05 JUNE 2006 WO 03/051816 PCT/ US02/ 36337 METHOD OF PREPARI NG BFUROKADKYL
H NDERED PHENCJ_I C ANTI OXI DANTS Background of the Invention 5 1. Field of
the I nventj on resent invention is directed to a nethod_of preparing

hi ndered PR q?%‘ antioxidants for lubrication oils or ot hBFT{ %367 nedi a.
2. Description of Related Art 10 Hydroxyal kyl hi ndered phenolic antioxidants
are used as stabilizers for lubrication oils or other organic nedia. They
are generally the reaction product between a starting ester and an al cohol
wi th one or nore hydroxyl groups to produce the foI | ow ng nono- ester

product species: mg;ﬂ m@'ﬁ heties.
Typically, the p enoﬁq an?sP ants ar gg@%@?@ using 't ransgs erification
catal ysts such as para-tol uerBHENODICCANTTOXMDANTSed to be washed out of
the final product. However, this nethod requires nunerous reaction steps

and generates |arge anounts of waste. Ot her 20 transesterification catalysts
such as dibutyl tin diacetate or titan(iiu i ropgxi de are used as well but
the problemremained in subs%ﬁk@%&&ﬁm of the catal yst once
the reaction was termnated. If the anount of residual netal in the final
product s too high, ultimte product stability is conprom sed, and costly,
time consuming effield sf tAssInshticgken 25 to renove or reduce the anopunt of
residual netal to a satisfactory level. U S. Patent No. 5,892,097 to Ross
et al. which |ssu'Hmle pres&prt|111V6r;t10119®é11ec@dd1®@mthedbﬁ@repamagllngdemders of

substi tuted
phenohc 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:

O—FR' /
+ R*(OH) , —

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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05 JUNE 2006 WO 03/051816 PCT/ US02/ 36337 hydroxyhydroci nnam ¢ acaglyueei e as
antioxidants by the transesterification of the correspondi ng nethyl or

et hyl esteiy®oshsiddi gher aliphatic al cohol using small ano in
catal yst, between 10 and 250 ppm based on an anount of thepg {l/n‘sg”test

The | ow catalyst level 5 purportedly elimnates the need for post reaction
separation of catalyst fromthe final ester product. However, although the
| evel s of tin-are-destrably lowin Ross et al., during work up of a
reacti on between the phenolic ester and the al kanol or polyol, any live

cat al yst renﬁ*ﬂo&?hyﬂlééiﬁnéﬁﬁéfabﬂhéﬂﬁl HE anbRMidh@ensf see 10 further
reaction as lustrated bel ow. OH Reactions leading to the undesired bis-

product speciraasedteriicahenddsihesdrrdspondiyd ntedhyl ome Byl esbex wpthoa lighespeci es
has further reacted @@i‘@ diffi cuI to predi¢ct and c ntrol Al t hough t he
reaction maydlpaRainga EIBﬁm_%SlPé ARAPBES Q@a bm ‘Efﬂé n]éet"fﬁedh {eagpeci es,

duri | i
Catalyst - pr oy RRP RO ahlgmpRBL P BhP RA0EIY o RPE T 1o b BRRIR AN, |V
Bearing isn r@@ﬂao&f@ﬂ?r&ﬁhme@rﬂﬂe ﬂ@feﬂQ’bﬁ?&dtﬁ%a@ﬁoh@@pﬁféi@én af tatdlyst S

therefore an object of the present invention to provide a nethod of making
20 hydr oxyalfrgin thenfirakestphemotliiet. ant i oxi dants whi ch uses | ow | evel s of

Catal yst at the’ oHaVGFeTthESE Fbf VAL pg%r?a”r‘é?ﬁeers?%ﬁ%iqv%tﬁq%@r%ﬁééent
nvent i on € q1aN IR 19 Bfion TR BEn RHEBKBLI Vb d¥ lPERla BOEDA

anti oxi dants elrn reaction to esira I S- pro UCt

species is tgglppnabgdivs caplystolen®tining in the y@ictmmtﬂmm@hweald géndraee
present invention to provide a
10  further reaction as illustrated below.

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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lubricating oil having a hydroxyal kyl hindered phenolic anti oxi@ahNEMRG - 2
05 JUNE 2006 WD 03/051816 PCT/ US02/ 36337 exceedingly |low residual tin or

titani um l\RYekssigyeh that product stability is not conpronpspiseSeiisrt her
object of the invention is to provide hydroxyal kyl hindered phenolic

ant i oxi dants having exceedingly lLow residual tin or titanium5 |evels such
that post reaction processing is elimnated or reduced. Still other objects
and advantages of the invention will in part be obvious and will in part be
apparent fromthe specification. Summary of the Invention 10 The above and

ot her obj ecescevtiingliviant Agedualih off tiWahiubeleapldaneht that @rodactodtadklityl i n t he
art, are achieved Iin the present invention which is directed to, in a first
aspect, a piobebeompremigedg a hi ndered phenolic antioxidant conprising:
provi ding an estegr.of, fornul . Od HO, 15 wherein. X.is, H or.a branched or
linear alkyl hyd @H%B‘ahoﬁllé\‘}??éﬂ‘f 11%"811810&‘&\?”88rPTBY’chés‘,‘Yd%O?%a{lfYé?”%d%}re ched
or linear a  RARS ARG o % : %,bgaré-@ﬁ +R1-1s a branched
or |inear a})%l‘m%%ﬁfg&i tos?ga ca goﬁée%llg%}g/,q an lm%r%nﬁ?qgrgﬁéﬁ%r anched or
i near a4 kylevedysuch thabpdst reaction padcussing {3 dvinth g dardieducbdvi ng a primary
hydr oxyl group and_a secondary or tertiary h%(dro,xyl roup;. -3

Still other objects and advantages of the invention will in part be

obvious and will in part be apparent from the specification.

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 '

-

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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05 JUNE 2006 WD 03/0 5 1 8 1 6 PCT/US02/ 36337 providing a netal 0sguskReei n
an anount of about 20 to about 2000 ppm based on an anount of the ester;
heati ng t heayaeagztisi@nd the diol in the presence of the netal pecausdssizrat a
tenperature of about 150 to 220C such that the 5 primary hydroxyl group of
the diol reacts with the ester to forma desired nono- product species;
deactivating the netal catalyst; and isolating the hindered phenolic

anti oxi dant after deactivation such that conversion to a bis- product
species is substantially 10 reduced. Preferably, the step of providing the
di ol conprises provi dipgvadidicd metel estadstiinem dheugiefpboon D0l didudf

et hyl ene glycol, 1,2-propane diol, 1,3- propane diol, 1,2-butane diol,

1, 3-but ane di ol , 2000 ppmdased @t anamownit ofide efiter;, 1, 2- pent ane di ol ,

1, 3-pentane diol, 1,4-pentang diol, 1, 5-pentane diol, 15 2 3-pentane diol,
24 bentane diol | T 2 et srter ai RRERERGH Prascile HCRRE0RTI

1, 5- hexane di ol , 1ol BRI z jol, and
2, 5- hexane diol . c%f@{y??é?s%gteﬁi eflﬁta{%o provi gle{ﬂjaﬁJ %%%ggag?ﬁgﬁtet 1ol. The
process of this gaipeealyiByréxyl hemup ofchediol eacsd eftlothe esieritodonnya

residual diol after the step of_ deactivating the netal catalyst. 20
Preferably, the gie@yfeéfmsnevpmwttsua@cmﬁt al catalyst conprises providing a

netal catal yst selected fromihe. qroup consi st of butyltin

tris(2-ethyl hexanoat e)(i,jea(?l%‘g’ﬁ‘%%gttf n %eg%lzc_aéﬁhﬁfz, Erln;éz%noat e), dibutyltin

di acetate, dibutyltin jexia@fhe Hd REfdekéd Ph@_ﬁbﬁ@ anblekyddntaftelr ABAQIVASON
butyltin trinmethylate, dibutyltin dichloride, diphenyltin dichloride,
tributyltin 25 chiushitbat converssens thadie-ptodychereciesieyybstiandallym (1 V)
titanates, includin ut not limted to ethyl titanate, n-propyl titanate,
titani ud? i sopropg84R8ed- n-butyl titanate pol ymer, 2-ethyl hexyl titanate,
cresyl

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.



titanate, and titanium (IV) conplexes, including, but not |imte8JUSE2006
titani um acetyl acetonate, titaniumlactic acid chelate, and titanium 30
tri et hanol 4§ (3afsPs1isSOPr opoxi de. -4 05 JUNE 2006 WO 03/051818,~ g¥$y§3 36337
In the step of isolating the hindered hydroxyal kyl phenolic “antioxidant, a
resul tant hindered hydroxyal kyl phenolic antioxi dant has a residual netal

| evel of less than 80 ppm and preferably | ess than 10 ppm based on an
anount of the hindered hydroxyal kyl phenolic antioxidant. 5 Preferably, the
step of deactivating the netal catalyst conprises deactivating the netal

catal yst with an]@xhéisEd6f RERiting YA BihdeRyd AvafoBalkiPphonsist by treating
t he hi ndered hydroxyal kyl phenolic antioxidant with “acid treated clay to

further redantozideed| duasultenthinderedl hydroxyealkyl ploondanantidiie amtildisz ng

agent is preferably selected fromthe group 1_o consisting of
hydr oper oxi EP@&@%L@@J@H@@I?I %falﬁgﬁﬁé%léggaaptng,, angiprrirakly lgss Hean 19@mm or at es,

d h hl oL ' iade i sy red. _The st f
Goact ] vat i nregiEon AHRRSLR: BY Hh HEREE B G PP hen b Sankl 2P ©
catal ysts Wi th a Pegfeeably, 886 Btep dactivatinig\takimeial chbalyRe c6@piribdal net al

| evel may be further reduced by treatnent of the hindered hydroxyal kyl
phenol i ¢ and¢astivding the medsl entalystvaidh anagxidipaeg agedtiov highagentalss be

R T T
conpl exes, uwhargh Rl dh$1b Pert®er 20d84PS bediHhEPuidYAl RILDESLY € most
preferred. As a one step process of deactivation and reduction of residual
metal | evehstioriantaThesexidizyg agentlist predieredly belgcteat fram thd geaied
bentonite clay.. A residual nmetal content after the clay treatnent .is
gener al 10y | @asisting og?xygroperomdes, perox1ci]es, manganese saits, oxygen, chlorine,

perchlorates, and hypochlorites, wherein hydrogen peroxide is most

preferred.

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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equal to 6 ppm 25 In another aspect, the present invention is @5 Jext200G¢o a
nmet hod of rmaking a hindered hydroxyal kyl phenolic antioxi dant conpri sing

t he steps WD 03@st8abdi ng a hi ndered phenolic ester; providi n@CTVUS0236333%S, a
diol having a primary hydroxyl group 30 and a secondary or tertiary

hydr oxyl group; -5 05 JUNE 2006 WD 03/051816 PCT/ US02/ 36337 providing a tin
or titaniumcatalyst in an anmount of about 20 to about 500 ppm based on an
anount of the ester; heating the ester and the diol in the presence of the
catalyst at a tenperature of about 150 to 220C such that the primary 5
hydroxyl group of thepm\aﬂm&aénsosumm|cata1yst/un: an ameowsst eff about 20

deact i vat th t th duct t th cl d
il Tering Sach tHARDORYE00 B PAFE 1R ABSPBATAG of SRS phonol &
antioxidant has a reg %ﬁb t;xb%s&f didd A HiD1iARb p‘}fa?ézﬁz'ésof"ﬁi‘@%aﬁa%%‘ and 10

removi ng any resi dual ter eactl vation to I'so

m xture. Preferahty tehhférstum dffabpiio 1i50i to R 20° Ui s"iﬂxhrt&ﬁxtnhermhmmyst er
conprises providi ng met hyl - (3, 5-di -t -butyl (4- hydroxyphen )) propionate.
Preferatfly, in thedeep gaseu}ppf)mjdwérea@ts,@x@é@%n iallyimgth Bae esra primary 15

hydr oxyl group and a ry hydroxyl group, the diol is
sel ected fromthe gr oa %5 eqaﬁ%ﬁathyl ene glycol, 1,2-propane diol,

1,3- propane diol, 1, @rel%t!ﬁ l%lducﬂnﬁxﬁk'ﬁea&ﬁhdélﬁﬂr anH HORh3N ! t‘ﬂat

2, 3-butane diol, 1,2-pent ane iol, 1,3-pentane diol, 1,4-pentane diol,
1, 5- pent ane di ol the resultant hmdered hydloxyalkyl phenolic antioxidant has a

residual tin or titanium level of less than 6 ppm; and

10 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.

-6-



2,3-pentane diol, 2,4-pentane diol, 1,2-hexane diol, 1,3-hexangsdusnk.20064
20 hexane diol, 1,5-hexane diol, 1,6-hexane diol, 2,3-hexane diol,
2, 4- hexanewodiz@sisiand 2, 5-hexane diol. The tin catalyst is pegigiahbys
selected fromthe group consisting of butyltin tris(2-ethylhexanoate),
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 is preferably selected from
the group consikt yetgandtheragpett, Ith«mmesem Aipvapyion is dieatesl tot 4 eathod
I sopropoxi de, n-putyl titanate hyl hexyl| titanate, cresyl
titanate, tolimaking écbé’tdﬁPX ﬁ’l)ﬁ reﬁllpthﬁﬁpi}ﬁﬁlné RfcGOmRHEg e, and 30
titaniun1tr|ethanolar UNE 2006 WD 03/051816
PCT/ US02/ 36337 I n yetﬁ%ﬁégﬂgf asgggﬁ gﬁ%égﬁggB invention is directed to a
met hod of maki ng g hydroxyal kyl hi ndered phenollc ant i oxi dant conpri si ng:
providing an ester/represented by 5 providing a diol represented by OH
providing a ti ~t ani um cat al ystO+f—an anmount of about 20 to about 500
ppm based on an amgunt of the ester/ heating the ester and the diol in the
presence of the cay/alSmsy \fnperature of about 180 to 220C for a

) Sesterification; deactivating the
2d bentoni t & clay; and |solating a reaction product
titanium content of |ess than or equal to 6 ppm

catal yst wt
havi ng a resi dual

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

1solating 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-



15 Preferably, the step of providing a tun or titanium catalyst 05goMRr2096S
providing a catal yst selected fromthe group consisting of butyltin
tris(2-ethiNmesemsst e), di butyltin bis(2-ethyl hexanoate), dpdrUyIHI6s87

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 05
JUNE 2006 WD 03/051816 PCT/ US02/ 36337 et hyl hexyl titanate, cresyl titanate,
titani um acethylhexy bteatade, triesghtibamatieatitanivaniate tfHelcatenatenditaniwani um
triethanol am nato .i.sopyopoxide, In still_yet another aspect, the present
invention i C@’rcr%"éflége 3 ’aanq?&ﬁ?}lé‘émiq&tbﬁpok’d}%ﬁtgilﬁﬁ)rﬁpﬂ?‘w&\r ed phenolic
ant i oxi dant of f : ) t ' LiG: | pXi dant havi ng
a residual netal ?légﬁgl:)ﬁ t a&*“%%s'él%gﬁa?ﬁig%%%rtggg‘%gﬁgﬁ 1% ﬁ"él%%?éndéfeﬂr gd phenolic

ant i oxi dant lumhedteh$ oX comptisihga Rhaiebadheholic dedioxad iyt ofvdhagambon havi ng
1to 6 carbon atons; Y is Hor a branched or |inear al kyl hydrocarbon

having 1 to 10 6 carbon atonms; Rl is a%?ranched oi linear alkyl having 1 to
12 carbon atons; and R2 is H, or a branched or linear alkyl having 1 to 12
carbon atons. Preferably, the hindered ph ®g antioxi dant has a residual
nmetal content of equal to or less than 3/ppm 15 In a final aspect, the
present inventionXjs directed to a hyd+eryal kyl

HO o)

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 linear’alkyl hydrocarbon having 1 to
10 6 carbon atoms; 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.
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:



hi ndered phenolic antioxidant of forrmula I: 8 05 JUNE 2006 WO 0§84 96%82606H
HO PCT/ US02/ 36337 | having a residual netal content of |ess than 20 ppm
based on aWwoagsmididie Oof the antioxidant, wherein Xis Hor a r

| i near al kyl hydrocarbon having 1 to 6 carbon atons; Y is E?géﬁgbﬁggﬁched
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 nethod of naking

hi ndered phenolic antioxidants for lubrication oi|s or other organic nedia
having the follow ng general fornula: R{4OH 15 HO wherein X is Hor a
branched or |inear al kyl hydrocarbon havikng 1 to 6 carbon atons; Y is H or
a branched or linear alkyl hydrocarbon haying@Qito 6 carbon atons; Rl is a
branched or Iinea& al kyl having 1 to_12 carbon -9 05 JUNE 2006 WD 03/051816
PCT/ US02/ 36337 atoygs; and R2 is H ofP @ Branched or Iinear al kyl having 1 to
12 carbon

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 ]

Y

X O—R!
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

-9.



atons. X and Y may be the same or different. Rl and R2 may be t g JERE2006"
different. Preferably, X and Y are t-butyl. Preferably, Rl has 1 to 3
carbon at omsO 03Mua8ex ably, R2 is H, nmethyl, ethyl, propyl or pug/y$o23833Fhe
conpounds of fornmula | are nade by reacting an ester with a diol in the
presence of a netal transesterification catalyst. The diol preferably has a
first primary hydroxyl group and a second hindered hydroxyl group. The

hi ndered hydroxyl group nay be a secondary or tertiary hydroxyl group.
Preferred diols useful in the present invention to include ethylene glycol,
1, 2- pr opane adonis; aﬁd&%%)isoﬁanﬁadilahchéld ar ﬂiunkaamalkjs’rldiaving 13t0bl2 eanbodi ol ,

1, 4-butane diol, 2,3-butane diol 2- pent ane di ol 3- pentane di ol

1, 4- pent ane 2dPBIS, Xasldp‘éﬁaam@eahmsam @Eéﬁfﬂl%’é Bﬂ@uldlizmayp%thméa@ﬁm

T' 6 hexane drafiffesert. pESARE ankt § AR IANGYE, BretelpBin SRS o1 15
ore pr ef ef ok Aiduma: ARSI ic 1, AoB PO phop pytgifusEne diol, L. 2

pent ane diol, 1, 4-pentane diol 2-hexane di ol ,” ‘and 5-hexane diol. The
nmost preferr ed dl’ﬂhe;ccanpoﬂmas pf fqmndadi ate made by&elautmgenﬂesﬂm whtle aanmount

of diol is varied to control ;the apount of the desi re? praoduct which is the
hydr oxyl - t edipkiax e nm@n%eéa&etaﬂéwmwmrsﬁ%ﬁhqrhéa@i t. (Bagifioli n hi gher 20

the i o ALTelpaPTy BRE T FriRAg TR b o b SR GhdRBARREC L0 001 2
preferably al@sbxH %aotu(i) @H@hnﬁé&ed%ﬂfwkﬂ”fm}p &a&aie}@.tsécdﬂa@tw@Q butyltin

tris(2-ethyl hexanoate) di butyltin bi 3612 et hyl hexanoate), dibutyltin
di acetat e, debaxs hydrmlcgapup 2Breferved ¢lols nsefal de the predaritinventibhor i de,

e L s AR ) R
titanates. | nchudinge di, 100bulddl 450 3 S-busshbiol HiADBLEmaRT Pyl 1 tanate.

titaniumi sopropom h- bu anat’e yner exy t'I't anat e,
cresyl ti ta@)@manaldﬁiolt [ltéapeﬂtm(el di))l 3Q5qmmnodu®e<dml Qﬂcﬁetﬂnng dibl)2, 40t limted

to, titan url?e%%gltlg ldu?lc leitzoﬂg)t{gne 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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-10 05 JUNE 2006 WD 03/051816 PCT/ US02/ 36337 titaniumlactic acpdjeRehade,
~and titaniumtriethanol am nato isopropoxide. Many of the titaniumcatalysts
are commerwioalogimgai | able fromE. |. DuPont DeNenours Conpﬁ@y/USW/j(;g},ﬁgton
Del awar e, under the TYZOR(r) tradenane. 5 An effective anmount of the
catalyst is quite small, for tin, about 10 to about 200 ppm preferably
about 20 to about 100 ppm and nore preferably about 20 to 60 ppm and for
titani um about 50 to 3000 ppm preferably about 100 to 1000 ppm and nore
preferably about 200 to 500 ppm based on the anount of the ester. Using

| ow | evel s wfardabalaic actdeheldie, hnd ¢ivankapnanidthghylahtwate wepsopdxidesi dual
metal in the final product of about less than 3 to about 80dﬁgm preferably
| ess than d¥euy ctlsmﬁanahmmt;aysﬁealr%g@mmmw&y @méﬂble&@m 20 ppm based

on an anou nal roduct e.resid net al urt her
Feduced asrﬁérl?eaﬁ)eeea\tfelaa}w ofiptay. Maihetion Uolalars gmdrthechtabfey o ot
terrperatura& ahput 150 to about 220C, the diol reacts to formprimarily
the desire ﬁydroxyl term nat ed nono- product species rather than the

undesi r abl e bi s-Apreffbietive sapeanest tHewsthBsiy guitbwsntkd dbr vai, iabgut 16 cat al yst

prior to rermwn t he residyal_ excess di oI further reaction to the
bi s- speci estojab Bl PS¢ rablyAksuged t Sﬂb)é@qu@nlﬁpliﬂeﬁ@ddmkﬁ t he residual

mono- i o~ EBORY Aerh 2034 E bh” But s BFS%h aBRF bR Pouin
Favor abl e ?f‘r?s‘f‘?re?éf .agﬁ‘l?g“?%agf’é)?rp%Snﬁ‘gg??i‘iér%ﬁ%mﬁﬂﬁﬁ?t@@?s?g@’es novever
further comvmmsbased ontthe avmotest ofitheest@s Using lomolvels sfpmtalyst desulhg wor k
up- of tlfae rlgac%g'lx'gsr{)(;nstilg : 1?:'1'0% ieveﬁ‘, dFresidual metal in the final product of about
less than 3 to about 80 ppm, preferably less than about 30 ppm, and may
be less than or equal to about 20 ppm based on an amount of the final
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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Deactivating the nmetal catalyst may be acconplished by using sngkljungnooet s
of oxidizing agents, reducing agents, or clay treatnent. Suitable oxidizing
agents of wewoeos/omskrate activity may be used to deactivate thga/useieds?

catal yst including, but not limted to, peroxides, hydroperoxides 30 such as
t-butyl hydroperoxi de, nmanganese salts, oxygen, chlorine, - 11 05 JUNE 2006
WO 03/ 051816 PCT/ US02/ 36337 perchl orates, and hypochlorites including sodi um
hypochlorite. A nost preferred oxidizing agent is hydrogen peroxide. An
effective anount of the oxidizing agent to deactivate the netal catalyst
may be expr gesehloasteshand dwipdchlorgeagadnding sediahy bypodhlariteatA most about
1:1 to about 1Q:1, .5 preferably 2:1. Suitable. redyci agents i ncl yde, but
are not | i mPreterred oxidiring aeent is hydrogen Ber -agﬂkrggecé?y@haraguﬁﬁpﬁa}e

hydr azi ne, g ydr § : ' i i LLE Dy um num
hydri de, an %#gﬂrégééé{c}rrtgl %eggglvﬁﬁ%%%%%géér%zis tlﬂ%bﬁ% %lﬁgé@o%%. A nost
preferred t @xididiied Age1B0RWathEshyaslaz ratio ofabeht act to abaipyodl, of the

reduci ng agent to deactivate the nmetal catal yst may be expressed as the

r educi ng5agevefarablyaflal yst nolar ratio of about 1:1 to about 10:1,

ferably 2:1. ferably acid treated cl d npst .preferably acid
treated  bent oni tOUEHG TSRUCiRg dsets paridhlint i Sk Bepisile dydneiter a1

catal yst. | j l&l&ﬂﬁ{ e igin el ude al |
m ner al ogi ctasﬁb%/ﬁrtg élt é’? gr%%?slgéﬁs g{s&lslmfallt es d%&lﬁn%ﬁtlfr&'}ﬂhk’ %l%t es, as
set forth imétd hyldrides@hbilingitiithapddidnain bhdrideahnd®okaneé ogy, 4th

Edition, Vol. 6, pp.. 381-405, the relevant portjons of which are
i ncor por at edorurlexes weludiagdozppe-t-butylamire eamples: ohimestprgferred

Somer e R 0 B EAb T AR RS EeABE Bhe ',

particul ar FeladtivhRAiROmetal catalyst may be expressed as the reducing agent to

catalyst molar ratio of about 1:1 to about 10:1, preferably 2:1.
Clay, preferably acid treated 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, 4th 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 abéorbing 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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clay, not only is the netal catal yst deactivated but, upon filtpayyRp.200be
residual netal level is also significantly |ower so that additional steps
whi ch may Wwe omesd®d to further |lower residual netal |evels apend92/36337
unnecessary. The clay is likely to absorb the netal catalyst into its pores
t her eby physically preventing the catal yst frompronoting further reaction.
Advant ageously, the use of acid treated clay, and nore preferably acid
treated bentonite clay, in deactivating and absorbing the netal catalyst

al so reduces the residual netal |evel of the product mxture 30 to | ess than

about 10 pgwe@@ﬁeﬂﬂy@m&m tamwecgjaltttﬁwwmphﬁa%@st refeddly tMesg006 WO
03/ 051816 PCT/ US02/ 36337 preferably to |l ess than or equal to about 6 ppm

and nost pridfear ebéyualdoladwsit 3 ppom. ofhegusding clagh puefe3ablynacidiivegtedsi ng cl ay,
preferably acid treated, cl rovi des a two:-fol.d benefit |n deactivating
the netal Aew i t@ﬂﬁ?@h@%ﬁl’ﬁﬁ%@%@@g FGH#1 GRtAISHAE 5. 5 Upon
deacti vati Q:ﬁ.llf%.ftaﬁﬂglr%?gk@?ﬁ%tﬁ%YﬁaltrﬁHdlqgvél§.ol ation of the ester product,

preferably by vacuu at1on, e rati o of nmono- product species to

bi s- preduct speUipes deadtivatoswishanhétall lextalpsts damning iFokiteon 6f £ edtbve
catal yst to generate further reactions with the desired nono- product
speci es. 1Pmyugbameferabbnby vasunm distdlatign dhe gatigrofmaonepradiay t he final

D et R L L BT eSS R
reaction Wiiye bAG RN ool PMChurERECHERtIRBRALH U6 Wesiré A GnhBRS- WG ARk t he
present invention also provides unexpectedly Iow |l evels of residual tin or
15 titani umpecidshe final product mxture. The resultant product m xture can
be Useg M ot U Retiv it the She ] RIS bRdr b0 SoTR0E the Hta 52! "9

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 stepsor 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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and efficiency in commercial processes, particularly when the &S dUNE 2606ed
bentonite clay is used to deactivate the netal catalyst. The resulting
transest erwbios@sisan product nmay be used directly in subsequeata/espatésssi s 20
steps or as an ingredient in mneral oils and fornmulated mneral oils with
much inproved solubility. Exanples The follow ng Exanples illustrate the
preferred enbodi nents of the 25 invention. They are not intended to limt
the scope of the invention. Rather, they are presented nerely to facilitate
the practice of the invention by those of ordinary skill in the art. 05
JUNE 2006 V\EWBBI&CB&WW&N@ESS? Exanpl e 1 (Conparative) Reaction of
met hyl (3,5-di-t-

T & extmle 111 Radkarol HEvSrl Garabi R RReRpErabenyl aabx 0gpke pB %

ratio when has not been deactivated prior to renmoving the
excess diol. h?r?c’i%%%%&di% neck round bottom fl ask equi pped with a C ai sen

adapter, an over HElig éxtainfiglgrillasthades tity bffoett dh clon dfiRe/bis-\yRioduedBpédies
0. 427 nol es (125.09) nethyl (3, 5-di-t-butyl-4-hydroxyphenyl)propionate to

and 0.538 nshtie whenay C@talysizhp$ ophheediderctigntadprior & semoxtgpths was a
t her nocoupl e_and agoﬁr ogen inlet. A noderate nitrogen flow was naintained
t hr oughout EHESTS part of the experinent. The reaction nixture was

heated 1o 100C ang, £288u(aL 8Lk BuiiBotBimMAME Youihld WHAGLEHRepas added.
The systemwas then heated to 170C. Arter 16 15 s the level of starting

pr opi onat e \a@daptber,am d%x&:neldtdtmeﬁanﬂlanghmsspatheromdeased wéliiaecomhlbimeden was

di sconti nued and vacuum a8p ied, The vacuum (28.5 in. Hg) mai nt ai ned at
a t enper at uPedf molee (1 h- giomethyl (3, 5-di-t-butyl-4- hydroxyphenyl)proplonate

10 and 0.533 moles (40.6g) of 1,2-propane 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 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 recei{rer, were combined 0.257
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mnutes to strip away residual diol. Analysis of the product by)#s\E 2006
chromat ogr aphy before stripping showed 69.3 area% desired nono- species 20
and 29.1 axeafolisisc species. After stripping the distributipgargkengssy to
35.4 area% nono- species and 63.9 area% hi s- species. Exanple 2 (Catal yst
Deactivation wth Hydrazine) Reaction of nethyl
(3,5-di-t-butyl-4-hydroxyphenyl) propionate and 25 1, 3-butane diol. This
exanple illustrates the use of a reducing agent, hydrazi ne nonohydrate, to
deactivate the tin catalyst. In a 250nL 3-neck round bottom fl ask equi pped
with a Jd ai saolesq@8 g methyl (B;6rdiaaolityl-dripiroapphenii) préaploacke amddenser

70-75C) 30 foll d b distillati d [ : nmbi ned
0,257 14 05T IRREI20H 08 W5l BI1BEBe FERY RpShSCISEeRAGPIETSISY et hyl
3,5-di-t-b - 4- : i 3 o 69. 6 f
(1, 3- bult ane |%}'].n%§x ﬂ%gﬁ%og,ﬁg%%&laﬁ%ﬁé%mﬁi&gwﬂ htérgﬁ%%cﬁggﬂg%gné ni t??)ggn

inlet. A nodgagitaindd tla@ehbhPrhe\Esst it Bf he edpéAhRu@hMHe hligtlierwhs part of
the experinent. The m xture was 5 heated to 100C and 0. 39 mmol es (0. 14g) of

di butyl &in ltiadedtatl®OHaandAda8mbles Oyt wf dasutyhéin disaebatetwas ef | ux
diti t 4 Af t 1.5 t he | | of arti i t
bel ow 106 anchdded. rHat eTORm Has heh RALRGE TR (BHOBR eI Abo| ARGT 0 B0
d 1.8 I i) f
an mo lﬁ?g hg)&gg gﬁh% ge‘@l‘af ?ﬁdéglt%ggﬁjtagE%%B%W%V‘ﬁﬁo%d%danﬂﬁeek%&tﬁ%”r 0

agitation, t 0 was e nitrogen was turned off and

vacuum appl ivegh terbii®iaté@ uThe (ré8etion Rrastdabledetd FORIOAARH e8! ndhokest (ON0BR) at ur e of
120C for 30 mnutes to strip away residual diol. Analysis of the product by

gas chromathogiragine menohpdte iy addeshodBedr 1eh@iraafagibation-theesyistemand
21.5 ar ?g o Qi!rass ﬁggt(::elde tso' 12%"23?%1% Lit[%g!genrgvx}ag%u 1r1e(>) 8&1 andd wslé[léllnll)l%telxpopqievﬁs 80.2

The vacuum (28.5 in. Hg) was maintained at a temperature of 120°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
95 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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15 area% nono- species and 19.8 area% bis- species. Cearly, thEANS2006
undesirable change in the ratio of the nono-/bis- species after renoval of
resi dual dwvolo3msrsét he catal yst is deactivated. Exanple 3 (@atralspsBe337
Deactivation with Hydrogen Peroxide) 20 Reaction of nethyl

(3,5-di-t-butyl -4-hydroxyphenyl) propionate and 1, 3-butane diol. This
exanple illustrates the use of an oxidi zing agent to deactivate the tin
catalyst. In a 2000nm. 3-neck resin kettle reactor equipped with a d aisen

25 adapter, an overhead stirrer and a knock-back condenser (70-75C)

fol | oned byhaatiédts 102C emdcdhdenvwles(ii20®adidibutylvien diavetbienwds2. 05 nol es

(555 25) o o e ot Vel e KRB e SRS LE Bt o
[P0 | "bphen dnd R RS A BRI bR VIS LER I LAY AL RERUGIL L0
PCT/ US02/ 36 3svmieatedd Tiee MG 01N a8 cbdledid!508C(4hd Q) m@holdl BOLB dfian

di acetate was added. The system was then heated to reflux conditions at
204C. Afs er 30witibodutive) hydeigenfpegpzidei wigs pAded.oddter Whsubef egita¥ivand t he

reacti on was, term nate The r t.on.was.cooled to 50C. a 1.1 mmol es
(0.13g of atBeZyakemVEs %Mﬁ)mfﬁ?@f@g2?%8#5%%%&%@%8?9 20d ¥ACYURG r  of

agitation. LA SHRIIBR RS S1aRD5s whfeidRSnSe Lhisedeorf and

vacuum app he vacuum S nal nt al ne a tenperature of

120C for 1 heoeeCtfor Ithdur RVetyiy ewhsuabiddiadliol Avah gk offthe RroRuebgt by gas
chromat ogr aphy before stripping showed 82.3 area% nono- species to and 16.0

area% bi s- gpeshzematpgraphst bélopt slyipRing shovwdcd2.diareaVompnonspeaies 82, 7

area’ ml)(;] o a%%efé.ssar%g% 1%'- As'pgéigg.%A?ée%_stﬁglenclilge, Sthe%r%alrllziy dis%xqgﬁ ioinswgg
82.7 area% mono- species and 16.4 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.

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 (0.19g) of dibutyl tin diacetate was

30 added. The system was then heated to reflux conditions at 200-204°C.
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undesirabl e change in the ratio of the nono-Ibis- species after(05gonra0doef
residual diol once the catalyst is deactivated. 15 Exanple 4 (Catal yst
Deact i vat i wio osfosi816lydr ogen Peroxi de & Residual Tin Renoval pi/uBosebsh
Treated Bentonite C ay) Reaction of nethyl (3,5-di-t-butyl-4-hydroxyphenyl)
propi onate and 1, 3-butane diol. This exanple illustrates deactivation of
the tin catalyst wwth an 20 oxidi zi ng agent and subsequent renoval of
residual tin with the acid treated bentonite clay to further |ower the
residual tin level. In a 3000nL 3-neck round bottom fl ask equi pped with a
Cl ai sen adddter 4.5dmwredihiedauelsifistadingpdopiokatecwab delow dfidenddhe( 70- 750)
followed by a distillation con er and receiver, conbi_ned 4.28 25
mol es (1250?9@%1%% e@ﬁflgagqft- EsA Emlweﬁﬁs@ﬁﬂé‘ﬁﬁq%%ﬁﬁ and

12. 83 nol es f t kOl i

t her nocoupl élg %i%gzgi)lpgoogféaﬁ? %é(%g%k‘gﬁn@%elpg}gkgﬁp %%éﬁgg%%d%%ﬁ'ng?%{ ?}l ned

t hr oughout teerfofragtitapiod, thé sgbﬁnemrﬁmaa.tomem AHer git¥dgen Wast ed to 100C
and 0.57 mmol es éo. 199) of dibutyl tin diacetate was 30 added. The system

was t henshedtusoed offrasfd uxcwondinplieds Bhe 2a0100428.5 i He) % asuNaipiadse

03/ 051816 PCT/ US02/ 36337 Af 4.5 ho the | eyel startin r opi onat e
nos Do ou 1000 teinertes shAZDEG 10 abrip ot e eass dhd. MhetitmeanabuIRaed « o
50C and 0.0 . f 0 |Nd i F BXA was
Soded aArt oregetalREBEd HRhaaH Racor Bplfed Ko oAHE BTyt OB JBEB AL 6r

ni trogen VWaFIBTRONEM 20ifacddrecacd beneqiitd ety altP10.8gWwimidé¥nfcdomsHy) was
mai ntained for 30 mnutes at 120C to strip off the excess diol. The

ni trogen fl earidniilter sadt dilte eastionng agitaieddor A muwited apg theeC t o whi ch
wes added 10,00 of, mELVEROLTM 2086k Sk oRbed: PEOLRN A&xskay and 10.0g of
Elemental analysis of the product before acid-clay treatment showed 19
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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earth filter aid. The reaction was agitated for 30 minutes andOSH&NERD06
pressure filtered with a 1 mcron filter disc at 100 psig nitrogen.

El ement al wwoal3wsisic of t he product before acid-clay treat menPCSUSOEI3ID ppm
tin. Elenental analysis of the product after acid-clay treatnment showed

|l ess than 3 ppmtin. 15 Exanple 5 (Catal yst Deactivation & Residual Tin
Renmoval with Acid Treated Bentonite O ay) Reaction of nethyl
(3,5-di-t-butyl -4-hydroxyphenyl) propionate and 1, 3-butane diol. This
exanple illustrates the use of _acid treated bentonite clay faor. 20 both
deact i vat i orfe8etipRavas prawipatedt Thagenstipnwms ol ditmil 207 apddkligof i n a

500m. 3- flask ' d..wit;h Cl.aj

overhead st iTIe RaNa 2 s Bbatel bRRGl: tidyDasidy SEPE ARERB s pne”

di stillationGPReRNSelidaRErd £EE Y eThe WBAGIAP IPISA8Fa iR Fed APl BO( 200. 0g)
met hyl (3, 5-di-t-butyl-4-hydroxyphenyl) propionate and 25 2.053 nol es

(185.1g) of rhiBatestedmeitditoin. The réedGhhidsd wadephevedibg vacutther nocoupl e and
nitrogen inlet. A noderate nij trogen fl ow was i ntaj ned t hroughout the

first pabt ohstiHatiepmdr14RE6t forfhBows. xAnalysknel theeprednat by 8#sC and 0. 15

neated to rdithwipiailiv hetohf BuBFS oA ey BRERR milF SIS e
starting progeanabi- \Wpscibs! Atck%tantitfehe prodOet didVELARRS WE: 83/ 22486

PCT/ US02/ 36337 reacti on was term nated. The reaction was cooled to 120C and
1.7g of FI baR@h-Tépecdxaiddidchrenbabisd sherieonElemehtal)arsalpsis of gheffinal

di at il t i d dded. T i . filtered
af ter 30 miazet Belog ekl s rafansiassTimad B0 9 Thaus 1 ARBUSIP By heacuum 5
di stillgphi oyl JoQGct Qftet AARYEIayARRL ML St How SB1REMUGS PYndfssidual

tin.

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

15 Reaction of methyl (8,5-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 (0.192¢g) 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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chromat ogr aphy -before stripping showed 87 area% nono- speci es HJUNE 2086ea%
bi s- species. After stripping, the product distribution was 85 area% nono-
speci es aggp dhosagea% bi s- species. Elenental anal ysis of theTfisbi/mB37 product
before acid clay treatnment showed 60 ppm Sn. Anal ysis of the 1o final
product after acid clay treatnment showed | ess than 5 ppmresidual tin.
Exanpl e 6 (Catal yst Deactivation and Residual Titanium Renoval wth Acid
Treated Bentonite Cay) 15 Reaction of nethyl

(3,5-di-t-butyl -4-hydroxyphenyl) propionate and 1, 3-butane diol wth

titani um (|Xxgaction wasiewhmeatedt dheireaphiopvdsieolehtalYQiC amdi 4.0gxanpl e

{1t ant um caf I EDER0 R aba EfteRtheritane el anpaded TREToadiin 3. neck
LN 00l LOMa, 3% SLAREH 30 hiinficl ASETREAUBLEAITPL PR dAIRAged 0, 276
, h pheny

nol (80.45g) nethy 5-di-t- buty ydr oxy propi onate and 1. 14

mol (185. 1gyembveld By butanm dsiidlatiohhet T3R340%@ $oxf 90 heiduvés. PAAalysey sfocoupl e,
a subsurface fritted glass_ nitrogen_inlet, an overhead stirrer and a

knock- bdick dwnpreasist by Zasdapnpgo geaphykadors clay dreatmentt showesodnser and

receiver. A noﬁg/erate ni trogen ft\gwa\#ai. mai nt ai g%gtthycou hout, the first part
of the expePiHEhOHREPENMT ﬁig EHRat e 1082 ahad " 0PBE emirdt (0. 1929) of
TYZOR(r) TEyrdduc@istMiiuition WwakSNaasd 29 Rahe-dpeeRt R darbQb) didied from E.
| . DuPont Nenours Conpany) was added. The System was then heated at 190C

30 for 3.8 $pacies. KMleementiad ahalwdis of thet mraducy bpforpiacidhtleywesatbeddw 1% t he
-18 05 JUNE .2006 03/ 051816 PCT/ US02/ 3 7 i wa i )
reaction wa3oWsed \i\gStp@nigé@ng%m. _ _yszlls o?%ﬁe f]rlt%%gé: c ra]ly trésatteg rpTo&&éted The

10 showed less than 3 ppm residual titanium.

Example 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 thermocouple, 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

30 (acid treated bentonite clay) was added. The reaction mass was stirred for
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FILTROLTM 20X (acid treated bentonite clay) was added. The read§JuNE 200%s
was stirred for 30 mnutes and then filtered. The residual diol was renoved
by vacuumygpebiosdsag i on at 132-140C for 90 minutes. Anal ysi spot/uSod/f®sproduct
by gas chromat ography before clay treatnment showed 93.0 area% nono-species
and 6.7 area% hi s-species. After stripping, the product distribution was
92.9 area % nono-species and 6.8 area % his- species. Elenental analysis of
the product before acid clay treatnent showed 108 ppmtitanium Analysis of
the filtered, clay treated product 1o showed |ess than 3 ppm residual

titani um BEdfmplirutesand thenfilpsad: Thetnesiklunl diel waaremovadibynvaRavmal with

(5, 5-di -1 DU IAORY AR o ObAOaPBHFE: Aalysis of the papdue Y EF vi t

titanium (I N lg@e aXr?r i i td 1 use of
acid treat egh%%%g%@{bg?ﬂ I ayﬁ?%?i e%%%?%/%l on o g%)hgeédt.élsﬂlt éﬁ%ﬁrﬁnofzsgt@ gt]lg;%st and
renoval of mesl 90adreal Bdyiswpeciebn AdteiSinippIngatie prodndt distibationa®kis equi pped
with a thernocoupl e adapter were conbi ned 0.276nol (80.52g) nethyl (3,5-di-t-

20 but yl 54- 9Pt axgd e mano-gpespeonnd 8-harpaoldrsnepecigszeliagynigl anadysiat ane
diol. The fl fitt it £ h f fritted gl

i trogen. i niobEhe $0abEt bR ehY ot MEAREN RO AL B BRGap 70 758 °°°
fol I owed by s Miysisi dfl tiel fPle ) SRIYSRE a8 FoReRY ¥Rbwe A 18ROGHAL 8 ppoh " 0gen  flow

was naintai ned throughout the first part of the experinment. The 25 mixture
was heat ed tresiti2@Cteadi@m72nmol (0.212g) of TYZOR(r) TPT titanium (1V)

sopropoxide, (ob(aLned, L0 Conkion RAna e ST re SRR 20000, e
proptondhe RGBSRt LR ERCLAPRRY, st P RPLat s batiARASE v

added. The rhaciafsedtenificubisnsentti®t therfaverdble 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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05 JUNE 2006 WO 03/051816 PCT/ US02/ 36337 30 m nutes and then fi ngrUQﬂzo'@@e
resi dual diol was renoved by vacuum distillation at 130-140 C for
M nutes. Anal ysis of the product by gas chromatography before cl ay
treatment showed 90.8 area % nono-species and 9.0 area % bi s-species. After
stripping, the product distribution was 5 90.4 area % nono-species and 9.4
area % his- species. Elenental anal ysi s of the product before acid clay
treatment showed 190 ppmtitani um I}/s s of the filtered, clay treated
product showed | ess than 3 ppm resi d Ftanium The present invention
achi eves the objects recited above. By 1o deactivating the netal catalyst
prior to rWhahis§E1meEd1S emaining diol in the transesterification reaction,
t he favorabl e nono-/bis- product species ratio is maintained. Deactivating
the metal cat allsA prodess afindking edtimttredyeenolic sreioxidant poroprideg: a fi nal
product mxture with exceedingly lLow residual metal levels. 15 Wile the
present invent iRSAVIHE Heester g?‘?‘%‘?‘\hﬁrl y described, in conjunction with a
specific preferred enbodinent, it is evident that many alternatives,
nodi fications and vari ati ons w be apparent to thoizg skilled in the art
It 2 contenpl ated that
the appended clains wll enbrace/any ¥ Z {natives, 20 nodifications and
variations as falling wthiHOD ope andspirit of the present
invention. 05 JUNE 2006 Clainms Wyat i claimed I's: 1. A process of making a
hi ndered phenolic anti oxi dant copp ing: providing an ester of fornula I:
HO Y

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, and
R! is 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;

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

heating the ester and the diol in the presence of the metal catalyst at a temperature
of about 150 to 220°C such that the primary hydroxyl group of the diol reacts with the
ester to form a desired mono-product species;

deactivating the metal catalyst; and

isolating the hindered phenolic antioxidant after deactivation such that conversion

to a bis- product species is substantially reduced.

2. The method of claim 1 wherein the step of providing the diol comprising
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, 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.
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wherein X is Hor a branched or linear alkyl hydrocarbon havi ngo$ JURe@006
carbon atons, Y is Hor a branched or linear alkyl hydrocarbon having 1 to
6 carbon atons, and R is a branched or linear alkyl having | to 12 carbon
atons; providing a diol having a primary hydroxyl group and a secondary or

tertiary hydr 03W*1‘h9fxﬁ%ﬁbd d?rcPan'ndl' WierRin HRE §tlep %P})ﬁ‘JchﬁB% tHe 4181 fes Of about

20 to about 2000 ppm based an anount of the est heat | the ester and
t he di ol |pr0v}dmgﬁremwfdhedlloé metal catalyst at a terrperature of about
150 to 220C such that the primary hydroxyl group of the diol reacts with the
ester to forma desired nono-product species; deactivating the netal

catal yst; and i 80fTfaé hidéhddT climdEfedlePitReingGhetiep foéi%ﬁln%aﬁﬁ}efesmﬁpdxbl\/at on

such that conversion to a his- product species is substantially reduced. 2.
The net hodaftsr the siemofidesnidyating thémetal egfabySt. pr ovi di ng t he di ol conpri sing
providing a diol selected fromthe group consisting of ethylene glycol,

1, 2-propane diol, 1,3-propane diol, 1,2-butane diol, 1,3-butane diol,

1, 4-but ane di ol 5, i*hénﬁmoartﬁcculﬁll,wﬂerzm tﬁ@%?@ﬁpﬂivﬂimg the3n@@néagstdi ol ,
1, 4-pentane diol, 1,5-pentane diol ane diol, 2,4- pentane di o

1. 2- hexanecampises prayiding ametdmtalysn_s&leqﬁgﬁﬁﬁ@ the stoup Tomsistinepfdugylen tris(26-

hexane di o X 21 05
JUNE 2006 é}hy]%ﬁ mﬁg{éﬁ@gbuﬁ#’ﬁ bési%m%ﬁmﬁee rﬁg?agé)t h‘b“@ﬂ‘ &aset%‘r%o@iggty P {”Hde’d ol
conpri ses tripeQHirtbxige, amuﬁtiﬁ asishlofidé, tatydiiotriméthylhteg divatyosl dmhlcﬁicm m 3 further
including the step of removing any residual diol ~—after the step of

d;aact i va'Ej i ¢igh Qqﬁ’étlrhélﬁhiloné&tt&by‘é’itm @10114?@ stgaRes PigE- C@YQW&OMP@D’htlﬁaﬁ@est ep
Set Dot ed (TR R, ubRnA KabiopERRRBEm Rani PR [ERSIeDt fukd

di but yl ti ncrbiys (ﬁanatetlﬂtalnﬁmamylea)cetoda@pﬁmhmnnladn@m eliedate cinaluti tythiuhin OXI de,

trioctyltin oxide, butyltin, trichloride, butyltin trimethylate, dibutyltin
di chl ori detrlethanolammato 1sopropoxide,

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 on an amount of the

hindered hydroxyalkyl phenolic antioxidant.

7. 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 10 ppm based on an amount of the

hindered hydroxyalkyl phenolic antioxidant.

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

comprises deactivating the metal catalyst with an oxidizing agent or a reducing agent.

9. The method of claim 8 further including the step of treating the hindered
hydroxyalkyl phenolic antioxidant with clay, acid treated clay, or acid treated bentonite

clay to further reduce a residual metal level of the antioxidant.
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di phenyltin dichloride, tributyltin chloride, stannous 05 JUNE 2006
bi s(2- et hyl hexanoate), ethyl titanate, n-propyl titanate, titani

i sopropoxi de, n-butyl titanate polyner, 2-ethyl hexyl titanate, cresyl
titanate, titanium acetyl acetonate, titaniumlactic acid chelate, and

ti tanium tr etanglanliagh B LARRRARREGAR. Sep JIRAIRIIAH B nblfLbiiher ef 0

in the step of isolatin ered I'c an |dant a

resul t ant withstessidiZngageny edriptisep deadivating me&madlod&mst hdth 2 gxedizigidabertet al
| evel of |less than 80 ppm based, on _an anpunt of the hi nder ed Qa{droxyal kyl
phenol i c &flerisdifepamthe S70UPHRNSHBINA G PEOX Ko YT PRFAIdSS AR AR Ee

i sol ating f gg rp'cHﬂEi‘hFdpeﬁgﬁigﬂ‘a?égyﬁ{dﬁ%jpogﬂgﬂféls' c antioxidant, ar esul t ant

hi nder ed hydroxy eno antitoxl dant’ has a residual netal |evel of
| ess than 10 ppnlbased on an anount of t he hindered hydroxyal kyl phenolic
ant i oxi dant . 8. The net ho claim ereln he step of deactivating the

f
netal cat al yst c&??ﬁrm%‘bg ‘élétni‘ §é‘t’h% 1R ac}eagta\faémgél@e wetahcatalysii di zi ng
agent or g,ued i‘bcdh?]%é%g n‘gzélsz{:& ) tﬁ% me a‘?b 1§rs@c With ?géngg-%é%h{‘g t he

step of treating roxya |c ant h cl ay,
aci d treatseldctetl dsom the @ompjcérrs&mmgdf hﬁdranne bewbsilmyedt}qdiammdsesodmﬂuce a

resi dual W:Lgt(g‘l Isvel of (ge antioxidant. -22 05 JUNE 2006 10. The net hod of
claim 8 Fhydri T'rén%tﬁ"e}ﬁ' degyand{ V&Flcﬁﬁlplq’fés metal catalyst with an

oxi di zing agent conprises deactivating the netal catalyst with an oxidizing
agent selected fromthe group consisting of peroxides, hydroperoxides,
manganese sal t s2. Theymethod ofitlaim hevhepsn diel siepad fadeactavating yimometabeatblgst.  11.

The met hod of claim rein, S of dactl ting.the nmetal catalyst
Wn e egaEPRseReHtm s ecuk ot Ry o e ened Beptarie 8B Yot with 8
reduci ng agent selected fromthe group consisting of hydrazine or
substituted hydrazi nes, sodium borohydride, netal hydrides, and borane
conpl exes. 12. IBheA methoddbfohakihga hiridergddydiaxyalkpl shespliofntiexidaritvat i ng t he

metal catalyst. . copprises. providing clay, acid treated clay, or acid treated
bent oni te°8¥’;§’ Slng%g)steps of: P 9 y y

providing a hindered phenolic ester of formula I

X
O—R!

HO Y

Y

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, and
R! is a branched or linear alkyl having 1 to 12 carbon atoms;
providing, in excess, 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, 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;
providing a tin or titanium catalyst in an amount of about 20 to about 500 ppm

based on an amount of the ester;
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13. A nmethod of making a hindered hydroxyal kyl phenolic anti oxi gatNE 2006
conprising the steps of. providing a hindered phenolic ester of fornula I
HOY wherein Xis Hor a branched or linear alkyl hydrocarbon having | to 6
carbon atonms, Y is Hor a branched or |inear alkyl hydrocarbon having 1 to

6 carbon atons,, and i s a branched or linear.al kyl -hayin 0 12 carbon
ot om; - pr ovi o s e LRRONTE o web BT B o LR ol edhmeralf of
et hyl ene @fyubedt,150%0 2207® pashethatithe riﬂqa@r}Wd%)@mg_r(ﬂi Qf thel didt Reat@ne di ol ,

1, 3-butane diol, 1, 4-butane diol, 8,3- but ane |0F, 1, 2- pent ane di ol ,

1, 3- pent asebgpnially with hessighie di ol , 1, 5-pentane diol, 2,3- pentane diol

2, 4- pent ane di odg? t%a%hg?lﬁe?@fo%t%@ﬁéca%ﬂgﬁxane diol, 1,4-hexane diol, 1,5-

hexane diol, 1 exan xane diol, 2,4-hexane diol, and

2, 5- hexane di oltreafih@ediro@ua niikfir®Wwithiclayitb Ppravidd fe hsridetdd lydramatkyl of about
20 to about 500 ppm  based on an anpunt of the ester; -23 05 JUNE 2006
heati ng t Hhepelicantignifdaphiavimgb? rasiduahtin or tapivaeleyel of fess ihan perat andyst at a
t enper at ur, ; . 0] : e prinary. k oxyl group of

t he di ol rrggg?%’g%gggésstlé%?f%? fiégrw&ta %%852(2[58%?6 t&%&%@&éﬁlﬁﬁg{eﬁ he tin or
titanium catal yst; treating the product mxture with clay to provide the

hi nder ed hydroxyl al kyl phenolic _antioxi dant having a residual tin_or

titani um | evel g Theguethpd af elajm i3 wherein the ip of pravigingadindaed ghesioliss t er
deacti vati i . ugt < nt X A . claim 13
wher ei n tﬁg{éé%&ehﬁb @gsiﬁgv?ﬁgrﬁé@ﬂ#hﬁgﬁr Eﬁﬁgﬁ‘é‘n f&f%xwges@g@g%{af%es provi di ng
met hyl - (3, 5-di-t-butyl (4-hydroxyphenyl))propionate. 15. The nethod of claim
13 wherein the step of providing. in excess, a djol , conprises pr.oviding
1, 2-propane di di>; theamefipd At claimail 3 wherein theist ofimspvidingzh ﬁé?ﬂsér?e‘[la]i ol ,

comprises providing 1,2-propane diol, 1,2-butane diol, 1,3-butane diol, 1,2-pentane diol,

1,4-pentane diol, 1,2-hexane diol or 1,5-hexane diol.

16. The method of claim 13 wherein the step of providing a tin or titanium
catalyst comprises providing a tin 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, and stannous bis(2-ethylhexanoate), or a
titanium catalyst 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 titanium triethanolaminato

isopropoxide.
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1, 4-pentane diol, 1,2-hexane diol or 1,5-hexane diol. 16. The ngsefe2b06
claim 13 wherein the step of providing a tin or titanium catalyst conprises
providing a tin catal yst selected fromthe group consisting of butyltin

tris (2-ethyl hexanoate), dibutyltin bis(2-ethylhexanoate), dibutyltin

di acetate, dibuiyl{i i 41 J ‘l L0.0.:LL:0:chl ori de,
butyltin tri nettwyl'%%l&thﬁ%%ﬁf}lflbé Iﬁ%g?%:/({)]{wg? ?’@gh&i&?ﬁ gﬁ%%glktaﬁﬁaﬁpc | ori de,

tri butyl ticonyrisorg: de, and st annous bi s(2-ethyl hexanoate), or a titanium
catal yst selected fromthe group consisting of ethyl titanate, n-propyl
titanate, titaniumisopropoxide, n-butyl titanate polyner, 2-ethyl hexyl
titanate, cresyl titanate, titaniymacetyl acetonate, titaniumlactic acid
chelate, and titaniumtriethanol amgato isopropoxide. 05 JUNE 2006 17. A
met hod of maki ng a hydroxyal kyl : i oxi dant conpri sing:
HO providing a diol represented by in or titanium catalyst
in an anount of about 20 to abdOt—= b an anount of the ester:;
heating the ester and the diol in t¢ :
tenperature of about 180 to 220C fof a sufficient tinme to effectuate
transesterification; deactivating e catalyst with acid treated bentonite
clay; and isolating a reaction product having a residual tin or titanium
content of | essproniding diobkmppadsented byppm 18. The nmet hod of claim 17 wherein
the step of providing a tin a titaniumcatalys conprises providing a tin
catal yst selected fromthe group consisting of tyltin tris(2-

et hyl hexanoate), dibutyltin bis(2-ethzgggigzggi§l; di butyltin diacetate,

di butyltin oxide, trioctyltin oxidey yTI ichloride, butyltin
trinethylate, dibutyltin dichloride, diphenyltin dichloride, tributyltin
chl oride, and giravidgs tin ex @taetuny tdtalystrinoah @nount ofaabotii 2(atoi about 3AGppyst

selected fromthe grou onsi sting of ethyl titanate, n-propyl titanate,
based on an ourﬁ o%the ester; 9 y propy

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

18. The method of claim 17 wherein the step of providing a tin a titanium catalyst
comprises providing a tin 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, and stannous bis(2-ethylhexanoate), or a
titanium catalyst selected from the group consisting of ethyl titanate, n-propy! titanate,
titanium isopropoxide, n-butyl titanate polymer, 2-ethylhexyl titanate, cresyl titanate,
titanium acetyl acetonate, titanium lactic acid chelate, and titanium triethanolaminato

isopropoxide.
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titani umisopropoxide, n-butyl titanate polymer, 2-ethylhexyl f{kt@Rat206
cresyl titanate, titanium acetyl acetonate, titaniumlactic acid chelate,
and titaniumtriethanol am nato isopropoxide. 05 JUNE 2006 19. A lubricating
oi |l conprising a hindered phenolic antioxidant as defined in Caim1, the
hi ndered phenolic antioxi dant having a residual netal content of |ess than
10 ppm based 6h A héricatimizoid doppssiop iahiraletddgphiedalnt antRXxidast hydeforedah ky |

Tetal - contuRE bt e BEe TR0 B P s e B M S Tttt

ppm, based on the hindered phenolic antioxidant.

20. A hydroxyalkyl hindered phenolic antioxidant as defined in Claim 1, having a

residual metal content of less than 20 ppm based on an amount of the antioxidant.
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