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TI TLE: RI NG ALKYLATI ON OF ANI LI NE OR AN ANI LI NE
DERI VATI VE USING | ONI C LI QUI D CATALYSTS BACKGROUND OF
waRl7MZENTI ON: The present invention rel ates POI/URE06/046066

ring al kylation of aniline or an al kyl ated aniline

derivative. Aniline is an inportant building block for

rubber chem cals (such as di phenyl am ne,

4- am nodi phenyl am ne, mercapt obenzot hi azol e di sul fi de)

, dyes, polyanilines and petrol eum additives, and crop

chem cals. In applications where good hydrocarbon

solubility of the conpound is inportant, it is
TITLERECeSRANY RADKYDATDONCEF ANITICINE [mrn Aghai ns onto aniline

or al hyatsd aRRIVARSVE U$ TG aveel SOITulgu it yATELE Sgsi or

art has sought to inprove the ring al kyl ati on of
BACKGROUONRt OF ZHENESVBNMTHOMS aniline. For exanple, U S

Patents Nos . 4,740,620 and 4, 876, 377 di scl ose

Sokecpregent ngnaickybiani oreldftem ohmt ithanirneyg tallylation of

ort ho-al kyl ated product, using an acidic crystalline
anilimg| ecukar adkgtetanddapatinal dgridediiome .nat ed zeol ites,

respectively. U S. Patent No. 5,081, 302 di scloses the

deliddmievd s iang iaidopltanitotusfldanil bAeckn fiolre qubbsenchenicals

of zeolite catalysts

(such as diphenylamine, 4-aminodiphenylamine,
mercaﬁtobenzothiazole disulfide), dyes, polyanilines and
petroleum additives, and crop chemicals. In applications where

good hydrocarbon solubility of the compound is important, it is
necessary to introduce hydrocarben chains onto aniline or
alkylated anilines to improve solubility.

The prior art has sought to improve theiring alkylation of
aromatic amines such as aniline. For example, U.S. Patents Nos.
4,740,620 and 4,876,377 disclose selective ring alkylation of
aromatic aminés to an ortho-alkylated product, using an acidic
crystalline molecular s;eve and partially dealuminated zeolites,
respectivély.. U.S. Patent No. 5,081,302 discloses the selective

¥

ring alkylation of aniline in the presence of =zeolite catalysts

to para-alkylaniline.
An ionic liquid consists of inorganic and/or organic
cations and anions, and typically has a very low vapor pressure,

a wide liguid temperature range, and is non-flammable. Ionic



10

15

20

to para-alkylaniline . Anionic liquid consists of
i norgani ¢ and/ or organic cations and ani ons, and
W 7oAk has a very | ow vapor pressure, a W PET/US1p06/a46066

tenperature range, and is non-flamrabl e. Ionicliquids
can act as a catalyst and/or solvent, and have been
studied for utility as solvents, electrolytes, in
separations and in fluid applications such as
| ubricants. See Hol brey, "Industrial Applications of
lonic Liquids,"” Chem stry Today 35 (June 2004) ;
Par ki nson,” "loni c Liquids Make an Environnent al

liquSBkastan 380 Ghenicaka&ngjdieeshagoPr 7

4 ( Sept ember 2004); aﬂ% EXaﬁgﬁet E?OE’Qggffﬁ%?ur%?d have been

studkbfe sy ofci hecPhysd cabiPEoper t kesceboh 9RLS, Lisghi @Sparations
Air Force Research Laboratory Report No .

and ARRL-£RRiED- Mep 2003t dzn MayicBO03 1ubhecusesof | QUL nolbrey,
liquids in Friedel-Craf ts al kylation has been

“Inddkseuasedppl iVWaltkess "dF | esielc CLaghsdaRpacionls sitRy Today 35
Chl oroal um nate Molten Salts,” Mlten Salt Chemstiry:

(JunA 2004 y odweirkansang SeitectiedLApphdeatyons 40D Environmental
(Mamant ov and Marassi Eds. 1987) and Earle et al.

Splasty jadil® Symerresals, EngbdnéeringubdsgirasSym heséstdnbder 2004) ;
(Wasserschied & Welton Eds. 2003). However, neither

and Hrady et dilrect'©driotnirag BEKytasi on bheaBRhlybheabr PAadperties

of Tonic ILiquids,” Air Force Research Laboratory Report No.

AFRL~PR-ED~-VG-2003-12 (May 2003).

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

Chlorocaluminate Molten Salts,” Molten - Salt Chemistry: An

Introduction and Selected Applications 405 (Mamantov and Marassi

Eds. 1987) and Earle et al., “Organic Synthesis,” Ionic Liquids

in Synthesis 174 (Wasserschied & Welton Eds. 2003}. However,

neither study is directed to ring alkylation of aniline or an
aniline derivative.

An object of the invention is to provide an improved
synthesis for ring alkylation of aniline or an aniline

derivative.
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aniline derivative. An object of the invention is to

provi de an i nproved synthesis for ring al kyl ati on of
wa@pioziomeedr an aniline derivative. A feature of P€TES2006/046066

invention is the use of an ionic liquid as a sol vent

and catalyst for the ring al kylation of aniline or an

aniline derivative. n advantage o f the invention is

that use of an ionic liquid typically pernits

conveni ent separation of alkylated aniline (s) and

al kyl ated aniline derivative (e ) fromthe reaction

m xture. BRI EF SUMVARY OF THE | NVENTI ON I n one aspect,

thefﬁﬁﬁﬁggtofnﬂﬁgthﬁ@eﬁ@l@ﬁefst@h$'@é@cg§3a£o£on1c liquid as
ring-alkylating aniline or an aniline derivat

a solQEPli SIndl Ja@aatisRg YA e ﬂrnga%lWlla!tQ.% &g Vali V& e or an
with an al kyl ating agent in the presence of an 1 .oni ¢

anillihgquidreeapivsi ng a Lewis acid and a quaternary
cation, to produce an alkylaniline or an alkyl ated

annl | aevaterd gt bye. tIETAbkER: DESCR PTIaN O Eséf H'%f an ionic

PREFERRED EMBCDI MENTS A s summari zed above, th
liqupdeséeppicaVvent i parmed At @oriventiB@t separation of alkylated
aniline(s) and alkylated aniline derivative(s) from the reaction

mixture.

BR;EF SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a process
for ring-alkylating aniline or an aniline derivative, comprising
reacting ani;ine or an aniline derivative with an alkylating
agent in the presence of an ionic liquid comprising a Lewis acid
and a quaternary cation, to produce an alkylaniline or an

alkylated aniline derivative.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As summarized above, the present invention relates to the
ring alkylation of aniline or an aniline derivative in the
presence of an ionic liquid. By “aniline derivative” it 1is
meant aniline substituted with at least one Ci.i1g  alkyl

substituent, either on the aromatic ring or the nitrogen atom.
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ring al kylation of aniline or an aniline derivative in

the presence of an ionic liquid. By ""aniline
waletorwaRsye” it is meant aniline substituted wWaTUS1006/046066

| east one Ci-i al kyl substituent, either on the

aromatic ring or the nitrogen atomlllustrative ring

al kyl ated aniline derivatives include ortho, para,

net a- net hyl ani l i nes, ortho, para, neta-ethylanilines,

and ortho, para, neta-butylanilines and ortho, para,

nmet aoctyl decylanilines . Illustrative N alkyl ated

aniline derivatives include N-nethylaniline,

11 lufhhdiveet hyh@nihkpea88d NMnilidieet vt i 08 - 11BCuge grtho,

al kyl ati ng agent nmay be a substituted or unsubstitute

paraJimﬁiéwméﬂﬁymﬁﬁﬂhﬂﬂé#D“%iﬁh&ﬂeﬁéﬁaprn@ﬁaa%¥h§h5ﬁﬁﬁines, and
Suitable linear ol efins include 1-hexene, 1-nonene,

orthdl- depare, andmdta dogegene1SHd ablagdbr apebgd, ol 654 M, meta-
i ncl ude propyl ene triner (nonenes) , propylene

octy ldedvareri (tedecenes) propyktenst peat amew-and,1ated aniline
di i sobutyl ene. Suitable cyclic olefins include

deriveytdlvetsex eives Luwdec | opemdtend sarid iey| oon terEmeStiviabieine and
aryl al kyl enes i'nclude styrene, nethyl styrene,
N, N-Begfredyindldpene and 2- phenyl - 2- butene. The ionic

liquid my be conposed entirely of anions and cations,

e rlkyviard erdent beaypreparedubptiitaicrg toageatharmsaituted
linear, branched or cyclic olefin oi an arylalkene. Suitable
linear olefins include l-hexene, 1l-nonene, 1l-decene and 1-
dodecene. Suitable branched olefins include propylene trimer
(nonenes), propylene tetramer (dodecenes), propylene pentamer
and diisobutylene. Suitable cyclic olefins include cyclohexene,
.cyclopentene and cyclooctene. Suitable arylalkylenes include
styrene, methyl styrene, 3-phenylpropene and 2-phenyl-2-butene.

The ionic ligquid 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 halide or an alkyl sulfonate ester. Suitable Lewis
acid metal halides include aluminum chloride, aluminum bromide,

indium trichloride, gallium trichloride, niobium pentachloride,

tantalum pentachloride, titanium tetrachloride, boron
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Lewis acid and an al kyl quaternary netal salt,
preferably under heat. The Lewis acid may be a netal
whadorga2ean al kyl halide, an al kyl aryl hali de PCT/ES2006/046066
al kyl sulfonate ester. Suitable Lewis acid netal
hal i des i ncl ude al um num chl ori de, al um num brom de,
indiumtrichloride, galliumtrichloride, niobium
pent achl ori de, tantal um pentachloride, titanium
tetrachl oride, borontrifluoride, boron trifluoride
et herate, boron trichloride, ferric chloride, and
zirconiumchloride. Illustrative al kyl halides include
trifDBRéhyde chlgsiele, tRLAVhoBIQN dechdmity, iwsksle, ettwlioride,
chloride, ethyl brom de, ethyl iodide, n-propyl
ferrthl WHidRide,prapyl Hiofbrdem NcpLoeydei odi de1uissepeoPYl alkyl
chloride, isopropyl brom de, isopropyl iodide, n-butyl
halidds ot hdeuda~hetyly 1bramode den- h&&mbllmwd%idéfﬂﬂbﬁnﬁl iodide,
chl oride, isobutyl brom de, isobutyl iodide,
ethylechibuigé, chkehylleprbmat8epueyhybr Dodtds, terpbopyl chloride,
i odi de, n-pentyl chloride, n-pentyl brom de, n-pentyl
n-propygi de bmedpent y|  briofpoeyyineopedigd, chlimopdepyl chloride,
neopentyl iodide, octyl chloride, ostyl brom de and
isoppepyl ibgdirdee,| | ismspregylveiatikgé ar pHbhalildeshliondldede n-butyl
benzyl brom de, benzyl chloride, benzyl i odide,
bromidehe iyttt chHadede, lqphﬂtadylehhytlﬁﬂcnnaﬁybutyl 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, neopentyl iodide,
octyl chloride, octyl bromide and octyl iodide. Illustrative
alkylaryl halides dinclude benzyl bromide, benzyl chloride,
benzyl iodide, o-phenylethyl chloride, «a-phenylethyl bromide,
a-phenylethyl iodide, B-phenylethyl chloride, p-phenylethyl
bromide and B-phenylethyl diodide. Suitable alkyl sulfonate
esters include alkyl tosylates, alkyl mesylates and alkyl
triflates.

The alkyl guaternary 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, methyltriethylammonnium,
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a- phenyl et hyl i odi de, b-phenylethyl chloride,
b- phenyl et hyl brom de and b-phenyl et hyl i odi de.
weiorani2es al kyl sul fonate esters include al kyl PCT/US2006/046066
tosyl ates, al kyl nesylates and al kyl triflates . The
al kyl quaternary netal salt may be a quaternary
ammoni um sal t, an al kyl phosphoni um salt, an
al kyli m dazoliumsalt, an alkyltriazoliumsalt and an
al kyl pyridiniumsalt. Suitable quaternary ammoni um
salts may be based on cations selected fromthe group
consi sting of benzyltrinmethyl amoni um
ethleHEﬁEEﬁbﬂEﬁﬂ%hﬂﬂH?nn!Un1tetra—nfbutylammoniqm, n-hexyl-
met hyl t71 et hyl ammonni um et hyl t ri met hyl ammoni um
trimettﬁsﬁﬁ%mﬁbmdhbﬁl, anmoni Yo e Pt FEXyF {kd R @AM, UM~ n-octyl-~
n- heptyl -trinet hyl ammoni um n-octyltrinmethyl anmoni um .
t rimdEH@8hohi el hy | anmapidenyntheptylyil bigbhy Lapmoni umn-heptyl-
n-octyl -tri et hyl ammoni um n-hexyd-tri-nbutyl anmmoni um
t riethi @RSk, - N- DUl yd DR it hylammonium, n-hexyl-tri-n-
n-octyl-tri-nbutylairanonium tris- (n-propyl)
buty IHaEeaYindr NN n-hep tet-raiApebt il hamoom Ly, n-octyl-tri-n-
N- decyl - n-oct yl - di et hyl ammoni um and Nt et r adecyl -
butyldnm@idiydmd p nont tis- G padyhel )quetdeaydeymohdsphoni umtetra-n-
salts may be based on cations selected fromthe group
pentgomsictiiung of N-decyl-n-octyl-dimethylammonium and N-

tetradecyl-triethylammonium.

Suitable quaternary éhosphonium salts may be based on
cations selected from ‘the " group consisting of
benzyltrimethylphosphonium, butyltrimethylphosphonium,

methyltriethylphosphonium, ethyltrimethylphosphonium, tetra-n-

butylphosphonium, n-hexyl-trimethylphosphonium, n-heptyl-
trimethylphosphonium, n—6ctyl—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.

Suitable alkylimidazolium salts may be based on cations
selected from the group consisting of 1l-methyl-3-methyl-

imidazolium, 3-butyl~l-methyl-imidazolium, l-ethyl-3-methyl-
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benzyl trimethyl phosphoni um
butyl trimet hyl phosphoni um nethyltriethyl phosphoni um
werdwghtrasiret hyl phosphoni um tetra- nbut yl phosphpei/us3006/046066
n- hexyl -tri met hyl phosphoni um
n- heptyl tri met hyl phosphoni um
n-octyl -trimethyl phosphoni um
n- hexyl tri et hyl phosphoni um
n- heptyl -tri et hyl phosphoni um
n-octyl triethyl phosphoni um
n- hexyl -tri-n-butyl phosphonium n-heptyltri-
imid8z&UiyhphosphonigatyD=9ch¥tnlim oL v Bllosphoni Yoy, yeoyi-5-
tris- (npropyl) -undecyl phosphoni um
meth{eimadfz ety phespheniumMrdeeo8thyl) -3-methylimidazolium,
oct yl - di et hyl phosphoni um and

1- (ethbeimatiesy) 4 3-imaf it phasiheniiwm, Suitabl e 3-ethyl-1-
al kyliiuidazoliumsalts may be based on cations
ethy$theds 2dl fumm t hes-groifl -densitstli-igidbzolium, l-ethyl-2, 3-

| - met hyl - 3- et hyl i m dazol i um
dimeBhput yhidanelivd - i M dazblduipi-3-methylimidazolium, 1-ethyl-
| -ethyl -3-nmet hyl i m dazol i um
3, 5-fibet iyl 3imeddwrd ) inndszal i yA-dicddgeecprnbthylimidazoliun.
nmet hyl i m dazolium 1- (2, 2 ,2-trif |uoroethyl)
- Sufeeibit i midevAdidiwponiium eshokypnehdy| )oe based on cations
- 3-met hyl i ndazol i um 3-ethyl-1ethylimdazolium
selegtedhyirom pthe| grabgazsinuimtinget bf] 12,(31,3', 3" ~trifluoro—n-
di met hyl -i m dazolium 1 ]
Propyb) g3 e APt 8L et A T SRl i Wi 1- et hy{23-£luoroethyl) ~3-n-
,?-9ine%h | -imdazolium and '
heptylalyf of RPFL3ZNEY WY i mi dadol {AUmElegresbhyl) ~3-n-decyl-1,2, 4~
fri aI§¥$triazo Il salts may be based on_cations sel ected _
tragPomThe gr ugﬂi’ it i R fluoEpen-gexyd) ~3pprputyl-1, 2, 4-

triagggggﬁpprOPXA)propyl—4—amino—l,2,4—triazolium, l-n-butyl-4-
amino-1,2,4~triazolium and l-n-hexyl-4-amino-1,2,4~triazolium.

In a preferred embodiment, the ionic liquid is formed in
situ prior to addition of the alkylating agent. The Lewis acid,

alkyl qguaternary metal salt and aniline or an aniline derivative

'may be added to a suitable reaction vessel, preferably under a

dry, dinert atmosphere and with heating to a temperature up to
250°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 liguid from oxidation and

is preferably selected from the group consisting of argon,
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-3-n-butyl-1, 2 ,4-triazolium 1- (2 '-fluoroethyl)
-3-nheptyl- 1, 2 ,4-triazolium 1- (2 '-fluoroethyl)
WO 3onodeey ! -1, 2 ,4- triazolium 1- (IH |H 2PCT/US2006/046066
2H perf luoro-n-hexyl) -3-n-butyl-1, 2 ,4 -
triazolium I-n-propyl-4-amno-1, 2 ,4-triazolium
| -n-butyl-4- amno-1, 2 ,4-triazolium and
| -n-hexyl -4-amno-1, 2 ,4-triazolium In a preferred
enbodi nent, the ionic liquid is formed _in situ prior
to addition of the al kylating agent. The Lewi s acid,
al kyl quaternary netal salt and aniline or an aniline
he1i%Rr a%al M@ rBB¥nbe addednttassMbiphleer 8AGHLANAYSESSEL: dry to
preferably under a dry, inert atnosphere and with
avoileakkBApbei8i bENDEr ahdll Sok 1101 ZBQ .0C , and stirred,
for exanple at 200 to 300 rpra, until an ionic liquid
phase angd it HPangenPhase HL 4@dd®dio Thed NBEbction vessel
at nosphere serves to protect the ionic liquid from
onceOXHéAti O AN qi8 PrefLroddy sehnecd e fire tALL 05OUBnce or by
consi sting of argon, heliumand nitrogen. The inert
multdpresppeare iahoubddat senbe dr ypder avediidy,deceMPeSidels@N of the
of the ionic liquid. The al kyl ating agent nay be added
alkyatting regett onsvesselowsnite t Mot oBkemplgui dEdhas heen to 5.0
formed, either all at once or by nultiple parti al
equiyddidfi ons:fiPr/efrerlabl anilamexcessoof usdd, atkyéabengwith 10 to
agent is enployed. For exanple, from1.1 to 5.0
50% mole % of the Lewis acid relative to the aniline, and an

amount of the ionic liquid forming compound such that the mole
fraction of Lewis acid is at least 0.60 to 0.90.

The alkylation reaction may preferably be performed at a
temperature of from 50 to 250°C, still more preferably at a
temperdture of 80 to 200 °C, over a time period of from 1 to 48
hours, still more preferably 12 to 30 hours.

The regioisomer produced by the alkylation reaction appears
dependent on the choice of alkylating agent. For example, the
use of alpha olefins (such as 1l-decene) results in alkylation
ortho to the nitrogen. Conversely, the use of branched olefins
(such as propylene trimer) results in alkylation para to the
nitrogen.

The alkylation reaction may also produce a mixture of mono
and di-alkylated anilines. The reaction products may be

separated from the reactants by conventional separation
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equiv. of olefin/ nole aniline my be used, together
with 10 to 50% nole % of the Lewis acid relative to

wa b@7ani2bd ne, and an anmount of the ionic |iquiBCT/O820061¢16066
conmpound such that the nole fraction of Lewis acid is
at least 0.60 to 0.90. The al kylation reaction may
preferably be perfornmed at a tenperature of from50 to

250 0C, still nore preferably at a tenperature of 80
to 200 OC, over atinme period of from1l to 48 hours,
still nore preferably 12 to 30 hours. The regi oi soner

produced by the al kylation reacti on appears dependent

techriitpddie oW HfpDfadhkybatl Ngn@deNto EVE XaBRWEnakhe skill in
use of al pha olefins (such as 1-decene) results in

the alkyl adud asthocd® Lhampiltl ogensefopyes ¢l YurkRQ .USe acidic
of branched ol efins (such as propylene trinmer) results

imputitisdyl atfi opreacatt o ihhethkt rpgeducdhe mdKylwd i odfemoved by
reaction may al so produce a m xture of nono and

succelsiatkywatted annbi nesse Theagreact | onspmbdtlacl g, mayhde 1solated
separated fromthe reactants by conventiona

reacttiparati xontechayqles sephegppat atwiso wetkb  kmowenkeo tonmmnpounds
of ordinary skill in the art, such as, for exanple, a

usingepzrateoryi dnpinelsepagiadiioni nperhtrieges | fapd esepadatus well
the product, nmay be renoved by

known to those of ordinary skill in the arxt, such as, for

example, high-pressure liquid chromatography.

EXAMPLES

The following Examples illustrate the practice and
advantages of the invention in greater detail with respect to
individual species thereof. The details of the examples are

illustrative only, and are not to be used to constrict the scope

of the claims.

Example 1

Alkylation of Aniline Using l-Decene, Aluminum Chloride
and 3-butyl-l-methylimidiazolium chloride

A 1-L, 4-necked round bottomed flask equipped iwith a
mantle, temperature controller, a water cooled reflux condenser
topped with inlet for nitrogen positive pressure, mechanical
stirrer and a thermocouple was charged under nitrogen positive

pressure with aniline (46.52g, 0.50 mole), 1l-~decene (245.54q,
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successi ve water and base washes. Simlarly, the

i solated reaction m xture may be separated into its
Ww@oeepomess conmpounds using conventional separ aP@DOS2006/046066

techni ques and apparatus well known to those of

ordinary skill in the art, such as, for exanple,
hi gh- pressure 1iquid chromat ography. EXAMPLES The
foll owi ng Exanples illustrate the practice and

advant ages of the invention in greater detail with
respect to individual species thereof. The details of
the exanples are illLustrative only, and are not to be

1.75USESd O §OBSIduily .t NEe 540D 0ol e 16hALYE. 1 .
ATKYI B on of a1 nes CRTRG 1-Decene. R b B Lentoriae

33.8849r bdesand13; by lnoh =8Bt -BYLE M i 82okhym £b oL de -
( 1-%? 4- necked round goftoﬁéd flask equippedQ&A%hgaffhally 3

butylBthethlemeadh #bei RNt ahbeidea Wahal COOhR &L UX10 gog,
condenser topped with inlet for nitrogen positive

0.06pBesAsIe, TeCFannedbs Stidi@livenda Ehanimegupl e ¢WasSring was
charged under nitrogen positive pressure with aniline

star{té0. Bdg,cd. 50000560, rpmdeeanahe246. 840 o IvdEnd®! EniBiRlly to
equiv. relative to aniline), alum numchloride

100°C, then to 160°C and finally 180°C. The l-decene underwent

mild reflux at this temperature. Heating continued at 167-180°C-

for a total of 23.4 hr.

The reaction mixture was allowed +to cool back to room
temperature and diluted with 400mL n-heptane. The reaction
products separated into two phases, with the upper phase having
a dark brown color. The upper and lower phases were separated
in a separatory funnel, and the lower phase discarded. An
exotherm occurred when the dark brown upper phase was treated
with 500mL waterxr. The organic phase was washed with an
additional 500mL water, then 500mL aq. ammonia (400mL water rlus
100mL conc. ag. ammonia), and then dried over anhydrous sodium
sulfate. The drying agent was removed by suction filtration and
the filtrate stripped in vacuo (95°C water bath, 6 mm final
vacuum) to afford a reddish ligquid, wt. 106.46g. This was shown
by GC to be a 25:75 mixture of mono/didecylated anilines. IR
analysis indicated the position of alkylation to be ortho.

Yield was 57% based on the GC analysis.

10
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(33.38g, 0.25 nole, 50 nole%relative to aniline) and

finally 3- butyl-1-nmethylimdiazoliumchloride (BMM
w@ehdoonides 10. 89g, 0.0625 nole, 12.5 nol e% r el BET/US200€046066

aniline). Stirring was started at ca. 200-300 rpra and

the m xture warned initially to 100 OC, then to 160

OC and finally 180 0C . The 1-decene underwent mld

reflux at this tenperature. Heating continued at

167-180 0 C - for a total of 23.4 hr. The reaction

m xture was allowed to cool b ack to roomtenperature

and diluted with 400m. n-heptane. The reaction

products separated into two phases, with the upper

phase having a dark brown color. The upper and | ower

phases were separated in a separatory funnel, and the

| ower phase di scarded. An exotherm occurred when the

dark brown upper phase ¥#&™Pi8afed with 5001L water.

The organi c phase, was vvashed with an add|t| onal 5001L

watt&y Lathan 85(5‘“95%1 W & UG Shigoite
cone aq. amfbit t&ﬁ-&l’”ttlﬁ(éﬁmﬂPPéHmo% oS dr ous

di um sul f at e. The dryin nt was renpved b
| PRSP PEEP ot OT Lot ERS T AT et Temmdpy 1 was

ter, bath, 6 nm fi nal ﬁcuu to afford a

charé%ng%&F |cnﬁqj %&ccgﬁﬁgoq469an% L8S0 0 P RRBURS and aluminum

chloride under nitrogen. Stirring at 200-300 rpm was started

and then solid methyltributylammonium chloride was added. Then

heating to 160°C was started. Reflux started at a pot

. temperature of 137.5°C and increased steadily as the aniline was

alkylated. Heating between 137-160°C continued for 28.2 hr
before the reaction mixture was allowed to cool to room
temperature.

The reaction mixture was diluted with 300mL n-heptane and
200mL methylene chloride and two phases separated. No reaction
resulted when the heétane phase was washed with 500mL water.
The cautious addition of 500mL water to the methylene chloride
lower phase resulted in a strong ﬁeaction, indicating this phase
contained the catalyst. The heptane phase was added to the
methylene chloride phase after the reaction, and then the layers
shaken and re-separated. The heptane phase was washed with an

additional 500mL water, and then 500mL ag. ammonia (400mL water

11
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by GC to be a 25:75 m xture of nono/ di decyl at ed

anilines. IR analysis indicated the position of
wa@bkdylzedn to b e ortho. Yield was 57% based PCT/UR®OCAR6066

anal ysi s. Exanpl e 2 Al kyl ati on of Aniline Using

Nonenes, Al um num Chl oride and Methyl tributyl ammoni um

Chl oride An apparatus simlar to that described in

Exanple 1 was charged with, in succession, aniline,

nonenes and al um num chl ori de under nitrogen. Stirring

at 200-300 rpmwas started and then solid

nmet hyl t ri but yl anmoni um chl ori de was added. Then

plus heaigntg t&nkb0 %V\’a%nﬂcﬁﬁta?d pB@.Uruxtgt a'bteq(fIlgat C&l%%t over

t enperature of 5C and increased steadily as th

anhydddd Mg aukykated. Heating between 137-160 0C
conti nued for 28.2 hr before the reaction m xture was

atHeovel 10y CoPdntl Owd HORLHEPREr BY UEBct TH8 F€2€khORNon and the
m xture was diluted with 3000 n- heptane and 200rL

filtreidytengenddor i fe vartiol W qHhase e wgpai=aldd. MN°C bath, 3mm
reaction resulted when the heptane phase was washed

fina i tac 00T tovak 8ford h20 cad | ofisraddi shosr HhgS0OHL. Watrdis was
to the nethylene chloride | ower phase resulted in a

showrst bgndsC e&ot i lom, meddilgatmergpridnyd apliddee, yield 31.9%. IR

analysis indicated the position of alkylation was para to the

nitrogen atom.

Example 3

Alkylation of Aniline Using Dodecenes, Aluminum Chloride
and Methyltributylammonium Chloride

An apparatus similar to that described in Example 1 was
charged with aniline, dodecenes under nitrogen positive
pressure, followed by aluminum chloride and then slow stirring
started. There was an exotherm up to 46°C upon stirring and
then methyltributylammonium chloride was added. The reaction
mixture was heated to 160°C and maintained at this temperature
for 27.8 hr. The reaction mixture was then allowed to cool to
room temperature and diluted with 300mL n~heptane-200nmL
methylene chloride.

The reaction mixture separated into a large volume upper

phase and a dark red-orange lower phase. The upper layer was

12



10

15

cont ai ned the catalyst. The heptane phase was added to
the net hyl ene chl ori de phase after the reaction, and
wo b@n/otdze3 | ayers shaken and re-separated. The PEPUSI086/046066
phase was washed with an additional 50071 water, and
then 5000 ag. ammoni a (4001L wat er pl us 1007l cone.
ag. ammoni a) prior to being dried over anhydrous
sodi um sul fate. The dryi ng agent was renoved by
suction filtration and the filtrate condensed in vacuo
(rotary evaporator, 95C bath, 3mmfinal vacuum to
afford 70.09g of reddish-orange oil. This was shown by
washd Dt he2 Fas00yL Moaespnys @orl, i 4. th@dith 81¢H96m1l Rrater/100mL
anal ysis indicated the position of alkylation was para
conc ! Gad heanihdriiagerarad AMenExaipheodeAl Kith Qlit-6fis OfodMih | €1 Fate.
Usi ng Dodecenes, Al um num Chl ori de and
Ny sbriibut ydanfand uwe £hirembaed Abyappacaios Filitdkion and
to that described in Exanple 1 was charged wth
the fhltraes slodigeeadsonngderotdty ogeapROidn Vieh PFESEMUN BSmm final
foll owed by al um num chloride and then slow stirring
vacugnaretc Wakeee bashhn Rt heesndipe twaAGC tpddi sti+srdmge oil,
and then nethyltributyl ammoni um chl-ori de was added..
wt. The.?®acti Bnis was shown to be monododecylaniline by GC. IR

analysis indicated the position of alkylation was mainly para.
The inventors currently believe the ionic liquid may be
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 thén be used to catalyze

another alkylation reaction by itself, or in combination with

fresh catalyst.

13



m xture was heated to 160 OC and maintained at this
tenperature for 27.8 hr . The reaction m xture was
wo b@n/ozizbdwed to cool to room tenperature and BECT/USEA6/046066

wi th 300nL n- hept ane- 200niL net hyl ene chl oride. The
reaction m xture separated into a |arge vol une upper
phase and a dark red-orange | ower phase. The upper
| ayer waswashed with 2x 500n. water, 500nL aq. ammoni a
(4001 water/I OO cone. aq. ammoni a) and then dried
over anhydrous sodium sul fate. The sodi um sul fate was
renmoved by suction filtration and the filtrate
stripped on a rotary evaporator in vacuo (5mmfina
vacuum 95 O0C water bath) . The residue was a

cLarmeddi sh-orange oil, w. 136. 96g. This was shown to be
nonododecyl aniline by GC. IR analysis indicated the

We cpo&shiion of alkylation was mainly para. The inventors
currently believe the ionic liquid may be recycled for

1. Uuse pposubsequenrt aliky-alknatbhygsi apieipBaser an aniline
separation in which the hydrocarbon-sol ubl e reaction

deripaotuel ¢shptishnie desaniref,aminditduse sepasat dnéra8rivative
the denser ionic liquid phase. The ionic liquid may

witht ken békudetdiho calealtyzin andiehepraddrydat iodn sawacidrde liquid
by itself, or in conbination with fresh

compgé@'a:hgsta_ CLAWAMB acid metal halide anion and a gquaternary

cation, to produce a ring-alkylated alkylaniline or a ring-

alkylated aniline derivative.

2. The process of claim 1, wherein aniline 1is reacted with

said alkylating agent.

3. The process of claim 1, wherein said aniline derivative has

. at least one alkyl substituent bonded to the ring.

4, The process of claim 1, wherein said aniline derivative has

at least one alkyl substituent bonded to the nitrogen atom.
5. The process of claim 1, wherein éaid alkylating agent is a

substituted or unsubstituted linear, branched or cyclic olefin

or an arylalkene.

14



W claim 1 . A process for ring-alkylating aniline or
an aniline derivative, conprising reacting aniline or
wa@eooanid2ehe derivative with an al kyl ati ng ageneCT/nS100€046066
presence of an ionic liquid conprising a Lews acid
netal halide anion and a quaternary cation, to produce
a ring-alkylated al kylaniline or a ringal kyl at ed
aniline derivative. 2 . The process of claiml
wherein aniline is reacted with said al kyl ati ng agent.
3 . The process of claiml , wherein said aniline
derivative has at |east one al kyl substituent bonded
to the ring. 4 . The process of claim1 , wherein said
ani |l ine derivative has at |east one al kyl substituent
6. bendedridrddie Bt 1QgeH & 0MyhéreidN@aRHOCEBSE O Gls@idN 1inear
1, wherein said alkylating agent is a substituted or
olefiRsRstictubie@d rbimneak, ghbapchedsostexgl b€ al-abkBn@l aBnonene,
aryl al kene.6 . The process of claim5 , wherein said
1-de@keki Ands1adbiseanc ol efin sel ected fromthe. group
consi sting of 1-hexene, 1-nonene, 1-decene and
1-dodecene. 7 . The process of claim5 , wherein said
olefin is a branched
7. The process of claim 5, wherein said olefin is a branched

olefin selected from the group consisting of propylene trimer,

propylene tetramer, propylene pentamer and diisobutylene.

8. The process of claim 5, wherein said olefin is a cyclic
olefin selected from the group consisting of c¢yclohexene,

cyclopentene and cyclooctene.

9. The process of claim 5, wherein said olefin is an

arylalkene selected from the group consisting of styrene, methyl

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

10. The process of claim 1, wherein said Lewis acid is a metal
halide selected from the group consisting of aluminum chloride,
aluminum bromide, indium trichloride, gallium trichloride,
niobium pentachloride, tantalum pentachloride, - titanium
tetrachloride, boron trifluoride, boron trifluoride etherage,

boron trichloride, ferric chloride, and zirconium chloride.

15



olefin selected fromthe group consisting of propylene

trimer, propylene tetraner, propylene pentaner and
walriogobasy | ene. 8 . The process of claim5 , WEr/E52906/046066

said olefinis a cyclic olefin selected fromthe group

consi sting of cycl ohexene, cycl opentene and

cycl ooctene. 9 . The process of claim5 , wherein said

olefin is an aryl al kene sel ected fromthe group

consi sting of styrene, nethyl styrene, 3-phenyl propene

and 2-phenyl -2-butene . 10. The process of claim1l ,

wherein said Lewis acid is a netal halide selected

fromthe group consisting of alum num chl ori de,

al um num brom de, indiumtrichloride, gallium

11. tehehbonkdes BEoRi UMy pent aeblorh dgaidamd@dMcid is an alkyl
pentachloride, titaniumtetrachl oride, boron

halibibi fddiQrddey BRSAN chel fduard deort Do i@, O hyl chloride,
trichloride, ferric chloride, and zirconi um

methEhll HWdRedbl. e Pr ocessd®f &LAYIM khiowhersi N sgh¢l bromide,
ews acid is an alkyl halide selected fromthe group

. ethy@Onsbsidag of-preihyl shlerige, mephybyhr opteeidspt hyh-propyl
i odi de, ethyl chloride, ethyl brom de, ethyl iodide,

iodidepr apYpbroblar iche oridpl Opgbpbbeyi deromnigeppykobedpde, iodide,
i sopropyl chloride, isopropyl brom de, isopropyl

n-buit@di dehlbrhoey| shboetyde,bredidde/,] br-wutdd, ddodidgl, isobutyl
i odi de, 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, neopentyl iodide, octyl chloride, octyl

bromide and octyl iodide.

12. 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, f-phenylethyl

chloride, P-phenylethyl bromide and p-phenylethyl iodide.

13. The process of claim 1, wherein said Lewis acid is an alkyl

sulfonate ester.
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chl oride, isobutyl brom de, isobutyl iodide,
tert-butyl chloride, tert-butyl brom de, tert-butyl
w0 ed7den26n- pentyl chloride, n-pentyl brom de, PEPESL096/046066
i odi de, neopentyl brom de, neopentyl chloride,
neopentyl iodide, octyl chloride, octyl brom de and
octyl iodide. 12. The process of claim1l , wherein
said Lewis acid is an al kylaryl halide selected from
the group consisting of benzyl brom de, benzyl
chl oride, benzyl iodide, -phenylethyl chloride,
a- phenyl et hyl brom de, a-phenyl ethyl i odide,
14. bIpdepybethyl ofhlardide, 1 p- phenyiet bylidbronitdenand cation is
b- phenyl et hyl iodide. 13. The process of claiml
selewhedeifnosaiad dievierraxiyd amsncaniwad kodtisid,f canat @1 kylphosphonium
ester.14. The process of claiml , wherein said
catiquat emarykygaimbdarel fehectadd o, onam quUaydrbrdmygolium cation
amoni um cati on, an al kyl phosphoni um cati on, an
and ahkylkylpazofindarcatatoimn.an al kyl triazoliumcation and
an- al kyl pyridi niumcation. 15. The process of claim
14, wherein said quaternary anmoniumcation is a
menber selected fromthe group consisting of benzyl.
15. t Fheeprprammofuntlatny iy | wierpiar madsbriwmgernary ammonium

Jinethyltriethylanmsnni um ethyltrinmethyl ammoni um
cathgtrégnbﬁtymember selected rom the grcup consisting of

benzyltrimethylammonium, butyltrimethylammmondium,
methyltriethylammonnium, ethyltrimethylammonium, tetra-n-
butylammonium, n—-hexyl-trimethylamoniumn, n-heptyl-
trimethylammonium, n—octyl-trimethylammoniﬁm, n-hexyl-
triethylamoniumn, n-heptyl-triethylammonium, n-octyl-
triethylammonium, n-hexyl-tri-n-butylamonium, n-heptyl-tri-n-
butylammonium, n—-octyl-tri-n-butylammonium, tris-{n-propyl) -
undecylammonium, tetra-n-pentylammonium, n-decyl-n-octyl-

dimethylammonium and n-tetradecyl-triethylammonium.

l16. The process of claim 14, wherein said alkylimidazolium
cation is a member selected from the group consisting of 1-
methyl-3-methyl~-imidazolium, l-ethyl-3-methyl-imidazolium, 1-
butyl-3-methylimidazolium, 1—dodecyl—5—methyiimidazolium, 1-
(2,2,2-trifluoroethyl)-3-methylimidazolium, 1-(ethoxymethyl) -3~

methylimidazolium, 3-ethyl-l-ethylimidazolium, 3-ethyl-l-butyl-
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amoni um n-hexyl -tri met hyl anoni urn,
n- heptyl trimet hyl anmoni um n-octyl -trinmethyl anmoni um
wm20venyi263 i et hyl anmoni um n-heptyl -tri et hyl ammoPCT/OG2006/046066

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

n- heptyl -tri-nbutyl ammoni um

n-octyl-tri-n-butylamonium tris- (n-propyl) -

undecyl anmonium tetra-n-pentyl anmoni um

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

n-tetradecyl -triethyl ammoni um 16. The process of

claim 14, wherein said al kylimdazoliumcation is a
imida¥nihem, sel eetedyl FopBtiéngtoyp- toidd zniimp.of 1L, 2-diethyl-3-

met hyl - 3- net hyl -i m dazol i um
methyldgtidpkzolimet hyl 1+etiolpkzod i ndinethyl~imidazolium  and 1,3~

but yl - 3- et hyl i m dazol i um
dietHyldGdeeyhy3imithygbilimazol i um 1- (2, 2,

2-trifluoroethyl) -3-nethylimdazolium 1-

(et hoxynet hyl) -3- nmethylim dazolium

3-ethyl-1-ethylimdazolium ) . ) ,
17. 3thet hylrdesset yIotni ¢d2dm ufky - - BPR§PLD, said alkyltriazolium

3-di net hyl -i m dazolium 1 ,2-diethyl - 3- L
catigret Ayl i3 asFberunfeleeEey | -ngms-f&?%eﬁﬁWPi UG mE °f -

and 1, 3- diethyl-5-nethy|inidazolhun1 1%. The g;ocess 1-(2'-
(3", BF, ) ith B REHEY OGP a JaPkPREYi-aZzof 1 GntEATFOn* 18 a

menber_ sel ected fromthe grqup consisti f 1= ' Al
10T e g T O o o 2R Ty - | 132 ~2lubibethyl) -3

4-trjazolium 1- (2'- fluar L) 53315 = —3—pn-
n-degy bt f ek O 2 LT U SaERy I PgLeBo¥bThenexy) 3-n

butyl-1,2,4-triazolium, 1-n-propyl-4~amino-1,2,4~triazolium, 1-
n-butyl-4-amino-1,2,4~triazolium and 1-n-hexyl—-4-amino—-1,2,4-

triazolium.

18. The process of claim 1, wherein said ionic liguid is formed

is formed in situ prior to addition of said alkylating agent.

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

50 to 250 °C over a time period of from 1 to 48 hours.
20. The process of claim 1, performed under an inert atmosphere

selected from the group consisting of argon, helium and

nitrogen.
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21.

n-decyl -1, 2 ,4-triazolium 1- (IH |IH 2H 2H perf
| uoro-n-hexyl) -3-nbutyl- 1, 2 ,4-triazolium

WO 2007072831 - 4- ami no-1, 2,4-triazolium 1- PCT/US2006/046066
n-butyl -4-amno-1, 2 ,4-triazolium and
| - n-hexyl -4-amno-1, 2 ,4- triazoliura. 18. The

process of claiml1l , wherein said ionic liquid is

formed is fornmed in situ prior to addition of said

al kyl ating agent. 19. The process of claim1 ,

performed at a tenperature of from50 to 250 C over a
time period of from1l to 48 hours. 20. The process of
thali Brbcesper bor nExhiinder, apeifemedat wospheselsmiract 8 2
fromthe group consisting of argon, helium and

stirrihd rage 2K ffhe pPOcessS@ mEHmaim 1 , perfornmed with

stirring at a stirring speed of from 100 to 500 rpm
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