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

unsubsti tut ed Benzol[ b] per hydr ohet erocyclic aryl am nes

compounds and | ubricati ng conpositions containing
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ﬁmeﬂﬁ@stﬁ?ﬁdxphenylamme) are d1sclosed for example in U.S. Pat. Nos. 3,533,992;
3,452,056 and 3,660,290, Substittued paraphenylene diamines have also been

disclosed as antioxidants for lubricants in which iron-catalyzed oxidation reaction can
occur, see U.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 decahydroquinolines have been e_mployed 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
paramount interest. The conpounds of the present
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an I OXI Iubrlcatlng oi | conposition.
Accordingly, the present invention discloses a

conmpaoun ormula I: RHH X\ Il 1 (
SUMUY%F %&%ﬁ&ﬁ&ﬂ wherein Rt and R2 are each
' gpend qmelp‘fes%ﬁﬂ ﬁ%ﬁiﬁnﬁé &E%cttéﬁein%ﬁlt@ cERPSR 'vﬂﬂcmﬁay serve as
hydrogen al kyl from1 to 20 carbon atons, -
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substituted with | or al kyl groups each having from
1accerdirgptodarmea Lat ons; each R3 is hydrogen or alkyl

from1l to 6 carbon atons, X and X are independently
selected from-CHR4-, oxygen, sulfur or NR5, wherein

are mdep;endently hydrogen or al kyl from I

e pro iso that at |east one

of X or Xi *&m po3ftioned ortho orpara to

the bridg atom| and {dbERy)X or X are

nitrogen ot _hygroxyl'* and further

provi ded Qf=R X' is -CHR4- then the

ot her nBy not be Formula I
wherein

R, and R, are each independently selected from the group consisting of hydrogen,
alkyl from 1 to 20 carbon atoms, -OR, -SR and -NRR', where R and R' are
.independently hydrogen or alkyi from 1 to 6 carbon atoms, or R; and R, when
adjacent to each other together form a 5 to 6 membered alicyclic-or aromatic ring
which may be optionally substituted with 1 or 2 alkyl groups each having from 1 to
20 carbon atoms;
each Rj is hydrogen or alkyl from 1 to 6 carbon atoms,
X and X' are independently selected from -CHR4-, oxygen, sulfur or NRs, wherein
R, and 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 when X or X' are nitrogen then R, or R; is not hydroxyl;
- and further provided that when one of X or X' is -CHR4- then the other may not be

oxygen; and n 1s an integer from 1 to 2.



oxygen; and n is an integer from1l to 2. 2 [0007] The
benzo[ b] per hydr ohet erocycl e can contain one or two

het eroatons and preferably contains at |east one

ni trogen or oxygen atom w th nitrogen being
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-ﬁ?n} ﬂé&@%ﬁ%%ﬁ%f formula I, R and R2 together with
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aromatl c ring. Thus, ane pect of the conpound is
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brlca Ng conmpositions
m'éﬂﬁﬂ R Bohydrdih@hd Baiiselecadd feom did grodp d:oﬂsrsnngbf aigyl from 1
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or alkyl from 1 to 6 carbon atoms, with the tertiary amines being preferred.

[0010] Another aspect of this invention is directed to lubricating compositions
comprising a major amount of an oil of lubricating viscosity and a compound of

formula I as described 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 chemical products may undergo oxidative

damage by the autoxidation process. Hydrocarbon oxidation is a three step process
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[0011] Inhibition of free radical-nedi ated oxi dation

is one of the nost inportant reactions in organic
substrates and is conmonly used in rubbers, polyners

and lubrication oils; nanely, since these chem ca
products may undergo OX|dat|ve damage by the
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p S FipRBRHOTTeHHISTHHR 1fé?¥§ilﬂat’;ﬂﬂd’§ %cgq;ql%w by reasting ygih gfidation
rﬁﬁﬁ{%{(ﬁ.&from the self term nation of radicals or by
reacting with oxidation inhibitors. [0012] The

ufigdehl y ZEd wcktdbzédoxiditidnyadhydachboss attehperpleratadng o about
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~ cleavage of dihydroperoxi des such as _diketones
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NBlags & MY inditirtahiodots. AdtHiisda0ippdtliNe higherttb@péra@har the V1scos1ty of
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PRl By &diation réR a6k bﬂhe@fhlglhﬁfb&cﬁlag tvergnt ReathRtiavs iredilts in
internedi ates results in_ o
products which are no longer soluble in the hydrocarbon and form varnish like

deposits and sludge.
[0013] Since autoxidation is a free-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 preifents new chains from forming. A secondary peroxy
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products which are no | onger soluble in the

hydr ocarbon and formvarnish |ike deposits and

sl udge. [0013] Since autoxidation is a free-radica

chain reaction, it therefore, can be inhibited at the
initiation and/or propa%atlon steps.. Typi.cal oxidation
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p&ﬂ&%ﬁaﬁf%%ﬁbﬁcaﬁﬁ% eﬁwomebslﬁbﬁ oD fsclob&i0k4 parlidelany esiedt
invention is direc part to aryl-am no bridged
bresrehbd ﬁeblhmﬂrlohlétt@r @mgmunds woaplongigdomare Lcul arl y
useful as stabilizers. The conpounds nay serve as
anti oxi dants, antiozoants, heat stabilizers and
ul t ravi dheet IlghtHstablllzers and such conpounds are
oi | sol ubl us ﬁaLtl arly suited for use an
anti oxi daft | ubrfcat i ™y 0|I\\onp05|t|on

~U|teq onance

stabilize itor ds a Itg to fornula I:
RHII I: ) n . 3 mhereln R and R2
are eachzlndependently selected from t h@yrghup
conS|st|ng of hydrogen, alkyl from1l to 20 carbon

i,nhi

atons, -OR, -SR'and -NRR, where Rand R are
PRGBS L0 Roh, 18 g o

tlndesgdery alkyldrona 1 %o 2O c&bome Btbﬁrs J0RgSReatl INRRNgvtiese R and R' are
select d fro ered alicyclic_r

gnqepe e%%ﬂ%ﬁ. frorp Hﬁa 6 cirbor atdmss aF B m?qg Rey™
bR aldQI?thQ %&‘# ﬁﬁﬂoé&?é%ﬂ h 548 Behamdeh nillg,oa*aldzm?é #¥blected from a

groups eac avin roml to 20 carbon atons; each R3
|Sstor@ndemgemd ehc;ahk ymg findmSIto 6m1£nhfa¢ct)&rnmat1@nsg, wheaeid said

g'mgfrﬁzgf be El%%s%?%@ %/ql?g%lzf gf,}’ga or Enal_k%_lger')hps Sach %g\%hg_ﬁ'om 1
to 20 carbon atoms; each R; is hydrogen or alkyl from 1 to 6 carbon atoms, X and X'
are independently selected from -CHR4-, oxygen, sulfur or NR;s, 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 -CHRj4- then the other may not
be oxygen, and when X or X' are nitrogen then R; or R; 1s 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
particularly preferred groups are electron donating groups, more so when positioned'

ortho and para positions to the bridging nitrogen atom, thereby stabilizing this amino
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are independently hydrogen or alkyl from1 to 6 carbon
atons, with the proviso that at |east one of X or Xis

a heteroatom positioned ortho orpara to the bridging
nitrogen atom and further provided that when one of
Xor X is -CHR4- then the other may not. be oxy

aradicah drhepefone, ove aspect A theayessnt ipeptiR ipdirged to Vﬂtﬁre at least
hydrox nFIR‘IQ enhk Nt LQ96
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RSN %&R{ﬁs SRR b prefed; thgsin TR anTR ar

Pk & HERI Aok Eﬂvﬁxfeﬁ%&é gf&a@ R i€ hﬁ(gt R 10QNAt B atoms.

groups, nore so when positioned’ orth par a
p[@ﬁli]l onBytwaytdfanbaxaldg]eng'hm Krip gﬁéwt@ﬁ for’qe thmmtelt@ytom the ortho

bi |
S b iferts S BThe Bridgind AicR awop FESrBHE 5oRRe o
at |l ea xone Rl and R2 is -OR, -SRor -NRR wth

preferred. In another aspect, there is
o?ll single substituent on the aryl group, thus R
hE with R2 selected from-0OR -SR gk _-NRR

wi th bei ng pr eferRed wherein R and R \
def gifed jherei n above and’ n e preferrg ( CHRs)
al kyl fr, /

1 to 6 carbon ng . 001

when X is selecte =

.nd para positiong 0 the brldglng

eTRNg o e deplctéﬁ bel ow. R R %,R\ [~ (

R\\X para HR3)n 6XI ortho The

forx; 3brtho and para position are nore
"CHR4- which is a preferred

! . Addi ti onal ly, Rt and R2, when other than
hydr ogepsn@re preferably positioned so that at | east
one is in the ortho orpara position

The requirement for the ortho and para position are more prevalent when X' is -
CHRg- which is a preferred embodiment. Additionally, R; and R;, when other than
hydrogen, are preferably positioned so that at least one is in the ortho or para position
to the bridging nitrogen atorm.

[0016] In one preferred aspect, R; is hydrogen and R; is selected from the group
consisting of alkyl from 1 to 20 carbon atoms, -OR, -SR and -NRR!, where R and R'
are independently hydrogen or alkyl from 1 to 6 carbon atoms; also preferred in the
above, is where R is alkyl from 1 to 6. Preferably in the above, R, is positioned in the
~ ortho or para position to the bridging 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 lubricating oil compdsitions. 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.



to the bridging nitrogen atom [0016] In one preferred
aspect, R is hydrogen and R2 is selected fromthe
group consi sting of alkyl from1l to 20 carbon atonmns,
-OR, -SR and -NRR, where Rand R are independently
%rogen or al kyl from| to 6 carbon at ons;
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solubility e resultin efo
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t dt t X0
PP 5% A Eoll Tk AN o B R B e
R0 oPRY EdneathPd hiYroRErbesxyReh atohl WiGirigheen beidereedularly

atom het erocycl es even nore pref erred. 6 [0017] In
aneferred. yitlesiagle atiregsp atam heterogyeeseren more grgyerred.

. q | o |
PR SR BB DS RGPS AR o
e ad XSis atlkstkd fronmifrogen @ oxggdromdatvenmmoanpreRrradgs when at
hydr ogen or _alkyl from 1 to 6 carbagn atons. In

Apst pRe X 280 & {5 DiffAEH. RDCsHMURECHTWHIYALt ed on adj acent
%ﬁ%ﬂﬂ]@gﬁ%ﬂ:{[@yteﬁp ﬁgcﬁgpolf?ﬂ?Eﬁ%&@eﬁﬁéﬁ&ogﬁlﬁ&oe}bmula II

cli or aromatic ring whi ch

dﬂ&lﬂdst i tAdcedingly, pubtstilariyt pedfemied hortpomds avs d@;nfctfgirb)ufbe
gla Pﬁxpr}g from 1 to 20 carbon atons, preferably
O elgw;

to 18 carbon atons. Preferably at. | east

one X or contai nsya nitrogen or oxygen atom wth
nitrogen bey prefyerred, with'single

nitrogen afo re preferred [ 0018]

In fornmul ajil, icullprly prefer r@ npounds are
depi cted - and sel ected from
nitrogen o/{‘ - eferred i s when at
| east one,’X and Ni s nltrogen The¢se nitrogen

cont ai ni ng benzol[ b] per hydr ohet e#gcycl i C co ounds are
20her defi ned accordl ng to for la |l

L i PP o
proviso 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, alkyl substituents have been employed to improve oil solubility and
are particularly useful when there is greater than two heteroatoms in the compound.
Preferably, if the compound is to contain alkyl groups, the alkyl groups are
characterized in regard with R; or R;. Thus preferably at least one R; 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 respect to
R, and R; when Ry 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



R2 [0020] R5 Fornmula Il [0021] wherein R, R2, R3, 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

W85 140 30 At aiony diteh Bope Pl B S THL G K s sifected

tzﬁ’ehﬂﬁa&&’é gerPi | solubility and are particularly useful
when there is greater than two heteroatons in the
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and -NRR, where Ris alkyl from1 to 6 carhon
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eedvpcreased in respect to Rl and R2 when RI and R2

are ddj acent to each other and can forma 5 to 6
menbered alicyclic or aromatic ring which is
substityed with 1 or 2 alkyl groups each having 7
from1l tdoN20 arboﬁ atons. Even nore preferred is that

each R3 a n>set et al | hydrogen. [0022]
Particul affly preferr¢ unds Qf Forrmula Il are
depi cted ¢ tg two. smore preferred
are the t 0- QU e thus X is -d-1R4- and
the bridgrhg~fing nitrogén is attached at the 6 or 8

positi dit [00231 In Fornula |, when n =Fermylada

f@ &ugdﬁg&%@ Bér wﬁég{egeqflg%lﬁlgl%nqh% e%eﬁed%t% CP e% I?r e
eandistingdd hedbgat, | ajkd doect e caobort Hemgr-OR) -SR and SRR gfhere
of dydr oge al kyﬁ froml carbon_ at ons,

e 1ndgpradgntlphdseper or &P%?frﬂ'alelp@rﬁ;%‘fwfﬁ@&r%& qnd Rz
%A’leﬁ laﬁ%l:erft t®Bch ottﬁ’er@o %}nﬁﬁ 6 nféﬁlb%i'edaﬂfé%fgor é’i@ﬁ@tm ring
a ot he t oget er

acent to each ! orma 5 or nmber ed
aslhldyﬂnayc bomnsibsitated or substtutedvidinl wad abeyl grapb sachthavieg from

Sl RS B R Eon 2P B BE pren
dulh®, NIGASONTaIR)-Olfsre AlkiiS alR¥VEIRA 1 to 6 carbon atoms with the proviso
that the X heteroatom is positioned ortho or para to the bridging nitrogen atom; X' is
selected from -CHRy-, oxygen, sulfur or NRs, whéréin R4 and R;s are independently
hydrogen or alkyl from 1 to 6 carbon atoms, with the pfoviso that when X is oxygen
then X' is oxygen, sulfur or NRs. Particularly suited benzo[b]perhydecheterocyclic
moieties include substituted and unsubstituted: 2,3-dihydro-indole, 2,3~dihydro-
benzo[b]thiophene, 2,3-dihydro-benzoimidazole including alky! and dialkyl
substituted dihydro-benizoimidazoles, 2,3dihydro-benzooxazole, 2,3-dihydro-
benzothiazole, benzo{ 1,3]dithiole, benzo[1,3]Joxathiole and benzo[1,3]dioxole.
[0025] In Formula I, when n = 2, particularly useful heterocyclic rings are
selected from substituted and unsubstituted heterocyclic rings consisting of the group:
1,2,3,4-tetrahydroquinoline; 1,2,3 4-tetrahydroginoxaline; 3,4-dihydro-2H-

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



sul fur, -NH or -N(alk)- where alk is alkyl froml to
6 carbon atons with the proviso that the X heteroatom
is positioned ortho orpara to the bridging nitrogen
atom X is selected from-CHR4-, oxygen, sulfur or

NR5, whe R4 _and R5 dependent | d
aqm[ma%ﬁ%l%et s en bIESEEEt Rl eh 950 osn

\gﬁl r+a§1 oxygen then Xis oxygen, sulfur or NR5.
rticularly suited benzo[ b] per hydeohet erocyclic

rl‘DDm]i es Pmmhladg ssmditsttarnpmmds affttie presmﬁsnvcmume dre exemplified

ol e, 0- benzo t hi.ophene,
T bAts eptnFo P GO Dor RERR AT RYPT G e
?rﬁiohﬁ&ktc%gn prising: phenyl (1, 2 3 4 tetral dro qumohn -6-yl)-amine; -(4-tert-
di hydr o- benzoi mdazol es, benzooxazol e, 2, 3-di

Wlphenkyénlzb,ﬁm @tr@hjéirocbgmzlg{ a_ a@@, g\hz@p@myl 1,2,3,4-

hens ot LAl 5 REARANT: S fiaui RR Rt .o

ft@ﬁt-@ﬁ@@p&ﬁhyg 3-8 da- B besRIfigat SchrhiheWs@Bsdihydbedbandfuran-
unsubstituted heterocyclic rlags consi sting

Py N—dget@y@enz@étlr,daﬁwp%m 1ertnt§1tylphcny1) -2,3 fd1hyrc]iro 1,4-

d
bbb PEIOIPl ) 2 S s
t[h@m hr oTaf corﬁpéinﬂs bf]Homlﬂa bm&m['tib,ulb]rljzi ushful méhgn employed in a
3- di_hydr o- benzo% , 4] oxat hi i ne;

iu@carlm BPTBP HRbILFOIPI e Re femPay ifosmuly 1 yigbwyil of
RalddagH %‘g{sg%@wted conpounds of the present invention

are exe herein below, therefore, another
480%8tt Tie lutmcqmt ee;remsmm@rﬁ tiipimviestiati inclutie d magortamwunt of base

RSB cRSe SRESFT Hany ils gerdhserin indgfingd g Rase stok or lend

'oﬁ?ﬂaste%lfdcks which is a lubricant component that is Froduced by a single
butyl phenyl) -1, 2, 3, 4-t et r ahydr oqui hol i n- 8- am ne;

ma@ufeabﬁ@m|thqsa21@,smclﬁé@¢%;€@ﬁam@ﬁ%|qf HecgL sqRicR er
yi ﬁ%ﬂ{?@{% c&tl@ 3‘9&3‘52&%}&% Bﬁgﬁgag#ug?rasns%gblﬁgaud}f 644 that is

Menﬁﬁe@byi ayictjue fbmﬁlﬂmqﬁtﬁdﬂcardennﬁcatmn number, or both. Base stocks

Nla(i’zb etflglﬁﬁ}lhl- %{yfrtyH Blﬂgg;ﬁ%ggty%)f gl}f%a}t (prqcegrses including but not limited

|
%é‘iﬁ J%r g%rg%ﬁl‘q.n% hgd]ﬁ)gen roc?]ssgx o011 om r}zrz]zgmx} éersrt]eﬁgcatmn
pﬁ@&?@ﬁﬁ[ﬂg Reneﬁucmstsclosﬁhaﬂdxemubﬂaﬂtmﬁyérepm maicairlsyntroduced
ﬂB vvhe nRI oyed i.n . a lubri.cating %‘gomf fOE . ’
Fidh shrie e GPBEERBR PURRUPE Yoo 3} of s invention
' Hﬁ?‘b‘e%ﬁ? 'nﬁﬂlré‘l'o? Q &t}b ubQO8) bifeoil ﬁ‘@c!tioﬁé}ﬁhmularly those havmg
conpositions of s i nvention include a major anount

afkinsmagic visicpsibf at|1@B degraed Geptigratsd € agd alsalé é c@mstcd@s (cSt) to

5 20 ESE et Rp Py o83 308 S5 Hilss Bherdheflihooflo estio

AEe us est. @Vyd@oc&tmﬂﬂ $mthetic oils may include, for example, oils prepared
from the polymerization of ethylene, i.e., polyalphaoiefin or PAQO, or from

hydrocarbon synfhesis procedures using carbon monoxide and hydrogen gases such as
in a Fisher-Tropsch process. A preferred base oil is one that comprises little; if any,
heavy fraction; e.g., little, if any, lube oil fraction of viscosity 20 ¢St or higher at

100 degrees C.



manuf acturer to the same specifications (independent

of feed source or manufacturer's |ocation): that

neets the same manufacturer's specification; and that

is identified by a unique fornula, product

identification nunber, or both. Base stocks  may_be
ri@d2elacThe eate @shm:g'b‘: Wﬁéﬁynmat@naf lﬂlbn@aﬁmg@ﬂ@cs@@é%c |

| 1gl%n$ﬁ(tji:qg %ﬂg §%P‘8§}§WS 8}@6 gdssulﬁgleq)a%é b I1 %n%“d%@?as%% otBMbtained by

goneri

§§drREAfati6AbE Hhithetid Rehx! 226 &fack wag, asRed,‘lEis debcsichate bakeadtbcks
be substantially free frommaterials introduced

tivedisgh birdindrogeackingdenthes Simnsaivieat erGrcting) the aomaticandgelar
E?Qﬁltpﬁggn %8{? bg%;u&ehglﬁtz{b V@:ﬁ& bﬁ?m}gﬂ@é 1RSe A0 BBt t@éori% I, 1I,

ricating base raction particularly
tIHOS‘ﬁ ahavi aglefidekimepBPibdicaticacbiiot Y4th Editia, ddderedes I,

o g A Quyand, ROOUL 2 2entl S akos (3Dt ayd PR ¥hue ot
gﬁ%@ﬁ&&‘ﬁl 'Yalﬁ?‘?Uth% 19&7 bh&d 01ﬁba‘i’é‘fxol§f§lpﬁﬁleﬁﬂ§5(ﬂ\@§ A& V base

etrc ol ncl ude, for  exanpl e, pr epar ed
fdlks rimd1inde ﬂbb&nﬁrasz ail$ wot 1mﬂud=;tdhy IGroven L, ill, éII, or IV Although Group

PR SLLD 26 R0 b LoD RIRO S0 FHRREYSe i

T gi/endadbiaseck
%{ﬁﬂ’?iﬁrgﬁéér@d By EhRPRingldRRT Gibre bPG‘?&% L1, H°I, cks

hat conprises little any, heavy
forketd @ls;, e.g., little, if any, Tube oil fraction of
viscosity 20 cSt or higher at 100 degrees C. 9 [0029]
The base oil maybe derived fromnatural |ubricating
oils, synthetic |lubricatimgBuds or m xtures thereof.

Sui tabl e base oil includes base stocks og%gi ngd b% J
i sonerSanEeiesSugiur §%Yﬁé?ﬁlfd’ Tpdsx efrfaroup &dk g

174

as—hygroct au&at Ré_?s‘ stocks p];muceo Dy Slt¥
he

?ﬂpdr o¢r acki ng ( ex t.han sol vent ext ract
aromatic and poé‘g gﬂ%‘ﬁzﬁ\b@nts of the crui% |tab ¢
base ¢ils inclu al | cat ego ég

I, |V and V aS8ul§&fined in API Publlcatlé’ﬁ’f1509 14th
Edi ti on, Addend(s deternbeasitber 1998, Sat urstidd I evel &
and viscosity i AGTOED 3250) Group ||, || and4RP4, HaEM
oils {are listed in Table 1. Goup |V bas® 4297orar e
pol yal phaol efins (PAO . Goup V jpase oil A9TMIude al
ot her fbase oils not included in Goup I, Bl200111, or

PV ATTough "GPl i dd 9g 95/ T and IV base Oigdrgatal Ban or

pretelr L el 5 b e )
ase 0ils ining onR e 0
Goup|l, , E(ngﬁ(f%ﬂ st ocksg or Bg[gagrﬁtgpl S
TABLE] 1.
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
010 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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Saturates, Sulfur and Viscosity Index of Goup I, Il
and I'l1 Base Stocks Goup Saturates Viscosity (As
deternmi ned by I ndex ASTM D 2007) (As determ ned

Sul fur by (As determ ned by ASTM D ASTM D 2270)
4294, ASTM D 4297 or _ASTM D 3120) Less than 90 %
d0830%er Nahus 1@bma§ag aHamey ngheleonigl é)a]lSeYegé&BE’l oifsg 80

ta(%%n’ rtage%ge& 91 1l§ ubhg Vz{rﬁ gﬁ)?‘ %eﬁ&%@mgﬁ dilnefd1 685 &nd oils

é ua Geat er saturates an
|@e&ﬁze&tﬂmﬁlcda®oﬁﬂ1aw1d than or equal to 0.03 %Il ess

h 12Q | f
t WBLIor Syuibeus alsempninglda o Eop e B T or
%ca}%noolﬁ%t{ eé’é a;t %@ze[d%a%tell\l%I%@hzéwéﬁl%aﬁlkﬁ}g)enzenes

o'ls may inclu veget abl e oil g
rapeseadlspilkglated digthenylaithess, atkyldted dipbéry] sulfides; of wahhas their

e pomtsiaes kP o i o) PEradE Ty Btg sipatine ol

Ozlléosln@fﬂﬁe Q&nyéné BRek! BHh?‘éils iRHORmRTE) Q:Bpél'yhérsséiﬂrﬁeﬁsratlves
ymeri zed and i nt er“g Ylmerl zed olef
AYYisr

gthmbbwhqremdhe terpariay O@SWngm Iﬂﬁ@lﬁéﬂh?}’ esterification,
R G 8 BB bROSR it shiTic B o2 chiiifes e

| dstees ofWiedrbBet 3!11@ akidb fiithad vargtyood eﬁcoh@l§ EsﬁeﬂOisblﬁ@ as synthetlc oils
alkylene oxi ynmers, interp ners, copo

pglufds these made frorn Cs fo Cpz monoc arboxylic ‘acids and iv)olyolsé anH polyol

ethers. Tri-alkyl phosphate ester oils such as those exemplified by tri-n-butyl
phosphate and tri-iso-butyl phosphate are also suitable for use as base oils.

[0032] Silicon-based oils (such as the polyakyl-, polyaryl-, polyalkoxy-, or
polyaryloxy-siloxane oils and silicate oils) cémprise 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 properties. Suitable purification techniques include distillation, hydrocracking,
- hydrotreating, dewaxing, solvent extraction, acid or base extraction, filtration, and
percolétion, all of which are known to those skilled in the art. Rerefined oils are
obtained by treating used oils in pi’ocesses 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 oil

breakdown products.
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t hereof wherein the term nal hydroxyl groups have been
nodi fied by esterification, etherification, etc.

Anot her suitable class of synthetic lubricating oils
conprises the esters of dicarboxylic acids with a

variety of alcohols. Esters useful as synthetic ojls
al0834]i nBrascu! desysd fieanide hydipisemengatonof wxdaay Hex e ped

a?%{hgrs 18{2901%'&5%%1 ﬁBH mﬁﬁ%ﬁ){é’ Iafo ﬁﬁilaqfaﬁrraizh}i[o? Hﬁﬁh%tw base oil.
p osp%a eVester 01 1s such as fhose exenplified by

t SuchrwdxUisotheraehilip paddacabily the ihyisisoheriyhtiqphefsphailer aymhetic
al so suitable for use a (ga,se oi.ls. [ OOSZJ

SViies GRIBHEE erreef et R RYHRISPRENFEPY SRYSE pol yaryl -,
p@b?%]' kty ?refe?{ed 10 QLY 2l R %Mo sht FPHAEi Pinl the RBHcating oil of this
silicate ol ls) conprise another usetul class of :
siymdrttieni 4 mdjoamaat bigase ioflss defitverhessintéraprises 40 wt. % or more.

Lfgkﬁ){elgrlcé ita{:pgggo :ol‘a"gz}sien q C;Jpgrgalrisi(ﬁs %I%Jclgjg rﬁlgﬁbg‘%ﬁp Eﬁ%ﬁgﬁsﬁth% &4t least
Rl YR RBAPIEN] ARt IVaPske bh®r phdférablyQRehddr tlheatoass0 @t.1% to about

maybe derived fromunrefined, refined, rerefined oils,
&7 winPixolatdenst orerafdirouphls 8f ambly bisesilaranasppeaiprably about 60

S SEU Al Rl PSR NS v

fisluddaeerdimlrit s irsfefririto @t. Ydtdreid RiBAEatinPoANRIES offerwise
unrefined oils include a shale oil obtained directly

fspesified.) PemeraprAfrs erkpflisient af thistip bRy COBIIAP AR gnount
gff%g§et4iyth%{ Qilis8t ét{du{:‘é; A 9§%ﬁ.f%%f'th%ﬁ9§@dvt\ﬁg%#.
I'rect Yy rom an esteriftication process, eac (0] C
- 7a3d] henTheaisrd of bendofhiperhydroheerctyertcrrmpoundedfithepresent

Qils are simlar to the unrefined oils ,exlg%gt t hat
e hihe dubticoing,eid rompesiigvilkb @ mapohgReunt compared to
B g PR AR RSy bl JROGUEIRLE pAl pe FE G BOGR ok Bout
[y@ir to dOavetiio Ny eferdbtyl frotr abatii M to slwaRiOngt, Y%os abore pteferably from

extraction, acid qor base extractjo iltration, and
ﬁﬁ?@-%ﬁ But bp |Wt?%ﬂ awﬁsim TR0t Pk#mﬁf&%m% A (o a%eat 15wt
lof) Ha@é%i fi{ the tcﬁ@lrﬁéigﬁl"&tﬁé f_u%x_ié's[t{ig MogigasdoRy treati ng

used oils in processes simlar to those used to obtain
{0871 ef | Hegfollowing aditibecomppadithad enathplenpbceaipymeRts dhat can
as .recl.ai ned, or ,repracessed .qils,and of ten,...ar

D8 GO PR logp O e ot v (o yilicaving Adifiis of the prosent
siRRAtiod dthetd #REpARGBIAlditivey RalERMEdRs dtidahe thefrefdd@FAEntion,
"Base oil derived fromthe hydroisonerization of wax

huithey 8t neéinfenslgd to kinitier al one or in combination with

101Bsf OO AR BOUAR PUBL RS, BRER b cinin "

SO oduce
modt foddsweitte bihgbsdrigeiic @bmpaiinds ahictods eshyylédeadattmnatsaxes or

m xt ur t hereof over a hydroi so i.zation, catal yst.
polysucc?nstmides, and alkenyl succin}/mides mogief{ed v&th boric ac}d? atkenyl

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-tert-
butylphenol), 4,4"-isopropylidenebis(2,6-di-tert-butylphenol), 2,2'-methylenebis(4-
methyl-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-dimethylphenol), 2,2'-

12




[0035] It is preferred to use a maj or anmount of base

oil in the lubricating oil of this invention. A ngjor
anmount of base oil as defined herein conprises 40 w.

% or nmore. Preferred anounts of base oil conprise

about 40 wt. %to about 97 wt. % of at |east one
@@b;ﬁlembls(mmetbﬂcﬁ -pxclofexaipbenols 2, opdicterrbabilv- @P@é&P@Pnol 2,6-

8 B o oy BB o081 2% o e,

&ﬂﬁiéfhy%mwprcr%oﬂ Q@,elapiskt-AN, Mltdlm%’oh@fanﬁtloﬂlatﬁylpha[te) Qﬂ'
G oup Il and IVba % i.s

d ]
IO Tiohyl 6P PR D o i ik m%lﬁembeaﬁﬁf@ol), bis(3-
grhngggl%gﬁgmgg %etﬁw bi?yu%&%gb fshfle) anfd UIRE 8- A& B &gu .

I's I'nventron may conprise an a
Hydbeaxgberiyl). t hat conprises about 85 wt. %to about 95

wt . 9% of _t | ub t I 03 Th t
oo RSk 20 T ARl
| RUEPEA M (i MRithiBLbERLENY O | composition will be

in a mnor anount conpared to the base oil of
| [0042] c at {(G)Ruait srddisitary (Amervst agents): it will be in an

I o] SARAaRE R0l s Sbbe SpBRE AN lene 1y
e pdlyokyehyRRO Uightr dcotol UhangdoBveyetiiflere: Imh@'fp&feﬁﬂ eyher,
from about 0.5 to about 1.5 w 9% based on the total
m@b@ﬁvetbﬁew@ctmbﬁmé &ﬁheh@OBﬁow%bﬁﬁ%%?qwléﬁm ¥ The

e

Gortiiohabhenieatd, bnd paly¢thiencglcslgnaddlehieve of t he
present _invention. These exagpglg&s of .additj

HOUAAT 02X Gther sareRquads sfogec ! Pﬂ%ehf?&ﬁ@%*ﬁv&%ﬁ?xyllc acids,
A 858, PRl a'cﬁit zﬁﬂiﬁ@ dalfsOmletaltdltsiol hea[vgf(%ﬁﬁ”])m(:/a\l:zd%iﬁﬁﬁ S

| spersants” al kenyl succi ni m des, kenyl
sabokylicdcidestermigiotsihgdrinklcdhadt dmdrphomjlanc estebnpounds

ey T A
EH(@%{& tﬁgﬁé 8iky1 0038k foRloxGi iRk abiichicko” s:

Phenol type phenolic oxidation inhjbito
0046] et |Eéﬁémesa(@sm@gertt%ﬁ1° agentsy) phdwiseg oils, dlphenyl sulfide,

i et SRR i,

Zluﬁroaﬂdyﬁiohlyshlemﬁm a(dﬂf}emahip}ﬂtheﬁakert but yl - phenol ) ),
4. 4 bu&él i denebi s( 3- net hél but yl phe

ol),
J007] 5 off S RorHiBRAeSY B, ARohe brrtTonH MpREmBPyLed ester, and
. %th%r edigLhyl enebi s(4- net hyl - 6- nonyl phenol ),

, 2" -1sobutyl i dene-bis(4, 6-di net hyl phenol), 2,2' 12
[0048] (G) Multifunctional additives: sulfurized oxymolybdenum :
dithiocarbamate, sulfurized oxymolybdenum organo phosphoro dithioate,
oxymolybdenum mondglyceride, 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, hydrated styrene-isoprene
copolymers; polyisobutylene, and dispersant type viscosity index improvers.
[0050] () Pou;‘ point depressants: polyméthyl methacrylate.
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nmet hyl enebi s(4- met hyl - 6- cycl ohexyl phenol ),
2,6-di-tert-butyl - 4-net hyl phenol , 2, 6-

di -tert-butyl 4- et hyl phenol ,

2,4-dinmethyl-6-tert-butyl -phenol, 2,6-di-tert-a-

di net hyl ami no-p-cresol, 2,6-di-tert-4(N N _ .
deestiny | 88) Femme Ibybighe mdiy) metheerylate polymers and dimethyl silicone
t %’;y%)irs( 2-met hyl -6-tert-butyl phenol),

PO Ri obi s(4- et hyl - 6-tert - butyl phenol ), bi s(3-

Me0sR]| - 4¢(HywWespiyhdbitber tinbdiapityiithiophbssald (ZseD TBNstimary alkyl
bi s(3,5-di-tert-butyl 4- hydroxybenzyl). [0041] 2)

drprek SFMEY%YléVP%i t hi ocarbamate (e.g., zinc

di t hi ocarbamate), and nethyl enebis

(di butyl di thi ocarbamate). [0042] (C) Rust inhibitors
([#083]- r uSkenaake$ishetic[F@0Ldhred) Noni oni ¢ pol yoxyet hyl ene .

f ' : | et hyl | -yl her ;
Tl T e R L T
%S’efpéké?h@ﬁ%& f@ﬁ(ﬂﬁh% tgeﬁé?éﬁiﬁé?ﬁ@&s%li Ree@&ky| RREAME bebPSEciated
0 yl

yoxyéet hyl ene o stearyl ether, polyoxyethylene
ohat wiheed typical poirgexygé procesmendivioh (e, mariestteapera@ires, times,

pol.yoxyet hyl ene.  sqrbitol nono-oleate, an "y
I%qlg 8’{‘%’;5 |o£ %@c@p?&gﬁv% BESTIES, _etc[) @664@:"\761%)0%&\'*?&?0633 conditions
, 4k sed LBRES 6thasiisk ARed. OOP@humdtidioaGolditions may vary
di Carboxylic acids, netal soaps, fatty acid an ne )
seith the pamicular seabtestsor seizenty uspd) buisheh eqniditions gan bafletermined

b lic.acid t . of l. [ | cohol d
R 528 e 12 B ¥ Bl o R G RIER L™ it on
pooEBCt Dhoselskitlep e ihelartanil Adoretpneehates may be necessary to

g_ol %oxyet hyl ene al kyl ether, and pol yoxyet hyl ene )
inclsior aried sersin fuytiosyl ereyps philesnpdystiag dif oligyas synthetic

R ) ) . _
LT P 5 B SIS 49 i
Resupyfrorh @diehtred réddeticisam|ti Bloek lity ahdesicad esactmdwithather functional

napht henate. [0047] (F) Friction nodifiers: fatt .
STRIBR 6F With g yeagentyused 4o pATY 98 hg degired P@n}lc%lr?@nséffﬁéﬁmns-

I0b plonet A0 of Chroliklit MAUE KoM ehikfohil grpup will e
ocayitp hyfeaentuonooe galied jphbs pioVedoushyiro@teng groups and their

| ybd | jd b di et hyl at
R A A S e Rl o e A P 6w
zwlté,wofe@ﬁ;@m@g Ak YRRERHMERNBERN BARIIROWIty] NeA N ork,

H) Viscosity Index inprovers: polynethacrylate type
b8Py and scfenstitnsl citnéd therein. :

[0056] Synthesis
10057] The benzo[blperhydroheterocyclic arylamines of the present invention are

prepared by reduction of benzo{b]heterocyclic arylamines as illustrated in sequence

. |
X : X
R1 A7 H o N R1 {l H 2 N
R2 — = X'/ R2 — = X:/

- [0058] The benzo[b]heterocyclic arylamines may be prepared by the reaction
sequences depicted in (IT) and (IIT)
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propyl ene copol yners, styrene-isoprene copol yners,
hydrated styrene-i soprene copol yners,

pol yi sobutyl ene, and di spersant type viscosity index
i mprovers. [0050] (1) Pour point depressants:

pol ynet hyl nethacrylate. 13 [0051] (K) Foam

I nhi bi t'Er s: al kyl rylate polgy and. i hyl
sili cg/ﬁ A\ 2 Y AN \@iR3qﬂL}—%arz®>—bN%brs ACHBS), (1)
di algky{_di/t ht ophosp A zZn-DTP, prR al Ky Mype &
secondary al kyl type).”[0053] General Synthetic

Procedus £s [0054] The benzo[ b] per hydrohet er ocycl | c

aryla sof this tion may beR I ed
foll o Engnai_net hﬁ\ng@%d —proceddr ed: qﬁl ouW(ccHFbﬁn (Ih)
- apprliac t hat typical or Rfeférred-grogess
condltlons (e.g., reacti on tenperatures, times nol e
rati os of reactants, solvents, pressures, etc.) are
gl0p&9} otWilereipRacRs R ind Brese andgfinad Bexel sets -OH, -NH,,
rrglr%s therwi se stated. Qptimumreaction conditions

with the particular reactants or solvents

@@do b UtTh‘é%@ﬁplﬁfgﬁ@hdtioﬁB Shosa inH) gl @phResowh)n et for the

Il1'ed in the art by routine optimzation procedures.
[ D0YBpisPhdinbesypminsg. Theseweunling mgthodsareepplisallgig the synthesis

B R e e T
SHhe Ehﬁhesilisl oﬁlﬁﬁlﬁ&@:ﬁrﬁﬁnesidﬂe ?ﬁ?ﬁb@l}?ﬁeﬁu-ﬂbﬁlmt ﬁﬁtHlﬂ@ﬁrt—
i o aes ahSs S 5% sndlOrS, ekt s erdfeave
VEhdy Ediphut, LS, O0R 2408! BUARYRY attd Bk havE Q0RNSRa o

to carry out
tpadﬂaélﬁmr eatdliyzadscoup Hﬂ@oﬂcarmpetrc arimnas:mdoa‘.romat;ixr lntligles ivhigh 1s

cioaibiy e Rarbestip e R RRER P CNplf Briga

PVRicB6t hAYBUEIRMASE, ARACLARI Hes., '1999 ng-@tlB@ﬁd?éT&eﬁ&lﬁQM&i therein
are described, for exanple, in T. W G eene and P.

G
Mnd JWGt Betersy Stﬁdﬁms,@ dugrown ami YA . Bypntlnerg. §hem., 2001,

P 3T, Weonfel S UYL Ki s B D5 PREE RS,

breat odrid] Cresian s, Arehe Cosythi, aommhamznes of the present
i nvention are prepared hy reduct |

H8ReH| b] Reewese sryrTa metprain Trdace Pq:qzeeadliwé?reathﬁ arylamines
S5 %Hx%‘fﬁ]peﬁllyhroheterocychc 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 Chemisiry 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 réduction of
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‘' HXY\ R1HX R N(CHR3)n (~N (CHR3n (1) Rz X, Rz
X, [0058] The benzo[ b] heterocyclic arylam nes may be
prepared by the reaction sequences depicted in (I1)
and (111) 14 X\ RB X | ° CHRIlI Z+ H2N/ (CHR3)n R
j=—_ N3)n) R2ZX 2 X RLXX R~N2 + Z/ (CHR3)n
: quind¥ires @HRBuhidkdG)indlings withGO8@M buvekairide k1 2101@ mma 1s

escifedthy Gribgg 6RO e SEOtapT h CAEPT NS shown i

(1) and (111) are knowmn in the art for the synthesis
of di phenyl am nes. These coupling nethods are
EXAPppPPLE&Dbl e to the synthesis of benzo[b] het erocyclic

P I t
FBSAT 0 T2 drrabipE Rt PR e EQRDE SRS, b ar
ot B e EBtsideRRYAMTinindivElel &k bcoptlaR dirther dndéebandinGoc the
1956, 2048-2051 and Ckada, Suzuki, H rose, Toda and
Crustion ogh dmhaciia follovapg nonlpmying Preparatiggs pyhE A es-
s

aaﬂgds&aﬁk & the Geh&gmym)}mm sndthe banzGtijiéet er ‘Goywlternperature”
| am nes éV\bI fe, gaw,  Marcoux gnd Buchwal.d, Acc
topgbgut 20 9eks) oo SRR PEYOTEEE o PrGFRS Ao the

%%jn [%mfé” o?eh%fé”c’:ﬁe?ers & %}gg{lllﬁbﬂﬁ OTﬁc tedn @gﬁmeﬁtﬂ%Ms to a

5083-5091). A copper
‘ prtaﬁdlwzﬂ‘deamhﬂmpiahasncﬁegm tleumblespﬁihbpre@aimg or $Getéeding
Nabi, and Chaydhari, Chem 2003 460 61.
foosi rqqa@%hén e iy 1 ot OB o PR o A g, oF Volume,
Pﬁcﬁ{; gﬁ&m%éﬁlnﬁﬁﬂe%éctrdn@(p m.r. or n.m.xr) were determined

benzo[ het erocyclic aryl amnes. The net hods
tahd00 mﬂz Isgnelmara)gsexgnat & singlets(s), braod singlets (bs), doublets (d),

double doublets (dd), triplets (t), double triplets (dt), quartets (q), and multiplets (m),

and cps refers to cycles per second.

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

“
SRS
[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
filtrate was neutralized with 6N aquecus 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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the sane as those for the reduction of quinoline to

t et rahydr oqui noli ne provided that any functionality
which is sensitive towards reduction is protected.

Hydr ogenati on can be used as described for quinolines

in Rylander, Catalytic Hydrogenation in Oganic
Syaetyseslized M7 95%2113nRAB0, yidd dd2ngramPoihs desired product as a grey

R P IMBE 8, R 8D.r o #ah 6 @alel BuislBi e, 2.4
i P‘Sﬁ”’ G S T L U Wil

6- am noqui nol i ne has been hydrogenated to
6- am not et rahydroqui noline with a platinum oxi de

CBLkahyiel i n Exanple 2 of WD 92/05173. The reduction of
r‘qU|noi|nes to tetrahydroquinolines W th sodi um
dri | i nNose
e T e N ST L S 7 T
'reductlon of 15 qui nolines to tetrahydroquinolines
wi th sodi um borohydride in aci 8 descri bed

EXAVMPLES [0062] The invention 2
by the fol |l owi ng exanpl es, whichyare™™Nnot to be
considered as limtative of ‘ A further
under standi ng of the inve ea Can be had in the
fol |l owi ng nonlinitin@CPre[
Wher ei n unl ess express s{tgt€d in the contraty, al
t enper at ures and tqin' at ures ranges refer to t he
Cent i grade systen1and t hedst erm "ambi ent” or "room
tenperature refers to about 20 to 25" C. The term

"Pesa1ent Tera HAsk eghighd With Weraghéti Rie Hbilwddshdeitor, dndmifrogen
"nole" or "noles" refers to gramnoles.. The term

iglet aapdded Sramigpauipging (14,4 rms - 19melengdver-buyhl in
'H%Lﬁ%ber{z@né@ 32%51:?1?] {n‘c]%sf 81%% 195ne§9&§§eﬁglhggadmm ©)

reactan ernB 0
@JS@amn O‘(D(m melevgehg:m 2’szs@h;bheﬁ§1phoégmero}lgj \bémepthyl (2.5 grams,

(t}élolgg Cf‘\l%tg t‘errz u%ggi%mgect A ug]?é c{a?gs)ggg aaﬂ;ég] %%toluene

‘ 3'1519{11?, 5 ST oonBmBASH 18 NGKRY e faﬁl}(ed AQUBEELSs; (c@))led to room

oubl e"doubl ets (dd), triplets (t), doubleé triplets
(efnperaigors ranéﬁﬁez(eq)hroggi‘da pad of splh@tg;l (‘Hipe siligagkl ppd was then

ﬁf%%i%t{l %bcﬁ‘ %Pf%éth ¢ (236% Ol{}d THER IR R a oréamc(slglfers were
Rbgruntrated i vaudtb Sl Ol:ttkoli8! The Solid WaddHr&@atdlgraphed on

silica gel, eluting with hexane/ethyl acetate (20:1) to afford 23 grams of the desired
product as a yellow solid. 'H NMR (CDCl:) 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-tetrahydroquinelin-

8-amine
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\ Nj N HJ[0064] A solution of 20.4 grans of

6-ani | i noqui noli ne (prepared as described in Buu-Hoi,
Royer and Hubert-Habart, J. Chem Soc., 1956,
2048-2051) in 400 nL of acetic acid containing 1.3
granms of platinun(lV) oxide was hydrogenated at 30 ps
for 4.2 hours on a Parr | ow pres >~hydr ogenat or .
The solution was filtered; and filfgrate was
neutralized with 6N agueous so&
aqueous phase was extracted thré
di chl oromet hane. The conbi ned di
were washed with 6N aqueo
by brine. The dichl egonet
anhydr ous magnesi um sul :
concentrated in vac 0\ yield 20.4 grans of a dark

resi due. The dark residuéfwas 16 recrystallized from
95% et hanol to yield 15.2 grans of the desired product
a[ﬁoes]gr ey sobudlonabf 24A grivRs ¢ ORAH 3ért-8ut7flmle(mh)qlam)hn-8 agnine from

3§n %ﬁ(H%l 108 Pi)éi’ oéac?%c %%d c%_tﬁumn%b(g? EIEQ"S fgyﬁ:ltlg&gjiw ) oxide was

ﬂ@ﬁ%ﬂé‘f&& B A s1 Rirapphditré 8M a Phrr Jow-pressure hydro genator. The
ert-buty E@enyl ) qui nol i n- 8-am ne NH H3C H3C

Gblaltl[oﬁm]ﬁltmda gl Iilathmcpp@obavﬁu wr@erﬁﬁg%m vgcuo; and

f d
St I %he%dé{{-ﬁ}%\g )ﬁ(‘ﬁlf?gqu' §0 ltnﬂii (imélr aems g%&lﬁyug 11556 Weiluted with

4W£¥t&f dnd Rittridted EQRRAGNTZRN eth{ Pacefitd ThBBomOBintd et‘l‘@ﬂ esdtate layers
tris(di benzyli deneacet one)di pal | adi um ( 0) g gr.ans,
Oveye waghsidexijh brine; dried over anhydrous magnesium sulfate, ﬁltered and’

cpg%eéltr%’ée&?%géfuo% g e%/c{ P Q%?dzﬂ' 1% b uSPg')(Tg@&?%JgS (2.5

GhegiBato Gapedronl stisch gal) rélmgyodﬂmaawétugmc:ta(d(ao 1itg afford 2.0

hl oronet hane | ayers
i'um hydr oxi de foll owed
| ayer was dried over

~The contents of the flask were refluxed for four dgyl) 6.5-

EsEneer the desssehpradaghas sy qhiow: oihndl NMR € RELORY ddgH
RAgS @, sth) 4,68 ek, KPS, 9% @Pm)PRY ($RFE 1S, om.

Example 3

[0669] Step A - Preparation of N-2-naphthylquinolin-6-amine

[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), #ris(dibenzylideneacetone)dipalladium (0) (0.80 grams,
0.87 mmoles), rac-2,2’-bis(diphenylphosphino)-1,1’-binapthyl (1.10 grams, 1.77
mmoles), sodium tert-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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eluted with dichloronethane (240 nL). The conbi ned
organic |layers were concentrated in vacuo to yield a
dark blue solid. The solid was chromat ographed on
silica gel, eluting with hexane/ethyl acetate (20:1)
to afford 23 grans of the desired product as a yellow
ohédhiratetl iNVR 1 CDGIR) a BromBsolith ThefsoliBwas fcorystallifed L

d, 1H), 7.1-7.5 9H), 1.35 (s, 9H).. [0067] B
' get}pmgbtgbraﬁor%ﬁ 6cg=rarﬂé ghthta g)ii‘%ll‘eg @gcgﬂugﬁ%;%lle 5091% ] Hm

R I

Pﬂesm}t er Step yPﬂ@bmﬁd:ﬁ ofuiv2otaphtht- mmte&mmro@nmphm&amme
100 nmL of acetic acid containing 0.15 granms of

platinun(lV) oxide was hydrogenated at 45 psi for 1.5
hours on a Parr |ow pressure hydrogenator. The

solution was filte N earth;
concentrated in jvacuo h 3N
aqueous sodi um h S P was
diluted with watey ) B imes with

ethyl acetate. TheHconbined ethyl acetate layers were
washed with brine; dried over anhydrous magnesi um

Job 72t e, Afsolutiened 7 m@cgrammmn@héﬂlqumalmeﬁrmr@ fydra labove in
2.5 grans_of_dark EI ue

ERFHsTAH GO, gy Q;%{nl?j 8?%‘1}}@‘5 ;71 rams of platinum(V)

%ﬁ@:}% w 81?%5% %ﬁaésg g)ré)eo ﬁcgbrvﬁglﬁ 9 ?Qﬂ%ﬁﬁé@(sgf‘gcﬂigoggnator

TCh2 sphitioR Mes filtefd thro9gh dimfonBicpoussagh; qagsentratgd in3aguq; gnd

P@Hé%@]zegwé% o ngs,o squfixﬁp gﬁﬁ%pd% it Squedtl phd AR dfuidd with

Ryateral té&ﬁ‘é/dt&wh?&' tiﬂes&vﬁﬂbtﬁ?l acBlald) QRO Loribinad Eihgbkcetate layers
equi pped with a magnetic stirrer, reflux condgnsor

avede Wlashﬂdg’élﬁl bring; driedyast gulaviows MAEISEIHTA Tibleien Bltersd god
LB rad i iR 18 Sietd £35 YLIORAR! PRI &M was chromatographed on

- silica gel, eluting with hexane/ethyl acetate gradient to afford 3.5 grams of the desired
product as a yellow solid. 'HNMR (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, 2H).

Example 4

{0073]  Step A - Preparation of N«Z;naphthquuinolin-8-amine

‘Srore

[0074]  To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen
inlet was added 8—amiﬂ0quinoline (6.81 grams, 47.2 mmoles), 2-bromonapthalene
(9.58 grams, 46.3 mmoles), tris(dibenzylideneacetone)dipalladium (0) (0.84 grams, -
0.92 mmoles), rac-2,2’-bis(diphenylphosphino)-1,1°-binapthyl (0.6 grams, 0.92

- 19



(9.15 grans, 44.2 mmol es),

tris(di benzylideneacetone)di palladium (0) (0.80 grans,

0. 87 nmol es),

rac-2, 2' - bi s(di phenyl phosphi no)-1, 1' binapthyl (1 10
granms, 1.77 mmoles), sodiumtert-butoxide (8
gmarmics) 88 dRnm oK) xidnts. Shiryuis. s motales)end @dlydm_tys toluene (90

T OGBSI B SRR o room
t REQeSre; ARdiletedthldugh agall of dilea g1l Tha sidieh gpathdwas then
then eluted with tetrahydrofuran (135 nlL). The

c@im@d weth Gelgarsmethang 6135 bl Thegombmed g gy 1A WEEL Uo
TR M T e

pilﬁ@bug‘dl chting Wieh h GukBoletis] aoeﬁté\bﬁdleﬁﬂﬁsﬁoﬁl@ BE%@)mﬁ oBthe
d, 1H, 8.65 (d, 1H) r% 5 (m

1@8@red PIogoqtE HSF«'B@WBohd PrHaB&l[%(CB lapp 8 75 (d 1H) 54 (bs, 1H),

e85 BERRDIL b Gy Sa) BN ERER G AR iy O am e N

No87saphskep! IB]UPprhtaﬁoﬁ oﬁmmﬁaﬁhﬂgmmgsmeetmnydmatnom-s -amine
acid (60 nL) and ethyl acetate (10 nL) containing 0.55

grans of platinun(lV) oxide was hydrogenated at 45

psi for 6.0 hours efi a~farr | ow pressure hydrogenator.

The solution was filtergd through di atorraceous earth;
y 2 d.with 3N

ase was

aqueous sodi um hydro 3
diluted with water extractkedfhree’tinmes with
et hyl acetate. The conbi ned ethyl” acetate layers were
washed with brine; dried over anhéa!ous %pe5|un1-

5[907fdt e, Asolutnad 4diSErams AENR PR BYIqWna)EcRaming §omaahove in

sl ?Til ﬁ&gmt QIH érggﬁvaé%{eﬁexanej%lﬁgﬁr%%t a?ledgjgr adi ent

t;ﬂatarmi-r[(m) &ide gasa]njﬁirﬁgenaﬂeé ati€spsi dak fopr hnimsbn a¥am low-pressure

' Fi‘fl l’q%\ggi%ll;.r; ”ngqﬁltlog gk ??Cleglrﬂ?rzogéb §1a or@%ce?lbs : %c?nl_%ﬂtrated in

Exaimafd fedtlizdd with SN aﬁumﬁ%%@ﬁhﬁlhﬁd%‘x@é The aqueous phase was
N 2- napht hyl qui nol i n- 8-am ne \ \ [0074]

fdilaskd vetuvptee andttacted tlughBmes withicthyé acetatefThmombmcd cthyl
sor, and

SRARIDG wAR b SR Bpsymieh pYBSRaR s pagnesium sulfute,

Filrcdrmaaphéatiare in t&uo8 YeRNE2 gfdinSo N H® Hesikd product as a

trls(dlbgnz | i deneacet one) di pal | adi um (0 g
purple oil. (CDClL/D,0) & 7.7 (m, 2H), 7.6 (d,1H), 35 (¢, llql) 7.25 (m,

1H), 7.05 (m, 2H), 6.9 (m, 2H), 6.6 (¢, 1H), 3.3 (1, 2H), 2.85 (t, 2H), 1.95 (p, 2H).

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

NH
' o]
HaC -
3
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0. 92 nmmol es),

rac-2, 2' - bi s(di phenyl phosphi no)-1,1"'-bi napthyl (0.6
grans, 0.92 19 mol es), sodiumtert-butoxide (8.86

grans, 92.2 mmol es) and anhydrous toluene (90 nl).

The contents of the flask were refluxed for sixteen
htl78] cobn efaskoequinped “tl@rm@agmﬁ stirreny 6 fuix| copdasgor, and nitrogen

T e e

Qﬂ‘éFhﬂé@ds af Badhsle Izaweuss I&E &No. Qoomsiam)gmernbu@cuo to
y| d a yellow solid. _The solid was chromatogr

sbromobepzane (B3-LErany: &fﬁpﬁn%leﬁe%ﬁﬁawwwenéwf%gfpfﬁladwm (0)
aglaéi LERls 19 rgxgjl%&éfj rgc- ZQ%E%%%H%SP ' L ?%1?5;&)&1391‘{% ..1 grams,

a~yel T ow ,
( b, minbles), s@diGm e buﬂdﬂ)de (16.8-gra@s, (O 7 Iﬁbbb‘s) ahd2Bhydrus toluene

N0 58 T 0ten3 oS Kok i o T SoAmieH e Rgporm
Ny e)*ah\reL%ﬁ@ller@d ﬁl%dgh a%dQﬂ‘f sfhic8 %elg FRfESiIRG gel pad was then

N- 2-"napht ui nolin am ne fromabove in acetic
adutﬂ;d(\mﬁl dmbﬂommletbamﬂﬂhméﬁ aThe ¢arBbinad prgavistlayons were

4‘.‘50nﬁ§1%:rq;t%$ invacy LP ]gu "%:%’lqygiﬁ r’ﬂ1e s&f% P’E’ég %ea'?o%}rfp%eﬁl%n silica

hydlr QeeRedkan heddR/cHB/ Wédtad (YBE) thialffoed &0l gltahrsmf@te desired product

d| at onaceous earth concentrated in vacuo;

rasua white sadidl. iR INMENGRR b8 F - 250 2. 150 ExilH. 6. 8!‘-11@, 3H), 6.7 (4,

us,.ph and extracted
?ﬂﬁ%g‘f@ﬁe@m4}@ﬁi&fﬂy“§§e%§?’é% %éﬁi‘on‘oi ned et hyl
acetate layers were washed with brine; dried over
' anhydr ous magnesium sulfate, filtered and

Ll?% gated in vacuo to yield 4.2 grams of the :
product as a purple oil. iH NWR (CDC13/D20) 8

: 7[0@?}( i n%atlog og 9{! 3;%_% %yd"is% %beptzgljﬁgfa) 57 y§ %&&n%leth%@enzene-

21 8Qidrhine2H), 1.95 (p, 2H). Exanple 5 [0077]
Preparation of
N--(4-tert-butyl phenyl)-2, 3-di hydro | - benzof ur an- 5- am

ne NH H3CO %C%/@/m

H3C

| [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), sodium zert-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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20 [0078] To a flask equi pped with a magnetic stirrer,
refl ux condensor, and nitrogen inlet was added

2, 3-di hydro-1 - benzof uran-5-amne (11.6 grans, 85.8

nmol es, prepared as in Exanple 23 of U S. Pat. No.
20040029932) 4-tert-butyl bronobenzene (18.1 grans,

8611 wras Comatagraphediob eilizy et ld ehiting stitbrad)es apedgth W iceraie(amadient to

g 2 B e Ry P Eagption  pram ol H AR (DR )P 6670
LA, 5%5%@”{%9@% (t, 3Q513u58-3 8(ky; @H% QX éeﬁtt)w 4 grans,

and “anhydr otis t ol uene . The
contents of the flask were refl uxed for three days;
cBpdmeplet’o room tenperature; and filtered through a
pad of silica gel. The silica gel pad was then eluted
wWooB1di chrgsedmintane 4 tabuifiphenie?, S-aydRE U 4dWegaiiiCxin-6-
‘layers were concentrated in vacuo to yield a dark
sghing. The solid was chromat ographed on silica ge
eluting with hexane/ethyl acetate (20:1) to afford 10
grans of the desired prodyct gs a whitegsolid. '"H NWR
(CDC13) S 7.25 (d, 2H), (s, ™ 67 8 d, 3H),
6.7 (d, 1H), 5. 4yfbs, 4.5 ( 3.45 (t, 2H),
1.3 (s, 9H). Exanpl §
of N - (2, 3-di hydr 0-L<Renzof ur an- 5-yl
e- 1,4-diamne’ 1 H3

Y~ N, NOi et hyl benzen
AN C H30 [0080] To a flask
equi pped with a nmagnetic stirrer refl ux condensor,

NORBAN oo Ao sk S Ebn P i sigrenzofps condengprpnd nitrogen
nintet @@} added 194- bmﬂmﬁrmlﬁ-h;mim(ﬁ%zgﬁms 2.8 Rmblag), atnzart—butyl
(175)&1()%&%@9551‘;%2( 4 benzcél | d é@? o y%nd%%lez{cgt%lne) 1paﬁn2hum (0)
JoSEERRe D RRRARY Rt %U?C?%S(d@h&%%?%*g@n%}9‘3@%’%‘*”?’(“47 g

rarehe,s)).2 mmmbleﬂ)rspdnmuserzt-bmwede (§ 9 gz, 63rh exeaes)end snlgfdrous

t e heated.to 80C for , c oled’
- 65ns CRer bGP eomapg of I iRk Rire Bl Y Sarip ol 0
SbbiaGamB&hturel RAd Giltbica aruﬁegh @E@B veslidan ThadiBek ¥l phd was then
di chl or onet hane (200 e conbi ned organic |ayers

viipted withdeghdorame an%(waérde) tldheyortbined cagatic lapers wsre |
-EBScen?r]‘lted 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. "H NMR (CDClL) & 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-butylphenyi)-1,2,3,4-tetrahydroquinolin-8-amine
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oi | was chromat ographed on silica gel, eluting wwth a
hexane/ et hyl acetate gradient to afford 4.2 grans of
the desired product as a brown oil. "H NWR (CDC13) 6
6.6-7.0 (m 7H), 5.15 (bs, 1H), 4.5 (t, 2H), 3.05-3.2
(m 6H), 1.1 (t, 6H). Exanple 7 [0081] Preparation of

N-(4-tert-butyl phenyl)-2, 3-di hydr o<~ penzodi oxi n- 6-
amne NH O H3CCH3 H3C [0082] Tdg ask equi pped
with a magnetic stirrer, reflux dgndensor,

and
nitrogen inlet was added 1, 4- benzofi oxIM- 6- ani ne
(5.26 grans, 34.8 mmol es), 4 tert-bytyl Hbr onobenzene
(6.83 grans, 32.1 nmol es),
tris(di benzyli deneacet one) di
granms, 0.6 nmol ey
rac-2, 2' - bi s(di phenytphosphi noj-1, 1" -bi napthyl (0.79
granms, 1.2 nmoles), sodiumtert-butoxide (6.08 grans,

adi um (0) (0.58

do0wi] mm]re@)ﬂaalﬁ qqtamgddmmg macg@ﬁueﬁ@rewfe fligt yondppgor, and nitrogen

{

GBSt B Ao R 0 g4 Blold 2 Bu B Bilne (240
Resn 0. 1 thblkes) fdliodind .52 kiaes, 26lmpakisahe threents of thedthsk
wi t h di chl or opet hane (30 . The conbin r
e FSTIRES B S e PoRIERI OPHER RIS B A g toluere.
S’J]‘Hu tglueﬂ—éqs%thﬁﬂzln \ﬂasviﬁ&ré‘cf‘ﬁxﬁcﬂ%h%t&%%@ Bard :Jlﬂdcﬁrth&edﬂuteél with

tin exane/ ethyl” acetate gradient to af
511@11@'031661‘5111@ hehdeduticadwaspwaathad withss Y%a aqvtﬂoue sabimdydropide three
13) 6 7..25

é1n5es6m ﬂfﬁf tmg:s ('gtlebg '_gl)afilﬁ)%ye&(.\? (151'53 Q rgalgn%mtugl sulifhte,

HideredER6@TBh&nBaled 0B 3l c:B1t6 Re@h UMk ¥bwn oil. The oil was
N- (4-butyl phenyl)-1, 2, 3, 4-t et rahydr oqui nol i n- 8- ami ne

2lropMtogiaphed i SHBE ge], GbRiAR With hexhne(etykapsigspdd: Mite atferd 3.7
netjc stigyrer, reflux condenser, and nitrogen
i %’ést bﬁ?naod{led 8- hydr oxyqui nol i ne (20.0 grans, 0.14

M083S) . The SlULYT0 ADIdfiab&id #4d €bntaining 0.22 grams of platinum (IV)
oxide was hydrogenated at 35 psi for 4.5 hours on a Parr low-pressure hydrogenator.
The solution was filtered; and the filirate 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 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 (CDCl;) & 7.05(d,

2H), 6.95(d, 1H), 6.80 (d, 1H), 6.70 (4, 2H), 6.6 (1,1H), 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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granms, 0.16 noles) and iodine (0.52 grans, 2.0
The contents of the flask were refluxed for

nmol es) .
ei ght days;
wi th tol uene.

cool ed to room t enperature;
The toluene solution was filtered

and dil uted

t hrough di at omaceous earth and further diluted with
dicobiiant oasstitednye giverewsightief dhwansonderné dThv tipe sptired

a od rOX|de ree |nes
ety REeLE o PR Pl B 1L RS
splP@tder 1f0 htRegibrabroB@es prsfiat eThé fanyae was kiprrad £11000
a dark brown oil’. The oi'l” was chromat ographed on

snevcplg?or@eqer ménuie. Thy Teudts arrseRsrsIde haY PYoaCRSIM R or Tepid pxyeen
tagﬁ\e eEch?’ grams: g@ RpiB, PhO cn%ltéxaec{ Qgﬁglr t-ghﬁ?cpés! oil %IJ@e

tann

? anr%%vigtéﬁs lﬁelaglﬁgd at

(dahthepxésie pmsdm@ppxgmg eﬁppm c35pd$,3512fm1m 14335, m ppm
on a Parr | ow pressure hydrogenator.
fmmg@n@&a@r%nn%ﬂm ltrate was neutralized with 6N

08NS _TRELEiY ANifEn WIS RANMRANEIABARD NG oil

nmes Wlt

The sol uti on was

(r@rrtpoamdn dna]: bémalnerbmm(ﬁmulpé@#é:rase widr B0 wasdl etk gvlighkybNine

TR ATV LT P gl

§1%h€omﬂimhé %&ﬁnﬁa@cﬁ SRREEH dealRg48 B nvasldgke

oq%m"ilp

to i gbg)iﬁobﬁt‘éhr ans of brown oil.

The

oil was

mmmﬂcalph@ulf@mt@dqtﬁggn@@ﬂ 0.38p V-1 irgpiaivern This baseline

{ at
Tt REae Sl BYEPrghRo Rl
o Odpid @Q u @2k, T tlﬁs"_baéﬂmekbi)eemﬁg E&Iﬂlﬂatlohl'@'as t?pl_bii@até«ﬂ with an
S,

hexane/

tsﬁ’?e’&‘é@

211),

6 (t,1H), 4 95 (bs, 1H, 4. 05

%@g‘?f gi 1 hours

(alddlt@pgl coppgu{lq andzqegts \n@rq-jpe(rformgﬁﬁt two c@(gc(frgratlgps The 55
r€§e§1 rIH“I%ﬁleEP( am

Ian@éﬁ%{f&é&??@}f 85\%8%9%?% %E%Chc}?g_%ﬂee&pro ucts of

sel ected Exanples were carried out in
oxi dation bench test agafiksicri bed by E. S. Yanmaguchi
et (Blidatiol BERER LR Y BedZolbpagi iRMSterod9tlic dpHund895- 901

In this test the rate of oxygen uptake at 23

(1999) .

a bul k

oi |

Perforhianse

pr?&ﬂ Sl off OT Ve Yl Hisul

59k {o N&Gid )0, uptake
'of Antio¥idant)
—er

U ed. A equi fed = Chian
oo oxygen %%Q(‘n per 2b5—grat (ch

neasured at 121C. under. . 110 YALOL O R
prlessure. The sahple was $tirred3as 1000 rpvnl L2 0
pe minite. The 2esults afe repobE&d, however, as%.bne
far rapfd oxygen3 uptake per 10068rans of [sanpl e.146l%e
oif contained a gatalyst added ago@g | sol uple 152.0
5 5 49,0 62.0
6 6 33.1 61.0
7 7 , 44.0 68.0
g 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
B?- 4-(2-octylamino)diphenylamine available from TCI America
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napht henates to provide 26 ppmiron, 45 ppm copper,

512 ppmlead, 2.3 ppm nmanganese, and 24 ppmtin.

[ 00871 The screening fornulation was a fully

formul ation lubricating oil conposition and contai ned
in a Goup 2+ base oil, 7.0 nmol es/ kg dial kyl zinc
d[&ﬂ&ﬁbph@pfm&@lennom%tpm lyhlbctmmmrfyrmm of Examnples 168 5%

di but.

StRBT oA e Uandr RGOS oa8s hER Bk ST A inags g O e
OYRAdIRTACo €1 16dsb h8 Wit @idd Rrealaabaenk canble fhed%oovh the Table,

i nprover. This baseline screening fornulation was

t thetecid 2idramaiis impreremeshby hserdiiea oha gmall ameynt ofghe gompounds
h

LB PRy o2 MR 10 DR PR DR RO sy,
cnyiounhe eombduads m Mf(ﬁmpmef]h{aﬂgﬂesalt -8 tsm)mpared to Comparative
R antle doasonBiere By 25 BoBBeTDGE A ISt pnany Rifeevhich
Qﬂo%td 39 a%?é;r?rp)rg\?e?ﬁen@ﬁ df)&mbﬁaeosg Al et Ty crhe

or mance mpound of Test Results (Hr to

Wd[b)]lﬁﬁhm‘b@tﬁocﬁha ﬁph@es@f@hqﬂ’e@fo#mm@rﬁ?@mpi@ﬂ i-8andA also

. Ant OXI d %{31%8}%10? cifgf%c zgmnﬁ uhbgﬁlpgra%gezﬁﬁamélze% %g:o&'jmercmﬂy

Gé?vaﬂablé ﬁad%@t IiGlad¥antdges htbxki8n ChhiBiti8n 8 B deba vﬂzen
araplveA32541% ACorrparatlveB41983 B

Aconsmmgmg@ﬂetqrown ipigiaphgay| am ne al kyl ated with
2,4,4-trinmethyl pentene) available commercially from
_ Ci ba- Gei gy
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B2- 4-(2-octyl am no)di phenyl am ne avail able from TCl
America 24 [0088] The excellent oxidation inhibition
performance of Exanples 1-8 is denonstrated at 0.5
wt%additi on to the base line screening formul ation
alOw %addition to the base |Iine screening
Wﬂﬁmﬁ; SHAMMERIS¢ an be seen fromthe Table, there is
a dramatic i nprovenent by the addition of a small
anount of the conpounds of the present invention over
1t heAkasgolndaccsnitigetnifognilai:nul ati on. Mre
dramatically, 1is when the conpounds in Perfornmance
Exanples 1-8 is conpared to Conparative Exanple A (a
commerci ®d y availahl e product) an al kyl at ed
di phenyl arN e shows up tg a 3X inprovenent in

per f or manc The
GXT t he Perfornmance
nthan t he non

cyclic am e B (a cormercially
avai | abI,Q roduct). The afivant ages on O)F' fh

i nhibition can be seen when constraining a heteroatom
whedeth @ ring. 25 WHAT IS CLAI I\/ED IS 1 A compound
according to formula |l: R H\ X ~CHR3)

X.
For g Ko arsxﬁ@#lén#pmdegﬁa splgctgd &O@a@ﬁ gr%éﬁaﬁagmqfﬁiydmgen
« ab Kyl
£ IS iofh,{ KO ShbortiiOil A0SR eI ARk, PSRRI R B OV
anddelﬁenckmdy hiydebepeoddkyl fonh ¥ do 6 gadooatoaisk gt Rf arghR 1when

o FEPH i ecaiier g BTEa § e REBIEEIAAT PRI et ring
arRHTEY Gy bi BBtiondly GhbsiBMedRith ﬂtdrqrsﬂwz &1159 %&dHMR/?r% from 1 to

with 1 or 2 alkyl groups each having om
c &0werboatagnmes; each R3 is hydrogen or alkyl froml to 6

car bo}li]Rg 1sohn%i'ogen 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 when X or X' are nitrogen then R or R; is not hydroxyl;
and further provided that when one of X or X' is -CHR4- then the other may not be
oxygen; and

n is an integer from 1to 2.

2. The compound according to Claim 1 wherein at least one of X and X' is selected from

NRs and oxygen.
3. The compound according to Claim 2, wherein at least one of X and X' is NRs.

4. 'The compound according to any one of the preceding claims, wherein X is ~CHR4-

and X'is NRs.
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X and X are independently selected from - CHR4-,

oxygen, sulfur or NR5, wherein R4 and R5 are

i ndependent|y hydrogen or alkyl froml to 6 carbon

atons, with the proviso that at |east one of X or X

i s _a heteroatom positioned ortho orpara to the

Sor Thfgsomgponnd ﬁ@ﬁ@éﬁnafwy s @t earerdmg deimsy whaieinmogédn
then RL or R2 is not hydroxyl; and further provided

that when one of X or X is -CHR4- then the other may

6n oThd®mpmxyd eccordingl tonariyona of et pegediniyrdaiink, wiierdin B3, R4 and Rs
The conpound according to Claiml| wherein at |east one
ofw%e%gﬁl&r@ega ected from NR5 and oxygen. 3. The
conmpound according to Claim?2, wherein at |east one of

X and Xis NR5. 4. The conpound according to any one of

7t h"éhermaqmdmh gcaorcﬁhgm anyrteueeif thedprecedingHdiRdms amicerdfin R | MRB R, are

e co ound t 0 any .one f t he
o T A S e PP sOaiiog A Bt iy fom 1 o

aoﬂpéa%diﬁat&rﬁs Q)E‘TRI @h§ Rwah‘éH ﬁd BESE &ﬂéd&ﬁ oﬂie?kdé&ﬂaem)%ed o6
R3, R4 and R5 are each ro%en . The conpound

acleembci:rn@ alieycayr ensiabé rmgi W adbaeptivnallyrsubstiluéadeviph 1 or 2
eac selected fromthe
or 8 e fifs A *e%mffwﬂqﬁgﬂ BB Com 1 Lo 20
: carbon atonB and R2 mhen adj acent to each ot her
et her forn1a 5 to 6 nmenbered alicyclic or aromatic
ﬁgﬂ %mn@nnworfbnem gnywap oy themsecepingtodedmy,i wikerain g legst one of
aykxh ach having froml to 20 carbon atons. 8.
The conpoun according to any one of the preceding
clainms, wherein at |least one of X and Xis sul fur. 9.

The conpou according to anyone of the precedin '
H}er?@mnmf? aGeArdnHfepny oge 8t Hﬁerpa%cﬁéwa@}ﬂlmy ‘gleqreegiewd X' are

B0 Y NS, Sy RO
Ofmnnll@ﬁcmtbenetam@( and X are oxygen. 11. The conpound

according to any one of the preceding clains, wherein
R3 is hydrogen. 12. The conpound accordi ng to any one

1@%&%@6@5&@ ORirk 18] WRereitheh&] X & okpeddydrogen and
is selected fromthe group consistihg of alkyl from

1 to 20 carbon atons, -OR

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

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

13. The compound according to Claim 14, wherein Ry is -NRR' where R and R’ are alkyl
from 1 to 6.

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

viscosity and a compound according to formula I:
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-SR and -NRR, where R and R are independently
hydrogen or alkyl from1l to 6 <carbon atons. 13. The
compound according to Claim14, wherein R2 is -NRR
where R and R are alkyl from1l to 6. 14. A
| ubri cat iﬁlg conposition conprising a nmajor anount of
an oil of Kubricati Eg vi scosity and a conpound

\l\ ’ »

RI

according t X (CHR3)n "T R2
Fornmul a | are éQCh i ndependent | y
sel ected fijom the|groyp consi|sti nd @rﬂR:gxdr ogen, al kyl
from1l to natrrs, -Séan -NRR , where R
and Ware endent | y hydr ogen%r alkyl from1 to 6
carbon afans, or R and R2 when adj acerformuladach
“g,‘treheer together forma 5 to 6 nenbered alicyclic or

“Biat i c ring which may be optionally substituted
W t R; bndR, &e%&yhd%eﬁa&ﬁly%%teh%ﬂnﬂﬂlef%%&iﬁ donbi8ting¥ hydrogen,
carbon atons; each R3 is hydrogen or alkyl from1l to 6

c attkdriraar drie 20 xerho atrmsr ©K.n8Bpod dNRR, ywheet Bend &' éreom

- - ul f N wherein R4 gnd are

- eend T e st o Do R o o, 05 RE Ry P

at eljientoleBc dter tog@Ndrdomt Batto 8tmdritRséd AR cled orardhatic ring

is a heteroatom positioned ortho or para to the

brviish sy beorsgeply subsiitutad withieor 2allsy! groupscachpavirgyom 1 to

t hep, is not hydroxyl; and further provided

t hat a\%%%&%rﬁ%’ of X or X is -CHR4- then the other nmay

not edel Ridxrgrogenaordiiy! fismahtd htaberatbmem 1 to 2. 15.

The_l uhrj cating conposition_according to Cajm 14 )

wheXefi] X6 iBdSen AR GFlested farme GHLR + seiv@eh SHIfFE Vg herein

ang, MBeRe inkEpenlibaily MR Al Alky? BEROSIO d QRLGCAGIvA%h th

t(r)mCI ai m 1853 Wher ei n}l%?ﬁl%gstr one of X and X 1s NR5.
proviso that at least one of X or X' is a heteroatom positioned ortho or para to the

bridging nitrogen atom, and when X or X' are nitrogen then R; or R, is not hydroxyl,
and further provided that when one of X or X' is ~-CHR4- then the other may not be
oxygen; and

n is an integer from 1 to 2.

15. The lubricating composition according to Claim 14 wherein at least one of X and X' is

selected from NR;s and oxygen.

16. The lubricating composition according to Claim 15, wherein at least one of X and X'
is NRs. |

17. The lubricating composition according to any one of claims 14 to 16, wherein X is —
CHR4- and X' is NRs.

18. The lubricating composition according to any one of claims 14 to 17, wherein n is 2.

28



17. The lubricating conposition according to any one

of clains 14 to 16, wherein Xis - CHR4- and Xi s NR5.

18. The lubricating conposition according to any one

of clainms 14 to 17, wherein nis 2. 28 19. The

| ubri cating conposition according to any one of clains

19 4Thedulgeating epapesitin acrarding g ars one of daiars Mytarl§gwherein Rs, Ry

20 [ [ conmposition according to any one
ofmg[%%rn%y#hh&g;o ., Wherein Rt and R2 are each

i ndependently selected fromthe group consisting of
hymgen, alkyl from 1 to 20 carbon _atons, or R _and
2pp g ahricang campositoTeassprdngierany gge phepimsoip d Spwherem Ry and
I. .
op e Rty R0 AER R e ek e Iy ieen gl from
halvioriz§) dartem atorhg) o2 B and Bowhat adjscenP to. eath etheutopeibat fomg a 5 to 6

conposi tion agcordi ng.ta any,one of cl ai 14 to 20,.
oBREhered A EHE P o o ik ey be Sy subshiludiiith 1 or 2

I ' j SORAS #d ' any one of clains
1%%%%#%%& el gfglxﬁdégg ta%ggélgb?%%%%éndent ly selected

from oxygen, sulfur or NR5, wherein R5 is hydrogen or

Ikyl. froml| to 6.carbon atons. 23. e |lubricati .

2 ofiigurt RBhe stBarir e i O 55k offimad ¥ih 9PrBein at Least
Whekeif X asdaxrds suffar € oxygen. 24. The lubricating
conmposition according to any one of clains 14 to 23,

wherein R3 is hydrogen. 25. The lubricating
28 PR GRR: BSERIHAhB ARG oL oEUBHTE 4k o Oyfdein X and

wherern ydrogen an S se fro

grxyupe mdasandéntioelbted oyt okygen) shilfue oZBRearikeein Ratioh®drogen or
-OR, -SR and -NRR , where R and R are independently

hyidesd dem bio Grahen atPmgm 1 to 6 carbon atoms. 26. The

| ubricating conposition according to any one of clains

14 to 25, wherein R2 is - NRR where Rand R are
23| Hyllubricating cémopdsitiddOaccording to any one of claims 14 to 22, wherein X and

X' are oxygen.

* 24, The lubricating composition according to any one of claims 14 to 23, wherein Rj is

hydrogen.

25. The lubricating composition according to any one of claims 14 to 24, 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,

26. The lubricating composition according to any one of claims 14 to 25, wherein Ry is —

NRR' where R and R' are alkyl from 1 to 6.
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