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ANTI OXI DANT ADDI TI VES FI ELD OF THE | NVENTI ON [ 001] The
We@3asidel nvention relates to |ubricant conposPCT/U07/010701

i ncl udi ng passenger car engine oils, comrercial

vehicle engine oils, industrial, marine, hydraulic,

aviation, and driveline oils containing ashl ess

catal ytic anti oxidant additives and to a method of

maki ng said additives. BACKGROUND OF THE | NVENTI ON
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BAEKGROUND OF THE INVENTION

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

generated by a system.

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

while maintaining good performance levels.



formul ated | ubricants and may be used in significantly
reduced concentration while maintaining good
w@eso7osience | evel s.[004] It woul d be desirabl BCT/US2007/010701
therefore, to provide lubricating 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
life of such lubricants and fluids. [005J Furthernore,
it would be of great industri-@-interest to develop a
process in which antioxidants that performnore |ike
catalysts in their antioxidation function could be
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[006] It has now been discovered that substituted N, N'-diaryl-o-
phenylenediamine compounds impart good levels of oxidation inhibition in

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

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

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

one substituted N, N’-diaryl-o-phenylenediamine antioxidant.

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

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

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

present invention.



using the substituted N, N -diaryl- s-phenyl enedi am ne
anti oxi dants of the present invention.[010] O her
wobjeasreannd advant ages of the present inventiPoT/ws1007/010701
beconme apparent fromthe detail ed description that
follows. [011] The antioxidants used in this
conposition include those having the Fornula | where
Rl is Hor G to Cl2 alkyl, R is Hor G to G2
al kyl, and R3 and R4 are indgsendently Hor G to C2
al kyl . DETAI LED DESCRI PTI ON “THE | NVENTI ON [ 012] The
present invention relates to conpositions conprising a
maj or anount of |ubricant or hydraulic fluid and an
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where R is H or C, to Cy; alkyl, R is H or C, to C,; alkyl, and R3 and R, are
independently H or C, to C,;, alkyl.

DETAILED DESCRIPTION OF THE INVENTION

[012] The present invention relates to compositions comprising a major
amount of lubricant or hydraulic fluid and an effective amount of at least one

substituted N, N’-diaryl-o-phenylenediamine antioxidant. These compositions
exhibit good levels of oxidative stability.

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

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



single oil secured froma single crude source and
subjected to a single processing scheme and neeting a
w@anviigdbar specification. Base oils conprise BCT/UBHE1/010701

one base stock. [016] Non-conventional or

unconventi onal base oils include one or nore of a

m xture of base stock(s) derived fromone or nore

Gas-to-Liquids (GIL) materials, as well as

hydr odewaxed, or hydroisoneriggpjconventlona

catalytically (or solvent) dewaxed base stock(s)

derived fromnatural wax or waxy feeds, mneral and or

non-mneral oil waxy feed stocks such as slack waxes,

natural waxes, and waxy stocks suchfgs gas oils, waxy
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obtai ned from GIL materials that are rived via ohe
or nore synthesis, conbination, transformation,

rapgenent , .gnd/.or degradati on/ deconstructive
[Bigjzes gg%mt“?f&ﬁ? 33@@6% CARBOHUILBH CAMTHE %m@m@fh a base stock
r t deri e .
e olphad St pa Al MAUYE" A, Ut bae stock is o
single piksecugedt froonpsinglagriadensodiree Snd}‘sptij’co&fkﬁ tc_Qlei le processing
Lytically converted to |ower boilingnaterials by
Sﬁ@%‘%‘é%’éﬁﬁ&%ﬁ'&éi%na’& ¥r sResifisatinn.  Basemilsceamprise ‘at least one
bassstocked, for exanple, in U S Pat. Nos. 5,348,982

and 5,545,674, and exanples of suitable catalysts are
described in U S. Pat. No. 4,568,663, each of which is

[M]&]or o%t-godnventional 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.

[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



herein by reference. [018] GIL base stock(s) are
characterized typically as having kinematic
wOor®e3i4s: es at 100C of from about 2 nMmR2/s to BODUS2080010701
mR/s, preferably fromabout 3 nm/s to about 50 mm
/'s, nore preferably fromabout 3.5 nm/s to about 30
m2/s. The GIL base stock and/or other hydrodewaxed,
or hydroi sonerized/catalytically (or solvent) dewaxed
wax derived base stock(s) used in the present
i nvention have kinematic vistésities at 1000C in the
range of about 3.5 mm/s to 7 mm/s, preferably about
4 nm/s to about 7 mm/s, nore preferably about 4.5
mategials by hydsoisamesisation endfmredeveadng. (Ihkpraoess ixdescribed, for
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conmponents of this invention are further characterize
hergipi lpatdfgremsehavi ng pour points of about -5C or |ower,

pref erably about -100C or |ower, nore preferably about

-15C or lower, still nore preferably about -200C or
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present pnvention, _howewer, the GI se.stock(s ed »
abGubel BPY/Seipebaids 30 AT iy BT PEUICFRALY ot gLt dapams to
abdut M8GNRIm%/B! ef $haPTIaPBade -s¢6& Oandlof NSther "RY8rodewaxed, or

pref erably about -200C or higher. References herein to
hyplvoisopmrizedfoataytically€as wodvam) demdxedywasTdarbecd base stock(s)

si.imi | ar aut omat ed versions. [020] .The.GTL base, ..
usgfl gpithe presshl ytentioBhRyel Kingmaticayiscosiipsat V3L iy dheyrange 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.

[019] 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.

[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



dewaxed or hydroi sonmerized/catalytically (or solvent)
dewaxed F-T material derived base stock(s), and ot her

WG o 1sEr2 deri ved base stock(s) which are baseBCDUE2007/010701
conmponents which can be used in this invention are
al so 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, the viscosity index of
t hese base stocks may be preférably 130 or greater,

rmre preferably 135 or greater and even nore
For, exanpl e, GIL base
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cont ent
and nore typi caIIy | ess than about 5 ppm of each of

se elenents. The sulfur and nitrogen content of GIL
e simadditien, hes6Tai basstatk(e) atqﬂyphmally hlghly paraffinic (>90%
[ ode XI n teri
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catalyst and temperature used. Further, GTL base stocks and base oils typically
have very low sulfur and nitrogen content, generally containing less than about
10 ppm, and more typically less than about 5 ppm of each of these elements.
The sulfur and nitrogen content of GTL base stock and base oil obtained by the
hydroisomerization/isodewaxing of F-T material, especially F-T wax is

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 wi% 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.



amounts of cycloparaff ns. These GIL base stock(s)
typically conprise paraffinic materials that consi st
w@boognazser t han 60 wt % non-cyclic isoparaffi nBCT/US2007/010701
preferably greater than 80 wt % non-cyclic
I soparaffins, nore preferably greater than 85 wt %
non-cyclic isoparaffins, and nost preferably greater
than 90 wt % non-cyclic isoparaffins.[023] Exanpl es of
useful conpositions of GIL ba% stock(s) are recited
in US Pat. Nos. 6,080, 301; 090, 989, and 6, 165, 949
for exanple, which are herein incorporated by
- reference. [024] Base stock(s), derived from wax
{023 ds Exmne Seﬁ usafyh composianst of Gkl hasetstpek(s) are recited in

SRR 80, BREIOR EEoh E E16S I 8 Whmpe, which e

héﬁdmicaqmatamye@eaém caIIy (or solvent) dewaxed
waxy feedstocks of mneral oil, non-mneral oil,

non- petrol eum or natural source origin, e.g.,
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nat ur sour ce

nqQn- m neral .oi | n- petrol eum . or
feaﬂﬁogiéﬁ Qo Rtaal bR Tiisgal, Oy PRREHGIP R APb At source
or§ S U fe st SLKS A RAN BHD & 1Abr2BP lgas i rsleﬁ:rke%ﬁr waxy fuels
pr e er abl y about 30 or greater, and m xtufes of
hydrooracker/battadesyahatdrodasisen saﬂﬁlkaiean dabask waxes, lb&@siackates,
Sl a recov.er ed waxy
RSB Sor POl oty LSyRiae] i NCtieR br fkom. ghale oil, or
othBX ¥ufthbleOmiRetd] %ﬁuﬁbﬁlﬁlﬁxe‘?ﬂl %ﬂ' g@lrroleum or natural source
autorefrigerative dewaxi ng. Solvént dewaxi ng enpl oys
derhidd wdxyg ohaterialss lileaner branched hydrocarbyl compounds with carbon
number of about 20 or greater, preferably about 30 or greater, and mixtures of

such isomerate/isodewaxate base stocks and base oils.

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



met hyl ethyl ketone (MEK), nethyl isobutyl ketone
(MBK), mxtures of MEK/MBK, mxtures of MEK and
wWao od0aessae2 Whi | e autorefrigerati ve dewaxi ng enpPOlES2007/010701

pressurized, liquefied |ow boiling hydrocarbons such
as propane or butane. [026] Slack wax(es) secured from
synthetic waxy oils such as F-T waxy oil will wusually

have zero or nil sulfur and/or nitrogen containing
conmpound content. Sl ack max(esk secured from petrol eum
oils, may contain sulfur and ni'ttogen containing
conpounds. Such het eroat om conpounds nust be renoved
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hi gh saturatées levels, |owo-
camposiféons andvaro finitheractmratteriged asthavigg digle @hﬁu@ét%y levels, low-

I n color 02 preferred GIL |iq
“%A??t&f%&‘frb 3?1 t(?n’b‘é&“irf’é?f"ﬁgWOF%nEcﬂfﬁmaﬂcﬁgafpfbﬁaﬁf essentially water-
wWhitH Rca@slBen conponents in which the extent of
branching, as measured by the percentage of nethyl
hydrogens (BI) and the proximty of branching, as

bond RAvEHed BTiod ua?m@é%m@%pg:;%&” poencomprising
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measgredely the percentage of methyl hydrogens (BI), and the proximity of

branching, as measured by the percentage of recurring methylene carbons which
are four or more carbons removed from an end group or branch (CH, > 4), are
such that: (a) BI-0.5(CH, > 4) >15; and (b) BI+0.85 (CH; > 4) <45 as measured

over said liquid hydrocarbon composition as a whole.

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

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



over said liquid hydrocarbon conposition as a whol e.
[029] The preferred GIL base oil can be further

waebarasieri zed, if necessary, as having | ess tPernus2027/010701
Wt % aromati ¢ hydrocarbons, |ess than 20 wppm ni trogen
cont ai ni ng conpounds, |ess than 20 wppm sul f ur
cont ai ni ng conpounds, a pour point of |ess than -180C,
preferably | ess than -300C, a preferred Bl > 25.4 and
(CH2 > 4) < 22.5. They have a pom nal boiling point of
3700C+, on average they average fewer than 10 hexyl or
| onger branches per 100 carbon atons and on average
have nore than 16 nethyl branches per 100 carbon
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i sCher waxy hydrocarbon base oils are of
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nmovenent . . . . .
content o meet ever increasingly restrictive environmental regulations. Such

oils, known as low SAPS oils, would rely on the use of base oils which
themselves, inherently, are of low or zero initial sulfur and phosphorus content.
Such oils when used as base oils can be formulated with additives. Even if the
additive or additives included in the formulation contain sulfur and/or
phosphorus the resulting formulated lubricating oils will be lower or low SAPS
oils as compared to lubricating oils formulated using conventional mineral oil

base stocks.

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

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



anong original equi pment manufacturers and oi
formul ators to produce fornulated oils of ever

w0 pwrasEsngl y reduced sul fated ash, phosphor usP@nts2007/010701
sul fur content to neet ever increasingly restrictive
envi ronmental regul ations. Such oils, known as | ow
SAPS oils, would rely on the use of base oils which
t hensel ves, inherently, are of low or zero initia
sul fur and phosphorus content. Such oils when used as
base oil's can be formulated iff additives. Even if
the additive or additives included in the formulation
contain sul fur and/or phosphorus the resulting
f or mul at ed Iubricating oils will be lower or |ow SAPS

O ST e W 4 084 L3 84 8 e .
bﬁsn:rmllé adther synthefiobily eha)@ be wedi l@lfhef thetiBails that can be used

i gnited and conpression | |te wi || have a sul fur _
in: othee dnvention 711?/&1%‘@ PP’é’@ @%@Sr atNAOe).6 aliphatic or aromatic

BB Bl S0 o, A A0 Vb
kpswhemlidryal® . fnd\, %ﬁih@faliye &vailaBle eoxﬁ’ re?frﬁ%)@h?l %rﬁnferc‘f\ltaf/"s%le from
| ess, and a phosphorus content of 0.18% or |ess,

sypplicss such a5 Exwpmbnl &hemical €ompsinyr, aBhgvion) BRAoco, and
| ess

cer%’ets' fcal tgnls{e %&&%&pﬁoﬁg%%wﬁo{%}o%“]@s W‘@Bﬂ“ﬂ’m about 250 to

alb(ﬁﬁt83([)@3,3br Wigher. t heADseh®y cothRé®falR} lavalldBR in w1de range of
according to this invention are GIL base oils, oth

kiggmatist viscasities, rsayhlas, ups éolab@thHI0 e§nikiént dOO?C): aﬁdil ap to about
S &bh@g}mriam &Mwm o
hﬁi}gggﬂ%&% er | a gene:th‘fqp bé‘g\g/gfl i olﬂbgl\q??m%bq are not
limitedetci abowc ﬂzetd rafbmxt Cs; alphaolefins with about Cg to about Ci
alphaolefins, such as 1-octene, 1-decene, 1-dodecene and the like, being
preferred. The preferred polyalphaolefins are poly-1-octene, poly-1-decene and
poly-1-dodecene and mixtures thereof and mixed olefin-derived polyolefins.
The dimers of higher olefins in the range of about Cg to Cy, preferably C;, to
Cis, may be used to provide low viscosity base stocks of acceptably low
volatility. Depending on the viscosity grade and the starting oligomer, the PAOs
may be predominantly trimers and tetramers of the starting olefins, with minor
amounts of the higher oligomers. Most commonly, PAOs having a kinematic

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

[034] PAO base oils may be conveniently made by the polymerization of an
alphaolefin in the presence of a polymerization catalyst such as the Friedel-
Crafis catalysts including, for example, aluminum trichloride, boron trifluoride
or complexes of boron trifluoride with water, alcohols such as ethanol, propanol
or butanol, carboxylic acids or esters such as ethyl acetate or ethyl propionate.

For example the methods disclosed by U.S. Patent No. 4,149,178 or U.S. Patent



suppliers such as ExxonMbil Chem cal Conpany,

Chevron, BP-Anbco, and others, typically vary in
wooebas34ex er age nol ecul ar wei ght from about 25BCT/0S2007/010701

about 3000, or higher. PAGCs are commercially avail able

in wde range of kinematic viscosities, such as, up to

about 100 cSt (kV at 1000C) and up to about 3000 cSt

(kV at 1000C), or higher. The PAGCs are typically

conpri sed of hydrogenat ed poly?Frs or oligoners of
al phaol efi ns whi ch include are not limted to,
about C2 to about C32 al phaolefins with about C8 to

B0 sRenal R s comsniSHly geqriastein oQOtien deseriptions of PAO
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decene and poly and ‘m X
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| e t raneof about C8 to C20, preferably
aoc?leg pgﬁdeg nﬂﬁ ése%lf ths Grdei de olgfing jase desarjbashigeU.S. Patent
Mb.0aks god3@cceptably |ow volatility. Depending on the

Vi scosHy grade and the starting oligomer, the PACs
may be predominantly trinmers and tetraners of the

t o a | { -
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Omer s.
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poﬁ yIeri zat

Cum&esme andl HarfbOR¥fiold Fuby. nCSﬂS anygty ggac I%vlﬁ%htlg anorporated in

Fri edel - Crafts catal ysts including, for exanple
itg1epHretYm tri chl ori de, boron trifluoride or conpl exes
of boron trlfluorlde with water, alcohols such as

[@S{]:Pg i@ I‘WP ggx'ét l@ (staé{%o cl ;gﬁ@&;:tlgg;trg;natic base oils,
such as mono- or poly-alkylbenzenes or mono- or poly-alkyl naphthalenes. In
these types of base oils, alkyl substituents are typically alky! groups of about 8 to
25 carbon atoms, usually from about 10 to 18 carbon atoms and up to about three
such substituents may be present, as described for the alkylbenzenes in ACS
Petroleum Chemistry Preprint 1053-1058, “Poly n-Alkylbenzene Compounds:
A Class of Thermally Stable and Wide Liquid Range Fluids”, Eapen et al, Phila.
1984.  Tri-alkylbenzenes may be produced by the cyclodimerization of 1-
alkynes of 8 to 12 carbon atoms as described in U.S. Patent No. 5,055,626.
Other alkylbenzenes are described in European Patent Application 168 534 and
U.S. Patent No. 4,658,072. Alkylbenzenes are used as lubricant base stocks and
base oils, especially for low-temperature applications (arctic vehicle service and
refrigeration oils) and in papermaking oils. They are commercially available
from producers of linear alkylbenzenes (LABs) such as Vista Chem. Co.,
Huntsman Chemical Co., Chevron Chemical Co., and Nippon Oil Co. Linear
alkylbenzenes typically have good low pour points and low temperature

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



For exanple the nethods disclosed by U S. Patent No.

4,149,178 or U. S. PatentNo. 3,382,291 may be
w@omwasident | y used herein. Ot her descriptions pET/BS1007/010701

synthesis are found in the followng U S. Patent Nos.

3,742,082; 3,769, 363; 3,876,720; 4,239,930; 4, 367,352;

4,413, 156; 4, 434, 408; 4,910, 355; 4,956, 122; and

5,068,487. The dinmers of the Cto Cig olefins are

described in U S. Patent No. 4,218,330. [035J O her

useful synthetic Iubricating'bgse stock oils such as

silicon-based oil or esters of phosphorus contai ning

acids may also be utilized. Exanples of other ]
additiveset | Qtheybalkylated promeatics twhich may be usedswdenndesirable are

"Synthetic Lubricant.s” .cGundersqn and Hart i.nho
dosPbac fos SXREIECIR sVl kRS ne | RliBY . Performance
F@ndtional Fluidd8obrédshé! FeUthaP b e(RYN! BRUbRinOESE) NI Marcel Dekker,
i ncl ude al kyl ated aromatic "base oils, such as nono- or
N¥oI1¢931 ky | benzenes or nono- or poly-al kyl

napht hal enes. I n these types of base oils, alkyl

T AT 58k B S Bl el B
t t]
ccﬁﬁ%ﬁf‘ﬂg@%&@ ?ek?fg‘géalf g{ﬁﬂéﬂg %ngq bbtsae s ﬁ?&g@? example,

prese escri enzenes | n
eskatificdtinmmoChetierdfication apy useful @yithkdfeSlubridating oils. By way of

n- Al kyl benzene Conmpounds:. A Class _of Thermally Stable
exaneploy daese gils dnpyrkfe obfained by pehuncdzation ofpethylene oxide or

Tei gl e r i
préfifens Skidk 1 SRAPRTS oY P I WER oYy dlallcylene polymers
(methpbpalyisemropylene glycol SthdrahavihgNm avekiipge, ddeculiheveight of
AT S S A o BT ot weight o

aH%‘ulfyg@(?-rl%%?SaﬁJ Shies %‘#etﬁ?l | HRES Cﬁ‘%o@?ﬁ%p?ﬁ&f&"%l?@& having a

molecular weight of about 1000 to 1500, for example) or mono- and poly-

carboxylic esters thereof (the acidic acid esters, mixed C;_g fatty acid esters, or

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

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

phthalate, didecyl phthalate, dieicosyl sebacate, etc.



base oils, especially for | owtenperature applications

(arctic vehicle service and refrigeration oils) and in
w@apensak: ng oils. They are commercial |y avai | p@si/@sSiooomo7o1

producers of |inear alkyl benzenes (LABs) such as Vista

Chem Co., Huntsman Chenmical Co., Chevron Chem cal

Co., and N ppon QI Co. Linear alkylbenzenes typically

have good | ow pour points and | ow tenperature

viscosities and VI val ues greafgr than about 100,

together with good sol vency foradditives. O her

al kyl ated aromatics which my be used when desirable

are described, for exanple, in "Synthetic Lubricants
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their derivatives ntain erm
hinydiredy potyalspsudbt as nthd meopkatylepalydle, e.g., neopentyl glycol,
esterification or etherif cation are useful synthetic
trimsthdel | edagel s2-magthid-proprkaypropanedind, otrimethgyolepropane,
' L I ' j f ethylene.oxide or . . .
PRRAEREROY B0 HERAT S o Ty SHCRRIE el Yoptaiming at least
apoutyéxuebdty hivnes eeferably Coes Ty} adidk Wush R QAR straight chain

| ycol, ,ether having an average nol ecul ar wei ght of
f?gtsb&m%daphuhpaemnryashaeldofcqmlw@mﬁu tnwiqylagid) myristic acid,
i Al gk ' .about _500-100Q, and the .
PABAIRER QTR A0 Bt R SR TR 40, of e WBhesponcing

braviched|chaingitghacias oabasatulf0d iy A58 subBas V1enlSd).
or nono- and pol ycarboxylic esters thereof (the acidic

acid esters, mxed C3.8 fatty acid esters, or the
[EHHOoxBuitabledsyashetic ekter etarapomriteiachidectie efters of trimethylol

exampl e).. [,038] ,Esters .conprise a useful base, stock.
P}}\)&#\% glzémggl?)agll ‘»bﬁ% tggléﬂr{l?yloT ethane, pentaerythritol and/or dipenta-
erythritol with one or more monocarboxylic acids containing from about 5 to

about 10 carbon atoms.

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

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

phosphate, diethyl ester of decanephosphonic acid.

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

derivatives, and the like.



conpatibility characteristics may be secured by the

use of esters such as the esters of dibasic acids wth
womeasidenol s and the pol yol esters of nonocar POrRYE1007/010701

acids. Esters of the former type include, for exanple,

the esters of dicarboxylic acids such as phthalic

acid, succinic acid, alkyl succinic acid, alkenyl

succinic acid, maleic acid, azelaic acid, suberic

aci d, sebacic acid, fumaric acjd, adipic acid,

l'inoleic acid diner, malonic acid, alkyl malonic acid,

al kenyl malonic acid, etc., with a variety of al cohols
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such as saturated straight chain fatty acids including
weaght of compogitiony plihe antioxidant may be uged mjone or gn combination
j i 4j.¢ acid, stearic acid, arachic acid, and
be g%eggggiltfc}{egbr t he correspondi ng branched chain
fatty acids or unsaturated fatty acids such as oleic
(f%d)' 040]1, Syitabl e synthetic ester conponents _ -
04 ud g ioxidangs grsedaceprdipgoto the payentiar jane by Noidiaryl-o-
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the Formula I

Rs R; R}

where R, is H or C; to C,; alkyl, R, is H or C, to Cy; alkyl, and R3 and R, are
independently H or C; to Cj; alkyl. The average molecular weight of the
substituted N, N'-diaryl-o-phenylenediamine antioxidant will range from about
200 to about 600, preferably from about 300 to about 500.



erythritol with one or nore nonocarboxylic acids
containing fromabout 5 to about 10 carbon atons.

wQ QebI1138b1 | con-based oil s are anot her cl ass of PeEFES2007/010701
synthetic lubricating oils. These oils include
pol yal kyl -, polyaryl -, polyal koxy-, and
pol yaryl oxy-siloxane oils and silicate oils. Exanples
of suitable silicon-based oils include tetraethyl
silicate, tetraisopropyl silig?gg,
tetra-(2-ethyl hexyl)silicate, tetra-(4-nethyl hexyl)
silicate, tetra-(p-tert-butyl phenyl) silicate,

¥Y! - (i - 2- di si | oxan pol y( met hyl)
@?IxxaSﬂggﬁgngB%%P9$?%§?§$Pp§ihLHF@F%%enyI) si | oxanes.
[042] Another class of synthetic lubricating oil is
esters of phosphorouscontaining acids. These include,

for exanpkg, tricresy phosphate, i octyl phosphate,

di et hyl er of \d ephosphopi id. [043] ptagher

cl ass -0 s i Tre ; o N2 drofur

their_dermqnyati ve neh the L . ] The t 1 gns

of tventi 0 nprise a @ a._-NH

| ubr™edntpgr hy N fluid peffecti amount
NH

of at |eabt one subsfituted N,

N -diar -phel'a ne B dat. By.a daj o
anount | ubri cant _~or hydraul luid, i€ i an
that the lubricant or hydraulic fluid is prese n an
amount rengi ng fromea@bout 50 vvt.O/é)to about 99 wt. %
e.g., fromabout 85 W.%to about*©5 wt. % ba8€d on
the total weight of the conposition. By an effective
amount of at | east one substituted N,

N -di aryl - o- phenyl enedi am ne antioxidant, it is meant
that the antioxidant is present in anpbunts ranging

m 0 t o~apoput % and preferably from
[% ut a%’%g%lmg?}y ’%bﬁtcnp%ﬁ% %E\Q’Ldneﬁ Rreterablys pn alkyl selected from
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl and octyl,
conveniently a methyl or iso-propyl.

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

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

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

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

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

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



wei ght of conposition. The antioxidant nmay be used
al one or in conbination with other additives. [045]
wab@7asi46Dxi dants used accordi ng to the i nventP@ORUS2087/010701

N, N -diaryl-ophenyl enedi am nes, preferably those N,

N -di aryl - o- phenyl enedi am nes having the Formnul a |

where R, is Hor G to Calkyl, R is Hor G to G

al kyl, and R3 and R4 are independently Hor C to Cl2

al kyl . The average nol ecul ar i ght of the substituted

N, N -diaryl -o-phenyl enedi am ne "anti oxi dant will range
from about 200 to about 600, preferably from about 300

to %g ut 500.[046] Suitabl e conpounds of Fornula | Lo
praier gbé a -butyb substifuger; |N pNErdipadtarphenylenediaming; antioxidant,
Kyl ed_f e
o) fore B °f ) 208 =5} Sl B Mbediamine

afitdb:tidand. y 'Wahdup beitlg beand abi /1yt pirticul®t eord! it is believed that
i so-propyl. [048] In a separate preferred enbodi nent,

steyicj indranaenplayaran Rmpor@nhmdlerin she antigsjdange mbiljtyHto combat

r I 049] PRartyqularly preferred antigxidants
a1}, Boperts db iR Wi o Bigiac hiskitaREe HiEWGTR R proton to
bé ddhate@RoSAe BkRIALIVE ralicat tebemubh sloric BRIESAGILASWAS the proton

N, N - bi s(2, 6-di net hyl phenyl ), as being nost preferred.
mpkEg it yaeybabledpsadiqalsy - di aryl - s- phenyl enedi ani nes,
preferably N, N - di phenyl - o- phenyl enedi am ne
(conpound of Fornula I, where R =R2=Rs=R- =H), are
[085230 arhepieeht VevetionOxlsdaRlates to methods for preparing the N, N'-

diaryl-o-phenylenediamines of the invention. In the prior art, N, N'-diaryl-o-
phenylenediamines were prepared by reacting 1,2-dibromoarenes with aniline
derivatives using palladium/phosphine or palladium/carbene catalysts as
described in Wenderski, T.; Light, K. M.; Orgin, D.; Bott, S. G.; Harlan, C. J.
Tetra. Lett., 2004, 45, 6851-6853. In the present invention, substituted N, N'-
diaryl-o-phenylenediamine antioxidants are prepared by reacting dibromoarenes
or dichloroarenes having Formula II
X X
Rs Rs
R R g
where X is a halogen, preferably chlorine or bromine, and R, and R; have the
same meaning as in Formula I, with aniline derivatives having Formula ITI
R
H,N R,
R I
where R; and R4 independently are H or C, to C4 alkyl, in the presence of a
palladium catalyst. When X in Formula II is bromine, the palladium catalyst is a

preformed palladium complex coupling catalyst.



[051] Preferably, the substituted N
N -di aryl - s- phenyl enedi am ne anti oxi dant is an

w0 s@pnadayt substituted N, N -diaryl -o-phenyl enedi/asionz010701
anti oxi dant, norepreferably a t-butyl substituted N
N -di aryl - - phenyl enedi am ne anti oxi dant, still nore
preferably a nethyl substituted N
N -di aryl - o- phenyl enedi ani ne anti oxi dant. Wt hout
bei ng bound to any particul ar EFeory, it is believed
that steric hindrance plays an‘lffportant role in the
antioxidants ability to conbat oxidative properties in

ilsS. il e so steri.c hindrance allows for a proton
@égie ?&#’éﬁ@&e@aﬁ apdrg-phenylgnediamine antinaidanterdan also be
' n ki ' navai l abl.e.to .
FICOAETeS ERRITE S RREUARTS, o IR efidliGusdges having
FomdadVi or preparing the N, N -
di aryl - s- phenyl enedi am nes of the invention. In the
prior art, N, N -diaryl-pheRyl enedi am nes were
prepared by reacting 1, 2-di bpregoarenes with aniline
derivatives using pal | adiXam OsPhi ne or
pal | adi um car bene catal ysts /as descri bed i n Wender ski ,
T.; Light, K M; Ogin, D' Bott,IS. G; Harlan, C
wher¢€Kr & alBilogen? Wéferably G984nESSS broMhihd' S RSCHAs the same
invention, substituted N,"N -
TREAHNE 25 1) KFormuda bawithiand iesdenvatifcest lsaving Foremda 84 by
reacting di bromparenes or gjchlroarenes having
Fornmula Il where X is a hafagen, 2preferably chlorine
or bromine, and R2 and R, £ same neaning as in
Formula I, with aniline deripvafives having Forrmula I11

where Rl and R4 independentd,y & e {1 or G to C4 alkyl,
al yst. When X in

i,n the presence of a pall adi um cat;
Wfﬁ—gﬁzag}$i§33h%m%gmﬁ HaeHUNE S emmnulayktini theapresence of a
RN&dighiEst | adi um conpl ex coupling catal yst.[053J
pSubslt 'tute N, N -diaryl --phenyl enedi ani ne
anti oxi dants can al so be

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

place of the dichloroarenes or chloro-m-dialkylarenes.

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

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

catalyst contains both a palladium and phosphine ligand. The preformed



prepared by reacting chloro-wdialkylarenes or
br ono- m di al kyl arenes having Fornmula IV where X is a
wha000083362 pref erably chlorine or brom ne and RACTrES200T1€10701

same nmeaning as in Formula I, with aniline derivatiyes
having Formula V where R2 and R3 have the sane nmeani ng
as in Formula |, in the presence of a palladium

catalyst. [054] Both preparation routes described
above are carried out in the p z?sence of a palladi um
catal yst. The pall adium catal yst can be a

paI | adi um phosphi ne or pal | adi um car bene cat al yst.
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ape ebt limsitied ta| J-chiorof mthylepees @ﬂldtlﬁydpﬁémﬁnclﬂbﬁlde 1 chloro-2,6-
therrmlk stable and, in some cases, are air stab

diisRpropY eBSs| brchlerongftlicterinbutydbenzene ataady st,3 5-tr1methyl 2-

Ctﬁﬁatﬁ% i Btﬁ%sp 18 rbrf)‘fnto- ﬁgf\;?nhqgéf%‘p oorfI orpélgaeln\f include, but are

np05 timiged t ab) e 1emb%mm6aﬂafetﬁylb5ﬁwﬂé a(2broftd-HflRylene), 2,6-
I ted to
dleﬂgylpkenyﬁ)roxﬁlcrlg, I-bromo-2,6- -diisopropylbenzene, 1-bromo-2,6-di-tert-

butylbenzene and 2,4,6-trimethylphenyl bromide.

[058] Preformed palladium complex coupling catalysts of the invention

include dichlorobis(triphenylphosphine)palladium(II),
tetrakis(triphenylphosphine)palladium(0), diacetato[1,3-
bis(diphenylphosphino)propane]palladium(II), dichlorof1,2-
bis(diphenylphosphino)ethane]palladium(II),

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

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

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



di br onobenzenes, preferably 1,2 di bronobenzenes.
Sui t abl e di chl oroarenes of Forrmula Il include, but are
wmoeio7hsast ed to, dichl orobenzenes, preferably BCRUS2007/010701
di chl orobenzenes. Suitabl e chloro-mdial kyl arenes of

Formula IV include, but are not limted to,

2-chl oro-m xyl ene, 2, 6-di et hyl phenyl chl ori de,

| -chl oro-2,6- diisopropyl benzene,

| -chl oro- 2, 6- dl-tert but yl benzene and

I, 3, 5- trlnethyl - chl orobenzdfe. Suitable
bronn-m#dialkylarenes of Formula IV include, but are
not limted to, |-Bromno-2, 6-di methylbenzene

: te(@bgbdpbo&plu9o}fng'pcelze]pall@|dmn(ﬂ)p henyl br oni dealichloro[1,1’-bis(di-

1spbgqulﬁ§h%§;§ma?jfgg§ @%@MDan q dibromobis(tri-ortho-
togylﬁ,h@dllgﬁmgﬁ;g]wm b, br om de. [058] Preformed dibromo[1,1’-

um conpl ex coupling catal ysts of the invention

bmfﬁbph@eylphommnobfes(qcnenp}paﬂydpm@b};u ne) pal | adudmt(lbt()bns(dl-tert-

AR BSHAS MR L2 Pt b

bﬁ'a ht thd&rm(II dibr diphenylphosphino)-1,1'-
| |g éﬁﬂﬁ%n hrggp%l no) et hane] ) a?xlng ls( iphenylphosphino)-
bmapbéwé}gabﬁadfum(lﬁ);enyl phosphl mhel)opia(l ablbmﬁmlph)enylphosphmo) 1,1-

dic

b‘BiaBEJdﬁ DP@H?FBHB%. no) but ane] pal | adi um(11), di chl ofighloro[1,3-

bis(diphenylphosph ladium(Il), Fib. 3
: ( {)d?%%gngls%ﬁgg)p% ane] ? r gcleurr]%ﬁ p)al I éd?runﬂq%ortde gr (;P Bu

ca’t&lyhtan_e adduct , 1d, 3J4I,i)-p_e[1taphenyl 1 -(dl-tert-butylphosphmo)ferrocene,
dL%:B[lf{g gggﬁ@{%%ﬁ?t?}i'e)%ﬁ?xiﬁmrﬂ&}f ert 8 ?1 01]0 <filsl.(laf.j‘}e(ajtlct)lrJ1ﬂ(rlllé)%)ai?iagium(II)
blg(etc/eé/'ﬁa%t@ﬁ&l?yl')ﬁz{lﬁdlﬁﬁﬂ H; d' dl@l‘il'oro@uf%&9%&&1@%§th&um(ll)

adi uny
dICb}Qm(]tnrb()madwrm)paBadlym(hbs phbis@jitenzy lidehieaogtohe)palladium(0),

L ehl or ric .phosphi ne) pal | adi un(11),
K‘S‘E )8@@2@@99t$@ ‘g ﬁ%/‘i’ﬂm@gphl ne)
trls(dlbenzyl1deneacetone)dlpalladium(O) chloroform adduct, allylpalladium

chloride dimmer and palladium(Il)acetate trimer.

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

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

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



pal I adi un(11),
bis(tri-/"er/-butyl phosphi ne) pal | adi un{0),

wale@hhaet bi s(di phenyl phosphi nophenyl ) et her | pab¢HUB2007/010701
), dichlorofl
,i'-bis(di/er/-butylphosphino)ferrocene]palIadiun(ll),
dichloro[ 1,1 -bis(diisopropyl phosphino)
ferrocene] pal | adi unm(11),
dibronobis(tri-or.?iotolylphogﬁyine) pal I adi un(11),
di brono[ 1,1'- Tevs
bi s(di phenyl phosphi no) ferrocene] pal | adi un{I1),

i s(di - b heny| h
T nﬁw%%pﬁﬁo)%ﬁ%%%@%a%%ﬁgié.pp'hQ‘S’w phosishiorp{1, 1"-bis(di-
1s rogwggﬁﬂ%l h’?ﬂﬂl eﬂgwﬂﬁaﬁi rBﬁII},| 0) - 1’ 1+ . dibromobis(tri-ortho-

tblympmfstph allhdidi I ) dib 1,1°-
d| | odo(Z)ﬂé)pbl s( dlmqfe)&l I ?hosphl - 1,1 - tbromol

!/l? %@hn&&f@mwn)e dlaﬂﬂlm(ﬁ[), 1, 3- dichlorobis(di-terr-

ML ST Biorine 1
bhaﬂlﬂhyl/)%élladluhﬂm hosphi no) f giyreafRITe i2'-bls(dxphenylphosphmo) 1,1'-
di chl orobi s benzonltrlle) al | adi ur a(

bm&nhtbyldmléa(caum(ﬂa; trile) paI I actilet((B12‘-b1s(dxphenylphosphmo)-1 1'-

o R BN, bl o un(1 1)) O O ! dichloro[1,3-
bﬂd(d?ﬁlﬁh?Iplﬁﬁbﬁfﬂlﬁﬁhﬁ%k@)ﬂlia@%rﬂ@ﬁ} | )Fiber supported Pd /P Bu3

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

catalystdppdni? 36@5@&@@@9@)’6&'pédl+tad‘l-lum(y@hosphmo)ferrocene The
P}#gg@ghbg%lﬁlcilg%ene tﬁggﬁ aI | aqulﬁzr{l% O%’ﬁgg(l)l%l;’r?érglawy available
fioah Fehhson(Maret ate triner. [059J More preferred

preformed pal | adi um conpl ex coupling catalysts of the
invention include diacetato[ 1,3-bis(dipheny

Ly DA ——

cﬂh@xﬁiﬁh@t\ﬂ’&ﬂ %‘Id’v‘n{’ he bR RANIE) B bAd! ¥ ypical procedure, the
ichloro[ 1,
reactants are mxxed under inert atmosphere (e.g., nitrogen, argon) in a solvent

(e.g., toluene) and heated to the boiling temperature of the solvent (e.g., 100-
120°C) under reflux, for a period of about 5 to 24 hours.

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

compositions.

[062] Fully formulated compositions can contain at least one additional
lubricating oil or hydraulic fluid additive, which include, but not limited to,
viscosity and viscosity index improvers such as polyalkylene or polyolefin
viscosity index improvers, metal deactivators such as triazoles and thiadiazoles,

extreme pressure and antiwear additives such as phosphate ester, amine



b| S(dl pheny | phosphi no) but ane] pal | adi un{11), dichlorof

\Nanmvd&ﬂhknylphosphlno)ferrocene]palladlun(lI)Pdnﬁhumwmﬂﬂn
met hane adduct, dichlorof 1,1'-bis(dipheny
Iphosphino)ferrocene]palIadiun(ll)-acetone adduct, di -
[l-chlorobis(tris(2,4-di- e
- but yl phenyl ) phosphi t e- 2- C, P)dlpalladlun(ll)

di -/i bronobis( tri-?erf-butyl phosphi ne)di pal I adi unm(1),

dichlorobis(tricyclohexylphoszhrne)palladlun(ll)

bi s(tri-tertbutyl phosphine) palladiun(O,

di chl or o[ bi s(di phenyl phosphi nophenyl ) et her] pal | adi un 1
ph()sphdiec lahdr splfiirized olefins, antirust agents such as carboxylic acids,

dlag!g% (e;{ulc a%u;l. cgr(r}gic’l MH? 4 oceng}lg%’eg % rrr{gntlgn a few. The
SrgnthGP gﬁllf’ﬂltﬂ&d cf%%g (ﬁgg E?%? (ﬁ)lghglatlo wil’l 1be_ the amount

zot phosp

tybicsaalgvimdnnlfphﬁammojlﬁer rocene] pal I adi un(11),
di chl orobi s(di -fertbutyl phenyl phosphi ne)
pal | adium(11), dichloro(2,2'-bis(di phenyl phosphi no) -

[0§|3tr Or’fl?{ig@zghteﬁ %%?%hgﬂg#%osp pr r% coP’ng)s_itions of the invention

inbluddep buld \elrg pedt! kedhited( 1ol Jcirculating oils, hydraulic fluids, greases, gear

oigs: :qgeggf}%ryg nﬁg ﬁ?gg%fé]f?gr}}/l!y I?)qgsagm a{;l‘(t)g{qatlg fransmission fluids.
bi s(di phenyl phosphi no) propane] pal I adi un(11), Fi ber
supported Pd /P Bu3 catal yst and

[0i64}, 3 Phebinpentiapiefurther-dederibed by reference to the following
- but yl phosphi no) f errocene, . The preformed pal | adi um

copyRtye e¥amn %fga%ﬂanglgngnw@%mér cially avail abl e
from Johnson Matthey. [060] The synthesis of N,
N -di aryl - o- phenyl enedi am nes i s done under conditions

EXANIPKEBSIN to those skilled in the art. In a typical
procedure, the
[065] In the examples and comparative examples, 1 through 22, a series of

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

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

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

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

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

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

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

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



reactants are m xed under inert atnosphere (e.g.,

nitrogen, argon) in a solvent (e.g., toluene) and
wheavasdsbn t he boiling tenperature of the sol vReit/US2007/010701

(e.g., 100- 1200C) under reflux, for a period of about

5 to 24 hours. [061] Antioxidative properties of the

| ubricant or hydraulic fluid conpositions of the

i nvention are inproved by adding an effective anount

of at |east one substituted N

N - di aryl - - phenyl enedi ani ne arddoxi dant to the

conpositions. [062] Fully fornul ated conpositions can

contain at | east one additional lubricating oil or

hydr ddi + &N’ thisphenyld-phenylenediaprine ude, but not

limted to, viscosity and viscosity index inprovers

such as pol yal kyl ene or pol yol efin viscosity index

CGotparueive Exmhsles deafd 2 wall Fhangmel 136 4 ri azol es and

thi adi azol es, extrene pressure and antiwear additives

[86Tnh aln ghesisllovengstuns, thavidatp iwasp katlecteddusingf arDpBdnt DSC

NipGo)r 2, PResstyEs iPEREI SFARhiBE vl eS baoil was PAO
beyEsill Th@?@idllﬁ‘re%oh%ﬁ’-in%l@%tfoPis&H&ﬁﬁtﬂﬁ?ﬂt&m runs carried,

additives included in the fornmulati on w

oamwair (100 psik) ut 186CIuRid® bpeh ahwdirirh pank GR:3l 6.5m% of sample.
Typi cal end use applications for the conpositions o

Theesaimplesweva heatddufiem fuoim atrapenitule tai 1807C & 10°C/min and then
u oils, hydraulic fluids, greases, gear

th ﬁsp'ﬂ%%%%m raonéfor the time @kgnder dhe gxm?mmmm to occur.
G BAPRA3H bl LA TOF PSPl 1. orr i

cakalie® as Ahé eraapblation pagexePtRSexStHéMrLfFESM a plot of heat flow

versus time. The OIT is defined as the amount of time taken for the depletion of

the antioxidant. In other words, the OIT is the amount of time before oxidation

of the lubricant or hydraulic fluid occurs.

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

Comp. 1 None 2.7

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

Comparative Examples 3 and 4 and Examples 5 to 9
[068] The procedure in Examples 1 to 4 was followed except the base oil used

was GTL oil. The results are shown in Table 2.



[065] In the exanples and conparative exanples, 1
through 22, a series of oils were fornul ated using as
wo b@7asdezli ti zed base oil one of a pol yal phaol P€T/HS2007/010701
(PAO having a kV at 400C of 268 cSt, a paraffinic oi
derived froma gas to liquid conversion process (GIL)
having a kV at 400C of 4.0 cSt, a commercially
avai |l abl e synthetic notor oil, and a 150N m neral oil.
[066] The antioxidant used in the fornulated oils was
one of: L57 - a commercially 2%4i | abl e al kyl at ed
di phenyl am ne sold by C ba under the trade nane
Irganox L57. IB - |, 2-benzenedianmine, N, N-bis (2, 6
dlnethyl phenyl) C - 1 Zlbb %nedlanine N, N -bis

I
(26 brs—(—Trethy ey

2- benzenedi ami ne,| N, Péd%ﬁté’e[ Wi ‘BI bi s (Oﬁifﬁﬁlpﬁ)lpductlon

ethyl) phenyl] - U 5 dinethyl. 3C - |1, Time, Minutes
2- ber?@®@eBani ne, NN -bNen2, 6- biﬁqu( 1- netmz

/]

El llyl IS )/IJ = L\.Ll

EAE 243 ﬂl! mgt hyI phiﬂ’yqy)s "Xt'é d| gt hyl - o ﬂﬁeﬁyl ened
[ amE te I sphe ene
Conpar at | ve Exanpl es 1qang20§% Exanpi esQ%)r ZQO fes
In the foll ow ng runs the data was cql | est>ed00shidtes

PrPert—BSe-—Med 2020 nressure differiential scanni ng

cal \cﬁ 5@6vu'?ﬁé 'k_);'s_\é 30s O t%n0 bade 0|I ms

res%)ga}ng rtea ra for—irsot-hern
oxi dat i onﬁfﬁns ccrr edgggtjslﬁkg r (190 psig) ggt 180C

usi rexampple &l uni num padeg, arBiwerdny off sanpl e4gl§ie

t fromroomtenperdture to 180C at
10c/5¥ampled t hen 3D, 0.5 wt% 172 minutes

‘Comparative Example 5 and Examples 10 to 13

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

mineral oil. The results are shown in Table 3.

Table 3
Additive, wt% Deposit, mg.
Comp. 5 L57, 0.26 wt% 109.7
Example 10 " 1B, 0.26 wi% 41.6
Example 11 1C, 0.26 wt% 49.6
Example 12 2C, 0.26 wt% 16.3
Example 13 3C, 0.26 wt% 51.0




hel d isothermally to nonitor the tinme taken for the
oxi dation exothermto occur. The oxidation induction
W 2002/18336X) for each run is shown in Table 1. EITUS®07/010701
cal cul ated as the extrapol ati on tangent to the
exothermfroma plot of heat flow versus tine. The QT
is defined as the anmount of tinme taken for the
depl etion of the antioxidant. In other words, the OT
is the amount of tinme before i dation of the
| ubricant or hydraulic fluid dCcurs. Table 1
Conpar ative Exanples 3 and 4 and Exanples 5 to 9 [068]
amples 1 to 4 was foll owed except
80 adExamples 14 447, esul ts are shown
in Tabl e 2 Tabl e 2 Conparative Exanple 5 and Exanpl es
10 to 13 [069] In these exanples, fornulations were
[@7| ualrethekorexdaigies, tthe %%Qlati&is%eié‘@véﬁﬁ%ﬁ fo?deposit control
ASTM D 6335. The base oil in these exanples was erg
usngdthg TEOST Wﬁé rstullys formulategnsynthetiamhesos. OIII'abisslsed The

4 to 17 [070] In
r%ﬁggg%g% es, ?ﬁea?? mﬁxgx@ﬁ?ﬁ?é eval uated for
deposi t control usi ng the TEOST test. A fully

formul ated synthetic notor oil was used. The results
of the TECST test are alsoXgbled in Table 4. Table 4

| Conpar ative Exanptes— széq‘i &ﬁ@gd%
4“'Wae Eelm'ps.% " e*‘}:“p' e1457“():25 wi% 1093
Example 14 1B, 0.26 wt% 2.0
Example 15 1C, 0.26 wt% 0.1
Example 16 2C, 0.26 wt% 1.1
Example 17 3C, 0.26 wt% 3.3

Comparative Examples 7 and 8 and Example 18

[071}] In the following example, the procedure in Examples 1 to 4 was
followed except the base oil used was GTL oil and the antioxidant used was an
unsubstituted N, N'-diaryl-o-phenylenediamine. The results are shown in Table
5. Even at 1/10" concentration the OIT of unsubstituted N, N'-diaryl-o-

phenylenediamine is higher than the commercial antioxidant L57.

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




foll oned except the base oil used was GIL oil and the

anti oxi dant used was an unsubstituted N
wO\200di133492 - ophenyl enedi anmi ne. The results are BODWA2007T010701

Table 5. Even at 1/1 Oth concentration the OT of

unsubstituted N, N -diaryl-o phenyl enediamne is

hi gher than the commercial antioxidant L57. Table

5[072] In the-follow ng exanples, Exanples 19 to 26,

N, N -diaryl-ophenyl enedi anmi ne_anti oxi dants accordi ng

to the invention are synthesT?éd utilizing different

raw materials as well as different catal ysts. Exanple

19 Synthesis of N, N -diaryl--phenyl enedi am ne from s '
[072]). g lan the o bllowHE grpmplesdibiapplesnilPi ke 2f, tNe N'-diaryl-o-

S A
utiizingdlifferanabat Matdrill 8¢ well addidfetent cavalysgf, sol id

tri-J-butyl phosphine, P1Bu3, were conbined in 201 of
tol uene. The m xture was stirred until the Pd(QAc) 2

Edgssgl ng Twenty-five (25) nmol of

- | or obenzene was added_ to the m xture foll owed
SPUHERISOPN, R -diafyl-slipRby Y idiAmige #P6in 5200 hicYobenzene and
259818 ﬁhgﬁwmi%g%&@ &Suf H‘éhﬁdhgﬂcz%ée‘igté&ﬁﬂ Ur e was
’glf and mal at abou

b phia- 2ppr o n, th

14 h. After approximately 14 h, the
argon gl ove box was opened and the reaction m xture

(VBE qUinCdfl ¥r 6YeBoW DIBPAIIEAYH I BITHRR! 448! PA(GI&c),, and 2.2
[(4 g NH d gﬁﬁe%o m 0H O . The ttigdluene | ayer vvas€ €, an

meeglachiselid ftriohbutyiphaspbing R'Byer weare combimel imi20enlwiafitoluene.
Tﬁg mni1)‘(tuv¥etvt}asd stirred Gntil \’ﬁuaé ﬁ&(oyéi &igls&%gg. Twenty-five (25) mmol of
1,2-dichlorobenzene was added to the mixture followed by 75 mmol of 2,6-

=t

dimethylaniline and 75 mmol of sodium tert-butoxide, NaO'Bu. The reaction
mixture was heated to about 110°C and maintained at about 110 °C for
approximately 14 h. After approximately 14 h, the argon glove box was opened
and the reaction mixture was quickly quenched with aqueous ammonium
chloride (40 g NH,4Cl in 80 ml H,O). The toluene layer was separated from the
aqueous layer and washed twice with 80 mL with deionized water. The toluene
layer was dried over magnesium sulfate, MgSO, and filtered. The toluene layer
was concentrated on a rotary evaporator until crystals began to form. The
toluene layer with crystals was cooled to about -10 °C and maintained at this
temperature for 24 hours. The crystals were isolated by filtration and dried
under vacuum. The yield of isolated N,N’-diaryl-o-phenylenediamine was 5.11
grams, GC yield of 100%. The GC/MS spectrum suggests that the product is a

single compound having a mass of m/e316.



| ayer was dried over magnesi um sul fate, MgSO4 and

filtered. The toluene |ayer was concentrated on a
WO odoang34evaporator until crystals began to forpeT/Ukm®07/010701

toluene layer with crystals was cooled to about -10 0C

and mai ntained at this tenperature for 24 hours. The

crystals were isolated by filtration and dried under

vacuum The yield of isolated N,N -diaryl -

s- phenyl enedi am ne was 5.1 1 %ams, GC yield of 100%

The GO/ M5 spectrum suggests tfat the product is a

singl e conmpound having a nmass of me3 16. Exanple 20

Synt hesis of N, N -diaryl --phenyl enedi ani ne from
E i2 onpbenzene and 2, 6-di nethylaniline in the
S g}r%ﬁgfe‘ néﬁlig ’gil%]; 0{%‘5815? alllﬁ%d' i fngeg@o%)é l‘i% WObenzene and
2,6nipeshylsmilige in P?WF%e%P%BEW‘}' B gopplex
coupling gata ined with 40m toluene and stirred for

about 5 mnutes. To the mxure, 8 5 muol of

-di. br onpbenzene s_added f ol d by 2 of 1o /e:

9345 410 A1 a8 e MRUE2 Dol GROEoqmmor | Bichidtobis(di-rert-
bultPlphBHY PRoIBhintsdl Bidiurhh €I1) 6R&$ | SUmBincdUxithVafOrhE aidldene and
L{tglbabozlt?ﬂf? OIC and mai nt gilzed at&g\%out 110Q0C for
stigwedr fox iatrant:§ yninatds. Tar thermixpwe o%.5rmmm] pf1l42 ydibrameobenzene was

o e USR8 R R 2N Cullhol AR AT el B fosiom e
butd£de, WUHG'BU."N FheNteddtich nifiRfureohiiBNBeht@ieto Vibfout 110°C and

separated fromthe aqueous |ayer and washed tw ce wth
maiptathed et abontd 102€ dfor appeoxinatelyel4 dy e Afigrsapprosimately 14 h,

over magnesi um sul fate SOA, d fil.t d. The.
the BFERm VR R 18 el FRAPEearHion PHrGRS Y iickhy puenched
withlddueous ammonium chloride (10 g NH,Cl in 25 ml H,0). The toluene

layer was separated from the aqueous layer and washed twice with 80 mL

deionized water. The toluene layer was dried over magnesium sulfate, MgSOy,
and filtered. The toluene layer was concentrated on a rotary evaporator until
crystals began to form. The toluene layer with crystals was cooled to about -10
°C and maintained at this temperature for 24 hours. The crystals were isolated
by filtration and dried under vacuum. The yield of isolated N,N’-diaryl-o-
phenylenediamine was 1.44 grams, GC yield of 100%. The GC/MS spectrum

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

Example 21

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

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

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



crystals began to form The toluene |ayer with
crystals was cool ed to about -10 OC and nmi ntai ned at
wao biog/1smeper ature for 24 hours. The crystal s weeEUS2007/010701
isolated by filtration and dried under vacuum The
yield of isolated N, N -diaryl - phenyl enedi am ne was
1.44 granms, GC yield of 100% The GO M5 spectrum
suggests that the product is a single conmpound having
a mass of me3 16. Exanple 2 1 Synthesis of
N, N -di aryl - o- phenyl enedi am % from
1, 2-di chl orobenzene and 2, 6-di nethylaniline in the
presence of pref ormed pal I adi um conpl ex coupling
tetdnebyisie, NGG'Bu. n Bre aeagunngimwmr@o&as beated mmbout 110°C and

miipfaingt ebhbl 1d0°Gii0h Fefoapiects! TRRL "R anepEiasly 14 b
€88ty YTISUAES s bl o BIFTRE s gty cuenhes

with Gqiieoes yhmoniumechkdodd@ 20mp INH;LCl in 60 ml H,0). The toluene

sodi unt ert - but.oxi de,, NaOlBu. The reacti on xture
laykEa Mg $ePasRiGH: ATEISEe ARNCAUS HAYET, GROaAShe EWIGOTith 80 mL

deﬁcﬁ{lz@d? QYeﬁéll Mgipg| t%l&eﬂet’lazég{\%% Jﬂ’?ﬁg 8% Ragh¥sibh Sulfie, MgSO,,

ove box was opehe reaction mxture
ami/aﬁltqmdc ki 'Vhe mehxehe dayert Wasquaceastratedoon anratityoevaporator until

crxséab %?Pr ; ﬂ%a&%&g \rtgs?eéollgﬁene onbal a19 P and majptained

I
TS ST R rsin

drte@l mai&r vagyam. WIhe gdcldesttisalaget] DINa-diatydosphermylonadiamine was
until crystals beﬁan to form_ The solution was cool ed

2.9% exypb COLpiebEoAn Q00 fhg GEGMat Speataim SHEgPYE that theproduct
is 2 5t B mpUtdBih 2 A& & ip¥ i ed by filtration and

Example 22

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

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

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

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

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



dried under vacuum The yield of isolated N, N -diaryl -
- phenyl enedi am ne was 2.64 grans, GC yield of 100%
wab@7@8¥4h5 spect rum suggests that the product PET/ES2007/010701
si ngl e conmpound having a nass of me3 16. Exanple 22
Synthesis of N5N - diaryl--phenyl enedi ami ne from
1, 2-di bronobenzene and 2, 6-di nethylaniline in the
presence of preforned palladi um conpl ex coupling
catalyst [076] In an argon g%%¥e box, 0.084 nmo
dichloro[l,l"-bis(di-/ er yI phosphi no) f err ocene]
pal | adiunm(l1) was conbined with 40n. of tol uene and
stlrred for 5 mnutes. To the m xture, 8.5 mmol of
Examplei 23 onobenzene was added fol | owed by 25 mmol of

%t%tiﬁng( %wn;\%@us%?lgﬂgﬁa m oﬂ'['oLHP 1,2 ghe?yleneglamme
SR 4-S- ISR iy, 7 PEASIARE [t HAPASIGRY |acetate/trict-
Riingcatalyst in a GO/ MBS, it was found that the

product was a m xture of desirable product with ne 3

[0¥8] andn Whr£a6h @loveb@e0.805HaEA Palladiv aketabs FH@A¢RNand 1.1
can be carried out at |ower tenperatures. Exanple 23

mB}ﬂithé%QISd - tr\btttylptmsnhyte, Pth‘myWéfReGPm’ﬁ"h%d fin AL of toluene

anfy, SRRRT i PP Tcflisball @R 8] B iR g mamot of 12-

ptfe@?@édeﬂtarhﬂx@] wal ada&ag%mv@é@ BYX, 31‘> sﬂﬁnmmbf 2-chloro-1,3-
| adi um acetate, Pd(QAc)2, and 1.1 mmol of solid

dlmthylbbnzqnqﬁmk éﬂtSn@mCFll diver tertcbrtionidal NaOBuw The reaction
OGRS ot 1188 X Ridfatllcd st VEbout H10°C for

approxunately 14 h. After approx1mately 14 h, the argon glove box was opened
and the reaction mixture was quickly quenched with aqueous ammonium
chloride (20 g NH,Cl in 60 ml H,O). The toluene layer was separated from the
aqueous layer and washed twice with 50 mL deionized water. The toluene layer
was dried over magnesium sulfate, MgSO, and filtered. The toluene layer was
concentrated on a rotary evaporator until crystals began to form. The solution
was cooled to about -10 °C and maintained at this temperature for 24 hours. The
crystals were isolated by filtration and dried under vacuum. The yield of
isolated N,N’-diaryl-o-phenylenediamine was 2.87 grams, GC yield of 100%.
The GC/MS spectrum suggests that the product is a single compound having a
mass of m/e316.

Example 24

Synthesis of N,N’-bis(2,6-dimethylphenyl)-4,5-dimethyl-o-phenylenediamine
from 4,5-dibromo-o-xylene and 2,6-dimethylaniline in the presence of
palladium acetate/tri-z-butylphosphine :

[079] In an argon glove box, 0.27 mmol of palladium acetate, Pd(OAc), and
0.73 mmol of solid tri-t-butylphosphine P'Bu; were combined in 40 mL -of

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



phenyl enedi am ne was added foll owed by 37.5mmpl of
2-chl oro-1, 3- dinethyl benzene and 37.5 mmol of sodi um
w0 esovABa4bDXi de, NaO Bu. The reaction m xture WeST/O8ANT0701
to about H OOC and mai ntai ned at about H OOC for
approximately 14 h. After approximately 14 h, the
argon gl ove box was opened and the reaction m xture
was qui ckly quenched w th agueous anmmoni um chl ori de
(20 g NH4AA in 60 mM H20) . The tol uene | ayer was
separated fromthe aqueous Ia%%r and washed twice with
50 nL deionized water. The toluene |ayer was dried
over nmagnesium sul fate, MySO and filtered. The tol uene
dnbaymo-wlemnmt addeti tonthe rrmmmy: &ldpwedty 2mtminol of 2,6-

SR BSGRE 80 4 T B5ot Yl Rt ROy geacton

m%&\ifé -wa$ et P LR by e“.(p@ ahad n’?&infa'u'léd aiti @ho@d10 °C for
ried under vacuum The yield of isolated

apyrdiimlataty [14ch phéfipt eave@ahmones,\/vapr@nﬁi’latgr formedGCThe precipate

mél el {va&g %Yﬁaﬁgm@g P ect Q/‘fen og%ﬁissgp%{x]emgﬁge reaction

t f
mﬁ&ﬂr@gﬁss(%éngmg cirlgeﬂhc;l g hvgrtll)]/ Ia)queA:ro%s gtlnrrrneorllql;/m} chloride (4 g NH,Cl in
20 pﬂdﬂigﬂ))eﬂaﬂa tmiucre Fayormwvhs Sepatatedrom sy aqleaoaxsdayer and washed
2, 6-di ylanilj nIh resenge of. pall adi um
e with) B0, L Bl HBRizRt Bl gha follns, BYkE qvay dried over
C
mgElcsitin D, MESOF sp8TIKTES SR Oluch Y] yasdtcentrated on

a ectaby aeaporatofQuntil omystalsl bepaa. toTHoemni dthertelwae layer with crystals

til the Pd(OA | ved, 8 3 o] of
S 508l GrAPoM D SR blaing < & BRRISRPRSFaRES fBF P4 hoyrs. The

cn@?ﬁta@ Wil 15‘6f1at%d66y filtration and dried under vacuum. The yield of
isolated N,N’-bis(2,6-dimethylphenyl)-4,5-dimethyl-o-phenylenediamine was
1.1 g, GC yield 100%. The GC/MS spectrum suggests that the product is a single

compound and has mass of m/e 344.

Example 25

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

[080] 1In an argon glove box, 0.40 mmol of palladium acetate, Pd(OAc), and
2.2 mmol of solid tri-t-butylphosphine P'Bu; were combined in 40 mL of
toluene. The mixture was stirred until the Pd(OAc), dissolved. 12.5 mmol of
1,2-dibromobenzene was added to the mixture followed by 37.5 mmol of 2,4,6-
trimethylaniline and 37.5 mmol of sodium tert-butoxide, NaO'Bu. The reaction
mixture was heated to about 110°C and maintained at about 110 °C for
approximately 14 h. After several hours, a precipitate formed. The precipate
may not always be visible. The argon glove box was opened and the reaction

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



di met hyl ani | i ne and 25 nmol of sodiumtert-butoxide,
NaO Bu. The reaction m xture was heated to about H Q0C
w@r@7/ed4nt ai ned at about 110 OC for approxi mat BCUS2001010701

After several hours, a precipitate formed. The

preci pate may not always be visible. The argon gl ove
box was opened and the reaction m xture was qui ckly
guenched wi th aqueous anmoni um chloride (4 g NH4Cl in
20 Ml H20O). The toluene |ayer s separated fromthe
aqueous | ayer and washed tw cd’With 80 nL with

dei oni zed water. The toluene |ayer was dried over
nmaghesi um sul fate, MgSO-J and filtered. The tol uene

69 et QdsThoHluare taven s sepreted fram she pavesusulayer and washed
nﬁfc‘éswhs S}Begrﬁf] &ﬁgQ&%ighg -Qae vJa%lrgeg%. L{ﬁ e er Was ac%ried over

crystals was Co0O out mal n

niagnssitanpelfate MgSO) a2d filtered, THetcluysé lyer Wedsconcentrated on
isolated by filtration and dried under vacuum The
a yolaryl eyaperanraumty crystals began to form. The toluene layer with crystals

-bis(2,.6-di henyl.)- 4. 5-di net hyl - 0- phenyl di
iy MoaelePa Sl TOTE SRR gt R keS8 hurs. The
c13/480e Sk éret Ma&ﬁegfﬂﬁt&lod @nd &tied! endGMRAENEMANATRR Srield of
mass of nie 344. Exanple 25 Synthesis of =
isplated BN SY ’2}348;(8A,ﬁitmqﬁwl;ph@ny%)a-pbhay\lpned@mmm' wes f+.8t g, GC

1.2 i b d 2.4 6-trinmethylaniline jn th .
I LBt SFRBERIR s SR B BB B%a s
cdiifBlind Bndhad nee3 dff X3 ppx, 0.40 mmol of pal | adi um

acetate, Pd(QAc) 2 and 2.2 mmol of solid
tri-t-butyl phosphine Pl Bu3 were conbined in 40 nL of

EtoI ugnég The m xture was stirred until the Pd(OAc)2
d. 12.5 mol of

Synthesis of unsubtituted N,N’-bisphenyl-o-phenylenediamine from 1,2-
dibromobenzene and aniline in the presence of palladium acetate/tri-z-
butylphosphine

{081] In an argon glove box, 0.4 mmol of palladium acetate, PA(OAc), and
1.1 mmol of solid tri-z-butylphosphine P'Bu; were combined in 20 mL of
toluene. The mixture was stirred until the Pd(OAc), dissolved. 12.7 mmol of
1,2-dibromobenzene was added to the mixture followed by 37.6 mmol of aniline
and 37.5 mmol of sodium tert-butoxide, NaO'Bu. The reaction mixture was
heated to about 110°C and maintained at about 110 °C for approximately 14 h.
After several hours, a precipitate formed. The precipate may not always be
visible. The argon glove box was opened and the reaction mixture was quickly
quenched with aqueous ammonium chloride (20 g NH,Cl 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



1, 2-di bronobenzene was added to the m xture foll owed

by 37.5 mmol of 2,4,6- trinmethylaniline and 37.5 mol
w@Roogosi4en t ert - but oxi de, NaO Bu. The reacti onP@T/K8200%010701

was heated to about 1100C and nmi ntai ned at about 110

OC for approximately 14 h. After several hours, a

precipitate fornmed. The preci pate may not al ways be

vi si bl e. The argon gl ove box was opened and the

reaction mxture was quickly q$enched wi t h aqueous

ammoni um chl oride (20 g NH4CI~ hs0 H20O). The

tol uene | ayer was separated fromthe aqueous |ayer and

d twi i t.h 80 i th deigni zed water. Th
PR S o ) 2 Bgpeta 105
' ted
N et bR oo M BB E R ST, FOrmfifuf and has
madsuefie/d 26@r with crystals was cooled to about -10 OC

and mai ntained at this tenperature for 24 hours. The
crystals were isolated by filtration and dried under

T . e .
AP 5 UL oS A a6t s e
app8feny in @he pretstlin f UdscripRoCaitte fIRE& Iy B aHRACH S s(i)z];ce certain

hat the product is a single conpound dnd has mass$
CRARSEM MayERe fppde JB ceyrting <iwt the praseistinventidn without departing

[ - - phe ediamne, from1, 2- .
i SRS SRR i I ke it matercontincs
ipéhe abloverdesaipiion anid showhuhytheheseRipaRylHpBdlawilg ¥t interpreted
argon gl ove box, 0.4 mmol of pall adi um acetate,
aﬁ’&l?@@%ﬁ’% notiinyimidpg semsed tri - r - but yl phosphi ne
P1Bu3 were conbined in 20 nL of toluene. The m xture
was stirred until the Pd(OAc) 2 dissolved. 12.7 mmol

[@83] 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.



1, 2-di bronobenzene was added to the m xture foll owed
by 37.6 mml of aniline and 37.5 mmol of sodi um
w0 esovABa4bDXi de, NaO Bu. The reaction m xture WeST/O8ANT0701
to about H OOC and mai ntai ned at about 110 OC for
approximately 14 h. After several hours, a precipitate
formed. The preci pate may not al ways be visible. The
argon gl ove box was opened and the reaction m xture
was qui ckly quenched with aqu gus amoni um chl ori de
(20 g NHAd in 80 nl H2O . The“tol uene | ayer was
separated fromthe aqueous |ayer and washed twice with
Cﬁ?A&Swth dei oni zed water. The tol uene | ayer was
[ over magnesium sul fate, MgSO4 and filtered. The
tol uene | ayer was concentrated on a rotary evaporator
until crystals began to form The toluene |ayer with
crystlal s Avesmpositioth dompiising axh@L&QrﬂBdnﬁ@f Albrigt ak
IS .t:fgﬁerature for .24 hours. The crystals were

t :
h?’&’(ﬂ“&’? 6y2nd a1 eHertive ameuat pEat leasiedne, Ne Nirdiarhw-

j <ol stituted

pbﬁé’%l@’k‘)?@%h’g%?ﬁﬁgﬁgﬁg ‘enediamine was 1.4 g, GCyield
100% The GC/ M5 spectrum suggests that the product is
a si Bgl e %on'pound,and has mass of mle 260. [082] It
wi | 1 4t hudhgeommasition pf eladmob, whersin the ansiaxtidamics eepresented
s pse apparent in the preceding description, are
efficiently attained and, since certain changes nmay be
made in carrying out the present invention wthout
departing fromthe spirit and scope of the invention,
it is intended th&t all matter contfained in the above

descri pti ory—ans shown in the acconpanysg=draw ng be
i nterpret lustrative and not i iting
sens&s : YHunder shtbod—tRe Rawi ng

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

3. The composition of claims 2, wherein R, is C; alkyl, and R,, R, and
R, are H.

4. The composition of any of claims 1 to 3, wherein the antioxidant is
1,2-benzenediamine, N,N’-bis(2,6-dimethylphenyl), 1, 2-benzenediamine, N, N'-
bis [2, 6-bis (1-methyl ethyl) phenyl] or 1, 2-benzenediamine, N, N'-bis [2, 6-bis
(1-methy! ethyl) phenyl] - 4, 5 dimethyl.



of the generic and specific features of the invention
herein described and all statenments of the scope of

wo b@7i1sB4ent i on, which as a matter of |anguage, Poi/gkioobel0701
said to fall therebetween. CLAIMS: 1. A conposition
conprising a maj or anount of a lubricant or hydraulic
fluid and an effective anount of at |east one N
N -di aryl - ophenyl enedi am ne antioxidant. 2. The
conposition of claim1l1, whereip the antioxidant is
represented by Fornmula |, whereg Rl is Hor G to G2
alkyl, R is Hor Cto Cl2 alkyl, and R3 and R4 are
i ndepgnd Hor. G to Cl2 al . 3. The conposition,
of cl %i mseﬂ% XWEP@’FW“F&P Py @%Pﬁ%ia,lmarldtwé,wh@,r% theantioxidant

isipeesdnt fh th'Ehﬁm?@ BEBoht O.Wﬂfwg’ﬁloqboﬁk 31y, n%gggd dn the total

wherein the antioxidant is 1,2-benzenedi am ne,

weight pf thexcanpositiony| phenyl ), 1, 2-benzenedi anine, N,
N1- bis [2, 6-bis ( 1-nmethyl ethyl) phenyl] or 1,
2-benzenediamne. N, N -bis [2, 6-bis ( 1-nethyl

et hylg, pMeHy ; ' ] it 0 . .
any one of c‘::%tinlr)rgﬁ&m? ocﬁ‘ ﬁ’t er%l%lafxﬂg lgt%{'glg g%e{ééalﬁgh?iubncam 15
agratueah oili or a Bgnthetigeilof about 0.001 wt % to about 5 wt %
based on the total weight of the conposition. 6. The
conposition of any one of clains 1 to 5 wherein the

| ubricantTy : l~F QL tal G101 . The
conpos; 1 s csmBaliHER of dy )iy T 8inERine af 1eailiGpe
addional lubricating oil additive or hydraulic fluid additive.

8. A method of making the antioxidant of claim 1 comprising
reacting a compound having Formula II
X X
Rs Ry
R Ry
where X is a halogen and R, and R; have the same meaning as in Formula I,

with aniline derivatives having Formula III
R‘l

Ry )
where R| and Ry have the same meaning as in Formula I, in the presence of a

palladium catalyst, and wherein said halogen is chlorine.

0. The method of claims 8, wherein the palladium catalystis a

palladium/phosphine catalyst or palladium/carbine catalyst.

10.  The method of claims 8, wherein the palladium catalyst is a

preformed palladium complex coupling catalyst.



addi tional lubricating oil additive or hydraulic fluid
additive. 8. A nethod of naking the anti oxidant of
w@ebk@rms3sezonpri si ng reacting a conpound havi ngPEDU0DA010701
Il where X is a halogen and R2 and R3 have the sane
meaning as in Formula | with aniline derivatives
having Fornmula Il where R and R4 have the sane
nmeaning as in Formula I, in the presence of a
pal | adi um cat al yst, and whereij), said hal ogen is
chlorine. 9. The nethod of cla nms 8, wherein the
pal | adi um catal yst is a pall adi um phosphi ne cat al yst
or pall adi unf carbine catal yst. 10. The method of
clainms 8, wherein the palladiumcatalyst is a

pr ef gryred ' e ' Tl

met hod of Crara o pERCro, phR ekl e oo iad i
compiéxexouplipg catlysttistichlodof 1 i Bis(@i-oésthity phesghinodferrocene)
- ﬁu&m&i&s&h h@rép&ﬁne] Eal ladiun(]1) or )

paflg (Hehlarebistdirigr;hutyiphsrydphesphineippHadiwm (11).
(). 12. A nethod of nmaking the antioxidant of claim

1 conprising reacting a conpound having Fornula I
wher d2X i sA anéthbdgsfimakidgRBe antioRUaABYE cldid FabBRprising

nmeaning as in Formula |, with aniline derivatives
repchingf eompgHad haying.Beanwa ind R4 have the sane
meaning as in Formula |, irngtheyxpresence of a

oypling catal yst, and
The met hod of
p¢d pal | adi um

R:

pref ormed pal | adi um conpl ex
wherein sai d hal ogen is fjra

clains 12, wherein the prefo
R,

B
S

wherp X is a halogen and R; and R; have the same meaning as in Formula I,

with aniline derivatives having Formula III

where R, and R, have the same meaning as in Formula I, in the presence of a
preformed palladium complex coupling catalyst, and wherein said halogen is

bromine.

13.  The method of claims 12, wherein the preformed palladium
complex coupling catalyst is dichloro[1,1°-bis(di-ters-butylphosphino)ferrocene]

palladium(Il) or dichlorobis(di-zers-butylphenylphosphine)palladium (II).

14. A method of making the antioxidant of claim 1 comprising

reacting a compound having Formula IV
R,

Ry v



conpl ex coupling catalyst is

di chloro[l,r-bis(di-ter*-butyl phosphi no)ferrocene]
w@adozasisen(11) or PCT/US2007/010701

di chl orobi s(di -tr-butyl phenyl phosphi ne) pal I adium (I1).

14. A nmethod of making the antioxidant of claim1l

conprising reacting a conpound havi ng Fornul a | Vwhere

X is a halogen and R and R4 have the sane neani ng as

in Formula |, preferably chlorjmne or bromne, with

ani line derivatives having F6Pmul a V where R2 and R3

have the sanme neaning as in Fornula I, in the presence

“\% al | agdi um cat st. 15. The nethod of clains 14,
eée g? A4S 1 alﬁéf’?aﬂﬂ adaRy havesthg same meaning as in Formula I,

. . C al. . | adi bi
e R HRSE bR, FitphniRbelRky A b5 Eng Fiuta v
pal | adium catal yst is a ph2for Ngd pal | adi um conpl ex

coupling catalyst. 17. The od of claim 16, wherein
the prefornmed pal | adi um 8% Boupl ing catal yst is
dichloro[l,I '-bis(di-terth utxlphosphino)ferrocene]

2 2y

pal | adiun(11) or
witiced1Ro raaldi Rs{ likive @S SR Ne P '

(L. 918. l%( met hod Sgﬁﬂn%gig@%%ﬁg‘nt [ oxlinggf ?&/{e&dﬁﬂé%me ofa
P‘b‘ﬂ%&ﬂﬁmﬁ:@éb’@ﬁ a lubricant or hydraulic fluid

conmposition conprising adding an effective anmount of

at least one N, N -diaryl--phenyl enedi am ne

ant i 0%] damhetrAeddbLICATRES 14| Wlerel? the' glleﬁﬁi.\nfgatgiyst isa

claim 18, wherein the antioxidant IS presen

pallastivn/phosphing ¢atelystbopalladioficatihé caabaet 5 W %
based on the total weight of the conposition. 20. The
met hod of clains 18 or 19, wherein the antioxidant is

16.  The method of claims 14, wherein the palladium catalyst is a

preformed palladium complex coupling catalyst.

17.  The method of claim 16, wherein the preformed palladium
complex coupling catalyst is dichloro[1,1 *-bis(di-fert-butylphosphino)ferrocene]

palladium(II) or dichlorobis(di-tert—butylphenylphosphine)palladium In).

18. A method of improving antioxidative properties of a lubricant or
hydraulic fluid composition comprising adding an effective amount of at least

one N, N'-diaryl-o-phenylenediamine antioxidant to said composition.

19.  The method of claim 18, wherein the antioxidant is present in an
amount ranging from about 0.001 wt% to about 5 wt%, based on the total weight

of the composition.

20.  The method of claims 18 or 19, wherein the antioxidant is

represented by Formula |



represented by Fornmula Il where R is O to Cn al kyl,
R2is Hor G to C2 alkyl, R3 and R4 are

wo paepsiaeently H or G to C al kyl; and, furthePCT/US2007/010701
conprising at | east one additional lubricating oil
additive or hydraulic fluid additive.

-36 -

Rs Rs Rj

where R} is C1 to Cy, alkyl, Ry is H or C, to Ci2 alkyl, R3 and Ry are
independently H or C1 to C;, alkyl; and,

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



