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SYMERGISTIC COMBINATION FOR INHIBITING POLYMERIFATION OF VINYL
MONOMERS
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Not Applicable.
Backpround of the Invention

This invention relates to compositions of matier containing guinone methides and

10 gquinone diimides, and methods of using them 1o Inhiblt unwanted polymerization. As described

in US Patert 7,651,635 quinone methides are used to inhibit the polymerization of vinyi aromatic
monomers. Owing 1o their hugh reactivity, wany of these monomers can undesirably polvmerize
at various stages of their manufacture, processing, handling, storage, and use. Undesirable

3

polymerization reactions result inn a loss in production efficiensy because they consume valuable

(3 monomer and becavse they require additional porification steps to remove the undesired
polymers from the process equipment and from the monomer product. During the purification
process, undesired polymerization reactions are particularly problematic for vinyl aromatic

nonomers as they form unwanted polymer. The purification process is performed at elevated
temperatures. BEven in the absence of contaminants that promote polymerization, vinyl

0 monomers, particularly aromatic vinyl monomers like styrene undergo selfuinitiated
polymerization at high temperatures, The resultant polystyrene is linear, soluble in the styrene

nonomer and, therefore, can contaminate the monomer product, It is imperative to prevent
unwanted polymerization.
To prevent unwanted polvmerization reactions two categories of compounds have
¥ been developed, viz.; inbibitors and retarders. Inhibitors effectively prevent polymerization

reactions from occurring as long as they are continuously added to the process sfream. Inhibitors
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however are consumed rapidly unless they are continuously replenished. In cases of emergency

shutdowns when, for mechanical or other operational reasons, more inhibitor cannot be added,

previously added inhibitor will be rapidly conswmed. Upon the complete consumption of

innhibitor, the unwanted polyvmerization reactions will occur unabated therealler. Un the other

hand, retarders slow down the rate of polvmerization reactions even though they are not as
effective as inhibitors. Wheveas inhibitors are consumed rapidly, retarders however are not

consumed as quickly but effectively keep polymer content low, therefore they are more reliable in
cases of emergency shutdown conditions in which inhibitor replenishment is not possible.

To prevent unwanted polvmerization reactions, only retarders such as sulfur and
dinitropheno] (DINP) compounds (including 2,6-dinitrophenol, 2,4-dinltrocreso], and 2-sec-butyl-
4 6-dinitropheno! {DINBPY were initially used,

DNP and sulfur retarders however release NOy and SOy emissions, respectively,

urthermore, DNP-hased retarders are highly toxic, so there is a significant need for & non-toxic
replacement for them. One clase of compounds that is hoped to function as safer substitute
retarders for NP is based on quinone methide architectures. Quinone methides slow the rate of
polymer formation under static conditions and do not need to be frequently re-fed into the process
stream, Examples of quinone methide compounds are in US Patent Number 4,003,800, Axsa
consequence of the alky! substituents on position 7 of the guinone methide, these compounds,
however, are not stable encugh for sustained use in Indusirial settings. Other applications of
more stable guinone methides are found in US Patent Numbers 5,583,247, and 7,045,647,

As taught in US Patents 5,730,768, 5,670,692, 6,926,820 and 7,651,835 the stable
quinone methides have proven effective and are green non-toxic alternatives for use in preventing
the premature polymerization of styrene and other vinyl aromatic monomers, Therefore, there is

a clear wility and novelty in effective methods of inhibiting unwaanted polymerizations with
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compositions comprising quinone methides.

Later, two classes of inhibitors were used, these being; dislkylhvdroxylamines
{including hydroxypropyihydroxylamine {HPHAY) and stable nitroxide free radicals, Other
inhibitors have been used since then, Examples are NP -dialkyviphenylenediamines, NN~
diaryiphenylenediamines N-aryl-N’-allcylphenylenediamines. Quinone diimide compounds are
alse another class of inhibitors, The use of quinone ditmides s taught in US Patent 4,774,374,
US Patent 5,562,863, US Patent 6,184,276, US Patent 6,447,649 and US Patent 6,592,722,

To ensure safety in the event of a plant malfunction, inhibitors are typically not to
be used alone but are offen combined with retarders.

The art described in this section is not intended to constitute an admission that any
patent, publication or other information referred o herein s Vprior art” with respect to this
nvention, unless specifically designated as such. In addition, this section should not be
construed to mean that a search has been made or that no other pertinent information as defined
in 37 C.FR. £ 1.56(a) exists. Any and all patents, patent applications, and other references cited

by this application are hereby ncorporaled by reference in their entirety.

Brief Summary of the Invention

At least one embodiment of the invention is divected towards a method for
inhibiting the polymerizaticn of vinyl monomers in a Hguid comprising adding fo said monomers
a conposition comprising Compound A and Compound B wherein:

Compound A is a quinone methide compound with the formula
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wherein Ry and R; are independently H, Cy to Ci alkyl Cs to €y oveloalkyly G5 o Cys
phenvlalicyl, and any combination thereof. Preferably, Ry and B are rer-butyl, ferv-amyl, reri-
oetyl. cveiohexyl, e-methyibenzyl or oo-dimethyibenzyly with sere-butyl, fer-amyl or feri-ootyl
most preferved, and, R; te preferably aryl, or aryl substituted with C; to (g allovl, alcoxy, nitre,
amino and carboxy, and B; is also preferably nitrile, methoxy, 4-hydroxy-3,5-di-fert-butylphenyl,
an acetylenic group, or phenyl-substituted acetvleno preferably sebstituted with C; to Ce alkyl,
alkoxy, aitre, amino and carboxy;

At lzast one embodiment of the nvention is directed towards a composition
cornprising Compound A and Compound B whergin:

Compound B is a quinone diimide compound of the formula:

Rine
I

TN

- .

[

in which substitnents B, and Ry are the same or different and are alkyl, arvl, alkaryl, aratkyl
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group, and any combination thereof, whereln the weight ratio of Compound A o Compound B {5
about 1 to about 129 and Compound A may be a stable quinone methide. Suitable examples of
quinone methides are 7-cyvano guincne methide (2-03,5-di-rers-butvl-d-oxocveichexa-2,5-
dienylidenejacetonitrile, s 7-substimted-guinone methide also called 2,6-di~ter-butyl-7-cvanc
guinone methide), 4-Benezvlidene-2,6-di-terr-butyl-oyclohexa-2,S-dienone also called 7-phenyl
quinone methide, 2,6-di-fere-butyl-4d-{methoxymethyleneleyelohexa-2, 3-dienone also called 7-
methoxy quinone methide, and 2,6-di-ter-butyl-4-(3,5-di-rere-butyl-4-
hydroxybenzyvlideneiovelohexa-2,5-dienone also called 7-{4-hydroxy-3, S-di-rert-butyiphenyl)
gquinone methide.

Compound B may be a quinone diintide. The quinone diimide may be
benzoquinonediimide compound N N'-{cyclohexa-2 5-diene-1 d-divideneidibotan-t-amine,
benzoguinonediimide compound (ERN-((E -4-{4-methyipentan-2-yvliminojoyelohexa-2,5-
dienvlidenelaniline, and any combination thereof. The monomer may be a vinvlic monomer.
‘The amount of said composition added w the monomer may vary from 1 to 10,000 parts per
million of sald monomer. The weight proportion of Compeound A o Compound B may be
berwean about 1 and about 119 (o about 111 andfor from 4:6 1o 6:4. The polvmerization may be
substantially inhibited. The polymerization may be inhibited within an anaerobic environment.
The inhibition may be wmore effective than the linear combination of the effectiveness of an
mhibitor consisting essentially of Compound B plus the effectivencss of an inhibitor consisting
esserdially of Compound A.

b

Compound A may be a quinone methide componnd with the formula;
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wherein Ry and R are independently H, Cato Cipalkyl; Coto Gz ovcloalkyl; or Crto Cys
phenylalkyl, Preferably, R, and Ry are fery-butyl, ferr-amyl, rert-octyl cyvelohexyl, o-
methylbenzyl or g,u-dimethyibenzyl; with tere-butyl, ferr-amyi or sert-octyl most preferred, and,
R ; 18 also preferably nitrile, aryl, methoxy, d-hyvdroxy-3,5-di~tere-butylphenyl, an acetyienic
group, or phenyl-substifiied acetyleno preforably substifuted with € to Cy alkyl, alkoxy, siwro,

amino and carboxy, and (8} & quinone diimide compound of the formula

in which substituents R, and Ry are the same or different and are alkvi, arvl, alkarvl, or aralkyl

groups wherein the weight ratic of Compound A to Compound B is about 81 1o about 1:5.
The guinone methide compounds may be (2-(3,5-di-vert-butyl-4-oxocyelohexa-

2,5-dienyldene)acetonitrile {alse called 7-cyvano quinone methids}, 2.6-di-fert-butyl-4-

{methoxymethylenejoyclchexa-2, 3-dienone (also called 7-methoxy quinone methide), 2,6-di-fers-

o



1o

et
LA

20

WO 2012/173925 PCT/US2012/041883

butyl-d-(3,5-di-rer-butyl-4-hydroxybenzylidengjoyclohexa-2, S-dienone {also called 7-(4-
hvdroxy-3,5-di-feri-butylphenyl} guinone methide) and 4-benzvlidene-2,6-di-fers-buiyl-
cyclohexa-2,5-dienone {also called 7-phenyl quinone methide).

The guinone diimide componnd may be N,N'-(cyclohexa-2,5-diene-1 4~
diviidensdibutan-t-amine, (ERN-{((E)}-4-(4d-methylpentan-2-yliminojoyclchexa-2,5-
dienyiideneaniline. The weight ratio of Compound A and Compoond B may be between about
9:1 to about 1:9 or about 4:6 to 6:4. There may be is synergism between Compound A and

Compound B a5 an inhibitor of viny! monomer polymerization.

Brief Description of the Drawings
FIG. 1 illusirates a graph demonsirating the synergistic inhibition effect of the

inverdion.

Petaited Description of the Invention

For purposes of this application the definition of these terms {s as follows:

"Alkoxy” means an alkyl group, as defined herein, atlached to the parent
molecular motety through an oxvgen atom. Representative alkoxy groups include methoxy,
ethoxy, propoxy, butoxy, and the like.

"Alkyl" means a monovalent group derived from a straight or branched chain
saturated hydrocarbon by the removal of 8 singls hydrogen atom. Representative alkyl groups
inchide methyl, ethyl, - and ise-propyl, #-, sec-, iso- and terr-butyl, m-octyl, and the like.

“Combination™ means the combined usage of two or more compounds fo vield a
composition that inhibits undesirable polymerization.

“Hffective Inhibiting Amount” means that amount of inhibifor composition which
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is etfective at inhibiting vinyl sromatic monomer polymerization.

“Tnduction time” means the period of tme in which In av ideal closed gystem a
composition of matter completely prevents the formation of a particular polvimer during a given
reaction.

“Inhibltoe” means s composition of matter that inhibits the formation of the
particular polymer doring an induction time but after the induction time has lapsed, the particular
polymer’s formation occurs at substantially the same rate that it would form at in the absence of
the compostiion of matter,

“Retarder” means a composition of matter, which does not have an induction time,
but instead once added to the given reaction the composition of matter reduces the rate at which
the formation of the particular polymer occurs relative 1o the rate at which it would have formed
in the absence of the composition of matier.

In the event that the above definitions or a description stated elsewhere in this
application is inconsistent with a meaning (explicit or implicity which is commeonly used, in a
dictionary, or stated in a source incorporated by reference into this application, the application
and the claim terms in particular are understood to be construed according to the definition or
description in this application, and not according to the common definition, dictionary definition,
or the definittion that was Incorporated by reference. In Hght of the above, in the event that a term

.

can only be understood i1 11 is construad by a dictionary, i the torm is defined by the Kirk-Oihimer
Sncyvclopedio of Chemical Technology, 5th Edition, (2005), (Published by Wiley, John & Sons,
inc.) this definition shall control how the term is to be defined in the claims,

In at feast one embodiment, invention is directed to compositions which comprise

& gquinone methide derfvative and a guinene ditmide. These compositions inhibit the unwanted

polymerization of vinyl monomers.

8
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The gquinone methide derivatives of the present invention commonly have the

chemical structure:

wherein R and R are independently H, C i to C palkyl Csto C poveloalkyh or C o0 C s
phenyialkyl, Preferably, Ry and Ry are fers-butyl, fert-amyl, rert-octyl, cyclohexyl, a-
methylbenzyl or o,u-dimethylbenzyl: with fert-butyl, rert-amyl or tert-octyl most preforred.

Ry is preferably aryl, or aryl substituted with C | to C s alkyl, alkoxy, nitro, amino,

arboxy, or nitrile, or acetylenic group, o acetyleno substituted with a phenyl or substituted

phenyl group, or acetyleno substituted with C; to Cgalkoyl, alkoxy, nitro, amine, carboxy group.

Preforably, the quinone methide derivative is 2-(3,53-di~fers-butyl-d-oxoeycichexa-
2.5-dienvlidencjacotonitrile {a 7-substituted-quinone methide also called 2,6-di-rert-butyl-7-
cyano guinone methide or 7-cvano quinone methide), 4-Benrylidene-2,6-di~teri-butvl-cyclohexa-
2.5-dignone also called 7-pheny! quinone methide, 2,6-divtert-butyl-4-
{methoxymethyleneyoyelohexa-2,5S-dienone also called 7-methoxy guinone methide, and 2,6-di-
tert-butyl-4-(3,5-di-rere-butyl-d-hydroxybenzylidenejoyclohexa-2, 3-dienone also called 7-(4-
hydroxy-3,3-di-fert-butyiphenyl} guinone methide.

The guinone dilmide compound of the present invention comprises a

benzogquinonediimide compound which typically has the general formula:
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in which substituents R ;and R ;are the same or different and are alkyl, arvl, alkaryl, or aralkyl
groups. The preforable benzoguinonediimide compound s selected from the group consisting of
N M -dialkyl-p-benzoquinonediimides and N-phenyi-N-alkvi-p-benzoquinonediimides. The
benzoguinonediimide compound may also be selected from the group consisting of N,N"-di-sec-
butyl-p-benzoquinonediimide, N-phenyl-N'-methyl-p-benzoguinonediimide, N-phenyl-N'-ethyl-
phenzoguinonediimide, N-phenyb-N-propyl-p-benzogquinonediimide, N-phenyl-MN'-n-butyl-p-
benzoguinonediimide, N-phenyi-N'-ise-butyl-p-benzoguinonediimide, N-phenyl-IN'-sec-butyl-p-
benzoquinonediimide, N-phenyl-N'-ters-butyl-p-benzoguinonediimide, N-phenyl-N-n-pentyl-p-
benzoguinonadiimide, N-phenyvl-MN-{ L-methylhexylp-benzoguinonediimide, Nophenyl-N-(1,3-
dimethvihexyvh-p-benzoquinonediimide, N N-bis{1 4-dimethyvipentyl-p-benzogquinonediimide,
N-phenyt-N"-(1,4-dimethyipentyD-p-benzoguinonediimide and N-phenyb-W'-(1,4-dimethyibotyl)-
prbenzoquinonediimide.

Preferred benzoquinonediimide compounds comprise N, N'-(eyelohexa-2,5-diene-
i 4-divlideneidibutan-1-amine and (E}-N-({E}-4-{4-methylpentan-2-viimincicyclohexa-2,5-
dienylidene)aniline.

In at least one embodiment unwanted polymerization within a target liguid
environment is inhibited by the addition of a quinone methide bearing composition into the

monomer solution, The compesition comprises at least one forrm of quinone methide and at least

10
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one form of phenvlenediamine oxidized to quinone dilmide. Prior to making the composition,
fhe phenylenediamines are initially oxidized into quinone diimides. Alterpatively, commercially
available quinone dilmide compounds can be used. The guinone ditmide 13 then combined with a
quinong methide and in this forme # offectively inhibits polymerization.

fri at least one embodiment, the combination occurs in 3 manner simifar to the
methods and procedures described in US Patent 3,955,643 whereby a combination of a stable
aitroxide radical and non-toxie phenylenediamineg is used to inhibit undesirable polymerization of
stvrene nnder anacrobic conditions, A significant difference is the fact that in this current
invention, in the guinone dilmide and quinone methide combination, the phenyienediamine is
already oxidized 1o a quinone diimide and the combination relies upon & quinone diimide in the
place of a nitroxide. Instead of oxidizing the phenylenediamine to quinone diimide /n sity, the
phenvienediamine is oxidized prior to the injection into the process stream. In at least one
embodiment the combination consists of a guinone methide and & quinone diimide. The
composition may comprise other materials as well as the combination.

In the past, different mhibitor combinations have been attempted. As an example
HTEMPO has been combined with other inhibitors to address technical and economic
deficiencies with using HTEMPO alone. Thess combinations, however, did not result in the
coanbination having an overall inhibiting capability greater than the linear sum of their
constitgents, Morsover it is ofien the case that inhibitor combinations produce worse rather than
better results than thelr constituents do alone, Thus it is quite unexpected that this quinone
diimide~-quinone methide combination displays such a strong synergistic effect displaying
stronger antipolymerant activity than would be expected from the Huear combination of the
effectiveness of quinone diimide with the effectiveness of guinone methide,

While quinone ditmides have previously been used to stabilize unwanted

11
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polymerizations, the effectiveness of those previcus uses convincingly demonstrates that the
effectiveness of this combination s quite unexpected. In US Patent 4,774,374 by co-lnjecting
oxygen, a phenyvienediamine is oxidized i sifn to a quinone diimide, which is used to stabilize a
vigyl aromatic monomer from polymerizing. The phenylenediamine, however, Is inoffective in
anaerobic conditions while the quinone dimide-quinone methide combination s effective in
anaercbic conditions or in other oxygen deficient situations, US Patent 5,221,764 describes the
combined use of a cerfum compouand and a phenyvlenediamine compound that generates a guinone
diimide /n site which effectively inhibits acrvlic acid polymerization at high temperatures.

In at least one embodiment, the guinone ditmide need vot be geverated in sifu.
The use of quinone diimide is taught in US Patents 6,184,276 and 6,376,728, In US Patent
5,562,863, a quinone diimide is used n combinastion with 2,6-di-rerr-butyl-4-methyiphenol. US
Patent 5,648,573 teaches the combined usage of a quinone ditmide and o hydroxylamine.
Furthermere, US Patents 6,447,649 and 6,592,722 teach the combined usage of a quinone
ditmide and a siable nitroxide radical as inhibitors of undesirable polymerization of vinyl
MOnOMers.

In at least one embodiment, the compositions of the present invention
efficaciousty inhibit undesirabie polymerization of vinyl eromatic monomers under processing
conditions, These processing conditions include but are not restricted to preparation,
purification, distillation and vacuum distillation processes. As a typical example., styrens is
processed at temperatures between 95° and 125° €. The compositions of the present lnvention
are effbctive at inhibiting the polymerization of styrene over this temperature range. The
compositions are particularly efficient at inhibiting the polymerization of styrene monomer.

In at least one embodiment, the total amount of quinone methide derivative and

guinone difmide compound used in the methods of the present invention is that amount which is

i2
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presence of contaminants in the system and the process temperature, of the system under which
the vinyl aromatic monomer 18 being processed will determine the amount of the composition
used. Accordingly, larger amounts of the inhibiting composition are required at higher

5 processing temperatures and monomer with higher concentrations of contaminants.

The preferred amount of quinone methide derivative and quinone diimide
composition ranges from about 1 part to about 10,000 paris per 1 million parts of monomer.
Most preferably, this amount will range from about 1 part total 1o about 1008 parts per million
parts monomer.

16 By combining a quinone methide compound and a quinone diimide compound, it
is possible for the resultant composition to produce a more effective vinyl aromatic monomer
polymerization inhibiting treatment than is obtained by the use of elther compound by ftself when
measured at comparable treatment levels., The subsequent synergy or enhancad activity between
components allows for the concentration of each of the components 1o be lowered such that the

15 total guantity of the polyvmerization inhibitor required is concomitantly lowered while achieving 8
commensurate level of polymerization inhibition.

As such, the mole percent of guinone methide compound to quinone diimide
compound in the composition will generally vary from about 1:99 to about %9:1, with a mele
percent ratio of about from about 30:70 to about SG:10 preferred. Most prefecably, the mole

X percent ratio is about S8:50,

Without being limited in the scope of the invention and in particular in the
construal of the claims, it is believed that the quinone methide provides flexibility in use and the
guinone ditmide provides a high level of effectiveness which together result in significant

SYIErEY.
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EXAMPLES
The foregoing may be better understood by reference to the following examples,
which are presented for purposes of {lustration and are not intended to Hrnit the scope of the

nvention.

Example §

The uninhibited solution was prepared and tested for unwanted polymer as

prepared in a glass container (Petrotest, Refl 13-0533) Toluene was then added o the solution
up to a total mass of 20882 g A plass Hd (Petrotest, Ref. 13-0514) was fitted to the container, it
was placed inside a closed reaction vessel known as a bomb (Petrotest, Refl 13-1141) and the lid
of the bomb was closed. An 8 bar, high-purity nitrogen supply {containing < 10 ppb oxygen) wag
used to purge the bomb six times. This involved the use of 3 3-way valve {(Swagelok, Ref, §5-
43GXF4) that allowed the bomb to be filled and partiaily emptied, along with aliowing the line to
he purged between each fill, The bomb was finally pressurized to 100 psi with nitrogen. The
bowb was set to TEST for 30 minuies, which determined if there were any leaks in the system. I
the reactor passed this leak test it was placed in a heat bath at 130 °C for 2 hours, Upon removal
from the heat bath the bomb was allowed to cool to room temperature before being depressurized
and having the glass container removed. The amount of polymer produced was measured. The
average concentration of unmwanted polymer in the untreated (blank) tost was 19778 ppm with a

standard deviation of 4032 ppm,

Example 2

The weated sohntions were prepared and tested for unwanted polymer according to

s
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the procedure in Example 1. As the inhibitors all have different molecular weights, molar
conceniration was used for this Investigation instead of milligrams of inhibitor per 1 kilogram of
solution {ppm}.

Initially experiments were carried out with a total inhibitor concentration of 6,145
mM, the equivalent to 23 ppm of HTEMPQO. Before any combinations were tested, the quinone
methide and quinone dilmide were sach separately tested at a concentration of §,145 mM.
Thereafter, the performance of different combinations was investigated. The two components
were in molar concentrations but the total concentration was kept constant af 0,145 wmM, The
mole pereent of quinene methide relative 1o the mole percent of quinone dilmide ranged from
0:100 1o 100:0. Preferably, the mole percent of quinone methide relative to the mole percent of
quinene ditmide ranged from 10:90 to 90:10; more preferably from 30:90 to 90:10; more
preferably about 3050

The results are found in Table 1 herein below, and also in Figure L

“Ouinone Methide (mole %) | Quinone Diimide (mole %) | Pelymer {(ppm)
- —_— —
108 {P --------------------------------------------------- 283
30 W 13.1

,,,,,,,,,,,,,,,,,,, . — P—
AR — - —
S — - -
320 sV 4.6

............... - . -
- . -
20 80 47
T — — % _
P ——— - b
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Ag Wustrared in Figore 1, a series of samples of inhibitor combinations were
prepared. The sombinations comprised various proportions of quinene methides (in particular 7-
cyans quinone methide (QM-CN)Y) and oxidized (E}N-({E)-4-(d-methylpentan-2-
vliiminocyclohexa-2,5-dienylidenglaniling. The effectiveness of the various samples al inhibiting
polymerization of vioyl monomers was compared to a linear representation of the “gap™ between
the effectiveness OM-CN and (E}-N-{{(Ey-4-(d-methyipentan-2-vliminojcycliohexa-2,5-
dienylidenelaniline by theruselves, The data shows that when the proportion of quinone methide
ia batween 30% and 90% of the combination, the inhibitor is nearly 100% effective and even

when cutside of this range, the combination is still more effective than either quinone diimide or

quinone methide alone. Thus the unexpected synergistic effect seems to be present by all
combinations of the two.

While this invention may be embodied in many different forms, there ave shown
and described in detail herein specific preferred embodiments of the invention, The present
disclosure s an exemplification of the background and principles of the inveniion and is not
intended to limit the invention to the particular embodiments Dlustrated. Al patents, patent
applications, scientific papers, and any other referenced materials mentioned anywhere herein, are

incorporated by reference in thelr entirety. Furthermore, the invention encompasses any possible
combination of some or all of the various embodiments explicitly described herein and
incorporated herein as well as combinations which exclude one, some, or all but one of the
varicus embadivacnts explicitly described and/or incorporated herein.

The above disclosure is fntended o be illustrative and not exhaustive. This
description will suggest many variations and aliernatives to one of ordinary skill in this art. All

these aliernatives and variations are intended 1o be included within the scope of the claims where

in
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the tenm "compwising” means "including, but not limited t0.” Those familiar with the art may
recognize other equivalents to the specitic embodiments described herein which equivalents are
also intended 10 be encompassed by the claims.

Al ranges and parameters disclosed herein are understood to encompass any and
all subranges subsumed therein, and every number between the endpoints. For example, a stated
range of ©1 to 1 should be considered to include any and all subranges between {and inclusive
of) the minimum value of 1 and the maximum value of 10; that is, all subranges beginning with a
minimuwm value of | or morg, {o.g. 1 10 6.1}, and ending with 8 maximum value of 10 or less,
{eg 2.3109.4, 310 8, 4 to 73, and finally to sach number 1, 2, 3, 4, 5, 6, 7, &, 9, and 10 contained
within the range.

This completes the description of the preferred and aliernate smbodiments of the
invention. Those skilled {n the art may recognize other equivalonts to the specific embodiment

described herein which equivalents are intended to be encompassed by the claims attached herefo.

17
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Claims

i. A method for inhibiting the polvmerization of vinyl monomers in a liguid comprising
adding to sald monomers a somposition comprising Compound A and Compound B, whersin: m

5 Compouand A s a quinone methide compound with the formula

oot @)

wherein Ry and R; are independently nne selecied from the st consisting of H, €y to Ciealkyl, G4
to Oz eveloalkyl, G to Oy vhenvialkyl, and any combination thereof, having an arrangement
which is selected from the list consisting of alkyl, teri-butyl, fert-amyl, ferf-octyl, cyclohexyl, o~

16 methytbenzyl, ao-dimethyibonzyl, and any combination thereol and, Ry is aryl, or aryl
substituted with Cy to Ce alkyl, alkoxy, nitro, amino and carboxy, nitrile, methoxy, 4-hydroxy-3,5~
di-fert-butylphenyl, an acetylenic group. or phenyl-substituted gcetyleno, phenyl-substituted
acetyleno substituted with C; 1o Cq alkyl, alkoxy, nitro, amine, carboxy, and any combination
therent]

is Compound B is a quinone diimide conpound of the formula:

i8
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in which Ry and R; are the same or different and are alkyl, aryl, alkaryl, or aralky! groups wherein
the weight ratio of Compound A to Compound B is about %11 to about 19,

3. The method of claim 1 in which Compound A is preferably a stable quinone methide
selected form the list consisting oft 7-cyano guinone methide (2-(3,5-di-rers-butyl-4-
uxocyelohexa-2,5-dienylidenciacstonitrile, a T-substituted-quinone methide also called 2,6-di-
teri-butyl-T-oyano quinone methide), 4-Benzylidene-2,6-di-fere-butyl-cyelohexa-2,3-dienone also
called 7-phenyl quinone methide, 2,6-di-fera-butyi-d-{methoxymethylenelcyeiohexa-2,5-dienone
alsa called 7-methoxy quinone methide, 2,6-di-tert-butyl-4-(3,3-di-rerr-butyl-4-
hydroxybenzylideneleyclohexa-2,5-dienone also called 7-{(4-hydroxy-3,5-di~fert-butyiphenyl}
guinene methide, and any combination thereof,

3, The method of claim 1 in which Compound B is g quinone difmide.

4, The method of claim 3 in which Compound B is benroguinonediimide compound NN
{eyciohexa-2, 3-diene- 1 d-divlidene)dibutan- 1 -amine.

% The method of claim 3 in which Compound B is benzogquinonediimide compound (E}N-

{{(Ey4~{4-methylpentan-2-viiminojoyclohexa-2, 3-dicnylidenc)aniiine.

6. The method of claim 1 in which the monomer s 4 vinylic monomer,
7. The method of claim | in which amouot of said composition added to the monomer varies

18
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from | 1o 10,000 parts per million of sald monomer.

8. The method of claim 1 in which the weight proportion of Compound A to Compound B is
betweery about %1 and about 19 {o about 1L

2. The method of claim 1 in which the weight proportion of Compound A to 1o quinone
diimide ranges from 4:6 to &4,

$18.  The method of claim 1 in which the polvmerization is substantially inhibited.

1.  The method of clgim | i which the polymerization is inhibited within an anaerobic
environment.

12, The method of claim § in which the inhibition is more effective than the linsar
combinalion of the effectivensss of an inhibitor consisting essentially of guinone ditmide
{compound B) with the effectiveness of an inhibitor consisting essentially of quinone methide
{compound A)

13. A composition in which Compound A is a quinone methide compound with the formula;

wherein Ry and Rp are independently H, Cato Crralkyl Cato Cyp evcloalkyl; or Crto Gy
phenylalkyl. Preferably, R, and R, are rers-butyl, rert-arayl, rer-octyl, cyelohexyl, a-
methyibenzyl or a,a-dimethylbenzyl; with fere-butyl, ferf-amyl or rerf-ootyl most preferred, and,
R 1 is also preferably nitrile, arvl, methoxy, 4-hydroxy-3,5-di-fers-butylphenyl, an acetylenic

group, or phenyl-substituted acetyleno preferably substituted with C to Ug alkyl, alkoxy, nitro,

20
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aminoe and carboxy, and (B) 2 quinone diimide compound of the formula

5
s,
S,
s
It
.
7
I

in which substituents R; and Ry are the same or different and are alkyl, arvl, alkaryl, or aralkyl
groups wherein the weight ratio of Compound A to Compound B 1s about 9:1 to about 1:9,

14.  The composition in claim 13 in which the quinone methide compounds are (2-03,3-di~ters~
butyl-4-oxocyclohexa-2, S-dienylidenejacetonitrite (also called 7~cyano quinone methide}, 2,6-di-
tert-butyl-d-{methoxymethyleng)oyclohexa-2, 3-dienone (also called 7-methoxy quinone
methide), 2,6-di-teri-butyl-4-(3, 5-di-tesr-butyl-4-hydroxybenzyviidenejoyclohaxa-2,5-dienone
{also called 7-{(4-hydroxy-3,5-di-sers-butylphenyl) quinone methide) and 4-benzylidene-2,6-di-
tert-nutyl-cyclohexa-2, S-dicnone {also called 7-phenyl quinone methide).

1% The composition in claim 13 in which the guinone diimide compound is N, N'-{cyclohexa-
2,5-diene-1 4-diviideneidibutan-1-amine.

16.  The composition in claim 13 in which the quinone diimide compound is (E)}=-N-{{E}-4-{4-
wethylpentan-2-vliminoeyelohexa-2, S-dienylidens)aniline,

i7. The composition in claim 13 in which the weight ratio of Compound & and Compound B
is between about @11 to about L9,

18 The composition in claim 13 in which the weight ratio of Compound A and Compound B

is about 4:6 o 6:4,
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19, The composition in claim 13 in which there is synergism between Compound A and

Compound B as an inhibitor of vinyl monomer polymerization.



