- 3 NOV 2004 NI TROAROVATI C SOLUBI LI ZER FOR NI TROXYLS I N AROVATI C SOLVENTS

BACKGROUND OF THE INVENTION 1. Field of the Invention The present _ V.2

invention is directed to the use of at | east one nitroaronatic corrp?bmd [{le

enhance the solubility of at |east one nitroxyl conpound in aromatic

hydr ocarbon sol vents. 2. Description of Related Art Many ethylenically

unsat urated nononers undesirably polynerize at various stages of their

manuf act ure, processing, handling, storage, and use. A particularly

troubl esone problemis equi pnent fouling caused by polynerization in the
RINERA

purification stageNISRAAROGMAJIEIFORUBILIZERIO XM ir s.

Pol ynmeri zation, such as thermal polynerization, during their purification
results in the loss of the nONYREMATIGSODVENTS production efficiency

owi ng to the deposition of polymer in or on the equipnent being used in
the purification, the deposits of which nust be renoved fromtine to tine.
Additionally, the formation of soluble polyner |eads to |oss of nononer,

e’ pr oduced.  The. processi HAGREROUNPDR HEE ISEENUON! gher < emperature
and work (energy cost) to renove residual nononer. N troxyls are very

ef ficient pblyneFieldof the Invkatién ors for use in the purification of vinyl
aromati c nmononers. Many of these nitroxyls are solids at anbient

condi ti ons. Dosi Mge pfesént 3@ dntion diRictedrtoithy e df ADRTOhe Ritfdatdmatd on train,
usual ly a
compound to enhance the solubility of at least one nitroxyl compound in aromatic
hydrocarbon solvents.
2. Description of Related Art
Many ethylenically unsaturated monomers undesirably polymerize at various
stages of their manufacture, processing, handling, storage, and use. A particularly
troublesome problem is equipment fouling caused by polymerization in the
purification stages of the production processes of such monomers. Polymerization,
such as thermal polymenzation, during their purification results in the loss of the
monomer and a loss in production efficiency owing to the deposition of polymer in or
on the equipment being used in the purification, the deposits of which must be
removed from time to time. Additionally, the formation of scluble polymer leads to
loss of monomer, i1.e., a lower yield, and an increase in the viscosity of any tars that
may be produced. The processing of the tars then requires higher temperature and
work (energy cost) to remove residual monomer.
Nitroxyls are very efficient polymerization inhibitors for use in the purification

of viny! aromatic monomers. Many of these nitroxyls are solids at ambient

conditions. Dosing of a solid inhibitor into a monomer purification train, usually a
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- 1 -3 NOV 2004 continuous distillation process, is difficult and can be a
safety hazard, owing to the easy plugging of solids dosing systens. The
solvents commonly used to add inhibitors into a distillation trainr JRIV 2004
vinyl aromatics are the vinyl aromatic nononers thenselves or the
correspondi ng saturated vinyl conpounds, i.e. styrene or ethyl benzene, or
di vi nyl benzene or diethyl benzene. These solvents are highly flamuable and
potentially carcinogenic. Therefore, safety (and econom c) concerns

require that the solutions be made as concentrated as possible in these

f 1 ammabl e @@txmnvsdlsljlﬁtmmmn@tsellwlfﬁaﬂyand dande l safelyakiEzawd oyvihg ra thed
solubilities in these solvents. U S. Patent Nunmber 3,163,677 discloses

NN Otri Su@a&?lpmég@r@h bﬁ'ﬁhﬁwbﬁﬂg msemﬁnmel\éoweqts%ﬁﬁﬁdmyh@éa t9iadeoxi des of

t he formul ae:
inhibitors into a distillation train for vinyl aromatics are the vinyl aromatic monomers

themselves or the corresponding saturated vinyl compounds, i.e. styrene or
ethylbenzene, or divinylbenzene or diethylbenzene. These solvents are highly
flammable and potentially carcinogenic. Therefore, safety (and economic) concerns
require that the solutions be made as concentrated as possible in these flammable
solvents. Unfortunately, many nitroxyls have very limited solubilities in these
solvents.

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

and N,N-disubstituted nitroxides of the formulae:

and

1
R cI:' N—O0——C—R_ R - N-—O*
R

2 2

wherein R, R,, and R, are each an alkyl radical having 1 to 15 carbon atoms. (As
used herein, the designation N-O* denotes a stable free radical wherein the asterisk is
an unpaired electron.} The N,N,O-trisubstituted hydroxylamines can be used to make
the 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
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
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2and R I3 R-CNO" 21 LRI 2werein R, R2, and R3 are each an

al kyl radical having I to 15 carbon atons. (As wused herein, the _ oy
designation N-O* denotes a stable free radical wherein the asterisk Q &N“
unpaired electron.) The N, N, O trisubstituted hydroxyl am nes can be used to
make the N, N-disubstituted nitroxides, which are stable free radicals and
are said to be wuseful as polynerization inhibitors. U S Patent Nunber
3,334,103 discloses that nitroxides can be prepared from the correspondi ng
het erocyclic am ne wherein the nitrogen atomof the nitroxide group is

att ached t oatenhéarmshagrartoftadratéracyclic amblens)ofThase mtrbyided are sgidaapatd uefyl t he
nitrogen 2 -3 NOV 2004 atomforns a part of a heterocyclic nucleus). These

ni troxi des grdpefipisdirhBartaKoseeeidiibed BHARE NN &5subbidulednifcOkiddxastay descr i bed
for the N,N-disubstituted nitroxides of U & ~ Patent Nunber 3,163,677. U.S.

Pat ent Nunb } oses that a great variety of N N
disubstitutgé?§g$§§¢é$§%g%§9?adicaI nitroxi des not otherw se readily

avai |l abl e can be repared by a sinple and conveni ent process that
conpri ses pyrol yg.gqutqspté\Ipq] 372,182 discloses that a great variety of N,N-

disubstituted, stable, free radical nitroxides not otherwise readily available can be
prepared by a simple and convenient process that comprises pyrolyzing in an inert
reaction medium virtually any hydroxylamine that is susceptible to cleavage of the O-
C bond, e.g., tri-t-butylhydroxylamine.

U K. Patent Number 1,127,127 discloses that acrylic acid can be stabilized
against polymerization by the addition thereto of a nitroxide having the essential

skeletal structure:

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

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

formula:



reaction nediumvirtually any hydroxylam ne that is susceptible to cl eavage
of the 0- C bond, e.qg., tri-t-butylhydroxylamne. U K Patent NunbggN
1.127,127 discloses that acrylic acid can be stabilized against OV 2004
pol yneri zation by the addition thereto of a nitroxide having the essential .
skeletal structure: o* .N13 R-CCR21 1 wherein R, R2, R3, and R4 are
al kyl groups and no hydrogen is bound to the remaining valencies on the
carbon atons bound to the nitrogen. The two remaining valencies that are
not satisfied by R to R4 or nitrogen can also forn1Eart of aring (e.g.,
2,2,6,6 tewmamﬁysl: seledigifromythp gpsawpicansisting of-textiary) alky), sryl.Rdkamt. Nunber
3,422,144 discl oses stable, free radical nitroxides of the fornula: 3 -3

NOV 2004 whgilghryl, Baitexgaly B alietty ifyOmllhdi@inaupy K sdndtdidigy l@midsiry), any Ral kyl
aryl, alkaryl, “haloaryl, carboxyaryl, alkoxyaryl, alkylthioaryl, pyridyl,

and dial kyl %H%WM&(&] aﬁ%sBmtrox?dets% etﬂa?cf% dj§¥(‘u]1 a;-g%]efopl‘etacﬁ éﬁ%é are sai d

to be usefu reactive ree e counting of
free radical s_and for |nh|b|t|ng Xi d t|on d fr radi cal
pol yner i zat FgHcaIN bogh IpbE GRUN ARl eeradisals ga for inbiPireoMIten adifes s of the
nitroxide type for

radical polymerization.

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

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

U.S. Patent Number 3,873,564 discloses compounds and a method for
assaying enzymes by adding to a medium containing an enzyme a stable free radical
compound having a stable free radical functionality which, when subjected to an
enzyme-catalyzed reaction, changes the environment of the free radical functionality.
By following the change in the electron spin resonance spectrum as affected by the
change in environment, the type of enzyme and the activity of the enzyme can be
determined. The compounds found useful are normally stable nitroxide radicals with
an enzyme labile functionality. Other compounds include two cyclic nitroxide
containing rings joined by a chain having an enzyme labile functionality.

U.S. Patent Number 3,966,711 teaches that 2,2,7,7-tetraalkyl- and 2,7-
dispiroalkylene-5-ox0-1,4-diazacycloheptanes substituted in the 4-position by mono-

or tetravalent radicals are powerful light-stabilizers for organic polymers. They are
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use as initiators of free radical reactions, collectors of free radicals,
pol ynmeri zation inhibitors or antioxidants. They are constituted by

ni t rogenous bicyclic conpounds in which one of the bridges conprise$ N0V 2004
solely the nitroxide radical group and, in particular, by

aza-9-bi cycl 0o(3, 3, 1)nonanone- 3-oxyl -9, and by aza-9- bicyclo(3, 3, 1)nonane
oxyl-9. U S. Patent Nunber 3,873,564 discloses conpounds and a net hod for
assayi ng enzynmes by adding to a nedium containing an enzyne a stable free
radi cal conpound having a stable free radical functionality which, when

subj ect ed t gajgfo pEREWTRE l&‘é‘%@%ﬁ'@ihfﬁ@qﬁﬁ kHah 4- G%B&ﬁﬁteﬁm%nﬁﬁé@ ST of the

free radi cal functlonallty | owmi ng the change in the electron spin
resonance s ctr m as ffe

neyme. and. WHCLEY G G R GienizeR i e asi e n GENEHFY RBAR. WREEhpounds

found usef ul are nor ma stable nltrOX|de radicals with an enzynme labile
functional i Y0 Stlmeﬁésrlnébq“r%@gﬁ%ﬂ recilkidealkweng plkenk!, atatleydandesstecdkylai ni ng
rings joined by a chain having an enzynme labile functionality. U S. Patent

Nunber 3, 96@rotipd. Thathesothaterted, frond tHedhid@bkdines Bndxidation with hydrogen
dlsplroalkylene 5-0x0-1, 4-di azacycl ohept anes substituted in the 4- p05|t|on

by mono- - or ptilddd! E&Erﬂgﬁ%@%%@e%@» AR5 Bl bb@hg%g likdgers for organic

polyners_ ey are - sal to po Sess er conpatibility
e el & e A S8, SO BBUSR ST AL  a Bp sy e =
4-position are al kyl, al kyl ene, al kenyl, aral kyl, and esteral kyl groups.
The | -nitr pelymeridationelch fepdily pdlgmienizabde viny dirnmstibyoropowst duwimgnd istilldtipdr ogen
at elevated temperatufes within a distillation apparatus that is subject to an emergency
condition, such as a power outage. This method comprises force-feeding a
supplemental polymerization inhibitor having a high solubility in the vinyl aromatic
compound and a long duration of efficiency into each of the distillation vessels of a
conventional distillation apparatus in an amount sufficient to prevent polymerization
therein.
U.S. Patent Number 4,664,845 discloses compositions, comprised of a
dinitrophenol in an aromatic hydrocarbon solvent, which compositions further
comprise a sufficient amount of a phenylenediamine such that a greater amount of
dinitrophenol is in solution than would be present in solution if such
phenylenediamine were not present, that exhibit unexpectedly desirable low
temperature stability, and may be diluted with additional solvent to be employed as
polymerization inhibitors for vinyl aromatic compounds.

U.S. Patent Number 4,665,185 discloses a process for the efficient preparation

of nitroxyls of sterically hindered amines by the oxidation of the amine using a



per oxi de or percarboxylic acids are also said to be good |ight stabilizers.
U. S. Patent Nunber 4,182,658 discloses a nethod for preventing the _ NOY 2004
pol ynmeri zation of a readily polynerizable vinyl aromatic conpound dupiR&
distillation at elevated tenperatures within a distillation apparatus that
is subject to an energency condition, such as a power outage. This nethod
conprises force-feeding a supplenental polynerization inhibitor having a
high solubility in the vinyl aromatic conmpound and a | ong duration of
efficiency into each of the distillation vessels of a conventi onal

di still ati ohydipperenidgsn the pipscapboha saf pmehetrof atrectplrien eptalysblay moderate i on
therein. U S. Patent Nunber 4,664,845 di scl oses conpositions, conprised of
a dini troptepetatur fana sicpéricl ditingeaghenhsmkroltin gH giBlCapagityi ons
further conprise a sufficient anount of a phenyl enedi am ne such that a

greater amount of sl NRARRGL2sS7chNeBbehbOfe bBhafOUlsh BFa PlgPent 11

solution if such "phenyl enedi anine’ were not pres

unexpectedly desirable |ow tenperature stability, and nmay be djJuted with
addi {1 onal  SSACOMBOBRE SHE By RIreaS > Sup yREry L INAPIeAKIBngHEl agpn gr ny |
aromati c conmpounds. U.S. Patent Nunber 4,665, 185 di scl oses a process for
t he ef fici epurifiagioarbatthepreserfoe wif at oastlose sfabkstratrdxyd kbypbumbtiegetheawithes by
the oxidation of the amine using a - 5 - 3 NOV 2004 hydroperoxide in the

presence of |eastsomelaroraamiitro@bnpodkd.al i on catal yst, at noderate
tenperature for a short period of tine, to give the nitroxyl in high yield

and purity. U.S. (Patspl, NTRREs 5585487 50 5 S25 985 alshiake P RALYMERIGAL on of

a vinyl

in combination with some oxygen reduce the premature polymerization of vinyl
aromatic monomers during the manufacturing processes for such monomers. Even
small quantities of air used in combination with the nitroxyl inhibitors are said to
result in vastly prolonged inhibition times for the monomers.

U.S. Patent Number 5,711,767 discloses that the use of nitroxide compounds
alone or in combination with aromatic amines, such as substituted phenylenediamines,
or phenolic antioxidants provides an effective way to prevent oxidative degradatién
and gum formation in gasolines.

U.S. Patent Number 5,910,232 teaches that inhibition performance in styrene
processing is improved through the addition of a st;ble nitroxide free radical
compound to the styrene feed and to the reflux of at least one column. A non-toxic
retarder, such as phenylenediamine, may also optionally be added to the styrene feed
and to the reflux.

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.
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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

ni troxyl conpound together with at |east one aromatic nitro conpoundinNod@s
Pat ent Nunbers 5, 545, 782 and 5, 545, 786 di scl ose that nitroxyl inhibitors

I n conbination with sone oxygen reduce the premature pol ynerization of

vinyl aromatic nononers during the manufacturing processes for such
nononers. Even small quantities of air used in conbination with the
nitroxyl inhibitors are said to result in vastly prolonged inhibition

ti mes for the nokoneresn Patest Application MBS 6% I7disc1367 aditabdlizzdesritlvaicid he use
of nitroxide conpounds alone or in conbination with aromati c am nes, such

as substit utegppiasy reWRRhaRd PARmeriSitioRTNR dGy 1AM OX HRBIS BLGYE s an
effective way to prevent oxidative degradation and gumformation In

gasolines. U} : -, 232 teach hat. .inhi hiti,on perfornmance
T atyrene Hsuaid Aot L BT Aol o e L Rl g O et PipBe
nitroxide free radical conpound to the styrene feed and to the reflux of
at | east on&2aByIoHARd SEOTARH - tRGoEPAskions gempriss ihrFe£8mpRBeR}s-efie @raic seid, may

al so optionally be added to the styrene feed and to the reflux. European
Pat ent Appl (iB)at stabie Qitdoz§| A& ah2nd ) S dibeterossubstithed benrenk rbinpotihdifavihfe

pol ynmeri zation of an a, p-ethylenically unsaturated nonocarboxylic acid

during its af RGQGRE Yrah¥ferdbillyddchQR gb¥% quslond daritiive Q¥ th Sfodoafigal - - 6
- 3 NOV 2004 European Patent "Application 0 765 856 Al discloses a
stabilized %ﬁlreylo% ﬁycf’irgci]tﬂnone (MEHQ)). During the distillation process, transport, and

storage, components {b) and (c) are present in a polymerization-inhibiting amount.

During the distillation process, oxygen (d) is preferably added with components (b}

and (c).

WO 97/46504 concerns substance mixtures containing: (A) monomers
containing vinyl groups; and (B) an active amount of a mixture which inhibits
premature polymerization of the monomers containing vinyl groups during their
purification or distillation and contains: (i) between 0.05 and 4.5 wt %, relative to the
total mixture (B), of at least one N-oxyl compound of a secondary amine which has no
hydrogen atom at the «-C atoms; and (ii) between 99.95 and 95.5 wt % relative to the
total mixture (B), of at least one nitro compound. The publication also discloses a
process for inhibiting the premature polymerization of monomers, and the use of
mixture (B) for inhibiting the premature polymerization of monomers.

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.



conposition in which the polynerization of the acrylic acid is inhibited
during the distillation process for purifying or separating the ac %dgg
acid as well as during transport and storage. The conpositions cong 04 004
t hree conponents: (a) acrylic acid, (b) a stable nitroxyl radical, and (c)
a di hetero-substituted benzene conmpound having at |east one transferable
hydrogen (e.g., a quinone derivative such as the nononethyl ether of

hydr oqui none (MEHQ ). During the distillation process, transport, and
storage, conmponents (b) and (c) are present in a polynerization-inhibiting

W th component o 18] 2833577 e ERGEE ARk e, CURRRRENTR U, 207

cont ai ni ng: (A), nononers contai ni ng Vi nyI roups; and ( E% an actlve anount
of a m xt uréni@niag vinvhesups; (B)asmstve empeityiammixiie shickrinhibs prrmeatiies

containing vinyl groups during their purification or distillation and
contai ns: (pdlyietizetion of tScamebuads contaitangrenyigryepstandichptairtsofipat lmastbne e
(B), of at |east one N-oxyl conpound of a secondary anmi ne which has no

hydrogen atQrg,gi c&ﬂ?otﬁ'nd%feats‘é&ﬁlda%ﬁﬂn{de'th&?@ld@%t OfnP ey Sgenatiths ¥h

relative to theé m xture at | east one nitro conpound. The
pol ymor 'zi?ﬁh%‘hf%rﬁ’c'wi%%%%f%fmﬁ{ @aﬁ%ﬁsir%éfw#bﬁ% (B pe Sl Fh b 11 ng e
prenmature pol ynerization of nmonomers. WO 98/ 14416 discl oses that the
pol yner i zat ¢csmpasindy;iang (D pphienally cootaiizess. Ehacpnblisatsanalendis¢lesdsrhi bi t ed by
the addition of a conposition of a stable hindered nitroxyl radical and an
OXi Me CconMOoptaeess for inBibikA¢ BOPfemature polymerization of compounds (A) containing
vinyl groups, and the use of (B) optionally mixed with nitro compounds (C) and/or co-
stabilizers (D) for inhibiting the premature polymerization of radically polymerizable
compounds and stabilizing organic materials against the harmful effect of radicals.
WO 99/20584 discloses that polymerization can be inhibited during the
anaerobic production of styrene through the addition of a combination of a stable
nitroxide free radical compound and a non-toxic phenylenediamine compound.
CS-260755 B1 is directed to the preparation of 4-substituted-2,2,6,6-
tetramethylpiperidine nitroxyls as olefin stabilizers.
SU-334845 Al is directed to the inhibition of the radical polymerization of
oligoester acrylates using iminoxyl radical inhibitors of a given formula.
SU-478838 is directed to the inhibition of the radical polymerization of
oligoester acrylates and the prevention of oligomeric peroxides using a binary
polymerization inhibitor comprising quinone.
FR 2,761,060 relates to the prevention of premature polymerization of styrene

during its production by dehydrogenation of ethylbenzene by injecting into the process

effluent a radical inhibitor based on an oxyl-tetramethylpiperidine derivative.
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WD 98/ 25872 concerns substance m xtures containing: (A) conmpounds
containing vinyl groups; (B) an active anmount of a m xture which ir‘]%\}ﬁm
premature polynerization of the conmpounds containing vinyl groups
contains: (i) at least one N-oxyl conpound of a secondary am ne whi ch does
not carry any hydrogen atons on the a-carbon atons; and (ii) at |east one
iron conpound; (C) optionally nitro conpounds; and (D) optionally
co-stabilizers. The publication also discloses a process for inhibiting
the premature polynerization of conpounds (A) containing vinyl groups, and

the use of (B) oWO@BASEY2 Fb¥REnMubBande Mk neeaBsHiAAmel () KRS O-
stabilizers (D) for inhibiting the premature pol ynerization of radically

A e G R R A

be inhibited during. the anaerobic production of styrene through the

addi ti on of PRlYBSEBHRY ¢Tghe spmpowndssPatanyng yigyh grevps ael qoatmirsall) eblepsond and
a non-toxi c phenyl enedi am ne conmpound. CS-260755 Bl is directed to the

pr epar at i onNeéxyd cemipetnd off esbc@ndird afine whichdetsndt piupe ey hydropéd 4toriglon as
olefin stabilizers. SU 334845 Al is directed to the inhibition of the

radi cal pol Weri-t#Bbh Ao andtil) 30 Kb ned o fRRnd ) S plish radi cal
i nhibitors of a given for %{1“ g.) SU- 47n§83ér31 ios pg)i ?e’g"tcggpt]gaa?ﬁ)e%!lr%hi bition of

ol goner . Bores B GG Ron oGt el e BuTEAT R g oB P Kt i ng

qui none. FR 2,761,060 relates to the prevention of premature polynerization

of styrene PWgessHgr inhibivng thearematurs palensiiratige pieoopowidséAhyoitamzene by

injecting into the process effluent a radical inhibitor based on an

oxyl -t et r aneinky ppiupsandititeusdail i Baéptishally mixed with nitro compounds (C) and/or co-
stabilizers (D) for inhibiting the premature polymerization of radically polymerizable
compounds and stabilizing organic materials against the harmful effect of radicals.

WO 99/20584 discloses that polymerization can be inhibited during the
anaerobic production of styrene through the addition of a combination of a stable
nitroxide free radical compound and a non-toxic phenylenediamine compound.

C5-260755 B1 is directed to the preparation of 4-substituted-2.2.6,6-
tetramethylpiperidine nitroxyls as olefin stabilizers.

SU-334845 Al is directed to the inhibition of the radical polymerization of
oligoester acrylates using iminoxyl radical inhibitors of a given formula.

SU-478838 is directed to the inhibition of the radical polymerization of
oligoester acrylates and the prevention of oligomeric peroxides using a binary
polymerization inhibitor comprising quinone.

FR 2,761,060 relates to the prevention of premature polymerization of styrene

during its production by dehydrogenation of ethylbenzene by injecting into the process

effluent a radical inhibitor based on an oxyl-tetramethylpiperidine derivative.
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-8 - 3 NOV 2004 WO 98/ 25872 concerns substance m xtures containing: (A
conpounds containing vinyl groups; (B) an active anmount of a nixtur; whi ch
inhibits premature polynerization of the conpounds contai ni ng vinyl3 95@%&
and contains: (i) at |east one N oxyl conpound of a secondary am ne which
does not carry any hydrogen atons on the a-carbon atons; and (ii) at |east
one iron conpound; (C) optionally nitro conpounds; and (D) optionally
co-stabilizers. The publication also discloses a process for inhibiting
the premature polynerization of conpounds (A) containing vinyl groups, and

the use of (B) Oﬂ{ﬂe(}?%h{)%ng%é(QQOWgFﬂemetréiﬂ bgqgﬂgf%/'l@gﬁl ‘h@r.eﬂﬂfy r COo-

stabilizers (D) for ting t pr emat ur neri zation radi cal |y
pol ynmeri zabl e conpounds and stabilizing organic materials against the
harnful effect of radicals. WD 99/20584 discloses that polynerization can
be inhibited during the anaerobic production of styrene through the
addition of a conbination ofSGVEMARE OFTHEK YBNTION r adi cal conpound and

a non-toxi c phenyl enedi am ne conpound. CS-260755 B 1 is directed to the

preparation of 4-subgl hbttLehZatdrdiifiont EENVIR IR NS B6PED b dlichamRity] QXY s as
olefin stabilizers. SU- 334845 Al is directed to the inhibition of the

radi cal pol yreri.zation Qf |.i.goe crylate i impoxyl radica
i nhi bitors ﬁ’fpeé‘d&y@"e’?{' f@‘r“r?u Ee “03353%3558‘%?%"“8?%%@%@3%"?%‘3[]1@){rnhi bition of
the radi cal polynerization of oligoester acrylates and the prevention of

ol i goneric peresdinydexysdiivgraynl RYRY isgobxdieri-2.4i0.Gtetiapktbiltiopireddipy ioxyng
qui none. FR 2,761,060 relates to the prevention of premature polynerization
of styrene (also known inthe art as HTEMPOY); 4-oxo-TEMPO is 4-0x0-2,2,6,6-tetramethyi-1-
piperidinyloxy; and so on.
Nitroaromatics and nitroxy!s are known polymerization inhibitors. Since
nitroxyls are considered true inhibitors, they are often used with nitrophenol
compounds (retarders) to provide protection in the case of failure in the inhibitor feed
system of a monomer manufacturing plant.
It has now been found that the addition of a nitroaromatic to a nitroxyl
compound in an aromatic hydrocarbon solvent enhances the solubility of the nitroxyl
in the aromatic solvent, enabling production and shipment of a more concentrated
solution of the nitroxyl in the aromatic solvent. The nitroaromatic is also a known
polymerization inhibitor, and as such, is a useful additive to the purification train as
well. Thus the blend of nitroaromatic/nitroxyl/aromatic solvent can be added directly
to the purification train of the vinyl aromatic monomer, or the blend can be further
diluted to enable better control of dosing of the inhibiting system.

More particularly, the present invention is directed to a method for tncreasing

the solubility of an compound having the structural formula:



during its production by dehydrogenati on of ethyl benzene by injecting into

the process effluent a radical inhibitor based on an -1
oxyl -t etranet hyl pi peri di ne derivative. -8 - 3 NOV 2004 The foregoing a
i ncorporated herein by reference in their entirety. SUMWARY OF THE

| NVENTI ON As used herein, the abbreviation TEMPO stands for

NOY 7004

2,2,6,6-tetranethyl- | - piperidinyloxy. Thus, 4-am no-TEMPO is

4-am no-2, 2,6, 6-tetranet hyl -1- piperidinyl oxy; 4-hydroxy-TEMPO is

4- hydr oxy-2, 2,6, 6-tetranmet hyl -1 -piperidinyloxy (also known in the art as
HTEMPO) ; 4-oxo- TEMPO i s 4-o0xo0-2,2,6,6-tetramet hyl -1- piperidinyloxy; and so

on. Nitroaromatics and nitroxylxs arg known pol ynerization inhibitors. Since
nitroxyls are considerﬁd trq@_%nhib tprs, they are often used with

ni t rophenol conpound§ (retarderyy”io provide protection in the case of
failure in the inhibitor feed RsWst%nkpf a nononmer manufacturing plant. It
has now been found that the addition ¢f a nitroaromatic to a ni troxyl
conpound in an aromatic hydrocafbon saél ventgenhances the solubility of the
ni troxyl i in fubgroatadidat i ¢ sol vent y€nabting production and shipnent of a
nore concentrated solution of the yl in the arlbomati c solvent. The
ni tr oar omat .Gl nown poly ation inhibitor, and as such, is a
usef ul addibgggé?%bﬁﬁg%gﬁrifica; on tvain as, well. Thus the blend of

ni troaromatic/ ni.troxyl/aromatic sol vept can be added directly to the
purificati of°TPHFREFAINRLC $ly| ar onaRic nononer, or the blend can be
further diluted to enable better control of dosing of the inhibiting
system solvent a nitroaromatic having the structure:

wherein Ry,, Rye, Ry, Rog, Ry, and Ry, are independently selected from the group
consisting of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl,
substituted aryl, OR,;, NR,R},, SR,,, NO,, NO, CN, COR,,, COOR,,, CONR, |R,,,
NR,,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 members, provided that at least one of Ry;, Ryg, Ry, Rog,
R,;, and R;, is NO,, 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. Nitroaromatic compounds useful in

-10 -



More particularly, the present invention is directed to a nethod for

I ncreasing the solubility of an conpound havi ng the structural forﬂlne ?
NOV 2004 (1) x x | 112 RA~"CR RR3R 0* 125 in an aronat 200
hydr ocar bon solvent conprising adding to said R, solvent a nitroaronmatic
havi ng the structure: 11 wherein R25, R26, R21,R2., R2.1 and R (,, are

I ndependently selected fromthe group consisting of hydrogen, alkyl, aryl,
cycl oal kyl, heterocyclic, substituted alkyl, substituted aryl, OR ,, NRI
R,, SRl 1, NO2, NO CN, COR , COOR , CONRI , R121 NR , COR,, halogen
(as used hethgipractivalodgerpresent ndestidn hroeibeen desotibed imel) . SbPatehrido.  and

I odi ne), and/or any two adjacent groups can be taken together to formring
structure(s}298 7kpve to seven nenbers, provided that at |east one of R25,
R267 R275 R285 ~R29, and R30is NO2, and R, and R, are independently

sel ected fromthe, group, (I), 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 alky!; and X,
and X, (1) are independently selected from the group consisting of halogen, cyano,
COOR;, -5-COR;, -OCOR,, (wherein R, is alkyl or aryl), amido, -S-CH,, carbonyl,
alkenyl, oralkyl of 1 to 15 carbon atoms, or (2) taken together, form a ring structure
with the nitrogen, preferably of five, six, or seven members.

The present invention is directed preferably to a method for increasing the

solubility of a compound having the structural formula:

15 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 hetercatom-substituted alkyl, and the

7

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

heterocyclic ring,

-1t -



consi sting of
substituted al
R, and R12 can be taken together to forma ring structure of fivé@ N0y 7004

seven nenbers.
practice of th
5,254,760. In
group consi sti
R2 and R3 are

hydr ogen, al kyl, aryl, benzyl, cyclic, heterocyclic, and
lcyl or aryl where the substituents are C, O5 N, S, or P, or

Ni t roaromati c conmpounds useful in - 10 - 3 Nov 2004 the
e present invention have been described in U S. Patent No.
formula (1), R and R4 are independently selected fromthe
ng of hydrogen, alkyl, and heteroatom substituted al kyl and
i ndependently selected fromthe group consisting of alkyl

and het er oafnodft &uistit hidRdarBbk ¥olvemBmprisin@Hdd Mg 6 %ﬁnd%l@eht@ﬂ%a%%icy

selected from

the group consisting of hal ogen, cyano,

- OCORY?, ﬁgﬁb@ﬁgéPMF“‘ kyl or aryl), amdo, -S C61-15, carbonyl

alkenyl or
ring structure
menbers. The p
i ncreasing the
15 wherein R
of hydrogen,

i ndependent |y
het er oat om sub
necessary to f

0 15 carbon atons, or (2) taken together, forma
wi th the nitrogen, preferably of five, six, or seven
resent invention is digected preferably to a nethod for
solubility of a conpund having the structural fornula: 0*
and R4 are independently selgected fromthe group consisting
al kyl, and heteroa xpsti futed al kyl and R2 and R3 are
selected from the consi sting ofit al kyl and
stituted al kyl, and pigrt i on represents the atons
orma five-, six: sevempyenbered heterocyclic ring, - 11

R

wherein Ry, Ry, Ry, Ryg, Ry, and Ry, are independently selected from the group

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

substituted aryl, OR,,, NR,R,;, SR,,, NO,, NO, CN, COR,,, COOR,,, CONR,R .

NR,,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 members, provided that at least one of R, Ry, R, R

282

R4, and Ry, is NO,, 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.

The atoms necessary to complete the rings referred to above are preferably

carbon atoms, but heteroatoms, such as O, N, P, or S, may also be present.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As stated above, in one preferred aspect, the present invention is directed to a

method for increasing the solubility of a compound having the structural formula:

-12-



-3NOV2004 in an aronati c hydrocarbon sol vent conprising adding to said
solvent a nitroaromatic having the structure: 11 wherein Res, R26, R27

R26, R29, and R30, are independently selected fromthe group consi st3iW(j 2084
hydr ogen, al kyl, aryl, cycloal kyl, heterocyclic, substituted al kyl,
substituted aryl, OR 1, NR'R12, SRI 1) N2, NO CN, COR,, COOR I, CONR 1
R12, NR'COR12, hal ogen (as used herein, halogen includes fluorine,
chlorine, bromne, and iodine), and/or any two adjacent groups can be
taken together to formring structure(s) of five to seven nenbers,

provi ded that at |east one of R25, ~R27, R28, R29, and R30 is NO2, and
R 1 and R12 are independently s2lgcted j¢Bmthe group consisting of

hydr ogen, al kyl, aryl, benzyl, cyC|FcN/h terocyclic, and substituted al kyl

or aryl where the substituents areRC 70,RN, S, or P, or R' and R12 can be
taken together to forma ring structgre of five to seven nenbers. The
atons necessary to conplete the rings referred to above are preferably
carbon atons, but heteroatons, such as 0, N, P, or S, may al so be present.
DESCRI PTI ONvbErenHR | priRERREDIEvBODItVEREStcAdTen theanoghamsisting obhedioeed,er r ed
aspect, the present invention is directed to a nethod for increasing the

solubility afkyf aednpedidoriavbabutcdalst PR VAR Rf 26 MHeBendentld seledeM@N 2004
o* wherein R, and R4 are independently selected fromthe group consisting

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

a

portion represents the atoms necessary to form a five-, six-, or seven-membered
heterocyclic ring,
in an aromatic hydrocarbon solvent comprising adding to said solvent a nitroaromatic

having the structure:

30 Ry
II

Ry Ry
Ry

wherein Ry, Ry, Ry;, Ryg, Ry, and R, are independently selected from the group
consisting of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl,
substituted aryl, OR,;, NR,R;, SR,;, NO,, NO, CN, COR,,, COOR,,, CONR,,R,,,
NR,,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

S13-



al kyl, and heteroatom substituted al kyl and R2 and R3 are independently
selected from the group consisting of al kyl and heteroatom substit,gtmﬂ,

al kyl, and the portion represents the atons necessary to forma five- 2004
si x-, or seven-nenbered heterocyclic ring, in an aromatic hydrocarbon

sol vent conprising adding to said solvent a nitroaromatic having the
structure: Il Res wherein R25, R26, RZ7, R28, R29, and R30, are

i ndependent|ly selected fromthe group consisting of hydrogen, alkyl, aryl,
cycl oal kyl, heterocyclic, substituted alkyl, substituted aryl, OR ,,

NRI, R12, SR|strl1ctuP@,oﬂ\ﬂQ,e t%v&%rﬁber@%udéd theONRdabRdrge of AR’ M %hal ogen

(as used her ein, haI ogen i ncl udes fluorine, chi or| ne, broni’n

i odine), an a ent. an er to formring
190" 5 oty §°E]rsu i @?3 ot EBtban Akl 195, &’S\ﬁ‘ﬂﬁ’d Chat " at

| east one of R25 R29 and R30 is NO2, and R' and R 2 are

i ndependent IW“@@W%‘?féﬂdﬂ?&?ﬁw @”ﬂé' QWMUZXWJO%@FI@Ih%O@fCIIhwnddglbﬁltuaﬂl@kyl aryl,
benzyl, cyclic, heterocyclic, and substituted alkyl or aryl where the

substi t uent oraryd wherdthe Mubshituamts e RO, R, SA0AP RER ¢ amd RE chalketakendSsdiRe: tO
forma ring structure of five to seven members. Accor di ngly, one of the

several cl a?@?t?mpﬁnﬁ%%ﬂrh&uf&'&ﬁfﬂ)&'t&'@éveh%n 1 be enployed in the practice

of the present Invention can be represente y the followi ng structural

formul a: . N
Accordingly, one of the several classes of cyclic nitroxides that can be

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

structural formula:

Z|
~ \23

Z,

R,

wherein R,, R,, R;, and R, are as described above and Z,, Z,, and Z, are
independently selected from the group consisting of oxygen, sulfur, secondary amines,
tertiary amines, phosphorus of various oxidation states, and substituted or
unsubstituted carbon atoms, such as >CH,, >CHCH,, >C=0, >C(CH,),, >CHBr,
>CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH, >CHCOOCH,,
>CHCOOC,H;, >C(OH)COOC,H;, >C(OH)COOCH,, >C(OH)CHOHC,H;,,
>CNR R, >CCONR,R,, >C=NOH, >C=CH-C(H;, >CF,, >CCl,, >CBr,, >Cl,,
>CPR ;R 4R s, and the like, where R, and R, are independently selected from the
group consisting of hydrogen, alkyl, aryl, and acyl and R;; R, and R 5 are
independently selected from the group consisting of unshared electrons, alkyl, aryl,

=0, OR 4, and NR ;R 4, where R, R,; and R are independently selected from the

- 14 -



RLl -NI -RA R2I1 R3 0* wherein R, R2, R3, and R4 are as descri bed above
and Z,, Z2, and Z3 are independently selected fromthe group consisting of
oxygen, sulfur, secondary amnes, tertiary am nes, phosphorus of vafNOYigl04
oxi dation states, and substituted or unsubstituted carbon atons, such as
>CH21 >CHCH31 >C=0, >C(CH3)z, >CHBr, >CHCl, >CH, >CHF, >CHOH, >CHCN,

>C( OH) CN, >CHCOOH, >CHCOOCH3, >CHCOOC2H5, >C(OH) COOC2H51>C( OH) COOCH3,

>C( OH) CHOHC2H5, >CNR5R6, >CCONRS5R6, >C=NOH, >C=CH C6H5, >CF2, >CCl2, >CBr2,
>Cl21 >CPR, 3R14R15, and the |ike, where R5 and R6 are independently

sel ected fr @oddeonsiBtiopf BRIEEE, kg 1,ahd AWdT 0B Faldadlor ROV allgnst jacy! and
R,, R4, and R, , are independently selected fromthe group consisting of

enshared el I =0, and NR1,R18 where R 6, RE7 and
R18 are | ndz%éef%lgg(?l%hlag! hiséélbggf} éﬁ%‘?‘%ﬁn%'ﬁéﬁ}%vm%mﬁg\? fﬁRﬂodfr%q)bﬁBméb%g‘i’sti ng
of hydrogen, al kyl, and aryl . Wiere R5 and/or R6 are alkyl, it is
preferred tt’i%etthlflh%@lybé“’ci’yiscm@fl: adigpmers thereofyne having one to four carbon
atons, e.g., nethyl, ethyl, propyl, butyl, and isoners thereof). Were R5
and/ or R6 are ar WheretR iandfor & erer @i, ithaprefdread that theéybe afyl bf frombs 1001 (L0
carbon atons, e.g., phenyl or naphthyl, which, in addition, nmay be
substit ut ed .y wlont rd IR ; I l.: @t oups,
hal ogens, aﬁ?bzoﬂgt%g:glmﬁg dFrzgﬁ gl?%l %}dh%@g{ragjdggoy’fnaiyt&;%&b@g er“r”grcgj t hat

they be acylnogfin}e%rir?é sr;uL{)CshPurerelts, 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

0

N

where R,, is alkyl or aryl. Where Ry, Ry, Ry, 01 Ry, are alkyl, they are preferably

Ry

alkyl of from 1 to 15 carbon atoms, more preferably lower alkyl of from 1 to 4 carbon
atoms, as described above. Where R o, R, R,,, or Ry, are aryl, they are preferably
aryl of from 6 to 10 carbon atoms, as described above.

Another of the several classes of cyclic nitroxides that can be employed 1n the
practice of the present invention can be represented by the following structural

formula:



0 R19 where R19 is alkyl, aryl, OR20, or NR20R21 and where R20 and Ru are
al kyl, aryl, or 0 ""K P-22 where R22 is alkyl or aryl. Were R19, R20,

R23, or R22 are alkyl, they are preferably alkyl of from1l to 15 cadbNd 2004
atons, nore preferably |ower alkyl of froml|l to 4 carbon atons, as

descri bed above. Wiere R19, R20, R21, or R22 are aryl, they are preferably
ary | of from6 to 10 carbon atons, as descri bed above. Another of the
several classes of cyclic nitroxides that can be enployed in the practice
of the present invention can be represented by the follow ng structural
fonnula: - 3 NOV 2004 RL N O R4 \M;le?r@in R, R, R3, and R4 are as

descri bed above and Z, and Z2, whi rfayzbe the sanme or different, are
nitrogen or substituted or unsubsiitutedjtarbon atons, such as =C(H)-,
=Q(CH3) -, =C(CO0H) -, =C(COOCH3) -, | = H5) - =C(OH)-, =C(CN) -,

=C(NR, R6) - =C(CONRS5R6)-, and th ke, where Z3, R5, and R6 are as
described above. The cyclic mi'tropxides enptgyed in the practice of the
present invention can R, [ R

wherein R}, R;, R;, and R, are as described above and Z, and Z,, which may be the
same or different, are nitrogen or substituted or unsubstituted carbon atoms, such as
=C(H)-, =C(CH3)-, =C(COOH)-, =C{COOCH,)-, =C(COOC,H;)- =C(OH)-, =C(CN)-,
=C(NR.R;)- =C(CONR,R,)-, and the like, and where Z;, R,, and R, are as described
above.

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

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

wherein R, R,, R,, and R, are as described above and Z, and Z,, which may be the
same or different, are sulfur, oxygen, primary amines, secondary amines, phosphorus
of various oxidation states, or substituted or unsubstituted carbon atoms, such as,
>CH,, >CHCH,, >C=0, >C(CH,),, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN,
>C(OH)CN, >CHCOOH, >CHCOOCH;, >CHCOOC,H,, >C(OH)YCOOC,H,,

>C(OH)COOCH,, >C(OH)CHOHC,H;, >C(NR,R,)- >C(CONR;R,)-, >C=NOH,

- 16 -



al so be derived fromfive-nenbered rings. These conpounds are of the
structure: Z Z3 R NO* R4 wherein R, R2, R3, and R4 are as descrllawrav2
above and Z2 and Z3, which may be the sane or different, are sulfur? 004
oxygen, primary am nes, secondary am nes, phosphorus of various OX|dat|on
states, or substituted or unsubstituted carbon atons, such as, >CH2,
>CHCH3, >C=0, >C(CH3)2, >CHBr, >CHClI, >CH, >CHF, >CHOH, >CHCN, >C(OH)CN,
>CHCOOH, >@HEECH3, >CHCOOC2H51 >C( OH) COOC2H5,  >C( OH) COOCH3,

>C( OH) CHOHC2H5, >C(NR5R6) - >C(CONRSR6) -, >C=NOH, -16 - 3 NOV 2004 D-0007-PA
>C=CH C6H5, >eCH- CACHGF,; 9@@2,>6§%7>c?CBBP§RR4'ﬁ S andfit 0 ey apher ei n
the several R groups aré as cfescrlzbed Above” Thé”cyclic NPt roxl des

enpl oyed in t actice of e.R5e ent invention can also have the
structure: 95% SHHPRAE B 5?9 c ﬁg 3, and R4 are as described above and

Z4 and Z5, V\:hl ch _can be t_he ) )
The cyclic nitroxides employed in the practice of the present invention can

7,2,
R/‘\N4\R4
R, R,

O

wherein R, R,, R;, and R, are as described above and Z, and Z,, which can be the

also have the structure:

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 R and R, are as described
above.

Another class of cyclic nitroxides that can be employed in the practice of the

present tnvention is of the structure:

o*
{ R
R IOE,
R*i/ R
2 3
7 -z
2 3

wherein R, R;, R;, and R, are as described above and Z, and Z;, which may be the
same or different, are sulfur, oxygen, primary amines, secondary amines, or
substituted or unsubstituted carbon atoms, such as, >CH,, >CHCH,;, >C=0,

>C({CH,;),, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN, >C{OH)CN,

_17-



sanme or different, can be nitrogen or a substituted or unsubstituted carbon
atom such as =C(H)-, =C(CH3)., =C(COOH)-, =C(COOCH3)-, =C(COQCC, H5) -
=C(OH) -, =C(CN)-, =C(NR5R6)- =C({CONRSR6)-, and the |ike, where RS-gW)yRa4
are as descri bed above. Another class of cyclic nitroxides that can be
enployed in the practice of the present invention is of the structure: z -z
2 3 wherein R, R2, R3, and R4 are as descri bed above and Z2 and Z3, which
may be the sanme or different, are sulfur, oxygen, primry am nes,

secondary am nes, or substituted or unsubstituted carbon atons, such as,
>CH2, >CHCOHZCHEOBH, >B{COOCH,, SCHEIQOSHHOr C(OBMQOOSCHE >CtOHDBO GTHON,
>C(OH)CN, -17 - 3 N OV 2004 >CHCOOH, >CHCOOCH3, >CHCOOC2H5, >C(OH) COOC2HS5,

>C( OH) COOCHE-C(CHDCBH) ITEHIC2 BB R NRS REQ N RGN ORI - » C=CANDIH | 2EFCH- C6H5,
R6 are ‘as desfri bed

>CF2, >CCl2, >CBr2, >Cl2, and the'like, where R5 and _
above. Furt heis; t%rob@%;aggqhé [iﬁ’%fixamgg%ﬁg Sy ﬁa%eggdé’s%ﬁg?%&t; in the same

mol ecul e, for  &xanple, el ng rou one E%ao‘“'(?jf the Z-type
noi eties by a Iier ng @roup E, as djsclosed in U S. Patent Nunber
5, 254, 760, whi ch HUStHER EBP 05 M BItIEY bIRUPSRAnrhernsessplcie o mplsquishfve, R
and R4 are independently selected fromthe group consisting of hydrogen,
al kyl, and lstreplabyheivghiskéd trewhaineydr namd o Rbeahy pRma¢tees by a linking

group E, as disclosed in U.S. Patent Number 5,254,760, which is incorporated herein
by reference.

As stated above, R, and R, are independently selected from the group
consisting of hydrogen, alkyl, and heteroatom-substituted alkyl and R, and R, are
independently selected from the group consisting of alky! and heteroatom-substituted
alkyl. The alkyl (or heteroatom-substituted alkyl) groups R, through R, can be the
same or different and preferably contain 1 to 15 carbon atoms, e.g., methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
tetradecyl, pentadecyl, and the like, and isomers thereof, 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 four carbon atoms (e.g.,
methyl, ethyl, propyl, butyl, and isomers thereof). Where heteroatom substituents are
present, they can, for example, include halogen, oxygen, sulfur, nitrogen, and the like.
It 15 most preferred that all of R, through R, be methyl.

Examples of suitable nitroxade free radical compounds that can be used in
combtination with the nitroaromatic compounds in the practice of the present
invéntion, include, but are not limited to:

N,N-di-tert-butylnitroxide;

- 18 -



i ndependently selected fromthe group consisting of al kyl and

het eroat om substituted alkyl. The al kyl (or heteroaton}substituteq_ahgymm
groups R through R can be the same or different and preferably con i
to 15 carbon atonms, e.g., nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl and the |like, and isoners thereof, e.g., t-butyl, 2-ethyl hexyl,
and the 1i&009T-PAs nore preferred that R through R4 be independently
selected I ower alkyl (or heteroatomsubstituted |ower alkyl) of one to

f our car bon NaNedrstefreangyInitrowetehyl , et hyl, propyl, butyl, and isoners
thereof). \Were heteroatonlsubstituents are present, they can, for

exanpl e, i ngf.uglep Iggﬁﬂh|OK¥g ,g%ﬁm&olgktrogen and the like. It is
nost preferred that al ¥ thr ﬁe et hyl . Exanpl es of suitable

ni troxide f e used in, conbination with the
ni t r oar omat :ﬁfzggéﬁpﬁﬁ'ﬁ&g&ﬁﬂ%ﬁ%s@ 8?%2825‘@ @Tyl??rﬁgylﬁ‘r‘té%’%ﬁlﬁ i nvention, include,
but are not limted to; N, Ndi-tert-butyl nitroxide; -18 D 0007-PA

N, N- di - t er t 28agsPrietrarasthriepipemdinsloxybut yi - 2- met hyl - | - phenyl - pr opyl ni t r oxi de:
N-tert-butyl- | -diethyl phosphono-2, 2-di nethyl propyl ni troxide;

2, 2,6, 6-t et AaneinbyA, 2, pjopetrarelethy|- pbpymdmyloxy,

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

AR L e S
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;

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-diazacyclohexyi-1,4-dioxy;
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
4-chloro-2,2,6,6-tetramethyl-piperidinyloxy;
4-iodo-2,2,6,6-tetramethyl-piperidinyloxy;
4-fluoro-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;
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-tctramethyl-piperidinyloxy;
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4-di net hyl am no- 2, 2, 6, 6-tetramet hyl - pi peri d1 nyl oxy; 4-ethanoy

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

2,2,5,5-tetranet hyl pyrrolidinyl oxy; - 3NOV 2004
3-amno-2,2,5,5-tetramet hyl pyrrolidi nyloxy; 2, 2, 4, 4-tetranethyl - |
-oxa-3 -azacyc lopenty I -3 -oxy ; 2,2,4,4-tetranethyl -

-oxa- 3-pyrrolinyl-1 -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-tetranet hyl - pi peri di nyl oxy;

4- chl or 0- 2, 3,iethy - B0 joadveidytetilparendiniyd:gxy;
4-i odo- 2, 2, 6, 6-tetranet hyl - piperidinyloxy

4-f | uoro-2,

4-cyano- 2, 236&%&3{&& Hﬁ{gﬁ\(y%?p(ggl |ny }&ﬂypendmyloxy,

4- car boxy- 2 t hyl I nyl oxy

4-car borrgt héi?’g?xi ]6?-’( PF%R@PH&‘& %‘?Bégtf%ﬂ'%wldw}e”dmylox%
4- car bet hoxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;

4- cyano- 4- hj}dnfnhyl'Z&Zﬁ,ﬁete&atrethymhﬁhetmhpérdpgl'ridi;nbek—yn;(y}; 19
4-met hyl -2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;

4- car bet hoxy: cﬂrﬂaxgrzomﬁae@mﬁmﬁym,tz myarebﬂ%héilxnxk}qu 4- hydr oxy- 4- (|
-1iydroxypropyl) 6-t et r aimet hyl - pi peri di nyl oxy

4 car boxy- 2 SRS ety g1 ﬁ%—e%ﬁéﬁ%&%%{i%'ﬁﬂﬁoxyt o

4- cai rbonet hoxy-2, 2,6, 6-tetranmethyl - 1,2,5,6-tetrahydropyridine -I -oxyl;
4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6- tetrahydropyndme 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-benzyIidine-2,2,S,5-tet_ramethylpyrrolidinyloxy;
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;

2,2,5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole- I -oxyl;
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4- car bet hoxy-2, 2,6, 6-tetranethyl -1, 2,5, 6-tetrahydropyridine -1-oxyl; 4 -am
I no-2,2,6,6 -tetranme thy I - 1,2,5 6-tetrahyd ropyrid i ne -1-oxyl; NO
4-am do-2,2,6,6-tetranethy 1- 1,2,5 6-tetraliydropy ridin e -I -oxyﬁ v 2004

3, 4-di keto-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy;
3- ket 0- 4- oxi m no- 2, 2, 5, 5-tetranet hyl pyrrolidinyl oxy;
3-ket 0- 4-benzyl I dl ne-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy;
3-keto-4, 4-di brono- 2, 2,5, 5-t et ranet hyl pyrrolidi nyl oxy;
2,2,3,3,5, 5-hexanet hyl pyr-roil dinyloxy-, 3 -carboxim do-2,2,5,5
- t et r anmet hy R2y3,6 aetrdngethyR3-cyamoy2,5-dihydropyrrole-1-oxy!;
3-oxi mno-2,2,5,5-tetranet hyl pyrrolidinyl oxy;
-0

> oyano- 3. hyat bR 73 a Er YR R oy
3- b hox l'i di nyl :
- car bot noxp SRV e ek R THHBU NG | di ny | oy

2,2,5,5-tetramet hyl - 3- car boxam do- 2, 5- dIhydropyrroIe- | -oxyl;
2,2,5, 5-tetb6hbDNyﬂlzﬁahwnanmﬂﬁdmpﬂyﬂnebﬂhrb&smt-oxyI;

2,2,5 5-tetranet hyl -' J-carbet hoxy- 2, 5-di hydropyrrole- | -oxyl; -20
2,2,5,5tet b%ﬂﬁbk‘%llz 36@4@&%@@1@&5@5@%&Qu@hﬁalomyl bi s(I -oxyl
-2,2,6,6-tetranet yIp| peri din -4 -yl)s ucc in ate; blsU
-oxyI-2,2,6 4r.yl,) bi s(I -oxy

1-2.2,6 6.1 8 fﬁgé%l%%we R’%g‘yijﬁ'p%‘d‘hﬁgph@%téq%te bi s(|
-oxyl-2,2,6 6 tetranetﬁngatperldln 4-y|)n but yl mal onat e;

bis(1-oxyl-2,2,6 methylpiperidin-4-yl)isophthalate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydroterephthalate;
N,N’-bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-y)adipamide;
N-(1-oxyl-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-y1)}-s-triazine;
4,4’ -ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperazin-3-one);

and the like.

It is preferred that the nitroxyl employed in the practice of the present
invention be 4-amino-2,2,6,6-tetramethyl-piperidinyloxy (4-amino-TEMPO), 4-ox0-
2,2,6,6-tetramethylpiperidinyloxy (4-o0xo-TEMPO), 4-hydroxy-2.,2,6,6-
tetramethylpiperidinyloxy (4-hydroxy-TEMPO), and/or 2,2,6,6-tetramethyl-
piperidinyloxy (TEMPO).

Such stable nitroxide free radical compounds can be prepared by known

methods. (See, for example, U.S. Patent Numbers 3,163,677, 3,334,103; 3,372,182;
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bis( 1 - oxy 1-2,2,6,6-tetrane thy | pi penidin-4 -y I)p hthal ate;

bi s(I -oxyl-2,2,6,6-tetranethyl pi peridin-4-yl)isophthalate; bis(l
-oxyl-2,2,6,6-tetranetliyl piperidin-4-yl)terephthal ate; bis(l - 3 NOV 2004
-oxyl -2, 2,6, 6-tetranet hyl pi peri din-4-yl)hexahydrotereplitlial ate;

N, N -bi s(I-oxyl-2,2,6,6-tetranethyl pi peridin-4-yl)adi panlide; N(I
-oxyl-2,2,6,6-tetranet hyl pi peridin-4-yi)-caprolactam N-(I

-oxyl -2, 2,6, 6-tetranet hyl pi peridi n-4-yl)-dodecyl succi ni m de;
2,4,6-tris-[N-butyl-N-(I

-oxyl - 2, 2, 63@20aunarRONYSBi NSI 6520 3RTRISH: 5986, mZIaH§4 66% 1%5 u@iéwalreenebl s(
| -oxy 1 2 2,6,6-tetrarnethy Iplpera2|n- 3 -one) t he

preferred tha ﬁﬂk@ﬁﬁ@h§r§m§1%%¥3%=§ed in the pracplce of the present
, 2,08, 6-Tetr

i nvention be am no- met hyl - pi peri di nyt oxy (4-am no- TEMPO),
4-oxo- 2,2,6,6-tetrarnethyl pi peridinyl oxy (4-oxo-TEMPO, 4-hydroxy-2, 2,6, 6-
t et ranet hyl pi peri di nyl oxy (4-hydroxy-TEMPO, and/or 2,2,6,6-tetranethyl -

pi perl di nyl oxy (TEMPO . Such stable nitroxide free radical conmpounds can be
prepared by known nethods. (See, for exanple, U S. Patent Nunbers
3,163,677; 3,334,103; 3,372,182; -21 -3 NOV 2004 3,422, 144; 3, 494, 930;

3,502, 692; 3, 873 Thl4hitroarstR&ict at n?d%e‘lml@]ﬁté ecWﬂBe enphﬁ g,gﬁ’é DoLakRd

herei n by reference.) The nitroaronatics at may are conmpounds
having the structure: 11

Ry Ry
Rae

wherein Rys, Ry, Rys, Ryg, Ry, and Ry, are independently selected from the group
consisting of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted atkyl,
substituted aryl, OR,,, NR;;R,,, SR;;, NO,, NO, CN, COR,,, COOR,,, CONR, R ,,
NR,,COR,,, halogen (as used herein, halogen includes fluorine, chlorine, bromine,
and 1odine), 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,;, Ry, Ry7, Rag,
Ry, and Ry, is NO,, 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, §, or P, or R,; and R,, can be taken together
to form a ring structure of five to seven members.

Preferably, the nitroaromatic contains at least one alkyl group. Such alkyl
groups contain from 1 to 8 carbon atoms, such as methyl, ethyl, propyl, butyl, pentyl,

hexyl, heptyl, octyl, and isomers thereof, e.g., sec-butyl, t-butyl, 2-ethylhexy!, and the
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R7t wherein R25, R26, R27, R28, R29, and R30, are independently sel ected
fromthe group consisting of hydrogen, alkyl, aryl, cycloal kyl,

het erocyclic, substituted alkyl, substituted aryl, OR11l, NR, R123 N@ﬁéﬂﬂ@‘
NO2, NO CN, COR,, COOR11, CONR'R12, NR,,COR Z, hal ogen (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 nenbers, provided that at | east one of R25, R26, R27) R28, R29, and
R30 is NO2, and R' and R12 are independently selected fromthe group

consi sting tke hpbrogeferally kihk allat gtouphenoter atiye bf Gomhetcef 86¥6h homsand
substituted al kyl or aryl where the substituents are C, 0, N S, or P, or

R11 and R12 r f v to
seven rrenbefgéma fera Oér%*ﬁe'pgslsf lre%{a%fi offr%r}raﬂ}% %rbl %O%tr%{ssyg% HF %al kyl
group. Such aI k u cont ain froml to 8 carbon atons, such as net hyl,
ethyl, prop§E %Qleg}gm‘gawwo -mhyphenediot.§rdiigerRenol; 2dingenbrssct her eof |
e.g., sec- butyI t-butyl, 2-ethylhexyl, and the -22 -3 NOV 2004 |i ke. Nbr e
preferably, blutmbphahdklylf! @dm#sﬁea-buwpirenal RyA-diaftrof-6-oen-Buty iphéneias Jsodinatoons .
Preferably, the nitroaromatic is selected fromthe group consisting of.

2, 6-di ni troz4ec- BBttyrbHeﬁBlemQLdmarcﬂaeﬁlie'ﬁht 1.9- dﬁnf}’gﬁéﬁébr@'@[}mm 42111@11191[5}1'611510phen0|

di ni tro-6-sec- butyl phenol -di ni tro-4-sec-butyl pheno

o Ml SR £ R HRORR o
d
t

2, 4-
2, 4-
1, 3-
2,4-dinitronaphthol; 2,4-dinitrochl orobenzene; and 4-cyano- 2- mtrophenol;
and the |ilke

The aromatic hydrocarbon solvent that is employed in the practice of the
present invention may be any liquid aromatic hydrocarbon in which the nitroaromatic
compound(s) are soluble or miscible. Ilfustrative of such solvents are benzene,
toluene, xylene, ethylbenzene, diethylbenzene, styrene, vinyltoluene, divinylbenzene,
alpha-methylstyrene and other alkylated styrenes or alkyl-benzenes, all of which
materials are commercially available.

While the most preferred solvent will vary with the particular application in
which the nitroxyl composition is to be employed, typically the vinyl aromatic
monomer to be stabilized and its hydrogenated precursor are the preferred solvents for
such applications. Thus, for the stabilization of styrene, ethylbenzene and styrene
itself are the preferred solvents. Similarly for the stabilization of alpha-methylstyrene,
isopropylbenzene and alpha-methylstyrene are the preferred solvents.

Typically, the weight ratio of nitroaromatic compound to aromatic

hydrocarbon solvent is at least about 1:10. Preferably such ratio is between about 1:4

and about 2:1, although, as will be recognized by one skilled in the art, the preferred
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The aromatic hydrocarbon solvent that is enployed in the practice of the
present invention may be any liquid aromati c hydrocarbon in which pﬁg
nitroaromati ¢ conpound(s) are soluble or mscible. Illustrative G@ﬁ
solvents are benzene, toluene, xylene, ethylbenzene, diethyl benzene,
styrene, vinyltoluene, divinylbenzene, al pha-nethylstyrene and ot her

al kyl ated styrenes or al kyl -benzenes, all of which naterials are
comercially available. While the nost preferred solvent will vary with the
particular application in which the nitroxyl conposition is to be

enpl oyed, t y#iccuill §e dépgndént ppoatherparticlarcompneents seldtedsasabéll azepbrathe it s
hydr ogenat ed precursor are the preferred solvents for such applications.

Thus, for thangsdrabidsiandiptapured toSheyAppmied. et hyl benzene and styrene itself
are the preferred solvents. Simlarly for the stabilization of

| pha- hyl S | pha- h h
or o1 or red 2ol vent o cprBRRb RS G RIREERENRY R BB T AN IR R e rpouna

to aromatic hydrocarbon solvent is at |east about 1:10. Preferably such
ratio is bef‘Wé’@ﬁ‘Sé’gé‘ﬂfoaquﬂat'céﬂd‘"g%‘tﬁ?x}’iﬁsl In amst prdlgg o a meagired apeupeDgai zed
by one skilled in the art, the preferred -23 - 3 NOV 2004 ratio wll be
dependent upomdtldhygardaitonlsaiveobnprefeeaitlg. seet adtidch akenglhte @slen pgitatidne
tenperatures and pressures to be applied. The conpositions of this

i nvention may be TheRRIEIRFatRY o BAHbAGn{alie cIRpbER0 lﬁtWE§mgBund can be

nitroaromatic(s) and nitroxyl(s), in any order, to a neasured anount of the

AR T N R T e e
can be nitroaromatic:nitroxyl weight ratio is within the range of from about 99:1 to about
50:1.

The solutions prepared by the process of this invention are useful as
polymerization inhibitors. When so used, they may be employed in their concentrated
state or by diluting them with additional amounts of solvent so that a concentration of
about 5 weight percent or less of nitroxyl is present, such dilute concentrations being
readily fed into a vinyl aromatic reactor distillation column.

Among the vinyl aromatic monomers that can be polymerization-inhibited
using the solutions of the present invention are: styrene, a-methylstyrene, styrene
sulfonic acid, vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated styrene,
2-vinylpyndine, and the like. Such monomers will not necessarily be stabilized
indefinitely by the presence of the solution, especially when the monomers are heated
as in distillation, but they can be considered to be stabilized as long as there is a

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

polymerization.
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anywhere within the range of fromabout 99:1 to about 1:99. Preferably, the
nitroaromatic nitroxyl weight ratiois within the range of from abg%%@g'ﬁ
to about 50:1. The solutions prepared by the process of this invent g!%
useful as polynerization inhibitors. Wien so used, they nmay be enpl oyed in
their concentrated state or by diluting themw th additional anounts of

sol vent so that a concentration of about 5 weight percent or |ess of
nitroxyl is present, such dilute concentrations being readily fed into a
vinyl aromatic reactor distillation colum. Anong the vinyl aromatic

mononers that came ﬂ&hé/mrthé%'van u'nEQ-};Qhé Bde. ni"&ésﬂgdtcﬂﬁnﬁ)%ﬁréeoﬂﬁnc‘ﬁ t he

present invention are: styrene, a- styr ene, yre e oni ¢ acid,
vinyl tol uene, divinyl benze |y enzenes ated styrene,

2-vi nyl pyri afmsﬂgeaﬁéaft‘h%mr:r@sd e %ﬂﬁm@fﬂsﬂmqpa byﬁh%egogsﬁs.w hge
stabilized indefinitely by the presence of the solution, especially when

t he nonomner presemt ineeatied. Fasexample st ¢ @t rodisclbsed in RES. RaentBeurclonsi der ed to
be stabilized as long as there is a neasurable increase in the tinme for

whi ch they gaasbmohaatsethsbboem b RidedsBicanthe RN EBTbHAALIe@Benzedd - 3 Nov
2004 Those skilled in the art wi |l understand that, if desired, additional

free radical __scav d in the solutlons t.hat are epar ed
byt he. pr oceRBPETIATE A ML ORISR Msheid ERm e he uEf 5o Sylh
disclosed in U S. Patent Nunbers 5,545,782 and_5, 545,786, can be added, as
can the di hat tednermuethyieter pEhvdpeuinensitlensd inBviongamkatertzinplisagon 0
transferabl e hydrogen, e.g., a quinone derivative such

765 856 Al, and other inhibitors well-known to those skilled in the art. The

disclosures of the foregoing are incorporated herein by reference in their entirety.
The advantages and the important features of the present invention will be

more apparent from the following example.

EXAMPLE

As a control, 4-hydroxy TEMPO was dissolved in ethylbenzene at 25° C to
form a saturated solution. The solution thus formed contained 7.0 weight percent 4-
hydroxyTEMPO.

In accordance with the present invention, 4-hydroxy TEMPO was dissolved in
a 1:1 blend of 4,6-dinitro-2-sec-butylphenol and ethylbenzene at 25° C to form a
saturated solution. The solution thus formed contained 13.9 weight percent 4-
hydroxy TEMPO.

Substitution of 2,6-dinitro-4-methylphenol; 2,4-dinitro-6-methylphenol; 2,4-
dinitrophenol; 2,4-dinitro-6-sec-butylphenol; 2,6-dinitro-4-sec-butylphenol; or 2,4-
dinitro-6-sec-butylphenol for the 4,6-dinitro-2-sec-butylphenol and/or benzene,

toluene, xylene, styrene, vinyltoluene, divinylbenzene, alpha-methylistyrene, or other
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as the nono-net hyl -et her of hydroqui none discl osed in European Patent
Application O 765 856 Al, and other inhibitors well-known to thosg;ﬁhklmﬁd
inthe art. The disclosures of the foregoing are incorporated heref J
reference in their entirety. The advantages and the inportant features of
the present invention will be nore apparent fromthe follow ng exanple.
EXAMPLE As a control, 4-hydroxyTEMPO was di ssol ved in ethyl benzene at 25
Cto forma saturated solution. The solution thus forned contained 7.0

wei ght percent 4- hydroxyTEMPO. I n accordance with the present invention
4- hydr OXYTEmdﬁﬁfstﬁieﬁéQ&Nzﬁ%(lLﬁbnzé’ne% fdr Bt 819 1Rhzene employed above will yield
4,6-dinitro-2-sec-butyl phenol and et hyl benzéne at 256)afto forma

sat ur at ed solutipn. qu solution thus formed contained 13.9 wei ght percent
4- hydr oxy TEMBS RIS uti on of 2, 6- di ni tro- 4- met hyl phenol

2, 4-di ni tro-6-net hyl phenol; 2,4- dinitrophenol;

2, 4-di ni t r o- 6- sedn gy otheminy chamzediand modificagiens that sangteenade wighowt, 4-

di ni tro-6-sec-butyl phenol for the 4,6-dinitro-2-sec-butyl phenol and/or

benzene, tdbpietifg eyl HriRiplS WicdREingvthe i viealiolg Nefereded bl D BOZREE to the
al pha- net hyi styrene, or other -25 - 3 NOV 2004 al kyl ated styrenes or

al kyl - benze f I . I L L yiel ival ent
ool 1o, 1 nAOReRE el e B R B R PO pibet ot ol R
wi t hout departing from principles underlying the invention, reference
shoul d be mi¥E Bt he
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appended cl ai ns for an understandi ng of the scope of the prot ecti on to be
afforded the invention. -3 NOV 2004 CLAIMS What is clained is: Jret hod
for increasing the solubility of a conpound having the structural #fﬁ}vnaﬂﬂb
XX 13J2 RS- C-~N-C'R R3'" R3) or of a compound having two or nore
ni troxyl groups and being selected fromthe group consisting of bi s(7
-oxyl- 2,2, 6, 6-i tetranethyl piperi GLAIMSY J)succin ate; bis(
i-oxy]-2,2,6,6-tcl anetl,ylpiperidirl-4-y])adipate; bis(J

-oxyl -2, 2,6, 6- tetrarret hy) pi peri din-4-yl)sebacaie; bis(l

-oxy)-2,2,6, tr et pi peri din-4-yJ)n-butyl mal onate;
bi s(1- oxyI 2%% cdéﬁet hyl pi peri di n-4-yl)phthal ate; bis(]
-oxyl-2,2,6,6-tet rarret hyl pi peri di n-4-yl)isophthal ate; bi s(lI

-oxyl-2,2,6, 6tetrarrethy|piperidin4y))terephtha|ate bi s(]
-0Xxy)-2,2,6,6-ietrarnethyl pi perjdin yl.) hexahydr ot gr epht haI ate;
N, N - bi s(I - oxyl - 2 PEGOGIY é'tﬁf%ﬁsr’éﬂﬁ% Spfi“pfe'f‘? ar hEADRAPE i Hodid 6""""‘*""‘

formula:

or of a compound having two or more nitroxyl groups and being selected from

the group consisting of

bis() -oxy]-2,2,6,6-1etramelhy]pipe:idin-4-};i)succin ate;
bis(3-onyl-2,2,6,6-ieiramethylpiperidin-4-yljadipate;
bis()-oxyl-2,2,6,6-tetramethylpipendin-4-y])sebacate,
bis(T-oxyl-2.2,6,6-tetrameihvlpiperdin-4-yn-butvlmalonate;

| bis(1-0xy)-2,2,6,6-tetramethylpipendin-4-yl)phthalate;
bis()-ooy)-2.2,6,6-tetramethylpiperidin-4-yl)isophihalate;
Bis( i —oxy]-:Z,2:6,6-teirameihy]piperidin-4-)’])terephfha]ale;
bis(]-onyl)-2,2,6,6-tetramnethylpiperidin-4-yl Yhexahydroterephthalate,

N.N’-bis(1-oxy]-2,2,6,6-tetramethylpipendin-4-yladipamide;

2,4,6-ris-[N-buty]-N-(2 -oxy)-2,2,6,6-1etramethylpiperidin-4-yl)]-s-tiazine; and

4,47 -ethylenebis(1-oxy)-2,2,6,6-tetramethylpiperazin-3-one)

m ap aromatic hydrocarbon selvent comprising adding 10 said solventi a nitroaromatic

compound having the siructure:



2,4,6-1ris-[N-butyl-N(]

-oxyJ- 2, 2,6, 6-tetranmet hyl pi peridin-4-y))]-s-triazine; and 4,4'-ethyl

enebi s(] -oxyJ-2,2,6,6-tetranethyl pi perazin-3-one) in an aronatic 0V 2004
hydr ocar bon sol vent conprising adding to said solvent a n|troaronéﬂig
conpound having the structure: - 3 NOV 2004 2| wherein, in formula Il, R25,
R26; R27, R?e, R29, and R30, are independently selected from the group
consisting O hydrogen, alkyl, aryl, cycloal kyl, heterocyclic, substituted
al kyl, substituted ary), OR,, NR'R z, SR,, N02, NO CN COR,, COXK,,
CONR'R12, NR'COR, 2, hal ogen, and/o&vany t wo adjacent groups can bet aken
together to fornlrlng structure(s) [0f five to seven nmenbers, provided that
at | east one of R2S, R26, R2¥,. R28 A R20,rand R30 is NO2, and R 1 and R12
are independently sel ected fromyhe gdup consi sti ihg of hydrogen, alkyl,
aryl, benzy], cyclic, heterocycl and substitut &d al kyl or aryl where the
substituents are C, 0, N. S, _or P @ R _and Rl12 can be taken together to
forma ring structure of fi%€ to seven frenbers and, in formula ], R and
R, are independently selected fromghe group conS|sting of hydrogen,

al kyl , and het eroat om substituted aTkyI and R2 and R, are independently
selected fromthe group conS|st|ng of aIkyI and het eroat om substituted

al kyl'; and X, and X 3 i pend

consi st g ot R S %&E@oﬁ%é%%ﬁj?%&?‘m%%%é?ﬁ%ﬁ s al kyl
or aryI) am do, CQ} 35, car bony. aIken I ] 5 carbon
at oms, ( 35¢ %TakJeFP“F’d %%Ffe}?-”d"fgﬁf"rﬁ‘ly -2RnG Cgcial']dcf'ﬁﬁa %] ¢ §ub£1 %8d seven

nenbers mnth the nitro
Liky) Sobsttie@ sy, OR,y, NRyyRyz, SRy, NO,, NO, CN, COR,,, COOR,,,

CONR,,R,, NR,,COR,,, halogen, and/or any two adjacent groups can be taken
1ogether to form ring structare(s) of five 1o seven members, provided that at Jeast one
of Ros. Ry Rogs Raps Ryo, @and Ryo35 NO,, and

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

ary}, benzyl, cyclic, heterocyclic, and substituted alkv! or ary) where the substituents

are C, O, N, S, or P, or R,, and R, can be 1aken together to form a nng structure of
{ive 10 seven members

and, in formule 1, R, and R, are independently selected from the group
consisting of hydrogen, alky), and heteroatom-substituted alkyl and R, and R, are
indepandem]y selecied from the group éonsisﬁng of alky] and heteroatoms-substituted
alkyl; and X, and X, (1) are independently selected from the group consisting of
halogen, cyano, COOR,, -S-COR,, -OCOR,, (wherein R, is alky] or aryl), amido, -8
CH,. carbonyl, alkenyl, or alkyl of 110 15 carbon atoms, or (2) 1aken together, form 2
ring structure of five 10 seven members with the nitrogen,

wherein the weight ratio of nitroaromatic compound to aromatic

hydrocarbon solvent is at least 1: 10.
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wherein the weight ratio of nitroaromatic conpound to aromatic - hydrocarbon
solvent is at least | : 10. -28 - 3 NOV 2004 The nmethod of claimI| wherein
the stabl e hindered nitroxyl conmpound is of the structural fornuJ?' %ﬂ@ ein
R, and R4 are independently selected fromthe group consisting of H@ gen,
al kyl, and heteroatorn-substituted al kyl and R2 and R3 are i ndependently
selected from the group consisting of al kyl and heteroatom substituted

al kyl, and the portion represents the atons necessary to forma five-,
six-, or s?even-frbw@tw etapobyarTesn hestblahngted ptpshcypreyn mot]
wherein the nitroaromati c conpound is selected fromthe group consisting of
2, 6-di ni t rthe 4|ty Fpanel ; 2, 4-di ni tro- 6- net hyl phenol ; 2, 4- dinitrophenol;
2, 4-di nitro-6-sec-butyl phenol; 2,6-dinitro-4-sec-butyl phenol, 2, 4-

di ni tro-6-sec-butyl phenol, 4, 6-dinitro-2-sec-butyl phenol;

|, 3-di nitrobenzene; .3,4- dinitrgbengene; 2-nitro-4-nethyl pheno);

2, 4-di ni tronapht hol ; 2, 4- di it ochl oxeBgnzene; and 4-cyano- 2-nitrophenol .
4. The nmethod of claim2 wherei it he hitroaromatic conmpound is sel ected
fromthe group consisting of 2,B;diniRJo-4-nethyl phenol;

2, 4-di ni tro-6-net hyl phenol; 2,4 -28+-3 NOV2 004 dinitrophenol;
2,4-dinitro-6-sec-butyl phenol; 2,6-dinitro-4-sec-butyl phenol, 2, 4-

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

alkyl, and heteroatom-substituted alky] and R, and R, are independently selected from

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

N

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

heterocyclic nng.

3. The method of claim 1 wherein the nitroaromatic compound is selected from
the group consisting of 2,6-dinitro-4-methylphenol; 2.,4-dinitro-6-methylphenol; 2,4-
dinitrophenol; 2,4-dinitro-6-sec-butylphenol; 2,6-dinitro-4-sec-butylphenol, 2.4-
dinitro-é—sec—bmylphenol, _4,6—dinitro-?-sec—buty]pheno]; 1.3-dinitrobenzene; 1,4-
dinitrobenzene; 2-nitro-4-méthylpheno]; 2,4-dinitronaphthol; 2,4-

dinitrochlorobenzene; and 4-cyano-2-nitrophenol.

4. The method of claim 2 wherein the nitroaromatic compound is selected from

the group consisting of 2,6-dinitro-4-methyiphenol; 2,4-dinitro-6-methylphenol; 2,4-
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di ni tro-6-sec-butyl phenol, 4, 6-dinitro-2-sec-butyl phenol;

|, 3-di nitrobenzene; 1,4- dinitrobenzene; 2-nitro-4-nethy]phenol;

2, 4-di ni tronaphthol ; 2,4 dinitrochl orobenzene; and 4-cyano- 2-nitr oph8§0¥R004
5. The method of claim| wherein the aronmatic hydrocarbon solvent is
selected fromthe group consisting of benzene, toluene, xylene,
ethylbenzene di ethyI benzene styrene, vinyltoluene, divinylbenzene, and

al pha-neth £ Gl tic

hydr ocar bo"ﬁ %@W@?ﬁ ?a d%ﬁ_ '3%Ic &ﬁ?%j%nmfﬁ ?6mdﬁ]g\6€§%%@r}] ﬂe L Benzene,

t ol uene, nﬁlene et hyl benzene, di et hyl benzene, %rene V|nyltoluene

di vi ny| berieie-6-aee balirhenek BHy sty dnec- bwlméolm HEEUGbeBIeRE m 4 wher ei n
the stabl e hindered nitroxyl conpound is 4

am no- 2, 2, fnfirdbehisee hiyleiupaethdiphyddxd,4-ddnitrdhaephiedifind- of clai m 4 wherein
the stabl e hindered nitroxyl conpound is 4 oxo-2,2,6.6

tetrameth Y 4. claim4 wherein the stable
hi ndered nt’ F%)%@'Oqéonpgﬁé{ﬁgnlgé C}g %/ZE%Q%HQI,'G, 6-t et ranet hy) pi peri di nyl oxy.

10. The method of claim4 wherein the nitroaromatic conmpound is
2,4-dinitro-6 sec-buty] phenol. -30 - 3 NOV 2004 11. The nmethod of claim4
wherein the nitroaromati c conpound is 2,6-dinitro-4 sec-butyl phenol. 12.
The met hods.of cirBé medhothefiadaim 1 Wdereirt the aronatid ly dcorrpmmred]vent &5 Blastadni t r o- 2

from the group consisting of benzene, toluene, xylene, ethylbenzene, diethylbenzene,

styrene, vinyltoluene, divinylbenzene, and alpha-methylstyrene.

6. The method of claim 2 wherein the aromatic hydrocarbon solvent is selected
from the group consisting of benzene, toluene, xylene, ethylbenzene, diethylbenzene,

styrene, vinyltoluene, divinylbenzene, and alpha-methylstyrene.

7. The method of claim 4 wherein the stable hindered nitroxy) compound 1s 4-

amino-2,2,6,6;tetralnethy]piperidinyloxy.

8. The method of claim 4 wherein the stable hindered mitroxy} compound 1s 4-

ox0-2,2,6.6-tetramethylpiperidinyloxy.

9. The method of claim 4 wherein the stable hindered nitroxyl compound 1s 4-

. hydroxy-2,2.6,6-tetramethylpiperidinyloxy.

10. The method of claim 4 wherein the nitroaromatic compound is Z,4-dinitro-6-

sec-buty] phenol.
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sec-butyl phenol. ]3. A solution consisting essentially of a solvent system
and a conpound having the structural formula: 7 R-c, ,c-R N R or

f
conmpound having two or nore nitroxyl groups and being sel ected frﬁr%lﬁltvl“@m
group consisting of bis()-oxy]-2,2,6,b tetranethy)pYpendi n-4-y])succin2te;
bis {] - oxy- 2,2,6,6-tetranethyl pi peridin-4-y])adipate; V bis(]
-oxy]-2,2,6,E-t el rain el,3Y)pi.PeTidi-n-4-y3)sebar-aic. bis(]
-0oxy]-2:2,6:6-tetranet hyl piperidin-4 )'])n butyl nal onate; bis(l -oxy}-2,2;
6, 6 tetrangt hyl Thdgeindt vf 4tayth)dohBdrainethe nitmaydmaicody@und is 2,6-dinitro-4-
tetramet hy} pi peridin-4-y])isophthalate; bis(3 bis(3

-oxyl-2,2,6, 6-tet thy)pi peridin-4-)"))ierep; ,tha)2se; bis(3 -oxy}-2;
?,6,6-tet Fﬁ?'ﬁ@bﬁyglgﬁ‘er din-4-)"])) 1lexah)' d7ot er epht ha3at e;

T,3Q -bis(]-0x)71-2,2,6,b tetranethy] p3perioin-4-y])adiprside; 2;
4,6-iris-1T -butyl-?N-()-oxy)-2,2,6,6-tEtranethy3piperidin-4-yl1)]-s-t;
iazine, and ;4'-ethylenebis(] -oxy} 2,2:6,6 tetranmethyl ]piperazin-3-one)
-31 12 The method of claim 4 wherein the nitroaromatic compound is 4,6-dinitro-2-

sec-butyl phenol.

13 A solution consisting essentially of 2 salvent system and a compound having

the structural formula:

or of a compound having two or more nitroxy) groups and being selected from

the group consisting of

bis(1-oxy)-2,2 ,6,6-1euameih)rlpipe:idin—4—y])succin31e;

bis(1-oxy}-2,2,6.6-1€172m ethvipipendin-4-yl)sebacaie;
bis(1-oxv}-2,2,6.6-1etram ethylpiper: din-4-y])n-burylmeionete;
bis(1-oxv)-2,2,6,6-1eirem ethylpipen din-4-yphhelae;
bis(1-ony}-2,2,6.6-1etremethy)piper Gin-4-y))isophthalate;
bis(]-o%y}-2,2,6,6-1eiram ethylpiper] din-4-y))terephthzlate;

1xl:'is( ] -oxy1-2=é':6=6-1e1ram ethylpipericin-4-y))hex ¢hydroterephihalate;

NN*-bis(]} -o:>w]-2,2=6,6-1crramelhy}pipeﬁ gin-4-yl)zdipamide;

2.4_6-1m3s- [N-bory)-N-(3-oxyl-2 .2.6,6-1etrzmethylpipes Gin-4-yN}-s-t1ezine; and

4 4*-ethylenebis() -0}:)’l-_'2=2_.6,6-1e1:rame1hy]piperazin—3—ont)
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the overcone that conprises enploying as the Sol vent systemfor said
solution an aromatic hydrocarbon so}vent and a nitroaronalic corrpmgn@v 0
having the structure: 33 wherein, in fornula 13, Res, R262 R77, Ras y204
and R p, art independently selected fromthe group consisting of hydrogen,
al kyl, aryl, cycloal kyl, heterocyclic; substituted alkyl, substituted
aryl, OR,, NR'R,, SR,, NO, NO CN COR,, COX;,, CONR'R, . R, , COR, , ,

halogen and/ or any two adjacen ups ca kgn Q. form ng
st ruct ur e( s) e pYRN §7% VSR SR ﬁé?f%%ﬁ@'m-‘pf O@F acg?fnt?h}e?mm iorIeasﬁﬁ%or%lean of R75,
Rj" R;, R?s, Rte, and R o is NO7, and and R 2 are independently sel ected
fromthe groumaonsistihey whvendagEnoaTaPRY] COmPRPYA haﬁéﬁgw-"m’w& ic,
heterocyclic, and substituted alkyl or aryl where the substituenis are C,
0, NN.S or P, or R" and Rt, can bg taken together to forma ring structure
of five to seven nenbers and in flormula ), R and R are independently
sel ected fromthe group congjsting ydrogen, al kyl; and

het er oat onsubstituted 0(y] and @re indeFendentIy sel ectedl from

t he group consisting of alkyl ér oat om subst’ t ut ed al kyl; and Y,

and ), ()) are independently selectedfromthe group consisting of

hal ogen, cyano, COOR7, -S-COR, -OJOR7, Twmherein R is alkyl or anido; -S
ctin';, carbonyl, alkeny], or a)ky%7of 3 to 15 carbon atons, or (2) taken
together, forma ring structure of *five to seven nenbers mnth t he nitrogen
wherein the weight ratio of nitroaromatic conpound to hydrocarbon sol vent

is at | eastypkrein, 30 5orm¥fa 1, Rys. Rye Ron Rog: Rags 808 Ry, a7e independently selecied

from the group consisting of hydrogen, alky), aryl, cycloalkyl, heterocyclic, substitied
alkyl, sobstitvted aryl, OR,,, NR,,R ., SR,;, NO,, NO, CN, COR,,, COOR,,,
CONR,,R,.. NR,,COR,,, halogen, and/or any two adjacent groups czn be tzken
together 10 form ring structure(s) of five 10 seven members, provided 1hat a1 leasi one
of Ry, Raog: Rosy R,,?, R,e. 2nd Ry 15 NQ:,: and

R, 2nd Ry, are ir_adependem]y selected from the group consisting of hydrogen, alkyl.
2ry], benzy), cyclic, heterocyclic, znd substitvted sloy] or ary) where 1he substiluents
216 C, O, N, S, or P, o1 R, 216 R, czn be 1aken logeiher 10 fonm 2 1ing strociure’of

frve 10 seven members

and, in formulz ), K, and R, zre independemly selecied from the grovp
consisting of hydrogen, alkyl, and hetesoaiom-substitvied alky] and R, 2nd R #7e
izzde;,:endem]}; selecied from the group consisting of aJky] 2nd heteroziom- subsijtuled.
alky]; and X, end X, (1) are independenty selecied Jrom 1he group consisting of
halogen, cyano, COOR,, -S-COR,, -OCOR,, (wherein R, s alkyl oy aryl), 2mido, - S-
C,13., carbonyl, alkenyl, o7 alkyl of 130 15 czrbon z1ems, or {2) 1aken 1ogether, Jorm a

1ing structure of five 10 seven members with the nilrogen,

wherein the weight ratio of nitroaromatic compound 10 hydrocarbon

solvent s at Jeast 1 : 10.
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