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Di benzo[ b] per hydr ohet erocycli c am nes conmpounds have
denonstrated utility in mtigating oxidation in
functional fluids. Accordingly, the present invention
is directed to substituted and unsubstituted

~ di benzo[ b] per hydr ohet er ocycl i ¢ am nes conpounds and
| ubricating conpositions containing such. BACKGROUND
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No. 5,310,491 discloses the reaction product of an alkyi substituted 1,2- -
dihydroquinoline with a diarylamine. Tetrahydroquinones and substituted
tetrahydroquinones have also have also been disclosed as antioxidants, see for
example U.S. Pat. Nos. 2,794,020; 3,362,929; 4,692,258 and 4,965,006. Likewise
decahydroquinolines and substituted decahydroquinolines have been employed as

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



anti oxi dants, antiozoants, heat stabilizers and
ultraviolet light stabilizers and such conpounds are
. oil soluble, thus particularly suited for use as an
antioxidant in a lubricating oil conposition.
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from ur or NR6 wherein R5 and R6
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acéomiings tb femhét Br oat ons, they can be sel ected from
group Z (NNN, NNO NS, 0,0; 0,S and. S, 9).
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‘group Z and Y rray be a sj.ngl e Hweter pat om sel ect ed
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wherein .
R and R, are each 1ndependenﬂy selected from hydrogen and alkyl from 110 20

carbon atoms: X and X’ are independently selecied from ~CHR;-, oxygen, sulfur
or NRy4, wherein R3 and Ry 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 ring nitrogen; and

Yand Y are 1ndependcntly selected from -CHR;s-, oxygen, sulfur or NRg
wherein R; and Rg are mdependenﬂy hydrogen or alkyl from 1 to 6 carbon atorns;

with the proviso that at least one of Y or Y’ is a heteroatorm positioned ortho or

para to the bridging ring nitrogen; and
m and n are independently integers from 1 fo 2

[0007] Each benzo[b}p erhydroheterocyclic ring can contain one or two

hetercatoms, thus the compound can contain two, three or four heteroatoms. Thus for

example if X and Y are the heteroatoms, they can be selected from group Z (N,N;
N,O:; N.,S; 0,0; O,S and S,S). Alternatively, X and X’ may be the heteroatoms of

group Z and Y may be a single heteroatom selected from N, O, or S; or X, X’ and
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Y,Y may each be independently selected fromgroup Z.
Particularly preferred heteroatons are nitrogen and
-oxygen, and m xtures thereof [0008] Therefore in one
enbodi ment, at |east one of X and X is oxygen or
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y
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NR; wherein R and R4 are mdependenﬂy hydrogen or alkyl from 1to6 carbon

atoms. Particularly preferred compounds are defined when both m and n are two. -

Moreover preferably in this embodiment, Y and Y’ are independently selected from —CHR -

and NRg wherein Rs and Rg are independently hydrogen or alicyl from 1 to 6 carbon

" atoms, with unsubstituted compounds being parncul_arly preferred.

[0011]  Other pre
thus particularly preferred compounds of Formula I are selected from

ferred compoimds of the present disclosure are defined in part by

the examples, t
unsubstituted and alkyl substituted with from one to six carbon atoms with the group

6-amine; N-(1,2,3,4- tetrahydroqmnohn— -yl}-

consisting of: N-quinolin-8-ylquinolin-
-benzofuran-5-yl)-2,3-dihydro-

1,2,3,4-tetrahydro quinolin-G-amine; N-(2,3-dihydro-1

1-benzofuran-5-amine; N-1,3-b enzodioxol-5-yl-1 ,3-benzodioxol-5-amine.

-{o01 18l a'second aspect, there is provided a lubricating oil composition comprising a major amount of

an oil of lubricating viscosity and a minor amount of the compound according to formula I:
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L RHCY | (/ CHRg |

Y / X F ormula 1

wherein



and NR6 wherein R5 and R6 are independently hydrogen

or allcyl from1l to 6 carbon atons, wth

unsubsti tuted conpounds being particularly preferred.
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contains a m nor anount of the compound of the

present disclosure. Mire particularly, the
_conposition contains an antioxi dant effective anount

of the conmpound of the present disclosure. The

| ubricating conposition can conprise further _

additives for their intended use, such as detergents,

di spersants, additional antioxidants, antiwear
~agents, friction nodifiers, etc. In yet another
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ARIHC ) \ al wherein R1 and R2 are each
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wherein R; and R; are each independently selected from hydrogen and alkyl from 1 to
20 carbon atoms; X and X’ are independently selected from ~-CHR;-, oxygen, sulfur or
NR,, wherein R; and R4 are independently hydrogen or alkyl from 1 to 6 carbon
atoms, with the proviso that at least one of X or X’ is a hetercatom positioned ortho or
para to the bridging ring nitrogen; and Y and Y~ are independently selected from -
CHRs-, oxygen, sulfur or NRs wherein Rs and Rg are independently hydrogen or alkyl -

from 1 to 6 carbon atoms; with the proviso that at least one of Y or Y’ 1s a heteroatom



[ 00211 Particularly robust properties have been

denonstrated for oxygen and nitrogen heterocycles.

Thus particularly preferred conpounds of forrmula Tare
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» ¥ ' F ROBx @ BRm Xnd nsors phieictledy £ am Y
sek@%ﬁﬁé_%5§§§%é%?ﬂ§8?§gr or %%%H mhereinng and each R%.
are aclectbd telpsh dentainynifrggrmotjers 6F oty ortaig ARy SEHtgms. In this

carpon 0 Lt h the [ -
asply PBgﬁfj?ﬁﬁcﬁeﬁgmr%m%{e% ggh a otr?aa{v&l étﬁ%%i%ﬂiasl}ﬁl g may
havaldi@&haduBititder? @shipspor Xrhll & ae bptraygart he bri dgi ng

ring nitrogen; and Y and.Y e i nde dent |
(0038 eBY eeRT T emR. FIERTEH ¥ S TR HHO RRE R gpigms the
R d | endent Lyq Rydreosn BhKiitrob &0 Rfoh are
0&?%¥%g%%ﬁ éﬁgéﬁg%ggﬁgﬁth the proviso tﬁ%@galgleagt one
dep@fiedbedsw Y Asiis evidbet efiogtompbpinaiatiedroceiempltedar a
to the bridging ring nitrogen; and mand n are
i ndependently integers froml to 2. [0023] Inproved
oil solubility and resaomance™stabilizati on nmay be
acconpl i shed Qy al kylL-Qubstit Qn on_the
heterocycligﬁ;|'e. iti
I ncr easi IApor t
g%@b'n

heteroaﬁ

conpouhd.|l Thus jjn one/aspe at
| east one het ' ng I ' osti tuted.
Preferred substituentS are at or R2, or when

present 12. 3 etthdo#ho Thus in one aspect, R3 and R4
are hydrogen. [0024]1n one aspect, perfmuance has
denonstrated i nproved results when the heteroatomis

nitrogen, which in regard _hs I mpr ovenent
over oxygen/of Wy pot h ape ) tQ be better
than sykfi'y Thus elr asy ireg Jo the
conpodfhds Foi wher Y and’ Y “dte

i ndependent |y -CHgal k) -,

df.rnony - 2o,
oxygen, -NH, or N(al k) where éfi is alkyl from one
to six carbon atons. Mre fpreferred is wherein X, Y
and Y' are indepen?gﬁhhﬁlselected from- CH2-, oxygen
or -NH group. In the above particularly preferred
conmpounds are m- n and noreover when m= 2. In this
aspect particularly preferred conpounds are defined
when R and R2 are hydrogers



[0025] A subset of conmpounds contain at |east two
nitrogen heteroatons is characterized by Fornula Ha:
wherein R1 and R2 are each i ndependently sel ected
from hydrogen and alkyl from1 to 20 carbon atons; X
is selected from-CHR3-, oxygen, sulfur or NR4, '
wherein R3 and each R4 are independently hydrogen or
alkyl from1l to 6 carbon atons, with the proviso that
[ooa}]t L@;ﬁ(llsfbpmﬂgz {({tﬁisﬁpﬁg@b@m havet een dbmgnmfadﬁgdowg@ﬂ gond.
‘ is attached at osition ortho or.par
nitrpgrn héﬂwr@quhfg- rlibag pﬁﬂ@ﬂ@é@fﬁ’? ¢ 8’?{%‘10 ‘%@mﬂoé‘ngse?éf@?%&%fﬁag?n
- 7 wheyre :
e T e A e D T romat to g
carlS@f homspl Ghsiefost tartidvéarfy ovted fusehaing Aendofiaperbgiwheterocylic

"~ heteroatom.in the rjin fin l.ong. W Y 2l
A e R R e
ben%bfﬁgarp'ii-‘&ﬁ%ﬁo-@é&oﬁﬁi@aﬁbl@,f@diﬂﬁ&@embﬁﬂkdtqle,i Mi-dieris-
from1 to 2° [0026] Another aspect of the.j nven ion
benzsthzhateabeer i lZHdx¥ o&w&m@&ﬂd@%@%ﬂsa"qli g ﬁ{aﬁaﬁﬂc
subgtitg’llied and unsubstituted heterocyclic rings consisting of the group: 1,2.3,4-
tetrahydroguinoline; 1,2,3,4-tetrahydroginoxaline; 3 ,4-dihydro-2H-
" benzo[ 1,4]thiazine; 3,4-dihydro-2H-benzo[1,4Joxazine; 2,3-dihydro-
benzo[ 1,4]oxathiine; 2,3-dihydro-benzc_>[1,4]dioxine and chroman. Particularly
preferred perhydroheterocylic moieties are selected so that X’ and Y~ are ~-CH- or -
C(alkyl from 1 to 6 carbon atoms) and thus the substituted and unsubstituted
perhydroheterocylic moieties selected from the group consisting of 2,3,-
dihydrobenzofuran, benzo[1,3}dioxole and 1?2,3,4-tctrahydroquinoﬁne.

[0022] One aspect of the invention is characterized by compounds of Formula 1I

H Ff’*
/Y \\/N\ N\
RHC) | " { CHRy) N

N V4

Formula II

wherein
R, and R, are each independently selected {rom hydrogen and alkyl from 1 to 20

carbon atoms; X is selected from -CHRs-, oxygen, sulfur or NRy, wherein R; and
each Ry are independently hydrogen or alkyt from 1 to 6 carbon atoms, with the
proviso that at Jeast one heteroatom in the ring defined along with X is attached ata
position ortho or para to the bridging ring nitrogen; and Y and Y” are independently
selected from -CHRs-, oxygen, sulfur or NRg wherein Rs and Rg are independently
hydrogen or alkyl from 1 to 6 carbon atoms; with the proviso that at least one of Y or

Y? is 2 heteroatom positioned ortho or para to the bridging ring nitrogen; and m and

are independently integers from 1 to 2.



wherein R1 and R2 are each i ndependently sel ected

from hydrogen and al kyl from1l to 20 carbon atons; X

is selected from-CHR3-, oxygen, sulfur or NR4,

wherein R3 and R4 are independently hydrogen or al kyl

from1l to 6 carbon atons, with the proviso that at

Lea t iy d sbigetion ehyalcargomplished b
00 B A e or para o the o
alkybgitdgiutign ohnige éteroogeiv; rizg oA Kyhsipstyitugita have an increasing

.. independently selected from- .CHIR5 f:
A e S S T e e
aspeg{ﬁ aPlckdlont ho@okykRe @n%@ff Hr abanbied it fertel @ulpstiondnsoare at

that at [east one of or Y is a heteropatom

R; opBsi drivoreadrercthBs or Rpalus i ornhesPBit giigls tdrydrogen.
nitrogen; and mand n a ' 1 '
0023] o 3554 5 Prigriel 1 JHSREREE Rppby R Rrd 2
hetefthaftPh [d ABbESN WiBdh Pesoatcepitihahswbvyingirkydment over oxygen of
~Substitution on the heterocycli¢ ring, AIK%J. ected fo the
whichy bethiar¢ thesahtgo pabhsttantham s31EH s iﬁ?ﬁs ?P_g%“rftaﬁﬂ & 154f1pggted o
compd Ei%g Qb lIE 118%%%%1 gﬁ,liﬁﬁﬁ@@@aﬁeqweﬁeﬁdém@ CRORAURS -

one aspect, at least one heterocyclic ring is
CH,al-Kyl(aigppstygen] @8-, Br &i(elk) vlesulisisiallos fitosn apetogix Rrbon
or R2, or_ when present, of ,R4. .Thus in..one )
atoms Mok PRSP GRRYTRa0K - 3 B%] fis e geicBRR b
p 168 TIPS tah &Y Eshrti SMA foresiWohponhéare m =
CEbf%%§%%ﬂ§?§§%2%§F€ g?trggen,ﬂgﬁicﬁgrﬁgsone rgg%rd has
n and haseovenpihen enerdt Tovkis aspegypartioflaginpreferrashicgingigds are
t hought_to better than sul fur. Thus anot her aspect
‘hﬁqqgW@W%ﬁl%Hﬁiﬁm?hggggﬁﬁounds of Fornula Il wherein
1. AY ' coffuhfsenndentday tseh@edged HeteppatomOiL2- |
m“2§£HféF%§9“%§§y5§h, -NH, or N(al k) where alk is alkyl

charfiqtermediiy Eagmsixilear bon at oms. More preferred is
wherein X, Y and Y' are jndependentl|lyrgel ected from

- CH2-, oxy gridup. Lo the adove
particul ari o P conpou aLe~fen and
nor eover suchji nt ¢f nedi atjes ar

R

Lis aspect

commanci'a In t
preferred cy e e def itned w fand R2 are
hydrogen. [0029] The& conpounds™f Formila | are

&ﬁ{ticularly useful when enployed in a lubricating
whe g o )
conposition conprising the conpound of Formula | with
R; a@hRebte mafh indepemdenilygeleited sin hydrogapogd]aligh drom 1 to 20
| ubri cant, .conposi,t.i ons this._in LPRR!
Carb%ﬁfemsa 'dﬁtsggcftegg@gl _E)(FII%(%)T 01%%?1 S\élgfial} hg Vi Qgicl)ésﬁgtﬁy% and
eachB8S8e AdepBRicHA UybRIgeh Br hikyHgbinned taariporbasms sk e kicor
bl'end of "base stocks which is a_lubricant cgnponent
provisbahatias lqastoshedreterbgton i theyrias defnmadeng ith ¢o 1§ Hérchghy 2

.speci fications (independent.of fe [ _ .
posi AR DU 1S B TRBRy e e baD o e B8 from -CHRs-
oxy%ﬁ,né’mﬁﬁ; bR vhetBia QR f dndiatd 08 indapehdehiag hydrogetent dlityldobm 1
- y a uni que foinula, product jde tlflcatLon?nunbg%, d
to 6 earbiroalemsBri the BEREsOFR 3 deathoRT IEFA Ry LTy RUctine
. varjety. of,_different: el HEbAGRM HnB R trogen; and
aton e Ys oL b R BB RE R P G R ol css
© m anlO4e Sisdependeatll goeeds fat dro 2est eri fication, and

rerefining. Rerefined stock shaLI.bg substant'gkﬁ% ala
(0026} e d\riotismamack Pl BednT OB AU ERIALHIET R CHERGPAC U R
T contani nation, or previous use. The base oil of this
invention may be any natural or synthetic |ubricating

base oil fraction particularly those having a

ki nematic viscosity at 100 degrees Centigrade (C) and

about 5 centistokes (cSt) to about 20 cSt, preferably

about 7 cSt to about 16 cSt, nore preferably about 9

cSt to about 15 cSt. Hydrogarbon synthetic oils may

i nclude, for exanple, oils prepared fromthe

pol yneri zation of ethylene, i.e., polyal phaolefin or



TABLE 1 Saturates, Sulfur and Viscosity |ndex of
Goup 1,11 and IIl1 Base Stocks Goup Saturates (As
~determ ned by ASTM D 2007) Sul fur (As determnm ned by
ASTM D 2270) Viscosity Index (As determ ned by ASTM D
4294, ASTM D 4297 or ASTM D 3120) Less than 90 A
saturates and/ or G eater tw]an to 0.03 % sul fur

\% ~. O
(\CHRQ)
/ n

X Formula I

wherein ,
R, and R; are each independently selected from hydrogen and alkyl from 1 to 20
carbon atoms; X’ is selected from -CHRs-, oxygen, sulfur or NRy, wherein Rz.and Rq .
are independently hydro gen or alkyl from 1 to 6 carbon atoms, with the proviso that at
least one heteroatom in the ring defined along with X’ is attached at a position ortho
or para to the bridging ring nitrogen; and Y and Y are independently selected from -
CHR -, oxygen, sulfur or NRgs wherein Rs and R, are independently hydrogen or alkyl
from 1 to 6 carbon atoms; with the proviso that at least one of Y or Y’ is a heteroatom
positioned ortho or para to the bridging ring nitrogen; and m and # are independently
integers from 1 to 2.
[0027] Improved oil solubility and resonance stabilization may be accomplished by
alkyl substitution on the heterocyclic ring. Alkyl substitituents have an increasing
importance with regard to the degree of heteroatoms in the compound. Thus in one
aspect, at least one heterocyclic ring is alkyl substituted. Preferred substituents are at
Rl' or Ry, or when present R; or Rs. Thus in one aspect, Rs and R4 are hydrogen.
[0028]  In one aspect, performance has demonstrated improved results when the
heteroatom is nitrogen, which in some regard has shown improvement over oxygen of
which, both are thought tol be better than sulfur. Thus another aspect is directed to the
compounds of Formula [II wherein X’, Y and Y’ are-independently selected from —
CHy-~, -CH(alk)-, oxygen, -NH-, or N(alk) where alk is alkyl from one to six carbon
atoms. More preferred is wherein X, Y and Y~ are independently selected from — '
CH;-, oxygen or -NH- group. In the above particularly preferred compounds are m=n
and moreover when m=1, such intermediates are readﬂy commercially available. In
this aspect particﬁlarly preferred compounds are defined when R; and R are )
hydrogen. | |
[0029] The compounds of Formula 1 are particularly useful when employed in a

Jubricating composition comprising the conipound of Formula I with an oil of

hibricating viscosity.



Greater than or equal to 80 and | ess than 120 |
Greater than or equal to 90 % saturates and | ess than
or equal to 0.03 % sulfur Geater than or equal to 80
and less than 120 Il Geater than or equal to 90 %
saturates and | ess than or equal to 0.03% sul fur

[Oﬁﬁ eatR! jubRadht @6 mpasiabnd & thRGnvdr@ioR 2jcliatamajor amount of base
Jbr|cating oi I s may include aninal_ qils,

. . . v%getab*e d
oil afilisriqaging viscosiye Ssd Qi assused Asicst SRR PAF 46K Py blen

petrol eum.qils, m.neral oj ] [ rom
of bR i pGodet Capfoiedy BT Rl EaTEl RS
matiysnQea RN sehd spoaifitatiahotsitpstdanubeiichyarecar bon

oil's such as polynerized and inter-polyneri. %g . aind that i
marolteimes lshioy| Bahzeneshe HONBREH)TGor 5 RS Geabign: and that i
. J nyl: ethers | kyl iy f h,08%h. [BSe Wekks
1dergg‘1%5ﬁ> i“r ureief{%ﬂﬂ\%’e@fﬁgﬁgF%rg{f%?%ﬂémﬁ%%b? ogues o
mayt hemneaffactard dshe d vdtety Sydiffesti procedses ipaluidnyg toit pst limited

o e ok LS 2L, BOL IS L 10 IR S

and tEEALAE! RAYHQX ¥ocRsRMPBe BdsRnBERNfB®Hbinl Bskefiys introduced
esterification, etherification, etc. Another sujtable

‘throablasnofacsying hetitaninatet, capraviousivse. Thnpasedolthig mvention

masgecgHoRLa s ap S oo LG Syl EYefl tose having
a kiﬁé?ﬁz%}}édﬁséogf?ﬁﬁt TR of 8 ebigiade @ Pariaboaes bentistdkes (cSt) to
acl ds and pol yols and polyol ethers. Tri-

) I k
aboyA9sqHatrefemblerbait 754 trpbons 16 5ok 8108% BRFS ??Iwyégow cSt to

t - _ t | . P _ .
ol 15 M TR AR et Yagfesibaiaice
fromtHel hasen oF byl cite. amydiphaptdfinainHAQ, gdtopar yl -,

pol yal kox or polyaryl oxy-sil oxan

", po [ oils and
hydsickibonsentbedis)rosetpes %Sén%ﬁ%{?%flma%gﬁ aniﬁfé@gg%} gases such as

i nLhet i ) BRLLEGAk . ifaf bfises little, if any,
B SR PRSI Bl S ey U s iy
heaBNESQNAY blg-, tiahy af miynipbacildssctipoloy miseesety 20 cSt or higher at

t et rahydr of urans, pol yal phaol efins, ‘and the |ike.
100degr3sy CThe base oil may be derived from unrefined,

0 Bt "B v el v ot & pat ural.
lubriating eiloor mixtures thereof. Suitable base oil includes base stocks obtained by
isomerization of synthetic wax and slack wax, as well as hydrocrackate base stocks
produced by hydrocracking (rather than solvent extracting) the aromatic and polar
components of the crude. Suitable base oils include those in all API categories L, 11,
L, IV and V as defined in API Publication 1509, 14ih Edition, Addendum I,
December 1998. Saturates levels and viscosity indices for Group I, II and I1I base oils
are listed in Table 1. Group IV base oils are polyalphaolefins (PAO). Group V base
oils include all other base oils not included in Group L, II, 1IL, or IV. Although Group

IL 1T and IV base oils are preferred for use in this invention, these i)referred base oils

may be prepared by combining one or more of Group 1, I1, IIT, IV and V base stocks

or base oils.
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synthetic source (e.g., coal, shale, or tar sand

bi tunmen) w thout further purification or treatnent.
Exanpl es of unrefined oils include a shale oi
obtained directly froma retorting operation, a
petroleumoil obtained directly fromdistillation, or
an ester oil obtained dFAEIB Y from an esterification

Furthierts SaPr Vet MR ReF o T8 1 PAR S opls

ednhies except that refi nedvaicbsithaMex been

&I
treat ec r m HdeAt | DA SE&BEIhed bpr ove
one or AEEQ%?%%%PWQS%U]%%I e )&{gﬁq@augqngg}l\/[p

t echni cigg b pcl 'zf'é"l‘ﬂ/[lﬁkhﬂﬂ mglg’pgtrggﬁvpg 3120)

h\/r{r ot

vu./\l H ; VCIIL I or

Ihase exireé%‘(hﬁ{%ﬁ } age%sagﬁf and )fi}gea‘firt &dor&%t °
whi ch clr(érektﬁb%nﬂ%otoﬁc@éu Willed i E £H

Rerefined oils are obtained hy treating used oils—in
Tipr ocesq darestenithaor equal ko8& %used t p Copaten that Pieequat oned
oi | s. Theseateese!f lesataodt squalte al $80kndlass ym 120

recl ai meh¥y, sufprocessed oils and|{often are

addi ti cnal |y processed by techni qlies for renoval of :
TEPEt ALV 3 eﬁlko%%kdom Biro8ahan of &fkdbio 120

ase oill ei,“les\/a?h Ieﬁgt% %0l spneri zation of wax
may al S c% eraone or|in conbination with

the afar e(&glﬁ?ﬁ ural and/or synthetic base oil. Such
L WaX iQ(rn:rm‘p ol l..is nrndllr\nrl hu he

oo T

hydr oi someri zation of natural or synt hetl C waxes or
AR AhBUTBIIL ARLE@RIc Gk al YSt .
[003% g%tﬁfd st%égfée)l}/sﬁ{égﬁo use a mmaj or gmnunt of base
(e.g Otdpew&dtolile dambr bilatbdraoil), pétralbin oilaveimeradails, Angajler
anount of base oil as defined herein conprises 40 wt.
derivgdoromspel otBhditer red anounts of base oil conprise
[003%? L%mfl%u%l W naQQéJBycﬁZcé%on Saofndatald-aastigee of
F 'V base oil or preferably greater
hydxbbabombﬂmud’m(}lsmlyr%rt?@dab@ intergolwnerizgdaflelis, pliibenzsnes,

Go d.lV bas
polvgis St 9pbe R 81 dpBy RIS B SEAR heir
den@tﬁr‘é? alnhl’otg{léé arbmolo ARS Ercdédf, arldihe tikeSynthetis lutsidting oils
herein is referring to w. %of the | ubr| atl?‘%s

alsodhdludemdleglenootide pPlyeesh @@P@pb@e}‘s ACRIVBCHY

of thij ny.
ther%ﬁqbv%gggnglﬁ tepﬂg]tai ﬁ%dﬁg ﬁgé g@%’b%@'ﬂ%dlﬁ?}l ﬁg egtgig%{htﬂgg,
etheWlicatiorO btct RBothePElitBle dighs @f lsynthfﬂﬁaﬁlﬂn&hﬁg aile um’tmnsfes the
di benzo[ bl per hydr ohet er ocycli c am nds e
estexsr@simquﬁé aeide Wit Yoty eiasehels %@te’éﬂ l}seg‘i %ﬁn(‘ir? ;
alsolnﬂl LaPGoldinda %rcwl&nnee%%ﬁ%cta&d% hgd E@E}@lscﬁnld pefyol

Icatli ng Vi scosl e I n an
ethemnélkﬁrlﬂmﬁtmmstﬁ e@ﬂ: stich asahwte @tfsmphﬁf:@ bﬁ Eﬂl-yl"‘tfl?tﬂm
about t o, about r ef er abI rom
_PhO%’é‘ét‘PtaI’é tg- 1%‘!51"&%’1213]?05?}1@6\%{6 6% %tng(?gﬂp 8 PBY% 11eSr abl y
1-%polPase Opdalkbrey-f @t aI
e e SN I R eSSty ["6"‘3’3 ol 1
pozymnbwmg;aad dils amesxbmt@g @wp@patﬁ@m&ﬁa@mxs@%l Symhetlc

Tubregihe A e SR iR LN bR Xiuﬁ@”gh@}ﬂ%gteg%‘oft%osphom-
contﬁfn%?geé&ds ?Bm{&icqebrahmﬁﬁﬁraﬁ&qjmaﬂiﬁla@feﬁad(ﬂnﬂlth{eehkaar e

_ provid o'illustrate the present |nvent|qfn '&gﬁ
[ooaa}ey’rm@saoﬂ ma}tleer@rwetiérom warefipgd, refgsdorerqtined A8R Es s

spersa

i ERRERAT Se il as® Yol R eaR rah ROl source o
such as et hyl ene carbonate, pol ysuccini m des, and
al kenyl succinimdes nodified with boric acid,
al kenyl succinic ester. [0041] (B) Oxidation
i nhibitors: [0042] 1) Phenbl type phenolic oxidation
i nhi bitors:
4,41- met hyl enebi s(2, 6-di -tertbutyl phenol),

(

(.._}

)




[0043] 2) Di phenyl am ne type oxidation inhibitor:

al kyl at ed di phenyl am ne, phenyl -a-napht hyl am ne, and

al kyl at ed a- napht hyl anai ne. [0044] 3) O her types:

nmetal dithiocarbamate (e.g., zinc dithiocarbamate),

and nethylenebls(dlbutyldlthlocarbanate) [0045] (O
syntfRetsd soufddl (Bigt, @08, G, ior tarstndbients)) 'Wﬁﬂ’@@ﬂﬁ]]ﬁh@) purification or

Noni oni ¢ pol yoxyet hyl ene face
treatfmﬂnycﬁaaemkgwﬂérq wsR PHls B 53183338’; @ﬁ“@ﬁ. gﬂ%%r

L
e T At o

obta@:&ﬁyizresﬁﬁ aoyd amtdhmﬁcapmh PoRgsst WIh@lﬁ avhadbeppy thepde used

w1th§g{ Met I eﬂrg Régill%d %1 ar%%g glt%tu%reﬁngd oils except that
refiQl MR HAYE 608 EHavaah of® Bf)ﬂlloﬁs’iibtﬁiﬁ({aﬁ% gikp2lp iftpheve one or
compounds: stearic acid and ot her fatte/ aci ds

mord prmettrm ﬁulmbmwﬁicaﬁen Echmgugssnclpds disiliadon, Biffrpracking,

hyd@%e%’(br;% ! g}'&gg & © vetmg Emﬂ?ﬁé{ a‘%‘#g %(%&% oﬁ 1? Ffﬁfrﬁﬁ@ﬂ and
percB @SR AT d)fowmh afe m{o@@AtS]thc(sa)skmem thiefairte Rsreﬁad@l Dt1$ R

product of a henol and et, i d
bSO ReE Hg DERED I R PROSE TR FIIRE GRS ey i APFiR e refined
oils. %&{g@é I‘e@@t?:\e)ﬁ%tiﬁ ? 1s¢ R ad Eblaktéd 8MRpILER8dI6Rs AFRITI
sulfurized oils, diphenyl sulfide,
are dﬂﬂﬁtmﬂaﬂy praziebsed byttednajues forhemoval af epenh agditi e aélﬁé)ll

benzyl 1 odide, fluoroalkyl polysiloxane, and | ead
breakegip REIMEE: 100501 (F) Friction nodifiers: fatty

0038 C ARk oilf BHV¥d A6hithe AUBRonRAr AR REdEhay alss bet
[ :ﬁﬁters © 0051 (G ¥ ?&Buﬁctlonal addltlgés e

eithauilérieirae domhyxahom yvm@ehmﬁomswﬁ. ngEBRGEr syntBefis base S

0X bdenu
Suc]a);ggé %‘be&% UFe(ﬂgp&lg lﬂ‘} oxym) % n%f nl}atl etcﬁ S atthgtlc
Waxgml)%%lxt&@b E}@réﬁf |o)¢'91déﬁl|i1jzﬂg’g@mh@)tm&;nmgun d, an d
ul fur-containing no enum cQ 00521.. .
[003(/&0 Wisqgefireg t nmmﬂ)%ﬁ PERBRIOT bggq &xhﬂ’tf ‘ﬁnﬁlﬁm | ‘?Béﬂms
inv ﬁ 1?,{ gfgma or S EBEERE B ﬁ@ﬁmﬁﬂﬁ@&ﬁ%ﬁ@nses 40 wt. % or more.

Soprene copol yners, dr at ed
Prefstryd gmneunts Oﬁbme)lkmbﬂll}imﬂ‘ab&t 4|ﬁomy %sf@bxbpyu Yriwt. Yapfat least

one ph oI HpeEa A PP IRELTRIR T A gPaita e blabout
97 w085 c4ﬂat Gkt & GIBHb Ipj, H‘P%ﬁd I‘@'bl&yé 01[761t ﬁiafbf preRidly about 60
po yners and di methyl silicone
wt. % to about 97 wt. % of at least one of Group I? 118 and IV ‘base oil. (When wt. %
is used herein, it is referring to wt. % of the lubricating oil unless otherwise specified.)
A more preferred embodiment of this invention may comprise an amount of base oil
that comprises about 85 wt. % to about 95 wt. % of the lubricating o1l.
[0038] The amount of dibenzo[b]perhydroheterocyclic amine compounds of the
present invention in the lubricating oil composition will be in a minor amount
compared to the base oil of lubricating viscosity. Generally, it will be in an amount
from about 0.01 to 10 wt %, preferably from about 0.1 to about 2.0 wt %, more
preferably from about 0.3 to about 1.8 wt % and even more preferably from about 0.5
to about 1.5 wt %, based on the total weight of the lubricating oil composition.
[0039] The following additive components are examples of components that can be

favorably employed in combination with the lubricating additive of the present
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[0055] (L) Wear inhibitors: zinc

di al kyl di t hi ophosphate (Zn-DTP, primary al kyl type &

secondary al kyl type). [0056] General Synthetic

Procedures [0057] The the

di benzo[ b] per hydrohet erocyclic am nes of this
inventiverThesa exayplbeo ba(felpmee dreyyrovided foillugitn gheq pwRhinvention,

%t hods and roc [ es It should be appreciated that
but %P@‘i‘%ﬁb?t&% Eferred process conditions (e.g.,

[OOJOI C(:Ag%hﬁ&gﬁ%bé‘its%@Salkér!y[@ﬁxmﬁ@ﬁ@s Jadkdn@Bsibinimides

nts sol vent s pressures etc. ) are given,
momﬁmwatpmdmessga@MmpC@mds seo asledylave caderatan| ess

polyggcr nel Wll & St@ 1%3’?3f1 Lc;nglu 1d<—'§sex%§&ﬁ‘?&' Wik Fa&'&s

réeac s or solvents us)ed

Suc(}i)[ﬂﬁe&léﬁh condi tions can be determ ned by one skill ed
in the art by routine optimzation procedures. [0058]
[004th o SB) Skiidation ipHbHAB: art will al so recogni ze t hat |t

00 B R SHE DLES M SRIER dc

butyphehbB! 4,4 PsQoEdisteesbutyiphanad)) 4msg-mtwl15rtommtylp@noz),

2 2"8‘??@@ o Qsﬂzlglr&é?fgtﬁgtezg:b% %%\p%cgi), 4# Ctl " ae‘)zg@-%%t}fy (o)rperb
buqﬁ;ﬁ?eﬁsgfﬁ 4%%15} ?3'71 e bidS- HPf&%‘-btﬁ&l%H&ﬁ) ) z%iem}qaebmm-

reage carry out the desired chem cal

metﬁ}flﬁqﬁ(ﬁrgﬂpl’&tlbbnﬁ,2'~i§hbltph<mmrbls(l4;ﬁ-@eleﬁfyiﬂ1‘39¢]¢t?e%'t i ng

oG A 208 A g
ten-Bﬁtng ceh Fﬂﬂeﬁﬁl?y dirlﬁlgglgl Bk blu&tl @Qﬂvt\fllt%agéﬁégdgﬁ gngv aIG

dimwhylattﬂmcs-p -cPysol, Sct-liveertet sdzmtkylgmpmew}ﬁmeelo A

iSRS RGBT R R S5
meti1 RERZRbRI- B&éﬁ%@ﬁ@h?g%ﬂﬁd@m&ﬁs (Rf-di-net-putgBent

i'nvention can be prepared by the reduction of
hyéﬁﬁb@ﬂzwpb]hetocyllc amines as illustrated in sequence

00 R B Bk
pherfygaciipbthydagineaesalkigpicd oeghphthyldrhineand (111 )

[0044] 3) Other types: metal dithiocarbamate (c.g., zinc dithiocarbamate), and
methylenebis(dibutyldithiocarbamate). -

[0045] (C) Rust inhibitors (Anti-rust agents):

[0046] 1) Nonionic polyoxyethylene surface active ageﬁts: polyoxyethylene lauryl
ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene
sorbitol mono-oleate, and polyethylene glycol monooleate.

[0047] 2) Other compounds: stearic acid and other fatty acids, dicarboxylic acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhydric alcohol, and phosphoric ester.

[0048] (D) Demulsifiers: addition product of alkylphenol and ethyleneoxide,
polyoxyethylene alky! ether, and polyoxyethylene sorbitane ester.
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YXYX + H2N--(1-- H <--k-/ --IR2)11 , (Ri

l-,,,,,-2K .- -\ -1--, N4R2)n (1) YXYX zNI -12 +

ZN.,. \, (R Y X [0062] wherein 12.1, R2, m n,

X,X, Yand Y are as defined herein and Zis -OH, -

NH2, C, Br or I. [0063] The coupling reactions shown
[004on ((E) Ex@@de ptdsbire apentk (ERugents){ hafuaized bids, digtenyl sulfide,

synt hesi s of di phenyl am nes. These co PI i ng net hods
methyfl erielperosteaBice clhlgripdfed ggpnthalenes begizyl iodide,

di z e ' ] . Particul arl
ﬂ““ﬁ&&??%’?ﬁ@%u%ﬁ?‘?%%ﬁ%@%@ﬁi for the synt%esi s of
[0058]i |(FnBfictiorahbdidiersa fatycdeubol, Hatty oyd, Bound;iborat&bgstar, andd

. Hubert-Habart, I Chem Soc., 1956, 2048-2051 and
othetgs{efd, Suzuki, Hirose, Toda and Ozawa, Chem Conmun.,
[0053903(|GI) 2A9262885a1 Bugiived: duidng otk imbEbhaten devetapatate,

a_pal Fadi um catal yzed coupling of aromatic am nes and
sulfiaizedmiimolyhati¢ies ovgine phpsphamdithioats exsreclybeenght hesi s

of. dib bl.het, i ' al

monRE e Aram e iy eE EhRET e Ay pt R ol
comBoshd, BAEEBRERBnBIdigmolidrdehim a0plkxCofpband, S. B.
rkins, S..D. Browmn and M_DW Day, |Inorg, Chem,

[0052D 0 1H) ¥ascosieBuist gmprovarse Bﬂwﬂ@awﬁatw@a PRETHGY cHilylene-

. P i ;
o R ERE i P g s
copoRuenapoleshngsnt, and dilpesanttgpalvibentp dideh etproyesscl i ¢

amnes to dib b dr ohet e, i : a;
(00575t KBRou At E%ig%ér]ngﬁfm%é@yﬁqngt A he

[0054] (K) Foam Inhibitors: alkyl methacrylate polymers and dimethyl silicone

‘polymers. |
[0055] (L) Wear inhibitors: zinc dialkyldithiophosphate (Zn-DTP, primary alkyl

type & secondary alkyl typé).

[0056] General Synthetic Procedures
[0057] The the dibenzo[b]perhydroheterocyclic amines of this invention may be

prepared by the following general metheds and procedures. It should be appreciated
that where typical or preferred process conditions (e.g., reaction temperatures, times,
mole ratios of reactants, solvents, pressures, efc.) are given; other process conditions -
may also be used unless otherwise stated. Optimum reaction conditions may vary
with the particular reactants or solvents used, but such conditions can be determined
by one skilled in the art by routine optimization procedures.

[0058] Those skilled in the art will also recognize that it may be necessary to block
or protect certain functional groups while conducting the following synthetic
procedures. In such cases, the protecting group will serve to protect the functional
group from undesired reactions or to block its undesired reaction with other functional
groups or with the reagents used to carry out the desired chemical transformations.
The proper choice of a protecting group for a particular functional group will be
readily apparent to one skilled in the art. Various protecting groups and their

introduction and removal are described, for example, in T. W. Greene and P. G. M.
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same 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 ogenation conditions that can be used are those
as described for quinolines in Rylander, Catalytic

Wutkl W RGENaGr&psi iR (IR SoniEy st Besord EAGGH, W2kB 1230 York,
Academ c Press. Hydrogenation of quinolines to

1991, and aefprmoepnitedIthere as wel | as other nethods of
reduction is described in Hudlicky, Reductions in
Organic Chem stry Second Edition, 1996, 72-74,

[ooséqrer'jw fshem cal Soci ety. 6-am noqui nol i ne has been
_ {drogenated to an1notetrahydr @M]nollne wth a
[006¢ atTW?}%PH’éP@BY%‘P%@CY I SRIRRHPENS PEseRABGRHEE forpbe

prepm%lh’cf ol Eddu@ or?gagigb&g)l[ﬁ]_'ﬂ@%c e &ﬁﬁ%@ﬁyﬂﬁgﬁﬁéd‘ﬁ‘ﬂ éeﬂ@éilce (0.

1
dlum oro |ceous chlorl els

\; and Kudo e AN
Rrsgi% 421L qu no++ ;?—
roq nes th SOdI ydr

acidic nedia is descrlbed by Gibble and Heald
Synt hesi's, 1975, 650-652. [ 0065] Alternatlvely, when

{oosﬁwe e dng&gWT%etggaﬁlcrﬁ%ln 3??2 @ﬁ?aféﬁwcﬁ%f@cﬁ’én idahsnces

ion ca repare sing this sequence.
depidfedsn (Ieandg@ilict i on step woul d precede the coupling.
The coupling woul d be done as depicted in (1V) and
XX H/ R|F| T--Z +\ (CHR2) nni (R1HC)\ ,

' ( ThX/, YX'\ H rn O)-E 4
R1ﬁ% i F%ET‘??;E .%mﬂﬁéﬁ}&)n 0

f ol ow ng exanples |ch are not to be considered as
ligtative of its sgope. A further understanding ef
t

B Ak @:;@gﬁew B )
st in the contraty, all tenperatumes and
tenperatures ranges refer to the Centigrade system

100620 gy By ey 1550 o Nyt 3 AR RGN BLidfand 21200, -

NH,} 01, 8igghit percent, and the tern1:no|e" or "nDIes"

(00635, 3 hqueanp s repfoaTeaheNt et bc (B KEowt in tarvior e

synt %gi%lﬁ[@%?ﬁﬂhﬂ&. OfheS ESERTE ML SR G AR pIEGEL kS thel shnthesis

of dibenzo[b]heterocyclic amines. Particularly noteworthy coupling reactions for the

synthesis of anilinoquinolines are described by Buu-Hoi, Royer and Hubert-Habatt, J.

Chem. Soc., 1956, 2048-2051 and Okada, Suzuki, Hirose, Toda and Ozawa, Chem.

Commun., 2001, 2492-2493. Buchwald and Hartwig have developed a palladium

catalyzed coupling of aromatic amines and aromatic halides which is applicable to the

synthesis of dibenzo[bJheterocyclic amines (Wolfe, Wagaw, Marcoux and Buchwald,

Ace. Chem. Res., 1998, 805-818 and references cited fherein and J. C. Peters, S. B.

Harkins, S. D. Broevn and M. DW. Day, Inorg. Chem., 2001, 40, 5083-5091). A

copper catalyzed method has been developed by Patil, Kelkar, Nabi, and Chaudhari,

Chem. Commun., 2003, 2460-2461.

[0064] There are severei methods to reduce the dibenzo[btheterocyclic amines to

dibenzo[b]perhydroheterocyclic amines. The methods that can be employed are the
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exanple in terms of finite noles or finite weight or

vol unme. Were given, proton-magnetic resonance

spectrum (p.mr. or n.mr) were determ ned at 300

nHz, signals are assigned as singlets(s), braod

singlets (bs), doublets (d), double doublets (dd),
satrieras phese Soo thy rechotibih ef quingplirette tfétctth){droqu'mptim profvifed thatdny

%@E | v?f i?:h E%@sfl]tlvﬂo‘é%zd%fedgﬁlso&f i plgo\{gcteecﬁ I—Py%{“o gseggt?o%
conDitiohs thab cdti Beided QY%@%JMSMEB&% ¥lduidelfhed ani]rRylanderl ”

t et rahydr oqui nol i n-8-am ne [0068] A sol ution of

ca;g@anﬁydfogmw audrgshionSpedies el 785 2HaP Y Avadersisdirpsed

Hydsipigh of Rupg e e ag L S i R of

redlfdhloh 198es06BEd i@ FEd IRk g O Ak ibdGn @r@dnig \CheRistly Second Edition,
pl ati nun(1V) oxi de was hydrogenated at 45 pSI for 1.5

199007 ¢4.chmnanaa Chanyalnoseéy; Ocdpipg 'ege‘#aetlas beqnhydrogenated
) r
to 63 bl PR Gurih b b DR, ] AERGR I BrgR of WO
92/(?(1 lﬂeo u‘ge safliction hg/qinmd(ljrrée 1o Elnahﬁquq;ﬁmhmh axsirh sed8im
il.uted with water. and, extr t hr
borUHIHE acuiksies CriEE ShlsHERe Lo P eRensade: LAyl haiet e
Bullv‘@]@?gdﬂ’\”ﬁ@ bid NeThArdas i VS A ILES RUSIIRARERidYines with
at'e ter ed and concent rat ed In vacuo to yield
soditmPorghwdrisledh abidmpmmedia is dascebedigsGrible dod Heald, frrobisist
g—g; CDClS) 56.5- 6.75 (m 6H), 4.8 (bs, 111),
197 - 3.25 (t, 4H), 2.8 (t, 4H), 1.95 (p,
[ooest) Aﬁerﬁaﬁ\k&y witdh X Bxaphfl 2’ §Q06PImiNes theArompounds of this
Preparati on of N-qw nol i n- 8- yl qui nol i n- 6- am ne
invehgoF 03n tRoprgpired b Tevsmsipp thds sdqupneg. rkgh e redugtiop step would
o ,
precggé %%ﬁggglﬁ% nﬁ?ercog.lﬁﬂgg gpg{c}g& (g)élegg ak 1}9@3 u?ﬂ% dnd (V).
6- bronoqui noline (6.0 grans, 29.0 nnDIes)
tr| (d|benzyl|deneagetone)d|palladlun1(0) (0.4 gg@ns

m(thﬁ ;E “131 i*steliBh ﬁ‘fﬁ'&?pm (f'l'ic)-n@ (g fHRad (V)
. Xl dae

grams 0. 60 rnnoles sodi um tert-but
grans, 49.0 nnDIes) and anhydrous tol uene (80 ) The

cont' of the vere refluxed §
m(RE6Y| e \ p-NHa o er(@t-IBE)e ”‘*“‘“&ﬁdmﬂﬂ*@)er d a(CHRa)n (V)
pad Ilica ge e silica gel the ehyit ed
Wi th dlchloronethane (60 nm.) and ethyl acetate (60
nit) The conbi ned organic | ayers were concentrated in
vacuo to yield a yellow solid. The solid was
chromat ogr aphed on silica gel, eluting with a
hexane/ et hyl acetate gradient to afford 4.4 grans of
Eﬁﬂgugﬁgﬁflred product as a yellow solid. 1H NVR (CDC13)
d, 2H), 8.6 (bs, 1H), 8.0- 8.2 (m 3H),
[006&{]_ Z’ﬂ}ean(éﬁltloﬁl'g furfh@Pillliktr b€ By bhe foﬁ’éﬁﬁ%reﬁ s Ofhich are not

4-tetrahydroqui nolin-8-yl)-1, 2,3,
to bg mmmma@qumxmvs 9L @s aeApseA fpnbmdﬂrseadmguqﬁ thegflvaitieg

e B8 ke BB BALAELP LSO s

exprids@l sthdd (s Mk conirsle, Maentpeeitoge aad Rehpatatdh@s mges‘ Rfer 3o the
hours on a Parr |ow pressure hydrogenator,

Centigspdg sy5tempard e terar cambipnto 0f hrogbicBREREsE sreé%m {about 20
C Qa k2]

02 SR LB BRI o RO PR bl ot o

moléls P refed tovztalm maleer Tan ttbrﬁ‘b(‘ferqamalmit hhfmeto a quantlty of reagent

equal in moles, to the moles of the preceding or succeeding reactant recited in that
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times with ethyl acetate. The conbi ned ethyl acetate

| ayers were washed with brine; dried over anhydrous

magnesi um sul fate, filtered and concentrated in vacuo

to yield 1.6 granms of brown solid. The solid was

chromat ogr aphed on silica gel, eluting with
exah@lainaéeisifl finke ehdlbeodfimeh weight @ vahinor. dWbe R givamprabn-

t he desired product as a purple sglid” I]i %%R )
magneHCISPEEye FPE iy (g ‘el‘rﬁ-mefﬁlﬂef%. serigeq 3 >Oypkiz, signals
are %srs e%‘é(ri %f’ Iéiggwgs@); brio8 sfgibtd (B%), Abln1etEX BB 1S ab 83k dd),

tripts((@), dowkilbyriples {dihepanéia(@narkd miltipkt8ml), byd rps kheas iz o
furan-5-amne [0074] To a flask equipped with a
cycloagieteredt i rrer, reflux condensor, and nitrogen
i nl et was added 2, 3-di hydro-1- benzof uran-5-am ne

Exgﬁ1g§ grans, 33.3 mmol es, prepared as in Exanple 23
-S. Pat. No. 20040029932), 5-brono-2, 3-

|, hydr obenzof ( rans,. 32. 9 I ,
oo Xirpaancy vt M eseattnty BRup Bt 840, 61
18R -FRleeS) |

tetr%%ea-%%r%}lgigs%i phenyl phosphi no) - 1, 1' - bi napt hyl (0. 83
granms, 1.33 mmol es), sodiumten-butoxide (6.44 granmns,
666 nmol es) and ank
contents of the fljask Yy
cool ed to room t empeLar :
pad of silica gel. . pad was then el uted
wi th clichl oronet hane (200 niy e conbi ned organic
| ayers were concentrated in vacuo to yield a dark

2 i , . iAo
100l | R4 Rbibn oF R RRE o PSR DAL dSibed in
1. CTheerseS. B tHaRins 0b.i . Bwsmr adN D& .\ Daye drdrg.obkan. n29H, 40,
to afford 1.8 grams of. the.desi.red product..as whi t.e
50833081 iR 1o Rivee P be ap s nigas b7 arBhe ety it
 fordth Rl [ edsale IRF@P@ImtdrOTh
““S%?dﬁﬁﬁgﬁ?%gﬁggﬁ%gﬁﬁqgE?%%???ﬁ%ﬁ?ﬁ?@%?é%ﬁ?@%-gﬁfner )
solufion weik fillered thicaigh dixgernpgeds erthy cenasagfed it vawpr gk |

SR a0 A R v
watéFHRH %&ﬁr%cféd R mhewithetiy hesiadi Theydonleistaneyl(@tette layers
gr ans,

1 9 mmol es), _ .
werg pasliedi Wanbyng; doad are haTIerp BIagRGH R sulfass, fiitsrediand

r ) R T e . ,
confin BB R uBoPIR ST Ak oStuawm ol igh gas the depigd product
'H N @G $606.8mM 4. B8 (mpSHR 4.8 6bs( FHRB. DbeniD), 8257, 4H), 2.8

nol es) and anhydrous toluene (40 nL) The contents of

CL4HheL?565%fﬂekéﬂ%ééﬁ@d to 80C for three days; cool ed
to roomtenperature; and filtered through a pad of
silica gel. The silica gel pad was then eluted with

B djﬁh!oronethane (240 inL) The conbi ned organic | ayers

2. concentrated in vacuo to yield a dark yell ow
oil. The oil was chromatographed on silica gel,

[0069] utSterAvi Rrapara i /G- GHEHHOENYr HBIENt t o
afford 6 grans of yellow solid. The solid was
triturated wth hexane and filtered to afford 3.9
grans of the desired product as a white solid. |1
NMR ( CDC13)

xed {f or three days;
i +tered through a
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6.7 (d, 2H), 6.55 (s, 2H), 6.35 (d, 2H), 5.85 (s,
4H), 5.35 (bs, 1H). Performance Exanples [0077]
Oxi dation studies of the products of selected
Exanpl es were carried out in a bulk oil oxidation
bench test as described by E. S. Yamaguchi et al. in
Tri bol ogy Transactions, Vol . .4 895-901 (1999).
In this test the rate of Of
pressure by a given wei ght j| wag nonitored. The
time required (induction timey” i
upt ake per 25 granms of sanplée€ was neasured at 171C
under 1.0 atnosphe Q @it pressure. The sanpl e
was stirred at 1@00 rgvolufions per mnute. The
results are repoyted, yer, as time for rapid
oxygen upt ake per arts of sanple. The oi

~contained a catal yst added as oil squbIe

_ he [ )

[007§ﬁp|¥0 a H?s é p% g&% adrﬁa%pegﬁgggef 9&1 nHQr[yoP 918@ Sitrogen

lnlet[v%7a&]iedr h&aﬁﬁ:ﬁc&pﬁhdﬁge fae @ﬂrm |2@r® mmola) rﬁeloionmqam@hw{ﬁ 0
2+ base ojl_ 7.0 nmol es/ kg di a

srams, ) SpROh AIOATDR BT CODOH AL Hf B, 048
mmoqe %0 Qinen ;s@a;ﬂﬁﬁy%hﬁgyhﬁﬁy )- 10 AR AR D SPMhE @tho ) mmoles),

su cinim ut'enyl ‘succi ni‘m dé al
sodlmﬁm&ra-lbumxﬁiaﬂmﬁegrgims 4560 Ummles)mlnglbdbydnms taRiege (80 mL) The

nano | f t d t
contgie Gef 9#&%?«2{; BRer Bt s ol BLgot bR 2R
ﬁueﬂea eehte hmoﬁﬁﬁéﬁgel Tﬁabﬂhea be Zﬁarvmrmmate&aﬂm e

Concen |ono F to ral

d1ch10romethane (60 mL) and ethyl acetate {60 mL). The combmed organic layers

were concentrated in vacuo to yield a yellow solid. The solid was chromatographed

on silica gel, eluting with a hexane/ethyl acetate gradient to afford 4.4 grams of the
desired product as a yellow solid. 'H NMR (CDCl3) & 8.8 (d, 2H), 8.6 (bs, 1H), 8.0
8.2 (mm, 3H), 7.2-7.8 (m, 7I). ‘

[0071] Step B - Preparation of N-(1,2,3,4-tetrahydroquinolin-8-yl)-1,2,3,4-

tetrahydroquinelin-6-amine -

=

[UNH
N

H

[0072] A solution of 3.68 grams of N—quﬁlo.lin-s-quuinoﬁn-6-amine- from above in
60 mL of acetic acid containing 0.22 grams of platinum(IV) oxide was hydrogenated

at 40 psi for 2.0 hours on a Parr low-pressure hydrogenator. The solution was filtered
through diatomaceous earth; concentrated in vacuo; and neutralized with 3N aqueous

sodivm hydroxide. The aqueous phase was diluted with water and extracted three

times with ethyl acetate. The combined ethyl acetate layers were washed with brine;
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added Sanpl e upt ake (wei ght percent) (0.5 weight
percent) Base 0 14.1 a Conparative Exanple Al

dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo to yield
1.6 grams of brown solid. The solid was chromatographed on silica gel, eluting with
hexane/ethyl acetate gradient to afford 0.8 grams of the desired product as a purple
solid. 'H NMR (CDCL/D;0) 8 6.4-6.9 (m, 6H), 3.2-3.4 (m, 4H), 2.6-2.9 (m, 4H);
1.8-2.1 (m, 4H).

Example 3

[0073] Preparation of N~(2,3-dihydro-1 ~-benzofuran-5-yl)-2,3-dihydro-1-

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

benzofuran-5-amine

inlet was added 2,3-dihydro-1-benzofuran-5-amine (4.53 grams, 33.3 mmoles,
prepared as in Example 23 of U.S. Pat. No. 20040029932), 5-bromo-2,3-
dihydrobenzofuran (6.63 grams, 32.9 mmoles), tris(dibenzylideneacetone)dipalladium
(0) (0.61 grams, 0.67 mmoles), rac-2,2*-bis(diphenylphosphino)-1,1°-binapthyl (0.83
grams, 1.33 mmoles), sodium tert-butoxide (6.44 grams, 66.6 mmoles) and anhydrous
toluene (60 mL). The contents of the flask were refluxed for three days; cooled to
room temperature; and filtered thi‘ough a pad of silica gel. The silica gel pad was then
¢luted with dichloromethane (200 mL). The combined organic layers were
concentrated in vacuo to yield a dark yellow oil. The solid was chromatographed on
silica gel, eluting with a hexane/ethyl acetate gradient. The resulting solid was

recrystallized from ethanol to afford 1.8 grams of the desired product as a white solid.
1 NMR (CDCIy/D,0) 8 6.55-6.95 (m, 6H), 4.5 (£, 4H), 3.15 (¢, 4H).

Example 4
[0075] Preparation of N-1,3-benzodioxol-5-y1-1,3 -benzodioxol-5-amine
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0.5% 32.5 0 Conparative Exanple Al 1.0% 41.0 1/
Conparative Exanple B2 0.5% 41.9 8 Conparative
Exanple B2 1. 0%

o NH o

<OU \C[o>
[0076] To a flask equipped with a magnetic stirrer, reflux condensor, and nitrogen
inlet was added 3,4-(methylenedioxy) aniline (5.34 grams, 38.9 mmoles), 4-bromo-
1,2-(methylenedioxy) benzene (6.41 grams, 31.9 mmoles),
tris(dibenzylideneacetone)dipalladium (0) (0.71 grams, 0.8 mmoles), 1,1°-
bis(diphenylphosphino)-ferrocene (1.29 grams, 2.3 mmoles), sodium fers-butoxide
(4.20 grams, 43.7 mmoles) and anhydrous toluene (40 mL). The contents of the flask
were heated to 80°C for three 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 yellow oil.
The oil was chromatographed on silica gel, eluting with a hexane/ethyl acetate
gradient to afford 6 grams of yellow solid. The solid was triturated with hexane and

_ﬁl_te‘red to afford 3.9 grams of the desired product as a white sohd. 'H NMR (CDCl3)
8 6.7 (d, 2H), 6.55 (s, 2H), 6.35 (d, 2H), 5.85 (s, 4H), 5.35 (bs, 1H).

Performance Examples

[0077] 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
constant pressure by a given weight of oil was monitored. The time required
(induction time) for rapid oxygen uptake per 25 grams of sample was measured at
171°C under 1.0 atmosphere of oxygen pressure. The sample was stirred at 1000
revolutions per minute. The results are reported, however, as time for rapid oxygen
uptake per 100 grams of sample. The oil contained a catalyst added as oil soluble
naphthenates to provide 26 ppm iron, 45 ppm copper, 512 ppm lead, 2.3 ppm
manganese, and 24 ppm tin.

[0078] The screening formulation contained in a Group 2+ base oil 7.0 mmoles’kg
dialkyl zinc dithiophosphate, 4.0% polyisobutenyl succinimide, 0.5%
dinonyldiphenylamine, 0.25% polyisobutenyl succinimide (this polyisobutenyl

succinimide also contains 5.5 weight percent molybdenum, 48.5 mmoles/kg
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83.5 ¢c Exanple 1 0.5%85.0 Exanple 1 1.0%111.0 91
Exanple 2 0.5% 117.0

overbased calcium sulfonate detergent and 0.3% V.L improver. Oxidation bench test

‘results are presented in Table 1.

Table 1
Performance Sample Concentration of Hr to rapid O,
Example added Sample uptake
' ) (weight percent) (0.5 weight percent)
Base - 0 14.1
o Comparative Example Al 0.5% 32.5
B Comparative Example A’ 1.0% 41.0
¥ Comparative Example B® 0.5% 41.9
o Comparative Example B’ 1.0% 83.5
€ Example 1 0.5% 85.0
¢ Example 1 1.0% 111.0
n Example 2 ' 0.5% 117.0
] Example 3 0.5% 515
i Example 3 1.0% .94.8
K Example 4 0.5% 36.4

Yrganox® L57 (diphenylamine alkylated with 2.4 4-trimethylpentene) available
commercially from Ciba-Geigy '
24-(2-octylamino)diphenylamine available from TCI America

[0079] The excellent oxidation inhibition performance of Performance Examples €

through x which contained formulations top treated to the bascline formulatioh with

compounds of Examples 1 through 4, as compared to Performance Examples czand 8

which were top treated with Comparative Example A, an alkylated diphenylamine, is

shown in the table. The perhydro cyclic amines of this invention in Examples 1 and 2 .
- (performanee examples €, { and 1) perform better than the non cyclic amine of

Comparative Example B. The advantages on oxidation inhibition can be seen when

constraining the heteroatom into a ring.
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0O Exanple 3 0.5%51.5t Exanple 3 1.0% 94.8 K Exanpl e
4 0.5%36.4

WHAT IS CLAIMED IS:

1. A compound according to formula I:

H
/! S X
(R4HC } l { CHR,)
m \ n
Y / Xv/
Formula I

wherein
Ry aﬁd R; are each indépendently selected from hydrogen and alkyl from 1
to 20 carbon atoms; X and X are independently selected from -CHR3-,
oxygen, sulfur or NRy4, wherein R; and R4 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 ring nitrogen; and
Y and Y’ are independently selected from -CHR;-~, oxygen, sulfur or NRe
wherein Rs and R are independently hydrogen or alkyl from 1 to 6 carbon
atoms; with the proviso that at least one of Y or Y is a heteroatom
| positioned ortho or para to the bridging ring nitrogen; and

m and n are independently integers from 1 to 2.

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

oxygen or NR4, where Ry is hydrogen or alkyl from 1 to 6 carbon atoms.

3. The compound according to any one of Claim 1 or 2, wherein each R, is

hydrogen.

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

least one of X and X’ is -CHR3- where Rj is hydrogen or alkyl from 110 6

carbon atoms.

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

hydrogen.
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I 1 rganox(r) L57 (di phenyl am ne al kyl ated wth
2,4,4-trinmethyl pentene) avail able commercially from
Ci ba- Gei gy 24-(2-octyl am no)di phenyl am ne avail abl e
fromTCl Anerica [0079] The excell ent oxidation
i nhi bition performance of Performance Exanples c
t hrough K whi ch contained fornulations top treated to
the baseline formulation with conpounds of Exanples 1
through 4, as conpared to Perfornmance Exanples a and
0O which were top treated with Conparative Exanple A
an g | "P]%é ufld RRSRL A 236 onk 9f BBPWRediRg ERBnd A ein at
The perhydro cyclic anines of this mve_n%lon in
Exanp! lesst tnanidy 2nd Yé if orvgamoeNBxarhsredds is hygiegemgr alkyl from
perforg%bétter than the non cyclic am ne of _
Conpar atd %%IIII%' B. The advant ages on oxi dation
i nhibition can be seen when constraining the
heteroatominto_a ring. WHAT IS CLAIMED 1S, 1. hA' b
conpouhkr wEmered AgorEns by Fhy|oge of the pregrding Flgimsphgigip cac
R2 arepe ' pendent|ly sel ected from hydrogen and
al kyl elfg\lr%%p%ﬂ()?%ﬁzo carbon atons; X and X are
i ndependently sel ected from-CHR3-, oxygen, sulfur or
- NR4, erein R3,and R4 are_ in . I@égg

al kyt V\?‘?eo‘iﬂ“?%d 6 Ca %’ a &%?P%Eg Ee%%#%gpr ovﬁ?%%@{e a
at | eashst 0ACoOY artd OF i9CCHIS;- avhart Ryiohydropqnosgiatkiybfrenh 1 to 6
ortho or para to the bridging ring nitrogen; and Y
and Y cahaa diof@ependent |y sel ected from - CHRs-,
oxygen, sulfur or NR6 wherein Rs and 126 are
i ndependent |y hydrogen or- alkyl from1 to 6 carbon. )
at 05 ; Thei domphed preowdisptot dnatongof the asiceding clgimsy werein Rs 1
is a hli%;eroatom positioned ortho or para to the
bri dgi R§*¥Hg nitrogen; and

10. The compound according to any one of the preceding claims, wherein m =

n.
11. The compound according to Claim 10, wherein m is one.

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

Y are oxygen.

13. The compound according to any one of the preceding claims, wherein X’

and Y’ are independently selected from oxygen and -CHa-.

14. The compound according to any one of the preceding claims, wherein X’

and Y’ are -CHa-.
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in and n are independently integers from1l to 2. 2.
The conmpound according to Claim1l, wherein at | east
one of X and X is oxygen or NRI, where R4 is

hydrogen or alkyl from1l to 6 carbon atons. 3. The
conmpound according to any one of Claim1 or 2,

wherein each R2 is hydrogen. 4. The conpound

according to any one of the preceding clains, wherein
at least one of X and X is -CHR3- where R3 is

hy dri6gEre @mpamkq/hcct)r@m 0 Glaing Lodreom Xangnt . arg indgpgadently

di
o ap et e R anf U A Ry BRI SE B Bthaqny
accor th@lﬁag%ﬂoﬁﬂ}(ybﬂ@ndftoﬂ@&rbpnaﬂmdl ng clains ,

wherein at |east one of Y and Y is oxygen or NRG,
where R6 is hydrogen or alkyl from1l to 6 carbon

at ONg. Tif %u&@amemﬁg@@gmm%%l@ﬁy:@ne of the
pre2§d¥ﬁamgﬁblns mhéreln each is hydrogen. 8. The

conmpound accordlng to any one of the preceding

cl ai wher ei n st - -
wher & FasCBR T 5o gRRSnCbe Cla® dr 18 Surcfdhiris ovo.
atons. 9. The conpound accordlng to any one of the
Aprecedlng cl ai ns rein R6 is _hydro

conpdu eﬁ%ﬁ%ﬁﬁﬂﬁﬁ“¥ ing i anyne Gf © H@s%f%%@hmﬁamnlfandY“
cl ai ms,, Yfﬁ%e'd@ntm Flddicd Fom TOBRGOMMAvREEAT] ARG RE are

Claim10 rein mis one. 12. The conpound
accor dhdependengimyydmgener alind ek &b paIbeN @PWE, wher ei n
X and Y are oxygen.

19. The compound according to any one of claims 15 to 18, wherein Rz, R4, Rs

and Rg are hydrogen.

20. The compound according to any one of the preceding claims, wherein the
compound comprises unsubstituted and alkyl substituted
dibenzoperhydroheterocylic amines of Formula I selected from the group
consisting of: N-(1,2,3,4-tetrahydroquinolin-8-y1)1,2,3,4-
tetrahydroquinolin-8-amine; N-(1,2,3,4-tetrahydroguinolin-8-yl)-1,2,3,4-
tetrahydroquinolin-6-amine; N-(2,3-dihydro-1-benzofuran-5-yl)-2,3-
dihydro-1-benzofuran-5-amine; N-1,3-benzodioxol-5-yl-1,3-benzodioxol-5-

amine and alkyl substituted derivatives thereof.
21. A lubricating oil composition comprising a major amount of an oil of

lubricating viscosity and a minor amount of the compound according to

formula I:
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13. The conpound according to any one of the .
preceding clains, wherein X and Y' are independently
sel ected fromoxygen and -CH2-. 14. The conpound
according to any one of the preceding clains, wherein
X and Y are -CH2-. 15. The conpound according to
Caiml, wherein X and X' are independently sel ected
from-CHR3- and NR4 wherein R3 and R4 are

i ndependent |y hydrogen or alkyl from1l to 6 carbon
atons. 16. The\gonpo c di ng~t{o C aim 15,
wherein m= n/ 17. ¢ '
of C ai m ggjHer) 16,
according to any o
and Y' are indepénde sel ected GHR5- a”ﬁqr&lﬁﬁal
wherein R5 and R6 are independently hydrogen or alky
fromhdetro 6 carbon atons. 19. The conpound accordi ng
to any one of clainms 15 to 18 erein R3, a

R6 ar e hwadyare 1@@%%@3’&8#5%6%%@5%% i ?%Y%H%
one ofy ot g RILREED N @ud@k’%@&de;l%@&ﬁlﬁereb@d G@FRQIIT,
conprises unsubstituted and a k}élg substituted

di benzopgmhydfuslve N oulirtio Rarfind &s awfingpendpntly hydrogen or
sel ected,f.rom t he group consi.shi s a X or X’
(1, 2531 Rtk Papgah St RS RL P Bbgragateast oncof X or

t et r ahy dnaeiobnal pasitimadibnds or para to the bridging ring nitrogen; and
N-(1, 2,3, 4-tetrahydroquinolin-8-y1)-1, 2, 3, 4-

t et( r ahy‘é p@(am’ A1 1p%@pgucgqqaiﬂﬁé?lecte§ frgm)@llIRy, okygen, sulfur or NRg
N-(2, %ﬂfé:ké?% R Qﬁ(%R? &RZHERRNRY Kédrogen%'r alkyl from 1 to 6 carbon
di hydro-1- benzof ur an-5-am ne;

1, 3- betoog wathdlie Broyiso thad ablerst ous 06 or B isgrfictoAerg

al kyl substituted deriyvati . .

| ubri @& lgﬂﬁedgqr?h%c%#ﬁg%foﬁ% %ﬁﬁ%ﬁ%ﬁﬁg i %g(g)g%n’ @i or anount
of an ohlan®f atcibbépeaddnty ivegsaofbinyl tadd a m nor anount
of the conpound according to _f_or mula I: nini HC

npound
\pher%?ﬁ Y

22. A lubricating oil composition comprising an ol of lubricating viscosity and

a compound according to Clatm 20.
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wherein Rl and R2 are independently selected from
hydr ogen and al kyl from1l to 20 carbon atons; X and
X are independently selected from-CHR3-, oxygen,
sul fur or NR4, wherein R3 and R4 are independently
hydrogen or alkyl from1l to 6 carbon atons, with the
proviso that at |east one of X or X is a heteroatom
positioned ortho or para to the bridging ring

n|troge Y,

from - Oyd ﬁ?ﬂmg‘?g%ﬁ

are i ndependent LyJHdemgNGMQMP(MHTIONS o6
carbon atons; with the proviso that at |east one of Y
or Y is a heteroatom positioned ortho or para to the
bridging ring nitrogen; aggsirag@rn are independently
integers from1l to 2. 22. A lubricating oi

conmposition conprising an oil of lubricating

Vi scositt.y _an

b e NPT TR R R E el R ok e

O L CphMachdy GSuIABSSERAZErs. The compounds may serve as antioxidants,
Di benzo er hydr ohet erocycli c n ounds, have
Shown SR BER et ST A O RSt S rBrat i
conpo H&ﬁ%odiﬁ! afeSiV @1 dbie, MsipANi Suit@ ot 8%0a R Sntioxidant
heat stabilizers and ul'traviolet [ight stabilizers

and suchlvboapgrrdkcoamesigion. sol ubl e, thus particularly

suited for use as an antioxidant in a lubricating oi
composi tion.
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