WD 2007/ 070282 PCT/ US2006/ 046353 Tl TLE:  ALKYLATI ON OF

N - PHENYL- N- ALKYLPHEt 1YLENEDI AM NES I N | ONI C LI QUI D,

N'-PHENYL N- ALKYL( ALKYLPHENYLENE) DI AM NES PRODUCED THEREBY, AND LUBRI CANT
COVPCSI TI.ONS CONTAI NI NG SAME 5 BACKGROUND OF THE INVE%R@%%/ 5
N'-phenyﬂ”?ﬁgﬂﬁvP%%enylenedlan1nes have utility as 43P 1 or

| ubricant oils, rubber conpositions and antiozonants. U S. Patent No.
5,232,614 discloses the use of 10 N, N -di al kyl substituted

p- phenyl enedi am nes as antioxidants in lubricating oils. The
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' Eftalyst an I'gh pressure may be used to al kylate
phenyl - N- phenyl enedi am nes. The use of alum numalkyls to al kylate a

- piEmHcrRvunal byl phenyhemeriony ne has at | east two di sadvantages: the
conpounds are not recyclable, and they may spontaneously ignite in 20 air.

NbreoverN’T?R?ﬁx%nﬂ1ﬁ%¥Y@?bﬁ@aﬁ?96@4%W'mW%s t hétayen- substilitved pheayl
m num chl ori de, heat, and

ring [..ex , e, use of rlet u

pres§ﬂﬁé ilda kyIateJN luﬁgﬁﬁ?n$+l§b Skyldﬁ%%?leneﬁﬁ%ﬁﬁ?ﬁa%ﬁﬁ%llaa@cene
prodm&oz@)&ﬁ@l@m nangl ¥. Npa2oiet hyd nopyh phesyd - Bk bsobsxy! piignyl gnediani ne.
25 An ionic liquid consists of inorganic and/or organic cations

10 N, N’ -dialkylsubstituted p-phenylenediamines as antioxidants in
lubricating oils.

The Friedel-Crafts alkylation of N’-phenyl-N-phenylenediamine
compounds using alpha-olefins and a Lewis acid catalyst such as
aluminum chloride provides 1little or no vyield of alkylated

15 product. Instead, an aluminum alkyl catalyst and high pressure
may be used to alkylate N’JphenylFN—phenylenediamines.

The use of aluminum alkyls to. alkylate a- N’ -phenyl-N-
alkylphenylenediamine has at least two disadvantages: the
compounds are not recfclable, and they may spontanecusly ignite in

20 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-ischexvliphenylenediamine with l~decene precduces
predominantly N;-Z—methylnonylphenyl-N*isohexylphenylenediamine.

25 An ionic liquid 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. Ionic liquids can

act as a catalyst and/cr solvent, and have been studied for



and anions, and typically has a very |ow vapor pressure, a wide |iquid
tenperature range, and is non-flammable. lonic liquids can act as a
catal yst and/or solvent, and have been studied for 1 WD 2007/070282

PCT/ US20 utility as solvents, electrolytes, inh separations and in
fluid ag’gé?@g’ﬁ"g% such as lubricants. See Hol brey, B‘?ﬂ%&@f‘@?"‘
Applications of lonic Liquids," Chem stry Today 35 (June 2004); Parkinson,
"lonic Liquids Make an Environnental Splash,”100 S Chem cal Engi neering
Progress 7 (Septenber 2004); and Drake et al., "Structural Effects on the
Physical Properties-of lonic Liquids," Air Force Research Laboratory
Repor tt oL EYAFRE - BRIEDPYE: XIGTtrelyhay, 2003)setia tismsofaridnis Ifiguikds in

Fri ed§ﬂ>15ﬂc,aaftti%ﬁ§| kylation has been 10 di chg%ﬁfﬁigﬂbgalffes'l F%&;;i?\naf ts

Reactions I n I"or oal um nat e 'ten Salts,

| ntr ogpsticit iand Sed ecéedc ABBLEARHT QfseiQR A v3§ngJNgga2%i04 ds.

1987)  and Earle et al, "Organic Synthesrs; iquids I'n Synthésis 174
(Vass@rsiehison, &"Penion EdguideO3lakiewewsr, Enelitbehestadly &s14kr eqabed to an
15 alkylatign reaction whigh permits further substitution of the phenylene
7 ng B an—N—pHEHA RS ReTSA ehedPERERBOEBNFOMEA; ame oBfeke ef t he

inverdj on kSctdiyQvi dergosynt [ [ ermts al kylation of the
phenyl ene ring of an N -pﬁenel h&N-§ %R%y%eﬁ%aﬁm %é:OE’S bEnd.°20 8 Eat ure
of tHeiquivdenti diiri Borhe BsesatcANLhbMLedhIUEhAS Ao S MgNpraRE-GaLt.al yst

for the alkylation reaction.
003-12y(May 2003},

The use of ionic liquids in Friedel-Crafts alkylation has been
10 discussed in Wilkes, Friedel-Crafts Reactions in Chleroaluminate

Molten Salts,“ Molten Salt Chemistry: An Introduction and Selected

Applications 405 (Mamantov and Marassi Eds. 1987) and Earle et al,

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

& Welton Eds. 2003). Hewever, neither study is directed to an
15 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.
20 A feature of the invention is the use of an iocnic liguid as a
soclvent and catalyst for the alkylation reaction.
An advantage of the invention is that use of an ionic liquid
typically permits convenient separation of N’ -phenyl-f-
alkyl(alkylphenylene)diamine from the reaction mixture,

25

o)



An advantage of the invention is that use of an ionic liquid typically
permts conveni ent separation of N -phenyl-N alkyl (al kyl phenyl ene) di am ne
fromthe reaction mxture. 25 WD 2007/070282 PCT/ US2006/ 046353 BRI EF
SUMVARY ENTI ON I n one aspect, the present i o) | ates to a
process Si?l&g@b' atlng a N -phenyl - N—aIkyIphenylenedﬁ%ﬁ&%g&ﬁggﬁbrising
reacting a N -phenyl -N-al kyl phenyl enedi am ne of Fornula | 5 Fornula I NH
\ \ I NHR wherein R is an alkyl group or an arylalkyl group, with an

al kyl ati ng agent in the presence of an ionic liquid 10 conpr|S|ng a Lew s
'acid and 2 uaternary cation roduce a

BN Y(QIk?ﬁBhéHVﬁ@ﬁB@ iamine of Formula Il Formula Il NHR2 \

I NH 2 n fined above, d R2 is a substituted or
unsubst £t S0 TREE e br BRcREa ol PErTel Tieg o BEaHae

gr oupalkyu siaiher NaspaehyltheaDkﬁﬁgﬂ@nm@%a&hﬁmné,e| ALESr i N -

reacting a N’-phenyl-N-alkylphenylenediamine of Formula T

5
Formula |
NH
::: ::; “NHR*
wherein R' is an alkyl group or an arylalkyl group,
with an alkylating agent in the presence of an ionic liquid
10 comprising a Lewis acid and a guaternary cation,
to produce a N’ -phenyl-N-alkyl {(alkylphenylene}diamine of Formula
II '
Formuta 1
:: NH :: ij
NHR'
15

wherein R} is as defined above, and

R? is a substituted or unsubstituted Llinear, branchea 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



20 phenyl-N—aIkyI(aIkylphenylene)dianiné of Formula Il 3 WD 2007/ 070282
PCT/ US2006/ 046353 Formula 11 NH/ R2 \ I \ NHR wherein R is an al kyl
group or an arylalkyl group; and R2 is a substituted or unsubstituted

| i near nched or 5 cyclic alkyl group or an alkylaryl group, prepared
by a prod@?& 7@6 %ISIng reacting a N'-phenyI-N-aIky?$ﬁ8ﬁ§W%Hgﬁfanine of

Formula | Formula | NH \ I \' I NHRL 10 wherein R is an al kyl group or
an arylal kyl group, with an alkylating agent in the presence of an ionic
liquid conprising a Lewis acid and a quaternary cation. In-yet another
aspect, the present invention rreimai®is to a 15 |ubricant conposition
conprising a lubricating oil and a N -

phenyl-N—aIkyI(aIkylphenyleniidiaﬂln of Rbornmula Il Forrmula 11 QN\NH: 2 \
NHR 4

NHR'

wherein R} is an alkyl group or an arylalkyl group; and
R® is a substituted or unsubstituted linear, branched or
5 cyclic alkyl group or an alkylaryl group, prepared by a process
comprising:

reacting a N’ -phenyl-N-alkylphenylenediamine of Formula I

Formuia |

SRt
: NHR?

10
wherein R* is an alkyl group or an arylalkyl group,
with an alkylating agent in the presence of an ionic liguid
comprising a Lewis acid and a gquaternary cation.
In yet anothexr aspect, the present invention relates to a
15 Lubricant composition comprising a lubricating o¢il and a N7-

phenyl-N-alkyl (alkylphenylene)diamine of Formuia 11

Formuila Il

NH R*
:: :: :NHR1



WO 2007/ 070282 PCT/ US2006/ 046353 wherein Rl is an al kyl group or an
aryl al kyl group; and R2 is a substituted or unsubstituted |inear, branched
or cyclic alkyl group or an al kylaryl group. 5 DETAILED DESCRI PTI ON OF THE

PREFERRED. ENBODI NENTS As summrari zed above, the present invention relates to
the Fr ei\ﬁglzgugﬁaofz% al kyl ati on of a N -phenyl-N-al kyl%‘ﬁfé'ﬁ%?f"&ﬁjé%i‘?%m ne in

the presence of an inorganic liquid. 10 The al kylating agent nmay be a
substituted or unsubstituted |inear, branched or cyclic olefin or an
aryl al kene. Suitable linear olefins include 1-hexene, 1-nonene, 1-decene
and 1- dodecene. Suitable cyclic olefins include cycl ohexene, cyclopentene
and cycl ooctene. Suitable branched ol efins include 15 propylene trimner

(nonenes yhene tetrape dodecenes), r ene pentamer and

di i sobut %pgﬁé?l‘? Ui table 3?3’/‘?% Yr'ehed %%E‘Fagéggﬂr%ﬁ%‘fpmwﬂu styrene,
3- pheny! pf opene aanguis Phemydd 2 bUh 8BS0 s T e § 3 higui d Ry, he conposed
entirely of anions and 20 cations, and may conveniently be prepared by
m xi reytlogeteidwy lagroen sraendabindlanylalgleybpquat ernary netal salt,
preferably under heat. The Lewis acid may be a netal halide, an al kyl
halide, an alkylaryl, or an alkyl sulfonate ester. Suitable Lewis acid

et al prEer il e R BGHRCOR! M BHRENRRD BfisoB Ly M brom de, indium 5

As summarized above, the present invention relates to the
Freidel-Crafts alkylation of a N’ -phenyl-N-alkylphenylenediamine
in the presence of an inorganic liquid. .

10 The alkylating agent may be a substituted or unsubstituted
linear, branched or cyclic clefin or an arylalkene. Suitable
linear olefins include 1-hexene, l—nonéne, l-decene and 21-
dodecene. Suitable cyclic olefins “include cyclohexene,
cyclopentene and cyclooctene. Suitable branched olefins include

15 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 liguid may be composed entirely of anions and

20 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

25 halides include aluminum chloride, aluminum bromide, indium



WD 2007/ 070282 PCT/ US2006/ 046353 trichloride, galliumtrichloride, niobium
pentachl oride, tantalum pentachloride, titaniumtetrachl oride, boron
trifluoride, boron trifluoride etherate, boron trichloride, ferric

chl ori de, and 2|rcon|un1chlor|de [llustrative al kyl halides include

met hyl 5 CREWOEE2 et hyl broni de, nethyl iodide, et RAVERIBOIGE et hyl
brom de, ethyl iodide, n-propyl chloride, n-propyl brom de, n- propyl

i odi de, isopropyl chloride, isopropyl brom de, isopropyl iodide, n-butyl
chl oride, n-butyl brom de, n-butyl iodide, isobutyl chloride, isobutyl
brom de, isobutyl iodide, tert-butyl 10 chloride, tert-butyl brom de,

t ert -thutgilorddiede gadlpent yiricbhboidae, nivkpent yWerbraride i d8- perihyk 1:pdi de,
neopentyl brom de, neopentyl chloride, neopentyl i odide, octyl chl ori de,
oct ylperﬁzracﬁ]i’ilﬂ’élgﬁd ot RAN 1 H%trarql'i%%tlrd&trl \}@%ﬂﬂ(yltanﬂuhaiqiaies biomohude

benzyl b | or, b adj hen | et 15 chlor de,
a- pﬁenyll Q{?rqggr O%{'%é(]!atc@ hédr?q%gt hg djlralé:fe'f éﬁy?/%‘?lrﬁﬁl 14511 ofPde, I

(3- phﬂt}dcﬁhlwml Bt Dot D andlﬁ%slﬂh@ﬂli{b@t byl y i oqhg@de§w{r¢g]lf\déal F‘I t H' fonate
y a

esters include al kyl tosylates, alkyl nesylates and alk tri The
& kylchlumléimarr@ﬁﬁ”retlalblsqamdermyméjﬁlﬂ et igtenar s/t iaymroalh Lot i 9, sabthyan

al kyl hosp oni al t al kyli m dazol iumsalt, an alkyltriazoliumsalt
and atlrll) arK J' erL{irIjtf ‘Fﬁ“s%l"t DT SN RS nd?')P%ﬁﬁ‘?fblmW%JaHrs nty be

basquﬁpyqati&{l_ﬁjéa ggéﬁgo%yp%hlgﬁl@é OUPs §ONS, 51 | Bgoﬂgdﬁ  +8PREPR¥oni um

benzyl tri met hyl anmoni u ut yl'tri met hyl anmroni um
25 etimditds , metrhydudayioniadvho tieter, a- m—but yL anbwointi: , n- Iﬂewtyl iodide,

isobutyl chloride, isobutyl bromide, isobutyl lodide, tert-butyl

10 chloride, tert-butyl bromide, tert-butyl iodide, n-pentyl

chloride, n—penty; bromide, n-pentyl iodide, neopentyl bromide,

neopentyl chloride, neopentyl iocdide, octyl chloride, octyl

bromide and octyl iodide., Illustrative alkylaryl halides include

benzyl bromide, ben;yl chloride, benzyl iodide, o-phenylethyl

15 chloride, c—phenylethyl bromide, c-phenylethyl iodide, B-

phenylethyl chloxide, p-phenylethyl bromide and p-phenylethyl

iodide., Suitable alkyl sulfonate esters include alle tosylates,
alkyl mesylates and alkyl triflates.

The alkyl guaternary metal salt may be a quaternary ammonium

20 ;alt, an alkylphosphonium salt, an alkylimidazolium salt, an

alkyltriazolium salt and an alkylpyridinium salt. Suitable

quaternary ammonium salts may be based on cations selected from

the group consisting of benzyltrimethylammonium,
butyltrimethylammmonium, methyltriethylammonium,
25 ethyltrimethylammonium, tetra-n-butylammonium, n-hexyl-




6 WO 2007/ 070282 PCT/ US2006/ 046353 tri m et hyl anmoni um

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

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

n-octyl -triethyl anmoni um n-hexyl-tri-n- butyl ammoniu

n- hept yl - Pizéoﬂ%ﬁ'ﬁﬁll ammoni um n-octyl-tri-n 5 butyl an‘%‘}{ﬁ}ﬂ?“’“““ﬁ
tris-(n-propyl)-undecyl amoni um tetra-n- pentyl amoni um

N- decyl - n-oct yl - di net hyl ammoni um and N-tetradecyl - triethyl arnnmoni um

Sui t abl e al kyl phosphoni um salts may be based on cations selected fromthe
group of benzyltrinethyl phosphonium 10 butyltrinethyl phosphoni um

met hyFeHnetid sspivani um  ettimfleptivdet hjhphoglErem nuimm, n-octyl-
tetra-n:butyl phosphoni um n-hexyl - trinethyl phosphoni um

n- hep‘fg?f@??%%‘r%’mﬁp"ﬁﬁ&phoni unfREvEt A5 S YHBERG R BHBs phoni un~heptyl-

n- hexyk s &ehetddnesphoni um e Dept ¥ s dyilflaxk pRosphonium o o -

n- oct yl ot ri)?f hyl phosphoni um n- exy%/-@ttrhl}{ r?%g %%W phothlg%ﬁﬂJmtrl n

n- hepbytylammenibut,yl phospias pimt m~aebyt vyl stmdhiddut Y| phasebepi Ui —n-
tris-(n-propyl)-undecyl phosphonium tetra-n- pentyl phosphonium '

NE decy Pt GRS et hy| FESSpRBNPEeRENG Wdecgl patdenybnt r i et hyttosphoni um
Sui t L, M, dazal ] sal.ts may be based on.cations selected 20 fromthe
gr OUSB%:%%%%U ng dé#nﬁ%f:%% ?39ﬁ§¥£ycfl-“}er%%(ﬁfgﬁ“f’ﬂﬁ]umlé‘ng N-tetradecyl-

et hyl £ i get ydmadgridazol i um 1-butyl - 3- net hyl i mi dazolium 1-

dodecyl - 5-net hyl i m dazolium 1-(2,2,2-trifluoroethyl)-3- nethylimdazolium
1- ( et hox Prathpil - 3akky hyhé spltzdoin uspl8set gl - Beethysédai dazol damons

3-ethylil.puiyl-ppmidazoljym 1-ethyl-2,3-

benzyltrimethylphosphonium,

10 butyltrimethylphosphenium, methyltriethylphosphonium,
ethyltrimethylphosphonium, tetra-n-butylphosphonium, n~hexyl-
trimethylphosphonium, n-heptyl-trimethylphosphonium, n-octyl-
trimethylphosphonium, n—hexyl-triethylphesphonium, n-heptyl-
triethylphosphonium, n-octyl~-triethylphosphonium, n-hexyl-tri-n-

15 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.

Suitable imidazolium salts may be based on cations selected

20 from the group consisting of l-methyl-3-methyl-imidazolium, 1-
ethyl~3-methyl-imidazolium, l1~butyl-~3-methylimidazolium, 1-
dodecyl-5-metnhylimidazoliumn, 1-(2,2,2-trifluoroethyl)-3-

methylimidazolium, 1-{ethoxymethyl)-3-methylimidazolium, 3-ethyl-

l-ethylimidazolium, 3-ethyl-l-butyl-imidazolium, l-ethyil-2, 3-



7 WD 2007/ 070282 PCT/ US2006/ 046353 di net hyl -i m dazol i um

1, 2-diethyl-3-nethylimdazolium 1-ethyl- 3,5-dinethyl-imdazolium and

1, 3-di ethyl-5-nmethylimdazolium Suitable alkyltriazoniumsalts nay be

based on t] sel ected fromthe group consisting of )

1-(3', 3 ,Vgg-z'{'”?’{a%’lzﬁor 0-n- 5 propyl)-3-n-butyl -1, 2, 4- t r1 @253

1-(2' -fluoroethyl)-3-n-heptyl 1,2,4-triazolium

1-(21-fluoroethyl)-3-n-decyl-1,2,4-triazolium

1- (1H, I H, 2H, 2H per fl uor o- n- hexyl )-3-n-butyl -1, 2, 4-tri azolium 1-n-

propyl -4-am no-1, 2,4-triazolium 1-n-butyl-4-amno-1,2,4- triazolium and

1- n- h@ie thaclanimiclap o2 iamt r i dz@-durtheD-3 mmet prshedsed 1emhodi nMENtLhyhhe ionic

I iquig gs for iin.,situ.  prior to addition of the al kylating agent. The
eq&g%—lmdgggg}hg?yaqﬁn%ﬂ3jgépph§ﬁds—methylimidazolium.

Lewi s 'BCTC&m A
N phenybuleabky! pheRylepel AAe i Be pagdeq.lo g oul tabl e reaction

vessel, preferably under ry, tnert atno
t enpesaltarteedupfrom200Ms  gRdup5 whishkedngf Qr exagpl ez at w&%ﬁggﬁ%_gpm
. e

until an ionic liquid phase and an organi c phase.are forne I nert

at noSHHENE Iseredutyd~pr 8t brEr tareliiom: ¢ 1Hi(gur 81Eeooe Oxy Dot 3-0theang s

Rt 1 oot e PHEEl ot nt bher B SHBAY S0 BedtryTT b AvblcF EURPDSI i on

of  20- ths 1 2ki-gui-ea udhe-le At -agnagept: MRY, be. added 1,0, t he reaction

vessel once the two phases have been forned, elther all at onde or by

mul t iIIPY lpdrmdnoaddet f onsiaBlium, l-n-butyl-4-amino-1, 2, 4-
triazolium and l-n-hexyl-~4-amino-1,2,4-triazolium.

10 In a preferred embodiment, the ionic liquid is formed in situ
prior to addition of the alkylating agent. The Lewis acid, alkyl
Juaternary metal salt and N’ -phenyl-~N-alkylphenvlenediamine may be
added to a suitable reaction vessel, preferably under a dry, inert
atmosphere and with heating to a temperature up to 200°, and

15 stirred, for example at 200 to 300 rpm, until an ionic liguid
phase and an organic phase.are formed. The inert atmosphere serves
to protect the ionic ligquid from oxidation, and is rreferably
selected from the group consisting of argen, helium and nitrogen.

The inert atmosphere should also be dry to avoid decomposition of

20 the ionic liguid.

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.



WO 2007/ 070282 PCT/ US2006/ 046353 The al kyl ation reaction may preferably be
performed at a tenperature of from80 to 200 C over a tine period of from
1 to 24 hours. The al kylation reaction produces a m xture of nono, di and
5 tri-alxélated N - phenyl - N-al kyl phenyl enedi am nes. The reaction products

may. be SEPAIAOWE%romthe reactants by conventional PIEFEPNPEH t echni ques
and apparatus, such as a reparatory funnel well known to one of ordinary

skill inthe art. Simlarly, the isolated reaction m xture nay be
separated into its conponent 10 conpounds using conventional separation
techni ques and apparatus well known to those of ordinary skill in the art,

such as, Ther aldwdmplion hrghcpiessumee | pafdrahtpniteogpapiyrmdbe at  a
Freidel Crafts al é&{logﬂpf N'(ﬁ enyl - N—alk¥I%hen yl ene- diam ne in an

i oni ¢ IRGfiAFVAS & g & Unekp8EEEdry * 118 BrdGeestafrom 1 to

. N - Qgpyknhhalkyl(alkylphenylene)dlanlne of formula Il: Forrmula Il NH R2

\ LN NHR wherein RL is an al kyl group or an arylal kyl group, preferably

20 haV|nghér@amylaolaﬁ oardoan oat grsduaed B2 inSxenselbsia thdesl OHi and
unsubstituted |inear, branched or clic alkyl group or an aIkyIaryI

ot oup: Fiprdfetabrg hbévurﬁgewlmﬂ-flkﬁ’épgenzh@wﬁmw 9 VWheOORBRGRB2

PCT/ 6%46§§§_ be separated from the reactants by conventional
separation techniques and apparatus, such as a separatory funnel
well known to one of ordinary skill in the art. Similarly, the
isolated reaction mixture may be separated into its component

10 compounds using conventional separation techniques and apparatus

. well known to those of ordinary skill in the art, such as, for
exrample, high pressure liquid chromatography.

The Freidel-Crafts alkylation of N’ -phenyl-N-alkylphenylene-

diamine in an ionic liguid as described above unexpectedly

15 produces a N’ -phenyl-N-alkyl{alkylphenylene)diamine of formula TI:

Formuia I

NH R?
::: ::: :NHR‘

wherein R! is an alkyl group or an arylalkyl group, preferably

20 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.



Preferred N -phenyl - N al kyl (al kyl phenyl ene) di am ne conpounds i ncl ude those
in which RL and R2 are both n-2-decyl, where R is 2- isohexyl and R2 is
n-2-decyl, and where at |east one of RL and R2 is an arylal kyl group. 5
The N - phen I-N—aIkyI(aIkylphenylene)dlanlne conmpounds E qfared by the
process ofCtH&'W¥sent invention are believed suitabf @ YBPI6PEEYs
antioxidants in lubricant conpositions such as those described in U S

Pat ent No. 5,232,614, the disclosure of which is hereby incorporated by
reference inits entirety. 10 Typically, the lubricant conposition wll
include at least a lubricating oil and at |east one N -phenyl-Nal kyl
(aIkyIph@h?f%#ﬁQQﬁzﬂﬁ1R?QR¥LMN*@&$N@XHﬂhmlph¢ﬁm&ﬁnﬂxdﬂdminecommm$bmhda may

al so ,include one or ers, of the grou consi stin a di spersant,
a deﬁéFé@ﬁF gﬁsﬁnf?&gé‘ﬂé m??l e Ea?ﬁ%t%%ﬁ¥ebglﬁﬁcéépr@ %éﬁtR &Sc8rr osi on
i nhi bi $0f6,30d Rdf kR CLEOR-- znaga;giieranar h&éf@réfaﬁéé@%o&k By P 84 g2

hydr ocar bon oi| derived from petroleum or ong chain hydrocar on
substiid wredrpilbhkah @tgha- or beta-unsaturated carboxylic acid. The
detergent, when present, 20 may be an al kali netal sulfonate, an al kaline
Garth mefhe uI*cﬁ&h%ﬁkﬁ”ﬂr%ﬁﬁﬂ%(aéévﬂpbﬁﬂzﬂ%ﬂﬁﬁiwmwnﬁia|nlm@deqvﬁpheno

conp The ar addltlve en present, na be an organ | fide,
a poI S:Iafrlg’ %nﬂégtébr 5t Bet AL t FSdiHEH i £ 5ot 258 ﬁ‘f‘&&ﬁ%g

ESteﬁsdHtébM$ hﬁgr9§@r§§|a&&i&&i&ﬂﬂ%ﬁoh%t@uBEE@En§a&émpééhtlons such as
those described in U.S3. Patent No. 5,232,614, the disclosure of

which is hereby incorporated by reference in its entirety.

10 Typically, the 1lubricant compesition will include at least a
lubricating oil and at least one N/ -phenyl-N-alkyl
{alkyiphenylene)diamine as an antioxidant. However, the

composition may also include one or moré members of the garoup
consisting of a dispersant, a detergent, an antiwear additive, a

15 pour point depressant, a corrosion inhibiter and a friction
modifier.

The lubricating oil may be a hydrocarbon o©il derived from
petroleum or a long chain hydrocarbon substituted with an alpha-
or beta-unsaturated carboxylic acid. The detergent, when present,

20 may ke an alkali metal sulfonate, an alkaline earéh metal
sulfonate or a metal salt of a sulfur-contazining alkylphencl
compound.

The antiwear additive, when present, may be an organic
sulﬁid;, a peolysulfide, an ester of beta-thiodipropionic acid, a

25 phosphorus ester or a dihydrocarbyl dithiophosphate metal salt.

10



WO 2007/ 070282 PCT/ US2006/ 046353 The corrosion inhibitor, when present, may
be a benzotriazole derivative, a thiadiazole conpound, a

mer capt obenzot hi oazol e conpound in the formof an amne salt, a

sul fonam_de, a _thiosul fonam de, a condensate of nercaptobenzothiazole with
an 5 ani N5 AWd 1%l dehyde, a di al kyl phosphi t e, ain#éh%?ﬁﬁﬁﬁ?ﬁ%ite or a
triaryl phosphite. The friction nodifier, when present, may be a gl yceryl
nmonoester of a higher fatty acid or an oxazoline conpound. The inventors
currently believe the ionic liquid may be 10 recycled for use in
subsequent al kyl ati ons by sinple phase separation in which the

hydr ocar Bios - sof xdd ieorr eagtitorcopr,odieh icsresgetantreq, band thmzosepacated from
t he denser ionic |liquid phase, The ionic liquid nay then be used to

cat aldFFd Vatd¥Rer 3l kyPARFOAZOHRacEPBRPHRA t Bl FRC kAR YPREGHSIERACPEALMI t h
7 sy Gal st 1,15, FXAVBLE, The 1)1 00411, EXAITY e 1) | Ushizahes, e pgact ce

and a ntages of the invention in greater detdil W respect fo an

i ndi Wrdwahi120napeates 4 heepatnsdte det ahd scftde -exanpke1ar asidd ushrati ve
only, and are not to be used to constrict the scope of the clains. Exanple
B A BHineq.anecKegmpdaplly dor taoriich iMvdpkoeghi ppeda vkt ip lak iwinclsehiteenper at ur e
contgpller, thgnngoggle, and pressure equilibrated 25 dropping funnel was
charge&ﬁﬁ? rpnlfPoﬁ "positive pressure with 11

The friction modifier, when present, may be a glyceryl
menoester of a higher fatty acid or an oxazoline compound.

The inventors currently believe the ionic ligquid may be

10 recycled for use 1in subseguent alkylations by simple phase

separation in which the hydrocarbon-soluble reaction product is

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

The ionic liguid may then be used to catalyze another alkylation
reaction by itsélf, or in combination with fresh catalyst.

15

EXAMPLE
The following Example illustrates the practice and advantages
of the invention in greater detail with respect to an individual
20 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 equippsd with a mantle,
temperature contreoller, therﬁocouple, and pressure equilibrated
25 dropping funnel was charged under nitrogen positive pressure with

11



WO 2007/ 070282 PCT/ US2006/ 046353 solid
N - phenyl - N- 2-i sohexyl - p- phenyl enedi am ne (53.38g, 0.1989 nole)
comercially avail able as Fl exzone 7P from Chenmtura Corp., alum num

chl ori de 0.100 nole, 50.4 nole%relative to N, -

phenyl - I\I—‘g(-]’i:g%@g@)%afﬁ - p- phenyl enedi am ne) and tetra-n- b%#’%lsﬁﬁ!{%ﬁ@a% 5 brom de
(21.34g, 0.0661 nole, 33.3 nole%relative to N -phenyl -N

2-i sohexyl - p- phenyl enediam ne). Stirring was started at ca. 200- 300 rpm
and the m xture warned to 160C. Wen the dark brown-black reaction m xture
had reached 160C, 94% 1-decene (97.64g, 0.696 nole, 3.5 equiv. relative-to
N - 1%0lpisenyl’ ~RhenydoReyl sghaphdmp-ehedyarnnd). amase addexl 2ver 2.hossThe

reacti an m xture was.brough 170C upon conpletion of the addition and
i e Rdd SIS A @r"g'tla?é??0?52§LiﬁF?°TﬁggFe§€ﬁ%r?%HEét CREE- t hen

al | ovied, i g0 1 8euALt qlérmi;gpto GRS AL urey apd,as, driell%tcﬁgfewtltc;ﬂPBQont

n- hept ane. The dark brown- 15 bl ack reaction m xture separated o a lower

sol i cbiphadeNandianhdppesptplgetyd spleasanink chrisast decamnt-addNt@man2uk
separatory funnel, washed with 2x 500 nL water and then 400 nL water-100nL
conc . PERRIEGus 2dmidAr a0 - 8RE1t Fieke dr 3P oveleanisirous dodilimphsaviiale. The

- soli at _th f_the flask wei.ghed 20 50.74g. The drying agent
was ?%ﬁ%%@%hgﬁoh1?ﬁgggégﬁ%% m%VEQUCtioﬁrﬁﬁ Gt P55 ST ERFEuah 539.8% m
di aneter rghes knaf cA34mklk @t @ssaifiderio paper. The dark filtrate was then

condensed in vacuo (rotary evaporator, 95C water bath, <5 mmfinal vacuum
to obt ai #haw, ghe gdapk prowndakachrosartolackrigidure had reached 160°C,

94% 1-decene (97.64g, 0.696 mole, 3.5 equiv. relative to N’-

10 phenyl-N-2-isohexyl-p-phenylenediamine) was added over 2 hr. The
reaction mixture was brought to 170°C upon completion of the
addition and maintained at thisrtemperature for 25 hr.

The reaction product was then allowed to cool down to ambient
temperature and was diluted with 300mL n-heptane. The dark brown-

15 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

20 50.74g.

The drying agent was removed from the pfoduct by suction
filtration through a 9.0 cm diameter disk of 934 AH glass fiber
paper. The dark filtrate was then condensed in wvacuo (rotary
evaporator, 95°C water bath, <5 mm final vacuum) to obtain 49$.49 g

25 of a dark brown-black oil.

12



12 WD 2007/070282 PCT/ US2006/ 046353 GC anal ysis of the oil indicated that
it was a mxture of (area% 17.1% unreacted
- phenyl - N- 2-i sohexyl - p- phenyl enedi am ne, 71. 8% nono- decyl at ed

- phenyl xyl - p- phenyl enedi am ne and 7.5% i-de t ed

-phenyﬂN§t§”b§ ﬂ%xyl p- phenyl enedi am ne. 5 The nnng%%%@ygpéﬁlg}oduct was
a mxture of two isoners: 8.2% and 63.6% The nmajor isoner was isolated by
col um chr omat ography. The major isonmer was identified as

- phenyl - N- 2-i sohexyl - (2 (2-isodecyl)-p-phenylene)ldiamne (GREE) by its
GC retention tinme, IR spectra and NVR spectra, which were consistent with
the GCC 40 reedueion af nehel Rigpebtdizaded NVRispétt masofa aniatthenbitc GRFE

I di f.f t th t .e., f 1- d
e oAy T i RARRERPOr iebhe o taeat peh Mk b aiery Y igreBeur o The
| nveniorgs, %%eateaylg%aewe bn@nypmﬁz ; 's%'l’lg'erﬁ!H%§agtb@nyﬂ&%ﬁ%ﬁ'n?ﬂgggr use

i n subsequent al kylations by sinple phase sépa fon 1n

hydr otarzbonmsbt iHer yieactd onnprpidernt(8)-2-isbaery lep aph &ty 1 andiibhuse .
separated from the denser ionic liquid phase. The ionic liquid may then
be user t@%%y}féeénétwc%lw &t |H6ﬁ<truef&ctqforwsy jjgogels: §r 2fnand

Conb'é?t°on P%éﬁ%yﬁpﬁgeg yshﬂa%éd %L Nﬁhm chromggograﬁﬁy

- phenyl - enylene) I amne For il
The major isomer was identified as N’-phenyl-N-2-ischexyl-[2-

(2-isodecyl) -p-phenylene) Jdiamine {(GRFE) by its GC retention time,

IR spectra and WNMR spectra, which were consistent with the GC

10 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 liquid may. be

15 recycled for use 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 liquid

phase. The ionic ligquid may then be used to catalyze another

alkylation reaction by itself, or in combination with fresh

20 catalyst.

13




Formula | crn:, wherein R and R2 are both n-2-decyl. 2. A )

N - phenyl - N-al kyl (al kyl phenyl ene)di am ne of Formula | Formula | ~ ~ RZ
wherein RL is 2-isohexyl and R2 is 2-isodecyl. 3. A

N - phenyl - N-al kyl (al kyl phenyl ene)di am ne of Fornmula I FormuL | R2 NHit
wherein R1 is an al kyl group or an aryl al kyl group, wherein R2 is a
substituted or unsubstituted lIinear, branched or cyclic al kyl group or
al kyl aryl group, and wherein at |east one of R' and R2 is an aryl al kyl
group. @&dagmsA lubricant oil conposition conprising a lubricating oi
a N -phenyl -N-al kyl (al kyl phenyl ene) di ami ne of Fornmula | H Fortnmsr R
\ | NHR W@&heteim:Rl is an al kyl group or an arylalkyl group; and R2 is
substituted or unsubstituted linear, branched or cyclic alkyl group or
al kyl aryl group. 5. The lubricant oil conposition of claim4, further

1. A N'-phenyl-N-alkyl (alkylphenylene)diamine of Formula I

Formila 1
H 2
i M _ R*
\(NHR]
‘wherein R and R? are both n-2-decyl.
2. A N'-phenyl-N-alkyl (alkylphenylene)diamine of Formula I

Foronula I
i -
NHR!
wherein R* is 2-isohexyl and R? is 2-isodecyl.
3. A N'-phenyl-N-alkyl (alkylphenylene)diamine of Formula I
i g : @
NHR!

wherein R' is an alkyl group or an arylalkyl group,

Formula I

wherein R? is a substituted or unsubstituted linear, branched
or cyclic alkyl group or an alkylaryl group, and

wherein at least one of R' and R® is an arylalkyl group.

14
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conprising at | east one nenber of the group consisting of a dispersant, a
detergent, an antiwear additive, a pour point depressant, a corrosion
inhibitor and a friction nodifier. 6. The |ubricant oil conposition of
claim4, wherein said lubricating oil is a hydrocarbon oil derived from
petroleum 7. The lubricant oil conmposition of claim5, wherein said

di spersant is a long chain hydrocarbon substituted with an al pha- or

bet a- unsat urat ed carboxylic acid. 8. The lubricant oil conposition of claim
5, wherein sapd 166 EE8PT 451 @ JHRERES Qfod hgo boYR 6 SLSt] g Pl ARl kali
metal sulfonate, an alkaline earth nmetal sulfonate and a netal salt of a
sul fur-c@atai nbng al Ryl pNénphenyipdurd kyd. (alke pdtemidare odi awimosi¢f on of
cIain15,FgQ%P§5n said antiwear additive is a nmenber of the group
consisting o 15 organi c sul fides, polysulfides, esters of beta-

t hi odi propi oni c acid, phosphorus esters, and di hydrocarbyl dithi ophosphate
netal salts. 10. The lubricant oi) conposition ofrela m5, where the

corrosion inhibitor is a ne f L Bup consisting of benzotriazole
derivatives, thiadiazole cg ndgnzziﬂfgaptobenzothioazole conmpounds in
the formof am ne salts, ‘ onamni ¢t hi.osul fonam des, condensates of
nmer capt obenzot hi azole with am nes and fornal dehyde, di al kyl phosphi tes,
trialkylggos hites and triaryl phosphites. 11. The lubricant oi

conposi t PBRTBF P cRailfi 520 wAtkELnggqrg or an arylalkyl group; and R? is
a substituted or unsubstituted linear, branched or cyclic

alkyl group or an alkylaryl group.

5. The lubricant o0il cowposition of c¢laim 4, further
comprising at least one member of the group consisting of a
dispersant, a detergent, an antiwear additive, a pour point

depressant, a corrosion inhibitor and a friction modifier.

6. The lubricant oil composition of claim 4, wherein s=aid

lubricating oil is a hydrocarbon o0il derived from petroleum.

7. The lubricant o0il compositicn of claim 5, wherein said
dispersant is a long chain hydrocarbon substituted with an

alpha- or beta-unsaturated carboxylic acid.

8. The lubricant o0il composition of claim 5, wherein said
detergent is a member of the group consisting of an alkali
metal sulfonate, an alkaline earth metal s=sulfonate and a

metal salt of a sulfur-containing alkylphenol compound.

9. The lubricant o0il composition of claim 5, wherein said

antiwear additive is a member of the group consisting of

15




friction nodifier is a glyceryl nonoester of a higher fatty acid or an
oxazol i ne conpound. 12. The N -phenyl-N-(al kyl)al kyl phenyl enedi am ne of
claim1l, wherein the N -phenyl-N-(alkyl)alkyl phenyl enediamne is prepared
by a process conprising reacting a N -phenyl-N al kyl phenyl enedi am ne of
Formula Il Fornmula fi OMUNI wherein Rl is an al kyl group or an aryl al kyl
group, with an alkylating agent in the presence of an ionic liquid
conprising a Lewis acid and a quaternary cation, to produce the

N - phenybrMaakikyl (akkylpheny! ene)dh 3ai,n¢ 4 13. }
N'-phenyl? (élkyI)aIkyIp%enylen%ggggygglg%gélain%%?erahere?ﬁ thebeta

N - phenyFhNoddbkyppyiankyl phensl ergthspiioeus s espeepar edndy dilprdcessrbyl
conpri si eacting.a.N -phenyl - al kyl phenyl enedi am ne of Formula |

For nul a @%thﬁoﬁhﬁﬁg at%Md§ﬁ§l1%%iq%§ an al kyl group or an arylal kyl group,
with an alkylating agent in the presence of an ionic liquid conprising a

Lew s acid and a quaternary cation, to produce the
N - phenytIN- aFk§l (BRRyEpABRY |®He) goawOosdtips Jhe claim 5, where the

Nf-phenyb@§§5§EE£|Mﬁhﬁ%&%ﬁPYEgn%PHQM£E&Oéfc%ﬂé“§§oup 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.

11. The lubricant oil composition of c¢laim 5, wherein said
friction modifier is a glyceryl moncester of a higher fatty

acid or an oxazoline compound.

12. The N'-phenyl-N-(alkyl)alkylphenylenediamine of claim 1,
wherein the N'-phenyl-N- (alkyl)alkylphenylenediamine is
prepared by a process comprising reacting a N'-phenyl-N-

alkylphenylenediamine of Formula IT

SROW

wherein R' is an alkyl group or an arylalkyl group, with an

Formla T

alkylating agent in the ©presence of an ionic 1liquid
comprising a Lewis acid and a quaternary cation, to produce

the N'-phenyl-N-alkyl (alkylphenylene)diamine.
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wherein the N -phenyl-N-(al kyl)al kyl phenyl enedi ami ne is prepared by a
process conprising reacting a N -phenyl-N al kyl phenyl enedi am ne of Fornmnul a
'l Formula Il "i, 1 wherein Rl is an alkyl group or an arylalkyl group,
with an alkylating agent in the presence of an ionic liquid conprising a
Lew s acid and a quaternary cation, to produce the
N - phenyl - N-al kyl (al kyl phenyl ene) di am ne. 17
13. The N'-phenyl-N-(alkyl)alkylphenylenediamine of c¢laim 2,
wherein the N'-phenyl-N- (alkyl)alkylphenylenediamine is
prepared by a process comprising reacting a N'-phenyl-N-

alkylphenylenediamine of Formula II

Formula 1
H

T

wherein R' is an alkyl group or an arylalkyl group, with an
~alkylating agent in the presence of an ionic 1liquid
comprising a Lewis acid and a guaternary cation, to produce

the N'-phenyl-N-alkyl (alkylphenylene)diamine.

14. The N'-phenyl-N-{alkyl)alkylphenyienediamine of claim 3,
k wherein the N'-phenyl-N-{alkyl)alkylphenylenediamine is
prepared by a process comprising reacting a N’-phenyl-N-

alkylphenylenediamine of Formula II

Formula 1
H

SReW

wherein R' is an alkyl group or an arylalkyl group, with an
alkylating agent in the presence of an ionic 1liquid
comprigsing a Lewis acid and a gquaternary cation, to produce

the N’—phenyle—alkyl(alkylphenylene)diamine.
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