
;opqrste3e,x6TWO 02/3302fi PCT/US01/3095.1 BLENDS OF QUINONE ALKIDE AND
NITROXYL COMPOUNDS AS POLYMERIZATION INHIBITORS I claim the benefit under
Title 35, United States Code,  120 to U.S. 5 Provisional Application
Number' G0/240,085, filed October 1G, 2000, entitled ' BLENDS OF QUINONE
ALKIDE AND NITROXYL COMPOUNDS AS POLYMERIZATION INHIBITORS. i BACKGROUND OF
THE INVENTION 10 1. Field of the Invention The present invention is
directed to the use of a combination of at least one quinone alkide and at
least one nitroxyl compound to inhibit the polymerization of ethylenically
unsaturated monomers, 2. Description of Related Art 15 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 20 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 25 monomer A wide variety of
compounds has been proposed and used for Inhibiting uncontrolled and
undesired polymerization of ethylenically unsaturated monomers In
particular, there is a need for an inhibitor that not only provides highly
effective inhibition of polymerization during normal operation of a
continuous manufacturing or     WO 02/33026 PCT/US01/30954 purification
process, but also provides satisfactory protection in the event of a loss
of continuous inhibitor feed. While many inhibitors are known to provide
sufficient protection in one of these scenarios) these inhibitors have not
been fully satisfactory under both normal and upset operating conditions.
Accordingly, there has been a 5 substantial need in the art for improved
compositions for inhibiting the polymerization of such monomers during
their production and the distillation process for purifying or separating
them from impurities, as well as during transport and storage. Quinone
methides and nitroxyl compounds are known polymerization inhibitors,
Quinone methides act mainly as retarders, giving a significant amount of
polymer 



10 during normal inhibition usage, but providing protection in the event of
a plant upset during monomer purification by slowing the rate of polymer
formation under static conditions Because of the poor normal inhibition
performance, quinone methides must be used in fairly high dosages, making
them not very economical to use. U.S. Patent Nos 4,003,800 and 4,040,91 1
disclose the use of quinone alkides in 15 a styrene purification process
The following patents, assigned to Ciba-Geigy Corporation or Ciba Specialty
Chemicals Corporation, relate to quinone methides and uses thereof U.S.
Patent Nos 5,583,247; 5,670,692; and 5,750,765 disclose the protection of
ethylcnically unsaturated monomers from premature polymerization during
manufacture 20 and storage by the incorporation therein of an effective
stabilizing amount of a quinone methide compound having an electron
withdrawing substituent at the 7-methylene group U S- Patent No. 5,616,774
discloses the protection of ethylenically unsaturated monomers from
premature polymerization during manufacture and storage by the 2S
incorporation therein of an effective stabilizing amount of a 7-aryl
quinone methide    WO 02/3302G PCT/US01/3095~ compound wherein the 7-aryl
subsituent is 2-, 3- or 4-pyridyl, 2- or 3-thienyl, 2- or 3 5 pyrryl, 2- or
3-firryl, aryl of 6 to 10 carbon atoms, or said aryl substituted by one to
three alkyl of 1 to 8 carbon atoms, alkoxy of 1 to 8 carbon atoms,
alkylthio of 1 to 8 carbon atoms, alkylamino of 1 to 8 car bon atoms,
dialkylamino of 2 to 8 carbon atoms, alkoxycarbonyl of 2 to 8 carbon atoms,
hydroxy, vitro, amino, cyano, carboxy, aminocarbonyl, chloro, or mixtures
of said substituents. The combination of these quinone methides with at
least one stable nitroxyl compound is also disclosed. U.S. Patent No, a912,
l06 discloses a method of improving the quality and 10 resolution of
photoimages by incorporating into the photocurable resin composition to be
used a selected amount of a polymerization inhibitor so that
photopolymerization of the photocurable resin is inhibited in those areas
not directly impinged by light Inhibitors that can be used are selected
from the group consisting of N-oxyl or nitroxide compounds, quinone
methides, nitroso compounds phenothiazine and selected phenols. Hindered
nitroxyl compounds are known to be very active inhibitors of free 15
radical polymerizations of unsaturated monomers such as styrene, acrylic
acid, methacrylic acid, and the like U,S. Patent Number 3,163,677 discloses
N,N,O-trisubstituted hydroxylamines 



20 and N,N-disubstituted nitroxides of the formulae. R1 R2_C1 N-O'---C1 R2
and R2-C N-O* I I I R3 2 R3 R3 2 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 lice radical wherein the asterisk is an unpaired electron
} The N,N,O-trisubsiriuted hydroxylamines can be used to make the 1    W O
02/33026 PCT/US01/309y N,N-disubstituied 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 nitroxrde
group 5 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. U S
Patent Number 3,372,182 discloses that a great variety of N,N 10
disubstituted, stable, free radical nitroxides not otherwise readily
available can be prepared by a simple arid convenient process that
comprises pyrolyzing in an inert reaction medium virtually any hydroxyl
amine that is susceptible to cleavage of the O-C bond, a g,,
tri-t-butylhydroxylamrne, U S. Patent Number 3,422, I44 discloses stable,
free radical nitroxides of the I S formula. o* H I R~I~N~ C R' I R wherein
R is selected from the group consisting of tertiary alkyl, aryl, alkaryl,
haloaryl, 20 carboxyaryl, alkoxyaryl, alkylthioaryl, pyridyl) and
dralkylaminoaryl, 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 initiator's of free radical reactions, collectors of free radicals,
polymerization 25 inhibitors or antioxidants They are constituted by
nitrogenous bicyclic compounds in    



WO 02/3302G PCT/US01/30954 which one of the bridges comps ices solely the
nitroxide radical group and, in particular) by aza-9-bicyclo (3,3,1 )
nonanone-3-oxyl-9, and by aza-9-bicyclo (3,3,1 ) nonane oxyl-9. U.S. Patent
Number 3,873,S64 discloses compounds and a method for assaying enzymes by
adding io a medium containing an enzyme a stable free radical compound 5
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 l0 enzyme labile
functionality. Other compounds include two cyclic nltroxide containing
rings joined by a chain having an enzyme labile functionality. U.S. Patent
Number 3,966,71 1 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 said to 15 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. 20 U.S_
Patent Number 4, l82,658 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 25 compound and a long duration of
efficiency into each of the distillation vessels of a -5   WO 02/3302C
PCT/USO1/3095-t conventional distillation apparatus in an amount sufficient
to prevent polymerization therein. U S. Patent Number 4,665,18S discloses a
process for the efficient preparation of nitroxyls of sterically hindered
amines by the oxidation of the amine using a S 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 4,774,374 discloses a vinyl aromatic composition
stabilized against polymerization comprising {a) a vinyl aromatic compound
and (b) an effective 



amount of a stabilizer system in which the active ingredient consists
essentially of an 10 oxygenated species formed by the reaction of oxygen
and an N-aryl-N'-alkyl-p phenylenediamine. Also disclosed is a process for
inhibiting the polymerization of vinyl aromatic compounds employing such an
oxygenated species. U.S Patent Number S,2Sd,760 teaches that the
polymerization of a vinyl aromatic compound, such as styrene, is very
effectively inhibited during distillation or 15 purification by the
presence of at least one stable nitroxyl compound together with at least
one aromatic vitro 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  20 duantities 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 S,7
t 1,767 discloses that the use of nitroxide compounds alone or in
combination with aromatic amines, such as substituted phenylenediarnines,
or phenolic antioxidants provides an effective way to prevent oxidative
degradation and 25 gum formation in gasolines -6   WO 02/3302C
PCT/USO1/30954 U.S Patent Number 5,907,07I 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 U. S. Patent Number 5,9l 0,232 teaches that inhibition
performance in styrene 5 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 A? discloses a method for
inhibiting the polymerization of an oc,(3-ethylenically unsaturated
monocarboxylic acid during its 10 recovery by distillation by using a
nitroxide free radical. European Patent Application 0 765 856 A 1 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 I S
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). 20 WO 97l46504
concerns substance mixtures containing. (A) monomers 



containing vinyl groups; and (B) an active amount of a mixture which
inhibits premature polymerization of the monomer s containing vinyl groups
during their purification or distillation and contains. (i) between 0 OS
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 _7_   WO
U2/33026 PCTlUS01/3095.1 the Cerr)-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 polymerizalin 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 WO 98/25872 concerns substance mixtures containing' (A)
compounds containing vinyl groups; (B) an active amount of a mixture which
inhibits premature 10 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 (err)-carbon atoms, and (ii)
at least one iron compound, (C) optionally vitro compounds, and (D)
optionally co-stabilizers. The publication also discloses a process for
inhibiting the premature polymerization of compounds (A) containing vinyl
groups, 15 and the use of (B) optionally mixed with vitro 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 99l20584 (U.S. Patent No, 5,95S,643)
discloses that polymerization can be inhibited during the anaerobic
production of styrene through the addition of a 20 combination of a stable
nitroxide free radical compound and a non-toxic phenylenediamine compound
-8   WO 02/33026 PCT/USO1/3095-4 U.K Patent Number I , I 27, l 27 discloses
that acrylic acid can be stabilized against polymerization by the addition
thereto of a nitroxide having the essential skeletal structure' o* t~ ~ 3 R
`C C-R 2 ~ ~ 4 wherein R1, 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 R1 to R2 or
nitrogen can also form part of a ring (e g , 2,2,6,6 



10 tetramethyl-4-hydroxy-piperidine-1-oxyl). CS-26075S B 1 is directed to
the preparation of 4-substituted-2,2,6,6 tetramethylpiperidine nitroxyls as
olefin stabilizers, SU-334845 A 1 is directed to the inhibition of the
radical polymerization of oligoester acrylates using iminoxyl radical
inhibitors of a given formula 15 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 2,7G 1,0G0 relates to the prevention of premature polymerization
of styrene during its production by dehydrogenation of eihylbenzene by
injecting into the process 20 effluent a radical inhibitor based on an
oxyl-tetramethylpiperidine derivative The disclosures of the foregoing are
incorporated herein by reference in their entirety. -9   WO 02I33026
SUMMARY OF THE INVENTION PCT/USU1/3095~ As mentioned above, (a) nitroxyl
compounds and (b) quinone methides are each known to be inhibitors or
retarders of free radical polymerizations of unsaturated monomers The
present invention is directed to the discovery that the combination of at 5
least one nitroxyl compound with at least one quinone alkide, preferably a
quinone methide, having an electron withdrawing group at the 7-position
provides better performance than either component alone, as indicated by
both the low polymer numbers at steady state and the slow rate of
polymerization after shutoff of feed in a steady state dynamic testing
system 10 More particularly, the present invention is directed to a method
for inhibiting the premature polymerization of ethylenically unsaturated
monomers comprising adding to said monomers an effective amount of A) at
least one nitroxyl compound, and B) at least one quinone alkide compound
having an electron withdrawing group at 15 the 7-position In another
aspect, the present invention is directed to a composition comprising: A)
at least one nitroxyi compound, and B) at least one duinone alkide compound
laving an electron-withdrawing group at the 7-position 20 DESCRIPTION OF
THE PREFERRED EIVIBODIN1ENTS If a relatively small amount of a quinone
alkide substituted wish an electron withdrawing group at the 7-position
(relative to the quantity necessary for its use alone) is added to a small
amount of a nitroxvl compound (relative to the quantity necessary for 



its use alone), polymerization inhibition under normal usage conditions can
be obtained 25 that is equivalent to the use of the nitroxyl compound alone
(indicated by wt % polymer - )0   WO 02/3302G PCT/US01/3095~ at steady
state in a reboiler test) card provides excellent protection in the event
of a plant upset (indicated by slow polymer increase over time}. This very
effective inhibitor mixture is used at very reasonable dosages, providing
an economically viable combination with enhanced performance
characteristics 5 The nitroxyl compounds that can be employed in
combination with the quinone alkides in the practice of the present
invention are preferably of the structure: X1 X2 R4 N R2 I R3 O* 10 wherein
R1 and R4 are independently selected from the group consisting of hydrogen,
alkyl, and heteroatom-substituted alkyl and R2 and R3 are ( 1 )
independently selected from the group consisting of alkyl and
heteroatom-substituted alkyl, or (2) taken together, form a ring structure
wish the nitrogen) and X, and XZ (1) are independently selected from the
group consisting of halogen, phosphonis (in any of it oxidation states), 15
cyano, COOR,, -S-COR,, -OCOR,, -S-R, (wherein R, is alkyl or aryl), amido,
carbonyl, alkenyl, or alkyl of 1 to 15 carbon atoms, or (2) taken together,
form a ring structure with the nitrogen In a particularly preferred
embodiment, the nitroxyl compound has the structural formula: 20 N R2 I R3
O*   WO 02/33U26 PCT/USO1 /3095-~ wherein R, and R, are independently
selected from the group consisting of hydrogen, alkyl, and
heteroatom-substituted alkyl and R1 and R2 are independently selected from
the group consisting of alkyl and heteroatom-substituted alkyl, and the i y
5 portion represents the atoms necessary to form a five-, six-, or
seven-membered heterocyclic ring Accordingly, one of the several classes of
cyclic nitroxides that can be employed in the practice of the present
invention can be represented by the following structural 10 formula: 



Z, Z/ ~Za R, I N I R, O* 15 wherein Z1, 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 >CH2, >CHCH3 >C=O, >C(CH3)z, >CHBr,
>CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN) >CI-ICOOH, >CHCOOCM~, >CHCOOC~H;
, >C(OH)COOC,H;, >C(OH)COOCH3) 20 >C(OH)CHOHCzHS, >C~FRSR~, >CCONRSR~,
>Cl-I=NOH, >C=CH-C~,HS, >CFZ, >CCh, >CBr2 >C1,, >CPR13R14R15, and the like)
where R5 and R6 are independently selected from the group consisting of
hydrogen, alkyl, aryl, and acyl and R,.,, R" and Rr5 are independently
selected from the group consisting of unshared electrons, alkyl, aryl, =O,
OR16, and NR17R18, where R16, R17, and R18 are independently selected from
the group 25 consisting of hydrogen, alkyl, and aryl. Where RS and/or R6
are alkyl, it is preferred that    VVO 02/33026 PCT/US01/3095-1 they be a
lower alkyl (i e., one having one to four carbon atoms) a g., methyl,
ethyl, propyl, butyl, and isomers thereof). Where RS and/or R6 are aryl) it
is prefer red that they be aryl of from 6 to 10 carbon atoms, e.g., phenyl
or naphthyl) which) in addition, may be substituted with 5
noninterfering substituents, a g , lower alkyl groups, halogens, and the
like. Where RS and/or R6 are acyl, it is preferred that they be acyl of the
structure O `Ri9 10 where R" is alkyl, aryl, OR20, or NR20R21, and where
R20 and R21, are alkyl, aryl, or 0 P~-,~ where R22 is alkyl or aryl. Where
R19, R20, R21or R22are alkyl, they are preferably alkyl 15 of from 1 to 15
carbon atoms, more preferably lower alkyl of from one to four carbon atoms,
as described above. Where R19, R20, R21 or R22 are aryl, they are
preferably aryl of from 6 to 10 carbon atoms, as described above. Another
of the several classes of cyclic nitroxides that can be employed in the
practice of the present invention can be represented by the following
structural formula: 20 Z~ ~~i R i I N I _ Ra R= I R~ 0* - IJ    WO 02/3302C



PCT/U S01 /3095a wherein Z1 and Z2 which may be the same or different, are
nitrogen or substituted or unsubstituted carbon atoms, 511c11 as =C(I-I)-,
=C(CI-13)-, =C(COOI-I)-) =C(COOCH~)-, =C(COOCZHS)-,=C(OH)-, =C(CN)-,
=C(NRSR~)- =C(CONRSR~)-, and the like, and where Z3, R5, and R6 are as
described above. 5 The cyclic nitroxides employed in the practice of the
present invention can also be derived from five-membered rings. These
compounds are of the structure: z^ z, r~ ) N a, R. I Ra 10 0* wherein Z2
and Z3, which may be the same or different) are sulfur, oxygen, secondary
amines, tertiary amines, phosphorus of various oxidation states, or
substituted or unsubstituted carbon atoms, such as >CH~, >CHCH3, >C=O,
>C(CH3)Z, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH,
>CHCOOCH~, 15 >CHCOOC,HS, >C(OH)COOC,HS, >C{01-I)COOCH3, >C(OH)CHOHCZHS,
>CNRSR6, >CCONRSR~, >CH=NOH, >CCH-C~HS) CF,, CCI,, CBr~, CI,, >CPR,3R,~R,S,
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 stricture: 20 !,i ~t rt, I ~N I Win, iz= I R, o* wherein Z4
and Z5, which can be the same or different, can be nitrogen or a
substituted 25 or unsubstituted carbon atom, such as =C(1-I)-, =C(CI-I,i.,
=C(COOI-I)-, =C(COOCH3)-, 14   WO 02/33026 PCT/US01/3095~ =C(COOC~H;)-,
=C(OH)-, =C(CN)-, =C(NRSR~)- =C(CONRSR~)-, and the like, where R5 and R6
are as described above Another class of cyclic nitroxides that can be
employed in the practice of the 5 present invention is of the structrrre~
o* R ~ R4 1 N R2 R3 Z2 Z3 wherein Z2 and Z3, which may be the same or
different, are sulfur, oxygen, secondary 10 amines, tertiary amines, or
substituted or unsubstituted carbon atoms, such as >CH2, >C3-ICH3, >C=O,
>C(CH3),, >CHBr, >CHCI, >CHI, >CHF, >CHOH, >CHCN, >C(OH)CN, >CHCOOH,
>CHCOOCI-I3, >CF~ICOOC~H;, >C(OPI)COOC~HS, >C(OH)COOCH3, >C(OH)CHOHC,H;,
>CNR;R~ >CCONRSR~, >CH=NOH, >C=CH C6H5, CF~, CCIZ, CBr~, CIz, and the like,
where R5 and R6 are as described above. 



I S 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, R1
and R4 are independently selected from the group consisting 20 of hydrogen,
alkyl, and heteroatom-substituted alkyl and R2 and R3 are independently
selected from the group consisting of alkyl and heteroatom-substituted
alkyl The alkyl (or heteroatom-substituted alkyl) groups R, through R4 can
be the same or different and preferably contain 1 to 1 _S carbon atoms,
e.g_, methyl, ethyl, propyl, butyl, pentyl, hexyl) heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tr rdecyl, ietradecyl, pentadecyl, and the 25
like, and isomers thereof, e.g, 1-butyl, 2-ethylhexyl, and the like. It is
more preferred - 15   WO (12/3302G PCT/US0113095:1 that R, through Ra 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), Wher a heteroatom substituents are present, they can, for
example, include halogen, oxygen, sulfur, nitrogen, and the like It is most
preferred that all of R, 5 through R~ be methyl. Examples of suitable
nitroxide free radical compounds that can be used in combination with the
quinone alkide inhibitor in the practice of the present invention, include,
but are not limited to' 2,2,6,6-tetramethyl-piperidinyloxy, 10
4-amino-2,2,6,6-tetramethyl-piperidinyloxy;
4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy,
4-oxo-2,2,6,6-tetramethyl-piperidinyloxy;
4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloxy,
4-ethanoyloxy-2,2,6,6-tetramethyl-piperidinyloxy; 15
2,2,5,5-tetramethylpyrrolidinyloxy;
3-amino-2,2,5,5-tetramethylpyrrolidinyloxy,
2,2,4,4-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy;
2,2,4,4-tetramethyl-1-oxa-3-pyrrolinyl-1-oxy-3-carboxylic acid;
2,2,3,3,5,5,6,6-octamethyl-1,4-diazacyclohexyl- l,4-dioxy; 20
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy;
4-chloro-2,2,6,6-tetrameihyl-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) 25
4-carboxy-2,2,6,6-tctramethvl-piperidinyloxy; - l6  



WO 02/3302C 4-carbomethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbeihoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-piperrdlnyloxy;
4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy, 4-hydroxy-4-(
l-hydroxypropyl)-2,2,6,6-tetramethyl-piperidinyloxy,
4-methyl-2,2,G,6-tetramethyl-I,2,5,6-tetrahydropyridine -1-oxyl;
4-carboxy-2,2,6,6-tetramethyl-i,2,5,6-tetrahydropyridine -I-oxyl; PCT/U S01
/3095-4 4-carbomethoxy-2,2,6,6-tetramethyl-1,2,5,6-teirahydropyridine
-1-oxyl; 10 4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine
-1-oxyl; 4-amino-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
4-amido-2,2,6,6-tetramethyl-I,2,5,6-tetrahydropyridine -1-oxyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolidinyloxy,
3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy; 15
3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4,4-dibromo-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,3,3,5,5-hexamethylpyrrolidinyloxy;
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy; 3-0x11111110-2,2,
5,5-tear amethylpyrrolidinyloxy; 20
3-hydroxy-2,?,5,5-tetramethylpyrrolidinyloxy;
3-cyano-3-hydro.r'y-2,2,~,5-tetramethylpyrrolidlnyloxy;
3-carbomethoxy-3-hydrosy-2,2,5,5-tetramethylpyrro(idinyloxy;
3-carbethoxy-3-hydr oxy-2,2,5,5-tetramcthylpyrrolidlnyloxy, 2,2,
5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl; 25
2,2,5,5-tetrametl~yl-3-amino-2,5-dihydropyrrole-1-o.vyl; -17_   WO 02/33026
2,2,5,5-tetr amethyl-3-carbetl~oxy-2,5-dihydropyrrole-1-oxyl; 2,2,5,5-tetr
amethyl-3-cyano-2,5-dihydropyr role-1-oxyl; bis(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate; bis( I
-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipate, bis(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)sebacaie, bis(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)n-butylmalonate, bis( I
-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)phthalate; bis(
I-oxyl-2,2,6,6-tetrarnethylpiperidin-4-yl)isophthalate; bis(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate; 



I 0 bis( I -oxyl-2,2,6,6-teiramethylpiperidin-4-yl)hexahydroterephthalate,
N,N'-bis( 1-oxyl-2,2,G,6-tetramethylpiperidin-4-yl)adipamide;
N-(I-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam;
N-(1-oxyl-2,2,6,6-tetrametl~ylpiperidin-4-yl)-dodecylsuccinimide; PCT/U S01
/3095.1 2,4,6-tris-[N-butyl-N-(
1-oxyl-2,2,6,6-tetramethylprperidin-4-yl)]-s-triazine; 15 4,4'-ethylenebis(
1-oxyl-2,2,G,G-tetramethylpiperazin-3-one); and the like, It is preferred
that one member of the combination employed in the practice of the present
invention be 4-amino-2,2,6,6-tetramethyl-piperidinyloxy (4-amino-TEMPO),
4-oxo-2,2,G,6-tetramethylpiper idinyloxy (4-oxo-TEMPO), 4-hydroxy-2,2,6,6
20 tetrameihylpiperidinyloay (4-hydroxy-TEMIPO), or
2,2,6,6-tetramethyl-piperidinyloxy (TEMPO) Blends oFtwo or more of the
lore~oin~" e.g., 4-amino-TEMPO and 4-oxo TEMPO, can also be employed. - IS
WO 02/33026 PCT/US01/3095~ Such stable nitroxide free radrcal compounds can
be prepared by known methods (See, for example, U S. Patent Numbers 3, J
63,677; 3,334) 103 ) 3,372,182; 3,422,144; 3,494,930; 3,502,G92; 3,873,5G4;
3,9GG,71 1; and 4,G65, I 85; which are incorporated herein by reference.)
They are suitable for use over a wide range of 5 temperatures, but
distillation temperatures employed with the ethylenically unsaturated
monomers that are stabilized by the process of the present invention
typically range from about 60C to about 180C, preferably from about 70C to
about l65C, and, more preferably, from about 80C to about t 50C Such
distillations are generally performed at an absolute pressure m the range
of about I 0 io about 1,200 mm of Hg, L O Quinone alkide compounds that are
useful m the practice of the present invention include those disclosed in,
for example, U.S. Patent I~ro 5,583,247 More specifically, it is preferred
that the duinone alkide be a compound oFforrnula R3 ~ l5 "S3 wherein R3z
Rsr and R~~ are independently alkyl of 4 io 18 car bon moms, cycloalkyl of
5 to 12 20 carbon atoms or phenylalkyl of 7 to l 5 carbon atoms, and R33 rs
-CN) -COOH, -COOR3~, -COR,S, -OCOR,~,, -CONR"R,e or -PO(OR3~)~ where R3a is
alkyl of I to 18 carbon atoms, cycloall.yl oh 5 to I 2 carbon atoms, phenyl
or benzyl, R35 is alkyl of 1 to 18 carbon atoms, an~l of G io 10 carbon
atoms or said aryl substituted 



25 by 1 or 2 alkyl of I io 4 carbon atoms or by ly~ciruyl. - 19    WO
02/3302G PCT/US01 /309y R3~, is alkyl of 1 to l8 CaIb011 at01115, aryl of 6
to 10 carbon atoms or said aryl substituted by 1 or 2 alkyl of 1 to 4
carbon atoms or by hydroxyl) R~, and R,H are independently hydrogen, alkyl
of 1 to I 8 carbon atoms or said alkyl substituted by alkylamino of I to 4
carbon atoms) by dialkylamino of 2 to 8 carbon 5 atoms or by hydroxyl,
benzyl, aryl of 6 to 10 carbon atoms or said aryl substituted by alkyl of 1
to 4 carbon atoms, by alkyl amino of 1 to 4 carbon atoms, by dialkylamino
of 2 to 8 carbon atoms, by pienylamino or by hydroxyl, or -N'R3,R38 is
morpholino, piperidino or pyrrolidino, R3~ is hydrogen or alkyl of 1 to 18
carbon atoms, and 10 Rao is hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN,
-COON, -COOR,a, -COR3s, -OCOR3~, -CONR~,R3~ or -PO(OR~~) Preferably, R3,
and R3, are tert-butyl, tert-amyl, tert-ociyl, cyclohexyl, cx methylbenzyl
or cx,a-dimethylbenzyl Most preferably, R3, and R3~ are tent-butyl,
tent-amyl or tent-octyl. 15 Preferably, R33 is -CN, -COOH, -COOR~a, -COR3s,
-OCOR3~, -CONR3,Rzg or -PO(OR3~)~ wherein; R3~ is alkyl of l to 8 carbon
atoms, R35 is methyl or phenyl, R3~ is alkyl of 1 to 18 carbon atoms or
phenyl, 20 R3, and R3H are independently hydrogen or alkyl of 1 to 18
carbon atoms, or -N'R3~Ra~ is morpholino or piperidino, and R3~ is alkyl of
I to 4 cap bon atoms. Most preferably, Rj~ is -CN, -COOI-I, -COOK") -CORDS,
-OCOR3~) -CONR~,R3H or -PO(ORz~,), wherein: 25 R;~ is alkyl of 1 to ~ cat
bon atoms, -20   W O 02/3302C R~5 is methyl or phenyl, PCT/USO1/3095-1 Rj,
and R~~ are independently hydrogen or alkyl of I to 4 carbon atoms, or
-NR~,R,~ is inorpholino, and R39 is alkyl of l to 4 carbon atoms. 



5 Preferably, the quinone alkides of the present invention are selected
from the group consisting of:
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)acetonitrile,
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)acetic acid,
(3,5-di-tart-amyl-4-oxocyclohexa-2,5-dienylidene)acetic acid, l0 methyl
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)acetate, ethyl
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)acetate, n-butyl
(3,5-di-tart-butyl-4-o~ocyclohexa-2,5-dienylidene)acetate,
2,6-di-tart-butyl-4-(2-oxopropylidene)-cyclohexa-2,5-dienone, diethyl
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)methanephosphonate, 15
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)methyl acetate,
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)methyl pivalaie,
(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienyfidene)rnethyl benzoate, and
N,N-diethyl-2-(3,5-di-tart-butyl-4-oxocyclohexa-2,5-dienylidene)acetamide.
WO 02/3302G PCT/US01 /3095.1 The quinone alkides of the present invention
can, if desired, be combined with a 7-aryl quinone alkide, such as those
described in U S Patent No 5,616,774, Preferably, such 7-aryl quinone
alkides can be those of the formula. 5 E~ H ~; i 10 wherein Ez E, and EZ
are independently alkyl of 4 to 18 car bon atoms, cycloalkyl of 5 to 12
carbon atoms or phenylalkyl of 7 to 15 carbon atoms, and E, is 2-, 3- or
4-pyridyl, 2- 3-thienyl, 2- 3-pyrryl, 2- 3-furyl, aryl of 6 to 10 carbon
atoms, or said aryl substituted by one to three alkyl of 1 to 8 carbon
atoms, alkoxy of I I S to 8 carbon atoms, alkylthio of I to 8 carbon atoms,
alkylamino of 1 to 8 carbon atoms, dialkylamino of 2 to 8 carbon atoms,
alkoxycarbonyl of 2 to 8 carbon atoms, hydroxy, nitro, amino, cyano,
carboxy, aminocarbonyl, chloro or mixtures of said substituents Preferably
such compounds are selected from the group consisting of
2,6-di-tert-butyl-4-benzylrdene-cyclohexa-2,5-dienone, 20
2,6-di-tert-butyl-4-(4-nitrobenzylidene)-cyclohexa-2,5-dienone,
2,6-di-tert-butyl-4-(3-nitrobenzylidene)-cyclohcxa-?,5-dienone,
2,6-di-tert-butyl-4-(4-cyanobenzylidene)-cyclolre~a-3,5-dienone,
2,6-di-tert-butyl-4-(4-dimethylaminobenzylidene)-cyclohexa-2,5-dienone,
2,6-di-tert-amyl-4-benzylidene-cyclohexa-2,5-dienone, 25
2,6-di-tert-butyl-4-(4-methoxybenzylidene)-cyclol~cxa-2,5-dienone, and
2,6-di-tert-butyl-4-(;
,S-di-tert-butyl-~1-lrydroaybeozylidene)-cyclohexa-2,5- dienone.    WO
02/33026 PCT/USO1/3095-t The effective amount of the combination of (I)
nitroxyl compound and (ii) 



ctuinone alkide compound is typically about 1 to 2.000 ppm, based on the
weight of the ethylenically unsaturated monomer, although amounts outside
this range may be appropriate depending upon the conditions of use The
amount of the combination of S nitroxyl compound and quinone alkide is
preferably about 5 to about 1,000 ppm, based on the weight of the
ethylenically unsaturated monomer. The preferred amounts of components (i)
and (ii) are l to 99 percent by weight of component (i} and,
correspondingly, 99 to 1 percent by weight of component (ii); more
preferably, 20 to 80 percent by weight of component (i) and,
correspondingly, 80 l0 to 20 percent by weight of component (ii); and most
preferably, 20-50 percent by weight of component (i) and 50-80 percent by
weight of component (ii) The inhibitor combination of the present invention
is suitable for use over a wide range of temperatures, but distillation
temperatures employed with the ethylenically unsaturated monomers that are
stabilized by the pi ocess of the present invention 1 S 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 1 SO C. Such distillations
are generally performed at an absolute pressure in the range of about 10 to
about l,200 mm of Hg. The ethylenically unsaturated monomer, the premature
polymerization of which 20 is an object of the present invention, can be
any such monomer for which unintended polymerization during its
manufacture, storage, arldl0r distribution is a problem. Among those
monomers that will benefit from the practice of the present invention are:
styrene, oc-methylstyrene, styrene sulfonic acid, vinyltoluene,
divinylbenzenes, polyvinylbenzenes, alkylated styrene, 2-vinylpyridine,
acrylonitrile, methacrylonitrile, methyl acrylate, ethyl 2S acrylate,
methyl methacrylate, ethyl methaciylate, acrylic acid, methacrylic acid,
butadiene, chloroprene, isoprene, and the Ilke. The ethylenically
unsaturated monomers will not necessarily be stabilized indefinitely by the
presence of the inhibitor blend, especially when the monomers are heated as
111 distillation, but they can be considered io be stabilized as long as
there is a _ ?3 _   WO 02/33U2( PCT/US01/3095.4 measurable increase in the
time for which they can be heated before the onset of polymerization in a
static system and/or the amount of polymer made at constant temperature
remains constant over time in a dynamic system Those skilled in the art
will understand that, if desired, additional free radical 5 scavengers can
be included in the stabilized compositions. For example, air or O2, as
disclosed in U.S Patent Numbers 5,S45,78? and 5,545,78G, can be added, as
can the aromatic vitro compounds disclosed in U.S, Patent Number 5,254,760,
the diheterosubstituted benzene compounds having at least one transferable
hydrogen, e.g., a quinone derivative such as the mono-methyl-ether of
hydroquinone disclosed in 10 European Patent Application 0 76S 856 Al, and
other inhibitors, e.g , phenolics and certain inorganic salts, well-known
to those skilled in the art. The polymerization inhibitor composition can
be introduced into the monomer to be protected by any conventional method
It can be added as a concentrated solution in suitable solvents dust
upstream From the point of desired application by any suitable I S means.
For example, the individual inhibiting components can be injected
separately or in combination to the monomer feed tank prior to injection
into a distillation train The individual inhibiting components can also be
injected separately into the distillation train along with the incoming
feed or through separate entry points, provided there is an efficient
distribution of the inhibitors Since the inhibitors are gradually depleted
during 20 the distillation operation, it is generally advantageous to
maintain the appropriate amount of the inhibitor mixture in the
distillation apparatus by adding inhibitors during the course of the
distillation process, Adding inhibitors can be done either on a generally
continuous basis or intermittently, in order to maintain the concentration
of inhibitor mixture above the minimum required level 25 The advantages and
the important features of the present invention will be more apparent from
the fOII0wl11f~ examples _?4_   WO 02133026 EXAMPLES PCT/USO1 /3095.1
Procedure for Dynastic Reboiler Test with Feed Shut-Off Prclration of Fecd
Solution. T-Butylcatechol (TBC) is removed from commercially available
styrene by 



5 distillation under vacuum Removal of TBC is verified by caustic
titration. The desired amount of inliibitor(s) 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 Procedure for Reboiter Test. 10 A quantity of the Feed Solution
containing inhibitor (blend) at the desired charge (stated as a wt/wt iota!
inhibitor to styrene) is added to a round-bottom flask (the "Pot") and
heated to the desired temperature (usually 1 16 C) and brought to reflux by
adjusting the pressurelvacuum. Once the Pot contents are at temperature, a
continuous scream of fresh Feed Solution is begun at a rate that will add
the volume of the initial Pot 15 solution to the Pot over a period of time
called the residence time (typically one hour) 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 Poi 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 20 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
(low in and out of the Pot for a specified period of time, typically seven
hours. Samples al a collected Hourly from the Bottoms Stream. These samples
are analyzed for polymer content via the methanol turbidity meti~od. The 2S
amount of polymer in the samples rs an indication of efrectiveness of the
inhibitor being tested. The lower the amount of polymer in the hour ly
samples, the more effective the inhibiting sysicm should be during normal
operation Of a continuous manufacturing or purification process -25   WO
02/33026 Procedure for Fecd Shut-Off. PCT/U S01 /30'l5-1 At the end of the
Reboilei Test Run (typically seven hours), a sample is collected from the
Bottoms Stream. This sample cor responds to Feed Shut-Off Time = 0 minutes
The flows of fresh Feed Solution and Bottoms Stream are stopped. The 5
vacuum and temperature are monitored and adjusted to maintain boiling at
the desired temperature of the experiment, Samples are periodically removed
from the Pot (typically every five minutes). These samples are analyaed For
polymer content via the methanol turbidity method .A longer period of time
before initiation of significant polymer formation is an indication of a
more effective inhibiting system in the event of a 10 loss of Feed in the
plant. Additionally, the lower the polymer number at a specific length of
time after feed shut-off, the more effective tl~e inhibitor system at
providing protection for that length of time. The results in Table 1 snow
that the performance of the combination of nitroxyl with quinone alkide is
improved compar ed to either component alone in both steady I 5 state and
feed shut-off tests. Thus, this blend should provide improved performance
under both normal and upset operating conditions in a plant. -?6   WO
02/3302f 5 10 15 20 Nitroxyl is 4-oxo-TEMPO PCT/U S01 /3095.1 



Table IInhibitor (Dose)Stc;ady State Polymer (wt /.)Polymer 50 mrnutes
after reed Shut-Off (wt %)Nitroxyl ( I00 ppm}0.00034.2Nitroxyl (50 ppm)
plus QM acid (262 ppm)0.00040.0006QM acid (3 50 ppm)0.00050.00 t 7QM ester
( 150 ppm)0.494 66Nitroxyl ( I 50 ppm)0.00532 52Nitroxyl (50 ppm) plus QM
ester (100 ppm}0 0007I 48 QM acid is
3,5-dr-t-butyl-4-oxo-cyclohexa-2,5-dienylidene acetic acid, the structure
of which is QM ester is ethyl
3,5-di-tert-butyl-4-oxo-cyclohexa-2,5-dienylidene acetate. In view of the
many chan~~es and modifications that can be made without departing from
principles underlyrng the invention, reference should be made to the 25
appended claims for an understanding of the scope of the protection to be
a~'orded the invention. -~7_  r~ic~ /orr c 0   WO 02/33026 C Lr11 A'1 S 1 3
4 5 1 2 3 4 5 6 7 8 9 10 11 12 13 I 2 3 4 S What is claimed is' PCT/U SO 1
/309a-4 1 A method for inhibiting the premature polymerization of
ethylenically unsaturated monomers comprising adding to said monomers an
effective amount of A) at least one nitroxyl compound, and B) at least one
quinone alkide compound having an electron withdrawing group at the
7-position. 2. The method of claim 1 wherein the nitroxyl compound is of
the structure' X1 X2 ~C-R4 N R2 ~ ~3 o* wherein R, and R, are independently
selected from the group consisting of hydrogen, alkyl, and
heteroatom-substituted alkyl and R, and R3 are ( 1 ) independently selected
from the group consisting of alkyl and heteroatom-substituted alkyl, or (2)
taken together, form a ring stnrcture with the nitrogen; and X, and X~ ( I
) are independently selected from the group consisting of halogen,
phosphorus (in any of it oxidation states), cyano, COOR,, -S-COR,, -OCOR,,
-S-R, (wherein R, is alkyl or aryl), amido, carbonyl, alkenyl, or alkyl of
1 to I 5 carbon atoms) or (2) taken together, form a ring structure with
the nitrogen 3. The method of claim 2 wherein the nitroxyl compound has the
structural formula: Rl.Cl~~R4 R\ P.1 /R 2 ~ 3 O* _~g_   WO 02/3302fi
PCT/USO1/3095.1 6 wherein R, and R~ are independently selected li om the gr
oup consrsiing of hydrogen, 7 alkyl, and heteroatom-substituted alkyl and
R, and R, are independently selected from 8 the group consisting of alkyl
and heteroaiom-substituted alkyl, and the 



9 10 11 12 portion represents the atoms necessary to Form a five-, six-, or
seven-membered 13 heterocyclic ring. 1 4 The method oFclaim l wherein the
nitroxyl compound is selected from the group 2 consisting of 3
2,2,6,6-tetramethyl-piperidinyloxy, 4
4-amino-2,2,6,6-tetramethyl-piperidinyloxy, 5
4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy; 6
4-oxo-2,2,6,6-tetramethyl-piperidinyloxy, 7
4-dimethylamino-2,2,6,6-tetramethyl-piperidinyloxy; 8
4-ethanoyloxy-2,2,6,6-tetramethyl-piperidinyloxy, 9
2,2,5,5-tetramethylpyrrolidinyloxy; 10
3-amino-2,2,5,5-tetrametlrylpyrrolidinyloxy; 11
2,2,4,4-tetramethyl-1-oxa-3-azacyclopentyl-3-oxy; 12
2,2,4,4-tetramethyl-1-o~ca-3-pyrro) inyl-1-oxy-3-carboxylic acid; 13
2,2,3,3,5,5,6,6-octarneihyl- I ,4-diazacyclolrexyl-1,4-dioxy; 14
4-bromo-2,2,6,6-tetramethyl-piperidinyloxy, 15
4-chloro-2,2,6,6-tetramethyl-piperidinyloxy; 16
4-iodo-2,2,6,6-tetramethyl-piperidinyloxy; 17
4-fluoro-2,3,6,6-tetramethyl-piperidinylovy; 18
4-cyano-2,2,6,6-tetramethyl-piperidinyloxy; 19
4-carboxy-2,2,G,6-tetramethyl-pipendmyloxy; 20
4-carbomethow-2,2,6,G-tetrameihyl-p~pcrolinyloxv, -29   21 22 - 23 24 25 26
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 WO
02/3302G PCT/US01/3095~ 4-carbethoxy-2,2,6,6-tetramethyl-piperidinyloxy;
4-cyano-4-hydroxy-2,2,6,6-teiramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-piperidinyloxy;
4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy; 4-hydroxy-4-(
1-hydroxypropyl)-2,2,6,6-tetramcthyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-1,2,S,6-tetrahydropyridine - I -oxyl;
4-carboxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -l-oxyl;
4-carbomethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl;
4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl)
4-amino-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-oxyl,
4-amido-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridrne -1-oxyl;
3,4-diketo-2,2,5,5-tetramethylpyrrolrdinyloxy;
3-keto-4-oximino-2,2,5,5-tetramethylpyrrolidinyloxy,
3-keto-4-benzylidine-2,2,5,5-tetramethylpyrrolidinyloxy;
3-keto-4,4-dibromo-2,2,5,5-tetrametl5ylpyrrolidinyloxy;
2,2,3,3,5,5-hexamethylpyrrolidinyloxy,
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy; 3-oximino-2,2, 5,
5-tetramethylpyrrolidinyloxy; 3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy,
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-tetramethylpyrrolidinyloxy;
2,2,5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl;
2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole- I -oxyl;
2,2,5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole- I-oxyl, 2,2, 5,
5-tetramethyl-3-cyano-2,5-dihydropyrrole- I -oxyl,
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate;
bis(1-oxyl-2,2,6,6-tetrameihylpiperidin-~1-yl)adrpaie; bis( I
-oxyi-2,2,6,6-tctramethylpiperidin-4-yl)sebacaie; -3O   50 51 52 53 54 55
56 57 58 59 1 2 3 4 5 6 7 s 9 10 11 12 13 14 15 16 17 WO 02/3302G PCT/U S01
/3095-4 bis( 1-oxyl-2,2,6,6-tetramethylpiperidrn-4-yl)n-buiylmalonate; bis(
1-oxyl-3,2,6,6-tctrametl~ylpipcridin-4-yl)phthalate, bis(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate; bis(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate; bis(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydroterephthalate;
N,N'-bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide, N-(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam;
N-{1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsuccinimide;
2,4,6-tris-[N-butyl-N-(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)J-s-triazine; and
4,4'-ethylenebis( 1-oxyl-2, 2,6, 6-tetramethylpiperazin-3-one). 5 The
method oFclaim 1 wherein the quinone alkide is a compound of the formula Rs
i m40 '~33 R~ wherein' R3, and R3~ are independently alkyl of 4 to 18
carbon atoms, cycloalkyl of 5 to 12 carbon atoms or phenylalkyl of 7 to 15
carbon atoms, and 



R33 15 -CN, -COO1:-I, -COOR;,,, -COR~~) -OCORz~, -CONR3,R,8 or -PO(OR39),
where R,a is alkyl of 1 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon
atoms, phenyl or benzyl, R35 is alkyl of I to 18 carbon atoms, aryl of 6 to
10 carbon atoms or said aryl substituted by 1 or 2 alkyl of I to 4 carbon
atoms or by hydroxyl, R3~ is alkyl of l to I 8 carbon atoms, aryl of 6 to
10 carbon atoms or said aryl substituted by 1 or 2 alkyl of I to 4 carbon
atoms or by hydroxyl, - il     WO (12/3302G PCT/U S(11 /3095-t 18 R3, and
R3R are independently hydrogen, alkyl of 1 to 18 carbon atoms or said alkyl
19 substituted by alkylanuno of 1 to 4 carbon atoms, by dialkylamino of 2
to 8 carbon 20 atoms or by hydroxyl, benzyl, aryl of 6 to 10 carbon atoms
or said aryl substituted by 21 alkyl of I to 4 carbon atoms, by alkylamino
of 1 to 4 carbon atoms, by dialkylamino of 2 22 to 8 carbon atoms, by
phenylamino or by hydroxyl, or 23 -NR3,R3g is morpholino, piperidino or
pyrrolidino, 24 R3~ is hydrogen or alkyl of l to 18 carbon atoms, and 25
R~~ is hydrogen, alkyl) aryl, hydroxyl, alkoxy, -CN) -COOH, -COORS,,,
-COR3s, 26 -OCOR3~, -CONR;,R3g or -PO(OR3~),. 1 6. The method of claim 5
wherein the quinone alkide is selected from the group 2 consisting of: 3
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetonitrile, 4
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetic acid, 5
(3,5-di-tert-amyl-4-oxocyclohexa-2,5-dienylidene)acetic acid, 6 methyl
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate, 7 ethyl
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate, 8 n-butyl
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate, 9
2,6-di-tert-butyl-4-(2-oxopropylidene)-cyclohexa-2,5-dienone, 10 diethyl
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methanephosphonate, 1 I
(3,5-di-ter-t-butyl-4-oxocyclohexa-2,5-dienylidene)methyl acetate, l2
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)meihyl pivalate, 13
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyf benzoate, and 14
N,N-diethyl-2-(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetamide
1 2 3 4 6 7 8 9 10 11 l2 13 14 15 16 l7 18 19 20 21 77 23 24 25 26 27 28 WO
02/33026 PCT/U SO l /3095.t 7. A method For inhibiting the premature
polymerization of ethylenically unsaturated monomers comprising atlding to
said monomers an efi~ective amount of. A) ai least one ntlroxyl compound of
the structure X1 X2 R4 N R2 ~ R3 o* wherein R, and Ra are independently
selected from the group consisting of hydrogen, alkyl, and
heieroatom-substituted alkyl and R, and R3 are ( 1 ) independently selected
from the group COnS15t111f~ of alkyl and heteroatom-substituted alkyl, or
(2) taken together, form a ring structure with the nitrogen; and X, and X~
( 1 ) are independently selected From the group consisting of halogen,
phosphorus (in any of it oxidation states), cyano, DOOR,, -S-COR,) -OCOR,,
-S-R, (whet ein R, is alkyl or aryl), amido, carbonyl, alkenyl, or alkyl of
I to 1 ~ carbon atoms, or (2) taken together, form a ring structure with
the nitrogen, and B) at least one quinone alkide compound of the formula
R3, ~.,to '~!.3 R j, wherein R3t and R,~ are independently alkyl oF=1 to I
8 carbon atoms, cycloalkyl of 5 to 12 carbon atoms or phenylalkyl of 7 to 1
~ carbon atoms, and Rj3 rS -CN, -CO01-i, -COOR~~, -COR,;) -OCORjr,
-CONR~~R3~ or -PO(OR,~)~ where R1a is alkyl of 1 io 18 cat bon atoms,
cycloalkyl of 5 to I 2 carbon atoms, phenyl or benzyl) 



-33    WO 02/33026 29 30 31 32 33 34 35 36 37 38 39 40 41 PCT/U SO 1
/309S.1 R35 is alkyl of I to I 8 carbon atoms, aryl of 6 io 10 carbon atoms
or said aryl substituted by 1 or 2 alkyl of 1 io 4 carbon atoms or by hydr
oxyl, R,~) is alkyl of 1 to 18 carbon atoms, aryl of 6 to I 0 carbon atoms
or said aryl substituted by 1 or 2 alkyl of I to 4 carbon atoms or by
hydroxyl, R3, and R~K are independently hydrogen, alkyl of 1 to 18 carbon
atoms or said alkyl substituted by alkylamino of I to 4 carbon atoms, by
dialkylamino of 2 to 8 carbon atoms or by hydroxyl; benzyl, aryl of G to 10
carbon atoms or said aryl substituted by alkyl of I to 4 carbon atoms, by
alkylarnino of 1 to 4 carbon atoms, by dialkylamino of 2 to 8 carbon atoms,
by phenylamino or by hydroxyl, or -NR3,R3~ is morpholino, piperidino or
pyrrolidrno, R3~ is hydrogen or alkyl of 1 to 18 carbon atoms, and R~~ is
hydrogen, alkyl, aryl, hydroxyl, alkoxy, -CN, -COOH) -COOR3a) -COR3s,
-OCOR3~,, -CO~1R~,R~R or -PO(OR~~)~, I 8 1 9 I 2 3 4 1 3 4 5 The method of
claim 1 car ried out in the presence of oxygen. The method of claim 7
carried out in the presence of oxygen, 10. A composition comprrsing~ A) at
least one nitroxyl compound, and B) at least one quinone alkide compound
having an electron-withdrawing group at the 7-position. 1 1- The
composition of claim 10 v~herein the nilroxyl compound is of the structure:
xz i2 R4 N ~ R3 o*   6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13 1 3
4 5 6 WO 02/33026 PCT/USO1 /3095-1 whel ein R, and R~ are independently
selected ti oln the group consisting of hydrogen, alkyl, and
heteroatom-substituted alkyl and R, and R, arc (I) independently selected
from the group consisting of alkyl and heteloaton~-substituted alkyl, or
(2) taken together, form a ring structure with the nitrogen) and X, and X,
( 1 ) are independently selected from the group COrlSlStlllg of halogen,
phosphorus (in any of ii oxidation states), cyano, COOR,, -S-CORD, -OCOR~,
-S-R7 (wherein R; Is alkyl or aryl), amido, carbonyl, alkenyl, or alkyl of
I to 15 carbon atoms, or (2) taken together, form a ring structure with the
nitrogen 12. The composition of claim 1 I wherein il~e nitl oxyl compound
has the structural formula. R1,CI~~R4 N R2 ~ R3 O* wherein R, and Ra are
rndependently 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 fi ve-, six-, or
seven-membered heterocyclIc ring 13. The composition of claim 10 wherein
the nitroxyl compound is selected from the group consisting of: 



2,2,6,6-teiramethyl-piperidinyloxy,
4-amino-2,2,6,6-tetramethyl-piperidinyloxy,
4-hydroay_2,Z,G,6-teirametlyyl-piperidinylo~y;
4-oxo-?,?,6,6-tetrameihyl-pipclidinyloxy) _ ~S _   7 8 9 10 I1 12 13 14 IS
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 WO (12/3302G PCT/U S01 /3095-1
4-dimethylamino-2,2,6,6-teiramethyl-pipendinyloxy)
4-etlranoyloxy-2,2,6,6-tctramcthyl-piperidinyloxy,
2,2,S,S-teiramethylpyrrolidmylovy;
3-amino-2,2,5,5-tetramethylpyrrolidinyloxy;
2,2,4,4-tetramethyl-1-oxa-3-azacyclopeniyl-3-oxy;
2,2,4,4-tetramethyl-1-oxa-3-pyrrolinyl-1-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-pipertdinyloxy,
4-iodo-2,2,6,6-tetramethyl-piperidinyloxy;
4-fluoro-2,2,G,6-telramethyl-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;
4-methyl-2,2,6,6-tetramethyl-piperidinyloxy,
4-carbethoxy-4-hydroxy-2,2,6,6-tetramethyl-piperidinyloxy, 4-hydroxy-4-(
1-hydroxypropyl)-2,2,6,6-tetramethyl-piperidinyloxy;
4-methyl-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyr idine -1-oxyl,
4-carboxy-2,2,6,6-tetramcthyi-I,2,5,6-tetrahydropyridine -1-oxyl,
4-carbomethoxy-2,2,6,6-tetramethyl-I,2,5,6-tetrahydropyndrne -1-oxyl,
4-carbethoxy-2,2,6,6-tetramethyl-1,2,5,6-tetrahydropyridine -1-ovyl,
4-amino-2,2,6,6-tetramethyl-I,2,5,6-tetrahydropyridine -I-oxyl, 31
4-amido-2,2,6,6-teiramethyl-1,2,5,6-tetrahydropyridine -I-oxyl, 32
3,4-diketo-2,2,5,5-tetrarnethylpyrrolidinyloxy, 33
3-keto-4-oxinuno-2,2,5,5-tetrametltylpyrroltdtnyloxy, 34
3-l:eto-4-bcnzylidrne-2,2,5,5-tetramethylpyrrolidinyloxy, 35
3-keto-4,4-dibronro-2,2,5,5-tctramcti~ylpynolidinyloxy; - 36    WO 02/3302C
36 2,2,3,3,5,5-hexamethylpyrr olidmylovy, 37
3-carboximido-2,2,5,5-tetramethylpyrrolidinyloxy, 38
3-oximino-2,2,5,5-tetramethylpyrrolidinyloxy, PCT/USO 1 /3095-t 39
3-hydroxy-2,2,5,5-tetramethylpyrrolidinylovy; 40
3-cyano-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy, 4l
3-carbomethoxy-3-hydroxy-2,2,5,5-tetramethylpyrrolidinyloxy, 42
3-carbetho~cy-3-hydroxy-2,2,5,5-tetrarnetl~ylpyrrolidinyloxy; 43
2,2,5,5-tetramethyl-3-carboxamido-2,5-dihydropyrrole-1-oxyl, 44
2,2,5,5-tetramethyl-3-amino-2,5-dihydropyrrole-I-oxyl, 45
2,2,5,5-tetramethyl-3-carbethoxy-2,5-dihydropyrrole-I-oxyl; 46
2,2,5,5-tetramethyl-3-cyano-2,5-dihydropyrrole-1-oxyl, 47
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl}succrnate; 48
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipate; 49
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)sebacate, 50
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)n-butylmalonate; 51
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)phthalate; 52
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)isophthalate; 53
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)terephthalate; 54
bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)hexahydroterephthalate; 55
N,N'-bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)adipamide, 56
N-(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-caprolactam; 57 N-(
1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)-dodecylsucc~rlimrde, 58
2,4,6-tris-[N-butyl-N-(1-oxyl-2,2,6,6-tetrametlrylpiperidin-4-yl)~-s-triazi
ne; and 59 4,4'-ethylenebis( I -ovyl-2,2,6,6-teirametl~ylpipei azin-3-one).
-37   1 2 3 4 5 6 7 g 9 10 11 12 13 14 l5 16 17 is 19 20 2l 23 24 25 2G 27
28 29 WO U2/33026 PCT/USOl/3095.~ 14. The composition of claim 10 wherein
the quinone alkide is a compound of the Formula Rj~ '~40 ".s.s R,, wherein.
R3r and R3, are independently alkyl of 4 to 18 carbon atoms, cycloalkyl of
S to 12 carbon atoms or phenylalkyl of 7 to 15 carbon atoms, and R33 Is
-CN, -COOH, -COOR3~, -COR3s, -OCOR3~, -CONR3,R3g or -PO(OR39)~ where R3~ is
alkyl of 1 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, phenyl
or benzyl, R3s is alkyl of I to 18 carbon atoms, aryl of 6 to 10 carbon
atoms or said aryl substituted by 1 or 2 alkyl of 1 to 4 carbon atoms or by
hydroxyl, R3~ is alkyl of 1 to 18 carbon atoms, aryl of G to 10 carbon
atoms or said aryl substituted by 1 or 2 alkyl of 1 to 4 carbon atoms or by
hydroxyl, 



R3~ and R;8 ai a independently hydrogen, alkyl of 1 to 18 carbon atoms or
said alkyl substituted by alkylamino of I to 4 carbon atoms, by
dialkylamino of 2 to 8 carbon atoms or by hydroxyl; benzyl, aryl of 6 to 10
carbon atoms or said aryl substituted by alkyl of 1 to 4 Carbon acorns, by
alkylamino of 1 to 4 carbon atoms, by dialkylarnino of 2 to 8 carbon atoms,
by phenylamino or by hydroxyl, or -NR"R~~ Is morpholino) piperldino or
pylrolldllro, R~~ is hydrogen or alkyl of 1 to I 8 carbon atoms) and R~~ is
hydrogen, alkyl, aryl, Irydroxyl, alkoxy, -CN, -COOt-1, -COOK", -COR3s,
-OCOR,r,, -CONR~,R3K or -PO(OR~,,), -38    WO 02/3302G PCT/US01/3095~ 1 15
The composition of claim I ~I wher ein the quinone alkide is selected from
the 2 group consisting of - 3
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetonitrile, 4
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylrdene)acetic acid, 5
(3,5-di-tert-amyl-4-oxocyclohexa-2,5-dienylidene)acetic acid, 6 methyl
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-drenylidene)acetate, 7 ethyl
(3,5-di-terrt-butyl-4-oxocyclohexa-2,5-dienylidene)acetate, 8 n-butyl
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)acetate, 9
2,6-di-teri-butyl-4-(2-oxopropylidene)-cyclohexa-2,5-dienone, 10 diethyl
(3,5-di-tert-butyl-4-oxocyc1o17exa-2,5-dienylidene)methanephosphonate) 11
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl acetate, 12
(3,5-di-tert-butyl-4-oxocyclohexa-2,5-dienylidene)methyl pivalate, 13
(3,5-di-teri-butyl-~4-oxocyclohexa-2,5-dienylidene)methyl benzoate, and
N,N-diethyl-2-(3, 5-dr-tert-butyl-4-oxocyclohexa-2, 5-dieny(idene)acetamide
1 16 A composition for inhibiting the premature polymerization of
ethylenically 2 unsaturated monomers wherein said composition comprises 3
A) at least one nitroxyl compound of the stmcture~ 4 X1 x2 R1-y ~~ R4 ra 6
R2 I R3 O* 8 wherein R, and Ra are independently selected from the group
consisting of hydrogen, 9 alkyl, and heteroatom-substituted alkyl and R,
and R; are ( 1 ) independently selected 10 from the group COIlS15t1r1P~ of
alkyl and heteroatom-substituted alkyl, or (2) taken I I together, form a
ring stnrcture with the nitr ogee, and X, and X~ ( I ) are independently 12
selected from the group consisting of halogen, phospl~oms (in any of it
oxidation states), 13 cyano, COOK,, -S-COR,, -OCOR,, -S-R; (wherein R, is
alkyl or aryl)) amido, carbonyl, - 39    14 15 16 17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32 33 34 35 36 WO U2/33026 PCT/ US01 /3095.1 alkenyl,
or alkyl of I to I S carbon atoms, or (?) taken together, form a ring
structure with the nitrogen, and I3) at least one quinone alkide compound
oFthe formula Riz "J3 wherein: R3, and R~, are independently alkyl of 4 to
I 8 carbon atoms, cycloalkyl of 5 to 12 carbon atoms or phenylalkyl of 7 to
15 carbon atoms, and R33 rs -CN, -COOI-i) -COOR~a, -COR35, -OCOR3~,
-CONR3~R3~ Or -PO(OR39), where R3a is alkyl of 1 to 18 carbon atoms,
cycloalkyl of 5 to 12 carbon atoms, phenyl or benzyl, R,5 is alkyl of 1 to
18 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted by 1
or 2 alkyl of 1 to 4 carbon atoms or by hydroxyl, R;~ is alkyl of 1 to 18
carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted by 1 or
2 alkyl of 1 to 4 carbon atoms or by hydroxyl) Rj, and R,H are
independently hydrogen) alkyl of I to 18 carbon atoms or said alkyl
substituted by alkylamino of 1 to 4 carbon atoms) by dialkylamino oF2 to 8
carbon -40   



WO 02/3302G PCT/U S01 /309y 37 atoms or by hydroxyl) benzyl, aryl of 6 to
10 carbon atoms or said aryl substituted by 38 alkyl of 1 to 4 carbon
atoms, by alkylamino of I to 4 carbon atoms) by dialkylamino of 2 39 to 8
carbon atoms, by pllenylamino or by hydroxyl, or 40 -NRz~R~B 15
11101-i.711011110, piperidino or pyrrolidino, 41 R3,, is hydrogen or alkyl
of l to 18 carbon atoms, and 42 R;o is hydrogen, alkyl, aryl, hydroxyl,
alkoxy, -CN) -COOt-I, -COOR3a, -COR3s, 43 -OCOR,6, -CONR3,R~k or -PO(OR,~),
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