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SYNTHESIS OF 7-ACETYLENG QUINONE METHIDE DERIVATIVES AND THEIR

APPLICATION AS VINYLIC POLYMERIZATION RETARDERSE

Cross-Reference to Related Applications

None,
Statement Regarding Federally Sponsored Research or Development

dot Applicable.
Backeround of the Invention

This invention relates 1o the process and methods of synthesizing 7-acetyienic
guinone methides and using said quinons methides to inhibit and retard pelymerization of vinylic
monomers. As degeribed in UR Patent 7,651,638 guinone methides are used to inhibit the
polymerization of vinyl aromatic monomers, These monomers undesivably polymerize at various
siages of thelr manuiacture, processing, handling, storage, and use, Vinyl aromatic monomers
andergo seli-initiated polvmerization at elevaied temperstures even in the absence of
polymerization promoters, Thus, andesired thermal polymerization is particularly problematic
especially during the purification process of vinyl aromatic moncmers and during emergency
shutdown conditions. Undesirable pelymerization rosults In product loss because the valuable
monomer end product is consamed, Moveover, polymerization reduces production efficiency as
polvmer pets deposited on process equipment. This fogling of process squipment may require
shutting dowsn so the undesired polymer can be physically removed.

To minimize the problem of unwanted potymerization, two categories of

L

compounds have been developed, namely, inhibitors and retarders. Inhibitors effectively prevent
polyimerization while the monomer purification process is running uninterrupied. As long asthe

procéss is continuously running, the inhibitors are continuously injected into the purification
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wewer along with the fead stream. Conversely, when the process is static, Inhibitors cannot be
added into the puritication tower 5o that said inhibiiors are consumed rapidly. In cases of
emergency shutdowns when more inhibitor cannot be added, proviously added inhibitor will be
rapidly consumed and depleted. Withowt inhibitors, the unwanted polymerization accelerates
rapidly thereby causing fouling of equimpent, undesirable consumption of the end product
monomer and posing 2 bigh safety risk due o runaway exothermic polymerization reactions.
Although not ag effective as inhibit_m-s, retarders slow polvmerization rates. During emergoncy
shuidown conditions, retarders ave usually not consumed as quickly so they keep the amount of
polymer formed low. As a result, a retarder is more reliable than an inhibitor during emergency
shutdown conditions,

At fivst, only retarders such as sulfor, sulfur dicxide, and dinitrophenols (DNP)
(including 2.6-dinivophonoi, 2,4-dinitrocresol, and 2-see-butyi-4, 6-dinigophenct {ONBFY were
ased 10 prevent unwanied polyvimerization reactions. Later two classes oi:‘ nhibitors, viz.
dialkylhydroxylamines {including hydroxypropvihvdroxylamine (HPHAY) and stable nitroxides
free radicals, were used, To get the most out of both inhibitors and retarders, and because of
safety c:enccms. in the event of a plant malfunction, inhibitors are often combined with retarders.

Diespite their efficacy and low cost, DINP retarders are highly toxic, Another
equaily significant disadvantage is that these compounds release NGy emissions during
incineration. %o, thore is an urgent need for a replacoment for these retarders. A class of -
compounds Jess toxic and environmentally more benign substitute refarders for DNP comprises
guinone methides, {Juinone methides siow the rate of polbymer formation under siatic conditions
anid do not need to be replenished vniike inhibitors, Quinone methide retarders arg not very
economical unless they are used in combination with inhibitors.

Examples of guinone methide compounds are in US Patent Number 4,003,304,



These 7-alkyl quinone methide compounds, however, are not stable enough for sustained use in
industrial settings especially in the case of emergency shutdown. Stable quinone methides are
more desirable. Other applications of quinone methides are found in US Patent Numbers
5,583,247, and 7,045,647. Previous examples of inhibitor-retarder combinations that use DNP
are disclosed in US Patent Numbers 5,446,220 and 6,024,894, These combinations were found
to be more effective than DNP alone.

As taught in US Patents 5,750,765, 5,670,692, 6,926,820 and 7,651,635 some
quinone methides have proven effective and are a “green™ non-toxic inhibitor-retarder
combination for use m preventing the premature polymerization of styrene and other viny}
aromatic monomers. US Published Patent Application 2009/0287013 discusses the synthesis of
one such quinone methide, a manufacturing method that involves the use of highly toxic cyanide
that has to be handled with great care. Therefore there is a clear utility and novelty in effective
methods of synthesizing other efficient quinone methides. Equally as important, there is a need
for retarders that are as efficient as DNBP but as safe as prior art quinone methide compounds.

The art described in this section is not intended to constitute an admission that any
patent, publication or other information referred to herein is "prior art" with respect to this
invention, 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 incorporated by reference in their entirety.

Briel Swmmary

One aspect of the present disclosure is directed towards a method for the synthesis

of 7-Acetyleno quinone methides. The method comprises the steps of: a) performing a

condensation reaction between a 3,5-di-substituted-4-hydroxybenzaldehyde and a secondary



amine thereby forming a secondary amine quinone methide intermediate; b) removing water from
the secondary amine quinone methide intermediate in a high boiling point hydrocarbon solvent by
azeotropic distillation at a temperature of between 100 and 160 °C, said hydrocarbon solvent
being one from the group consisting of an aliphatic solvent, an aromatic solvent, and any
combination thereof; ¢) adding the dehydrated secondary amine quinone methide intermediate to
an organic medium containing a metal acetylide to form a Mannich base intermediate, and d)

adding a release agent to the Mannich base intermediate to yield a 7-Acetyleno quinone
methide.

In another aspect, there is provided a method for the synthesis of 7-Acetyleno quinone
methides, the method comprising the steps of: a) performing a condensation reaction between a
3,5-di-substituted-4-hydroxybenzaldehyde and a secondary amine thereby forming a secondary
amine quinone methide intermediate; b) removing water from the secondary amine quinone
methide intermediate in a high boiling point hydrocarbon solvent by azeotropic distillation at a
temperature of between 100 and 160°C; c¢) adding the dehydrated secondary amine quinone
methide intermediate to an organic medium containing a metal acetylide to form a Mannich base
intermediate, and d) adding a release agent fo the Mannich base intermediate to yield a 7-
Acetyleno quinone methide.

The 3,5-di-substituted-4-hydroxybenzaldehyde may have the formula:

CH

0o Ry

where R, and R, are independently selected from Cy4-Cyg alkyl, Cs-Cy, cycloalkyl, phenyl and Co-
Cy5 phenylalkyl. Preferably, R and Ry are tert-butyl, tert-amyl, tert-octyl, cyclohexyl, a-
methylbenzyl or o,0-dimethylbenzyl, with reri-butyl, fert-amyl or fert-octyl most preferred. R, is
H.

The secondary amine may be an N,N-disubstitutedamino group, and more
specificaily a 5-membered heterocyclic group and also a 6-membered heterocyclic group with the
structures:
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Where X is CHy, O, §, NRy, whereby Ry is selected from C-Chg alkyl, CoCyy cyeloalkyl, phenyt

and Cr-Cys phenylalkyl. More preferably, the heterocyelic secondary amine group in claim 11s

EA

an amine in which X is CHy and O, Most preferably X is CH;.
The secondary amine quinone methide intermediate may be 2 4-((N,N-
disubstitutedaminomethyleneicyelohexa2, S-dienone guinone methide molecole with the

formula:

16

where B; and B are indepandently selected from U4-Chp alkyl, Cs-Cyy oyeloalkyl, phenyt and Cr-
Cs phenylalkyl, Preferably, Ry and Ry are tere-butyl, rertamyl, ferr-ootyl, cyolohexvd, o-

methylbenzyt or o, e-dimetiiybengyl. Most preferably R, and R, are fess-butyl, sevr-snyl or teri-

A

octvi.

o

The 4-({N N-disubstitutedamineymethylenejoyciohexa-2, S-dienone may have Rq

being an N.N-disubstitoiedamine group, and more specifically S-membered and 6-membered
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heterocyelic groups with the straclures:

and SRR ¥ § -_K

5 Where X 1s CH;, O, 8, NRy, whereby Ry is selected from C1-Cyg alkyl, C5-Coz eyeloalkyl, phenyl
and Cr-Clys phenylalkyl, More preforably, By in claim 4 is a S-membered heterocyelic group and
alse a f-membered heteroovelic group in which X is CHs and O, Most prefersbly ¥ s CHa.

The Mannich bage intermediate may have the molecuiar formula:

where B, and R are independently selected from €0 alkyl, Co-Cyy cyveloalkyl, phenyl and Coe
(s phenyvialkvl Inat least one ombodiment R, and Ry are fere-butyl, ferf-amyl, fertoctyl,
cyelohexyi, a-methyibenzyl or o,a-dimethylbenzyl, with tert-butyl, ferf-amyl or tert-octyl most
preferred. Inoat ieast one embodiment R is H, C,-Chg alkyl, Ca-Ciz oveloalkyl, phenyl, C7-Cis

15 phenyialkyl and substituted phenyl group -Ph-Ry. Preferably Ry 1s ~COOH, and -CO0R; in

which Ry is independently selected from C-Chy alkyl, C5-Cog eycloalkyl, phenyl and Cnllys

&



phenylalkyl. Z may be a secondary N,N-disubstitutedamino group, and more specifically may be

a S-membered and 6-membered heterocyclic groups with the structures:

/T / /N
———N\J and, =N and —-N\m/x

X may be CH,, O, S, NRy, and Ry is selected from C,-Cg alkyl, Cs-Cyz cycloalkyl,
phenyl and C;-Cys phenylalkyl, and any combination thereof. Z may be a 5-membered
heterocyclic group and/or a 6-membered heterocyclic group in which X is CH; and O. More
preferably X in claim 9 is CH,. The release agent may be an acid. More preferably the releasing
agent is p-toluene sulfonic acid.

At least one embodiment of the present disclosure is directed towards a method
for retarding the polymerization of vinyl monomers in a liquid comprising said monomers and a

quinone methide compound with the formula:
O

AN

Re

where R, and R, are independently selected from Cy-Cig alkyl, Cs-Cy, cycloalkyl, phenyl and Cr-
Cis phenylalkyl. More preferably, R; and Ry are fert-butyl, tert-amyl, fert-octyl, cyclohexyl, o-

methylbenzyl or o,0-dimethylbenzyl, with fert-butyl, fert-amyl or teri-octyl most preferred. Rg
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may be H, C-Cig alkyl, C-Cyp cveloalkyl, phenvl, CrCys phenyialkyt and substitated phenyl
group ~Ph-Ry, where Ph is a phenyvl group ~Csle. Ry 3 “COOH and ~COOR, in which Re is
independently selected from Cr-Cig alkyl, Cs-Cyy oyeloadkyl, phenyl and Oy-U0y5 phenylalkyl, The
amcunt of guinone methide added to the monomer may vary from | to 10,000 parts per million of
5 said monomer.

Detatled Description of the Invention

For purposes of this appheation the definition of these ferms s as ollows:

3, 5-di-substinted-4-hydroxybenzaldehyvde” means s molecule according fo the
formula:

10

where B; and B; arg independently selected from Ce-Chg alkyl, Co-Cyz cyeloalkyl, phenyl and Co-
(s phenyialkyl and; Preforably, By and By are fert-butyl, fert-amyl, rerpociyl, oyclohexyl, o-

11 methylbenzvl or go-dimethylbenzyl; with fer-butyl, tert-amyl or fert-octyl most preferred.
BiisH.

“T-Aeetylene Quinone Methide” means a molecule sccording 1o the foroula:
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whare Ry and Ry, are independently selected from Ca-Crg alkyl, Cs-Cop oveloaliyl, phenyl and -
{45 phenviatkyl and; Preferably, B; and Ro are sert-butyl, ferf-amyl, fert-octyl, cyclohsxyl, o-
methylbenzy! or qao-dimethyibenzyl: with feri-butyl, rerranyl or fers-octyl most preferred,
R; is independently sslecied from H, CCys sllovl, Cs-Cyp oycloatkyl, phenyl and $9-Cys
phenyvialkyi; most preferably Rj is Fi, Ry s H, C+Cyg alkyl, Cs-Cyg cveloalicyl, phenyl, CreCis
phenyialiyl and substituted phenyl group -Ph-Rs, where Ph 15 a phenyl group -CeHy, and;
Rs ie —~COOH, and ~COOR, in which Re is independently setecied from Ci-Cig alkyl, C-Coa
cveloatkyl, phenvl and Co-Cys phenylalicyl,

“Intermediate 4-{{disubstimutedaminonethylene)oyelohexa-2, 5-dienone guinone

methide” means a molecule with the following structural formula:

S
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where R; and Rp are independently selected from C4-Cyy alkyl, Us-Cry ovcloalkyl, phenyi and Cr-
s phenviatkyl and; Proforably, Ry and Ry are ferr-butyl, ferramyl, serr-ootyl, ovclohewst, o-

methyvibenzy! or go-dirnethvibeneyl; with rere-butyl, ferramyl or rer-oely] most preferred, By s

a diglicvlaming group with the following structure;

In which R4 and By are independently selected from, Ci-Cis alkyl, Cs-Chp oveloalicyl, phenyl and

1 Oy phenylalkyl; and/or By can alse be a S-membered heterocyelle group with the following

strocture;

13 Furthermore, Ba can aiso be a2 S-membered heterooyelic groun with the following structues:
o o

f"fmm \ f'fﬂ\\

angd e x

I 2 | ;

Where X is CH,, O, 8, NR, whereby R is selected from ©-Cyy alkyl, Ce-Cip oycloalkyi, phenyl

14
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and Cp-Cis phenyialkyl, more preferably, B s & S-membered or S-membered heterocyelic group
in which X is CHj and O, Most preferably X is CHa. Preferably, Rs is a 6-membered hetevocyelic
group fe piperidinyd, Ra is independently selected from H, C-Chp alkyl, C5-Chp cycloalkyl,
phenyl and Cr-Chs phenyialkyl; most preferably Ry is H, preferably the intermediate 4-
{{disubstiivtedaminoimethylenejoyclohexa-2 S-dienone ix 7-piperidiny quinone methide

derivative.

“I-Piperiding quinone methide” means & molecnle according to the formula

where R, and R, are independently selected from Up-Ciy alkyl, CaChy cycloalloyl, phenyl and Cp-
Cis phenvialkyl and; Preferably, Ry and B are ferr-bubyl, ferr-amyl, ferf-octyl, cyclohexyl, o-
methyvibenzy! or oa-dimethylbenzyl; with ferebutyl, ferdaroyl or ferf-octyl most preferred.

B2 is independently selected from M, C-Cy alkyl, CoCop oveloalkyl pheml and GGy
phenylalkyl; most preferably By is H.

"Alkoxy" means an alkyl group, ay defined hereln, attached o the pavent
molecular moiety through an oxveen atoan, Representative alkoxy groups include methoxy,
ethoxy, propoxy, butoxy, and the like.

"Alkyl" means & movovalent group derived from g straight or branched chain

saturated hydrocarbon by the removal of a single hydrogen atom. Representative alky! groups

.
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include methyi, ethyl, - and iso-propyvl, #=, see-, iso- and feri-buivl, x-octyl, and the like.
"Cycloalkyl” means a group derived from 3 monocyclic or bicyelic saturated
carbocyelic ring compound by the removal of 3 single hydrogen atom. Representative cveloalky!

inchude cyclopropy], oveloburyl, cvelopentyl, evelohexyl, bicvelolZ2.2. 1 heptanyl,
- i’ o o' w - .l p o

L

bicyelol2.2.2 loctanyl, and the like.

“Induction time” means the period of tine in which in an ideal closed system a
compasition of matter sufficiently prevents the formation of a particular polymer during a given
reaction.

“Inhibitor” means & composition of matter that inhibits the formation of the

P
paie}

particular polymer during an induction time but also after the induction time has lapsed, the
particular polymer’s formation occuors af substantially the same rate that It would form in the
absence of the composition of matter,

“Mannich base intermediate” means the Mannieh reaction product formed from
suitably reacting a metal acetylide salt with the preferred 7-piperidiny quinone methide

15 intermediate, with the Mannich base intermediate having a molecular formula of:

where Bjand Ry are independently selected from Cp-Cry alkyl, Co-Cip oveloalkyl, phenyl and -

1z
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Cy: phenyvialky! and; Prefevably, Ry and By are fert-butyl, terd-amyl, rerf-ociyl, oyclohexyl, o
methylbenzyl or a,e-dimethyibenzyvl; with rere-butyl, fert-amyl or fers-oatyl most preferred and;.
R is independently selected from H, Cp-Cyp alkyl, C5-Cyy cycloalkyl, phenyt and Co-Cis
phenviatkyl, Preferably, K is H and; Ry is B, C-Cig alkyl, Ts-Cpo eysloaliyd, phenyl, Tr-Cis
nhenvialky] and substituted phenyl group -Ph-Fs and: Ry 1s —COGH, and ~COORe in which By iz

N

independently selecied from Ci-Cyg alioyl, Ci-Cip oveloatiyt, phenyl and Up-Cys phenylalkyl,

o A

"Phenyl” means an aromatic, carhocyelie group of formula CdHs where one or
more of the H ators may be replaced with a C)-Cy alkyl, Ci-Cs alkoxy, halogen or -y
haloatkyl group.

"Phenvialkvl” means a pheoyl group as defined hereln, attached to the parent
molecular motety through an alkviene group. Representative phenylalicy! grouns include
phenyimethyl, phenylethyl, phenyipropyl, and the like.

“Release Agent” means a chemical composition that furnishes the Twacetyleno
guinone methide upon contacting the Mannich base.

“Retarder” means a composition of matter, which does not have an induction time,
hut instead once added 1o the given reaction the composition of matter reduces the
pobymerization rate relative to the rate at which undesirable polymer would have formed in the
shsence of the composition of matter.

B the event that the shove definitions or a deseription stated elsewhere in this
application is inconsistent with a rueaning (expliclt or implicit) which is commonly used, ina
dictionary, or stated i1 4 source Incorporated by reference into this application, the applicaiion
and the claim ferms in particulsr ave undersiood {0 be construed according 1o the definition or
description in this application, and not according to the conumon definition, dictionary definition,

or the definition that was incorporated by reference. In light of the above, in the event that g ferm
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can only be understood if' it is construed by a dictionary, if the term is defined by the Kirk-Orfmer
Encydlopedia of Chemical Technology, Sth Edition, (2005), (Published by Wiley, John & Sons,
Ine.) this definition shall control how the term is to be defined in the clabms,

in at least one embodiment a 7-Acetyleno Quinone Methide is synthesized
according to the following method, A substituted 4-hydroxybenzaldehyde (such as for example
3,5-di-fert-butyi-4-hydroxybenzaldehvde) undergoes a condensation reaction with a secondary
amine {such as for example piperiding), as taught in US Patents 5,670,692 and 5,750,?65. The
condensation reaction resulis in g secondary amine guinone methide intermediate such as 7«
piperidinyl guinone methide. Water is removed (azeotropically or otherwise) from the secondary
amine guinone methide intermediate and the inermediate is then added t0 an organic medinm
containing & metal acetylide followed by an agueocus acidie workup. This converts the secondary
amine quinone methids intermediate into a Mannich base intermediate. A release agent s added
to the Mannich base intermediate which vields 7-Acetylens Quinone Methide,

The use of Mannich base intermediates of Quinene Methides was mentioned in
U4 Patents 5,670,662 and 5,750,765, In this case, however the Mannich base intermediate is
reacted with highly toxic acetone cyanohydrin during the synthesis of 7-cyano quining methide.
Said method involves the debydration of 3,5-di-rers-butyl-4-hydroxybenzaldehyde priorto the
addition of the secondary amine. In at least one embodiment, the invention excludes this
dehydration step.

In ol least one embodiment the condensation reaction ocowrs in the presence an
alkane solvent, preferably »-heptans. In at least one embodiment the organic medium is an
arornatic solvent preferably toluene, sthylbenzene or xylenes. Tn at least one embodiment the
secondary amine guinone methide intermediate is added to an equimolar amount of metal

acetylide. In at least one embodiment the release agent is p-toluenesulfonic acid. In at least one

14
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embodiment the relense agent is within toluene solvent. In al least one embodiment at least one
of the steps are conducted at & tempsrature of between 100 and 160 °C.

In at least one embodiment the 7-Acetyleno guinone methide functions as a
retarder during shutdown conditions. In al least ong embodiment the 7-Acefyienc quinone
methide functions as an inhibitor during continuous monorser distillation. In at least one
embodiment this inhdbitor inhibifs the polvimerization of viny! aromatic monomers such as
styrene monomers. In at least one embodinent this inhibitor inhibits the polymerization of vinyl
aromatic monomers for sxample styrene monomers during distitlation.

While the invention is not the only method of synthesizing 7-Acetyiono gquinone
methide, i is far superior to the prior art methods. Prior art methods deseribed in US Patent
6,046,220 are more comples and more expensive synthesis methods, The methods involve the
use of 2-trimethylsilyiethoxymethyl chloride as a protection agent for the hydroxy! group of 3,5-
di-ter-butyl-4-hydroxybenzaldehyvde. The profecting agent Z-trimethylsilvethoxymethyl chloride
is vary expensive. In s subsequent step, a nucleophiie lithinm trimethylsilylacetylide is produced
by comtacting frimethvisilviacetyiene with »-butyllithium, The reagent n-butyllithivm requires
careful handling because it is explosive if exposed to moisture, carbon dioxide or oxygen. Thus,
the reaction has to be carried cut ai — 78 °C. In another further siep, the release agent
trifiuoroacetic acid has to be contacted with the penuliimate product at - 78 °C to vield the final
product.

While US Patents 5,750,765, 5,670,692, 6,926,820 and 7,651,635 describe the use
of quinone methides as retarders, they do not describe the use of 7-Acetyleno guinone methide
compounds, Moreover, they do not predict the unespectedly superior effects of these quinone
methides when oampm‘éd 1o other quinone methides.

For illustrative purpose, an example of the production of a prototype of 7-

__4
o
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acetvlenic guinone methide compounds sccording to the invention, as well as the determination
of the retarding efficacy of the prototype will now be given by way of exemple and with no
fimitation.

The foregoing may be botter understoed by reference 1o the following examples,
which are presented for purposes of Hlustration and are not intended to limit the scope of the

invention.

EXAMPLE L

Synthesis  of 1 b-di-fersbutybd4-Cophonyviprop-2-vaviidenclevelohexa-2,5-dienone  (7-
Phenviacetyleno Guinone Methide (7-Phace-{3MY)

{8} LG-diders-bhutybd-{piperidin-1-vimethyieneloyclohexs-2,5-dienone

[nto a 500 mL three-necked round-bottomed flask equipped with 2 Dean-Stark
trap, a condenser, a magnetic stirring bar and a stopper, the Ollowing reagents were added; 24.3 g
{100 numoles) of 3,3 -diverrbuivi-d-hrvdroxvbenzaldehyde and 1530 mL of m-heptane. The flask
was then armed with g dropping funnel charged with 21.7 mL (200 mmoles) of piperidine.

A heating block was used 10 heat the n-heptane shurry of 3, 5-di-feri-butyled.
hydroxybenzaldehyde at 140 °C. The sharry was heated for 30 rainutes. To the fask, piperidine
was added dropwise. Roughly 2 mL of wates, the byproduct of the condensation reaction, was
removed by azeotropic distillation using a Dean-Stark trap.

in further expertments, The Indtisl debvdration of 3,3-diwers-buiyl-4-
hydroxybenzaldehyde before the addition of piperidine was omitted. Instead, piperidine was
added to the flask as soon as the temperature of the heating bath reached 140 °C.

Within 30 minutes after the complete addition of piperidine, the release of water

stopped and the reaction mixture turned deep olive-green. The hot solution was carefully

i6
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fransferred inio a beaker and left o cool down, Crystals were formed as the solution cooled
down, Vacpum filtration was used to recover the olive-green 2,6-di-feri-butyl-4-{piperidin-1-
yvimethyleneicyelohexa-2,5-dienone solid product. To remove the excess piperidine, the product
was washed twice with s-heptane then placed in a three-necked round-bottomed flagk for

wmnediate use,

{by  246-di-dert-butybd-B-phenyvi-I-{piperidin-1-yhprop-2-vayliphensl)

Sodinm phenviacetylide was prepared as follows; a 1-L three-neckad flask armed
with a condenser, a stopper, and a magnetic stirrer was charged with 13.5 mL (120 mmoles) of
phenyviacetyviene and 1M ml of toluene. Freshly cut sodinm metal chips were added to the flask
and the contents were heated at 140 °C under reflux. A heating black was used, A heige-colored
slurry was formed once all the sodivm was consumed. In an alternative method, ethyl
magnesium bromide, a Grignard reagent, was used 7 dew of sodinm metal. In yet another
method, sodium hyvdride was used, The shurry was cooled 10 25 °C.

To the flask containing the toluene shurry of Geshly prepared L,6-di-reri-butyl-4-
{piperidin- L-vhnethylenelovciobexa-2 S-dienone, the sodium phenviacetyde slurry wag
transferred while vigorously stirring the contents of the flask. A slight effarvescence was
abserved and, within ten minutes, a wine-red solution was formed. The reaction mixture was
heated at 120 °C onder reflux. Afier heating the mixture for 30 minutes, the solution was
transferred into a beaker containing a mixture of water and crushed ice. The contents werg
transferred into 2 separatory funnel. The agueous layer was drained off and the Mannich base,
2, 6-di~tere-butyi-4-(3-phenyl-1 ~(piperidin- L-yDprop-2-yonyviphenol recovered in the organic

phase.

Py
-3
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{ey 2 G-di-teré-butvi-d-G3-phenviprop-2-yayiidensicyclohexa -2, 5-dienone {7-Phace M)

The organic layer containing the Mannich bage Z.6-di-fers-butyl-4-3-phenyi-I-
{piperidin-{-vljprop-2-ynyhphencl was transferred into a 1-L three-necked flask equipped with a
stopper, a magnetic stirring bar, a dropping funsel and a condenser. The flask was placed on a
heating block. The contents were refluxed at 120 °C while an aqueous sofution of 20.2 g (107
mmoles) of proluene sulfonic acid was added dropwise. After an hour, the p-toluene sulfonic
acid addition was complete. The reaction mixture was cooled o room temperature.

A sepéramry funnel was used to recover the organic laver. The agueocus layer was
washed with toluene and the organic layers combived. To the recovered organic luyer, anhydrous
magnesium soifate was added followed by filration. The flirate was collected and the solvent
removed in vacue. T-Phace-QM was recovered as a brown solid.

A solution of the 7-Phace-OQM product was submitted for GC-MS analysis. On
the mass specingn, there was a parent jon with a s/ ratic of 318, which is in conformity with the

molecular weight of 2,6-di-feri-butyi-4-{3-phenviprop-2-ynvhdensioyolohexa~2, 5-dicnone, the 7-
o b & AR gl

Phace-OM, the acetvlenic quinone methide prototype.

{y A One-Pot Synthesis of 2,6-di-fers-butyb-4-3-phenylprop-Z-ynylidenejeyelohexa-2,5-
dicnone {?m?ﬁ..aw»QM}

A 1-L threg-necked round-botiomed flask armed with a Dean-Stark frap, a
condenser, a magnetic stirring bar and a stopper, 24.3 g (100 mumoles) of 3,5-di-rerr-buiyl-4-
hydroxybenzaldehvde and 150 mL of n-beptane were added. The flagk was then armed with a
dropping fanmel containing 21.7 mb (200 mmoles} of piperidine.

A heating block was used to heat the »-hiepiane slurry of 3,3-di-rerr-butyi-4-
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hydroxybenzaldehyde at 140 °C while piperidine was added 1o the flask in a drop-wise fashion.

The shury was heated for 30 minutes, Roughly 2 il of waler, the byproduct of the condensation

reaction, were removed by azeotropic distiliation using & Dean-Stark trap. After the removal of
the water, 100 mL of n-hepiane were distilled off. Tolvene (160 ml) was added to the flask, A
slurry of sodium phenviacetylide (100 mmoles), prepared according to the procedure in Example
1 {b), was then added {o the flask. The mixture was stirred while under refl antil a dark
colored suspension was formed.

The temperature was lowered to 120 °C. To effect the acidic work step and the
piperidine-releasing step consecutively in the same pot, an agueous solution of 200 mmoles of p-
toluenesulfonte acid was added into the fask drop-wise to vigld 2 wine-red solution. The
solution was then cooled 1o 25 °C and transferred into a separatory funnel. The agueous layer

was drained off and the organic solution containing 7-Phace (M recoverad.

fe) A Oue-Poi Synthesis of 246-dbders-buiyh-4-G-phenviprop-2-yonviidenejoyelchexs-2.5-
dienone {7-Phace-QMD) using Pyrrofidine as Secondary Amine

in few of piperidine, pyrrolidine was used with 3,5-di-rerf-butyl-4-
hvdroxybenzaldehvde to synthesize the subsaquent inlermediate 7-pyrrolidiny quinone methide

following the procedure in Exampie 1 {d). The remainder of the one-pot procedure towards 7~

Phace-(h i as detailed in Example 1 {d).

EXAMPLEZ
A comparison of the performances was made befween a sample of a yprior art
retarder, 7-phenyl-quinose methide, and a sample of the nventive retardsr, 7T-phenvlacetvieno-

gquincne-methide. A sample of each retarder was added at 8 dosage of 100 ppm relative to

14
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monomer weight, Each of the samples of retarders was placed in a2 confinuousty stirred tank
reactor that simulates the reboiler of a distiliation tower prone to polymerization fouling during 2
shutdown, Fach sample was heated to 120 °C and underwent a §.5-hour residence. The prior art
sample resuliad in 642% pomn of anwanted polymer while the nventive retarder ondy had 4236
prn of unwantsd polymer. This demonstrates that the inventive retarder has a superior
perfommance comparsd to prior art retarder,

Compared o DNBP, T-acetvienic guinone methides are known to be less foxie.
Mot only are the inventive retarders safer but they also belong to a class of compounds with
history of nse as oral and subcutinaceous drugs. Agatnst othor quinone methides, 7~acetylenic
guinone methides require less toxic starting material during the manufacturing process, in
addition to the safety as products.

While this invention may be embodied in many different forms, there are
shown and deseribed in detail herein speoific preferred embodiments of the invention.
The prosent disclosure is an exemplification of the background and principies of the
mvention and iz pot intended 1o limit the Invention to the particnlar embodiments
itlugtrated, Al patents, palent applications, scientific papers, and any othey referenced
materials mentioned anywhere hereln, are incorporated by reforence in their entirety,
Posthermore, the invention encompasses any possible combination of some or all of the
various embodiments expliciily deseribed hereln and incorporated herein as well ag
combinations which exclude one, soane, or aff but one of the various embodiments
expliciily deseribed and/or incorporated hersin.

The abovs disclosure is intended o be iustrative and not exhanstive. This
description will suggest many variations and slternatives to one of ordinary skill in this art. All

these shternatives and variations are intended to be included within the scope of the claims where

25
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the term "comprising” means "including, but not limited to”. Those familiar with the arl may
recognize other equivalents to the specific embodiments described herein which equivalents are
also intended to be encompassed by the claims.

All vanges and parameters disclosed herein are undersiood to encompass any and
all subranges sobsumed therein, and every number between the endpoints. For exampie, a stated
range of 1 to i(}” shouid be considered to include any and all subranges between {and inclusive
of} the minimum valie of T and the maximum value of 10; that is, all subranges beginning with 2
miinipm value of | or more, (2.2 1 0 6.1), and onding with 2 maximum value of 1 or less,
{eg 231094, 3108, 4 10 7), and finally to cach nunsber 1, 2,3, 4, 5,6, 7, 8, 9, and 10 contained
within the range.

This completes the description of the preforred and alternate embodimenis of the
jmvention, Those skilled in the art may recognize other squivalents to the specific embodiment

described herein which equivalents are intended to be encompassed by the claims attached hereto,
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Claims

1. A method for the synthesis of 7-Acetyleno quinone methides, the method comprising
the steps of:

a) performing a condensation reaction between a 3,5-di-substituted-4-
hydroxybenzéldehyde and a{.:c.;:ércoﬁdé;?amiﬁe thereby forming a secondary amine quinone
methide intermediate;

b) removing water from the secondary amine quinone methide intermediate in a
high boiling point hydrocarbon solvent by azeotropic distiliation at a temperature of between
100 and 160 °C, said hydrocarbon solvent being one from the group consisting of an aliphatic
solvent, an aromatic solvent, and any combination thereof;

c) adding the dehydrated secondary amine quinone methide intermediate to an
organic medium containing a metal acetylide to form a Mannich base intermediate, and

d) adding a release agent to the Mannich base intermediate to yield a 7-Acetyleno
quinone methide,

2. The method of claim 1 in which the 3,5-di-substituted-4-hydroxybenzaldehyde has

the following formula:

OH

where R; and R, are independently selected from C4-Cy alkyl, Cs-Cy, cycloalkyl, phenyl and

C;

22



-C15 phenylalkyl.
3. The method of claim 1 in which the secondary amine is at least one of the group
consisting of: a 5-membered heterocyclic group and/or a 6-membered heterocyclic group

with the following structures, respectively:

(’F) o N/

H

where X is one selected from CHs, O, 8, or NRy, where Ry is one selected from C-C)5 alkyl,

Cs-Cy; cycloalkyl, phenyl and C7-Cy5 phenylaikyl.

23
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4, The method of claim 1 in which the secondary amine quinone methide intermediate is
a 4-((N,N-disubstitutedamino)methylene)cyclohexa-2,5-dienone quinone methide molecule

with the following structural formula:

Rs
where each of R; and R are each one item selected from the list of: C4-Cyg alkyl, Cs-Cpp
cycloalkyl, phenyl, C;-C;5 phenylalkyl, and any combination thereof, and Rs is a N,N-
disubstitutedamino group or a S-membered or 6-membered heterocyclic group with the

following structures:

X
mi\i/\j and, —N and ——N X
_/

where X is CHa,, O, S, or NRy, and Ry is selected from C,-Cy; alkyl, Cs-C; cycloalkyl,

phenyl, C;-C;s phenylalkyl, and any combination thereof.

24



5. The method in claim 1 whereby the Mannich base intermediate has the following

molecular formula:

OH

R4
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where R and R; are independently selected from C4-Cs alkyl, Cs-Cyy cycloalkyl, phenyl, Co-
Cis phenylalkyl, and Ry is one item selected from: H, C,-Cy5 alkyl, Cs-C)2 cycloalkyl, phenyl,
C7-Cis phenylalkyl, substituted phenyl group -Ph-R, and Z is a secondary N,N-

disubstitutedamino group and/or a 5-membered or 6-membered heterocyclic groups with the

following structures: -

X ST
WN/\/-] and, ——-—-—N/_ \> and —N X

in which X is CHy, O, S, and NR4, and any combination thereof, and R, is selected from C,-
Cig alkyl, Cs-Cyz cycloalkyl, phenyl, and C7-Cy5 phenylalkyl.

6. The method of claim 5 in which R; and R, are selected from: zert-butyl, tert-amyl,
teri-octyl, cyclohexyl, cc—methylbeniyl, o,a-dimethylbenzyl, and any combination thereof.
7. The method of claim 5 in which Rg is selected from: H, C-Cyz alkyl, Cs5-Ci
cycloalkyl, phenyl, C;-Cys phenylalkyl, substituted phenyl group -Ph-R-, and any
combination thereof, and preferably R; is ~COOH, and ~COORy in which Ry is

independently selected from C;-C3 alkyl, Cs-C); cycloalkyl, phenyl and C-Cy5 phenylalkyl.

8. The method in claim 5 in which Z is a 5-membered or 6-membered heterocyclic

group with the following structures:

/T /S /N
-—--_NV‘ and, ——N and ——-———»—N\_/x

and any combination thereof,

0, The method of claim 8 in which X is Q.

25
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10.  The method of claim 8 in which Z is selected from the group consisting of a 5-
membered heterocyclic group and a 6-membered heterocyclic group in which X is CH; and
O, and any combination thereof.

11.  The method of claim 1 in which the release agent is an acid and/or p-toluenesulfonic
acid.

12. A method for the synthesis of 7-Acetyleno quinone methides, the method comprising
the steps of:

a) performing a condc;_nsation reaction between a 3,5-di-substituted-4-
hydroxybenzaldehyde and a secondary amine thereby forming a secondary amine quinone
methide intermediate;

b) removing water from the secondary amine quinone methide intermediate in a
high boiling point hydrocarbon solvent by azeotropic distillation at a temperature of between
100 and 160°C;

c) adding the dehydrated secondary amine guinone methide intermediate to an
organic medium containing a metal acetylide to form a Mannich base intermediate, and

d) adding a release agent to the Mannich base intermediate to yield a 7-Acetyleno

quinone methide.
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