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LLBRLEATL NG, CONPOSI TI ONS CONTAI NLNG_ASHLESS CATALYTIC ANTI OQXIDANT .
A@fﬁ%ﬁg 07£2000p stmm%ﬁ GRAVIBYhe p 2@? ”E‘c@&?}’@% US20087004 013
relates to lubricant conpositions including pa égr & — U3-02-2009
oils, comrercial vehicle engine oils, industrial, marine, hydraulic,
aviation, and driveline oils containing ashless catal ytic anti oxi dant
addi tives. BACKGROUND OF THE | NVENTI ON 10021A wi de variety of
additives are used in lubricating oils, greases and hydraulic fluids
to inprove their properties and enhance their perfornmance. Additives
can inprove the performance of lubricating oils, greases and
hydraulic fluids with respect to oxidation, wear and corrosion. One
i nportant. property is oxidative stabilify. Antioxidants sl ow
oxi dative degradation by retarding or inhibiting a variety of
degradat i on dHGBRICATENG COMROSITRONSCONTARINGEXSARESREATRL fie ©Of

Tty ol

formul ated oils. Antioxi dancyANTIORKIOANEd AN TIRsa0 an
additive to delay the onset of oxIdatron by ef T_E'C'Is'i vel y quenchi ng

radicals that are generated by a system US 2,930,758 to Tierney, et

al , di scl osqggt RFPORSAIR INVENT stituted phenyl enedi anmes in

conmbi nation Wt N , L as antioxidants in ester based

| ubricant conpositions. EP 0 072 575 to Mueller, et al., discloses

N, N- Di phenyI[R@]-S]ph i enedi am nes, as stabilisers for organic materials
e

to protect t % A'GCRl ARYEIgR; Felethdn  lubpisartd compasitions including
at mospheri ¢ paxtgget c@Z&ipe bild dommd | ‘ ~angd dynam c .
stress. - | a- [003) I\'/tanye giol%vent | Oﬂﬁ%}i’%ﬁ{q%%@%? élg’aﬁlgug/mg{nma"nc'
st oi chi omet MyEElg, avademeand drivdlineduby eatiainiy phbse satalythabntickidant
convent i onalyggit,Loxi dants are consumed in neutralizing a variety of
degradation chem'stries. Mre effective antioxidants are catalytic
antioxidants. Catalytic antioxidants extend the usefid |ife of

f ormul at ed TNt and_may_ bhe used in significantly reduced
concentrati i NUEBITAN f or mance | evel s.

i
H

1002] A widc variety of additives are used in lybricating oils, greases and
hydraulic fluids to improvc their properties and enhance their performance.
Additives can improve the performance of lubricating oils, greases and hydraulic
fluids with respcet to oxidation, wear and corrosion. One important property is
oxidative stability. Antioxidants slow oxidative degradation by retarding or
inhibiting a varicty of degradation chemistrics, thereby protecting and extending
the life of formulated oils, Antioxidancy is describcd as the ability of an
udditive to delay the onset of oxidation by effectively quenching radicals that are
generated by a system. US 2,930,758 to Tierney, et al. discloses the use of aryl-
substituted phenylenediames in combination with other compounds as
antioxidants in ester based lubricant compositions. EP 0 072 575 to Mueller, et
al.,, discloses N.N'-Diphenyl-p-phenyicnediamincs as stabilisers for organic
materials to protect thesc materials from aging when cxposed to heat,

atmosphcric oxygen, ozone, light, microbial effects and dynamic stress,
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VI0..20084.4.23941LL2CT/ US2008/ 004013 2....[ 4l.l-t, Woul d be desirabl g, omwx.
t BHREEE02: 07 20098 Y EFONIR}: iLE4 CETIRESHBAMDYT ons f{{m@"?g‘ﬁﬁfg{?% L
with antioxidants that performnore |ike catalys lT' /b 4

anti oxi dation function, thereby enhancing the performance and
extending the |ife of such lubricants and fluids. [5] Furthernore,
it would be of great industrial interest to develop a process in

whi ch antioxidants that performnore |like catalysts in their

anti oxidation function could be prepared fromgenerally avail abl e
starting conmpounds that are relatively inexpensive, available in
comerci al scale anounts and that are safe to handl e. SUMVARY OF THE
| NVENTION [6] It has now been di scoverd® that substituted N,

EC ket e SR R

inhibition in lubricants and hyd
“have been adéegradatiop] prwesa:coi{i\;anise conyéntionkl ratioriipeet al cbhd@med in

i nvention, th, 4 .ded a.catal.ytic anti.oxi dant useful for
i mpr ovi ng thﬂ%&%@ﬁ%&%&gbﬂaﬁ%ﬂ%}%’e ’B‘és’itrt“?song/ﬂgﬁ blepdysgntioxidants
| ubri cants oarchyataigtibi antfokidasles. CRAlyvti0 ARSkidghisaoREd 1RL JsBfa 1

invention, tphere is provided a conposition conprising a major ar%u%ft
of | ubri cant JEMYRRE Mbricants| andgmay de aiscd fip sigrilicandlyorodica¥ cartcehtestivn
one substit UiyBfle MaidtaintHeddd6d g j ami ne antioxidant. 10091 In
_yet anot her aspect of tt%géi nﬁfn@%@ée?%?gé is provided a nethod of
maki ng substituted N, N -diaryl -p-phenyl enedi am nes of the present

i nvention. WD 2008/ 123941PCT/ US2008/ 004013 3
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I nproving the oxidative stability of conpositions conprising |ubricants or
hydraulic fluids using the substituted N, N -diaryl -p-phenyl enedi am ne

ant i oxi dag ,9és/ b1 Present invention. [11] G her obj ectl,gFg%g%?ggg@% ages of

t he present
that foll ows

Invention will becone apparent fromthe detai

escription
[ 12] The antioxidants used in this conposition include those

having the Formula | NH where RL and R2 are independently Hor ClI to Cl2
; X is 1tob; and, y is | to 4. DETAI LED DESCRI PTI ON OF THE

al kyl groups
| NVENTI ON
N -diaryl -9

13]

The present, invention relates to supstjtyted N

Abny Tk veanld b degisahlsy therefarss to msayideglibaicpling| COMPOSitiPA%t i on

been addecnd sk At aifipRtdsols, ot ety A iRe ForGRRRY B i ™
subst i t ut eghfxiddtiontfiudichibn PrRRBY bLaReRI AR Ser el 2RdYextihiRg MR 1iR9

Formul a |

of such lubricants and fluids.

[00

3]

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-p-
phenylenediamine compounds impart good levels of oxidation inhibition in

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

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

comprising lubricants or hydraulic fluids.

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

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

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

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

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

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



WO 2008/ 123941PCT/ US2008/ 004013 4 where R1 and R2 are independently H or
Cl to C12 alkyl groups; x is 1to5; and, y is 1 to 4. Preferably, R is a
Cl to C8 p, nore preferably, Rl is nmethyl, et ,
convenieﬁ?b%¥&%géﬁyl or isopropyl; ang, R2 is H PrefergﬁﬁggE%ﬁﬁgﬂ%éto 3,
nore preferably, x is 1 to 2. [15] Inh still another preferred enbodi nent,
the substituted N, N -diaryl-pphenyl enediam nes of Formula I is

N, N - bi s(2, 6-diisopropyl phenyl) - pphenyl enedi am ne. [16] The average

mol ecul ar wei ght of the substituted N, N -diaryl-pphenyl| enedi am ne

ant i oxi darimpraviggs the omwidgiove stalmlity ofb somposvionsr spmpaising flubricamsuer 400
to about 500. [17] Preferably, the substituted N, . L

N - di aryl -hydsadis| dheds aBsing affei osubstifted s Min Nsoliawydy-pBemdenediamine

anti oxidant,. nore_pr.eferably a nmethyl substituted antioxidant. Wthout

bei ng bourfRtoX! OEEP?PﬁﬁPé&"%ﬁBB? , it is believed that steric hindrance
pl ays an inportant role in the antioxidants ability to conbat oxidative
properties in oils. Wile sonme steric hindrance allows for a proton to be
donat ed t qoam] ox Othér vsbf' dobdliagdl advAnagesc bf sherpreséntnifiveneion civilvdseconee
proton making it unavailable to radicals. W) 2008/ 123941PCT/ US2008/ 004013
5 apparent from the detailed description that follows.

[012] The antioxidants used in this composition include those having the

ca
NH

(R} y

Formula I

(R} x

4
X
t—

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

DETAILED DESCRIPTION OF THE INVENTION

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

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

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

diaryl-p-phenylenediaminés, preferably those having Formula I



[18] In the present invention, substituted N, N -diaryl-p-phenyl enedi am ne
anti oxi dants are prepared by reacting a 1,4-disubstituted arene havi ng

?]03%04%’1‘? y have

Formul a I\{obLigk/sadfere X is a halogen or a triflate groyprAaRg
the sane neaning as in Formula I, with an aniline derivative

aving Fornul a

11 (R1) H2ZN Il where Rl and x have the same neaning as in Fornula I, in
the presence of a palladiumcatal yst. Preferably, the halogen is brom ne or
chlorine, nore preferably, bromne. [19] Alternatively, the substituted N,

N -di aryl - p- phenyl enedi am nes are prepared by reacting 1,
4- di phenyl enedi am ne of Fornula IV @—(Rﬁx

NH

(Ry) y

NH

@(R1)x

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

y is 1 to 4. Preferably, R, is a C; to Cg alkyl group, more preferably, R; is

methyl, ethyl or propyl, conveniently, methyl or isopropyl; and, R, is H.

Preferably, x is 1 to 3, more preferably, x is 1 to 2.

[015] In still another preferred embodiment, the substituted N, N'-diaryl-p-

phenylenediamines of Formula I is N,N’-bis(2,6-diisopropylphenyl)-p-

phenylenediamine.

[016] The average molecular weight of the substituted N, N'-diaryl-p-

phenylenediamine antioxidant ranges from about 300 to about 600, preferably

from about 400 to about 500.

[017]  Preferably, the substituted N, N'-diaryl-p-phenylenediamine antioxidant

is an isopropyl substituted antioxidant, more preferably a methyl substituted

antioxidant. Without being bound to any particular theory, it is believed that

steric hindrance plays an important role in the antioxidants 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.



1-12N H2 1V where R2 and y have the same neaning as in Formula |, with a
substituted arene of Formula V (Rl)x where RI and x have the sane neaning

as in Forgul X is a halogen or a triflate group, hl ori ne
or brom n‘ggzrﬁr%%leﬁ%?ef erably, bromne,_in the presence oregﬁ{osg@?@hl 111$n

catal yst. WD 2008/ 123941PCT/ US2008/ 004013 6 [ 20] Useful aniline
derivatives of Formula Il include, but are not limted to,

2-methyl aniline; 3-nmethylaniline; 4-nethylaniline; 2,3-dinethylaniline;
2,4- dimethylaniline;, 2,5-dinethylaniline; 2,6-dinmethylaniline; . |

3, 4- di met hifil8hi | ilnghe Ppresendi imveniiprnsubstisuted Nalﬂrchetﬁ;n-ahewlﬁ%edlamme
2.4, 6-tr] ar}ﬁ}or%(!la%qls Lllrengfe%hr?’ed lgly reacting a 1,4-disubstituted arene having Formula II

(Ra)
X y
X 1
where X is a halogen or a triflate group and R, and y have the same meaning as

in Formula I, with an aniline derivative having Formula III

(Ry)
X
H,N

111

where R; and x have the same meaning as in Formula I, in the presence of a
palladium catalyst. Preferably, the halogen is bromine or chlorine, more

preferably, bromine.

[019] Alternatively, the substituted N, N'-diaryl-p-phenylenediamines are
prepared by reacting 1, 4-diphenylenediamine of Formula IV

HN (Ro),
NH, [y
where R, and y have the same meaning as in Formula I, with a substituted arene

of Formula V

(Ro),

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

presence of a palladium catalyst.



trimethylaniline; 2,3 ,5 -trinethylaniline;2,3,6-trinethylaniline;2,4,5-
trimethylaniline; 2-ethylaniline; 3-ethylaniline; 4-ethylaniline; 2, 3-

di et hyl anihi,ne. -diethylaniline; 2,5-diethylaniline; Al niline;
3, 4- di e{\@lzgﬁrﬁ”lz%r‘fg; 3, 5- di met hyl ani | gne; 3, 6-di et hyl an.l’ﬁfrﬁ}es;g‘s"%%ﬁ‘
2,4-diisopropylaniline; 2,5 -diisopropylani | ine; 2,6-diisopropylaniline;
3 ,4-di i sopropylaniline; 3,5 - diisopropylaniline; 3,6-diethylaniline;
2,4-di-tert-butylaniline; 2,5-di-tertbutylaniline;
3,5-di-tert-butylaniline; 3,4-di-tert-butylaniline; and, ..

2. 6-di - t erl0801 yi Afsefulraniling defivatives of Boranulai Ibhinchide dug are noblimiteddve ar e
carried ouy in the.presence 0 .pal |, adi cat.al yst, Preferahl v... th

pal | adi um%ﬂeghv@fnlﬁke’ af'ﬁ’&?tpé{lﬂ %hé%ﬁmar&imﬁal |Za§"|‘ﬁWF@E/SB‘iW ec;’gJ yst,
such as p h&@l:] t ad €/ filerit o p ' {i IE8 & ladiliRe;

pal | adi uma(!:lat a )z/lg}tl ﬂ|ﬁ1§, ?’gr%@gptr%lgﬂ%ﬁef %Iéﬁi?nfdggl l%@)l(ﬁg@fé{lﬁfﬁ@%& tgl 1yste . By
pr ef or med aldiakihymeidinet ex 36ididedyylanilimey st ,2,46-irimethgidnitihet t 2¢3,4-

catal yst contains both a palladi umand phosphine |igand. The, preforned
cat al yst s toimathglapilomsnt 2, hoenimethytandingjer mal y3,6trplethyagiline; sdibScases,

are air stable king them easier to hangdle unlike the catalyst sy m of

the prior tgmetﬁagﬂl%esif?tﬁyf@éﬁ@% phosgfﬁtmzl,an ‘%omﬁ'ﬁsyg’ﬁﬁﬁ??’c ig'gent.

[ 22] Pref of; 1 adiym ¢ coup) kI Mst.s Pk 1 ' J .

[22) et RO b ST aemIatReL) S ASIKRLS 25-GBRAMERL! o4

tetraki s(tdjbepl 1iﬁ&03395udi'§1)eﬂﬂllhﬁqiih!émQbrdibﬁ?%rﬂliﬁ&; 1 ,43diisopropylaniline;

bi s(di phenyl phosphi no) propane]pal I adi un(11), di chl oro[ 1, 2-

bi s(di pher;bahisepropydamiinene]atdimdpropylanilineO 3,4-diisopropylaniline;  3,5-

2008/ 123941PCT/ US2008/ 004013 . o ) - )
diisopropylaniline; ~ 3,6-diethylaniline; ~ 2,4-di-tert-butylaniline; ~ 2,5-di-tert-
butylaniline; 3,5-di-fert-butylaniline; 3,4-di-tert-butylaniline; and, 2,6-di-tert-

butylaniline.

[021] Both preparation routes described above are carried out in the presence
of a palladium catalyst. Preferably, the palladium catalyst is a
palladium/phosphine or palladium/carbene catalyst, such as palladium
acetate/tri-t-butylphosphine. =~ More preferably, the palladium catalyst is a
preformed palladium complex coupling catalyst. By preformed palladium
complex coupling catalyst, it is meant that the catalyst contains both a palladium
and phosphine ligand. The preformed catalysts of the present invention are
thermally stable and, in some cases, are air stable making them easier to handle
unlike the catalyst system of the prior art which uses tri-t-butylphosphine, a

known pyrophoric reagent.

[022] Preformed palladium complex coupling catalysts of the invention

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

bis(diphenylphosphino)ethane]palladium(II),



7 di acet at obi s(tri phenyl phosphi ne) pal | adiun{I1),dichloro[ 1, 4-
bi s(di phenyl phosphi no) but ane] pal l adiun{11),dichloro [1 , F-

bi s(di phe\P#Zg&)ﬁmhno) ferrocene] pal I adi un(11) - di chl or ongi-haRsALAN Rl 3

di chloro

11- bi s(di phenyl phosphi no) f errocene] paI | adi un{I1)-acet oneadduct,

di -p-chlorobis(tris(2,4-di-tert-butyl phenyl)phosphite-2-C, P)di pal Il adi un(11)
, di p-bronobis(tri-tert-butyl phosphine)di palladiun(l),

di chl orobi s(tricycl ohexyl phosphi ne) pal | adi un(11), di chl orobi s tr| ort ho-

tol yl phosphaw@qtpéls(amh@nyﬁﬂ»osnhlr@@palladwm(ﬂbut yl phosphi ne) padichtarabl.#) |

SI EEI or 8{% g P B b e DR HRGAHTOI et r ocene] pal | adi iP5 khi o of
| sbpr opyI @ hen hos lc}lcné) grf)% epalﬁatﬂ]n{j T(Igi)l glrcg}g)rglmse }tl?llle ort ho- adduct,
tol yl phos Riitlﬂ@id{d 14ﬂ$(diﬁﬂdn)yllﬂidsphiﬁb)fel'roceiae]palladlum(II) acetone  adduct,
di-u-chlorobis(tris(2,4-di-tert-butylphenyl)phosphite-2-C,P)dipalladium(Il), di-
u-bromobis(tri-tert-butylphosphine)dipalladium(I),
dichlorobis(tricyclohexylphosphine)palladium(II), dichlorobis(tri-ortho-
tolylphosphine)palladium(II), bis(tri-tert-butylphosphine)palladium(0),
dichloro[bis(diphenylphosphinophenyl)ether]palladium(II), dichloro[1,1’-bis(di-
tert-butylphosphino)ferrocene]palladium(Il), dichloro[1,1’-bis(di-
isopropylphosphino)ferrocene]palladium(I), dibromobis(tri-ortho-
tolylphosphine)palladium(II), dibromo[1,1°-
- bis(diphenylphosphino)ferrocene]palladium(Il), dichlorobis(di-tert-
butylphenylphosphine)palladium(Il), 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-ters-butylphosphino)ferrocene,
dichlorobis(benzonitrile)palladium(lI), dichlorobis(acetonitrile)palladium(Il),
bis(acetylacetonato)palladium(Il),  dichloro(1,5-cyclooctadiene)palladium(II),
dichloro(norbornadiene)palladium(I), bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),
tris(dibenzylideneacetone)dipalladium(0) chloroform adduct, allylpalladium

chloride dimmer and palladium(II)acetate trimer.

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



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

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

di chl or o i phenyl phosphi no)-1, 1

bi naphth‘%? ?f‘?‘%&grr(ll) di br omo( 2, 21 bi s(di phenyl phosphCRa248pe4013

bi napht hyl ) pal I adi um(H), di i odo(2, 2'-bi s(di phenyl phosphino)- 1

bi napht hyl ) pal l adi un{11),dichloro[ 1 ,3-
bls(dlphenylphosphlno)propane]palladlun(ll) Fi ber supported Pd /P Bu3
catalyst,1,2,3 ,4,5 -pentaphen 11-(di -tert-butyl phosphino)ferrocene,

di chl or obuchémat@bm(trmheathds émhmalhaydlmmém,or obi s(acet oni t rdichiosal I.4di und |

bl) s(acet y|%@eﬂw§eféﬂlwphgtﬂ)hwpmaé'iaémf8@& 1, 5- cycl ooct adi ergé‘flggfq[a‘d]i un(11)

. dichl or gno8 ' .oeé ﬁ .eH ll)adium(II)-dichloromethane adduct,
bls(dlbenzy en
tris(di bertﬁ&’l'xlb%{flelaitﬁé(ﬂﬁ}ﬁ")e%/l}ﬂids@ﬂirw“,‘f&}ocene]palladlum( d) -acetone adduct, di-

tris(di benzyli deneacet one) di pal | adi un(0) chl orof orm adduct, allyl paI | adi um

chl ori de gi-ehiarobisfirisél, ﬂaﬂ+tmtfbuty11ﬂ®mal)phosphtm -2-¢ BQd;lpaledmnpﬂBf erdied
G acet at ofSFomIR AT ARG BROSERDAINBRGISAME Dal | acti um 1 1) ¢
dichlorof ]dlghlBk?&E‘dtH@ﬁ&%h@ﬁﬁﬁﬂ@éﬂh‘??x&)&»’%ﬁ%ﬂu&?ﬂﬂ)ﬂﬂE&Hitehl
- butylphosphine)palladium(0),
dichloro[bis(diphenylphosphinophenyl)ether]palladium(II), dichloro[1,1’-bis(di-

tert-butylphosphino)ferrocene]palladium(II), dichloro[1,1’-bis(di-
isopropylphosphino)ferrocene]palladium(II), 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'-
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 Bus
catalyst and 1,2,3,4,5-pentaphenyl-1'-(di-tert-butylphosphino)ferrocene. The
preformed palladium complex coupling catalysts are commercially available

from Johnson Matthey.

[024] The synthesis of N, N'-diaryl-p-phenylenediamines is done under
conditions well known to those skilled in the art. In a typical procedure, the
reactants are mixed under inert atmosphere (e.g., nitrogen, argon) in a solvent
(e.g., toluene) and heated to the boiling temperature of the solvent (e.g., 100-
120°C) under reflux, for a period of about 5 to 24 hours.
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di acet at obi s(t ri phenyl phosphi ne) pal | adi un(11), di chloro[ 1, 4-

bi s(di phey i, no) but ane] pal | adi un(11), di chl oro[ 1, 1'
bi s(di phenyl p%';ﬂﬁ. no) f errocene] pal | agi un(H) - di chl or onetpﬁglryesé /004013

di chl oro[ 1, 11- bi s(di phenyl phosphi no) ferrocene] pal | adi un(11) - acet one adduct ,
di p-chl orobi s(tris(2,4-di-tert-butyl phenyl) phosphite-2-C, P)dipalladiun(ll),
di - pbr onmobi s(tri -tert but yl phosphi ne) di pal | adi un( 1),

di chl or obi s&t ric ohexyl phosphi nel?lpal | adium(I1),bis(tri-tert-

but yI phosd88k) p agpmp@g)tlon of the invention comprises a major amount of

Cbi s(di OI[ Jupticyf r*fé#é@l@m” NiRE 30 PAt i Eon EHARTARE P b flecitydg Byt -
i sopr opy %fﬁ%}?gﬁ'ﬂ)c x?r{]ﬁ\ Ml @Qir‘é?ﬁﬁkhc%ﬁr TPRB! Shetibrieadth@n be, for

t ol yl phos , di brono
bi s(di phersapipe i Mbiargresserl@lspaldnaainunérul oiliorhal symokétix( d11 tert-

but yl phenyl phosphi ne) pal I adi un{11), dichloro(2,2'-b

i s(di phenyl phosphi no)-1,1'-
[026] Typical paraffinic and naphthenic oils include conventional mineral oils
or hydrotreated oil. Other useful ﬂuids of lubricating viscosity include non-
conventional base stocks that have been processed, preferably catalytically, or-

synthesized to provide high performance lubrication characteristics.

[027) Formulated lubricant compositions comprise a mixture of a base stock
or a base oil and at least one performance additive. Usually, the base stock is.a
single oil secured from a single crude source and subjected to a single processing
scheme and meeting a particular specification. Base oils comprise at least one

base stock.

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

stocks.

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

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



bi napht hyl ) pal I adi un(11), di brono(2, 21- bi s(di phenyl phosphino)-1, 1" -

bi napht hyDpal | adi un(11), di i odo(2, 21- bi s(di phenyl phosphino)-1,1'-

bi napht h j,um(11),dichloro [1, 3-

bi s(di ph&%}?@#&?%gno) pr opane] pal | adiﬁ;rr(l 1), Fiber supng{r/eng‘Eémﬁglﬁug,
catal yst and 1, 2, 3, 4, 5- pentaphenyl - |"-(di-tert-butyl phosphi no)ferrocene.
The preformed pal | adi um conpl ex coupling catalysts are comrercially

avai l abl e from Johnson Matthey. [024] The synthesis of N,

N -di aryl - p- phenyl enedi ani nes_i s done under conditions well _ known to those
ski |l ed i rreamanggment, n agdfofpidegradatinnédrpoastrueiive cRrAcRRIes dremni gasgousder

i nert atnosphere .Q. ., Nitroge a n),knN S ent (e.g... Lolyene).and
heated to ctaﬁgorbocloﬁa?aﬁalr{ge %@PQ&HB% o? l%?ﬁl)@bbol n@l]?‘é _ba_sé Si%dc-s irfoé?rlﬁ%%er
reflux, f i _ 5 . : ;

508/ 1 230 1o MR EB dher- Bkl 3%2)5]%? e E:sgr%g‘\s’lﬁsi Wherein, 2, synthesis, gas
conpri ses gompyising amirturefofl Hhranda@O Brcdiyigtiedlly cohveited toé lower thodlingr
those lubricant or hydraulic fluids based on_paraffinic and naphthenic oils
or synt hetrnatesialssby hiydsoisemerisation endfor slewazing.f dhe draegssds dgscrabed, dor a

Shﬁaﬁipﬁﬁ‘f%%q&a@ﬂ%? NahedrBERaI #a75574; padbripIeChr 53@?15 i;i”i ;
St ocks Tharialkel i MeseHBEd OB, O CPAFAR) N, Rty PotP Y RS S 2o

to provi dqnb@@@ra@af}@fé{mﬁqek‘@@ﬁb@ati on characteristics. [27] Formul ated
| ubri cant conpositions conprise a mxture of a base stock or a base oil and

at | east one performance additive. Usually, the base stock is a single oil

secured froma single crude rce and subjected.tqg a single processing
schens and03Bht Eglgfa baset sStogk(s §$§e@lqﬁtaeéﬁr17&€l. typicallniass ﬂe&w& KERETBRMG east

one base si:Q0cK... [ - i I conv i b i i.ncl ude
one o morasariies A0 of AHTRbORER paf e PR B3 RerRbhZ R
Gas-t o- Li qibote 3( fakhd/s Bt Ml 50 s> lhorRSprrYehaBRE We thbodt 3.5 mm?/s.to

hydr oi soneri zed/ conventi onal catalytically (or sdlvent) dewaxed base

st ock(s) ddoured0 f noni/nat UFld GAL draseaxtocke add/ornmiotieara hydnaldewaxwealn - or ner al
oi |l waxy feed stocks such as. sl ack waxes, natural waxes, and waxy stocks

such as gdwdspisemepizsd/ cafalydiqallyr (ursdwent) slewassd wa derivadrhasgdock(s)

hyd kate,. th I kat .0t her. ni ] ' l. qQil

o g e AR BBl TS Dl s B3

from coal Apotit'8fRARIMYS 1877 AliRY/S PcferaBRAabbutl 41EH’%R toSdlut Fesfn 4, Anbee
preferably about 4.5 mm?%s to 6.5 mm?s. Reference herein to kinematic

viscosity refers to a measurement made by ASTM method D445.

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

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



[ 29] GIL base oils conprise base stock(s) obtained fromGIL materials that
are derived via one or nore synthesis, conbination, transformation, WO
2008/ 12394456 22008/ 004013 10 rearrangenent, and/Or L 1/us2008/004013
degradati on/deconstructive processes f,rom gaseous carbon containing
conpounds. Preferably, the GIL 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 process is described, for
exanple, in U S Patent Nos. 5,348,982 and 5,545,674, and exanpl es of

ohi ch i o 1080 porec ThepareBokisasryii 1O Ga]. Rppctiple e DR ;

characteri Pj : L I I C( W bty i 1 rem
about 2 et b HyaroigameR A BOCHATATENY (¢, SAVEND, (yBled POF et o6
/s, norderpredl Rasedtyck(sprandbother Subh Wik-derivedibasd staokyBvisich Bne bade. base
stock and/or other hydrodewaxed, or hydroisonerized/ catalytically (or

sol vent) duoglk samponetts: Which isan ebes used (in) thigs inventionharepalse e¢haractorned on
have ki nematic viscosities at.1Q0C in t range of abput, .3 m2/s to 7

me/ s, prdVBIalyashaying isaesity ndices nft o0 ofgboater, preierahlys 10005 $reafFut 4. 5

reasur enerTCHGE: BretREbEY 1200r FRREE WAHSRIBA if LhEFOM I E LA, B
derived friagvadoshgsifidek oFfhhesthbask stackPmayiprstetadbhe 130 Wilereatepoment s of

this invention are further characterized typically as having pour points of
about - 5C mefdrablyr 13pr of egrastey, abduevernl 0o prefecablynb4@ o greatabl yFabout

condi {1 on<RiPIAa 6 Tn AL OOEEE RLACTES riamol 1 hnaRtcalsc BFIeFahlBr - ¢
vent i on il PsStoi R T deefRibavs Bl Mifex AP LI BESIET 1,

pour poi ntRefeferres Uerein & vcobity edex RIF& 0 ABTM akanbd X2G00or hi gher, nore
preferably about -20C or higher. References herein to pour point refer to

nmeasur enent nade by ASTM D97 and sim | ar autonmated versions. WO

2008/ 123941PCT/ US2008/ 004013 11 [32] The GIL base stock(s) derived Eron1
GTL mat eril883] edpadduiony thg Grlddassedack(s) asedtypicadlyrighbaparatfinicrPPye | y
(or solvent) d xed, F-T nmater. al .derived base stock and ot her such
- dor | vatAGET S Bt Epdy TatEh ety Y PRBReT RS R ins A BIEGHEE used
in this i meMiRn iRl oRbititidhdveh eﬁbﬁ-‘”cg/clib! Pisohtaffiis. NarhdOrarios! 'tlS%

i ndices of 80 or greater, preferably 100 or greater, and nore preferably
120 or gr emphthendddi.ti, analldparaffin)c eohri@nt ipaguchcobmbina®nanearses With the
viscosity index of these base stocks may be preferably 130 or _greater, nore
pr ef er abl \catadBstandyteapeasature paedy Enrthsr.cO B Lbaseatpcksiamgl basegpidaitymicalbor
exanpl e, L base,stock(s) that derive from GIL .materials referably F-T
mat eri al s,%é{&p"ee&’ alPYVyS‘llif“F) %fﬂ?‘%‘éﬂ%’r cpntgnt, goaerally; confaining il%&etha'&fa ?éb or
greater. I+ i i 1 t 270.
331 I add) PP s, e 05 pIQUY IBSERA ab ey pfl o, CRpr ol MoRE chetlpmies
(>90% sat Urtas effur étinittygenosiment of GIUr Baseodtooio and \use pal abtaintsl bythe

mul ticycloparaffins in conbination with non-cyclic isoparaffins. The ratio
of the naptydreispmetizadon/isodevopxangf of nF-Eormaterial,n espetialypntli-Aatwans ivari es
with the catal%ﬁg an tenperature used. Further, GIL base stocks and base
oi I's typi PPN very | ow sul fur and nitrogen content, generally
containing | ess than about 10 ppm and nore typically |ess than about 5 ppm
of each of these elenents. The sul fur and nitrogen content of GIL base
stock and [034F oln aghtRirelebodiiferty dicoGIABaZALLIR(E) icoARNRY ipataffinid- T
material, especially F-T wax is essentially nil. [34] In a preferred
enmbodi nentmatetialsahiat isansist pordamsinaotypefl sers-cpaliafisoparaffinstand anly ttinor

consi st predom nant | f nop-cycljc iso af fins an nly .mnor anoynts of
cycl opar afefpents Tﬂés%’%’lﬂ_ar%&g@ st g@ﬁﬁ%)aﬁpi%ﬂ Voﬁg@Sr %’é“ﬂ HANPHIEE

mat eri al s 0 i,SI:.f 0 - i Co 1S,

pr ef er abl f%g&gé]tq (g ?E 4t§{5%19§89{\/\§ @ésg%tn&;%a?eg t|¥¥Es"cf)par %?yﬁéﬁ'%%ﬁg Q%{rp%% egelirﬂ<'3tlt§)§r y
greater  preferably greater than 80 wt% non-cyclic isoparaffins, more preferably greater



WO 2008/ 123941PCT/ US2008/ 004013 12 than 85 wt % non-cyclic isoparaffins, and
nost preferably greater than 90 wt % non-cyclic isoparaffins. [35] Exanples
of useful kddOnNs of GIL base stock(s) are recitedy] nt Nos.
6, 080, 3010 MBEBH8S " and 6. 165 949 for examle, which ACE 2000 RS
incorporated by reference. [36] Base stock(s), derived fromwaxy feeds,
which are also suitable for use in this invention, are paraffinic fluids of
| ubricating viscosity derived from hydrodewaxed, or

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

m neral oithan §nwitkmaendcyeli¢ isopsraffinsy endunpstapreferablyagreatarrthanfQ yitho

e.g., feedstockﬁ. such as.one or nore of gas oils, slack wax, waxy fuels
hydr ocr ac K- BETHOEPA AR bcar bon raffinates, natural waxes, hyrocrackates,
thermal crackates, foots oil, wax fromcoal l|iquefaction or fromshale oil,
or other suitable mneral oil, non-mneral oil, non-petroleum or natural
source der[8sy WExu £of alséfull domgpdsiond bEGTE chdsgdtociak pyte eedimauiids
wi t h carbon nunber of about 20 or greater, preferably about 30 or greater,
and mi xt ur@s. datentcNop.s6,680:30/;i6:0 %Qaaadtfals@,gﬂad%s exammeswhi¢h gre [ 37]
Slack wax ,is the wax recovered from any waxy hydrocarbon oil including

synt heti c lkﬁr?ms‘BEWPé’EatP& YWEXEFCBES: or petrol eumoils by sol vent or
autorefrigerative dewaxi ng. Sol vent dewaxi ng enpl oys chilled sol vent such
as nethyl ethyl ketone (MEK), nethyl isobutyl ketone (MBK), m xtures of

VEK/ M BK, (0B8] Ur Bas@ftdvkis)aerival Gome wakyi fe@ds Uk RIcH! dre GsRbhikmdld Fvruidg

enpl oys pressurized, |i quefi ed | ow boiling hydr ocar bons such as propane or
but ane. [ii8thiSlineéntvay (@) pamffinked fluidenofylubhieating waisgosityl slesived frem-- T
waxy oil will usually have zero or, nil sulfur_ and/ or nitrogen containing
conpound hydrodgysa 9@1Wﬂf@&@@%é’&@@iﬁl@lb’or(PérﬁQlV%?tllc&‘Mﬁ?Sﬂdeé’ya’gecur ed

frompetrqgle ilse M nt.ai n_sul.fur, and nitrogen containing,conmpounds.
Such het ensetapehsoRE JIEEEALE o thintloL s, Moy REBIAEE hE Rk PR
hydr ocr ackjefgy, e.?_.s, feelste¥RBLEh BY JnedsoRRRe o WasZaild, AlackHiak, @sﬂ&g fuels
hydr odeni t rogenation (HDN) so as to avoi d subsequent pol soning/ déactivation
of the hydrydrsearaekérz bottomse diyalrysarbon raffinates, natural waxes, hyrocrackates,
thermal crackates, foots oil, wax from coal liquefaction or from shale oil, or
other suitable mineral oil, non-mineral oil, non-petroleum, or natural source '
derived waxy materials, linear or branched hydrocarbyl compounds with carbon
number of about 20 or greater, preferably about 30 or greater, and mixtures of

such isomerate/isodewaxate base stocks and base oils.

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

butane.

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

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



[39] The preferred base stocks or base oils derived fromGIL materials

and/ or fromwaxy feeds are characterized as having predom nantly paraffinic
conposi ti\QBsz (?gr/y%ﬂﬁe further characterized as having hi ?ETﬁ%&M}%@Bﬁﬁs | evel s,
| owt 0- ni | sufJ ur, Towto-nil nitrogen18 low-to-nil aromatiCcs, and are
essentially water-white in color. [40] A preferred GIL |iquid hydrocarbon
conposition is one conprising paraffinic hydrocarbon conponents in which

t he extent of branching, as neasured by the percentage of nethyl hydrogens
W), and the proximty of branching, as neasured by the percentage of
recurring eastent eStackawastes) aecuredafiom qetroleummils, JBRY GiPRtaia amdm an
end group ar branch (CH2 > 4 are such that: (a) Bl-0. 5(CH 4) >15. and
(by Bio’ d8toer conainiag.conbouile St pbitRlel YomppindBPSLBs fmoved
conpositi as [ T r basg oidy-Ca rtier
characteri zed hﬂ%é@s}%ar gz,Mdas hﬁ%t\ei ﬁ{ﬁrgggcﬁg‘g%’ O.S%Fis wtfi‘g/)or ar g)r(r%tﬁpz:éj W

hydr ocar bapsdrotésisfuriyatior (DS dtid hgdesdenitnbgenation (dDPMOUsBAsas kessoidan 20
wppm sul fur contai ni ng conpounds, a pour point of |ess than -18C,

pr ef er abl ysubseguent poisoBing/deagiivationrafthghydroisomeripatigropptalyst) <22. 5. They
have a nom nal boiling point of 370C, on average they average fewer than 10
hexyl or |onger branches per 100 carbon atons and on average have nore than
16 net hyl ch p 0, ) eyqal 8.0 .can t4ed by
2 combi matl03a of W nBtetdtd SRRk T, babdTHIG RhVERLM CIEL FREIAC

ki nemat i C afd?60fiony wasy TeaRUARd chiradfiPiced ey BaeiRkEsredyniiigntlBaraffinic

2008/ 123941PCT/ US2008/ 004013 14 formula: DV (at -40C) <2900 (KV at 1000
-7000. [ AYmfdsitipneaed aed iGTherbaaradetized ashavinghbighcsatutatesdlearslsc bomyr i si ng
a mxture of branched paraffins characterjzed in that the | ubricant base
oi | cont aitﬁsmbﬁuhf\éfag?wg@%'éﬁm&o&?&t QWetaonil gromaties and: arerssentiallyevares- sai d
branched pa%z%ffi ns, are paraffins having a carbon chai-n | ength of about C20
to about CX l,eyﬁ%lioé'cul 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 p48]f f i #s prefeatedl 643t lmjuddithyRlrocdrbdh ¢Shhpbsitiends|ene @pthprising

hydr odewaxed, or hydroi sonmeri zed/ catal yti call é_&re sol vent)) dewaxed wax
base oi | s,paraifinig ahytecarhpsy &Oﬁm@ﬁnﬁ%dnorwfﬁy%r wxia whxhranghingesayed

hydr ocar bon, e.qg,, Fi,scher-Tropsc rocarb bas ils are.of Low or
zero sul fJPe%f‘ﬁlag(bt]i’é’sbeoPﬁgceB %RF.‘%&FB’& EO%C%MWEa@Snﬁmﬁ?ﬁéﬁyng*ﬁ

equi pnent act | hef ji of
ver 1 mor R R e o e e S YR
meet ever dradbenst agiry dagbons sdmeeed fironi annad gloupegubeinch(€HSHcA), aréd s,
known as | ow SAPS oils, would rely on the use of base oils which

t hensel vessuchrhat: éax BI-0.¥(CHor 4)cn Srande(bd BIni0:8 % (CHu b 4t <4hd@spneasvrest us
content. Such oils Wag{l used, as base oils can l%ﬁ fornmulated with additives.
Even if tHYCh§ad iquddydiocarbpn cOMROSTHRIg 2 ¥hol& f or nul ati on contain

sul fur and/ or phosphorus the resulting fornulated lubricating oils will be
| ower or | ow SAPS oils as conpared to lubricating oils formul ated using
convent i orfg41n n@hel preférrh ST IS bask vil cdtbt fuftheSeR&Tatmrinedaifdecdsbaryf or
vehi cl e engi nes (both spark ignited and conpression ignited) wll have a
sul fur corasdrvirg less than @ lowtYesromasichydrosasponsslegs thasy 20 seppm miiregen

referably 0.5 wt% or | ess, ,nos ref er abl .4 W% or |ess, an ash content
Dt 10"t BB ComparRt iy HaB T vipem Pl <Hsainihg £f s, 4yBour

2008/ 1239%&'— GP%QQﬁQIQQfQ‘;é, preferably less than -30°C, a preferred BI > 25.4 and

(CH, > 4) <22.5. They have a nominal boiling point of 370°C", on average they

average fewer than 10 hexyl or longer branches per 100 carbon atoms and on
average have more than 16 methyl branches per 100 carbon atoms. They also
can be characterized by a combination of dynamic viscosity, as measured by

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



15 0.4 wt % or less, and a phosphorus content of 0.18%or |ess, preferably
0.1 W% or less, nore preferably 0.09 wt% or |ess, nost preferably 0.08 w %

or |ess, tain instances, even preferably 0.05 9 [ 45]
Wi | e the&gggészlrz%g base oils used acgor ding to this inggﬁfﬁsgﬁosgﬁ@%ﬁL base

oils, other synthetic oils may be use O her synthetic oils that can be
used in the invention include polyal phaol efins (PAOs), aliphatic or

aromati c carboxylic esters, phosphoric acid esters, and the |ike. The PAGs,
whi ch are known materials and generally avail able on a major commerci al
Scal e f romfosmari oPY Ghch0LS) ELVORNBHY At 36 al00bmpany, Chevr on,

BP- Anbco, and others, typically vary in nunber average nol ecul ar wei ght
from about 250 to about 3000, or higher. PAGCs are conmercially available in
wi de rang ki gt Lycasirt i HC t ik, at
1000) ande[uogﬁlo abou%’}é(:%%%ac%f{ll'( k@‘%gtélTO%C?EOOFHaF{?Stﬁgi??HT%%Q%A isalté% e
typical |y mifd 6£6ranthéd paadiing charapirized ia tiut the lgsrieans bafe ellgoatdiag i ns
whi ch include, but are not linted to, about C2 to about C32 al phagl efins
wi t h aboutatdgast ®04bofita wiréurd phbranshed paraffios, wherein saidnrancherbpanadfing

ar e poly. HEGErENDS HaSiie A codmELH s Kraibic)-osbh Caslcdeo Baory Brdlpeder "

t hereof a j [ [ o, js ' 0, i f fins
in the ransgiyf Bt sq 30 HhRAD Hoifife pAREe HEESGu6ITIONS pHeke
provi de | oyp50°F¢afndtwhéreir st dsaaicldd paedhakbitdi®wpve fdurl dlkyl bfasphesli ng
on the viscosity grade and the startihg oligoner, the PAGs may be

pr edoni naraddywhereme the frael carbondndes ofsaidHaranched pargfionseisi atdeashiaboutd .nor
amounts of the higher oligoners. Mdst commonly, PAGs having a kinenmatic
viscosity at 100C ranging fromabout 1.5 to 12 cSt are used. [46] PAO base

oils may nveni-ent d | i . i’R.1 N
oS oY b SR o8l AR RO I Py A AR
catal ysts d&%ﬂéﬂﬂ@@axé&%va&%@ lofls, PoruNaRypTe! Ky drolsomélezedosy Igpdrbaéwhked | de
WO 2008/ 123941PCT/ US2008/ 004013 16 or conpl exes of boron trifluoride with
wat er, al cwhxy syathebizaed kydracaibonpreog.afischer-Tropseioiwaxyahpdrsodarboradases or
esters such as et h){l acetate or et hall propi onate. For %anpl e the net hods
di scl osed s &xspoli lawoor zerapsulfisgpand Jdwspharusesoniente o MEH dhe| Jroyswgnt
herein. O her descriptions of PAO synthesis are f.oupd | ol ' u. S
pat ent_ Noseng ol ' GlBipRlegk oM Eicias. AP 48 Bighllatol€ 15 588,00
4,413, 156; s b VP i easi ff5ed, BRSpASsPholis afld RBIfEr Of
ATk i e VA S e Tt o

O her usefedntatniohaicet elvebiincrahsinglybasstristive knoirbsmentdl regukitionsonSbets ed
oil or esters of phosphorus containing acids may al so be utilized. Exanples
of other il Henawn |amlowabARS nilse wowldk selyr engthecpsadf base ojlst Mddch
Lubri cants; derson and Hart .. Rei nhol d .Pybl. rp. 1962 whi is
noor por atBATSHVERo DR 916 Of By & P {1 suliar SyHMePRORis DR,

| nel ude al QISP WHCANREUQsRRE Gl San, BETBrAAIIRN VithddifvYs AEKhpREnes
or nono- or poly-alkyl naphthalenes. In these types of base oils, alkyl
substi t uerddilitive by padditivys ainkjtdegr cinpshef fatmuiatiBnt eoRtain asbifor aamwdrer
usually fromabout 10 to 18 carbon atons and up to about three such

subst i t uerphosphyrusethgrreswlting fasmalased ilukricating o willihe lwyereorelow SARSS

Petrol eum Chemi stry Preprint .1053-105 "Pol y.n- Al kyl benzene, Compouynds: A
G ass of I fnepytnared fo. 1bricatitis Ot dormu et Jsiie.FoRverttal ABera] o
Phila. 1984, 'ggdcg(gl kyl benzenes may be produced by the cycl odi nerization of
1- al kynes of 0 12 carbon atons as described in USP 5, 055,626. O her

al kyl benzenes are described in European Patent Application 168 534 and USP
4,658,072. Al kyl benzenes are used as |ubricant base stocks and base oils,
especi al | y{0#4} | dow SARS foumelatgshoils sot wekicleaengines (othaipark égniteseanrdd

avai | 9o o SormmeprionigaiedomTTRian sulleomanyehBy Fidhehlexuoreiamnly 46
Linoar a1 KT SRS gbabdirabl p B PD L ST bréflrabif B W r &, <0

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



17 benzenes typically have good | ow pour points and | ow tenperature
viscosities and VI values greater than about 100, together with good

sol vency r ves. O her al kyl at ed arorratl cs which, vvhen
desirabl e gr e@‘ggﬂg%‘lrll bed, for exarrpl e, "Synt hetic Lubr ??)éﬁr??@&ldﬁﬁq
Per f or mance Functi onal Fi ui ds" Dress]I er H, chap 5, (R L. Shubkin
(Ed.)), Marcel Dekker, NY, 1993. [ 49] AI kyl ene oxide polymers and
interpolynmers and their deri vatl ves containing nodified term nal hydroxyl
groups obtai ned by, for exa esterification or etherification are

usef ul syn®Hevt% drusss, @adi g wpwrusyowgpt of 0e1>8a/mréesq, pseterahly . hawt%be
bt d b { d the_al kyl
ond ary oo R ARG 0 9B Wyt pary e Bl GOB b ¥ e and one
| ycol f ab 1000, di h |
S ¥er'of PSR MARCR ARG 85 oL OpAel, Shot 1000, B0

avi ng“a nol ecul ar wei ght of about 500-1000,
and the diethyl ether of polypropylene glycol having a nol ecul ar wei ght of
about 1000 to 1500, for exanple) or nono- and poly-carboxylic esters
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sebaC|c aci d, funarlc aci d, adi c acid, linoleic acid diner, malonic_acid,
al kyl rmal oWPPligEs suchypg jordobil i Chemical Cqrapanyy Che‘ar%rB%ﬁmgﬁo,aa%hm s

h b al dad h t h
rcons " ibfte el AR St W SR o
adi pate, didott 83000, "X ighe? €L PAADE -aréli commRrthlly Wailable in wide range of
2008/ 123941PCT/ U82008/0 013 18 fumarate, di octyl sebacate, dii sooctyl

azel ate, diihemdec wiscasities] suchias)upytb abloubadaicst (kv dedpd °Chundluptte.about
di ei cosyl sebacate, etc. [051]Particularly useful synthetic esters are

t hose ful 13000 p&t t(kM at st0&°€)wior clighere o’Blnale¢3sbqrer Baicallyy congprisednof e
pol yhydric al cohol s (preferably the hindered | yol s, such_as the neopentyl
pol yol s, gl}glrog%%ppib{m@qsygop 1g(@mpp§egf]9lp(quao mn\@hlch include, but are not
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acids including caprylic acid, capric aci auric aci myristic acl

pal m tic gueferrest e@he profendd lealplhaomﬁnd arapdlypdhectese,as0lsh 1-decériecand
correspondi ng branched chain fatty acids or unsaturated fatty acids such as

ol ei ¢ aci dplyledodegne aand myﬁtﬂﬁ-‘ét thereafi and commsh elefinidetivedepaliieledinser s of

trimethyl rLopane . byt ane, hane
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aci ds cont@j il TPeOMsEPAY! provife af?)wtwg&s?@r BR% A of acceptably low
volatility. Depending on the viscosity grade and the starting oligomer, the PAOs

may be predominantly trimers and tetramers of the starting olefins, with minor
amounts of the higher oligomers. Most commonly, PAOs having a kinematic

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

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

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



[53] Silicon-based oils are another class of useful synthetic |ubricating
oils. These oils include polyal kyl-, polyaryl-, polyal koxy-, and
pol yar yl e oils and silicate oils. Exanples of
silicon- gﬁ?é'é[eégglnclude tetraethyl,silicate, tetralsop?§%%?E06(?%ate
tetra-(2-ethyl hexyl)silicate, tetra- (f met hyl hexyl)
silicate,tetra-(p-tert-butyl phenyl)silicate, hexyl-(4-nethyl-2-pentoxy)
di si |l oxane, poly(nmethyl) siloxanes, and poly-(nethyl-2-nmehtyl phenyl)
sil oxanes. [54]. Another class of synthetlc Iubrlcatlng oi J is esters of
phosphor ou¥-CaBplexeshPh§oran mﬁuqm% @nﬂhwmea cphel Se%k‘&h}ﬂseet anqlcpeapanol

di et ester dec nic .acid.
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conpositions of the invention conprisé a ITB.] or ’anount  of I"4br1 cant or

hydr aul i ¢ donwveflieatl§t weddicreint |®&1e&rdvsmt1pﬁcfmsabf Pmtsymmmdretfbnudéﬁltlhé
N -diaryl ff) phenyl enedi am ne anti oxi dant . maj or anount of a | ubricant
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or hydraul
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IS present |n anounts rangi ng fromabout 0.001 to about 5 wt% and

pref erabl é[gﬁ?]f_?e?ij‘ﬁﬁ %%fgll%)%rﬁh@ﬁe Yhbricatt d]ﬁ’ P@s%eﬁoag Oill&uk te@l sxl’i@bﬂ-@h%ﬁﬁf ot her

corrpositl be use one or in co |nat Ion w

addi ti ves.oil pbéjtefndf phosisiiorue cpntadeingi R3do ayhslsd ber utdidrdd. OExbirleubf ¢
fluid conpositions of the invention are inproved by adding an effective
amount of athen sxmhetin dubrieatingt bassdstcksvarel diacjosed-iphéSwnthetieLabiricents™,

anti oxi da%uné)erg(?ne and rpl)a?r% }t{leﬁl?lold Publ. Corp., NY 1962, which is incorporated in

its entirety.

[048]  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 USP 5,055,626. Other
alkylbenzenes are described in European Patent Application 168 534 and USP
4,658,072. Alkylbenzenes are used as lubricant base stocks and base oils,
especially for low-temperature applications (arctic vehicle service and refrigera-
tion oils) and in papermaking oils. They are commercially available from
producers of linear alkylbenzenes (LABs) such as Vista Chem. Co., Huntsman

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



[58] Fully formul ated conpositions can contain at | east one additional
| ubricating oil or hydraulic fluid additive, which include, but not limted

to, VviscaghhyosIshsy! SCosity index inprovers such as pol ¥%|rh%%$0§)3§40?§
uc

pol yol efin viscosity index inprovers,,,metal deactivators s as triazoles
and thi adi azol es, extrene pressure an& antiwear additives such as phosphate
ester, am ne phosphate and sul furized olefins, antirust agents such as
carboxylic acids, dispersants such as succininmdes, antifoamants and dyes

to nention a few The anmpunt of such other additives included in the
for nul at i dengenes Bwieally haveigood lewe Rpuy poirs and ogy temperaturs; Yiscositygs
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m®/s and an unsaturated PAO oil with a kV a 100C of 6.0 mm2/s. The
anti oxi dant used in the formnul ated conpositions were a comerci al |
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in following tables are tor 1sothermal oxrdation runs carried fnair
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sanpl es were heated fromroomtenperature to 1809C at 10C/ mi n and then held
i sot her malprgpylenersxxiderthenalky] andtanyb sthass afxthese ipoty ex@lkdene polymersy . The
oxi dati on ing_llj tiqn.tima (lOTT) for each run is shown in tables. OT i
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bef ore oxiaiati B0021000e ahdbehecatiethgl Ethef apH igol{propdléeCWlpeol having a
molecular weight of about 1000 to 1500, for example) or mono- and poly-
carboxylic esters thereof (the acidic acid esters, mixed Cj_ fatty acid esters, or

the C;30xo acid diester of tetraethylene glycol, for example).

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

phthalate, didecyl phthalate, dieicosyl sebacate, etc.

[051] Particularly useful synthetic esters are those full or partial esters which
are obtained by reacting one or more polyhydric alcohols (preferably the
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 Cjg 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).

[052] 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.

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

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

phosphate, diethyl ester of decanephosphonic acid.



None 4.2 Conp. 2 L57, 0.5 wt% 42.5 Exanple 3 p-PDA, 0.5 w % 180.0 [64] As
Is shown in Table 1, the p-PDA antioxidant of the present invention

prOV| ded \5{5%@_1'2399@% oil with better anti-oxidative prg@@;ﬂsb(%gm%lyeasured

y the O T as conpared with the co ocially avail abl e anti oxi dant
Corrparatlve Exanples 4 and 5 and Exanples 6 [ 65] The procedure in
Exanples 1 to 3 was foll owed except the base oil used was a PAO base oil.
The results are shown in Table 2.

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

derivatives, and the like.

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

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

compositions.

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

typically used in formulated oils.



Table 2 Addi tive, wt% Oxidation Induction Time, Mnutes Conp. 4 None 2.7
Conp. 5 L57, 0.5 wt% 19.4
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[059] Typical end use applications for the compositions of the invention
include, but are not limited to, circulating oils, hydraulic fluids, greases, gear

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

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

invention.
EXAMPLES

[061] A series of compositions were formulated and evaluated for
antioxidative properties. The unadditized base oils used were a GTL base- oil
with a kV at 100°C of 6.0 mm?/s and an unsaturated PAO oil with a kV a 100°C
of 6.0 mm%s. The antioxidant used in the formulated compositions were a
commercially available alkylated diphenyl amine sold by Ciba under the trade
name Irganox L57 and N,N’-bis(2,6-diisopropylphenyl)-p-phenylenediamine (p-
PDA) of the present invention.

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

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

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

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

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

occurs.



Exanple 6 p-PDA, 0.5 wt % 82.2 The p-PDA anti oxi dant provided the PAO base
oil with better anti-oxidative properties as neasured by the OIT as
conpar ed Yt onmercially avail abl e antioxidant, L
5005, 1530] PPl BT b05015 22 [66],,1n the fol | owi ng gégmm? el es 7
to 8, the substituted N, N - diaryl- p phenyl enedi am ne anti oxidant is
synt hesi zed using different catalysts. Exanple 7 Synthesis of
N, N - bi s(2, 6-diisopropyl phenyl) - p- phenyl enedi ami ne from 1, 4- di bronobenze
and 2, 6-diisopropylaniline in the presence of palladium
acet at e/tri-t-butyl phosphi ne cat al yst [67] In an argon gl ove box, O0.26

Pd

mml 7 of solid
i

DRATALVE ' % n 40mL of tol uene. The mi xture
was stirr ti 5—1-?;@} opxignzene
was addedE[?gyPhe}rrlﬁteiyt%l S?g l%lgpévmgdéwgggse &ll lasaisd#?&?%’?@l ani |€Ir1 ne and
25 mmol of sodiumtert-butoxide, NadBu. The reaction m xture was heated to
about 110C and mai ntai ned at about 110 C for approximtely 14 h. After
approximately 14 h, the argon gl ove hisbleds opened and the reaction mxture
V\ﬂs qul Ckl y quellelled hvl L h ’qucu D IJIIIJIII 16/61I \.;III % Q\JC &} '\\‘" He: En 60 m

| 420). THe tol uene |ayer wds sePfHEES WH8m th M&Floﬁn washed
twice witlh 80 mL with deionized water. The tol eneTlfaveleat@Sdri bd over
magnesi um sul f aCempMySO4, and filtaleme The toluene | ayer was4cdhcentrated

on a rotgry evaporator unt il rry':fal s _hegan tolform The toluene Iayer w th

crystals was ccfzﬂﬂ@l? 20 aboyt -1(Lfd M“ﬁ% ntal ned at thls ted@eY at ure for
24 hour s.—Fhe wer-¢—-S64 HatHenr—and—drted—under vacuum
The yield o |Fs‘64 Edi -di aﬂ/FD& ﬂﬁéﬁ?%nedl am ne was 2. 38@ s, GC

yi el d of ‘TOﬁe/_Th‘e_GC/‘IVS Spectrurmrsuggests tiat—the product—T5s a single
conpound having a nmass of Se 428. Exanple 8

[064] As is shown in Table 1, the p-PDA antioxidant of the present invention

provided the GTL base oil with better anti-oxidative properties as measured by the

OIT as compared with the commercially available antioxidant, L57.

Comparative Examples 4 and 5 and Examples 6

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

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

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

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

antioxidant, L57.



Synthesis of N, N -bis(2,6-diisopropyl phenyl)-p-phenyl enedi am ne from 1, 4-
di bronobenzene and 2, 6-dii sopropylaniline in the presence of preforned

I adi | talyst -23- [68] |
2ol o RO Bf0LP g, CoLal Vet 23 160] 1n n SeanhRAAR, o,

was conbined with 40nmt of toluene and stirred for 5 mnutes. To the

m xture, 8.5 mmol of 1, 4-di bronpbbenzene was added foll owed by 25 nunol of
2,6-diisopropylaniline and 25 mml of sodiumtert-butoxidc, NaOl3u. The
reaction m xture was heated to about 110C and nmi ntai ned at .about 110C for

appr oxi mat (8691 14 Im thesfoklowipgr examilesl fixampies Thio & dba gbstiited NndE-
chiort de (EIAPReR Pedfaipd SnlSFashis SyYuRYERE it il GRS s8a 1 r om

t he aqueous | ayer and vvashed tw ce W|th 80 mL W|th dei oni zed water. The
toluene | ayer was dried over magnesium sulfate, MgSO4, and filtered. The

tol uene | dypeamples] concentrated on a rotary evaporator until crystals began
to form The toluene |layer with crystals was cooled to about -10 C and

mai nt ai necSyathesis of Mo ehiac2;6-aliisopropylpheny))-Fiphenyjencdiamine fromol 4t ed by
filtrati ordibpomdbeade ande2,6:diisopropyhmilinelin thé pres¥nveardt palladium

N, N -di ar %ce%@ﬁi‘ﬂ%ﬁl[ﬂmsbﬁlﬂ@éaﬂa 5 g. The GO MS spectrum suggests that
the product is a single conpound and has mass of mle 428. [69] It is also

understood that the following clains are intended to cover all of the

generic ar[d63pecid af atgai Fr B Bx, 0NES hiieNpalbdiher Rictatd EBEIOAEH, andlod |

statenents of the scope of the i nvention, which as a matter of Tanguage
m ght be gningl tof sodid tri-hbotiphospdnne, AR?BN@EWewEEmbRwd redOail totﬁetoEmon Feb

ant i oxi darkhc RIS AgRonsRATed: U aha PAgIAGy Kiviehyes)” Bonawpebyebilat ne.
dibromobenzene was added to the mixture followed by 25 mmol of 2,6-
diisopropylaniline and 25 mmol of sodium tert-butoxide, NaO'Bu. The reaction
mixture was heated to about 110°C and maintained at about 110 °C for
approximately 14 h. After approximately 14 h, the argon glove box was opened
and the reaction mixture was quickly quenched with aqueous ammonium
chloride (20 g NH,4Cl in 60 ml H,0). The toluene layer was separated from the
aqueous layer and washed twice with 80 mL with deionized water. The toluene
layer was dried over magnesium sulfate, MgSO,4 and filtered. The toluene layer
was concentrated on a rotary evaporator until crystals began to form. The
toluene layer with crystals was cooled to about -10 °C and maintained at this
temperature for 24 hours. The crystals were isolated by filtration and dried
under vacuum. The yield of isolated N,N’-diaryl-p-phenylenediamine was 2.0
grams, GC yield of 100%. The GC/MS spectrum suggests that the product is a

single compound having a mass of m/e 428.

Example 8

Synthesis of N,N’-bis(2,6-diisopropylphenyl)-p-phenylenediamine from 1,4-
dibromobenzene and 2,6-diisopropylaniline in the presence of preformed
palladium complex coupling catalyst
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[068] In an argon glove box, 0.168 mmol dichloro{l,1’-bis(di-ters-
butylphosphino)ferrocene] palladiﬁm(ll) was combined with 40ml of toluene
and stirred for 5 minutes. To the mixturc, 8.5 mmol of 1,4-dibromobenzene was
added followed by 25 mmol of 2,6-diisopropylaniline and 25 mmol of sodium
tert-butoxide, NaQ'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 mixturc was quickly quenched
with aqueous ammonium chloride (10 g NH,Cl in 25 ml I1;0). The toluene layer
was scparated from the aqueous layer and washed twice with 80 mL with
deionized water. The toluene layer was dried over magnesium sulfate, MgSOy
and filtered. The toluene layer was concentratcd on a rotary cvaporator 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 werc isolated
by filtration and dried under vacuum. The yield of isolated N,N’-diaryl-p-
bhenylcnediamine Was, 1.995 g. The GC/MS spectrum suggests that the product

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

[069] K is also understood that the following claims are intended to cover all
of the generic and specific fcatures 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.
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4.

CLAIMS

1. A catalytic antioxidant comprising N,N'-bis(2,6-diisopropylphenyl)-p-

phenylenediamine.





