BENZ(J b] PERHYDROHETEROCYCLI C ARYLAM NES AND

LUBRI CATING O L COWPOSI TI ONS FI ELD OF THE | NVENTON

[ 0001] Benzo[ b] per hydr ohet erocyclic aryl am nes
conpounds have denonstrated wutility in mtigating
oxidation in functional fluids. Accordingly, the
present invention is directed to substituted and
unsubstituted Benzo[ b] per hydroheterocyclic arylam nes

RSB B S o

anti oxi dants are kP (gpﬁ, hgen widely used to
i nprove the thermal-oxidative stability and/or |ight

i nduced degradation in nunerous products used in

engi neering; for exanple, they can inprove the
FIELIbg%? HW%E Q)Eerti es in lubricants, hydraulic
[obby d’éenﬁ?ﬁ]@lerhwdﬂefégo Egh'o& dylarhiied SorBpoundl KRS Gemdristhted

to ‘nane a few. "[ 00031 monl y, these diaryl am nes
utﬁay & ggating hmdatler@j in Saetigrgyd ﬂ@;@é npiceordingdy, thepresenygnvention

B AR DA S AN P G s

cotiorhddiRichbaesinal dowipatiendt@hsinidpantines as
stabilizers. Alkaryl substituted diphenylam nes and
phenyl napt hyl am nes (such as a

e) are disclosed for exanple
BAC@%“@ESI{&I@?RW% 3, 452, 056 and
(086860, Zﬂ&ylaﬁﬂhshnmdmeﬂnsmaambwmdndmevdbm mﬁsiyhavé to
al so been djsclosed as anti de nt i.cants
impioveHe Hrermahoddatyasahliy F'Z‘H‘eﬁ O 1N NUMErous

prgglgéfg useﬁq exlréiﬁ‘e forl&alﬁp?égal Tn ibhBRRAkbe performance

t1ona substituted 1,2-di hydroquinoline
prammm)hylmm hyd;@ﬁllc fbids cmblabworsmg Syisd, fusls or polymers, just
antioxj dants, see U S. Pat. Nos. 3,910,918. Wil e,
togage aggy.  No. 5, 310, 491 di scl oses the reaction

[opoRduCtCRimanyathky digtyRstinkshaet beed aﬂdymtéﬁ eatfonekimgle, U.S.

with a diarylamne. Tetrahydr qu| nones_and
Pat(iNe12,943, Bif whishdasojasevguirapiraed mogessdpsekyiatiag dinhgoylamine

o573, F2FL28585 333K, J 5 ey PR Lo

AtkaPA Suififuted diphwhgeminte aad yHemdquiptiofianass éndh as o-

g POV AR (GBDALES UHsleed RSB Lida o 3-535.992;
3,&529?6 :]19(153,660,290. Substittued paraphenylene diamines have also been
disclosed as antioxidants for lubricants in which iron-catalyzed oxidation reaction can
occur, see .S, Pat. No 5,232,614.

[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 decahydroguinolines have been employed as
antioxidants, see U.S. Pat. Nos. 2,998,468 and 4,069,195.
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1 [0005] In order to satisfy the nore severe
operating conditions and new applications which
require i nproved oxidation inhibition, continued
devel opnent of new conpounds to mitigate oxidation

| (0006] parlamddurtio isaify éstmorthevaerpauiascatditde and new
present invention denonstrate superiar. performnce in

a%PP&C@tmsd”@&}béqqnéfﬁémﬁﬁH’etj Reradati 3‘}1}%@99% CeR@nued development of

cont i IMVAR LNVENTEL 0 -

I?& fwg&dbﬁw{rﬁgge S ﬁa%%/fﬁﬁc}; a com%ﬁ%gag‘?g%d&ﬁG&ds ofthe

t;ﬁe§e@ﬂt mﬂvﬁudm derRotdtdate dupeﬁbiFﬁ@rfm%ceﬁmammlr@anﬁc substrate and thus

wherein Rl and R2 are each i ndependently sel ected

fipanFete hyreoupreghaicst i ng of hydrogen, “alkyl from1

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

R are i ndependent 'y hydrogen or al kyI‘ froml to 6
SUMMABY @FOREE BFVRNTZEOIN R2 when adj acent to each

ot her together forma 5 to 6 nenbered alicyclic or

aromatic ring which may be optionally substituted

\08005a] InQf firdt 23b&dt! theieQs pRovRRA A dapbiie éc.rc@mirlg th ®ormef I:

carbon atons; each R3 Is hydrogen or alkyl from1 to

6 carbon atons, at |east one of X and X is NR5, and

the other gf X and X is selected from -CHR4-,

oxygen, sul{\\h , NR% V\herel n R4 and R5 are

i ndependent | ml  to 6 carbon
| east one of X or X

atons, with]|the prqviso

is a heterogtom p siti$ned ortho o Cb%ﬂ to the
bridging nit -at om \and _Rr~a Ré IS not hydr oxyl ;
and n is | nf€ger from 0 2. m[0006] The

di sclosur€?is directed in part to conpourfdsusihtilch may
$BEME @s  antioxidants, antiozoants, heat stabilizers
and ultraviolet |ight stabilizers and such

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

independenﬂy hydroge;n or alkyl from 1 to 6 carbon atoms, or R; and R, when -
adjacent to each other together forma5to 6 membered alicyclic or aromatic ring
which may be OptIOIlaﬂy substituted with 1 or 2 alkyl groups each having from 1to
20 carbon atoms;

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

 at least one of X and X' is NRs, and the other of X and X' is sele-cted from -CHRy-,
oxygern, 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 parato the bridging nitrogen atom, and R; or Ry is not hydroxyl;
and

n is an integer from 1 to 2.
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conmpounds are oil soluble, thus particularly suited
for use as an antioxidant in a lubricating oi
conmposition. Accordingly, in one enbodinment, there is
provi ded a conpound according to formulal: RH H~
X\ CHR3)n / RO Formula | wherein RI and R2 are each
i ndependently selected fromthe group consisting of
hydrogen, alkyl froml| to 20 carbon atons, -
moﬂﬁ} NRRhewlksefosuRR iardedfed is paft fRIeHYBHY W?‘C'P]VW &a'é/ﬁ‘ a&r
al kyl fromlto 6 car tFﬁ%’abm%Bsandsuch
SR HEaRE THOESEN ERar 6 et o PR ¥
mﬁggaglou%%}ﬂ@ {Biis Jmm‘&rﬂgcsmued dor uahiae A mowﬂ? ma

optionally substituted with 1 or 2 alk r q
lebrdating pit eemposition. AeEopdinghp i apgﬁgmb%dé@%nt eP Q%rcﬁ/?d‘ela a compoun

h Kyl from1l to 6 carbon atons, XandX
%%FCR epené@ntly sel ected from-CHR4-, oxygen,

sulfur or NR5, wherein R4 and R5 are |ndependently
hydroggn or alkyl from1l to 6 carbon atons, with the

provis hat. at I%ast one of Xor Xis a heteroatom
posi tione r ~para t ridgi ng nitrogen
atom a or [X~ are’nitro en then R, or R2 is
not hydr oxyl ; ] fufither priovid ﬁg when one of
X or X is<»CH t he not be oxygen;

and n is_An teger fro o X 2a [09 1 F

benzo[ By per hydr ohet erocycl e can contain

het eroatons and preferably contains at | east one
WheFﬁ“?rogen or oxygen atom w th nitrogen being

par bh el ard dck liﬁ(i@l’eﬁ@éil.ﬂytshimtadrﬁdﬂh it grope consgfting g hydrogen,
di sclosure at |east one ;M th
alkilHrorh di th G Opsariedrc P Ee) PFpr é&ﬁi@mgﬁg%ﬁ %g A
nltro oL [ &F OEHE1£at6B, AR, and Ry wh
g?lré} ybg%%o Aﬁg@ﬁ%ﬁﬁgﬂﬁn{g} unsubs%tl t ut ed loarl11 t hzeW >

Qﬁ&,%h%y&hh BtHai Mgeditr forropts lorfammynb@@@ shi¢yoliced 2pmatiaing

aryl ring, thus Rt and R2 are_ each.i ndependent
sicbonabe dniomalliebTBuES CoHs mfﬁﬁkng SPEReting from 1o
éjk&%fromlto 20 carbon atoms, -OR -SR

[ on atoms;

each Rj 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; are independently hydrogen or alkyl from 1 to 6 carbon atoms, with the proviso that
lat 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 Ry is not hydroxyl; and further provided that when

one of X or X’ is -CHR.- then the other may not be oxygen; and n is an integer from 1 to 2.



and -NRR , where R and R are independently hydrogen
or alkyl froml to 6 carbon atons, or RL and R2 when

adj acent to each other together forma 5 to 6
menbered alicyclic or aromatic ring which may be

@@B’ﬂo nald ’éfer&qf‘%?%é.rg BEetiot Peid o cohitdh K¥d or SFPRHS OR8N and
rom

aving carbon” atons, and nore
jrafetdbtutcadiys antiersebme Rirogend or Rygan etomaehth nifrogen being
_independently selected fromth ro consisting of .
partiiFy G SAn AT Z5PPE D EaT e Bt AEGhe: X FoBHEFn of NRs win-
Nh. 00 ggmeﬂgfgg Bloferted? nehXsiage ﬂ%%%?@%@]h?%@@ﬂoﬁ&%ﬁ@yole

om oxygen, ur or NR5, Wherei’n RS i's rogen or
cah ky khirhaenizkdtae Hvmabeory wmtsohsituidhos thebetdocyXiandg Xut,

can he oxygen or for example, nitrogen. [ 00091 I.n the,

OO Ror Gt 2] AaRInGhE! 5! FOGRP R GRERC e Slccted
L Berd, QI BbinCl Bl A0 ondtMBLOR, -SR

ﬁ?’ﬁ‘ﬁéﬁ #ﬁllf%%%ﬁgﬁ%ﬁg%%%ﬁﬁﬁr{ okfpzt-he conpoundmiﬂst o

adil FIRRE et Mhed RRiredndeREdently lydfecent aliyl @awhl fotthesrbon

d toget her f 5to0 6 nhe t]
i egRibks BHET BHETT) TR UL (T 10 & TaTHyTed
PSr aRAER: RAVI WS ch PP b §;Ri0R EABON1ANGIE1 ol BR

Eilaio
erbodi nents are charactérized for exanple, wherein
gRyupis sadhycvogeiomridoRY dashopetteme.cdd iraeptfisulgrly wherein R, and

S i e Tk o i B e Rt g T End

AW QOBNCaiMn Abky! from 1 to 6 carbon atonms, with the
tertiary amnes being preferred. [0009a] In a second

(@B Ctn ond@hBodiset R\Ended afe ihtdPehasttly RElERAROR dxygéh,
0)

SRR Ny ek S bDOUE S5 ePAERg: 1 v 4 18, o

XHndlx'a¥n 566RRen dr B edanipdX Habgal a | wherein R and
R2.are each 1 ndependently selected fromthe_group .
f formiula I, R and R, together with the atoms between

[096Pk i s tEn g eppmpounds of !

them, can form alicyclic or aromatic ring. Thus, one embodiment of the compound is
directed to when R, and R, are adjacent to cach other and together forma 5 to 6
membered aromatic ring which may be optionally substituted with 1 or 2 alkyl groups
each having from 1 to 20 carbon atomé. Other embodiments are characteﬁzed for example,
wherein R; is hydrogen and R» 1s s_f;lected from the group consisting of alkyl from |

to 20 éarbén atoms, ~-OR, -SR and ~'NRR‘, where R and R' are independently hydrogen

or alkyl from 1 to 6 carbon atoms, with the terfiary amines being preferred.

[0009a] In a second aspect, there is provided a lubricating composition comprising a major amount

of an oil of lubricating viscosity and a compound according to formuia [:
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hydrogen, alkyl from1l to 20 carbon atons, -OR -SR
and -NRR , where R and R are independently hydrogen
or alkyl from1l to 6 carbon atons, or Rl and R2 when
adj acent to each other together forma 5 to 6
menbered alicyclic or aromatic ring which may be
optional l ygsubstituted with 1 or 2 al kyl groups each
havi ng froﬁikk 20Nncar bgr_atons;, each R3 is
hydr ogen or Ky y S.carbon atons, at |east
one of X ang X isi{NR5,j|and the ot ng Xand X is
selected frgm - CHR4-, sul n NR5, wherein
R4 and R5 areli pendent | y 40 n or alkyl from |
to 6 cargg atons, with the provi§o that}@t | east one
of X or is a heteroatom positioned o par a
@eclche bridging nitrogen atom and R or R2 |s not
8roxy and n is an integer fromlto 2. [0010]
anotheRJembBQ&mBnthnthpwﬂkn%yﬁﬁ@vﬁdtﬂﬂﬂ@uﬁpﬁaﬁﬁﬁQUHUOf

| ub oyzilgcgg:eonsﬂgﬁgn:gé- %?/ Egﬁarb n%l%}%omu gf& ainor— the?e Rand R’

des allBE Fdh Eld bR N O ahltiR, wh
: IhN%%ﬁ?%?F?bofﬁ} |nh|b|t|on of free radlcal-neélated 2

oxi deljdcant 1o saobnﬂil@ﬁogdﬂeerrfm aiSrép Srmagrhered Aigrelicon grqmpatic ring

or gani.c sub trates. and i I o

pob AR R Op e P TER | AR el i Rlipe from 10
chenigcalhop-eApust s may under go oxi dati ve danage'by :

t he aut oxi dati on process. Hydrocarbon oxidation is a

three &&h@bpﬁ@ﬁbsgﬁuﬁaﬂMﬂﬁhhnéé%ﬁﬁﬂ@@sﬂoﬁﬁit|atlon

propagati on [

Bna i ope aERingt St R S SR R BB P ik
'S pe%k%ge% el 9? moﬂﬁerehﬁlm&{cﬁltyire $ndep@nderiiyt hjﬂﬂogen or alkyl from
condi tions, catalysts such as netals, etc

ch
mor é toléteaibion @‘mmsa emhdfhﬁ @rqiso bpkicapt ape of )i\ygr}i iissq heteroatom
I
Cubpp Sl orpiirrgrs ShT eoiihsRifb L LG, 8 R i non

I ncaypekAt adi herein by reference in its entlrety

Initiation involves the reaction of oxygen or

ni t r ogel apxitess Tk o en a hydrocarbon ol ecul e.

Typically, initiation starts by the abstraction of

hydr ocarbon proton. This may result in the formation
[OMG]hrydnotgemerpbmdjmiedketi(dm-lproaiddd helicatiigscosnpohitiass comprising a major

arrwpy%fgantcﬁl f E&:gﬁ%t N .5885'g’t32‘§r & pougd 8?#0%&599 Zlescr;bed herein above.

DETAILED DESCRIPTION OF THE INVENTION

{0011] Inhibition of free radical-mediated oxidation is one of the most important
reactions in organic substrates and is commonly used in rubbers, polymers and
lubrication oils; namely, since these chermcal products may undergo oxidative

damage by the autoxidation process. Hydrocarbon oxidation is a three step process
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hydr oper oxi des nmay deconpose, either on their own or

in the presence of catalysts such as netal ions, to

~alkoxy radicals (RO) and peroxy radicals. These
radicals can react with the hydrocarbons to forn1a

variety of additional radicals and reactive oxyge

which @bmiprigesc nn!}nuwmdpr@agﬂﬁloasmé ratietiop. Shddatyddssr adation and

etones and car box cids: awhjch.
EF FA7EPD 5P %f\é(gllre CHt upon t%%sgeﬁlf%r ?ggacg 15, temperatures,

éﬁdg%h@ﬂﬁoh§?cﬁiaﬂ)%t§ Jueieé BRtase bfc., tvalich matd dmlalbéan be found in
radlcals or by reactln%vvlth OX|dat|on |nh|b|tor
8 Lgpcants

@1@@1@14 GerOUm&M sradd 189 d&bramtyrang genod
at t
TR B S R s
ﬁﬁ.ﬁidﬁﬁﬁﬁn\rol\f@& Jlafﬁfdgcm éﬁ&ygémdn.mtmgMnhesrmkl) bn hihydrocarbon
Cl eavage O | rogper ox
Retoviar Tunipats TyanoxyRat Bnie ARAERTgn o P H kPO pipifgt This
heyPRLRI RS, dm(lflmvﬁhéagfg@ﬁ R&ﬂa%d(e RROIGIP kb @8aldkch as alkyl

I'ncreased an eava e hydroperoxides plays a
nmircels i(Rpant! @atochrh@camﬂﬂ@@l )oBanng theaxropmnﬁm 5Res,

erat.ur he vi scos b
n;s) gesggaségi?cggmolse (ﬁth?ry oL %Sllr 93«% n()&g% glemg‘%ﬁegg@ ?%catalysts
éi’l'cfl YOGt s, toOaBSRAL Eﬂdﬁ)@hﬂ pb@xRadicals.t WRese radicals can
primary oxidation hase urther_ pol ycondesati on and

mmfwﬁr the évdmarrbeas; td form @fvapipyd aﬁﬂl@lﬁﬂ#ﬁﬁ@&éﬁ gpd reactive
SRR oA EEBANAT: LERYE Liohdle SARGHEL RoMRLERAosyli

rocar orm var ni sh

alchd%e whil@Resint &naaghal pwbgﬁenz[e% J:Bﬂtuﬁue ra:hemqmd)mglankat i on
is a free-radical chajn reaction, j.t _therefore,

Teminationppeds fepm theee|lermingiog ot satirads opbisagts B oxidation
135%ﬁ3 Typi cal oxidation inhibition by diarylam nes,

such as di al kyl di phenyl arni ne and

Nopiieny Thaunepilyytdoiidsionalfdydracabohy sigempediatiags of up to about

.. Th
IO M TN PN
dswdilgs o f)f@tub@ Ry18En fesil 20 @8AALe bﬁ@hij@oE%kﬁlas sitch as

resonance stabilized, thus prevents new chains from
dlbwtnnesgketﬂcak@wd@%ll}sdﬂp@ﬂ@mes andrsadfpehl Alghigher temperatures

YO D LR SRS ok ol A VA0 1Re A 6Abices

R ehotdTRigRkhal rold. N&d @ asedlydgimha Bighbei¢ripbrarey) tecastosity of
on many functional fluids which have in-tump

therphlksnedion inewascars brasoltof theapiyrpendvretipn e5d4 @lﬁlnctijonal
éxng\ér?zﬂ &Sr%dlugts cl)rrn?e(%itlg(%hé lglmg%toxtlc?atl%ﬁ)éhas%%ﬁ}%e? 'bbﬂ@gx%esatmn
and polymerization reaction of these high molecular weight intermediates results in
products which are no jonger soluble in the hydrocarbon and form varnish like
deposits and sludge.

[0013] Since autoxidation is a ﬁee—radical chain reaction, it therefore, can be
inhibited at the initiation and/or propagation steps. Typical oxidation inhibition by
diarylamines, such as dialkyldiphenylamine and N-phenyl-c-napthylamine, also
involves radical scavenging. The transfer of hydrogen from the NH group of the
amine to the peroxide radicals results in the formation of a diarylamino radical which

is resonance stabilized, thus prevents new chains from forming. A secondary peroxy
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benzo[ b] per hydr ohet erocycl i ¢ conpounds particularly

useful as stabilizers. The conpounds may serve as

anti oxi dants, antiozoants, heat stabilizers and

ultraviolet |light stabilizers and such conpounds are

oil soluble, thus particularly suited for use an

r@ditdl l@x hﬁ%ﬁpeﬂoﬂm ch bractatth toe chmiylag:mnp @@h@al tmform the nitroxy

Di scl osed . are particul arly .suited

e Wiz HAmE BPOROED RIS TS Aae LS Tres pifpiaced on
Ffuﬁ(ctg) nd f!%)is QnfA HaQk luhin Pla‘é@lﬁérﬁpﬁhsm%n @Rdinkbitare

ependently selected fromthe group conS|st|ng
[mn 41hy dm@pmem Inkv;ehtltbu xsrdlmcued i parg g yhaminerisidgedr,
- SR

T AL R T R

CBI% M%cﬁ m é@@@ﬁaﬂh@xﬁéﬁtﬁ @&1B%an&@@&dth&b1lfzfeﬂmnd uEtrztvmoIet
Re is selected froma

ri ng, sai n 6
1nghh$jé:nhd:ra Bk Whm@mppn@c?sgﬁ@ ol sglupls, @uﬁ@%@p@gy su1ted for use an

t|c i [ r ted
<Gfitget e b daeat Lt sin R o fRlofR Garteylapy suited
836 d3avibng .l istibitor dompd@ndeachorting orfermeadh R3 is
hydrogen or alkyl from1 to 6 carbon atons, X and X

are independently selected from-CHR4-, oxygen,
sul fur NR5, V\:hﬁr ein R4 and R5 are independently
hydrog% I kyl Nfro to 6 garbon atons, with the

provi so ghat r Xis a het er oat om
positiong? orth gggng nitrogen
atom and furt fhen“one of X or X
is - CHR4- et he ot\er be oxygen, and when
X or X sare nitrogen then R or R2 is fafmfygdroxyl;
and n i5 an integer from1l to 2. Nitrogen is a
particularly preferred heteroatom which is nore

S Sl A Bt
GORER, uaiﬂéh @Y 15 YD Shrbby 8k, ORI BR iddnm tibire R and R’ are

rly preferred groups are el ectron donat i ng

ngfepmmk%nﬂmérogon whalkylploern tlj to exdrbasratoras, #% k1 gad Kz when
t t
&ai&b} :tc? g;cﬁlgﬁ%{lﬁﬁ ggeg]irﬁq g%k? g Sr%ggrng%ﬁger%g % ?glé Eg@r%ected froma

538 B&REmBdred Bﬁcﬁﬂ@ gtanﬂ 6\5&Bt6| 188mb Sred biogedtie dingpwhbreinesaid
at |l east one R2 is - -SR or -NRR

Wi th
ringRRLY 1be1m$gb§j1t@t[eé OF @\dosumﬁedawg}l Hex Zé:élﬁ(é 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 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 -CHR4- then the other may not
be oxygen, and when X or X' are nitrogen then R; or R; is not hydroxyl; and n is an
integer from 1 to 2. Nitrogen is a particularly preferred heteroatom, which is more
preferred than oxygen, which both are more preferred than sulfur. Improved
resonance stabilization may be accomplished by substituents on the rings, thus
particulaﬂy preferred groups are clectron donating groups, more so when positioned'

ortho and para positions to the bridging nitrogen atom, thereby stabilizing this amino
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there is only a single substituent on the aryl group,
thus R is hydrogen with R2 selected from-0OR -SR

or -NRR with NRR being preferred; wherein R and

Rare defined herein above and even nore preferred, R
is alkyl from1l to 6 carbon atons. 100151 By way of
raticabx Aok fre, wneraspect sf the prasedntantipn it ¢eeckst gt onh least

t he ortho. d ra i t1.0on WXt o ri.dai
s e e
et RNy a Snbld stbstitudion fthe 2fyP@bap, thiR3R nisdiytihgen With R,
requirenent for the ortho and para pofsition arellirorg ‘
spleaiodafremt-Okh eBRoer i-SRREmRAL-NRR e ingsprglegieds whprgp K and R’ are
e i ment. Additi. I ng :
R sy M SRy preBlr e (T8 AR DT D8 o
[6018] | S Bpwhhefah tkanslepaha Fassdéotml totbe thhbetboatbgi, ige ortho
nitrogen atom _[00161 | n one preferred . aspect,,. Rl is
ap BFE ORI LR O tpéh%lév@%@“f’ FHPRETg ﬁ%R}Bte‘cltbeh’Wf
consi sthng of alkyl fromlto 20 carbon atons, -CR
-S Iand *“NRR , where R and X are independently
Rh gen or alkyl from1l to 6 carbon atons; also
preferred.lin the above, is where Ris alkyl.- romlto
6. EV; ably in the apove, R2 is positiop€éd i \
orgho ¢rpara position tb\%{e bry dgi ng nit ffogen a} om {eHRy)
Al kyl Pal ns have denonst/ N QY ' _ - ¥n
N ound,

sol ubi fi'ty in the resulti

strai ght and branched (-h—alkyl from3 to 18

carbopr~gtons_a e particilarly preferr ~hen the

“enpl oyed in Iubricating%Bl

conp Nig¢HRapen and oxygen heterocycl es have

ust ‘properties and thus, preferably

at xSt ‘or X' contains a nitrogen or oxygen

atom w4 nitrogen being particularly preferred,
with single nitrogen atom heterocycles even nore
preferred.

The requirement for the ortho and para position are more prevalent when X' is -

CHR4- which is a preferred embodiment. Additionally, R; and Ry, when other than
hydrogen, are preferably positioned so that at least one is in the ortho or para position
to the bridging nitrogen atom.

[0016] In one preferred aspect, R, is hydrogen and Ry 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
above, is where R is alkyl from 1 to 6. Preferably in the above, Ry is positioned in the
ortho or para position to the bridging nitrogen atom. Alkyl chains have demonstrated
improved oil solubility in the resulting compound, therefore straight and branched
chain alkyl from 3 to 18 carbon atoms are particularly preferred when the compounds
are employed in Jubricating oil compositions. Nitrogen and oxygen heterocycles have
demonstrated robust properties and thus, preferably at least one X or X' contains a
nitrogen or oxygen atom, with nitrogen being particularly preferred, with single

nitrogen atom heterocycles even more preferred.



6 [0017] In another preferred aspect, R and R2 are
each independently selected fromthe group

consisting of alkyl from1l to 20 carbon atons, -OR
-SR and -NRR, where Ris al kyI from1l to 6 carbon
atons and R is hydrogen or al from| to 6 carbon
[ea10Ys. Imaneter pefershbeptst, R/herrdlé argigactRpdepcadensbyagelegted

on adj acent car.b t
fogh cLre R ‘é’nélsﬁﬁgrgg?lg otgsrpé% 1 ccarc})rona‘rilroggnsgt Bgr rsffﬁ%d “NRR

WHEER iR ¥ yDBoH NS BSdak B dH £6mO an® ROiS thiyiteigesl omalichi ﬂrom neeo
al kyl groups each havi ng from 1 to 20 carbop atons,

cpmbeﬁ etcay. inahRijter aspectgwhen Rg 2edRpais lagatsrson hiagert casbep
ast one
B 5 ROt oD AL TR ORI AHIRine

WHidthms i BE LBsubsfifueder sabainitbe éthocyd dkyleyrewpsrarckehaving from
preferred. [0018] In formnu articul arl

1pe 8P eerben agm@mfa@blaraékﬂ B i G dpmp e Besforabyat ast
0%99: 3§ k SBLRS d»} ﬁ@oé\%en 3 tygéﬁ’ QSR JitOXNHOEH Rk fvedblarty

erre | east one X and X
pﬁafénmg @xrith s'ﬂ@s eitrigen epenheforveélad engn more preferred

(G B BB Y R N0 1) ARl ngjep o eas
BT g%qu%‘?f‘g“’ﬁg%@?mcﬁ%‘??& R ?%%%“’5‘]‘ o

idast onel % andt X[' ﬁmmi)gam élPI@smmMogerRQontmngs X and n,

are re n abov _
bﬁ%"é‘%@ Oéle chcryglé%ﬁom posfi{él oned %ﬁ%f' %J%?%tot formula I1
[Gdl@g bri @Q}b&@n{glif gﬁ@ﬁfmmrﬁ,t gofeared cbmpbineis ape dapicibdlyy the

that when X is R4- then R and R2 are not
Fayrawlest/belowas st ated above, al kyl substituents have

been emW,0yed to inprove oil solubility and are
parti cul a\\_ ef un whep~t here is greater than two
het er oat o e caonapou Prieferably, if the

grouHRt)he al kyl groups

conmpound {|s to cgnt ailf
are charagterized in|f th R ofnR2. Thus

preferably ast ohe h RZ are al kyl froml
to 20 cgrbon atoms, -OR, ”SR and| NRR , where Ris

alkyl from1l to 6 carbon
[0020] Rs Formuia 1T

[0021_] wherein Ry, Ry, Ra, 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 cornpound.
Preferably, if the compound is to contain alkyl groups, the alkyl groups are
characterized in regard with R; or R,. Thus preferably at least one Ry and R, are alkyl
from 1 to 20 carbon atoms, -OR, -SR and -NRR', where R is alkyl from 1 to 6 carbon
atoms and R’ is defined above. Additionally, solubility may be increased in respeet to
R; and R; when R; and R, are adjacent to each other and can form a 5 to 6 membered

alicyclic or aromatic ring which is substituted with 1 or 2 alkyl groups each having



atons and R is defined above. Additionally,
solubility may be increased in respect to R and R2
when R, and R2 are adjacent to each other and can
forma 5 to 6 nenbered alicyclic or aromatic ring

which is substituted with 1 or al_k roups .each
fieav} Hg20rearbanttomso Eyen BBl Pontcdia tholsh Hng Ko ovhen selected
e % is that each R3 and R4 when selected are
ﬁﬁ ¥W¥P gen [0022] Particularly preferred conpounds
[(m‘zzl:or nedraclhrlppefaed cmtre;@undmeof Horisla & qnealepto(oedt wen n is
Even rmre preferred, ar t et dr o- U|n
cRlD . Bl A Pt e eGP BE TGO Qs s CHR
a@éﬁh@%@ﬁ% tnﬁ%}ﬁ 1s§tt9&1%ﬁta‘£ 886 dr@0%3kionn Fornula I,
e npoun S can be depicted by Fornula
[0023] bel &wFofulil, »vtm nR2, e comrpauids cpobe 4¢pigisd baifprmula Ia
and R2 are each independently selected fromthe
bgpﬁhp consi sting of hydrogen, alkyl froml to 20
carbon atons, -OR -SR and -NRR , where R and R are

|ndepeEdentIy hydrogen or alkyl from1 to 6 carbon
at ons, and 2 when adj acent to each other

together g Y ' ' i
r|ng w(£ may} be @isubstift ut ey or substituted wth

or 2 glkyl upsijeach having f Rs; to 6 carbon
atorrs rog€n o ! roml to 6 carbon
at ons; '| “oxygen, Lt KH or -N(al k)- where
al k | RAlkyl froml to 6 carbon atorrs worulafe

h he h
R
cdlsRihp GiRddro g O asM froﬁﬂl fauzo @erd)‘ﬂREtom‘rAJ‘l-@IEI SRBﬁdaNRRRSVhere

are mdependentli/ rogen or alkyl from1l to
Read i arandependont w&@g@mw@é frome t%eaxb% ?@n’éx‘gfg%rﬁnd Ry

X
B BetD A Shor BUE 62, MRy R Al S oifhic ring
whithstiad b eshudaduted Substistituieddith 2,03 2l graups ead eving from

2, 3-di hydro- benzo[ b]t hi ophen .
120 6 caRbRi atesnsh S Johydraseg @i Siogu] et sittkgh atgms: X is oxygen,

"gh‘%’d :fﬁlh d?lg HE g\glii(egg 01%' il é@gpg&ﬁn;‘lztr%'g@agﬁﬁpitgﬁs with the proviso

that the X heteroatom is positioned orrho or para to the bridging nitrogen atom; X' is
selected from -CHR,-, oxygen, sulfur or NRs, wherein R4 and Rs 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 benzo[b]perhydeoheterocyclic
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-benzooxazole, 2,3-dihydro-
benzothiazole, benzo[1,3]dithiole, benzo[1,3]oxathiole and benzo[1,3]dioxole.

[0025] In Formula I, when 1 = 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-tetrahydroqinoxaline; 3,4-dihydro-2H-

benzo[ 1,4]thiazine; 3,4-dihydro-2H-benzo[1,4]oxazine; thiochroman, 2,3-dihydro-



benzot hi azol e, benzo[ 1, 3]dithiole,
benzo[ 1, 3] oxat hi ol e and benzo[ 1, 3]di oxole. [0025] In
Formula I, when n = 2, particularly useful
heterocyclic rings are selected fromsubstituted and
unsubstituted heterocyclic rings consisting of the = .
bgrzo[ipd]dithiie; 2, BdirytircabsraoDgtionahiings 2,3-dihydro-benzo[ 1 4]dioxine
1, 2, 3, 4-tetrahydroqi noxal i ne; 3, 4-di hydro-2H
angy B1#"4] t hi azi ne; 3, 4-di hydro- 2H benzo[ 1, 4] oxazi ne;
[dBkPChrMB ardy SrifdRbeRuSIREMEODleschk tivichiibm e exemplified
2, 3-di hydr o- benzo[ 1, 4] oxat hi i ne; . L
h@eB-lldw.dherefanzasiothen peticokofibe Present dmveaHam is itsgiedto the

Particul arly suited ¢ | Lhe. present oo e (4irert
cRRITEY SRR iy B s Gord BRI RSE s, (4-ert
b@pRhbey))-agpRtitetedhyidhrupictisettminey 8F2-haphthd-1d2.8 det ed

the conpounds c i Si

teﬁgby@qu‘(i@l@‘é?mm@iﬁ%g’ i%fhtﬂl‘%lygwﬂ_umlﬂé—amme; N-(4-

- (A- 4 Aot it N2 3-dihvdro. ] -benzofiran-
t%@%@h&%) )2’-31(?153,%,041- ?%I%Zro a %rs oaarlljl%l%’g\lf i(%138qlgﬁr8el; erAOan
5N 2NNyttt berfzeRe-3, 44d et mea e otjthutd phanyd- Apidaeydro-1,4-

N- 2- napht hyl. - 1, 4-tetr i.noli.n-8-am ne; .
bm@gox%%ﬁﬁgm;ﬁéﬁgﬁyﬁpﬁlegﬁg—}ig,%gg?t&@yfiroqum%r@n%e-amma

zof RS FOml2] BePahitiRyisbRI%0EN fployed in

[Ug-a?/r) - hﬁ{ﬁng%oﬁg}i%g%zene- 1, 4- iaarri neI;y ) " @.Rrye e
lulritAtintgerampmstticopiestpylsingthe cerppgundef Fogmula I with an oil of
4%%nzodioxinr6-anine;
IuREERHINE 15495 &ny 1 ) - 1, 2, 3, 4- t et r ahydr oqui nol i n- 8- ani ne.
(0B8R 7 IThEheb:eanPesmstssitiins RO s irarehticl imcde bincajdreambount of base

useful when enployed in a |upricating. c o%ition tend
oid offibrishting YipeostBnBesmeilas st hairE 19 d%lieaq’gﬁ 8t stk or blen

ubr i | ng: i y _ 8 i .

LG ot Ry LR bt gt
mabutheseer toille safnd spbeifications dindepadsittof fedawara@idr as

used herein is defined ag a base stock or blend. of .. . .
e AP EHEE IS PR BB RO oA g and that i
icﬁﬁf?ﬁl&}cﬁjda BiicRe $haal1S prBmitt arhiifieftichquidiRr, 92 BBth. Base stocks

iC

specl ations (independent of feed source or o
mag b eofrcartd ubiog atviadely oftdhtierentaaeesssasanclagiag but not limited

nufacturer's specification: and t 1.S.: L i fi .
o et e v s tyFBsk Procaea: e B R el iR ion
af rePFiring. BR&GBEPSKEK sHEYbRb AR FGEder fBshn usitargiBintroduced

vari ety of different processes including but no

o
thirpughtraainu facsurdng tontaatingien, SOPRFEIRES Bt i HiERyse Ay aF Bieimvention

processi i ' A ief e al : .
R PR R A g A TR SRR RS 1 St G eyt fhose having
a kirematic @fecostyeiti l@hsleres Gdnigdde (@randghout 5 centistokes (cSt) to

manuf act uri ng, contam nati on, of Sprevi ous  use. Th?
alyswis 30 651, pegfenahlysabiont & 581 {grpbout 16 cSt, more preferably about 9 ¢St to

about 15 ¢St. Hydrocarbon synthetic oils may include, for example, oils prepared
from the polymerization of ethylene, i.c., polyalphaolefin or PAO, or from
hydrocarbon synfhesis procedures using carbon monoxide and hydrogen gases such as
in a Fisher-Tropsch i)rocess. A preferred base oil is one that comprises little, if any,

heavy fraction; e.g., little, if any, lube oil fraction of viscosity 20 cSt or higher at
100 degrees C.



may be any natural or synthetic lubricating base oi
fraction particularly those having ‘a kinematic
viscosity at 100 degrees Centigrade (C) and about 5
centistokes (cSt) to about 20 cSt, preferably about
7 ¢St to about 16 cSt, nore preferably about 9 cSt to
[(;E§9}Jt The bﬁﬁ ail ﬁ?&@ﬂ)@@aﬁbmgmymmhsﬂllubrmahgg s synibktitie,
or exa oi | s prepare
lubicei ”En:é miptis Dy SRRl PETA Gl B RBR oG o AHlained by
ﬁ%ﬁ 9% %Qg@%ﬁk SndP 5120 HHE 8 wHil dﬁ%yﬁﬁfcb&ﬁate base stocks
e an Fogen gases such as in a
pﬁdﬁk&ﬂ’byﬂﬁﬁﬁﬁ@hﬂﬂng GretisT than polvbriroxtractings recArpmpidc gigpolar

t hat |
comEeIees Sthaspde iebls tebg S inpufe Bip¥e W ACAPPGisfors L 1
2 VU AR LS 8t Qn@aqrﬁi%ﬁcﬁon% 500029% EahﬁmbAééemﬂmn I,

rmaybe derived from natural Iubrlcat|ng oils, e oil
D&ymﬁibmtl@% Salbratcsaheyfdg an] viscasity mdieasterCravgrlefand 11T base oils

Syi t d by
SIS S IR SR pS AoIcRly o
oﬂsc'léﬁ}ﬁ@% QHE}%@%@%@C &%ﬁﬁ)t 31}:11)@16%1 lIll Grogul; &g Dhyor IV. Although Group

rocrackin rather than sol vent extra n
Talbrd 1% basec st Pre eI RUTR 2 (BF iaeY G Pl Shege ot
rqaﬁ)% p?é};lag nel olfngi?g el‘%ofﬁl% Ehd'?laA f é?dulgqaﬁeHP mvemd|V badestocks

|'icati’on 15009,
ol¥dsh ofidi ti on, Addendum |, "~ Decenber 1998. Saturates
| evel s and viscosity indices for Goup I, Il and 111

base oils are listed in Table 1. Goup IV base oils
are polyal phaol efins (PACrAp@mup V base oils
include all other base oils not included in Go
H, | Bhturaes, BifuhrichBisgbsi@rlodex ofj (Eroupi[ﬂlawam Baﬁpagtgcks

oils-are nreferrm‘ f-or—use—+ra—thi-s—Tnventy VElhsit! hese
Groupr ef prred base Safjiyages nmay be prepared by | ning one
| or npre of G ol geterymedpy |\ and Vv bagg ocks .ar
base| oi I's. TABASTM Ba2A0ht es, Sul fur and (Selapipd
| ndek of GroupSulfur | and Il Base Stocks bYa ou
Sat uf at es Vi sc@sd deternfifs] det er nj ned by | iiekMASTM D
2007) (As detepgirneth 2230hf ur by| (As det el29#nb8THY
ASTM D D 4297 or
ASTM D
3120)
I Less than 90 % Greater than or
saturates and/or Greater equal to 80 and
than to 0.03 % sulfur _ Jess than 120
I Greater than or equal to | Greater than or
90 % saturates and less equal to 80 and
than or equal to 0.03 % less than 120
sulfur
181 Greater than or equal to Greater than or |
90 % saturates and less equal to 120
than or equal to 0.03%
sulfur
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ASTM D 2270) 4294, ASTM D 4297 or ASTM D 3120) Less
than 90 % G eater than or saturates and/or G eater
equal to 80 and than to 0.03 % sul fur less than 120
Il Greater than or equal to Geater than or 90 %
saturates and |l ess equal to 80 and than or equal to
(0033 IMAtems hibhtaﬂtlrig&ﬁlls ey fnehudelahingd odat wgetehlgrmilsr

|t G eat t % ;
(etn Bpored D6, Saptoa sl BeBo e OUE T a6 B Spd sl
“ﬁ@&!ﬁgﬁcggyr%ﬁgfng oils may include animal oils,

vegeta e 0| s (e.g rapeseed oils, castor oils and
{0681 Bynthetipeils ohayinvlode hydrmaxbcpraoﬂsoandélai%tassamt%d

rtaan AP IP RS B T S el oo g b1 BRenes,
}é?h&gai hosiakd §1gﬁbhf§] cfiferpalkyteed dipbkrheulfides, as well as their

er-'pol yrneri ze fins, alkylbenzen

danz}tprtremylhIs)gu@ ang| kgmgdog;e@ Gk ; @rdgs gﬁeaﬁymegf: dypricating oils

fid l. ' ' .
SRS 50 PRI B R cof e
ﬂ%&ghﬂ{arfin Ittt il l‘ﬂg:irOjlijfl%rolqisskmve bednudedifkb& i esterification,
oxi de polymers, _int :
cfherifigaiany 6. ABHBFEBRORIREER L fﬁgﬁ%ﬁﬁmﬁmﬁ@ﬁﬁ §egpprises the
e&%ﬁ%&?%&yﬁ@ QB AT d Sy oLt HONS. !E‘,Qt%}é ®8ful as synthetic oils

I catron, etc. Another suitable class of
alspritdiedd thosanade fromrs ©iCis nwnparb@@éwtaﬁ@ls agd pely®lsymnd polyol

dlcarb th

thee ap-bviapnanters v o Eufhik RoaBiERE B it °
pB&’) Q%nh% %Zb@ FH&&)&H Alscﬁﬁindble&ﬁﬂusr&(ﬂs)b@k&nwld
po Iy et hers ri-a phosphate ester qils such

[8632] hBibcaxbaspd ofl é@cbys thei pq&yaéiul—ypo yaryl-, polyatkoxy-, 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.

{0033] 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
obtained directly from an esterification process, each of which may then be used
without further treatment, Refined oils are similar to the unrefined oils exéept that
refined oils have been treated in one or more purification steps to improve one or
more propeities. Suitable purification techniques include distillation, hydrocracking,
hydrotreating, dewaxing, solvent extraction, acid or base extraction, filtration, and
percolétiom all of which are known to those skilled in the art. Rerefined o1ls are
obtained by treating used oils in pfocesses similar to those used to obtain the refined
oils. These rerefined oils are also known as reclaimed or reprocessed oils and often
are additionally processed by techniques for removal of spent additives and o1l

breakdown products.
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phosphate and tri-iso-butyl phosphate are al so
suitable for use as base oils. [0032] Silicon-based
oils (such as the polyakyl-, polyaryl-, polyal koxy-,
or polyaryloxy-siloxane oils and silicate oils)
conpri se another useful class of synthetic

[0038] | sk 0g defived frantbe hydratsheetizationtsf veanagalen peused,

j ncl ude 1i.qui d, est. ..of - i Ni.Na: i
5 R R PO 0
s whi Gsohidifte of1393R3HuddUEDaE AydiclsofRyizitRndenaesl drispnthetic

unrefined, refined, rerefined oils, or mxtures
wahey @ohixting Sfiaed dverid kydapisomenzitige gataivslect Iy from a

ral.source,or . i O Qe . . . .
R s R PABE SRR i Baebing i o i
irméfﬂi&;. Qﬁalhiajgﬁ aﬁfouﬁt_ ?ﬁﬁtsﬂleﬂta% da;mmgieggn oém?nse?f@-nﬁd% or more.

olls I nClude shal e ol |, obtal rec I Of
Prafersed @fﬂ@urﬁbeg Base O, CORPHES RRAW dfivsi 1o '8 a@%%?g o/t Yo of at least

ogfif {,ﬁ@ﬁ&yﬁ xﬁ,ﬁﬁ%ﬁi S idst 81 lo? Eref&%b@%r@a%r%mpiﬂcut 9@3@ Neg about

roman esteri ation rocess, each
onRItCH, ofay ldalteometnd Growmsl I, T tibIN bsgrailhemaerne gaglemahty, about 60

Refined oils are simlar to.the fi oils o
4 Sherionan i pEeeeonsdpralh 05 ephoREe ! FHAER e %
iAHEL hESH, 1Al réﬁ:ﬁﬁ% th Yt! RTINS TuBHBat g 0iNMI1&s otherwise

propertiés. Suitable purification techniques include
sphcifigdl) Atmore, profeced embodinmgt of tednventieatiaygcomprise an amount

ewaxi ng, solvent .ex ctiy ci.d.or, ba . .
ob P Ao AL Vb © g G 3ty B T Jgpating ol
[O36E D aree KROWA of Beﬂzlﬁg(t%ﬁ@rﬁ&ﬂﬂoh@t@rdc&cli&@n@fcﬁmd‘s of the present
0

Rerefined oils are ained by treating used oils in
inyentes sethe dibrichtng oibcethpasition Wil boinghnEIOR AORELY MMIEY! to

oi,Is. .Th rerefi.ned..oi lS: _ bout
b RE B35 bREELL S RPLR, AR 0 88 BBt o s
o@ddb i DRk preREASIL §68CAHOY 0.2ababaue # 0%, meow\patfenbly from
spent additives and oil breakdown, products

11
ap@O A toRReBt b Wide End BePHPeh A HEANMIIP SO & fhgwt 1.5 Wt
o f X al - . 1.0t . . in
ol B s i O S wor Bl hlBRR, O
[6087] hetTige foliseind 4dditiSusimpoaxnts seneraiptes @f bomponents that can

b ey o i S SoTEeA Fl 002l BTRHERL 0Pl present
ir[%gﬁ&.i. U LAl boRlRVES hre prSAd& tolifludtSidthe bsst@dnvention,

use a mmj or "anmount of base oil in the lubricating
bt thephretrot fteridedentiimint. A nmaj or anount of base oil as

defined herein conprises 40 . % or, nor.e, refer
(00380t A doprsa Dut issi s eny) rlsCinfhlee
Gifld: with 8fheRbroafRTbmpeifdstucka®bBylehe cdrbbnaagd |V
ase oil or preferably greater than about 50 wt. 9%to
palysurcinimides, and alkenyl succinimides modified with boric acid, alkeny
succinic ester.
[0039} (B) Oxidation inhibitors:
[0040] 1) Phenol type phenolic oxidation inhibitors: 4 4-methylenebis(2,6-di-tert-
butylphenol), 4,4'-bis(2,6-di-tert-butylphenol), 4,4"-bis(2-methyl-6-tert-butylphenol),
2,2'-(methylenebis(4-methyl-6-tert-butyl-phenol)), 4,4-butylidenebis(3-methyl-6-teri-
butylphenol), 4,4"-isopropylidenebis(2,6-di-tert-butylphenol), 2,2'-methylenebis(4-
methyl-6-nonylphenol), 2,2"-isobutylidene-bis(4,6-dimethylphenol), 2,2
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97 wt. % of at least one of Goup IIl, Ill and IV base
oil or nore preferably about 60 w. %to about 97
w. %of at |east one of Goup Il, Ill and IV base
oil. (Wen w. % is used herein, it is referring to
w. %of the lubricating oil unless otherw se

nigiededebasd- “nefyit-eycprbek dphewle ajﬁgijftpm-hpty(bﬁ—mmhylphenol 2,6-

it s BRBoBg B ot SeffE & eefn
IHQH ﬂ(ﬁ c?ésbl 2,d-803a14(he (ﬁlﬁ@@lmanﬁlﬁomethylphenol) 4 4 -

enzo hydr éhet er oc clic conmpounds _of

ﬂ!tlﬂMG(ﬂt-meﬁhyl—ﬁ-t@rh@ulyﬂ,;ﬁ}en 3, %'ghl@blS(”c@\@ﬁ’d&lﬁtt%ﬁuwlpll‘erﬁ@ bis(3-
Iﬁ%@?l@é’?‘fﬁ@" [ %‘E%g'fy?@% %er af1 &H%‘l%@%eqﬁé&bg{ymﬂ

hodey cnfzg,gm about 0.01 to 10 wt % preferably from
about 0.1 to about 2.0 wt % nore prefer(gl‘ﬁbg from 4
[Q05a Lt oz)soqhgr Ta@@%tmelalshwo%béﬁ’étee(@@n ZiRsrBthicarhamapy an

fro % based on the total
gq?ﬂf’%bsﬁdﬁg@gﬁhh%n catl ng, oi | corr%o& tion. [0037] The

[601|2 k ow nglaﬁﬂinhibmm:(mpe?emgna:be exarrpl es of

conponents that c avor

(GBAD, o SRGRE ROy AR S oG SR P R Pprygtayiene laury!

eﬁll'éle ?@ gtogjyétﬁyﬁﬁé higfer APARE cBEA ﬁS@iﬁﬁy&ﬁyl@Q@ﬁdﬂy\l‘[ﬂ&nﬁ &her,

fo’illustrate the present invention, but
pb]yeyyahyéemmctylpher)di ether, polyoryethylene papatgarylgthessh ess

ny| succ
pg]:yeg ey?lr%klaqrf I?oé&owe WHe&eggxfbﬁtgﬂélgﬁ?%éagat% Rod%%@/ethylene
S&Bﬁgl ﬁ§n&bfé¥{ee§l§1 fAvanfahe glycflahyiatatiadi m des, and
kenyl succinimdes nodified with baric aci

{01141413 ny|2) Quhexsampovads: steari aoigond ofyer @Eﬁycpgtqsoglcarboxyhc acids,

n}el';]aﬁ Isgz!iptsgfaﬁy agi% ffhg %%}tsrpe £ g’b kalssycﬂgl %’t{fﬁtﬁgﬁ)hf:c R4, gatiapn
CMBWIE%E%éﬁtOE plélygb?ﬁaﬁ tﬂl,cglaatﬁ; Tﬁdarttosmmphen ol),

(00451 - ( n@()@ﬁn@lﬂg@,egs( gdcﬁg@ﬁ?{odéctt(glan(ybﬁwwl andsipylggeoxide,
p@yﬁxy%l&ké ﬁﬁﬂeegl'éezé%ld;ﬁg%ﬂyeﬁlﬂe% tsérbﬁhﬁé/ésﬁéie nol ),

opr opy di-tert-butylp enolg1
[0D48] - we(ﬁhﬁxeﬁmblpsféssuremm KEB agrowts)!, piléirisieyt oils, diphenyl sulfide,

but Ilde 4 2,2" 12
st aneBr e atag Rt i tE VeRFBRick:
ﬂ%o@aﬂdyiﬂo@ﬁlnimey bndteA@hpHiRGRRO! , 2, 6-

di -tert-butyl 4-et hyl phenol
[01}421} di e Ryiction medtfien ity ﬁﬁ@m&l fatty agid.pmipg,forated ester, and
rretth | am no-p-cresol, 2,6-di-tert-4(N N
| am nomet hyl phenol ),4,4" -
[0048] (G) Multifunctional additives: sulfurized oxymolybdenum.

dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine-
molybdenufn complex compound, and sulfur-containing molybdenum complex
compound
[0049] (H) Viscosity Index improvers: polymethacrylate type polymers, ethylene-
propylene copolymers, styrene-isoprene copolymers, hjdrated styrene-isoprene
copolymers; polyisobutylene, and dispersant type viscosity index improvers.
[0050] (I) Pour point depressants: polymethyl methacrylate.
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t hi obi s(2-nmet hyl -6-tert-butyl phenol),

2,2"-thiobis(4-nethyl-6-tert-buyl phenol), bis(3-

nmet hyl - 4- hydr oxy-5-tert - butyl benzyl)-sul fide, and

bi s(3,5-di-tert-butyl 4- hydroxybenzyl). [0041] 2)

O her types: netal dithiocarbamate (e.g

[0t hi 0 o) et Ishibitarsd alkprbmisthaeryddse golymers and dlmethyl silicone

(dlbutyldlthlocarbanate) [0042] (O Rust inhibitors
PYIXAETS r ust agents): [0043] 1) Noni onic

[0d3hY Oxy@ Ry &L RehiBhieEA66c dialdykBih@posiate (Zn-DTP, primary alkyl

pol yoxyet hyl ene | auryl ether, polyoxyethyl ene higher
tyﬁbébmmonéMerﬁﬂﬁﬂk&oxyethyIene nonyl phenyl et her,

pol yoxyet hyl ene octyl phenyl ether, polyoxyethylene

octyl stearyl ether, polyoxyethylene ol eyl ether,
Uﬂﬁbyoxwg&hyﬁengﬂﬁaban@ﬁmﬁ@nostearate

ioxyet hyl ene_ sorbi t ol 0- ol eat e,

d . .
et hichrazeglby R%hycﬁﬁ%ﬁpéﬁﬁlg an[’l@@m gg}?lsdnﬁgl}tlon may be
plgpg_{%ra%n Sﬁ? Foéfogg%%geré?%grtl A SSS:%IE oc;eg%u:ei gg%ﬂﬁg rl%e ra]tgpremated

thaflvhsre t?‘pﬁ cal orqaaé&ﬂe@prdneﬂwpnémloﬁmm <, raadtdn tpaperagires, times,
car boxylic

d est f h |
m,@&m@fgﬁg pf r@afgtgété,r e ‘{%r&‘q_ glfs%) 3/ 5&%% g]?vlec ro&ﬁeréja%qe?f conditions
%%q}e d 1y &P@ﬁ%e QRda. ebBMﬁﬁﬂﬁ@éétﬁ'ﬁ conditions may vary

yoxye ene a et her, and pol yoxyet hyl ene _
wsthrtbe: paneuiasteactam[s m&@]ver(tE)m@x buleweh persitionseange fetgrmined

d [fid
bigengied P SR @R S HEC SN Rapht hal ene,
[db%@ﬁyl TIRAE dRilled id ﬂ}%%ﬁﬂbﬁ]}/&lﬁﬂk)ﬁ&@lﬁ@ﬁﬂ&t mapthelneadsary to

thenate. [0047] (F) Friction nodifiers:; fatt

'bbbk ohptotedt attiain feictionalrarens Waketoaduaggdhe fOAWafm%fﬁﬁ’é#em

t t t
pEer Rl LR gy BBt e AR b Yicct the functiopal
MRy REenuen 8860 ¢e dhir@nndinkbdiedresction with other functional

oxynolybdenun1nDnoegcerlde oxynol yhdenum di et hyl at.e
gaanps et Withithrreagelty betdrio AED Al 185 deshied Ghsmgica ‘H%PS?&/ tations.
ul f ur - cont al 9]
e AL T s S
rea@lly ﬁ?gﬁz&ent&b by&: gitled prthpytte hélrmuppiojm'ang groups and their

t | t ed
S 5288 SERSLMRL e AR Rt o T o
viltS ISR e BYRps\th THRSHE XyhMERY FeBRHIMENE, Wiley, New York,

1991, and references cited therein.

[06056] Synthesis
106057) The benzo{b]perhydroheterocyclic arylamines of the present invention are

prepared by reduction of benzo[b]heterocyclic arylamines as illustrated in sequence
(I
R X\
1~ H =
Ry"== NG
X X

[0058] The benzo[b]heterocyclic arylamines may be prepared by the reaction
sequences depicted in (IT) and (IIT)
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[0050] (1) Pour point depressants: polynethyl

nmet hacrylate. 13 [0051] (K) Foam I nhibitors: alkyl
nmet hacryl ate polyners and di methyl silicone

pol ymers. [0052] (L) Wear inhibitors: zinc

di al kyl di t hi ophosphat e (Zn-DTP, primary al kyI type &

secongkqry al kyl [0053] Ger]@r Synt

Proc es [qp [Jo]_per hyfit}qaq r 0C CT(CHRQ,)” s
?r%llz ni ped of 1 h ventlon may Re=pre y the
ol'fo

wi'ng gener al methods and procedures. It should
be appreci at ed that where typical or preferred

condi ti ons, (&Xg. , reactror,;at e
18 *r%; [0S of\ Hpagt ants; :Eal 2' (CHRs ()
ver? ot her rgr/ t»r ons

may al so be used unl €ss ot herw se st at ed. QOtI
reaction conditions nay vary wth the particul ar
@;gét antmein ROIRLERE, S, 5@, X'hié asdefined badirnt andris isc &1, -NH,,
etermned by one skilled in the art by routine
(dpBi of Eat i on procedures. [0055] Those skilled in the

[@ééﬂé\l’(\d 'otrhé lgglﬁaelﬁtgqgﬁﬂbﬁsesﬂow m'(fD 55?(?/ (fﬁ?a&%@%éﬂi Yhel £t for the

certain functional groups while
SRS b tﬁrgh&ﬂjﬁatﬁmle!; o"titlrla?.g coypiingetétbodsproamdigals to the synthesis

Oﬁggg@igﬁg}sﬁ@gﬂ’&%% ?ntasl 3%5@%8?IB’ Wtrlavlﬁ r%’oglafmg reactions for
tﬁﬁte%%ttﬁérgﬁ%f%ﬁﬂﬁlg qiinBGHesi &S d440HBS ’tﬁyeﬂuﬁ eRE tRARr Whd Hubert-

unct1 onal groups or W th rea ent s used to
Hebiarty. dlftent Sec.d 856, 8042-A0N aul OkitdanS, iraspslodaprd Ozawa,

e R e

p%ha&heldcawygeh%aﬁmng Makbabtsc Rhdkesid Aomgtiohgilcandich is
their introduction and renoval are descri edl
JJ oife, V&agaw,

aleamacmbllfeto theisymtheass @b@%bﬁﬁﬁr@w@ anyjamings &V
r ot ect i
Nare i)ll%gﬁtltci/ g\vt?(l}g?alftﬁ’ Sqde! ?%rg R C 1 &gygl tepGs 1% §?é:f9féﬁces cited éherem

Sferences cite
atgbgrel PeteﬂsOfF])Fﬁa]HmeJ&Q sal{oazaam]i MHBW Day, Inorg. Chem., 2001,
enzo er hydr ohet er ocycl i | am nes _ of .the, .
485 & 340 Iy dreapeRr %t%ﬂﬁ%ﬁﬁ?@ézwer dErigReg Y atil, Kelker,
NEDZOURRELRLD Wk, €of ﬁrrana@(]ﬁ?SZ@@—ﬂﬁlhll ustrated in
sequence N (GHR3)n R/ N, [
[0@HR3) nTherk are several methods to reduce the benzo[b]heterocyclic arylamines

to benzo[b]perhydroheterocyclic arylamines. The methods that can be employed are

the same as those for the reduction of quinoline to tetrahydroquinoline provided that
any functionality which is sensitive towards reduction is protected. Hydrogenation
can be used as described for quinolines in Rylander, Catalytic Hydrogenation in
Organic Synthesis, 1979, 213-230, Academic Press. Hydrogenation of quinolines to
tetrahydroquinolines as well as other methods of reduction is described in Hudlicky,
Reductions in Organic Chemistry Second Edition, 1996, 72-74, American Chemical
Society. 6-aminoquinoline has been hydrogenated to 6-aminotetrahydroquinoline with
a platinum oxide catalyst in Example 2 of WO 92/05173. The reduction of quinolines
to tetrahydroquinolines with sodium borohydride — nickelous chloride is described by
Nose and Kudo, Chem. Pharm. Bull, 1984, 32, 2421-2425. The reduction of
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X. X [0058] The benzo[ b] heterocyclic aryl am nes may
be prepared by the reaction sequences depicted in
(11) and (111) 14 /R X R2C ~Z + HZN/ X (CHR3)n
R2\ N~CHR3)n {Il1) R X~ NH2 + Z\ X, (CHR3)n R j
N/ X(CHR3)n (Il1l) R2/ R2 - X, [0059] wherein RI,
qﬁi%ohﬁ@; to metr%yaf&lui?ﬁohaéﬁwﬁﬁ seldtfunrtedotydride im amdic Znddga i is

T |
dcf@abﬁdbﬁﬁréﬂh&/ﬁlduﬁi%éql |~3V"E£1ﬁﬁs (115%7/5 &2) u\%nI P% the art

for the synthesis of diphenylam nes. These coupling
net hods are applicable to the synthesis of
ExXAMensy b] heterocyclic arylamnes. Particularly

not ewor t hy coupl in reac i ons .for e synt hesi,S 0
[00621 i nokjest ingpPrtias's Qprgheg HUEtrisd PYHhe E%W%%% HREY Uiy axe
g:tgg)retco Habahts hﬂnta@b@m itsR%pe. A Qifher aﬂfﬂeﬁstaﬂﬁﬁg anthe

uzuki, H rose, Toda and Ozawa, Che
ifSemmincan RORA, in 240D 2448 nBUEh(ias Brepatatipag m Kxayapies:

Ve in gl BN S ah TR RS eHf Rl P i f B Ges
321%0? %Bfaith% Seffd Q&r‘-‘%@{eﬁi hrlttaE esiClabibian’y bt frbnmstemperamre”

rcoux and Buchvval»d Ace.
rﬁes to a11®980 1805 61T harteint Greascahen® é@f@@&OtWFégléupﬁfce% gnd the

Pet e}
t% mqlﬁ gPlg Em@ﬁ% nge?erﬁﬁéra{nﬁalés %tegﬁ}g?@m@%g%%%g@r@ to a
7 qﬁﬁftﬁj/ M?ﬁ@g&ﬁteaﬁﬁ iRasol & enthd evsabopfate bl}ec&hhg by sucebddang

bi, and Chaudhari, Chem Commun. 003,. 2460- 2461]
re{a@taeu_qecimbmethatr@ag@%m&mwﬂ@u@ r{l%lefr yeght or volume.

nzo het ero
ERE BB RSB AP s or ) oy dpomines
af itgi mﬂ@na@@?}g ARl aayxlgﬂecbxsesmgléte(sg aamzead&ngltts §les) f dsrubletse(d),
reducti on of quinoline to, tet u
Spidiesionlsd (BBl eIy i e ad g e
@%erg d%giés e%og(g ot ect ed Hydrogenation can be
des or qui nolines in Rylander,

Cat aI yt| c Hydrogenation in Organic Synthesis, 1979,
'213__1%310’ Academ ¢ Press. Hydrogenation of qui nol i nes

[0063] Preparation of Phenyl-(1,2,3,4-tetrahydro-quinolin-6-yl)-amine

N

o
[0064] A solution of 20.4 grams of 6-anilinoquinoline (prepared as described in
Buu-Hoi, Royer and Hubert-Habart, J. Chem. Soc., 1956, 2048-2051) in 400 mL of
acetic acid containing 1.3 grams of platinum(IV) oxide was hydrogenated at 30 psi for
4.2 hours on a Parr low-pressure hydrogenator. The solution was filtered; and the
fltrate was neutralized with 6N aqueous sodium hydroxide. The aqueous phase was
extracted three times with dichloromethane. The combined dichloromethane layers
were washed with 6N aqueous sodium hydroxide followed by brine. The
dichloromethane layer was dried over anhydrous magnesium sulfate, filtered and

concentrated in vacuo to yield 20.4 grams of a dark residue. The dark residue was
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t et rahydroqui noli nes as well as other nethods of
reduction is described in Hudlicky, Reductions in
Organic Chem stry Second Edition, 1996, 72-74,

Ameri can Chem cal Society. 6-am noqui noline has been
hydr ogenated to 6-am notetrahydroquinoline with a

rBdrbthiligd S¥ndEs% athahylsb yidd EX2igpdnes & thé dMeazt@ﬁ]W& a grey
The [eductl on of quinolines to tet rah dr og[_(l)l nal |

selidh 1 SMIBACHEHphY dr tre, 2Hnitek et b A té) P € bs; 1), 3.4

(%béﬁ% gggﬁz%ﬁ%l\gﬁ@ﬁ%e f ’uc I :)nn (F;Ifﬁarlr5n qslmnlol | nes

to tetrahydroqui nolines with sodi um borohydride in
acidic nedia is described by Gibble and Heal d,
Eﬁﬁg%m§§is, 1975, 650-652. EXAMPLES [0062] The

on is further illustrated by the foll ow ng

(FORTE o stsm s Prpdffion SOV DRI Ao B S aoine

the invention can be had in the follow ng

nonlimting Preparations and S Wer ei n

unl ess expressly stated in the , al

tenperatures and tenperatures r.ioes pefer to the

Centigrade systemand the term Ent” or "room

tenperature” refers to about 2 C. The term

"percent or % refers to C ercent, and the

term"nole" or "nnlﬁé rg to gramnoles. The term

"equi val ent" refers to al guentity of reagent equa

in noles, to the nDI- he preceding or succeeding

reactant recited iR t hatn,exanple in terns of finite

noles or finite weight or volune. \ere given,

{Mb%lon 89304k Eqii g?é&ﬂ@ﬁﬁ & nﬁ%ﬁ@t‘kf ek Rreflif colenSorMudnitrogen
wer e determ ned , gnals are assigned as

m;letrnghseetckléé) 8- abnamq;inmlmgl (éfré gtmﬁ) 0.1§qubles) 4- fw%Utyi

d 1 |
E%‘? e%aﬂ%u(?is r%n da 5(?1 1 &%&y&%gﬁgac&ogg)d@aﬁgﬁum (0
(1.8%gedrss, TOQ)OQMﬁJ)l@@ BRS-2 seggmpheﬁymém){lonaahapmﬂ (2.5 grams,

Pr epar at i on of

ORKdryeles)q soptimn den-brioxidrdi 84 v % 3 Bolfs) andrmfydrous {oluene
(NO mLﬁ. Ilhelgoﬁents of the flask were refluxed for four days; cooled to room

temperature; and filtered through a pad of silica gel. The silica gel pad was then
eluted with dichloromethane (240 mL). The combined organic layers were
concentrated in vacuo to yield a dark blue solid. The solid was chromatographed on
silica gel, eluting with hexane/ethy! acetate (20:1) to afford 23 grams of the desired
product as a yellow solid. '"H NMR (CDCl3) (0 8.8 (m, 1H), 8.2 (bs, 1H), 8.1 (d,
1H), 7.1-7.5 (m, 9H), 1.35 (s, 9H). '

[0067] Step B - Preparation of N~(4-tert-butylphenyl)-1,2,3,4-tetrahydroquinolin-

8-amine
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[ 00641 A solution of 20.4 granms of 6-anilinoquinoline
(prepared as described in Buu-Hoi, Royer and
Hubert-Habart, J. Chem Soc., 1956, 2048-2051) in 400
nm. of acetic acid containing 1.3 granms of

pl ati num(IV) oxide was hydrogenated at 30 psi for

4.2 hours on a Parr | ow pressure.h Qgenator. The
solution was filtered; andth e was
0

neutralized with 6N aqueous s M _hydr oxi de. The
aqueous phase was extracted three tﬁnes Wi th

di chl or omet hane. The conbi ned dig¢hl or omet hane | ayers
were washed with 6N aqueqgu pdi um hydr oxi de fol | owed
by brine. The di chherong e | ayer was dried over
anhydr ous nagne3|un13n
concentrated in vagl 7
resi due. The dark resi doge was 16 recrystallized from
95% et hanol to yield 15.2 granms of the desired

{01169}1 uctA @&uﬂoﬂ bey 4g eg%mdof N NVRbGROESY ) @riffoln-Brapmine from
5. 35

S(eg)gl& 111_1_],@0 rgag of gc?tic ach_Bo :gnrpg}_C'%I( gr%q)s 0 ff’a&g&%ﬁ/)ﬂd@ was
5 t en:

SRRy L9y BB POt gy, o

sdtuonidas Ghtided ﬂﬁﬁﬁgh distomdctaslecaghuiqpoedraifd hz vatcuo and

ng‘éﬁqgaggéci\&ggéét%g%o ref l ] C FJ?{E S%r{lﬁ a%trllegoglg Rsarls%%%odﬂuted with
w)mlr G extflacté?lrtflréél{frﬂ(és w1|§H &H?p@@?a@d‘ Thé 2dmBingd @Bl abctdt® layers

tris(di benzyli deneacet one)di pal | adi um (0)
wele ‘Safglbdlmth Hm@omm¢ggpphydrous magnesium sulfate, filtered and

e Tl e et el e (2

cBofiRR gr&bh%@ oH@hﬁ;ﬁ)gea @Hm@g Ryl 1gskand/ethiyeretatd G25)01)rt11)afford 2.0
The contents of the f wer e, refl uxed for

gohaysf thoddsedd pmduebaﬂ a Yfél@r}ewbt DR (DO k& r7e?d(d 2H), 6.5-

senar S0 B! TR ar B AP pa LA LG L Ao

conmbi ned organic |layers were concentrated in vacuo
to yield a dark blue solid. The solid was
Egdmplest ogr aphed on

[0069] Step A - Preparation of N-2-naphthylquinolin-6-amine

e

[0070]  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), fris(dibenzylideneacetone)dipaliadiumn (0) (0.80 grams,
0.87 mmoles), rac-2,2’-bis(diphenylphosphino)-1,1°-binapthyl (1.10 grams, 1.77
mmoles), sodium fers-butoxide (8.49 grams, 88.3 mmoles) and anhydrous toluene (90
ml). The contents of the flask were refluxed for five hours; cooled to room
temperature; and filtered through a pad of silica gel. The silica gel pad was then
eluted with tetrahydrofuran (135 mL). The combined organic layers were
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silica gel, eluting with hexane/ethyl acetate (20:1)
to afford 23 grans of the desired product as a
yell ow solid. "H NVMR (CDC13) 11 8.8 (m 1H), 8.2 (bs,
IH, 8.1 (d, 1H, 7.1-7.5 (m 9H), 1.35 (s, 9H).
[0067] Step B - Preparation _
cQfcRhfrfted oF fachy wyuamwo)m]spads The sceltdr whyteogtallirstifrem

8- 17 (70N H _NH 0681 |
etbﬁr?crgn tggff@m geus of the dfl:_s?red product asa ;re low sohﬁ Sﬁl ﬁ‘MROn

. | 5 @Lap
ONSERETRORY SR B T A L3 T S E g 25 2e Ghap
[au7al i NUSEED W)- Fespastionast N-RycphibehaRedd-titrai§dioginpip-6-amine
1.5 hours on a Parr | ow pressure hydrogenator. The
solution was filtered through di atomaceous eart h;
concentrated in vacuo; and neutral ized with 3N
aqueous sodi um hyd S : RS
diluted with
ethyl acetate.

magnesi um sul fatef fi I ter ed and concentrated in
vacua to yield 2.5 grans of dark blue oil. The oil
[0673] ChA ealmtiogbAPIE grams sﬁMZe@pQéiquueﬂlQer@rgrrwq fiom above in

aqche 6L0p S gt sagiis g P iss EoR gt Sl Grmav)
)ang W%lg hy@ﬂd)gena@ecﬁat £ p%r:’fo(r %0 Bddks offa %rr(lbﬁrprés‘sﬁue Bddogenator.

p, 2H), (s, 9H).
TEe( ao‘lptlm ﬁa@ ﬁhagqi tlspe@ qblatonpcg@@r@fth{)wn@@ntrated i1 vacuo, and

ht ui nol i n NH f i
S HABC e e E iRy TP a0t s R i

wand aph bXegen th.’re!é'tﬁ‘ﬁes\l\ﬂ% &ﬂﬁﬁﬂ:eﬁ&e&l th ogimbinet iethey] 46t 80 layers

granms, 46.4 mmol es), 2-brononapt hal ene %;I%F 12.lltgrams,.
ware, washed stithdyrinet driad eies @RbyArPHRBECSUB i f, SlEred;ianth
ctgn%)ent_g:zg)ceg 9}1 HA0% vield 5.5 grams solid. The solid was chromatographed on
. silica gel, eluting with hexane/ethyl acetate gradient to afford 3.5 grams of the desired
product as a yellow solid. "H NMR (CDCL/D;0) 8 6.4-7.8 (m, 10H), 3.1-3.5 (m,
2H), 2.6-2.9 (m, 2H), 1.95 (p, ZH).

Example 4

10073]  Step A - Preparation of N-2-naphthylquinolin-8-amine

[0074] To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen

Y

mlet 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(diphenylphosphjno)-l,71’~binapthy1 (0.6 grams, 0.92
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0.87 nmol es),

rac-2, 2' - bi s(di phenyl phosphi no)-1, 1" -bi napthyl (1.10
grans, 1.77 mmoles), sodiumtert-butoxide (8.49

grans, 88.3 mmol es) and anhydrous toluene (90 nl).

The contents of the flask were refluxed for five

rRUIES), sélidhesbatoxidze. scemes, A2 emodesi afd uthydenys toluene (90

t hr ough d_of sil . |
e JhE epmiedaobie b SFHIPE A SOHE) oo 1B
t?{ﬁﬁ@hﬁféﬂ afld %‘P{Qﬂea tlln%ﬁg% 8 pX\?Bﬁmﬂ@d £ANTRALINBA 86l Pal WiRGhN

rown sol The solid was recrystallized
ehttéﬂmlthtdhﬁlﬁmbmhﬂlaaé {1865dn1). Bhgrembingd orgraicdeysrp agre

chruga%?rctted %ﬁlygc%eﬂg lg'?e?{ag ?n!i%w s%l%z % $0 %VB s.fg%grpé%g&zed on
A, M B e e S

ddkittd frOOKR2 ds Ayslddwsoloh 'of NFIRCQERIS HF5 (d 1H), 84(bs IH)

s @ (b Ty St 5Dy 22 2ot TR cont ai ni ng

r f wydle, @ a-th Déodid-Sakmi
[Q%’ggs? rﬁg %I@hﬁtah&ijgﬁﬁl@nap‘h ivile, tetyLhyage) ine

. ours on a Pan |'ow pressure
hydrogenator. The solution was filtered through
di at omaceous eart by pcentrated i n vacuo; and
neutralized with BN aqueous sodlun1hydrOX|de The
aqueous phase was te val e
three times with et ¢et at §

pi ned et hyl
acetate |layers were J»ed . e~ dried over
anhydr ous magnesi um s fate iTtered and

concentrated in vacuo to |eId 5.5 grans solid. The
(80161 d wAssobitioo wig dGraphed ¥ n@hﬁnéwg@m%@nw frgm above in

a@?éﬁ%yﬁm i e p St Gl Gufl Py BBl TRttt
u%@%@?c%n!l@g@is 15/1(@% géenZteS af 43 piGh) fou?l;dxzr@ ob a(fyr loRHressure

0073
' hAdmlc@gs@rr athesnlugioRvas régrﬁdrﬂ)m@hﬁ& TRAEOY ]Cﬂiﬁffengﬂted in
VL(,Q 07%}1(1 A QutPuilb P SAHA Wdhdin By B! The 4hdous bhase was

1 %" Con ensor, and hitrogen |nlet was added
dﬁu&ﬁ'l\ﬁﬁﬂwaﬂaﬂhnmdaﬁteﬂ thige times wAth 2hyl anehies The combined ethyl

2- br ononapt hal e
acetate layers \.E\Jrere was ed with brine; dried over anhydrous magnesium sulfate,

filtered and concentrated in vacuo to yield 4.2 grams of the desired product as a
purple oil. 'H NMR (CDCly/D;0) & 7.7 (m, 2H), 7.6 (4,1H), 7.35 (t, 1H), 7.25 (m,
1H), 7.05 (m, 2H), 6.9 (m, 2H), 6.6 (t, 1H), 3.3 (t, 2H), 2.85 (t, 2H), 1.95 (p, 2H).

Example 5
[0077] Preparation of N-(4-tert-butylphenyl)-2,3-dihydro-1-benzofuran-5 -amine

NH
Q

HsC
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(9.58 grans, 46.3 mmol es),

tris(di benzyli deneacetone)di pal | adium (0) (0.84

grans, 0.92 mol es),

rac-2, 2' - bi s(di phenyl phosphi no)-1, 1" -bi napt hyl (0.6

grans, 0.92 19 mol es), sodlun1tert but oxi de (8. 86

(007875, 93 aXlasketisippenwh amasebus TS TedHE cpudnsen ynd nitrogen

Th t f.th k fI

RERSTRE 3% 050} boRENBh SEPbb L ek BV K0

ptrﬂ;rasﬂéaﬂz{} i8 txashp®d 2364 USAPEENO. 'ﬂmww@m zgﬂérr—pﬁgﬂ was
el ut ed VVI th di chl oronet hane (135 nl)

b""m"’q’“@d“@ﬂédnﬂ@msa%m@q}@ﬁaérls@é}??@éﬂt%%%tqnﬁ)d&%@émm (0)
(5: %r%?lﬁglf glgfg%ﬁéllaﬁv%%% ﬁ’dblS(-aﬁﬂﬁleﬁﬁlphﬁ??l?fﬁ) 1\/\} —blnag)thyl (2.1 grams,

nexanéd] dﬁ;)diur@@@t aﬁtexgll@aﬂﬁ? élgtarllso Odf?fmo}ds)(?arﬁ @hﬁdIEusothluene
the desired product yelga 1fo %i[ ldt
(t¢hold) T cg)n’yaslts(@f the ﬂjask Beg T léxed Ph hreeglays; Ogled tpyyoom
té{x@ethu% (aﬂ'% rﬁgt'éqaerdatgxl Ogh 4pad ()Fhlﬁhﬂ gel! The (sﬂma'g'é') pad Wi atn

emte& ﬂ'ithaipﬂﬂdsmmelhaﬁ@ 8150-m:B). rﬁhq/@nmlqued]@ngﬂnmsam were NH
1 A sol ut |

NH [ 00
CRP%“HSE’%W] VEH? et gt ﬁ giag{'ﬁoﬁg Ihg ﬁ'}o \g’\a}% ciiflrrc])matoc%ztxphed on silica
g@P 'eﬁlt&%%im—ﬁcx%ﬁgleﬁlt%'hydet% etoat)eo bR Ni-yraésnifahadadfied product

ans of i num( oxi de was hydrogenat ed at

a45 qume sbhid. fHMo(@ibClahB d- 2|5a(dr2111bvﬁ B €5 dHp.e0-85 (d, 3H), 6.7 (d,

et 3Rk dblce s K B0 LR bePRb el M Vacuo: and

neutralized with 3N aqueous sodi um hydroxi de. The
aqueous phase was diluted with water and extracted

I%QEE? éines with ethyl acetate. The conbi ned ethyl .
| ayers were washed with bri ne dried over

dr oys magnesi | £.at.e filt

| ent FEPAEIPH 0§§m &%%‘ de1 )gif Q=L &)eﬂz ngﬂq}ll\{glethylbenzene
1dﬁ§hﬁ§g3product as a purple oil. 1H NMR ( CDC13/ D20)

(m 2H), 7.6 (d,1H), 7.35 (t, 1H), 7.25 (m
1FD 7 05 (in, 2H), 6.9 (m ZFD, 6.6 (t 1H), 3.3 (t,
2H), 2.85 (t, 2H), 1.95 20" ol
Preparation of
N-(4-tert-butyl phenyl)
ne NH\ I—l3CHOC N

HaC

{0080] To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen
inlet was added N,N-diethyl-1,4-phenylenediamine (3.35 grams, 20.4 mmoles), 5-
bromo-2,3-dihydrobenzofuran (3.4 grams, 17.1 mmoles),
tris(dibenzylideneacetone)dipalladium (0) (0.39 grams, 0.43 mmoles), rac-2,2’-
bis(diphenylphosphino)-1,1°-binapthyl (2.1 grams, 3.4 mmoles), sodiumn tert-butoxide
(0.71 grams, 1.28 mmoles) and anhydrous toluene (90 mL). The contents of the flask
were heated to 80°C for two days; cooled to room temperature; and filtered through a
pad of silica gel. The silica gel pad was then eluted with dichloromethane (200 mL).

The combined organic layers were concentrated in vacuo to yield a dark blue oil. The
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H3C CH3 20 [0078] To a flask equi pped with a magnetic
stirrer, reflux condensor, and nitrogen inlet was

added 2, 3-di hydro-1I -benzof uran-5-anm ne (11.6 granmns,

85.8 nmoles, prepared as in Exanple 23 of U S. Pat.

No. 20040029932) 4-tert-butyl bronobenzene (18.1
ogrmhrcﬁﬁatﬁ‘g’(ﬁj)m on silica gel, eluting with a hexane/ethyl acetate gradient to

atgf;)' ‘z"g?a?%z i %2;%%%8&%% di pal \adiimd A ik (dpliyy 5 6.6-7.0

G I 50 heh S RLSTB B O R e

grans, 0.17 noles) and anhydrous toluene (100 ni).

Ekbgpgont ents of the flask were refluxed for three
days; cooled to room tenperature; and filtered

ugh | IEH-HRALb dM@En-6-
L R U e e S

apgimdi ned organic | ayers were concentrated in vacuo
to yield a dark solid. The solid was chromat ographed
on silica gel, eluting with hexane/ ethyl acetate
(20:1) to afford 10 gra C he-desired oduct as
a white solid. a;bNNR 3) S (d, 211), 6.95
(s, 1H), 6.85 ( 4 fDbs, 1m

4.5 (t, 2H), 3.15 ¢¢, .3 (s, 9H) OExanpl e 6

[ 0079] Preparat"ia%n
of N - (2, 3-di hydr o- I-benzofuran 5 yl)-N N-di et hyI benze

1, 4-di
Qqeﬁ} ppeE I %glﬂc %q‘ﬂfééf‘ﬁe‘?%& agiaigp ?tecrs <¥rrele’f g@&}?%%lr?%ﬁ&r and nitrogen
138N 1410 & M-bdnRb&ibxeG-arekeba@.26 grams, 34.8 mmoles) Aetert “butyl
NN- di et hyl -1, 4- phen Ienedlanlne (3.35

brrmobtesyeReds. 53 S, dﬁéwmié%%%e@nﬁ}déﬁ’?éladmm ©

(65 L b Rhples) 6?’5‘%’%?3@ ) SEATRSGLIFLY BlbaS1 o
gRing{, diznheydspledihi t&@t)-btﬁaﬁlde i} n&gntam 63.2 mimglegimmd adhyidrous

nnnlesb sodiumtert -

tolBIead) i The RgrirEh of s ersitsof e dikceded t
r@Jm tte!hgpefrﬁtﬁ@( and'BiFerell %ﬁ%ﬁg'x b ?a@@ﬁlﬁ&r g WOLE i¥isa g61GRL 8hs then

m tenperature; and filtered through a
eluted with dichloromethane (300 mL). The combined organic layers were

concentrated in vacuo to yield a dark solid. The solid was chromatographed on silica
gel, eluting with a hexane/ethyl acetate gradient to afford 5 grams of the desired
product as a white solid. "HNMR (CDCl;) 8 7.25 (d, 2H), 6.9 (d, 2H), 6.75 (d, 1H),
6.5-6.7 (m, 2H), 5.4 (bs, 1H), 4.2 (s, 4H), 1.3 (s, 9H).

Example 8
[0083]  Preparation of N-(4-butylphenyl)-1,2,3,4-tetrahydroquinolin-8-amine
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pad of silica gel. The silica gel pad was then eluted

wi th di chl oronmet hane (200 nL). The conbi ned organic

| ayers were concentrated in vacuo to yield a dark

blue oil. The 21 oil was chromatographed on silica

gel, eluting with a hexane/ethyl acetate gradient to

afford 4.2 grans of the desired pra -

oil. "HNW (CDC13) 3 6.6-7.0

1H, 4.5 (t, 2H), 3.05-3.2 (m

Exanpl e 7 [00811 Preparation of

N-(4-tert-butyl phenyl)-2, 3- dlhydro 1, 4*benzod|OX|n 6-
™o a flask

, reflux condensor,

1/ 4- benzodi oxi n- 6- am ne

ert-butyl bronnbenzene

and nitrogen imket
(5.26 grans, 34.8
(6.83 grans, 32.1 mmol es)

(10845 ( dihenfiydk dpigedetitneindipetid tidienrefigy condgnsg, and nitrogen

1’3%{6” B a§86(g§ ?&%N%WW)%GOQ&Q grayps- 0.14 mgles{)i bu‘fyl (181111}8 (24.0

gﬂﬁrﬁnﬁ 16 :lin(ﬁe i esdine @05 pralse2 t)-nlimb]@x)l Uee (;tﬁnt&&s of tee]ask
0 mmol es) and anhydrous t ol uene (70

wcmmﬁnmd fof eightdfysasdolekiogopefipppegtrgang H‘}]é@dd’é%mmene
TEg&l@%s&ﬁMﬂgg%@g}ﬁ?&%ﬂ fld Lﬁlgﬁ ’d1£&gifiééoh§ E4rfad oﬂﬁxﬁﬂ%ﬁmd with

e sl ad was t

dRh1bcSfethhid) THethhatoaneisheated Bﬁm S%)lque'ﬁhse sodindpi h}dnb)ﬂde three
organi c | ayers were concentrated |n acuo to a
i R pRicEthranEmst | TF ANPGRS GADRET TBHETSHRRL g e

ﬁﬁ%lfe a‘g& gsac@guweagu 9%'&93@2@}@5 Bk @s&h alle THeRdiwent to

rans o product as a white
cl&@had)graﬂﬂctﬁxlbﬁsﬂﬁﬁ)@ks)ahﬁmg With ]@ajcanqiamyl Bebig 0.0 ]g|.q§> afford 3.7
6.75 (d, 1t 5-6.7 (m 2H), 5.4 (bs, 1H), 4.2 (s,
SWPI)S“IO‘B’H 9H) Exanpl e 8 [ 00831 Preparation of

[%(5]4 bupyl d?hi‘?xnw thT, oF adetid bid ddtaRingr0IERAIsiof pitiatin@V)
oxide was hydrogenated at 35 psi for 4.5 hours on a Parr low-pressure hydrogenator
The solution was filtered; and the filtrate was neutralized with 6N aqueous sodium
hydroxide. The aqueous phase was extracted three times with dichloromethane. The
corhbined dichloromethane layers were washed with 6N aqueous sodium hydroxide
followed by brine. The dichloromethane layer was dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo to yield 3.9 grams of a dark brown oil. The
oil was chromatographed on silica gel, eluting with a hexane/ethyl acetate gradient to
afford 2.1 grams of the desired product as a yellow oil '"H NMR (CDCl3) 8 7.05 (4,
2H), 6.95 (d, 1H), 6.80 (d, 1H), 6.70 (d, 2H), 6.6 (t,1H), 4.95 (bs, 1H), 4.05 (bs, 1H),
3.3 (t, 2H), 2.8 (t, 2H), 2.5 (t, 2H), 1.95 (p, 2H), 1.55 (p, 2H), 1.35(h, 2H), 0.95 {t,
3H). '

Performance Examples

[0086] Oxidation studies of the products of selected Examples were carried out in

a bulk oil oxidation bench test as described by E. S. Yamaguchi et al. in Tribology

Transactions, Vol. 42(4), 895—901 (1999). In this test the rate of oxygen uptake at
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N OHNH H3C' [0084] To a flask equipped with a
magnetic stirrer, reflux condenser; and nitrogen
inl et was added 8- hydroxyqui noline (20.0 grans, 0.14
nol es), 4- butyl aniline (24.0 grans, 0.16 nol es)
and iodine (0.52 grans, 2.0 nmoles). The contents of
cbitart baskure W negivesfweiglach ffodk was zghmtq:ta%rheém wguire

roomtenperature; and dil uted hto uen
OOV Tae (ot 101 ech Pt Ber 23 4o A P mad Bfbasored at

1‘?1’5‘3@ ihdpg Ofdt%&gﬁ{eréjéfiditﬁ/g plebdre BN @IOIBLO AR F1600

sol ut1 on was 5% aqueous sodi um hydr oxi de
révioheions penmiuin Thaatselts mrrggmtqdﬁbgwevmeas SHpgaier ganid prysen

d c
uE@}Sﬁ% Eﬁr:flt ﬁ)it %%Ielg; 2 ﬁ%;ﬁ "1#163 Ql gglﬁed daa %iél&;r&g&gecg&doﬂ Solubl
ﬁﬁ:ﬂthé’iﬁ?es t& Provic nosaR e, 4331p;sm lcbpyger 112, pped Ted,riy3 pp}lnh

exane/ et hyl acetate (10 1) to afford 3.7 grans a
mgmsaladeHngsunThe oil in 70 nL of acetic acid

n tioRhiAR i
'fcw@g oge %&eegﬁnﬁ% psSi {)or a%%é l?%ly%r%oa Par ?ﬁ\@gsm
cbaBb s ST @niaitkdoiganadonp 2-+ blke o8,01.0 mineslesdeg dialkyl zinc

biapbRB 6t U PR s PR Do R el nine,
O-.?étl/r ﬁ&gﬁgt&‘#o Suldi dé"@:&ﬂ?aiﬁhfgm % nEyhanem, 308 mmoles/kg

ororret ane layers were washed with 6N
ofgtbeedakioh lsﬂmhfm;adir detérdent aﬁldlol Paadl btgapmvph elhigheseline

di chl or.onet hane r, ) drie ver

SoragHeS RO s oot Pt RHaa ot ARY F] SiBug of 141 hous

té’ HPO) Botdk€! fo theDaSd|BRBcREnRg Bkl tiRasiop tredied with an
ol I was chromat ographed on silica gel, elutj ng V\it

aﬂmnam@cemyunchm taste werapRTEmed gt (g pcgnizatpn

the d od s
oiipe i nd 5ot S o fugflol Bt iefshe présdid 5?9%@%(1,
2H), 6.6 (t,1H), 4.95 (bs, 1H), 4.05 (bs, 1H), 3.3

(t, 2H), 2.8 (t. b&!t 2H) . 1.95 (p. 2H), 1.55
i Re edrapemid
(E)@gun%] ersl.B]cgglg‘g]Qst o?ﬁ)znzo%ﬂé ydrohetdrc ?rc e tdrapamide e

Oxi dation studies of the products of

' Sg%ﬁggﬁt - |;;§I gg g’id?f e carri %sﬂ%suh@ (HE t& Rabi d)z uptake
Pelf]fcoﬂpg | ?2 TriX as descri ‘(’E‘gn&?ﬁtﬁnoﬁ of\f& :ﬁlt)
' wt %) ﬂ 0 wt %)

1 1 55.5 T125.0

2 2 529 | 94.5

3 3 68.2. | 1465

4 4 80.8 152.0

5 5 490 62.0

6 6 33.1 61.0

7 7 44.0 68.0

8 8 85.0 111.0
Comparative Al 32.5 41.0

A .
Comparative | B’ 41.9 83.5

B

A' " Irganox® L57 (diphenylamine alkylated with 2.4 4-trimethylpentene) available
commercially from Ciba-Geigy .
B2 4-(2-octylamino)diphenylamine available from TCI America
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Transactions, Vol. 42(4), 895-901 (1999). In this
test the rate of oxygen uptake at 23 constant
pressure by a given weight of oil was nonitored. The
time required (induction tinme) for rapid oxygen

upt ake per 25 grams of sanple was neasured at 171C
[0088}r 1TRe etcetiegtvaddation irdilyitien pprfemyaceof Framplampidds

was stirre t 100Q..reval ytions per mnute. The
asurreditd L uphretuon i D Bt ond B Bpgpfana a 10w
oDXYAEPN tHRL BKE: RRY scrdBing! 8Bl fiors aRPL A beldeen Blokn the Table,
contal ned a catal yst added as oil sol uble

tineaip it chidnaaiatis impropeentcey theadshtion pomsmalbamppntd Hhregompounds

BB 605t P HRE o A PR,

if wheadhatcbepolutlyrin Cattbrigarek Exampigedss isicompared to Comparative

contained in a Goup 2+ base oil,(gﬁi;Y 1 es/ kg . .

Expapiey (2 peramegniathi yHaEpREdac 4n %é‘%&‘?gﬁi}@ £, which
A op . : _

BT R P b AR R SRR PR R n g FOIC. The

bemloyigeryirohé@réacyntioheick gf the\Perfoasawecdaaviplen 1-4 and 8 also

syl fonate detergent and Q.3% V. |. inprover. IS .

 peaer P Ui Be Aon b et SrnaeiTE B Bt Hatgmmercially

a0 BR BB IGE 2806ht41RE of okRBHLR ifdibifidn dard19dketn when

rapi d 02 uptake. To the baseline screening

chmatrailing a betewator oo gt ed with an  additi ona

conmpound and tests were perforned at two

concentrations. The conpounds and results of the

oxi dation bench test are presented in Table 1. Table

1 Oxidation Bench Test of ‘ ,

Benzo[ b] per hydr ohet erocycl i c conpounds Performance

.Compound of Test Results (Hr to Rapid )QZ uptake

Exanpl e Exanpl e # (Concentration of Antioxi dant

0.5wt%0 |.OMm% 1 1 55.5 125.0 2 2 52.9 94.5 3 3

68.2 146.5. 4 4 80.8 152.0 55 49.0 62.0 6 6 33.1

61.0
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7 7 44.0 68.0 8 8 85.0 111.0 Conparative X32.5 41.0
A Conparative B 41.9 83.5 B Al -lrganox(r) L57

(di phenyl am ne al kylated with 2,4, 4-trimethyl pent ene)
avai l able comercially from G ba-CGei gy B2-

4- (2-octyl am no) di phenyl am ne avail able from TCl
WWYSC@[,A%E{]QQ%E] The excel | ent oxi dation i nhibition
per formance of anples 1-8 is denonstrated at 0.5
W % addition to the base line screening formul ation

a %,.a to t he base |ine screening
lfo%ﬁﬂ%quﬁ ac ?1 gf? solladn fromthe Table, there is
a dramatic i rrproverrent by the addition of a snall
anmount of the conpounds of the present invention

over th ase |inetscreening formulation. Mre

dramati cal Fa.conpaunds in Perfornmance
Exanpl es 'onpé\at|ve Exanple A (a
conmer ci al _ CHRﬁxlated

di phenyl am a 3X“i nprovenent in
per f or man ' e Tabfe. The

benzo[ bRper hydr ohet erocyclic amines of Férgwlal
Per.f ormance Exanples 1-4 and 8 also performbetter
WheFER the non cyclic amine in Conparative Exanple B (a

C0W%&R?He%acﬁﬁﬁbbéﬁ%ﬁl}pie@&%ﬁtﬂom ﬁibegré‘ﬁb'@iﬁsﬁﬁﬁ@oﬂ@dmgen

oxi dation i nhibition cain be seen when constraining
hdkjdrﬁxan drto 20 carban afomgs, -OR, AARARA) —§R®uMh@®R| agd Rj arep

ngengentgz géeg%rtaﬁ(yi ﬁr nUll t% é carbon atoms orﬁ (agd_lﬁslvh@n :

adj acent to each other together form a 5 to 6 membered alicyclic or aromatic ring
which may be op‘cionallj}r substituted- with T or 2 alkyl groups each having from 1 to
20 carbon atoms; ‘ '

each Rs is hydrogen or alkyl from 110 6 carbon atoms,
 at least one of X and X' is NRs, and the other of Xand X'is selected from -CHR4-,
oxygen, sulfur or NRjs, wherein R4 and R are mdependently ‘hydrogen or alkyl from 1
t0u6 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 Ry or Ry is not hydroxyl;
and ) '

n is an integer from 1 to 2.

2. The compound according to claim 1, wherein X is ~CHRy- and X' is NRs.
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R2 Formula | wherein RI and R2 are each

i ndependent|y selected 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 carbon atons, or R and R2 when

d ereinn 1
3 rerier aurhi R ED Rl an} BHEONEE Pfeﬁé‘%%‘ﬁ?%ﬁm b s

optionally substituted with 1 or 2 al kyl groups each

having from 1l to 20 carbon atons; each R3 i . and R
4.1y dhe gempormcacRyTding 9Ny OPHORDE BIGEHING FlgHRs, WhpreinRyRe and Rs

on%re%a(% &}g X, is NR5, and the other of X and X is

sele -CHR4-, oxygen, sulfur or NR5, wherein
R4 and R5 are |ndependently hydrogen or alkyl from1l

5. Z? T36ae G e nging o S P PHSRubE B, Wb FRELR Q08 Ry e
Péﬁeﬂ G RecfAgRM e QRupdesiftingost Iﬁardgén,l’ﬂltyl from 1 to

oxy nis an integer fromlto 2. 2,
C 0 ﬂﬁmmbdn a’mmt di RgandRe whgmadiacenkfe caghotier fsgethﬁq@ﬂn aSto6

d h d
T B e e A

COQ”I% 6 esdhi NAidOfr@RY 1906 caboh benper ecedi ng’
cl ai ns W%T\/\(ﬁ%rm n RS, g(l-?gf and R5 are each hydrogen. 5.

The conpound according to any one of the preceding

| wh L ,
CeltbR e RIATRE Y B Can e PRSP R ERI g gt one of
f r Mk %'qs s@dfrcar bon atons, or R and R2 when

adjacent to each other together forma 5 to 6
nenbered alicyclic or aronatic'ring whi ch may be

| 7. %n&%n#%%dla%%&d% 0 ar oh@ of thﬁ_@recgdiﬁ%@ékméz rvﬂiéfé%i Ra@h X are

he conpound .
ac @gyegmagnﬂya seldted ftemcxfxyghe spﬂfmtm (N Ry whemimis iswwidgogemor alkyl
at least one of X and Xis sulfur. 7. The conpound
ac&iordl Hyd e8baRPoBHe of the preceding claims, wherein
X and X are independently selected from oxygen,
sul fur or NR5, wherein R5 is hydrogen or alkyl

8. The compound according to any one of the preceding claims, wherein Rj is

hydro gen.

9.  The compound according to any one of the preceding claims, wherein 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.

10. The compound according to Claim 9, wherein R; is ~NRR' where R and R' are
'alkyi from 1 to 6.

11. A lubricating composition comprising a major amount of an oil of lubricating

viscosity and a compound according to formula I:
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froml to 6 carbon atons. 8. The conpound according
to any one of the preceding clains, wherein R3 is
hydrogen. 9. The conpound according to any one of the
-preceding clainms, wherein R is hydrogen and R2 is
sel ected from the group consisting of alkyl from1 to
20 carb atoims, ;OR, -SR and NRR where R and R

are i ndep drogen or al froml to 6
car bon at . Y~ The< C ordlng to daim?9,
wher ei n is -NRR " wh al kyl from1l
to.6. 11. [iA lubrjcati posi t i n Z’n‘prlsi ng a

maj or anou an oi at i ng VI scosity and

a conpog according to Yornula |: 27 lhufa ™ HR) n

x' R2 Fofmula | wherein R and R2 are eacH
wiepgependent |y sel ected fromthe group consi sti ng of

hydr ogen, al kyl from1 to 20 car
and _BNRmd Rovireesash madspendently a?léct?fﬁﬁ@azhrd%fml? 9°frf»§ﬁal.n%§£n

}1%‘568%?”’ plk 9L &fﬁtlc’tp%%ﬁf%ﬂ%ﬁﬁ R, ®R &d N@Q{ RonMb ®ind R

her toget orma5to
. rreaf@% eidently aydrogar omlklyiﬂ‘tom 11t f garbm awmsn@be@d R, when

oot e one ot St om bty iigpeBPardRilo ring
hy% dﬁ&%ﬂlh{?@,@%ﬁt&d‘%ﬁl ¢ 3f DAmyPEOEs cagh hheag from 1 to

one o and the other of X.and X is
seizeeirédlﬁtbﬁ:m CHR4-, oxygen, sulfur or NR5, wherein

R4.-and R3 are nde l kyl from 1
to GG@Q%B@)WI‘Q( WI‘}?( ln%ﬂ%‘ 1p‘¥g{flago agé?saatyl east one
a?iﬁ:%'E o dﬂ)ﬁ afld ﬁefs%@%mnhem&ar b Xaed 30id klecrd famna-CHRy-,

ing nitrogen-atom and R or R2 is not
oxygen, sulfur or NRs, wherein Ry and Rs are independen tly hydrogen or alkyl from

1 to 6 carbon atoms, with the proviso that at Jeast one of X or X' is a heteroatom
positioned ortho or para to the bridging nitrogen atom, and R, or Ry is not
hydroxyl; and |

n is an integer from 1 to 2.

12. The lubricating composition according to claim 11, wherein X is -CHR,- and X'is
NRs. | |

13. The lubricating compositioh according to any one of claims 11 to 12, wherein n is 2.
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hydroxyl; and n is an integer from1l to 2. 12. The

| ubricating conposition according to claim 11,

wherein Xis -CHR4- and X is NR5. 13. The

| ubricating conposition according to any one of

clains 11 to 12, wherein nis 2. 28 14. The

| ubricating conposition according to any one of

claims 11-to 13, wherein R3, R4 and RS are each
140y 4he 8ficati: cothgosltidhrac€ating go sonmesificlapns &t eor3]wbgrein Rs,

to any one of clainms 11 to 14, wherein R and R2 are

eaBh aidBepesreaehhydrogal. ect ed from the group consisting

of hydrogen, alkyl froml to 20 carbon atons, or Rl

and R2 when adj acent to each other together form a 5
15t 0'Tfie NMRSHRL AhpdRItvniaccRding t@amt dre afucmgnwﬂﬂ thl4yswpetsin Ry

optionally substltuted with 1 or 2 al f.ou ach
Ao h: s AL InGpeTTe 5 TR e 25 uProRas U D g Ak

copnoes| a?fé as%tgfng Sbr 1?1 a%@ X, $Hen Qﬁja@érﬁ kdEach %?He@tokéﬂler form

whérei n a one and Xis ‘sul fur.
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18. The lubricating composition according to any one of claims 11 to 17, wherein R is

hydrogen.

19. The lubricating composition according to any one of claims 11 to 18, wherein 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’ arc independently hydrogen or alkyl

from 1 to 6 carbon atoms.

20. The lubricating composition according to any one of claims 11 to 19, wherein Ry is

—NRR' where R and R"are alkyl from 1 to 6.
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ABSTRACT Benzo[ b] per hydr ohet erocyclic aryl am ne
conpounds have shown to be particularly useful as
stabilizers. The conpounds may serve as anti oxi dants,
anti ozoants, heat stabilizers and ultraviolet |ight
stabilizers and such conpounds are oil soluble, thus
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ABSTRACT
Benzo[b]perhydroheterocyclic arylamine compounds have shown to be particularly
useful as stabilizers. The compounds may serve as antioxidants, antiozoants, heat

stabilizers and ultraviolet light stabilizers and such compounds are oil soluble, thus

particularly suited for use as an antioxidant in a lubricating oil composition,
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