WD 2008/ 123940PCT/ US2008/ 004011 1 LUBRI CATI NG COVPCSI TI ONS CONTAI NI NG
ASHLESS CATALYTI C ANTI OXI DANT ADDI TI VES FIELD OF THE I NVENTION [1] The
present iwgenis/mnel ates to | ubricant conpositions inclpgdiusgoogassenger car
engine oils, comercial vehicle engine oils, industrial, marine, hydraulic,
aviation, and driveline oils containing ashless catal ytic anti oxi dant
additives and to a nethod of naking said additives. BACKGROUND OF THE
INVENTION [2] A wide variety of additives are used in lubricating oils,
greases andg ) | o\ Rk thelr
per o manc L URKIEA TG oMo THIBIR CoNEAINRGERS IR PAPATY R,
greases and hydraullc £1 ui ds W FIOXHANT AIRDE i on, wear and corrosion.
One inportant property is oxidative stablllty Ant i oxi dants sl ow oxi dati ve
degradation by retarding or inhibiting a variety of degradation

chem stri t Ry nend extending the life of fornulated oils.
AntioxidaeIsIELIBQj 1%e‘ablllty of an additive to delay the onset
of oxidation by effectively quenching radicals that are generated by a
system [3] Many conventional antioxidants are stoichionetrically consunmed
in the degl083ht i dheppoesess . inveationsrelaeay tnt lubrigant onpesitionss iaekdingsuned

ant H‘ %Z&éaé's%?@?céa?;éwﬁ%"f Sl KETaA Ve SREneooHs RauSE A By « ne
useful |i @@Elghc?%hﬁéﬁﬁ Pléalbnaaﬁ n@ﬂ,%%ﬁ@% nglgr gaﬂ@sg 'Bat%b&m fahﬁaﬁfdant

reduced co rati o i ntalnrn or mance [evel

2008/ 12394V &4 PR HREMJId 8f making said additives.

BACKGROUND OF THE INVENTION

[002] A wide variety of additives are used in lubricating oils, greases and
hydraulic fluids to improve their propéﬁiés 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. Antioxidahcy 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.



[4] It would be desirable, therefore, to provide lubricating conpositions
and hydraulic fluids with antioxidants that performnore |like catalysts in
their ant function, thereby enhancing the per

extendlng‘k]taé'ga?lt2 eﬂof such Iubrlcants and fluids. [5] g?t g@ﬁgggﬂll

woul d be of great industrial interest to develop a process in which
antioxidants that performnore |ike catalysts in their antioxidation
function could be prepared fron1genera||y avai |l abl e starting conpounds t hat
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provided a conposition conprising a lubricant or hydraulic fluid and a

m nor anowfisuoh labri¢aens andflmidubstituted N, N - di aryl - 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 dant of the
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antioxidation function could be prepared from generally available starting

compounds that are relatively inexpensive, available in commercially 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] In one embodiment, there is provided a composition comprising a

lubricant or hydraulic fluid and a minor 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 antioxidant of the invention.

[009] In still another embodiment, there is provided a method for improving

the antioxidation properties in compositions using the substituted N, N’ -diaryl-o-

phenylenediamines of the present invention.



[ 10] QG her objects and advantages of the present invention will becone
apparent fromthe detailed description that follows. [11] The anti oxidants
used in td ition include those having Formula | e 121,
R2, R3 ar\gbao@?ﬂ%%ﬁto Cl2 alkyl, R4, R5, R6, R7, are i nSSE’e‘%g“e"%’t%? or C1
to Cl12 al kyl. DETAI LED DESCRI PTION OF THE | NVENTION [12] The present

I nvention relates to conpositions conprising a major anount of |ubricant or
hydraulic fluid and an effective anount of at |east one substituted N,

N -di aryl - 0- phenyl enedi am ne anti oxi dant. These conpositions exhibit good

| evel s of MBhat iQthes tobigqts tapd adyantagese of dsoRTesPRIn g1 eMtioRe Wik

conpri se Lor, amoupt ,of .J ubricant. o aulic fluid, in particular

t hose | ub?%fpcrf)?ﬁ?ntgforﬁ;iﬁ? gﬁ{%llggf‘{eafﬂgttl%%%%gﬂoﬂﬁr af finic and naphthenic oils
or synthetic oils. Thus, the lubricant can be, for exanple, an oil or a
grease based on a mneral oil or a synthetic oil. [14] Typical paraffinic
and napht H@did} oiThe amieixidknts osadkin thimedmposicibalincliuds theseyaling r eat ed oi | .
O her useful fluids of lubricating viscosity include non- WO

2008/ 12394tmemlas2008/ 004011

NH NH

I
where R,; Ry, Ry are H or C, to Cy; alkyl, Ry, R5; R¢, R7, are independently H or

C] to C12 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 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.

[014] Typical paraffinic and naphthenic oils include conventional mineral oils

or hydrotreated oil. Other useful fluids of lubricating viscosity include non-



4 conventional base stocks that have been processed, preferably
catalytically, or synthesized to provide high performance |ubrication
charactegkﬁgb 123049 10] Formul ated | ubricant conposition;cgﬂﬁggkﬁﬁ“ﬁlnixture
of a base stock or a base oil and at |east one performance additive.

Usual Iy, the base stock is a single oil secured froma single crude source
and subjected to a single processing schene and neeting a particul ar
specification. Base oils conprise at |east one base stock. [16]

Non- conventional, or unconventi onal base oils include one or npre of a

mi xture of conyeationak kasy stesks vhat havnbeere pspcested Rruglerablyl cafalydicallsroy

materials, as, well.as hydrodeywaxe or hydroi soneri zed/ conventi onal

catal yti caty fzs&eds Wé’?{(f(;e ﬂ%ﬁé&%ﬁ%&?@?@n ?}baf?&gﬂsﬁl?%m nat ural wax
or waxy feeds, mneral and or non-mneral oil waxy feed stocks such as

sl ack waxes, natural waxes, and waxy stocks such as gas oils, waxy fuels
hydr ocr ack@15pot tRermulaed Mubfitintnedmpoditidno compiist e niikiurewf abasekstbels, or

other mneral, mneral oil, or even non-petroleumoil derived waxy .

materi al s @uelbass oileand ateleasti enesperdemnanas ddditive odlsuallyytredbaseatioek istal e
oil, and m.xtures of such base stocks. 17 L, base, oils. c ri se.base
Stock(sy ol hstueRy P davdle ShaT paulrtd radSECE B SRl Bocrting

synt hesi s, j i . LoD, aRYSERAs: [gﬁl}gl[

degradat i osr??1 gg%'o%ﬁ ?ﬁ%ﬁ@?%ﬁ%@%@%ﬁﬁg%ﬂg%{ée%g cétrsb%n 5%{ g'f }]elars]tgone
conpounds. pd3egtsukabl y, the G| base stocks are derived fromthe

Fi scher-Trospch (FT) synthesis process wherein a synthesis gas conprising a
m xture of H2 and COis catalytically converted to |lower boiling materials

by hydroi soneri sati on and/ or dewaxi ng. The ocessg I.s described, for
exanpl e, ik10]s -satlvmsqnagps»@?gewam bgses08y nclydg) 0Bg Higness of 2

suitable c st I 4n,U Pat e : .

which i s YD T 5%, SRR HrPeoBm B R o‘%‘%&? gﬁsgsg_ﬁ?{g?‘i?‘ﬁ‘gb@ IE_S

ref erence. mpfetRls, GTds baggl sh9Ckiyro@éRagdthr a6t ma&ﬁsémef&@d@n@@d@l\a ng

ki nematic viscosities at 100C of” from about 2 /s to about 50 mmt/s,

pr ef er abl ycatalgticalby (br 3olwvdhty dewaxbd ubassOstovis} denved froaf aatirhly waxoor about

3.5 mR/s to about 30, M®2/s. The GIL base stock and/ qr other hydrodewaxed,
or hydr oi sWa¥Y ifseds, cmingrgt apd ory noarmywryleptl) wasvialeed staskspel@g dage
stock(s) used in_th resent .invention have kinenatic visceosities at 100C
" the rangeier nanifh Raes A LSRR SREa e d O gL B huideiRpRket o
about 7 mwtﬁ)mﬁvmxgr FAfSingR, YnyrirBttackate, TH&/all EralkateS] o SothRE T RfRISE
herein to kinemdtic viscosity refers to a measurement nade by ASTM nef hod
D445. [ 1&hirfetal bils er tvenksompdtiobann ail sledieed wedxy rmate6als bade astwakys

whi ch can be used as base stock conmponents of this invention are further
char act er i maigriglsoresgived femnendl diluséantionopmshale pilypad mixtures of|sygl base
preferably arﬁ?out -10C or lower, nore preferably about -15C or |ower, still
nore pref e sy about -20C or |ower, and under sonme conditions may have
advant ageous pour points of about -25C or lower, with useful pour points of
about -30C to about -40C or lower. In the present invention, however, the
GIL base d08CK( s)GTIs &dsgeilscahipriserbast Rask()aobtaiged FtompGThimarkiahat - 30C
or higher, preferably about -25C or higher, nore preferably about -20C or

hi gher. Redrer degivedheyigi none pourmexsi nsyntbesis, teombinatioane trangrmabipnASTM

D97 and sim | ar aut omated, versi ons.. 9] The GIL base stock(s) derived
From GrL_ ereRre bt a gatiar 1 erpintiomidethaatirtve processes” oM ESeots
hydr oi so I / i gllmh% S - i Ly ed
base stogf(‘('r(a 'gl?&gé:%gia%ﬁg Esu hu\%l\gi'- dg}rei vehiybg@gaéﬁg’cﬁf % rg\?éf?{:shallaerg 1%(3,8’(2

st ock conpfam@ntise VIis€hercBiosbeh USET) isynthusts iptuedssi hedéia al sgniblesisagheri zed
typically as having viscosity indices of 80 or greater, preferably 100 or
greater, aoinprising gy afmwblqty H2@andrCor isagatalyticaldy toomerted toilawee bodling
particul ar inst

ma‘terlaflsnl():}('a ?1’ydroisomerisation and/or dewaxing. The process is described, for
example, in U.S. Patent Nos. 5,348,982 and 5,545,674, and examples of suitable

catalysts are described in U.S. Patent No. 4,568,663, each of which is




WO 2008/ 123940PCT/ US2008/ 004011 6 the viscosity index of these base stocks
may be preferably 130 or greater, nore preferably 135 or greater, and even
nore pref or greater. For exanple, GIL base s derive
from GIL ‘ﬁg?géﬁylé%%g preferably F-T magerials, especiall Stl/)etli}-i%ﬁ%gg{??ﬁ%lener ally
have a viscosity index of 130 or greater. References herein to viscosity

i ndex refer to ASTM net hod D2270. [21] In addition, the GIL base stock(s)
are typically highly paraffinic (>90% saturates), and may contain m xtures
of nonocycl oparaffins and nulticycloparaffins in conbination with

non- cycl j dnFRpeEMEd hicFn byefersnte of the napht henic (i.e., cycloparaffin)
content in such conbinations varies with the catal yst and tenperature used.
Further, GIL base stocks and base oils typically have very | ow sul fur and
ni trogen q@ﬂsgnt GHENG4s! Eﬁbck(p%')t BiNchGrdcRSfzedN fpiddIny tasl Babii® kininAme e
typically 1Tess than about 5 ppm of each of these el enents. The sul fur and
ni trogen odstositiesodt M0°Dhas érosh abbunddnhdsetoabousfOaimels,byreférably from
hydr oi soneri zat i on/%sodevvaxi ng of B-T material, especially F-T wax is
essent i al 18poyt |3 mm%s|to] abantprQ many isd eesopietesably diosn ghoupdse mEHEKIs)

i f£ini t er.f.al t j i tl f - |
OO et BB 30 Dy TR AL G RSl B ARToRE I gBle Rk
st ock(s) t%&ﬁbh&rnﬁ%&kﬁta‘-’l i@ﬁpa.f(af Qbke ta&wkéd il dEH’Oﬁ% g aggfsvtfé}f@ er

than 60 wt on-cyclic 1sopararfins, preferably greater t

non- cycl i aiseddnah@ptdset inveheiopnefverkdhtnmatic addcositichan 185°Gtitothe ramgcof ¢
i soparaffins, and m)éti preferably greater than 90,w % non-cycli
i sopar af f iabout 3[28imis 4ol Bun'ds, nably ab@uis4 mmi's tofabopt Thmee /st WOk s)

xanl o, PR cahfic o MG HpaP b Su P et didEice fggein 1o Kinematic’
2008 12394 0BT SRRSOk Fern L hallE S RSPk hidlnodipidused from vexy

feeds, which ar 0 su or ‘use | I's Inventron, are paraffinic
fluids of lubricating viscosity derived from hydrodewaxed, or

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

m ner al oi[019honGiilnbasd stocks ambbasgeoilotetivgd thom&xTly hasessackewbidhgéan

.g., f K h .0ils, sl : f.

Py bor aciy Uik abihiSe RJero aIRSIeREY PF A ColaveRton o Duges chighesibakat es.
ther mal cra6kanes, bhORSL Al oo AR CRAE ol IGHEL AricnIIfanbLGsEabe of |
or other s lta e Imne OII?, non-mneral ~oil; no -petror eum or na ur al

source denpwed mde preitRiblyhbout L IR of lowérRRENERoRY BreTeribly hbseMmeads
wi t h carbon nunber of about 20 or greater, preferably about™ 30 or greater,

and m xt urogslosfersantl ursterescane/donditéovsx atay baee adventageausd poas gaintssof [ 25]
Sl ack wax is the wax recovered from any waxy hydrocarbaon oi] including

synt het i ¢ 8PPt 2% & lowar, weitly useful poup poins afabsut 3y typbeaw -49°C or

autorefrigerati ewaxi ng, yen Xi I hi}hed sol vent,.such
o ol 4GBl Y N R BB LS R AP
MEK/'M BK, ap ﬂid&%%viﬁ% Do potd of HeaR, -30hC! HER&, ﬁféfe%ly?‘tabﬁﬁt gwexbng
enpl oys pressurized, Tiquefied | ow boiling hydFocarbons such as propane or
but ane.  higher, more preferably about -20°C or higher. References 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
stock components which can be used in this invention are also characterized
typically as having viscosity indices of 80 or greater, preferably 100 or greater,

and more preferably 120 or greater. Additionally, in certain particular instances,



[ 26] Sl ack wax(es) secured fromsynthetic waxy oils such as F-T waxy oil
w Il usually have zero or nil sulfur and/or nitrogen containing conpound

content. ShagGksWashes) secured from petrol eumoils, miyp%’fms?ﬁ sk f ur and
ni trogen contal ning conpounds. Such heteroat om conpounds nus e renoved by
hydrotreating (and not hydrocracking), as for exanple by

hydr odesul furi zati on (HDS) and hydrodenitrogenation (HDN) so as to avoid
subsequent poi soni ng/ deactivation of the hydroisonerization catalyst. [27]
The preferyed base stqcks or base oils derived fro terials WO
2008/ 12394bPvisdsEBoBden o6 thess bassctosks mambﬁansﬁfwg%gsr T30 orarsaistmpized as

ne havi ho MEDTABE, 1¥aP8E rkishe aff oRRat hres pRORatIy | S Er S POLGE =
| ow-t 0- ni lexahfHIB! GO, K€ A6&k(§P Hdtt aaliw_ﬂ&he@mirﬁﬁeﬁ@ls,c?k@ﬂerabliz2181r A

preferred GIL 'l i'quid hydrocarbon conposition is one conprisSing paraffinic

hydr ocar banatesiais especsaliyn Fvliivedx, igeaceatlychvedd viscasiohimidpx ¢fSl 3Iteasgreaterby t he
per cent age of net hi{ll hydr ogens (&Bl{fifi?q and t he %r oxi m't% of branchi ng, as
measur ed Referrncge herein iQuisepsity refertothS M aethe® B2 7@hi ch are four or

nore carbons renoved froman end group or branch (CH2 > 4), are such that:
(a) BI-0.5(CH2 > 4) >15; and (b) BI+0.85 (CH2 > 4) <45 as neasured over

said |iqui dr CE{BUQ't' | 1€ 1i : e L
base oi l c(g%i%e ura{1 er nf: ar ag?'e‘?%%e%ﬁcﬁy\%gctzg!scgpé%gs%@?ﬁgﬁ:e(sgot an
0.1 wt % arsattahies), hyell gaay ontain! @eStukdbf 20 0nbEye1oparadfied aadniniltidyido-

conpounds, less than 20 wppm sul fur contai ni ng conpounds, a pour point of
| ess t han pat@finspief eombinations svitthanon-8gdic aispparaéfined Blhe 2604 ofnthq CH2 >

4 22.5. T h i | ili int of 370Ct | .th

0 a2 el e e oASaP Sh Tt o7 s VS5 B o
h t - I

cver 20° M IR AR Bl BATERSSTE St 0n Bl pHIBNA oD,

CCS at - 4Gfave argy HowesiBfiirCand fit 'ehycorﬁaqt;%eﬁetraﬂ &ntdidiez IRBrtR&EAbBG: DY
the formula: DV (at -40C) <2900 (KV at 100C) -7000. [30] The preferred GIL

base oil il ppmp apHamare eypizaldy desscivaprabmiutd ppm of waeh off these eharlents.
paraffins charagterized in that the ri cant base il contains at | east
60% of a e r&ﬂ(ﬁ?l&%ﬁecﬁ%rgquré’i ejtac ape%@ﬁ%ﬁér@aawﬂix thes are
paraffins L: -C AL .0:.length . . u , .

nol ecul ar h&gli{(’a%mgpﬁ%%%oglgg)a% %)Aébgt't F%Zﬁégﬁgﬁ%ﬁ%%@%e%éfo%%ﬁt S50F
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[022] 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.

[023] Examples of useful compositions of GTL base stock(s) are recited in
U.S. Patent Nos. 6,080,301; 6,090,989, and 6,165,949 for example, which are

herein incorporated by reference.



1050F, and wherein said branched paraffins contain up to four alKkyl
branches and wherein the free carbon index of said branched paraffins is at
| east abqyf »3ps/12603g] GTL base oils, and hydrodewaxed, OECTHEZMBNOM)I
hydroisonerized?catalyticalIy (or solyent) dewaxed wax base oils, for
exanpl e, hydroi sonerized or hydrodewaxed waxy synthesized hydrocarbon,
e.g., Fischer-Tropsch waxy hydrocarbon base oils are of |ow or zero sulfur
and phosphorus content. There is a novenent anong ori gi nal equi prment
nanufactureri}and oi | fornulators to produge forpul ated oils_ég ever

i ncreasi ndP¥* e?@@é@ls ksl derty _,fro&ho%wl ds.anbichuare @lse spitale foouseet
e T ow Sadk P v, ) YRR TR 57 WRERMIR RBpity Htebled ol "

i nherent| myd%&e\%xécf?"‘blo_’hy%i%i%ohﬁ'rfz’e&*caﬁd&ﬁéﬁll;ﬁ_'(@r PIRASERY dSw SR Q{f‘éxfy Such
oi | s when used as base oil's can be fornmulated™with additives. Even if the
addi ti ve deedstocks o€ amimethludéd rnon-tiirerhbroil| mén-potrolennai or Mdthral sooeddeor
phosphorus the resulting forrmulated |ubricating oils will be |ower or |ow
SAPS oi | s GitgiRoesBar edsteckupuck asiong @ more of gaspilsy slagknyaxomaxyt fushal

m neral oil base stocks. [32], Low, SAPS f.ornmul ated oil s for, vehicle engines
(bot b spativdFaaeRss B fomsh oelsriihon o nBAF e aixese IV GFIEkietnt o
0.7 W % or, , a : % I oE fer %,,0r
eas. mootM e rapRE Moty Jif Wil fRbm, GGl ARERCARUE of ) sihlg, M0
pr ef er abl wtkerBswitdbler mirggsl ofiproriPirehe&abllil forftpétrédedin, 66 hatedll sdurce
phosphorus content of 0.18%or less, preferably 0.1 wt%or less, nore

pr ef er abl ydeoived waxy oratéreals,, limeastordrenehesbhydrocadh yhopmpoungs syithgdrtion

certain instances, .eve referably 0,05 w % or _| ess. 33] While the
r of or r ed DEFRFTTE Qi Ry a&s&%mgﬂ%rgﬂvsﬂ oW 3% P Brete. @nd midures; of,

ot her syn E i ji¢ oils that can be used in
the i nven%{l@%ﬁ%b&%ﬂa@éﬁ%%??&%ﬁ%g&o&g Fﬁ’é(%%gaggl phatic or aromatic WO
2008/ 123940PCT/ US2008/ 004011 10 carboxylic esters, phosphoric acid esters,

and the like. The PAOs, which are known naterials and generally avail able
on a maj of023meBhickl waxalie the owazupgroverssl dtarh asy Bvasy Mpdiocatbem ol
Conmpany, Chevron, BP-Anpbcq, and ot s, typically vary in nunber average
mol ecul ar le}lgmg sYhetD @Il Sog atSoP% Xy30H0or BFUHF%’%&IISPEJOSSO&Y@'[ or
commer ci al | I i Kl i | 14t S S, up
o about - TOPrELrREE depbit . SENED: Mot Bhisiey SR penciEp &5

hi gher. ThgtRACetiay1e kietdteC IMBK §,0iidth$E dsHuthly KedSfN aMIBRY)! WiiREEe®' of

ol i goners of al phaol efins which'include, but”are not Timted to, about

to about GEEKAMIBXG! miixtuseswof MEKoand @G8lueneaidhile fiitorefirigesativef dewaxsigch as
1-octene, 1-decene, 1-do eﬁene and the | jke, heing preferred. The preferred
pol yal phaSMPIeys Passsupiged.- iquefied dowpbpiling. hydeasar puehy -as1piopgee e and
m xt ur es ﬁ?nﬁr{‘?ﬁ and m xed ol efin-derived pol yol efins. The di ners of higher
olefins i “range of about C8 to C20, preferably Cl4 to C18, may be used
to provide | ow viscosity base stocks of acceptably low volatility.

Dependi ng on the viscosity grade and the starting oligoner, the PACs may be
pr edoni naf@26] t r Slaek swax(@s) s¢ourest feomfsyntieetict waky nglsosedh as F-Wi wixyrioilor
amounts of the higher oligoners. Mst comonly, PAGCs having a kinematic

vi scosi t yVall wourdly igengemor o aoswlfur mndéor] piteggen containing coomeunda0
base oils e gonveni ent] y nmad t he pol yneti zation of .an haagl efin
" the. pr E00¥eE SR SRR YodRRa fRm: mRy R Bps B Boplaid Gultef 200,
catal ysts nitsddi Stlaink ofpUBhs. SUUHTHAT ot Bbfpdifids BRI be! fehfdvedr | de
or conpl exes of boron tTi oritde with water, alcohols such as ethanol,
propanol by blilydretreatigy baGantli ¢ nati dh?;dufoceﬁdl&m ), sual asoret hadtangslet atbg or

et hyl propionate. For exanple the nethods disclosed ﬁ/ USP 4, 149, 178 or USP
3,382, 291 bfé@o@éulcf@ﬂmtmreﬁm»g@d Inedredenitrogkpation (EHPND i snas o @ynad

synthesis are found.in .the fol.l ow n . §. Patent Nos. 3,742, 082; 3,769, 363;
3, 876, 720?‘?'2&35‘515‘?‘9%‘6?0%@?6’??%%‘2?“%} gﬁg‘eﬁ%ﬁ OlsORErIZAgien C&‘,Zéw; 355;

4,956, 122; and 5, 068,487. The diners of the Cl4 to Cl18 olefins are
described in U. S. Patent 4,218,330. WD 2008/123940PCT/ US2008/ 004011 11

[027] The preferred base stocks or base oils derived from GTL materials



[35] Ot her useful synthetic lubricating base stock oils such as

silicon-based oil or esters of phosphorus containing acids may al so be

ut|I|zed I 00f other synthetic |ubricating base | scl osed
Synthegéa&ﬁ rlcants @under son gnd Hart, Reinholdibggﬁﬁm%@ﬁg?% NY

1962 which is |ncorporated inits entirety. [36] Oher suitable synthetic

base oils include al kyl ated aromati c base oils, such as nono- or

pol y-al kyl benzenes or nono- or poly-al kyl naphthal enes. In these types of

base oils | kyl, substit s are typlcally al kyl ps .of about to 25
carbon at a@oru&?ar |vg»a>f>f Sekdabwt Charablotizad tas E@\ﬁnatm omaarnﬁv Parai

i acs Pot RS S st BTl S BRGIma g, lyraliS BB, RAD= enes

Conpounds :tonifCk@gsr, ?éthBeﬁlﬁh&d el 36hetoand a}%’ﬂﬁtléd %Hﬂ%rg%@&fhtﬁlw Water- Eapen

et al, Phila. 1984. Tri-al kyl benzenes may be prodiced by the
cyclodlnenwhmeunaokﬂ 1- alkynes of 8 to 12 carbon atons as described in
U.S. Patent 5,055,626. O her al kyl benzenes are described in European Patent
Application 168 534 and U.S. Patent 4,658, 072. Alkylbenzenes are used as

| ubri cant st,ocks e,alls, for.l.ow.te

appl i cat. Jﬁ?ﬁfaré\m tGERH OIS AN E 1o ERATHLh b i 3 FER hfiebrfine

o eyl bendardtinic RbcAtonC STTRIGcRly K WHILADIE CARM PHPCHARE g, a3 near
Chevron Chﬂeusuaéd ©9. theaperdshtigenoOnhetbyl hiydrssens a(Bly) ab@rthequimttycaf Iy
have good | ow pour points and | ow tenperature viscosities and VI val ues
great er t haanciingt asimeasured dyHbe pareentaege af sedureing ynétbyleagdiarbersswhhher

al kyl ated ar natlcs whi ¢ be u when desirable are i be for
RUNARBARE B IRl g aﬂ SR (T AR L

Oressl e . iy o So1.0chr, B ) BB RPECESs WondSi (37

Al kyl ene oxlI de po ners rpoFyne eri‘vatives contal ni ng

modi fi ed toxepbaidlli &vdcagmueé bmidim dwhol®r exanple, WO
2008/ 123940PCT/ US2 08/ 04011 12 esterification or etherification are useful

synt hetic Iubrlcatlng oil's. By way of exanple these oils nay be obtained

by pol t d | de, the alkyl and aryl
ot nors. of Ak Bbf sl qu&i%él g PR BeTTgeeosPop nssestyco

et her ha Age g t,. 10 r

pol yet hyriagglagplﬁtésg navil ng ‘gﬁ)ﬁo 8eY 1cq{vdr§%zhr§ BR% lg%s %gnsﬁo%g%hltgéé}%[

di et hyl etchfitaifihgROnyRhaiis aRs tEJnYQO'w | fUIfid COMARHDE r\‘\?bﬁﬁ'&s Qf &hout
1000 to 1500, for exanpl e) or nono- pol y- carboxylic esters thereof (the

aci di ¢ acipeinssofeless than et8°C3 _;&efea'ably hass (ﬂhan;tl()%l oprafreIBOX 2 54diahd
di ester of et hyl ene_ gl for, ex nple) Estgers conprise a
usef ul §€i'§ g)( %I ﬁ?‘\‘i BFWI% 0&8&8 p%Lﬁ&bQ@ptqn evpapge thayi stics

may be se o} e f di aS|c CIdS

W th mnogvé&%o%&aegghﬁqo fcl)?{)g i gqngég %5 cpega @%?(%%03 ?} &ner s of
the fornenvemge Havel Mefs tHar 16 4AE bréﬁ&e@%ie?rl%méarﬁbﬁadt%y | THe)a‘ﬁls‘é’S such
as phthalic acid, succinic acid, alkyl succinic acid, alkenyl succinic

acid, mal ean lmcchhraejmlzadda;aal cbmbum:mcoﬁdydambmoslty,c asl, méasuped dbyaci d,
adeIC aci Ilnolelc aci.d diner, malonic acid, alk% mal oni ¢ aci d, aIkenyI
nal oni ¢ aGQiS akr40° ,\nnfiﬂﬂaemam SSEOSHY apBIcasured 082Capsasenteddnothe hexy|

al cohol , e I Specific exanples of
t hese typz(g‘%ﬁl ﬁ?g (9 ﬁaég?{‘%‘ﬂfw %ﬁ@(g@ 78@?2 et hyl hexyl ) sebacat e,
di - n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl
azel ate, dioctyl phthal ate, didecyl phthalate, dieicosyl sebacate, etc.

[39] Parti@30]ar | Vheiqutfdrred/ /GTEt baseesikelis #Ase dhaemeerfizdd agr comptisilg asters
whi ch are aobtained by reacting one or nore, polyhydric al cohols (preferably

t he hi ndefigtuseof branchedipazaf ms&hmqa@qu llptblayﬁleslubgcgnt baw@c;p mxytanm yeol .
t t hyl t h d | |
oy 3 R S Bty

St rai gt AR A oo %5‘%2‘%6@‘?8% %q’f"’ﬁ“@"o’aﬂsmﬁf’%‘ﬁt «

weight of about 280 to about 562, a boiling range of about 650°F to about




fatty acids including caprylic acid, capric acid, lauric acid, nyristic
acid, palmtic acid, stearic acid, arachic acid, and behenic acid, or the

correspor\gbr}gogkalzgﬁﬂghed chain fatty acids or unsaturat edFE?f'}%"e@{éhﬁlSUCh as

ol eic acid). Sui tabl e syntheticgester conponents e esters
of trinmethylol propane, trinethylol butane, trinethylol ethane,
pentaerythritol and/or dipentaerythritol with one or nore nonocarboxylic
acids containing fromabout 5 to about 10 carbon atonms. [41] Silicon-based
oils are another class of useful synthetic lubricating Qils. These oils

i ngl uqle_ pol %ﬂily pnd vblaﬁryilar wd%brpaylwi }amﬁﬁ?s sAAtamy |uyaﬁ0y_?¥>a1§yl: Branshesi | s
ot aet hyiirh whein BEEP: SRudn Bk 8L AidiphSRPRRRLCl A HALHIRI . | ace

tetra- (4-met hyl hexyl)
silicate,tetra-(p-tert-butyl phenyl)silicate, hexyl-(4-methyl-2-pentoxy)

di si | oxang03pp! y GTHL bk oils, andhhipdrodendxpd) or hydrohydmérizadti¢athlytieally or
si | oxanes. [42}1 Anot her cl ass of synthetic lubricating oil is esters_of
phosphor ouelvenshdewaxedywasitwse oilscfr axamnlechydretsomerigsideor hydredesygxed

phosphate, trioctyl ph hat e, .di et hyl ester .of decanephpsphoni.c aci d.

[43] " Anot e Riathesed; RaftoRATbaRe & Brol RIEFd TPRETA Ay RUNERAbam, BRfC
derivativ d | i 1 f | W | rise
a maj or aﬁﬁohsn%%o?f g@\iv u #;?ecrgn%tﬂg%r %@(g:p g&%@%u@%{ﬁd gﬁ&ee%‘ Fg egpfn ég&grgrgﬂﬁt of
at | east Cdi'ﬂoﬁ%lb@rﬁ%ﬁnul egydipmbdint dinahufacturehe naldensitli forniidateld | xipgtadice By a
maj or anmount of a Tubricant or hydraulic fluid, it is neant that the

| ubri cant formnlatedioils offeiver thdareaspmglyaetuced swlfated ash, phosphoqus andhsalfaut 50
w.%to about 99 wt. % e.%)., from about 85 wm.%to about 95 wt. 9% thased
on the totONtHlitgnIMest Vel INGRPUAEL Kstrigive, ANEreRUENtAL TFBlatonys %‘fc east

one substifill g fn Ns 10" $APY RIS GHE LAY 8F AR LEX ' F2Bhse oils which
themselves, inherently, are of low or zero initial sulfur and phosphorus content.
Such oils when used as base oils can be formulated with additives. Even if the
additive or additives included in the formulation contain sulfur and/or
phosphorus the resulting formulated lubricating oils will be lower or low SAPS
oils as compared to lubricating oils formulated using conventional mineral oil

base stocks.

[032] 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.

[033] While the preferred base oils used according to this invention are GTL
base oils, other synthetic oils may be used. Other synthetic oils that can be used

in the invention include polyalphaolefins (PAOs), aliphatic or aromatic



WO 2008/ 123940PCT/ US2008/ 004011 14 it is neant that the catalytic
antioxidant is present in anounts ranging fromabout 0.001 to about 5 W%

and pref agabhig/ 500 about 0.01 to about 1 wt % based on tpes9f@loodtg] 9ht of
conposi tion. T(1e anti oxi dant may be gﬁed al one or in conbination wth other

addi tives. [045] The anti oxi dants used according to the invention are N,
N -di aryl - o- phenyl enedi am nes, preferably those N,
N -di aryl - o- phenyl enedi am nes having Formula | where RL and R2 are Hor Cl

to C12 al kyl; with the proviso . that Rl and re.not_sinoultaneously H R3
s Gl to Gasbaxylin estsky Phosahoris aci e&%?asmnfgéﬁ%q}%%%%wﬁ@ A to
Cl2 al kyl . r ecyl ' f t'}HE] :
N -di aryl -@B%ﬁéﬁéﬁgﬁg§ gﬁ# réeqlaeg%l%\%k'gg%?@woflryr@ﬁg’g 4 _rom%g%%&utscilgofr? ! about
600, pref afpplivrst SN 89 BibxodBobip ChicabTdm 1Clenroab IBP-aahpes nstid of
Fornula | include WD 2008/ 123940PCT/ US2008/ 004011 15

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 viscosities, such as, up to about 100 cSt (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 Cs, alphaolefins with about Cg to about Ci
alphaolefins, such as 1-octene, 1-decene, 1-dodecene and the like, being
preferred. The preferred polyalphaolefins are poly-1-octene, poly-1-decene and
poly-1-dodecene and mixtures thereof and mixed olefin-derived polyolefins.
The dimers of higher olefins in the range of about Cg to C,q, preferably C,4 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-
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
conveniently used herein. Other descriptions of PAO synthesis are found in the
following U.S. Patént 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 Cy4 to C,3 olefins are described in U.S. Patent 4,218,330.



| D2D3D [47] Preferably, R and R3 independently are Hor Cl to Cl0 al kyl,
nost preferably, an al kyl selected fromnethyl, ethyl, n-propyl,

| so- prOpkafozﬁos?M?%] i so-butyl, tert-butyl and octyl, cga¥ﬁ@b&]§hb%1{mt hyl

or tert-butyl In a separate prgferred enbodlnent

I ndependently are Hor Cl to C4 alkyl and R2 is Hor C alkyl. [49]
Preferably, the substituted N, N -diaryl-o-phenyl enedi am ne anti oxi dant is
an isopropyl substituted N, N -diaryl-o-phenyl enedi am ne anti oxi dant, nore
preferably a t-butyl substituted N, N -diaryl-o-phenyl enedi am ne
antioxidant, nost preferably a nmethyl substituted N,

N -diaryl [03§henptbmedsefui senthatic dubdeating bisehstack wsr@chmﬁnﬁllﬁm-@ﬁyed

particul ar heor el i eved that steric hindrance ys, a t ant
Pl Tn ¢ 1rdl QR estéis abpheseamhs CPMIAINAG-ARIAS BAYIHEP bE wcs%‘éf Esampledf s
Whi | e sone r o baa%ﬂﬂ »

oxi dative gtﬁéxegrﬁh&ggu@ﬂ&ﬁmg égﬁ t{%%fﬁsd?gé;ggstcg&gh tTre pro g‘r%}b%a Hts '
unavai | abl Guadersétlafid! Hart, Réﬁihow?m LS8R, NW 496D OWhatLs & nﬁioap&fatécpm

met hods for preparing the N, N - diaryl-o- phenyl enedi am nes of the

i nvent i on.itsertiretypr esent i nvention, WO 2008/ 123940PCT/ US2008/ 004011 16
substituted N, N -diaryl-o-phenyl enedi am ne antioxidants are prepared by

reacting di bronmoarenes or dichl oroarenes having Fornula 1|1
[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 alkyl groups of about 8 to
25 carbon atoms, usually from about 10 to 18 carbon atoms and up to about three
such substituents may be present, as described for the alkylbenzenes in ACS
Petroleum Chemistry Preprint 1053-1058, “Poly n-Alkylbenzene Compounds: A
Class of Thermally Stable and Wide Liquid Range Fluids”, Eapen et al, Phila.
1984. Tri-alkylbenzenes may be produced by the cyclodimerization of 1-
alkynes of 8 to 12 carbon atoms as described in 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 lubricanf 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
example, in “Synthetic Lubricants and High Performance Functional Fluids”,

Dressler, H., chap 5, (R. L. Shubkin (Ed.)), Marcel Dekker, NY, 1993.

[037] Alkylene oxide polymers and interpolymers and their derivatives

containing modified terminal hydroxyl groups obtained by, for example,



R2R2 where X is a hal ogen, preferably chlorine or bromne, and R2 and R3

have the sane neaning as in Formula I, with aniline derivatives having

For mul a I\va_2

Formul a 1,

enmbodi nent ,

MR | where R1, R4 and R5 have the sane 'Q&,)% ilp
in t/:Eéd“gresence of a palladium catal yst. [OST??E}Sangt ﬁ“eor

esterification or etherification are useful synthetic lubricating oils. By way of
example, these oils may be obtained by polymerization of ethylene oxide or
propylene oxide, the alkyl and aryl ethers of these polyoxyalkylene polymers
(methyl-polyisopropylene glycol ether having an average molecular weight of
about 1000, diphenyl ether 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,30xo acid diester of tetraethylene 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,
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.

[039] Particularly useful synthetic esters are those full or partial esters 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 C3, acids such as saturated straight chain

substituted N, N -diaryl-o-phenyl enedi am ne anti oxi dants are
prepared by reacting an o-phenyl enedi am ne of Fornula IV HZNNH2 R3 R2R2



where R2 and R3 have the sane neaning as in Formula I, with a substituted
arene of Fornmula V where RI, R4 and R5 have the sane neaning as in Fornula
V and X i\§/0t2B68]71|2§§49 or hal ogen, preferably, chlorine or PF&%&)@ R €
preferably, bromne, in the presence gf a palladium catalyst. %

2008/ 123940PCT/ US2008/ 004011 17 [52] The pall adi um catal yst can be a

pal | adi t un/ phosphi ne or pall adi um carbene catal yst, preferably, a preforned
pal | adi um conpl ex coupling catalyst. Aromatic triflates may al so be used in
pl ace of the dichl oroargenes or fihl or,g- m di al kyJ ar enes. pr ef or.nme

B d.
pal | adi umi@B¥pheids ciehding eannyligsacid; (capeic agih lapsc apid, CBYESYE 1 3G 8nt ai ns
both a pal I b J phi-pe_ligand.. T r r C f
present i Z%t‘t?é;ﬁ&g’j gP@{%ﬁ%r %%{i’l ?/xlagﬁgcb%elda%@ %Icﬁérglg %q%’agltegl,eygélze%of rds bl e
meki ng t hejmhRraRideehai® AN aids orunkSutdied Fatphyids sauehe BlE akidy, prior art
whi ch uses tri-t-butyl piosphi ne, a known pyrophoric reagent. "[53] Useful
ani line deriyatives of. For nul a I I! i ncl ude, . but are not limted to,
3- et hyl arnoope; SaitkbRi sHith¥tiadstérnéomporrerils TREINME athie! ésters 8f Frifmethylol
trimethylaniline; 3-ethylaniline; 2,5-diethylaniline; 3,5-dinethylaniline;
2, 5- di i sqropayd, driméthplol Huband, itsiopetbplpl athdrien pentacythiritoleand/outdypentad i ne;
and, 3,5-diterf-butylaniline; preferably, 2,5-dinethylanil.ine;
3, 5- di met 1t1>\bw th QREl Oromore gnonqeaFpOXylic 9¢1§ﬁiqqnﬁ@mna from gbouts) ©
di br onoar eSSt % cggor{lualltgn{sl | include, but are not limted to,

[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 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.

[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.

[044] 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-o-phenylenediamine antioxidant. By a major amount of a lubricant or
hydraulic fluid, it is meant that the lubricant or hydraulic fluid is present in an
amount ranging from about 50 wt.% to about 99 wt. %, e.g., from about 85 wt.%
to about 95 wt. %, based on the total weight of the composition. By an effective

amount of at least one substituted N, N'-diaryl-o-phenylenediamine antioxidant,



di br onobenzenes, preferably 1,2 di bronobenzenes. Suitable dichloroarenes of

of Formula Ill include, but are not limted to, dichlorobenzenes,
pr ef erabl‘)éogz ?7’% &l orobenzenes.  [55] Preforned pal | adipbmc9smRlogin £oup! i ng
catal ysts e | nvent i on

|ncIudedlchlorobls(trlphenylphosphiné?palladiun(lI),
tetraki s(tri phenyl phosphi ne) pal | adi un{0), di acetato[ 1, 3-
bi s(di phenyl phosphi no) propane] pal | adi un{11), di chl oro[ 1, 2-
bls(dlphenylphosphlno)etha palladlu 1), -

di acet at obit & mepphiday thenens plu} aﬁpreﬁyn@m@n@%tﬁrangmg from about

gbgé}jhggg%b@?ﬁ%@ g%dgé‘f/a glrelataerablfg(flror}l p chl tJ %bout I wtwobased on
bi s(di phenykPReAPNN 6f 'RafuRRaoN. 2 THE Aokl gt Omayebd angadsivht  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

R, R, R, R,
R
R6 R5

Formula I

where R; and R, are H or C, to C,, alkyl; with the proviso that R; and R; are not
simultaneously H; R; is C; to C,, alkyl; and, R4, Rs, R¢ and R;, are
independently H or C; to C;, alkyl. The average molecular weight of the
substituted N, N'-diaryl-o-phenylenediamine antioxidant will range from about
250 to about 600, preferably from about 300 to about 500.

[046]  Suitable compounds of Formula I include



di chl oro[ 1,
11 bi s(di phenyl phosphi no) f errocene] pal | adi un( 1) - acet oneadduct,
- p- chl oy 8Bl fabdeg (2, 4-di -tert-butyl phenyl) phosphite- ZPETR%QMﬁ%bLﬁP'U”(ll)
, d|p br onobi s trl-tert butylphosph|nﬁ)dlpalladlun(l)
di chl orobi s(tricycl ohexyl phosphi ne) pal | adi un{11), di chl orobi s(tri-ortho-
t ol yl phosphi ne) pal l adiun(11),bis(tri-tert-butyl phosphi ne)pal | adi un{0),
di chl or o[ bi s(di phenyl phosphi nophenyf| et her] pal | adi un(11),
dichloro[ 1,1 -bis(di-

tert- butylphosphlno)ferrocene]palIadlun(ll) -bi s(di -
i sopropyl phosphir®f errocene] pa ,dib | -ortho-

t ol yl phosphi ne) diunm(11),diQ 1,1 -

bi s(di phenyl phospb#FioNf ef f ocenekalladi un{H), di chl o i-tert-

but yl phenyl phosphi ne) pal | ad| um(l I )| dichloro(2, 2

- bi s(di phepyrghosphi no) - 1, naPht hyl ) pal | adss#t 1) |, di'br ono( 2, 2'

- bi s(di phe osphi no) -1, pht hyl ) pal I 1), diiodo(2,2'
wlgtfiosphi no)-1, 1 NH NH

1D 2D 3D

[047] Preferably, R, and R; independently are H or C; to C,o alkyl, most
preferably, an alkyl selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl and octyl, conveniently methyl or tert-butyl.

[048] In a separate preferred embodiment, R, and R; independently are H or
C, to C4 alkyl and R, is H or C, alkyl.

[049] Preferably, the substituted N, N'-diaryl-o-phenylenediamine antioxidant
is an isopropyl substituted N, N'-diaryl-o-phenylenediamine antioxidant, more
preferably a t-butyl substituted N, N'-diaryl-o-phenylenediamine antioxidant,
most preferably a methyl substituted N, N'-diaryl-o-phenylenediamine
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.

[050] The present invention also relates to methods for preparing the N, N'-

diaryl-o-phenylenediamines of the invention. In the present invention,



bi napht hyl ) pal I adi un(11), dichloro[1, 3-

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

cat al yst ,\to3ook/12904p- PENt aphenyl-1 ' - (di-tert-butyl phosF’Qhﬁ‘R?sE@%{oQ&?fe’
trile)pa

di chl orobi s(benzonitrile)pal I adi un(l 1), di chl orobi s(acet oni adi un( |
),

bi s(acetyl acetonato) pal | adi un{11), di chloro(1, 5-cycl ooct adi ene) pal | adi un{11)
, di chl oro(norbornadi ene) pal | adi un(11),

bi s(di benzyl i deneacet ope) pal | adi um(Q), .. . ..

tris(dibe pqlm.?@ayet Bﬁ-éi)\w rpheyleradjamine antioxidants are prepared by

tris(dibe i i pay: | chl. duct, allylpalladium
chl ori de %#%ﬁéﬁ)%%éﬁ&?ggﬁn?fcl[}ﬁgtoﬂr@g l%als{lrr%rﬂ)ﬁfngl;aaq More preferred
prefornmed pal | adi um conpl ex coupling xgatakysts of the invention include

di acet at o[ 1, 3- bi s(di phenyl phosphi no) prpgéne] pal | adi un(11),

di chl oro[ 1, 2- bi s(di phenyl phosphi nof£ Fal | adi un( H),

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

bi s(di phenyl phosphi no) but ane] pal | adi ®f( | 182, diichl oro[ 1, 1' - WD

2008/ 123940PCT/ 1)S2008/.004011 19 . .
where )?SIS a halogen, preferably chlorine or bromine, and R, and R; have the

same meaning as in Formula I, with aniline derivatives having Formula III

R, Ry

H2N~§i%—R4

Rs  Ri m
where R;, R4 and Rs have the same meaning as in Formula I, in the presence of a

palladium catalyst.

[051] In another embodiment, substituted N, N'-diaryl-o-phenylenediamine

antioxidants are prepared by reacting an o-phenylenediamine of Formula IV

H,N  NH,

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

arene of Formula V

where R;, R4 and Rs have the same meaning as in Formula V and X is triflate or
halogen, preferably, chlorine or bromine, more preferably, bromine, in the

presence of a palladium catalyst.



bi s(di phenyl phosphi no) ferrocenel pal | adi un(11)-di chl or omet haneadduct,
di chl oro[ 1, 11- bi s(di phenyl phosphi no) ferrocene] pal | adi un{I1)-acet one adduct,

di p- chl orhi LkSh2, 4-di -tert-butyl phenyl) phosphit e- 2- ' fun(11),
di - pbr orro‘glesz?ésgllzg%%grt- but yl phosphi ne) di pal | adi un( 1), PCRARRI A

di chl orobi s(tricycl ohexyl phosphi ne) pall adi un{I1),bis(tri-tert-

but yl phosphi ne) pal | adi un{0),

di chl or o[ bi s(di phenyl phosphi nophenyl ) et her] pal |l adiun(11), dichloro [1,1 "
-bis(di- tert-butyl phosphi no)ferrocene]palladiun(ll),dichloro[l, 1 -bis(di-
I sopr opyl phosphi no) ferrocene] pal | adi um(11), di br omobi s(tri-ortho-

t ol yl phosphizpe) pakl adi upl k.l ). di br. 1,1 - . .

bi s{ di pheﬁ@Fgﬁos ﬁ‘ikﬁenoyeﬂﬁ‘?l _ ne‘f%gﬁggdi %’r‘r‘( | OF, aifcniPaHadiumyphosphipe  or

but yl phemz/ddl’féﬁﬁﬁﬂlcﬁ?ae?é' da@ﬁkk’dﬁg}éﬂembl{, a preformed palladium complex coupling

di chloro( 2, 2" - bi s(di phenyl phosphino)-1, 1% -

bi napht hyldapely$tadAuomatiy  teiflatesnmai, dso besistdpineplgte lbdthéidichlodoatenes or

bi napht hyl ) pal I adi um(H), di i odo(2, 21-b i s(di phenyl phosphi no)-1,1'- .

bi napht hyl9henormddiatiylarengs.c nByrspiorsed palladium’ complex coupling catalyst, it
is meant that the catalyst contains both a palladium and phosphine ligand. The
preformed catalysts of the present invention are thermally stable and, in some
cases, are air stable making them easier to handle unlike the catalyst system of

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

[053] Useful aniline derivatives of Formula III include, but are not limited to,
3-methylaniline; 2,5-dimethylaniline; 3,5-dimethylaniline; 2,3,5-
trimethylaniline;  3-ethylaniline; 2,5-diethylaniline; 3,5-dimethylaniline; 2,5-
diisopropylaniline; 3,5-diisopropylaniline; 2,5-di-fert-butylaniline; and, 3,5-di-
tert-butylaniline; preferably, 2,5-dimethylaniline; 3,5-dimethylaniline; and, 2,5-
di- tert -butylaniline.

[054]  Suitable dibromoarenes of Formula III include, but are not limited to,
dibromobenzenes, preferably 1,2 dibromobenzenes. Suitable dichloroarenes of
of Formula III include, but are not limited to, dichlorobenzenes, preferably 1,2

dichlorobenzenes.

[055] Preformed palladium complex coupling catalysts of the invention

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

bis(diphenylphosphino)ethane]palladium(II),
diacetatobis(triphenylphosphine)palladium(I), dichloro[1,4-
bis(diphenylphosphino)butane]palladium(Il), dichloro[1,1'-



bi s(di phenyl phosphi no) propane] pal I adi un{11), Fiber supported Pd /P Bu3
catalyst and 1, 2, 3, 4, 5- pent aphenyl1-1'-(di-tert-butyl phosphi no)ferrocene.
The pref di um conpl ex coupling catal ysts are '

avai | abl y??g?%%?lé%ﬁson Matthey. [57],4The synthesis of &?WEMSQM@II

N -di aryl - o- phenyl enedi am nes i s done under 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 sqlvent (e 100- 120QC) under

fofl tuc, fupdiphssyiRhpsphrtafaroasne lpatledhum(id)-dichbmpisthansii dat i oAdduct,
ti -of 1 yhr t h ic fluid osiiions of th
Prvent i on el LG BneRbBirRdrertocnt LB TREO hiond, * Blduct,
2008/ 12394{}P, { I i i i-
N- di aryl - ?ﬁﬁﬁﬁ%@?ﬁ%’ﬁ?‘é’ﬁfﬁ%@%{‘ yDphS ﬁgﬁgéo%’gﬁ?ygﬂg‘?’m?@] diy
f or nul at equ-beomobis({trieresz-batylploosphime)dipalladiim@ie addi tional |ubricating oil
or hydraulic fluid additive, which include, but not limted to, viscosity

and vi scoﬁitﬂvorth%&ricalﬁqipbqwlgh@mmn@)pa]dadiym(&w eneI or cﬁgl;lpoq;]@sgﬁ-mté@ﬂsi ty
I ndex i t tivat .as.triazoles and thi adi,azol es,
ext r o priosseAdsPEE R ARG ¢ iziﬁgﬁﬁrﬁtqg-%aﬁggéﬁm npPpfefiiiiofe d
h hat ] | ' : XW:iG:aci ds,
G spor san(aoRifblHiphEr BhespfiRop Rl AL BORMiSnt i), | RBIGRIPEB@I2C,
The anpbunttemibisyiphospliiat)fetdcenslpalladio(@d i n t he for dgidhdéiopn, IMYis(die t he

amount typically used in formulated oils. [60] Typical end use
appl i cat i aseprppylphhsphinmpiesiocenelpabadivhgIinvent i on i nalibmmotisitrienrgharot

limted to,, circulating. oj.ls, hydraulic fluids, greases, gear oil et al
wor ki ng fl(%ﬂ#y&%h,o% wehﬁgéﬂdlgméﬂ automatic transm ssion fl ui _rompgil,]l “The
i nvention ri to the follgwhn arative
exanpl es al.)ll’ll dl A ﬁb?ﬁ{%ogﬁﬁglogﬁég%pcgégfpﬁilgaﬁﬂﬁﬁl), ﬁi’ééhl&o%%(&fi b
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]palladium(II), 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(II), dichloro(1,5-cyclooctadiene)palladium(II),
dichloro(norbornadiene)palladium(Il), bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),

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

chloride dimmer and palladium(II)acetate trimer.

[056] More preferred preformed palladium complex coupling catalysts of the
invention include diacetato[1,3-bis(diphenylphosphino)propane]palladium(Il),
dichloro[1,2-bis(diphenylphosphino)ethane]palladium(Il),
diacetatobis(triphenylphosphine)palladium(II), dichloro[1,4- .
bis(diphenylphosphino)butane]palladium(II), dichloro[1,1'-



EXAMPLES [62] A series of conpositions were fornul ated and eval uated for
antioxi dative properties. The unadditized base oil used was a GIL base oil

with a kMygloddB54f 6 mme/s. 1063] The antioxidant used ir;qs&(pﬁ/okﬂ,ﬁ{ml at ed
conpositions was one of: L57 - comercially avalFab e al kyl at ed

di phenyl am ne sold by G ba under the trade nane Irganox L57. WO
2008/ 123940PCT/ US2008/ 004011 21 1D -

N, N - bi s(2, 5-di net hyl phenyl) - o- phenyl enedi am ne 2D -

N, N - bi s(3,5-di nmet hyl phenyl) - o- phenyl enedi ami ne 3D -

N, N - bi s( Dis(diphenylphgsppimieryocesngipailaditradiadichiorpmethane adduct,

P Rt S A s BB 4 e

G 11 er ont (FAFPIHE0S AR E A b ey Dp Bbsplte- YO 0dBAAMRRRR ui-y-
bromobis(tri-fert-butylphosphine)dipalladium(I),
dichlorobis(tricyclohexylphosphine)palladium(II), bis(tri-tert-
butylphosphine)palladium(0),

dichloro[bis(diphenylphosphinophenyl)ether]palladium(Il), dichloro[1,1’-bis(di-

tert-butylphosphino)ferrocene]palladium(II), dichloro[1,1’-bis(di-
isopropylphosphino)ferrocene]palladium(lI), dibromobis(tri-ortho- _
tolylphosphine)palladium(II), dibromol[1,1’-
bis(diphenylphosphino)ferrocene]palladium(II), dichlorobis(di-ter.t-
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]palladium(I), 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.

[057] 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.

[058] Antioxidation properties of the lubricant or hydraulic fluid

compositions of the invention are improved by adding an effective amount of at



Table 1 are for isothermal oxidation runs carried out in air (100 psig) at
180C usi ng open al um num pans and 6.5ng of sanple. The sanples were heated

from r ooy heiRGHdH e to 180C at 10C/ mn and then held ﬁ,@ﬂ}gﬁg&_ Moylto

nmoni tor the tinme taken for oxidation gxothermto occur. xi dation

i nduction time (OT) for each run is shown in Table 1. O T is calculated as
the extrapol ati on tangent to the exothermfroma plot of heat flow versus
time. The OT is defined as the amount of tinme taken for the depletion of

the antioxidant. In other words  the QT .is the anount of. tine before
oxi dat i on lgastt pae| gubstitatad o, hWéﬁWl'é'HhWiFW’é‘.e pasioxidant tgEhe i ve,

wt % Oxi dat i on_ | r:iduct ion Time, Mnutes Conp. 1 None
compositions.

[059] 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.

[060] 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.

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

comparative examples and non-limiting examples.
EXAMPLES

[062] A series of compositions were formulated and evaluated for
antioxidative properties. The unadditized base oil used was a GTL base oil with

a kV at 100°C of 6 mm?/s.

[063] The antioxidant used in the formulated compositions was one of:
L57 - a commercially available alkylated diphenyl amine sold by Ciba

under the trade name Irganox L57.



4.2 Conp. 2 L57, 0.5 % 42.5 Exanple 1 1D, 0.5 wt % >180 m nutes Exanple 2
2D, 0.5 w % >180 mi nutes WO 2008/ 123940PCT/ US2008/ 004011
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1D — N,N’-bis(2,5-dimethylphenyl)-o-phenylenediamine
2D — N,N’-bis(3,5-dimethylphenyl)-o-phenylenediamine
3D — N,N’-bis(2,5-di-z-butylphenyl)-o-phenylenediamine
2F — N,N’-bis(2,6-di-iso-propylphenyl)-3,4,5,6-tetramethyl-o-

phenylenediamine

Comparative Examples 1 and 2 and Examples 1 and 2

[064] In the following runs the data was collected using a DuPont DSC

Model 2920 pressure differential scanning calorimeter. 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 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 4.2
Comp. 2 L57, 0.5 wt% 42.5
Example 1 1D, 0.5 wt% >180 minutes
Example 2 2D, 0.5 wt % >180 minutes

[065] As is shown in Table 1, the substituted N, N'-diaryl-o-

phenylenediamine antioxidant of the invention provided the GTL base oil with



22 better antioxidative properties as neasured by the O T as conpared with
the comercially avail abl e antioxidant, L57. Conparative Exanples 3 to 5
and Exa [ ] In the foll owi ng exanples, the pro ' nples 1
to 4 was glzﬁ%\lez gxcept the anti oxidgnts used were a t%gg{i{/sﬁodg@g@ft ut ed
N, N -diaryl -ophenyl enedi am ne (1F) and an isopropyl substituted N,

N -di aryl - ophenyl enedi am ne (2F), not according to the invention. The
results are shown in Table 6. Table 6 Addi tive, wt% Oxidation Induction

Time, Mnutes Conp._ 3 None . .
better an?irc))xidative properties as measured by the OIT as compared with the

commercially available antioxidant, L57.

Comparative Examples 3 to 5 and Example 3

[066] In the following examples, the procedure in Examples 1 to 4 was
followed except the antioxidants used were a t-butyl substituted N, N'-diaryl-o-
phenylenediamine (1F) and an isopropyl substituted N, N'-diaryl-o-

phenylenediamine (2F), not according to the invention. The results are shown in

Table 6.
Table 6
Additive, wt% Oxidation Induction
Time, Minutes
Comp. 3 None 4.2
Comp. 4 L57, 0.5 wt% 42.5
Comp. 5 2F, 0.5 wt% 48.0
Example 3 3D, 0.5 wt% 79.0

[067] As is shown in Table 6, the t-butyl substituted N, N'-diaryl-o-
phenylenediamine antioxidant provided the GTL base oil with better
antioxidative properties as measured by the OIT as compared with the

commercially available antioxidant, L57 or isopropyl substituted antioxidant 2F.
[068] In the following examples, Examples 4 to 6, N, N'-diaryl-o-

phenylenediamine antioxidants according to the invention are synthesized

utilizing different raw materials as well as different catalysts.

Example 4



4.2 Conp.

wt % 79. 0

4 L57, 0.5 wt% 42.5 Conp. 5 2F, 0.5 wt% 48.0 Exanple 3 3D, 0.5
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Synthesis of N,N’-bis(2,5-dimethylphenyl)-o-phenylenediamine from 1,2-
dibromobenzene and 2,5-dimethylaniline in the presence of palladium
acetate/tri-z-butylphosphine

[069] In an argon glove box, 0.40 mmol of palladium acetate, Pd(OAc), and
1.1 mmol of solid tri-t-butylphosphine P'Bu; were combined in 40 mL of
toluene. The mixture was stirred until the Pd(OAc), dissolved. 12.7 mmol of
1,2-dibromobenzene was added to the mixture followed by 37.1 mmol of 2,5-
dimethylaniline 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
60 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’-bis(2,5-dimethylphenyl)-o-phenylenediamine was 2.47 g, GC
yield 100%. The GC/MS spectrum suggests that the product is a single

compound and has mass of m/e 316.

Example 5

Synthesis of N,N’-bis(3,5-dimethylphenyl)-o-phenylenediamine from 1,2-
dibromobenzene and 3,5-dimethylaniline in the presence of palladium
acetate/tri-f-butylphosphine

[070] In an argon glove box, 0.40 mmol of palladium acetate, Pd(OAc), and
1.1 mmol of solid tri-t-butylphosphine P'Bu; were combined in 40 mL of

toluene. The mixture was stirred until the Pd(OAc), dissolved. 12.7 mmol of



[67] As is shown in Table 6, the t-butyl substituted N,
N -di aryl - ophenyl enedi am ne anti oxi dant provided the GIL base oil with

better anypoy¥isfidtde properties as nmeasured by the OT derARINBHGH WM th the
comrer ci al 'y aval |l abl e antioxi dant, LJ7 or isopropyl substitut e3

antioxidant 2F. [68] In the follow ng exanpl es, Exanples 4 to 6, N,

N -di aryl - ophenyl enedi am ne anti oxi dants according to the invention are
synt hesi zed utilizing different raw nmaterials as well as different

catal ysts.. WD 2008/ 123940PCT/ US2008/ 004011 23 nt hesi s _of
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1343u3 vverhgggﬁ)%%?yrt;é]?liﬁ%zo nL of toluene. The m xture was stirred until the

Pd( OQAc) 2 dissolved. 12.7 mml of

Example 6

Synthesis of N,N’-bis(2,5-di-z-butylphenyl)-o-phenylenediamine from 1,2-
dibromobenzene and 2,5-di-z-butylaniline in the presence of palladium
acetate/tri-f-butylphosphine

[071] In an argon glove box, 0.08 mmol of palladium acetate, Pd(OAc), and
2.2 mmol of solid tri-t-butylphosphine P'Bu; were combined in 10 mL of
toluene. The mixture was stirred until the Pd(OAc), dissolved. 2.5 mmol of 1,2-
dibromobenzene was added to the mixture followed by 7.5 mmol of 2,5-di-z-
butylaniline and 7.5 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 (4 g NH,4Cl in
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m xture followed by 37.1 mol of 3,5- dinmethylaniline and 37.5 nmol of

sodi um t - iqde, NaOt 13u. The reaction m xture was out
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tert-butoxide, NaOl3u. The reaction m xture was heated to about 110C and

mai nt ai ned at about 110 C for approximately 14 h. After several hours, a
precipita r Wi i e V+ROL Iy I HRke.
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N, N - bi s(2,5-di-t-butyl phenyl) - o- phenyl enedi am ne was 0.9 g, GC yield 100%
The GC/ M5 spectrum suggests that the product is a single conmpound and has

mass  of mf(ﬁlﬁél' 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.



[72] It will thus be seen that the objects set forth above, anong

t hose apparent in the preceding description, are efficiently attained
and, since certain changes may be nade in carrying out the present
invention without departing fromthe 3girit and scope of the
invention, it is intended that all matter contained in the above
description and shown in the acconpanying drawi ng be interpreted as
illustrat€CLAIMS not in alimting sense. [73] It is also understood
that the following clains are intended to cover all of the generic
and specific features of the invention herein described and al
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N, N -di ary 0- phe ene i'am ne anti oxidant represented by Formula I,
where RI and R2 are |ndependently Hor Cl to Cl2 alkyl, with the
proviso that RL and R2 are not sinmultaneously HH R3 is Cl to Cl12

al kyl; and, Itt, RS R6 and R7, are independently Hor;Cl to Cl2

al kyl . 2. Th®&; conpdsition of cIaRm11, wherein R1 and R2 are
i ndependently H or a\Cl H/r a C to C4 al kyl;
and, Ra, R5, R6 and R ogen. 3. The
conposi tion of clai bot h met hyl, ethyl,
propyl or butyl alky Y R7 are independently
hydr ogen.

where R and R; are independently H or C; to C;» alkyl, with the proviso that R,
and R; are not simultaneously H; Ry is C, to Cy»alkyl; and, R4, Rs, Rgand Ry, are
independently H or C, to Cj; alkyl.

2. The composition of claim 1, wherein R, and R; are independently H or a C; to

Csalkyl; Rais H or a C; to Cqalkyl; and, R4, Rs, Rgand R are independently hydrogen.

3. The composition of claim 1, wherein R and R; are both methyl, ethyl, propyl
or butyl alkyl and Ry, R4, Rs, Rgand R;are independently hydrogen.

4. The composition of claim 1, wherein R, and R3 are both methyl, ethyl, propyl
or butyl alkyl and R;, R4, Rs, Rg and R; are hydrogen.

5. The composition of claim 1, wherein the antioxidant of Formula I is N,N'-
bis(2,5dimethylphenyl)-o-phenylenediamine, N,N'-bis (3,5-dimethylphenyl}-o-
phenylenediamine or N,N'-bis(2,5-di-t-butylphenyl)-o-phenylenediamine.

6. The composition of claim 1, wherein the antioxidant is present in the range of

about 0.00 1 wt% to about 5 wt%, based on the total weight of the composition.



4. The conposition of claim1, wherein R2 and R3 are both nethyl ,*
ethyl, propyl or butyl alkyl and RI, R4, R5, R6 and R7 are hydrogen.
5. The conposition of claim1l, wherein the antioxidant of Fornula I
is N NL- bis(2,5dinmethyl phenyl)-o-phenyl enedi am ne, N, N -bis

(3, 5-di net hyl phenyl) - ophenyl enedi am ne or

N, I\ I ' -bi s(2,5-di -t-butyl phenyl) - o- phenyl enedi am ne. 6. The
conposi ti on of7.clTht nerbposvivarefichith Hewhartinake chamjositibnRo/pAsds ainatirdl @il
range of about 0.00,1 wt%to about 5 wt% based on the total weight
of the coffgo¥nthednoil 27 7. The conposition of claimi1, wherein
the conposition conprises a natural oil or a synthetic oil. 8.
The conpositi o) The 6dApd¥ition OMIREEI7NwhEBInINOERETkiE oRiid ddrvedabinwed fro
a Fischer-Tropsch wax. 9. The conposition of claim1 including
at | east GpdeEadmPEFoWAT- | ubricating oil additive or hydraulic fluid
addi tive.

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

additive or hydraulic fluid additive.





