LUBRI CATI NG COVPOSI TI ONS CONTAI NI NG ASHLESS CATALYTI C
ANTI OXI DANT ADDI TI VES FI ELD OF THE | NVENTI ON [ 001] The
WOl PRtos4l Nvention relates to | ubricant conpoSickigy2808/004012

i ncl udi ng passenger car engine oils, comrercial
vehicle engine oils, industrigl, marine, hydraulic,
aviation, and driveline oils containing ashl ess
catal ytic antioxi dant additives. BACKGROUND OF THE
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i nprove their pro : SN elaREd
performance. Additives can |nprove t he perfornance of
| ubricating oils, greases and hydraulic fluids with
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nportant property s oxidative stability.

Ant i oxi dants sl ow oxi dative degradation by retarding

or inhibiting a variety of degradati on chem stri es,
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a system Many conventi onal® ant 1 oxi
actdmveshl onetrically consunmed in the degradation
process. That is, conventional antioxidants are
consuned in neutraI|2|ng a variety of degradation
2 f nti oxi dants are catalytic
Bmidﬂﬁﬁ%d\éb{f < Wﬁ}f ]§X| dants extend the useful
life of fornulated lubricants and may be used in
significantly reduced concentration

[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 quenchmg 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
wWEMNIBPEEGg ons and hydraulic fluids with anti oxcdam2608/004012

that performnore like catalysts in their

antioxi dation function, therepy enhancing the

performance and extending the [ife of such |ubricants

and fluids. [005] Furthernore, it would be of
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atl hy draufiet ﬂl@i@sf\yﬁfﬁtdn@iﬁx?d%ﬂﬂtéjﬂpﬁ R Bibrb "I catalysts in their

general ly avall able starting compounds that are
antixadatioel furichienptreseteenlaargingtiecpérforomamee ranidadxtaadihg the life
amounts and that_are safe to handl e. SUWARY CF THE
of sughNubasantyesql fluidhas now been di scovered t hat
substituted N, N -diaryl -nphenyl enedi am ne conpounds
i npart good | evels of oxidation inhibition in
ri RRths [ : : u ‘
[drqg e been Qg‘ggedm%@? tfengg(%%lr%t a%ci\gﬂvf/l’%%‘th{og&?ﬁgﬁ% qu)% ess
whithe ahtiokidafts ithaeplerffm trheree like RarYyIedna it adntidxddation
ant i oxi dant useful for inproving the oxidative
fupctipn Icould bé prepased iftam igenerallyr awvailabld startingaeempounds that are

? draul.ic flujds. .%8ﬁg.ln anot her asrect of the
rej{Ehy IRFXPEPRiYFe avallahle Jp fommerdalyiale paeuathpRd Lhatpre safe
tdh%&ﬂfr anmount of lubricant or hydraulic fluid and an
effective amount of at |east one substituted N
N -di aryl - m phenyl enedi am ne anti oxidant. [009] In yet
anot her aspect of the invention, there is provided a
STMMAR ¥fOFaKTBEINSVIEBIGION ed N,
N -di aryl - m phenyl enedi am ne anti oxi dants of the
present invention.[010] In still another aspect of the

[0i0g]/entﬂ' ORas gg(ve i)éerp r %chgggre% 'Tﬁlta{]ogulf)ﬁ{tuted N, N'-diaryl-m-

phenylenediamine 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-m-phenylenediamine antioxidant.

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

making substituted N, N’ -diaryl-m-phenylenediamine antioxidants of the present

invention.



i nprovi ng the anti oxi dative properties of conpositions
conprising lubricants or hydraulic fluids using
wosbgidisit ed N, N -diaryl-m phenyl enedi am ne pcr/us2008/004012
anti oxi dant of the present invention. [011] O her
obj ects and advantages of thegzpresent invention wll
becone apparent fromthe detail ed description that
follows. [012] The antioxidants used in this
oS tj i nel ude t ha havi ng. Forgmul a. 1 whe Ri
(10”3 il holfigt et 1 The dpvetitiqny 185 pefided ¢ method for
ithProvin@ b antidxiddtive pfbpekids bt Ebmpbsitigh to bricant
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hydtafié i8¢ ublngNsutidti ; TSNP AERVIRNERARAHE Aftioxi
t hat li’tTpallrt ugggdul evlg]&éao > oxi da‘?i onbi nh‘{qbinti on #ngﬁtlomdaﬂt
of thierpresenit $nvendionydr aul i ¢ fluids to which the conpounds
have been added. [014] The anti oxi dants used accordi ng
to the invention are substituted N, N -

Laryl s henyl enedj ai nes referably those havin

(g O SR e iAo iof s BisSRbio MYGRtANo My become
deail : : LS 1 to 4.

a@r% égfgf%@%w b &eﬁldgaa&ébﬁgﬁ?%ﬁgigp?mnbre preferably, Ri

is methyl, ethyl or propyl, conveniently, nethyl or

i sopropyl; and, R2 is H Preferably, x is 1 to 3, nore
[0d2¢f erldisl antioxidanty used in thiDeGhpbsitioniincludadhéserhaving Formula

preferred enbodi nent, the substituted N,

N -di aryl - nphenyl enedi am nes of Fornula | are

N, N - bi s(2,( -)di nmet hyl phenyl ) - wohenyl enedi am ne or

N, N - bi s(2,'6{'& i sopr opyl pﬁ%{)}/l ) - m phenyl en?ﬂi )arri ne.
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where R, and R, are independently H or C, to Cy, alkyl; x is 1 to 5; and, y is 1 to
4,

DETAILED DESCRIPTION OF THE INVENTION

[013]  The present invention relates to substituted N, N'-diaryl-m-
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-m-phenylenediamines, preferably those having Formula I



[016] The average nol ecul ar wei ght of the substituted

N, N -diaryl-nphenyl enedi am ne anti oxi dant ranges from
woaaesii213A0 to about 600, preferably 350 to abggtr/3608/004012

[017] Preferably, the substituted N,

N -di aryl - m phenyl enedi am ne. aoti oxi dant is an

i sopropyl substituted antioxidant, nore preferably a

nmet hyl substituted antioxidant. Wthout being bound to

any particulgg theory, it is believed that steric

hi ndrance pl Q

an inportdR$) role in the étﬂt)l oxi dants
ability to coniz OX|EIat|v kﬂropprtl 0 Mxs. Wile
some steric hi eNal | o f ofbn to be
donated to an lQxi dative Yyadiygal, toag h steric

hi ndr ance cr owd I=king it unavail able to
radicals. [018] In the presént invention, substituted
N, N -diaryl-m phenyl enedi am ne anti oxi dants are

prepared by reacting a 1, 3-di substituted arene havi ng

| wﬁefml and RWNRE $ndependén @gkpsneel % 4, a@gfl I R1L1 96 gymen@rsdls 1to

and y have the sane aning as In ‘mula I,
4aerf¢x’ab13e Rieis aat| ve Gaalkply horevptefetably WReris rﬁbthytj ethyl or
have the sane neanj ng as in Formula I, in the presence

pr@pyb qsmvpamndm mathyl e isopragydr and R tshl. herederehly, x is 1 to 3,
brom nore preferably, brom ne. [019]
MORe Hﬁ%e'ﬁ’gﬁ S{iﬁzht substituted N,

N -di aryl - m phenyl enedi ami ne anti oxi dants are pr epar ed
by reacting a 1, 3- phenyl enedi am ne of Fornmula |V where

E)an dnystﬂhuﬁoﬂllee préferedeambodindént] thd-eubstitatedd NWN'Rdiaryl-m-
stituted arene of Formula V where R and x have the

henydenesbamingsasof n Fenmmlaa 1 aard XNN’-his(26f dimesthplphenyl)-m-
haI ?%P%b‘l‘ et egﬁﬁﬂybfﬁ?irgtr-#*gs%p%py pﬁenyqs-m-?)?lenylenedlamlne.

[016] The average molecular weight of the substituted N, N'-diaryl-m-
phenylenediamine antioxidant ranges from about 300 to about 600, preferably

350 to about 500.

[017] Preferably, the substituted N, N'-diaryl-m-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 ability
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.

[018] In the present invention, substituted N, N'-diaryl-m-phenylenediamine

antioxidants are prepared by reacting a 1,3-disubstituted arene having Formula II



presence of a palladiumcatalyst. [020] Useful aniline
derivatives of Formula Il include, but are not
wd d008/i880p4t 0, 2-met hyl aniline; 3-methylanilinepctT/us2008/004012
4-net hyl ani line; 2,3-dinethylaniline; 2,4-
di ret hyl ani | i ne; 2, 5-di nethyl gniline;
2,6-di et hyl aniline; 3,4-dinethylaniline;
3 i met hyl aniline; 3,6-dinmethylaniline;
2 trimethylaniline; 2,3-trinmethylaniline;
2 trimethylaniline; 2,3, pYtrimethylaniline; 2,4,5-
trimethylaniline;, 2-ethyl’anijip&; 3-ethylaniline,;
4-ethyl aniline; 2,3- diethy]l line;
2,4-diethylaniline; 2,5-diethylaHiline;
di et L6 3 dl L )
ol RMADRL OFS. s o B R hove e same meaing o
inZF drntlila dppithatl ailink derivatibe davimgFormdladlll i ne;
2,6-diisopropylaniline; 3,4-diisopropylaniline; 3,5-
di i sopropyl ani |l i ne; 3,6-dietﬁihaniline;
2,4-di-terf-butylanilinenN, 57di -tertbutyl aniline;
3,5-di-teAt-butylaniline; 3 ¥\dj-terf-butylaniline;
and, 2,6-di-tertbutyl aniline! ﬁg] Bot h net hods of
preparation descri bed above are rried out in the
wheesRpcmdok Iaveatheaghmennocinahgy at .in ffarharlaldl yn thégresence of a
pal | adium catal yst is_a palladi um phosphine or .
palladivmi eatatestbefretereblyysthe balogensispdroming mr chlorine, more
acetateltri-t-butyl phosphine. Mre preferably, the
p?éﬁrg > DEPRIR%  yst is a preformed pal | adi um conpl ex
coupling catal yst. By preformed pall adi um conpl ex
coupling catalyst, it is neant that the catal yst
[0a9)t ailnsarimhér ambadimdht) substitped MhNWidrypanghedyienediamine
prefornmed catal ysts of the present invention are
antinidants prepreparedibyl redatingan, 3cphanylenedéanine efi Bermula IV
maki ng them easier to handlg unlike the catalyst
system of the prior art whigf uses
tri-t-butyl phosphi ne, aHkQun ¥ ophori c reagent.
[022] Preformed palladi umd | ex coupling catal ysts
of the invention v

where R; and y have the same meaning as in Formula I, with a substituted arene
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, 4,6
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of Formula V

(R1)x
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where R; and x have the same meaning as in Formula I and X is a triflate or
halogen, preferably chlorine or bromine, more preferably, bromine, in the

presence of a palladium catalyst.

[020] Useful aniline derivatives of Formula III include, but are not limited to,
2-methylaniline; 3-methylaniline; 4-methylaniline; 2,3-dimethylaniline; 2,4-
dimethylaniline; 2,5-dimethylaniline; 2,6-dimethylaniline; 3,4-dimethylaniline;
3,5-dimethylaniline; 3,6-dimethylaniline;  2,4,6-trimethylaniline;  2,3,4-



i ncl ude dichl orobi s(tri phenyl phosphi ne)pal | adi un(11),
tetraki s(triphenyl phosphi ne)pal | adi un{0), di acetato]
wobogs/1236( di phenyl phosphi no) pr opane] pal | adi unpdrys2008/004012
di chl oro[ 1, 2-

bi s(di phenyl phosphi no) et hane] gal | adi un(11),

di acet at obi s(tri phenyl phosphi ne) pal | adi un{11),

di chl oro[ 1, 4-

teBhShYLRAERY PRESRUARUAIIARANEY ' 200WTE itiey GRS 2,4,5-
trﬁnigﬁlséla?ﬁ'ﬁﬁw' PrRgi | iiB@;{ r ocenedianAtHd! M 4 ¢ehl4flingL 2,3-

ane adduct, dichloro

dikthylamilinegi Aedigthybasitinen o) Sedietstadling | 26idistlylaniine 3,4-
ditgglgﬁmi,liaﬁ; 13- >dimsthypgiline; s3.5-dicthylawitinep 2. ¢diisopyopylaniline;
2 e SR ER SR Eo 4 GIPRESIENERG: oo fisgprapylaniline;  3,5-
B 7 SRR S o ool ) 25-divtert

bty Hriline;t 815-dbrdry-babdanitines) Naldiadibitaniline; and, 2,6-di-tert-
di chl or o bi s(di pheny

butylasgle.nophenyl ) et her] pal | adi un(11), dichloro[ 1,1'
-bi s(ditert- butyl phosphi no)ferrocene]palladiun(ll),
dichloro [1,1" -bis(diisopropyl phosphino)

‘ ro ] [ . . . .
(0338 O EE LR, S phiRarasion dessribed, abpys; A5, Gargied out in the
prés&i®Molf 4.paltadium_ catalyst. Preferably, the palladium catalyst is. a

bi s( di phenyl phosphi no) f'err ocene] pal [ adi urm(11),

palladimirofplivispliie- t er f ipatladivheiegthenes platalyyt, such as palladium
; . co oh | bhosbhi -
a@?&éﬁghm%gélég: lo;g{qu,ﬁ% prqbflprsa(b?)l',p the ypal ad(ijlfrg Icg?a)lyst is a
i "= hi s(dj nyl hi <+ L &y - ;
prg?%rgeﬁ) &)éflf?lggﬂl aé@t‘ﬁ#%l %oﬁgﬁﬁg éz{{gl)yst. %y preformed palladium

cdihpled Yofphng Riafll fit PGS YhdHn@ Bt the katalyst contains both a palladium
bi napht hyl ) pal | adi un{11), dichloro[ I, 3-

arid phdspitireligands pAtheoprefopned]qatdlystdi efirfid presenbénvention are
supported Pd /P Bu3 catal yst, . . .
thermalty gtable,and.cirwome casesgpreyair stable making them easier to handle

urilﬁc%t Mmlep Egt%Pyhsit nsgf)sIe% ro%cﬁl%eprior art which uses tri-t-butylphosphine, a

known pyrophoric reagent.

[022] Preformed palladium complex coupling catalysts of the invention

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

diacetatobis(triphenylphosphine)palladium(II), dichloro[1,4-
bis(diphenylphosphino)butane]palladium(II), dichloro[1,1'-
bis(diphenylphosphino)ferrocene]palladium(II)-dichloromethane adduct,

dichloro[1,1'-bis(diphenylphosphino)ferrocene] palladium(II)-acetone adduct,



di chl or obi s(benzonitrile)palladiun(ll),
di chl orobi s(acetonitrile)palladiunm(ll), bis(acety
wa #0iAs@t o) pal | adi un(11), dichloro( PCT/US2008/004012
1, 5-cycl ooct adi ene) pal I adi un{11),
di chl or o( nor bor nadi ene) pal | adiyun(11),
bi s(di benzyl i deneacet o pe) pal | adi un{0),
tri S(dl benzyl i deneacet one) di pal | adi un(0),

oA LR BRSSPI, i

J qﬁg#, re preferred
”gﬁgb‘gﬁmg{léwt @qr% g%%gggp%lo%ﬁpﬁnrggocat al ysts of the
dichlobisnidyoldhestelpliospkin@dsdlladium(II), dlchlorobls(trl -ortho-

1, 3- bi s( di phenyl phaosphi no) pr opane] pal [ adi un(11),
tqiwl@hp@plupef alladlum(II) bis(tri- tert-butylphosph1ne)pallad1um(O)

dlgpégg g hen ﬁi}r%ﬂgbﬁhpﬁ@ﬁ;ﬁ%ﬂagﬁﬁ% Allhloro[l 1’-bis(di-

- B ﬁ** Sesfa SRS ach w11, SiPHIRFRIol -biste-

1sd>p lphosphmo)ferrocene}palladlum(ll) dibromobis(tri-ortho-
(pg’ hosphi no) ferrocene] pal | adi un(11)-dichloro
tqlt)élphaﬁrdllad adiug@bk or o[ 1, 1' - bi s(di pheny dibromo[1,1°-

e A
o e LR AR dumli, sichlesor2bis(dinfepyiphosphino)-1.1-
bﬂhﬁﬂﬂh@/l}ghllﬁdﬁﬁﬁ(‘md ohexy! Dhﬂﬂﬁ’@h{tgkwlﬂxﬂﬁipﬂ@h&lﬁho@bﬁi&lb)-l,Al'-
ri-?errbutyl phospﬁl ne) pall adi um O,
| bmﬂphﬂwl)@hﬂadl(um(riﬁemtl)l phgs |t02:r [;ﬂlwcklﬁlwéﬁﬂ(diﬁmaylpéﬂisphihb)-l,l'-
i -
blBGP?&‘pfi)@@ﬁﬁ @Qr r olczge] pal I adiun(11), dichlor o[ dichloro[1,3-
ARG Db o yooored 74 7 B

dtal9se! yl phosphin L 1~
© bi g( di phenyl phosg%n ﬁg)ﬂf)éel??%lgged 1]lpa(llgi %?gﬁ{ylf'hésphmo)ferrocene

dldhkdlrbbls(itnmz@dﬂnlejpﬁlbadmhﬁﬂ@nyI rd”lols]pi‘mble()acetomtrlle)palladlum(II)
pal I adi unt(1 dichloro(2,2' -bis(di phen){I phosphi ]
b1§(afetylacetonato)palladxum(II) dlchloro(l -cyc ooctadlene)pa ladium(II),
dichloro(norbornadiene)palladium(I), bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),
tris(dibenzylideneacetone)dipalladium(0) chloroform adduct, allylpalladium

chloride dimmer and palladium(IT)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),

diacetatobis(triphenylphosphine)palladium(II), dichloro[1,4-
bis(diphenylphosphino)butane]palladium(II), dichloro[1,1'-
bis(diphenylphosphino)ferrocene]palladium(II)-dichloromethane adduct,

dichloro[1,1'-bis(diphenylphosphino)ferrocene]palladium(II)-acetone adduct, di-



bi napht hyl ) pal I adi un(11),
di brono( 2, 2' - bi s(di phenyl phosphino)- 1,1 *-

waoopghsdy! ) pal I adi un(I1), _ PCT/US2008/004012
di i odo(2, 2' - bi s(di phenyl phosphino)- 1,1'-
bi napht hyl ) pal ladiun(11), dicgloro[ 1, 3-
bi s(di phenyl phosphi no) propane] pal | adi un(11), Fiber
supported Pd /P Bu3 catal yst and

BN B SIS 6
bie R LSy S R pirEhdiba iyt © 1 rom Jonsen
dhidibbisgkicyRbeRyIptesshinginatdhamdisciderr-condi ti ons

~known"to those s led in the art. In a typical
bytylphedphine)pailadiwal@ant s are ni xed under inert

A e I e R e
_ . flux, fory ' -
G PoYE B et MRS . C oo « ¢ SEWBROTHRE -bis(ai-
isbprpYIpII phRIT fdrfcene |piiadiuAPnt  of | ubri &BRdmebis(tri-ortho-
hydraulic fluird, 1 n particular those |ubricant or
tohylghesphine)palladimindBed on paraffini ¢ and napht hediliromo(1,1°-
oils or synthetic oils. _Thus, the |ubricant can be, . .
bisglip esphipp)benroegnelpajfadium(Mhsed on a nidiehlgrokis(di-ters-
theti il 26} Jypi gal fini . .
oity)seRdrSpbineSraliadgntul Stk s ek RYfinosghino)-1,1-
) . ah . . o '
e DB ERUE: nonconvent  aaal Bae oL FIpheny fopPeino)-1,1

binapkthybpallpdinag3bed, pr ef er abdiyodd2 2'-pis(dgphlepy lphvosphino)-1,1'-
synt hesi zed to provide high performance | ubrication
bipaphthyDpalladiveyI); 027] Fornul ated | ubri cant dichloro[1,3-

E S R N R
BN R T Shep e TRT BT S YIS RAD Rhrqcgng.  The
preformed palladium complex coupling catalysts are commercially available

from Johnson Matthey.

[024] The synthesis of N, N'-diaryl-m-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.

[025] The composition of the invention comprises a major amount of
lubricant or hydraulic fluid, in particular those lubricant or hydraulic fluids based
on paraffinic and naphthenic oils or synthetic oils. Thus, the lubricant can be, for

example, an oil or a grease based on a mineral oil or a synthetic oil.



singl e processing schene and neeting a particul ar
specification. Base oils conprise at | east one base

wo00$1e13d4028] Non-conventi onal or unconventi opgr/x2863/004012
oils include one or nore of a mxture of base stock(s)

derived fromone or nore Gas:$o-Liquids (GTL)
materials, as well as hydrodewaxed, or
hydr oi sonmeri zed/ conventional catalytically (or

IGRY " o lpiSe) WREEIE 3 Bt G insfitas S eRBbHA pingpal ois
ox&ggﬂr&f&@é@ oflUCIDthSr Bhéfal flmgH?Sof Rdfichhg WAXESSityAiHélude non-

y stocks such as gas oi waxy tuel s”hydrocracker
cdintentional baseystoaks ithtt ltavehpek prasekssdds ,prefeeabigl catalytically, or
crackates, or other mneral, mneral oil, or even
symbhesiead o prowidsi highaerformangs Jubrigasiongharagieristigs. waxy
materials received fromcoal |iquefaction or shale
oil, and m xtures of such base stocks. [029] GIL base

[62i7:| S Wmﬁlilz?]t@d tlﬁﬁﬂcazﬂto&&ﬁé%siﬂ%?icﬂ rise YMnitkture of at least one
ma t Vi r y s,

erials at are derive a one mor e synt hesi

basendibelahdfor Basarsif andait ileast dreapérfnmediet addifivé.oUsually, the
degradati on/ deconstructi ve processes from gaseous

basgrsbock toatsingle wil seouped fien aRsingler by soutne @Rl swhjseted to a
.Stocks are derived froqmthe Fischer.-Trospch, (FT) )
singler H&qe§smgo%fé@@wﬁenwegngymmwla@asyee fRetipei nPage oils

c ﬁﬁ?éﬁto‘i%%?t%eme%‘{k% catal ytically converted to

ng materialrs by hydroi sonmerisation and/ or
dewaxi ng. The process is described, forexanple, in
U. S. Patent Nos. 5,348,982 and 5, 545,674, and exanpl es
[028] suiN@bkenvertingt bs uacendagimmiabbasd oildiglud@mbpeor Miore of a
4,568, 663, each of which is incorporated herein_by .,
mixpes fcBasq stask(Brderyed ‘3’9&: IO0S) OF rBOEh fpactaskiguids (GTL)

mtaYe?iaTs"’,‘l '¥% 2RV h09 ﬁsidi‘SHaLL&d, 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,
rearrangement, and/or degradation/deconstructive processes from gaseous
carbon containing compounds. Preferably, the GTL base stocks are derived
from the Fischer-Trospch (FT) synthesis process wherein a synthesis gas
comprising a mixture of H, and CO is catalytically converted to lower boiling

materials by hydroisomerisation and/or dewaxing. The process is described, for



viscosities at 100C of fromabout 2 mm/s to about 50

mm/s, preferably fromabout 3 nm2/s to about 50
woaBs/;213¢40r e preferably fromabout 3.5 MR/ s tpe1aRWés/004012

30 m2/s. The GIL base stock and/or ot her

hydr odewaxed, or hydroi sonerigged/ catalytically (or

sol vent) dewaxed wax derived base stock(s) used in the

present invention have kinematic viscosities at 1000C
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cosity refers to a neasurenent ASTM met hod
inloéAforafcdidreinilby beferenseocks and base oils derived from
GIL base stocks which can be used as base stock
conponents of this invention are further characterized
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I ower, sone cond
abane3 afdnt aRoebost BOlﬁmﬁﬂE thereoprerbably ff&e sHout BVSrmm?/s to
Wi th usefu% pour points of about -300C to about -400C
abput| 3@emm /rs thEhpr €sldnt basev stadkorandimweotber, hyldeodswaxed, or

base st ock( nerally are those havi
hygforsomesiz &afa @%@ for lgﬁ%tb %Y%@érwsr Rilsel basgsetock(s)

u%rdf iy t%ggi;r 1§v8{tf0nel'ieﬁ;%| wlnglql%ﬁi: v1$c e%rathl'd@)bér in th e range of

eren erein to pour measurenen
at;aﬂes 5YmMSEMoDP matd §réfb+aeyl %bemtrﬁﬁlzxsetrosamﬁ 7 hi¥d2%, more
he ‘GTL base stock(s) d erlved from GIL materi al s,
pl@fmbl}aldb}ouhytiﬁ onuetaxed 64 rhmﬂfsm sReferémedherein to kinematic
cat al ytlcally (or solvent) dewaxed F-T materi al
vigepsiDetelersde agnsasyrementmiade byeA SIM methed Md4Sved base
stock(s) which are base stock conponents which can be
used in this invention are also characterizedtypically
[031] ha\GTE bake $eeks Yinl A€ 8ls Aeri¥ed Hond PAL Base stocks which can
preferably 100 or greater,
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.

[032] The GTL base stock(s) derived from GTL materials, especially hydro-
dewaxed or hydroisomerized/ catalytically (or solvent) dewaxed F-T material
derived base stock(s), and other such wax-derived base stock(s) which are base

stock components which can be used in this invention are also characterized



and nore preferably 120 or greater. Additionally, in
certain particular instances, the viscosity index of

wd hesebase stocks may be preferably 130 or grirayed2008/004012
nore preferably 135 or greater, and even nore
preferably 140 or greater. FEor exanple, GIL base
stock(s) that derive from GIL materials, preferably
F-T materials, especially F-T wax, generally have a
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base stock and base oil obtained by the
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pat@ffisY Ghi 6ombaRaion Wik ABA-c9eliY mogafafﬁﬁy.u m"Phél’f ratio of the

cycl oparaffins. These GIL baSe stock(s) typically

naphtipmis €i.par gfdloparaffiret eonteht ih haichcoombirtatiohs gvaridsewith the
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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 oil 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
than 85 wt% non-cyclic isoparaffins, and most preferably greater than 90 wt%

non-cyclic isoparaffins.



non-cyclic isoparaffins.[035] Exanples of useful
conpositions of GIL base stock(s) are recited in U S.

worRbgsdyos. 6,080, 301; 6,090,989, and 6, 165, P45/ i9h0s/004012
exanpl e, which are herein incorporated by reference.

[036] Base stock(s), derived foomwaxy feeds, which
are also suitable for use in this invention, are
paraff nic fluids of lubricating viscosity derived
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and m xtures of such isoneratelisodewaxate baSe stocks

feadstobls efoininera] @3l7] n@i-adkerahxoil,s nohgetmaleunec oy aratdral source

from any X ydrocarbon oil including_synthetic oil
OLIZIAY, Ceks, &VQS@% SHER agrongeor MAERiogassolls, dagk, wiax, araxy fuels

' [ve Xhnd. vent dewaxi ng. enploys
nbPIaElL RO iR, roffintfR, HRURD W b rackates,
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hydr ocar bons such_as pr ogane or butane. [038] Sl ack,
derbvedewnxy seaipdalss Hagisgbrsached Wdyocartyd comepoussisrith carbon
nifiter St Iabout 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 dewaxing
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
content. Slack wax(es) secured from petroleum oils, may contain sulfur and
nitrogen containing compounds. Such heteroatom compounds must be removed

by hydrotreating (and not hydrocracking), as for example by
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ar%%&gr%ﬂrea%pgasé r%]rﬂév BRY¥Eord groukf)obrI a%c?loddﬁz %f4), 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
formula: DV (at -40°C) <2900 (KV at 100°C) - 7000.

[042] The preferred GTL base oil is also characterized as comprising a



average fewer than 10 hexyl or |onger branches per 100
carbon atons and on average have nore than 16 net hyl
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as neasured by CCS at -400C,. pnd ki nematic vi scosity,
as neasured at 1000C represented by the fornula: DV
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sol vent) dewaxed wax base oils, for exanple,
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included in the fornulafion contdin sulfur and
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
0.4 wt% or less, and a phosphorus content of 0.18% or less, preferably 0.1 wt%
or less, more preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and

in certain instances, even preferably 0.05 wt% or less.



phosphorus the resulting formulated |lubricating oils
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conprlsed of” hydrogenated pol ymers or oligoners of

limitpt atw, edbiows Ghitohabowtl (4, alphaolefins rveith | dbout eﬁs tto about Cig
g@ﬂt Cto about C32 al phaol efins with about
alpherlefing.c suelpnanl korteae, shrdacens, 11wlodesenc 1amieébﬁehke being

pr%feq'?edcfc%ﬂg pre%r}er&epcl)llyléﬁihagieetn 2 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 Cyg, preferably Cy4 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
or complexes of boron trifluoride with water, alcohols such as ethanol, propanol
or butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.
For example the methods disclosed by USP 4,149,178 or USP 3,382,291 may be
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[047] £ | $ther aseful spnthictizdybricating base stork walsi thehvas silicon-based
nater, al cohol s, such as .et hanal ropanqgl or.,.but anol
oil B stept of PROSPROTYS CobfaininE e BvoehgI e plitized, " Exammples of
i : ods«gli ”
oy ° JORAC Ring o YBIRS Byt TR0 SRS Tieants”,
Ghedéison aadhdartdReeitald iribg. QB%AWM%Q?WMC]@&@ incd#pérated in
inthe followng US. Patent s. 3,742,082,
it3emestB63; 3, 876, 720; 4, 239, 930; 4,367, 352; 4, 413, 156;
4,434, 408; 4,910, 355; 4,956, 122; and 5, 068,487. The
dimers of the Cl4 to G 8 olefins are described in USP )
[048b 18 Ber spitabip spnthaticusaseudils ineluds alkylatpd iaremiatig base oils,
esters
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2 $earbon RedmbohshaRyfromGhont 10 18%azgbomatonis arsd up to about three
i ncorporated in its entirety.
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 U.S. Patent 5,055,626. Other
alkylbenzenes are described in European Patent Application 168 534 and U.S.
Patent 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-
benzenes typically have good low pour points and low temperature viscosities

and VI values greater than about 100, together with good solvency for additives.

Other alkylated aromatics which may be used when desirable are described, for



[048] Ot her suitable synthetic base oils include
al kyl ated aromatic base oils, such as nono- or

waby1Aabdky! benzenes or nono- or poly-alkyl PCT/US2008/004012
napht hal enes. In these types of base oils, alkyl
substituents are typically alkyl groups of about 8 to
25 carbon atons, usually fromabout 10 to 18 carbon
atorrs and up to about three such substituents may be
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caitaipline nmedéiedr termasad r hiydrbxyd Eroupse abtdtaednby, for example,
Application 168 f534 and U. S. Patent  4,658,072.
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Dressier, H, chap 5, (R L. Shubki n (Ed.)), Marcel
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i nterpolyners and their derivatives containing

nodi fied term nal hydroxyl groups obt ai ned by, for
[0§lep|Eéter§s¢<@nprlseaa iusefdr @smémcﬂq cafdditiver solveatyl and seal

tq)e 1{}9 c gr%rc etistics %'lbse s€ urg@%y {he 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 alcohol, 2-ethylhexyl alcohol, etc. Specific examples of these
types of esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl

phthalate, didecyl phthalate, dieicosyl sebacate, etc.

[051]  Particularly useful synthetic esters are those full or partial esters which

are obtained by reacting one or more polyhydric alcohols (preferably the



exanpl e, these oils may be obtai ned by pol ynerization

of ethyl ene oxide or propyl ene oxide, the al kyl and
wooyd/188ier s of these pol yoxyal kyl ene pol ymer $cr/us2008/004012

(et hyl - pol yi sopropyl ene gl ycol ether having an

aver age nol ecul ar wei ght of _gigaut 1000, di phenyl ether

of pol yethylene glycol having a nol ecul ar wei ght of

about 500-1000, and the di et hyl ether of polypropyl ene

highed fnﬂﬁ‘vék'%a spl a§ hed ine8Beflin BobISsgn ;s dedringyl; elycol,

ac f c
eGSR el Y e SF 2y LS, porsReich, AnicaCpfopane,
p@{ta@@khntbbrar@(amﬂneaeryﬂﬁﬂel) hdthe ratk apoip raickds aou&iﬁmg at least

base stock. Additive solvency and seal conpatibility
abﬂmﬂacarbon samms (preferablys €6 40 &do Byidsisuchigs saturatedetraight chain
such st ers of. di basi c aci ds. h nonoa] kano

felfyq oS e SFRPLico RO A D G 1At Berd cabgisge acid,
%i‘mhb Gc CPqunglé X@g g%ﬁ?ggcidg %hd%@giccl %Icﬁthr find Séﬁeﬂ;ondmg

I carboxyl ¢ acl succinic
bx¢icHed Shaik!faty @6id3ict Lﬂﬁhﬁxrat%HKBﬂyhcﬁls(‘sﬁbﬁ la§ odéit dcid).
mal ei ¢ acid, azelaic acid, suberic acid, sebacic acid,
fumaric aC|d adipic acid, linoleic aC|d di mer,
[052] oniSuigblels yathiiit mé:oaompaﬁeﬂs iakleley theestens of trlmethylol
acid, etc. MAth a varled% of al cohol s such as but
plaup@oen,otrlmetbyw butanéotrimelby tad yethane; qmltaerztl@tthy anégé)yldlpenta-

al coh etc. ecific exa | es.of these t.
gL VY‘H& e St yhoRa BB e e bR fiom about 5 o
%ﬁﬁq@aé gwexyl fumarate, dioctyl sebacate,
sooc ate di i sodecyl azel ate, dioctyl

pht hal ate d| decyl pht hal at e, dieicosyl sebacate, etc.

[d;@jl] Jiftton 'BH& bils 'df@fa%tlhgﬁ 'azﬁ?tdfcusgﬁll af?lbl?étﬁ: flﬁ?ﬁ%tmg oils.

or partl esters are obtained by reacting
Thewe 6ils imvledd pblyayidyl cpallyashal soly slkek e+, adidypolyaryloxy-siloxane
t hehi ndered pol yol s such as the neopentyl polyols,
oids gnd silicateotlyl 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.

[05S] Another class of oils includes polymeric tetrahydrofurans, their

derivatives, and the like.

[056] The compositions of the invention comprise a major amount of a
lubricant or hydraulic fluid and an effective amount of at least one substituted N,

N'-diaryl-m-phenylenediamine antioxidant. By a major amount of a lubricant or



trimethylol ethane, 2-nethyl-2-propyl-I, 3-propanediol,
trinmethyl ol propane, pentaerythritol and

wokhopeiidar ythritol) wi th al kanoi ¢ aci ds cont aipdTngs2888/004012
| east about 4 carbon atons (preferably C5 to C30 acids

such as saturated straight chgi.n fatty acids including
caprylic acid, capric acid, lauric acid, nyristic
acid, palmtic acid, stearic acid, arachic acid, and

G AL s Sl LSRR G YGRS G hresent i an
ax?lﬁ{é urggk?%fro@hﬁ&ﬁ'ﬂ% w. '% H??]ﬂ)(‘(‘uteﬁ #A. %Og%onﬁafnsabout 85 wt.%

esters of trinmet propahe,- tri met hyl ol

totdloun 95 Wwt.i%Ebdyedan thehtats ,wﬁgm ofthet dompeditiend By an effective
di penta erythritol with one or nore nonocarboxylic
amou@lsoﬁmleafstrﬁmgsubsamtad Nt NE5diasy latsephenydenegiarnine antioxidant,

it g reant R e ey Bt dand i, PreSertt iRgeRogtts Eafine Jhm about
0. @9:1 ¥8'd68ut 5 WkY 2hd grefef’a@lgﬁﬁgi)%out aA to abmgxl wt‘(o based on

yaryl oxy-si’loxan I cate ol

th@ftoﬁﬂuwaghe of icbinpeBitivas eTheiantiokidaht éayt BE i3ed laydne or may be
silicate, tetraiSopropyl silicate,

chbmd(WHhDﬂydﬂadﬂ;ﬁQ%; licate, tetra-(4-nethylhexyl)
silicate, tetra-(p-tert-butyl phenyl) silicate,
hexyl - (4- net hyl - 2- pent oxy) di sil oxane, poly(nethyl)

ah OX . ol yI t 1) S|
[0F824] qﬁﬁi@ﬂgw"‘fo oé{‘wtsegnt et| cehl z%&ljca n%rsoh%?aqﬁl% fluid
cotip&difioRd oP BRSRRRAAYR Cél?é‘hﬁbfbx‘%ﬁ BCadlfing Hﬁ%dtﬁié' 4tA6unt of " at
for exanple, tricresyl phosphate,” tri octyl phosphat e,
ledste tamel sebstituted NecN’rdpﬂrybphpherwlemcﬂanﬁﬂssantmmdm to the
class .of oils includes polyneric tetrahydrofurans,
CQIARPSItiRS.i vati ves, and the like. [056] The
conposi tions of the invention conprise a mmj or anount
of a

[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.

[059] Typical end use applications for the compositions of the invention
include, but are not limited to, circulating oils, hydraulic fluids, greases, gear

oils, metal working fluids, engine oils and automatic transmission fluids.

[060] The following non-limiting examples are provided to illustrate the



| ubricant or hydraulic fluid and an effective anount

of at |east one substituted N,
woNoosliasMl - m phenyl enedi anmi ne anti oxi dant. By p1@d2068/004012

anount of a lubricant orhydraulic fluid, it is neant

that the lubricant or hydrauldgc fluid is present in an

anount ranging from about 50 wt.%to about 99 wt. %

e.g., fromabout 85 wt.%to about 95 w. % based on

. the.total weight of the conposition. By an effective
IYERURY of at [east one substituted N,

N -di aryl - m phenyl enedi am ne antioxidant, it is neant

that the catalytic antioxidant is present in anounts
EXAMPRES r om about 0.001 to about 5 w% and

preferably from about 0.01 to about 1 wt % based on the .
[06d] al Aweisgties obf coopuywisitians. Weks afermattatddntandayevaduated for

bl BT 4 od i . v
with lé‘v'agciobbégg.écx?méb@ QR SnQhtutdtEd F})’G;&Ef WA RY 2 100°C of
| nprove by a Ing an e ecti ve anoun 0 a eas one

6 SipFVd.t TR Bintidkidahey Ysed Rhany | fRIFRAIAEH Nompositions were a
antioxidant to the conpositions. [058] Fully

cdmmendially civadablesalkiytated diphenyhtamine sold dys€Citnender the trade
additional. Jubricating oil or hydraulic¢ flujd

nafaeilkeapex e e 2 RN deis(%endims hxlpmyém_g?imr% estiamjne (m-
PHET S | h |
PO B BRSO Dion | rprovers. botar ™

deactivators such as triazoles and thiadiazol es,

extrene pressure and antiwear additives such as
[062) s pHdice datat eas eotientephsighat Bulodt IDSCuMaded 2920 pressure
alefins, antirust agents _such as carboxylic acids,
difffesentiad spanning ealagimeige.c Theresdts reparted am fellewing @bles are for
.dyes to nentjon a few The anount of such other .
ispthgrmal, o3 idaian B FAFTiade opb imAia (10 NFE) abd SORE using open

alR T, f)Xx?s' %%ldl g.SlrJI?ge %fJ snarflp M ggmgielss\'vere heated from room
temperature to 1800C 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

ocCcCurs.

Comparative Examples 1 and 2 and Example 3

[063] The base oil used was a GTL base oil. The results are shown in Table 1.



[059] Typical end use applications for the
conpositions of the invention include, but are not
wo 008/i8804t 0, circulating oils, hydraulic flui dg&r/us2008/004012
greases, gear oils, netal working fluids, engine oils
and automatic transm ssion flygids. [060] The foll ow ng
non-limting exanples are provided to illustrate
t hei nvention. EXAMPLES [061] A series of conpositions
were fornul ated and eval uaiiglgfsgr anti oxi dative
properties. The unadditize oils used were a GIL
base ol | vvlthakVat o 7 i ;
unsat urated PAO o d{ﬁ%},&’k@g) 1000 Cﬁo E%L&n%]dﬁnztsl‘?ﬁe

aniwnv: r~|a +s—yse ) fha fnrmﬂ afarl con pESHHORS—He

a co H:lial 'y alvail abl eN&’PRyI ated di phenyl am ne d

by ba_under—t Lrganox— 57 and—4a
N, N\’CBF@( 6- di ﬁt hyl gﬁé’r@?’)‘”‘% ’phenyl enedi ani ne (rr4¥2 =
PDA xQ gtclj@g presjent ,hmﬁﬂbgg UbZJ The data was 58 ¢

col usi ng ja DuPont 4920 pressure
di ffer ential scanning cal ori net er The results

reported in follow ng tables are for isothernal
[064] datAoris rshesvicdnr Teblleods the m—PD(Alamtlpsncga)nta@f teoogvention

PESiAt IR CEl ThobASe CRF ONith o Betéro ApLORI e, Sramsebes .t lower
(éll%k oﬁ‘? %Stlgl%?Slﬂ%hdbx%stﬁé r@f’fgzl | Xo Wlﬁ{ t%%%o%rﬁ@r01ally

Ol' oxXl Ion e erm OCCU e (4! tron

a\bd]g%%amqbg,am f@T) for each run is shown in tabl es.
OTis calculated as the extrapol ati on tangent to the

exotherm froma plot of heat flow versus tine. The QT

s defined as fhe an&)unt of tlme taken for the
Cﬁ@&@éﬁﬂﬂﬁﬁéﬁ_ﬂfﬁ gendfxamplg Gt her words, the OT
[q6§@’r elg}]et préféﬁl]o%rltglﬁr)fea@lﬁ%g {lgo@(wagtf(j)l%]wgé e%]eept 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 L57,0.1 wt% 5.1
Example 6 m-PDA, 0.1 wt% 14.6

[066] As can be seen in Table 2, the m-PDA antioxidant of the present
invention provided the PAO base oil with better anti-oxidative properties as

measured by the OIT as compared with the commercially available antioxidant,
L57.



occurs. Conparative Exanples 1 and 2 and Exanple 3
[063] The base oil used was a GIL base oil. The

wo BesidiSo4ar e shown in Table 1. Table 1 [064] AspdiSusisymdso1?
in Table 1, the m PDA anti oxi dant of the invention

provi ded the GIL base oil w.tpp better anti oxidative
properties at |ower concentrations as nmeasured by the
" OT as conpared with the commercially available

B B, kg CHRRRER ISPy ., st . v
T T e,

materikdens Wellaldi€ferenttcatalystDA ant i oxi dant of the
present invention provided the PAO base oil wth
better anti-oxidative properties as neasured by the

s compared with the comercially available
dant L57.[067] In the foll ow ng exanpl es,

eosf ﬁ 1\§’Ob 23 n?é}tlﬂi lenedl ine from 1,3-
@" i s S i

aQesa t,rs-ttsbutazmwme sotalyigtsi s of
N, N - bi s(2, 6-di met hyl phenyl ) - #w phenyl enedi am ne from

m&ﬁé@%&? & o €0 el PrURiBM RciMEs P IEC) and 2.2
m%gqll %?(bl}é gi—i%b&t@pﬂga@{ﬁ% Pgilgaﬁvae?g)&gmamggd ni'i@OmL of toluene.

The mixture was stirred until the Pd(OAc), dissolved. Twenty-five (25) mmol of

1,3-dibromobenzene was added to the mixture followed by 74 mmol of 2,6-
dimethylaniline and 75 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 (40 g NH4Cl in 80 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, 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-m-phenylenediamine was 6.28
grams, GC yield of 100%. The GC/MS spectrum suggests that the product is a

single compound having a mass of m/e316.



mmol of solid tri-t-butyl phosphine, PlIBu3, were

conbined in 201 of toluene. The m xture was stirred
wolvos/h21dye Pd(OAc) 2 dissolved. Twenty-five (Zr/03%bs/004012

of 1, 3-di bronmobbenzene was added to the m xture

followed by 74 mmol of 2,6- dyethylaniline and 75

mmol of sodiumtert-butoxide, NaO Bu. The reaction

m xture was heated to about H OOC and mmi nt ai ned at

abou 10 OC for approximately 14 h. After

E mately 14 h, the argon gl ove box was opened and
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coppbirg catal¥¥ with 80 nL with deionized water. The
tol uene | ayer was dried over magnesi um sul fate, MgSO4
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sty @ tfat abo@r § rhindkest eTobthel mbxitu, 809 nind] &Fi 1IS3Ldibid@hobenzene
vacuum The yield of isolated

whis [ddded fiodwed blye2fy heneldofdj6rdimetby Bnilhegareh®5 n@@ol of sodium
yield of 100% The GC/ MS spectrum suggests that the
teﬁ?hﬂ%iéq, sN@\O%ﬁuhgﬂéhec SRAFHIORIMHRYS 3Vas heated dp about 110°C and

nﬁlﬁg&l%pgiﬁ%ﬁl_lgﬁ)gﬁgfog%i@?%ﬂ%aéelp , Mnh After approximately 14 h,

the: atpeh VOBER 2R ot dandt te FRAGIAAiXtuRE wal c&g@kly queriched

presence of prefornmed palladi um conpl ex coupli
witht aduesus[ @dfifijonivmachlarigon(191 @\WHROk in 5168 Hp®). ofhe toluene
di chl orobi s(di-ter/-_ butyl phenIyI phosphi ne) pal | adi um '
layer yWaa sepasatsidn E@mpithe adyeoustlayer aadewasheds tvigeedvitho 80 mL

d%ggfztgfig\yéntéggglﬁxieéwlger}ehﬁygir )\(A;a%r(iariecf3 b\‘r/)ermrﬁ%lgngsfium sulfate, MgSOy,

and filtered. The toluene layer was concentrated on a rotary evaporator until
crystals began to form. The solution 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-m-phenylenediamine was
1.44 g. The GC/MS spectrum suggests that the product is a single compound
and has mass of m/e 316.

Example 9

Synthesis of N,N’-Bis(2,6-diisopropylphenyl)-m-phenylenediamine from 1,3-
dibromobenzene and 2,6-diisopropylaniline in the presence of preformed
palladium complex coupling catalyst

[070)] In an argon glove box, 0.168 mmol of dichlorobis(di-tert-
butylphenylphosphine)palladium (II) was combined with 40mL of toluene and
stirred for about 5 minutes. To the mixture, 8.5 mmol of 1,3-dibromobenzene

was added followed by 25 mmol of 2,6-diisopropylaniline and 25 mmol of



was added foll owed by 25 mmol of 2, 6-di nethylaniline
and 25 mmol of sodiumtert-butoxide, NaO Bu. The

WO ®9§14160% M xture was heated to about H O0C angt/us2008/004012
mai nt ai ned at about H QOC for approxi mately 14 h

After approximately 14 h, thegu gon gl ove box was
opened and the reaction m xture was qui ckly quenched
wi th aqueous ammonium chloride (10g NHO in 25 mM H

Sl RIS . T PR BE B  100
and® ir{éﬂyﬁrab#ﬂﬂ%q@%lo roﬁﬁﬂé’t@? l‘m.SWffe"i‘ta? ad\@x?@ilely 14h,
and filtered. The tol uene lrayer was corcentratbd on a

thieCdrgbll gdoapboRtwis el anidythe abacthmgaiixtuee Wismquidklg quenched
solution was cool ed to about -10 OC and nmai ntal ned at

withi aquesuseamamengurhochlpridaddfsg NHeCt iy 2Samd He®p The toluene
isolated b iltration and dried under vacuum . The .

lay B i pepatest Biomhy RE aXiHeqns 15He AGHy MRS AR Witk 80 mL
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ddighiyel widf. FHBISARERKUTLRNITR Sy aehdfu MG} MesO,

arld BRké®si Theftoluene layer was concentrated on a rotary evaporator until
N, N - Bi s(2, 6-diisopropyl phenyl)-/n-phenyl enedi am ne

crystals began ti foronobhe sehionmata® c6oldidite apoupyl (T landemaintained

attcg'\? presence o;qrpreformed al I adi ym conpl ex coupl iLn

% tsmperagurs) for24 hoyrgo sustalppverg. isgkatenby th?ation and

' obj | - &erf but.ylphenyl Phi_ne | ladi um. .
affed PhiEoPAG. . T5E YRk oY Sl S Atigmpime was
1.999%._ The GEVes SJ&tltlﬁ]ﬁ sﬁggééﬁ €hat&he ct9k a single compound
1, 3-di bronobenzene was added fol | owed by 25 nmol ~of

ar] Bagiinasopf ngyK4aBi | i ne and 25 nmmol of sodi um
tert-butoxide, NaO Bu. The reaction m xture was heated
to about H OOC and mmi ntai ned at about 1100C for

[Oaﬂﬁ)r O)ﬂ rrvtsaltlleltP{usl ré‘ séA‘efnt That B %’6}&?& %ley f%ﬁpl 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.

[072] Itis also understodd 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.



t he argon gl ove box was opened and the reaction
m xture was qui ckly quenched wi th aqueous anmoni um
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was separated fromthe aqueous |ayer and washed tw ce

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

dried over magnesium sul fate, MJSO4 and filtered. The

tol uene | ayer was concentrated on a rotary evaporator
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spectrum suggests that the product is a single

conpound and HB9,mass of nkg 428. [071] |t will thus
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tY¥foqth oe(,R1)c3<m)ng t hose
eSCIN P @l are efficiently
attai ned and, angeSymy be made in

carrying out the present ntion wthout departing
fromthe spirit and scope of the invention, it is
whaetecRend Ryaire éhdepsadtetly EDot @) bed,j alkyhiex RODYES; and, y is 1 to
description and shown in the acconpanyi ng drawi ng be
4interpreted as illustrative and not in a linmiting
sense. [072] It is also understood that the follow ng
clains are intended to cover all of the generic and
spechfi L . 1 RV [ i sgc i bed
and 411 ThERhbERa of clfish 1: SekaR R CilodCR Al
which as a matter of |anguage, m ght be said to fal
t her ebet ween. CLAIMS: 1. A catal ytic anti oxi dant
r epr®senthel antiokistantilof ¢laizherle oRi2, amblereih & eis methyl, ethyl: or
i ndependently Hor C to G2 alkyl; x is 1 to 5; and,
PropY 1to

apparent in the(p

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-dimethylphenyl)-m-phenylenediamine  or  N,N’-bis(2,6-
diisopropylphenyl)-m-phenylenediamine.



4. 2. The antioxidant of claim1, wherein R is Cto
Cg al kyl. 3. The antioxidant of clains 1 or 2, wherein

wRood/@18@t hyl , ethyl or propyl. 4. The anti oxip¢anis286%04012
one of clains 1 to 3, wherein RL is nethyl or

I sopropyl. 5. The antioxi dantpgany one of clainms 1 to
4, wherein R2 is H 6. The antioxi dant any one of
clains 1 to 5, V\,hereinxisltos 7. The anti oxi dant

ant i 9t apEBT ok Be i ST tepSesing o fay fing 2 Flaims 1

tAg, | WhiefaAt theS meth Gituted
N, R - bi s(2, 6- dimet ﬂ?/ C?]mﬁ F gs rearhtmn%/ aenle%ndésrﬁbﬁé ited arene of

Fbtmh}aﬂls(z, 6- diisopr opyl phenyl ) - m phenyl enedi ami ne. 9.
A nmet hod of making an anti oxi dant according to any one
of clainms 1 to 8, wherein tf8nmethod conpri ses

reacting a 1, 3-di substituted,argne of Formula Il where
X represents a hal ogen or flate group and R2 and
y have the sane neani ng as Fogimula |1, with an

Bnllgge derlvatlv of Formula |11 V\,here Rl and x have

FRPTRRSAN Achalegsh of g Ffaffﬂ%ielgrom andeRprangieyidiaver thg same
SO R RRY Py b SO RO o or

cI ai m 10, wherein X is brom qrq; 12. The nethod of any
one of clainms 9 to 11, V\:ﬂ%l’ % he pal | adi um cat al yst
is a palladi um phosphine' @ t or palladi unf carbene
cat al ysts.

I

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).



13. The nmethod of any one of clains 9 to 11, wherein
the palladiumcatalyst is a prefornmed palladi um

WO A¥04coupl i ng catal yst. 14. The met hod of pelraigFvdsR04012
wherein the preformed pal |l adi um conpl ex coupling

catalyst is -27-
dichloro[l,l"-bis(di-?er?-butyl phosphi no)ferrocene]
pal | adi um(11) or dichlorobis(di-

Ut Fark SRR oot P driia (e SShbriitioBorapuising 4 major
argﬁ*lﬂtr o £ HQHB it (ﬁ'ol#ﬂg%ﬁ]]‘?@%i@ n@Y &Ediive AbEnfBflafltast one

a
ectl ve anount east one anti oxl dant accordi ng

aritivxddanteiteonting ke an® ohe tod céaimk6l tof®e conposi tion of
claim15, wherein the antioxidant is present in an
anount of about 0.001 wt%to about 5 wt % based on the

tota .ght of the co sitjon. 17. The c psi ti.on .
of ' A6 L sofiporfion RERERH | enhiisin tie anfgkink if prgsent in
' h! o bd/i f .
o Pyt BE obGuly00 o5 1B RAFTTLSE ORe orPlhe R Whight of the
aﬁhbogﬁbhyed froma Fischer-Tropsch wax. 19. The
conposition of any one of clainms 15 to 18, wherein the
conposition further conprises at | east one additiona

lubricating oil additive or hydraulic fluid additive. )
20. b\7-neT%&06?PqSﬁtﬁfb\ﬂfn§?athsi b%%ﬂgwlkﬁr%& § @ébr&fant Is a

| Wbri t..or .hydraulic fluid conmposition conprising
n%aaqﬁ%gsiﬁﬂlgp?é)&{?i ve anount of at |east one anti oxi dant
according to any one of clains 1 to 8. 21. A nethod of
maki ng an anti oxi dant according to any one of clains 1
t o 8]8whHEheicompesitien hofl anynpnesef dlaiacst ildgta 17, wherein the

1, 3- phenyl enedi ami ne of Fornul a
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 a 1,3-phenylenediamine of Formula

vV

(Rz)y

HaN \©/N H,
v



| Vwhere R2 and y have the sane neaning as in Formnula
I, with a substituted arene of Fornmula V where R and x

woRu$ZibAa same neaning as in Fornmula | and X ip&180S2008/004012
hal ogen, in the presence of a palladiumcatal yst. 22.

The met hod of claim 21, whereign the hal ogen is
chlorine or brom ne. 23. The nethod of claim 21,
wherein Xis atriflate.

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

of Formula V

(Rq),

v

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.



