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The present invention is directed to the inhibition of polymerization and
polymer growth of ethylenically unsaturated monomers by means of the addition
thereto of hydrogen donors and/or electron acceptors. either alone or in combination
with at least one stable nitroxide free radical compound.

15 2. Description of Related Art

Many ethylenically unsaturated monomers undesirably polymerize at various
stages of their manufacture, processing, handling, storage, and use. Polymerization,
such as thermal polymerization, during their purification results in the loss of the
monomer, i.e., a lower yield. and an increase in the viscosity of any tars that may be

20 produced. The processing and handling of the higher viscosity tars then requires
higher temperature and work (energy cost) to remove residual monomer.

Polymerization can also result in equipment fouling, especially in the case of
production of acrylic monomers. Such polymerization causes loss in production
efficiency owing to the deposition of polymer in or on the equipment being used.

25 These deposits must be removed from time to time, leading to additional loss in

production of the monomer.



A wide variety of conpounds has been proposed and used for inhibiting
uncontrol |l ed and undesired pol yneri zati on of ethylenically unsaturated

nononer er, many of these conpounds have not beenp Kdb/31101
satisfaé?gﬁyg&ﬁﬁere are several mechani sns by which ponné?Pyat{on

inhibitors work. One 5 node of action for polynerization inhibitors is for
the inhibiting species to conbine wth the propagating polynmer chain such

that the polynerization of that | r i i - T ¢ i nation
reaction. If such%é 1eﬁﬁﬁﬁ?ﬁ§%9F@§W¥naa%éggﬂﬁgﬁé%ggﬁgP%ﬁﬁgrH@g%a e of
participating in a ggnanic equilibriun1betme?n a. dgr mant s&gcies (the

i nhi bi t or - t erpsomsoded arhiniesiEgriPARMER PR op 6ihy HEHcat APFRturated i og ey

considered a 10 "living" or quasiliving polymer. For exanple, Ivan,
Macronol .  SyHpwe88:, 2ihy 21 fhesé d88FJunde bave rive bequiddly Isatidfagiopyol yeri zati on as
a polynerization in which "... only a portion of chain ends are active

(propagating) and-ThBRSEe dveradl theBRMidrhdBY Fhivhigdlyiri@tAiiveinh{eidmotk. One
nonpr opagati ng) chains..." Shigenoto et at., Mcronol. Rapid Comun.
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contraolled iV Ical polynerization in the sence

relatively stable radicals. These syste npl t he .pripciple of nam c
equi | i br at i ofVitheboBEm2gR y‘%‘?fec@?‘é‘ssu&lhg‘%t @F&RA%@“}ZQH&&QF a&i"’ YPEVERSt bl e
honol ytic cl eavage of a coval ent bond in dormant species." Further,
Greszta et aktops,VMecrommhieatiinesa@@ny 66uc@rinibogayrmsinated polymyes chaigyer si bl e
honol ytic cl eavage of dormant species can be acconplished by either 20
thermal, photgeRerdGakiciSdtingah aldyhificaghilibaiuiOibiwdiies dmstansseckes sthal
approaches are as follows: honolytic cleavage of al koxyam nes and

at om ¢ anst ol Tt daf By B B R L R gAY apabl ¢
of i n]%r eas| ngli\i/igg’r’rgl c?lg:alélha\'fringvf(;l rplgr. (Igorr%%nqgl)e, lt\r're]l{l,ojvfgproimtoﬁ Symp. §8:201-215
(1994) describes quasiliving polymerization as a polymerization in which “... only a
portion of chain ends are active (propagating) and these are in equilibria with inactive
(dormant, nonpropagating) chains...” Shigemoto et al., Macromol. Rapid Commun.
17:347-351 (1996) state, “Well-defined polymers can be prepared by controlled /

15 “living” radical polymerization in the presence of relatively stable radicals. These
systems employ the principle of dynamic equilibration between dormant species and
growing radicals via reversible homolytic cleavage of a covalent bond in dormant
species.” Further, Greszta ef al., Macromolecules 29:7661-7670 (1996) state, “The
reversible homolytic cleavage of dormant species can be accomplished by either

20 thermal, photochemical, or catalytic activation. The most successful approaches are
as follows: homolytic cleavage of alkoxyamines and dithiocarbamates. use of various

organometallic species, and catalyzed atom transfer radical polymerization.” Such a

“living” polymer is capable of increasing in molecular weight (growing) through its
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2 WO 01/40404 PCT/US00/ 31101 reaction wth additional nonomer units of the
sane or different types of polynerizable nononers. The nethod by which

this "l W&E‘ﬂb&ﬁ’?l ynmer grows is terned the "living" pol yrpﬁrf'(,@w_,,wu -

mechani sm and Is depicted below. 5 MInh ----- > M+ *|n
---->MInh (2) M +M ---->MM * (3) MM* + *Inh ----> MM -1nh (4)
Reactions (1) and (2) depict the dynamc equilibrium wth (2) being the
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dependent orpolyieerizabl MQROTRGEe at which (2) occurs versus (3), as |long as
(1) occurs to sone extent. The faster (2) is relative to (3), the nore
time i s needed f oFhesingthbd bgavtichgthovitliving” pohengrargwess. tergiedehe tlinangondi ti ons
in 15 which inhibitors are normally used, the concentration of the

i nhi bi ting SPeGHES,HBRWEhafen M5 abmBlel belohgh to cause reaction (2) to be
much faster than reaction (3). otherwise it would not be an effective

i nhibiting systemfor ﬁolrnérer Ci§|Mu§&I wever, we h realized that even
1 agﬁo

at ar effective inhibi anount of e inhibitor, wth can still

occur, given sufficient tine and te rature. 20 The( are at |east two
scenarios in which "l iMi*nJrgﬁInboTyﬁeM' nremainin a 2ﬁonomer purification
train for an excessive anount of tine.

M* 4+ M > M-M’* (3)

M-M’* + *Inh ----> M-M’-Inh 4)

Reactions (1) and (2) depict the dynamic equilibrium, with (2) being the termination

10 reaction. Reaction (3) depicts growth of the polymer chain. Reaction (4) depicts re-
termination of the growing polymer chain with the inhibiting species. The amount of
growth over any period of time is dependent on the relative rate at which (2) occurs
versus (3), as long as (1) occurs to some extent. The faster (2) is relative to (3), the
more time is needed for significant growth of the polymer. Under the conditions in

15 which inhibitors are normally used, the concentration of the inhibiting species should
be sufficiently high to cause reaction (2) to be much faster than reaction (3). otherwise
it would not be an effective inhibiting system for commercial use. However, we have
realized that even at an effective inhibiting amount of the inhibitor, growth can still
occur, given sufficient time and temperature.

20 There are at least two scenarios in which “living” polymer can remain in a

monomer purification train for an excessive amount of time.
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3 WO 01/ 40404 PCT/US00/31101 First, the use of recycle can significantly
i ncrease the anmount of tine that the "living" polynmer can remain in the
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purific feam after renoval of the nononer, a portion o
residual streamis added to a feed streamearlier in the purification
train. This residual s streamtypically contains inhibitor, small anounts

of monomer, inpurities in the pononer .streamt . at ed
by the purificat i%f‘?tptﬁ‘f)%es%{}e%yﬁ&e 58 %}%ﬁcanﬁ g?ﬁ %@éﬁ&%@oﬁﬁg?gﬁgglﬁ% Jon and
purification process. Recycling this polymer will —allowi tg{]j m‘ito %row i f
it is "livingivig|peheneragl reaindp His; Rquﬁr‘iétl%‘tr%‘ﬂeTBlﬁ?qYﬂedﬁ’tu? INDReF Hah) | ow
the "living" polynerization nechanismto occur. If this polymer grows via
10 the "li viig@ett pahy perifizaioch crearn aftenicsmyvaled teswionemgo b posranzdtthon woul d
cause loss in product yield, increased waste residues fromthe process,

and pot ent i al.iRlA19gt0E i 91ddeB Wk PERINGreMRatlRr BXGEPEHNGItonhigh THk easiduat
wei ght polyner in the purification stream Second, occasionally,

diti [ he pl [ pur.i fi Ny . in..15:
]9 gp rr:a% : 828 O}s@r&%@x&g%@ %cﬁl:’tleh'n% {nrﬁl%ﬂo?insfxﬂﬁ)arlloeﬁ&ﬁﬁltscﬁ{}n& ) arl{ m:.qglrltﬂe?mt e

e pur cation trarn not di ssol ved by

the nononmer stream If this polyner is ce%}%h in.a dead space, or) if it
att aches to mpROMeFstTgRM hatihgrc ey paciirat éh%?bﬁ\@??ﬁlfmipfo ¥ RhdBely B
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rai1§ léllﬁcr)]w%he “living” polymerization mechanism to occur. If this polymer grows via

10 the “living” polymerization mechanism, excessive polymerization would cause loss in
product yield, increased waste residues from the process, and potential plugging of
equipment due to excessively high molecular weight polymer in the purification
stream.

Second, occasionally, conditions in the plant/purification process can result in

15 the formation of polymer within the purification train that is not dissolved by the
monomer stream. If this polymer is caught in a dead space, or if it attaches to the
metal on the inside of the equipment, it will not be washed out of the system. Thus,
the polymer will remain within the system indefinitely (potentially for two or more
years). If this polymer grows via the “living” polymerization mechanism. it could

20 coat the inside of the equipment, causing inefficient separation of the monomer stream
components and/or insufficient heating of the stream to enable purification. Such a

situation would cause loss in product yield and could potentially cause an unscheduled

shut-down of the plant in order to clean out the undissolved polymer in the equipment.
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situation would cause |l oss in product yield and could potentially cause an
unschedul ed shut-down of the plant in order to clean out the undissolved
polymer in the equipnent. 4 WO 01/40404 PCT/US00/ 31101 Such a shut-down
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radi cal process to glve pol ymers of narrow pol ydi spersity. 15 Georges et

al ., Macr onpisdmeivestozdlowithis?98mel 9eB n(e1gad)n wyehanisst wertchiar thewe niwkekul ar
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prevent “living” polymerization has hindered their full utilization. Accordingly, there

10 is a need for compositions that can be used in a purification train, preferably in
combination with nitroxyl radicals, to prevent polymer growth that occurs via a
“living” polymerization mechanism.

Nitroxyl radicals are known to facilitate polymerization via a “living” free
radical process to give polymers of narrow polydispersity.

15 Georges et al., Macromolecules 26(11):2987-2988 (1993) synthesized narrow
molecular weight resins by a free-radical polymerization process with polydispersities
comparable to those that can be obtained by anionic polymerization processes and
below the theoretical limiting polydispersity of 1.5 for a conventional free-radical
polymerization process. The process comprised heating a mixture of monomer(s),

20 free-radical initiator, and a stable free radical, e.g., 2,2.6,6-tetramethyl-1-
piperidinyloxy (TEMPO).

Hawker et al., Macromolecules 29(16):5245-5254 (1996) prepared and

evaluated a variety of initiating systems for the preparation of macromolecules by



20 free-radical initiator, and a stable free radical, e.g.
2,2,6,6-tetranethyl- | - piperidinyloxy (TEMPO . Hawker et al.,
l\/acrormIVQ,g,Lbl R64029(16) 1 5245- 5254 (1996) prepared and eval patpdogsiy@ri ety of
initiating systens for the preparation of nmacronol ecules by 5 WO 01/40404
PCT/ USOCQ' 31101 nitroxi de-nediated "living" free radical procedures. The
systens were divided into two classes, uninolecular initiators in which
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traditional free radical |n|t|ator such BP , LS used in.
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an a-nmethyl group is essential for "living" character, while a variety of
subst i t uent stcpolvidlebetipthadedatrg taHzal pidghy stablenedieal, alﬁévlmotfauboswsmmmn

w thout affecting the efficiency of the uninolecular initiator. It was

found that tQ{gidial @adfioROIéEeLdiZatdinot. SuaPRy BXO BRINEBN. fshees an®f@ictiohot h
t he uni nol ecul ar and correspondi ng bi nol ecul ar systens; however, the 10

unt molecul ar i bl S AWMCHARTIREL Bib8RLT Rk RURE tHEPEr?ﬁ‘{Jn@thyl"\ﬁ%)QMS and

polydlsper5|ty nventors are unawar e of any art e use o

conmpounds to prevent poly, gromﬂh t hat. occ via a "

pol ymer i zat i 6¥eRER Agh| BHE| ’é‘cfeﬁl‘%hl <ot VAR B%ﬂﬁﬁc‘?‘gd :481?951??9)% % have
previously been observed. H ndered 15 nitroxyl ounds are known to be

very active phériybiringmos thefB-tarben atadi wahowaifpattg tilatef wigicp ot thesimpleeelgr
nmononmers such as styrene, acrylic acid, nethacrvlic acid, and the |iKke.

Ni t r ophenol sinifiibf. O KRR ENIIShatRheryd @hﬁﬂj/l&ﬁﬂii&isn(i%'r@bimately the same for
both the unimolecular and corresponding bimolecular systems; however, the
10 unimolecular initiators afforded better control over molecular weight and
polydispersity.

The inventors are unaware of any art on the use of compounds to prevent
polymer growth that occurs via a “living” polymerization mechanism since this
growth phenomenon is not known to have previously been observed. Hindered

15 nitroxyl compounds are known to be very active inhibitors of free radical
polymerizations of unsaturated monomers such as styrene. acrylic acid, methacrylic
acid, and the like. Nitrophenols, nitrosophenols, phenylenediamines (PDA’s),
hydroxylamines, quinones and hydroquinones are also known to have a similar
capacity.

20 U.S. Patent Number 2,304,728 discloses that a vinyl aromatic compound may
effectively be stabilized against polymerization by dissolving therein a monohydric

halo-nitrophenol having the general formula:



hydr oxyl am nes, qui nones and hydroqui nones are al so knowmn to have a sim|ar
capacity. 20 U. S. Patent Nunber 2,304,728 discloses that a vinyl aromatic
compoun fectively be stabilized against polyneri

dlssolvgwg&pﬂ%& in a nonohydric hal o-nitrophenol having trﬁﬁgﬁﬁg¥%
formula: 6 WD 01/40404 PCT/US00/ 31101 OH x NO X 5 wherein one X
represents a hal ogen and the other X represents a nenber of the group

consi sting of hydrogen and hal ogen and nitro substituents. U S. Patent
Nunber 3,163,677 di scloses a process foar the preparation of NN O -tri
substituted hydroxyl am nes and N, N-di qubstituted nitroxi des of the 10
formulae: RRR [RNOR2 and Rz -CX<-NQO%o, z 1 RRR 2 2 wherein R" R
and R3 are each an al kyl radical ha Y"to 15 carbon atons. (As 15 used
herein, the designation N-O° denot€s able free radical wherein the
asterisk is

wherein one X represents a halogen and the other X represents a member of the group
consisting of hydrogen and halogen and nitro substituents.

U.S. Patent Number 3,163.677 discloses a process for the preparation of
N.N,O-trisubstituted hydroxylamines and N,N-disubstituted nitroxides of the

10 formulae:

and R -C N—oO*

wherein R, R,, and R, are each an alkyl radical having 1 to 15 carbon atoms. (As
15 used herein, the designation N-O* denotes a stable free radical wherein the asterisk is
an unpaired electron.) The N.N.O-trisubstituted hydroxylamines can be used to make
the N.N-disubstituted nitroxides. which are stable free radicals and are said to be
useful as polymerization inhibitors.
U.S. Patent Number 3,334,103 discloses that nitroxides can be prepared from
20 the corresponding heterocyclic amine wherein the nitrogen atom of the nitroxide
group is attached to other than a tertiary carbon of an aliphatic group (i.e., the nitrogen
atom forms a part of a heterocyclic nucleus). These nitroxides are said to have useful

properties similar to those described for the N.N-disubstituted nitroxides of U.S.
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an unpaired electron.) The N,N, O trisubstituted hydroxyl am nes can be used
to nake the N, N-di substituted nitroxides, which are stable free radicals

and are (gg| be useful as polynerization inhibitors. $&Busk@yfiat Nunber
4 . . S
3, 334, 10‘263?%(}:{605% that nitroxi des can be prepared from 20 t(ﬁ?

correspondi ng heterocyclic am ne wherein the nitrogen atom of the nitroxide
group is attached to other than a tertiary carbon of an aliphatic group
(i.e., the njtrogen , atom.forns a part of a heterocyclic nucleus). These
nitroxi des a aée‘%tg\l%&fn?% ’hfag\;ééoﬁ‘sef ul  properties sinmiar to those described
for the N, N-disubstituted nitroxides ofiﬁ!f;{. S. 7 WO 01/40404 / USCO 31101
Patent Number 3, 153 &atent Yumbepis dnd Shdispasesihag pgraggyane ¥ of dsls that a

great variety of N, N disubstituted, stable, free radical nitroxides not
ot herwi se r edidiubsyiteedistahly, &ee amlidaé nitpprejsanedothgrvasesicad | veavarable savbai ent
process that conprises pyrolyzing in an inert 5 reaction nmediumvirtually
any hydr oxy! grhied bhatsithsle aHE ¢6Rteninepilodess iga ¢ agerieds pybsly Ang & biotidrt €. 9.,

tri-t-butyl hydroxylam ne. U S. Patent Number 3,422,144 discloses stable,
free rsadl cal reQ'ct'iJnOﬁS'aﬂﬁ% \Q&uélnﬁanyfkgfdm&migé thaklis! su}&pﬁﬁlleltl) Icl%éaagelof R O-
C bond, e.g., tri-t-butylhydroxylamine.

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

formula:

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

15 radicals both in the counting of free radicals and for inhibiting oxidation and free
radical polymerization.

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

20 which one of the bridges comprises solely the nitroxide radical group and, in
particular, by aza-9-bicyclo (3.3.1) nonanone-3-oxyl-9, and by aza-9-bicyclo (3,3.1)

nonane oxyl-9.



wherein Ris selected fromthe group consisting of tertiary alkyl, aryl.
al karyl, hal oaryl, carboxyaryl, alkoxyaryl, alkylthioaryl, pyridyl, and

di al kyl “gdr%}?&‘@ry 1, and R is tertiary al kyl. These ni tl;cqﬁ%%n@{e sai d

to be us as traps for reactive free 15 radicals both in the counting of

free radicals and for inhibiting oxidation and free radical
pol yneri zation. U. S. Patent Nunber 3,494,930 discloses free radicals of the

ni troxide type f%go?%%gtﬁ?gl%?!rt 6@}3?n6r§]‘icﬁ%ctlgsreggorﬁsglnt%glan& g%tﬂim(an@hecol | ectors

of free radicals, ors or antl oxi dants. y are
constituted by nitrogenous bicyclic conpounds in 20 which e. of Gﬁ.h

bri dges conpsiase eEyaEyby AR {0 HRIHRTT CRRARPE P 50H BNE ,Sta&% fregapdi @ul ar,

by aza-9-bicyclo (3,3,1) nonanone-3-oxyl-9, and by aza-9-bicyclo (3,3,1)
nonane oxyl <8mp3uMDh&Vind0408leHEE/ raiBod/fBictdnality v@hiclRarhentsubigrtodto 81 873, 564

di scl oses conpounds and a nethod for assaying enzynes by adding to a nmedi um

contai ni ng ap,BAZY¥ABI2eStABich, Lhafes afiadlrontampodndrdaniliegl ansianlis. free
radi cal functionality which, when subjected to an enzyne-catal yzed

eact) on, ChAngRLIC ISR e N S aC SobubuOHL BT e 5 B

folloWng t e ron sp resonan spectrum as affected by

the change in environnent, the type of enz and t activit f the
enzyme can lshangfengnmirpagentTihg tﬂ?r?%(?ﬂ%@e ?‘bcﬁ Baﬁ%@fyuﬁt}%a? 8“?’8}%‘%1“&’)? stabl e

nitroxide radicals with an enzyne |labile functionality. O her conpounds
i ncl ude two deyemimedniTheaximpeundsoitizd wiefig ard ngygallisiedle Byoside wadigplhwithng an
enzyne |l abile functionality. 10 U S. Patent Nunber 3,966,711 teaches that
2,2,7, 7-t et rgahkyhe 1M fdncfronality. Other compounds include two cyclic nitroxide
containing rings joined by a chain having an enzyme labile functionality.
10 U.S. Patent Number 3,966,711 teaches that 2,2.7,7-tetraalkyl- and 2,7-
dispiroalkylene-5-oxo-1,4-diazacycloheptanes substituted in the 4-position by mono-
or tetravalent radicals are powerful light-stabilizers for organic polymers. They are
said to possess higher compatibility than their 4-unsubstituted homologues, from
which they can be synthesized by reactions known for N-alkylation. Preferred
15 substituents in the 4-position are alkyl, alkylene, alkenyl. aralkyl, and esteralkyl
groups. The I-nitroxyls derived from the imidazolidines by oxidation with hydrogen
peroxide or percarboxylic acids are also said to be good light stabilizers.
U.S. Patent Number 4,105,506 discloses a process for the distillation of readily
polymerizable vinyl aromatic compounds and a polymerization inhibitor therefor. The
20 process comprises subjecting a vinyl aromatic compound to elevated temperatures in a

distillation system in the presence of a polymerization inhibitor comprising 2,6-

dinitro-p-cresol.



di spi roal kyl ene-5-0xo0- 1, 4-di azacycl ohept anes substituted in the 4-position
by nmono- or tetravalent radicals are powerful light-stabilizers for organic
pol yrer re said to possess higher conpatibility gqags i
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reactions known for N-al kylation. Preferred 15 substituents in the
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i nhibitor therefor. The 20 process conprises subjecting a vinyl aromatic
conpound t o ighiwat edrdfenfire atogessoimpriacs wibgclihg atvinyhawystie gpmpotidiopr esence
of a polynerization inhibitor conprising 2,6 dinitro-p-cresol. 9 WO

01/ 40404 PCTUBEY RBhbOrhturkd i7-a dPatiRfion NUTBANS (b, p262n&l S Byfisly theA£dion58

di scl ose a process for the distillation of readily polymnerizabl e vinyl

aromat i ¢ COlr}.gﬁg)Eld? %(grggrisqngg,lpycfﬂ%ﬁjgé?&iegﬂ. ARy j:l%)%rd i%F@fSﬁilQﬂéon Hagolagess

conprises s Vi aro I C conpoun evated tenperatures in
a distillation systemin Ihe_pr%isnce of a polynerization 5 inhibitor
conpri si ng 22PEAERN foF Bsepvith BUHINbAOE G di scl osed is a distillation method

and apparatus for use with this inhibitor. U S. Patent Nunber 4,434,307
di scl oses the st abid.iPa&nhi Wnmbér 430 hdisetasdscthe sohpaanmesofagaymsemanelesi r ed
pol yneri zation by adding to the vinyl aromatic conpounds small anounts of
at | east one.dNuslighydikty dh@sibdpbigmeaingticit byl fRisdg 0Nk vinyl aromatic
compounds small amounts of at least one N,N-diarylhydroxylamine and at least one
10 mono- or ditertiary alkyl catechol and/or at least one mono-or ditertiary
alkylhydroquinone.
U.S. Patent Number 4,439,278 discloses an improvement in methods for
preparing and processing ethylenically unsaturated aromatic monomer. The
improvement comprises employing 3.3-dinitrosalicylic acid or a derivative or isomer
15 thereof as a process inhibitor. The process inhibitor is present in a concentration of
about 50 to 3000 ppm, preferably about 250 to 2,000 ppm. and most preferably about
500 to 1,000 ppm.
U.S. Patent Number 4,466,904 discloses a compound and a process for
utilizing the compound to prevent the polymerization of vinyl aromatic compounds,
20 such as styrene, during heating. The compound includes effective amounts of
phenothiazine, 4-tert-butylcatechol and 2,6-dinitro-p-cresol respectively, as a

polymerization inhibitor system in the presence of oxygen resulting in a less viscous

polymer tar and in the effective inhibition of polymerization to temperatures as high

10



10 nono- or ditertiary al kyl catechol and/or at |east one nono-or
ditertiary alkyl hydroquinone. U S. Patent Nunber 4,439,278 discloses an

i nprovenent in methods for preparing and processing ethyl enical l

unsat ur Y@8/HMbat i ¢ nononer. The inprovement conprises fﬁé"
3.5-dinitrosalicylic acid or a derivative or isoner 15 thereof as a process
inhibitor. The process inhibitor is present in a concentration of about 50
to 3000 ppm preferably about 250 to 2,000 ppm and nost preferably about
500 to 1, 000aspip®’ (). S. Patent Nunber 4,466,904 di scl oses a conpound and a
process for wutilizing the conpound to prevent the polynerization of vinyl
aromati ¢ conpounds,S. P22nsNambas 45466, ¥rdeand dita8rig 3 hikad dsag.comppucd apdand

i ncl udes effective anobunts of phenot hi azine, 4-tert-butyl catechol and

2,6-dinitro EIB'O?&Q%}J utflﬁﬁ%qﬁ«t: b¥@bY¥unda® p@eveﬁpﬂhy WBlynZdizhidh bMhPl dr&hagyst em in

the presenc oxygen resu ting in aless viscous polynmer tar and in the

01/ a0a04 peTitgtsdh 0 FowTED ERbp St TRRAN GGG At 0

4,468, 343 di sclose a conpound and a_ process for utilizin the np dto
prevemt the BBPYWePT ZatdiRHogrcrpsalypnd gitbsramhenylersidning o7 42%1}’?“ 3§EE°§P
during heating. The conposition includes effective 5 anmounts of

2, 6-di ni t r o-pssdcasel, @rdt & 4 paymariphienyodnkitiitamiysenoin the pesendowt pkegenechol
respectively, to act as a polynerization co-inhibitor systemin the
presence of oxygep.s. phkert NBRIbEAL, 4RUNDEAisi0480n IdhbrdliesehOiwase®ddd fapr ovenent

in methods for

preparing and processing readily polymerizable acrylate monomers. The
improvement comprises employing phenyl-para-benzoquinone, 2.5-di-phenyl-para-

10 benzoquinone, and mixtures thereof as process inhibitors. The process inhibitors are
present in a concentration of about 50 to 3000 ppm, preferably about 250 to 2000
ppm, and most preferably about 500 ppm.

U.S. Patent Number 4,558,169 discloses a process for preparing vinyltoluene

comprising passing ethyltoluene through a dehydrogenation zone to form vaporous

15 crude vinyltoluene, adding from about 50 to about 100 parts per million by weight of a
polymerization inhibitor such as a nitrated phenol to the vaporous crude vinyltoluene
at a temperature between about 200° and about 300° C, condensing the vaporous
crude vinyltoluene, maintaining the pH of the aqueous phase of the condensed crude
vinyltoluene at a value between about 5.5 and about 6.5 sufficient to maintain the

20 inhibitor in the organic phase of the condensed crude vinyltoluene. adding a second
portion of polymerization inhibitor to the condensed crude vinyltoluene until the

inhibitor concentration totals about 500 parts per million by weight relative to the

vinyltoluene content of the crude vinyltoluene, filtering the condensed crude

11



preparing and processing readily polynerizable acryl ate nononers. The
i nprovenent conprises enpl oyi ng phenyl - par a- benzoqui none,

2. 5-di - pheMlosar a- 10 benzoqui none, and mi xtures thereof pagREPHEHS
i nhi bi tors. %Ee process inhibitors are present in a concentration of about

50 to 3000 ppm preferably about 250 to 2000 ppm and nost preferably
about 500 ppm U. S. Patent Nunber 4,558,169 discloses a process for

preparing vi {)ﬁ{lkft&lugféﬂltt% Orer?\8%)£é.eﬁi Bg'npé,saﬂdrlﬂstﬁggél {Ife(%lopi@%ﬁa&e E&rugé'glé'l&/?toluene

dehydr ogenat i’ on zone orm vaporous 15 crude viny e, adding from
about 50 to about 100 par.t er ml]ion by weigh f a_ pol ri.zatjo

i nhi bi t or sufHeEXYeESHf %n&f‘]iﬁgbrﬁé’ﬁwholtl%n{a%%“WB%ragﬁ Orc‘faﬁrﬁg“g\/‘%ﬁgf”fid’lq?}h%g at
a tenperature between about 200 and about 300 C, condensing the vaporous
crude vi nyl t ol uen¥,S.Matant Riunibey40h 1 BHdistlopesea prgerss iy ththaisicyf preparation
condensed crude vinyltoluene at a val ue between about 5.5 and about 6.5
suf ficient tefmabrilgabnstthelRhinddiedirnhbis by tHehexidutiganif chepinaine usihg the
condensed crude vinyltoluene. adding a second portion of polynerization

i nhi biitor top¢he &ng gﬂ%g pEeUA& i WAAOIHERE 0P Rlrichal b dtecatd PRI RirkQerate
I ONn to}i)a S abo

concentr at ut 500 parts per mllion by weight relative to the
vi nyl t ol uene content of the crude.vinyltal uene,. filteri .t.he_condensed
crude 11 v{)@fﬂﬁﬁﬁ@ﬁf?kﬁ?%ﬁbﬁ?§%f6¥nl’Lh@y?§FJ3H%X?6nb@ﬁgwgggggau%%lyner,
and distilling the condensed crude vinyltoluene  to recover substantially
pure vi nyl t ol ueneU.Sufatenp pardend.6P304¢ diselopesreram syhstHuted digyl anunss thelt ent
Nunmber 4, 665, 185 di scl oses a process for the efficient preparation of
ni troxyl s of astugéd wahhipithhapel adriaarones cthyldrienllgxindatiiaonl robndres:aot ne usi ng
a 5 hydroperoxide in the presence of a small anmount of a netal ion
catal yst, at e%%é,%@aturated carboxylic acids and derivatives thereof.

10 U.S. Patent Number 4,720,566 discloses compositions and methods of

inhibiting acrylonitrile polymerization, particularly in quench columns of systems

producing acrylonitrile, comprising adding to the acrylonitrile an effective amount for

the purpose of (a) a hydroxylamine having the formula

N-—0H

wherein R and R' are the same or different and are hydrogen, alkyl, aryl, alkaryl or
aralkyl groups, and (b) a para-phenylenediamine or derivative thereof having at least
one N-H group. Preferably the phenylenediamine is a para-phenylenediamine having

20 the formula

12



tenperature for a short period of tine, to give the nitroxyl in high yield
and purity. U S. Patent Nunber 4,692,544 discloses certain substituted

di aryl hat are used to inhibit the pol ymeri zat i opqfudeh Mbpnically
unsat ur e@%@ﬂhoners for exanple, unsaturated carboxylic aé?d?

derivatives thereof. 10 U S. Patent Nunber 4,720,566 discloses conp05|t|ons
and net hods of inhibiting acrylonitrile polynerization, particularly in

guench col um ySt odu / r [ S ing to
the. acr yi oni VRS BaRer SisaRetFt W@P%éa%%%e SRR AP, BF

hydr oxyl am ne havi ng the fornula R 15 NOH R wherein R .and .are the
sanme or di f Bikaedt oravalkak groppsvisy g, PrayRg that aflgast ong ¢ UI? %hfalkyl
groups, and (b) a para-phenyl enedi am ne or derivative thereof having at

| east one Nyltogewup. Preferably the phenylenedianmine is a
par a- phenyl enedi am ne having 20 the formula R\ /Rs /N\ / N R R 12 WO

01/ 40404 PCT/ USO@ 3138dn: NIRHRI4 7R, 374F8sc1d38s @RthyRéroatagic tb@pssitien or
different and are hydrogen al kyl, "aryl, alkaryl, or aralkyl groups with

the Ry oviso Lhat,.8 agamsat ly%]ee%izg{loﬁc()m&smﬁ%) ikt ai&natf&y&)'fr%ﬁﬂd and (b)

an effective amount of a stabilizer system in which the active ingredient consists
essentially of an oxygenated species formed by the reaction of oxygen and an N-aryl-
N'-alkyl-p-phenylenediamine.
U.S. Patent Number 4,797,504 discloses compositions and methods of
10 inhibiting acrylate monomer polymerization at elevated temperatures comprising
adding to the acrylate monomer an effective amount for the purpose of (a) a

hydroxylamine having the formula

N——OH

15
wherein R and R' are the same or different and are hydrogen. alkyl, aryl, alkaryl or
aralkyl groups, and (b) a para-phenylenediamine or derivative thereof having at least
one N-H group. Preferably the phenylenediamine is a para-phenylenediamine having
the formula

20 1 o
/

N N
R” R

wherein R', R2, R® and R* are the same or different and are hydrogen, alkyl, aryl,

13



U. S. Patent Nunber 4,774,374 discloses a vinyl aromatic conposition 5
stabilized agai nst polynerization conprising (a) a vinyl aromatic conpound

and (b ffective anount of a stabilizer systemin i tive
(o o Toens e gE

i ngr edi Ists essentially of an oxygenated species med by the
reaction of oxygen and an N-aryl- N -al kyl - p- phenyl enedi am ne. U. S. Patent
Nunber 4,797,504 di scl oses conpositions and net hods of 10 inhibiting

acryl ate nongner, pol izatio t el evated tenperatures,Gonprisin addi n
to %/he acry Iag"taéyl r%%lg? f AT ‘f"gl& ﬁe\}’éogﬁ%hﬁ?atflgz?s?? ’Pleeo%%r %o‘gfgng% f{( ias) ga )

hydr oxyl am ne having the formula RNOH R 15 wherein Rand R are the
sane or difthgdegenand are hydrogen, alkyl, aryl, alkaryl or aralkyl
groups, and (b) a para-phenyl enedi am ne or derivative thereof having at

| east one N-H gnogpPatBitedenlsds |4y 12124 7 plieshysk em ectnpositie dnsl raethod of use for

par a- phenyl enedi amine having the formula 20 RR /R R R 4 wherein R, R2,

R3 and R4 atg -t heSAEyPhedbdilof 08 Atry B ¢r6 dhNal agefied Ripitatur@iydeessidd WO
01/ 40404 PCP?EE%bﬁSll 19 glkdkyf, 8? ar al kyl gg%ups mﬁt%ﬁ}he pFoviso t hat

at | esaSt On%nc? fdurl?ng stgfdge lggd Bgndﬁ%g'tﬁereaﬁer. It comprises the combination of a

Mannich reaction product, which is prepared from a substituted phenol, an aldehyde
and ethylenediamine, and either phenylenediamine or derivatives thereof and/or
phenothiazine or derivatives thereof.

U.S. Patent Number 4,929,778 discloses methods and compositions for

10 inhibiting the polymerization of styrene monomer during elevated temperature
processing thereof or during storage or shipment of styrene containing product. The
compositions comprise a combination of (a) a phenylenediamine compound having at
least one N-H bond and (b) a hindered phenol compound. The methods comprise
adding from 1-10,000 ppm of the combination to the styrene medium, per one million

15 parts of styrene.

U.S. Patent Number 5,128,022 discloses methods and compositions for
inhibiting the formation of polymers in petroleum or petrochemical processes that
subsequently foul heat transfer surfaces. The compositions comprise a combination of
N-Phenyl-N'-(1,3-dimethylbutyl)-p-phenylenediamine (PDA) and an organic acid.

20 The methods comprise adding from 1 to 2500 ppm PDA and 1 to 3500 ppm organic

acid to the system experiencing the fouling problem.
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hydrogen. U.S. Patent Nunber 4,912,247 discloses a conposition and net hod
of use for inhibiting the polynerization of acrylate esters during

el evat e §Jogt ure processing 5 and during storage andppaiRdhdsi9o
thereafter. |t conprises the conbination of a Mannich reaction product,
which is prepared froma substituted phenol, an al dehyde and

et hyl enedi am ne, and either phenyl enedi am ne or derivatives thereof and/or

phenot i azi ne of HRL Il KERP8183 160 aphes RIGhI Pélﬁlglgﬁ@ﬁ%atﬂm%?f%vﬂﬁ

di scl oses net hods ~an (%pos I ons for e polynerization of

styrene nononer during el evated tenperature rocessijng,thereqf .or. during
storage or sRiOBHERCOBPOWRd; SRHEASSEAERS- Af HgY ﬁffﬁﬁli’@ Y. mg”rl?étg‘({, gHRS ﬁ{sp@fﬁgon of
conprise a conbination of (a) a phenyl enedi am ne conmpound having at | east
one N-H bondpuarficatioh ba thé pretsaned op idaasit ogostplla nidroxyheompauinddegaberpritlsat
addi ng from 1- 10, 000 ppm of the conbination to the styrene nedium per one

mllion 15 pagtsheQborditl @6 codpSund’at ent Nunmber 5,128, 022 di scl oses
nmet hods and conpositions for inhibiting the formation of polyners in

pet rol.eum or pet ' peOGGRNAIRE 839892b ki UNBROMCAE inhififih qeat transter
np 0

surfaces. The conposi tions conprise a conbination
N- Phenyl - N - (1, 3-di met hyl but yl ) - p- phenyl enedi am n PDA) and an organic
aci d. 20 ThePpePKREg! rﬂ?ﬂélf%mg‘icnf&o‘f‘%ﬁiﬁ n ?ngggt?gé’b#ﬁb‘lg SHES t 0 3500

ppmorganic acid to the system experiencing the fouling problem 14 WO
01/ 40404 PCTIuSEONShddlconprise adding mitonNu ihehrous ] ©.800 P86 pes avHean nast t he
pol yneri zation of a vinyl

monomer of a combination of a dinitrophenol compound, a hydroxylamine compound
and a phenylenediamine compound. Preferably, 2-sec-butyl-4,6-dinitrophenol or 4.6-

10 dinitro-o-cresol are used in combination with bis-(hydroxypropyl)hydroxylamine and
N,N' -di-sec-butyl-p-phenylenediamine.

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

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

European Patent Application 0 178 168 A2 discloses a method for inhibiting
the polymerization of an «,B-ethylenically unsaturated monocarboxylic acid during its
recovery by distillation by using a nitroxide free radical.

20 European Patent Application 0 325 059 A2 discloses stabilizing vinyl aromatic
compounds against polymerization by the addition of an effective amount of a
polymerization inhibition composition comprising (a) a phenothiazine compound; and

(b) an aryl-substituted phenylenediamine compound.
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aromati ¢ conmpound, such as styrene, is very effectively inhibited during
distillation or purification by the presence of at |east one stable
nitroxyl conpound together with at |east one aromatic nitro conpound.
U S. PatWROUMPRer 5,446, 220 di scl oses methods for inhi bi PERYSPHEI101

pol yneri zation of vinyl aromatic nononers in oxygen-free processing
systens. These nethods conprise adding from1 to about 10,000 parts per
mllion parts nononer of a conbination of a dinitrophenal compound, a
hydr oxyl ani ne conBotangan BaientaApitiearehadf 6 fé dissinseummetipder aphybitipg
2-sec-butyl-4,6-dinitrophenol or 4.6 10 dinitro-o-cresol are used in
conbi nat i on adid hddosret hylgnexyaicpmphigthyexdidingrid te moobmey, (A) a manganese

-di -sec-butyl - p- phenyl enedi am ne. U.S. Patent Nunbers 5,545, 782 and

5,545, 786 di §6QS&niRhd 3hdl (98 hehMBALIidHRIS comPo@RIMRivvat 4tQfhsNbhd NS ITE
oxygen reduce the premature polynerization of vinyl aromatic nononers
during the nuf act uri ng processes for such nononers. Even 15 snal
guantities o mﬁﬂﬁmﬁgbd in conbination with the nitroxyl inhibitors are said
to result in vastly prolonged inhibition tinmes for the nononmers. European

Pat ent Appl i cat i oRu®psaBPaed Hupligpien G3¥b3H A URSSEOMERAs Bi% i ng the

pol yneri zation of an a, p-ethylenically unsaturated nonocarboxylic acid
during its ceamsitionstdyr dhibitidd the ipolynisyizatsimgf vanyliateroticdeofioreers nadércal . 20
Eur opean Patent Application 0 325 059 A2 di scl oses stabilizing vinyl

aromatic  cogRQuathh Rgaitidat. PRE YEmRpdshRink @BmbMsd Heorabidhiidrosr Hf an ef fective
anmount of a polynerization inhibition conposition conprising (a) a

o 27 OEn TR Ao ol Afaox SRR o fflnRheny! enedi ani ne
European Patent Application 0 765 856 Al discloses a stabilized acrylic acid
10 composition in which the polymerization of the acrylic acid is inhibited during the
distillation process for purifying or separating the acrylic acid as well as during
transport and storage. The compositions comprise three components: (a) acrylic acid,
(b) a stable nitroxyl radical, and (c) a dihetero-substituted benzene compound having
at least one transferable hydrogen (e.g., a quinone derivative such as the monomethyl
15 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). According to the specification, examples of suitable nitroxide free radical
compounds include di-t-butylnitroxide; di-t-amylnitroxide; 2,2,6,6-tetramethyl-
20 piperidinyloxy; 4-hydroxy-2,2,6.6-tetramethyl-piperidinyloxy; 4-0x0-2.2,6,6-
tetramethyl-piperidinyloxy; 4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloxy; 4-
amino-2,2,6,6-tetramethyl-piperidinyloxy; 4-ethanoyloxy-2,2,6,6-tetramethyl-

piperidinyloxy; 2.2,5,5-tetramethylpyrrolidinyloxy; 3-amino-2,2,5,5-

16



WO 01/ 40404 PCTI USOO 31101 European Patent Application 0 398 633 Al
di scl oses a nethod of inhibiting acid nononmer polynerization conprising

addi ng twothaedgrnoner (a) a manganese source conpound angctRkodsi1101
phenyl enedi am ne conmpound having at |east one NNH bond therein. 5 European

Pat ent Application 0 594 341 Al discl oses nethods and conpositions for
inhibiting the polynerization of vinyl aromatic nononers under

distillatio { td t .of a
phenyl encdi Ay Aoy FRBSGH S SROS Eﬁ%ﬁ%}%ﬁw@iﬁaﬁﬁﬁa P ean Pt ont
Application 56 Al disclopses .a stabil I

Combos. 1 on LAuRieoREny L srgran Ui e R lE 4B 0 P ¢ e
during the distillation process for purifying or separating the acrylic
acid as melImé&n@thhé(h@ﬁﬁﬁéﬁﬁﬁvléﬁdp@ﬁbrage. The conpositions conprise
three conponents: (a) acrylic acid, (b) a stable nitroxyl radical, and (c)
a di het er o- subst i Wi ed/4behze@meeme spstande haviurg coataidigash ) onaomeansf er abl e
hydrogen (e.g., a quinone derivative such as the nononethyl 15 ether of

hydr ogui noneco%éﬁh%)vmy@gfdu&sg 4@6{3@' b hideath Rt Bf PESSSre WHieRSRRkils and
storage, conponents (bB) "and are present in a polynerlzatlon i nhibiting

anount. During the disti.l atl process r added
with corrpone‘ﬁ?’gar(uﬁ? pgl ARgrigaton O,c&m Remanoges COP%‘%I%‘(”H%% 25 |Cgur§mg§§%}r{rpl es of
suitabl e nitroxide free radical conp ounds i nclude di-t-butylnitroxide;

di - t - amyl ni trusiicdeon or @ls@l%wpélpﬁﬁ%t@ﬁlﬁl <1)z*eﬁtwff5b9 Parpd # oAt %o, Yrelative 1o the

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

t et ranet hyl -tpiaﬂ)ﬁriktd'rm(sﬂ)oa(ﬂ/at least one N-oxyl compound of a secondary amine which has no

4- di met hyl am no- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy; 4-
am no- 2, 2, 6, &t e'haa'i‘@rh Ry ihe Ri-08kdid: Al @XYbetween 99.95 and 95.5 wt % relative to the

4- ethanoyloxy 2, 6-tetranet hyl -

10 total mixture (B), of at least one nitro compound. The publication also discloses a
process for inhibiting the premature polymerization of monomers, and the use of
mixture (B) for inhibiting the premature polymerization of monomers.

WO 98/02403 relates to inhibiting the polymerization of vinyl aromatic
compounds by using a mixture of a phenol and a hydroxylamine. It is said that the

15 process is useful in ethylbenzene dehydrogenation effluent condenser systems and
styrene-water separator vent gas compressor systems and that it effectively inhibits
polymerization of monomers, preventing the formation of a polymer coating on
condenser and compressor equipment, thus reducing the necessity for cleaning of
equipment surfaces.

20 WO 98/14416 discloses that the polymerization of vinyl aromatic monomers

such as styrene is inhibited by the addition of a composition of a stable hindered

nitroxyl radical and an oxime compound.
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pi peridinyl oxy; 2,2,5,5-tetranethyl pyrrolidinyloxy; 3-amno-2,2,55 16 WO
01/ 40404 PCT/US00/ 31101 tetranethylpyrrolidinyloxy; 2,2,5.5 -tetranethyl -
| -oxa-3-azacycl opentyl - 3- oxy;

2, 2,5, 5ROV hyl -1 - oxa- 3- pyrrolinyl -1 - oxy- 3- car boxyl i &GP
2,2,3,3,5,5,6,6- octanethyl -1, 4-di azacycl ohexyl -1, 4-di oxy. WO 97/ 46504
concerns substance m xtures containing: (A nononers 5 containing vinyl
groups; and (B) an active anmount of a mxture which. inhjbits remat ur e
pol yneri zati on of Vohd/ s E R P BoHPSRAF Y XSS FOgFBIRSs ( mw‘@ﬂ%i r
purification or distillation and contains: (i) between 0.05 and 4.5 W %
rel ative to coheinibhgyaly! gioup(B) {Bictivefaneunt efssmixdwe Wridxnhigsmponadrof a
secondary am ne which has no hydrogen atomat the a-C atons; and (ii)

bet ween 99. 9313R&HAoR oMhe YhPbatds\@ntathihd eindDgloapeanddontaitise (i B) leagfonat
| east one nitro conpound. The publication also discloses a process for

i nhi biting tﬁ%%&ﬁ%ﬂ%& oPQ%%’gﬁM%%{iQ@WH{chr&@?ﬁ@rcﬁr %th?éﬂ%n%é{‘?%oﬂfcs ODV\O

m xture (B) I'ng e pr ure polynerization o noners.

98/ 02403 relates to inhibiting the pol ynerizatio vi.nyl ar.omatic
conpounds byN&i&icaEPoR aﬁ‘?r%lﬁflé?‘%fatée ’E dforh‘f?ﬂn%&)uﬂab@’gfwg%lw&m?t is said
that the 15 process is useful in ethyl benzene dehydrogenation effl uent
condenser sy&hgnsn@ndn®ﬂ®}®ﬁEMWéi@rﬁsébaﬁat6h€Véﬁﬂmgaﬁab@ﬁﬁﬁb§§ﬁr syst ens
and that it effectively inhibits polynerization of nonomers, preventing
the formati gRo@ks orRliNiRE tEORtinagrOpoly tRAfRRSST cangotaliiAg ssahinggui prent ,

thus reducing the necessity for cleaning of equipment surfaces. 20 WO
98/ 14416 di S| .AS88SukaHd hEsPAH BYBHliGRL MixeE withMito BSAPRIIS (TPRARIE &-
stabilizers (D) for inhibiting the premature polymerization of radically polymerizable
10 compounds and stabilizing organic materials against the harmful effect of radicals.
U.K. Patent Number 1,127,127 discloses that acrylic acid can be stabilized

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

skeletal structure:
15 B -

wherein R, R,, R,, and R, are alkyl groups and no hydrogen is bound to the remaining
valencies on the carbon atoms bound to the nitrogen. The two remaining valencies
that are not satisfied by R, to R, or nitrogen can also form part of a ring (e.g., 2.2.6.6
20 tetramethyl-4-hydroxy-piperidine-1-oxyl).
CS-260755 B1 is directed to the preparation of 4-substituted-2,2,6,6-

tetramethylpiperidine nitroxyls as olefin stabilizers.
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such as styrene is inhibited by the addition of a conposition of a stable
hi nder ed nitroxyl radi cal and an oxi ne conpound. 17 WO 01/ 40404

PCT/ US 04 VO 98/ 25872 concerns substance m xtures C?B&%Ism/ﬂgm (A
conpounds con alnlng vinyl groups; (B) an active anmount of a m xture which
inhibits premature polynerization of the conpounds containing vinyl groups
and contains: (1) at |l east one N oxyl conpound of a secondary am ne mhich

d t t
oast one. 1ron coshounr (0 SoRETEth 5 e SERRAMEL MmNtk O

co-stabilizers. The publication als dIS ses a process f i nhi biting

t he prenatur@h$ﬁ$VﬁﬁWWE%¥ﬂ§ﬁ%dﬁn%ng dg Lo lﬁ?hﬁwmvﬁhy groups, and
the use of (B) optionally m xed with nltro conpounds (© and/or co-
stabilizers (D) f8U-4788BBiis dirgctedoo the erabitioe opibk yadiedl patiinagrizefion afli cal | y
pol yneri zabl e 10 conmpounds and stabilizing organic material s agai nst the

harnful effegfisQkick ﬁ&'{&@és%nd thé frevdrRioB R o @ic ferdddeshidinglh 6pbgses t hat
acrylic acid can be | ized against polynerization by the addition

t hereto of a |trOX|de th | skeletal structure: 0* RI R
15 1 N | E&éﬁmﬁr Zatff’nzf lto Comﬁfs,?l%%?%@ and R4 are al kyl groups and no

hydr ogen |s bound_to the rena ni n%l
FR 2,761,060 relates to The prevention of premature polymerization of styrene

during its production by dehydrogenation of ethylbenzene by injecting into the process
effluent a radical inhibitor based on an oxyl-tetramethylpiperidine derivative.

The foregoing are incorporated herein by reference in their entirety.

10
SUMMARY OF THE INVENTION

In accordance with the present invention, inhibiting systems have been
developed in which a component that is a hydrogen donor or electron acceptor or a
combination of two or more of such components is used in the purification train,

13 either alone or, preferably. in combination with a nitroxyl radical to prevent polymer
growth via a “living” polymerization mechanism. When the component is used in
combination with the nitroxyl radical, the effectiveness of the nitroxyl radical
inhibitor can be preserved and utilized without risking high molecular weight polymer
formation and/or coating of the internal parts of the purification train owing to

20 excessive polymer growth over time.

More particularly, the present invention is directed to a method for inhibiting
the premature polymerization and the polymer growth of ethylenically unsaturated

monomers comprising adding to said monomers an effective amount of at least one
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val encies on the carbon atons bound to the nitrogen. The two renai ning
valencies that are not satisfied by R to R4 or nitrogen can also form
part of j e.g., 2.2,6,6 20 tetranethyl-4-hydroxy-pi e I
-oxyI).V@%bggﬂyéS B1lis directed to the preparation of ARSI
4-substituted-2,2,6,6- tetranethyl piperidine nitroxyls as olefin
stabilizers. 18 WO 01/40404 PCT/USOQ 31101 SU 334845 Al is directed to the
i nhibition of .the radical pol rizati | l.goest er acryl ates using

i mi noxyl r adiﬂBE}tO‘i ‘ﬁ?ﬁ‘i IBia{%é’FIEOgS?{rggnogrio\;gﬂ%%ézgzr)rrﬁ?%eb% 478838 is directed to
the inhibition of the radical polynerization of _oligoester acryigtes and
the prevention oﬂt6Hﬂﬁbﬁbﬁm@g®éﬁé&P@%%“@gmﬁﬁ“ae%lHﬁﬁ3ﬂ§IB8WVW§Fi £ion

i nhi bitor conprising quinone. FR 2,761,060 relates to the prevention of
premat ure pgryfered rahditden oktas iomrieneppediespeviplivt Su(bmephtbenatn by

dehydr ogenati on of ethyl benzene by injecting into the process effluent a

radi cal i nhibitor,basedren cAbo@xEn: ied praget veptiRetsidilebed 4ok mediddver The
foregoing are incorporated herein by reference in their entirety. 10

SUMVARY OF THE, | NVENTI ON | n accor - i 4 t [
i nhi bi ting é@@&%ﬁhg\%e“baé‘érﬁ PO &%?%%ﬂdﬁ“a}%?@ﬁ%%%@%gﬁ %chgyi s a
hydr ogen donor or el ectron acceptor oQr, a conbination of t .or nore of
such conponéﬁ@@ﬂﬁﬁﬂh@éﬂnpﬁﬁﬁﬁ@Pﬁﬁpgﬁ&@&gWbﬁ“ Fﬁpﬁ?wﬁ%Ak?iﬂﬁgnﬁ?@W8m3r
preferably. in conbination with a nitroxyl radical to prevent polyner
growt h via aft ledbtrgie fired iyhibitbzthti ion hydwigamidemr onae sleciren eengponend B) 8t used
in

least one second inhibitor having the following structural formula:

10 (D.

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

comprising A) at least one first inhibitor that is a hydrogen donor or an electron

15 acceptor and B) at least one second inhibitor having the following structural formula:
X X
It | 2
R,“On -G R, .
R | R
2 3
o-k

In formula (I), 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; and X
and X, (1) are independently selected from the group consisting of halogen, cyano,

COOR,, -S-COR,, -OCOR.,, (wherein R, is alkyl or aryl), amido, -S-C.H,. carbonyl,

20



conmbination wth the nitroxyl radical, the effectiveness of the nitroxyl
radi cal inhibitor can be preserved and utilized w thout risking high

noleculg?owﬁﬁgﬁi polymer formation and/or coating of thepdfiefoRdeirarts of
the purifTrcation train owing to 20 excessive polynmer growh over time. Mre

particularly, the present invention is directed to a nethod for inhibiting
the premature polynerization and the polyner growh of ethylenically

unsaturated  nmonomer ompr.i si.-ng.adding to ' r '

amount of - atelF AL ST 419 e GIFR0ATR per DL SO L PRR R (s a
hydrogen donor or an electron acceptor. It is also advantageous to add a
transition neitlarhd mHoga, pieErall OhENS. SUFRE SCSAERERREY transiti on metal ion
is copper, especially Cu(l)naphthenate. In a preferred enbodi nent, the
present invention is directed to a method for 5 inhibiting the premature
pol yneri zation and the polynmer growth of ethylenically unsaturated

nonomers conpri si ng BAYCRIPTPONADH TRRP T EERREIY EMBOBIVENTRDUNt  Of at
| east one first inhibitor that is a hydrogen donor or an el ectron acceptor

and B) at least Qng SGondk LR ARG dh0Ged B hiMd SMHRSHT 3
which at least one hydrogen donor or electron acceptor is used in the purification
train, preferably in addition to at least one nitroxyl radical. to prevent polymer growth
that occurs via a “living” polymerization mechanism.

The hydrogen donor compounds can, for example. be hydroxylamines, oximes.
10 phenols, catechols, hydroquinones, thiols, anilines, dihydroanthracenes, and the like.
Such compounds can include a metal species which facilitates the reduction/oxidation
reactions that can accompany growth inhibition through deactivation of the growing
radical chain. More particularly, the hydrogen donor compounds are preferably
chosen from compounds having the structural formulae I through V.
15

RIOO\N/RIOI

OH

C I
20 TN



0* In another aspect, the present invention is directed to a conposition
conprising A) at |least one first inhibitor that is a hydrogen donor or an
el ectro ptor and B) at | east one second inhibitor e

foll ow n%gégt?(&g?ural formula: x x 1112 RC iGR4 (1). Pél\]ﬁ%dlggﬂdi In
formula (1), R and R4 are independently selected fromthe group consisting
20 of hydrogen, alkyl, and heteroatom substituted alkyl and R, and R3 are

i ndependently sel ect ed from the groyp consisting of alkyl and

het er oat om substituted al kyl; and X, |'4hd X, (1) are independently selected
fromthe group consisting of hal ogen, COOR7, -S-COR,, -OCOR,
(wherein R is al kyl or arle§109 3 - C6KS0s car bonyl, 20 V\D 01/ 40404
PCT/ USOQ' 31101 al kenyl, or al kyl 15 carbon atons, or (2) taken
together, forma ring structure ni trogen,llpreferably of five,

six, or seven nenbers. DESCRI PTI Ok PREFERRED EMBODI MENTS 5 As stated
above the present invention, i Rnhibiting systems in which at

’ R]O7
11113
R, ; SH v
R]li
10
R116 R123
R117 R122
\Y%
R]18 R121
15
R119 R120

In structural formulae 1 through V:
R, and Ry, are independently selected from the group consisting of hydrogen, alkyl.
alkylidene, benzylidene, aryl, benzyl, COR,,, COOR,,, CONR,,R,;, cyclic.
20 heterocyclic, and substituted alky! or aryl where the substituents are C, O. N. S.
or P, or
R,y and Ry, can be taken together to form a ring structure of five to seven

members;
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train, preferably in addition to at | east one nitroxyl radical. to prevent
pol ymer growh that occurs via a "living" polynerization nechanism The

hydr oge onpounds can, for exanple. be hydroxyl am pesusspsiims: 10
phenolsﬁyggp@%ﬁgls, hydr oqui nones, thiols, anilines, dihydroan?%ﬁacenes,

and the like. Such compounds can include a nmetal species which facilitates
the reduction/oxidation reactions that can acconpany growth inhibition

through deackivat]n. af iiB. AN, Weakdfbfithe ERARTonlNE: AALkaMhanky, the

hydr ogen donoWz%onpﬁhn s are preferably se om conpoun ving fhe
structural fornulae | throug

Il 20 N Rio] 21arvxbb811mﬂa/6ﬂ&§i§ﬁe/r@lf% 1,%%%@3%@6%@@ %&%{%E‘Tlrgl e 1 MBI C
substituents are C. O, N, S, or P, or R, and R, can be taken together to form
a ring structure of five to seven members;

5 R 04 Ryoss Rioss Rigrs Rygs- and Ryqo are independently selected from the group consisting
of hydrogen, alkyl. aryl, cycloalkyl, heterocyclic, substituted alkyl, substituted
aryl, OR, 4, NR, ;R }15 SR, 0. NO,, NO, CN, COR,,, halogen (as used herein,
halogen includes fluorine, chlorine, bromine, and iodine). and/or any two
adjacent groups can be taken together to form ring structure(s) of five to seven

10 members, provided that at least one of R,o,, R;p5, Ryg60 Ryg7- Rygg. and Ry 9 1s OH
or NHR,,,,

R,,and R, are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents
are C, O, N, S, or P, and COR,y,, or R, and R,;, can be taken together to form

15 a ring structure of five to seven members;

R,}» 18 Ry, OR g, 0r NR 0, R 5.

R, ;5. R, and R, ; are independently selected from the group consisting of hydrogen.
alkyl, aryl, cycloalkyl, and heterocyclic moieties; and

R, Ry19 Rijes Ritos Rinos Ryaps Rypps and R o5 are independently selected from the group

20 consisting of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic. substituted alkyl,
substituted aryl. OR o, NR, ;R 1, SRy, NO,, NO, CN, COR,,,. halogen,
and/or any two adjacent groups can be taken together to form ring structure(s)

of five to seven members.



Rios R106 5 R107 R113 R114 SH IV R115 10 R116 R123 ::: 15 R119 R120 In
structural fornulae I through V: R100 and RIQ are independently sel ected

fromth r onsi sting of hydrogen, alkyl. alkylidene ene,
aryl . boKIIPARER 0o COCRI07, CONRIOTR 03 eyclic. 20 h%?glr%g@iér@c, an

substituted al kyl or aryl where the substituents are CC O N S. or P, or
R100 and R101 can be taken together to forma ring structure of five to

seven nenbers; 2 01/ 40404. PCTI USOO 3110 ~ d
i ndependent |y sel ih%/gﬁc?qrb?ﬁcfﬂgggcpg’&ﬁ%sn%% AR le‘ré:lg/%d(fllg%%r:é,s ’ai'ﬁl(%/ © aryl,

benzyl, cyclic, heterocyclic, and substituted al kyl or a%é;ll where 1 he
subst i t uent simipes, guingne Fethidespandacepylengy.o Sugh gorppads £an Filydgiddhctithget her
to form

species which facilitates the reduction/oxidation reactions that can accompany growth

inhibition through deactivation of the growing radical chain. More particularly, the
5 electron accepting compounds are preferably chosen from compounds having the

structural formulae VI or VII.

X
Ry Rz
10 VI
Ry Rz
Y
R, C—C—R,, Vil

In structural formula VI :
X and Y are independently selected from the group consisting of oxygen, NR;,,, and
CR,,R5s.
R 20 Ri51» Ryp- @and R 5 are independently selected from the group consisting of
20 hydrogen, alkyl, aryl, cycloalkyl, heterocyclic. substituted alkyl. substituted
aryl, OR, o, NR; R} 1, SR, 0, NO, NO,, CN. COR,;,, and halogen. or R, and
R,,, can be taken together and/or R,,, and R,,; can be taken together to form

one or two ring structures, respectively, either of which can be of five to seven
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a ring structure of five to seven nenbers; 5 R104, R105, R106, R107, R108.
and R109 are independently selected fromthe group consisting of hydrogen,

al kyl . ar | oal kyl, heterocyclic, substituted al kyl ,p Jiiehed
aryl, ng%byﬂﬁy 111, SRI 10, NO2, NO CN, COR,,2, halogen (as used herein

hal ogen i ncludes fluorine, chlorine, bromne, and iodine). and/or any two
adj acent groups can be taken together to formring structure(s) of five to
seven 10 nenbers, rg&jded that at | east one of R104, R105, R106, R107.
R108, and R 09 is™ 8t NHR110; R10 and R ,, are i ndependently sel ected
fromthe group consisting of hydrogen, alky], aryl, benzyl, cyclic,

het er ocycl i Ristgdt ¢ aie silepgndgnt Bb?e%%ﬁi?f‘ g%ﬁé{“%g{oﬁg C%%Wt%bﬁflr@ge%raikyé 0,

N, S, or P, and COR10,, or R10 and R ,, can be taken together to form1l5 a
ring structure ofarfl, eeclodkgleheeronpeivesubstiturRitigdkylssuRsduted@ryl. OR vor NRI 02R
03; R'3, R14, and R'5 are independently selected fromthe group consisting

of hydrogen, al kyR, RrYKR, creboalkyiN, @OH , hetabyges ymiios cambetakes togatitr R16,
R 17, R'S, R119, R 0. RL, I, R1l,,, and R123 are i ndependently sel ected from

the group 20 consisting. of ogefe 8! : 1. cycloal kyl,
het erodcycli c. suﬂ%ﬁ?%ﬁ?ggﬁﬁFE§ﬂ% suSé?f%ﬁ%e 8%?;?. OR10, NR11OR111, SR

Laicen 1 oget Hor 3 Hordht FRGPORR DL RECSTom R FrUB P g ah P HREE €10 3 o
01/40404 PCT/ US00/31101 The.electron'accep;ing conmpounds can, for exanpl e,
be qui nones, qui naomk benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents
are C, O, N, S, or P, and COR,,,. or R, and R,,, can be taken together to form
a ring structure of five to seven members;
10 R}, is Ry, OR gy, o NR ;R 35 and
R,,, and R, are independently selected from the group consisting of hydrogen. alkyl,
aryl, benzyl, cyclic, heterocyclic. and substituted alkyl or aryl where the
substituents are C, O, N, S, or P, or R, and R4, can be taken together to form
a ring structure of five to seven members.
15 In structural formula VII:
R, and R,,, are independently selected from the group consisting of hydrogen. alkyl,
aryl, cycloalkyl, heterocyclic, substituted alkyl, substituted aryl, OR,
NR,,,R, ;- SR} 0, NO,, NO, CN, COR, ,. and halogen wherein Ry, R;,,. and
R, are defined as for formula VL.
20 In the foregoing, alkyl (or substituted alkyl) groups preferably contain 1 to 15
carbon atoms, e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl. octyl. nonyl,

decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and the like, and isomers

thereof, e.g., t-butyl, 2-ethylhexyl, and the like. It is more preferred that the alkyl (or
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i mnes, quinone nethides, and acetyl enes. Such conpounds can include a
netal species which facilitates the reduction/oxidation reactions that can

acconpa%,(ﬁﬁgm(ﬂ inhibition through deactivation of the QSQMSGQSIrI@fji cal
chai n. re particularly, the 5 electron accepting conpounds are preferably

chosen from conpounds having the structural forrmulae VI or VII. X R120
R122 10 VI R121 R123 Y R 26 C C R 27 Vii 15 In structural fornula VI

X and Y are | d sel n en,
To and R HIRBEY R bR R bEfhe b Me o 8@9215%@?%?3%%%%%%?1 et ed
fromthe group consi sting of 20 hy 8rogg al kyl %/ ﬁll Kyl

het er ocycl i cbutglypeatyt. Gfl‘élfoﬁek%/tlhereg SUPFH s O%f’l&?lsu W‘egé KyNRFqeRS & bey g,
NO, N2, CN, COR, 2, and halogen, or R120 and R,,, can be taken together
and/ or R ,, andmBety, thetawilbeottistkeoretwigiethadyy dtogef dommting e clectromeeceivinge
structures, respectively, either of which can be of five to seven 24 WO

01/ 40404 PCT{ QM s IRELcoriRITABE. S Aryl groups are preferably of from 6 to 10 carbon atoms.

5 e.g., phenyl or naphthyl, which, in addition, may be substituted with non-interfering
substituents, e.g., lower alkyl groups, halogens, and the like.

Exemplary hydrogen donating compounds include, but are not limited to.
diethylhydroxylamine, cyciohexanoneoxime, dibenzylhydroxylamine, 2.4-dinitro-6-
sec-butylphenol, N-phenyl-N’-(1,4-dimethylpentyl)-para-phenylenediamine. 2.5-di-t-

10 butylhydroquinone, 2,5-di-t-amylhydroquinone, methylhydroquinone, 4-t-
butylhydroquinone, 4-t-butylcatechol, octanethiol, 2,6-di-t-butyl-4-
ethylphenol/Cu(I)naphthenate, dihydroanthracene, N-t-butyl-2-benzothiazole-
sulfenamide, N-methyl-4-nitroaniline, and the like.

Exemplary electron accepting compounds include, but are not limited to.

15 phenylacetylene, 2,5-di-t-butyl-1,4-benzoquinone, 2,6-di-t-butyl-1.4-benzoquinone.
1,4-benzoquinone, 2-methylanthraquinone, 1.4-naphthoquinone, 2.6-di-t-butyl-4-
(phenylmethylene)-2,5-cyclohexadiene-1-one, 2,6-di-t-butyl-4-(phenylimino)-2.5-
cyclohexadiene-1-one, ethyl 3,4-bis-(3,5-di-t-butyl-4-one-2,5-cyclohexadienylidene)-
hexane-1,6-dioate, and the like.

20 An effective growth inhibiting system can consist of one or more of any of the

compounds described above with or without one or more nitroxyl compounds.



R124 and R, 25 are independently selected fromthe group consisting of

hydr ogen. al kyl, aryl, cycloal kyl, heterocyclic, substituted al kyl,
substituted aryl, OR, NR'OR,,, SR10, N2, NO CN, COR,,2, halogen, and/or
can be MRBHAMBGether 5 to forma ring structure of five BO/EMBHM%enber s:
R, 10 and R11, are independently selected fromthe group consisting of

hydr ogen. al kyl, aryl, benzyl, cyclic, heterocyclic, substituted al kyl or
aryl where the substituents are C,_0, N, S, or P, and COR102, or R 10 and
R ,, can be taker\sstajed peavet ig angmrsiericd aspgctsthe peesgrignygntionys direstedipen
menbers; 10 R, 12 is R10,, OR10,, or NR102R103; and R10, and R103 are

i ndependent Inyetls®l foe tredbifing et gremgtucugp] groasiasion nd etify ldnydilp gesaturatedy | ,  aryl
benzyl, cyclic, heterocyclic, and substituted al kyl or aryl where the

substi t uent $, @lofhels cdnpriVingadd@g - saRlmbHdmerand JBdiddn éait 168 bakaRt t oget her

to form a ring structure of five to seven nenbers. 15 In structural

formula VI1: R.6 d R are.independent |y sel.ect th r
consi sti ng 8#5ﬁyﬁﬁﬁaéﬁ?hz?%§??dm&?ﬁ??“%ﬁ% %g$f§W?nﬁggg%égg%??ﬁyggﬁgﬁtituted
al kyl, substituted aryl, ORLIO, NR1 OR 11, SR110, NO,, NO gg,.CCR,12, and
hal ogen whelesishorr seeqid iRhibiter thahiy a srabje hinderad pitinsy! campeyindigiingithé i 20 1n
the foregoing, alkyl (or substituted al kyl) groups preferably contain 1 to
15 carbon atroesial éorgpuja:net hyl, et hyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl. nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pent adecyl, and the |ike, and isoners ﬁhheré@f, e.g., t-butyl,
2-ethyl hexyl, and the like. It is nnﬁeﬁp[ej§L§ed that the al kyl (or 25
1 N 4
R_| R

2
O*

3

10 wherein R, and R, are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from
the group consisting of alkyl and heteroatom-substituted alkyl; and X, and X, (1) are
independently selected from the group consisting of halogen, cyano, COOR;, -S-COR,,
-OCOR,, (wherein R, is alkyl or aryl), amido, -S-C¢H;, carbonyl. alkenyl, or alkyl of 1

15 to 15 carbon atoms, or (2) taken together, form a ring structure with the nitrogen.

In a particularly preferred embodiment, the stable hindered nitroxyl compound

has the structural formula:

20 O*

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

alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from
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WO 01/40404 PCTIUSOO 31101 substituted al kyl) groups be of one to five
carbon atons (e.g., nethyl. ethyl, propyl. butyl, pentyl, and isoners

t her eof) ituents on the substituted al kyl groups ca noi ety
t hat mﬁlvmﬁ%?&%ﬂterfere wi th the hydrogen donating or elegg?gﬁmggggiving
functions of the conpounds. Aryl groups are preferably of from6 to 10
carbon atons. 5 e.g., phenyl or naphthyl, which, in addition, my be
substituted with non-int.erferin ubsti tue : I al kyl groups,
hal ogens, an eﬁ%%”ﬂ?ﬂ@?“ﬁ%8ﬁgké&§ﬂﬁ§ F%%@ﬁ* %%%Fﬁﬁ%“%%é%@ﬁ%ﬁs i ncl ude, but
are not limted to, diethylhydroxylam ne, cycl ohexanoneoxi ne,

di benzyl hydroxyl am ne, 2,4-dinitro-6- sec-butyl phenol,

N- phenyl - N - (1, 4-di et hyl pentyl ) +par a>\phenyl enedi am ne, 2.5-di-t- 10

but yl hydr oqui none, 2,5-di-t-anyl hydroqui none, nethyl hydroqui none, 4-t

but yl hydr oqui none, 4-t-butyl catechol, octanethiol, 2,6-di-t-butyl-4-

et hyl phenol / Cu( 1) napht henat e, di hydroant hracene, N-t-butyl-2-benzothi azol e-
sul fenam de, N-nmethyl-4-nitroaniline, and the like. Exenplary electron
accepting co unds_inc e ut I.m 1 1.0, € yl ene,
2 51 but STt SR bl RS neBh gt ferpli BRE U el R B RAEY

1, 4- benzoqui none, 2-nethyl ant hraqui none, 1, 4-napht hoqui none, 2.

6- di - t - but yI heferocplisriitgret hyl ene) - 2, 5- cycl ohexadi ene- 1-one,
2.6-di-t-butyl -4-(phenylimno)-2.5- cycl ohexadi ene-|-one, ethyl

3, 4- bi s-( 3, 5- di - t Abutrdinedy, one 0P {1E-seyarhlohesesifenyli¢ tienaides Hakeanebel | 6- di oat e,
and the like. 20 An effective gromh inhibiting system can consist of one
or nore of apypRyed Rethe %%Hg@él Bfighe Ppesetid ibeshtiah @ue bidpheseriteivbl hiawfollonengor

nore nitroxyl conpounds. 2
ZI
S
RZ R3
O*

wherein Z,, Z,, and Z, are independently selected from the group consisting of oxygen,

structural formula:

10

15 sulfur, secondary amines, tertiary amines, phosphorus of various oxidation states, and
substituted or unsubstituted carbon atoms, such as >CH,, >CHCHj;, >C=0, >C(CH,),,
>CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH,
>CHCOOCH,, >CHCOOC,H;, >C(OH)COOC,H;, >C(OH)COOCH,,
>C(OH)CHOHC,H;, >CR,OR,, >CHNR R >CCONRR,, >C=NOH, >C=CH-C¢H;,

20 >CF,, >CCl,, >CBr,, >Cl,, >CR,PR ;R R ;. and the like, where R, and R, are
independently selected from the group consisting of hydrogen, alkyl, aryl, and acyl and
R,; R,, and R, are independently selected from the group consisting of unshared

electrons, alkyl, aryl, =0, OR;, and NR;R 5, where R, R,; and R, are independently
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WD 01/ 40404 PCT/US00/ 31101 As stated above, in one preferred aspect, the
present invention is directed to a nethod for inhibiting the premature

pol yreriygath ke’ ethylenically unsaturated nonomers Conpéi‘/ﬁhﬂﬂsl?ﬂdi ng to
said nonomers, In addition to at least one first inhibitor that Is a

hydr ogen donor or an el ectron acceptor, an effective anount of at 5 |east
one second inhibitor that is a stable hindered nitroxyl conpound having the

structural fo las x.x 1112 .R - o1 C- R4 I * in R
and Re are i Roeperiserody bviting Ph RER Al B ne i VGdh AE yen,

al kyl, and heteroatomsubstituted al kyl and R . and R3 are independently

sel ect ed frdﬁ?aﬁﬁélbﬁéﬁﬁh%%%gﬁgﬁF% C BIOET! 54&HH”H€H@V6§¥EW§%§§§F? 8t ed

al kyl; and X, and X, (1) are independently selected fromthe group

consi sting oftoa) ogemethyy zty), TEQGRHuUtYISPAORTY and isomeR7hereafierein R7 is al kyl
or aryl), amdo, -S-C6H5, carbonyl, alkenyl, or alkyl of 1 15 to 15 carbon
atoms, or (2) takemeto@Reidarsr,R s My iff ik peefelrédiGhtuhey bt kil bhiomid foogen. I n a

particularly preferred enbodi nent, the stable hindered nitroxyl conpound
has t p e str uccatrlyornaelltorfng,reny.! ﬁien?lloﬁ%pht%rl. which, in addition, may be substituted with

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

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

A,

where R, is alkyl, aryl, OR,,, or NR, R, and where R,, and R,, are alkyl, aryl, or

19
10

15 where R,,is alkyl or aryl. Where R,o. R.. R,,, or Ry, are alkyl, they are preferably
alkyl of from 1 to 15 carbon atoms. more preferably lower alkyl of from 1 to 5 carbon
atoms, as described above. Where R,o. Ry, R}, or R,, are aryl, they are preferably aryl
of from 6 to 10 carbon atoms, as described above.

Another of the several classes of cyclic nitroxides that can be employed in the

20 practice of the present invention can be represented by the following structural

formula:
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I N1-11 R 1 R3 20 0* wherein R, and R4 are independently selected from
the group consisting of hydrogen, alkyl, and heteroatom substituted al kyl
and R, e i ndependently selected from 27 VE)01/4Q%%?] 00/ 31101
t he groﬁggcgﬁgﬁiting of al kyl and heteroatom substituted a yﬁﬁEgﬁﬁ the 5
portion represents the atons necessary to forma five-, six-, or

seven- nenbered heterocyclic ring. Accordingly, one of the several classes
of cyclic nitroxides that can be egﬁloyed in the practice of the present

i nvention can be represented by t ellowing structural forrmula: 10 /z,
RRNR R | R3 O wherein Z %4,7Z,. an
the group consisting of oxygen,
am nes, phosphorus of various o
unsubstituted carbon atons,
>CHC1, >CHI, >CHF, >CHOH, >CI’-|CI\I,R>C('G-|)
>C( OH) COCC, H5, >C( OH) COOCHS3, 2

Z3 are independently selected from
ur, secondary amnes, tertiary
datio tates, and substituted or

a(;,l-ICHB, >C=0, >C(CH3)21 >CHBr,

, >CHCOOH, >CHCOOCH3, >CHCOCC, H5,

O*

wherein Z, and Z,, which may be the same or different, are nitrogen or substituted or
unsubstituted carbon atoms. such as =C(H)-, =C(CHj,)-, =C(COOH)-. =C(COOCH;)-,
=C(COOC,H;)- =C(OH)-, =C(CN)-, =C(NR;R;)- =C(CONR;R)-. and the like. and
where Z;, Rs, and R, are as described above.

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

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

N R

t 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,

20 >CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH. >CHCOOCH,,
>CHCOOC,H,, >C(OH)COOC,H;, >C(OH)COOCH;, >C(OH)CHOHC,H;. >CROR4
>CHNR,R; >CCONRR, >C=NOH, >C=CH-C¢H;, CF,, CCl,. CBr.. Cl,.

>CR4PR ;R ,R,s, and the like. wherein the several R groups are as described above.
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>C( OH) CHOHC2H5, >CR50R6, >CHNRS5R6. >CCONRS5R6, >C=NOH, >C=CH C6H5, 20 >CF7,
>CCl 2, >CBr,, >Cl,, >CR5PR 3R 4R, and the like, where R and R6 are
|ndepen to | ected fromthe group consisting of hydro , aryl,
and acylc'@B ngé§3 R14 and R15 are independently sel ected ronlt:%mgroup
consi sting of unshared electrons, alkyl, aryl, =0, OR16, and NR'R, g,
where R16, R 7' and R, are independently 28 WO 01/40404 PCT/US00/31101
selected fromth r consi-stin h I e RS
and/or R6 are aFE& CyCPlfmtmx‘re e Q%dl%ﬂ{%?%gmegghé aﬁﬂpm@%ﬁopcfxggg, one
having one to five carbon atonms, e.g., nethyl, ethyl, propyl, butyl.
pentyl, andlﬁyéﬁﬁ?ﬁﬂFﬁﬁﬁeof) VMere R5 and/ or R6 are aryl, it is preferred
t hat they be aryl of from6 to 10 5 carbon atons, e.g., phenyl or

napht hyl . which, in addition, may bg-subistituted with non- interfering
substituents, e.g., |ower aIkyI groups, ha ogens and the |like. Wiere RS
and/or R6 are acyl, it is preferred|that they be acyl of the structure O
R19 10 where R19 is al kyl, aryl ) and where R 0 and R,
are alkyl, aryl, or 0 R 15 wherel R' |s Ik i or aryl. Where R19. R 9.
R,, or R are alkyl, they are preﬂbradly Ral kyl of from1 to 15 carbon
atons, nore preferably |lower al kyl of forom 1 to 5 carbon atons, as

descri bed above. Wiere R19, R 0, R 1, or R' are aryl, they are preferably
aryl

wherein Z, and Z.. which can be the same or different, can be nitrogen or a substituted
or unsubstituted carbon atom, such as =C(H)-, =C(CH;)-, =C(COOH)-, =C(COOCH;)-,
=C(COOC,H;)- =C(OH)-, =C(CN)-, =C(NR R)- =C(CONR;R)-. and the like, where
10 R, and R, are as described above.
Another class of cyclic nitroxides that can be employed in the practice of the

present invention is of the structure:

O*
[ R
R OIOE,
R f R
2 3
15
7 -z
z 3

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

20 >C(OH)CN, >CHCOOH, >CHCOOCH,, >CHCOOC,H;, >C(OH)COOC,H,,
>C(OH)COOCH,, >C(OH)CHOHC,H;, >CHNRR; >CCONR;R¢, >CR,ORg,
>C=NOH, >C=CH-C.H,, CF,, CCl,, CBr,, Cl,, >CR;PR ;R ,R ;. and the like, where

the several R groups are as described above.
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of from6 to 10 carbon atons, as descri bed above. Another of the several
cl asses of cyclic nitroxides that can be enployed in the 20 practice of
the present invention can be represented by the foll ow ng structural

f or mul a:WOII0H1/ 40404 PCT/USOD) 31101 Z 2 ' \ z3 R1 N RACTRS0OGR{10Ip+ 5
wherein Z, and Z,, which may be the sane or different, are nitrogen or
substituted or wunsubstituted carbon atons. such as =C(H)-, =C(CH3) -,
=C(COOH)-. =C(COQCH3)-1 =C(COOC, H5)- =C(CH)-, =C(CN)-, =C(NR5R6) -

=C( CONR5R) - . - andF YrFer.| thRer mgse nitigeh gropas canebe piagnRe thy ?f%%maggelﬁi f58d
above. 10 The cyclic nitroxides enployed in the practice of the present

i nvention cajxagipky by theingdinkee chrduginorfei or enare wb dree type mys cticFHyselidanpounds
are of the structure: 3 RNR 15 R R 0* wherein Z, and Z3, which nay be

the same or gifif 8rndisciéded if Y. Waten® Xy@fRr 52884980 akNich is incorporated herein
by reference.

5 As stated above, for all the nitroxyl structures above, R, and R, are
independently selected from the group consisting of hydrogen, alkyl. and heteroatom-
substituted alkyl and R, and R, are independently selected from the group consisting of
alkyl and heteroatom-substituted alkyl. The alkyl (or heteroatom-substituted alkyl)
groups R, through R, can be the same or different and preferably contain 1 to 15

10 carbon atoms, e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl. heptyl. octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and the like, and isomers
thereof, e.g., t-butyl, 2-ethylhexyl, and the like. It is more preferred that R, through R,
be independently selected lower alkyl (or heteroatom-substituted lower alkyl) of one to
five carbon atoms (e.g., methyl, ethyl, propyl, butyl. pentyl, and isomers thereof).

15 Where heteroatom substituents are present, they can, for example, include halogen.
oxygen, sulfur, nitrogen, and the like. It is most preferred that all of R, through R, be
methyl.

Examples of suitable nitroxide free radical compounds that can be used in
combination with the hydrogen donor or electron acceptor in the practice of the present

20 invention, include, but are not limited to:

N,N-di-fert-butylnitroxide;
N.N-di-tert-amylnitroxide;
N-tert-butyl-2-methyl-1-phenyl-propylnitroxide;
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amnes, tertiary amnes, phosphorus of various oxidation states, or
substituted or unsubstituted carbon atons, such as, >CH,, >CHCH3, >C=0
>C(CH3)2, >CHBr, 20 >CHCI, >CHI, >CHF, >CHOH, >CHCN, >(( CN, >CHCOOH.
>CHCOOCHEO 0148%¢00C, H5, >C( OH) COOC, H51>C( OH) COOCH3, >C( OHf 101 ~CcR OR6
>CHNR5R6 >CCONRBR6, >C=NCH, >C=CH C6H5, CF,, CC,, CBr,, d, ’
>CR5PR13R14R15, and the |like, wherein the several R groups are as descri bed
above. 30 WO 01/40404 PCTI US00/ 31101 The cyclic nitroxides enployed in the
practice of Nherrgredenticthymhosplmmocatrdanetbylprapyiirerddet ructure: 7 .4 5 Ri
NR 5 R R3O wherein Z4 and Z;, which can be the sanme or dlfferent
can be nltroggr@ @[et@n&u@slpn}ieum&grlo@: unsubstituted carbon atom such as
_g((H)RéRes) CH3) -, =C(COOH)-, =C(COOCH3)-, =C(COOC, H5)- =C(OH)-, =C(CN)-
= . re 10 R5 an

gﬂ.‘\lﬁg?% tet l;l[% }hﬁ‘ﬂl}gér}ﬁ?ﬂ ylyhe d R6 are as described

abov;a_ Ano]E her cyclic troxi'des that can be enployed in the
ractice o
P Jl-tr]lydroecyis,f,g, -te{}gl/rggt%yP&pér?dlggflo;(p,e structure: 0* RI1 R4 RR

5 4-0x0-2.2.6,6-tetramethyl-piperidinyloxy;
4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloxy;
4-ethanoyloxy-2,2,6,6-tetramethyl-piperidinyloxy;
2.2,5.5-tetramethylpyrrolidinyloxy;
3-amino-2,2,5,5-tetramethylipyrrolidinyloxy;

10 2.2.4 4-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy:

2.2.4 4-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid;
2.2.3,3,5,5,6,6-octamethyl-1,4-diazacyclohexyl-1,4-dioxy;
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
4-chloro-2,2,6,6-tetramethyl-piperidinyloxy;

15 4-iodo-2,2,6,6-tetramethyl-piperidinyloxy;
4-fluoro-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;
4-carboxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbomethoxy-2,2,6,6-tetramethyl-piperidinyloxy

20 4-carbethoxy-2,2.6,6-tetramethyl-piperidinyloxy;
4-cyano-4-hydroxy-2.2,6,6-tetramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-piperidinyloxy;

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

|US]
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2315f'f z-Z2 3 wherein Z, and Z3, which may be the sanme or
different, are sulfur. oxygen, secondary amnes, tertiary am nes, or

substit% % nsubstituted carbon atons, such as, >CH2 sbdA310>C=0
>C(CHB)2,8> ro%(l >CHCl, >CHI, >CHF, >CHOH, >CHCN, 20 >C(OP$HEN, 401406004

>CHOOOCH3, >CHOOOC, H51 >C( OH) COOC2H51  >C( OH) COOCH3, > CHOHC, H5
>CHNR5R6 >CCONRSR6.  >CR50R6, mmm,xxﬂm%,mz%glcaid,

>CRGPRI3RL4R15, and the | jke, wh 'R i
2bove. 31 worBLITONI BrORER S Lo O o e RS L oy or oups

can be present in the sanme nol ecul e, for exanple, bei ng |inked through
one or nore antlh\é-2z2,@5§§§tr%iﬂétf}-b%»%@ft%faﬁY‘ﬁ'Rg%@‘ﬁnﬁgéw‘?E, gas di scl osed ign

U. S. Patent Nunber 5,254.760, which is incorporated herein by reference. 5
As stated aboxerbokps2.226,b-tetrranathylr b plo-strastromeitinghdvaxyl:R, and R4 are

i ndependent|y selected fromthe group consisting of hydrogen, alkyl. and

het er oat om §_léQ§,’bh{eH{o§?-2§i,K,‘6Lte@ﬂﬂetﬁﬁl~QQQ,@&tﬁhﬁdrbp’lyi&ﬁﬁmdedjbtyﬂy sel ected from

the group consisting o al kyl and het eroatom substituted al kyl. The al kyl

éfi f F?teﬁ[ AR Ry - BRI TSt 07 Fetiwt

eLvE Pt Opyll-’amti)rlfcg—%!2’,6,8-?§;a¥1”|16’th§q? 1)52(,'5,’6—tgtergﬁ}>élrépy%%§r)él -1 —or;((})/ﬂyl '
4-amido-2.2,6,6-tetramethvl-1,2,5,6-tetrahydropyridine -1-oxyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy:

10 3-keto-4-benzylidine-2,2,3.5-tetramethylpyrrolidinyloxy;
3-keto-4.4-dibromo-2,2,5.3-tetramethylpyrrolidinyloxy;
2.2.3.3,5,5-hexamethylpyrrolidinyloxy;
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy;
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

15 3-hydroxy-2,2.5,5-tetramethylpyrrolidinyloxy:
3-cyano-3-hydroxy-2,2,5.5-tetramethylpyrrolidinyloxy;
3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy:
3-carbethoxy-3-hydroxy-2.2,5,5-tetramethylpyrrolidinyloxy;
2.2.5.5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl;

20 2.2.5,5-tetramethyl-3-amino-2,5-dihydropyrrole-1-oxyl;
2.2.5,5-tetramethyl-3-carbethoxy-2.5-dihydropyrrole-1-oxyl;
2.2.55-tetramethyl-3-cyano-2,5-dihydropyrrole-1-oxyl;

bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate;
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decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and the |ike,
and isoners thereof, e.g., t-butyl, 2-ethylhexyl, and the like. It is nore

preferr h R, through R4 be independently sel ected |pMaksodbteyl (Or
het eroa%n‘ilé‘@ $ituted [over al kyl) of one to five carbon atons ?e.g.,

met hyl , ethyl, propyl, butyl, pentyl, and isoners thereof). 15 Were
het er oat om substituents are present, they can, for exanple, include

hal ogen, oxygen, .sulfyr, nitrogen,..an he like. It is nost preferred that
all of R tE%gﬂ@ﬁdzﬁiBngH@?WyV%qﬁygﬁbggbaépmgUitable nitroxi de free

radi cal conpounds that can be used in conmbination with the hydrogen donor
or el ect r onbiadecexitlch2.0-teempihyipipcsidingt-yDpebagitesent 20 i nvention, incl ude,
but are not limted to: N, Ndi-tert-butyl nitroxide;

N, N-di -t er t ba(lyblt2, Dsicaerambthly Bpiperidin-§yl)B-tragtlmplonate;

- phenyl - propyl ni troxi de; 32 WD 01/40404 PCT/USQJ/ 31101 N-tert-butyl- |

- di et hyl phogRNRQs 2 25 &-RBLAHNR [RRYIIH- 1y Ophthelate:
2,2,6,6-tet§§§%§ﬁ§lfpiperidin§§oxy;l yDphiblace

4-am no-2, 2, 6,6-1 et hyl - pi, per i di nyl oxy. -hydroxy-2, 2, 6,
6-tePraneth9F55?$§#%%52§?§Q§Eﬁ8 l%ggﬁﬁggf%?g?éggé%ranethyI-piperidinyloxy;
4-di met hyl am no-2,2, 6, 6-tetranethy 1-piperidinyloxy; 4-ethanoyloxy-2,2,
6, 6-tetranbishyoryls) pédrigiagrdy{piperislindg ier I@’%Pa%‘ﬁt hyl pyrrol i di nyl oxy;

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

10 N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;
2.,4,6-tris-[N-butyl-N-(1-oxyl-2,2.6,6-tetramethylpiperidin-4-y1)]-s-triazine;
4,4’-ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperazin-3-one); and the like.

As used herein, the abbreviation TEMPO stands for 2.2,6,6-tetramethyl-1-
piperidinyloxy. Thus, 4-amino-TEMPO is 4-amino-2.2.6,6-tetramethyl-1-

15 piperidinyloxy; 4-hydroxy-TEMPO is 4-hydroxy-2,2,6.6-tetramethyl-1-piperidinyloxy
(also known in the art as HTEMPO), 4-0x0-TEMPO is 4-0x0-2,2.6,6-tetramethyl-1-
piperidinyloxy; and so on.

It is preferred that one member of the combination employed in the practice of
the present invention be 4-amino-TEMPO, 4-ox0-TEMPO, 4-hydroxy-TEMPO. or

20 TEMPO.

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

TEMPO, can also be employed.
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3-am no-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy; 10

2,2,4,4- tetranethyl-I-oxa-3-azacyc|opentyl-3-oxy; 2,2,4,4-tetranet hyl -

- oxa- 3- - oxy- 3-car boxyl i c acid,

22,3, 3%@6’ W b hyl - 1, 4- di azacycl ohexyl - 1, 4- di oxy X <1 Uo0031101

4- bronD 2,2,6,6-tetramet hyl - pi peridi nyl oxy; 4- chloro 2,2, 6,

6- }Ftranethyl pi peridi nyl oxy; 15 4-i odo- 2,2,6,6-tetranethy|-piperidinyloxy;
4-fluoro-2,2, 6, 6-tetraneth pLPE! , - -

o tet ranet hyi -pi $UFE SRAGIRRy-C BLOGIEl S gu et DiFRREL v

| - pi peridinyl oxy; 4-carbonethoxy-2, 2, etr hyLﬂ erid oxy, 20
4- car bet hox}}"—eﬂl@%(%@eﬁ &rreéﬁ‘ﬁf’]ﬁyp SpPB@PF HPW@F’@XN]’ cindﬁ%lﬁ 203:

6, 6-tetranet hy |- pi peridi nyl oxy;
4- et hyl - 2, 2,482084te3 #4080\, 5@,@9@:v;8751)564)x%;?66 Allcandéohot§s awhighpexy- 2, 2, 6,
6-tetranethy| pi peri di nyl oxy; WD 01/40404 PCT/ US00/ 31101

4- hydr oxy- 4@&;&&%@&@&0@&&&@ )6Teyt £ E@mld ok ut PRF wlaeffanga of
4- et hyl - ,6,6-tetramethyl - 1, 2,5, 6-tetrahydropyridine -1-oxyl

4- carboxy 2 t

i-carbore: sy 51 8% esiﬂﬁ%a%fﬂﬁ%p%aa%‘f%@féﬁﬂégé RchoRgPe al%aw“fammﬁed
car bet hoxy- 2, 2, 6, 6-t et 2,5,6-t hyd di -1- | ;

4~ am no- 2. 2METERICE WaKEE P4 %Lx:,%v@ Hrodssa By Sper TR PepigaT e

4-am do- 2, 2, 6, 6- tetranethyl-l 1,5, 6-tetrahydropyridine -1-oxyl;
from about 60° C to about 180° C preferably from about 70° C to about 165° C, and.

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

10 The ethylenically unsaturated monomer. the premature polymerization and
polymer growth of which is an object of the present invention, can be any such
monomer for which unintended polymerization and/or polymer growth during its
manufacture, storage, and/or distribution is a problem. Among those monomers that
will benefit from the practice of the present invention are: styrene, a-methylstyrene.

15 styrene sulfonic acid, vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated
styrene, 2-vinylpyridine, acrylonitrile, methacrylonitrile, methyl acrylate, ethyl acrylate,
methyl methacrylate, ethyl methacrylate, acrylic acid, methacrylic acid, butadiene,
chloroprene, isoprene, and the like.

The ethylenically unsaturated monomers will not necessarily be stabilized

20 indefinitely by the presence of the inhibitor(s), especially when the monomers are
heated as in distillation, but they can be considered to be stabilized as long as A) there
is a measurable increase in the time for which they can be heated before the onset of

polymerization and/or polymer growth in a static system, B) the amount of polymer
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3 ,4-diketo-2,2,5,5-tetranet hyl pyrrolidinyl oxy;

3-ket 0-4-oxi m no-2, 2,5, 5-tetranet hyl pyrrolidinyloxy; 10

3- ket o- d|ne 2,2.5.5-tetranmet hyl pyrrolidinyl oxy; 31101
- ket o- 4QV8§p§%hnn 2,2, 5.5 -tetramet hyl pyrrolidinyl oxy; FCT/USO0!
2,2,3,"1,5,5- hexanethylpyrrolldlnyloxy,

3- carboxinido 2,2,5,5- tetranethylpyrrolidinyloxy

3-oximno-2,2,5 5-tetraneth rrolidin X

“tetranet hyl%ﬂe %Plca?%%t 8‘3{93“ I_'eC]‘B?g:]ﬁ. ns:g%ﬂé% g OV%Istkl%E rEX g{ i %y&ef{r’x nd/or
-tetranet hyl pyrrolidi nyl oxy; .

3- car bonet h@yh@rfﬁ?@lfMmeY grogtisisysigr eastin gl fsmivdieayhpsgpwih nhibiting

- car bet hoxy-3 -hydroxy-2,2, 5, 5 -tetranethyl pyrrolidinyloxy;

2, 2, 5,5-tet@9ﬁamhyheﬁmeamboxanido-2,5-dihydropyrrole-l-oxyl; 20
,2,5,5-tetranet hyl - 3-am no- 2, 5-di hydropyrrole- | -oxyl;

2
, 2,5, 5-tetramet hiy x3skifidd Qﬁhgﬁﬁﬁﬂmnae@iah&’ eHaopyddsake- frée ra@X¥ll scavengers
, 2, 5,5 tetranethyl 3-cyano- 2, 5-di ydropyrrole- I -oxy

is(1-

| -2, 2 tetr Rk 4
PCT/ US00] 31581 afsSB (“1"1% § mgly“z&égt toqttr %/‘Jﬁ} 3?%%‘?? e§4’n¥§9 gd}ll} 85%-%
bi s(1-oxyl-2, 2,6, tetraneth pi peri di n- )

bi s( 1- oxyl - zh;rl@eém BtS- é’#@%ﬁwmbﬁ@rﬁ 2M! @ %’F)ﬁ%%t R ‘b%%dcdsd as can the
bi s(1-oxyl -2, 2,6, 6-tetramet hyl pi peri di n-4-yl)pht hal at e;

bi s( 1- oxy! - Zr@mbiGritretcoametinisl diqdeseil di h--Fatent Nophehalad. é60 the dihetero-

S v

substituted benzene compounds having at least one transferable hydrogen. e.g., a
quinone derivative such as the mono-methyl-ether of hydroquinone disclosed in

10 European Patent Application 0 765 856 Al, the iron compounds disclosed in WO
08/25872, and other inhibitors, e.g., phenolics and certain inorganic salts, well-known
to those skilled in the art.

The polymerization inhibitor(s) can be introduced into the monomer to be

protected by any conventional method. They can, for example, be added as a

15 concentrated solution in suitable solvents just upstream from the point of desired
application by any suitable means. In addition. individual inhibiting components can
be injected separately into the distillation train along with the incoming feed and/or
through separate and multiple entry points, provided there is an efficient distribution of
the inhibiting composition. Since the inhibitors are gradually depleted during the

20 distillation operation, it is generally advantageous to maintain the appropriate amount
of them in the distillation apparatus by adding them during the course of the distillation
process. Adding inhibitors can be done either on a generally continuous basis or

intermittently, in order to maintain the inhibitor concentration above the minimum
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bi s(1- oxyl -
bi s(1-oxyl -

2,
2,
N (1 o1 M’?‘%

N-(1-oxyl-2,2
,4,6-tris- [N-bu

6, 6-tetranet hyl pi peri di n-4-yl)terephthal ate;
6, 6-tetranet hyl pi peri di n-4-yl ) hexahydr ot er epht hal at e;

2,2, 6, 6- tetramet! ryl pi peridin-4- y|)ad'paqkﬁﬁuym51un
6-t etranethylplperldln 4-yl)-caprol act am
6-
t

t et ramet hyl pi peri di n-4-y1)- dodecylsue0|n|n1de,

2 yl -N-(1-oxyl-2,2,6,6-tetranet hyl pi peridin-4-yl)]-s-triazin
e, 4, 4 -eth 1-oxyl -2, 2,6, 6-tetranet hyl pi perazin-3-one); and the

l'i ke. ééq %@gééﬁ t he abbr evi at i on TEMPO stands for

2,2,6, 6 tetranet -1 - er|d| on EMP

4- ani no- 2. 2, 6, 6- t'é’(erta‘ﬁ% 1tog C‘i epiralg %Pﬁ@lb(?j Q‘I’ﬂ}g 8 0"\%\9@%"??

4- hydr oxy- 2, 2, 6. 6-tetranet hyl -| - pi peri di nyl oxy al so known in the art as
HTEMPO) ; 4- oR0uT BP0 REer-texy i2hijted: @refer la/n%@m out] X togibpat 1 W0mpnbxy:  and
soon. It is preferred that one nenber of the conbination enployed in the
practice of dephiRiim &8 eRicohdiviens omebe 4-ani no- TEMPO, 4- oxo- TEMPQ,

4- hydr oxy- TEMPO, or 20 TEMPO. Bl ends of two or nore of the foregoing, e.g.

4- am no- TEMPO an ) S e 4
PCT/ USOQf 31101 grh%ﬁggsf‘?g Tlg Mr?lgtcro %@Bﬁiﬁ‘f‘?e”i@q}da“ar?%lg‘?‘ﬁ%oaﬁgi%ﬁ‘qi‘/& 9

prepared by known net hqds exa S. . Pa

3 163, 677: dosaycopgpaung o é‘??@g@reo flogmsscq Cdr%p%’@ﬂt Qéf%]-%“é %&r%‘égor
3,873,564; 3,966, 711; and 4,665, 185, which are incorporated herein by
ref erence. ) nithesylar kassdipn disi tetal of bath somperenss inifigan akaigé tofl 00 wt % A : about

99 to 0 wt % B; preferably, about 25-75 wt % A : about 75-25 wt% B; more preferably
about 50-75 wt % A : about 50-25 wt % B.
10 The advantages and the important features of the present invention will be more

apparent from the following examples.

EXAMPLES
Procedure for Polymer Growth Reboiler Test

15 Preparation of Feed Solution:

Tert-butylcatechol (TBC) is removed from commercially available styrene by
distillation under vacuum. Removal of TBC is verified by caustic titration. The
desired amount of inhibitor(s) is added to this TBC-free styrene either directly or by
first making a concentrated solution of the inhibitor in TBC-free styvrene followed by

20 further dilution with TBC-free styrene.
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5 tenperatures, but distillation tenperatures enployed with the
ethylenically unsaturated nononers that are stabilized by the process of

t he preSﬁQ; hﬂ&ﬁntion typically range from about 60 C tgciﬁgwglﬁﬁp C,
y(}l ?y,

preferab romabout 70 C to about 165 C, and. nore prefera from
about 80 C to about 150 C. Such distillations are generally perforned at
an absolute pressure in the range of about 10 to about 1,200 nm of Hg. 10

The ethylenical |l y unsaturat ed .non r..t G e polynerization and
pol yner  gr OV\fWCSJ“W%%E&)OFyén%rnGS%‘ftg’Eﬁy%?m{lﬁ%&ﬁﬁlgggﬁgt'i nvention, can be any
such nononer for which unintended pol ynerization and/or polynmer growh

during its manuf Achur@y ot AGR SORRHUonifhg [Miitedr bnd oP IR arARBNY
t hose nononers that w il benefit fromthe practice of the present

invention are:.styrene, a-nethylstyrene,. : tyr - f.oni i1C
viny|to|uenéiﬁaF@¥W§$%Sﬁ?%ﬂ§¥3Xﬁ&%é&?ﬁ%@%@%?éﬁéé%ﬂﬁﬂi¥*%?3%g“ﬁ%ﬂﬁ%ﬁ@?l
2-vinylpyridine, acrylonitrile, methacrylonitrile, nethyl acrylate,._ ethyl
acrylate, niashytherRefthat kppwn duarsity pf nfRRRIEAYYHBETCaPARIF I RrOV4RS ya a living
met hacrylic acid, butadiene, chloroprene, isoprene, and the like. The

et hyl eni cal | yettaaaiuisal edd imsidnthe Ponrd subotersed cedwdieed Yohwiogtimtie| Rotedhe 20
indefinitely by the presence of the inhibitor(s), especially when the

MONOMers ar eins@ﬁﬁl%%lﬁﬁeridan@)ie%thi!nkditﬂ 98 Pobb atheNtaBRMEMs CINFicaly. ek t 0 be
stabilized as long as A) there is a neasurable increase in the tine for

grouth i a Geain FOpeRa S ih MRS RT sRte sl Bk e B rRael P Y™
'8 dynan coISpEEhPY ditiro ey 1 Rel-+ QB <O DIy BIoTES S 16" €5 GRFEnt |y
sl ower than when the growth inhibiting
below) can be covered with filter paper or mesh to prevent insoluble polymer from
10 being removed from the Pot. The Pot is placed in a hot oil bath, and the Feed Solution
in the pot is heated to the desired temperature (usually 130° 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 solution to the Pot over a period of time called the “residence time”
15 (typically one hour). At the same time at which 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 causes the quantity in the Pot to remain constant over the
time of the experiment while allowing continuous replenishment of inhibitor. This
20 procedure simulates the way inhibitors are used in a distillation train of a plant
producing vinyl monomers. The experiment continues with flow in and opt of the Pot

for a specified length of time (usually 7 hours). Samples are collected hourly from the

Bottoms Stream. These samples are analyzed for polymer content via the methanol
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systemis not present. Those skilled in the art will understand that, if
desired, free radical scavengers 5 can also be included in the practice of
t he pregga% koyggntion. For exanple, air or O . as discloseduidsep Patent
Nunmber s 4% 782 and 5, 545, 786, can be added, as can the aromatic nitro
conpounds disclosed in U S. Patent Nunmber 5,254.760, the dihetero-
substituted benzene conpounds havi ng at | east one transferabl e hydrogen,

e.g., a qui derlv ug e dr oqui none
di scl osed in %6?E6Pgh8 IHKE§P§§§ ggﬁgégségx§§%}gﬁkaﬁieggron
conmpounds discl osed in MD 98/25872 and other inhibitors, e.g., phenolics
and certai n SEiSBHFRRPCOISRT INBIDIRE FYSIqEn BRHAS 195 % hose skilled in the art. The
pol ymeri zation inhibitor(s) can be introduced into the nonomer to be
protected by any nvent.i onal . net h [.ex I ded as a
15 concentrated §%ﬁut|%%n$(n§ﬁ?%mﬁﬁgd%o f@me ?Vﬁgé ?Eé%?f$§%1?h§ poi nt
of desired |ication by any suitable neans ifian. individual

i nhi bi ting a@%ﬁélﬁeeﬁ{t%r RERRF DALY ST ByaT- a%? 17011 %IOPH%ﬁHF@m fe£PYen
train along with the incomng feed and/or through separate and nmultiple
entrys poi nt siny psohitdepolymer thai maphaef dstaied dtondiletbagb nydrtepdd paljwmer and

i nhi biting conposition. Since the inhibitors are gradually depleted during

the 20 distigd adiyeRr leﬁéﬁtltlepﬁhpef bad dre ABORERID Ity PV BOBONSph&cT&i it ai n t he
appropriate amount of themin the distillation apparatus by addi ng t hem

during the € hglﬁrst ﬁ? goli/%xﬁe{ Lz?nt laeoﬂrtgglr &)r?e%soﬁf plpgg% HQn Lﬂrrti 8léh £AD- be

done eltherq%ﬁ{a genéera I nuous basi's o y, In order to

mai ntai n the inhibitor concentration above the nl nun137 vg301/4o4o4
PCT/ US00/ 31961 C under full vacuum for I-2 hours. The polymer is t en weighed. Percent growth

is determined by the following equation:

10 % growth = weight of final insoluble polymer — weight of initial insoluble polymer x 100

weight of initial insoluble polymer

Lower percent growth numbers indicate increased effectiveness of the system to

inhibit polymer growth via a "living" mechanism.
15 Preparation of Insoluble Polymer Capable of Growing

Tert-butylcatechol (TBC) was removed from commercially available styrene
and from commercially available divinylbenzene (DVB) by distillation under vacuum.
Removal of TBC was verified by caustic titration. TBC-free styrene (50 g),
ethylbenzene (49 g), TBC-free DVB (1 g), and 4-oxo-TEMPO (0.01 g) were combined.
20 The mixture was stirred at 130° C until the mixture polymerized to a gel (about 3
hours). The gel-like system was cooled to about 60° C, and 2 liters of ethylbenzene
were added. The resulting mixture was stirred for 2 hours at 50° C. filtered by

vacuum filtration until the gel was mostly dry, and remaining solvent was removed by
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required level. The total inhibitor concentration should be fromabout 1 to
about 2000 ppm versus the nononer being inhibited; preferably from about 5

to abou m dependi ng on the conditions of use. lil@@ ti0g¢ of the
first céNn&pgﬁ@ﬁ{?‘{o or blend A (el ectron acceptor or hydr oggjnC ooﬁ%r 0corrpound

or blend thereof) to a second conponent, or blend B (nitroxyl or
nitroxyls), based on the total of both conponents is fromabout 1 to 100 wt

w5 mor o cprrirairyr e BRE SRR Yy R WnEorole o 1 B Pe 1. %5

advant ages and the inportant features of the present invention will be nore
appar ent f r Soviekb- f ol | owi ng exanpl es. EXAMPLES Procedure for Pol yner
G owt h Reboiler Test 15 Preparation of Feed Sol ution: Tert-butyl catechol

(TBC) is renmoved from com&;erl%:c?a(#%% tﬁgﬁt@ﬁﬁlaes%ﬁte%{)ﬁeqere%\/ distillation under

vacuum Renoval of TBC is ust’i ratton. The desired
anmount of inhibitor(s) is added to this TBC-free styrene either directly or

by first - JHdign of the inhibitor in TBCfree
styrene foll ogg%aglgﬁ%gg%%??%er egioé% ut ilon with TBC-free styrene. 38 WD

01/ 40404 PCT/ USO0/ 31101 Procedure for Polynmer Growth Dynam c Reboil er
Test:s A quant ity 7of-huligckiesd] BDBAY isaemoodd @dmicomnandially tadilable doyrendbof
inhibitors at the
distillation under vacuum. Removal of TBC is verified by caustic titration. The
desired amount of inhibitor(s) is added to this TBC-free styrene either directly or by

first making a concentrated solution of the inhibitor in TBC-free styrene followed by

further dilution with TBC-free styrene.
10 Procedure for Reboiler Test (a dynamic test):

A quantity of the Feed Solution containing inhibitor (blend) at the desired charge

(stated as a wt/wt total inhibitor to styrene) is added to a round-bottom flask (the Pot) and

heated to the desired temperature (usually 130° C.) and brought to reflux by adjusting the
pressure/vacuum. Once the Pot contents are at temperature, a continuous stream of fresh

15 Feed Solution is begun at a rate that will add the volume of the initial Pot solution to the
Pot over a period of time called the residence time (typically, one hour). At the same time

that the fresh Feed Solution flow is begun, the Bottoms Stream flow is also begun. The

Bottoms Stream is solution in the Pot that is removed at the same rate as the fresh Feed

Solution is added. The equal flows of Feed and Bottoms Streams cause the quantity in the

20 Pot to remain constant over the time of the experiment, while allowing continuous
replenishment of inhibitor. This procedure simulates the way inhibitors are used in a

distillation train of a plant producing vinyl monomers. The experiment continues with
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desired charge (stated as a wt/wt total inhibitor to styrene) is added to a
round-bottom flask (the Pot). A known quantity of insoluble polyner
capable of growing via a living 5 nechanismis placed inside the Pot and
subner s&PP’ﬁ 408 Feed Solution in the Pot. The insol ubl £GéYSMEN%an be
retained in the Pot by any suitable neans. Typically, the insoluble
polymer is securely wapped in a piece of filter paper or wire mesh and
suspended by a wire within the Pot. Conversely, the Bottons, Stream | | ne (as
descri bed baloBuif apdAutsy thoRelias sieeificd peried offiipe rixgicagshed gsprasy e for

i nsol ubl e polyner from 10 being renoved fromthe Pot. The Pot is placed in
a hot oil badhpusnthetSeeorceRahs Saisubr D hourssthe Akirpdass minhéatSdburo etche desired
tenperature (usually 130 C) and brought to reflux by adj usti ng the
pressure/ vacuum Once the Pot contents are at terrperature conti nuous
stream of fresh Besglesoirgtdodpcted hpedydrom the Battemsnteag.| T 5%8%%6%1%@
of the initial Pot solution to the Pot over a period of tine called the
“resi dence thatgZedlibr hdlympiecaintant oraehdmsthpnol Abrbidie sethed.t Threanadunnbi ey ke
fresh Feed Solution flowis begun, the Bottons Streamflow is also begun.

The Bottoms ;5 rtﬁee%ﬁgﬂés %%rﬂdd%tlbﬂ dr @fe?@&en@:ﬂa&f tHesmﬁl%ﬁ'QN téh Helle S3E8 rate

as the fres Fee lution 1s added. The equal flows of eed and Bottons

Streans Causgs I{R/E? Fglug{étr Ma&ﬁ" 18 t%%%veﬁ% otfa} réa%lrlr}?‘r{lgr c%%&%i aﬂyes%egabﬁ €S talgéi%ne of

t he experine us eni

20 procedure simulates the way inhibitors are used in a distill at| on train
of a pl ant aﬁﬁro‘hh@urﬁgmmrw nononers. The experinent continues with flowin
and out of the Pot for a speC|f|ed |l ength of time (usually 7 hours)

Sanpl es are collected ho fr E ms Stream  These. s
anal yzed for pol jrc?ﬁfnaé?ff#jeeﬁln\ﬂi‘eoﬁ%tﬁ E%Pﬁg%tglfs "Y€ \/rﬁﬁl%ﬁdﬁ@%wmml
stop any further polymerization. The material is then concentrated, if necessary, under
10 reduced pressure at 40° C until the polymer content is > 5 wt %. A sample of this polymer

solution is then analyzed by Gel Permeation Chromatography (GPC) to determine the

weighted average molecular weight (M,,) of the polymer.

Preparation of Second and Third Pass Feed Solutions:
The Bottoms Stream from the previous Pass is collected except for the material

15 in the Pot at the end of the run. The amounts of inhibitor(s) in the First Pass Feed

Solution and the Bottoms Stream from the First Pass are determined by appropriate

analytical method(s), e.g., gas chromatography. An amount of inhibitor(s) is added to

the collective Bottoms Stream from the First Pass to increase the level of inhibitor(s) in

the Bottoms Stream to a level equal to that found in the First Pass Feed Solution. An
20 equivalent amount of inhibitor(s) is added to the collective Bottoms Streams for

subsequent Passes.
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turbidity nethod. The anmpbunt of polymer in the sanples is an indication of
ef fectiveness of the inhibitor systembeing tested. After running for the
specifl ﬁ * of tinme, the vacuumis released and, if p onifeg filter
paper bag of polyner is renoved. The Pot solution is flltere to recover 5
any insol uble polynmer that nmay have escaped fromthe bag. Any filtered
polymer and the polyner in the filter paper bag are allowed to dry open to

t he atnosphere for at ast. 18 hours. The polyner can be further dried by
pl acing it &%’ ‘85@dﬁﬁpﬁgﬁﬁlgi 40- 50 C under full vacuum for 1-2 hours.

The pol yner is then melghed Per cent ? i s det rnineg y the follow ng
equation: 10 % grldwdifercngsiigrhe gkveragsdio IH%T(JMﬁltﬁ AN RBF FASETIRL  of
initial insoluble polynmer x 100 weight of initial insoluble polymer Lower
percent gr owhbsequerb@asses isdindadieatiancofebs ulinf dfelod imhdnesssysfent wepreyent em t o

i nhibit polymer growth via a "living" nmechanism is Preparation of

| nsol ubl e Pg|jy olﬁﬁmglg?o\@f F& Qtinpe, T8 irdcrdadd 1 ©abeohsl of(pbB@herwasier emoved
fron1conner0|ally avai l abl e styrene and from comrercially avallable

di | b b | |

ver| B ed by ERReUrIE opr ps s H SLbARAIERE hﬁ%é%&tﬁ}%‘é@{" s g
TBC- f DVB (1 d 4- TEMPO nb d. .20 Th

gzxture mé§%§@ﬁﬁpéaggt]ngpmﬁlgggpﬁ“ﬁﬁén 85 gkﬁgpéﬁﬁggﬁﬁ%kﬁﬂvﬁygel ?about

3 hours). The gel-like systemwas cooled to about 60 C, and 2 liters of
et hyl benzenegreveerseoidaedroTtheluregutdyicley Grinvesely. ammcesae ingthe pwput dfour s at
50 C. filtered by vacuumfiltration until the gel was nostly dry, and
remai ni g sQLKSMr MR JoBIIY&GH oY P44 to the next that is dramatically greater (about 10
times or more) than the amount of polymer made during the First Pass is an indication
10 that the inhibiting system does not effectively prevent polymer growth during recycle.
The difference in the M, of the polymer made in one Pass versus subsequent
Passes is an indication of the ability of the inhibiting system to prevent or allow
polymer to grow. Any significant increase in M,, of the polymer made in one Pass
versus the previous Pass is an indication that the inhibiting system does not prevent
15 polymer growth. The closer to zero the increase in M, the better the growth inhibiting
ability of the system.
The effectiveness of hydrogen donor systems and their blends with nitroxyls is

shown in Tables 1 and 4. The effectiveness of electron-accepting systems and their

blends with nitroxyls is shown in Table 2. Examples of Synergistic Blends of Donor

20 and Acceptor systems are shown in Table 3. The first two examples in each of Tables
1-3 are baseline examples of nitroxyl inhibitors used alone - conditions that are known
to allow polymer growth via a "living" mechanism. Under these Polymer Growth Test
baseline conditions, about 700% growth was observed. All other examples in Tables 1-
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WO 01/ 40404 PCT/USOCQO 31101 evaporation under full vacuumat 50 C A hard,
white polynmer was obtained (25 g. 49 %yield). Procedure for Milti-Pass
Reboi | e reparation of First Pass Feed Solution: %

4 . . CT/US00/31101
Tert-buls’g/ Elz{oe%‘ﬁol (TBC) is renmoved fromcomercially avail able styrene by
distillation under vacuum Renoval of TBC is verified by caustic titration.
The desired anpbunt of inhibitor(s) is added to this TBC-free styrene

ei ther diregt] r hd S Kj £

i nhi bi t or mgar‘éec@fsr@énzp%%‘a%“@olﬁ%&éag (g{)}?ﬂﬁﬁét Sggnsaé}lt’ﬁl{‘i}egﬁor\% F{m‘%léc-free
styrene. 10 Praocedure for Reboiler Test (a dynamic test): A quantity of the
Feed Sol uti B¥WIRIBAE &g i nhibitor (blend) at the desired charge (stated
as a wt/wt total inhibitor to styrene) is added to a round-bottom fl ask
(the Pot) and h&ht édstesahple iddsble dds nleppdesaline exgruplaf pypitiao! mhybigmd
brought to reflux by adjusting the pressure/vacuum Once the Pot contents

are at tenpgiAtadiR - @naRidhs MHAOS kabivaasidw boBater ovtaeth Sulivhg'on i s begun
at arate that will add the volune of the initial Pot solution to the Pot

over _a peri Odc}(?aI nﬁ%r{x.n'f}ﬁﬁgljthgs% ﬁlﬂrgé%ﬁgggﬁrbﬁ?elﬁq%%n&w | gl Av¥ratgﬁ§81gg;§k?3ré At

the dame tiME e fresh ution flowis begun,
Streamflow is al so begun he. Botto Stream j lution in the Pot .that
is renoved Beke H’é’r%aé?Pe?Q%foé gd Tthﬁén(fl?‘g’gﬂ ‘T‘—eégl?f%gIoﬁﬁ)ieé’rcfﬁxrger%?f%dpcrﬁf‘é’dequaI
flows of Feed and Bottons Streanms cause the quantity in the 20 Pot to.
remai n conshemty Mr8rld b thierpasses. t Hee ethperxamples, in Wable & gave SURTgNEEATEE Huous
repl eni shnment of inhibitor. This procedure sinmulates the way inhibitors are
used in a gisidd pAyienmbukaivarsat the tabditk cRamples bindes¢émiplly monbamresn The
experiment continues with

molecular weight of the polymer over three passes, indicating that those systems

10 provided significant growth inhibiting activity.
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41 WO 01/ 40404 PCT/USOQ 31101 flow in and out of the Pot for a specified

period of ti
Pass ru f

0P/40

me. Typically. the First Pass runs
4hours, the Third Pass runs for

for 10 hour

8 hours,

S,

t he Second

epErT/usoMipdies are

col | ected hour y fromthe Bottonms Stream These sanples are anal yzed for

pol ymer content via the nmethanol turbidity nethod. The anmount of polynmer 5
in the sanples is an indication of effectiveness of the inhibitor system
bei ng t est eg—Ave+rage—Potyrrer—vake'—ts—the—average—of the—potymer—cont ent
val ues for g$anples taken after 4 hourdlablenini ng. The material left in fhe
Pot at the end P%];foirﬂﬁlc'éld? Ezaro%léh%n]}ﬁr S?ﬁa}{?@si‘% q’oﬁgﬂér%\\ttlQTeé"ttM&hQ@y
further pol ynerizal ral—+s—then reenptrated recessary,
under 10 reduced pressungitabr $&emC unti | the pthmeﬂmasnten@mmg%wﬂﬁﬁw. %
A sanple of |[this polynmer solution is then anal yjz&#mb§sHGed Pé”;ﬂ f‘i‘“@f’ ¢
Chr omat ogr aphy—(GPC)—t-o—determ-he—the—wetght-eq—averagefphect wet-g u t
(M, .) of the-pelrymeo (pairieparati on of Second arjd Thi3pd Pasg Feed&SOIut ons:
The Bottons ream from tNe_previous Pass 1s cdllected except fqQr the
material 15 4MdeReBEI0 Gtsclihle end of the run. [The afthunts|of idhibitor(s)
in the First 45@@%}3}&?@&&1&}@&{%19r9m@”d t he Bottoms Sgdog@(mfromthezoFl rst| Pass
are det er m ped—by—appropHate—anatyttecat—rethgad{s); gas
chr omat ograr)hsoonEMa@mamlhxmf*om ahinbi tor(s) is addeda@%OOt he |[col | etti ve
Bottons Strgamfromihe First Pass to I ncrease |the, do}a&ﬁ){ | nhlq@tor( 5) in
t he Bottoms | SIX¥AMIPY KPR RMfal to that found T e Eilrst Piss Eebd
Sol uti on. An4290¢gMp@@%§g%m@qgwa§m@f |nh|b|tor(s) I3s0/60dded [t 0 t hes
col | ective Bet+tors—Strearrs—or—stubsequent—Passes:
10 4-oxo-TEMPO/DNBP 150/1500 -2
DNBP 1500 20
DNBP/PDA 900/600 11
DNBP/PDA (air) 900/600 (8 -13
cc/min)
4-0x0-TEMPO/2,5-di-t-butylhydroquinone 300/3000 175
15 4-0x0-TEMPO/2,5-di-t-butylhydroquinone 300/600 197
4-0x0-TEMPO/2,5-di-t-amylhydroquinone 300/900 173
4-0x0-TEMPO/2,5-di-t-amylhvdroquinone 300/600 275
4-0x0-TEMPO/methylhydroquinone 300/600 420
4-0x0-TEMPO/4-t-butylhydroquinone 300/300 464
20 4-0x0-TEMPO/4-t-butylcatechol, 300/3000 56
4-ox0-TEMPO/octanethiol 300/3000 220
4-oxo-TEMPO/octanethiol 300/1500 420
4-0x0-TEMPO/2,6-di-t-butyl-4- 300/3000/150 416
methylphenol/Cu(I)naphthenate
25 4-0x0-TEMPO/dihydroanthracene 300/3000 524
4-0x0-TEMPO/N-t-butyl-2-benzothiazole-sulfenamide 300/3000 532
4-0x0-TEMPO/N-methy!-4-nitroaniline 300/3000 538
PDA = N-phenyl-N’~(1,4-dimethylpentyl)-para-phenylenediamine
DNBP = 2,4-dinitro-6-sec-butylphenol
30
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42 WO 01/ 40404 PCT/ US00/ 31101 Evaluation of the Results The difference in

the "Averag

e Pol yner Make" nade in one Pass versus
indication of the ability of the inhibiting systemto prevent or

pol ymer WQOHMY For exanple, an increase in the anount
going fromone Pass to the next which is roughly equivalent to the anount
made during the First Pass is an indication that the inhibiting

of pol yner
systemeffe
i ncrease in
that is dra
pol ymer mad
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di fference
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4-0x0-TEMPO/1,4-benzoquinone

300/600

4-0x0-TEMPO/ 2-methylanthraquinone

300/600

4-0x0-TEMPO/1,4-naphthoquinone

300/600

4-0x0-TEMPO/2,6-di-t-butyl-4-(phenylmethylene)-2,5-
cyclohexadiene-1-one

150/1500

2,6-di-t-butyl-4-(phenylmethylene)-2,5-cyclohexadiene-1-
one

1500

4-0x0-TEMPO/2,6-di-t-butyl-4-(phenylimino)-2,5-
cyclohexadiene-1-one

300/2900

4-ox0-TEMPO/ethyl 3,4-bis-(3,5-di-t-butyl-4-one-2,5-
cyclohexadienylidene)-hexane-1.6-dioate

300/600
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to allow polynmer gromh via a "living" nechanism Under these Polyner

G owm h Test baseline conditions, about 700% growth was observed. All other
exanpl eswbg 1dfdph es 1- 43 WO 01/40404 PCT/US00/ 31101 3 gapeEriSimiidian 700%
growt h | cat| ng that those systems provided sone growth inhibiting
activity. The first exanple in Table 4 is also a baseline exanple of a
nitroxyl inhibitor used alone - conditions that are known to allow pol yner

growh via - e
condi tions, |the average polymer nake ilabledased 100-fol d and the nol eclul ar
wei ght (M, ) of the ppplyBice @gﬁnér@‘éﬁ@ﬁﬁﬁgs oNBBhdY aA@At@ép%@ver three
passes. Thej ot her exarrpl esin T Qﬁgﬁvewtg\ ]é/]l§ reases in average
pol ymer makg (versus the baséﬁ“?re %195 &) ially no change in
mol ecul ar wei ght of the ﬁ]?lw BE over three passagnibRfl&@t | Gowihhdlose
systens 10| provi ded si é Yant ér}owt h i nhi bi t|i n@maslyleWd) t Y in wéidht NBoBY 40404
PCT/ US00/ 310,01 Tabl e 1 Performance of Hydrogern Donor Svst D PR G ol y mer
G owt.h Test r System I nhibitor C:harg )vvt h i ncrease
(pmeVS styt enpf{]ﬂ%{l]!’(\?\& LI;GS) insoluble polyner nr S—) é%{? oxo-TEMPO
(basel i ne) 3@ch§§@-ﬁwﬂ>dwgélw)y TEMPO (basel i ne) 3003@@6 736
4-0x0-TEMPO/2,5-di-t-butylhydroquinone 300/600 197
4-0x0-TEMPO/2,5-di-t-butyl-1,4-benzoquinone 300/600 180
4-0x0-TEMPO/2,5-di-t-butylhydroquinone/2,3-di-t-butyl- 300/150/450 112
10 1.4-benzoquinone
4-0x0-TEMPO/2,5-di-t-butylhydroquinone/2,5-di-t-butyl- 300/60/540 128
1,4-benzoquinone
15 Table 4
Performance of Hydrogen Donor Systems Using the Multi-Pass Test Method
Inhibitor System / Pass Average Polymer M,, of Polymer
Make (wt%)
300 ppm 4-0x0-2,2,6.6-tetramethyl-1-piperidinyloxy (4-oxo-TEMPO)
Pass 1 0.052 3.910
20 Pass 2 1.45 17,000
Pass 3 7.45 31,700
45 ppm 4-oxo-TEMPO:; 420 ppm PDA: 900ppm DNBP; 3 cc¢/min air
Pass 1 0.026 1,430
Pass 2 0.150 1,330
25 Pass 3 0.363 1,760
48 ppm 4-oxo-TEMPO; 1125 ppm DNBP
Pass 1 0.146 3,840
Pass 2 0.485 4,340
Pass 3 0.640 4,120
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4- oxo- TEMPQ di et hyl hydr oxyl am ne 300/ 3000 20

4- oxo- TEMPQ di et hyl hydr oxyl am ne 300/ 600 76 4-oxo- TEMPQ cycl ohexanoneoxi e
300/ 3000 382 4-oxo- TEMPQ di benzyl hydr oxyl am ne 300/ 600 388 10

4- oxo- TEXPEY/4NBP 150/ 1500 -2 DNBP 1500 20 DNBP/ PDA 900/ sp/ PDA
(air) 900/600(8 -13 cc/mn) 4-oxo- TEMPQ 2, 5-di -t -butyl hydroqui none

300/ 3000 175 15 4-oxo- TEMPQ 2, 5-di -t -butyl hydr oqui none 300/ 600 197

4- oxo- TEMPQ 2, 5-di -t - anyl hydr oqui none 300/ 900 173 |

4- ox0- TEMPOPD S =aV-phemiyy ’I’éd*r@quth}’é?@t}ﬂDJB?J@G@eQWlEnedlamme

4- oxo- TEMPOpre P hy diagbicn@oasusdphsed 420

4- oxo- TEMPQ 4-t - but yl hydr oqui none 300/ 300 464 20

4- oxo- TEMPQ 4-t - but yl cat echol, 300/ 3000 56 4-oxo- TEMPQ oct anet hi ol

300/ 3000 220 4- dwoichEMREE oengckariges end m@8dGRALGGCha2en be made without

4- oxo- TEMPQ 2, 6-di -t - butyl -4- 300/ 3000/ 150 416

met hyd phenolyt Gufihd RARNEMRNAELuRRrI§meXBe HEMIQ kdRydhaatvhliaeansds30ah8000 524
4- oxo- TEMPQ N-t - but yl - 2- benzot hi azol e- sul f enam de 300/ 3000 532

4- oxo- TEWO’al%eql%lteQ ¥1airﬁ§ Poirtah%ﬁgérls{aﬂ(%ngQQ{IQ%QQpes(%Qhe protection to be afforded the

invention.
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PDA = N-phenyl -N -(1, 4-di net hyl pentyl) - par a- phenyl enedi am ne DNBP =
2,4-dinitro-6-sec-butyl phenol 30 45 WO 01/40404 PCT/ USO0/ 31101 Table 2
Performance of Electron Acceptor Systens Using Polyner Gowh Test Method
| nhi bi t YO8)/4%48# | nhi bitor Charge(s) Gowh (% increase RoPHPS1Wyene)
in weight of insoluble polynmer after 7 hrs.) 4-oxo- TEMPO (baseline) 300
684 5 4- hydroxy- TEMPO (baseline) 300 736 4-oxo- TEMPQ phenyl acetyl ene
300/ 3000 540 4-oxo-TEMPQ 2,5-di-t-butyl-1,4-benzoqui none 300/ 3000 96

4- oxo-TEMPQ 2, 5-di -t - but yl - 1, 4- benzogtASMS 300/ 600 180

4- oxo- TEMPQ 2, 6-di -t-butyl -1, 4- benzoqui none 150/ 1500 358 10

4- oxo- TEMPQ 1, 4- benzoqui.none 300/ 600 136 4-oxo- TEMPO

2- net hyl ant h\%ﬁ'&&f ‘gﬁ‘é“ 7600 235 4-oxo- TEMPQ 1, 4- napht hoqui none 300/ 600
308 4-oxo-TEMPQ 2, 6-di-t-buty |-4-(phenyl methyl ene)-2,5- 150/ 1500 14
cycl ohexadi ene- | - @R€flR1 for inhibiting the premature polymerization and the polymer growth
2,6-di-t-butyl -4-(phenyl net hyl ene) - 2, 5-cycl ohexadi ene- | - 1500 40 one

of ethylenically unsaturated monomers comprising adding to said monomers an

effective amount of at least one inhibitor that is a hydrogen donor or electron acceptor.

W

2. The method of claim 1 wherein the inhibitor is a hydrogen donor.
3. The method of claim 2 wherein the inhibitor is of the structure
10 Rloo\ /R101
N
OH
wherein

R4 and R, are independently selected from the group consisting of hydrogen. alkyl.
alkylidene, benzylidene, aryl, benzyl, COR j,, COOR ;. CONR,;,R,;, cyclic.
15 heterocyclic, and substituted alkyl or aryl where the substituents are C, O, N, S.
or P, or R,,, and R, can be taken together to form a ring structure of five to

seven members; and

R, and R,,; are independently selected from the group consisting of hydrogen. alkyl.
aryl, benzyl, cyclic, heterocyclic. and substituted alkyl or aryl where the

20 substituents are C, O, N, S, or P, or R, and Ry, can be taken together to form
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4- oxo- TEMPQ 2, 6-di -t - butyl - 4- (phenylim no)-2,5- 300/ 2900 396

cycl ohexadi ene- | -one 4-oxo- TEMPQ et hyl 3, 4-bi s-(3,5-di-t-butyl -4-one-2, 5-
300/ 600 525 20 cycl ohexadi enyl i dene) - hexane-1|, 6-di oate 46 WO 01/ 40404
PCT/ USOOV9P188404 Tabl e 3 Performance of Synergistic Bl endsPET/USHHIAY and
Acceptors Using Polymer G owh Test Method | nhibitor System Inhibitor
Charge(s) Gowh (% increase (ppmvs styrene) in weight of insoluble

pol ymer after 7 hrs.) 5 4-oxo-TEMPO (baseline) 300 684 4-hydroxy- TEMPO
(basel i ne) 300 73@ingstoxoudEMPG @, Bveli membersy| hydr oqui none 300/ 600 197

4- oxo- TEMPQ 2, 5-di -t-butyl - 1. 4- benzoqui none 300/ 600 180

4- oxo- TEMPQ 2, 5-di -t - but yl hydr oqui none/ 2, 5-di -t -butyl - 300/ 150/450 112 10
1, 4- benzoqui none 4-oxo- TEMPQ 2. 5-di -t - but yl hydr oqui none/ 2, 5-di -t - but yl -
300/ 60/ 540 128 1, 4-benzoqui none 15 Table 4 Performance of Hydrogen Donor

Systems Using theMil 15 PaE&aheS wildhed indiBfbdl bPiheSyatam / Pass Average
Pol ymer Mo, 'of Polymer

wherein

R,y and R, are independently selected from the group consisting of hydrogen, alkyl.
alkylidene, benzylidene, aryl, benzyl, COR,;,. COOR;,, CONR,R ;. cyclic,
10 heterocyclic, and substituted alkyl or aryl where the substituents are C, O, N, S,
or P, or R,y and R, can be taken together to form a ring structure of five to

seven members; and

R,,, and R,,; are independently selected from the group consisting of hydrogen. alkyl,
aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the
15 substituents are C, O, N. S, or P, or R, and R4, can be taken together to form

a ring structure of five to seven members.

20
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Make (mﬁ@@ 300 ppm 4-o0x0-2, 2, 6. 6-tetranet hyl -1 -pi peridi nyl oxy (4-oxo- TEMPO)
Pass 1 0.052 3,910 20 Pass 2 1.45 17,000 Pass 3 7.45 31,700 45 ppm

4- oxo- T ppm PDA: 900ppm DNBP; 3 cc/min air Pas
Pass 2 %?H““f%&o 25 Pass 3 0.363 1,760 48 ppm 4- oxo- TE?‘/JF%ES At D

oh 430
pm DNBP

Pass 1 0.146 3,840 Pass 2 0.485 4,340 Pass 3 0.640 4,120 47 WO 01/ 40404

PCTI USCQO' 31101 PDA = N-phenyl -

2(1 3|S:PFL %lgggﬂ%d%?ﬁﬁﬁﬁﬁg Q%W§neg{@¥ @ﬁggﬁ%%OFt gﬁﬁ%&“ﬁnd nodi fi cations

that can be made wi thout 5 departing fron1pr|n0|ples underlying the
i nvention, reference should be nade to the appended clains for an

understandlng of the scope of the prgtectlon to be afforded the invention.

48 WO 01/ 40404 PCT/ US00/ 31101

R]09 RlOS

5 108 106

107

wherein

R 04> Rioss Ryoss Rior» Rygsr and R,y are independently selected from the group consisting

of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl, substituted

10 aryl, OR, 0. NR,;0R;};» SR 0. NO,, NO. CN, COR, .. halogen, and/or any two

adjacent groups can be taken together to form ring structure(s) of five to seven

members, provided that at least one of R,o;, Ros, Ryges Ryg7» Rygg. and R g 1s OH

or NHR, ..

R,,,and R,,, are independently selected from the group consisting of hydrogen. alkyl.

15 aryl, benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents

are C, O, N, S. or P, and COR,,, or R,;, and R,;; can be taken together to form

a ring structure of five to seven members;

R, 1518 Ry, ORg, OF NR, 2R 3; and

R,,, and R,,; are independently selected from the group consisting of hydrogen. alkyl,

20 aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the
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CLAIMS What is clained is: 1. A nmethod for inhibiting the premature

pol yneri zati on and the polynmer growh of ethylenically unsaturated
nmononers conprising adding to said nononers an 5 effective amunt of at

| east o¥OOKAM8#tor that is a hydrogen donor or el ectron BePERIAHI0 5 The
met hod of claim1 wherein the inhibitor is a hydrogen donor. 3. The nethod
of claim2 wherein the inhibitor is of the structure 10 R100\ N /R101 |
OH wherein RL100 and RIQ, are independently selected fromthe grou

consi sting of hydrbyiésentsearr{ O. NalSk91 P ey aﬁérﬁizgz|Cﬁlab%akeraf%ae$heb@1§ym,
COR10,, COOR10,, CONR102R103, cyclic. 15 heterocyclic, and substituted

al kyl or aryl wharrhg stecswbst fiteentseramembers0, N, S. or P, or R100 and R101
can be taken together to forma ring structure of five to seven nenbers;
and R102 and R103 are independently selected fromthe group consisting of
hydr ogen, al kyl. aryl, benzyl, cyclic, heterocyclic, and substituted al kyl
or aryl where the 20 substituents are C, 0, N, S, or P, or R102 and R103

can be taken together to form 49 W).0L/4Q PCT/ US00/ 31101 a ring
I bl ipar ot R R Of

structure of’ " fiv

7. The method of claim 6 wherein R,y is OH.
8. The method of claim 6 wherein R, is OH.

10 9. The method of claim 6 wherein at least one of R,,; and R, is NO,.
10. The method of claim 6 wherein at least one of R,;; and R,; is NO.

11.  The method of claim 5 wherein Ry, is NHR,, and at least one of R y; and R,

15 is NO.,.

12.  The method of claim 5 wherein Ry, is NHR o, R;o; is NR, ,(R,,;, and R}, is

phenyl.
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4. The nmethod of claim2 wherein the inhibitor is of the structure 100 R 1
5 HB / C- N RLO1 wherein RL100 and R10, are independently selected from

the grou
benzyl,

consi sting of hydrogen, alkyl, alkylidene, benzylidene, aryl,
/#0404 COOR10,, CONR, O, RLGB, cyclic, 10 het er ocRicA/PS0034104

substituted al kyl or aryl where the substituents are C, 0, N, S, or P, or
R100 and R10, can be taken together to forma ring structure of five to
seven nenbers; and R102 and R103 are i ndependently selected fromthe group
consi sting & hydhegethodzfiejdim 2 wherpin the Hjhitor éyefi the strytdesr ocycl i ¢, and
substituted al kyl or aryl where the 15 substituents are C, 0O, N, S, or P.

or R102 and R103 can be taken together to form a ring structure of five to
seven nmenbers. 20 50 WO 01/40404 PCT/US00/ 31101 5. The nethod of claim2
wherein the inhibitor is of the structure RI04 R109 R105 5 Rl Os R106

R107

15

20

R113

114 SH

RHS

whereinR, 3, R, ;. and R, are independently selected from the group consisting of

hydrogen, alkyl, aryl, cycloalkyl, and heterocyclic moieties.

14. The method of claim 2 wherein the inhibitor is of the structure
Ry Ry
Ry Ri»
R Ry,
Riio Ri50
wherein

R,6 Ri17 Rites Riter Risgs Riaps Ry, and Ry are independently selected from the group
consisting of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic. substituted alkyl,
substituted aryl, OR,,,. NR, (R, SR}y, NO,, NO, CN. COR,,,. halogen.
and/or any two adjacent groups can be taken together to form ring structure(s)

of five to seven members;



wherein R104, R105, R 06, R 07, R108, and R109 are independently sel ected
fromthe group consisting of hydrogen, alkyl, aryl, cycloal kyl,

het er oc bstituted al kyl, substituted 10 aryl, ORL , 11, SR
10, hKEx&kEﬁM%ﬁy COR11,. hal ogen, and/or any two adjacen%ggpgﬁ%éggan be
taken together to formring structure(s) of five to seven nenbers,

provi ded that at |east one of RL04, R, 05 R106, R107, R108, and R109 is OH
or NHR, 10: R110 R' .1.are.inde sel ected fr.0

consi sti ng 1R R@g ars 1n%tmgwiennl g,gl%?te? @ etrkllg y;zlroup con Ls{mén Rf ]I[;Sgc%,rg en Flkgl
substituted al kyl or aryl where the substltuents ? N, S or P, and
COR10,, or R110 and: mnzyl, sxdlicphetergresicr tnstiitsd Et”éylf%ra?ﬁ wherg thg subsiiuaniiy e of
five to seven nenbers; R11, is R102, OR10,, or NR102R103; and R10, and R103
are independentlyms@]@cNEEuﬁﬂbmndﬁﬁﬂg&ouﬁﬂ@emtR@ttmghb@khydgo@mnmihhkyl,

20 aryl, benzyl, cyclic, heterocyclic, and substituted al kyl or aryl where

the 51 WO 01/4049&1sgI&gﬁQgﬂ%&&g%ewﬁuﬁéﬁbégents are C, 0, N, S or P, or
R102 and R103 can ge taken together to form a ring structure of five to

seven nenbers. 6. The nethod of claim5 wherein R104 is CH 7. The net hod
of clsai m 6 BhgrieRnp,,RIV %, bsNBH,R,(8.andhe net hod of claim6 wherein R105 is
OH 10 9. The nmethod of claim6 wherein at | east one of RL05 and R107 is

NO, . 10. The method of claim6 wherein at |east one, of R%gS and Oz is
NO. R, and R, are independently selected from the group consisting ot hydrogen. alky

aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the
substituents are C, O. N, S, or P, or R, and R,; can be taken together to form

a ring structure of five to seven members.

15.  The method of claim 2 wherein the inhibitor is selected from the group
consisting of diethylhydroxylamine, cyclohexanoneoxime, dibenzylhydroxylamine,
2.4-dinitro-6-sec-butylphenol. N-phenyl-N’-(1,4-dimethylpentyl)-para-
phenylenediamine, 2,5-di-t-butylhydroquinone, 2,5-di-t-amylhydroquinone,

15 methylhydroquinone, 4-t-butylhydroquinone, 4-t-butylcatechol, octanethiol, 2.6-di-t-
butyl-4-ethylphenol/Cu(I)naphthenate, dihydroanthracene, N-t-butyl-2-benzothiazole-

sulfenamide, and N-methyl-4-nitroaniline.

i6. The method of claim 2 wherein a transition metal 1s added.

20

17. The method of claim 16 wherein the transition metal is copper.

54



11. The method of claim5 wherein R104 is NHR110 and at |east one of R Q
and R107 15 is NO2. 12. The nethod of claim5 wherein R104 is NHR 10, R107
is NRllgEﬁ% nd R111 is phenyl. 52 WO 01/40404 PCT/ US@¥rakb@iiief3- The
nmet hod 0 c%g?%%Z wherein the inhibitor is of the structure RI13 R SH 114
R115 5 whereinR13, R114, and R,/ 1, are independently selected fromthe
group consisting of hydrogen, alkyl, aryl, cycloal kyl, and heterocyclic

noi eties. 14, The, nmet ho f claim2 wherein.the inhibitor s of the
structure 1p R11B° g§%ﬁﬁf5“ qighﬂﬁﬁggsﬁk@?Orﬁffﬁgk%fﬁacfgﬁﬂherein R16,
R17, R118, R119, R120, R121, R1,,, and R 23 are independently selected from
the group consisting of hydrogen, alkyl, aryl, cycloal kyl, heterocyclic,
substituted al kyl,

19. The method of claim 18 wherein the inhibitor is of the structure

120

Ll

121

wherein

10 X and Y are independently selected from the group consisting of oxygen, NR,,,, and

CRI 24R125;

R,50: Ria1s Ry, and R, o5 are independently selected from the group consisting of
hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl, substituted
aryl, OR, o, NR,;oR}11> SR} 4 NO, NO,, CN, COR,,. and halogen, or R,,, and

15 R,,, can be taken together and/or R, and R,; can be taken together to form
one or two ring structures, respectively, either of which can be of five to seven

members;

R,,, and R, are independently selected from the group consisting of hydrogen, alkyl,
aryl, cycloalkyl, heterocyclic, substituted alkyl, substituted aryl, OR,,,.

20 NR, R, 1> SR} 10 NO,, NO, CN, COR,,. halogen, and/or can be taken together
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substituted aryl, OR10, NR110OR, 11, SR110, N2, NO CN. COR 12, hal ogen,
and/ or any two adj acent groups can be taken together to formring

structur‘,ﬁgﬁ)mmgp of five to seven nenbers; 53 WO 01/ 40404 RG14eSP@1 31101
R'p and R/ ,, are independently selected fromthe group consisting of

hydr ogen, al kyl, aryl, benzyl, cyclic, heterocyclic, substituted al kyl or
aryl where the substituents are C, 0, N, S or P, and COR o, or R'" and

R, ,, can be take ogether .to fo ri ure of five to seven
nmenbers; 5 R, iQO%irgf,rméﬁrblﬁt,ureoéﬁ&%thﬁ?%r?Elgg%gle and R103 are
i ndependently selected fromthe group consisting of hydrogen, alkyl, aryl,

benzyl, cycki candiel efr@miehérien®sb1sHBS frbinthe Sroab kiphsiaingarty dwfpen ealkyie
substituents''are C' OO N, S, or P, or R10, and R103 can be taken t oget her

to f [ t L . T : : : f
claim2 wher ot Dk SR e ELs TG RUERURRIRTRR For i Rhere TG IRREMS?

di et hyl hydr oxyl am ne, cycl ohexano xi me,_ di benzyl hydr oxyl am pe

2, 4-di ni tro- 6- seéﬁe&)t@l%ﬁeﬁbpz a%@ﬁgwl erﬁ‘lw(affs%idfﬁ%g%%%%ﬁqgﬁ%et 95togm
phenyl enedi am ne, 2,5-di-t-butyl hydroqui none, 2,5-di-t-anyl hydroqui none, 15
met hyl hydr oqui noaeng 4tructimgtof Ifivg do seygnmaivebery- t - but yl cat echol , oct anet hi ol ,
2.6-di-t- butyl-4-ethyl phenol /Cu(l)napht henate, di hydroanthracene,

N-t - butyl -2-benzot hi_azol e- sul fenanj de, and N-nethyl-4-nitroaniline. 16.
The nethod B 8 iR kMR wRaost #xhsition metal is added.

R,,, and R,; are independently selected from the group consisting of hydrogen. alkyl,
aryl, benzyl, cyclic. heterocyclic, and substituted alkyl or aryl where the
substituents are C, O, N, S, or P, or R, and R,,; can be taken together to form

10 a ring structure of five to seven members.

20. The method of claim 19 wherein X and Y are oxygen.

21.  The method of claim 19 wherein X is oxygen and Y is CR,,,R 5.
15

22.  The method of claim 19 wherein X is oxygen and Y is NR .

23.  The method of claim 19 wherein X and Y are NR .

20 24. The method of claim 21 wherein X is NR,,, and Y is CR5,R .
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20 17. The method of claim 16 wherein the transition netal is copper. 54
WO 01/ 40404 PCT/ US00/ 31101 18. The method of claim 1l wherein the inhibitor
is an el ectron acceptor. 19. The method of claim 18 wherein the inhibitor
is of tOMMMure X 5 RI20 R122 R R 121 123 wherei nPSHV%HY Y are
i ndependently selected fromthe group consisting of oxygen, NR, 10, and
CR124RI 25" R120, R,,, R,,, and R123 are i ndependently sel ected fromthe
group consi sting of hydrogen, alk ary cycl oal kyl, heterocyclic,
subst i t ut ed23l kyiThe sgwiad afielae 18y lemd@nh (PIONR Qe SUCTER| 10, NO, NOT.
CN, COR,,,, and halogen, or RI 20 and 15 R121’ can be taken together and/or
R ,, and R 23 can be taken together to form one or two ring structures,
respectively, either of whkgh—eao—becef—kjye to seven nenbers; R 24 and
R, 25 are independently selected fromthe group consisting of hydrogen

al kyl, aryl, cycloal kyl, heterocyclic, substituted al kyl, substituted
aryl, OR 10, 20 NR'OR, I,, SRI 10, NO7, NO, CN, COR 12, halogen, and/ or
can be taken together
wherein
5 R, and R,,, are independently selected from the group consisting of hydrogen, alkyl,

aryl, cycloalkyl, heterocyclic, substituted alkyl. substituted aryl, OR,,,

NR, oR;11» SR} ;0. NO,, NO, CN, COR,, and halogen.

R,,,and R,,, are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents
10 are C, O, N, S, or P, and COR,,or R, , and R,;; can be taken together to form a

ring structure of five to seven members;
RHZ 15 RlOz; OR]QQ, or NRIO'_’R}(B; and

R, and R,y; are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic. heterocyclic, and substituted alkyl or aryl where the
15 substituents are C, O, N, S, or P, or R,, and R,,; can be taken together to form

a ring structure of five to seven members.

26.  The method of claim 18 wherein the inhibitor is selected from the group
consisting of phenylacetylene, 2,5-di-t-butyl-1,4-benzoquinone, 2.6-di-t-butyl-1,4-

20 benzoquinone, 1,4-benzoquinone, 2-methylanthraquinone, 1,4-naphthoquinone, 2,6-di-
t-butyl-4-(phenylmethylene)-2.5-cyclohexadiene-1-one, 2,6-di-t-butyl-4-(phenylimino)-
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55 WD 01/40404 PCT/US00/31101 to forma ring structure of five to seven
menbers; R 10 and R,,, are independently selected fromthe group

consi stiwg ophodgydr ogen, al kyl, aryl, benzyl, cyclic, hetgtpexslhfor
substituteg a?kyl or aryl where the substituents are C, 0, N, S, or P, and
COR10,, or R110 and R11 can be taken together to form 5 a ring structure
of five to seven nenbers; R'-, is R102, OR10,, or NR10O, R103; and R102 and
R103 are indep .sehected if t e QR QU _C istingof hydrogen,

al kyl, ar y%@%ﬁ@%&héﬁ@%hﬁ@% %gteg@g]gy{ﬁsg,)g;u&c} s@ﬁsﬂm{léﬁutﬂgd al kyl or aryl
where the substit entf are C, 0, uéf\l S, or P, or RI02 and R103 can be taken
t oget her to¥eP 1exy fiflens)-Be¥anet i 8i98% five to seven menbers. 20. The

met hod of claim19 wherein X and Y are oxygen. 21. The nethod of claim 19
wherein Xis oxygen and Y is CR ,4R1,5. 15 22. The nethod of claim 19
wherein X is oxygen and Y is NR10. 23. The nethod of claim 19 wherein X
and Y are NR10. 20 24. The nmethod of claim?21 wherein X is NR110 and Y is
CRL, 4R1,5. 256 WOHIN&R404f REH USABEB IO Eansbon bl Betbatl of claim 18
wherein the inhibitor is of the structure R ,6 C C 8127 wherein

5

28. The method of claim 27 wherein the transition metal is copper..

29. The method of claim 1 wherein the inhibitor is a blend of a hydrogen donor and

an electron acceptor.
10

30. Method of claim 1 wherein said monomers contain impurities from the

monomer production and/or purification processes.

31. Method of claim 30 wherein the impurities include polymer formed during the
15 production and/or purification processes.
32. Method of claim 31 wherein the polymer formed during the production and/or

purification processes is soluble in the monomer stream.
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5 R126 and R 27 are independently selected fromthe group consisting of
hydr ogen, aIkyI aryl, cycloal kyl, heterocyclic, substituted al kyl,
substitqkﬁ% CR110 NR110R, 1,, SRI 10, NO2. NO CN’P@EBsmmnlﬁnd

hal ogen 6 ané R11, are independently selected fromthe group consisting
of hydrogen, alkyl, aryl, benzyl, cyclic, heterocyclic, substituted al kyl
or aryl where the substituents 10 are C, O N S, or P, and COR10, or R110

and R111 can_.be tgken .t ethe o fo r j even
members: RiDD | s Mrgae oBRa) o e DR d Rl e Bl b

i ndependently sel ected fron1the group consi sting of hydrogen, alkyl, aryl,
benzyl, cyc guﬁﬁcgﬁéﬁ%ﬁeys@ééﬁmsaﬁmeﬁkl%éinbu&@@lrs"ﬁelsml. or aryl where the 15
substituents are S, or P, or R102 and R103 can be taken together
to form a ring structure of five to seven nenbers. 26. The nmethod of claim
18 wherein the inhibitor is selected fromthe G oup consisting of
phenylacetylene 2,5-di-t-butyl -1, 4- benzoqui none, 2,6-di-t- butyl 1,4 20
benzoqui none, 4- benzo ui none, 2-nethyl ant hraquin oqui none,
2,6-di- t-bddyl -Meﬁbﬁéﬁgph@ﬁﬁﬁw@ﬁ%w% @W&%ﬁgféag@ﬁ@nglpu“g‘ﬁ%on

2,6 di -t-butyl -4-(phenylimno)- 57 WO 01/40404 PCT/ USOQO 31101

2, 5- c cIohegﬁglfne 1-one, and ethyl 3,4-bis-(3,5-di-t-butyl-4-one-2, 5-
cycl ohexadi 88ﬂe) hexane- 1, 6-di oate 27. The nethod of claim 18 wherein
a transition netal is added. 28. The nethod of claim 27 wherein the
transition netal is copper.. 29. The nethod of claiml wherein the
inhibitor is a blend of a hydrogen donor and

35. Method of claim 34 wherein the distillation process occurs at pressures less
than 760 mm Hg.

10 36. Method of claim 34 wherein the distillation process is a continuous process.
37. Method of claim 34 wherein the equipment in which the distillation process

occurs contains polymer.

15 38. Method of claim 37 wherein the polymer was formed during the monomer's

production and/or purification processes.

39. Method of claim 37 wherein the polymer is not dissolved in the monomer

stream.
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an el ectron acceptor. 10 30. Method of claim1 wherein said nononers
contain inpurities fromthe nononmer production and/or purification
processes. 31. Method of claim 30 wherein the inpurities include polyner
formed dPi'%%4%%e 15 production and/or purification proc@ggy§mm§§n Met hod
of claim 31 wherein the polynmer formed during the production and/or
purification processes is soluble in the nononer stream 58 WO 01/40404
PCT/ US00/ 31101 33. Method of claim 31 wherein the polyner fornmed during
the product #8n andgtbed oflpipt 3¢ whpisH sHbReBBETsiceNtaRiBINYHLies {TAMthe nononer
stream 34. Method of claim 1l wherein said nononers are undergoi ng
puri fi cati omdaymebpehidattidd atd/@mpuriBibatidveprhedsesf cl ai m 34 wherein the
distillation process occurs at pressures less than 760 nm Hg. 10 36.
Met hod of claim 34 wherein the distillation process is a continuous
process. 37. Method of claim 34 wherein the equipnent in which the
distillation process occurs contains polyner. 15 38. Method of claim 37
wherein the pol yner s, f.ar uring the mononer's roduct i and/,or
purificati oﬁ?pr oﬁ‘?g‘\é\@(_’f %@‘m%i’vﬁlgrﬁlno@eérpg?rrlﬁl??% %er%(il‘sz: %@%8‘?9%?‘% |{h§ not
di ssolved in the nonomer stream

5 production and/or purification processes.

42. Method of claim 41 wherein the polymer formed during the production and/or

purification processes is soluble in the monomer stream.

10 43. Method of claim 41 wherein the polymer formed during the production and/or

purification processes is insoluble in the monomer stream.

44. A method for inhibiting the premature polymerization and the polymer growth

of ethylenically unsaturated monomers comprising adding to said monomers
15 A) at least one first inhibitor that is a hydrogen donor or electron acceptor and

B) at least one second inhibitor having the following structural formula:
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59 WO 01/40404 PCT/USOO 31101 40. Method of claim 34 wherein said nononers
contain inpurities fromthe nononmer production and/or purification
processes. 41. Method of claim40 wherein the inpurities include ?olyner
fornmed d¥PiO%4%4%e 5 production and/or purification proce8SEYS0USII0\pt hod
of claim 41 wherein the polynmer formed during the production and/or
purification processes is soluble in the nononer stream 10 43. Mt hod of
claim4l wherein the polyner fornmed during the production and/or

purificati owhgrevtesses is insoluble in the nononer stream 44. A nethod for
inhibiting the premature pol ynerization and the polynmer growh of

et hyl eni cal unsat ur.at ed npomer s ri.sing adding to.said non rs,15 A)
at | east onéXPP$§FaFHH %Fngngﬁﬁkcﬁgggg%yﬁﬁggghaﬁﬁﬁng8Fﬁ%¥8%?¥8%y388%ptor
and B) at |east one second inhibitor having the follow ng structural
formula: x x | 1hproagmeubstiied alybRIR 3 0* 60 WD 01/ 40404 PCTI USOQ 31101

R, and R, are independently selected from the group consisting of alkyl and

5 heteroatom-substituted alkyl; and
X, and X,

(1) are independently selected from the group consisting of halogen, cyano, amido, -S-
CH,, carbonyl, alkenyl, alkyl of 1 to 15 carbon atoms, COOR;, -S-COR;, and -

OCOR,, wherein R, is alkyl or aryl, or

10 (2) taken together. form a ring structure with the nitrogen.

45. The method of claim 44 wherein the first inhibitor is a hydrogen donor.

46. The method of claim 45 wherein the first inhibitor is of the structure
15 RlOO\ /RIOI
N
OH
wherein

R, and R, are independently selected from the group consisting of hydrogen., alkyl.
alkylidene. benzylidene. aryl, benzyl, COR,y,, COOR,, CONR,;.R,;, cyclic,

20 heterocyclic, and substituted alkyl or aryl where the substituents are C, O, N, S,
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wherein R, and R4 are independently selected fromthe group consisting of
hydr ogen, aIkyI and heteroatom substituted alkyl; R and R3 are

i ndepengen flected fromthe group consisting of alkylp@igsooR110
heteroaton}sub ituted alkyl; and X, and X, (1) are |ndependently selected
fromthe group consisting of halogen, cyano, am do, -S- C6H51 carbonyl,
al kenyl, alkyl of 1 to 15 carbon atons COOR7, -S-COR7, and - OCORY,
wherein R7 is aIk ryl,,, or 0 er

structure with tf’le m tﬁ"??g%ﬂ ngan aﬂn%%lég{%r* %ﬁ%h‘l n4g45ft%n{enrr§?€1h?
inhibitor is a hydrogen donor. 46. The nmethod of claim45 wherein the
first inhibitor PeyeBMYMEIS@Adicture 15 RI00\ RI01 OH wherein RL00 and
RI O are independently selected fromthe group consisting of hydrogen,

al kyl, al kylide benz | i.d o

CONR O RlCBKloé%(Pﬁé’ e 3fdop ‘ger‘@% &ed f‘?ﬁlg&’guﬁo‘%%%;‘gs?%@ i@ Hogen. 25 wher e
the substituents are C, O, 61 MD 01/ 40404 P {USOOC é %1 or P. or
R100 and RI10, cambéefl@réewdlbdef%eﬂ‘ryc{l& g sHpitiied glkat PrAy LVRETS G  ve to

seven nenbers; and R102 and R103 are independently selected fromthe group
consksting of hysitsgeentsakk§] O, N, S, or P, or R, and R,; can be taken together to form

irst

a ring structure of five to seven members.

47. The method of claim 45 wherein the first inhibitor is of the structure
Ry 00
HO C
10 NN
N Rioi
wherein

R,, and R, are independently selected from the group consisting of hydrogen. alkyl,
alkylidene, benzylidene, aryl, benzyl, COR,, COOR ;. CONR, 1R, cyclic,
heterocyclic, and substituted alkyl or aryl where the substituents are C. O. N. S,

15 or P, or Ry, and R,;, can be taken together to form a ring structure of five to

seven members; and

R,,, and R,; are independently selected from the group consisting of hydrogen. alkyl.
aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the

substituents are C, O, N, S, or P, or R, and R, can be taken together to form

20 a ring structure of five to seven members.

62



aryl, benzyl, cyclic, heterocyclic, and substituted al kyl or aryl where the
S substituents are C, 0, N, S, or P, or RI02 and R103 can be taken together
to formwaoilhm?_strucftur_e of five to seven nmenbers. 47. Tper/iGionshiof claim
45 wherein the first inhibitor is of the structure 100 10 HOB C N R101
wherein R100 and R101 are independently selected fromthe group consisting
of hydrogen. al kyl, alkylidene, benzylidene, aryl, benzyl, COR10,,

COOR102, CCNg%lO, 03, | G I Cot A1 ] i | kyl or aryl
where the sﬁ St t%t:ijlgﬁ?estﬁ%ﬂéfc%mb&e{@&%@tﬁéIﬁggrt 1@9&0?‘1‘%%%& g%lgalll?l%m can be
taken together to forma ring structure of five to seven nenbers; and R10,
and R103 are independently sel ected f{romthe group consi sting of hydrogen.
al kyl, aryl, benzyl, cyclic, heterocy¢lic, and substituted al kyl or aryl
where the substituents are C, O N, |S, or P, or R10, and R103 can be taken
together to form 20 a ring Rjsuct ure~af fiv& ;0 seven menbers. 62 WO

wherein

R,0s Rigss Riges Rig7» Rygs» and R, are independently selected from the group consisting
of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl, substituted aryl,

10 OR, 0. NR;,0R, 11> SR} 0, NO,, NO, CN, COR,,,, halogen, and/or any two adjacent
groups can be taken together to form ring structure(s) of five to seven members,

provided that at least one of Ry, Rygs, Rygss Rygr» Ryogs and Rygeis OH or NHR, 5,

R,,,and R,,, are independently selected from the group consisting of hydrogen. alkyl,
aryl, benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents
15 are C, O, N, S, or P, and COR,, or R, and R, can be taken together to form

a ring structure of five to seven members;
R))2 s Rygy. OR s, 0r NR ;R 3 and

R, and R, are independently selected from the group consisting of hydrogen. alkyl.
aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the

20 substituents are C, O, N, S, or P, or R,,, and R,,; can be taken together to form



108 106 5 R107 wherein R104, R105, R106, R107, R108, and R109 are
i ndependently selected fromthe group consisting of hydrogen, alkyl, aryl,

cycl oal rocyclic, substituted alkyl, substituted gpsoos?10PR110,
NRllOR'%%#ogﬁﬁ&ﬁo NO,, NO CN, COR11,, hal ogen, and/or any two adjacent

groups can be taken together to formring structure(s) of five to seven
menbers, provided that at | east one of R104, R105, R106, R107, R108, and
R109 is OH or NHR%%%SuR 10 ¢ etééfw%ngmhﬁggpendently sel ected fromthe
group consi sting of ©h Hro en. benzyl, cyclic, heterocyclic,
substituted al kyl or aryI mhere the substltuents 15 are C, 0, N, S. or P,
and COR10,, or R110 and R, 11 can be taken together to form a ring
structure of five to seven nenbers; Rl1l, is R10,, OR .21 or NRI 02R 03;
and R102 and R103 are independently selected fromthe group consisting of
hydr ogen. alifyl , Thamethodogriann, 48cyhkdrein, R hes &tbcycl i ¢, and substituted al kyl
or aryl where the 20 substituents are C, 0, N, S, or P, or R10, and R103
can be taken together to form 6 3 WO 01/40404 PCT/USOCQO 31101 a ring
structure of five to seven nenbers. 49. The nethod of claim48 wherein R104
is OH 5 50. The nethod of claim49 wherein R107 is OH 51. The method of

clai m 49 Wh?()e' nTﬁ%metﬁosd $Haim 49 wherein R,¢; 1s OH.

51. The method of claim 49 wherein R,,; is OH.

52. The method of claim 49 wherein at least one of R,ys and R,y 1s NO,.

10

53.  The method of claim 49 wherein at least one of R,s and Ry, is NO.

54. The method of claim 48 wherein R, is NHR,,, and at least one of R,y; and R,

is NO,.
15

55. The method of claim 48 wherein R,,, is NHR, o, R,(; is NR| (R}, and R, is

phenyl.
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52. The nethod of claim49 wherein at | east one of RLC5 and R107 is NO/.
10 53. The nethod of claim49 wherein at | east one of R105 and R107 is NO
54. The‘gs ﬂmgf claim 48 wherein R104 is NHRL10 and at pepgko@figeiof R10q
and R107 15 55. The nethod of claim48 wherein R104 1s NHR 10,

R 07 is NRllOR,l, and R111 is phenyl. 64 WO 01/40404 PCT/USOCO 31101 56.
The nmet hod of claim45 wherein the first inhibitor is of the structure R11,

L 2, LI, SR e, 1

het erocyclic noieties. 57. The met hod of cIa|n145 mhereln the first
inhibitor is of the structure 8116 8123 io :::: R119 R 120 wherein 15
R116, R117, R118, R119, R1,0, R1,1, Ri},, and R 23 are independently
selected fromthe group consisting of hydrogen, alkyl, aryl, cycloal kyl,
het erocyclic, substituted al kyR,,; SH

I{115

5 whereinR, 5, R, .. and R, 5 are independently selected from the group consisting of

hydrogen, alkyl, aryl, cycloalkyl, and heterocyclic moieties.

57. The method of claim 45 wherein the first inhibitor is of the structure
R Rix
10 Ry, Ry
Ryi§ Ry
R R
wherein
15 R,1e. Ry Ritgs Ryos Rizes Riaps Ry and R o5 are independently selected from the group

consisting of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl.
substituted aryl, OR, ;5. NR;;oR115 SR;30- NO,, NO, CN, COR ;. halogen,
and/or any two adjacent groups can be taken together to form ring structure(s)

of five to seven members;

20 R,,,and R,,, are independently selected from the group consisting of hydrogen. alkyl,
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substituted aryl, ORL0, NR110OR11l,, SR110, NO2, NO, CN, COR11,. hal ogen,
and/ or any two adj acent groups can be taken together to formring

struct uwﬁb five to seven nenbers; 20 R110 and R, 1lp@f8sdoRgReENndent |y
sel ecte rom e group consisting of hydr ogen, alkyl, 65 WO 01/40404

PCT/ USO0/ 31101 aryl, benzyl, cyclic, heterocyclic, substl tuted al kyl or
aryl where the substituents are C, 0, N S or P, and COR 0, or R 10 and

Eé’rr{)efg‘n gi f alkg‘n ig%et c il ﬁe%rﬁk%bl%%fggmﬁ{edglﬁ%ﬁ rlgg 8IQIE wfhgfégg%%lbgﬁfkeﬁ%ﬁts

i ndependently sel ect ed fromthe co 5| s g of hy al kyl , aryl,
benzyl, cyclic, Reter@cychi% P éﬁ‘fg g’ Ilk?ﬂn rtgléﬁ“apg%‘grt%)f?rﬁéa Y
substituents are C 0, N S or P, or R102 and R103 can be taken together
to form a ring sihpyohone qffﬁvfeiweevceonmwlmnsmerrber s. 10 58. The nethod of
claim45 wherein the first inhibitor is selected fromthe group consisting
of di et hyl hydroxyl am ne, cycl ohexanpneoxi nme, di benzyl hydroxyl am ne.

2, 4-di ni trokG: b {Rabop BiopRipgs nyl-N -(1, 4-di net hyl pentyl) - para-
phenyl enedi arri ne, 2 5-di -t -butyl hydr oqui none, 2,5-di-t-anyl hydroqui none,

t hyl hyd Lt - | t hi ol
gfta éi;%/l Eg : a0 K s{ehl?? enfflﬁ"/é%%i%e ﬁ%}j%ﬁ&?%i%’fﬁg’éf O o, RSt 5'9°
u enzo | azol e- SU enam n nme - 4- anli 1l ne.

The rret%od of cl ani bevzyiheydicpheierps ﬁqadowbﬁ&tl@? 3311?1 aa%réﬁwﬁ% . The

met hod of claim59 wherein the transition netal is copper.
substituents are C, O, N, S, or P, or R, and R,; can be taken together to form

a ring structure of five to seven members.

10 58.  The method of claim 45 wherein the first inhibitor is selected from the group
consisting of diethylhydroxylamine, cyclohexanoneoxime, dibenzylhydroxylamine.
2 4-dinitro-6-sec-butylphenol, N-phenyl-N’-(1,4-dimethylpentyl)-para-
phenylenediamine, 2.5-di-t-butylhydroquinone, 2.5-di-t-amylhydroquinone,
methylhydroquinone, 4-t-butylhydroquinone, 4-t-butylcatechol. octanethiol. 2,6-di-t-
15 butyl-4-ethylphenol/Cu(I)naphthenate, dihydroanthracene, N-t-butyl-2-benzothiazole-

sulfenamide, and N-methyl-4-nitroaniline.
59. The method of claim 45 wherein a transition metal is added.

20 60. The method of claim 59 wherein the transition metal is copper.
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66 WO 01/40404 PCT/USQ0/ 31101 61. The nethod of claim 44 wherein the first
inhibitor is an electron acceptor. 62. The nethod of claim®6l wherein the
first inRidl@hesl S Of the structure X s R120 R122 R12 1pREARgoNMi6r€i n 10
X and Y are |ndgpendently selected fromthe group consisting of oxygen,
NR110, and CR124R125; R1,0, R1,1, R,,, and R1,3 are independently

sel ected fromthe group consisting of hydrogen, alkyl, aryl, cycloal kyl.
het er ocyclic,, substitute K - hut : . 11,
SR110, NO, N chie B P Ei 4 SHERE R e s R AR, e
together and/or RI" and R1,3 can be taken together to form one or two ring
structures, respectively, either of which can be of five to seven nenbers;
R124 and R, 25 are independently selected fromthe group consisting of

hydr ogen, al kyl, aryl. cycloal kyl, heterocyclic, substituted al kyl,
substituted @xyl , TieRhdBod 20cIhiRh b ORhketein SRS, inhibitor iNOf theNtrugore , , ,  hal ogen.
and/ or can be taken together 67 WO 01/40404 PCT/US00/31101 to forma ring
structure of five to seven nenbers,

X
5
Ry Ri»
Ry R
wherein
10 X and Y are independently selected from the group consisting of oxygen, NR,,,, and
CR124R125;

Ry20, Rjs1s Rjpo, and R o5 are independently selected from the group consisting of
hydrogen. alkyl, aryl, cycloalkyl. heterocyclic. substituted alkyl, substituted
aryl, OR,,4. NR; ,R,;1, SRy 0, NO, NO,, CN, COR,,, and halogen, or R,,, and

15 R,,, can be taken together and/or R,,, and R,,; can be taken together to form

one or two ring structures, respectively, either of which can be of five to seven

members;

R,,; and R, are independently selected from the group consisting of hydrogen. alkyl,
aryl. cycloalkyl, heterocyclic. substituted alkyl, substituted aryl, OR .

20 NR,;oR11» SR, 10 NO,, NO, CN. COR,,,. halogen. and/or can be taken together
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R, 10 and R,,, are independently selected fromthe group consisting of

hydr ogen, al kyl, aryl, benzyl, cyclic, heterocyclic, substituted al kyl or
aryl where the substituents are C, 0, N, S, or P, and CORL02, or R'O and
R ., cant"B8404&n together to form 5 a ring structure of P¢TAISOY1Ueyen
menbers; R ,, is R107, OR o,, or NR O2R103; and R107 and R103 are

i ndependently selected fromthe group consisting of hydrogen, alkyl, aryl,
benzyl, cyclic. heterocyclic. and substituted al kyl or aryl where the
substituents ar e ieform a jpg ssrucgyre pf fige togeyen BKMORED3 can be t aken toget her
to form10 a ring structure of five to seven nenbers. 63. The net hod of

claim62 wherein and .Y . are.oxygen, T, hod _.of I in X
i S oxygen a 'Oﬁnci‘l gl‘(ﬁe,lﬂﬁp,e?qent%%e%%t.eg$ﬁgl ttrirl‘gtg%g} Cg) Slg{lré%c!r)nﬂgga r%él\r‘l@%r({ﬁx is
oxygen and Y is NR* 0. 66. The nethod of c¢laim 62 wherein X and Y are NR
10* 20 67. The manfoEnsyl, eydicrhgorogrdicetupsiiutes aley! of arvanehese the sepstituggls -
68 WO 01/40404 PCT/USOO 31101 68. The nethod of claim55 wherein the
inhibitor is of tahkeCs®rNcsuwrd. RICEOR,G RIR, 7, andiiyf,aan bRtal@napgkbtiRr 17 fame

i ndependently selected fromthe group consisting of hydrogen, alkyl, 5

aryl ,; cycl oal kyl ; IRt EREEYEHT Bve DUBSEH hethBesal kyl, substituted aryl, ORL10,
NR110R,,,, SR110, , NO CN, COR 1,, and hal ogen.
R, 12 is Ryg5, OR,p, or NR,R 5; and

R,,, and R, ; are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic. heterocyclic. and substituted alkyl or aryl where the
substituents are C, O, N, S, or P, or R, and R, ; can be taken together to form

10 a ring structure of five to seven members.
63. The method of claim 62 wherein X and Y are oxygen.
64. The method of claim 62 wherein X is oxygen and Y is CR,,R ;.
65. The method of claim 62 wherein X is oxygen and Y is NR .
66. The method of claim 62 wherein X and Y are NR ;.

20 67.  The method of claim 62 wherein X is NR,;,and Y is CR 3R ,s.
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R, 10 and R,,, are independently selected fromthe group consisting of

hydr ogen, al kyl, aryl, benzyl, cyclic, heterocyclic, substituted al kyl or
aryl wheyg o1/164 Osubstltuents are C, O N, S, or P, and COR&P4Rb0/4310110 and
R, ,, can be taken together to forma 10 ring structure of five to seven
menbers; R ,, is R102, OR10,, or NR10O, R103; and R10, and R103 are
independently selected fromthe group consisting of hydrogen, alkyl, aryl,
benzyl, cyclic, b pad t where t he
subst|tuentg%arehg%?%gﬁ%f$%§al ?ﬁ%?§”h% ﬁ%&%hggﬁ tﬁeﬁletaken t oget her

to form15 a ring structure of five to seven nenbers. 69. The net hod of
claim 61 wherein the first inhibitetr—is sglected fromthe group consisting
of phenyl acetyl ene, 2, 5-di-t-¥%utyl-1,4-benzZ8qui none, 2,6-di-t-butyl-1, 4-
benzoqui none, 1, 4- benzqu|none 2- met hyl ant hr aqui none, 1, 4- napht hoqui none,
2,6-di 20 tvhmuym-4-(phenylnethylene)-2,5-cyc|ohexadiene- | -one,
2,6-di-t-butyl -4-(phenylimno)- 2,5-cycl ohexadi ene-I|-one, and et hyl

34b|s (3,5-di-t-butyl one-2.5 69 01/.40404 PCT/ USOQ.31

cycl ohexadi &ny |ap@&mfren@ﬁa%?§§e@!y6$-e@m\é\? T 5 EroHRCGRRIHBE OB HP Ak
wherein a transition netal is added. 5 71. The nmethod of claim 70 wherein
t he tsransition metydl cickadopdeteroqzlic HubstitetcH atkybfsubstivted awylvpBriei n t he
first inhibitor is a blend of a hydrogen donor and an el ectron acceptor.

10 73. The net hoth)ﬁ RG], a8, AMOMEOe O, THBR Seemhbalogdn bi tor is of the
structure R1 " , R 4

R, ,and R,,, are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic. substituted alkyl or aryl where the substituents
are C, O. N, S, or P, and COR,, or R,,, and R};, can be taken together to form a

10 ring structure of five to seven members;
R, is Rygy, OR gy, or NR,R 53 and

R,,, and R,; are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the
substituents are C, O, N, S, or P, or R, and R,; can be taken together to form

15 a ring structure of five to seven members.

69.  The method of claim 61 wherein the first inhibitor is selected from the group

consisting of phenylacetylene, 2,5-di-t-butyl-1,4-benzoquinone, 2.6-di-t-butyl-1.4-

benzoquinone, 1,4-benzoquinone, 2-methylanthraquinone, 1,4-naphthoquinone, 2,6-di-
20 t-butyl-4-(phenylmethylene)-2,5-cyclohexadiene-1-one, 2,6-di-t-butyl-4-(phenylimino)-

2,5-cyclohexadiene-1-one, and ethyl 3,4-bis-(3,5-di-t-butyl-4-one-2,5-
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1'--, N~ R2 1 R3 0* wherein R, and R4 are independently selected from
t he group consisting of hydrogen, 15 alkyl, and heteroatom substituted

al kyl ang R3 are independently selected from the g&puRgQlg Sting
of al kyl ané/ﬂﬁteroaton}substituted al kyl, and the portion represents the

atons necessary to forma five-, six-, or seven-nenbered 70 WO 01/40404
PCT/ US00/ 31101 heterocyclic ring. 74. The nmethod of claim44 wherein the

second i nhibit e £ roxyls. 75. The nethod of claim 73
wherein the % g%ﬁ@a n%?%?? hm@%%?giﬁgh%ne or nore nitroxyls selected from

the group consisting of: N, N-di-tent-butyl nitroxide;

N, N-di -tert-anylnitroxide; 10

N-tert-butyl -2-nethyl-|-phenyl -propylnitroxide; Ntert-butyl- |

- di et hyl phosphono- 2, 2- di met hyl propyl ni troxide; 2,2, 6,

6-t et ramet hyd- pi ﬁ"énembthgd abofaim G- whernim-2r ghsBjof- mealrlalaéddtﬂyl - pi peri di nyl oxy;
4- hydr oxy-2,2, 6, 6-tetranethyl-piperidinyloxy; 15
4-oxo-2,2,6,6-tetranethy|-piperidinyloxy; 4-di net hyl am no- 2, 2, 6,

6-t et r anet hyl - pi peri di nyl oxy;

5 71. The method of claim 70 wherein the transition metal is copper.

72. The method of claim 44 wherein the first inhibitor is a blend of a hydrogen

donor and an electron acceptor.

10 73. The method of claim 44 wherein the second inhibitor is of the structure

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

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

2

portion represents the atoms necessary to form a five-, six-, or seven-membered
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4- et hanoyl oxy- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy;
2,2,5,5-tetranet hyl pyrrolidinyl oxy; 3

- am no- 2y oPadpd €t ramet hyl pyrrolidi nyl oxy; 71 WO 01/ 40404 HGHédd3efe131101
2,2,4,4-tetramethyl - | -oxa-3 -azacycl opentyl -3 -oxy;
2,2,4,4-tetramet hyl -1 -oxa-3-pyrrolinyl-I-oxy-3-carboxylic acid;
2,2,3,3,5,5,6, 6-octanet hyl -1. 4-di azacycl ohexyl -1, 4-di oxy; 4-brono-2, 2, 6,
6-tetraneth§u-pi$qridinyloxy; 5

4- chl or o- 2, 258 8L YEt Maet hyl - pi peri di nyl oxy;

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

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

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

6-t et ranet hyl - pi peri di nyl oxy; 10

4- car bonet hpxy- 2TRe Getrodetl chamatddywhaueipehd sticogd mkibitor #-acldebkohiovoy - 2, 2, 6,

6-t et ranet hyl - pi peri di nyl oxy; 4-cyano-4-hydroxy-2,2,6, 6-tetranethy

I-piperidinyloxyhﬁmﬁygpthyl-Z,Z, 6, 6-tetranethyl-piperidinyloxy;

4- car bet hoxy- 4- hydr oxy-2,2, 6, 6-tetranethyl-piperidinyloxy; 15

4- hydr oxy- 4- (1- hydr oxypropyl ) -2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;

4-metshyl -2, 2,6, 6-tetranmethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;

4-carboxy-2,2,6,6-tetranethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;

4- car bonet hoxy-2,2,6,6-tetranethyl-1,2,5 6-te r%Q¥drqg¥nidine - 1- oxyl ;
75. mnibitor cont

The method of claim 73 wherein the secon ains one or more
nitroxyls selected from the group consisting of:
N.N-di-tert-butylnitroxide;

N,N-di-tert-amylnitroxide;

10 N-tert-butyl-2-methyl-1-phenyl-propylnitroxide;
N-tert-butyl-1-diethylphosphono-2,2-dimethylipropylnitroxide;
2,2,6,6-tetramethyl-piperidinyloxy;
4-amino-2.2,6,6-tetramethyl-piperidinyloxy;
4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;

15 4-0x0-2.2,6,6-tetramethyl-piperidinyloxy;
4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloxy;
4-ethanoyloxy-2,2,6,6-tetramethyl-piperidinyloxy;
2.,2.5.5-tetramethylpyrrolidinyloxy;

3-amino-2,2,5,5-tetramethylpyrrolidinyloxy;
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4- car bet hoxy-2, 2,6, 6-tetranethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;

01/ 40404 PCT/ USOQO 31101

4-am no_‘g"%"g"“g‘i tetramethyl -1, 2,5, 6-tetrahydropyridine - 1P@i<,)y/JF@0/31101

4- am do-

3, 4-di ket o-
-tetranet hy
3- ket 0- 4- be
3-ket o-4, 4-
2,2,'1, 3,5,
3-car boxi m
3-0oxi m no-2
3- hydr oxy- 2
3-cyano- 3-h
- hydr oxy- 2,
3- car bet hox
-tetranet hy
2,2,5 5-tet
5-tetraneth
, 5-t étranet
bi s(1- oxyl -
bi s(1- oxyl -

15

tetranethyl -1, 2,5, 6-tetrahydropyridi ne -1-0x

72 WO

2,2,5,5-tetramet hyl pyrrolidinyloxy; 3 -keto-4-oximno-2,2, 5, 5

| pyrrolidinyloxy; 5

yl | di ne- .5, 5-1tetranet hyl pyrrolidinyl oxy;
Sel birmsieg 2ot RETROT NPT B i nyl oxy.
5- hexanet hyl pyrrolidi nyl oxy;

224 Lormanpithy 1L S By BN g Al bl ehi®¥¥y lic acid:
?gféféﬁtetraﬁetﬂgfp§¥;olPéin;ﬁgxy; 10ylcaC1
, 2,5, 5-tetramet hyl pyrrolidinyl oxy;

Y 4130X Y5, 2-obtabretigt 41 atviabdy plphexolli1di-dipkpxy;  3- car bonet hoxy- 3

2,5,5-tetranet hyl pyrrolidinyl oxy;

y-3- hydr oxy- 2, 2,5, 5-t et ramet hyl pyrrolidi nyl oxy;
#-bpome-2rhoRdeiranetlyl-Braidyyespyrrol e- | -oxyl:; 15
ramet hyl - 3-am no- 2, 5-di hydropyrrol e-1-oxyl; 2,2,

shivas Ay B PR e oyt . T ®
2,2,6,6-tetramet hyl pi peri di n-4-yl)succi nate;
218482 8:¢ SI&ARRIM IRy, 4-y1 ) adi pate; 7 3
4-fluoro-2,2,6.6-tetramethyi-piperidinyloxy;
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;
4-carboxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbomethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-4-hydroxy-2,2.6,6-tetramethyl-piperidinyloxy:
4-methyl-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-hydroxy-4-(1-hydroxypropyl)-2,2,6,6-tetramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
4-carboxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

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

4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-o0xyl;
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bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peridi n-4-yl)sebacat e;

bis(1l-0 - , 6-tetranet hyl pi peri di n-4-yl)n-butyl mal on . 1
bi s( 1- o@h@’,“g","g, 6-t et r amet hyl pi peri di n- 4-yl ) pht hal at e: PEfiusoorsino
bi s(1-oxyl-2,2,6,6-tetramnet hyl pi peridin-4-yl)isophthalate, 5

bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl)terephthal ate;

N N - bi o 1. g %t EER R PHLE B e QM TG e e

N (1-oxyl-2, 2,6, 6-tetranet hyl pi peridin-4-yl)-caprol actam

N (1- oxyl - 2 42, Kid6-2 Bb e thpi- Persi dlicialy dtbpyetagecybsucci ni m de; 10
2,4,6-tris-[N-butyl-N-(1-oxyl=-2,2,6,6-tetranethyl piperidin-4-yl)]-s-triazin
e; and 4,4' -ethylenebis(1-oxyl-2,2,6,6-tetranethyl pi perazin-3-one). 76.
Met hod of cBai-dikétb-NASreietrasaihyipyombideyxyont ai n i npurities fromthe
nmononmer production and/or purification processes. 15 77. Method of claim 76
wherein the inpurities include polgner formed during the production and/or
purificatioﬁ4ﬁ¥%6é§§@§ﬁ*%%§ﬁhﬁﬂﬁ6ﬁ'%Hwﬁpgﬁﬁw Yher ei n the pol ymer forned
during the production and/or 74 WD 01/40404 PCT/ US00/ 31101 purification

Phe pol yrer Tt aer My ere- braamsE b g IoYEur Tt Cat fon processes. i s
i nsol ubl e in the nononmer stream
3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;
2.2.3,3.,5,5-hexamethylpyrrolidinyloxy;
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy:
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

10 3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-cyano-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
2.2.5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl;

15 2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole-1-oxyl;
2,2.5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole-1-oxyl;
2,2,5,5-tetramethyl-3-cyano-2,5-dihydropyrrole-1-oxyl;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate;

bis(1-oxyl-2,2.6,6-tetramethylpiperidin-4-yl)adipate;
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5 80. Method of claim44 wherein said nononers are undergoing purification
by distillation. 81. Method of claim80 wherein the distillation process
occurs at pressures less 10 than 760 mm Hg. 82. Met hod of c&gi&g8€ wher ei n
the di stVPIOX949% process is a continuous process. 83. MetHOYS8Y3 14 m 80
wherein the equipnent in which the distillation process 15 occurs contains
polymer. 84. Method of claim83 wherein the polynmer was fornmed during the
nononer' s roduction and/or purification processes. 75 WD 01/40404

PCT/ USOQ 31 611'0851?2=§/@E§1F?83@FRE’I1PAP% %%M%F‘é%cﬁteé he pol ymer is not dissol ved
in the nononer stream 86. Method of claim80 wherein said nononers

contain inp %kLk%@ﬁ%%2§$&%?Hwﬁwﬁﬁﬂﬁﬂ§ﬁ4Bﬂ9§ﬁ§9&ﬂﬂmﬁ@g/Or purification

processes. arm er ei I'nmpurities include polyner
formed during the production and/or purification processes. 10 88. Mt hod

of clai m 87 ,uhehe) N bles-RekiRBYfifswe4duphagidéie production and/ or
purification processes is soluble in the nononmer stream 89. Mthod of

claim 87 wherein the polyner formed during the production and/or
puri fi cati obispr-oggszes,4-setiamsdlylpp@idim4tyipsophtfeiate. stream 15

5 bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydroterephthalate;
N.N’-bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide;
N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam;
N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide:;

10 2.4,6-tris-[N-butyl-N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)]-s-triazine; and

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

76. Method of claim 44 wherein said monomers contain impurities from the
monomer production and/or purification processes.

15

77. Method of claim 76 wherein the impurities include polymer formed during the

production and/or purification processes.

78. Method of claim 77 wherein the polymer formed during the production and/or
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90. A conposition conprising: A) at least one first inhibitor that is a
hydr ogen donor or an el ectron acceptor and B) at |east one second

i nhi bit i the follow ng structural fornula: 76 WO

PCT/ USOS‘E%QQ%I%&QX Xx 1112 RC~-CR4 NR3 O wherein 5 R an RA(fnare

i ndependently sel ected fromthe group consisting of hydrogen, alkyl, and
het eroat om substituted al kyl; R and R3 are independently selected fromthe
group consi st of a and 0 t tuted al kyl; and X, and X,
10 (1) are PWHE%B%BF&CF e%@ls%utbg ﬁfé%% gllg;&f%%%%l consi sting of hal ogen,
cyano, amdo, -S- C6H5, carbonyl, alkenyl, alkyl of 1 to 15 carbon atons,
COOR7, -S-COR7. and - OCOR7, wherein R7 is al kyl or aryl, or (2) taken
together, forma ring structure with the nitrogen. 15 91. The conposition
of claim90 wherein the first inhibitor is a hydrogen donor. 92. The
conposi ti on7@f cMaittadXE cldari whdreia the pelymienfuiripied duringthefpredustign pudour e

purification processes is insoluble in the monomer stream.

80. Method of claim 44 wherein said monomers are undergoing purification by

distillation.

81.  Method of claim 80 wherein the distillation process occurs at pressures less
10 than 760 mm Hg.

82.  Method of claim 80 wherein the distillation process is a continuous process.

83. Method of claim 80 wherein the equipment in which the distillation process
15 occurs contains polymer.

84. Method of claim 83 wherein the polymer was formed during the monomer's

production and/or purification processes.



R100 Rl1ol OH 77 WD 01/40404 PCT/US00/31101 wherein R100 and R101 are

i ndependently sel ected fromthe group consisting of hydrogen, alkyl,

al kyl i dene, benzylidene, aryl, benzyl, COR10,, COOR10,, CONR1O, R 03,
cyclic, WROUAMIEyclic, and substituted al kyl or aryl wher BCFV/HSOIEY i ¢ yent s
are C, 0, N, S 5 or P, or RILOO and RIO can be taken together to forma
ring structure of five to seven nenbers; and R102 and R103 are

i ndependent Ig sel ected fromthe group consisti ngg of hydrogen, al kyl, aryl,
benzyl, cycBpbc, Metbobeldpin:s3 yharesuthsPphygicads patiiasolyEd i e @omETt he
substituents are C, 0, N, S, or P. or R10, and R103 can be taken together
to formio a ring structure of five to seven nenbers. 93. The conposition
of claim9l Wi ein the first inhibitor is of the structure 100 HO' C 15
N R101 wherein RL100 and RIO, are independently selected fromthe group
consi sting of hydrogen, alkyl, alkylidene, benzylidene, aryl, benzyl,
COR10,, COOR10,, CONR, 0,R,03, cyclic, heterocyclic, and substituted al kyl
or aryl where the substituents are CC O N S, 20 or P, or R100 and R10,
can be take8o6t ogééired dbclhiar R svhefengysasd mooomenrs cofitafni mepurigies from the

5 monomer production and/or purification processes.

87. Method of claim 86 wherein the impurities include polymer formed during the

production and/or purification processes.

10 88. Method of claim 87 wherein the polymer formed during the production and/or

purification processes is soluble in the monomer stream.

89. Method of claim 87 wherein the polymer formed during the production and/or
purification processes is insoluble in the monomer stream.
15
90. A composition comprising:
A) at least one first inhibitor that is a hydrogen donor or an electron acceptor and

B) at least one second inhibitor having the following structural formula:
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seven nenbers; and 78 WO 01/40404 PCT/USOQO 31101 R102 and R103 are
i ndependently sel ected fromthe group consisting of hydrogen, alkyl, aryl,

benzyl , wy§ldoSos NELErOCYClic, and substituted al kyl or arpdryaghfiol he
substituents are C, O N, S, or P, or R102 and R103 can be taken together

to form a ring structure of five to seven nenbers. 5 94. The conposition
of claim91 wherein the first inhibitor is of the structure R104 R109
R105 R108 R106 10 R107 wherein R104, R105, R106, R107, R108, and R109 are
i ndependent|y sel ected fromthe group consisting of hydrogen, alkyl, aryl,
cycl oal kyl, heterocyclic, subsﬂftut%QRalkyl. substituted aryl. 15 OR110,
NR110R111, SR110, NO,, NO éN,?GQR; 2,+ hal ogen, and/or any two adj acent
groups can be taken together t&,florfaring structure(s) of five to seven
menbers, provided that at |east Bne of R104, RI105, R106, R107, R108, and
R109 is OH or NHR110. R110 and R111 are independently selected fromthe
group consisting of hydrogen, alkyl, aryl, benzyl, cyclic, heterocyclic,
substituted al kyl or aryl where the substituents 20 are C, 0, N, S, or P.
and CORL0, ,WB¢TR110 and R111 can be taken together to form

5 R, and R, are independently selected from the group consisting of hydrogen, alkyl, and

heteroatom-substituted alkyl;

R, and R, are independently selected from the group consisting of alkyl and

heteroatom-substituted alkyl; and
X, and X,

10 (1) are independently selected from the group consisting of halogen, cyano, amido, -S-
C,H,, carbonyl, alkenyl, alkyl of 1 to 15 carbon atoms, COOR,. -5-COR,. and -

OCOR,, wherein R, is alkyl or aryl, or

(2) taken together, form a ring structure with the nitrogen.

15 91.  The composition of claim 90 wherein the first inhibitor is a hydrogen donor.
92.  The composition of claim 91 wherein the first inhibitor is of the structure
R100\ /RIOI
N
OH
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79 WO 01/40404 PCT/US00/ 31101 a ring structure of five to seven nenbers;
RI 12 is R10,, OR70,, or NR1O, R103; and R10, and R103 are independently

sel ect edy§hpRasple group consisting of hydrogen, alkyl, agyusk@izor -
cyclic, heterocyclic, and substituted alkyl or aryl where the 5

substituents are C, 0, N, S. or P, or R10, and R103 can be taken together
to form a ring structure of five to seven nenbers. 95. The conposition of
claim 94 Wh%;‘e}el’i] R104 is OR 10 96. The conposition of claim95 wherein
R107 is OR 95“7 The conposition of claim95 wherein R105 is OR 98. The
conposition of claim95 wherein at |east one of RL0O5 and R107 is NO2. 15
99. The conmposixhd QN afe iGlidcAi&RIyWaRERU Trodl tHeq@silp eisthg Rlkniragh, RLOY i s
NO. 100. The conposition of claim94 wherein R104 is NHR110 and at | east

oo, 0%, iR R AL RO ST b

conposi tion of cfarm ere _ 07 'S NRIORIT "an _
Iofs F E:n)s/![ r u g? 3r e Q%ré‘%rcrl%?ghﬁ Is.x?br]sti?Jtedc AIE,'vl@r%%yl W. eel;éa {hg sh‘t?s%t&énlissére Id? '?J?xﬁtsor 'S
5 or P, or R,;, and R,,, can be taken together to form a ring structure of five to

seven members; and

R,,, and R, are independently selected from the group consisting of hydrogen, alkyl.
aryl, benzyl, cyclic, heterocyclic. and substituted alkyl or aryl where the

substituents are C, O, N, S, or P. or R, and R, can be taken together to form

10 a ring structure of five to seven members.

93. The composition of claim 91 wherein the first inhibitor is of the structure

R0
HO C
N TN
N - Rio1

15

wherein

R,y and R, are independently selected from the group consisting of hydrogen, alkyl,
alkylidene, benzylidene, aryl, benzyl, COR,y,, COOR,p,, CONR;,R ;. cyclic,
heterocyclic, and substituted alkyl or aryl where the substituents are C, O, N. S,
20 or P, or R, and R, can be taken together to form a ring structure of five to
seven members; and
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114 R115 wherein 10 R113, Rl114, and R ,, are independently selected from
the group consisting of hydrogen, alkyl, aryl, cycloalkyl, and

het er ockghip eties. 103. The conposition of claim?9l ! first
|nh|b|t§$ |gM%@&the structure R 16 R123 1J :llii"lliriil V???%ﬁpﬁl'cl
R119 R120 wherein 81 WO 01/40404 PCT/USOQ 31101 R116, R117, R118, R119,
R1,0, R1,1, R,,. and Rl1,3 are independently selected fromthe group

consisting gf h og r u tuted
kol - sapfee (1 B B et s‘éﬂsﬂ@%@%&%&%@gﬁi%?é‘%‘* Rk 12
hal ogen, and/or aq tmo adj acent d a be g EY? E ? 0 forn1r|ng
structure(s) 5 @yiFhepavh eydicy r%“ ﬁltﬁtﬁ e Yp eVPRGdpendent | y
sel ected fromthe group conS|st|n% of hydrogen, alkyl. aryl, benz
cyclic, heterocysubstifuestszse Ct Ot &4 aﬁk&kﬂé%man@R«mh@Téf@h@lgﬂﬁ@ﬁf Als are
C 0, N S or P, and COR10, or R110 and R*" 1 can be taken together to form
a ring structure rpfg siuvRrd 6f Hemenevenansers.10 R', is R10,, OR10,, or
NR10O, R103; and R10, and R103 are independently selected fromthe group
consi sting of hydrogen, alkyl,

d

94, The composition of claim 91 wherein the first inhibitor is of the structure
R0
R, 5 Rios
R08 R06
10
R,y
wherein

R 04> Rips> Rigss Ryg7s Ryog and Ry are independently selected from the group consisting
of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl. substituted aryl.

15 OR, o, NR, (R, ;15 SRy, NO,, NO, CN, COR,,, halogen, and/or any two adjacent
groups can be taken together to form ring structure(s) of five to seven members,

provided that at least one of Ryg4, Rgs, Ry Ryg7. Ry, and Rygeis OH or NHR

R,,and R,,, are independently selected from the group consisting of hydrogen, alkyl.
aryl, benzyl, cyclic. heterocyclic, substituted alkyl or aryl where the substituents

20 are C, O, N, S, or P, and COR,,, or R,,;, and R}, can be taken together to form
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aryl, benzyl, cyclic, heterocyclic, and substituted al kyl or aryl where the
substituents are C, 0, N, S, or P. or R10, and R103 can be taken together
to form (ﬁ&ﬁg4structure of five to seven nenbers. 15 104c1iR6o/£96WP0Si tion
of claim91l erein the first inhibitor is selected fron1tﬁe group

consi sting of diethyl hydroxyl am ne, cycl ohexanoneoxi ne,

di benzyl hydr oxyl am ne, 2, 4-dinitro-6-sec-butyl phenol, N-phenyl-N -(1, 4-

di met hyl pentyl) - par a- L am - di -t - butyl hydr oqui none, 2,5-di-t
20 anylhydroquin@ﬁéﬁg%ggﬂékﬁggg%gﬁ%gﬁﬁg%nﬁ@gibutyIhydroquinone.

4-t-butvl catechol. octanethiol,
2,6-di-t-buQMkjgggﬁhyRRn@ppnggugLﬁm@phthenate, di hydroant hracene, N-t-

but yl - 2- benzot'hi azol e- sul f enanm de, and N-nethyl-4-nitroaniline. 82 WO

01/ 40404 PCT/USCO 31101 105. The conposition of claim91 wherein a
transition ytandiRaddedepdgentyTidectesnposithd gnuptorsising of dsdisetr.allylt he
transition netal is copper. 5 107. The conposition of claim90 wherein the
first inhibitor issylaBerdBelE) hageptity, and LBtituldiealkpnpasiltiten: ok cl ai m 107
wherein the first inhibitor is of the structure X R12r, R122 10 R121 R123

wherein X and Y asgssthﬁ&ﬁ?&%@%,w,s%%k ected LA L hen Bk 4RnGINThS kb RGnOT
oxygen, NR110, an

a ring structure of five to seven members.

95.  The composition of claim 94 wherein R, is OH.
10 96. The composition of claim 95 wherein R, is OH.

97. The composition of claim 95 wherein R 5 is OH.

98.  The composition of claim 95 wherein at least one of R,ys and R, is NO,.
15

99.  The composition of claim 95 wherein at least one of R,y and R4, 1s NO.

100. The composition of claim 94 wherein Ry, is NHR |, and at least one of R s

and R,y, is NO.,.
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15 CR124R125, R170, R121, R122, and R123 are independently selected from
t he group consisting of hydrogen, alkyl, arvi. cycloal kyl, heterocyclic
substlt ggu substituted 120 aryl, OR110. NR110R1 NO,
halogen or Rand R1,, can be taken toget er and/or R122
and R123 can be taken together to form 20 one or two ring structures,
respectively, either of which can be of five to seven 83 WO 01/40404
PCT/ USQO/ 31 nber s nd en ect ed m t he
gr oup consii&ﬁng FcﬂmﬁP%g%%Ofgggﬂﬁgahg% RIOtl(;c O§I%E$¥ i@?é?%ﬁyc |g”‘
substituted al kyl, substituted aryl, OR10, NRt 10R,,. SRl 10, NO2, NO CN,
COR, , 2, halogen,l%ﬂﬁﬁﬁk can be taken together 5 to forma ring structure
of five to seven nenbers; R10 and R11l, are independently selected fromthe

group consi sting of hydrogen, alkyl, aryl, benzyl, cyclic, heterocyclic,
substituted al kyl or aryl where the substituents are C, 0, N, S, or P, and
COR10,, or R10 and R ,, can be taken together to form a ring structure of

five to sevep menelcsinpdaiibd dLclhitn G QBerePREQ firstafihibitdiOs Bf hd;stratwdrdR10, and
R103 are independently selected fromthe group consisting of hydrogen,

al kyl, aryl, benzyl, cyclic, heterocyclic, and substituted al kyl or aryl
where the substituents are C, 0, N S, or P, or RIO, and R103 can be taken
together to form a ring structure & five to seven nenbers.

L SH

115

wherein

10 R,;5 R, .4 and R, 5 are independently selected from the group consisting of hydrogen,

alkyl, aryl, cycloalkyl, and heterocyclic moieties.

103. The composition of claim 91 wherein the first inhibitor is of the structure

Rll() R123

15 117

118

119 120

wherein
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15 109. The conposition of claim 108 wherein X and Y are oxygen. 110. The
conposition of claim 108 wherein X is oxygen and Y is CR, 24R 25. 20 111.
The conposition of claim 108 wherein X is oxygen and Y is NR10. 84 WO

01/ 4040VPEB#MEO0 31101 112. The conposition of clai m 1GEHHSEHWIX and Y
are NR110. 113. The conposition of claim 112 wherein X is NR110 and Y is
CR 24R,25. 5 114. The conposition of claim 107 wherein the inhibitor is of
the structure R126 C C R127 wherein R126 and R,,, are independently

sel ected frBmstthe- rodbieBnsifsti Ry and Rud prgedereafgyly, seleged) fromp yhq gapRy | |
het erocyclic, substituted al kyl, substituted aryl, OR10, 10 NR110OR, 11,
SR110, NO7, NO CdhsidGoRDI Rydrapeh, hillybgeyl, Ridoakyd, IRidrdcyatie. subdependditll y
selected fromthe group consisting of hydrogen, alkyl, aryl, benzyl,

cyclic, heter Ocygtllﬂsﬁtutéd‘f'j%?, igrut esiral Ryl s, axNgl, Wbere, COR, suRséddhuents are
C O, N S or P, and 02 or° R10°and Ri{ can be taken together to forma

ring structure of five to seven X I

NRLO2R103: and RTE)(%O%%H BPeageR £ &%ﬁ&%ﬁ ﬁ*@ﬁ'@gﬁ%ﬁrﬁ %ﬁuect%%(éﬁp
consi sting of hydrogen, alkyl, aryl, benzyl, cyclic, heterocyclic, and
substituted al kyPfBre Erspremmgp®etshe  substituents are C, 0, N, S, or P, or
R10, and R103 can be taken together to form a ring structure of five to

seven merrbek?].o and R, are independently selected from the group consisting of hydrogen, alkyl.
aryl, benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents
are C, O, N, S, or P, and COR,, or R, and R,,, can be taken together to form a

ring structure of five to seven members;
10 R}, is Ryga OR, g2, 0r NR ;R (35 and

R,,, and R,y; are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the
substituents are C, O, N, S, or P. or R, and R,; can be taken together to form

a ring structure of five to seven members.

15

104.  The composition of claim 91 wherein the first inhibitor is selected from the
group consisting of diethylhydroxylamine, cyclohexanoneoxime,
dibenzylhydroxylamine, 2,4-dinitro-6-sec-butylphenol, N-phenyl-N"-(1,4-
dimethylpentyl)-para-phenylenediamine, 2,5-di-t-butylhydroquinone, 2,5-di-t-

20 amylhydroquinone, methylhydroquinone, 4-t-butylhydroquinone. 4-t-butylcatechol.
octanethiol, 2,6-di-t-butyl-4-ethylphenol/Cu(I)naphthenate, dihydroanthracene, N-t-
butyl-2-benzothiazole-sulfenamide, and N-methyl-4-nitroaniline.
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20 85 WD 01/40404 PCT/US00/ 31101 115. The conposition of claim 107 wherein
the first inhibitor is selected fromthe group consisting of

phenyl agghylg6gs 2. 5-di -t-butyl-1,4-benzoqui none, 2, 6-di-pcPebsiion
1, 4- benzoqui none, 1, 4-benzoqui none, 2-nethyl ant hraqui none,

1. 4- napht hoqui none,
2,6-di-t-butyl -4-(phenyl nmet hyl ene) - 2, 5- cycl ohexadi ene-| - one,

34 bi o (3. 3o - 106 SRPOHBRRTShEr o DL B A AP o™ i oat e

116. The conposition of claim 107 wherein a transition netal is added. 10
117. The conposition of claim 116 wherein the transition netal is copper.
118. The conposition of claim90 wherein the first inhibitor is a blend of
a hydrogen donor and an el ectron acceptor. 15 119. The conposition of

cl ai m 90 whéanei n Thheoswpositidn bHblatm § 0F whsreof the teengtieworcial és RPPer-C , R4 N R2
I R3 0* wherein R and R4 are independently selected fromthe group

consi sting of hydrogen, 20 alkyl, and heteroatom substituted al kyl and R,
and R3 are independently selected from 86 WD 01/40404 PCT/US00/ 31101 the
group consisting of al kyl and heteroatom substituted al kyl, and the

5 107. The composition of claim 90 wherein the first inhibitor is an electron acceptor.

108.  The composition of claim 107 wherein the first inhibitor is of the structure

RIZ") R122

10

R R123

wherein

X and Y are independently selected from the group consisting of oxygen. NR,, and

15 CRy54R 55,

R 20- Ri21» Ryp» and R, are independently selected from the group consisting of
hydrogen, alkyl. arvl, cycloalkyl, heterocyclic, substituted alkyl, substituted
aryl, OR, .. NR,,oR}};» SR;}4, NO. NO,, CN, COR;,, and halogen. or Ry, and
R,,, can be taken together and/or R,,, and Ry,; can be taken together to form

20 one or two ring structures, respectively, either of which can be of five to seven
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portion represents the atons necessary to forma five-, six-, or
seven-nenbered 5 heterocyclic ring. 120. The conposition of claim90

wherein the second inhibitor is a blend of two nitroxyls The
conposiﬂy8ﬁL%?&glain1119 wherein the second i nhibitor con?gﬁa§&§ﬁg) nor e

nitroxyls selected fromthe group consisting of:

N, N-di -tert-butylnitroxide; N Ndi-tert-anylnitroxide;
N-tert-butyl -2-nmet hyl - 1- phenyl - propyl nitroxi de; 15 N-tert-butyl -
- di et hyl phosphon&e¥bEIdi net hyl pr opyl ni t r oxi de;
2,2,6,6-tetranmet hyl - pi peri di nyl oxy;

4-am no-2, 256, 8.4 Rt r%h@%e&@ér@ﬁ %QE@WfW the ﬁ%lgygngﬁ gf’zhycﬁooe@l E%T,amat hy

| - pi peri dlny¥ox 1A- t et r anet i peri | oxy
01/ 40404 PCTI US@’

4- di met hyl ani no- 2% illoémp%$ﬁﬁﬁﬁWﬁ§PcﬁPB%FWﬁ?ﬁgwaybmnumdamd OR, .

4- et hanoyl oxy- 2, 2, 6, 6-t et ranet hyl - Rgrldlnyloxy 2,
_tetranet hyl pyr r &R, dRny! Bys: N@aalrﬂ)nﬁ C@R‘:;75h41@g%ﬁ@i/ﬁy¢wertékqlﬁpﬁiﬁh@xy 5
2,2,4,4-tetramet hyl - 1- oxa- 3- azacycl opent yl - 3- oxy;

2,2, 4, 4- tetranEthyﬂnhanﬂgampmnéafﬁnykykwamymﬁﬁearboxyl|c aci d;
2,2,3,3,5,5,6, 6-octanet hyl -1, 4-di azacycl ohexyl -1, 4- di oxy;

R, and R,,, are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic, substituted alkyl or aryl where the substituents
are C, O, N, S, or P, and COR,,, or R,;, and R, can be taken together to form

a ring structure of five to seven members;
10 R,;» 18 Rygp, OR gy, or NR (1R 45 and

R,,, and R,,; are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the
substituents are C, O, N, S, or P, or R,, and R,,; can be taken together to form

a ring structure of five to seven members.
15

109. The composition of claim 108 wherein X and Y are oxygen.
110. The composition of claim 108 wherein X is oxygen and Y is CR,R»s.

20 111.  The composition of claim 108 wherein X is oxygen and Y is NR ;.
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4- brono- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;
4-chl oro-2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy; 10

4-i odo- gvé g(ﬁogetranethyl piperidinyloxy; PCT/US00/31101
4-f | uor 6-t et ranet hyl - pi peri di nyl oxy;

4- cyano- 2, 2 6, 6-t et ranet hyl - pi peri di nyl oxy;
4- carboxy-2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy; 4-carbonet hoxy-2, 2, 6,

6-tetraneth Lidl ,
¥ ”Z 2&21 g{n@%ﬂglﬁ&{ of]é'l?lm 108 whegein X and Y are NR .

4- car bet hoxy- ramet pi peri di nyl oxy;

4- cyano- 4- hydroxy 2,2,6, 6- tetranethyl pi peri di nyl oxy;
4-nethy|-2,2,6,6-tetranethy|-piperidinyloxy; 4- car bet hoxy- 4- hydr oxy- 2, 2,
6, 6-tetranethyl-piperidinyl oxy;

4- hydr oxy-4- (1- hydroxypropyl)-2,2,6, 6-tetraneth I-plferldlnyloxy, 88 WO
01/ 40404 PCT1BS00h8 romposition of claim 112 wherein X is 110 and Y 1s CR54R 5.

4-met hyl -2,2,6,6-tetranmethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;
4-carboxy-2,2,6,6-tetranmethyl -1, 2,5, 6-tetrahydropyridi ne -1-oxyl;
4-carbonethoxy-2,2,6,6-tetranethy|-1,2,5,6-tetrahydropyridine -1- oxyl ;

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

4o 2 2186 NN dr g f) EHEGINALARIEA 081 s

3, 4- dlketo 2,2,5, b- tetranethylpyrrolldlnyloxy, 3 -keto-4-oximno-2,2, 5,
-tetranethylpyrrolldlnyloxy, 3 kgtg:gjbquylldlne 2,2,5, 5
-tetranet hyl pyrrolidi nyl oxy; 127

wherein
R,, and R,,, are independently selected from the group consisting of hydrogen, alkyl,
aryl, cycloalkyl, heterocyclic, substituted alkyl, substituted aryl, OR,,,

10 NR, (R, ,;» SR;;0, NO,, NO, CN, COR,,, and halogen

R,,,and R,,, are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic. substituted alkyl or aryl where the substituents
are C, O, N, S, or P, and COR,y, or R, and R,,, can be taken together to form a

ring structure of five to seven members;
15 R, is R g, ORg, 0r NR R 55 and

R,,, and R,y; are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the
substituents are C, O, N, S, or P, or R, and R, can be taken together to form

a ring structure of five to seven members.

20
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10 3-keto-4,4-dibrono-2,2,5,5-tetranet hyl pyrrolidinyloxy; 2,2,3,3,5,

5- hexanmaybywhpoao4 ol i di nyl oxy; 3-carboximdo-2,2, 5, 5 PCT/US00/31101
-tetranmet hyl pyrrolidinyloxy;, 3 -oximno-2,2, 5, 5 -tetranethylpyrrol

di nyl oxy; 3 -hydroxy-2,2, 5, 5 -tetranethylpyrrolidiny |oxy; 15
3-cyano-'1-hydroxy-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy; 3-carbonethoxy-3
-hydroxy-2,2,5, 5 -tetranethyl pyrrolidinyloxy; 3-carbethoxy-3-hydroxy-2, 2,
5 »oS-tetra ?yl Cot Yy gljnkgélﬁ'%ﬁ Qfxéﬁgim ?%ﬂ\gﬁerem the ﬁrst inhibitor 1s selected from the

, 5-tetranet 3-car ropyrrole- | -oxyI,

2,2,5,5-tetraneth / 40404
PCT/ USOQ/ 31 £tPEP CQX%@QSO wﬁ@eﬁw ?y % tolg%(ﬂoﬁ“ %ﬁn%oq& ’}?2{28720&% 'Y}g}l%/}
-oxyl; 2,2,5,5-tetranet hyl -3 -cyano- 2, 5- dlhydropyrrole- - oxyl ;

bi s{ 1- oxyl - 2 42b€6126qme¢rr€aﬂrétbﬂyllzm%@med%me&lh}g}m)tb@@@mﬁ&? d:4- naphthoqumone
bi s(1-oxyl-2,2,6,6-tetramet hyl pi peridin-4-yl)adipate; 5

bi s(1-oxyl -2 ,,62di6t,t§;t§z1e4-(}ﬁﬁﬁy1mdﬂgilmnizm-cyczne}mkacﬁeﬂrat@he;2,6-di-t-buty1-4-
bis(l oxyl -2, 2,6, 6-tetranet hyl pi peri di n-4-yl)n-butyl mal onat e;

bi s( 1- oxyl - tHr - -
S ) B SNSRI L onc

bIS(l oxyl - ,6,6-tetr r d|n 4-yl)terephthal ate; 10
bi s( 1- oxyl - Qyéo Xéd?8¥wgﬁglﬂ%ﬁg?8§ 1875- 4- y1 ) hexahydr ot er epht hal ate; N, N
-bi s(1-oxyl -2, 2,6, 6-tetranet hyl pi peri di n-4-yl)adi panm de;

116.  The composition of claim 107 wherein a transition metal is added.
10 117. The composition of claim 116 wherein the transition metal is copper.

118. The composition of claim 90 wherein the first inhibitor is a blend of a

hydrogen donor and an electron acceptor.

15 119. The composition of claim 90 wherein the second inhibitor is of the structure

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

20 alkyl, and heteroatom-substituted alkyl and R, and R; are independently selected from
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N (1-oxyl-2,2,6, 6-tetranet hyl pi peridin-4-yl)-caprol actam
N- (1-ox 6-tetranet hyl pi peri di n-4-yl)-dodecyl succi g
2,4, 6- trlg fhﬂ ﬁtyl-N—(l-oxyI 2,2,6, 6- tetranethylplperldlnbihgﬁ/ 113 1tr|a2|n
e; and 15 4, 4' -et hyl enebi s(1- oxyI 2,2,6,6-tetramet hyl pi perazi n-3-one). 90

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

&

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

5 heterocyclic ring.

120.  The composition of claim 90 wherein the second inhibitor is a blend of two

nitroxyls.

10 121.  The composition of claim 119 wherein the second inhibitor contains one or

more nitroxyls selected from the group consisting of:
N,N-di-tert-butylnitroxide;
N,N-di-tert-amyInitroxide;
N-tert-butyl-2-methyl-1-phenyl-propylnitroxide;

15 N-tert-butyl-1-diethylphosphono-2,2-dimethylpropylnitroxide;
2,2,6,6-tetramethyl-piperidinyloxy;
4-amino-2,2,6,6-tetramethyl-piperidinyloxy;
4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;

4-0x0-2,2,6,6-tetramethyl-piperidinyloxy;
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WO 01/40404 PCT/US00/31101

4-dimethylamino-2,2.6.6-tetramethyl-piperidinyloxy;
4-ethanoyloxy-2,2.6,6-tetramethyl-piperidinyloxy:
2,2,5,5-tetramethylpyrrolidinyloxy;
3-amino-2,2,5,5-tetramethylpyrrolidinyloxy;

2,24 4-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy;
2,2,4,4-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid;
2,2,3,3,5,5,6,6-octamethyl-1,4-diazacyclohexyl-1,4-dioxy;
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
4-chloro-2,2,6,6-tetramethyl-piperidinyloxy;
4-i0do-2,2,6,6-tetramethyl-piperidinyloxy;
4-fluoro-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;
4-carboxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbomethoxy-2.2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;

4-hydroxy-4-(1-hydroxypropyl)-2,2,6,6-tetramethyl-piperidinyloxy;

88



10

WO 01/40404

4-methyl-2.2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;

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

PCT/US00/31101

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

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

4-amino-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
4-amido-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,3,3,5,5-hexamethylpyrrolidinyloxy;
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy;
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;
3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-cyano-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl;

2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole-1-oxyl;
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2.2,5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole-1-oxyl;
2.2,5,5-tetramethyl-3-cyano-2,5-dihydropyrrole-1-oxyl;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)sebacate;
bis(1-o0xyl-2,2,6,6-tetramethylpiperidin-4-yl)n-butylmalonate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)phthalate;
bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate;
bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydroterephthalate;
N,N’-bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide;
N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam;
N-(1-oxyl-2,2.6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;
2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)]-s-triazine; and

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

90



