WO 2007/ 070263 PCT/ US2006/ 046066 Tl TLE: RI NG ALKYLATI ON OF ANI LI NE OR AN
ANI LI NE DERI VATI VE USI NG | ONI C LI QUI D CATALYSTS BACKGROUND OF THE

I NVENTION: 5 The present invention relates to the ring aIkyIation of
aniline or an alkylated aniline derivative. Aniline is an |qp

bui | di ng Y SR rubber chenicals (such as di phenyIAHSAW itie”

4- am nodi phenyl am ne, nercapt obenzot hi azol e disulfide), dyes, polyanilines
and 10 petrol eum additives, and crop chem cals. In applications where good
hydr ocarbon solubility of the conpound is inportant, it is necessary to

i ntroduce hydrocarbon chains onto aniline or alkylated anilines to inprove
solubility. The prior art has sought to inprove the ring al kylation of 15
aromati c am nes such as aniline. For exanple, U S. Patents Nos. 4,740,620
and 4, 846377 Ok 5¢d 58S ae6H | ME Nithgnal kylmafion of . aromatic amines to an

ortho-a kyl at ednpFREHE berdFA PRIV ATEAr6nTE MiTaln tAea®desul ar sieve and
partially deal um nated zeolites, respectively. U S Patent No. 5,081, 302

disclG&&&GRbBNBeéﬁcmﬁy&Nﬂﬁmmt@@:alkylation of aniline in the presence of
zeolite catalysts to para-alkylaniline. An ionic liquid consists of
i ndr gani ¢ &hd/ mregegani inveapdt.pongedatdeanitonstheandihypiedévlythas afvery | ow

vapor pressure, a w de IigU|d tenperature range, and is non-flanmmabl e.
| oni ¢ @niline or an alkylated aniline derivative.

Aniline is an important building block for rubber chemicals

(such as diphenylanine, 4~aminodiphenylamine,
mercaﬁtobenzothiazole disgulfide}, dvyes, polyanilines and
10 petroleum additives, and crop chemicals. In applications where

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

The prior art has sought to improve the!ring alkylation of

i5 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 siéve and partially dealuminated =zeolites,
respectivély.' U.8. Patent No. 5,081,302 discloses the selective

)

20  xing alkylation of aniline in the presence of =zeolite catalysts
to para-alkylaniline.

An ionic ligquid consists of inorganic and/or organic

cations and anions, and typically has a wvery low vapor pressure,

a wide liquid temperature range, and is non-flammable. Jonic




1 WD 2007/ 070263 PCTI US2006/ 046066 |iquids can act as a catal yst and/or
sol vent, and have been studied for utility as solvents, electrolytes, in
separations and in fluid applications such as |ubricants. See Hol brey,

"I ndustri al Ag |ications of lonic Liquids," Chem stry Today 35 5 (June
2004); PAYRY E???“Z”"I oni ¢ Li qui ds Make an Environnment aﬂcm%%g@‘fﬁ”“ 100
Chem cal Engi neering Progress 7 (Septenber 2004); and Drake et al.,
"Structural Effects on the Physical Properties of lonic Liquids," Ar
Force Research Laboratory Report No. AFRL-PR-ED VG 2003-12 (May 2003). 10
The use of ionic liquids in Friedel-Crafts al kylation has been discussed
in Wlkes, "Friedel-Crafts Reactions in Chloroalumnate Mlten Salts,"
Molten Salt Chemi stry: An Introduction and Sel ected Applications 405

( Mamant,Qv. rassi, Eds. 1987 d Farle esto%lh "Organi c Synthesis,"
| oni ¢ E‘ﬁﬁ‘ﬁ?gg I\f/% in cé:yn?%es?’l S %Y?g\as‘?‘é’%@ohi SdVE %I tatfﬁ E&"e 215%%‘)

rovevelorudlgh! B8t UdidhelS 4l FEohRALO 1dNG.ALEYLAL) 08,0l ROLLLIG, OF an
aniline derivative. An object of the invention is to provide an I nproved

synt hesing i ELOgd alloplathoronf andd i Be orupancantkine s20 deiiyayive. 2 WO
2007/ 070263 PCTI US2006/ 046066
“Industrial Applications of Ionic Liquids,” Chemistry Today 35

5 {June 2004); Parkinson, “Ionic Liguids Make an Environmental

Splash,” 100 Chemical Engineering Progress 7 (September 2004);
and Drake et al., “Structural Effects on the Physical Properties

of Ionic Liquids,” Air Force Research Laboratory Report No.

AFRL-PR-ED-VG-2003-12 (May 2003).
10 The use of ionic liquids in Friedel-Crafts alkylation has
been 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 Barle et al., “Organic Synthesis,” Ionic Liguids

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

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

An object of the invention 4is to provide an improved
synthesis for ring alkylation of aniline or an aniline

20 derivative.




A feature of the invention is the use of an ionic liquid as a solvent and
catalyst for the ring alkylation of aniline or an aniline derivative. An
advantage of the invention is that use of anionic 5 liquid typically
permts conveni ent separation of alkylated aniline(s) and al kyl ated

ani line d¥PPVPHTNE(s) fromthe reaction mixture. BRIEFSRWREICO- THE

| NVENTI ON 10 I n one aspect, the present invention relates to a process for
ring-alkylating aniline or an aniline derivative, conprising reacting
aniline or an aniline derivative with an alkylating agent in the presence
of an ionic liquid conprising a Lewis acid and a quaternary cation, to
produce an al kylaniline or an 15 alkylated aniline derivative. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS As sunmari zed above, the present

i nvention rel 0t ri.n | kyl at i of anilLine or an _aniline
derivative §n§%§§“£5d”£$£§bﬁ@ge%?“%hIFO%EE PFGuPd. 2By os FiAEidert vati ve"
it is neaphvaRk! Lpg sipstiduted with I e ClL.19 alkyl substituent,
either on the aromatic rﬁhg or t%%gnf?%%ggﬁﬁi&%;%on nﬁ%b¥?0962%%

PCT/ US2004840468661 vdtikgst rati ve ring. al kylated aniline derivatives include

ortho, para, neta-nethylanilines, ortho, para, neta-ethylanilines, and
An advantage of the invention 4is that use of an ionic

3 liquid typically permits convenient separation of alkylated
aniline(s} and alkylated aniline derivative(s) from the reaction

mixture,

BR;EF SUMMARY OF 'THE INVENTION

10 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

15 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
20 presence of an ionic 1liquid. By ™aniline derivative” it is
meant aniline substituted with at least one Cyig alkyl

substituent, either on the aromatic ring or the nitrcgen atom.




ortho, para, neta-butylanilines and ortho, para, neta- octyl decyl anilines.
I[llustrative N-alkylated aniline 5 derivatives include N-nethylaniline,

N, N-di methylaniline and N,N-diethylaniline. The al kyl ati ng agent may be a
substituted or unsubstituted |I|inear, branched or cyclic olefin or an

aryl al ken®2 2811341 e 1inear ol efins include 1-hexend CTUSAHIGEHAC 1- decene
and 1 10 dodecene. Suitable branched ol efins include propylene triner
(nonenes) propyl ene tetraner (dodecenes), propyl ene pentaner and

di i sobutyl ene. Suitable cyclic olefins include cycl ohexene, cyclopentene
and cycl ooctene_ Suitable aryl al-kyl enes include styrene, nethyl styrene,
3- phenyl propene and 2-phenyl -2-butene. 15 The ionic liquid nmay be conposed
entirely of anions and cations, and may conveniently be prepared by m xi ng

t t ' id - ; kyl et al |t f bl d
oot TRACAR S Re ey B A Bet AR GoPRe IR B Peag © T

al kyl apyda hahdle-rf ngadl KidesSUlSQ0RL € RSker neBullbahl e, tewi s acid netal
hal i des i nclude al um num chl oride, alum numbromde,” indiumtrichloride,

gal | i umetthd,chl patae, meabi-vmtpentiadhksri did taptmb um perkachlride,
titaniumtetrachl oride, boron 4 W 2007/070263 PCTI US2006/ 046066
trifl uertdaledyérohlingd] uori de Etherateivbor omitalilghleardde, aniline
3 ) derivatives include N-methylaniline, N,ﬁ-dimethylaniline and
N, -diethylaniline.

The alkylating agent may be a substituted or unsubstituted
linear, branched or cyclic olefin of an arylalkene. Suitable
linear olefins include 1l-hexene, 1-nonene, lL-decene and 1-

10 dodecene. Suitable branched oclefins 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-phenyi-2-butene.

15 The ionic 'liguid may be composed entirely of anions and
cations, and may convenilently be prepared by mixing together a
Lewis acid and an alkyl guaternary metal salt, preferably under
heat. ‘

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

20 alkylaryl halide or an alkyl sulfonate ester. Suitable Lewis
acid metal halides include aluminum chloride, aluminum bromide,

indium trichloride, gallium trichloride, niobium pentachloride,

tantalum pentachlorxide, titanium tetrachloride, boron




ferric chloride, and zirconiumchloride. Illustrative alkyl halides

i nclude nethyl chloride, nethyl brom de, nethyl iodide, ethyl chloride,
ethyl brom de, ethyl iodide, n-propyl chloride, 5 n-propyl brom de,

n- propyl iodide |sopropyl chl oride, isopropyl bromde, isopro i odi de,
n-butyl SHPEW7EY23 "butyl bromide, n-butyl iodide, i*<dBH¥ P Forude

i sobutyl brom de, isobutyl iodide, tert-butyl chloride, tert but yl

brom de, tert- butyl iodide, n-pentyl chloride, n-pentyl brom de, n-pentyl
10 i odi de, neopentyl brom de, neopentyl chloride, neopentyl iodide, octyl
chloride, octyl bromde and octyl iodide. Illustrative alkylaryl halides
i ncl ude benzyl brom de, benzyl chloride, benzyl iodide, a-phenylethyl

chl oride, a-phenylethyl brom de, a-phenylethyl iodide, (3-phenylethyl

chlori %lfiéomﬁawl Ry 1§r9£%ﬂ%ean%teér9@@nylﬁam ilqdi-de. Sy tabl e

al kyl sulfonate 'esters include alkyl tosylates, al'kyl mesylates dnd al kyl

triflatresridhenabkyle qualtnl N2 dedmbial saldeigmy bexalgy@ieﬁil%r Yal@moni um
salt, an al kyl phosphonium salt, an al kylim dazolium 20 salt, an

al kyl t hadizods uimshide aiebianl altiypl-pyie) dhethyh SaddnidsSyi mabhel quadsdaary
amoni um salts may be based on cations selected fromthe group consisting
of benezhyir tlkeiyde, amediivédmbrobidy tethydt hptiademoninmpyl chloride,
nethyltrlethylannonnlun1 5 WD 2007/ 070263 PCT/ US2006/ 046066
n-propyl bromide, n-propyl iodide, isopropyl chloride,
isopropyl bromide, isopropyl iodide, mn-butyl chloride, n-~butyl
bromide, wn-butyl iodide, isobutyl chloride, isobutyl bromide,
iscbutyl iodide, tert-butyl chloride, tert-butyl bromide, tert-
butyl iodide, n-pentyl chloride, n-pentyl bromide, n-pentyl
10 iodide, neopentyl bromide, neopentyl chleoride, neopentyl icdide,
octyl chloride, octyl bromide and octyl iodide. Illustrative
alkylaryl halides include benzyl Dbromide, benzyl chloride,
benzyl il1edide, o-phenylethyl chloride, wo-phenylethyl bromide,
a-phenylethyl lodide, B-phenylethyl chloride, p-phenyiethyl
15 bromide and B-phenylethyl iodide. 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
20 salt, an alkyltriazolium salt and an alkylpyridinium salt.
Suitable gquaternary ammonium salts may be based on catlons

selected from the group consisting of benzyltrimethylammonium,

butyltrimethylammmonium, methyltriethylammonnium,




et hyl tri met hyl ammoni um tetra-n-butyl anmoni um n-hexyl - trinmethyl ammoni 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 ammoni um n-hexyl-tri-n 5 butyl amoni u
n-heptyI3Y9?@ﬂ%Bﬁ@&IannDniun1 n-octyl-tri-n- butylamﬁéﬂqﬁwmm”“MG
tris-(n-propyl)-undecyl amoni um tetra-n- pentyl amoni um

N- decyl - n-oct yl - di net hyl ammoni um and N- tetradecyl -tri et hyl amoni um
Sui t abl e quat ernary phosphonium salts nay be based on 10 cations sel ected
fromthe group consisting of benzyltrinethyl phosphoni um

butyl tri met hyl phosphoni um nethyltriethyl phosphoni um

et hyl tri nmet hyl phosphoni um tetra-n- butyl phosphoni um

n- hexyl - tri met hyl phosphani um n-h |- _bri sphoni _
n-octy?tﬁW%Hﬁépﬁg?% %ﬁﬁ%ﬂ%ﬁﬁhnl n-réggﬁé TSE%t?%ﬁﬁﬁﬁﬁgﬂgéphonitﬁghexyl

n- heptyltri honi um, _f= +ikE By DakRiasRhoni uMpn-oetyi-
n-hexy?gﬁéﬁﬂﬁ?ﬁgé%g p dsphon?hn?en- %ﬂ%ﬁ;ﬁ- t%i-n-butylphosphoniuﬁ;

n- oct yi ¢ fdeHi1RRhYhPROSPhONI UMndiyh St r{ SEtprieptbhitndecy| phospianilum
tetra-n-pentyl phosphoni um N-decyl- n-octyl-dinmethyl phosphoni um and

N-t et r ageeydyladRohiaet hyl phesphonrituie tisyl drapsird val Ky | | pi-HazolttraSal ts may
be. based on cations selected fromthe group consisting of .

1- rfet hipht Blamstolmg i, | mi daAeibtydr t 31ttty apBe Ry ni d&z8FF G trr—1-
1-ethyl -3-nethyl - 6 WD 2007/ 070263 PCTI US2006/ 046066

butylammonium, tris— (n—propyl)—undecylammonlium, tetra-n-

pentylammonium, N-decyl-n-octyl-dimethylammonium and N-—
tetradecyl-triethylammonium.

Suitable guaternary éhosphonium salts may be Dbased on

10 cations selected from ‘the - group consisting of

benzyltrimethylphosphonium, butyltrimethylphosphonium,

methyltriethyiphosphonium, ethyltrimethylphosphonium, tetra-n-

butylphosphonium, n-hexyl-trimethylphosphonium, n-heptyl-
trimethylphosphonium, n—6ctyl—trimethylphosphoniumq n-hexyl-
13 triethylphosphoniumn, 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-

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

imidazolium, 3-butyl-1l-methyl-imidazolium, l-ethyl-3-methyl-
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and 1-n-

exyl - 4-am no- 1 2, rlazo n a preflerred enbodr

azolium 1-butyl-3-nethylimdazolium 1=dodecyl-5- methylim dazolium
2,2-trifluoroethyl)-3-nethylimdazolium

thoxynethyl) 3-nmet hyl i m dazolium 3-ethyl-I- ethylimdazolium

hyl -1 - but I-|n1dazollun1 l-ethyl-2,3 5 dlnethyl-lnldazollu
%"\4 #1i ni dazol i um 1-ethyl- 3, 5-di met hyiC Wzﬂ’é@ifﬁ(’%m and

di et hyl -5-nmet hyl i m dazolium Suitable alkyltriazoniumsalts nay be

ased on cations selected fromthe group consisting of

3,3 ,3 -trifluoro-n- propyl)-3-n-butyl-1, 2, 4- trlazollun1

-fluoroethyl)-3-n- 10 heptyl 1, 2, 4- trlazollun1

-fluoroet hyl)-3-n-decyl - , 4 trlazollun]

H, | H, 2H, 2H perf | uor o- n- hexyl) 3-n-butyl -1, 2, 4- triazoliun1

ol i um

t he

i oni ¢ lnie@Hi @1 haaf o, i n1- étﬁ zslzuar@ﬂ@érsétr@d@Lbl-ﬁ@u?}lltnll%a%ﬂuﬁt' ng

agent .

The Lewis acid, alkyl quaternary netal salt and aniline or

an

anlllné:detth¢manay1may betmpidied dsaocaisnj t abl e reaction vessehy1preferably

under a dry,

inert atnosphere and with heating to a tenperature up to

250C, a&tdvéinidamhlifigr exabpdEndt-1200tyb-B0Qazeiiuunt i | lamtB@ri-ons<€ |iquid
phase and an organic ghase are formed. The inert atnosphere serves

pr of ectIFRELY b7 n%fﬁlqaiztﬁ’

LHTf r o odigabydnd gt hvildmpderekat,y debbbyed

t he grgH%_gonSéﬁ}£nguggzgighm ané?fND 2007/ 070263 PCT/ US2006/ 046066
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15

20

ime ~diethyl-5-methviimidazolium.
Suitable alkyltriazonium salts may be bhased on cations

selected from the group consisting of 1-(3',3',3'-trifluoro-n-

propyl)-3-n-butyl-1,2,4—triazolium, 1-(2'-fluorcethyl)~3-n-
heptyl-1,2, 4~triazolium, 1-(2'—-fluoxocethyl) -3~-n~decyi-1,2,4-
triazolium, 1-(1H, 1K, 2H, 2H-perfluoro-n~hexyl)-3-n-butyl-1,2, 4—
triazolium, 1-n-propyl-4-amino-1,2, 4~triazolium, 1-n-butyl-4-

amineo-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 quaternary metal salt and aniline or an aniline derivative

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

dry, inert 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 <¢onsisting of argon,

to
from




hel ium and nitrogen. The inert atnosphere should also be dry to avoid
deconposition of the ionic liquid. The al kylating agent may be added to the
reaction vessel once the ionic liquid has been forned, dither all at once
or by 5 nultiple:PartiaI additions. Preferably, an excess of the

al kyl ati ngPaYeft®*?%s enpl oyed. For exanple, from 1.1 t'TBUGURANS . of
olefin/ nole aniline may be used, together with 10 to 50% nole % of the
Lewis acid relative to the aniline, and an anount of the ionic |liquid
form ng conpound such that the nole 10 fraction of Lewis acid is at |east
0.60 to 0.90. The alkylation reaction nmay preferably be perforned at a
tenperature of from50 to 250C, still nore preferably at a tenperature of
80 to 200 C, over atinme period of from1l to 48 hours, still nore

pref er bl e oha AR DS, %%J'aﬁeieggai.oss%ﬁqg&gprﬁf;ggg&dai% LIe ol on

reacti on appears epe on the choirce’o I ng agen exanpl e,

the usgOfy alkBBApOLEfidS oESHEH fghQEQQaggg) results in alkylation ortho
to the nitrogen. Conversely, the use of ‘branched ol efins (such as

propyl ene t rmheeraiyesulhs bgedt kphat ben apaeca o the 24bdHilhodanRsThe
al kyl ation reaction may al so produce a m xture of nono and di-alkyl ated
ani | i nesicelThder daoticohipebdiucis an Permsdpacatied: faldmathenceactabls by
conventional. separation 8
multiple partial additions. Preferably, an excess of the
alkylating agent is employed. For example, from 1.1 to 5.0
equiv., of olefin/ mole aniline may be used, together with 10 to
50% mole % of the Lewis acid relative to the aniline, and an
amount o©f the ionic liquid forming compound such that the mole

10 fraction of Lewis acid is at least 0.60 to 0.90.

The alkylation reaction may preferably be performed =zt a
temperature of from 50 to 250°C, stiil more preferably at a
temperdature of B0 teo 200 °C, over a time period of from 1 to 48
hours, still more preferably 12 to 30 hours.

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

20 nitrogen.

The alkylaticn reaction may also produce a mixture of mono

and di-alkylated anilines. The reaction products may be

separated £rom _ the reactants by conventional separation




WD 2007/ 070263 PCTI US2006/ 046066 techni ques and apparatus well known to
one of ordinary skill in the art, such as, for exanple, a separatory
funnel. Acidic inpurities, if present in the product, may be renoved by

successive water and base washes. Simlarly, the isolated 5 reaction
mi xture nay W% frated into its conponent conpoundsPCHETRY YA ent i onal
separation techniques and apparatus well known to those of ordinary skil

in the art, such as, for exanple, high-pressure |iquid chronmatography. 10
EXAMPLES The followi ng Exanples illustrate the practice and advantages of
the invention in greater detail with respect to individual species
thereof. The details of the exanples are illustrative only, and are not to
be used to constrict the scope 15 of the clains. Exanple 1 Al kyl ation of

Ani |1 ngbishithels RREENBORBLUAL WL CILOLIAG o 30 SxbUbbnlerelild i azol i um

chl oride 20 1-L, 4-necked round bottonmed flask equipped wt “mant | e,
t enper ahdr ecgontdilt ess, arvat @kakpok £dar efdgax-congdensaneit oppgdiyd h inl et
for nitrogen positive pressure, nechanical stirrer and a thernocoupl e was
char gedmpadigrias,t r agenppesdrit ven pteSSuyrndncth amyi ne (46mb283 Gbp0 nole),
1- decene (245.548, .

successive water and base washes. Similarly, the isolated

5 reaction mixture may be separated into its component compounds
using conventional separation techniques and apparatus well

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

example, high-pressure liguid chromatography.

10 ' EXAMPLES
The following Examples illustrate the practice and
advantages o©f the inventicn in greater detail with respect t§
individual species thereof. The details of the examples are
illustrative only, and are not to be used to constrict the scope
i3 of the claims.

Example 1

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

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

pressure with aniline (46.52g, 0.50 mole), 1l-decene (245.54g,




9 WD 2007/070263 PCT/ US2006/ 046066 1.75 nole, 3.5 equiv. relative to
aniline), alumnumchloride (33.38g, 0.25 nole, 50 nole%relative to
aniline) and finally 3- butyl-Il-nethylimdiazoliumchloride (BM M chloride,

10.89g, .0.0625 nmole, 12.5 noles relative to aniline). Stirring was 5
started at9é%7PB%- 300 rpm and the mi xture warmed ini‘qué[I]WpG{Oﬁfg“lOOC, t hen
to 160C and finally 180C. The 1-decene underwent mld reflux. at this
tenperature. Heating continued at 167-180C for a total of 23.4 hr. The
reaction mxture was allowed to cool back to room 10 tenperature and
diluted with 400nL 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 scar ex rmogccurred when .t he dar.k bhrown upper phase. was
18 SRS Sare R L BRaeD s B oaAE

treate e organi ¢ pnase

addi ti onay. 3300 ¥atlse | NN RAQYL- Bk HUTRE! 3nf FOOIL ML 6L DhyS ,100ML

conc. ag. amoni a), and then dried over anhydrous sodi um “su The
dryi ng mgent-ivastiermied 2Ry suat | eR1éiide at {vandnidie okl | t nat gost ri pped

in vacuo (95C water bath, 6 nmfinal 20 vacuum) to afford a reddish Iiquid,
w. 106148¢5 Tmis,was2 shownleby rECatdvdeta 2biidSne) Xt Ur 8tQfring was
nono/ di decyl ated anilines. IR analysis indicated the position of
aIk?IatﬁRﬁ?tﬁé B& &et-h@00-300 rpm and the mixture warmed initially to
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
10 temperature and diluted with 400mL n-heptane. The reaction
products separated into two phases, with the upper phase having
a dark brown c¢olor. The upper and lower phases were separated
in a separatory fumnel, and the lower phase discarded. An
exothexm occurred when the dark brown upper phase was treated
15 with 500mL water. The organic phase was washed with an
additional 500mL water, then 50CmL aqg. ammonia (400mL water plus
100mI. 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, € mm final
20  vacuum) to afford a reddish lLiguid, wt. 106.46g. This was shown
by 6C 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




Yield was 57% based on the GC anal ysis 10 WD 2007/ 070263 PCT/ US2006/ 046066
Exanple 2 Al kylation of Aniline Using Nonenes, Al um num Chloride 5 and
Met hyl tri butyl 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 WRAW*H?¢% ogen. Stirring at 200-300 rpm was SEAYHPEH19%GNnd t hen

solid nethyltributylamoni um chl oride was added. Then heating to 160C was
started. Reflux started at a pot tenperature of 137.5C and i ncreased
steadily as the aniline was al kyl ated. Heating between 137-160C conti nued
for 28.2 hr before the reaction mxture was allowed to cool-to room 15
tenperature. The reaction mxture was diluted with 300nm. n-heptane and
200nmL net hyl ene chl oride and two phases separated. No reaction resulted
when the heptane phase was washed with 500nL water. The cautious addition
of 500m. water to the nethylene chloride 20 | ower phase resulted in a
strong reaction, indicating this phase contained the catalyst. The heptane
phase was added to the nmethylene chloride phase after the reaction, and
then the layers shaken and re-s&sa8#gt®d The heptane phase was washed with

an  additi Ogﬁlkyiat:mn W%I %.nllqug T}lshi?nré_; ?Iggg;?esa, Al%mlng}naCIQfgIanA_e vat er
3 and Methyltributylammonium Chloride

An apparatus similar to that described in Example 1 was
charged with, in succession, aniline, nonenes and aluminum
chloride under nitrogen. Stirring at 200-300 rpm was started

10. and then solid methyltributylammonium chloride was added. Then
heating to 160°C was started. " Reflux started at a pot
.tempera‘ture 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

15 temperature.

The reaction mixture was diluted with 300mL, n-heptane and
200ml. methylene chloride and two phases separated. No reaction
resulted when the he;:;tane prhase was washed with 500mL water.
The cautiocus addition of 500mlL water to the methylene chloride

20 lower phase resulted in a strong r.eaction, 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




11 WO 2007/ 070263 PCT/ US2006/ 046066 plus | OOrL conc. aq. ammonia) prior to
being dried over anhydrous sodium sul fate. The dryi ng agent was renoved by
suction filtration and the filtrate condensed in vacuo (rotary evaporator,
95C bath, 3mm 5 final vacuunm) to afford 70.09g of reddi sh-orange oil. This
was showVBYE %Y be mai nly nonononyl aniline, yiel d PST @K, ysi s

i ndi cated the position of alkylation was para to the nitrogen atom
Exanple 3 10 Al kylation of Aniline Using Dodecenes, Al um num Chloride and
Met hyl tri but yl anmoni um Chl ori de An apparatus simlar to that described in
Exanmple 1 was charged with aniline, dodecenes under nitrogen positive 15
pressure, followed by alum num chloride and then slow stirring started.
There was an exothermup to 46C upon stirring and then

met hyl 1 1.i but oo i chl ori dded. The reaction .n xture was heat ed
to 1% Cidé%d 1)réllau nt aigﬁ}é{g]' atécg)hi %%F\é%%%fat%%‘eor f%f’ 278" Ar .dﬁ'jrﬁaCI r €& on

m Xt ur gnRs-dliedoah havwes £.@.c00l to 20 roomtenperature and diluted with
300nL n- heptane-200n. net hyl ene chl oride. The reaction m xture separated

into a | ar geevelyiBguppent . waPphasewaad by dakkisedrsor angs droWRly RAdse. The
upper |ayer was :
filtrate condensed in vacuo (rotary evaporator, 05°C bath, 3mm
5 final vacuum) to afford 70.09g of reddish-orange oil. This was
shown by GC to be mainly monononylaniline, vyield 31.92%. IR
analysis indicated the position of alkylation was para to the
nitrogen atom.

Example 3

16 Alkylation of Aniline Using Dodecenes, Aluminum Chloride
and Methyltributylammonium Chloride

An apparatus similar te that described in Example 1 was

charged with aniline, dodecenes under nitrogen positive

15 pressure, followed by aluminum chloride and then slow stirring

started. There was an exotherm up to 45°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 cocl to

20 room temperature and diluted with 300mL n~heptane-200mlL
methylene chloride.

The reaction mixture separated into a large volume upper

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

12




12 WO 2007/ 070263 PCTI US2006/ 046066 washed with 2x 5. COnL water, 500nL ag.
ammoni a (400nL water/100nL. conc. aq. amonia) and then dried over
anhydrous sodium sul fate. The sodi um sul fate was renoved by suction

filtration and the filtrate stripped on a rotary evaporator in vacuo (5mm
final 5 WAWHH{**®5C wat er bath). The residue was a r‘gafé‘?sg?f’ﬁ@i‘“él??ge oil, wt.
136.96g9. This was shown to be nonododecylaniline by GC. IR analysis

i ndi cated the position of alkylation was mainly para. The inventors
currently believe the ionic liquid may be recycled for use in subsequent

al kyl ati ons- by sinple phase 10 separation in which the hydrocarbon-sol uble
reaction product(s) is/are decanted, and thus separated from the denser
ionic liquid phase. The ionic liquid nmay then be used to catalyze another

al kyl atiofed GAGH Ok 16 ok S§hLer O 5ddRrC QR Qﬁﬁ%{% Wddbng! L3 SR AEYSt - 1o

13 CLAIM5 Ve claim 1. A process for ring-a ating aniline or an aniline
deri vatbde, £PMRkkShAG) I 82ETING aRiLd NGO 2@RyaPbhi NEaid8r KYakLye W th an

al kylating agent in the presence of an ionic liquid conprising a Lew s
aci d and- a Thmt esdiauy sulfate was removed by suction filtration and
the filtrate stripped on a rotary evaporator in vacuo (5mm final
5 wvacuum, 95°C water bath). The residue was a reddish-orange oil,
wt. 136.96g. This was shown to be monoaodecylaniline b};f GGC. IR
analysis indicated the position of alkylation was mainly para.
The dinventors currently believe the ionic liguid may be
recycled for use in subsequent alkylations by simple phase
10 separation in which the hydrocarbon-soluble reaction product(s)
is/are decanted, and thus separated from, the denser ionie
liquid phase. The ionic ligquid may thén be used to catalyze
another alkylation reaction by itself, or in combination with
fresh catalyst. |

15
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cation, to produce a ring-alkylated alkylaniline or a ring- al kyl ated
aniline derivative. 2. The process of claiml, wherein aniline is reacted
with said al kylating agent. 3. The process of claiml1l, wherein said aniline
derivative has at |east one al kyl substituent bonded to the ring. 4. The
process of claim1, wherein said aniline derivative has at |east one al kyl
substituent bonded to the nitrogen atom 5. The process of claim1,
wherein said al kylating agent is a substituted or unsubstituted |inear,
branched cuarmgyclic olefin or an aryl al kene. 6. The process of claimb5,
wherein satd olefin is a linear olefin selected fromthe group consisting
of 1- heX¥&n&laiMionene, 1-decene and 1-dodecene. 14 7. The process of claim
5, wherein said olefinis a branched olefin selected fromthe group
consisting of propylene trinmer, propylene tetranmer, propylene pentaner

and dii sdbut ylrenero8esdhefpr oreng-elkglacimb, avicrioien sa chwl ehiidine a
cyclic olefi,n selected fromthe grggggconsistin . of 8¥clghexene

cycl opent&ife Vatd W&y cl SETIRImES 119 ting aniline n  aniline

derivative with an alkylating agent in the presence ocf an
ionic ligquid comprising a Lewis acid and a guaternary
cation, to produce a ring-alkylated alkylaniline or a ring-

alkylated aniline derivative.

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

with said alkylating agent.

3. The process of claim 1, wherein said aniline
derivative has at least cne alkyl substituent bonded to the

ring.

4, The processg of c¢laim 1, wherein said aniline
derivative has at least one alkyl substituent bonded to the

nitrogen atom.

5. The process of claim 1, wherein =aid alkylating agent
ig a gubsgtituted or unsubstituted linear, branched or

cyclic olefin or an arylalkene.
6. The process of claim 5, wherein said olefin is a

linear olefin selected from the group consisting of 1-

hexene, l-nonene, 1l-decene and l-dodecene.
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9. The process of claim5, wherein said olefin is an arylal kene sel ected
fromthe group consisting of styrene, nethyl styrene, 3-phenyl propene and
2- phenyl - 2- but ene. 10. The process of claim1l, wherein said Lewis acid is a
netal halide selected fromthe group consisting of alum num chloride,

al umi num brom de, indiumtrichloride, gallium trichloride, niobium
pentachl ori de, tantalum pentachloride, titaniumtetrachloride, boron
trifluoride, boron trifluoride etherate, boron trichloride, feffic
chloride, and zirconiumchloride. 11. The process of claiml, wherein said
Lewis acid is an alkyl halide selected fromthe group consisting of nethyl
chl ori de,” -net e brsrcgss nethylabdi de, ehhykichl szide,olefhyl iy omi de,

et hyl i odi.de, n-pr |-.chl qQrl r pr, I rom._de, n-propyl . i.odide
isopropy€&%%F%$¥ﬁe?ﬁ¥§8%?o%fﬁ%gﬁfg%i53%*1s8§Fop§F°P8di§8?gé?B&F§| Sﬁloride,
n- but yl phh@ﬁhknentbm§¢kﬂ(X%ﬁ@ylgﬁ@bWerﬁﬁéﬁWigﬁmqgﬂ&m%ybenbéﬁggdew

i sobutyl iodide, tert-butyl chloride, tert-buty 15 brom de, tert-buty

i odi de, ﬁpﬁeﬁﬂﬁﬁéhH9¥%Qﬂ§' n-pentyl bronide, n-pentyl iodide, neopentyl
brom de, neopentyl chloride, neopentyl iodide, octyl chloride, octyl

brom de and octyl iodide. 12. The process of claim1, wherein said Lew s
acid is &n The process of c¢laim 5, wherein said olefin is a

cyclic olefin selected from the group consisting of

cyclohexene, cyclopentene and cyclooctene.

9. The process of ¢laim 5, wherein =aid 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
trifiuoride etherate, boron trichloride, feffic chloride,

and zirconium chloride.

11. The procesg of claim 1, wherein said Lewis acid i=s an
alkyl halide selected from the group consisting of methyl
chloride, methyl bromide, methyl iodide, ethyl chloride,
ethyl bromide, ethyl iodide, n-~propyl chloride, n-propyl
bromide, n-propyl iodide, isopropyl chloride, isopropyl
bromide, isopropyl iodide, n-butyl chloride, n-butyl
bromide, n-butyl iodide, isobutyl chloride, iscbutyl
bromide, isobutyl iodide, tert-butyl chloride, tert-butyl
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al kyl aryl halide selected fromthe group consisting of benzyl brom de,
benzyl chloride, benzyl iodide, a- phenylethyl chloride, a-phenylethyl
brom de, a-phenyl ethyl iodide, (3-phenylethyl chloride, G3-phenylethyl
brom de and (3-phenylethyl iodide. 13. The process of claim1, wherein
said Lewis acid is an alkyl sulfonate ester. 14. The process of claim1,
wherein said quaternary cation is selected froma quaternary anmmoni um
cation, an al kyl phosphoni um cati on, an al kyli m dazolium cation, an

al kyl tri azehiide,catiean -autydn abkjbeyri di-penrytat thboriBe, Tha-peaeess of
cIa|n114b mhereln said quaternary. amoniumcation i s a menber sel ected
from t he PgPBEFE  coMSPERTYY of I BEDSA t SRR AmoRTeide, neopentyl

butyl tri @%&Bﬂl@@”ﬁ%éﬁ@n@ﬁ hy bk iset hyd @mponah im-; get h%étﬁlvﬂb%#n@ﬁ@““' um
tetra-n- butyl anmoni um™ n- hexyl - tri met hyl"anoni um

n- hept yl andi ety amdgdeum n-octyl - tri met hyl anmoni um

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

n-octyl -triethyl ammoni um n-hexyl-tri-n- butyl amoni um

n-heptyl 1bri - mhbutgHoyaani &M cNa 06t ¥ - WhierBinbwMlaammnidiMcid is an
tris-(n-propyl)-undecyl ammoni um tetra-n- 16 pentyl anmoni um

n-decyl - &+ 5¥ﬁ9F¥&|nﬁﬁ yRgmBal et afd o ettisde Sonn r FenRyEAFARSNT M

benzyl bromide, benzyl chloride, benzyl iodide, a-
phenylethyl chloride, «-phenylethyl bromide, «o-phenylethyl
iodide, {-phenylethyl chloride, PB-phenyvlethyl bromide and
f-phenylethyl iodide.

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

alkyl sulfonate ester.

14. The process of claim 1, wherein said quaternary cation
is selected from a quaternary ammonium cation, an
alkylphosphonium cation, an alkylimidazolium cation, an

alkyltriazolium cation and an alkylpyridinium cation.

15. The process of claim 14, wherein said quaternary
ammorniium cation 1is a member selected from the group
consisgting of benzyltrimethylammonium,
butyltrimethylammmonium, methyltriethylammonnium,
ethyltrimethylammonium, tetra—n—butylammonium, n-hexyl -
trimethylamonium, n-heptyl-trimethylammonium, n-octyl -
trimethylammonium, n-hexyl-triethylamonium, 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-

16




16. The process of claim 14, wherein said alkylimdazolium cation is a
menber selected fromthe group consisting of 1-
nmet hyl - 3- net hyl -i m dazol i um 1-ethyl - 3-net hyl -i mi dazol i um
1- butyl - 3-met hyl i m dazol i um 1-dodecyl -5-net hyli m dazol i um
1-(2,2,2-trifluoroethyl)-3-nethylimdazolium 1-
(et hoxynet hyl)-3-net hyl i m dazolium 3-ethyl-1- ethylim dazolium
3-ethyl-1l-butyl-imdazolium i-ethyl-2,3- dinmethyl-imdazolium
1, 2-di et Ryt Inpintyd it dazal Be6y 1 1n -6ty - Ai hedhyBbior iRindazehd unnand
1, 3-diethyl -5-_ nethylimdazolium 17. The process of claim 14, wherein said
al kyl t ri &ESmadacydatti oty Lememimsel ect ed from the group consisting o
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'-
f1 uoroet Qyl.) - 3t gededs 224-¢Yamrol4 unyhdr€ b, 84 @Ha Pyl imidazolium
perfluoro-n:hexyt)-3 azolium 1-n-pr

a

- n- u%{l- ,2,4-ér% ogél- ,
4- ani no- £, 17% rih Ao T =1 - 3R R YA 2 S B e, TP FPAZOPFARFaRE 17
1- n- hexy heAn3M-Rowb tdhA-Livh 8% d H0m 18. 1 Thenpr oseast B 1ch Al Akhlo1Wgr ei n
said ionic liquidis fornmed in situ prior to addition of said al kylating
agent. 1gbulhd -prowddy lofmidaga Ium pek {dpdhedy bt 5 aneehpéiat drgodfiumi r om 50
to 250C. jover aLicge Herd, ot of, fr om iR A1 S11ud 20 The progess of
claim 1, "perfdormed under "an i'Her't
(ethoxymethyl) -3-methylimidazolium, 3-ethyl-1-
ethylimidazolium, 3-ethyl-l-butyl-imidazolium, l-ethyl-2,3-
dimethyl-imidazolium, 1,2-diethyl-3-methylimidazolium, 1-
ethyl-3,5-dimethyl-imidazolium and 1,3-diethyl-5-

methylimidazolium.

17. The process of claim 14, 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,

i1-(2'-fluorocethyl) -3-n-heptyl-1,2,4-triazolium, 1-(2'-
fluoroethyl}-3-n-decyl-1,2,4-triazolium, 1-(1H,1H,2H,2H-
perfliuoro-n-hexyl) ~3-n-butyl-1,2,4-triazelium, 1-n-propyl-
4~amino-1,2,4-triazelium, l-n-butyl-4-amino-1i,2,4-

triazolium and 1-n-hexyl-4-amino-1,2,4-triazolium.

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

formed in situ prior to addition of said alkylating agent.

19. The procesg of claim 1, performed at a temperature of

from 50 to 250¢C. over a time period of from 1 to 48 hours.
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at nosphere selected fromthe group consisting of argon, helium and
nitrogen. 21. The process of claiml1l, performed with stirring at a

stirring speed of from 100 to 500 rpm 22. A process for ring-alkylating
aniline or an aniline derivative, conprising reacting aniline or an
aniline derivative with an alkylating agent in the presence of an ionic
liquid to produce a ring-al kylated al kylaniline or a ring-alkyl ated
aniline derivative, wherein the nole ratio of said al kylating agent to
said aniline or said aniline derivative is 1.1 or greater. 23. The process
of claim22, -wherein the nole ratio of said alkylating agent to said
ani | i ne 8P .salfeanpPrpressdepiEvatlgem sl 1. Paxf&ned 24indete grocessrsf cl ai m

22, wher gl L0 AN GolLAVLY FOIRTILHES rbRY S A6l fhANTy A HaLeLBA!Y
helium and nitrogen.

21. The process of claim 1, performed with stirring at a

stirring speed of from 100 to 500 rpm.

22. A process for ring-alkylating aniline or an aniline
derivative, comprising reacting aniline or an aniline
derivative with an alkylating agent in the presence of an
ionic liguid to produce a ring-alkylated alkylaniline or a
ring-alkylated aniline derivative, wherein the mole ratio
cf said alkylating agent to said aniline or said aniline

derivative is 1.1 or greater.

23. The process of claim 22, wherein the mole ratio of
said alkylating agent to sgaid aniline or said aniline

derivative is 1.1 to 5.0.

24. The process of claim 22, wherein the ionic liguid

comprises a Lewilis acid and a quaternary cation.
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