
- 3 NOV 2004 NITROAROMATIC SOLUBILIZER FOR NITROXYLS IN AROMATIC SOLVENTS
BACKGROUND OF THE INVENTION  1. Field of the Invention The present
invention is directed to the use of at least one nitroaromatic  compound to
enhance the solubility of at least one nitroxyl compound in aromatic
hydrocarbon solvents. 2. Description of Related Art Many ethylenically
unsaturated monomers undesirably polymerize at various  stages of their
manufacture, processing, handling, storage, and use. A particularly
troublesome problem is equipment fouling caused by polymerization in the
purification stages of the production processes of such monomers.
Polymerization,  such as thermal 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  on the equipment being used in
the purification, the deposits of which must be  removed from time to time.
Additionally, the formation of soluble polymer leads to  loss of monomer,
i.e., a lower yield, and an increase in the viscosity of any tars that  may
be produced. The processing of the tars then requires higher temperature
and  work (energy cost) to remove residual monomer. Nitroxyls are very
efficient polymerization inhibitors for use in the purification  of vinyl
aromatic monomers. Many of these nitroxyls are solids at ambient
conditions. Dosing of a solid inhibitor into a monomer purification train,
usually a 



- i  -3 NOV 2004 continuous distillation process, is difficult and can be a
safety hazard, owing to the  easy plugging of solids dosing systems. The
solvents commonly used to add  inhibitors into a distillation train for
vinyl aromatics are the vinyl aromatic monomers  themselves or the
corresponding saturated vinyl compounds, i.e. styrene or  ethylbenzene, or
divinylbenzene or diethylbenzene. These solvents are highly  flammable and
potentially carcinogenic. Therefore, safety (and economic) concerns
require that the solutions be made as concentrated as possible in these
flammable  solvents. Unfortunately, many nitroxyls have very limited
solubilities in these  solvents. U.S. Patent Number 3,163,677 discloses
N,N,O-trisubstituted hydroxylamines  and N,N-disubstituted nitroxides of
the formulae: R R  C- R 3 R  IL N--O-C"R  R 3 



2 and R  I3  R -C N-O* 2 1 L R2 i 2 wherein R,, R2, and R3 are each an
alkyl radical having I to 15 carbon atoms. (As  used herein, the
designation N-O* denotes a stable free radical wherein the asterisk is  an
unpaired electron.) The N,N,O-trisubstituted hydroxylamines can be used to
make  the N,N-disubstituted nitroxides, which are stable free radicals and
are said to be  useful as polymerization inhibitors. U.S. Patent Number
3,334,103 discloses that nitroxides can be prepared from  the corresponding
heterocyclic amine wherein the nitrogen atom of the nitroxide  group is
attached to other than a tertiary carbon of an aliphatic group (i.e., the
nitrogen 2 -3 NOV 2004 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. U.S.
Patent Number 3,372,182 discloses that a great variety of N,N-
disubstituted, stable, free radical nitroxides not otherwise readily
available can be  prepared by a simple and convenient process that
comprises pyrolyzing in an inert  



reaction medium virtually any hydroxylamine that is susceptible to cleavage
of the 0- C bond, e.g., tri-t-butylhydroxylamine. U.K. Patent Number
1.127,127 discloses that acrylic acid can be stabilized  against
polymerization by the addition thereto of a nitroxide having the essential
skeletal structure: o* I.N.I3  R -C C-R 21 1 wherein R,, R2, R3, and R4 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 R4 or nitrogen can also form part of a ring (e.g.,
2,2,6,6  tetramethyl-4-hydroxy-piperidine- l -oxyl). U.S. Patent Number
3,422,144 discloses stable, free radical nitroxides of the  formula: 3 -3
NOV 2004 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  radicals both in the counting of
free radicals and for inhibiting oxidation and free  radical
polymerization. U.S. Patent Number 3,494,930 discloses free radicals of the
nitroxide type for  



use as initiators of free radical reactions, collectors of free radicals,
polymerization  inhibitors or antioxidants. They are constituted by
nitrogenous bicyclic compounds in  which one of the bridges comprises
solely the nitroxide radical group and, in  particular, by
aza-9-bicyclo(3,3,I)nonanone-3-oxyl-9, and by aza-9- bicyclo(3,3,1)nonane
oxyl-9. U.S. Patent Number 3,873,564 discloses compounds and a method for
assaying enzymes by adding to a medium containing an enzyme a stable free
radical  compound having a stable free radical functionality which, when
subjected to an  enzyme-catalyzed reaction, changes the environment of the
free radical functionality.  By following the change in the electron spin
resonance spectrum as affected by the  change in environment, the type of
enzyme and the activity of the enzyme can be  determined. The compounds
found useful are normally stable nitroxide radicals with  an enzyme labile
functionality. Other compounds include two cyclic nitroxide  containing
rings joined by a chain having an enzyme labile functionality. U.S. Patent
Number 3,966,711 teaches that 2,2,7,7-tetraalkyl- and 2,7-
dispiroalkylene-5-oxo-1,4-diazacycloheptanes substituted in the 4-position
by mono- or tetravalent radicals are powerful light-stabilizers for organic
polymers. They are -4 - 3 NOV 2004 said to possess higher compatibility
than their 4-unsubstituted homologues, from  which they can be synthesized
by reactions known for N-alkylation. Preferred  substituents in the
4-position are alkyl, alkylene, alkenyl, aralkyl, and esteralkyl  groups.
The I -nitroxyls derived from the imidazolidines by oxidation with hydrogen



peroxide or percarboxylic acids are also said to be good light stabilizers.
U.S. Patent Number 4,182,658 discloses a method for preventing the
polymerization of a readily polymerizable vinyl aromatic compound during
distillation  at elevated temperatures within a distillation apparatus that
is subject to an emergency  condition, such as a power outage. This method
comprises force-feeding a supplemental polymerization inhibitor having a
high solubility in the vinyl aromatic  compound and a long duration of
efficiency into each of the distillation vessels of a  conventional
distillation apparatus in an amount sufficient to prevent polymerization
therein. U.S. Patent Number 4,664,845 discloses compositions, comprised of
a  dinitrophenol in an aromatic hydrocarbon solvent, which compositions
further  comprise a sufficient amount of a phenylenediamine such that a
greater amount of  dinitrophenol is in solution than would be present in
solution if such  phenylenediamine were not present, that exhibit
unexpectedly desirable low  temperature stability, and may be diluted with
additional solvent to be employed as  polymerization inhibitors for vinyl
aromatic compounds. U.S. Patent Number 4,665,185 discloses a process for
the efficient preparation  of nitroxyls of sterically hindered amines by
the oxidation of the amine using a - 5  - 3 NOV 2004 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, is very effectively inhibited during
distillation or  purification by the presence of at least one stable
nitroxyl compound together with at  least one aromatic nitro compound. U.S.
Patent Numbers 5,545,782 and 5,545,786 disclose that nitroxyl inhibitors
in combination with some oxygen reduce the premature polymerization of
vinyl  aromatic monomers during the manufacturing processes for such
monomers. Even  small quantities of air used in combination with the
nitroxyl inhibitors are said to  result in vastly prolonged inhibition
times for the monomers. U.S. Patent Number 5,711,767 discloses that the use
of nitroxide compounds  alone or in combination with aromatic amines, such
as substituted phenylenediamines,  or phenolic antioxidants provides an
effective way to prevent oxidative degradation  and gum formation in
gasolines. U.S. Patent Number 5,910,232 teaches that inhibition performance
in styrene processing is improved through the addition of a stable
nitroxide free radical  compound to the styrene feed and to the reflux of
at least one column. A non-toxic  retarder, such as phenylenediamine, may
also optionally be added to the styrene feed  and to the reflux. European
Patent Application 0 178 168 A2 discloses a method for inhibiting  the
polymerization of an a,p-ethylenically unsaturated monocarboxylic acid
during its  recovery by distillation by using a nitroxide free radical. -6
- 3 NOV 2004 European Patent Application 0 765 856 Al discloses a
stabilized acrylic acid  



composition in which the polymerization of the acrylic acid is inhibited
during the  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, transport, and
storage, components (b) and (c) are present in a polymerization-inhibiting
amount.  During the distillation process, oxygen (d) is preferably added
with components (b)  and (c). WO 97/46504 concerns substance mixtures
containing: (A) monomers  containing vinyl groups; and (B) an active amount
of a mixture which inhibits  premature polymerization of the monomers
containing vinyl groups during their  purification or distillation and
contains: (i) between 0.05 and 4.5 wt %, relative to the  total mixture
(B), of at least one N-oxyl compound of a secondary amine which has no
hydrogen atom at the a-C atoms; and (ii) between 99.95 and 95.5 wt %
relative to the  total mixture (B), of at least one nitro compound. The
publication also discloses a  process for inhibiting the premature
polymerization of monomers, and the use of  mixture (B) for inhibiting the
premature polymerization of monomers. WO 98/14416 discloses that the
polymerization of vinyl aromatic monomers  such as styrene is inhibited by
the addition of a composition of a stable hindered  nitroxyl radical and an
oxime compound. 7 - 3 NOV 2004 



WO 98/25872 concerns substance mixtures containing: (A) compounds
containing vinyl groups; (B) an active amount of a mixture which inhibits
premature  polymerization of the compounds containing vinyl groups and
contains: (i) at least one  N-oxyl compound of a secondary amine which does
not carry any hydrogen atoms on  the a-carbon atoms; and (ii) at least one
iron compound; (C) optionally nitro  compounds; and (D) optionally
co-stabilizers. The publication also discloses a  process for inhibiting
the premature polymerization of compounds (A) containing  vinyl groups, and
the use of (B) optionally mixed with nitro compounds (C) and/or co-
stabilizers (D) for inhibiting the premature polymerization of radically
polymerizable  compounds and stabilizing organic materials against the
harmful effect of radicals. WO 99/20584 discloses that polymerization can
be inhibited during the  anaerobic production of styrene through the
addition of a combination of a stable  nitroxide free radical compound and
a non-toxic phenylenediamine compound. CS-260755 B1 is directed to the
preparation of 4-substituted-2,2,6,6- tetramethylpiperidine nitroxyls as
olefin stabilizers. SU-334845 Al is directed to the inhibition of the
radical polymerization of  oligoester acrylates using iminoxyl radical
inhibitors of a given formula.  SU-478838 is directed to the inhibition of
the radical polymerization of oligoester acrylates and the prevention of
oligomeric peroxides using a binary  polymerization inhibitor comprising
quinone. FR 2,761,060 relates to the prevention of premature polymerization
of styrene  during its production by dehydrogenation of ethylbenzene by
injecting into the process  effluent a radical inhibitor based on an
oxyl-tetramethylpiperidine derivative. 



-8 - 3 NOV 2004 WO 98/25872 concerns substance mixtures containing: (A)
compounds  containing vinyl groups; (B) an active amount of a mixture which
inhibits premature  polymerization of the compounds containing vinyl groups
and contains: (i) at least one  N-oxyl compound of a secondary amine which
does not carry any hydrogen atoms on  the a-carbon atoms; and (ii) at least
one iron compound; (C) optionally nitro  compounds; and (D) optionally
co-stabilizers. The publication also discloses a  process for inhibiting
the premature polymerization of compounds (A) containing  vinyl groups, and
the use of (B) optionally mixed with nitro compounds (C) and/or co-
stabilizers (D) for inhibiting the premature polymerization of radically
polymerizable  compounds and stabilizing organic materials against the
harmful effect of radicals. WO 99/20584 discloses that polymerization can
be inhibited during the  anaerobic production of styrene through the
addition of a combination of a stable  nitroxide free radical compound and
a non-toxic phenylenediamine compound. CS-260755 B I is directed to the
preparation of 4-substituted-2,2,6,6- tetramethylpiperi dine nitroxyls as
olefin stabilizers. SU-334845 Al is directed to the inhibition of the
radical polymerization of  oligoester acrylates using iminoxyl radical
inhibitors of a given formula.  SU-478838 is directed to the inhibition of
the radical polymerization of oligoester acrylates and the prevention of
oligomeric peroxides using a binary  polymerization inhibitor comprising
quinone. FR 2,761,060 relates to the prevention of premature polymerization
of styrene  



during its production by dehydrogenation of ethylbenzene by injecting into
the process  effluent a radical inhibitor based on an
oxyl-tetramethylpiperidine derivative. -8 - 3 NOV 2004 The foregoing are
incorporated herein by reference in their entirety. SUMMARY OF THE
INVENTION As used herein, the abbreviation TEMPO stands for
2,2,6,6-tetramethyl- I - piperidinyloxy. Thus, 4-amino-TEMPO is
4-amino-2,2,6,6-tetramethyl-l- piperidinyloxy; 4-hydroxy-TEMPO is
4-hydroxy-2,2,6,6-tetramethyl-I -piperidinyloxy  (also known in the art as
HTEMPO); 4-oxo-TEMPO is 4-oxo-2,2,6,6-tetramethyl-l- piperidinyloxy; and so
on. Nitroaromatics and nitroxyls are known polymerization inhibitors. Since
nitroxyls are considered true inhibitors, they are often used with
nitrophenol  compounds (retarders) to provide protection in the case of
failure in the inhibitor feed  system of a monomer manufacturing plant. It
has now been found that the addition of a nitroaromatic to a nitroxyl
compound in an aromatic hydrocarbon solvent enhances the solubility of the
nitroxyl  in the aromatic solvent, enabling production and shipment of a
more concentrated  solution of the nitroxyl in the aromatic solvent. The
nitroaromatic is also a known  polymerization inhibitor, and as such, is a
useful additive to the purification train as  well. Thus the blend of
nitroaromatic/nitroxyl/aromatic solvent can be added directly  to the
purification train of the vinyl aromatic monomer, or the blend can be
further  diluted to enable better control of dosing of the inhibiting
system. 



More particularly, the present invention is directed to a method for
increasing  the solubility of an compound having the structural formula -9
NOV 2004 (1) x x  I 1 1 2 R Cl~ "C-R,  R R 3 R  0* 125 in an aromatic
hydrocarbon solvent  comprising adding to said R, solvent a nitroaromatic
having the structure: 11 wherein R25, R26, R21,R2., R2.1 and R,(,, are
independently selected from the group  consisting of hydrogen, alkyl, aryl,
cycloalkyl, heterocyclic, substituted alkyl,  substituted aryl, OR,,, NRI
R,,, SRI 1, N02, NO, CN, COR, , COOR, , CONRI , R121  NR, , COR,,, halogen
(as used herein, halogen includes fluorine, chlorine, bromine,  and
iodine), and/or any two adjacent groups can be taken together to form ring
structure(s) of five to seven members, provided that at least one of R25,
R267 R275 R285  R29, and R30is N02, and R,, and R,, are independently
selected from the group  



consisting of hydrogen, alkyl, aryl, benzyl, cyclic, heterocyclic, and
substituted allcyl  or aryl where the substituents are C, 05 N, S, or P, or
R,, and R12 can be taken together  to form a ring structure of five to
seven members. Nitroaromatic compounds useful in - 10 - 3 Nov 2004 the
practice of the present invention have been described in U.S. Patent No.
5,254,760. In formula (I), R, and R4 are independently selected from the
group consisting  of hydrogen, alkyl, and heteroatom-substituted alkyl and
R2 and R3 are independently  selected from the group consisting of alkyl
and heteroatom-substituted alkyl; and X,  and X2 (1) are independently
selected from the group consisting of halogen, cyano,  COOR7, -S-COR7,
-OCOR7, (wherein R7 is alkyl or aryl), amido, -S-C61-15, carbonyl,
alkenyl, or alkyl of I to 15 carbon atoms, or (2) taken together, form a
ring structure  with the nitrogen, preferably of five, six, or seven
members. The present invention is directed preferably to a method for
increasing the  solubility of a compound having the structural formula: 0*
15 wherein R, and R4 are independently selected from the group consisting
of hydrogen,  alkyl, and heteroatom-substituted alkyl and R2 and R3 are
independently selected from  the group consisting of alkyl and
heteroatom-substituted alkyl, and the portion represents the atoms
necessary to form a five-, six-, or seven-membered heterocyclic ring, - II



-3NOV2004 in an aromatic hydrocarbon solvent comprising adding to said
solvent a nitroaromatic having the structure: 11 wherein Res, R26, R27,
R26, R29, and R30, are independently selected from the group  consisting of
hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted alkyl,
substituted aryl, OR,1, NR"R12, SRI 1) NO2, NO, CN, COR,,, COOR,I, CON R 1,
R12,  NR"COR12, halogen (as used herein, halogen includes fluorine,
chlorine, bromine,  and iodine), and/or any two adjacent groups can be
taken together to form ring  structure(s) of five to seven members,
provided that at least one of R25, R26, R27, R28,  R29, and R30 is NO2, and
R, 1 and R12 are independently selected from the group  consisting of
hydrogen, alkyl, aryl, benzyl, cyclic, heterocyclic, and substituted alkyl
or aryl where the substituents are C, 0, N, S, or P, or R" and R12 can be
taken together  to form a ring structure of five to seven members. The
atoms necessary to complete the rings referred to above are preferably
carbon atoms, but heteroatoms, such as 0, N, P, or S, may also be present.
DESCRIPTION OF THE PREFERRED EMBODIMENTS As stated above, in one preferred
aspect, the present invention is directed to a  method for increasing the
solubility of a compound having the structural formula:  -12 - 3 Nov 2004
o* wherein R, and R4 are independently selected from the group consisting
of hydrogen,  



alkyl, and heteroatom-substituted alkyl and R2 and R3 are independently
selected from  the group consisting of alkyl and heteroatom-substituted
alkyl, and the portion represents the atoms necessary to form a five-,
six-, or seven-membered  heterocyclic ring, in an aromatic hydrocarbon
solvent comprising adding to said solvent a nitroaromatic  having the
structure: II Res wherein R25, R26, RZ7, R28, R29, and R30, are
independently selected from the group  consisting of hydrogen, alkyl, aryl,
cycloalkyl, heterocyclic, substituted alkyl,  substituted aryl, OR,,,
NRI,R12, SRI 1, NO2, NO, CN, COR,1, COOR, 1, CONR11R12,  NR"COR,,, halogen
(as used herein, halogen includes fluorine, chlorine, bromine,  and
iodine), and/or any two adjacent groups can be taken together to form ring
- 13  `3 NOV 2004 structure(s) of five to seven members, provided that at
least one of R25, R26, R27, R28,  R29, and R30 is NO2, and R" and R,2 are
independently selected from the group  consisting of hydrogen, alkyl, aryl,
benzyl, cyclic, heterocyclic, and substituted alkyl  or aryl where the
substituents are C, 0, N, S, or P, or R" and R12 can be taken together  to
form a ring structure of five to seven members. Accordingly, one of the
several classes of cyclic nitroxides that can be  employed in the practice
of the present invention can be represented by the following  structural
formula: 



R1 I -N I -R4  R2 I R3 0* wherein R,, R2, R3, and R4 are as described above
and Z,, Z2, and Z3 are  independently selected from the group consisting of
oxygen, sulfur, secondary amines,  tertiary amines, phosphorus of various
oxidation states, and substituted or  unsubstituted carbon atoms, such as
>CH21 >CHCH31 >C=O, >C(CH3)z, >CHBr,  >CHCI, >CHI, >CHF, >CHOH, >CHCN,
>C(OH)CN, >CHCOOH, >CHCOOCH3, >CHCOOC2H5, >C(OH)COOC2H51>C(OH)COOCH3,
>C(OH)CHOHC2H5, >CNR5R6,>CCONR5R6, >C=NOH, >C=CH-C6H5, >CF2, >CC12, >CBr2,
>C121  >CPR,3R14R15, and the like, where R5 and R6 are independently
selected from the  group consisting of hydrogen, alkyl, aryl, and acyl and
R,,, R,4, and R, , are  independently selected from the group consisting of
enshared electrons, alkyl, aryl,  =0, OR16, and NR1,R18, where R,6, RE7 and
R18 are independently selected from the -14 - 3 Nov 2004 group consisting
of hydrogen, alkyl, and aryl . Where R5 and/or R6 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). Where R5
and/or R6 are aryl, it is preferred that they be aryl of from 6 to 10
carbon atoms, e.g., phenyl or naphthyl, which, in addition, may be
substituted with  non-interfering substituents, e.g., lower alkyl groups,
halogens, and the like. Where R5 and/or R6 are acyl, it is preferred that
they be acyl of the structure 



0 R19 where R19 is alkyl, aryl, OR20, or NR20R21 and where R20 and Ru are
alkyl, aryl, or  0 ""K P-22 where R22 is alkyl or aryl. Where R19, R20,
R23, or R22 are alkyl, they are preferably  alkyl of from 1 to 15 carbon
atoms, more preferably lower alkyl of from l to 4 carbon  atoms, as
described above. Where R19, R20, R21, or R22 are aryl, they are preferably
ary I of from 6 to 10 carbon atoms, as described above. Another of the
several classes of cyclic nitroxides that can be employed in the  practice
of the present invention can be represented by the following structural
fonnula: - 3 NOV 2004 R1 N O* R4 wherein R,, R,, R3, and R4 are as
described above and Z, and Z2, which may be the  same or different, are
nitrogen or substituted or unsubstituted carbon atoms, such as  =C(H)-,
=C(CH3)-, =C(COOH)-, =C(COOCH3)-, =C(COOC2H5)- =C(OH)-, =C(CN)-,
=C(NR,R6)- =C(CONR5R6)-, and the like, and where Z3, R5, and R6 are as
described  above. The cyclic nitroxides employed in the practice of the
present invention can 



also be derived from five-membered rings. These compounds are of the
structure:  Z Z3 Ri N 0* R4 wherein R,, R2, R3, and R4 are as described
above and Z2 and Z3, which may be the  same or different, are sulfur,
oxygen, primary amines, secondary amines, phosphorus  of various oxidation
states, or substituted or unsubstituted carbon atoms, such as,  >CH2,
>CHCH3, >C=O, >C(CH3)2, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN,  >C(OH)CN,
>CHCOOH, >CHCOOCH3, >CHCOOC2H51 >C(OH)COOC2H5,  >C(OH)COOCH3,
>C(OH)CHOHC2H5, >C(NR5R6)- >C(CONRSR6)-, >C=NOH, -16 - 3 NOV 2004 D-0007-PA
>C=CH-C6H5, >CF21 >CC12, >CBr2, >C17, >CPR,3R,4R,5, and the like, wherein
the  several R groups are as described above. The cyclic nitroxides
employed in the practice of the present invention can  also have the
structure: Z, Z5 N 0* wherein R,, R2, R3, and R4 are as described above and
Z4 and Z5, which can be the  



same or different, can be nitrogen or a substituted or unsubstituted carbon
atom, such  as =C(H)-, =C(CH3)., =C(COOH)-, =C(COOCH3)-, =C(COOC,H5)-
=C(OH)-,  =C(CN)-, =C(NR5R6)- =C(CONR5R6)-, and the like, where RS and R6
are as described  above. Another class of cyclic nitroxides that can be
employed in the practice of the present invention is of the structure: z -z
2 3 wherein R,, R2, R3, and R4 are as described above and Z2 and Z3, which
may be the  same or different, are sulfur, oxygen, primary amines,
secondary amines, or  substituted or unsubstituted carbon atoms, such as,
>CH2, >CHCH3, >C=O,  >C(CH3),, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN,
>C(OH)CN, -17 - 3 N O V 2004 >CHCOOH, >CHCOOCH3, >CHCOOC2H5, >C(OH)COOC2H5,
>C(OH)COOCH3,  >C(OH)CHOHC2H51 >C(NR5R6)- >C(CONR5R6)-, >C=NOH, >C=CH-C6H5,
>CF2,  >CC12, >CBr2, >CI2, and the like, where R5 and R6 are as described
above. Further, two or more nitroxyl groups can be present in the same
molecule, for  example, by being linked through one or more of the Z-type
moieties by a linking  group E, as disclosed in U.S. Patent Number
5,254,760, which is incorporated herein  by reference. As stated above, R,
and R4 are independently selected from the group  consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and RZ and R. are  



independently selected from the group consisting of alkyl and
heteroatom-substituted  alkyl. The alkyl (or heteroatom-substituted alkyl)
groups R, through R. can be the  same or different and preferably contain 1
to 15 carbon atoms, e.g., methyl, ethyl,  propyl, butyl, pentyl, hexyl,
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,  tetradecyl,
pentadecyl, and the like, and isomers thereof, e.g., t-butyl, 2-ethylhexyl,
and the like. It is more preferred that R, through R4 be independently
selected lower  alkyl (or heteroatom-substituted lower alkyl) of one to
four carbon atoms (e.g.,  methyl, ethyl, propyl, butyl, and isomers
thereof). Where heteroatom substituents are  present, they can, for
example, include halogen, oxygen, sulfur, nitrogen, and the like.  It is
most preferred that all of R, through R4 be methyl. Examples of suitable
nitroxide free radical compounds that can be used in  combination with the
nitroaromatic compounds in the practice of the present  invention, include,
but are not limited to: N,N-di-tert-butyl nitroxide; -18 D-0007-PA
N,N-di-tert-amylnitroxide;  N-tert-butyl-2-methyl-l-phenyl-propylnitroxide;
N-tert-butyl- l -diethylphosphono-2,2-dimethylpropylnitroxide;
2,2,6,6-tetramethyl-piperidinyloxy;
4-amino-2,2,6,6-tetramethyl-piperidinyloxy;
4-hydroxy-2,2,6,6-tetramethyl-pipe ridinyloxy;
4-oxo-2,2,6,6-tetramethyl-piperidinyloxy;  



4-dimethylamino-2,2,6,6-tetramethyl-piperid1 nyloxy;  4-ethanoy
loxy-2,2,6,6-tetramethyl-piperidinyloxy;
2,2,5,5-tetramethylpyrrolidinyloxy;
3-amino-2,2,5,5-tetramethylpyrrolidinyloxy;  2, 2, 4, 4-tetramethyl - I
-oxa-3 -azacyc lopenty I -3 -oxy ;  2,2,4,4-tetramethyl- l
-oxa-3-pyrrolinyl-l -oxy-3-carboxylic acid;
2,2,3,3,5,5,6,6-octamethyl-1,4-diazacyclohexyl-I ,4-dioxy;
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
4-chloro-2,2,6,6-tetramethyl-piperidinyloxy;
4-iodo-2,2,6,6-tetramethyl-piperidinyloxy;
4-fluoro-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy;
4-carboxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbomethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy; - 19
4-methyl-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;  4-hydroxy-4-(l
-Iiydroxypropyl)-2,2,6,6-tetramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl- 1,2,5,6-tetrahydropyridine -I -oxyl;
4-carboxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -I -oxyl;
4-cairbomethoxy-2,2,6,6-tetramethyl- 1,2,5,6-tetrahydropyridine -I -oxyl;  



4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl; 4 -am
i no-2,2,6,6 -tetrame thy I - 1,2,5,6-tetrahyd ropyrid i ne -1-oxyl;
4-amido-2,2,6,6-tetramethy I- 1,2,5,6-tetraliydropy rid in e -I -oxyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4-benzylldlne-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,3,3,5,5-hexamethylpyr-roildinyloxy-,  3 -carboximi do-2,2,5,5
-tetramethylpyrro lid i ny loxy;
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy;
3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-cyano-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy;
3-carbethoxy-3-hydroxy-2,2,5,5-tetramethyipyrrolidinyloxy;
2,2,5,5-tetramethyl-3-carboxamido-2,5-dlhydropyrrole- I -oxyl;
2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole-l-oxyl;
2,2,5,5-tetramethyl-'J-carbethoxy-2,5-dihydropyrrole- I -oxyl; -20
2,2,5,5-tetramethyl-3-cyano-2,5-dihydropyrrole-I -oxyl;  bis(I -oxyl
-2,2,6,6-tetramethylpi peri din -4 -yl)s ucc in ate;  bis(l
-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipate;  bis(I -oxy
1-2,2,6,6-tetramethy 1piperi d in-4-y 1) sebac ate; bis(I
-oxyl-2,2,6,6-tetramethylp'tperidin-4-yl)n-butylmalonate;  



bis( 1 - oxy 1-2,2,6,6-tetrame thy I p i pe nid in-4 -y I)p hthal ate;
bis(I -oxyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate;  bis(I
-oxyl-2,2,6,6-tetrametliylpiperidin-4-yl)terephthalate; bis(l
-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydrotereplitlialate;
N,N'-bis(I-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipanlide;  N-(l
-oxyl-2,2,6,6-tetramethylpiperidin-4-yi)-caprolactam; N-(I
-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;
2,4,6-tris-[N-butyl-N-(l
-oxyl-2,2,6,6-tetramethylpiperldin-4-yi)]-s-triazine;  4,4'- ethyl enebis(
I -oxy 1-2,2,6,6-tetrarnethy lpiperazin- 3 -one); and the like. It is
preferred that the nitroxyl employed in the practice of the present
invention be 4-amino-2,2,6,6-letramethyl-piperidinytoxy (4-amino-TEMPO),
4-oxo- 2,2,6,6-tetrarnethylpiperidinyloxy (4-oxo-TEMPO), 4-hydroxy-2,2,6,6-
tetramethylpiperidinyloxy (4-hydroxy-TEMPO), and/or 2,2,6,6-tetramethyl-
piperldinyloxy (TEMPO). Such stable nitroxide free radical compounds can be
prepared by known  methods. (See, for example, U.S. Patent Numbers
3,163,677; 3,334,103; 3,372,182; -21  -3 NOV 2004 3,422,144; 3,494,930;
3,502,692; 3,873,564; 3,966,711; and 4,665,185; which are incorporated
herein by reference.) The nitroaromatics that may be employed are compounds
having the structure: 11 



R7t wherein R25, R26, R27, R28, R29, and R30, are independently selected
from the group  consisting of hydrogen, alkyl, aryl, cycloalkyl,
heterocyclic, substituted alkyl,  substituted aryl, OR11, NR,,R12, SRI j,
NO2, NO, CN, COR,,, COOR11, CONR"R12,  NR,,COR,Z, halogen (as used herein,
halogen includes fluorine, chlorine, bromine,  and iodine), and/or any two
adjacent groups can be taken together to form ring  structure(s) of five to
seven members, provided that at least one of R25, R26, R27) R28,  R29, and
R30 is NO2, and R" and R12 are independently selected from the group
consisting of hydrogen, alkyl, aryl, benzyl, cyclic, heterocyclic, and
substituted alkyl  or aryl where the substituents are C, 0, N, S, or P, or
R11 and R12 can be taken together  to form a ring structure of five to
seven members. Preferably, the nitroaromatic contains at least one alkyl
group. Such alkyl  groups contain from I to 8 carbon atoms, such as methyl,
ethyl, propyl, butyl, pentyl,  hexyl, heptyl, octyl, and isomers thereof,
e.g., sec-butyl, t-butyl, 2-ethylhexyl, and the -22 -3 NOV 2004 like. More
preferably, the alkyl group is a lower alkyl of from 1 to 4 carbon atoms.
Preferably, the nitroaromatic is selected from the group consisting of.
2,6-dinitro-4- methylphenol; 2,4-dinitro-6-methylphenol; 2,4-dinitrophenol;
2,4-dinitro-6-sec- butylphenol; 2,6-dinitro-4-sec-butylphenol,
2,4-dinitro-6-sec-butylphenol, 4,6-dinitro- 2-sec-butylphenol;
1,3-dinitrobenzene; I,4-dinitrobenzene; 2-nitro-4-methylphenol;
2,4-dinitronaphtho1; 2,4-dinitrochlorobenzene; and 4-cyano-2-nitrophenol;
and the  like. 



The aromatic hydrocarbon solvent that is employed in the practice of the
present invention may be any liquid aromatic hydrocarbon in which the
nitroaromatic  compound(s) are soluble or miscible. Illustrative of such
solvents are benzene,  toluene, xylene, ethylbenzene, diethylbenzene,
styrene, vinyltoluene, divinylbenzene,  alpha-methylstyrene and other
alkylated styrenes or alkyl-benzenes, all of which  materials are
commercially available. While the most preferred solvent will vary with the
particular application in  which the nitroxyl composition is to be
employed, typically the vinyl aromatic  monomer to be stabilized and its
hydrogenated precursor are the preferred solvents for  such applications.
Thus, for the stabilization of styrene, ethylbenzene and styrene  itself
are the preferred solvents. Similarly for the stabilization of
alpha-methylstyrene,  isopropyl benzene and alpha-methyistyrene are the
preferred solvents. Typically, the weight ratio of nitroaromatic compound
to aromatic  hydrocarbon solvent is at least about 1:10. Preferably such
ratio is between about 1:4  and about 2:1, although, as will be recognized
by one skilled in the art, the preferred -23  - 3 NOV 2004 ratio will be
dependent upon the particular components selected as well as upon the
temperatures and pressures to be applied. The compositions of this
invention may be prepared by adding the desired  amounts of
nitroaromatic(s) and nitroxyl(s), in any order, to a measured amount of the
aromatic hydrocarbon solvent. Preferably, such addition takes place under
agitation. The weight ratio of nitroaromatic compound to nitroxyl compound
can be  



anywhere within the range of from about 99:1 to about 1:99. Preferably, the
nitroaromatic nitroxyl weight ratio is within the range of from about 99:1
to about  50:1. The solutions prepared by the process of this invention are
useful as  polymerization inhibitors. When so used, they may be employed in
their concentrated  state or by diluting them with additional amounts of
solvent so that a concentration of  about 5 weight percent or less of
nitroxyl is present, such dilute concentrations being  readily fed into a
vinyl aromatic reactor distillation column. Among the vinyl aromatic
monomers that can be polymerization-inhibited  using the solutions of the
present invention are: styrene, a-methylstyrene, styrene  sulfonic acid,
vinyltoluene, divinylbenzenes, polyvinyl benzenes, alkylated styrene,
2-vinylpyridine, and the like. Such monomers will not necessarily be
stabilized  indefinitely by the presence of the solution, especially when
the monomers are heated  as in distillation, but they can be considered to
be stabilized as long as there is a  measurable increase in the time for
which they can be heated before the onset of  polymerization. -24 - 3 Nov
2004 Those skilled in the art will understand that, if desired, additional
free radical  scavengers can be included in the solutions that are prepared
by the process of the  present invention. For example, air or 02, as
disclosed in U.S. Patent Numbers  5,545,782 and 5,545,786, can be added, as
can 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 in European Patent
Application 0  765 856 Al, and other inhibitors well-known to those skilled
in the art. The  disclosures of the foregoing are incorporated herein by
reference in their entirety. The advantages and the important features of
the present invention will be  more apparent from the following example.
EXAMPLE  As a control, 4-hydroxyTEMPO was dissolved in ethylbenzene at 25
C to form a saturated solution. The solution thus formed contained 7.0
weight percent 4- hydroxyTEMPO. In accordance with the present invention,
4-hydroxyTEMPO was dissolved in  a 1:1 blend of
4,6-dinitro-2-sec-butylphenol and ethylbenzene at 250 C to form a
saturated solution. The solution thus formed contained 13.9 weight percent
4- hydroxyTEMPO. Substitution of 2,6-dinitro-4-methylphenoI;
2,4-dinitro-6-methylpheno1; 2,4- dinitrophenol;
2,4-dinitro-6-sec-butylphenol; 2,6-dinitro-4-sec-butylphenol; or 2,4-
dinitro-6-sec-butylphenol for the 4,6-dinitro-2-sec-butylphenol and/or
benzene,  toluene, xylene, styrene, vinyltoluene, divinylbenzene,
alpha-methyistyrene, or other -25 - 3 NOV 2004 alkylated styrenes or
alkyl-benzenes for the ethylbenzene employed above will yield  equivalent
results. In view of the many changes and modifications that can be made
without  departing from principles underlying the invention, reference
should be made to the  



appended claims for an understanding of the scope of the protection to be
afforded the  invention. -3 NOV 2004 CLAIMS What is claimed is: A method
for increasing the solubility of a compound having the structural formula:
x x  13 J2 RS - C -~ N~-C^R  R3 ' R3 ) or of a compound having two or more
nitroxyl groups and being selected from the group consisting of bi s(7
-oxy]- 2,2, 6, 6-i tetramethylpiperidin-4 -y J)succin ate;  bis(
i-oxy]-2,2,6,6-tc1 ametl,ylpiperidirl-4-y])adipate; bis(J
-oxyl-2,2,6,6-tetramethy)piperi din-4-yl)sebacaie; bis(I
-oxy)-2,2,6,6-tetra3nethylpiperi din-4-yJ)n-butylmalonate;
bis(1-oxyl-2,2,6,6-ietramethylpiperi din-4-yl)phthalate; bis(]
-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate;  bi s(I
-oxyl-2,2,6,6-tetramethylpiperidin-4-y))terephthalate; bis(]
-oxy)-2,2,6,6-ietrarnethylpiperidin-4-yl)hexahydroterephthalate;
N,N'-bis(I -oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide; 



2,4;6-Iris-[N-butyl-N-(]
-oxyJ-2,2,6,6-tetramethylpiperidin-4-y))]-s-triazine; and  4,4'-ethyl
enebis(] -oxyJ-2,2,6,6-tetramethylpiperazin-3-one) in an aromatic
hydrocarbon solvent comprising adding to said solvent a nitroaromatic
compound having the structure: - 3 NOV 2004 2l wherein, in formula II, R25,
R26; R27, R?e, R29, and R30, are independently selected from  the group
consisting Of hydrogen, alkyl, aryl, cycloalkyl, heterocyclic, substituted
alkyl, substituted ary), OR,,, NR"R,z, SR,,, N02, NO, CN, COR,,, COOK,,,
CONR"R12, NR"COR,2, halogen, and/or any two adjacent groups can betaken
together to form ring structure(s) of five to seven members, provided that
at least one of R2S, R26, R27, R28, R20, and R30 is NO2, and R,1 and R12
are independently selected from the group consisting of hydrogen, alkyl,
aryl, benzy], cyclic, heterocyclic, and substituted alkyl or aryl where the
substituents are C, 0, N. S, or P, or R" and R12 can be taken together to
form a ring structure of  five to seven members and, in formula ], R, and
R, are independently selected from the group  consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R2 and R; are  independently
selected from the group consisting of alkyl and heteroatom-substituted
alkyl; and X, and X, (3) are independently selected from the group
consisting of  halogen, cyano, COOR,, -S-COR, -OCOR.,, (wherein R, is alkyl
or aryl), amido, -S- C6}35, carbonyl, alkenyl, or alkyl of l to ] 5 carbon
atoms, or (2) taken together, form a  Ting structure of five 10 seven
members with the nitrogen, 



wherein the weight ratio of nitroaromatic compound to aromatic  hydrocarbon
solvent is at least I : 10. -28 - 3 NOV 2004 The method of claim I wherein
the stable hindered nitroxyl compound is of the structural formula: wherein
R, and R4 are independently selected from the group consisting of hydrogen,
alkyl, and heteroatorn-substituted alkyl and R2 and R3 are independently
selected from  the group consisting of alkyl and heteroatom-substituted
alkyl, and the portion represents the atoms necessary to form a five-,
six-, or seven-membered heterocyclic ring. 3. The method of claim- ]
wherein the nitroaromatic compound is selected from the group consisting of
2,6-dinitro-4-methylphenol; 2,4-dinitro-6-methylphenol; 2,4- dinitrophenol;
2,4-dinitro-6-sec-butylphenol; 2,6-dinitro-4-sec-butylphenol, 2,4-
dinitro-6-sec-butylphenol, 4,6-dinitro-2-sec-butylphenol;
I,3-dinitrobenzene; .3,4- dinitrobenzene; 2-nitro-4-methylpheno);
2,4-dinitronaphthol; 2,4- dinitrochlorobenzene; and 4-cyano-2-nitrophenol.
4. The method of claim 2 wherein the nitroaromatic compound is selected
from the group consisting of 2,6-dinitro-4-methylphenol;
2,4-dinitro-6-methylphenol; 2,4 -29 -3 NOV2 004 dinitrophenol;
2,4-dinitro-6-sec-butylphenol; 2,6-dinitro-4-sec-butylphenol, 2,4- 



dinitro-6-sec-butylphenol, 4,6-dinitro-2-sec-butylphenol;
I,3-dinitrobenzene; 1,4- dinitrobenzene; 2-nitro-4-methy]phenol;
2,4-dinitronaphthol; 2,4 dinitrochlorobenzene; and 4-cyano-2-nitrophenol.
5. The method of claim I wherein the aromatic hydrocarbon solvent is
selected  from the group consisting of benzene, toluene, xylene,
ethylbenzene, di ethyl benzene,  styrene, vinyltoluene, divinylbenzene, and
alpha-methyl styrene. 6. The method of claim 2 wherein the aromatic
hydrocarbon solvent is selected  from the group consisting of benzene,
toluene, xylene, ethylbenzene, diethylbenzene,  styrene, vinyltoluene,
divinylbenzene, and alpha-methylstyrene. 7. The method of claim 4 wherein
the stable hindered nitroxyl compound is 4
amino-2,2,6,6-tetramethy)piperidinyloxy. 8. The method of claim 4 wherein
the stable hindered nitroxyl compound is 4 oxo-2,2,6.6
tetramethylpiperidinyloxy. 9. The method of claim 4 wherein the stable
hindered nitroxyl compound is 4 hydroxy-2,2,6,6-tetramethy)piperidinyloxy.
10. The method of claim 4 wherein the nitroaromatic compound is
2,4-dinitro-6 sec-buty] phenol. -30 - 3 NOV 2004 11. The method of claim 4
wherein the nitroaromatic compound is 2,6-dinitro-4 sec-butyl phenol. 12.
The method of claim 4 wherein the nitroaromatic compound is 4,6-clinitro-2 



sec-butyl phenol. ]3. A solution consisting essentially of a solvent system
and a compound having the structural formula: 7  R:-c, ,c-R. N R or of a
compound having two or more nitroxyl groups and being selected from  the
group consisting of bis()-oxy]-2,2,6,b tetramethy)pYpendin-4-y])succin2te;
bis {] - oxy- 2,2,6,6-tetramethylpiperidin-4-y])adipate;  V bis(]
-oxy]-2,2,6,E-t el rain el,3Y)pi.PeTidi-n-4-y3)sebar-aic. bis(]
-oxy]-2:2,6:6-tetramethylpiperidin-4 )'])n butylmalonate;  bis(I -oxy}-2,2;
6,6 tetramethylpiperidin-4-y])phalate;  -oxy]-2;2;6;6
tetramethy}piperidin-4-y])isophthalate;  bis(3 bis(3
-oxyl-2,2,6,6-tetramethy)piperidin-4-)'))ierep;`,tha)2se; bis(3 -oxy}-2;
?,6,6-tetrarnethy)piperdin-4-)']))1exah)'d7oterephtha3ate;
T,3Q'-bis(]-ox)71-2,2,6,b tetramethy]p3perioin-4-y])adiprside; 2;
4,6-iris-IT'-butyl-?N-()-oxy)-2,2,6,6-tEtramethy3piperidin-4-y1)]-s-t;
iazine; and  ;4'-ethylenebis(] -oxy} 2,2:6,6 tetramethyl ]piperazin-3-one)
-31 



the overcome that comprises employing as the Solvent system for said
solution an  aromatic hydrocarbon so}vent and a nitroaromalic compound
having the structure: 33 wherein, in formula 13, Res, R262 R77, Ras: R,y,
and R_p, art independently selected  from the group consisting of hydrogen,
alkyl, aryl, cycloalkyl, heterocyclic; substituted  alkyl, substituted
aryl, OR,,, NR"R,,, SR,,, NO,, NO, CN, COR,,, COOK;,,  CONR"R,. NR,,COR,,,
halogen, and/or any two adjacent groups can be taken  together 10 forming
structure(s) of five io seven members, provided that at ]east one  of R75,
R,j" R:;, R?s, Rte, and R;o is NO7, and and R,2 are independently selected
from the group consisting of hydrogen, alkyl,  aryl, benzyl, cyclic,
heterocyclic, and substituted alkyl or aryl where the substituenis  are C,
0, N. S. or P, or R" and Rt, can be taken together to form a ring structure
of  five to seven members and, in formula ), R, and R. are independently
selected from the group  consisting of hydrogen, alkyl; and
heteroatomsubstituted 0(y] and P, and X; @Te independently selected1 from
the group consisting of alkyl and heteroatom substituted  alkyl; and Y,,
and ), ()) are independently selected from the group consisting of
halogen, cyano, COOR7, -S-COR-, -OCOR7, (wherein R. is alkyl or amido; -S-
Ctin';, carbonyl, alkeny], or a)ky) of 3 to 15 carbon atoms, or (2) taken
together, form a  ring structure of five to seven members with the nitrogen
wherein the weight ratio of nitroaromatic compound to hydrocarbon  solvent
is at least I : 10. -32 




