey S AR i ASIPEIBRRS P eR LAty

and/ or co-stabilizers (D) for inhibiting the premature pol ynerization of
radi cal | y pERYSERQYAEIZELICHARIBRINGRE @ha VEYABOMAKF RYMBPWRiHng (gia%neﬁe&rlge agai nst
the harnful effect of radicals WO 991 20584 (U.S. Patent No, 5,95S, 643)

di scl oses tamatunpof ¥ stebilizatsydem cawhish theviitiyk irededient icogsisthessemaby oba
production of styrene through the addition of a 20 conbination of a stable

ni troxode foxggedadadi HatieLdnpedibdirIdaction@iok@iehGndhe Ry AenBdiafgi-pe conpound
-8 WD 02/33026 PCT/USOL/3095-4 U.K Patent Number | , | 27, | 27 discloses

that acr 1 il b €A Ahblobdid s 39815 or BUNIRS 16 3l A Dl A ¢ 1 On

2
thereto of "a nitroxi havi ng the essenti al el eta ucture' o* t~ ~ 3 R
"CCGR2 ~ ~ 4 wherein Rlé 32. R3, .and R4 are alkgl groups and no hydrogen
i s bound t GTPRE"G EHERNAY CVRIPERE LY BhOVEEHH 6K 4t ons bound to the
nitrogen. The two renmining val encies that are not satisfied by RL to R2 or
ni trogen can al S&-5f Bpigntvmbesfs, B4 7Gitepeheg that theppofyngerization 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 mtroxyl inhibitors are said to result in
vastly prolonged mhibition 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 eftective way lo prevent oxidative degradation and

25 gum formation in gasolnes



10 tetramet hyl - 4- hydr oxy- pi peri di ne-1-oxyl). CS-26075S B 1 is directed to
"the preparation of 4-substituted-2,2,6,6 tetranethylpiperidine nitroxyls as
ol efin stwbiok/Bmess, SU 334845 A 1 is directed to the inhi lpictriusoiedosi he

radi cal polynerization of oligoester acrylates using imnoxyl radical
inhibitors of a given fornula 15 SU-478838 is directed to the inhibition of
the radical polynerization of oligoester acrylates and the prevention of

ol i goneric peroxide i by gar i i i b : ri sing

qui none FR 2, 7G)Ul’,§0‘(53%)tgﬁte]?lglpgesltglt’%wt’%elQ{gércgd\}g{latl1%@%%@'%%‘%2%’?@\gmrreri zation
of styrene during its prodyction by dehydr nation of. ei hyl henzepe by

"nj ect i ng. FHVBHMEHEOTRES 84955 sBr e R CHE R Fheadoniase copPasiedobn an

- oxyl -tetranet hyl pi peri di ne derivative The disclosures of the foregoing are
i ncor por at sdblkedirderednitronylapdipd @nd pn prigiercoswolpéty. -9 WD 021 33026
SUMMARY COF THE | NVENTI ON PCT/ USU1/ 3095~ As nenti oned above, (a) nitroxyl

- conpounds and ( l).SqRataetéumbdrifi, @232t eachacthakinbibitidngebferamitk nt §t9resie or
retarders of free radical polynerizations of unsaturated nononmers The

pr esen&) invention is di re&t ed tlolt hg .gi scovery t hat (iehfe co ilnati on of at 5
| east dne RIIFESEA SIBRPYGAE A hPE AR PT HNEL IR hradiediea! orRosPrdpl y a
qui none net hi de, having an el ectron withdrawing group at the 7-position
provi des bée therstyseng @P&ﬁﬂ@:@ theaeflugi aflsbleag ip sABAN. 2 saetoxigratadec sudid by
both the | ow pol yner nunbers at steady state and the slow rate of

pol yner i zatak phergfehediamingt ohf alsd ope@ailly be ad&idaadye sy@he fatynadtctHeasfluxng
system 10 More particularly, the present invention is directed to a nethod
for inhibiting theoa8 Pl ApPRYBRD 178469 M20dis@d2Y h Gl #oyi.mmfgum@t ed
nononers conprising adding to said nononmers an effective anmount of” A) at

| east one nitroxyl.. compo , B}, at |l east, one i nagne al ki de .conpound
havi ng an gf)é/c ef%lﬁnown ‘fwﬁaﬁlrjcg’%'er%@]gnr’%%'ﬁ ugfahirg?etd H%O”P-G%%*!’s? f"?icoar? '4 %u”zi’ﬁdfsher

aspect, the present inventjion.is directed to , a conposition conprising: A)
at | ed8t oﬁ%cONF"tyﬁ’dﬁ?tnléB%bhHﬂPg %Hﬂroé)degfeelr%‘agft" one dui none al ki de conpound
| aving an el ectron-withdrawing group at the 7-position 20 DESCRI PTI ON OF
THE PREFERRED EBur&emn rENTSpplication 8174f iBve Al dsaiodes agpbiieedicrdicpsichone

al ki de substituted wi sh an electron withdrawi ng group at the 7-position
(relative tompbgtiguanihitly thegedgsaizytidiosf the scryibeaad arisf)ibilal adisgdhé 0 a smal |
anount of a nitroxvl conpound (relative to the quantity necessary for

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 (¢) 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 monomeis 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 amime which has no hydrogen atom at



its use alone), polynerization inhibition under normal usage conditions can
" be obtained 25 that is equivalent to the use of the nitroxyl conpound al one
(1 ndi cat MOl99/33U26 % pol ymer - )0 WO 02/ 3302G PCT/ US01/ 309T/680180%ady
state in a reboiler test) card provides excellent protection in the event
of a plant upset (indicated by slow polymer increase over tinme}. This very
effective inhibitor mxture is used at very reasonabl e dosages, providing

an econoni ahd byC Wioatl end@iyBetdaich 08 98idnb o8haneediapee tOHERBES mixture (B),
characteristics 5 The nitroxyl conpounds that can be enpl oyed in

fﬁC‘é’hE?Eh"%ﬁé‘ %?Sg‘t"*é?gﬂ%“'y&?ﬂﬁ“ﬂ?kﬁ?ﬁéf‘&f@"?s@ BB A s TS % e e
"Rl R4 _
ALyl and HEPiEPaERe R EobA el d eyt i a6 A PO D o g Ay Bringthe 95

i ndependently selected fromthe group consisting of al kyl and
'heteroatom%%%tt'ietﬂpﬂiéﬁpréﬁkyp mgponens. t aken together, forma ring structure
wi sh the nitrogen) and X, and XZ (1) are i ndependently selected fromthe
group 6&onsi sti ngVOfoghied4d §elisclgséothphidrips! yhienzaimn afvinyl ammdatmaronserat es), 15
cyano, COOR,, -S-COR, -OCOR,, -S-R (wherein R is alkyl or aryl), amdo,

carbonyl, alkemydtyrefd is@hHiditedVy the hodidén 604 B AlRIFBf a%iati€hinl @@ Rittorget her,
forma ring structure with the nitrogen In a particularly preferred

o v 027 aUEB bR P SHIRENTC RS ST R Tand R are independently

sel ect ed fromt onsi sting of hydroge al kyl , .and
het er oat om subst! 98%82%5%#@{‘0%?&13 itaa‘FFd“Piﬁ”g ‘éoritﬁ‘ia‘é‘ﬁeWeqﬂm%P“%? ected from
the group consisting of alk and heteroatom substituted alkyl, and the i y

5 portion rcepraseentisy! gheupst nristes grmpynttod afwkiwrewhiohanhibisy prematyre
seven- nenbered heterocyclic ring Accordingly, one of the several classes of
cycl i a0ni t rpokinteizatidnadf tb@torbgoaidp lcomentingnvityherqupaahd centainst (eat Ppeas@tet
i nvention can be represented by the foll ow ng structural 10 formul a:
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



Z, ZI ~Za R | NI R O 15 wherein Z1, Z2, and Z3 are independently
'selected fromthe group consisting of oxygen, sulfur, secondary am nes,
tertiary VWB0AB8326 phosphorus of various oxidation states HT/esIsHut ed or
unsubstituted carbon atons, such as >CH2, >CHCH3 >C=0, >C(CH3)z, >CHBr ,
>CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(CH)CN) >Cl -1 COOH, >CHCOOCM-, >CHCOOC~H
, >C(OH) COCC, H,, >C(0OH) COOCH3) 20 >C(OH) CHOHCzHS, >C~FRSR~, >CCONRSR-,

>0 -1 =NOH >C=Crb @ iy REGFEer PO 2 PR Plat o AP REARAARL Bty L he | ke)
where R5 and R6 are |ndependent y selected fromthe group conS|st|ng of
hydr ogen, K ar e t
caected 1 ronreratgetn oo flCa e e R I B PRI o
"OR16, and NR17R18, where R16, Rl17, and R18 are i ndependently selected from
t he group Zﬁuéhﬁ%lstlng of hydrogen al kyl, and aryl. Wiere RS and/or R6
are alkyl, it is preferred that WO 02/33026 PCT/ US01/ 3095-1 they be a
“| owner aIkyI (i e., one having one to four, carbon atons) a g., nethyl,
ethyl, propyl, butyl, and isoners thergo )R Where RS and/or R6 are aryl) it
is prefer red that they be aryl of frdn}ﬁ\ﬂo 10 carbon atons, e.g., phenyl
or naphthyl) which) in addition, nele e substiatuted with 5

noni nterfering substituents, a g , |ower alkyl groups, hal ogens, and the

| i ke. Where RS and/or R6 are acyl, it is preferred that they be acyl of the

structure O, Ri.9 1 Kyl , aryil 0, or. N wher e
220" and. RO TSP Ray Ry o Sy ARy Boueinfo droasn PLbAHARyp T eRPINE wher o
R19, R20, R2lor R22are alkyl, they are preferably alkyl 15 of from1l to 15
carbon at orvelengigs en Hieegagioatitgms bawd ta|thg nitiggex. rB%‘i Breregimng yalensigsdhptat ons,
as descri bed above. Wiere R19, R20, R21 or R22 are aryl, they are

pref erabl y a¢ ybt afisfiaddn G tb®R ;10O nttargjamma:ableorﬁornapardefeu:xri;hg)@og Ahdywe6 Anot her
of the several classes of cyclic nitroxides that can be enployed in the

practijge Oﬁe&ﬁﬁaﬂﬂeﬁﬁﬂhokﬁﬁ%@ﬂ&ﬁ&l ﬁgbe represented by the foll ow ng
structural fornula Z~ ~~i Ra R= 1 R-0* - IJ WD 02/ 3302C
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.



PCT/U SO1 /3095a wherein Z1 and Z2 which may be the sanme or different, are
‘"nitrogen or substituted or unsubstituted carbon atons, 511cll as =C(I-1)-
=C( Cl - 13)WP 023862600 -1 ) -) =C(COOCH~) -, =C( COOCZHS) -, =C( OH) -PCTAGX0T)954
=C(NRSR~) - =C(CONRSR~) -, and the like, and where Z3, R5, and R6 are as
descri bed above. 5 The cyclic nitroxides enployed in the practice of the
present invention can also be derived fromfive-nenbered rings. These

conpounds are of the struct gisvinARY OF THEMWRENTIONR2 10 0* wherein Z2
and Z3, which may be the same or different) are sul fur, oxygen, secondary

am nes, tertiary, am S vari atl an, st 0
substituted or SmB’éfonte tag%\egéﬁ 'H O"g[oomp suc'f\n qu &ﬁtﬁ:@hre %-E)

">C(CH3) Z, >CHBr, >CHCl, >CH , >CHF, >CHCH, >CH C(C]—I) CN, >CHCOCOH,
>CHCOOCH-~, kngwadpibonbititsrs siretyieoofitessradise mymyrmof UNS§ 33} REHOHCZHS,
>CNRSR6, >CCONRSR~, >CH=NOH, >CCH C~-HS) CF,, CC,, CBr~, C,, >CPR 3R ~R S,
“and the |i kegnontees eThe priegens ewentadn iIRdgeoep® e disasvale tat iHpabmbbmtien off e
cyclic nitroxides enployed in the practice of the present invention can

al so_have 148 shd hifrbi1®@onpBuhd With'at lehst ohe gnbndMIRide] grefetaty a Qlindter ei n Z4

and Z5, which can be the sane or different, can be nitrogen or a

Tyt BBl o D BT BB b X O

=C( OH) - ~ e, where RS and R6
are as desc%%%é'ﬁfigsﬁé‘ eAWS%?PéP‘%‘F&%@Wﬁ g%ve'lcf“(?d&?V‘teblogktlhﬁé%wtoﬁlé?qe%an be
enployed in the practice of the 5 present invention is of the structrrre~
0* R ~ R4 TUuRbRE aRstezdy stalendrieq Howzatgpd poismeiipation aftgyshvéoff piefeediifea or
different, are sul fur, oxygen, secondary 10 ami nes, tertiary am nes, or
substituteduﬁdywm&un&hmkumaﬁgp@mbmn atoms, such as >CH2, >C3-1CH3, >C=0Q
>C(CH3),, >CHBr, >CHCl, >CH, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH,

>CHCOQg! - | 3, >Cﬁﬂb£€% dﬂlarlfﬁ(e@és)emx#i%n 1?&(%@@@@E§hod’ﬁfrm eH
>CNR; R~ >CCONRSR-~, caz, CBr~, Cz, nd he |i ke,

where RS arb?el‘ﬁaqu%r ol?%ergz%ﬁg I()Pgtﬂy]@r%&“@ unsaturated monomers comprising adding to

said monomers an effective amount of*
A) at least one nitroxyl compound, and
B) at least one quinone atkide 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 nitroxyvl 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 mtroxyl compound alone (indicated by wt % polymer

- 10 -



| SFurther, two or nore nitroxyl groups can be present in the sanme

"mol ecul e, for exanple, by being |inked through one or nore of the Z-type
noi et i es WY oa/3bi2aki ng group E, as disclosed in U S, Pat entpdyuodaessoos4
5,254,760, which is incorporated herein by reference. As stated above, Rl
and R4 are independently selected fromthe group consisting 20 of hydrogen,
al kyl , and heteroatom substituted al kyl and R2 and R3 are independently

selected f rq(?metlh )?Stgte i ? rgb%nl%# lsegtg Qrg ?}I’cfw(ﬁe% \Cei% %r}lgtegt%)riimqgg %{7"&21?%*‘5&

al kyl The a e oat o

be the sane or dlffer nt and referabl cont a to 1 __.S.carpon atons
e.g_, met hwpset flmated yosb?\r/ po mc:{/rncre&é ?WI tmﬁ:éxyﬁl)s Vf:lxélpetf?lctlv%leg&tor nonyl
~decyl, undecyl, dodecyl, tr rdec i etradecyl, pentadecyl, and the 25

li ke, and imdhie & Ushéplewry r@swbi‘—djm@ﬂs pxzy@vﬁwnwg&wmcéﬁdwgbi@ like. It is
nore preferred - 15 WO (12/3302G PCT/ US0113095: 1 that R, through Ra be

"I ndependentdoyntielties teth dnbxvised pbiyimdnoé cledeerasatom substituted | ower al kyl)
of one to four carbon atons (e g, nmethyl, ethyl, propyl, butyl, and

i soners thereof )The\/}hﬁs\ﬁcbﬁbearm@ttmcﬁwpéwwgwr% BRI 63 Wil tht BGMoRaN, T or
exanpl e, include hal ogen, oxygen, rogen, and the like It is nost
preferred that a . es_of suitable

ni t roxi de fﬁegﬁ”ggEﬁgﬁﬁﬁﬁﬁgyﬁﬂﬂggPﬁﬁveggwEﬁ%péggﬂﬁ?ﬂpgﬁﬁguﬁ%T?on with the
qui none al kide inhibitor in the practice of the present invention, include,
but are not linmted to' 2,2,6,6-tetragethyl-piperidinyloxy, 10

4-am no- 2, 2, 6, 6-tetranet hyl - plperldlnylloxy;2

4- hydr oxy- 2, 2, 6, 6-tetranet hyl - plpéhrdpnxuﬁqﬂ4

4-o0xo0-2, 2, 6, 6-tetranet hyl - pi peri di nyl axy;

4-di net hyl am no- 2, 2, 6, 6-t et ranet hyl - plpeV|3|nonxy,

4- et hanoyl oxy- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy; 15

2,2,5,9°t et&m%wlaﬂé{w gLé ﬁH{}ﬁéb%ﬁ\YI&sele ted ﬁom the group consisting of hydrogen,

can

m no-2, 2, 5, 5-t ét r amet

, tetra xa- 3 X
t etwﬁ%ﬂﬂﬁﬁeteioaﬁ%a-sgbﬁﬁw|a gk %z@ i %%Peamﬁ'&deagv gelected

,3,5,5,6, 6-octanet hyl -1, 4-di azacycl ohexyl - |, 4-dio

no- 2, zf’rqgn Ghe(ggpp[éﬁ@tsm;lpg Igf @léyl, Qﬂ‘@ﬂ}?‘eﬁw@‘“ subsntuted alkyl or (2) taken
hl or o- 2 2,6, 6-tetranei hyl - pi peridi nyl oxy; 4-iodo-2, 2,6,
6-t etranet hy)getbcrpérrnth nyg grycturd AWilhube oH@g2y,6n6 ¢, end Mlhgm-irpﬂepevdedtlylyl oXxy)
4- cyano- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy) 25
4- car boxy- Zsefeced @rdnt thedi®i vdmsidtiRE bf KHGREnOpsphorif(in any of it oxidation states),

3-a 0-
2,2,4,4-
2,2,4,4-
2,2,3,3
4-bro
4-c

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
R;. ~Ry

-1] -



WO 02/ 3302C 4- car bonet hoxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
" 4-car bei hoxy- 2, 2, 6, 6-t et ramet hyl - pi peri di nyl oxy;

4- cyano- VanaBeRy- 2, 2, 6, 6-t et ramet hyl - pi peri di nyl oxy; PCT/US01/30954
4-met hyl - 2, 2, 6, 6-t et ranet hyl - pi perrdl nyl oxy;

4- car bet hoxy- 4- hydr oxy- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy, 4-hydroxy-4-(
I-hydroxypropyl) 2,2,6, 6-tetranet hyl - pi peri di nyl oxy,

4-met hyl - AR BaWﬁmﬁb?am@mﬁg@%@a&a %ﬁﬂﬁ@g)‘&l AcAGsrirs @mygmgen

4- carboxy 2% et ramet tetra PCT/ U S01

/ 3095-4 t hox telrah i ne
/3098 %, SHLPOBUIR 5 2080848 f"*éxyffﬁwg%w]“ 5t g FidEtn i e
“-1-oxyl; 4-amino-2,2,6,6-tetramethyl-1,2,5, 6-tetrahydrop r|d|ne - 1- oxyl;
4- ami do- 2, 2hesmupsopsstnerfially! ?1%‘1@6€rpéfpr*aﬁ%%'ﬁ%ﬂr4'@i'naé‘d ti(e oxyl ;

3, 4- dlketo 2,2,5,5-tetramet hyl pyrrolidinyl oxy,
‘3-keto-4-oxinino-2,2,5,5-tetranethy|p roli di nyl oxy; 15

3- ket o- 4- benzyl i di ne-2, 2,5, 5-t et ranet’hyl pyyrolidi nyl oxy;

3- ket 054, 4-di brono- 2, 2, 5, 5-t et ranet hyl pyrrol i di nyl oxy;

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

3- carbOX|n1 | d.di XYy 3 =4, 2,

5. 5-t ear chgrl f)eg/a?erso tE 24 {;ﬁg né/cle%wt% f’oqh qyf'lvg ,%lx , or%&énlrllgzrllggrea

3- hydr oxy- tetranethylpyrrolldlnyloxy,

3- cyano- 3- ﬁVHFW”P“?“QgZ ~, 5-tetranet hyl pyrrolidl nyl oxy;

3- car bonet hoxy- 3- hydr osy- 2 2,5,5-tetranet hyl pyrro(idinyl oxy;

3- car bet hoxy- 3- hyeRordingly 2oz, of the seseriahetesspy DisyetionitrgKidps tibaycanzbezemployed

5, 5-tetranet hyl - 3- car boxam do- 2, 5- di hydr opyrrol e-1-oxyl; 25
2,2,5,5-tetin afmirhotjde&{la{r}brsenﬂilﬁeldidwdh (bpy&f;fr@sleﬁt-eﬂ-b@.mg/fdllowLVg_strchﬂalO2/ 33026
2,2,5, 5-tetr anethyl -3-carbetl ~oxy-2, 5-di hydropyrrol e-1-oxyl; 2,2,5, 5-tetr
amet hyb- 3- g¥aRQa2. 5-di hydropyr rol e-1-oxyl; bis(

1-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl)succinate; bis(

-oxyl -2, 2,6, 6-tetranet hyl pi peridi n-4-yl) adi pate, bis(

1- oxyl - 2 2 6, 6- tetranethylplperldln ‘}sebacai e, bi s(

1- oxyl -2, 2, 6, 6-t et r amet hyl pi peri di n¢4 yI)anutyInannate bi s(

-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl)phtlhal ate; bi s(
I-oxyI-2,2,6,6-tetrarnethy|piperidi < 4-yl ) ysopht hal at e; bi s(

1-oxyl -2, 2,6, 6-tetranet hyl pi perirdi t gr epRt hal at e;

3
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-CH;, >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 R5 are
independently selected from the group consisting of unshared electrons, alkyl, aryl, =0,
OR,. and NR;R,,, where R ¢, R;; and Ry, 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-



| O bis( I -oxyl-2,2,6,6-teiranethyl pi peridin-4-yl)hexahydroterephthal at e,
"N, N -bis( 1-oxyl-2,2,G 6-tetranethyl pi peridi n-4-yl)adi pam de;

N- (|- oxylwD,02/36026- t et r arret hyl pi peri di n-4-yl)-caprol act an PCT/US01/30954
N-(1-oxyl-2,2,6,6-tetranetl ~yl pi peridin-4-yl)-dodecyl succi ni m de; PCT/U S01
/3095.1 2,4,6-tris-[N-butyl-N-(
1-oxyl-2,2,6,6-tetranmet hyl prperidin-4-yl)]-s-triazine; 15 4,4'-ethyl enebi s(
1- oxyl - 2, 2, fefhd £ldvamalihytiRl, RAE aglifg 3nOREbir atfol Menlsi &8, ndhyl ety ef erred
t hat one nenber of the conbination enployed in the practice of the present
i nvention - &l 0= 2y -tetramet hyl - pi peri di nyl oxy (4-am no- TEMPO),
4-oxo-2,2,g§8§¥ggﬁghgﬁ%é?@FgéﬁgﬁéﬁhyIoxy (4- oxo- TEMPO), 4-hydroxy-2,2,6,6
- 20 tetranei hyl piperidj nyl,pay (4-hydraxy- TEM PQ), . or

32, 6. bt ot 1 amet PP GER R Rt Y (PN 1 GHALOHRS 3] S B ELOdP ¢ he
| ore~oi n~" e.g., 4-am no-TEMPO and 4-oxo TEMPO, can al so be enployed. - IS
"WO 02/ 33026°2F0T/aB80%/c30 95 enFuaphiiph whisht ingddiens meebe adwséamerricow ounds can
be prepared by known nethods (See, for exanple, US. Patent Nunbers 3, J
63, 6775 3, IAInt&BBing sBhBTZenlB2;g JpWEi2gliyl broiips4Rdo 836, and, ibORk02; 3, 873, 5(4;
3,965 71 1; and 4, &5, | 85; which are incorporated herein by reference.)

They are suit ab'Wh@r‘érRslé%Q/d?\{Qrar@adgﬂ,q@is b AE e Ofha Ot hE £ PP §EA LB R Strubile
distillation tenperatures enployed with the ethylenically unsaturated

nononers that are stabilized by the process of the present invention
typically range from about 60C to abouf) 180C, preferably from about 70C to
about 165C, and, nore preferably, fromlabout 80C to about t 50C Such
distillations are generally perforned an absolute pressure mthe range
of about | O io about 1,200 nm of , RQui none al ki de conpounds that are
useful mthe practice of the present invention include those disclosed in,
for exanple, U S. Patent |I~ro 5,583,247 Mre specifically, it is preferred
that tiloe duvhoer gk kikdieabt GRGONMORNA, Qhtl ovlierUR Q aR3 R, 4rd alk§B awhesrei N R3z
Rsr and R~~ are independently alkyl of 4 io 18 car bon nons, cycloal kyl of
5 to 12 20 carbon atons or phenylal kyl of 7 to | 5 carbon atons, and R33 rs
-CN) -COOH, - COOR3~, -COR S, -ocm,;E-LzO\R'R,e or -PO(OR3~)~ where R3a is
yl

al kyl of I to 18 carbon atons, cycloall| oh 5 to | 2 carbon atons, phenyl

atons, an~l of Gio 10 carbon
R,

or benzyl, R35 is alkyl of 1 to 18 c
atons or said aryl substituted

where R,, is alkyl or aryl. Where R4, Ry, R,;, OF R,, 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, O Ry, 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:

Z
/ 1
z:/ >z,
R,/*\N/,\RJ
R, R,
O*

20



25 by 1 or 2 alkyl of I io 4 carbon atons or by ly~ciruyl. - 19 WO

© 02/ 3302G PCT/ USO1 /309y R3~, is alkyl of 1 to I8 Calb011 at01115, aryl of 6
to 10 cawon2/aioeérs or said aryl substituted by 1 or 2 al kylcrafsol/ziees 4
carbon atonms or by hydroxyl) R~, and R H are independently hydrogen, alkyl
of 1 tol 8 carbon atons or said al kyl substituted by alkylamno of | to 4
carbon atons) by dial kylamno of 2 to 8 carbon 5 atons or by hydroxyl,

benzyl, arYhepdin @, hid zouqadhhﬁsy@émre*%a%omrré,awﬂleﬁmlagexu BH§L@)@txl|QYedadrky| of 1
to 4 carbon atons, by alkyl amino of 1 to 4 carbon atons, di al kyl am no

o 15 S ot gl sl o Lo kBl oty o o s
o B, S OB g o b BT £

and R3 are tert-butyl, tert-anyl, tert-ociyl, cyclohexyl, cx net hyI benzyl
“or cx, a- di dtergyLhdazayid Rise apdestebedhabpveR3, and R3~ are tent-butyl |

tent - arryl or tent-octyl. 15 Preferably, R33 is -CN, -COOH, -COOR~a, -COR3s,
- OCOR3%, - CONR3,TRegydlic mreXi@R3em plovditinehapralldre df sheaprieydnt divehtidnocad atsar bon
atons, R35 is nethyl or phenyl, R3~ is alkyl of 1 to 18 carbon atons or

phenyl, 20 b@%en@é‘tﬂfrﬁ%ﬁv@ﬁﬁenﬁﬂ’é@&pﬁ enfeYe NN RAENaRof MeNfucRirel t0 18

carbon atons, R3~Ra~ 1 s norpholino or piperidino, and R3~ is al kyl of
| to 4 cap bon atoms Most preferably, R~is -CN, -COO-1, -COOX") -CORDS,
- OCOR3~) -CONR~, R3H or -PQ(ORz~, vgmr_e.l_m 25 R~ is aIkyI of 1 to ~ cat

bon atons, -20 W O 02/ 3302C R~5 i sj"met hyl[*or phenyl, PCT/USOL/3095-1 Rj,
and R~~ are independently hydrogen or alkyl|of |I to 4 carbon atons, or
-NR~, R, ~ i s inorpholino, and R39Ri I Rto 4 carbon atons.

L]

—2z<

10 O*
wherein Z, and Z;, which may be the same or different, are sulfur, oxygen, secondary
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¢
>CCONR,R,, >CH=NOH, >C=CH-C.H;, CF,, CCl,, CBr,, Cl,, >CPR5R,R;, and the
like, wherein the several R groups are as described above.

The cyclic nitroxides employed in the practice of the present invention can 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,)-,

-4 -



Preferably, the quinone al kides of the present invention are sel ected

romthe group consisting of:

3, 5- d|-ua0wzbmnyl 4- oxocycl ohexa- 2, 5- di enyl i dene) acet oni tPrOTVES01/30954
3,5-di-tart-butyl - 4- oxocycl ohexa- 2, 5-di enyl i dene) aceti c acid,

3,5-di-tart-anyl -4-oxocycl ohexa- 2, 5-di enyl i dene)acetic acid, |0 nethyl
3,5 -tart but yl - 4- oxocycl ohexa- 2, 5- di enyl i dene) acet ate, ethyl

3, 5-di - t aec By, H-OXO@IE)- CheaN 2, =T (NG RY).- Iatqc@)r\ﬁ@ﬁt)at £nd e Bk Yhhere
3, -tart but ylI*- 4% o~ ocycl ohexa-"2, 5- dlenylldene ace ate,

5
, i-tar I 2 (0)'¢ o] Ildene) cycl ohexa- 2, 5- di enone, di et hyl
5 dl-ta&%qgéﬁyﬁna m%cyéwfﬁéxa 2, 5- dlenyl|dene)nethanephosphonate 15

3,
3,5-di-tart-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) net hyl acet at e,

3, 5-di - t ar t - butAnotber glase PEFxsHe piroxidss Hiﬂéﬁ%ﬂ bed%wéymlnwe piagtigeatahe
3,5-di-tart-butyl -4-oxocycl ohexa- 2, 5-di enyfi dene) rnet hyl benzoate, and
'N,N-d|ethykw@wm3n5ﬁdbnﬁamﬁmbamVMumLoxocyclohexa-2,5-dieny|idene)acetanide.
WO 02/ 3302G PCT/ USO1 /3095.1 The qui none al ki des of the present invention
can, if desired, be conmbined with a 7-aryl quinone al kide, such as those
described in U S Patent No 5, 616, 774’ preferably, such 7-aryl quinone

al ki des can be those of the fornmuygay 5/~ H~; i 10 wherein Ez E, and EZ
are independently alkyl of 4 t&,I8 caritbén atons cycloal kyl of 5 to 12
carbon atons or phenyl al kyl of 7 to 15)carbon atons, and E, is 2-, 3- or
4-pyridyl, 2- 3-thienyl, 2- 3-pyrryls;z2- 3-furyl, aryl of 6 to 10 carbon
atons, or said aryl substituted by one to three alkyl of 1 to 8 carbon
atons, alkoxy of I I Sto 8 carbon atons, alkylthio of | to 8 carbon atons,
al kylam no of 1 to 8 carbon atons, dialkylamno of 2 to 8 carbon atons,

al koxycar bovhereinZ, ad 3, 8vhedr bonbeathe same hydifferept, and tulfor, aygem secopdany,

car boxy, am nocarbonyl, chloro or m xtures of said substituents Preferably

such QO”pOldHﬁiﬁesatreﬂlaS'gbﬁﬂ%@cbrfsﬁgmtﬁ@@ogﬁ%BstQQt@alc%Jbﬁgt&ﬁs such as >CH,,
2,6-di-tert butyI enzyl rdene- cyclohexa 2, 5-di enone 0

2 &L AR s Schoh

i-ter e €,
'-ter%{ﬁgﬁﬁbhh kﬁ“§5§3§ﬁ§ﬁ§ﬁ$ﬁgﬁg:%Qﬁﬁﬁéﬁ% ﬁcsgﬁgﬁgggﬁgg + di enone,
i-tert-a benzyl i dene-cycl ohexa- 2, 5- di enone
i ter t>£5%pomlz13, OB HEG a2y S EP ek > G N R AE=Clfd
6-di-tert-butyl -

, S-di -t ert (QHL,VTE,;~ G:(]Izr Vo &ih eod yHei ldkenehere g laoth % are2ysSieschibed abeve. WO
02/ 33026 PCT/ USOL/ 3095-t The effective amount of the combination of (1)
nitroxyl conpounmrdsd tibiok more nitroxyl groups can be present in the same molecule, for

5
f
(
(
(
(
(
(
2
(
(
(
(

2, 6-
2, 6-
2, 6-
2, 6-
2, 6-
2,

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 alky!
(or heteroatom-substituted alkyl) groups R, through R, can be the same or different and
preferably contain 1 {o 15 carbon atoms, e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tndecyl, tetradecyl, pentadecyl, and the
25 like, and 1somers thereof, e.g., t-butyl, 2-ethylhexyl, and the like. 1t is more preferred

- 15 -



ctuinone al ki de conpound is typically about 1 to 2.000 ppm based on the
"wei ght of the ethylenically unsaturated nononer, although anobunts outside
thi s rang&womystme appropri ate dependi ng upon the conditi onscRisdsaskhe
anount of the conbination of S nitroxyl compound and qui none al kide is
preferably about 5 to about 1,000 ppm based on the weight of the

et hyl enically unsaturated nononer. The preferred anounts of conponents (i)

and (ii) arg pt er i i , .
correspondi tﬁ%tl %/‘,tﬂboglgp (%\ ! fg gﬁe@ g’% e“ﬁ%/gé?v\éecitgilto Svgpﬂ ggﬁ%glﬂéﬁkoa@ﬂ)sybs%?tgd
preferably, 20 to 80 percent by weight of co nen (ﬂ% nd, )

Porr espondi AGFAREE0F 816 5t Fertenimby e raHb, St BHaRIYY MY SoRHd rost
"preferably, 20-50 percent by weight of conponent (i) and 50-80 percent by
wei ght of cdbergeieMthei¢ hgterpatom pifisbiuents acoprosanatthencast fartesapplesmalude nvent i on
is suitable for use over a wi de range of tenperatures, but distillation

"t enper at ur eslagepl axygeh, wulfir, hiveged, iyl el 1@l IlyisunsaprofatratithabsbofR s that are
stabilized by the pi ocess of the present invention 1 S typically range
from aBout @fushROpaRRIyI180 C preferably from about 70 C to about 165 C,
and, nore lolref er a?l Y, ;r o[n about 8? C to about 1 SOt rC]: Such di fstl LI atl (i)(r)lst
are general ly petfaormed.at. an absolut.e pressure in range of .abou o]
Bbout T 200 1 a R pra i AR MR P et A SALPE R o et ur e
pol ymeri zati on, of. which 20 is anI obj ect of th_e pr_esept i nvention, can be
any such noiribRtiesWithihe AUiARG Kide Et Byer Yhe ipsactice AT Hgmresgny ipyention,

manuf acture, storage, arldlOr distribution is a problem Anong those
mononer s t hatludd, bht 4senef imitéd om t he practice of the present invention are:
styrene, oc-nethylstyr ene, styrene sul fonic acid, vinyltoluene,

di vi nyl benzenes,tepomythiyhyipbédiagoes, al kyl ated styrene, 2-vinyl pyridine,
acrylonitrile, nethacrylonitrile, methyl acrylate, ethyl 2S acrylate,

met hyl gnet hﬁ%ﬁﬁb@,ﬁé,@ﬁeﬂﬂneﬁ@f—B@Eﬁid’nh)%)?y; acrylic acid, nethacrylic acid,
but adi ene, chl oroprene, isoprene, and the Il ke. The ethylenically

unsat ur at ed omne il not, necessarily be stabilized indefinitely by the
presence of4'Fy[r)f£°)fyﬁ%‘i‘%‘t?%'b?tmmeglhygjp‘p&ga@é‘Oé?'/’l y when the nononers are heated as
111 distillation, but they can be considered io be stabilized as |ong as
there i s a 4-0%®2.2,6,6:gyaymtiRdtyprerdoy)ods01/ 3095. 4 neasurabl e increase in the
time for which they can be heated before the onset of polynerization in a
stati ¢ systednztiglannee, aeamemethylgoperivbrylade at constant tenperature
remai ns constant over tine in a dynam c system Those skilled in the art

wi | | under s4-athghdylily;2, 2,6 cdrsiamethyl-pigeiidingeal, free radical 5 scavengers can
be included in the stabilized conpositions. For exanple, air or 2, as

di scl qsed i3 ¥s3cRahemyiphBh@hpony; 545, 787 and 5, 545, 78G, can be added, as
can the arorgtic vitro conpounds disclosed in U'S, Patent Nunber 5,254, 760,
t he di het er:psubstj' gtsetd benéere ct)n'gﬂunds having at | east one transferable
hydr ogen, e.'&'?",”oé’% ProHATGEYIPYEPIURYIZeh as the mono- net hyl - et her of

hydr oqui none di scl osed in 10 European Patent Application 0 76S 856 A, and
ot her i nhi bd.Z:8rstetramgthyl- biexpdtazasyckpgniyb? 103n i norganic salts, wel | -known
to those skilled in the art. The polynerization inhibitor conmposition can
be i nt r oduck@ 4jdnetyambibyrboeasrpyroliogd- post-8chesxplyc @nd, conventi onal net hod
It can be added as a concentrated solution in suitable solvents dust
upstream Frppsihes B@-odta@bthde s ulRGaaRrteeatll paidry, any suitable | S nmeans.
For exanpl e, the individual inhibiting conponents can be injected

separ apel y ‘_p_F,oin{E)_-QQ@%-{‘@ﬁi‘]%ﬁgﬁ%”%:ﬂgm%gf{ﬁer feed tank prior to injection

into a distillation train I i nhi biting conponents can al so be

i njected separate i th istillation train along with the incom ng

feed or thr‘ggl&ﬂroé}e%gréﬁegméﬁﬁ}@'pH’S['m’g],o“br ovided there is an efficient

distribution of the inhibitors Since the inhibitors are gradually depleted
during 20 th®ddi%si.plotatrroathsbpipetdianoxit is general |y advantageous to

- mai ntain the appropriate anmount of the inhibitor m xture in the

di still ati onflagpay,abBstebymadgi-pigeiidilylbit ors during the course of the

distillation process, Adding inhibitors can be done either on a generally

conti nuous Lagih§-20f 6,i6%§51%tthrﬁ/]leﬁbér}’din)ilé‘xy‘?r der to nmaintain the concentration
of inhibitor mxture above the mninmumrequired | evel 25 The advantages and

the inportant feat s. of th resent invention will be nore apparent from
t he frC‘IﬁgI owl ‘{I‘i%rl'io’é&%%r%gc‘r_‘“‘?@‘ﬁ*’%‘iﬁ'ﬂ'ﬁébza EXAMPLES PCT/ USOL /3095. 1
Procedure for Dynastic Reboiler Test with Feed Shut-Of Prclration of Fecd
Sol ution. T-Butylcatechol (TBC) is removed from comerci al | y avail abl e
styrene by



5 distillation under vacuum Renoval of TBC is verified by caustic
"titration. The desired anount of inliibitor(s) is added to this TBC-free
styrene ewobhessodsrectly or by first making a concentrat ed malugonsmsef the
inhibitor in TBC-free styrene followed by further dilution with TBC-free
styrene Procedure for Reboiter Test. 10 A quantity of the Feed Sol ution
containing inhibitor (blend) at the desired charge (stated as a wt/w iotal

i nhi bi t or t&ceﬁ%&%;@tﬁl@%iy—h% @@@ﬁ%ﬂe%)%pﬁ,%emymg;tomflask (the "Pot") and

heated to the desired tenperature (usually 1°16 C and brought to reflux by

adjusting the pressurelyv um ce the Pot contents are at tenperature, a
cont i nuous 45'8?8%1&’8?5’?&(&@%@8‘5&%@3]Pﬁf'?’ﬂfﬁlol\% begun at a rate that will add
-the volune of the initial Pot 15 solution to the Pot over a period of tine
cal | ed t he 4resingehbwlreind 2 G piteaict iy -oHerifivuioxY:At the sane time that the
fresh Feed Solution flowis begun, the Bottonms Streamflow is al so begun
- The Bot t onst-Btethgaf?2i G6-satamellom-pipentingloRp] that is renoved at the sane rate
as the fresh Feed Solution is added The equal flows of Feed and Bottons

streans causgarb&BogUaAMilo¥y2b & BaelPRhethg-fipdrRiiyi&gNst ant over the time of
t he experinment while 20 al YOWI ng continuous replenishnment of inhibitor.

This pr OCed‘“—f'gdr@%?-'gﬁ-thgafo&ﬂﬁoﬁ@?‘zil’n@%QEW{@RY;‘[@&W‘A"” a distillation

train of a p ucli ng i nhoromer s peri merXf continues with

(low in and out of t Pot for ecified period of tine, typically seven
hour s. Sarrp“'@‘:?théYﬁzé:vJQ&"F‘é”@ieé’&']&?)B?e?’?}yﬂm&é’d%ff'(9??%” Stream These sanpl es
are anal yzed for polyner content via the nmethanol turbidity neti~od. The 2S
anount of pbtarhexy-2.48.6 htctoawdived. 2 S64detrahydiapatiiion - boxdf rect i veness of the

i nhi bitor being tested. The | ower the anmount of polynmer in the hour |y
sanpl es, thecabometbkee2io/@ tdthendtingi bl 5 icngirsiysirapyridheul @xple during nor nal
operation O a continuous manufacturing or purification process -25 WO

02/ 33086 Proeggtingxy-0n d@edrahiniyl- & 5 sRGFAHIRDLriaRe-1 Bxl; At the end of the

Reboi | ei Test Run (typically seven hours), "'a sanple is collected fromthe
Bottons Strgegam This s r Feed Shup-Of Tinme = 0 m nutes
The fl ows ofg?l}ngéﬂbéeéé%@@?t&g PE)%SS%—E&B@? ?%?@,g“ﬁﬁ ?elaﬁqwzli’re st opped. The 5
vacuum and tenperature are nitored and adjusted to maintain boiling at
t he desi rea“'?'é‘ﬁj@e?’%@tﬁ’@”éfne@blé @??tF?é‘M@EOPlS’é%ﬁ? eko%le periodical ly renoved
fromthe Pot (typically every five mnutes). These sanples are anal yaed For
pol ymer cond,éwlikeyo-2,2t hée-tetenteaimdpyrtahdbiviixyy met hod . A | onger period of time
before initiation of significant polymer formation is an indication of a
nmore ef f ecti-kerolnbkidiind-ng, Ssy-sdt@mettiyipielidinglixyof a 10 | oss of Feed in the
plant. Additionally, the |ower the polymer nunmber at a specific Iength of
tine akter jeed £bszyRdifie-20ies i@fnehfigatdiMmyldxye inhibitor system at
providing protection for that length of tinme. The results in Table 1 snow
that the peyfornanpc the. qanpi ' fn L roxyl with quinone alkide is
i mproved cgjrriﬁgtronggd cgglﬁe]f)tzh‘e?‘%ggan%@%tgk@g lcl)dr{rg}l]%)#’)both steady | 5 state and
feed shut-off tests. Thus, this blend should provide inproved performance
under bot h HéArab- S AKSNHEEeY 6y conditions in a plant. -?6 WD
02/3302f 5 10 15 20 Nitroxyl is 4-oxo- TEMPO PCT/U S01 /3095.1
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy;

3-oximino-2,2,5,5-tetiamethylpyrrolidinyloxy;

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-hydioxy-2,2,5,5-tetramecthylpyrrolidinyloxy,
2,2.5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole- 1 -oxyl;

25 2,2.5,5-tetramethyl-3-amino-2,5-dihydropyrrole- 1 -oxyl;

217 -



Tabl e Il nhibitor (Dose)Stc;ady State Polynmer (wt /.)Polymer 50 nrnutes
after reed Shut-Of (wt 9N troxyl ( 100 ppn}0.00034. 2N troxyl (50 ppm

pl us QV ax0d2/888&2 ppm 0. 00040. 0006QM acid (3 50 ppm 0. 000PCTOZL/3BEM est er
( 150 ppm 0.494 66Nitroxyl ( I 50 ppm0.00532 52Nitroxyl (50 ppm plus QM
ester (100 ppn O 00071 48 M acid is

3,5-dr-t-butyl -4- oxo-cycl ohexa- 2, 5-di enyl i dene acetic acid, the structure

of which i fWsesteheltSi-8lcBethoxy-2,5-dihydropyrrole-1-oxyl; _
3,5-di-tert-butyl -4-0x0-cycl ohexa- 2, 5-di enyl i dene "acetate. In view of the

many chan~= nd. nodi fications.that ~he, mgde w thout departing from
principles zgjzr\l;agrtlgg}ralﬁgfhtyhg%wﬁlboeﬁ i@ﬁfdloﬁ)gpgﬁehgg%houl d be made to the 25

- appended cl ai ns floroan unders]t andi Elg of )t heC. s?(.)pe of the protection to be
a~' orded t Wes(iwrgnd.2 §nb-tetramethylpipeadiny-dypspocate; wo 02/ 33026 C Lr1l A1 S 1 3
45123456789 101112 131 2 3 4 S Wat is clained is' PCT/U SO 1
- /309a-4 1 Aisteohpld2,2on6-tattaintstityimperidine4 yhedrattar e pol yreri zati on of

et hyl eni cal Iy unsaturated mononer s gonpri sing adding to said nonomers an

ef fect sve ajgpuriylof,2/4)6-odtran@islpipariimiyhesbitateonpound, and B) at |east one
gui none al ki de conpound having an el ectron w thdrawi ng group at the

7- posi ti on.,id1.ok0er PRt hag Aetich@bdRdin-yRensiunihRenitet roxyl conpound is of
t he struct lPrl% OXQ X5 G RA N gz}ﬂb ~3 L(‘)\[’(gmwhélpeli n II-']{ and R are independently

selected fromthe u onsi,sti.ng. of  hyd , al kyl, and

het er oat ombéﬁﬁy?f‘?'lf%trz%d&éq er“yﬁfﬂp%,d” ’ﬁ'&”%‘ﬂggg’( 1 ) independently selected
fromthe gr QUE) consi st ngg of al kyl and heteroatom substituted al kyl, or (2)
t aken t ogethiséf-oxylo?.moa0-tatragneshvipieardied witsePhthalals t r ogen; and X, and X~ (|
) are independently selected fromthe group consisting of hal ogen,

phosphor us bjs(h-oaply2,8f6,6-tetoictat piperidat-dtybsrephtlydate, COOR,, -S-COR,, - OCOR,,
-SR (wherein R is alkyl or aryl), am do, carbonyl, alkenyl, or alkyl of

1to lipd CQﬁQ@J?)x‘?_lf—ﬁﬂﬁi),6-@Jlraﬁ1?e)hyﬂp’;liié_i‘miirt-ﬂ)g'ﬁ)h&&n!hydrbfﬁréph@hafldt@,g structure with
the nitrogen 3. The nethod of claim2 wherein the nitroxyl conpound has the

struct ural ,g’lpféé@mgr-E96?%%}2;?\5“giﬁpgrﬁirgtlfgg%i%mld’ég_ WO 02/ 3302f i

PCT/ USOL/ 3 el h ~are 1n dently selected Ii omthe gr
oup consrsi.i of rogen, 7 alkyl, and heteroatom substituted al kyl and
R and R é}]'zg‘loﬁ?ﬂlé%é%mé?ﬁ“l*X'/“%@?%B%@H"?'rygfﬁag'O?nglj’r oup consisting of alkyl

and heteroai omsubstituted al kyl, and the L
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-TEMPO), 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 -



9 10 11 12 portion represents the atons necessary to Forma five-, six-, or
- seven-nenbered 13 heterocyclic ring. 1 4 The nmethod oFclaim| wherein the
nitroxyl Womwp8ime is selected fromthe group 2 consi sti ng PET/B01/30954

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

4-am no- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy, 5

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

4- oxo-2, 2, 6, 6- te&;ucﬁgﬁ[)fly m@\llQ@Frbﬂfﬂwapﬂmpozmds can be prepared by known
4- dlnethylanlno 2,2,6,6-tetramethyl -piperi |nyloxy, §)

4- ethanoylox tetra ri din - .
5 5 5 5-1et r%h%qshﬁ%@f rexally ny%ﬁﬂt% N WY PXYs 675 3,334,103, 3,372,182;

'3-amno-2, 2,5 S-tetramet!r rrolidinyl §; 11 ,

> 5ar e CechEioity PRI G20, BIBLED o1 bt § Hho Jkyand 4,665,185, which are
2,2,4,4-tetramet hyl - 1-o~ca- 3- pyrro) inyl-1-oxy-3-carboxylic acid; 13
2,2, 3,3, 5, Sn@rperect deresi by feferknged- arhazacywl'(blerfexyi;e—d_vealadwdxyqngaﬁ

4- br omo- 2,2,6,6-tetramet hyl - pi peri di nyl oxy, 15

4- chl 050- 2,t@mPerbtut @t barmitilio W tdpgset dinRy k@¥Myed fith the ethylenically unsaturated
4-iodo-2, 2, 6, 6-tetranet hyl - pi peridi nyl oxy; 17

4-fl uoro-2 : . : .

4- cyano- 2, Zﬁ%@% trgetﬁ%{aﬁng?%%wzg?%gfﬂl{e Iﬂ‘hﬁék Bgt?ﬁe fée%ent invention typically range from
4- car boxy-

tetra y ; o .
4- car bonet r?BR}-”%Oz,Cé? é?‘gﬁrsgn‘éi ﬁﬁ&f%%br%?'&?la%ﬂ%z@xg to abept 1659C.29d, M9 54 o5 26
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 WD
02/ 3302G PETtiRrebly) Bogsbont giChieraberly L 6 Sueh tistifadivns pigl seppialy perforpedxy;
4- cyano- 4- hydr oxy- 2, 2, 6, 6-tei ranet hyl - pi peri di nyl oxy;
4- et hyl - 2,a2 af aksoliet peesrirbiyd thpirpeeiofiabydtdXyp about 1,200 mm ong.
4- car bet hoxy- 4- hydr oxy- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy; 4-hydroxy-4-(

1- hydrlgxypr opyI )Q@n@)e@:ll@d& @élﬁé@iﬁ{dm’lkm RIQRERMINNYE BXaiice of the present invention
4- et hyl - ,6,6-tetramethyl -1, 2, S, 6-tetrahydropyridine - | -oxyl;

4- car bOXy %n&uo@'tﬁ%§eec}1§6 RBh Y s L ?1\%[“%!]_865} %tﬁ@éﬁk’ﬂfo EiﬁgbQH'?eMére?EéQiﬁcaﬂ{/llt

4- car bonet hoxy- tet I Amet tetra ropyridine -

4- car bet hox tetraneth 2,5, 6-tet ridine -1-ox
4- ani no-z,2¥ereéeffegttﬁar+§‘fﬂwo %Lléeéeﬁépwaﬂw{@ﬂéw B eyt o)

4-am do-2, 2,6,6-tetranethyl -1, 2,5, 6-tetrahydropyridrne -1-oxyl;
3,4-diketo-2,2,5,5-tetranethy|pyrrolrdimyloxy;

3- ket o-4-oxi m no-2, 2,5, 5-tetranet hyl pyrnplidi nyl oxy,

3- ket 0-4-benzylidine-2, 2,5, 5-t et rrgnet hybyrr oRj,di nyl oxy;
3-keto-4,4-di bronp-2,2,5,5-tetranet!|5 ol i di nyl oxy;
2,2,3,8, 5, 5- hexanet hyl pyrrolidinyl oxy
3-carboxi m do-2, 2,5, 5-tetranet hyl pyrro
5-tetramet hyl pyrrolidinyl oxy; 3-hydroxy-
3-cyano- 3- hydroxy-2, 2,5, 5-tetranethyl pyrrolidinyl oxy;

3- car boret hoxy- 3- hydr oxy- 2, 2, 5, 5- t ety arrethyl pyrrol i di nyl oxy,

3- car bet hoxy- 3- hydr oxy- 2, 2, 5, 5-t et r afet hyl pyrrol i di nyl oxy;
2,2,5,5-tetranet hyl - 3- carboxanldo 2, 5-di hydr opyrrol e-1- oxyl ;

2, 2,5, 5-t etwkaigiohyl - 3- ami no- 2, 5- d|hydropyrrole- | -oxyl;
2,2,5,5-tetranet hyl - 3- carbethoxy 2, 5-di hydr opyrrol e- I-oxyI 2,2, 5,
5-tetranet gy, at R)L&zi@mae;&ndemmﬂ]qmblf nab @8 chibo®Atplms, cycloalkyl of 5to 12

bi s(1-oxyl -2, 2,6, 6-tetramet hyl pi peri di n-4-yl)succi nat e;

bi s( 1'7@Xy| c%rl%ned’t(ﬁnst@ltﬁ}%ﬂ?ﬂﬁmw @f"pﬁ)rlﬁéambonlﬁt&ln} aggpai e; bis( |

yl oxy; 3-oximno-2,2, 5,
, 2,5, 5-tetramet hyl pyrrolidinyl oxy,

- OXYi - , 6-tctranethyl pi péridin-4-yl)sebacaie; -30 50 51 52 53 54 55
56 57 58 5 10 02 CT/ U SO1

. 13095-4 blq% 8%§|C§C§*6C%X?%v 3ﬁyP§%ﬁéPl§ bﬁ§7y¥ y[%Bﬁﬂiﬁgwgﬁg e; bis(
1- oxyl -

6 tctramet! ~yl cr|d|n hthal bi s

1- oxyl - 2 2 %) 5480 Phiet ﬁ%ﬁﬁfgagﬂtwsﬂ 02@‘@13{53 Sbpht har»%{b%ﬂ a@%@( phenyl or
- 1-oxyl-2,2,6, 6-tetranet hyl pi peridin-4-yl)terephthal ate; bis(
1-oxyI-2,21&n6ﬂ1etranethylpiperidin-4-y|)hexahydroterephthalate;
N, N - bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl)adi pam de, N-(
1-oxyl - 2, 2,153 ﬁ'eﬂlg,ﬂ bﬁlﬂ'% hy kpibpehidhhsNadA ¥ 0 tC BPERb@CEdNS or said aryl substituted
N-{1-oxyl - , 6, tetranethylplperldln 4-yl ) -dodecyl succi ni m de;
2 4 6- rls

IEZ 2, N@B#%¥¥gﬁgpﬁﬁflu”%?]ﬂomsﬂrbfyﬁhg\¥r|a2|ne and
4 4 -ethylenebis( 1l-oxyl-2, 2,6, 6- tetra thylplpera2|n 3-one). 5 The
met hod oFclaim 1 wherein the quinone al'kKi'de is a conpound of the fornmula Rs
i M0 '~33 R~ wherein' R3, and R3~ are independently alkyl of 4 to 18
carbon atons, cycloal kyl of 5 to 12 carbon atons or phenylal kyl of 7 to 15

oy



R33:15 -CN, -COOL: -1, -COOR;,,, -COR~~) -OCORz~, -CONR3, R 8 or -PQ(OR39),
"where R ais alkyl of 1 to 18 carbon atons, cycloal kyl of 5 to 12 carbon
at ons, pheaybk/3smebenzyl, R35 is alkyl of | to 18 carbon atrameysoasgdsiof 6 to
10 carbon atons or said aryl substituted by 1 or 2 alkyl of | to 4 carbon
atons or by hydroxyl, R3~ is alkyl of | to |l 8 carbon atons, aryl of 6 to
10 carbon atons or said aryl substituted by 1 or 2 alkyl of I to 4 carbon

atoms or by B}els%rclf\%%sr 1 t% 1% karbon atms( th%{ §f3@§oe1 FPGHM §()rjn§ o 38831 snl@stlmed and

R3R are indef ydrogen of to 18 carbon atons or said al kyl
19 substituyte | k nyno atons, by dial kyl am no of 2
to 8 car bolrt:) Zlooa‘t 81&1%116‘{& bcf’" "’JrO' » Obté)ﬁﬁ (Froxyl of 6 to 10 carbon atons
+or said aryl substituted by 21 aIk | of | to 4 carbon at ons, al kyl am no
of 1 to 4 daw bveﬁwRata@wdemdmtaﬂwlr%1r?ékbdpfi t9 38 carbgn alapodf Satftyﬂ’rt:y by
phenyl am no or by hydroxyl, or 23 -NR3, R3g is norpholino, piperidino or

- pyrrolidi neub24uted by ialskylaynii*rcomgfelnt004r czabdnyhtoofs, by dialk&ﬁnﬂ:wdzf@toa& ocabpn and 25
R~~ i s hydrogen, alkyl) aryI hydr oxyl , al koxy, -CN) -COOH, - COCRS,,,

- COR3s5 26 a1 GB36y hydrSiVR beR3 8, a@fl Gf%%%}bon atoBs o 8d A1 A0GtiRkedtyal m 5
wherein the qui none al kide i's selected fromthe group 2 Consisting of: 3
(3,5-di-ter] I h
(3.5-di-ter Ekfééf%to KU RN Q*k%‘"ﬂé‘" Gl SERECECHRN fihagfho of 2
(3,5-di-tert-a cl ohex enyl i dene)acetlc acid, 6 nethyl
(3,5-di -ter? Sb{%/liﬂ" %0@§%W@F&ﬁﬁ&‘30?r h?" lﬁrene) acetate, 7 ethyl
(3,5-di-tert-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) acetate, 8 n-butyl
(3, 5- di - t erNRatflsyis-morphelopc pippiédiae or pyeelelid. i dene) acetate, 9
2,6-di-tert-butyl -4-(2-oxopropylidene)-cycl ohexa-2, 5-di enone, 10 di et hyl
(3, 5-di -terR3-9 Butydtopen ox alkylcd fohexid- 2y tenditemy | andene) met hanephosphonate, 1 |
(3,5-di-ter-t-butyl -4-oxocycl ohexa- 2, 5-di enyl i dene) net hyl acetate, |2

, 5- qp- terf& s iAo ORAVELORRIBeE, émﬁww@f@hm@wk ,Btcz@kate 13

(3
(3, 5-di-tert” butyI 4-oxocycl ohexa-2, 5- di'enyl | dene) net hyf enzoate, and 14
N, N- d| et hyl 5- ki xocycl ohexa- 2, 5-di enyl i dene) acet am de
12346 70?(8%1’0%]\”1& ﬁﬁpfﬁdﬁ%‘éﬁg 1718 19 20 21 77 23 24 25 26 27 28 WD
02/ 33026 PCT/ U SO 0 5.t 7, A method For inhibiti mat ur e
pol ymeri zati on %5‘(?}]?5131 z{n H‘QIRJ&/”&HE‘&*{]’\HFYAH@H errotﬁ‘érc?[]yg’ &)hg‘fyﬁga'at lding to
sai d nononers an efi~ective amount of. A) ai |east one ntlroxyl conmpound of
t he struct ungh)bensl @i N-Rmethylignast wherein R and Ra are independently
selected fromthe group consisting of hydrogen, alkyl, and
hei er oat om substiMbsttgefembky R, and /R, ar@neltBatydrtert{faniyl pr u'ertd@cmandent ly sel ected
fromthe group COnS15t111f~ of al kyl and heteroatom substituted al kyl, or
(2) taken toget hekrerdtly, R, aistNg ShO¥CLUoBRY, thoRrhe - (DCD'RO,QGGOT\EIQQK Xor and X~
( 1) are independently del ected From t he group consi st i ng of Hhal ogen
phosphor us {: ﬁPQX \g]elek oxidation states), cyano, DOOR, -SCOR) -OCOR,
-S R, (whet ern IkyI or aryl), am do, carbonyl, alkenyl, or alkyl of
t01~c bon ato taken together, forma ring structure wth
the nitrog ‘Sa?ﬁléVIB é?sloé' §’t‘ AWS: qui none al ki de conpound of the fornul a
R3, ~ o113 Rj, wherein R3t and R ~ are independently al kyl oF=1 to I
8 car bon atlb;@r@mctwllojaihklwl of 5 to 12 carbon atons or phenylalkyl of 7 to 1
~ carbon atons, and RR3 rS -CN, -CO01-i, -COOR~~, -COR ;) -CCORr,

- CONR~~R3~ 1oy, isdﬁqleRm)-rsmbeaBm dr':‘pharh_\liw of 1io0 18 cat bon atons,
cycloal kyl of 5 to | 2 carbon atons, phenyl or benzyl)

20 R;; and Ry, are independently hydrogen or alkyl of | to 18 carbon atoms, or
-NR;;R;, is morpholino or piperidino, and
R,q is alkyl of | to 4 caibon atoms.
Most preferably, Ry, is -CN, -COOH, -COOR,,, -COR;,, -OCOR,,,

~CONR,;R;, or -PO(OR,y), wherein:

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



-33 WD 02/ 33026 29 30 31 32 33 34 35 36 37 38 39 40 41 PCT/U SO 1
/309S.1 R35 is alkyl of I to | 8 carbon atons, aryl of 6 io 10 carbon atons
or said awgh2/sisbstituted by 1 or 2 alkyl of 1 io 4 carbon patrarset/ee9spy hydr
oxyl, R ~) is alkyl of 1 to 18 carbon atons, aryl of 6 to | O carbon atons
or said aryl substituted by 1 or 2 alkyl of I to 4 carbon atons or by

hydr oxyl, R3, and R~K are i ndependently hydrogen, alkyl of 1 to 18 carbon
atons or szﬂ' d. ale;l\/ll supstiltut ed by alkylamno of | to 4 carbon atons, by

di al kyl ani ngs 872" 8" 8"¢H¥rbon atons or by hydroxyl; benzyl, aryl of Gto 10
carbon atons or, said aryl substituted by aﬁl kyl of | to 4 carbon atons, by
al kyl ar ni nébo"d1Rs draindénendertityAEOLChYT ol Ryl 9l FEL 19" O'8 car bon at ons,
- by phenyl ami no or by hydroxyl, or -NR3,R3~ is norpholino, piperidino or
pyrrol i dr neNRRB is sndipkirlwgemndor al kyl of 1 to 18 carbon atons, and R-~ is
hydr ogen, al kyl, aryl, hydroxyl, al koxy, -CN, - - COOR3a) - COR3s,

- -OCOR3~, , RGQshRyl BFRt@b caBeh&Rns)~, | 8 1 91 2 3 41 3 45 The nethod of
claiml1 car ried out in the presence of oxygen. The nethod of claim?7
carried out in ; ce:of ) . jLJ Lpg~ A) at
| east gne ni trowﬁe%gﬁgg{t}n@,”%é}ﬁgﬁ%%ggtf tlfegjéggt%ngﬁ’gp 'gfjd."ndéﬁge ]gﬁ?iq)ﬂéseéégﬁpound
havi ng an el ectron.-withprawi ng group at the 7-position. 1 1- The

conposi ti of B FFINAD" v~herein the nilroxyl conpound is of the structure:
Xz 12 R4 N~ R3 o* 6 78910 11 12 13.1 234567 89 10 11 12 13 1 3
4 5 6 WD 0%3.33028tbely-dsopcydousa. wAsnylisene)reetamtilR~ are i ndependent |y
selected ti oln the group consisting of hydrogen, alkyl, and

het er oat om(3,GhBttert-busd-dadNoghclaimaaR, 5-dirdylRengrceticlacid, ndependent | y sel ect ed
fromthe group consisting of al kyl and hetel oat on~-substituted al kyl, or
(2) taken tY9gaiiigf-anyRuBxdcydidHExSLIMgGibMReNd)bdetichgidni trogen) and X, and X
( 1) are independently selected fromthe group COISIStIlIlg of hal ogen,
phosphgrus (i _pf i Qxi,dati Aabes). CHOR - S- CORD, - OCOR-~,
- S R7l?wher"(eeluﬁ}']@;]’)'gla(s?t%lljlt IP)L}B)Fg(rjoa\'aorcgc{ﬂ(ﬂh,%;%tr?ﬁesfi%l,en}gér%ﬁéﬁgﬁ, al kenyl, or al kyl of
| to 15 carhon, atoms, or ) taken together, forma ring structure with the
ni trogen 13t yq'ﬁ?’eg'(Eigfﬁ‘ﬁ)'g'i"ﬁ'f“%’l’?XB‘fWﬁqh&‘l“ﬁg‘%"slle'wlﬂgF‘éfi)?Feﬁ’lt%e nitl oxyl conpound
has the structural formula. RL,Cl~~R4 NR2 ~ R3 O wherein R, and Ra are

r ndependenttiutddp Scdidartbugyhd wocyelogyaceohdicsylidrgelsrctalgdr ogen, al kyl, and
het eroat om substituted al kyl and R, and R~ are independently selected from
t he group Condi-ttrmgyled-(Abkgpropyideidtogriobton2 Substone,ut ed al kyl, and t he
portion represents the atons necessary to forma fi ve-, six-, or

seven- menbefegy| e afi 96y Slilyi-4Ldxd8yclehexd N6 -gieATRRhE hRha@EpHDsHoikk0 Wher ei n
the nitroxyl conpound is selected fromthe group consisting of:

15 (3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl acetate,
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methy! 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.



1 2,2,6, 6-teiranethyl -pi peridinyl oxy,

4-am no- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy,
4-hydroayNQOZB@¥6 t ei ranet | yyl - pi peri di nyl o~y; PCT/US01/30954
4- oxo-?, ?, 6, 6-tetranei hyl - pi pcli di nyl oxy) ~S 7891011 12 13 14 1S
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 WO (12/3302G PCT/ U S01 /3095-1
4-di met hyl am no- 2, 2, 6, 6-t ei ranet hyl - pi pendi nyl oxy)

4- et | ranoyl oxy- Z;g, cfémﬁmreratm&émhwé priREdRE il QX Yif desired, be combined with a
2,2,S, S—telranethy pyrrolidnyl ovy;

3-am no- 2, XE%I‘?cfne%”i?Eé‘ys'gE’MJt%o% déicrynb )éXn él S Patent No 5,616,774. Preferably,

2,2,4,4- tetr azacycl open
"2,2,4,4-tetr thyl - 1- ox pyrrollnyl carboxyllc aci d;
22,33, 5, 5ugh CaBLAUEER I‘\‘de&“‘HP%Q’é?é%fl taﬁﬁéyamu' , 4-di oxy;
4- br ono- 2, 2, 6, 6- tetranethyl pi peri di nyl oxy,
"4 | or o- 2 2 6, 6-tetranet hyl - pi pertdi nyl oxy,

4 .

2
2
b
c
- i odo- 2,2,6,6-tetranethy|-piperidinon ;
4-fluoso-2, 2, G 6-tel ramet hyl - pi peri di nylie
4-cyano- 2, 2, 6, 6-t et ranet hyl - pi per iy
4- car boxy- 2, 2, 6, 6-tetranet hyl - pi peri d[jnyl oxy,

4- carbonethoxy 2,2,6,6-tetranet hyl - pi geri dinyl oxy;

4- car bet hoxy- 2, 2, 6, 6-tetranet hyl - pi per~dinyl oxy,

4- cyano- 4- hydr oxy- 2, 2, 6, 6-tetranet hyl - eri di nyl oxy;
4-nethy|-2,2,6,6-tetranethy|-piperidinyl ,
4- car bet hoxy- 4- hydr oxy- 2, 2, 6, 6-t et r angthyt-gi peri di nyl oxy, 4-hydroxy-4-(
1- hydr oxypropyl ) -2, 2, 6, 6-t et r anet hyl - pi peri di nyl oxy;

4-methyl -2,2,6,6-tetranethyl -1, 2,5, 6-tetrahydropyr idine -1-oxyl,

4- car boxy-2,2,6,6-tetrancthyi-1, 2,5, 6-tetrahydropyridi ne -1-oxyl,
4-carbonethﬂ*yda,2,6,6-tetranethy|-I,2,5,6-tetrahydropyndrne - 1- oxyl,

4- car bet hoxy- 2, 2, 6, 6- tetranethyl-1,2,5,6-tetrahydropyridine -1- ovyI

4 am 38'3’%%*1@%2%4'3 Aetetfry S of2 1E0 S S AR Gl oS 12 dgoon
ket o 4- ofryine FebT0Gl L} VLR S) %?'P?X%n%ty’ny?ixy, 34

3-1:eto-4- | hd 5,5 rmth r+_al n 3
3-ket o- 4, 4%? %?o?mrg'?@ P%”ayl D3 RLEAT Ey’y ’Jﬁyﬁozr ?’d{”g%} %%3%}0 f carben . 02/ 3302C

36 2,2, 3, 3,aporms f&?%ﬂﬁ@?ﬁ!blﬂi‘ﬂwte@b* dny icomyee aBfl of 1 to 8 carbon atoms, alkoxy of 1
3-carboxi mi do- 2, 2, 5, 5-t et r anet hyl pyrrol i di nyl oxy,

3- oxi M6No- 2o B, artontagd s iyl qoyft I @l 8 chirbyd axys, MGTAHIBO of 1/1883artion3€oms,
3- hydroxy-2, 2,5, 5-tetranet hyl pyrrolidinyl ovy; 40

3- cyano- 3- Wjalkydanying of 250 5 caehareatembydlksyyeasbordil a§? bx§ cadbpn atoms, hydroxy,
3- car bonet hoxy- 3- hydr oxy- 2, 2, 5, 5- tetraneth% pyrrolidinyl| ox

3- car bet ho-THQ, 3UMKR| YRR, Ea@osy SRiBRGAEhanRk FRGTHOT Mistyras HW&\:WSMB@“‘S

2,2,5,5-tetramnet car oxanldo 2, 5- opyrrol e-1-ox 4
258 B totr anet%ef%‘yaw G BP sy DAL G B he Gegp coming of
2,2,5,5-tet rbe 0 d 0 rrole | - oxyl; 46
225 5. patekniiad HQ/I*P”%"‘E' gfﬁy%r.ciwa} r‘ﬁ 381 oyl a7

bi s(1-,gxyl } s e;

bi o( 1251 25 HERE ﬂ*ﬁemﬁ@%'% i EG' @‘F) RGN

bi s(1- Oxyl 226a.-@nfis&@tmmrmﬂepm%héj'opuénada)vsﬁla%aﬁ@ 50

bi s(1- oxyl - , 6-t et ramet hyl pi'peri di n-4-yl)n-butyl mal onate; 51
bi s(1- oxyl -226—& @r@bﬁtgmamgﬂwb@mmaér@'p dydohekpie-bizhedee; 52

bi s(1- oxyl - 2,2,6,6- t et r amet hyl pi peri di n- 4- yI)|sophthaIate 53

- bi s(1- oxyl -26-8i-tertebitel-4-d4reirhsthphmperbeizglideny)-ytobotephfaliat@ie, 54
bi s(1-oxyl-2,2,6,6-tetranmethyl piperidin-4-yl)hexahydroterephthal ate; 55
N, N - bi s(1- 206(-3111 -tept-andl; Lﬁbclwh@m’etmyllc)bme} ﬁdinqmone yl ) adi pami de, 56

- N-(1-oxyl-2,2,6, 6- tetranethylplgerldln )-ca rolactan1 57 N-(
1- oxy|252 2, %66-gi- et bubiref g st prwbenaylideng)- w&fmﬁé Isdjerone] angk de, 58

2,4,6-tris-[ N buty 6-tetranmet] r|d|n 4-yl)~-s-triazi
ne; and 59’l 4‘“%%thtéib%§%tﬁ1bﬁbgﬁlﬂd?“Sb%ufg%%8£€§VLVP%rﬁbF%EE?% 3-one).
- 37 1234567 9 10 11 12 13 14 15 16 17 is 19 20 21 23 24 25 2G 27
28 29 WD U2/ 33026 PCT/USC1/3095 ~ 14. The conposition of claim 10 wherein

t he qui none alkide is a conpound of the Fornula R~ '~40 ".s.s R, wherein.
R3r and R3, are independently alkyl of 4,to 18 carbon atons, cycloal kyl of
S to 12 carbon atonms or phenyl al kyl of 7°to 15 carbon atons, and R33 Is
-CN, -COOH, -COOR3~, -COR3s, -0OCOR3~, -CONR3,R3g or -PQ(OR39)~ where R3~ is
aIkyI of 1 to 18 carbon atons cycloalkyl of 5 to 12 car bon atons phenyl

v A~ oy _ ~ A~



“R3~'and R 8 ai a independently hydrogen, alkyl of 1 to 18 carbon atons or
said al kyl substituted by alkylamno of | to 4 carbon atons, by

di al kyl arWwO®268028 to 8 carbon atons or by hydroxyl; benzylPCTawsoh/306546 to 10
carbon atons or said aryl substituted by alkyl of 1 to 4 Carbon acorns, by
al kylamno of 1 to 4 carbon atons, by dialkylarnino of 2 to 8 carbon atons,
by phenylam no or by hydroxyl, or -NR'R~~ Is norpholino) piperldino or
pylrolldllro, R-Fhd febyey ogamt of tirl doybiiafiod of Q) hit@xgavhqouad emsfi)and R~~ is
hydr ogen, al kyl, aryl, Irydroxyl, alkoxy, -CN, -COOQ-1, - ", -COR3s,
-OCOR, r,, -qUONRe aR3de ampor@] GRypic)lly at®8t 1 to WOO0PHBR30RE] BETHheJS0iRhBORhe 1 15
The conposition of claim!|l ~I wher ein the quinone alkide is selected from
“the 2 grouptideni¢adly uAgplgrted ngonomer, although amounts outside this range may be
(3,5-di-tert-butyl -4-oxqcycl ohexa- 2, 5-di enyl i dene)acetonitrile, 4

di - t erdPPERRATE (ifps%e%mh@ﬁ 50PdiBoRf QInF r {hheTei of hegqrepinagion of
di.-tert-amyl - 4- oxocygl ohexa- -di enyl i dene)acetic aci 6 net hyl
P t er VB 5P MRS e At R ob Y BBk pdcaparEr b apmy fased
di-terrt |y I xa- 2. 5-di,enyl i dene) acetate, 8 n-butyl
-di-ter n—tbgf%e?lg-h}lég@%%%%c’fﬁ%ﬁ%%%&%gg(r?l]gl(%/nlo %ﬁe) acetate, 9
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al kyl or aryl)) "amdo, carbonyl, - 39 14 '15 16 17 18 19 20 21 22 23 24

25 26 27 28639 (3@nd Incte prederdbly 3poRab¥R) 802/BROARUPEP ¢IS8IcH &QBhtidnpdkenyl ,

or alkyl of I to |l S carbon atons, or (?) taken together, forma ring
struct ure wehérallperfdrivedgem alaothitd Blesdire Inat@is tangaef shdumndneo abdiitde20vonmound
oFthe fornula Riz "J3 wherein: R3, and R~, are independently alkyl of 4 to
| 8 carbon ottgys, cycloal kyl of 5 to 12 carbon atons or phenylalkyl of 7 to
15 carbon atons, and R33 rs -CN, -COO -i) -COOR~a, -COR35,. -0OCOR3~,.

- CONR3~R3~ Or - Pdecidgnicalin spgatyrated; naongniay the premaiige pglysmarisafip e fonch

cycloal kyl .of 5 to 12 carbon. atons, phenyl or benzyl, R 5.is alk of 1to
T cadBon 4t shatie iR R e B Hort SDOHE" BRnaR oA SURRE e ed by 1
or 2 alkyl of 1 to.4 carbon atons, or hydr ly R~ is alk of ,1 to 18
car bon at ofeiritich EBRAIR B RERLES, it B uByToh Bfbblert alobS 1°0r
2 al kyl of 4 r WXV J o : Lare .
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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 1o be stabilized as long as there is a
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a concentrated solution of the inhibitor in TBC-free styrene followed by further dilution
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 1s an indication of effectiveness of the inhibitor being
tested. The lower the amount of polymer in the houtly samples, the more effective the

inhibiting system should be during normal operalion of a continuous manufacturing or

purification process
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"10% & () - BB K tdrbidity method A longer period of time before initiation of significant
polymer formation is an indication of a more eftective 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 shul-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 compaied 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.
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Nitroxy! (50 ppm) plus

15

20

25

QM ester (100 ppm)

0 0007

148

Nitroxyl 1s 4-oxo-TEMPO

QM acid is 3,5-di-t-butyl-4-oxo-cyclohexa-

which is

2,5-dienylidene

acetic acid, the structure of

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

appended claims for an understanding of the scope of the protection to be afforded the

invention.
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1 1 A method for inhibiting the premature polymerization of ethylenically

2 unsaturated monomers comprising adding 1o said monomers an effective amount of
3 A) at least one nitroxyl compound, and

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

5 group at the 7-position.

1 2. The method of claim | wherein the nitroxyl compound is of the structure:
2
X X
3 2 |2
R, —C C~R
1 TNy T 4
4 Ry I Ry
O*
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-substituled 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, is alkyl or aryl), amido, carbonyl,

12 alkenyl, or alkyl of 1 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

Ry ~Ry
4 N
r, ¥ R
5 2 | 3
O*
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6 wherein R, and R, are independently selected {1om the gioup 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
9
11
12 portion represents the atoms necessary to form a five-, six-, or seven-membered
13 heterocyclic ring.
1 4 The method of claim | wherein the nitroxyl compound is selected from the group
2

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 4-0x%0-2,2,6,6-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 2,2.4 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-iodo-2,2.6,6-tetramethyl-piperidinyloxy;
17 4-fluoro-2,2.6,6-tetramethyl-piperidinyloxy;
18 4-cyano-2,2.6.6-tetramethyl-piperidinyloxy;
19 4-carboxy-2,2,6,6-tetramethyl-piperidinyloxy;

20 4-carbomethony-2.2,6,6-tetramethyl-piperidinyloxy,

-20 .
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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-tetramcthyl-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 - [-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-2,2,5,5-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-tetramethyi-3-carbethoxy-2,5-dihydropyrrole- I -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-tctramethylpiperidin-4-yl)sebacate;
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I 10%
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55 N,N’ -blS(l 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).

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

33

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

l l R33 iS ‘CN, 'COOI—I, 'COOR-N, 'COst, 'OCOR}G, 'CONR37R1E or 'PO(Ong)-_) Where

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

15 by 1 or 2 alkyl of | to 4 carbon atoms or by hydioxyl,
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 I to 4 carbon atoms or by hydroxyl,



510% h& ()-2 10% h& ()-0"10% h& ()- .&10% h& ()-S, 10% h& ()-*10%

h& ()-Kbbc" cf cgchci ccxnbC M 10% U&' ()-- 10 h 10 h 10 hf=10% h& ()-;"10%
h& ()- sWOwebsd2¢)- 37 10% h& ()- c4dddd?eedEnbC S10% ULPCrAUSELBSUL () -y
10% U& ()- 10% U& ()-10% U& ()-  10% U& () -eeef 9f cffdENDC s!10% U& () - F10%
U& ()-10% U&' ()-310% U& ()-10% U& ()-@0% U& ()-fffgNgggdEnbC . 10%

U& ()-f,10% U&' ()-& 10% U&' ()-' Y10% U&' () - %d0% U&' () -#10% _

U&' () -1§g% QR lanth Beriveindepapsiently ydragenpalkyl of 1 to 18 carbon atoms or said alkyl

19 substituted by alkylamino of | to 4 carbon atoms, by dialkylamino of 2 to 8 carbon

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

21 alkyl of 1 to 4 carbon atoms, by alkylamino of 1 to 4 carbon atoms, by dialkylamino of 2
22 to 8 carbon atoms, by phenylamino or by hydroxyl, or
23 -NR;,R;4 is morpholino, piperidino or pyrrolidino,

24 R,, is hydrogen or alkyl of 1 to 18 carbon atoms, and
25 R,, is hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN, -COOH, -COOR;,, -COR;,
26 'OCOR36, 'CONR'HRN; or ‘PO(OR39)2.

l 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 methy! (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 diethy! (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
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1 7. A method for inhibiting the premature polymerization of ethylenically

2 unsaturated monomers comprising adding to said monomers an effective amount of.

3 A) at least one nitroxyl compound of the structure-

4

5 T

R;,—C. .C-R,
R, | R

6 2 O 3

7

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

11 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 I 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

O

31 32

23 wherein

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

25 carbon atoms or phenylalky! of 710 15 carbon atoms, and

26 Rj; 15 -CN, -COOH, -COOR,,, -COR,;, -OCOR,;, -CONR Ry, or -PO(OR,,), where
27 R,, is alkyl of 1 to 18 caibon atoms, cycloalkyl of S to [2 carbon atoms, phenyl or

28 benzyl,



U& ()-'10% U&' ()-9%0% U&' () - mmmm\ nnnnndE:/ 10 U 10 U>10% U& () -; 10%

" U& ()-s9f10% U&' ()- F710% U& ()-510% U& ()-210% U& () - nnnn#o\ oooxY:/ 10
U109B&' (WO 203888 () - g109B&' () -s10%B&' ()-310%B&' () - &10%B&' PrT/usd1/BimsEppp
qHqdE: / 10

U109B& () -Z109B& ()-109B& ()-t109B& () - ST109B& ()-&109B& ()-Hqgqqq¥% frtrdE: /
10 U(109B& () - %Z109B& () - #

109B&29) - 3RELRUBE! ¢f + & $LOUBSEN (ot AYBSL d Yo L0 EH6&SSbAK OF 53i0 ak)] Bift®Eed ) -
3109B& () -0#109B& ()- . @OYB& ()-S,!109B&' () -

& g10%B& ( oytloir-at glky!toftitidBearbonl:Qod 0%b I8y i px 1.3
T110%@U@KL ()-2Z! "1 109%JU& ()-Z 10B 10B . _

- 10B>109B&' (Rss ¥2OVBR! {0 1B oahey vipngd B ef A 1 cobegatons of 094! BRY! (ybstemt oo

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

33 R, and Ry, are independently hydrogen, alkyl of | to 18 carbon atoms or said alkyl

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

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

36 alkyl of | to 4 carbon atoms, by alkylamino of | to 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,,, -COR,,,

41 -OCOR,,, -CONR ;R4 or -PO(ORyy)..

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

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

I 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. The composition of claim 10 whercin the nitroxyl compound is of the structure:
2
: ot
0 — -R

178~ - R
4 Ry 1 Ry

O*

S
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6 wheirein R, and R, are independently selected fiom the group consisting of hydrogen,

H

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 mtrogen, 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 | to 15 carbon atoms, or (2) taken together, form a ring structure
13 with the nitrogen
1 12. The composition of claim 11 wherein the nittoxyl compound has the structural
2 formula.
’ Rl )R
4 1- ‘L !.’ 4
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
9
L N
Pl
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:

2,2,6,6-tetramethyl-piperidinyloxy,

L)

4 4-amino-2,2.6,6-tetramethyl-piperidinyloxy,
5 4-hydroay-2,2,6,0-tetramethyl-piperidinyloay:

6 4-0x0-2.2.6,6-tetramethyl-piperidinyloxy,
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- U
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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 2,2,4 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-pipendinyloxy,
16 4-iodo-2,2,6,6-tetramethyl-piperidinyloxy;
17 4-fluoro-2,2,6,6-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:;
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-tetrahydropyiidine -1-oxyl,
27 4-carboxy-2,2 6 6-tetramethyi-1,2,5,6-tetrahydropyridine - 1-oxyl,
28 4-carbomethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyndine -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 - I-oxyl,
32 3.4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy,
33 3-keto-4-oximino-2,2.5,5-tetramethylpyrrohdinyloxy,
34 3-keto-4-benzylidine-2.2,5,5-tetramethylpyrrolidinyloxy,

35 3-keto-4,4-dibromo-2,2.5,5-tetramethylpyriolidinyloxy;
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U @ 0% UWVON2/83020% U&' ()--10% U& () - @0% U&' ()-yz10% U&' ( )RCTIOS /30954

U& ()-CcdEnbC 10 U'L*10% U& ()- (10% U& ()-9%10% U& ()-#10% U& ()-!10%
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" ()-36 0 2,2.3,3,5,5-hexamethylpyriolidinyloxy,

37 3-carboximido-2,2,5,5-tetramethylpyirolidinyloxy.

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- [ -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)-dodecylsuccininude,

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-tetramethylpipeiazin-3-one).
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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 |5 carbon atoms, and

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

15 R,, is alkyl of 1 to 18 carbon atoms, cycloalky] of 5 to 12 carbon atoms, phenyl or
16 benzyl,
17 R, is alkyl of I 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 Rg are independently hydrogen, alkyl of 1 to 18 carbon atoms or said alkyl

22 substituted by alkylamino of | 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 | to 4 carbon atoms, by alkylamino of | to 4 carbon atoms, by dialkylamino of 2
25 to 8 carbon atoms, by phenylamino or by hydroxyl, or

26 -NR ;R 1s morphalino, piperidino or pyirolidino,

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;,

29 -OCOR,, -CONRyR,, or -PO(OR,),
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+f 10% & ()-x0dEnbC 1 1! 7-#109B& ()- 1098& ()- 109B& () -
1098& () -1"&109B&' () -3109B& ()-Vs)dEnbC 1 1!
7" 1 109B&WP-03/3302409B&' () -9! 109B& () -, #109B&' () -1 9! 10% & ( )pdvNo1Q64& () - M |
OdEnbC 1 1! 799F109B& ()-F7 109B& ()-y5S 109B& ()-3z#109B& () -, ,
10%B&' ()-L*!1109B& ()-1bC 1 1! 7 MLOYB& ()-F'&109B& () - 109B&' () - &109B& () -
10B 10B 10By>109B& ()-1{'t%EbC 1 1! 7Y@OYB& ()-y$109B& () -

1109 () - f @510%B&e(QompbeiUBaof tlainy 19 UB& ofr) th¥qohsiné alklIB is selected from the
10B=109B& ()-"109B& ()- "109B& ()-109B& ()- 109B& ()- L109B& ()- xY:/
10B10%2 U&' (gredd O9nsls&hg P 10% UL () -10% U&' ()-f s10% U& ()-10% U& ()- 10BoPl/
YH 10% U&' () - YH 10% U&' ()-', <H YH 10% U& () - YH 10% U&' () - YH 10%
“U& () - 3" &1(965-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

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
X X
5 11 P2
F17 5~ 7 R
6 Ry 1 Ry
Qr
7
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
I together, form a ring structure with the nitiogen, 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,



() - 34HOSTKL. /* , <Hl YH 10% U&' () - YH 10% U& () - YH 10% U& ()-', <Hl YH 10%

()- YH 10% U8 ()-Tk}j P1/ YH 10% U& () - YH 10% U& ()-', <H' - YH 10%

() - YHWOUR/RRI2 ) - YH 10% U8 () - YH 10% U&' () - kMB/ YH! 10% URCE)USo1/sidsYH 10%
()- YH 10% U& ()- YH 10% U& ()-', <H YH! 10% U& ()-"' kL-/YH 10% U& () - YH 10%
()-
()-

YH! 10% U8 () - YH 10% U& ()-', <Hl YH 10% U& () - YH 10%

)fE-/YH 10% U& Y+ 10%& () (y)Z10%& ()- 109%& ()-
L0veg) - YA MEIC) Sr1sbhsleanty L 0 oh SN (o B JAMSE0) -
fO<109%#&' ()-# 1109%t&" ()-# | @10%:& ()-) 9- 10%t& ()- 0:bA/ 10]"| %
y1s10%#&' ( )wit lOV#E dgen, £iell0%&' () -  10%t&' () -
109%+& ()-10]"| 10| "|: Na~] <A/ 10| "| L109%& ()-( 109%& ()-T(109%& ()-T 10%
- & ()-TOF" 10%t& (B> 1094as{Inelduinont alhjdeso0mseand pt the faronde’ ()-- ! & 109%& () -
109C & ()- 109% & ()- '10%# & ()- vU4l "10%$' & ()-
S&10%1$" & () - 10#10#10# y=10%& ()- 510%:& ()- 510% & ()-Ug| [ : vl
| ES10% U & ()-"$ &$10% ' & ()-$ &$10% &l/()-"$ &$10%$ & () -
- #1090 & (). -#10% $ & () - \ 2789 W1 FLOW! v&! () - 10° $ 10' $' 10' §
>10%ig&'() &$10% ' & ()-"$ &$10% €$10% =' & () - $@ cfr~| [: bUAL
(10% -L &10% & ()-& F10% & () - 41 ()- 10% & ()-' p

1094 ' ()-~?|[:bU4l = &L0% & ()-4 | " e ()- 10% & ()- ;10% & ()-
9910% & ()- 010% & ()-2"' () *HVvrvU4l 109§ & ()-M 10% $' & ()-M
10% $5¢ () -g10' 10° 10° =10% & ()- ~ &10% I& ()-4r~c|[:vUAL 110%$ & ()-
10% $°& ()- 10% )" & ()- 10% & ()- 65 & ()- 10% $' & ()-chqtH [:vusl

%%%%S%

"UI10% S & ()- ' 110% " & ()- 't 1088w &'E‘s)a- 10% $' & ()- S&L0% $' & () -
109% $' & ()-HzY81 3"109%& ()-- 10%& ()--10'$' 10'$ 10'$ &10% $' & () -
S=1090$' & ()- ''110%$' & ()-[[:zY81 y "10%#& ()- 10%& ()-s 109& ()-s

109 ()-s &$10%& ()-T &$10% & ()- TSR [:zY81 10% & ()-L 109 ()-L
1094:&26)-L 109 ()-L 109 ()-L 10% & ()-L/0126i {vU4l 109%& () -
L0%& ()-2 1008& ()-2 10%& ()-210="10="10="  10%"& ()-LShs{~|[:vUAL

109% ! & () - whet@ng " & ()- 6 10%#& () -
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,;, -CONRy,R,, or -PO(OR,), where

29 R,, is alkyl of | 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 1 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 | to 18 carbon atoms or said alkyl

36 substituted by alkylamino of 1 to 4 carbon atoms, by dialkylamino of 2 to 8 carbon
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" 10%y () 20 %=x —& () - L1O#10#! HOPQRNVUA40
10%" & Gg%dé”@‘(}@qé "/%'d”i%g')pﬁ'o gB)o% & ()- 310%& ()-f
- 3o%ce ( Rl s bl 0or AFSATHE. E)calbok LESFLOW & () - % KLES10% () -

0L&$10%&' ()% F" 109%Q s& - 10%Q s& ()-J*/012] [ NAM4010sQ s10sQ lesQ S
=10% @2 s& R),;is ha&bods) ) orryld&&;l;ﬂ)%h&x O, =~C&RIQVEHSOR), §$10%
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1096t&48) - 4-QCURE;, (CONRYIR »; NAABOA@RL)10%8& () - F* 1 10%#& ()-F" :110% & () -F"
1109 & ()-F" s 10%#& () - 10%#& () -9 | _RES80110#10#10#s10%#& ()-
y=10%& ()- :110% & ()-F" :110%& ()-F" :110%t& ()-F"Lb' 4| [: RES0O1
| MBLO%™ T& ()-- | MBLOW" & ()-- | MP1O%" & ()-- #I MP1O0%!& ()-- | MBPLOY& ()--
Ay"10% & ()-2gi z| [ : REB01 kSf) 109Bk&8& ()-- SY(el0% & ()- S"& 1096 & () -
S'& 10% & ()- SOl Mb10% $ & ()-- | MBLO%" P& () --z| [ NAAO10' 10" 10°
y=10% & ()- 3/"10% & ()-3 3/'10%&R& ()-3 3/'10%&& ()-3
Sf)10%&& ()--|[: NAAO10 910%#& ()- 10% & ()- 109%#& ()- "10%t& () -
1098& ()- 109%#& ()-y)W|[:NA4AO10 s' 1109 & ()-Ms'110%#& ()-Ms'110%#& ()-M
S'110% & ()-Ms'110%! & ()-M 10%#& ()-MeY801 yY 10% (& & () --
"&I0W' & ()-- 109%' & ()-- 10#10#10#93 10%#& ()- f=10%& ()-My|[zY801l yY' 10%
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