TI TLE: ALKYLATI ON OF N - PHENYL- N- ALKYLPHENYLENEDI AM NES IN IONIC LIQUID 5

BACKGROUND OF THE | NVENTI ON: N -phenyl -utility

N al kyl phenyl enedi am neshaveas antioxidants for |ubricant oils, rubber
conpositions and anti ozonants.U. S. Patent No. 5,232,614 discloses the use
of 1 oN, N -di al kyl substituted p-phenyl enedi am nes as anti oxi dants in

| ubricating oils. The Friedel-Crafts al kyl ati on of

N - phenyl - N- phenyl enedi am ne conpounds usi ng al pha-ol efins and a Lewis acid
catal yst such as al um num chl oride provides little or no yield of

al kyl atedr, 2 5pi QekGin oS beaf: - pRmpd i W Y gh pressure
may be used toowatdkylmatepN -phgﬁgl - mph%gﬁrpgﬁgﬁgg}{g%&%%@h e use of
al umi num al kyls to al kylate a N -phenyl - Nal kyl phenyl enedi am ne has at | east

two di sadvant ages: the compounds are not recycl able, and they may _
spént aneously ignite in 20air.Mreover, the reaction typically alkyl ates

i et o a i et A Be i ®and bressure to Bl kylate N -
phenyl - N- iseprany phemylienedicayi 8ge M 4h dedeceng sproduces,pr edom nang Ly
N - 2-met hyl nonyl phenyl - N-i sohexyl phenyl enedi ani ne.
antioxidants for lubricant oils, rubber compositions and
antiozonants. U.S. Patent No. 5,232,614 discloses the use of
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 vield of alkylated

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

The wuse of aluminum alkyls to alkylate a N’ -phenyl-N-~
alkylphenylenediamine has at least two disadvantages: the
compounds are not rec?clable, and they may spontaneously 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 Nf-
phenyl-N-~isohexylphenylenediamine with l-~decens produces
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 wvapor 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



25 An ionic liquid consists of inorganic and/or organic cations and
anions, and typically has a very |ow vapor pressure, a wide liquid
tenperature range, and is non-flammable. lonic liquids can act as a
catal yst and/or solvent, and have been studied for utility as solvents,
el ectrolytes, in separations and in fluid applications such as |ubricants.
See Hol brey, "lIndustrial Applications of lonic Liquids,"” Chemstry Today 35
(June 2004); Parkinson, "lonic Liquids Make an Environnmental Splash,"100 5
Chem cal Engineering Proczress 7 (Septenber 2004); and Drake et al.,
"Structural Effects on the Physical Properties of lonic Liquids," Ar Force
Resear &y 1Lab%r &ForSPIReGSt  Nol e ARRL yRRs ED-IVIG- s 2003+ t1i2 {sMayn 209R) .fl‘g] g use
of i oniag 5.5.9&'& dosrérn Iilri edel -Crafts al kyl ati on has been 10 discussed in
W 1 kes PR edel > ¢ afttTRedtt i oh® 54538 For oal GREnatielibbren ‘Saldustridl t en
Salt Cheplstddsordn dat Jet i Se e | i cat Lons 405 (Mamant ov
and Mar ggﬁi Eds. 1987) &gﬁggEgg{&gggg, aIéT%%a{m%hégi dJung o £i004P qui ds
i n SynPhekirsaiz4 (“Dasser scliicedd& Wekken Eds. EAQQ3bnmEQMEY er g, N8l it hep st udy
i sSdi re t ed tlo an 15al kyl ati on reaction which permts further substitution
of 7t he=pherA DY SR hnPRPI Ry T - NSabkgnphenylodrdedi amaepcor®ound. An
obj ect, 0f thg | j,0N i pr ovi a nt hesis which permts al kylation
of the pheny?%%lgew%a]gl ofEfzﬁE%s- p%neng/ﬁ?l\l- %%Seln%ﬁ ngﬂPBﬁFFlge%orﬁfouﬁéDiC A
f eat urei@fidshe Rhvembkos RestBecHSEa®drAlbH 0N idyjd a;}%a_]%g!*ggn{, and

o]

cat al E%LO for the al kgl ation reaction. An advantage the | AVeNntion is
t hat B 2anfMpynt 8O3 quid typically permts conveni ent separation of

N - pheny! ohal kyd (@ kyd phienyl ghe).diamoe (rom the reaction mxture, 25

10 discussed in Wilkes, Friedel-Crafts Reactions in Chloroaluminate

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

Applications 405 (Mamantov and Marassi Eds. 1987) and Earle et al
4

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

& Welton Eds. 2003). However, 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.

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 invention is that use of an ionic liquid
typically permits convenient separation of N’ ~-phenyl-N-
alkyl (alkylphenylene)diamine from the reaction mixture,

25
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BRI EF SUMVARY OF THE | NVENTI ON In one aspect, the present invention
relates to a process for alkylating a N -phenyl -Nal kyl phenyl enedi am ne,
conprising reacting a N -phenyl - N al kyl phenyl enedi am ne of Fornula |
Formul a | wherein R is an alkyl group or an aryl al kyl group,

with an al kyl ating agent in the presence of an ionic liquid 10conprising a
Lew s acid and a quaternary cation, to produce a

N - phenyl - N-al kyl (al kyl phenyl ene) di ami ne of Forrmula Il Forrula I 15

BRIEF SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a process for
alkylating a N’-phenyl-~N-alkylphenylenediamine, comprising

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

Formula |
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 quaternary cation,

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

Formula

NH R?
:: ::: :NHR’

. 1 . .
wherein R* is as defined above, and

15

2 .
R s a substituted or unsubstituted linear, branched or
cyclic alkyl group or an alkylaryl group.
In another aspect, the present invention relates toc a N’/ -

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



wherein Rl is as defined above, and R2 is a substituted or
unsubstituted linear, branched or cyclic al kyl group or an al kylaryl group.
I n anot her aspect, the present invention relates to a

N 20phenyl - Wal kyl (al kyl phenyl ene) di am ne of Forrmula Il Fornmul an

wherein Rl is an al kyl group or an arylal kyl group; and R2 is a substituted
or unsubstituted linear, branched or 5cyclic al kyl group or an al kyl aryl
group, prepared by a process conprising: reacting a

N - phenyl - M al kyl phenyl enedi am ne of Fornula | Formnula I

Formula li

NH R?
::: ::: :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

Formula |

NH
::: ::: “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 quaternary cation.
In yet another aspect, the present invention relates to a
15 lubricant composition comprising a lubricating o¢il and a N’-

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

Formula il

NH R?
::: ::: :NHR1



10 wherein Rl is an al kyl group or an arylal kyl group, wi th an
al kyl ating agent in the presence of an ionic liquid conprising a Lewis acid
and a quaternary cation. In yet anot her aspect, the present

invention relates to a 15l ubricant conposition conprising a |lubricating oi
and a N - phenyl - N-al kyl (al kyl phenyl ene) di am ne of Fornula || Forndal l

wherein R

is an al kyl group or an aryl al kyl group; and R2is a

substituted or unsubstituted linear, branched or cyclic alkyl group or an
al kyl aryl group. 5 DETAILED DESCRI PTI ON OF THE PREFERRED EMBQGDI MENTS

As summari zed above, the present -invention relates to the Freidel-Crafts
al kyl ati on of a N -phenyl-Nal kyl phenyl enedi am ne in the presence of an

inorganicw
unsubstitu

R

i qui.,d. ;10The al &Iating agent may be a substituted or
8geln R™ is an alkyl group "or an arylalkyl group; and

2 .
1ls

a substituted or unsubstituted linear, Dbrariched or

cyclic alkyl group or an alkylaryl group.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A

s 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 olefin or an arylalkene. Suitable

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

dodecene. Suitable cyclic olefins include cyclohexene,

cyclopentene and cyclooctene. Suitable branched olefins include

15 propylene trimexr (nonenes), propylens tetramer (dodecenes),

propylene pentamer and diisobutylene. Suitable arylalkylenes

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

butene.

The ionic 1liguid may be composed entirely of anions and

caticns, and may conveniently be prepared by mixing together a

Lewis

heat.

acid and an alkyl quaternary metal salt, preferably under

The Lewis acid may be a metal halide, an alkyl halide, an

alkyl

25 halid

aryl, or an alkyl sulfonate ester. Suitable Lewis acid metal

es include aluminum chloride, aluminum bromide, indium



| i near, branched or cyclic olefin or an aryl al kene. Suitable linear ol efins
i ncl ude 1-hexene, 1l-nonene, 1-decene and 1-

dodecene. Sui t abl ecycl i col ef i nsi ncl udecycl ohexene, cycl opent ene and

cycl ooct ene. Sui tabl e branched ol efins include 15propyl ene
trimer(nonenes), propyl ene tetraner(dodecenes), propylene pentanmer and

di i sobutyl ene. Suitable arylal kyl enes include styrene, nethyl styrene,

3- phenyl propene and 2- phenyl-2- butene. The ionic liquid nmay be
conposed entirely of anions and cations, and nmay conveniently be prepared
by m xing together a Lewis acid and an al kyl quaternary nmetal salt,

pr ef er abiyh Lowdhete heptllium tricheriew Snash fhidBye e & B h%L%%%iu%n

al kyl halide, an alkylaryl, or an al kyl sulfonate ester. Sui't abl e "Lew s
aci d meeatadsimliddes Fhcdniden altenacmohlderi deyrat unicndmubr oad de poiragi um

trichlori al liumtrichloride, niobiumpentachloride, tantalum
pentacﬁfb’gﬁféﬁL S tﬁghﬁﬁ?F%tréﬁﬁVﬁ}iBé%cTﬁﬁ%ﬁ?ﬁﬂﬂ frPESEFdeSh otiste t r idhiduor i de

th NP Yo [ i de,y Af é i | i , , és 'C n hl i
et her age,-honen thichl Qs i G LhRILE Qtha[l')g@hl and; zl rﬁgﬁym% oﬁﬁ%g‘?%t yl

Illustrative al kyl halides i1nc e net ori de,

i o8li dechkdhide chharlivie, ietdiylde brastiwe, eidnde,i odiwler anpsepyd, chlekide,

n- propyl brom de, npropyl iodide, isopropyl chloride, isopropyl brom de,

isopr&éﬁm‘Qﬁﬁ(ﬁ%hXﬂt&ﬁ%éd%hlBFPH%QY%F?HR%HiQQmHﬁtﬁ%oﬁvan§¢mi¢mHdep“

i sobut | oyl i's omi ., sob | iodid tert-butyl 10

chi or 196 or S Buy1 “BRORy B SPLSKIST T edvae b BERDGT® chi oFPaEPY:

n- pentyddistam desburypentadidndigde, meapent ybrbrneakde, nngapent yk oghkari de,

neopentyl iodide, octyl chloride, octyl brom de and octyl I odide.

111 ustlr%cttiwlaHMOarﬂﬁérh%%%x%&r@@édsenzypbbmm dediBenzykrchbotide,
zyl-di;de, a- Y, hyl | oride, asphenylethyl bromde,

2$€heﬁ§{§%%§%'iod?%§? %ggb%heﬁ%%ggﬁﬁf c%%gFi ng?3-pH%%v*%thyP"B?BﬁVae and

P- phemsletdiyde i adirdant \8ui b adheda) kylpsidfionat e @st ersopogt udepabkyhe,

tosyl ates, al kyl nesylates and al kyl triflates. The al kyl quaternary

met al "EHRCY behacHlhdter naEgranhvhi umsiade, astallkykphospHeni uatsalt, an

al kyl i,m i . analkyltriazoliuymsalt and an al kyl pyridiniumsalt.
Suitagﬁgggégtg#ﬁgﬁgtgﬁngﬁgﬁﬁ$éalE%ﬁﬁﬂyxﬁﬁﬂﬁh§é&ygﬁr€&tﬁSEgdgéléEF%Hd?ron1
the gneuwzyaonsi&iidg, obebenayl Eriseidy| agBRA UM icdide, o-phenylethyl

butyl t rimet hyl anmmoni um et hyl tri et hyl anmoni um
15 chloride, a-phenylethyl bromide, a~phenylethyl iodide, B~
phenylethyl chloride, R-phenylethyl bromide and f-phenylethyl
iodide. Suitable alkyl sulfonate esters include alkyl tosylates,
alkyl mesylates and alkyl triflates.
The alkyl quaternary metal salt may be a quaternary ammonium
- salt, 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-



25et hyl trimet hyl ammoni um tetra- n-butyl ammoni um n-hexyl -  trimet hyl ammoni um
trimethyl anmoni um triethyl ammoni um butyl ammoni um  Sbut yl ammoni um
n-heptyl -trimethyl ammoni um n-hexyl -triethyl ammoni um

n-octyl -triethyl ammoni um n-heptyl-tri-n-butyl anmoni um _
tris-(n-propyl)-undecyl ammoni um n-octyl- n-heptyl- n-hesyl-tri-n- _
n-octyl-tri-n- tetra-n- pentylamoni um N-decyl-n-octyl-di nethyl anmoni um
and N-tetradecyltriethyl anmoni um

trimethylammonium, n~heptyl-trimethylammonium, n-octyl-
trimethylammonium, n—hexyl—triethylammonium, n~heptyl-
triethylammonium, n-octyl-triethylammonium, n-hexyl-tri-n-~
butylammonium, n-heptyl-tri-n-butylammoniumn, n-octyl~tri-n-
5 butylammonium, tris- (n-propyl)-undecylammonium, tetra-n-

pentylammonium, N-decyl-n-octyl-dimethylammonium and N-tetradecyl-
triethylammonium.
Suitable alkylphosphonium salts may be based on cations
selected from the group of benzyltrimethylphosphonium,
10 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-
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
. from the group consisting of l-methyl-3-methyl-imidazolium, 1-
ethyl-3-methyl-imidazolium, I-butyl-3-methylimidazolium, 1-
dodecyl-5-methylimidazolium, 1-(2,2,2-trifluoroethyl) -3~
methylimidazolium, l-(ethoxymethyl)-3-methylimidazolium, 3-ethyl-~

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



Sui t abl e al kyl phosphonium salts may be based on cations

sel ect edf r ont hegr oupof benzyl tri met hyl phosphoni um

10but yl tri met hyl phosphoni um et hyl tri et hyl phosphoni um

et hyl tri met hyl phosphoni um t et r a- n- but yl phosphoni um n- hexyl -

tri met hylphosphoni um n-heptyl -tri net hyl phosphoni um n-octyl -

tri met hyl phosphoni um n- hesyl -tri et hyl phosphoni um n- hept yl -
triethylphosphonium n-octyl-triethyl phosphoni um

n- hexyl -tri-n-15butyl phosphoni um n-heptyl-tri-n-butyl phosphoni um
n-octyl-tri-n- butyl phosphonium tris-(n-propyl)-undecyl phosphonium tetra
- npent yliphosphonhing zdNidecy| - n-Daetiyehdil FrRt Ayt PROSPROY UM AND 1 _cipnul~
Nt et radecyl -tri et hyl phosphoni um: Suitabl e i m dazolium’'salts nﬁ&'be
based &n°catTohey setbidaee ippnpifel gf olietbodsBstengy bfmidazolium.

1- net hyl- 3; | -im.dazol iu 1- ethyl-3-nethyl-imdazoliu
1-buty¥-3éﬁgg%§¥Fni&é%gﬁgﬁﬁ?z nium sgﬁts may ybe based ;2 cations
dodecyiebeBBEDY IdBdazil | WFLp( 222kl hE1ugy ogt hyl ) 5 3- et hylj mi dazol i um
1- (et hoxynet hyl ) - 3- net hyl :‘J"m dazol i um é-ét#ﬁ-? 1¥)3% 5 LDV (B0

1- et hypreapdhzol trumB-v8t-iy R, h-but yie i imindazel (PumE luet byt h@l B=3-n-heptyl-
dinethyl-igjgazoliun11,2-diethyl-3-nethylinidazolium

3, 5- di et YT =4 M P2 um &Ad2 1T 8L Ry 18 “RePhga £ i ohzOl 4 i ia8u Ltiall,

alkyltii@gﬂyﬁHUEﬁﬁyﬁﬁﬁeQ%¥uQ§oLﬁgﬁgk§¥}Jga%LBG§yl—1,2,4~triazolium, 1-n-
propyl-4-amino-1,2,4-triazolium, 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
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

15 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 ligquid 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.



selected fromthe group consisting of 1-(3,3",3 -trifluoro-n-
5propyl)-3-n-butyl-1,2,4-triazolium 1-(2' -fluoroethyl)-3-n-heptyl-
1,2,4-triazolium 1-(2'-fluoroethyl)-3-n-decyl-1,2,4-triazolium

1- (1H, 1H, 2H, 2H perfl uor o- n- hexyl )-3-n-butyl-1, 2, 4-triazolium
1-npropyl-4-amno-1,2,4-triazolium 1-n-butyl-4-amno-1,2,4- triazoliumand
1-n-hexyl-4-amno-1,2,4-triazolium 10ln a preferred enbodi nent, the ionic
liquid is fornmed in situ prior to addition of the al kylating agent. The
Lew s acid, alkyl quaternary netal salt and

N - phenyl - H al kyl phenyl enedi am ne nmay be added to a suitable reaction

vessel , preker abkyiandar aedeYiohnNefdly abppsehese, and W;preiilftagﬁébngag (O}
tenperature up to 200C, and 15 stirred, for exanple 200 to 300 rpm

unti | aempordteids qpfi Eypivasd armd A9 §Egamke phadeeaperfiormed. fThe ilnerct
,atnnspbgrg)serves to protect the ionic liquid fromoxidation, and is
pref erabl Y°¥ei‘ect ed fromthe group consisting of argon, helium and

nitr09en-TEQeaJgﬂﬁgtggggﬁﬁnﬁﬁﬁoﬁh%HBQU@E§Oepemgﬁﬁufg g&ghﬁgﬂfcogEoéjkﬂon of

the ionic |iquid. e al kyl ating agent may be adde 'he reaction

vessel t oireel e tiewo phasiesnhave-diegnphenybshedidriateal | athence ot iy
mul tiple partial additions. The algxlation reaction may preferably be
perforﬁ’]’é?fg%ﬁtsa Pekpdiat §EE28RLEAoht88 t BRR00- @ h@etsa Py necqrdrgd cofelf rom 1

to 24 ;ng -+ 1 Fhe l.at i.qn .react.i r odu a_mxture of nmono,.di_and 5
tri-alkyléﬁgﬁz%'}%%gﬁﬁﬁyﬁgaﬁfgl%%E%gfgﬁgaigﬁ§%e§§ The T6action prédicts may
be sepasilt echduromd hens eact antisnbyy comvent ionahe separ at inmitechy, ques and
apparatus, such as a separatory funnel well known to one of ordinary skil
in thetshateg nfeaftion t RéXF86f atéd reacerBArAtREurie\trayibe swpacated into

[ o Q. ounds .usi ng conventional separation techni qgues and
aipo'ps)ar at ug \%re}ltdlS Jktjﬁét% rr{)%oq Yose 8 Qorsgpﬁg?ylgﬁi ItIeC?l LHRES a PP salﬁﬂ‘f‘clzi‘é:,”sf or
exanpluwes11hiigtowpr essutRobé quied ceREAERY Ogkaphy in the ardheskegi del - Goafts
al kyl ati on of N -phenyl -N-al kyl phenyl enediamine in an ionic liquid as
descr iBETPdov Bl gheRpet eit yL dBEoghEesagography .

N -phenylTﬁga%%%hggiK%ngggyhﬁﬂghgk?g%n%ﬁprfgggggy l&iafﬁyfggéﬁJlene—
diamine in an ionic liguid as described above unexpectedly

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

Formula li

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.



wherein O is an al kyl group or an arylal kyl group, preferably 20having from

1 to 30 carbon atons; and R2 is a substituted or unsubstituted |inear,
branched or cyclic al kyl group or an al kylaryl group, preferably having
from1l to 30 carbon atons. Preferred

N - phenyl - N-al kyl (al kyl phenyl ene) di am ne conmpounds i nclude those in which
RI and R2 are both n-2-decyl, where Rl is 2- isohexyl and R2 is n-2-decyl,
and where at least one of Rl and R2 is an aryl al kyl group.

5TheN - phenyl - N-al kyl (al kyl phenyl ene) di am neconpounds prepared by the
process of the present invention are believed suitable for use as

ant i oxi dants rkprbybric ergPIm@—%i ty descri b | .

Pat ent No?&5,232,614, ?ﬂ% sclogﬁ%gqggﬁaﬁ?%ﬁ§¥%Qﬁéﬁgggaﬁﬁto?%gkgfgggby

r ef er etelude ithosentinr ehych 1RTypicc & yre tdrecH wbizi-canty 1gonwpeséet R'omn swigk|
include at least a gubricatingoiIandatleastoneN‘-phenyl-N—aIkél .

(al kyl i enadt dvi A8 Rs2aA%5HE T oRPdatiBer Hoteverast heneofpoki tansh Fray

al so ingl nbers of the group consisting of a dispersant, a
deterggﬁt#ggﬁgg%#i&ég?£§%§?tive, a 15pour point depressant, a corrosion

i nhi bi tor Taed a fri cphemy ratii16f1 (alkylplbeylems)ealiing oi | mdends

hydr ocarbon oil derived from petroleumor a | ong chain hydrocarbon

subst iRIRRAN M t Y afhal pheeors hetd- thsatrirsteed carboxyldc aced.believed

deterqgggtasyge%o@rgggngé antioxidants in lubricant compositions such as
those described in U.S. Patent No. 5,232,614, the disclosure of

which 1is hereby incorporated by reference in 1its entirety.

10 Typically, the lubricant composition 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

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

The lubricating oi1l may be a hydrocarbon oil derived from
petroleum or a long chain hydrocarbon substituted with an alpha-
or beta-unsaturated carboxylic acid. The detergent, when present,

“U 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
sulfidg, a polysulfide, an ester of beta-thiodipropionic acid, a

25 phosphorus ester or a dihydrocarbyl dithiophosphate metal salt.

10



.eu may be an alkali nmetal sulfonate, an alkaline earth netal sulfonate or
a netal salt of a sulfur-containing al kyl phenol conpound. The
antiwear additive, when present, may be an organic sulfide, a polysulfide,
an ester of beta-thiodipropionic acid, a 25phosphorus ester or a

di hydr ocar byl dithi ophosphate nmetal salt. 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 nercaptobenzothi azole with
an 5am ne and formal dehyde, a dial kyl phosphite, a trial kyl phosphite or a

tr|ary|thQEhbb%rosionTb@hi6163£f”hﬂgﬁnﬁﬂé§émtwh%ﬁyp%%§§ptbeﬁgaééya A,
gl yceryl nonoestex of a higher fatty acid or an oxazoline conpouné. The

i nventdesicarient | ya belhievdakzhéei onbopbigdi d aayndecadhsacyadadafzaneuse in
subsequent al kyl ations by sinple phase separation in which the

hydr ocaPBRMHEYD] Ut e HEactPsR pPédudt i dHeamt¥d - ard tIHiLs@Fdat edaf r om

the deopelod Wil & PRBRGAIRES | QY Gl | ALY, LRGN BEUSSAL O
catal yze anot her alkylé?lon reactron by i1iselt, or in conbination with

fresh seimd yatd ByrEXAMRLEe, Thedfoldawnigpkxaapl & i1 astyaiesdhhe spbacti ce
and advant ages of the invention in greater detail with respect to an
i ndi viduafiaciisesreiteher eof . The details of the exanple are illustrative

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

The 1inventors currently believe the 1ionic 1liquid may be

10 recycled for wuse in subsequent alkylations by simple phase

separation in which the hydrocarbon-soluble reaction product is

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

The ionic liquid may then be used to catalyze another alkylation
reaction by itself, 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
zv 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

25 dropping funnel was charged under nitrogen positive pressure with

11



only, and are not to be used to constrict the scope of the clains. Exanple
1 A 1-1" 4-necked round bottoned flask equi pped with a mantl e,
tenperature controller, thernocouple, and pressure equilibrated 25droppi ng
funnel was charged under nitrogen positive pressure with solid

- phenyl - N- 2-i sohexyl - p- phenyl enedi am ne (53.38g, 0.1989 nvol e)
comercially avail able as Fl exzone 7P from Chentura Corp., alum num
chloride (13.37g, 0.100 nole, 50.4 nole%relative to N -
phenyl - N- 2-i sohexyl - p- phenyl enedi am ne) and tetra-n-butyl amnmonium 5
brom de (21.34g, 0.0661 nole, 33.3 nole%relative to

N - phegyj ; &2-1f sQiexyh-f- Eb%é!}lléwfﬁi(?h%%le%v\%%ﬂg%e dS ted atll9%§ 200-

300 rpmand the m xfure warned to en t ack
reactlmnlauxt@mmaﬂuwﬁlﬂ@aehedlbﬁm€ a94%ubﬂde@en€P(9%0&4gnm9¢696 ke, ,
equiv. relative to N - henyl - N- 2-i sohex phenyl enedi am ne) mas
added %%%WlﬁPWWChLﬂﬁédﬁeéé@ gﬂgletEQ% W@éebr%%ggﬂmﬂémlﬁﬁgaﬁpﬁﬁ cenpl eti on

of the ﬁ%ﬁ# %ggge?ﬁgtalnh QE Eﬂha erat rge §mP@Hﬁ@W§FdP$ and

reactl% uct wa en a O COO O

was dihrdechan t2 3091 onolsept ae@e, The. @Ia;ﬁ&n@% OMatl]’dFé chaQJQ JRRGLIOR -
m xture separated into a |lower solid phase and an upper. I|qU|d phase,

whi ch %ekss decardt-edPharpl angdiasielsar.at 6yl faimgelva sweshed e th 2% .5000mL
wat er tQ?and nL water-lOOnL cgncl %Qﬁeous ammoni a, and then dried
over anhydrfBuS SodlGn st ¥5E &2 1€ <61 i'§%phase at the bottom of the flask

wei ghed 5Qhe7;z49t}_1e darﬂ_hﬁrgxfzbflﬁtgacﬂgefga}d”ﬁ%r{ ermMedf am tx@%cﬂ%gdq%b°_@\é
suction filtration through a 9.0 cmdianeter disk of 934 AR glass fi ber

paper .2 helddekets | t(Pat. é4aas T HAF contlensed S neyactuo (rrdbatyeevapoNator,
95C wat.er hath al vacuum) to obtain 49.49 250f a dark

TR @ F”lsognlyii?dﬂﬁvaF§9§FaFﬁ866|VaFnBFEﬁgeav?ﬁa? M- washg
”‘XturﬁéégtlﬁﬁrgﬁﬂﬁtdE@ 1%unneacisd to 170° % completion of the
-phenyl-N—2-|sohexyl-p-phenylenedlanlne 71 8% nono- decyl at ed

- pherrditiop- ppdhexyht pipdermd enddi apivperandrd. 584 Ml tirx.decyl at ed
phenlehe réé%%lﬁﬁylpé%éaQ%DXLEﬁ%gkﬁyn;¥iowed 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 mlL water and then 400 mL water~100mL
conc. adqueous ammonia, and then dried over anhydrous sodium
sulfate. The solid phase at the bottom of the flask weighed

) 50.744g.

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

25 of a dark brown-black oil.
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5The nonodecyl ated product was a m xture of two isonmers: 8.2% and 63. 6%
The maj or isonmer was isolated by col um chronmat ography. The maj or

i sonmer was identified as N -phenyl-N 2-isohexyl -[ 2-
(2-isodecyl) - p- phenyl ene)]diamne (GRFE) by its GC retention time, IR
spectra and NVMR spectra, which were consistent with the GC |0 retention
time, IR spectra and NMR spectra of an authentic GRFE sanpl e prepared using
a different synthesis route, i.e., from1l- decene using diethyl alum num
chloride as a catalyst, heat and high pressure. The inventors currently
believe the ionic liquid my. be 15 recycled for use in subsequent .

al kyl ati or@C bynaslivgplse phas@esepal atholcdtedwhticd: t he hyl ogarbaRusel WH e
reaction product(s) is/are decanted, and thus separated from the denser
ioni ¢ (PHBRH phade “PreacsAce N irghray el A HerhssYdsedrheneheae dizenimeot her

1|20y LRy L Loy O Ay OO0 S AR 1S
W phenyl s& akdky kphesyl eaesd amine pgoAPL-Hsi NG SoBa&l 1 Bg-Bhenylenediamine .
N'-phenxl-N—aIkylphenylenedianine of Fornula | Formula | NH .
5 The monodecylated product was a mixture of two isomers: 8.2% and
63.6%. The major isomer was isolated by column chromatography.
The major isomer was identified as N’-phenyl-N-2-isohexyl-[2-
(2-isodecyl) -p~phenylene) ]diamine (GRFE) by its GC retention time,
IR spectra and NMR 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 1liquid 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 liquid may then be used to catalyze another

alkylation reaction by itself, or in combination with fresh

) catalyst.
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NHR1 wherein Rl is an al kyl group or an arylal kyl group, wi th an
al kyl ating agent in the presence of an ionic liquid conprising a Lewis acid

and a quaternary cation, to produce a
N - phenyl - N-al kyl (al kyl phenyl ene) di am ne of Formula Il Fornula 11
wherein R1 is as defined above, and R2 is a substituted or

unsubstituted linear, branched or cyclic al kyl group or an al kylaryl group.
2. The process of claim1l, wherein said alkylating agent is a substituted
or unsubstituted linear, branched or cyclic olefin or an aryl al kene. 3.
The proce ?‘Of claim2, wherein said olefinis a linear olefin selected
from ke g oup consisting of 1-hexene, 1l-nonene, 1-decene and 1-dodecene.
4. Th&eprdeens of claim?2, wherein said olefinis a cyclic olefin selected

from tghe gr pupcsonsicsti ng 16f1 axyelohexenephayal-openkenghang ey opeimne.

5. Thgogr?9g§§ of claim2, wherein said olefin is a branched olefin

sel ect’8d” rony?he group consi sting of proEerne trimer gropylene tetraner,
pr opyl enes FETitiafeR aHH“HP?@bbD%?@ﬁkﬁ%Pheny enediamine of ormila I

Formula |

Shel
NHR'

wherein R' is an alkyl group or an arylalkyl group,
with an alkylating agent in the presence of an ionic liguid
comprising a Lewils acid and a quaternary cation,
to produce a N’ ~-phenyl-N-alkyl{(alkylphenylene)diamine of
Formula II
Formula

NH R?
::: ::: :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 cyélic olefin or

an arylalkene. "

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

and l-dodecene.
4. The process of claim 2, wherein said olefin 1s a cyclic olefin

selected from the group consisting of cyclohexene, cyclopentene

and cyclooctene.

14



6. The process of claim?2, wherein said olefin is an aryl al kene sel ected
fromthe group consisting of styrene, nethyl styrene, 3- phenyl propene and
2- phenyl - 2-butene. 7. The process of claim1l, wherein said Lewis acid is a
nmetal halide selected fromthe group consisting of alum num chloride,

al um num brom de, indiumtrichloride, galliumtrichloride, niobium

pent achl ori de, tantalum pentachloride, titaniumtetrachl oride, boron
trifluoride, boron trifluoride etherate, boron trichloride, ferric
chloride, and zirconiumchloride. 8. The process of claim1l1l, wherein said
Lewis acid is an alkyl halide selected fromthe group consisting of nethyl
chloride, nethyl brom de, nethyl iodide, ethyl chloride, ethyl brom de,

et hyl 5i. odihde, pnoqaﬁrsmybfcrﬂl@rﬂ{rrde% nwbﬁépwl Beofi deatipr oby| ai duiateched

' Sgpf leglﬁhlsg%éeedl quil%&pp\yﬂ.e bfg@ﬁhﬁecthﬁ)ptiler! OEOCﬂi_Ld@yl@n:éULWﬁlnfégl ,oride,
n- but rom de ut oLl rom de,

i sobu¥§? fdn% te%ral%} % lpff ggg?orléglpyt%!rrt %%St %gg?ghﬁgg&%ert but yl

i odi de, n-pentyl chlori de npentyl brom de, n-pentyl iodide, neopentyl
brom de, m&onﬁdﬁquscMﬂardxta,m neopeméydin o ide,oledtiyl ichl o i gheylaidtere

brom de,; a0d, §CE YL, | Qﬁé d@ coTJgela%nge%% akyeb@é M e Er S Prsai d dewi s

acid s an_al kylary ?Ct ed fromthe group consisting of benzyl
br oni BESN B fb%ﬁﬂ ep ﬁé‘ﬁf yF PBEF¥e; a- phenyl et hyl chl ori de,
a- phenyl et hyl brom de, a- phenyl et hyl i odi de, p-phenylethyl chloride,

P-phenyl etthy|pbs@ddesandipiphanyletdndin adiide. Lewild. adhe psoeessetefl cl ai m
1 an%fié' S@'egehg%sfﬁgind s aq?rcﬂlg!(yéo%!xsftqmﬁt %@Séﬁfmlntﬂﬁr{l— cHhe- process of

quaternary cati o quat er nar

ammn?ﬂl‘r‘ﬁ“t%‘frf‘ okPFor%t‘ﬁjeal Hﬁ%ﬁﬁ‘sﬁﬁéﬁf‘ﬂ]%bﬁ?i ocﬁaﬁawm ItﬁleM?ﬁé‘}ﬂ i U AT on, an
al kyl penbzohlemadat | orerdard uan akkypphiodidd umtéaendnn 1ot rJhel priostss of
cl ai mpdlon Woer el o SAddl, Qe Naf ¥ AMMRIcURBLGathos, | BoAoneabech setetd ed from

t he ghggpi%o%i&tlégq %fndb%rl@é EELHEE*?Y Agpni um butyl tri net hyl ammoni um
rire

nmet hy hyl‘anmoni‘um et hy Itrlrrethy anmoni um tetra-n-

but yl anmoni um n- hexyl -t ri met hyl anmoni um n- hept yl -

tri meshylTemoniamas oef yéiaim nkt hyhamaoni gaid- hexyk- acid is an alkyl

tri et hyl agEoniumR=Rept ¥dm t Ehet HHAPOOL M 06 Ybf 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 iocdide, isobutyl
chloride, isobutyl bromide, isobutyl iodide, tert-butyl chloride,
tert-butyl bromide, tert-butyl iodide, n~pentyl chloride, n-
pentyl bromide, n-pentyl idodide, neopentyl bromide, neopentyl
chloride, neopentyl iodide, octyl chloride, octyl bromide and
octyl iodide.

9., The process of claim 1, wherein said Lewis acid 1is an
alkylaryl halide selected from the group consisting of benzyl
bromide, benzyl chloride, benzyl iodide, «-phenylethyl chloride,
o~-phenylethyl bromide, a~phenylethyl iodide, B-phenylethyl
chloride, f-phenylethyl bromide and p-phenylethyl iodide.
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tri et hyl ammoni um n- hexyl -tri-n-butyl ammoni um n-heptyl-tri-n-
but yl ammoni um n-octyl -tri-n-butylamoniumtris-(n-propyl)-

undecyl ammoni um t et r a- n- pent yl anmoni um n-decyl - n-oct yl - di net hyl amoni um
and n-tetradecyl-triethylamonium 13. The process of claim1l, wherein

sai d al kyl phosphoni um cation is selected fromthe group of
benzyl tri met hyl phosphoni um \
butyl tri met hyl phosphoni um et hyl tri et hyl phosphoni um

et hyl tri met hyl phosphoni um t et r a- n- but yl phosphoni um n- hexyl -

tr!ﬁegﬁg: Eﬂ g;%%%' L4 %fh%ﬁ.ta)i}m tri teh%' hgégmﬂbmnae%yhs an alkyl

trime oni um hexy trle yIp osphoni um n-heptyl-
trletﬁyﬂﬁﬁﬁébﬁoﬁ?9ﬂ¥ n-octyl-triethyl phosphoni um
n- hexyl -tri - nbutyl phosphoni um n-heptyl -tri-n-butyl phosphoni um

n-octyh -ty n P&Mé@@%&hoawm &rl SieReRhORLklr WLRCY, ﬂrmqspegawm is

tetra- n ent honi um ecyl - n-octyl - di_ met hyl pho n|un1 nd
Nt et r 48 EﬁFgflr |f§f’ﬁ'ylaph%‘§5bth%‘?ﬂalfﬁ¥ amopn cﬁrt&ceéy % %1 p%

l '€l n said

al kyl eatdarel aurmtaylgnld@z@:rmmtlwlreéﬂealwb‘?ﬁ%w@r%ﬁm §tf1¢hg of
1-met Byla3xy 0BV YA h hdagot idnm 1- et hyl - 3-met hyl -i mi dazol i um 1-butyl- 3-

nmet hyl i m dazol 1 um 1- dodecyl-5- net hyl i m dazol i um 1- (2, 2, 2-

trifluoroethyl)-3- nethyllnldazollun11 (et hoxynet hyl )-3- net hylim dazol i um
4

3- et hyF: &t hpFPRE &2z ST uft 28T eyl - TRHRV -

aid Quaternary ‘ammonium

cation is a member selected from the group consisting of
benzyltrimethylammonium, butyltrimethylammonium,
methyltriethylammonium, ethyltrimethylémmonium, tetra-n-
butylammonium, n-hexyl-trimethylammonium, n-heptyl-
trimethylammonium, n-octyl-trimethylammonium, n-hexyl-
triethylammonium, n-heptyl~-triethylammonium, n-octyl-
triethylammonium, n-hexyl-tri-n-butylammonium, n-heptyl~tri-n-
butylammoniumn, n-octyl-tri-n-butylammonium, tris-(n-propyl)-
undecylammondiumnm, tetra-n-pentylammonium, 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, methyltriethylphosphoniumn,
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
tetradecyl-triethylphosphonium.
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i m dazol ium 1-ethyl -2, 3-di net hyl -i m dazol i um 1, 2-di et hy1- 3-

nmet hyl i m dazol i um 1-et hyl -3, 5-di net hyl -i m dazol i um andl, 3-

di et hyl-5-net hyli mi dazolium 15, The process of claim 11, wherein said

al kyltriazoliumcation is a nmenber selected fromthe group consisting of

1-(3',3,3 - trifluoro-n-propyl)-3-n-butyl-1,2,4-triazolium

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

1-(2'-fluoroethyl)-3-ndecyl-1,2,4-triazolium

1- (1H, 1H, 2H, 2H per fl uor o- n- hexyl ) - 3-nbuty1-1, 2, 4-tri azol i um

1-n-propyl-4-amno-1,2,4-triazolium 1-nbutyl-4-amno-1,2,4-triazoliumand

1- n- heky1-Th=gpiraeess2 04- clpiilzélli uerail) smi¢ prideddsicrzeftaiim catwhRBr ei n

said i gBi @ It | sefocted ifxofortied drv i teoprioring addilt-menhefl-sai d

al kyl at i gent 7. The pro of__cl.ai - d at ;a erature

of froﬁ?g%y?pﬁgb‘a% fﬁgﬁr a gi%€§%%?%3\tg#q?%gﬁggg%g?gﬁ'hou}séh%%g.3The

pr oces®e bRy £ 44 201 584 or med ApgEY L an TNt rsel ectéd frém t he

group tehslssiartiofl)arpomgtihdlimdineantdimnt rogen. 19.- (Btdoprvoesdbylof-3el ai m

1, performeo:Mddy St NG -ate 1§ 1St LB £k PO SReeb 16furd,r 0m-200,,101380 tkpm
imidazolium, l-ethyl-2,3-dimethyl-imidazolium, 1,2~diethyl-3~
methylimidazolium, l-ethyl-3,5~dimethyl-imidazolium and 1,3~

diethyl-5-methylimidazolium.

15, The process of claim 11, wherein said alkyltriazolium cation
is a member selected from the group consisting of 1-(3',3',3'-
trifluoro-n-propyl)-3-n-butyl-1,2,4-triazolium, 1-(2'-
fluoroethyl)-3-n-heptyl-1,2,4-triazolium, 1-(2'-fluorocethyl)-3-n-
decyl-1,2,4-triazolium, 1-(1H,1H, 2H, 2H-perfluoro-n-hexyl) -3-n-
butyl-1,2,4-triazolium, l-n-propyl-4-amino-1,2,4-triazeclium, l-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

gpeed of from 200 to 300 zrpm,
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