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DI ARYLAM NE FI ELD OF THE | NVENTON.[ 0001] The present

~i-nvention is directed in part to a lubricating ail .
conposition containing an oil of lubricating '

viscosity and a particularly effective mxture of a
nltro substituted diarylam ne and a di aryl am ne whi ch
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ant i OXVERTURIBOF X NITROEUBSYEIUEED

i nprove the thermal -oxidative stability and/ or Ilg t
i nduced degradation in nDMRIJAMINEUCt s used in

engi neering; for exanple, they can inprove the
performance properties in lubricants, hydraulic
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St%ﬁl|l2 Alkaryl substituted di phenyl am nes and

ﬁ%ﬁgfgnlnes (such as
anethylstyryl di phenyl ami ne) are discl osed for
exanple in U S, Pat. Nos. 3,533,992; 3,452,056 and
3, 660, 290. El ecBACK&GROUNRMOT THEINCENTIGMed to

o] f .t he phenyl rings has,been foun
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t di tion nitro ps to a dlphenylan1ne

( fbﬁﬂ it f‘:‘lei’reeqig‘?gﬁﬁn%% haye been alkyatsfleteg [§r example, U.S,
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i nhi bition coefficient to zero
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gectros glc studies, and that as a result radic
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radi cal s on aro tlc eventual |y resultin
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thereof, have been enpfoyed ntIOXI ant’s, see
F‘mﬂmg\mloaﬁﬁa@iﬂmﬁlﬁoaimeb)eat 1B05C thasdditim ofmiBd @roéPd to a

di es t actlo
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TRl AW QO IHOREEh oS SRS Derb @b ARNAL SRHEDRRERe and
have al so have al so been di scl osed as anti oxi dant's,
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tetrahydroqui nolines. Likew sq decahydroqui nolines
and substituted decahydroqui noli nes have been

enpl oyed as anti oxi dants, see U.S. Pat. Nos..

2,998, 468 and 4, 069, 195. [0005] Syner gi st and

ant agoni st conbi nati ons of antioxidants have been
di scl osed. Effective synergistic m xtures of
antioxi dants are typically conpounds that intercept




SUMVARY OF THE | NVENTI ON - [0006] The present
disclosure is directed in part to a lubricating oi
conposi tion which provi des inproved oxidation
stability. Accordingly, the conpositions of the

present invention have varigus uses such a - .
R reieep Pafesadea U /el Pl Gl g gecur at e itrony
| @icti6m BlitSulscASnd0SikAbI RSt the MOSRES $inE. THOAIEGRA tEncl@®Athat under
| ubricants, hydraulic fluids, conpressor oils, diesel

anendiensiod aptebryidationghe nbouBdiatenitroxylvequld bp atéacked by peroxyl

Chege. i . . o oM Si coT
| R BE Bl el SRR B RSl of the inbibitor
m{o00d] e ohdditibnaoly dikpl substitated 12-dihyd@qaimeliné sndgbly@grs thereof,
from0.1 to 10 meight,gercent of a first antiox&ﬁ$nt
abe vy ieen gplpyed prantioyidantsp see U ih Bate Nos 219109 e | Whilp d.S. Pat.

B

s dihgdtogdinalikey vithraodiarylantnd 8Teteahydrogatnones anidsubsgituted

h¥e‘¥aﬁ9£gq1%£o€és alve L{sg H]a\;é atls?o gganccﬁsrc oosgd gst gnr{l%;xicia%tg:jseel for
example U.S. Pat. Nos. 2,794,020; 3,362,929; 4,692,258 and 4,965,006; while U.S.
Pat. No. 4,848,741 discloses certain N-substituted tetrahydroquinolines. Likewise
‘decahydroquinolines and substituted decahydroquinolines have been employed as
antioxidants, see U.S. Pat. Nos. 2,998,468 and 4,069,195.
[0005] Synergist and antagonist combinations of antioxidants have been
disclosed. Effective synergistic mixtures of antioxidants are typically compounds that
intercept oxidation by two different mechanisms. For example, those in which one '
compounds functions as decomposer of peroxides and the other éompound functions
as an inhibitor of free radicals. Well known heterosynergism has been disclosed
between sulfur and phosphorous containing compounds (such as sulfides,
dithiocarbamates, phosphites and dithiophosphates) and aminic or phenolic
antioxidants. U.S. Pat. No. 2,718,501 discloses a synergistic mixture of a sulfur-
coﬁtaining compound, such as a wax. sulfide or dioctadecy! disulfide, and an aromatic
amine compound having at least 2 aromatic rings, such as phenyl alpha-naphthyl
amine, for use in preventing oxidation in lubricating oils. For example, U.S. Pat. No.
2,958,663 discloses an extreme pressure lubricant composition containing from 0.01
to 5 percent each of sulfurized oleic acid, C,g -Cy; alkenyl succinic acid, chlofinated
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 alkyl
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 anttoxidant 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.



b) fromO. 1 to 5 weight percent of a second :

anti oxi dant selected fromthe formula R5 Foiuiula
Il wherein R3 and R4 are each independently hydrogen
or alkyl from1l to 20 carbon atons; n is an integer
froml to 3; R5 is selected fromthe group consisting
of=branched and strai ght chain hydrocarbyl radicals
having from 3 to 24 carbon atons selected from3

al kyl, al koxy, aral kyl or alkaryl, or -NHR6, -NR6R7
where R6 and R7 are independently selected al kyl from

1 to 18 carbon at ' EWEWUN oned

adj acent to Rs_‘tﬁgﬂﬁﬁé%&‘éggf%ﬁém R4 can_lfor m_f_l which
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a) from 0.1 to 10 weight percent of a first antioxidant according to formulg I:

OQN : Ry .
' Formulal
wherein , |

R, is selected from the group consisting of alky! from 3 to 24 ¢
m 1 to 18 carbon

é.rbon
atoms. -NHR, -NRR where R is independently selected alkyl frq

atoms; Ro Vis hydrogen of alkyl from 1 0 20 carbon atoms; and

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

the formula

, ‘ Ry
NH

| Sy A

T |
Refo ]
L = . |
| Formula II
wherein

ndependently hydrogen or alkyl from 1 to 20 carbon atoms; o 18

R; and Ry are each i
ed from.the group consisting of branched and

an integer from 1to 3; Rs1s select

. strajcht chain hydrocarbyl radicals having from 3 to 24 carbon atoms selected from
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the substituted diarylamne of formula Il, are |
inparted partly to inprove performance and partly to
i mprove the oil solubility of the conpound so that it
is soluble in the lubricating oi'l at the requisite
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car boxyli e, a hydroc rb nonoam ne
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ni trogen conpound i s a succinimde. The conposi ti on
déeipgee pesidere Tmaye epactaRisotehasteddimm @H@Vhﬁfpm 3 to0 24 carbon atoms,

d?g?er eﬂtﬁ%nﬂgﬁlgag§ ggrl'ngg Qf!o { g{)%\rﬁf‘%é pr %’ %rﬁ and R7 are
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| emental anti oxi dants enerallé i ncl ude hi ndered
P

pFFlé' o atoms; Yok pRaihes; aélﬁ?Fér%ﬂ is selgefed fpmradihn elﬂtl%«s%v where Rg and
sy, faféf p&gl %ﬁg sBRctelalidh e {1 ?&%a@lﬂﬁl ROLY HHA8E, i
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gtIOXI ants. [0011] The conposition above can further
HETCEE 4% | - sol ubl e, phosphorus- cont ai ni ng,
anti -wear conpound sel ected frpmthe group consisting
of netal dithiophosphates, phosphorus esters, am ne
phosphat es and am ne phosphi nates, sulfur-containing
phosphorus esters, phosphoram des and phosphonam des.
Preferred sai d phosphorus esters are selected from
the group consisting of phosphates, phosphonates,
phosphi nat es, phosphi ne oxi des, phosphites,




anti oxi dant, said nethod conprising adding to said
| ubricating oil conposition an effective anount of a
nitro containing conpound of forrmula I: R2 N Fornula
I "Rl is selected fromthe group
consisting of alkyl from3 to 24 carbon atons, -NIR
yherg,eRobpokiids %gﬁ% h¥e &8] @ataadodbiaddidve@Mibus another
ons;

to I8"carbon a i's hydrogen or alkyl from1l to

2Qusmar dide patomdisclend: fuitfer ecafnrisss compAspE et 3Ry sehale
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[ 0015] I nhi bition of free radical - medi at ed OXIdatIO%
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i nvol ves the reaction Qf .oxygen of nitrogen.o
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| onger sol uble in the hydrocarbon and form varni sh

| i ke deposits and sludge. [0017] Since autoxidation is

a free-radical chain reaction, it therefore, can be

a polar



[0018] The present invention is directed in part to a
m xture of conpounds which inparts a synergistic
anti oxi dant effect in a hydrocarbon. The first
conmponent a) i's nitro-substituted diaRylam ne
c . . 3 . ,
oA Mo B Db AREAIARE 1 B REipatdB 2t onffRsfion an
ogiferitvie amozmbdf 4 fitry cohteiningcompoiad dif foromlad: t h ' :
conmponent b) a secondary aryl @Im ne the gonbi nation
has i npr oved oxidati on abi | | $m has been

Al f pes of

conbi nation of radtTa Z engers ang oxi de
deconposers. itiona Iy it has beénh suggdst ed
even wWithin the same class, conpounds which ach py a
di fferent reaction nechanisnirate may | ead P
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di aryl am ne conpound and b) a secondary ar
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[ CBZeESor pils, diasel e;ndaﬁariﬂelluﬂ&mtaatxid Exanpl es, there is
synergy when an oil soluble nitro substi t ut ed
di phenyl amine is conbined with a substituted

secondary dippen| B DS CRIT RN r(?FT‘Iﬁ‘fNVE‘I&@[‘iUPP” I's

directed in part to the discovery that
n [00d 8L p Hehiblt@m aldrse Em@@mdﬂ@:e@ bxightior is abhk gf &mmust 1mportant

[ d t
B RS LSRRI SRt Bl
pnmheatgmdmamdﬂély inceQhse Chemithi pdnes ?luﬂ@erg@ BRidative
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nil4magg; iy ribe gutaridadomprpcess a bty dygoarboa axidation isa fhragrstep process

AR LR R OGRSy g i n

rﬁxd |re}ﬂhom amchedsna 4rh dbﬁmdmxﬁumnghmmcfmﬂiyﬁfochﬂbaﬁs Itémpera‘mres
reacted with the NNH of the dbﬁ%henyl am ne. At

hi g
t WFFERE O PdLoBheaRbISFUEh BhIE B, 8t urhich mate detail %n@e found in
a 17
oG ECL ORI, oSO 9L 40 T o
gindtigsion U @HFwmbbislrers Mhering orporata ledrein by aefecbaoaini m@ntlrety

u at. hi erat ures. However I,S
iR ulties e TR A et ominke SRagy (L phe hydrocarbon
mnbre@ﬁjllep rﬁjfﬁixbhﬁljm iARialion SGamY E%Hfé%b‘s@éc@mh ke hydrocarbon proton. This
am nodi ‘ohen am ne and t he

nBé) at ures hat™ ma
baay eFult iethe pnatiog of hediogen p@nex;mé GY; andeadlhds such as alkyl

o ' t r theraldo tion of
R TR b AP RS B 0830 Bl et e et

t ﬁy&om@bﬂm&:ﬁd&:aﬂmﬂﬁs@ eh@uirthby odddir g thadsk sehanddlcatalysts
functionality to the nitrodi phenylamne to alter its

i FHeh s mefad dqats; (0 alyoydandicals (]?‘gdl a0d |pgroxy dadiedl ® ¢ f ey radials can
rate at which N-O bond cl eava occurs. Using this

type of substituted nitrodi phenyl am ne in conbination
with a di phenylamne free fromnitro groups and
substituted with appropriate electron donating groups
gave initial oxidation protection before the desired
chem cal transformati on would occur. This conbination
woul d then |l ead to prol onged oxidation control.
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Formula | [0023]Wherein Rl is selected fromthe group
consisting of alkyl from3 to 24 carbon atons, -NHR
-NRR where R is independently selected al kyl from1
to 18 carbon atons; R2 is hydrogen or alkyl from1 to

. .l opraved resonance,stahilj.zatio

e e B RO  ERRT BRC RO il
payiges Bbithinih goafpetndirkugh a8l BiRokdls, aklcBgddsOxeteiRR ahil BSkboxylic
- groups, .nore_so when positioned ortho and para _

pf&ff% wihich azaintgen ferthes golyanarize ob geringe 6hain propegtion. |

L 1471 ' ] Ecal Jsed in the T

LA 5rr 00 AR o Sy S8 1Sl prisin
- riphibiters 0 a substituent which when bonded to a

I tends .t o, I | ectrons and to
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reacts with p-nitro-chlorobenéene in the presence of
an aci d-bi ndi ng agent such as ‘potassi um carbonate, to
produce 4-nitrodi phenyl am ne, and then 4-
ni trodi phenyl am ne i s reduced by sodiumsulfide to
f orm 4- am nodi phenyl am ne; (3) di phenyl am ne met hod,
wher ei n di phenyl am ne as raw material is nitrated
using a nitrite in an organic solvent to produce




[00271Secondary diarylam nes are well known
~antioxidants. These are particularly suited for
extending the |life of engine oils which function at

h| gh tenperatures in the presence of radical formng
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fromalkyl, nore particularly
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

oxidation control.



R5 is selected fromthe group consisting of branched

and straight chain hydrocarbyl radicals having from3

to 24 carbon atoms selected from al kyl, al koxy,

aral kyl or al karyl. Particular alkyl groups are from

4 to 12 carbons. The arallcyl and allcaryl noieties

are preferably substituted phenyl nvieties,

PRittd-sublstifuled disydnhibelte@dpdindL ebipbnentuph as one

having 4 to 18 carbon atonms., [0032]In an aspect, RS
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' l, et ropyl., -butyl.. pentyl, hexyl .  .he |

02 Dighloseq B aticytt SiceafE ks lend iBAH compounas
t &icomiilectlformpgntadecyl , hexadecyl, heptadecyl,
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preferably be in the ortho position as mﬁlb thS {hird
i ndependently sel ected al kyl group for R3. a
hydrogen and/or al kyl group for R3 is independently

sel ected _for each value.of n. [0034] For exhibiting
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branched octyl group derived from an isobutylene .
drET % e er Bt B g B T o B b siRe Substituent
piefepy loen@ibbtituirwhish Hhan 66edkdde d eeitens nosBudRhEVBSupply
froman isobutylene tinmer, a branched dodecyl group

qRaqtRpag 21d ningrepsedhy plepieon densinef thsrbeazencameleus Substituent
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al kyl h iRl ECREAORII (1t ApAIVR, RGP LU D1 Sinmony, alkyl
drpgrmty i dérived domel &b pr B atefins aefemed toyhens mchide aropylene, 1-
Friedel -Crafts catal yst. Exanp) es of the
Friedel -Crafts catal yst are tal halides such as
al um num chl oride, zinc chloride and iron chlori de,
and acidic catalysts such as sulfuric acid,
phosphori c acid, phosphorus pentoxi de, boron
fluoride, acidic clay and active clay. Oher
al kyl ati on nmethods are known in the art. [0035] These



LO6, | RGANOX L57 and | RGANOX L67 from Ci ba Specialty
Cheni cal s; NAUGALUBE AMS, NAUGALUBE 438, NAUGALUBE
438R, NAUGALUBE 438L, NAUGALUBE 500, NAUGALUBE 640,
NAUGALUBE 680, from Cronpton Corporation; GOODRI TE

s T Tt S UG Pra g A b g e

Gﬁi@&ﬁﬂt&f@m@mm 000 Bﬂhﬁlﬁtﬁdﬂhe pratncBh basoelt.iSphcifically, a
ci.alt y VANL UBE DN VANLUBE NA, -
,vng GUBE? &pim apsphyBery dimer, aanyl group
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sel.ected fromthe group rogen or I|near or
breaefédeef aa qyplpnallmbatrtu@d @sllma wiesally wb@h@ted

aﬁ%%ﬁé pr§era%?§e%%g%| S o: egcglrsgl%ar%iroence ﬁ Ay Nos.

N5 608N TIINAO3NENAS, MI7efosr Adbnoallyl bﬁﬁnds ahé di&ﬂ&yll hjnﬂﬁs are adept
In one aspect R10 is hydrogen or alkyl from1 't

to
celegism f&tna%g nguam“?@mpyomdcmb@évblllmpr@ﬁsr%p@@ @lkym@up is
| from1l to 6 carbon atons,
p?g’?’yf{ gll%mﬁygr ogen [ 0040] The conpounds of fornul a
| (0024 r &litresBplicaglahdhawvire chhmohlyrprepaaed Mecursors used in the
0041 rein and n. are fln d herein above, 2.
a&*@%wg?efgmfnpgfgﬁh@ﬂga@%w %ﬂ%ﬁéﬁ’&ﬂ“@? lﬁ&-‘ame%flﬁe in the
bﬁl@ﬂﬂ*ﬁ@ﬂr@éf*‘aﬂyﬁt@@ mﬁvatﬁ%sllgaﬁl? Py ak Qﬁ'éﬁ)zoﬁﬁgs F3intidxidants,

sel ected from'the group of rogen or |inear or
baaﬁmh@brafdrymorfonm e!ndtm)lmer@ and onvariowspecialtyehemical products

il e Bt HRSFE oS pegSr RS ERSEE R waring”

nhhfe@ﬁl%ncﬁ@ﬁmeﬂﬁfdﬁ f&qﬁg@m@l@mﬁmaipﬁemm@ Qﬁdh&deo(ﬂ) aniline
In one aspect R12 is th) rogen or alkyl from1l to

cictod, wherein p-piterdrerebgnzapelanshariling 46 ray mapraals reamls the
' ?re?éﬁ%@ %? & QarBl. s?l!oé%l)dlrc@ Q%&G&Bh&ﬁﬁﬁﬁg,nth@ﬁ Qurﬁﬁrodlphenylamme is
pt et erably %ygr ogen.

reduced by sodium sulfide to form 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 anhydmﬁs hydrogen chloride,
then 4-nitr0diphénylamine 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

10



[ 0042] The concentration of the secondary diaryl am ne
in the lubricating conposition can vary dependi ng
upon the requirenents, applications and degree of
synergy desired. In a preferred enbodinent of the
|
, SRERBOE gl BBt bR B6E 1R il B d i ronment
1 pﬁnﬂlqmmansedﬁgrrcamnbmutmﬂ WasteZ\QatelQ @fapta rehs ambwm tdsidme.
(i %i 0. 0 wt .9, based on the total éh; of . .
t W2y i %%ﬂ%fﬂahé gesSifgrpreprivgdr amigodipienylamine is
?ﬁ? Wiaddaafto t&rofﬁrgéesgeso'@ﬂe Bt ﬁﬁy POCBREd B RGhe 080h1 Jprocess.

ion (ppm and nore preferably” from about 2,
A@O@tdpmto tﬂye Qua¢hy Iproceds) OUBiLDyliphemlimines fdmmed garmadtion

o Pl R b e SRR SRR Gfeher-tepp

mmger@éﬁt RS hdRIIES the ML ARSTIHMANG kB plcBA@R 'imaaame general
50, 000 ppm are generally not econom cal’ Preferabl

t h)édlpé%r&iltw&mveaﬁh@mﬁwn%ﬂﬁo bys some dgpdparieges ub;hat alarge

Ao 98l o BRIRACH A s B bl o
Winayobeasethed poas thh Mdzﬁiuab pYEegU. S)fpdt.heod. 87,088, 3)453,541;
[ osi tion. of Lubrlcatugg Vi scosi t
4]

(O The PR arkcceigFREoiThs Hivssaio Plopes: Ioblatansobenzene is
| Pt by B e AR e] IRRENEbY aRackibh MG TbMlide to

.ba@paﬁt% mkrmhpﬂn:hgladnmé Thas d-ahiockiphadylanking & fﬁlally prepared under

rlcan onent that is produced by a single
??LW%&WF % sane specifications (independent

Oioo‘std STHY @R dAPEIb AR 14! BFe Fot pgﬁﬁmaﬂg})useﬁ.lh@vhen employed by
neets the sanme manufacturer's specification; and ?
i themgelves i eclubhyatimgeoimpositibor rﬂiheaexa:ppbd berein and the art known in

[ nllflca ion n
T AL RIS ot b ey o Benkl By B hdfion test from
| B@blogirpahd Hitron@ibstli tutedt Bty leenigd Sérhﬁdufﬁﬁl Qhe cSRAPY@RIHS of formula ]
refining, hydro en processing, oligonerization,
e@ﬁférainfqﬂdzaft Ploteating yispes @ rhyihagsel resrdofmon dapove exidatied stability.
O%Qﬁt[tﬁg Lﬂl(@l of alrt gg’}’ﬁ%{g{rﬁegfﬁn&kﬁg}? ?%t?}o Elgbtrsﬁ&?éﬂscﬁg%%ammes of
uﬁmrmumbdelmmstratela dvhmitic siviantaged dejmyeﬂmymbﬁdanwffect and added

%@'m A TS DRSO aR, P e GORPRONLL, Brrosla d ¢h P yuiseating
( cSt ?ﬂ% G ddfle ﬁ&iﬁg u %q'eﬂ%en% ﬁgpﬂfcbﬁ&r%kcﬁﬁ degree of

about 20 'cSt, eferabl about cSt to
a@m@tgﬂ@sc@i In n@r@“epccé f:mb@t&xm;:n’a@&tht iryent8in, b pravbioaitnitts

d Q nthetjc 0 i ncl ude

oAt GDLARGRe SRS e i cHe HbFresion g B about 1,000
epm/sl R enillionQo 20000 pahPpaahRliem[ier 0.PAS2 00kt %5 BaBed on the total
hydr ocar bon synthesis procedures using carbon

nBstkt ekthg hebrispansid somnredyon peeferablyi the goncentration is from 1,000
Fi T [
ST PRIEERARRgn) AERGSHERRRP byl 20806 5000 o
| by Wegght.i f any, lube oil fraction of viscosity 20 cSt

or higher at 100 degrees C. [0045] The base oil may

be derived fromnatural lubricating oils, synthetic

| PRI AN cGhbonedf by Xt ures thereof. Suitable base
oi | includes base stocks obtained by isonerization of

s{MRRAEt i Senenxdagndiastlaminepare weld kol armxidadrsotheseleat e

bas t gcks duced,.b rackin er .tha
oBFOeRb L SR BT R iRy etk oF Fois A bhEh At Abhiet
of the crude. Suitable base ohhs i ncl ude those in al
APl categories I, Il, Il1l, IVvand V as defined in API
Publ i cati on 1509, 14th Edition, Addendum |, Decenber
1998. Saturates |levels and viscosity indices for
Goup I, Il and Ill base oils are listed in Table 1.
G oup IV base oils are pol yal phaol efins (PAO. G oup
V base oils include all other base oils not included




G oup Saturates (As determ ned by ASTM D 2007) Sul fur
(As determ ned by ASTM D 2270) Viscosity Index (As
determ ned by ASTM D 4294, ASTM D 4297 or ASTM D
3120) | Less than 90 % saturates and/or G eater than

ot % h . d |

¢ RateldffeS R o Bt R R G e linf Y o T R o BB°
agtindsphére bifan sovere QuRlatib® cOnifhd chalRubdsl Migha@slanintha@avenge
or equal .to 80 and less than 120 Il G eater than or

e BEFAKY fastiads Tosmed fipay s repid rqastien ofiparbogrradigls froppthe lubricating
0ol %ﬂ?&ﬂy@&{. HEXNitzeb Eﬂﬁeﬂﬂmﬁﬂﬁ@lnetcgpﬂg of regenerating

themselves at high temperatures via N-O bond cleavage. It is known in the art that
electron donating groups enhance the effectiveness of diphenylamines and electron
withdrawing groups are detrimental to their performance. '

[0028] Preferably, the secondary diarylamine antioxidant is one of the formula

Formula I1

wherein
[0029]  Rj; and R4 are each independently hydrogen or alky! from 1 to 20 carbon
atoms; n is an integer from 1 to 3; Rs is selected from the groﬁp consisting of
branched and straight chain hydrocarbyl radicals having from 3 to 24 carbon atoms
Selected from alkyl, alkoxy, aralkyl or alkaryl, or -NHRs, -NR¢R7 where Rg and R are
independently selected alkyl from 1 to 18 carbon atoms, or when Ry is positioned
adjacent to Rs then Rg together with R4 can form a five- or six- membered
heterocyclic ring.
[00301 As evident from formula II, the diphenylamine has at least one or more
substituents on at least one phenyl rihg. The ring substituents may aide in providing
0il 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 IE,
thus Rs is selected from the group consisting of branched and straight chain
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[ 0046] Natural lubricating oils may include ani nal
oils, vegetable oils (e.g., rapeseed oils, castor
oils and lard oil), petroleumoils, mneral oils, and
-0ils derived fromcoal or shale. [0047] Synthetic oils

A bk aRE et ot 3 Ry Bho Stprastoced o ek, alkory,

| NhAkyIRR AR HENHREINRR, *hé¥ R8T R &R independently sel
T AR BN U A i g3 pa ey APiR ag” selected

dialae fpm L tn 1§ ensbon atomaedt when Rhisipositienddatjdcomtdo Rsthen Ry

a es t hereof

e BOBh RgESpL ST Sk trbr R DR G
O>{0081] pol @ichspeofiTeT BRI Srouee A6k YedEkdn @Ik?l more particularly
d rivatjives thereof wherein the termnal h drox I

§elﬁ‘é¥9‘é frgehe GERAPICoBSye eblrandheil end sempht chain hydrocarby]
etrgrﬁ %ﬁ{l%%r m a§o°24 é%ﬂ?cfnrh‘%m‘.? WLEAR) & ﬁll zﬁlgﬁ,[ :ﬁfmxyo pralkyl or

synt etl S conpri ses ers

diatiarydo Pgiﬂoulaaalkqﬂs glmpmam fman |4€tt> V2 ehrbahg Ahe hilkyEahd akkaryl
usef.ul as ﬁ%ﬁg@ﬁ ails so i n¢cl ude those made, from
cangigfics pse Gifted Iﬂéf%“&lemaw eubsiiswigd pith
et g SsuciT &d mﬁ,umngmsm}w Sbl, 01 I's such as those

exenplified by tri-n-butyl phosphate and
t 100324 o0- bimt apl aSpm,slbs‘uat-HI-ﬁ%e-l‘éRéb; where Bphid Rpare iisdepaglently

g%? Igllﬁﬁ( %8‘[“3]849 | l I gli%g,gg{&lv le?ld{a is }%QSIIZ?OSIIGd aﬁ; acent to Rsthen
P agthed ¥vithSR | 6%&6ﬁn 9'ﬁv%— 8N8kxSinehbaled h@ie{'oﬂzcﬁ@ﬂﬁg | 'Bi amino

anot her useful class of synthetic lubricating oil
Otsnbimlstwmh@étipl@onamquceéﬁmngcxobmb formpnmalkyliagd |d®Blky1 as well as

C R IR AR B AR LB T IR BT pined 2.-

[ roFhE-ihdsle-591)kpheryl- ﬁiﬁlné%d\é@ﬁoﬁdl@fﬁhbﬁlﬁﬁﬁd PRshyl-(1,2,3 4-
refined, rerefined oils, or mxtures thereof

uﬁ?tﬁﬁwﬁr@oqlam n-GryD-asmings #e dlegickedan icomppds &f Farmwlanill and

aPVr Jelj ¢ source (e.g., coal, shale, or tar
san Itu ecsﬁ?évvlt})hout further purlflcatlon or

t 18d33fentR; EldaM)dlre sadf 1ndepmfdlemd§yjhyﬂ:b@m aralityti om Btveltecarbon

DG B D R TR B APrRIHRT GG 4 Sxeraie st
AR, REpyR) ﬂ»utﬂb?&i\meﬂeﬂﬂl r&%&ﬁyoét%pﬂa@m a‘ééﬂe{iﬂcfebﬁa%&@yl

process, each used WI
f tridasgh tqtraémmtad%fh h@ddmmldleatadewl,mdt@pcxlo noh@ecyl and the

u f 0 t hat s. have been

¢ PG e I € BRes it ParRaup SRS Faim ortho to
Onlg: erid iy itrpp@P&binl FShe §Fh&1®hbﬁuﬁu Tk, ¥t dx@ple when at least
techni ques include distillation hydrocracklng

h;sa&? Be ﬂse‘&b?fﬁban breclipsanntiis ey eeup sxl ivealls be imparg position. The
V\ﬁlﬁ i eftdnt tohf? ﬂxdtegérﬁe]:ﬁ@ EéiEctr;@ g%%pgfr"?ﬁ EGR Q0 p%iiera%iy be in the

ar e novvn ose S art.
Rer#@biposidonis mlhme thxbci mdapmdayiﬂy sdadtedgkyisgoupior R3] Mhe
h f
T A R R

39{5 WEdF&rexhﬂ:@t'iﬂgCé’o%ﬁes%L@ﬂlﬁ o @ﬁelpéﬁ?ig?@él%duct in basfe oil, these

dltlonall¥ processed by techni ques enova
S fenanddaior lege slkalrgroups arp peefkadlynC pr; bouchesl alkyl groups, more

e e afe Gyt Blent At BrO T ARG SR Wbt ko Cs

Wioldfink hﬂlﬁﬁﬁg&ﬁt@ﬂﬂéﬁﬁh&%ﬁiﬁﬂ t@'h@fethlﬁ&@f)ﬂaﬁﬂeﬁe hagferR b-butene
Such wax isonerate oil is produced b

hyad sekrene g vieh Reapiilee aod IWHWWWEG mighesablefor good
m xtures thereof over a hydroi sonmerization catal yst.
[0051] 1t is preferred to use al j or anount of base

oil in the lubricating oil of this invention. A major
anount of base oil as defined herein conprises 40 wt.

% or nore. Preferred anmounts of base oil conprise

about 40 wt. %to about 97 wt. % of at |east one of
Goup I'l, Ill and IV base oil or preferably greater




about 97 - wt. % of at |least one of Goup II, .lIll and
IV base oil or nore preferably about 60 wt. %to
about 97 wt. % of at |east one of Goup II, Ill and
|V base oil. (Wen w. %is used herein, |t i's
o I
 UEBLE 8 o WL DS R o rv

t Heﬁvddrfv&ﬁtandfbbﬁ@yerﬁ@im&n 8 rahedmoenyl gifupldedeediirdm a propylene |
that conpri 6451 about 85 vvt % to about 95 wt, % of
t et 8 brangheddodsey] ereyn desiyied STom wbispbetulsngririmer, a branched

R L T e g

i detiveel faorh agmopydere ehataarer ephrtidwarhyeprafopatde. The stbstuted

3 152 Ki. S.. Pat
%@Ed%f%h% Bes i par i efon B die] gk et anahyr-
ehALEda ,ﬁxhﬁ%ﬁﬁe%n& BB‘Ac%irﬁe?mﬂﬂﬁa%‘éBl’e%%cﬁEL Yut can be

eferred. erre resen ative of the

c eaadwm@@omﬁ by meae)ang t:h@ diggpljarhine tithsa Cnydlthh@hde a c2 ¢olefin, or a

P dtEp bl wiR SeOhEe S RETPRERy B0 e ficREEmt catatyst

aEkahplesof tHe Fii’éﬁelatiéﬁb bﬁiﬁly@ﬁiﬂa Podi@haliddsshE Al @sinum chloride,
phenat es, and sali glyl ate conposi tions containing

B sBlovidamand émn ghlofidesad grisi e pstamehas aﬂlﬁw asid. phosphoric
8 I .
c oﬁ% lg{fé’@l"’g?g ar@gd{; ;Q})tol;oggﬂ%ondﬂ’e g’&q@ %%a;}r a8 PXM%W Other
dakkylasion neenthodd adkhosviinlthdbalenum sour ce as descri bed
No. 4,889,647; a sulfu

a@ggﬂﬁs pﬁ%ﬁsﬁ §e°||°g%§y gf%ﬁ%ﬁ%ﬂsmm% f gy ongror both rings with

LRSS, BRSSP 112 oo

2atpmsamoropicfyddyid no 8 tchdon latass. o[é&nmphlgdmlxwr&mfcaﬂkylated

AR R o 2 Do RSP 80 Mo i
| DlAdRERhAPIPEMIE lof EMpRE Yo tRer! 2l )grdu?y‘é I ;%@mm)w br¥Bhed chain to

fromfatty oil or a attg aci d: “over based nol’ybd lenum

c BiepRsxes exsmenie newylated diphenylaminebisfA-nenylpheh e @rd

am £olsS | s as described by Gallo et
ap&pﬁ%ﬂ @ty‘%gﬁd.dlﬂoﬁgy%g] 633; 2, 4-heteroatom
s [ies6] t utmmbymﬁa of thk- shcondaey dlabahsimpethabsre useful in the

descr.i befd y Karqgl in U'S, Pat., No. 5,412,130; and
nPS?PH?“e% the @resent iRvspres dwluder Jiphamlypmsrmmedinsehds

bbb S ORI AT Tk U R ol b s

b;hetdmé’ rAsadi anbéem Kbty tiphelylimind, nimioy and/dadiaiyldiphenylamine,

g‘gﬂ‘ﬁfﬁ?}@?’@?ﬁ l g%mepnﬂe%ptyﬁﬁﬁ@ng%p% gle%jcﬁs(f)f mpno- and

rTEiaM@qkﬁ&wa et-buy eRAP@AEAe. M0 Ybdenum oct oat e
&‘Fhe Shep herd d}rcleem cal Conpany of

pl'i ed by
CIH37hnat FyangHeof commirgibidinuiiertincs kipidhain satps, IRGANOX

MBh ARk APES RPN LS iRy YRR Lfgricas

pRedpGALURE AaeS,of A9 BB dsBUNA T EREAR SR NANIGALUBE ,

am de; van(r) 85 also fromR T. Vanderbilt, an

o Tl oM PRS00 S ALICA L DBESABaNAUGARPER 680, from Crompton
ﬁﬁét?cﬁx ﬁoﬁ%ﬁﬁ?bﬁ@d@ﬁ?&’fﬂ‘ﬁg@%@’tﬁ%ﬁ E 3127,

uns or su e

uri ze uri’zed oxynoly ndm cont al ni ng
c G ASRITIO A$28F@ODRATE B8 HX &paO &M I E(3 IPOK@%,GBG)()@RHTE

B

consi sting of succinimde, rboxyllc acid am de, a
hydr ocar byl nonoam ne, a phosp oram de, a

t hi ophosphoram de, a Marm ch base, a dispersant
viscosity index inprover, or a mxture thereof in the
presence of a polar pronoter, to forman

oxynol ybdenum conpl ex. Thi s oxynol ybdenum conpl ex can
be reacted with a sul fur containing conpound, to




nolybdenun1conp|exes descri bed herein are dlsclosed
in numerous references and are well known in the art.
Certain fundanmental types of succinimdes and the
related materi al s enconpassed by the termof art

SLYElAE VAR BB hOTin ik N BANLIRBIENA, YANLUBE SL,

_ OVAMLIGBE&Q{HJGIEMLUBM D»OAE]LUBHJS(I NANLEUBER48] g
tern1 ‘succinimde" is understood in the art to

ﬁ&ﬁ?ﬁ@ﬂlghe Ydeebilti Garapanydp@ ani di ne speci es

Ui, S T A8, Jf%g%%@fﬂ* sen

eneraIIy accept ed as
reaction of an al
anhydri de wi (iR,
Preferred succi Biir
avai lability, are Thgs ‘ '

hydr ocar byl succinic anhydride, wherein th

hydr ocar byl group contains from about 24 tqg about 350
carbon atons, and an ethyl ene anine, said ethyl ene

am nes being especially characterized by ethylﬁmanﬂaHI

|eth ene tri triet tetram ne,
at@%gt raYgleﬁ?P anl asrsitined besgin p |f= wys tﬁ?@@rﬁrea the group
f [
8 LU AR LT LN,

t Bomahe Emuemé hpdnogempmienesr ot bianchvylatyd fioat T tond $earbon atoms. In

' 057] Al | yded _wi
PR R 15 oz foereh BF T et Wpn Ko kgaarigmoty 1 s
S&I8Rd B faraGh heQridaipyAb £t A0, RoROI¥fSATPRHARE Yo Bdifion. In

containing at | east one fertiary amno nitrogen in
aeRfl aspemt Ruoisthwgragen ﬁbﬁlkyh%emnld@r@caabnwogﬁmﬁsrably hydrogen. In

%?%%g&l k rlggg&n%%q@gﬁ Iﬁvi\%g? qq? Gkégltb%?gll{bg&ﬁ pLE er%lgr%ladrogen

WIsHe] be Theabmpbend«fdodyula Fdckd Ryraseaityd Belbwt enyl
succi ni ¢ anhydride and et ¥§ene di pi perazi ne.
[0058]Carboxyllc Ci e “sQnpas opg” are_al so
sui tabl e st prepafing the

oxymol ybden [TPT exes| enpl oy@d in this ;;;jﬁTRmn

Typi cal of suc cl os in US.

Pat. No. 3,405, 064~the di scl osure i s hereby

i ncorporated by reference. These conp05|;Lons are

ordinarily prepared by reacting a carboxylic acid or

anhydri de or ester thereof, having at $ 12 to

about 350 aliphatic carbon atonms in the princi pgmulalVv
i phatic chain and, if _desired, haV|gg suf ficient

al i

p@ﬁg!alnt rheprnis ang P gtRpdefinsdhersie pbaveeR s sakested fgpm the group
&e‘ﬁ"otr Iﬁn ofil'g}fﬂl@h&f alﬁyﬁﬁf&m%ﬁ@é%:&%ﬁ laYo‘?rqg Bfd R is selected

suc as’ an et I'ene am ne,

pbmdbe poxy loff hydmgch amtigar ofbreﬁdredeﬁ(yaﬁent hmsl‘:S enbdesoms. In

RSP Sfr & MBSt BFRgTenr. WhH ot G<goTPRTDly R i

aGrtkb ¥ pdrado ﬂfé'kﬁ‘id?ﬂ%%ﬁ@g@n AP brbfe f z)dld tHe %@ﬁaﬁ;bmtmn In

the polyi sobut eny roup contalns from
CWEC@&HIS iydwg(:epr &lhyleﬁrhml etoed awbmeatores,pucﬁesdbhyhydmgen In

el.Lam ne oh £ etrae enta

B it R e P 8% 5 5c5h 15 s BB P R Fcrogen.
vxlﬁmh] ar dhdsehedntriatior 6f the kBoMAklyQardlaghihy G AE RibA¥Ating
nmonoan nes and hydrocar byl polyam nes, preferably of
t $RENRSSHION FB Pk ReRding DR igreqiNsmenissapplisggpnsiapg degree of
di scl osure of which is hereby.incorporated by
ref erence. The hydrocar byl 85 which is preferably
al kyl, or ol efinic having one or two sites of
unsaturation, usually contains from9 to 350,
preferably from20 to 200 carbon atonms. Particularly
preferred hydrocarbyl polyam nes are those which are
derived, e.g., by reacting polyisobutenyl chloride



[ 0062] Anot her cl ass of nitrogen-containing
conpositions useful in preparing the nolybdenum
conpl exes enployed in this invention includes the
so-cal | ed dispersant viscosity i ndex inprovers (VI

[ rovers hese o.ers a commnl repar ed

P e P 2y e et G OURI B AT B FRBROD. SgBuERa) segondary
dﬁ&}lﬁﬁﬁ{e e Ezin\g%% tHe lﬁ%&ixﬁ%'c@&?oﬁﬂgﬂ Qrfrdth QBé‘dtq U0 parts per

optionally containin ditron units derived from

omaillisn terdp.80¢ mpmmlillyms(ugho &go I0iwy’6) based on the total weight of
al,i fre _or..diole The funclion
i BB eing ol OB G ity EGPrcsABaheR Btk FohB% 10,000
i ljbhﬂ@ﬁ%t@ﬁllﬁmr@ﬁﬁﬂ) M@ midird Srefiralily HRsn ¥Wvue b, 000 tak lorio pas by

| east one oxygen atom on the polyner. The pol ynmer
iswmﬁén contacted with a nitrogen-containing source
t Qnd 43k r O it - takpi "
¢ RO4Y ] Ul RO EE Y @I o) B33 REBP Sorifbsiton,
I pohntites aflgsdthan ¢ OGDtppﬁQEVedmlﬂmonmﬂmﬁﬁMchakrémﬂ wheyeas
ni t rogen- cont ai ni ng conpounds and conposi { i
0 GUETISS 568 A 0. B RER A CERETS giehe@aa Pigtirably the total

Al hBYE cBipBisht af Hlﬂqc@l?prﬁlteﬁwgqg‘%l&)@fﬁ}ng?aﬁggﬂﬂ%hgesmon is from

am nes, and Manni cth bases bas
n mbmﬂ@ehto&owp%rmxdsmbmrpmfsmbi}nfrom aboutr{® it abermt 2Ame % based upon

d d d Manni ch
ol eied o B iokng o EpopRl i des “navi ng an

average nol ecul ar wei ght of 1000 or 1300 or 2300 and
m xt ures thereof Such succinimdes can be post
ti@h@fddlbwﬁ@ﬂn&)%mwlﬁr et hyI ene carbonate as known in -

t t. 5006 exes
G| RO oMo I AR B e it Pamount of
s lu.»hieuﬁi aquusmﬁang QiscPitP Base Dil Hrused Yierlnie defiddl 4 tass stock or
npl exes used In_this invention are sul fur, hydrogen

s @ieinri@é basg stacks Whisios Bilehricaat campangpt haldn peiduged by 4 single

B T A N R ek

2 ,mannfmglwisdosaﬂdnl) cthst mmiis ﬁmls;tmﬁlniamiﬁﬁ:tmuéhsmmﬁcanon and that is

(NH4).2Sy, where i s . at t hi oacetam d

t ﬁi%%%@iby 3MBI9E %%fiiil%rrgo R st FiEAio oo Ry Base stocks

I %z@fsoeqﬁziduﬂ%@m@@ Qvifg a@aﬁ Pfl{ﬁ‘%iﬁﬂéreﬁspr&gsgééﬁh(ﬁhdlﬂg but not limited
agent s are traditional f ur - cont ai ni ng ant i oxi dant s

s e disalatignxsad vint refedng rhddmey prickssies oligemeénigatippcesterification,

g lﬁﬁ% Ifﬁ?%%lzgu leéf‘rg ?gpaﬁglaﬁyl%]e&%gﬁﬂwztgegsﬁ AN aterials introduced

alghredignenghauang dohRniiBitRh, saplesiouh ase Olfhe 55@@51@ of this invention
sul fur containi ng antioxj dants are usef ul

e ﬁﬁY&V@@Y agtuzal gr sywhetic b cainadmee eil Saptien we«yﬂabethose having
qe Al RELEN, AP SEBRPEERES AR i bl fongistgkes (e50) 1o

aaboht@stost ,prefeabpr spat 2dSby abeacts ¢y, mote prefereﬂﬂiji iﬁhuut 9 cStto

| orli or syl f.ur _di chl.or.i de mnt
alrt P&tE Q%fda? netif @éls maydpgp i}r gilegrepared
TXR%?Q% % r&ah&?hpgﬁyﬁLeQ%prﬁi im&EEﬁb?P%k)%@ﬁ%ﬁﬂ
unsat ur d fatty acids, Such almtolelic, oleic,

r ihrydmisrbom $yrph¢srmeb¢dwes usumimmom@mdﬂ mddiydrogen gases such as
li.noleni c.. oleostearic, |Jicanic ranar,i tariri. .
8 FEP TP Pt PetbRL e Y BRBAF pospftiel e, it any
g @eshy RsdibhSe. faliglch FRRy daba bl Fehchibit Bf ViboeRfy 20 cSt or higher at
unsat ur at ed fatty acid esters, such as are obtained

f A@Pdagreerel- fats and vegetabl e oils, such as tal

oil, linseed oil, olive oil caster oil, peanut oil

rape oil, fish oiI, spermoil,1 nd so forth.

Exenplary fatty esters include lauryl tallate, nethyl

ol eate, ethyl oleate, lauryl oleate, cetyl ol eate,

cetyl linoleate, lauryl ricinoleate, oleyl l|inoleate,"

ol eyl stearate, and al kyl glycerides.

[0066]CIoss sulfurized ester oIefins such as a



[ 0068] Al so useful are the aromatic and al kyl

sul fides, such as di benzyl sulfide, dixylyl sulfide,
di cetyl sulfide, diparaffmwax sulfide and '

pol ysul fi de, cracked waxol efui sulfides and so forth.

T, can.bhe.prepared, by tr ing the startin .
BT 2 TRE LB EEY bt R Bt B i et
Wubficatink olE or Sittikts tRRETCHLiRblciise 811 dhobhtlel Bhse stocks obtained by
dichloride. Particularly preferred are the paraffin

vismenigagae of syuskatici waxcandislagk sraxpag welkas hydlrgurackatehase stocks
f U :

AL Al el ROl R AR 3 o B i ot
obmf;mmbmg _ef\aie_claitd:. Shﬁt@@ba&?@ﬂb &g:lhigc% 81161;6 ﬁ:g@lﬂ APieatdbdeids 1, 1,

[0 ordi nari contains. from 9- carbon atons.
Tlo 1 HapdlV aiefinghjn 81 pridicariam 309 Adtatelifon, Addominh
| hectfbkr EW%&"F}%@ 1R HA Wi £ G/ e O BESIPTYT £ 11T base oils
barium [007 referred sul fur sources are sulfur, -
hareltistgé in Sablé il deGraupd¥Hase oids e polysiphfdlefins (RA@SLGroup V base

wher.e [ rocart,byl ,. preferabl -C10 yl .. an
201ﬁ§n%1¥$q @igtggfg‘?asﬁﬁflﬁ_ﬁg&laﬂﬁwf@?gﬁOﬁp %_L%L e lnciEh Group
it KYH and INO8:88Bi1§ at\Préfe 6Pt e RBOth¥SHYdntitR Sthese preferred base oils
t hi oacet am de, and 't hi ourea. Mst preferred sulfur

souy bepreprred by ichmbining ereogenorsif Grolep 1, bh 88 phoandsV base stocks
Q;q}asu%;ide, and i norgani c sulfides and

p&lﬂ%%?lrdes. [0071] The pol ar pronoter used in the
preparati on of the nol ybdenum conpl exes enpl oyed in

this invention is one which facilitates the

i nteraction between the acild\BLEd| ybdenum conpound

g et _
cuch. pyhaarer 2lhlra8g S BEREE o Crtb bR B Syl

aBioup Ty pli Sarapsonot ers are 1, 3- propangdiigdosity Index
1, 4- but an@ssticRrmisbideiyWS EMED QOYTP! .  butiyAs delehamed v¢,
propyl enesgkycol , 1, 4-butyl eneglycol, reidiss D 4294 ASTM D

car bi t ol |, &L RARRLAA ReASTIEHRANG] am ne,| 4297 or ASTM D 3120)

e o A A S g T
Ol ycol , [dARiny D3 SurHBE de, hexamet hyl [SRGEHNGT APd20

tetrahydrofuran and water. Preferred are water and
el hyl ene| groptes thanmyeapal fo 3P % satprates apd g oreateryhee pr equal to
Whi | e or dliesrethin 9 edvel {9d).8F Ypsudimt er | s |Spaddessithan 120

added tol the reaction nmxture, it may dl so be

dilesent , | @edater chinaorleyualno D086 sas@tes hndvg t@eateathan or equal to 120

conponen1egﬁhagaraﬁﬁwﬁyamﬁﬁﬁghaﬁﬁing matleri als or as
wat ers of hydration in the acidic nol yhdenum

compound, such as (NR4)yo6NMD7024. 1120 Vater nmay al so
be added as ammoni um hydr oxi de. |1 00721A net hod for
pi084&Er i ndNatdre! lokyicming e may iocoghd anima! oibe degatatidons

irnvention s . to prepare ol.uti on of the aci di .
@6@%%&?4 HhoeE s g fagd BHb{é’F”B]F‘BW&‘Gr mweffﬂ ofs, and oils
bfSived okl Q2ERr &Rk ai ni ng conpound wi th or w t hout
diluent. The diluent is used, if necessariv/l,l t
2l

o .
pi0847lde &Kysihetiabllemay susbidet ydiepartoayls epd halorsybstituted
Tvpical, dil.uent.,s are lubricati.ng oil_ and |iguid
RSBkt SR G e Bbd R DS etbcnzencs,
dedpireylsadiRpaicdiphedyiothae, ayiatad diphbey]l 3dididds, 20 viellews their

reaction mxture to provide a solution of ampni um

rsFyBaseanatpguss pad Bemalesnes therepd. aed Btk Syntheticilapreating oils
oL BB B0 PR, Pl M Pl B

ordinarily carried out at atngzpheric pressure

al t hough hi gher or |ower pressures may be used if
desired. This reaction m xture may optionally be
treated with a sulfur source as defined above at a
suitabl e pressure and tenperature for the sulfur
source to react with the acidic nol ybdenum and basic
ni trogen conpounds. |In sone cases, renoval of water



with a sulfur source as defined above at a suitable
pressure and tenperature, not to exceed about 120

degrees Cel sius for the sulfur source to react with
t he aci di ¢ nol ybdenum and basi ¢ nitrogen conpounds.

U S GRSy VBLEERE 588 Pt it

pcﬁfmﬁemioyn, éte.ormatharustitabls class albxyuthefc hibwicstingl oilssomprises the

cases, val .. of .t he pol ar. pr ter, (water) fromt

+ Ese oG ichT Cﬁéﬁy ayage g po E?lﬁoﬁst%uie&%éy tgﬁtw oils
Ohish ﬁﬁ:@ﬁdeqnogeﬂlﬁemetfﬁﬁnwé 1, BBHcEbox YROAAI dhdlhiyols and polyol

reaction m xture, the fati o of nol enumco
betbers. Hiitallod @hospbﬁl;wamloulssucbtas ¢Imst: ﬁnﬂhpllﬂed\hwam-bWI

n'ﬁﬁ?ssé%”m%%f s TR g o oS ge pit
BES SiliCortthdstdl 61l (suc@ma@ {»110 ;ﬂgﬁégﬁ 'Polyalkoxy-, or
I IS

conponent pr obabl O|I30HETIZGS a vanta eous
t Bolyaieyl ey -sosnerailsyind shightendlsh eomprissi myth@euaerﬁﬂ :@iaas pgynthetic

_ n{ng% OSTROB ek ﬁ(l)el'fcl'i #ntyatmgg)gli n%c"ilu 1 s}c(ers o%?hosphorus—

e Char ge rom

mednthidpurids e;ﬁoljaasm@teﬁahydwﬁﬁa@t p@IyaIBhﬁﬂéihﬁbérhﬂ the ORR.
0.3 to 1.0, and nost preferably fromO0.4 to. 0.7

al 0948l of Ths bpsrieih w&érdeatf%ci%m welinednrofinedy serefined oils, or

a{%%ft efjr&ﬁ E&%‘f‘n Bﬂé‘&rég%'iaﬁnec{ ﬁﬂ&égié%ﬁ{b QRLPARYor
urize e su urlze 0Xyno num cont al ni ng -

cgymplasictsoorns (epy cdd, scjpa}eemaiak ymdﬁanmbmthad fashex purification or

atessiat BeckBlis Ghre e araie (g hils 04 g diectly froma
NRA RS BPEPUEH, g%ub&tﬂnoolpébtaﬁﬁahué& g%&l%s%m%ort Qr &n ester ofl

and nore preferably from about
aobiained ge‘ncthofrmlayk@d@nﬁmtm IgncessmaploOBWhlabm tbdn beoused

PPy ARt e D SR SRSt Bl (b el gty SEpt hat

NEfinBd 0Ny R e tre4t8d iPorAdr lheref;m@ﬁncét%z&ieﬂs@o GnpiBie bee or
1. [0076] The sul furized and unsul furi zed

OW%PWB%% muiahle PasBeation teehrdqyeschedeshstidlation, hydrocracking,

R s L AR ARG S A, s
[ peréaiphaidiallicdvdliclcamhacents thay skiledihctbel att Rérbned oils are

er conbi nat.i on. of conponent a). and
of® d%pﬂﬂﬂé‘ﬁ%ﬂ Y374 O IORIORESSES S1pelaf Bt st D Pl the refined

r 8ﬁé Sith@&‘:x%réfﬁe@ 6119%%'31% 18w @El%@d%r%%ﬂ??&e@@d%lﬁ 38ld often
whi add to the synergism Particular
pmfaddrt@dahlxspmccasc@bmmhmqma:fmr opeoal ebspast aldgioesayd oil

di sca These hydroperoxi de deconposers
c W@E‘?wrh ﬁB‘Bgr oxi des into non-radical products thus
PIOBEeNt | MBhse BaidRriPEPROMARE ﬁﬁdzb%ﬁieh@ﬁﬁm JEQUERAAYalso be used,
or%anosulfur and or ganophophor ous conpounds have

alpreior & enmbipaton il theeaigresaif natrad aadppouthesic base oil.
hg{{gh #vgyg 'g%%{r"] ?901'11 %rn‘p&%@%ct%ga jh%%%o[sggl%gat%og%g gfzturqal or synthetic
agaxasn orFfanxmresJﬂha:rebf/om efk@rﬂfcaebxﬁﬁ@&tiw baalphtor ous

B ooyt BAtroTRME wiimdpHion SoBR, QBSGR bioe [Mbricaing ol of
Cﬁﬂ§in%ﬁtﬂ91 glgaﬁei Qﬂno&'ﬂtol?'bgg@&§9{: d h@x‘%ﬂ?&ﬁ%ﬂéﬁs 40 wt. % or

esters (including phosphates onat es,
phosp hiPreftred amhuspol ese oi ICOEIH),FISFJ hlmqb Ko tv\es% to about 97 wt. % of at

SIS AT TR QT TR NI

sulfur cont ai ni ng phosphorus ggters |nclud|ng
phosphor o nonot hi onate and phosphoro dithi onat es,
phosphor am des, phosphonam des and the |ike. More
pref erably, the phosphorus-containing conpound is a
net al dithi ophosphate and, even nore preferably, a
zi nc dithiophosphate. Suitable phosphorous conpounds
are disclosed in U S. Pat. No. 6, 696, 393,




[ 0080] (B) Oxidation inhibitors: _ 1) Pheno
type phenolic oxidation inhibitors: 4,4 -methyl enebis
(2,6-ditert-butyl phenol), 4,4 -bis(2,6-di-tert-butyl ph
enol ), 4,4 -bis(2-nmethyl-6- tertbutylphenol)

i ﬁ&ut m d;gf'r%,‘{'—‘gaj as Qéﬁe y;lﬁ' h? é{r“% f%i}%@yl (Jf ;epreferably

4 ,aEbutl(iQO)ﬂ‘r ?Aﬂylabdﬂrﬁ@bws %oﬁaﬂeast end eﬁiﬁto)ab ﬂh éﬂ tahd IV base oil.

- yl en 4-.nmet hyl- 6- nony
2 @hep e deiin Ls4e r‘&‘ig‘?@t‘ﬁty}yp @mahng oil unless
oalenlﬁﬁ% EI?%C%?;%&&%E%‘%&E:@ emp6iRlaxy BREAAINIon may comprise
: '2 aaamounterftbamly&m euthyrissh ahmlt 85 wt. % to about 95 wt. % of the
1¥1 6-tert-butyl - phenol, ,
1?%? adi nmet hyl am no- p- cresm
2 6 di-tert-4(N. N dlnethylan1nonethylphenol) 4, 4'

t hi obi s(2-nmet hyl-6-tert-butyl phenol),
203 SqlhblgM@ydenﬁmMmao -thmmﬂeph@nol) bi s( 3-

4- hi
?gﬁd?ﬁi“ t(g%;{ g&gtﬁ]%éy C}ESIE&EHI ot yﬁo@%@% #%d Elggyi)déjnum/salﬁ%r c'or%plexes
DagzHanwhdnitveart Mﬂ&r@ﬁbﬁbﬁbe@ Mot ekriniplé,ah U.SUREWN@Ueb3,152 to

'd%ghenylan1ne n a- na hthé_an1ne and al kyl at ed

pit by Ach e Qg 0(15{%9@ 6 e uhgydhedisclosures of which is hereby

i PEREDPERETrAG: S PR S e DRRReR ouPEipresentative of

pﬂﬁmohybdhﬂumﬂ;:em;&ﬂnﬁh eihithi cas bahn:sedjmtt_hlslm\(knhelh _leude glycol
oS BTE S A HPRLRY B Sl (Bar kAt arAls 942

s Hv&%gseusduéa@)méta Al HeHIE R xﬂe@ﬁ BQforARk! ﬂz&hgté@&ld shiBylate

phenol antioxi dants include nmetal and metal free
hicoipesidonstseneindng miokghdeman csu@lpasethowehw@ed andclafmed by Hunt et

c L RAS HoRE S S Paa leritcr e Braepif psteing o oty

abg, ad@lfeﬂﬁﬂ@iaﬁﬁletdhﬁ?aanﬁgﬁaﬁhﬂm Beurée &t Rbdritrliby Ryvieet alin U.S.
' ¥droxy and these include those derivatives

NGy (88504 Bradulf Amsb DhasehoRvE e T e e pibeRyR complex of
OLRUAR. Bile, et Rermrybbmia BORabot oA nBHIE] srof{ ¥y acids
f ahd m@-ra@mmhmmaaﬁnodﬂrﬂﬂol as BcRBed by KBR83] WiSePai, No. 5,137,647

eac i S |nd endent | drocar,byl group
oo %kahﬁanw GRS Cosaming! Epen Mar b2 hlidronyely)-2-
h Yrgfdﬁﬂﬁﬁlc%ﬁbﬁltﬁmgi I g e HQFIV&lﬁgﬁ'é)Iﬁ 1981ezpfa aeld

hydrocar byl group contdining from1 to about 9 ca
apwtbased meblgetehumRemipdesien geqreradeirh wmiyady dlgmmee,ralla)xylated

P IR o R RoRE By Pl ol 8% Sy DB 633

t Q, 431&@@1531;39» suBktitifedthalyBidnals, B@l@@@jﬁloall@mﬁ@é@@éﬁcnbcd by Karol
atons. | n_one enbodi ment al ky gro s are derived

f okh B Ret. dfo. A 3.136; Emﬁlénm@%ﬂq@m mstatiw@bﬁwum
g?glgg?c‘uet{rﬁg?éf ?{ébu {é‘lh %r%%ﬁg{rg %ﬂ% éﬂ%fa%le %{Ie%u% are not limited
pr@ Bekemnd dbe®r HGespplicd by mrAsaE(BBi’ﬂdaGSOg}fi) I@K af Dolp®, Japan, a

|ncI e hex hept yl dec dodecy
L%&iewwagmef’ef%ﬁ%p@ﬂlyﬁe ﬁM@ssuaphepé by the OM Group,

a i

5, D 545y Sy

amaphied beﬁﬂuo@ihmdrﬁrd CéamﬁnaRCoamdn*Rﬁf Gimeinneti t(D]aD,ya molybdenum 2-

O F Rt R A5 ol Bg?%R Ao BB 5mpanS, tnc, of

technlques and i n one enbodi , such phenol s are
prepared in stepw se manner by first preparing the
par a- substituted al kyl phenol, -and thereafter

al kyl ati ng the para-substituted phenol in the 2-
and/ or -6-position as desired. Wien it is desired to
prepare coupl ed phenols of the type presented by
Formul ae | Va and Va, the second step allcylation is



[ 0084] Al kyl ene- coupl ed phenolic conpounds may be
prepared fromthe phenols by reaction of the phenol iC
compound with an al dehyde, typically those containing
fromone to about eight carbon atons, such as

f ﬁ%}ﬂ . &Hﬁr?

sg{? as pgxggfags{ulr%f gﬁnﬁé%gi}%(?ﬁts rﬁ? %gg‘{%ﬁ a ket g(%gplex of

s ardanzssEde thdoly yad® 6564E<z;1$cefremdbu“p1\fenﬂeph&nmi csrgmncﬂebdenum
obtalped by reacting fromO0.3 to about 2 noles a

pA¥ABXwi th 1 equi val ent of an al dehyde or ket one.

Pieussflur elfarﬁ&ﬂarﬁ%kﬁfdrféﬁ oflfs CRIBNRbIybd&RAP BApte x M drdumsulfurized
aI dehi{ges and ‘ketones ‘are known to those in the art.

Eyoamj ged)ﬁxspmlﬁbdqrmmnmm sompesitiens which can be prepared by (i)

reflmnn% u%ﬁ ?%olé’li%_ {,u%gt | %I?lﬁ& %%4 P F q gllrx]llgpgen compound selected

2 fidm iﬁ@ﬂlk}jbﬁﬁlﬁ@r@d onaﬁtmgjﬁﬂﬁﬁmhnﬁﬂemaﬂ)mﬁﬁ atifl;amide, a
2' -met hyl enebi s(4-octyl-64- butgmohenol

ﬁ'bi’#yp?&hﬂmlgr(wrg@? ﬂpﬁlﬁ Fa)mlde a phosphoraxmde %Malmmh base, a
dﬁﬁg@%ﬁg chgt?%hé%% n?ﬁ}ﬁ‘?eggtjl)n)aiﬁﬂ&h& thetedt ifi the presence of a polar

2 pﬂ)mcited, hyfoanahlw{@ﬁxbl}hidbmhnédm@mxyﬂnh erphdlyb@erdim complex can

ebls( fuggte 1 4t et ¥ﬁ%€’&n§r‘§1 Sf‘B%%%ﬁdln

369 %fb@éfﬁﬂ%&%flm tcBﬁl @ﬁhbﬁ”ﬁisgﬁp%tﬁﬁ)thé Sorflext of this invention.
nmetal -free (or ashl éss) a kyl’phenol sul fide or sulfur

c Gugteblyphe disparsarT iea poliipbipitemad lsseciniondesibe hxyhelybdenum or

© Rutzd oae BbEBAE Sofattherorsnr SOt 8y PR g i rgracterized
| bt 8 siRe/ R IbRnEHPeompisx b4 bRUERtroFay disperdiat €ompdi@d preferably

alkylphenols whi ch can be converted to al kyl pheno
s St apdfur tremngyddenpum th}mraﬂm Habewi(BH il 0) to 1 and more

|
2 Ereggrtagl%? 1%) %%(%ﬂt gg r%g S(Le 91 ;?{E% La O ? Hﬁ:ﬁ)éex% toqﬁgl?saérﬁm&ght ratio of
abéﬁyd( ploe @) to $ thblingdes preférabhréﬁ’ﬁm (Dta Haba d'éhe precise molecular

dl(alkyl henol ) osul fides, disulfides, and
f) e, ox@qehdenys CERF ISR E AP SKIIBImAV I cerinty

t Iﬂ-ﬁ)\ﬁ egrbré)gel 84 & gé'ioﬁgﬁ{?:%hs W Jvfﬁcﬁ %ﬂofl}’d’denum whose valences

nmonochl dri su fur dic or el emental sulf
Oae mbﬁemmhwnm oﬂwﬁpgmml s;alﬁls 13’ @ﬁm ecoinp&ﬁxetd labouthe salt of one

0.5- 1.5 noles, or
SRR TIRE PR e PP R RO of BERAYY firoreh containing
0%@1?8&’5& 14 M WeBepLaRn I iBese boRPodtidnsl pheRrakpahdhe
0 nol es of suI fur dichloride. The reaction
moxymeky bilenuns g@mpvx AaPiepaeh atr mactindempambes afesbelow 120

5..ho
e i Bl i B R gy
| Hepieedlcentigride. rsaidhrmoédsgme&tswﬁghié&&o% Peodukt *hh@h@fmpared to
are typically used. is al so desjrable that the

dﬁ%hﬁ"g ew@rmecsﬁa%r@n@@ﬂ%@@% egpiyalentpressYFen or a
'JP? ‘@re : 2?%1% rrg)‘:l‘%nd Y e‘%roh{ OHh@ ds¥d F?ﬁrtet&r ﬂ&e’%yﬂlmenum and

tra r openyl phe
[ @@8mpBiidtminh/sullfiarsiompdddey Exmipboryedi 115 thiisf mdeﬁxoaraee acidic molybdenum

di scl ose for, example, .in U S. Pat. Nos. 7,372,116; .

LARBOIEE: B R 5 PcoR @il (o ity i Epging SR VT B with o
| Nk RAFReR doRyotnf] & BBERred HYERSTHIMES UF-560 51 Bm@e @itration
phenol i ¢ conpositions described in U S Pat.

4 p@@crdnnﬁ:ngealbbthawedlybée@m femparindg arg l@mj@ddm andere

h I h
QSR en PR AL BBl APLAR AR PR AZ0 Bisbaac
an al dehyde precursor, e.qg., af or mal dehyde or

trioxane. Alternatively the substituted phenol may be
first reacted with formal dehyde or paraformal dehyde
and thereafter reacted with sulfur or a sulfur halide
to produce the desired al kyl phenol sul fide. [0087]In
anot her enbodi nent, the antioxidant (D) is a

di t hi ocar bamat e anti oxi dant. The dithi ocar bamate



[0090]2) O her conpounds: stearic acid and ot her
fatty acids, dicarboxylic acids, netal soaps, fatty
acid amne salts, netal salts of heavy sulfonic acid,
partial carboxylic acid ester of polyhydric al cohol,

affhi R BRIl S pEBESEm Iﬁ(ﬁ?@ﬂa}e( A SREPHIGI Ik SlePal molybdates and

addi tion product of al k henol and et hyl eneoxi de,

pathgrongkybégrnuensaltsisikelt aseltyldecvgenanldis e gnfydyc@enyqxbwg molybdate,

OGN i s BT R B R Py R -

N@EbRytholybd Enbd easiatir adihic%ebl?@d@ﬂlmﬂmﬁdﬂﬁﬂsﬁ Pﬁeferred acidic
benz I I odi de, uoroalkgd pol ysi | oxane, and | ead

Aerran éomp@wa]a(enpolw istactsh appiniyre melytdate; gnd alkali metal

?gﬂ wa%@%ﬂﬁeﬂ%nct | W‘%éﬁ td\e,dé%m&ﬁ‘gm%gl%dﬁe

sp)lﬂﬁﬂ]lr i tZ) éthe buyioDitydyde mﬁmpdugﬂ&msgdm;] prepadcahe Stiinialybdegtim
oxym) Yy num _or gano oS or odi f hi oat e,
i@ﬁ%ﬁ ﬁ%ﬁ%@@? basis nigregermand e Prderabin o soluhe- dyeical

?ﬂa?@lesaﬂ?sﬂ& @hn%&ﬁﬁ{ﬁg en%‘nﬁxﬁd@ 'E%‘égﬂ_p ﬁﬂflamdes hydrocarbyl

-cont al ni um conpl’ex conpound
[ ﬁ@ﬁ&]n@lh&s, Yy droomboy pbkydmmelsmdlammeh basepgihpephioranidyd, at e

%@}P@ﬁ ot %@he%ﬁg%%—’ﬂg g dt %}gene s og{ index | improvers, and

SIHEIRE tHePQRT BRE o £ BR RtYdTRA TonRAliNg é&hyésyﬁ&@% g%caﬂer-treated
dlsEersant type viscosity index inprovers.

Lo mrou,smr@mamdgrespmlymvﬁyin theattae lo;ugat(s éhe comp031t10ns
D oqrvﬁ‘]é E)) cohlgangb%%%] IH Iotggrg e%eh%d ea nqean sr | ataﬁlcularly applicable
-to succinimides and Mannich base compositions.
[0056]  The mono and polysuccinimides that can be used to prepare the
molybdenum complexes described herein al;e disclosed in numerous references and
are well known in the art. Certain fundamental types of succinimides and the related
materials encompassed by the term of art "succinimide” are taught in U.S. Pat. No’s.
- 3,219.666; 3,172,892; and 3,272,746, the disclosures of which are hereby-
incorporated by reference. The term "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 alkeny! 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
tetraethylene pentamine. Particularly preferred are those succinimides prepared from
polyisobutenyl succinic anhydride of 70 to 128 carbpn atoms and tetracthylene

pentamine or triethylene tetramine or mixtures thereof.
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[0098] (L) iéar i nhi bi tors zinc .
di al | cyl di t hi ophosphate (Zn-DTP, primary al kyl type &
secondary al kyl type). EXAMPLES [0099] The invention

is further illustrated by the follomnng exanpl es,
Wiﬁ(ﬁh}] are 1@8 c‘iﬁeﬁ%gﬁl%]ﬁiquﬁﬁ doR8 Cm AL &re'tl}(éaco%fhgbﬁnﬁ,rs ofa
ope er understandi ng of the invention

b hydhadarbjnl siubﬁmfcmlcickmanbydmid amdli 4 paty séeoagay amﬂ@erts)nmming at least
nFeI es. Waerein unl e expr essly stat ed@wt he
c 87t eRiary amino @Hﬁ%"é’r‘& ’é’?néﬂ gve QK‘B’QF%%? R Sroups.
r @fr&ﬁaﬁ thﬁ %oﬁ?@;h’u&{ Bt SR80 shd WOG(ﬁiﬁ}afé FR1EMar weight.
roo ature" refers t'o about 20 to C. The
ot értwpibplecrwmmmé wo%d beethet reparedvby glactipepagisobutemd studranic
termd%/_]go ol nB s" refersto gram nol es. The term-

é‘ﬂ‘?e V@f‘% ?1365 "quantity of reagent equal in
nﬂim t oC4rBexyIR!8R hide BEmMPHAEEEY 428 a6 sSIBKEREHIAY materials for
reactant recited in that exanple in terns of finife
noreparieg theiogymelhderym complespupraploygdbindhigiiention. Typical of such

pE&%B '@%ﬁ:etho‘sj disct WE.S! ﬁea‘f hygin 40% 084! the A scﬂ) {He c)f which is
da ed'a

wer et detéerm ne gnal’$ afre assi g

sheebgirmoforatét b;adafa‘bﬁ?@ Eh&se(dwﬁposﬂmubhxemdlﬁﬁﬂly prepared by
doubl e doublets (dd), triplets %%) double triplets
( SRaptingy gerbexsdicagid orasn,gqulmq PIRS ghe(reﬁa,f A fgg,%ast 12 to about

rc%ﬁ% gﬁ%l%atﬁc R%ﬁ%bf? SitoRRin BRCRMLipdl QR FEBRAAAF H&.@reﬁf having |
Nsﬁiﬁcmnbpﬁmllaﬂi’:ﬁnphétjc— gﬂe(l}db-tbl rendep tignmbJeeudte o s6RMle with an amine or
Slb’gsg]@g a.flask e wg%le th a,magnetic stirrer,
ﬁb%(ﬂ)%?me FIgISOR amipcafo SYE 2 TP
paryba&’bxkﬁw dctdBnidé! Sl)réfegxreﬁrﬁe ﬂ@s@%ﬁlcﬁggﬁ?%d from (1)) a carboxylic

Fuoro-4- nitrobenzene (15 gramns,
anddaxﬁ thedfoonela REBQH, sdiefeoR| el €142 20wiLyr a mh@m@mﬁttleﬁa@d with a

¢ Bob R R T e e bt t Pt ORR B BP AR A R from 7210

ett be barb3 AFk)s 220 @2 Wt BhylédOihk, espbelale iRthydtlertétedmine or
was washed with water (4 X1 00nil) followed by brine
( eurethyippy pentpine ¢ grixaxes iereohas dri ed over

2906} 0USA TRASILY B S8 ALt i B SN i invention re

trate I'n vacuo residue.
Thgdmembngmnm}mlshyﬂfddaﬂgd pblyamﬂee)qarakre(b];ﬁ)afm¢ type -

mbélcfﬂéﬁ%[é)’ gf,%n%egg 5 %%9%1 th} Eilos ¢ j_)%‘ W ?11% %‘ebjélj]i}%;orporated
Gb? Q&ere%&é-h’he%g%ﬁo@ﬁvb?lé&hp %hféfltls Fgr%?el‘ﬁbiy &lk?ﬂ BEBiefinic having one

1. 4( hext
Ppepm sitds@f unfatl.@aimun melmlly/@ntams from 9 to 350, preferably from 20 to 200

 bBa o5 BERRRY atirf b P PRSI R e lid i which o

I @bdivddX e GOMY BRI paRkoBueinkT SHIGHdd dHdel podpSkAskekesblyamine, such
4-n- hexylanlllne X grans, 0.283 noles

128 pwyettislene amine; oie ﬁﬂwﬂ@e (@@n@egcﬂlaihylena ipainexspigagjhylene

T TIVE T .

t and derfideenper at ure; parti t i oned between di et hyl
et her (300ml and ter (100ml),  The ether extract
m&ﬁﬁ%s hedmeene %ﬁ%ﬁ%&%ﬁﬁﬁ# T SBRRging pagi¢ pHEpgen are the

( 3205 basd E«fﬁ?g(%sgtﬁfnfs e}‘ﬁés@%&m?ﬁ%tlgﬁé &d fé\f)ﬁfedam?ﬁ{n g 'jaﬁéﬁol or Coa00

magnesi um su , filtere concentrate vacu
t elkyipHedola atbaldeimydei spehas {Gimealdebyde of foqmaldleh;mb precursor such as

rec st al d from hexane (50 i el
s o opd 58 PEEURPRR D! e SN MRS RO Rplyamine
8 1(d 2H) 7.2(d, 2H), 7.15( 2H), 6.9(d, 2H),
6. 3(bs, 111), 2.6(t, 211), gpent, 2H), 1.2-1.4(m
6H), 0.9(t, 3H).



. [00104] Preparation of Conmponent A3

-N -(4-nitrophenyl)-N, N-di - n- hexyl benzene- 1, 4-di am ne
[00105] Step 1 - Preparation of .

NR- di - n- hexyl - N- (4- ni tr ophenyl ) am ne [00106] To a

flask equi pped with a magnetic stirrer, reflux ;

cAH &’@%ﬂ? COIRRPFIIONSaFG B@E?’Feii dTo8e agglkylapiney such as methylamine or an

o RO : ih as methylanine o
i DS RE S ey et R e PRIk pebtiife tind the ke
miftheyihesalicf material nfaytheisnl fufired emhpreferablyfs dobecyiptrall or a Cgoro0

}Ne(?i@é&%fa]bf iyg%%}ﬁﬁg?%lé}g %g poyr S &g ggelfﬂe/ig téig ﬁé\{%gmm are disclosed
( 3RONG.)Pa sVt 67 309 8@ k4o bbbt £ieady7oThes ﬁtjﬁ'%_ﬁ?j,@ﬂ@%isclosures

was dried over anhydrous magnesiumsulfate, filtere

ard] whiricae hergbe theprpovated by referghed. The lagetcfarenced Ipatent discloses

i hexyl am ne. . Th L.l il
ool PR EEE PG AR uehrTo BBy gl Bt o Bibgn atoms,
gerefaiablyed(Libi209 cidbbh alv@xaREh (f&%ﬂﬂk:hﬁﬁ@mﬂ # dilcdenddpolyamine
grans of product as a yell|low oil. 1HNVR (CDC13)

8 I-E‘é @\lel)d?l W]g:_rg(%d,s aggtll)‘qtccggiggkep‘g allgglhyydropabopehe to 6 carbon

4 -1, 0 . 2- .
1 R B B30 S o
[ @iy fuAharabactddowitly bredor GhiguaarTief utility of these Mannich bases as
N, N- di - n- hexyl_- N-.é4-ni rophenyl )ggig,n_e in 100m of .

ef ngga"é@?’é%jé frgmenarine debricayne gHaddiuges cpogisabe signifigantly

o - .

i R L S e R

i horaacinty thocyrpdsilid®3. 2 granms of product as a

Zilll(;)g ll] gss o(i%’ érﬁ%} ’%)f gowrggéﬁﬁ?gliﬁge{@fgﬁé 42 ;J ’ er tg)%tﬁlc’)lybdenum
1 camiale%mmﬂla?éd)l\lin this Hdentiba hre tht PRIPRbraRfi @R add phosphonamides

Preparation o

' spch g thessystinsinped iU ¥. &at NdsekPHeAanes, 26815 Hithedisadosurcs of
' £ g@%&ogre Egrgg}'] Hc%ﬁ%aaﬁgﬂlbp Pe??re\ﬁmcé I:th%sqrrcg)?nnp\%ta%l%gg ta‘x:g% b &)Tepared_ by

ux con ser, a nirtrogen 1 n

Nfdintdhg B phesplibive campeund Hevih@atleaeofe2- NS ThePeddibe prepared,
| es), | uor @- 4- ni trobenzene (4.3, grans,

- 0. 03
@@)ﬁﬂl@#@ L& FiR anppRosphemy xgehlomds e 2 hydrpyarbyldol in the

f . . . o
CORe S A mAami A byeAdisiHoehaRls BUoHEL witdBmcional
asetoatay(@aitndnd amdnovitretiondi0onity. THiephetphoraraicles edrebe prepared

tract. hed.,with wat 4X1 00mL) .fol | owed
o Py kst A W S Mo caiBoR Gobad B wiae g Sip 430 or more
O¥&boR BRIV, Qith a%GH@ﬁywﬁb%lpgbﬁutﬁl%h%tp%IﬁWe, ethylene, 1-

concentrated in vacuo'to yield a dark bro
c beaaien| . Arderadienssisobutylene, 4-methyl-1-pentene, and the like, with

N b= = - N¢4-ni tr.oph | ine. Th '
oPPo R AE B AR A G ORRER b e omraind B detfie Above
hexaieeladly Ay hlkgbahiat, edighdidhend, ol ifle, bt af alkyRiie \
tﬁgmesi ?ggapr odugt Eaalgma dar k plﬁ?@?)fe&go? or oil. 1H?\|Iﬁl\/ilc-lele su(fh

( Bﬁ/@gw&e? dignerey giepylenpirigming, ey lepsteframmeg feigacthpienepentamine,

Gagc(ﬂrel%@’ 6.6(d, 2H), 3.25(t, 4H), 1.5(pent, 411),
1.2-1.4(m 1211), 0.9(t, 611). [00111] Preparation of

Cofioal at | AeotiBamess efihitie-confajiteoorhpositions useful in preparing the

421{0(1&)_&2:}11&1{1% ngpe\ﬁl(l‘-:g gn%l%%c? ﬁlnél?saxtngention includes the so-called dispersant
viscosity index improvers (VI improvers). These VI improvers are commonly
prepared by functionalizing a hydrocarbon polynier, especially a polymer derived
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[001121 Step 1- Preparation 2-ethyl hexyl - .

4-nitrobenzoate 02N [001131 To a flask eqU|pped
with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added 4-ni trobenzoyl chil ori de

P B0 TP Bt Pl BB B aggved rom

rralhee@r)maﬂed;oémoﬂd;ﬂa% Bivdhed¥i AR POLEd H aliphAtl ASFie ' Molefins. The
0.0.57 nol es) and anhydrous tol uene (420nl). The

c Bctenalization may be gaKicdepebhea EF@QIY af prosessescvhigh inpeduce a

h : | )
W%%ﬁ@vcﬁ ﬁé&%r%ﬂe ﬁg{cﬂ?]%ﬁ%ﬁ ﬁ? o&y%@tsart%% Pﬂﬁégpolymer. The
wesliga@dr 1s%é&c<ﬁ1tidﬂé<fﬁ*1tﬂ€hﬁtkdﬁe%coﬁ%hﬁﬁ@ﬂdurcd‘ tolihteokede nitrogen-
with a saturated sodlun1b|c rbonate sol ution (3X1

mmm%r%@%mroamq edw 3%31‘6%‘? ORAHyR@EELY used nitrogen

t o yle :%&%{ﬁ*ﬁ%" %?B% e pr o‘é %@?E a SS' Bl hise ﬁtfg%e%-ﬁ?diﬁmng

1%mm:(d€m180mﬁoﬁu@(sdi,es@ﬁ>bﬁ hefi2 ([defeﬁ&dju,tmgexﬁimhrces are

Ry tent fptichy oef a eisblehi st RERes g FipRER B

410963 NobengRaks bhEMnirdoBd l&l%l)ovﬁld% Ghihise G 134 1nve1121:10n are

2- et hyl hexyl 4-am nobenzoat e grans .

nmcesi)\mndﬁ;s,lcadrmcybf: aeitilayidese @mChM@nm baseni Mpr@p%rred are
adi um on S

D5 AR Biaes BV RE b LR PRR5tar SRIET of NOCS A0y B 2300 0ma

f ilittaree thaasst SuAE efdcidiédbsican %a?ua tie@ted viiththokdn o ethylene

gr arrB of product as a yellow solid. 111NWR (CDC13)

7% wte 2511190‘”1“61“6!3? - 211), 4.75(bs, 2H), 4.15(d,

2@&” [ 00 ‘%@ Slehumbo E:];‘Fr’% ?]gtrlﬁ%’#ﬂ’?&%]hﬁ %IS% p sulfurized.

4R[316Péseﬁtatfv@r$hﬁh§/$lﬁﬂﬂdeﬂ édineegahisehe oxymolybdenum/sulfur complexes
used in this invention are sulfur, hydrogen sulfide, sulfur monochloride, sulfur
dichloride, phosphorus pentasulfide, R »S, where R'is hydrocarbyl, preferably Ci.4o
alkyl, and x is at least 2, inorganic sulfides and polysulfides such as (NH4)2Sy, where
y is at least 17, thicacetamide, tﬁiourea, 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 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.
10065] 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 C1-Cyg alkyl esters of Cs-Caq unsaturated fatty
acids, such as palmitoleic, oleic, ricinoleic, petroselinic, vaccenic, linoleic, linolenic,
oleostearic, licanic, paranaric, tariric, gadoleic, arachidonic, cetoleic, etc. 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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[00117] To a flask equi pped with a magnetic stirrer,
reflux condenser, and nitrogen inlet was added

2- et hyl hexyl 4-am nobenzoate (8.38 grans, 30.0

nmol es), 1-brono4-nitrobenzofinun (5.05ganms, 25.0

%%3&1’ g&éﬂu% éqﬁlggg 6. l ﬁsﬂ%)rﬂe %ge%ooqp )cn% poa%olr%dtixem}glg.\)y fatty esters

1 ,u:icludﬁ:l 1ars] fallateyinpthgbelbate cdthfleldans emgeyl(olealM cgtlyam@ate;lcetyl
S%Eim)l es), .sodiumtert-butoxide rans, 37 .5
aley lalytyd riginelrates plsyl naleste ol % te, abalicyraligetides.

. of fl ﬁlﬁ{ng
C &%({dﬁg t o@%%?n@?% rr%g r@%\tfgﬁ?léﬁnss %é;hfa% tere %dﬁ‘ﬁo u gﬁ of Cro-Cas
pattfing wiihl faity acgd lestefBhod C5¢-Chchattg etidp am:ti GasCis lakkyl et alkmjrl

magcoh% I}&%ro Eﬂane 20 qrg)%r}go@{] cet te éag)p?]used

Vaeu6a] t 0 SiiflFed olé%!nb 91‘@! 6}52&5{1 lgylﬂae Qe&ﬁ@ﬁ"é% the |d3 (Plefin ora

chromat egraphed on silica , eluting wt

h étmmlmutaﬁweaglatmﬂs@lejhadhmﬁd tien¢ framnedth atﬂplfur-contammg

t f . h t hyl
- PR el 7} BT Bofbgtife Brarp s PG R
3@5 )gda ARb@sdfel é@mmw@haﬁa?&géllks(ﬁds}lﬂfgd%s RJ)NEia m{&)j{l Sulfide,

2H), 8.05 1( , 1(d
2Hixyl sqlﬁ@gsdlcmllgu} idg, gm@@fﬁgmx sulfipe hag pelysulfigy, cracked wax-

]p?e‘&})l sﬁgf{rag? and s O%E)#é‘%t éaﬁ]ge(sﬂfjgparéé)%ga]uﬂgtﬁ@&&%%é Ahterial,

Nefed ﬂﬂe(fﬁmemlywnbﬁumw@ohqﬁaﬁ&sl Jid-stiffor) istlf@rheiychlogide nd sulfur

[00119]. Step 1 - Preparatiqgn of

1d{°{1ﬂiﬂr@m®¢ﬁ@%wy Bieared- e thegigeiBia vex hirmers dggariyfl i y).S. Pat.
ang ggl%qggl pped with a magnetic stirrer, reflux
condenser, and a nitrogen inlet was added

4{H68% op h%dﬁinz(:d Alkyllghegpokrmngd the hoG! sabis dsreofpodladesdommpositions

, 'C &0 kilgaga%.ﬁ’gr(i%' dlog %gghrrs { %@f’ tﬁo ﬁﬁggu%lsgaits %ie%ct:ot%yjf‘}?eeayll\é}l group
'T%Rﬁﬂdrﬂj? Y6kt Qink GloRt 8-300 84-H8R Folns, TRO Rk Qﬁlﬁ‘ﬁhys b@Pre@i’@bly,

flask were heated at 100 C for 3 hours; cooled
r 6w eorferoap Ul salt, papetially sediumbenl dieen n@mﬁshuracmtbanem

ter us | ave xLracte et h
AT kBT R e il e Y feB5h B bt
\A@smemma, R85, IWwiNre Rd imdmﬂaﬂgm aefetdluC|-an, aﬂl@ﬂaﬁmﬂa is at least
brine (3X100m), dried over anhydrous magnesj u

s di ogreaptaps whereryR aisd-1cen @Bﬁ’l‘w%@%@mp subfigps and n%ysyif&eaa

2
2 BPRERTRAC oS00 e B il R dre i Tibrogen
usmlﬁge Kihgegbirootnr pedntastllﬂdlemndanomma rcalfidss aral gl §amitfide20
of % oduct as a yellow o0j,1.1 NI\/R 13)
pol pjg]inaterg 1n @Breaaram ) 175)6 np complexes
1 E%plo?yfeg ke fﬁ‘verﬁit% iis Qnég@hﬂch%éﬂlta%')the 1&1939&:%%]1 belviRn e acidic

Preparation of 4-[(2-ethylhexyl)oxy]aniline
[ o®ld@iepurs sompound aid the basic nitrogen compound. A wide variety of such

é%&)%xj@%‘érlg%llreh\%)éﬁ W s ol H5ROARZRY a?rt.('lly%icsal Profitoters 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, dimethy! acetamide,
methanol, ethylene glycol, dimethyl sulfoxide, hexamethyl phosphoramide,
tetrahydrofuran and water. Preferred are water and ethylene glycol. Particularly
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nol es) in 80nl of ethyl acetate containing 1.86 grans
of 10% pal | adi um on activated charcoal was
hydrogenated at 50 psi for 8 hours. The solution was
filtered and concentrated in vacuo to yield 10.0

|
0 eBBafl g SRSl gt ol S o ipet iy added o e
réa(clﬁﬁn nﬁkﬁue itrﬂay(dlﬁﬂb@lﬁrcsdﬂt ﬂa}uculargrmlheﬁ((m oﬁbdhter as a

0.8-1.0(m _6H). [00123 Step 3 - Preparation of |
Ncpawppent of pga- ﬂg;ygf @}'w}q_og 3s waters of hydration in the acidic

n'nﬂ&lgﬁ%ﬁ%fég p’Z‘% sucl{ %Oéj\ﬁ-ﬂg%\:{ @SW gﬂ%ﬁp&?& W Jdaed as
| phehoniaa hadaaities - [(2 et hyl - hexyI )oxyl an| l'ine (10 O
robenzene (2.13

. fl
or Q@‘l 8 s tﬁ%i gyre@ﬁlarlfg gt hﬁiﬁwﬁp |00§18fer<8%&% in this
( %hon e Pk ee%m(ﬁ'uﬁgn dMiBe Eéléﬁ'?ﬂdﬂ?ﬁcﬁ*nﬁﬁ%r%rﬁr aﬁ@g‘ﬁolar

for 2 days; oled to roomtenperature; partitioned
 beroweter mthul’whc eftiogen-{80@RIi)g comipovatl evith( @ogithiont difent. The

t hed with b
C B33 e i 0 50t & slleblat oo R e, iftiRe. Typical
s tdﬂh@ﬁtsr areflmbﬁceﬁﬁgi oBRHd HRAMRLAE: doRta¥BRS BnllyQadtionladld

a dark brown oil. It was chromatographed on Silica

gdlydrogemt!f depirgsl ammeniamdivdrexifie meg also be gddad terihe regetion mixture

gﬁ b idh e R Bl QA F R ABRHEC R 18R out ot variety

7.0 &dndpe?zhlimes SGypically atbtbelobe ﬁx’éﬁﬁblﬁﬁé‘b@mﬁoﬁh@ﬁﬂxﬁﬂeﬁb reflux
3.85(d, 211 75 (heptet, 111), 1.2-1.7(m 811)
0 tennere@m Iteq mljdmanlx GuTiog Quhatsaﬁnamheﬁc Bresie althpughdigher or

Oflo‘g?—ﬁ;%gsk&ger be ai %Flb %%bar tr@t?cjﬁﬁﬁ&hﬂ?% g'ap‘uonally be

19fe6ted 26t A0t pource @cﬁbf‘m:d(abom:aﬂal soitatde gresom¢ andiengperature for

%Ggeb%{l ng?u%fgfe lr%%{g % e 301 ﬁx?lg]ygaéq&ngh grgd:d ! Eaéer(]:arhggge%tcompounds
hy{H 098 RO remd R of Watklr i WRSrehdtioh @hiRflire AAY bk @Bsirable prior to
filtrate was neutralized with 6N aqueous sodi um

_ h;p@rrmﬂ@tm of Taetiemwib tke phlussowas ba prafried and improved method
t hane, The C

ai B e e R RO A RS AR et g heosed

S Q%F&hﬁy@rem&eof &luabwedhoy 120 dereses Tleesxus preferably from about 70
di chl or onmet hane Iager was drijed over. anhydrous

melgatess GRisiig i ahant 90 degrepsedelaivg. Ml ?}afiear pihessudable

t ' 0, I

r gg%(lgﬁ%e%vu\éssoﬁrecg rlys al fléluged %I‘hg %%E&) et ano @Irahn'e e %alntamed
151 2 tgnparsunfledshkartasiqueldtopbodut20 degreas @Bhsylsspllefedably bt about

N% éegreglé(sﬁgls t; p§ou(t gb 412 - 1 Cfgéuss \g‘t}i gﬁe(h%blyg@éln%n(?glpgfﬁcienﬂy
( trea&é’& E)gces%iwz{t&’ is géﬂloveﬁ%gﬂe RBiction! hi3AREX RZmb9dl methods

(di phenyl am ne al kylated with 2,4, 4-tri met hyl pent ene)
avinélhdbbes acomrtdingied| th yatuupmdishibati@eirgytré GO KEgpimawhile

Aréf?lp 1¥ %rﬁn %gﬁeq ne W&%gﬁ%&:aﬁ Jceg:?}ott):lra(%l.lr]:erlgsrsnthag:lI or equal to about
N-10%-deg¥ etes Cblﬁsﬂlls}ﬂ}-@ﬂ yably betdiedn 4b&1R70ABYREOQHITIOkd Hbcht 90 degrees
am ne 00130 a flask equi pped with a magnetic

stGelginy. eeﬁemmra%n danrgthe Sarmp% prosese is hald et a (ggperature less

[

2P OB A5 65 80 B ) 85 ety of
t rinslytliddmmnzydritdaingaoniposiaddi ek batiharity (OYied dubat gtramspheric
0. 002 nol es), ‘
rac-2, 2' - bi s(di phenyl phosphi no)-1,1"'-bi napthyl (2.5
granms, 0.004 noles), sodiun1tegé-butoxide (19.4

grans, 0.20 noles) and anhydro tol uene (150 ni).
The contents of the flask were refluxed for four

days; cooled to roomtenperature; and filtered
through a pad of silica gel. The silica gel pad was
then eluted with dichloronmethane (240 nlL). The

conmbi ned organic |ayers were concentrated in vacuo to




chromat ogr aphed on silica gel, eluting with

hexane/ et hyl acetate (20:1) to afford 2.0 grans of
the desired product as a yellow oil. 1H NWMR (CDC13) 8
7.2 (d, 2H), 6.5- 6.95 (m 5H), 4.95 (bs, 1H), 3.3

E) egslﬁ‘%lal)ﬂé é\%h%l%ﬁeer gfggv\{eé %reg?&@s m%{j%e uded3 1R str%fﬁng step is
Nepiehllywhgriegloah fot)&;iemdfbf 4bdet atmyadbooifuhewb.i n- 8- am ne

IR -
Srithy A Ppey %ﬁr&@és' Afinkd Qb@vegft %@ﬁlta‘tﬂe presdRé 85d te elg.gh‘&,)ﬂot to

aniline (24.0 grans, O. nol es) and i odine (

gxened ab@ltdZﬂﬁ@gr@ss) Cewhle f@rdht: avifir sofrce Kerepttauith theaeidic

reflu ed for.ei. da d r

ey SR R bRt ey RamBORAES ThOu AR RG] R ity
thrrica oadfot B Eaﬂ&h ofifrainQBRGED.S 3o BBt B hats dnd fpkdferably from about
diluted with dichl oronethane. The sol uti on was washed

Ri‘t e aboytduasy sinsome sty Ertaialial the peler promaterdHgter) from the
1 BEAER s FEced AR BNt Bttt P e
sourgé.el d a dark brown oil. The oi I was

IR/ SR reacatmmeturs e tatic,o Snp lbackainy o fppaund fo basic
BN ebﬂngo%{a%%éi criit@l; %lwe'v@r Zé)thmauﬁfanﬂﬁexﬁbl?b@éﬂugl with

contal ni n . grans of platinum (W oxide Was
mssped e hasi enitageBihcpsiest ti:le ftrstidroofrtbe prodactfmcemes more

ol S350 B BTSSR ot s tab bl iRk o A iugcous
$P 8B BN B ly88enubh 8s @eﬁlth%@}!% b® hAGRaiNeSInaké Earh df)&;‘ihon Usually,

three times wth dichl oromethane. The conbi ne
&itq:m@mmlmm will hgeg dlamdetowa&m@ Wi tor?-Ehatergs ebmelybdenum
um h r oxi. de oI I
FEORE RS, LT Gl 02013, A st prsfombly rom 0.4 10
rmaig aﬁﬁmwflmﬁ@nam 156r|at(ﬂii efl bavichitroparistaddddtd tharedetiono
éﬁ;ld 3.9 grans of a dark brown oil. The oil was
togyaphed on silica gel, eluting with a
Hrfolfbddh ﬁﬂ‘al
o e PSR AR ALt BHTS fhiing
Zoﬂl@otltionszﬁaﬁ be ﬁer%albcbhaﬂadiqnzsd 89a Smm&ndybdeﬁummlex of a

%a@?: P{tro gER §hsp§rs%n (Cf)mpfpﬁld Iglf?@alg]tylvhm su?ﬁ:r gs Br]b%?%%m weight

}atrrof dboutdolo] td-139(th 1 a?dﬁl)mo@ efably 1R about (0.05 to 0.5) to 1 and
[ 00135] PERFORVA EXAMPLES [00136] Oxi dation studies

@fmw&enrw Umlbdld@@m weipliopiee o lamqt)[ o MR ite] ead morgipreferably

t t. i
bl abt B el o S RGeSkt oforFodenum
%g)t,rat&%mgﬁlfrcﬁﬁw@l 1o 008 B test the rate of
t;/_%en upt ake at constant pressure b¥éa gi ven wei ght

sdhized aad uppdfynized oxpmalybdenum peraplexes et this

Bl P G- B i
pmc&s$mferabﬁjffmm9tﬁallte Iwas%stirred at 1000 revol utions

Tl oS0 L e S eptn o
To& @hént %?&i@éd?ﬁﬁbrﬁnﬁ dbioRMREhnsonehd c) 30 fiHMeLthe resistance

" nap thena es to provide 26 ppmiron, 45 ppm copper,
5@. gxqglpmn efzlic opzaBiqbsnatn gadh @shech ra%da@do YOETgISm.

i_ne formul ation
IR ARS8 TE Emry B RESr R i e S oo ¥nger
nixture of : conponent a) a ni44odi phenylan ne of
formula Al through A5; and conponent b) a diaryl am ne
of formula BlI, B2 and B3, in the oxidator bench test.
The base line fornulation - Formulation A contained
in a Goup 2+ base oil, 12.5 mmol es/ kg di al kyl zinc
di t hi ophosphate, 5.0% pol yi sobut enyl succinirnide,
35. 0 nmmol es/ kg overbased cal ci um sul fonate detergent,



to Fornul ation A Results Exanple Conponent Al
Conponent B2 (Hours to rapid concentration
concentration 02 uptake) (weight percent) (weight
percent) a O

~These hydroperoxide decomposers convert hydfopcroxides into non-radical products

thus preventing chéin propogation reactions. Commonly organosulfur and
organophophorous compounds have severed this purpose, and many suitable
compounds have identified herein above with regard the oxymolybdenum component
and need not be repeated again. Particularly preferred orgénophosﬁhorous
compounds are the oil-soluble, phosphorus-containing, anti-wear compounds selected
from the group consisting of metal dithiophdsphates, phosphorus esters (including
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, phosphonamides and the like. More
preferably, the phosphorus-containing compound is a metal dithiophosphate and, even
more preferably, a zinc dithiophosphate. Suitable phosphorous compounds are
disclosed in U.S, Pat. No. 6,696,393, incorporated herein by reference.
{0b78] The following additive components are examples of components that can
be favorably employed in combination with the lubricating additive of the present
invention. These examples of additives are provided to illustrate the present invention,
but they are not intended to limit it. -
[0079] (A) Ashless dispersants: alkenyl succinimides, alkenyl succinimides
modified with other organic compounds such as ethylene carbonate,

~ polysuccinimides, and alkenyl succinimides modified with boric acid, a]kenyl
succinic ester.

[0080] (B) Oxidation inhibitors:

U8l 1) Phenol type phenolic oxidation inhibitors: 4,4'-methylenebis (2,6-di-
tert-butylphenol) 4.4'- bls(2 6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-
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-dimethylphenol),
2,2'-methylenebis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl4-methylphenol,
2,6-di-tert-butyl4-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-butylphenol), 2,2'-thiobis(4-methyl-6-tert-butylphenot), bis(3-
methyl-4-hydroxy-5-tert-butylbenzyl)-sulfide, and bis (3,5-di-tert-butyl4-
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0100 1.0 0.0 10.0 0 0.5 23.5 0.50 0.5 27.0 0.75

hydroxybenzyl). 2) Diphenylamine type oxidation inhibitor: alkylated
diphenylamine, phenyl-o-naphthylamine, and alkylated a-naphthylamine. 3) Othér
- types: metal dithiocarbamate (e.g., zinc dithioéarbamate); and methylenebis

(dibutyldithiocarbamate). Particularly preferred hindered phenolics are detailéd
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 phenol sﬁlﬁdes or sulfur coupled phenols may
also be used. Hindered phenols are defined as those containing a sterically hindered
hyciroxyl group, and these include those deﬂvatives-of dihydroxy aryl compounds
wherein the hydroxyl groups are in the o- or p-position to each other. The metal-free

hindered phenols may be represented by the following formulae:

OH a .
Ry Ry
Re
OH ey 1Va
OH OH Va
R4 : Ra
N—cry N
v /
Ry 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, Ry is

hydrogen or a hydrocarbyl group containing from 1 to about 9 carbon atoms, and each
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0.5 27.5 1.00 0.5 51.5 [00139] Exanple 1
“illustrates inprovenent in the oxidative stability of
| ubricating oil by the addition of 0.5-1.00 wt % of
an al kyl at ed ni trodi phenyl ami ne (Conponent Al) to a

0.5 .\ % of. an .al kyl at ed di phenyl ani L
55 b dion Al Biclleh e ool e Th i SOBRERBRC R g en iy
atgrdupXdnwiinifiy By 4wl § 16 hsms 20001 o ANRITERS abdut O or from about
baseljne forrul ati on (Exanple |a). The al kyl at ed :

diopRehgutdsicarbop eicimp e one ympagimeptalkylmounsiaguderived from one or

TGl b 2B P ARG L A s fesived frompgfymersof

f wtityteme, propylones renitenenandXsctaiténecprsfetdbily pilopylefnx fotfatnesor trimer.

1 6) Bxample 2. Ferformpce M xiyre Top Treated to)

- tetrapropenyl, etc. Examples of Ry, R; and R; groups include propyl, isopropyl, butyl,
sec-butyl, tert-butyl, heptyl, octyl, and nony!. In another embodiment, each R; and Rs
are tertiary groups, such as tert-buty! 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 para-substituted phenol in the 2- and/or 6-position as desired.

. When it is desired to prepare coupled phenols of the type presented by Formulae IVa
and Va, the second step alkylation is conducted under conditions which result in the
alkylation of only one of the positions ortho to the hydroxyl group. Examples of
useful phenolic materials include: 2-t-butyl-4-heptylphenol; 2-t-butyl-4octylphenol; 2~
t-butyl-4-dodecylphenol; 2,6-di-t-butyl-4-butylphenol; 2,6-di-t-butyl-4heptylphenol;
2,6-di-t-butyl-4-dodecylphenol; 2,6-di-t-butyl-tetrapropenylphenol; 2-methyl-6-di-t-
butyl-4-heptylphenol; 2,6-di-t-butyl-tripropenylphenol; 2,4-dimethyl-6-t-butylphenol;
2,6-t-butyl-4ethylphenol; 4t-butylcatechol; 2,4-di-t-butyl-p-cresol; 2,6—'&i—t—butyl-4—
methylphenol; and 2-methyl-6-di-t-butyl-4-dodecylphenol. Examples of the ortho
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 équiva}ent 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-t-
butyl4heptylphenol); 2,2"-methylenebis(6-t-butyl-4-octylphenol); 2,2"-methylenebis(4-
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dodecyl-6-t-butylphenol); 2,2"-methylenebis(4-octyl-6-t-butylphenol); 2,2'-
methylenebis(4-octylphenol); 2,2"-methylenebis(4-dodecylphenol); 2,2"-
methylenebis(4—heptylphenol); 2,2‘-methylenebis(6-t-butyl-4dodecylphenol); 2,2
methylenebis(6-t-butyl-4tetrapropenylphenol); and 2,2'-methylenebis(6-t-butyl-4-
butyl phenol).

[0085] 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 IIa wherein R.sub.3 is hydrogen. For example, the
alkylphenols which can be converted to alkylphenol sulfides include: 2-t-butyl-4-
heptylphenol; 2-t-butyl-4-octylphenol; and 2-t-butyl-4-dodecylphenol; 2-t-butyl-4-
tetrapropenylphenol. The term "alkylphenol sulfides" is meant to include di-
(alkylphenol) monosulfides, disulfides, and polysulfides, as well as other products
obtained by the reaction of the 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 alkylphenbl 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. It is
élso 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 suifides 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, e.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 embodimeﬁt, 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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compounds, such as unsaturated amides, carboxylic acids, anhydrides, or estérs, or
ethers; alkylene-coupled dithiocarbamates; and bis(S-alkyldithiocarbamoyl})

~ disulfides. In one embodiment, the dithiocarbamate cdmpounds are ashless, i.e. metal
free. The diﬂﬁoca:fbaméfes are described above. In another embodiment, antioxidant
is a sulfurized Diels-Alder adduct,
[0088] (C) Rust inhibitors (Anti-rust agents):
[0089] 1) Nonionic polyoxyethylene surface active agents: polyoxyethylene lauryl
ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyei:hylene sorbitol monostearate, polyoxyethylene
sorbitol mono-oleate, and polyethylene glycol monooleate.
[0090]  2) Other compounds: stearic acid and other fatty acids, dicarboxylic acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhydric alcohol, and phosphoric ester. |
0091} (D) Demulsifiers: addition product of alkylphenol and ethyleneoxide,
polyoxyethylene alkyl ether, and polyoxyethylene sorbitane ester.
[0092] (E) Extreme pressure agents. (EP agents);, sulfurized oils, diphenyl sulfide,
methyl trichlorostearate, chlorinated naphthalene, benzyl 1odide,
fluoroalkylpolysiloxane, and lead naphthenate.
[0093] (¥) Friction modifiers: fatty alcohol, fatty acid, amine, borated ester, and
other esters
[0094] (G) Multifunctional additives: sulfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine-
molybdenum complex compound, and sulfur-containing molybdenum complex
compound

[0095] (H) Viscosity Index improvers: polymethacrylate type polymers, ethylene-
propylene copolymers, styrene-isoprene copolymers, hydrated styrene-isoprene
copolymers, polyisobutylene, and dispersant type viscosity index improvers.
[0096] () Pour point depressants: polymethyl methacrylate.
[0097] (K) Foam Inhibitors: alkyl methacrylate polymers and dimethyl silicone

polymers.
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onept .o a etero I
(Mnylﬁﬁ‘ﬁé&(@b‘hﬁ%eﬂfm ‘fj( II?}I‘ E’Fﬂéc@ bhapnrllllqgry alkyl
fi%:ﬁe’&%wiﬁ A Rgpeh Exanpl e 2b) at 1.00 wt % by

sel f shows no inpiovenent to the baseline

fornmul ati on (Exanpl e 2a). The heterocyclic am no

di phenyl am ne (Exanple 2 ' the oxidative
stability. Conbinations %%ﬁﬁd
30099](1“ PITROvasitidieis &ftthd elh@t@edy the 81loM@ng examples, which are

phenyl ani ne show further inprovenent in oxidative
sﬂoa‘m be ¢opsidesed g limdtativejofifs scopg ofyphirthes understanding of the

invention can be had in the following nonlimiting Preparations and Examples.
Wherein unless expréssly stated in the contraty, all temperatures and temperatures

* ranges refer to the Centigrade system and the term “ambient” or “room temperature”
refers to 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 “equivalent” 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 finite moles or finite weight or volume.
Where given, proton-magnetic resonarice spectrum (p.m.r. or n.m.r) were determined
at 300 mHz, signals arc assigned as singlets(s), broad singlets (bs), doublets (d),
double doublets (dd), triplets (t), double triplets (dt), quartets (q), and multiplets (m),

and cps refers to cycles per second.

[00100] Preparation of Component Al
N-(4-n-butylphenyl)}-N-(4-nitrophenyl)amine

[00101] To a flask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added 4-n-butylaniline (48.5 grams, 0.325 moles), I-fluoro-4-
nitrobenzene (15.3 grams, 0.108 moles) and anhydrous methy] 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 cther 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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grams of product as a yellow solid. "H NMR (CDCL) & 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), 1.4(hextet, 2H), 0.9(t, 3H).

{00102} Preparation of Component A2
N-(4-n-hexylphenyl)-N-(4-nitrophenyl)amine

‘t(}{)l 03] To aflask equipped with a magnetic stirrer, reflux condenser, and a

H
N
O;N

nitrogen inlet was added 4-n-hexylaniline (49.1 grams, 0.283 moles), 1-fluoro-4-
nitrobenzene (13.3 grams, 0.094 moles) and anhydrous methyl sulfoxide (80ml). The
contents of the flask were heated at 100°C for 4 days; cooled to room temperature;
partitioned between diethyl ether (300ml) and water (100ml). The ether extract was
washed with water (4X100ml} followed by brine (3X50ml). The ether exiract was
dried ovef anhydrous magnesium sulfate, filtered and concentrated in vacuo to yield a
brown liguid. The brown liquid was recrystallized from hexane (500ml) to yield 15.0
grams of product as a yellow solid. 'FI NMR (CDCls) & 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

°2”/©/

oo
N

T

[00105] Step 1 - Preparation of N, N-di-n-hexyl-N-(4-nitrophenyl)amine
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[00106] To aflask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added di-n-hexylamine (14.1grams, 0.3 moles), 1-fluoro-4-
nitrobenzene (14.1 grams, 0.1 moles) and anhydrous methy! sulfoxide (40ml). The
contents of the flask were heated at 100°C for 20 hours; cooled to room temperature;
partitioned between diethyl ether (300ml) and water (100ml); filtered. The ether layer
was dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo 10
yield a yellow oil containing excess dihexylamine. The yellow oil was purified by
passing through a short column 6f silica gel and eluting with hexane (300ml) to yield
25,0 grams of product as a yellow oil. 'HNMR (CDClg)-B 8.1(d, 2H), 6.5(d, 2H),
3.35(t, 4H), 1.6(pent, 4H), 1.2-1.4(m, 12H), 0.9(t, 6H).

[00107] Step 2 — Preparation of N, N-di-n-hexylbenzene-1,4-diamine

\©\N/\/\/\

[00108] A solution of 25.0 grams of N,N-di-n-hexyl-N-(4-nitrophenyl)amine in
100ml 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 yield 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(t, 611).
[00109] Step 3 — Preparation of N >-(4-nitrophenyl)-N, N-di-n-hexylbenzene-1,4-

diamine
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[00110] To a flask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added N,N-di-n-hexylbenzene-1,4-diamine (22.3grams, 0.09
moles), I-ﬂuoro-4—nih‘obénzenc (4.3 grams, 0.03 moles) and anhydrous methyl
sulfoxide (40ml). The contents of the flask were heated at 100°C for 3 days; cooled to
room temperature; partitioned between ethyl acetate (200ml) and water (100ml).The
ethyl acetate extract was washed with water (4X100ml) followed by brine (50ml).
The ethyl acetate extract was dried over anhydrous magnesium sulfate, filtered and
concentrated in 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 gel, eluting |
with hexane/ethyl acetate gradient to afford 11.8 grams of the deshed product as a
dark purple color oil. "H NMR (DMSO-dy) & 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 Cdmponent A4

2-ethylhexyl 4-[(4-nitrophenyl)amino Jbenzoate
[06112] Step 1- Preparation 2-ethylhexyl 4-nitrobenzoate
o]

CsN

[00113] To a flask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added 4-nitr0benzdyl 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 (420mt).
The contenis of the flask were heated at reflux for 16 hours; cooled to room

~ temperature. It was diluted with diethyl ether (300ml). The ether extract was washed
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with diluted HCI(1wt%, 3X100ml), followed with a saturated sodium bicarbonate

solution (3X100m1), brine (3X100ml), dried over anhydrous magnésium sulfate,
 filtered and concentrated in vacuo to yield 57.2grams of crude product asa yellow oil,

"H NMR (CDCl3) 6 8.3(d, 2k, 8.2(d, 2H), 4.3(d, 2H), 1.75(heptet, 1H), 1.2—1.6(ni,

8H), 0.8-1.0(m, 6H). : '

[00114] Step 2 - Preparation of 2-ethylhexyl 4-aminobenzoate

Bcases

[00115] A solution of 2-ethylhexyl 4-aminobenzoate (20.0 grams, 0.072 moles) in
100ml of ethyl acetate containing 0.36 grams of 10% palladium on activated charcoal
was hydrogenated at 50 psi for 2 hours. The solution was filtered and concentrated in
vacuo 1o yield 17.3 grams of product as a yellow solid. "H NMR (CDCls) § 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-ethythexyl 4-[(4-nitrophenyl)amino]benzoate

[00117] To a flask equipped with a magnetic stirrer, reflux condenser, and nitrogen
inlet was added 2-ethythexyl 4-aminobenzoate (8.38 grams, 30.0 mmoles), 1-bromo-
4-nitrobenzofuran (5.05grams, 25.0 mmoles), #ris(dibenzylidencacetone)dipalladium
(0) (0.57 grams, 0.625 mmoles), 1,1”-bis(diphenylphosphino)-ferrocene (1.04 grams,
1.88 mmoles), sodium fert-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 ge!l 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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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. 'HNMR (CDCl3) & 8.15 (d,

2H), 8.05 (d, 2H), 7.21 (4, 2H), 7.1(d, 2H), 6.7 (bs; 1H), 4.22(d, 2H), 1.7(heptet, 1H),
1.2-1.6(m, 8H), 0.8-1.0 (m, 6H). |

[00118] Preparation of Comparativée Component A5
N-{4-[(2-ethylhexyl)oxy]phenyl}-N-(4-nitrophenyl)amine

[00119] Step 1 - Preparation of 1-[(2-ethylhexyl)oxy]-4-nitrobenzene

/©/0
OoN

2

[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(180mi) . 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 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 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 8.2(d, 2H), 6.95(d, 2H), 3.95(4, 2H),

© 1.75(heptet, 1H), 1.2-1.6(m, 8H), 0.85-1.0(m, 6H).

[00121] Step 2 — Preparation of 4-[(2-ethylhexyl)oxyjaniline
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[60122] A solution of 1-[(2-ethylhexyl)oxy]-4-nitrobenzene (18.5 grams, 0.074
moles} in 80ml 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 grams of product as a dark yellow oil. 'H NMR
(CDCly) 8 6.75(d, 2H), 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 — Preparation of N-{4-[(2-ethythexyl)oxy|phenyl}-N-(4-

nitrophenyl)amine

Oohd, : : 0.
: N
H

[00124]  To a flask equipped with a magnetic stirrer, reflux condenser, and a
nitrogen inlet was added 4-[(2-ethyl-hexyl)oxy]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 acetate
gradient to afford 4.1 grams of the desired product as a dark brown color oil. "Il NMR
(CDCls) 6 8.05(d, 2H), 7.1(d, 2H), 6.9(d, 2H), 6.75(d, 2H), 6.2(bs, 1H), 3.85(d, ZH),
1.75 (heptet, 1H), 1.2-1.7(m, 8H), 0.8-1.0(m, 6H).
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[00125] B1 — Preparation of Phenyl-(1,2,3,4-tetrahydro-quinolin-6-yl)-amine

SRS

[00126] A solution of 20.4 grams of 6-anilinoquinoline (prepared as described in
Buu-Hoi, Rbyer and Hubert-Habart, J. Chem. Soc., 1956, 2048-2051) in 400 mL of
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 aqueous phase was
extracted three times with dichloromethane. The combined dichloromethane layers
were washed with 6N aqueous sodium hydroxide followed by brine. The
dichloromethane layer was dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to yield 20.4 grams of a dark residue. The dark residue was
recrystallized from 95% ethanol to yield 15.2 grams of the desired product as a grey
solid. THNMR (CDCI3) 0 7.2 (m, 2H), 6.8 (m, 4H), 6.45 (d, 1H), 5.35 (bs, 111},
3.4 (bs, 1H), 3.25 (1, 2H), 2.75 (t, 2H), 1.95 (p, 2H).

[00127] B2 - Irganox® 157 (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-

I N

H

amine

NH

HyG

HaC
s CH,
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{00130] To a flask equipped with a magnetic stirrer, reflux condensor, and nﬁrogen
inlet was added 8-aminoguinoline (14.4 grams, 0.10 moles), 4-tert-butyl
bromobenzene (21.3 grams, 0.10 moles), fris(dibenzylideneacetone)dipalladium (0)
(1.8 grams, 0.002 moles), rac-2,2’-bis(diphenylphosphino)-1,1°-binapthyl (2.5 grams,
0.004 moles), sodium fert-butoxide (19.4 grams, 0.20 moles) and anhydrous toluene
(150 mL). The contents of the flask were refluxed for four days; cooled to room
temperature; and filtered through a pad of silica gel. The silica gel pad was then
eluted with dichloromethane (240 mL). The combined organic layers were
concentrated in vacuo to yield a dark blue solid. The solid was chromatographed on
silica gel, eluting with hexane/ethy! acetate (20:1) to afford 23 grams of the desired
product as a yellow solid. "H NMR (€DCl3) 6 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 of N-(4-tert-butylphenyl)quinolin-8-amine
prepared above in 100 mL of acetic acid containing 0.15 grams of platinum(IV) oxide
was hydfogenated at 45 psi for 1.5 hours on a Parr low-pressure hydrogenator. The
solution was filtered through diatomaceous earth; concentrated in vacuo; and
neutralized with 3N aqueous sodium hydroxide. The aqueous phase was diluted with
water and extracted three times with ethyl 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 (d, 2H), 6.5-
6.95 {m, 5H), 4.95 (bs, 1H), 3.3 (t, 2H), 2.8 (t, 2H), 1.9 (p, =2H), 1.3 (s, 9H).

[00132] B3 - Preparation of N-(4-butylphenyl)-1,2,3 4-tetrahydroquinolin-8-amine

~ _NH
Hac\/\/©/
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Trleatbend mlﬁmnmhsaﬁltmd frReghudiinomaceous earth and further diluted with

dichloromethane. The solution was washed with 5% aqueous sodium hydroxide three

times and water three times. The organic layer was dried over magnesium sulfate,
filtered and concentrated in vacuo to yield a dark brown oil. The oil was
chromatographed on silica gel, eluting with hexane/ethyl acetate (10:1) to afford 3.7
grams a brown oil. | |
[00134] The oil in 70 mL. of acetic acid containing 0.22 grams of platinum (IV)
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 sodivm
hydroxide. The aqueous phase was extracted three times with dichloromethane. The
combined dichloromethane layers were washed with 6N aqueous sodium hydroxide
followed by brine. The dichloromethane layer was dried over anhydrous magnesium
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 (CDCl3) 6 7.05 (d,
2H), 6.95 (d, 1H), 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 (1, 2H), 1.95 (p, 21]), 1.55 (p, 2H), 1.35(h, 2H), 0.95 (t,
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), 895—901 (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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Exanpl e Conponent A4 Conponent B3 (Hours to rapid
concentration concentration 02 uptake) (weight
percent) (weight percent) a 0 0 10.0

naphthenates to provide 26 ppm iron, 45 ppm copper, 512 ppm lead, 2.3 ppm

manganese, and 24 ppm tin.

Performance Exampleés

[00137] A base line formulation was prepared to evaluate the performance of the
mixture of: component a) a nitrodiphenylamine of formula Al through AS5; and |
component b) a diarylamine of formula B1, B2 and B3, in the oxidator bench test.
The base line formulation - Formulation A, contained in a Group 2+ base oil, 12.5
mmoles/kg diatkyl zinc dithiophosphate, 5.0% polyisobutenyl succinimide, 35.0
mmoles/kg overbased calcium sulfonate detergent, 15.0 mmole/kg calcium phenate
detergent, 0.25 weight percent of a molybdenum containing polyisobutenyl
succinimide prepared as described in U.S. Pat. No. 6,962,896 to Ruhe (this
polyisobuteny] succinimide contains 5.5 weight percent molybdenum) and 0.3% V.1
improver. The Formulation A baseline was tested in the bulk oil oxidation bench test
above and resulted in a value of 10 hours to rapid O, uptake.

[00138] Notable in the performance examples is that the nitrodiphenylamine by
itself imparted no improvement in the oxidator bench test over the baseline, for
example look to the comparison of performance example a to performance example b

in Example 1-4 and Comparative Examples.

Example 1

Performance  Mixture Top Treated to Formulation A Results
Example Component A1 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)to a 0.5 wt % of an alkylated diphenylamine (Component B2). The alkylated
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nitrodiphenylamine (Example 1b) at 1.00 wt % by itseif shows no improvement to the
baseline fpnnulation (Example la). The alkylated diphenylamine (Example 1¢)
improves the oxidative stability. Combinations of alkylated nitrodiphenylamine and
aikylated diphcnylaniine shbw further improvement in oxidative stability (Examples 1
d-f).

Example 2
Performance  Mixture Top Treated to Formulation A Results
Example Compoenent Al Component Bl (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 36.0 -
d 0.16 0.5 39.0
© 0.33 0.5 50.0
f 0.50 0.5 54.0
g 0.75 o 0.5 75.0
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 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 2c) imprdves 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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M xture Top Treated to Fornmulation A Results Exanple
Component A5 Component B3 (Hours to rapid
concentration

Example 3
Performance  Mixture Top Treated to Formulation A Results
Example Component Al Component B3 (Hours to rapid
concentration concentration 0O, uptake)
(weight percent) (weight percent)
a 0 0 10.0
b 1.0 0.0 10.0
c 0 0.5 32.5
d 0.75 0.5 44.0
e 1.00 0.5 53.0
f 1.50 0.5 95.5

[00141] 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)toa 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 3c)
improves the oxidative stability. Combinations of alkylated nitrodiphenylamine and

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

).

Example 4
Performance  Mixture Top Treated to Formulation A Results
Example Component A3 Component B3 (Hours to rapid
concentration concentration O uptake)
(weight percent) {weight percent) ,
a 0 0 Y100
b 1.0 ' 0.0 10.0
c 0 0.5 335
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 wt % of an amino diphenylamine (Component B3). The
alkylamino 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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nitrodiphenylamine and amino diphenylamine show further improvement in oxidative

stability (Examples 4 d-f).

Example 5
_ Performance Mixture Top Treated to Formulation A _ Results
Example
Component A3  Compenent B3 Component C (Hours to
Concentration  Concentration Concentration rapid O,
(Weight (weight percent) (weight percent) uptake)
, pereent) '
5.1 0 0 - 10.0
52 0.75 0.5 - 58.0
53 0.75 0.5 ' 0.375 62
54 1.0 0.5 0.50 69.5
5.5 1.5 0.5 0.75 86.5

Component C is added weight perceﬁt of a molybdenum containing polyisobutenyl
succinimide prepared as described in U.S. Pat. No. 6,962,896 to Ruhe (this
polyiso’bﬁtenyl 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 5.3-5.5 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 Ad 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 33.5

d 0.75 0.5 32.0

e 1.00 0.5 33.0

f 1.50 0.5 19.5
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b 1.0 0.0 10.0
¢ 0 0.5 33.5
d 0.75 0.5 33.0
€ 1.00 0.5 35.5
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 7
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.; Evestiya
Vysshikh Uchebnykh Zavedenii, Khimiya i Khzmzcheskaya Tekhnologiya (1985),
28(8), 97-100.
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WHAT IS CLAIMED I S: 1. A conposition conprising a
lubricating oil and an oil soluble synergistic
m xture of antioxidants, said m xture conprising: a)
from0.1 to 10 weight percent of a first antioxi dant
according to fornmula I:  Fornmula | wherein

j t the group consisting of alkyl
Wﬁ%&;ﬁﬁg@ﬁgg atonms, -NHR, -NRR where Ris
i ndependently selected alkyl from1 to 18 carbon
atons; R2 is hydrogen or alkyl from1l to 20 carbon
al ons; Asginpysitfongenprisingtadubrigatinginil apdrap etltsobibleasynergistic
second ti.oxi.dant selected fromthe fornula Formula
Ifn%@ﬁﬁ®$ ﬁﬂmdm%%sm nm&mﬁf%? % are each

| apesRrtient 1/whigtt ggesht OF a EritntibriamthetRdid 16 Rirhmh I
atoms; n is an integer from1l to 3; R5 is,selected

fromthe group consisting of b
chai n hydrocar byl ragrcahs [ {0 24 carbon
atons sel ected from :

al karyl, or -NHRG,
i ndependent |y sel ect®
atons, or whenOpd is positioned adjac
R6 together with R4 can forma five- or'si¥- nqn?ered
het erocyclic ring. ormuia

whetrein

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 ! to 20 carbon atoms; and

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

the formula
NH Ra
NN
(Rgn | [
Rs
Formula 11
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 hydrocarbyl radicals having from 3 to 24 carbon atoms
selected from alkyl, alkoxy, afalkyl or alkaryl, or -NHRg, -NR¢R7 where Rg and R are
independently selected alkyl from 1 to 18 carbon atoms, or when Ry is positioned
adjacent to Rsthen Re together with R4 can form a five- or six- membered

heterocyclic ring.
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2. The conposition according to Claim1, wherein the

rati o of conmponent a) to conponent b) is from about

1.25:1 to about 5:1. 3. The conposition according to
-Claim 2, wherein the total weight percent of the

m xture of_antioxidants in the conposition is |ess

tRan 5 wei it copepqseion accordingra Glampb sthereim thegatén of gpgnponent a)
{ 6 Eduftbdflrts ) 108! Ao 2541 BlapBEIONC percent of the

m xture o ntioxidants 1n the conposition is |ess

than 2 wei ght percent. 5. The conposition according

tq any one_of the preceding clains, wherein in . :
Cgrrponent e c%e@qsglqﬁlw&%ggw.to e hewp Bitptabyyeight percent of
a i . . - f 8 .
carbon at 8%%.1@ 7. T g‘@@%ﬁ%%@tl)sﬁo 5:! n1§ E'IJIE%%: %isn‘gag%t%é %‘ln?n
5, wherein RLis -NHR or -NRR wherein Ris an

i ndependent.l y sel ect ed al kyl grou rgm3 to 12 .

cdrbon at g#%e?/con@o_sﬂ%‘ 8 itg icgfﬂ‘%a:{: é’%ﬁsﬁq“ﬁ g“ettSta]aW?ght percent of
Ot Bfxtrir 6f BitRAEHNECinGhSédHposIY i€ Idds tHan CORNERG I cdR). -

R5 is selected fromalkyl from3 to 24 carbon atons

or -NHR6, -NR6R7 where R6 and R7 are independently

sel ected 1 rbon at .9 ..The, . o
cg'n'posi ti ﬁtﬁ%(%:oélfl oéoglmr? 5] a%goré%gic[?n , O%%ﬁﬁ%ﬁrefzﬁdmg Slaims, whercin in
c onmpnent a)pR2 iRbydréggel ected fromal kyl from4 to 18

carbon atons. 10. The conposition according to any

one of the preceding clains, wherein conponent b) is

sel ected f d@¥% 1St [

dfg'phenyl arrT ne, di g%’&l%ggdeigﬂ%itg?ény %%h%gea?ﬁ% 1535118?1 ﬁgm“o 13

t carhbkgoatsed di phenyl ami ne, and m xtures thereof.

11. The conposition according to Claim 10, wherein
-conponent b) is selected fromthe group consisting of

bgt yl di phemyd aimptiitiod acBotimlAbRASRY 5 aMhe?&n R, is -NHR or -NRR
octyl di phenyl anmi'ne, di-octyldi phenylam ne,

nogteti Bhieayindapendently sedeopedialpylegrpimfrome to 12 carbon atoms.
t-butyl-t-octyl di phenyl am ne, and m xtures thereof.

12. The conposition according to any one of clains 1

t@ 11, wheTlg mﬂlﬁbsﬁmme@ﬂing&b al% oh& o5k §edceink cBiitns, wherein in
-NHR6, -NR6R7 where R6 and R/ are independently

sepmpeneat by Ry fis salestpdifram alkgl Eamisda 24 catben atong or TAEIRe, -NR¢R;

R oy _ . . Co , o
c MR sh R, WEANAAHMG LRI i SUFY 5 B bllppnoms.
alkyl from®6 to 12 carbon atons. 14. The conposition
according to any one of clainms 1 to 11, wherein in

c GhpondME cBPREtipE accerding KClaims i WREIRS! in-crRpRIcheRs is
i ted alkyl from1l to
i{g‘e%g@%%“g{‘lgﬁ%@gmgn%ﬁn?@&g%si ti oned adjacent to
R5 then R6 together with R4 can forma five- or six-
er heteracyclic ring. 15. The conpgsiti.on .
- gﬁggr di CPEIP@IHFVJW%?,I&% #prPneplithe peeidinesaims, wherein
adoffBhint b; BEortish - .
o g?x- nﬁg&lfgrélggﬁﬁ eﬁt%grrl g%%f):ﬁkgé?ﬂléﬁnsgﬁg BAmbR5 MR afell ifshenylamine,
dialkylated diphenylamine, trialkylated diphenylamipe, and mixtures thereof.

1L The composition according to Claim 10, wherein component b) is selected from
the group consisting of butyldiphenylamine, di-butyldiphenylamine,
octyldiphenylamine, dj-octyldiphenylamine, nonyldiphenylamine, di-
nonyldiphenylamine, t-butyl-t-octyldiphenylamine, and mixtures thereof.
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16. The conposition according to Claim 15, wherein R4

is positioned adjacent to R5 and R6 together with R4

form si x-menbered heterocyclic ring. 17. The

conposi-tion according to any one of the preceding

claims, further conprising conponent c) an oi

sg) ubl : : Th It :

B or dl ey A B TRET thy o ks TRTED S\ hirdl in componen
ubisRY it selectedifrom -SNHR 4 FINRERY, vohererBl widdR namicdepeadenily gelected

Cc sition prepared by (i) reacting an acidic
n%FB&H@ﬁbH?&%ﬁﬁgﬁ%ﬂmﬁﬁd a basic nitrogen conmpound

sel ected fromthe di spersant group consisting of
succi ni m de, a carboxylic acid am de, a hydrocar byl
nidn oarffiwesompopitios peerding theClaim {1 B witeig phermpdngat b)ds and R7 are

o il Elee R FoRt Dhe P8R, 5 pol or

pronmoter, to form an oxynol ybdenum conpl ex. 19. The

conposition according to Caim18, wherein the basic

nl4 r ogBie omesiiNY aFeoTding (e A1NNA Gelaims 3o 1irpgherein in component
0S| o g _

CHITAE G0 RS NN SERROR, 8t Uy BUERAILAS stcedalo

phes e 8 sarbon hivinkl, agwhanR) is wesitiomdrgduead te B deh ®j together

fromthe group_consisting_ of tal dj.t hi ophosphates,

p%%ma’%r@satfé‘fes Or gl AETORESS AT CHNHR&ni ne

phosphi nat es, sul fur-containing phosphorus esters,

phosphoram des and phosphonanmi des. 21. The )

cposThe compasition deangding tadkaimm1 20whasgia Raiispasitiogied adjacent to R

ORIt G PO ER B OGSPRORAF LA BRI at es,

phosphi ne oxi des, phosphites, phosphonites,

phosphi nites, and phosphines. 22. The conposition_
ateor dihegompositian aeepodingterlaim 19 nehaspip Reéy pasitioned adjacent to Rs

PO e, RS Rl BECRRIRRIR, 8 h to

Claim 22, wherein the netal dithiophosphate is a zinc

di al kyl di t hi ophosphate. 24. The conposition .
ateor dThﬁ:gcwogﬁlyn&ﬁ@rgmg th énw&%fah%%qdéq&ﬁ?mfsuﬁm@

o reihe i
COisHie Bl T RRbA BRI sk BadSehgsRRd {1 om Lhe

I ng Of hindered phenols, hi'ndered

bi sphenol s, sul furized phenols, sulfinized ol efins,

yl sul fides,. polysuyl fides,. djal kyl . .
S hi oisainbeh e e b | hebHeingprgerid an
LBl N s (il LSRGl T A INE Ath N ANz ofn s b ke by (1)
NI TRO- SUBSTI TUTED DI ARYLAM NE AND A DI ARYl AM NE
ARSTRAET acidic molybdemyy epppeend ands basisrigaganfgmyropnd selected
A e A . Lubri . . _
CRURE ST PRGN G el SR g i, o
nhstdr@ashyb atonbarmae, a phdésphytaanida) e thiaplthsphatamide] alaneich base, a

ich her . Vi rior oxi i.on_inhibiti
V@lsgersatn‘? %gtt:o 31ety 11?(569( 1m%?0vsé¥,poer a X tute thde{rjlegof M'the pres%nct;e D 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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No Figure

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-containing phosphorus esters,

phosphoramides and phosphonamides.

21. The composition according to Claim 20, wherein said phosphorus esters are
selected from the group consisting of phosphates, phosphonates, phosphinates,
phosphine oxides, phosphites, phosphonites, phosphinites, and phosphines.

22, The composition according to Claim 20, wherein the oil-soluble,

phosphorus-containing, anti-wear compound is a metal dithiophosphate.

23. The composition according to Claim 22, wherein the metal dithiophosphate
is a zinc dialkyldithiophosphate.

24. The composition according to any one of the preceding claims, further
comprising supplemental antioxidant selected frofn the group consisting of
hindered phenols, hindered bisphenols, sulfurized phenols, sulfurized olefins, alkyl
sulfides, polysulfides, dialkyl dithiocarbamates and phenothiazines.
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SYNERGISTIC LUBRICATING OIL COMPOSITION CONTAINING A
MIXTURE OF A NITRO-SUBSTITUTED DIARYLAMINE AND A

DIARYLAMINE
5
ABSTRACT
Disclosed is a lubricating oil composition containing an oil of lubricating
viscosity and a particularly effective mixture of'a nitro-substituted diphenyiamine
10 and a diaryvlamine which together provide superior oxidation inhibition.

No Figure
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