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SULFONATEDNI TROPHENOLS AS POLYMERI ZATI ON | NHI BI TORS W

claimthe benefit under Title 35, United States Code,
wa2@6mBe4bb S. Provi sional Application Nunber 60PELASBBT/030672

filed Septenber 28, 2004, entitled SULFONATED

NI TROPHENOLS AS POLYMERI ZATI ON | NHI BI TORS and

Provi si onal Application Nunber 60/632,529, filed

Decenber 3, 2004, entitled SULFONATED NI TROPHENOL

PCLYMERI ZATI ON | NHI Bl TORS. BACKGROUND COF THE | NVENTI ON

1. Field of the Invention The ,Present |nvent| on is

directed to the SHLHONATEDLNITROPHENOLS, o

pol yreri zat i on PQWT@MMEHW'E@M m)norrers

by nmeans of the addition thereto of a sul fonated

ni trophenol. 2. Description of Related Art Many

et hyle@ifipdhlelbe Bfitinder Title A5 ne¢dS tatadeSodea§ 120 of U.S.
ProPilond® Apf)ﬁcé‘ﬁoﬁ’ﬁhhﬂié? 66/63.4,8%7,dfled ReptemBRN 18 22004/ éntitled
sm@ﬁ?ﬁ%éﬂzﬁqﬂ HENOLS WY POEYMBRIZATION INHIBITORS and
Pro NﬁHﬁa‘ér %6/6%@ 8598} @ﬂexéiﬁbélzﬁtzwm,en@'iﬂeung

ﬁ% 131@ ﬁffA THSR 1N (T Vdﬁ’é‘ow

, an rmcrease in I'scosity
of any tars that nay be produced. The processi ng and

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to the inhibition and retardation of polymerization of
ethylenically unsaturated monomers by means of the addition thereto of a sulfonated
nitrophenol.
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 produced. The processing and
handling of the higher viscosity tars then require higher temperature and work (energy cost)
to remove residual monomer.

Polymerization can also result in equipmertt 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. These deposits must

be removed from time to time, leading to additional loss in production of the monomer.
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handl i ng of the higher viscosity tars then require
hi gher tenperature and work (energy cost) to renove
WO e®c@s@ke nonomer . Pol yneri zati on can al so r esECT/US2005/030672
equi pnent fouling, especially in the case of
production of acrylic nononmers. Such pol ynerization
causes |l oss in production efficiency owing to the
deposition of polyner in or on the equi pnent being
used. These deposits nust be renoved fromtine to
ti meA widadiniy obcerdpounids had been propioaedhansidised farinkjbitingamcontrolled
nmononer. A wi de variety of conpounds has been proposed
arflinchdesied golymérivatibh b eylenically uobtestedindnomeaes iHewkver, many of
pol yneri zation of ethylenically unsaturated nonomners.

hERY S oun BN e Rt bRSBIIG ReKALY, have not been fully
satistactory. U S Patent No. 2,867,672 discloses that

t he rj-zatd ni;nhi. bi . i

1, BOLFTRRRA 0502 S PULOLA B A R RBFGA e s
space apove . the liquid | evel of the main bod f I

coplpransoim il ROy WEHs Foe 8 b VF Bk gbqtrdhe liquid evel of
surfaces encl osing the vapor space with a styrene )

the shapmbedyzel styyang ind tenk s1ay beynsninpzedpit spueying lpgwrfages enclosing the
di scl oses a process for the distillation of readily

vapot ypeee indthld styrenayodlymedp@iondnldbitgrounds conpri si ng
subjecting a vinyl aromatic conpound, to el evated

t enpErAPUi-aENbLM,08611 £1 dist1adds Abrssss oMt dibtheitiph ©$ esadity
of a polynerization inhibitor conprising

PSRk o A RS 556888 st
to elevated temperatures in a distillation system in the presence of a polymerization inhibitor
comprising m-nitro-p-cresol.

U.S. Patent No. 4,468,343 discloses a compound and a process for utilizing the
compound to prevent the polymerization of vinyl aromatic compounds, such as styrene,
dulring heating. The composition includes effective amounts of 2,6-dinitro-p-cresol and
either a phenylenediamine or 4-tert-butylcatechol respectively, to act as a polymerization co-
inhibitor system in the presence of oxygen.

U.S. Patent No. 4,670,131 discloses controlling the fouling of equipment used for
processing of organic feed streams containing olefinic compounds by inhibiting

polymerization of the olefinic compounds by carrying out the processing in the presence of

from about 20 ppb to less than 1000 ppb of a stable free radical, such as a nitroxide.
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conpound to prevent the polynerization of vinyl

aromati ¢ conpounds, such as styrene, during heating.
wab@ecosdposi ti on i ncludes effective anobunts of PCT/US2005/030672

2,6-dinitro-p-cresol and either a phenyl enedi am ne or

4-tert-butyl catechol respectively, to act as a

pol yneri zati on coi nhibitor systemin the presence of

oxygen. U.S. Patent No. 4,670,13 1 discloses

controlling the fouling of equipnent us for o .

pr oc &% iBatpnbNood .gahi’ €0 8@61@3"39&13% 1%%?f§gﬁ PRigmsriztineof a vinyl

conpounds by inhibiting polynerization of the olefmc
amamio ennipotnyd, serhragistygemyy duting distilbaios oir pyrifipationdy the presence of at

presence of from about 20 ppb to | ess than 1000 ppb of

l@stSdm kB 1d Higexyl @Gﬁ‘f[iaahmd flgethepwith atleast oxé aenidtiSnitRat@mpound.
No. 5, 254,760 di scloses the inhibition of the

pol yiRs izt ' ' [Bficall
Styr gﬁ%’ gatdx'rt gﬁg?,z?g,tS?{% Fliét:l_o@és%%&&s FRRRBU M Mh%e cally

ation or purification by t
<PHGEERLR et ot St 1L bR Ta? PO At RGN sabilicine
Us. P No. 5,290, 888 di scl f :
088 0 Moy L PP LB SR BB T ReR izl monome

ol i gomer from premature polynerization whereby a .
osbkgithdrz Thg ethbaninallpfunsatuiatedyaensmer o1 pKREIRGeagompass vinyl

hi ndered am ne is added to said pol yneri zabl e nonomer
nhofletgareticomEfdeatihy hidaast ahé yolymsarabiametttyroHonsrhydroxy

ol i goner enconpass vinyl nononers or oligoners bearing

s¥stihREPhin@AEd RRINETE 5Aid 3 LihiBTPhreindturel Py NeRydioail the liquid and/or
substituted hindered anmine is said to 1 nhibit

VQ(%gﬁ&gge pol ymeri zation in the liquid and/ or vapor
ﬂ%a e.

U.S. Patent No. 5,446,220 discloses methods for inhibiting the polymerization of
vinyl aromatic monomers in oxygen-free processing systems. These methods comprise
adding from 1 to about 10,000 parts per million parts 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-dinitro-o-cresol are used in combination with
bis-(hydroxypropyl)hydroxylamine and N,N' -di-sec-butyl-p-phenylenediamine.

U.S. Patent No. 5,545,786 discloses that nitroxy! inhibitors in combination with some
oxygen reduce the premature polymerization of vinyl aromatic monomers during the
-manufacturing processes for such monomers. It is also disclosed that even small quantities of
air used in combination with the nitroxyl inhibitors result in vastly prolonged inhibition times

for said monomers.
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U S. Patent No. 5,446,220 discloses nethods for

i nhibiting the polynerization of vinyl aromatic
WORe/BG436 | N oxygen-free processing systens. TPEBES2005/030672

nmet hods conprise adding from1l to about 10,000 parts

per mllion parts nonomer of a conbination of a

di ni trophenol conpound, a hydroxyl am ne conpound and a

phenyl enedi am ne conpound. Preferably,

2-sec-butyl -4, 6-dinitrophenol or 4,6-dinitro-o-creso

ar e WiSeHatem Mo ftfA3Ra3i5alsclasehthat selected derivatives of 1-oxyl-2,2,6,6-

bi s- (hydroxypropyl ) hydroxyl arnine and N, N
tetrathetBAC4-RYd¥kyRpdiRnydre BERE R a3 enhiblices tdiakestt tNpremature

5, 545, 786" di scl oses that nitroxyl inhibitors in

ERNALS L ARbh 89&63%15%&1%{}?@%@@5&85‘? HiGiestdne (RIS, Q/inﬁfl acetate and

meri zat romatI'c nononers durlng t ne

acnﬁgﬂrggggg{h%%g%s%%c SS s”for such nmononers. It is also

o quantities of air used in

combi nation with the nitroxyl inhibjtors resylt in

vastV. BrenaNeddl 43pStiscleses p npEaTe (9F MUhifing the premature
nononers. U. S. Patent No. 5,932,735 discloses that

pobeheitaton démouamens dat obntpinsXs) vinyPe@it@ning monomers, and (B) an
t et ramet hyl - 4- hydr oxypi peri di ne are effective as

effedfii dirhOiirg of @ nik@YeHR (1) e O ENBIAE% bp aYeygies based dotheadtal mixture
acrylic and nethacrylic acids, their esters, their

(Bgmfda% foastdr N -0 RARL AR AN I REEVhORY bnideByhiBh E4ties no hydrogen atoms

resence of water. U S. Patent No. 6, 143, 205 di scl oses

On%%lgn ﬁg(!;?.a ! enrafg(())l'%lﬁ Igl?c{] g@ IF{{OIYI{] 99 .b? is 9% ?%}%%@ﬁﬁg})%ﬁ rgOh%ﬁé fo@;ﬂ mixture

ai ns
AT e Sy S ve aount of 2 mxture o
m .thlljlgsiian patents 1,027,150; 1,139,722; and 1,558,888 disclose decreased polymer

formation during normal operating conditions (true inhibitors), but do not protect the system
in emergency feed shut off situations, i.e., there is no retarder effect.

The foregoing are incorporated herein by reference in their entirety.

SUMMARY OF THE INVENTION

In accordance with the present invention, sulfonated nitrophenols have been found to
be excellent inhibitors and retarders to prevent polymerization of ethylenically unsaturated
compounds. Optionally, these materials can be used in combination with nitrophenols, such
as 2,4-dinitro-o-sec-butylphenol (DNBP); nitroxyl radical type compounds, such as 4-0xo-
TEMPO with nitrophenols and amines, such as N-methyl-pyrrolidinone (NMP);
nitrosoanilines, e.g., C-nitrosoanilines, such as 4-nitroso-N-(1,4-dimethylpentyl)-aniline with

nitrophenols and amines; and the like; and combinations of the foregoing.
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(B), of at |east one N-oxyl conmpound of a secondary

am ne which carries no hydrogen atons on the oc-carbon
wat@am3darel (ii) from99.95 to 95.5% by wei ght , POBRESZNODN30672

the total mxture (B), of at |least one nitro compound.

Russi an patents 1,027,150; 1,139, 722; and 1, 558, 888

di scl ose decreased pol yner formati on during nor nmal

operating conditions (true inhibitors), but do not

protect the systemin energency feed shut off

Si t Jatsiannslyantage of thépregerit snveatiorethat the sulddiagal nitrdpteenols can be

foregoing are incorporated herein by reference in

ea%\inbf%&{)e?r@& il SitosphRIVRBYcHEIn thHERah IMEN Ghbtich @maRlodance

he present invention, "sul fonated nitrophenols

ot o) Bl ¢RI bR R R Elop AL REE RigP s hciopnd

. _unsat.urated conpou . tionally, these materials can..

g LD GG DR Do ik STt Bt 1a Stprd babhites
2,4-dinitro-o-sec-butyl rhenol (DNBP); nitroxyl .
r adildas andpiercdugssuara obtaingd by 4Be mregsus InveEip Whiighhis directed to a
ni trophenol s and am nes, such as

mdthodkfdryhhipying ahd détardimg thé\Menature polyseaimationas, thepgymer growth of
C-nitrosoanilines, such as

etlﬁdéﬂi&ﬂ@&ﬁrsﬁ%ufdted“m@h@ﬁé@%blﬁ@ﬂﬁiﬁ% hdding td &1 Mohbmers an effective
ni trophenols and am nes; and the |ike; and

At . : . '

wfREPLRAILaraelubie, Aol Rl g anue L
can be easily prepared in nitrophenol production by
changing the nitration conditi . It is thus an
object of the present invention to develop a highly
efficient and R, R,

wherein:

R;, R,, and R, are independently selected from the group consisting of hydrogen,
hydrocarbyl, NO,, and SO,H, provided that at least one of R;, R,, and R,is NO, and at least
one of R}, R,, and R, is SO,H.

In a preferred embodiment, the present invention is directed to a method for inhibiting
and retarding the premature polymerization and the polymer growth of ethylenically
unsaturated monomers comprising adding to said monomers an effective amount of a

combination of
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I nexpensi ve polynerization inhibitor with superb true
inhibitor and retarder capabilities. This and other
wobjeos&2a@r e obt ai ned by the present inventi onPCWOBZN5/030672
is directed to a nmethod for inhibiting and retarding
the premature polynerization and the pol ynmer growth of
et hyl eni cal | y unsat urated nononers conpri si ng addi ng
to said nononers an effective anount of at |east one
inhibitor that is a sulfonated nitrophenol of the '
forma)a: astesedne fiff inhiB2or thadis RB3udomatédaiapphaendf te formula:
sel ected fromthe group consisting of hydrogen,
hydrocarbyl, NO2, and SO3H, provided that at |east one
of Rl, R2, and R3is NO2 and at |east one of Rl, R2,
and R3 is SABH. In a preferred enbodi nent, the present
invention is directed to a netRod for inhibiting and
retarding the premature pol yneri zati on and the pol yner
growth of ethylenical | yR,u
conprising adding to sai d mef Syan effectlve anount
of a conbination of (A at ast ong first inhibitor
that is a sul fonated nitroppenol the formul a:
rdependent |y selected from
the group consisting of hydrogen, hydrocarbyl, NOZ2,
and SO3H, provided that at |eagt one ORlL, R2, and R3
is NO2 and at |east one ORl, R, and R3 is SOG38H; and

wherein:

R,, R,, and R, are independently selected from the group consisting of hydrogen,
hydrocarbyl, NO,, and SO,H, provided that at least one of Ry, R, and R;is NO, and at least
one of R, R,, and R, is SO;H; and

(B)  at least one second inhibitor selected from the group consisting of nftroxyl
compounds, nitrosoanilines, nitrophenols, amines, and mixtures thereof.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As stated above, the present invention is directed to inhibitors comprising a method
for inhibiting and retarding the premature polymerization and the polymer growth of
ethylenically unsaturated monomers comprising adding to said monomers an effective

amount of at least one inhibitor that is a sulfonated nitrophenol of the formula:
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(B) at |east one second inhibitor selected fromthe
group consisting of nitroxyl conpounds,
woRacos@ani | i nes, nitrophenols, am nes, and m RCT/USR05/030672
t hereof . DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As
stated above, the present invention is directed to
i nhibitors conprising a nethod for inhibiting and
retardi ng the premature polynerization and the pol yner
growm h of ethylenically unsaturated nononers
conprising adding to said nonBhers an effective anount
of at least one inhibitor that is a sul fonated
ni trophenol of the fol -whérein: Rl, R2, and R3 are
i ndependent |y sel ected fron oup consi sting of
hydr ogen, hydrocar byl , ‘
| east one of R, R2, and R 2 and at | east one of
R1, R2, and R3 is SG8H. The onat ed nitrophenol s
enpl oyed in the practice of the present invention can
be easily produced in a two step process. The pheno
starting material is treated ®th concentrated H2SO4
to yield a sul fonated phenol internedi ate. The
sul fonat ed phenol is then reacted with HNG3. The
HNO3: phenol nol ar ratio should be fromabout 0.5 to
wheadiout 1.9, preferably fromabout 0.9 to about 1.1. The
concentration of nitric acid should be fromabout 1 to

bqut i t i
abgqut RO RY RS iada@RhierftfyaR]caaYtond fhe fg@?\ﬂ%ﬁtslsﬁ@@a lylfggen,

tenperature "should be in the range o rom about

hydﬁqlt&?t;ﬁglﬁ mgﬁ?d@‘@ﬁfb‘?oﬂ&&%%{ at 1%t &%Hf"ﬂlil,”st, QHE R, is NO, and at least

one of R, R,, and R, is SO;H.

-
\{

The sulfonated nitrophenols employed in the practice of the present invention can be
easily produced in a two step process. The phenol starting material is treated with
concentrated H,SO, to yield a sulfonated phenol intermediate. The sulfonated phenol is then
reacted with HNO,, The HNO,:phenol molar ratio should be from about 0.5 to about 1.9,
preferably from about 0.9 to about 1.1. The concentration of nitric acid should be from about
1 to about 65%, preferably from about 16 to about 35%. The temperature should be in the
range of from-about 40 to about 80°C. The end product may contain some nitrophenol,
which also has good retarder activity.

In a preferred embodiment the inhibiting system further comprises one or more
additional inhibitors selected from the group consisting of nitrophenols, nitroxyl compounds,

nitrosoanilines, amines, and mixtures thereof.
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whi ch al so has good retarder activity. In a preferred

enbodi nent the inhibiting systemfurther conprises one
woroosos@2@ddi ti onal inhibitors selected from t PET/YSTIOP030672

consi sting of nitrophenols, nitroxyl conpounds,

ni trosoanilines, amnes, and m xtures thereof. \Were

one of R1, R2, and R3 is hydrocarbyl, it is preferably

a straight chain or branched chain al kyl or al kenyl of

from1l to 18 carbon atons, nore preferably of from1l

to 1Whew trernfR,oRs ahdB wdlyldgzcaﬂm iristprdfemablyedsttaight chain or

nmet hyl , ethyl, propyl, butyl, pentyl, hexyl, heptyl,
bracdhed, chgln%ﬂll‘y}l lor hexwll of fomyl to eyon dﬂétﬁ§&xydre peksfeiabbyl of from 1 to

tridecyl, tetradecyl, pentadecyl, hexadecyl

. | f
?@ﬁﬁ&g%}ﬂsm %ﬁg%ﬁﬂlot lﬁllll?éﬂ to, I‘élecgl‘at%?lprp réerg/?ebrl]lttyli pentyl hexyl

oregO|ng such 4s 1 sopropyl

heg?y?, legTe%{yé ?}% Cyg,lt{%rg% Iﬁché 3"81%(%%3’( (%lcfd htasdg yﬁ 1 tg%%cge%&y Ipentadecyl,

enol. s that can 0 t he, practice of
haxAs 5’2@@#@96% VeRerai q?% la%r@elysagfheaf%@gﬂ% fUCHiap EgPEapy L sec-
2 6- d| ni tro-4-net hyl phenol, 2-nitro-4-nethyl phenol,
butyl4 nepentyi, s ikepliiechor gychic alkgl grqum,tsu@pweqy@?/ opemiyk ey dohexyl,
acid), 2,4-dinitro-6-nethylphenol, 2,4-dinitrophenol,
cyZloheﬂt’yhidybl@o&ylseﬁd owdlgdodbenol , 4- cyano- 2- ni trophenol

3-i odo- 4-cyano-5- nitrophenol, mnitro-p-cresol,

2, 6- Hitfiphb 1P tiaf @%Qieaenﬁﬂ'@yeﬂhﬁ tﬂe‘ ﬂ?&‘otlce of the present invention include,
24D|n|tro6sec utyl phenol is preferred.” The

bui Ybd I(l)(g%l% dbid @Jﬁﬂﬁt@z]‘? 1S Qhy hRGREHEL4- M TR, 8 A Minitro-1-
al'so be advant'dgeous
naphthol, 2,4,6-trinitrophenol (picric acid), 2,4-dinitro-6-methylphenol,
2,4-dinitrophenol, 2,4-dinitro-6-sec-butylphenol, 4-cyano-2-nitrophenol, 3-iodo-4-cyano-5-
nitrophenol, m-nitro-p-cresol, 2,6-dinitro-p-cresol, and the like., 2,4-Dinitro-6-sec-
butylphenol is preferred.
The sulfonated nitrophenols of the present invention can also be advantageously

employed with an additional inhibitor that is a nitroxyl compound, preferably a stable

hindered nitroxyl compound having the structural formula:

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
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enpl oyed with an additional inhibitor that is a
ni troxyl conpound, preferably a stable hindered

WoRa06o36426 conmpound havi ng the structural fornmuPer/uX003030672

I 112 RI R5 O wherein R4 and R7 are independently
sel ected fromthe group consisting of hydrogen, alkyl,
and heteroatom substituted al kyl and R5 and R6 are
[ ndependent ly selected fromthe group consisting of
al kyl and heteroaton}suF tituted al k and X1 and X2
seéef)tedaﬁr@m thi R aTSpE 8 ﬁfé%fal, EYaH @ﬁ’@ B§-OR o, -OCOR,,,
consi sting of hal ogen, cyano, COORLO , -S—CCR 10
(WIEBDRTY, is @lkyé pedrp!) Rigidp s-SaCdt) capboreyt,yalRenyhot didcyl of 1 to 15 carbon
-S-C6H5, carbonyl, al kenyl, or alkyl of 1 to 15 carbon

at8ine ), (2Pfaké12ﬂog§tﬁkf; n'ormgﬂﬁgwﬁructﬁre fyihathé hit@gsh.r uct ur e
with the nitrogen. In a particularly preferred

teggo% fg&%m%ﬁﬁé&h%ﬂ%&%ﬁ Ah&ihBie Mdeféarmw chBPound

ornmul a: wherei'n R4 and

mﬁgg?g (%ma #%Vﬁplected fromthe group conS|st|ng of

and het eroatom substituted al kyl and
R5 and R6 are independently selected fromthe group

consi sting of al kyl and hgﬁegﬂé?bg;éybstituted al kyl ,
and the portion represent§7the at ‘necessary to form
a five-, six-, or seven- rrerrbgr\eni I?{et erocyclic
6 O
wherein R, and R, are independently selected from the group consisting of hydrogen, alkyl,

and heteroatom-substituted alkyl and R, and R, are independently selected from the group

consisting of alkyl and heteroatom-substituted alkyl, and the

&

portion represents the atoms necessary to form a five-, six-, or seven-membered heterocyclic
ring.
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
N
ZZ Z3
Rf//+\\N R,
R | R
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ring. Accordingly, one of the several classes of
cyclic nitroxides that can be enployed in the practice

W@bRookl0ss4ps esent i nventi on can be represent ed bRCT/N82005/030672

followi ng structural fornula:wherein Z1, Z2, and Z3
are independently selected fromthe group consisting
of oxygen, sulfur, secondary am nes, tertiary am nes,
phosphor us of various oxidation stat es, and

bstrtgi ed oi uns bstrt ted car on a@oms g,uc ‘pngofoxygen

>CHF, >CHOH, >CHCN >C( OH)CN >CHCOOH, >CHCOOCH 3
sHBHOSOoN ¢35 AMIHES CRYHBO0TRISS, PhCXIOMSCOTRTGISs ox@latian GHascand
2H5, >CR OR9, >CHNR 8R9, >CCONRSR9, >C=NOH,

sutistifie CoHmsubstRted edtbdi?atomSRuzh a$OCH,, XHCHPRIBRLAR(EH,),,
and the |like, where R8 and RO are independently

>€@h§cbe@rdrr%m BELgr SAHORNSEREND gc@Hbtm SOECO@H k>)’¢HCOOCH3,
aryl | and acyl 'and R 3 R14’ and Ri5 are’ i ndependently

ei?k Er);tgléﬂ’ BWHWOM)% >%86ﬁ€§??@{ 3%?%?%1@%&%&0&
R AN R SRR gy i SChngChty rER, g:‘rf?e

R8 and/or RO are alkyl, it is preferred that the
>CHBR :RuRy4: ap the likegiacre Ry ppdiRopre indspendratly splee fromm the group
atons, e.g., nmethyl, ethyl, propyl, butyl, pentyl, and

cb@sthugsafﬁrlyémgeﬁ, )alky\ll)heylearl%cahmddkl 3, R94, mdé{ra axel indg¢pendently selected
preferred that they be aryl of from6 to 10 carbon

fidh DR, gréurdeonsiph@nyt utharb@ pletths, allyll, &1, =07 GRIdiahtl MR ;R 5, where
rray be substituted with non-interfering substituents,

PRE L A ¥lendEANRRIecRA RISHR dnbigtihd b MASIR, alkyl, and
é’ é‘lf F% gr eﬁegcy H’ |tec€és pr efergrre t hat lt% M@é 7
aly‘fy | W?lgretfgeanafor ii‘j b a?kyl it is preferred that they be a lower alkyl (i.e., one having
one to five carbon atoms, e.g., methyl, ethyl, propyl, butyl, pentyl, and isomers thereof).
Where R; and/or R, are aryl, it is preferred that they be aryl of from 6 to 10 carbon

atoms, €.g., phenyl or naphthyl, which, in addition, may be substituted with non-interfering

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

10
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where R19 is alkyl, aryl, OR20, or NR2OR | nd where
R20 and R2 1 are al kyl, aryl, or where R22 is al kyl or

waey/036dere R19 , R20, R2 1, or R22 are al kyl PCT/0i83005/030672

are preferably alkyl of from1 to 15 carbon atons,

nore preferably lower alkyl of from1 to 5 carbon
atons, as descri bed above. Were R19, R20, R2 1, or

R22 are aryl, they are preferably aryl of from6 to 10
carbon atons, as descri bed above. Another of the
seveMdiere R ganiser Rorare gesili 16 Isirelewsd thabthey he agd of e structure
enpl oyed in the practice of the present invention can
be represented by the followi n@ structural fornula:
wherein Z1 and Z2, which may be¢l the sane or different,
are nitrogen or substituted orlunsubstituted carbon

atons, such as =C(H)-, =C( -, gC( COOH) -,
=C( COOCH3) -, ~C(COOC 2HB) - =C( OH>, "=C(CN) -,
=C( NR8R9) - AC(CONR 8RI)-, and the like, and where 23

W0 e R ORE S BFMRCRE, AR B oL G MR LCET

al so be derlved fromfive- rrerrbered rings. These
conpounds are of the structure® wherein Z2and Z3,

whi ch may be the sane or diffefent, are sulfur,
oxygen, secondary am nes, ter (y am nes, phosphor us
of various oxidation states; or sufjstituted or

unsubsti tuted carbon atons, such as, >CH2, >CHCHS,
>C=0, >C(CH3)2, >CHBr, >CHCl1l, >CHI, >CHF, >CHCH,

wﬁgélg\'zﬁis 2E QM W%FQC}?@H R @;CQP%HZ ade Wefera&alkﬂ of
frog_il\ﬁsl%gcarbon atoms, more preferably lower alkyl of from 1 to 5 carbon atoms, as
described above. Where R,y, Ry, 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 in the

practice of the present invention can be represented by the following structural formula:

z/\

O

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

R,, and R, are as described above.

11



>CCONRSR9, >C=NOH, >C=CH C6H5, CF2, Cd 2, CBr2, C 2,

>CR 8PR13R14R15 , and the |ike, wherein the several R
w@r@dpsedas e as descri bed above. The cyclic nit PORUSE®5/030672

enpl oyed in the practice of the present invention can

al so have the structure: wherein Z4 and Z5, which can

be the sane or different, can be nitrogen or a

substituted or unsubstituted carbon atom such as

CH%M‘]% nltmé(cbsﬂem o_y@ gp\éhe prac@eo(%'thggxésent invention can also be
C(CO\IR8R9) and the |ike, where R8 andR9 are as
detiyed Fiobefivamenberednivghe These ssmpetndsyed ofthe sruaiiedes
that can be enployed in the practice of the present
invention is of the structure: wherein Z2and Z3, which
may be the sane or dlffergn —are sul fur, oxygen,

secondary amines, tertiary; am nes, or substituted or
unsubstituted carbon atons' such|as, >CH2, >CHCH
ol

>C=0, >C(CH3)2, >CHBr, >CHF, >CHOH,

>CHCON, >C(OH) CN,  >CHCGH, OCH 3 >CHOOOC

2HB, >C( OH) COOC2HS, >C( OH) C3eCHB,  8C( OH) CHOHC 2H5, >CHNR

8R9 CONR8R9, >CRBOR9, >C=NOH, 0>C=CH CBH5, CF2, Cd 2,

CBr2, Cl2, >CR8PR13R14R15 |, mﬂtheIH@ where the
whaosrZalan®RZg g may &e the sgusor dHEaenth ateesulfi oxHesn, sgapgdary

or nore nitroxyl groups can be present in the sane
aminke g ¢ertiery @ngines, phosphorus of various oxidation states, or substituted or

unsubstituted carbon atoms, such as, >CH,, >CHCH,, >C=0, >C(CH,),, >CHBr, >CHCI,
10  >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH, >CHCOOCH;, >CHCOOC,Hj,
>C(OH)COOC,H,, >C(OH)COOCH,, >C(OH)CHOHC,H;, >CR;OR, >CHNRR,
>CCONRGR,, >C=NOH, >C=CH-C(H,, CF,, CCl,, CBr,, CL,, >CR;PR;R ,R,;, and the like,
wherein the several R groups are as described above.
The cyclic nitroxides employed in the practice of the present invention can also have

15 the structure:

z, Z,
R"/l\ N /l\ R,
v | o®

20 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(NRR,)- =C(CONR,R,)-, and the like, where R, and

12
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exanpl e, by being linked through one or nore of the
Z-type noieties by a linking group E, as disclosed in

wh2@s/oRatent Nunber 5,254, 760, which is incor ppCBUSZNNG/030672

herein by reference. As stated above, for all the
nitroxyl structures above, R4 and R7 are independently
sel ected fromthe group consisting of hydrogen, alkyl,
and heteroatom substituted al kyl and R5 and R6 are

I ndependent|y selected fromthe group consisting of
Ralateyds dgpibie@ebevsat onsubstituted al kyl . The al kyl (or
het eroat om substituted al kyl) groups R4 through R7 can
be t Amotenelagy ofdiytlienitrokidanthapeaaf tereaiplyyecldntlad pradtide@f the present
15 carbon atons, e.g., nethyl, ethyl, propyl, butyl,
iRRAtion is dfeeydtmchept yl, octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, and the

l'i ke, and isoners thereof, e.gy, t-butyl,

2-ethyl hexyl, and the like. 4t!i% nore preferred that
R4 t hr ough R7 be i ndepende Qcted | ower al kyl
(or heteroatonsubstituted ‘| gwer &l kyl) of one to five
carbon atons (e.g., nethyl, byt, propyl, butyl,

pentyl, and isomers thereof). *Wiere heteroatom
substituents are present, they can, for exanple,
wihaclindgndad; ogbich neygahs saw éndifferent, ravgeulfur aony gemesecondary
like. It is nost preferred that all of R4 through R7

aféhed Bty arfpna sl e6bsbitutsdibt @llibstinittd Gacbeteatbie esucads,cat,,
conmpounds that can be used in conbination with the

-EehasEeo, Scloyonst, Uil el 2uishe-ereseciomoN
Vet SEMAIB SN H B 1, >C(OH)COOC,H,, >C(OH)COOCH,,
>C(OH)CHOHC,H;, >CHNR R, >CCONR4R,, >CR;OR,, >C=NOH, >C=CH-C,H,;, CF,,
CCl,, CBr,, CL, >CRPR ;R 4R s, and the like, where the several R groups are as described
above.

Further, two or more nitroxyl groups can be present in the same molecule, for
example, by being linked through one or more of the Z-type moieties by a linking group E, as
disclosed in U.S, Patent Number 5,254,760, which is incorporated herein by reference.

As stated above, for all the nitroxy! 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 carbon atoms, e.g., methyl, ethyl, propyl,

butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,

13
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N, N-di -fer -anylnitroxide; N-terf-butyl-2-nethyl-
1- phenyl - propyl ni troxi de; N
WO bubBe426 di et hyl phosphono- 2, 2- di net hyl pr opyl nP¢T/082008030672
2,2,6, 6-tetranet hyl - pi peri di nyl oxy;
4-ami no- 2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy;
4- hydr oxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
4- oxo0- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
4-di met hyl am no-2, 2, 6, 6-tetraneth I-plgerldlny 0X

pentedeszh ayd Geyike, anddseners thesenks hg) Chithl rqﬂmlwkwnd the like. Ttis
2,2,5,5-tetranet hyl pyrrolidi nyl oxy;

mdr@picfeared iat R, Sarvegh Rnbe ndepandentyi stlavydddryer alkyl (or heteroatom-
2,2,4,4-tetramet hyl -1 - oxa- 3-azacycl opent yl - 3- oxy;

sﬁ‘iasﬁtlf@ed“ib%f ﬁlﬁﬂ?bmﬂle to]ﬁ@@rﬁ’onw&fl@{e‘ dythethith, ethyt, propyl, butyl, pentyl,

-carboxylic acid

affd i%mg, firferdofy: gm%gé 12&?%?%6%1 néewtb %szi&gg %gﬁ%seglg Fﬁoézigz%\m,%géﬁmple,
1114;11}% alsfogelé, oé(ygén? é{l L@]{Irﬁtﬁp g gfeel&ien ;}F % l@?q?gsybreferred that all of R,
thArfonglhuI%rl?e nzqet%yIG 6-t et ramet hyl - pi peri di nyl oxy;

Examples of suitable nitroxide free radical compounds that can be used in
combination with the sulfonated nitrophenols in the practice of the present invention, include,
but are not limited to:

N,N-di-zert-butylnitroxide;
N,N-di-zert-amylnitroxide;
N-tert-butyl-2-methyl-1-phenyl-propylnitroxide;
N-fert-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;
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;

14
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4-cyano- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
4- car boxy- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;

wd2@anbapet hoxy- 2, 2, 6, 6-t et ramet hyl - pi peri di nyPORYS2005/030672
4- car bet hoxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
4- cyano- 4- hydroxy- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;
4-met hyl - 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
4- car bet hoxy- 4- hydr oxy- 2, 2, 6, 6-t etranet hyl - pi peri di nyl
OXYy;

2,2.4ydtraythd - (Hox b epyoroyiny b pylky-32ca2bdkytie teitly amet hyl - pi pe
ridinyloxy; 4-nmethyl-2,2,6,6-tetranethyl-1 -

2, 312353 65 bed-s@kmisih ﬂpymdq*dza@yd&heswi 4- dloxg
-carboxy 252, 6, 6-t et ranet hyl - tetrahydropyri di

49,%%0 %@% tet%mgﬁ{ﬁgm%; Q%ym& 2 6, 6-t et ramet hyl - |

1- oxyI

-0163?025 Eﬁéﬁrawﬁygpwgﬂ ik 125

- am no- 6, tetranethyIJ
4- 1021052 %616e&etr@zn§/tbrbwy¢r1@nﬂ@xy,1 oxyl ;
4-am do-2,2,6,6-tetranet hyl -1, 2,5, 6-tetrahydropyridi ne
4-ﬂﬂlem)@/,B,;6,6-tetramethy1-piperidinyloxy;
3,4-diketo-2,2,5,5-tetramet hyl pyrrolidinyl oxy;

4- 8ya{ﬁ@t2326 6°t>étr§§h&ﬁy12p1§er5dl yl‘oﬁ%r anet hyl pyrrolidinylo cy;
ket 0- 4- benzylidine-2,2,5 t et ramet hyl pyrrol i di nyl ox

4- X%bg’xJkE %é‘te%raﬂleﬁ{y?%e%dglyﬁo@ tetramet hyl py

4-carbomethoxy-2,2,6,6~tetramethyl-plperldmyloxy;
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-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;
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2,2,3 ,3,5, 5-hexanet hyl pyrrolidinyl oxy ;
3-car boxi m do-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy;

W@2@%i0864260- 2, 2, 5, 5-t et ranet hyl pyrrol i di nyl oxy; PCT/US2005/030672

3- hydroxy-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy;

3- cyano- 3- hydroxy- 2, 2,5, 5-tetranet hyl pyrrolidi nyl oxy;
3- car bonet hoxy- 3- hydroxy-2, 2,5, 5-tetranet hyl pyrrolidin
yl oxy;

g{}-sgpar %Elqul)ély 1ne-2, E%dSr tezc(rgmefhylpyrrohaﬁgffo?ig?t hyl pyrrolidinyl

2,2,5,5-tetranet hyl - 3- car boxam do- 2, 5- di hydr opyrr ol e-
331@6@)(-9]4‘-(111)1‘01110 -2,2,5,5-tetramethylpyrrolidinyloxy;

2,2,5,5-tetranet hyl - 3-am no- 2, 5- di hydropyrrol e-I - oxyl ;

‘ 2&23,5,35h¢>@hreﬂmﬁyh5dlidﬁryd:@aybet hoxy- 2, 5-di hydropyrrol e-1 -
oxyl; 2,2,5,5-tetranet hyl - 3-cyano- 2, 5-di hydr opyrrol e-|

3= c%i‘li@xammo 2, 2 5 tetramet Flpyrrohdm loxy;
bi s(I -oxyl -2 ramet hy plperldln 4-yl)succinate

350&@%2‘?’%’,5&@?@ erg{ﬁghflm%oé{?’i di n- 4-yl ) adi pat e;
SEOAPIAS S BSEPTBY R bi per | di n- 431 ) . but vl ma
B{ﬁ%xﬁgdw;drmq -22.6;5etetrame iy HPLAIBOKY di n- 4- yI ) pht hal at e
3maﬂ{dm@kqoiy—32-h2d16xﬁ—2t2$5,ﬁaﬂmmqlh)dpmhdinﬁew;yI )i sopht hal
3i:tafb’ethoxyﬁ-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-1-oxyl;
2,2,5,5-tetramethyl-3-cyano-2,5-dihydropyrrole-1-oxyl;
bis(1-0xyl-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-oxyl-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-o0xyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;

' bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yDhexahydroterephthalate;

N,N’-bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide;
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bi s(I

-oxyl -2, 2,6, 6-tetranet hyl pi peridin-4-yl)terephthal at e;
whr®elod@zyl - 2, 2, 6, 6-t et ramet hyl pi peri di n- 4-yl ) PerRakby0d5/030672

t er epht hal at e;

N, N - bi s(I - oxyl - 2 2 6, 6-tetranet hyl pi peridin-4-yl)adip

am de; N- (I - oxyl -

6, 6-tetranet hyl p| perl di n- 4- yI) caprol act am

| -oxyl-2,2,6,6-tetranethyl pi peridin-4-yl)-dodecyl
Nc(dEQﬁyﬁquPeé 6-tetramethy1p1pend1n- -%1) %algrolactam yl)- cylsu

2,4,6-tris-pSf-butyl-N-(I-oxyl-2,2,6,6-tetranethyl pi pe
Nr-dlebxy—l-é!;é}gdS,)5]tetsame’th)dpipnﬂdin-él-yl)-dodecylsuccinimide;
4, 4' - et hyl enebi s(I -oxyl -2, 2,6, 6-tetranet hyl pi perazin-3

2 ABR)s- [NEBtky1-Ne(1Lo 2#@64@@@%&% eridibhey b uieingt i on
’TEI\/PCS) %\taaﬁ%ls f(or )&2@ -tet ralﬁ)ﬂetplﬁyll-ll pi }F;Z]rgl JI nyl %ny

4?‘ léﬁryle‘hegﬂgngxyg@\f@@tétran%etﬁlylplperazm -3-one); and the like.

t ét’ranet pi peridinyl oxy; 4-

hydr
4y g Bersing g St RGO gl PPt GG
known in the art as ; 4-aox0-T

pipersioy Xy, @hGS»t‘b%m@ﬁéEWPol i5 fragupe a,zn%f bastgAmetivg- Lpipgridinyloxy; 4-
It is preferred that one menber of a combination

hpdrpkp{ EMPQ it ey proay 2, %6 6détramhehylr kpiperidingloarifalomkpevn in the art as
4- am no- TEMPO, 4- oxo- TEMPO, 4- hydr oxy- TEMPO, or TEMPO.

HBIBIPO); 0f- 0% M EMP Oy 4e0xad-2 R [t -temmaagiyhd -piperglinyloxy; and so on.
4- am no- TEMPO and 4-oxo- TEMPO, can al so be enpl oyed.

Suchys ghslf@néli ﬂlat%ﬂe%rﬁwe@ 8fh @@lﬂneﬁiau@@ eﬁgwye@ iC@8 gﬁﬁtlce of the

prepare known met hods. (See, for exanple,

AU B0 Bk g oo

a%?ends o? ?W(:)L grS mo}/\éh (;f%ge f5r eegollnng? orgp A e?rtnlen% ’H':el\/@b anlay4-0xo—TEMPO,

can also be employed.

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; 3,372,1 82; 3,422,144,
3,494,930; 3,502,692; 3,873,564; 3,966,711, and 4,665,185; which are incorporated herein by
reference.) They are suitable for use over a wide range of temperatures, but distillation
temperatures employed with the ethylenically unsaturated monomers that are stabilized by
the process of the present invention typically range from about 60°C to about 180°C,
preferably.from about 70°C to about 165°C, and, more preferably, from about 80°C to about
150°C. Such distillations are generally performed at an absolute pressure in the range of

about 10 to about 1,200 mm of Hg.
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reference.) They are suitable for use over a w de

range of tenperatures, but distillation tenperatures
wenpboyads Wit h t he et hyl eni cal |y unsat urat ed nPODIE2085/030672

that are stabilized by the process of the present

invention typically range from about 60C to about

1800C, preferably from about 70C to about 165C, and,

nore preferably, fromabout 800C to about 1500C. Such

di stillations .are generall erformed. at an absol ute. e

or e S\PEeiA IHHEI g ARRoB 0 HeaESCTOm G BRAPESSOR fp ugnal inhibitor

Hg. Where an inhibiting systemof the present invention

thanpr nwsoamling di cahdaan Fxnﬁnommtnet ¢y C-ngfrogoaniline. Preferably, the

nitrosoaniline, it can be an N-nitrosoaniline or a

Brévobnidiae aombowme] is Brhigroaddnylinet he ni trosoani |l i ne

conpound is a CGnitrosoaniline. Cnitrosoaniline

CoNPQEUAfoseANLREcRhFRATEEhribE Seeptiréd By BLii@Bsabion o ehe corresponding
corresponding anilines in any typical manner used for

ahnﬁleglirpéﬂ'f 1&5?&1 Anfd g { higg-gmogﬁﬁm mEorﬁﬁ%QS% eFsor example,

reaction-o e amne W nirtrous acil

an N-ni.troso._conpound .t hat rearranges.to. a

B %hﬁ(lfﬁ’&‘gﬁi 'fﬁwegcﬁw?gvs 9iEPfo ?%@ﬂé%:&fosgﬁom&dsthat reartanges
0 rochloric acid. In some case,s, it is nore

te éménliﬁé?ﬁﬁoatn@if@flﬂ@é& the Helusnes fmixesss o By rashpHn gefte it some cases,
in one step by conducting the reaction in nethano

isisImure convenidnh & ¢ifes theoitrahtiamaekeasangsinenyrangetep by conducting
chl ori de under anhydrous conditions. This procedure is
tHerattided téthAhobsolBdbe i thblgrds@ice 2f @4 6x@sbof Hisgen chloride under

ski!led_inthe art will be aware that _nitrosoan!llne
ARy A YA EHRRHC THRAR&AR s B tiBE BNBIS. PRehONGHbANS46,356.
I ne oxi nme derivatives, i.e., A

Those skilled in the art will be aware that nitrosoaniline derivatives are understood to

tautomerize to quinone imine oxime derivatives, i.e.,

R
HN/ N/

0 OH

See, for example, Sidgwick, N.V., The Organic Chemistry of Nitrogen, Third Edition,
Clarendon Press, Oxford, 1966. Thus, both forms can be present, especially in solution at
elevated temperatures, and can be expected to contribute to the inhibiting activity of these

compounds.
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See, for exanple, Sidgw ck, N V., The Oganic

Chem stry of Nitrogen, Third Edition, C arendon Press,
wW@x§06/08442d966. Thus, both forns can be presentPCT/US2005/030672

especially in solution at el evated tenperatures, and

can be expected to contribute to the inhibiting

activity of these conpounds. Where the inhibiting

system of the present invention conprises a

Cnityrosoaniljne, it is preferably one having the, . .
st r uV ots thepbibging seated e messens e BomLFRIBRE f§>-nitrosoaniline, i
sel ected fromthe group consisting of hydrogen, alkyl,
iprgferabdy phe hawiag tegiructitckoxy, nitroso, and sul fonyl,

or R3 1 and R32 can forma cyclic ring that is aryl,
cycl oal kyl, polyaryl, or heterocyclic; R33 through R37

are independently sel ect eBsifxo £ group consisting

of hydrogen, al kyl, aryl, acyIN, hydr oxyl , al koxy,

acyl oxy, NR8(R39), nitre, nitroso,Rgglogen, and

sul fonyl, or any two adj -@: can forma cyclic
ol yaryl, or
S 3 one of R33

ring that is aryl, cycloalk

het erocyclic, provided tha

t hrough R37 nust be a ni#roso |group3 and R38 and R39

are independently selected fr&pthe group consisting

of hydrogen, alkyl, aryl, acyl, and nitroso.

Preferably R38 is hydrogen and R39 is al kyl. Where the
viheldib R j ang Ry steandapbndendy pelested troimmhe gravpreoosisiprg &fdydrogen, alkyl,
an additional inhibitor that is an amne, the am ne

aBA ache h@ﬂfd&‘gf, Ylkos @ a6, ¥nd Sulfohel, b &), Mnd Rla'ﬁn fausl a @@¢lic ring that
conprise al kyl groups, aryl groups, or conbinations

id 8T 89810alBYC BoBHiyES HhRfdcyde,; but are not Iinited

R,; through R,, are independently selected from the group consisting of hydrogen,
alkyl, aryl, acyl, hydroxyl, alkoxy, acyloxy, NR(Rss), nitro, nitroso, halogen, and sulfonyl,
or any two adjacent R’s can form a cyclic ring that is aryl, cycloalkyl, polyaryl, or
heterocyclic, provided that at least one of R, through R;; must be a nitroso group; and

R,s and Ry, are independently selected from the group consisting of hydrogen, alkyl,
aryl, acyl, and nitroso. Preferably R, is hydrogen and Ry, is alkyl.

Where the inhibiting system of the present invention comprises an additional inhibitor
that is an amine, the amine can be primary, secondary, or tertiary amine, and can comprise
alkyl groups, aryl groups, or combinations thereof. Such amines include, but are not limited
to, a-naphthylamine, thiodiarylamines, p-phenylenediamine, o-phenylenediamine, 2,4-
diamino diphenylamine, cyclohexyl naphthyl amine, polybutyl amines, methyl aniline,

diphenyl-p-phenylene diamine, phenyl-p-naphthylamine, isopropoxydiphenylamine, aldol-c-
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to, a-naphthyl am ne,
t hi odi ai yl am nes, / >- phenyl enedi am ne,

wo2paessskenedi ami ne, 2, 4- di am no di phenyl am nBCT/US2005/030672

cycl ohexyl napht hyl am ne, pol ybutyl am nes, nethyl
ani l i ne, di phenyl- -phenyl ene di am ne,
phenyl - b- napht hyl am ne, i sopropoxydi phenyl am ne,
al dol - a- napht hyl am ne, symmetri cal
di - b- napht hyl - p- phenyl enedi am ne, tri nethyl
rphijslt aminengimmetrice i&-@qphrhyhgg),henylenediamine, trimethy! dihydroquinoline,
phenyl - cc- napht hyl am ne, phenyl - b- napht hyl am ne,
dHoThinaREefRhyl-énaphthylamine, phenyl-B-naphthylamine, diaminophenol, 4-
cycl ohexyl am nophenol , / ?- am nophenol , o-am nophenol ,
S RO eSS B HEPEenof Wb BBrchE -2 hycroytoluene, and the
ol ynerization and pol ynmer growth of which is an
ject of the present invention, can be any such
nmononer for which unintended pol ynerization_and/ or,
pol ynEie ghyerisalbipisayratesmapeineratherpranatyreqrodgacrizatign gpd polymer
distribution is a problem Anmong those nononers that
gaowth dfewmiath is dor aged kéthp pacstntdaverftion henpeasy stch monomer for which
i nvention are: styrene, a-nethylstyrene, styrene

N tERIUdpoRahétizalbi hd/& pidnger dowtndlrbgnaengsifacture, storage, and/or
pol yvi nyl benzenes, al kyl ated styrene, 2-vinyl pyridine,

cg%%ﬁg{n‘i’éﬂ {57l drSblefe! % hbidfers HRY g,tmk Bf’rﬁ:@( Rk Ethe practice of the

acryltate, nethyl” nmethacryl ate,

nmet hacrylate, acrylic acid . nmethacrylic.acid,. .

BeveanPevabrie SPiee ety A5 il SifdR g vinotuene,

et hyl eni cal |y unsaturated nononers will not | o
dieagbsnazanes poby viybrngenesclrefed styrans) 3rvisy lnymiding aguipwirile,

of the inhibitor(s), especially when the nononers are
rhethsegloagrilenndityd aéryktd, othy] duylatehmgthyhmetheciydais,i etteyrl eabthacrylate,
to be stabilized as long as A) there is a neasurable

acrylic acid, methacrylic acid, butadiene, chloroprene, isoprene, and the like.

1

The ethylenically unsaturated monomers will not necessarily be stabilized 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 made at a constant temperature
remains constant over time in a dynamic system, and/or C) the rate of polymer growth is
significantly slower than when the growth inhibiting system is not present. |

Those skilled in the art will understand that, if desired, free radical scavengers can
also be included in the practice of the present invention. For example, air or O,, as disclosed

in U.S. Patent Numbers 5,545,782 and 5,545,786, can be added, as can the aromatic nitro
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increase in the tine for which they can be heated
before the onset of polynerization and/ or polyner
w@e@eibodzer a static system B) the anmount of ppPCT/IE2005/030672
made at a constant tenperature remains constant over
time in a dynamc system and/or C) the rate of
pol ymer growmh is significantly slower than when the
grow h inhibiting systemis not present. Those skilled
inthe art will understand that, if desired, free
comapowals disshosehindd §. Batantdfwrobdye, 2 54cT60d e dilreterhesubstituted benzene
practice of the present invention. For exanple, air or
c&Bpodsls hiagigl asRastiofe Hassferkblle @tiroNemar. sa fuibdie dBRaandsuch as the
5, 545,786, can be added, as can the aromatic

rr{binb-rrﬁ&ﬁgig&H&qy? hgéh%ghi%ﬁéﬂdiisaoééd% HARM P&!léﬂ@ﬁﬁpncatio% 0765 856 Al,

5,254,7 the di hetero-substituted benzene conpounds

ing. at | t ; e o . .
o b SAR D PO R S ARy B g ot and
hydr oqui none di sc| osed i n_Eur n Patent Application
5 oglamin wwa}t&ﬂﬁél- W@M@ﬁdpg& Bsed in WO
98/ 25872, and other inhibitors, e.g., phenolics and
cer t dha pplyoregizrtian ishibiters ope be inkrsieed inta the seonekier el protected by
in the art. The pol ynerization inhibitors can be

amyntomyveniiad] methodt Taeyroan fiarextmple bpadited Gt @dohgenanted solution in
conventional method. They can, for exanple, be added

si8fabfe SANSRThEtalpSFeasPrbin tAE pbintt SEAdsAR SpiRhY b adyUsifitable means.
upstream from the point of desired application by any

iR, S d1Hans -i%ﬂiﬂiﬁﬁg glé{n'g%‘enté Q@i e iﬁjlé@decri] if';%ﬁ%%éé&ii% the distillation

conponént's ‘can be in d separately

e
there js an efficient distribution of the inhibiting . .

p@aﬁa}g}gghqrp dan effigisrt disiE byt ofijthe bibiting composition. Sincethe inhibitors
are gradually depleted during the distillation operation, it is generally advantageousvto
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

15 continuous basis or intermittently, in order to maintain the inhibitor concentration above the
minimum required level.

The total inhibitor concentration should be from about 1 to about 2000 ppm versus
the monomer being inhibited; preferably from about 5 to about 1000 ppm, depending on the
conditions of use. The amine is preferably present in a range of from about 1 to about 500

20 ppni, more preferably from about 1 to about 300 ppm; the nitroxy radical type compound is

preferably present in a range of from about 1 to about 1000 ppm, more preferably from about

5 to about 500 ppm; the nitrosoaniline is preferably present in a range of from about 1 to
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are gradually depleted during the distillation
operation, it is generally advantageous to naintain

WO b@cap@eeopri ate amount of themin the distillBCT/O82005/030672
apparatus by addi ng them during the course of the
distillation process. Adding inhibitors can be done
either on a generally continuous basis or
intermttently, in order to maintain the inhibitor

0 ration _aboye .the m ni r equi | evel .., Th .
SR8 kR, Foes el o oM S B e id g tophen is
to about 2000 ppm versus the nononer, being inhibited,
el aespnt ingrragroef ram ebowd dapbawd@0p prin. mepeREigigply fom about
on the conditions of use. The amne is preferably
50 ebeutt50D ppa. r ange of from about 1 to about 500 ppm

nore preferably fromabout 1 to about 300 ppm the

ni tr Ty abaditapak abd N itponaifechtinss pf bt @rabhtyinmntisa Millibe more
a range of fromabout 1 to about 1000 ppm nore

aﬁ?e&éﬁrﬁﬂl ﬁefﬂ)ﬂ@@vﬁl%%':&nglefs.o about 500 ppm the

trosoaniline is preferably present in a range of
from about 1 toabout 1000 preferably from
about 5 to about 500 ppm gﬁ@qlﬁyﬁtrophenol is
preferably present in a range of from about 1 to about

1000 ppm nore preferably fE3#PBfout 5 to about 500

ppm The advantages and the inportant features of the

pr es énquantiperii47d rerains pf oé7 Casplatientvas plaged fea round bottomed
foll owi ng exanpl es. EXAMPLES Exanple 1

flask, equipped with an overhead stirrer, thermometer, addition funnel, and reflux condenser,

and heated to 80°C. To this acid, a portion (162 grams) of sulfonated o-sec-butylphenol,
made by the sulfonation of 300 grams of o-sec-butylphenol (OSBP) with 280 grams
concentrated H,SO, at 84°C, was added. The addition was subsurface and dropwise. The
separation of reaction mixture resulted in two layers. The upper (aqueous acid) layer (509
grams) was separated from the lower (2,4-dinitro-o-sec-butylphenol) layer (104.6 grams) and
464 grams was evaporated in a 2 mm Hg vacuum at a temperature not exceeding 30°C for 75
minutes. This residue (173 grams) was transferred into a separatory funnel. Recovery of the
upper (organic) layer resulted in 37.1 grams of a mixture containing 4-hydroxy-5-sec-butyl-
3-nitrobenzenesulfonic acid and 2-hydroxy-3-sec-butyl-5-nitrobenzenesulfonic acid.

The styrene inhibitor and retarder properties of this material were tested in a
continuous dynamic reboiler test monitoring the polymer formation with UV
spectrophotometry at a 500 ppm inhibitor concentration. According to this test, the inhibitor

is added to styrene monomer from which ferz-butylcatechol (TBC) has been previously
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A quantity of 471 granms of a 17 % HNO3 sol uti on was
pl aced in a round bottoned fl ask, equi pped with an

woe@schsads stirrer, thernoneter, addition funnePCT/EHRINOS/030672

reflux condenser, and heated to 800C. To this acid, a
portion (162 grans) of sul fonated o-sec-butyl phenol,

made by the sul fonation of 300 grans of

0- sec- butyl phenol (OSBP) with 280 grams concentrated

H2SO at 84C, was added. The addition was subsurface .
reapeivedrbyplistidlatiomhEhisspaene (18 gesims) ésdeededrintei adlaskevhich is immersed
resulted in tw |ayers. The upper (aqueous acid) |ayer

irt5 @R ofl haths ) Theasmpeapanravitie Styemetihesuayd i 6°C. During the test, a fresh
(2,4-dinitro-o-sec-butyl phenol) |ayer (104.6 grans)

f@ads ﬁ@ﬁ%&f BIBthY RS SIEMAROFAS SCkhidR s/AItE atB G saiine @ime, the
tenperature not exceeding 300C for 75 mnutes. This

n¥a§6§%ag F&%m('__\;%éxz A i;%qlg%ch%‘%gd E{) tglg ?Lj‘(?é f&d Tlﬂag Q?aggz_ﬁ:?a%@ ri@&fﬂtiﬁe‘xged until

cover organi c resu

In.37.1 grans of m xt ure cont ai.nin : . . .
e 0B Tedeed gl pit stk i BhEnBa AR disehmeioe ges dissqmiinucd
2- hydr oxy- 3-sec-butyl - 5-ni trobenzenesul foni c_ aci d. The
SQWi/eéﬁée faken eerohow il thesteary sleeprrshetety ed Ogninpies gt feed shut off.
material were tested in a continuous dynam c reboil er
t est Afwnithonisnd stdady piapes 90006 86 palyinen was tdeatwved, while 1 hour feed
spectrophotonetry at a 500 ppm i nhi bitor

sERNEERENIAMIIR0.03A6¢RIEhdg to this test, the inhibitor
is added to styrene nononmer from which r

-butyl catechol (TBC) has bepq,gpgvi ousl yrenoved by
distillation, This styrene (180 grans) is |oaded into

I MR TR
sty bR i HRBE G BEITH A STHEEA SPIRT G P el ipgprocedure
described in Example 1 at a concentration of 500 ppm. This material also contained 21 % of
dinitro sec.-butyl phenol (DNBP). During the steady stage test, 0.0004 % polymer was
formed, while the shut off test resulted in 0.038 % polymer after one hour.

As a comparison, when DNBP was tested alone using the same procedure, the steady
state polymer formation was 0.11 % while the 1 hour feed shut off revealed 1.18 % polymer.

Example 3
Three hundred grams of OSBP was sulfonated with 280 grams of 98% sulfuric acid as

described in Example 1. Two hundred grams of this material was used for nitration with an

HNO,:0SBP molar ratio of 1.6:1 using the following procedure.
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material fromthe flask is discharged at the sane
rate. The steady stage is continued until equilibrium

wao-evootbed2é eed shut of f stage, the chargi ng andPCT/US2005/030672

di scharging are di scontinued. Sanples are taken every
hour at the steady stage and every 5-10 m nutes at
feed shut off. After 5 hours of steady stage, 0.0005 %
pol ymer was neasured, while 1 hour feed shut off

B AT v OO B a1

2- hydr ox - sec-butyl -5-nitrobenzenesul fonic acid
260 @Enre ol foppteth OSEFawes, addad dropstisedn ityo hawrsf 4@ Sty flae mixture was

described in Exanple 1 at a concentration of 500 ppm
tHidH tsaRR@diigb aakpaaenfimnaleche?e twdbagtrsdiane farmededhe 151 grams of
-butyl phenol (DNBP). During the steady stage test,

%ttQIqugye{‘Wh@ |1aéﬁﬁﬁe&@§ 46 suBbic ¥ kahilk Hige P l@brg@fliﬁ) f.)l‘{h%é was recovered
resulted in 0.038 % pol yner after one hour.

0 L id
SR RISl e T
1% e ho d shut .off reyealed 1.18 %

PO SO ER ROy b B AR B g The. of CSBP was
sul fonated with 280 grans of 98% sul furic acid as
described in Exanple 1. TwoExamed grans of this
material was used for nitration wth an HNOB: OSBP
mol arTheathixture bf 4-h§drokyfssaveputie -hittobawiengsulfonic acid and 2-hydroxy-3-
procedure.Nitric acid (35% 171.4 grans) was charged
defLbtyR 5 LRtGsknba ek gifddc hdia$ksoasn)tof Hxantphe3 was tested in the presence of
4-0x0-TEMPO/NMP/DNBP (100 ppm/90 ppm/250 ppm). Five hours steady stage resulted in
0.0005 % of polymer, while 2 hours feed shut off generated 0.101 % polymer.
Example 5
The mixture of 4-hydroxy-5-sec-butyl-3-nitrobenzenesulfonic acid and 2-hydroxy-3-
sec-butyl-5-nitrobenzenesulfonic acid (250 ppm) of Example 3 was tested in the presence of
4-nitroso-N-(2,4-dimethylpentyl)-aniline/NMP/DNBP (100 ppm/ 90 ppm/ 250 ppm). Five
hours steady stage resulted in 0.002 % polymer, while 2 hrs feed shut off generated 0.0057 %
polymer.
In view of the many changes and modifications that can be made without departing

from principles underlying the invention, reference should be made to the appended claims

for an understanding of the scope of the protection to be afforded the invention.
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200 grams of sul fonated OSBP was added dropwi se in two

hours at 40C. The m xture was then transferred into a
waepanad4os y funnel where two | ayers were for neRCT/TRE05/030672

151 grans of bottom |l ayer was identified as 40%

sulfuric acid while the top (organic) phase was

recovered as a 1:1 blend of DNBP and m xture of

4- hydr oxy- 5-sec- butyl - 3-ni trobenzenesul foni ¢ acid and

2- hydr oxy- 3-sec- but yl - 5- ni t robenzenesul f oni ¢ aci d.

Exanpl e 4 The mi xture of CLAIMS

4- hydr oxy- 5-sec- butyl - 3-ni t robenzenesul foni c acid and
vt Yk 8xéd3s: sec- butyl - 5-ni trobenzenesul fonic acid

(250 ppn) of Exanple 3 was tested in the presence of

14- 0xQ- gy e &d%@@rcﬁﬂ%ihggré?ﬂifﬁx%% 1R zatibh ¥R the polymer

hours stea st age Fesul ted | 0005 % of” pol yner,

0
g%h’ﬁif gthgf)e.ﬂﬁ:gll%%%d%?rg etgin%nfo ?snceo%r%ﬂlg ad]d%i'g % sg%l MO8 Smers an
4- hydr oxy- 5- sec butyl - 3-ni trobenze esu oni ¢ ac n _
eﬁewara&wneo 4 bbbl R oB e AL e formute
(250 ppm of Exanple 3 was tested in the presence of
4-nitroso- N-(2, 4-di net hyl pent yl§H3ani | i ne/ NVP/ DNBP (100
ppni 90 ppm 250 ppm . Five houfs steady stage
resulted in 0.002 % pol gne
generated 0. 0057 % pol yner:
changes and nodi fications t
departing

wherein:
R,, R,, and R, are independently selected from the group consisting of hydrogen,
hydrocarbyl , NO,, and SO,H, provided that at least one of Ry, R,, and R, is NO, and at least

one of Ry, R,, and R, is SO;H.
2. The method of claim 1 wherein one of R, Ry, and Ry is hydrocarbyl.

3. The method of claim 2 wherein the hydrocarbyl is a straight chain or branched chain

alkyl or alkenyl of from 1 to 18 carbon atoms.
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fromprinciples underlying the invention, reference
shoul d be made to the appended clains for an

wan@ensdsandi ng of the scope of the protection POI/DE2005/030672
afforded the invention. CLAIMS What is clainmed is: 1. A
met hod for inhibiting and retarding the premature
pol ymeri zation and the polyner growth of ethylenically
unsatur at ed m)norrers conprising adding to said

nDno e, anmu east
4 hat 1he mptaeq ?{fﬁ B HREROBR B SsbY R setp P o B he el consistng
wherei n: R1, and R3 are i ndependent |y selected

of methyl, rﬁéh}drmp}’labwyl ventily hetylhyaphd gediyl, R;ﬁd?yébmk}ymonyl decyl,

NC2, and SO8H, provided that at |east one of Rl, R2,
vadtyR3liodedfQrideny attrddeag pmtmleoflﬂncxa%qyl,&w@taﬂec}ﬂ,soctadecyl, oleyl,
SBH. 2. The nethod of claim1l wherein one ORl, R2,
RARrHr the f(ﬁ)é%dlﬁg afyep ent§1 cyd16ha®t, RocloRdpty] @fdldodtyl, and cyclododecyl.

wherein the drocar is a straight chai n or
5 branched chai n al kyl or al kenyl of from1l to 18 carbon
atons. 4. The net hod of claim3 wherein the hydrocar byl

|ss ect r Lo of rre.hl

Set hyl!] ea}eglb%;{ of cg]%} H{)@F suﬁ dlg‘ﬁ%}a}eg)f) g%lfxi}?d from the group
2-ethyl hexyl, nonyl dec |, .undecy dodecyl ,

cpwsa@gwf 4-hy éﬁ?@d@‘éw Butpﬁb?r%/xaﬂ@@wene mc% 2- hydroxy-3-sec-butyl-5-
hept adecyl, octadecyl, oleyl, isoners of the
nftmbegmnngglfomjmdabcbandmixtumﬁdh@b@xyl , cycl oheptyl,

cycl ooctyl, and cycl ododecyl. 5. The nmethod of claiml
wherein the sulfonated nitrophenol is selected from

the group

10 6. A method for inhibiting and retarding the premature polymerization and the polymer
growth of ethylenically unsaturated monomers comprising adding to said monomers an
effective amount of a combination of

(A)  atleast one first inhibitor that is a sulfonated nitrophenol of the formula:

OH
15

20 wherein:
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consi sting of

4- hydr oxy- 5-sec- butyl - 3-ni trobenzenesul foni ¢ aci d,
WQ200p@B@ze/ - 3- sec- but yl -5- nitrobenzenesul f oni cP@rU82005/030672

and m xtures thereof. 6. A nethod for inhibiting and

retarding the premature polynerization and the pol yner

growm h of ethylenically unsaturated nononers

conprising adding to said nononers an ef fective amount

of a.,c in | east .one first inhib

{hat R]gﬂg e, ?% Bira st sHEREH SO e R solagne of hydrogen,
wher ei and R3 are |ndependentl sel ected from
hv@r@cybﬁh bJonam %Q4th grofidedthaicy dast onpdrdoakbynd RajeNO, and at least
and SOGB8H, provided that at |east one of Rl, R2, and
oRBbBRNB2, anidR ais SI0gHs&andone of R1, R2, and R3 is SOBH

and (B) at |east one second inhibitor selected from

the gBPUP aERASH 0Bk k@tBn@ inHibitdr@¥Ktied FROHIGSoup consisting of nitroxyl
ni trosoanilines, nitrophenols, am nes, and m xtures

§g§5ané”§§° ¥Bﬁr%?ocdﬂgﬁﬁoﬁgﬁh@% ne?Lg%'o?mgfaln17

wherein the hydrocarbyl is a straight chain or

branched chain al kyl or alkenyl of from1l to 18 carbon

atons, 9. The nethod of claimg@8 wherein the

Thydr ddgmsyirod of cdaimeherermy e af e, Br 80 Re siriidsacariyl of

net hyl , ethyl, propyl, butyl, pentyl, hexyl, heptyl,

octyl, 2-ethyl hexyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl,

8hept dtie eydthodositodd@Cywherelngijit hydrocarbyl is a straight chain or branched chain

alkyl or alkenyl of from 1 to 18 carbon atoms.

9. The method of claim 8 wherein the hydrocarby! is selected from the group consisting
of methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 2-ethyl hexyl, nonyl, decyl,
undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl,

isomers of the foregoing, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and cyclododecyl.
10.  The method of claim 6 wherein the sulfonated nitrophenol is selected from the group

consisting of 4-hydroxy-5-sec-butyl-3-nitrobenzenesulfonic acid, 2-hydroxy-3-sec-butyl-5-

nitrobenzenesulfonic acid, and mixtures thereof.
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i soners of the foregoing, cyclopentyl, cycl ohexyl,
cycl oheptyl, cyclooctyl, and cycl ododecyl. 10. The
woreaoaosk4oé cl ai m 6 wherein the sul fonated nitrpEhesmos/030672
is selected fromthe group consisting of
4- hydr oxy- 5-sec- butyl - 3-ni trobenzenesul foni ¢ aci d,
2- hydr oxy- 3-sec-butyl -5- nitrobenzenesul foni c acid,
and m xtures thereof.11. The nmethod of claim6 wherein
the amine is selected fromthe group consisting of
11 Nre fThy netRodoyfi dlaiii @livhenaim, the amarehis bglbeted frem the group consisting of N-
t hi odi aryl am nes, | ?-phenyl enedi am ne,
mePRNSIEAREAAR] DR ?ﬁhﬂaﬂir@mhﬁﬁdlﬁyﬁﬁﬁﬂéﬂ

h88slenediamine, o-

cycl ohexyl naphthy am ne po ybutyl am nes, net hyl
ph%{]yléelf{{;ﬁlagn %::ZF ﬁépg{fﬁ @ gﬁ an%H &;ﬁ}lilth%] amme polybutyl

al dol - -napht hyl am ne, tr| Qal - b- napht -/ >
IS NPE G L AHAS: ﬁa)hepylm@w[ge AR RERER- Aphtny arnine,
di tol yl am nes, phenyi -a-napht hyl am ne,
isopft@nxj/dibhmﬂﬂmihy,l eddiblmenapdhﬂazﬂrblmhmh sgrmhmtrical di-B-naphthyl-p-
4 cycl ohexyl am nophenol ; >am nophenol , oam nophenol
mdAMiRG tl?tm@bh? (th%hﬁ'ﬁﬂﬁne %l%olyﬂﬂl?iné‘?bﬁ&g'l@fnaﬁhﬁylﬁhlme
erein t’he ni rop enol is Selected from the gfoup
con |st of. 2, 6-di n| he
phGSR R eh IS b GeiophesdL - DR b epelaomipoghenol o
tr|n|trophenol (picric aC|d)
amgnophenali andoS-gmirst By Erieluena, 4- di ni t r ophenol
2,4-dinitro-6-secbutyl phenol, 4-cyano-2-nit rophenol ,
3-i odo- 4- cyano- 5-nitrophenol, mnitro-j?-cresol, and
2,6- dinitro-/?-cresol. 13. The nethod of claim®6
12.\fl\he%}3 Pdth&! & dl4iaxe Wwheeiphe Alropasnd! iesesdotddciiath @ke group consisting
or mul a:

of 2,6-dinitro-4-methylphenol, 2-nitro-4-methylphenol, 2,4-dinitro-1-naphthol, 2,4,6-
trinitrophenol (picric acid), 2,4-dinitro-6-methylphenol, 2,4-dinitrophenol, 2,4-dinitro-6-sec-
butylphenol, 4-cyano-2-nitrophenol, 3-iodo-4-cyano-5-nitrophenol, m-nitro-p-cresol, and 2,6-

dinitro-p-cresol.

13.  The method of claim 6 wherein the nitroxyl compound has the structural formula:

B
R, 1 Rg
O*

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

consisting of alkyl and heteroatom-substituted alkyl; and X, and X, (1) are independently
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6 1 RS O wherein R4 and R7 are independently sel ected
fromthe group consisting of hydrogen, alkyl, and

whetsnsatom substituted al kyl and R5 and R6 ar BCT/US2005/030672

i ndependently sel ected fromthe group consisting of

al kyl and heteroatom substituted al kyl; and X1 and X2

(1) are independentlyselected fromthe group

consi sting of hal ogen, cyano, -COOR10, -S-COR O,

- OCOR10, (wherein R10 is alkyl or aryl), am do,

selected Hom merf)k‘&{pydonsiahﬂgedmalog@ﬁ, Fhiy/-CODRL,, L9-ABR GACTOR,,,,

atons, or ( taken together, forma ring structure

Lt h. t - N cq T t f ' [
VRO RS AL ORSRD. e NSRS OB PP TGP T 5 cron
GER B MESRSRI SRR S R WIS, 1

al koxy, nitroso, and sulfonyl, or R 1 and R32 can form
a cyclicring that is aryl, cycloal kyl, polyaryl, or
heterocyclic; R33 through R37 are independently

14el ediheandthahof d@mgy whereimahs nitosoanilire ag drcogertural kyl |
aryl, acyl, hydroxyl, al koxy, acyl oxy, NR8(R39),

nitro, nitroso, halogen, and sulfonyl, or any two

adj acent R's can forma cReNc riRgg that is aryl,
cycl oal kyl, polyaryl, or heterocyclic, provided that

at |l east one of R33 thrgugh R37 nu be a nitroso
group; and R38 and R39 af’e™ déht 1y sel ected from
t he group consisting of hyd al kyl, aryl, acyl,
and nitroso. R
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wherein R;; and R,, are independently selected from the group consisting of hydrogen, alkyl,
aryl, acyl, hydroxyl, alkoxy, nitroso, and sulfonyl, or R;; and R;, can form a cyclic ring that
is aryl, cycloalkyl, polyaryl, or heterocyclic;

R,; through R,, are independently selected from the group consisting of hydrogen,

alkyl, aryl, acyl, hydroxyl, alkoxy, acyloxy, NR(Rs,), nitro, nitroso, halogen, and sulfonyl,

or any two adjacent R’s can form a cyclic ring that is aryl, cycloalkyl, polyaryl, or
heterocyclic, provided that at least one of R, through R;; must be a nitroso group; and
R, and R, are independently selected from the group consisting of hydrogen, alkyl,

aryl, acyl, and nitroso.

15.  The method of claim 6 wherein the second inhibitor comprises a mixture of at least

one nitroxy! compound, at least one amine, and at least one nitrophenol.
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15. The nmethod of claim6 wherein the second inhibitor
conprises a mxture of at |east one nitroxyl conpound,
WwW@roob®a®ke one am ne, and at | east one nitrophepol/U$B)05/030672
The met hod of claim 10 wherein the second inhibitor
conprises a mxture of at |east one nitroxyl conmpound,
at |l east one amne, and at |east one nitrophenol. 17.
The net hod of cI aim 16 wherein the nitroxyl corrpound
IS 4-o0xo0-2,2,6,6-tetraneth 1- pi peridi nyl
1@ani néhe Qleﬁhqwfﬁiﬂllm p¥rvhsrsin }/}}?oi%onddﬁblbitﬂléo%’ilﬁr?s@ﬁ Hé‘ﬁﬁ?ure of at least
is 2,4-dinitro-osec- butyl phenol. 18. The nethod of
od @itrox @l anegoand, at keestme emdnd, ahd Bl least osonicpkewl.a
m xture of at |east one nitrosoaniline, at |east one
am ne, and at | east one nitrophenol. 19. The nethod of
claim 10 wherein the second inhibitor conprises a

’yn XUYhe dhcﬁltofl £ 6QNRrdth HARRERY] |cbﬂ1§>ou1ﬁi isl4e@ed-2,018%- tetramethyl-

m ne, | east one. nltropheno 0. The method of

aim1 ein th soan
LR 3%%%(%% SRR RRRY:08oB0 e nirpphopel 524 dimitro-o-
| S N-rretréﬁl -pyrrolidinone, and the nitrophenol is 2, 4-
butylpberlsec- but yl phenol .

18.  The method of claim 6 wherein the second inhibitor comprises a mixture of at least

one nitrosoaniline, at least one amine, and at least one nitrophenol.

19. The method of claim 10 wherein the second inhibitor comprises a mixture of at least

one nitrosoaniline, at least one amine, and at least one nitrophenol.
20. The method of claim 19 wherein the nitrosoaniline is 4-nitroso-N-(2,4-

dimethylpentyl)-aniline, the amine is N-methyl-pyrrolidinone, and the nitrophenol is 2,4-

dinitro-o-sec-butylphenol.
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