3 0 JAN 2004 WO 01/12750 PCTI USCO 21030 | NHI BI TI ON OF POLYMERI ZAT) OAW 084
ETHYLENI CALLY UNSATURATED MONOVERS 5 BACKGROUND OF THE | NVENTI 1.
Field of tmodéwneesti on The present invention is directed to PORUSSE21080
C-substituted-amno cyclic io0 nitroxides, especially

4-am no-2, 2,6, 6-tetranet hyl -1 -pi peridinyloxy, to inhibit the

pol yneri zation of efNHIBITRRNIOF PO MERIZA TRINGF ETRYIENACALLYI nyl

aromati c nononers and acrylic y{RRAARMEATED MRIRD of Related Art
Many et hyl enical ly unsaturated nononers ungl)e5| rably pol ymerize at various

is stages of their manufacture, processing, handling, storage, and use. A

particularly troublesonme problemis equi pnent fouling caused by
pol ynerization in the puri fBéﬁKGR@ﬂEéﬁFgﬂ{EMN&G@N on processes of

such nononers. Polynerization, such as thermal polynerization, during
their purifichti onFied df tise Irivehtien| oss of the nononer and a loss in
production efficiency owing to the deposition of polynmer in or 20 on the

amoved  from bi ot (P ra ARG iR o IRPEE O Bifle BRte o

and used for inhibiting uncontraolled and undesired polynerization_aof
et hyl eni cald ynitrey et ePeeialhb Admene 2,2, pbvievanethyhbqip PRy s thinhibihthe
been fully satisfactory. Accordingly, there has 25 been a substanti al

need in the apdlyimerizatipn avahblylexogiysirisaitoresed monombishiespargaliynevinyl aromatic
pol yneri zati on of such nononmers during the distillation process for

purifying or dm%ﬁ&ﬂé&tinﬁ%c}yh%f)ﬁd?ﬁ@rk.”pur ities, as well as during
transport and storage.
2. Description of Related Art
Many ethylenically unsaturated monomers undesirably polymerize at vanous
15 stages of their manufacture, processing, handling, storage, and use. A particularly
troublesome problem is equipment fouling caused by polymenzation in the
punification stages of the production processes of such monomers. Polymerization,
such as thermal polymerization, during their purification results in the loss of the
monomer and a Joss in production efficiency owing to the deposition of polymer in or
20 on the equipment being used in the purification, deposits of which must be removed
from time to time.
A wide variety of compounds has been proposed aEd used for inhibiting
uncontrolled and undesired polymerization of ethylenically unsaturated monomers.
However, these compounds have not been fully satisfactory. Accordingly, there has
25 been a substantial need in the art for improved compositions for inhibiting the
polymerization of such monomers during the distillation process for purifying or
separating them from impurities, as well as duning transport and storage.

Additionally, the formation of soluble polymer leads to loss of monomer, 1.¢., a
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Additionally, the formation of soluble polyner |eads to | oss of wﬁﬁﬁfﬂm

i.e., a-13 0 JAN 2004 WO 01112750 PCT/ US00/ 21030 | ower vyi el d, d

i ncrease iWOtha2wWiscosity of any tars that nmay be produced. Po®1us0021030

processing of the tars then requires higher tenperature and work (energy

cost) to renove residual monomer. H ndered nitroxyl conpounds ar;a known

to be very agii :diahk o) f; | Y, L. zations,o

unsat ur at gd %\tlégﬁyéélg’ g@c%ﬁg@rﬁsis rl{elﬁge, V%S‘?s?/ﬁ}i @a%ng ﬁ%s tﬁgne?ﬁ%i)Fﬁr Pgucé'éi dThe

and the like. U S. Patent Number 3,163,677 discloses NN Otri

substitut ed PFRFEFHIE/PLINE RS heyraquares f¢Pperatre ppd sserkdenesgy cog) to

formulae: RILRR -1 :1 Il C NO-CR2 and R2-C 10R2 EINO* t R3R3R
remove residual monomer.

Hindered nitroxyl compounds are known 1o be very active inhibitors of free
s radical polymerizations of unsaturated monomers such as styrene, acrylic acid,
methacrylic acid, and the like.
U.S. Patent Number 3,163,677 discloses N,N,O-trisubstituted

hydroxylamines and N,N-disubstituted nitroxides of the formulae:

R R R
|1 11 d |1
10 R_-C N—O——C—R an - —
2 l | 2 R2(I3 N—O=*
R R
3 R
3 2 3 5

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

have useful propenties similar to those described for the N,N-disubstituted nitroxides

of U.S. Patent Number 3,163,677.



23 L 2 wherein R, R2, and R3 are each an al kyl radical having @L t;a ]7?04
carbon atons. (As used herein, the designation N-O* denotes a s gblg
free radi Wil onmiigslei n the asterisk is 15 an unpaired el ect r onPGT/UH{8/21030

N, N, O-trisubstituted hydroxyl am nes can be used to meke the

N, N- di substituted nitroxides, which are stabl e free radicals and are said

to be useful as polyperization inhi i U. S, Patent Nuynber. 3, 334,103
di scl oses t hat nifj %‘xPﬁ!‘é’E‘ Blymbss 3p$|_é7gé G“SFFB?ﬁ thahe 283 VaREY @i ng

heterocyclic am ne wherein the nitrogen atomof the nitroxide 20 group is
attached t o NtNefisublsituted t salhle afrge cadibdmiobxides sdti phewise padlp aydilable can he
nitrogen atomforns a part of a heterocyclic nucleus). These nitroxides

are said toy, i .
N, N-di substit uﬁ%ﬁ%élsgﬁgﬁ%@ %ﬁwgh%gd[ @I:?f é%&%g?%ﬁﬁ ngu%}b‘;ﬂlﬁzgof\?\gﬂﬁen
01/ 12750 3 0 JAN 2004. PCT/ 0/ 21 Pat ent 82

i scl oses t RERCO BRIy GUTBRDY 87 RO RGBS IAF L BHCCROPY s qvagof the O-
radi cal nitroxides not otherw se readily available can be prepared by a

si npl e ands cGrbvomdi(erg., pnddesylhyteixybonpe).ses pyrol yzing in an inert
reaction nmediumvirtually any hydroxylamne that is susceptible to

“cleavage of the Oy R @PRENINGRLEr 1,107 127 AN Vit QupiREctPean Bé Habifiaident
Nunber 1,127,127 d| scl oses that acrylic acid can be stabilized

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

skeletal structure:

wherein R,, R,, R,, and R, are alkyl groups and no hydrogen is bound to the
remaining valencies on the carbon atoms bound to the nitrogen. The two remaining
valencies that are not satisfied by R, to R, or nitrogen can also form part of a ring
5 (e.g., 2,2,6,6- tetramethyl-4-hydroxy-piperidine-1-oxyl).
U.S. Patent Number 3,422,144 disc]osés stable, free radical nitroxides of the

formula:

wherein R is selected from the group consisting of tertiary alkyl, aryl, alkaryl,
haloaryl, carboxyaryl, alkoxyaryl, alkylthioaryl, pyridyl, and dialkylaminoaryl, and

R’ is tertiary alkyl. These nitroxides are said to be useful as traps for reactive free



agai nst poly
essential s

merization by the addition thereto of a nitroxide hgﬁmzbﬂe
kel etal structure: 10 0* I~ 3 N. I R2- Ci -R4 wh 48

R2, R3, andweloaresoal kyl groups and no hydrogen is bound to tf&wgn?%m

remai ni ng va

| enci es on the carbon atons bound to the nitrogen
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al so form pa
t et r amet hyl

n of

[ is (e.qg., 2,2,6,6-
- 453y %é@ﬂﬁv o éw}%@gmﬁfm nadicalssindHat aibitgroeidaBont 224 Trké

di scl oses stable, free radical nitroxides of the formula: 20 wherein R
i s sel ected fragical pelygresizptiomnsi sting of tertiary alkyl, aryl, alkaryl,

ha] oary], ca
di al kyl am no
be useful as
PCT/ US00/ 210
inhibiting o
3,494,930 di
initiators %o
pol yneri zat i

10

15

20

rboxyaryl, al koxyaryl, al kylthioaryl, pyridyl, and
aryl, ang. pReni 8 ' |a.lese ni.troxides .are, said to
traps for react iuf/ng&]f ??E%Bw%llsﬁ‘ﬁﬁggffﬁiaw&f} ﬂﬁ’@gc’x“?e type for
3]95 r.adi akﬁ b?lt‘.h I n .t%e counting of free radicals and for

X1 aari By Oof F1eg radigaf; reaetions, toraef bee radi@ls, Radymeridatidner

scloses free radicals of the nitroxide type for use as
Ll::hrt@'@nf ey iixidantsc t Theys areccinsgmtedrtsy MirobédRs badichidlcdmpounds in
which one of the bridges comprises solely the nitroxide radical group and, in
particular, by aza-9-bicyclo (3,3,1) nonanone-3-oxyl-9, and by aza-9-bicyclo (3,3,1)
nonane oxyl-9,

U.S. Patent Number 3,873,564 discloses compounds and a method for
assaying enzymes by adding to a medium containing an enzyme a stable free radical
compound having a stable free radical functionality which, when subjected to an
enzyme catalyzed reaction, changes the environment of the free radical functionality.
By following the change in the electron spin resonance spectrum as affected by the
change in environment, the type of enzyme and the activity of the enzyme can be
determined.

The compounds found useful are normally stable nitroxide radicals.
Particularly nitrony} nitroxides, with the nitrogens in an imidazoline ring, are
employed, having a methylene group Joining the 2 position of the imidazoline ring
with an asymmetric carbon atom. One of the groups bonded to the asymmetric
carbon atoms has an enzyme labile functionality. Other compounds include two
cyclic nitroxide containing rings joined by a chain having an enzyme labile
functionality.

U.S. Patent Number 3,966,711 teaches that 2,2,7,7-tetraalkyl- and

2,7-dispiroalkylene-5-oxo-1 »4-diazacycloheptanes substituted in the 4-position by
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s inhibitors or antioxidants. They are constituted by nitrogenousg{[] JAN 2004
bi cyclic conpounds in which one of the bridges conprises sol el he

ni troxi de WARIAATS%group and, in particular, by aza-9-bi cycl%c'fé,SQ‘?’?L’Pm
nonanone- 3- oxyl -9, and by aza-9-bicyclo (3,3,1) nonane oxyl-9. U S.

Pat ent Nunber 3,873,564 discloses conpounds and a nethod for io assaying

enzynes by adding t di.um.cant ai ni n n a able free radical
compound navi g cudefrdon aaEds R v BeBnd i Bs b A ROV CE e
to an enzyne catal yzed reaction, changes the environment of the free
radi cal functThsyare 59id 10 Rpssess hightmepnpasibiditaiga their hensebstiiureshhepplegues,

resonance spectrum as affected by the change in environnent, the type of

enzyne and t higomGiiivh tiheyodfantdeesydiheyi®d B reabBorsSkrid@iefor Medicyldtien.C Papferrads
found useful are normally stabl'e nitroxide radicals. Particularly

erpl oyed, havig enadh itk ey Pbhat R HivEie JeRd e i pudtdion
i mdazoline ring with an asymmetric carbon atom One of the grqu

. . n atom ups
bonded to tsheeraspsymebe ilcnigox s dstvedstromshe isidazelisingshy pxigatien with hydrogen

_functionality. Qher conpounds include two cyclic nitroxide containing
rings joined Moﬂd@bﬁiperchﬁ)dngca&dﬁﬂfem daitbiol e gdathlightastathilitets. U. S.
Pat ent Nunber 3,966, 711 teaches that 2,2,7,7-tetraal kyl - and

4 posi t1 on by 4 300 R SR 3 E5S HERRE BT ek g ieeke e
tetraval ent radicals are fpovver]c ul light-stabilizers. for organic.polyners.
They are sai dPUPMEBZNNCTR B3y eslypirizshle vy W!tor@mm@r@w i tuted

honol ogues,
distillation at elevated temperatures within a distillation apparatus that is subject to an

1 emergency condition, such as a power outage. This method comprises force-feeding
a supplemental polymerization inhibitor having a high solubility in the vinyl aromatic
compound and a long duration of efficiency, into each of the distillation vessels of a
conventional distillation apparatus in an amount sufficient to prevent polymernzation
therein.

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

U.S. Patent Number 4,665,185 discloses a process for the efficient
preparation of nitroxyls of sterically hindered amines by the oxidation of the amine

20 using a hydroperoxide, in the presence of a small amount of a metal ion catalyst, at
moderate temperature, for a short period of time to give the nitroxyl in high yield and
purity.

U.S. Patent Number 5,254,760 teaches that the polymerization of a vinyl

aromatic compound, such as styrene, during distillation or purification, is very
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fromwhich they can be synthesized by reactions known for N alkyl tgi%rm.mm
Preferred _substjtuents in the 4-position are al kyl, al kyl ene, al Kenyl,
aral kyl , alt® "de&ty kyl s groups. The 1-nitroxyls derived fr &&F{Us80/21030

i m dazol i di nes by oxidation with hydrogen peroxide or percarboxylic
acids are also said to be good light stabilizers. U S. Patent Nunber

4,182, 658 di ' t | zati f
Feadi |y pol yret ooy TR, I prPlee BRIl el G HAbyE Moyl cogthoon ipecther

el evated tenperatures within a distillation apparatus that is subject to
an io ener gerféyb ablsast ope aromalicnnitre compaad. out age. This net hod conpri ses
force-feeding a supplenental polynerization inhibitor having a high

sol ubility in the YiSiHateat Mioaibess S TWNTRNEhEDS43 T99GsAYEA LRtV y)
efficiency, into each of the distillation vessel'$ of a conventi onal

distillationg; t; | 1. n fficient, to prevent polynerization
therein. 15 urggfé%r%@g{“gh'ﬁﬂﬂﬁﬁ thcgqrﬁgﬁxgg%gedfg%t rgMatrs oLy menizating of
for inhibitin t he polynerization of an a,l-ethylenically unsaturated
monocar boxyl i"g“ﬂcﬁr emeif Megomers durgigoihermamifagtitsng preaesses Ty suchi monamers.
~nhitroxide free radical. U S. Patent Nunber 4,665, 185 di scl oses a process

for the effi dwentsmalirqativds afminbsed inr mBisawén $4@rthe alitokyNinisH&d afersngs
by the oxidation of the am ne 20 using a hydroperoxide, ii'n the presence

of a small a ' ; : rate tenperature, for a
shortsperi odq%Ell é%ui]t?ré Vt%gﬁg#@llaon'lgﬁgzﬁlﬁpf}@(ﬁiﬁﬁmﬁ%ﬂgg%@@%ﬂ&gﬁ purity U S

Pat ent Nunber 5,254,760 teaches that the polynerization of a vinyl
aromati ¢ conpound, S g Faten ﬁr@ﬂféf‘”%pﬁé G011 1dispiosen a slabpiredfacrdic and
is very -5 3 0 JAN 2004 WO 01/12750 PCT/ US00/ 21030

composition in which the polymerization of the acrylic acid is inhibited during the

10 distillation process for purifying or separating the acrylic acid as well as during
transport and storage. The compositions comprise three components: (a) acrylic
acid, (b} a stable nitroxyl radical, and (c) a dihetero-substituted benzene compound
having at least one transferable hydrogen (e.g., a quinone derivative such as the
monomethyl ether of hydroquinone (MEHQ)). Dunng the distillation process,

15 transport and storage, components (b) and (c) are present in a polymerization-
inhibiting amount. During the distillation process, oxygen (d) is preferably added
with components (b) and (c). According to the specification, examples of suitable
nitroxide free radical compounds include di-t-butylnitroxide; di-t-amylnitroxide;
2,2,6,6-tetramethyl-piperidinyloxy; 4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;

2 4-0x0-2,2,6,6-tetramethyl-piperidinyloxy; 4-dimethylamino-2,2,6,6-tetramethyl-
piperidinyloxy; 4-amino-2,2,6,6-tetramethyl-piperidinyloxy; 4-ethanoyloxy-2,2,6,6-

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

tetramethylpyrrolidinyloxy; 2,2,5,5-tetramethyl-1 -0xa-3-azacyclopentyl-3-oxy;



effectively inhibited by the presence of at |east one stable nitr3QyJAN 2004
conpound together wth at |east one aromatic nitro conpoun Pat ent
Nurber s 582380 and 5,545, 786 di scl ose that nitroxyl i nh?%q%§%oql 0
conbi nation with sone oxygen reduce the premature polynerization of s
vinyl aromatic nononers during the manufacturing processes for such

nononers. EVED 58Rkdrafb@p-11dx@53- 9 rdlihyH$Byl Dek8BRyIRAIdi@nend 2.0 3 BS 5,6,6-
nitroxyl inhibitors are Said to resul¥ in vastly prolonged inhibition

times for the nmo S, +Euro n_Patent. Application O 765 856 Al

di scl oses a %%&B%ié‘@%ﬁg&%?@i%éélr?ggsi tion in which the

pol yneri zation of the acrylic acid is inhibited during the ,o
distillation proc®s3 986v44gardisgioseg that he pahamsnrgtion of Ay Rramai Moagmews| |
as during transport and storage. The conpositions conprise three

conponent s: h a86hH)bheis iAkibiled (3)tha a8HARINGME EdmpsitidnPél £ Mablediinddred a
di het ero-substituted benzene conpound having at |east one transferable

hydr ogen (e. i ri i as the nononethyl ether of
hydroquinohegQr ﬁkﬁ?kﬁgﬁﬁ?%§°F§§E5¥§F§Pﬁ§1ion process, is transport and
__Storage, conponents (b) and (c) are present in_a polynerizatiop-

i nhi bi ting amuntcséﬁdﬁé Bl %r%cm !%a‘thr:dﬁemﬂf%&%f? 4- 858 '&)ﬂﬁ&
preferably added wth conponents (b) and (c). According to the

speci fi cat i oretrasxeehyppiperidihe sitrbaylk as ohafir aiabitieerkr ee radi cal conpounds
i nclude di-t-butylnitroxide; di-t-anylnitroxide;

2,2, 6, 6-tetranmet hyiy pifasi g Byhf¥ded 1o the inhibition of the radical polymerization of
4- hydr oxy- 2, 2, 6, 6¥p-e:§)jrﬁhﬁgtﬂy@lpﬁpe??d?nyﬁ ](I)]xly;] %':)0 € radica’ polymenzation

4- 0x0- 2, 2, 6, 6-tetranet hyl - pi.per.idinyl oxy; .. . .. .

o S PliEeslcn AL by BEdry) iRl iphinypts,gFa given formula,

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

t et r anet hys - pi per Sth-458838y is Pretsd B thetinhrbatidry pbiherradicali pojymggzation of

3-am no-2,2,5,5- tetranethyl pyrrolidinyloxy; 2,2,5 ,5-tetranethyl- |

- 0Xa- 3- azacygliggsier vbrydaex¥nd theV¥reOdrtich/&0oligomeric peroxides using a binary
polymerization inhibitor comprising quinone.

The foregoing are incorporated herein by reference in their entirety.

15 SUMMARY OF THE INVENTION
As used herein, the abbreviation TEMPO stands for 2,2,6,6-tetramethyi-1-
piperidinyloxy. Thus, 4-amino-TEMPO is 4-amino-2,2,6,6-tetramethyl-1-
piperidinyloxy; 4-hydroxy-TEMPO is 4-hydroxy-2,2,6,6-tetramethyl-1-
piperidinyloxy (also known in the art as HTEMPO); 4-oxo-TEMPO is 4-0x0-2,2,6,6-
20 tetramethyl-1-pipendinyloxy; and so on.
As mentioned above, hindered nitroxyl compounds are known to be very
active inhibitors of free radical polymerizations of unsaturated monomers such as
styrene, acrylic acid, methacrylic acid, and the like. The present invention is based

upon the discovery that 4-amino-TEMPO has an unusual characteristic when used in
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2,2,5, 5-tetranet hyl -1-oxa-3-pyrrolinyl-I-oxy-3-carboxylic acid; and
2.2.3.3.5, @ 082268t amet hyl - 1, 4- di azacycl ohexyl - 1, 4-di oxy. WpBisodAico
di scl oses that the polynerization of vinyl aromatic nononers such as
styrene is inhibited by the addition of a conposition of a stable

hi ndered 5 ni radi.cal _and an oxi me. conpound.. CS-260755 Bl is_ |
directed to t%éé%)rzﬂeapt)gﬁg?]%%ﬁ AoPPIATIBEpE Plaft 8o o ighiBitor feed taathstdistiljsitionr i
dine nitroxyls as glefin stabilizers. SU 334845 Al is directed to the

i nhi bition ofU#e Yagechrsqrmgiiansz masbnitikyl cipmeslt perniic thel pilp@etiss ftgm
i mnoxyl radical Inhibitors of a given formula. 10 SU- 478838 is directed
to the inhi biatisnilef ratke BackaalinddBMPY Faii@ bomerdb (APS! SpnifRiNif! S
and the prevention of oligoneric peroxides using - a e'bi na-ry

pol yneri zat i LB REL Ok Y ui npne. .The foregoing are

i ncor por at ed%hg?;g?hﬁ%%}%ﬁég&eige{%%@%gje R pSr?{iarpgfﬁfptP‘gy@E’j%KﬂW bpequeve.

| NVENTI ON As _ysed hgrei n, the abbreviation TEMPO stands for

2,2,6,6-tefr a@? Ay R YAN1ageRRY 1AL 1t BgvidThadditianad timenfos TEMRDIfS a plant upset
_4-amno-2,2,6,6-tetramethyl -1- piperidinyl oxy; 4-hydroxy-TEMPO is

4- hydr oxy- 2, Zi®paden defaerah yhedeptablpanbomtrdf poxymérdis SOmcaaWind Bi Eih%i% trafts
HTEMPO) ; 4- oxo- TEMPO i s 4-o0xo-2,2,6,6- 20 tetranmethyl-I-piperi él nyl oxy;

and so on. As nentMye ' 0| Xyl .co nds are known o
be very active inhibi ?’gﬁggg@)ff?gﬂgfﬁgglﬂ(gg}/ér%%lnﬁgwﬁro&@e oc{r&?%%P’é’c"@d
nonomer s sucqhgs St reng ac-rxli C ﬁCi d, methacrylic acid, and the |ike.
The present i RvERTENT RO REDgatQ ghethylenigally dparyratedqeonprears somPEMAO has
an unusual characteristic when used in

adding to said monomers an effective amount of an inhibitor having the structural

10 formula;

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

the group consisting of alky! and heteroatom-substituted alkyl and the

&

20 portion represents the atoms necessary to form a five-, six-, or seven-membered
heterocyclic ring, at least one of said atoms being a carbon atom substituted with a
primary, secondary, or tertiary amino group.

In a preferred embodiment, the present invention is directed to a method for

inhibiting the premature polymerization of ethylenically unsaturated monomers

-8-
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manuf acturin lant's loss of inhibitor feed to the distillat]i

Under these ##t%ns, nost nitroxyl conpounds permt the pé’%ﬂtﬂ{lg&%
form at simlar rates. But 4-am no- TEMPO permits polyner to form at
significantly slower rates, as indicated by a | esser slope of a percent
pol ymer versus,oﬁpﬁgn 4635 u?s;ufanﬁ Rpicin@d ¥R URARRnd b P ah AbREPHEARE the
additional tine §| ant upset situation for

unaccept abl e armu g g_ﬁ‘ﬁlyrrer |s formed in the di stlllatlon traln Mor e
partlcularly, %T invention is directed to a nethod for
inhibiting the premature pol ynerization of ethylenically unsaturated
nononers conprising adding to said nononers _an effective anmount of an

i nhi bitor having the structural , 0 fo?Mﬂ:RﬁR R4 0* wherein R, and R4
are independently selected fromthe groupjconsisting of hydrogen, is

al kyl , and het eroatom substituted al kyl RZ and R3 are independently
selected from the group consisting of [al kyl and heteroat om substituted
al kyl and the 20 portion represents thg at necessary to forma five-,
_Six-, or seven-nenbered heterocycli &yrl aR,| east one of said atons
being a carbon atom substituted with a 2&9 ﬁary secondary, or tertiary
am no group. In a preferred enbodi nent, the present invention is directed

to a nethod f eerdiniR, Qh8 R)@rd hﬁepérﬁmmd&aecn@d JHOBY thé Fro e cesistingofenjideageny
unsat ur at ed nononers -8

alkyl, and heteroatom-substituted alkyl, R, and R, are independently selected from
the group consisting of alkyl and heteroatom-substituted alkyl and R and R, are
10 independently selected from the group consisting of hydrogen, alkyl, aryl, and acyl.
It 1s most preferred that the inhibitor be 4-amino-2,2,6,6-
tetramethylpiperidinyloxy (i.e., 4-amino-TEMPO).
The effective amount of the nitroxyl compound is typically about 1 to
2,000 ppm, based on the weight of the ethylenically unsaturated monomer, although
15 amounts outside this range may be appropriate depending upon the conditions of use.
The amount of the nitroxyl compound is preferably about 5 to about 1,000 ppm,
based on the weight of the ethylenically unsaturated monomer.
In another embodiment, the present invention is directed to a composition
comprising:
20 (a) a ethylenically unsaturated monomer, and
(b)  an effective inhibiting amount, to prevent premature polymerization of

the ethylenically unsaturated monomer, of an inhibitor having the structural formula:



WO 01/12750 3 0 JAN 1004 PCTIUSOQ 21030 conprising adding to f,f@qAN 200
nononers an effective anount of an inhibitor having the struct I
formula 5. WRB/IRSE R1 NI R 3 R 1 R3 4 O wherein R anced®usioRi1o3o

i ndependently selected fromthe group consisting of hydrogen, alkyl, and
het er oat om substituted al kyl, R2 and R3 are independently selected from
the group consisting of al kyl and heteroatom substituted al kyl and R5 and
Ra are io independently sel ecte&l fromthe_group consisting of hydrogen,
alkyl, aryl, and acyl. It is nosg preferfed that the inhibitor be

4-am no- 2, 2, 6, 6- tetranethyl pi periH‘rI@yrbxy (i.e., 4-am no-TEMPO . The
effective amount of the nitroxyl Bgnpoufsl is typically about | to 2,000
ppm based on the wei ght of the ethy®#®nically unsaturated nonorer,

al though is anpbunts outside this range nmay be appropriate dependi ng upon
the conditions, of .. use. he anpunt of the nitroxyl conmpound is preferably
about 5 to ab‘Bﬂ?reT’,ugO't‘f‘ nfre Idependeatlytsstecias shm e grpep eonsistong efbydrogen,

unsat urated nononer. |In another enbodi nent, the present invention is

directed to zalkphpoé helemmtom-orstingedgticy2and R), 20d &tk 8RdGRh NN S MBS

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

7

10 portion represents the atoms necessary to form a five-, six-, or seven-membered
heterocyclic ring, at least one of said atoms being a carbon atom substituted with a
primary, secondary, or tertiary amino group.

In another preferred embodiment, the present invention is directed 10 a
composition comprising:

15 (a) 2 ethylenically vnsaturated monomer, and

(b)  an effective inhibiting amount, to prevent premature polymerization of

the ethylenically unsaturated monomer, of an inhibitor having the structural formula:

Ry ~Rg
N

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

hydrogen, alkyl, and heteroatom-substituted alkyl, R, and R, are independently
-10-



(b) an effective inhibiting amount, to prevent prenature polynerq 384 hRp
of the ethylenically unsaturated nononer, of an inhibitor having the
struct ur al wiooswmtsa: 9 30 JAN 2004 WO 01/ 12750 PCTI USOQ' 21030 PRAABH0/21030
wherein R, and R4 are independently selected fromthe group consisting of
hydrogen, s alkyl, and heteroatom substituted alkyl and R and R3 are

I ndependently selected from the group consisting of al kyl and

het er oat om suteddciddufirerd the lgydupnconsi siiop taf eikylepdesedaoirhabst@re degdessiory
to forma five-, six-, or seven-nenbered heterocyclic ring, at |east one

of said atons,hekng.a Rt SUPELNT Hie | : r'frﬁs,r e
or tertiary am no gFoﬁfﬁ%l n aﬁf)ét%zéer pre errg%o\g%gndsﬁs% d ﬁiéo%?'égﬁ?’a{%]’
i nvention is di ecied to a conposition conprising: 15 (a) a
et hyl eni cal | y‘”lii%%( ‘urated nonomer, and (b) an effective inhibiting
anount, to prevent premature polynerization of the ethylenically
unsat urated nononer, of an inhibitor having the structural formula: R5.
,.R6 N20RI NI R
5 BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a graph showing the slow rate of polymenization of compositions
of the present invention after the shutoff of reboiler feed in a steady state dynamic
testing system, as compared with the rates provided by other species. In the figure,

A 15 4-ammo-TEMPO, B is 4-0x0-TEMPO, C is 4-hydroxy-TEMPO, and D is

1w TEMPO.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
As stated above, in one aspect, the present invention is directed to a method
for inhibiting the premature polymerization of ethylenically unsaturated monomess
15 compnsing adding to said monomers an effective amount 6f an inhibitor having the

structural formula:

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

the group consisting of alkyl and hetercatom-substituted alkyl and the

/N

-11 -



] R 1 R34 0* wherein wherein R and R4 are independently sel egbg@Nfzﬁﬁ)m
the group consisting of hydrogen, alkyl, and heteroatom substit *
al kyl, R aN@ R3*23%% | ndependently -10 3 0 JAN 2004 WO 01/ 12#80/0500/21030
PCTI USOCQ' 21030 sel ected fromthe group consisting of al kyl and

het er oat om substituted al kyl and R5 and R6 are independently sel ected
fromthe group consisting of hydrogen, alkyl, aryl, and acyl. 5 BRIEF
DESCRI PTI ON OPOT{MT SRAGERE thegipras nedessay go dpim showe- ngx4 e sevavmemberedf

pol yneri zation of conpositions of the present invention after the

shutof f of relhetdresyclieathd, mtdedit A &didaforAlY PARL G caltionl 4109 RYSHETY viith a
conpared with the rates provided by other specieS. In the figure, ATs

4- am no- TEMPO, ' 5 - C is 4-hydroxys TEMPO, and D is io TEMPO
DESCRI PTI ON d-’% Péﬁ%é‘%ﬂﬁgh@m g&"“?ty %%P&FH"%H@"’&%%CL
the present invention is directed to a method for inhibiting the

premat ure pol PREEMPLY FyRoBratemp,y b dicterpatpmsn sechuasOe i, woiSo wen also ibe present.
conprising adding to said nononers an effective anount of an inhibitor
having the sstruct ulla inhilyitor empl63iedt-in- e pritdice N fthe prefiht Fivention preferably has

—_

the structural formula

10 lr. 1 R 4

wherein R, and R, are independently selected from the group consisting of hydrogen,
atkyl, and heteroatom-substituted alkyl, R, and R, are independently selected from
15 the group consisting of alkyl and hetleroatom-substituted alkyl, and R, and R, are
independently selected from the group consisting of hydrogen, alkyl, aryl, and acyl.
Where R,, R,, R,, or R, are alkyl, they are preferably of 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
20 (e.g., t-butyl, 2-ethylhexyl, and the like).
Where R and/or R; are alkyl, it is preferred that they be a lower alkyl (.e.,

one having one to four carbon atoms, e.g., methyl, ethyl, propyl, butyl, and isomers

thereof).

-12 -



zo wherein R, and R4 are independently selected fromthe group c &gl@t@n"g
of hydrogen, alkyl, and heteroatom substituted al kyl and RZ and J 0
i ndependemvioyigietssct ed from the group consisting of al kyl ar@r/usés2103¢
het er oat om substituted al kyl and the n -11 WD 01/12750 3 0 JAN 2004

PCT/ US00/ 21030 portion represents the atons necessary to forma five-,

si x-, or seven-nenbered heterocyclic ring, at |east one of said atons
bei ng a carbon at ohstebBs andioeR, wict dryh it primfemed tbadbeydbe gyl of ftoan 6itar \D
am no group. Such ring-conpleting atons are preferably carbon atons, but
het er oat ons, casdh A8mY, ely., PenPt of AEpHEAFO WARKD £ 88 ion, THSy bERLBIHNE] with
enpl oyed in the practice of thé present” invention preferably has the
structural formua 'k 10 R 1 NI R .1 R~ 4 qQ*. wherei nd R4

ar et ndependdipryCatsribe B tetie - JPush leuhrctes e Er AR BEARE ol ey
and heteroatom substituted al kyl, R2 and R3 are independently selected
from 15 the group WoEE Bi pronR, ardadyl.aids W§f@?®dﬁ@id§§hb§ﬁ¢llmféheéerS‘/lIU!'e
and R3 and R6 are independently selected fromthe group consisting of
hydr ogen, al kyl, aryl, and acyl. Were Ry, R2, R3, or R4 are al kyl, they

—are preferably of I to 15 carbon atons (e}|lg., nethyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyj|, decyl,
R,

where R, 1s alkyl, aryl, OR,, or NR,;R, and where R, and R, are alkyl, aryl, or

,,, BY

where R4 is alkyl or aryl. Where R,, Ry, Ry, oF Ry are alky), they are preferably

10

alkyl of from 1 to 15 carbon atoms, more preferably lower alkyl of from 1 to 4
carbon atoms, as described above. Where R,, Ry, Ry, or R, are aryl, they are
15 preferably aryl of from 6 to 10 carbon atoms, as described above.
The inhibitor is preferably 4-amino-TEMPO.
Although the above structural formula indicates that the cyclic nitroxides
employed in the practice of the present invention are saturated piperidine denvatives,
they can also be unsaturated piperidine derivatives of the formula:

20

wherein Z, is = C(NR,R,)-
-13-



undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, and the |ike) and
isomers thereof zo (e.g., t-butyl, 2-ethylhexyl, and the |ike). 3\0hanNe)iRo
and/or R6 aveomtimpgh, it is preferred t hat they be a | ower al kydr/0500P1030
one having one to four carbon atonms, e.g., methy), ethyl, propyT % ﬁ
and isonmers thereof). -12 WO 01/12750 5 3 0 JAN 2004 PCT/USOOlZlOSO
Were R5 and/or R6 are aryl, it is preferred that they be aryl of from®6

to 10 carbon at onFhe eydic, nifbEaN efplofaPii Jw_'prad’ﬁﬂectgf 1hleg)r§§1?“ F:Lv%ﬁlioﬂ@% be

substituted with non-interfering substltuents e. g wer a groups,

hal f d . that
hey bo- eyl B0 TR BRI R L a%r"crzrqmes rhésegempagpas are

NRBR9 and where R$ and RO are alkyl, aryl, or 0 10 Rio where R ais al kyl
or aryl. V\her‘efeth?m'%‘ur% or RQare alkyl, they are preferably al kyl
of froml to 15 carbon atons, nore preferably Iovver al kyl of fromlto 4
carbon atons, as described above. Wiere R R._B8, R9, or RO are aryl, they
are 15 preferably aryl of from6 to 10 bo atom; as descri bed above.
The inhibitor is preferably 4-am no- TENPg\ /r}\

—_—

wherein Z,and Z, are substituted or unsubstituted carbon atoms, provided that at least
one of Z, and Z, is > CNR,R,. The other of Z,and Z, can be the same or different
and can be oxygen, nitrogen, sulfur, >CH,, > CHCH,, >C=0, >C(CH,),,
1  >CHBr, >CHCI, >CHI], >CHF, >CHOH, >CHCN, >C(OH)CN,
>CHCOOH, >CHCOOCH,, > CHCOOC,H;, > C(OH)COOC,H;,
> C(OH)COOCH,, >C(OH)CHOHC,H;, >CNRR; > CCONR,R,, > CH=NOH,
> C=CH-CH;, CF,, CCl,, CBr,, CI,, and the like, where R; and R, are as
described above.

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

also be derived from pyrrolines and have the structure:

wherein Z, is =C(NR;R,)- 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:

-14-



Al though the above structural fornula indicates that the cyclic 3 JAN 2004 -
nitroxides enployed in the practice of the present inventiaq &

sat ur at ed PiOOUMRE0ne derivatives, they can also be unsatur&%@@ﬁtmnuno

pi peridine derivatives of the fornmula: 20 wherein Z, is =C(NRSR6) zl|l R
NI' R J R I R34 0* -13 WD 01/12750 3 O JAN 2004 PCT/ US00/ 21030 The
cyclic nitroxides enployed in the practice of the present invention can
al so be derived fromfive-nmenbered rings, i.8*,_ pyrrolidines. These
compounds are of the structure: 52 3 R §+ 41 R21 3 4 wherein Z2
and Z3 are substituted or unsubstitutedr onat®ys, provided that at

| east one of Z2 and Z3 is > CNRSR6. The qther pf Z2 and Z. can be the

same or different and can be oxygen, nitrbgen,” sul fur, > CH1 > CHCH31 >
az%aqm)zi io > CHBr, > CHCl, > CHI, >2C|r—iu3, > CHOH, > CHCN, >

s wherein Z, and Z, are as described above.

As stated above, R, and R, are independently selected from the group
consisting of hydrogen, alkyl, and heteroatom-substituted alkyl and R, and R, are
independently selected from the group consisting of alky! and heteroatom-substituted
alkyl. The alky! (or heteroatom-substituied alkyl) groups R, through R, can be the

10 same or different and preferably contain 1 lo 15 carbon atoms. 1t is more preferred
that R, through R, be lower alkyl (or heteroatom-substituted lower alkyl) of 1 to 4
carbon atoms (e.g., methyl, ethyl, propyl, butyl, and isomers thereof). Where
heteroatom substituents are present, they can, for example, include halogen, oxygen,
sulfur, nitrogen, and the like. It is most preferred that all of R, through R, be

15 methyl.

Such stable nitroxide free radical compounds can be prepared by known
methods. (See, for example, U.S. Patent Numbers 3,163,677, 3,334,103;
3,372,182; 3,422,144; 3,494,930, 3,502,692; 3,873,564, 3,966,711; and
4,665,185.) They are suitable for use over a wide range of temperatures. But

2 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.

-15-



> CHCOOH, > CHCOOCH3i > CHCOOC2H5, > C(O 1) CooCc2H5, > C(OH) COOCH3, >
C(OH) CHOBC2H5, > CNR5Rb, > COONR5Ra, > CHENOH, > C=CH C6H5i CFR[ Jatifd
CBr2, Cl2, vwadinimsel i ke, where R5 and | are as descri bed aboly@.rmgo%n'mﬁ]
cyclic nitroxides enployed in the practice of the present invention can
al so be derived from pyrrolines and have the structure: R R4 20 wherein
Z4 is =C(NR7Rg)- where R5 and R6 are as descri bed above. Another class of
- cyclic nitroxides Thaethytenidoy empitopedl monbhe: pthegiresanat pbhgnera868 6f
invention is of the structure: z -Z -14 WD 01/12750 3 0 JAN 2004

PCTI USOQ 2103@hihwhe# ebfecZer ma%r@s%nﬁfn%e%orﬂ%ﬁréé)?ﬂ/ ?lmvlﬁomﬁﬁexs}o?éﬁﬁch

above, R and R4 are independently selected fromthe group consi ng of

hydr ogen, al : roatom subst.ituted,.al kyl and R2 and R3 are

i ndependent | SX '%s]gﬁeg@%eﬁ& %&’8&%‘19@ JHBES 1S BREPECTHE, soragerypd/gn distribution is a
het eroat om substituted alkyl. The al kyl (or heteroatom substituted

al kyl) gr oupsP"RPlephr Sappgrhoseamonemetsdhatowdhhendafit fuormhftbe practiandf the present
preferably contain 1 to 15 carbon atons. It is nore preferred that R,

t hr ough R4 sbeinventiem aahnkiyel listear h?ie@épairﬁéﬁ@}tbﬁkhE,Uh?flgnhqwm’mi@|aié)H) of I to
-4 carbon atons (e.g., nethyl, ethyl, propyl, butyl, and Isoners

t hereof). W‘e\Fiﬁylto]uene, divinylbenzenes, polyvinylbenzenes, alkylated styrene, 2-vinylpyridine

and the like.

The ethylenically unsaturated monomers will not necessarily be stabilized
indefinitely by the presence of the nitroxide, especially when the monomers are
»o heated as in distillation, but they can be considered to be stabilized as long as there 1s
a measurable increase in the time for which they can be heated before the onset of
polymerization.
Those skilled in the art will understand that additional free radical scavengers
can, if desired, be included in the stabilized compositions and the methods for
15 preparing them that are the subject 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 compounds having at least one transferable hydrogen,
€.2., a quinone derivative such as the mono-methyl-ether of hydroquinone disclosed
20 in European Patent Application 0 765 856 A1, and other inhibitors, e.g., phenolics
and certain inorganic salts, well-known 1o those skilled in the art.
The polymerization inhibitor can be introduced into the monomer to be
protected by any conventional method. 1t can be added as a concentrated solution in

suitable solvents just upstream from the point of desired apphication by any suitable
-16 -



het er oat om substituents are present, they can, for exanple, inc]hidaN 2004
hal ogen, owgen, sulfur, nitrogen, and the like. It is nost preferred
that all oWHRVIERPough R be 15 nethyl. Such stable nitroxi d8CFS80/21030
radi cal conpounds can be prepared by known nethods. (See, for exanple,
U S. Patent Numbers 3,163,677; 3,334,103; 3,372,182; 3,422, 144;

3,494, 930; 3,502, 692; 873,564; .3, 966,711 .a 4, 665, 185. .
suitable for Wgﬁ’so%radakwndéh? %[Wé%todfcaf'et?%’&c&P g ¥"§g L?Id? g?ﬁﬁ?@‘?f‘éﬁ‘"
tenperatures enployed with the ethylenically unsaturated nononers that
are stabil i zealohy withehpinsossag fted; ins thraugh rseparaleesiiyoprints frewded thep gpan
fromabout 60C to about 180C, preferably from about 70C to about 165C,

and, nore pref@cRat YistritufioMoTRe inhSitort oSmbe tie Hbior $81giaddhldy depletedaiusing
are generally performed at an absolute pressure in the range of about 10

Lo, about 1, 200 of b ore AN QIERATER, Tekol) 200 R USBRGZRA 0TI

ethylenically ar NONOMEr emature polyneri zat whi ch
is an object of the .E‘r esent invention, can he an su%{]_m) oner for whi (i\h
uni nt ended poPiheinhibienn the distdiatips aﬁﬁﬁ@f%&hﬁ@\{"%ﬁ 13@1@? ANy dunng the
distribution is a problem Anong those nononers that will benefit from
the practice ofursdef the essiliatibn ipnoeess.i erddiminbhébilarstaede cattyedood, either on a
a- met hyl styrene, styrene sulfonic acid, vinyltoluene, divinylbenzenes,

pol yvi nyl benzE&%?allﬂd%'n%&%a%ﬁsyérei'?l?erlrrlﬁftt‘!ﬁﬂ}yirpéfrrdie?itd‘ﬁ‘majmﬁﬂdhé Béndehtsatio he

et hyteni cal | y“unsat'urat ed nononers w not” necessarily be stabilized

indefinitely by the presence of. tﬂ1 e r]i troxi de, especially when the
mononer s are above the mmnimum requirec level.

The advantages and the important features of the present invention will be

10 more apparent from the following examples.

EXAMPLES
Procedure for Dynamic Reboiler Test with Feed Shut-Off
Preparation of Feed Solution.

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

further dilution with TBC-free styrene.

-17-



,0 heated as in distillation, but they can be considered to be Stﬁ‘ﬁé@@id
as | ong asgt(gﬁreziﬁ a neasurabl e increase in the tinme for whichd

be heat ed F&%Phe onset of pol ynmeri zati on. Those skil |l ed RGTW$08/22030
wi || understand that additional free radical scavengers can, if desired,
be included in the stabilized conpositions and the nethods for is

pr epari ng th he su t he present invention. For
exanpl e, alr “re g%rf?.ygiﬁ"bfs § ?“eer@t Pat ent Nunbers 5, 545, 782 and
5, 545, 786, can be added as can the aromatic nitro conmpounds discl osed

in U S Patent Nunﬁequ@tlzlﬁnf WSd:eeld@lummo}r@ubkﬂ)nbu&dmcbamzhmksued
conpounds having at |east one transferable hydrogen, e.g., a quinone

derivative sushargs(stdied BDROwARM: Myt ﬁﬂﬂﬁfor% s{}&eﬁathdjﬁmqod ﬁﬁh@%@ﬁo%%dsﬁ
Eur opean Patent Application 0O 765 856 Al, ot her inhibitors,

Phe art - Tho et i) S REREFH e SRt ahBea U eléi%“’??f‘)oan?rm' e

to be protect gd by any conventional nethod. It can be added as a
concent r at éd EER%BYRAIPHIngsE pRasserebscvemt Opessthe ot corignts roan tempeiatinas a
~of desired application by any suitable -16 3 0 JAN 2004 WO 01/12750

PCT/ USQQ 2103fbnnizanss stheanadflfreslpFeed Belutibhidbégim ftarakkethhtWwiACid®Pthe volume
separately into the distillation train along with the incom ng feed, or

t hrough separgt @e§hkiay ﬁngd]LﬁorPlr Ok Gy ol 0es ﬁeﬁé 8P uine dah&d ﬁ'n Tes‘d%"é:& lipe |

di stribution of theln Itor |ncethe|n or I'S gradua
during the djst.il atlogowgerat is generally necessary to_maintain

t he appropri d¥PEHOUREE t'He ?ﬁ?fi"%l“t"?fr'h?h‘h@lféesdl%qeﬂIﬁoa{‘l%ﬁ]%phb%“ﬂs

by addi ng additi onal amounts during the course of the distillation
process. Addithg Bottonis $iweare flowbis atwr béged. dilte Botidres Soeam is gamesrain tie Pot
continuous basis or intermttently in order to maintain the concentration
10 that 1s removed at the same rate as the fresh Feed Solution is added. The equal flows
of Feed and Bottoms streams cause the quantity in the Pot to remain constant over the
time of the experiment while allowing continuous replenishment of inhibitor. This
procedure simulates the way inhibitors are used in a distillation train of a plant
producing vinyl monomers. The experiment continues with flow in and out of the
15 Pot for a specified period of time, typically seven hours. Samples are collected
hourly from the Bottoms Stream. These samples are analyzed for polymer content
via the methanol turbidity method. The amount of polymer in the samples is an
indication of effectiveness of the inhibitor being tested.
Procedure for Feed Shut-Off.
20 At the end of the Reboiler Test Run (typically seven hours), a sample is
collected from the Bottoms Stream. This sample corresponds to Feed Shut-Off Time
= 0 minutes. The flows of fresh Feed Solution and Bottoms Stream are stopped.

The vacuum and temperature are monitored and adjusted to maintain boiling at the

desired temperature of the experiment. Samples are penodically removed from the

-18 -



above the mininumrequired |evel. The advantages and the inportang( JAN 2004
features of the present invention wll be 10 nore apparent fromthe

fol |l ow ng Wamsi2880 EXAMPLES Procedure for Dynam ¢ Reboi | erPCIEE$003193)
Feed Shut-Of Preparation of Feed Sol ution. 15 T-Butylcatechol (TBC) is
removed fromcomercially available styrene by distillation under

vacuum Renoval of TBCis verified by caustic titration. The desired
amount of i nhPbi @ypically adefive oninhies). TBOefersemples pressnal et et pelymes crptest
by first making a concentrated solution of the inhibitor in TBC-free
styrene fol | oygdnd¥euidabi ebidity! HEthed DhiahiuFREhik Senesit Y@ geherdd tHe2 Tod
3 0 JAN 2004 PCTIUSOO 21030 Procedure for Dynam c Reboiler Test. A
gquantity of the F Sol Ut i containing inhibitor (blend) at the desired
charge (stat egh%{égm'?&t h’gﬁﬁéfm?‘nhi bitor to styrene) is added to a
round-bottomflask (the "Pot") and heated to the desired teppeyrature
(usual |y 116 C) and lssosieen siepe in thefFagd Shpt-gdf Gurvedgovgeraie ngﬁiyé?e\?acuum
Once the Pot contents are at tenperature, a continuous stream of fresh
Feed Sol uti pnpiddubgeniBvétime) mdRatehatmuid ¢ifadde inhébiteg syseem of thehevenhof aal
_Pot solution Fo the Pot over a period of tine called the residence tine
(typically one haour)., At a i | bt t| ow
is begun, th P5BG tf%ar(rjsmép% Ega%ﬁf F&gwakg;e%ﬁg& %ftetgﬁ%‘.c)&s}ﬁégngga??(’;% Sgdrl gghgi S
solution in the Pot io that is renpved . at {Ljhe sa rate @g.the f‘;?eshn Feed
Sol ution is agEl@erfAENAINTIS AAKINdSAIIRR 0f 2 Hc BHEF DR LPHING SR 1L e
quantity in the Pot to renmain constant over the i

event of a loss of feed in the plant. A preferred system will have a long delay prior

1o initiation of polymer formation followed by a slow rate of polymer production

10 once mnitiated.

The above procedure is carried out using 4-amino-TEMPO, 4-oxo-TEMPO,
4-hydroxy-TEMPOQ, and TEMPO as the inhibitors. The results are shown in Figure
1 and clearly indicate the improvement that is realized by employing 4-amino-
TEMPO, as opposed to equal quantities of any of the other three nitroxide inhibitors.

15 The data for the graph of Figure 1 are shown in Table 1.
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time of the experinment while allow ng continuous repl eni shnment ofw JAN 2004

i nhi bitor.

Thi s
distillati 008780 of a pl ant

no

noners.

The pepeks

procedure simulates the way inhibitors are used
pr oduci ng vi nyl

di‘ﬁ@iﬂ

continues with flowin and out of the 15 Pot for a specified period of

time,

typically seven hours.
Bottons Stream These sanples are anal yzed for

Sampl es are col |l ected
pol ynmer cont ent

hourly fromthe

via the

met hanol turBidity nethod. The anmouni of_polymer in the sanptes 15 an
i ndi cation off effectiveness _of the inhibf# 3be|ng tested. Procedure for
Feed Shut-Off. 20 At the enBebgilerdtumeeloFiverDifberenRitrokidescal |y seven
hours), a sanple is collected fllﬂﬁ(l honBdidionRe&St Teaen This sanpl e
corresponds fto Feed Shut-Of Tine 0(%1]1’[}!;51113&-) The flows of fresh Feed
Sol uti on and {Bottoms—StrganTare—stopjpet—FHhe—vaguumeana—tenrperat ure—are
nmoni tored a&ng adjﬁﬁved tg maindain bpilingat the desi€ed tefpperatDre of
the experinemnt. $BM¥es are H¥rpBYi cal | W OepmVed |f r ofiP? brm): 18| 3 (00 P
7004 WD 01/12750 RCT(USQO/ 21030 Pot |(typically every five m hutes) -
These sanpl eg_are dnalyzeéd for “polymer content Mia the nmethanol 0
_turbidity nmeghod. ta dyrin g@?'s tijme | ed tjo gggﬁEEEe the "
Shut - O f Cur Le-—-f-eg‘it-he-r 9, gots q_eeg_%_gﬂgp.u Nt -(?ﬁ(ﬁﬁs
Curve (sl ower ratesof poI yma(y 0803 od{ict i grmq\(er th mey dopgigcat gs 9]
ef fecti ve i nipbit4 L81°) 3yotcn|r|| tHre—eyent ss—oi—eedi-pthe P+ ant--
A |l onger pgrijod of 4time befoOQMOmltlatloo(EM3S|gn|f|cgmxu poI neq)uxn4
formati on i s fatrsoamrmdifcatTomof—aore—effectve—nrh UILIHJ oyoLculln
the event off a lo8s of fleed.DB04the pl anO.00ATpr efler r €0BYBt emjwi | 0.0063e a
| ong delay pfior to inigiation of potymer tormatiom fortowed{by a stow
rate of pol yfer pr8ducti¢n 0.0004 0.0017 0.0012 0.0004
7 0.00052 0.0017 0.0012 0.00037
Tume (min.-
15 F/SO)
0 0 0 0 0
5 0.00064 0.0024 0.0012 0.00038
10 0.0004 0.0024 0.0012 0.00044
15 0.0135 0.043 0.002 0.00030
20 20 0.108 0.65 0.123 0.0013
25 0.25 1,03 0.45 0.117
30 0.35 1.38 1.12 0.545
35 0.44 2.12 1.68 1.27
40 0.69 3.1 2.32 1.96
25 45 1.17 3.85 3 2.3
50 1.28 4.25 3.2 3

A is 4-amino-TEMPO

B is 4-0x0-TEMPO

C is 4-hydroxy-TEMPO
D is TEMPO

F/SO is Feed Shut-Off

30
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io once initiated. The above procedure is carried out using 70 JAN 2004
4-am no- TEMPO, 4-oxo- TEMPO, 4-hydroxy- TEMPO, and TEMPO as t

i nhi bi t or sWYO@218sul ts are shown in Figure | and clearly ind e 3
i nprovenent that is realized by enpl oying 4-am no- TEMPO as opposed to
equal quantities of any of the other three nitroxide inhibitors. |5 The
data for the graph of Figure 1 are shown in Table 1. 3 0 JAN 2004. WO
01/12750 s 10 1s 2 viewpEthasmany shangss #ad mPoineaings (that caly R mgdenyifhovt
Different Nitroxides 116C./One Hour Res. Tinme (%olymer) Tine ABCD

(Hours) (100 puphttb@0fr@pmyihtpespmap($0@ thpiyvaddoo reference should be made 1o the

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

the invention.
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20. 00030. 00130. 000380. 00025 30. 000370. 00110. 000680. 00024

40..00040, 00130. 0010. 00024 50. 000460. 00170. 00120. 0003  pCTAIS06/21030
60.%9049871b170. 00120. 0004 70. 000520. 00170. 00120. 00037 Ti ne (min. -

00000 50.000640. 00240. 00120. 00038 100. 00040. 00240. 00120. 00044

30 JAN 2004

F/ SO)

150. 01350. 0430. 0020. 00030 200. 1080. 650. 1230. 0013 250. 251. 030. 450. 117
300. 351. 381. 120. 545 350. 442.121. 68(:1~ ;&MASOO 693. 12. 321.96 451.173.8532.3
E iS4

501. 284. 253.23 A is 4-am no- TEMPO -oxo-TEMPO 30 C i s
4- hydroxy-TEMPO D is TEMPO F/ SO is Feed Shut-Of f

What is claimed is:

1. A method for jnhibiting the premature polymerizaiion of a vinyl

aromatic  monomer comprising adding 10 said monomer an effective amount of an

inhibitor having the structural formula:

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

alkyl, and heteroatom-substiwted alkyl and R, and R, are independent]y selecied from

the group consisting of alkyl and heleroaiom-substituted alkyl and the

a

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

heterocyclic ring, at Jeast one of said atoms being 2 carbon atom substituted with a

primary, secondary, or lertiary amino group, except for an amido group;

wherein the inhibitor system does not include a nitrocompound.

2. The method of claim 1 wherein the inhibitor has the structural Jormula

- 22 -



3 0 JAN 2004 WO 01112750 PCTI USO0I 21030 in view of the many changegjaai 1004
nodi fications that can be nmade w thout departing fromdgamaeiplaes

und¥el $33g>% he i nvention, reference should be nade to the appended

clainms for an understanding of the scope of the protection to be afforded
the invention. WO 0] 1] 2750 CLA3TNS What is clained is: 3 0 JAN 2064

PCTI USOO 21030 I. A nmethod for inhibiting the premature pol ynerization of -
a vinyl aromatic nononer conprising adding to said nononmer an effective
anount of an inhibitor having t hBsstrdtural fornula: R wherein R and

RL are independently selected fromthe group consisting of hydrogen,

al kyl , and heteroatom substituted alkyl and R, and R are independently
selected from the group consisting of Ya] kyl and het eroat om substituted

al kyl and the portion represents the atjons necessary to forma five-,

Si x-, or seven-nmenbered heterog I e Tl K, at Least one of said atons
being a carbon atom substituted 'Tt;hlgﬂgprl mary, secondary, or tertiary
ani no group, except for an amino groflp; wherein the inhibitor system does
not include a nitroconmpound. 2. The nethod of claim1l wherein the

i nhibitor has the structural fornmula WO 0t/]2750 3 0 AN 2004

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

alkyl, and heteroziom-substituted alkyl, R, and R, are independently selected from
the group consisting of alkyl and heieroatom-substiluted alkyl, and Ry and R, are

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

3. The method of claim 2 wherein R, is hydrogen.
4. The method of claim 3 wherein R, is hydrogen.
5. The method of claim 2 wherein R,, Ry, Ry, and R, are independently selecied

alkyl groups.

6. “The method of claim 5 wherein Ry is hydrogen.
7. The method of claim 6 wherein R, is hydrogen.
3. The method of claim 6 wherein R, R, Ry, and R, are al) methyl.

9. The method of claim 7 wherein R, Ry, Ry, and R, are all methyl.

-
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PCT/USOQ' 2 ] 030 wherein R and R4 are independently selected from3heAN 2004
group consisting of hydrogen, alkyl, and heteroal orn- substituted

a] | B0 01/RI5knd R3 are i ndependently sel ected from the QFHYs"¢dfY sting

of al kyl and heteroatom substituted al kyl, and Rs and R6 we

i ndependently sel ected fromthe group consisting of hydrogen, alkyl, and
aryl. 3. The nethod of claim2 wherein R, is hydrogen. 4. The nethod of

cl ai m 30wherBienmRGddsothyleimngenheréin (Theityetriod) vbnslaiaed AerEr i R, R2,

R3, and R4 are independently sel ected al kyl groups. 6. The net hod of

claim 1 i : , T a1} e VRIBIBRICACRE i S
hydroggﬁ. ggj%ﬁgaﬁ%ﬁ%‘%}lg{;r&gﬁg?nqlfét}vrﬁ;t?eﬁgé%gﬂs %eﬁ%?,i STJ+and Ra are all
methyl. 9. The nmethod_of claim7 wherein R, R%j R and R4 are all

met hy| vVingtaduengn 0p00 3 byrzenes] AY 779 pibpeagnesoa 280 88 & dret hod of
claiml wherein the ethylenically unsaturated nononer is selected from
t he gr aupingpgiditd.ng of styrene, a-nethyl styiene, styrene sulfonic acid,
vi nyl t ol uene, divi nyl benzenes, pol yvinyl benzenes, al kyl ated styrene, and
2-vinylpyridine. 11. The nethod of claiml wherein the ethylenically
unsat urated nononer is styrene. 12. The nethod of claim2 wherein the

et hyl eni cal l'é unsat urat ed. npnoner. i s s'ﬁ%’rene. ]13. T!he Jggthod of .claim9
wher ei ¥ lthe BbRPIOMEal FFAsAPeTE BE SHbHgmErRY ¥nsatvre ~

styrene.

12.  The method of claim 2 wherein the ethylenically vnsaturated monomer is

styrene.

13.  The method of cJaim 9 wherein the ethylenically unsaivrated monomes is

styrene.

J4. A composiion cOmprising:

(a) an vinyl aromatic monomer, and
(o) an effective inhibiting amount, to prevent premature polymerization of

the ethylenically unsaturaied monomer, of an inhibitor having the structural formula:

wherein R, and R, are independenily selected from the grovp consisting of hydrogen,
alky), and heleroatom-substituted alky} and R, and R, are independently selected from

the group consisting of alky) and heteroatom-substituted alkyl and the
-24 .



styrene. 14. A conposition conprising: (a) (b) an vinyl aromatic %ﬁfﬁ@ﬁim‘
and an effective inhibiting anount, to prevent prematuperpshynass 2t i

of PeOEY¥ eni ca]ly unsaturated nmononer, of an inhibitor having the
structural formula: 0* wherein R and R4 are i ndependent|y selected from
t he group consisting of hydrogen, alkyl, and hel eroatom substituted

al kyl and R, and R3 are independently selected from the group consisting
of al kyl and heteroat om substituted b -y,'" and the -24 V/' O O /12750
PCT/ US00/ 23 030 3 0 JAN 2004 porti/On represents the atons necessary to
forma five-, six-, or seven-nenbered eterocyclic ring, at |east one of
said atons being a carbon atom substituted with a primary, secondary, or
tertiary am no group, except for an am no group; wherein the inhibitor
system does not include a nitroconpound. 15 The conposition of claim 14

wherein the inhibitor has the structural | 1 R3 4

0" wherpirhoR TERIGEENE 1hErEOPhBEGSETHIE AT 1§ n%é’l %eéﬁf 58#15%3 'gﬁil?n(;h%égona sting
of hydrogen, alkyl, and heteroatom substituted al kyl, R2. ‘&ﬂ ah &

I ndepenﬁi@&tdcyclwh@gtﬁdeisr ome of ked graoupbeiogsd 370AY %@méIUPW” a*

het er oat om substituted al kyl and RS and R6 axe

primary, secondary, o lerliary amino group, except for an amido group;

wherein the inhibitor system does not include a nitrocompound.

15. The composition of claim 14 wherein the inhibitor has the structural formula

R R
-~ / 6
5N

wherein R, and R, 2re independently selected from the group consisting of hydrogen,
alky), and heteroatom-substituted alkyl, R, and R, are independently selected from
the group consisting of alky) and heteroatom- substiinted alkyl and R, and R, are

independently selected from the proup consisting of hydrogen, alky), and aryl.
16.  The composition of claim )5 wherein Ry 3s hydrogen.
17. The composition of claim 16 wherein R, s hydrogen.

38, The composition of claim 15 wherein R;, Ry, Rs, and R, are independently

selected alky} groups.



i ndependently selected fromthe group consisting of hydrogen, a??y\jw And
aryl. 16. The conposition of claim|5 wherein R5 i s hydrogen. . The
conposi ti OWQ)QIH@?% m 36 wherein Rb is hydrogen. 38. The conpoRCEUSH/ 20630
claim 15 wherein R, R2, R3, and R4 are independently selected alkyl
groups. -25 3 0 JAN 2004 WD 0I/12750 PCT/ US00/ 21030 19. The conposition
of claim 18 wherein R5 is hydrogen 20. The conposition of claim19

wherei n R6 i slthydr §hesompositionofciaisnp§syvharein Rofis biydrogeno wherein R, R2,
R3, and R4 are all nethyl. 22. The conposition of claim20 wherein R
R2, R, and R4 are all nethyl. 23. The conposition of claim 14 wherein
the ethylenically unsaturated nononmer 1o is selected fromthe group

consi sting ofgtyr = I ¥ , - LCc acid,
vi nyl t ol uene,z% Vi ﬁg?ﬁgﬁygﬁg@ﬁ ?ofg %ﬁﬁ%%@kééﬁ@?ﬁ‘gm‘%’& ed styrene, and

2-vinylpyri dine. 24. The conposition of claim 14 wherein the

ethylenically unsaturated nononer is is styrene. 25. The conposition of

claim15 wherein the ethylenically unsaturated nononer is styrene. 20 26.

The conposistidh of Tot @ompdRitidnesfedlain RE veltengih &y, ®3| Ry, andsR] areadllesletghoner
IS styrene.

22.  The composition of claim 20 wherein R,, R,, R,, and R, are all methyl.

23.  The composition of claim 14 wherein the ethylenically unsaturated monomer
10 is selected from the group consisting of styrene, a-methylstyrene, styrene sulfonic

acid, vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated styrene, and

2-vinylpyndine.

24.  The composition of claim 14 wherein the ethylenically unsaturated monomer

15 1s styrene.

25.  The composition of claim 15 wherein the ethylenically unsaturated monomer

1S styrene.

20 26.  The composition of claim 22 wherein the ethylenically unsaturated monomer

is styrene.
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