SYNERGISTIC LUBRICATING OIL COMPOSITION CONTAINING A
MIXTURE OF A NITRO-SUBSTITUTED DIARYLAMINE AND A
DIARYLAMINE FIELD OF THE INVENTON [0001] The present invention
_is directed in part to a lubricating oil composition containing an 0|I of -
lubricating viscosity and a particularly effective mixture of a
nitro-substituted diarylamine and a diarylamine which together provide
superior oxidation inhibition. BACKGROUND OF THE INVENTION [0002]
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the performance properties in luli¥icaRisL. Apdiaitic fluids, metal working
fluids, fuels or polymers, just to name a few. [0003] Commonly, these
diarylamines have been alkylated, see for example, U.S. Pat. No.
2,943,112 which discloses E@Eﬁ@%ﬁﬂfhtﬁ%ﬂ‘ﬂ@laﬁng

BE J%jlamu:}% angs f {wenttm dxr? Ss%%lavat 0 dlis%oses alk}ﬁl%g%n osition

lamines as Stabilizers dap enylantines a
phmylmqnmmmil rméét(@mﬂ‘umg ‘amkwtstgirylpdrphehylanfﬁeeylmwlxture ofa
2%8 %%9% St)é%rﬁ% Lijn‘g' aﬁc? 5 Jl\l grsiaingI:;)eg W %t% éﬁé@s OVIC% s CI‘IOI‘

ectron rawmg groups at tached Re of more of tHe
ph@nylbhngsxﬂldstbeen found to diminish or completely destroy the
inhibition ability of the base diphenylamine. Berger et al., Inhibition of
Hydrocarbon Autoxidation, Developments in Polymer Stabilization -6,
Elsevier Applied Scierﬁé@éﬁ]&@éf@{ﬂ%’lﬁﬂIMVF@'EFﬁﬁm’étrated that in
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and isoalkane nitro groups to a di ylamine
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4-nitro-diphenylamine a 4-nitro)-pheriyl-amine. The a ors
explaisstctiat el oapaitoderdierBnide meitpl mqﬂ@rﬁuﬁnyrﬂﬁtr&wﬁsomawmers just
strngly.delagalized as shown by electron spin resonance 1 spectroscopic

studies, and that as a result radical reaction would occur at the nitroxyl
[0003] Commonly, these diarylamines have been alkylated, see for example, U.S.

Pat. No. 2,943,112 which discloses an improved process for alkylating diphenylamine
and U.S. Pat. No. 3,655,559 which discloses alkylated diphenylamines as stabilizers.
Alkaryl substituted diphenylamines and phenylnapthylamines (such as a-
methylstyryl-diphenylamine) are disclosed for example in U.S. Pat. Nos. 3,533,992;
3,452,056 and 3,660,290. Electron withdrawing groups attached to one or more of the
phenyl rings has been found to diminish or completely destroy the inhibition ability of
the base diphenylamine. Berger et al., Inhibition of Hydrocarbon Autoxidation,
Developments in Polymer Stabilization -6, Elsevier Applied Science Publishers, 1983,
pp 1-27, demonstrated that in a paraffinic oil {Shell Ondina 33, a mixture of high-
boiling cycloalkanes and isoalkanes) at 130° C the addition of nitro groups to a
diphenylamine (inhibition coefficient of forty-one) completely destroyed the catalytic
activity with a resulting inhibition coefficient to zero for 4-nitro-diphenylamine and
bis-(4-nitro)-phenyl-amine. The authors explained that the unpaired electron density

in the diarylnitroxyls was strongly delocalized as shown by electron spin resonance
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function but also undesirably at the aromatic rings. The authors concluded
that under conditions of auto-oxidation the intermediate nitroxyl would be
attacked by peroxyl radicals on the aromatic ring, eventually resulting in
destruction of the inhibitor. [00041 Additionally, alkyl substituted
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antioxidants, see U.S. Pat. Nos. 3,910,918. While, U.S. Pat. N
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tetrahydroquinones have also have also been disclosed as antioxidants,
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tetrahydroquinolines. Likewise decahydroquinolines and substituted
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combinations of antioxidants have been disclosed. Effective synergistic
iSHOFSESP TSRS Ay dSTHBDFRRASEABF ROk ELion

byt%@ﬁﬁffﬁh@ﬂ@@ﬁ@%- 129k Q1RNP, dNRRe:H] WIHGHGRGants, see for
compounds functions as deconiﬁoser ofi%:qroxides and the other

CoRBEME HickitdNoss ARthiElior S HL i AHCA Ik Hn006: while U.S.

hetgrosynergimragibesidissiaseN-hetwesn Sidfkhand pasphesoUsewise
containing compounds (such as sulfides dithiocarb,amates,ghos hit

andegrhishomupalnes Pad qubtied dpFRirORe T meORERPRYE Doen RFR?&F‘ as

2, 718581 Misclesas o pmergisticonpdige.atialfdiurosontaining
compound, such as a wax sulfide or dioctadecyl dflsulfjde, an@e@%}xa omatic
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alpigcnaehthylramineyiRrEsedmpiarentingmxidialian wdubpicatingaitgounds that
For example, U.S. Pat. No. %958,6636Fiscloses n extrerEe ressure. .
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amingandaar Ao Yiganiselgt R aofratisdrematiyyrerghtd sulfidesodiadul fur-

pohc/cs)rlftlgi?l%?g’ g(l)Jrlrfl%glzlg . %{1% inass’ By %‘ﬂ%‘? 1d%a51b 8%%%%(1%%% glssttﬁ%isde, and an aromatic
amine compound having at least 2 aromatic rings, such as phenyl alpha-naphthy!
amine, for use in preventing oxidation in ubricating oils. For example, U.S. Pat. No.
2,958,663 discloses an extreme pressure lubricant composition containing from 0.01
1o S percent each of sulfurized oleic acid, Cig-Cy; alkenyl succinic acid, chlorinated
paraffin wax containing from 20 to 60 percent chlorine, diphenylamine and N,N-
salicylal-1,2-propylenediamine. U.S. Pat. No. 3,345,292 discloses stabilized alky]
substituted diaryl sulfides for use as functional fluids where the stabilizer can be
diaryl amine or alkylated phenol. U.S. Pat. No. 4,089,792 discloses lubricants having
an antioxidant mixture of a primary amine and an antioxidant selected from aromatic
or alkyl sulfides and polysulfides, sulfurized olefins, sulfurized carboxylic acid esters

and sulfurized ester-olefins.



and sulfurized ester-olefins. 2 SUMMARY OF THE INVENTION 100061
The present is directed in part to a lubricating oil composition which
provides improved oxidation stability. According the compositions of the
present invention have various uses such as lubricants for automotive
and truck crankcase lubricants; as well as transmission lubricants, gear
lubricants, hydraulic fluids, compressor oils, diesel and marine lubricants.
A composition comprising a lubricating oil and an oil soluble synergistic
mixture of antioxidants, SUMNMARY OOMHEIYVANDION 1 to 10 weight
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selected.from 3 alkyl, alkoxy, aralkyl or alkaryl, or -NHR6, -NR6R7 where
R6aNd RY Sre independently selected alkyl from 1 to 18 carbon atoms,
or when R fiwpdsitionéd weight percent of a first antioxidant according to formula I:

N \/R2
} ~

Formula I
wherein
R; is selected from the group consisting of alkyl from 3 to 24 carbon
atoms, -NHR, -NRR where R is independently selected alkyl from 1 to 18 carbon

atoms; R; is hydrogen or alkyl from 1 to 20 carbon atoms; and

b) from 0. 1 to 5 weight percent of a second antioxidant selected from

the formula

Formula II
wherein
R; and Ry are each independently hydrogen or alkyl from 1 to 20 carbon atoms; n 18
an integer from 1 to 3; Rs is selected from the group consisting of branched and

straight chain hydrocarbyl radicals having from 3 to 24 carben atoms selected from
3



adjacent to R5 then R6 together with R4 can form a five- or six-
membered heterocyclic ring. 100071 Dramatic improvement of the
combination of component a) and component b) is demonstrated at ratios
of component a) to component b) from about is from about 1.25:1 to
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carbon atoms. Yet anot er aspect R5 Is select rom -
-NBBRY fadrard tR6?a¢ﬂ1bma7amm$ndeﬁbﬁ@epﬂytsé@&témn@gﬂ@msilweisldlcated
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with R4 ca orm or six- membered heterocyclic ring.
typically R; is not required for oil solubility and is hydrogen.

[0009] In the compounds of formula II, Rs is independently selected at each
occurrence from hydrogen, thus the benzene group defined with Rz can be
unsubstituted, monoatkylated, diatkylated or trialkylated, where the alkyl groups may
be the same or different. In the un-substituted aspect R; are all hydrogen. Preferably
if R; is alkyl is ortho or para to the bridging ring nitrogen atom, more preferably in
the para position. In one aspect, R is selected from alkyl from 3 to 24 carbon atoms,
preferably from 4 to 18 carbon atoms, or -NHR, -NR¢R» where Rg and Ry are
independently selected alkyl from 1 to 18 carbon atoms, preferably form 6 to 12
carbon atoms. Yet another aspect, Rs is selected from -NHRg, -NR¢Ry where R¢ and
R are independently selected alkyl from 1 to 18 carbon atoms, or when Ry 1s
‘positioned adjacent to Rs then Ry together with Ry can form a five- or six- membered

heterocyclic ring.



4 [0010] The composition defined above can contain other additives. Thus
another aspect of the present invention further comprises component c)

an oil soluble molybdenum compound. A particularly preferred oil soluble
molybdenum compound is an unsulfurized or sulfurized oxymolybdenum
coyi@ining cdimposibipss pi@pdsBdedya oy ezatiogntrinadidic additybeterilims another
compound and a basic nitroge mpound.selected from the dispersant
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phosphites, phosphonites, phosphinites, and phosphines. Particularly
prefetidtitlveninte, Prsipintysresmedrirghaddarodpicoohpaitikidagts.
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composition above can contain an oil soluble decomposer of peroxides.
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composition and an oil ‘soluble antioxidant system selected from a mixture

of @hEsRaRipiaRAherphtsussatersnkosphipstitss satpherpjonamides. Preferred
diagylppHpSHbRIE syete MdnandidhesAARRAESeRPoAlisting of phosphates,
phosphonates, phosphinates, phosphine oxides, phosphites, phosphonites,
phosphinites, and phosphines, Particularly preferred oil-soluble, phosphorus-
containing, anti-wear compound is a metal dithiophosphate, such as zinc
dialkyldithiophosphate.
[0012} The composition above can contain an oil soluble decomposer of
peroxides.
[0013] Another aspect is directed to an antioxidant system useful in lubricating oil
compositions comprising a major amount of a lubricating oil composition and an oil
soluble antioxidant system selected from a mixture of a secondary diarylamine and a
nitro-substituted secondary diarylamine. This system may further comprise an oil
soluble molybdenum compound.
[0014] Another aspect is directed to a method to delay the onset of oxidation in a

lubricating oil composition containing a lubricating oil and a secondary diarylamine
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soluble molybdenum compound. [0014] Another aspect is directed to a

method to delay the onset of oxidation in a lubricating oil composition

containing a lubricating oil and a secondary diarylamine 5 antioxidant,

said method comprising adding to said lubricating oil composition an

effeative dmosntohelnt ocomisinngddmpounid dievating biltdpdvindilan
gormula | wherein R, is selected from th isting of alkyl
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combustion engine suc ,
crankcase lubricanféz™s well as transm|SS|on lubricants, geaRlubricants,
hydraulic fluids, compressor oils, diesel and marine lubricegtsRBTAILED
DESCRIPTION OF THE INVENTION [00151 Inhibition of free
radical-mediat®®d%iBation is one of the most important reactions in

organic substrates andys 5eg1e0RAlYrHaLthdRP EMRANEETBIRMom 3 to 24
lubrication oils; namely, since these chemical products m ; %unde go
B
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nation.
fﬂgﬁﬁﬁiﬂ% SH Aca[iRE it FRBROSHIBB IR Ol fRbRFEaPEL OBpe Fr?& oxidative
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in C%a%i f Mortier R.M. e 2, "Chemistry and Technoloqé/ f
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nltro n oxides drocarbon molecule. Typically, initiation

stacr? Vf‘ﬁgré’[’) trf@ﬁ) ﬂ%ﬂ Cgf%%ﬁaﬁ%ton This may result in the

formation of hydrogen peroxide (HOOH) and radicals such as alkyl

DETAILED DESCRIPTION OF THE INVENTION

[6015] Inhibition of free radical-mediated oxidation is one of the most important
reactions in organic substrates and is commonly used in rubbers, polymers and
lubrication oils; namely, since these chemical products may undergo oxidative
damage by the autoxidation process. Hydrocarbon oxidation is a three step process
which comprises: initiation, propagation and termination. Oxidative degradation and
the reaction mechanisms are dependent upon the specific hydrocarbons, temperatures,
operating conditions, catalysts such as metals, etc., which more detail can be found in
Chapter 4 of Mortier R.M. et al., 1992, “Chemistry and Technology of Lubricants
Initiation”, VCH Publishers, Inc.; incorporated herein by reference in its entirety.
Initiation involves the reaction of oxygen or nitrogen oxides (NOy) on a hydrocarbon
molecule. Typically, initiation starts by the abstraction of hydrocarbon proton. This
may result in the formation of hydrogen peroxide (HOOH) and radicals such as alkyl
radicals (R} and peroxy radicals (ROQ"). During the propagation stage,
hydroperoxides may decompose, either on their own or in the presence of catalysts
such as metal ions, to alkoxy radicals (RO") and peroxy radicals. These radicals can
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radicals (R*) and peroxy radicals (ROO*). During the propagation stage,
hydroperoxides may decompose, either on their own or in the presence of
catalysts such as metal ions, to alkoxy radicals (RO') and peroxy radicals.
These radicals can 6 react with the hydrocarbons to form a variety of
adgitionahradibalianthaaciviernoy gatecoofaidiigonampdivald susdickaaéve
alcohols, aldehydes, ketones an car?g lic acjds; yhich again can .
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polymerization’reaction of these high molecular weightintermediate

rggaits improduptstartich aré dditiongidy, so lhisl dighthéchysmabadsothamtbcosity of
form varnish like d its and slugd 100171 Si toxidation. i
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L
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r nﬁgél\(gmﬁg siﬁcf sonance stabilized, thus prevents new chains from

forming. A secondary peroxy radical or hydroperoxide can react with the
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which have in-turn placed emphasison new inhibitors. 100181 The
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amine to the peroxide radicals results in the formation of a diarylamino radical which
is resonance stabilized, thus prevents new chains from forming. A secondary peroxy
radical or hydroperoxide can react with the diarylamino radical to form the nitroxy
radical, which is also a very potent inhibitor. Increased demands have been placed on
many functional fluids which have in-turn placed emphasis on new inhibitors.
[0018] The present invention is directed in part to a mixture of compounds which
imparts a synergistic antioxidant effect in a hydrocarbon. The first component a) is
nitro-substituted diarylamine compound which alone is not particularly useful as a
stabilizer for it has no appreciable effect on oxidation stability; however in addition
with component b) a secondary ary! amine, the combination has improved oxidation
stability. Synergism has been suggested for combinations of different types of

antioxidants also called heterosynergism due to the different mechanism of stabilizer,

for example a combination of radical scavengers and peroxide decomposers.
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nitro-substituted diarylamine compound which alone is not particularly

useful as a stabilizer for it has no appreciable effect on oxidation stability;
however in addition with component b) a secondary aryl amine, the
combination has improved oxidation stability. Synergism has been
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th%A\ia@ngﬂﬂgf&i% unde @&pﬁlﬁﬁyﬁﬂ&éﬁgﬂ%ﬁﬂﬁﬁ‘fr@g@ E[P%{iﬁ‘é}liﬂ%e radical

Thus, the electron withdrawing group could be converted into an electron

dorrattyl groh pratrhighamp Erstanrben Howeled, withsthadn-bf effbetiiphersgamine.
may; %?gﬂ%&ﬁ%é%ﬁ%&eoﬂ& whigh4Re pigpdiphemlpming.is 6&9{%@&?@ URRreo

the aminodiphenylamine and the high temperatures that may
cleavage to form an aminodiphenylamine. Thus, the electron withdrawing group

could be converted into an electron donating group at high temperatures. However,
this lack of effectiveness may be due to the rate at which the nitrodiphenylamine is
converted into the aminodiphenylamine and the high temperatures that may be
required. During the initial phase before the chemical fransformation oceurs the rapid
oxidation of the o1l has already happened. Our thoughts were that this problem could
be overcome by adding additional functionality to the nitrodiphenylamine to alter its
initial reactivity towards radicals and affecting the rate at which N-O bond cleavage
occurs. Using this type of substituted nitrodiphenylamine in combination with a
diphenylamine free from nitro groups and substituted with appropriate electron
donating groups gave initial oxidation protection before the desired chemical
transformation would occur. This combination would then lead to prolonged

oxtdation control.



required. During the initial phase before the chemical transformation
occurs the rapid oxidation of the oil has already happened. Our thoughts
were that this problem could be overcome by adding additional
functionality to the nitrodiphenylamine to alter its initial reactivity towards
radicals and affecting the rate at which N-O bond cleavage occurs. Using

this.type of substit ted nltrodl hen laming, in combination with a
diﬁ%ﬁﬁ%@ﬁﬁ?ﬁ ?Seéll?rgm n”t’ro %%ng]ndg su%g??ufe{:%wth appropriate
el¢aoair) doﬁaﬁin@ogmup}51gan&uhxb&lhﬂxtdﬂtmmmmmdimmmheompound
desge %h%rglé%alwgrgg%forlggatl 1woy ld algccur ThIS mgtlonﬂ\)/vggn or heat
thén 1ead % pro onged BRidation eBhtar PNitis: se,mbstx i ary%amlr’le
costapdimed - enepaneisalufio24 tis€bhepenehtea)nist anceissdlybileticate that the
nltro substifuted Iamlne which alon shows
appre m%é apﬁjlégczla%noehszil%ea?r(ﬁggr):q %xﬂ%or%)[[am ioI?%)Sght Brhea aslt |I|zee1}1g
Theserndilis dhelstd asalﬂsm@}bmtmnsdﬁé@n@tmee&s]wHXeMJMGtﬁmmfor
compound le,.dissqlv
R T Ry
thattthdpdetctoinitistanveosoichéenovidbthalighersibiddpedil Mosgvextdht
suffigient xertt | f [ ir |
B D B L et
m@aﬂlsofpemttqnl@@mbhawemf)ﬁd:ﬂgb@r levels of a particular additive, if
eﬁgﬁg [Ooﬁl‘&) Eglpgx% cB?arltf lélﬂw{i %9%%5‘3@%%%%3%%&%? comlpounds
|to compounds acc ng to ormual N R2 N alRl O2N Formula
[O@Q@}rﬂw&?@fmmms kelected from the group consisting of alkyl from 3 to
24 carbon atoms, -NHR, -NRR Where R ';g independenth/zselected alkyl

substituents on the rings, t
donating groups, more s

Formula 1

[0023] Wherein R, is selected from the group consisting of alkyl from 3 to 24
carbon atoms, -NHR, -NRR where R is independently selected alkyl from 1 to 18
carbon atoms; R; is hydrogen or alkyl from 1 to 20 carbon atoms. Improved
resonance stabilization may be accomplished by substituents on the rings, thus
particularly preferred groups are electron donating groups, more so when positioned
ortho and para positions to the bridging nitrogen atom, thereby stabilizing this amino
radical. As used herein the term electron-donor or electron releasing substituent
refers to a substituent which when bonded to a benzene nucleus tends to supply
electrons and to increase the electron density of the benzene nucleus. Substituent
groups also improve the oil solubility of the resulting compound, thus alkyl groups
and alkylamino and dialkylamino groups can impart improve oil solubility and
improve performance. As used herein alky! groups include straight and branched
chain and mixtures thereof. In one aspect, Ry is alkyl from 4 to 18. Commonly, alkyl

groups may be derived from Cs or Cy olefins referred to here include propylene, 1-
9



radical. As used herein the term electron-donor or electron releasing
substituent refers to a substituent which when bonded to a benzene
nucleus tends to supply electrons and to increase the electron density of
the benzene nucleus. Substituent groups also improve the oil solubility of

théurau|tihbuean padhsh tinycat Wrasay pehish ghelylarinaldssbutylene are
dialkylaminQ.groups can impart.improve.ail solubility.and imprave .

T LB i Bt T LS G R E m RE A Pt Gl o
chidtnahel mixgl resub deedfedrfroneaadpeoitRéns dikdifrohahdbeli®onyl group
Commonly, alkyl groups may be derived fr C3 or C4 olefin ferred to
AR R B e | BB ET e
whichysdmdenmand satliytetedace! praiprabisy ddimomparting geoel tetramer or a

sojubili f the product in base oil. Specifically, a branched.octyl.grou
oS AR oD RS O AR LS RANaner SRR,
a profoykdie Kimenaatbramngaitbesdoibe oylrgrouptitetededifrplanane compounds is the

isorgé’é%ﬂ%”gf%}fg)%ho?ﬁ&@%% et‘i’g%%ﬁ%%}ﬁ% Ou%qda%”"ﬁ?o%[“_ &Bsrﬁﬁ}{'e%“e
tetramer of a branched pentadecyl group denved from a propylene
pemitavhenzignpartitel arbseprefef ableseinsalisalstied Byrakwesigddon U.S. Pat. Nos.

nitgo, it iarylami s is;the reactio ion
o S R S A LA SR adepn
presetica dbsabingeraspdidolosent duedrimplebitity 1S RatbiNdss alkyl group is

5,6}90811]1%5 ?2753?%9%%9% 5,117,063. Monoalkyl amines and dialkyl
amines are adept electron donating groups, for improved oil solubility

préb28ly th¥iskydighenplisniftosn® minoathereproedpreoo3ars used in the

NSy ATIES: BHE SAMRL N RGPS RISEHERRIRHERM Nt in the

Ing of 4-Aminodiphenylamine; w itself is an important intermediate

in thenufratinfactatsybiiakyiatvetdesibaringsudinng attgzanaerxbpritesidants,

an%%%%% St r%én%&ﬁg %?{&JBTJE%QC{H&% @%ﬁ@é’g@&'ﬁ@%ﬂéﬁlicm products
various specialty chemical products typically in the rubber industry and
polymeslindu sheyrubependimgroanstanivgerniadmds, Papradinaath Stistrag
pr?}?&ﬁgzqgsd,' '&HM‘?%@%@QW ) ﬂgﬁl%j@—agﬁ _%ﬂﬂﬁmﬁgi%hﬁf@m) aniline
p-nitro-chlorobenzene and aniline as raw materials react in the presence

of methedysthwrpnarnieoAchiasdiplenyieidinilmras Aantreeidnirasinghe

is reducedpy sadiver suiide.e mﬂﬁrf}dyﬂw&ﬁﬂﬁgymi@@iiﬁ%)dipheqylamine is
formanilide method, wherein formic acid and aniline are used as starting

maeshisst foy e stdfiagigiBem 4-aminodiphenylamine; (2) formanilide method,

wherein formic acid and aniline are used as starting materials to prepare formanilide,
which in turn reacts with p-nitro-chlorobenzene in the presence of an acid-binding
agent such as potassium carbonate, to produce 4-nitrodiphenylamine, and then 4-
nitrodiphenylamine is reduced by sodium sulfide to form 4-aminodiphenylamine; (3)
diphenylamine method, wherein diphenylamine as raw material is nitrated using a
nitrite in an organic solvent to produce N-nitrodiphenylamine, which rearranges to 4-
nitrodiphenylamine hydrochloride under the action of anhydrous hydrogen chloride,
then 4-nitrodiphenylamine hydrochloride is neutralized with a base to give 4-
nitrodiphenylamine, and said 4-nitrodiphenylamine is finally reduced to 4-
aminodiphenylamine by sodium sulfide. Although these methods use different starting
materials, traditional sodium sulfide is used as reducing agent to prepare 4-

aminodiphenylamine. These reactions suffer from severe reaction conditions, complex
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which in turn reacts with p-nitro-chlorobenzene in the presence of an
acid-binding agent such as potassium carbonate, to produce
4-nitrodiphenylamine, and then 4- nitrodiphenylamine is reduced by
sodium sulfide to form 4-aminodiphenylamine; (3) diphenylamine method,
whereirtidip heghdaenisrg asorsnmnpéterdb veeniptatéchigiegeastitenniagmment
organi lvent to.produce N-nitrodiphenylamine, which rearran 4-
e S S o e
chl8f38] thehhs-mitrookiptielizddminechs trophdpaitiegid-rrevinatizdwitimane is
ba in A 4-nitrodi IAmine.is . .
R Y AL proces.
thelses prditho tist s © wilie pencesta ing thodipddald atmaititio fainsediinreadfide
is ' re. 4- aminQeh i g g
USROS &?P?éléﬁ#l%%%@s%&% ﬁléat@%%ﬁ!%ﬁ@%{'ﬁy%i%r Hepp

reactions sutfer from severe reaction con ns, comp O operation,

highararesrygnt emsentialion thewescideld Thighi¢icGaelinareputedriméntihe general
pOHprag&wﬁ%. Ii?é{v%?é’v’k‘f?{ﬂfr%;h}zé\?gtzﬁsWﬁE%rs%ﬁ?épEﬁsgﬁaﬁ&%ﬁ F%at a large

residue.” [0025] The comme process reparing

amimodiptsinantin evistcroslosiddistarte dwiseprobetsetionhd hestoanay process
befaleteR 1,23 1AM BIORESSrRECOrHIRG B G OUTY PIRESSH 53 541

N-nitfodiphenylamine is formed via'reaction between diphenylamine and

soditits Altlata (RaNBR) Netriiag by tmskieasanéppraesapangarenitigbenzene is
ne PRl Gi R ARk FOE DL 5l RaY RIEPRYed URAhH BR DR Ailide to

hydrogenation. However, this process also hds some disadvantages in
thareprirgt ifrshinbebierritel Thestd-songshipkegelsarie i dinelly prepared under
Wq(mpcess may be referred to as the Monsanto

”itEHé'%EHE‘raTH%i
process (U.S. Pat. Nos. 5,117,063; 5,453,541; 5,608,111; 5,623,088).

Actififhg to the mereants pfdeasslpl sridrehregiramsdn aselulonheyayployed by
nitfﬁ@ﬁx@e@%@ﬁﬁ%ﬁ%ﬁ@%&ﬁﬁlmggsmoﬂ.reﬁ%@?aﬁ@ﬂﬂc@@ﬂﬁﬂi%ﬁg {Re art known in

prepare 4- nitrodiphenylamine. Then 4-aminodiphenylamine is finally

praphisatingRil corapgaiions Wsrsde hstidierroo e meltdmsumadagion test from
forgiasl ale et Rasticwanviiisefdhhen e auipwed Dy riemsevesiing formula 1

lubricating (_:omg%sition. The examples herein and the art known in

lubFitBRPHIPESHP BRSNS SROSIRARY thaaséresidnBobENBIRYR frédative stability.

oxH@%@éﬁﬁkfaamtismgym?m%mu%ﬂ hetityted disslamingiarylamines of
compound. The compounds of formula | with an oil of Iubricatin?fviscosity

by fPEMEE S IB B IR IFa TS i piagedifkpy ed antioxidant effect and added

robustness. The concentration of the compound of formula [ in the lubricating
composition can vary depending upon the requirements, applications and degree of
synergy desired. In a preferred embodiment of the invention, a practical nitro-
substituted diarylamine use range in the lubricating composition is from about 1,000
parts per million to 20,000 parts per million (i.e. 0.1 to 2.0 wt %) based on the total
weight of the lubricating oil composition, preferably the concentration is from 1,000
to 10,000 parts per million (ppm) and more preferably from about 2,000 to 8,000 ppm
by weight.

Diarylamine —- component b):
[0027] Secondary diarylamines are well known antioxidants. These are

particularly suited for extending the life of engine oils which function at high

11



However the addition of a diarylamine with the nitro-substituted
diarylamines of formula | demonstrate a dramatic advantaged delayed
antioxidant effect and added robustness. The concentration of the
compound of formula I in the lubricating composition can vary depending

| up&mﬁwatefmiiﬁmhergi&sammi@ﬁth@ﬁ&aaﬁﬂrdﬁweetaﬁswnﬂgwﬁ%émﬂcﬁn a
preferred e iment of the nventlon tical ni tituted
iR LS PR B RO TRRA T L RS Gt S RO LBBT fenee

papa@er rmdiial 200Gk paiis m@[dmihaﬁbﬁ of Caibten 2a0ivdl $Gydiasedlobricating

the tptal Wel htoft lubyica osmon .

coR AR I LB oA B8 DS b RO e e

premmwmmmm@eﬂ@umwﬂ@mmwmge Diagtaovimein the art that

component b 027 Seco dar arylamines are v

e S B A A SRR SR s Wl ey pplrvon

0|Isvﬂlhdedzﬂmg:gm;&tdnﬁgﬂetﬂxmmpmahampmfdimapnesence of radical

f°r Hﬁl%fata'y%e% OWQe”CB'Eé‘aratH‘é’ AR AT OX'd {ge formula
aIIenges eny amines scavenge peroxy raglncafs orme

from the rapid reactlon of carbon radicals from the lubricating oil with

oxygen. The oxidized diphenylamines are capable of reggneratlng

themselves at high temperatu ia N-dlithand cleavagt It is known in

diphenylamines and
performance. [00281 Prefetably, t

are each independently hydrogen or alkyl from 1 to 20 carbon atoms;
an integer from 1 to 3; R5 is selected from the group consisting of
bragigkrethand straight chain hydrocarbyl radicals having from 3 to 24
Caﬁé&% ;[/(\?frlg élg iﬁqgrg;% ailrlf p%lrlx(c?eﬁ{fyahach%lgga %lrka?l%fl %I;JIII]\I If't%alo carbon
atoms; n is an integer from 1 to 3; Rs is selected from the group consisting of

lqormuia i1

branched and straight chain hydrocarbyl radicals having from 3 to 24 carbon atoms
selected from alkyl, alkoxy, aralkyl or alkaryl, or -NHRg, -NR¢R; where R¢ and Ry are
independently selected alkyl from 1 to 18 carbon atoms, or when Ry is positioned
adjacent to Rs then Ry together with R4 can form a five- or six- membered
heterocyelic ring.

0030} As evident from formula 11, the diphenylamine has at least one or more
substituents on at least one phenyl ring. The ring substituents may aide in providing
oil solubility and increase the efficiency of the inhibitor, particularly if the substituent
is an electron donor (or electron releasing) functional group. The electron donor
substituent when bonded to a benzene nucleus tend to supply electrons to and to
increase the electron density of the benzene nucleus, this in turn can help stabilize the
bridging amino moiety leading to more favorable N-H bond dissociation
characteristics. Suitable substituents are straight and branched chain alkyl groups,
referred to simply as alkyl, alkoxy and amino groups as well as groups derived by
these. Particularly suited are para substituted groups as depicted by Rs in formula 11,
thus Rs is selected from the group consisting of branched and straight chain

12



independently selected alkyl from 1 to 18 carbon atoms, or when R4 is
positioned adjacent to R5 then R6 together with R4 can form a five- or
six- membered heterocyclic ring. 100301 As evident from formula I, the
diphenylamine has at least one or more substituents on at least one

phapytotachyl Redfvad Sbbii lﬂﬁﬂiﬁm@ﬂéﬂﬂiﬂiﬁhﬂﬁ@%@ ingeabsatuhilinGandikoxy,

|nc the fficiency. tor articularly if the supstituent, is
AN SR e A R
su bstgtu&nmmhmlsmdm m@isemzememmlet@mnﬂl&a aﬁgapémetem;m R
and to mcreah% ctro denS|t .of the enz e nucle S, this in turn

car R B 8‘m‘BF Fés éef8“r¥ 18 ¥8orable
N-foetid duﬁmnataspeathmﬁaetan@ﬂ@ﬁ drouighiizdutbtioranik drensiraigiicularly

and bran aln kyI rou ferred to si s alk kox and
e e R e 2 i by SHe o gl St pcarby!
paradiciistibuted @mmagﬁmmmmﬁ%mdmmmIﬂkmuﬂi&ﬁysarakkyi or
seI ted fr mth %%l]@lconsstllg fbr dstr ht chg? )
hygrocgrbyl radi ViR Tron carbonagr?tss seFe% yrf?’frlna ry
aIkmmyetlasaﬂqpmfaﬁtﬂmubmmtdﬁzﬁhewmkmtmtﬁwuamw Rubstieated thh

mdeig seIe evd a[%<¥l f{ m |,to 1Ei]carbon atoms, or when R4 is
p05| acent 0 R8 then %ﬂrpoge?t‘ &rwith R4 can form a five- or

sixié}m}t berénl zheaepecyélmmﬁgH[E@EM{lsR@MélmMH?RﬂmIk)dcmendentiy
grou r| om sMo e tlcular elected fro he

coﬁgiljs |n§ 0 igﬁ)c e(} and s?trralg cﬂlainﬁ/ rocﬁf"b IpOSIéll%%s g1:(}vamglpmpRsthen
froR 3ogedrearthoR.atonisrseletited cﬁtmix-aikytnwk@i(}zemmuwmmagaﬂihe amino
Particular alkyl gr tg 12 ca s. The lkaryl
oA U AR TS SRR pLIE AR AN Y et o
subgiitutibe mﬁmoahkylﬁsadﬂnetsron:e:ha\gmglm td’ }mecapbonaﬁtombstﬁmé 2.3

LR RN R 0 e S A Rt
ad Jeuehymmem R&egeiher Wkidazl:t@‘driﬁmmaoﬂwes of Eixmula I and
Etdl{}%%%%%}’%%“”g The amino substitution has demonstrated

eff|C|ency both for mono alkyl and dialkyl as well as when the amino is a

fusE@Fditerodychiedgleap: wsbdadspioneilysipbueregnaliyl from 1 to 20 carbon

S'hg(nt%ﬁ Fa@ﬂ% ?Xi)e%@i?é(@%ﬂ&?@ﬂa%&%ﬂ@& aﬁﬁ%?&%%mp]e, methyl,

ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, and the
like, and isomers and mixtures thereof. Particular substituents are para and ortho to
the bridging nitrogen atom of the diphenylamine. Thus, for example when at least
one Rj is other than hydrogen, this alkyl group will typically be in para position. The
subsequent second independently selected alkyl group for R; will preferably be in the
ortho position as will the third independently selected alkyl group for Rs. The
hydrogen and/or alkyl group for Rj is independently selected for each value of n.
[0034] For exhibiting good solubility of their oxidized product in base oil, these
Ca4 and Cygor less alkyl groups are preferably Cs.js branched alkyl groups, more
preferably those Cs.i4 branched alkyl groups derived from oligomers of C; or Cy4
olefins. The Cz or C4 olefins referred to here include propylene, 1-butene, 2-butene

and isobutylene, among which propylene and isobutylene are preferable for good
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tetrahydro-quinolin-6-yl)-amines are depicted in compounds of formula 11l
and formula IV respectively. [0033] R3 and R4 are each independently
hydrogen or alkyl from | to 20 carbon atoms, can have either a straight
chain or a branched chain; for example, methyl, ethyl, propyl, butyl,

pefﬁlﬂbh&y}df Hepiyxcigt p@ﬂ!&btdﬂ@ﬁhdﬂﬁﬂ@})ﬁcﬂﬁdﬁwh Hirdelad, octyl group

tetradec ntade exa tadecyl, oc ade l,,non

ST AR o R DTREL A Qh G A e propylene
parﬂmmd a()bﬂaﬁdhbdhbdmglggﬂ@jplti&@%d atom af thtﬁadtpl&ﬁayiaﬁuneﬁbm&ed
fore Ierwe § t one R3js otherthanhyté)g\‘élﬁglsa g up
w.ﬁ‘?y é’al%/%‘g’ eﬁéf? ?&‘t%ﬂ‘“?ﬁ S UBLRRIGERT tBhd 38 up
setietectdliorhgrotyp fberia penitirpeete rabtycbindly the favlie. ﬁ&mtqahsamwdl

the third |nd pen entl selecte roup dragen

alkyi" Blr]éi&rﬁ/for R epecr{f A yliérel?égtgdézarlgjic%pvau%}/ %ef(ﬁg%y L
Foxlkxipbetiyty goadsibil by et ﬁaeyrh&mch«zedrmmduﬂgt anahiab& q)tlodilaesé)ut can be

Cze%smd & ué)erdlﬁss alth tgu% rl%]:ae\rh?' %1}&1(&? g oleﬁn ora
gréups, more prete ose ranc K9y ups &rfvedrom

oIingﬁiafdﬁgm@Mﬁieﬁmmdﬁhﬁdfa?)dra%elbﬁ mzseref@rﬂémbttmlh@refts catalyst,
mc}l:lﬁl( fospgﬁﬂ % eftg c% a and I?Q% é €l{e mon%wh um chloride,
prop e Fand iSobutylens are p %Te Tor g goo ty of their
oxkjimedlhmdlm anmlbmsélmm‘iépauifmaﬂ;q aﬂmlamsmdlmsyhyiwmacdé,r;ﬁmtphonc
fl’OgEl Rﬁo%ﬁéfr&s ox1 Eag% uol'rlcrl]é) rzli)él gr der&/ (:C{itvrg c ther
propyle imer. & branc odecy group erived from an iso uty ene
trirﬂéwiaibmnMMdkoyMgrwﬁldeﬂved from a propylene tetramer or a

d perﬁ%era gg“?r%];{ S mag) Eg%}ﬂlbe(?ﬁuﬁ?ec{%@%%rd? bgth rings with

rly pre secondary |ary amines an

paﬂﬁilexll aryupsp m&ka’fbldu @hegm andi hemelmal! Moyl ghtopiph Seph 4-aghdagbon

O By SRR BT o & e FRAAR SFagoced

oletipherdacne etefineptigpshyeeiwisilve coepkingd @mwh@mm diphensbunfne with
Frigdel- E{ﬁféﬁ&f’gé‘llx% o'?éﬁﬁl%ﬁﬁgo&ﬁ’{é‘? !ﬁﬂ?f’g}o g@fﬁ SRS e @ hain to

halidés such as aluminum chlofid€, zinc chloride iron chloride, and

acilieretadiystssupls agmﬁ@i@b@)@mmmwmymgwﬁmge) or
pegg%lggd W{h{yﬂo& ﬂﬁerﬁﬁ'%ff&ay and active clay. Other alkylation

methods are khown in‘the art.
[0036] Examples of some of the secondary diarylamines that are useful in the

practice of the present invention include: diphenylamine, monoalkylated
diphenylamine, dialkylated diphenylamine, trialkylated diphenylamine, or mixtures
thereof, mono- and/or di-butyldiphenylamine, mono- and/or di-octyldiphenylamine,
mono- and/or di-nonyldiphenylamine, diheptyldiphenylamine, mixtures of mono- and
dialkylated {-butyl-t-octyldiphenylamine.

0037} Examples of commercial diarylamines include, for example, IRGANOX
L06, IRGANOX L57 and IRGANOX L67 from Ciba Specialty Chemicals;
NAUGALUBE AMS, NAUGALUBE 438, NAUGALUBE 438R, NAUGALUBE
4381, NAUGALUBE 500, NAUGALUBE 640, NAUGALUBE 680, from Crompton
Corporation; GOODRITE 3123, GOODRITE 3190X36, GOODRITE 3127,
GOODRITE 3128, GOODRITE 3185X1, GOODRITE 3190X29, GOODRITE
3190X40, GOODRITE 3191 and GOODRITE 3192 from BF Goodrich Specialty
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[00351 These secondary diarylamines may be substituted at one or both
rings with alkyl groups, preferably straight and branched alkyl groups
from 4 to 12 carbon atoms, more preferably 8 to 9 carbon atoms.
Commonly mixtures of alkylated diphenylamines are prepared such as

thEhprepale & ANCEERMPEPHEANUHIRE With AL URERMYRenaNIGUBE SL,

ergplRy! h RS ' are for
exam%%%%@ﬁ&@@%ﬁ?ﬁé%ﬂgny pheny )?drm%g?gg?, and
octyldied’BErpidodighehyVandierbill 008GkExbmples of some of the

S SRS e RS gy proen

invention in amine, monoalky
i ne, ormixtyres

dialkylated diphenylamine A/ :
thereof, mono- and/or di-butyldipl ing
di-octyldiphenyla %‘Tlﬁo‘no- and/or di-no
diheptyldiphenylamine, ®mjixtureg-of mono- ota
t-butyl-t-octyldiphenylamine™~{f00371 Examples™® commer?ial diarylamines
include, for example, IRGANOX L06, IRGANOX L57 and JRGANOX L67
from Ciba Specialty Chemicals; NAUGALUBE AMS, NAUBALUBE 438,

NAUGALUBE 438R, NAUGALUBE 438L, NAUGALUBE 500, Formula 11
NAUGALUBE 640, NAUGALUBE 680, from Crompton Corporation;

cUSBRITE™ TSI &9 it RiGdIs ORI Reodd svccsbbritgeroup

31A%yRORE BY Tihedl 8P ¥hn RO TR 10X P £e63Q RBKEaRIR0 4 Qelected
GOQODRITE 3191 and GOODRITE 3192 from BF Goodrich Specialty 14

CHOM L OAN I E BRI VRRA OB R AAhSd Al UBRPNIR W AR BRoms. In
Slond/APet) BE iS hitRo MAMLABESSiANL B SR, VAN UBES481 ARG s
VANLUBE 849 from R, T, Vanderbilt Company Inc. [0038] The .
coHTBBUREE St 1O MTURE P RRE RSB NS BYIBWP NHRRb IRASR K position. In

one aspect Ry 1s hydrogen or alkyl from | to 6 carbon atoms, preferably hydrogen. In

an aspect, Ry is hydrogen or alkyl from 1 to 6 carbon atoms, preferably hydrogen.

[0040] The compounds of formula IV are represented below.

(R )_IEj/NH \(;‘[\_MR
3 n l / /] 12

Formula IV

=z

R
[#1]

[0041] wherein Ry and n are defined herein above, Ry; is selected from the group

of hydrogen or linear or branched alkyl from 1 to 18 carbon atoms, and Ry is selected

from the group of hydrogen or linear or branched alkyl from I to 18 carbon atoms. In
one aspect, R is hydrogen at each occurrence. When R; is alkyl preferably Rj is

ortho or para to the bridging nitrogen atom, more preferably in the para position. In

one aspect Ry is hydrogen or alkyl from ! to 6 carbon atoms, preferably hydrogen. In

an aspect, Rz is hydrogen or alkyl from 1 to 6 carbon atoms, preferably hydrogen.
{0042} The concentration of the secondary diarylamine in the lubricating
composition can vary depending upon the requirements, applications and degree of
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Formula Ill [0039] wherein R3 and n are defined herein above, R10 is
selected from the group of hydrogen or linear or branched alkyl from 1 to

18 carbon atoms, and R,, is selected from the group of hydrogen or linear
or branched alkyl from | to 18 carbon atoms. In one aspect, R3 is

hysdregen ddstedchinccpisfineel MvihediRSniscdlky prefarablyaRaisicatte®rdary

the bridgi it t ferably jn th ition.
oA o R o B A R e
prefdiapyo el tddenrin pamatipect. R0 hydrogertor aiksd trovhd tetd weight of

toms, preferably hydrogen. [0040] Th ds. of formula |
R SR AT
wheitei pd2 Indltid i (apendlefid etbihepedficedidy drd?d Aisis AEOR chfBgittippm by

group of hydrogen or linear or branched alkyl from 1 to 18 carbon atoms,

an "is selected from the group of hydrogen or linear or branched
aljgb#dim 1 BybRddybenlategasd in totaé aspedtaRG st Iny Hrogenisg earlposition,
ocerrence WL 3 @i pralerablyR3 iz 2109 OFEHAIE M ereas
brl%llélng nﬁrogen atom, more pre erabfy h the para position. In "one
aspenttRit? lsdeyrdhagerd O0A kyhfrometiterg lyarbbec atoms;abrfefeatalyly the total

shessInanaReach B silensy or sl teme

??l %%ﬂgg&&tion is from
atoms, prerera rogen. e‘concentration o € secondary

diatyanfinetothve Yabridating pefhpbdjtitnoabear).déepaehding widn theed upon
requiremens, ApRicalinnsiand degres gl Apgyneray desired- Ina
preferred embodiment o the it ention, a practical secondary diarylamine

use range in the lubricating composition is from about 1,000 parts per

mi ﬂ??@‘z‘t%g%pg%a{}%@&%ﬁ‘?i”ion (i.e. 0.1 to 2.0 wt %) based on the total

weig cating olf composition, preferably the concentration is
frof0#4J00 td'ho|obOcpursprentitivrofppinjarttmoregdrdierabhjoremount of

abput. 2,399 ﬁs&%@%@gv&@g@twqﬂg& dP431 Lvnically, witbaegprd 1 d0takock or

antloxé‘ant in cating composition,
blend of base stocks which is a lubricant component that is produced by a single

manufacturer to the same specifications (independent of feed source or
manufacturer’s location): that meets the same manufacturer’s specification; and that 1s
identified by a unigue formula, product identification number, or both. Base stocks
may be manufactured using a variety of different processes including but not limited
to distillation, solvent refining, hydrogen processing, oligomerization, esterification,
and rerefining. Rerefined stock shall be substantially free from materials introduced
through manufacturing, contamination, or previous use. The base oil of this invention
may be any natural or synthetic lubricating base oil fraction particularly those having
a kinematic viscosity at 100 degrees Centigrade (C) and about 5 centistokes (cSt) to
about 20 ¢St, preferably about 7 ¢St to about 16 ¢St, more preferably about 9 ¢St to
about 15 ¢St. Hydrocarbon synthetic oils may include, for example, oils prepared
from the polymerization of ethylene, i.e., polyalphaolefin or PAO, or from
hydrocarbon synthesis procedures using carbon monoxide and hydrogen gases such as
in a Fisher-Tropsch process. A preferred base oil is one that comprises little, if any,
heavy fraction; e.g., little, if any, lube oil fraction of viscosity 20 ¢St or higher at

100 degrees C.
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guantities of less than 1,000 ppm have little or minimal effectiveness
whereas quantities larger than 50,000 ppm are generally not economical.
Preferably the total amount of component a) and component b) in the
lubricating oil composition is from about 0.1 to 2 wt % and more
prp]f@tﬁply froie bmmiﬂrﬁatyambdmtvzd/\ﬁ%z heased]upbriciting oidd, waighitiof
Eefubncatln oil com 05|t r$ icatin VIS&O%Itl{ILOO44 The btained b
AP EBDo "ft%ﬁ%%?%h rlﬁ?/é TR |nc aé% a major Smoont of 1%za?seamle Y
of1kubmﬂjangmﬁ“mnﬁyetﬁa\s'ex@|hdaslmmnlmdldsmyddoamdcbmm@wcks
stoc ich.is Iubr| ant co t hat is produc
oy R D RS S By
smgmnﬁsmfmfmcnuéc sSbmwdiatb}xstkmlm&étEiehhcsanneaiharﬂlfwagm@ LI,
Sqﬁcﬁ;atl tﬁne 1 %}eﬁ} Eebqut:)é/ B 5e f«gthn}l:“&atié) roﬂﬁﬁén um [,
identification’ num er, orb ase stocks may be manu irdcture asing a
vdbetynofalitfeP8niSatocess esahciudi m@mttmondmmﬂ)rt@mmllaﬂmnd I1I base oils

o R RO S A oD e
intrdsl iredetia tboighrrhassufas tuwinge lodadam ﬁmlcml, aF, pibvioli¥. usdthithgh Group
Dagey 6, of 15 VoD WA AR Al SYBHISIC HESAURG DR B8ec ol

action particularly aving a kinemaiic viscosity at 100 degrees
Camgba@eeﬁax)edﬁdf abmh@m&nn«swkesr@:ﬁﬁmmb& 20,d8t aprefebabtystocks
aq)q LLSkto about 16 cSt, more preferably about 9 ¢St to about 15 cSt.
Hydrocar on synthetic oils may include, for example, oils prepared from
the polymerization of ethylene, i.e., polyalphaolefin or PAO, or from
hydrocarbon synthesis procedures ugipg;carpon monoxide and hydrogen
gases such as in a Fisher-Tropsch process. A preferred base oil is one

that comﬁﬁ“@@mﬁtl&ﬂﬂmﬂﬁd New%abﬁim of §raund, H ang JTLBassilStocks

fi eéU cStor nlgner atr100 uegrees (& \/dlgct}éll)t%qﬁdlege
qase a ma;ﬁ% ﬂﬁéﬁ%ﬁ@@@@% Bibrigasing oils, syrthelicr{hegating

ils or mlxtL reof. Suitable base oll mcludes base §tagks ab@RINEd ™M D
y 'Some”‘a(tA%Q{e?}H‘ntléﬁtbfy‘%@ﬁf‘ﬁ)% wax, as Welbas,: AST™M D 3120)

olvent extragling), the asematig and polar componentg{pgﬁgq&gug{gn 120

uitable base oils include those in all API categories |,

Q
o
:'Sy trocrackate Dase, S DI oY% OHREFECKING{IAINER AT cqual to

1I Greater than or equal to 90 % saturates and Greater than or equal to
less than or equal to 0.03 % sulfur 80 and less than 120
m Greater than or equal to 90 % saturates and | Greater than or equal to 120

less than or equal to 0.03% sulfur

[0046] Natural lubricating oils may include animal oils, vegetable oils

(e.g., rapeseed oils, castor oils and lard oil), petroleum oils, mineral oils, and oils
derived from coal or shale.

[0047] Synthetic oils may include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and inter-polymerized olefins, alkylbenzenes,
polyphenyls, alkylated diphenyl ethers, alkylated diphenyl sulfides, as well as their
derivatives, analogues and homologues thereof, and the like. Synthetic lubricating oils

also include alkylene oxide polymers, interpolymers, copolymers and derivatives
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I, IV and V as defined in APl Publication 1509, 14th Edition, Addendum I,
December 1998. Saturates levels and viscosity indices for Group I, Il and

Il base oils are listed in Table 1. Group IV base oils are polyalphaolefins
(PAO). Group V base oils include all other base oils not included in Group

I, itheteobraerainibeddn@rad py rokvhathivdiasase bitsramwgiiédroecftaridsetion,
i on rfore : .
o i SRR A2 AR RUSRAEE, e TR e
Satstrasay, Eeifboxait visdowitthindaesiaty Grelgehols didens Bt Stoykthetic oils
Graup; ' [ d ' .
o Rl T R R ool
22qby 2 G- kxts phatezoler kdssuhhasobofe sarmptlcd i/ on-Gredr

CraRisHanQf ﬁﬂ%}ﬁﬂt&hﬁﬂo&%@a&% ARG GRS 10aastand!

Greater than or equal to 90 % saturates and Greater than or equal to less

thdfldBEquabiticoreBasdaitel 8otantitheseoliakyi2palyGybansd yakioxs-, or
e%@?&‘?y‘?&’? 0 SRR 8RR SIS JI]?&S&%%@%&%PQL%&% hag oF s?'nthetic

equal to’0.03% sulfur 100461 Natural lubricating oils may include anima
o@|§4hr§@§m¢é_i@i@tt@rggywpﬁlsé@armmmtbﬂ@ﬂ@%mfzstr)r,sp@“mbl_@mhpms-
OilSo ARG Qil8s R lis darivad drer,ana! ﬁfl?&?l%oﬂ@ﬁﬂ? LY Hoske.

oils may in€lude hydrocarbon oils and halo-substituted “hydrocarbon oils

sultiPa8] polyhherhase cihermide goryrae dxun vletifacdiksfivedzenedned oils, or
PohyphgRKIgalisraiae diRhenyl sfberaalyiied dirkenyl sHifides aswell

as their derivatives, analogues and homologues thereof, and the like.

SyHtREEE(UBHER SR oifo bl SBalcRIdar SAaAdHE Byaele i BIgHidpsther purification or

imﬁ-@é%éﬂﬁ@xé}ﬁﬁf&lélﬁf%%@ﬂ%@_%@ﬁﬂme@_ éﬂ%’é‘&fl Wﬁfﬁéﬁ HP&&QWEB@J a
hydroxyl groups have been modified by esterification, etherification, etc.

ArGHREISLRRAIRS BTa SsPEroYiitPetic AlHBERINd Yy dBRHpAisELHHEn edt@rsester oil

dicboed giRciEs MR anvavialyi CiIAghek s E RIS HISOH Ray THGR Qisd
without further treatment, Refined oils are similar to the unrefined oils except that
refined oils have been treated in one or more purification steps fo improve one or
more properties. Suitable purification techniques include distillation, hydrocracking,
hydrotreating, dewaxing, solvent extraction, acid or base extraction, filtration, and
percolation, all of which are known to those skilled in the art. Rerefined oils are
obtained by treating used oils in processes similar to those used to obtain the refined
oils. These rerefined oils are also known as reclaimed or reprocessed oils and often
are additionally processed by techniques for removal of spent additives and oil
breakdown products.
[0050] Base oil derived from the hydroisomerization of wax may also be used,
either alone or in combination with the aforesaid natural and/or synthetic base oil.
Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic
waxes or mixtures thereof over a hydroisomerization catalyst.
[0051] It is preferred to use a major amount of base oil in the Jubricating oil of
this invention. A major amount of base oil as defined herein comprises 40 wt. % or
more. Preferred amounts of base oil comprise about 40 wt. % to about 97 wi. % of at

least one of Group II, I and IV base oil or preferably greater than about 50 wt. % to
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also include those made from C5 to C32 monocarboxylic acids and

polyols and polyol ethers. Tri-alkyl phosphate ester oils such as those
exemplified by tri-n-butyl phosphate and tri-iso-butyl phosphate are also
suitable for use as base oils. [00481 Silicon-based oils (such as the
pohpakay 197 pety 4 pif aplelyalkoxpf Growo K alllexy-Bidxaneibits sndegiictiably
oils). comprise ther ful clas nthetic ricati ilS. [
T et e S e T ST
acid8hpokyesic terdhydnoflitanss fooiypa phas|Sfing, thea dbthetiteg [0048Mkss

Th [ Lbederived f ' fi fi ' .
e R Ol e e iAo ALty oy RER PRl compric

or agymtteai abbasseofbibat conipsbedabont8p sah&’mmﬁ)%im&‘b ftfrt_h@r
puﬂﬂﬁ‘?b%?ﬁ)?{)i treatment. Examples of unrefined oils include a shale oll
obtained direct

y from a retorting operation, a petroleum oil obtained
directly from distillation, or an ester oil obtained directly from an

es@{ffm{jgfé M8ﬁ%§§nﬁﬁx‘3@o?£i$‘6rﬂfﬁ@ may, lt;gtecysed without further

treatment, Refined olls are similar to the unrefined oils except that refined

oil$i6aeé beé_?illtrs@az_b@ mcdmbqqnmﬁ@rpnﬁﬁpéﬁi@nfign@;ish@e.mnp#@yhflm@mplexes
MOLe REARGTIeH Siitahie. RUIcaRR RehRigues inglude BIRINGIIN:63 152 to

hydrocracking, hydrotreating, dewaxing, solvent extraction, acid or base

extraesioh? inaddnSahdl. PrcbRiioh? aIPdRitsichaiskinowsiofinbish is hereby
kil ety ReseinRd S Alen QRIRIRGG B HEHAGHICE BS Hpresentative of

processes similar to those used to obtain the refined oils. These rerefined

oiléhgrealigesiknenvseaBpabidnvdicbrosapre sssdad Bils aNendrannguse: glycol
adgiianAlly-RIOeeRSRY Y HELRBIGHES B Larpayah @f SPeat additvas and. ol

breakdown products. 100501 Base oil derived from the hydroisomerization

of fiesthnyt alkal baigewd atfdingleridhanated swiingigorhatatgsend salicylate
afQresaick RN ab AAH R SYBIDEEGRAS SO 2 e AL IS GFRAIIRHISd by Hunt et

produced by the hydroisomerization of natural or synthetic waxes or

migluifes -ﬁ@r@o?@\zév%%§é7@i§@r¥f@ﬁﬁ%}ﬁ6ﬁ€ﬁ’cﬁ’|§/‘§%§ reBaredthy prstdpeed fatty

10 e AHBRIRAMAHELAA 1356 e g dybricating: QL 41His aMeRtienalAn U .
m?%ramount of base oil as detined herein comprises 40 wt. % or more.

Préa- dndStot of Sakrsind ohfshEeTEsdTR A Srhunely b Pamplsx of

of atgleasteng oferalnrbIibRad Ve basealoraprgiRERRI Y QIRALErtBaNfatty acids

about 50 wt. % to 18 . ) )
and 2-(2-aminoethyl)aminoethano! as described by Karol in U.S. Pat. No. 5,137,647
and molybdenum containing compounds prepared from 1-(2-hydroxyethyl)-2-
imidazoline substituted by a fatty residue derived from fatty oil or a fatty acid;
overbased molybdenum complexes prepared from amines, diamines, alkoxylated
amines, glycols and polyols as described by Gallo et al in U.S. Pat. No. 5,143,633;
2,4-heteroatom substituted-molybdena-3,3-dioxacycloalkanes as described by Karol
in U.S. Pat. No. 5,412,130; and mixtures thereof. Representative molybdenum
compounds of the above are commercially available and include but, are not limited
to: Sakura-Lube® 700 supplied by the Asahi Denka Kogyo K.K. of Tokyo, Japan, a
molybdenum amine complex; molybdenum HEX-CEM®. supplied by the OM Group,
Inc., of Cleveland, Ohio, a molybdenum 2-ethylhexanoate; molybdenum octoate
supplied by The Shepherd Chemical Company of Cincinnati, Ohio, a molybdenum 2-
cthylhexanoate; Molyvan® 855 supplied by the R.T. Vanderbilt Company, Inc., of
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about 97 wt. % of at least one of Group Il, Ill and IV base oil or more

preferably about 60 wt. % to about 97 wt. % of at least one of Group Il, 11l
and IV base oil. (When wt. % is used herein, it is referring to wt. % of the
lubricating oil unless otherwise specified.) A more preferred embodiment

of Mg walkrtiommayutbmapribphesphenauficobbhzmeoitiytatcoommosadex of

ab 3 90 1 . 9% 0f the luBrigating oil.-Qil Sol
MOQ%QS‘S%%I%E%% un %?ggﬁn}goar?é%?%)nfo%gﬁ%%?%oﬁ% e r%%%%%ﬁg%denum
congpapings and molybdenum/sulfur complexes are known in the art and

ar ribe in.y. ' t.al, :
o o e o b QA Btz
incor poiiarce by xeterbibderame cohisinimpopmpiesitels prbfciean ®theapared by (i)

,re%%éﬁﬂgaﬂy@c%é%lgeé%mﬁmmgema%ﬂ%%%&@ﬁ;ﬁif@%ﬂ&@é%cted

invention’include: glycol molybdate complexes as descri rice et

al. ﬁwm.@@ﬂwwsggmﬁiﬁmwéﬁwmk@ﬁ%qawgmm nidp, a
meiahiopAERREERAES Ao, £LAMPAILRS LR N nnich base, a

molybdenurn such as those disclosed and claimed by Hunt et al in U.S.
Pafl 16t A8 32 BETYHEIgH dBRUMCEoPR Bl BYE Yt dirirell B re REtheg S ftapolar

oilp@o%%@aree'ﬁm}pm&grﬁ B@ﬁﬁﬂ%ﬂ%ﬁ%‘i??}ﬂ§&i§§ﬁ@$@€iéﬁ¥1ﬁ%ﬁﬁiex can

etalin U.S. Pat. No. 4,889,647, a sulfur and phosphorus-free .
ordirisATHIgpEha T EBhfoRRiB IS Kpanne wide herehya o BHBHIzs
CORLEIRING, FRRRRWIS RISRAGH M IR ERIOR 1@ he context of this invention.

2-(2-aminoethyl)aminoethanol as described by Karol in U.S. Pat. No.
5, 1yeigreplu e dishprushism eelisphnseompsimad dsrlhur g ety bdenum or
1-(Zatvarestindditidazobng suRstisHisdsRy.Asaity 1rsiduersieyivestacterized

from fatty oil or a fatty acid; overbased molybdenum complexes prepared
froft amtiEEmakidsaemamRaRiRtad adtifcRitngen dimspylyeranamd preferably

desgibgd i Galla Rl sl dnuh Sveial MRe 3443 639.02 & NI more

substituted-molybdena-3,3-dioxacycloalkanes as described by Karol in

U. Sredetatlin fisn phopd 6V SR datlied ARdrasitmeptéaambhhsnum weight ratio of

molybaenum 109mRcHsaktheRbMS aicomereiallyravaiabie andecular
include hut, are not limited to: Sakura-Lube(r) 700 supplied by the Asahi
DefERREgIhesR o3y GRS BB FOBPRASHIOBA SFURR T it fERainty.

malybdensmusiE X<t dsuprl sy inesOMEIRo itebk loMRlantklences
Ohio, a molybdenum 2-e;[algylhexanoate' molybdenum octoate  supplied bP/
ThES R B SRS EFEHEIRH S B AR RIS DA AT 21t of one

or more nitrogen atoms of the basic nitrogen atoms of the basic nitrogen containing
compound used in the preparation of these compositions. In one aspect, the
oxymolybdenum complex is prepared at a reaction temperature at or below 120
degrees centigrade and if optionally sulfurized, it is also reacted at or below 120
degrees centigrade. Such a process yields a lighter color product when compared to
higher temperature reaction conditions at equivalent pressure.

|0054] The molybdenum compounds used to prepare the oxymolybdenum and
oxymolybdenum/sulfur complexes employed in this invention are acidic molybdenum
compounds. By acidic is meant that the molybdenum compounds will react with a
basic nitrogen compound as measured by ASTM test D-664 or D-2896 titration
procedure. Typically these molybdenum compounds are hexavalent and are

represented by the following compositions: molybdic acid, ammonium molybdate,
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ethylhexanoate; Molyvan(r) 855 supplied by the R.T. Vanderbilt Company,
Inc., of 19 Norwalk, Conn., a sulfur and phosphorus-free
organomolybdenum complex of organic amide; Molyvan(r) 856-B also

from R.T. Vanderbilt, an organomolybdenum complex. [0053] Particularly
prefeivenl mit sblldite potlytidenuniyboatp lexd sthee alkslitiirirea molybdates and

sulfurized olybdenum containjng compositions which can,be
or e B e S P o A e Thidtbreh Sty molvbdate,
nithége’ koM pOuhc. SeledieC]rom yhécdispersaxitigy bisaceiyisting b )-
sugcinimid carb ic acid.amide,.a _hydrocarbyl monoamin -
P A e A B By errcd acidi
visoohitydimaex ¢mppoveds aramoiyiude tiedeefiminaipresanbdats, aypbidikali metal
pr f : bdenum compjex. This exymolybdenu
Dy B L S L B bt
follPaYulfuridedbasty mitiyptesmpoantaistdgepropositieryysedly wichinm

th iS. | tion... Pref [ I i olvi u !
R R0 PR IRRRL P
coetainilescdrmpdsitonmsiizynb ergenesatip ctesastbrizelic asgdamides, hydrocarbyl

o : d
o e R SRR RO o)

to mi@ph%mamétmaﬂjysﬁmmm,(@i@mmtBf)imiitaridcbmimg@ma and
malybdenum. e nLalip gL llﬂﬂ%%&@cb%&%&% %ﬁﬂﬂo@?@&ﬁsﬂﬁ%@ﬁﬁ%@ﬁéﬂ?@ated

(2to 5) to 1. The precise molecular formula of these oxymolybdenum

comipasitionboaea.nstipwreditssceriig R dwboer tedgngesibiepseprsitions
be GAMARHBAS HaGB MRRAENHILWARSE VAIGRCES AP ARLEHIGH WiBricable

atoms of oxygen or sulfur, is either complexed by, or the salt of one " or
maeesvigsgandatome Mirmech dsite srropesitiems of the basic nitrogen

COfyaHNg COMPRAUAL HRESLIN NG RiGRALYAR %ﬁf@égs@@m RRSHiPOEdN

one aspect, the oxymolybdenum complex is prepared at a reaction

termobrhtleraar smpRliks Keocidet bets tersgigto sain wpaeieanyeferences and
sulflyized Whimvalse dRAGIEE Ak RGIaun a0 dGpEE 88 SRUHBHAMEs BiFtherelated

process yields a lighter color product when compared to higher

termgisEiibenedpparreb Prthsrisrs ebuil alureipiadderarqoomdt thE 5. Pat. No's.
majyhdessimcpmpaundsiusedia 2 eparg PR QMR Rty

oxymolybdenum/sulfur complexes employed in this invention are acidic
mdﬂﬂ%@?ﬂ??ﬁd by reference. The ferm "succinimide" is understood in the art to include

many of the amide, imide, and amidine species which may also be formed. The
predominant product however is a succinimide and this term has been generally
accepted as meaning the product of a reaction of an alkenyl substituted succinic acid
or anhydride with a nitrogen-containing compound. Preferred succinimides, because
of their commercial availability, are those succinimides prepared from a hydrocarbyl
succinic anhydride, wherein the hydrocarbyl group contains from about 24 to about
350 carbon atoms, and an ethylene amine, said ethylene amines being especially
characterized by ethylene diamine, diethylene triamine, triethylene tetramine, and
tetracthylene pentamine. Particularly preferred are those succinimides prepared from
polyisobutenyl succinic anhydride of 70 to 128 carbon atoms and tetracthylene

pentamine or triethylene tetramine or mixtures thereof.
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compounds. By acidic is meant that the molybdenum compounds will
react with a basic nitrogen compound as measured by ASTM test D-664
or D-2896 titration procedure. Typically these molybdenum compounds
are hexavalent and are represented by the following compositions:

mdddic acid)snimbrdeditily Buntern2soditimideS ghhespoiassiennof a
m aer.alkal I
o A B T Bl D o o
MoGTtdiao®LERe ni R0 BCHEitmbighiden armmeis¢deondary amino groups.

bi%?&%%%%‘%&?g&%%%&%@ém 66 9h& 50 e PLAIE ARG eight.

compounds. Pre d acidic molybdenum compounds are molybdic acid,

amdvivpicahosmiybtiak ey cad belikhat trrenairedh biy beating Palitisehatty Prederiats
arw&y&@iwég@%‘gmﬁ@m@olybdate. [0055] The basic nitrogen

compound used to’prepare the oxymolybdenum complexes have at least

onB®Hic nittagerrahielatid prafsreprpoiidensite alypisdifablesiapias sfaterials for
sugh. CMBaRL & oushipmidesccarRamis actd amidasnydrosaiayl of such

monoamines, hydrocarbon polyamines, Mannich bases, phosphoramides,

thiepnpepréTarnithess girssprdnatideBatitivefsape; rydipdesure of which is
IMREAME Sn@Rflo MIBE S IRRISY. ARYLLIhE AIIRIRNERHAINRG prepared by

compositions may be after-treated with, e.g., boron, using procedures

g
welkagHa Rebrhcss i ag 2wl THE doms Seistitiriceb haring & kaptdihto about
basigpniFageR hsse.Allrt-realpenisRIeReRcH gt PRRIIGRRIRIAQ. having

succinimides and Mannich base compositions. [00q5ﬂ6é The mono an

poRyéliciemipradantainhet ou et ed prss ks telssiBrpidsplyble with an amine or

complaxssAss gobehiisrainares disclaseg dnpimerausiefsreneas and
are well known In the art. Certain fundamental types of succinimides and

thepbratebriliteititsarieompisssd By theskrmigrarrepacd iiRie grearboxylic
taught §1 WeSoRatNR'E0B12 191886 R3id (2,89 Ru3NErd 2112 tdAb R8s acid with a

disclosures of which are hereby incorporated by reference. The term

suediRehutend chrberstipacid thevhithdhaaobidsehuisdraemrogigins from 72 to
imiges andamiding sregeanvhich-manie) Sedormed-dhelpradaminaabr

product however is a succinimide and this term has been generally

ackprEtndshRsHAME I prdIED Rt ction of an alkenyl substituted

SUEEHFE) ACid ARG ARPYOIIF 8 it BoREROSRIEO Rl BB CRNIe URekntion are
Preferred succinimides, becayse, of t ei{ commercial avail biIityf%re

thaSE R AREeRasA fasHstsoAFpytines, preferably of the type
disclosed in U.S. Pat. No. 3,574,576, the disclosure of which is hereby incorporated

by reference. The hydrocarbyl group, which is preferably alkyl, or olefinic having one
or two sites of unsaturation, usually contains from 9 to 350, preferably from 20 to 200
carbon atoms. Particularly preferred hydrocarbyl polyamines are those which are
derived, e.g., by reacting polyisobutenyl chloride and a polyalkylene polyamine, such
as an ethylene amine, e.g., ethylene diamine, diethylene friamine, tetraethylene
pentamine, 2-aminoethylpiperazine, 1,3-propylene diamine, 1,2-propylenediamine,
and the like.

[0060] Another class of compounds useful for supplying basic nitrogen are the
Mannich base compositions. These compositions are prepared from a phenol or Co.z00
alkylphenol, an aldehyde, such as formaldehyde or formaldehyde precursor such as

paraformaldehyde, and an amine compound. The amine may be a mono or polyamine

22



succinic anhydride, wherein the hydrocarbyl group contains from about 24
to about 350 carbon atoms, and an ethylene amine, said ethylene amines
being especially characterized by ethylene diamine, diethylene triamine,
triethylene tetramine, and tetraethylene pentamine. Particularly preferred

areitbiopsisiconipaideasRrepargdralirdn isolkylenyhs ucehig anhikdrgane or an
of 70 tp 128 carbon atoms, and tetraethylene pentamine or triethylene ,
I TS GPE e A TR S TR R AT TR gnd the like.
"suidei pheideicaradirta Conkdansaittial mdppcriaylwictidiecagibeasl or a Cgo.io
anhydride and.a pol con amine containing at least one tertiary ..
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Cavbonylik beiek ameipterebbyposttingsardiaiph suldizestantitegsiidtedisfatoms,
prepasing th lybdenum complexes employed in this invention .
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3,405(064ENNE dibatouie ofaninictdidivdeabyl kyt dnpboatebonyofcfecehcarbon
These compositions are ordinarily prepared by reacting a carhoxylic acid .

or s L2103 Rhcrt e chndeschion proatlcl o S I Idne potyamine
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S“E‘l‘&%ﬁ:@é ReRgant alip hla“‘%g%mx'&%?aﬁ%” der 1ng;malecule pil splublewith

an aming or a ydrocgr%gl p(ﬁyamlne, ch asan e?h;?lréne amineto give

a mopeord pylyreatingdihiecdaidiamidss Piefecwy argamddechniiphes to introduce

pr from ( carbaxylic acid of the formula RCOOI-I, where R is
Cl%;%_?égqgl«l@yfﬂe %?)ﬁpc%l%n

or a mixture of this acid with a polyisobutenyl carboxylic
aci@¥6 Whichthetholyissbofenylmotiproartaint frorpadng tk28xyarbiyhdenum

O 0 S I o
comb@&@mﬂﬂﬁ#hx@@%i&l&nﬁmﬁny&%ﬂ,ﬁ@ angdrO68rbyT, the disclosures of
T RSO S, BT LGRS s
incewpored sy redate aempvheddydiosaibykerotp Prhietnit Bhstesablye prepared,
2lgy %@?'Eﬁ%&%}g?ﬁgﬁ%ﬁ RAIHIRAMIR UM HGLAY RO M he
presence of a moncamine or by reacting phosphorus oxychloride with a difunctional
secondary amine and a mono-functional amine. Thiophosphoramides can be prepared
by reacting an unsaturated hydrocarbon compound containing from 2 to 450 or more
carbon atoms, such as polyethylene, polyisobutylene, polypropylene, ethylene, 1-
hexene, 1,3-hexadiene, isobutylene, 4-methyl-1-pentene, and the like, with
phosphorus pentasulfide and a nitrogen-containing compound as defined above,
particularly an alkylamine, alkyldiamine, alkylpolyamine, or an alkyleneamine, such
as ethylene diamine, diethylenetriamine, triethylenetetramine, tetraethylenepentamine,
and the like.
[0062] Another class of nitrogen-containing compositions useful in preparing the
molybdenum complexes employed in this invention includes the so-called dispersant
viscosity index improvers (VI improvers). These VI improvers are commonly

prepared by functionalizing a hydrocarbon polymer, especially a polymer derived

23



carbon atoms. Particularly preferred hydrocarbyl polyamines are those

which are derived, e.g., by reacting polyisobutenyl chloride and a
polyalkylene polyamine, such as an ethylene amine, e.g., ethylene

diamine, diethylene triamine, tetraethylene pentamine,

2- drmim ety pexdzinero pyBepeo ppteme i amitan ing pidippied edigndadyed from
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nitrogen are the Annich base comp}63| lons. These compositions are
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an amine compound. The amine mayabe amono o %onlyamlne n
typichincanpisitionstacedreita red fregenasvatkinanpismirstishingoduce nitrogen-
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alkylp e era

nol having at least 50 carbon atoms, pre ly 50 to 200 carbon
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is 1-10 and where the condensation product of said alkylene polyamine

mayikefes thereadadiuehsitbcitsnidestiso heRoTtHEcUg ity Bh thrrea Mathydene
bag&g&gﬂgtgng%&ﬁ?{@l%@r preparing lubricating oil additives can often

be significantly improved by treating the Mannich base using conventional

tedififtles td hsrwdeel ybdesprintemreseniiosisony fooen Fahvtedectabigrized.
of R%B}Q&?Hmy%%fgflﬁésp%%'}ﬂgﬁéﬁéﬂgxw&%yﬂaeﬁ&%lﬁﬁ%omp1exes

employed in this invention are the phoramides and phosphonamides
sudheddnnbisdmiselssererr e, bydroges s316d9, 48buBos Geiotigy, tRdur

disglasuiek b nudych- RS hesebyiiRCRDorARe Y relaraneearbhe$Beterably €

comEositions may be prepared by forming a phosphorus compoun

hatl @1aanéa%ftsaﬁ@mﬂm&ww@&%ﬁb@ﬁréwﬁé@ﬁdﬁ%&a@ﬁ)@f@zSy, where

reacting phospharys-esysIoridR with abydeoeastidsdiotie thenprertsiaavhere R’

of a monoamine or by reacting phosphorus oxychloride with a difunctional _ .
1s as defined above. Also useful as sulfurizing agents are traditional sulfur-containing
antioxidants such as wax sulfides and polysulfides, sulfurized olefins, sulfurized
carboxylic and esters and sulfurized ester-olefins, and sulfurized alkylphenols and the
metal salts thereof. These sulfur containing antioxidants are useful when employed as
additional antioxidants since they are effective peroxide decomposers and are further
described herein below.
[0065] The sulfurized fatty acid esters are prepared by reacting sulfur, sulfur
monochloride, and/or sulfur dichloride with an unsaturated fatty ester under elevated
temperatures. Typical esters include C;-Cy alkyl esters of Cy-Cyy unsaturated fatty
acids, such as palmitoleic, oleic, ricinoleic, petroselinic, vaccenic, linoleic, linolenic,
oleostearic, licanic, paranaric, tariric, gadoleic, arachidonic, cetoleic, ete. Particularly
good results have been obtained with mixed unsaturated fatty acid esters, such as are

obtained from animal fats and vegetable oils, such as tall oil, linseed oil, olive oil,
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secondary amine and a mono-functional amine. Thiophosphoramides can

be prepared by reacting an unsaturated hydrocarbon compound

containing from 2 to 450 or more carbon atoms, such as polyethylene,
polyisobutylene, polypropylene, ethylene, 1- hexene, 1,3-hexadiene,
isolstytens pdanw thyl dapenibiehanl] thertikeilwitid phivsthhdixmnplary fatty esters
pentasulfide itrogen cqntaini u fine 0
P I PO, ST LR, e
alkytetrataningysticmadsasthyleyididideninegldidthtylenistrimdimliy! glycerides,
et aInG 1A I EERARIEIGR,, 1 A e IR06R) inoier,

class of nitrogen-containing compositions useful in preparing t
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are commonly prepare unctionalizing a hydrocarbon polynier,
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as alicyclic or aliphatic oletins or diole e functionalization may be

canterouncbyrsheniadfior pifuessew ol nrodiocsufiedistlerigice or
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po is then contacted with a nitrogen-containing source to introduce

niteypelnil sdReandies fuiretlEded dirupsionvmespliigmendopersalie, cracked wax-
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especially those nitrogen-containing compounds and compositions

des@ibdalindeally. Prafurrsevemgerndsurcdsatfranuffanmansideridactnd sulfur
as GUnYieR INNET AR ARG &0t VAR RASE SRS AL BB IRNRD S. Pat.

basic nitrogen compounds for use in this invention are succinimides,
cafddid@ditbamides, and Mannich bases. More preferred are

susGiRN I deshiaving.an RVERIRIRAISS iR Io BlIe! HORQ PMARRE Mmpositions

2300 and mixtures thereof. Such succinimides can be post treated with

bof8rhGIssHmeiRed dadssilnecnal s ipptpiamarsalio tsagofnihe alkyl group
- oxyralyRdenymce MBI eI thisdaventontrale Le: sliHZetkferably, a

Representative sulfur sources for preparing the oxymolybdenum/sulfur
coMpERd ST S&eund kmidtinveptiahasediumurali B BALEG AR, stfgrum.

mapgebjoride; sl siehipsiiecahaenbaus mepiasH lagdR 2P spise R

is hydrocarbyl, @referabl%/ CI.;A{O ] el is at least
pentasulfide, R »S; where R is hydrocarbyl, preferably Cy-Cp alkyl, and
3, mercaptans wherein R is C-Cy¢ alkyl, inorganic sulfides and polysulfides,
thicacetamide, and thiourea. Most preferred sulfur sources are sulfur, hydrogen
sulfide, phosphorus pentasulfide, and inorganic sulfides and polysulfides.
[0071] The polar promoter used in the preparation of the molybdenum complexes
employed in this invention is one which facilitates the interaction between the acidic
molybdenum compound and the basic nitrogen compound. A wide variety of such
promoters are well known to those skilled in the art. Typical promoters are 1,3-
propanediol, 1,4-butane-diol, diethylene glycol, butyl cellosolve, propylene glycol,
1,4-butyleneglycol, methyl carbitol, ethanolamine, diethanolamine, N-methyl-
diethanol-amine, dimethy] formamide, N-methyl acetamide, dimethyl acetamide,

methanol, ethylene glycol, dimethyl sulfoxide, hexamethyl phosphoramide,

tetrahydrofuran and water. Preferred are water and ethylene glycol. Particularly
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alkyl, and x is at least 2, inorganic sulfides and polysulfides such as
(NH4)2Sy, where vy is at least 1, thioacetamide, thiourea, and mercaptans
of the formula R SH where R is as defined above. Also useful as
sulfurizing agents are traditional sulfur-containing antioxidants such as
waprslothiele & angepoldhilt dedinauify tize podde finsmst it zeparatriymddici amthe
esters and sulfurized estelr-o efinsé and sulturi e(&alk%l henol angl the
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mamacbldddehahdiddasulfur dichloride with an unsaturated fatty ester

un vated t atures. Typical esters.inglude C1-C20 alkyl esters.
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e e B TR SAIeY QU varicry
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lowawetquatamweinit bolysikiindderivb d the retasionvithx airsutiay-epheaiinige
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c
[00 SO use re the aromatic and alkyl sulfides, such as dibenzy

sulfigesuldinyiynsalteiesodicsith Sufisidie matstiiswaxandfesiantirogen compounds.
polysulfide. crackead wars QleHe sHifidas 200 oot ldSn Far Qgsirabclje prior to

prepared by treating the starting material, e.g., olefinically Unsaturate
corepioplstisnwircaeiion, willrithassHoemorkse, Branseftircdipmldmpeoved method

Ei?ﬂg‘g‘:}g,é{fg{gfﬁ%ﬁ’yﬂ(@lﬂﬂ@&ﬂ?ﬁ@&ﬁﬁ%&%ﬁﬁ&%@%?%iQg@h@@d&% Rated at a
temperature less than or equal to about 120 degrees Celsius, preferably from about 70
degrees Celsius to about 90 degrees Celsius. Molybdic oxide or other suitable
molybdenum source is then charged to the reactor and the temperature is maintained
at a temperature less than or equal to about 120 degrees Celsius, preferably at about
70 degrees Celsius to about 90 degrees Celsius, until the molybdenum is sufficiently
reacted. Excess water is removed from the reaction mixture. Removal methods
include but are not limited to vacuum distillation or nitrogen stripping while
maintaining the temperature of the reactor at a temperature less than or equal to about
120 degrees Celsius, preferably between about 70 degrees Celsius to about 90 degrees
Celsius. The temperature during the stripping process is held at a temperature less

than or equal to about 120 degrees Celsius to maintain the low color intensity of the

molybdenum-containing composition. It is ordinarily carried out at atmospheric
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100691 Sulfurized alkyl phenols and the metal salts thereof include
compositions such as sulfurized dodecylphenol and the calcium salts
thereof. The alkyl group ordinarily contains from 9-300 carbon atoms. The
metal salt may be preferably, a Group | or Group Il salt, especially
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N- sme hyI diethanol-amine, dimethyl formamide, N-methyl acetamide,

dimethy yl acetamide, methanol, ethylene glycol, dimethyl sulfoxide,
héd@irdethyl Iphbs ptmwmdextwcahwhmwmﬁmammm Fonefeed tarbasic
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|na ythe olar promoter Is éeparat edto the reac on mixture,
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diluents are lubricating ol iquid compoun ntaining only car
afiixHyidrogen. If desired, ammonium hydroxide may also be added to the

regpeys) MiHe, GLREAES QIsAHAANRL mmeAU D aREIAG N Sntaining

reaction is carried out at a varie ty
compositions may be generally characterized as a sulfur/molybdenum complex of a

basic nitrogen dispersant compound preferably with a sulfur to molybdenum weight
ratio of about (0.01 to 1.0) to 1 and more preferably from about (0.05 to 0.5) to 1 and
a nitrogen to molybdenum weight ratio of about (1 to 10) to 1 and more preferably
from (2 to 5) to 1. For extremely low sulfur incorporation the sulfur to molybdenum
weight ratio can be from (0,01 to 0.08) 10 1.
[0076] The sulfurized and unsulfurized oxymolybdenum complexes of this
invention are typically employed in a lubricating oil in an amount of 0.01 to 10 %,
more preferably from 0.04 to 1 wt %.
[0077] Additional components may be added to the synergist combination of

- component a) and component b} and optionally component ¢) to further the resistance
to oxidation of the organic substrate and which may add to the synergism.

Particularly preferred is a component which operates as a peroxy radical scavenger.
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of temperatures, typically at or below the melting point of the mixture to

reflux temperature. It is ordinarily carried out at atmospheric pressure

although higher or lower pressures may be used if desired. This reaction
mixture may optionally be treated with a sulfur source as defined above at
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then charged to the reactor and the temperature is‘maintained at a
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molybdenum is sufficiently reacted. Excess water is removed from
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reactor at a temperature less than or equal to about 120 degrees Celsius,

préharshigra shifeenniss othorolagrides cligb s apidas otideg ides More
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temperature less than or equal to about 120 degrees Celsius to maintain
thé¥erk T It rsiEne SiHbo PReRpbah LTHIE e RU AP ST UR]S are
orgigaiie a6 Opti akialrn 8SBIENIC 26 ppe sRtErRIA WY TGBREOr lower

pressures may be used. The stripping step is typically carried out for a

el 8 abolheoi® iRy At the FeMRIn7atE MeEsSHERIGHRY FroRRteRkhthat can
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defined above at a suitable pressure and temperature, not to exceed

abBYER9EMdGrse SXERIBIES FbrIHH ¥ERBSIRETH RALISHAKS the RiERgR invention,

mejybgrpuRe aptiRRsHeAibagen gompounds. The sulfurization step is
typically carried out for a period of from about 0.5 {Q abog%S hours and
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completion of reaction wijth the sulfur squrce. ) .
ponsuccinimides, and af enyl succinimslges modified with boric acid, alkenyl

succinic ester.
[0080] (B) Oxidation inhibitors:

o
tert-butylphenol),4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-

1) Phenol type phenolic oxidation inhibitors: 4,4'-methylenebis (2,6-di-

butylphenol), 2,2'-(methylenebis(4-methyl-6-tert-butyl-phenol), 4,4'-butylidenebis(3-
methyl-6-tert-butylphenol), 4 4'-isopropylidenebis(2,6-di-tert-butylphenol), 2,2'-
methylenebis(4-methyl-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-dimethytphenol),
2,2'-methylenebis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl4-methylphenol,
2,6-di-tert-butyld-ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-o-
dimethylamino-p-cresol, 2,6-di-tert-4(N.N' dimethylaminomethylphenol),4,4'-
thiobis(2-methyl-6-tert-butylphenot), 2,2'-thiobis(4-methyl-6-tert-butylphenol), bis(3-
methyl-4-hydroxy-5-tert-butylbenzyl}-sulfide, and bis (3,5-di-tert-butyld-
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[0074] In the reaction mixture, the ratio of molybdenum compound to basic
nitrogen compound is not critical; however, as the amount of molybdenum
with respect to basic nitrogen increases, the filtration of the product
becomes more difficult. Since the molybdenum component probably
oligpdnexiesnzyls davipheye businotarkicasdatimhinidhjtoderibiats] can
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reaction” mixture. [00751 When optionally sulfurized, the sulfurize
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as [@(ﬂilfu r/ mOWWMFQMMBE‘ thagIG;nragen sdiﬁﬁ%m decomposer

compound preferably with a sulfur to molybdenum weight ratio of about
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preferably from (2 to 5) to 1. For extremely low sulfur incorporation’the
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invention are typically employed in a lubricating oil in an amount of 0.01 to
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component b) and optionally component c) to further the resistance to
oxiiageisbphsads garide srrigsraiehbyirtcle hexyntite e synergism.
Particularly preferred is a component wich operags as a peroxy radical
scavenger. 27 These hydroperoxide degomposers convert hydroperoxides
into non-radical products thusfpreventing.chairfpropogation reactions.
Commonly organosulfur and organgphophgrous compounds have
severed this purpose, and many suifable compounds have identified
herein above with regard the oxymolybgdéfium component and need not

(including

OH OH Va
Ry Ra
Nr—cRa =
F /
Ra Rz
[0083] wherein each R; is independently a hydrocarbyl group containing from

3 to about 9 carbon atoms, each R» is hydrogen or a hydrocarbyl group, R; is

hydrogen or a hydrocarbyl group containing from 1 to about 9 carbon atoms, and each
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phosphates, phosphonates, phosphinates, phosphine oxides, phosphites,
phosphonites, phosphinites, phosphines and the like), amine phosphates
and amine phosphinates, sulfur-containing phosphorus esters including
phosphoro monothionate and phosphoro dithionates, phosphoramides,
phBsphindansiedentnd e ke ohorecthybiratply{tiose embodiment, R; is an alkyl
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eferably, a zinc dithiophosphate. Suitable phosphorous
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by teferenas I8 aﬁgﬂegf.vm%ﬂ@ilgﬁo@m%v%@Faeﬁ%@m%%%y%rs of
in combination e

components that can be favorably employe with t .
lulstiedigng atrmilanef uisnssast 1sabeisnonperssble paenplescdtusiihestrimer.

ar%ﬂeqj%%ﬁy'%%tagﬁﬁbﬁ;@é%ﬁm, MR OHQR UG Y RIR DAL iRIRRRGH

to limit it. [0079] (A) Ashless dispefsants:‘alkenyl suctinimides, alkenyl

sutdrAnfaey IntdeifieammassthBe @an@b%mm&i@glgé@nraméﬂimér@yh butyl,
cagbaRale), RANSHELIAURIAEScANhAKGIM S HeCRIdesaditied wiby Ry and Ry

boric acid, alkenyl succinic ester. [0080] (B) Oxidation inhibitors: [(108

1) PHETERY EPHEnBIRh GRiteatiBAtA Ribiegramayh graensy irapisnglie epmpounds
terhby bdRiepatd s RIS RriHeHRUMIRNENOL: dnfbRiRkaNSHMFRIRLS are
butylphenol), 2,2'-(methylenebis 4-methyl;6-tert-butyl-phenoi),

4, PIERHAHBNE BB et X dHsbatgRsmimgsiye para-substituted alkylphenol, and

4’%&?%%5@%%%%ﬁa%%%%ﬁ%b@@%ﬁ@ﬂ&’ i#vfhe 2- and/or 6-position as desired.
methylenebis(4-methyl-6-nonylphe

nol),
Z,ﬂg%bﬁtyﬁréﬁgqﬁg@@@‘mwm%s of the type presented by Formulae IVa

2,2nmetyieneisid-methilsfsayalohendebedhider conditions which result in the
2,6-di-tert-butyl4-methylphenol, 2,6-di-tert-butyl4-ethylphenol,

2, AN5HREY RE Bk BRI e RetItoBsRrtbere-tathatRgtaingrenp- Eregpples of
2, Gredifie NI Himeiy RminRmetwipnenebdshenol; 2-t-butyl-4octylphenol; 2-
thiobis(2-methyl-6-tert-butylphenol), ,
22qw%%@@qlﬁamgg%%gﬂwbhwbﬁl:mg(lgahenol, 2,6-di-t-butyl-4heptylphenol;
hma,mywtmm@y?xygag@#bﬁﬁw&gQ@Hi&t&fﬁ&@%r@adﬂ}%égﬁp%ffuf-@%ﬁ%-di-t~
ydroxybenzyl). iphenylamine type oxidation inhibitor; alkylate
diﬁ‘ﬂ&ﬁi%%’?ﬂ?\@ﬁﬁ?@ﬂylgaéﬁéﬂp%wg IR PSR Bkt hmB itk Ratrie! phenol;
3) Déhesutypesilivigdithiccaibamatade g 4-ancslithigearbamate)drndutyl-4-
el {dbuy dUicraTerale), PRI RISSE AIEIS orne
coupled phenols include: 2,2"-bis(6-t-butyl-4-heptylphenol); 2,2-bis(6-t-butyl-4-
octylphenol); 2,6-bis-(1'-methylcyclohexyl)}-4-methylphenol; and 2,2'-bis(6-t-butyl-4-

dodecylphenol).
[0084] Alkylene-coupled phenolic compounds may be prepared from the
phenols by reaction of the phenolic compound with an aldehyde, typically those
containing from one to about eight carbon atoms, such as formaldehyde or
acetaldehyde, aldehyde precursors, such as paraformaldehyde or trioxane, or a ketone,
such as acetone. The alkylene-coupled phenols may be obtained by reacting from 0.3
to about 2 moles a phenol with 1 equivalent of an aldehyde or ketone. Procedures for
coupling of phenolic compounds with aldehydes and ketones are known to those in
the art. Examples of phenolic compounds include 2,2'-methylenebis(6-1-
butyldheptylphenol); 2,2"-methylenebis(6-t-butyl-4-octylphenol); 2,2"-methylencbis(4-
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below. [0082] In another embodiment, the antioxidant is a peroxide
decomposer antioxidant (D). Particularly suited is (D) is at least one
phenol antioxidant. The phenol antioxidants include metal and metal free
hindered phenols. Alkylene coupled derivatives of hindered phenols and

phisderslffitrbytsirbenab ed dpiadthrisnehistiagetalsoibetidabenabiodeed
Pheoairare defined pminose £ontainion A BisrcalliRindgiadh hygroxy!

group, and these include those derivatives of dihydroxy aryl compounds

wies v epebisidrasygrbensdared ety ces fispotituly kd dadasdahencthé.2 -
mMetalrRG b Q,r—%Qt?fJ%ﬂ]ép%l@'&E&fﬁB epigd ?%Héﬁggg%\fﬂ@\%—»t-butyl-tl-

formulae: OHgﬁa RI'Rz Rp OH OH IVa RiRz Rz R2
o(reybmaered)-Rz R2 [0083] wherein each Ri is independently a

hy@iszarbyl groypaeniainine Jiomens, IARR. LARe) RleMStBark: R7 iBhless)
droearbyl group, R3 is hydrogen or a hydrocarbyl gr

hydrogen or a h¥ oug
coﬂ{aﬁ?mb@ﬁlow 15158l et RepAS- i abketipborrls fsom which the
NG aRLYBYRQOANAN A RS & BHEL I ARehe PR HRER i ReHSvaAnd

alkyl group containing from about 3 to about 24, or from about 6 to about

2GBTS b Rl R Bor b &y RTRHs8-drABEAMENS: SRyl
grempsacadieiveshitaMRNL Heear® afihprhrveRabalkenege: Themtyla-

groups may be derived from polymers of ethylene, propylene, 1-butene
artPRSIBhEERE, Didtatdotyqsigiienrd wtthtnbP B tritiad YRRl o Ry !-4-

Ore4RSIBSHIR R0l RPIMOGHy Heexb dodesd tprepanylinclude di-
tet%openyl etc. Examf%les of R1, R2 and RS@{oups include propyl,

iséphopphonaty meesiigas Rt g e Seahdsioh SFRH AhoamRigducts
ergBRAIER: tRa¢BaRRiANGK B3 alkylphenol with sulfur monochloride, sulfur

dichloride or elemental sulfur. One mole of phenol typically is reacted with about 0.5-
1.5 moles, or higher, of sulfur compound. For example, the alkylphenol sulfides are
readily obtained by mixing, one mole of an alkylphenol and 0.5-2.0 moles of sulfur
dichloride. The reaction mixture is usually maintained at about 100°C. for about 2-5
hours, after which time the resulting sulfide is dried and filtered. When elemental
sulfur is used, temperatures from about 150-250°C or higher are typically used. Tt is
also desirable that the drying operation be conducted under nitrogen or a similar inert
gas. A particularly useful alkylphenol sulfide is thio-bis(tetrapropenylphenate).

[0086] Suitable basic alkylphenol sulfides are disclosed, for example, in U.S.
Pat. Nos. 7,372,116; 3,410,798; and 4,021,419, which are hereby incorporated by
reference. These sulfur-containing phenolic compositions described in U.S. Pat. No.
4,021,419 are obtained by sulfurizing a substituted phenol with sulfur or a sulfur
halide and thereafter reacting the sulfurized phenol with formaldehyde or an aldehyde
precursor, €.g., paraformaldehyde or trioxane. Alternatively the substituted phenol
may be first reacted with formaldehyde or paraformaldehyde and thereafter reacted
with sulfur or a sulfur halide to produce the desired alkylphenol sulfide.

[0087] In another embodiment, the antioxidant (D) is a dithiocarbamate
antioxidant. The dithiocarbamate antioxidants include reaction products of a

dithiocarbamic acid or salt and one or more of the above described unsaturated
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are tertiary groups, such as tert-butyl or tert-amyl groups. The phenolic
compounds may be prepared by various techniques, and in one
embodiment, such phenols are prepared in stepwise manner by first
preparing the para-substituted alkylphenol, and thereafter alkylating the
pacarspiystitsitedch ke nokatutiate @ anndiercérposjtivrcisit esipdiidpghendstigs, or

desjred.t Is.of 1hs :
N A R g
whigtniadest In the caikyiliiomibtioniitbiecadhamatoositipevwhigetostiess, i.c. metal

h . ) . o : o
2}{[_ %i(y 1 4_?@%&)/ g eﬁ%%%\?%_%%%%ﬁ%}%@%gﬁé}gbrgﬁz;:ﬁ{bqﬁf%%l’éggiment, antioxidant

t-bistglsnliioitedyistiendidar adduetbutyl-4-butylphenol;
2 Gilsputy-4neRIYRRERR 0 iRyl ddacyiphenol

-t-butyl-tetrapropenylphenol; 2-methyl-6-di-t- butyl-4-heptylphenol;
2,d0888buty | liriespemig phlnalcthalenneiriice acbug ghpisopolyoxyethylene lauryl

2’%ﬁipﬂg&]§%¥m2%ﬂ9Ih@ﬁ@f"&f&%ﬂ%ﬁ%f&)&fg& y Wlé?lé%%ﬁ?lbhenyl ether,

2,6-di-t-butyl-4- méthylphenol; and 2-methyl-6-di-t-butyl-4-dodecylphenol.
Exaphptascsttiraoptivirdsuplethshandressiethalene octyl stearyl ether,

3 ’ éﬂ?ﬁﬁf&ﬁ&‘fé’ﬁé“ﬁ%ﬂ%@ﬁ&? Bﬂ%gﬁlﬁ%@étégw%liﬁmgﬁmg%olyoxyethylene

-bis-(I'-méthylcyclohexyl)-4-methylphenol; and 2,2'-bis(6-t-butyl-4-
dotii®yiphiaasdrdear4 andirglspdudenpEBcphasre€sifpounds may be

g[g@ﬁﬁﬁ? from, HmPRERYISRYSEICHANLIHAG PHERP 5 GOBROUALAMEX A acids,

ehyde, typically those  containing from one to about eight carbon
atonvialseensa b arifbanirfesalis ametal dalty 9 heayesyHeprarifsarstial

suehBshaEaiorMalde By g6 Pt iR aNeHeT, A:keERsphatie a8 acetone. The
a I:Kllﬁne-coupled phenols may be obtained by reacting from 0.3 to about

I
2 Y188]a phdhoPaims!aibersivialdiosmipdurtctdie breard radsthrisgarside.
forpsgwyteglﬁw@@n@i%&femeﬂ&BQ@M}@@&@!@M&%M ketqnes are

known to those in the art. Examples of phenolic compounds include

2’j-@ﬁ?@thwe,@ﬁ@(@r_@nﬁmﬁgﬁg%@g%@ﬁgﬁ;agents):, sulfurized oils, diphenyl sulfide,

2, 2nMRiRRRRINGrREhiasiyiahenthafede Bty IGBEIIS (4 30
dodecyl-6-t-butylphenol); 2,2'-methylenebis(4-octyl-6-t-butylphenol); 2,2'-
meyRoREERNEEgTIREE loas RiRhiARHSbis (4-dodecylphenol); 2,2'-

mqﬂm@g ebif(@%‘?ﬂ@ﬁdﬁhﬁ&ﬁﬁbrs: fatty alcohol, fatty acid, amine, borated ester, and
2,2'-methylenebis(6-t-butyl-4dodecylphenol); 2,2'-
meHAERERIS(6-t-butyl-4tetrapropenylphenal); and

2,2 ouetDylenehisf{ahitiArbuidi Phenehlfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine-
molybdenum complex compound, and sulfur-containing molybdenum complex
compound
[{0095] (M) Viscosity Index improvers: polymethacrylate type polymers, ethylene-
propylene copolymers, styrene-isoprene copolymers, hydrated styrene-isoprene
copolymers, polyisobutylene, and dispersant type viscosity index improvers.

[0096] (I) Pour point depressants: polymethy! methacrylate.
[0097] (K) Foam Inhibitors: alkyl methacrylate polymers and dimethy! silicone

polymers.

32



[00851 In another embodiment, the antioxidant (D) is a metal-free (or
ashless) alkylphenol sulfide or sulfur coupled phenols. The alkylphenols
from which the sulfides are prepared also may comprise phenols of the

type discussed above and represented by Formula llla wherein R.sub.3 is
hy@liBgken. Ron &kem pibitttiersalkyiptatiotkltihicphosphbe (OnvtRobtimary alkyl
alkviphenol sulfides, include: 2-t-butyl-4- heptylphenol; '
25%%%/&98%% h@rﬁgc;tiﬁej'z-t-butyM-dodecylphenol; 2-t-butyl-4-
tetrapropenylphenol. The term "alkylphenol sulfides" is meant to include

di- (alkylphenol) monosulfides, disﬁ%ﬁ%ﬂéaolysulﬁdes, as well as

other products obtained by the reaction of the alkylphenol with sulfur
mi§A88hIoridéiesifentidic i drihen i ketrised dhstifulolDmang olewppisenbich are

typically. is ith; De: e ' J

ccl)p ré(]E gééé&%%gggg\gﬁ%) }eg%%gﬁé%k%ﬁﬁ]ﬁ %r‘%?s'u?hgggl ag{(la& 5%%%%% a?rfet eby
miixviegtiomean bichefl am thik fhplesring andl18ting Retemiohudied Riishipidde.

T i : i o : )
T RIS A A BN L
erengsitesliesuifihgd gosdradampetenurad therreabsambso 30 CropiigTepeature”

tRigRlY MR BiSo 50 @eqiahle gl e Arying GRArAONRE HOPRCH dand the

under nitrogen or a similar inert gas."A particularly useful alkylphenol
stgtioe Toakio wisteelespisBuR ptenateylefo BB g uitatBivalshs” refers to a

?'@%‘Eﬁ%@ ;é&%&ﬁ%@ﬁgl HSHORRJ R EXRIMBIES e Precchidh NWrceeding

3,410,798; and 4,021,419, which are hereby incorporated by
refsrepeeretied i dhifugxest MngpreriolititomplgsitbAsiesetadb @yolume.
iRl (rOih- AR ARBREK e PG S RAPH RO mined

with sulfur or a sulfur halide and thereafter reacting the sulfurized pheno

with3 i wadlaetgad virarwigend g spraetifsbrbwy! suslds ibaidinpirisdd),

rigxae dﬁfﬁ@%@th’@'}’&fb@ﬁ?ﬁ%iﬁ@&%%& (‘E\?)’q‘&%%ﬁ@?&ﬁ@%lﬁblem (m),
e

formaldehyde or paraforma yde and thereafter reacted with sulfur or a
sitrdr REREE D IR H SUE8Hed alkylphenol sulfide. [0087] In another
embodiment, the antioxidant (D) is a dithiocarbamate antioxidant. The
dithiocarbamate antioxidants include reaction products of a
dithtMoarkicniciion bl aMaIE ok more of the above described

unsaturated 31 compoundsBiiphas InsauLateshaeidasmirrboxylic

acids, anhydrides, or esters, or ethers; alkylene-coupled
dithiocarbamates; and bis(S-alkyldithiocarbamoyl)

[00101] To a flask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen infet was added 4-n-butylaniline (48.5 grams, 0.325 moles), 1-fluoro-4-
nitrobenzene (15.3 grams, 0.108 moles) and anhydrous methyl sulfoxide (120ml). The
contents of the flask were heated at 100°C for 3 days; cooled to room temperature;
partitioned between diethyl ether (300ml) and water (100ml). The ether extract was
washed with water (4 X100ml) followed by brine (2 X 50ml). The ether extract was
dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo to yield a

brown oily residue. The residue was recrystallized from hexane (300ml) to yield 18.4
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disulfides. In one embodiment, the dithiocarbamate compounds are
ashless, i.e. metal free. The dithiocarbamates are described above. In
another embodiment, antioxidant is a sulfurized Diels-Alder adduct.
[00881 (C) Rust inhibitors (Anti-rust agents): [00891 1) Nonionic

pobramypaihiptedecs usfa e lmiive lid) e BN MRGHERY B84 (AR H), sthed, 2H), 7.15(d,

BN NS AP S IR 598,

polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate,
polyoxyethylene sorbitol mono-oleate, and polyethylene glycol
monooleate. 100901 2) Other compounds: stearic acid and other fatty

acj0e1 oxjarbprfic-aicinsf Metpbseapa2fatty acid amine salts, metal salts
of vy sulfanic acid tial carboxylic acid ester of polyhydric alcohol,
an&g &és%%ﬁr% Sgﬁ)rﬁ%%gﬂr? Be fifers: addition product of

alkylphenol and ethyleneoxide, polyoxyethylene alkyl ether, and

polyoxyethylene sorbitanesgster, 8.Q0921-(E) Extreme pressure agents
(EP agents):, sulfurizelpheny , methyl trichlorostearate,
P :

chlorinated naphthale , ofoalkylpolysiloxane, and lead
naphthenate. [0093 (F) F#ction modifiets: ' [
borated ester, and other esters [00941 (G) Multifunctional additives:

sulfiASd oxympijpdretiliipraiiodersaraassicsiiftmzed bxporlypieniid a
OrWQFQH%P%%dAHEi&PESmRé%gQMWW BRRINEEEIdR es), 1-fluoro-4-

oxymolybdenum diethylate amide, amine- molybdenum complex

cofipisberreandISuligrassndMAgneish e inaydsmpregted figburide (80ml). The
[0QRR Ao iBRaSitk NERLIMRIPYE SoRO P2 BARYIBIS Y RS B MR Berature;

ethylene- propylene copolymers, styrene-isoprene copolymers, hydrated
styrafEiegse et cen ginimbrti s RASEYUANETetahd rdd¥tatfise extract was

VisGasHydIRER B g&ﬁ‘ﬁ)0%99?@110@@8%9%91@@290%%%%% ARYBAM was
methacrylate. [00971 (K) Foam Inhibitors; alkyl methacrylate polymers )
anertﬁ%‘fﬁljlp wBAes B@%gkgpgglfate, filtered and concentrated in vacuo to yield a

brown liquid. The brown liquid was recrystallized from hexane (500ml) to yield 15.0
grams of product as a yellow solid. "H NMR (CDCls) 6 8.1(d, 2H), 7.2(d, 2H), 7.15(d,
2H),6.9(d, 2H), 6.3(bs, 1H), 2.6(t, 2H), 1.6(pent, 2H), 1.2-1.4(m, 6H), 0.9(t, 3H).

[00104] Preparation of Component A3
N’-(4-nitrophenyl)-N, N-di-n-hexylbenzene-1,4-diamine

H
N

[00105]  Step 1 - Preparation of N, N-di-n-hexyl-N-{4-nitrophenyhamine

34



[0098] (L) Wear inhibitors: zinc dialkyldithiophosphate (Zn-DTP, primary
alkyl type & secondary alkyl type). EXAMPLES [0099] The invention is
further illustrated by the following examples, which are not to be
considered as limitative of its scope. A further understanding of the
invention can be had in theofgllowing nonlimiting Preparations and
Examples. Wherein unless expréssiy stated in the contraty, all
temperatures and temperatures fer tg the Centigrade system
about 20 to 25 C.
The term "percent or %" refers to weight percent, and the term "mole" or
"moles” refers to gram moles. The term "équivalent” refers to a quantity of
reagent equal in moles, to the moles of the preceding or succeeding
reactant recited in that example in terms of fipite moles or finite weight or
volume. Where given, proton-magnetic resorance spectrum (p.m.r. or
n.m.r) were determined at 300 mHz, signals are assigned as singlets(s),

bréii 8frigleibo(psladionvivrs ddyith oubteridistrserd il wiglerslgnsedounsla
R aﬂq-ﬂés%ntﬁsﬁe(m. }\a%rpslﬁs%rﬁﬁs%g@, qylesear

second. [00100] Preparation of ponent

N-QitsielsugAph 6Hy b -Sapmsnitrbpieies) vamh Rrb s bl o4 forddg fHERrD. The
equipRed Wit 2 MRYRRLE RUHET KahtEaIanasyand AeMEQash Rigberature;

was added 4-n-butylaniline (48.5 grams, 0.325 moles), 1-fluoro-4-

nitpebtipradebet Wy gyl Gthos( ke Dh8itgrduifbsisier layer

(120p0hy L6 verR NPt thedirskieiamrater ARG SaE AN 500l8gh to
to room tem!oerature; partitioned between diethyl ether (300m1) and

watialg AV P eripag exee v aih R vt oeEp ok 1o Ryrified by
fo'ﬁ‘éfﬁﬂg%%ﬂ%ﬁ L2162 Q0T HEAtbe @Rt IMAS; drigchevaleanbydinys yield

magnesium sulfate, filtered and concentrated in vacuo to yield a brown
oilgTdsatpms Phetrshielus asdieeidai AR nNekAd Hdorh18 yididtD:

1833 ,gmgj%.%Q&rﬂgwp%,aﬁ;a.yatlﬁw@@mo‘.*dd}IM%.(CDCB) 8 8.1(d, 2H),
7.2(d, 2H), 7.15(d, 2H), 6.9(d, 2H), 6.3(bs, 114), 2.6(t, 2H), 1,6(pent, 2H),
1. 400888, 2Feior shgration of N, N-di-n-hexylbenzene-1,4-diamine

HaN
: N P VN

[00108] A solution of 25.0 grams of N,N-di-n-hexyl-N-(4-nitrophenyl)amine in
100m! of ethyl acetate containing 1.02 grams of 10% palladium on activated charcoal
was hydrogenated at 40 psi for 1.5 hours. The solution was filtered and concentrated
in vacuo to vieid 23.2 grams of product as a colorless oil. 'H NMR (CDCls) & 6.4(AB
quartet, 4H), 3.3(bs, 2H), 3.15(t, 4H), 1.5(pent, 4H), 1.2-1.4(m, 12H), 0.9(1, 6H).
[00109] Step 3 — Preparation of N'-(4-nitrophenyl)-N, N-di-n-hexylbenzene-1,4-

diamine
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[00102] Preparation of Component A2
N-(4-n-hexylphenyl)-N-(4-nitrophenyl)amine H N\\ OZN~~| [00103] To a
flask equipped with a magnetic stirrer, reflux condenser, and a nitrogen
inlet was added 4-n-hexylaniline (49 1 grams 0.283 moles), 1-fluoro-4-
nitrobenzene (13.3 grams, 0:§ and anhydrous methyl sulfoxide
(80ml). The contents of t ; ted at 100C for 4 days; cooled
to room temperature; partitioried between digttiyl.ethier (300ml) and water
(I100ml). The ether extract was washed with water (4X100ml) followed by
brine (3X50ml). The ether extract was dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo to yield a brown liquid. The
brown liquid was recrystallized from hexane (500ml) to yield 15.0 grams
of product as a yellow solid. 1H NMR (CDC13) 8 8-1(d, 2H), 7.2(d, 2H),
7.15(d, 2H),6.9(d, 2H), 6,3(bs, 1H), 2.6(t, 2H), 1.6(pent, 2H), 1.2-1.4(m,
6HP0a 1, 3HY 406304y Brepdraitbra ofagoetioatiersr,A8fux condenser, and a

Y e oo
Tmmffa%leﬁumpddwmbmg rﬁéticgsmaroréiﬂlm@m)dedgehydnwamethyl
nlt[ggﬁsynlﬂl %%%%ﬂ%ﬁ?@f%@%@l? \ﬁ}le% ]ngéfgg' (%d@%%sj ’daﬁsi cooled to

fluoro-4 n nzene (14.1 grams, 0,1 mo nhydrous met
sutfmd@WhM@m@dtb@Wﬁm fithsit methé%ﬁ@mlatam@(?@tﬁm(iz@)mi) The

AL LB TR RS S o
anhbelrolisl aesgriesimos iifstdrifittereat arty donsemeanesiumaaciate 1éiliresd and
a ySlunpleaMAIDING E36Rss ANEOHRMINGITNGAEIRY QL WASBEIHSARYy1-N-

passing through a short column of silica gel and eluting with hexane

(3¢Hmitiorhgreibamine. Jlxnderbtiseyauetl avas darsarsigraivd/m dpead) eluting
6 %ﬁghgﬂhe@cﬁ{ﬂ Rethte gradient to afford 11.8 grams of the desired product as a

dark purple color oil. "H NMR (DMSO0-dy) 8 8.95(bs, 1H), 8.0(d, 2H), 7.0(d, 2H),
6.8(d, 2H), 6.6{(d, 2H), 3.25(t, 4H), 1.5(pent, 4H), 1.2-1.4(m, 12H), 0.9(t, 6H).

[00111] Preparation of Comparative Component A4

2-cthythexyl 4-{(4-nitrophenyl)amino]benzoate
[00112]  Step 1- Preparation 2-ethylhexyl 4-nitrobenzoate

Joases

{00113] To a flask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added 4-nitrobenzoyl chloride (53.0 grams, 0.285 moles), 2-
ethylhexanol (28.6 grams, 0.22 moles), triethylamine (30.2 grams, 0.30 moles} and 4-
dimethylaminopyridine (6.98 grams, 0.0.57 moles) and anhydrous toluene (420ml).
The contents of the flask were heated at reflux for 16 hours; cooled to room

temperature. It was diluted with diethy! ether (300ml). The ether extract was washed
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3.35(t, 4H), 1.6(pent, 4H), 1.2-1.4(m, 121-1), 0.9(t, 6H). [00107] Step 2 -
Preparation of N, N-di-n-hexylbenzene-l,4-diamine HpN [00108] A

solution of 25.0 grams ofN,N-di-n-hexyl-N-(4-nitrophenyl)amine in 100ml

of ethyl acetate containing 1.02 grams of 10% palladium on activated
chwitodil wasHYHlogeh tEd (), felléovell. svithur satiieegolodiom \baarbonate

filtered. an ted i eI 232 roduct as a
oSG LR (s A AR SRR R S e
4H)} tdx@ipﬁdt{:@kﬂc-@')tréiﬂi-lnéh(muaﬁi.iklﬂ %2@H}ns[6ﬂd@ﬂ]3$teﬁlﬁt-as a yellow oil.
Pr [ - | z | 5
v B S S A S R S LT 2 o,
cobders&r] &fa.c0Hitrogen inlet was added _
IsnNshe z e S OO mol s)

mjorg{i -n:go egnz?}}g %ﬁ %éigynas é%% )9%?31 and a 1hyg?ous methyl
sulfoxide (40ml). The contents of th Pflask were heated at 100C for 3
days; cooled to room tempetature; partitioned between ethyl acetate

(200ml) and water (I00ml 3 € washed with
(50ml). The pthyl acetate extract was
nesi sulfate, filtere d concentrated in

water (4X100ml) followed

dried over anhydroug v

vacuo to yield a dark brown oil containing excess N,N-di-n-hexyl-N-
(4-nitrophenyl)amine. The dark brown oil was chromatographed on silica

gejoflysng Wik Renansy sIbwAcslate arag
deiswed groduct as a dark purple c%l%r oil. %ﬁé{%%@ég%ag){%@;%(m&es) o

1HOGdef Shy! xcoteie sprtaipised) Shgrasial 2P0 Baﬂ@&mmnf@m%ﬁ@ charcoal

AH)ad rdrGBhatcdtht 10 96 RF): HIARL 1k BESRMAUAR Bl eI RRIRHNBentrated in
Component A4 2- ethylhexyl 4-[(4-nitrophe nél)amlno penzoateéBOllZ

Steprre BrefRifalion Bty esgiuchit gt folido H NMR (CDCl) 6 7.85(d,
2H), 6.65(d, 2H), 4.75(bs, 2H), 4.15(d, 2H), 1.7(heptet, 1H), 1.2-1.5(m, §H), 0.8-

1.06(m, 6H).
[00116] Step3 - Preparation of 2-ethylhexyl 4-[(4-nitrophenylaminojbenzoate

L0

[00117] To a flask equipped with a magnetic stirrer, reflux condenser, and nitrogen

inlet was added 2-ethylhexyl 4-aminobenzoate (8.38 grams, 30.0 mmoles), I-bromo-
4-nitrobenzofuran (5.05grams, 25.0 mmoles), fris(dibenzylideneacetone)dipalladium
{0) (0.57 grams, 0.625 mmoles), 1,1"-bis(diphenylphosphino)-ferrocene (1.04 grams,
1.88 mmoles), sodium rerf-butoxide (3.6 grams, 37.5 mmoles) and anhydrous toluene
(80 mL). The contents of the flask were heated to 80°C for three days; cooled to room
temperatﬁre; and filtered through a pad of silica gel, The silica gel pad was then
eluted with dichloromethane (200ml} and ethyl acetate (200 ml). The combined
organic layers were concentrated in vacuo to yield a yellow solid (11.0 grams). It was

chromatographed on silica gel, eluting with a hexane/ethyl acetate gradient followed
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02N /[00113] To a flask equipped with a magnetic stirrer, reflux

condenser, and a nitrogen inlet was added 4-nitrobenzoyl chloride (53.0
grams, 0.285 moles), 2- ethylhexanol (28.6 grams, 0.22 moles),

triethylamine (30.2 grams, 0.30 moles) and 4- dimethylaminopyridine
(6298691“_&3113 igaOdifmoleshandranhicrens atndjehgl (@20elin aflfoed 3.5 grams of

ts of the ere he ted treflux UEs;
e TR 1S A A, PR S0 T L i 813 @
VVHS)V\&QBE{d 3BWitdika et HCH(MAYRIB XA0qm) Hd)lohaxidyitH a 1. 7(heptet, 1H),
on solution (3X100ml), brine (3X100ml), dried
391‘4? iﬁ%gﬁzrﬁngg Z%"rﬁ‘g}.llfate, filtered and concentrated in vacuo to
yield 57.2grams of crude product as a yellow oil. 'H NMR (CDC13) S
8.3(d, 2H), 8.2(d, 2H), 4.3(d, 2H), I.75(heptet, 1H), 1.2-1.6(m, 8H),

O ot P4 G [T St arﬁf%é@ﬂﬁan%?ﬁhy'hexyl

4-amino irr)]enzoate 0 O\ H2N [00115] A solution of 2-ethylhexyl
4-aminobenzodtd $962ecgraiiex 0)ovd rhenad) N-HoutpRiramyiaasate

containing 0.36 grams of 10% palladium on actvatii harcoal was
Y MadEhaSieR 50 REP R Rahs ity it
concentrated in vacuo to yield 17.3 grams of product as a yellow solid. 'H
NMR (CDC13) S 7.85(d, 2H), 6.65(d, 2H), 4.75(bs, 2H), 4.15(d, 2H),
1.7(heptet, 1H), 1.2-1.5(m, 8H), 0.8- 1.0(m, 6H). [00116] Step 3 -
Preparation of 2-ethylhexyl 4-[(4-nitrophenyl)aminoJbenzoate H\ N O
OZN O [00117] To a flask equipped with a magnetic stirrer, reflux

condenser, and nitrogen
/Q/O
QN

[00120] To a flask equipped with a magnetic stirrer, reflux condenser, and a

nitrogen inlet was added 4-nitrophenol ( 27.14 grams, 0.195 moles), potassium
carbonate (51.13 grams, 0.370 moles), 2-ethylhexyl iodide (45.63, 0.185 moles) in 1-
methyl-pyrrolidin-2-one(180ml) . The contents of the flask were heated at 100 °C for
3 hours; cooled to room temperature; partitioned between ethyl acetate and water. The
aqueous layer was extracted with ethyl acetate (3X100ml). The ethyl acetate extract
was washed with a 1 N sodivm hydroxide solution (4X75ml), brine (3X100ml), dried
over anhydrous magnesium sulfate, filtered and concentrated in vacuo to yield
29.9grams of crude product as a yellow oil. Excess 2-ethylhexyl iodide was removed
from the product using Kugelrohr distillation apparatus to afford 20 grams of pure
product as a yellow oil.'H NMR (CDCL) & 8.2(d, 2H), 6.95(d, 2H), 3.95(d, 2H),
1.75(heptet, 1H), 1.2-1.6(m, 8H), 0.85-1.0(m, 6I).

[00121]  Step 2 — Preparation of 4-[(2-ethylhexyloxylaniline
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inlet was added 2-ethylhexyl 4-aminobenzoate (8.38 grams, 30.0
mmoles), 1-bromo- 4-nitrobenzofuran (5.05 grams, 25.0 mmoles),
tris(dibenzylideneacetone)dipalladium (0) (0.57 grams, 0.625 mmoles),
1,1'-bis(diphenylphosphino)-ferrocene (1.04 grams, 1.88 mmoles),
sodium tert-butoxide (3.6 grams, 37.5 mmoles) and anhydrous toluene
(80 mL). The contents of the flask were heated tgi80C for three days;
cooled to room temperature; and filtered through a pad of silica gel, The
silica gel pad was then eluted wit romethane (200ml) and ethyl
acetate (200 ml). The combined | ic layers were concentrated in
vacuo to yield a yellow solid (1148grams). It was chromatographed on
silica gel, eluting with a hexaﬁhé/ethyl acetate gradient followed 37 by
recrystallization from a mixture of hexane and ethyl acetate to afford 3.5
grams of the desired product and as a pale yellow powdery solid. 'H NMR

(d99aR} s 8.154doletpn @05 @ -cthpieyD exvhdynitropgnzeay @ & Jggams, 0.074
1600149 2 RoalT b fletiNERB L EDnarang- A@s?’ S84 P Riind 04 Bl ated

Preparation of Comparative Component

Nehargoabivaa hadypesadisden vif-Ru(Rnftsprenyhasaivsioppvns $ilisresh and
PreRatation oLl s e ity - ARt pRRNER 607 Mk FR9AROLITO' B NMR

flask equipped with a magnetic stirrer, reflux condenser, and a nitrogen
inleds é&d’éﬁ(ﬁ-%ﬂﬁ@éﬁ%ﬁowﬁﬂ(sréﬁéa X5 Afdledy’ prspissidm). 1.2-
carpanaiey(sd 4.3 gramery.370 moles), 2-ethylhexyl iodide (45.63, 0.185
moles) in 1- methyl-pyrrolidin-2-one(180ml) . The contents of the flask
s Ay iy el i e R el
paftiiones,pafwaen ethyl acetate and water. The aqueous layer was
extracted with ethyl acetate (3XI00ml). The ethyl acetate extract was
washed with a 1 N sodium hydroxide solution (4X75ml), brine (3X100ml),
dried over anhydrous magnesium sulfate, filtered and concentrated in
vacuo to yield 29.9grams of crude product as a yellow06il. Excess
2-ethylhexyl iodide was removed from the prodyct usifg Kugelrohr
distillation apparatus o affefd 29 gram & preductasa yellow oil."H
NMR (CDC13) 6 8.2(d, 2 (d, 2 5(d, 2H), 1.75(heptet, 1H),
1.2-1.6(m, 8H), 0.85-1.0(m&k >tep 2 - Preparation of
4-[(2-ethylhexyl)oxy]aniline

H

[60124] To a flask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added 4-[(2-cthyl-hexyljoxy]Janiline (10.0 grams, 0.045 moles), 1-
fluoro-4-nitrobenzene (2.13 grams, 0.015 moles) and anhydrous methyl sulfoxide
(40ml). The contents of the flask were heated at 100°C for 2 days; cooled to room
temperature; partitioned between diethyl ether (300ml) and water (100ml). The ether
extract was washed with brine (2 X 50ml). The ether extract was dried over
anhydrous magnesium sulfate, filtered and concentrated in vacuo to yield a dark
brown oil. It was chromatographed on silica gel, eluting with hexane/ethyl acefate
gradient to afford 4.1 grams of the desired product as a dark brown color oil. '"H NMR
(CDCly) & 8.05(d, 2H), 7.1(d, 2H), 6.9(d, 2H), 6.75(d, 2H), 6.2(bs, 1H), 3.85(d, 20},
1.75 (heptet, 1H), 1.2-1.7(m, 8H), 0.8-1.0(m, 6H).
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38 H,N 0 [00122] A solution of 1-[(2-ethylhexyl)oxy]-4-nitrobenzene (18.5
grams, 0.074 moles) in 80m1 of ethyl acetate containing 1.86 grams of
10% palladium on activated charcoal was hydrogenated at 50 psi for 8
hours. The solution was filtered and concentrated in vacuo to yield 10.0
gri@fd XA prodict Ascpadatikiyefl Gheoit]-(H NIHR tCDBIB)BiB0IB(E; AHymine
6.6(d, 2H), 3.75(d, 2H), 3.4(bs, 2H), 1.7 (heptet, 1H), 1.2- 1.6(m, 8H),
0.8-1.0(m, 6H). [00123] Step 3 - Prepﬁratlon
ofN-{4-[(2-ethylhexyl)oxy]phe 4- &rylarmine OONo H
[00124] To a flask equipped magné er, ref ux condenser, and
a nitrogen inlet was added 4-{(2=€thyl-hexyhes yirie (10.0 grams,
0.045 moles), |- fluoro-4-nitrobenzene (2.13 grams,0.015 moles) and

anfardnyys MetrhsuHexige 4(4Rmb of BexrnTispimefiia Hrgkuers feaiastd in

at 100C for 2 days; cooled to room temperature r[)artltloned between

didtHyrReteR ¢308Re HibsRatabatomheRe Mhe At a0 e . of
With QINRAR Sl e eihey @%ﬂﬁﬁhﬁﬁ@ﬁﬁ'@ﬂl@é’@hﬁﬁ%@@éﬂﬁted at 30 psi for

magnesium sulfate, flltered and concentrated in vacuo to yield a dark

brdwrBHTIORAL BRSNS BPeenria Tyl hei sty Wi Uimede iyt the

acgiatfe Wacienttei AffowdH AN Ry ib@;dﬁsﬂﬁﬁ@rm@uqtmq@am phase was

brown color oil. 1H NMR_(CDC13) S 8.05(d, 2H), 7. 1(d H), 6.9(d, 2
Psterond)thees e yith dishommetbang frhetambingd A Orfeme%r@rje layers

0 ﬁzvér@lﬁ?hsﬁéﬂl)“@@ @Sbﬁﬁ&&& sd?raﬁan@amafe followed by brine. The

Phenyl-(1,2,3,4-tetrahydro- urnom 6-yl ine HN QZNH A: 126]

A SsiiEFbens @%w IR B AY RM E SaB A RS e %r.bog ﬁ$ and

B%birt@htﬁ%h&@ddddb@ﬁ%ld@@ﬁﬂg&n@hﬂm d20Crei 006, RRABA0R sIdis was
400 m

of
recrystallmed from 95% ethanol to yield 15.2 grams of the desired product as a grey
solid. THNMR (CDCI3) O 7.2 (m, 2H), 6.8 (m, 4H), 6.45 (d, 1H), 5.35 (bs, 1H),

3.4 (bs, 1H), 3.25 (1, 2H), 2.75 (t, 2H), 1.95 (p, 2H).

[00127] B2 - Irganox® L57 (diphenylamine alkylated with 2,4,4-trimethylpentene)

available commercially from Ciba-Geigy

[00128] B3 - 4-(2-octylamino)diphenylamine available from TCI America

[00129] B4 - Preparation of N-(4-tert-butylphenyl)-1,2,3,4-tetrahydroquinolin-8-

amine

T Z

NH

HaG

HaC
: CH,
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acetic acid containing 1.3 grams of platinum(IV) oxide was hydrogenated

at 30 psi for 4.2 hours on a Parr low-pressure hydrogenator. The solution

was filtered; and the filtrate was neutralized with 6N aqueous sodium
hydroxide. The agueous phase was extracted three times with
didbiddhethbme fiakle ccwpbinkeditichioegnetithstireckayelluxwend ansghetd nitrogen

"GN ASUELE SeAm AIGHE (2101 DYRIIRTEE 4o puut

oromethane | ayer was drieda over a ous magnesium sulf

filtbrew chretizenn Conrgreth in GG uaolesyi M@@@Mr@érﬂ@@ﬁ@mﬁac}@@ﬂmﬁm )
off@ﬁ B IESI61ABNAS o C%télﬂrf% @e%m}ﬁtt@n% qwe%? gnasgmms

eswed product as’a grey solid. R (CDC13)D 7.2
6.8.(%¢ M9)ee.40dum 19)r-58oxids, (194 grams(8s2Q mplespand, azhyd@vstaluene

W*ths%)-%&@"rﬁt')&oiﬁ%@f%% ﬂ%[&@%i‘é@ehﬁ%é&%?w %éﬁ‘ecéﬂfé‘&at@%om

2,4,4-trimethylpentene) available commercially from iba-Geli

[o@qraaﬂ:@tym@&tmdrﬁhr@}wbm@ad@ﬁﬁﬂtca@ahaﬁiée fdiea el Méﬁééhen

(004,28 B BiGRE AR e (240 mL). The combined organic layers were
N-(4-tert-butylphenyl)-1,2,3,4-tetrahydroquinolin-8- amine N H NH H3C

H3orcHEraledtn1eo]oTe Hiflkkk @q& |bb‘éé@/1ﬂ|ﬂ1 dinaghdtiasithernaingsephed on
COEI‘ﬂ%Q%E[ ARHHYYAGPR IR WAR % s #TjRegEnAlNe fldhd HramSesired

0.10 moles), 4-teft-butyl bromobenzene grams, 0.10 moles),

truﬂ&@@iﬁl@éﬁéﬁ@é&dlﬁb)d}bé{%@@ﬁ Iﬁ@@r@méfﬁ;oéinﬁb@léﬁ) 8.1(d, 1H),

rac,% %-ga eqyggq po) 1,1'-binapthyl (2.5 grams, 0.004 moles),
sodium teﬁ xide (19 g}rams, 0.20 moles) and anhydrous toluene

(15@&13_1)1 Thé s;cdmemgfﬁ fHedtasls plaie(fefrkdutiopieny daysobsolednine
%[i% 5@?&%@&9 it 1%%&%%&95%0%&%%9(@5“?? Ibe H’cﬁ%gﬁ V) oxide

en eluted with dichloromethane (240" mL). The com

orgmdayéy@gsnﬁ/@ﬁbatdb‘im@rf@aﬂe’éi lmuram&@ayrémmaw&dw@mafnﬂ% The
SOHQEW%%Q AR %Qﬁghcmatomaceous earth; concentrated in vacuo; and

neutralized with 3N aqueous sodium hydroxide. The aqueous phase was diluted with
water and extracted three times with cthyl acetate. The combined ethyl acetate layers
were washed with brine; dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to yield 2.5 grams of dark blue oil. The oil was
chromatographed on silica gel, eluting with hexane/ethyl acetate (20:1) to afford 2.0
grams of the desired product as a yellow oil. 'HNMR (CDCl3) 8 7.2 (4, 2H), 6.5-
6.95 (m, 5H), 4.95 (bs, 1H), 3.3 (t, 2H), 2.8 (1, 2), 1.9 (p, 2H), 1.3 (5, 9H).

[00132] BS - Preparation of N-(4-butylpheny!)-1,2,3,4-tetrahydroquinolin-8-amine

=

NH
HBC\/\D
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silica gel, eluting with hexane/ethyl acetate (20:1) to afford 23 grams of

the desired product as a yellow solid. 1H NMR (CDC13) 3 8.8 (m, 1H),

8.2 (bs, 1H), 8.1 (d, 1H), 7.1-7.5 (m, 9H), 1.35 (s, 9H). [00131] A solution

of 2.46 grams ofN-(4-tent-butylphenyl)quinolin-8-amine prepared above in
1d00133bf adetic ftasld cspripaiing B. 2 Sngeanti ofipletineiiug ¢prdédeomers! nitrogen

h t i . -

TiHegeeland R B iS00 Bt Y ERA S IHPaRRIL4.0
vagawisafd Srisateslized indinalQ- S geons adbmmdw&m_eorrmtaqﬁ@wbsk
Phase %ﬁ%g%mm a%%eeeso%m%%&r@&m eadimesithetyLAaeiaSne.

The com ethyl"acetate layers were washed with brine; dried over

anfydidusnnagindsiumas it dihereehatiatosamsent ated imd aubaodjiete! with
2. fi s Rk Bye Qi ol was, EampseRARbES ADAIIG 98loxide three

eluting with hexane/ethyl acetate (20:1) to afford 2.0 grams of the desired
proogstad walendiwesitireNNiRe @DCE3preT wagdned) opes e @B smsiuiiate,

4- 8RR ahidoReditatdd) A Bcllo %&'gg PaBark Bhobv 63, Ok (904321 BS -

Preparation of N-(4-butylphenyl)- 1,2,3,4-tetrahydroquinolin-8-amine '?0
N ¢roprrographed 00 535 Bl Bl cvilhideangimhy megipiestd Gtorég afford 3.7

reg%&q}gﬁ%@&@nd nitrogen inlet was added 8-hydroxyquinoline (20.0
grams, 0.14 moles), 4- butyl aniline (24.0 grams, 0.16 moles) and iodine

(018013 ms Tharihiole LrHeedinand smeniReR W erensp@igtippm (IV)
eighi flaygs Goalsd-tnformismaerauerand diluedily ipliente haBogenator.

toluene solution was filtered through diatomaceous earth and further
thphﬁg

dilheFolmporiwardidmiednand ERRbes Warolzeded it suraaitdvm

soclidm.hydropide dEees mes andwalRidhiacimess The AoRDIGIRY®Ane. The
was dried over magnesium sulfate, filtered and concentrated in vacuo to

yiérmbmsrkdirloroiethans by was eRromarsorapned sfrenrssodumiigpxide
withi gxans/ethvatataiec ki@ bmatiornsy 3y 4vay amsia PP Rlkd@0h3dhesium

The oil in 70 mL of acetic acid containing 0.22 grams of platinum (1V) _
sulfate, filtered and concentrated in vacuo to yield 3.9 grams of a dark brown oil. The

oil was chromatographed on silica gel, eluting with a hexane/ethyl acetate gradient to
afford 2.1 grams of the desired product as a yellow oil TH NMR (CDCl5) 8 7.05 (d,
2H), 6.95 (d, 1), 6.80 (d, 1H), 6.70 (d, 2H), 6.6 (1,1H), 4.95 (bs, 1H), 4.05 (bs, 1H),
3.3 (t, 2H), 2.8 (t, 2H), 2.5 (t, 2H), 1.95 (p, 2H), 1.55 (p, 2H), 1.35(h, 2H), 0.95 (1,
3H).

[00135] PERFORMANCE EXAMPLES

[00136] Oxidation studies of the products of selected Examples were carried out in
a bulk oil oxidation bench test as described by E. S. Yamaguchi et al. in Tribology
Transactions, Vol, 42(4), 895901 (1999). In this test the rate of oxygen uptake at
constant pressure by a given weight of oil was monitored. The time required
{induction time) for rapid oxygen uptake per 25 grams of sample was measured at
1710C under 1.0 atmosphere of oxygen pressure. The sample was stirred at 1000
revolutions per minute. The results are reported, however, as time for rapid oxygen

uptake per 100 grams of sample. The oil contained a catalyst added as oil soluble
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oxide was hydrogenated at 35 psi for 4.5 hours on a Parr low-pressure
hydrogenator. The solution was filtered; and the filtrate was neutralized
with 6N aqueous sodium hydroxide. The aqueous phase was extracted
three times with dichloromethane. The combined dichloromethane layers
wewgphtsireek withréNdaéenus sodjuid frydroxiger, iHliRwed badrhs ppie
di%]ellgr%nrréegh%qgﬁyﬁer was dried over anhydrous magnesium sulfate,
filtfed ana concent gfgé In vacuo to yield 3.9 grams of a dark brown oil.
The oil was chromatographed on silica gel, eluting with a hexane/ethyl
acglate dr dient Q‘ord 2.1 grams of the desired product as a yellow oil
'H 705 (d, 2H), 6.95 (d, 1H), 6.80 (d, 1H), 6.70 (d, 2H),
6.60(18R), 4.95b¢ss lind YoaDHaths) vy pBedAel V2184l thdpe{Brinanes) of the

1. , , t )
PR DB B Byl B o Bl K hvoush A5: and
of setgrmeExXemidey were of ivodwWaiin, BDetkl BB okidbeionibatachaeh test.
a ' i i T1i - T tion -
PR e T L T e
presvatesiyg digivphziveidithiopbitswaa mbdaito ey Fhlutenzl sagairsmide, 35.0

(i%ﬂ?&i@@ﬁgtrb%ffﬁ’ﬁe@i’é%&ﬁ@%f&%&%%@f 2013 %RLSRMP!E AR phenate

measured at 1/loC under 1.0 atmosphere of oxygen pressure. The

sadapsiegonasOstiyredi gl IBOCHevOIITIOhD BRrimivgramie it bipteny!
reparies 1w : gar@a% Jimesforapid @y 9en. NRtaKesRsI6EAR ﬁiﬁfé‘?}%

sample. The ontained a catalyst added as oil soluble 42 naphthenates

to prbiiebenphsdebHmige seRiaBppSr MEighp pricritdn @ gpm) and 0.3% V.1
mapganese aRGeAhRM JnAReHarmanseExaMBlaR L3 AdaassdBench test

formulation was prepared to evaluate the performance of the mixture of:
copbpnent agsalift syl hearsdrsandPiiakh As: and
copgppRant Bk Mirrianune Al iima Brip B2 RAk.Bde RitRRIPHERRmine by

bench test. The base line formulation - Formulation A, contained in a
Gt mptsl o, TIpmVERSlcs/ Kae aitgion Rensirrsh Rueh s hass g, for
Polyiseipwtenyl syacinigden 3 rprRiesigoveiiated cAlcitpsMi alenple b

detergent, 15.0 mmole/kg calcium phenate detergent, 0.25 weight

peie RierchyBderemPeBrisiRgpoIRisobutenyl

Example 1
Performance  Mixture Top Treated to Formulation A Results
Example Component Al Component B2 (Hours to rapid
concentration concentration O, uptake)
(weight percent) (weight percent)
a 0 0 10.0
b 1.0 0.0 10.0
c 0 0.5 23.5
d 0.50 0.5 27.0
e 0.75 0.5 27.5
f 1.00 0.5 51.5

[00139] Example 1 illustrates improvement in the oxidative stability of lubricating
oil by the addition of 0.5-1.00 wt % of an alkylated nitrodiphenylamine (Component
Al)toa 0.5 wt % of an alkylated diphenylamine (Component B2)}. The alkylated
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succinimide prepared as described in U.S. Pat. No. 6,962,896 to Rube

(this polyisobutenyl succinimide contains 5.5 weight percent

molybdenum) and 0.3% V.I. improver. The Formulation A baseline was

tested in the bulk oil oxidation bench test above and resulted in a value of
10nipodtsptenapichid2 (take!d 00/1:88100otabidinithefsbrfosmancerovement to the
ex les is th trodinhenylamine itself imparted n

O e I T R LR SR (ampe 10
lodtntwahes tonpadsove ofapdifprriands retiampld dlylpedoimetipbenylamine and

I it - -
B e A s I Ry camptes

Cahiponent Al. Component B2 (Hours to rapid concentration
concentration 02 uptake) (weight percent) (weight percent) a0 0 10.0 b
1.00.010.0 c00.523.5 d0.50 0.5¢/7,0,,8.5750.527.5 £1.000.551.5

[001391 Example 1 illustrates improveme??t In the oxidative stability of

Il,!bricat'h o nee. ixture Tap: 1reate i Results
nitrodipherylaming ( CRcHL AT V- onent B - (Hours to rapid
d|phenylarn|ne'?80mponenf)gl%. alkylated 2 mrod enylamin
Bomf‘ H {aﬁlon concen(%ra?mn ugtake)
Itse proveme

(Example Ib) at 1.00 wt %

nt to the basefin
Weignt pe cent) |
formulatie P =2

improves the oE(idative stability. Combinations of alkylated 188
nitrodiphenylamine and alkylateq diphenylamine show further 36'0
improvement Ii\r?}oxidative stabiIBylgExamples 1 d-f). E\g< mple 2 39'0
Performance eixture Top Treated.to Formulation A Rg%ults Example 50:0
Component Al tComponent Bl g%s to rapid 0:5 540

g 0.75 0.5 75.0

h 1.00 0.5 106.0

[00140] FExample 2 illustrates improvement in the oxidative stability of lubricating
oil by the addition of 0.16-1.00 wt % of an alkylated nitrodiphenylamine (Component
Al)to a 0.5 wt % of a heterocyclic amino diphenylamine (Component B1). The
alkylated nitrodiphenylamine (Example 2b) at 1.00 wt % by itself shows no
improvement to the baseline formulation (Example 2a). The heterocyclic amino
diphenylamine (Example 2¢) improves the oxidative stability. Combinations of
alkylated nitrodiphenylamine and heterocyclic amino diphenylamine show further

improvement in oxidative stability (Examples 2 d-h).
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concentration concentration 02 uptake) (weight percent) (weight percent)
a0010.0 b1.00.010.0 c00.536.0 d0.16 0.539.0 €0.330.550.0 f
0.500.554.0 g 0.750.575.0 h 1.00 0.5 106.0 [00140] Example 2
illustrates improvement in the oxidative stability of lubricating oil by the
addition of 0.16-1.00 wt % of an alkylteditrddiphenylamine (Component
Al) to a 0.5 wt % of a heterocyclic amino diphenylamine (Component Bl).
The igfiatecinésodiVenylpanTiop Irxacad e FyraidlHibwindo by itsRiésults
shows Exaimpkovememtdmphmaaseline formglatipadneriple 2@ioneto rapid
heterocyclic amino dipbesydatpyRgExamplecdardiftauas the oxidatipeake)
stability. Combinations ati gk yaiagitrodiplierigampaeany heterocyclic
amino diphgnylamine show fyrther improvement irpoxidative stability|0.0
(Examplest? d-h). 44 Exampleh3 Performance Mixguie Top Treated t¢0.0
Formulatiog A Results Example Component Al Cgmdponent B3 (Hous3.to
rapid concgntration concengragion 02 uptake) (weljght percent) (weight0
percent) a®010.0 b1.00.00®.0 C00.532.5 do75 0.5 44.0 e 150®
0.553.0 f£.50 0.5 95.5 [001411 Example 3 illustages improvementos 5
the oxidative stability of lubricating

[60141] Example 3 illustrates improvement in the oxidative stability of lubricating

oil by the addition of 0.75-1.50 wt % of an alkylated nitrodiphenylamine (Component
Al)to a 0.5 wt % of an amino diphenylamine (Component B3). The alkylated
nitrodiphenylamine (Example 3b} at 1.00 wt % by itself shows no improvement to the
baseline formulation (Example 3a). The amino diphenylamine (Example 3¢)

improves the oxidative stability. Combinations of alkylated nitrodiphenylamine and

amino diphenylamine show further improvement in oxidative stability (Examples 3 d-

f).

Example 4
Performance  Mixture Top Treated to Formulation A Results
Example Component A3 Component B3 (Hours to rapid
cencentration concentration O3 uptake)
(weight percent) (weight percent) ‘
a 0 0 b10.0
b 1.0 0.0 10.0
c 0 0.5 33.5
d 0.75 0.5 58.0
e 1.00 0.5 57.5
f 1.50 0.5 78.0

[00142] Example 4 illustrates improvement in the oxidative stability of lubricating
oil by the addition of 0.75-1.50 wt % of an alkylamino nitrodiphenylamine
{Component A3) to a 0.5 wi % of an amino diphenylamine (Component B3). The
atkylammo nitrodiphenylamine (Example 4b) at 1.00 wt % by itself shows no
improvement to the baseline formulation (Example 4a). The amino diphenylamine

(Example 4¢) improves the oxidative stability. Combinations of alkylated
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oil by the addition of 0.75-1.50 wt % of an alkylated nitrodiphenylamine
(Component Al) to a 0.5 wt % of an amino diphenylamine (Component

B3). The alkylated nitrodiphenylamine (Example 3b) at 1.00 wt % by itself
shows no improvement to the baseline formulation (Example 3a). The

anmiie digveyidariiaend@ xanmpldigbinjluproveshine Biibetirerstalstitgnt in oxidative

Combi falk nitrodiphenylamine and amino diphenylamine
sh%t\?v pﬁ}h rx?arrl?1 r%vgr?lfe t in oxidative stability (Examples 3 d- 0 Example

4 Performance Mixture Top Treated to Formulation A Results Example

Component A3 Component B3 (Houg( g@ concentration
concentration 02 uptake) (weight per‘c@ﬁT@(Welght percent)a0010.0 b

éleQr%%% ¢ 005 SR a0 Prefh fo rdbllulation A 150 05 78 Geesuits

tability
lubficating o u ﬁﬁ.' ' v4 of dgs‘}ﬁ%‘&&é Q- (Hours to

nitrodiphenylargaie TCOM e ’ n d O
4 % rapi 2

diphenylamine (n, 281 9]8 AKRYIAMINO \E ‘f'[ijwe

7 éﬂ@% ¢) _ g?ﬂ%@%ﬂ@ A uptake)

OSﬂOI tOt

4 X - TT&g PIE™10.0
4c) imgroves the ox@ ve stablllty Combinations of alkylated 45 58.0
nitrodiphenylamine amino diphenyjamine show furth@wg\provement 62

in oxp%tlve stability ( amples 4 d-f). ggample 5 Performjapce Mixture g 5

Top g'@ated to Formlljlgtlon A Results fxample ComponghtA3 86.5
Component B3 Component C (Hours to

Component C is added weight percent of a molybdenum containing polyisobutenyl
succinimide prepared as described in U.S. Pat. No. 6,962,896 to Ruhe (this
polyisobutenyl succinimide contains 5.5 weight percent molybdenum) to the baseline
formulation. Thus for example 5.1 and 5.2 employed the baseline 0.25 wi% of
Component C, while 5.3-3.3 were top treated with the amount disclosed in the

column. Examples 5.3-5.4 demonstrate an improvement in the oxidative stability.

Comparative Example 1

Performance  Mixture Top Treated to Formulation A Results
Example Component A4 Component B3 (Hours to rapid
concentration concentration O, uptake)
(weight percent) (weight percent)
a 0 0 10.0
b 1.0 0.0 10.0
c 0 0.5 335
d 0.75 0.5 32.0
e 1.00 0.5 33.0
[ 1.50 0.5 19.5
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Concentration Concentration Concentration rapid O2 (Weight (weight
percent) (weight percent) uptake) percent) 5.100-10.0 5.20.750.5 -
58.0 5.30.750.50.37562 5.41.00.50.5069.5 551.50.50.75 86.5
Component C is added weight percent of a molybdenum containing
polyisobutenyl succinimide pfgpapechidedeseripedin U.S. Pat. No.
6,962,896 to Rohe (this polyisobutenyl succinimide contains 5.5 weight

percentPadhmigineen) tdIhadresbipd rened itiBorohhligir aAxample Betults
and 5.2 eBxalnyste the baselifjmhed? #4% of CogapgoseaBIvhile G3wbsTo rapid
were top treated with the @mesitsérglosed in thenaltiiekexamples; uptake)

5.3-5.4 demonstrate an iwplgiveserphin the oxXidalpie séadutity.

Comparative g£xample 1 Perforgnance Mixture Top Trgated to Formulatiom
A Results Example ComponenigA4 Component B3 (Hpurs to rapid  10.0
concentratiorp concentration 02ptake) (weight pergent) (weight perceyx)s
a0010.0 bd.00.010.0 c0@%B33.5 d0.750.5326 e 1.00 0.5 33.33f0
1.50 0.5 19.5 46 Comparative Bgample 2 Performance Mixture Top 35.5
Treated to Fatmulation A Resulf$) Example Compongft AS Componerds8.5
B3 (Hours to rapid concentration concentration 02 uptake) (weight
pHIEEH) (Weighppattenbxamples 1 and 2 demonstrate that alkoxy substituted

nitrodiphenylamines (Comparative Example 2) and ester substituted
nitrodiphenylamines (Comparative Example 1) combinations with amino
diphenylamines do not show further improvements in oxidative stability of lubricating
oils. This is contrary to alkoxy groups being attached to diphenylamines as disclosed
in Koshkin, L. V.; Rodionova, N. M.; Zyuzina, L. N.; Yablonski, O. P.; Izvestiva
Vysshikh Uchebnykh Zavedenii, Khimiya i Khimicheskaya Tekhnologiva (19835),
28(8), 97-100.

47



a0010.0 b1.00.010.0 c00.533.5 d0.750.533.0 €1.000.535.5 f
1.50 0.5 38.5 [00143) Comparative Examples 1 and 2 demonstrate that
alkoxy substituted nitrodiphenylamines (Comparative Example 2) and
ester substituted nitrodiphenylamines (Comparative Example 1)
combinations with amino diphenylamines do not show further

imprblA N ER CLALMEINIE ;stability of lubricating oils. This is contrary to
alkoxy groups being attached to diphenylamines as disclosed in Koshkin,
L. V.; Rodionova, N. M.; Zyuzina, L. N.; Yablonski, 0. P.; Izvestiya
Vylssh|kh&J@¢i@bﬂ§}F@l®fzmﬁ@®élﬁmg@hW}aﬁmmbh@%RﬁW Felbhogayaistic
(989028 AR ILWHALIS CAINER,S: 1. A compositon

comprising a lubricating oil and an oil soluble synerglstlc mixture of
antibitiaitd, 9l woghteesmmpedindrsarbargantecoiiog it fureslilof
a first ant|OX|dant according to formula 1: ;Jrl RZ N 02N Rl Formula |

the formula NH R4 ®)N

Formulal

wherein
R is selected from the group consisting of alkyl from 3 to 24 carbon
atoms, -NIHR, -NRR where R is independently selected alkyl from 1 to 18 carbon

atoms; R, is hydrogen or alkyl from 1 to 20 carbon atoms; and

b) from 0. 1 to 5 weight percent of a second antioxidant selected from

the formula

Formula I1
wherein
R; and Ry are each independently hydrogen or alkyl from 1 to 20

carbon atoms; n is an integer from 1 to 3; Rs is selected from the group consisting of
branched and straight chain hydrocarby! radicals having from 3 to 24 carbon atoms
selected from alkyl, alkoxy, aralkyl or alkaryl, or -NHRg, -NReR7 where Rg and R are
independently selected alky! from 1 to 18 carbon atoms, or when Ry is positioned
adjacent to Rs then Rg together with Ry can form a five- or six- membered

heterocyclic ring.
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~n R5 Formula Il wherein R3 and R4 are each independently hydrogen or

alkyl from I to 20 carbon atoms; n is an integer from 1 to 3; R5 is selected

from the group consisting of branched and straight chain hydrocarbyl

radicals having from 3 to 24 carbon atoms selected from alkyl, alkoxy,

arakyl or alka%eMthﬁdBﬁonN%Rﬁngh@I(ElBﬁl andiRyear ehdndependeniiynent a)
selected alk %{ to cargo hen R4 is positioned
adjacerl?f‘ggné the (% F%I{;‘%tﬂﬂ orm a five- or six-

membered heterocycllc ring. 48 2. The composmon according to Claim 1,
wherein the ra of com nent a component b) is from about 1.25:1 to

ik hiipdgan G B SRR R e R
Wallgd:‘lh'ﬁmnif(ﬁnﬁbﬁzmméaﬁﬁqjdﬁam zmiébemmmtghn peress.

than 5 weight percent. 4. The composition according to Claim 3, wherein

the total weight percent of the mixture of antioxidants in the composition

is kess than 2 Whigttpposeion &éﬂnéin:g)mﬁﬂ&ﬁhimﬂ aﬂm&ﬁn@d@cﬁﬂmﬁ@ﬁﬁewem of
thecﬂ%r%%% o‘%'s‘x'ﬁ“c?m%’ ‘%re'” i Gl o%’RF”t Y ﬁ(zth% A ‘%'{ie Srclhte

composi ion accor |ng faim e|n 85 rom car

atoms. 7. The composition according to Claim 5, wherein Rl is -NHR or

R e s ARpsRendeninanienic ol gropnd

caibon atoms. 8. The Eomposition according 1o any one
clagorspwivetein k2 mqubco}gent b): R5 is selected from aIkyI from 3 to 24
carbon atoms or NHR6, -NR6R7 where R6 and R7 are independently
selected alkyl from 1 to 18 carbon atoms. 9. The composition according to
Cl&m 8, wheréi”heincunmpiﬁimemcbprﬁsgeo sdrsoicavitensiralkylsfedkyi 4ol B to 18
carggg 10 The composition according to any one of the preceding
claims, w ereln component b) is selected from the group consisting of
monoalkylated diphenylamine,

811’16'_ faugs wherein in

7. The composition according to Claim 5, wherein R; is -NHR or -NRR

wherein R is an independently selected alkyl group from 3 to 12 carbon atoms.

8. The composition according to any one of the preceding claims, wherein in
component b): Rs is selected from alkyl from 3 to 24 carbon atoms or -NHRg, -NRgR7

where Rq and R; are independently selected alkyl from 1 to 18 carbon atoms.

9. The composition according to Claim 8, wherein in component b): Rs is

selected from alkyl from 4 to 18 carbon atoms.

10. The composition according to any one of the preceding claims, wherein
component b) 1s selected from the group consisting of monoalkylated diphenylamine,

dialkylated diphenylamine, trialkylated diphenylamine, and mixtures thereof.

1. The composition according to Claim 10, wherein component b) is selected from
the group consisting of butyldiphenylamine, di-butyvldiphenylamine,
octyldiphenylamine, di-octyldiphenylamine, nonyldiphenylamine, di-
nonyldiphenylamine, t-butyl-t-octyldiphenylamine, and mixtures thereof.
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dialkylated diphenylamine, trialkylated diphenylamine, and mixtures
thereof. 11. The composition according to Claim 10, wherein component
b) is selected from the group consisting of butyldiphenylamine,
di-butyldiphenylamine, octyldiphenylamine, di-octyldiphenylamine,

noyldip hﬁﬁy&%%iﬁgﬁ @9&3@&@%%@@0#@5&%&& q6ty h‘i' iphenylam @ﬁnponent

and mixtures thereof. 49 12. The composition according to any one of

clahBsisselect e Bompiidht Wb R Ric28d Be g WerpauAmrey selected

-NRRR%wihere.R 8 anddR a@kssindependently selected alkyl from 1 to 18
carbon atoms. 13. The composition according to Claim 12, wherein in

component b) Re and R7 are independently selected alkyl from 6 to 12

cargon atpmokfhobie £ ARPRE! 55‘!6 ALNAPIIAREY AERIFIRMDIHR and R7 are
11, wherein in component b) R5’is selected from -NHR6, -NR6R7 where

ReHPRAR Y isdlerenhabilyieaidtied ARdIboAOMEo 18 carbon atoms,

or when R4 is positioned adjacent to R5 then R6 together with R4 can
form a five- or six- membered heterocyclic ring. 1.5. The composition
8

accdrding s EHRRPIHON AR R4 9P SHiB RE 8l aida et tb R ek iRgomponent
togsthen it Rdifarm afivr; QRsiXR MERRere dieteraevelie pin@edOy I&eted alkyl

composition according to Claim 15, wherein R4 is positioned adjacent to

RETaR! % 1 GREPRI AR fshendheinaisiorsd rdrsetyerRsrihgn Ry together

TheRRRPesitBmAEFREIBg ik am¢ABeal Hiecrigratlingglaims, further
comprising component c) an oil soluble molybdenum compound. 18. The

composition according to Claim 17, wherein component c) is an
ungglfurizegkQosipdrizecheearalaly ROE RN CARIRINE ROPOSHIGN adjacent to Rs
prepared by (i) reacting an acidic molybdenum compound and a basic

nitfBee CORTBETRAR e ltEn Foth (e Bis PurRaRtedrBefreor RISt of
succinimide, a carboxylic acid amide, a hydrocarbyl monoamine, a

ph(i phori ide, athioé)hoslpph _ramid; a V\gﬁni h b,aigéa dislggrs nt..
vistBsity ihMSOTRIEUER SFa TRt RS dor INARE BrisSHs aeﬁ&rgwem toRs
pramo ey rdpcihemvath gxyimalydidentibaetpiexod §lithengomposition

according to Claim 18, wherein the basic nitrogen compound is a

succinimide. 50
17. The composition according to any one of the preceding claims, further

comprising component ¢} an oil soluble molybdenum compound.

18. The composition according to Claim 17, wherein component c) is an
unsulfurized or sulfurized oxymotybdenum containing composition prepared by (i)
reacting an acidic molybdenum compound and a basic nitrogen compound selected
from the dispersant group consisting of succinimide, a carboxylic acid amide, a
hydrocarbyl monoamine, a phosphoramide, a thiophosphoramide, a Mannich base, a
dispersant viscosity index improver, or a mixture thereof in the presence of a polar

promoter, to form an oxymolybdenum complex.

19. The composition according to Claim 18, wherein the basic nitrogen compound

1s a succinimide.
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20. The composition according to any one of the preceding claims, further
comprising an oil-soluble, phosphorus-containing, anti-wear compound
selected from the group consisting of metal dithiophosphates,
phosphorus esters, amine phosphates and amine phosphinates,

sulfur-cotaningmisisphects disiers aplasphof draisiesddit claims, further

hosrghr?sqamégxeosﬂgjlubﬂr %rgl O%I}Iocp acc{cli]rg Ingx}t? %Ialm %r(l)r?gvug seﬂacted from
OLPRSTLS edters &8 S aRIET oM the %y rolp Consisting o

phhSQBM$qﬂsmSpg@fmmlmmm@mnmhste@hﬂmpﬁmammMes pindsppiteshates

phosphanite hinitescand phosphines. 22. The composifi
e S SR AR L S PR s nd

amhmonmmpqund |s a metal dlthlophosphate 23. The composition
according to Claim 22, wherein the metal dithiophosphate is a zinc
dialkyldithiophosphate. 24. The composition according to any one of the
prétedindlotaimspduitiveracondprising Suppkmehtatiantiokidasplbalectstirs are

fro Isting fh nder |n p

s e e S e
dnﬁmsahbmatéssaphbpﬁemstmhzmhsm& /@hc&phuxtdammémdtesplweful in
lubricating oil compositions comprising a major amount of a lubricating oil

composition and an oil soluble antioxidant system selected from a mixture
of Z2secofdlaodipoplaninecantie mitloksub3titutbdrsmchadaryoluble, phosphorus-

dlara/n%\a1 I{lnne %gﬂThe anti Igmdar% d%sﬁ?épaﬁg‘fﬁrd' g t@]?%lalm 25, further

comprising fan ol s enum compoun A method to delay
the onset of OX|dat|on in a lubricating oil composition containing a

lubyicating-Qil and ase ondar dlar I ine an idant,,said
comprs B e P 2 o bt
of amitealiebuyditimgpbosppatand of formula I: 51 H R2 N aRi O2N Formula

I wherein

24, The composition according to any one of the preceding claims, further
comprising supplemental antioxidant selected from the group consisting of hindered
phenols, hindered bisphenols, sulfurized phenols, sulfurized olefins, alkyl sulfides,

polysulfides, diatkyl dithiocarbamates and phenothiazines.

25. An antioxidant system useful in lubricating oil compositions comprising a
major amount of a lubricating oil composition and an oil soluble antioxidant system
selected from a mixture of a secondary diarylamine and a nitro-substituted secondary

diarylamine.

26. The antioxidant system according to Claim 25, further comprising an oil

soluble molybdenum compound.

27. A method to delay the onset of oxidation in a lubricating oil composition
containing a lubricating oil and a secondary diarylamine antioxidant, said method
comprising adding to said lubricating oil composition an effective amount of a nitro

containing compound of formula I:
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Ri is selected from the group consisting of alkyl from 3 to 24 carbon
atoms, -NHR, -NRR where R is independently selected alkyl from 1 to 18
carbon atoms; R2 is hydrogen or alkyl from 1 to 20 carbon atoms; and

thereafter, subjecting the lubricating oil composition to oxidative
conditions, 52 ﬂ Ro
\/

~3

OoN Ry
Formulal

wherein
R is selected from the group consisting of alkyl from 3 to 24

carbon atoms, -NHR, -NRR where R is independently selected alkyl from 1 to 18

carbon atoms; R; is hydrogen or alkyl from 1 to 20 carbon atoms; and thereafter,

subjecting the lubricating oil composition to oxidative conditions.
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