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comercial vehicle engine oils, industrial, marine, hydraullc
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addi tives. BACKGROUND OF THE | NVENTI ON [ 0021 A 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
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BACKGROUND OF THE INVENTION

[602] A wide varicty of additives are used in lubricating oils, greases and
hydraulic fluids to improve their properties and cnhance their performance.
Additives can improve the performance of lubricating oils, greases and hydraulic
fluids with respect to oxidation, wcar and corrosion. One important property is
oxidative stabjlity. Antioxidants slow oxidative degradation by retarding or
inhibiting a variety of degradation chemistries, thercby protecting and extending
the life of formulated oils. Antioxidancy is dcscribed as the ability of an
. additive to delay the onsct of oxidation by cffectively quenching radicals that are
gencrated by a system. US 2,930,758 to Tierney, et al. discloses the usc of aryl-
substituted phenylenediames in combination with other compounds as

antioxidants in cster bascd lubricant compositions.

[003] Many conventional antioxidants arc stoichiometrically consumed in the
degradation process. That is, conventional antioxidants are consumed in
neutralizing a variety of degradation chemistrics. Morc cffective antioxidants .

- are catalytic antioxidants. Catalytic antioxidants extend the uselul life of
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and hydraulic fluids with antioxidants that performnore |ike

catalysts in their antioxidation function, thereby enhancing the
‘performance and extending the life of such lubricants and fl uids.

[5] Furthernore, it would be of industrial interest to develop a

process in which antioxidants that performnore like catalysts in

t heir antioxidation function could be prepared fromgenerally

avai | abl e starting conmpounds that are relatively inexpensive,

avai l able in comrercial scale anmounts and that are safe to handl e.

SUMVARY OF THE I NVENTION [6] It has ngwlbeen di scovered that

substituted N, N -diaryl-nphenyl enedi ani ne conpounds i npart good

| evel s of oxférflaliied libivabist amhmag Bwbsadcmni:gmﬁnmﬂwchrdaud:d cofidentraisort 0

whi ch the conpounds have dded I n accordance with a first

aspect of tM%?PﬁVEW?FEHgg?Qé%Qﬁ%ﬂ?aBWbVV eled a catal ytic anti oxi dant

useful for inproving the oxidative stability of ‘conpositions

conprising lubricants or hydraulic fluids. [8] In another aspect of

the invention, there is provided a conposition conprising a mjor

anount of lubricant or hydraulic fluid and an effective

o
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amount of at |east one substituted N, N -diaryl-mphenyl enedi am ne
antioxidant. [9] In yet another aspect of the invention, there is provided

a met hod H@lﬁi substituted N, N -diaryl-m phenyl enedj.am L oxi dant s
of the pr‘géezn |2£:8)éntion. - 3- [10] In still anot herggzg]esg@t;@?%?%e

I nvention, there is provided a nethod foy_inproving the antioxidative
properties of conpositions conprising lubricants or hydraulic fluids using
substituted N, N -diaryl-m phenyl enedi am ne anti oxi dant of the present
i nventi on. 11] O her qbjects and advantages of the present invention wll
becone adeP&nt It wmuﬂdéedéwmt&@ H&%ﬁ%%t QRQvide lpbricaiipg composityons

anti oxi dant.s used 4.n 4 hi;S.C osition,i o) hayi ng. Kor nul wher e
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to 4. antioxidation function, thereby enhancing the performance and extending the life

of such lubricants and fluids.

[005] Furthermore, it would be of 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-m-
phenylenediamine compounds impart good levels of oxidation inhibition in

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

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

comprising lubricants or hydraulic fluids."

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

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

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

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

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

invention.



DETAI LED DESCRI PTI ON OF THE I NVENTI ON [13] The present invention rel ates
to substituted N, N -diaryl-nphenyl enedi am ne conpounds that inpart good

| evel s of ' ' inhibition in lubricants and hydraul ' whi ch
w8§g&2125£ﬂ &bg/ﬂs%ﬂsﬂ%o&?

t he conpoun ve been added. [14] The antioxidants used according to the
I nvention are substituted N, N - di aryI_-g phenyl enedi am nes, preferably
those having Formula | - 4 - where Rl and R2 are independently I-1 or
Cl to Cl12 alkyl; xis 1to5; and, y is Ito 4. Preferably, RLis a Cl to C8
al kyl, nore Bref erably, Rl is nethyl, ethyl, or propyl, conveniently, methyl
or i sopropilV] andn st another ﬁp@ﬁbpgﬁh‘y inyention; these3s prpyided raamethed Jor x s

{452 AH R RSB I TR Bk cOR AP I I
m m B: EE yg%@?@@%ﬁ%@ﬁgéé@%ﬁ%%ﬁﬁgﬂgfénap%ﬁpoﬁ@ylenedlamme antioxidant

of the present invention.

[011] Other objects and advantages of the present invention will become

apparent from the detailed description that follows.

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

Ry),

(Ry)
H “y H (Ra)y
N N

where R, and R, are independently H or C, to Cy, alkyl; x is 1 to 5; and, y is 1 to
4,

I

DETAILED DESCRIPTION OF THE INVENTION

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

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

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

diaryl-m-phenylenediamines, preferably those having Formula I



[ 16] The average nol ecul ar wei ght of the substituted N,

N -di aryl - nphenyl enedi am ne anti oxi dant ranges from about 300 to about 600,
preferabhwogaﬁnk ogbout 500. [17] Preferably, the SUbS%E%H%ﬁ&BRM«nz

N -diaryl enedlanlne antioxidant is an isopropy stituted
antioxidant, nore preferably a nethyl supstituted antioxidant. Wthout
bei ng bound to any particular theory, it is believed that steric hindrance
pl ays an i nportant roIe in the antioxidants ability to conbat oxidative
properties in oils. ke sone steric hindrance allows for a proton to be
donated to an oxidativd ical, too(mgych steric hingéance crowds the
proton naking it unavail able to wadichl%. - 5 -1 ke X is a hal ogen or
atriflate group and R2 3

raNe th sarﬁ el 0 as in Formula |, with
an aniline derivative ha For (R1) x o

~where R, and R; are independently H or C, to C; alkyl; xis 1 to 5; and, y is 1 to
4. Preferably, R, is a C; to C; alkyl, 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-m-
phenylenediamines of Formula I are N,N’-bis(2,6-dimethylphenyl)-m-
phenylenediamine or N,N’-bis(2,6-diisopropylphenyl)-m-phenylenediamine.

[016] The average molecular weight of the substituted N, N'-diaryl-m-
phenylenediamine antioxidant ranges from about 300 to about 600, preferably
350 to about 500.

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

the proton making it unavailable to radicals.

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

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



where R1 and x have the sane neaning as in Fornula |, in the presence of a
pal | adi um catal yst. Preferably, the halogen is bromne or chlorine, nore

pref erably, 29(?]8%11 g [19] In another enbodi ment, substipl-4tR9R004012
p

N -diaryl - enyl enedi am ne anti oxi dants are prepared by reacting a
1, 3-phenyl enedi am ne of Forrmula IV ort2)y H2ZN Iv where R2 and y have the
sane neaning as in Formula I, with a substituted arene of Formula V (Rl)x
Ro)y
X X

Il
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
(R1)x
H,N

I

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

preferably, bromine.

[019] In another embodiment, substituted N, N'-diaryl-m-phenylenediamine

antioxidants are prepared by reacting a 1,3-phenylenediamine of Formula IV
(Rz)y
H,N NH,
v
where R, and y have the same meaning as in Formula I, with a substituted arene

of Formula V

(R1)x

A"

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

presence of a palladium catalyst.

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



where RI and x have the sane neaning as in Fornula | and X is a triflate or
hal ogen, preferably chlorine or brom ne, nore preferably, bromne, in the

presence \gp 2?%821?%4 gdi um catalyst. [20] Useful aniline gﬁ:_'r}r}}eé%ds}b%npf

Formul a 11 e, but are not limted to, 2-nethylan
3-methylaniline; 47nmethylaniline; 2,3-digethylaniline; 2,4-

di methyl aniline; 2,5-dinethylaniline; 2,6-dinethylaniline;

3, 4-di nmet hyl ani li ne; 3,5-dinethylaniline; 3, 6-dinethylaniline;
2,4,6-trinethylaniline;2,3,4- .- 6 - trinethylaniline;2,3 ,5

-trimet hy|talqu@éps_i}@,; 6- 2ed-nurimethnlaniline; 2 4, 52.3:6-trmethylagilinene; 2,4.5-
2-et hyl ani . ne; 3- I ani Lipe. .4-ethylagiline: .2 3- diethylgniline,,
2, 4- di et hy k 1gﬂeﬁp¥1%gﬂhj%¥5 iéetpﬂ%?’élﬁ%’i ne; g'eéhﬂf‘&lwﬂ?r ani F%ﬁ%ﬁngf%’ %’3
di et hyl anidifhlanilire;di 2BIdthg MOiliRG: ﬁff&i&h? anligdi 12 §iethylaniline; 3.4-
2,4-dii sopropylaniline; 2,5-diisopropylaniltne; 2,6-4diisopropylaniline;
3, 4- di i sopliethylanilihe;n &, S-difmethyilasitine p B, badiethybeilite;6-2)4-aliRppropylariline;
2,4-di-tert-butylaniline;, 2,5-di-tertbutylaniline; .

3, 5- di - t erdStslitsppropylamiline;3 2. ¢idisepropylaniliag; | i3-diisapropylaniline;  3,5-

2,6-di-terl.butyl anil.i.ne, 1]. Bot h.met hods, of preparation degcribed above
are carri IS8B¥°HyEa’PhBC’pre%é?fiﬂgt%giarﬁﬂﬁﬁ’l I %‘l‘lﬂlﬁt&iﬁgﬁijgp?hqﬁref rilz;ig}' T he
pal | adi um .1 % saq;pal.)_ag -phesphl D Of | adi benescatal yst,
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pal | adi umlaylahiliiie.i s a prefornmed pal | adi um conpl ex coupling catalyst. By

preformed pal | adi um conpl ex coupling catalyst, it is neant that the
catal yst contains both a palladi um and phosphi ne |igand. The preforned

catal ysts he_present i.nvention are therpally stable and, . in so cases,

are air stlﬁéﬁe n‘gﬂﬂhdn‘?tﬁ?éﬁ é’atngqpaf%‘%ﬁ&F“ég%ﬁ‘I gk‘é"‘? RES Carmaed Qut Isthem of

t he prior i | =t ph ' n 0 hd eagent .
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i ncl udedi %ﬂl@ﬂﬁhﬁ/‘?ﬁbéﬂﬁh_@HYdrphFﬂlszt_liﬂﬁﬂ/@&bEﬁéj' Watdlyst, such as palladium

tetraki s(tri phenyl phosphi ne) pal | adi un(0), di acetato[ -
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(Il),
tetrakis(triphenylphosphine)palladium(0), diacetato[1,3-
bis(diphenylphosphino)propane]palladium(II), dichloro[1,2-
bis(diphenylphosphino)ethane]palladium(II),

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

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



bi s(di phenyl phosphi no) propane] pal I adi un{I11),dichloro[ 1, 2-
bi s(di phenyl phosphi no) et hane] pal | adi un{H),

di acet at qbj i nyl phosphi ne) pal | adi un(11), di chl or o -
bi s(di phgﬁwg}?@égﬂﬁno) but ane] pal | adi un(11), dichloro [1, %54411.52008/004012

bi s(di phenyl phosphi no) f errocene] pal | adi uj( I 1) -di chl or omet haneadduct,
?i;h[oro[ 1, 11-bis(di phenyl phosphi no)ferrocene] pal | adi umap- acet oneadduct,
R R g R R O
Lol yl phosghPHE B ERTEAERTBBNAT BT D, hos phi ne) pa | adi un 0)
dichlorobis(tricyclohexylphosphine)palladium(Il), dichlorobis(tri-ortho-
tolylphosphine)palladium(II), bis(tri-tert-butylphosphine)palladium(0),
dichloro[bis(diphenylphosphinophenyl)ether]palladium(Il), dichloro[1,1’-bis(di-
tert-butylphosphino)ferrocene]palladium(Il), dichloro[1,1’-bis(di-
isopropylphosphino)ferrocene]palladium(Il), dibromobis(tri-ortho-
tolylphosphine)palladium(II), dibromo[1,1°-
bis(diphenylphosphino)ferrocene]palladium(II), dichlorobis(di-tert-
butylphenylphosphine)palladium(II), dichloro(2,2'-bis(diphenylphosphino)-1,1'-
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(Il), Fiber supported Pd /P Bu3
catalyst, 1,2,3,4,5-pentaphenyl-1'-(di-fert-butylphosphino)ferrocene,
dichlorobis(benzonitrile)palladium(II), dichlorobis(acetonitrile)palladium(II),
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(IT)acetate trimer.

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

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

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



di chl or o[ bi s(di phenyl phosphi nophenypet her] pal |l adiun{I1), dichloro [1,1 "
-bis(di- tert- butyl phosphi no)ferrocene] pal l adiun(11),dichloro [ 1,1

-bi s(d hosph f |l ad 11),d th
oy ho BB 60 1 L el bl 1. o eSMBkblrsor -

bls(dlphenylphosphlno)ferrocene]palladlug(lI) di chl orobi s(di-tert-
but yl phenyl phosphi ne) pal I adi un(I1),
di chl oro( 2, 21- bi s(di phenyl phosphino)-1,1" -
bi napht hyl ) pal | adi un( 10, di bronp( 2, 2' blsg henzﬂshosphlno -
o}

bi napht hy4-shlarabis(mis(2,4- Chrtelrtobléﬂ}@heml)l? Rhifen mepgba.dwa)(ﬂ); dLl-ﬂ'

E: Q?SPLEZ:’%’BM i % néf} a‘&sié’ﬁgfﬁlélp lfﬁp%ﬁzﬂ-‘b‘m(ﬁr ber. supported Pd /P Bu3

catal yst, 1y;ehBrotls@ricPcIoREANPROY Hind)panaGiunt @ bibiYLA0SPhi no) ferrocene,
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), dibromof{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(Il), 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-m-phenylenediamines is done under
conditions well known to those skilled in the art. In a typical procedure, the
reactants are mixed under inert atmosphere (e.g., nitrogen, argon) in a solvent
(e.g., toluene) and heated to the boiling temperature of the solvent (e.g.; 100-
120°C) under reflux, for a period of about 5 to 24 hours.

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

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



di chl orobi s(benzonitrile)palladiun(ll),dichlorobis(acetonitrile)palladi un(l
I
bl) s(acet y\k,?cz%sglr}%og) pal | adi unm(11), di chloro(1, 5-cycl ooct @@Irﬁﬁga(]@ﬁbi(ﬁ\pl un( 1)

, dichl oro(norbornadi ene)pal | adi un(11),

bi s(di benzyl i deneacet one) pal | adi un{0),

tris(di benzyl i deneacet one)di pal | adi un{0)’,

tris(di benzyli deneacet one) di pal I adi um( 0) chl or of or m adduct, allyl pall adi um

chl oride di acetate trjnmer., [023] I\/bre pr ef erred
pref or med 19 Tf bl aqi %ﬁ% naphthenig| %t@cwetq%lvpm;@m iTgneralc9ilfge

di acetato[ 1, h I di u I
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bi s( di pheFIE;?ITl gtﬁgtépm E%ASE{}? gﬂgg] i h Eum(e:’lﬂ llddc,&é%:do?’lr@ﬂ[re%bl{%a_talytlcally, or

bi s(di phersynfiesigedi tnquberdedngh@]eﬂ@hlnadccurt(uric)aﬂdnmhhmmmhaneadduct :

di chl oro[ 1, 11- bi s(di phenyl phosphi no) f errocene] pal | adi un{11)-acet one adduct,

di- - 8 -
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)pal | adi u
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,
rearrangement, and/or degradation/deconstructive processes from gaseous
carbon containing compounds. Preferably, the GTL base stocks are derived
from the Fischer-Trospch (FT) synthesis process wherein a synthesis gas
comprising a mixture of H, and CO is catalytically converted to lower boiling

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



di chl or o[ bi s(di phenyl phosphi nophenyBet her] pal | adi un{H), dichloro [1,1 "
-bis(di- tert-butyl phosphino)ferrocene]palladiun(ll),dichloro[l, 1" -bis(di-

i sopropyl i ferrocene] pal | adi un(11), di bronobi s(t -
tolyl phos‘gﬁgﬁ‘?{’l‘ﬁa adi un(11), di brono[ 1, 1' - PrRIsb 3004012

bis(diphenylphosphino)ferrocene]palIaqug(lI),dichlorobis(di-tert-
but yl phenyl phosphi ne) pal I adi un(I1),

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

bi napht hyl ) pal | adj um(11), di brono(2, 2' - bi s(di phenyl phosphino)-1, 1 '-

bi napht hy|&%sapladinubis-Hatent NG@(é}Q&%Z@@di %E‘éﬁbﬁ%ﬂhé@b ﬁxmplef, of sunitable

bi napht hyl | | adium(L1)..di chl org[l, 3- . .

bi s(di pherf%ﬂ%g%tépﬁf%o‘*eﬁ}?gggﬁe}'balﬁlédiﬁmtI 5\1,0. F‘ll’égrg’@&ppS?%}leGOdeV l?‘ﬁhBEﬁs
cat al yst 5: -11-(di-tert-butyl phosphi no)ferrocene.
The prefo?ﬁgg&%ﬁﬁﬁggFaﬁ?Sgﬁgﬁggﬂg%upIing catal ysts are commercially
avai l abl e from Johnson Matthey. [024] The synthesis of N,

N -di aryl - m phenyl enedi am nes i s done under conditions well known to_those
skilled i 088k aGTL | basg sigskGual agsr sbaragtasizedhtypieally st baving kinesaatimder

heat ed t o VRIS S DU SrpE AT AORY Jmi otV D T T e sesegVClasy

reflux, fofpodt PeHMYsb 200HtsE m’R3 n}f@érﬁreferably from about 3.5 mm%/s to
about 30 mm%*s. The GTL base stock and/or other hydrodewaxed, or
hydroisomerized/ catalytically (or solvent) dewaxed wax derived base stock(s)
used in the present invention have kinematic viscosities at 100°C in the range of
about 3.5 mm?s to 7 mm?/s, preferably about 4 mm?s to about 7 mm?s, more
preferably about 4.5 mm’/s to 6.5 mm?%s. Reference herein to kinematic

viscosity refers to a measurement made by ASTM method D445.

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

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

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

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



1025] The conposition of the invention conprises a major anmount of

| ubricant or hydraulic fluid, in particular those |ubricant or hydraulic
fluids ba&,g% Z%raffi ni c and naphthenic oils or synt h%Ul‘ﬁ]S%(JSI%MOT?US.’ t he
| ubri cant "can Dbg, ?or exanple, an oil or a grease based on a mneral oil or
a synthetic oil. - 9 - [26] Typical p ﬁaffinic and naphthenic oils

i ncl ude conventional nmineral oils or hydrotreated oil. Qher useful fluids
of lubricating viscosity include non-conventional base stocks that have
been processed, preferably catalytically, or synthesized to Br ovi de high
per f or mand¥pically iashaving visosity dadices of 80 grogreates: prafenably 11 0Brarcgreater,
conposi tions conprise i xture of at ,hl.egst ane.base .stock andJor base oil
and at | o408 TBRE MeReraPha e O Geated cadilipnafly: in ftaif parde Jakineln e ngl o
oi | secur j 6F tHhdsd ' t [ essing
schene angﬂﬁfggé&??%’ gh%%tfcu#a?o%g&%s?g% %%%r%gégggl i&@gg%%tgéqg | east
one base girefekably[ 285 diorgreaton eand oian @iordNpRsTvRblY Ol dRagreatdrl S Farcl ude
one or nmore of a mxture of base stock(s) derived fromone or nore

Gas-t o- Li geraople, GBIl basesiegk(s) thatvddriveasromy (s CHematerinls,opreferably F-T
hydr oi soneri zedkonventiponal .catal yticall or solvent) de d base

oY ook ( oy FRAETRLS, PRSI s Atm OB Tallao Ve GetiScOST RS O4rld0er BTSN ner al
oi | waxy f , d waxy stocks
suchas. glegrepLee irent iy Ao gL AT oD i AnctiifBoo 207, 10T

hydr ocrackate, thermal crackates, or other mneral, mneral oil, or even
non-petrol eumoil derived waxy materials such as waxy materials received
from coal [033Juef bradditiony theHall® brse, staokds)nare ttypieally highly lpabaifmic (o20%.

[29] GIL base oils conprise base stock(s) obtained frgm GIL nmaterials that
are deri vEatuFatgskh and, may, contain (madpEes ob maeRRayclparaiss pad maultiyclo-

rearrange e angl/ o r ti deconstuctive ocesses from gasgous
car bon coﬁ?g%frqugﬂ{coér%gﬁﬁl isaigf}Pb’&eiﬂ{er %rr-wcl[l%elsaﬁragfg % st sraﬁ?e%ge Cved
from the hapRitRhic (6P cldphrafif)t EGiftedt B QGER oMISIGEiOn® vaYidk hefthStgas
conprising a mxture of "H2 "and is catalytically converted to | ower

boi | i ng meatalystlanditgnipeditoies st i Eatthery GIFld/base dewhs iand. babbeikrigpaadlyi s
described, for - 10 - exanple, in U S. Patent Nos. 5,348,982 and

5, 545, 674 haysyepx kow| sudfusrand nifragen contenty sercrally coatainingeless than abowtat ent

No. 4,568,663, e f i ch . S,lncerponat herei p by, reference. 30] GIL
base stoc ?sﬁp Bt 3@&??&%‘?%‘@6 1?%7pﬁ?'3§ﬂt§?u§§ REW: eﬁ&hé’ﬁ&ﬁ?? 9&5‘&‘3&?“ es
at 100C offherRiazkedtni / HIQ [2pe°24 I ; bg,b@j t 3
m2/s to about 50 mlgrlel}lgr,oggrr%rcg’n%?gf er a’g{“?/&fsr omcgqb%ﬁ Bé%aﬁm%)félhgg] bogt 30
me/ s. Thaydfdistiasdzatiarisodedharingot bfr FH dnedenal) edspeeial iy dFOT s ovar i ged/
catalytically (or solvent) dewaxed wax derived base stock(s) used in the
present i §%&AtiplY Mhve ki nematic viscosities at 100C in the range of about

3.5 m2/s to 7 mR/s, preferably about 4 m2/s to about 7 mm2/s, nore
preferably about 4.5 mR2/s to 6.5 mR/s. Reference herein to kinematic

viscosity [634]€" Sint £ pPefRRE Wt MR W TE YA TS Bfiprises 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.



[31] GIL base stocks and base oils derived from G| base stocks which can
be used as base stock conponents of this invention are further

char act ery jcally as having pour points of about -

pref er abl‘i‘/]ég %8191]?%-0%00 or |ower, nore preferably about - Ig@@?oo%@%ﬁz still
more preferably about -20C or |ower, and,under sone conditions may have
advant ageous pour points of about -25C of |lower, with useful pour points of
about -30C to about -40C or lower. In the present invention, however, the
GIL base stock(s%agsed generally are those having pour points of about -30C
or hi gher,[038kf eExismplepofituseiid casmpositaey of Btk hasefock(sy atheesited2C or
hi gher. Ref es rej ou [ ref.e urement. nmade .by ASTM
007 and o1 v i s a0ty dhaB0 988, Rt i 1 esp TR A0 Sammpsy it Firea
from GIL &inliak g@g@#@l rodewaxed or hydroi soneri zed/
catalytically dor 5?vent gg%gﬁé% F-T material derived base stock(s), and
ot her such wax-derived base stock(s) which are base stock conponents which
can be used in this invention are also characterized typically as having

vi scosi ty [036] ceBase sBEkis), derwed fronp vesxar feotly, wbichare glseasuwitable fior wser e
ertain particul ar, i nstances,

referably. 120 ar greater. AddiLionally, in S
!to he vi sco>s/‘Pt 13 B¥ t&n’tﬂésﬁa@ééglcsﬂé’é{% Orfak}"%B’QaBngY—:lF%Eﬁlt}’ denved 1£@P’é‘at er,

nore pref r . gn r refe 1 g er.
For _cxampiypde R ot GorRide ML G Hofert) {diuled oiBOIL
F-T mat er ifabdsto@&P o€ ideralFoil, Woh-mEeAal dil, YndiRpetraleuhs Cos idaYuraldgyef 130
or greater. References herein to viscosity index refer to ASTM net hod
D2270. [ 038igin, agdi feedstockhsuchl bs lmaseorstmock (of)gaarals, shiokawhy, hiaghl fiaels
paraffinic¢ (>90% saturates), and may contain m xtures of monocycl oparaffins
and mul ti 5‘9@%&?1&% Aeoms, dwidspearbpBnralfinatesomagyral jwaxeso Juiraerackates,The

ratio of t p i | €. .1 cycl qparaffi content in.suc onbj nat i ons
varies w ttﬁ&t[ﬁ% %?g{i}f;ét %de%% d('ler?%%)fgf ec??s!rell%ﬁql_l ﬁ?tf%lo,r ® Oét’o%rks and
base oil's gihgr Saitable NARRNE LY, |IM-Fithérdl &D%&-Péﬂg%ﬂnﬁoﬂf $RturaPSBEFR | Y
containing | ess than about 10 ppm and nore typically I'ess than about 5 ppm
of each ofderived evatyenmterials, Theeas Wrfbranetnatl hy drooghy] contpeminds fwi€l cathame

stock and base oi| .obtai ned by the g%groi soneri zation/isodewaxi ng of F-T

mat eri al , TBERREE; @ff aBout-20 gp gréaters pseferably abawt |30 on greptery and mppdneesrefd
mbodi nent_, { he GTL t ock i ffini terials that
const st prughiomRreig RBfeRoRaE ke SOTRE AR BaREE M onl y i nor amount s of

cycl oparaffins. These G| base stock(s) typically conprise paraffinic
materials that consist of greater than 60 wt % non-cyclic isoparaffins,

pr ef er abl J03T7eat Blackhaax86s théo war- eacoveted Segar ahy i waxy Ny dropaboar akll y
greater than 85 w % non-cyclic isoparaffins, and nost preferably greater
than 90 wingludinge syathetic sibasnelt fasns-T waxyp o1l of psjroluamsilssbyfso wr
conposi tigns of.GIL.base stock(g),ar ecited in U S  Patent Nos.

6, 080, 301;a“§?r8§éﬁe§%'é‘,’e aﬁwaé}%aggh‘é?"f WA, FRPIQgYS EW?‘&F‘eSQi\é‘?IEiWCh as

i hcor por a fie - (MBE . , j egds,
whi ch ar etnz%lslgys({gl lagﬁ%gﬁ%or( usei’i %ﬁy@ﬁ?ﬁéﬂ ikgg(,ﬁ{éaxgﬁgalégf I Nl ce% I(ﬁ?ds of
| ubri cat i MEK/MIBH.! phidierés 6fl MERMah doRtpepxdile Mitorefrigerative dewaxin

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

m neral oiemplayh pressurized,oliqueied-lpwt bollingrhydrocashansabudoas cpropangjiar,
e.g., fee%zl}ocks such as one or nore of gas oils, slack wax, waxy fuels
hydr ocr aclP¥¥ot t ons, hydrocarbon 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 der38yd vekck waebpbscurtd TRsh YinthetRNeARy dIkdaREEPFLT aoaBeBNds

wi th carbon nunber of about 20 or greater, preferably about 30 or “greater,
and mi xt uvadl wsually thavsomenoatos/ ni oselfiarx and/ dra aéregenc kontaininiga semyiound

content. Slack wax(es) secured from petroleum oils, may contain sulfur and

nitrogen containing compounds. Such heteroatom compounds must be removed

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



[37] Slack wax is the wax recovered from any waxy hydrocarbon oil including
synthetic oil such as F-T waxy oil or petroleumoils by solvent or

aut orefrigeratj ewaxi ng. Sol vent dewaxi ng enpl oys chi such
as net hyl‘ggtzﬁ@é(&%eo?one (MEK), nethyl isobutyl ketone (N:wazﬁ%g))?y@?ies of
MEK/ M BK, m xtures of MEK and tol uene, -"fﬁi-l e autorefrigerative dewaxing
enpl oys pressurized, liquefied | ow boili'ng hydrocarbons such as propane or
butane. [38] Slack wax(es) secured fromsynthetic waxy oils such as F-T
waxy oil will usually have zero or nil sulfur and/or nitrogen containing

conpound dbisiredesulfrizationaties) anse hydepdenirogsaationeUPd)I 50 asalp @¥aidai n
sul fur and nitrogen containing. ¢ 0 ) uch het.eroato gppounds nust be
eroved: by HRSE G BRIORY A HBHOR A e g A ARG SNE o by 13
hydr odesul furi zati on (HDS) and hydrodenitrogenation (HDN) so as to avoid
subsequent poi soni ng/ deactivation of the hydroi sonerization catalyst. [0391
The pr ef er[08d] baJhesprféizedrbasasstocks or drist vsith defive&Tiroma GITL ahategiathy or
fromwaxy feeds are characterized as having predom nantly paraffinic
conposi t i cnsl/emérom evaxyr fersls aneacharacterized asshaving rpredominangtyu paradBnicevel s,
lowto-nil sulfur, lowto-nil nitrogen, .lowto-nil aromatics, .an e
eosent | al ISPERtion R A, R, hafecniogd s Brtin e maturaiss deRga 9% bon
conposi ti Qa_d; LS fi £ d,nd C. s i i ch
her ext entioah S AARHOLT B BRGE 1o KRR A SRRl Vet s
(Bl'), and vwhige pf egsliorl ty of branching, as neasured by the percentage of
recurring nethyl ene carbons which are four or nore carbons renoved from an
end group or branch (CH2 > 4), are such that: (a) BlI-0.5(CH2 > 4) >15; and

(b) BI+0.8 CH2 >4) <45 as. peasur over said |iquid hydrocarbon , .
conposi t i d§4§ls aAwmselerred| @iF]L 1%3@#@998@ ORSROMRESILIRN 1S O sRMPLisiNger

characteri js ry, Vi ng :|l.ess.: 0. 0. Aar j .

hydr ocar bﬁ}a%?fﬁdelésﬂf(ﬁrg%g%yﬁ vvﬁ%?ﬁl nﬁeb{(}gelh %ﬁélg?%engg%%ﬁrp%ﬁn%g,ﬁ%@gs Phan 20
wopm sul f yhe£QRERIDY T PEOFERAHPRS of IndtRYI hpah%en@f(m?,sana haBe prd&imity of
preferably | ess than -30C, a preferred Bl "> 4 and (CH2 > 4) <2275. They
have a norbram¢hibgj 43 mgapwiedtbyothe3kd&ntage af eccagring megthgleneagebdmsmwhichhan 10
hexyl or |onger branches per 100 carbon atons and on average_have nore than
16 net hyl ¢ dABHEE MMIE capbonsaraseevest Bem amcad gnovp Qrabranehgﬁ%bazt@r aed by

ki nomat | o e RBROSCIREE N Vs BeTT B ot o, At v B m@bledny (ay
400) <2900 ok K¥dlquilroctRBh colyabitcasd Wl ed G base ol i's al so

characterized as chrrprl sing a

[041] The preferred GTL base oil can be further characterized, if necessary,
as having less than 0.1 wt% aromatic hydrocarbons, less than 20 wppm nitrogen
containing compounds, less than 20 wppm sulfur containing compounds, a pour
point of less than -18°C, preferably less than -30°C, a preferred BI > 25.4 and
(CH, > 4) <22.5. They have a nominal boiling point of 370°C", on average they
average fewer than 10 hexyl or longer branches per 100 carbon atoms and on
average have more than 16 methyl branches per 100 carbon atoms. They also
can be characterized by a combination of dynamic viscosity, as measured by
CCS at -40°C, and kinematic viscosity, as measured at 100°C represented by the
formula: DV (at -40°C) <2900 (KV at 100°C) - 7000.

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



m xture of branched paraffins characterized in that the |ubricant base oil
contains at |least 90% of a m xture of branched paraffins, wherein said
branched r i are paraffins having a carbon chain ut C20
t o about ‘g?g,%sféh%f‘ecul ar wei ght of about 280 to about %23%200%@?4@?%9 range
of about 650F to about 1050F, and whereijg said branched paraffins contain
up to four al kyl branches and wherein the free carbon index of said
branched paraffins is at |east about 3. [43] GIL base oils, and

base or 1 o mppraabianehehperassoEameietizs Thith Soeibriaanhalss Sy GORGERS od
hyd bap, o, Elescher,- T h b il I

Pt o sal 7t ef99es SEATRRLN AP BEACHE, bl SPRECT AR SuRhie pdiafiing © '
equi pment 478 ibat A%y hak 28 dation dRANKRMRRR 0 abBuPCNCEh IR (Y| AhRAe&ilas Of

ever increasingly reduced sul fated ash,” phosphoruS and sul fur content to
meet ever weigheadi atgdut 28Gtto i aiour e562)va boilived) rahge fudbriut GBI FSteclaboid s,
known as | ow SAPS oils, would rely on the_use of base oils which

t hensel vesl0507Ke padtwherey saidrbrapohest parafang gpntain upor {our alky lpbresghes us
tent. Such il i | f | at i th itives.
Even 1t ¢ mbdyReein B e BaboRades REFriddueRthRipara M R ot feait elodtat n  °

sul fur and/ or phosphorus the resulting formulated lubricating oils will be
| ower or |ow SAPS oils as conpared to lubricating oils formul ated using
convent i orfg43 n€rHL basd ollasandhpdiodewakdd,] orlloydroAdmdrivedidarilgticaily o or
vehi cl e engi nes ébot h spark ignited and conpression ignited) will have a

sul fur corsokyanthdewaxedwaxdrase eils, fosrexmmdel Ry dvosomerized drdyaroderaxed
preferably 0.5 w % or l.ess, nost preferabl 4 % or |ess, an ash content
b °1°2" e R s¥aieSfzed Edrofrhond g o BrehEaropsily &vaxy cRERIOSAPB. RaSK 56 or

| ess, and phaos S e 0 ef . 9

| ess, nor e(mpsr gﬁe?ﬁ%ﬁy %rcgépovv%\&% aII(PdeiD 2’6 %%%I{ugf)cr%g}ée}{rtabﬁ}g% %I)SSQle Q/y%t}{%ﬁ{ess,
and in cerdmbnl | GSgiRAL eequipiRAt PhRhafRBnérd. 4Rl V8i?0 mlesdrs to Producd 45]
VWi | e theégreferred base oils used according to this invention are GIL base
oi | s, ot hdormylat¢dvils ofiever mpredsinglyatdudtdsulfatpd takky plrosphbsus drad swlfar be

used in the invention include pql yal phaol efins (PAOs), .aliphatic o
aromati c CONHILI0] MEEL £XFL }n%ﬁ&ﬁé]& festragtive eayisprmeniqd regelafipRe, PAOS,

whi ch are 0 [w]]iei Aer avgl. | abl.e o | gnai'al
scale f roné‘ﬂ;étl\pl)% Ier sdrssﬁé:‘ﬁ. g@&?@ﬁmﬁé%dcﬁ% altﬁ&ogr%e:r??bg?e@? n, .‘f’éh

BP- Anoco, taeﬂsarvegriﬁhefdma/caké ¥f Y& Yor! Zerd YRRl saMer afe phespkatudlconiidht
from about 250 to about 3000, or higher. PACs are conmércially available in

wi de rangeSurh dilnedehiusediasdesitdibsscansbe fiomsylated withadadalitivdOOEwé&n if Kié at
100C) and up.to about 3000 cSt (kV at 100C), or higher. The PAGCs are
typi cal |y agiprs seid addifiyer oigelidedy 1polthere famsiation gepmtain osulfin ARV i ns

whi ch i ncl yd but are ngt. Lidited t about C2.to.about C32 al ph fins
Wt abourPesppftB FeQling RihBfaut s netelibe T il dRdhe's prJeBoSRRS

1- dodecengirnas tbfphiddto MebrichtiipCbRS Tofmuikh&l H§‘ﬁgeédrﬁﬂén%hmahﬁﬁéﬁl AR
are poly- 1-octene, poly- 1-decene and poly- 1- Jo ecene and m xtures

t her eof arbdsestoelfsol efi n-derived pol yol efins. The diners of higher ol efins
in the range of about C8 to C20, preferably Cl4 to C18, may be used to
provi de | ow viscosity base stocks of acceptably Iow volatility. Dependi ng

or edon ranb iyl 17 A SR fortn fa s, ot Ve R Fheings ol shefl leniea, ands.

anount s of is -0l | Ve ' i i C
Vi scosity cé’%‘ﬂ%%gé&?g%fgﬁg%@nfv aeb%/gltﬂﬁil.cwgf %gﬁ? E)?E%sggp Pefﬁ?gfwg'fo base
oi I's may bet% oriesy, gndreypreberably 0 Shetdobry Iess, matt prefedabhn0a piobetdss, i n

the presence of a polynerization catalyst such as the Friedel Crafts

cat al yst s amnshuepnignt 661 .2x4%poe less) prifarably 0i& wtde ondessoonaene preferablyr i de
or conplexes of, boron triflyoride with te ohol s such t.hanol ,

o opanol - SFF BIYARB IS R ashGRI o Rsh a1 86 BE fesSs PRy BTn Bl SAD o

et hyl propyj t I ) hods .fi dﬁ%?t 4 Y/ r USP
3,382,29lR%gg%bgunEq%gﬁ¥aﬂgégg%P@ﬁ?ﬁ%lusé Sgpéﬁﬁﬁﬂ’ ?ér eﬁ%éﬁ%?%&ﬁgpof
PAO synt hdficertaineink@mies, eveh peefcpaBlow. 0% wilsor fRa§.ent 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 diners of the Cl4 to C18 ol efins
are described in USP 4,218,330. [47] Oher useful synthetic lubricating
base stock oils such as silicon-based oil or esters of phosphorus
containing acids may al so be utilized. Exanples of other synthetic

| ubricati ng base stocks are disclosed in "Synthetic Lubricants”, Gunderson
and Hart, Reinhold Publ. Corp., NY 1962, which is incorporated in its



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

napht hal ese types of base oils, alkyl substi pically
al kyl grﬁﬁg?o%*ﬁé(%ut 8 to 25 carbon atons, usually fro%?gg%%?ﬁ@g“%% 18
carbon atons and up to about three such gqbstituents may be present, as
descri bed for the al kyl benzenes in ACS 5etro|eun1Chenistry Prepri nt
1053-1058, "Poly n-Al kyl benzene Conpounds: A C ass of Thermally Stable and
W de Liquid Range Fluids", Eapen et al, Phila. 1984. Tri-al kyl benzenes may
be produced by the cycl odi nerization of 1- alkynes of 8 to 12 carbon atons

as descri in . Batent. 5 5 626. O her alkyl benzenes are described in
Eur opean E@ggjﬂ ﬁi@l? E)}?ﬁ p{ﬁferlrgg% Oglﬁd’SEﬁé‘.ccngf%%?O ﬁ}l%i‘%‘,’_ ¥n are érIJL
Al kyl benzenigs ilsEottiepd ﬁ‘ﬁle{ie.l?ﬁfs(iﬁ% bga&@d?‘(ﬁﬁgfs Het?i@8fs Qhagscanel%)ﬁﬂcﬁl ly
for | owtenperature ap%llcatlons arctic vehic service and refrigeration
oi I's) and inn thapiiveakiong indlude Ebmalﬁiabl@mwﬂﬂbi@b),yaﬁphﬁﬂi@bbﬁ aropiatic

suc

producers of linear allcylbenzenes (LABs) as_Vista Chem Co., Huntsman
Cheni cal ®arboxoHisy egarscrhasphoricacid gstersi ppbtheilikecd’hel PAGs, which are

al kyl - benzenes typical | ave d | ow pour points and | ow.te ragure

Ui seosi 11 ety mAtepals, ud neflly anatablsotn " goRior GuBImErciah shlgoBem

sol vency f i & ye . ' ' _ e en
desi r ab! o SPRAGE LA, ERIEMAbIEL kR o CRbary” b in B - AdRE i * 2
H gh Perf thna@;:géﬁumy iw’ilyﬂin FushBee avé%%f&h@l%cul‘dr WEBRP ffom (dBout -2 58htebki n
(Ed.)), Marcel kker, , 1993. [49] kyl ene oxi de pol yners and

i nt er pol yrabout S0 rori higher.i vBAIQs: are monanaicia)lynavailalbld ire wideatangy dofoxy|
groups obtai ned by, for, exanpl esterification or etherification are

. e,
useful syr€ipematc VigsOPItRE sHehaas, ¥p tepbart 104 c8kdnpirb 100 Heksandpp o ghgute -
obt ai ned ol {.zatiaon, et hyl ene i de. or. propyl ene oxide,, the alkyl
and aryl g%@r Qggﬁf(%égel%goaio?pg%@?rengﬁ}ﬁ)ﬁ)ﬁéﬁ SArg Pm?lypspmpék§5¢o<p§| ene
gl ycol et i e I I f 0 L phenyl
Gther of pocoORHiaRey BBRESORRTE' G pibBhshnd v R he o b BBO 00
and the dilghfivd te! houbfCPeb YaBARYCE N AlSHAtTIns it Gbduft £ aoutecght  of
about 1000 to 1500, for exanple) or nono- and poly-carboxylic esters
t her eof (tdlphandéfing swdhd asstleostenej Xedehed I-dotgcanei dndstles sliker being

C130x0 acid diester of tetraethylene glycol, for exanple). [50] Esters
conpri se @regﬂqm Bhe prefered polilphpoletias aye pely-Arerters Polymipdesesel and,

characterisgi Gs secured b he e of ester ugh.as,th st.ers of
i baoi ¢ adiol g BR ATE ERwR ent " vl ik S PR <
aci ds. Estpy i il el t of

di car boxyl i cesg}gl{ledrg rtgﬁuf(fl:l hg?:blpe}]f%fﬁzllni igﬁa%iﬂg? iﬁbﬁg%ﬁ?&‘” r@?%f‘ﬂg %E‘i tvr(1)i c

aci d, al kdlyg| nsayc dienusedhabdprovidei lowaoiistosityebasec stuvkd, of Weeeptabhcilow
sebacic acid, fumaric acid, adipic acid, |linoleic acid diner, malonic acid,
al kyl nal olatildy; depeanding pn the viscesity: Berdecand thewstarting oligonesry thef PAQsohol s

h but yl ,al | . h . al coh dodecyl. al cohol , 2-et hyl hexyl.
2l conor , dpdy bR R pminatiiisiBeri i heutlngis it Bortading: efins) b TRk v
di pate, ks | o d- i oGt te,
i1 oot y il BOAE R GREGALE,  Most pebhoply PG hayih Gt Kinenfatitoat ©
pht hal at e,vistiositg @s ¥ D03€ kawging fraxh@bout 5] toPE t$tcarkarsky, useful synthetic

esters are those full or partial esters which are obtained by reacting one
or nore pol yhydric al cohols (preferably the - 18 - hindered polyols such
as the nedfi46) yl PAG pate pile.mgay beaomeehientlgl madé byt thie rpailiylesizatdomh afiean

2-met hyl - 2- propyl-1, 3-propanediol , trinmethylol propane, pentaerythritol and
di pent aer @phaoléfin injthg pregenest of 2 pelyraenzation eatabyst|ssebt asbaritFriedehr bon

t b] t. 0 acid t trai,ght chajn fatt
2O (ot e T o e P Euhde oo
palmtic %&'c@mgﬁ&fé%%ﬁb&%hﬂrit?!o@fﬁé‘ withGhater, ALK SRELE §%t}f£no?,r rofénol
correspondi ng branched chain fatty acids or unsaturat eg atty a%l s such as

ol ei ¢ aci ay.butdridl] cabiokglit eacidsbhestees ssdlens ethydaieerdts or rethyldprdpienatet er s
of trinmethyl ol
or example the methods disclosed by USP 4,149,178 or USP 3,382,291 may be



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

about 5 t‘gogpél}rltzdog carbon atons. [53] Silicon-based oipkﬂlﬁé@sggﬁgper

cl ass of use synthetic lubricating oils. These oils inc al kyl -,
pol yaryl -, pol yal koxy-, and polyaryloxyigiloxane oils and silicate oils.
Exanpl es of suitable silicon-based oils I'nclude tetraethyl silicate,
tetrai sopropyl silicate, tetra-(2-ethyl hexyl)silicate,
tetra- (4- et hyl hexyl) ) o . .
si i cat e, teonvgnieptlyalsed therging HOther \dsseriptions AERNO synthesisare fowadhinhe
di si | oxan ol. yl) sSi ne ol y- yl = W ARY ]
si | oxanes%ouﬁgﬂ%{é mjghe%ataléagg%ﬁf S%}%f’ﬂé ! cy’l’/ﬁgﬁt at Priy % (}/’i sijzg%é%g’ of
phosphor o aign I dSr4ThRe e, ohplude, anples.okRisRTes
phosphat e%%?f’gg?yl4%{1%égﬁag§34d@h‘;fplg’g?gf 46?%dégghep osphohi ¢ a)crﬂ!hcf
[ 55] Anot hitmeed 8 theo€,,ablGysiolefingiae deatsibed i USP 4,208 330 urans, their
derivatives, and the like. [56] The conpositions of the invention conprise
a maj or amount of a lubricant or hydraulic fluid and an effective anount of
at | east (047pub@ithértssdulNsyithetic dubylicavinghlbasel stoeld oilsisaeh astsilicordbased By a
maj or anount of a lubricant or - 19 - o
oil or esters of phosphorus containing acids may also be utilized. Examples of
other synthetic lubricating base stocks are disclosed in “Synthetic Lubricants”,
Gunderson and Hart, Reinhold Publ. Corp., NY 1962, which is incorporated in

its entirety.

[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 U.S. Patent 5,055,626. Other
alkylbenzenes are described in European Patent Application 168 534 and U.S.
Patent 4,658,072. Alkylbenzenes are used as lubricant base stocks and base oils,
especially for low-temperature applications (arctic vehicle service and refrigera-
tion oils) and in papermaking oils. They are commercially available from
producers of linear alkylbenzenes (LABs) such as Vista Chem. Co., Huntsman
Chemical Co., Chevron Chemical Co., and Nippon Oil Co. Linear alkyl-
benzenes typically have good low pour points and low temperature viscosities
and VI values greater than about 100, together with good solvency for additives.

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



hydraulic fluid, it is neant that the lubricant or hydraulic fluid is
present in an anmount ranging fromabout 50 wt.%to about 99 wt. % e.qg.,

from abo 99to0 about 95 w. % based on the tota j he
Wo (gz‘le 4 CHRIsI8ts0Rd013

conposi tion. an effective anobunt of at |east one substitute

N -di aryl -m phenyl enedi am ne antioxidanty_it is meant that the catalytic
antioxidant is present in anounts ranging fromabout 0.001 to about 5 W%
and preferably fromabout 0.01 to about 1 w % based on the total weight of

conposi tion. The antioxidant nay be used alone or nmay be copbi ned wth
ot her addiexamgle, 11y 5yniketicolnbreants %dobigl@iPeegﬁsmatnﬁ@ Fupgtianghdlgids”,

hyd i | uid Pt i . g ] ”
e el | Dl S3TRAS) 5, BRL Ol PSR AT RRY= By, i no an
N -di aryl - m phenyl enedi am ne antioxi dant to the conpositions. [58] Fully

o COSOTPCAL R 53R ARG | BEAfRALYT o

or hydraul rerve, I'nclude, t VI SCOSity
and Vi scosionYaihiHge mbdified" @EEmindt hhi’@roﬁkzl y@rlolaps e5Btafied By O i dxawmipieosi ty
i ndex inprovers, netal deactivators such as triazoles and thiadiazol es,
extrene presssifi@tiandoraetheridmatiandire ivseful syntheic hibocpting evilsst By, wawi ofe
phosphate and sul furized ol efjins, antirust agents such as_carboxylic acids,
di sper santeXample, these pilsi may; @sqbtamdf%mimeamn%& ety lengt 9BHe 201 ew,

The amount_ of such othepn additives_ included dn the fornubation wll be the
arount ¢y AroBy RYE Fudde ther Bk el S G BesE pol TR LS o1y mert
applicati L b NRatvet | IoC t
i it ed tg?ﬁ(t:liflﬂc%(ln 5 ioﬁgm%si]?g% ydrlgél}fliécﬁ? i ayoragt e@?%é’é@ugﬁefgs},ﬁ e al
wor ki ng f labiods 1 0@dodiphenyll ethendf polyetatlene giywod hiasigon midlacwlar weigiit] ofThe
followng non-limting exanples are provided to illustrate the - 20 -

i nvent i on.abexinl(=8000,] e the ediethyl oethes npbnalypriepylenee glyeatuhavieg #nd

| uat ed for tioxd dati r.o ies e.unaddi ti zed base oils used were
1 s anQlep i  ReE ot foRORERY ' 6° s cratnERimble G BRSO gt w1
a kV a 10 : ) i QX . i f | at
conposi ti %%gmv)\g?l g%@%ﬁfgﬁéygégg‘?ﬁggl %g%%?k%étdégﬁﬂéﬁgn{/bﬁ&gﬁeﬁsé %rol d by
G ba underh¢ By;0xedeidndiostet b enethydéne@plcal, for examgle).

N, N - bi s(2, 6-di met hyl phenyl ) - m phenyl enedi am ne (nPDA) of the present
invention. [62] The data was collected using a DuPont DSC Model 2920
pressure (050kr eBsicad comapriseng catful i baseestockhe Additivessolepncy exhd Beal
follow ng tables are for L.
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.

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

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



| sot hermal oxidation runs carried out in air (100 psig) at 1809C using open
al um num pans and 6.5ng of sanple. The sanples were heated fromroom

t enper at ygg (93/132%9530 at 10C¢ mn and then held isot hernah,k;m}sgoog}amotlpr t he

time taken or Oox1 dation exothermto occur. The oxidation induction t

(OTT) for each run is shown in tables. T is calculated as the

extrapol ation tangent to the exothermfroma plot of heat flow versus tine.
The OTT is defined as the amount of time taken for the depletion of the
antioxidant. In other words, the AT is the anpunt of tine befqre_ oxidation
of the | uthindened momlaramh casnlmed neppertyl coalyalsat re\ge, m@pﬁn@é gl 2 and

shown i n- TBrenglo] G805 TRl et Ry G oOBIBBHELaY. SHMEURIG opidbaRe”
pentaerythritol and dipentaerythritol) with alkanoic acids containing at least
about 4 carbon atoms (preferably Cs to Csg 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 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.

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

phosphate, diethyl ester of decanephosphonic acid.

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

derivatives, and the like.

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

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



Additive, w% Oxidation Induction Tine, Mnutes Conp. 1 None 4.2 Conp.
L57, 0.5 wt% 42.5 Exanple 3 mPDA, 0.1 w%
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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-m-phenylenediamine antioxidant,
it is meant that the catalytic 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 may be

combined with other additives.

[057) Antioxidative properties of the lubricant or hydraulic fluid
compositions of the invention are improved by adding an effective amount of " at
least one substituted N, N'-diaryl-m-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.

[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



58. 6 [64] As is shown in Table 1, the m PDA antioxi dant of the invention
provi ded the OTh base oil with better antioxidative properties at |ower

concent ra‘k,b%‘?s/ﬁ%?geasured by the OT as conpared with ?Qgﬁg@@p@@l I6y

avai |l abl e anti oxidant, L57. Conparative Exanples 4 and

[65] The procedure in Exanples 1 to 3 w 6_fo| | owed except the base oil used
was a PAO base oil. The results are shown in Table 2. Table 2 Additive,
wt % Oxi dati on I nduction Tine, Mnutes

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 mm?*/s and an unsaturated PAO oil with a kV a 100°C of
6 mm%s. The antioxidants used in the formulated compositions were a
commercially available alkylated diphenyl amine sold by Ciba under the trade
name Irganox L57 and a N,N’-bis(2,6-dimethylphenyl)-m-phenylenediamine (in-
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 180°C using open

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

temperature to 1800C at 10°C/min and then held isothermally to monitor the
time taken for oxidation exotherm to occur. The oxidation induction time (OIT)
for each run is shown in tables. OIT is calculated as the extrapolation tangent to
the exotherm from a plot of heat flow versus time. The OIT is defined as the
amount of time taken for the depletion of the antioxidant. In other words, the
OIT is the amount of time before oxidation of the lubricant or hydraulic fluid

ocCcCurs.

Comparative Examples 1 and 2 and Example 3

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



Conmp. 4 None 2.7 Conp. 5 L57, 0.1 wt%5.1 Exanple 6 mPDA, 0.1 wt% 14.6

[66] As can be seen in Table 2, the in-PDA antioxi dant of the present

i nventi or\vgrzg(ysj/l? 4the PAO base oil with better anti -ox&,@q}ds}é(ﬁ)sﬂpﬁwrt i es
y e abl e

as measure O T as conpared with the comercial ly aval

antioxi dant, L57. -91-
Table 1
Additive, wt% Oxidation Induction
Time, Minutes
Comp. 1 None 4.2
Comp. 2 L57,0.5 wt% 42.5
Example 3 m-PDA, 0.1 wt% 58.6

[064] As is shown in Table 1, the m-PDA antioxidant of the invention
provided the GTL base oil with better antioxidative properties at lower
concentrations as measured by the OIT as compared with the commercially

available antioxidant, L57.

Comparative Examples 4 and 5 and Example 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 L57,0.1 wt% 5.1
Example 6 m-PDA, 0.1 wt% 14.6

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

L57.



- 22 - [67] In the follow ng exanples, Exanples 7 to 9, the substituted N,
N - di aryhm phenyl enedi am ne anti oxi dant is synthesized using different raw

mat eri al (5‘51329%%?&5 different catalysts. Exanple 7 Syl%?ﬁ%ga)sg 1012

N, N -bis hyl phenyp- m phenyl enedi am ne from 1, 3- ronobenzene and
2,6-dinethylaniline in the presence of _ gl_l adi um

acetate/tri-t-butyl phosphi ne catal yst ? 8] In an argon gl ove box, 0.80
nmol pal | adi um acetate, Pd(QAc)2, and 2.2 mmol of solid

tri-t-butyl phosphine, 1313u3, were conpined in_20nL of toluene. The m xture
was stirrd@6Zhti Inthe foliowing xamples.vEgamplasny ytor Py shg zgbstituind &Y, N'-

1, 3-di bronpbenzen added to the m xture fol.l omeqd by. 74 | _qf 2, 6-

di met hyl aﬁ?ﬁyﬂ'g"&’%y‘%n fnige Qgﬁ?)ﬁl:aaflér'ts- ﬁ@?ﬁ?ﬁ’&&g lﬁémglﬁ?}%ﬁfﬁ F8%ct i on
m xture 3 @ intained at about 110 C for

appr oxi nﬁ?@ﬁ%&eﬁw%?g?@%ﬁg%%gy 14 h, the argon gl ove box was
opened and the reaction m xture was qui ckly quenched wi th aqueous anmmoni um

chloride (40 g NHMC1 in 80 m H20). The toluene | ayer was separated from
t he aqueo 7 and washed twice with 80 nL with deionized water. The

tol uene | gyer_was ' qver nesi sulfate S, and filtered. The
t ol uene %@ﬁhm of o R rir e aithe iRy 2y)-uyphenyvlepediamine pPlars began
to form Tibrewiobeneenegnd 2)6dimethxlanilinein theopres¢nce of palladium C and

mai nt ai necicetateMiri>t-batylplwisphind catalysthours. The crystals were isol ated by
filtration and dried under vacuum The yield of isolated

N, N - di aryl - m phenyl enedi am ne was 6.28 grans, GC yield of 100% The GC M5
spect rum J068kst &n ahargamglovedrns 0.8Gmanal pejladiwnrasetate] Bd(dAg),2anth28 of

T, 3-di br oTBBO Ao a5 PULADRTRIRGk Pueers eEPyIoEL BBt oftekgpied

pal | adi “mﬁ%%'iﬁﬁrec%B ls{ipt%d(iﬁ’lttﬂltﬂé i’d(OAc)z dissolved. Twenty-five (25) mmol of
1,3-dibromobenzene was added to the mixture followed by 74 mmol of 2,6-
dimethylaniline and 75 mmol of sodium tert-butoxide, NaO'Bu. The reaction
mixture was heated to about 110°C and maintained at about 110 °C for
approximately 14 h. After approximately 14 h, the argon glove box was opened
and the reaction mixture was quickly quenched with aqueous ammonium
chloride (40 g NH4Cl in 80 ml H,0). The toluene layer was separated from the
aqueous layer and washed twice with 80 mL with deionized water. The toluene
layer was dried over magnesium sulfate, MgSO, and filtered. The toluene layer
was concentrated on a rotary evaporator until crystals began to form. The
toluene layer with crystals was cooled to about -10 °C and maintained at this
temperature for 24 hours. The crystals were isolated by filtration and dried
under vacuum. The yield of isolated N,N’-diaryl-m-phenylenediamine was 6.28
grams, GC yield of 100%. The GC/MS spectrum suggests that the product is a

single compound having a mass of m/e316.



[69] In an argon gl ove box, 0.168 muol of

di chl orobi s(di-tertbutyl phenyl phosphi ne)pall adium (11) was conbined with
40mL of t stiffed for about 5 m nutes. To theypm nrol
of 1,3-di‘§l§’grﬁr@g'ez?§z?’gne was added fol | owed by 25 mmol of E%ﬁg@g’t"l@f‘gm i ne
and 25 rrunol of sodiumtert-butoxide, 013u. The reaction m xture was
heated to about 110C and mai ntai ned at &bout 110C for approxi mately 14 h.
After approximtely 14 h, the argon gl ove box was opened and the reaction
m xture was qui ckly quenched with aqueous amoni um chloride (10 g NH4CL in
25 mi Hz20)Examplet®| uene | ayer was separated fromthe aqueous |ayer and
washed twige with § L,dei Gni z?’g V\@t eh: The ol uirae l,ayer was dried over
magnesi um g8 o liagylm-phenylepedigminefrom, 1,3-dihromohenzene. o o g
on a r ot arandyHdimetdhylaniline in the:presencejefpreformedh patladivm compleXas

cool ed t o compling déaalysand nmi ntai ned at this tenperature for 24 hours. The
crystals were isolated by filtration and dried under vacuum The yield of
isolated N, N -diaryl-mphenyl enedi ami ne was 1.44 g. The GC/ M5 spectrum
suggest s t[06P] t hén prapduargons glosiengbex,cobdé8n hek dicidombistdera16.

Fram 1. UPORGTeRoSHub e BOBAR Ao R+ Rat Abeil S FRlSGhe ™ "
0. 160, mrol SRS B R0 B FRREET s L bF L AP oRRePhi o
conbi ned Wyidadddd fodfovied gyleag Affb] Bfi 2,6 &limletiy 1 aMiduE and D NHAS] ofl Sodilim

m xture, 8.5 mmol of 1, 3-di bronbbenzene was added foll owed by 25 mmol of
2, 6-di i sopedgyitaxidej NaQiBa. 2T henredactibn mdures wis Uhmatest to abbukild 6°C NaxiBu.

The reaction mxture s h ed to aboyt 110C and i ntai ned at _about 110C
for appr oﬂpﬁ‘ﬁ‘%n?éj f&ﬁ.wg!d& ﬂi@“%gglz anpwa&l@pgﬁjfzz!ﬁ, 1 n@”ﬁa& geproximetely dt has

chi o1 do (b e AEYEbElA SoEadf andthé st BHIRATE Yot Qo RRATBMBUGRL O

It he aqueougith ab)é]%oﬁ@@nﬁﬁéﬂ% M GEdN(L b %SIH]CIdﬁi 081 e \BY etheTf&uérR:' uene
ayer was dried over magnesi um sul fate, S, and filtered. The tol uene

| ayer was layercevasr sdpachtod fromotlee aqeeayodayerr andhtwashedysviak swithg80 mb. f or m

The sol ution was_ cooled_to about -10 C and naintained at this tenperature
for 24 houlesonized Watsist Ahe tokieaeilaygrawvas deigdiqver mpagnssiun suifiefe MgRtls

Theta vo Ddthifipha’, RO LESe N o e dRAEd Sy Pl BT w1 9
mass of mM@y4aR bebdh 4 fbrhs ﬂié&lﬁﬂéﬁ%&g%léd‘ﬁ 315@3 -f19'°toxﬁc;19};ﬁﬁﬁm§1 are

i ntended to” cover "all of the generic and speci atures o e 1 nvention

herei n destrthisettnepetatuire for @dehomiss Thetdirgstatoperofisdlinedi by diltration add ch as
a matter of |anguage, mght be said to fall therebetween. AVENDED SHEET
Ri ai al ved dited ynderpacwsmicbhoypicld of sodated N, 2P -dimsden-phepylengdiamine was

1.44 g. The GC/MS spectrum suggests that the product is a single compound
and has mass of m/e 316.

Example 9

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

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

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



(2 6 dii sopropyl phenyl) - m phenyl enedi am ne.
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sodium tert-butoxide, NaO'Bu. The reaction mixture was heated to about 110°C
and maintained at about 110°C for approximately 14h. Aftcr approximately 14h,
the argon glove box was opcned and the reaction mixturc was quickly quenched
with aqueous ammonium chloride (10 g NH,CI in 25 ml H;O). The tolucne
| layer was scparated (rom the aqueous layer and washed twicc with 80 mL
dcionized water. The toluenc layer was dried over magncsium sulfate, MgSO,,

and filtered. The toluene layer was concentratcd on a rotary evaporator until

| S— . A catal tlcﬁ;,t;@m-ﬁant corrprl si ng N Nwhignswﬁ;m

crystals began to form. The solution was cooled to about -10 °C and maintained -

at this temperature for 24 hours. The crystals were isolated by filtration and
dried under vacoum. The yicld of isolated N,N’-diaryl-m-phenylencdiaminc was
1.995 g. The GC/MS spectrum suggests that the product is a single compound
aﬂd has mass of m/e 428.

1071} It is also undcrstood that the following claims are intended to cover all
of the generic and specific features of the invention herein described and alt
statements of the scope of the invention, which as a matter of language, might be
said to fall therebetween,
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CLAIMS

1. A catalytic antioxidant comprising N,N'-bis (2,6-dimethylphenyl)-m-
phenylenediamine or N,N'-bis (2,6-diisopropylphenyl)-m-phenylenediamine.





