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TI TLE: ALKYLATION OF N
- PHENYL- N- ALKYLPHENYLENEDI AMNES IN ITONIC LIQUID, N
wO 2007aMNZR2 N- ALKYL ( ALKYLPHEN YLENE) DI AM NES PRODUSHDG/046353
THEREBY, AND LUBRI CANT COMPQSI TI ONS CONTAI NI NG SAME
BACKGRCUND OF THE | NVENTI ON: N
-phenyl N- al kyl phenyl enedi ar ai nes have utiIity as

|o dants for Iubrlcant 0|Is rub er 03|t|ons
TITLE Q%% m% SEY -
'— PHENYLENE)DIAMINES
ene |an1nés as a&TIOXI PO§{HE?%%I?9§FAINING

0|Is The Friedel -Crafts alkylatlon of N
' - phenyl - N- phenyl enedi am ne conpounds usi ng al pha- ol ef
BACKGROUS Dalod® & HEewiNs/mmiidnzat al yst such as al uii num
chloride provides little or no yield of alkylated
N’r@h@@ﬁl Ntatkpddheaplehadiauimabkyl cabaleyst anchiighy as
pressure may be_ used to al kylate N
antlox'ldﬁﬁlé:ﬁw -ﬁpﬁhenwléﬁéa%ﬁ] nesl1s The rybdegf aFampagitions  and

N '-ph I yl ph I d
antioueheS | 0t Y\u0 P 2Rty b ages i LonBbabdg are Hor use of
' _d t .
N, N %@W?ﬁﬁﬁa%tfﬁu%éé“f jéﬁgﬂ%%ﬂﬁﬂﬁk 'QQ& eaﬁgngLdants in

Nbreover t he reactlo At es t he
1ubrichn&@b3hnkuted phenyl ring. Thus, for exanple, the use
of triethylal um num chl ori de, heat and pressure to

Thal Eylizde IWCraffuenyd 1 My L soheny loghay4 enedy bai-Agheh ¥ benediamine
1- decene produces
compounds using alpha-olefins and a Lewis acid catalyst such as
aluminum chloride provides 1little or no vyield of alkylated
product. Instead, an aluminum alkyl catalyst and high pressure
may be used to alkylate N’¥phenylFN—phenylenediamines.

The wuse of aluminum alkyls to alkylate ab N’ -phenyl-N-
alkylphenylenediamine has at least two disadvantages: the
compounds are not recyclable, and they may spontaneously ignite in
air. Moreover, the reaction typically alkylates the non-
substituted phenyl ring. Thus, for example, +the use of
triethylaluminum chloride, heat and pressure to alkylate N’-
phenyl-N-isohexylphenylenediamine with l~decene produces
predominantly N/—2—methylnonylphenyl~N—isohe;ylphenylenediamine.

An ionic liguid consists of inorganic and/or organic cations
and anions, and typically has a very low vapor pressure, a wide

liquid temperature range, and is non-flammable. TIonic liquids can

act as a catalyst and/or solvent, and have been studied for
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predom nantly N
' - 2- et hyl nonyl phenyl - N-i sohexyl phenyl enedi am ne . An
WO eov7o7028yui d consi sts of i norganic and/ or or gBei/TS2006/046353

cations and anions, and typically has a very | ow vapor

pressure, a wide liquid tenperature range, and is

non-flammable. lonic |iquids can act as a catal yst

and/ or sol vent, and have been studied forutility as
separations and in fluid

ol yen ctrm
utilit pp gcatlonSQEUCh &Béﬁggﬁrsl“éeéeﬁﬂrﬁﬁéfns and in fluid

llca&m@ggrlgﬁ ﬁmpggca@dyyi felsoni ¢ id Cheﬁ]SL
app Today 35 (fane 2004); Paf%fﬁson "h%%?c FqU|3§ NhkiXduStrlal

Applicaniboms rofmeEniralc Sphashds) '10@h@}ﬂ§81t9 | nglpegkin
: Progress 7 (Septenbe? 2004) an S5 Mfune 2004 ;
Parkins@my,uct‘doalicEf f etgsida t MekBhysircal Bﬁ’ﬁ@?@ﬁfnéﬁﬁa@f Splash,”100 °
. Ionlc Li quids,"™ Air Force Research Laboratory Report
Chemiqggd g@memmgx\hwmﬂ (VBSPROO3Yr. 2Nl )Juseant Drake et
ds%¢£ gledel Craf ts al kylation has been
RESD Fiteddl® Ofa SiSFeadtiomes tiles  of  Tonic
Chem stry:
. AFRL=PR-ED-VG-

2003~-1MaMaRt @\ ond Nhra33| Eds. 1987) and Earle et a
"Organic Synthesis,” lonic Liquids in Synthesis 174

Th%Vﬂsse‘Dﬁchbedc&l\d&lum Bds . FRAGR) L - dﬁ@&@ralmﬁléf‘ﬁén has been
is directed to an al kyl ation reaction
dlscusﬁ@@nﬁﬂ% Vitkersr stbbedelntGonits RRecphenyl eme ¢hhgrofluminate

h nﬁl- E!E | Qenélenedlan1ne conpound. An
Molten Ig&a%ts,p ﬁ Y% R ngm,@t,;@mqand Selected

pllc\éﬁfﬁgﬁgrsfg?fdgp}q@ﬂnﬁﬁ%%\? g%p%%afi?sfhf@é/l e{]§8ﬂ ngngf Egglle\l et al,

“Organic Synthesis,” Ionic Liquids in Synthesis 174 (Wasserschied

, o "s%‘b%%%

& Welton Eds. 2003). However, neither study is directed to an
alkylation reaction which permits further substitution of the
phenylene ring of an N’ -phenyl-N-alkylphenylenediamine compound.

An object of the invention is to provide a synthesis which
permits alkylation of the phenylene ring of an N’ -phenyl-N-
phenylenediamine compound.

A feature of the invention is the use of an ionic liquid as a
solvent and catalyst for the alkylation reaction.

An advantage of the inventicon is that use of an ionic liquid
typically permits convenient separation of N’ -phenyl-N-

alkyl (alkylphenylene)diamine from the reaction mixture.

xS



conmpound. A feature of the invention is the use of an

ionic liquid as a solvent and catal yst for the
wa@bdoyloatz8on reacti on. An advant age of the i nvePtT/OR2006046353

that use of an ionic liquid typically permts

conveni ent separation of M'-phenyl-Nal kyl

(al kyl phenyl ene) diam ne fromthe reaction

m xture. BRIEF SUMVARY OF THE | NVENTION I n one aspect,”

%Pﬁnpi LL.nvent.d Lates to a process for
BRIE:E’a Yy gﬁ?ﬁg$éhﬂ?'f%%§§§¥- al kyl phenyl enedi am ne,
InCORRY iaSiJag e n : ;
'-phenyﬁgﬁialﬁﬁ%%hgﬁsfgﬁgdﬁgXFRElgp ﬁ%ﬁ%ﬁ%flt%m%rgfﬁcess for
alkylaRlirnigs M alkydn @I oupa Dky Bphah vl ahkyt agy Qup, c%bbiggng
al kyl ating agent in the presence of an ionic |Tqui :
regehpngsiny’ apbenyd -akiad kydgdhe nyuanediami eatd OEodula I
produce a N '-phenyl-Nal kyl (al kyl phenyl ene) di am ne
> of Formula Il Forrmula Il wherein RL is as defined
above, and R2 is a substd¥eéd or unsubstituted
i near, branched or cling al kyl group or an al kyl aryl
group. In another , U pesent i nvention
relates to a N ' - -N- & (alkylphenylene)
di am ne of Fornula I erein I SNt al kyl group or
an arylal kyl group;' and R2 is a substituted or
unsubstituted |inear, branched or cyclic al kyl group

wh@kedf BLkyLary! ,959yPy BLEPALEYNPY 81 R1R555S roup,

with an alkylating agent in the presence of an ionic liquid

10 comprising a Lewis acid and a quaternary cation,

to produce a N’-phenyl-N-alkyl(alkylphenylene)diamine of Formula
IL

Formula Il

NH\@[ R2
: NHR'

wherein R is as defined above, and

15

R? is a substituted or unsubstituted linear, branched or
cyclic alkyl group or an alkylaryl group.
In another aspect, the present invention relates to a N’-

20 phenyl-N-alkyl (alkylphenylene)diamine of Formula II



conprising: reacting a N
' - phenyl - N-al kyl phenyl enedi am ne of Formula | wherein
w®roo7e7@82 al kyl group or an aryl al kyl group, wee¢hUs2006/046353
al kyl ating agent in the presence of an ionic liquid
conprising a Lewis acid and a quaternary cation. In
yet another aspect, the present invention relates to a
| ubri cant conposition conprising a lubricating oil and
a N - phenyl-Nal kyl F&™42bhenyl ene) di anine of
Formula Il Forrmula Ilwherein RL is an al kyl group or
an aryl al kyl group,~angNR2 js.a Ribstituted or
unsubstituted |ing or cyclic al kyl group
or an al kylaryl greup”s DETALEB DESGRI PTI ON OF THE
PREFERRED EMBODI MENTS As sunivari 28#R above, the present
invention relates to the Freidel-Crafts al kylation of
a N '-phenyl - N-al kyl phenyl enedi am ne in the presence
whe 861 ANRF NOE 02AI £1 ki JUsdoughsr aéﬁY!a@?lQQk?QeEEoUB)‘f he g
substituted or unsubStituted |inear, branched or
R? cyel ic chefduitartean any| anksener iSuittabl @ ihieregr branched or
ol efins include 1-hexene, 1-nonene, 1-decene and 1- '
5 cyclic daetegéngroSy tabl encydikve aglvaf i grsouminc| ndereyeldolexeae process
_cycl opentene and cycl ooctene. Suitable branched
COMPrlimidins include propyl ene triner (nonenes) , propyl ene

tetraner (dodecenes),_ .Qropyl ene pent.aner and
cesbELLBTS, Y RS e R RSt romua 1

Formula t

VL
: NHR!

10
wherein R! is an alkyl group or an arylalkyl group,
with an alkylating agent in the presence of an ionic liquid
comprising a Lewis acid and a quaternary cation.
In yet another aspect, the present invention relates to a
15 lubricant composition comprising a lubricating oil and a N'-

phenyl-N-alkyl (alkylphenylene)diamine of Formulva II

Formula il

NH R?
: : :NHR1
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i ncl ude styrene, nethyl styrene, 3-phenyl propene and

2- phenyl -2- butene . The ionic |iquid my be conposed
wepao70ei282 of ani ons and cations, and nmay convePCENR1096/046353

be prepared by m xing together a Lewis acid and an

al kyl quaternary netal salt, preferably under heat.

The Lewis acid may be a netal halide, an al kyl halide,

an al kylaryl, or an alkyl sulfonate ester. Suitable

Lewis acid netal halides include alum num chlori de,

al um num brom de, indiuntrichloride, gallium

L ehl gride, 5 i opi chlorid um .

Rl oy e T A e vacht orrkaTERL cRboups and
R? triisf | wor st tharared riohl ughkdeseibarate, 19AEQR .  prariched or

trichloride, ferric chloride, and zirconiun1ch|or|5e.

cyclicl lalldstlr arionge abkydn heal kylese v Incd wslgo et hyl  chl ori de,
nmet hyl brom de, nethyl iodide, ethyl chloride, ethyl
brom de, ethyl iodide, n-propyl chloride, n-propyl

rom de, npropyl iodide, isopropyl chloride, isopropyl
DETAL oﬁ%&@%%p@? T%i%@Eﬁ%@f?ﬁMWWﬁ;%@ n- but yl
br omi .= hut i odi de, isaohut chloride, isobutyl
Asbron1§e%1|%§bu frhgbdggg, ﬁg?f?é%ty}n%%T%}?ﬁe;relae%s to the
Freidel®traity/| aBkomad8ont €5 £ - RUtiyl —hiodh de. g ns P / iami
chl ori de, ﬁ-pgnﬁylogronide, n-d%nty? iod?dgglﬁé88%%?§Fdlamlne
in thebporstmcenenpent ylnehdaticel i qpenpent yl i odi de, octyl
chloride, octyl brom de and octyl iodide. Illustrative

Tha| |4 kflat g | dgesnthehrade dren2yi sWeowd tetedermzy| unsubstituted

, chloride enzyl iodide, a-phenyleth
linear, brancheg o¥' cyclic o egln Xn: a% arylalkene. Suitable

linear olefins include 1-hexene, l-nonene, l-decene and 1-

dodecene. Suitable cyclic olefins "include cyclohexene,
cyclopentene and cyclooctene. Suitable branched olefins include
propylene trimer (nonenes) , propylene tetramer (dodecenes);
propylene pentamer and diisobutylene. Suitable arylalkylenes

include styrene, methyl styrene, 3-phenylpropene and 2-phenyl-2-
butene.

The ionic 1liquid may be composed entirely of anions and
cations, and may conveniently be prepared by mixing together a
Lewis acid and an alkyl quaternary metal salt, preferably under
heat.

The Lewis acid may be a metal halide, an alkyl halide, an
alkylaryl, or an alkyl sulfonate ester. Suitable Lewis acid metal

halides include aluminum chloride, aluminum bromide, indium
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chloride, a-phenylethyl brom de, a-phenylethyl iodide,
b- phenyl et hyl chloride, b-phenylethyl brom de and
wh2phemzBet hyl i odi de. Suitable al kyl sulfonat BCESEEN6046353

i nclude al kyl tosyl ates, al kyl nesylates and al kyl
triflates. The al kyl quaternary netal salt may be a
guat ernary ammoni um salt, an al kyl phosphonium salt, an
al kyl'i m dazoliumsalt, an alkyltriazoliumsalt and an

p um sal t. Suitable quaternary anmoni um

, | kyl pyri di nj , ) .
trlchlg%%se"\fmaﬁdlble“ﬁ&saalshleaﬂ%nsné@bééﬁ\edvqrrfcﬁﬁnh@rg@@uptantalum

i.Sti of _benzyltrinethyl a niym - , .
penta %@Eéhfé’ﬂgFﬁyﬁgl nﬁﬁhfa%%i%ﬁ%%?1eEHV¥th6m1&$u°rlder boron
: fri I ' t ~ - bhutyl a ium .
trlfluﬁﬁﬁg%}lF??kﬂ%ﬁ%ﬁgo@kﬁgth]%%?ﬁgg?gF§¥{in?g §ﬁ§nngﬁﬁﬁﬁﬁde’ and

zirconiwaCt ¥hibiraleNy| amToRica: iRehexXykylr 1 g5 DYLaBMRLUM, 4o pethyl
n- heptyl triethyl ammoni um n-octyl=triethylamoni um,

chlorigichexyéthyl - bhwmiddanonetityl iodide, ethyl chloride, ethyl
. nh-heptyl-tri-n-butyl anmoni um . ’
bromideoctyhvir iofidtey ambreeyd ehilsrige-propytypyl bromide, n-

-updecyl anmoni um _tetra-npentyl anmoni um . .
PrOPY I\ HEAHS f- GRSHE U Wot FRYRAATORT UMSRRFOPY1 bromide, isopropyl
odi tetr I'tr yil L itable. _ s
lOdldéa\{ll- ksljli p os%l%onicb%tors}a %ﬁom%%t%segpgﬁlggt’i ons butyl iodide,

isobutsal esipsirfaem tkergroup Wiokenzy! { sbpaLhY! BRRSRNONT U8+ —putyl
butyl trimethyl phosphoni um nethyl triethyl phosphoni um
chlorigehy| t tiemst-tiyd fahlos plrarimime ,t et tarn-butyllphosphadicym n-pentyl
Nn-hexyl tri met hyl phosphoni um o ‘
chlor%gqmp?ypeppy%HQEQthgphgnp@ﬁpyl iodide, neopentyl bromide,
hyl phos m .n-hexy hosphon

neope{%ﬁﬁf%@%ﬁ%??%?éthyﬁﬁﬁggg% nl&ﬁque,l_Egéﬁf“”éhlorlde, octyl
bromide and octyl iodide. Illustrative alkylaryl halides include
benzyl bromide, benzyl chloride, benzyl iodide, oa-phenylethyl
chloride, o-phenylethyl bromide, a~-phenylethyl iodide, -
phenylethyl chloride, p-phenylethyl bromide and p-phenylethyl
iodide. Suitable alkyl sulfonate esters include alkyl tosylates,
alkyl mesylates and alkyl triflates.

The alkyl gquaternary metal salt may be a quaternary ammonium
salt, an alkylphosphonium salt, an alkylimidazolium salt, an

alkyltriazolium salt and an alkylpyridinium salt. Suitable

guaternary ammonium salts may be based on cations selected from

the group consisting of benzyltrimethylammonium,
butyltrimethylammmonium, methyltriethylammonium,
ethyltrimethylammonium, tetra-n-butylammonium, n-hexyl-
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n-octyl -tri et hyl phosphoni um
n- hexyl -tri-nbutyl phosphoni um
wo200eprozB2 t ri - n- but yl phosphoni um PCT/US2006/046353
n-octyl -tri-nbutyl phosphonium tris- (n-propyl)
- undecyl phosphoni um tetra-npentyl phosphoni um
N-decyl - n-oct yl - di net hyl phosphoni um and Nt etradecyl -
tri et hyl phosphoni um Suitabl e inidazoliun1salts may be

ed on cations selected fromthe consistin of
trlmeﬁq‘fﬂe T3 vet hyl - i %ﬁ&ﬁ’ulurﬁrlf‘eth% onium, 7 “h-octyl-

trlmefﬂ{?/nﬁgrgﬁhﬁ¥L§:Fhsgég%%gg%{tilethylammonlunn n-heptyl-

t riet¥o08eYdn Auiet hyl 'Hléiég LitMedn trif -
rie Iuoroegﬁyl) -3- net hyl ?n1daz%l|%%$m?gn%§?hoxynephyﬁfyl tri=n

butylardroretiny] i M dazoldptnl ~Fret-Hbutletdidn iindazol | wMoctyl~tri-n-
3-ethyl-1-butyl -imdazol i um
butylamreeiiam 2, 3- di et byt {hnpdapgpl } tupddcylammonium, tetra-n-

2-di et hyl - 3-met hyl i m dazolium/ 1-ethyl- 3
pentyl%pmﬁqﬁﬂmy| l%ﬁﬂéioprgﬁ$éhadimethylammonlum and N-tetradecyl-

cri afkgwﬁ 5 nmet hyl i m dazolium Suitable
eth
rlazonlun1salts may be based on catlons sel ect ed

he gn ( rif
Sullﬁgggtenpﬁ%r)){)?q h%%b?{logtllgr?_ an]%ts E}na){ azo?l ubagfd (fn cations

selecﬂedluofﬁehhylkkmﬁ n-geptyl - 5£2, bddd @zoliMBthiiphésphonium,
"-fluoroethyl) -3-n-decyl-I, 2 ,4-triazolium 1- F

bUtylWF%mQFhYQPhQEPﬁDUQNUHn hexyl) -3- nNmﬁb&ltrlethylphosphonlum,

-triazolium 1-npropyl- 4-am no-|
ethyltﬂl??F5¥6PF9ﬁPhP“ﬁ“HUtyIt@9ﬁﬁ1ﬂfqutxﬂpm95@hP329mvum n-hexyl-

erime B0 RN, ot RS e o TeoPBPfimy_n n-octyn-
trlmeﬁhyypﬁééﬁﬁthuﬁdd|t'ﬁ“h@; §h€r§EKKb§bF %gﬁ%ﬁﬂhnnﬁhe n-heptyl-

Lewi s aci d, aIkyI quat ernary et al
trlethyppteoyphmabmw piredyt ghedik 28t A@1PBYsPBonium, n-hexyl-tri-n-
butylphosphonium, n-heptyl-tri-n-butylphosphoniun, n—oétyl—tri—n—
butylphosphonium, tris-(n-propyl)-undecylphosphonium, tetra-n-
pentylphosphonium, N-decyl-n-octyl-dimethylphosphonium and N-
tetradecyl-triethylphosphonium.

Suitable imidazolium salts may be based on cations selected
from the group consisting of l-methyl-3-methyl-imidazolium, 1-
ethyl-3-methyl-imidazolium, l-butyl-3-methylimidazolium, 1~
dodecyl-5-methylimidazolium, 1-(2,2,2-trifluoroethyl) -3~
methylimidazolium, 1-(ethoxymethyl)-3-methylimidazolium, 3-ethyl-

l-ethylimidazolium, 3-ethyl-1-butyl-imidazolium, l-ethyl-2,3-
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added to a suitable reaction vessel, preferably under
a dry, inert atnosphere and with heating to a
WO eowperasure up to 2000C , and stirred, for expoplUS2086/046353
200 to 300 rpm wuntil an ionic liquid phase and an
organi c phase are formed. The inert atnobsphere serves
to protect the ionic liquid fromoxidation, and is
preferably selected fromthe group consisting of
| ium and nitrogen. The inert atnosphere

, on,. he ALTT oo |
dlmet@-‘f{%‘dtf%l Lot by y v 6 AN 6itd Ydedomesdiviliian dsfz alhiern,oni @ -ethyl -
J 1 aui.d. .The i ng ent b dded to. the .
3,3-d lrldézj\e.écﬂ flo_n%]le%a:%e(gy%ﬁﬁ e r?% zﬁ‘t \?\Dd %%%@ég‘ ﬁ%ﬁ}%ﬁi’%ghm?‘ BRrAedium.
' al : iple rt X
Su%é??%oné%ﬁ&%}%&ﬁﬁ%ﬁ %%%?onmg’gy E;@ef &347Y pgn cations
selectprf f drwed 8hed §LIME! AdNG Ofi g 0BEB01L 03208+0€10YEL (3 i romn -
tinme period of from1l to 2 4 hours. The al kyl at'i on
propyYleactn-dmy belicsd st miad el suof 100! -Hludfdethyl) -3-n-heptyl-

tri-alkylated N'-phenyl-N-al kyl phenyl enedi ami nes . . '
1'2’4"ﬂﬁ9%%ﬁigq%m prodlet st hegroetsebar dteddéephrihe, 4-triazolium,

b onventional separation techniques and
- (1, PR R e i B by TRl eh | 4 KRBkAZobium, 1-n-
. i nary_ski j he art. Simlar he . _
prOpyl?Is%é;‘Ele%-gie'g%ﬁloﬁﬂfr%%(ct)ju{herﬁ'rmy be .sepg}a e%XFH:L.o%i ggino-1,2,4
triazcdonporaid Toraeaes- 4Sdmith SONVENL L 0ppd - Sepghat i on

techni ques and apparatus well known to those of _
Inopdiprafiemidd lempoditecwt ¢, thechoase flaryuexanmd efohngd in situ
prior &&?%ggéftiégugg %Rgog%&ggg%gg%'agent. The Lewis acid, alkyl
quaternary metal salt and N’ -phenyl-N-alkylphenylenediamine may be
added to a suitable reaction vessel, preferably under a dry, inert
atmosphere and with heating to a temperature up to 200°C, and
stirred, for example at 200 to 300 rpm, until an ionic liquid
phase and an organic phase are formed. The inert atmosphere serves
to protect the ionic 1liquid from oxidation, and is preferably
selected from the group consisting of argon, helium and nitrogen.
The inert atmosphere should also be dry to avoid decomposition of
the ionic liquid. ,
The alkylating agent may be added to the reaction vessel once

the two phases have been formed, either all at once or by multiple

partial additions.
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The Freidel-Crafts al kylation of N
' - phenyl - N-al kyl phenyl enediamine in an ionic liquid as
walewmaniriezrl above unexpectedly produces a N PCT/US2006/046353
- phenyl - N-al kyl (al kyl phenyl ene) di am ne of fornula
I1: wherein RL is an al kyl group or an aryl al kyl
group, preferably having from1l to 30 carbon atons;
and R2 is a substituted or unsubstituted |inear,
branched or cyclic al kyl group or_an al kylaryl group,
Ty S ERER TR P PLA 1 T8 3O ARER L e Pretheied at a
- phe - k (i V. ). dLapln unds
s e T hbsa | R OWLER I Snd RO 4 o  BaEn BgRRbcgA Trom 1 to
24 houere RL is 2- isohexyl and R2 is n-2-decyl, and where
at least one of RL and R2 is an arylal kyl group. The N
The- plidpllath-al kykagcalion phwnjlene) adiatkbtereompOuUmdsio, di and
prepared by the process o f the present invention are
tri-aljeyliagasy é%FE@@R?H%N”Q&&Y%&?%HMMQnédkﬂm%ﬂéﬂ-Iubﬂﬂaanmeaction
conposi tions such as those described in U S Patent ‘
produdly " Bay3o081 45 PAEBRLCI Gl o OIS WHESKF G ter By Conventional

i ref er in.ijts entirety. Typica

separd S DRt AR LS S AR b T PR SR 7 cdBpEBakeey sunne

well kithin C8bi RGOl bf aBEadhakpasiciane M - phenwlN-al Kykitarly, the
(al kyl phenyl ene) di am ne as an anti oxi dant. However,

isolattdre ceapadion omimayral smy ntleudeepaga@ednDi gt HEMXES S component
of the group consisting of a dispersant, a detergent,

compouRifisang$ Wedr cadiaritionagl petpa pat hon dépadssiantss aand apparatus
corrosion inhibitgr angd a

frictio
. well known to those of ordinary skil? in the art, such as, for

example, high pressure liquid chromatography.
The Freidel-Crafts alkylation of N’-phenyl-N-alkylphenylene-
diamine in an 1ionic liquid as described above unexpectedly

produces a N’ ~-phenyl-N-alkyl (alkylphenylene)diamine of formula TI:

Formula Il

@NHU R2
NHR'

wherein R! is an alkyl group or an arylalkyl group, preferably
having from 1 to 30 carbon atoms; and
R? is a substituted or unsubstituted linear, branched or

cyclic alkyl group or an alkylaryl group, preferably having from 1

to 30 carbon atoms.
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nodi fier. The lubricating oil may be a hydrocarbon oi

derived frompetroleumor a | ong chain hydrocarbon
wanbkriet ed wi t h an al phaor bet a- unsat ur at ed PCT/US2006/046353

carboxylic acid. The detergent, when present, may be

an al kali nmetal sulfonate, an alkaline earth neta

sul fonate or a netal salt of a sulfur-containing

al kyl phenol conpound. The antiwear additive, when

e QEEErter NovaReRyaatsramariod lege alﬁq‘%'b%s“' frﬁgr?%s?gpmpounds
1nclud%rt%o%'h¥gr%% éﬁ”Rﬂl&ﬁjQPhQ§QhB%€h”Rt§| %cyl Q%ere R is 2-

corrosi on |nh| tor resen

isohexBANZOId ikfzale wleriyatiye, adqt Wh@_@-’eazagi 91&'99{3059@ o% R! and R?
nmer capt obenzot hi oazol e conpound in the formof an

is an amylelxalit grawul f onam de, a thiosul fonam de, a
condensat e of nercapt obenzot hiazole with an am ne and

The or mal Héhpienya ~di-al Iy Iptedsphintenyal ang Jad kg e s phi t eompounds
or a trlarylghosphlte . The friction nodifier, when
prepar&desgm thay Eé’C&S@I yeér yibsoRE&sERE o%mée‘thﬁ@r %@t?elleved

Qr an oxazol.i nveptors curre
sultaqa %éve %ﬁnﬁQF}? ?gg%%yl%el$%5§%?% F8Pp8§étﬁﬁns such as
those &H@§§ﬂﬂ§§§ §EKX§Q§'oﬁgtgﬁtSWﬂpleqp@§§e6§@9aﬁﬁklQ@lé@losure of
whi ch the hydrocarbon-sol ubl e reacti oh product
which deantretegnd iirtisrisepatad edod r one f&éhendensen IQHBC entirety,

| iquid phase. The ionic liquid may then be used to

Typlca@dna|yzéeanéphgpcamky|gpm9951tlon will include at least a
lubricating oil and at least one N’ -phenyl-N-alkyl
(alkylphenylene)diamine as an antioxidant. However, the
composition may also include one or more members of the group
consisting of a dispersant, a detergent, an antiwear additive, a
pour point depressant, a corrosion inhibitor and a friction
modifier.

The lubricating oil may be a hydrocarbon o0il derived from
petroleum or a long chain hydrocarbon substituted with an alpha-
or beta-unsaturated carboxylic acid. The detergent, when present,
may be an alkali metal sulfonate, an alkaline earth metal
sulfonate or a metal salt of a sulfur-containing alkylphenol
compound.,

The antiwear additive, when present, may be an organic
sulfide, a polysulfide, an ester of beta-thiodipropionic acid, a

phosphorus ester or a dihydrocarbyl dithiophosphate metal salt.
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reaction by itself, or in conbination with fresh
catal yst. EXAMPLE The foll owi ng Exanple illustrates

wo b@7pr@st i ce and advantages o f the inventi onPECTIUS2006/046353
greater detail with respect to an individual species
thereof. The details of the exanple are illustrative
only, and are not to be used to constrict the scope of
the clains. Exanple 1 A 1-L, 4-necked round bottoned

flask eq w‘e ped with a mantle, tenperature controller,
Thg nePRBEBLP el“QﬁB’lﬁPéfssdf*@rquﬁ‘FT’ at eB@dr @@pu%gbenzotrlazole

cor 40 V25 CRELSEG U CHLERORED PSP YA BEERRBurricavore

Ge3- 399, &49890% e%fcogﬂergm@hgy %\é@'tl abl
COmpouF |'exzone 7P from Chentura Corp., alum nim caﬁ g"?kll%lfonamlde' .

thiosul¥3n3fdde). 180 sdh@enScd el e¥ricaldtoned A N azole with an
phenyl - N- 2-i sohexyl - p- phenyl enedi am ne) and

amine E@K#aknﬂmmmxdnydﬁnﬂandinkﬁthdéﬁhfﬁh@,éﬂ.ﬂﬁﬁdlnplpbosphite or
33.3 nole%relative to N -phenyl -

a triaxylpbrspiits phenylenedlanlne) . Stlrring was started
m and the m xture warned to 160 OC

Th%egrfﬁglaﬁr kmBP& S5 ac K NESac S R ¢t urt® hadPF eathedlyceryl
monoes%@g QE 2 %Ai%;{r:]exdefae&ey (3 P49 Lh 636250 £ne ScOnSOYLY:

relative

ThehepyeMt drEsobexyknpiphengleaedi aghae) ivas caddedudver may be
2 hr. The reaction m xture was brought to 170 0C upon
recycloghplimins onss tihe addideqremnd abkplat bedsatbyhi simple phase
tenperature for 25 hr. The reaction product was then
separafjighednt ¥ Ndgdl E%ﬁnhy@qgﬁﬁqgﬂn soluble reaction product is

decanted, and thus separated from, the denser ionic liguid phase.

The ionic liquid may then be used to catalyze another alkylation

reaction by itsélf, or in combination with fresh catalyst.

EXAMPLE
The following Example illustrates the practice and advantages
of the invention in greater detail with respect to an individual
species thereof. The details of the example are illustrative
only, and are not to be used to constrict the scope of the claims.
Example 1
A 1-1, 4-necked round bottomed flask equipped with a mantle,
temperature controller, therhocouple, and pressure equilibrated

dropping funnel was charged under nitrogen positive pressure with

11
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tenperature and was diluted with 3000 n- heptane. The
dark brownbl ack reaction m xture separated into a

wo owen7eet i d phase and an upper liquid phase, PMII/TR2006646353
decanted into a 2-L separatory funnel, washed wi th 2x
500 nL water and then 400 nL water-1OOrL cone. aqueous
ammoni a, and then dried over anhydrous sodi um sul fate.
The solid phase at the bottom of the flask wei ghed

., 50.749. The drying agent was rempved fromthe product
solid pil §é’g@i“é’ﬂ-‘f“]i'1 TG e e A Rfret éP3 B84, 0.1989

of . 93 lass_fib paper.. The dark filtrate was
mole) Hontte L 82t a8 s  BRors s vibor Bt 5%,0%5@1%%? corp ..
' t g il cu 0 ai ’n49. oof [ '
alumm%?o%#—%?&c@lg o%il’?gcy%na?%?g Ig)\?ﬁ%i‘le%c())i'l% ?‘%dl%cfgtredl%j at - to N

phenyl-N-0RS s hE(IWHE- HeryAl2Rd1 ahfi lp uBh@act 88rA-n~but y1ammonium
- phenyl - N- 2-i sohexyl - p- phenyl enedi am ne, 71.8%
bromideon@ldedd,at@ddd6l mole, 33.3 mole% relative to N’-phenyl-N-
. ' - phenyl - N- 2-i sohexyl - p- phengl enedi am ne and 7 .5%
2—1soh@gy@rgmgﬁﬂqﬁkquqiamlne) tirring was started at ca. 200-

' - ph - N-2-isoh | - p- i am . Th
300 <o R i e BT S M e of fup i somers:
Whgnz%/%@n%haﬁ% @%ox}rﬁﬁ%f@élgrré§8€§5n?"@x§x‘t§1@eatheadd bYe 4 heg 160°C,
col um chr omat ogr aphy. The nmajor isoner was | dehtifie

94% 1a8ebenepheay| 6MNy2- ipdEXYholsd- 625i sO4€c¥l) relative to n’-
- p- phenyl ene) ]Jdiamne (GRFE) by its retention |
pheny l+-Npe - ilsR hepact 1o reh WMR sspisot i e ) whashadeleel over 2 hr. The

cconsistent with the GC retention time, IR spectra and
reactiQiRr BpEENFrE of2an RUAMENHE i & GREECS SrpheCPr itk tsomg of  the

additi%ndiafnfderm%r}.tntsayinrgepc?saitts trr&)il'lst eter{'\peeratu;é OPOJ:.L- 25 hr.

The reaction product was then allowed to cool down to ambient
temperature and was diluted with 300mL n-heptane. The dark brown-
black reaction mixture separated into a lower solid phase and an
upper - liquid phase, which was decanted into a 2-L separatory
funnel, washed with 2x 500 mL water and then 400 mL water-~-100mL
conc. aqueous ammonia, and then dried over anhydrous sodium
sulfate. The solid phase at the bottom of the flask weighed
50.74g.

The drying agent was removed from the product by suction
filtration through a 9.0 cm diameter disk of 934 AH glass fiber
paper. The dark filtrate was then condensed in vacuo (rotary
evaporator, 95°C water bath, <5 mm final vacuum) to obtain 49.49 g

of a dark brown-black oil.

12
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decene using diethyl alumnumchloride as a catal yst,

heat and hi gh pressure. The inventors currently
whedorenest he ionic |iquid may be recycl ed for PEBUSI006/046353

subsequent al kyl ati ons by sinple phase separation in

whi ch the hydrocarbon-sol ubl e reacti on product (s)

i s/are decanted, and thus separated from the denser

ionic liquid phase. The ionic liquid may then be used

to catalyze another alkylation reaction bg itself, or
GCi Anédmisifat Pon Wi¢ h Frleshnebfal§dt ‘024 MetWw'as apmmixture of

A process. for alkylating a N.. . - N
(area%)pﬁgﬁy‘iﬁygiEV%ﬁ%%n@le%g ?%%g%ezcﬁﬁ%p?éVﬁgprEQEPVﬁﬁnﬁdlamlne'
71.8% MorRRedyiad kvl phsnyhgnemmQ@hgs‘{yf%ngbgnpléﬂfewgmne and

I wherein R1 is an al kyl group or an” aryl yf group,

7.5% Wnbhbtandatkybatidng RgephehPliine2 pi e6RBLG10H-BRehONfediamine.
liquid conprising a Lewis acid and a quaternary
The mamiderylategr pdodacd Nds phenyktdkal kfl two isomers: 8.2% and

(al kyl phenyl ene) diam ne of Formula Il _Formula I
63. 6% yhéd MRPY sie@meef yaedl apbdesdahl RRlpgnachromatography.

[ [ ' branched_ or
Thé“%%%g¥“f§%££r“Q%%mﬁdéﬁgf¥1é rﬁ?IN’—pgenyﬁ-N—2—isohexyl—[2—

(2-isodecyl) -p-phenylene) Jdiamine (GRFE) by its GC retention time,
IR spectra and NMR spectra, which were consistent with the GC
retention time, IR spectra and NMR spectra of an authentic GRFE
sample prepared using a different synthesis route, i.e., from 1-
decene using diethyl aluminum chloride as a catalyét, heat and
high pressure.

The inventors currently believe the ionic 1liquid may. be
recycled for wuse in subsequent alkylations by simple phase
separation in which the hydrocarbon-soluble reaction product(s)
is/are decanted, and thus separated from, the denser ionic ligquid
phase. The ionic liquid may then be used to catalyze another

alkylation reaction by itself, or in combination with fresh

catalyst.
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cyclic al kyl group or an al kylaryl group. 2 . The
process of claiml1l , wherein said alkylating agent is
w@2ealgi28t ut ed or unsubstituted |inear, branchedr/vg2006/046353

cyclic olefin or an aryl al kene. 3 . The process of

claim2 , wherein said olefinis a linear olefin

sel ected fromthe group consisting of 1-hexene,

1- nonene, 1l-decene and 1-dodecene. 4 . The process of
CLAIMSclaim2 , wherein said olefinis a cyclic olefin

We cla§@lected fromthe group consisting of'cyclohexene

ent ne a l,oact en f claim
BN i el e R R el FL st S TELIES
Comprl$1@@1the group consisting o f propylene triner,

realtQRY ehe (&l k‘?é'FWl L DY) ENCe PENL B  aiflle of Formula I

I 1 sébut yl ene. . The _process of claim2 , wherein
said olefinis an arylgPW@H@ sel ected fromthe group
consi sting of styrene, maghyl.styrene, 3-
phenyl propene and @ ene . 7 . The process
of claiml1l , where ai d L acid is a netal halide
sel ected fromthe group consi tinyHB? al um num

whed¥ 1 igde 4 salamian lbrc_ﬁ."Brﬂ?aoﬁ el W rd o) o1 d feup,
a||lunH%{ICh|0rl h? |un1€entachlor|de tant [ um 1 d
'%bn?ﬁcﬁl y%ﬁngQtﬁﬂFB 1 r YR BFFG8 N CBoroh an tonic liqui
comprisingl aokedes laerioh and fd e tder retthe Icgtta orbor on

td ' pbbatkde, aferwcpnlaln@,m fiea1and é'l&%@h@ﬁﬁ@rﬁ)'cﬁ%mlne of
The process of claim1 , mhereln Said Lew s ac
FormulpgIZ, al kyl

Formula Iy

NH R?
: i :NHR‘

wherein R! is as defined above, and

R?> is a substituted or unsubstituted linear, branched or
cyclic alkyl group or an alkylaryl group.

2. The process of claim 1, wherein said alkylating agent is a
substituted or unsubstituted linear, branched or cyclic olefin or
an arylalkene.

3. The process of claim 2, wherein said olefin is a linear olefin
selected from the group consisting of 1-hexene, l-nonene, l-decene
and l-dodecene.

4. The process of claim 2, wherein said olefin is a cyclic olefin

selected from the group consisting of cyclohexene, cyclopentene
and cyclooctene.

14



hal i de sel ected fromthe group consisting of nethyl
chloride, nethyl brom de, nethyl iodide, ethyl
wa@bdoonretez et hyl brom de, ethyl iodide, n-proppeT/US2006/046353
chloride, n-propyl brom de, n-propyl iodide, isopropyl
chloride, isopropyl brom de, isopropyl iodide, n-butyl
chloride, n-butyl brom de, n-butyl iodide, isobutyl
chl oride, isobutyl brom de, isobutyl iodide,
tert-butyl chloride, tert-butyl brom de, tert-butyl
5. Thel q:g_{rcgﬁasm- pentgtlclaminl @, dehemrpant ybabd orileef,im- penty| branched
. iQ eo yl.. brogj vl chleri 1 .
olefin n?e%%%%icﬁp i% [ e,th%ct?/}ggﬁl E)Ereoﬁgsggtolcnt{[%grcf?ﬁe%pey%\%%e trimer,
propylesst et raliete, ©ropyhenpr BeBs3MeE andj fisobwkydens -
said Lews acid is an alkylaryl halide selected from
the group consisting of benzyl bronide, Jenz)
6. Theg RIS BonEyr Fodt e ParEhangPernyI S or ean arvlalkene
selectead pheoy| ehbylgriongrice) s s plhrenyd et siyyréndi degthyl styrene, 3-

phenylggf@&&%‘é/'§$@yb—ﬁﬂéﬁphd9vbgteh%0y| ethyl bromi de and
- phenyl et hyl i odi de.10. The process of claim1l ,
wherein said Lewis acid is an al kyl sul fonate ester.

7. Thellprdbespr ofesslaimcllai nwiere wherseiid da¢vli guatédnary a metal
halide C@EhQR ¢S SELGRT el T qERLeLRRA KGN Y MG ALOBhloride,
atd ea%lﬁeal kyleawospﬁgni ur% c%ﬁ%%, lé,an él kil ig.m' dazo,lyi um ortas

aluminggt PHANLER af RFLVFY &FdCdMIdAS o Srld Uih trichloride, niobium

pentacll&yipyyi diahumloat i @entbhite der,ocesisaofiwd aivetdachloride,
boron gg?%?hgéigkggﬁﬁyéﬁn@foﬁHHPfh%nEQﬁE?QEeLSH%ﬂ@ﬂﬂ¥¥ichloride,

. ecte e group consisting o
ferric chloride, and zircConium chloride.

8. The process of claim 1, wherein said Lewis acid is an alkyl
"halide selected from the group consisting of methyl chloride,
methyl bromide, methyl iodide, ethyl chloride, ethyl bromide,
ethyl iodide, n-propyl chloride, n-propyl bromide, n-propyl
iodide, isopropyl chloride, isopropyl bromide, isopropyl iodide,
n-butyl chloride, n-butyl bromide, n-butyl iodide, isobutyl
chloride, isobutyl bromide, isobutyl iodide, tert-butyl chloride,
tert-butyl bromide, tert-butyl iodide, n=~pentyl chloride, n-
pentyl bromide, n-pentyl iodide, neopentyl bromide, neopentyl
chloride, neopehtyl iodide, octyl chloride, octyl bromide and
octyl iodide.

9. The process of claim 1, wherein said Lewis acid is an
alkylaryl halide selected from the group consisting of benzyl
bromide, benzyl chloride, benzyl iodide, a~-phenylethyl chloride,
o-phenylethyl bromide, a-phenylethyl iodide, B-phenylethyl
chloride, B-phenylethyl bromide and B-phenylethyl iodide.
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benzyl tri met hyl ammoni um  but yl trinmethyl anmoni um
nmet hyl tri et hyl anmoni um et hyl tri nmet hyl anmoni um
WO edora7a2iut yl amoni um  n- hexyl -t ri met hyl ammoni BOT/US2006/046353

n- heptyl tri met hyl ammoni um n-octyl -tri nmet hyl ammoni um

n- hexyl tri et hyl ammoni um n-heptyl -tri et hyl ammoni um

n-octyltriethylamoni um n-hexyl-tri-n-butylanmoni um

n- heptyl -tri-nbutyl anmoni um | . , L
10. The-pEPFESEr i2h-BlR IR abmo @RS ity i1 nbpybpypFid 1s an alkyl
sul fonatylesyt @aamoni um tetra-n- pentyl anmoni um

n- decyl - n- oct yl di met hyl anmoni um and

n-tetradecyl -triethyl anmonium 13. The process of
11. Theclpiocdds wher eilpisai U, alvbhEysHospRaAfurAatsomary cation is

selecteg@lt ?;Ebﬁld_at rtaghlﬁzgﬁng&%u%n@ﬁorbﬁﬂfﬁh%ghgﬁt E)éirpﬂé)ﬁl@ DPh¥Ephonium
) u [ yl phasphoni ym ne rie 0 Qni_um.
casion Seig £ LFHEE RS i v T SESRE AR e Pon e
an alkyipexydinioet kpltplesphoni um :

n- heptyl -tri met hyl phosphoni um

n-octyl trimethyl phosphoni um ‘ , .
12. Then-ﬁé??PS?ri%?hyybﬁﬁgpﬁéniuﬁ?ereln said gquaternary ammonium
cation N-bept ¥l t meaidyd phesipmedim£rom the group consisting of

- -triethyl phosphoni um - ltrimethyl ium,
benzylﬂFgéégky%Phgﬁ%ﬁfgpphosphoniun], . puty tflme yhammonum
methyljrhgphylagyioniuyin yi pho§phgditgdmethy lammonium, tetra-n-
butylaﬁm@ﬁ&ﬁhntai-nﬁutprhQ&MHM&im@th}Smmbnipmppyl) n-heptyl-

. -y sphoni um, _ - t i - -
tr%metﬂfgg§§¥fﬁ}§8tyl-dig%t%%%%ﬁogQﬁgﬁ¥ﬁﬁp%h ‘égggdecyl-n hexyl
triethylpempplipiosphoni urk1EPTYE~ b¥ bekl¥lammenaiy 11, n-octyl-

trieth%lgﬁﬁb&é.i?{,d ahﬁhleixmld&munu{lﬁlﬁ%nja?@?drfi@n;Tﬁn’laeheptyl-tri-n-—
sel ected fromt roup consj.sting of. | -methyl -3- , _ -
butylagmeRd B daE’aPFS%g‘f%-rgﬁ‘ﬁ‘ﬂb- -Yr%ea}rﬁ‘iz rE’r“rh‘“'olazo?éirﬁ% (n-propyl)

undecyﬂammgwium, tetra-n~pentylammoniumn, n-decyl-n-octyl-

dimethylammonium and n-tetradecyl-triethylammonium.

13. The process of claim 11, wherein said alkylphosphonium cation
is selected from the group of benzyltrimethylphosphonium,

butyltrimethylphosphonium, methyltriethylphosphonium,
ethyltrimethylphosphonium, tetra-n-butylphosphonium, n-hexyl-
trimethylphosphonium, n-heptyl-trimethylphosphonium, n-octyl-
trimethylphosphonium, n-hexyl-triethylphosphonium, n-heptyl-

triethylphosphonium, n-octyl~triethylphosphonium, n-hexyl-tri-n-
butylphosphonium, n-~heptyl-tri-n-butylphosphonium, n-octyl-tri-n-
butylphosphonium, tris- (n-propyl)-undecylphosphonium, tetra-n-
pentylphosphonium, N-decyl-n-octyl-dimethylphosphonium and N-
tetradecyl-triethylphosphonium.



met hyl i m dazol i um | -dodecyl -5-net hyli m dazolium 1-
(2,2,2- trif luoroethyl) -3-nethylimdazolium 1-
w@ edohoxoeset hyl ) -3- nethylim dazol i um PCT/US2006/046353
3-ethyl-l-ethylimdazolium 3-ethyl-Il-butyli p
dazolium |-ethyl-2, 3-dinethyl-imdazoli um 1
, 2-di ethyl -3- nmethylimdazolium |-ethyl-
5- di rrethyl-lmdazollumand 1, 3- dlethyl 5 met hyl i mi da
14. The PFe@es 150LTIRd 3iMckls Wieke i nFad %éwéulﬁuéﬂé@lwm cation

is a ﬁb}awbtrrlﬁépécugdcanm ithea qwhEr csalsecsttadu;‘rem tin@rethyl -3-

qr.o sting of tri n propyl_) _
mecny) 34RO G 29 Vgt e Jsgléy%?h%?beth Jpucyi-2
methylasuﬁlamdtwm,i 2 ladedeaystbumpthylimidapioddnset hyl )1- (2,2, 2-
tnflub%o@t%eacym—ijRetHyum@aakbyﬂhm;Lél t(I H, I|H 12He t3td:Pefdthyl) -

uqr 0- n--hex riazolium
S S SR T N L
imidaz4lammo- | 12eth1ylr2azohnmﬁthml hmndhex:;lllw,am Ag-3~diethyl-3~

methyl%mé idl%l uml-'leﬁth pw&ﬁﬁéu@mchm%%oalmer €hfd  1,3-
S%oni c yi d orned i s formed _in situ prior:
Olleth}’tlo Saéﬂﬁttr}b]nl%zfdgaf’al&l“kyl ati ng agent. 17. The process

of claiml1l , perfornmed at a tenperature of from80 to

15. Th%ogrgge@éero@ E'lg?cmpqu' OdeFng rpnlg-léioa% lr%%raszol]l%m cation

rocess of Ialml, erforme under an inert

is a Q?ﬁ%@ﬁhe‘%%l%@:%ét é’tf%oﬁ%‘?h@%%uﬁ%%%%gocﬁ 1-(3' 13-
trifluigom-hebpyln aBdnrburggen, 219-tHezerldcess o f claim 1 (2'-

fluorogertgmﬁggﬂﬁmg%%’hw -§LbN Y18 o3 58, " 1 NG SPER% Pethy1) -3-n-

decyl-1,2,4- trlavollum, 1-(1H,1H,2H, 2H-perfluoro-n-hexyl)-3-n-
butyl-1l,2,4-triazolium, l-n-propyl-4-~amino-1,2,4-triazolium, 1l-n-
butyl-4-amino-1,2,4-triazolium and l-n-hexyl-4-amino-1,2, 4~
triazolium.

16. The process of claim 1, wherein said ionic liquid is formed
is formed in situ prior to addition of said alkylating agent.

17. The process of claim 1, performed at a temperature of from 80

to 200 °C over a time period of from 1 to 24 hours.

18. The process of claim 1, performed under an inert atmosphere
selected from the group consisting of argon, helium and nitrogen.

19. The process of claim 1, performed with stirring at a stirring
speed of from 200 to 300 rpm.

20. A N’-phenyl-N-alkyl (alkylphenylene)diamine of Formula II

17



20. A N -phenyl -N-al kyl (al kyl phenyl ene) di am ne of

Formula Il Formula Il wherein RL is an al kyl group or
wa@rooanyi2at kyl group; and R2 is a substituted OPCT/US2006/046353

unsubstituted |inear, branched or cyclic al kyl group

or an al kylaryl group, prepared by the process of

claim1l . 21. The N '-phenyl-Nal kyl (al kyl phenyl ene)

di ami ne of claim 20, wherein RL and R2 are both

n-2-decyl. 22. The N 'Egmeayl - N-al kyl (al kyl phenyl ene)

di am ne of claim 20, wherein RL is 2-isohexyl and R2

is 2-isodecyl. 23. Zke NIH_- yLRN- al ky

(al kyl phenyl ene) d e o m 20, wherein at | east
one of RL and R2 i's aryl ﬁropp. 24. A

| ubricant oil conposition conpristWHg a | ubricating o

and a N '-phenyl-Nal kyl (al kyl phenyl ene) diamne o f

Far.nul . Ear mil,a,4l | |, N [ | Ky, up
o P oy P PAL. S R T 8 ST e T P
R® uhsubstiswpeblrphRedr , obr anetieRs okt ey cLErRgY, grioxgnched or
cyclicOalRplabkyhar %b|r @GMOWL.ky2%.r yIhgrbubr,i cant oi | |
conpositian of claim 24 ey conprising at |east
pr@%ﬁggﬁg§ﬁér€bﬁ ?ﬁégag%uﬁfcégéigtihg of a dispersant, a
detergent, an antiwear additive, a pour point
21. Thdepresgashy1aQRENAS 103 1 kNIdNhON et B ahliined | 08f  claim 20,
h ,nnghfler. 6. ng Iubrngnt Q%I conposition of claim
whereip R* and ofn 35§ FPUBrPcatifgoi | is a hydrocarbon oi

derived from petrol eum
22. The N’'-phenyl-N-alkyl{(alkylphenylene)diamine of <claim 20,
wherein R' is 2-isohexyl and R® is 2-isodecyl.

23. The N’-phenyl-N-alkyl (alkylphenylene)diamine of claim 20,
wherein at least one of R! and R? is an arylalkyl group.

24. A lubricant oil composition comprising a lubricating oil and a
N’ -phenyl-N-alkyl (alkylphenylene)diamine of Formula II

Formula I}

NH R?
: : :NHR’

wherein R! is an alkyl group or an arylalkyl group; and
R® is a substituted or unsubstituted linear, branched or
cyclic alkyl group or an alkylaryl group.

25. The lubricant o0il composition of claim 24, further comprising

at least one member of the group consisting of a dispersant, a
detergent, an antiwear additive, a pour point depressant, a

18



27. The lubricant oil composition of claim?25, wherein
said dispersant is a |long chain hydrocarbon
waemmsri2et ed with an al phaor bet a-unsat ur at ed PCT/US2006/046353

carboxylic acid. 28. The lubricant oil conposition of

claim 25, wherein said detergent is a nenber of the

group consisting of an alkali netal sulfonate, an

al kaline earth netal sulfonate and a netal salt of a
corrosisul finh dovit@l Mg al kylphieen| nedhbotind. 29. The

| ubricant oil conposition of claim25, wherein said

antiwear additive is a nenber of _the_group_.consistin .
26-'TheoflHP&&ﬁPEtsupﬂﬁde§9m§8ﬁﬁ§&PPid8§, 8§géPsp8ﬂ' wherein said
lubricdeing tdl bdipraphpdrccacbdn phbspévivsdefremspeameleun.

di hydr ocar byl dithi ophosphate netal salts. 30. The

l ubricant oil conposition of claim25, where the . ,
27. Thecolbsile@nitnhioBilt oCHWos féer °6f CHELGY ofps Wherein said

disper@@ﬁ@iSbg@grﬂhdxﬁﬁﬁﬁfiﬁymﬁftakﬁ?wa§¢W§Bitmhéadwath|%n alpha-

conpounds rcapt obenzaot hi.ogzol e conpounds in the
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29. The lubricant oil composition of c¢laim 25, wherein said
antiwear additive is a member of the group consisting of organic
sulfides, polysulfides, esters of beta-thiodipropionic acid,
phosphorus esters, and dihydrocarbyl dithiophosphate metal salts.

30. The lubricant oil composition of claim 25, where the corrosion
inhibitor is a member of the group consisting of benzotriazole
derivatives, thiadiazole compounds, mercaptobenzothiocazole
compounds in the form of amine salts, sulfonamides,
thiosulfonamides, condensates of mercaptobenzothiazole with amines
and formaldehyde, dialkylphosphites, trialkylphosphites and
triarylphosphites.

31. The lubricant oil composition of c¢laim 25, wherein said
friction modifier is a glyceryl monoester of a higher fatty acid
or an oxazoline compound.



