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typi cal nmpounds
- Alkaryl substltuted d1pheny1am1nes and phenylnapthylamines (such as o-

methylstyryl-dlphenylamxne) are disclosed for example in U.S. Pat. Nos. 3,533,992;
3,452,056 and 3,660,290.

[0004] Addltlonally, alky! substituted 1,2- d1hydroqu1nohne 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 decahydroguinolines have been employed as

antioxidants, see U.S. Pat. Nos. 2,998,468 and 4,069,195,



i ntercept oxidation by two different nechani sns. For
exanpl e, those in which one conpounds functions as
deconposer of peroxides and the other conpound

+ functions as an inhibitor of free radicals. Wl
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SUMMARY OF THE INVENTION

[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 containing'

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



wherein R1L and R2 are each independently selected from
the group consisting of hydrogen, alkyl from1 to 20
carbon atonms, -OR -SR and -NRR , where Rand R are

i ndependently hydrogen or alkyl from1l to 6 carbon
atons, or Rl and R2 when adjacent to each other

together _forma 5 to 6 nenbered alicyclic or aromatic
ring whit ptlonally substituted with | or 2
al kyl grou frgm 1-Xo 20 carbon atons;
each R3 i ] fronLl tq 6 carbon atons,
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OSSN, Bhetll 882U 52 chd 0 800U Ifihrdll, pire

DREad PR E@@n&?é‘ﬂi@bﬂ? hiy 856y 8FERY] fidin @%b B@kibed atoms, with the
stabilit he conposition afforded by the mxture

oprownnkm ehicastaye &f B)or X'He 2 Reseraztam epsrtlmeéieo rdeRsEhtathe

V\E]il e]?é Bgogé:??t ﬁuw%.r?& Wié?lg 3"3%9?: . oigén totﬂgﬁ 1€not }Brdroxyl
i snd fukthen frobidedthdt Fhweoghés Xer zxemst Cﬁﬁsethcmrtht bhet maalnot be

wei ght of the conposition. [0008] The
b@%@{lbﬁjﬂfﬁerhydroheterocycle of conponent a) can

Htlé‘bx[‘m‘i’%% F}ge)mslv\g gﬁaeroatorrs and preferably

contal ns t ofe nitrogen or oxygen atom wth
nbY ﬁmg@rﬂltteﬂﬁqumgtrttpemehtamﬂ ay/seporet antiosuiant delestadrfrarhithe formula
aspect at |east one X or I S oxygen

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
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[0011] The composition defined above can contain other additives. Thus another
aspect of the present invention further comprises component ¢} 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

hydrocarbyl monoamine, a phosphoramide, a thiophosphoramide, a Mannich base, a
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[0012] The conposition above can further conprise an
oi | -sol ubl e, phosphorus- containing, anti-wear
compound 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
esters, phosphoram des and phosphonam des. Preferre
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| gERhbPhoruknBickd 218 sAlbaB fiom the proRp@bhditingePhoiphates,
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286k thisir0 ARRN s dsBgbund if & hleed dithipphospBits, suokl as zinc
| ubrication oils; nanely, since these chem ca

pdistinddidnieplipspbder go oxi dative damage by the
g;ﬁedgﬁ dal { N RERLARS: an VAL ACARAAN P BALDR e Sty iee

rocess conprises: 1nitlration, propagation
aperoickiesi nati on. Oxi dative degradation and the
reacti on nechani snms are dependent upon the specific
hydr ocar bons, tenperatures, operating conditions,

- IFRA gwhi ch nore detail can
Bl‘ggﬁ%ﬁﬁﬁgglgﬁmﬂw% of Vbﬁ(i;er RM et al., 1992,
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abstraction of hydrocarbon proton. This may result in
o R T CRUPLGNIIPRRE: PR 10T and 1adi cal <
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T SomROSC ok, S A Shie Rl B, BoRaSe

( Rk a@SifoRe ¥y’ SLEBES chEGEE pfAHLE 38 &Breo oxidative
-damage by the antoxidation process. Hydrocarbon oxidation is a three step process
which comprises: initiation, propagation and termination. Oxidative degradation and
the reaction mechanisms are dependent upon the specific hydrocarbons, temperatures,
operating conditions, catalysts such as metals, etc., which more detail can be found in
Chapter 4 of Mortier R.M. et al., 1992, “Chemistry and Technology of Lubricants
Initiation”, VCH Publishers, Inc.; incorporated herein by reference in its entirety.
Initiation involves the reaction of oxygen or nitrogen oxides (NO,) on a hydrocarbon

molecule. Typically, initiation starts by the abstraction of hydrocarb'on proton. This

may result in the formation of hydrogen peroxide (HOOH) and radicals such as alkyl
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react with the hydrocarbons to forma variety of
additional radicals and reactive oxygen contai ning
compounds such as al cohol s, al dehydes, ketones and

.- carboxylic acids; which again can further polynerize
or continue chain propagation. Ternination results
fromthe self term nation of. radicals or reacting
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d i iysyd mDmmWﬁam mis. grtdlitengHEry rhealuaquttmpamlrﬁég thg viggosity of

di cal
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rad |ca i s resonance stabilized, thus prevent

nexndqlekimerizefionTdasiion eighess ghemaleslar Wérgbkgntemlsdra@é rresults n
d d

P RIS PBIREER, BB Bble M hlnfdiodtba] PR Yamish like

Vedeposiatadishidgbi bi t or . Increased demands have been
pl aced on many functional fluids which have
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npounds ynergrstiC antioxid
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Sta%}ﬁhe tf Bk p eﬁb‘%‘f&%"ﬁ&chl@ r@dds I 88 fMraliof R aNReAEmb radical which
secondary ary am ne, the conbination has inproved
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radical, which is also a very potent inhibitor. Increased demands have been placed on
many functional fluids which have in-turn placed emphasis on new inhibitors.

| [0018] The present invention is directed in part to a mixture of compounds which
imparts a synergistic antioxidant effect in a hydrocarbon. The first component a) is
aryl-amino bridged benzo[b]perhydroheterocyclic compound which alone 1s
‘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 radica
scavengers and peroxi de deconposers. Additionally, it
has been suggested even within the sane cl ass,
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i's hydrogen or al kyI froml to 6 carbon atons, X and

X are jndependently selected from-CHR4-, oxygen,

sul fur or whetein R4 and RS are independently

hydr ogen af bon atons, with the

provi so t X on_ X (is a heteroatom

positione hef}%?d@fi)ﬂg ni t rogen

atom and en one of X or X is

- CHR4- F be oxy d V\,hen X

or X € nitrogen then RI or R2 is not zb and

nis an integer from1l to 2. Nitrogen is a

particularly preferred heteroatom which is nore

pwhdreinr Rd andBpaesiydppandentiy ctletied Fronrthe gmup consftarg efdydrogen,

RN i T 40 20 bABEQYED . (OR, -SR and -NRR!, where R and R are
independently hydro gen or alkyl from 1 to 6 carbon atoms, or R; and R; 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 atomns; 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 R4 and Rs
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 nitrogen

atom, and further provided that when one of X or X’ is -CHRy- 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 am no

B O A 5 Dl
aﬂf’?éé?:? FroASPRCL  NItRRERd aspa(?ﬁ&ﬂar?r Srehgled héﬂéﬁﬁaldrh Ughith @ more

thearyl group, thus R is h ogen with selected
f piefiarredithan Gfygen, WiNERbothj ammompee crigd theg sbifiétf dieeyed

RS A LI AR A

ﬁ&ﬁ@&lmﬁ’y et rdaf graﬁpse»ta eiiebteon ddrarinXglosps ehare ke dvhen pbaattoned
e heteroatom_ the ortho  and para positions of X
W@‘hfb padipira@ontionbigehe BESgNa RErogeD Ao ShopRhy SR zing

AR X ith —
ot yPherFal Probiatly of ks, orB = R e TSR AR o
aNRRNbetgprefeabdnin adoeer Xpects therdisRaly adinglh sulsstifuient on the aryl

pref erred_ephodi nent ditionally, nd Mh s
oBI0EP> PSR gﬁvgi“tﬁﬁehm h@ﬁ%@&%r(ﬁf& O YR -NRR
t E‘élh% Piefér%&ﬁ WheReh RSl R’ taP@déztntea QerRin zﬁi@ﬁr@aﬂpé\iehl 1Béve préferred,

I dging nitrogen atom [0021] In one preferred
aRpeeH(ylmmiistOi@mﬂnrgmﬁolaﬂd R2 is selected fromthe

9@38]_ SRC%EI 3 IREZ% Ofa‘tﬁalétlr( Iﬁ ggg s&lectegfoob]g ﬁégl%%n%tt&psﬂte ortho
hy¢lf Agahositiond §X td feBrillging Mtréghbein ateattpictal tidow.

preferred in the above, is where Ris alkyl froml to

6. Prefe y-in the above, R2 is positioned in the

Aj_n{th lorparg position to the bridging nitrogen atom
kyl|chain have denonstrated inproved oi

solub' it n the resulting conpound, therefg

strai ghtYand branched 8 Rjhai yl from3

carbfn atons are particulae/ pre&ferred wh (CHRS)n
conmpoundsH HN X/
RZA_
X para
( CHR3)
X!

ortho

The requirement for the ortho and para position are more prevalent when X’ is
-CHR4- which is a preferred embodiment. Additionally, Ry and Ry, when other then
hydrogen, are preferably positioned so that at least one is irt the ortho or para position
to the bridging nitrogen atom. '
[0021] In one preferred aspect, R, is hydrogen and R; is 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
ebove, is where R is alkyl from 1 to 6. Preferably in the above, R; 1s positioned in the
ortho or para position to the bridging nitrogen atom. Alky! chains have demonstrated
improved oil solubility in the resulting compound, therefore straight and branched

3



are enployed in lubricating oil conpositions. N trogen
and oxygen heterocycles 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 nitrogen

at om het erocycl es even nore referred @%ﬁ‘l’
amm@lky];ﬁcgn Srtpdd cg@gg@{omsmre BHgcRerly pEs hen the compounds
aﬁtﬁ%&%?c%y%ﬁ 11'} X{b%%étgné:cﬁp%orﬁrg o%[ﬁo‘hp eNgf o a% #%h 'h@&r&fycles have

wWhghensRated réhusy probeies dnd hu§ p@ﬁbﬂab]ly anleastor@nid ORX ctmtalns a

hydrogen or alkyl from.1 to 6, car b?-‘g’éﬁ' g}; ([l

ARGOR O3yEeR atojh aithmitregr bewgéraéﬁ REEeRRd L ingE

c 5 can forma 5 to 6
Rﬁn@% 2 aqﬁ?gﬁcéég%?mg%gﬁiﬁ%ﬁﬁ ng which may be

u [rmb}st | i becthar prefehsd ktpste @) wid Ry IregaciPindekepdenihoighested

g e sorgsing <t bRt LR) BrereraBiy Uk Tl R,

t {vhﬁr%% 1% a8yl Honf P @LABoRatBhis raﬁ&l Rnlsnydﬂ:?g‘éﬂ SR alkyPAdm 1 to 6
mtrogen bei ng particul arl %g preferred, wth
2

starhbreatpis 1 bgemﬂmr@ﬁpd@‘ewéleo&@n axedacaied en prfiagest pashon
0023],1n f | t f
[f‘tgma]e%i %}d r rru%t er(%an 30 gt{%ﬁ@%“%ﬁ a@{c&l S se| ect eg ng

f (vRBhRhdy IRASRUBL Q¥Y @ﬁﬁlb@tﬁtdteﬁ\vﬁﬂl mmammegreupmch faving from
when at ~ | east one X and X is _nitrogen.

ni ta b@@axb@bﬁpmsmrﬁ&rw Aol (pra Sdp ééwben atocsrﬁp b RiRgEably g least
f L g £ xdebhdfd acHiFOd eg'q@%x%)é%n a‘PJ hx‘tro%@x%éihg particularly
Accor I hgly, partirc ferred conpounds are
prefeticd whly sinlglae n1fr0g&11uitam H%eidrdcy(:l@t—ﬁ&:)l mgre Iprttferr@
ein

[ 00%%]] E&}é chr»rgm ‘1‘1@ PR, L%Fé%gmg{ CWR%“@?]%W dﬁplg(;d s‘%letnﬁ% Jeast
NEAEK ARY K i€ sdMck{OPEA oS bARRANQEHOORERIIEOLs when at

g| ng nitrogen atom an urther providing that
wheest oXe XsandCER4 nitrdgen. Rheserdtre@naontaiming perblydrbgterocyde

stated bov bst uent been enpl oyed to
i %?ﬁeﬁkﬁﬁ?f&yﬁfl?@a%ﬂ efs Iﬁ%‘ﬁ% ?[cul arly useful
\thncqt herﬁcdo‘idlﬁg@agﬁhcﬁlﬁﬁjﬂ pief@rdaciaipoatdyme depithe by the
conpound Preferably, if the conmpound is to contain

afqzlvlklagroups the al kyl groups are characterized in

regard VVIR or R%_l Thus preferably at | east one Rl
and R2 are

! l CHR3)
[0025] Rs Formula II

[0026] wherein R;, Ra, Rs, 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 R; 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
¢haracterized in regard with Ry or R;. Thus preferably at least one Ry and R; are alkyl
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9 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 wth
1 or 2 alkyl groups each having from

tq 20 carbon
afford. toRPearhan aieipe gpridReryiedh R g e Refh 1A PRl o 6
h 7]. £arnti rl f :
Dy R R B AR b o
Bsthér topétRerpmaaffent ed tabendrhler¢ddlicablycomarquanotingadich is

thus X is - CHR4- the bridgi - i -
s e | Re2 6T S B it TN FR 8IS PheR P heloRs) Even
r@@&g}%ﬁm@dﬁﬁ@tﬁ%ﬂlfl@ﬁﬁéh?%g&ﬁ depi cted by formul a

H)---R3 R2Forrm|a|a[00291 wherein: R .
a§02H2 arPerteabdrly praeped dempounds of Beraga {lraspeneted dgpn is

COnSL 8D ¥lea ML 2880 A IHl LEATu L0 AEAROR is -CHR.-
i MQH@BH&@EF Yinﬁ)dtﬁﬁ%ﬁ Rs ffacBédatlthd 6 oA potiiod car bon
r an

atons, o when adj acent to each ot her
(9888her IngPmmad, wherdh rdnthercatpaRdsyep £o JePisieg hyfprnvila la
ring which may be unsubstituted or substituted with 1
or 2 al kyl groups each having from 1 to 20 carbon
atons; R is hydrogen or alkyl from1 to 6 carbon

at ons; X‘i\s\ N . -NHk or -N(alk)- where

alk is al Kyl 1 bon atons with the proviso
that the het ergatoni s pos|tione O orpara to
the bridgi ni pplogenllatom X is/ selected from

-CHR4-, o =" sul f ur ~a=HNR5, erein R4 and R5 are
i ndepengightly hydrogen or al kyl from | Fantulzhr bon

atons, with the proviso that, when_ X jis oxﬁyggg) hen X
i 908y gerwhesgins Rir ansyRams caqhdpdspepdentiypelegiet &g the &eup

ring. per hydr e ' NCIN [ u i t d
BTG POFLEAAGH A, O D 0 8 s S
bl ag® Rbirchih@mphadatlyhydradieh yoalkyliemna di toricdazminetoms, or Ry and R,
including al kyl and di al ky} supstjtuted . .
dvhgrRdbacsEhiPGiaRh QHIERlogstheD ,°§‘6‘i“|‘£‘6‘r meihgisg,eligyiis or sromatic ring
T ) 7 4B @p€each having from
g"éﬁ‘?g 3 egi?astgﬁguﬁoﬁ%@gnd %@H&%ﬁ?ﬁ% gﬁ %ligvrﬂe& I %0301 e
f btodl @arbon athens; R; is hydrogen vr disylafirdny 1 éfaatbon atoms; X is oxygen,

RN R R R,
%ﬁgﬂ‘{gé % Kotctodrohfis ﬁ)@ﬁlﬁgﬁ%ﬂtmgﬁ%? to the bridgingl_nitro gen atom; X’ is

4-tetrahydrogi noxal i ne; 3, 4-di hydro-2 )
selected from -CHR,-, oxygen, sulfur or NRs, wherein R4 and R are independently

hydrogen or alkyl from 1 to 6 carbon atoms, with the proviso that when X is oxygen
then X’ is oxygen, sulfur or NRs. Particularly suited fused ring perhydroheterocylic
~ 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[1,3Joxathiole 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-

10



O ------ - ---- benzo[ 1, 4]thi azi ne;

, 4- di hydr o- 2H benzo[ |, 4] oxazi ne; thi ochroman,
,3 di hydro- benzo[ 1, 4] dithii ne;

3-di hydr o- benzo[ 1, 4] oxat hi i ne;

| - 2, 3-di hydro-benzo[ 1, 4] di oxi ne and chroman. [0031] The

corrpounds of formula | are particularl

 ropafy eilihiazing; 3Jmhy@atzm5e@e%ﬂ§m%¥@§ B, o iy
N 37052@3 ﬁglgﬁup%gﬁ dr Wexﬁ%g?ﬂ]oghﬂhﬁﬁé 2,3 Hﬁﬁrﬂﬁﬁﬁénﬁg[l ,4]dioxine

e ‘conpound
f ok @ndn. i n the I ubrl cating conposi t| on can vary

d di th t |
doe oftnsynmpayisas iyt | yasebRey e EHBolrtRayed in e
Olt.lbﬁ&?%x]g ﬁ){l}to!; @8n ¢ ?ﬁﬁﬁé ﬂfé%’ompound of formula I with an oil of
er ete

benz ro ocyclic arylam ne use range.in
tzlnenbaamgmmmg Tlorgosértiation péthefcompanbel PIMYed ple: s

Zl%rbngratm!géc%g}gtgglggg 8%9 {Qzﬂ‘g %F%@gp Lll%e' x%ﬁm%%m&ts gpﬂhctaﬁons and
l deCsy N9 dbsifAMBOSpretedRd eﬁib@ﬂfhﬁ@bbflthbh]ﬁvenuon a practical
centr |on|sfrom1 000 to 10,000 parts

nhdnrzo@mjpe(rpmhemucmxc@rqda@ﬁ@m@ FapEe i B BB CURPSitipn s

8,000 : o,
3a0p SR B BRI P s RETRART] B 020 w0
apMsE@8h BRNtbfal wRight 6f @b llybricki oit eampatition, dreée;ryﬂala{ rfﬂnen e
antioxidant is one of the fornul a

Ramamfragmn ipgem §.9Qfbiod AOqmags P@fﬁpﬁ?gh(ppgm) gBRg gqorff gqe egafbly
Cb C30
b e e A T AL

I ndependently aryl from6 to 10 carbon atons which
may be unsubstitute %aor substituted with one or two
ap!@y}’a@“%ﬁfp%"m%%ﬂ?ﬁ ving from1 to 20 carbon atons.

n@ﬂgﬂ LI ppdsed 'a ifyianBsd dré welliGowalantibeidaity. IPreferably, the

es are a ati ¢ hydrocarbon gr ou,ps sugh
ai;dcyhdsmy d&alrjdemyﬂe amitlomdw i® onaefithe foranR. —Fhe-Rar ¥ Srein R® and

RS SR TR 4 BB o

p@g td eﬁl RAfdo a%lrﬁ& 9&&%@@@& R°aie édoh imtepkndenily piyd &rom 6 to 10
are substituted with

ch as o
1eartetr momsa’flaeltmaweanﬁuw%@feéﬂr H%*EH“E“EWB&BSPE‘&W a1Ry1 groups
t 0 20 carbon atons, can
h%ﬁ?ﬁ %vﬁngyf ﬁ‘??‘é?g b8£ %ﬂl}sn or a branched chal n,
wWuogB; maviliagraaivt ok lsx;bsﬁﬁieuﬁs éfdnettie aryl nunqjas tarea!,hp;zatlc hydrocarbon
unsat ur at ed q&dr ocar bon cha for rfe %/ are
egiopps, spelopsalkylngmiienyt ofdrip Ca{?é’}%ﬁ"m% ;?’f yIIRAeH
n £ EidibstARLE Pidnyl bf ubeiiled drebaadanydd,
g %ér%blg%ﬁwhhetgggec I 5 %9% g engy , octadecyl, oleyl
nﬂq&nﬂ@dy}ba,ruaﬂsﬂy Whexielolne or hetll of the aryl moieties are substitdied with
alkyl, such as one having 4 to 18 carbon atoms.
[0034]  The aliphatic hydrocarbon moiety, which can be of 1 to 20 carbon atoms,
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.

11



i somers and m xtures thereof. 11 [00351 Preferably
either Ra and/or Rb contain substituted aryl groups.
These secondary diaryl am nes may be unsubstitited or
substituted at one or both rings with alKkyl groups,
preferably straight and branched al kyl groups from4
to 12 carbon atons, nore preferably 8 to 9 carbon

al093s] O&’mﬁ%rﬂbw sither B ensl/erR gomjain sestitdemuhgoups ndgse
3%%3&[@? §1%Pﬂ F]rl%?'?% Eﬁ%&ul%géﬁ%g{ ﬁgﬁlﬂ%&h{t&?ﬁtc{n@ 9r both rings with

e ARy 03tb sk, pfelﬁaab@lsttmghtgmtmmchm e]ﬂcgl gzbuys fromricthd@ carbon
chain to prepare for exanple ng yIat d di phen m1 e
(%‘P@Wﬁfﬂﬂfﬁﬁﬁf?@m et R ellate

o 1BP%§XAmi§1@§ gt% fé%)gge'rﬁ%g\cfgg th& Qérts('i i) r&@ﬁl‘i’g &phetRildhfn¥ with

T OXI uct e 0| hese o or
| 23t ﬁinf@ﬂhylg&m}dper empio]fmgﬁ)d‘m\ bllyl @S pmfarrab}yéua@hw chain to

R R L e U SR S O

%Wﬁ{ed%tﬁh@ﬁldmleﬁﬁfag{lﬁ@d to here incl ude propyl ene,
but ene, 2-butene and isobutyl ene, anong which

p[ﬂﬁﬁﬂ en@oamghlbgmﬁlgpyql @qi@blat}eofﬁh@f exidized prqﬂucblgd)ase oil, these

acties afod P b st BBLAC s BERLH okl SRR, Al prcteravly

i &@@C}’I&E’Qxcﬁédfﬁkyl d@olpsancihediromligogree gl @efrlﬂﬁeﬂeﬁnsoﬁhe Cs
a propylene trimer, a branched dodecyl group der |

f e1cifa elafinsishure te heretingluds propylshe A dened dthutspe and, }Sag‘,btylenea
e SR DRl B Bereibi8 BB Uity of e
Ch e e oy ettt et
aﬁpbiégleaﬁ dinngroa Brapehed menyl erevn derbiedfiAm & p ng??é?g ﬁ‘%’&z a

f af} uceg&:ﬂgé&gk AR¥eLd ﬁ&hgmﬁé&%%ne tPivtfer %m%eaaaaécw

acting t laryl ‘amne with a
agriovip dbﬁif&ddi%()ma pE@pyienel tettarmer omra baar@he@pcﬂtsiacml group denved

%&%&g&m\pﬁg@e{] gesngag{?%ﬁ@g%rtlgllﬁ; e Psra g ’Pl%/en%l%stltu{ed secondary diaryl

fﬁgg llﬂ%ﬁl&lﬁlhg? 2k dﬁlkyla(ﬁ OB dhideakhd®sp-a ﬁ)h@ﬁyl—a—naphthyl

mnu Zl nc oride and iron chlorid
aaldlnasglmiaycbe;fatcamylsstcsﬂlsru&hll@ée potifety bt cag bd eaq@lwag%@rsqi &y

g RO SERISEe BORRh o PR L e A g

KSYMndr Qvﬁl-hs%cé‘ﬂdary 81883 difetR e aFicd SINEradh cﬁtﬁEyst. Examples of

secondary diaryl amnes that are useful in the | _ )
ptha Friedel-Criafts hagakystege metal heledns |S@¢h asAlpmiwm chloride, zine chloride

di phenyl.am. ne, nqeal kyl at e henv! am

DR TSl ROR siehls3fon 8 RURRK AT, Plocphoric acid,
hd¥pKdrds BéntokiBe Redn fluveide; aoadfid/clhly and active clay. Other alkylation
i - but yl di phenyl am ne, nono- and/ or

aneBedy wgikpRwryn Hiv ae,

[0037] Examples of some of the secondary diarylamines that are useful in the
practice of the present invention include: diphenylamine, monoalkylated
diphenylamine, dialkylated diphenylamine, trialkylated diphenylamine, or mixtures
tﬁereof, 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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nmono- and/ or di - nonyl di phenyl am ne,

phenyl - al pha- napht hyl ami ne, phenyl - bet a-

napht hyl am ne, di heptyl di phenyl am ne, t-octylated
N- phenyl - 1- napht hyl am ne, m xtures of nono- and

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

Exa | es of commercial diaf m.nes i.ncl ude, fo
o, HROAROR COBErHGRRIRMIES il KEaNRD | TRGANOX

L&%ESE@WML PRSI trorh S b eEtalt hemicals;

NAWGAGABEBEFAM SNMUGNE WBE B3 8, NXAIGEADBB B 488R, M UGALUBE

ORI B A SR

%&F@Exﬁﬂﬁﬁﬂm E oot SA%29. GGOORRIE E1§1Q@QS@@RITE
3191 and 92 from BF Goodrich

SHEWIXAGE GODTRRITIRS K27, GANMDBE‘WS GAPRRETAL S SINGIRDRITE

g B R G S B B o

Ve e dn ﬁecﬁﬁmemldam VANQOBE] DN e VONITERE NA i WANGUBE
t he secondaré diaryl am ne in the | ubri gtln
BN YANGHBEST. VAL HBSHAH PG ANSWRENSS r VA NTLER B s

a
VB YA ARV AREUEE %’%%ff?%‘@ﬁ e sREabTIECompiby e
Spmeg]d ar yrhecboﬁdsephamxnef ths secvadyy diaylatind inlthé bibticaige

conposition is f bout 1,000 parts per |
2EPTRRRFILIAY 428 Vﬁ@’r ReR: pqing Hpqr thg re rfmteﬁtsp hﬁft'g ! @S%%e" of

o%}'n%%?l Jetiréd. Iﬁ‘@g?ﬁ emlS batyriedinl adionl ilpractlcal secondary

tion, concentration i's from

1d1@f3@a1mgxellﬁc ﬁﬁ@e ug@w ﬂ@rmenngwdmpqsm@pp frpueabeuirbPRO parts per
o Crgf PRSP PR e € B LD B R gt of

t {1‘1% luﬁfmahﬁ%bil @Qmﬁ@mi’&ﬁ ipkdferably tHel asticehtr2Rnas frbﬂﬁliow{ha)nl() 000
ppmhave |little or mnimal effectiveness vvhereg
y

qy:mtstper maliondprya} anf}mweameﬁgtﬁ@l}p%ﬁma@beufg?eﬁ@r 918,900 R
ecogﬁgl cal. Preferably the total anpunt of conponent
conmponent b) in the lubricating oil conposition
oopm BhallyOwith te@adl ttodd anidxidankeinghefubrieding domposition,

aotO to about 2 wt %D d t ot al i gh
REHESS TR hOGPPmBHS BalecT ! PG b R g

V
&aﬁﬁ bd ﬁéré 9}‘5}1] Iggj 04 %%E%alﬁpﬁm%bﬁdnﬂaﬁ PxfeférBHﬁ% the total

ven I on nt- of base oil
I athowre af cogponent m)sarﬂycer@anmt@) in the huhmatmgmé pqatnp@smon is from
defined as a aeg st ock .or. bl end

| ot P3P R 356 MO BRI ehis 50008 RR el galseJ] upon

the total weight of the lubricating oil composition.

Oil 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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manufacturer to the same specifications (independent
of feed source or manufacturer's |ocation): that
neets the same manufacturer's specification; and that
is identified by a unique fornula, product
identification nunber, or both. Base stocks may be
manuf act ur ed usin? a varlet of different processes,

1

i tocdistillatign.isatveniorelining; hﬁéhogewrwsw%Pﬂlgvlaﬂ'l%?ﬁlons%ﬁt%’wtlon

r efd A dhin %&E&ﬁ%ﬁ S cﬁ%ﬁﬁft@&bsﬁhﬁﬁ%&e‘ #&hinRerials introduced
eri & ion, rerefrrning. Re I ned stock shall

bﬂlr@gth&hmfaoaiﬂmg, écﬁtﬁﬁnfnﬁﬂm oe peevicas 8sd. n’I‘hedmae ed of this invention

t hrough manufacturin ont am nat i Vi.ous .use
ey BaseY BHivabe DRIST bassal) HpeionbATHAY g fhOgF having

% ﬁi}a Li€v s%ﬁtg%ﬁi(bm@eg?&%@eﬁhéraﬁé tdnﬁ@b@@tr 3 ééil@ils@kéé’(cSt) to
ose I hnena

avi ng I C VI SCOSI %/;k rees
Cetrutut 90 aﬂEp(e@)raIﬁmdbatt(?mStBD dent 16¢ @@re( msfe;att B b GieSt to
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pg@]‘-‘é Eﬁgy%gr@%?fbén ng ?tbc oi 6’8‘{)& 1?1 o )%}/'ﬂ e g?gfe ared
SHBINGE hSlyRietiSatiMRYofletSAdHdEie. | ;ﬁbﬂyaﬂ?;ﬂﬁméﬁﬁ or PAG opfepar ed

fromthe polynerization of et hyl ene, i.
* pbydra¢apbenciysthiesis procPhges wsing e rgmowg @@g}l@(ﬂqogen gases such as

d
hé’(ﬂ %g's%‘?ﬁsfdgg g%gcﬁ%gs ref‘egreﬁ %E&Ocﬂle 1?%@? Eﬂggg rﬁ'glq%eg élg%e if any,
pﬁ&f"? Fa@orD @S, 1Rile, if fny0 metdﬂaﬂac&@ﬂﬁf vis@sitly 20tcBeor hugher at

an heav fractlon e.g., little, if any, lube oil
@ﬁgmﬁs - viscosity 20 cSt or higher at 100 degrees

4 t .
80 0 T %, R0 8
. nlubhdz[tﬁfgbdﬂa oF ﬁgitgre‘Slihdraﬁl Buibbdch e b11 invdihded dasdosiseks obtained by
st ocks obt ai ne someri zati on s et
SisRERrITERR CRYTBRC W FYEHI5G Ko B BB Eppeals bast Socks
P @qﬂgeﬁ%ﬁhgﬁld%%&ﬁ{éggﬁh&ghﬁﬁ S’%tl\tbﬁf etth@fin®ahy 8f¥matic and polar
e ar

racti tic and polar conponénts of the
ccmﬁ@oneﬁtslotf il ceudea Seitailt bagerodls irddudehibase i all A ca@gories I, 11,

ol a0 et in ek Prtielion UG TaRauT ABsiEimd,

1B%§emb%@g %@t Saa?turla?e\é @év%l%ﬁ deo@ﬁ@smamed 08 (B T, a1 ar@ WLse oils

, base oil are listed in Table 1. G oup
| ate Hizted m)TIalsIe ér eGpoipy3l tpslsaoﬂsaarp pslyePA@)lefig Gl %@SIB V base

| 0115'1 pcﬂﬁﬁill olglpr %)%v,e oi? ﬁl}gﬁd@ nSGlrc])g]{; F Iﬂﬂ#ggﬁé Mt%mmup

of1l 81 METWHAE 811k 8 Jreferrds Sorivie Irhihfs ihvaneioh) these prefesred base oils
preferred base oils may be prepared by conbi ni ng one

omayrbe grephrecibyepmbining ong onmoreww! hreun/d bhdl, Bf airdc¥ bagg stocks
base 0| I's. TABLE 1 Saturates, Sulfur and Viscosity

I ° gs- ‘Goup I, Il and Il Base Stocks G oup

Saturates Vi SCOSI ty '

TABLE 1
Saturates, Sulfur and Viscosity Index of Group L, II and IIT 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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(As determined by ASTM D I ndex 2007) (As determ ned
Sul fur by (As determ ned by ASTM D ASTM D 2270)

4294, ASTM D 4297 or ASTM D 14 3120) Less than 90 %
saturates Greater than or and/or Geater than to 0.03
% equal to 80 and sulfur less than 120 Il Geater
than_or equal to 90 W eater than or sat-uyrates—and

les$ than or_equal to 80 and equal ta Q 03 3) UL ur

es$ than 120Lkss th@x eGtesaturhtan or epqual to 9@regger than or
Greater than efd/osGtaataties tafd3l%ss than or wpakio §gnd
120 | equal tog@f@3% sul fur [0043] Natural | ullesd thant 124y
oil's may include ani nmal oi I s vegetabl e oils (e.g.,

I

rapeseed ot S glltggn |o/§_r g oil), pe(tjfeg{e@qmn or
oilg, m neral aE esg er| ved from cQall 880 and
RPPee

shalle. [0044] s nay i hcl ude hy
oi |3 and hal o- g /éaulﬁﬁydroca bon oi | sdr;uc Etggﬁb

DOl nerized and i nf er.- nnl \Inrnrl zed bl-efi

1Ix

A2 I | Ilg,

al kyll benzenes Greaien PamersAval 44| ht ed di phefater than or
ethdrs, alkyl aswhtesiHéeythanrt i des, as vl |60$§1E°rﬂe’10
derijvatives, agellegls8%eswdfuhorol oglies thereof, and the
l'ike. Synthet| c lubricating oils.  also include

al'KylTene oxide polyners, interpolyners, copolyners and
derivatives thereof wherein_the tern1 X%i Y
%ﬁqa € 0115

gl09dpls Natwealdubricavagiors suyiyelula amel o
{?tr}%e{{é{)ésggif J‘ c {:ICOIIS%BS':IQ‘SI‘OII lekrBigh: cﬁisaﬁlﬁle‘?ﬁl oils, and oils

rica rises the esters of
ddé‘rﬁieb@b){rit@l@mhﬂewth a variety of alcohols. Esters

clondl BN BoY et e e As oot PES SRS of

exﬂﬁ&fal?og c’alsgéu%%f I?f Bﬂ?ﬁ%ﬁ%&rﬁﬁ%@f—g&?&&nﬁé@&eﬂﬁs laligstenzenes,

t pd)lyplmyksual}{ylapﬂdahpimvbetmre, @{)@@ie@ diphamyl sukisles, as avellas thelr

bgenvatmlass analogues and homologues thereof, and the like. Synthetic lubricating oils
also include alkylene oxide polymers, interpolymers, 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 Cp» 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 lubricatinig 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
{reatment. Eﬁcamples 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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[0045] Silicon-based oils (such as the pol yakyl -,

pol yaryl -, pol yal koxy-, or polyaryl oxy-siloxane oils
and silicate oils) conprise another useful class of
synthetic lubricating oils. O her synthetic

| ubricating oils include liquid esters of phosphorus-

contai ni ng acj ds, pol ric tetrahydraofurans

s A pE SoRs in e AREon Plegess BeT A Bagthepp used
NBYR& Fekih Y BR ath i RMRENNEA bileste sinildr A the un@ifRicl &S eichiSthat
or mxtures thereof. Unrefined oils are obtained

diefined bijs Havereen meated il ong o Mose prrificalipp REPS © WHIRVESNe of

e.g., coal, .shale, or tar j: . WA .
FpksebRars. SREaF b isetBh SRR Hu hE sk bt hydrocracking,
Ui @btk Bl dwinxinps ba1dent axedvtibr, id ordhkabnedtici, fatation, and
froma reéetorting operation a petroleum oil e(f)j)tgl ned
- dparedation, ﬁﬂoﬁﬁdﬂgﬁw keawiot, thege S@H@%@}e a5 Rerefiged oils are
oht ai n irectly.fr ' .
e e L

Reils. TRekeqteSinad 6ilsirdialsaknben bheeclanned bregrosedssd edcaitoften
that refined oils have heen treat eﬁ in one

purenditiand Brprapespsl RGeS EorgRBORR! of el addifiyeh and oll
%&%&%ﬁg&ﬁ&é‘cati on techniques include distillation,
cra

I'ng, hydrotreating, dewaxing, solvent
epoa7ct Bass oibdérived frdate hydtaismatdriaatiorf of waankpalso batsed,
percol ation, all ,of, which are knpwn to those I

skilled .
eithenclogp o1 IFeaFRFRISd SEiH e ARG ARy SFPLEHS fiige ot
u i i b 1M r P m : .
R 0 SotyBrafl AERIARCE ) IR IR SRRt O ey et
amatacir aigedesahereefrec e byémisoineszativn cotalysh  are

addi tj onal | rocessed by technjques for renqval ..of . :
S{R0RBI o0 plrBEERASER rlans iRl ok o TR il ot of i
Bﬁ%@ntfﬁjxﬂ. Ab%ﬁjioy 8l oft QM hdeoi Ny lefih SORE EinZdtrippiBesf0 Wa% or more.
may al so be ‘'used, = either alone or in conbination w

it
t Prefafedrapsuints ofase eil cemprissrabayi0hut Ve topabent ¥ Wt 7 Sﬁétﬁeas"

wax i soner Qi ly + r oduc o
50 SR SV B R B ot s, s
My x4 B S hRESR Ofe 87 EFop INMTIrAH SUIHaLE @ittt morebkapdy about 60

[0048] It is preferred to use a major. a t of. base o
ok % o atimart PEHti Genfishigagione of Gepal, hAPErHY] i ok @}e&m %

ST P3P AL AP AT S

Fe. err anounts o : 5
abuified) Mmor¥prderdibanb@iimet.of Yhipfnvantidremey coropsegf amount
G oup |

(L LIl and IV b i | .
CoaBl et somRTsesabey Gste oghoRtS ¥-gf obee B ing gl

of Goup Il, Ill and IV base oil or nore preferably
about 60 wt. %to about 97 wt. % of at |east one of
Coil o ludle Mdlibdendm|Conpased eidomppoi¥rde) wt . % is used

RS oo 0 b AL o

enRedb iR 02 art fidSaré BMRABED ForBRYmGRAT USE Pan Namd,263,152 to
King et al., and U.S. Pat. No. 6,962,896 to Ruhe, the disclosures of which is hereby
incorporatéd 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

16



of base oil that conprises about 85 wt. % to about 95
w. %of the lubricating oil. QI Sol uble MIybdenum
Compound - component c¢) [0049] Q| sol uble nol ybdenum
conmpounds and nol ybdenum 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. .
salga,’gl S IR0 P2, YT oS ETE §PRBIHES BIPRRC P f%?%@ fatty

rcﬁgtﬁqgrgoq%-lﬁ% a%ﬁfa%(ﬁ EendRtofieG ? d%ﬁb@@f)? R%Waﬁ et ¥ in us.

erre repre entatlve the nol ybdenum
CBMNUMSS%WQM gdfor el plesphdras-frhae erganmanb/bmummrmdex of

g:)ggg%q appide s%}a éseméog%@gg%ﬁénggz\%gpggg@g% eéf J]‘"?om fatty acids
d?i g‘ﬂﬁmﬁd 'ﬁg)l JaRfnSALhD] ARdeddrind!byanabES, U BNRAANESS, 137,647
an at

I Ccy conposi tions contai ning nol ybdenum
saghmalb/btibrose coitsiningsetperudsgrapared frbyl HihhydsexyetlglaP-

8
pwga%oé@eﬁi}b%w an%@%%{l@ gg%y\ieg EOTRGRITH ity geic:
a&?larﬁam M@éﬂﬁnﬁﬁﬁfp@&e@ﬁre@&%ﬁ fiddeamings, Rﬁmmegtallaixylamd

647 | d. ph h
| owm@ymmwﬁm doecidbec o Galip & i B, Pabelp: 304033

2214 erg?wm Copﬁﬁgﬂ]d r{% I%ﬁcﬁ%%??y ?]hggtﬁﬁﬂ ‘ﬁQmH %‘Bsegc?'?ﬂeﬁ by Karol

byh ¥, Oht. N®. 5492 1mtmdmxuﬁes]mznesmepmamtmmdehmmn
cont ai ni ng coné%gunds pr epar.e

f
1cqrepenpds 6% {hetabgrg atp Bty prdeised iReipdecuyprggnot imited
fal f f d
f: ‘Sélglgrg }Lﬁgﬁyﬁ@ ijed tﬁgf{g kD &iich K, y@ KRt $5TASbIapan, a

over Xes prepare from an nes,

divetybaesym ahkmgdmple:d m@lm’odwsm GF¥eCERI® supplisiyhol the § Group,
d es c r | b g d ﬁﬁhlo, a mol)?bdenum%qghyllﬁexano'e}g molyjoﬂgmgg Setoate

micat Qb sit Ciakinang0Hs, lybd 2-
G

rmhmheemqatae Mdpvan@episesntiod bw&xerFeIFyHa@ﬁﬁmH Commmsinks of

ptieraeCRYE £ i Gh Rt AR B AR oty of
b¥rdahR A5abi MBPBRKED K9 alko Fomak. TTkyderbilapanrganomolybdenum

nol'ybdenum am ne conpl ex; nol ybdenum HEX- CEMr) .
sopppbicgd by the OM Group, Inc., of Ceveland, Chio, a

”ﬁi%ﬁf W'%]ﬁ%g%hgﬁﬁ gﬁéﬁe%g @Ct%inﬁ%g%cgﬁﬁl@%s%re unsulfurized

Conqilfuniatd oxﬂmlgbdmmmtw]bajmng rp@positibnyd Whih neaplbeprepared by (i)

e yt\é%gﬂ q)u.‘ﬁ C l L2 % E’-Egﬁ?%g bgs\(%aﬂll rg?tll !:on(])pound selected
gpéﬂg elfsﬁl?cegTQﬁ &ﬁ‘@ﬁﬁh? beisRuRMuAIIRPA Sxbefviicatidamiide, a
yvan 856-B also fromR T. Vanderbilt, an

ohgdmoarbj,rlymdmanmle @mmaﬁmrm{@gmqtuqﬁxpgp}@mrmdp,ya Mannich base, a
agg%g%}f gfisgélsltyﬂ%ldg)? {n?proverygrdaerrﬁyx ureC%Ha' 57551 the¥iEsence of a polar

* promoter, to form an oxymolybdenum complex. This oxymolybdenum complex can
be reacted with a sulfur containing compound, to thereby form a sulfurized
oxymolybdenum containing composition, useful within the context of this invention.
Preferably the dispersant is a polyisobutenyl succinimide. The oxymolybdenum or
sulfurized oxymolybdenum containing compositions may be generally characterized
as a sulfur/molybdenum complex of a basic nitrogen dispersant compound preferably

with a sulfur to molybdenum weight ratio of about (0.01 to 1.0) to 1 and more
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or sul furized oxynol ybdenum cont ai ni ng conpositions
whi ch can be prepared by (i) reacting an acidic

nol ybdenum conpound and a basi c nitrogen conpound
selected [ fromthe dispersant group consisting of
succi nim de a carboxylic acid am de, a hydrocar byl

nonoam ne, phosphor anj de hi opho

ariRIably BRBGOR (QLdparant oof eBUGIER) | HALoriHgh §ight retioof
abo % tlH? # & 1 B&f G0 ﬂrE‘feHE?y REBY2RES) ©f1. ThPpledise molecular
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I'spersant Is a polyi'Sobutenyl succini mde. The
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drb PR QBRAIAs Prepheiiad hYBacﬂbﬁ ten@emnh'é at ot elow 120
ybdenum wei ght ratio_of about . ]aoa(% Eola 120
adwgroes centigradsrantiaf epsiopally et#ﬁw@éﬂ o 5 bElgWy
a nit
Gy PSR

Thghe 1aah&ani®lcacidnadondftions e:i]uo.faldnhp&esum( y rm I y b d enum
conpositions are not known with cert ai

1061 ar @ho siclybdeam GoBOBISth PR B SRRy RHO A
W@f?ﬁc}lvbclenum? fma&ﬁnoﬂg%%‘.xsefreﬁ&ﬁgyew ih i @&4ReBi R ar® éc\&ﬂi%ﬁmﬂ&bdenum

(LR Ther “¢ or the salt of one
NESrEpdtintis. Ryedvidit et thah ehebmelybdanuny @g@muadsowﬁl r@pctm@ a

b t t
oot EDBG AP LN SoTERGLE AL LD oS CRBERRD Haen

0 R RAFBEuRLs afc Kegacdlemnand are
é&g@ér%?%%&g?@% é’f}vﬂfzo degrlées acentl grade an lé;b\giate

ofeptesmabd Yy shel bliowingdomipositions nadyhdie et quEponpmag

120, d t d
i e P SR e AR in bl nybates and
! GHRELB gﬂaﬁ@mﬁ@%{slsﬁ& £0ndird deanaliat. g%ﬂiydﬁb@bﬁi sddium molybdate,

pressur [ 0051] The nolybdenum conpounds used to

pMetle Mh@zBIx,MQiC%Ed@ mAYRAeaum ARG HEF PRSI S IR

RSP g R 58, s i

nﬁioy}l%«a@lwﬂbsmm@me dee mwbdrcaam; amintoniten moddideten m@ @gahmetal
rri)ound as measured_ by ASTM aI D-664 or D-2896 . 1 4.
Yhdpish PagicdatiRTelor e BroaPix 3 R e

C Eﬁggwq e %’éﬁc R }41‘?l E@tﬂfmtﬁ'{ﬁﬂls@& & ptﬁﬁ‘f&é aEXl b MGehke

NposI | ons bdi ¢ ‘aci d, ammdni um
ﬁ@éxﬁﬁl@ﬁésﬁmave aolrém rasnabhgmﬂmtogen pot as $raﬁ¢mlpﬂwloylb€t§>éutée Fygical

ot her al kal i ne net al bdat es.
0 eI P i S cpida, Cat G P RS M Btocarbyl

nﬁlo}ﬁgﬁﬁﬁl%s, hydrocarbon polyamines, Mannich bases, phosphoramides,
thiophosphoramides, phosphonamides, dispersant viscosity index improvers, and
mixtures thereof. Any of the hitrogen—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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MoQOCl 4, MoO2Br 2, Mc2O3Cl16, nol ybdenum tri oxi de,

bi s(acetyl acet onat 0) - di oxonol ybdenum (Vl) or simlar
aci di ¢ nol ybdenum conpounds. Preferred acidic

nol ybdenum conpounds are nol ybdi ¢ acid, amoni um

nol ybdate, and al kali netal nolybdates. Particularly

preferred are nol ybdic acid and anmoni um nol ybdat e.
[[6053] Theempas ird pelyyisgarnidshpstirr h?é’éﬁ‘gnfoopfﬁ?f’éﬁ- % the

?{)ﬁ%(&gg%xn e@o#rglefeg 'EB&??&%; BF&%&%}r?&slﬂﬁa@&% inHRELPAS rferences and
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exa Rl esowh s thehric Cepaisi findansntal eypssictiuctimdisies and the related

e e e Mo MR 8 o
t0h APHASR I'l“?ﬁ%@hfjﬁﬁl’ 3, PROAMY) GRAR AR Eres GF MPedhSAB hereby

VI’Scési Ty’ i ndex i nprovérs, and mi xtures thereof Any

oificdrperatedttyagfenenceritle taitm fsucomjpoidi't isamdensippd e the art fo include

after-freated .w,ith, .e.qg.. boron, .usin

Y b A, i S Sereike i B dlst FE . The
C@@&érﬂi’ﬁﬁnﬂp‘?mﬁféﬂ hewEvdR@sd SucBinirhidgand thikies® has been generally
after-treatnments are particularly applicable

Lt .
saccepited ad Weaningidie yrodictef w@@i%}fﬁaﬁ?%mbstfgteﬁ@%%w acid
oot RIS R ulndha 0B §5 R nikes, because

04 fSBLIPSRBmER A WIEIBUR Y 2E eioen aesinimitles prepamwdl fronk adprrocarbyl
inthe art. Certain fundanegig?a{) télges of %:‘J)CCi ni ﬁh‘ggs bout
atvaciniveanhydridee wherein theibyrocahybaale saiBy TPRLAR08 A K} 20

| M e \ /LI S
R o 1 e P e
chha:fﬁ@ﬁdﬁﬁe@bﬁ ¢1ltl§tea?xdiarﬂinc,@ﬁquylam$t@1i_abmjtleﬁ gﬁ@hjglm@tem@e, and
TR RS BE, Par AR BRI e e it gy Pigpiee from
:@M;@& e s R ShhyERRe oPT@ RPN AonRiGHY 6id feeastiigiene

succi'rnim de and this term has been generally
apotamied ontiethydenierigrarhine or oudres derepfr eact i on of  an

a | .substitufe Ll G achd . on j '
nHoD5 8 c T oo FE BIEEtinco TR Emidy Y Chooute Or @

ebyl eficcitie béid oo aneydgidalandy ablyabidridayy araine cohlegeng at least
succi ni m des prepared froma hydrocarbyl  succi.nic
aenytgitiaeaminp & Eegentn addijien BtRfoRFImYye é?vfﬁmé%‘i%rtag?lﬁg EF 8
aﬁf&"ﬁﬁmﬁé i C&Fﬁ&ﬁﬁon%g beRYRAN, ROAE 50200 228ra8é MIRARY weight.
amne, sard e I

yl'ene am nes bei ng especially .
chaypicil ebinpeahdyoeldibel thaigrepiasad nercadingtrieyyisotattenyl succinic
triam,ne, trjethylene tetramne, and tetraethylene

pEhpaRisad eoaylenc PTG ef erred are t hose
Sﬁﬁ)g'%]n! g%fi)%?yi@é £ha L& dortPositishy ks ayatsaitatle stagltighhaterials for
anhydride o

70 to 128 carbon atonms and tetraet h)ij ene
pereparivigrthe oxyrholybddnpecmmplexesamipheyed in thix inyeakon. Typical of such

thereof. [0054] Also in d w.thi -
- i radiosh sl BUR Bat Hey S0 thEebiosure of whichis
hereby incorporated by reference. These compositions are ordinarily prepared 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 oil 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 R COOH, where R is Cjz.20 alkyl or a mixture of this acid with a
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hydr ocar byl succinic acid or anhydride and a poly
secondary am ne containing at |least 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 typica
conpound woul d be_ that. prepared re .
ppRlyiseRenYe ﬁ%b%ﬁéﬁcﬁi i whigh, wrnoﬁém&ﬁ@na HYMR fptains from 72 to
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COﬁ'pOSItI on conp sitions are prepared froma
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"o %%?I—y[ 1(")6r Aflg ta rsra?t{lr%?elglygvalgnt a li goérocar M 8f2106 carbon
atoms and n is 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 Mannich 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 phosphonarmnides
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par af or mal dehyde, and an am ne conpound. The am ne may
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tetraet hyl ene pentam ne, and the |like. The phenolic
materi al may be sul furized and greferab

Gz oy thobeAtiosyd a EBOPALGN0s. ARG F3H abbp-Ib8y) 37l disclosures of

Mannj ch .bases. whi ch n ' [ S. .t j

RIS SRS ) R L DU s
5odbfheWitiosgiuSeddthudl Bavinp at idhs ochoBuUN bend. dheykirche prepared,
are hereby 1 ncorporated by reference ;S’ | ast . .. ..

- 6 exumRlehyREnE RIOSRoB Y Narid WHh gAY deocaebdiobin B

r Gack | deayBPNdifunctional
SRR EI0 R ot apiRa e

f e omdage it aadd rammeafiytienbapiey Bnbpleosphiemides cagbe prepared

where A is a saturated dival ent al kyl hydracarhqn 2

Loy teeinaSHmsa GRS By oG 148 Cortig Pyt Tt 2 o 450 ofimore
. 1

SR B LORYIGHnPlon® P BLEYI AL AP ARIRS ctiprene

] urea or thiourea. e utility
ohextche S63-Maradicnh, ibetswyenss 4-methylt i-penters; apd tedikeoyith

pr.e I ng | ybricati ol | addifiv fit
P RPrrb SRR Bt e pb g AR Rl R bove
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e%‘git %ggei n this invention are the phosphoram des and
p sgl N&ni des 20 such as those disclosed in us.
59No Anothed ORsAdMitoEtn3;086idSTompdsitiatis st fobinmsepaping the
ich are hereby incaorporated. by reference, Thes .
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a ' , BllyPoséhitrd Ben-containin
B AT Bl A AR o R AR oshitd ’
de@tpytinds end canpositions deetibyd beveine Prederiadayitrogen sources are

OB G RTINS
P{do8a{ | BtbREd basic nitrogen compounds for use in this invention 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
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nol ybdenum conpl exes enployed in this invention
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e.g., olefinically unsaturated compounds, with sulfur, sulfur monochloride, and splfur
dichloride. Particularly preferred are the paraffin wax thiomers described in U.S. Pat.
No. 2,346,156.

[0066] Sulfurized alkyl phenols and the metal salts thereof inchude compositions
such as sulfurized dodecylphenol and the calcium salts thereof. The alkyl group
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kﬂ)odﬁv{igélo if &9&&1 $Hinldifith hdtoR Ric@hdy aldo/By zﬁﬂled By @ERéRFSn mixture
to provide a solution of ammonium molybdate. This reaction is carried out at a variety
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 nitrogen
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about 90 degrees Cel sius, unti] nol ybdenum i .

0Tl i shopior muUeERisaa40 AhE ISR TR 3 BetiRe

886 éeln ¥dmpound is not critical; however, as the amount of molybdenum with
respect to basic nitrogen increases, the filtration of the product becomes more
difficult. Since the molybdenum component probably 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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 sulfur-containing phosphorus esters including phosphoro monothionate and

phosphoro dithionates, phosphoramides, phosphonamides and the like. More
preferably, the phosphorus-containing compound is a metal dithiophosphate and, even
more preferably, a zinc dithiophosphate. Suitable phosphorous compounds are
disclosed in U.S. Pat, No. 6,696,393, incorporated herein by reference.

[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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Commonl y organosul fyr. and organophophorous conpounds

hEW@7kevéBé xidgtien WIS and many suitabl e
@Gﬁé’f 'P'ﬂtéﬁot 'tf@gﬁhbﬁélﬁg oRRIEBbMirARMNGEs: Wi 4 stiggalelist(RS-di-
0

num co nent “and need not be repeated

a@ﬁl—butylﬁhﬂ:rtal)r;ttgﬂ s (g, Gﬂhéﬁ@fon‘é’éplwng%ﬁ) rtug(aﬂ@@tbxﬂstﬁ-tert-

RS e Loy e @ o- ?%Er’hﬁ@ﬂ%%og A8 Ebnebis(3-
C&eﬁtyﬁtslta%ﬁt dﬁﬂﬁh@b’ z:tu'tltup@@wﬂeﬁtaﬁgs 6- ctihas-rmhqnphenol), 2,2'-

estefs (inclu hosg at es, phosphonates

pm@ﬁlp'lﬁnnbm@smetbﬁ gpRnyieheeld ad -ISBhlggbqlﬁr{eégs(‘l- 6-dimethylphenol),
gﬂ?ﬁ%hﬁw@eﬁg& ?{PE ! pﬁj:lsﬁé(arﬁﬁx%ﬂﬁlp) h & ﬁ? 16t Aembth¥Bhenol,

s% Bfdiﬁex@@ﬁtﬁi—@thﬁﬁahﬁﬁtﬂsnh@gmsthgbﬁm‘rsbuwg phtﬁ‘toh@ ,6-di-tert-o-
oS or o nonot ni onate an r.oO Ithi.o
PO e gteg D e e o s AgD .4

henol), bis(3-
p{ht?&ﬁg(g%ﬁh%l (ﬂospﬁﬁﬁgﬁ 2%%1&51@4%6&?1%&%@&3 anol), bis(

even nore Ereferam
 othylidtHydapiyes piabieylbguist bl 53 kod pisds Sub- e hpbirhds
are disclosed in U S. Pat. No. 6, 696, 393,
ih%?’&h‘eﬁtz)él herein by reference. [0075] The foll ow ng

gﬁh zgqn? RO MnSind fype SXAARbE Sbilfitoz OalkylaRA diphichpltmine,
f abl’'y enployed in conbination with the

I nﬂmrnybattnaplgthalﬂmm%\?éd ok ylatasl %ﬁ@ﬁ@lﬁﬂlamﬂ’? i nventi on.
T of d
ﬂ]zﬁg]( gﬁ‘%tl & Vtg}()ﬁsagn%tatl dﬁﬁﬁc%ﬁﬁn@t‘é QYLC Eﬁ‘tctd‘i"thidcl;tﬂﬁﬁﬁlﬁt% @nd

ion re“hot intended t

| hfétHyiédebxs[(@i@ﬁ@][dﬂtﬁc)caﬂﬁhia@S di spersants: al kenyl
succi ni mdes, al ken succi nim 9%93 nmodi fied with
hy

of M08} or gﬁ?ﬁ%‘l&@@ﬁ’p@ %@@h@ﬁt%%e | ene carbonat e,
Wﬁ(%iﬂc cl @'P&Brﬁi ¢ @&gxrﬁﬁhﬁéﬁél su?f‘al&é:éc@t'v@‘agﬁﬁs HRGokiy&Hylene lauryl
ori ¢ acl succinic este

ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene
sorbitol 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.
[0084] (D) Demulsifiers: addition product of alkylphenol and ethyleneoxide,

polyoxyethylene alkyl ether, and polyoxyethylene sorbitane ester.
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[00771 (B) Oxidation inhibitors: [0078] 1) Phenol type
phenolic) oxidation inhibitors: 4,4'-nethyl enebis
(2,6-di-

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

i[OﬁSS}out &Eihgﬁ%g%g met ts & tetegrgﬁtltﬁ)brﬁw@pg?é%ger gh‘phenyl sulfide,
4méthyl gRBIRbY drsle r&lmrﬁ{a?eaﬁraghmb@ﬁé b@ﬁéy\rlo“aa@@ol) 2,2 -

met hyl enebi s(4- net hyl - 6- nonyl phenol ),
ZﬂQGroalkglput}yilom,earﬂdl ladm%?@hdllenﬁ@ hy | phenol ),

ZEOéngE t 2%‘1 ﬁ%ﬁ r&%ﬂﬁe rﬁy?,abtﬁ 08 o att%zxa)é cp he?x?el, %Orated ester, and

thﬁeldés‘tdr§rt butyl 4- et hyl phenol
4-di net h I-6-tert-but3/ henol 2.6-di-tert-a-
& "

di0|9§'t7hyl 4 %ﬂﬁﬁ@@ré@@l additigesapulfibized g Raplybdenum

dj 1%% l% : tQ% %f! lPtdé?lﬂ'H o%alnf phosphorodithioate,
)&ﬁdl?ﬂ)dﬂﬁhﬁ(ﬂ@ﬂﬂ@j’b}thdﬁ -ob(gm'bl}kh)ﬂt:mim diztiollite atmiide| 8mine-

I-4-hydro -b-tert-bu e sul f and hi
(@OQX)QP‘@% Femp §P@P°W§¢d F%%HE% nl%@?@g it Complex
ham ne type oxidation inhi b| tor: allcylated

d| phenyl am ne, phenyl - a- napht hyl am ne, and al kyl at ed
af0a&Pht hyHa Mm:esn)[ bﬂ@@]mp}))‘f@ rmlmytp@qylatﬁetvm polymers, ethylene-

di t hi b di t

PR PR R D oD SR Be SR oy bt reffboptsae
| PRIk RE, Solybutylste! arkD@EElsidant [y §&kosily iNGK i@prévers.
pol yoxyet'hylene surface active agents; pol oxyethylene

| [&QBSMI éDRsur peist Jeprgpsartisipebiandihymesthagrdatsol et her,

g@bé%%:k@bg{&ﬁe{@? Q%‘%) y ol%el?‘ﬁﬁ%%wﬁ %‘%{é}é T d Hem silicone
gidighers. pol yoxyet hyl ene ol eyl ether, polyoxyet hyI ene
ﬁféhgi}éf'eaﬁﬁ?%%%%@o%m%la@é%é t@%{alfo”sﬁmzirég‘@! primary alky]
§§gseggcfgrygﬁ(g ounds: stearic acid and other
.o dita

ty aci xylic acids, netal soaps, fatty
aC| d am ne salts, netal salts of heavy sulfonic acid,.

riial carboxylic acid ester of polyhydric alcohol,
exBREPLASS,

horic ester. [0084] (D) Denulsifiers:
@603y 0”’[&&6%&0@& tﬁﬁﬁéﬁrhﬁﬁ‘ﬁfb@éd W‘tﬁe eSwtis %@%}ﬂ@s which are

polyoxyethylene al kyl ether, and yoxyet hyl ene
gt b baoesekralas mﬁtz{tﬁe 88]ts GtE))peEAtfméhm updqgtg:mheg abthet s
(.EP agents

d | f
avernn bi bad bt KEebang prfip B PEtAmH: g Examptes.
bEgmgkin hfedsds resilg Wafeaah e RAk4sl, ho i%%ﬁ%rat@ﬂ%@l ah®@Rehperatures

napht henat e. OF Friction nodifiers: fatty
anugtsokfer toaiﬁm;Ceangnade sirstane andbde deray “asghient” omfygom temperature”

refers to about 20 to 25° C. The term “percent or %” refers to weight percent, and the
term “mole” or “moles” refers to gram moles. The term “equivalent” refers to a
quantity of reagent equal in moles, to the moles of the preceding or succeeding
reactant recited in that example in terms of finite moles or finite weight or volume.
Where given, proton-magnetic 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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[ other esters [0087] (G Miltifunctional additives:
sul furized oxynol ybdenum dithi ocarbamate, sulfurized
oxynol ybdenum or gano phosphor odi t hi oat e, '
oxynol ybdenum nonogl yceri de, oxynol ybdenum di et hyl at e
am de, am ne- nol ybdenum conpl ex conpound and

S R e T S S B e RATROY Bk Do

PRh¥ABFSpar@ididt PRR ul BE 8 PYd: 8H€0:G 8RRy e mBxture of antioxidants of the
styrene-1soprene copol yners, hydrated styrene-isoprene

i canapmitiomenf she peodent sweiiop asnBlustisiad Betsipdickamt t ype

vi scosity index inprovers. [0089] (1) Pour point
depressants: polynmethyl nmethacrylate. [0090] (K) Foam
| [WobR) t O'eScanlekly] PRBAAAGH a:fpﬁeays&l |y BRrtbtraydraduint yb-yl)-
silicone polynmers. [0091] (L) ar inhibitors: zinc
damainky| di t hi ophosphate (Zn-DTP, primary al kyl type &
secondary al kyl type). EXAMPLES [0092] The invention
is further illustrated by the follow ng exanples, '
whi ch are not to“bg imtative of its
scope. A further ¢ of the invention can -
be had in the fo y 3 {1 ng’ Preparations and
Exanpl es. \Werei n“unl ess expresgfy stated in the
contraty, all tenperatures and tenperatures ranges

r @095] t 0 A bslubsés mmganﬁmsefmamqumm @respammsmemﬂbed in

or "roomtenperature’ refers to_ abg 3 58%3 g]g 4ﬁgﬁ~f

tBu‘mH%é?m@hﬁn%Hu%ﬂ'Hé]P%'F d- Cherpelaghd Ip% 204870 Ui 40z L o
%c A C acl enflta&l%% ga?ns 5@1&(11%1&(?5/%)&?3 2! Biro @ﬁﬁteﬁ%ﬁ B0 psi for

quantity of readent” equal in
mDD@l%urstdih 4 Pear Iool-pesduie hydrogameed The sdntiguweriiférag and the

reactant recifed i at exanpl.e in ter f finite
s GRS PR R S8R P TOREISE: s g Bous hase was

péﬂ%a%%dmg BlleE ﬂlﬁ%ﬁéﬁ&%&ﬁﬁﬁ@ tTHérBoﬁﬂnﬁBdrdchQdSroﬁletﬁah): layers
term ned nHz gnal s are assjgned as

swagl edshed )’Vlth tﬁ\hﬂﬂleemsr@kim ii:(f(b@}lde dalpstedtby brimp, The

d&ﬁg e do i‘f& §ye( &‘? d)dgﬁéjr I ﬁflf‘lgfrékls) me%eléﬂnes%fa'tep leikied and

r &S REStrdte %k&‘&toﬁﬁéld&@@éfdms 372 @3Sk, Fhadakiresidod was
t he benzo[ b] perh

oheterocyclic aryl am ne co
\Amcrzfstaélrzf@d Pmeéhamyl t@é’éﬁlé I3 drgms P?@al desiterd n&ﬁ%&ﬁﬁs a grey
Lt e iR AL, ) 891 QX IABN S @, 4e3%6.45 (d, 1H), 5.35 (bs, 1H), 3.4
(bs, 1H), 3.25 (1, 2H), 2.75 (t, 2H), 1.95 (p, 2H).

[0096]  Example 2 - Preparation of N-(4-tert-butylphenyl)-1,2,3,4-
tetrahydroquinolin-8-amine

I=

NH -

HyC
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conposition of the present invention are illustrated
herein bel ow. [00941 Exanple 1 - Preparation of

Phenyl - (1, 2, 3, 4-tetrahydro-quinolin-6-yl)- anine HN C
N H [0095] A solution of 20.4 grans of

6- ani | i noqui nol i ne- (prepared as descri bed in Buu-Hoi,

Fi;%?ﬂ an oHuf?as# eqlgegeaci \giﬂa 8‘|nb3388?ﬁ SaE er reﬂ X ggndeﬁgégan?l%%mgen

phRt WAy Hzﬁde‘e{) sOarhifl8qMastideds agenat, e)dmahola@ psmfoum 4:2
hours on a Parr | ow pressure hydrogenator.

Jubuobenzena 13 grems 10 medes), Hes(dfhemw@@ee%ne)dlpaHadmm (0

;@35‘ ll I 5 Q@M moft]as)G waca -g#g%ﬁ@%lygmo%}}ﬁ%{ogﬁ' Wt mgﬂlﬁyl (2.5 grams,
dy.odu ﬁbﬁﬁﬁgwﬁ? r:‘efgll\blﬁtcﬁ@dﬁiﬂlﬂeﬂgrﬁhne,lﬂ mmma:t;}m:rd&mhggmus foluene
wer e washed wi

1356 ritaeThersastersh ehiho ABet HTEL PEJ AR HETHP, S /B oom
d on%&"aﬁﬂé gg%%dttﬂ}o%gh bahe of gx'hké §éleffh@§iqiica ]gel pad was then

entrat In vacuo-to yreld 4 grams of a dark
redstied wéth di¢idodarckhane §240uelyvaEhe ¢cmuin§l<si Qrgamsz yefrwere 95%

SRR R TR R
Asliﬁoa | Ae'lsutfr% Wﬂl’i‘ﬁaxaﬁe/@ﬁli(( E&taté-@o 3o éff%Igg%lgriﬂr& of ﬁwZﬁsued

-pré\ﬂmmas atyeltow eﬂld\l- M(CIBGb)) I&ﬁﬁ%ﬁm hH)1 82 @34?3) 8. 1 (4, 1H),
u amne / N OHNH H3C\ H3C CH3
27§ ‘[7%%‘:%]9?%0i 38 g&ﬁ equi pped with a nagnetic stirrer,

| 8[@6!: )X C%%%ﬂﬁﬁrofzam@am% wgﬁ(a re#tfﬂu@}f ?m%)qﬁﬁsﬂn% ~amine

am noqui nol i ne (14.4 grans,

%w;mred ghovplin 160 mﬂmfe:qz@w@ué Qqnténglrg% gremi of plstingm(IV) oxide
%%%%%Rt;qenz% a{j 4358 ps1 109 ?12)111’5 %%l lfaaglj IHW-érQqure( ﬂycﬁo SEnAHIE The
rs@ﬁn%nanasmle&;ﬂ hhsipildphespdéonearth; bondehtmatpd hyi/aoita fmd

grans, 0.004 noles), sodiumtert-butoxide (19.4
greatrghzqdvzs@m i l2gugous sed mHPEFGUde- 1 Hie AgHeous phase was diluted with

water and extracted three times with ethyl acetate. The combined ethyl acetate layers
‘were washed with brine; dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to yield 2.5 grams of dark blue oil. The oil was
chromatographed on silica gel, eluting with hexane/ethyl acetate (20:1) to afford 2.0
grams of the desired product as a yellow oil. 'H NMR (CDCl;) & 7.2(d, 2H), 6.5-
6.95 (m, 5H), 4.95 (bs, 1H), 3.3 (1, 2H), 2.8 (t, 2H), 1.9 (p, 2H), 1.3 (s, 9H).

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

amine

[00100] To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen
inlet was added 6-aminoquinoline (6.69 grams, 46.4 mmoles), 2-bromonapthalene

(9.15 grams, 44.2 mmoles), #ris(dibenzylideneacetone)dipalladium (0) (0.80 grams,
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(150 nL). The contents of the flask were refluxed for
four days; cooled to room tenperature; and filtered
through a pad of silica gel. The silica gel pad was
then eluted with dichloronethane (240 mL). The

combi ned organic layers were concentrated in vacuo to

N7 St e B R R AR LT S P e At 169
2 Bokd), Eidth t9% BuRid’ (84D 1g9£mst i88. 3dﬁﬁbrespbndpﬁaﬁ?<u@txs @buede (90
yeIIowsolld 1H NWMR ( .8 (m 1H), 8.2 (bs,

1)) T8e torftelits effhe flagk wcrf: rsﬂv(umd fgn-g'we hougs c@gled gg-oom

0098]. A

ketpoettrt S0 B R dtordtAPHER e Bet The stiasshpadvan b

iefutd PRitHketRhydealrhe (1851 HLY IRE abmbingd @rghﬁlcgﬁmw@xfe
pl ati nun&l\/) oxi de was hydrogenated at 45 psi _for 1.5
i

[ronrentraied a2 leup t9 giplchs brstirsolifly dhe srlithw a recrppigllized from
SERUAE BREED bl o gt presseNS R o
ggmmas@@@) &mc}mguq)gugora (dTHE), 8QUEDLE), flSsR05vas, 10H)

iluted wth water and extracted t@éee times, with
éemll acAwalugion phd. 00 gEnneldVewphtby P’é’thé' sfm%we n
SRR ol g B PO AR B, T B Pl V)
Z)Xﬁiegﬁz&ﬂﬁdﬂ:fgeﬂﬂéck atdsyssi €irl6.0 Hoves @i & Pméownpressure hydrogenator.
chr omat ogr aph d aon sili el ut
Héwe aplutian wgk o ffel@fié]ﬁr@uézgm %%fﬁﬁ‘&%c%ﬁcwaéﬁdéﬁgﬂ‘afo and

?@gw%%@& ﬁﬁg{ N th}é%ﬁs ?cﬁlu?n lﬁ?&r‘oﬁ?iﬁco'l“he a ﬁoﬁ@@l&% a)h(zt%d with

Zw‘d)cr aAd 8xt(raqtec12ﬂ1)'ae tin& \(th ethyl) a,cemtes Tbs porgbl)led pmgag:]etate layers

n‘g'aﬁ’&gl’ﬂ rr%%ar e 9, f‘tf g{lﬁl}éqgg)grrg%eﬂm %ﬂfgte, g}ﬁared

Icor\ce:\ntratlé’d 7] vc[c@tg 19 SHeldTS’ 53rirhasHideTumd fAmiddva dhl"brﬁato graphed on
magnetic stirrer, reflux condensor, and nitrog

ishicagelhakitiag ot lgxaqtﬁ/ ﬁbﬂﬂcﬁ@e, gxg@h% 1% gff@qda},% gTag@ of the desired

e O RS PRI R Cpe0 ) BT & (7 18 T S5 n

280 02.85. 1.95 (p, 2H
rglg 2, 29@@3 %pher%)/l ph)osphl no)-1, 1" - bi napt hyI (1 10

granms, 1.77 mmoles), sodiumtert-butoxide
§00I92]  SBxaBupterdl-dsypasattdnad ANy 2meptshylol, fé»éﬁete(rghydrfm_wnolm-g-
The contents of the flask were refluxed for five

%: cooled to room tenperature; and filtered
through a pad of silica gel. The silica gel pad was
then eluted with t P_ydrofuran (135 nL). The
conmbi ned organi c | pyersf were

T

[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(diphenylphosphino)-1,1"-binapthyl (0.6 grams, 0.92
mroles), sodium tert-butoxide (8.86 grams, 92.2 mmoles) and anhydrous toluene (90

mL). The contents of the flask were refluxed for sixteen hours; cooled to room
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concentrated in vacuo to yield a brown solid. The
solid was recrystallized from ethanol to afford 8.6
grans of the desired product as a yellow solid. "H NWR
(DI\/BOd61D20) 8 8.9 (d, 1H), 8.65 (d, 1H), 8.2 (d

‘ 7.25-8.05 (m 10H). [00101] A solution of

R PO B I T s o

ARt Rvith Aehforometand Bl 38fmb). The Bblﬂi’fbin\i@l org)mmd&yemawwe
hydr ogenated at 45 psi for 6.0 hours on a

| coneepireted dw eawdpdy‘é%aﬂ@rlow sofitk 5he %ﬁlﬁ&f?ﬁxﬁ&?@???@?l&& on

R o T e
il o@hASe a WeBow isblit. €t Wivth (CEL: B 8aifddeidH),fct éd, 1H), 8.05
three tines with eth acet ate. The conbi ned et hyl

ddeltB) 8-5I-'é9éms5H%e7r%¥Ms(ﬂ"eg{M /2{dptihe: dried over

.36Wﬁﬁlou§ts’$§ﬂﬁ%§jfwﬁ aéf‘LnanBI?N Ah éhﬁ{ﬁéiuﬁ&% -8-amine from above in

once I'n vacu anms solid. The
sekticacidsl OhLpamt agylambtatb (d f0 nrh)lcpmaugm .26 zamnef Wit h

th e%;a i) et)gcéll %}%g% %%Id)%g%? % ﬂo%s_'om%':]fagrslo%—pressure

' ?%%@Q%p )TI'% }_B%hﬁlozl vgas(ﬁﬁerécgﬂ}ou dlat&nﬁcefoﬁ& caréht Edncentrated in
(p, 2H). [00102] Exanple 4 -

Rueparaad newtradized with 3N aqueous sodium hydroxide. The aqueous phase was

%‘é&%@?ﬂﬂ%@ Pﬁlég};}fa&?&‘%&ﬁ dr t%ﬁHll e'hﬁyé aﬁet te, ﬁsi% Pc?nglgfrﬁecl\uhyl

IR bt a FR RSP Eshed RGthHrine CURIE ovieR hﬁ{ydm asighesium sulfate,
8-am noqui noline (6.81 grams, 47.2 mmul es

Xilzrahadaonberitetrs in (vgcq;gtogmi% 2 grems of kS| %g]}ed product as a
gt Al beﬂ@ﬂi{dﬁﬂa&% 8794 pal dRfiHnA B, §95%4 19527135 (m,
fﬁg 205 6meH X @pﬁrmiﬂomﬁ(@ him3 3%, 21 pap tm 1(935 ®, 2H).

sodi umtert-butoxi de (
grarrs 92. 2 mmol es) and anhydrous tol uene ).
Toe105pnt Extmplefs + Prepdrhtiekofé(é tarebitylpbeny] ,%dlhy@r@nh
hour s; ooled to room 30 tenperature; and filtered

t P%Rfl_fm PRYCf silica gel. The silica gel pad was
then eluted with dichloronethane (135 nL). The

combi ned organic layers we gancentrated in vacuo to
yield a yellow solid. T i WoOnet ogr aphed on
silica gel, elutln@vvlt

gradient to afford & 679 f : 'oed pr oduct

asayellowsoli€ N NI\/R(CDC13) 5875(d 1H), 8.4
(bs, 1H), 8.05 q H, 7.6-7.9 (m 5H), 7.25-7.5
(m5H), 7.2 (d, 1H). [00104] A solution of 4.08 grans

O[BONFG}L naphtisk %Hl!llﬁﬁéd Wit 2 3Hone:d £2r8-aRAUE chiblensor, and nitrogen
inlet was added 2,3-dihydro-1-benzofuran-5-amine (11.6 grams, 85.8 mmoles,
prepared as in Example 23 of U.S. Pat. No. 20040029932), 4-tert-butyl
bromobenzene (18.1 grams, 85 mmoles), fris(dibenzylideneacetone)dipalladium (0)
(1.6 grams, 1.7 mmoles), rac-2,2’-bis(diphenylphosphino)-1,1’-binapthyl (2.1 grams,
3.4 mmoles), sodium zert-butoxide (16.4 grams, 0.17 moles) and anhydrous toluene
(100 mL). The contents of the flask were refhixed 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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acetic acid (10 nL) and ethyl acetate (150 ni)
containing 0.24 grans of platinunmlV) oxide was
hydrogenated at 45 psi for four hours on a Parr
| ow pressure hydrogenator. The solution was filtered
t hrough di at omaceous earth; concentrated in vacuo
and neutralized with 3N aque ‘%%’ﬁ“umh dro I de. 1
a@ﬂr@myét% ascuahe Yiel] ¥ darkgo ?%fé?fbeé & silica
g 15@ Xhih H@xﬁ/&hﬁyﬁcet@&gﬁ@ﬁ?to Afdq0 @%’H@@f 186 B¥dired product
'ayers were” washe brine; dried over
anwdlﬁteushmabnmmm:mma&’e% (d |2H),e6@d (arid), 6.85 (d, 3H), 6.7 (d,
concentrated in vacug to vy rans of the
dE T-éspdHafed (ta3Hh 3- 1346 p?lfg bﬁl(sa NMR (CDC13/ D20) S
77(m2H) 7.6 (d,1H), 7.35 (t, 1H), 7.25 (m 1H),

Z{_)(@@'/E {“ E .ple% %gé%}at%g)'%ﬂ\ﬁ (? B%iilbys#‘wéx beacubdp:s-FHINN-

Btﬁgabﬁizbﬁmmtchhrﬁﬁret ert - butyl phenyl) -2, 3- d| hydr o- 1-
benzof uran-5-am ne NH H3C H3C CH3 [00106] To a flask
equi pped with a magnetic stirrer,, reflux condensor,
and nitrogen inlet wasadded
2, 3-di hydro-1| - benzof ura '
nmol es, prepared _as in pl e 23
20040029932) ertyk

( _
85 mol es), tri S(Z]l(banyl i deneacet one) di pal | adi um (O)
yl

'-'_L

(1.6 granms, 1.7 mmol.es)
rac-2, 2' - bi s(di pH phosphi no)-1, 1' -blnapthyl (2.1
grans, 3.4 mmoles), sodiumtert-butoxide (16.4 grans,

Gocdi 680! Sk fﬁﬁgeﬁiﬁbédrvﬂﬂﬁa et tired, Q&hIﬁLc)ondJﬂBGr and nitrogen

ontents of the ask were refluxed for three d

@Ideﬂ e added odiY-diedibd saplanglengdigmine (ﬁéﬁﬁafflhﬂ&ﬂglﬁmﬁles) 3

b R T o
Itﬁ&(@ﬂ)@ d@n@%et@ﬁ@@ﬁﬁﬂﬁcﬁﬁlﬁqw (0.3%puns 04y instales), fda-rZKZ

solid. The solid was, chromat ographed on silic

Db oRDHER A BRIV R T EEBE o RTOIED), Sjuge i ptoxide

W tl[}% {ﬁ]‘ﬁ?%@f%ﬂ)%ﬂg&gﬁs togrcen? (antL? 'ﬁfél doﬁtenﬂsbl'éf & 1ask

Gve?e Kehted tHH)0C 501'4w(ohmys Thled 4o Eo@n terrﬁj@atm:g, 211’51 f@]teredzih)'ough a

t.i.on

gad 9£s1§cqqu}yaﬁxg iCR gﬁlzgggnmpl ﬁhs% %}}ltfr ﬁf%_cﬁchloromethane (200 mL).
4heLh%bRRA 2N laferd ke Aficanttatdd MHacuo to yield a dark blue oil. The

0il 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 (CDCl3) § 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 O
O

HsC

benzodioxin-6-amine
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H3CN O H3C [00108] To a flask equipped with a
magnetic stirrer, reflux condensor, and nitrogen
inlet was added NN-di et hyl -1, 4- phenyl enedi am ne (3. 35
granms, 20.4 mol es), 5- brono-2, 3-di hydrobenzof uran
(3.4 grans, 17.1 mmol es),

tris(di benzyli deneacet one)di pal | adj um (8 39 %r aﬁrs,_
dOQ:tng}nDIngi)ﬂask §auippept with amagnetlc stirrer, reflix condenso and nitrogen

mISéF %ﬁ’ DEY ?118&?351{69%1 - darhid 5% 5%& g {2 Méw terr-Butyl
umter ut oxi grans, .
mmﬂnese)nzaamj(eaeﬂwmnem } Do t(‘l@@ilbﬂn)zyhdléheacemmbb!m%laémm )

T R A R o S R 75
;Tiﬂ'hﬁq IRlmaldd) esoﬁidnh Fe@r—&ﬁbx@é‘% 9@ gratie 3.0 nutheids)intl Anhydrous

‘of'omet hane (200 nL). The combi ned organic |ayers
We}uenc: Gifosh). The @dnnerntsmétmcﬂatsb wigrcateflugedyr Kirpe dayspsqoled to

T b B gL LA o s

H1AES v cﬁélﬁor@ﬁﬁzt}[aﬁéi (F00aALE tTlikScomtbﬁeergamb Jayerd YR
711) .. 5,15 (bs,

gtfq)?%rgga@g_zg VQCl(qf.p @qggma dgrklso 1@1 T@Fq);ohct Wm@}g])mggggha&l@d en silica

,@ef f?\ﬁ%lﬂgt%%fg h?;zaﬁxg/ﬁglhly aCfta,ot;e graﬁlfé\t to affoid 5 grams of the desired
beeaed box Whité said. el NMIH(CDCHS SH35 @:13H326 008,140, 6775 (6, 1H),

flask equEf ped with a magnetic stirrer, reflux
dohdehonizH)ahd (b, L Hoge? . A€l 3 (% 8Hdded

1, 4- benzodi oxi n- 6-am ne (5.26 grans, 34.8 mmol es),
4-tert-butyl bronobenzene (6.83 granms, 32.1 mmol es),

tdblgs( fjl 8]6332%.19‘1& ~2§r%§aergt?0% Sf‘}v ?f? Ib ?Ih%xwyls q),2,3,A(lgét?a%ydroquinolina
rags g2’ - bi s(di phenyl phosphi no) -1, | -blnapthyl (0.79
grans, 1.2 mmol es), sodiumtert-butoxide (6.08 grarms,

63. 0 mmol es) and anhydrous toluene (70 nmL). The

contents of the flask were refl uxedxfo hr ee days;

cooled to roomtenperature; and ared tlhrough a

pad of silica gel. The silica gel hen el uted
wi t h di chl oronet hane (300 nli). The™fonbrnied organic

| ayers were concentrated in vacuo to yi'¢ld a dark

solid. The solid was chronmat ographed’ on silica ge
eluting with a hexane/ et hyl [

5 granms of the deg.red
NVR (CDC13) 5 7.25

A4S a white solid. '"H
(d, 2H), 6.75 (d, 1H),

[00112] To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen
mlet was added 8-hydroxyquinoline (20.0 grams, 0.14 moles), 4- butyl aniline (24.0
grams 0.16 moles) and iodine (0.52 grams, 2.0 mmoles). 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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6.5-6.7 (m 2H), 5.4 (bs, 1H), 4.2 (s, 4H), 1.3 (s,
9H). [00111] Exanple 8 - Preparation

of N- (4- but yl phenyl)-1, 2, 3, 4-tetrahydroqui nol i n-
8-amine / N-H \ NHI H3C C[00112] To a flask
equi pped with a nmagnetic stirrer, reflux condensor,

and nitro i nl et was added 8- h dr oxygui nol i 20.
doaks) oThaoitin oy oo s BLNOLL e (206

0)c1ci3 VU%)J l%ﬁl?r %ﬂgteg ? i (- H2nr8BE a P%rﬁomgs%ﬁﬁe hyﬁFt%enator

were refluxed for
el sethtion wasdietdnpet tt dilteste ansl nmttalutzedjwwtbﬁﬂ atcxule@iesrﬁ@dmm

oS Lshuste seltign ves (LLLersd st o) sTachats
%%Hﬂaﬁﬂe‘&%&ﬁémmﬁﬁ@ 10k fsRy FYBAGMR0KRL BRGHEBUE YEdiax k@ﬂromde

hree tinmes and watér three tines. The organic |ayer
vﬁaﬁomd byjbnw@ Therdiphbsomntheug lfaa@rewas driediovpreanbydpus magnesium

é{terg nqn\églg gag# %zﬁu ylelg a_,,r§< Qm@% fada %Jlk brg\!?.'ﬁ oil. The

9% “gef

rlﬁ%@é‘seétﬁélhﬂﬂo %ﬂﬁﬁétﬁ@rﬁmh&eﬁgel) elﬁtﬁhga\ﬁ/fﬂ@ ra.ﬁeﬁanE/ ethgyil amiata gradient to
brown oil -

a1l grameo the detircdgeedust aer Heliwnoihs B WMRO(GISCR) Brmos (@

A% ottt o3t & B PoTOE S SRR, 0 B A B s 150,

Hesolytien, m;szfswt enedss andrhe st (p, DS E35¢@s2H), 0.95 (t,

neutrallzed wth 6 aqueous sodi um hydroxi de. The
&fleous phase was extracted three tinmes with
di chl or onet hane. The conbi ned di chl oronet hane | ayers

dﬁ@,ﬂﬁg ueous sodi um hydroxi de foll owed
by%“l ne EWE %?gnet hane | ayer was dried over

aiﬂhy]dll] oué)xnxhigna siudws of thefpaeduictsfaflselepted Fapaples were catried out int
can rat u

RS Rk By Sl B P s B bgony

eﬂ‘r’eﬁﬁéa@ﬂoﬁ@ V’al axhs; X@SeL% he1ooac Bt aiisie@ItRetia@néT dxggen uptake at
ford 1 grans ‘of the desired product as a yellow,

cnonstam mw(echmgyerswmgbsoﬁq;l wapmpniteredsl I{Bdlmqﬁﬂmr%d 80

14795 (Bder2H atrribsplEeré @fo;g@sn pﬂe.saﬁé hTh@#4mplOwasstred at 1000
3H) . PERFORVAI EXAMPLES

revolutlons per minute. The results are reported, however, as time for rapid oxygen
uptake per 100 grams of sample. The oil contained a catalyst added as 911 soluble
naphthenates to provide 26 ppm iron, 45 ppm copper, 512 ppm lead, 2.3 ppm

manganese, and 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]perhydrohetcrcyclic arylamine of formula I;
and component b) a diarylamine, in the oxidator bench test. The base line
formulation - Formulation A, contained in a Group 2+ base 0il, 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.1 improver. The Formulation A baseline was tested in the bulk oil oxidation
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Perfop@ag%'a neygisgic Vi j 1 0% 2 avid O
Exampleahydr (ﬁﬂdfmoﬂéﬂﬁtﬁ 6-y )-am Cempant ) daji on gfﬁ%lé pId L4

[00114] Oxidation studies of the products of selected
Exanpl es were carried out in a bulk oil oxidation
bench test as described by E. S. Yanaguchi et al. in
Tri bol ogy Transactions, Vol. 42(4), 895-901 (1999).
In this test the rate of oxygen uptake at const ant

b t T )
Do e g esma tes fE0 T3 St SELES hatteRo BN GOARke. Fthis
wéeﬁh@ alﬂﬁfnu?a@oﬁ mgm&r@ﬁd@armkﬁng«momaswmmm anfm:
under at nosphere of ox%lg%ﬁ ressure

warspendnt bb@takeemmﬁahe ot} g COTBROTRTA) tag cqiﬁggnent b)

res re. rted, however, as tine for rapid
S@% E‘weg%?ﬁ%g%qloo gr ans of sanpl e. The oil

?&Ultlﬂl neperforeahad Bisinpe d dilustatei inpsolemshisin the oxidative stability

gg%@hgﬁﬂ%es ctngn parlt?p\élng %ﬁégf‘g%ﬁgl@r %néjnld 4g‘,/p%.m ercfally
P$£1 a%FétheEﬁ@ﬁgﬁﬁinﬁl 3 fiaduire utﬁ aﬁé%—%oﬂylﬂgrepared by

ornmu repare to asses the

ﬁmﬁmmmﬁnﬂﬁmlnmmaﬁt%m@hﬂpmm echgold by §iba-Geigy as

ez oLl el Mohe! BChce RLULBIT Bl Oriibfnbent in e
o ifativd é‘t@bﬂ%ﬁcﬁf thé 9 trefa&ﬁ%h@hlaﬂﬁn A HEOthaudhathonf Al wt % ofa

contained i a Goup 2+ base oil, 12.5 mmol es/

- domplayid mreparediacchidinhissipraamde 1 8bows, p@nﬁ)ywbel@ﬂr@ﬂ 3.4-

3 e g%?@qﬁg%éégrﬁ%i g%éé(gx %Yoﬁlkég&g&?m um phenat ip Table

SR, tRORsull 239mdt dlerelyrmlﬁamlrof thEhenfributoh af emh A
basel ine was tested in the bul k oil oxidati.on
bem@hmwé,shut sltnov & dementicdmpravepepibysthg spmamgfon f %OT’FR%’FE" a)
s P AL 95 g1 o
CRAPRNEREUI) beltet thakethpt gnpdient aiblafl fcacbdmhpbrse@f'erfomlance

CommONL | S S SRR Bl RS ol i

o'E‘E&t Vé g@?ﬁwﬁtﬁn? ng@i—l'xﬁtﬁth@wbbﬁlﬂ%g (0F75the0 trap25%33.0) or

tre rimul a e addition of a |l w %of a
QMg calcwibiey) asaop@ni;ealbtb ehesadtlydl ptdomdinphelif0. @nThis improvement is

(m xture t repare ating
phenRginssiene Ovicenop b e el pemeare i T o a by
G ba-Geigy as Irganox(D L-57. Simliarly, Perfornmance
Exanpl e 8, illustratesqgprovenent in the oxidative

stablllty of the top tréat‘e‘d Formul ation A by t he
51# lba:ﬁf‘)l‘ Ifiﬁll CA: abLUlﬂésﬂﬁs .

resul ts ar extmpdnlin Tabl éllwlate%pbmmrwgﬂey, the uptake
resul ts arcenowitrationel y additi vencefifreti@ contri buti on of

each (weight percent) (weight percent)
1 0 1 33.0
2 0.15 0.85 ' ‘ 38.0

3 0.3 0.7 47.0
4 0.45 0.55 55.0
5 0.6 0.4 - 60.0
6 0.75 0.25 70.0
7 0.9 0.1 60.0
8 1.0 0 54.0

1]’.rganox® 1.57 is available commercially from Ciba-Geigy
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conmponent, but show a dramatic inprovenent by the
conbi nation of conponent a) and conponent b). The
addition of a small anount of conponent a) to
conmponent b) can yield results better that either
conmponent al one, for exanple see Performance Exanples
4-7. For exanple, if they nerely additive then the
calculated contrlbutlon of each conponent in
ieadxampigh- 0 6 woul d be = (0.75*54.0 +

3. ]
3@? per?%?%%ﬁ%giﬁ?(@%%mﬁ. DR b 8
peespeaice df tHoxhikairt oft dogrpoherttedt bcmm]psrhad@hpip@yekﬁ ed

PR TS PRSP IPPOTR REEGEE eGP pistl bt test.
%{Wﬁt 1th) 3 ﬂ‘% ks Q)thé'ﬁan{e%ohﬁﬁh&lt% as aa0Rddebbve.

ny an1ne1 upt ake concentration
FonoehtioaBi ctmnta@meil ig htGlpep eemaye gilvep glﬁm()]}@éfkg dipllyyl zing 1

Bniprnggag s P aryobuery Judlinlad s iy Bof gy Sgpimice
Jthls ﬁblﬁs&f’ut&yl khdcaanedd 41jo tdnfainss avaidhpbent molybdenum) 48.5
connerC|aI%¥ rom Ci ba- G‘feltt.qeI 5

35 Performance Exa WB
gurnglep/bp pyqrvagdsalcing swihenatd dat@ee PRt Cap Yl WaRrover. Timilarly
are £
T8 Fe i L U T T i
%bﬁip@ﬂ&rﬂ@b)(ﬁndfdbmpd)hantla,) r@pektivelypds elnustfapedan Table 2, the addition
diarylamne, in the otHSator bencqgtest nﬁﬁﬁgp b ith
iof asial amovphof cannoscrtf o SARRPSALRIFERYIHY resulis pettep thageither

qu_3+ base oi
35350y 5@%03%%%158%%@?% e A" 4. 0%
pol yi sobut enyl succi ni ni de, 596po|y|sobutenyl

succinimde (this pol yizbtdidit enyl succi nim de al so
contains 5.5 wei ght percent nolybdenum, 48.5

7 Perfo l‘ﬁl?ltf%’ @n%}‘ﬁgf?@ﬁ'ﬁﬂtl&@’l%'puﬂeﬁwd’rtﬁ"Iﬁ)trﬁuﬂﬁ‘i(ﬁf gent  arglesults

Exam omiponenti) © | O ' Y Component b) Hr to rapid O,
Example 1 Alkylated diphenylamine uptake
concentration concentration
(weight percent) (weight percent) ‘
9 . 0 1 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 cornponent 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 lineatly 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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to above, Performance Exanples 9 and 16 in Table 2,
illustrate the contribution of conponents b) and
conmponent a) respectively. As illustrated in Table 2,
the addition of a small anbunt of conponent a) to
conponent b) can yield results better that either

en | one [ ;
TR TgRe Do p AL SRR Eohefiy TR AiIRE ComERBIRI 6°
Tofpbesht BP afDEédTipachO) WhiBe sudreser thxathpladdiGoepantsbutica)of
Conmponent b) H to rapid 02 Exanple | Ak lateagaﬁ 45/0.55
dRgtheanypanenhang aﬂlé&@lrp%%ﬁ%l@rﬁSrIH‘eﬁ“@Fﬁdcfah@é‘ﬁ%/ frgps ghqut 0.45/0.

sl 561 3G iyl EAerBEREERL S GupBs Qi dfe.
QMéreBBerlin chinirisan 6f B6 0@l data bF Teble 10andl Bdle2, itlis eyident the
3edSionosan o spluele ol Piicurt SThppR Sad fisthef| P I Bt
“iH@P@%ﬁﬁhﬁQtﬁ@Bﬁdﬁ@@&mmy dind erBh@tibed agai nst the
results orf the

oxl dation’test, referred to on the
figure as Oxidator BX. The cal cul ated additive

cPon ribution of tlh]e onponents is displayed as the
I%WM graphically illustrated the
qefRzopat | OthiRf b4z RO AR Huladibn 3 p ne agseky thi perforedance of
greater than would be eX{Ject ed if the contributjons

ibe mixtereaify cepiinent®.a 837 weighigerogib pEbengolhperbydrohetercyclic

BT R LR B o2 R GBI By jamyne, i the

tdda8ctHehbly RsCRIh Khlite Diowis of%ﬁigoﬁm))m endybdangn containing
quite surprisingly, as illustrated for rati

f
atobyasobotens] picsmimids pagrsird 43.dgpayibed iy UsS. fak N é,ﬁgggbﬁ to Ruhe

er.f or.mance better .th i1
BB e Shin B R s SRIREBR A B
aingleh® af and b) ingheseiestenplet isethe salnk coponefitsa awd b) as was
sol ubl e nol ybdenum conpound cg furt her

disedheave. Fompriientrfonianadia 2 Sxpuet beseatiSEf pRglegfe dialky
t:Ji]x?c Jiﬁﬁ&ﬂ'ﬂo%ﬂa?& 4.0% polyisobutenyl succinimide, 48.5 mmoles/kg overbased
calcium sulfonate detergent, 0.3% V.L improver, 0.375% phenyl-(1,2,3 4-tetrahydro-
quinolin-6-yl)-amine and 0.125 % Irganox® L57. Performance Examples 17 to 24 in

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

component b) enhances their perfomance.

Table 3
Comp onent %) Results
Performance Example concentration o rapid O, uptake
(weight percent)
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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Performance Exanples 17-24 [00120] A third base line
formul ati on was prepared to assess the perfornmance of
the m xture of: conmponent a) a 0.375 wei ght percent of
benzo[ b] per hydrohetercyclic arylamne of formula I
and conponent b) a 0.125 wei ght percent diarylam ne,
in the oxidator bench test with varying anmounts of
WHRATOROLASMED £ ybdenum cont ai ni ng pol yi sobut enyl
succi nimde prepared as described in U S. Pat. No.
6,962,896 to Ruhe (this polyisobutenyl succi ni m de

K B o ot B B R R 3SR U pORERRE s s

;bﬁmﬁscm@pnmuged above. Fornulation C contained in a

oup 2+ base oil 7.0 mol es/ kg dial kyl zinc
da)tfmr@Qﬂdgﬂﬂa’f@ght@e@%twaﬁrg@@ﬁp@ﬁym asprdingitorifrmulagg, 5
nmol es/ kg overbased cal cium sul fonate detergent, 0.3%
V.l. inprover, 0.375%henyl-(1, 2,3, 4-tetrahydro-
qui nol i n-Byl ) - am ngy and 0.125 % I rganox(r) L57.
Per f or mance x Table 3, as well as
conpari son: able 1 and Table 2
illTustrate of LCeprgnent c) to the
conmbi nati o and c npo ant b) enhances
their perfo S np ~nt c) Results
Per f or mamg Exanple concentration H to rapigs P2
upt ake (weight percent) 17 0 26.0 18 0.125 31.0 19
whe2g0 34.5 20 0.500 42.0 21 0.750 48.0 22 1. OOO
55. 23.1.500 55.0 47.5 37 g4 MHAT

& BB Reacae Tidnerienty SHed s ie B ot FUbHBg el hrosen

oi blk?ﬂﬂoxﬁ 1Stmercqtb%hla€onm XOR! SROgndA MR RO Xk BB RSand Fiagk

m xture conpri sing
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 to
20 carbon atoms;

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

X and X’ are independently selected from -CHR4-, oxygen, sulfur or NRs, wherein
R4 and Rs are independently hydrogen or aikyl 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 nitrogen atom, and when X or X’ are nitrogen then R; or R, is 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
" ‘

R&——N-——RP
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a) from0.1 to 10 wei ght percent of a first

anti oxi dant according to formulal: RH( CHR3) n R2
Formula I wherein R and R2 are each independently
sel ected fromthe group consisting of hydrogen, alkyl
froml to 20 carbon atons, -OR -SR and -NRR , where R

6

and yRerdh R® ahd'RERE %Qﬁ%h%/}ae'im&ﬁ%@ﬁ m 8t YO chbB8MtbnisQuhich
R and R2 h

carbon atons, or when® adj acent to eac

ot ey becgsthseiutedar substisutedwh maerbeechliayligrqupsieecphaving from 1
ar [ C, I whi ch maybe optionally substituted with

I gern?[gcaé?wqg'&?‘oups each having from1 to 20 carbon
atons; each R3 is hydrogen or alkyl from1 to 6 carbon
atoms, X and X' are independently selected from

2,

In
at

CHira compasitiparaceardingde (aimniRgvheygie theiratio plicomuenret 4 te

Fovi'§o ‘east one of X or X

T R

is a heteroatom positioned ortho orpara to the
bri ggi ng nitrogen atom _and when X or X' are nitrogen
thé o

€ RATIBYSItRR 4o0TABE tA FAMBYI Whereih dherratiq AEFOTRRGEGH

th <1l 4 then the other ma
%rg%\é}ﬁ:gg( %g g?ﬁla%ﬁggf 0.7%5:11¢8 ab&ddRr, y

not

nis an integer froml to 2; and

b) fromO0.01 to 10 wei ght percent of a second

ntj oxi dant . sel ected from the for.nml Ra: | - 8
fnahEFhRgRigiroporeinedo SIEM 1 thepund Ry e PereHPEhe
t otBhufAlRaRo-Al AP inhL E&np&@tycflﬁi‘é‘ llé&E‘ gl St dipitig R Rht.

substituted with one or two al kyl groups each having
froml to 20 carbon atons. 2. The conposition

di d ai . Wh ' h | f.
£ TReCD Bt o 4R Qubpra@od PmSRRaSE .

}

onent

SompARnEHNRASAsE bAITX 66 O Fr 1kl dcedFedth NRS - andhdygm) t he

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

0.

6.

10.

75:1 to about 5:1.
The composition according to Claim 3, wherein in component a): at least one X and

)CiSNR5

The composition according to Claim 6, wherein in component a): X is ~CHR4- and X°

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

The compound according to Claim 8, wherein in component a): R3, R4 and R; are

each hydrogen.

The composition according to Claim 7, wherein in component a): R; and Ry are each
independently selected from the group consisting of hydrogen, alky! from I to 20
carbon atoms, or R; and R, when adjacent to each other together forma5to 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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4. The conposition according to Claim2, wherein the
total weight percent of the mxture of antioxidants
in the conposition is | ess than 5 weight percent. 5.
The conposition according to any one of the preceding
Cl ainms, wherein in conponent a): at |east one X and

X, Tﬁé&a@ﬁﬂsﬁﬁh%@cérﬂ@@t&\l@%ﬁn@ ARY@RIEn Bmpdhént a): R; and R, are each
conmposi tion according to Caim5, wherein in conponent

) mdgmend@ﬁbft selpgted rogm the grour epnpisng of hyfireges gh éﬂqyt frem 1 to 20
alleggo Claim6, wherein in conponent a): X is
and™ is NR5. 8. The conposition according to
G aim?7, wherein in conponent a): nis 2. 9. The
conpound accordi ng to Caim8, wherein in conponent
Ig) rymmsitivngersdipgdo Clajery m}a@fe@'g@rponmneqfwé at least one X and
n according to Claim7, wherein in conponent
ﬁp%islugﬂrl}[g R2 are each independently selected from
the group consisting of hydrogen al kyl from1l to 20

carpon atons, or I and_R2 when adj acent to h Mer
1t3o FRERDOSEIOM 250e3ding f@ Clatgn athsesinin copmongnt &S‘a?gﬁa '
Elgﬁﬂ%P%ﬁBf@Yecféﬂ l %lﬁil"gﬁﬁk%%l%‘ilelﬁ”ﬁﬁ hs fy 6 ge% % alkyl

each VI ng” Ttom 0 car atons.
11froﬁﬁetocﬁoamnm|ettmmm according to Caim 10, wherein i n
conponent a): R and R2 are each independently
selected fromthe group consisting of hydrogen and

! tbnlg@ccrdi ERORahd K7
B A R e
| eastigenne X and X is sulfur. 13. The conposition
according to Caimb5, wherein in conmponent a): X and

X are independently selected from oxygen, sulfur or
13RPRe VG5 o%it%n%%cdrﬁm%%’ LRYER: Hthéple¥ddind CRMMY, vHRer@n in

carbon atons € conposition accor din aim

- 13¢ommrecat a): R narsbipan ediacenf to %Chndnexanchmeglckiﬂg@ra 5 5

& SeRBeRRR i Gt bR PR b 36 At growps

adRE @AVing GroBAE Fo OE48Hn adachst 0get her form ab5to6
menbered aromatic ring which nay be optionally

substituted with 1 or 2 al kyl groups each having from

1'6 e go ngsgl%lﬂ a%‘t:&g‘ﬁllgtt& ?L%JF%M%%SL %0' lqln “ﬁlglce?r“?l J&?ﬂpto fnt a): Ry

any ohe erein onponen
~ is hydrogen and R is selected from the group con31st1ng 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.

17. The composition according to Claim 16, wherein in component a): Rz 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 coﬁsisting of diphenylamine, monoalkylated
diphenylamine, dialkylated diphenylamine, trialkylated diphenylamine, and mixtures
thereof
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I's hydrogen and R2 is selected fromthe group
consisting of alkyl from1l to 20 carbon atons, -OR
-SR and -NRR , where R and R are independently
hydrogen or alkyl from1l to 6 carbon atons. 17. The
conposi tion according to Caim16, wherein in

TP 6o Rlony §or g QT Tint 1€ herh B P 3o Sl from e
of gtd‘up cpngista ofputidibhamylanting, Qih-lbut}ﬂxhplwawl'atmnég)octyﬂ;d1phenylam1ne

sel ected fromthe con |st|

moﬁbaff S F@@@ﬂammepﬁ@}ﬁﬁf gkt iamig 41 ﬁgw ST iyt
di pheray lﬁ:ﬂ}d@ﬁmé %ﬁ@hﬁ%ﬁé&ﬁf&réﬂifpheny! am ne, and

m xt Ur es heredf 40 19. The conposition according to
Cl aim 18, wherein conponent b) is selected fromthe

%[ qﬁg F@I}Qlagsbﬁi(tg%%%gﬁlfn}gem l gl fé; vﬁ%l a{l,n P‘grﬁ,p?{éent b) is selected from the
di gﬁﬁb)ébﬂhﬁh@ﬁf'pﬂ%ﬁ%lpﬂﬁ%htﬁyﬁhﬁﬁ%’ loBeRyLBeta-naphthylamine, t-

di - nonyl di phenyl am™e,” t-b t- octyl di phenyl am ne,
anacmaﬁd@@bemﬁdrwﬁthmmérhe conposi tion according to

Cl aim18, wherein conponent b) is selected fromthe

group consisting of phenyl -al pha-napht hyl am ne,

Hhehy boﬁp@ﬁimbﬁlﬂg&maﬁ? oné of e ydcadiag Claims, further comprising
N- phenyl -1 - napht hyl am ne. 21. The conposition

ac EYPAIFY! BhRnemls Oi%eﬁlmbﬁ@i%mé@@a@lmj Cl aims, further
conprising conponent c) an oil sol uble nol ybdenum
compound. 22. The conposition according to Caim 21,

2&1 @he compaosithanacbrdi)g to<Claim 20 suiefein camporant C)SBI b unaut@dzed or

é% gg%g]ec &%’%n Cogggﬁilet i oghgﬁgg{ﬁégg (lg\geg&e&g an acidic
n| MO%@H&Q%?&?%@%M (f@fé nﬁt%ﬂ@ntcaﬁh ghnc'(f’?éi&?éatfrmﬂ rtl%%ﬁspersant

consi'sti ng uccli nim a carboxylic acid am de,
hy grompa:pbgmtmgnf(sam1mm1de a cpifvos plioacadindile, ahydrocarbyl monoamme

Vi S BPEARTdg (opRrb0BAiah < 1 ridiaeS PR ent viseoniy ndex

pr ﬁﬁﬁﬂ@@r ef aﬁnﬂﬁf&heﬁéﬂﬁ%@ﬁlﬁséﬂ@e bP4 Povlafpromoter, to form an
oxynol ybdenum conpl ex he conposition according

t ooxmaelybdenumpesrmen t he basic nitrogen conpound is a

succi ni mde. 24. The conposition according to any one

of the preceding Cains, further conprising an

231, Ths ebrpdstiorpdresfiigy tu Clsian BiwleRdn iRy Hasic\Wited gefi @O is a
selected fromthe group consisting of netal

di BYFCBYREiSphat es, phosphorus esters, am ne phosphates

and am ne phosphinates, sulfur-containing phosphorus
esters, phosphoram des and

24. The composition according to any one of the preceding Claims, further comprising an

oil-soluble, phosphorus-containing, anti-wear compound selected from the group
consisting of metal dithiophosphates, phosphorus esters, amine phosphates and amine
phosphinates, sulfur-containing phosphorus esters, phosphoramides and

phosphonamides.
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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phosphonam des. 25. The conposition according to C aim
24, wherein said phosphorus esters are selected from
the group consisting of phosphates, phosphonates,
phosphi nat es, phosphi ne oxi des, phosphites,
phosphoni t es, phosphinites, and phosphines. 41 26. The
20 le@%bﬂggﬁuéﬁ? Q&i)ﬁh@tot@laﬁ al rﬁfl?éem\ﬁﬁ@&ﬁb&uﬁlg Ehosphorus-
oil-solu phosphor us- contai ni ng, anti-wear

c oppRinigi antiawgastcampdimdhis epheslpdithiephogphateThe
conposition according to Caim 26, wherein the netal

di t hi ophosphate is a zinc dialkyldithiophosphate. 42

27. The composition according to Claim 26, wherein the meta] dithiophosphate is a zinc

dialkyldithiophosphate.
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