WO 01/ 12750 PCT/ USOQt | 1030 | NHI BI TI ON OF POLYMERI ZATI ON OF ETHYLENI CALLY
UNSATURATED MONOVERS s BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention is directed to the use of

C-substitut WQHEMART™8 cyclic io nitroxides, especially PCT/US00/21030

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

pol yneri zati on of ethyl enically unsaturated nononers, especially, vinyl
aromati ¢ nononers WWN&WMZA%&QF@WWW%@ﬁd Art Many
et hyl eni cal | y unsaturat ed nononeNSATRRATERIMONOMERS i ze at various is
stages of their manufacture, processing, handling, storage, and use. A
particularly troublesonme problemis equi pnrent fouling caused by

pol ymeri zatison in the purif{BACKGROUNIYOF THE INVENTION i on' processes of
such nononers. Pol ynerization, such as thermal polynerization, during
their purificali onFiQa el ife Ifvehtddn | 0SS of the nononmer and a loss in
production efficiency owing to the deposition of polyner in or mon the
equi pnent bei ng us ' L f ' Ik S e st_he renoved
Fromtime (ot me Aspidnfiifion LRl o HRAREF E-aba el driiEbal [oca
for inhibitjng. uacontrol.l.ed, and Lred I r.izaliqn of ethyl enically
unsat ur at ed"”. ?fltl)tﬁ%r‘éérgs pg'f%@ev’ W'“ﬁggﬁz&&?ﬁﬂ%ﬂ%@? ma?fgﬁ'i’ﬂa?"ymé%wl‘%$ &‘f
.satisfactory. Accordingly, there has u been a substantial need in the art
for inproved @8@5&9’%@%@5/ ethylemicaily ynsatyrated monopsrs, esnecially; winylaromatie,
mononmers during the distillation process for purifying or separating them
from i mpuriti donogersaadiacpdicaeonomgrs. r ansport and st or age.

2. Description of Related Art
Many ethylenically unsaturated monomers undesirably polymerize at various
15 stages of their manufacture, processing, handling, storage, and use. A particularly
troublesome problem is equipment fouling cailsed by polymerization in the
puﬁﬁcation stag_es of the prpduction processes of such _fnonom_ers. Pblymériiation, |
such as tﬁermal polymerization, during their purification results in the loss of the
monomer and a loss in production efficiency owing to the deposition of polymer in or
2 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 and used for inhibiting
: pgcontro_l]e_d and updesil_'gd polymerizatidn of ethylenically unsaturated monomers.
B How'e'\-rer," 'thésé;coiﬁpc.iuﬁé'i‘s ﬁavc. ﬁot been ful_l)"'f'f'sa'ti's;fé.c:tc-)'x.'y.-- Ac;cofdfnély‘, tilw;rej has -
25 been a substantial need in the art for improved compositions for inhibiting the
| polymerization of such monomers during the distil.lation process for purifying or
separating them from impurities, as well as during transport and storage.

Additionally, the formation of soluble polymer leads to loss of monomer, i.e., a
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Additionally, the formati on of soluble polynmer |leads to | oss of nononer,
l.e., a-1 WO 01/12750 PCT/US00/ 21030 |ower yield, and an increase in the
vi scosity woaﬂﬁ.,%oars that may be produced. The processi ngeplysbdiodod’ S
then requires higher tenperature and work (energy cost) to renove residual
mononer. Hi ndered nitroxyl conpounds are known to be very active inhibitors

cryl e aci o OMEEYERE TR Il ing oo oA B FRLART bp mipubel™ 184 1 %00,

di:scloses N, N O tr.isupstituted hydroxylam nes and N, N di substituted

i trox das ofPIPERSIR oF e i then resffea highed Watbera et work (Gt eoti s & o
R3 L 2 wherein R, R2, and R3 are each an al kyl radical having 1 to 15

car bon at ons.TeNRYE IG§ mepemes. t he designation N -O° denotes a stable free
radi cal wherein the asterisk is is an unpaired electron.) The

N, N, O-t ri subst i t utBiaderpd nissoxybeampoundsiaretkaows deibe yenymetive inhibitors of free

N, N- di substituted nitroxides, which are stable free radicals and are said
to be usefsul radisalymilymerizatiors of unsatinatedtmoromers Sich [Ra stynéneNaeriylie acid 334, 103

di scl oses that nitroxides can be prepared from the correspondi ng
heterocycli c mehasyihaid) Mdithelikd.t rogen at om of the nitroxide 20 group is
attached to other than a tertiary carbon of an aliphatic group (i.e., the

ni trogen atom f or ng,sa paRhi Nethbér 31265625 dfsbibes NN, BURkubsERfSS Ni LT oXi des are

said to

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

R R R
|1 11 p |1
10 R -C N—/O0—C—R an - —
2 I I 2 . Rz? N—O*
R R
3|, 3 Ry

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
20 group is attached to other than a tertiary carbon of an aliphatic group (i.e., the
nitrogen atom forms a part of a heterocyclic nucleus). These nitroxides are said to
have useful properties similar to those described for the N,N-disubstituted nitroxides

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



have useful properties simlar to those described for the N, N-disubstituted

nitroxides of U S Patent Nunber 3,163,677. -2 WO 01/12750 PCT/ USOQ 21030

U S. Patent Nupber 3,372,182 discloses that a great vari
e fo

N, N- di suffeq d, stable, free radical nitroxides not o épvmaglem?eadi |y

avai l abl e can be prepared by a sinple and conveni ent process that
conprises pyrolyzing in an inert reaction nmediumvirtually any

hydr oxyl am ne t HatS.PatentdNuepber 83721182 disclnvsesgbataf grestovatiety©f C bond (e. g.
tri-t-butyl hydroxylam ne). U K Patent Nunber 1,127,127 discloses that
acrylic aci M, Nadisubsitetedsthble cffee adivalntitroxidésyimae bitheavise reabily hvdlabld@an i on
thereto of a nitroxide having the essential skeletal structure: 0* R 11

R3 10 R2 lpe gidbared b4 sififle@hd cohvenidat ?B&:ssami 13deS pHolpdingdinQufierfnd no

hydrogen is bound to the " remai ning val enci es on the carbon atons bound to

R or i i Rt R 8 nydRpS R MRy SERICly deags bftfe B B 1O

aring e.g., 2,
t et ramet hyl ~4- hydr oxy-.pi,peri di ne+l -oxyl ). U. S. Patent Nunber 3,422,144
di scl osesyspj’r?f‘é,e’Fr’éERFbg'leh%‘imﬂl?'%@{des of the formula: O*
U.K. Patent Number 1,127,127 discloses that acrylic acid can be stabilized
against polymerization by the addition thereto of a nitroxide having the essential

skeletal structure:

1
10 ) R -c{: C—R

wherein R,, R,, R;, and R, are alkyl groups and no hydrogen is bound to the
reniainin’g valet_xcigs on the carbon atoms bound to the nitrogen. The two remaining
" yalencies that are not satisfied by R, to R, or nitrogen can also form part of a ring
s (e.g., 2,2,6,6- tetramethy1—4-hydroxy-pipe1;idine-1-oxyl).
U.S. Patent Number 3,422,144 discloses stable, free radical nitroxides of the

formuta:

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



HI R, 1 NR R 20 wherein Ris selected fromthe group consisting of
tertiary alkyl, aryl, alkaryl, haloaryl, carboxyaryl, al koxyaryl,

al kyl t hi oaryl ridyl, and dialkylamnoaryl, and R is t # Rbor kyl .
These nitra%?ﬁ'é@%’é’re said to be useful as traps for reactigfe:* reelaJ-OB WO
01112750 PCT/ US00/ 21030 radicals both in the counting of free radicals and
for inhibiting oxidation and free radical polynerization, U S _Patent

Number 3, 494 reicalubath inthesopnting elfaee-rdicalsand fer ighibjtingjaxidationand free yse as
initiators of free radical reactions, collectors of free radicals,

pol yneri zat i eadisal ipolyimerization.or anti oxi dants. They are constituted by

ni trogenous bicyclic conmpounds in which one of the bridges conprises

sol el y the nitroxis. Packtdumberd404930 discloses drek iraditads of thy nitrexide- type forl o
(3,3,1) nonanone-3-oxyl-9, and by aza-9-bicyclo (3,3,1) nonane oxyl-9.
U.S. Patent NeoRehmitiatcts 3f Bed ralfict rQs66ns; CoMRtbS 6f fediradical| pelgmeesikation

assayi ng enzymes by adding to a medium containing an enzyne a stable free
oo B A s Eofharty gl ighpasfir,
120 o2l BRSO blages gtk AP sk LA R pRL S5 00 P11
enzyme and t %gm%%falr,vtla; Xza%—bfc?&o e(?,%Yf}Eno%i‘é‘onE- -l)xsyl-g? tat?({ g} Qfa(—jQ-bicyclo 3,3,1)
nonane oxyl-9.
U.S. Patent Number 3,873,564 discloses compounds and a method for
10 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
15 determined.
The compounds found useful are normally stable nitroxide radicals.
Particularly nitronyl 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
20 carbon atoms has an enzyme labile functior_lality. 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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The conpounds found useful are normally stable nitroxide radicals.
Particularly nitronyl nitroxides, with the nitrogens in an im dazoline
ring, arguofiipysyed, having a methylene group joining thgegubfadidsoon of the
i mdazoline ring wth an asymretric carbon atom One of the groups bonded
to the asymmetric 20 carbon atons has an enzyne |abile functionality. O her
conpounds include two cyclic nitroxide containing rings joined by a chain
havi ng an- emepereor teavalent sadicalsiasepowearful lightsstatplizess for\quganic polymes, 711
teaches that 2,2,7,7-tetraal kyl - and

2, 7- di spi r o'&hdyydre said 3o passess, highetr eorapatibilish dpndheis 4smiuhistituteddwbmologues,
4-position by -4 WO 01/12750 PCTIUSOQO 21030 nono- or tetraval ent radicals
are power f ufroii wiiith teglah bé syrthdsized by geudticnsialowiefos N-alkyiatiorar Prefeted t O
possess higher conpatibility than their 4-unsubstituted honol ogues, from
whi ch they gagtitaents i the Asposiidnlave AIRPC hikyRAe, 1,{04lkyt, ahd¥drérhikqn.

Preferred substituents in the 4-position are alkyl, al’kyl ene, al kenyl,

aral kyl . anghoisl el Kilirdyll @isa y@%éimmmégg%mﬁdn tvﬁtﬁbrngtxx#ybg% aci ds

i m dazol i di y oxidation wt rogen per oxi or percar
are also said t.

be_good li.ght.stabi,lizers., U S.,.P - er 4,182,658
di scl oses aPYRPARBE" PBF ?’@(}%rﬂcfd%ﬁ ﬂ%o ”b%ﬁ’y%@é@gﬁan@l%}g?eadi |y
pol yneri zabl e vipyl .aro ¢ C gdrin distillation at el evated
t enperatures wi tﬁ'rér Pé“?%%eﬁgaqg%%g HE&QF‘??‘ 'PFEE{P‘E for preyspbpg they an j o
enmergency condition, such as a power outage. This nethod conprises
f or ce- f eedi pRjymarizatiop of axeadily nebimarizable xinybaromatic spmpeundAuring a hi gh
solubility in the vinyl aromatic conpound and a long duration of
ef fi ci ency, distillationat blewdted tesperatures within @distdlation gpparatus thabissubjettdn an
distillation apparatus in an anmount sufficient to prevent polynerization
10 emergency condition, such as a power outage. This method comprises force-feeding
a supplemental polymerization inhibitor having a high solubility in the vinyl aromatic
. compound and a long duration of efficiency, into each of the distillation vessels of a
conventional distillation apparatus in an amount sufficient to prevent polymerization
therein.
15 European Patent Application 0 178 168 A2 discloses a method for inhibiting
the polymerization of an &,f-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 stericalty 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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therein. is European Patent Appl lcation O 178 168 A2 discloses a nethod for
inhibiting the polynerization of an a,f-ethylenically unsaturated

nonocar box d during its recovery by distillation b

ni t roxi de %‘Y‘é@ ’ﬁg%ﬂ cal. U S Patent Nunber 4,665,185 discl ose@hngpgsgcess
for the efficient preparation of nitroxyls of stericall y hindered am nes
by the oxidation of the amne 20 using a hydroperoxide, in the presence of
a smal | anpunéffedtivalyrishibited ynthe piresencst of atleastomherstable nitoxydrcampoend fogether
short period of tinme to give the nitroxyl in high yield and purity. U S

Pat ent Nunmber withZip feastGihe lab@fdtRSnitrd @bmpbehdpol yneri zati on of a vinyl
aromati ¢ conpound, such as styrene, during distillation or purification, is

very -5 VO 01112760 ARSI 54 WP ahd 58145766 Risticke thabiiahs Pr esence

of at |east one stable nitroxyl conpound togeth er with at | east one
aromatic nitr Z?% ﬁ:

di scl ose that Bﬁ\ﬁﬁ%ﬂﬁ%n}b%aﬁgl 5@#@%}1}1% na? ‘RA t % ")?ygen&{rseduce
t he premature .zation of mat i c nono uring the
manuf act ur i Ag” ﬁwL%@gﬁbgWP el i pu kiR SrofPes ot fuchiihesls,
used in conbipation with the nitroxyl inhibitors are said_ to result | n

vast |y prol on&¥en smali grantities of aipused dp comBinatinmowith °’EHP’@Bé%FH iors are said
Application 0 765 856 Al discloses a stabilized acrylic acid conposition

in which the potesuibin vastly prolenged inhibitioy kimes forithe monomeisbi t ed during the jo-
distillation process for purifying or separating the acrylic acid as well
as during transpor EumpearsPaiém geppliddtipndd G856 A b disclossspr stabdlizedraesylic acid
conponents: (a) acrylic
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)). During 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-tetramethy1-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-oxa-3-azacyclopentyl-3-oxy;



acid, (b) a stable nitroxyl radical, and (c) a di hetero-substituted benzene
conpound having at |east one transferable hydrogen (e.g., a quinone
derivative ﬁ) 2 as the nononethyl ether of hydroqui noneP Duri ng
the distiVPSVEH process, is transport and storage, conponents %053 and (c)
are present in a polynerization- inhibiting anount. During the distillation

process, égen (d) referably added w th conponents (b) andé C)
Accor di ng. b Ihe s tseeinicdoedpy ol o5y Srcashay B SG: 3k 3,05 313,56,60

radi cal conpounds include di-t-butylnitroxide; di-t-anylnitroxide;
2, 2, 6, 6- t et ociameethylt 1, pidjpsacydlohexyddyd-dioxy.

4- hydr oxy- 2, 2, 6, 6-t et ranet hyl - pi peri di nyl oxy; 20 .

4- 0x0- 2, 2, 6, 6- t eWI0981491I6-disciises thattie pulymerization of vinyl aromatic monomers
4- di met hyl am no- 2, 2, 6, 6-tetranet hyl - pi peridi nyl oxy;

4- am no- 2, Zu6h @s Et?iehéliﬁhﬂibhe@bgﬁfe' 4dditioh OF ¥ cothpBiilieep/a Stxdle Rindefed 6-
tetranethyl plperldlnyloxy 2 5-tetranet hyl pyrrolidi nyl oxy;

3-am no- 2, Zmﬁné? ‘f;&P i ot Q,yermcqogh@yl oXYy;

2,2,5 b-tetra azacy pentyl - 3-oxy; -6 WO 01/12750 _

PCT US00216030 32%5%@%t@tfs?ﬁ%%h*ﬁ’r%&?ﬁié%ﬁ% T TR
98/ 14416 disclo Iha at i of vinyl aronmatic nononers such
as styrene ‘F@'Pﬂﬁ)/m% "B)?"'Fﬁ‘@lsz?d(?ﬁ"tfz gfzeff conposition of a stable |
hi ndered s. nitrox -é radi cal .and an oxi me, conpound. CS-260755 Bl is

directed to t he 3t bis directed do Merinkibition.of the radical polymerizationehi per i di ne
nitroxyls as olefin stabilizers. SU- 334845 Al is directed to the inhibition

of the radidligoeger agrydatey singimiodxyl cadigpd sititorsiof 3/ givereformwlang i i noxyl

radical inhibitors of a given fornula. 10 SU-478838 is directed to the

i nhi bitien of tIBU-AABB3IBais directedns thedhhibitionlof the radical polymerization of
oligoester acrylates and the prevention of oligomeric 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-tetramethyl-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 HTEMPOQ); 4-oxo-TEMPO is 4-0x0-2,2,6,6-
20 tetramethyl-1-piperidinyloxy; 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 unusnal characteristic when used in-
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ol i goester acrylates and the prevention of oligoneric peroxides using a
bi nary pol ynerization inhibitor conprising quinone. The foregoing are

i ncor por at ¢¢b hyPragden by reference in their entirety. 15 SUpgo¥oo2resbHE
| NVENTI ON As used herein, the abbreviati on TEMPO stands for
2,;2,6,6-tetranmethyl-1- pi per'i di nyl oxy. Thus, 4- ani-no- TEMPO i s

4amn02266ttra eJ’IdIJX;

4- hydr oxy- 2, 2 Estdhatsy N‘Slﬁg%/ ﬂﬁa"iupacﬁﬂnﬁ' ﬁ??%ﬂf "{l{ﬁl %%’o‘ﬂﬁﬁp ﬁ}s{'ﬁ@m&rt as
HTEMPO) ; 4- oxo- TEMPO i s 4-0x0-2, 2,6, 6-_ 20 tetranethyl -I -piperidi nyI oxy; and
so on. . As iR Ynder @mndmﬂaév%ﬂnﬁrwbmm waslga pelyriss i forgt pe
very active inhibitors of free radical polynerizations of unsaturated
monomer s sucat sisilasggiesnBut dramino-EEMPQipermitsipatymer ite foro at sigaificantly | i ke.

The present invention is based upon the discovery that 4-am no- TEMPO has
an unusual crsmmtreue‘s,sasiindiutembymkhérrslopédﬂ@p&ﬁeﬁﬂﬁdﬁnﬁ%&hﬁ&ﬁﬁa’z&ﬂﬂa a
test that sinmulates a manufacturing plant's |l oss of inhibitor feed to the

di stillatign THi¢ Riadvarthgtens inhasit fRViliek aodiondlBisie fof FnfdyingGOpRALUI&G per m t
the polyner to form at simlar rates. But 4-am no- TEMPO permts polyner to

format si 9n'sith&ﬁﬂltﬂexore%%éce)ﬁﬁﬁ§md%ﬁt 6%1%%;%9 fObned ih ﬁﬁ:ﬁ(ﬁﬁtllﬁl‘hﬁﬂ fraflf. 2

percent pol yner versus time cutve. s This 1s advantageous

inaccent abl e amounteisEaE Y %:&w@ea&w R 1o 7 Lot o iap ?fr{sﬁm?Q
articularly,, the resen I nventi directed to met hod for i nhibiting
he pr emat ur d9%BA imﬂﬁtw Ofnrﬁ&'rﬂ?nle%w?sm@&mv%wrmwy

conprising adding to said nononers an effective amount of an inhibitor
havi ng the staflﬁ’égg? 53id monomers an effective amount of an inhibitor having the structural

10 formula:

R ~R

1-

I™~_~1
N .

R, ¥ Ry

4

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 alkyl and heteroatom-substituted alkyl and the

7

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
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lo formula: RI_ ,R4 IN N.'0, 1 RRI1 R3 0* wherein Rl and R4 are

I ndependently selected fromthe group consisting of hydrogen, is alkyl, and

het er oat ot s jtuted al kyl and R2 and R3 are independe ted from

the gr oupwc%ﬁzliﬁ)i ng of al kyl and heteroatom substituted a @ﬁﬂéﬁ@ t he 20

portion represents the atons necessary to forma five-, six-, or y

seven- nenbered heterocyclic ring, at |east one of said atons being a

car bon at omcempsising adding toi sald mongnersran pffective amedantyof anrinkibitor lavingahe no

group. In a preferred enbodi nent, the present invention is directed to a

nmet hod for siradieral formglat he premature pol yneri zation of ethylenically

unsaturated nononers -8 WO 01/12750 PCT/ US00/ 21030 conprising adding to

sai d nononmers an effective amount of an inhibitor having the structural

formula R5% N6 S R R2 il R3 R4 whererRsR, and R4 are independently

sel ected fromthe group consisting of thydrogen, alkyl, and

het er oat om substituted al kyl, R2 and are independently selected from

t he group _consisting of al kyl and hdt erojt om substituted al kyl and Rs and

R are io’i ndependently selected fr group consi sting of hydrogen,

al kyl, aryl, and acyl . Fig. | » Fa
204 3

wherein R, and R, are independently Selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl, R, and R, are independently selected from
* the group consisting of alkyl and heteroatom-substituted alkyl and R, and R, are
10 independently selected from the group consisting of hydrogen, alkyl, aryl, and acyl.
It is 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 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:



It is nost preferred that the inhibitor be 4-amno-2, 2,6, 6-
tetranet hyl pi peridinyloxy (i.e., 4-am no-TEMPO). The effective anount of

t he nitrox nd is typically about | to 2,000 ppm b e

wei ght of &B%QW%M cal l y--unsaturated nononer, although gﬁﬂjg%h{bs
outside this range nmay be appropriate dependi ng upon the conditions of use.
The anobunt of the nitroxyl conpound is preferably about 5 to about 1,000
ppm based on the weight of the eni cally unsaturated nononer. In
anot her enbodi ment, the presen®iifivent hefais directed to a conposition
conprising: 20 (a) a ethyl enical hysyrsat urated nononer, and (b) an
effective inhibiting anount, to feuenRzpremature pol ynerization of the
et hyl eni cal | y unsaturated nononer, &% an inhibitor having the structural
formula: -9 WD 01112750 PCT/US00/21030 R2_ ,RA1°_. N." I R21 R3 O
wherein R and,R4.are independent | elected fr t he group. consi sting of
hydrogen, s mhmn?{zam%g F‘Hﬁ?ﬂ#@&?}bﬁﬁﬁs’?fé‘aﬁﬁwu&%ﬂ" "5&31@0&‘%
independentlyaﬁs’i ect gd from the aroup consi sting of al kyl and

het er oat om & uB%¥}.and betergatam-substityled;alior] and B, aad Ry arerindepsidantly seleetsd ffom ¢ o

forma five-, six-, or seven-nmenbered heterocyclic ring, at |east one of
sai d at oms bethegroupeansistingefoatkd abd heteraatam-sibshituted gdkylmary, secondary, or

tertiary am no group.

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 to a
composition comprising:

15 (2)  aethylenically unsaturated monomer, and

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

the ethylenically unsaturated monomer, of an inhibitor having the structural formula:
R R
5\N/ 6

1 4
R, ! R
20x 3

wherein wherein R, and R, are independently selected from the group consisting of
hydrogen, alkyl, and heteroatom-substituted alkyl, R, and R, are independently
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I n anot her preferred enbodi ment, the present invention is directed to a
conposition conprising: is (a) a ethylenically unsaturated nononer, and (b)
an effective inhibiting anount, to prevent premature polynerization of the
et hyl eni CWPIOY13TA& at ur at ed nononer, of an inhibitor havi nECTHE2EBAct ur al
formula: R5.N,' R6 20 RNR 2 R3 O wherein wherein R, and R4 are

I ndependently selected fromthe group consisting of hydrogen, alkyl, and

Lot 280 B  BsoF F Bi o SR g a0 12750
hete 02 O SUpR! s Al 200 o Ry RO RASAL, sl o

DESCRI PTI ON OF THE DRAWNG Figure | is a graph showing the slow rate of
pol yneri zat iaBha@f. conpositions of the present invention after the shutoff
of reboiler feed in a steady state dynamc testing system as conpared
with the rates provided by other species. In the figure, Ais

4-am no- TEMPO, B is 4-oxo-TEMPO, C is 4-hydroxy-TEMPO, and Dis io TEMPO
DESCRI PTI 6N OF THE PREFEBREIEFDESTRNAION OF THE DRAWING

Figure 1 is a graph showing the sloQ rate of polymerization 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 is 4-amino-TEMPO, B is 4-0xo-TEMPO, C is 4-hydroxy-TEMPO, and D is

10 TEMPO.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
As stated above, in one aspect, the present invention is directed to a method
for ihhibiﬁng the premature polymerization of ethylenically unsaturated monomers
15 comprising adding to said monomers an effective amount of 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 heteroatom-substituted alkyl and the
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As stated above, in one aspect, the present invention is directed to a
method for inhibiting the premature polynerization of ethylenically

unsat ur at edygRfy s is conprising adding to said nononer $cifseéARsd i Ve
anount of an inhibitor having the structural formula: R. / \ R4 | R NI

2°‘R3 0* 20 wherein R and R4 are independently selected fromthe group
consi sting of hydrogen, alkyl, and heteroatom substituted al kyl and R2 and

R3 are i ndepepeoktion rgpresehis cheatofns astesidry tgforopa fioas sixt,i orgevdn-mempérednd
het er oat om substituted al kyl and the -11 WD 01112750 PCT/ US00/ 21030

portion repr epéirobydlieding! aifeast Ve oF Mid atoins KEiAR 2 cdrbdiPatomSiubstitud with a
seven-menbered heterocyclic ring, at |least one of said atoms being a

§?238.“ Such f?ﬁg% SRy B&aﬁgﬁ@%‘ﬁﬁ"‘y%’r"éﬁerag'?*“‘%ge'%z%“’%% h?”t“‘)
el oyed |t REREY i ool %ﬁ%ﬁe}gsﬁeﬁﬁn s ﬁ‘*&%ff S Aot Pl

S_t ructural f or mul aTﬁia 1n§lb1tor emplgyed in th% practice o} the present invention preferably has

the structural formula

Rg_ N/Rs

1
10 R2

wherein R, and R, are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl, R, and R; are independently selected from
15 the group consisting of alkyl and heteroatom-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 (i.e.,
one having one to four carbon atoms, e.g., methyl, ethyl, propyl, butyl, and isomers

thereof).

-12 -



wherein RL and R are independently selected fromthe group consisting of
hydr ogen, al kyl, and heteroatom substituted alkyl, R2 and R3 are

i ndependently selected fromis the group consisting of alkyl and

het er oat SY@ 813330 t ut ed al kyl, and RS and R6 are indepen%‘é'ﬁpwné‘gpect ed
fromthe group consisting of hydrogen, alkyl, aryl, and acyl. Were R1,
R2, R3, or R4 are alkyl, they are preferably of 1 to 15 carbon atons (e.g.

nmet hyl , ethyl, I I l; : decyl ,
unde>c/yl doéecymﬁéilzdea?wl!t‘etra%égﬂsl}? é‘lr?d@ &'F,be 1 ’me'pEXJf gnd

i soners the of (e.g t = but K ere Rs
and/ or é‘l%g S, 68 ngerB' 8f3¥pg1gg ’tﬁ@?y ’ﬂ(@&&?ﬂ mﬁ%\%g Substip Vm e., one
havi ng one to four .carhon atons t , eth butyI and

i somers  t HMgigieptering su “6'158’1%858 M@Féﬁ’ée °¥Wé°r£‘dﬁg‘¥'é‘k&/ or R6 are
aryl, it is preferred that they be aryl of from6 to 10 carbon atons, e.g.,
phenyl or napht RYhereRsiasg/or Rq afrrfiyh,iibis prefesredythat they be aayleef the structure
non-interfering substituents, e.g., |lower al kyl groups, hal ogens, and the

like. Wwere R5 and/or R6 are acyl, itQ0is preferred that they be acyl of
the structure 5 0 ""KR7 where R7 is kyl, aryl, OR8i or NRgR9 and where
R and R are alkyl, aryl, or O 10 o where R10 is alkyl or aryl. Were
R7, Rg, R i or R10 are al kyl, they e ﬁ_}‘e_rably

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

)J\Rl

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

/]

-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 derivatives,
they can also be unsaturated piperidine derivatives of the formula:

20

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

-13-



alkyl of from1l to 15 carbon atons, nore preferably |ower alkyl of from1l
to 4 carbon atons, as described above. Were R7, R8, R9, or R30 are aryl,

they are , r bly aryl of from6 to 10 carbon atons, i bed
above. Thg‘vﬁﬂﬁiﬁﬁ‘?or is preferably 4-am no- TEMPO. Althougﬁ’i‘?ﬂ%%ﬁoe
structural formula indicates that the cyclic nitroxides enployed in the
practice of the present invention are saturated piperidine derivatives,

they can al so be ungaéyéiahRfbxiticd @mpityes irfl@ieipratiicy 88 hefpréht fPédfishdan 20 / ZI
R RR1 R3 R4 O wherein Z, is =C(NR5R6)-. -13 WD 01/12750

PCT/ US001210 erSokal A L oxi | oyed. iyl [
present i nveﬁtﬁf%ir;\bgan alfgdgn @g&ﬁ&é&% ﬁ%hpﬁ’g)gh%%gsrggﬁé\%ﬁg@p%n e?'?e
pyrrolidines. ounds are of the structure: /z 22-/Z33 S RL | NI
R RI1 R34 °fdgg\%ﬁ'ééi'gl{gg Z2 and Z3 are substituted or unsubstituted carbon
atons, provided that at least one of Z2 and Z3 is > CNRSR6. The ot her of
Z2 and Z3 can be the same or different zamd2gan be oxygen, nitrogen,
sul fur, > CH21 > CHCH31 > C=0, > C(CH3) %,

s Ry | 'n R,

R2oe 3

wherein Z,and Z, are substituted or unsubstituted carbon atoms, provided that at least -
one of Z, and Z, is >CNRR,. The other of Z,and Z, can be the same or different
and can be oxygen, nitrogen, sulfur, >CH,, >CHCH,;, >C=0, >C(CH,),,

1o >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN,
>CHCOOH, >CHCOOCH,, >CHCOOC,H;, >C(OH)COOC,H;,
>C(OH)COOCH;,, >C(OH)CHOHC,H;, >CNRsR; >CCONRR,, >CH=NOH,
>C=CH-C¢H;, 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:
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io > CHBr, > CHCl, > CH, > CHF, > CHOH, > CHCN, > C(CH)CN, > CHCOOH, >
CHCOOCH3, > CHCOOC2H5, > C(OH) COOC2H51 > C( OH) COOCH31 > C( OH) CHOHC2HG, >
CNR5R6. > , > CH=NOH, > C=CH C6H5, CF2, CCl21 i..and the
i ke, Memggﬁg R6 are as described above. is The c&?é’c"sﬂ'fl Bxi des
enployed in the practice of the present invention can also be derived from
pyrrolines and have the structure: /Z4 R N! R R21 R34 O 20 wherein
Z4 is =C(NR, RB)- where R5 and R6 are as degscribed above. .Anot her class of
cyclic nitroxides that can be enployed &p it practice of the present
invention is of the structure: -14 WQ gPCT/US00/ 21030 O0* R | R4

N R2 R3 72 -7Z3 s wherein Z2 and Z3 & as Mes®ribed above. As stated

above, R, and R4 are independently sele Ee_cL romthe group
2 “3

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

As stated above, R, and R, aré independently sclected 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

10 same or different and preferably contain 1 to 15 carbon atoms. It 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

20 distillation temperatures employed with the ethylenically unsaturated monomers that
are stabilized by the process of the presenf invention typically range from about 60°C
to about 180°C, preferably from about 70°C to about 165°C, and, more preferably,

~ from about 80°C to about 150°C. Such distillations are generally performed at an

absolute pressure in the range of about 10 to about 1,200 mm of Hg.
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consi sting of hydrogen, alkyl, and heteroatom substituted al kyl and R2 and

R3 are independently selected fromthe group consisting of alkyl and

het eroat om substituted alkyl. The alkyl (or heteroatomsubstituted alkyl)

groups R, tWPSH5R4 can be the io sanme or different and prRSTASMRI3oNt ain
| ‘to 15 carbon atons. It is nore preferred that R through R4 be | ower

al kyl (or heteroatomsubstituted |ower alkyl) of 1 to 4 carbon atons

(e.g., nethyl, ethyhe ethyRREhIly bﬂwmwmﬂbﬁeﬁ&ﬁépkm&ﬁewynt&%ﬁm of
het er oat om substltuents are present they can, for exanplé, include -

hal d that
i O9en,, 005 5 Bl 1 hE B i Sl Sy it s OF A o 1

conmpounds can u S [ S, Pat ent
Nurber s 3, 163" sé‘ﬁ%*’é@ﬁ%éﬂm%% %99%%33%?% gn%éaﬂﬁbﬁmg 1845, coz
3,873,564; 3,966,711; and 4,665, 185. ui tabl e for e over

wi de range of P f"(?? r ABgShoss, fponiggess H’p‘g?&f%'%"&tg PERSERE vmth
the ethylenically unsaturat ed nononers that are stabilized by the process
of the preséninventiengandhe lisiadi ciyrege, cxmgthylstyzenea isbirenesglfonic geidhout  180C,
preferably fromabout 70C to about 165C, and, nore preferably, from about
80C to about vHgoluths; Kiningbenzendsi polyviaylbemnem alkylatgbstyrenexcdivinylpyridine,
absol ute pressure in the range of about 10 to about 1,200 mmof Hg. -15 WO
01/ 12750 PCT/ bisPthedike30 The et hyl eni-cally unsaturated nononer, the
prenmature polynerization of which is an object of the present invention,
can be any such nogagehylfeRicaltufdaturatbs maﬂe&m'm&e /goee ElhtthB& Its

manuf act ure, storage, and/ or distributionis a prob nong t hose

monomer st hat jadelihitdf 86 thd preSeht bfifhe REAHIAE Sskialt) Q)vﬂ% ?ﬁeenqﬁmomers are

10 heated as in distillation, but they can be considered to be stabilized as long as there is

a measurable increase in the time for which they can be heated before the onset of
polymerization.
- 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,
e.g., a quinone derivative such as the mono-methyl-ether of hydroquinone disclosed
20 in European Patent Application 0 765 856 Al, and other inhibitors, e.g., phenolics
and certain inorganic salts, well-known to those skilled in the art.
The polymerization inhibitor can be introduced into the monomer to be
protected by any conventional method. It can be added as a concentrated solution in

suitable solvents just upstream from the point of desired application by any suitable
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5 invention can be listed: styrene, a-nethylstyrene, styrene sulfonic acid,
vi nyl t ol uene, divinylbenzenes pol yvi nyl benzenes, al kyl ated styrene,

2-vi nyl py and the |like. The ethylenically unsatu mers will
not necesg‘?rj‘? y Be stabilized indefinitely by the pr eseﬁ’g&ﬁ%?%ﬁ%
nitroxi de, especially when the nononers are io heated as in distillation,
but they can be considered to be stabilized as long as there is a

measur abl e | meansade aiditior)ah¢ inhibiton canibe injectel apparatelylintofthe distillatisharain t he
onset of polymerization. Those skilled in the art will understand that

addi ti onal f#esg withkidhcoitiay FRaC66th ,sepdratél efifry pointsiifovided theaslisian t he
stabilized conpositions and the methods for is preparing themthat are the

subj ect of t&fciehdistAbution\dTihé MRibitbR! SHveMelifhibRér is 8fadBal d@piecsh aﬁlixf%ed in
U. S. Patent Nunbers 5, 545, 782 and 5, 545, 786, can be adde as can

i §2‘?2?8 Cur F*ﬁ{""‘ﬁ*ﬂr‘%ﬁ@ghﬁc’k%?%%aﬁﬂ%”ﬁ “ﬁ% ﬁ'f'%@‘s‘?'@raﬁéffr anng%“ ‘Ef
nyar oqui noheotdne iRl I0BE iRl ankfraRt 3 aBling AR R AR oRERen” anc

ot her inhibitors, henollcs and certain inorganic sal s, well-known
to those ski%oMES] qf,tlhe(q]gﬂgpgn Pragessp hqding &‘&i‘?’bﬁ‘?"l “Fdo?“ EHPETAD 3 1t r oduced
into the nonomer to be protected by any conventional nethod. It can be
added as a casner@Hy continyoushasisios antexmittentlytin iprder 4o maintain the epncepseationam f r om
the point of desired application by any suitable -16 WD'01/12750

PCTI US00/ 21 Cedove theamigimum rexpiited feval. t he i nhi bitor can be injected
separately into the distillation train along with the incom ng feed, or

t hrough separ at e Hretadyantpen s (e dmpoigdht fdatirés 6fthé 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.
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efficient distribution of the inhibitor. Since the inhibitor is gradually
depleted during the distillation operation, it is generally necessary to
mai ntai n t%ﬁg@g@pri ate anount s of the inhibitor in the gifisdoagsoon
apparatus by addi ng additional anobunts during the course of the
di'stillation process. Adding inhibitor can be carried out either on a
general ly continuous basis or intermttently in order to maintain the
concent r at i orProedsture feshBynamicReboilexjliested | evel . The advantages and the

i nportant features of the present invention will be ,0 nore apparent from
the foll owi ng exanpgemtity-¥PhPFes&l Solutiorechntainibg inlibiterrblen@eisdhe desired st

wth. Feed . Shut-Of Preparation of Feed Solution. T-Butylcatechol (TBC) is
renoved fromdhespeRiaiedlak d ok tloMllighibitorte REyréne) iskidded td @ kéund-bondar flaskcuum
Renoval of TBC is verified by caustic titration. The desired anmount of

inhibitor i sc@%??g%nggn% gﬁﬁdﬁg%‘; ?@ﬁ‘?ﬁ”ﬁf@“ﬁi(ﬁﬁ%ﬂ%e@ hiYd Bfoupht tof | I St

maki ng a con on o Itor in" TBC-free styrene

]I;(Cjil'l'} 8288/ g%ogfﬁﬂlr’t %é@g .J.'ét'*‘g?’%]kgﬁg‘g’gs;lg@ﬁ?eﬁ [Fg{;?qmﬁﬁrant%“je 0 ér?'h% Feed

Sol ution containing inhibitor (hlend) at.the desired h tated as a
Wit total comBRGs srpm of frstied oluiRn it beayn gt » arie s A0 e e e £
"Pot") and heated to the desired tenperature (usually 116 C) and brought to
s reflux by oofjtheinitia} RohsolptianstethePoi-ever apetipd of ime callpd the pesidence ime ot

tenperature, a continuous streamof fresh Feed Solution is begun at a rate
that wi |l addtypieally®ineimur). At the same time that the fresh Feed Solution flow is begun,

=

the Bottoms Stream flow is also begun. The Bottoms Stream is solution in the Pot

10 that is removed at the same rate as the fresh Feed Solution is added. The equal flows
of Feed and Bottoms streams cause the quantity in the 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 periodically removed from the
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of the initial Pot solution to the Pot over a period of tine called the
residence tine (typically one hour). At the sanme tine that the fresh Feed
Sol uti on i.S. begun, the Bottons Streamflow is al so e Bottons
Stream i s&bg)\%%’?%n inthe Pot io that is renoved at the ggﬁgy&r?”az %‘nas t he
fresh Feed Solution is added. The equal flows of Feed and Bottons streans
cause the quantity in the Pot to remain constant over the tinme of the
exper | Ment 'y {ifpiedily QAR RORIruRRUThéR RIS AERALIY R fof polyieptontditi s~
procedure sinmulates the way inhibitors are used in a distillation train of-

a plant pr ?E‘HSL %Bx\éh&y:hrd?&{'yoﬁﬁfhlﬁﬁ Igr%tﬁ JRHRE HiBME iCEYl 1o p&ieraté ine “Feaav 1 n

and out of e 1s Pot for a-“spec period of time, typically seven

hours. Sanpl.es col,l d._hourly fromthe Bottons Stream These sanpl es
are anal yze&g\“éaffg%‘frﬁrﬁg@gﬂ%nt via the nethanol turbidity method. The

anount of polyner, in the sanples is jpdication of effectiveness of the
i nhi bi tor being ﬁe@%%%ﬁepﬁfoQEéﬂﬁF$¢83ﬂﬂsQ e ksf&“f":’ ogpgiyﬁg?end of the
Reboi l er Test Run (typically_ seven hours), a sapple is .callected fromthe
Bott oms Str Preduction eves sime) indicatas agpers eifeptiyepphipitiog systemn fiefyentol@ i ¢ es,
The flows of fresh Feed Solution and Bottons Stream are stopped. The
vacuum and fesspé feet in thegplantnolongerperind f sijehefore initiatiani oftsignifident | i ng at
the desired tenperature of the experinment. Sanples are periodically

removed fromolyifer fdrthatiéh (ldlsc2arbindicaliodSid Mbfxffecther inhibjtingosystes inthg y five
m nutes). These sanples are anal yzed for polyner content via the nethanol

turbidity neibReraRedsdf ediinthe plakt. tA Preférfedsysigmtwillgrane adorg deley pricred
Shut-Of Curve” for the run. Aless steep slope in the Feed Shut-Of Curve
(slover rat % ﬂ'ﬁti:ﬂﬁh%lymer formation followed by a slow rate of polymer production
10 once initiated.
The above procedure is carried out using 4-amino-TEMPO, 4-oxo-TEMPO,
4-hydroxy-TEMPO, 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.

1s The data for the graph of Figure 1 are shown in Table 1.
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S production over tine) indicates a nore effective inhibiting systemin the
event of a loss of feed in the plant. A longer period of tinme before
initiation lgpei ficant polynmer formation is also an in?h;ﬁs’ off a
nor e effect‘%gﬁlhﬁ Ibiting systemin the event of a loss o ?eeg I'n the
pkant. A preferred systemw || have a |long delay prior to initiation of
pol ymer formation followed by a slow rate of polyner production io once

initiated. Thg—above procedure 1 s carried out using 4-am no- TEMPG,
4- 0x0- TEMPO, | 4- hydr oxy- TEWPO, and TEMPERBIE X he i nhibitors. The result} are
shown in Figdre 1 and cl ediebpilenBpes obFiveDiffeprt Nitroxides hat is realizpd by
enpl oyi ng 4- dnmi no- TEMPO, as oppdd6iC+/Onediour Resadimei es of any of the ¢ther
three nitroxilde inhibitors. 15 The dd%Polymer)he graph of Figure 1 are
shown in Talél T._-19 01712750 PATTUSQD7 21039~ Table | Heboi | Rung of
Five Differbnt Nir(m" i deb 1Ond Hogo oB65 - 11 Maroo b330 YT dooopm) B} A B
C D (Hours) ¥168 5'24;} £ Oe}lpp.., )( 1%1 pp..,pa?f*c& pg.‘% pG@G B (C %50.46)03
0.0013 0.00038 O. 00025 B 0.00®37 0./0011 0. 00068 0.00m24 10 4 0. ®O04 0§0013
0. 001 0. 0002450000461 0. 0017 _0- 002 0. 0003 % U.UUUZY 0.P0T7 U. U0T7Z
0. 0004 2 0.0003 0.0013 0.00038 0.00025
3 0.00037 0.0011 0.00068 0.00024
10 4 0.0004 0.0013 0.001 0.00024
5 0.00046 0.0017 0.0012 0.0003
6 0.00049 0.0017 0.0012 0.0004
7 0.00052 0.0017 0.0012 0.00037
Time (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 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
2 45 1.17 3.85 3 2.3
50 1.28 4.25 3.2 3
A is 4-amino-TEMPO
B is 4-oxo-TEMPO
30 C is 4-hydroxy-TEMPO
D is TEMPO

F/SO is Feed Shut-Off
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7 0.00052 0.0017 0.0012 0.00037 Tine (mn: Is F/SO 000 0O 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. 20 0.108 0.65 0.123 0.0013 25 0.25 1.0 é@a 17 30
0.35 1. 38‘9%%2’?%80 545 35 0.44 2.12 1.68 1.27 40 0.69 3. écmgu 2“3&6 25 45
1.17 3.85 3 2.3 50 1.28 4.25 3.2 3 Ais 4-amno-TEMPO B i s 4-oxo- TEMPO 30

Cis 4-hydroxy-TEMPO Dis TEMPO F/SO is Feed Shut-Of -20 WO 01/12750

PCT/ US00/ 21030  hfvikwed¥ tRé mah@ chERBYs smdan@Rficaios IRCdahiveahadenwitlicaet can be
made wi t hout departing fromprincrples underlying the invention, reference.

shoul d be if FeREGICE SRE BE nfdlie koS COPE Of
t he prot ec?i%gﬁaril gg t@ﬁ'&qr?%&gée}'ﬂﬁqeﬁ}lﬂé Eﬂé ! '%nuaﬁ]’ ¢ e c
appended claims for an understanding of the scope of the protection to be afforded

the invention.

-21-



the invention. -21 WO 01/12750 PCTI USOQJ21030 CLAIMS What is clained is:
h! thi1ly h1211t it tultitiliff!l 1L MS s 1. A nethod for inhibiting the

premat ure prbyiRisgati on of a ethylenically unsaturated npggRIsoo/£esPr i Si ng
adding to said nononmer an effective anmount of an inhibitor having the
structural formula: RI-~ ~R4 N R2 1 R3 10 0* wherein R, and R4 are

I ndependently selected fromthe group consisting of hydrogen, alkyl, and
het er oat om substituted al kyl and R2 andCRAIMSe i ndependently sel ected from
the group consisting of al kyl and heteroatom substit kyl and the 1s

portion represents the atons necessary to forma five- x-,lror

i
seven-nenbered heterocyclic ring, at |east one of sai H’
‘thd sfruttural

carbon at om subgdtiid dhmskdikt h a primary, secondary, or
group. 20 2. The nethod of claim1 wherein the inhibitor has

formula -22 WO 01/12750 PCT/ US00/ 21030

s 1. A method for inhibiting the premature polymerization of a ethylenically
unsaturated monomer comprising adding to said monomer an effective amount of an

inhibitor having the structural formula:

10
wherein R, and R, are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R, and R, are independently selected from

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

; /)

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

20

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

-22 -



FEErrrrerrerererty trist 1t RB~NR6 * CLRNRR R I R34 O 3
wherein R, and R4 are independently selected fromthe group consisting of
hydr ogen, and heteroatom substituted alkyl, R2 a r
|ndependent y sef’ect ed from the group consisting of alk &5%8”%&.’0

het er oat om substituted al kyl, and R5 and R6 are independently selected
fromthe group consisting of hydrogen, alkyl, aryl, and aciI 10 3. The

met hod of claim2 wherein R3.is hydrogen. 4. The met h mﬁi\y lIIMel n
e

R6 is hydrogen. is 5. The fethod of @l n’)swhereln R
i ndependent|y sel ect ed ‘al'kyl groups. GN The net hod of cIa| réin’ RS
is hydrogen. . 20 7. The nethod of .claim6 wherein R6 is hydrogen. 8. The
met hod of claim6 wherein R, R2, R3, fandyR4 are all nethyl. 9. The nethod
of claim7 wherein R, R2, R3, and R4jare aII met hyl . -23 WD 01/12750
FErerer reeeer reerr reeer e rill R OO 21030 10. The nethod O
claim1 wherein the ethylenically uns%:g;&he nmononer is selected fromthe
group consisting of styrene, a-nmethylstyrene, styrene sulfonic acid,

vi nyl t ol uéne, divinyl benzenes, pol yvi nyl benzenes, al kyl ated styrene, and

wherein R, and R, are i'.ndependently selected from the g'ro_fbp consisting of hydrogen,

alkyl, and heteroatom-sgbsﬁtuted. alkyl, R, and R, are indépendenﬂy selected from

the group consisting of alkyl and heteroatpm-subétituted alkyl, and R; and R; are

independently selected from the groﬁp consisting of hydrogen, alkyl, aryl, and acyl.
10 |

3. The method of claim 2 wherein R; is hydrogen. - '
4. The method of claim 3 wf;’erein R, is hydrbgen.

15 5. . The method of claim 2 wherein R,, R,, R,, and R, are independently selected

. alkyl groups.
6. - The method of claim 5 wherein R; is hydrogen.
20 7. The method of claim 6 wherein R, is hydrogen.
8. The method of claim 6 wherein R,, R;, R;, and R, are all methyl.

9. The method of claim 7 wherein R,, R,, R,, and R, are all methyl.
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2-vinylpyridine. 5 11. The rret,_d,oi.ﬁ-m—m—i——Wa n the ethylenically
unsaturated nononer is styrene. ‘ f claim2 wherein thfa

et hyl eni cal urat ed nonone ! 13. The f claim9
wherein th Jvétoﬁfﬂ%gil cally unsatu \ omars | S‘ styrene. @(QD'%%OB

conposition conprising: (a) an ethylenically unsaturated nononer, and (b)
an effective inhibiting anount, to prevent premat ure polynerization of the

et hyl eni cal I'y mvsafm%am{ 1 umterémme%mgb hmtﬂﬁtédhﬁoﬁ&ﬁ&% ur al
farmula: R .(\ R4 201 N/I 21 rern and R4 are

ot of oat om suBSE L FE0" f*@*@%&ﬁﬁ%@?@%ﬁ%“ﬁﬁ@‘%ﬁ*ﬁ% st ggfgﬁfﬂfr om
w0 031 12750 poAnthlnS 6 ben s PEORED IR YRR sorehe, fnd s
2-vinylpyridine.

11.  The method of claim 1 wherein the ethylenically unsaturated monomer is

styrene.

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

10 styrene.

13.  The method of claim 9 wherein the ethylenically unsaturated monomer is

styrene.

15 14, A composition comprising:
(@) an 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:

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

-2 -



portion represents the atons necessary to forma five-, six-, or
seven-nenbered s heterocyclic ring, at |east one of said atons being a
carbon at ituted with a prinmary, secondary, or-t j i no
group. 15. é?‘%érrposi tion of claim 14 wherein the inhi b??yr[ﬁ?%zsle%mhe
structural formula R5.NR6 10 RZ R2 NR3 R4 O wherein RL and R4 are

i ndependent|y selected fromthe group consisting of "hydrogen, —atkyt;—and
het er oat om substituted al kyl, R2 and R are independe 1s
the group consisting of al kyl and het eroat™Nm subst i tutrlm"lﬁm,mmllumgnd &
are independently selected fromthe ¢group lconsisting df Kydtog®n,s alkyl,
aryl, and acyl . 16. The conposition of claim 15 wherein RS is hydrogen.

20 17. The conposition of claim16 wherein R6 is hydrogen. 18. The
conposition of claim15 wherein Rl, R2, R3, and R4 are independently

sel ected al kyl ..ar L le 11" Id L] I -y 0P I I B
Pc i usoonlOSéomﬁn %’@s%t's %%h%p@g%%%&gnf%’# ac vlgf’nﬁul'sbxl é'lrﬂ('al r?"hbréid S
hydrogen. 20. The _conposition of . claim19 wherein R6 is.hydraogen. 5 21.
The. compost ¢ RSFOBYCIE gy Atlsesh us of FdFaibmpbeings catpin aiom SyEHEIAl Ay = 5
The conposition of claim 20 wherein R* R2, R3, and R4 are all nethyl. 23.
The conposi t PBMaDy;, seqoadary 1o WHIANERMINCIZEOWP: hy| eni cal | y unsat ur at ed nonomer

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

R R
~ 6
SN/

Ry N R
R, 1 R,
o*

4

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

15 the group consisting of alkyl and heteroatom-substituted alkyl and R and R, are
independently selected from the group consisting of hydrogen, alkyl, aryl, and acyl .
16.  The composition of claim 15 wherein R; is hydrogen.

20 17.  The composition of claim 16 wherein R, is hydrogen.

18.  The composition of claim 15 wherein R,, R,, R;, and R, are independently

selected alkyl groups.

-25-



iois selected fromthe group consisting of styrene, a-nethylstyrene,
styrene sulfonic acid, vinyltoluene, divinyl'benzenes, polyvinylbenzenes,

al kyl at ed Qﬁdﬁﬁ 5 and 2-vinyl pya”mnﬁmmu'l nposi ti @E‘Tﬂfso&ilajdn 14
wherein the ethylenically unsatur s styrene. 25. The
conposi tion of claim 15 wherein t he' et hyI “enf'caf| y* unsat ur at ed nononer

styrene. 20 26. The conposition of claim?22 wherein the ethylenically
unsat ur at ed ngoneMhe icempositiemef claifi18 wherein R, is hydrogen.

15

20. The composition of claim 19 wherein Ry is hydrogen.

21.  The composition of claim 19 wherein R, R,, R;, and R, are all methyl.

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
is selected from the group consisting of styrene, e-methylstyrene, styrene sulfonic
acid, vinyltoluene, divinylbenzenes, polyvinylbenzenes, alkylated styrene, and

2-vinylpynidine.

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

is styrene.

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

is styrene.

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

is styrene.
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