SYNERG STI C LUBRI CATI NG O L COVPOSI TI ON CONTAI NI NG A

M XTURE OF A BENZJ b] PERHYDROHETEROCYCLI C ARYLAM NE

AND A DI ARYLAM NE FIELD OF THE | NVENTON [ 0001] The

present invention is directed in part to a

| ubricating oil conposition containing an oil of

| ubricating viscosity and a particularly effective

m xture of a benzo[b] perhydroheterocyclic arylam ne

and a diaryl am ne which together provide superior
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[ aryl am ne anti oxi dants are known and have
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stability and/or |ight_i C radation in

numer ous products usé&bﬁgygggﬂﬂggring; for exanpl e,

they can inprove the performance properties in

| ubricants, hydraulic fluids, metal working fluids,
FIEEDCDE T31E pYMENEFEN j ust to nane a few. [0003]
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U.S. Pat. .. 3,655,559 which discloses al kyl ated )
HenshErpechmdnebetersyeliayiapyes and a dipgydgryine speh togethergprovide
di phenyl.am nes, ar henyl napt hyl am nes (such as a
ﬁg{(%ﬁygﬁ és%?}% -%P%rﬁn‘g‘ﬁ& am ne) are disclosed for exanple

in US Pat. Nos. 3,533,992; 3,452,056 and

3,660, 290. [0004] Additionally, alkyl substituted
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as antioxi dants, See for exanple U.%g.) Pat. Nos.
o ek OR®). 3, 362, 929; 4, 692, 258 and 4, 965, 006. .
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[0004} Additionally, alkyl substituted 1,2-dihydroquinoline and polymers thereof,
have been employed as antioxidants, see U.S. Pat. Nos. 3,910,918, While, U.S. Pat.

No. 5,310,491 discloses the reaction product of an alkyl substituted 1,2~

dihydroquinoline with a diarylamine. Tetrahydroquinones and substituted
tetrahydroquinones have .also have also been disclosed as antioxidants, see for
example U.S. Pat. Nos. 2,794,020; 3,362,929; 4,692,258 and 4,965,006. Likewise
decahydroquinolines and substituted decahydroquinolines have been employed as
antioxidants, see U.S. Pat. Nos. 2,998,468 and 4,069,195.



conmpounds functions as deconposer of peroxides and
t he ot her conpound functions as an inhibitor of free
radi cal s. Well known heterosynergi sm has been
di scl osed between sul fur and phosphorous contai ni ng
compounds (such as sul fides, dithiocarbamates,
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| At k@R tafid stitfidi-2d lebter-bletthslSThis conﬁpnseﬁaonnap kls6 ,contam zinc
di esel and marine |lubricants. The lubricating oil

copalditiophesdriashe present invention conprise a
lubricating oil and a synergistic m xture of

antioxi dants, said mxture containing a) fromO0.1 to
10 wei ght percent of a first antioxidant according to

formul a |; >CHR3) n R2 Formula |
SUMMARY OF THE INVE%ITIO )

[0006] The present is directed in part to a lubricating oil composition which

provides improved oxidation stability.  According the compositions of the present
invention have various uses such as lubricants for automotive and truck crankcase
lubricants; as well as transmission lubricants, gear lubricants, hydraulic fluids,
compressor oils, diesel and marine lubricants. The lubricating oil compositions of the
present invention comprise a lubricating oil and a synergistic mixture of antioxidants,
said mixture containingl

a) from 0.1 to 10 weight percent of a first antioxidant according to formula I



wherein R, and R2 are each i ndependently sel ected
fromthe group consisting of hydrogen, alkyl from!l
to 20 carbon atons, -OR -SR and -NRR , where R and
Ware independently hydrogen or alkyl from1l to 6
carbon atons, or Rl and R2 when adjacent to each

other tegether forpa 5 to 6 nenbered alicyclic or
aromat i g%\\ whi Nh\ma be opt ixonally substituted

with 1 org2\al ~ gr QR G av'\ngfroml to 20

carbon atgns; ea¢h R dr ogen gy %Ikyl froml to
6 carbon gatons, ang g i nde enﬁ ntly sel ected
from - CHR en, 7 or N% wherein R4 and

3 'y T
R5 are gJjidependently hydrogen or alkyl fsamdito 6
carbon atons, with the proviso that at |[east one of
whéefit X 1S a heteroatom positioned ortho orpara to

the bridging nitrogen ato d en X or X .are

i Ry Bt BT RGBS GRyrous ST aF ohbydrogen.
REQY sdarh 180 cWBSNaBAR, WBR XSRIand -NRR' R4 R g akhe

ot her may not- be oxygen; and n is an integer from1
tiodependemtly by dfogemp0algy! frem 1Go wesagon giemesentkighd &K, when
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or substituted with one or two al kyl groups each

Réviarhgnfatens;1 to 20 carbon atoms. [0007] Dramatic
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a)X apd X0 apoinaeicntgntiy etacadddiim -OHB:-] ok pgeabsuifur b NRs, wherein

and even npre particul arly frﬁg; bou{ 0,75;1 to abou

e nd Byarq iGacpang crpaiogen Hafia E08ht 19 %oy aompeIth the
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conmponents a) & b), the mxture of these
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th wei gh rcent . Mor.e, prefer he .m xt ure_of
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tReedOtad Wei ght of the conposition. [0008] The
benzofb]perh drohet erocycl e of component a) can
canisailnnt@m%mtl\m%#iéleroatorrs and preferably

tai t i tor - QX% |
7 pBLER BL10 Rl PRE el g AR Ahu R R roff bl formuta
aspect at |east one or X is oxygen

RE——N~-—-RP

wherein R* and R are each independently aryl from 6 to 10 carbon atoms which may
be unsubstituted or substituted with one or two alkyl groups each having from 1 to 20
carbon atoms.

[0007] Dramatic improvement of the combination of component a) and
component b) is demonstrated at ratios of component a) to component b) from about
0.5:1 to about 10:1 and even more particularly from about 0.75:1 to about 5.1. Due to
the dramatic improvement in oxidative stability of the composition afforded by the

mixture of components a) & b), the mixture of these components present in the total



of NR5, with -NH being particularly preferred. The
single nitrogen benzo[b] perhydroheterocycle can be
characteri zed as having bei ng unsubstituted on the
het erocyclic ring but, optionally substituted on the
aryl ring, thus R and R2 are each independently
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cmtrbgfm Eaetimmmlalﬁdrlmrt’éerrqsh thuis diy fhas pspeolias leasromR X g’ 1s oxygen

nt,l t up
RS RGO o By on PR T b bon
B ARS[D ] RLRBdhdteroy fdle Db eHarasdnzed as MaringbXngussubstituted on
i ndependently sel ected from oxygen, _ sul fur aor NR5,
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aromati c ring whi ch may eoptlona
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fron %‘i?ri?f Wﬁg&l bor&gﬁa&%g&gﬁgﬁgﬁﬁc@%&m the 1e group

AHhsiing f r@gdn&ﬂldfailqmﬁbhelwwpmamsﬂoﬁisl ng of al kyl
romlgto}%gicarbon atons, - -SR and -NRR , where

F{Oﬁﬂﬂ Rirayes appihenesnaenii 3pdR @fed@é?penés%mm sejetedy fEnmm pxygen,
pr e@l Iaﬁgs’q[’%gﬁl{ e§%8%‘posgl atfﬂi'i%]'nf% tthe %1336)%\67‘1 gﬁgsanThHS both

cXnhdXncat beoxyaddiot lfmamiﬁhumtmgem her aspect of the
present i nvention f r co |se cOo nent

OBT 8ol ubh the SopmpsacT thieeBis PRERhELih fil s between
ptﬁ@&leééleignﬂ'ahcﬁﬁ R laforiR c)’xlfl%e WSC&MHM of IR Bhpoundis

unsul furi zed or sulfurized oxynol ybdenurn contai ni ng
ochrqotmdno mdien B epd Radrdydjaden) torqagh t)tlwg a@toacuhm forma5to6

SBrBEEd S BB P gl BTG SRRG B2 o groups
Se46E hiiflk @@m 81E20 Bﬁ‘b&ll honRC Ioih@;rusg@,ts @e chidEeaasdot example,
nonoam ne, a phosphoram de, a thi ophosphoram de, a

mmﬁmmlbabedroaen andiRs peeleaied f&ﬂ“&ﬁ@ﬁfﬂp sangishing of alkyl from 1

PR e O 5 RO R A B ERTRRE Rl o
Wraﬂqﬂ el a6 Yattos aboasd, ovithithe Qﬁt@ﬂy aﬁ@ﬂiﬂ@mﬁ@ préfefred.

S[%gfll]m mT(Ijlg composition defined above can contain other additives. Thus another
aspect of the present invention further comprises component c) an oil soluble
molybdenum compound. A particularly preferred oil soluble molybdenum compound
is an unsulfurized or sulfurized oxymolybdenum containing composition prepared by
(i) reacting an acidic molybdenum compound and a basic nitrogen compound selected
from the dispersant group consisting of succinimide, a carboxylic acid amide, a

hydrécarbyl monoamine, a phosphoramide, a thiophosphoramide, a Mannich base, a

4



[0012] The conposition above can further conprise an
oi | -sol ubl e, phosphorus- containing, anti-wear
conmpound sel ected fromthe group consisting of netal
di t hi ophosphat es, phosphorus esters, an ne phosphates
and am ne phosphi nates, sul fur-containing phosphorus

%ﬁgpg{:sﬁ.ﬁt ﬂﬁﬁﬁﬂg HAHSH 2P Gr RHASRAORRIFE &S the Prabaee &h polar
sarrd phosphorus esters are selected fromthe group
qoosbt,itodorof apbogphlabdesum esmed ph oM@t esreferably the basic nitrogen
phosphiﬁates, .hogghine oxi des, phosphites,

FRBYFHY fstae%l,cmgﬁﬂ phinites, and phosphi nes.

Raoidjcul aht YoRp&diss sbveichn Satiebt@upiiasiiDEdisble, phosphorus-
contai ni ng, anti-wear conpound is a netal _

diothainpd eoptvatae competndselediqdcirom the group consisting of metal

di.al kyl di,t hi ophosphat e. 001 i 1]
difitophniinats GAEBRAES Frigh Hhnt plOBREETRRP AR hyBERN s,
BRI e deS6Ris i ho§ Mol detlfrs, RASNHNERDIH 804 pHok fhdhaiSded. Preferred
grap (0] e oxXxtdatiron rtnhrprtron o ne m xture (0]

h of th dat hi bi t f th t g f
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G, shAGHhOE, BAPRRAIERI FREAL Mbslokiee
DEGA iR DERGRIOBFhiEMS. OParTiat KYENEH €N i]-881aB]E, phosphorus-

I nhi bi.tion of free radjcal -nedj.ated oxi dation i S one
SPRRER B GP TR -SRIt I oTR i et s e
%ﬂ%ﬁﬁﬁﬁ%ﬁ?h&?ﬂm%ﬁ commonly used in rubbers, polyners
an [ ubrtca

i lon oils; nanely, since these chem ca
dpetijct s Thayorupodtigoapwiedat cegaindawigeluble désemposer of
aut oxi dati on process. Hydrocarbon oxidation is a
tHFeSt ep process which conprises: initiation,
propagation and term nati on. Oxidative degradation
and the reaction nechani sns are dependent upon the

BREF:PESCRINIION HOEHE. DRAMWENGSur es, operati ng

DE

ﬁ@b‘ﬂi}t | oﬁlf(f}' 1§84 ﬁt%)%tosf tﬁ&&ﬁdﬁﬁ)&hqﬁﬁjﬁitﬁn f?gtfe %}ér’é{tﬂieg ?f component

re‘detal T can found I'n apter
R) bhd esmpdnent BPGRhe bfdsertiistanyioanThd Bohgobb gyrepfesentative of the
Lubricants._ . lnitiation", VCH Publishers, Inc.;
i%@BP&S’r%H’%@P@%ﬁ‘“@? of thePBWOBeR S, its entirety.
Initiation involves the reaction of oxygen or
ni trogen oxi des (NOO on a hydrocarbon nol ecul e.
TAFLEBIDRSCREPTION OF BHEINYEYTION abstracti on of

OB BB 58P SRS D S BT oo
Sedctidhed gl bubvhdieR @h@1condBbil f ised iR@DberH b iydeeré Hel

propagati on stage, hydroperoxides may deconpose, =
dilbrieafion pils;mamelin wince thesp chgpicpmsedistsamay wedara gxidafive

e By I BlolidNRingdrBel ok AL S BkRa6i0n AR step process
which comprises: initiation, propagation and fermination. Oxidative degradation and
the reaction mechanisms are¢ dependent upon the specific hydrocarbons, temperatures,
operating conditions, catalysts such as metals, etc., which more detail can be found m
Chapter 4 of Mortier R.M. et al., 1992, “Chemistry and Technology of Lubricants
Initiation”, VCH Publishers, Inc.; incorporated herein by reference in its entirety.
Initiation involves the reaction of oxygen or nitrogen oxides (NOy) on a hydrocarbon
molecule. Typically, initiation starts by the abstraction of hydrocarbon proton. This

may result in the formation of hydrogen peroxide (HOOH) and radicals such as alkyl
s ,



react with the hydrocarbons to forma variety of
additional radicals and reactive oxygen contai ning
conpounds such as al cohols, al dehydes, ketones and
carboxylic acids; which again can further polynerize

or continue chain propagation. Termnation results
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By ER b TREL BB Pt M IR TR s cn
PEQBIUGES thifHyaFodagtsk to forena edretyvelfldifonal radicals and reactive

di hydr oper oxi des such as di ketones, keto-al dehyde

( ydes y
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| Wp@hihaidn fealle. fraid did sedf@trhiiatiat oftrhdichls ghBy reacting with oxidation
tenperatures, the viscosity of the bul k nedi um

i FERiES®s as a result of the pol ycondesation of the

d !d(ﬁ BFt 1 ORR) unc@4 828R bERIaREP SIS dBodafioRE 8t fefhpeRfures of up to about
primary oxidation phase. Further pol ycondesation and

p 267 primatilyoleadsetacildhydfoperaites iglkypatogédes aglcohols, ketones;

e ) §i | . e o
L R 0 L B AR
| BikBtond€ Resld18a1dads Bydiogaetdied Afd seSoRb e Aahiph¥ W@aipkRures

Is a free-radical chain reaction, it therefore, can 4
béabovm k205 €)etlie seactipie rater 4TF Aicrensehil deavagophigs by dioperoxides

< VD ' dat i.on.i ohi bition. . api o
SRS P e LG PCRONS ol Righr 1 REMA! REFicosity of
NeHeheily lnediunaptivgbams aeesudl cfahe polyoindestivadif del difunctional
scavengi ng. The trapsfer of hydr.gogen fromthe NH )
oPERSFBH PRt lhiTE TigTe RETBEY S5 P s APEDeRayceadesation
I Bad )Ecﬁﬁl@ﬁ%ogq achﬁ)-g%f AL ¥loBTh SO A S8kt iMRHA i ate$ results in
resonance stabilized, thus prevents new chains from

f prodinctg whiclsare ondeuger pelnbbeyin thedyyiduehrbon ahg deropearoich dige
cagn react ﬁ%&h the diarylamno radical to formthe

n ﬁ¥6§§wq- &al, which is also a very potent

! rdmb} t orgindd it Ga8AFHrAS ABRAS 2 MIBMR 1B BadibACIE theBdFore, can be
many tfunctional fluids which have in-turn placed, .
eimpitatidsit re inigiatiom Widot propagaltion $@ps. Thepipdl @glation inhibition by

invention is directed..in rt. t M XL ur f .
cBipatmae e eh: SRS iRl B i yamne, o
efdveiles k4l b&ﬁe@gﬁ%.b @Re trifderd dNMStropenponeht Nt gidip of the
aryl -am no bridged benzo[ b] per hydrohet erocyclic ) .
c empsun dhaparexide rasieals resuljsdp thelonaaap faedipnylamging radical which

stabi lizer. .howevar in 1110 I Ll n .
< sty s P A N el o RN, sy perony
Oxidetal bORydEbRbkilE Yan Byoexgh S diaglaheenradicaligferh ek nitroxy
for combinations of different types of antioxidants

arasisab ayhielyis also a very potent mhibitor.” Increased demands have been placed on

many functional fluids which have in-turn placed emphasis on new inhibitors.

[0018] The present invention is directed in part to a mixture of compounds which
imparts a synergistic antioxidant effect in a hydrocarbon. The first component a) is
aryl-amino bridged benzo[blperhydroheterocyclic compound which alone is
particularly useful as a stabilizer; however in addition with component b) a secondary

aryl amine, the combination has improved oxidation stability. Synergism has been
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het er osynergi sm due to the different nmechani sm of
stabilizer, for exanple a conbination of radical
scavengers and peroxi de deconposers. Additionally, it
has been suggested even within the same cl ass,

- conpounds which act by a different reaction

piEspestad $ordoatbénatiays bﬁ«ﬁﬂfetemt speeofindioxidestslai®,catled

exanpl e conbj nati.on dered ph lics and
R Ry PR G ah I pieat RsSgiano L (or Stdmple a
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m xture o aryl -am no bridged
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Hﬁﬁé&h?ﬂh@ﬁdﬂ&! dh @ BRY REACdip Rerdanhiagd 18 baki ahidiel OFRrets@Ye,

serve as an antioxidant, antiozoant, heat stabilizer

symtrgibmihay hol demansgaied Sirabixture of abgrl-amswdridgapounds
i I an

BreroDilp by Erog SR dhab] Y o SULED ot Tt

Di scl osed are parti cuI arI y suited resonance

stabi|ized inhibitor conpounds according to formula

Bengei blperhydrohgtocypl #y RO, ﬁ%S’PE’OPe‘%KHér ein: R and R2

d
Ridie) o I2CERARRL ¥) 136 bERITPLARGIER AR B BRI ShicRGlone
i3 sarve as Nialtloxmmt eanRozewit, Fﬁeatwtffblhzen dmbehmierﬂﬂét)hght stabilizer

hydr ogen or al k f.ro to 6 car at o r Rt and .
R ke o Rg e SO B g B P TR 4 & gtdantin
ézﬁﬂ%{b’aﬁ 5il BSmpS@ish. ' DRGIok& ﬁ@?@ﬁkﬁﬁrl&@@ﬂ%@es&ab@e §abilized
eredgallcyc lic ring and a 5 to 6 nenbered
aﬁldvrairlcomppmg?ls agpardiigrio serintila Ei ng may be
unsubstituted or substituted with I or 2 alkyl groups
each having from1 to 20 carbon atons; each R3 is
hydrogeRqor al kyl ffroml| to 6 carbon atonms, X and X

gd fromy- CHR4-, oxygen,
sul fur orf er erR R4 d”Rb\, are i ndependently
hydr ogen |t frmltcha\c;;qutorrs with the
provi so t | eaft one of X of 1's a heteroatom
posi ti onc@a{(zﬁ}l 0 or pars he wl dg| ng nitrogen
atom and further provided that when omanmahiaX or X

is -CHR4- then the other may not 7 be oxygen, and
when X or X are nitrogen then R or R2 is not

P oo oo PLERREs SO 0y o008 Bycrogen
RIS Bomediot dedartvtygens, -0, SR and ANRRE wilreR pnéRearced

than sul fur. | nproved
independently hydroggn or aikyl from 1 to 6 carbon atoms, or Ry and Ry when

adjacent to each other together from a 5 to 6 member ring, said ring is selected from a
5 to 6 membered alicyclic ring and a 5 to 6 membered aromatic ring, wherein said
ring may be unsubstituted or substituted with 1 or 2 alkyl groups each having from 1
to 20 carbon atoms; each Rj is hydrogen or alkyl from 1 to 6 carbon atoms, X and X’
are independently selected from ~-CHR4-, oxygen, sulfur or NRs, wherein R and R;
are independently hydrogen or alkyl from 1 to 6 carbon atoms, with the proviso that at
least one of X or X’ is a heteroatom positioned ortho or para to the bridging mitrogen

atom, and further provided that when one of X or X’ is -CHR4- then the other may not
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resonance stabilization may be acconpli shed by
substituents on the rings, thus particularly

preferred groups are el ectron donating groups, nore

so when positioned ortho and para positions to the
bridging nitrogen atom thereby stabilizing this

BELRGoen! a6l Gakn XTdIEU RO RRO I%@ﬁ gfearrglir R, aé ndtda@togNenii is an
and is. -OR, -SR or - with - NRR being = .
prtegeerﬁro@ul t¢ A. Aiwegraris a@pré@t-ﬂ,aﬂvmférr?%hﬁm%m&h S7hagh is more

Hent. on th I I LSy
AR R s oy W B bl o R R fn G SRR
b@bﬁ&c@ rsﬁafnﬁ[ﬁaadn nagéicaccorhplshed By sﬂrseimebﬁfsiameﬂe tiﬁgse iths
above and even nore preferre%8 Ris aIk fro
VARl

paisplesly Pagigrred 0 B agip\y@ g @i‘éﬁﬁo re SohE eg(pqs%noned
SEi6 Ghe ga;ag?&gl&ﬁ% El%tbg{r . cag,ﬁ{m oS 1AGreb RRALARAR this amino

posit ng nitrogen atom are
debctatt Tetefdroypreferablly Rlleast OWR‘; and R, 1s Y ORCHS pr ANRR’ Fifith —

O ST 38 R P BT SOV AISGHS R e qihe st
I bR, Gl o Ber W th EE&%&&?E@&I _DBOLSR AHINRFORAH YNRR?

, when ot her t drogen, are preferably
poiszprefreed;sehaeiaR aind Rexs @eﬁw@ Tiegeip gbe ¥reansyqviss more preferred,

Qsi brl dgi ng nitrogen atom
%O]gf yl?r LE EF“#@?%% aspect, Rt is hydrogen and R2

[3029¢! eCB?dvafyrdImﬂeﬁﬁnglkpwhen Kansdlsdtédig tefthahdtytoafongnhe ortho
1 to 20 carbon atons, . - -SR and -NRR , wh re R and

Rd P@iaeDASHIRERS Of a*eﬁqtthfyb%%%@&?gm atgmarp drpigie peloyy- 6

car bon ons; also preferred in the above, is where

Risgal kyrsfrom1l to 6. Preferably in the above, R2

Rs tiongd in the ortho orpara position to the
brid g ni.irogen atom Al kyl chains have
dem)rf ed inproved gil solubility in the X
resyltirng conpound, the éﬂbe N ai ght and ed 8 Naynl)
cha#% allkyl from3 to 18 on _ﬁ }pHRQn
parti cul Erly preferred V\,h/the d X'

X\ para

( CHRy)
/
XI

ortho

The requirement for the ortho and para position are more prevalent when X is
-CHR- which is a preferred embodiment. Additionally, R; and Ry, when other than
hydrogen, are preferably positioned so that at least one is in thé ortho or para posiﬁon
to the bridging nitrogen atom.
[0021] In one preferred aspect, R, is hydrogen and R; 1s selected from the group
consisting of alkyl from 1 to 20 carbon atoms, -OR, -SR and -NRR', where R and R’
are independently hydrogen or alkyl from 1 to 6 carbon atoms; also preferred in the
above, is where R is alkyl from 1 to 6. Preferably in the above, R; is positioned in the
ortho or para position to the bridging nitro geri atom. Alkyl chains have demonstrated
improved oil solubility in the resulting compound, therefore siraight and branched

8



are enployed in lubricating oil conpositions.

Ni trogen and oxygen heterocycl es have denonstrated

robust properties and thus, preferably at |east one X

or X contains a nitrogen or oxygen atom wth

nitrogen being particularly preferred, with single

hdi aRMARIRAE fRERHRA MEfdn the compounds
F%%%%W%a%m%@%%?%gﬁgd \a@peqt,’@&? and R2 are pots
escimployeipenaentaliyg o8 cempesitionss dhirpgan apndouygen beterocycles have

GRS el Bt b b B PO PR er s T
AltRIFen 3P Sx RenlaforR Wit GRMDO bahK partithleny prdferdl, wiarhHate
atoms. In another aspect, when R and R2 are | ocated
olireasit abenhetepepelas evenamy e PRIFEMY R2 t oget her can

f a5 to . LGycl] ' ' ,
R e e P e B e
Eoley the PrQRSnERGAg BBk VIgdoh 0o 20 chrboR Btoas HOR, -SRomel,-NRR|,
preferably alkyl from3 to 18 ca&bo t ons.

Rtk AppIYy o d8(6 Cagie oret a0k N dg AP oF Ayl g to 6
%rb?ﬁ( ¥Q§%. 4h gﬂﬁth\éf ésg & LhGQeRN e RRAld O Afdc¥nt carbon
preferred, with sin fe nitrogen atom heterocycles
atofrs, Rpaed Bs efgethree dan {od 23] tol (nokbenad aligyclic or aromatic ring

particul arl referred conpoun ar epi ct ed when at

P i i e B e of SuGSIBE] R 125 2 1S 2By ittty from
Q%Y 96 RaABH 2R pPEFEAb IR 852 Fofl3 51 3\eborPdtomk S REfer@bl at least
X and X' is nitrogen. These nitrogen containing

oee Kyardhenirimcy it gec onproaeel story avithyrgegen hetg nracalarly

accordj ng.,t o fornul G '

BETrad, M rdi? et o RAGELYASTREELIN Yefored, |
{[WM' a 18 formiNa 1GHBularhynprefi2rell @62Dhuridls aFodepidted When at least
0026] wherein R, R2, . R3, R5, X and n, are defined
pBe & Mdb G Eclegipd IFornRItrogeRY XYL ER Ry profirred 1s when at
Neb{ R ahd 0k BRE iRkt o Eidintnd pAR AR Glle
cGinPdundshenfurRheadefined aaccedingto forsbxdy| . As st at ed

above, al kyl substituents have been enpl oyed t
THBAD, o rcborganedimar P al BaPeq Br A4 P et e
Whehud here is greater than two heteroatons in the
conpound. Preferably, if the conpound is to contain

al kyl gr s, the abHkyl groups are characterized in
regard wt ~Jhassprefemably at | east one R

h

and R2 arefjal’kyl J9
| (/CHRg)n
/ s N
Ry |
[0025] Rs Formula II

[0626] wherein R;, Ry, R, Rs, X and n, are defined herein above, with the
proviso the heterocyclic nitrogen is positioned ortho or para to the bridging nitrogen
atom and further providing that when X is -CHRy- then R and Ry are not hydroxyl.
As stated above, alkyl substituents have been employed to improve oil solubility and
are particularly useful when there is greater than two heteroatoms in the compound.
Preferably, if the compound is to contain alkyl groups, the alkyl groups are
characterized in regard with Ry or R;. Thus preferably at least one R; and R; are alkyl
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from1l to 20 carbon atons, or -OR, -SR and -NRR ,
where Ris alkyl from1l to 6 <carbon atons and R is
defi ned above. Additionally, R and R2 when adjacent
to each other together can forma 5 to 6 nenbered
alicyclic or aromatic ring which is substituted with

ko 1 % @é Eafborgéﬁﬁﬁsoﬁ@b BRUNAINRRO Y Herd R i2 BIKSGBEBRN to 6

atons. Even m)re@pre erred is that R3 and R4 are

hrtipo gems a{rﬂ(?z Tddrediabara rA?dl‘p@@?fﬂé’s Reénd:&m’@@ﬂ ddjaernt to each
IaII d when t.o two, . Even

HOEE Rt LG MR R et iR R phE

bﬁ)sﬁ%ﬁﬁ ﬂ%rthﬁrgrd@s%cM higng frbfop®0 Griedd cmed Even

at the 6 or position. [0028] In fornula I, when n =

morw@ffzrmqlpmhm&@aﬁ%@r%ﬁr%&e@d by formula la RH

ﬁb\ZTEaChIL II‘B‘?P a&g ?%rP%/H (g)él}l E] Qg&} omt lglag—:.r% ct@c@@hﬁgn is

eQns kS twd) gE*EEfn hydraglened atddiie te‘tnahydrb -duina2ides; ahll[szl is -CHR4-
atons, -OR -SR .and -NRR , hé?\f/ilnere nd R are
_%%M@H}%@WHPE%W agfpc Fhefér?f ROS{t9%% car bon

'Ir% Bmﬁ’lﬁfjl Rden then, tﬁgb&ﬁﬁ&hd"s Qar?@&ﬁ‘e;%t@&f)y formula Ia
oge her orm a or 6 menbered alicylic or aromatic
ring which may be unsubstituted or substituted wth
1 or 2 gl kyI groups each having from 1 to 20 carbon
at ons; _ dr ogen or aI kyl froml to 6 carbon
at ons; X' ,\ ‘ or -N(al k)- where
al k is al

.proviso [that the X heter oat om i s /posi B3 oned ort ho
orpara to I dgi e tom X sel ected
from -

‘oxygen, ' 5, mhe Fﬁ and R5
are in pendently hydrogen or al kyl

gﬁh‘@ PN Al REBin: W bhd RO GrdwaeN iR &ﬂ&htly\’ﬂﬁ&té@ Fremaxy gffp

I's oxygen, sulfur or 5. Particularly suited
ﬁmﬂ@loﬁ Qydeoghydiloh dioar by L carbam ptetrise IR, rrSRLﬁmé -NRR!, where

tut ﬁg %gﬁ%&%%hét u%%ﬂig/l%‘o%l dihydresin o%sebr R; and R;

' %ﬁh%ﬂ Qﬁﬁb!éﬁt% BRNZAhGA 8@ Soini & I5uticRBerabde¥d alddVdic or aromatic ring
di al kyl ‘substituted di hydro-benzoi mi dazol es,

 whad thyyiboubmhsdoiedoir substitged miidr 62 dleyl spuissaeh bavmg from

D328 toRhall Ry pgBEER BT IRETLY 6 o aioms: X is oxeen

Baifiir] QUIitast W (ke wherbatiek alkyt fom T td’t’gSarszIEatoﬁslvﬁﬁi the proviso
from substituted and unsubstituted heter ocyclic rings
s BiesX halgrasfomn heposifiangg ortho or para to the bridgiig nitrogen atom; X is

%el%ct%d ﬁ- {“:Id}f%% d&g%?f}fgs)%i S‘r NRg,, wherein Ra and Rs are independently
hydrogen or alkyl from 110 6 carbon atoms with the proviso that when X is oxygen
then X’ is oxygen, sulfur or NR;s. Particularly suited fused ring pethydroheterocylic
~ moieties include substituted and unsubstituted: 2,3-dihydro-indole, 2,3~dihydro-~
benzo[b]thiophene, 2,3-dihydro-benzoimidazole including alkyl and dialkyl
substituted dihydro-benzoimidazoles, 2,3dihydro-benzooxaole, 2,3-dihydro-
benzothiazole, benzo[1,3]dithiole, benzo[1,3]oxathiole and benzo[1,3]dioxole.
[0030] In formula I, when n = 2, particularly useful heterocyclic rings are
selected from substituted and unsubstituted heterocyclic rings consisting of the

group:1,2,3,4-tetrahydroquinoline; 1,2,3 4-tetrahydroginoxaline; 3,4-dihydro-2H-
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0 benzo[ 1, 4]t hi azi ne;
, 4- di hydr o- 2H benzo[ 1, 4] oxazi ne; thlochronan
, 3-di hydro- benzo[ 1, 4] dithiine;
3-di hydr o- benzo[ 1, 4] oxat hi i ne;
3-di hydr o- benzo[ 1, 4] di oxi ne and chroman. [0031]
Qv%%oﬁoﬁgﬁwgé 30f. di‘h%m&ﬂblenﬁf[@ 4@&@@%&5@@@@2 Bldihydro-
oyed in a’ lubricating compositi

saapll,Aldityind &, e dipdrortngs] 14dexauigmer 2;&;4%659 bgpgol bft]dioxine
| ubricating viscosity. The concentration of the

YM&of formula | in the lubricating conposition
@E yar YrHeR&HIuNG SHBANLIAE af St CiBNtistful when employed ina
applications and degree of synergy desired L
weﬁ@rmmwm@mn@mgt%cq%&%.%ﬁomaﬂsplr%{H F%é?il of

nzo perl1 dr inl the
e e N S
ﬁ!%h*c&xrlgeé’onmdsiﬂdﬁl’tah va30ipofdipganpe the requitcinicots, z(pphgatlons and

0.1to 2.0 wm,% _based on {he t t al q tical
fedses @%mnﬁ@ycgeplr% ﬁxbégretf?ra empl lgp%tﬁ\gghﬁg]ﬂgen 1011 a prac ical
Be&]%ﬁghér?g&%n?eﬂeﬁ)gg&%}la%ﬁe R rl@g&ﬁ%@ﬁbh&tﬁ@rcom osmon is

nore preferably” from about 2,000 .
ﬁﬁnﬁaﬁa»ﬁﬂl,ppﬁphxys peingifiion @QQIQQIOWﬁEBLmﬁWB{@e%ﬂ t@,)l 0 wt %)

0032] Th |
g?ﬁeﬂ&]%. ]&%ﬁ'{t q&é}g ﬁ‘fﬂl}l@n amonl: ec g}ﬁ@’ ﬂé F%ﬁ?f am ne
Sﬁﬁdeﬁﬁﬁtﬂﬁﬂ% flotn @, ’0@0 of 10,080 patspek ﬁnﬂi@n{pﬂbﬂﬁ arfdomore preferably

erein Ra and Rb each I ndependently represent a
Sobsttont 280 tr 8,008 pbettivtweigkt- aryl group having from
C6 to C30 carbon atons, preferably Ra and Rb are each
i ndependent |y aryl from6 to 10 carbon atoms which

MBMyReniHO S ebmbbhdri 8t or substituted with one or two
al kyl groups each having from Ih{ﬂg0 20 car

[00928] *| Thepeiary dinsylomiiss o v %@twﬁgﬁaﬁm crably, the
aﬁ:(‘l?g?érgsdlﬁpﬁlerﬁll{% %ﬁ&n@%%@ GRIRIBrm @k REPIH-SRE Ryltsein R* and

1to 20 carbon atoms. The aryl
ROieatH mﬁe;asrnﬁentm &bmsahla;subﬂbsnﬂd U umbetrtut@dmﬂﬁ¢ma§wg from

phen or, substitut sl it n
e Leuiapiahare e 6R BULR §F ctrietdpReHb Ay om 6 to 10
?@%oﬁ URAd WA hayd Herhnsﬁﬂadﬁxﬂted §1U§ibst&?t&tedﬁﬁtm»el orgw4 alkyl groups
carbon atons. [0034] The aliphatic hydrocarbon

raitehayingvfripmhl todd dagbapfatams.o 20 carbon atonms, can

6 e Pt R ot B REE 0 iRl bydrocarbon
UhRh s amyﬂépgw Bl ¢C Iftazmcarbm atemrrmeearylrmoiwés are

ethyl’, propyl, butyl, ent hexyl hept oct

movgiablytrabgiiutod vl apgbsti PY qrshigyipd o %/ wispby 6%‘?1‘1

e ﬁi&tgglgy%tm E§§ Q’ﬁ‘%?%/&}? SeRLRdEGRY 'arr% i AR & sub@i 8l with

and 1sorers and m xtures
tallgf,&0th as one having 4 to 18 carbon atoms.

[0034] The aliphatic hydrocarbon moiety, which can be of 1 to 20 carbon atoms,

1
3
2
2
2,

can have either a straight chain or a branched chain, which may be a fully saturated or
a partially unsaturated hydrocarbon chain; for example, methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl, oleyl, nonadecyl, and the like, and

isomers and mixtures thereof.
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11 [00351 Preferably either Ra and/or e contain
substituted aryl groups. These secondary

di aryl am nes nmay be unsubstitited or substituted at
one or both rings with alkyl groups, preferably
strai ght and branched al kyl groups from4 to 12

ot rmg” ﬁ&f&%ﬂ ORAE P %% wantémtsqb&useaagn BB These

nly m Kt ur at ed di phenyl am™es are
picopdurgdisylemins ma‘}dle lptselpmmtw dyysubsgiiutei mgone or both rings with

di pheny! . 2.4 A
kT S Petrrab et i ErmRe it b BERHRY gpdi gy carbon
ﬁisnmtoﬁe @fe%ﬁﬁ{r 8 t6 Olca®ba RIS, NOsHHRhBAMHitRle by AR e

I s{ 4- nony phenyl)am ne) or octyl ated-butyl at ed
d:pphxadgmuamremenamhra@ thag preppredibygeesing diphentsianiing with

Pkl B8 PSRt A Sl p R R iy lghain o

prepieSor B@hﬁ)l@h@ﬁ)ﬂﬁta@ Hkpheﬁyhﬁﬁﬁle@ts%ndﬁ[ﬁﬁhdﬁ@l:} amlrey br
groups derived fromoljgoners of C3 or C4 ol efins.
-W%la&i byjylatsd diphsmylaningf erred to here incl ude

d%o@u BhEePer AR dx3abe p’ﬂoﬁﬂrﬁ in bQéEQf‘lg these

pr opy%ene I'SO ty ene are preferable for
@gpcﬁi' 183l alibyl Igkdups afe praferably Oxidhiramiied aikgligroups) nhars preferably

thosCas DB Y LGB TR S BE AIESIRHS RO G B7ms: The C:
gie@; YRAnL FARQ BRAYInERAe dep'?%e AbuRh&nchadhdadiasotutylene,

group derived froman iIsobutylene trimer, a branched
dmdﬁg ydhwtgrropqdemtemd\nembmtylm are prafprpblerfer gt sibilityrof gheir

wAterofet pres b Sty Raf Giar ot o3 Bl Ry &l om on
&%ﬁ meﬁbxaﬁlskancﬁm S %E)s m@ﬁw@ﬂaﬂnraypr@p en@itra;héfy:h

di phenyl am hnes and N-p-a henf/ - a- napht
brandles] dadegyitpoup doivee fiebmin Fobrty ep@!ﬂ“éefp ﬂb@%@h@d frgtecyl

N s

ﬁloﬁf A Erop?iehg PO A k@aﬁﬁﬁﬂﬂ@@%@feﬁﬂbw $The awbsnientby sassedary diaryl
riedel-Crafts catal yst. Exanples of the

B?mr@d @nd gmaw@rmpaﬂgaﬁwl gibendearingsamdily- fé@@ﬁhwl-a-naphthyl
S Y B0 g €D B0l ) sl by

I‘Hﬁ@ﬁ@@ﬁfekﬁa@tmﬂme wittos@hgalkgl Hpdide,axCdmlefmroon C,6 olefin
fluoride, acidic clay and active.c

hm%w% secRRHY dLarilanRe BYASS of 4 h@g%l-graﬁ%@éaﬂst Examples of
Eféaﬂ?édgf CFJﬁs%%@SQE etrﬂaaﬁﬁi%ﬁ&dﬁfcﬁ 2 b RmhaM Reside Nake chloride

are use practice of the present Invention
't irod ehlodidghad ykritd afaealystsmmhlalsyhﬁmwacmghIhWMaanle

di al kyl at ed dj phenyl trialkylate .
Hh‘b%’@ﬂgﬂs é’ﬁ{lﬁﬁ’éldgolimrﬁﬁl %{Jalll & aClldHJe(}l%%?I’l({ ?.Fglﬁs clay, Other alkylation
gd ligohme, nono- and/ or

oct I phenyl am ne, nono- and/ or
0037 ny | Exqmﬂz;ﬂpqxdﬁéammeaf thehemagndaay glaaylamptes At are yseful in the
gracuXe OP t%e present invention include: diphenylamine, monoalkylated
diphenylamine, dialkylated diphenylamine, trialkylated diphenylamine, or mixtures
thereof, mono- and/or di-butyldiphenylamine, mono- and/or di-octyldiphenylamine,
mono- and/or di-nonyldiphenylamine, phenyl-alpha-naphthylamine, phenyl-beta-
naphthylamine, diheptyldiphenylamine, t-octylated N-phenyl-1-naphthylamine,
mixtures of mono- and dialkylated t-butyl-t-octyldiphenylamine.
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napht hyl am ne, di heptyl di phenyl am ne, t-octyl ated

N- phenyl - | - napht hyl am ne, m xtures of nobno- and

di al kyl ated t-butyl-t-octyl di phenylam ne. 12 [0038]

Exanpl es of commerci al diarylam nes include, for

exanpl e, 1 RGANOX LO6, | RGANOX L57 and | RGANOX L67

{@3&0 b SRAEE 8t dom e 8ahTamit¥AWGAlddBRAMBnple, IRGANOX
LUBE 438, NAUGALUBE 438R, NAUGALUBE 438L, .

RAGERBRO500,5 7 NaUBEUBIO 6 467 fumuGhauBecisly Chapcals;

LA G O P 53 L Bn T e

33128, NSOR TEBESRS XM.UGRODRETE(, SIA03A9, UBIOCERIahE
3190X40, GOCDRI TE 3191 and GOODRI TE 3192 from BF
i oy Cramenipe Slogrorajg GEIOPREE Y, GEgODRITE

DHIICAED Bpdbh ,

: 2 U :
S0y AR BT E A BRI AR VRO oo PRI
B190/20] FOODRITE 318034 0,M6O0DRIBE]3 1 Thend &ii@RRIBE 3692 from BY
of the secondary di ] ' I ' i ng,

&ongteh SreoararRicq s Aot CoBony S REIER NA AN BE
M,l@ﬂﬁg%?bggﬁvgwm Qf_FPS YUY BEESH, NeANL UBER1,
pref'erred enbodi ment of the invention, a practica
SEENhUBE/848 mat YA UBE$<8 fraamBeTi Wandeebiltybamnpsayilng

sition is fraomabhout 1,000 parts r. 1L Lon to
IIB00 bt sompert o seronare by gnB i g bt ltink
QBmpb&tibPE A varpidepindalg upohehd reqnireatitfpplitations and degree of
conposition, preferably the concentration is from

syE0gy desired, Dorprefrared smpedingint pf B IRyspHpn.cmpragifagsecondary
ferably f : . 000. :
SN Nl Lo AR 20000 o s 00 LRI oy b atsper

2 0 ant1 oxi dant® 1 n
tfiHidntb R0@BLIpags panmilEd (ien).1 to| Q@i %o) basedfon! ths wtdl vamght of
1,000 ppmhave litt|le or mnimal effectivengss
mﬁgatlngmn%waw@éﬁm@ﬁg% BTGP A g 1,000 to 10,000
ggﬁ§{3‘@rl rh]%ﬂl&{)ﬁggﬁﬁ QRA &8 brefEa Bl F AP bou P00 81060 ppm by

nount of conpo d b) in the

ent a) and cofrponent [
hdiglitcat i ng oil conposition is from about 0.1 to 2

% and_.mr r ef. er abl rr.gm about 0.5 t.o about 2 wt ..
$hosth 20 nRRran W R o e RE Rty s P R H sBPpsition,
CRRRAR o RR\s tHah 1,00 Jpdbhieaitilogr MiieabéftaclyOR4d lvhihes
l'ubri cant conpositions of this invention include a
qupwiticadyeenthaf SGAGR ppwiare gameraliy/miot aganawical Susterabyy the total

B O d.h in_i.s. i .a- . Qr-
S R I LW RO S o
tab&dt 0. 512 Rt ur &l Byreprefch@e frofbabd {5 ts alout @ wite based upon

same specifications g_i ndependent. of feed source or
the total weight of the lubricating oil composition.

(il of Lubricating Viscosity

[0041] The lubricant compositions of this invention include a major amount of base
oil of lubricating viscosity. Base Oil as used herein is defined as a base stock or blend
of base stocks which is a lubricant component that is produced by a single
manufacturer to the same specifications (independent of feed source or
manufacturer’s location): that meets the same manufacturer’s specification; and that is
identified by a unique formula, product identification number, or both. Base stocks

may be manufactured using a variety of different processes including but not limited
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manuf acturer's |l ocation): that neets the sane

manuf acturer's specification; and that is identified

by a uni que formula, product identification nunber,

or both. Base stocks may be nmanufactured using a

variety of different processes including but not

h gbﬁﬁﬁzonlgbﬁfﬁt leifihg, ?Hﬂo%@n pRERIRL oli®inhdHAA8on, esterification,
rogen processing, i gOmeri zation, esterification,

amﬂrelrﬁreﬁg chrgﬁneRéMerﬁh shall betsulstangially frep &om materials introduced

A Bt SRR o Prar ot 501 ani opeo! Bt Hvenion

ﬁﬁﬁ’%e%&r n@furdl Bh' SyntAMR TubAdatinEBYsds1 ﬂﬁbﬁoﬁ@i&ﬁ[@ﬂax@f those having
synthetic lubricating base oll fraction particul arl

taﬂmmldﬁlawmgswyaaﬂwﬂ draereContigeasis (Cy and abayt Sgaptigees Xesy to
Cglg]l}tl é%fga gﬁ%oap gt 3 2B &M ]'_?Sctsgﬁﬁocre %?%%Qa;{)ifabout 9 ¢St to

out er a about 16 ¢S
abda llSrch ei}a!bd)c;aﬂabmgm&ﬁnc 8ils oy iradolet fot BxaBple, oils prepared

oG PeBEEALAT S EIEne 5 Py AU FRERGH o PAPhg1 BRE,
Syn arBQxll Xﬁ'ltlﬁ’ég AQlr6ddanrn ﬁ@@arb%ﬁ nfldh%mderé}ﬁg ﬁl?@ﬂg@ﬁ’ @ases such as

esi s ‘procedures usi ng carbon nonoxi de and
by dFsherTasdsprocesh Aprefemedbase sﬁe&on'ﬁtbﬁsmmmmmb%b if any,

A db I i f
by TRty £ B i QU S et ondt e GR20 gy«
QO@F%%%%(9f viscosity 20 cSt or higher at 100 degrees

2] The base oil maybe derived fromnatura
[@0e2] c sEherbgsodil maydenietived ﬁomlnamraldquagng pils, synthetic

- BRESEph T B8 MBI RaR I ERe SRG R cbtaineaty

¢ chesizAGdn dﬁﬁnth@ﬁc wak |an@§1a€1{'/ 0,08k aedak hybaseackhte®se stocks
produced b dr ocr acki nt%ﬁ rat her t han sal vent

- exaduged bm@ydr@%‘eclamﬁﬂmet P aclyetExtraimg) Bifetpmals andpolar

gé‘%{g ernl’? ofttﬁg crilgg %ﬁﬁa?fe b%g% dlﬂgﬁgé §§<$I al dﬁﬁ @%ones L H,
Pabiv gat Vap ddHe, in RIPubtitdtioan, SOSAManﬂmh Adamiamore r

1998. Saturates |evels and Vviscosity indices f
Ereotipbar, 1998. Snrates leyls @%Ylﬁ%osﬂm@lq%&r@érqua Tyl gpg T base oils
e I
TR REREL TSPV PR of R i R A O) Ry s
,Ioﬂs ﬁicdmje all,othdr batd di]s mt inclodedlin boughl, th)r IVI ,Although Group
e oi|s are_pr rred far.use.in
0 B D Secpals g PR 1 dn 15 S thede Bredipmdpoe ofl
33% . & 8E@rdup 1) I, 111, 1V, ankl W BAE stock
%ﬁ/ as:eg% ?%%%y%ﬁggggnglofgm TABL% g ‘Sat ur at eag SLOSEs
Sub#saroiland Vi scosity Index of Goup I, Il and Il
Base Stocks G oup Saturates_Viscosity (As
determ ned by ASTM D | ndex

TABLE 1
Saturates, Sulfur and Viscosity Index of Group I, II and I1I Base Stocks

Group Saturates Viscosity
(As determined by ASTM D Index
2007y (As determined
Sulfur by
* (As determined by ASTM D ASTM D
2270) 4294, ASTM
D 4297 or
ASTM D
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2007) (As determned Sulfur by (As determ ned by
ASTM D ASTM D 2270) 4294, ASTM D 4297 or ASTM D 14
3120) Less than 90 % saturates G eater than or
and/or Geater than to 0.03 %equal to 80 and sulfur
| ess than 120 Il Geater than or equal to 90 %

G ouer tram or sarurares and Tess Than or )/agpl to

Greater than ]bel‘SSt ater than of
satiur at es anoanfﬂé)§ rfﬂgﬁt%g? tlo 120 eq oe Itoglozgnd
0. 03% sul fur T#f@ﬂ Nat ural | ubrl cati ng oi I

i ncll ude__ani nal 0|Is veget abl e ojlis. (e g

86and—equal "/sﬁ z{t%’ Fess than “I2QELikr than or

. a,peseed_—-
oi Ils, castor Gichter grg oranealés PY % pet r ol eum dteater than or |
mineral oi | s,saamatcpaddslessidrioed friom coal oreqg#dldh 80 and
[ 0044] Synt heatqiual 0i(.@3 Mesplfuncl ude |hydr ocar bdessdhdrs120
and hal o-substituted hydrocarbon joils such as

1

POl yneriZzed afflalditifth di’%hb{aﬂ% bgegl ol efins, Greater than or
al kyl benzenesg, . .pal ypheihan ol kyljat ed di ph%ﬁhltg 120

et hers, al kyl aqthlg Qj@/eg 5mSU| fides, as well as their
derj vati ves, ogues and honol ogues thereof, and
thel | i ke Synt heti et ubricat+ng—oris—atso-i-netute

al kyl ene OXIde pol ymers, interpolynmers, copolyners

ﬂ(ﬁﬂl 2er WAt ¥BRicafidiesif0hay BRI Anine olle vEsa@ble oils

xyl groups have been nodified by esterification,
@ be rapfemdtmbmas@r oils publardeills petralpiTa ogp.4Bwe oils, and oils
ynt |c I ?@g ng oils conprises the esters of
drey with a variety of al cohols. Esters

#‘@(ﬁﬁ &%t@é%?ﬂmm@ @ugae h;lairﬁéhrbﬁgd)lﬂm@dtﬂausmblﬁaﬂmed
e
50 R L L, SNBSS 830 o
*d@ﬁeatﬁleb Sma{o@ﬁéﬁdnd?ﬂdmai@gueb dseebfpiddsth¢ ke B yathetin dubricating oils
glsloylgglﬁllé alk)el?ene):/ g)ruye polygqergl ?rlltle(r%)c()}/yrﬁers copolymers and derivatives
thereof wherein the terminal hydroxyl groups have been modified by esterification,
etherification, etc. Another suitable class of synthetic lubricating oils comprises the
esters of dicarboxylic acids with a variety of alcohols. Esters useful as synthetic oils
also include those made from C5 to C1» monocarboxylic acids and polyols and polyol
ethers. Tri-alkyl phosphate ester oils such as those exemplified by tri-n-butyl
phosphate and tri-iso-butyl phosphate are also suitable for use as base oils.

[0045) Silicon-based oils (such as the polyakyl-, polyaryl-, polyalkoxy-, or
polyaryloxy-siloxane oils and silicate oils) comprise another useful class of synthetic
lubricating oils. Other synthetic lubricating oils include liquid esters of phosphorus-
containing acids, polymeric tetrahydrofurans, polyalphaolefins, and the like.

[0046] The base oil may be derived from unrefined, refined, rerefined oils, or
mixtures thereof. Unrefined oils are obtained directly from a natural source or
synthetic source (e.g., coal, shale, or tar sand bitumen) without further purification or
treatment. Examples of unrefined oils include a shale oil obtained directly from a

retorting operation, a petroleum oil obtained directly from distillation, or an ester oil
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pol yaryl oxy-sil oxane oils and silicate oils) conprise
anot her useful class of synthetic |lubricating oils.

QO her synthetic lubricating oils include liquid

esters of phosphorus- containing acids, polyneric

t et rahydr of urans, pol yal phaol efins, and the |ike.
b0QAe dFe&1PRs® i dsteifiyittordrbieseeatis oftwhith efdyrteh be used
refined, rerefined oils, or mxtur t here

el HEHETGrIm e tcR ele B dr et o e Al R———
fe?ﬁl 8 %119[‘1 veideh tclﬂeﬁ 112915’6! SEmb R Frific&RH stepidhiBproE one or

Sahd bl uiven out further purification or
trioe@prep Blttl.BS quableqmnﬁf:atwmecbhm@cbs ondlgdei digtlllatien,chyshesirasking,

oi | obtai ned di.rect froma retortin per at |
 Bidrobrutia St apen A, HSHRE b PRRTER B o], ana
gé}cgﬁﬁ?ﬁ A df wiieh RUAbRE% ﬂ‘lo%@ %llh‘d fr @BwA nRereﬁned oils are

sterifi'cation process, each whi ch may the

be
ustethed hiyttheating fsedtdilenn prosaismaﬁtmlaR@f thegedised t()sObéiué the refined
gilsfm }%éq/rtéerégtgxgﬁ oulgréug{agn oI atcé rgégﬁped or *}%} cf‘ers dtcﬁﬁdand often.

or nore

#iceRitloRall FPFRYBOBE té%hmq[f@sf E)r peapel bf gent Mditablagd oil
purification techniques include distillation,

byﬂk@@mmpkﬂnqs hydrotreatlng, dewaxi ng, sol vent

trac ci.d e
Dl 30 Rn i ChomiRe b8k aion gty g fed
EfthdrR®mdr in BahBhbietwith kise Ao@said b edd/by syotiesicibage oil.
used oils in processes simlar to

t hose use 0 .
Shetawax iseanerate pHagprognged by the SRdipEpPRETiEEPn %Flgtuaarl gt synthetic
V3% SRuMAs HeERE LR bk ERLOGRaTEdagLy S and of L en

|ona proces techni ques tor renoval
"pdo4spernt 1sqﬂéiﬂefrb& esusendngbt ambumia)lf tesernipindlkiibcating oil of this

[0047] Base.oil deriyved from dr.oi soner i ﬁetl 0(9
HTVERHRn- hjRaiAT SEoyat ofhage oil g iR RRCSRPTe of more.
Pér%et h t%fﬁbs& ke c@fﬂﬁh@é@édﬁt RetHI Alto @B&Ut@'? wi. % of at least
[

ase ol I. Such wax i|somerate oil is
pne)dﬂGadlpHy hendHydrasé eid wepicfereblyrgresteribanabant # wt. % to about

ntheti c . waxes r m x eof .over

B o el ceav 1y OF ind (EhER {OFRlorf prsfigpply goout 60
LR %%8 aBollBI70kt. 3Bl ofRATRGRUp 1, IT bheTV Bidel iR When wt. %
oil of this invention. A major anmount of base oil as

daaiaed ddrefre s mefemgrtp sasoad the lubmisasingpblunless pherwise ed

i{ f base
A)%o?w%etprlseas &gﬁ&emge t @t‘?ﬁ'ﬁtmﬁ}m infaﬁ’ dofh p?%gla‘ﬁ amount
Bﬁﬁ@se%l' they copiises alduy 89 we.dhas abchﬁ 95 aloUtofFhe lubncz%ntgmﬂ

about 97 wt. % of at |east one of Goup 11,111 and
IV base oil or nore preferably about 60 wt. %to

FPShuBt ol Chpbagst 0bploue 11, 111 and

I{ﬁfd@l} ri nQiltsoluble m%ybﬂe:ﬁxkreoquimur)daammglombﬁenumhfe@ﬁu complexes

Sinet S ppectiled) A TR bl et e el
kﬁ FtC% TRR SES I%P‘NB 68206 (IRuAe,aROUc195ur¥d of WAISH is hereby

ficating oil
incorporated by reference and which are particularly preferred. Other representative

of the molybdenum compounds which can be used in this invention include: glycol
molybdate complexes as described by Price et al. in U.S. Pat. No. 3,285,942;
overbased alkali metal and alkaline earth metal sulfonates, phenates and salicylate

compositions containing molybdenum such as those disclosed and claimed by Hunt et
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Q1 Sol uble Ml ybdenum Conpound - conponent c) [0049]

G| sol ubl e nol ybdenum conpounds and

nol ybdenuni sul fur conpl exes are known in the art and

are described, for exanple, in U S. Pat. No.

4,263,152 to King et al., and U. S. Pat. No.

B1196258P8. N8, Rubess5t:Neobemhasitngsietss pabpaedil bsreaaigyfatty

I ncorporated by reference and which are partlcularl¥.
pilef dicthetolaBitremdrappbddenua parace of desprebagddtRessuehal in U.S.

' ch b : hA .

PR R B S P fel Bl QAR Mg cqmplo of

BfdaGR Bliddlsuch Bs MoHbdBaim ciftaindZémidds peperctd dsed fatty acids

al'kali nmetal and al kaline earth netal sulfonate

b Ard2-emingrthd lmiagsthane! ag dessaled Pokared &hﬁaﬁ-rﬂahg%-' 5,137,647
b il Gb al ARG 1)-2-

P o LR Shikafityg A e RROREE (AN LG ANIRRO 2,

ok EeSupstaprd &y afutty eactie dgrived Gomyfattypil or g fatty acid;

di et hanol anj ne and a ,nol ybden source a .descra?ed ated

BYCrResE APl bdgnu M cqmdexesLgnarqd{ron apgEe JAmTCS, gl

%ﬂm&r@?g{iné’ g%kﬁpélggﬁ 28R TBBPLY bran eMIGATRE ePatoRo. 5,143,633;

organ as nol ybdenum cont ai ni ng ) .
e gripnemaisnpsubptnea-moytrd érz 3,§-ddeiagzcloalkenes as described by Karol

2-(2-am noet_hyl.) am noget hanal ..as Ccri Dy | '

G 55 B M g 2 ARl R Rt RY nfofftlont
COHRPOMM Df BN 8 drd dodithdrelally by silably/idiyitud@but, are not limited
i mdazoline substituted by a fatty residue deriv

2 @ﬁ?{ﬁl@tlw}be@? TOGsupaliediby {fieaesali Degkadr pmod Kot Jsgg% JAan, 2
SIS P25 A B T A o

ﬁcb,i df Gﬂe&ladrﬁat)lhldglgx. m&ygé&uﬁ_ﬁﬁbthyﬁwletaﬂﬁce moalyladenum octoate
substi t ut ed- no ena- 3, 3-di oxacycl.oal kanes. as .
semlien e oy REF BT Chepieg] Sopiey bR it Oy a mggpdenum 2-

?gﬁig%é&%gpsa‘i% ?\ﬁ?ﬁ(gm@% RS e9pHeabl & R WRdeAYUM Company, Inc., of

( above are comercially avail able and
NocwaliteCbui., 2 suléimat! phsphoay-freentgSmiurlabdanyey qopptgoot

suppl i ed by the Asah ka Ko K T0 Tk
SHEBl 5 O BE R e PR SRS Vol b homonacn
BEXpfeEM r) . supplied by the OM Group, Inc., of

G eveland, GChio, a nol ybdenum 2-et hyl hexanoat e;

1€050b d dteatiederiopreerresiqiiioliee mplybensn epppler eTpe wns furized

Co ny of Gl nejnnat | i Q. [ - .
&% PP ke e SPOABRY solff g RS RHE J I e prrred by )
Yantdeg b béidcansiybishun cemporoti anllarbasik lnjtrd@@enompaund selected

sul fur and phosphorus-free .organonpl ybdenum. conpl ex
Grom thegsToE ABHEIAED CRBSREE PICCIERIGS> BOADORY i G0 gide, 2

' i [ @038 %annich base,
HRBASARLpy S b0 OTBL SN T GPS) Bk 808 i b, o
disppisexedscatity e lifipraver dr a orixiswd thareof bothe presence of a polar

' %)F( ngt%gg b quI;: ggﬁg(i)l?fli)cpe%uﬁloc%pr?p el:)g iﬁssox%oq%&ggm%%mplex can
be reacted with a sulfur containing compound, to thereby form a suifurized
oxymolybdenum containing composition, useful within the context of this mvention.
Preferably the dispersant is a polyisobutenyl succinimide. The oxymolybdenum or
sulfurized oxymolybdenum containing compositions may be generally characterized
as a sulfur/molybdenum comiplex of a basic nitrogen dispersant compound preferably

with a sulfur to molybdenum weight ratio of about (0.01 to 1.0) to 1 and more
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reacting an aci di ¢ nol ybdenum conpound and a basic
nitrogen conpound selected fromthe di spersant group
consi sting of succinimde, a carboxylic acid am de, a
hydr ocar byl nonoam ne, a phosphoram de, a

t hi ophosphoram de, a Manni ch base, a dispersant

%ﬂe?é%éﬂﬁ&%bxﬂ AR (@ OPEPY.8Y to Dindoa mmgwm mﬁgbmﬁm weigheratio of
resence of a polar pronpter, to for

doqnnﬁl §0b1d3érh@ ﬁna@d) FSTre RICIFRVIY 55y iy B AU P cRIAB RiolegHlar
@I tﬁese Ox &b?ﬂ%h&ﬂ{r 8&98&%& DInSAUFRANith EQtainty.

: orm urized ~oxynol ybdenum cont ai ni ng
H@W@O@ﬂ tHe Are Bugief el tobe dontponhés inovitielx modfbdetirg, whose valences

invention. Preferably the dis ant
wsyn%f@su’rl&h@tpmwé@m% et e "9@8’&% g the salt of one

suI ! ur;hﬁgg Eg%gi@ PO [GREBRSE Fik@BE containing
e gen ar act erl as a sul fur/nol ybdenum
@ﬁ?&@m médﬁltha@r@amtton@@ﬁwsdc@pmm omgasprst, the
er abl y

| f t I
ki Sl R 7
b 0
LA ufe s e oy i

Hegrecspreafigradd | Snch rgrodeds yiglds )y lighter colpk grqglp@twg@ compared to

mpl ecul ar fornu of ese . 0x
SERFOIE PRI e 5‘?%“%?019(41@9&? a&}\nef”ﬁn%g b@%}#{@ However ,
m;%ﬂkarﬁe%l BNt rifoueaamaUne proparevitic Gﬂaymolybdenum and
denum Whose val ences are satisfied with &a m? _
ybdenum

okmwgémum/sxgmrfcgmplaxgs epleyed Bos| IBYGEHOP pre 3idig

l t ac
Rompadias BY apidledFRifa bl AYRR MR b Bt A Feaot with a
SRAP AN s@dpdihd Sengisapd ﬂa&tAS)]fMaést Bhé@éor 12896 titration

num

conmposi tions. |In one aspect, the
oy T iR el DR i G LA G B A1 5P
' Ee T sent]ea%a/ tgele?)rll% %3 ]i;&sﬁt?cgﬁ RBAbi a@ﬁlt h&ﬁﬁ)'nlhﬁn molybdate,

urize eacted at or below 1
degtieasosbddie, gfomﬂ;emn&motybdatp rao¢ ether glkalinpsmetal mg}yfodates and

Sl S o
y%lg@ﬁﬁfé opot) r‘xﬁﬁlyﬁﬁ&ﬁnﬂ RicRid F&%@cé@ﬁcetonato)-

enum an oxynol'ybdenun sul f ur conpl exes
dlmdo&y}éybdlenum {V8) drrvireritn asriiamelbdeatine cmpylyuiénﬁmferred acidic

nds. aci di c | ant. ;t
é%ﬂqg C\?\’F?ﬁo é W?%a&g’aa%ll%é p‘t%r 0g¢e] ﬁ&gg’%g] dn 11{(31 li metal
{lchted! Pﬂ'ﬂ@lﬂaﬂ@?{\éﬂi&@i arPnffdbdi¢ add 280 Sminohiuat mﬂybdate
pr ocedure Typically these_nol ybdenum corrpound are

r[ee@\}ammbaammamn qoeossE Hecddo BYFPAFRRE GKYBOIY RGP

oMk %f\%ﬁaa ks é’rgq}aglgglﬁﬂgﬁﬁ | HEIRLY BERbRible. Typical
Rcbled 8f mh%bmmbﬁibdﬁme?»umnnmh@rbmhy kadﬂramﬂ%h]f@ocarbyl

smmlﬁ:%%gydrd%sal ts, %‘M hygr ogen ﬁ%%b
Bffésgﬁoraﬁh(%s,aﬁ%sﬁh&&%@éﬁﬁﬁbérsmt viscosity index i 1mprovers, and
mixtures thereof. Any of the ﬁitrogen-containing compositions may be after-treated
with, e.g., boron, using procedures well known in the art so long as the compositions
continue to contain basic nitrogen. These after-treatments are particularly applicable

to succinimides and Mannich base compositions.
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di oxonol ybdenum (VI) or simlar acidic nolybdenum
conpounds. Preferred acidic nolybdenum conpounds are

nol ybdi ¢ aci d, ammoni um nol ybdate, and al kali et al

nol ybdates. Particularly preferred are nol ybdic acid

and anmoni um nol ybdate. [0052] The basic nitrogen
Emﬁpu Afc %SAM 4na pRIRR&iRintiAe BX0AR by heeNePrepoamcexes

ave at | east oné basic nitrogen and are preferably
oiolybdehwrhlcemplpyps deskribeddaniginaie grclesrdin apmpBRE eFisrfgces and

%ﬁgejﬁ?@g@ irr[it 3. &8 a?r? Md%x%ex?tﬁi ! Qcin iﬁé@&fﬁr tﬁ¥ belated

hydrocar bon pol yam nes, nni ch bases,
phesahomasifased by icaphosphot antidasidepirespighn ande Pat. No’s.
di spersant_viscosity index inprovers, _aﬂ_d m'ﬁt res
BRAPE6H; 3, KIRBY5 anh & 212/ FBJER HSEIEUPHPhY P8 #Foe FT bns
TRl Bﬂef%l%ﬁgé. §fle toht "%Hc&maﬁde"hg [RbrstHSd Hthe art to include
procedures wel Il known In the art so long as the
AP oS ilicianiide, imidy, hmdiemtdincspetias whishshey dlse bofumed. The

These after-treatnents are .particularly appl,jcable

PO BUER h o bSO AP EHEBHLE SR OITE P fyferall
LAQBRY 2 B8 AR dBAlof fUWe4kiBh BF Sealkbidisusaiuiee suwade acid
to prepare th nol ybdenum conpl exes descri bed _herein

ar anhgilsdé witha riitmo ganrenntaising epapewitde Sreferged giceingggides, because

known in the art. tain.fun .

SEREP hebEeChi 7S, B 0050ty bYR8R Bl oo
Bicctiie aktiamde) wiréin 1B IERirat ibid oy @ntaingioémisbott 2. to about
Pat. No's. 3,219, 666; 3,172,892; and 3,272,746, the

a5@ errbenplemisond il GhylsreamBeetid cthrens parss bgingpspecially

r f 1C.8. T n C . . . woo . ,
B e e
adtiadihyiens pestaminenhinticulady padfemedare fllprssucciniades prepared from

redom nant .od : [ inimd d .t hi
R e R N e e
géﬁ%ﬁk Rlri@nyacteramitd ordfix@lrkemgleogubst i t ut ed
uccinic acid or anhydride with a

M0ASHD g etlse metualied within repenm (ucEpinide 't &g thagaoligpmpad

ecaus of their.co LGhal aval ARRA
BHRRRPH Bsah i P Op VT T Bl SehlY anBhEod i atcas
BRLWEH drd amindh Stk en foheldRyth 10 eab by inogs sudpnden bmimsgroups.
from about 24 to about 350 carbon_ atons, and an }
Erdipralydhismomposisian daebatypeh b a0Rka0. B wisregsiaelegpyweight.

har I i AR ' -
L R e e
pefdidenad efigtdnk digiperbyingr ef erred are those

succi ni m des _prepared from .polyisaobute uccinic .
SRl | GReb ORI G s CERPROIR A oAb TG0 reisl for
i . : g
BRARRT) U6, G5uh A 0B L1 G0l M5yt Tpicaof
‘compoimds nralihd seadiecloded in &b Rpd.nide.S3,4015,304, ﬂydiimumf which is
27 Iéi%ﬁ%ﬁg)%‘lggd 8% 5%?2:%9(; I’I%%seacno(iinp%sﬁﬁ)ln afe ot irﬁggf}yprgprgren(? by

reacting a carboxylic acid or anhydride or ester thereof, having at least 12 to about

350 aliphatic carbon atoms in the principal aliphatic chain and, if desired, having
sufficient pendant aliphatic groups to render the molecule 0il soluble with an amine or
a hydrocarbyl polyamine, such as an ethylene amine, to give a mono or
polycarboxylic acid amide. Preferred are those amides prepared from (1) a carboxylic

acid of the formula RCOOH, where R is Cya90 alkyl or a mixture of this acid with a
19



one tertiary amno nitrogen in addition to two or
nore secondary am no groups. Odinarily this
conposition has between 1,500 and 50, 000 average
nol ecul ar weight. A typical conpound woul d be that
prepared by reacting polyi sobutenyl succinic

BRYHLARy Bt SbY !aﬁiﬂ(i‘n indbP@E palynebuttfP3Bdup contains from 72 to

rboxylitc acid am de conpositions are al so suitable

428 caboy atpmsemiddRyar ethylepe apiic awpeeinly Blg/Moenafgarume or

mpl.exes empl oved in. this inwention. Typical of such
@%ﬁﬁhﬁﬁﬁ?pggp %%%ﬂlP%8+%§g%-in U.S. Pat. No.
P0053P, Ofrbthérngasd ios cdrapourets ofhisthire sdfsl inhikis éwention are
i ncorporated by reference. These conpositiqQns gre
by diosambyy| popeaniaptindiydrord prly2mmes, sleaLE oh e dvRsy
nhydri de r erepf avi 18
3SR e PRERGE P B3P B e UREloRle BF ynEASh pethl foomorated
alirpladince. Thdiydravathy! gfougewhichds plefaratiy alkyiifol iobdfiet having one

gg%g@aﬂfbﬁg@aﬁﬁﬁgg%ﬂ éo?gt%%ggégﬁtgasﬂg%ﬁfy%ﬁ% oin 20 to 200
%ETI%Bn %&brﬁsr.] Pﬁ&ﬁ\ﬁaﬁ r&8HBE hydiBc b6 oy MMALs RE those which are

pol'ycarboxylic acrd amde.” Preferred are those anides
degpat, e, ,foyaradtibl palydsubotsay] ¢hdorideand aofolydlieylens palyamine, such

R MR 1 Oz Bl 88 O
%. Ghhitd] Q-d?lﬁhbfétﬁﬂg}ﬂeﬁi(}i%e, g,'?,qgt_ﬂﬂﬁ@ﬁg @hignd 1 2Mrégyltfediamine,

carbon atons” and (2) an yl ene am ne,
espduildid. y triethylene tetramine or tetraethyl ene

m pe or pixtures the : Gl
R SRR i o aTeb g ol e aitdyiPR B el o e
IS RGE5RY bortphaacsN e g mipysitionadrb ytepadyesth aghenol or Co.20
preferably of the type disclosed in U S Pat. No.
3lle/iphenyls an pidshwies sl farmprdetyde Rr fasmaldelyyle precursor such as

i ncor.nor at . )
b e
tane tiéf sombositisat are prepared fusn ab hikybonbgisnsh dsmeth9latone or an
350, preferably from20 to 200 carbon atons. . d the Tik

PHReEATRIPE.PURR 8% diStAcHA HATEE Bwtfﬁ%tﬁiﬂ&ﬂ? pradarging, and the fike.

:;Igﬂ%?%g%\%ﬁccﬁa il 1%193?&% Y8 Rwiz8d Gnd pIQYerﬁtﬂﬁl?st dd@l@cylfaheno_l or a Cgo-100

utenyl chloride and a pol yal kyl ene pol yam ne,
sifighpheas]. dyprthlylaemieh haien evhich gan, beatsed inethis idvention ere disclosed

di ene triapgineg, t ent gy .
g T8 8550V 58 A5 850565, e cisctosres
b dREPRY heReJi@idiRated 8RdefeRace. IThe last Reréhcotinnitdre discloses
cl ass of compounds useful for supplying basic

Al enmigebasas prepared biaeasting ab akainbengldey mgsh keastifisgghon atoms,
Composi ti re.orepared.fr .
e i G A e S
O RNHG Y #BerR 22 DUl Siairatsd divakat alist afdoscmbaedfiie 6 aritbn

an am ne conmpound. The am ne nmay be a n%no_or .
pemyafideis 1-10 and where the condensation product of said alkylene polyamine
may be further reacted with urea or thiourea. The utility of these Mannich bases as
starting materials for preparing lubricating oil additives can often be significantly
improved by treating the Marmich base using conventional techniques to introduce
boron into the composition.

[0058] Another class of composition useful for preparing the oxymolybdenum

complexes employed in this invention are the phosphoramides and phosphonamides
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and typical conpositions are prepared from an
al kyl am ne, such as nethylam ne or an ethylene
am ne, such as, diethylene triam ne, or tetraethyl ene
pentam ne, and the Iike. The phenolic material may
be sulfurized and preferably is dodecyl phenol or a
Bral ngjs.e Addsehanals. pay Nosad,0ddkamn £ DRsEeEs M eClisdi@res of

e used 1n this invention are disclosed in US. Pat.

Magch afe h&EhBoRogrtts] by Efarece. Thewgooppsitigngimay be prepared by

, 539, 663, the disclosures e e _he _
WEHHPAIBA CPUPL Shhar e Lt b S Endn el RS repared
fir ¢ iSRS by MabHh £ PhdipE&tEs PXRDITRIE viiYh 4 Bedrbédibylatiol in the
al kyl phenol having at |east 50 carbon atons

presfrec alf R GV ANOTP YT SrHE PROTISTHA PpChlrida itk Ametional
and an al kyl ene pal ] y 4 £ AL
Senfiy 3 SRR BB RSy FUAL Ml oISkl Sufhe propared
8y erBtiAg & Gndasurdted By&oCarbbet@mphimdeontiitisgfroor? to 450 or more
product of said al kyl ene poLy%gkﬂe naY be g¥{t%§r
eahen algmp sushas @AEFYITERALEEODUHENS, PPIYPIGPYSIe, faKgne: 1-
Lchsha Si | 2h Lihfent O dRRERRE, MAth
?(%{;é?‘ie’cg% ?%g&g? ’ f’:\sagllst?{e%légg Iggﬁltyg:‘i t]%% be S| %ni ficantly
phasphued pbytatulfdd amia bite givepmitainingaompoyhegs defined above,

conventi onal techniques. to introduce . boron jnto
BgHIa Y AB kst 508e AT By DO iat sl D ihebrfie, such
Ys Bhilend lanRhE RAdthYenduany yiethy Raeftinieo falehknepentamine,
enployed in this invention are the phosphoran des and

phthetdean des 20 such as those disclosed in U S,

ﬁﬂfsgh NO 'otﬁéé'?:ga% f’)g glﬁ%?&-g%rﬁggmégzg}ng%@ﬁo% e f]hg E{;efﬁaﬁflg the

I NCOFpO erence.
hi @RS BRpluyedar thik inyentioninilmdps ahpivesgiled dispersant
conpound havi ng at Fe_ast one P-N bond. ThFe%chan bel_11
pisepapyandex improestafpl 'EIPTeNFITe BRYSE nd PRERSHGTE ommonly
XY ChLQL) A6 b f - ﬁh@,.'.é.éiﬁ 198N E&ived
§¥%§&r@g’ o@%t#ggg%ﬁgem?gggﬁb%bg 0s p’hg?%s _}é(x%/lg(lgﬁ_ oride Ve
iokrhetAyldhé amiyor mropylens eptormidly\containyes adlitienal vnits derived from

nono- functi onal am ne. Thi ophosphot am des can..

GPE FaPBEF CooRRHER S S SN AP BT P Bed figons: The
GRTRSHAE A6 O Rl MeRardd Mt By b 9ad&t) 00 protedses whithlidoduce a
atons, such as’ pol yet;g ene, polyi sobutyl ene,

peHctipe sipydresites woidiypisaslly has.at leestame OXYe@L HeR g thppolymer. The

i spb | . 4- hyl - I.. - : A it I
S T
ity stisiRl bRrds ah tiegrolyrattacikbongr Cymafnly used nitrogen

al kyl am ne, al kyl di am ne, al kyl pol yam ne, -or._an ..
abuptcineluds Ay basieHTOSER GHPRAUBA ESRFCKY HRose nitrogen-contaming

di et hyl enet,ri am i.ethwl Lpe: -
EuPP IR A BBk Bons oo R LR b R Firarep sourccs are
aliasmeatninés hageR-connianiing, slkppasints, and Misefdhl bases.
prepari ng the nolybdenum conpl exes enpl.oyed in this
i[?ﬂ@ﬂn i Ryaferige batie 81tF9g6n SHMPAHNAs 4ordise pi iRy ention are

succinimides, carboxylic acid amides, and Mannich bases. More preferred are
succinimides having an average molecular weight of 1000 or 1300 or 2300 and
mixtures thereof. Such succinimides can be post treated with boron or ethylene
carbonate as known in the art. |

[0061] The oxymolybdenum complexes of this invention can also be sulfurized.

Representative sulfur sources for preparing the oxymolybdenum/sulfur complexes

21



viscosity index inprovers (VI inprovers). These VI

i nprovers are commonly prepared by functionalizing a
hydr ocar bon pol yner, especially a pol yner derived
from et hyl ene and/ or propyl ene, optionally containing
additional units derived from one or nore

GRd NP RgavensoiCireaslfal, hg&mlgem@ﬁd@Isul;ﬁ\hahom@[cefdensﬂfw

SyblaridaTheeyars BEELLLES Rk ST 1o BUSRSEbYY SRS Cioo
gle ad x§ £tq§aSY\BI fflgrg‘é% ikak ﬁ/deg ard ?ﬁlyslﬁﬁéés HBE aQ(NHSE‘Sy, where

ﬁ1on t e poly he pol ymer i's then contacted
yvnst dt leasnl tthigectamdel Giiorirny asda mea:@ptms Dﬁthecfdnn@a R'SH where R’

SEENCTEEATE T .
aﬁﬁix‘fdeﬁltst hu2g&s M@%@Qaﬁlﬂﬁ%ﬁ&é& dull@Bi8ed olefins, sulfurized

trogen-containing conpounds and conp05|t|ons
ek&hexylinenhdmenees and seifefieed estermiltfinsgend sbiurigebalkylphenols and the
alk ne, am pes, such as ethyl ene am nes, alkyl
tﬁﬁrﬁog/hnm ch bases. [0060] Preferred basic

[Uofs!‘zp g8t %@M%&dﬁu& Qkidesers eﬁe bitpsrel By@edckiap salfer, sulfur
succl ni m des, carboxylic acid am des, and Nhnnlch

hwseshlonids; enqypestelfm hé@réie \smle er.l BRSHUated Fr S5tpT #Rder elevated
ﬁi\{% g‘%\érse ec(gag% Ete s uclsl ﬁq m g’gteg?g éﬁ%g&u&% fatty

héi@atsash ¥ ﬁdﬁmﬂ@fe@.ﬂ oﬁ.ﬁc Qich}dlﬁﬁl,ﬁpetr@&hhﬁ:n gheais, knitﬂwn ]llrrblemc
the art. [0061] The oxynolybdenun1conp|exes of th
Pleoetparic Hcanip, RArABriSelaBLIF Pt araciidphies g e Particularly
gb‘&f ﬁ%"sul?sol%g %%eri 86 aﬂfé& Rt Ak el RGsAAYRR |fé&gfjﬁ'ﬁdlj Bdisl! fuldh as are
exes use In this invention are ‘sul fur,
Mﬁm&gmns ahifriatl éats snd vagetabtﬁrmhshdmhlaal @11 @Ln llingged oil, olive oil,
di chl gri de, horu ent asul f.j de X -wher

d
casie B BLAP Ry FDC BHEFEID PR 2th 3 57 7. EAHAPGEry Gty esters
ﬁfch{tﬁ%r&rﬁaﬂbﬂ%%ﬁﬁﬂ! Slegtd! éth?llefﬁezﬁ@ daR91 Méétb [fdetla oldatis Betyl

where” y is at |east 1, thioacetanide,
liholeateclayryh ndinvirata ptearh lan@r;atc rde sl Glepiaten ambRikithglyeerRies.

g@gﬁf AR e aasﬁlfﬁz%efd% [5039E Cy6-Cas olefins

ur contal ni

Al 1@y Qﬁﬂte§tefslt§fm1@$32y\@)&ty&!didfs ladé €208 ﬂqﬂ ys dlkehyledcohols,
sul furized olefins, sulfurized carboxyllc Qd esters

aheroithe ity aeid @ad/ler ths)algahakls upsaivtaied gy alsqibe used
o PSRN PP e 7Bl Bbd BRI SedoSh Pl dsoegaaﬁmea tow-

rivze aci ers-are prepared by reacting
ﬁtﬂlédular—\ﬁéiglﬁtlﬁolydlﬂimdéﬂmdlthEefrm o¥ithra sufufrepntaining compound

di chl d th t d
ench Al eulfpomarest s er gt S L BRFG) Lde G - c20
26 l €8l {1§ef91f ar%e%émﬁﬁ@ ﬁd‘ilﬁﬁeﬂlffcﬁg t¥ch 86 ilenzy3 Yelfide,

| mtol el C, ol el C, ricinol el C, petrosellnlc
\damﬁmumdel dmejyemﬁdd: |dn1mraiﬁnwax wifstsswd golysulfideceratked wax-

R AL “ 129010 £ oL AT HY BONk S, 1,6 8O S Saterial,

e.g., olefinically unsaturated compounds, with sulfur, sulfur monochlonide, and sulfur

dichloride. Particularly preferred are the paraffin wax thiomers described in U.S. VPat.
| No. 2,346,156.

[0066] Sulfurized alkyl phenols and the metal salts thereof include compositions

such as sulfurized dodecylphenol and the calcium salts thereof. The alkyl group
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good results have been obtained with m xed
unsaturated fatty acid esters, such as are obtained
fromaninmal fats and vegetable oils, such as tall
oil, linseed oil, olive oil, <caster oil, peanut oil
rape oil, fish oil, spermoil, and so forth.

E?ﬁ%ﬁﬂ%ﬁﬁ E¥ndhiak B BO0 Sarbbf Gloutle Thererdl sdifdbabe preferably, a
net ol eate, ethyl oleate, lauryl oleate, cetyl

6ilr@a:t qur (&E)lup [Tl sallt, eepleeiatle sodiamy sﬂlcmﬁne mashesHing, or Gaeym.

t { nd k :
B8y Hetsudd S SpREREHS spBP pRls i IAGC b Bhors
Set i fidee & 18, %iHek€R Ofs 1@1@(@@1 qiretfetahg; CwChdulkwds and z 1s at least
acid esters of Cl,O C25 fat acids and Cl O C25 al

&r mEICRRAYS WhETEBHR 15, C1- %@ﬂ@’?{ ringnganie av@esa@dopogm)
u?%cu{a%ﬁﬁé) lan 16‘&%@1\%5 gﬁgfeﬁgt}’ e:Hﬁ@ gulfl[roﬁ)ﬁ;ﬂ'ggen

rized o |ns are prepare reacti on of
Eﬂﬁd@%ﬁﬁ})k@rﬁpdﬁt@mfﬁlel a-inonghec lsh]ﬁrdem@ﬂlysulﬁdes
olyolefin derived therefromwith.a s fur ntal
Mbuﬂaw holrE rorBolet e MR Aig e BPDaEo T Ay gplexes

nqg/%d & dﬁ(f{ergﬁm i ﬁ@gﬂucﬁl ﬁ&llﬁ%@ il m&'i‘ﬁ:tfbﬁ Setween the acidic

trc an fides, such as dibenzyl
ﬂldl)ﬂ:n ddeym odmpyihlyd alsinlhblbdﬂc mircxgen 94>m9@md+ Hevidgivpaetarof sich

gvrsserShal Sho P oS aidfea BIRE T TR bl are 13-

brRhdd8), 1 ReniiRL dib]) didimR}Iefd g’:l&col lﬁlt)@ oelltﬁdoﬁfel, piopgleny glycol,
unsat ur af ed conpounds with sul fur,

rhﬂm}mﬁhlemglm@l AnBYbeEbitnl, cthmoRcRe e @a\l%m@m Nppgrhyl-

d
S e R B B
ﬂ{bﬁmbﬁ etiytenk ptyorbiditethgl $udfokiver kohmethyl phk&zphoramﬂe
co ositions _such _as_sulfurized I
rdofrannahrater fieferst aenuals %@1 dﬁ‘&ﬁ%l?&qﬁffé’g paidutarty
g‘e rP&f fsWat&O Wﬁ@&dﬁﬂaﬁ%&e%@% 9%11'9&& 1§%6ﬂ§a‘ceﬂ?%ded to the
sal't maybe prefera or
saiction Ay, #lthay @wbmmesml p@ﬂmnlar}mgrﬂeeswﬁpf Wﬂtel' as a

B8 bR Ao S SLERS: Sl o QLEARR B Pl e e
Wy eRuinScoMpduag, 3ubly hs @mgmaﬁgh ¥4,0! Wake nadykatdo besatdied as

zis at least 3, nercaptans wherein Ris C, -CO
atﬂman,lumrhddtjmdee sul fides and pol ysul fides,

dth
BRSA A B SR R SRR i
perhasy i to eepatdlsdlnspaithe aﬁﬂicfm@igﬂsdeanﬁh precursor and a polar

pol ysul fi des. [00681 The paql ar promter us in.the
prapelenwith s basic nHEPSBICPBHEHTATUBRRIRE YELh °fe‘w§r%’§r dijugny The

tdtll%lént 19?&%@ f?l@%és§arg NG V80 bdkbld th?cto f#@asy stimring. Typical

eracti1 oh be ke aci dic ol ybdenum cdénpound
Aiiderith @rehaSm@tlngbilagquummmmdnds%mwmng an]ly@tagboufand

such pronoters are wel| kng
tpérogep. I Weéammapw lyydgoxy %mfm SO% ‘i?ﬁfeta ﬂgff teaction mixture
]:0 ér Fﬁeazf]&l 11 o(ff AN ESIMNGREy SEHE This 1@5’&%&1 i€ @iﬂl@& BhVR a variety

ene g
of temperatures typically at or below the melting point of the mixture to reflux

temperature. It is ordinarily carried out at atmospheric pressure although higher or
lower pressures may be used if desired. This reaction mixture may optionally be
treated with a sulfur source as defined above at a suitable pressure and temperature

for the sulfur source to react with the acidic molybdenum and basic nifrogen
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1, 4- butyl enegl ycol, nmethyl carbitol, ethanolam ne,

di et hanol am ne, N-nethyl- diethanol -am ne, dinethyl
formam de, N-nethyl acetam de, dinethyl acetam de,

nmet hanol , et hyl ene glycol, dinethyl sulfoxide,

hexamet hyl phosphoram de, tetrahydrofuran and water.
EJH‘?[%&&BE n @b e WRLR! refd 2B V418 8o A hiCi@hetioRahixngrd Infil De
preferred is water. Wile ordinarily the polar
destombleerior ® eepEedtredbireadbadvitlothe lselfur soarei dn a preferred and

mxture, |t al so be presen articylarly in the
gVt ngpd 1o adp e B B AR s g r g schctot s
sliatdd 29 HEB8 al AkdnRratde 1VRtRESodquAEraBbHOTR 0l dkgtdR€ Celsius,
aci dic nol ybdenum conpound, such as (NH4)6M7024 )
pi2@rabiniiom shopt 20 dogrises Geldias tagboubidrdesresn Geleinex Madybdic
{gg 68%9(’5 _grnﬁeilgtg@%ir%&h#ergle- Al ig een%ﬁXrggJi %(?‘@1% g'?ag]tog and the

TnventTton 1's

&Rlpetdn @8 iPhaliBnaratdi t@mEBﬂa_ﬁﬂé 83¢IfhaP o€ 6dlias &F atfsddl 120 degrees
pol'ar pronoter with a basic nitrogen-containin

Colsproumaerdbinaiorbot Theéesreesi Calung Lo apriat 9%@@&9@#@5@5: until the
us i f ne r gy Ll j [ .
#EPRug{n BETISRAY el BYAE PRIt RRB 6 HpBEAS iabrion
Riidtu@N R dmoyd] shethoip dichdie bnoateaionlimifed td yacmambdistilbatidn or
hydrogen. |f desired, .a ni um hydr oxj ?Le rm%/ al so be
BUaEe HOPRIRE WElECTHBHIHRS L ETPTEE O P E-o41os 3 & fspaterature
s STTDPLUR) PR B e So0RRE R SRS e
Chlsiused thoug 9p degtecoCelshe. Fhg tampertorerdufingthe stripping process is
erature. It is ordinarily. carfri out -at . o
Bh et e pd 41 PRAUSHORRGRLECERe (Bl to maintin e
PRESSIY i8EnERY o e Wi thddhuesinteing ThhPodi@@Et It @ordinarily
m xture rmay optionally be treated with a sulfur
ewted evtas aedspherdc piseinee althoash highahordopeeRissruacsaney be used.

erature .for.t I f r _ it )
L6 RRRPE e Face Anicelf Pkt AR 15000 B ARRED o dlob yours.
O8] CaS®Sired,enRvadduef cupticayul furiosd Bshigeatidgahis @¢action mixture
" mxture may be desirable prior Eo conpl etj on of

wehaespiae sivres asklelined Ahavegha Feblq progsups WddFmBEralig not o
éz!&&f’é{t?o%t 788 RO e Qe 1BE RR thO S 1 Soly PP YRAGRRE acidic

conpl exes, the'reactor is agitated and heated at a
teigbdemtn ped bassnittogon oompayuas. The salforizatibAGtapag tyasally

i L b A S R
§Yitd abdiR 2Ry A8 UM TassCRoVal d¥aRe flaF Sothotd (WaRr) from the

reactor and the tenperature is maintained at a _
teacter mixture nhayshe ddsirableprieyivatonpdetipoftreaction ga gy the gulfur
Cel sius, preferably at about 70 degrees Celsius to

90 degrees Celsius, until the nolybdenumis

a7l ciemfelr¥adiionhiethire, BXERSI® ofaidybdefumherBy@dnd fooasic
the reaction m xture. Renoval nethods include but |
Bitregeveompaindasnelsrifisal haways: 13 thapmewntef molybdenum with

respect to basic nitrogen increases, the filtration of the product becomes more
difficult. Since the molybdenum component probably oligomerizes, it is advantageous
to add as much molybdenum as can easily be maintained in the composition. Usually,
the reaction mixture will have charged to it from 0.01 to 2.00 atoms of molybdenum

per basic nitrogen atom. Preferably from 0.3 to 1.0, and most preferably from 0.4 to
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nitrogen stripping while maintaining the tenperature
of the reactor at a tenperature |ess than or equa
to about 120 degrees Cel sius, preferably between
about 70 degrees Celsius to about 90 degrees
Cel sius. The tenperature during the stripping process
07 a!&%s%ﬁﬁo%%cfe%m?&wn? of Bk AiBEerOs 28QKRD thralmH
0 degrees sius to maintain the 1|ow color
mik@nsi ty of the nol ybdenum cont ai ni ng conposition.

It is aordinaril carrie ut at .atnospheri,.c pressure
izl o W B iy St e suftinlh TR R b e St
SbibeRtif Iﬁgﬁﬁe bénetAR} Gdtdcyeriead hd £6hiouimdIgdeanReiongdex of a
of about 0.5 to about 5 hours. 100701 |f desired,

bhiis nigragdu disperamtisempapndipiessab i yvity st iup ip wRly§denum weight
LR RPullolpa b 1 ol il PR 1y B0l 26.08800.5) 10 1 and

€ pressure-an erat ur

DneeaEnad aidlybilBudesigasatie bfativat {106 10he Buhd tiore preferably
source to react with the acidic nnlybdenunwggg baﬁic
- itont Goferd) 6@ hp onersremaii logy, syl ineerpasphian i syléur to molybdenum
' ard | ec period of from about 0.5
%eﬁ)éggg%tp?nﬁ%uﬁrdéﬁg%g%or Q’?g)r%b 'y fromabout 0.5 to
3] 2riecutfarizddn asdmesudfasies] oxyemdyadenaf dolhgplexss af this

promt er (wat fromthe eaction .m xture o
s ham s PPl TEPCHIA WBRCSERlBer aewt 1 ¢ Pbto 10 %
%&Urggfeferﬁ%rﬁﬁno.((ﬁqa]ﬂwﬂ%.the reaction mixture, the
rat1 o of | ybdenum conpound to basic nitrogen

(07D undAitditinnal compoinends malbweadeésd todbe terg@shsombingtion of

| ybd i th t to.. ' ' ' ; .
BB A 55 g e DAL S0 ARGEPBE S
&b bidesdd of the BERnichabstEiy habwhith amyndd en thepyobgiiy
ol igonerizes, it is advantagepus to add as _chJ] _
Rerticplnstyreistred ip eumpangnbwhicaoReraich a¥ 2 prroxl gadical scavenger.
IRERIDihoRRoy gyt (s FRR o A Hi il fad i Foduce
piess pressdnting chain gaopogbiton reBrtefuer Gdrhmofilyarghosulfio abdO,
and nost preferabl romO0.4 to..24 0.7, atons of
EAApOBRARRIS CoRPBIAb AR ovre i P 2o B Y DY e
LEAPIQAIR hat ¥deHfifed hABiHZHHoVE @ith@BEdr@ ARl dxynidWtdefuR @dmponent

the sulfurized oxynol ybdenum contai ni ng conpositions
ang nbal e e repdatedelgaina Pactidquiasly prefesred arganephesphasaehum

conpl ex, of asi,¢.ni trogen di sper.sant ..conpound
spEperasie fealt B E P S ot T RRARE ST B RO Epgynds sclected
. o2 BRUrokPebistifg 4 Abtal QitliophskpARES phéspherus REtdrs| (nMding
about .05 to O.%) to 1 and a nitrogen to . L
wbbspbdtsaurhosetioghtes rrhosphipites pbogrhine qxglesmhopphites gpfpsphonites,
re.preferably fr 2. 10 t I VAR
PRoeliforr PaepsoPSths fihanhisiomtes anf bpli okphinates
welfeontahing phashhbeusfdsem mOludingtphothHd8) mboothionate 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.
[0075] The following additive components are examples of components that can

be favorably employed in combination with the lubricating additive of the present
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[0073] The sul furized and unsuifurized oxynol ybdenum
conpl exes of this invention are typically enpl oyed
in a lubricating oil in an anmount of 0.01 to 10 nore
preferably from0.04 to 1 wt % [0074] Additiona
conmponents may be added to the synergi st conbination

A entfAMABENL 2 @)1 ARE 1 4ATPANRE brdiidedntd iDRira@NBE biesent invention,
conponent c¢) to further the resistance to oxidation

ot théyearomgamitandsd bslimitie and which may add to the

n S rticul arl referred. i. 0 .
0 opd Astlsaterdiad elf Pl bERin s afigAP e himiges
hyarmparaxbale: agaﬁm@@@ FendsQOMesd cthyldiopebaaiges into
non-radi cal products hus preventing chain

polypogatinotesrade kaopksucanimsiss odipdnvidbetig acigdlkenyl
organo hqphorous conpounds have severed this purpose,
I ar“sui t abl e conmpounds have identified herein

FIIYE W (B 0he@aiod ihtkiBitersy ol ybdenum conponent  and
need not be repeated again. ParticﬁJarJ¥ pre%g{rqg g
81098hophodisaeldire Phesapouraditiondntiptors; 4.4 ppiggiencors (2,6-di-

- t @l pl NG, a0 i i _ d
R R B R bR p AT R LR
Pl EMeaslLD, 2 rettsy dnehis(4miietiy]-6phtdptdpbsnol), 4,4'-butylidenebis(3-
phaosphonat es,. phosphi pates, phosphj.,ne . oxi de '
BUSAr B AR R Ba oS B R A dC AT g 22"
ﬂﬁ%gﬁﬁﬁbis%ﬁ)emmrnﬁlym@ﬁ&w,zesscaﬂeylﬁewsis(4,6-dimethy1phenoz),
phosphi nates, “sul fur-containing phosphorus esters

2t tietivienebists plethyd-6myn bbbk B pkane Dad&-digaigdphdd-sethylphenol,

i thi t h h ' ' .t
R e e

f ﬁglliﬂosp-%reﬁ_&l, @!6a(jﬁit-tﬁﬂi@ﬁh@&ﬁ)@t&mglagﬁ_ﬁbmﬁzlhﬂpheﬂmxﬁ4'—

referably, a zinc dithiophos | e :
Btiokiponoisy —éﬁfbbu‘w&&ieﬁ‘?_Iép2s%lftglé’gﬁz%a“eﬁﬁ’tl%r@f“bﬁ%l’hw.1)’ bis(3-
6,996, 1ne 1 i . -HRP145
R SR SR S e et A S
aodmpeyisnizgl)t hat can- be favorably enployed in

G LR, he oo el e B A i

B PEEYIARY Ll bt o gepnie puen 7

A6080¢s s B Gfher typas: snetal|dibincarbaimatd (gigvi zhcsdithipqagampate), and
SR AT MY bl ysucer ni m des, and
e 075y () Oxi dat 1 on

i[P082Di t ot ENORIOBEPIYDXYRhKIGDY SUI{ASE ApveRSICHE) PUXP g YdFRe lauryl
ieﬁq%ir,ti)iotl)%rx%(éth?/leﬁé: h{'ﬁlterhylkcﬁﬂﬁ %{h%r,(p%h%k%thylene nonylphenyl ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene
sorbito]l mono-oleate, and polyethylene glycol monooleate.

[0083] 2) Other compounds: stearic acid and other fatty acids, dicarboxylic acids,
metal sdaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhydric alcohol, and phosphoric ester.

10084} (D) Demulsifiers: addition product of alkylphenol and ethyleneoxide,
polyoxyéthylene alkyl ether, and polyoxyethylene sorbitane ester.
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tert-butyl phenol), 4,4 -bis(2,6-di-tert-butyl phenol),
4,4 -bi s(2-nmethyl -6-tert- butyl phenol),

- (met hyl enebi s(4-net hyl -6-tert-butyl - phenol),
4,4" -butylidenebis(3- nmethyl-6-tert-butyl phenol),
4,4" -isopropylidenebis(2,6-di-tert-butyl phenol),

iSdsduraRbontk (6P RN BRAAR 26d oils, diphenyl sulfid
5)0%54 gq%u%llgleﬁlgne bi s(% 6- d| rre%l phenol) O, CIPRemy SUTEe

eyl nmhﬂgrbstnmes Qlﬂomtmnam@a}@eomyl igHidiol ) |

t - but
Sugoaiolgiigiidh HLER FRidRe
amﬁpll rTE(bEbthc@oﬂ Rblie: yzittypilamﬂ,,faﬂy Bcidlj antigé thodated ester, and
di met hyl am no-p-cresol, 2,6-di-tert-4(N. N

Gﬁhﬁ%@ﬂﬁ%am nomet hyl phenol) 4, 4" -
I
03P, - GNPt byt BEBRkor ol bdgnu
?gmgydéb&nﬁy,dmbbﬁaylz&z b}gﬁﬁec}bbﬂephhemrgyt;tj plmg%lf;ogrd@thlaﬁd, hi s
i -tert-but r ox
mcsﬁm %@099%%0%551@%% %ﬂ?’"& 6*1 %ﬁé@é‘&ﬂ&

a- apht‘ll%[ﬂl Quplex &Fygi&hh(]i aﬂé‘@%ﬁ%@%ﬁﬂﬁ%@mﬁygﬁhﬁwoﬂ;ﬁ&

dirbpowelar bamat e (e. g., zinc dithiocarbamate), and

TS, sl DS S RBE g Pbtct fhr, tvinc.

PiyRAE 6o W@%Y%ﬁhb—%@rcﬁﬁhﬁp@l@nﬁf& hyérargenir&ie-isoprene
pol yoxyet ene |auryl ether, polyoxyethylene higher

mmxbmersmqmsobtﬁblle% wpé diprane tm‘thF%)ﬁ%h jfidex ipaFovers.

y t hyl ene
R R S
[owiogpxy G(lid))ﬂoaﬁﬂnﬁmﬁibrst alkyhmaﬁﬁt@mtap(dymers and dimethy] silicone
poI yoxyet hyl ene sorbitol nono-ol eate, and

‘nyl ene gl ycol nonool eate. [0083] 2) O her
g| Ci [ fboi@ Wf %ﬂlﬁlt‘ﬁ’glﬁn@ﬁmlm{@fh%ﬂfﬁtﬁ%@ P, pnmary alkyl

|c acids, netal soaps, fatty acid am
ok t8s seovadaly aﬁaﬂtjq)ebf heavy sulfonic acid, parti aI
carboxylic acid ester of polyhydric aIcohoI, and
phosphoric ester. [0084] (D) Denulsifiers: addition

ExAVPigst of al kyl phenol and et hyl eneoxi de,
pol yoxyet hyl ene al kyl ether, and pol yoxyet hyl ene

H0B] t an"é%mastf@monzsﬁ{rth@sg]uswd BX Om@s@@m@les which are

BB B L TMERR R Ebio A SR b her FhBRGng or e
HRBhidAERNR halaem md fou@ﬁiir%agmmﬂm@g B@bﬁﬁ@@l B @K,

and | ead napht henat e (F) Friction nodifiers:

Watergin a%nl?éh@{pressbq qt@te@gq the cglmrzﬁ@, allygmaeratpressindtempergtures
ga%ﬁ%%rﬁe?e § e (Egnq ]dg(s%te%nh thefih “QRABlenP A4 off Yemperature”

(0)'4Y m)
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 resonance spectrum (p.m.r. or n.m.r) were determined
at 300 mHz, signals are assigned as singlets(s), braod singlets (bs), doublets (d),
double doublets (dd), triplets (t), double triplets (dt), quartets {q), and multiplets (m),

and cps refers to cycles per second.
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di t hi ocar bamate, sul furized oxynol ybdenum organo
phosphorodi t hi oate, oxynol ybdenum nonogl yceri de,
oxynol ybdenum di et hyl at e am de, am ne- nol ybdenum
conpl ex conmpound, and sul fur-containi ng nol ybdenum
conpl ex conpound [0088] (H) Viscosity Index

t:) SPVeltkep &&imtﬂ@EéﬁbEi]}@erhy&@h@@byf@fcs&ryl&&ﬂnﬁé emﬁpounds
ropyl ene copolyners styrene-j soprene copol yne

Whisthat eparstylren gsqu}@graeﬂrét an@@ig@aytﬁg,tge mixture of ant10x1dants of the

Frpresvirior onses try kBt R Al BRth BERpL T Y | oo

pol ynmet hyl net hacryl ate. [0090] (K) Foan1|nh|b|tors

al kyl nmethacryl ate pol yners and dinmethyl silicon

He0¢Trer Exapgoe 1} Prepprafigrof Phenbill st topafydro-quinolin-6-yl)-

di al kyl di t hi ophosphate (Zn-DTP, primary al kyl type &
g@ndary al kyl type). EXAMPLES [0092] The invention

is further illustrated by the foll ow ng exanples,

which are not to.be chnsidered as linmtative of its

scope. A furtheg rst ) he invention can
be had in the fp '
Exanpl es. \Were nless P

Preparations and
stated in the
contraty, all tenperatures and ténperatures ranges
refer to the Centigrade syste and .t "anbi.ent.. .
(0951  oomsolatins PERUA Erms SRR gl e (BEPisd 95 deibed in

ﬁ,ﬁ HE nyé}%hﬁ%ﬁl eﬁfﬂﬁé@fﬁf@{e& 59¢. "y hH 0 O in 4@mﬂm of

refers" to gram nol és.
hefinacRIonahiapt'3 grefne 0§ pl:acma'n(Iq’L) antdetwasdiydroggpaied at 30 psi for

equal 'nlhgo s JoeipeEine dytoganator (1150 Cﬁgvi’agaf}'lﬁerr‘?dé A the

Glhtrdil Qlat GeliPliSed VithfoNhdu@owoditim BYdreRideNThe aWtSbb@phase was
gl ven, pr ot on- rmgnet I C resonance spect rum

axmaqte)d thereainlest witiilichloromethaso Thepombingd é%cgﬁlé laethane layers
a d.a | et I

aatmered oo dafite SuBSRSAPhse By Bne iy
@i%hir&n%ﬁiaﬁé Eity§r W driedapi@f hlﬂt)@xdtﬂ )magaasiummfaqej ﬁmed and
(m, and cps refers to cycl es secon (; %

Pergsairaie onvestorn @%%&6@5%%9 %Wét@?g%% U TGS Was
? rgsft\al {H)%XI ‘V% WikEd 1M RIPH 3 bt dspta brcﬂﬁctaas a grey

I'n the"m xturé of antioxidants of

shied. GORPORI(CDOY YT 7. zm PHRS@R(mi, Adpe456, aH 5.35 (bs, 1H), 3.4
illustrated herein belo 009}% Example | -
Eose pHD.a1- 2D, 3, 2.75 (¢, 2H) 1.9 )-

Phenyl - (1, 2, 3, 4-tetrahydro-qui nolin-6-yl)- am ne
[0096] Example 2 - Preparation of N-(4-tert-butylphenyl)-1,2,3,4-

tetrahydroquinolin-8-amime

NH

HiC

HaC
? CH,
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HQIOQ N [0095] A solution of 20.4 grans of

6-ani |l i noqui noli ne (prepared as described in Buu-Hoi,
Royer and Hubert-Habart, J. Chem Soc., 1956,
2048-2051) in 400 nL of acetic acid containing 1.3
grans of platinun(lV) oxide was hydrogenated at 30

E}‘E)D'T f or Tdla BadkQigusHped vathRame grhadiersifres seflux condensor and nitrogen
drogenator The solution was filtered; and t

atovataddost-painodaioRae (W4 e %96&5%5)5"0&%%%1
Q@Aﬁq;ogéw%%ﬁ 1S PRI ROBSL Do EXTif AL 0B R ladium (0)

net hane.

di.€ bais) 0B0D anded) pyrer2s2’ m@(ﬁ@hmﬁpm;pmnbmﬁmbwpmsz.s grams,
sodi um hydroxi de follo

b
@p@ﬁmﬂl ﬁmtqr@?,sgpm:%gwty a ng@p ﬁﬁi) apd gabydrous toluene
FBGNEE). dik U kA %f tﬁe‘ fidsR kRfe ATkkx e AR GO d288; @40l to room

&
vacuo to ylgﬁl .4 grams of a dark residue. The dark
feagiccgreyasl ﬁlrtfecd glgowhl 4 paskpifsiliom @5%‘1@ hbgrogel pad yaethgn

SRR eyt e L 1P Bl TR a @Sl
édﬂcen@atgé m(sz%uo Hl}lcldfﬁ’a dark bh sofitt) ThSsdhl whs chdbihatographed on
(t 1.95 2 - Preparatiaon

glipe gd’ elating Wﬁ%ﬁ‘pﬁﬁ@@hﬁl -aiethGﬁE())(, %?i)l aefford 23 grams of the desired
Letr d
PO oo R e Rl Po Bty 1E e b i, 84 0, 1)

1;:qff} SxnConylamsE, 9[Nd nitrogen inlet was added
- am noqui nol i ne

1
WODBY ¢ - gtion s Edbame el Nk fes-Baben B analisr ayine
Lt %%9 gg%ﬁl 106%@19?? 5420 %2:(3' d?)ﬂ{a!uﬁgé 815 (gpgms &ﬁpl&mum(w) oxide
wa,g hdrdgertdkei(«1 4P lp@nﬁoi: bIsdsmind or0d Pdrr 1w-prasaypt: ﬂwﬂro@ﬁnﬂor The
rans, 0,004 noles), sodiumterf-butoxide % 9.4
st wos Bl HEeyelbal B sRiiscagh: SPEERCd A6 pnd
%&ﬁraﬁ%ﬁ @f}hghﬂéqu%&% J&dﬁﬁﬂf HY&bRideeThe %8 oﬁQPhefs@ Was diluted with

ays; to room enperature; an ered

tvhteo andh emqamdi tbfeeslmﬂsomtg@hyl aThiates The cembwkd pdig] sustate layers
t hen Tglaqvﬂwth di chl or hane (240 rrL TB& d
VBT LT BRI ResIE Py wifaten Dl eret] gn

Edhc¥h@didd & %ﬁb tcb&n‘éﬁi 2§9|gtzﬂns JiRrisBluk dilVVBBe oil was
chr omat ogr aphed
chromatographed on s111ca gel, eluting with hexane/ethyl acetate (20:1) to afford 2.0

grams of the desired product as a yellow oil. "H NMR (CDCl3) & 7.2(d, 2H), 6.5-
6.95 (m, SH), 4.95 (bs, 1H), 3.3 (t, 2H), 2.8 (1, 2H), 1.9 (p, 2H), 1.3 (s, SH).

© [0099]  Example 3 - Preparation of N-2-naphthyl-1,2,3,4-tetrahydroquinolin-6-

[00100] To a flask equipped with a magnetic stirrer, reflux condensor, and nifrogen

amine

inlet was added 6-aminoquinoline (6.69 grams, 46.4 mmoles), 2-bromonapthalene

(9.15 grams, 44.2 mmoles), tris(dibenzylideneacetone)dipaliadium (0) (0.80 grams,
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silica gel, eluting with hexane/ethyl acetate (20:1)
to afford 23 grans of the desired product as a
yellow solid. "H NWR (CDC13) S 88 (m 1H), 8.2 (bs,
IH), 8.1 (d, 1H, 7.1-7.5 (m 9H), 1.35 (s, 9H).
[0098] A solution of 2.46 grans of

IN.7 ﬁﬁﬁo@é@-,‘r%glﬂn{pﬂgfﬁﬂ}ﬁhbﬁjdbwhﬁoﬂi arbiepthyt ERE0 gdms, 1.77

above in'1 acetic acid containing 0.15 grans

nato sk a SOHUM(ZERAb USRI dRe(S 4fbhgramg.di oty Bl el 2Bd anfydpeys tplyene (90
5.hours on Par r. | ow pr, rogenat

T G Shneas F i oy RUSRY R 4k aRE M AL o 08

t&APEaRTS; ahe dilieredvifngh adad of sitivd géll Thedilish bl BN was then

aqueous sodi um hydroxi de, The agueous phase was

ciitpdwadh toipattydrafiatae (L SnERLoxEHe-AOMEURECH A G [4YEE WA h

c%?%’!tr\f\lgeglhex;é 3&(\%1% %qgel& 9@6&2{? Ig%lgf hifle REBLAL Cedr@NliSed from

rine; over anhydrous 1
afR@OE®I afford 8ld @tums of itctdesied] anduct @pageldw atledtl EThNMR

RS debutdoty el SFF il S 16, Tereghif ol

(PRIPE! B Bl Rost AP kol Busli Phetydif o aalboflbove

abetie 40id ((THNL) Budeth§l BBtafai] 051D), contming BS55 gridps oBplatinum(lV)

c{(xgﬁygwéi';g @éﬂ%né‘geg agzgpg;fg]? %{) F18Hr25 |_ol)n’a 1;Larr3 lo(Ns—pregsﬂé hydrogenator.
BieNohidaRMsterdd Broheh-difbhadnsds OstH: BehdeRtrfed M ARoNid
N H [00100] To a flask equipped with a magnetic _
reuiralized witte 3N uquenn dediverhydarddhi Theowggousi H%laéq wagdiluted with

NI TR O 7  —
Wwérk SaghfeRaN blidenerdevenahgdpat kaghssinn @nifdte, ftkred and .

granms, 29 0.87 mmuol e

qoaeergraed- ivgeen tsrﬁéﬂgﬁaué@@ﬁ iSpl- The polidyas pRiatqetappgd on

F 17 _ ' N oYY\ e AW [ : ead
A e T S
pEB&uct 0t gallGw eblid. el NIMIS KCELED 1Y § 6468 {1ay 161N 8.1-3.5 (m,
hours; cooled to room_tenperature; and filtered
2tk 36gh dmpdk).df 9% B gel . The silica gel pad was
then eluted with tetrahydrofuran (135 nL). The

j,ned. oraanj c - t ' .
BTG oA P B Sn YEN 2o RS ET AR it
dniiggn ethanol to afford 8.6 grans of the desired
product as a yellow solid. '"H NVR (DWVM5SO d61D20) S
8.9 (d, IH), 8.65 (d._ 1H, 8.2 (d, 1H), 7.25-8.05 (m
| OH). [00101] A sqgtutirem of 7.00 grams of
N- 2- napht hyl qui nolji n- 64{am ne from above in

s

[00103] To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen

inlet was added 8-aminoquinoline (6.81 grams, 47.2 mmoles), 2-bromonapthalene
(9.58 grams, 46.3 mmoles), tris(dibenzylideneacetone)dipalladium (0) (0.84 grams,
0.92 mmoles), rac-2,2’-bis(diphenylphosphine)-1,1"-binapthyl (0.6 grams, 0.92
mmoles), sodium fer-butoxide (8.86 grams, 92.2 mmoleé} and anhydrous toluene (90

ml). The contents of the flask were refluxed for sixteen hours; cooled to room
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acetic acid (60 nL) and ethyl acetate (10 ni)
containing 0.55 grans of platinumlV) oxide was
hydrogenated at 45 psi for 6.0 hours on a Parr

| ow pressure hydrogenator. The solution was filtered
t hrough di at omaceous earth; concentrated in vacuo;
1BRferafBéilana filead hiduah 3Nad@ieics g0 ditiemsilivadied padieras then
The aqueous phase was diluted with water and

adwed atthatichieromethangd 53 - Brafpmbipss ofgnic faygrs were
conmbi ned. et hyl t _ |

B RE Fad, B T B o B o R e phlbgraphd o
dilidat @1, efutiipdvritic @ heeacretlyé dedtate\gamliont t@afford @6 Sragas of the

Gpeined piodst adelimviTelin o1 SOV ARG B Cachhlr s T, .0
A N O U AT R  R

[gxﬂl 04] i2 H)A4scﬂut€ar20194.()$rgraﬁtd)c}f NE298plithylqRidplinfH@R0R] from above in
- _Prepar, n .

0 REBRLH) £10 S BaRT S PIPBY AT C624 AT i

;}SI%M@ ) [rng?fl:g.%]s h}@roBehdi @Bkt B RRFSMouFs ¢h MBGRESW Pressure

Irrer, ux condenser, and nitrogen inlet was _
ladisegtnBtoanThospliinol waefiltéed thrgnghdiatonrcgousrpgrtisgoncentrated in

2-b t hal .58 ar . |
A IO R s —
BF AP with Wadd ARk 88dted three times with ethyl acetate. The combined ethyl

rac-2, 2" - bi s(di phenyl phosphi no)-1,1' -binapthyl (0.6
gettslayers 9@re washedsyith baes; dred evephydrrymaghesggn sulfate,
a 2.2 | es C
R e Tl R
@Hﬁf&ﬂ. JPONELR LODTOAMSIS TenagnatT.6 (d,aH, 133 ttetidy 7.25 (m,
hrough a pad of silica gel. The silica gel pad was
B .05k 260, GP (1, BFA.6 FoMedAah@: HL58-881l), 2Hpnb 95 (s 2H).

conbi ned organic |layers were concentrated in vacuo

to yield, a yellow solid. Sol.id. o
tofadirn: dyrabliea Brebotaron ol S S PR i cparo-t-
g%&gﬂ,gﬁgg_%n@cet ate gradient to afford 6.6 granms of
t he esired product as a yellow solid. '"H NWR
(CbC13) S 8.75 (d, 1H), 8.4 (bs, 1H, 8.05 (d, IH,
7.6-7.9 (m 5H), 7.25-7 5% M 1H).
[00104] A solution of
N- 2- napht hyl qui ndb%n- 8

0. 24 grans of Lat i Run( V) oxide was hydrogenated at

45 psi for four hours®bn a Parr | ow pressure '
hydrogenator. The solution was filtered through )

Fi0a 06)ma CRroa Saskaaduiyped ovithentaginati stirrer, vefbxocondaipor, and nitrogen
g&%g&%gﬁéﬁ:ﬂ#f i 3d’1>|0— R0 trancs am mmerpf 9.%%%199?,'85-@ Fimoles,

prepared as in Example 23 of U.S. Pat. No. 20040029932), 4-tert-butyl

bromobenzene (18.1 grams, 85 mmoles), tris(dibenzylidencacetone)dipalladium. (0)
(1.6 grams, 1.7 mmoles), rac-2,2’-bis(diphenylphosphinoe)-1,1°-binapthyl (2.1 grams,
3.4 mmoles), sodium rert-butoxide (16.4 grams, 0.17 moles) and anhydrous toluene
(100 mL). The contents of the flask were refluxed for three days; cooled to room
temperature; and filtered through a pad of silica gel. The silica gel pad was then

eluted with dichloromethane (150 mL). The combined organic layers were
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diluted with water and extracted three tines wth

et hyl acetate. The conbined ethyl acetate |ayers
were washed with brine; dried over anhydrous
magnesi um sul fate, filtered and concentrated in
vacuo to yield 4.2 grans of the desired product as a

gé%teﬁl}h X ]to % Q%ls%ﬁl@z Dhe §0le @/:& Eﬁro%%@og%yhéd on silica
gel, @u(timg wAH) he}@nﬁ’e'(htyl acibhi)te (29 B t afforzil—p(} gramg@f {he, degn:gd product

st PR 58 3, Ak, FOSR %5 & am, 07
RANSQNHL Sz 3 Qﬁ&,@\;“h%ﬂ HROGH3| of). O D H3C [00106]

equip gneflc stirrer, reflux
condensor, and nitrogen inlet wasadded
[aoﬁmii hEleaieﬂoelrrzp;irumneﬁNa(maqem@drb Bbgrafiean-8518N,N-
nmmol es, Lpared as in Exanple 23 of U S. Pat. No.
‘Q@bﬂb@?@ggé) diamiRG t - putyl  bronobenzene (18.1 grans,
85 mmol es), tris(dibenzylideneacetone)di pall adi um (0)
(1.6 granms, 1.7 moles),
rac-2, 2' - bi s(di phenyl p
grams, 3.4 mmol es),
grans, 0.17 nole and
The contents Haf thefflask were reflu ed for three
days; cooled to r?ﬁﬂb tenperature; and filtered
t hrough a pad of S ca gel. The silica gel pad was
then eluted wi 8 di chl or onet hane (150 m). The
conbi ned organic layers were 31 concentrated in vacua
{ﬂmq&la doa fipsk Rawippediwitir aenagppti¢IstitEs, wHES frerdsgrepirtnitrogen

inlet ’tvgs %\‘?‘%8 %’e‘y& 1%@%%?‘ wtl)hghegem r egge %ﬂéﬁg 2. ggﬁg&%g >

bibibe, §gisliydgob%i§kd‘ﬂ)ﬁn( (CBGtans,8 77 zﬁﬁmm) 2H), 6.95 (s,

FIMCL A ANV AT
ﬁ(?@%@@lﬁy@t&gl Il- ghnza&h 52 1 érams 34 mmoles) sodlum tert-butoxide

(GiTetdnythyy dr&&nne}dles}axﬂd mhylda)ds tNan&tQ@/n\IN he gf3ents of the flask

\%gg 08 EE%aSk ed éh%g?ﬁ netlc igh&%ﬁtMDug1a
IME" OCF ﬁfCQ %El’ Infe-pRannd ﬁi@@h@iﬁbﬁ Slutdt @ﬁh ﬂfcﬁmﬁomé’tﬁal{’e (200 mL).

The combmed organic layers were concentrated in vacuo to yield a dark blue oil. The

oil was chromatographed on silica gel, eluting with a hexane/ethyl acetate gradient to

afford 4.2 grams of the desired product as a brown oil. "H NMR (CDCl;) 8 6.6-7.0
(m, 7H), 5.15 (bs, 1H), 4.5 (t, 2H), 3.05-3.2 (m, 6H), 1.1 (%, 6H).

[00109] Example 7 - Preparation of N-(4-tert-butylphenyl)-2,3-dihydro-1,4-

NH 0]
O

HaC

benzodioxin-6-amine
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br ono- 2, 3- di hydr obenzofuran (3.4 grans, 17.1 mmol es),
tris(di benzylideneacetone)di pal |l adium (0) (0. 39
grans, 0.43 nmoles), rac-2,2' -
bi s(di phenyl phosphino)- 1, 1'-binapthyl (2.1 grans,
3.4 mol es), sodiumtert-butoxide (0.71 grans, 1.28
s) )
BPRIGE RARARMUBLBHE @ HFARR TR 1ol oBABE R gitogen
infet KOO aﬂdﬁmp%aﬁwdmxmﬁdmﬁmb {22 @drands; 348 muaolepad-ref-butyl

ngp%fggmz(gggl%{%g?hh gra?xlflglé’f i@%‘gole gzsmgae%%%ﬁg@mpaﬁadmm 1Y)
('bo%eéémw & nﬁﬁaeﬁnh{caz 2dbﬂs(a1pmﬁy@hb@m&@l 191 Sifladtkyl (o 79

[fue”oi . The oil was c ronatzgraphed on silica g
ghusj Y nm@lhs)aschiemam@ténwldea(é ramy63d) watolgsy and anhydrous

g feg‘[: ﬁhglzl%rgén%ms? h&'6 aszslk(rﬁéjriz @5@%@%{%&[% c%%g\@aoled to
rl)b')n tefhperaldre; ﬁlﬂ)ﬁlte'ﬁedjﬁr&gﬁ a(pud fsbhca kell THe,silédd)gel pad was then
[00109] Exanp - Preparation
swed i @clﬂgtoquéh@w;@ ST RLh b gombined opganic layers were

benz

BRI PO et T SR o on i
geef élultxﬂg:@hﬂ amsoine/qlnd anetme@aﬁentutm b&fordiagrasddd the desired

oghertss by <obfo TBEMRRD o) B3 2andri D 375 6L AR 625 (¢ 16D,
i thonmrypareaa pbosm (0 (08

rac- 2, 2' - bi s(di phenyl phosphi no)-1, 1" -bi napt hyl (0.79

grans 1.2 nnnles) sodiumtert-butoxide (6.08 grans,

@)% Bl A0 PRDIAEHR WS N- (4B uEBRe ?ffpl 013)4-telfaRydroquinolin-
nts of 'the flask were refluxed for three days;

gaoled to roomtenperature; and filtered through a

pad of silica gel. The silica gel pad was then

eluted with dichl oronmet hane (300 . The conbi ned

organic |l ayers were concentrated i hyacuo,to yield a

dark solid. The solid was chronmafographed bn silica

gel, eluting with a hexane/ethyl ~agefa gradient to

solid. 'H NVR (CDC13) 3 7.25
6.75 (d, 1H), 6.5-6.7 (m
4H), 1.3 (s, 9H). [00111]
N- ( 4- butylphenyl*jsC v
8-am ne DN

“4 (bs, 1H), 4.2 (s,

8 - Preparation of
ahydr oqui nol i n-
[00112] To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen
1nlet was added 8-hydroxyquinoline (20.0 grams, 0.14 moles), 4- buty! aniline (24.0
grams 0.16 moles) and iodine (0.52 grams, 2.0 mimoles). The contents of the flask
were refluxed for eight days; cooled to room temperature; and diluted with toluene.
The toluene solution was filtered through diatomaceous 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.
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H NH H3C [00112] To a flask equi pped with a magnetic
stirrer, reflux condensor, and nitrogen inlet was
added 8- hydroxyqui noline (20.0 grans, 0.14 noles), 4-
butyl aniline (24.0 grans, 0.16 noles) and iodine
(0.52 grans, 2.0 mmol es). The contents of the flask

I;fﬁ{ 19:54 r ety ad, 70 rmdl? bgmetlg @Ma Coﬁﬁﬁﬁl?éjo D9 of LWS platinum (IV)

rature; and | ut ed t ol uene. "The tol uene
@@ﬂmammyduagedateldteé B&gsitthr ﬂ)lﬁ gihud;l ot T lwusrf?éant: hy&magenator.

L LI L TR DR QS o

kg}d%%ﬁd@ N ehRbud PHBE whi BRfactclhtBreoriganiveit] éiyiloror@dhane. The
ried over magnesiumsulfate, filtered and

woriet dlahlemmathwd@lﬁr% wengi veashod wath Ry s idium frydroxide

RUP AT R BRNEE 195t 1498 g it O

) ﬁﬁéﬂed add cOfMEhirdkd Trhﬁzcﬂb to i1e1d7R9 gkamd ofecdddrk dbrawai @ll. The
contalnlngOZZ ra pl at.i num, (1
Cﬂ%/ﬂ’% ﬁgvtag)(graaheg gn Eﬁﬁc ela_mgg n'tllhash\%ﬁneg tbglr%cm{afc'e gradient fo

r ot 1
B CASASLRREIL s s NSO MRS DO 705 @
ﬁ%a@@lﬁt (cg QtleD] UeI80 tttde))(ﬁ ﬁ?gd ’gﬂe @q l(ne]diﬂ)ts 4tabe 1\;\1354 .05 (bs, 1H),
extracte ree tinmes w e
bbibIHA e RD 2o Fihd B Tyt deh S aRDERYS
ggyeous sodi um hydroxide followed by brine. The

i‘chl or onet hane | ayer was dried over anhydrous

magnesi um sulfate, filtered and concentrated in

%&F@ME@]WI@S&% of a dark brown oil. The

RRbidPes AT BHARNGHe fBaRid bERISFa T B Fenbickich out in

5 ﬁﬁk@ﬂ%}@%oﬁfb@ﬂﬁﬁﬁestm dascy@lsdi bvao Bl thktlangﬁx ét@iDthi)ribSlo gy
05 (d, 21- d
"Qqq;lsacg()@, Mol 1 4) ,&9@5‘92)5 §199§3.|)In t];gs Ef:g gzﬁgate j_)ﬁ?xygeg take at

(50 méigm%l‘gg’% ]t'i] gl‘%ﬂ}"ﬂ%ﬁ 3¢ b iwag If%ojl_litqare%STﬁ@ tim If%l\(tEu%dS S

@Gﬁvﬁbﬁﬁn{e@ ﬂidr]ré@xd@xygim umaakesieu apb gmmﬂ‘ oftsamppr wekwtasursl at
sel,ect ed Exanp pg were carried out...in . a, bul k .oi

b Gaerion! DeHerohego! SO aedErrbed Ty Twnl Varidit ah] 000

oﬁhoné 1 thinBR! P8Y resd kP8 Aok@AShowNRtr, aélﬁfné)for rapld oxygen
5-901 (1999). In this test the rate of

lugjhlaslqmrdﬂo gwmm@amm dbs gilgonigingd guoa@lyw tas @ﬂ spjuple

R RS P55 ik 28 o 59 b Somgkl 354 B, 2 o
FRASHERS afd 24 ppm tin.

Performance Examples 1-8

[00115] A base line formulation was prepared which to asses the performance of
the mixture of : component a) a benio[b]perhydrohetercyc-lic arylamine of formula T;
and component b) a diarylamine, in the oxidator bench test. The base line
formulation - Formulation A, contained in a Group 2+ base oil, 12.5 mmoles/kg
dialkyl zinc dithiophosphate, 5.0% polyisobutenyl succinimide, 35.0 mmoles/kg
overbased calcium sulfonate detergent, 15.0 mmole/kg calcium phenate detergent and

0.3% V.I improver. The Formulation A baseline was tested in the bulk oil oxidation
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171C under 1.0 atnosphere of oxygen pressure. The
sanple was stirred at 1000 revolutions per mnute.
The results are reported, however, as tinme for rapid
oxygen uptake per 100 grans of sanple. The oi

contai ned a catal yst added as oil sol uble
Heaahichamateand Ls@licMndeval qifiinsi loors t04"5p1m@m lmdnq:kpe fTo this
512 ppmlead, 2.3 ppm_ nanganese, and WEE T d
bReting (Remmadatmiaip ek afded yapEspioants aleo ént af'an
c]:)Pnl-ranenqtb:)] , ﬁ?&l@%ﬁl@%t@%dﬁﬂi&%fﬁ@n@%ﬁ&ﬁ a? hea component b)
pertormnce’o e mxture of. conponen
(bﬁﬂaahbhpﬁﬂngRnhetercycl|c aryl am ne of fornula

and co ent b)_a di n the d —
Rl THERE ) 2 LR b R Ot
o‘é‘ﬂ'ﬂ“{ % Rediell FofmFa06R A2y ﬂi@%&chﬁbh of 4 2 wi AWP bk esmk@rcially

ia zi nc dit hi ophosphat e, 0% pol yi sobut enyl

asaitatilnalirydted BehapylamEhe SpREre @b@twbasﬂefdwéﬂl <Pighred by

SELon21S, IS4 ST 8E e 215 OB Bli0n 8ok oL T HERAL gy o

6&@@5%51@1&%?,@&%@&&6@%@ 8, 1hustd\a&sunmr0\®mcnt in the
bench test above and resulte in ue of 1 0
m@imweﬁﬁbﬁébpﬁthezomﬁﬁéﬁ%%ﬁ%l Tighel bﬁﬁa&eﬂdﬁéﬁn el wit of a

an W%ﬁ{e'pg{éd LetBig t@%‘i&%ﬁpm) Ho08 ATRUPE Bndlyl(1.2.3.4-

onen but’, epl g thet
t@ﬂﬂiyﬁk&@mﬁf)hmnm))ﬁmme d)hemdiauommudje ntsulsy aresborgn mﬁl‘able 1.

at ht percent. 16] ..Per f or mance
PSS B8 FEHT BUaio R GG o AP BTN e
c%ﬁn\&ogg}lt s BQQt(ﬁ"QmEQE {Hxﬂréi'érﬁ’éht ﬁgl@% édﬂﬂ)lﬁ'ﬁﬂiﬂdf@ﬁn@fm@ﬁ a)
of a conmer ci al avai | abl e al kyl at ed
Edlldphﬁipxbhambme Tbem&dmmeof a pual ameurd of c@@pymeni apfiospapegent b)
al kyl

@114/1%(1 fq"sr.lﬁ%{)ﬁ%r Mpgﬁ%)co%gg?\g Ia%nsﬁo&:gyp&_g seg Performance
EJFWQSX‘{ ) bt Oampik, T tHed Eﬂe\telﬁ Reditio¢ TRATe: @Xﬁﬂﬁb@c&tnbutmn

frates | nprovenent in t oxi dative stabil é%*
@ffeatmeompxplent ndtasforimenon Fxanindn o xopld bave (Wi 3% bn 0gp*33-0) or

‘?0)8%, CH%][FS}')? 8]5% @gq {0 %@@5@%@%%0@'0@ GolP RIS Eveent is

&lﬁ{erté‘i@ﬁ(ﬁé'c%ﬂq WhA@4tidh &nyﬁ JesErghiIe ardpesaidiatiabte Kt udy
fresults are shown in Table 1. Surprisingly, the

results are not nerely additive of the contribution
of each conponent, bulab&dw a dramatic inprovenent
by the conbi nati on of conponent a) and conponent b),

Perforhitcad dsyﬁﬁ’@wﬁﬁ: Midir TopWeened of FoenplatientA a) t oResults

Fxa g POITENT &~ B% YT €T d T esuldgsyRalhes) that ei tfiveto rapid O,
conponent gﬁ flor exanpher ,%ge;h ;,j,pl;,mggﬂce uptake
- Exanpl es 47 exanpl e, ? Lely additive
then the ¢4 ‘5{’6’6 contri bu |og|}! oa?}se ch conponent
in.Perfo ,!P 7!:*54.() '
b. 25%33.0) or 0 | 33.0
2 0.15 0.85 38.0
3 0.3 0.7 47.0
4 06.45 0.55 55.0
5 0.6 0.4 60.0
6 0.75 0.25 70.G
7 0.9 0.1 60.0
8 1.0 0 54.0

1Irgamox@ 157 is available comumercially from Ciba-Geigy
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48. 75 (cal cul ated) as opposed to the actua
performance of 70.0. This inprovenent is quite
unexpected. Oxidation bench test results are
presented in Table 1. Table 1 Performance Synergistic
M xture Top Treated to Fornul ation A Results Exanple
Conponent a) Conponent b) H to rapid 02 Exanple |
Alodnak &de dinlieny);gmi nel  uptake concentration
concentration (werght percent) (weight percent) 1 0 1
[88117] 2 8 s¢®nd base B8: Hrmylayos vas praprreg whiclptusses the

555 o8 8 Bl B ARt

SORABACH BoltulhmomdE dapdaehdy) a3Bahiiniias, it ExaoPba@sh test.
9-16 [00117] A second base line formul ati on was
(pereperreatbini thesetezampiss 48 thesamp eppeiFRhBlASIAY Yfed above.

I xture e . e :
e P e
ERGopHOBPIRNE At0% pobyigbbateylbsvicriaimidn, 4.5 pekyisktubmybearcnimide
test. _Conponent b) in fhese ex% les . is the s%r,ge 3
({ih poisRPUERY CGiEknigE alfo ABBPES > FEFgh) B me1ybdenum), 48.5
rg% ¥ l{é%j« | Fdent arifd) 0180 @3/ ikprover. Similarl

[ a?%y zie%ﬁgsgddﬁlﬂﬁglp%g%gﬁgt% g@%. O%}?pol yi sobgg)e nyl d
te ubove) Peifdenar@e Brapplasi Swotdutteinyllabla ik dilusiratedbe contribwtion of

ol yi sobut enyl succi piyi de al so gont ai ns, 5. Lght "
Euts RoRyberumtenl e ecfir oSt R0 PuTaE> M aadicon
St ShHMstld 8N 8sApsiRing hp®tonpotefl b3 ¥anVyikld resisBéger that either
SSmlarly to above, Performance Exanples 9 and 16 in
chaifose, alond, fstexample s¢e Pedntmansat Fxewnmdes Licbhponent s
b) and conponent a) respectively. As illustrated in
Table 2, the addition T f1 smal I anmount of conponent
a) to conponent b) can‘é)!?-g?-d resul'ts better that

.. either conponent alone —f.0r ex ce
Performamep|_eSynergistic Mixure Pop Treated to Formulation B Results

Example Component a) Component b) Hr to rapid O,
Example 1 Alkylated diphenylamine uptake
concentration concentration
: (weight percent) (weight percent)
9 , 0 i 38.0
10 0.15 0.85 58.0
11 0.3 0.7 71.5
12 0.45 0.55 82.0
13 0.6 0.4 95.0
14 0.75 0.25 100.0
15 0.9 0.1 95.0
16 1.0 0 71.5

[00118] The data from Table 2 is graphically presented in FIG. 1. In this graph,
the mixture of component a) and component b) is plotted against the results of the
oxidation test, referred to on the figure as Oxidator BX. The calculated additive
contribution of the components is displayed as the linearly on FIG 1. As graphically
illustrated the combination of component a) and component b) is much greater than

would be expected if the contributions were merely additive.
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Performance Synergistic Mxture Top Treated to
Formul ation B Results Exanple Conponent a) Conponent
b) H to rapid 02 Exanple |I Al kylated di phenyl anm ne
upt ake concentration concentration (weight percent)
(weight percent) 9 0 1 38.0 10 0.15 0.85 58.0 11
[00819). 7 Tébled 1 ahd 2QedfonBir&b a&?ﬂeﬁgy b3weeHile. c¢nﬁ:5nz’®ion1>£
0.75 0.25 100.0 1 9.0.,1 950 16.1.0 0.71
qoemmsqﬁ aypad a%amﬁ%g% Whishds grepier §iag fh aditye ontribution of
L)S&Jen't rhnﬁlc@ﬁte% LBink Y, §s AfdRRed tdrhfid¥ addd bBoRf0.45/0.55
corrpon conponent” ' b) Is plotted agai nst the
toebdoht (59/0f1 thmemxoxa das parfortiesee batisf han sithergogpontig alone.

ure as Oxi dator .BX. T ed a | '
Mafkeven i o oror Rt oL S LR EaRETANL £8i js qrident e
4ddnear ddanil oliB1d mofibdeh@h Rbeabh cal ﬂﬂ:ﬂl@érl’ladd&d drdigatic
conbi nation of conponent a) and conponent b) is nuch

igrpeaasnent frathe owpslative pabidispelcthe dorpfulativa- cont ri but i ons
were nerely additive. 36 [00119] Tables 1 and 2
denonstrate a synergy between the conbi nati on of
ELRRRRM Edmsladl Togponent b) which is greater than

the additive contribution_ of each conponent; fg
1;9912@ s U iird basglipe fomnylptiqiswasreperedio 4ssass die Rerigppance of
t%% ?r%%(tuge SRk _%g%enrt Q)t zﬁ@@% wight Qerbedtdr %eﬂoﬁ]@%@xyﬁ%&temychc

or nance er an eit r corrponent
Monatyest formuldnpal ¢osgponeht tt)raeo tRfeweight ket dfary[[amhm, in the
-1 and Table 2, it is evident g e addj tion o{)
addaion keneh ISP HERIHTERHFBONS EETPRRADERED 2 gy

I
T3S BRI 1, sk X0l gl

ik pdlyisabetehylscdiommde aviteims vsjastngnm@m mbévﬁsmgs)

t he performag g &’ﬁ t he xtu e of. co bbﬁx as
GompEeREs YROT DLICBRE SETBTIO NG R ARPONETOD AL &5 v
l?sreﬂl ﬁmen Fouffome &n‘tmn&i"ﬁﬁ £OFR E%‘rfﬁas@éﬂ . OQ:nﬂq%fbs/kg dialkyl

ercent diarylamne, int oxi dat or bench
zlaes ththmpﬂrosghartw 41@%msnbytwl susiponisia 4% manoles’kg overbased

c%?m%m salfonats gntié%lepﬂ 0% v.I. improver, 0.375% phenyl-(1,2,3 4-tetrahydro-
quinolin-6-yl)-amine and 0.125 % Irganox® L57. Performance Examples 17 to 24 in

oi |
:ileémm containing

Table 3, as well as comparison of the overall data of Table 1 and Table 2 illustrates
that the addition of component ¢) to the combination of components a) and

component b) enhances their perfomance.

Table 3
_ Comp onenf o Results
Performance Example cor;zcentrat:on Hr to rapid O; uptake
(weight percent)
17 0 26.0
18 0.125 ' 31.0
19 0.250 34.5
20 0.500 42.0
21 0.750 48.0
22 1.000 55.5
23 1.500 55.0
24 2.000 47.5
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pol yi sobut enyl succi nim de prepared as described in
U S Pat. No. 6,962,896 to Ruhe (this polyisobutenyl
succi nim de contains 5.5 wei ght percent nol ybdenum.
Conmponents a) and b) in these exanples is the sane
conmponents a) and b) as was used above. Formul ation
C contained in a Goup 2+ base oil 7.0 mmol es/ kg
WHA IR CLAIMED I8; t hi ophosphat e, 4. 0% pol yi sobut eny
succi nimde, 48.5 mmol es/ kg overbased cal ci um
sul fonate detergent, 0.3%V.l. inprover
1. A Bmpébtiphemyprifidg 2 libritatig! i@ BYHE Oynergistic mixture of antioxidants, said
,gﬂﬁ nol i n-6-yl)-amne and 0.125 % I rganox(r) L57.
MIMCCOMPRANEE Exanples 17 to 24 in Table 3, as well as

RIS BP0 Rhigh o REL 2t e A oo AR RO C

conbi nati on of conmponents a) and conponent b)
enhances, their perfomance. Table 3 Conponent c)
Resul ts er ornanﬁe_Exanple concentration Hr to

rapi d 02 a Wel gt gy cen 17 0 26.0 18 0.125
31.0 19 0. 250 34#4.5 |2 Q0 42. 2;} 0.750 48.0 22
1.000 55.5 23 1/500 CAgYIR) 5 37 WHAT IS
CLAI MED | S/ 1, CoNPQ agA-conprising a |ubricating
oi |l and a/é; eérgistic ”’ﬁre of* anti oxi dants, said

i xt ur €%onprising a) fromo0.1 to 10 wdiogmlader cent
uhﬁ%ma first antioxidant according to formula 1: R H
~ X C(CHRS) X Rz Formula I

R, and R; are each independently selected from the group consisting of hydrogen,
alkyl from 1 to 20 carbon atoms, -OR, -SR and -NRR', where R and R' are
independently hydrogen or alkyl from 1 to 6 carbon atoms, or R; and R, when
adjacent to each other together form a 5 to 6 membered alicyclic or aromatic ring
which may be optionally substituted with 1 or 2 alkyl groups each having from 1 1o
20 carbon atoms;

each R3 is hydrogen or alkyl from 1 to 6 carbon atoms,

X and X are independently selected from -CHR:-, oxygen, sulfur or NR;, wherein
R4 and R;s are independently hydrogen or alkyl from 1 to 6 carbon atoms, with the
proviso that at least one of X or X is a heferoatom positioned ortho or para to the
bridging nitrogen atom, and when X or X’ are nitrogen then R; or R; 1s not hydroxyl;
and further provided that when one of X or X’ is -CHR4- then the other may not be
oxygen; and

n is an integer from 1 to 2; and

b) from 0.01 to 10 weight percent of a second antioxidant selected from the formula
H

N——RP

Ra
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wherein RI and R2 are each i ndependently sel ected
fromthe group consisting of hydrogen, alkyl from1

to 20 carbon atons, -OR -SR and -NRR , where R and

R are independently hydrogen or alkyl from1l to 6

car o) vor Rl . an a to. eac

ot HEFEdb PG 3 Pish AP dsre B R eRd S0 1 1 & b aigps which
ah QB infsubdtit@ed WPEMRLAEN WRh BRS brad! ARy SHBE b&éﬁkﬁa%g from 1
with 1 or 2 alkyl groups each having from z
darfearbaneipens. each R3 is hydrogen or. al kyl fron11 to

6 carbon atons, X and X are independently sel ected
from-CHR4-, oxygen, sulfur or NR5, wherein R4 and

. Rheasompobigien asudedihl Yo @mhqg hefin ik kitlo ST @MpontA 2§ to
carbon atons, with t - proviso that at |east one of

Yeogpposentibg 15@%@@@9‘6&%%&%@% il8ded ortho orpara to
the bridging nitrogen atom and when X or X are
nitrogen then RL or R2 is not hydroxyl; and further
. prieviogedsitibabcashding anélaih %W(héreiﬁ thee $atid@HRémpohen ) fe
ot her nq& be o§%%§ %ﬁ’ n.is an integer froml
ﬁQHEmngﬁé ) BT ghew (o0 i a9uheilght percent of a
second anti oxi dant selected fromthe formula H Ra- |

-RI 38 wherein Ra and Rb are each independently aryl
i fﬂwmoﬁlppsjtimﬁ) acardiog tal e 2whihetein tayothlewei pisipesdent of thel

tute 1 | kyl h
5 SF biiant s SEbioRro e thon S WA areR ¢ on

accordlng to Cdaim1, wherein the ratio of conponent
to conponent b) is fromabout 0.5:1 to about
IcponPositine ageongiog I amrongcyd @hedpmgeduxtg @aansnvherein in

mhereln t atlo of, conmponent b) is
FPBIRCREY ouF §ﬁ§9Pet£X§E' f$§ﬂ% 4my$ﬂ% conposi tion
according to Claim2, wherein the total weight
percent of the mxture of antioxjidants in the
HW[S’@@PPFIBIQH pecording tq Glgms . WheigHt ingempenent ak at fraet one of X or
tlon according to any one of the preceding
alns "wherein in conponent a): at |east one of X
or X is NR5 or oxygen. 6 The conposition accordi ng

&96C1a|w15 whengln [ %ponent a): at |east_one_of
. [composifign gpeerding to wherein 1n’ component a): X 1s -CHR4- and X°

is NRs.
. The composition according to Claim 7, wherein in component a): n is 2.

. The compound according to Claim 8, wherein in component a): Rs, Rs and R; are

each hydrogen.

. The composition according to Claim 7, wherein in component a): R; and R, are each
independently seiected from the group consisting of hydrogen, alkyl from 1 to 20
carbon atoms, or R; and R, when adjacent to each other together forma 5to 6
membered alicyclic or aromatic ring which may be optionally substituted with 1 or 2

alkyl groups each having from 1 to 20 carbon atoms.
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7. The conposition according to Claim6, wherein in
conponent a): X is -CHR4- and X is NR5. 8. The
conposition according to Claim?7, wherein in
conmponent a): nis 2. 9. The conpound according to

aim8, wherein.inc onent a): R3, R4 and R5 are
11 Saewowarlag% Accoigng %@%ﬁr@wb@r@ﬁna@e@@mm ) aof Rpgfe each

Fn ORI A COMANE oy B TR 3 Dy gy 2

topthoogéms. al kyl from | to 20 carbon atons, or R and
R2 when adj acent to each other together fornra 5to 6
menbered alicyclic or aromatic ring which nay be
12. Olﬂfe'c@ﬁ@b'ﬂﬁoﬁ H&%Mﬁ%?@@laﬂlgh wheRn 8 coﬁlfﬁﬁént QF:Q RsERAE R X or
having from1l to 20 carbon atons.
conpegliuri on according to Caim 10, wherein in
conmponent a): R and R2 are each independently
sel ected fromthe group consisting of hydrogen and

13.at He)donfpbﬁﬂ’bﬂ- abRrddg 1CalRars, ahers inkbdmpdhent %P'PPQ@ Kt aR
accor di to Gaimb, wherein in conponent a):

|iadgpendsally selested fromexyiggn, gyl et NR g witpkin B@msﬁugquge@@r alkyl
985@6@%m% ngk) /n5, wherein in conponent a): X and
are epen entIy sel ected from oxygen, sulfur or
NR5, wherein R5 is hydrogen or alkyl from1 to 6
rbon ataons. 14, Th nmgsi tion according of C aim
14.75he CRREPENER A OAB BE M ap: VReEAROMRPRET kTt X arc
IRvedhe conposition according to any one of the
g%edlng Clains, wherein in conponent a): R and R2
are adj acent to each ot her and t oget her fornra 5to 6

T TRk W A PR

febRipoherl: 9): R, Al @Q@r@&@ﬁ@%ﬂt %@acﬂbﬁeﬁﬁ{mgééﬁé&ﬂrm a51t06
according to any one of Cains to 9 or 14,

mn@rr*d gramabo npe aneh mpy bﬁbpmcmaliy dubs@enechwah R@r Psilkyl groups

te o Qu consrstrng of alkyl from1l
5@”‘%% Ttonf’en%ag]bo ®SR and -NR!, where R and

Vﬁre i ndependent |y hydrogen or alkyl froml to 6
carbon atons. 17, The conposrtlon according to Caim
16. e comppaiinn pecordinp et ong)of Gigimsd to RRR 12ih df ewhareiarig
| o
accg){ng Inﬁ éd()ﬁ if ﬁgdpgé %*dGR %@gségcg ?%gfﬁ%%fotuhgsgnm tm of alkyl
doompdnedd carbon atoms, -OR, -SR and -NRR', where R and R' are mdependenﬂy

hydrogen or alkyl from 1 to 6 carbon atoms.

17. The composition according to Claim 16, wherein in component a): R, is -NRR' where

R and R' are alkyl from 1 to 6.

18. The composition according to any one of the preceding Claims, wherein component
b) is selected from the group consisting of diphenylamine, monoalkylated
diphenylamine, dialkylated diphenylamine, trialkylated diphenylamine, and mixtures
thereof
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b) is selected fromthe group consisting of

di phenyl am ne, nonoal kyl ated di phenyl am ne,

di al kyl at ed di phenyl am ne, tial kyl ated di phenyl am ne,
and m xtures thereof 40 19. The conposition

cordin% to Caim18 __wherein conponent

19 Bhecomnesitiog ﬁf:(qugmgéq Q&ﬁamc]&ﬂgqhg{egqﬁm@?onentbg) ié gelected from the

b oo i bty di . _ .
e B b PR Rty R, P ot Rtine, octyldiphenylaine,
rﬁm?ﬂdipﬂ@wﬁm,mnyhﬂﬁ%mnw@ an%iyﬁib]fn@yldmihﬂﬁiﬂmﬂﬂ-
ocC [ nyl am ne,. an i xtures thereof. 20. The
é%%%%@%%ﬂ@ﬂxgéﬁﬁﬁdPﬁﬁn?% “4t'm 18, wherei n conponent
b) is selected fromthe group consisting of
phenyl - al pha- napht hyl am ne,
20 pHerfpmpgsitian aegsiding fakiaie, 18 whexsindoanmedent b) is selected from the

T RO AP SenypBUE PRSP i
aRmiated Naghene P Mpam@nylatinean oi |l sol ubl e nol ybdenum

conpound. 22. The conposition according to Caim 21,
wherei n conponent c¢) is an unsul furized or

falr . 0 [ D .CO it on . .

2 e SR PRI OR PR TR, BB ERBR Sy comprising
conmponertd cand od sdiableanslybdedgancopgpadnd sel ected from
the di spersant group consisting of succininde, a
carboxylic acid am de, a hydrocarbyl nonoam ne, a

22 PIRBAPHLSHLE ﬁ@co?di_hg kPR PR Of BT HontholBRY) %thlﬁ%ﬁl’fur%zed or
di spersant viscosiTy index inprover, or a mxture
tshped dxymoheéddpnes entteinddg cpwisaionpraarddery, (it readtdin acidic

an .oxynol ybdenum, co ex. 23. The conposition .

AR AR RO APDD besihalien (RuSHAG Sclerid Pagethe dispersan
LOFROLRGistiSg 8f sustiffthidkH d@boxddic adlR8nGIRIS it Hbyl monoamine
according to any one of the preceding O arns, fur?her ’

Egherphsramidarn theiphospdiorashide, pMoenpbl bue: & disparbanit mgcosity index
L lected f th
BRI EE R SRR RSB T Bl ST pd® o RS fe form an

esyebbbdaiisneopprRsgphat es and ani ne

phosphi nat-es, sul fur-contai ni ng phosphorus esters,
phosphoram des and phosphonam des. 25. The

e o ' , £el. aid -
23 R b3 SR Mokl 2 e o8 mpound i
corgiistidaag of phosphat es, phosphonat es, phosphi nat es,
phosphi ne oxi des, phosphites, phosphonites,
phosphi nites, and phosphines. 41 26. The conposition

24, gglg gg%g?%g@@acgoﬁhﬁg #fany YR P §rB& e ciift L BlrBrer 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.
25. The composition according to Claim 24, wherein said phosphorus esters are selected
from the group consisting of phosphates, phosphonates, phosphinates, phosphine

oxides, phosphites, phosphonites, phosphinites, and phosphines.
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contai ni ng, anti-wear conpound is a netal

di t hi ophosphate. 27. The conposition according to

Cl aim 26, wherein the netal dithiophosphate is a zinc
di al kyl di t hi opho sphate. 42

26. The composition according to Claim 24, wherein the oil-soluble, phosphorus-

containing, anti-wear compound 1s 2 metal dithiophosphate.

27. The composition according to Claim 26, wherein the metal dithiophosphate is a zinc
dialkyldithiophosphate.
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