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ANTI OXI DANT ADDI TI VES FI ELD OF THE | NVENTI ON [ 001] The
wWoRleseRb41 Nvention relates to | ubricant conpoSickigy2808/004013

i ncl udi ng passenger car engine oils, comrercial
vehicle engine oils, industrial, marine, hydraulic,
aviation, and driveline oils containing ashl ess
catal ytic anti oxi dant additives. BACKGROUND OF THE
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[002] A wide variety of additives are used in lubricating oils, greases and

hydraulic fluids to improve their properties and enhance their performance.
Additives can improve the performance of lubricating oils, greases and hydraulic
fluids with respect to oxidation, wear and corrosion. One important property is
oxidative stability. Antioxidants slow oxidative degradation by retarding or
inhibiting a variety of degradation chemistries, thereby protecting and extending
the life of formulated oils. Antioxidancy is described as the ability of an
additive to delay the onset of oxidation by effectively quenching radicals that are

generated by a system.

[003] Many conventional antioxidants are stoichiometrically consumed in the
degradation process. That is, conventional antioxidants are consumed in
neutralizing a variety of degradation chemistries. More effective antioxidants
are catalytic antioxidants. Catalytic antioxidants extend the useful life of
formulated lubricants and may be used in significantly reduced concentration

while maintaining good performance levels.



whi | e mai ntai ni ng good performance | evels.[004] It
woul d be desirable, therefore, to provide |ubricating
wocRpRs4d1i ons and hydraulic fluids wth anti oxicdar2608/004013
that performnore like catalysts in their
antioxi dation function, thereby enhancing the
performance and extending the [ife of such |ubricants
and fluids. [005] Furthernore, it would be of great
industrial Ji.nterest to devel.o process, in. whi ch "
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off sugliNubidsants @efl fluidhas now been di scovered t hat
substituted N, N -diaryl-/7?- phenyl enedi am ne
conmpounds inpart good | evels of oxidation inhibition
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argiaxidatiore fehation i cquldf be oprepaired dinemc @eperatlyngvailable starting
| ubricants or hydraulic fluids., [008].1n another .
compendsy thaty are kedatiyely, Inaxpeasive, p?rVGU'F‘glé’d ip commercial scale

Si ti C | S maj or anount of |ubricant or
arﬁ%@gﬁf]l ctﬁgh a(fggggen@) Q%l(@?'f ective anount of at | east
one substituted N, N -diaryl -p-phenyl enedi anm ne
antioxidant. [009] In yet another aspect of the
SUMMRXRYOFtTEANENIdONIed a net hod of naki ng
substituted N, N -diaryl -p-phenyl enedi am nes of the
present invention. [010] In still another aspect of

. tion, th i Sy i ded t fOr -
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pHedldrfedtmin®" compounds impart good levels of oxidation inhibition in

lubricants and hydraulic fluids to which the compounds have been added.

[007] In accordance with a first aspect of the invention, there is provided a
catalytic antioxidant useful for improving the oxidative stability of compositions

comprising lubricants or hydraulic fluids.

[008] In another aspect of the invention, there is provided a composition

comprising a major amount of lubricant or hydraulic fluid and an effective

amount of at least one substituted N, N’-diaryl-p-phenylenediamine antioxidant.

[009] In yet another aspect of the invention, there is provided a method of

making substituted N, N’-diaryl-p-phenylenediamines of the present invention.

[010] 1n still another aspect of the invention, there is provided a method for



hydraulic fluids using the substituted N, N
-di aryl - p- phenyl enedi am ne anti oxi dant of the present
wo wenkéan. [O 1] O her objects and advant ageecafud2i/004013
present invention will becgnme apparent fromthe
detail ed description that follows. [012] The
anti oxidants used in this conposition include those
havi ng the Fornmul a I where R and R2 are independently

.Hor.G to C.2 al ky up xis 1.to 5; and
iniyOyingnhd P el IR eomRostig Pt A ffrigants or
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added. [014] The antioxidants used according to the
i nvention are substituted N, N - ) ] )
[0diL}r yIOther mbgenis eameldiadwantages of ether preisont; howantioay Wil become
Formul a |where R and R2 are independently Hor Cto
apppsent g 155 deisiedesciintion (it 1aHaWSy 15”1 to 4.
Preferably, R is a G to C8 al kyl group, nore
preferably, R is nethyl, ethyl or propyl,
[032]V e TRt dEitd MSedPin !hfis)@érﬁpﬁkltloﬁﬁﬂclua% thésehaving the
Preferably, x is 1 to 3, nore preferably, x is 1 to 2.
Foraha Il n still another preferred enbodi nent, the
substituted N, N -diaryl-.?- phenyl enedi am nes of
Formula | is N, N -bis(2, @g@pr opyl phenyl ) -/ ?-
phenyl enedi am ne. [016] average nol ecul ar wei ght
of the substituted N, N -diaryl-pphenyl enedi am ne
anti oxi dant ranges from al8ut 300 to about 600,

preferably
(Ra)y

NH

S
I

where R; and R; are independently H or C, to C; alkyl groups; x is 1 to 5; and,
yis 1to4.

DETAILED DESCRIPTION OF THE INVENTION

[013] The present invention relates to substituted N, N'-diaryl-p-
phenylenediamine compounds that impart good levels of oxidation inhibition in

lubricants and hydraulic fluids to which the compounds have been added.

[014] The antioxidants used according to the invention are substituted N, N'-

diaryl-p-phenylenediaminés, preferably those having Formula I



from about 400 to about 500. [017] Preferably, the
substituted N, N -diaryl -p-phenyl enedi am ne

wobd/ ¥edant i s an i sopropyl substituted anti exirdaabos/004013
nore preferably a nethyl sybstituted antioxidant.
Wt hout being bound to any particular theory, it is
believed that steric hindrance plays an inportant role
in the antioxidants ability to conbat oxidative
properties in oils. Wile_sone steric hindrance allows
for a proton to be donat@q)xoxi dative radical,
too nmuch steric hindranceyzfowds the proton nmaeking it

In the present
di aryl - p- phenyl enedi am ne

i nvention, substituted N
anti oxi dants are preparedg reacting a

1, 4-di substituted arene gRBQrmul a |1 where X is a
hal ogen or a triflate group and R2 and y have the sane
meaning as in Formula I, wwh an aniline derivative
having Formula 111 where and x have the sane
meaning as in Fornmula |, ¢ tha)presence of a

pal | adi um cat al yst. Pref l'y, "the hal ogen is brom ne

or chlorine, nmore preferably, brom ne. [019] )
wheredR nand Relays independostly tHived1No C; alkyl groups; x is 1 to 5; and,
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PrefdfBbE RN NG03S mdrefprerdthblyl xad t§2.s a hal ogen or a
triflate group, preferably chlorine or brom ne, nore

preferably, bromne, in the presence of a palladium
0] .Useful aniline derivatives of Forpmul
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unavai |l abl e to radical s. [ 098]
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[016] The average molecular weight of the substituted N, N'-diaryl-p-
phenylenediamine antioxidant ranges from about 300 to about 600, preferably

from about 400 to about 500.

[017]  Preferably, the substituted N, N'-diaryl-p-phenylenediamine antioxidant
is an isopropyl substituted antioxidant, more preferably a methyl substituted
antioxidant. Without being bound to any particular theory, it is believed that
steric hindrance plays an important role in the antioxidants abilify to combat
oxidative properties in oils. While some steric hindrance allows for a proton to
be donated to an oxidative radical, too much steric hindrance crowds the proton

making it unavailable to radicals.



di met hyl ani l i ne; 2,5-di nethyl aniline;

2,6-dinethylaniline; 3,4-dinethylaniline;
wo3odsdsoigt hyl ani line; 3, 6-dinethylaniline;  pcr/us2008/004013

2,4,6-trimethylaniline; 2,3,4- trinethylaniline;

2,3,5-trimethylaniline; 2,3,6-trinmethylaniline; 2,4,5-

trinmethylaniline; 2-ethylaniline; 3-ethylaniline;

4-ethyl aniline; 2,3- diethylaniline;

[‘ési 3:@&%: &E##ﬁt @veéﬁ&n,d %llgel%s{t]%éq%glnﬁ :ikﬁéc’iiaryl-p-phenylenediamine
a:élogddg%rﬁgtg{?r/ %%@Hfm F]e;acﬁgg[oaef BYdidMbdtitB@d arene having Formula II

di'i sopropylanil'i ne;
2, 6-diisopropylaniline; 3,4-diRppropylaniline; 3,5-

di i sopropyl aniline; 3,6Xdie [aniline;
2,4-di-tert-butyl aniline; di -tertbutyl aniline;
3,5-di-ter -butylaniline; %-ter?-butylaniline;
and, 2,6-di-tertbutylaniline. [02}] Both preparation

whétdt XSs %%flb%&?@ir alfifRtAEfoupRaRd RY adly havd fife SiRe eneing as
of a palladiumcatal yst. "Préferably, the palladium
indadratula f, withanpalilineiderit ptivs having Icornpda [Hdi unt car bene
catal yst, such as palladi um
acetate/tri-t-butyl phosphi ne &hor e preferably, the
pal | adi um catal yst is a pef ogged pal | adi um conpl ex
coupling catalyst. By prefor pal | adi um conpl ex
coupling catalyst, it is nmeas_tfpt the catalyst
contai ns both a palladi um and phosphi ne Iigand. The
wherf Rj and x diazk \the saofe nieanpngaerin Formerailpnn dhe presence of a

thermally stable and, in sone cases, %ge air st ame.
paltadiviy calalystasifaefarablyatheehalogerels pEowaRe qFschlorine, more

s¥st$1m Ef the prior art which uses
PIEESTapyh f?fPHWOSphi ne, a known pyrophoric reagent.

[022] Preformed pall adi um conpl ex coupling catal ysts

of the invention include o
[0d9% hI GXledrnativelyphthay bybsiipteidn &Y,p N'tdidiylp-ph¢nylenediamines are

tetrakis(t ri.phenyIéJ_hosphi ne) pal | adium(0), diacetat o]
prepared by reacting 1, 4-diphenylenediamine of Formula IV

HN (Ro),

NH, [y

where R, and y have the same meaning as in Formula I, with a substituted arene

of Formula V

(Ro),

where R, and x have the same meaning as in Formula I and X is a halogen or a
triflate group, preferably chlorine or bromine, more preferably, bromine, in the

presence of a palladium catalyst.



b| s(di phenyl phosphi no) propane] pal | adi un{11), dichlorof
, 2-

w@g@d/%ﬂhenyl phosphi no) et hane] pal | adi un( 1 1), dipggatab@@io1013
s(tri phenyl phosphi ne) pal | agi un(I1), dichloro[ 1,4-

b| S(dl phenyl phosphi no) but ane] pal I adi un(11), di chl or of
b| S(dl phenyl phosphi no)fert ocene] pal I adi unm(I1)-dichloro

(030}, ATheina line SeFaREST F Formania ILinclude, hutt e netligyited to

2 réfftiailing ogaelaniing grmetlonilipg; | 23 fimsihylapiing 24-
dm?etElehﬂiﬂl:a'2§dd1hﬂdth*lhmlﬂ1e' 2,b- dirrmmjdlaﬁ(lhfel -3 Qtdlmethylamlme
- but yl phosphi ne) di pal | adi u

3 dr(hmathyibnd(nel;l cybﬁeﬁhm@}h]dhndglm ne) bél6-trimethylaniline;  2,3,4-

rg%lc l?llg?s,g(t %%;%-/Zt %ﬁiﬁﬂﬁ%&ﬂ 23,) n? l@;t?i(ljrlxetg)(llan line; 2,4,5-
trﬁglaﬁg&:ﬂﬂlgér (% BGRKiRRSSP! NIRRI Kb Cr LB AiHAL  23-

dlétl{fblérﬂhﬁépm ﬂodléﬁfylﬂﬁﬁﬁé PR6LEiHYMdilihe; 92 6Mdiett3llaniline; 3,4-

- bi s(dii’sopropyl phosphi no)
ditthylaline] [ b6+didietim(lhhilinegi Bybediethyd dniliney 2 4 diisopropylaniline;
ot ol yl phosphi ne) palladiun(l1),. dibrong[
2,6r®(5@ipmi§ﬂ9llll|@>ﬁ1§ h-Aoiiseprerydarilings | a%muﬁﬂsomopylamhne 3,5-

d| chl or,obi,s

@Hgﬂ% ho S%ﬁl ﬂlgil'ya?qug& Un(% ﬁ5d1 -tert-butylaniline;  2,5-di-tert-

bl.g(?};#gxlblﬁlie‘é)(/?) Pér?“q)g?{ll Wﬁe?@ﬁiﬂll@mbu@h%lhne, and, 2,6-di-tert-

buitiy aindlir. 2, 2 b| s(di phenyl phosphino)- 1,1'-
bi napht hyl ) pal I adi un(11),
di i odo(2, 2' - bi s(di phenyl phosphino)- 1,1'-

[‘)@EE?S ﬁﬂ% h{’g%laég'lﬂ h i:iﬁ)k‘{?ﬁgrhﬁﬁh‘i) g‘;z&ed i{ﬁ?;%qqi)ed cﬁ; in the pres.ence
15 ngﬁs lw Lﬁﬂb ut&;/ osph?ir)]k)? Pgrbr dceﬁlg Balﬁ)ﬁﬁhﬁ‘p %Qbéllyst 1S a

eﬂla@lhhﬁ!‘pﬂ@ispﬁbﬁnzﬁﬂl &fallh&ﬂmdbhﬂﬁhan(édtél,yst such as palladium
di chl orobi s(acetonitrile)palladiu

acstat¢/aidtutplphosphing) paMardi 1;n-|t(f|=:ta)bly,I It?le palladium catalyst is a
prei‘&r?rlxeo p(alllagluC C!:é’r%ﬁ e?cdlc%ﬂgflgg | (lza iys{T( EB)y preformed palladium
complex coupling catalyst, it is meant that the catalyst contains both a palladium
and phosphine ligand. The preformed catalysts of the present invention are
thermally stable and, in some cases, are air stable making them easier to handle
unlike the catalyst system of the prior art which uses tri-t-butylphosphine, a

known pyrophoric reagent.

[022] Preformed palladium complex coupling catalysts of the invention

include dichlorobis(triphenylphosphine)palladium(II),
tetrakis(triphenylphosphine)palladium(0), diacetato[1,3-
bis(diphenylphosphino)propane]palladium(II), . dichloro[1,2-

bis(diphenylphosphino)ethane]palladium(II),



di chl or o( nor bor nadi ene) pal | adi un(11),
bi s(di benzyl i depeacet one) pal | adi un{0),

wo dbs{dvQenzyl i deneacet one) di pal | adi un(0), PCT/US2008/004013
tris(di bepzyli deneacet one) di pal | adi um(0) chl orof orm
adduct, allyl palladiumchloride di ner and
pal | adiun(ll)acetate trinmer. [023] Mire preferred
preformed pal | adi um conpl ex coupling catalysts of the

| . .
i O R APBLEO RO HEBEHR pal 1 adi ung1 1), dichloro[L4-

b‘g{‘gﬂlk‘)&@%h pSIth(f)ngasng alladiom(:y i 1 adi um(1 1), ai SgBiogtL. 1
bis@ipldrtyl plRbsphyn Iﬁ@‘i’@é‘dﬂé@ﬂﬁddl@ﬂ Uydidhlorothéhhmé o[ 1, 4adduct,

bi s(di hen Idphosphl no) but ane] pal | adi un(11), dichl oro[
dln:htUro[l 1'-bis( henylphosphlno)ferrocene]palladlum(II) -acetone adduct,

{Qéﬁgqreggﬁfé@@ ieri bugiphens Jhos;,}'u?%ua&»') alladeoB,  ai-
tjo(r)(rl]'tgog AR BOSAhOA A AeRRS] paLl adi um(ID)-ace

dlehvor@m@thep@lankmb%@ﬁmhe)p%i1@dﬁ)rﬂ(maI | adi Urﬁﬁl{chgorogis(trr-ortho-

br onobi S(tTi-ter?-butyl phosphi ne)di’pal | adi
totylphd)spmmE)palladlum(IIbh exyl pho émb(ntm&mdmtﬂphosphm)e)pxlBﬁium(O)
ri-?er?- butyl hOSphI ne paI | a

dlehl@m[&aﬁpml@eu Rhesabi )ﬁbsﬂ@nu@errr(&); sehlgep [l tbis(di-

ety sReBhodraceh ﬁ’ﬁl‘fﬁﬁi"i’%’r a1, di cHHEHgpol; f-bis(di

. hi i ' : cene]lpalla -
ls%}?yg?gﬁgib %’@Wgt Ia;l/llgglhl{o Pone) pal | adld(tlﬁ(mrhb%ls(m -ortho

totylphmphﬁnd)pﬂlladlum(ll) dibromo[1,1°-

bi s(di phenyl phosphi no)ferrocene%ﬁal ladiun(11),
bigf] d@phe@waﬂ"pqspgmq) rrocene]palladlum dichlorobis(di-tert-

hos I Ve s ,
b e B RS SR R BRLRBHLF s froka - bis(diphenylphosphino)-1,1-
tun(11), hicld; SN T 1L
bdgé;gﬁﬁgg%ﬁaz&aﬁ(g? i pheny] phglsbrg 08 2 t_tlsidlphenylphosphlno) 1,1
bihaptahyhpalladiaml(HYj un(!1 1), diiodo(2, 2’-b1s(d1phenylphosphmo) 1,1'-
dii odoSZ 2' - bi Sﬁdl phenyl phosphi no)- 1,1
binaphthyl palladlum( dichloro[1,3-
bis(diphenylphosphino)propane]palladium(II), Fiber supported Pd /P Bu3
catalyst, 1,2,3,4,5-pentaphenyl-1'-(di-ters-butylphosphino)ferrocene,
dichlorobis(benzonitrile)palladium(lI), dichlorobis(acetonitrile)palladium(Il),
bis(acetylacetonato)palladium(II), dichloro(1,5-cyclooctadiene)palladium(II),
dichloro(norbornadiene)palladium(I), bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),
tris(dibenzylideneacetone)dipalladium(0) chloroform adduct, allylpalladium

chloride dimmer and palladium(II)acetate trimer.

[023] More preferred preformed palladium complex coupling catalysts of the
invention include diacetato[1,3-bis(diphenylphosphino)propane]palladium(II),
dichloro[1,2-bis(diphenylphosphino)ethane]palladium(II),



bi napht hyl ) pal | adi un({I1), dichloro[ 1, 3-

bi s(di phenyl phosphi no) propane] pal | adi un(11), Fiber
wouapessged Pd /P BU3 catal yst and PCT/US2008/004013

|, 2, 3,4, 5-pentaphenyl -r-(dg-fer?-butyl phosphi no)ferroc

ene. The prefornmed pall adi um conpl ex coupling

catal ysts are commercially avail able from Johnson

Matt hey. [024] The synthesis of N,

o B SRR one, " 00 bior ¢~
: irxed d [ t ; "
Ao A ST aapes Uncer nerl gitorol .
bi§Miﬂ%?@l%mhhﬁ?f&%d&eyglddmmm)}dicﬂ%&@h@étha@e of theadduct,
. g.

sol'vent (e , 100- 120 under reflux, for a period

dichloanidyt'-ts(diplenytphosphjien&irrateneipatiadinm(Bhracstonp @dduct, di-
I B N
brgifbR b G pLOSFRE R AD, § T Cant  can be.
dif:l@l‘br&b‘i@(fﬁh?clpﬂ@xyqFhoéﬁhiﬁeﬂiaﬂ@_ﬁﬁnﬁ@l?)gﬁs fi-@r@i neral oil

or a synthetic ol [(026]" Typi cal paraffinic and
. burglphobphine)palladium@)pde conventional mneral oils or
d_h%/drotreat ed oil. Other useful flujids of lubricatin
1g.

shlosedr(ginheoy ntesromephoesidstpalisdmlc dickipgal 151" -bis(di-

d f b I i |1 Y e sqe
reg R SR R el ARy oo ranve | apdishilel, 1 -bis(di-
is%@@{hﬁ%%ﬁﬁfﬁféw&c%@baﬁﬁﬂ%@ ed | ubri cantdibromobis(tri-ortho-

ns conprise a mxtu of a base stock or a

tobdpkogphingpdlladiung€Hy; one perfornmance additive. dibromo[l,1’-
Usual 'y, the base stock_is- a single oil secured from

big(diphepivéphasphinodtarresensinnllagbjredibd to a si ngliehlorobis(di-tert-

o e e Br e LB L o T Cee Pitidremeipbgsphine)-1,1-

bififHilyl)palladium(ID), dibromo(2,2'-bis(diphenylphosphino)-1,1'-
binaphthyl)palladium(II), diiodo(2,2'-bis(diphenylphosphino)-1,1'-
binaphthyl)palladium(II), - dichloro[1,3-

bis(diphenylphosphino)propane]palladium(II), Fiber supported Pd /P Bus
catalyst and 1,2,3,4,5-pentaphenyl-1'-(di-tert-butylphosphino)ferrocene. The
preformed palladium complex coupling catalysts are commercially available

from Johnson Matthey.

[024] The synthesis of N, N'-diaryl-p-phenylenediamines is done under
conditions well known to those skilled in the art. In a typical procedure, the
reactants are mixed under inert atmosphere (e.g., nitrogen, argon) in a solvent
(e.g., toluene) and heated to the boiling temperature of the solvent (e.g., 100-
120°C) under reflux, for a period of about 5 to 24 hours.



[028] Non-conventional or unconventional base oils
i ncl ude one or nore of a m xture of base stock(s)

wod9dg/1edh1f rom one or nore Gas-to-Liquids (GILpcT/us2008/004013
materials, as well as hydredewaxed, or
hydr oi soneri zed/ conventi onal catalytically (or
sol vent) dewaxed base stock(s) derived from natural
wax or waxy feeds, mneral and or non-mneral oil waxy

GBES NSRRI 9,05, PO S o
1uBAEARG h éﬂrﬂié filid, riﬁ,tp%rtiéﬁlgf %Q@W{cg()int@ﬁ&ﬂﬁiulic fluids based

crackates, ot her m ner m ner al ', of even
onparafhicrumaphithertie oils et syatheticadily: Thlus, thedobrisantoan be, for
materials received fromcoal |iquefaction or shale
example aanjoiliox agreasebasedsin dmineral ediar.a $yobeticaril. pase
oils conprise base stock(s) obtained fromGIL -
materials that are derived via one or nore synthesis,

[Ozgg? ;2}{0:1% ngh{f?i[ﬁ?(g %@?%@ﬂgﬁﬁ%ﬂ@ﬂg ong%ﬂﬁogél mineral oils

econs rocesses rrom gaseo

orCRY Mefreaftidt 8ilni TEh&O UBSRNdHiidE o lebibhting tiscdsity firbede non-
stocks are derived fromthe Fischer-Trospch (FT

cayantiesdlsbaseostocks thadriwivie beasy prdvessesl, qusforatyr ¢atakygically, or
mxture of H2, and COis catalytically converted to
symﬁwérzeédpmrﬁglda?gvgh ipSf rﬁgﬁnﬁefﬁmﬁ%ﬁm GUeRStiSd/ or
dewaxi ng. The process is described, for exanple, in
U. S. Patent Nos. 5,348,982 and 5, 545, 674, and exanpl es

[09‘7]55U%%hﬁdt@d“l%ﬂé&tﬁ_(ﬁfn@p&%&ﬁé 8&8ptiSe d Mixtdpd 8fta ke stock
4,568, 663, each of which s incorporated herein by
orreebasecoit and[£2364st Ghe rarfmrnwinue kadsdl)jtive. e Usbhallpctherbase dtock is. a
typically as having kinematic viscgsities at 1000C of )
singlgikbsrsuredireppn single spilasovaceapd subjseieddp atipeleppressing

scgglgll%:argi g%géopg Pclﬁ&arss(%)e%éa?i’onmﬁgs@ ro‘lalg ecro%?ﬂrYsef 5°1Cast one

base stock.

[028] Non-conventional or unconventional base oils include one or more of a
mixture of base stock(s) derived from one or more Gas-to-Liquids (GTL)
materials, as well as hydrodewaxed, or hydroisomerized/conventional
catalytically (or solvent) dewaxed base stock(s) derived from natural wax or
waxy feeds, mineral and or non-mineral oil waxy feed stocks such as slack
waxes, natural waxes, and waxy stocks such as gas oils, waxy fuels hydrocracker
bottoms, waxy raffinate, hydrocrackate, thermal crackates, or other mineral,
mineral oil, or even non-petroleum oil derived waxy materials such as waxy
materials received from coal liquefaction or shale oil, and mixtures of such base

stocks.

[029] GTL base oils comprise base stock(s) obtained from GTL materials that

are derived via one or more synthesis, combination, transformation,



about 30 mmR/s. The GIL base stock and/or other
hydr odewaxed, or hydroi sonerized/ catalytically (or

wo0bs/eBsy dewaxed wax derived base stock(s) usgeduisiodsheso13
present invention have kingmatic viscosities at 1000C
in the range of about 3.5 m2/s to 7 nm2/s, preferably
about 4 m2/s to about 7 mm2/s, nore preferably about
4.5 mR/s to 6.5 mR/s. Reference herein to kinematic

refjpinecingiy] Sndion, e B RNAGRRERRS; Plodisicd, o ogpscous
carbbn %ﬁ?aiﬁfr%: %tﬁmﬂsﬂ)‘ulﬁasc aPrdfBrabhe dihS G185 ast Qeécks are derived

conponent s nvention ar€ further characteri ze

frompithel Fischer-Meospel POTy Peithdsis Qroedssuivhedéinona Ispnthiesis gas
preferably about -100C or lower, nore preferably about
compiisiog 3 ovisture afi Hp amdr €Opise¢asalybicgllyisonverteddc lower boiling

| ower, . and .under sone condjtipns ma ve advant ageo
BT R dr ot on Sadisr JRovaTE i DY UGS S sgprived, for
S: - ! .
e i 0 it MO, SR T8PR2 ng S %, R hariles O spitable
caiglystsalatey @éseribb@sth hevg nPapettr Nwi Bt5680d63betth - 800&hich is
or higher, preferably about -25C or |gF1er, nor e
inporpfosatad ihereibdyt ref@@ace.or hi gher. References herein to

pour point refer to nmeasurenent made by ASTM D97 and
simlar autonmated versions.[032] The GIL base stock(s)

[ i al iall d d .
O RS PR ST ShOE | Bar R AP BRI femari
viScokiti@t & 1 Gi°Ci8r A ABdue 2Shafi & ab@itsPhiia?/s Spefferably from

wax- derived base stock(s) which are base stock
abomtBonant/s tehatsdutc30 hm?/(ss enosenptefermbiynfeorh i abouarke5 mm?/s.to

al so_charagterized tﬁpi cally as having viscosit
aboyi 3&smen /80 oFheyr Gdtlerbasgr staskasng/oroothsr dydaedewaxed, or

and. more. pr,ef er ahl 20 or .areater. Additiopal |l w,.in A
PRl eEM A Rt T e ot JReFi s oA stock(s
ustégﬁé €hOPr&cht RF/ERLITRMRAR IRheMhaTiaR ot RRs Ut 1908t the range of
about 3.5 mm?s to 7 mm?s, preferably about 4 mm?/s to about 7 mm?/s, more
preferably about 4.5 mm?%s to 6.5 mm?s. Reference herein to kinematic

viscosity refers to a measurement made by ASTM method D445.

[031] GTL base stocks and base oils derived from GTL base stocks which can
be used as base stock components of this invention are further characterized
typically as having pour points of about -5°C or lower, preferably about -10°C or
lower, more preferably about -15°C or lower, still more preferably about -20°C
or lower, and under some conditions may have advantageous pour points of
about -25°C or lower, with useful pour points of about -30°C to about -40°C or
lower. In the present invention, however, the GTL base stock(s) used generally
are those having pour points of about -30°C or higher, preferably about -25°C or
higher, more preferably about -20°C or higher. References herein to pour point

refer to measurement made by ASTM D97 and similar automated versions.



preferably 135 or greater, and even nore preferably
140 or greater. For exanple, GIL base stock(s) that

wod8hs/M8o4ir om GTL materials, preferably F-T natperjihns/004013
especially F-T wax, generajjly have a viscosity index

of 130 or greater. References herein to viscosity

i ndex refer to ASTM net hod D2270. [033] In addition,
the GIL base stock(s) are typically highly paraffinic
(>90% saturates), and nmay contain m'xtures of
nmonocycl oparaffns and mul ticycloparaffins in

[(B%Ebina t ﬁ'TLWbEsrb %Ekfsz ‘Herﬁ/eh r@ﬁ‘t”ﬁratéﬁ%ﬂs Iré‘o‘p'e@la‘l’lfy hydro-

enit c (I opara content in such

desearddn @I‘ ihgidsoigameeizei t:htal)h&a@yt edry§dlvam) dewpesdaF Ul ematerial
used. Further, GIL base stocks and base oils pi cally
ddmwd lvaaeystociWS)s waniduethgn guel Ma;g;émmt)m stogk.%sg vehich are base

3L o eSS0 0w 10 bpr 20d, &'ﬁgmbwaemed
tyéﬂ{ailgba%saﬂgfl g%&gﬁﬂy%g {280 %o @-gﬂ fte /,I ?gblz alfsgreater

al ne rolrsoneri z

arfdt ﬁoﬁéif)@éfbﬂibl y 83D dgi‘l:iiﬁér FAddiendlby, Qﬁ%@ﬁbirﬁﬂ)zﬁfﬁcﬁldr instances,
[034] Tn a preferred enbodi nent, thé GTL base st ock(s)

‘the oriprds#tysindex aff fthesecbasst tocled matszﬂ prafersibdy 130 or greater, more

pr.edom nantly of non-cyclic isoparaffns an nly m nor
prafisabls 195 ey ogrsat&r,a@myi gvenrjpels @referahly i @&r( greater.  For

B FEAt R BB ST T GO bRy

mBfefiafy, %Bﬂf)é/ciﬁl'l? FLPrwiA] n%igall/}@t RavoR vistelite index of 130 or greater.
i soparaffins,” nore preterabl’y greaterthan 85 wt %

Referemogs hierein $o yiscakity sd exaredemtosA S neethod y)mé)at er
than 90 wt % non-cyclic isoparaffins. [035] Exanples of
usef ul corrpositi ons of GIL base st ock(s) are recited

[Oé’gh g 5?@ 26 Fiion: él}(’\eg b080$t§>%(1(5) arety pica%%' hlgHFy paraffinic (>90%
saturates), and may contain mixtures of monocycloparaffins and multicyclo-
paraffins in combination with non-cyclic isoparaffins. The ratio .of the
naphthenic (i.e., cycloparaffin) content in such combinations varies with the
catalyst and temperature used. Further, GTL base stocks and base oils typically
have very low sulfur and nitrogen content, generally containing less than about
10 ppm, and more typically less than about 5 ppm of each of these elements.
The sulfur and nitrogen content of GTL base stock and base 0il obtained by the
hydroisomerization/isodewaxing of F-T material, especially F-T wax is

essentially nil.

[034] In a preferred embodiment, the GTL base stock(s) comprises paraffinic
materials that consist predominantly of non-cyclic isoparaffins and only minor
amounts of cycloparaffins. These GTL base stock(s) typically comprise
paraffinic materials that consist of greater than 60 wt% non-cyclic isoparaffins,

preferably greater than 80 wt% non-cyclic isoparaffins, more preferably greater



herein incorporated by reference. [036] Base stock(s),

derived fromwaxy feeds, which are also suitable for
woumes/inefihi s invention, are paraffinic fluids pfr/us2008/004013

| ubricating viscosity deriyed from hydrodewaxed, or

hydr oi soneri zed/ catal ytically (or solvent) dewaxed

waxy feedstocks of mneral oil, non-mneral oil,

non- petrol eum or natural source origin, e.g.,

R P BoRae b s SRATHY ABRLTORS BreSiabl) greater AR 90 wive
n&{i@%{iﬁ?fs%ia?m yral waxes, hyrocrackates, thernal
at es;

cra oots oil, wax fromcoal |iquefaction or
fromshale oil, or other suitable mneral oil,
non-mneral oil, non-petroleum or natural source :

[035] i vdikameplys mdtusefdll sgmpositians of GThnbasedstogki(sd aae geited in
C ounds. wi t h _car bon r. of a r greater, .

Up‘f-ﬁ)%tfs% Saé&ﬁ(),i@ls 6,5552939e@9da€335a9§3uf%6 Rlgc pvhich are
' r ' ase stocks and base oils. [037]

h@?ﬁ‘ﬁ@@r?@w Fg’cover ed from any waxy

hydrocarbon oil including synthetic oil such as F-T
waxy oil or petroleumoils by solvent or
[086] or Basegeodk(s)y derigvd fromy. wSol feeds, whyvexareqalsorplibatse for use
.chilled solvent such _as nethyl ethyl ketone (NMEK), .
inyghipinveriaet gre paraiaiq Wud§ ofniubrigagiagovisgextyidekived from
I xtures of K and tol ue .l e;autorefrigerative
b RSe et diitBisebtiriakaatitighey (o8 Feliedi fewited waxy
I : _ ab 1 I
F S 4P RE il ARG il HORTRIOICR] of fitirpl source

oniginy eq.) fasdsiocks wath yashmeeor atare wf gas ofdsyl Slack swak) evaxy fuels
nitrogen containi ng conpoundcontent. Sl ack wax(es)
whectagker bettopes, r lay dropambions rafifimateso rmagunal swaxes, hyrocrackates,

thg%hélg enggﬁg;?é%gn(ﬂbgﬁggg{%ggs bozﬁuﬁauef}?igggr? aotrof'pom shale oil, or
other suitable mineral oil, non-mineral oil, non-petroleum, or natural source '
derived waxy materials, linear or branched hydrocarbyl compounds with carbon
number of about 20 or greater, preferably about 30 or greater, and mixtures of

such isomerate/isodewaxate base stocks and base oils.

[037] Slack wax is the wax recovered from any waxy hydrocarbon oil
including synthetic oil such as F-T waxy oil or petroleum oils by solvent or
autorefrigerative dewaxing. Solvent dewaxing employs chilled solvent such as
methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of
MEK/MIBK, mixtures of MEK and toluene, while autorefrigerative dew.axing
employs pressurized, liquefied low boiling hydrocarbons such as propane or

butane.

[038] Slack wax(es) secured from synthetic waxy oils such as F-T waxy oil

will usually have zero or nil sulfur and/or nitrogen containing compound



by hydrotreating (and not hydrocracking), as for
exanpl e by hydrodesul furization (HDS) and

wohyeyeeani t rogenation (HDN) so as to avoi d sulpgefisess/004013
poi soni ng/ deacti vati on of {f3he hydroi sonerization

catalyst. [039] The preferred base stocks or base oils
derived from GIL materials and/or fromwaxy feeds are
characteri zed as having predom nantly paraffinic

C osiiti ons and,are further character.zed as hawin
GRRGH- o Saskapaaisodvirured s PeRIE ity gyt Fotfur and
e i e i . t
g SERaIh Y A B 58 e RS il e removed
byhy dhpdratieatingonpaed t | ot | shyalrecraocking)si gy pafoaf f erample by
hydrocar bon conponents in which the extent_ of )
h)ﬂ%admlﬁgi,zaagn 9 eandhhydredepitregenatign O DM 9| as to avoid
ydr ogens, (BL),,.and. the proximty .of br.anching, . a
syt ol IR aoRgY e Ty atkiSomBrZ o srahat.
carbons which are four or nore carbons renoved from an
end group or branch (CH2 > 4), are such that: (a)

[08D} 0. TheHBreferted Hde &Bekd ok BistOoitd derivéd>fréin GIBL amaterials

nmeasured over said liquid hydrocarbon conposition as a )
andhod éronp OvdRy Teadsparef eharadte@ized bassbavding prdobenénfly Iparaffinic

characterized, if necessary, as having Jess than 0, 1
camppRsitiontane afs et mgqterlé%fi ag %&Ml@@ﬁﬂtwa@%@é{ﬁb, low-

cont ai-ni co ur I h | fur .
oGRS AEm BB diSeer, R8te Rl afmiPEr 3 i spseriplly water-
whitehigeaky | ess than -300C, a preferred BlI* > 25.4 and

(CH2 > 4) < 22.5. They have a nom nal boiling point of

37Q0C+, on average they average fewer than 10 hexyl or

| onger branches per 100 carbon atons and qn average ..
[048) e Homscferred ©d Indiqwd hhrdipearben ramperitieniggene comprising

pa%ﬁﬁlslé ﬁ{/‘&%cg}bso% components in which the extent of branching, as
measured by the percentage of methyl hydrogens (BI), and the proximity of
branching, as measured by the percentage of recurring methylene carbons which
are four or more carbons removed from an end group or branch (CH, > 4), are
such that: (a) BI-0.5(CH, > 4) >15; and (b) BI+0.85 (CH, > 4) <45 as measured

over said liquid hydrocarbon composition as a whole.

[041] The preferred GTL base oil can be further characterized, if necessary,
as having less than 0.1 wt% aromatic hydrocarbons, less than 20 wppm nitrogen
containing compounds, less than 20 wppm sulfur containing compounds, a pour
point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and
(CH, > 4) <22.5. They have a nominal boiling point of 370°C", on average they
average fewer than 10 hexyl or longer branches per 100 carbon atoms and on
average have more than 16 methyl branches per 100 carbon atoms. They also
can be characterized by a combination of dynamic viscosity, as measured by

CCS at -40°C, and kinematic viscosity, as measured at 100°C represented by the



can be characterized by a conbination of dynamc
viscosity, as neasured by CCS at -400C, and ki nematic
woWs®RId1y, as neasured at 1000C represented BDyT/us2008/004013
thefornula: DV (at -400C) g 2900 (KV at 1000C) - 7000.
[042] The preferred GIL base oil is also characterized
as conprising a mxture of branched paraffins
characterized in that the lubricant base oil contains

s DY fE-BD s ROy o OO A 7 L i ng

carbon chain | ength of about C2oto about C40, a

nol ecul ar wei ght of about 280 to about 562, a boiling
[042]0€e THe Pbefeire@5CGUR. tnsaboilt is1 @00 Eharaottridedr a3 reoseprising a

branched paraffins contain up to four al k[))/l_ branches .
mixturawEbrinched paraffins chatasterizeddn that thailabrieant dasejoil contains

ot REFHIAH4P G RuTe 6 DFBOER 3FRIINSHMERIR G BARFpeq ppraffing

ock T (B LR ot OPAR0IRB o By EGRR) Baout Goo, @ molecular

whiphi QsfRaBAIR. 280 Go. abORCH6T,- dTBUIEAS reBEy JTyabaaa6deF to about
base oils are of | ow or zero sulfur and phosphorus

165 Feand Wherein saidsbnancked paraffios gootdigiupato e glighbranches
manuf agcturers and oil fornul ators to, produce,

anchwhercin e e SaponsRdex iof spiHarRAghS biratbauisalpast ahovt 3
ash, phosphorus and sul fur content to neet ever
increasingly restrictive environnental regulations.

[cﬁggh GTE basOOIB, Afd hg&fo%‘é%x@h! 8r hy@idisbétiYedBathiRically (or

of base oils which thensel ves, Tnherently, are of

sdlesntpdewared waixt bask oils| forr examaplphbgdrioisomserizet enhydrodewaxed
Such oils when used as base qils can be fornul ated
waky syathgsizedeBydmogarban; & ge FHaeher laopseh avat hydeocarbon base

.'ncludgﬁinthefor Iatho coptai n syl furand/ or t
ol B Ab Y oheero. St Apd hasatiscedisnt ¢ Iy T wovemen
bl DBgltetofor| . ARRrSHArEoant e RirhBpuors 1 produc

I'ng of m ner a
fopinulated oils of ever increasingly reduced sulfated ash, phosphorus and sulfur

content to meet ever increasingly restrictive environmental regulations. Such
oils, known as low SAPS oils, would rely on the use of base oils which
themselves, inherently, are of low or zero initial sulfur and phosphorus content.
Such oils when used as base oils can be formulated with additives. Even if the
additive or additives included in the formulation contain sulfur and/or
phosphorus the resulting formulated lubricating oils will be lower or low SAPS
oils as compared to lubricating oils formulated using conventional mineral oil

base stocks.

[044] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wt% or less, preferably 0.6
wt% or less, more preferably 0.5 wt% or less, most preferably 0.4 wt% or less,

an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more preferably



base stocks. [044] Low SAPS fornul ated oils for

vehi cl e engi nes (both spark ignited and conpression
woi2gi/ihed) W Il have a sul fur content of 0.7 We@arQ/52008/004013

| ess, preferably 0.6 w% of5 | ess, nore preferably 0.5

wt % or |less, nost preferably 0.4 wt % or | ess, an ash

content of 1.2 wt% or |ess, preferably 0.8 wt % or

| ess, nore preferably0.4 wt% or |ess, and a phosphorus

0 S3PIE 0l 8L S BRI RRSs PR ERELPD, P of IS ERRYRIT gt weve
s ety B aBl O PG e e Th A FEReL AT D P SHOR BF S, and
inusetin dotdrtbes geven ﬁEﬂeférab]yV@.OS Voo @k eseTL base oil's,

ot her synthetic oils my be used. Qther synthetic oils
that can be used in the invention include

yal ol ef i ns. (PACs) , i phatic or. aronptic )
(043 on&F‘ﬁE tﬁgpé?fg,gres%és wﬂsi dsedcgordipg te thisi@veption are GTL
i R s el i .
o, S SO B0 O g e ot
ins 4AB! iBfentidnC indde pMIPhdolCHAN ORAOSY"RAPhatic or aromatic
Chevron, BP-Anpbco, and others, typically vary in
carbokdic asterggehospherniul avid vestarkt afid dhe ddcut TRSPAOs, which are

about 3000, or higher. PACs are commercially avail able
knqyn, materighy ands genesalinavaileblec 98i 2 jmajor seriAmgscial scals from

1 St (kVaat, . C).and.up to ut 3000, St
suppfeks SRR N & BrredT eBo kR, ChEiam HP Ahoco, and
' f ' 0
o e oy B ARGty ARG Rclar AT Pdbout 250 to
abono 30002 drohgghent EAD s laph awnehiertdally tdvailable ifC8vide range: of
.about C 6 al phaol efins, such as 1-octene, 1-decene,
kinemgtie yéseosiied, suah as, up, tolabionty 190 eBe k€@t 19A2C) and up to about

referred pol yal phaol ef.ins are poll%-) 1-octene, poly- .
3000468t Kk Vagt 190°G). or Jrighetenel g & APst reety picalhe sompsised of

hy'Hrégegna?cla(F ];)'o y'rrolleerrsI c\)/regli (9r|n¥ros| gtt Ialrf)f’l'aole'ﬁns which include, but are not

v

limited to, about C, to about C;, alphaolefins with about Cg to about C;
alphaolefins, such as 1-octene, 1-decene, 1-dodecene and the like, being
preferred. The preferred polyalphaolefins are poly-1-octene, poly-1-decene and
poly-1-dodecene and mixtures thereof and mixed olefin-derived polyolefins.
The dimers of higher olefins in the range of about Cg to C,, preferably C4 to
Cis, may be used to provide low viscosity base stocks of acceptably low
volatility. Depending on the viscosity grade and the starting oligomer, the PAOs
may be predominantly trimers and tetramers of the starting olefins, with minor
amounts of the higher oligomers. Most commonly, PAOs having a kinematic

viscosity at 100°C ranging from about 1.5 to 12 ¢St are used.

[046] PAO base oils may be conveniently made by the polymerization of an
alphaolefin in the presence of a polymerization catalyst such as the Friedel-

Crafts catalysts including, for example, aluminum trichloride, boron trifluoride



The diners of higher olefins in the range of about C8
to C20, preferably Cl4 to C 8 may be used to provide

wol 20w eg0si ty base stocks of acceptably | ow pcT/US2008/004013
volatility. Depending on tfye viscosity grade and the
starting oligonmer, the PAGCs may be predom nantly
trimers and tetraners of the starting olefins, with
m nor anounts of the hi gher ol i gorrers I\/bst comonl y,

or pofplig e T poesh §HBorde Witk Waldnafopahy s b, propanol
oﬁPﬂtﬁl PH&EW&&&MS Brd&td¥ su Pﬁ é%oétr(g?ﬁé&éfe' &edlyl Propionate.

|n|nt € presence or a po rization

F@aéﬂlny Ib tBel efethodd hmlﬁsleddgrl USer4149,108t02YSP 3,382,291 may be
inclu for exan‘g& al um numtrichl oride, bor on
canemqmlry wdrhmmpl ker dssctiptions of PAQsynthesig arg found in the

rolfpbgn, B 87 oBeel oResd e 28 gpf@i’ﬁih"' 210805 4.239.930;

r e

3K EPLISNe s SYAMATD 4 FRS0NR, LRt e
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found in the following U S. Patent Nos. 3,742, 082;

3,769, 363; 3,876, 720; 4,239,930; 4,367,352; 4,413, 156;
[047F 34 Cifi&: uéeﬂlﬁy&ﬁétlc‘luﬁﬁ@ati{?gbawﬁo& B, 48H. asT$ificon-based

diners of the G4 to C 8 olefins are described in U S.
oibar estersvof phosplsraswonfaining &ldema}selfsqlbesyhhm i Examples of

brlctln base. st ck 0|I suc si licon-based oil .
ot SfBPiC JeOrserisi Biars SlosRe e i o rayRed Loricants”,
r t ulr:

GEpACRGE Snd HRTERERIRIA BB BN, REY 19621 RIS RRRBOfhted in
itseifleryson and Hart, Rei nhoI d Publ. Corp., NY 1962,

which is incorporated inits entirety. [048] O her

suitabl e synthetic base oils include al kyl at ed
[048pmaOthebssitatde Isgnthtichbae ditninclwde alkylated aromatic base oils,

pol y- al kyl benzenes or nono- or poly-al kyl
sughpist iIn@henes polyralkylbenzenes or mono- or poly-alkyl naphthalenes. In

these types of base oils, alkyl substituents are typically alkyl groups of about 8 to
25 carbon atoms, usually from about 10 to 18 carbon atoms and up to about three
such substituents may be present, as described for the alkylbenzenes in ACS
Petroleum Chemistry Preprint 1053-1058, “Poly n-Alkylbenzene Compounds: A
Class of Thermally Stable and Wide Liquid Range Fluids”, Eapen et al, Phila.
1984. Tri-alkylbenzenes may be produced by the cyclodimerization of 1-
alkynes of 8 to 12 carbon atoms as described in USP 5,055,626. Other
alkylbenzenes are described in European Patent Application 168 534 and USP
4,658,072. Alkylbenzenes are used as lubricant base stocks and base oils,
especially for low-temperature applications (arctic vehicle service and refrigera-
tion oils) and in papermaking oils. They are commercially available from
producers of linear alkylbenzenes (LABs) such as Vista Chem. Co., Huntsman

Chemical Co., Chevron Chemical Co., and Nippon Oil Co. Linear alkyl-



these types of base oils, alkyl substituents are
typically al kyl groups of about 8 to 25 carbon atons,

wousbe]Byg1f rom about 10 to 18 carbon at ons and peéfa/it92008/004013
about three such substituepts may be present, as
descri bed for the al kyl benzenes in ACS Petrol eum
Chem stry Preprint 1053-1058, "Poly n-Al kyl benzene
Corrpounds A Cass of Thernmally Stable and Wde Liquid
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Otilek Wl lbgardneronaities delsichirhgy berudedrwhendeslestsiotare described, for
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emll,sgd “Synthetici Euhricants cand &bgh RerfotmanseoFusctional Fluids”,
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paperneking oils. They are comrercially available from
OB S35, B kB U o'l
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ave Ow pour pol nt enperature

estérificationl %eﬁ%ﬁf‘ﬂaﬂ&ﬁ'ateilsgﬁﬁaéﬁﬁhéthﬁ[hlﬁrmhgl&% By way of
toget her with good sol vency for additives. Qh

exampjé.athage mllﬂ‘rmaycbevwbtainedapy hmlmdzahem Qfestlhlywjieeomde or
prgéglegﬁiﬁllﬁgﬁ ﬁ%& a%i %‘\%{P qdly te:égtpl Lubr Calqtes|.]polymers
(nf3R8-PolsBprlpyISRE MY Qo1 e b MY 5 ay BRI Inolblliar weight of
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hydroxyl gr oups obt ai ne for ‘exanpl e
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the C;30xo acid diester of tetraethylene glycol, for example).

[050] Esters comprise a useful base stock. Additive solvency and seal
compatibility characteristics may be secured by the use of esters such as the
esters of dibasic acids with monoalkanols and the polyol esters of mono-
carboxylic acids. Esters of the former type include, for example, the esters of
dicarboxylic acids such as phthalic acid, succinic acid, alkyl succinic acid,
alkenyl succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid,
fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acid,
alkenyl malonic acid, etc., with a variety of alcohols such as butyl alcohol, hexyl
alcohol, dodecyl aléohol, 2-ethylhexyl alcohol, etc. Specific examples of these
types of esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl



(et hyl - pol yi sopropyl ene gl ycol ether having an
aver age nol ecul ar wei ght of about 1000, di phenyl ether

wolodhy[t hyl ene gl ycol having a mol ecul ar weipghfywbosno4013
about 500-1000, and the digfhyl ether of polypropyl ene
gl ycol having a nol ecul ar wei ght of about 1000 to
1500, for exanple) or nono- and polycarboxylic esters
thereof (the acidic acid esters, mxed C3-8 fatty acid

fu%f%re AR skt Siortits eflotCo dibaEsy haehls diocyl
lﬁteSH‘i’ :ﬁﬂﬂ{atlét‘ée %?éo‘égf‘gébg%g% %ﬁca' conmpatibility
e Se e

araéte t ure use of esters
such as the esters of dibasic acids wth nonoal kanol s
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mer- type i or exanple esters

ardi ebtabieexly Ibyc readtihg meh oasmokd hsol ?rhydm dalcshislsi gpreferably the
acid, alkyl succinic acid, alkenyl succinic aci
hlné¢r@dc patyaels auch aas thei dleommyﬂu pobyellsy, esphar¢apeatyld glycol,

il Eede. ot ertuironoey bl dobtopeResioh ireshylol propane,
pegnl?%eq%th?ﬁSh an@ H%eﬂtv?ﬁh?%glag&l/ ! Sﬁégﬁhﬁ‘] %U@ge?ﬁmlg él at least

abdue Qr&kbo@bﬁbm§§ﬂ€fémblye@§fmb§§ aéllls bhets as %Xﬂ%?&teﬂfstralght chain
esters include butyl "adi pate, di(2-ethyl hexyl)

fattg bacids einchiding heagrb'honamdt eqapdncoat:lﬁ kwebigcacid, myristic acid,
agﬁsoo azel at.&, sode la‘ﬁﬂegat e, dioct \E/h
st Grgers) 5% %‘il B a%‘éb%"c eecoggqpondmg
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one or nore polyhydric alcohols (preferably the

[0§%E de Sﬁﬁ'rl ﬁtﬁeﬁ%‘ Cégteqs%&ﬁg?ﬁ@ﬁﬁ qﬂépﬁlde PREY Qs 6f %rimethylol

rimet

pr8p£fﬁ hivih'léihﬂoq’ Midtare, erﬂiaﬂﬁ%ﬂf@tlﬁdne ehf%&fﬂ‘)&@bl and/or dipenta-
propane, pentaeryt hritol and di pentaerythritol) with
erﬁﬂhkmnlomthaondS)rcmnralmon@aaboxﬂasamds containing from about 5 to

about 10 carbon atoms.

[053] Silicon-based oils are another class of useful synthetic lubriéating oils.
These oils include polyalkyl-, polyaryl-, polyalkoxy-, and polyaryloxy-siloxane
oils and silicate oils. Examples of suitable silicon-based oils include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)silicate, tetra-(4-methylhexyl)
silicate,  tetra-(p-tert-butylphenyl)  silicate, = hexyl-(4-methyl-2-pentoxy)
disiloxane, poly(methyl) siloxanes, and poly-(methyl-2-mehtylphenyl) siloxanes.

[054] Another class of synthetic lubricating oil is esters of phosphorous-
containing acids. These include, for example, tricresyl phosphate, trioctyl

phosphate, diethyl ester of decanephosphonic acid.



about 4 carbon atons (preferably C5 to C30 acids such
as saturated straight chain fatty acids including

WOCae/ kg acid, capric acid, lauric acid, nyripgtriu2008/004013
acid, palmtic acid, stearjoc acid, arachic acid, and
beheni c acid, or the correspondi ng branched chain
fatty acids or unsaturated fatty acids such as oleic
acid) [052] Suitable synthetic ester component s

' de t t t
1953 ancnq e edtigd opf evlhniiclusse aofyRREF, sptdiviFRRa, their
dé};\pagﬁ,teg ﬁ‘[d’fh'%r 51&9' with one or rmre nonocar boxyl i c

s contali ning fromabout 5 to about 10 carbon
atons. [053] Silicon-based oils are another class of
useful synthetic Iubrlcatlng oils. These oils include

[056] yalThel cpnmmlsgtml of thel imieRtigy - coraptise a maJor amount of a
ol yar yl ox an |Is nd, silicate o0ils.
Ugﬂc%ﬁ Subrdraglic Ghap qtiye; %@%@ftaétl?aasépny S ubSiituted N,

NSH a 1%— hebﬁfeﬁu%exy 51 :tlé)Z( &ztn(t @ r?ﬂ]or a{‘}f"ﬂ% a”ubrlcant or

h}&irbtlﬁéltfﬁndt RUi5 anédintteBht tm:umﬂrﬁaﬁﬂbt h ai'ddlﬁlaﬂﬁld is ?resent in an
hexyl - (4- met hyl - 2- pent oxy) di si | oxane pol y(nmeth

armounteanging froth gmout-S0et.Py ke ﬁbmtlﬁ%/woh%ny:lg fmhnaxbmﬁs&S wt.%
[ 054] Another class of synthetic l[ubricati ng oil_is )
toeahoit §50¥t. |5 o@%@r%@@dﬁ%ﬂlwlg t gk thescompesy onname effective

anpint S Atefs bl C‘E*S%l‘éwg@ﬂﬂs Rl e et aRBR b fioxidant,

it %@?rﬁn%ﬁbﬁaﬁ@@l&%ﬁ? {pﬁe i Eﬁ ‘a‘n{o%%x%ﬁ%%%[ﬂg %ﬁ’f‘ﬁbout 0.001 to
abotdowi%l and préferdtsyi fivmndban (cOe abeuial ve’6basedontthe total

of a lubricant or hydraulic fluid and an effective
compgsitien st Thenantiomidant maygbeyused alone or in combination
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that the lubricant or hydraulic fluid is present in an -
[057] Antioxidative properties of the Ilubricant or hydraulic fluid
compositions of the invention are improved by adding an effective amount of at
least one substituted N, N'-diaryl-p-phenylenediamine antioxidant to the

compositions.

[058] Fully formulated compositions can contain at least one additional
lubricating oil or hydraulic fluid additive, which include, but not limited to,
viscosity and viscosity index improvers such as polyalkylene or polyolefin
viscosity index improvers, metal deactivators such as triazoles and thiadiazoles,
extreme pressure and antiwear additives such as phosphate ester, amine
phosphate and sulfurized olefins, antirust agents such as carboxylic acids,
dispersants such as succinimides, antifoamants and dyes to mention a few. The
amount of such other additives included in the formulation will be the amount

typically used in formulated oils.



anount ranging fromabout 50 wt.%to about 99 w. %
e.g., fromabout 85 wt.%to about 95 wt. % based on

woldoes/ 12894l wei ght of the conposition. By an efpicgaid2vim/o04013
anount of at | east one subgtituted N,
N -di aryl -/ ?-phenyl enedi am ne anti oxidant, it is neant
that the antioxidant is present in anpbunts ranging
from about 0.001 to about 5 w% and preferably from
about 0.01 to about 1 wt % based on the total weight of
conposition. The anti oxidant may be used alone or in

l“‘é?ﬂﬁé??fﬂé@ow hfheselt E@H&@f&h‘si Y&ﬁg/hg[r Qéﬁpgépfdﬁébﬁ 3hé Vifivention

I cant “or au
inehudep Hlut i@ hovflirhited itoy elrtilmingr 6ils, iydrdelic fuids|dgmgses, gear
an effective anount of at |east one substituted N,
oils, mktak workingfbrigs, engincnils and attomatiaransmission fluids.
conmpositions. [058] Fully formnul ated conpositions can
contain at |east one additional lubricating oil or

. " cooo . e . )
OB 2 Sh40 e S B st e
inﬁé‘ﬁtﬁbﬁs pol yal kyl ene or pol yol efin viscosity index

i mprovers, netal deactivators such as triazoles and
t hi adi azol es, extrene pressure and antiwear additives

such_as phosphate ester, am ne phosphate and
E_XaMBLEéd ol efins, antirust agents such as carboxylic

aci ds, dispersants such as succinimdes, antifoamants

and dyes to nention a few. The anount of such other

[084f1 U IA/ESeridlC! Hflegoﬂngoﬁﬁﬁ) fsor\ﬂ’f:ijeatf ulhte dt hﬁ,evaluatfd for
anount typically used In forrmulated oils.[059] Typica

antioctidet v eapipiectids. o Thefriadditdzetd bases bils arsed ofereh®e GTL base: oil
i nvention include, but are not limted to, circulatin

wigh jakV af dPAICiof &) mms/s agdeais unsatyrated BAIQ oilpwithja kV 2'100°C
offl\g[g}l( 'aé}%z/fsl %%S ’anﬁ(r)])giidggt %isle i ?}wa%xgrnn&ltaitecd tcgzrir{]psoryltlsosrlso Were a
commercially available alkylated diphenyl amine sold by Ciba under the trade
name Irganox L57 and N,N’-bis(2,6-diisopropylphenyl)-p-phenylenediamine (p-
PDA) of the present invention.

[062] The data was collected using a DuPont DSC Model 2920 pressure

differential scanning calorimeter. The results reported in following tables are for

isothermal oxidation runs carried out in air (100 psig) at 1800C using c;pen

aluminum pans and 6.5mg of sample. The samples were heated from room

temperature to 180°C at 10°C/min and then held isothermally to monitor the
time taken for oxidation exotherm to occur. The oxidation induction time (OIT)
for each run is shown in tables. OIT is calculated as the extrapolation tangent to
the exotherm from a plot of heat flow versus time. The OIT is defined as the
amount of time taken for the depletion of the antioxidant. In other words, the
OIT is the amount of time before oxidation of the lubricant or hydraulic fluid

occurs.



[060] The follow ng non-limting exanples are provided

toillustrate the invention. EXAMPLES [061] A series
wooog3nRasi tions were fornul ated and eval uat egdars2008/004013

anti oxi dative properties. Fhe unadditized base oils

used were a GIL base oil with a kV at 1000C of 6.0

m2/s and an unsaturated PAO oil with a kV a 1000C of

6.0 mM2/s. The antioxidant used in the fornul ated

conpositions were a commerci ally avail abl e al kyl at ed

di phenyl amine sold by Ciba under the trade nane

C {v ifts 1 and 2 and Example
=1 ?-phenyl enedi am ne

[0(65? PDHQe Ea‘setdﬁleusw%@:% GTbasé ofl, THXGRbulheredshiowmBsTable 1.
| ected using a DuPont DSC Model 2920 pressure
differential scanning calorineter. The results

reported in foll ow ng tabl,flas are for isothernmal

oxi dation runs carried outlapeds (100 pSi g) at 1800C

UST g Open _ar umjnumnT 0P 5rrg ‘c'
sanpl es were hedted f'?d(;dr%tlreg’om @errper atu HB# N}lnp B

10 C/min and than hel d |anhprrrn||\/
ti meCOmPerl for gxidati onN@RQt hermtc occur. The 4.2
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in t9%9Ms2 O T ifs calrcsfﬁgd"%the extrapolatlon4 5
tan I3t he—gxott ot Tof—teat—ftow
verggs ?n?é The # '%’eq)l ned%as fthe amount of 80,2
taken for the depl etiton of the antioxidant. Tn other
words, the OT is the anbunt of tine before oxidation

[06ﬂ] t he\d isbshoyamtin OFabiby dr, ahe ipCPﬂAJ lacitioridans .oEathp goragent einvention

nmples 1 and 2 and Exaqr;&ge 3 063g The base oil used
pr@agied they |G Ehdwseioil withebeties antisoxidative prgperties apmeasured by the

OIT as compared with the commercially available antioxidant, L57.

Comparative Examples 4 and 5 and Examples 6

[065] The procedure in Examples 1 to 3 was followed except the base oil used

was a PAO base oil. The results are shown in Table 2.

Table 2
Additive, wt% Oxidation Induction
Time, Minutes
Comp. 4 None 2.7
Comp. 5 L57,0.5 wt% : 19.4
Example 6 p-PDA, 0.5 wt% 82.2

The p-PDA antioxidant provided the PAO base oil with better anti-oxidative
properties as measured by the OIT as compared with the commercially available

antioxidant, L57.



Table 1 [064] As is shown in Table 1, the /?-PDA
anti oxi dant of the present invention provided the GIL

woReeL28041 Wi th better anti-oxidative properti @TAK2008/004013
measured by the O T as compared with the commercially

avai |l abl e anti oxi dant, L57. Conparative Exanples 4 and
5 and Exanples 6 [065] The procedure in Exanples 1to 3
was foll ovved except the base oil used was a PAO base

10860 1 i cfioin FrsinEles ERamiblts gale. Boithe fipiiifuted N, N-
dlgﬁlllﬁghQWlbnéHihﬁﬁﬁé Eﬁtlﬁilﬁﬁﬁf isis ?fﬁﬂﬁ% ZZRaRH Qlf?éi‘ehf‘@atalysts

conpared wt e comerci al y aval T abl e
anti oxi dant, L57.[066] In the foll ow ng exanpl es,

Exanpl es 7 to 8, the substituted N, N -
E)éﬂ_rg%l/') phenyl enedi am' ne anti oxi dant is synthesized

us dif X hes
syttedis of R Bis(LRfisoprie srﬂ%l& ﬂé%wiﬁ%ilamlns from 1,4-
lbr@moj)enze angr b ubisopsopytamilipe dn it 9 presgucerf paltadinm
adebxte/tret-dntglpliosphinedatalystcet at e/t ri - t - but yl phosphi ne
catal yst [067] In an argon glove box, 0.26 mol
pal | adi um acetate, Pd(OAc) , and 0.7 mmol of solid
[06‘r7] 21 an;alrgm)gtwerimx 0. By symaokpal ladiwini auaﬁatenPd(@(Ac)zf and 0.7

e T
xhﬂé‘fux‘@ ﬁdﬁf% iRl 9 Hﬁf‘z@é %ﬁ %giéss%h‘?ed 8.5 mmol of 1,4-

||soprop BnitFrse 3R

dlbﬁﬁﬁoﬂ%ﬁz@ﬁé deras Neddedu to Tihe hﬁﬁﬁ,{rb OfbIIIWE ISy vzas hAR) eef 2,6-
to about H QOC and nmi ntai ned at about 110 OC or
diisopropylaniline and 25 mmol of sodium tert-butoxide, NaO'Bu. The reaction
mixture was heated to about 110°C and maintained at about 110 °C for
approximately 14 h. After approximately 14 h, the argon glove box was opened
and the reaction mixture was quickly quenched with aqueous ammonium
chloride (20 g NH,4Cl in 60 ml H,0). The toluene layer was separated from the
aqueous layer and washed twice with 80 mL with deionized water. The toluene
layer was dried over magnesium sulfate, MgSO,4 and filtered. The toluene layer
was concentrated on a rotary evaporator until crystals began to form. The
toluene layer with crystals was cooled to about -10 °C and maintained at this
temperature for 24 hours. The crystals were isolated by filtration and dried
under vacuum. The yield of isolated N,N’-diaryl-p-phenylenediamine was 2.0
grams, GC yield of 100%. The GC/MS spectrum suggests that the product is a

single compound having a mass of m/e 428.

Example 8

Synthesis of N,N’-bis(2,6-diisopropylphenyl)-p-phenylenediamine from 1,4-
dibromobenzene and 2,6-diisopropylaniline in the presence of preformed
palladium complex coupling catalyst



approximately 14 h. After approximately 14 h, the

argon gl ove box was opened and the reaction m xture
wowass/@ss¢kl y quenched with aqueous anmoni um ch@/usfs/n04013

(20 g NH4AA in 60 m H20) .»3The tol uene | ayer was

separated fromthe agueous | ayer and washed twice with

80 nL with deionized water. The tol uene | ayer was

dri ed over magnesi um sul f ate, I\/gSO4 and filtered. The
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aﬂdsﬂlr?édéﬁorbﬂ niihbtesaToaheaniktaliel 8¢5 el of fdudibrorhobenzene was
ield of isolated N, N -diaryl -p-phenyl enedi am ne was

ed fgllamed laz:Zyiu wingolo6f Z(ﬁa%lsdmepmm&mesp@dt%ummol of sodium

tea‘iﬁﬁéifd%f Wit B aThessigion isyirentas depfed to about 110°C and

mpringa 34 %g%g?gggg ﬁ?f;néﬁ*ab%@n alely TPRC MEEPEBRARifGeely 14 1,
thé RegdH BRRRICOWaB 'opefedRddRRE kerdition xﬁgﬁﬁf@mg Q]lhmikly Quenched
catal yst[068] In an argon gl ove box,

with ajheows amhiomum(dilofide { b gyNH46 Th2 in)l Iﬂf,(r)) o’HEn‘ejluene layer
pal | adi un(ll) was conbi ned with 401 of taol uene, an
W%St |Sf:p%ratqdo.fr<5n rﬁhﬁuﬁ%eou'ﬁo 3y andk ashed gvgcemuitho 80 mL with

delo z yadded dOI | oo\/\‘;ed 0 2 msulf%e, MgSOy,
"'2,%‘ Eﬁ* e Javien Vs dffed |oVsr mdriesiy

antdefilteM ofihderolhéie %ger% E&%étn'n%ﬂedTbﬁtéJ&St ‘P?%vﬁﬁéfa%“r until
to about H OOC and ntai ned at about

crastplscbagamttel fiprihd The Abluene Elu},mromn]mnt}@t@/ls Mashcodlhé to about -10
argon gl ove box was opened and the reaction m xture

*Goarad mﬁlewr}edqateﬂuﬁ é%mmaﬁur@qf%&ﬁls awasonl benceystals iwere isolated
by( H%rgtlon and drle?isur%er va uur;lrhe"[thcc):l &Ji%ﬂf ota 1solated N,N’-diaryl-p-

phenylenediamine was 1.995 g. The GC/MS spectrum suggests that the product

is a single compound and has mass of m/e 428.

[069] It will thus be seen that the objects set forth above, among those
apparent in the preceding description, are efficiently attained and, since certain
changes may be made in carrying out the present invention without departing
from the spirit and scope of the invention, it is intended that all matter contained
“in the above description and shown in the accompanying drawing be interpreted

as illustrative and not in a limiting sense.

[070] It is also understood that the following claims are intended to cover all
of the generic and specific features of the invention herein described and all
statements of the scope of the invention, which as a matter of language, might be

said to fall therebetween.



was separated fromthe aqueous |ayer and washed tw ce
wth 80 nL with deionized water. The tol uene | ayer was
wodnogzener nmagnesi um sul fate, MySO and filt eped/uskhg/oo4013
tol uene | ayer was concentrgted on a rotary evaporator
until crystals began to form The toluene |ayer wth
crystals was cool ed to about -10 OC and nmi ntai ned at
this tenperature for 24 hours. The crystals were
Cw@j\@éed by filtration and dried under vacuum The
isolated N N -diaryVpphenyl enedi am ne was
1.995 g. The GO/ M5 spectrum suggests that the product
is a single conpound and has nass of mle 428. [069] It
wi | 11t hus caaalgtéeantiGaidahiheepobyentddsby Eorthald h above,
anong those apparent in the precedi ng description, are

efficiently attai ned and ' ncg,cert ai n changes may be
, . X . :
made in carrying out the sent*i nvention w t hout
departing fromthe spirit [and scope of the invention,

it is intended that all ter contained in the above
description and shown in e acconpanyi ng draw ng be
interpreted as illustrat @ypot in alimting

sense. [070] It is also U erstodd that the fol |l ow ng
clainms are intended to coyer all of the generic and

specific features of the ijnventi on herein descri bed
and all statenments of the ope of the invention,
which as a matter of Ian(Rﬁx' ht be said to fall
t her ebet ween. CLAIMS: 1. Acatal ytic anti oxi dant

whéResaid RY aby ifdepeHiéntly m&r@ B aaiglat & 1 toS and, y is 1 to
i ndependently Hof G to Ily; X is 1 to 5 and,

4y is 1 to 4. 2. The ant|OX| dant of claim1l, wherein Ri
is aCG to Calkyl.
2. The antioxidant of claim 1, wherein R, is a C; to Cg alkyl.

3. The antioxidant of claims 1 or 2, wherein R, is a methyl, ethyl or

propyl group.

4. The antioxidant any one of claims 1 to 3, wherein R; is methyl or

isopropyl.
5. The antioxidant any one of claims 1 to 4, wherein R, is H.
6. The antioxidant any one of claims 1 to 5, wherein x is 1 to 3.
7.  The antioxidant any one of claims 1 to 6, wherein x is 1 to 2.

8. The antioxidant of any one of claims 1 to 7, wherein the antioxidant

is N,N’-bis(2,6-diisopropylphenyl)-p-phenylenediamine.



3. The antioxidant of clainms 1 or 2, wherein R is a

met hyl , ethyl or propyl group. 4. The anti oxi dant any
wooes/Begl aims 1 to 3, wherein R is methyl ofpcr/us2008/004013

i sopropyl. 5. The antioxidant any one of clains 1 to

4, wherein R2 is H 6. The antioxi dant any one of

clains 1 to 5 wherein x is 1 to 3. 7. The anti oxi dant

any one of claims 1 to 6, wherein x is 1 to 2. 8. The

anti oxi dant of any one of clains 1 to 7, wherein the

antioxidant is

N, Nghis i I - : hATLRE - F-clai

A et hod - gTO el TaRARRE SR Gl a i AcEOMl £ A7 ORE o claims 1
to0f8, CWhergin 1thieo nicthudh ecempribéie remithnd c dnprdisdstituted arene of

reacting a 1, 4-disubstituted arene of Formula Il where
Formwpdbksents a hal ogen or a triflate group and R2 and

y have the sane nmeani ng as in(Ez?rmJIa I, with an
| 1Y

ani | i ne derivative of Foknul | where R and x have

the sane neaning as in For\@&l, in the presence of a

pal | adi um catal yst. 10. Th hgd of claim9, wherein

X is chlorine or bromne. 11. The nethod of claim9 or
whersi X opresenty eihalagéns obraotriflate group Tned Retdnddy dfaventhe same

one of ¢lajns o 11, wherein the, pal ladium al yst
mEgnipe 3g in ?&’i@ﬁ’?ﬁ)i}d@ PRANERGAGHYate ‘RytlaﬁP%‘i‘l@ ar bene

catal ysts. 13. The nethod of (Rq{w one of clainms 9 to

11, wherein the palladium cat\alxyst is a preforned

pal | adi um conpl ex coupl if)~cakalyst. 14. The nethod of

claim 13, wherein the prefor pal | adi um
1

where R; and x have the same meaning as in Formula I, in the presence of a

palladium catalyst.
10. The method of claim 9, wherein x is chlorine or bromine.
11. The method of claim 9 or claim 10, wherein x is bromine.

12.  The method of any one of claims 9 to 11, wherein the palladium

catalyst is a palladium/phosphine catalyst or palladium/carbene catalysts.

13.  The method of any one of claims 9 to 11, wherein the palladium

catalyst is a preformed palladium complex coupling catalyst.

14. The method of claim 13, wherein the preformed palladium
complex coupling catalyst is dichloro[1,1’-bis(di-tert-butylphosphino)ferrocene]
palladium(II) or dichlorobis(di-zert-butylphenylphosphine)palladium (II).



conpl ex coupling catalyst is dichloro[l,r-bis(di-

er ?- but yl phosphi no) ferrocene] palladiun(ll) or
wodiopH286abi s(di -t eA" ?-but yl phenyl phosphi ne) palplcadid200s/004013

(1'1).15. A lubricant or hysggaulic fluid conposition

conprising a maj or anount of a lubricant or hydraulic

fluid and an effective anount of at |east one

antioxidant according to any one of claims 1 to 8. 16.

The nppsj tion of claim 5, erein the antjoxidant

"o pf SRt MorEnP gr araie, S Gordatsifol: PTRESHR @ maor

t ghbliffof &t least one

a***’ii‘ﬁ%%‘ﬁ%%%‘?’t‘f%ﬁ OrBaE B4 o RN BbLRof & least one

artigxidamniccorling tabny ahe of cl?euﬁishletd g oil. 18. The
conposition of any one of clains 15 to 17, wherein the

lubricant is a synthetic oil derived froma
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I've of draul I've.
cOnPosibNg ant|OX|dat|ve properties of a |ubricant or
hydraulic fluid conposition conprising adding an
effective anount of at |east one antioxidant according
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18. The composition of any one of claims 15 to 17, wherein the

lubricant is a synthetic oil derived from a Fischer-Tropsch wax.

19. The composition of any one of claims 15 to 18, wherein the
composition further comprises at least one additional lubricating oil additive or

hydraulic fluid additive.

20. A method of improving antioxidative properties of a lubricant or
hydraulic fluid composition comprising adding an effective amount of at least

one antioxidant according to any one of claims 1 to 8.

21. A method of making an antioxidant according to any one of claims 1
to 8, wherein the method comprises reacting 1, 4-diphenylenediamine of

Formula IV

R
M (Ra),

NH, v



where R and x have the sanme neaning as in Formula |
and X is a halogen, in the presence of a palladium

woeabei et 22. The method of claim 21, wherei pcing2008/004013
hal ogen is chlorine or brogine. 23. The nethod of

claim?2l, wherein Xis atriflate.

where R, and y have the same meaning as in Formula I, with a substituted arene

of Formula V
Ry,

where R; and x have the same meaning as in Formula I and X is a halogen, in

the presence of a palladium catalyst.

22. The method of claim 21, wherein the halogen is chlorine or

bromine.

23.  The method of claim 21, wherein X is a triflate.



