WD 03/ 051816 PCT/ US02/ 36337 METHOD OF PREPARI NG HYDROXYALKYL HI NDERED
PHENOLI C ANTI OXI DANTS Background of the Invention 5 1. Field of the

| nvent i orwOlg/opisesent i nvention is directed to a nmethod ofPCprEsSpzsd3am

hi ndered phenolic antioxidants for lubrication oils or other organic
media. 2. Description of Related Art 10 Hydroxyal kyl hindered phenolic
antioxidants are used as stabilizers for lubrication oils or other organic
medi a. They are generally the reaction product between a starting ester

?n?ﬂo?”ei'téfh"' bl SE it PRBR AR xp Bk Varatel SNSRI ' 7 1)

O 0-~0-~ Y Y 15 wherein Pa Eiﬂq)ﬁcg(ﬁrrfégﬂ PLRNA noieties. Typically,

t he phenolic antioxidants are prepared using transesterification catalysts
such as para-toluene sulfonic acid which need to be washed out of the
final product. However, this nethod reqU|res nunerous reaction steps and
generates | arge annunts of Raekaroonkkef ABBEAIRr i f i cation catal ysts
such as_di butyl tin diacetate or titanium isopropoxide are used as well

but the5problen1rena|ned in substantially renoving traces of the catal yst
once the raqgacti gneMpst the'Thveatied. | f the amount of residual netal in the
final product is too high, ultimate product stability is conprom sed, and
costly, tine cofhemregeet horagionustdibectedken method of preparing hindered

phenolic antioxidants for lubrication oils or other organic media.
2. Description of Related Art

10 Hydroxyalkyl hindered phenolic antioxidants are used as stabilizers
for lubrication oils or other organic media. They are generally the reaction
product between a starting ester and an alcohol with one or more hydroxyl

groups to produce the following mono- ester product species:

X oO—
R"(OH) , —_—
Hi o]
Y

15 wherein R’ and R” are hydrocarbon moieties.

Typically, the phenolic antioxidants are prepared using
transesterification catalysts such as para-toluene sulfonic acid which need
to be washed out of the final product. However, this method requires
numerous reaction steps and generates large amounts of waste. Other

20 transesterification catalysts such as dibutyl tin diacetate or titanium
isopropoxide are used as well but the problem remained in substantially
removing traces of the catalyst once the reaction was terminated. If the
amount of residual metal in the final product is too high, ultimate product
stability is compromised, and costly, time consuming efforts must be taken

25 to remove or reduce the amount of residual metal to a satisfactory level.

U.S. Patent No. 5,892,097 to Ross et al. which issued on April 6,
1999, teaches a method of making esters of substituted
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25 to renove or reduce the anmount of residual netal to a satisfactory
level. U S. Patent No. 5,892,097 to Ross et al. which issued on April 6,
1999, teawbas/osusmet hod of making esters of substituted -1PADUG82/HBIBLE

PCT/ US02/ 36337 hydr oxyhydroci nnam ¢ acid useful as antioxidants by the
transesterification of the corresponding nethyl or ethyl ester wth a

hi gher aliphatic al cohol using small anpbunts of a tin catal yst, between 10
and 250 ppm based on an anmount of the starting ester. The | ow catal yst

| evel 5 purportedly elimnates the need for post reaction separation of
catal yst hydmxyhadrecinnasde aeidsasefubes apbegidants hytheugh the I evel s of tin

are desirably |low isn Ross al .. Uhki p r ' . en the
phenol i c _eglf _e Waﬁ{c&go& %goﬁglco(lﬁesl)g%ﬂl]%g?\égﬁré (#ie\}:gg’%:a tg??;‘gﬂl (ragh ' ﬁ%}}“ﬁg in
the reacti Qﬂpﬁheét_: g@g@%&%@ﬁ@ﬁ%ﬁxﬁouﬁﬁ dfur tineatAlesE edweas 10l disbt r at ed

bel ow. OH x X H ~\-~YOOY Y Reactions |leading to
t he undesi 256 pipins bagrdouen apevintsf testarting egteyi rElae law datplyst legehi nat ed

nono- product species. has further acted are. difficult t redi ct and
Cont ol APHBTISHIHUTARUET i Aegh Pk pranaiueras s HatBhrly of the
nmono- prodﬁﬁ)rmglggﬁhﬁestgﬁ,irggu(y@cuum stripping of the solvents and/or

e

al cohol , t remaining li1ve catalyst pronpbtes further reaction to the
undesired bis- plosdwer, siphcugs th8tarilngf fin are ddsirhblyplosbireResaeadal.,

deficiencies of the priqgr art, it is therefore.an object . of .the present
i nvention E4THEPERUR W@aﬁentbﬁﬁwpﬁ@tﬁ%ilﬁpglm%r@ﬁqlﬁer?d%ﬁe Phenol i ¢
anti oxi dani)glywﬂl aﬁﬂf Ho§ éaﬂa‘i’%tl ﬁ\ﬁﬂiﬁiﬁé in the reaction mixture would generate

10  further reaction as illustrated below.

OH X
X
/
o—R"
B e OH
OH SN
H o -
Y o o Y
Y

Reactions leading to the undesired bis- product species where the desired
hydroxyl terminated mono- product species has further reacted are
difficult to predict and control. Although the reaction may have proceeded
15  to a majority of the mono- product species, during vacuum stripping of the
solvents and/or alcohol, the remaining live catalyst promotes further
reaction to the undesired bis- product species.
Bearing in mind the problems and deficiencies of the prior art, it is
therefore an object of the present invention to provide a method of making
20 hydroxyalkyl hindered phenolic antioxidants which uses low levels of
metal catalyst and permits facile removal of most or all of the metal
catalyst at the end of the reaction.
It is another object of the present invention to provide a method of
making hydroxyalkyl hindered phenolic antioxidants wherein further
25 reaction to the undesirable bis- product species is terminated or controlled.
It is yet another object of the present invention to provide a

lubricating oil having a hydroxyalkyl hindered phenolic antioxidant with
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nmetal catalyst and permits facile renoval of nost or all of the netal
catalyst at the end of the reaction. It is another object of the present

i nventi orwD®3psBYé de a net hod of nmaki ng hydroxyal kyl hi neerasopsssnl i c
antioxidants wherein further 25 reaction to the undesirabl e bis- product
species is termnated or controlled. It is yet another object of the
present invention to provide a Ilubricating oil having a hydroxyal kyl

hi ndered phenolic antioxidant with -2 WO 03/051816 PCT/U802/36337
exceedingly low residual tin or titaniumlevels such that product stablllty
i s not comsreprdiealy lav rasichel %pééxtamumﬂévqlﬁ%ﬁhfbﬁt PEOGUSt shaviiife

hydr oxyal k;@ nm; 9&%&)?91111& enol i ¢ anti oxi dants havi ng exceedingly | ow
residual tin anium’s | evel s such that post reaction processing is

elimnated or redaegter Sbjokt oDiHREMvEhiioatS ta oty AyHagemIRYl hirgleradent i on

wll in part be_ obvious and will in part be apparent fromthe
speci fi cat m@ﬁnohgmmldﬁntsﬁ@vm@@maedmgm lowereaistad tamerr Gtdmwimoobj ect s and
advant ages are

achi evel t ie vk SppRehit BFsVBRENER bapi-sntiicis SRt o st e As 11 1ot aspect

a process of m'StﬂQo@heﬁ‘dlﬂ@dt@@nﬂ%ﬂtﬁge%ﬂlﬁ&h@@ﬁﬁoﬁ%mr iia%bepr ovi di ng
an ester of fornmula I: HO O Y 15 wherein :

br anched 0|0blv1mxsaanchww |1n hvyadt be appareltteﬁromgﬁhb speoifatianbon at ons,

Summary of the Invention
10 The above and other objects and advantages, which will be apparent

to one of skill in the art, are achieved in the present invention which is
directed to, in a first aspect, a process of making a hindered phenolic
antioxidant comprising:

providing an ester of formula I:

R2 |

Yo

X O——R!
HO ‘ o)

Y
15

wherein X is H or a branched or linear alkyl hydrocarbon having 1

to 6 carbon atoms,

Y is H or a branched or linear alkyl hydrocarbon having 1 to 6

carbon atoms,

20 R! is a branched or linear alkyl having 1 to 12 carbon atoms, and

R2is H, or a branched or linear alkyl having 1 to 12 carbon atoms;
providing a diol having a primary hydroxyl group and a

secondary or tertiary hydroxyl group;
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Y is Hor a branched or linear alkyl hydrocarbon having 1 to 6 carbon
atons, 20 Rl is a branched or linear alkyl having 1 to 12 carbon atons, and
R2 is H wooaobsanched or |inear alkyl having 1 to 12 car pon/tsooss37
providing a diol having a primary hydroxyl group and a secondary or
tertiary hydroxyl group; -3 WD 03/051816 PCT/US02/ 36337 providing a neta
catal yst in an anount of about 20 to about 2000 ppm based on an anount of
the ester; heating the ester and the diol in the presence of the netal

cat al yst at a tenperature of about 150 to 220C such that the 5 primary

hydr oxyl group of th@r@WduM;eane@dmmMﬂyﬂhgiasagmum@Ofabqubzod@g patl nono-
product speci es; 8§act|§at| the neta g f and isolating the

hi nder ed phenol £R0&RP n§¥¥%¢088 @ such that conversion to a

bi s- product speci eshb§t1§%ttﬁk%'§§ézaéﬂd/tﬂ@dfo?ﬂ&'?R&pr?sre%‘::@bf%é’mettﬁla step of
providing the diol conprises providing a diol selected fromthe group

consi sting of etdbdlpsteatoh jmnpereiltuie pf apanel & Bl 220°Bsugh Gpanhedi ol

1, 2-butane diol, 1, 3-but i ol , ne di ol 3- but an di oI ,

1, 2-pentane di oPrimary E}é&oaw gE g of fil Allaﬁrﬁaéﬁ%waﬂbﬁw &S,tﬁlg‘égir%é diol, 15
2, 3- pent ane d|o 2- hexane diol, 1,3-hexane diol, 1,4-
hexane di ol , e %a(gne&g} g{}gdgbtoéq?gg?ghe diol, 2,3-hexane diol, 2,4-hexane

diol, and 2,5- hexaneddaamvawﬁgtheahﬁaluﬁahmh amdprovide an excess of the
diol. The process of this aspect nmay further include the step of. renoving

any residual diol aftdatingéheenderdabeacticantiogidant sfbendeachivatipn: . 20
Preferably, thesﬁ§e§1t1 cg}{x%\féftahg% S PRIRct § &8&9!?% %@%{Hp 1§ﬁ§ providing a

netal catal yst sé Fom rou con5|s
tris(21@thylhexagmgkﬁu, dlbutyltin h|s (2- ethylhexanoate) dlbutyltln

Preferably, the step of providing the diol comprises providing a diol
selected from the group consisting of ethylene glycol, 1,2-propane diol, 1,3-
propane diol, 1,2-butane diol, 1,3-butane diol, 1,4-butane diol, 2,3-butane
diol, 1,2-pentane diol, 1,3-pentane diol, 1,4-pentane diol, 1,5-pentane diol,

15  2,3-pentane diol, 2,4-pentane diol, 1,2-hexane diol, 1,3-hexane diol, 1,4-
hexane diol, 1,5-hexane diol, 1,6-hexane diol, 2,3-hexane diol, 2,4-hexane
diol, and 2,5-hexane diol. It is also useful to provide an excess of the diol.
The process of this aspect may further include the step of removing any
residual diol after the step of deactivating the metal catalyst.

20 Preferably, the step of providing the metal catalyst comprises
providing a metal catalyst selected from the group consisting of butyltin
tris(2-ethylhexanoate), dibutyltin bis(2-ethylhexanoate), dibutyltin
diacetate, dibutyltin oxide, trioctyltin oxide, butyltin trichloride, butyltin
trimethylate, dibutyltin dichloride, diphenyltin dichloride, tributyltin

25 chloride, stannous bis(2-ethylhexanoate), titanium (IV) titanates,
including but not limited to ethyl titanate, n-propyl titanate, titanium
isopropoxide, n-butyl titanate polymer, 2-ethylhexyl titanate, cresyl
titanate, and titanium (IV) complexes, including, but not limited to,
titanium acetyl acetonate, titanium lactic acid chelate, and titanium

30 triethanolaminato isopropoxide.



di acetate, dibutyltin oxide, trioctyltin oxide, butyltin trichloride,
butyltin trinethylate, dibutyltin dichloride, diphenyltin dichloride,
tributyl two 025586 ori de, stannous bis (2-ethyl hexanoat e), PCTttsn/86387 | V)
titanates, including but not limted to ethyl titanate, n-propyl titanate,
titanium isopropoxide, n-butyl titanate polyner, 2-ethylhexyl titanate,
cresyl titanate, and titanium (IV) conplexes, including, but not limted
to, titaniumacetyl acetonate, titaniumlactic acid chelate, and titanium
30 triethanol ami nato i sopropoxide. -4 WO 03/051816_ PCT/ US02/ 36337 In the
step of isol at|hgthm@ieﬁmfd%ﬂﬂéﬂngﬁhfﬂ&%léw@@hW@Wﬂ‘é’ BRePOYS dant a

| hi ndered, hyd |

esultant Ll adene SVl ek PRSTBLAG, ST AR BB Rl luR! et @

amount of fe@?d&ﬁlﬂﬂ@fdi%%l%’f@é@éadﬂéﬂ S(Piﬂﬁﬂp'a'n@ ;ﬁ”@fdrﬁbgdﬁl@b thénﬁnqipmabl y, the
ea

step of deactivating the netal catalyst conprises ctivating the netal

cat al yst whasedam anladnwn@fd@emlndm%hyma]kybpbénoh@)ranmuiﬁmt treating
t he hi ndered hy phenol.i.c antioxi dant id treated clay to
furtheP reduce ]g q%géatﬂﬁ’aqhen{i?&(’fldﬁagq Lvajng er#nf" ‘f?ltag’ COMPEIER di zi %g
agent is pa%{e@{mhyg & I%Eeﬁd:afté}gr@t With gfl%&mﬁﬁlgcapgmswm& gfay also be

hydr oper oxi peroxid manganese salts, oxyge chiori ne,
per chl or at Mhmdmmmamkﬂgdbet}ﬂsdem@hﬁimxw&y&phanph«: ontigEidasitmish

preferred. T e ste f vatipg the catal yst al so conpri se

deact i vat i Agdtthea t“i@y 19 YK aarqsé”(g‘t}@ %tagz"‘e‘%‘/?i OfrTUE%n deact i vati on,

15 the resj a f the
ngH a8} ‘I‘h'eeo‘ﬁ?él {TRY B ftL R er b BRNCACLO R TNTROWP

hi nder ed hydroxya kyI phen ICc a ant w't clay. The

reducitg agemistisg pf R éropelyxides griredidbs omahganegeogitss ongget,iakdoxihe,
hydrazi ne or substituted hydr ZI nes, . sodi égor ohydr i dg l'ithium alum num
hydri de, aperchdabies, eadohsaiashlorijes, wher Pﬁ}y PERN BPToXade iHRst ut ed

hydr azi nesplaerfgnjga_st preferr ed

The step of deactivating the metal catalyst may also comprise
deactivating the metal catalyst with a reducing agent. Upon deactivation,

15 the residual metal level may be further reduced by treatment of the
hindered hydroxyalkyl phenolic antioxidant with acid treated clay. The
reducing agent is preferably selected from the group consisting of
hydrazine or substituted hydrazines, sodium borohydride, lithium
aluminum hydride, and borane complexes, wherein hydrazine or

20 substituted hydrazines are most preferred.

As a one step process of deactivation and reduction of residual metal
levels, one can use clay, acid treated clay, or acid treated bentonite clay. A
residual metal content after the clay treatment is generally less than or
equal to 6 ppm.

25 In another aspect, the present invention is directed to a method of
making a hindered hydroxyalkyl phenolic antioxidant comprising the steps
of:

providing a hindered phenolic ester;
providing, in excess, a diol having a primary hydroxyl group

30 and a secondary or tertiary hydroxyl group;
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As a one step process of deactivation and reduction of residual netal

| evel s, one can use clay, acid treated clay, or acid treated bentonite
clay. A wogBdsmic netal content after the clay treatnment PETgSnEs@BTYy | ess
than or equal to 6 ppm 25 In another aspect, the present invention is
directed to a nmethod of making a hindered hydroxyal kyl phenolic
anti oxi dant conprising the steps of. providing a hindered phenolic ester;
provi ding, in excess, a diol having a pri mary hydroxyl group 30 and a
secondary or tertiary hydroxyl group; -5 WO 03/051816 PCT/U802/36337
providing a tin or tpxwmm@%ﬁﬂarﬁsﬂamwtahﬁﬁm agfampidk obabout2Gbout 500
ppm based on an

ester heatl r and the diol in the
presence of t he"™ cn%) 110%;‘:’5 p aaSFgr?p ureﬂlgfotftegoggge 50 to 220C such that
the primary 5 hydr OXMéatﬁlﬁg)'b'lﬁ)e eétet Eﬁddjh@dmpﬁxcﬂfe ﬁﬂéb&h@%ﬂﬂidd&tmytsh t he
ester; deactivating the catalyst; treatin the product mxture with clay

and filtering sachtemperature ofebqlmt 590 th 2R eblclhtflm’fd)bﬁapmmalﬁhenol ic
ant i oxi dant has

i dual rotit an 6 ppm and
10 remdvi ng anth‘e@P‘éfﬁﬂoQﬂ ‘ﬁB]rr g%ﬁl g’ﬁl?’owﬂtggﬁ e(rhe pr oduct
m xture. Preferably, déél%w%%ﬁ%t@fe RANisEi g a h| ndered phenolic ester
conpri ses providing nethyl 5-di -t -butyl (4- hydroxyphenyl )) propi onate.

Er Sferalbl y, in thg stneptmg tbeqmmduq:tgmxﬁmremdsslayaamﬂ ltenmg suphethati mary 15
ydr oxyl group ec I rti r oup, e diol is
sel ected from tﬁée ’ﬁf‘fsb‘i “gg’d ilé‘”te(ér}'@’dgpx %ﬂ@ﬁ %//E’é\qom ﬁ‘t%‘?ﬁﬁane di ol ,

1,3- propane di fésa%%l%ﬂ%&%ﬂﬁnghﬁlleve]l oF 1044 33& 6lhBln; ahd4- butane diol,

2,3-butane dio ent ane 3-pentane diol’, 1,4-pentane di oI
1, 5- per¢ ane di ol , removing any residual diol after deactivation to isolate the

product mixture.

Preferably, the step of providing a hindered phenolic ester
comprises providing methyl-(3,5-di-t-butyl(4-hydroxyphenyl)) propionate.
Preferably, in the step of providing, in excess, a diol having a primary

15  hydroxyl group and a secondary or tertiary hydroxyl group, the diol is
selected from the group consisting of ethylene glycol, 1,2-propane diol, 1,3-
propane diol, 1,2-butane diol, 1,3-butane diol, 1,4-butane diol, 2,3-butane
diol, 1,2-pentane diol, 1,3-pentane diol, 1,4-pentane diol, 1,5-pentane diol,
2,3-pentane diol, 2,4-pentane diol, 1,2-hexane diol, 1,3-hexane diol, 1,4-

20 hexane diol, 1,5-hexane diol, 1,6-hexane diol, 2,3-hexane diol, 2,4-hexane
diol, and 2,5-hexane diol. The tin catalyst is preferably selected from the
group consisting of butyltin tris(2-ethylhexanoate), dibutyltin bis(2-
ethylhexanoate), dibutyltin diacetate, dibutyltin oxide, trioctyltin oxide,
butyltin trichloride, butyltin trimethylate, dibutyltin dichloride,

25  diphenyltin dichloride, tributyltin chloride, and stannous bis(2-
ethylhexanoate). The titanium catalyst is preferably selected from the
group consisting of ethyl titanate, n-propyl titanate, titanium
isopropoxide, n-butyl titanate polymer, 2-ethylhexyl titanate, cresyl
titanate, titanium acetyl acetonate, titanium lactic acid chelate, and

80 titanium triethanolaminato isopropoxide.
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2,3-pentane diol, 2,4-pentane diol, 1,2-hexane diol, 1,3-hexane diol, 1,4
20 hexane diol, 1,5-hexane diol, 1,6-hexane diol, 2,3-hexane diol,

2, 4- hexarwo o0diopis16 and 2, 5- hexane diol. The tin catal yst i Cprushzsahbt y
selected fromthe group consisting of butyltin tris (2-ethyl hexano ate),

di butyltin bis(2- ethyl hexanoate), dibutyltin diacetate, dibutyltin oxide,
trioctyltin oxide, butyltin trichloride, butyltin trinmethylate, dibutyltin
di chl oride, 25 diphenyltin dichloride, tributyltin chloride, and stannous
bi s(2- ethyl hexanoate). The titaniumcatalyst js pr fera&lg seléﬁged from
the group condinsyatrapasherapgact: theapresent Hivgngion isidiregted &0 ampethod m

i SOpr opoxi ~but yl_ .t i Dol - . j . e,. Cresyl
titanate, ‘%ﬁ%ﬁ%‘iﬁﬁ glgg{é){y%g%@?%lngf%&é??%&?%%qlg%@éy g%%%@%&llg ‘ate, and 30
titaniun1triethanolqﬁhaﬁﬁggQ%Q&&@pggh@gnmem%yWD 03/ 051816 PCT/ US02/ 36337
In yet another aspect, the present invention is directed to a nmethod of

maki ng a hydroxyalkyl hi ndered phenolic antioxidant conprising: providing
an ester represepited by 0 HO O 5 providing a diol represented by OCH HO
providing a fin & titaniumcatalyst Tn an anount of about 20 to about 500
ppm based on an aRpunt of the_estgr; heating the ester and the diol in the
presence of the c . A\ enper ature of about 180 to 220C for a
sufficient pi ' 5 dte trapsesterification; deactivating the

catal yst with aci\y et ed bentonite clay;, and isolating a reaction
product having a gual tin or titanium content of less than or equal to
6 ppm

5 providing a diol represented by

OH

NN

providing a tin or titanium catalyst in an amount of about 20
to about 500 ppm based on an amount of the ester;

heating the ester and the diol in the presence of the catalyst

10 at a temperature of about 180 to 220°C for a sufficient time to

effectuate transesterification;

deactivating the catalyst with acid treated bentonite clay; and

isolating a reaction product having a residual tin or titanium
content of less than or equal to 6 ppm.

15 Preferably, the step of providing a tin or titanium catalyst
comprises providing a catalyst selected from the group consisting of
butyltin tris(2-ethylhexanoate), dibutyltin bis(2-ethylhexanoate),
dibutyltin diacetate, dibutyltin oxide, trioctyltin oxide, butyltin trichloride,
butyltin trimethylate, dibutyltin dichloride, diphenyltin dichloride,

20 tributyltin chloridé, stannous bis(2-ethylhexanoate), ethyl titanate, n-

propyl titanate, titanium isopropoxide, n-butyl titanate polymer, 2-
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15 Preferably, the step of providing a tin or titaniumcatalyst conprises
providing a catal yst selected fromthe group consisting of butyltin tris
(2- ethylWwexansisat e), dibutyltin bis (2- ethyl hexano ate) PCTdAiSousasBti n

di acetate, dibutyltin oxide, trioctyltin oxide, butyltin trichloride,
butyltin trinmethylate, dibutyltin dichloride, diphenyltin dichloride, 20
tributyltin chloride, stannous bis(2-ethyl hexanoate), ethyl titanate, n-
propyl titanate, titaniumisopropoxide, n-butyl titanate polyner, 2- -7 WO
03/ 051816 PCT/ US02/ 36337 ethyl hexyl titanate, cresyl titanate, titanium
acet yl . acetthybtesyl titanatieuaresyatitanate twanwéna%ty acatonataniipaium

tri et hanol.am.nat o, i.sopr opoxi In sti t a [ t he present

i nventi on 1P§ 18??’3% }begge ? étﬁ?ﬁ??@aﬁr}% a ¥far%15%pé % i ngﬁ&?‘% nder ed phenolic
anti oxi dant of fogmmbas hnottRe dectlthd Bkeéé@t%véﬁﬁoﬁ hedfreaariech phenol i c
antioxi dant having a'residual nmetal content of |ess than 10 ppm based on
t he hi nderlabrichéing 01bccanprlemgjaﬂnundwmdqélem0kc|a$1tHX®iaIEt erfahmnz%ulor | i near
al kyl hydrocarbon having 1 to 6 carbon atons; Y is H or a branched or

| i near al kyl hydrocarbon having 1 to RRO 6 car boh atons; R is a branched
or linear alkyl having 1 to 12 carbon atons; and R2 is H, or a branched or
|l inear al kyl having 1 to 12 carbon atong: ©f erably, the hindered

phenol i ¢ antioxi dant has a residual netdl content of equal to or |ess than
3 ppm 15 In a ffnal aspect, the p invention is directed to a

hydr oxyal kyl  hi nyered phenolic agtioxidant of formula I:

HO

Y

the hindered phenolic antioxidant having a residual metal content of less
than 10 ppm based on the hindered phenolic antioxidant,
wherein X is H or a branched or linear alkyl hydrocarbon having 1 to 6
carbon atoms; Y is H or a branched or 1inear‘alky1 hydrocarbon having 1 to
10 6 carbon atoms; R! is a branched or linear alkyl having 1 to 12 carbon
atoms; and R2 is H, or a branched or linear alkyl having 1 to 12 carbon
atoms.
Preferably, the hindered phenolic antioxidant has a residual metal
content of equal to or less than 3 ppm.
15 In a final aspect, the present invention is directed to a hydroxyalkyl

hindered phenolic antioxidant of formula I:



-8 WD 03/051816 PCT/US02/36337 R2 1 OH X O-R HO O Y having a residual
nmetal content of |ess than 20 ppm based on an anount of the antioxidant,
wher ei n XW093#b1B16 a branched or |inear al kyl hydrocarbonPloaxisnz3e3to 6
carbon atonms; Y is Hor a branched or linear 5 al kyl hydrocarbon having 1
to 6 carbon atons; Rl is a branched or linear alkyl having 1 to 12 carbon
atons; and R2 is H, or a branched or linear alkyl having 1 to 12 carbon
atons. Description of the Preferred Enbodi ment(s) 10 The present invention
is directed to a nmethod of making hindered phenolic antioxidants for
lubrication oils or other organic medig having the follow ng general
formula: R21 OH X ORL HOO Y whereNn Xis Hor a branched or |inear
al kyl hydrocarbon having 1 to 6 15 carbo oms; Y is Hor a branched or

| i near al kyl hydrocarbon having 1 to 6 Larbon atons; Rl is a branched or
| i near al kyl havkng 1 to 12 carbon 09— 03/ 051816 PCT/ US02/ 36337 at ons;
and R2 is H or a\branched or linear alkyl having 1 to 12 carbon atons. X
and Y may be the i \ R and R2 nmay be the sanme or
different. llf;gefer Y arot-butyl. Preferably, Rl has 1 to 3

having a residual metal content of less than 20 ppm based on an amount
of the antioxidant, wherein X is H or a branched or linear alkyl
hydrocarbon having 1 to 6 carbon atoms; Y is H or a branched or linear
5 alkyl hydrocarbon having 1 to 6 carbon atoms; R! is a branched or linear
alkyl having 1 to 12 carbon atoms; and R? is H, or a branched or linear

alkyl having 1 to 12 carbon atoms.

Description of the Preferred Embodiment(s

10 The present invention is directed to a method of making hindered
phenolic antioxidants for lubrication oils or other organic media having

the following general formula:

R2 I

Y

X oO—R1
HO 0

Y

wherein X is H or a branched or linear alkyl hydrocarbon having 1 to 6
15 carbon atoms; Y is H or a branched or linear alkyl hydrocarbon having 1 to

6 carbon atoms; R! is a branched or linear alkyl having 1 to 12 carbon
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carbon atons. Preferably, R2 is H nethyl, ethyl, propyl or butyl. 5 The
conpounds of fornmula | are nmade by reacting an ester with a diol in the
presence Wb oaossi@l transesterification catalyst. The di olpCcTarset/aabl y has
a first primary hydroxyl group and a second hi ndered hydroxyl group. The
hi ndered hydroxyl group nmay be a secondary or tertiary hydroxyl group.
Preferred diols useful in the present invention to include ethylene glycol,
1, 2-propane diol, 1, 3-propane diol, 1,2-butane diol, 1, 3-butane diol,
1,4-butane diol, 2,3-butane diol, 1,2-pentane diol, 1,3- pentane diol,

1, 4- pent an@tO@thlanle%IqumDaﬂdordmhed or nganalad heiving 12042 qsahenne di ol |

1,2-h di ol , Lol h di_ol
T & hoxanc @t Xzl Napanpeqhgicams af RHEREt-qRorhd 3T e e S o1 . 15
More pref gy gRfabA:. 1P@éﬂé!&é’lﬂ§”§ DY aré,tam&yl aP@eféwdly, B 3mbut@ne diol, 1,2-

pentane diol, 1,4-pentane diol, 1,2-hexane diol, d 1, 5-hexane diol. The
nost pref ecarbdnditohs. aPEféxablermarfé nlleb]hylaathﬂ, Brdpyﬂanbudel The anount
of di oI i's varl,ilq1 to control & nt of the desj.red duct, . which is the
hydr oxyA - t er mi naPeORPRINES ek Aiecpane DarreapEngAg CSRSHREh i i gher

20 levels folﬁﬁ/&?hugg?gférfc@%lfﬁ Iﬂé&at? Isesitbassl o hs%teleblferdlaﬁs added twice

to the diol. nolar ratio of ester to di ol out 1: 0.9 to about

1:5, prefprefbtablabousta first Iimnabpﬂatyditoxyl gsep uhdretabnddiialyrids i ncl ude
butyltin tris(2-ethyl hexanqgate), butyI tin bi s(2 et hyl hﬁxanoat e),
di but yI t i nhydeesyd greup. d?bet}yn@wd&mdfexy SEOUPNZY P & $ELOBLABEOT but yI ti n

trichlori r h yltin

di chl ori dcej]%rf %W?X’ﬂ %ﬁﬁg 2 @f‘e‘?r (ﬁﬁ%ﬁ%é% (ug'tﬁg#)ﬁé g‘e%%ﬂ%@ titani um
(1'V) tid angickedd é‘ﬂi}ﬂé‘h@ glycblltl Zlﬁaﬁfoﬂ)aﬂﬁ (ﬂﬁ@ 1,8.propatey didlj 1 afl&itﬁnerthpr opy!
titanate, titaniumisopropoxide, n-butyl titanate polyner,_ 2-ethyl hexyl

titanate, tPekytane dlahélt,é- uAgiae dlotla%ﬁthﬁt@nvﬂldo 10%15@1'@)@@&101 det-udi ng, but
G REMETYTE G WS N R
pentane diol, 1,2-hexane diol, 1,3-hexane diol, 1,4-hexane diol, 1,5-hexane
diol, 1,6-hexane diol, 2,3-hexane diol, 2,4-hexane diol, and 2,5-hexane diol.
15  More preferred are 1,2-propane diol, 1,2-butane diol, 1,3-butane diol, 1,2-
pentane diol, 1,4-pentane diol, 1,2-hexane diol, and 1,5-hexane diol. The
most preferred diols are 1,2-propane diol and 1,3-butane diol. The amount
of diol is varied to control the amount of the desired product which is the
hydroxyl-terminated mono-species. Low levels of the diol result in higher
20 levels of the undesirable bis- species wherein the ester has added twice to
the diol. A useful molar ratio of ester to diol is about 1:0.9 to about 1:5,
preferably about 1:1 to about 1:4.
Useful metal catalysts include butyltin tris(2-ethylhexanoate),
dibutyltin bis(2-ethylhexanoate), dibutyltin diacetate, dibutyltin oxide,
25 trioctyltin oxide, butyltin trichloride, butyltin trimethylate, dibutyltin
dichloride, diphenyltin dichloride, tributyltin chloride, stannous bis(2-
ethylhexanoate), titanium (IV) titanates including, but not limited to,
ethyl titanate, n-propyl titanate, titanium isopropoxide, n-butyl titanate
polymer, 2-ethylhexyl titanate, cresyl titanate, and titanium (IV)

30 complexes, including, but not limited to, titanium acetyl acetonate,
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Many of the titaniumcatalysts are commercially available fromE.|I. DuPont
DeNemour s Conpany, WI m ngton, Del aware, under the TYZOR tradenane. 5 An
ef fecti vewamsoss1o©f the catalyst is quite small, for tin, Pabasn2/36337to
about 200 ppm preferably about 20 to about 100 ppm and nore preferably
about 20 to 60 ppm and for titanium about 50 to 3000 ppm preferably
about 100 to 1000 ppm and nore preferably about 200 to 500 ppm based on
t he amount of the ester. Using low |levels of catalyst result 10 in
correspondingly low | evel s of residual netal in the final product of about

| ess t han tdtansuablaeticamip phelape ek itaniumstie thanelammatodeonsprexided may be

| ess than about 20 m based an n final

pr oduct . Tlﬁ%nyg’g%hﬁg{&aﬁﬁ%lcai%%lyg ?ﬁfyco%mpﬁg?ﬂgrav?ﬂ 1efomhﬁ i scussed

bel ow. 15 ﬁﬁPbHﬁ‘EeMﬂl@l?lsr©§ﬁbhﬂ Wlhﬁn@ﬁﬁﬁSBeIHV@AreahnH@ﬁﬂ% TYZORP® of about
150 to about 220C, the diol reacts to formprinarily the desired hydroxyl -

t er m nat ed:radmamproduct speci es rather than the undesirable b| s- _product
species. Furt he deactivating, the cata or,.to ng t he
resi du® exces ec lf’é tr‘g}%‘?l gh”‘l%t ]tst%u{ﬁy ﬁet Tefdn %b tageousl y
20 avoi ded, 623}02@& 19fabblif 2098 Lk 190 Jouiarpyiplhrgeans as
vacuum strl pp1 ng gé r?tl a y aat er the@r}r)onoa/ bi s-r product ratio
once the cgitefibnadly abod’eamtomtmdn Al d Foouititachdant abvatti EﬁhtcoﬁO@Omppnat al yst

prior to renoval of the residual diol, however f bl e ction is
Pouar ds chReloRady aliowbAa) i o P SERIBEE WereDlY aamyerdy 6n5T8 " he

undesi rabl & %5109%% %Hgléﬁmﬁfcho‘}‘tﬁé egfgcg?mpgn qgvéa% otf%ata{gg%lsan is

hlghlyllk%ﬁ) ivatin e acconpl i shed by

usi ng fymalin co&mmlalﬂélyqzswdwel@@fag@dhal mletglici 1l fag@]mbmduot ofhlayut
treatnment. Suitable oxidizing agents of even noderate activity may be used

to deacti viesethae 3 teerhout &4 ppws prafevahlniens, thagsahost 30 pRmeand daper oxi des,
hydr oper Oxf) Ej?s f%gaﬁ%%heq%sal b aHB‘Xl 2(5%9&08%&1)%19311 ATROGRNEEG TR A1S, oxygen,

chl ori ne,
product. The residual metal level may be further reduced as discussed

below.

15 By running the reaction with excess diol at temperatures of about
150 to about 220°C, the diol reacts to form primarily the desired hydroxyl-
terminated mono- product species rather than the undesirable bis- product
species. Furthermore, by deactivating the catalyst prior to removing the
residual excess diol, further reaction to the bis-species is advantageously

20 avoided. Subsequent removal of the residual diol by such means as
vacuum stripping does not substantially alter the mono-/bis- product ratio
once the catalyst is deactivated. Without deactivation of the catalyst prior
to removal of the residual diol, however favorable the reaction is towards
the desired mono- product species, further conversion to the undesirable

25  bis- product species during work up of the reaction is highly likely.

Deactivating the metal catalyst may be accomplished by using small
amounts of oxidizing agents, reducing agents, or clay treatment. Suitable
oxidizing agents of even moderate activity may be used to deactivate the
metal catalyst including, but not limited to, peroxides, hydroperoxides

30 such as t-butyl hydroperoxide, manganese salts, oxygen, chlorine,
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WO 03/ 051816 PCT/ US02/ 36337 perchlorates, and hypochlorites including
sodi um hypochlorite. A nost preferred oxidizing agent is hydrogen

per oxi de.woAn3effsect i ve anmount of the oxidizing agent to a€aaiSovai3a7 t he
nmetal catalyst nmay be expressed as the oxidizing agent to catal yst nolar
ratio of about 1:1 to about 10:1, 5 preferably 2:1. Suitable reducing
agents include, but are not limted to, hydrazine, substituted hydrazi nes
such as nethyl hydrazine, sodium borohydride, netal hydrides including

l'i thi um al um num hydri de, and_borane _ conpl exe

Cnel udi n
bor ane- t - bRexaAbdeHakes, dawhhBRochlontesnsluding s u%%a@ﬁ#%e-aéewst S

hydr azi ne. fieGl:h: . j: e i t he
net al cat apég;f{g Fxfﬁgy&%%&gx}%?g%ﬁg%ﬁq{%&rp %eeﬁ ?ggﬁ%@%gﬁ%g%?&ﬁg r‘ﬂgggfeﬁ gs }f\em)l ar
ratio of abﬁidﬁziﬂ;'ghg’(eﬁt abduhctihitd, thereéel abtaly hayBesexprosafdedatiey aci d
treated clay, and nost preferably acid treated Dbentonite clay, is an
excel | ent osidigingfageahse cotalysignolee masion! abeukilykto abeut &1 s™ under st ood

that the term "hentonite" shall include all mneralogically related clays,
such as5srr85€fr£efa§§lyggg nontrorillonites, as set forth in the Kirk-Q hmer

Encycl opedi a of sghamealdutesd agb@yinchide, Bdt hi®fot MaditeBto, Mydraziéd; 405, the
rel evant portions of which are incorporated herein by reference. A

preferred bebstiited hyldagzings sveimas aietihy) hadeazing, sodagmplgorehydRdeT™ f r om
Engel hard Cor ati.qn of .Jackson,. M ssi ssippi. , Unex tedl y, when using
the clay tF@igﬁ\{éﬁ@fﬁ%1%?&%"@?11@?11%?%%@Zlgdmgléa?gsﬁ’&ra’ﬁ%I y i s the netal
cat al yst qg@&ble\éégeiﬂclgﬁing Hg%ef-t-bﬁ’(ﬁjﬁéhﬁﬁe céﬁﬁ?le}f. CAIHY pregéabdl evel is

al so significantly lower so that additional steps which may be needed to
furt hero | ovedudieg iadent iseydilazivey el edfeeti?s ammmededsheyredTbmgcgeptite | i kel y

to absorb the netal catal yst into itg pores thereb si cal | reventing
the cataly ?WW‘@PFP&PS%%@%@"IF%}WWY ETPSied oy %éb‘&%ﬁ?‘?gﬁ e use of

S0, o i g B Bl el L SRR L2 el o L
metal |evel of Uhey prethreblyracitiureated clay, and most preferably acid treated
bentonite clay, is an excellent means of deactivating the metal catalyst. It
15 is understood that the term “bentonite” shall include all mineralogically
related clays, such as smectites and montmorillonites, as set forth in the
Kirk-Othmer Encyclopedia of Chemical Technology, 4tk Edition, Vol. 6, pp.
381-405, the relevant portions of which are incorporated herein by
reference. A preferred bentonite clay is commercially available as
20 FILTROL™ from Engelhard Corporation of Jackson, Mississippi.
Unexpectedly, when using the clay treatment, in particular acid treated
clay, not only is the metal catalyst deactivated but, upon filtration, the
residual metal level is also significantly lower so that additional steps
which may be needed to further lower residual metal levels are
25 unnecessary. The clay is likely to absorb the metal catalyst into its pores
thereby physically preventing the catalyst from promoting further
reaction. Advantageously, the use of acid treated clay, and more
preferably acid treated bentonite clay, in deactivating and absorbing the
metal catalyst also reduces the residual metal level of the product mixture

30 to less than about 10 ppm based on an amount of the product mixture,
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30 to less than about 10 ppm based on an amount of the product m xture,
-12 WD 03/051816 PCT/ US02/ 36337 preferably to |less than or equal to about
6 ppm amomeesisps ef erably to | ess than or equal to aboutC3/ysp2s63Thus,
using clay, preferably acid treated clay, provides a two-fold benefit in
deactivating the netal catalyst and substantially reducing residual netal
| evel s. 5 Upon deactivation of the netal catalyst, during isolation of the
ester product, preferably by vacuumdistillation, the ratio of nono-
product species to bis- product species remains substantially constant.
There is nrefdriably talkeas Ysan bo egeakbtaakodtld phey, andaspsiopreioraly todessesi r ed
nono- prodyuct species..10 By deagtivatin he net.al ,catal,yst prJjor to

i sol ating L %al%%ﬁbﬁﬂtﬁ ,pptrﬁeﬁ%‘qssuﬁﬁn%tqﬁ%y ’ﬁﬁﬁ%r@bi%af 1839 et ween
the desir f‘]ﬂ% I . 2% 1 ! r ct species
since fur tec?qa il g%td(%ts%gﬁ%mf?ﬁe{éﬁgﬁﬁgﬁg—e Eg@c’)%lg?%%%g%ltgls Q%t;a;l\}rr\%td}g%:jcur. The
met hod of dubstapriglenédudingntsidnahhmdableselsdes unexpectedly | ow | evel s of

residual tin or__15 titaniumin_the final product mxtyre. T resul t ant
produc® ni xt ur eUpem depebivatien Gf thﬁ)met%%tﬁbﬁgp(fmmg&%qqfl‘aﬂnﬁ? gb? R

t renendous t } i Ci: . I OGESRRS:

parti cul arIfrf?(a térsﬁ%é%gggléfi I?isptg?@%%%di 1@%13%{’%1%% te c Eacg:/b?%m%{s)e to deactivate
the metal grlalswtbis-Theduesspddiagrerhannsadiseantialiptonstaptodihere iayo be used

directly in subsequent synthesis 20 steps or _as an ingredient ipn mneral
oil's and flovereatalysd teigenpratedurthey repctipng Withhihreodesirabmepor PYQAUGEY anpl es
The followi ng. Exanples illustrate the preferred enbodi nents of the 25

i nvention.® W'are not intended to limt the scope of the invention.
Rat heryy t hey arpypRegeEH€as RS @hatal Batfadedtl pridit 1 isblatpreiiia figalof the

invention by those of ordinary skill in the art. -13

product, there is little change in the ratio between the desired mono-
product species and the undesirable bis- product species since further
reaction with the mono- product species cannot occur. The method of the
present invention also provides unexpectedly low levels of residual tin or

15 titanium in the final product mixture. The resultant product mixture can
be used without further purification providing tremendous cost savings
and efficiency in commercial processes, particularly when the acid treated
bentonite clay is used to deactivate the metal catalyst. The resulting
transesterification product may be used directly in subsequent synthesis

20 steps or as an ingredient in mineral oils and formulated mineral oils with

much improved solubility.

Examples
The following Examples illustrate the preferred embodiments of the

25 invention. They are not intended to limit the scope of the invention.
Rather, they are presented merely to facilitate the practice of the

invention by those of ordinary skill in the art.
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WO 03/051816 PCT/ US02/ 36337 Exanple 1 (Conparative) Reaction of nethyl
(3,5-di-t-butyl-4-hydroxyphenyl) propionate and 1,2-propane diol. This
exanpl e iwbuswsmies the effect on the nono-/bis- product PpEFAiSex36337rati o
when the catal yst has not been deactivated prior to renoving the excess
diol. In a 250n. 3-neck round bottom flask equi pped with a C ai sen
adapter, an overhead stirrer and a short-path condenser, were conbi ned
0.427 nmoles (125.09) nethyl (3, 5-di-t-butyl-4-hydroxyphenyl)propionate 10
and 0.533 npoles (40.6g9) of 1,2-propane diol. On the O aisen adapter was a
t her mocoupEexamgp ﬁi]t(‘gg?@fpﬁl‘rﬂté‘t’@) A noderate nitrogen flow was nmaintai ned

t hr oughout the fg . ex i t i moxtur e was
hoated to 1006 A boRH el 18 s AR by IS b AREHD BopBhkiehia S tieq.
The systemiy@préphate Apated to 170C. After 16 15 hours the level of starting

propionate was below 1% and the reaction was term nated. The nitrogen was
di sconti nued andhiaesampdpplusddatesibe offsctiomthe daaa-his-Hypduasspadier ai ned

at a tepperat.ure of 170 or, .20 l,nutes to. strip .a resi dual, di ol .
Anal ys| B orabiaheh L Ea g B nh B R Bl d BBl RS b Bt hoved 69, 3
ar ea% desi pggedBoigt. Speci es 20 and 29.1 area% bis- species. After stripping

the distribution changed to 35.4 area% nobno- species and 63.9 area% bi s-
speci es. Exanpl dnZ 260mdl Jseclbeaend battoonflask kqtippedzvith)a Gbmis¢n on of

D, o e S R LSRR B it o
ronahya S pygs g {9, €3 Sl Sl ypeglgigur bo Lo
knock- hack andn@688 enole? (47.8E) of3D 2fmiobanedidly @n dhe Oldisahizdaptangdasser and
recei ver, \’,c\ﬁéfmgc?on&)pilg %%dorii%?o?gen inlet. A moderate nitrogen flow was

maintained throughout the first part of the experiment. The reaction

mixture was heated to 100°C and 0.68 mmoles (0.24g) of dibutyl tin

diacetate was added. The system was then heated to 170°C. After 16

15  hours the level of starting propionate was below 1% and the reaction was

terminated. The nitrogen was discontinued and vacuum applied. The

vacuum (28.5 in. Hg) was maintained at a temperature of 170°C for 20

minutes to strip away residual diol. Analysis of the product by gas

chromatography before stripping showed 69.3 area% desired mono- species

20 and 29.1 area% bis- species. After stripping the distribution changed to

35.4 area% mono- species and 63.9 area% bis- species.

Example 2 (Catalyst Deactivation with Hydrazine)
Reaction of methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
25  1,3-butane diol.
This example illustrates the use of a reducing agent, hydrazine
monohydrate, to deactivate the tin catalyst.
In a 250mL 3-neck round bottom flask equipped with a Claisen
adapter, an overhead stirrer and a knock-back condenser (70-75°C)

30 followed by a distillation condenser and receiver, were combined 0.257
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- 14 WD 03/051816 PCT/ US02/ 36337 noles (75.0g) nethyl
(3,5-di-t-butyl-4-hydroxyphenyl) propionate and 0.772 noles (69. 6g) of
1, 3- but arwodBO5181On t he Cl ai sen adapter was a thernocouplP€TArsd2/8438T ogen
inlet. A noderate nitrogen flow was maintained throughout the first part
of the experinent. The m xture was 5 heated to 100C and 0.39 mmol es (0. 14q)
of dibutyl tin diacetate was added. The system was then heated to refl ux
conditions at 204C. After 1.5 hours the |level of starting propionate was

bel ow 1% and the_reactio term nated.. The reaction.was cooled to 50C
and 1.8 rmﬁ‘ll%]@s?65@%}““%%&@%%‘@'%31& PRYRRRNY; iongteend hour of
agi tation, [ 1 The, 0 urned off
and vacuumdé’f)% ?fgcgégml%gg)\\ll@?li% ?ﬁ%}%@e E}R}lh @ﬁé})‘e \;\tgaslgér%%ﬁg glféﬁf\gg&%tEl a

t enper at ur ¢hefmd2a(pH 16 emd3itrogentinés. (2 nsddelrpteemidyogedsilaatagdi ol . Anal ysi s

of the product by gas chromatography befaore stripping showed 78.5 area%
nono- speci édamtginezhthyoyghaut Weshingi ek el the experimppppiThy mivdups v@sct

di stributi 801”0 read - i n . 8:.area% bi_ s- species.
G early®  REALET 1000 G ARRE RO RE (5% AP ARR Ll BRI Mo T oy o

speci es af taﬂ'ﬂeﬂ?”ﬂi@é&&ém Was ket he ficd tooRER <t DRSS o4 daaeli vat ed.
Exanpl e 3 (Catal yst activation with Hydrogen Peroxide) 20 Reaction of

met hyl (3, S~-@hourpthe level hi/shankinpghenpilonape spisdedte 1dmdnd tharbactame di ol .
This exanple i]lustrates_the use of an oxidi zjng ag to deactiyate the
[ cat al bates tarangfobnThe o wad foltp SO L atbT Samisotd Wen a
Claisen 2 tar irr € -

(70,780 31T aras moRlhMaioAg Aldel 2a8rd 1BufvSKIAT0h, PRICEIREL | i ned
2.05 ol esvdHhéatld)torie2¢l T hitdogeinr Wak yhrdedyf aadypieanyt hppliedl onat e and

6.16 noles (555.1g) of 1,3-butane diol. On the O aisen adapter was a
t her mocouplldeayrrutin (88 énin; Hed wassmasriaingbahpitemperaturewg9°C for 30

minutes to strip away residual diol. Analysis of the product by gas
chromatography before stripping showed 78.5 area% mono-species and
21.5 area% bis-species. After stripping the product distribution was 80.2
15 area% mono- species and 19.8 area% bis- species. Clearly, there is no
undesirable change in the ratio of the mono-/bis- species after removal of

residual diol once the catalyst is deactivated.

Example 3 (Catalyst Deactivation with Hydrogen Peroxide)
20 Reaction of methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
1,3-butane diol.
This example illustrates the use of an oxidizing agent to deactivate
the tin catalyst.
In a 2000mL 3-neck resin kettle reactor equipped with a Claisen
25 adapter, an overhead stirrer and a knock-back condenser (70-75°C)
followed by a distillation condenser and receiver, were combined 2.05
moles (600.0g) methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
6.16 moles (555.1g) of 1,3-butane diol. On the Claisen adapter was a
thermocouple and nitrogen inlet. A moderate nitrogen flow was

30 maintained throughout the first part of the experiment. The mixture was
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30 maintai ned throughout the first part of the experinment. The m xture was
-15 WD 03/051816 PCT/ US02/ 36337 heated to 1001C and 0.57 mmol es (0. 20g) of
di butyl two odiosuses ate was added. The system was then heated/usSo2/8681 ux
conditions at 204C. After 4 hours the level of starting propionate was

bel ow 1% and the reaction was term nated. The reaction was cooled to 50C
and 1.1 nmoles (0.13g of a 5 30wt. % sol uti on) hydrogen peroxi de was added.
After 1 hour of agitation, the systemwas heated to 120C. The nitrogen was
turned of f_and vacuum applied. The vacuum (28.5 in. Hg) was maintained at
2"t enper at Hedtes o 10616 B 1 hinmoles (AEDEO LAY LER e tRIGOMES Anal yo1 s o
t he produc i ARI . a% nono-

tadﬁgdlgf}% %{é@%}ﬁ}?)&gﬁ}?&] W AEH }ﬁlh& CB@%;I#{%)&%%V, f(fzggﬁ pz%@%& 9

speci es lo“an i's- Specl es. er s uct

di stributi @auneshe &l ofERAMNIYIOPiIcTRES e 6w 1186 4ndribia Yeltiion SRECI €s.
Clearly, there is no undesirable change in the ratio of the nono-/bis-

speci es af termitatedalThef reactien dias codiesl topRE ané lchruhgles (Ddl3gedex i vat ed.

15 Exanpl e t al yst activation.with gen. Peroxi de .& ..Residual Tin
Forowal v EATACR GOR G d RERTORF s iy A et Bhuf Rp Feithton
(3,5-di-t-byt g]lggt%nbwsqwél&whéom.omhe Nat®gehYrastudnll o Endvabuud S
exanple illustftates deactivation of the tincatalyst wth an 20 oxi di zi ng
agent and apbiedqudie vaomuml(2&5 ineHiglwals maimtaindd dhe tempdratureaf ed
bentonite cl a¥ to further | ower the residual aéli n,level. In a 3000m. 3-neck
round bot t 80T dek 1w dp sdripiaraaresidialehol. smplysis oldheRrofHebbY stirrer

and a knock- A - bSEi |l at] ondenser
and recei vgﬁl Q%\%@%@@%@%ﬁg&a (eié)rf SSﬁ%phrgﬁ%eﬂé%(gég%O%ﬂeqn/gﬁ?ﬁo Eb&ﬁeg

(3, 5-dirat - widyl 6.4y eIy PHRIRs) AfePsiRNAiAgAtlE %ﬁcﬂtﬁﬁdiﬁ-’tﬁbﬁt{ohlﬁag) of
1,3-butane diol. On the C aisen adapter was a thernocouple and nitrogen
inlet. A mS&er aren’himenyepeticsw 4 ageaYodiisresbeciaso fgratly, therefismot part

of the eXp%rnldréIsaﬂ%bleTc eannéexfnutrheé‘ Y2310 of the mono-/bis- species after removal of

residual diol once the catalyst is deactivated.

15 Example 4 (Catalyst Deactivation with Hydrogen Peroxide &
Residual Tin Removal With Acid Treated Bentonite Clay)

Reaction of methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
1,3-butane diol.

This example illustrates deactivation of the tin catalyst with an

20 oxidizing agent and subsequent removal of residual tin with the acid
treated bentonite clay to further lower the residual tin level.

In a 3000mL 3-neck round bottom flask equipped with a Claisen
adapter, an overhead stirrer and a knock-back condenser (70-75°C)
followed by a distillation condenser and receiver, were combined 4.28

25 moles (1250.0g) methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
12.83 moles (1157g) of 1,3-butane diol. On the Claisen adapter was a
thermocouple and nitrogen inlet. A moderate nitrogen flow was
maintained throughout the first part of the experiment. The mixture was
heated to 100°C and 0.57 mmoles (0.19¢) of dibutyl tin diacetate was

30 added. The system was then heated to reflux conditions at 200-204°C.
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heated to 100C and 0.57 mmol es (0.19g) of dibutyl tin diacetate was 30
added. The system was then heated to reflux conditions at 200-204C. -16 WD
03/ 051816WwB@30EI8D2/ 36337 After 4.5 hours the | evel of sta&cwiusg2/pi3epi onate
was bel ow 1% and the reaction was term nated. The reaction was cooled to
50C and 0.0013 noles (0.15g of a 30 w. % sol ution) hydrogen peroxi de was
added. After 1 hour of agitation, the systemwas heated to 120C. The
nitrogen vvas 5 turned of f and vacuum applied. The vacuum (28 5in Hg) was

t d i 20C t t off th Th
Tt rogen.f SRS hotEadhadml sk A iE PO Gxder v e;éxcﬁpotaaldl%@c Lo whi ch
was added 10, 0g01. b IRCEN 20 AGlsloh PRl BLIOEDS 8P4 8.0 oggd 10. 0 of

di at omaceous earth f eacti1on was agit for m nut es

and then lengle€$8.06€ ofial 3G weJs Wblulion) hydr@gempénob(ﬁ@wdsslddaa léﬁBeyp}si g
nitrogen. Elenental analysis of the product before acid-clay treatnent
showed 19 hgpmof iagitagio avstamarps heabid the2@iCodlbe naﬂpgenacasa cl ay

t t t h | t 3 15 Ex t | t t
& Rosi abal PHRERIRV vag A RETAL T e ot B b oB 1Py RblimRaR L "
met hyl (3, 95,980 nibikyd aft1hydr Pd(é’ﬁﬂ?ﬂff't}xe%@@ésocﬁal eTﬁ@‘i’utr&g@n %W%sd' ol .

This exanple illustrates the use of acid treated bentonite clay for 20
bot h deact reedtnbhishéd tihd thenreadtiat ymﬂedm«xl 116°C ooverhicle siacuad detdi 10. Dg\oél s. In

AT TR T L VRN
distillal g PRAEDSGT I B0EY B ay%ﬁfa%e&%iog@%n%tg@ggdggggs (200. 0g)

nmet hyl roxypheny propionate an 3 nol es

(185. 199 Ofpréss'irrblﬁleefl@ddﬁﬁh a leb‘ftﬁl filtal dléye A0EY0 psigwdsrogent her nocoupl e and
nitrogen inlet. A noderate ni trogen flow was _ mai ntai ned throughout the
first part Fdemensaksmpalysiveiithe redusthiafpre agid-clay treatment showe

ppm tin. Elemental analysis of the product after acid-clay treatment

showed less than 3 ppm tin.

15 Example 5 (Catalyst Deactivation & Residual Tin Removal with
Acid Treated Bentonite Clay)

Reaction of methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
1,3-butane diol.

This example illustrates the use of acid treated bentonite clay for

20 both deactivation of the tin catalyst and to lower residual tin levels.

In a 500mL 3-neck round bottom flask equipped with a Claisen
adapter, an overhead stirrer and a knock-back condenser (70-75°C)
followed by a distillation condenser and receiver, were combined 0.684
moles (200.0g) methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and

25 2.053 moles (185.1g) of 1,3-butane diol. On the Claisen adapter was a
thermocouple and nitrogen inlet. A moderate nitrogen flow was
maintained throughout the first part of the experiment. The mixture was
heated to 100°C and 0.15 mmoles (0.054g) of dibutyl tin diacetate was
added. The system was then heated to reflux conditions at 200-207°C.

30 After 5 hours the level of starting propionate was below 1% and the
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heated to 100C and 0. 15 nmol es (0.054g) of dibutyl tin diacetate was

added. The system was then heated to reflux conditions at 200-207C. 3o
After 5 hworog/ostses | evel of starting propionate was bel ow Péxwarsd2/sdse7r -17 WO
03/ 051816 PCT/ US02/ 36337 reaction was term nated. The reaction was cool ed
to 120C and 1.7g of FILTROLTM 20x (acid treated bentonite clay) and 3. 3g
of diatomaceous earth filter aid were added. The reaction mass was
filtered after 30 mnutes of agitation. The residual diol was renoved by

5 distil.l at t Al | f t. b
\éﬁ(r:lcj)lrjrg]t ogr g%ﬁ&tl%lgﬁ%on e?FFPBﬁ%%uﬁ%W@l%W&?Z& h’gﬂgzoggé‘&%egquc 1)?: gg?ea%
bi s- speci e ROBIMSI @@i&ﬁeafd@bﬂt@ﬂﬁ%tcl%})ana §‘3%'oq’gl# 0. ogk€a% mono-

speci es and 15 area% bi s- species. El enent yS| S i'nal  product
bef ore aci dacthafilteread vene mhiede d'lE0rquohioSmmadsaby Siltered aftee 30 fi nal

roduct after gcid,c treas ment | ess than_ 5 ppmresidual tin.
ICI%xarrpl e 6 (n@}i’c“}???ﬁ ﬁé@mﬁheowsgﬁeﬁﬁglwaawmpm% byvaRERBYal with Acid
Tr eat edgBe n

(3, 5-di >t E‘Fﬂmﬁ 1? 3?‘1)0%91 %ﬁ?ﬁﬁd‘l‘éf éﬂuiaolﬂg%rez’\fgﬁ%pr‘id‘é"t R &3 diol with

titanium ( IcH}"omIaltogtalpmyddﬁmmﬁc@))pmg @héﬁ@@ﬂdﬁea%‘ix@h&iséped@ sn@xgml e
illustrates the use of acid treated bentonite clay for deactivation of the

titani um ca?ﬁfaﬁ@sblsaﬁléﬁ‘}i%oﬂﬂﬁr StripRIBige bhag pfqdlmﬁldlﬁﬁﬂblﬂmn waa 85501en%8- neck

d bott t th nbi.ned 0. 276
ol (80, a5 g0 R ArBD B A i SR RO R e e dang 1. 14
ol (185. 1gko@iictlbéfoldihaidelaf tidlatmbRe shbRel 60Aspihi S eﬁn‘ﬁ’bﬁsl?s 8f ter nocoupl e,

a subsurface fritted glass nitrogen inlet, an overhead stirrer and a
knock- Blck f@mld@ﬂduct {fror a@@)clasmfe@tm@mahwed lelisstthan Zpponresidaginser and
receiver. A noderate nitrogen flow was nmaintained throughout the first
part of th(li r{a*xperl ment. The

Example 6 (Catalyst Deactivation and Residual Titanium Removal
with Acid Treated Bentonite Clay)

15 Reaction of methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
1,3-butane diol with titanium (IV) (triethanolaminato) isopropoxide
catalyst.

This example illustrates the use of acid treated bentonite clay for
deactivation of the titanium catalyst and removal of residual titanium.

20 In a 250mL 3-neck round bottom flask equipped with a
thermocouple adapter were combined 0.276 mol (80.45g) methyl (3,5-di-t-
butyl-4-hydroxyphenyl) propionate and 1.14 mol (185.1g) of 1,3-butane
diol. The flask was fitted with a thermocouple, a subsurface fritted glass
nitrogen inlet, an overhead stirrer and a knock-back condenser (70-75°C)

25 followed by a distillation condenser and receiver. A moderate nitrogen
flow was maintained throughout the first part of the experiment. The
mixture was heated to 82°C and 0.66 mmol (0.192g) of TYZOR® TE
titanium (IV) triethanolaminato isopropoxide (obtained from E. I. DuPont
DeNemours Company) was added. The system was then heated at 190°C

30 for 3.8 hours. When the level of starting propionate was below 1%, the
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m xture was heated to 82C and 0.66 nmol (0.192g) of TYZOR TE titanium (1V)
tri et hanol am nato i sopropoxi de (obtained fromE. |. DuPont DeNenours
Conpany) wed3asidecdl. The system was then heated at 190C 3o PCorus82/83bour s.
Wien the | evel of starting propionate was below 1% the -18 W 03/051816
PCT/ US02/ 36337 reaction was term nated. The reaction was cooled to 120C
and 4.0g. FILTROLTM 20X (acid treated bentonite clay) was added. The
reaction mass was stirred for 30 minutes and then filtered. The residual
diol was rempved by vacuumdistillation at 132-140C for 9Q m nutes.

Anal ysi s oFeg&f%W JEEREnBP ihec’Fﬁ‘a&ﬁ’Hfldﬁ?%\bﬁ‘fﬁe‘ié‘? de@°Ccpad 40&at nent
showed 93. GTIATHREYAMONK GRALLRS LA e:BoAitd! LS 2 3REE! stripping,
the product distributi o% vvas1 92.9 ar eaIQWo&%%ggggi' g‘ﬁg r’é‘;ét?ar% ea % bi s-

speci es. Emeassnwab stimedd/firs3(omintiespmodilen kéawd Thé deslax diotatagent
s of the filtered, clay treated product 10

showed 108 mtitani um Anal ysi
showed | esé"g&%(ﬁd%’yp‘ﬁlﬁuﬂlé% Q&Iﬁfﬂtﬂql’f ahi 3¢nl48%GApr 80 mingies| Sualysénef i vati on

& Resi dpal i [ i oh Treated Bentonite Cla eaction of
met hyl ?3, %ﬁ%w&‘%ﬁ I g%’%%’%@g’ﬁ@%w ?e%‘fegﬁl% ntﬁ?%t%‘?fbt Se}ﬁvef?%a'ﬁut ane di ol
with titanavea%ipnosppriopaxidd:7 eadhss-spddbs. AfRFRkAppIdIsheat es the use
of acid treated bentonite clay for deactivation of the titanium catal yst

and r emovaPrefugtckistrabntion feas WP arem Yanpsordpesieseuid 6.8urdalobiam f | ask
equi pped w At pl.e.ada rower i ned.0N.276nmo1(80. 52g) net hyl
(3,5-di -t \-Mség‘” it Wé%ﬁ%ﬁra&&a&mﬁéf’@e B?%ﬁf%??%‘&%ﬁbg 6@%%‘1&*(%. 72g) of
1, 3- but aneshoiwoll 1081pihtelaidms Ahalveid oMthd drBar ARG QHBlEd odHlS U T ace
fritted glass nitrogen inlet, an overhead stirrer anhd a kn ck- back
condender ghowgddyss thein Jmwe bssiduali i8tanihet.i on condenser and receiver. A

noderate nitrogen flow was maintai ned throughout the first part of the
experinent. The 25 m xture was heated to 120C and 0. 72mmvol (0. 212g) of

TYZOR(c) TEkample 7 (Catalyst Deactivation & Residual Titanium Removal
with Acid Treated Bentonite Clay)
Reaction of methyl (3,5-di-t-butyl-4-hydroxyphenyl) propionate and
15 1,3-butane diol with titanium (IV) isopropoxide catalyst.
This example illustrates the use of acid treated bentonite clay for
deactivation of the titanium catalyst and removal of residual titanium.
In a 250mL 3-neck round bottom flask equipped with a
thermocouple adapter were combined 0.276mol (80.52g) methyl (3,5-di-t-
20  butyl-4-hydroxyphenyl) propionate and 0.875mol (78.72g) of 1,3-butane
diol. The flask was fitted with a therniocouple, a subsurface fritted glass
nitrogen inlet, an overhead stirrer and a knock-back condenser (70-75°C)
followed by a distillation condenser and receiver. A moderate nitrogen
flow was maintained throughout the first part of the experiment. The
25  mixture was heated to 120°C and 0.72mmol (0.212g) of TYZOR® TPT
titanium (IV) isopropoxide (obtained from E. I. DuPont DeNemours
Company) was added. The system was then heated at 190°C for 4.0 hours.
When the level of starting propionate was below 1%, the reaction was
terminated. The reaction was cooled to 120°C and 4.0 g. FILTROL™ 20X

80 (acid treated bentonite clay) was added. The reaction mass was stirred for
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titanium (1V) isopropoxide (obtained fromE. |I. DuPont DeNenours Conpany)
was added. The system was then heated at 190C for 4.0 hours. Wen the

| evel of wDasossge pr opi onate was bel ow 1% the reacti on wRsT/USer/sd3nat ed.
The reaction was cooled to 120C and 4.0 g. FILTROLTM 20X 30 (acid treated
bentonite clay) was added. The reaction nass was stirred for -19 WO

03/ 051816 PCT/ US02/36337 30 mnutes and then filtered. The residual diol
was renoved by vacuum distillation at 130-140 C for 40 m nutes. Analysis

ar ea 56 mond ot 28 Hiag 00 BRG RAL B reSURALRl Phgio B BR R Bt o

product di stistibatibamt\IEsD- PAOOC 4024 ® BailubE) 0A ARBEIEST 113 1%fiﬂc@15fga£/° bi s-
speci es. Elenental analysis of the product before acid clay tré&atnent

showed 190 chpemategraiphm befsreatlyy it abmenh ehbiwetlQ0e8 ared &ymibheaipediepr oduct
showed | ess t 3 .residual ,titapi.um The present_.inyvention achieves

t he obj ect ?%h@pt%ﬁg%g\%spwe%%éﬁé Iilpl%‘tnigngh‘% H@‘ﬁ“@ﬂ;éﬁmt@ﬁﬂ’é}%waﬁri or to
renovi ng amy) 4 sRed i ' 4t $ 2l flcat | t] 1 he

favor abl e m)no-?%} s-ﬂ%glgds?gfiegpael%:dikggl arrrggtfgislesb%llg%t g?%@é%%é&%?%%t ing the

met al cat alof $he piroduadiedoter adt ethy treatment shoved 190 pyindlesanidmhnal product
m xture wth elxc.ee(%i g\gl’_ryl I og/ residual netal levels. 15 Wiile the present
i nvention KWERIBHEELYEE diltaredy ¢lpy derated peadustshoped lope tham 3wnm a specific
preferred qg&gﬂhpﬁ% iddy, 1S evident that many alternatives, nodifications
and variations w %e apparent to those skilled in the art in light of

the foregoing d&%erpiseabinvdntich ddieswisahe dhysite wptiadEdbovddiaByt he appended
claims will enpracge alr;y such al ternatives, 20 nodifications and variations
as fal Png dgReHyatingdhe metal catsdvstyiemtor remeying pmy temeaising dinként i on. - 20

WO 03/05181f, %%Sggg&/iéga%%’o?n reaction, the favorable mono-/bis- product species
ratio is maintained. Deactivating the metal catalyst with acid treated
bentonite clay provides a final product mixture with exceedingly low
residual metal levels.

15 While the present invention has been particularly described, in
conjunction with a specific preferred embodiment, it is evident that many
alternatives, modifications and variations will be apparent to those skilled
in the art in light of the foregoing description. It is therefore contemplated
that the appended claims will embrace any such alternatives,

20 modifications and variations as falling within the true scope and spirit of

the present invention.
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Clains What is clainmed is: 1 1. A process of nmaking a hindered phenolic
antioxi dant conprising: 2 providing an ester of formulal: RR 1 OH X

O R1L HO Gvovi3Asusierein X is H or a branched or |inear al kyplCThysdr/agsar bon
having 1 to 6 5 carbon atons, 6 Y is Hor a branched or |inear alkyl

hydr ocarbon having 1 to 6 carbon 7 atons, 8 R is a branched or |inear

al kyl having 1 to 12 carbon atons, and 9 R2 is H, or a branched or |inear
al kyl having 1 to 12 carbon atons; 10 providing a diol having a prinmary
hydroxyl group and a 11 secondary or,tertiary hydroxyl group; 12 providing
a netal catalyst in an anount of abo&lalBs; o ahout 13 2000 ppm based on an
anount of WVﬁa@ﬁJﬁ%ﬁnééiQeating the ester and the diol in the presence of
the netal 15 catalyst at a tenperature of about 150 to 220C such that the
16 primary lhydr éxytogsoupneikihpe dhdéredeglodrmoliv 4dtidhidant t@nprisidggrma 17
desired nono- product species; 18 deactivating the nmetal catal yst; and 19

i sol ati g the hPﬁﬁ%@@%gBﬁéﬁgﬁﬂaﬁéﬁppzkidant after deactivation 20 such
that conversion to a bis- product species is substantially 21 reduced. -21
WD 03/ 051816 PCT/US02/36337 1 2. The R&thod of claim 1 wherein the step of

g h ol
providing the dio OH

X O—R!1
HO o

Y

4 wherein X is H or a branched or linear alkyl hydfocarbon having 1 to 6
5 carbon atoms,
Y is H or a branched or linear alkyl hydrocarbon having 1 to 6 carbon

atoms,

»n < o

R! is a branched or linear alkyl having 1 to 12 carbon atoms, and

9 R2is H, or a branched or linear alkyl having 1 to 12 carbon atoms;

10 providing a diol having a primary hydroxyl group and a

11 secondary or tertiary hydroxyl group;

12 providing a metal catalyst in an amount of about 20 to about
13 2000 ppm based on an amount of the ester;

14 heating the ester and the diol in the presence of the metal

15 catalyst at a temperature of about 150 to 220°C such that the

16 primary hydroxyl group of the diol reacts with the ester to form a
17 desired mono- product species;

18 deactivating the metal catalyst; and "

19 isolating the hindered phenolic antioxidant after deactivation
20 such that conversion to a bis- product species is substantially

21 reduced.
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2 conprises providing a diol selected fromthe group consisting of ethylene
3 glycol, 1,2-propane diol, 1,3-propane diol, 1,2-butane diol, 1, 3-butane
diol, 4 wodbsusame diol, 2,3-butane diol, 1,2-pentane di ®CI/UB)B3¢38nt ane
diol, 1,4 5 pentane diol, 1,5-pentane diol, 2,3-pentane diol, 2,4-pentane
diol, 1,2 6 hexane diol, 1, 3-hexane diol, 1,4-hexane diol, 1,5-hexane diol,
1, 6-hexane 7 diol, 2,3-hexane diol, 2,4-hexane diol, and 2,5-hexane diol.
1 3. The nethod of claiml1 wherein the step of providing the diol 2
conprises providing an excess of the diol. 1 4. The nmethod of claim3
further including the step of renoving any 2 residual diol after the step
of deactivatin he tal .cat.al . T . wmil wherein the
step oft provi dﬁ; efrheg%ﬂgtogﬁfg“% %ﬁ%réls t}%:eoér}%PirBE EBglrdglfl/ggill(%gmé nmet al

catal yst sg)Rgtissh hraainaen aicluplecte CHOE tHd SRl cdnsisting of ethylene
tris(2-ethyl hexancate), dibutyltin biséz 4 ethylhexanoate%, dib@%{ltin

di acet at e, gyt y2-piapamei diel, I 3psepsne fiplokPduitans dael Vi 3-pHtang ¢bor i de,

butyl tin trimethyl ate, di | ti,n.dj ghl oride. § di i n di;chl ori de,
DT butvi o1 b it i ahu bePRngF il e ang dlof et TLle:
n- propy t{}%ﬁﬁ%ﬂ%‘ﬂief, i1t 53k HEA AS @RI, OD8eBCane 8id); DUtpydnthnk ahiel, ¢, %ol yner,

2- et hyl hex titanate, cresyl titanate, titanium 9 acetgl acet onat e,
titani wm | hetdme diol,dl,8feixane dialnd,4-besanaidiol,ol,brhesemeriiph i Griesane

i sopropoxide. 1 6. The od.of clgim1l inin.the step of isolating
the hi fider @9l, %SMQﬁgi@,E%%%? 3&%%?‘?’23‘5%%@ gtlotrﬂ’esul tant hi ndered
hydr oxyal kyl 3 phenolic antioxidant has a residual netal |evel of |ess than
80 ppm based 4 on an anount of the hindered hydroxyal kyl phenolic
anti oxidang, - 2Ph¥\eh&HodskR1GnPCHIse Sessep df providiagkbelddel of claim 1
wherein in the step of _isolating %&e hi ndered 2 hydroxyal kyl phenolic
ant i oxiHlaneomprises DrYEAILNAR GEFLSH ﬁh?@*@al kyl 3 phenolic antioxidant has a
residual netal |evel of |ess than 10 ppm based 4 on an anount of the
hi nder ed hydroxyal kyl phenolic antioxi dant.

1 4 The method of claim 3 further including the step of removing any

9 residual diol after the step of deactivating the metal catalyst.

5. The method of claim 1 wherein the step of providing the metal

o

catalyst comprises providing a metal catalyst selected from the group
consisting of butyltin tris(2-ethylhexanoate), dibutyltin bis(2- '
ethylhexanoate), dibutyltin diacetate, dibutyltin oxide, trioctyltin oxide,
butyltin trichloride, butyltin trimethylate, dibutyltin dichloride,
diphenyltin dichloride, tributyltin chloride, stannous bis(2-
ethylhexanoate), ethyl titanate, n-propyl titanate, titanium isopropoxide,

n-butyl titanate polymer, 2-ethylhexyl titanate, cresyl titanate, titanium

© o e U s e N

acetyl acetonate, titanium lactic acid chelate, and titanium

triethanolaminato isopropoxide.

et
(=

6. The method of claim 1 wherein in the step of isolating the hindered
hydroxyalkyl phenolic antioxidant, a resultant hindered hydroxyalkyl

phenolic antioxidant has a residual metal level of less than 80 ppm based

[ U

on an amount of the hindered hydroxyalkyl phenolic antioxidant.

.99 .



1 8. The nethod of claim1 wherein the step of deactivating the netal 2
catal yst conprises deactivating the netal catalyst wth an oxidizing agent
3 or a reaooBofmsagent. 1 9. The nethod of claim 8 further PCRalSoz343gr t he
step of treating the 2 hindered hydroxyal kyl phenolic antioxidant with
clay, acid treated clay, or 3 acid treated bentonite clay to further
reduce a residual netal |evel of the 4 antioxidant. 1 10. The nethod of
claim8 wherein the step of deactivating the netal 2 catalyst with an
oxi di zi ng agent conprises deactivating the netal catalyst 3 with an
oxi di zing agent selected fromthe group consisting of peroxides, 4

hydr openoxites, TwNGRNREE 08 dlai, 1 PRRISR, indfHeQitb P of ié?)ﬁéﬁﬂ% %@h?é%el‘%ad S
ep o

hypochlorites. 1 11. The nmethod of claim8 wherein the s eactivating

the met 8l lydeaxwaliksl phenoliqanddidang agentltadipndsesd hpdintxiyaltyling t he

t al t al t .3 wi,th. i . t ted, f th i sti
of nydr 81 wiebplid At frrhie RaREs  inekSl B36f Ghient Pty dpikns Daed
i des, BRhubSANR & RO E0R 1y EYRIGTISADPETLRR 36597 1 12

The nethod of claim1 wherein the step © ctivatin e netal 2 catalyst
conprises providing clay, acid treated clay, or acid treated 3 bentonite

clay. 1, 13._0 A hod i.ng a hindered hydroxyal kyl phenolic anti oxi dant
2 conpritsi Ry tﬂgﬁ}?{ E]ﬁgﬁ%‘fg#@laglpobwéﬁﬁ@né iﬁ#%llépgée%é‘fﬂﬂli%ﬂ@sﬂ@ﬁ@l 4

provi di B9, chfhI§¥FERRprided ARl ’ i S0 oS00

et hyl ene glcyco , 1, 2]-'D f)lrgpaneCtg\?% H?é %?ES@S?QOTp%#gly%?gﬁ?h%?lgﬁ%ﬁzénréa%e% ol ,

1, 3- but ane odiaagtedutjde bgémne diol, 2,3-butane diol, 1,2-pentane 7 diol,

1, 3-pentane diol, 1,4-pentane diol, 1,5-pentane diol, 2,3 8 pentane diol,
2,4-pentane diol, 1,2-hexane diol, 1,3-hexane diol, 1, 4-

1 9 The method of claim 8 further including the step of treating the

2 hindered hydroxyalkyl phenolic antioxidant with clay, acid treated clay, or
3 acid treated bentonite clay to further reduce a residual metal level of the

4 antioxidant.

1 10. The method of claim 8 wherein the step of deactivating the metal
2  catalyst with an oxidizing agent comprises deactivating the metal catalyst
3 with an oxidizing agent selected from the group consisting of peroxides,
4  hydroperoxides, manganese salts, oxygen, chlorine, perchlorates, and
5

hypochlorites.

1 11.  The method of claim 8 wherein the step of deactivating the metal

2 catalyst with a reducing agent comprises deactivating the metal catalyst
3  with a reducing agent selected from the group consisting of hydrazine or
4  substituted hydrazines, sodium borohydride, metal hydrides, and borane

5 complexes.
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9 hexane diol, 1,5-hexane diol, 1,6-hexane diol, 2,3-hexane diol, 2,4- 10
hexane diol, and 2,5-hexane diol; 11 providing a tin or titanium catalyst

i n an anowoto3ofisabout 20 12 to about 500 ppm based on anPamaisnt/3@87 t he
ester; 13 heating the ester and the diol in the presence of the tin or 14
titanium catal yst at a tenperature of about 150 to 210C such that 15 the
primary hydroxyl group of the diol reacts substantially with the 16 ester;
17 deacti vaei ng Ttheemethodof dlatmrii Wthea'ha:Ihy%ep &.deeacﬂai;vta’tirg theemptaduct

m xture with y such that the hinder eg oxyal kyl phe olic

ant i oxi #anfa XS%CQI%E]PEI%PTQWWD&C e G?ﬁafé et §€1d Bedt9than 6 ppm and
21 renoyin ual diol after deactlvatlon to isolate the 22 product
m xturey giﬁ%ﬁ?aﬂgt hod of claim 13 wherein the step of providing a

hi ndered 2 phenolic ester conprises providing nethyl-(3, 5-di-t-butyl (4 3
hydr oxyghenél)) propj onate. -24 WO 03/051816 PCI/USQ2/36337 1 15. The

net hod ai mALmefhed ef makiag g ipdered hpdraxyalkylinheaelis satioxidani ol

corrpris ggow di. ngt%é s ropane diol, 1,2-butane diol, 1,3-butane diol, 3
2- pentan TPt Er?tsa e diol, 1 2- hexane diol or 1,5-hexane diol. 1

16 Theg net hod of cl @k@%laﬁlg\@ﬂlﬁagréd%é{(ﬁﬁ d@teproviding a tin or 2
titanium catal yst conprises providing a tin cat al yst selected fromthe 3

group cénsisting of !pu;l@wlldmg’l inrexe¢ss, atdigl sedreted dren, theigrotplconsishing( 2 4

et hyl hexanoat e iacetat e, ltin oxid trioctyltin OXIde
o bt yrs e+ Lf Sdede BhtoPioE DePhaes hats iéprapsa?w@fa%io $t8 | de.

di phenygtin di clgiqr ll%ebuﬁarﬂeb&iblﬂltll%u%ﬁ@ﬁicﬂ 2, 38 e ‘152 ?bﬁéa?ne

et hyl hexanoate), of a titanium’'catalyst selected r gfoup consi sting
8 of ethyl tltardmlel 3partamgl divl, tladh-abatard dmhlbmpem@m@dml; 28- n-butyl

titanate ) ) . .
8 pentane diol, 2,4-pentane diol, 1,2-hexane diol, 1,3-hexane diol, 1,4-

9 hexane diol, 1,5-hexane diol, 1,6-hexane diol, 2,3-hexane diol, 2,4-
10 hexane diol, and 2,5-hexane diol;
11 providing a tin or titanium catalyst in an amount of about 20
12 to about 500 ppm based on an amount of the ester;
13 heating the ester and the diol in the presence of the tin or
14 titanium catalyst at a temperature of about 150 to 210°C such that
15 the primary hydroxyl group of the diol reacts substantially with the
16 ester;
17 deactivating the tin or titanium catalyst;
18 treating the product mixture with clay such that the hindered
19 hydroxyalkyl phenolic antioxidant has a residual tin or titanium
20 level of less than 6 ppm; and
21 removing any residual diol after deactivation to isolate the
22 product mixture.

1 14. The method of claim 13 wherein the step of providing a hindered
2 phenolic ester comprises providing methyl-(3, 5-di-t-butyl(4-
8  hydroxyphenyl)) propionate.
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9 polyner, 2-ethylhexyl titanate, cresyl titanate, titani um acetyl
acetonate, 10 titaniumlactic acid chelate, and titaniumtriethanol am nato
i sopr opoxwoe3/04181¢. A met hod of maki ng a hydroxyal kyl hi neerasopsssnl i c
antioxidant 2 conprising: 3 providing an ester represented by O HOO 4
5 providing a diol represented by OH 6 HO -25 WD 03/051816 PCT/ US02/ 36337
7 providing a tin or titaniumcatalyst in an anount of about 20 8 to about
500 ppm ba3sd ofthamettmdndf cddint A8 velsérein tRe gt ofpyovhiBngsineexcansl & he di ol

in the presence of .the catalyst 10 at e rature. qf out 18 o 205C

for a duffdiolepmnrises nrevithngliZpropane @mi\rﬂs"g%ﬂ%m ﬁ&‘ﬁt i%ﬁ?utleedﬁatt i vating
the catal yst, w Ch-Cy tir £ e | b€ T 3. d LNg a reaction
productfhaiitzné&g&rn%s#l }Ja’gglgﬁg%l?e {ilfo?’giﬁ?gﬁ%a%ﬁ dégln elrﬁ;:be}(l) (Heez(%blt?han or equal
to 6 ppm 1 18. The nethod of claim 17 wherein the step of providing a tin

or 2 titaniumcatalyst conprises providing a tin catalyst selected fromthe
3 groupt coh6i st The methnd |ctlaumnt1|8iwl(xereemhg¢ Respaeforidingiapinygit i n bis(2 4

thyl h te), dibutyltin diacetate, dibutylt] i d oGt ylti i de,
S Dot yia | nOERRLHR SRRt farpsRn ol finets P diehlyly BUor Rt RO | o, %5
di phenyd ti gy ';f&ﬁi&ﬁﬁ%r of Mt #ridi2 &ihPhedanoal EbatyleusbiB(E(2 7

et hyl hexanoate), or a titaniumcatalyst selected fromthe group consisting
8 of ethyl ethitlhpmbeoatn), pibpipiltini diacatnte, dibutyitinmxide grivetidiiacoxide but yl

;icéfl ; ?tic eggﬁsgllfziérﬁriéhlgﬁﬁg,hg&t@?éxltrllrrilét%gﬁt%; dﬁ)ru%srfﬁn Ei.icth?grq&g,’ titani um
6 diphenyltin dichloride, tributyltin chloride, and stannous bis(2-
7  ethylhexanoate), or a titanium catalyst selected from the group consisting
8 of ethyl titanate, n-propyl titanate, titanium isopropoxide, n-butyl titanate

9 polymer, 2-ethylhexyl titanate, cresyl titanate, titanium acetyl acetonate,

10 titanium lactic acid chelate, and titanium triethanolaminato isopropoxide.

1 17. A method of making a hydroxyalkyl hindered phenolic antioxidant

2 comprising:

3 . providing an ester represented by
O.—-—.
HO (@]
4 ;
5 ‘ providing a diol represented by
OH

NN
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lo titaniumlactic acid chelate, and titaniumtriethanol am nato

i sopropoxide. 1 19. A lubricating oil conprising a hindered phenolic

anti oxi dawp oefs@i6ormula I: R2 OH X OGR HO O Y 3 -26 WeC@A/051316

PCT/ US02/ 36337 4 the hindered phenolic antioxidant having a residual netal
content of less 5 than 10 ppm based on the hindered phenolic anti oxi dant,

6 wherein 7 Xis Hor a branched or |inear alkyl hydrocarbon having 1 to 6
carbon 8 atoms; 9 Y is Hor a branched or |inear alkyl hydrocar bon havi ng
1 to 6 carbon 10 atons; 11 Rl is a branched or linear alk haV| 1to 12
cargon7atons and IEOREing aHin g tHABHHRCAEYSY in AR GO Ia Zﬁg 1to 12
carbon_at ons ydr o ant i oxi dant of
formul § I: t&ﬁ‘% }%tgoﬁ %é%é@éé %5&%%&%90??€§§5t}9%ual nmetal content of
l'ess tan 20 ppm basgdifiy e atBrahd tﬂe@fiolhheth@rﬁrb@(ndéajﬂthe5awl§ﬂ§’ei n

10 at a temperature of about 180 to 205°C for a sufficient time to
11 effectuate transesterification;
12 deactivating the catalyst with acid treated bentonite clay; and
13 isolating a reaction product having a residual tin or titanium
14 content of less than or equal to 6 ppm.
1 18. The method of claim 17 wherein the step of providing a tin or
9 titanium catalyst comprises providing a tin catalyst selected from the
3  group consisting of butyltin tris(2-ethylhexanoate), dibutyltin bis(2-
4 ethylhexanoate), dibutyltin diacetate, dibutyltin oxide, trioctyltin oxide,
5 butyltin trichloride, butyltin trimethylate, dibutyltin dichloride,
6 diphenyltin dichloride, tributyltin chloi'ide, and stannous bis(2-
7  ethylhexanoate), or a titanium catalyst selected from the group consisting
8 of ethyl titanate, n-propyl titanate, titanium isopropoxide, n-butyl titanate
9 polymer, 2-ethylhexyl titanate, cresyl titanate, titanium acetyl acetonate,
10  titanium lactic acid chelate, and titanium triethanolaminato isopropoxide.

1 19. A lubricating oil comprising a hindered phenolic antioxidant of

2 formulaI:

R2 '
>‘OH

X O0—~R1

HO 0
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6 Xis Hor a branched or linear alkyl hydrocarbon having 1 to 6 carbon 7
s Yis Hor a branched or linear alkyl hydrocarbon having 1 to 6

at ons;
car bon
at ons;
at ons.

[

© W NN

10
11
12

(=T L B - I -]

-3

10
11

owetoafsisldo R is a branched or |inear al kyl havi ®gTIUSOD36827 car bon
and
-27

11 R2 is H, or a branched or linear alkyl having 1 to 12 carbon

the hindered phenolic antioxidant having a residual metal content of less
than 10 ppm based on the hindered phenolic antioxidant,

wherein

X is H or a branched or linear alkyl hydrocarbon having 1 to 6 carbon
atoms;

Y is H or a branched or linear alkyl hydrocarbon having 1 to 6 carbon
atoms;

R1is a branched or linear alkyl having 1 to 12 carbon atoms; and

R2is H, or a branched or linear alkyl having 1 to 12 carbon atoms.

20. A hydroxyalkyl hindered phenolic.antioxidant of formula I:

R2 '

Y

HO 0]

Y

having a residual metal content of less than 20 ppm based on an amount
of the antioxidant,

wherein

X is H or a branched or linear alkyl hydrocarbon having 1 to 6 carbon
atoms;

Y is H or a branched or linear alkyl hydrocarbon having 1 to 6 carbon
atoms;

Rlis a branched or linear alkyl having 1 to 12 carbon atoms; and

R2is H, or a branched or linear alkyl having 1 to 12 carbon atoms.
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