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i ncl udi ng passenger car engine oils, comercia
vehicle engine oils, industrial, marine, hydraulic,
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ation, wear and corrosion. One
i mportant property is oxidative stability.
Ant i oxi dants sl ow oxi dative degradation by retarding
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[002] A wide variety of additives are used in lubricating oils, greases and

hydraulic fluids to improve their propérﬁés and enhance their performance.
Additives can improve the performance of lubricating oils, greases and hydraulic
fluids with respect to oxidation, wear and corrosion. One important property is
oxidative stability. Antioxidants slow oxidative degradation by retarding or
inhibiting a variety of degradation chemistries, thereby protecting and extending
the life of formulated oils. Antioxidahcy is described as the ability of an
additive to delay the onset of oxidation by effectively quenching radicals that are

generated by a system.

[003] Many conventional antioxidants are stoichiometrically consumed in the
degradation process. That is, conventional antioxidants are consumed in
neutralizing a variety of degradation chemistries. More effective antioxidants
are catalytic antioxidants. Catalytic antioxidants extend the useful life of
formulated lubricants and may be used in significantly reduced concentration

while maintaining good performance levels.
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reduced concentration while maintaining good
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therefore, to provide |ubricating conmpositions and

hydraulic fluids with antioxidants that perform nore

i ke catalysts in their antioxidation function,

t hereby enhanci ng the perfornmance and extending the
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of the invention. [009] In still another enbodi nent,
there is provided a nmethod for inproving the

' ¥ i NI#ON n conpositions using the
substituted N, N -diaryl-ophenyl enedi am nes

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

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

[007] In one embodiment, there is provided a composition comprising a

lubricant or hydraulic fluid and a minor amount of at least one substituted N, N’-

diaryl-o-phenylenediamine antioxidant.

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

substituted N, N’-diaryl-o-phenylenediamine antioxidant of the invention.

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

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

phenylenediamines of the present invention.



of the present invention.[010] Oher objects and
advant ages of the present invention will becone
wo20e28s%p fromthe detail ed description that fpelassosoos011

[011] The antioxidants useg in this conmposition

i nclude those having Formula | where R1, R2, R3 are H
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DETAILED DESCRIPTION OF THE INVENTION

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

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

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

exhibit good levels of oxidative stability.

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

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

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

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



schene and neeting a particul ar specification. Base
oils conprise at | east one base stock. [016]
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one or nore of a mxture of base stock(s) derived from

one or nore Gas-to-Liquids (GIL) materials, as well as
hydr odewaxed, or hydroi soneri zed/ conventi onal
catalytically (or solvent) dewaxed base stock(s)

deriyved from nat ur x or waxy feeds, m.neral and.or
cdigiiphar B Rcka et B bedt ptocsSRor e PhiEhg lRbaRany, or
: . SHSh . waxy
8315 u eﬁféﬁy S rio ¢ ?5% E e %h\k/]%ﬁogﬁ{sa?l%\ﬁ?( y r a% n%%jﬁaeh Sffes.
hydr ocrackate, thermal crackates, or other mneral,
mneral oil, or even non-petroleumoil derived waxy
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processes from gaseous carbon contai ni ng conpounds.

baestaokabl y, the GIL base stocks are derived fromthe
Fi scher-Trospch (FT) synthesis process wherein a
synthesis gas conprising a mxture of H2 and COis
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I si ncorporated herein by reference. .
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 hon-petroleum oil derived waxy materials such as waxy
materials received from coal liquefaction or shale oil, and mixtures of such base

stocks.

[017] 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
example, in U.S. Patent Nos. 5,348,982 and 5,545,674, and examples of suitable
catalysts are described in U.S. Patent No. 4,568,663, each of which is



[018] GIL base stock(s) are characterized typically as
havi ng ki nematic viscosities at 1000C of from about 2

WO/ 233840 about 50 nmR/s, preferably from abowcTASANR/084011
to about 50 m2/s, nore preferably fromabout 3.5
m/s to about 30 nmmR2/s. The GIL base stock and/or
ot her hydrodewaxed, or hydroi sonerized/ catal ytically
(or solvent) demaxed wax derived base stock(s) used in

. the e ilon have ki nematic viscosities at

\ “ﬁ%ﬂﬁP'Fﬁ eﬁgn %ﬂfeQﬁw%bout 3.5 m2/s to 7 m/s,
preferably about 4 nm2/s to about 7 mm2/s, nore
preferably about 4.5 Mm2/s to 6.5 mMm®/s. Ref er ence
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condi tions may have advant ageous pour points of about

usedam the presest m\mntlbndmd{mpmatlc p’@$0®51§1€l§fat d99GE€ in3becange of

bR O Cr B4 SepiserapL% foabich s 81 P o, more
prtePe(??ﬁlyangthg 4p9 hSef nﬁltﬁo}ét ﬁgfg&r&r HE%FI? tob ku%ematlc

about C or 1i ghe nore prerera

v1s%ﬂ§ r@fer@ k@ BQﬁeasBﬁérﬁéﬁﬂ%ﬁde Dgr&SITM fheltlRod DAgisnt ref er
to measurenent nade by ASTM DB7 and simlar autonated

versions. [020] The GIL base stock(s) derived from GIL
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be Bi& agl 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.

[020] The GTL base stock(s) derived from GTL materials, especially hydro-
dewaxed or hydroisomerized/catalytically (or solvent) dewaxed F-T material
derived base stock(s), and other such wax-derived base stock(s) which are base
stock components which can be used in this invention are also characterized
typically as having viscosity indices of 80 or greater, preferably 100 or greater,

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



deri ved base stock(s), and other such wax-derived base

stock(s) which are base stock conponents which can be
wousesh eyt hi s i nvention are al so charact eri zegcT/us2008/004011

typically as having viscosgty indices of 80 or

greater, preferably 100 or greater, and nore

preferably 120 or greater. Additionally, in certain

particul ar i nstances,the viscosity index of these base

tocks.may .be preferably 1 r e f
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essentially nil.

[022] In a preferred embodiment, the GTL base stock(s) comprises paraffinic
materials that consist predominantly of non-cyclic isoparaffins and only minor
amounts of cycloparaffins. These GTL base stock(s) typically comprise
paraffinic materials that consist of greater than 60 wt% non-cyclic isoparaffins,
preferably greater than 80 wt% non-cyclic isoparaffins, more preferably greater
than 85 wt% non-cyclic isoparaffins, and most preferably greater than 90 wt%

non-cyclic isoparaffins.

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

herein incorporated by reference.



paraffinic materials that consist of greater than 60

wt % non-cyclic isoparaffins, preferably greater than
woSosM2%0400n- cyclic isoparaffins, nore preferalpct/us2008/004011

greater than 85 wt % non-cyelic isoparaffins, and nost

preferably greater than 90 w % non-cyclic

i soparaffins. [023] Exanples of useful conpositions of

GIL base stock(s) are recited in U S. Patent Nos.
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oth¢meunidablei mingreh-oM, neoremioétal oibnneeipetriotzym, or natural source
nat yral source dey.i ved Xy rials, |inear or )
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from any waxy hydrocarbon oil including synthetic oil

such as F-T waxy oil or petroleumoils by solvent or
torefrigerative, dewaxi ng. Sol vent dewaxi ng enpl oys )
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in&ﬁhm’gl sil/l?t?lgﬂay(lil %ﬁ&ﬁ”aes fTM' %VKng '&lxgru rp%?ro?éum oils by solvent or
autorefrigerative dewaxing. Solvent dewaxing employs chilled solvent such as
methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK), mixtures of
MEK/MIBK, mixtures of MEK and toluene, while autorefrigerative dewaxing
employs pressurized, liquefied low boiling hydrocarbons such as propane or

butane.

[026] Slack wax(es) secured from synthetic waxy oils such as F-T waxy oil
will usually have zero or nil sulfur and/or nitrogen containing compound
content. Slack wax(es) secured from petroleum oils, may contain sulfur and
nitrogen containing compounds. Such heteroatom compounds must be removed
by hydrotreating (and not hydrocracking), as for example by
hydrodesulfurization (HDS) and hydrodenitrogenation (HDN) so as to avoid

subsequent poisoning/deactivation of the hydroisomerization catalyst.

[027] The preferred base stocks or base oils derived from GTL materials
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[029] 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.

[030] The preferred GTL base oil is also characterized as comprising a
mixture of branched paraffins characterized in that the lubricant base oil contains
at least 90% of a mixture of branched paraffins, wherein said branched paraffins
are paraffins having a carbon chain length of about C,, to about Cy4y, a molecular

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



[029] The preferred GIL base oil can be further
characterized, if necessary, as having less than 0.1
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oils as compared to lubricating oils formulated using conventional mineral oil

base stocks.

[032] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wt% or less, preferably 0.6
wt% or less, more preferably 0.5 wt% or less, most preferably 0.4 wt% or less,
an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more preferably
0.4 wt% or less, and a phosphorus content of 0.18% or less, preferably 0.1 wt%
or less, more preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and

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

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

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



formul ated oils of ever increasingly reduced sulfated
ash, phosphorus and sul fur content to neet ever
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use of base oils which thenselves, inherently, are of
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Such oils when used as base oils can be formul ated "

d e n.if.the v,
oAt hbRRE Stk o PR it el phd e e g, #/4Ds, which are
kﬂHWﬁHhQ(eHﬁlst '&ﬁdrgéﬁéra Sﬁwa%ﬁw dhes hyfori &ﬁhh{wcl@l seale from
be | ower or APS oi |l s as conpared
sdpphlers: s @s di)beorﬂ\dohﬂl Ghadiaat iCampamy, e@hewmmL Bﬂ-memabo and
oi | base stocks. [032] Low SAPS formulated oils fo
others; dypically vasy lpbmm ep averagg inelegulas qweighp e @hput 250 to

h | f f 0. %
AR IO S gt S PAGH s et SRy Lnilab 18 ids, gange of

kl%rﬁ;ae% tJl%?)%%lé%Da*qy) gt?gib\ég?ép Qf ag‘p?\r/ dit 3%699? anl‘%B to about
3d(ﬁf3 8 rmive aPerO@EZ?blo}‘ A é‘l’ﬁ’{ PAES: a&ngrl}ﬁ%?l )7 comprlsed of

osp orus conte ess, pref

hyadr gmatéct@blylﬁ&fseolpbﬁg@méﬁﬁ yf lehaolﬁfﬂisowhidhsmcluﬁ@tbut are not
preferably 08 W% or |less, and in certain instances,

limited o egbouabCy to. aBoudt %nralpl@sdeﬁ{msm]thwhmé Cheo about C
al fleferedbse 0| S used cordln o, this invepti

PS.pSUEH ofY ol-O6tEREr LIRPHE i dﬁge%yarﬂe theofike, being
prffeifid, SYRE Hrieired o}%&yﬁﬁ?&?@%bﬁe Laq%ffg LBerbhE holYeNtbOehe and

p(ﬂzqﬂﬂbdé‘d’eﬂé b@ﬁ{d/ | hixtefdsetleredthafd hixed dtéfin-detived, pslydlefins.
e like. The PAGs, which are known naterials and

Thye dimerts| of bighiet al¢fensom thenegnge afoabaartCato €hal preferably Cyy to

| i h bil, Ch
o 2 ylo ’reS BSE gggoE\g é)n ow Iv1scos?tr}r'] %ase stcrm(s of acceptably low

volatility. Depending on the viscosity grade and the starting oligomer, the PAOs
may be predominantly trimers and tetramers of the starting olefins, with minor
amounts of the higher oligomers. Most commonly, PAOs having a kinematic

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

[034] PAO base oils may be conveniently made by the polymerization of an
alphaolefin in the presence of a polymerization catalyst such as the Friedel-
Crafts catalysts including, for example, aluminum trichloride, boron trifluoride
or complexes of boron trifluoride with water, alcohols such as ethanol, propanol
or butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.
For example the methods disclosed by USP 4,149,178 or USP 3,382,291 may be
conveniently used herein. Other descriptions of PAO synthesis are found in the
following U.S. Patént Nos. 3,742,082; 3,769,363; 3,876,720; 4,239,930,
4,367,352; 4,413,156; 4,434,408; 4,910,355; 4,956,122; and 5,068,487. The
dimers of the Cy4 to C,3 olefins are described in U.S. Patent 4,218,330.



others, typically vary in nunber average nol ecul ar
wei ght from about 250 to about 3000, or higher. PAGs
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Guhéénson and Hbet, ReigldPubioCor 8 NY 1082, whiieh s dindorporated in
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itsefénety.of acceptably low volatility. Depending on the
viscosity grade and the starting oligoner, the PAGCs
tripers f the
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2pcaboncaeoms, wsuallly\fvemi abaiut A0 todiBadaybon atoths asd upeao about three
Friedel - Crafts catal ysts incl udi ng for exanple
sughusnbstifients orao bedereserts g describg rfpdéhgrallé pesngs in ACS

PG b B g R B SRR e ompounas: A
Csk SRS gl o LA Nk . i
1984382Td %k yib¢nPénes may be produced by the cyclodimerization of 1-
alkynes of 8 to 12 carbon atoms as described in U.S. Patent 5,055,626. Other
alkylbenzenes are described in European Patent Application 168 534 and U.S.
Patent 4,658,072. Alkylbenzenes are used as lubricanf base stocks and base oils,
especially for low-temperature applications (arctic vehicle service and refrigera-
tion oils) and in papermaking oils. They are commercially available from
producers of linear alkylbenzenes (LABs) such as Vista Chem. Co., Huntsman
Chemical Co., Chevron Chemical Co., and Nippon Oil Co. Linear alkyl-
benzenes typically have good low pour points and low temperature viscosities
and VI values greater than about 100, together with good solvency for additives.
Other alkylated aromatics which may be used when desirable are described, for
example, in “Synthetic Lubricants and High Performance Functional Fluids”,

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

[037] Alkylene oxide polymers and interpolymers and their derivatives

containing modified terminal hydroxyl groups obtained by, for example,



conveni ently used herein. O her descriptions of PAO
synthesis are found in the followng U S. Patent Nos.
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5,068,487. The dinmers of the G4 to G 8 olefins are
described in U S. Patent 4,218, 330.[035] O her useful
synthetic |ubricating base stock oils such as
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1984 Tri-al kyl benzenes may be produced by t he
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5§, f’égeraewmed 4 wsefd biaes sicks. oAddibe’ SeRepey and seal
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base oils, especially for |owtenperature applications

ca(bmx,}thccamdm disterseofviheefaner rtgpe iineudet famexanply, tredesters of
dléangﬁﬁgﬁé nz}aclfésn sugfml as p-lrl?ﬁe )ilcaragldc Osm{n(ié aallcll %Yka}jll gchlc(ienic acid,
alkenyl succinic acid, maleic acid, azelaic acid, suberic acid, sebacic acid,
fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acid,
alkenyl malonic acid, etc., with a variety of alcohols such as butyl alcohol, hexyl
alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, etc. Specific examples of these
types of esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl

phthalate, didecyl phthalate, dieicosyl sebacate, etc.

[039] Particularly useful synthetic esters are those full or partial esters which
are obtained by reacting one or more polyhydric alcohols (preferably the
hindered polyols such as the neopentyl polyols, e.g., neopentyl glycol,
trimethylol ethane, 2-methyl-2-propyl-1,3-propanediol, trimethylol propane,
pentaerythritol and dipentaerythritol) with alkanoic acids containing at least

about 4 carbon atoms (preferably Csto C3, acids such as saturated straight chain
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[042] Another class of synthetic lubricating oil is esters of phosphorous-
containing acids. These include, for example, tricresyl phosphate, trioctyl

phosphate, diethyl ester of decanephosphonic acid.

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

derivatives, and the like.

[044] The compositions of the invention comprise a major amount of a
lubricant or hydraulic fluid and an effective amount of at least one substituted N,
N'-diaryl-o-phenylenediamine antioxidant. By a major amount of a lubricant or
hydraulic fluid, it is meant that the lubricant or hydraulic fluid is present in an
amount ranging from about 50 wt.% to about 99 wt. %, e.g., from about 85 wt.%
to about 95 wt. %, based on the total weight of the composition. By an effective

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



di carboxylic acids such as phthalic acid, succinic

acid, al kyl succinic acid, al kenyl succinic acid,
womBbszigos@ci d, azelaic acid, suberic acid, sebaerausaeis®oso11

fumaric acid, adipic acid,iqdinoleic acid diner,

mal oni ¢ acid, alkyl malonic acid, alkenyl malonic

acid, etc., with a variety of al cohols such as butyl

al cohol , hexyl al cohol, dodecyl al cohol, 2-ethyl hexyl
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[039] Particularly useful synthetic esters are those
cdmbinatipnpith otheraeddgiecswhi ch are obtai ned by reacting

one or nore pol yhydric al cohols (preferably the

hi ndered pol yol s such as the neopentyl polyols, e.qg.,
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aI anoi ¢ aci ds cont ai ni ng at |east about car bon
Famuoula I( preferably C5 to C30 acids such as saturat ed

strai ght chainfatty acids including caprylic acid,

capric aci dR 3 auri é1a0| d, nyristic acrg, palpznztl c

aci d, stearicyasid '

, arachlc acid, and
the correspg ra}iﬂed chain fatty R Or
unsat ur at ed Ne aci uch asNébl e [ 040]

Sui t abl e synt c ester opmpofients in de/' t he esters

of trinet hykg pr opane but ane,
trimethyl ol é&thane, ; toRand/ or Ra3
di pentaerythritol wt h one Dr e nonocar boxylic

aci ds containing from ab about 10 carbon
atons. [041] Silicon-base§ oils &re another class of
useful synthetic lubricating oils.

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

[046]  Suitable compounds of Formula I include



These oil s include polyal kyl -, polyaryl-, polyal koxy-,

and pol yaryl oxy-sil oxane oils and silicate oils.

wobeske® of suitable silicon-based oils incl gdg/us2008/004011

tetraethyl silicate, tetrajssopropyl silicate,

tetra-(2-ethyl hexyl)silicate, tetra-(4-nethyl hexyl)

silicate, tetra-(p-tert-butyl phenyl) silicate,

hexyl - (4- net hyl - 2- pent oxy) di si |l oxane, poly(nethyl)

si | oxanes, and poly-(nethyl-2-nmehtylphenyl) siloxanes.

[042] Amother cl ass of synthetlc i cating oil is

esthe 3y phosphor ous¢ 3 5
: l e, tricres

class of oils includes oolynerlc tetrahyd,ofur-~s,
>3av, t%e l'ike. [

e anti oxi dan a nmj or
ydraulic flupld i s meant
hydrautic flurg is present in an
amount ranging from about 50 wt. % td about 99 wt. %
e.g., fjpom about 85 w.S8pto about 95 wt. %pbased on
the total weight of the conposition. By an effective
anount of at |east one substituted N,
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préfRAgbIY ah! ARV RO, fighy FedAPR Eiter, 1-Bhopil iso-propyl, nebutyl,
isb-Guayl, wet-bhtyl @hd oeegdpsonverientin tmethyl sedettahityimay be

used al one or in conbination with other additives.
[045] The anti oxi dants used according to the invention

[O%]e In Iz\lr se%a?art 'rgt%% leerpl gclli?nnc]:nqeﬁ’l and R; independently are H or
C, to C4 alkyl and R; is H or C, alkyl.

[049] Preferably, the substituted N, N'-diaryl-o-phenylenediamine antioxidant
is an isopropyl substituted N, N'-diaryl-o-phenylenediamine antioxidant, more
preferably a t-butyl substituted N, N'-diaryl-o-phenylenediamine antioxidant,
most preferably a methyl substituted N, N'-diaryl-o-phenylenediamine
antioxidant. Without being bound to any particular theory, it is believed that
steric hindrance plays an important role in the antioxidants ability to combat
oxidative properties in oils. While some steric hindrance allows for a proton to
be donated to an oxidative radical, too much steric hindrance crowds the proton

making it unavailable to radicals.

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

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



preferably those N, N -diaryl -o0-phenyl enedi am nes

having Formula | where R and Rare Hor G to G2
wodobg/123940i th the proviso that Ri and R2 are n@icT/us2008/004011
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be donated to an oxidative radical, too nuch steric
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[051] In another embodiment, substituted N, N'-diaryl-o-phenylenediamine

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

H,N  NH,

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

arene of Formula V

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

presence of a palladium catalyst.



making it unavail able to radicals. [050] The present

invention also relates to nmethods for preparing the N,
woNoos/ 3oy | - 0- phenyl enedi am nes of the i nvent ipefiyud2608/004011

the present invention, subsiituted N,

N -di aryl - - phenyl enedi am ne anti oxi dants are prepared

by reacting di bronoarenes or dichl oroarenes havi ng

Formula Il where X is a hal ogen, preferably chlorine

or bromne, and R2 and R3 have the sane neaning as in
Formula I, with aniline derivatives having Fornula Il
[0512?3Ir € THe BANABHNTS BRUR/st NecAPMpeTeHNI Eﬁllﬁaidn@/ hosphine  or
Forrmula 1, "in the presence of a palladi dm catal yst.

pdlRdigmloarbenet dutalystyipecferabiy, a pudformedtpatlaiium complex coupling
N -di aryl - o- phenyl enedi am ne anti oxi dants are prepared
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preferidtecatiBises pf ehepaddent ikvéitioheard thetiallpraslecshdyfin some
a pal |l adi um catal yst.[052] The pal | adi um catal yst can

cases, arpalit stablemmakingthame easiepdd lhaddleminlikd theecatalyst system of
cat al yst, eferahly, a prefornmed pall adi um canpl ex

the PG iaFgV a‘F%F§ttr.l't7ll?‘Hbe%%Q§theﬁ P&p@ywogh%c peagsitd
in place of the dichloroarenes or
chl oro-m di al kyl arenes. By prefornmed pal | adi um conpl ex

[0s3}P! R fgainiliNé HeriVatiVés SERSEmMEIAANI {rtfudedbat ¥Ad not limited to,
contai ns both a palladium and phosphine Iigand. The
3-methylaniline; 2,5-dimethylaniline; 3,5-dimethylaniline; 2,3,5-
trimethylaniline;  3-ethylaniline; 2,5-diethylaniline; 3,5-dimethylaniline; 2,5-
diisopropylaniline; 3,5-diisopropylaniline; 2,5-di-fert-butylaniline; and, 3,5-di-
tert-butylaniline; preferably, 2,5-dimethylaniline; 3,5-dimethylaniline; and, 2,5-

di- tert -butylaniline.

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

dichlorobenzenes.

[055] Preformed palladium complex coupling catalysts of the invention

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

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



preformed catal ysts of the present invention are
thermal ly stable and, in sone cases, are air stable
womkd/ 2dodohem easi er to handl e unli ke the cat alptgius2008/004011
system of the prior art whigch uses

tri-t-butyl phosphine, a known pyrophoric reagent.

[ 053] Useful aniline derivatives of Fornula Il

i nclude, but are not limted to, 3-nethylaniline;
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dldhl@)hd)[<b'iﬂbﬁilﬁﬂ?ﬁﬂmsbﬂﬁ@bh?ﬁﬁb@th@ﬁﬁaﬂ@dlhﬂﬁﬂ)mdiéﬂl@f(f-[l 1°-bis(di-

coupling catal ysts of the invention includ

tem'b}ﬁb’hl‘hﬂsph(llol) cptosanepatisghine@l)pal | adi un( | 1 )dichloro[1,1°-bis(di-
. | ph | adi um(0), dj.acet at

15}1&@5%}@%5{1 o Eagﬁ’gﬂﬁge) p aﬁei BZF | Zadi fqerygbl(g{m ortho-
to@lﬁ%%s%%ﬁﬁe&éflﬁ dlug}gHA’o) et hane] pal | adi un(11), dibromo[1,1’-
blﬁbdﬁﬁﬁ:tn@llﬂms%hiﬂd)fé?ﬁ%é'nﬁwh?laﬁid}ﬁﬂw' I'adi un( ! I Mdichlorobis(di-terz-

di chlofo[ 1,
blbybbdnyilphny[blphe)paﬂiadm)m(dl)andiqhkbﬂoéﬁ,ﬂbh{s(dl))hedylphbsp}nho) 1,1'-
blﬁqlé}tg}%ésq(ﬁl h x nﬁ@,g nos 8 P IC E |02)Ii b crn%%?Zn %] ggl(clh?)henylpu)gﬁhllno) 1,1'-

bl{”f%p]hthglgéélgelcﬁﬂx%'aﬁ phosphl no)f Hilode @EJ B kélpgen)ﬁi)h gphmo)—l, I'-
binaphthyl)palladium(II), dichloro[1,3-
bis(diphenylphosphino)propane]palladium(II), Fiber supported Pd /P Bu3

catalyst, 1,2,3,4,5-pentaphenyl-1'-(di-tert-butylphosphino)ferrocene,
dichlorobis(benzonitrile)palladium(II), dichlorobis(acetonitrile)palladium(II),
bis(acetylacetonato)palladium(II), dichloro(1,5-cyclooctadiene)palladium(II),
dichloro(norbornadiene)palladium(Il), bis(dibenzylideneacetone)palladium(0),
tris(dibenzylideneacetone)dipalladium(0),

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

chloride dimmer and palladium(II)acetate trimer.

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

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



di -//-chlorobis(tris(2,4-di-/e”-butyl phenyl)phosphite-
2-C P)dipalladiun(ll), di-

wo Jood109mbi s(tri-ter?-butyl phosphi ne)di pal | adipgf{ise08/004011
di chl orobi s(tricycl ohexyl pjyosphi ne) pal | adi un(11),
di chl orobis(tri-rt/zotolyl phosphine) palladiun(ll),
bi s(tri-?er -butyl phosphine)pall adi un(0),
di chl or o[ bi s(di phenyl phosphi nophenyl ) et her] pal | adi un(|1

bistsipEHBaE R ter peeet adivm@udishigromegtbang o adduct,
dlg:hl]oro 1P 19%11?9%{}9@%%?93@?%&8& e a(lladlumpl) -acetone adduct, di-

erro éne r ono

,ukhtttr@bi&(@ﬁ@ abdingy - batyll stebnyMiphloyphitk- QE(O lP()Blphll&drum(II) di-p-
bi s(ds(phenyl phosphi no) ferrocene] pal I adi un(

bronmdBi {Ielsz‘(mtyifmosphmb(llpaﬂgdlph‘[(é)ahl ne) Coson
aighlor Sbist Rty HHohgRy o spngRaliagtum{Any " PSP MO rerr

' 2 2 hi henyl phosphi no)- 1, 1'-
of R T e
dle?lgg%ﬁg%%e?m i1 E(ﬁﬁph@ﬁgﬁgt‘rl}lbf]@)ﬂladwh(ﬂ) dichloro[1,1°-bis(di-

tebi—lsx(tgﬂpihmphirml)fmxﬂuene]mﬂlaﬂannﬂlb)aI | adi un(l |') di¢hloeo[1,1’-bis(di-
supported Pd /P Bu3 catal yst, 2,3 ,4,5-pent aphenyl -

isqpropylphosph U&)fequﬂ%gmlﬁé)m@&mocene dibromobis(tri-ortho-
| | Il adiun(11), \

tofiiibe i SEnBRIRERRRID, | | )Pl | o 32(“ 3 dibromo[1,1'-

b@d%%}?&ﬁﬂopm&?ﬁhﬁgférg%@ pene IH D a1 1), dichlorobis(di-tert-

bdykphbnyl@hneplhne)mﬂﬂadnnhﬁa) | dd:lhllmr(oKI,)Z -bis(diphenylphosphino)-1,1'-

bi s(di benzyl i deglsacet one) pal | adi un% '
bltli‘lplﬁ phpeliadi eacet one) ddﬁmomé 2nboy(diphenylphosphino)-1,1'-

f)béilﬁ’zrcﬁ B ad um chi or | AmiepisLdigheny Phosphino)-1,1-
biﬂéﬁﬂtﬁﬁ)ﬁme{dihﬁﬁmﬁt e trimer. dichloro[1,3-
bis(diphenylphosphino)propane]palladium(I), Fiber supported Pd /P Bu3
catalyst and 1,2,3,4,5-pentaphenyl-1'-(di-terz-butylphosphino)ferrocene.  The
preformed palladium complex coupling catalysts are commercially available

from Johnson Matthey.

[057] The synthesis of N, N'-diaryl-o-phenylenediamines is done under
conditions well known to those skilled in the art. In a typical procedure, the
reactants are mixed under inert atmosphere (e.g., nitrogen, argon) in a solvent
(e.g., toluene) and heated to the boiling temperature of the solvent (e.g., 100-
120°C) under reflux, for a period of about 5 to 24 hours.

[058] Antioxidation properties of the lubricant or hydraulic fluid

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



[056] More preferred preforned palladi um conpl ex
coupling catalysts of the invention include diacetato]

Woé,zoaséltmﬁ(oﬁl phenyl phosphi no) pr opane] pal | adi un( Ipgr/us2008/004011
ichloro

1, 2- bi s(di phenyl phosphi no) et hane] pal | adi un(11),

d| acet at obi s(tri phenyl phosphi ne) pal I adi un{I1),

di chl oro[ 1, 4-

e ong? SERAURARE o SetBPEPResbdis ik, iAo e

‘%}hﬁ Hﬁ dane adduct, dichloro[ 1,1'-bis(dipheny
osphi rio)ferrocene] pal | adi um(11)-acet one adduct, di -

/'l -chlorobis(tris(2,4-di-?er/-butyl phenyl) phosphite-2-
C P)di aIIadlun(&mZJ i-m ) .
[060D mohiudlyt formelates topmprasition epdi p@muamann{qayt one additional

luglpg%]tltn?é ?og Cl ogﬁ.’lﬁ §’J‘c§§ﬁ$,;§; a% 3 alude rr{)u not limited to,
vidleilosgl bb&f&’giﬂh?ﬂ%é ROV BRPRRH ok eh AR Y bhyolesn

oro

VIMsyﬂyplmeﬁh M&Bfﬁfé@dﬁld@@hbéwry BUdH hs tiaZEPAAd thiadiazoles,
1,71 bls(dllsopropylphosphlno)
exrtmnn@cmeet}lnal badi anivepr additives such as phosphate ester, amine

d|b onobi s(tri-ort | phosphi ne) pal | adi u
L@tﬁofmé(qu fur1 ({ 1JiI¥S Pantirust ag)enPs such as carboxyhc acids,

dlg;}eii'%?ﬂg? 2§nl¥(ag @%?g?; %{;Eéh rﬁ%{gg ﬁdcb;é Ir)nentlon a few. The

arﬂ@thﬂtaﬁf Sueh bt)her Q'dﬁm\%s%%h?dledbinsﬁﬂ' RRRYARIP SRN Bie amount

- bi napht hyl ) pal | adi um(
typlclatlyruse&,lﬁfeﬂmmslathdpdndmy Iphosphl no)- 1,1'-
bi napht hyl ) pal I adi un(11), diiodo(2,2' bi s(di pheny
| phosphi no) 1 1 - b| napht hyl ) pal I adi un(11), dichloro]

[Oépﬁ or I%JQ'BE) ’§ﬁ‘§obgt ;ﬁlp] (?]llall 39’1&1% o} the invention
1n1:luae3bﬂt ﬁrePﬁBf ‘i‘i?ﬁ‘l%éﬁ’ ko clrShlatifl/ oilRY Y dPAATP Bluidy, f FEARS, gear

ene.
oils, metal worklng fluids, engine oils and automatic transmission fluids.

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

comparative examples and non-limiting examples.
EXAMPLES

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

a kV at 100°C of 6 mm?/s.

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

under the trade name Irganox L57.



preformed pal | adi um conpl ex coupling catalysts are

comercially avail able from Johnson Matthey. [057] The
wosd/18sdos of N, N -diaryl - -phenyl enedi am ne$crsus3e’R 04011
under conditions well knowy to those skilled in the
art. In a typical procedure, the reactants are m xed
under inert atnosphere (e.g., nitrogen, argon) in a
solvent (e.g., toluene) and heated to the boiling
t empgxat , Of sol ye end. . 1.100- 1200C) under
rof 1 1R NN ‘%‘%QEFQW‘%%Y%&EWD?'PBC 32'%8%‘?&’.1)‘? 058]
Ant i opsi JOR; D ' e, ' safin@ydraul i c
P corese i RaemdRighent D phehy Atz linY by
addi 319 —aN,Nf-bis(]ZjSVéi-abntyﬂdphe)fylﬁbl;ﬂmylmwimb&t ituted
N, N -diaryl -o-phenyl enedi am ne anti oxi dant to the
conpIsi-tlN ’sblsfgégll-im'lﬂr opYlpheny 3 Scotgitamethyhe- can
Conﬁ%{?ﬁ. at. | east one additional lubricating oil or

1AMHCi d additive, which include, but not

limted to, viscosity and viscosity index inprovers
such as pol yal kyl ene or pol yol efin viscosity index

CompaaiReExdmpRs 10872 hMd BXampsleeh aad 2 ri azol es and
thi adi azol es, extrene pressure and antiwear additives

[06d4Lh s theofglawiagentnsr theadiatee wasosphiented arsing a DuPont DSC
sul furjized ol efip ant|rust ,agents.such as carboxylic )
MQngg?béiQSM%rﬁ{;&e@aélﬁi SCAYURE | GHORMET. dhei resulimperorted in

d dyes_tq ntion a few The anpunt of such other o
Tablil; Migeforiiaetheraal PXIdefian rBRKGAEREDAULIN Airdd0f sie) at 180°C

oy AR Pl RSTAGR pSs gs om
ARl R Rl bgpapy t monicor
the time taken for oxidation exotherm to occur. The oxidation induction time

p

(OIT) for each run is shown in Table 1. OIT is calculated as the extrapolation
tangent to the exotherm from a plot of heat flow versus time. The OIT is defined
as the amount of time taken for the depletion of the antioxidant. In other words,

the OIT is the amount of time before oxidation of the lubricant or hydraulic fluid

occurs.
Table 1
Additive, wt% Oxidation Induction
Time, Minutes
Comp. 1 None 4.2
Comp. 2 L57, 0.5 wt% 42.5
Example 1 1D, 0.5 wt% >180 minutes
Example 2 2D, 0.5 wt % >180 minutes

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

phenylenediamine antioxidant of the invention provided the GTL base oil with



oils, nmetal working fluids, engine oils and automatic

transm ssion fluids. [061] The invention is further
wodResiished by reference to the foll ow ng conpaicaitiss6os/004011

exanpl es and non-limting gxanpl es. EXAVWPLES [062] A

series of conpositions were fornul ated and eval uated

for antioxidative properties. The unadditized base oil

used was a GIL base oil with a kV at 100 oC of 6 m#?/s.

be&&%so%gggﬁ g&e:,\,g)é(l) da E:%‘%_‘;’ exﬁgi erécg%é’];ﬁ#en’ﬂg ;$§d§ompared with the
cdﬁg@{em%f aQhifybIR aﬁﬁoqicﬂllﬁg,;ﬂé%a[ﬁ ne sold by G ba under

t
trade nane |Irganox L
N, N - bi s(2, 5-di et hyl phenyl ) - o- phenyl enedi am ne 2D -
N, N - bi s(3, 5-di et hyl phenyl ) - - phenyl enedi am ne 3D -
Compardtive(Exanples 3 to 3 @@E&amrylgi- phenyl enedi ani ne 2F -

1085y 87108 o RRRE| Ry R g dire i F TRy T 10 was

I : I 0 | .
fofiSRIER! Fvchy BF atiskothis Mok el tAN Oy R d N R Rary1-o
phénliciedirhile SCHNI Afd Cadidr ii§6Prepyl ThebstREtdd SN, N'-diaryl-o-

reported in Table 1 are for isothermal oxidation runs
pheaytdnediauinei (AF3j mot(acoording ¢9 the imedtonsiThg rgpalts are shown in
ﬂhum num pans and 6.5ng of sanple. The sanples were
Taplabed from roomtenperature to 180C at 10C/ mi n and

then held isothernmally to nonitor the tinme taken for

oxi dation exothermto occur. The oxidation induction

time (OT) for each run isTghew in Table 1. AT is

cal cul ated as the extrapolation
Additive, wt% Oxidation Induction
Time, Minutes
Comp. 3 None 4.2
Comp. 4 L57, 0.5 wt% 42.5
Comp. 5 2F, 0.5 wt% 48.0
Example 3 3D, 0.5 wt% 79.0

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

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

phenylenediamine antioxidants according to the invention are synthesized

utilizing different raw materials as well as different catalysts.

Example 4



tangent to the exothermfroma plot of heat flow
versus tine. The AT is defined as the anount of time

wolRken3der the depletion of the antioxidant. IpgTagd2eds/004011
words, the OT is the anoupg of tine before oxidation
of the lubricant or hydraulic fluid occurs. Table 1
[065] As is shown in Table 1, the substituted N,
N di aryl - ophenyl enedi am ne antioxi dant of the

éf} ol i glf 2% SRV IRRERT - phéiyIens 'Ia%'weafgom 12-
dilgemohen Z\RPFHI cdimeshyianil lyeaoéhpmgwq B3liadinm

ac_esate/tmmmtalphmpbmqpl es 3 to 5 and Exanple 3 [066]
In the followi ng exanples, the procedure in Exanples 1

to 4 was foll owed except the anti oxi dants used were
[069but yin anuargontglove biax, |Q4Qjm,m91 obpaldadinenactitatei Rd(OAC)z and

1&,‘%@? DS Abrehbi SHishbines BB unsrers eombingg i 4hanl of
top B 188 8 inclf EnfPEIPUIOARY, fisSolyER212, Rnmol of
1 Blrdlbiorﬂbbélvdeneheﬁw heded!iteThe enixmircofolIbaid By B Hedmidiaof 2,5-

‘GTL base oil with better antioxidative properties as
dimedbylasdingyanh87¢ mmel obspdivem tewtttutoxidec datEBui dlheyreaction

avai | abl e .anti oxi d opropyl substituted
MEFTG RV dtcatsd t?oggq»uq ey Mf | BHNHnES abgut 110 °C for

ok A ARy N PP RERPRAR ML The precipac

may Hota¥iass be visible. The argon glove box was opened and the reaction

mixture was quickly quenched with aqueous ammonium chloride (20 g NH4Cl in
60 ml H,O). The toluene layer was separated from the aqueous layer and washed
twice with 80 mL with deionized water. The toluene layer was dried over
magnesium sulfate, MgSO, and filtered. The toluene layer was concentrated on
a rotary evaporator until crystals began to form. The toluene layer with crystals
was cooled to about -10 °C and maintained at this temperature for 24 hours. The
crystals were isolated by filtration and dried under vacuum. The yield of
isolated N,N’-bis(2,5-dimethylphenyl)-o-phenylenediamine was 2.47 g, GC
yield 100%. The GC/MS spectrum suggests that the product is a single

compound and has mass of m/e 316.

Example 5

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

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

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



utilizing different raw materials as well as different
catal ysts. Exanpl e 4Synthesis of

woNodé/ 12948 ( 2, 5- di met hyl phenyl ) - - phenyl enedi am peTfusamos/ 004011
1, 2- di bronobenzene and 2,&-dinmethylaniline in the
presence of palladium acetate/tri-|-butyl phosphine
[069] In an argon gl ove box, 0.40 nmmol of palladi um
acetate, Pd(OAc) 2 and 1.1 nmol of solid

SR oD BB e o -
dlijde?ﬁﬂleﬁﬂgle ditd § PAme g ﬁaggin?rtwgfﬁg,eg{WBﬁﬁqﬁg reaction

m Xt ure owed
miktaed hyaatichtede tan@bcait 3107®! and rpaititained eat -abouoxilde,’C for
NaOlBu. The reaction m xture was heated to about H Q0C
amndxmmtﬁtyaﬂﬁdu a’:ﬁqbsmeraﬂlmom aqreeipitatex formes. y The precipate
After ever preci pitate fornmed. Th

may fot alyay & angon, glove hox wag og.easﬁ agddhg reaction

ol 53, gﬁé&zcgfe?e\z&ﬁm@wﬂs Ao GRo Rtk EEbY Nag.ct i
606911 rHZOj2 Che taru%nb QhykinQad %fﬁi‘at‘é@ifrcﬁﬁ ARE atp%bdsr laget &fd washed

aqueous | ayer and washed twice with 80 nL with
twied omitlr e80 \mLewuthdeldmmcbnmtbathe watuahei lyeovwas dried over
magnesi um fate and filtered. The tol uene
MAZRRSIUMREY] b MaSDat thst BHOED o ¢ jolugap baysr avas sancentrated on

LY IR e R AT W——
wﬁshé@ol&&@@@b@ﬁﬁf ® 1© ”cma‘lnzﬁﬁ%bﬁﬁed B‘ﬁnﬂ eéilafufé%ﬁ 24 hours. The
isolated by filtration and dried under Vacuum

crystalsdwete |1sola&tdedby filtration and dried under vacuum. The yield of
nyl enedi.am ne

N, N - his(2, 5-di henyl ) - - phe
isolated N,N @bl%,émnmﬁ%%hmﬁl)@pﬁglﬂs@edlam% M@ge’sz@g GC yield
IObb/oa.tTﬁ %é’/i\/?g lé]c::)gzctrum susglgggs That the product is a single compound and
has mass of m/e 316.

Example 6

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

[071] In an argon glove box, 0.08 mmol of palladium acetate, Pd(OAc), and
2.2 mmol of solid tri-t-butylphosphine P'Bu; were combined in 10 mL of
toluene. The mixture was stirred until the Pd(OAc), dissolved. 2.5 mmol of 1,2-
dibromobenzene was added to the mixture followed by 7.5 mmol of 2,5-di-z-
butylaniline and 7.5 mmol of sodium tert-butoxide, NaO'Bu. The reaction
mixture was heated to about 110°C and maintained at about 110 °C for
approximately 14 h. After several hours, a precipitate formed. The precipate
may not always be visible. The argon glove box was opened and the reaction

mixture was quickly quenched with aqueous ammonium chloride (4 g NH,4Cl in



conpound and has mass of nfe 316. Exanple 5 Synthesis

of N, N -bis(3,5-dinethyl phenyl)--phenyl enedi am ne from
wolbods/12d949r onobenzene and 3, 5-di net hyl ani | i ne ipgid¥008/004011

presence of palladiumacetste/tri-|-butyl phosphine

[070] In an argon gl ove box, 0.40 mml of palladium

acetate, Pd(QAc) 2 and 1.1 mmol of solid

tri-t-butyl phosphine P Bu3 were conbined in 40 nL of

20, 45, THeGo b hfer 935 Stnrd(Bl iith the b G and yashed
twibe witht 80 emf OlliteRidhize WateFOTheftobudire layer was dried over

-dimethylaniline and 37.5 nmol of sodiumtert-butoxide,
mhgesium stitfate, MgSOynamd filtered. wihe balatpel l4yer abasucortdendated on

and mai ntai ned at about 110 OC for approximately 14 h.
a JQUaRy; C\APPERIRTr URBL FLystals hegen i forme fﬁhmue%hayer with crystals

R S5HBEE 4R 0 B PN e PR T

crg%'tﬁ[kc WRGe Wb t&H W0 YRtrafiB® MidMdriedouh & Q/g@u&n'.\"%ﬁ%]e ield of

mM H20) . The tdol uene [ayer was separated fromthe
isalgteloNSN 1 -bys(2, Sadidz-bats/beleeiyl)-o pheny fengdiathine! wihs 0.9 g, GC yield
dei oni zed water. The toluene |ayer was dried over
100%gnEBe G16/AS speetrumymggesta dhati the preduct ina@ singlesiompound and

hIa er V}as C entrated on a rotary evaporator until

aéfégﬁsaq e‘gg‘ﬁ to form The toluene layer with
crystals was cooled to about -10 OC and nmi ntai ned at
this tenperature for 24 hours. The crystals were

[Oziz}é: 3tlgfdwims/ é{ngét tggakéém thatdth@ oBjectnder fyak Uakdve] inong those
apRarent in ghe prectidieg idgsgripsinn, )are s oightjcattaanéd andasince certain
ch%lﬂéessg p&%‘b? iq?!gcgea}rg ?:%oﬁplyg? SCH?(SIE'\I/?]S @? eg;( rirlf\rfre]nsfyo%gsvslt Soutt I1d‘316:29arting
from the spirit and scope of the invention, it is intended that all matter contained
in the above description and shown in the accompanying drawing be interpreted

as illustrative and not in a limiting sense.

[073] It is also understood that the following claims are intended to cover all
of the generic and specific features of the invention herein described and all
statements of the scope of the invention, which as a matter of language, might be

said to fall therebetween.



has mass of nle 316. Exanple 6 Synthesis of
N, N - bi s(2,5-di-/-butyl phenyl) --phenyl enedi am ne from
wolbods/12d949r onobenzene and 2, 5-di -/ -butyl ani | i nedus2@/004011
presence of palladium acetgte/tri-f-butyl phosphine
[071] In an argon gl ove box, 0.08 mml of palladium
acetate, Pd(QAc)2 and 2.2 mmol of solid
tri-t-butyl phosphine Pl Bu3 were conbined in 10 nL of
C%glg 1e. The mi xture was stirred until the Pd(OAc) 2
‘'ved. 2.5 mmol of 1,2- dibronobenzene was added
to the mxture followed by 7.5 nmmol of 2,5-di-/-
butylaniline and 7.5 mml of sodiumtert-butoxide, NaO
Bu. The A eaniposition gémpesingsa hmajdreambduntadftatubricaiConnd
mai nt ai ned at about 110 OC for approximately 14 h.

hysreelic Buideand ap glfiestive amosat pf ahteast graie N'-tharyl-o-
i pat not . al be vi,;sihle. Th |
NG R A R TR T A R

quenched wi th aqueous anmoni um chl oride (4 g NH4Cl
in20 mM H20) . The toluene | ayer was separated fromthe

aqueous | ayrr, and shed twice with 8) nmL with

dei oni zed wafter. Ahe tol uene | ayer 1drieddver
magnesi um su MySO4 and filtered. t ol uene
| ayer was c@ etlkdp a ro unti |

crystals cooled to abgu 0 0C and mant ai ned at
this tenperadure forR @ ReRgrystal sRiere
isolated by filtration any ed under vacuum The
yi el d of isolated
N, N - bi s(2, 5-di -f - butyl ghenyl ) Rphenyl enedi ani pe was
0.9 g, &Cyield 100% The GO M5 spectrum suggests that
the product is a single conpound and
where R, and R, are independently H or C, to C,, alkyl, with the proviso that R;
and R; are not simultaneously H; Rj is C, to C; alkyl; and, R4, Rs, Rg and R,

are independently H or C; to C, alkyl.

2, The composition of claim 1, wherein R, and R, are independently
H or a C, to C, alkyl; R; is H or a C, to C, alkyl; and, R4, Rs, Rs and R; are
independently hydrogen.

3. The composition of claim 1 or 2, wherein R; and R; are both
methyl, ethyl, propyl or butyl alkyl and R,, R4, Rs, R and R; are independently
hydrogen. |

4, The composition of claims 1 or 2, wherein R, and R; are both

methyl, ethyl, propyl or butyl alkyl and R;, R4, Rs, Rg and R; are hydrogen.



has mass of me 484. [072] It wll thus be seen that
the objects set forth above, anobng those apparent in

wotdoes/asewedi ng description, are efficiently atpicaiuwobs/004011
and, since certain changesymay be nmade in carrying out
the present invention w thout departing fromthe
spirit and scope of the invention, it is intended that
all matter contained in the above description and

1T ¢ TOE RAPRREON O clfifb Tty G b tefth 3h8 rtfidant of

F(ﬁlnﬁﬂauﬁqjse'i\??\?& f Qz';ﬁtdlﬁle Pﬁghé@ﬂ-ag% fe é}fed%ﬁmentwwe&s(z 5-

to cover al e gene ic featurées of
dihtethylphienyl)-@rphatydemedismine bedrandNali-bi(2Sedienbatydphenyl)-o-

the scope of the invention, which as a matter of
phemylgned@amineght be said to fall therebetween. CLAI MVS;

1. A conposition conprising a major anmobunt of a

| ubricant or hydraulic fluid and an effective anount

of r e AN :

ant | B iy cABottioR T g of MR k73 UhER e antiopidant s
préseéntiin dl@@m@erﬁﬂ abobit 01000 wi% t6labaluk $wt%4f Bdsed loa the total

proviso that Ri and R2 are not sinmultaneously H R3 is
wcight of thea¢dipposition, R4, R5, R and R7, are

i ndependently H or Cl1 to C 2 al kyl. 2 The conposition

of claiml, wherein R and R2 are i ndependently H or a

. B O i ol B, B ot

nat@APeHidri Oy nthetfd glmM 1 or 2, wherein R and R3 are
bot h

8. The composition of claim 7, wherein the lubricant is a synthetic oil

derived from a Fischer-Tropsch wax.

9. The composition of any one of claims 1 to 8 including at least one

additional lubricating oil additive or hydraulic fluid additive.

10. A method of making the antioxidant of any of claims 1 to 9

comprising reacting a compound having Formula II
X X

I

where X is a bromine or chlorine, and where R, and R3 have the same meaning

as in Formula I, with aniline derivatives having Formula III

H,N R,



met hyl, ethyl, propyl or butyl alkyl and R2, R4, R5,
R6 and R7 are independently hydrogen. 4. The
wocRRsHdoi on of clains 1 or 2, wherein R2 and pdd/@&2608/004011
both nmethyl, ethyl, propylaor butyl alkyl and Rl, R4,
R5, R6 and R7 are hydrogen.5. The conposition of
claims 1 to 4, wherein the antioxidant of Fornula | is
N, N - bi s(2, 5-di net hyl phenyl ) - o- phenyl enedi am ne,

N 5 bis (3. b5 di net.hyl phenyl ) - ophen i.ani
wheR Ri R P TE M e oo RERER Y SRR e Hyesence ofa
péﬁfh%i&rﬂ'f%@aﬁ%’&ti on of any of claims 1 to 5, wherein the
antioxidant is present in the range of about 0.001 w %

to about 5 wt% based on the total weight of the

conposition. 7. The conposition_of any of clains 1 to
6, whbr ei Hhe methodof laim 9.swhergin theaanibine derivative is 2, 5-
S eti.c oLl. 8. The ¢ osihtd gn. of ¢l al.m 7, wherein
iy ingart,S-punethyFaniREE BE 2oy Ar-GriaiiFeom o
Fi scher-Tropsch wax. 9. The conposition of any one of
clains 1 to 8 including at | east one additiona
| ubriz.ati Agnfthoddstt idkéng@rthBystittoxident! bfi shyaddidlaies 1 to 9
10. A nethod of nmking the antioxidant of any of
caghprising reading aroophiesy lepedisasinernf oroudpd¥nd havi ng
Formula Il where X is a Q&oninﬁ or chlorine, and where
R2 and R3 have the sanme meaning’as in Formula |, with
ani | i ne derivatives havigng nyla |1 1where RL, R4 and
R5 have the same meaning®ay i/n Formula |, in the
presence of a palladiumcatal kst. 11. The method of
claim9, wherein the aniline deriVative is 2, 5-

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

arene of Formula V

where R}, R4 and Rs have the same meaning as in Formula I and X is a triflate or

halogen, in the presence of a palladium catalyst.
13.  The method of claim 12, wherein X is chlorine or bromine.
14. The method of claims 12 or 13, wherein X is bromine.

15. A catalytic antioxidant of Formula I



di met hyl ani | i ne, 3,5-di nethylaniline or
2,5-di-r-butylaniline. 12. A nethod of making the

wobd/ pss@ant of any of clains 1 to 9 conprisi pgT/US2008/004011
reacti ng an o-phenyl enedi agy ne of Formula IV V where
R2 and R3 have the sane neaning as in Formula I5 with
a substituted arene of Fornmula V where R, R and R
have the sane neaning as in Fornula | and X is a
triflate or hal ogeng in the presence of a palladium
catal yst. 13. '%the
chl orine or brg 8. 14. The net hod of

Rt, R5, R andyR7 are H 1 atal ytic ant i oxi dant of

Formula | wher2 R2 anB7 aethyl Bad R1, R4,
R5, Rand R7 are H 17. A katd|ytic antioxi dant of
Formula | where Rl and Rgare Fof h butyl andIRZ, R4,

R5, R and R7 are H.
where R; and R; are both methyl and R,, R4, Rs, Rg and R; are H.

16. A catalytic antioxidant of Formula I
R
2 Ry R, R,
R
Re Rs I

where R, and R; are both methyl and R, R4, R5, Rg and R; are H.

17. A catalytic antioxidant of Formula I
Rz Ri R4 R2
R
Re Rs I

where R; and Rj; are both butyl and R;, Ry, Rs, Rg and R; are H.



