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 AP (GBDALES UHsleed RSB Lida o 3-555.992;
3,&529?6 :]19(153,680,290. 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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[0005] In order to satisfy the nore severe operating
condi tions and new applications which require

i mproved oxidation inhibition, continued devel opnent
of new conpounds to mtigate oxidation is of ,
PEN@SPpUNtInionde e stisfif e monpeundspatitdheondii@sent new

i nvention denonstrate sup grlo performance i.n an

OFRPRSFEONSUBNER ERRUISARPTHGE OXPFE{i08 BN PR OREMS igaopment of
R e
e Fl o oG na biseedy (gt Fgmpounds of the
f;ﬁéﬁﬂﬂﬂt alvbntlchiéﬂnbmstﬂatcﬂ;i()r perRemEacenilza orgartheibeirste and thus
Rl and R2 are each independently sel ected fromthe
R perE B 9niipgeohcHy dr ogen, alkyl from1 to 20
carbon atonms, -OR -SR and -NRR , where Rand R are
independently hydrogen or alkyl froml to 6 carbon
SUMENARY OF RHEEaIdVRX TSN adj acent to each ot her
together forma 5 to 6 nmenbered alicyclic or aromatic
ring which may be optionally substituted with I or 2
§00055] BrOM DS spaG thB@MS agvfd@er@dorrtpeund’z&csfa&@qa fGHnE8:
each R3 is hydrogen or alkyl from1 to 6 carbon
atons, at least one of X and X is NR5, and the other
of X and Xg.is selected from-CHR4-, oxygen, sulfur
or NR5, wherei R5 are independently hydrogen
or al kyl fr ' N, W th the proviso

that at | ea one df X [or° 2“?% a heher oat om
to the bri @HR%nnltrogen
n

posi ti oned

atom and Ri is net hydrexyl ;/ a nis an

i nt eger f{_c{ | o 2. n w’.’ The Ali scl osure is

directed I'h part to conpounds which nmay Serwslads

@Bbiepxi dants, antiozoants, heat stabilizers and

ultraviolet |ight stabilizers and such conpounds are

oi | EpékndoRﬁare bmltSmﬂ%)‘ehdeiﬂyGereﬂeﬁteﬁlﬂdnedlefg@cfuptb%ﬁsﬁﬁlgﬂff hydrogen,
ubri cati

ant |dan || conposition
| ﬁﬁ@} i f%cqsia%n @ﬁ%m@éng i> $vhsredy pribl’ are
C O'ﬂlﬁ!{i@ﬁhenﬂy hydrogen or alkyl from I to 6 carbon atoms, or Ry 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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according to formula l: RH H~ X\ CHR3)n / RO

Formula | wherein Rl and R2 are each independently

sel ected fromthe group consisting of hydrogen,

al kyl froml to 20 carbon atons, -OR, -SR and - NRR

where R and Ware independently hydrogen or al kyl

fromlto 6 carbon atons, or Rl and R2 when adjacent

to each other together forma 5 to 6 nenbered

WODE)y c| iThealiscsorss deatéchiy Patie ePrpa)dHwhish ey FaveRs
substjtuted with 1 . ' saaviiAes dodomh
?n“lo?ilda%tﬁ’ %PB%?PI%%O%;S;&%E%%Q’%ﬁlgg‘ﬁéigfg%%n or al kyl
é&?ﬂ%ﬁd& 2:6i1Ga100A BiBtcufaraneitd dreist aelepemiteidanyin 2
sel’ected from -CHR4-, oxygen, sulfur or t'\'ﬁ\%ei}é"?;fc[vﬁieﬁacompound
Ruricatingl oiReorapasition db profHRAY I HS}%?@E%‘H"“S‘P’ BF& T M rom 1

£ 0o 6. nms, Wth the proviso that at | east
%Cr?eopdcl)@glﬁ%& Ii(')s a heteroat om positioned ortho or

para to the bridging nitrogen atom and when X or X

are nithogen then R, or R2 is not hydroxyl; and
furtherrovided t*rl\!’hat when one of X or X is -CHR4-

t hen the Je) e v and n is an integer
from1 td 2. 2a [ 00Q7/T The|

benzo[ b] per hydr ohet efiocycl e ican )%Q)ﬂ!fl%?)ﬁ one or two

het er oat {l ns at | east one
nitrogen ygen ato ith nitrogen pei ng
particBbarly preferred, thus in this as'g%%‘i 3 the
- di.sclosure at |least one X or X is oxygen of NR5, wth
Wherel\H  peing particularly preferred. The single

NiRt LRYRY REHZR [Rdprehhutdryalkiioerdotys e granp pexsisting of hydrogen,
characterized as havi ng hei %%Turdwfmn}?tg %@ﬁthﬁ
Heyldran i abi28 carbry Hams, -Ypt PenF9 VS ub¥ETT or t he
aryl ri thus I & E&khor NERBERTEMNAR, when
%‘Q%%‘@fl@ggﬂﬁ%ﬁ??lﬁérgg\gglu%g%gsisti ng of hydrogen, ’ o
%%'kaéht {0 aBY, biteo (2L tlearrbon adt orfsmem@Red ARy cligmg 209WRAIC 1INg
ere Rand R are independently. hydrogen or.al kyl -
vhiohnohastte @toaebssubEteive ,W‘g‘} { e 2 alka! %%%?hg‘&vé%e%‘%m Lo
éﬁ? each tothger together forma 5 to 6 nenbered
?%6%@?8“& aromatic ring which may be optionally

suhst { Y hedroseh br bilol fdnal kyb 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 R, 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.



groups each having from1l to 20 carbon atons, and
nore particularly wherein R and R2 are each

i ndependently selected fromthe group consisting of
hydrogen and al kyl from1 to 20 carbon atons. [0008]

e I G T

@kfeydblf commids 4tdeBt oaw hidogat onexygThasm, bothmirdgaarding
.can be oxygen or for exanple, nitrogen. [00091 ..n the .
particiisip SLRRIE o up B} s agPpct Ogﬁ"eeiﬂlﬁfpoﬁzfetag%_@%%\ﬁ%%’ﬁ 'Y freygen of NRs, with -
QORE,D ﬁe@ﬁ@tﬁ&l Ejﬁ‘?nﬂlf%f afd QR Al doo¥E b oM p@h OiBhb€rocycle
ring. T enbodi of is

_ us, on ment t he “conpoun o
odh beecheattizadhemaRhcdethgRR sabwited] ac twthetepomyabhnog hel,

and together forma 5 to 6 nbered aronati,c ri.n :
AP EH VeSS SitBn N SUBa [ GG W CRc P eg g piected
fg{% g'%i%rh%\%%gsilgﬂﬂ"r BEhYdr88enl aliQt B CRIIO L A AMBom R, SR

ts are tharactérized for exanple, wherein
2R -WRRh ydhecegie and R aR2nispep ekt sdrdzen or thgl Gewupto 6 carbon

consisting of alkyl froml| to 20 carbon ato - OR
- alo3R, gtk AR v«%%é%@cw R e o SR Eoerﬁaaeﬁ"?? g membered
Y098 Bron@ic Mdeknibh aylb e & tBnEiBf HORI@LQAWIth Wot D alihe
tertiary am nes being preferred. 70009a] In a second
gaspe etch Hampdrirs Ipp @i dighbnaatbmbrand andra gagionleds iwhieomn Ry and
conpri si a maj.or anpunt f an oil .of |ubri.cati
Ry RELwef i ad R Sraaan dome B g cr s SRR gt
i9m 1 106 @ HRB)tonrs. N T RRX Formula | wherein R and

R2 are each independently sel-ected fromthe group
[W9651 31 bmgerAbodilyell RGHE. X’ atdittiegeh ot} sklRrcidd fieaY hgFen,

ons, -OR -SR and -NRR , vé@(er R and R...are

sl p SaeH L5 Ty AR R S A PRt £8oeT o us both
X8 caRbe RkyRthrRer whemble agiragent to each other

.toaet her forma 5 torG_'rrerrbered alicyclic qr aromatic
[400Ry  vinifetromeounds opfararvad byRus Seiteasthsd Wik (e gtogs bgtween
thgrln!(é/aln fgrrn%) gl%?/clﬁ:aoc:rhargnq\a/ icnr%gf. rr%rs] Ioné @mbodiment of the compound is
directed to when R; and R, are adjacent to each other and together form a 5 to 6
membered aromatic ring which may be optionally substituted with 1 or 2 alkyl groups
each having from 1 to 20 carbon atoms. Other embodiments are characterized for example,
wherein R; is hydrogen and R, is selected from the group consisting of alkyl from |
to 20 carbon 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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20 carbon atons; each R3 is hydrogen or alkyl from1l
to 6 carbon atons, at |east one of X and X is NR5,
and the other of X and X 'is selected from -CHR4-,
oxygen; sulfur or NR5, wherein R4 and R5 are

i ndependent|y hydrogen or alkyl from | to 6 carbon
atons, wtfh the provhso that at | east one of X or X
is a heter%ﬁ{g pOSNt i oned orthoxpr para to the

bri dgi ng ni ge Qf IS not

hydroxyl; and n isian i frornd;zrcﬁfb.b [0010] In
~anot her enb@di nent | thefe is provi pri cati ng
conposi tion 2%, Qﬁgunt of an oil of

| ubri cati cosity and™& conpound of fornmula I as
descri bed‘%12 herein above. DETAILED DESCRIP%?%?G: THE
QNMENIION [0011] inhibition of free radical-nedi ated
oxidation is one of the nost inportant reactions in
or gani ®; andBs nmt @sh axddpérsleobyrpentad finge thei groyniespeisgng of

0 ek pr 8 L oh R Ph i S 4B P RERL Ve R ana
the AULAXLIRALABPLRIOESSS all HoBC BioDEario Alads W H;Sind R, when

- three step process 3a whi Ch conpri ses: iniktiation, |
pr opdipatitdn cahd theartogatberifom aGip §aamberadedicaelin ¢raFomatic ring

20 ke AR LRSS 65, HPARISRLAOR0 WA om 11

condigtd, s atdmdt @l ysts such as metals, etc., which:
nore detail can be found in Chapter 4 of Mrtier
R M etachlR; is Hgbogern @ivdlil Stony | dmbl careemmensgy of

Lubrijcants i tiatl.ony, .V j U -
ot Fanavest Repach iy Redr uh ik & Bl g feist from -ChHRe
1N Gk addnof RO NRE Swhbeid RAGHd RNar@ indepstdent phiydrogen or alkyl from

ni trogen oxides (NOx) on a hydrocarbon nolecule.
Ty pil dablegrbon miomnsa withihs peaisy 1t &t Fastaws of et ons pheteroatom

hydr ocar ban prot on. Thi r j f '
of Ry SPga et LS eh alofy R &, B B AR
al kybdrok@dingml s (R) and peroxy radicals (ROO).
During the propagation stage, hydroperoxides may
deconpuis en iEpgidrorph I Rei r own or in the presence of
catal ysts such as netal ions, to al koxy radicals
(RO ) and peroxy radicals. These radicals can react
[00d (] Hin hethéry enbodimbotn shere i promidad Wwiricating @immeditipns ceraprising a major

di cal s . . ' : ' i
o R S AT L L TR B Fpsrorn e

aci ds; which again can further polynerize or continue
chai n propagation

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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Term nation results fromthe self term nation of

radicals or by reacting with oxidation inhibitors.

- [00121 The uncatal yzed oxi dation of hydrocarbons at
tenperatures of up to about 120 Cprimarily leads to

al kyl - hydr oper oxi des, di al kyl per oxi des, al cohol s, ,

Whichresiprisas inigdtionaprophgation add érmingsionh Qxedaiive degredgtion and

| f. di.hyd i d h . di
A S e G
SRIMBIALHA®Dns, (BROME shiR abhnetallg efcgadiitiomoreadas] emebe found in

i'ncreased and cl eavage of the hydroperoxides p a){)s_ a
@oapderi dfdyliodier Rl et 2lad89%:i Ghamisiy agd ﬂeﬁlémﬂcp@h%éLu ricants

e st

Wit 06 ihehads thergenat etbxygadociitrofar amdes NQ:Hen a hydrocarbon

ori mary oxi dation, phase. th 1 d ti d...
Poleghler 7BtcR By IPEHEER SAtPY PGBEr g ohBYagH e proton. This
I‘rf:(gﬂx P%Elt '.ir{]{h%rfpﬁxgz}t&ﬁﬁ)cf h?fﬁl?éleﬁ BeroRide RROUUES MdWhHieHls Blidh as alkyl

nger- so ein hydr ocar bon and form varni sh
tailicels (R8pos ipemxamddisils RO )| Dotigg theiprepasatiow gt i on
is a free-radical chain.teaction, it theref _
IBIroheRR G UBa SECopHREST. B BRE R0 BICasars s

pagati on
S BS melal Rirzddo AXd:SakiRAs (RO ié:)@fbx@)tadidiuar Yhaeiraicals can
such as di al kyl di pAenylarnine and =~ = = _ )
reaqstraitlythe aydesetbphaia foam agiasety qf sdditipas! radigale apd reactive
scavengi.ng.. The trq . _ _ :
G AP Sl 2959, LER TS, Moo
doitst R dhaioant daarfufthergpotimadrideamicontimadheial progrgation. i s
resonance stabilized, thus prevent )ew chains from . .
g%ﬂsigzﬁ? o by reacting with oxidation

Tamimatign resudia dtoma dreyse dergugation of
i?xl%rtggeroxi de can react wth the diarylam no radi cal
0 1ormthe nitroxy radical, which is also a very
oiEnt iThbbedtelyzed oadaased hydrmeadonhaiviembersiures ciapdo about

on_ many functjona uids whi.ch have in-tum plac .

g ccenbery racdy 9 ﬁl«\ﬁyghﬁﬁwg?foiﬂé*s&ﬁl} B p g R RE R Ketones
s%’ﬁf‘e{;s' rfi@ gfo%uelﬂs rRGEEELship R dled@g @b dihadioparoRided 484 as
enzo| b] per hydr oheterocyclic conpounds particul arl

diketbugs, betosidebiylésterdsoxykhionecadroans. Mveljigkartgapgatures
tioxj t anti ozoants. t iljze .
EPiyeot R g e OB R s B B A AnE M roperowides

Mhys S@btdihorthitis)daaddiGohaal] ® Behigaer k@betangedihe viscosity of
antioxidant in a lubricating oil conposition. | )
tb bulkonetiumincrpages ias akespltpf Higi nodyrondessipmptibic difunctional

qs-}%g%%tla& 51% u<i3.trs] I'tlcl)r?rlletdolgl tﬁeoﬁ@rggﬂgr%%i(faﬁgﬁ E)g!igégFﬁr%Jr ?)f)f?dl)l?desation
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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X ( CHR3) n RZ Formula | wherein: R and R2 are each

i ndependently selected fromthe group consisting of
hydrogen, alkyl from1 to 20 carbon atoms, -OR, -SR
and -NRR', where R and R are independently hydrogen
or alkyl froml to 6 carbon atons, or R and R2 when
r@flA0e Aydlopereaile cah hert il étehtisrylangng sadical o Hrmahbeitroxy

d |
KN CRITREE SRR R i
rﬂ}‘gfrfﬁﬁ&m‘?lgf id§ ’w‘ﬂﬂ:h%)ﬁe Qﬁm’r‘ﬁ‘ P}é@&i brhphRFE Bnew 1nh1b1tors

stituted wmth 1 or al kyl groups each haV| ng from
[0014] 0 2Uhepuekan imtentiey isehltchtemn part Fyafybgjamodiidgegky |

from b t
bsrgb e RUT RIS coraRyin Praishiegy S SRR e
cgéi pBfshsRRay &rfe AVHRIBRIIGAR] dnyiohymhts) gedn sabiliereyndfulteanidlet
6 carbon atonms, with the proviso that at | east

1@h€5tdﬁllﬁ3r® Andksuok camiperdseue erhspyble: thy é&‘“&?lﬁﬂﬁ spifgsiafog use an

dG2h - SR O PgPor SR e AR BDAASE

réyahande%tmﬁmmam sobgRuXdsorccdtdingy © fnnmﬂa@en then R,
or R2 is not hydroxyl; and nis an integer from1l to

2. Nitrogen is a particularly preferred heteroatom

whi ch igg nore prﬁferred t han oxygen, which both are
nor e p% d thaksul (ur. I nproved resonance

stabi | i zaty Ybeat comp by substituents on
the ring - panticularly pr ﬁig{aged groups are
el ectronfidonat ing g or e s n positioned

| g bridgi ng nitrogen
at om éreby stabilizifg this anino J,Ladical.
Therefdre, one aspect of the present invention is
directed to where at | east one R and R2 is -OR -SR

NRR th -NRR [
AR iy e P%Cholﬂg'ieplegg?f) geleleiins Buattusrpisdne of
h?ﬁﬁb%}eﬂ,ra‘ﬂ%@ el 'i":to cérﬁoﬁ‘ YARRIGIR WSRNarkd2 NREE| kdre® and R' are

with NRR being preferred,
nmapemimtlﬁ hadxda oA pealknleﬂrtbmédio iheraghan aerBs ! Kn @né@e fvhen

a r 5 pr ef gd &Pgeéfher ef;ag)%% I5 to ) Vﬁ?—:t%b%{%ng §2ﬁ'(? etfégﬁg froma
sttB % xﬁ&hsére@mwchh hRehi BG to @flﬂexﬁadérad ammﬂcm wherxm @id
ritngiﬂfy bedlgrllsﬂgstg'tllttegl %19 Sz?bsf}%u?ég v?{tl? ldo(le" %I aclzlgy gro%%ls %a\{\c/:h havmg ﬁ]‘om 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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R2 RO /~\CHR3)n 9 NH (~\ HN R X para HR3)n

ortho The requirenent for the ortho and para

position are nore prevalent when X is CHR4- which is
a preferred enbodi nent. Additionally, R and R2, when
other than hydrogen, are preferably positioned so
rédi. aherb@aatone rspdcsof the prasemrinyrntion p‘hdiaef/ﬁﬁdsfptwf@ﬁe aftlgpast

o8, B 0,0 SR S LR B BT S s

ﬂ%@%nl Qé’lﬁ ﬁ:tshﬁﬁxtQént ahlyd arkT Qfmlb ttBus2R, @ehyhmgeﬁmmz

NRR , where R and > depende ‘
Sﬂy@abﬁem &R,aﬁl%wf ~NRdnwithygVIgR d%?ﬂ%wegqr@ﬁswg and R are
rred t i e ki

SRR sy B0 ARG, st B aBhiody | ey o
[BU15h0 OBpPaag oﬁaﬁ Iekmﬂpie,t Whd g 1&):’561@1:@3&19 brithe bqelm)a@m) e ortho
Al kyl chaj ns have empnstrat ed ved .oj
anbpanginostipns af XHe th&ﬁewwﬁe%ﬁgﬁom Pt gplow

strai gt _and branched chain alkyl from3 to 18

carffon atons are particularly preferred when the

[ are enployed in lubricating oil
ns. Nitrogen and oxygen heterocycl- have

prefer ed. 6 [0017] In her-/preferred aspect, R
32 & i ndependently sel ected,,fromthe
St of alkyl from1l to 20 carbon atonms,
-OR and - N Ra) where Ris alkyl from1l to 6
carbon ateous aﬁé R "'s hydrogen or alkyl from!| to 6
&t ons.” ' n anot her aspect, when Ri and R2 are
| ocat eg,,gn adj acent carbon atons, R and R2 together
can forma 5 to 6 nenbered alicyclic or aromatic ring
whi ch may be unsubstituted or substituted with | or 2
Tht qumrgmenmr teahHvaandpgrd pesitionlare @ peeyelsshwheFsis -

|1¥ a présfgrreé gr{lbgdlltll%ntl 8A<f(ﬁ{1onaﬁ]1 aho A Ry rvﬁ{e% %’e!ﬂfhan
hydro gen, 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.



one X or X contains a nitrogen or oxygen atom wth
nitrogen being particularly preferred, with single
nitrogen atom heterocycl es even nore preferred.

[0018] In formula I, particularly preferred conpounds
are depicted when at |least one X and X is sel ected
[6010IN ni I apérer prefaxsdpspecing: evkR: wrercectpindenandenly sglected

when at | east .one nd X. .is.nitroagen, . Thes ) |
P RS EAPR SRR RF RGAIELPOB P RO R aRte Oy IR and -NRR,
WHRPR YN ARy Bl §mfiub i REbeftbfe dn@RCR Mg iRget Or Alkyintuba 11th 6

[ 0019] Accordingly, particul arl ﬁbpr ef erred conpounds

caben despisc tlodnpiper fpectrahamRa 2nd Rparedogated gy gslijcepipeshon
n, R2 0020] R5.Far.mil. i Rico o
5 S SR P LY g R R o i
th‘fi@lhmﬁf/ oY hﬁﬁlbbﬂﬂ@tdra]i&irgﬁbsﬁﬁ@tbﬂ ovithi It eratyalkyl g‘ozpmsdaglh baaog from
ort oorparatot e pri | gnl_t ogen at om.and )

1ita 2P Isevbopratamy mrﬁgfeltahlé{taﬂwaf 309 L8 bRy hrograly gt least
o R AL oAb, Mot iy
pEdbmdal, Withysimgle nitengen ptomt hetatoayélys exsafoudre praderredher e i s

reater_than t het er pat o in the ¢ na.. .« 1. N
(R o ot i e BRI PR il when atfas

W-, t 1AHBSerPS G B At &leh B@sde breféregihis vhen at
08\/|ét Hxégg%g%twrﬁag{pre%erablxggat | east onngi and R2

lansieorsl X whd X tsonrirbgano Tigsenitiegen e@#ng- OR, - SR and

-NRR _, r is alkyl fram1, . _
bpproraleap Al sasSe B <K ERE  in GRS ocoRiBER, R
[00191 eas edchilings ARedculoly frbfored cBRpudrets aR; depiciedRy tree
adj acent to each other and can forma 5 to 6 nenbered
Farrvalpd] bdowt aromatic ring which is substituted with

1 or 2 &#,kyl gr oups; each having 7 from1l to 20 carbon
at ons. Evle‘% e pneferred is trsgt each R3 and R4

when sel e eTl. \[\0022] Particularly

pr eferredﬂl:on‘pou ds af '@HE )depi cted when n
is equal - 1 nore refe}/re Yare the
tetrahydro 4 hys tsy'- CHR4- and the

bri dgi g, ing nitrogen i hFd at the 6 or 8
position: |

[0020] Rs Formula II

[0021] wherein Ry, Ry, Ra, Rs, X and n, are defined herein above, with the
proviéo the heterocyclic nitrogen is positioned ortho or para to the bridging nitrogen
atom and further providing that when X is -CHR4- then R; and R; are not hydroxyl.
As stated above, alkyi 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



[00231 In Formula |, when n = 1, the conpounds can be

depicted by Formula la below R H> Rs R2 Formula

| a [0024] wherein: R and R2 are each independently

sel ected fromthe group consisting of hydrogen,

alkyl froml to 20 carbon ataons, - SR %gg -NRR , _

ﬁme to 2(roazhen momsr EVER BOPRPIFERTadyS H%?%géﬁ Rm‘%ﬂ" selected
(%éo 6 carbon atons, or RL and R2 when adj acent

Other t oget her forn1a 5 or 6 nmenbered
[t&izapyl i Earﬁd&ul&ﬂppﬁif&rﬂedrdong}ounﬁn afffomayiadé axendeplvsed whdnenlis
or substituted W|thl 2, al k roups..each h
eqyab il Q. oEveenéa?v&dﬁefafr e’ ﬂéilwg Ayl By %rs CHR,-
ehx%ﬂ; %H§oh Kal wg%smoiul fur, -NH

aﬁ&ﬁgﬁ%dkaﬁ k 'S g ﬁy © from1l to 6 carbon
[6026s Wit Roninda E),rvdwnsro— 1t thatcomipeundsisen be depisier by Formula Ia
g105| tioned ortho orpara to the bridging nitrogen

t¥m X is selected from-CHR4-, oxygen, sulfur or

NR5, wherein R4 and R5 are independently hydrogen or
al kyl Eroml to 6 carbon atons, with the proviso that
X

when oxygen Hthen X is oxygen, sulfur or NR5.
Parti cul [ %ﬂ\p— 29[ b] pexhydeohet erocyclic
noi eti eg|i ncl udg sufstitufdd andy unsubstit ut ed:
2,3-dih _ro-ind l e, i Rydr o- f{ b] t hi ophene,
2,3-dih oi incl ydi ng al kyl and

di al kyl tituted -'-fdro b&hzoi mi dazol es,

2, 3d|ﬁydro benzooxazol e, 2, 3-di hydro- bé&emstlkilazol e,

{(@gﬁﬁgﬁ gﬁ] di t | ol OhPr, ?%?é%} ﬁdéﬂ)%’é"é‘ﬁt? é’eleiecté?f;ﬁom the grogp

ccﬂ@[sttlhg i ﬁ?&lﬁé géﬁS %ﬁbﬂl flogt Bty edrbén dtbings-OR, eSRsmli eNR&( where
from substittted and unsubstituted heterocyclic rings

Roodd' ord indepshd ey @fd@@gjm or alkyl from 1 to 6 carbon atoms, or Ry and Rz

trahy
wegadaient 5 PRV SATEI R S 97  mpmbed aligic or aromatc ring
wﬁﬁiﬁ&ﬁ&ﬁbéhﬁdﬂbﬁﬁumﬂ jor Subsbtiditkd/dith 123}&2@:521 @fdupd actalzivires from
t hi ochroman, 2, 3-di hydro 8 b %o 4d| h||ne

1 20 Gcabay atens; Ba Z%Pyprg%%t on atonis; X is oxygen,
Lﬁﬁ.\} Uy -‘lf{g?lﬁﬂ % e AL 9 f‘ﬁomainﬁ @é%&momﬁ Q@&Ghe proviso
articular -

conpou ds of the present
thamhe N hewsroaton @qﬁﬂmdnédi edtho bepmarto e bmi,gntgmtregfm gom; X' is
se?llgp(t)écﬂgr e He‘i&t— 0(;{fygé£1 %u ftrlreosr \éree% c![ﬁ.s g.llfermgependently
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-



conpounds conpri si ng:
phenyl - (1, 2, 3, 4-t et rahydr o- qui nol i n-6-yl ) -am ne;
-(4-tert
but yl phenyl)-1, 2, 3, 4-tetrahydroqui nol i n- 8- anlne
N- 2- napht hyl -1, 2, 3, 4 tetrahydroqui nol i n-6-am n
bz ndjdithiind; 213- awﬂmb@upwewﬁwm 33 fhhsd@anné@[l ,Aldioxine
N-(4- tert-butylphenyl)-2, 3-di hydro- |
andedHBPUr an- 5- ami ne; N - (2, 3- di hydr o- 1- benzof iran-

[(ﬁlﬁﬂ ) - %ﬁl@iﬁfﬂlﬁﬁ%ﬁ@%uﬁﬁﬂh@meﬁt invention are exemplified
4-tert-butyl phenyl)-2, 3-di hydro-1, 4-

htremzhmmwmhﬂeﬁ}rg,rﬁn@gmr aspect of the present invention is directed to the

RIS i L S g o aver

btgRhhylp ﬂB,EﬂﬂkﬂMﬁbqumﬁn-S aninmelc;aft;: n@mkﬁﬁﬂgga i on.
conpri sing the conpoun al with an

tqtr@bn;)drg@mpg]gnﬂér%@gf ¥ —nz{pgﬁmz@-ﬁ 2%:@ t@twp@gmnolm-é amine; N-(4-

te%tfolg[grg@hgﬁﬁf? 304111#/(@031 OB RhRB-diflRe; WQZ@ AR)Q6- 2R BTuran-

ubricating viscosity. Base Ol as
545eN, Mreemﬁbemdeﬂ;mm &-Pas- l:mty:ipkerwﬂ) b ety drofl ,4-

b st ocks .whi Cth
asg‘lﬁ’f‘fgggﬁ?ﬁl%e of b sttt o B R gl ashibe.
EI f Irp&tdo ubliHEERSRARN] aRfpaftRArSAl4Efe whkn employed in a
man

fact urer s location): that neets the sane
lubanattMmm}sitsms@mrmegathﬁ ovrpemd affformple I wigewn pit PE(
1@%.a un| fornula product identification nunber,
I Cﬁb"(gwws 4% stocks may be manufactured using a
[0028] etTheibriliahf edrepdsitium of sHehvenddridtnge Ialmtajantmnount of base

oﬁkgbéggmég°wgéqi§%l@3?éz§ﬁ.ag%gédéiq?%plw g G Dhig 00K or lend
# #o@i{mhlc 5 &M B}chntséo%gl}% %ﬁlﬁt i ﬁroﬁﬂpﬁ 152 élﬁhiey
ree roduc ough

romm erla s I nt
miaBaEmedrus thegsaneaiptalfiicasins (deemndpmfmf fensssousg.or The

nggl,iﬁ%ﬁgllf%rceol];)g%gni at%xirilt\r/fgg%%gng ssﬁnpm)x{x?a?@g}acp%ﬁp%%}ef %Jlé’ﬁ jion: land that is

d%e e Forthl1€ Pbdfet Yden B ASAton rdnbkeGr ‘ﬁﬁgf Base stocks
ntlgrade and about 5 centi stokes (cSt

mapbu mmfwﬁtrf:d psieg ervatitty ofldblferemt pystessas tag ﬂg het padilimited

A T e e

alﬂi Ilef’efﬁﬁ@? AR &dfinkd QOTE BRI bEEhtZAly fese fedm Qidﬁ&izmﬁmroduced
yal phaol efin or PAO, or from__hydrocar

tmwﬁxmmﬁammmnwlu@mg%ﬁﬁwrls WS etRES &l of this invention

oS PR APl oD T s pin

a Ri¥matib @axysifyr sﬁCﬂOO_QllegreES @entidradd (B, andfabaut)ﬁ centiktekesi (£St) to
R SR SRR MM LA
athdtP rlS ¢l @ MakSon sSHMBELIE 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.



| ubricating oils or mxtures thereof Suitable base

oi | includes base stocks obtained by isonerization

of synthetic wax and slack wax, as well as

hydr ocrackat e base stocks produced by hydrocracking

(rather than solvent extracting) the aromatic and
[mbr‘tr THe ®AROsIEATag beldetitel fromaeturSlibradaliog bels@ymhbtsc

i nclude those in all API

st S g s ot

aa‘%& a5 928 as B3t AlcR st IbaveRdtscks
lsgﬁlgn%/ﬁlsdgo@%gﬁﬂl ndi ces Goup I, IaIS%gnd Il base

pidhsed t@fle}fdroa‘hﬁdng (rafﬁabﬂlan xolv@atmpaqtmgb fhscargppac gdgoolar

| yal | ef
(BRI, SRS LA @ QU IR SLUPAP T e
v Md 3& P@ﬁ&ﬂé& i AMipublibation! 150e ek th Edbm;aAdddmluarIe

preferre use In this invention, these prﬁferﬁ_@%
Dlaeaebemll9§8 anraj@ bv@pamtb@swltgm%@qm e LoH apd [ base oils

aiitso iasple 1t Saptt LY oo s PASRRGRAES (RO FGp v base

01‘\?/§ inShRd R lothdr |bagdk§i15| Adt n&gm%d& aﬁmg) I @ Hm,mrsm uklgtoagh Group

I scosi t (As determ ne | ndex ASTM

T B endi Yabease @blﬁ@pre@ne%fﬂ&U%PéhlmWSBtlwqﬁé %eé@ﬁﬁf oils
g 4 TR, m3AR QY e85 bideatocks

n‘g@%@ é&%d%y%@ib&ﬂngoé}l% Eﬁ@g‘?gﬁéan d/'or” Great er equal

ol $as8@iland than to 0.03 % sul fur |ess than 120 11

Greater than or equal to Geater than or 90 %

saturates and | ess equal to 80 and than or equal to

0.03 %less than 120 sulfuid] Greater than or

equal to Geater than or y;
Saturates Sulfur and Viscosity Index of Group I, 11 and III Base Stocks

Group | Saturates Viscosity
(As determined by - Index
ASTM D 2007) (As determined
Sulfur ' by
(As determined by ' ASTM D
ASTM D 2270) _ 4294, ASTM
D 4297 or
ASTM D
3120)
I Less than 90 % Greater than or

saturates and/or Greater
than to 0.03 % sulfur

equal to 80 and
less than 120

I

Greater than or equal to |

90 % saturates and less
than or equal to 0.03 %
sulfur

Greater than or
equal to 80 and
less than 120

11T

Greater than or equal to
90 % saturates and less
than or equal to 0.03%
sulfur

Greater than or |
equal to 120

10




90 % saturates and | ess equal to 120 than or equal
to 0.03% sul fur 10 [0030] Natural lubricating oils
may i nclude aninmal oils, vegetable oils (e.g.,
rapeseed oils, castor oils and lard oil), petroleum
oils, mneral oils, and oils derived fromcoal or

[ed5a} €. N4t008 hibriSymigeld mapidchdeaping @Iiia,d@ghsabm’ér bon

%Ig}, %%queﬁlgglls,gqggt%iggil%%m&%ﬂﬂﬂ gcrzhg a%%%f F,?‘rlginséra l(J)Cls &3 oils

d@llgﬁéd Q&HZC% shaf@0l yphenyl s, al kyl ated di phenyl
ers, at ed di phenyl suI fides, as well as their

(o1 vaﬁymm,c o@nmwga@sdahndrhwbmo@éﬁe@dtw -sgtstitgedy

hﬁEWP%H% 08§ ha%fﬂlo ?rgzr : %ﬁ{i Iénqgr Ofdlkéen%diége%&c hﬁgﬁ)enzenes
6%}1&?}’1{‘; %ﬁ%}‘léf&ﬁdlphbl%ﬂ%ﬂfery\ﬁaﬁdyﬁtéﬂ dhbﬁeriyda El[iﬁde‘d as well as their

dr oXyl groups have been nodified by sterificatio

den‘mgmefs i apaloigaes, ar@tlpqu‘ﬁg{qq drereqf :luglotﬁl% £. a%gltkg:pc ubnca’ang oils

|.ubricati
s g PR S GRS b e R Ries
thtsef il hedéin SheeRainathpdrbsyl gabgs hame: bd;mhend)dlﬁscé b;mstenﬁcatlon
fromC5 to C12 nonocar boxyl

efstifigptiong elgepraothey $u1tgp laSE Iﬁg £y ac) f-ftg: 13@1{1%a$m§ Iooig cgraxgﬂses the
?[r rstczl}%‘f’(:ez%ﬁ?&?rl‘p Iah ik SRmPYvidlety H De8hols. ERRASRBAN @s 8Rfhetic oils

I-1s0-buty osphat e are al so suitable for use as
aladeclodd thosq m@@]‘mﬂl T4 todre: I!Iamedafb@?{}é,lc(agmjé tand olyess and polyol

E@ Kyllg%ﬁ@p&%%ér(ﬂp ﬁ SSY‘%}]%F t@é? egapghﬁe b tr&x)lﬁ%urty
p%Hﬁ)%Q&fanasﬁflw b&t}yﬁ%ﬁosﬁﬁa@!ﬁ 3164 fiitableUbr useatsibage eild. s.

er synthetic ricating oils |nclude Iqu|d

(@332 r ﬁslhcorth@s@ il (ps;nh@@memqhqugbam Wy -pRRly eI O

ur an
PPE’@E’}%‘]’ goxgg% 81319. aIFdP :llﬁ@%ltg Hﬁsge Shir 91 i omrbd%?fél? Hﬁllgs of synthetic
1E{dafifdoild. €théd sRathetit ﬂtﬁmcaﬁng mmmums hqimdreem:fs of phosphorus-
Unrefined oils are obtained dlre aﬁu I
cepiginrs #ds, pylymraicileraydrelarane. Ry a{e m%r?é‘a © @?
@ﬁS sapgl Dk Y %Xﬂ?[ﬂ%y WY &e?lq}éh il Eﬁl@ﬁn&y Eéﬁde@afeké}ﬁle@ foils, or

t ment . es of unre |ned ol I's include a shal e
nfiktur@hthaieof dijrdeﬁmﬁdzgp dre opteimed de‘t:@bt ﬁrcwg agpéak So9ree &

e
k. fﬁﬁﬁfgl&rbf%ﬁ&ﬁﬁﬁ’oﬂ%‘ a5dludfa éﬁﬁlecd”il Seyinkd aitedB from a

t further treatnent. Refined oils are
retm‘tuiga:lp etation repeinylefh nedtstined dsestytronndistillztam, geen ester oil

E{alé%:gh %/?e 12 fe)gb%l{ gﬁi%%gc Li8n Dieesy, edBh &t VAHEH fa§ AdnX used
without further treatment. Refined oils are similar to the unrefined oils except 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 oils 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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nore properties. Suitable purification techniques

i nclude distillation, hydrocracking, hydrotreating,
dewaxi ng, sol vent extraction, acid or base

extraction, filtration, and percolation, all of

whi ch are known to those skilled in the art.

[R34pf iBrad odidesved Fomdhe hydre‘r;omyrimt@atqf g oRBHlen Psusers

gsses . sim]ar .to thos t.aj fi] :
gﬁqrg OngRL dIL CoTEPiLAS 1%gltg?1i1 afléreg dn éﬁél?ﬁ aﬁ%r ga)tlﬁhé'tfc d8ediL.
StLEE vk iRtheP4te bARE PRAESRIOthE ﬁy&ﬁ@koﬁfeh@z[hon&ffelatural or synthetic
additionally processed by techni ques for renoval of

WeeNer ke tb@seOé adersi hydrojperararaian grlalyset s. 11
[ (g%ia] + B33 efg}grlg tqu el Ve 0; Eﬁ%%?bg%’edglpfn%ﬂgﬁﬁh%QMgoéll of this

€ use
1r§v@fmdnﬂ§i britnicint HEbasé ofl as definadatorsia tompudtes #0 wt. % or more.
synthetic base oil Such rate. oil o _
Prafertecaowys pﬁwﬁwrﬁ@n@aﬁ%%a U SR Trto Ao Wiop6 of at east

OR%C 8% Q%dgﬁ%rqf;%@ﬁgﬁﬁag%gfoy Ef‘e?ertrxglgr g@i‘tercﬁiiﬁl; ak%;% ?% ?ivrt e“’g to about

oy mu%e)fat Peajtarneaf@ionp O Hban;del\é bhse|cml thEOI‘ﬁ pieferakiy ahgut 60

t hi ti b o
SR EROHSTor e ShREee ) tiou 8 B o R bR e %
ﬂ‘;@%&%&f fit 192?:{@1]1‘91 lto GRNR' df ke ﬁ@ﬂb’éﬁn??),ﬂ/ﬁnles%/%mrﬁﬁem

one of Group I'l, Ill and |V
spaEfedoi A moregrefeecd bm}w@mwt ef thishayerilos tiayS®rise gg @grount

of G i oSt hB o PRt JoouB S o ofjpe 1hipadlbil
{tﬁi@%gt 91?‘hé/\5momt Qf béﬁzot &hy@x@ﬁe@f‘oc?ﬁlﬁﬂ{mﬂﬂaunﬁé of thagresent

ase oil. Is used herein, it is
invefigon imfe ﬂ@nmatln%lbﬁomh@lﬂl%wﬂbb@ nfgnyor 2pApicompared to

t.h f
th?em agé &“ ?})g m%%gﬁu%g gco)s r(?%?%% gt nvgiﬁm%qn ﬁfg@@as A Ii(l%t)Out
0lohab 10Q%) Seferadp ﬂbnﬁﬁmﬂfi 0.1% tbowa ucwm % mbre pyfofably from

the lubricating oil. [0036] The ano\

by e o] berhlAraeend BYSHCPPE EBHEY S PO i Bk > Wt
o t t Il b

/{a, ﬁ\és?er& | tﬂe t&%lo ‘8% htu&rthéﬁ%ggi&g% c%lhéé&%ﬂél%gdogﬁ |onO¥VI e

[00317] i car hm@)lmwﬁtg)aidﬁty\re c@ﬁqmnalhtls We dxtamspiels lof bgnpme@ts that can
anount _from ab 0.01.to f.rom

et S0 o ek B B O o
1@8&511 Chirasd %(agﬂaqébtof]ad&t%s ﬁ"e"i‘fﬂ&nﬁé’cﬁtﬁ iRt tdthe edsalt iMvention,

rom about to about 1. % based on the total
buethgitireafot itendedbe lioatit.ng 0|I conposi tion. [0037] The

fal | ow itive conpone are.ex

(S hone<< s RRHSSHE HE0S A BHER Gy pocinimides
nfRRdN G 8heVbidinichenipehhdscsibh BY etdgBhé tarBordie,t he

present inventlion. These exanpl es of additives are
polysudcitauhides, 411d alkenvhsescuniaigss saesdified itk Rerigacid, alkenyl
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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but they are not intended to limt it. [0038] (A

Ashl ess di spersants: al kenyl succini m des, al kenyl
succinimdes nodified with other organi c compounds

such as ethyl ene carbonate, pol ysuccinin des, and

al kenyl succinimdes nodified with boric acid,
nedtisdenshis(4-umdiyhicecyebhexylph@o89P, 6(®)ter@buﬁ&14r1@ﬁthylphenol 2,6-

If ?ﬂgﬁl &t%ﬂ%;éhﬂhoozl?r?e% %ﬁgﬁ% ge(iél%gylaﬁ) %%qg ?06 & Xﬂeg[a& on
dﬁﬂéﬁi& %{t%)cresfh é_66@ittt§$tt24(§ur§h dlﬁleﬂhp}ahﬁﬁafhéthﬂpﬁbﬁon 4.4'-

ﬂﬂplﬁswmeﬁlbryﬁéwrebus@p&wwt)mr Bicbisim mguwﬁ (pwripheno), bisG-
gl 4"56%' Sy TrERe TR g ey Sl i AL ERR-

h%d:%x | enebi s(4- met hyl - 6- nonyl phenol ),
“iso utyI i dene- bi s(4 6- di met hyl pheno Ph 12) 4
[Ofiklhy | cPHeBihey wpes najal-dethiaparbamasey(F B &t 9 focaitamatd), an

gt R e T o =

[thmdl Fﬁﬁl)wistﬁmﬂﬁrots(mmyi'usptﬁntsb 2,6-di-tert-a-
[(a]lzl%i: Ezlr)g}%rggwgﬁ)ﬁ[no%g%hﬁlfz?e Spr ftegctwe‘}i%yﬂts polyoxyethylene lauryl

%1'31‘2 %B lya)&g%clﬂglteﬁé/ hlegtﬁﬁzt aﬁ{@%ﬁ@? gﬂ})%éf %B%Q%%%%FI)W nok?lyé;zh??flyl ether,

pﬂh’ohydthsdeﬂrw@myipyexﬁd a@xet,pbbwwbhlzw yetghfteardesthernd

p@iyﬂgetﬁx}ﬁ%esélg{q;e[ﬂ%m %{%lwﬁyg e%gﬁ%ﬂn})nos[tc%)ﬁlté]Cpoqgfoxyethylene

s&blibl R6Rs-BRAR! S1d plpéihyleRs Byt enahicsleate.
(di butyl dithiocar amat e) 042] El‘éf Rust .| nhi bi tors
f

[q0ad i - rddPthegyeomppounds: @@pgg}: agl)d aﬂgﬁ fatty ac1ds dicarboxyhc acids,

S SR ERGFE SR n R R RIS Swifopiciacids oprial
cﬁb@@hﬁi acﬂi &sdr,of polyhedsie hloyhanandndoyphpierryier.et her
IR LT s i

PR BT 0500 By R S i

[Gai6y et hiE) é‘lxereg:lewmsunmgd emis (351 eier{tsooawlﬁlrxzzpd Oilpediphenyl sulfide,
d

nﬁoftrggf%cg‘g?fﬁtgérg P Ogg%‘}ﬁ‘i! gg ten%rb% %{y ac; dsam ne

IS 8ohfeylfFRyAox SR, bed Rhd h@[ﬁhtuerﬁlw fonic acid, partu al
carboxyllc acid ester of polyhydric aIcohoI an

[(043% ph o) Eriederemod]fzoy datty o 'S @qlﬂ,eqaglne,aqﬂa‘ptpfl gsper, and

roduct of al kyl phenol and et hyl eneoxi de,

~ other esters

[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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pol yoxyet hyl ene al kyl ether, and pol yoxyet hyl ene
sorbitane ester. [0046] (E) Extrene pressure agents
(EP agents):, sulfurized oils, diphenyl sulfide,
methyl trichlorostearate, chlorinated naphthal ene,
benzyl iodide, fluoroalkyl polysiloxane, and_ |lead .
[00&pht he(EaRean| BOKTrs EkyFmedertiatapelymesrand digethyl silicone
| cohol, fatty acid, am ne, borated ester, and other
p%hy%?% [0048] (G Miltifunctional additives:
[603h{ ur i @§ayvex yambysdentdiatkiyldindsabhmnat @n-BUPS prirharydilkyl
oxynhol ybdenum or gano phosphor odi t hi oat e,
typr Wretopbden whiniibyrsyl yceri de, oxynol ybdenum di et hyl at e
am de, am ne- nol ybdenum conpl ex conmpound, and
sul fur-cont ai ni ng nol ybdenum conpl ex conpound [ 0049]
[dosB] Vi sGesrdnGvhildex Pratetioner s:  pol ymet hacryl ate type
mers, ethyl ene- propylen

[@%ﬁ/ en eTheSl@ﬂgizgﬁbépeé -p%gpgyc?ﬁfpgﬁ%l mSe {)? this invention may be

st yrene-] I , ' t 3l _ iated
PGSBSO, pERRE RISty wspgg anii

tHROWheRlypitalde prefesahpsicegsalonditiohy (e gratehcionyimperaturgs times,
[0051] (K) Foam Inhibitors: alkyl methacryl ate iy
gl iR S EEREFRIE R YRS BISPTLGR SLCIJBF Sirbc b Gsesps pqrylitions
ma§ Also! H%rﬂspﬂ ‘Jﬁlré% othbiMsclitbiY OtinhhoRRQRRRh 8 HoZH maY Rary
primary alkyl type & secondary al kg/l type). [005_39 .
withnie pirtiSylat teettasts Pr sclzenis ssed, DUSUEDL crtpmfrtmns can be determined

benzol. er hydr.ohet erocycl i.c .aryl an,n of this
by HV%?}%B%‘EW% a’ag’y rBWé‘Fa%iW%?“?%%%%“F%W ng gener al
[dBE0dSTIRRM sRIIRE Btk @8t willl al S 1Rub hiftcthayipfagibaneckssary to
that where typical or preferred process condjtions

bloek gr pratesaceitan fustipaslaronssyhilq saaductingdhe falierying sgyhetic

react ants, spl vent ressur ' : .
PlRREH D GunB8 LU pEREEALGE S B8k TE DRt ntiona
2B aFoM: SR1SHH B BchetiOid drity BldcRaBtindesied netictibn mathnaler furictional

vary wth the particular reactants or SOlVﬁntS used,
stoups suwithdontagersnuseddn coay et ar dpsied cheyicahzansiqrradgos.

in the art by, ' L,/ | _
gt Riis 04 4 B AR T b 0uBE REERNT Srcup R e
rddBily Bpdreaes 8¢ ykitled irbtheak. Ofarpnopetictiog gtaips .and their
iélguﬂ%;'tﬁléc?qngd r%rrn%gglsar%éslc%bg(g r}gru g)galni]p €, tirli] £. {No.l MBapr. G M.

Wuts, Protective Groups in Organic Synthesis, Second Edition, 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

(. .
R X R H = X\
0 I B 13\’}.;\;@ CHR3)a ()
RZQ—N Q[X{(CHRs)n R2</__ T y /( 3h

[0058] The benzo[b]heterocyclic arylamines may be prepared by the reaction
sequences depicted in (IT) and (IIT)

14



procedures. In such cases, the protecting group wll

serve to protect the functional group fromundesired
reactions or to block its undesired reaction wth

ot her functional groups or with the reagents used to
carry out the desired chem cal transformati ons The

propeR1ch0| ce of tec t| ng grqy1 r ﬁ uI ar
fun gt @f pé L to o\l'((aHRe,)n 1)
ed i r? th Var i ous pr ot ele,;/ gro

th ?r i ntroduction and renoval are descri bed,
example, in T. W Greene and P. G M V\ﬂts

Prote |1| ve Groups X gani ¢ Synt hesi
Edi t fon) &dﬁR 1991 angt nc s \;@qfeg )
t heg&ia/ [0 56]Z B0057] 'ﬂ}

benzol b] per hydr ohet erocyclic aryl am nes of the

present invention are prepared by reduction of

{pes0[ bisneteai RP Y& R, r@wirﬂrﬁ'mes asdefinkd befetraargd?, isnOH, -NHo,
sequence X X R 'z RDHHN(GHR3)n R/ N, /

QI(BIRQI)IG (~) X X [0058] The benzo[b] heterocyclic

[@é% ot ezﬁé ﬁ%ﬁﬂ%%&éﬁ%ﬁﬁ%)%}ﬁ (ilg%d;(ﬁﬁlf_ge%ow%QH ﬁﬁﬂﬁfﬁ)r the

snthesiRay dipken Mﬁhﬁbﬁﬁ]ﬂbs{a kbyplinBimétheds anHapplicable tocthe synthesis

CHR3)
gm@[ﬁ]h%emcgg{lc eyl ax@ne&%%%c@:lyat}%e\g@% cfouﬁgxaé él?tz%nﬁ; for
l%fp frdsfs o Iznoalﬁi%c)lme@' are &scﬁﬁed by BRASR], Rdier ealHLbag

I ons own i n and (IMare known in the art
Hablartt .Fief,'hesy Bohet9sH, @048}2@-ﬂemdl QkvidaeSuzuirh drose.olipsiaang Ozawa,

ey ol LR 8o, BB By Qb dpreoped

PARAGEURY Jath\xyiéatéehpmg SRAEhbANEMIes and Semayahileks svhidh is
ani | i noqui hol i nes are descri bed hy Buu- HO'%@%%’S& and

app}yzabﬂe toHbp syrthess, of@q@m[bb@@rocyfbg@ryl%ggs %gaw,
A0 Bl A D108, 3 BB S v
ad@Vvetop&ersaS. B. Harkins, S. D. Brown and M. DW. Day, Inorg Ckem., 2001,
40, 5083-5091). A copper catalyzed method has been developed by Patil, Kelkar,
Nabi, and Chaudhari, Chem. Commun., 2003, 2460-2461.

[0061] There are several methods to reduce the benzo[b]heterocyélic 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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pal | adi um cat al yzed coupling of aromatic am nes and

aromati c halides which is applicable to the

synt hesi s of benzo[ b] heterocyclic arylam nes (Wl fe,
Wagaw, Marcoux and Buchwal d, Ace. Chem Res., 1998,

805-818 and references cited therein and-J. C
qPebBAS to SetrBydidyidofiges With BbdiBmdwnolarddd/in @Nidic Dagdia is

I norg. Chem, 2001, 40, 5083- E}g%%) copper
dessrinbd b Grivblevsy Headd.pwatbeted’dp %@ Patil, Kelkar,

Nabi, and Chaudhari, Chem Commun., 2003, 2460-2461.

[0061] There are several nethods to reduce the

ExXANensy b] heterocyclic arylamnes to

benzo[ b] per hydr ohet erocyclic aryl anm.nes. The net hods
(A e ab g dari dhuspd o B LB ind SopfRly Rifeh are
nb&d lﬁ%&'ogﬁd%fed au ﬁiﬁﬂ\!a#i@@of s éo%%)é.@ﬁ YieHHRe UhdwsthiEing of the

provi'ded that any functionality which is sensitive
irfvenassarr iedhcitinahe fodloping ewtietingftpeménat pshExaapche

used as, described for..qui naljnes..in |
Wrsin ices AIPEOLHART dhterontrgaal RS reppopures
m%gég 235 o ARROBIA & ady 856m ddadthe gematahdienyt oftromal ttmperature”
t tetrahydroqui noliines as well as other nethods of _
raferd ue thar 20¢0 865 €r {Thederih naesnf exyp, refresdo stsighigercgnt, and the

O gani.c,; Chem stry .Seco. ifiLo G (-251L47 vofore t
LeRme W@ﬁnobﬁgﬁ\sﬁéa efer%gocé]rg{n@ bfgg"a*rfnh?}t;')eglgli lﬁ%]?li%%léé% argfe S(?tgr?
GRUARPELRALES chfalln MB1B0tEMhE Aivlel aftlié prbiding o Sivcealing

- platinum oxi de catal yst in Ex nPIe 2 of VD 92/85173_
rephiant wdited inohatorxaqpigl temeso! frtepaeles oy AR TiFIEET Pin@dume.

oW th sodi um bo ri P N 8F §.86r) ivwsere determined
L R A T e L
Al AN B 2sigRAR Arc24 R gnedlivesingletn), iboapdofingl &s (e nisiubkats(d),
to tetrahydroquinoline { th sodji.um boyohydride i
dndileRe el 1Pl 0 bl g ek b e i Bptets (m),
1t hesi : 28@2. EXAMPLES [0062] The
R BiIERS 10 tfepep BbofiRE. B by the fol I owing
exanpl es, which are not to be considered as
_Iini{ative of its scope. A further understandi ng of
=nvention can be had in the follow ng
0} | M Pl oG RoaRAPaELANS 283 1EaRloeguino N6 yE)-amine
unl ess expressly stated In the contraty, al

tenperatures and tenperatures ranges refer to the
Centi grade system ands{ he. ter manhieqt” or "room

tenperature" refer about | C. The term
"percent or 9% ref wei g d , and the
term"nole" or "noleé refer gragi nol es. The term

"equivalent” refers to a quantity of r eagent equal
[{i}0r¢]54im| eﬁ’sofu%ogllg)? 2891' g%gmg];f to'—lga,reulﬁlroa&%giuri]eg(p%pﬁéﬂc&ecﬁgérﬁﬁd 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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reactant recited in that exanple in ternms of finite

nmol es or finite weight or volune. Were given,

pr ot on- magneti c resonance spectrum (p.mr. or n.mr)
were determned at 300 nHz, signals are assigned as
singlets(s), braod singlets (bs), doublets (d),
reQyRh Bz EDBEMEI s etdtnol thyidd £5.8 g(‘dn)s oftthel ﬂbséretlrpircpﬂwt 8 a grey

d , d |
s L} MR GRS i G 6 B 5 (B0 S35 (bs, 1), 3.4

(&3@1 {Zi?tzzggzgp tfza%érgg (Buzlfrpol in-6-yl)-amne H \
j I NH[00641 A solution of 20.4 grans of
6 anlllnqu|noI|ne (prepared as described in
E%% -Hoh, Royer and Hubert-Habart, J. Chem Soc.,
048- 2051) in 400 nL of acetic acid containing

@q)«%égf W PR AR i A0ERR e

our's on Sssure
hydrogenator The sol ution mas flltered and the
filtrate was neutralized wth 2QuUSs sodi um
hydr oxi de. The aqueous phase e extrﬂcted t hree
times with dichloronethane. \nbi ped
di chl oronet hane | ayers were was ,
sodi um hydr oxi de f.ol | oned by br‘ne The
di chl oronmet hane | ayer was~thied Ndver anhydr ous
magnesi um sul f at e, fbltel and concentrated in
vacuo to yield 20.4 gt aws a dark residue. The dark
residue was 16 recryst@allizZzed from 95% et hanol to
yield 15.2 grams of? t hectdesi red product as a grey
solid. "HNW (CDC13) S 7.2 (m 2H), 6.8 (m 4H),
@{iﬁ (d db%i é’tu:“stm(e?sreﬂllyﬂ);on&n?o'i 4dd, nitrogen
I ?g%?baskéqlﬁép thgc'fﬁagnl_l) . Al 6 2 [0065]1 g
uﬂeepasdadde@r &p:anaoqmnolme (14.4 grams, 0. 10 moles), 4-tert-buty

%])Cnal\; N r(&1 Xmgnfﬂym)oﬂeuj, '?rozs(dﬁ)e&ﬁﬂeﬁeedcetggejdlﬂgﬁadium 0
(1.8 grams, 0.002 moles), rac-2,2’-bis(diphenylphosphino)-1,1’-binapthyl (2.5 grams,
0.004 moles), sodiuin tert-butoxide (19.4 grams, 0.20 moles) and anhydrous toluene

(150 mL). The contents of the flask were refluxed for four days; cooled to room
temperature; and filtered through a pad of silica gel. The silica gel pad was then
eluted with dichloromethane (240 mL). The combined organic layers were
concentrated in vacuo to yield a dark blue solid. The solid was chromatographed on
silica gel, eluting with hexane/ethy! acetate (20:1) to afford 23 grams of the desired
product as a yellow solid. '"H NMR (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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CH3 {0066] To a flask equi pped with a nmagnetic
stirrer, reflux condenser, and nitrogen inlet
wasadded 8-am noqui noline (14.4 grans, 0.10 noles),
4-tert-butyl bronobenzene (21.3 grans, 0.10 nvoles),
tris(dibenzylideneacetone)dipalladium(0) (1.8
grans, 0.002 noles),

rac-2, 2' - bi s(di phenyl phosphin
grans, 0.004 noles), sodium
grans, 0.20 noles) and anhydrous” toltiene (150 ni).
The contents of the flask were fl uxed for four
days; cooled to room telw attre; and filtered
through a pad of sikjeca ¢ he silica gel pad was
then eluted with dickl ef ane (240 nmL). The
conbi ned organic | gyers were concentrated in vacuo
to yield a dark bl ue soFfd. The solid was

chromat ographed on silica gel, eluting with

[dvespne/ £kbitioR 6 €2 ab grA@2Dofly- (membﬁmpheﬁg)agnmm Sfantih@ﬁ’om
desired product as. a eIIowsJ( ' {\It ‘%&% }%
Sgpah mﬂOOlrpgd of goetiq gsid cqnigining 01 %rams fﬁ? atipu 0 ‘?‘ﬁ was
5 [ Rator. Th
ke 5Pt 1 LR0FTD 588 Ghr sty T
s@uadon wes filtered @Nougih denH@ébt(Sl-@rthl-@@C{ﬁ@%@ilmA/agw wdon
of 2.46 grans .
nwt(@zgcéyv%h Bt %%HW(BI&T& hydsoxideg The.agueous 8%&56&/&5 d11&ted with
w'aFé 109 e% d tﬁfé%tthﬁes%'ﬂgetﬁ?l’dc@ta% Mhe Gohbirgd 21B/1 Qéetate layers
at oxi de was hydrogenated at 45 psi for
w]:rdiwimbuﬂd svitwbrmnePdried ¢wphgkgmﬁ@amugg@ﬂ@% filtengdeand

ST S L S PO SRS S

%‘aﬁﬁ RipSaphed bHIY GeD X fiRg ﬁhﬁh@qﬂﬁemgl mm(zmas) to afford 2.0

ed with water and extracted three tines

geininydf tacdtsibd profivet sonisileseoibt N%é@@?éa uaaye?rgd 2, 65-

3&%%&%&% . 3 1|‘3|n&’t 2&?}; IC?T egggf?ﬁ)é onc ht r ét e d(sf -

1'-binapthyl (2.5
but gxi de (19. 4

vacua to yield 2.5 grans of dark blue oil. The oil
was chromat ographed on silica gel, eluting wth
Enavpledy et hyl acetate (20:1) to afford 2.0

[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

18



grans of the desired product as a yellow oil. "H NWR

(CDC13) S 7.2 (d, 2H), 6.5- 6.95 (m 5H), 4.95 (bs,

1H, 3.3 (t, 2H), 2.8 (t, 2H), 1.9 (p, 2H, 1.3 (s,

9H). Exanple 3 [0069] Step A - Preparation of

N- 2- napht hyl qui nolin-6-amine NH N [0070] To a fl ask
cthpRed inbdcho & ?i&tﬁl’lflbﬂo@n&sbhd r Fhe solef Waxrecnstidlivsd fiom

and nitrogen inlet vva am no |noI|ne 9
ethanghio alierdsS- frapnesyt ¢ thedesy gﬁf-@gﬁ%ﬁ%ﬂa Flifls 5‘9@1}4@‘

(I?I&SS%{ gﬁulggB)esf;g X id '1g1§ %@fﬂg&éxﬁg @%qu)wg)s@.@adnh adikym

[0079} 2, &ILLS(I&EMW mgmlphﬂnﬁ—lﬂﬁ 4-pitradypddoy hinplin-beamine
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

hours; cooled to | tered
through a pad | pad was
then eluted wilth tel The

conbi ned or gani chay ated in vacuo

to yield a brown Solid. The solid was recrystallized
from ethanol to afford 8.6 grans of the desired
[qU7QUUCtA asluaoiy ef 7. 0Wgshs of N- szapmmumm@ﬁmmme above in

acpeg:bacf(ll (pégtbﬂi)] ande, gﬁgl Bcetatgl(]a%ggétc%%%m&? 0. Sg SSOf(iﬁat I{Hm(IV)
ﬁd%dl?ggﬂﬁ%lmzﬂ%ec?atﬁs‘bsi RIrlcaNN i 6kl b @i 18w Grrad¥ufechdrdyddnator.

A solution of 7.00 grans of
The Boindphivhy fitjeried diongledigtontrsesusasrthbennsentiptedizgiareo; and

aci 0, and et hyl (
nfejl_tggizé(f EHEL%? aqneqyy m @yﬁro%%e g i[%e '11-5;3% %gégn%ae{ée uted with
w%&r Qﬁdl et t®lct& frdRaih & with echiedtetamhe esmbmed ethyl acetate layers
rogenat or . The solution was filtered }hr %h .
atedgigt red and

wdreaw d soticbrings dried @vsr eBRYaaFIFSPHETHY
conclé}ltrzﬂe{ﬁ egacWo & gl%gl ? soHRATHILAIAL 8xd S matbBRphed on

ueous ase wa mnth wat er and extracted
: sﬂhbi g€, élluﬁﬁg mwhtthxateh@thyla:canm gradiFitdo oBntsi hé grasmhgf the desired

e G ToRGREd: VR Gaa o Dody B aagh. FrRYT 5
2@3@?@5, @ﬁ%ﬁplpg ugpto yield 5.5 grams solid. The

raphed on

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
mlet was added S-anﬁﬁOquinoline (6.81 grams, 47.2 mmoles), 2-bromonapthalene
(9.58 grams, 46.3 mmoles), tris(dibenzylideneacetone)dipallédium (0) (0.84 grams,
0.92 mmoles), rac—2,2’~bis(dipheny1phosphino)-1,'1’»binapthyl (0.6 grams, 0.92
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silica gel, eluting with hexane/ethyl acetate
gradient to afford 3.5 grans of the desired product
as a yellow solid. "H NVR (CDC13/D20) S 6.4-7.8 (m
loH), 3.1-3.5 (m 2H), 2.6-2.9 (m 2H), 1.95 (p,
2H). Exanple 4 [0073] Step A -Preparation
nehDie?), Bafi - Guioxide (8-38-gurs §2. 2mo @D 7] anbydepus [telgrne (90
n;&i Eped with a magnetic stir r,%{eflux _conﬁe(P or

6 The EoreRth of (el BB st TeAlbeed 87 Bl EB 4RO He Paop

4 | I RaptdIalrassilics BelphdovRnken

t 3 %%&é?ﬂ%gi@%ﬁ%%éﬁ%%éneacet one) di %afpl%adi um
eidd with @dchipramethan® (132 minp[[bs pombined organic layers were

rac-2, 2' - bi s(di phenyl phosphi.np).=1, 1'.-hi na

cgReFRraied i pIcyg iy 1%%)?/%?%“25‘?1&% T Rt 2‘3{4(‘%&3%‘%‘1 on

s%@@%}, eﬁ@ing WP, RShndBMyPAtRILE SrdgiehDlougioed 6 3Qzramikpf the
e“contents of the flask were refluxed for sixteen

desitsdsirodumokedl yelbow eolid. 'FelyBY EERER) dahads {4,118y 2d (bs, 1H),

t hrough a pad of _sjlj el . b gel pad was

8ol »,Jaz‘i,a-%m,ﬁﬁaa Jé%?&%od%?ﬁgﬁef édlééﬁm_). The

6O N8R T2 hANES SNBSS CENY 1tk A diouitRNinG-amine

Ly elgtf’%ye B e Sl d was

chromat ographed on silica gel, eluting wwth a

hexane/ et hyl acet ate “ggadi ent to afford 6.6 grans of

the desired product as a yellow solid. 1H NVR

(CDC13) S 8.75 (d~1Hrx.8-4M(bs ) 8.05 (d, 1H),

7.6-7.9 (m 5H), 7. 5 (m B d, IH). [0075]

Step B - Preparatic

of N- 2- napht hyl -1, 2, 3, 4

“t et rahydrioqui hol i n-8-am ne NH
NH [ 00761 A solution of 4.08 grams of § - )
[0675] naphtshiitiguiofid|O8rer@nanf N&-panbihydgavelin-framipefipg above in

aci d a t hyl t . i ning
seespci by ey Y R b sl P BN o
pfRinREIIYUxidOwss Mrlssenordat Papsi fbofvuphews one Parr low-pressure

hydrogenator. The solution was filtered throygh di
 olzseonieio oL selion; as B EISH dHOmGRRUR carih qoncentrated in

WIEHL LAk héﬁgah\%& u%tﬁlg oRlh HPABYHIE O HE 8quebi§ phase was

aqueous phase wa ITuted wth water and extracted
dilategavitt wesr wid éxteictydlthrae 6tvert svithRitleyl @oethien€he earhgined ethyl
ed, with brine. dried over

acetate | ayers e.wash : _ _
cesiiy A1 R gsEre B PPS: 4ied qier pUREHpUg ehestif sulfute,
Hggféﬁ% rc@% trafedYAGHQHE VHIEUSD dards BF BldRleited fiBduct as a

sire pro uct as a
purple oil. 'H NMR (CDCIy/D:0) § 7.7 (m, 2H), 7.6 (d,1H), 7.35 (t, 1H), 7.25 (m,
1H), 7.05 (m, 2H), 6.9 (m, 2H), 6.6 (1, 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
o
H3C cHy
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purple oil. 1H NWMR (CDC13/D20) S 7.7 (m 2H), 7.6
(d,1H), 7.35 (t 1H, 7.25 (m 1H), 7.05 (in, 2H),
6.9 (m 2H), 6.6 (t, 1H), 3.3 (t, 2H), 2.85 (t, 2H),
1.95 (p, 2H). Exanple 5 [0077] Preparation of

N-(4-tert-butyl phenyl)-2, 3-di hydro-I -benzof uran-5-am
[0@78]NH Yo H&Esk)eq&i@p}:mh zona[gn@t!@;um% rellpK sepdesgen pbgftrogen

1%6{ ?IB:S%CEP gn(ét % h&ééo— {a—ga{g %1?1‘21!1 X588 flﬁné gfa!msaggl 8 mmoles,
m%aléii JMHmﬂnph@@z@wrsama@mrrz@moozam),g:r-mbutgs 8
prepared as in Exanple 23 of U S.  Pat

b200a002ee3 AP, | gramer $5 BEOYES), s GikspErKeRea E’Bﬁeﬁﬂgﬁh\gﬂ@m (0)
(3 BB 55 rondib S AILEDIUATRRPAE YRR PP AH AT Dgrams
3“&@11&185) J@Uﬁﬁﬂt@?ﬁmkﬂqu@hlgmx)s 0, Iﬂ'm@hesﬂmﬂragnhyc(musltoluene
(i), Trercoriree) R AN NF O B o1 RS pO8 'y Foom
tegﬂﬁer %ﬁ& ?lt@fedttﬁﬁm%h ayﬁd WEkifich g&l m@llfc@rget ﬁ’ﬁde\ﬁas then

to room erature; and filtered
elmecbwgth dichpadmethage |(1iﬂem§}s| TheTeaambingd @magléllamwms

LRy N T

gkp e}ﬂtﬁg%al ﬁéa;rahe/%fﬂyl foetath @D th AffORB1 T BraaERIfalgs (wahetﬂproduct
on silrca ?H , eldting w th hexane/ethyl acetat

aé ﬁ@vh’lbe sblida NMRJ(@IgElahé 7@5 BN esP? 6 151),0@%%@ 3H3, 6.7 (d,

ite d, 211), 6.95
?9 5.41s, %%£5@ng3}§ &%ﬁ&;ﬁ 1%%? - (bs? 1H) |
4.5 (t, 2H), 3.15 (t, 2H), 1.3 (s, 9H) . Exanple 6
[0079] Preparation

]&aﬁ[ e(g 3-di hydro-1-benzofuran-5-yl)-N Ndiethyl benze
-diamine \ H3 CC H3C [0080] To a flask

[ %} ﬁlpf lgggﬁgog of A2 ?fg—dchysd% N ehzoth ~§J—§1)-Cl@,ﬁlﬂ§1%§§ﬁbenzene-

1,4-diamine
NH '
< /\N /]: :l [ I O:

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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inlet was added NN-di et hyl -1, 4- phenyl enedi am ne (3. 35
granms, 20.4 mmol es), 5- brono-2, 3-di hydr obenzof uran
(3.4 granms, 17.1 mmol es),

tris(di benzyli deneacet one)di pal |l adium (0) (0.39
grans, 0.43 mmoles), rac-2,2'-

ollived{sdihphnaygrapiosidi sitga ggi,léluﬂmgwplu hExdng/ethyd mestate ggadient to

o e b o o 8 B 0
t | ed

BoTHoon 1 @b A 51 BT 08y ot ©

silica gel. The silica gel pad was then eluted with

Ehmploy onet hane (200 nL).  The comnbi ned organic

ayers were concentrated in vacuo to yield a dark
ol BENQulteMBatyHHAYBo0aRARARAL Albesikddi®dn-6-
[gde%i? elt’iepayaﬁon %N‘;( heexaneﬁlge}{ hg?l acefﬁgte gradient to
apfifieord 4.2 granms of the desired product as a brown

oil. "HNW (CDC13) 3 6.6-7.0 (m 7H), 5.15 (bs,
1H), 4.5 (t, 2H), 30532(r@1 6H) . 1.1,(t, 6H).
Exanpl e 7 [ 00811 Prepa on

N-(4-tert- butqupgnyl -dihyo 4-b%EEodioxin-6-
amne NH O H3C O\ H3 [00 sk

equi pped with a nmagQetiC stirrer- ef | u® condensor,
and nitrogen ithfet ARLS added 1, 4- benzodi oxi n-6-am ne
(5. 26 grans 34 8 nnDIes) 4-tert-butyl bronobenzene

[6(}8122( di T\F@iémgg‘g B st1 er refe% con(d8n§é)§ and nitrogen
JJQE@J%S azcﬂe% 1 ﬂm@nﬁﬁamxm- h»amu?]e (5. 2)6 grarxlls Bé 8 mmotl]esl) 4-tert-butyl
rac I's en osphi no i na

bprraeteenzane by & 3y2slg@m3¢saérzfcdmﬂ%w&@e t%s)déwélﬁamm ©
(ﬁgﬁwsb?le"ﬁPe% CE L aph SRS RAD T biniy] (079
g@@gd C] ]gz Ihﬁlloldsﬁ@ﬁﬂfuﬁﬂ?ﬁﬂlmwxlée (Gogl grfa‘mlst 7. emmuIns))L@n aghydrous

ad of silica ge i

@heheddOgplon The SHtERtDALIRNES reoreARTEY MR Bri Tsragpled t
r%fng @Jﬁ?ﬁﬁr&tgﬁl S hrd Wﬁé d tﬁ%ﬁ@? ngbﬁﬂhézﬁge\l ATHOsiliBa ¥é1§lad was then

e so was chromat ographed on silica
ehpedd with utuhttgomm@(mmh/ﬂtmnbam@gmg FAEISSYRICt o

cgrflcfeg{rgte Laacrtrtg 1S fyletk;] a dar 13 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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product as a white solid. "H NWR (CDC13) 3 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) . Exanple 8 [00831
Preparati on of N-(4-butyl phenyl)-
1,2,3,4-tetrahydroquinolin-8-amne 22 N O HNH H3C
" [0084] To a flask equipped with s\N=.*rtic stirrer,

refl ux condenser; and nitrogen | was |added

8- hydr oxyqui nol i ne (20.0 grarns, @ nol es), 4- butyl
aniline (24.0 grans, 0.16 nol es)™~and todi ne (0. 52

grans, 2.0 mmles). The contents of thé'flask were
refluxed for eight days; S “o*?oon1tenperature;

and diluted with tol uene. ol uene sol uti on was
filtered throughcdi at oqs earth and further

diluted with dichloronethane” The sol uti on was

washed wi th 5% aqueous sodi um hydroxide three tines
[603d] Wat By a flhskesyuipped svithfhmagnejrsticrer, ag@ux ¢ppsienor ggpd mitrogen

. ' | f, i ¥

infocris Faged voyiroavasnniiis QR RS b hoR LR bR LAl 240

gﬁh{s%%‘%l@d@ hed iciinsid.5 X @afe] 2.0ehmblies)y The téntents of the flask
e

xane/ ethyl' acetate (10:1) to afford 3.7 grans_a
wiereawflupdd for p@bg@egys;rm&gi fo rpﬁmﬁgmﬁgraglfre;é:@gtdp]gtegc\y]éh toluene.

ontai ni ng .0. 22 g _ ' diluted with
15 g s SO Syt AU | e i
dchrhes sy, erydnapanedsofashed RéthsSob agicons vadium hydroxide three
filtered; and the filtrate was neutr.alized with 6N

timge eediwatsn Hiremimes; dFosprganictreT 575 d56d OpHARiEnagm sulfate,
| e ' L ahkreRRLhaNSe ofinG
e T R N e e R
clegaaigsaphed bn rilivy gebxluiag With howeelethy! 4netate(10Theo afford 3.7
di chl or onet hane | ayer was dried over anhydrous
W&ﬁ‘e@PYYﬁ]"_ﬂsul fate, filtered and concentrated in
[063S}O U eVdifind 03P FadR Rid Sorfidhing Irasislof plEtigum (IV)
oi " was chromat ogr aphed on silica §§L: eluting with a -
otidx ane hpdrogenaterbat o@sy faadi- Eheurs n adlefidpy-Iressuff hydogsmator.

AR DR LS A A SR o
h%’?ﬂbxig% q’héz h%ﬂé(d%ls pl%zﬁ)%@%(sbﬁtradtbﬂ thrée fmef Bith ddHioron@tiBme. The

, 2.5 (t, 2H), 1.95 (p, 2H), 1.55,
cqrpbingdlichibr@se¢thanglayers yvays gV(aﬁl,ledh"?ilth 6N aqufgo%s sogPum hyd?'omde

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 (¢, 2H), 1.95 (p, 2H), 1.55 (p, 2H), 1.35(k, 2H), 0.95 (¢,
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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3H). Performance Exanpl es [0086] Oxidation studies of
the products of selected Exanples 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
cONYFEPraspirakg agdiven2@eigingioanvapmenisared Ty tangiegaired
weight of aoil was nonitored. T tinme.requir.e
P TeR o1 B PR HRAES B PLRE L PR measued a
191“@5&{@ ?.o%ogﬁ@%f‘%&ygén predehiee. UTEEfantplOwas srxsqherie00
of oxygen pressure. Thé sanple was stirred at 1000
revealont pansinuéy. T mesuls arpreporéash hewewF.castiEpiior &pid oxygen
however, as ti for, rapi d, O .
ughgegroCSsgaear BT oo ot e SRUSSA0E askifopbte
n%ﬁatf?éﬂate%:% BRIvEde Renadepprh@opreoyd Ideppbicpdd.3 ppm,

5 ppm copper, 512 ppmlead, 2.3 ppm nanganese, and
ndgmEns.tand 24[pp0BTY- The screening fornul ati on was a
y fornul atio ri: 0 i iR Bt R6h1

(rd %s e RS aEt P fopBERROR NN
cEhnpbditién Z%d@ntﬁhédﬁgl@nﬁn@&p ga{tge\,se 41,020 pohglegled ginc
succi ni mde, 0.5% dinonyl di phenyl ani . 0..25% .
ARbophapbechyls Rl S IR h gt Einggyiiptenylamine,
by b sRcdBl; inAE. DA SEsyEdEnGny 88,5 mmoles’kg
Oféﬁlﬁ¥gﬂg{§gﬁ%g§1>§§g%nt éﬁ%é%@%&&;ﬁ ir‘rp?rover. This
obabadcinalcint selémiatmddtagentlaatiloiVe Wak improver This barsline

oxi dation bench and had resul.t of 14.
sorsptne bomupmnaoteete BabERritn Beldad nuP¥idutr b 14.1 bours

td féﬁ‘p{ﬂ’d}?ﬁ Qe VB tHetRsdlirRat RenietfBrodtlati@delad topm@hted with an
cofrpound and tests were perfornmed at two

addifions] compoumsandiges wesrpBipTmedahBve eangrRtgations ¢ fhae
oxi datj on.bench t _ Wk _ abikapl e
Benzo[ b] per hydr ohet erocycl i c conpounds Performance
Conmpound of Test Resulitgsle(ir to Rapid ) OZ upt ake

Hakin BEAAPY CRABIpefiBidbsHtedbeyblit toipaiamt
%&%&k}gnﬁi"%&@st?f%_ss.%zgo RN AR

~AQ.. D 1 (AT

Performance | = Compound of Test Results (Hr to Rapid )0, u_pt)ake
Example Example # (Concentration of Antioxidant
(0.5 wt %) (1.0 wt %)

1 1 55.5 1250

2 2 529 ‘ 94.5

3 3 68.2. | 146.5

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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4 4 80.8 152.0 55 49.0 62.0 6 6 33.161.0 7 7

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

(di phenyl am ne al kylated with 2,4, 4-trimet hyl pent ene)
avai l able comercially from G ba-Gei gy B2- )
[80882 - oCcTly¢ exvetientdixptating lishibitien gerdpinzinceof Examples 1-8 is
Anerica , 24 [0088] The excellent oxidation inhibitio
dprgiahtd srmairess Hepunihe FRald BhalRlprghd 70 w
o, 38i898td ineBadDlind RrdAs e hindfaSad. e80ERGd Remtbat theable,
and a 1.0 wt  %addition to the base |ine screening
thiewe imd dminetic ingroyemedysbe addifionrt hemalhpmeynt of fag eonprounds

dramatj c i nprove t . _ i 14 - Eﬂﬁ!- s all
Og%ﬁ?se{}# vt Irém) ohp gﬁl % g gy%‘%@%ﬁ%%%%%en?ﬁ%%@e nt ogramatlcauy’
iPWBEn theeoh@sends inPegoneaitt Byamptaai-&isicompahddrte Comparative
dramatically, is when the conmpounds in Perfornmnce ..
Bxpmnls 442 qorgmerciglbrayaral]e pedeshhgacipiaied d‘E&?ﬂW@nﬁz Yhich
' ] bkosh tleethble. Th

SWnﬁ %%nkﬁgsyﬁhkﬁﬁiﬁéﬁg@gﬂ%&i %nsgaSX I npr oveemente in
bpeto] Bjporiydhersocyhbovmnines bhithe Pebfoemariedixamples 1-4 and 8 also

benzo| b] per hydr ohet er,ocycli ¢ am nes,.of ..t he o ;
 PREPTOPAETERE AR B - GOPEB B PR R cpgpmercially
ab-A1BB1d ﬁsdl%ﬁﬁg TR¥ %h&&t%% B8 ok GORRAMiEibY CarEXe ¥Rl @/hBn ( a

comerci a avai | abl e product). The advantages on
condtelatingm hetatvabim idm a¢clg. be seen when constraining a
heteroatominto a ring. 25 WHAT IS CLAIMED IS: 1. A
conpound according to formula l: R H No X
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(CHR3) n R2 Formula | wherein RI and R2 are each
i ndependently selected fromthe group consisting of
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 R and R2 when.

\WﬁQHWE(ﬂ]]ﬂFQf . ot her together forma 5 to 6
nmenbered a |cyg$lic or aromatic ring which may be
optionally substituted with 1 or 2 alkyl groups each

having from1l to. 20.carpgn atons; each R3 is

L-hy dy 63 Wﬁﬂﬂﬁ%ﬁﬁgf?gﬁ?TE@b 6 carbon atons, at |east
one of X and X is NR5, and the other of X and X is
selected from-CHR4-, oxygen, sulfur or NR5, wherein
R4 and RBiare i ndependent|y hydrogen or alkyl from1l
to 6 carbo | tNye provi so that at | east one
of X or X[i s a hgterogtom Ppsitigned ortho or para
to the bringng i andCABs)or R2 is not
hydr oxyl ; nd integer from1 o 2. 2. The
‘conpound C [ ”-1, whierein X is - CHR4-
and X Rs" NR5. 26 3. The conpound accoF@imipk o any
one of the preceding clains, wherein nis 2. 4. The

WiEHBound according to any one of the preceding

cl Qi Oka RVARSERiH38perdtn@NeidRed B IRAGHuNAHERABN of Bydrogen,

The conpound according t'o any one of the preceding

callylrfgm ke R@icarbRi atmes, FORaS& andabiRR'ridepe Raedl’ re
T PefeaSily Bk AT ERE T oy S RE RO

aglij REEIND chéh SREN0QLNEN fob A8t 10&F mé@béredalieyt e 6r aromatic ring
meirbered alicyclic or aromatic ri-ng which may_ be

owhich mzaty| b optibsalist wbsidtutederith T o 2 aliylbgrryps e@ﬁ% bpgngfem 1 to
hﬁyin%?frgngl to 20 carbon atons. 6. The conpound

acco¥ Ihﬂ'?@ any one of the preceding clains, wherein

at edchaBlis BP@o8En oralkyldrokh $ teGlchbon afdbmsThe conmpound

?(c_: gtﬁ[ggslxggq‘ ttéfoX%?l )8 ?seng]; 3}1‘?1%3 other %? IXrgd %%' S srer:‘fe’cte\y]f?c{n? I—([}HRA,-,

oxygen, sulfur or NRs, wherein Ry 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 R; or R; is not hydroxyl;
and ' ‘ N |

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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7.

i ndependent|y sel ected from oxygen, sulfur or NR5,
wherein.R5 is hydrogen or alkyl from1l to 6 carbon
atons. 8. The conpound according to any one of the
preceding clains, wherein R3 is hydrogen. 9. The-
conmpound according to any one of the preceding

! ST FAEl e B DU APy i i

carbon atoms, -OR, -SR and -NRR, where R and R are
i ndependent |y hydrogen o

r alkyl from1l to 6,carbgn
.at Oig compounTRECRIRECIGIEY ResBh e RsCRdn Flaihy s‘a‘{hemblg%ﬁﬂ and Rs

R2 is.- g%}ﬁre Rand R are alkyl from1l to 6.
112K €§5%8 I'ng conposition conprising a najor

anount of an oil of lubricating viscosity and a
conpound according to for m“%héiﬁ%g(gﬁ%élégé%%hgr%ﬁRpandRzare

x' 1o cprgpappdacrordipesto any opg ©

| AEASRI b RALRE S 0811 SHEUMEMURIEAGIIGH from | 0

rogen, from1l to 20 carbon atoms, -OR -SR
an@0-chfRh atomse peRRamhi, Rhen atjacentiaepenetben pyethgrdpimyad to 6

or alkyl from:l to 6 carbon atons r . 1
B A e
”Ea‘%ﬁ{ﬁgnﬁ#pg NG T in fréth ATBLO GarbbAgtoniwhi ch may ™ be
optionally substituted with 1 or 2 al kyl groups -each
having from 1l to 20 carbon atons; each R3 is

BRSBTS, s o o

sebegised it e CHR4-,  oxygen, sul fur or NR5, wherein

R4 'and R3 are independently hydrogen or alkyl from 1

to 6 carbon atons,, with the proviso that at |east one -

of G ot X ' P@S ipkdcBRAE cRhd) QiRFARKAnd X' are
toTFﬁgo%P? |aﬁ30@|§l¥§%%g %g%gm and Rlnggr RZ i's not .
independently selected from oxygen, sulfur or NRs, wherein Rs 18 hydrogen or alkyl

from 1 to 6 carbon atoms.

The compound according to any one of the preceding claims, wherein Rs is

hydfo gen.

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

1L

'alkyi from 1 to 6.

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

viscosity and a compound according to formula I:
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hydroxyl; and nis an integer from1l to 2. 12. The
| ubricating conposition according to claim 11,
wherein X is -CHR4- and X is NR5. 13. The
-lubricating conposition according to any one of
claims 11 to 12, wherein nis 2. 28 14. The

| ubri catg.ng conpoahtion according to any one of

cl ai ns 1fVSi erei R3, R4 and R5 are each
hydr ogen. . ' .

| uh ' osition according
to any on i s qgﬁﬁi R and R2 are
each i ndependent |y s#d nvr efgioup consi sting

of hydroge ~20Q,' car bon atons, or R

and R2 n adj acent to ¥ach other tog form a 5

to 6 nenbered alicyclic or. aromatic riﬁggﬁgkbh may be
wiRthonal Iy substituted with 1 or 2 alkyl groups each

having from 1 to-20 carbon atons,  16.. The IubrL%fti¥g
conpdianildin aecessh didegendsnilnyeletied Bpm GegiouP PSS

PR erf i £28Y (808 Bloolf Ak, XOR, SR dd'-NER, wHBER and R

conposition ac 0 any one o0
¢l giefBdebdndeatlit Gydrobar ex aikyl feuml 1 K6 canben atetspemnideand By, when
sel'ected from oxygen, sulfur_or, NRS rein R5 is .. .
ny diatseLo e B PerPRIoIGS 8 CBPBOFCAEIE I phoRgde rine
| UBRId %&Wéb?{;ﬁﬁ%&ib%@éﬂ%ﬁ@l 882 ERyPSHus Each hﬁmg from 1 to

cl ai ms ereln R3 Is hydrogen. 19. The

| 'ub® cabbn mgmspnposi ti on according to any one of

clains 11 t 8, wherein. Rl is, hydrogen and R2 is.

sel ecegyRs s %@nﬁFE@ﬁﬂ@@WQﬂgﬂ %ﬁﬁ%?%yl fromlto
20,8500k otk ANBX' 1sFIR 5, Rt deher DR and Wh & eleBted bR CHR4-,

are 1 ndependently hydrogen or alkyl from1l to 6

c aokaenaubimsor 1985, Wiireeih Rarang Rsiarrghéenspéatlyibydrogen or alkyl from

accordi ng to an of cl ai i el
"2 ot o e My Pl 5T oo
BENSS SR BRIAY BREHE B R Gddife ARGAMDBIRSaIND ot R is not .
L h$£CAEIN% O L COVPCSI TI ONS ABSTRACT

ydroxyl; an

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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Benzo[ b] per hydr ohet erocycl ic aryl am ne conpounds have

shown to be particularly wuseful as stabilizers. The
compounds may serve as antioxidants, antiozoants,
heat stabilizers and ultraviolet |ight stabilizers
and such conmpounds are oil soluble, thus
particularly suited for use as an antioxidant in a

| ubricating oil conposition.

14.

15.

16.

17.

18.

19.

20.

The lubricating composition according to any one of claims 11 to 13, wherein Rj,

R4 and Rs are each hydrogen.

The Tubricating composition according to any one of claims 11 to 14, wherein Ry

and R, are each independently selected from the group consisting of hydrogen, alkyl .

. from 1 to 20 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 atoros.

The lubricating composition according to any one of claims 11 to 15, wherem at

least one of X and X' is sulfur
The lubricating composition according to any one of claims 11 to 16, wherein X and
X' are independently selected from oxygen, sulfur or NRs, wherein Rs is hydrogen

or alkyl from 1 to 6 carbon atoms.

The lubricating composition according to any one of claims 11 to 17, wherein R is

hydrogen.

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.

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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