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0234- PA SULFONATED PHENOLS W TH NI TROPHENOLS AS
POLYMERI ZATI ON | NHI BI TORS W cl ai mthe benefit under
w(aakm334 United States Code, 120 of U. S. of PCT/US2005/026016
Provi si onal Application Nunber 60/614, 378, filed
ept enber 28, 2004 entitled "Sul fonated Phenol

0234 oérymeri zation Inhibitors"and Provisional Application

Nunber 60/631, 241, filed Novenber 29, 2004, entitled

"Sul fonated Phenols with Nitrophenols as

Pol ymer i 2THANAILB PEFFENOLSBXERBRORROPHENVDLS

| NVENTI ON 1. ASPOLNMIRIZATION INHIBEEORSesent

invention is directed to the inhibition of the

pOVy dlaimzht bemefithurrleh Tite33; aAidited StaRt Code S 120000R), 8¢
ProviSionHEAPpli&itionTeumBei 50/614,578 TOS §ftehBer 207004 @hiidth Of
“Sulfanﬁt@hMEﬁbﬁvgz)ﬂeﬁeﬁtiaﬁﬂlmi%ﬁ” Risiortal AfpifehtiBh Nehaber
60/63224RekRd elB9Y2 Rl N R GR uféng'{éﬁgihléﬁ iﬁﬂ;ﬁﬂ%ﬁﬁ&mg as

Dolymeri ze at vari o ages o
POlynrlllnamu fél)g:lt?[ur?ab,lﬂ):c%%o'cessi ng, handling, storage, and use.

Pol yneri zatio h | _polynerization, during

their purifi c%éﬁ%@gkﬁaﬁﬂém‘@TmNt he nononer,

i.e., alower yield, and an increase in the viscosity
L. oiFmi#yfﬂmbmé@n may be produced. The processing and

The present invention is directed to the inhibition of the polymerization of

ethylenically unsaturated monomers by means of the addition thereto of the combination of a
sulfonated phenol and a 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 requires higher temperature and work (energy cost)
to remove residual monomer.

Polymerization can also result in equipment fouling, especially in the case of
production of acrylic monomers. Such polymerization causes loss in production efficiency
owing to the deposition of polymer in or on the equipment being used. 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 requires
hi gher tenperature and work (energy cost) to renove
WO e®oaisar4 nononer. Pol yneri zati on can al so r esPCT/UB2905/026016

equi pnent fouling, especially in the case of

0234 oduction of acrylic nonomers. Such pol ynerization
Tabses loss in production efficiency owing to the
deposition of polyner in or on the equi pnent being
used. These deposits nust be renmoved fromtine to
t ifride waighymg compadriistias hedn progesed andused dott inbibitafg ureentrolled
nmononer . 0234- PA A wi de vari ety of conpounds has been

and updespod polyswedzaimacd{Etyldnitallp uhisangated amnbmels. dthvasdr, many of
undesi red pol ynerization of ethylenically unsaturated

these 6BAPERIAS havdodt beén fullgR¥tiFActépese conpounds have not
been fully satisfactory. U S’ Patent No. 2,867,672

ditss| 868 Nol 9}867,'3?2 H&E%%&P@ﬁﬁ%ﬁ%&n#ﬁﬁéﬂ 2)"5 ?]i?itg_gg)gted styrene

styrene condensing in he™
condefith ALY S ot BRI ARE S AR ey Bl abonarie Beuievel of

sprayi ng the surfaces enclosing the vapor space with a
the mah ?Péﬁ o FHEPFEYS Rak msy be RHPIBREGH by DrayivEe st enclosing the
4,086, 147 discloses a process for the distillation of
vapor spaggiWith peysenepelymstisativnrighibderomat i ¢ conmpounds
conpri sing subjecting a vinyl aromatic conmpound to
eVl @ttt Nerfh08@ 1417 disclosesa pb@bd fok 8ldl MRITRMSH BPdaBily he
presence of a polynerization inhibitor conprising

PG oo tate) o S B A 05 B
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,
during 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@eodizposi tion i ncludes effective anpbunts of PCT/US2005/026016

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

4-tert-butyl catechol respectively, to act as a
02344 yner i zati on coi nhi bitor systemin the presence of

oxygen. U.S. Patent No. 4,670,131 discloses

controlling the fouling of equipnent used for

PNDS EBAERNO 5, IUTE0 idGsclogerths tntélition 6DhE polynigizatia! o winyl

conpounds by i nhibiting polynerization of the olefinic

' HREIRIRCRHiRBat oA By1A
s R o e R

b
a stable.free radi . [ i de. 4-
teast GpeZhAti it R 5 oos R iR Ball ohb ARk s oy
t pol y i zatiaon_of vinyl aramati c.conpo , _such
o s aiato. S0 s Ghsclhord dbped S A ARE Bt HarenS e
presence of at |east one stable nitroxyl conpound
unsaturgtpd trpesromgron ohgorherdEm preanaiire pabyimerigatianovkeeyoustabilizing
U.S. Patent No. 5,290,888 discloses a process for

amoust @fn N-dydgxssuletingédhindatd ymimesatdiedite daidpnlymerizalsle monomer
ol i gonmer from premature pol ynerizati on whereby a

or oli%érﬁ&{ 1Tl eyl IR tunSfturdted thdioeied vy olsddsdriehtdr@shsses vinyl
|

ndered amne is added to said pol ynerizabl e nonomer

monog{efsgééf@g%ﬁ{ers Jéaﬁng LA Bh?ﬁér}%&éeﬂi‘éb?é MB&E?{%‘ drﬁé@@.@lg&roxg?r

enconpasses Vi ny omers or i goner

substiRERY b ST ot S R bGP BA ol adign 4 g iquid ancor

i nhibit premature polynerization in the liquid and/or
vapornphgef phase.

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 nitroxyl 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
WORwens234 i N oxygen-free processing systens. TPEBES2005/026016
nmet hods conprise adding from1l to about 10,000 parts
per mllion parts nononmer of a conbination of a
0234 A t r ophenol conpound, a hydroxyl ani ne conpound and a
phenyl enedi am ne conpound. Preferably,
2-sec-butyl -4, 6-dinitrophenol or 4,6-dinitro-o-creso
arlé SuBatenti Mo. 093, 78at diswhoses thit selected derivatives of 1-oxyl-2,2,6,6-
bi s- (hydr oxypropyl ) hydroxyl am ne and N5N
tetraméil%yl&ﬁﬁychtik Wipdidaieay bragit agidhehitoh . préaheiie pNanature
5,545,786 discloses that nitroxyl inhibitors in

polyngég'@g{i&?bf 17 43 Iﬁaﬂfcrfll@’&ﬁﬁ e ekt {h%irglﬁiég«?st Vi §lt goctate and

yner i zation of vinyl aronhatic nononer urf’ng1
manuf act urin rocesses for such noneners. It is also
amwkgpﬁﬁ?gg%apvﬁ§%%é83ﬁ3§n3|| quantities of air used in
conbinatiqQn with the nitroxyl inhibjtors result in
v 358! Patgntdi ey bgldd- J0a lisstaspommix tpedor whibiting the premature
nononers. 0234-PA U. S. Patent No. 5,932,735 discl oses
polymerizatigredBmpeemels thay aeitsias (AX vihylesoptaiting p@pemers, and (B) an
t et ramet hyl - 4- hydr oxypi peri di ne are effective as
effectivehiniiun® bfa trix foreofRitirdnn 6.0p i€ ABLAIb e wpighy, asddzmt the tot4l fmixture
acrylic and nethacrylic acids, their esters, their

(B), ot K&t on¥ N¥kyl 368t Fickedsildityithing WhecH Ardidi&i0 hydrogen atoms
presence of water. U S. Patent 'No. 6, 143,205 di scl oses

on thég?cmafgoﬂra?orgé) %Ihda{m Iﬁl?)h‘{ %SIPQS {o 9/\”(/) ?)R&fefi'%hghl?ag%&/n &ﬁ gﬂe%gttai Rikture

NONOIEr s con ns (
woners, and (B) an effective anbunt of a m xture of
CBLO??§EQ$8H?635§3 %80, by wei ght, based on the total

m_xture
Russian 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, inhibiting systems comprising sulfonated
phenols have been found to be excellent inhibitors and retarders to prevent polymerization of
ethylenically unsaturated monomers, especially vinyl aromatic compounds, when used with
nitrophenols, such as 2,4-dinitro-o-sec-butylphenol (DNBP). Optionally, this inhibitor
system can be used in combination with nitroxyl radical type compounds or nitrosoanilines

and amines.
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(B), of at |east one N-oxyl conmpound of a secondary
am ne which carries no hydrogen atons on the a-carbon
war@amsamnd (ii) from99.95 to 95.5% by wei ght , POEESIHODOR6016

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

Russi an patents 1,027,150; 1,139, 722; and 1, 558, 888
0234-®sscl ose decreased pol yner formation during nornal

operating conditions (true inhibitors), but do not

protect the systemin energency feed shut off

Sitt i4@ahia@Wditade of the proQn€inventivd thettthe slefonefell @bénold & be
foregoing are incorporated herein by reference in

pro duflcmgc? Lll{ tthﬁ ﬁﬂl\hﬁlehﬁénué% rdssT i de BB N leferRaGRESHRANCe

e present Ion, inhibiting systens

conpri.si ng..sul, f e e e_be f t .
comsS3ERPF Bk SRR SR Pab SRR SR PEUADERnbFin e same
proceRi AGROHin VA RS RO SHREMIRY PG Ry pphents n the

ni trophenols, such as 2, 4-dinitro-o-sec-butyl phenol )
same pRNBSY)at tigpramsracdtion. {Thisprovidésihe egoneyie adviantage hat theaaaterial
in conbination with nitroxyl radical type conpounds or
can bé piddasekinianiatresdyesxist mgippeesOR Jakw Bést Intithioat capitaldiveestaee. From
of the present invention that the sul fonated phenols

a cus®fer PEnPbOABKEsh éddnbhne: dNBRaFEiR waticédbWitg 6 ERCIBSSmanufacturing
Since DNBP is a preferred second conmponent of the

cost @avﬁhggej taid@ gigbs{uhag%ge%ﬂmﬁ%bm% %rgag@@ﬁﬁagoi%g plyega. The latter

_ sane process. Accordi
resultgabr%f 2 {Etlo?ﬁsat%%gm??ovﬂao L 1,&g by producing both

It is thus an object of the present invention to develop a highly efficient and

inexpensive polymerization inhibitor blend with superb true inhibitor and retarder
capabilities.

This and other objects are obtained by the present invention, which is directed to a
method for inhibiting the premature polymerization and the polymer growth of ethylenically
unsaturated monomers comprising adding to said monomers an effective amount of a
combination of

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

OH



same process at the sane location. This provides the
econom ¢ advantage that the material can be produced
WO pooan3@l4 eady exi sting process at | ow cost w PEDUS2005/026016

capital investnment. From a custoner point of view an

econom ¢ advantage is realized owwng to the | ow
0234Penuf act uri ng cost (low price) and the superior

performance of the clainmed inhibitor blend. The latter

results in low inhibitor usage and | ow pol ynmer mnake.

It i s tWieseian object of the present invention to

devel op a highly efficient and i nexpensive

pol yneri zat i¢ 11Dbdtedot kg bf BRiroge

i nhi bitor angﬁre?grder capé%?ﬁ???ggpa#%ﬁgggndﬁﬁh gon and

are obtained by the present invention, mhlch

hwhn?g%gf%é%ted to a nethod for inhibiting the prenature

pol yneri zatl pol eni cal
unsat ur at ed ¢ :Eraggi% a{‘gepr‘?ﬁgeéﬁ]éh Ftlﬁ"% %‘e group °°¥1SlStmg
nomers_an effectlve anDunt of _a conbination of (A)
5 of hy%rpgfrre%its%lfb Prothdas thefrat {agskoneof R, aud Roisat&dil gAénol  of
the formul a: 0234- PA wherein (1) R2 is selected from
t 4B) gr atijzastoms imtibibg thdt ihg ditogkenohnd hydr ocar byl ; and
(2) R1L and R3 are independently selected fromthe
9o uprefemad ghbodgmeit, thy iagarinemtobiBdirecriay btedhdd @t inhibiting
at |east one OFRL and R3 is S8H; and

the premature polymerization and the polymer growth of ethylenically unsaturated monomers

comprising adding to said monomers an effective amount of a combination of

10 (A) atleast one inhibitor that is a sulfonated phenol of the formula:
OH
R1 R2
15
R3
wherein

(1) R, isselected from the group consisting of hydrogen and
hydrocarbyl; and
20 (2) R, and R, are independently selected from the group consisting
of hydrogen and SO,H, provided that at least one of R, and R is SO,H;

(B) atleast one inhibitor that is a nitrophenol;



(B) at least one inhibitor that is a nitrophenol. In a
preferred enbodi nent, the present invention is
wa@lzooensedd t o a met hod for inhibiting the prenakCr/ES2005/026016

pol ymeri zati on and the polyner growth of ethylenically

unsat urat ed nononers conprising adding to said
0234-Pdnoners an effective amount of a conbination of (A)

at | east one inhibitor that is a sul fonated phenol of

the forrmula: wherein (1) R2 is selected fromthe group

Cc@a¥i stat h@gstodneliyldbingenleated floprdthe gasipydonsiativey ¢fAjitré¥lyl and

R3 are independently selected fromthe group

compg@ﬁgi@gilﬁ@osg&ﬁhﬁgyg fEN and SQGBH, provided that at
| east one OOR1 and R3 is SGBH, (B) at |east one

IoRBbbl ta‘PE)"ia%{})?lteSaLgﬁn@ ni trophenol ; 0234-PA (C) at | east

e’ inhi ected fromthe group consisting of
ni.t roxyl conpounds and nitrosoanilines; and.(D) at ..
b 6o SRR e Besths et Bkt R borBPidaR coprising a
invention is directed to a conposition conprising a
5 combpwhipRAAti on of (A) at least one inhibitor that is a

sul fonat ed phenol of the fornula: wherein
(A) atleast one inhibitor that is a sulfonated phenol of the formula:

OH

10

wherein
(1) R, is selected from the group consisting of hydrogen and
15  hydrocarbyl; and
(2) R, and R; are independently selected from the group consisting
" of hydrogen and SO,H, provided that at least one of R, and R, is SO,H;
(B) at least one inhibitor that is a nitrophenol;
(C)  at least one inhibitor selected from the group consisting of nitroxyl
20  compounds and nitrosoanilines; and

(D)  atleast one amine.



(1) R2 is selected fromthe group consisting of
hydr ogen and hydrocarbyl; and (2) Rl and R3 are
w0 pbepan2dent |y sel ected fromthe group consi stPeyUs$005/026016

hydrogen and SO3H, provided that at |east one OFRL and
ﬁ? iIs SO8H, (B) at |east one inhibitor that is a

0234'F%rophenol; (C) at least one inhibitor selected from
the group consisting of nitroxyl conmpounds and
nitrosoanilines; and (D) at |east one am ne. 0234-PA

DESCRI FRESGRIPTION ORFERBREERRBBIVENBOB VINTS d

above, the present invention is directed to inhibiting

syt sarsd eloowey theipnesent invemtibn &t diesetedfto (rNibitihg bpesis @AGrising a
inhibitor that is a sulfonated phenol of the fornula:

combiagbgbh (1) R2 is selected fromthe group consisting
of hydr ogen and hydrocarbyl; and (2) Rl and R3 are

g ogan ar rea BB T R
R3 is SOBH, and (B) at least one inhibitor that is a
ni t r ophenol . OH

R, R,

10
wherein
(1) R, isselected from the group consisting of hydrogen and
hydrocarbyl; and
2) R, and R, are independently selected from the group consisting
15 of hydrogen and SO,H, provided that at least one of R, and R, is SO,H; and

(B)  at least one inhibitor that is a nitrophenol.

In a preferred embodiment the inhibiting system further comprises at least one amine
and at least one additional inhibitor selpcted from the group consisting of nitroxyl compounds
and nitrosoanilines.

20 Where R, is hydrocarbyl, it is preferably a straight chain or branched chain alkyl or
alkenyl group of from 1 to to 50 carbon atoms, more preferably of from 1 to 18 carbon atoms

including, but not limited to, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, 2-ethyl
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In a preferred enbodi nent the inhibiting system
further conprises at |east one am ne and at | east one
wa@esnsaamal i nhibitor selected fromthe group PCT/US2005/026016
consi sting of nitroxyl conpounds and nitrosoanilines.
0234 pher € R2 is hydrocarbyl, it is preferably a straight
in or branched chain al kyl or al kenyl group of from
1 to to 50 carbon atons, nore preferably of from1l to
carbon atons incl udin , but not limted to, nethyl,
hexyle’tl?ﬂb’ll depylopgdecylpdedacyl, Eé%ﬁxll tetrpdseyl, peradscyl, hexsdesyl, heptadecyl,
2-et hyl 0234- PA hexyl, nonyl, decyl, undecyl, dodecyl,
octadeayll,ddey) norméetqyb@é;‘@yj’l, hqmeimbs;d,&bpbsyl,hﬂ'xmh d:tytfa,cosyl, pentacosyl,
hept adecyl, octadecyl, ol eyl, nonadecyl, eicosyl,

triacohgelso@el of thtofodspving (@ﬁdmsﬁ exdrBple, 61§?§1N15y1 s‘é@%ﬁ@ Ch%\ﬁbentyl

triacontyl, isoners of the foregoing uch as,

etc.), %%gﬂﬁ@h&e é&%ﬁ@ﬂk&b grél%s Qiémé's c J‘&% CL&&Eloh Q@’l 10?1%,1

I'ike: of cyclic al'kyl groups as c

oheptyl, cyclooctyl and cycl ododecyl .
cydoﬁﬁﬁfgﬂﬁ§%61 8%%%t can be enployed in the practice of
t rese nvention in e not limted to
ztﬂ@ff&?hﬁlf’fgaha& me}am?fg ﬂq%p 4h‘h%fFFF‘3PIt w@mn include,
2,4-dinitro-I| naphthol, 2,4,6- tr|n|trophenol icric
but arg gpigmited te, ai6rfiltllrtr@- BmetyinheptleAaitro- %Imﬁtbbrlnlilmpg Bifedioftro-1-
2, 4-dinitro-6-sec-butyl phenol, 4-cyano-2-nitrophenol,
naphtlmli 2d6-uinityophend (pictic ogtp A gll-dinimroné-hredpr{plmnels 2J4-dinitrophenol,
2,6-dinitro-p-cresol, and the |iKke.

2 4-diRitr6heu- butplpRerid, %—b}t&nﬁlm{iﬁﬂhenbﬁ 3Ab&3-aIdyRh-5 WS ek dl m-nitro-
inhibiting system of the present invention conpri ses

p—cres@l" Z@Qil'rﬂtfd?ﬁ-%iresbﬁ Bhdike! bat in?tr ‘5%5 Bﬁ’t?%{)hfn‘fﬁqp er reg

he’ nitroxyl conpound i's pre era
”W’l{ R ibi
er¢ the inhibiting system of the present invention comprises an additional inhibitor

that is a nitroxyl compound, the nitroxyl compound is 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 Ry are independently selected from the group
consisting of alkyl and heteroatom-substituted alkyl; and X, and X, (1) are independently
selected from the group consisting of halogen, cyano, COOR,, -S-COR,, -OCOR,, (wherein -
R; is alkyl or aryl), amido, -S-C¢Hs, carbonyl, alkenyl, or alkyl of 1 to 15 carbon atoms, or

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



conmpound having the structural fornmula: X1 X2 1112 7
- CNGCRAR61 R5 O wherein R4 and R7 are
w0 pbepan2dent |y sel ected fromthe group consi stPeyUs$005/026016

hydr ogen, al kyl, and heteroat om substituted al kyl and

R5 and R6 are independently selected fromthe group
0234-Pdnsi sting of al kyl and heteroat om substituted al kyl ;

and X1 and X2 (1) are independently selected fromthe

group consi sting of hal ogen, cyano, COOR7, -S-COR7,

- QCRIRAsticlakle hesferrdderhisodanbayt] the fstableyipderadmittoxyl-cBmpotiad

carbonyl, alkenyl, or alkyl of 1 to 15 carbon atons,
hasﬂ@%uﬁ&$ﬁﬂ§5ﬁﬁugogether forma ring structure with the

nitrogen. 0234-PA In a particularly preferred

enbodi nent, the stable hindered nitroxyl conpound has

the structural formla: Rmh rei Rﬁ and R7 are

i ndependent |y sel ected fr t he group consisting of

hydr ogen, al kyl, and hetem@aﬁbnksubstltuted al kyl and

R5 and R6 are |ndependently 3ﬁlected fromthe group

5 consi sting of al kyl and heteroatom substituted al kyl,

and the portion represents the atons necessary to for m

wherein Rj, wed R, siexndependently eslestedriremagle proup corsjdingof hydrggen, alkyl,

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

consisting of alkyl and heteroatom-substituted alkyl, and the

&

10

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

15  the practice of the present invention can be represented by the following structural formula:
ZI
z;// >z,
Rf//%\\N//+\\R4
Rs I Rs
O%*
20  wherein Z,, Z,, and Z, are independently selected from the group consisting of oxygen,

sulfur, secondary amines, tertiary amines, phosphorus of various oxidation states, and

substituted or unsubstituted carbon atoms, such as >CH,, >CHCH,;, >C=0, >C(CH,),,

10
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Accordingly, one of the several classes of cyclic
ni troxi des that can be enployed in the practice of the
w@e@som274 nventi on can be represented by the fpCT/U82008026016
structural formula: wherein Z1, Z2, and Z3 are
i ndependently selected fromthe group consisting of
0234-BAygen, sul fur, secondary am nes, tertiary am nes,
phosphorus of various oxidation states, and
substituted or unsubstituted carbon atons, such as
>CHBr CHCHCECHITHR > CHB; OCHAL CHEICNO2 GO RN CHEACOSTHCTHCOOCH,,
>CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH, >CHCOOCH

(2l ¥ s» >CRsOR,,
RS ARpR oy cLon

~CHN Rp i Ts C e the @‘%‘Z‘%@Cl i RSP
~CR R R G s Ay R ety Bl e erovp

are independent!|y selected fro ou nsi sti

consisging g Bxdieeen elkyb erdmnd agylapd ?Bw and%% % %&ﬂ Releoted
NR17R18, where R16, R17 and R18 are i ndependent |

from the lzemipemn$isiong ofmsharedipleetmsi alkylngybOh Qﬁle@%Nl%mquhere
and aryl . Were R8 and/or R9 are alkyl, it is

Ry, RpY &feR [, @b indgentidrely sbiectad fiowethe aidupl co(tslstmg ofdrydrdpaw,i aligyl, and
one to five carbon atons, e.g., methyl, ethyl, propyl,

aryl . Wﬁé(rle R, REIOY R, ardnicyll, SPR%&'G&&P&@@M bW ever Bﬁ(ya(i%/ Q@he having

are aryl it is preferred that they be aryl of from

one ta ﬁ\';e caa}lg)c%nca%llﬁg rra@ @%glu gth?I Pr({i’g {yl ﬁfen@/z RAH mer¥he ).

Interfering

Sti uen K oups, ha n
i1t Be A bRe e b gre R e%ﬁ*@%&%?@ a8} RS RGp dBpon
that the be acyl of. the structure
atoms, e.g., phenyl or naphthyl, which, in addition, may be substituted with non-interfering

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

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

A,

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

19

0

Ry

11



10

15

20

where R19 is al kyl, aryl, OR20, or NR2ZOR2 1 and where
R20 and R2 1 are al kyl, aryl, or0234-PA where R22 is
wa@bkdoglodqars aryl . Where R19, R20,' R2 1, or R22 BCBEUS2005/026016

al kyl, they are preferably alkyl of from1 to 15

carbon atons, nore preferably [ower alkyl of from1 to
0234-PAcar bon atons, as descri bed above. Wiere R19, R20, R2

1, or RR2 are aryl, they are preferably aryl of from®6

to 10 carbon atons, as descri bed above. Another of the
wheréR), & dkyl©r ass eWigo RYCRICRA) dryy ndetkyll, they araprdfgrably alkyl of

enployed in the practice of the present invention can

from P?o [ £PLBeE Q&)ﬁg B¥rd R8retably BWeP Qlk?F SHUEImN ab 5TcaibBH latdms, as

wherein Z1 and Z2, Whl ch 'may he 'sane or different,

descr B e B 8, FIDRL) Lo 00 ORS! b y 651 BPfom 6 0 10

HS5) - =CQ(OH) -, =CQ(CN)-, C(NRBR9) -
carbonMnbed%vahe li ke, and vvhere Z3, R8, and R9
are as descri bed above. The ¢ i.c nitroxi des_enpl oyed
i othier f Berseraalgtlasspiofisyeica romﬁeseﬁliﬁﬁ @ﬁxbeéﬁlpé%s iy ghe
derived fromfive-nenbered rings. These conpounds are
practioé of the psdsentdnvengiof 282 bekpwisented by thedoliowing stpdtutal fragpula:
be the sane or different, are sulfur, oxygen,
secondary am nes, tertiary gm nes, phosphor us of
various oxidation stat eg%r \sgbst ituted or
unsubstituted carbon ato sugh as, >CH2, >CHCHS,
>C=0, >C(CH3)2, >CHBr, > CH , >CHF, >CHCH,
>CHCN, >C(OH)CN, > , >CHCOOC2H5,
>C( OH) COOC 2H5, >C( CH) C( O4) CHOHC2H5, >CRBOR9
>CHNR8R9 5

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(COOCHy;)-,
=C(COOC,H;)- =C(OH)-, =C(CN)-, =C(NR4R,)- =C(CONR4Ry)-, 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:

Z, Z,
R7/|\ N /l\ R,
R, | R,

12
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>CCONRBR9, >C=NCH, >C=CH C6H5, CF2, Cd 2, CBr2, C 2,
>CR8PR13R14R15, and the like, wherein the several R
wW@e@ap3s22f € as descri bed above. The cyclic nit PORUS®E5/026016

enpl oyed in the practice of the present invention can
al so have the structure: wherein Z4 and Z5, which can

02344 t he same or different, can be nitrogen or a
substituted or unsubstitut ed carbon atom such as
=C(H-, = C(COOH) -, =C(COo0CH3> , =C(CO0C2H5) -

whereigZerid Z;, @N)lay b&th@rsm&sz@y diffeEmEONREMEYT, pxyged, sehendary
i ke, where R8 and RO are as descri bed above. Another

amines, &sisarp hmdnes) piosphdrooxf vepus batattcanstdies, enpibsiigtkd ¢t t he
practice of the present invention is of the

unsubsstifudsd s AShs RicNBeratn,, 22 1aNg, Z@rO‘ABC(@H%YS%F BenCy,

same or different, are suffur oxygen secondary
t
>CHETLRRE -CHRTL ABCRTLOROIOC SRR 800CH, serco0CH,
>c<o§§a§@€9@<‘%§sk%n6@5&@aﬁﬂﬁmﬁ% b,

oG i R P L A S, e e,
Cd 2, CBr2, C2, >CRgPR13R14R15, and the |ike, where
wherdih ghesseverabR g@l@sm desa@ibad ablescr i bed above. Further,
two or nore nitroxyl groups can be present in the sane
mathe @ytl&; nifroxides employed in the practice of the present invention can also have

the structure:
z, Z,
R”/l\ N /I\ R,
R, | =

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,Hs)- =C(OH)-, =C(CN)-, =C(NRgR,)- =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

invention is of the structure;
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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
waol@s/osarent Nunmber 5, 254, 760, which is incor ppCHUSH05/026016
herein by reference. As stated above, for all the
nitroxyl structures above, R4 and R7 are independently
0234-PA ected fromthe group consisting of hydrogen, alkyl,
and heteroatom substituted al kyl and R5 and R6 are
i ndependently selected fromthe group consisting of
whereih Ky hndhg wihédhansyalbeotis wirate bt diffeckng| dey kulfurhexyabhydecdralary
het eroat om substituted al kyl) groups R4 through R7 can

amindCte aRiRs Or sbdtiraee bf uBstiel efBbh YofRNiRhAs 1>E01,,
15 carbon atons, e.g., methyl, ethyl, propyl, butyl,

>CH%§Q§§;Q,@@@§IQ€WM >CHEY ORI, AG35h, ~eataeYloomen,

tri t étradety pent adecyl,

~CrGO0R PR HER R SOt LrIPeQP CHa

R4 t hrough R7 be independently selected | ower_ alkyl
>C(OFBQHI§H%3“B£%%3&, P EHNIR R R oy P4 =D & d 1 1Gslle CFo,
carbon atons (e.g., nethyl, ethyl, propyl, butyl,
CCL, §315,\CL,, >RPR:Brnt s andhdhred the) whas éheesehe‘aék @eaupsnare as described
substituents are present, they can, for exanple,
abovd. ncl ude hal ogen, oxygen, sulfur, nitrogen, and the
like. It is nost preferred that all of R4 through R7

byt e 8238rRMrEXA TR RS oo b@ﬁﬂeg@k) {ethRkdh@¥iofeufe! fd%h

radi cal conpounds that can be used in conbination wt
e 1o YA PHOR, AGE, B GELLANCESTRYGEA ]Epopg o . o
disclolgg& inI ﬁ@ i’gt%ntt Iﬁ’ﬁm{}'ér'\s",gi,%ro, %Viﬂk%ﬂti {nréi)ltp[){r)a)t(eiddl‘?e;rein by reference.

As stated above, for all the nitroxyl structures above, R, and R, are independently
selected from the group consisting of hydrogen, alkyl, and heteroatom-substituted alkyl and
R, and R, are independently selected from the group consisting of alkyl and heteroatom-
substituted alkyl. The alkyl (or heteroatom-substituted alkyl) groups R, through R, can be
the same or different and preferably contain 1 to 15 carbon atoms, e.g., methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, and the like, and isomers thereof, e.g., t-butyl, 2-ethylhexyl, and the like. It is
more preferred that R, through R, be independently selected lower alkyl (or heteroatom-
substituted lower alkyl) of one to five carbon atoms (e.g., methyl, ethyl, propyl, butyl, pentyl,
and isomers thereof). Where heteroatom substituents are present, they can, for example,

include halogen, oxygen, sulfur, nitrogen, and the like. It is most preferred that all of R,

through R, be methyl.

14
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N, N-di -fe7" t~anyl nitroxide; N r -butyl-2-nethyl-
1- phenyl - propyl ni troxi de; N-tert-butyl -
wa2abes3d2y4 phosphono- 2, 2- di net hyl propyl ni t r oxi dBCT/US2005/026016
2,2,6,6-tetramethyl - pi peridi nyl oxy;
4- am no- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;
0234-PA hydr oxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
4- oxo- 2, 2, 6, 6-t et ranmet hyl - pi peri di nyl oxy;
4-di nmet hyl am no- 2, 2, 6, 6-t etramnet hyl - pi peri di nyl oxy;

%%gﬁ&oa/ﬂ DIb18 nfrdkide- fr@irhdioalidopipopndsehatdhm e aved, in
, b-tetranet hyl pyrrolidi nyl o>I<)§; be oset

2,2,
combirga:t%)?%?i% ﬁi’ee?l gwgie% g@{@@&'&&&&y ddcOptbin e ?x?)l%:lce of the present

. > 5 4 4 tet rarretll*; I.:l - oxa- 3-azacycl open 3- oxy;
mventlfpoiilﬁl-“é?’p]i}?%q r?%)}hltfgég(:y- 3-carboxylic acid; 2,2, 3,3,5,
NN TR (L 4 eyl ohogyl ) L b-aloxy
4-chloro-2,2,6,6-tetramethyl - pi peridinyl oxy;
N,N-disterpaioylRitioxddes- t et r anet hyl - pi peri di nyl oxy;
4-fluoro-2, 2,6, 6-tetramet hyl - pi peridi nyl oxy; 0234- PA
N-tert-butyl-2-methyl-1-phenyl-propylnitroxide;
N-tert-butyl-1-diethylphosphono-2,2-dimethylpropylnitroxide;
2,2,6,6-tetramethyl-piperidinyloxy;
4-amino-2,2,6,6-tetramethyl-piperidinyloxy;
4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-0x0-2,2,6,6-tetramethyl-piperidinyloxy;
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;
2,24 4-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid;
2.2.3.3,5,5,6,6-octamethyl-1,4-diazacyclohexyl-1,4-dioxy;
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
4-chloro-2,2,6,6-tetramethyl-piperidinyloxy;
4-jodo-2,2,6,6-tetramethyl-piperidinyloxy;

4-fluoro-2,2,6,6-tetramethyl-piperidinyloxy;

15
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4-cyano-2, 2,6, 6-tetranmethyl - rireridinyl oxy;
4- car boxy- 2, 2, 6, 6-tetranet hyl - pi peri di nyl oxy;
wa2manbanet hoxy- 2, 2, 6, 6-t et r rmet hyl - pi peri di nyPORYS2005/026016
4- car bet hoxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy;
i; cyano- 4- hydroxy- 2, 2, 6, 6-tetrat net hyl - pi peri di nyl oxy;
0234-PArpt hyl -2, 2, 6, 6-t etranet hyl - pi peri di nyl oxy;
4- car bet hoxy- 4- hydr oxy- 2, 2, 6, 6-t etranet hyl - pi peri di nyl

OXy, Y
4'0}’&140%ﬁd@,éinﬁhylrmmrka®myI )-2,2,6,6-tetranet hyl - pi pe
ridinyloxy; 4-nmethyl-2,2,6,6-tetranethyl -

4-carliox®; 52,60 etrambthgt-pipyrididilogy;- 1- oxyl ;
4- car boxy-2, 2, 6, 6-tetranet hyl -

4-carbonZetBo:6-2,2 16 AReyidhR [-qu'eﬂ@inyﬂaxgxyl:
4- car bonet hoxy- 2, 2,6, 6-tetranethyl -1, 2,5, 6-tetrahydrop

4-carbethdky L2 5l6- RN thyl-piperidi : .

B bet’h’oxy-%‘l,ng, g, %lpfré%l%l%’hyl -1,2,5,6-tetral i ydropy
riding -1 - | . g ]

4-Cyalzlq-g—rlﬂyﬁ%qxgjg?(,é,’66’:_6{%1%1?@%?1%;'1@1?)’71%{(ya’ 6-t et r ahydr opyri di ne

-1-oxyl ; 4-am do-2, 2, 6, 6-tetranet hyl -
4-meth¥]122,s§,6§:te€@maﬂv PBSYHOGIONE - 1- oxyl ;

3, 4-di ket 0-2, 2, 5, 5-tetranet hyl pyrrolidi nyl oxy;
4-cartgthoay dt-Hydsgx i B¢ 0 tetraBietivi-pipeddyloxypyr r ol i di nyl oxy;

3- ket 0- 4- benzyl i di ne-2, 2,5, 5-t et ranet hyl pyrrolidi nyl ox
4-hydyaxy-4-(1-hydroxypropyl)-2,2,6,6-tetramethyl-piperidinyloxy;

3- ket o-4, 4-di brono-2, 2, 5, 5-tetranet hyl pyrrolidinyl oxy;
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-o0xyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,3,3,5,5-hexamethylpyrrolidinyloxy;
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy;
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;

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

16
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2,2,3,3,5, 5- hexanet hyl pyrrol i di nyl oxy;
3-car boxi m do-2, 2,5, 5-tetranet hyl pyrrolidinyl oxy;

W@2@xi0s62np- 2, 2, 5, 5-t et ranmet hyl pyrrol i di nyl oxy; PCT/US2005/026016

3- hydroxy-2,2,5,5-tetranet hyl ryrrolidinyl oxy; 0234- PA
3- cyano- 3- hydroxy 2,2,5 5-tetranet h. yl pyrrolidinyl oxy;
0234®Acar bonet hoxy- 3- hydroxy 2,2,5, 5-tetramet hyl pyrrolidin

yl oxy;

3- car bet hoxy- 3- hydroxy- 2, 2, 5, 5-tetranet hyl pyrrol i di nyl
3-cyanop-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;

2,2,5, 5-tetranet hyl - 3- car boxam do- 2, 5- di hydr opyrrol e-|

3-carbétidthoxy-3-hydroxy-2,2,5,5 tetramethylpyrrohdmyloxy,
2,2,5, tetranethyl 3- am no- 2, 5-di hydropyrrol e-1 - oxyl ;

3-car1?et1¥?>®u3igg<ﬁbky?‘ﬁ%t§15 ketmmmﬁﬁly%é di hydropyrrol e-1 -
225§t5 %13%@%%0%3%‘2 R SIRREL 4y 1) uvct nat o

2=2:5=§=t6t92%ﬂ1@t§3,’123,'@Pﬁl%%éidmw&iep]ePH}F n-4-yl)adi pate; bis(

1-oxyl-2,2,6,6-tetranet| |(%I pi peri di n 4-yl ) sebacat e;
2,2,5,5'rtgt(ramethy1-3-carbethoxy—2,5—d1hy opyrrole-1-oxyl;

1-oxyl -2, 2,6, 6-tetranet hyl pi peri di n-4-yl)n-butyl mal ona
2,2,5 Begtramethyl-3-cyano-2,5-dihydropyrrole-1-oxyl;

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

bls(l-oxyl -2,2,6,6- tetrameth%/lplpendln— -yl)succinate;
s(I'-oxyl 6-t et ranet hyl pi perldln 4-yl )i sopht hal

bls(l%%@(%’-z’gigi ei[ri{nﬁfhg{pégetrgtlr}—g %lyflpl peri di n-4-yl)terephtha
bis(l-lo%rfz.,?,,6,6-tetramethy1piperidin— 4-yl)sebacate;
bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)n-butylmalonate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)phthalate;
bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate;
bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate;
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yDhexahydroterephthalate;
N,N’-bis(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide;
N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam;
N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;
2,4,6-tris-[N-butyl-N-(1-0xyl-2,2,6,6-tetramethylpiperidin-4-yl)]-s-triazine;

4,4’ -ethylenebis(1-oxyl-2,2,6,6-tetramethylpiperazin-3-one); and the like.

17



Ms( |
-oxyl -2, 2, 6, 6-tetranet hyl pi peri di n-4-yl)hexahydroterep
Wonevalai2e4 PCT/US2005/026016

N, N -bi s(l-oxyl-2,2,6,6-tetranmetliyl piperidin-4-yl)adi
pam de; N-(l-oxyl-2,2

0234-FA 6-t et r anmet hyl pi peri di n-4-yl)-caprol act am
N-(I-oxyl -2,
36, 6-t et ranmet hyl pi peri di n-4-yl)-dodecyl succi ni i de;
N _u&dtHebﬁn,[thb Bstryviathon TEMPY stzhd? far, 22,6;6t-heaameﬂhyyl-pi pe
ridin- yI)] s-triazine; 4,4 -ethyl enebis(l-oxyl -

iperi REAY TRIVEED 274-AmB o072 )6;6-REEmERe]-1- d -
plpemﬁﬁlgxgzgﬁ‘i PA"As used herein, the ’gbbr evi at ?onp}IPEI{}Pglyloxy’ *

hydrody-REfIbd Eh.)é@%?)g/é 163 LRRL Y11 | R PRI Y Yo Pthe t as
HTE@@gA%ZTI%}g t4§§xroa£§,t6l6i—t)éjtrér|né£iylpF—Eaip%lhﬁ%lyﬁ))}%:‘ and so on.
4- hydi Ox -] -
S et St S e

4- 0x0-2,2,6,6-tetranet hyl -1-pi reridinyloxy; and so

presen® fhvehtior e preferTENMRO#k0xon EEMPEh drhydfoxyHBE MBI on ZEMSIO.
enpl oyed in the practice of the present invention be

A 6f TN Ghord o8- (O FRYBRg, dghyditxy-TERIRDand4-oXENFMPO,
Bl ends of two or nore of the %oregoi ng, e.dg.,

1 O and 4-oxo- TEMPO, can al so be enpl oyed.
canaé@sﬂ%rﬁl?lag nitroxi de free radi cal conpounds can be

80 B8 o BARTBA St
10 sex Ghosabmod soBtcuenbar 3 D0 i B U AT 0

reference.) They are suitable for use qver

3 494 DRGSOy kPSS 64 66 Blk 2 466841554 g e Tncorporated 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,

15 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.

Where the inhibiting system of the present invention comprises an additional inhibitor
that is a nitrosoaniline, it can be an N-nitrosoaniline or a C-nitrosoaniline. Preferably, the

20  nitrosoaniline compound is a C-nitrosoaniline.
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tenperatures enployed with the ethylenically
unsaturated nononers that are stabilized by the
wee@eo3e7of the present invention typically raPgBEU$2005026016

about 600C to about 180 OC, preferably from about 700C
to about 165C, and, nore preferably, from about 80Q0C

0234-PpA about 1500C. Such distillations are generally
performed at an absol ute pressure in the range of
about 10 to about 1,200 mm of Hg. Where the inhibiting
systiffdhilinR @oRb8 SRR can BY BRphed by Witlos@Hnad T the corresponding
additional inhibitor that is a nitrosoaniline, it can

.y e n . - . | o .

anitngdip My Sl BARERTed BE A 0 Bubolidl GRAGA Mines. For cxample,
.CG-nitrosoaniline.0234-PA.C-nitrosogni.line co d

reactiqg gy B B BRI BT PRl PO R s FRRBRD i regreenees
ani lines in any typical manner use% fgr e .

t0 a pagamiEasoglinoRAISF THRBHMECE OB FEESS Fdp e p@cid. Insome cases,
reaction of the amne with cold nitrous acid produces

it is mare ddnweniensio effectibemitiosdiian and searranggssent én ene step by conducting
par a- ni trosoanil i ne under the influence of an excess

the redtion Y heetahor obuthaiifl thel preseaomofemsssessiof hidrogar éhloride under
convenient to effect the nitrosation and rearrangenent

anhyd%d&s%@ﬁdiﬁ%ﬁ@ s pRIEMEL IsntsdriiRd i erd. iPafent RufBENR096,356.

ution 1 n the presence of an excess of hydrogen

B R Ll

skilled jn the art, wll. be aware that nitrosoaniline
tautonprize\ig APPERS HRIBC QRRG SYBYSo S-aut oneri ze to qui none
i mne oxine derivatives, i.e., See, for exanple,

Sidgwi ck, N V., The O ganic Chem stry of Nitrogen,
N

Third Edition, HN l
N N
Q>o Sou

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.

The nitrosoanilines that can be employed in the practice of the present invention are

preferably of the structure:
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G arendon Press, Oxford, 1966. Thus, both fornms can be
present, especially in solution at el evated
wao egopesarur es, and can be expected to contri buP€I/US200$1626016
inhibiting activity of these conpounds. The
nitrosoanilines that can be enployed in the practice
0234-®%A t he present invention are preferably of the
structure: 0234- PA wherein R2 1 and R22 are
i ndependently selected fromthe group consisting of
hydrogen, al kyl, aryl, ackdw_hy&#eoxyl, al koxy,
nitroso, and sulfonyl, or R2N and R22 can form a
cyclic ring that is arﬁl, cycloalk%I, pol yaryl, or
het erocyclic; R23 throu§h~B27~are 1Hdependent |y
sel ected fromthe group co ng of hydrogen, alkyl,
aryl, acyl, hydroxyl, alkg | oxy, NR28( R29) ,
nitro, nitroso, hal ogeR,s and>sul foRyl, or any two
adjacent Rs can forma cyclilc ring that is aryl,
cycl oal kyl , polyaryl, or hetéﬁocyclic, provi ded t hat
at |l east one of R23 through R27 nust be a nitroso
group; and R28 and R29 are independently sel ected from
wherdgilme group consisting of hydrogen, alkyl, aryl, acyl,
and nitroso. Preferably R28 is hydrogen and R29 is
alRgyind MY efeintibgendailyiclected fivysthe grafp dohsistugesfiydrogen, alkyl,
i nvention conprises an additional inhibitor that is an
aryl, 91, B§drok P aRBk P &ies0, HRI ALBHYINE I, aBE€RQAATYrm HEyclic ring that
tértiary am ne,” and can conprise al kyl "groups, aryl

is arygE?&Bﬁkylogglgf%o?Z%ﬂer%@?clfc?er eof . Such ami nes incl ude,

are’n

R,; through R,, are independently selected from the group consisting of hydrogen,
alkyl, aryl, acyl, hydroxyl, alkoxy, acyloxy, NR,s(R,,), 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. 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 a 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-B-naphthylamine, isopropoxydiphenylamine, aldol-e-

naphthyl amine, symmetrical di-B-naphthyl-p-phenylenediamine, trimethyl dihydroquinoline,
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to, a-naphthyl am ne, thiodiarylam nes,
j >- phenyl enedi am ne, o-phenyl enedi am ne, 2,4- diam no
walephesseram ne, cycl ohexyl naphthyl am ne, polp@U§1005/026016
am nes, nethyl aniline, diphenyl-p-phenylene diam ne,
phenyl - b- napht hyl ar ni ne, i sopropoxydi phenyl am ne,
0234-RAdol - a- napht hyl am ne, symetri cal
di - b- napht hyl - p- phenyl enedi am ne, tri met hyl
di hydr oqui nol i ne, 0234- PA di t ol yl am nes,
ditolyRAEAM, plRenyRBLapkthsanTies, phEgMP-ndphthaalntitkyldénminephenol,
di am nophenol , 4-cycl ohexyl am nophenol
i Do i | -an nol: o
eyelpheAIABGRIARE br e BPRRBL S0 inophenpl, f amigg,2-hydroxytoluene, and
et hyl eni cal | y unsaturated nononer, the premature
ol ynmeri zation and polyner growth of which is an
g&jhect of the present invention, can be an%r.su.ch
e mbylonisallymnsapreist mosaeret tiorywarreeRlyhrizignapd polymer
pol ymer grow h during its manufacture, storage, and/or
growthlio§ tvhidhuis o nbijiest of thy ploseatinventing caths@yrivelbmepemenipr which
will benefit fromthe practice of the present
uninténd¥E&pélyMerigitdon aatiior polsmer pihly Hsiinyy #n@amsfhgtnenstorage, and/or
sul fonic acid, vinyltoluene, divinylbenzenes,

distritR@lo} ¥ DploBRIT enﬁﬁn% sy hdhBRe Sttt N bereitiffth B raitiee of the
acrylonitrile, methacrylonitrile, nethyl acrylate,

preseﬁéx? elg’8$1§ %Qaélf g?ﬁenenﬁzlﬂ%(th}ggﬁfﬁa?ﬁfhﬁé s‘?rlﬁoﬁfcl%id, yinyltoluene,

acryli acrylic acrd,
but adi ene,, chl oroprene, jsaqprene, _and.the.like. The
divinylpgngerss: ROIYY Y BFURRSS SREieRshaHE: 2 RPITTHiRe: &Giytoiie,
necessarily be stabilized indefinitely by the presence
methagfyloriile, madthyltasrylay. ethd paylats, methahesthageylate, s methacylate,
heated as in distillation, but they can be consi dered
acryli¢ acibiemsthadriliéc a@d] tatadienegclderopient, ispeeriesarad thre diker abl e

the li

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

compounds disclosed in U.S. Patent Number 5,254,760, the dihetero-substituted benzene
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increase in the tine for which they can be heated
before the onset of polynerization and/ or polyner
wWQ@er@enss2ry a static system B) the amount of pPCTDOBE2005/026016
made at a constant tenperature remains constant over
time in a dynamc system and/or C) the rate of
0234-PAl ymer growth is significantly slower than when the
grow h inhibiting systemis not present. Those skilled
inthe art will understand that, if desired, free
compdudh BMinS GAEN 06¢ Gakoratilt hodbgen, Bl, ud@ihdna defieative such as the
practice of the present invention. For exanple, air or

mono-g}?qgl}gg-%ggéé of h%s@nh&hetéii@los@aﬁ@]zﬁro St ApphiBatitdd PEHRS6 Al,

can be added, as can the aromatic nitro

._conmpound I §cl ased, P ,
theirofyr Qo T QD851 T2 B MRS 2 e end
.having, at | ea one transferahl.e hydrogen, e.g., a
certainy RO Bl Hpaigd OSgéﬁﬂﬁa N3t et hyl - et her of
hydr oqui none_di scl osed i n European Patent Application
0Thepolgaeriztiontinkibiters sar beritieAceddntodheymenomgr taghe protected by
98/ 25872, and other inhibitors, e.g., phenolics and
any cob@eiitiinal mpthodafhey el fox exavaple; benasldad tpa ténpeniraikd bdletgon in
in the art. The pol ynerization inhibitors can be

suitableHolwRetsGast ulpm@rﬁ hemthepomt oft deshel applitaiindsy oy sahtgble means.
conventional method. They can, for exanple, be added

In add?t%or? irfd?ﬂﬁ?ﬂtiﬁlﬁ&ﬁﬂg %eﬁlgsﬁéa& ol bR Yhib@bd Sepamhel its telthltillation
ups e d

reamfromt poi nt of desiréd application by any

. suitabl e nmeans. Ln J L I ndi yi
i B B A U0 AR b D R B,
.distillation trajn .al on fth. the incom f egd d/ or, .
providesibergs s AF R ISHAUARN of bt WhiRRE SRRGLON. SRS, e thibitors
there is an efficient distribution of the inhibiting
are graoPy depleted dushgthe disiidlatipmpparatinns it is generally advantageous to

maintain the appropriate amount of them in the distillation apparatus by adding them during
the course of the distillation process. Adding inhibitors can be done either on a generally
continuous basis or intermittently, in order to maintain the inhibitor concentration above the
minimum 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 ratio of the first component (A) to the second component (B), based on the total
of both components is from about 1 to 100 wt % A : about 99 to 0 wt % B; preferably, about
25-75 wt % A : about 75-25 wt% B; more preferably about 50-75 wt % A : about 50-25 wt

% B.
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are gradually depleted during the distillation
operation, it is generally advantageous to naintain
w0 b@cappropri ate anount of themin the distillBET/082005/026016
apparatus by adding them during the course of the
distillation process. Adding inhibitors can be done
0234-At her on a generally conti nuous basis or

intermttently, in order to maintain the inhibitor
concentration above the mnimumrequired | evel. The

t’Plﬁ@ﬂtdviaﬁﬁg@ dndrth€ RRSERLT Rhiues of figupresdheink etfonabiditie tore
to about 2000 ppm versus the nononer being inhibited,

apparegﬁﬁg)ﬁftﬂglféigfv&?%b%? {5 to about 1000 ppm depending

e Condi t1Ons Of Use. The ratio of the first
conmponent (A) to the s R onent (B), based on
the total of both conpm%ﬁ?ggfrom about 1 to 100 w
% A : about 99 to 0 wt 0{88; referably, about 25-75 wt
% A : about 75-25 wt % B; Xﬁ'(.'j‘?@egreferably about 50-75
w % A : about 50-25 wt % B. The advant ages and the .
i Gparentated FhEOW(288 esams, B8 mplss)swies plasedrk pone lifer flageequipped
nore apparent fromthe foll ow ng exanpl es. EXAVMPLES

with axahphiealkstiGer dienmpedupit, H2BDg A8, cmdamsser, 2n8 plastieibe. The

was placed in a one liter flask equipped with a

acid wiB pRABAE@t0 £0°0 dn@300 Igheh B stRL fstylPlesibl (MSBMYIR ntoles) was
condenser, and plastic tube. The acid was preheated to

loadeﬁo%@qg@gstwtﬁ% £29f erBugieto TR HeRPEARKo 85BBPInd iditial

temperature of 40°C reached 82°C after 40 minutes. After that, the reaction mixture had to
be heated to maintain the temperature at 82°C. The addition took 1 hour and 45 minutes.
The product, sulfonated OSBP (SOSBP), was used for inhibitor performance tests in the
presence of DNBP.
Example 2

The styrene inhibitor and retarder properties of this material were tested in a
Continuous Dynamic Reboiler Test monitoring the polymer formation with UV
spectrophotometry. According to this test, the inhibitor is added to styrene monomer from
which tert-butylcatechol (TBC) is previously removed by distillation. This styrene (180
grams) is loaded into a flask, which is immersed into an oil bath. The temperature of styrene
is usually 116°C. During the test, a fresh feed is charged into the flask at the rate of three
grams/minute and, at the same time, the material from flask is discharged at the same rate.
The steady stage is continued until equilibrium. For feed shut off stage, the charging and

discharging are discontinued. Samples are taken every hour at the steady stage and every 5-
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| oaded through the plastic tube fast enough to heat
the systemto 820C. The initial tenperature of 40C
wo emehat782C after 40 m nutes. After that, thePCEHESI00D026016

m xture had to be heated to maintain the tenperature

at 820C. The addition took 1 hour and 45 m nutes. The
0234-PAoduct, sul fonated OSBP (SCSBP), was used for

i nhibitor performance tests in the presence of DNBP.

Exanpl e 2 The styrene inhibitor and retarder
10 miputepsrfeédsobft his material were tested in a

Conti nuous Dynam ¢ Reboiler Test nonitoring the

PAIAERE hofiA dTREda@stibd, Bt $0/pRA 00 HARIBOSBRDINBP Asifeeriteitide,

to this test, the inhibitor is added to styrene

o.ooog‘;’r/ggﬁﬁig@gf mmnvgg;&gj %@ﬁ%lx.gtﬁ% £24 QGROkr LIBE i 6.024 % pofymer

y Tréenove atiron. This styrene
grans) is loaded into a flask, mwhich is imersed into
an oil bath. The tenper at¥PBPSA styrene is usually

116C. During the test, a fresh feed | arged into,

{ Foninemsi THauHERFbRieh §rSt R SQBEATHE/ R i § eremigtion of 250
the sane tine, the material fromflask is discharged

ppm/285 ppne2SGpemretudied The 08 %eadymertia gtsadystagsandrlidayo patyimer after
equi librium For feed shut off stage, the charging and

two h6inS CElr Bunerf.aNa/ Pl Isfiethiyl-DypgtholiGiaoid) ems atéded talentraizertlye acidic
hour at the steady stage and every 5- 230234-PA 10

sospp. hutes at feed shut off. After 5 hours of steady
stage, at 50 ppm 100 ppm SOSBP/ DNBP concentrati on,

Example 4
Continuous Dynamic Reboiler Test of SOSBP/DNBP at a concentration of 250
ppm/250 ppm resulted in 0.0004 % polymer in 5 hours steady stage and 0.025 % polymer

after 2 hours feed shut off.
Example 5
Continuous Dynamic Reboiler Test of N,N-diethyl-4-
nitrosoaniline/SOSBP/NMP/DNBP at a concentration of 100 ppm/250 ppm/170 ppm/250
ppm resulted in 0.0038 % polymer in 5 hours steady stage and 0.315 % polymer after 2 hours

feed shut off.

Example 6
Continuous Dynamic Reboiler Test of 4-0xo-TEMPO/SOSBP/NMP/DNBP at a
concentration of 100 ppm/250 ppm/187 ppm/250 ppm resulted in 0.0004 % polymer in 5

hours steady stage and 0.016 % polymer after 2 hours feed shut off.
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0. 0007 % pol yner was neasured while 1.5 hour feed shut
off resulted in 0.024 %ol ynmer. Exanple 3 Conti nuous
wywans7Reboi | er Test of SOSBP/ NMP/ DNBP at a PCT/US2005/026016

concentration of 250 ppm 285 ppnf 250 ppmresulted in

0. 0039 polyner in steady stage and 0. 25% pol yner after

0234-pAw0 hours feed shut off. NW

(I -methyl -2-pyrrolidinone) was added to neutralize the

aci dic SOSBP. Exanpl e 4 Continuous Dynam c Reboil er

Test of SOSBP/ DNBP at apgamptelration of 250 ppm 250

ppmresulted in 0.0004 %ol yner in 5 hours steady

%( 2‘%%}13552[)& D42 R BVl ofINEBP aRnBatsco fiie Gorﬁiéﬁttratﬁﬁlf

nt1 nuous Dynam c Reboiler Test of

YT %%‘%1'%@3%83@?5’8 R PRE B fecd shu

resulted in 0.0038 % polyner in 5 hours steady stage
off. and 0.3 15 % pol yner after 2 hours feed shut off.
Exanpl e 6 Conti nuous am ¢ Rebojler Test of
Mooy TERPOIBESBRISIVPADNBR ations b canbs Ao ihputdsgaring
ppni 250 ppm 1 87 ppm 250 ppmresulted in 0.0004 %
from pEi@tipee untérlyang 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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hours steady stage and 0.016 % polynmer after 2 hours
feed shut off.0234-PA Exanple 7 Conti nuous Dynam c
woRewoibers Test of DNBP al one at 500 ppm concenPCHUSINS/026016

revealed 0.1 1% of polyner in steady stage and 1.18 %

of polynmer after 2 hours feed shut off. In view of the
0234-PRnNy changes and nodifications that can be nade

wi t hout departing from principles underlying the

i nvention, reference should be nade to the appended

clainms for an understandCRAIMS t he scope of the

protection to be afforded the invention.0234-PA CLAI NS

- whatWahichea &/ @ med is: 1. A nethod for inhibiting the
premature pol ynerization and the pol ymer growth of

et hyl eni cal. Iy, .un ur. - S hSl i
Lo co e S B Bl P Bt IR BebR IR L R S of
of (A at least one inhihitor é.ha is.a sulfonatgfd .
cthylepahomeRrForoBr R sompRererdtion o 15 Potb AR e,
the group consisting of hydrogen and hydrocarbyl; and
5 amour(t2f aRemaatidBofr e i ndependent |y sel ected fromthe

group consi sting
(A)  atleast one inhibitor that is a sulfonated phenol of the formula:

OH

10

wherein
(1D R, is selected from the group consisting of hydrogen and
15 hydrocarbyl; and
2) R, and R, are independently selected from the group consisting
of hydrogen and SO,H, provided that at least one of R; and Ry is SO;H; and

(B) at least one inhibitor that is a nitrophenol.

20 2. The method of claim 1 wherein R, is a straight chain or branched chain alkyl or

alkenyl group of from 1 to 50 carbon atoms.
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of hydrogen and SC3H, provided that at |east one ORl
and R3 is SBH, and (B) at | east one inhibitor that is
w@2mwssaphenol . 2. The nethod of claim1 wher ePCT/BR2005026016
a straight chain or branched chain al kyl or al kenyl
group of from1lto 50 carbon atons. 0234-PA 3. The
0234-P®t hod of claim?2 wherein R2 is selected fromthe
group consisting of nethyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, 2-ethyl hexyl, nonyl,
3. OfgYhetheAdeenim 20aReaY R, id selededyftom tietgraseemkisting of methyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl,

ethyl, ﬁr%??ggﬁ% l’peﬁt'b/ é%’l?)\é}go}é@%n%&ﬁSthh?ﬂ%@Phbnylt déc??%}tihecyl

triacon , I sonmers o

soaceHERSHT @Fa‘fe\éﬂ% SR BB s

wherein is sec-
cicosyLibenaramyL HeCowh FufsRbn ATap YL P Detta. forraspwﬁ Ry the
consi sting of 2,6-dinitro-4-nethyl pheno
foregoprgyicyalapetiyiptyhipheridreyclohgptyl, valpdaty. andrypiedadacyl. 2 4, 6-
trinitrophenol (picric acid),
2, 4-di ni tro-6-net hyl phenol, 2,4-dinitrophenol,
2, 4-di ni tro-6-sechbutyl phenol, 4-cyano-2-nitrophenol,

4, 3Th99ﬁf1ﬂ>d<afeﬁgn§ 50 &R, buggLNi t 1 0- p-cresol , and
2,6- dinitro-p-cresol 6. A nethod for inhi b|t|ng t he

prenature pol yneri zation and the pol ymer growth of
et hyl eni cal | y unsaturated nononers conpri sing addi ng

5. g%hg ranle'(&log%l% {erl‘lemsl alg]ereel;lf ﬁecrtnltr\éghengf)% %le& d ﬁoﬁlotﬂp igpoeh&)i BWsisting
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

6. A method for inhibiting 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 inhibitor that is a sulfonated phenol of the formula:
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(A) at least one inhibitor that is a sul fonated pheno
of the fornul a: 0234- PA wherein (1) R2 is selected from
w0 bwegsatp consi sting of hydrogen and hydr ocar byT/PS2NE026016

(2) RL and R3 are independently selected fromthe

group consisting of hydrogen and SO3H, provided that
0234-PA | east one ORlL and R3 is SO8H, (B) at |east one

inhibitor that is a nitrophenol; (C) at |east one

i nhi bitor selected fromthe group consisting of

ni troxyl conpounds and nitregpanilines; and (D) at

| east one amne. 7. The nethod of claim6 wherein R2

is a straight chain or bran-hed chaln al kyl or al kenyl

group of from1 to 5O at ops-R28. The method of

claim7 wherein R2 is se ‘ron1the group

consi sting of nethyl, et , butyl, pentyl,

hexyl, lieptyl, octyl, 2 hexyl , nonyI decyl ,

undecyl, dodecyl, tridecyl ~tetradecyl, pentadecyl,

hexadecyl , heptadecyl, octadecyl, oIeyI

nonadecyl , 0234- PA ei cosyl, neicosyl, docosyl,

tricosyl, tetracosyl, pentacdsyl, triacontyl, isoners

of the foregoing, cyclopentyl, cyclohexyl,

cycl oheptyl, cyclooctyl, and cycl ododecyl. 9. The

met hody@kred @i m 8 wherein R2 i s sec-butyl.

(1) R, is selected from the group consisting of hydrogen and
hydrocarbyl; and
(2) R, and R, are independently selected from the group consisting
of hydrogen and SO,H, provided that at least one of R; and R; is SO,H;
(B)  at least one inhibitor that is a nitrophenol;
(C) at least one inhibitor selected from the group consisting of nitroxyl
compounds and nitrosoanilines; and

(D)  at least one amine.

7. The method of claim 6 wherein R, is a straight chain or branched chain alkyl or

alkenyl group of from 1 to 50 carbon atoms.

8. The method of claim 7 wherein R, 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, nonadecyl,

28



10

15

20

10. The nethod of claim®6 wherein the nitrophenol is
sel ected fromthe group consisting of
WQ2@6036274 r 0- 4- met hyl phenol , 2-nitro-4-net hyl phernub2005/026016

2,4-dinitro-1-naphthol, 2,4,6- trinitrophenol (picric

acid), 2,4-dinitro-6-nethylphenol, 2,4-dinitrophenol,
0234-PA4- di ni tr o- 6- secbut yl phenol, 4-cyano-2-nitrophenol,

3-i odo- 4-cyano-5-nitrophenol, wnitro-/?-cresol, and

2,6- dinitro-p-cresol 11. The method of claim6
elcosﬂh%"n@icﬁsﬂ QodoSyl Arisbayblteirdebsyd eieathc iyl ItA%0Nty GERAE G the

havi ng the structural’ formila: wherein R4 and R7 are
ekl tYe10BEOL Bnd ORFORILAS, OF
foreg(hﬂg%gglgg&ﬁg {/(ﬁf%eggf ﬂceéﬂe?%tcg}mosu st i tuted al%l and
R5 and R6 are independently selected fromthe group
consi sting of al kyl and heteroatom substituted al kyl;

and X1 and (1 re. independently selected fromthe

9. gﬁéeweé@?s?ﬁ%lwggw e1qy éﬁe,cr}bt‘iﬁg]no, COOR7, - S- CORY,
-OCOR7, (wherein R7 is alkyl or aryl), amdo, -S C6H5,
carbonyl, alkenyl, or alkyl of 1 to 15 carbon atons,
or (2) taken together, forma ring structure with the

10. niThe ageinnd3aiR6 Whereilithe nigttopbehodis eleatehi®mitergeoup ¢ddpisting
IS a nitrosoaniline of the structure: wherein R2 1 and

of 2 6%3m%t4inieﬂg@1§lﬁﬁap Didio-28h&E}1 Pﬂen‘o[ QR-Hietr @1 Qdphthol, 2,4,6-
consisting o hydrogen alky aryl, acyl, hydroxyl

trlnltr&%}g(e?léy(m&% th‘PcBOz 4% | gflplﬁﬁlfl 2. d}mﬁ%neﬁgIZZQ@tﬂmtro -6-sec-

t1’ng ctycl oa pol yaryl,
butylp%eno eﬁec%’nc}’ leﬁdphenol 3-1odo-4-cyano 5-nitrophenol, m-nitro-p-cresol, and 2,6-

dinitro-p-cresol

11.  The method of claim 6 wherein (C) is a stable hindered nitroxyl compound having the
- structural formula:
R
R7 - ? ~ -~ ? - R4
Re | Ry
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
selected from the group consisting of halogen, cyano, COOR,, -S-COR;, -OCOR;, (wherein
R, is alkyl or aryl), amido, -S-C,H;, carbonyl, alkenyl, or alkyl of 1 to 15 carbon atoms, or

(2) taken together, form a ring structure with the nitrogen.
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R23 through R27 are independently selected fromthe
group consisting of hydrogen, alkyl, aryl, acyl,
whaso3e2r4 al koxy, acyl oxy, NR28( R29), nitro, nPCT/USmMN5/026016

hal ogen, and sulfonyl, or any two adjacent R s can

forma cyclic ring that is aryl, cycloal kyl, polyaryl,
0234-RA heterocyclic, provided that at |east one of R23

through R27 must be a nitroso group; and R28 and R29

are independently selected fromthe group consisting
12. Oofhdwnethegef clasth lyWherdn YC) isaayirosoamitine pf the stuctw®: The

nmet hod of claim6 wherein (D) is selected fromthe

group consisting of a- napht hylmpni ne,

t hi odi aryl am nes, p-phenyl enddi am ne,

o- phenyl enedi am ne, 2, 4-di amjno di_phenyl am ne,

cycl ohexyl naphtliyl ' 3 y| am nes, nethyl

ani l'ine, di phenyl -pphenyl m ne,

phenyl - b- napht hyl am ne, i ophxydi phenyl ani ne,

al dol - a- napht hyl am negSynms N,

di-b-naphthyl-p-phenylenedia 1 ne, trlnethyl

di hydr oqui nol i ne, 0234- PA di t Bksyl ani nes,

phenyl - a- napht hyl am ne, phenyl - b- napht hyl am ne,

di am nophenol , 4-cycl ohexyl am nophenol
wherein?- am nophenol , o-am nophenol, and

5 ani no- 2- hydr oxyt ol uene. 14. A conposition conprising

RCOFRIRA E deMly dledtE&PEEMARE giolP cbhsiBing o B drogerd alkyl
F?@Eat%ﬁkphe 101 the formil a: g&%EFEIn (%) Rg |§ 7

aryl, a@dﬁ%&ggg%;ﬁ{lﬁ&% gﬁro% R sﬁl%lﬁ)l iR Qa&f RZI;] Y& R @@ﬁlc 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, NRys(R,,), 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 Ry, through Ry, must be a nitroso group; and

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

aryl, acyl, and nitroso.

13.  The method of claim 6 wherein (D) is selected from the group consisting of -

naphthylamine, thiodiarylamines, p-phenylenediamine, o-phenylenediamine, 2,4-diamino
diphenylamine, cyclohexyl naphthyl amine, polybutyl amines, methyl aniline, diphenyl-p-
phenylene diamine, phenyl-B-naphthylamine, isopropoxydiphenylamine, aldol-a-naphthyl

amine, symmeirical di-B-naphthyl-p-phenylenediamine, trimethyl dihydroquinoline,
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(2) RL and R3 are independently selected fromthe
group consisting of hydrogen and SO3H, provided that
w@rookeaer4 one OFRL and R3 is SO3H, (B) at | easpCDNR2005/026016

inhibitor that is a nitrophenol; (C) an inhibitor

sel ected fromthe group consisting of nitroxyl
0234-panpounds and nitrosoanilines; and (D) an

am ne. 0234- PA 15. The conposition of claim 14 wherein

R2 is a straight chain or branched chain al kyl or

ditoly R8s bh;&{y@-%%a%ﬁ’fh@_faﬁﬂhé; phényBB-gaphigngheBamihbphehbl

conposition of claim15 wherein R2 is selected from

oSSR B g b b 243 e

decyl, undecyl, dodecyl, tridecyl, tetradecyl,

pent adecyl, hexadecyl, heptadecyl, octadecyl, oleyl,

nonadecyl, eicosy|, heneicosyl, docosyl, tricosyl,
14, t & eqmpsition geamrisgHIombingtioe @it yI , i somers of the

foregoi ng, cyclopentyl, cycl ohexyl, cycl oheptyl,

5 CYA) ooat iehst oan dntalyitdr dlcko dre sulfonated pliere] obihedeimulan of
claim14 wherein the nitrophenol is selected fromthe
group consisting of 2,6-dinigno-4-nethyl phenol,

2-ni tro-4-nmethyl phenol, 2,4-¢initro-I-naphthol,

2,4,6-trinitrophenol (picricjacid),

2, 4-di ni t r o- 6- met hyl Bienol ,~2x4- dinfz r ophenol

2,4-dinitro- 6-sec-butylp 4- cyano- 2- ni t rophenol ,

3-i 0odo- 4- cyano-5-ni trophs nitro-j?-cresol, and

2,6-dinitro-"-cresol

10 R,
wherein
) R, is selected from the group consisting of hydrogen and
hydrocarbyl; and
15 (2) R, and R, are independently selected from the group consisting
of hydrogen and SO;H, provided that at least one of R; and R, is SO;H;
(B) at least one inhibitor that is a nitrophenol;
(C)  an inhibitor selected from the group consisting of nitroxyl compounds and
nitrosoanilines; and
20 (D) an amine.
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18. The conposition of claim 14 wherein (C) is a
stabl e hindered nitroxyl conpound having the
wareoeosaeral formula: G R 1 N O°0234- PA wher ei PCRUSEN026016
R7 are independently selected fromthe group
consi sting of hydrogen, alkyl, and
0234-pPAat er oat om substituted al kyl and R5 and R6 are
i ndependently selected fromthe group consisting of
al kyl and heteroatom substituted al kyl; and X1 and X2
15.  (‘the 85@podiaiapsmiant i4ywbatia@,dela taphitdhaingn dmched chain alkyl or
consi sting of hal ogen, cyano, COOR7, -S-COR7, -QOCOR7
el [ ryl), amdo, -S-C6H5,
dkmﬁé??@%%ﬂ%&%ﬂﬁzagké%g?Q%F%yl of 1 to 15 carbon atons,
or (2) taken together, forma ring structure with the
nitrogen. 19. The conposition of claim 14 wherein (O

is a nitrosoanjli.ne of the structure; rein R2 1 and
o, b o e Sl B At Bl ol
consi sting of hydrogen, alkyl, aryl, acyl, hydroxyl,
methyd| eitgstypropylt lm&slopelmidh@qyﬂ,ft@n{vi, octyl, 2rethyl gyl rouylcdggyl, undecyl,
forma cyclic ring that is aryl, cycloal kyl, polyaryl,

dodecol; triticel; atmdédyt; ;peRadedyh hoxaytect2ifepgadecylneitgsisnyleolelly nonadecyl,
sel ected fromthe group consisting of hydrogen, alKkyl,

eicosyﬁ‘,ﬂ%éheic@é%ﬂ,' docBAA¥Eyl, tétaeoY, peati b MridSRBA, Rechhers of the
nitro,

nitroso, hal ogen, and “sul fonyl ,
foregoing, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and cyclododecyl.

17.  The composition of claim 14 wherein the nitrophenol is selected from the group
consisting 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

18.  The composition of claim 14 wherein (C) is a stable hindered nitroxyl compound

having the structural formula:
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or any two adjacent Rs can forma cyclic ring that is
aryl, cycl oal kyl, polyaryl, or heterocyclic, provided
W0 bab/03274 east one of R23 through R27 nust be BCHUS$2003G26016

group; andR28 and R29 are independently selected from

t he group consisting of hydrogen, alkyl, aryl, acyl,
0234-BAd nitroso. 20. The conposition of claim 14 wherein

(D) is selected fromthe group consisting of a-

napht hyl am ne, thiodiaryl am nes, /7-phenyl enedi am ne,

wherefir Fﬁ[&’]k £ ﬂli@ntlﬁsﬂeﬁécﬁﬂ%rﬁ@hdjgrﬁhﬁmﬁsﬁﬁhg ef hydrogen, alkyl,
cycl ohexyl nap thyI am ne, polybutyl amines, nethyl

and he 051!0 bqju }fb%h%ﬂ% 71RRARD Xllldeﬁeal‘é'l Bfdently selected from the group

eny anlne I SO ropoxydlphenylanlne

consw?npg of ﬁ%ﬂgﬁi&%e O%ﬁlglnn Setﬁcg Hgﬁléy[ aﬁg?(r %Kﬁ § ) are independently

select%qg%%"ggﬁgg kbﬂ@ﬁt@&%gk%'ﬁ%{}w&b CQ% ?ﬁ,p%ﬂn OCOR,, (wherein
di am nophenol , 4- cycl ohexyl am nop

R, is qbkydrm aghh gmg:lo -oCalhi, ﬁ@r;bn@yioalkeryﬂ}d)r alkyl of 1 to 15 carbon atoms, or
5- am no- 2- hydr oxyt ol uene. 34

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

19.  The composition of claim 14 wherein (C) is a nitrosoaniline of the structure:

R21\N /Rzz

wherein

R,, and Ry, are independently selected from the group consisting of hydrogen, alkyl,
aryl, acyl, hydroxyl, alkoxy, nitroso, and sulfonyl, or R,; and Ry, 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, NRyg(Ry), 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 Ry; through R, must be a nitroso group; and
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R,; and R, are independently selected from the group consisting of hydrogen, alkyl,

aryl, acyl, and nitroso.

20.  The composition of claim 14 wherein (D) is selected from the group consisting of a-
naphthylamine, thiodiarylamines, p-phenylenediamine, o-phenylenediamine, 2,4-diamino
diphenylamine, cyclohexyl naphthyl amine, polybutyl amines, methyl aniline, diphenyl-p-
phenylene diamine, phenyl-B-naphthylamine, isopropoxydiphenylamine, aldol-a-naphthyl
amine, symmetrical di-B-naphthyl-p-phenylenediamine, trimethyl dihydroquinoline,
ditolylamines, phenyl-a-naphthylamine, phenyl-B-naphthylamine, diaminophenol, 4-

cyclohexylaminophenol, p-aminophenol, o-aminophenol, and 5-amino-2-hydroxytoluene.
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