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formation of free radicals, which may be produced in a number of ways. For
example, free radicals may be formed by reactive peroxides that are present during
production of the lubricant, by thermal, mechanical or radiation stresses that occur
during processing or end use, or by chemical reactions with impurities contained in
the lubricant.

[0004] During the propagation phase, the free radicals can react with oxygen to
form peroxy (RO.) and alkoxy (RO) radicals which, in turn, may abstract hydrogen
from the lubricant to form unstable hydroperoxides (R O2H), alcohols (ROH), and
new hydrocarbon free radicals (R). These free radicals can once again combine with
oxygen to continue the oxidative cycle until the process slows or stops completely
during the termination phase.

[0005] Lubricants are also subject to thermal degradation when used during

periods of elevated temperatures or during periods of rapid cycling between elevated
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resultant intermediate ester. Michael reactions are base-catalyzed conjugate
additions of carbon nucleophiles (donors) o activated unsaturated compounds
(acceptors). For the preparation of antioxidants, the Michael reaction donor is
usually an alkylphenol compound and the acceptor is an unsaturated alkyl acrylate.
[0009] Aifter formation of the intermediate ester through the Michael reaction, the
intermediate ester is then subjected to a second step involving transesterification,
followed once again by extensive washing and then purification of the solid

antioxidant. Typically, the solid product is purified by crystallization and filtration.
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[00014] Improvements have been sought in many different reported procedures for
producing a hindered phenolic compound. These procedures, however, do not
adequately address all of the problems that arise from the making of hindered
phenolic compounds.
[00015] For example, U.S. Patent No. 4,085,132 to Park, et al. describes a one-
step method of producing higher molecular weight hindered phenolic esters.
According to this method, methyl acrylate is gradually added to a reaction mixture
comprising 2,6-di-tert-butylphenol (which is a higher molecular weight monohydric

hindered phenol), a high molecular weight alcohol, and a catalyst, without isolating
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finished product by diluting the product with large volumes of foluene and then
subsequently washing with water. '

[00019] A method for the production of a hindered phenol methyl ester by the very
rapid addition of methyl acrylate to the alkylphenol starting compound is described in
U.S. Patent No. 4,659,863 to Burton. However, hindered phenol alkyl ester products
are not isolated in this patent. Acids that are suitable for catalyst neutralization
according to this patent are acetic acid, hydrochloric acid and sulfuric acid.

[00020] U.S. Patent No. 3,247,240 to Meier, et al., describes using alkali metal
bases as catalysts in the Michael reaction. A variety of alkyl acrylates are used and
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[00025] The use of iwo different catalysts in such prior art processes is costly and
ultimately requires the removal of both catalysts. Typically, these processes require
repeated water washes to adequately remove the catalyst residue and purify the final
product. Therefore, such processes are time-consuming.
[00026] While one might believe that time can be saved by employing one of the
prior art single-step processes where the transesterification reaction and the Michael

reaction are carried out in the same reaction mixture, these processes generally



[00023] Finally, U S. Patent No. 6,559,1 05 to
Abraham et ai, describes a Mchael reaction that uses
wo 2009082 UNt S of nagnesi um silicate as an absPehEs1005/004880
and filter aid to neutralize the potassium hydroxide
r -
s 1Rl mu I gBE 05T S, IALERVIES) el il Snoi-step

reactams da@ep Iexcemfsrmfmemylehtyry%té @fe seduics) foasadhemeadtion and a
t of total pherollc ester product are produced.

Iowe\f\gbgmqrogH@’rr@ agnerallyseptainegk al  process patents that

100087 5190 851K, oy GBI d R0 fibeg anc
moreSeffigiant metbodsfor, prbd&:ing’dtﬁruiﬁredlqnhemo@alncﬂQ%r??lgrrly, for

prod@{;llln]é?srtgﬁqﬁlg h?@qrgHip%qgg?égt%%{\f%g ggpgn%ééﬁfga%gng@méants in
combbs?hon%aél?éﬁ aMbn%aﬁ%z l@ﬁ/?)uid)algetlfé &§é¥[]l toZbr%vndBéfg@ﬂéved

94,444 to U. S. Patent and
meth@ds fopatoeimmgohmderempimml taﬂtIO)(lHantS that)da Hipt Ty onsaulbiple
n su r i or art IOCEeS

catalyiaddlorit Al thiahefildy i BENsRie Watrdviadhift BEaffeuiphase

sepafatict ¥&bs. Likawise mthddéetﬁat HSGRTTEved Sﬁbée‘s§e§ ﬁﬁ%ﬂ@émg the
wat er washes to adequately remove the catal yst resid

concgntatien pf gatelysts indtie finedbinsiered pbeeslqrredusiugould also be.

cos B3B8 ol B s 958 s BAS Bpgrovea

compuditisnsagticiras beResiormuRited assRantdier e the _
transesterification reaction and the M chael reaction

are carried out SUMMARY-OF THEINVENTION ure, these
bt M e R eel PR

manufeeitiringrocésseseior pratkefgphintierad phiéndlier alkytest@r sompounds. In
required to run the reaction and a | ower Burlt
genemloa@(ﬁral erog@ﬁ%?sapw besrapip¥ed forgueduEing taen ndered phenolic
alkylfsgfe‘?% can be seen that a need exists for
npr ove a more efficient methods for producing

[00029]nder ed pth‘m‘I exaanule, Qe twa—st@“ plso,cefsslin\wi\lngmiantjr&g an alkyl

t II h that can be used as
acrylgie; pHSA as OtV hECSRBARR ancodenend Sorhravedindhe prsence of a
first dﬁ%ﬂ&/gt 1Bl ofn tbem%ﬂgfl ‘élshetr‘?nt]@‘rﬂéﬂ%?e bHi?f Ylﬁg ﬂﬁhg%gétlﬁé)én alcohol

produci ng hi nder eno ant|OX|da
havingettyjleast 2roaikiopl ﬁomwﬂﬂy the onbifiytl iester latenimeuﬁatte d¢ompaiund in the

requise extensiyv ter shi.ng or, diffi.cult phase
presariit perori sl B Hiifarsiis hemalic gl PSRF Sompound
neutrlfBhG RN dAAGSERBRIUEWItH B WrjueBus hosphoric acid so as to form a
precipitated phosphate salt, and then separating the precipitated phosphate salt from

the hindered phenolic alkyl ester compound. In one particular embodiment of this
process, the first and second catalysts may have the same chemical composition
and in other embodiments, the first and second catalysts may be different in that
they have different chemical compositions. In still other embodiments, the second
catalyst is not an additionally added catalyst but is instead merely a remainder of the
first catalyst that is employed during the Michael reaction step involving the reaction
of the alkyl acrylate and the alkylphenol. That is, the catalyst in the first Michael

reaction is carried over, unaltered, and used to catalyze the second
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phosphoric acid so as to form a precipitated phosphate salt. The precipitated
phosphate salt is then separated from the hindered phenolic alkyl ester compound
by filiration or decantation.

[00034] The compositions made according to the present process are particularly
useful as antioxidants for lubricant compositions. In particular, lubricants such as
passenger car engine oils, heavy duty diesel engine oils, railroad oils, natural gas
engine oils, turbine oils, rust oils, oxidation oils, slideway oils, hydraulic oils, industrial
oils, automotive gear oils, automatic transmission fluids and manual transmission
fluids, tractor fluids, universal tractor fluids and hydraulic fluids, power steering fluids,

gear lubricants, industrial oils, pump oils, and mixtures thereof, may all take



with the methyl ester internmediate conmpound in the
presence of a second catalyst to formthe hindered
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enbodi nent , the second catal yst has the sane cheni cal

adva?l &f ﬁ1b | o &‘lﬂﬁg&ir&%m@é‘%@é?ﬁﬁle zl’lg)‘?n v\t}?gﬂeasfeﬂw Z)ﬁ’éduced

neutr an aqueous” aci
producﬂs be phosphoric acid, to forma precipitated salt.

(000851 ThéanyaTiiBi procRsseh Gensialy e%@%@rrﬁ‘ieefmﬁé&s@ Riignolic
ester%Ir yé SR friiRE- eh[’rﬁﬁ%ﬂ%ﬂ of 9t | ebid {‘ﬁ‘ﬁ%ﬁﬁ?&la Qﬁl’légﬂ%s the use

I's reaction emal n I rs cat
of the lspmaa/@aialyst (vbieaerm\m A ctiona@ré emplayedmn ’énmroszesb)aand

alimipigliort B Gasy Y Dme hoE BT VAL S6RS 1Bas have historically
beerﬁuraéo%%mdmtéutageﬂféémésar process may be sel ected

fromth rou sisting of sulfuric acid, nitric
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resic} s bEE 360 LorcbiSSaiobl noBhe RO Mibbind ik of e
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in"a single-step reaction by first reacting an al kyl

phospbetjc acigl. \iinished hinggregdmhesolie sﬁiﬁmmﬁ@duatsmmlessﬂm 200
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accorcﬂﬁgwme/\p,telseaﬂ peesys. phosphoric acid so as to form
a precipitated phos hate salt. The precipitated
phosphate salt is E&&Eﬂaﬂﬁﬁ&ﬂﬁﬁﬂﬂl he hi nder ed
t
[ooo$E7Aeidiofics houiaiiHe SREBIH Ml oithr ol ptinggnvention,
one dsranbl'teemmpmstofmmclease sekfopiriidlow| &Edch eb@ﬁplb i8provided by
XI dant s Bor | ubri cant conpositions.

way 9a¢>fn %reﬁttﬂn of e inyIHs, Qekwﬂﬁétl%gfsféwgever&tmn elidak it will be
appa?éﬁtsto tﬁ@saé’é’klﬂ’é@ h ﬁiieeagrﬂha‘? r\‘/ﬁhgﬁs ﬂﬁdoﬁﬂce{ti%'ng eﬁﬁglleﬁ'isdtﬁns can be

natural gas engi ne oil I'ne ol
madein tlhatpreaem ihgentidn weham cdnpeatmg]f,fdrmthel @co:pel o, splrit of the

ri.a ear oils, automa
inveritBfindiidastace. TapYeaAuHaasbsT desiioRia BT Bl ahagmbodiment
can Bé 863 Pbn Bhbtrts erBodi ﬁfe?ﬁlto yi&ﬂfé QKill ?ur‘tﬁ%‘%rﬁﬂgdlm{tatﬁhh‘é it is
ui ds, power steering f s, gear I cants
mtendad thatrthalpresend, m\p&m’pnmdver sachl nmd(fiaatlessmmlr\aﬁatlonaﬁs come

ity SR ¥ R P B o Sojcts,
features and aspects of the present invention are disclosed in or are obvious from
the foliowing detailed description. It is to be understood by one of ordinary skill in the
art that the present discussion is a description of exemplary embodiments only, and
is not intended as limiting the broader aspects of the present invention.

[00038] In accordance with the present invention, it has been discovered that
hindered phenolic compounds can be made according to the methods described
herein. The phenolic compounds produced thereby make excellent antioxidants
suitable for stabilizing organic materials, such as lubricants, that are sensitive to
oxidative and/or thermal degradation.



[ 00035] The inventive processes generally produce
purified hindered phenolic esters, yet allow for the

we@badosiosexsd on of net hyl ester internedi ate puriPCTHS10051004880
the use of the sane catal yst (when two reactions are
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groupf Theeresytdy bithess %teﬁda'llytb@llky%utﬁtltdtbé raﬂ‘éalétthﬁe vld’hlty of
fact, it will be apparent to those skilled in the art
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can be used on anot her enbodi nent to yield
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d as ects of the present ention are disclosed in
an o oSk il PObE oS Semcatat

optloﬁg[ﬁf e ;9?0' or, It tdré%ﬁée Qﬁ itEFREGRR SN0 AN %fsté?r G&*Heaéé/cond

e ar e present di scussi‘on
step MUBnpestenﬂmﬁnomemptlm pebmdardthecsintermadiate plhmhdl allqybester and

d as |lim t he broa er aspects of the .
an algShdiordis ASestios e Prassas ent b %ﬂlew?@metmee of catalyst in
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hi nder ed phenolic conpounds can e according 't
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then Bér?%%lc over greurseeb% tﬁgks%c%)ﬁg?leeﬁfgn.am | oxi dants

[00042] Utilization of the same type of catalyst in both the transesterification and
Michael reactions that occur during formation of the hindered phenolic esters in a
two-step process represents an improvement over known processes. As mentioned
previously, many prior two-step processes utilize different catalysts for the
transesterification and Michael reactions. Other prior processes may utilize the
same catalysts for both reactions, but these processes allow the transesterification
and Michael reactions to occur at the same time in a single-step process. When
these processes are conducted, the attendant disadvantages discussed above
result. In particular, as previously suggested, both of these prior art processes are
undesirable from an efficiency and product purity standpoint.



suitable for stabilizing organic materials, such as
| ubricants, that are sensitive to oxidative and/or
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meal 8 534,455 e T Peales'6 LELEREVD 482 i Lo
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e pre

o can % ed by several different
[00045] hEﬁmllber;Erancﬁng&h@ @dtal)rmhm@haa hé@tréﬂz%lﬁoh%@@ﬂ Wih-an

The first step is M cha reaction of a hindered

aquegHs @sid §%aﬁ§h93@%c aeiflt theuoial smount ofimastegolidsgroduced is
t t n
oo Tl by Mo SAORIE Dy e
eptrran te ?ltgigte?gjngreactel on be?(\)/veen the int errregl ate abou
0-65%@?%?%3/ bv weighi:based emtha plagnnlic esiespragyet t Bycomparison,
other%?%ﬁag rhé&%%ﬁé igefeR 'é%ynﬂHEH%ssf‘W/té’dTﬁFOf catalyst in

in the transesterification
[00046jacThe Mlcbaelheacmn isvperﬁmpmommbya@mimbohmbat )ti;zt@dding methyl

hat i the fi
a5 B B ek 0o R b o
butylﬁl@éréﬂlé}j aaIr ﬁ%‘ﬁ‘idtéf‘ancﬁ QQSH&IL/?ﬂQ'nAS Ié%ﬁ'?ﬁ?ﬂegg?lf Llﬁorj:lé;}!é‘?nﬁ% P& reaction
quaniitycafas aﬁ/(yél@benolnsuclm as e-clirterttbuiyiphédrml natheatedto béteveen

noli.c esters in a two-step proc

aboul 4 BB B°CTR Nigh st vyl {88 §in the reaction
vessdle mHeOélﬁﬁeﬁéEMidwﬁ\by be &4l eﬁrdu@'in h%‘uﬁbSBhé’r"eO&Qﬁéﬁﬁas such as

utilize different catalysts for th
a partial or full nitrogen atmosphere.
[00047] If the alkylphenol is in a solid form prior to being used in the process, it is
first melted in order to render it liquid. After the alkylphenol is melted, the desired
catalyst is then added. Next, an optional promoter may be added. Optionally, water
added to the reaction with the catalyst may be removed by distillation, by vacuum
distillation, or as a toluene azeotrope prior to the Michael addition step. This can be
accomplished by adding toluene to the alkylphenol and heating the mixture to
between about 130°C and about 160°C and collecting the water/toluene azeotrope in

a Dean-Stark trap. The mixture is then heated to a reaction temperature and the
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transesterification and M chael reactions. Qher prior
processes may utilize the sane catal ysts for both

WO e@s8sas, but these processes allow the PCT/US2005/004880
transesterification and M chael reactions to occur at
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30%@povedhe naplagamount gt ih@rallsylebemlf owscerrbmnmmmdammts a slight

s it M o R B 0 BT it
methyt acn;@e:is bbiveder apogal. 05146 ariut aldmyy éf &l sb ﬁﬁ’at the alkylphenol

productijon and purification of hindered phenol

molaaﬁm:%sﬁ igdrtwepn aboui 8k and abaut BOYoatEIverineanplar apyount of the
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rocess. For exa t he

d h k l e
[0004$} ﬁgbg‘%{gﬁé" e fg@gg%tthe%&mﬁvf Wyiajpicart qrit@éngwtﬁreeoperablhty
t
o TR N ARCABrGy58rly AFLAR7, 8By Bl abou
15 mbtes)apdratmunB hauine.r Afteptivet Mthyfbiaquate@jc&mm B cumpletd) the

reacttg;} %Jg%gs%qqd egife 08%2@ W 1%%& I’ﬁ %_é%mé gn the reaction
tempéthMl‘eaéélebféda Gﬁé %kill@ﬂ |r9 eaaﬁ“vﬁ Bh8E A atic?w&‘ reatfion

al kyl phenol such 2, -tertbutyl pheno
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henol
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[00050] By way of example, the product of a Michael reaction between methyl

acrylate and 2,6-di-tert-butylphenol is the hindered phenol methyl ester intermediate,
3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, methyl ester.

[00051] The transesterification reaction is carried out by reacting the chosen
molecular weight alcohol with the hindered phenol methyl ester intermediate
produced in the Michael reaction. The transesterification reaction converts the
methyl ester intermediate to a higher molecular weight alkyl ester. The
transesterification reaction is performed at a temperature sufficient to coliect the
methanol by-product and to drive the reversible reaction to completion.
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vessel. The entire reaction may be carried out in an

at nosphere of inert gas such as a partial or full
woRaosogpsss at nosphere. [00047] If the al kyl phenpdT/US200$1004880

a solid formprior to being used in the process, it is
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6l

overalheffigiescy mnchgualiy: o, the: proguction ywhileeaidhetsapie timeyreducing
cost?ei ng at | east about 1:1. However, either of the
et hyl acrylate or al kyl phenol nay be used in excess

[00058L oByivray bbeiimFl@E deefshactbn toh8,5-aiLeit-batyl-4L n certain
enbodi nents,  a slight excess of nethyl acrylate may be

. . . y be
hydrexhyeyecinrgmicagid, methybpaier with Zredhyihexanal Wit pradice &,5-di-tert-

oy Ry eGP et kB
advahtggsees talusetalCohals ebbeari cadinaholeeulah vaightaangs®uFbr
In.certain embodi nents, a slight

f | kyl ). 0 L

exanple. §°€9'S§b$’3?e Siedai boHig BeinkreJEfisulidordiive thageaction to
. ' f ' . | | S .

comRhak 1R sk AESRl | e g el e el
usesthigh aidigdypaewelghiralcahobsx cks ssed heedingibe tebrast‘higboraokécular
weigBonl S8R R SigphisBar frs Bieass ot ks slcgioLngrpater (e.g.
alcoHieiHalt hERb 3t 16a5E S5SarBbng BPHiord P it ébrﬁ%%‘rﬁb&oﬁr%eﬁfﬁ? th€ alcohol is

used. [00049] The tine for addition of the methy

a Cs-bes glcanel.is not critical to the operability of the
100058t B SRR e 50 B Brimany,
secorfidgTorttBRiafE hltvhoRcthyt 84 badidehi 8RbishchRERlIESHDIs.t Bfther
alcohols include the polyhydric alcohols. By way of example, alcohols that are
suitable for use with the present invention may comprise at least one alcohol that is
selected from the group consisting of hexanol, heptanol, octanol, nonanol, decanol,
undecanol, dodecanol, tridecanol, tetradecanol, cosanol, docosanol, tricosanol,
tetracosanol, pentacosanol, hexacosanol, heptacosanol, linear and branched forms
thereof, and mixtures thereof.

[00055] The transesterification reaction can be conducted at elevated pressures,
normal atmospheric pressure, or sub-atmospheric pressures. In general, the

transesterification reaction may be conducted at sub-atmospheric pressures, for
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reaction is then extended for an additional 1 to 24
hours, depending on the reaction tenperature sel ected.
won@sekisBd ed in the art will understand that |PEEDS2005/004880

reaction tenperatures wll require |onger reaction

exarﬁ;hlgeﬁ&thy}ﬁng? ¥ Héﬁpmgbég}cfﬂﬁh‘?ﬁ %dgﬁcﬂ,gpziéﬁto@gq ntllgetﬁésvgay, the
vapdrizatlod thhe Rawenfalitdrol $&.g1, teihahdl) derhest R aBnitated @@hﬁgtthe

|ns 00050Q0] By way of exanple, the product of
coursp GhiE tra @W%I@M@eﬁh%t Remoyal 9f thedowar alkanol during

tran?es@er?ica’én@ﬁ hngi(# 4l cﬂﬂfe%'e thehseBforflicAf&h FEh oA BlvaPEe Binpletion.

nter
[00036F- ¢ ohe lembndlmlenﬂ;-thg dwossydyy ehiatiiod bhtHecprRekelt invehtioh provides

a mei3pg fit dhe OGP DRAA Rgderes BheRaiR el @éf&%érﬁ&@fq that
incluBbs PEsting rhét ﬁcr?(l:%’(%%ﬁfjarﬁ’ﬁﬁ%fﬂméﬁq Eé‘ﬂng%?l d fin the presence of a

I nternedrate I'n the n.
first catalysttot formfa rmttlnyd restwantermedm cemnmpounke reertinglarealcohol
ht al kyl ester,

navihg 5B Bk oo P e Bl e i n o

presél%@@lf é‘béé&ﬁcﬁééifa'lyé}’t %‘forhﬂh‘é%h&@ﬁedt r8RE R lester compound,
by-product and to drive the reversible reaction to
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a so, be r ese t,t
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he sanme chem cal conposition as the catal yst used in
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of the sanme catalyst. In the altéernative, this can
of a figshealalyat i9,fopmira mathy asienintermediate copmaungs re%aitmgtamalcohol
hawr@“éﬂ&@?%tgﬁ%ﬂgﬁﬁ%g s{@@ittﬁ H'rceét it s'?'#l?ﬁt%ﬂ{ﬁ%@ [t coffHURY in the
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bet we react| on and the
whergfiRe Serant EAialyst ioe DasenEnch hemical eampesitionasiihe first catalyst,
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sane”ti ne reducl ng costs exa
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estorSEGHRMbxanol w || produse 3,5.di - tertbutyl-
[Oooﬂ]r‘gl@ﬁ:égfgﬁlﬁ%hﬁdrﬁpﬂaﬁ‘ﬁ%rﬁs AfheGwosstp WieheY s 1R bRésertt thvention
provides a method for the production of a hindered phenolic alkyi ester that avoids
the need for a water wash step or a distillation step. For example, in this
embodiment, the method essentially includes only the following steps: reacting
methyl acrylate with an alkylphenol compound in the presence of a first catalyst to
form a methyl ester intermediate compound, reacting an alcohol having at least 2
carbon atoms with the methyl ester intermediate compound in the presence of a
second catalyst to form the hindered phenolic alkyl ester compound, wherein the
second catalyst has the same chemical composition as the first catalyst, neutralizing

the first and second catalysts with an aqueous acid so as to form a precipitated salt,
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advant ageous to use al cohols between certain nol ecul ar
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tramdesterification reaction fay be conducted at
sub- at nospheric pressures, foreygnple, in the range of
— fromabout 1 mMm Hg to about 400 nm Hg. In this way,

t he vaporization of the |ower al kanol (e.g., nethanol)
formed is facilitated during the course of the
whereinansest eri fi cati on reaction. Renoval of the | ower

aldganol -duri ng, tra terifjication, helps to drjve e

¢ P L FeP PRisBHERR. Solesle (ol ng Gbip poFAING of R aiiyi
cyclob§D=yl, bikyRird, aRQeHIaRYL;, the two-step nethod of the

present invention provides a nethod for the production

of i§ %ii ndered phenolic al kyl ester conpound that

i ncl L met hyl acrylate with an al kyl pheno

cgﬁﬁ%ﬁﬁ%:%ﬁﬁ?hgﬂgresence of a first catalyst to forma

mZ igydlky¢st er internedi ate conpound, reacting an

al cohol having at |east 2 carbon atons with the nethyl
comnggngtherﬁtgp%gi ate conpound in the presence of a

s t I ‘ '

o ) BPae AR acQi Ot AR AMARIER cPhERERUIn Micblgsppeo ofa
first catalpsiitedosn phmethiybestier ttermediats compband) wherein the alkylphenol
compound has the structure according to Formula I;

(1)

R1

OH

R2
and wherein R' and R? are defined as above;
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preci pi tated phosphate salt, and separating the

preci pitated phosphate salt fromthe hindered phenolic
W@Pbdoplos:s3s er conmpound. [00057] In other enbodi PERUS2005/004880

the two-step nethod of the present invention provides

o ; . .
° D788 h dicthdhhatip!a96aliz EaoR RO RS WA Bty ester
intermedidtatcempdundan thé byegeneeadf asequndchtalyst focfopnehe inrdered

of a first catalyst to forma nmethyl ester
phemﬁi? @J%&ﬁﬁr&%&nﬁ%@@ﬁeﬁvwﬂa ﬂﬁlgctaféy arcding tadarmyiad;

9 kAt e BBl e BeheB3) Bompnorc ok so s o
form @apraicipstatecbphosphaib salj anldr ed phenolic al kyl ester

C RURRBAe e Brpalet PG AEre pall Jogt 2 hindered bhenolic alky
ester3thpélihdi ng the first and second catalysts with an

aqueous acid so as to1 forma precipitated salt, and
[0006@)alraohe embiasipent; iR ard Bj asabottt ali. t Iheartotimeresrabodiment, R’

henolic al kyl, ester, ¢ ound., [00Q5 Ln.still, other
and B 86 IndERBLteR NG ST BEeB IR FV At v ok vet anclfer
embodliitt] RhaRd BA fe%-butyTet hod for the production of a ‘

hi ndered phenolic al Kyl ester that avoids the need for

[00061 lvaAliernaiivalys Zdp ade1-&1d REYI, [Angtin durthersgmbedimentadisselected

o ST B BRI Ao ROV,

octylWsbbc# aildka-egslyl.conpound in the presence of a
first catalyst to fyorma methr\ﬁlléester i nternedi ate
W

[00062)pbsrsedrhatein, wheardtha tednoalkikhis Heedteitheagione erawithin other

n n Il Iln r .

e B8 A S B M B -4 Pyt
compuseaiodficarbdh utormst Fhe cumloeinst,canben atoms ben atswoibsl expressed as
.~ Latalyst has the same chemical copposition as the

C1-Gs v for exampisy s Fxampias of Sushigdioads inclugle methyd eafbBe n-propyl,
: a ' I &S f
isoproByE el bl ARk R T Ao FRD. SRei o, ptyand the
like. WWhen ehealkyl madicel] sptleas| far exakple £budl” isusedyitds intended that

o oG e S a RS ok AR50 B sosaton b e
orm 3 MR SISO o) A5 £ sl 1y, 10 e

[00063] The terms "hydrido", “-H", or "hydrogen", denote a single hydrogen atom
(H). This hydrido radical may be attached, for example, to an oxygen atom to form a
hydroxy! radical, or two hydrido radicals may be attached to a carbon atom to form a
methylene (-CH; -) radical. '
[00064] The term "aryl", alone or in combination, means a carbocyclic aromatic
system containing carbon rings wherein such rings may be attached together in a
pendent manner or may be fused. The term "aryl" embraces aromatic radicals such
as phenyl, naphthyl, tetrahydronapthyl, indane, and biphenyl.

[00065] The terms "aralkyl", or "arylalkyl" embrace aryl-substituted alkyl radicals
such as benzyl, diphenyimethyl, triphenylmethyl, phenethyl, and diphenethyl.
[00066] In the naming of substituent groups for general chemical structures, the

naming of the chemical components of the group is typically from the terminal group-
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Rl and R2 are independently selected fromthe group
consisting of H, alkyl, cycloal kyl, aryl, alkylaryl,
waeasasasbal kyl; nis 2; mis 1, 2, 3, or 4; anPCHUSR05/004880
al kyl; conprising the steps of: a) reacting nethyl
. I Co
towaf ¥5 Bhfortcbihfind drfedt SR SBTRAME o fisblsd 680 n other
wordsnther cuigirmbet clisTpizahsiructbes isi marmbe fiestkfolipiveddy the next structure
. ...compound has the struct L1re according to Fornmula I1:
in ling) @'O&Iﬁ& Qb iechertratca HatiRe siicte s £enpBeed:tphe parent
i al cohol having at | east 2 carbon atons
stru%ﬁ?ﬁ&trﬁ?ﬁd‘ét hyl ester internmedi ate conpound in the
[00067E s émanothfer @nymriment; athel preseniinfentiont pevidesi® two-step method

henol i ¢ al kyl .ester, co un avi ng the structur
for thg S8 Rupfia’ ob initdrred RPenBYC Akl Pstef Sofpauhe A o structure
accof@Rb 4y Fofnulh RN aqueous phosphoric acid so as to form

a precipitated phosphate salt; and d) separating the
preci pi tated phosphate salt (from the hindered phenolic

— al kyl ester conpound. [00060]—ln one enbodi nent, Rl
and_R2 are both al kyl. In anotfher enbodi nent, Rl and
R2 Bre i ndependently selected |[frombutyl and G C 6

\ et anot her egpodi ngnt, Rl and R2 are
0061] Alternfftivelyy, Zis a &Ci 0 alkyl,
er enbedinents, Z|is selected fromthe
i naCid et Ry STmA , propyl, butyl,
|, 1soheptyl, octyl, isooctyl, and
[ 00062] As used |herein, when the term
is used, either alonelor within other terns
sucR” as "hal oal kyl " and "al kyl[sul fonyl"; it enbraces
i near or branched radicals cqmmsed of carbon atons.
The nunber of carbon atons can al so be expressed as
"CrC 5", for exanple. Exanples of such radicals
include nmethyl, ethyl, n-propyl, isopropyl, n-butyl,
?Ebbutyl, sec-butyl, tert-butyl, pentyl, isoanyl,
hexyand Pétaré imdthendently selected from the group consisting of H, alkyl,

cycloalkyl, aryl, alkylaryl, and arylalkyl;

wher

nis2;

mis 1,2, 3, or4; and

Z is alkyl;

comprising the steps of:

a) reacting methyl acrylate with an alkylphenol compound in the
presence of a first catalyst to form a methyl ester intermediate
compound, wherein the alkylphenol compound has the structure
according to Formula II:
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i ke. When an al kyl radical, such as, for exanple,”
butyl” is used, it is intended that all primry,
wG@emonskasy and tertiary fornms of the al kyl radPCHUSHENE004880
enconpassed by the term including n-butyl, t-butyl,
i sobutyl and sec-butyl. [00063|0The ternms "hydrido",
"-H', or "hydrogen", denote a si'ngle hydrogen atom
(H). This hydrido radical nmay be attached, for
eﬁgnple, to an oxygen atomto forma hydroxyl radical,
or Ywo hydrido radicals may be attached to a carbon
\to forma nethylene (-CH2 -) radical. [00064] The
", alone or in conbination, nmeans a
aromati ¢ system contai ni ng carbon rings
¢h rings may be attached together in a
anner or may be fused. The term "aryl"
enbrAaces aromati c radi cals such as phenyl, naphthyl,
tetfahydronapt hyl, indane, and bi phenyl. [00065] The
tfns "aral kyl", or "arylal kyl" enbrace
and #h¥leif Wsdrid RE efb dbfiidéd kadbeaés such as benzyl,
di phenyl net hyl , triphenyl nethyl, phenethyl, and
di hheasting n alcolhod besing af least hearbey aiemsukith theumethyl ester

ntr e choeFRE T RPE 58 LA, SRanb) i 5 P8 Rigrec
pheridtie alléil ebteslcon Bing tHesPadstans acsuraRigne REthRES |, wherein
ot herwi se note as di scussed below. In other words,

the segand gatalysihasdhe fasme chemicel g@@ppgitiﬁare@?thei first C,atzlyst;
b o
| SRR 1 (R LSl B o B SR o st

formteopricoipitptecesalt;dmduct ure i s named. [00067] |n anot her
resent invention provides a two-ste

ermhodi nent, the _ p
RSP YING % esttaiatbsalbiron thedirdergdnhenslic @l rgter
compound having the structure according to
com@éoélﬁfm al: (I) wherein: Rl and R2 are independently
[00068] eAnethermethbbesuiiablepfoc ass iastthe predertt,invdrition, involves reacting

an alﬁil%‘ﬂgﬁlglf%gf;h %rﬁyzlli ;6-@%#2%&“@9&&? yvziltwell gpl)ggl}lc alT<yi gc%/iatg] in the

presence of a catalyst, an alcohol and, optionally, a promoter in one step. The

OH

catalyst is then neutralized with an aqueous acid such as phosphoric acid so as to
form a precipitated salt which is then separated from the ester. In this method, the
product produced is the final product, thus eliminating the need for a
transesterification reaction step.

[00069] For this “one-step” reaction, the same catalysts and promoters can be
used as those described for the “two-step” methyl acrylate reaction. In one
embodiment, the alkyl acrylate that is suitable for the one-step reaction is methyl
acrylate. In other embodiments, the alkyl acrylates that are suitable for the one-step
reaction are those alkyl acrylates that are high molecular weight acrylates having a
higher molecular weight than methyl acrylate. As used herein, the terms “high
molecular” or “higher molecular” with respect to the weight of an alkyl compound
means that the alkyl chain is longer than methyl. For example, in one embodiment,
linear or branched higher molecular weight alkyl acrylates such as Cy-Cp4 alkyl
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conprising the steps of: a) reacting nethyl acrylate
wi th an al kyl phenol conpound in the presence of a

WO p00sH88at al yst to forma methyl ester intermeRCHUS2005/004880
conmpound, wherein the al kyl phenol conpound has the

cony Bl a8l R B PR Lokt bt G rfon. 5y
way bbexargple; sUelahtgr%rmnlboulaam@lg‘nt\acnhaitelse?olaubybuméetot limited
sence Ol a se

i N i ate conpound i e
to, o{Hy} SPTYEHE 1 OpyL ATy e Rk eI R Bal Ao iaisy Zrethylnexy
%r@égggﬁl, mugt ure according to Fornula I,
acryle 8 I%@é@otﬁgacﬁ%gr{gst has the sanme chem cal
[000Z0]p s sonereralsoditreerts, rithe mgah aiojeqularcyeight acpllates rmge lihear or

nd t W t
et bt B B e S B R S A e
comeeaRibhal G EshbolindMrle sblelital RomPREIRbLE cBntitling of n-buty
acrylatss sas- t’tu’ﬁ)d gorgetemn- Oﬁybﬁtﬂrylate ihethiyihexyt aanylateglsaheptyl acrylate,
tert-but

isooy AR TranarVEdeaibeisiior achiale Abd TaRNTes Hepot
[000'#1‘] a%@@%lly@ﬁéakﬂ@ ithe @hfaszt@eﬁfﬁl’dS@aeh the p?8§er$tt[?chesses may

he catal yst is then neutralized Wwith an aqueous acid

lncluaeclwt@sre pieb Sptiiedite, alkplti and adiwling Efab‘ﬂhmtqurf%ilr@ﬂdas add oxides

N M R T

hydréxXits, @suummeré healciagthydroxide! AA8 FeEdrRIsidmdd/dréXide. Other
reaction step 00069] For  this "one- steEb reaction,

suntabl@eC%awﬁtSda@lad%b@t alecnqiigiaddos alkah myeial Bydrides, eledienetal
alko S AIRnCRI ahilfes, B TR A p8F Xatilin! & o1

moncBaJkyItnlmg adiceeti mtami hydmarbyloxﬂeﬁﬁaﬂid/ ixared thieeeofl n ot her
nbodj nment s, e al kyl acrylates that are suitable

[000¢3)e bhe amaynt péé&iahdnefeﬂl bydieide catplyst Heed hatieallytis @ased on

e kPafbfll SRAAKRIA AT SpiAl BB RSBy, For
exaniple, dlthough'the gatatpdisonhypbe eonplbyed) meammuhtscntdr@mg fx0in0.001 to
10 mgf’é et():éset ortl ee gﬁ(yl%henor cgﬁpgllmg IamoS;Lu)ts OWrom about 1 to 5 mole

% are usually employed, and, in some embodiments, about 2.5 mole % is employed.

[00073] The neutralization step may be carried out in some embodiments with an
aqueous acid and in some embodiments with a specific aqueous acid such as
aqueous phosphoric acid. In some embodiments, concentrated phosphoric acid
(14.6 M) is first diluted with water to make a diluted aqueous solution of phosphoric
acid before adding the acid. Dilutions of concentrated phosphoric acid with water
can range anywhere from 5% to 95% aqueous phosphoric acid. Other suitable
dilutions can range from 10% to 80% aqueous phosphoric acid, and in some
embodiments, the dilution can range from 17% to 20% aqueous phosphoric acid.
The application of aqueous phosphoric acid in the present invention promotes the
formation (i.e., precipitation) of crystalline metal phosphate salts that are easily
removable from the final product by filtration.
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means that the alkyl chain is |onger than nethyl. For
exanpl e, in one enbodinent, |inear or branched higher
woriososdsay wei ght al kyl acryl ates such as C2- GPQEUS2005/004880
al kyl acryl ates are suitabl e for use wth the presently
C ,
[ooozigg h 21 rhla%Pg cul a |Og§J %%dz}g ?e gé%be p]@f'% géﬂ?W% 'séggaﬁd tt o the
reactiomfarezhialyst mm;allzatmnylisabasecbonniyé aaouylt af eatalysh) usgd which, in

tum, SGiesPoRos 5 e ambuahe daight iidietsn s ta hd gelhidiesa. n
gene@&bﬂ% Fﬁ@hén rﬁ&ﬁu@'c%taﬂﬁé ﬁoerﬁE e\‘.‘ﬁlv&m t%ﬁ"tB/é gﬁém?ﬁ ﬁCId that is

|'i near or branched C2- acry at es,
betwema(ahqmé 30% amndh é’OWe thEOrr@Iaqequmcaiwmfdhe catqjystsandtbften the

molag SEivefit o % Atods Bticy's paRuSS Bhowt S8 dt HhGHane molar
equivalest of the cardipéte In %@rﬁﬁ‘&é&lﬁ(%e ?éddﬂbﬁtrﬁrxtdr@@b‘?ﬂlﬁé a molar

acrylate, isooctyl acrylate, isononyl acryla

equ&l@@@@ﬁhe £EHPPUS 6CIhihA id hetween alinsit 6506 apdcabbu] 95% the molar
equn%@ﬁtr thg Capaigél ng, the catalysts enployed in the

preésent procesSses may include, but are not limted to,

[000Z5 K alThearmiealiks alcish@dd e amietl tomenmidsies Fﬂ'l@i'wo‘Pélk?Péster

iincluding, but not limted to, potassium hydroxid

reaclifiMixIFR WheR itae MiKiurd iat ajempeiadee Qfdaﬁtweenmoui 562G and
abok 1550 SR e T S5 Y B ol e when

the naikkumé iis aka aémpemwr@e@f aldut a00°Cr THe itk ok agesoushdiadldddition is
m des, dihbutyltin oxide, zinc salts, calcium

hot C§'B?§§°%ﬁ%ﬁ&ﬂ%ﬂqlwgse%hﬁﬁﬁm apg il negesssrily bylasiusied based on
the eﬂ‘gtgg rigsgro%hé h@ﬁﬁ? izatiofd@4glio e amount of al kal i

roxi d yst used typically is based on

[000761]e Fot mosaman:mbnsj thaatdialgshyelteadization neddtion ie atlbived to
ure. For exanpl e, aIthough t he

PrOC%%OF gﬁ ;?S?%AO heng@g%%g%%%omﬁ CaRSRne nexfigliation praceeds for
betw8e® @boliP2 b?id@h@uré’ l@&%ﬂ{egl%gtéﬁﬁmé‘bé}é a??% %ﬁkraﬁ%ﬂ%%@% often be

anounts of from about usua
judgeshby Byecolonobiangenokihesrcastionmiente froabanorande red © &yellow
colori s enpl oyed. [00073] The neutralization step may be
tarried out in sonme enbodi nents with an aqueous aci d

[00077)d Afes®iEadiERg A6 badiohNie écﬂ’c?é‘d Wwhferad ﬁﬂg%a%

such as aqueous phosphoric aci d. sonme e i men
atmogpheréhdistilaltpngerogsiein dlsﬁﬂa’fwl’( 1As GhMadded watart lsdemﬂved the

e AEHE LA TAE r 5 FHSRY, B, e puting

metaFsalRedver sitetrinBbRBRNEVe s irthicchotiphenefé Bfiducts. The resulting salts
are then separated away from the desired product by known methods including, but

not limited to, filtration, centrifugation, decantation, and the like. A filter aid such as
Celite® (e.g. Celite 545, Baker Analyzed Reagent) may be used to improve the rate
of separation and the efficiency of metal salt removal.

[00078] The process of the present invention produces a product that contains low
levels of metal salts/ions, which may remain after neutralization of the base catalyst
with an aqueous acid. The levels of metal salts/ions in the final isolated product may
be less than about 200 ppm. In some embodiments, the levels of metal salts/ions in
the final isolated product may be less than about 100 ppm, and in some
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can range anywhere from 5% to 95% aqueous phosphoric
acid. Oher suitable dilutions can range from 10%to

w@osismgpsabus phosphoric acid, and in sone enboPCTESL085/004880
the dilution can range from17%to 20% aqueous

v ' ' i At s h h '
ombBRSSISI ke Ak fend Rt ARk, AEBEA BB o
meta( sa&s/;ormnactherfmat isolted pradiues iy bhé ossihah apBASS e For

that are easily renovable fromthe final product
exanb‘aef i potassin, gy ls‘rlh%e%%ﬂ?ﬂ cyiplyshand @phogpharic acid is used

o nef ez A0BSRAGLIT niHlod et BEAINE P lAGE TGP
estercpmalu;zsmaymdltermlleﬂs thandetbuun r11 ooqrprﬁt@btzgsémm o?mdnlfn sorge

that is to be neutralize
embiiear W@%éﬁmﬁfﬁ%sﬁ‘wmdﬂwnﬁg, therfina hndered
orerSHRIEL A8 pRIcERUR 1964 e ol oSSR BHEH g, an
someembodimenispless tbguiabalitbippot phbspl)mq’oasus a|C| dt i Sf .

b 50% 0% th equi val ent o

(00078}, 758 el Weteh mponEatt o 10 rRAGoRaDPiS ;ataxﬂ%asaahom Aep W%
of th@td’tﬁl RachE ese A dvintA Eiﬁié%né&hé’tﬁ#? Flg%ﬁéﬁ’@?fé used

about 65% and about 95% t he ol ar equi val ent’ 0
in thewashyfege plotiool@) ploeessqwainisleavésiessentlatly ine teatsteof insoluble

st 005 5 ARl i Bk S B
the finarealioh ik Kusll Between!dobut brﬁet@ébtﬁﬂlﬁ) W iod Wéer of the

added to the reaction m xture when the m xture i s at
reactiasmipessas in ether %Mﬂlmmtmcﬂﬁe Wader cardent ofdheeeastmmsdjsually

di
vetw @ sbhELR Mo A0CE) G 01508 S56ER HaBEL 450 same cases.
the m&émﬁnta@mswwéem BBotEV S abbdrs Wen sfaRk ireActidPRRé6)
nost reactions, the catalyst neutralization

[000$Q:]ac/c\$ shentioned ahqyve. ag qptigpakiromptenmaydesuseshn theuvichael

et P A 5 e e ARMER LB Y 5874 3rd o use, u

not alv\&tw,l regtireeuioriripravd rezctioanaty, imprde thedeastidty céMesrsion, and
ol or change of , the reaction m xture from an or ange

reduqeef@et%ngugteqﬁ Wideskable, Imutities)in fiq Broduek aqueous aci d
1000813 iyl Aot BosionFan 1P Ml R o o
promeiere thatare swiiakle, fot hse mﬂlwetheqxésmtoﬁvéﬁmmabl@kiwbuBar@ not
Iimite&%,ngl Ikg/FsgldeKPes esg | ﬁl trr‘\%é’ﬂ%x‘? e “TIR/?SO’ ? dlmetl%]yl formamide
(“DMP”), dialkyl ethers (e.g., diethyl ether, diisopropyl ether), dimethyl acetamide,
N,N-dialkyl acidamide, methyl ethyl ketone, methyl butyl ketone, and mixtures
thereof. In addition, phase transfer catalysts such as tris(3,6-dioxaheptyl)amine,
which are also called TDA-1 phase transfer agents and are sold by Rhone-Poulenc,
may also be used as a promoter. Various other phase transfer catalysts and aprotic
solvents may also be used. Other classes of promoters include the crown ethers
such as 1,4,7,10,13-pentaoxacyclopentadecane (15-Crown-5); 1,4,7,10,13,16-
hexaoxacyclooctadecane (18-Crown-6); 1,4,7,10-tetraoxacyclododecane (12-Crown-
4); dibenzo-18-crown-6-dibenzyl-24-crown-8; dicyclohexano-18-crown-6;
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netal salts are often insoluble even in the hot

phenol i ¢ adducts. The resulting salts are then
w@epansasasl away fromthe desired product by knP@EUS2005/004880

nmet hods i ncluding, but not limted to, filtration,

oy OR8G5 " gl A Ef o4 pyeon
sulfoRae(itamethylene sulfede).o inbrove the rate of separation

h fficiency of netal salt renpval. [00078] The
1000820 . 1A Gefin sapastLabine RreeeninuAn s dia bio-siap Gethad may

neolpieCERIcH AR Lo MBI T e syt feacton na
allowsi foh thenpeapiustion chthelhintieeed phehdalicodikytedsdér sraidust inens
subs%gltaﬂgﬁah{] ogrlgs ki@g%&&ﬂﬁfm,ﬁﬁéth%gl@ﬁaﬁg%g s gq?é)cl%ctad with an
s g ¢ Ul ok :
bS!S ARS8 o o o
a medy @stadnigsmediate sompoundh erhecimterdiadiatessompaunceisehen reacted

i S 0 R bl SR LS
sam@¥HeMMdal @ohfpodhRm aSthelTRsEpioMotat aAl thahAap 'gng(/é @ @fibfont

is used to neutralize the potassium hydroxi _
chemygalgaopapositior tharmiberfiraiapromatee r Wthashibecaiecanlyirometasris present

e R T oF AR A 53 HRBe R ch e PBRR BRI A5ARE A, e
first prohfstst maly disdbvivsed dshpefdedahdiprofeted phenol al kyl
ester product may contain | ess than about 20 ppm

[00083L,s fRbHEE dvo-girp Mmetherhdhe ifedmediatescompeund lsan adﬁmb? reacted
. _ £ nal
with eEAFRAITREAS hfdfence Hf o SathBiusl CRaTbF G SAGbH acond

catalystentovtied torfeamntthe mirdssed phdrelit akgbestey pradiics im®a0Bstantially
little water is used in the wash-free

| liqui%%uzfﬁ%ﬁa@yﬁ&wy_%n%wratl@dégiﬂbgméﬁuit@ble;aw@ouswéﬁ- For
e BN Rg Rl i 1B 38y A pogug wi remai
in a liguéd farmalevenad room temperatursual |y bet ween about 0.2 to

.20 wt.. % water of the reaction nmass. I n other,
WOO@ﬁEEEﬁkﬁMﬁ% the QBGveieR MatRRR 1Y 1BFOMRMAIRABIOTBRIEr Sluring the

%
reactﬁ‘qiéé‘ﬂ ary aW(? f A0 ﬁ/ﬁﬁ?ﬁ dé]%qﬁ égﬁéﬁé@fﬂa’t 590\{0% goﬁ}éfgirrsau&fon of the

react mass, cases,
hindared tisenolic aligt esten pedstuct inla isabstamtiellbliquid fetrof Theeatalyst for

. reaction nmass. 0080] As nentioned .gbove, optional
this HFieeondraip T e Auh MRy e irga v T aby sufPbiR @ayeoas acid
[0008BY | Fsdrhé dniisetipehy, ihé 6AbIstEh hREGbXIep MARBYS bFtHRY Sresent
. often used, but not always redquired, to 1nprove
inventieadn¢@rporate detrahmysirofusan KEHFpas the praaoies fai the, Mishdel reaction
and/or the transesterification reaction. THF provides certain advantages over the
polar aprotic solvents in the reactions of the present invention. For the two-step
reaction, THF can be easily removed from the Michael reaction and then recycled
during the transesterification reaction, thus making the overall process more cost
effective. This allows for effective recycling of the THF promoter, the methyl acrylate
in the Michael reaction, and the alcohol in the transesterification reaction.

[00086] By recycling efficiently, many of the associated manufacturing costs may

be substantially reduced. This is especially true when C7 - Cq alcohols are
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reduce the anount of undesirable inpurities in the

product. [00081] Typical pronoters may be pol ar
w@poosnsas3zol vents. Ot her exanpl es of pronopt er SPETTES2085/6)4880

suitable for use with the present i nventi on incl ude,

e ol 10 48 el e Sl A€ B romotr
mpr(NeDMé overdil fficiénat herausecl dF ,cadlnabl‘aaydaaﬁlyft%r removed from the

di.i sopropyl ether), dinmethyl acetam de, N, N-dial kyl
alcolQli dami de, nethyl ethyl ketone, methyl butyl ketone,

[0002’? ?ﬂ ESfHérr%?nt?]&ﬁfn%?ﬁs of fg\ea}ﬁ\?éﬁtl ﬁFtlé ﬁgéé\ﬁg Lhe promoter

sts suc as tris 6- di oxa am ne
in th@two-@lm)mmthd)d:oulffml cptada,esés maayrm asedigenhg then WMiekiael reaction

and {3 fanResTiEatnR te&oan, \aiher AEaniApes o AmincpHE 48he promoter
in eithet Mﬁﬁéﬁh chBtMe ﬁ\h@ﬁa@l@eﬂéﬁ& ak¥ ﬁﬁ%@séét@?nﬁ@éﬂ&f rddcBBRUSIGde

i nclude the crown ethers such

prodqctmmofltbemnqgedaﬂmwyc ladiqyé asted pretiect @85 Solwhor &3 a liquid. In

additid 2u§ln}ggﬂtllgt|;11 gi&g( ggé% %@ %ﬁ@h\&ﬁ%{%ﬁ%%ﬁgq% aﬁgws ?or net)trahzmg the
basecbdwlyéﬂlvﬁﬁf afl @iitabretd URIBLE| acidh- Cr own- 8;
di cycl ohexano-1 8-crown-6; di cycl ohexano-24-crown- 8;

[0008814 Fh@ ameunt ohpsemeteraisedtacsordiag te theinventon maynvaryrover a

oroal 348 AL ES01EHE PR S8 o B o ARP BBl Gemeeppou

0.5 niaie 86 o BBYUI 15.0MBk:Cofahe akInol FeddiantMisd1ag lother
reaction and/or transesterification reaction that

embegiments, faging hetwaesyakeutohO sole Re tniahaet ¢, Opn@|$o%| of the
i 53, DS SLoh: LI ARL, 4l tobbHobie M dfount o

promaterds b¢tvmémmaboamtpouolé Yortotab@up 7 BRIt /0 bf ihefalkﬁ henol
noter and a first catalyst to forma ne

reactRht @hGhansame ESHGESIS aBsitiSn Brale db &f H"Q:@'l"?ﬁ%bﬁﬂoi reactant.
[0003§p]e nTﬁ@ %t‘ﬁ‘l\’éﬁh@ﬂ N 8Hﬁ$q1bﬁs§é¥n8veqn%eﬁgh%ﬂohc ester

ti ona second pronoter t ave t
compdsdmnsaand imporieternbodisndris, the rpsesqmtonmmronaénbdd‘mﬁsses any

a different em cal np05|t|onthan
one qF o (bR STserStiRienOHe CoRROHATRIBRA BFCaTSing: lesamt of the
meth8Y§ UBScribE h@l@‘?ﬁ | PBr Qf(artnEPe Y Sﬁ@%kn%dlﬁehpqh?@wé’ént invention
ester I nternedi ate conpo prénot er may
encogpasséanompasitiarheornprising tbe foltoveng nige8 8f hiralerdd phenolic
wo-step nethod, the internediate conpound can al so be
eSterIg’eact ed wth the alcohol in the presence of the sane

T e A

s (spemtanedipic acid, 2-[[3, 5 -di-tert-butyl-4- hydroxyphenyl]methyl] C1-Cio
dialkyl ester, and

(c) 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, methyl ester.

[00090] In certain aspects of the invention, an optional 2,6-di-tert-butylphenol
compound may also be present in the composition.
[00091] The 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, C4-C+o alkyl ester may
be present within the mixture of hindered phenolic esters in an amount that is
detectable by gas chromatography and may have a gas chromatogram within the

mixture of about 80.0% to about 98.0% by area, and in some embodiments, the 3,5-
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liquid form The catalysts may be neutralized with any
sui tabl e aqueous acid. For this particular two-step

woredohosks3z he hi ndered phenolic al kyl ester proPCIUS20$/004880
remain in aliquid form even at roomtenperature

el L o TS AR ST R ERR b

chromategqam wétbh‘yﬂhetmimmmofaildom\/%f&)io smevpbpamau imoibier
embblnatih, e -5 et Yok ElipBaiTie et ecCro alkyl ester
may PRk LA ENDRTatdh R gﬁﬁF}SOO% the SealdR!d5Z6 % @’std% PParea.

swtab e aqueous~acl I'n some enbodi e
[0000RE djmeomeambadlmams,smers Seliferitbubfl- 4t-hyedrpxplsmmcmnamic acid,

j nygntiqQn. incar. ora tra drof uran (THF). as._ the
C-Cl Bk 25185 SARBHESH AL sl ohe R MIFRGEIestof o™ the Group
cons‘iétih@scﬂ‘St erification reaction. THF provides certain

advant ages over the polar aprotic solvents in the
3,5-didedhudi<- bydrtomhxpir@g@nammaendt ispectyFestarhe two- st ep

oSSR R PR AR e i, M oo

3,5- dm@nmmir-hwr@ayhmobmmM@acndt Rusutyreddian anbempydres!thereof.
cess more cost effective. This allows for effective

[00083E ¢ hprRgréanadieic Adid, - Hadr dirtertnay nb-higroxaphs nipethyl] C1-Cro

52 1 851 0 Bl ks g

amoerﬁn‘that srddtectarrwwy gés theoraaiveraptyeshday fdlc 4 igag
cost be substantially reduced. This is espeC|aIIy

chrofaiRgTaRLHitl the CRxiUEe bl At il toyahwut ROIRSHibyeareahand in
someSFTSARCARF Y BSNREGRls fol 21 L1 0 O

mprove t overa ci'e ecause ’THF can nore

hydrmeeynyl]metfmh]t@a@ﬁ dra!ky‘l betealmm,hbehve b@fSHrohategraet within the
di me }) B £Zt|on when THF is used as the
Xt GRAPBRT | 15% e Bbst LBy eRe (i clhet embRginastls; e <
L h
pert SR 16 4SS £ RGBS ASHNRD 0 16 e et
may heveg getdrctasnatiegranowithir thermixturbeof alnoulbdtO%db abloat 2.5% by

M chael reaction and transesterification reaction
aread nc| ude production of the hindered phenolic alkyl

[00094] €In é‘érﬁeﬂ# ‘é"spééts%f%ﬁé '||ﬂ/e‘h"tloﬁst mﬂérﬂ&hé’dlold‘aﬂg Q’Pdi-tert—

usi n he one- step and step net h
butylfdhy @wmlmnﬁ]mﬁjhvlm @1tﬁtﬁéilaihy|£69]3n catnpbunathin #e madbtlme may

com B A B el BARE i B S bGPy hnanymettyn
C+-C eétlayéé%ﬁggﬁiér@ driRNaIRyf&¥ter 8% @BPRIGA oBIc? HRUES sEéSdrtPalkyl
ester is a C4-C1o alkyl ester. For example, in one embodiment, the pentanedioic
acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyl]methyl] C1-C+, alkyl ester may comprise a
mixture of at least one compound selected from the group consisting of:
‘pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenylmethyl] dibutyl ester,
pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyljmethyl] bis(2-ethylhexyl)
ester,

pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyllmethyl] diisooctyl ester, and
pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyl]methyl]

diisoheptyl ester,
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0.5 nole %to about 15.0 nole % of the al kyl phenol
reactant and, in other enbodi nents, being between

W@bwsns2B3D nole % to about 10.0 nole % of the PCT/US2005/004880
al kyl phenol reactant. In still further enbodinents, a

and BB O pE el e P Ine R ot e

pentah&gibjohacid) 248 dawlrtklamyl 4+hy|d$0xw)helm§rt]m@d%g]omem)¢but§ﬁl ester,
t ant
pentBnSdER aaish i D e BB s SEheRy Ime i Haels b2 ethyl hexy/

estephenol ic ester conpositions, and in sone enbodi nents,
the present invention enconpasses any one or nore of

pentahedibicratid 62H[BEediblerebulylp diyddexypheay hoetnd] mgthybisoogtyl ester,
of the methods described herein. For exanple, in one
and enbodi nent, the present invention enconpasses a

pentaﬁ@ma@ 4di@rp-Aa @&L@nﬂ@m&h& Hﬁé@ﬁh@aymnéw]e of

hi ndered phenolic ester
methy| Bobieptykestesuand nnxtupeﬁtlwwcir oci nnanmi ¢ acid, C4-Cl0

[ooos{Y Jr8%4 S e buBisH ATy G DEBApIS Aeidmetnd pstaigmay be
pres@htithih tBS heiktura o h(rfél)ered phenollc esters in an amount that is detectable
3,5-di-tert-butyl - 4- hydroxyhydroci nnam ¢ acid, neth

by ga,fst:l@rpmqtggm]y and weythave aagga@hmmatogmmkunmtm@ mlxtane of

aboug @gs‘%ﬁ ab%ui5 E (B‘% g&p%??t %%# ﬂb?@rﬁ&ﬁﬁgﬁtﬁﬁ{&tﬁﬁe @ 5 dl-?ert -butyl-4-

hydrcsxﬁwrodumamhiaoidi rhethid ester ay RaVE BajasCeHehfatogranthithin the

ester my resent within the m xture o

m'X“HPrRi @.b@at BHe/n&P a@0@§5&/s byaraa aafidn someniastanses from about
50/ r%% chr omat ogr aphy and may have a gas

rorra ogramvvl in the mxture of about 80.0%to

[0009@}) uWitsh Bk dptionae2,6-direri-putyiphenehbedpoend & pﬁé&%% within the

it indTas! PRE)OHG SHCH b Q8RR 76 %h?qm%oér@ohy and may
have(';ﬁ ng&é‘ Eﬁrd?ﬁat@BF%fh v@%r@tﬁ@nﬁﬁu%@m{b&ﬁﬂ % 18 BdR'5.0% by area

odi ment's
and id-sdime msltannasﬁmmmwxgbtﬁ%rtoubnuama% byiateaC4- C10

ester chromat ogram wi thin the
100081} 1§ Sorinasinscisss bad el BgY alkednciigeepyentional
fat
amo@rﬂ%f ?ﬁﬁﬁ%ﬁnti fat are ngraonlglf%%?nmcarg%ox ddant compositions
and |@the conbiratiopn ofdebmattrwls g antioXidarstt commeositionso uRdr instance,
consi st i

corro3riifhEtols, Bk PR i RgEnEnad entibesr apedisangy be included

and #&8ledemplified, but are not limited to, dithiophosphoric esters, chlorinated
aliphatic hydrocarbons, boron-containing compounds including borate esters, and
molybdenum compounds.

[00098] Viscosity index improvers may be included and are exemplified, but are
not limited to, polyisobutenes, polymethyacrylate acid esters, polyacrylate acid
esters, diene polymers, polyalkyl styrenes, alkenyl aryl conjugated diene
copolymers, polyolefins and multifunctional viscosity improvers.

[00099] Pour point depressants are a particularly useful type of additive, and are
often included in the compositions described herein. Such depressants include, but
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S d-di-tert-butyl~-hydroxyhydroci nnam c aci d,
2- et hyl hexyl ester,

W@2®s8288%r t - but yl - 4- hydr oxyhydr oci nnanmi ¢ aci dPCTIuk2005/004880
ester, and m xtures thereof. [00093] The pentanedi oic

are n%‘r’?i&iﬂ"iteg'tél[ éﬁ)lég{@tréas Ita{&“';si’)t)rgﬁ% pégégiﬁ%ﬁg%l L@sﬂ%kéd alkyl
phenaiss ton fadkyd haphihaéares, phenol i ¢ esters in an armunt t hat
ect abl e as. chr omat ogr aphy and have a

looomﬁﬁaaebinarhm?%/ Hof {heedrcRQIrRseyent the dermatiampt gabid toam
may 2Re4e ﬁ%itﬂf@&%itﬁ%@@p?[i@néfb&%?pg r (? FE%?%@N& {38m inhibitors

pent anedi ol ¢ aci
mcludg,otnub«arphmhyh"]mdttbym]lc@ieﬁ@o@'aaId<pd>lymetser may have a

[oooﬂﬁﬁu ?gﬂ%%?ﬁggs&a sp eoltntﬁ eeg 0 ér,%e%;eg%g %)ut are ot limited

I
o R, B eyl g Sl n ks s cppgroants
carbaiydit ldjdpersanis (agy shecinicabages dnbpenrsantsjr ana mlxmres theeeof.
1. 0%t 0..abqu

tooo {421 A fiBhaliiiedenial ARUS BRI oK AqcEe Fikderbaushas
aromﬁﬁb(amlﬁeé Rékﬁlaﬂéd Glﬁhéﬁ%hﬁhneﬁ B éﬁWhﬁe@Wﬂols

ester co in the mxture nm
sulfuuzmj)phggotmrﬁus(cgrr@ouﬂdp@mlamelybdenummtammg antioxidants, and

tert-butyl-4-hydroxyphenyl ] methyl] Ci1-Cl10
m'xué?%kﬁerggﬁers where one al kyl ester is a Cl-Cl0 al kyl

[ooom]eomcbo'mpaﬁmdhat ndy RS inefudedl wm%é-‘é&ngbgwbns described
ester. For exanple, in one enbodi nent,
hereipate @ia@@ng@nts (9. dnetal overbased salts of orgamc acnds such as zinc

e T e A T

Thesecambcothér aeﬂm0é§d/hid‘rpma§/fbé @sertin combinationwithfthe compositions
pent anedi oi c_aci d

descrzb%cﬂ heminare dustratedyin.greated delaiijRdha. PrasemiNg. 4582618 to
Davnsg%frﬁéh ésof?\%fﬁb??ie‘gh r rBfr! 4|ﬂths rg;(r?/t by af? ence tp?reto
[000104]( Phexeligrieh Ex@éﬁalnfetmodlmntsmm pmsenamvéntlon provides a

Z-E 3, tert-butyl dr xyphenyl%
compgs tk}gbqgrgpnggg any otgl,aoorld@ﬁ%/ ixtyyes of hlndered phenolic esters
desc@?éd Brevisli 1)’ Rl éorﬁHﬁ% ?Fpéﬂééfw L3 BbIMY ke ected from the

I SO ept ester, and ast one co und Sé
groug comsistireg gfa)mbrmantoﬂ;,ta d@pefsar;balde’mgem aenamtidiear additive, a

suppléﬂ{%n?falg%r{%xtlc?a:g@rﬁ%é{ﬂl@l@ﬁg@ﬁl&ggpm%?g | Jn”S&yPétAd H%ﬁw }{nylamme a
vnscogrt)E [n@e'i lﬁipré\ﬁ:!rt a*i?iéhy bofhit eprersypb eN¥b A bEHbR YAHib L BYUst

hex
|nh|b|tor a foam mhlbltor a supplemental friction modifier, and mixtures thereof.

[000105] In other embodiments, the present invention provides a composition
comprising a detergent, a dispersant, a zinc
dialkyldithiophosphate and at least the following hindered phenolic esters:

(a) 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, C4-C+ alkyl ester,

(b) pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyllmethyl] C4-C1o
dialkyl ester, and

(c) 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, methyl ester.
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pent anedi oi ¢ aci d,
2-[[3,5-di-tert-butyl -4-hydroxyphenyl ] nethyl] nethyl

WO 3@6/082883 est er, and pent anedi oi ¢ aci d, PCT/US2005/004880
2-[[3,5-di-tert-butyl -4-hydroxyphenyl ] net hyl] met hyl

[000 §g]‘ $RSHil oﬁfér%m?@ﬁhdﬁtdégﬂé ﬁ%éé}“ﬁ u‘?\fgntloh%gggles Enf%mposmon

-tert-but roci nnam c ‘acli
compssing aneyrrésiom irdsleitdr, airtsi mhlbiter rarkt ur e of hi nder ed

alky B AahEarEboS anl %E@%Tiﬁ% tollogatia Bincsied sheaRIGEYRT
t hey @scauf&t-ahw@nqwdre Hid @C@H Rinic éc.g 9x:1 ARG e8RS

in sone enmbodi Nents, -tert
hy(® eentanadioit aeoice] [3,6rdj-teﬂ=d1mw+4 hydmxyp’agnylpmethyl] @asCyo

.o Cchr togramwithin the m xture of about 0.1%to about
dlalkgp%é}enﬁ rg{ea and in sone instances from about 0.5%to

ab(@yg Q—dpférbwu f-@%ydﬁ'&@@rg/@}oém}%m%@ nbfiRkst

6-di-tert-bu henol” Conpound i's present Wlt |n t he
[000ﬂr011 ahe Rfﬁsﬁnhlée@wrpaleaqﬂro‘adescemosutlonss:ommlamgadnyeof the

R LT VY O

organndnawr&mhnmbwgassufww @h@aﬁv&aﬁém therhlt degrdi4idh such
area. [00097] The conpositions described herei n“may
as, fon eamplel adrohypak duel; Fﬁm oikes liaricapt ﬂundhespemﬁmmmnals that

t QsiLip
can il SRR MR e il FREBIRRIRAS o e
metmdtsld@scdbed heesinascltdeisut arehot ligitadas, Iubﬂééﬁﬁg fiiids of the
itors, extrene pressure agents, and antiwear

ahpha@% ﬁﬁ&efw (R7i diZredhylhay)azelates pentaerdrital ietragaproate),
pass8fise b itnd i AU SRS b s ik bl e oao

englnenoilsudurhm@oﬂsatrasiesltsebxtdaabd oife) sﬂmmmygml@mldr%lﬂig 0|Isd|ndustnal

ols, ayQMGLNR 54 B, SO AT AGIFBoN bds 8d manual Transmission

quudsO‘?r’ak‘:to?QMse rﬁﬁﬁveré’&' YAERONMA é éhatkfé/df&ulfi!: fiRds O:fbwefr steering fluids,
yal'Ky

pol yacryl ate aci d esters, diene
gear fubrcantss ln@wsmaiwllsapympocmlsj_, agdlmldtutes rﬂ@ereopdrwrm‘qsother

o Ao AU S g LS Pt B o
hindd+8& pienbli® ofipoBAEs inade a@é&dﬁﬁ"geto‘%ﬁé #hethBas %@ﬂ% bizskhe

conposi tions described herein depressants
invenitigel ude, butare not linmited to, pol ymat hacryl at es,

[oooﬁiéjrfﬂg cg% osnl%%lsy ofthe pré:sre% mve%gn may glso be suitably
incorporated into synthetic base oils such as alkyl esters of dicarboxylic acids,
polyglycols and alcohols, polyalphaolefins, alkyl benzenes, organic esters of
phosphoric acids, polysilicone oils, etc. Natural base oils include mineral lubricating
oils which may vary widely as to their crude source, e.g., whether paraffinic,
naphthenic, mixed, paraffinic-naphthenic, and the like as well as to their formation,
e.g., distillation range, straight run or cracked, hydrorefined, solvent extracted and
the like.

[000109] The hindered phenolic compounds made according to the methods of the
present invention are especially useful in crankcase lubricants where they act as

antioxidants and reduce sludge formation.
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phenol s, or al kyl naphthal enes. [000100] Foam

i nhibitors used to reduce or prevent the formation of
waet@blgssbam may al so be included with conposiPCDIS2005/004880

descri bed herein. Suitable foaminhibitors include,

000710, 4o R s By BEABS0% Oy TEREy B RO
com@oqusl made @,ccb;dmgtt@thmmethodst dabcribed Vigreinge mdiides Hut are not

Ilmltqd ﬂ)pé?&'ge glo?é%rpv}gl t %ﬁ%g@&i’ggg drg&?&{aggr\]/i_n?/??ees?ns formed from

. fio o .
e SRR RoES 8o AR e wi
unsabﬁatembpbojymerlzabmcanpamrudnﬂe @, vnyheste(sy laiphag theda-unsaturated

acil, i PETh- DAL Betect iR R TA g SR BTglGeGHRIRNes, alpha, beta:

unsafifitcd] AHBA @éﬁéﬁd'u%éﬁﬁﬁate@ d%éﬁrldb% sheﬁrg%gxtadleﬂes and
[ 000103] d’her compounds t may be inclu

‘styreaenpolyfalpmlejwcauweas p@yeﬁhyleailee pdb'pemmémes Hatyloutylene,
1.C a

polyiFirRpe  HEliE ol of Pod b Ra I S: eoﬁvrﬁﬁan% prepared
from fmgildis 8lich agib%rﬁyléﬁél g?féol oestgfene PSS

tives which € used in cordrglnatlon vvlththe
polyigegyepeias; M&m@es |sueh asepalyhexamesthylenetadipasiden polyesters

et S b e ooy Roeene

polydt%l@hémﬁiet Retiapoliridildith aBpbeé of ‘ﬁl H iﬁnﬁ@ﬂtpﬁylyktyrene

odi nents, the present invention OVI
contaialﬁﬁ@pplwr@cnﬁmt@dlﬁge@w sfyfenera @seffortm@d By ther es

conofyd A0 RRRGRLIE, BB Y AR BHURHEAY Wi

derlveﬁenlg,ram Imseedfdil; fag, tallow, laud)rpezmit ofl tod Bveh @ipeagmﬂton palm
a detergent, an _antiwear addltlve a suppl enent

oil, CRIk GibseP aRseediqil; hysracrihan 'ffﬁFQﬂﬁ%%%ﬁé 'gesnling, klgntatr@@ral
and n‘ﬂ’ﬂeﬁl&’ RSB, RindrSISAE i dn”&iﬁ}ﬁm g@:&)fﬁﬁ%flaldgo%xes fatty

ol nt depressant, a corfrosioh I’n
acids sudhoag soapsy Hydmsnarhbm bésins;, urmaﬂratécépehyéeﬂer fresing iderived from

copolRplsss AL srratell s WSSHLrated iserimolle spidsuBita pomalent

i |
o S
alky! resini sy gstientsisins mrl actylaté agsins; cross-linked epoxy resins; natural

polyrg?r&ﬁu@i%étpeﬁﬁjltog tu}{aqu’t? A}y %%ngnaanrgtf‘neapcollymer-homo?ogously

chemically modified derivatives thereof, such as cellulose acetates, propionates and

butyrates, and the cellulose ethers, such as methyicellulose; colophonium resins and
derivatives; natural and synthetic organic substances that are pure monomeric
compounds or mixtures thereof, for example mineral oils, animal or vegetable fats,
oils and waxes, or oils, waxes and fats based on synthetic esters, e.g., phthalates,
adipates, phosphates or trimellitates); aqueous emulsions of natural or synthetic
rubbers, e.g. natural latex rubber or latices of carboxylated styrene-butadiene
copolymers; and fuels, e.g., jet fuels, gasolines, heating oils, gasohol, and diesel

fuels.
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(b) pentanedi oi c acid,

2-[[3,5-di-tert-butyl -4-hydroxyphenyl]nmethyl] &GCi O
walr@bikgissest er, and (c) PCT/US2005/004880

3,5-di-tert-butyl -4-hydroxyhydroci nnam ¢ aci d, nethyl

[ooo@img reQHRdERl ér%rﬁllbldgrtrigg@?[ﬂsemﬂg'IWéﬁt%n rIn% Y 6 Porated

ntion provi on CoO
into ther afordmentioriéchotganijc matemetls by mhikingdn tharanabkmbﬁtseof the

mverbtﬁgﬂ%rw Malij]%rggquloqlcgsge aesrtadlcfI tﬁ/etsoslulc ehcgr?edseélgsdcribed below,
by m%ﬂ%djel cas%mawmheﬂamy #5Péxém9re°%d@ ﬂmae%@shenon%ﬁ?&idams

ester, (b) pentanedroic a

made e{cperctmgito ﬂ'@rmethnow of4ha ypdesent imemfiohrasmhlyd hd@ad & the

matcel? (e STzl e fm 5o mastechaiRRich crataim g

antioxfd=81 in ﬁqxgg;bogr]so'mqo%esent i nvention al so provides
conposi tions containing any of the hindered phenolic

[000% 62} Adastagesuslybte hiader prnmoharc@rm@mdsmf the present

inverRPT b HisYhorbud A3 A aFision APnas it lnts iiceacy

emulgion [f)(ﬂym@)@?naé & d rg rﬁﬁth)f@‘ﬁurm@tﬁb ,mﬂ(ﬁ@dof%ddltl&’fal components or
| ubricant fl uid. ecific materials that can

poly@?amlxtu&e@d agia qallr@crteadﬁltmemwﬂmﬁr@@essjng @mpauaius ,eextruder

reoBEEH SRR 1755 A BhY 458 Benotc

compdurmhstaomlee&behe nyateriale- 16 be ﬁabﬂlie@imwsfﬂlﬁétdr)traﬂ? fh@iSorm.
entaerythritol tetracaproate), passenger car engine

[000}] $The radiPjeapkeempengis magiel accordingite dde sathods
deschBLY heleid3fe ?HQ&H% gb\l—l@osﬁfﬁl g'lﬁ'ﬁ Hloﬁ’st%ti’h?llpg b ahy amount.
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from fabHUf’é A OHS‘&;JIOUEEQ?M g E\HH 'fr‘?o?n bLlBrd %ﬁﬁ‘tl% Wt. %, hased on

i ndustri al ures ereo

the teialweighé of theknompo:smgn oGenemlhos‘sh\e hrmlserém phenalycompounds may
t herein of the hindered

T M T N S

total W@@;I’ﬁb@ﬁ@éomﬂﬁﬁlﬂbhon [ 000108] The conpositions of
resent invention may al so be suitably

[0001 Hiogﬁ@roemrﬁldles e @e@dntaspects dfdbe inidndionualcoaspasition is provided

box [,s an

tat GG B BRURS Kl AL 0% o PHokB 5 R0y gt tergent
aboug$108 %o abomfwssm@y We@w s d@péeasahk SRR 0% %Sto okt 1.5% by

Nat ural base oils include mneral lubricating
weight of zinc dialkyldithiophosphate, and about 0.1% to about 2.0% by weight of
any of the mixtures of hindered phenolic esters described previously.
[000115] In other embodiments, the present invention provides a composition
comprising a lubricating oil, about 0.01% to about 0.5% by weight of a corrosion
inhibitor, about 0.01% to about 0.5% by weight of a rust inhibitor, about 0.1% to
about 1.0% by weight of an alkylated diphenylamine, and about 0.1% to about 1.0%
by weight of any of the mixtures of hindered phenolic esters described previously.
[000116] The following examples describe various embodiments of the present

invention. Other embodiments within the scope of the claims herein will be apparent
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oils which my vary widely as to their crude source,
e.g., whether paraffinic, naphthenic, m xed,

W@2008/082883 c- napht henic, and the |ike as well aBCT/US2005/004880
their formation, e.g., distillation range, straight
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inventimtheasadiscloded detreint Heisiiatdmode that theespeciRanbn, getidratith the
eci al in crankcase | ubricants where

eXa“?M%?»eké‘g?O%dl%fvﬁﬂﬁg f%ém@pw onlyg Wik the segee ang spirit of the
T TR0 i BBy Bl g gramoes

henol i c €0 und
all parcentades @ré givemeomatweight bsis unmé d‘lhemme indicatede,

but are not Iimted to, t ] ¢ organi c polyneric
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nmeri zati on VI ny unsat
tert-qmylﬂ’rgydrmblhmdroompacmclapldeJsgpqctw iestdr, whichris suithblesfor use as an
bet a: unsat urated aci ds, al pha, beta.-unsaturated
a”“%'QFBFs al pha, beta unsaturated ketones, alpha,

[OOO‘D‘F'S] { UiRiheel AlgdgBides and unsaturated hydrocar bons
such as but adi enes and styrene; poly-al pha-ol efins

[000E18]hAdlslites rusnchyoiéers, Pwek)ﬂpsb p;qumpepl with g roagretivestir bar,

tompBiufte SRS Bt 1ty o GBStk FBerRiep frtistlagsyomoval was

usedpmrteoﬂa%kSM@éllrﬂmllpf&@Y Gea ital 3563? goof rRb e Q'BedigﬂeYlClS’utylphenol
“ 6-,53' gam c pol yi socyanat es; pol yam des such

areme)) %tr@ QP 242 gpﬁlgpéaswm Iwhsaxnde (KOH) pellet,

and BY Y LT i?%@%ﬁ ey RBHUFRAR S8R Ha aga the

tempezioieywas mcseaéecaﬁ'otﬁm o 1 m@ovmmm@g&b%ﬁme the water
nt ai_ni n‘gﬂ%opol yners of butadi ene and styrene and

by-prpa!é%te khe Fasylting White sloisn Wﬁ%ih%@@ﬁddﬁ 1éér@4 onitrile,

000 20402808508 BB e A v

contadniihg 165c6 biof erethyll acrylats wereirstalleal tmthelrea@tﬁf nThklmethyl

t1 d drocarbon materials such as
aCW'f’%gs( Rﬁzeg%aaﬁeﬂé’? WS Ger 39 HPW?% dugingswhicts the temperature

of the“?e'&%fcﬁ'wé& hllovflét? é)sﬁéé froff Y10C R b2 %‘%‘t *rh89 e %’s eated

waxes: acl such as soaps; dr 0car Bon OF &
furtheutrlie éBﬁF@ttl@ﬁ rpmiuymﬂben ceeledstodlehm@eahcf In@lmatdnoPGGfst ¢76

minutls; JHaTeR e ST Mok enaesd Boags cremssoaraphy (4C") and
ound o3k b 9724 oy R AKOLAR 06104 08 ety
4-hydsexydwdrogimeamispaniy, methyhestenatlinegiressure was then reduced to 20
mm Hg, and the excess methyl acrylate was stripped at 110°C. The intermediate
wés analyzed by GC and found to contain 93.9 wt. % 3,5-di-tert-butyl-4-
hydroxyhydrocinnamic acid, methyl ester and 0.67 wt. % 2,6-DTBP. A 21.5 g portion
of the 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, methyl ester intermediate was
used for physical property measurements.

[000121] Step 2: Transesterification reaction.

[000122] A Vigreux column equipped with an air-cooled partial condenser and a —

15°C glycol-cooled total condenser was installed to the reactor. The remaining 3,5-
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pol yners, such as cellul ose, natural rubber, gelatine
and t he pol yner - honol ogously chem cally nodified
walenswsassyes t hereof, such as cel |l ul ose acet at BGT/US2005/004880
propionates and butyrates, and the cellul ose ethers,
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exanpl e, the hindered phenolic antioxidants nade

butylaécbwdmxybycﬂr@cinm@rm@ﬁﬁwgéscmctyl lesterrassde product masoioundr(by GC)

o cof 8 4B BUFBL - 5 B b B e
butylt4-hydbxghydretirthahtic aicid, Asth2dstér il S8 4vdy % BIMRdi-tert-butyl-

hi nder ed phenalic conpounds of the present invention
4-hydraxyRydropBARYe aeis iIsRechih estalil si on or di spersi on

10001886 5100 3 NS 218h I i SR AR et o
[000126]y WENS6Ng B 42.89,wiaSe BIsPO,€81.0audidl) iarwatet antif®l.7 g of additional
extruder, kneader, etc.),

wate Giia8 B30G0Rh BB g o Iharbers B 6-Sriensusi wyaoxvhyarosimmamic
i ASSRISRION PO SIS B Tho
was ket B8P Cb&2iCrfde88dniphimsadt atmospherls presterac Toedenperature

was {3p SISWHTTBRE o SiCdp oak: 410 Mep oS sy wamseioed gradually
to 20 YAfi HP%V@FBb‘?ﬁinﬁ todtfifs Okt 18 IrJn (B‘a 0 gccg@gﬁﬁﬂ%%cooling

i nventive conpounds can range fro
to 801G, tiecurecipitatedmalidewenedilteatad it le8s Ghan twabuntte?ishgd.9-cm

Whatfle-58 Tancts the SogvidlsBeuls oribeiiPae areidiyan 6t Table 1.
the conposition. GenerahawvpPhe 4i ndered phenol

conpounds may
[000126] This example demonstrates another two-step method for the production of

3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, isooctyl ester, which is suitable for use
as an antioxidant.

[000127] Step 1: Michael reaction.

[000128] A 12-liter round bottom Pyrex flask equipped with an overhead agitator,
temperature probe, heating mantle, and a reflux condenser in series of a total
condenser for distillate removal were used. The flask was initially charged with
4126.4 g of molten 2,6-DTBP (20.0 mol) at 40 to 50°C, 28.1 g of KOH pellet (0.50
mol), and 85.9 g of DMSO (1.1 mol). The pressure was then reduced to 20 mm Hg
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al so be added to conpositions in need of stabilizing
at about 1.0 wt. % based on the total weight of the

W@ 0vp08assd on. [ 000114] For exanple, in certai N"PEEPRDT004880
of the invention, a conposition is provided that
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of the clains herein will be apparentto one sKi
broughifeioat40°Lr @varcldhinises betare sooting ta H Q7€ ovar 25mnlnutes Aftera

110 B4R 81 5% PLTERHRR A5e S 5T SOl 1k 2
DTBEW@S! arbe %@r@udedreautymwoﬁeswd%omﬁm adibi! memw ester.
sco?e and spirit of the invention being indicated

The fegetien masp Was &Rl o SHininwesloager at 11 ?C,tbﬁfoamm@ess

e oA SR SR B G A i 5o

butyldiehpdexy aydrecmniantic sicih m‘“ﬂ'ﬁ%“(ﬁwﬁﬁ Iaa?nagrzggl Gonartd found to

- butvl -
contaia Skt Y. %t BrTRRIN 94881 o @"o‘ieﬂd%lé,iY'aé an

hydrf}%é{? Wmlo[#}?g’%ra&gﬁés%dﬁ om gé?%x ééteqw pped

[00018Q]hStemByhrnisesierificatiaT redctioper at ure pr obe heat i ng
nser for distillate repoval

rooo{E; rhe BBhe:ir Nered iR SoNY SRR AUk WD (S S

Popl 0508 b SRR U161 Py T gl oo
The $6tdidert-batyl- 41-hydrogybeerMB©amTo acid;, esathyleestasintdrerediate was
adde{j%%hcf dlsbos of Isoo'?:'?anoq (%2 QE mol).  The mixture was heated slowly from
71°C to 166°C over 4.2 hours at 25 mm Hg, during which 661 g of methanol was
collected in the trap receiver. After removing the reflux condenser, the excess
isooctanol and DMSO (206.3 g collected) were stripped off at 5 mm Hg and 185°C.
[000132] Step 3: Neutralization of the potassium catalyst with phosphoric acid.
[000133] 132.2 g of water and 42.8 g of 85.8 wt. % H3PQO, (0.375 mol) in water
was added at 70°C to the above 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid,
isooctyl ester solution, which contained 0.5 mol of K. The reactor temperature was
kept at 70°C for one hour, increased to 100°C over 43 minutes, and held at 100°C
for 30 minutes at nitrogen atmospheric pressure. Then, the reactor temperature was

brought up from 100°C to 125°C over 62 minutes, while the pressure was reduced
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tenperature was increased from400C to 1150C over 70
m nutes to renove the water by-product. The resulting
wWaiosessBurry was then cooled to 1100C. [ 00012B¢T/BS2005/004880
wat er - cool ed total reflux condenser and a 250-nmi
t
oradel id 20 i Higla SFBIH Mo Watsr udlird ShicdRY prBPipfaid were
noted.' wme) r&ﬁlaasmgdbd VACOP, ?lm ﬁl’umy V3B hlteretiasa alcmedigm fritted glass
t he te atyre of the reagctor wa owed to
funng{ St aaaysSEREIE rSiscarerglien Fatebe adnabde the residual
{
metq) SpSRin! 12 ral Priguel ek pRriohilgd LyafuERINGly EthedPiaema
Atomvia £naiasion ZpedirosGapy CHCBHat ogr aphy (" GC') and found to
contain 1.2 area % 2,6-di-tert-butyl phenol and 96.0
area % 3,5-di-tert-butyl- 4-hydroxyhydroci nnam ¢ aci d,
met hyl ester. The pressure was then reduced to 20 nm
Hg, and the excess nethyl acrylate was stripped at
1100C. The internedi ate was anal yzed by GC and found
to contain 93.9 wt. % 3,5-di-tert-butyl -
hydr oxyhydr oci nnam ¢ acid, nethyl ester and 0.67 wt. %
2,6-DIBP. A 21.5 g portion of the
3,5-di-tert-butyl -4-hydroxyhydroci nnam ¢ aci d, nethyl
ester internedi ate was used for physical property
nmeasur enents. [000121] Step 2: Transesterification
reaction. [000122] A Vigreux columm equi pped with an
air-cool ed partial condenser and a - 150C
gl ycol -cool ed total condenser was installed to the
reactor. The renmi ning
3,5-di-tert-butyl -4-hydroxyhydroci nnam ¢ aci d, nethyl
ester internmediate (- 1.63 nol) was added with 225.8 ¢
of isooctanol. The m xture was heated slowy from 650C
to 176C over 3.2 hours at a reduced pressure of 300 nm
Hg initially to 60 nmHg at end, during which
approximately 65 m of nethanol distillate was
collected in the trap receiver. The resulting reaction
mass was found (by GC) to contain 2.7 area %
i sooctanol, 0.83 area % 2,6-DTBP, 0.81 area %
3,5-di-tert-butyl -4- hydroxyhydroci nnam ¢ aci d, methyl
ester, and 94.8 area % 3,5-di-tert-butyl -
hydr oxyhydr oci nnam ¢ acid, isooctyl ester. [000123]
After renoving the colum and the air-cooled parti al
condenser, the excess isooctanol was stripped off at 5
mm Hg and 185C. The resulting 3,5-di-tertbutyl -
4- hydr oxyhydroci nnam ¢ acid, isooctyl ester crude
product was found (by GO
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Final Product Analyses
2,6-DTBP (wt. %), GC 0.31 0.32
3,5-di-tert-butyl-4-
hydroxyhydrocinnamic acid, 0.55 1.08
. methyl ester (wt. %), GC
Example 1 Example 2
96.8 96.05

hydroxyhydrocinnamic acid,
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i medi ately recharged with an additional 847.4 g of
nmet hyl acrylate (9.84 nol), which was added dropw se
W@ o00skges8sact or over 39 minutes, while the reapdDUS2005/004880
tenperature was allowed to increase to 1300C. The
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y from710C to 166C over 4.2 h
estery thatogniaing Megdowgewels af poiassiumeatalpst residegsi n t he
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) : Neutralization of the potassiumcatal yst w
with meebanisal etirei eonnexnied sep Dean-Staykdrapend underNg atraogphere.

The r%&%@%ﬂg f{gt%ed;/‘@gl@{&gc (tg 'rg’r?]%vgo vslle}te} 8s \é\ﬁgﬁlren\é’aasze%gr%%g. % white
slurnBwas @btdifed ahdt . 1 ¢ dPtEienEival e6ldtiedn Bugﬁ %@%?teo(f‘l 3024,

i sooctyl ester solution, which contained
1.015rmely wag than addgbinaene portion augstwatminOls todheovidtenslurry. The

Dear} S B3 AT dnafa, A sediao R Al fo AR oahbiebipt, Thaareutting
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125C over 62 minutes, while the pressure
collected anddhe agsidting orangeoreactipn mistuse bepantef a tdtallyealear solution.
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[000187]i PHe friikiuke A8l ANSHBnRol gmmefﬁ'a\fé%%f% éeél8ifying with 10 g

fil'trate are given in Table alysis of th
of 17 wds MelblgPO4 (0.017 mol, approximately 87 mol % of theoretical potassium

catalyst present) and mixed for approximately 1 hour. The excess toluene and water
were then removed under reduced pressure at a temperature between room
temperature and 140°C (pressure down to 4.5 torr). The resulting light yellow oil was
filtered at about 120 °C over a celite bed (5 g) to remove potassium salts.
Approximately 320 grams of product was obtained.

[000138] GC wt. % analysis showed 95.4% 2,6-di-tert-butyl-4-
hydroxyhydrocinnamic acid, butyl ester and 2.8 % 2,6-DTBP. (ICP data: 2.3 ppm K
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nmetal salts/ions in the final product was perfornmed by

I nducti vely Coupled Plasna Atom c Em ssion
wEp@snsassropy ("I CP').[000134] Table 1: Two- St REI/Nei0h&ah4880

Anal ysi sEXAMPLE 3 [000135] This exanple illustrates

SHPh
and 3RO P BERHY: 0BT D (@° 28 CTRBbra B Ui apEe (@ 40
°C))WaShI ngs to produce a h| nder ed phenolic ester product
é di -tert-butyl -4-hy droxzﬁmdroci nnam c aci d, butyl
[000 39]5r|')‘ thlﬁﬁxaﬁmieaﬁhﬁﬁheeﬁe}lca bamb@fspmiasﬁun’asia‘snane were
S

remé‘\%c@lr%ﬁ)%éﬁ%q&g is

Oggg%g%tgl ngf(d“ b5 e%@%ie,lgfeatq(gﬁpn 99.9
% ofrthé|peﬁ§seﬁtﬁ)m(?§@erﬁ©l/ed acSordindo et ar BRAEKAMPIEA ypically, 96.0

liter flask equi pped with mechanical stirrer,

to 1000 et thg no@a%sumaqat@ygtrmayrb@p'emm/ag#methe[\method of this Example.
10007 0E RS SeniREait o ARl RedbRuibA B Sium

countéxiarisniechreefficibht foad aﬂﬁl d vbbR @iterRatigOtd é@&&ﬁhs WaSN bind phase
acr 130.2 g, 1.015 npl) was then added in one

Sep%%ﬁn a“ﬁa%'%*e% belpy sHMmaszes éhe Friatipnship betwesn moi% added

phos?ﬁ@ﬂg n%g:gfr {és_[% ffd1 YES ?ﬁgﬂ&?&@ﬁ Hsé%%r?tﬁ@%t tg%cgagﬁf%%snurﬁg and

e resu m Xt ure
phospborus it palrtOier rmlllomf@rWanohs finaepHehdlictaakyl @ateriidducts at

.col | ect t he resul oran
distoi?@? 2

reaction m Xture
varyifg @il Hya@s&;@ G &mmﬁap@@nog Showed
atabdg[ ovved to cool

dovvn to 113C bef ore aci dlfyl ng vvlth 10

17—\h— H3F 3017 ol ap rg_)q_n:afnl \ 87 mol 9%
of%i Qi et | ca‘pg%m_:%ss um st priei@ssiinunhPhpsehprous
mat 1 hour. (MABCExcess tBPIMNne And § r
JA@PéO(ﬂlFfE‘n ren&ﬁ@@plhndar reduced pressure at a
bulybestarur ¢ bet®Ben rpom t der at ur e anel 1400C <3
botyestere down 10 4.5[torr)g7 The riesultg pg TTpht 5
yatyl estep! | [was pplterpd at gpout IPU 0% gver ce||< e
) {ore Vep[dbbl msalts—AFgROXTatet ")
Stﬁg/:?%eg);&ﬂ uduua_ was—pbtat F‘sg. 6 13°ﬁ2_ A ‘%)18%
aw'%r £ howed %5 4% 2, 6- tert but;q'- 2 <0.14
S nvuh\/rhnnl [a¥a i-d, hllf\/| elster _and 2 %
stylhedyb. (1P Hata: P.3 pdth Kand K1 pP@P. Densi €95
est®817 g/l (@5 O : Kinematic Viscosity: 65.]9 (@0
eltyjhexy000139] 24 this Exarf8 e, the theggeticlal anpgnt
eftgpot assi ym i f none| were renoved fromthe product,
gaygnmypm et el 39 2540/ ppm gHierefare, gfgater| thans
e

EXAMPLE 4

- [000142] This example illustrates the improvement obtained in producing hindered
phenolic esters when a polar promoter is employed during the Michael reaction. As
described in U.S. Patent No. 4,085,132, hindered phenolic esters with low
conversions and low purities may be produced. Furthermore, as known in the art,
the addition of a polar promoter significantly improves the conversion and yield of the
hindered phenolic ester to the point where the process can be used to produce liquid
products or eliminate crystallization or distillation.
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% of the potassiumis renoved according to nethod of

this Exanple. Typically, 96.0 to 100.0% of the
WEo10a98i8edn cat al yst may be renoved by the net hpdr/v§2005/004880

this Exanple. [000140] These results suggest that the

[Ooogﬁfitﬁ_h‘:cﬁoﬂ e]"‘t“l"h%I |hﬁ|9é éaenc\)/florgab\}?rgcﬁ ?)Wﬂéfib tﬁgﬂ\élgﬁgel

reactiersh and phase separ ation. Table 2 beI OW sunmari zes
bet ween nol % added phosphoric acid

(00034 3%%3%585%? oBprl Alateiiasd i DIRE aletCases monitored 2s 2

funct{i/tgt” ous f| ﬂﬁ\?p EenoF%%ZPm@gﬁ@P pro ucatt gpg%rKOH as the
alkalmmatals/sbfT@@melwremmme'ﬁatﬂe 2eslpWwor i ¢ aci d

rooordel Feebndf 2, T inihihss: ofgiatFevine g ¥ PESURGRRrn ghe Michael

reaclidiP0142] This exanple illustrates the i npr ovenent
obt ai ned i n produci ng hindered phenolic esters when a
[000p 4B )arThe ma@ttlen of butytpcoyate with 2/&DTBS & 1:2&{’6 was monitored as a

[ea scrl S. t ent
functigFF GoBR usiira e BaQasBieineamialst oRas Bird asits are
showPUihi TS 3'mdioRe produced. Furthernore, as known in the
he addl t| on of a pol ar pronoter significantly
Dk : e Ratd of MichaletAnditidar ed

phenol i c ester to the poi nt where the process can be
used-to nrnrhma ||r1|||r~l roducts or elimmnate

T—oorore

C IP¥edcioni Tifrid On_QBCCrBhi% 08 TR OOOJG@]arBQ%FrQGuét
The inflgenes of having a pol ar pronoter in the

M.chael _reaction. [000144] The reaction of butyl

No D |ate with 2, 6-DIBP at C was nonito Sasa
Ménction of Jinme in the presgi ce of a DMB onot er
and with 2 % KOH as t he f‘kal i ne cat al fl The GC

results are “hown in Table P-el ow. [ 0001 BReact i 0
2: The infl déhce of not havﬁh@ a poI ar pr fer int
M-chael--reactton- 10001461 -Fhe-react-r-on-of--but-yd
Plus engledice wi th 2, 6- DTBP at 12MC was nonit @%8 as a
DMS6@unction of @i ne using 2 mi.62 KOH as the g kaline
....... cat-al-ysi----The-GC-resul-t-s-are.shown_in_Tahle_3..hel ow.
——[—999&:4—7—]—:Fa-b4—e——3—Et—f-eet—e#—DA£Q—en—4—he—Rat—e—ei——

hael Additi on.
[000148] Without the presence of a polar promoter, such as DMSO, a purity of only

[ R

89.4 % was achieved after 9 hours. After the reaction was conducted for 15 hours,
the purity only improved to 93.7%. However, for purposes of the present invention, a
15-hour reaction time is not cost effective or practical. For a solid product,
crystallization can improve the purity of the 89.4 % reaction mixture. However, this
would result in a significant yield loss. For a liquid product, the only purification
option is a costly and time consuming distillation step. For the hindered phenolic
compounds of the present invention, it has been found that improved conversion and
purity may be achieved, while avoiding an expensive and time consuming distillation
procedure.

[000149] In the presence of a polar promoter, such as DMSO, a purity of 97.1 % is
achieved after 9 hours. In fact, a purity of 95.1 % is achieved after only 4 hours
when DMSO is present. This process, containing a DMSO promoter, now eliminates
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Reaction Tine GC area % 2, 6- DTBP GC area % Product

(hours) No DMSO 4 34.5 64.1 9 9.4 89.4 12 6.4 92.8 15
W®H20508833 Pl us 6 nole %4 2.1 95.3 DVMSO 9 0. 62PC171US$2005/004880

[000148] W thout the presence of a pol ar prom)ter

e BBl RNttt o B EARATORLE oo i)

The parity of thib eroduditiy sach Yhatﬂmawﬁel used M nmdét IusrigRive Bpplicitions.
pur poses of the present invention, a 15-hour reaction

time is not cost effectiwﬂﬁ'_@ctlcal For a solid

[ooogzgﬂgvﬁ}sreﬁdﬁlb%érhaﬁéﬂé%as gbad?wé %b%ﬁtﬁo‘&%%&é bl Sc@xlc i 151 3,5-

eaction m Xt ur I'S wou
dl-tera—bwit)gm hydraryhydretinaatis acitp 2-ethylhauylegien dihich ist élﬁtable for
rification optionis a costly and tine
use E@oﬁéé‘ﬁr daisti 11 ation st ep. For the hindered phenolic

[ooomm&@%ﬁ Ha ARG Dhs g&%@ ak Qe olif tyd“@e g@ﬁrlﬂg \}@%H’l Geaction

I mproved conversi on purity
conditions donohiiaihing high purity estare Byndsing ri@ldca!sﬂhei cxgdalyst, it was

e
undeﬁiﬂérﬁi&éﬂre@%ﬁ@ﬁ c8n8i%h§ V\Vétef %Otgﬁlc%hgﬁ’éﬂnbiéeafasga'sto]ru

acC |eved after onl hour s resent
azeoippe psior ta the: Miah aeldnms@tem ofbe fiask lrmhe&tledrbwmeaas Imé a

nea5 50, Tt SRR ERA B0 e aci,

2-eth?1lhe$(ym316ﬂﬁ/bslo$)tﬁhéb it B8Y% om@%ﬁmmga Bt below.
ubr i cant appl i cations. | 50] This
[000152] Binglleisiepds arf=distesisb uly Ofand12h@thvlhexvl acrylate

“ educti on of 3, 5- i
ZEHA- *ert - but yl - 4- hydr oxyhydr oci nnani ¢ aci d,

[000153]t Inyd Be-liter estiret bottdinGlask g8 ;je@hlvﬁh h@égﬂéﬁ% giridg bar and
anti oxi dant, [000151] More than hal f dozen runs Wwere

connegiedite PeanStask trgerindey mtmemefmosp&we; tbe folewingi were

chargfe%f' obtai ning high purity ester. By using KOH as the
catal yst, it was

412.8 g 2,6-DTBP (2.00 mol)

50 g toluene
2.20 g KOH pellets (39.2 mmol, 1.96 mol%)
9.3 g (~8 mL) DMSO promoter (119 mmol, 5.9 mol%)

[000154] The colorless slurry was heated to 150°C to remove the water/toluene

azeotrope. A white slurry was obtained and 11.9 g of hazy toluene was collected in
the trap. The Dean-Stark trap was removed and a cooling condenser was
connected to the reactor and the reaction temperature was reset to 140°C. The 2-
ethylhexylacrylate (2-EHA, 402 g, 2.18 mol) was then added over 30 minutes. The
resulting mixture was heated for a total of 6 hours at 140°C, during which time the
temperature initially rose to 149°C before subsiding back to 140°C. GC analysis of
the clear red orange reaction mixture showed >98% 2,6-di-tert-butylphenol converted

to producit(s).
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concl uded that the presence of DVSO pronoter roughly

doubl es the reaction rate under identical reaction
w@oemdiogisans. Water is typically renoved as a tRPCT/ESE05/004880

azeotrope prior to the Mchael addition step. The

[Ooogégﬁgeiu?rahgé\]'cﬁ?anﬂ sBRARE rdhofaineat i ng mantle. The

[000356] dhetresultihgtred ofariyal reacyiby dohdionn@ontaining dhe catalyst residue)

2-ethyl hexyl ester was obtained in 95%or greater |
was pauiraizegal Q"6 by addiéipawl 20aoh 650 v fe K%‘?-th@mqlréﬁlﬁod%% of

ool B el Sr M HEIERP' 110 otr UK REKpgerea by mining
4.0 gooft 859 hospkorel aciehbast w610y Wagsme tMixirsg contirmegdoaid fiedreaction

. .connected to Dean-Stark trap under nitrogen
mixtyre s akveed 1 eopliquanig EpaRe temeateed: The exeess toluene and

e £ O o peh L

150 {CL {dbwartd 1.25t0%r) MITHY) relsORIDG oH wd S eilisreldonhiks Rots(140PE) RS a
heated to 150C to renpve the water/tol uene azeotr ope.

celitedoqh (3 6) 1 @Pgvanstassiuam alis.afciaar lghy yellowprgdud (Gendner
color"iﬁm)ﬁlﬁélo%‘f%ﬁgd'ir'i'nfegfeaﬁér"i‘tﬂgti\)@gelaean'St ark trap was
rémoved and a coolin r

condens Was connected to the
[000t8Zc({GC Anaiysih.ee4.84%iayﬁ-di-%mbum-mm/dmxw%@@éinhamic acid, 2-
é%fa(()ﬁ: The 2- etg/yl he_gixé_l acrylate (2-EHA, 4 "2*5(8 2.18
ethylfgxyl epial, 09 Wh JaabSirart-butyRhanobandra 27 %dlestersy ICP Data:
<2 p@a'ﬂgtgrﬁj wqrﬁﬁﬁtﬁ for a total of 6 hours at 140C,
uri’ t

ring whic Ime’the tenperature initially rose to
1490C bef ore subsi di ng EBCAMPLEIBIOOC. GC anal ysis of

[000‘%@_ ﬁbi:%?eégaﬁ g%ﬁﬁgﬂéﬁggéh\g’gﬁ%ﬁtﬁ%ﬁog I?grt % p?gg&/?:tion of 3,5-di-
teﬂ-b@ﬁ)ﬂdﬂﬁ)fc.frﬁ%%%géﬁmg@ WElR Létﬁglhr@gﬂaéﬁels ANEDTs ?‘fitgr?le for use

remova resultin orafge reac
as arsahtinidant( cont ai ni ng the catal yst residue) was

oo S8 £ p0 eSS B i o
methphestehori c aci d. The acid solution was prepared by

mxing 4.0 g of 85% phothori c acid and 16.0 g water.
[0001&0i lﬁwgo adintiter reundh hattomelaskaguippedchwith inagveiic stirtingdr and

connéﬁtga% Ia ﬂgg\ﬁ-étgrlg t?gﬁnahg "Bo5liA lcJ:EﬁdenTsheer uenxdpe??\ﬁ a{t%lousgﬂgre, the
following were charged:

206.3 g 2,6-DTBP (1.00 mol)

31.6 g toluene

1.33 g KOH pellets (23.7 mmol, 2.37 mol%)

4.71 g (~4 mL) DMSO promoter (60 mmol, 6.0 mol%)

[000161] The reaction was heated to 140°C to remove the water/toluene azeotrope.
A white slurry was obtained and 7.2 g hazy toluene was collected in the trap. The
Dean-Stark trap was removed and a cooling condenser was connected to the
reactor. The heating was reset to 120°C. Vigorous condensation was observed and
99.1 g (1.15 mol) of methyl acrylate was added over a 45-minute period. After three
hours of heating at 120°C, the 2,6-di-tert-butylphenol conversion was about 98.5 %

complete.
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wat er were then renoved under reduced pressure between
roomtenperature and 150 C (down to 1.2 torr). The

wOo e®asisey) oil was filtered while hot (140C) ORET/US2005/004880
celite bed (5 g) to renove potassiumsalts. A clear

[0004 Gé}ﬂgté@b ?P’%n%%gfé?ﬁlbaﬁﬁf)g_ﬁﬁ-%iglgh@ﬂtf} &yﬁﬁ&ai gHF’dc'l}‘Frgamlc
acid Qmeﬂsryl &st8r andiconeetsidnity/8 Mdihdemwwydmnyhymdcwmdmﬁc acid,

2- ethyl hexyl ester, 0.69 wt. %
ZGWI*@)W%%@rt butyl phenol , and 3.27 % di esters.

[000 The?exe 3 A 338 ift: rém% Pl-?e W e65 % % for the
]2 P enonst rat es a

translestlxﬂilchtlm antl NeOHdichsoval sta, YZ E4h)ﬂh@btemd fQYQ{B ch nl“?@hﬁ‘ol) was
acid, 2-ethyl hexyl ester, which is _suitable for use as

chargggl ahe o fegen Wapbeaiep far 4 howrs withyigerous sospensation while
consyBodl v i G MIEEENBUBSRE, 1T, O ) T

[o00t6l DMeeatralirationauyhedlivenstamavatg bar and connect ed to a
and cool i ng condenser under

(000 R4 Tk dreuiling A dion A SR e Wi el SIHCG | y adioncr 0

g of 127 g/‘tgr@mrf\ﬂwogo %)of %ec%egﬁélq{(?ﬁrb% n%iy%ﬁ Bﬁgggﬂr) ﬁt SThe acid
solut'(oﬁONasrprepa%ed bmm%nq 2004 6ﬂ.$5%|’]:HhGWIC(H¢Id\aBd Ias@gewbter After
mixirigtior d Ty P A cHaR ke Gl > THS 565t Iligie apdavater
wereQHéh P68 Jed AnHBEg Féo%iéll¥7 dRAPresSkdraild @Rmtu@%{%en 40

a cooling condenser was connected to e reactor
°C aﬁ'd1é5ﬁé@t(dnanas~1r et The ﬂaSOlﬂng\bllgna@hHsemdrwatxmn 1140 °C over a

oo EATH SRk oo Bl o
o0 08 s 5 3 S g i

2-ethylhexykaster, (4@ wti %rR2,6fdi-tert- butylphenol 0.54 wt. % 3,5-di-tert-butyl-4-

but d, t hyl
hydrcgg/ggar%t;{ﬁ{a&@ﬁ\%ilraﬂpr&gr Sof CI ‘? %er’z%nes?te?sci ety
d-di-tert-butyM hydroxywmpLEn;am c acid,

[000167] This example demonstrates a two-step method for the production of 3,5-di-

tert-butyl-4-hydroxyhydrocinnamic acid, isooctyl ester using tetrahydrofuran as a
promoter.

[000168] Step 1: Preparation of 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid,
methyl ester.

[000169] A 1-liter round bottom Pyrex flask equipped with a magnetlc stir bar,
thermal probe, heating mantle, water-cooled total reflux condenser, and 250-ml
addition funnel were used. The flask was initially charged with 309.3 g of molten 2,6-
DTBP (1.50 mol) at 40-50°C, 4.21 g of potassium tert-butoxide (t-BuOK), and 16.82
g of tetrahydrofuran (THF) to form a slurry. The slurry was heated to 110°C and
142.0 g of methyl acrylate was added dropwise from the addition funnel over 98
minutes while the reactor was maintained at 110-120°C. After holding at 120°C for
3.6 additional hours, the red clear reaction mass was found (by GC) to contain 0.46
area% 2,6-DTBP and 98.5 area% 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid,
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2-et hyl hexyl ester. [000163] The excess MA was not
renoved. Heating was reset to 155 C for the
wao e@smgesseri ficati on and MeCH renoval step. PCT/US2005/004880
2- Et hyl hexanol (155.2 g, 1.19 nol) was charged and the
0 r .
e A o P o hiep 8ot AGiBithip ofthe THF and
excesstmethyhacryladaniThpGheth§isite irftemhediate contaimedog. Sth % 3,5-di-

| . 65 There It| reaction m xture
tort-Dy e BV N O Ig PN E T GHESET 11§ . 54 S.67DABR, 0.04
o 7. teer gieal KOH catal yst)
wtkﬁ%tggﬂ%érylgtzcaﬁg@%ﬁﬁm gHsoI uti on was prepared by
[000/7VQ] SierR 20T anskesiSificatios oh 8r5-di-teci-buighd-Hydeoxyhwetsinnamic

acic bl PN Caveraih A aa it bl aciansyes acic,
isoodtPediedr adual |y reduced pressure at a tenperature

bet ween 40 C and 150 C (down to ~1 torr). The
[0001E1L1A: Vigiews coluam eqmppe@wltb)ta whitartcobled ait-cvoted parnal

condiBbbLSpR 516y e b A8 9151 0 % o

The éb&reﬁmeﬁ%fl teskitiderthelicle waelwﬂéepwnﬁ 2004 §©f Exxal-8° isooctanol
2-et hyl_hexyl ester, 0.40

(1.539 mobi -Tther mn@uney\w@shbﬁgted siowky ﬁnpm 43°C to 155°C at reduced

prosglyB f S 8 i K U B T iy ST
methexahiistilate WestoliRichs. aThe® 65hEdf tBRIdMeAvAPBAEEES dropwise over 50
roduction of 3,5-ditert- butyl-4-hydroxyhydroci nnam c

minujgs 19 thpdeaeioy| whish aas kemat 166 Grangt 25-8Panmaldga The toluene

L L e e p——

drivedhé eeact[dﬁﬂ@kﬁ%plétldn | ll\lt dtie éﬂdbﬂtﬁmtdlméﬁeﬂxtﬁé lflfdétlon mass
a magnetic stir bar, thernmal prob

was gl E@%{iﬂq@wain\m L& /8P is005ianIol 0.1 ® axeahrRiBria BBP, 4.89

area?oy ?,ZOEQ Lﬁg : ge%%xwy%gmg@hﬁc ;éﬁﬁ‘jd meﬁﬂﬁzééééls éﬁ:@%& 3 area%

3,5-df- mrﬁbumbn)h)ah'omwwcmﬁamb acidf |spoct§rbe$tam indicating incompletion
tert- but of . tetrah drofuran

of the fgefiof ot postfy et oy hooREed, Ap heltianabd A © 6 Exsaks
lsooc’l’é}%l 19988 rﬁol%va@"érfb)f%e@% H@Fe%c‘f@rs BRAEH7 AU WISENE WAE added

‘ he addition’funn ver

dropWIse over 83 minutes, while keepmg the reactor at 155°C and 30 mm Hg. The
resulting product was analyzed by GC and found to contain 1.65 area% isooctanol,
0.15 area% 2,6-DTBP, 1.12 area% 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid,
methyl ester, and 96.6 area% 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, isooctyl
ester.
[000172] After removing the column and the air-cooled partial condenser, an
additional 25 ml of toluene was added as a chaser to strip off the excess isooctanol
at 20 mm Hg and 150-155°C. The resulting product was found (by GC) to contain
1.3 area% isooctanol, 0.2 area% 2,6-DTBP, 1.08 area% 3,5-di-tert-butyl-4-
hydroxyhydrocinnamic acid, methyl ester, and 97.1 area% 3,5-di-tert-butyl-4-

hydroxyhydrocinnamic acid, isooctyl ester
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m nutes while the reactor was nmai ntained at 110-120C.
After holding at 12Q0C for 3.6 additional hours, the

WO ed508283F reacti on mass was found (by GC) to POIUSI005/004880
0.46 area% 2, 6- DTBP and 98.5 area%

Vs 1 - - roci nnam c aci d, net hyl
[ooofy3] Neu:fizatibH ¥ha LolVeflt pyBu4lr oc! nnam ¢ act d. b
[000374] [Thefresuking Prédadtavaxitepsadiidy 2.25gybfaddstic Hfd the product

ester Internediate contained 96.3 wt. %

thyl _
was gf ei%mperqtu renoik 102-1183fel i QUARs de Aeuialize thepotassiug agtalyst.

The Q'r:?gﬁge. %@n%&ltc‘!‘&g%%?&%&?% &gpé}s.wg(f’e?%HHWQ 5:5Y & \Gater, the

mixtureana® tHear héatedtio dasﬁﬂ? and thﬁ pollfessqre was reduc_eg to 20trﬂrr} Hg to
strip 3@3@8'@%&%3@ lirp{eég{e%lxgc ticra()c%él.n %‘xgl rgsgltt:ihg mixture >\/Nas hazy,
out s3Iy RbibRicrile o MAENRH ISR B i Boogim acotate s
not precipitatedenis s c@sily dsdhe potaﬂsﬁdmgﬂrdsphhtecwlwenslte:r 3nd a
: lycol -cpol e al. condenser was installed to
 [000j 781 AdafiohP aedif A L Bkwas 890ey andaehd Arasusswas
' £ i c

st 98 15 5l gPAE I DO 0y e o ot

after gppreximeatrly Friosmiraites, A®ugbvihe tovgaicprodigctdayer Bs cloudy.
m _of pethanol distillate

The UG RyRBBRS FRHEH TF oBroie) ahuas dubieraashbyacuum
stripmﬁ%&g%ﬂ%fhnfélmhﬁéohﬂnt ah@3% 420°CWIHeM Bas-1kRMutils-155C
an -

: 1 Hg. The Toluene was used as a chaser to
hydrastyhygraginnamis asid.Hseratylsgienpiacuct weigheldes8graman

' eact | | etion. end
1000 785 Al Pl el b PRl e B P o B,
papefS publicatdny, patchts pHiealapsiraabas PresEnthBloAs adits, reports,
2,6-DIBP, 4.89 area% S ) ; i o '
manusgripise broghiress bgaksoinjernet pestingarieurasl articlas; petiodicals, and

ester O . . I o
the Ilgéﬁglheﬁgﬂ ﬁ%@f’@cﬂéﬁ% Fed‘%empgrl%q m%ﬁ;?%mféctqtl&p in their entireties.
The discusstion oftheaeferencés heronyid intrtRioaiietsly & stifnarize the

reaction Bf net hétl ester to isooctyl ester.

assetliggs mageuPy thei agthers and fo-agmissiosds dpage that @anygsfarenge
; T 7
consHEEPABSET, Aol 08 IIGR gl i UG

pertinepaytabthetitad tferemte80 mm Hg. The result ilngSpr odu(c):/t

t000{2] AiidPrsTdesdp Biba Dt ians Tvestigndians beon described
umnngSpt%écﬁ*EC'%ﬁrQEggé?\g&%% ;bg@/rﬂéﬂ?@d%}/ 4085 bBEPiforas 16 iniEKe
purpcees-afily.t €he-wardg luséd layel morsis il descriptimmi rattearitian of limitation. It

is to ges Sﬁgél&ooeds {h%ﬁ changes and variations may be made by those of ordinary

skill in the art without departing from the spirit or the scope of the present invention,
which is set forth in the following claims. In addition, it should be understood that
aspects of the various embodiments may be interchanged both in whole or in part.
For example, while methods for the production of a hindered phenolic alkyl ester
compound and compositions made according to those methods have been |
exemplified, other uses are contemplated. Therefore, the spirit and scope of the
appended claims should not be limited to the description of the preferred versions

contained therein.
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[000172] After renoving the colum and the air-cool ed
partial condenser, an additional 25 m of toluene was

w@odasmdsms3 a chaser to strip off the excess i sSOBCI/ERING/004880
at 20 mm Hg and 150- 1550C. The resulting product was

found (by GC) to contain 1.3 area% i sooctanol, 0.2
wﬁlﬁﬁﬂ& 1.08 area% 3,5-di-tert-butyl-4-

hydr oxy ' ' j Che

oy Fao, rERROLIGFHS Bl ior Bt 2 indesl phofidf Alovtester
compavt tympesingt [ 000173] Neutral i zati on and sol vent

r enoval ®000174] The r_esultigﬂ roduct was {hep added
b &

t R)reasting gretaacriaigwih @nalkyigheee! GeRaPeUNd;in the presence of a

: egr%qn j alize the

first %%?&gg%ﬁ@ﬁgﬁ%@f‘ e %?Q%O?%étégﬁ] ed 10 yell ow and
bdw)aemctihg ad\alcakial davimgditigasi® Garponfatomisanith tHeemethyl ester

i m xture was then heated to 123C and, t he pressure S

intermiedifte §oMpostncih the PIEsertcs; 4 & eCanskoalalvet to P, thg findered

pher@ﬂ?%?gté%mﬁom d. The resulting mxture was hazy,

precipitafi ons were not observed, indicating
t I tneubrlipingearyi catalystrasiduanaih @ot aquestisgphaspldrio acidato form a
easjly as th ot ass| um phosphate salts. [000175]
precgﬁa*#@mp@i%gg&,a‘;@q (1.55 g) was added and then the
pfd)dééiiaré\ﬁ’@ wRShReipitttsPpbdphat@ s8R flokPthedhmBerdd 5h&iolic alkyl
at '80-96C. A clear interface was noted after
esterggmpeungtely 7 to 9 minutes, although the organic

product |ayer was cloudy. The aqueous | ayers were
di scarded. The organic |ayer was further dried by

VaEUUM Fiid iritthod@ abberdiigiolsigint, vBefTh thie firsd anld seddhd
The 3,5-di-tert-butyl-4- hydroxyhydroci nnam c aci d,
catalysisdiavgl theszasne gheaipel caBIPGRIENE87 grans. [000176] Al |
references cited in this specification, including
without Iimtation, all papers, publications, patents,

pag.ent Pmphicthodd aosordingedatiaint 1 OberdinXive first@persetond

manuscri pts, brochures, books, internet postings,
catalygigrhiave different ehemiealicomrositionsand the 1i ke, are

hereby i ncorporated by reference into this

specification in their entireties. The discussion of

t e r ef Eie metsodh eceondingstol claiemd ewheesir lilye first gatalystiig elso used

the assertions nmade by their t hors and. . ng adm ssi on
as thesaceRd qatalystaiyinatherreaetion eﬁﬁﬁ% %ﬁ%‘g wWih @}e @Pihy? ester
; ' rve the right to challenge the accuracy
mter@%g‘dpt)g?teﬁﬁgrl@?of the cited references. [[000177]

Al t hough preferred enbodi nents of the invention have

b%e.n deﬁ%:er i’n%?ﬁlod according to claim 1, wherein the first and second
catalysts comprise at least one compound selected from the group consisting of
alkali and alkaline earth metal hydroxides and oxides, alkali metal hydrides, alkali
metal alkoxides, alkali metal amides, zinc salts, calcium salts, monoalkytltins, alkali

metal hydrocarbyloxides, and mixtures thereof.

6. The method according to claim 1, wherein the first and second
catalysts comprise at least one compound selected from the group consisting of
potassium hydroxide, sodium hydroxide, lithium hydroxide, cesium hydroxide,
calcium hydroxide, magnesium hydroxide, dibutyltin oxide, and mixtures thereof.
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using specific terns, devices, and nethods, such
description is for illustrative purposes only. The

wowerdssassed are words of description rather theer/v§2005/004880
l[imtation. It is to be understood that changes and
variations may be nade bé)th_ose of ordinar

Kill i
U6 ar (T TIRSed aepRIcing 1 GlaGH wWaerei Filfetigh ?S_E Heed Iaypeparate
I i e s B e e
that aspects of the various eﬁ‘_oodi ments may be
i ¢ nAR BHEINe ACEIENIE SuEIarm dnwBEreinifR dikieged Phenolic alkyl
estePBSRBLId B fncBTh & stRIRRINY IR0 feRmpOS! Ll ons ade

ing to those me een exenplified,
ot her uses are contenplated. Therefore, the spirit and

£ Gectne pratBBl Roaie AdBin ot ans Sryliarilgdoound s

6-dilish % IBWOI.' SCLAIMED IS: 1. A nethod for the
2 r;rolgug{fsll on of a hindered phenolic al kyl ester conpound

conprising: a) reacting nmethyl acrylate with an

[ kyl I d h .of fi .
calth § st metGon Aot fo Galih. i WhELeiR dof bindefedphanglic aky!
estePgorhpaGhd Fshni B3 shikefduyra-BydroAwdrécinRtRfie agkio Byl ester.
wth the nethyl ester internediate conpound in the

presence of a second catalyst to formthe hindered

Cal iy stnd ithed 3o AR 1 WRRMh AT oiaEiefBlos metny

acryla®s B alkpibaehsl it eshap@dphaiie salt, and d) separating
t he precipitated phosphate salt fromthe hindered

phenol i c al kyl ester conpound. 2. The nethod according

U 2 kR i SR80 of ety

the Sane C

acrylags By stnpybd sol ihatithe moteraiio of hethylraetylatediosaikyipbenol is
catal ysts have different chem cal conpositions. 4. The
greajpstth@d 1akbcording to claim 1, wherein the first
catalyst is also used as the second catal yst during
the reaction of the alcohol with the nmethyl ester
13. The method according to claim 1, wherein a molar excess of methyl

acrylate is employed so that the molar ratio of methyl acrylate to alkylphenol is
between about 1.05:1 to about 1.30:1.

14.  The method according to claim 1, wherein a molar excess of
alkylphenol is employed so that the molar ratio of alkylphenol to methyl acrylate is
greater than 1:1.

15. The method according to claim 1, wherein a molar excess of
alkylphenol is employed so that the molar ratio of alkylphenol to methyl acrylate is
between about 1.05:1 to about 1.30:1.

16. The method according to claim 1, wherein the phosphoric acid

comprises at least one compound selected from the group consisting of
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i nternmedi ate conmpound. 5. The nmethod according to
claiml1l, wherein the first and second catal ysts

W@ oupis2sa3 at | east one conpound sel ected from PEEUOM4880
consi sting of alkali and al kaline eart h net al

orthopPEPNaIG BB B sl 3 FEHRSPRO oL e 2D TagtephSEphoric acid
I
HPCE@O%&?@?(%%SE?%HRPPP r#ri)??ﬁ %cg‘llt ereoB?Lt“@Sthe ee?fmat hod

according to claim1l1, wherein the first and second

oY SR B B TR Sie BRSCd RSt
aque@ﬁ? éﬂ% nﬁﬁorié é&lﬁ d“l)éq{é?\)&égﬁ apbgsi o MQGG%O'& the total amount

ydr OXI magnesi um hydr oxi de, dibutyltin
of catedysts usadd mi xtur es thereof.7. The method accor di ng to
claim1 wherein filtration is used to separate the
preci pitated phosphate salt fromthe hindered phenolic

alyg/| epiee fne‘ﬂ%ﬂ’%%&dm? 1o 1&iniTe L WREraHs 8RS foMer dquivdlahof
1, wherein the hindere henollc al kyl ester conpound

aqueosisfphosphioticagidsusest |ar’aeitweely abpytB3fyrdvi 00% dftibe total amount
¢ aggw%od a cordlng to claim1, wherein the al kyl pheno
ore is 2, 6-di-tert-butyl phenol. 10. The nethod
accordlng to claim1l, wherein the hindered phenolic
alk | ester compound forned is

.di -The metheq reaoming oxgiaptii owharrifthe ateopol igiadioh
nmet hod according to claim1, wherein
mom{%H%‘%ﬁﬁ@ﬂ‘ ql%&?% of nmethyl acrylate to al kyI phenol is
at | east about 1:1. 12. The net hod accordi ng to claim
1, wherein a nolar excess of nethyl acrylate is

erﬂﬂ oy ethasmetihed aceeroing terclaim il owhereiR meébv'ﬁ%y'@tet §
reacte Wﬁﬁﬂ%‘&}(@b@ﬁﬁlﬁfﬂ@qﬁﬁo SRl ﬂ'\e;pre%%f’nce Bﬁagﬁg oﬁe et hyl

accordrng er el ar exc
acrylate is enployed so that the nolar ratlo of nethyl

i 1Tpmeihad abapee i E0NBRI o Brongley Somprises at

' of QUK 86s, dialkyl
oas{ 5 EpRpBy iR slecki R, B i cBHEEehg of B aufd, il
formamides aliakyltathers] dimethyl acetamide, N,N- dlalkyl acudamlde methyl ethyl
ketone, methyl butyl ketone, phase transfer agents, crown ethers, and mixtures

thereof.

22.  The method according to claim 20, wherein the promoter is

tetrahydrofuran.

23. A method for the production of a hindered phenolic alkyl ester

compound having the structure according to Formula I:
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15. The nmethod according to claim1, wherein a nolar
excess of al kyl phenol is enployed so that the nolar
w0 2005082883 al kyl phenol to nethyl acrylate is beP@EES2005/004880
about 1.05:1 to about 1.30:1. 16. The nmethod according
to claim1l1, wherein the phothori c acid conprises at
| east one conpound sel ected \t/rom the group consi sting
of ort hophosphoric acid (H3PO4), pyrophosphoric acid
(H4P207), met aphosphoric acid (HPG3), phosphorous acid
(H3P3), and H2PO4, and m xturles thereof. 17. The
met Rbd according to claimi, erein the nolar

%and 200% of t t ot anount of catal ysts
e met hod ac4 rdingl to claim1, wherein the
phoric acid used is
< he total amount of
cat al . 19. The nethod according to claim 1,
wheref n the al cohol is a high |pol ecul ar wei ght
al cghol . 20. The nmethod according to claim1, wherein
the nethyl acrylate is reacted w,th the al kyl phenol
— conpound in the presence of pronoter. 21. The nethod
whe I%fd:ordi ng to claim20, wherein the pronoter conprises
| east one conpound sel ected fromthe group
cdﬁ‘lsﬁndzl |R‘°rgareﬁnc¢b[:§4ridjelntly lslefamtedllfrsrdn meag;mug do;mEmlwrlgdﬁf’rl alkyl,
a i met acet am de, N, N-di al ky
cycloﬂkﬂa%yh@kyfgyhﬂndeqm@( kWiet one, nethyl butyl ket one,
phagetransfer agents, crown ethers, and m xtures
thereof. 22. The method according to claim20, wherein
t hra ipripBpBeor 4;sartcet r ahydr of uran. 23. A nethod for the
pgduckylon of a hindered phenolic al kyl ester conpound
he structure according to Forrmula [:(I)
compiihg i sieps@ffd R2 are independently selected fromthe
rou consisting of H alkyl, cycloalkyl, aryl,
aI Ayreacing meilayl acwlalewlth an alkylphenol compound in the presence of a

first catalyst to form a methyl ester intermediate compound, wherein the alkylphenol

compound has the siructure according to Formula Il:

(i)

R1

OH

R2
and wherein R' and R? are defined as above;

b) reacting an alcohol having at least 2 carbon atoms with the methyl ester
intermediate compound in the presence of a second catalyst to form the hindered
phenolic alky!l ester compound having the structure according to Formula |, and

¢) neutralizing the catalyst residue with an aqueous phosphoric acid to form a
precipitated phosphate salt, and
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nis 2, mis 1, 2, 3, or 4; and Z is alkyl; conprising

the steps of: a) reacting nethyl acrylate with an
wa@bdoglogasenol conpound in the presence of a fi rBCT/US2005/004880

catalyst to form a methyl ester intermadi ate conpound,

wherein the al Iphenol CO und St.r
A e e ROPAAIT DaPater st iogh SANdRtetBhaalic alkyl

@s above; b) reactl ng an al cohol havi ng at
eSte@@psgncar bon atons with the nethyl ester

i reder neThemeteatrpocordinigiia dlainp £8swheesin® ' argeBdad alkyl.
catal yst to formthe hindered phenolic al kyl ester
corrpound having the structure according to Formula I,

'ﬂ?%He@le& hBCord fbeaaimta hekdlH R vrid RaBre
aqueous

osphoric aci forma precipitated
indemmmqmlatselemed froanubyltyi;apdr&t-Cmglhyhe preci pitated
phosphate salt fromthe hindered phenolic al kyl ester
compound. 24. The nethod according to claim 23,

Whsg el nT iRl nidtfoREcéérali i@/&am«?@s Wh@raﬁtm%oaﬁ%aréit-mtyl

to claim 23, wherein and R2 are independently
seI ected fromt-butyl and CrC al kyl. 26. The net hod

“Thel T RS E B AIne, OBl 25,y B8 Rei 7 B o o i
C2 C2Qal kyl . 28. A nethod for the production of a
hi ndered phenolic al kyl ester conpound conprisin a)

r 2t i ny methag |forahheypraﬂ@cmrt af ahindexgd phenelic als
ce of a first catalyst to forma rrethyl
com%@qﬁg?rﬂbﬁglﬁ@di ate conpound, b) reacting an al cohol
hag)i ragicivig heaky! atr@atedRith anailkylphéholtdvenpaintyin thetpeesence of a

i nternmedi ate conpound in the presence of a second
first Qﬁiﬂﬁﬁ?‘ﬁqu@ g Bﬁ’&h!'l@éte?f intpEMediiaia SOHMRQUNG, ky|  est er

B ISR KRGS ISE 2L AR S AR st
intermediaie compound in the presence of a second catalyst to form the hindered
phenolic alkyl ester compound, wherein the second catalyst has the same chemical
composition as the first catalyst,

¢) neutralizing the first and second catalysts with an aqueous acid to form a
precipitated salt, and

d) separating the precipitated salt from the hindered phenolic alkyl ester

compound.

29. The method according to claim 28, wherein the first catalyst is also
used as the second catalyst during the reaction of the alcohol with the methyl ester

intermediate compound.

30. The method according to claim 28, wherein the aqueous acid
comprises at least one compound selected from the group consisting of sulfuric acid,
nitric acid, hydrobromic acid, hydroiodic acid, hydrochloric acid, formic acid, acetic

acid, phosphoric acid, and mixtures thereof.
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c) neutralizing the first and second catal ysts with an
aqueous acid to forma precipitated salt, and d)

W@ epansassing the precipitated salt fromthe hi nPEer/Es2005/004880
phenolic al kyl ester conpound. 29. The net hod

accordi t l.ai m 28 erei he first catalyst is
2 LA thetBof i BeaiciEniota hitdisrod SheRdie alRtogsfr
i rﬂfﬂd‘hél internedi ate

com&uﬁ%ﬁ%\ﬁb@%@ggﬂgﬁlﬁ%tbﬁ% accor%mlﬂtéé' cl ai m 28,

wherei n the aqueous acid conprises at |east one

conpound sel ected fromthe group,consisting of

sul furic acid, nitric acid, hydr@or om c acid,

hydr oi odi ¢ acid, hydrochloric acid, formc acid,

acetic acid, phosphoric acid,_and m xtures thereof.31.
A nethod for the production off a hindered phenolic

(1) wherein: Rl an
om t he groupjpconsi
aryl, al kyl @ryl,

ot—4CHg) Crs—d)

R2 are independently
ting of H, alkyl,

nd arylalkyl; nis 2; m
OHi Z conprising the steps

ester internedi ate co
al kgt phenol conpound has the
Formula Il1: (11) and wherein mhd R2 are defined as
— above; b) reacting an al cohol—having at |east 2 carbon
wherdiPns with the nmethyl ester internediate conpound in

the presence of a second catalyst to formthe

hi ﬁa‘dan@Mrwadnd@pmdeﬂﬂy@@mte@\éﬁﬁbmmmmcmswuég of H, alkyl,

structure.accordin Formula |, wherein the second
CVCIO@QTVE’I %[’ WgartyL@anﬂ&%éwgm cal conposition as the
figgtocatal yst,
mis 1, 2, 3, or 4; and

ound, wherein the
tructure according to

Z is alkyl;
comprising the steps of:

a) reacting methyl acrylate with an alkylphenol compound in the presence of a
first catalyst to form a methyl ester intermediate compound, wherein the alkylphenol

compound has the structure according to Formula II:

(1)

R‘l

OH

R2
and wherein R' and R2 are defined as above;
b) reacting an alcohol having at least 2 carbon atoms with the methyl ester
intermediate compound in the presence of a second catalyst to form the hindered
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c) neutralizing the first and second catal ysts with an
aqueous acid to forma precipitated salt, and d)

W@ epansassing the precipitated salt fromthe hi nPEer/Es2005/004880
phenolic al kyl ester conpound. 32. A nethod for the
production of a hindered phenolic al kyl ester_conpound .

phenaligalkyd eRtpr coMpaitsk h%n%g‘l%wu@éf%/ﬁ%@@dwgﬂ@ kgrmula I, wherein
I i . Of r d
the SSoBHy BRIt TG Bl Bhodit b PRSich ad R R RENEL
c agypruticlizing theditst argl secordocdtalystsawitinanadqueastactt to form a
carbon atons with the nethyl ester internediate
precipdaissisalt idRd he presence of a second catalyst to form

h . . N _ o
{0 P Rt ) 8 B 1HRUBIkHheriif chyl gster
compourad.substantially liquid form c) neutralizing any
catal yst residue with an aqueous acid to forma
precipitated salt, and d) separating the precipitated
S fr ' r WS i
332 QB PR BARARIRGT £ hideted BRLROIC ARpLLIEr
compowrbcempdsingr i ses at | east one conpound sel ected from

{ ransti eliviag i weh en kviebeye BsraindipThe bresence of a
promjotdr %ﬁd’b‘ﬂf#’t @thN Mo rmEiiahy @kt intepieamite BBHIPYuUN,

butyl ketone, phase transfer "agents, crown ethers, and
mibtreaeting aeradeghol Bavingral leastifocarheod @tainsgvitrothel miethyl ester

interiigHisE e binBhe Pissance Rttt atafRRlp B the nindered
pherdlidBAKYY bstiIcompdifd, WheediRthe hiidered %ﬁendii@hwlh%ﬁbhéémpqund

) dIIS_OpI‘Opé| ether, and m xtures thereof. 35.
is formachingr gulsiantially iwid femm 32, wherein the pronoter is

i RIEEER TR B ap Ry PR o T B ey
precibitadd sxgt, methy! acrylate with an al kyl phenol conpound

In the presence of i )
d) separating the precipitated salt from the hindered phenolic alky! ester

compound.

33. The method according to claim 32, wherein the promoter comprises at
least one compound selected from the group consisting of dialkyl sulfoxides, dialkyl
formamides, dialkyl ethers, dimethyl acetamide, N,N-dialkyl acidamide, methyl ethyl
ketone, methyl butyl ketone, phase transfer agents, crown ethers, and mixtures

thereof.
34. The method according to claim 32, wherein the promoter comprises at
least one compound selected from the group consisting of dimethyl sulfoxide,

dimethyl formamide, diethyl ether, diisopropyl ether, and mixtures thereof.

35. The method according to claim 32, wherein the promoter is
tetrahydrofuran.
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tetrahydrofuran and a first catalyst to forma nethyl
ester internedi ate conpound, b) reacting an al cohol
whaoosngpsas | east 2 carbon atons with the nmet hyPCEES®05/004880
i nternedi ate conpound in the presence of a second
catalyst to formthe hindered £henol ter

 Hpouri e od i tha resuelion §f 4 Binge oheadiin kv astern

to forma precipitated salt, and d)
Comsepar&?mﬁg ﬂﬂe precipitated salt fromthe hi nder ed

@nehcﬁngaiﬂeﬂhyl m;datecwmmamalkylmenoﬂmenmuﬁmun the presence of
accordi n erein t i s.reacte

tetralyqrRTUTRB SR ISt ElaNE! tewm@an%tﬂxl SR Bipan s @mpound,
P TERE A b RGO HE Rt Kot .aéﬁgﬁ%‘@“gﬁ'ﬂ?‘”?‘&ﬁe‘“e(' geter

intermediaté somgouayl in dae prespnas dlal«g&comdrqatalyst toi formathe hindered
ahkyéh{)ﬂenol cOo u d in the presence of a catalyst to
phenolic sikyhesier &8 NBhenol i ¢ al kyl ester conpound, b)
%gtﬁe@'tﬂaﬁtmg atrhyecaﬁaaygi aé%idu@ With &R SRR AR teidr 4 or m
recipitated salt; and c) separating the
precipiteiedsalianaed sal t from the hindered phenol i c al kyl

Wi Rer A SeaPeREA LR FaM R TFhALER riree BTGy
compdirfipd according to claim38, wherein the alkyl

acrylate is a high nolecul ar weight al kyl acrylate.
41. The nethod according to claim40, wherein the high

cuI r [ ryl. i 3 | .
ncit at dheRe afdting ol P Porei e AsBhbl s spastgd wi
the nﬁém Estbr itdthkediatecdarhpéend @ themmmoislehehym)furranm
the group consisting of n-butyl acrylate, sec-butyl
acryl ate, n-octyl acrylate, 2-ethyl hexyl acryl at e,
ept i
A maAEEY 8 e phdGIoN ofZf hiRdBlet pheRiRTdky estr,
comﬁ'dlmdmmpdsmgcordl ng to claim 38 vvherel n the hindered
phenol i ¢ al kyl
a) reacting an alkyl acrylate with an alkylphenol compound in the presence of
a catalyst to form the hindered phenolic alkyl ester compound,

b) neutralizing the catalyst with an aqueous acid to form a precipitated salt,

and

c) separating the precipitated salt from the hindered phenolic alkyl ester
compound.

39. The method according to claim 38, wherein the alkyl acrylate is methyl
acrylate.

40. The method according to claim 38, wherein the alkyl acrylate is a high

molecular weight alkyl acrylate.

41. The method according to claim 40, wherein the high molecular weight
alkyl acrylate is a C>-C1¢ alkyl acrylate.
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ester conpound is formed in a substantially liquid
form 44. The nmethod according to claim38, wherein

W bh@sagleyd acrylate is reacted with the al kyl pPenuk2005/004880
conmpound in the presence of an al cohol. 45. The nethod
according to claim44, wherein the al cohol is a

meA2cul Hie msitied aaqxﬁr@lm to Tiei.m ﬂewrrstqi@@h%@e&mia%/?g@wlate is
. : | ! :
a cofpBUR el E BT 5o ot RRRY ol Acpete St bl

acrylai@)mbet actylaid ® etrplied/| acodutd] isgheptyt herytatd fisooctyl acrylate,
) wherein the pronoter conprjses at }_'east one conpound
isoneyl astyiaier isgRpevaqyylats ansiaiduresdherecd al kyl
sul f oxi des, dial kyl formam des, dial kyl ethers,
di met hyl acetam de, N, N-di al kyl aci dam de, net hyl
et48/| Keteomethodbbybdrding d claish 88ewheteis ¢he hindeted phenolic alkyl
agents, crown ethers, and mxtures thereof. 48. The
eStern%?"ﬁB@” isdeangg e & %‘{bﬁt@ﬁ't@é'}'t"ﬂH form- t he promoter is
tetrahydrofuran. 49. The method according to cl ai m 38,
wherei n the aqueous acid conpri ses aqueous phosphoric
acd4l. 5Ihe metlwghascoiding tor clding 88, wberainlitheyatkyl atrylate is reacted

with esaiyieRens! Gutheund i RecipRstroc AAERAEoke 0 c - C10

al kyl ester, wherein the

3,5-di-tert-butyl -4-hydroxyhydroci nnam c acid, C4-Cl0

al45: eEhemetiaed acearsinghicotiatno g awherainithe algehol is a high

copposi.tion aof about 80.0%to about 98.0% by area, (b
moleg B SRis HleSinl . Y o

2-[[3,5-di-tert-butyl -4-hydroxyphenyl ] net hyl] C1-C10

di al kyl ester, wherein the pentanedioic acid,

2-48.3, sThi medhed paegiding toslainy 3Gpwhasain the alky| acrylata ¢s reacted

with s VprERh iRt Hhsopte SO B A B0 orea, and

(c) 3,5-di-tert-butyl-4-hydroxyhydroci nnam ¢ aci d,
nmet hyl ester, wherein_ the

3,47.di - The mathed pcaonsing xsiai A8chaEan theypramotes cryprises at

o ’ It I ‘o
casforyfy SEBcR AERY ARIGBLY LS hl S RIS AfcE
formamidésyidialkyll etérs; dimethiybadatarmide, td;N-diatkyy heidlamide, methyl ethyl
ketone, methyl butyl ketone, phase transfer agents, crown ethers, and mixtures

thereof.

48. The method according to claim 46, wherein the promoter is

tetrahydrofuran.

49. The method according to claim 38, wherein the aqueous acid
comprises aqueous phosphoric acid.

50. A composition produced according to the method of claim 1.
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hydr oxyhydr oci nnam ¢ acid, nmethyl ester has a gas

chromatogramwi thin the conposition of about 0.1%to
W@bwans2B3D% by area. 53. The conposition of clBCHUSDHS/004880

further conprising 2,6-di-tert-butyl phenol, wherein

the, 2, 6;di -tert.: but henol has a gas chromat ogram

g}TI n M@"&Rﬂ%&!%\ ?%ﬁf%'f‘ 9about 0.1%to about 5.0% by

ey, %i-tePhsuﬁmmﬁfdrémﬂm%c.ﬁhaﬂnm acld, e, &l B§ter wherein

, -tert-butyl as a gas c romatogramvmt
the 3 Eﬂii-deﬂ’h‘]b@iyl't‘h bydrokymmlrocnnc:amﬁe aondaﬁht@mnlmcebgerdmaa gas

chrogwaé,ogran? BT heycthcsiyn Bl b el 0% 8 Abo 36, 0% oy eps.

1
peps e, e SRR MR A GO

diallqybestanem’l@’em thei pentanedioic acid, 2-[[3,5-di-tert-butyl-4-

v AT G M B R BaN P ek ik o

com?@ﬁﬁ@ﬁ lof BB6uof. 0ebRAbdut0.0% [APada, Bid0% by area, and
-di-tert-butyl -4- hydroxyhydrom nnam ¢ aci d,

refch Bi5- dsteé?bmlﬂdwgla@%wdmm@nmmt methyl Beter, wherein the

3,5- @qgﬁﬁl&l x Sﬁy&%x?@?&(@f:gm#@{i %c@: Zlﬁ'étpil %{%Pﬁ%géegaas Siromatogram

withindhe iceripdaitionl df-abyilit 0xiapo raboiub Ba% byased, CA4- Cl0al kyl
ester has a gas chromatogramwi thin the conposi tion of

about 95.0% to about 98.0% by area, the pentanedioic

g‘ié_s%lozyi[l% ?g@\p@b'ﬂbﬁrc}f dihys 1 AR PihePs %ra"témtﬁgﬂn he

ester has a gas chrormat 6gram
hydrowmmsod:mnmm‘ acid omtetriyl @%drchakm gés %h&%b)tpgmraamﬂﬂn the
he 5-dj-tert-butyl - drox hydroci nnam ¢ aci d,
Comﬁ%ﬁlwr' obabeyt 3% 19 tch ﬁ-‘raam Wi thin the
conposition of about 0.5%to about 1.0% by area. 57.
The conposition of claim51, wherein: the
3,53.di - Tles tompoygition-diwtaioxyhyfdrther coraprising@, 8-di-Gt-616/iphenol,

| kyl t i JS-ditert - T -
wheigi te 53 GptlBhees ids s gas chomatagsamwithig the composition
of atgftﬁbaf%% AboubS i by area

di -tert-butyl-4-hydroxyphenyl ] nethyl] Ci1-C10
dialkyl ester conprlses pent anedi oi ¢ aci d,

di #4&00?}'% ctg@rptgﬁ Qﬂd’f ﬁ@gﬁ%@é@?ﬁ%@? eﬁ'regé,g?csinghlbutylphenol has a

gas ¢hibhiat&gi@dim Withfr etedmgosition of about 0.1% to about 1.0% by area.

55.  The composition of claim 51, wherein the 3,5-di-tert-butyl-4-
hydroxyhydrocinnamic acid, C4-C1 alkyl ester has a gas chromatogram within the
composition of about 90.0% to about 97.0% by area,

the pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenylimethyl] C4-C1o
dialkyl ester has a gas chromatogram within the composition of about 1.5% to about
10.0% by area, and

the 3,5-di-tert-butyl-4-hydroxyhydrocinnamic acid, methyl ester has a gas
chromatogram within the composition of about 0.1% to about 1.0% by area.
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hydr oxyphenyl ] net hyl ] nmethyl isooctyl ester. 58. The
conposition of claimb51, wherein one of the alkyl

we@sisnssdups of the pentanedioic acid, PCT/US2005/004880
2 [[3,5-di-tert-butyl-4-hydroxyphenyl]nmethyl] Cl-C10

kyl C4- C10 al k . 59. Th
o)sll Fﬁ%%%@ﬁo%ﬂ%wfg%am&ﬁér%{%ﬁeqslh::r pent aned?m c
aCtHé 3, 3 cﬁlitértfbutﬁlzt-h%r‘ox?HWﬂocﬁTrfé}ﬁ%%)domfmo]fﬂl?&l '@é‘telr as a gas

[ i al y ester conprises at east one conpoun
chromtegm wﬂﬂmﬁher@orgpwpora ohebeui 9084 to ot L0V ddcarea,

@f?htéé%%l?lc %)Cé#'tegi\[g%lgrte {1%{94%?&?& %lekgﬁrtn%}/h)h] C1-Cio

dlalkgd b&@er ﬁadla% & thrlovwiatbgremh WX e bSO BE About 1.0% to about

bi s( 2- ethyl exyl) ester pent anedi oi ¢ aci d,
5°/Qb§'[%’e%-%ﬁ tert-butyl - 4- hydr oxyphenyl ] met hyl |

f['%g?ézaélte'ﬁ'zﬂfy'b uﬁg&ﬁ?ﬁi@?g&y %h‘ﬁﬁ%ﬂogmq;pyl ester has a gas

chromategfaawmmhureﬁfeecrommsltum of Hbegt 0.59% RPAbolrNdOR by S,
one conpound selected fromthe group consisting of:

pentaned|0|c aci d,

543 STl bRt Y41 AgHBRRY! 1 ety | ety

bu yl ester ioic ac
2-1he33,5- di+tertt¢mtty|biuhwroétymwoomynahﬁ@ab]dmkty1lo]alkmtebtér is 3,5-di-

- t t di d,
tort-ity 4y iphufrociriaphe A APRGIHERGH met hyl | et hy!

PR PefaRe foic i ANSP-H U wprogphenylimetiyl C1-Cro
dialkylsmt:eratscgmpesespegMdmlaaGmEQ [E?l.fro?nd%r;bgﬁjl -4A product
drg ATy EfERBE el it oS AR RO AR o 1ac rioxt-butyl-4-

hydrgiéxgjné?@ﬂhe@wu iyl BIchEisterd et ergent, an antiwear

tive, a supplenment aI antl oxi dant, zinc
di al kyl di t hi ophosphate, an al kyl ated di phenyl ani ne, a
pour 0| nt

56001 e PRMRRIER ST it 51 Ry B of HRE SRV S8ter §roups of

the permarliéduab achd, @g@ |5edmahadut{/|t4 ?uﬂfkyﬁnéh{/l]rﬁéth%ﬁ}@h -C1o dialkyl
m xtures thereo A product conprising t

eSteU@rﬁ)G&Qm@t‘kYbESiﬂral m 51 and at |east one nateri al
sel ected fromthe group consisting of a lubricating
oil, a detergent, a dispersant, zinc

dlaé kyl dTIi@C@rmbO&Iﬂbﬁtd! cleAmo®r, visdreh thefpdiitasedior ddigt2-[[3,5-
bi tor, an al kyl at ed_di phegill am ne, and m xtures

dl-teﬁmxédkhy@@xymhmdlﬂmﬁthy& Snpriodliallsykenterenmpprses ahlegst one
comGoiHdsAdeted f5th3hdGRup Bonsisting of:

pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyljmethyl] dibutyl ester,
penténedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyllmethyl] bis(2-ethylhexyl)
ester, pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyllmethyl] diisoocty!
ester, and pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyl]methyl] diisoheptyl
ester, and mixtures thereof, and

at least one compound selected from the group consisting of:
pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyl]methyl] methyl butyl ester,
pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenyllmethyl] methyl 2-ethylhexyl
ester, pentanedioic acid, 2-[[3,5-di-tert-butyl-4-hydroxyphenylimethyl] methyl isooctyl
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di spersant, and zinc dial kyl di t hi ophosphate. 63. The
product of claim62 further conprising a lubricating
W@2005/0®$33 A product conprising the conpositi onP@f/US085/004880
a corrosion inhibitor, a rust inhibitor, and an

ester; b?%ﬁfedg%d' BeEPHS 8 e %@'QEV@WH@W%@W ety
lsohegfn%l%ﬁéfna% . mbkgesitRelce detergent is present in an

of about 1.0%to about 7.5% by wei ght of the
product the dispersant is present in an anount of

S o P e BB b riEbsien B et o At ieabLfne
mate*'f‘@%éle@te’é%‘érﬁ tﬁb@#@u&cé%lbung\@f aiibridant b#, @Uisﬂié@éantaad

he COﬁ'pOSItI on claimb52 s pr esent in an anmount of
dete@e@mtamanwwe@r %ﬂfbtﬂe 2 m@nigm@etaj lmntioxident zinoduct . 67.

i B BB AP SRR Rl v,

pourf}‘kfi}ﬁtdébré%ém AebabsiopflinkibBRol =08iE Inhiliitt?, & %6dm inhibitor, a
inhibitor is present in an amount of about 0.01%to

suppigyoentad frigsiopynogifigh @ngrmpdigep tbeeef., t he al kyl at ed
di phenyl amine is present in an anount of about 0.1%to
about 1.0% by wei ght of the product, and the

C@MOSi A lf@@duﬁt cohiprm@thescmﬁp@ﬁmm bfickaim & toamd at)feast one
about 0.1%to about 0% vve% ht of the product.
mateﬂﬁésﬁlﬁ&ﬁ%flm@fth@ IGEPYHR ggnsm%ag lubricating qilg gﬁ{et@rgenﬁ sa

dlspec‘erghﬁf:'iﬁ% ({iIEWLotllﬂfbﬁfggpﬁa%oﬁ% Fderh Whlkﬂﬁﬁ,i&?r allpﬁlﬁftor an

NE Ol i eése engl ne ol

aIkylaiddelphemylaﬂiln@amdemgqtmresdhéfeoft urbine oils, rust
oils, oxidation oils, slideway oils, hydraulic oils,
i ndustrial oils, autonotive gear oi I s aut omati c

tr@gsm lrtgc:jh Stl,cBWwﬁibdthl@éB}ﬁboélﬁ Fh, Bl ddieRgent, a

tractor I versa tractor s povver
dispexsart, iand ZihaididdkyldjtdopHagphatant s, | ndust rial oils,

punp oils, and m xtures thereof. 69. A nmethod for the

production of a hindered phenolic alkyl ester conpound

CORpi StTRY mﬁﬁﬁﬁﬁ:’ﬂbf é‘llairﬁ 62f furifidr E6RPHLMEG @mb@lbbﬂhg oil.
acrylate with an al kyl phenol conpound~in the presence

of a catalyst to formthe hindered phenol i c al kyl

SZI%JAE g&y)?(xu(%&opzﬂlneut Lc"cqzrb{)] {I%ra oggf :,I&V%c}rros%]n inhibitor,

a rust inhibitor, and an alkylated diphenylamine.
65. The product of claim 64 further comprising a lubricating oil.

66.  The product of claim 61, wherein the detergent is present in an amount
of about 1.0% to about 7.5% by weight of the product, the dispersant is present in an
amount of about 1.0% to about 7.5% by weight of the product, the zinc
dialkyldithiophosphate is present in an amount of about 0.5% to about 1.5% by
weight of the product, and the composition of claim 52 is present in an amount of
about 0.1% to about 2.0% by weight of the product.
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c) separating the precipitated salt fromthe hindered
phenol i c al kyl ester conpound.
WO 2005/082833 PCT/US2005/004880

67. The product of claim 64, wherein the corrosion inhibitor is present in an
amount of about 0.01% to about 0.5% by Weight of the product, the rust inhibitor is
present in an amount of about 0.01% to about 0.5% by weight of the product, the
alkylated diphenylamine is present in an amount of about 0.1% to about 1.0% by
weight of the product, and the composition of claim 52 is present in an amount of
about 0.1% to about 1.0% by weight of the product.

68. The product of claim 60, wherein the lubricant oil is selected from the
group consisting of passenger car engine oils, heavy duty diesel engine oils, railroad
oils, natural gas engine oils, turbine oils, rust oils, oxidation oils, slideway oils,
hydraulic oils, industrial oils, automotive gear oils, automatic transmission fluids and
manual transmission fluids, tractor fluids, universal tractor fluids, power steering

fluids, gear lubricants, industrial oils, pump oils, and mixtures thereof.

69. A method for the production of a hindered phenolic alkyl ester
compound consisting essentially of:

a) reacting an alkyl acrylate with an alkylphenol compound in the presence of
a catalyst to form the hindered phenolic alkyl ester compound,

b) neutralizing the catalyst with an aqueous acid to form a precipitated sal,
and

c) separating the precipitated salt from the hindered phenolic alkyl ester
compound.
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