WO 20071133462PCT/ US2007/ 010701 - 1 - LUBRI CATI NG COVPOSI TI ONS CONTAI NI NG
ASHLESS CATALYTI C ANTI OXI DANT ADDI TI VES FIELD OF THE I NVENTION [1] The
present iwoendvieaeeel ates to | ubricant conpositions inclpadiusgoopaseenger car
engine oils, comercial vehicle engine oils, industrial, marine, hydraulic,
aviation, and driveline oils containing ashless catal ytic anti oxi dant
addi-t.i ves and to a nethod of naking said additives. BACKGROUND OF THE

I NVENTION [2] A wide variety of additives are used in |lubricating oils,
greases and hydraulic fluids to inprove their properties and enhance their
performance. Additives can inprove the pe#Tornance of lubricating oils,
greases and hydraulic fluids with respect to oxidation, wear and corrosion.

One |rrport RS oxi datj ve stability. Antioxidants slow oxi dative
degradat i O AL NG, COMPOS =! o CONIABNINGA SHEESS CGARALYTIC
chem stries, ther eby prot ect i ANTHOXKIADIGADDIFEVESf e of fornul ated oils.

Ant i oxi dancy is described as the abl lity of an additive to delay the onset
of oxidation by effectively quenching radicals that are generated by a
system FHELDMOY THREVNVENTONNt i oxi dants are stoichionetrically
consuned in the degradation process. That is, conventional antioxidants are
consuned i n neutralizing a vari ety of degradation chem stries. Mre

effective oxi t cat aI t i oxi Cat al yti¢ anti oxi dant S
ext end the Gads ul psreg#nqtf H?Yﬁﬂt %Srthaﬂ‘(a'E"%ﬂm Ig?é‘l@b*dlp uding
si gni fi Carpdsyem@iuﬁz&deﬁgm@e@ﬂi aédrﬁﬁléi*@i'ai iRt & @QnEOQHdlﬁ’selh Prﬁlﬁ%g
levels. - 2 - [4] It would be desirabl e, there ore, to provi

| ubri cat i iydrawliespyiation. and dl;xmlm icdlsf tmtdmmgtatshda&mm catalyaict anmmuant
perform e a ant .dation function, thereby
enhanci ng a[(ﬁje I%éesr?rgcftoa tﬁﬂ gﬂ%ﬂﬂgﬁadﬁ‘i&m@% of such Iubricants and
fluids. [5] Furthernore, it would be of great industrial interest to

devel op a Dr 0cess in which antioxidants that performnore |ike catalysts in
their ant i34 RAUNI QN JiIE INVENEIONepar ed from general |y avail abl e

starting conmpounds that are relatively inexpensive, available in conmercial
scal e anobunts and that are safe to handle.

[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.



SUMMARY CF THE I NVENTION [6] It has now been discovered that substituted
N, N -diaryl - ophenyl enedi am ne conpounds i npart good | evel s of oxidation

i nhi bi ti owoiznodsbss2zcants and hydraulic fluids to which the/usesmpowrds have
been added. [7] Thus, in one enbodinent, there is provided a conposition
conprising a major amount of lubricant or hydraulic fluid and an effective
amount of at |east one substituted N, N -diaryl-o-phenyl enedi am ne
antioxidant. [8] In another enbodinent, there is provided a nethod of
maki ng substituted N, N -diaryl -o-phenyl enedi am ne anti oxi dants of the
invention. [9] In still another embodim®nt, there is provided a nethod for
i nproving the oxidative stability of conpositions conprising lubricants or
hydraulic fluids using the substituted N, N -diaryl-o-phenyl enedi anine

ant i oxi daf@@4lof IthWOpI?éémnﬂeﬂmkdﬁ,t tharefore, o prpyitle Mibresatingj eompoaitibns

d t fi .t t _i.nvent.ion wll beco appar e fromthe detailed
desori pt SRR RS il Brbndiiahts that e icim Saere, fke ﬁaga’i“mﬂaszfﬂr% |
i ncl ude t ' : : S
Hor ‘ot arosiemoiTunliof MBICHY cohaiefi e pecdolhdiiccQnd Sxigdi it |
of such lubricants and fluids.

[005] Furthermore, it would be of great industrial interest to develop a
process in which antioxidants that perform more like catalysts in their
antioxidation function could be prepared from generally available starting
compounds that are relatively inexpensive, available in commercial scale

amounts and that are safe to handle.

SUMMARY OF THE INVENTION

[006] It has now been discovered that substituted N, N'-diaryl-o-
phenylenediamine compounds impart good levels of oxidation inhibition in

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

[007]  Thus, in one embodiment, 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-o-phenylenediamine antioxidant.

[008] In another embodiment, there is provided a method of making

substituted N, N"-diaryl-o-phenylenediamine antioxidants of the invention.

[009] In still another embodiment, there is provided a method for improving
the oxidative stability of compositions comprising lubricants or hydraulic fluids
using the substituted N, N’-diaryl—o-phenylenediamine antioxidants of the

present invention.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 12] The present invention relates
to conpositions conprising a nmajor anmount of lubricant or hydraulic fluid
and an efwecvinvesmpount of at | east one substituted N, PCT/US2007/010701

-di aryl - o- phenyl enedi am ne anti oxi dant. These conpositions exhibit good
| evel s of oxidative stability. 10131 The conpositions of the invention
conprise a mgjor anount of lubricant or hydraulic fluid, in particular
those |l ubricants or hydraulic fluids based on paraffinic and napht henic
oils or synthetic oils. Thus, the lubricant can be oil or grease based on a

mneral oil or a synthetic oil. WD 200A-133462PCT/ US2007/ 010701 - 4 - [14]
Typi cal paraffinic and naphthenic oils include conventional mneral oils or
hydrotreated oil. OQher useful fluids of lubricating viscosity include

non- conventi onal base stocks that have been processed preferably

catal ytic , OL..S esjzed . to, provide erforpance, | ubr]j catlon

char acterﬁy[‘ﬁcs 6?% %Fﬁu?%@e{‘fl Eﬂgeé'aﬂ tg%rfg'(%‘?’ttl BYentigRy Wild cbecams ur e
of 3 baseyslaglh fbnPuRARiaflbd d8Midtod 2P folfitgs Per f or mance additi ve.

Usual |y, e base stock 1's a sing e ol I 'secured froma single crude source
and subjected to a single processing scheme and neeting a partlcular

speci ficatj.Qn. e oi.ls conpri | east Qne base stock.

Non- convem]i na:zﬁb"r al&ﬁﬁ%ﬁ%ﬁﬂssﬁap alblasqgnam%n% dnglude préeedravm }eh‘bf a

m xture ofolash IStock(s) derived fromone or nore Gas-to-Liquids (0Th)
materials, as well as hydrodewaxed, or hydroi sonerjzed/ eonventj onaj
catalytically (or solvent) dfvaxed base stock(s)Riderived from natural wax
or waxy feeds, mineral_and Or non-nmineral oil waxy\eed stocks such as

sl ack waxes, natural and waxy stocks such a y , waxy fuels
hydrocracker bﬂtto > ' &ackates or
ot her mineral, fi nerva waxy
materials such as waxy 2r i 2faction or shale
oi I, and mxtures of such Dage stocks {7] GIL bgse oils conprise base
stock(s) obtai ned from GIL e BRI Ny e gerg/ved via one or nore

synt hesi s, conbi nati on, transfornat -.rranéehbnt and/ or
degradationldeconstruetjve pr ocessesyf=al gaseous carbon cont ai ni ng
conpounds. Preferably, the GIL basg”stock3\are derived fromthe

Fi scher-Trospch (FT) synthesis pRecess wherB:n a synthesis gas cpnprising a
m xture of H2 and COis catalytically converted to |ower boiling - 5 -

where R is H or C, to Cy; alkyl, R is H or C, to C,; alkyl, and R3 and R, are
independently H or C, to C,;, alkyl.

DETAILED DESCRIPTION OF THE INVENTION

[012] The present invention relates to compositions comprising a major

amount of lubricant or hydraulic fluid and an effective amount of at least one

substituted N, N’-diaryl-o-phenylenediamine antioxidant. These compositions

exhibit good levels of oxidative stability.

[013] The compositions of the invention comprise a major amount of
lubricant or hydraulic fluid, in particular those lubricants or hydraulic fluids
based on paraffinic and naphthenic oils or synthetic oils. Thus, the lubricant can

be oil or grease based on a mineral oil or a synthetic oil.



materi al s by hydroi soneri sati on and/ or dewaxi ng. The process is described,
for exanple, in U S. Pat. Nos. 5,348,982 and 5, 545, 674, and exanpl es of

sui t abl e watadysss2are described in U S. Pat. No. 4, 568p6dais2@ancin7of whi ch
is incorporated herein by reference. [18] GIL base stock(s) are
characterized typically as having kinematic viscosities at 100C of from
about 2 m2/s to about 50 nmm®/s, preferably fromabout 3 mmR/s to about 50
nun2/s, nore preferably fromabout 3.5 m2/s to about 30 nmR/s. The GIL
base stock and/or other hydrodewaxed, or_jydroi sonerizedkatal ytically (or
sol vent) dewaxed wax derived base stock(s) used in the present invention
have ki nematic viscosities at 100C in the range of about 3.5 mMmR/s to 7
romm2/s, preferably about 4 mR/s to about 7 nmmR/s, nore preferably about
4.5 mR/s to 6.5 nm/s. Reference herein to kinematic viscosity refers to a

neasur enenf0r]de DypRal parmrfiiRMark i .hase ails

derived fr([)n?%TL bzge s%ji:)cksl whi chﬂ%ﬂ}?\th%%@uoslgrdinacs a%@%ﬁ%%ﬁggﬂ’g%}?&??lé of

this i nvenPf ddsetgeatad oibr Otherauseful fkuids yifi lublicyting Vievosiy PeladOFidi.S Of

about -5C [ referahly.abqut -10C or | ower, npre preferably about

-15C or | og\é?‘%e%\gﬁqaf %ﬁg? ét%‘ﬁ(éf @raggﬁayeaﬁf&ﬂt proggssesh Hréﬁﬁéﬁ?@aﬁ%ﬁabﬁ' lys ome

condi tions fedlRv@ ta gx i . Of. : . | oner, with
Do R SR BNS A BoiOHa: MistiAlich Wiibacérbd

useful pour points of about e present
i nvention, however, the GIL base stock(s) used generally are those having

pour poi nt ahout -30 r _higher, preferably about -25C or higher, nore
pr ef er abl yﬁg%aut -?&&‘lﬁwghﬁl?ﬁ’&agt REMPOSKIONS ¢iRprise aonpdure pdianbasessteck t o
measur enengr A%dSe ldY1 Avell M &3¢t .f%].'llﬂ? edy vVersi ons. 20] . The QU
base stock(s) derived from érﬁﬂﬁg?}erl a é?gké@g{e{g%eafjpé“ﬁ@&%'&e‘?ﬁékég‘lﬂ? 15 a
hydr oi sonesinglsdpit acaurgdifoahlaysifigle crativ sotcedubsitsedted R §hiR! protEdsy
base stock and . ot hegr such wax-derived hase stock%s) whi ch are base” WO
2007/ 1334642%2‘3% #9% shoPingya Partigular speifieationp dhese: eilswsooiprisenatbleastsent i n
this i nvergdsenstgdie al so characterized typically as having viscosity indices
of 80 or greater, preferably 100 or greater, and nore preferably 120 or
greater. Additionally, in certain particular instances, the viscosity index
of these bﬁﬁg stqcks may be preferably 130 or greater, nore preferably 135
or greaterl?18hy N¥hcapYentinnal or amepnyantional drasa csls. inFbrdecomept e1or€kif hase
stock(s) thaluRe'diVe ha referably F- terjals especially
2% SRR, BIGEl 0P F08 " o, BabapLidrds &

F-T wax generally have a vis y I'n
herei n t o matstels, t yasi neketl r af erhydrodShbkedt hes @ggﬂgisowgedm,@@qhgh?p,
the G| bas? St.o &s) are typically highly paraffinic (>90% saturates), and
may cont aiAHYHE iobfsoﬁ‘ﬁ‘ﬁ’éi ylemaxsd dasenstoghics) nddrivesy dtaop anatifal nwak nor
conbi nat i j < | G 1S raffins.; The rati f the naphthenic
(e cyclsd feedieyintikiat 2nl™aP Bouniriian il Wl (el slocks o Glack yst
and t enpenedsesenatnedl. wikss, 08, WAL stoORE sRPEK gaéﬂﬁs,t\i’fﬁﬁy %élﬁ hé/}ip(kcﬁr%ﬁéi. have
very low sul fur and nitrogen content, generally containing |ess an about
_}_ﬁ ppmI f a SURB?Se_YVﬂSY &eﬁ‘fﬁ?aqee§§’dfﬁérg<\>ﬂl§ti§utthmﬂmﬁc§aﬁﬁ:sh af pltﬂtezmi_ﬁéﬁ(ljregt S.
e sul fur,s Hr o} sg_stqck an ase .oi | obtained by
t he hydr o?%%?rfeérl inélté’t ?g%?'fzgo@eﬂ%rﬁgeug? qff“f‘%ﬁ'gf’gr\véf‘?' mafsEials spgh msTwagy i s
essenti al mateiibls fe6&izbd|frorn qatliRjuettiRAOMHRO bil, bha FkuRAsSsE s'ifcﬂ%fs%)
conpri ses l,%?:i(affl nic materials that consist predom nantly of non-cyclic
i soparafff &nd only mnor anounts of cycloparaffins. These GIL base
stock(s) typically conprise paraffinic materials that consist of greater
than 60 wt % non-cyclic isoparaffins, preferably greater than 80 w %

non- cycl i P0IHopaGTLS base, oilﬁ)é@nglﬁgé BasP 506 cR{SIRAink A FroR G %

- i.C
i soparaffins, and nost preferably greater than 90 vvt%non-cy%l?fgg’awmdt

i sopar af f #s. 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



[ 23] Exanpl es of useful conpositions of GIL base stock(s) are recited in
U S Pat. Nos. 6,080,301; 6,090,989, and 6,165,949 for exanple, which are
herei n i rworpavasasd by reference. [24] Base stock(s), @emivsea7fonanm waxy
feeds, which are also suitable for use in this invention, are paraffinic
fluids of lubricating viscosity derived from hydrodewaxed, or

hydr oi soneri zed/ catal ytically (or solvent) dewaxed waxy feedstocks of
mneral oil, non-mneral oil, non-petroleum or natural source origin,
e.g., feedstocks such as one or nore of gas oils, slack wax, waxy fuels
hydr ocr acker bottons, hydrocarbon raffi‘mates, natural waxes, hyrocrackates,
thermal crackates, foots oil, wax fromcoal |iquefaction or fromshale oil,
or other suitable mineral oil, non-mneral oil, non-petroleum or natural
sour ce demiatartpladyyhydroindnagrisationraud/ondewaxing e he paeerssripeseribgsd fots

wi th carbon nunber _of ut, 20 ter, -pr.eferabl v about, 30 or .greater,
and mi xt u?’.éaé“BE’? é’&c‘ﬁ'q' ?cﬁ%e&qﬁselsgi‘ggéggfé’flei%ﬁgﬁé? semﬂﬁé;%fo%lfl?".sbﬁe [ 25]
Sl ack vaxcuglysiCaitdestABEN 3 391! PAINXIBYA 5BRY6AY dheR STRANCAIL indihBHiied
synthetic ollI" such as F-T waxy oil or petroleumoils by solvent or

aut or ef r i ljexeat by eefbeowmoe. ng. Sol vent dewaxi ng enpl oys chilled sol vent such
as net hyl ethyl ketone (MEK), nethyl isobutyl ketone (MBK), m xtures of
MEK/ M BK, m xtures of MEK and toluene, while autorefrigerative dewaxi ng
enpl oys pigggur i Laugbid) ! hERGIZRHIHMAAIRANS BisthlkiddARAEe O
but ane. F?ﬁ SI%?EJ ﬁgi?géélgg%uﬁgdé?%%&g?m héﬁ’iqc \;\B/gxy 0|HI sggucl:h as F-T
waxy oil wvistbsitissiat 190P@ve frempaboutn2 mmdisttor abanud/58 mm?/s,oprefierablt fiioma ng

conmpound content. Sl ack X segured fro efrol.eum qi |l s, eont ai n
ol or  arkbaHte S BB i ATt o0 B tRee EEHAPE SRUA AL o GG st be
removed b, dret . IsNg (ragd o Ki Sl

2007/ 1334%02(;I:]>%T/3 885%%{7258010701 f?gt_%\ﬁs%r%tgggu:a?i@toﬁ ?g'}éirggly?ﬁDS) ?ﬁ%ﬁ o
hydr odeni hydigpésuaherdred/dataBitjcatly G salvent)i dewsarisk oqueentlerived base stock(s)

poi soni ng/ deact i vati on qQf the hydrojsonerization catal [ 2 The
PP e or oSS0 e Rk ST AnEREoT AL WG FISSRTERE DD Conthl ARES Ofr om

waxy fee [ J p. i 2 f4 K2

conposi tid%’%@t?rigng‘?g%fﬁi ?ﬁ@ﬁjﬁﬁgﬁrg%zéeﬁqg? ﬁggi/hgomoﬁlftga@dﬁa/?’e?o eevel S,
| owt o- ni | preefierfably dboat t4-5ninhmfYst toogef, nimst o-Reuifereaccenheieis , toakinamatic
essentially water-white in color. [28] A preferred GIL |iquid hydrocarbon
conposi t i GACPStLFrdCrsdRs meppgremani mads by iR Memethnd Pd4fsonent s in which

t he extent of branching, as neasured by the percentage of nethyl hydrogens
(Bl'), and the proximty of branching, as neasured by the percentage of
recurri ng[ome] hy lGTE e osckswindchaserails’ deriveat fronr G Tabbhsnstotlestomich Eaom an
end group or branch (CH2 > 4), are such that: (a) Bl-0,5(Cl12 > 4) >15; and
(b) BI +0. &% vseslpas-hysegipckscomnonerty of dhissiavention arg fiythes chasegterized
conposi tiQn.: . ref egd, ' e er
char act ert&g é%?l)ﬁgl\ﬁn&:lggg aOEU 8%%%?12)3\# r?g{ Ieges,cg 8{ &Ea(ke'gﬁgfe %}éﬁ?‘%%& i 1(:6'3[{E bf

hydr ocar blemser, hese proforaBly apqutn 18P Cr aglywerp stili mbrg peeforhily dbout €3¢°CQ han
20 wppm sul fur contai ni ng conpounds, a pour_ point of |ess than -18C,

pr ef er abl §f l@Wer,anth under some)cenditiong may>have adyaptageeps powy points of They

have a nofiqil-280¢! i uAd! WiPhsetff fbur BRuY Bira8But Ndec (8 aBAR LAY of han

10 hexyl ‘or Tofger branchegs per carbon atons and on average have nore

than 16 niewatl I deghesericihvéfondidoever dis GTIhdgsakiek(snuded generally
characterized by a conbination of dynam c viscosity, as neasured by CCS at
-40C, ancarRithesabpving pripaints efsaba 30 oxthighmcprelsrabdy mbeyt R0 Wher

fornul a: lg\éhg&tmbﬁeog}eféra%%o Ubbti-Aoc 8¢ Qgﬁer? WReferericed Herein to pour point

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

[020] 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



m xture of branched paraffins characterized in that the |ubricant base oi
contains at |least 90% of a m xture of branched paraffins, wherein said
branched wanadéfisas2ar e paraffins having a carbon chai n lpemgtskooghi@bout C20
to about Co, a nol ecul ar wei ght of about 280 to about 562, a boiling range
of about 650F to about 1050F, and wherein said branched paraffins contain
up to four al kyl branches and wherein the free carbon index of said
branched paraffins is at |east about 3. [31] GM base oils, and
hydr odewaxed, or hythoi sonerized/catalytically (or solvent) dewaxed wax
base oils, for exanple, hydroisonerized ©of “hydrodewaxed waxy synthesi zed
hydr ocar bon, e. Fi scher - Tropsch waxy hydrocarbon base oils are of |ow or
There is a novenent anong ori gi nal

g
zero sul fur,_and phosphorus. content. : .a, |
equi prent MRS CTPRPRCTLS AWHIGh Fan dentsed & ghisoimpreptioncareoalsol chardcierizedof
ever increagj ; . osphorus and. sul. f content to
neet ever ﬁé%%?ﬁgﬁyﬁggﬁbg \(i/‘]gid lgg%;P?@@n@lﬁ%ﬁa??eé)ﬁ?%fﬁﬁg{o%% BIeALeS

known as | and 8AR6 preferablyol2@ior greater AbeitisRlG! ib8sRafi iﬁtﬂé‘gieﬁ'hnst ces
t hensel ves |r1herentlél are of [owor zero inifial sulf and phosphorus

content. SehViseed X Rbthese baae stagks nayi bepprefenably 486 drvgreateadntiore ves.
Even if t ALV Vi ragdditlves. i ded in_t r tion contain
sul fur angl/gror plﬁysp ()S[r)uosr gﬁ%att%résﬁﬁ i%(r;nger H}Q{ﬁ@{eggqubg%ﬂj%@t?rn@r?ﬁt% wWEPE be
| over or |exangpleS GTLsbase stuokds)ethdtoddriNgg iffgthi GO imﬁefﬁlﬁt}é’%%lgsﬁﬁﬁ

ed ol

conventional mneral Qil base stocks. [32] Low SAPS fornu s for

vehi cl e erf§atfEly genrarialby Fie 1) wax generably haviepa aiscosityiigdex of)136i of gieave. a
| f % fer abl % or | ess,
or et or an R eregefteshefed Abcds i palk B EE RO AS TV Pa2dd” 1 o6h cont ent

of 1.2 wt%or |less, preferably 0.8 % or | ess, nore preferably 0.4 wt % or
osphorus content of 0.18% or |ess, preferably 0.1 wt % or

| ess, and % EE S
| ess, mor dOBtks edBBAditinrghaGlo base stockém)sire tyEitally biighl§. f28affitic @005 S,

5007/ 1294 c3RidcsRS RS By A GRS d hignacy clarprattig And dmulticy o s
used accorpairaffiriso ihhcembivaidr owith" @oFldydiRs ‘?scaisder £l NeFrRY %ﬂ?} i(c))‘rf]’ ﬁ-Lel S

may be used. her synthetic oils that can be I'n the I nven cl ude
pol yal phadi2ehtheni¢ €ngs) cyclppanasifin)k content dnasich canitngtions asiies swith the

phosphori ' the.like, Th s, which are known materials
and gener %Iaf’a?/&%\/agﬁ %ﬁ%er%ﬁﬂg lﬁﬁ?‘m}k %&ﬁ@%%&% ABthbase milsdypicalion as
ExxonMobi haChemrg dbwCaiThRanynd &Rtey; ] , jca vary
i n nunber _average nol ecul arl_lvvei gh%&??%ﬁeggﬁﬁgﬁ%ytggﬂgb@%% l§%%8,k£lolﬁd’%ftgher.
PAGs are d8nPRinciaam| §iosg dypishlly less thateabawigs mfmkofentlt o€ thescoRndms,

such as, t out 0 cSt V_ at Q) and up to about, 3000 cSt (kV at
100C), or |egsl%éﬁ£ #ﬁe&grﬁ&ena?oé‘%ﬂ}p‘?%éﬂ&y%WF éadobase il ebtained bypdeymer s
or ol i gomhydraiborakfianbsbidoRewikisd beciFuge, il CedpRhially &0 {9 &ROut
C2 to about C32 al phaol efins wi tl?lé]about cs To aag’ute%%élag ph%glldeh s,B¥such
as 1-oct efesentiafgadhe, 1-dodecene and the like, bei ng preferred. The
preferred pol yal phaol efins are poly- 1 -octene, poly-1 -decene and poly-1
-dodecene and m xtures thereof and m xed ol efin-derived pol yol efins. The

| il > ) ; j . Cl4 t
i mers of [(RAJherIn0d pidfBfrel iBIiARAYGNE G'ggg%iﬁg gg)cc{l((gs)o qgg@é%%ﬁ%? 1:?(18 ©

ClL may be used to provide | ow viscosity W
vol atili tI}!at@éz"}iéﬂéﬁtmmistph@imhhmoﬂytqf@mdﬁcIWﬁo?hfafﬁhahhﬂ%l?h&iggper, t he
PAGCs may dom nant | ri s angd tetranmers of the starting ol efins,
with m noé}gganéﬁsn‘%yﬁo?ﬂéftﬁ?sgmﬁﬂ a&m.“‘m‘ﬂﬁ) Botedlly gompaise havi ng a
ki nemat i Cpara$iniei hiteialslRE cHALS 6‘9%{::% tBAPYh woR x{o?n-éfclfcsitsogaﬁfﬁsed'

ntly ynmeriZa

[ 034] PALO base oils may be conveni made by the p RSof an
al phaol efRt¢ferabbhgregtersban 800Wt% nuul-gyaid isapamffingtdbys prefuedblR grédter

Fri edel Q@%%rsc‘a‘?l sts ilr.lcl udi ng.. for exanple, alum numtrichloride, boron
trifluoridée o r?ﬂ?'o&-ggc 5% 1s9ppEHTips, and mostipreferablyareater haadbwe¥such as
et hanol , Iﬁfﬁl@%ﬂ% is@bap&{ﬁﬁ@', carboxylic acids or esters such as ethyl
acetate or ethyl propionate. For exanple the nethods disclosed by U S.
Patent No. 4,149,178 or U S. Patent WD 2007/133462PCT/US2007/010701 No.
3,382,291 may be conveniently used herein. O her descriptions of PAO
synthesis are found in the followng U S. Patent Nos. 3,742,6082; 3,769, 363;
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 dinmers of the Cl4 to C18 olefins are
described in U S. Patent No. 4,218,330. [35] O her useful synthetic

| ubricating base stock oils such as silicon-based oil or esters of
phosphorus containing acids may al so be utilized. Exanples of other
synthetic lubricating base stocks are disclosed in "Synthetic Lubricants",

o o o ~—~ " - T OOA NN T




[36] Other suitable synthetic base oils include al kylated aromati c base
oils, such as nono- or poly-al kyl benzenes or nono- or poly-alkyl

napht hal emex00713346kese types of base oils, al kyl substi taerusgotaneodypi cal |y
al kyl groups of about 8 to 25 carbOn atons, usually from about 10 to 18
carbon atons and up to about three such substituents nmay be present, as
descri bed for the al kyl benzenes in ACS Petrol eum Chem stry Preprint
1053-1058, "Poly n-Al kyl benzene Conpounds: A C ass of Thermally Stable and
W de Liquid Range Fluids", Eapen et al, Phila. 1984. Tri-al kyl benzenes may
be produced by the cycl odinerization of” 1= al kynes of 8 to 12 carbon atons
as described in U S. Patent No. 5,055,626. O her al kyl benzenes are

descri bed i n European Patent Application 168 534 and U.S. Patent No.

4, 658, 07210231k y | Bzampless of usefid cepmapositipns ed{oThabase siockés)aare tegiteddn| s,

"ol i gor all-on Paty MO EOREHAT SRIOSRE SRS TBRGAS AT il ahiph &0

avai | abl enhtfeamimeRporsed byfreférenes. al kyl benzenes (LABs) such as Vista Chem
Co., Huntsman Chem cal Co., Chevron Chem cal Co., and N ppon Ol Co. Linear

al kyl benzenes typically have good | ow pour points and | ow tenperature

Vi scositi nd ¥l valu great er -t han abopt 100, .t.oget her with good

sol vency f@‘ﬁ - %ﬁsq g‘é)&gfsc)i g‘éréYeélﬁ??é? Ry e_gflédwgr‘gh%e! %léo\lﬁﬁftﬁ‘ﬁler& Y& used

when desi fRlthR &RARYC! drBefaraltAhi© FRAM f ldbri'c%?fiﬁgwgcﬁgky'bdRéﬁféH %‘rhﬁﬁd
. L. u

H gh Performance Functional Fluids", Dressler, H , “chap 5, ki n
(Ed.)), MaydmideRsizied; , omtydteisemerizedicariljticale (@xi selvpot)y dewaxeddwaxy

i nt er pol rs,and theiy deriyvatives.contaiping nodified term nal. hydroxyl
o oupe. ob FERANE ks, OF FbincEata pli COnGRNRFHAY (Gl PR PEITOLeAEy (5 BROFRln SOHTEe
useful syptiBsl el YBEAGBLE N Sua b -on%yomrefofega'ﬂmlg, Tlaae%@a)e'»béxmengfkyl

obt ai ned by pol yneri zation of ethyl ene oxide of propyl ene oxide,
and aryl byédmcsadfert hetemsplhyulrgedrkph ereffipetegranatuialewaxes, pbysacsagkadgs;| ene

gl ycol ether having an ayverage nol ecul ar i ght of ,about 1000 i phenyl
Other of - HSFyRLIARCrC! TOb S EOmor el e BEtigR.oro frog sheles B B0o,
and t he dj Vi r I o A e i.oght of
Sbout | 1005 s SUBKI mBlerACoUP KURRRERD HE SoR BeY o ipy R dtuRd, ¥6ire0

t her eof (demved wdixy matatialstlénear ori bradclisd] By dmdcaybydccampseamdsswithr carben

Cl 30x0 aci d di ester of tetraethyl ene_glycol, for. exanple). 38] Esters
conpri se BUTDEF @ At 201 B Eroibh R RO AR S RE B rm«%&vr&ﬂ}rﬁw
char act ef bl KSmiBRcMSodEF AL Hike LRI R HasE BRI S Such as the esters of
di basi c acids wth nonoal kanol's and the polyol esters of nono-carboxylic

acids. Esters of the fornmer type include, for exanple, the esters of

di carboxylic acids such as Qﬂthalic acid, succinic acid, alkyl succinjc

aci d, al KHRAl sudarki wagciy theaparcrepavareda AEomy anycwexys iydrocarben qoil
sebaci c j . j [ I RIC [ .o} ei .4 difges i ¢.acid,
al kyl m?@ﬁ?%dlgg{%{dtg?%r?& T %rslilf:'aigm dQJ gpcl.),F p&htﬁé‘gnv%ﬁgyyggkggﬁ %E)hol S
such as baitprefhigecdtile dewayingal Sohant diodsiyg eaiploheichilledbblyehexydh as

of these types of esters include dibutyl

al cohol, etc. Specifjc exanples > (
adi pat e, me@?}lleFﬁWlhkﬂﬂnF 2@&& methyl qsofuityl ketens AMIBK)oanituessh€at e,

diisooctyﬁq&ﬂ@ o [ e jactwl. : ' :

pht hal at e, di el cogyllqg%%g%a;&g!wfgﬁ 53&&8%87%&%%&%8@%?%Fg 13 -
[ 039] Par t emplaysl pressefivéd, siquéfiéd dors bellingahe dibefiBohs!Isuchrappedpaile est ers
whi ch are obtained by reacting one or nore pol yhydric al cohols (preferably
t he hi nde‘?‘éfénﬁol yol s such as the neopentyl polyols, e.g., neopentyl glycol,
trimethylol ethane, 2-nethyl-2-propyl-1, 3-propanediol, trinethylol propane,
pentaerythritol and dipentaerythritol) w th al kanoic acids containing at

| east aboj0264 ceBlack wdx(o5) fevueéd fadth)syabhdtic @ltyasilssuchiab BT sakyrsil ed
straight chain fatty acids includi ngi caprylic acid, capric acid, lauric

aci d, myrValjesuadlyqhayg| aeno ©r anil gsuldur andlors Biogen LaMtainieg compeurdheni c

aci ds suctoHiet] SHACHARE) KA0FER baRrbAORMA o HiollcHBAR ALRLENALC LY

s include
t he est ergit@gehrdomediRingtompounds. Such heteroatom compounds must be removed

by hydrotreating (and not hydrocracking), as for example by



propane, trinethylol butane, trinethylol ethane, pentaerythritol and/or
di pentaerythritol with one or nore nonocarboxylic acids containing from

about 5 twoaboui334®k® carbon atons. [41] Silicon-based oirC3/ime@7anavher
cl ass of useful synthetic lubricating oils. These oils include polyalkyl -,
pol yaryl -, pol yal koxy-, and pol yaryl oxy-sil oxane oils and silicate oils.

Exanpl es of suitable silicon-based oils include tetraethyl silicate,

tetrai sopropyl silicate, tetra-(2-ethyl hexyl)silicate,

tetra- (4- et hyl hexyl) e

silicate,tetra-(p-tert-butyl phenyl)sili ca%e, hexyl - (4- met hyl - 2- pent oxy)

di si | oxane, poly(nethyl) siloxanes, and pol y-(nethyl-2-nehtyl phenyl)

si | oxanes. t.her cl f synthetjc, lubricating oil is esters of
phosphor ougy‘grg)@%@zﬁﬁﬁaté@? c@ﬁi %ﬁ @QB ﬁx@mﬁ&eatr@gﬁnaéwa IN} 5P caedg|avoid
phosphat e, subiseqaém peibosRRAlcactiFafb pic acid.

[ 43] Anot her clqass %f oi | sﬁﬁll ncIludesﬁ'g)(k)‘lﬂsérr%ﬂircoq%%rﬁglg%}g‘?%?%tggpﬁg', their
derivatives, and the like. WD 20071133462PCT/ US20071010701 - 14 - [44]
The conposj,ons of the_inveptioh conprise a major anount of a l|ubricant or
hydraul i ¢ Mztﬁd e arelerred ?%Sﬁ?f%énf)r brsetoilse derived efroub i TE umaterigls

N -di aryl -shd?be WGk Tells 3k | s . Lor ampunt of a | ubri.cant
or hydraulic fluid, it ?s reant t%?%ﬁéz?cﬁéﬁﬁé%ﬁ{lgcﬁwﬁ‘éwléﬂﬁ%H‘af' it s
present i reampesitions andngierfgrtheochataotdriZzd a4 h4¢ing HpRWat@8tedt levds, Sow- -
from aboutt 85, wt 9 to about 95 wt. % based on the total weight of the
conposi t i dR IBFUHHL.JOMEEnilnithogsn: loyy-tamni] acosmatinse andiase iessanstally, water-

N -di aryl ~9hfeen¢bripedi am ne antioxidant, it is nmeant that the antioxi dant
is present in anounts ranging fromabout 0.001 to about 5 wt% and

preferably fromabout 0.01 to about 1 wt % based on the total weight of
The anti I n_conbinati on with other

conposi ti xi d be used al one or L C )
addi ti vescmzf’%] A hretetrdd T hauidsBydtesaran cgmpesitien iis\anet compaising\,

N i aryl Ao PROMRANRAS cRBEDAIRY I LUBRE dhe cvigat cobibreuching, & 1o
Cl2 al kyl m&sured My th€hetaentige alfknkthydrigydfdgand (BY), 241 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.

[029] The preferred GTL base oil can be further characterized, if necessary,
as having less than 0.1 wt% aromatic hydrocarbons, less than 20 WppIn 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 hexy! 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.

{030] The preferred GTL base oil is also characterized as comprising a



I ndependently H or Cl to Cl2 al kyl. The average nol ecul ar wei ght of the
substituted N, N -diaryl-o-phenyl enedi am ne anti oxidant will range from
about 200woao@hiesic2600, preferably from about 300 to abeutr/is0@:7/010M
2007/ 133462PCT/ US2007/ 010701 - 15 - [046] Suitable conpounds of Formula I
I nclude 1B1C2C3C 10471 Preferably, RL is Cl to C10 al kyl, nost
preferably, an al kyl selected fromnethyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl and octyl, conveniently a nethyl or

i so-propyl. [0481 In a separate preferred enbodinent, Rl is a nethyl and
R2, R3 and R4 are independently H or netiAyl. [049] Particularly preferred
antioxidants are those represented by Structure 1B, 1C, and 2C with that
represented by Structure 1B, 1, 2-Benzenedi am ne,

N, N - bi s( Mmigtered branphed patattins chaiagterigsdtinpghat therlubiricant base oil contains
at least 90% of a mixture of branched paraffins, wherein said branched paraffins
are paraffins having a carbon chain length of about Cy to about Cy, a molecular
weight of about 280 to about 562, a boiling range of about 650°F to about
1050°F, and wherein said branched paraffins contain up to four alkyl branches

and wherein the free carbon index of said branched paraffins is at least about 3.

[031] GTL base oils, and hydrodewaxed, or hydroisomerized/catalytically (or
solvent) dewaxed wax base oils, for example, hydroisomerized or hydr(;dewaxed
waxy synthesized hydrocarbon, e.g., Fischer-Tropsch waxy hydrocarbon base
oils are of low or zero sulfur and phosphorus content. There is a movement
among original equipment manufacturers and oil formulators to produce
formulated 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 oil.s 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.

[032] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wi% 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.



10501Unsubstituted N, N -diaryl-o-phenyl enedi am nes, preferably N, N -

di phenyl - o- phenyl enedi am ne(conpoundof Fornul al, where R 1=R2=-R3=R4=H), are
al so an eVvbeotimescanti oxidant. - 16 - preferably a t-becylussaostorout ed N
N -di aryl - o- phenyl enedi am ne antioxidant, still nore preferably a methyl
substituted N, N -diaryl-o-phenyl enedi am ne antioxidant. Wthout being
bound to any particular theory, it is believed that steric hindrance plays
an inportant role in the antioxidants ability to conmbat oxidative
properties in oils. Wile sone steric hiﬂgrance allows for a proton to be
donated to an oxidative radical, too much’Steric hindrance crowds the
proton nmeking it unavailable to radicals. 10521 The present invention also
relates to nethods for preparing the N, N - diaryl-o-phenyl enedi am nes of
the invention. In the prior art, N, 1'11-di aryl-ophenyl enedi am nes were

o | ad uron S i wifle the pf LIS AR, Wdd e ddhaindio i KlantER 417 ST
Wender ski bade pilkj gthier sinthdtic dlisgmay HR usddoNOther s§nthdtiy bA§ thdt can-belgidd-

Lett., 2004, 45, 6851-6853. In the present invention, substituted N, N -
di aryl - o- PRe#if ciB@NHANN dnelvdeopolyalphacleingr EPAQK), byliphatict i ory aromatic

0 oo S98R LAl NG A RN, ARk R AR, Slgha
meani ng aknowr-@hdtetials! andi géherally | HRAIEBIE VAL & i9aj S ¥bAIn&RIAT L @I fom
suppliers such as ExxonMobil Chemical Company, Chevron, BP-Arﬁoco, and
others, typically vary in number average molecular weight from about 250 to
about 3000, or higher. PAOs are commercially available in wide range of
kinematic viscdsities, such as, up to about 100 ¢St (kV at 100°C) and up to about
3000 cSt (kV at 100°C), or higher. The PAOs are typically comprised of
hydrogenated polymers or oligomers of alphaolefins which include, but are not
limited to, about C, to about Cj, alphaolefins with about Cg to about Cis
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 Csg, 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 cSt are used.

[034] PAO base oils may be conveniently made by the polymerization of an
alphaolefin in the presence of a polymerization catalyst such as the Friedel-
Crafis 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 U.S. Patent No. 4,149,178 or U.S. Patent



'l where Iti and R 4 independently are Hor C to C4 alkyl, in the
presence of a palladiumcatalyst. Wen X in Formula His bromne, the
pal | adi unwoab@lys462i s a preformed pal | adi um conpl ex coupCrnug2@anai79st .

20071133462PCT/ US2007/ 010701 - 17 - [053] Substituted N, _
N -di aryl - o- phenyl enedi am ne anti oxi dants can al so be prepared by reacting

[ [ [ IV Iv
chloro-mdiallcylarenes or bromo-mdiallcylarenes having Fornul a
where X is a halogen, preferably chlorine or bromine and R4 has the sane
meaning as in Formula I, with aniline derivatives having Forrmula V H2NNH2

R3 RZR2 where 1(2 and 1(3 have the sarré1 aning as in Forrmula |, in the
presence of a palladium catal yst.

No. 3,382,291 may be conveniently used herein. Other descriptions of PAQ
synthesis are 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; 4,434,408; 4,910,355; 4,956,122;
and 5,068,487. The dimers of the C;4 to Cyz olefins are described in U.S. Patent
No. 4,218,330.

WO

[035]  Other useful synthetic lubricating base stock oils such as silicon-based
oil or esters of phosphorus containing acids may also be utilized. Examples of
other synthetic lubricating base stocks are disclosed in “Synthetic Lubricants”,
Gunderson and Hart, Reinhold Publ. Corp., NY 1962, which is incorporated in

its entirety.

[036] Other suitable synthetic base oils include alkylated aromatic base oils,
such as mono- or poly-alkylbenzenes or mono- or poly-alkyl naphthalenes. In
these types of base oils, alkyl substituents are typically alky! 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 U.S. Patent No. 5,055,626.
Other alkylbenzenes are described in European Patent Application 168 534 and
U.S. Patent No. 4,658,072. Alkylbenzenes are used as lubricant base stocks and
base oils, especially for low-temperature applications (arctic vehicle service and
refrigeration 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
alkylbenzenes typically have good low pour points and low temperature

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



[ 54] Both preparation routes described above are carried out in the
presence of a palladiumcatalyst. The palladium catal yst can be a

pal | adi unwphoepisd4se or pal | adi unf car bene catal yst. Pref ecahisgoo7ioneol

pal | adi um catal yst is a prefornmed pal |l adi um conpl ex coupling catal yst.
Aromatic triflates may al so be used in place of the dichloroarenes or

chl oro-mdi al kyl arenes. [55] Useful aniline derivatives include, but are
not limted to, 2- methylaniline; 4-nmethylaniline; 2,4-dinethylaniline;
2,6-dinmethylaniline; 2,4,6- trinmethylaniline; 2-ethylaniline;
4-ethylaniline; 2,4-di ethylaniline; 2-82-diethylaniline;
2,4-diisopropylaniline; 2,6-diisopropylaniline;2,4-di-tert- butylaniline;
and, 2,6-di-ten-butylaniline. [56] By preforned palladi um conpl ex coupling
cat al yst , additivesreghihen hlkkylated aromzdticst which anay bsousedy when desinablanare
phosphi ne .l i ggand. The prefarned . 07/133462PCT/ US20Q¢/ 01Qy01 - 18 -
catalystst?gﬁﬁ%’p} sé%?nﬂﬂGEnyﬁoﬁgéﬁ e?%éﬁﬂﬁpfyﬁgtﬁBﬁeqiﬁg,q%ﬁﬁ§gﬁﬂu@ases,
are air syraftGodd RIS EResAeE, 91, CRapF)ERE 1V MHubRid (BAOR! MRkl Dekkem of
the prior art which uses tri-t-butylphosphine, a known pyrophoric reagent.

[57] Suit &Y e1983br onoar enes of Formula Hinclude, but are not linmted to,
di bronobenzenes, preferably 1,2 di bronobenzenes. Suitabl e di ehl oroarenes of
Formula 11l _incl udﬁé&lbut are not limted tq, dichlorobenzenes, preferably

S

1, 2 di chl ¥Benzefodenaupxids Pobyinero-anddilBlamekimarssapd Mgimdeyapve
| el ude, - Bhtaffifie " Modill! $rrhiBal ZhIdloRYP i ®Braified” By ¥ BREM,

chl ori de, I ' sopropylbenz

1- chl or o- gstérificatien torbethytifiearien arangefulsymthéticrhibridatihg olls.orBpenae A
Sui tabl e brono- m di al kyl arenes of Formula |1V inc]Jude, but are not |imted
to, 1- Brof¥ampk:, dhest wsbmeyehe qbtaimednby molymerigptiop ef ethylene oxide or

di et hyl ph ' r -di p e i

1- br oo 20 RAIERL e, THECAEY ndl fiv) RESTYS BERE ik exyoliolsng palymersg

Pr ef or ned(mathydgiolyisoprapydene @iyddl nghephalirgt an dverdige mvledhliapriveight of

I ncl udedi chl or obi s(f.r] phenyl phoPphi n%\g pal I adiun(!11), .
about 1000, diphenyl éther of polyethylene glycol having a molecular weight of
about 500-1000, and the diethyl ether of polypropylene glycol having a
molecular weight of about 1000 to 1500, for example) or mono- and poly-
carboxylic esters thereof (the acidic acid esters, mixed C;_g fatty acid esters, or

the C,30xo0 acid diester of tetracthylene glycol, for example).

[038] 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,
alkeny! 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.



tetrakis(triphenyl phosphine)pal | adi un(0), di acetato[ 1, 3-

bi s(di phenyl phosphi no) propanel pal | adi un(H), di chl oro[ 1, 2-

bi s(di phewgl2pémosplsz no) et hant al | adi un( H) , _ PCT/US2007/010701

di acet at obi s(tri phenyl phosphi ne) pal | adi un(11), di chl oro[1, 4-

bi s(di phenyl phosphi no) but ane] pal I adi un(H), di chloro[ 1, 1" - _

bi s(di phenyl phosphi no) f errocene] pal | adi um(H) - di chl or omet haneadduct, dich
oro[1, r-bis(diphenyl phosphino)ferrocene]palladi un(H)-acetoneadduct,
di-p-chlorobis(tris(2,4-di-tert-buty|phgT?L)phosphlte;2-C,p)d!palIadlun(H)
di p--bromobi s(tri-tert-butyl phosphi ne)dipall adi un(0, dichlorobis(tricycl
ohexyl phosphi ne) pal | adi un(H), di chl orobi s(tri-ortho- .

t ol yl phosphi ne) pal l adi un(11), bis(tri-tert-butyl phosphi ne)pal | adi un(0),

e o L g P RPN OPERNESE Sk 3t Bibse Tull or Sarial Ssters which
are obtained by reacting one or more polyhydric alcohols (preferably the
hindered polyols such as the neopentyl polyols, e.g., neopentyl glycol,
trimethylol ethane, 2-methyl-2-propyl-1,3-propanediol, trimethylol propane,
pentaerythritol and dipentaerythritol) with alkanoic acids containing at least
about 4 carbon atoms (preferably Csto C;q acids such as saturated straight chain
fatty acids including caprylic acid, capric acid, lauric acid, myristic acid,
palmitic acid, stearic acid, arachic acid, and behenic acid, or the corresponding

branched chain fatty acids or unsaturated fatty acids such as oleic acid).

[040] Suitable synthetic ester components include the esters of trimethylol
propane, trimethylol butane, trimethylol ethane, pentaerythritol and/or dipenta-
erythritol with one or more monocarboxylic acids containing from about 5 to

about 10 carbon atoms.

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

[042] 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.

[043] Another class of oils includes polymeric tetrahydrofurans, their

derivatives, and the like.



tert-butyl phosphino)ferrocene] pallad iunDl),dichloro[ 1,1 " -bis(di-

I sopropyl phosphi no) ferrocene] pal | adi un{ I D, di br onobi s(tri-ortho-

t ol yl phoswbizn@)ypadekadi un(11),di bronro[ 1, 1 '- PCT/US2007/010701

bi s(di phenyl phosphi no) f errocene] pal | adi un{I11), di chl orobi s(di-tert-

but yl phenyl phosphi ne) pal | adi un(11),

di chl oro( 2, 21- bi s(di phenyl phosphino)-1,1"'-

bi napht hyl ) pal | adi un( I D, di brono( 2, 2' - bi s(di phenyl phosphi no)- 1

bi napht hyl ) pal I adi un(11), di iodo(2,21-bl§£giphenylphosphino)-l,l'-

bi napht hyDpal | adi un{11), di chloro[ 1, 3-

bi s(di phenyl phosphi no) propanci pal | adi un{I1), Fi ber supported Pd /P Bu3

catalyst, 1 ..2_, 3.4, 5- pent aphenyl - "-(di-tert-bu tyl phosphi no)ferrocene,
di y 1[04%] ’14He c%mpos?tlongl of 1::]he ugventllon compris}é % ma%or an)lount of a

chl or obi s(jlpsReand &f h | ki L;ﬁdl pec Ll i Yy |.badi | D,

bi s(acetyl acet onat o)%gl?algg i%l %} gﬁ?gtlr“g% %ﬁéggfégg%atéé?léﬁ)é?@%ﬁ@e (1)

¥ di( g_h{)or d@}ﬁdl’dﬂﬂ‘-d aq:h'eayh@r@:ialiragiwﬂ(tg;iidant_. B%I'_abmajoxl' amount of a lubricant or

I s(dil ben eneacetone) pal | adi . u tris(di benzyl . L. .

i deneacet éﬁ’é%‘a}‘ %3]6“& i Hn')éd}‘,eal?fr that dhé, dabrjeand & Jardrelie ) fmigais | reseni(io) an

chl or of or g f '_k,t?r\,‘ﬁh [ beE! 02N P ' lbl-). acgt at e

trimer. [059i Nbregprée?-g??gg&gﬂre or'n)égsgaﬁlggl um’ c@’r‘r%]gé%é:rg&g%%gkc‘gfﬁ ysts

of the i nuterabionh 95nvet. 3@ebased on the total weight of the composition. By an effective

di acetato[ 1, 3- bi sf((jdi henyl phosphi no r%%ar]e] pal ladiun(l1), . L

di chl or o[ PMOYRLQ ?‘p‘%@ﬁﬁ/?ﬁ%égbﬁltﬁ@fé&h digaylterphenylengdiamine antioxidant,
it is meant that the antioxidant is present in amounts ranging from about 0.001 to
about 5 wt%, and preferably from about 0.01 to about 1 wt% based on the total
weight of composition. The antioxidant may:be used alone or in combination

with other additives.

[045] The antioxidants used according to the invention are N, N'-diaryl;o-
phenylenediamines, preferably those N, N'-diaryl-o-phenylenediamines having

the Formula I

Ry NH NH Re

RZ R 1

where R, is H or C; to C,; alkyl, R, is H or C, to Cy; alkyl, and R3 and R, are

independently H or C; to Cj; alkyl. The average molecular weight of the
substituted N, N'-diaryl-o-phenylenediamine antioxidant will range from about
200 to about 600, preferably from about 300 to about 500.



di acet at obi s(tri phenyl phosphi ne) pal | adi un(11),dichloro[ 1 ,4-

bi s(di phenyl phosphi no) but ane] pal I adi un{11),dichloro[1, 1'-

bi s( di phewmgl2pimaspisz no) f er r ocenel pal | adi un{ | D- di chl or onerharisaedoci791
di chl oro[ 1, 1chi s(di phenyl phosphi no) f errocene] pal | adi un(1 1) - acet one adduct,
di p-chl orobi s(tris(2,4-di-ten-butyl phenyl) phosphite-2-C, P)dipalladiun(l),
di - pbronobi s(tri-tert-butyl phosphi ne)di pal | adi un{1),

di chl orobi s(tricycl ohexyl phosphi ne)pal | adi un(I11), bis(tri-tert-

but yl phosphi ne) pal | adi un{0), )
dlchloro[bls(dlphenylphosphlnophenyDetherfpaIIadiun(ll),
dichloro[1,1"-bis(di- -20

tert-butyl phi r I ., di ghl oro[ 1, 1' - bi s(di -

i sopr opyl phosphi n%@%@%ggeﬁe%iiﬁgﬁ rqlf‘;l 'B&Bﬁﬁrmbl s(tri-ortho-

t ol yl phosphi ne) pal I adi un(11),di bronpo[1, 1" -

bi s(di phenyl phosphi no)ferrocene] pal I adi un(11),dichlorobis(di-tert-

but yl phenyl phosphi p calladlu
di chloro(2, 21- bIS( enyl-ho no -1, EA;J:;:L\ZL
\@/NH 7\6/? I:E

[047]  Preferably, R, is C, to Cyg alkyl, most preferably, an alkyl selected from
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl and octyl,
conveniently a methyl or iso-propyl.

[048] In a separate preferred embodiment, R, is a methyl and R,, R; and R,
are independently H or methyl.

[049] Particularly preferred antioxidants are those represented by Structure
1B, 1C, and 2C with that represented by Structure 1B, 1,2-Benzenediamine,
N,N’-bis(2,6-dimethylphenyl), as being most preferred.

[050] Unsubstituted N, N'-diaryl-o-phenylenediamines, preferably N, N’-
diphenyl-o-phenylenediamine (compound of Formula I, where

R1=Ry=R;=R,=H), are also an effective antioxidant.

[051]  Preferably, the substituted N, N'-diaryl-o-phenylenediamine antioxidant

is an isopropyl substituted N, N'-diaryl-o-phenylenediamine antioxidant, more



bi napht hyppal | adi un{11), di brono(2, 2' - bi s(di phenyl phosphino)-1, 1 '-

bi napht hyl ) pal I adi un{11), di i odo(2, 21-bi s(di phenyl phosphi no)-1, P-

bi napht hywopaétasisan( 1), di chl orof[ 1, 3- PCT/US2007/010701

bi s(di phenyl phosphi no) propane] pal I adi un{11), Fi ber supported Pd /P Bu3
catal yst and 1, 2, 3, 4, 5- pent apheny1-1' 4di -tert - but yl phosphi no)ferrocene. The
preformed pal | adi um conpl ex coupling catalysts are comercially avail abl e
from Johnson Matthey. [60] The synthesis of N,

N -di aryl - o- phenyl enedi am nes is done u r conditions well known to those
skilled in the art. In a typical procedure, the reactants are m xed under

i nert atnosphere (e.g., nitrogen, argon) in a solvent (e.g., toluene) and

heated to the boiling tenperature of the solvent (e.g., 100- 120C) under
reflux, foreteraly; adt-batydpsibstitnted Dy Nodiasyl-ofphenylenadisming iantiopidasés t i es

f the | ubyi | ic flui ifi f,. i i on.
hor oved- Byladireo PRIy, he metC sBRAR 80 N PhiskCo RVl crdisthe
N - di aryl aatipkiiant.e Taditaiit eind boddanhny Parficula TRESH, iP1S belibbed that | Y

formul ated conpositions can contain at |east one additional |ubricating oil
or hydr auistesicf hindranegiipdayse anvimprtanicioleldn thet antinxitiamitst ability toviaobat t y

ndex. 1 oo e RGOy SERIE SRR Bt hifdtmae dRnt RraPeliopce ¥

extrene pbesddiatedislanUxid@dfe AHEdl Y65 nflthstasic MIRERARRE @ réWlsthe Phbida - 21
- phosphate and _sulfurized ol efins, antirust agents such as carboxylic

aci ds, di spaking it enavailablestostaditals.ni des, antifoamants and dyes to nention a
few. The anpunt of such other additives included in the fornmulation will be
the amount typically used in fornulated oils. [63] Typical end use

appl i cati g@s2]f or ThB§resemanlEtINS alio Fdistel MW aRbiNAs! fof | pieBariRy thé g Nat
limted to, circulating oils, hydraulic fluids, greases, gear oils, netal

wor ki ng f digrdbo-phegivtenadiamingsdofithe iavéntian. adsnthespdar faryi Ns N'-disgyl-oFhe
i nvention 'hs furt&er .descri bed bé rde erence to f ol | owi n% conparative
e wi

he,
exanpl es R SDDHSP,? BRIPFH §VERa RSP, Fa8cHBE l,b-glbromoarene aniline

derivatives using palladium/phosphine or palladium/carbene catalysts as
described in Wenderski, T.; Light, K. M.; Orgin, D.; Bott, S. G.; Harlan, C. J.
Tetra. Lett., 2004, 45, 6851-6853. In the present invention, substituted N, N'-
diaryl-o-phenylenediamine antioxidants are prepared by reacting dibromoarenes
or dichloroarenes having Formula II

X X

Rs Rs

R Re 1

where X is a halogen, preferably chlorine or bromine, and R, and R; have the

same meaning as in Formula I, with aniline derivatives having Formula ITI
R

Ry I
where R; and R4 independently are H or C, to C4 alkyl, in the presence of a
palladium catalyst. When X in Formula II is bromine, the palladium catalyst is a

preformed palladium complex coupling catalyst.



1065] In the exanples and conparative exanples, 1 through 22, a series of
oil's were formul ated using as the unadditized base oil one of a .

pol yal phawbeahem3440 having a kV at 400C of 268 cSt, apparesbdirmiaopi |
derived froma gas to |iquid conversion process (GIL) having a kV at 400C
of 4.0 cSt, a commercially available synthetic notor oil, and a 150N _
mneral oil. [066] The antioxidant used in the fornmulated oils was one of:
L57 - a comercially avail abl e al kyl at ed di phenyl am ne solg by G ba under
the trade nane Irganox L57. 113 - 1, 2- benzenedlan1ne N, N-bis (2, 6

di mret hyl phenyl 1C - 1, 2- benzenedl i ne, N, Nhis [2, 6-bis

(1- et %yl IOet hgl g phenyl ]. 2C - 1, 2-benzenediamne, N, NNhis [2, 6-his

(1- net hyl 4, 5 di met hyl. 3C - 1, 2-benzenedi am ne,
N, N-his [ |£ k\( %ﬂ ‘Nrdiaryl gmtm']enedaamme antiexidentsacat fajso baD -

' 1 0 I ened| 1E -
“ “ B: :E)ﬁenyl i)ﬁenyl Eﬂéd%%%rﬁgg éonakgyar%n?fo ?%a‘?’?ﬁé‘@féaﬁpl es
1to 4 Formula v

R1
X R,
Ry 1\
where X is a halogen, preferably chlorine or bromine and R4 has the same

meaning as in Formula I, with aniline derivatives having Formula V

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

palladium catalyst.

[054] Both preparation routes described above are carried out in the presence
of a palladium catalyst. The palladium catalyst can be a palladium/phosphine or
palladium/carbene catalyst. Preferébly, the palladium catalyst is a preformed
palladium complex coupling catalyst. Aromatic triflates may also be used in

place of the dichloroarenes or chloro-m-dialkylarenes.

[055] Useful aniline derivatives include, but are not limited to, 2-
methylaniline; 4-methylaniline; 2,4-dimethylaniline; 2,6-dimethylaniline; 2,4,6-
trimethylaniline; 2-ethylaniline; 4-ethylaniline; 2,4-diethylaniline; 2,6-
diethylaniline;  2,4-diisopropylaniline; 2,6-diisopropylaniline;  2,4-di-tert-
butylaniline; and, 2,6-di-fert-butylaniline.

[056] By preformed palladium complex coupling catalyst, it is meant that the

catalyst contains both a palladium and phosphine ligand. The preformed



[0671 In the followi ng runs the data was collected using a DuPont DSC Mdel
2920 pressure differential scanning calorineter. The base oil was PAO base
oi . The wesmwss34eeported in Table 1 are for isothernmal potiusato7om7nLNS
carried out in air (100 psig) at 180C using open al um num pans and 6.5ng of
sanpl e. The sanples were heated fromroomtenperature to 180C at 10C/ m n
and then held isothermally to nonitor the time taken for the oxidation
exothermto occur. The oxidation induction tine (OT) for each run is shown
in Table 1. OIT is calculated as the extrgpol ation tangent to the exotherm
froma plot of heat flow versus tine. Tﬁé OIT is defined as the anount of
time taken for the depletion of the antioxidant. In other words, the OT is

th t ' efore oxidatj.on of the |lubricant or hydraulic fluid
ocgu?;n.) u'rll'a%é}él){dg@f dPES O IYEBhieR age thesmal d%fé'f"aeoq‘{‘ L, i Some gpsas: AL Adnp.

1 None 2. 7stabléPmaking thefl- casi¥ér’fo handle unlike the catalyst system of the prior art

which uses tri-t-butylphosphine, a known pyrophoric reagent.

[057]  Suitable dibromoarenes of Formula II include, but are not limited to,
dibromobenzenes, preferably 1,2 dibromobenzenes. Suitable dichloroarenes of
Formula II include, but are not limited to, dichlorobenzenes, preferably 1,2
dichlorobenzenes. Suitable chloro-m-dialkylarenes of Formula IV include, but
are not limited to, 2-chloro-m-xylene, 2,6-diethylphenyl chloride, 1-chloro-2,6-
diisopropylbenzene, 1-chloro-2,6-di-tert-butylbenzene and 1,3,5-trimethyl-2-
chlorobenzene. Suitable bromo-m-dialkylarenes of Formula IV include, but are
not limited to, 1-Bromo-2,6-dimethylbenzene (2-bromo-m-xylene), 2,6-
diethylphenylbromide, 1-bromo-2,6-diisopropylbenzene, 1-bromo-2,6-di-tert-
butylbenzene and 2,4,6-trimethylphenyl bromide.

[058] 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), dichlorof1,2-
bis(diphenylphosphino)ethane]palladium(II),

diacetatobis(triphenylphosphine)palladium(ll), dichlorof1,4-
bis(diphenylphosphino)butane]palladium(II), dichlorof1,1'-
bis(diphenylphosphino)ferrocene]palladium(II)-dichloromethane adduct,

dichloro[1,1'-bis(diphenylphosphino)ferrocene]palladium(I)-acetone adduct,
di-p-chlorobis(tris(2,4-di-fert-butylphenyl)phosphite-2-C,P)dipalladium(Il), di-
p-bromobis(tri-tert-butylphosphine)dipalladium(l),

dichlorobis(tricyclohexylphosphine)palladium(II), dichlorobis(tri-ortho-
tolylphosphine)palladium(II), bis(tri-fert-butylphosphine)palladium(0),
dichloro[bis(diphenylphosphinophenyl)ether]palladium(Il), dichloro[1,1 ’-bis(di-



19.4 Exanple 1 1B, 0.5 W% 126.8 Exanple 2 1C, 0.5 wt % 36.5 Exanple 3 2C,
0.5 wt% 34.9 Exanple 4 3C, 0.5 w % 20.0
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- tert-butylphosphino)ferrocene]palladium(II), dichloro[1,1’-bis(di-
isopropylphosphino)ferrocene]palladium(Il), dibromobis(tri-ortho-
tolylphosphine)palladium(II), dibromo[1,1°-
bis(diphenylphosphino)ferrocene]palladium(II), dichlorobis(di-tert-
butylphenylphosphine)palladium(II), dichloro(2,2'-bis(diphenylphosphino)-1,1'-
binaphthylpalladium(II), 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)propanejpalladium(Il), Fiber supported Pd /P Bu3
catalyst, 1,2,3,4,5-pentaphenyl-1'-(di-tert-butylphosphino)ferrocene,
dichlorobis(benzonitrile)palladium(II), dichlorobis(acetonitrile)palladium(II),
bis(acetylacetonato)palladium(Tl), dichloro(1,5-cyclooctadiene)palladium(1l),
dichloro(norbornadiene)palladium(Il), bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),

tris(dibenzylideneacetone)dipalladium(0) chloroform adduct, allylpalladium

chloride dimmer and palladium(Il)acetate trimer.

[059] More preferred preformed palladium complex coupling catalysts of the
invention include diacetato[1,3-bis(diphenylphosphino)propane]palladium(Il),
dichloro[1,2-bis(diphenylphosphino)ethanelpalladium(lI),

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

dichloro[1,1'-bis(diphenylphosphino)ferrocene]palladium(Il)-acetone adduct, di-
u-chlorobis(tris(2,4-di-tert-butylphenyl)phosphite-2-C,P)dipalladium(Il), di-u-
bromobis(tri-tert-butylphosphine)dipalladium(l),
dichlorobis(tricyclohexylphosphine)palladium(Il), bis(tri-tert-
butylphosphine)palladium(0),
dichloro[bis(diphenylphosphinophenyl)etherjpalladium(Il), dichloro[1,1’-bis(di-



Conpar ative Exanples 3 and 4 and Exanples 5 to 9 [0681 The procedure in
Exanples 1 to 4 was foll owed except the base oil used was GIL oil. The
resul ts awe sbémmssden Table 2. WD 20071133462PCT/ US2007p0TARBE7/0167023 -
Table 2 Additive, wt% Oxidation Induction Tine, Mnutes Conp. 3 None 4.2
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tert-butylphosphino)ferrocene]palladium(Il), dichloro[1,1°-bis(di-
isopropylphosphino)ferrocene]palladium(II), ' dibromobis(tri-ortho-
tolylphosphine)palladium(1I), dibromo[1,1’-
bis(diphenylphosphino)ferrocenelpalladium(II), dichlorobis(di-terz-
butylphenylphosphine)palladium(II), dichloro(2,2'-bis(diphenylphosphino)-1,1'-
binaphthyl)palladium(II), 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]jpalladium(Il), Fiber supported Pd /P Bu3
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.

[060] The synthesis of N, N'-diaryl-o-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.

[061] Antioxidative properties of the lubricant or hydraulic fluid
compositions of the invention are improved by adding an effective amount of at
least one substituted N, N'-diaryl-o-phenylenediamine antioxidant to the

compositions.

[062] 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



Comp. 4 L57, 0.5 % 42.5 Exanple 5 1B, 0.5 wt % None for 200 m nutes or >
200 m nutes Exanple 6 IC, 0.5 W% 152.5 Exanple 7 2C, 0.5 wt% 99.1
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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.

[063] 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.

[064] The invention is further described by reference to the following

comparative examples and non-limiting examples.
EXAMPLES

[065] In the examples and comparative examples, 1 through 22, a series of

oils were formulated using as the unadditized base oil one of a polyalphaolefin
(PAO) having a kV at 400C of 268 cSt, a paraffinic oil derived from a gas to

liquid conversion process (GTL) having a kV at 400C of 4.0 c¢St, a commercially
available synthetic motor oil, and a 150N mineral oil.
[066] The antioxidant used in the formulated oils was one of:

L57 - a commercially available alkylated dipheny! amine sold by Ciba
uﬂder the trade name Irganox L57.

IB - 1, 2-benzenediamine, N, N'-bis (2, 6 dimethyl phenyl).

1C - 1, 2-benzenediamine, N, N'-bis [2, 6-bis (1-methyl ethyl) phenyl].

2C - 1, 2-benzenediamine, N, N'-bis [2, 6-bis (1-methyl ethyl) phenyl] - 4,
5 dimethyl.

3C - 1, 2-benzenediamine, N, N'-bis [2, 6-bis (1-methyl ethyl) phenyl] - 3,
4, 5, 6 tetramethyl.

3D — N,N’-bis(2,6-dimethylphenyl)-4,5-dimethyl-o-phenylenediamine



Exanple 8 3C, 0.5 wt% 48.5 Exanple 9 3D, 0.5 W% 172 m nutes Conparative
Exanple 5 and Exanples 10 to 13 [069] In these exanples, formulations were
eval uat edwbanoepwsi t control using the TEOST test, ASTRCDUB3@5/010fhe base
oil in these exanples was 150N mineral oil. The results are shown in Table

3. Table 3 Additive, W%
-22-
1E - N,N’-bisphenyl-o-phenylenediamine

Comparative Examples 1 and 2 and Examples 1 to 4

[067] In the following runs the data was collected using a DuPont DSC
Model 2920 pressure differential scanning calorimeter. The base oil was PAO

base oil. The results reported in Table 1 are for isothermal oxidation runs carried
out in air (100 psig) at 180°C using open 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 the oxidation exotherm to occur.
The oxidation induction time (OIT) for each run is shown in Table 1. 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.

Table 1
Additive, wt% Oxidation Induction
. Time, Minutes

Comp. 1 None 2.7

Comp. 2 L57, 0.5 wt% 19.4
Example 1 1B, 0.5 wt% 126.8
Example 2 1C, 0.5 wt% 36.5
Example 3 2C, 0.5 wt% 34.9
Example 4 3C, 0.5 wt% 20.0

Comparative Examples 3 and 4 and Examples 5 to 9

[068] The procedure in Examples 1 to 4 was followed except the base oil used

was GTL oil. The results are shown in Table 2.
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Table 2
Additive, wt% Oxidation Induction
Time, Minutes

Comp. 3 - None 4.2

Comp. 4 L57, 0.5 wt% 42.5
Example 5 1B, 0.5 wt% None for 200 minutes

or > 200 minutes

Example 6 1C, 0.5 wt% 152.5
Example 7 2C, 0.5 wt% 99.1
Example 8 3C, 0.5 wt% 48.5
Example 9 3D, 0.5 wt% 172 minutes

‘Comparative Example 5 and Examples 10 to 13

[069] In these examples, formulations were evaluated for deposit control
using the TEOST test, ASTM D 6335. The base oil in these examples was 150N

mineral oil. The results are shown in Table 3.

Table 3
Additive, wt% Deposit, mg.
Comp. 5 L57, 0.26 wt% 109.7
Example 10 " 1B, 0.26 wi% 41.6
Example 11 1C, 0.26 wt% 49.6
Example 12 2C, 0.26 wt% 16.3
Example 13 3C, 0.26 wt% 51.0
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Conparative Exanple 6 and Exanples 14 to 17 [070] In these exanples, the
f or nul at iwooemnsseval uated for deposit control using tireTIEOHT/O1ESL. A
fully formul ated synthetic notor oil was used. The results of the TECST

test are also given in Table 4. Table 4 Additive, wt % Deposit, ng.
-24 -

Comparative Example 6 and Examples 14 to 17

[070]  In these examples, the formulations were evaluated for deposit control
using the TEOST test. A fully formulated synthetic motor oil was used. The
results of the TEOST test are also given in Table 4.

Table 4
Additive, wt% Deposit, mg.
Comp. 6 L57,0.26 wt% - 1093
Example 14 1B, 0.26 wt% 2.0
Example 15 1C, 0.26 wt% 0.1
Example 16 2C, 0.26 wt% 1.1
Example 17 3C, 0.26 wt% 3.3

Comparative Examples 7 and 8 and Example 18
[071}] In the following example, the procedure in Examples 1 to 4 was

followed except the base oil used was GTL oil and the antioxidant used was an

unsubstituted N, N'-diaryl-o-phenylenediamine. The results are shown in Table
5. Even at 1/10"™ concentration the OIT of unsubstituted N, N'-diaryl-o-

phenylenediamine is higher than the commercial antioxidant L57.

Table 5
Additive, wt% Oxidation Induction
Time, Minutes
Comp. 7 None 42
Comp. 8 L57, 0.5 wt% 42.5
Example 18 1E, 0.05 wt% 54.0




Conmp. 6 L57, 0.26 W% 109.3 Exanple 14 1B, 0.26 W% 2. 0 Exanple 15 1C, 0.26
wt% 0.1 Exanple 16 2C, 0.26 wt% 1.1 Exanple 17
WO 2007/133462 PCT/US2007/010701

-25.-

[072] In the following examples, Examples 19 to 26, N, N'-diaryl-o-
phenylenediamine antioxidants according to the invention are synthesized

utilizing different raw materials as well as different catalysts.

Example 19

Synthesis of N,N’-diaryl-o-phenylenediamine from 1,2-dichlorobenzene and
2,6-dimethylaniline in the presence of palladium acetate/tri-z-
butylphosphine catalyst

[073] In an argon glove box, 0.80 mmol palladium acetate, Pd(OAc),, and 2.2
mmol of solid tri-~-butylphosphine, P'Bus, were combined in 20mL of toluene.
The mixture was stirred until the Pd(OAc), dissolved. Twenty-five (25) mmol of
1,2-dichlorobenzene was added to the mixture followed by 75 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 NH,4Cl in 80 ml H,O). 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-o-phenylenediamine was 5.11
grams, GC yield of 100%. The GC/MS spectrum suggests that the product is a

single compound having a mass of m/e316.



3C, 0.26 W% 3.3 Conparative Exanples 7 and 8 and Exanple 18

[071]

In the

foll ow ng exanple, the procedure in Exanples 1 to 4 was foll owed except the
base oi | weadomas46STL oil and the antioxi dant used was aoTassabsto7out ed N,

N -di aryl - o- phenyl enedi am ne. The results are shown in Table 5. Even at
1110t h concentration the O T of unsubstituted N,

N -di aryl - ophenyl enedi am ne is higher than the comrerci al

Tabl e 5

Additive, wt% Oxidation Induction Tinme, Mnutes Conp. 7 None
-26 -

Example 20

Synthesis of N,N’-diaryl-o-phenylenediamine from 1,2-dibromobenzene and
2,6-dimethylaniline in the presence of preformed palladium complex
coupling catalyst

[074] In an argon glove box, 0.168 mmol dichlorobis(di-tert-
butylphenylphosphine)palladium (II) was combined witil 40mL toluene and
stirred for about 5 minutes. To the mixure, 8.5 mmol of 1,2-dibromobenzene was
added followed by 25 mmol of 2,6-dimethylaniline 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 (10 g NH4Cl in 25 ml H,0). The toluene
layer was separated from the aqueous layer and washed twice with 80 mL
deionized water. The toluene layer was dried over magnesium sulfate, MgSOy,
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-o-
phenylenediamine was 1.44 grams, GC yield of 100%. The GC/MS spectrum

suggests that the product is a single compound having a mass of m/e316.

Example 21

Synthesis of N,N’-diaryl-o-phenylenediamine from 1,2-dichlorobenzene and
2,6-dimethylaniline in the presence of preformed palladium complex
coupling catalyst

[075] In an argon glove box, 0.168 mmol dichlorobis(di-zers-
butylphenylphosphine)palladium (II) was combined with 40mL of toluene and
stirred for about 5 minutes. To the mixture, 13.6 mmol of 1,2-dichlorobenzene

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

anti oxi dant L57.



4.2 Conmp. 8 L57, 0.5 wt% 42.5 Exanple 18 1E, 0.05 wt%54.0 - 25 - [72] In
the foll owi ng exanpl es, Exanples 19 to 26, N, N -diaryl-ophenyl enedi am ne
ant i oxi damooerisstedi ng to the invention are synt hesi zedpariuscarng7di f f er ent
raw materials as well as different catal ysts. Exanple 19 Synthesis of

N, N -di aryl - o- phenyl enedi ami ne from 1, 2-di chl or obenzene and
2,6-dinmethylaniline in the presence of palladium

acetate/tri-tbutyl phosphi ne catal yst

-27-

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 NH4Cl in 60 m! H;O). The toluene
layer was separated from the aqueous layer and washed twice with 80 mL
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 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-o-phenylenediamine was
2.64 grams, GC yield of 100%. The GC/MS spectrum suggests that the product

is a single compound having a mass of m/e316.

Example 22

Synthesis of N,N’- diaryl-o-phenylenediamine from 1,2-dibromobenzene
and 2,6-dimethylaniline in the presence of preformed palladium complex
coupling catalyst

[076] In an argon glove box, 0.084 mmol dichloro[l,1’-bis(di-zert-
butylphosphino)ferrocene] palladium(II) was combined with 40mL of toluene
and stirred for 5 minutes. To the mixture, 8.5 mmol of 1,2-dibromobenzene was
added followed by 25 mmol of 2,6-dimethylaniline and 25 mmol of sodium tert-

butoxide, NaO'Bu. The reaction mixture was stirred at 25 °C for 12 hours.

[077] After running a small amount of product in a GC/MS, it was found that
the product was a mixture of desirable product with me 316 and unreacted

reagents suggesting that the reaction can be carried out at lower temperatures.



[ 73] In an argon glove box, 0.80 nmol pall adium acetate, Pd(QAc)2, and 2.2
nmmol of solid tri-t-butyl phosphine, 1343113, were conbined in 20inL of

t ol uene. Wwbeoomss4eee was stirred until the Pd(OAc)2 di sealrasdoo7dwent y-five
(25) mmol of 1, 2-dichl orobenzene was added to the m xture foll owed by 75
mmol of 2,6- dinmethylaniline and 75 mmol of sodiumtert-butoxide, NaO Bu.
The reaction m xture was heated to about 110C and nuai ntai ned at about 110 C
for approximately 14 h. After approximately 14 h, the argon glove box was
opened and the reaction mxture was qui ékly guenched wi th aqueous anmoni um
chloride (40 g NH4C1 in 80 m 1120). 8rol uene | ayer was separated from
t he aqueous | ayer and washed tw ce vmth 80 nL with deionized water. The
toluene | ayer was dried over magnesi um sul fate, MgySO4, and filtered. The

t ol uene Im&concentrat ed on a rotary evaporator until crystals began
to form Jhe.tolue was. co

mai nt ai ne aﬂﬁm,hp?e]gﬁ gﬂﬁy 'of' B %HSHP?"'% &kg lﬁ%w&Feen]e?hg afled by
filtrati of® ~TREenG o dgy nth q’hé’WEﬁ‘ﬁe ofti sB m acetate/tri-t-

N, N - di ar hrtydppesphinerafalifftne was 5. 11 grans, GC vyi el d of 100% The GC/ M5
spectrum suggests that the product is a single conpound having a mass of

1/ 316, [078]6 -InFicnaiicn @0ve By DOR kbl PHINGisincdtato; POEOXCRDasiiani ne

from1l, 2- d| bronobenzene and 2, 6-di net h‘é aniline in the presence of

pr ef or medmyadl aﬁusghddunpbbwlnbmmhm@ RBual ysre O[OMf}de inrd@mgonaf golaeae box,

0. 165 ok ad<Elear SREPUR PLEHRY: HABEA PSS BE HEARE. 308 Bl B2sr o
8.5 ol r;lylanéhlbmb%@sen&ww F&eFel 0ldyoV8 ¢ Iiméd a0l 2 hiloro-1,3-
2,6-dinethylaniline and 25 mmol of sodi umtertbutoxide, NachI u. The

reaction dimethybenasnhenddd.: oumbbof sadiom tertrbitoxidei Ne@'Bu. dbwureactiot f or

14 h. Af by 14.h th
opened anthiEiiee , wds Aeaie RO ad B g e Eiit i, RORUELEE A bni um
chloride fgfrostiyatedsl 14m. 2iﬂér aHa?thméEEBr wlhuqueafgi%egwwsamg Hpefled r om

t he aqueous | ayer and washed twice with ni dei oni zéd water. The tol uene
| ayer wasamllfbd osastionn gnissingmveasl fqmdglyl\/gmcheahdvmhl aguess Fhunooiuwmene

The t ol uestorasorGeaner kP arl ieBlo oot v S tParnST e e afRod o

this terfp@(ﬁ@édﬁrs‘iaif&f ardPwWaSHES twildeSwihYsU ﬁil,sd&\l%h?zdcﬁ@h%redr Y 1dluénd Rlyepn and
dried under vacuum The yield of isolated N, N -diaryl -ophenyl enedi aim ne was

1. 44 granwas @Oeyl evet roagn@sﬁam ﬁﬂ&tw&@nwﬂrﬁmmg’ﬁbc golugne layer wasduct

is asingle co d hav a nmass_ of

AN i ar y?oweaﬁ}éﬁ%d]en@dr BB with EstiloBERsR 6 G- he Solutios

2, 6-di mety % ?bie‘dnl% dbdut D0 PF%‘@%uﬁBm‘é?eJt%ﬁ%TrﬂﬁHﬁ?é ¥oP SPRBLEX TRUP! I Ng
cat al yst 75] I'n an argon gl ove nT no

di chl or obtxsfetﬁls teeertebisojatetieby | ilogizin nejipdtied dinder( vajuwas chbiyrield of t h
40m. of tol tirred for, abqut 5 mnutes. To the

of 1, 2 i BRIHO AR eflervie PIGUIFIFOIATREIES B87 S0 s, B b F0%ni I 1 ne
and 25 rmrpé 2hgpedtS thatOBeProdact Nogisiible WatnpGiatd havingl xture
was heat ed t(g(glbou?éﬁj%rgr%ndg I nt atl1 neg at agout f?%%: for appr oxi m??el y 14
h. After wmppsokime3Bl.y 14 h, the argon gl ove box was opened and the
reaction m xture was qui ckly quenched w th agueous amoni um chl oride (20 g
NRICI in 60 mM H20). The toluene | ayer was separated fromthe aqueous | ayer
and wash yith 80 nL deionized water. The toluene |ayer was dried
over rragﬁg%{%'m%?mfat e, MySHA, and filtered. The toluene | ayer was

concent r aSpathesiscof NiNT-pisRipdimetliylphienyl)c4 Fediah sthydgaphenylemediaminte

sol uti on i CA@-8ibrotn8LxylentO anda X6 dEiniéthyRatiliae i $hé eppeveater of f or

24 hours Jﬁgdﬁ{m%@{ﬁem;_gwipyﬂgghmefl |tration and dried under vacuum
The vyi el dp I solated N, N -di aryl - o- phenyl enedi am ne was 2.64 granms, CC

yi el d of 100% The GC/ M5 spectrum suggests that the product is a si ngI e
conpound 079 ng Ia amazof glavedidk, (Ezarmimnl 2f paadimesicetateé, RA(OAc), and

di aryl - o- phenyl enedi am f.rom1. 2-di nzene
rary (5).7 %/nmol olf sol{]de tri- t-butylphoslp m u3z were combined in 40 mL of

toluene. The mixture was stirred until the Pd(OAc), dissolved. 8.3 mmol of 4,5-



and 2,6-dinethylaniline in the presence of preformed palladi um conpl ex
coupling catalyst [76] In an argon gl ove box, 0.084 mol

di chl or o[Wp20eMi3s4edi -t er t but yl phosphi no) f errocene] pal | adiraseoo)p10vas

conmbi ned with 40nmL of toluene and stirred for 5 mnutes. To the m xture,
8.5 mmol of 1, 2-di bronobenzene was added fol |l owed by 25 nmol of
2,6-dinmethylaniline and 25 mmol of sodiumtertbutoxide, NaQu. The reaction
m xture was stirred at 25 C for 12 hours. [77] After running a small
anount of product in a GOM, it was found that the product was a m xture
of desirable product with nme 316 and unr@act ed reagents suggesting that the
reaction can be carried out at |ower tenperatures. - 28 - Exanple 23
Synthesis of N, N - diaryl -o-phenyl enedi am ne from 1, 2- phenyl enedi am ne and
2- chor o- mdibrbereoixyleme waesdded tf thalmixiucen fatlewsdebyr 25t sumgl ohio2Hhi ne

cat al yst 78 n.an argon_gl ove box, .0.40 mpl pall adi acetate, .

Pd( OAC) 2, dLma"]hi/!'%"ﬁﬂB@g’r 35 ommpl, pf -SPdBH’E‘y‘FHﬁ‘B'étB%i“#Fe,aIg‘E@%%: rEaEUABi ned
in 40nL of.; e a i ti (e S50 ot

m xture, @&?rmso?gﬁég %ﬁ%r?&?e%ie%g?nddr?ej was %gggd%gl‘sﬁg\t/\eldmbyq%{ogmml
of 2- chl oapprox3mattilyetdihl bAfieeseverd 18%rS, atpkcipitato fommed.erEhebptasipate,

NadBu. The reaction m xture s_heated tqQ abqut 110C and,mai ntai ned,.at
about  110BaRoLABYasE b vaTible; , TRe axepn elans hox Was Areied Fnd earear (o

gl ove box ; HRACHA ' r SAHI m iih h
aqueous anﬁi’iﬁ%ﬁ}rgﬁnﬁé(}fﬁ%@?@eh?%é g N t%}gu eiéhyggn%ﬁ%)@ﬂrﬁh%ggﬁl ueneGIMalli}er
was separ 20enl HyOn The talgare layer ayas sepadated Shad theiaqeeous laysoand véishedi zed

wat er. The tol uene | ayer wa ried over ma si um sul f at e, s, . and
filtered. bYie& Wdﬁh&@e “?éy@?tﬁ\/\aglo@é??@emart%‘i- gﬁﬁsﬁog&m g?%?"e\?’%/go%?%ro‘iﬁﬁt il
crystals ] ol 14 <

mai nt ai neg‘ed%% ﬂ%’?%g{}%é}gg%?é E'fll)tcgir ﬂgﬁ%uﬁekﬁﬁghgg st ;{)IL %S é\/\%}cgn?ls%o da?réd by
filtration retaty dviaporatodentivarystals bdgmn 1o fdrdh.of Thes tolaemellayer with crystals

N, N -di aryl - o- phenyl enedi ani he was 2. 87 grans,, GC yield of 100% The, K GC/ M5
spect rum ¥aggesled %/(habqu‘fé Op‘qucbawétm@lgtaan%# At s é‘EiﬁBS{ﬂ‘i'éFehé\ﬂ ghourgg dhe of

m e316. ' . . .
NN - b s(SRBF et FETERSE 7, Bhiraton. and doied, unger Yagrum: oThe sld of
4, 5-di br omiaeayIN,rre’-ats@z,&@h@km;%tﬁghynu,snﬁnieihyhe-mmgmimﬁim| agi um

acetate/tri-t-butyl ggos hi ne | n an argon gl ove box, 0.27 mmol of
pal | adi umlaces GCeyietid %)ﬂimfé spefbTurp sugsesty thatithe predust i asinglae

ég(l%lig)\ﬁe §@§§ﬁ5g%§lﬁ8ﬂ§ I?lngr%ﬁr%%@%gghuengg :I'he m xture was stirred until the

Example 25

Synthesis of N,N’-Bis(2,4,6-trimethylphenyl)-o-phenylenediamine from 1,2-
dibromobenzene and 2,4,6-trimethylaniline in the presence of palladium
acetate/tri-Z-butylphosphine

[080] 1In an argon glove box, 0.40 mmol of palladium acetate, Pd(OAc), and
2.2 mmol of solid tri-t-butylphosphine P'Bu; were combined in 40 mL of
toluene. The mixture was stirred until the Pd(OAc), dissolved. 12.5 mmol of
1,2-dibromobenzene was added to the mixture followed by 37.5 mmol of 2,4,6-
trimethylaniline and 37.5 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 several hours, a precipitate formed. The precipate
may not always be visible. The argon glove box was opened and the reaction

mixture was quickly quenched with aqueous ammonium chloride (20 g NH4Cl in



di br ono- o- xyl ene was added to the m xture followed by 25 mmol of 2, 6-

di met hyl aniline and 25 mmol of sodiumtert-butoxide, NaO43u. The reaction

m xt ure wae 2ases2t o about 110C and mai ntai ned at aboutCTAG2@7/000701
approximately 14 h. After several hours, a precipitate forned. The

preci pate may not always be visible. The argon gl ove box was opened and the
reaction m xture was qui ckly quenched wi th aqueous amonium chloride (4 g
NHACL in 20 ml H20). The toluene | ayer was separated fromthe aqueous | ayer
and washed twice with 80 nL with deionized water. The tol uene | ayer was
dried over magnesi um sul fate, MySO4, and%i | tered. The tol uene | ayer was
concentrated on a rotary evaporator until crystals began to form The
toluene layer with crystals was cooled to about -10 C and nmi ntai ned at
this terrpé%dpbFbOf)thQLtOh@uﬁs!ayem@awwmd frpmethe agugoeasi layer andtwaghiedn and

dried undey,. i.ehd i )

N -bi o SMSEHHTRT ML b dBlodiSRl BEe The iipent drvsn Resudeed Y, o
yi el d 100%a?ﬂb@i1ﬁ@sh{ﬁ‘a€d} S0P s anetad. t The tbhRnB1aRClas SoRcditiiéd® on
conmpound and has nass of e 344. Exanple 25 nt hesi s of

N, W Bi s( 2 agoary avaporaipphatil enystals beggn & Eetinani The tolusng layerdivith enydtelszene
d 2,4,6-1ri h L i o th . f. .0al | adi

et at of ¢ P CRTY KRBT, B RARTRSE B rberatie o5 Abhams: The

pal | adi umcagstilat Rer@d66HL biNdilatodHd Aried0uhdet Wactiuht!t YTRE ?iem $¥

P43u3 were conbined in 40 nlL of toluene. The mixture was stirred until the
Pd( OAc) 2 dscdatgdviieN’-Bis@.4abetriméthy]phanybropiizaylenediamineandsd 1996 gheGC

m xture foll .5 l.cOf 2,4, .6- trinmethylaniline and 37.5 nmol of
soa um ¢ e T00 P e Then GRS T ReSeiduB; sihedhis ik s Predida Y 5 110¢
and mai nt gbfifffdunll aHRIONds thass 6 hPé 33aproxi mately 14 h. After several hours,
a precipitate forned. The preci pate may not always be visible. The argon

gl ove box was opened and the reaction m xture was qui ckly quenched with

aqueous a ni hloride (20 g N1-14C1 in - 30 - 60 nl1120). The tol uene
| ayer was%&%éi&éd fromthe aqueous | ayer and washed twice with 80 InL

W th dei oByaeResi@bE unsil B ta RIS -biHen¥iD-PhiAPlenéaia Ao ul fate,
MISO! & GuL LGt it EnA AR th HE prbiich AR nEBesfo LAY
evapor at og, UnE ébﬁta S began 16 7 6Pm e uene Tayer wth crystals
was cool ed 't é‘bg 90 C and maintained at this tenperature for 24 hours.
The crystals were isolated by filtration and dried under vacuum The yield
of isol at , N mBhsa ; j hyl 5 haIm 6 g,
& yiol d Tho Troafzfetn ble B0 P aasl bt e PR, nl]
conpound &rdd thue! nef solifl tri-¢-BuylphBzpinink eP'Bi1; Syare hesinbined ims2Mtmiuiofd

N, N - bi | - 0-nh ( di i f 1,.2-_dj | d ili i
the preelfibens. i Ririe due shart i, PUSARH AEr08s 17 mmal én
gl ove boxj NathromibenbemWad diddan 36 ¢ xullf'g(g@%n%v%g]ﬁ{}?3?.6]mm&tﬂz{niﬁﬂ i d

tri-t-butyl phosphine P Bu3 were conbined in ol uene. e mxture
was stirrenddit.s | mnhe P(sOdo)A tirsbotoxide, WAO/BomTheotedctidpnd nfikamebwazene

was added, to the m xturejfollowed by 37.6 mmol_ of . aniline and 37.5 | of
sodi um t ep?a-‘tﬁa%)ﬁr{’]d’é‘} Li@dé&“d?'ﬁ@“?té}éﬁq #rabput LIG I APRF @am%ela{bbm 110C
and mai nt a| b 110 o7 avarlat:1; | INY . I S€ urs,
a precipi fggégdﬁ‘egr%%dgwﬁ’e%p?eﬁglﬁ ?aattg may Ebt ae\/\g)]/e?llg%ew tg?b?%t X%@Sarggon
gl ove boxvisdsleopnedrgamdglove beavtas @pentd andetheasacioe kixhgeenah qdickly h

' h id 20 NRICl in 80 H20).. The tol |
Capar ot cdTHPREAE iAoy Ay BoniD GReFidn G BaNUEh ol Hyoh The "
dei oni zed ' | f , S,
and 1 1t el R ay b Ol YRS alicdts PUEF RRONERAT Ve R 54D

until crystlamdtibdeimniieal waten Theaohmnedaged wasrdrigd bver yrigaksiunasulfate, ed to
The crystals

about -10 d intained at this tenperature for 24 hours.

vere i sol yfé%ﬁﬁm?m i otheatpduens kyer Nensrcapssniratedror arotary @RPOEYIPAL ed
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



WO 20071133462PCT/ US2007/ 010701 - 31 - unsubstituted

N, W bi sphenyl - o- phenyl enedi am ne was 1.4 g, GC yield 100% The GC M5

spect rumwoggesiss4that the product is a single conmpoundramarsb@s/oness of tn/ e
260. [82] It will thus be seen that the objects set forth above, anong
those apparent in the preceding description, are efficiently attained and,
since certain changes nmay be nmade in carrying out the present invention

wi t hout departing fromthe spirit and scope of the invention, it is
intended that all nmatter contained in thg above description and shown in

t he acconpanying drawi ng be interpreted” L-illustrative and not in a
limting sense. [83] It is also understood that the following clains are

intended to cover all.qf, the generic and specific features of the invention
her ei n desﬂ?%‘g’éﬁ{‘éfﬁﬁ I%{ﬁﬁ 'EFRP%H%?@@PY!Wd%H@ wasthd gnGshvidd, 108fch as
a matter 0%, S ] [ a r.ebetween. - 32 - | M5
1. A corrpgg?%ieﬂgﬁ conp clﬁ’esﬁtﬂ% %%ﬁgj&g(rj[héﬁg{fnb l%&i ‘?%b%‘?’@i%?"mp"w&r%f% ﬁes
fluid and masebfarei266. anount of at | east one N,

N -di aryl - o- phenyl enedi am ne anti oxi dant represented by Formula I, where
Rl is Hor Cl to C12 alkyl, R2is Hor C to Cl12 alkyl, and R3 and R4 are

I ndependeniggg) H of it fuSlBe Hekd! 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 interp?eted

as illustrative and not in a limiting sense.

[083] 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.



2. The conposition of claim1, wherein RLis Cl to Cl10 alkyl, R2 and
R3 independently are Hor Cl to C alkyl, and RA is Hor C to 4

al kyl . 3. The conposition of claiml, wherein Rl is C alkyl,
and;, R3 and R4 are H. 4. The conposition of claiml1, wherein
the antioxidant is 1,2-benzenedi amne, N, N - bis(2,6-dinethyl phenyl),
1, 2-benzenediamne, N, N -bis [2, 6-B2s (1-nethyl ethyl) phenyl] or
1, 2-benzenediamne, N, NNbis [2, 6-bis (1-nethyl ethyl) phenyl] -4,
5 di et hyl . 5. The conposition of claim1, wherein the

ant i oxi s 1, 2-benzenedi am ne, N, N - bis(2, 6-dinethyl phenyl).

-33 - gﬂé@h&% The conposition of claim1l1l, wherein the antioxidant is
present in the range of about 0.001 wt%to about 5 w % based on the

t ot al melght of the camposition. 7. The conposition of claim1l
wher ei n t he lconPGEMPPHHOR BAPRT L2 4jpsamasnt of 3 1%10% &y Aydaglicciyjand an

8. The HefReSinkdull offat Waad Hhe7 N"A}@fcﬂdr?l SYRD Bk GiaRide AzﬁloQi%lﬁhtvl%ﬂrefs&RéH By

Fi scher Tropsch wax. . The conposition of claiml including a
| east &nendadi ti onal Iubrlcatlng oil additive or hydraulic fluid
additive. 10. A nethod of inproving antioxidative properties of
a lubricant or hydraulic fluid
R1 R‘l
R4 NH NH R4
R4
Rs Ry Rj
Rz Rz I

where R is H or C; to Cyz alkyl, R, is H or C, to Cy2 alkyl, and R, and R, are independently H or
C, to Cyy alkyl.

2. The composition of claim 1, wherein R is C; to Cyo alkyl, R, and R, independently
are H or C; to C; alkyl, and R,is Hor C; to C; alkyl.

3.  The composition of claim 1, wherein R, is C alkyl, and R,, R, and R 4 are H.

4.  The composition of claim 1, wherein the antioxidant is 1,2-benzenediamine, N,N’-
bis(2,6-dimethylphenyl), 1, 2-benzenediamine, N, N'-bis [2, 6-bis (1-methyl ethyl) phenyl] or 1,
2-benzenediamine, N, N'-bis [2, 6-bis (1-methyl ethyl) phenyl] - 4, 5 dimethyl.

5.  The composition of claim 1, wherein the antioxidant is 1,2-benzenediamine, N,N’-

bis(2,6-dimethylphenyl).



‘conposition conprising adding an effective amount of at |east one N,
N -di aryl - opheny] enedi am ne anti oxi dant according to claim1l to said
conposi tion. 11. The nmethod of claim 10, wherein the
antioxidant is present in an anount ranging fromabout 0.001 wt%to
about 5 wt % based on the total weight_of the conposition. 12.
The method of claim 10, wherein the adéioxidant is represented by
Formul a | - 34 - where RLis d to C12 alkyl, R is Hor Cl to Cl12
al kyl, R3 and R4 are independently Hor C to Cl2 alkyl; and, further

ﬁ;gP;:JIS: gg ; |%LI lj'?gez%)ln?;{])\%/léﬁg%‘&fa% %,l Wi'léi‘ 1rnitﬁ@£rltf3§id9ui1tl is ngéntt iiﬁ/ ﬁle%nge of about

0.001 wt% to about 5 wt% based on the total weight of the composition.

7.  The composition of claim 1 wherein the composition comprises a natural oil or a

synthetic oil.

8. The composition of Claim 7 wherein synthetic oil is derived from a Fischer-

Tropsch wax.

9.  The composition of claim 1 including at least one additional lubricating oil additive

or hydraulic fluid additive.
10. A method of improving antioxidative properties of a lubricant or hydraulic fluid
composition comprising adding an effective amount of at least one N, N'-diaryl-o-

phenylenediamine antioxidant according to claim 1 to said composition.

11.  The method of claim 10, wherein the antioxidant is present in an amount ranging

from about 0.001 wt% to about 5 wt%, based on the total weight of the composition.
12.  The method of claim 10, wherein the antioxidant is represented by Formula I

Ry NH NH R4

R3 Ra Ry
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where R is C1 to Cj; alkyl, Ry 1s H or C; to Cy; alkyl, R3 and Ry are independently H or C1 to
Cyz alkyl; and,

further comprising at least one additional lubricating oil additive or hydraulic fluid additive.
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