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TI TLE: ALKYLATI ON OF A DI PHENYLAM NE COMPOUND I N | ONI C
LI QUI D BACKGROUND OF THE | NVENTI ON: The present
WO pwetrizen rel ates to the al kylation of a di phrey/US206@16067

conmpound. Al kyl at ed di phenyl am nes have utility as
antioxidants in |ubricants, rubber conpositions and
pl astics. The prior art has sought to inprove the
al kyl ati on of di phenyl am ne. For exanple, U S. Patent
No. 2,943,112 discloses the purification of the crude
al kyl ate by subsequent, selective al kyl ati on of
unreact ed di phenylamne with certain olefins. U S
Patent No. 5,214,211 discloses rare earth pillared
clays as catal ysts for the al kyl ati on of di phenyl am ne

TITE®DnpouddsYIBFREN aF't 2npiRIT LeHANACEOH IR dﬂhéﬁ’ﬁéﬁ BEQUID
desi rabl e nonoal kyl at ed di phenyl am ne and reduce the
anount of unreacted dlghenylan1ne react ant and

BACKAR(ISIR &7 &5 aNRENALRY di phenyl ami ne product are

re orted in S.. Patents No 0, 787 an .
%,Q%EES%£$I &ﬂysanaﬁld:§€ﬁ§lst ofth?un%} jlgrion of  a

dlpggtgéfrmf)r{eqanémpoérgé ons A@LQ lgpé@nﬁiaﬁggy}.%pirgeaé l Q{a\n_ﬁsuﬂlllty

Oow vapor- pr essure, t enperat ure

as LADOS AN S NNBLL ATHED! GunkQhl GolbOl i £AMRCh18S bics .
a cat 1yst and/ or sol vent, and have %een studi ed %

Utihét Yra®:SOh¥eNtifs eL8G§K®! KeeSimpfoRePaRSt | AN/ 1ation of
diphenylamine. For example, U.S. Patent No. 2,943,112 discloses
the purification of the crude alkylate by subsequent, selective
alkylation of unreacted diphenylamine with certain olefins.
U.S. Patent No. 5,214,211 discloses rare earth pillared clays as
catalysts for the alkylation of diphenylamine compounds. .Other
attempts to enhance the production of desirable monoalkylated
diphenylamine and reduce the amount of unreacted diphenylamine
reactant and undesirable dialkylated diphenylamine product are
reported in U.S. Patents Nos. 5,750,787 and 6,315,925,

An ionic liquid consists of inorganic and/or organic
cations and anions, and typically has a very low vapor pressure,
a wide liquid temperature range, and 1is non-flammable. Ionic
liquids can act -as a catalyst and/or solvent, and have been
studied for utility as solvents, electrolytes, in separatibns

and in fluid applications such as lubricants. See Holbrey,

“Industrial Applications of Ionic Liquids,” Chemistry Today 35
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and in fluid applications such as |ubricants. See
Hol brey, "lIndustrial Applications of lonic Liquids,"
w@h@mossy Today 35(June 2004); Parkinson, "I oPCTUS2006/046067
Li qui ds Make an Environnental Splash,” 100 Chemi cal
Engi neering Progress 7 (Septenber 2004); and Drake et
al., "Structural Effects on the Physical Properties of
lonic Liquids,"” Air Force Research Laboratory Report
No . AFRL-PR-ED VG 2003-12 (May 2003) . The use of
ionic liquids in Friedel-Crafts al kylation has been
di scussed in Wl kes, "Friedel-Crafts Reactions in Chl
sroalum nate Mdlten Salts,” Mlten Salt Chem stry: An
I ntroduction and Sel ected Applications 405 (Mamant ov
(Jurgdd 209RAassi PRSI SIIR7) “BeRl Falliguéds gMake (rgafing ironmental
Synthesis,” lonic Liquids in Synthesis 174
Splgffacset 3@ hChEmECRS| Eaq1ERRT i QBYOITess py ol SeRERPPRT 2004) 7
stud%?is directed to an al kyl ation reaction

k f .
andpREAVE 75 i of o AR RECEOrFoUE AN e FrgPerties

or LEALVERLLOn. 15 LOPravide A sunthesis hieh DeltSe wo.
ogpound. . A f.eatur invention is the use of an
AFRfc‘ngl?c iq/unié Ogstlg gglg%e%g&a)n'd_cat alyst for the _
al kyl abLon Jkeactlin. 1 A ;edvant age Lfe1tkeairpyvent k9t Son has
that use of an ionic li1quid typically pernmts
becRONVEIHRIYscEPakat | o Viest, he abkyddiedrarts Reactions in

Chloroaluminate 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 an alk&lation reaction of a phenyl
ring of a diphenylamine compound.

An object of the invention is to provide a synthesis which
permits alkylation of a phenyl ring of a diphenylamine compound.

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

An advantage of the invention is that use of an ionic
liquid typically permits convenient separa%ion of the alkylated

diphenylamine compound(s) from the reaction mixture.



10

15

20

di phenyl am ne conpound (s) fromthe reaction

m xt ure. BRI EF SUVWARY OF THE | NVENTI ON I n one aspect,
wao b@7present invention relates to a process foPCT/US2006/046067

al kyl ati ng a phenyl ring of a di phenyl anm ne conpound,

conprising reacting a di phenyl am ne conpound with an

al kyl ati ng agent in the presence of an ionic liquid

conprising a Lewis acid anion and a quaternary cation,

to produce an al kyl ated di phenyl am ne conpound.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As

sunmari zed above, the present invention relates to the

al kyl ati on of a phenyl ring of a di phenyl am ne

conpound in the presence of an ionic |iquid. By

"diphenylanine conmpound” it is neant unsubstituted

phenyl am ne and substituted di phenyl am ne conpounds

BRI?E ﬁHMéhR%ﬂ”TéﬁgiIgﬁgNEﬁ%%yl ring has at Ieast one
substituent . The al kyl ati ng agent
su6§t V6t EFPBF tanSUBs (EesERd l?lHSBFlO%r 5ﬁ&ﬁ‘éﬂs fo a process

| ef | al k Suitable ||
corg) GUSHRT U FETdne AT niond.  11RBCBHLSRlnp 1 compound,
d | fi
con$d sﬁsgﬁ%gkgﬁ § &gg  Ohel Bf%an%guvgf L6 AheXBNB ating

age%' W%hlengwgsn@é Ocpf/lae.rpe_l_otnrl'cnﬁrlq(lﬁ]gng&%z}ls:ch_PF%ylL%Qﬁs acid
tetramer (dodecenes), propyl ene pentamer and
ani®n Solid ylenegqustdtmhlye afadiahkyl eres produce an alkylated

diphenylamine compound.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As summarized above, the present invention relates to the
alkylation of a phenyl ring of a diphenylamine compound in the
presence of an ionic liquid. By “diphenylamine compound” it is
meant unsubstituted diphenylamine and substituted diphenylamine
compounds in which at least one phenyl ring has at least one
substituent.

The alkylating agent may be a substituted or unsubstituted
linear, branched or cyclic olefin or an arylalkene. Suitable
linear olefins include 1l~hexene, l-nonene, l-decene and 1-
dodecene. Suitabl¢ cyclic olefins include cyclohexene,
cyclopentene and cyclooctene. Suitable branched olefins include

propylene trimer {nonenes), propylene tetramer {dodecenes),
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i ncl ude styrene, nethyl styrene, 3-phenyl propene and
2- phenyl -2- butene. The ionic liquid nay be conposed
wepioroal2g4 of ani ons and cations, and nmay convePCBLI$1096/046067

be prepared by m xing together a Lewis acid and an

al kyl quaternary netal salt, preferably under heat .

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

an al kylaryl halide, or an al kyl sulfonate ester such

as an al kyl tosylate, an al kyl nesylate or an al kyl

triflate. Suitable Lewis acid netal halides include

al um num chl ori de, al um num brom de, indium

trichloride, galliumtrichloride, niobium

pent achl ori de, tantal um pentachloride, titanium
propeleme hipentdeer baman diifdhvdnilgese.bor Spitahie ugrivdalkylenes

et herate, boron trichloride, ferric chloride, and
inciudeontunenhl ordtdel Istivispeat PvehenydArdpaniedédd Acphgeyl-2-

met hyl chloride, nmethyl brom de, nethyl iodide, ethyl
butepteri de, ethyl bronide, ethyl iodide n- propyl

chl oride, n-propyl, b d - I d d
chFB?ldinFs = Ir%ggtheCOPErog% ﬁ%ﬁ?de n- ?P{%hs and

Iorlde n

b Ly
Cat&ﬁf‘ﬁru 4a" FeShtyrobronr o, ° |s§5urt>afeéj oo 200" Ebcetner o
Lew1 cgﬁtﬁhdcgkoth§1 &8£E£¥E§4y metal salt, preferably under

heat.

The Lewis acid may be a metal halide, an alkyl halide, an
alkylaryl halide, or an alkyl sulfonate ester such as an alkyl
tosylate, an alkyl mesylate' or an alkyl triflate. Suitable
Lewis acid metal halides include aluminum chloride, aluminum
bromide, indium trichloride, gallium trichloride, -nicbium
pentachloride, tantalum pentachloride, titanium tetrachloride,
boron trifluoride, boron trifluoride etherate, boron
trichloride, ferric chloride, and zirconium chloride.
Illustrative alkyl halides include methyl chloride, methyl
bromide, methyl iodide, ethyl chloride,‘ ethyl bromide, ethyl
iodide, n-propyl chloride, n~propyl bromide, n-propyl 1liodide,
isopropyl chloride, isoprop?l bromide, isopropyl iodide, n-butyl
chloride, n-butyl bromide, n-butyl iodide, isobutyl chloride,
iscbutyl bromide, isobutyl iodide, tert-butyl chloride, tert-

butyl bromide, tert-butyl iodide, n-pentyl chloride, n-pentyl
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brom de, tert-butyl iodide, n-pentyl chloride,
n- pentyl brom de, n-pentyl iodide, neopentyl brom de,
woewpenyd chl ori de, neopentyl iodide, octyl cPCDUBINEG/046067

octyl brom de and octyl iodide. Illustrative alkyl aryl

hal i des i ncl ude benzyl brom de, benzyl chloride,

benzyl iodide, a-phenylethyl chloride, aphenylethyl

brom de, a-phenyl ethyl iodide, b-phenylethyl chloride,

b- phenyl et hyl brom de and b-phenyl et hyl iodide. 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
bropafies nayebeybasetiden E&PPEASY L PEREdr f MARPEHE Y§r Shporide,

consi sting of foenzyltrimethyl anmoni um X ‘
neopgnyviri kethgt ammsitivdm ChePhRyRer i et®ylamihrde 2and  octyl
_ethyltrinmethyl anmoni um tetra-n-butyl anmoni u .
LodRdRexy Ty LREERY L TanTrbRT LAY In IO, CriceeRy PRRAYA BFomide:

n-octyl trimet hyl ammoni um_ n-hexyl -triethyl anoni r.
benﬁyﬁepFVPPF?%?hyl%ﬂﬁ%ﬁiU&Fdﬁggctzﬁf???%¥ﬂ%lﬁhﬂbﬁ%g#flde' ar
pheﬁyﬁggg%ifiL%?%@t%lsrggggﬁ%hxgethyl iodide, f-phenylethyl
ch13:98LY! Bt—%hé%éﬂﬁmghyﬁ% Add SH-pnREgRYENy T undacd .am

taonium tetra-npentyl amoni um

n'@%%ylékaQty&ué&éEﬁéfﬁ apseRLUNEANE Nheg r agkecyd - quaternary
triethyl amoni um

ammonium salt, an alkylphosphonium salt, an alkylimidazolium

salt, an alkyltriazolium salt and an "alkylpyridinium salt.
Suitable gquaternary ammonium salts may be based on cations

selected from the group consisting of benzyltrimethylammonium,

.butyltrimethylammonium, methyltriethylammonium,
ethyltrimethylammonium, tetra-n-butylammonium, n—-hexyl-
trimethylammonium, n-heptyl-trimethylammonium, n-octyl-
trimethylammoniumn, n-hexyl-triethylamonium, n~heptyl-
triethylammonium, n-octyl-triethylammonium, n—hele—tri—n—
butylammonium, n-heptyl-tri-n-butylammonium, n-octyl-tri-n-
butylammonium, tris-(n-propyl)-undecylammonium, tetra-n-
pentylammonium, n—decylQn—octyl—dimethylammonium and n-

tetradecyl-triethylammonium.
Suitable alkylphosphonium salts may be based on cations

selected from the group of benzyltrimethylphosphonium,
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Sui t abl e al kyl phosphoni uin salts may be based on
cations selected fromthe group of

whewzpred met hyl phosphoni um but yl t ri met hyl phosptiDns200§/046067
met hyl triethyl phosphoni um ethyltrimethyl phosphoni um
tetra-n-butyl phosphoni um n-hexyl trinmethyl phosphoni um
n- heptyl -tri nmet hyl phosphoni um
n-octyl tri met hyl phosphoni um
n- hexyl -tri et hyl phosphoni um
n- heptyl tri et hyl phosphoni um
n-octyl -triethyl phosphoni um -
n- hexyl -tri-nbutyl phosphoni um
n- heptyl -tri-n-butyl phosphonium n-octyl-trin-

but putyl phidaphdwispieni pfis-  (n- propyl ) methyltriethylphosphonium,
-undecyl phosphoni um tetra-npentyl phosphoni um

ethmﬂaetw¢thykﬂﬂ9ﬂph@ppﬁﬁthyHﬁﬁé@pﬁaﬁpgﬁ%@h@sm&%ﬁw%mecyPrhexyl-
triethyl phosphonium Suitahle al kylimdazoliumsalts

trifgyhpE R Ui e at | BRASRS et ed T PEMPRAT I nToctylT
e O S P R m,  aoneps-

. hyl m d l.i | -d | B: I.m [ REY 2
cos R ARRRLAN 0SB B P TAORgl T Unc2ers
bUt%?%$§§%ﬁ§$£R%R 'ﬁahggkpyltffuﬂhﬁﬁyﬁlﬁﬁbsphonium, n-octyl~tri-

yli1inidazolium
n—b%t?lﬁﬂbéﬁh&%ﬂﬁﬁﬁ Nt £820{0-Pibpl 1 etiyde &y lphosphonium, tetra-n-
3-di net hyl -i m dazolium 1 , 2-diethyl - 3-
pentRtpbiphéazah,i ung-degihylto3ty b-dinsinplphiospdaadlim umand  N—
and 1, 3- diethyl- 5-nethyl imdazolium Suitable
tetalakybyl +azoat ymdalspbonayn be based on cati ons

Suitable alkylimidazolium salts may be based on cations

selected from the group consisting of l-methyl-3-methyl-

imidazolium, l-ethyl-3-methyl-~imidazolium, i-butyl-3-
methylimidazolium, 1-dodecyl-5-methylimidazolium, 1-(2,2,2~
trifluoroethyl)-3-methylimidazolium, 1-(ethoxymethyl)-3-methyl
imidazoliumn, 3-ethyl-l-ethylimidazolium, 3-ethyl-1-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,. .

Suitable alkyltriazonium salts may be based on cations
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-
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selected fromthe group consisting of 1- (3 ',3 "',3

"-trif luoro-npropyl)- 3-n-b-utyl-l, 2 ,4-triazolium
wa2000/a70264 | uor oet hyl ) -3-nheptyl- 1, 2 ,4-tri apCl/Us2006/046067

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

(IH, IH 2H 2H perf luoro-n-hexyl) -3-n-butyl-I, 2

,4- triazolium |-n-propyl-4-amno-I, 2 ,4-triazoliu

ki, I-n-butyl-4- amno~l, 2 ,4-triazoliumand

| -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 Lew s acid

al kyl quaternary netal salt and N

' - phenyl - Nal kyl phenyl enedi am ne may be added to a
trigapflabhe redct(ldh Wiedeli-preflarcalsy-bedel) addryputyl-1,2,4-

inert atnosphere and with heating to a tenperature up
tripgo20emoC ,l-amprswivirddaniee -~ lexarfpitéiaec2bort o Jog-butyl-4-

rpm until an ionic |liquid phase and an organi c phase
am%ﬂ@§1férﬁéﬁrlﬂﬁﬂ§%qﬁéﬁpdaﬁn%é%%@%b4%éWV@§ to<pf otekdzalHemn-

ionic li fromo tion d |s ref [ abl
self8cted ‘i”ftﬁﬁrtel‘fle Cifg‘“‘@&ﬁ& s gJo %eﬁuﬁ?rmed in

and nltr e |ne t no er should als be _dr
§i5ﬂ3 r\}offd e08%603|?|o ? h%ﬁ%b G Tﬁhe Lehwhs acid

Kyl at 'qﬂgtéz&?ﬂ{ nmay t}[‘?etaaqded tQahpe reagﬁaon Ve$Selheny1-N-

nce the two phases have been formed, either all at

alﬁyrﬁ%eﬁylgﬂeﬁﬁﬂﬁiﬁg‘3ﬂ¥y1|5@ @Qgéﬁ|0€§- a suitable reaction
vessel, preferably under a dry, 1inert atmosphere and with
heating to a temperature up to 200°C, and stirred, for example
at 200 to 300 rpm, until an ionic liquid phase and aﬁ organic
rhase are formed. The inert atmosphere serves to protect the
jonic liquid 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 wvessel
once the two phases have been formed, either all at once or by
multiple partial additions.

The alkylation reaction may preferably be performed at a
temperature of from 80 to 200 °C over a time period of from 1 to

24 hours.
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The al kyl ation reaction may preferably b e perforned

at a tenperature of from80 to 200 C over a tine
w@ewrom2ef from 1l to 24 hours. The al kyl ati on rREDUSING/046067

produces a m xture of nono, di and tri-al kyl ated

di phenyl am nes . The reaction products may be

separated fromthe reactants by conventiona

separation techni ques and apparatus such as a

separatory funnel well known to one of ordinary skill

inthe art. Simlarly, the isolated reaction m xture

may be separated into its conponent conpounds using

conventional separation techni ques and apparatus well

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

f oFhexahk latising rggcadonr erpigosd %hWéﬁ%%%@r%%hWOﬂor di and

EXAMPLES The follow ng Exanples illustrate the
trippakylatechndigboantayieof t hEPKNVERGTIRT PErdtey may be

detail with respect to individual species thereof The
sepgsehed s 5F°Phe‘€§hon%%c%ﬁ%F%IIB%tréPPV@th?9a an&egFéatlon

not to be used to constrlct t he sco of t

, |
tecéyéﬂ%?% 3n igﬁ%ﬁ%Qﬂ?(ﬁu 6ﬁ%ﬁ§I ratﬁgyngu nﬁgng?ll known
to %%fg}? or Jégffk%kf¥il u%ﬁé §rg?th%hmlqﬁgf§9lkﬂg‘isolated

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 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 Diphenylamine Using Nonene, Aluminum Chloride
and l-butyl-3-methyl-imidazolium chloride

A 1-L flask equipped with a mechanical stirrer, pressure
equilibrated dropping funnel, thermocouple, temperature

controller, heating mantle and inlet for nitrogen positive
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A 1-L flask equi pped with a nmechanical stirrer,
pressure equilibrated dropping funnel , thernocoupl e,
wao esoper@sur e controller, heating mantl e and i nNP@L/USIING/046067
nitrogen positivepressure was charged with 84.68 g
di phenyl am ne (0.50 nole) and a first portion of
nonenes (75.81 g, 0.60 nole), followed by 20.04 g
al um num chl ori de powder (0.15 nole, 30 nole %
rel ative to di phenylam ne) and then 17.59 g of solid
| -butyl -3-net hylimdazoliumchloride (0.10 nole). The
m xture was warned to 75 0OC with stirring

(approxi mately 300 rpm) . The al um num chl ori de and
I-butyl 3-nethyl-irtiidazoliumchloride gradually

d d I h lL.d ttl
presa{lggm“%? Shad, di' e ps“aa%%r.qqgf “”&esnﬁéiﬁ (8,46 £8Fe) and
t th dt 4 d
o BB R (P0G AR SR, PSR oy
zo,ahxgu ﬁuﬁ\é&‘&m %kﬁéhdewb%cfe@e @d%t Qe Sg@onreh@t e, relative

ase systemwas rai sed to 145 0C and hel

to Qﬂ%ﬁ%n&@%m@ng hQH&Stheﬁherf“ﬂﬁkgC%@tQﬂhﬁxNWXibutyl 3~methyl-
permtfed to cool to anbient tenperature, and the

imiHEa6L 1 @R AhXIAGR WAS 1lor aiddkerr edhkOmax2ukeSepar abphyd to 75
funnel. The | ower phase, conprising the ionic liquid

°Cc eatal ystranty heatiprgxdmaeeyydad& cohor, Tes slbpeamatmedhloride

The upper, organic phase was diluted with 500 m|
andhethnEyvaﬁmﬁggyl—imidazolium chloride gradually formed a
dense liguid phase which would settle to the bottom of the flask
if stirring was stopped. The mixture was then warmed to 140 °C
and a second portion of nonene (142.25 g, 1.15 mole) was added
to the mixture over 1.5 h. When the addition is complete, the
two-phase system was raised to 145 °C and held there for 5.2
hours.

The flask contents were permitted to cool to ambient
temperature, and the reaction mixture was transferred to a 2-L
separatory funnel. The lower phase, comprising the ionic liquid
catalyst and having a wvery dark color, was separated. The
upper, organic phase was diluted with 500 ml heptane, washed
with 500 ml water, and then dilute agqueous ammonia (400 ml
water, 100 ml con¢. ag. ammonia), and then dried over anhydrous

sodium sulfate. The drying agent was removed by suction

filtration through a pad of Celite #208 over glass fiber filter
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with 500 M water, and then dilute agueous anmmoni a
(400 mM water, 100 | cone. aq. ammoni a), and then
waleiogd7eer anhydrous sodi um sul fate. The dryi PQI/EH§®NE/046067
was renoved by suction filtration through a pad of
Celite #208 over glass fiber filterpaper (0.90 cm 934
AH). The resulting filtrate was stripped under vacuum
to obtain 176.55 g of a honey col ored, viscous oil
whi ch cont ai ned 0.4% unreacted di phenyl am ne, 13.6%
nmonononyl di phenyl am ne, and 86. 0% di - and
tri-nonyl di phenyl am ne based on gas chromat ographic
anal ysis. A conparable al kyl ation reaction perforned
usi ng the same anount of al um num chloride but w thout

LD 3- | d hlori d d 166.9
pPapgF Bb 8uctln$ﬁﬂy ”?;?hégnggg u%PgaC%ggrggé was s%rlpped
unddlphen lan1rnaﬁ$é§ %%nggoao ¥|QIRQ§Q 'éHEdP%da”@lgﬁﬁus oii,

174 |nonyT amne . TE I's data %ennnstrates t

whﬂ:ﬁn' ¢ ldqui; ‘;{eaat a' yzed al &xke&w&a progugasnéy ESALer  13.69%

per cent age “of di al kyl ate than al kyl ationh using

mon@hgﬂtﬂ&fﬁﬂgﬂyméﬁi%eal@H@ g6hbs hbs- aQnadﬁﬁﬂlﬁﬂﬁyﬂa$®&@591amlne
di al kyl at ed "di phenyl arai nes are nore desirable in

baskdbbhCcgad Qr@RIickiraprit hama npsical kyl at ed

di phenyl am nes . Exanple 2 Al kylation of D phenyl am ne

Uskngohiphenble AkdRkyhati&ihl opadeion performed using the same
amount of aluminum chloride but without 1l-butyl-3-methyl-
imidazolium chloride produced 166.92 of product, which contained
5.5% unreacted diphenylamine, 35.4 % monononyldiphenylamine and
58.9% dinonyldiphenylamine.

This data demonstrates the ionic ligquid catalyzed

alkylation produces a greater percentage of dialkylate than
alkylation using aluminum chloride alone. This is an advantage

because dialkylated diphenylamines are more desirable in

lubricant compositions than moncalkylated diphenylamines.

Example 2

Alkylation of Diphenylamine Using Nonene, Aluminum Chloride
and tetrabutylammonium bromide

A 1-L, 4 necked round bottom flask equipped with a
pressure—equilibrated dropping funnel, mechanical stirrer,
reflux condenser topped with a nitrogen line for positive

pressure, temperature controller, thermocouple and heating

10
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and tetrabutyl ammoni um brom de K 1-L, 4 necked round
bottom fl ask equi pped with a pressure-equilibrated
wale@ppiazes f unnel , nechani cal stirrer, reflux cRPCHE6/046067
topped with a nitrogen Iine for positive pressure,
tenperature controller, thernocouple and heatingmantl e
was charged in succession with 84.66 g (0.50 nole) of
solid di phenylarnine, a first portion (75.74 g ; 0.60
nol e) of nonene, 20.08 g (0.15 nole, 30 nole%relative
to the di phenyl am ne) of al um num chloride, and 32.27
(0.10 nole, 20 nole %relative to the di phenyl am ne)
of tetrabutyl anmoni um brom de. The resulting slurry
mas stirred at approxinately 300 rpn1and war med under

mann ro%gse aggﬁan thlet uccrgj(:"srl‘révlﬁ(l')lre’(-91]c g‘ 6C Q%nSWm otle) of

orm - "a |OM/VO|%

sollgt %l éﬁ n Qr%:me ang afllrlsght %}fgc.{éaganl'/% %aS& Ehgo mole) of

secon ion of nonénes (1 1.715° hol'é) wa

n aglgegl over 5 t enper I8 t
noné@@sed9§09%45 C §gdlﬁelggﬁﬁeregpor%%ﬁ‘ \¥¥%14%®@e to  the

dlpﬁéﬁml%eqf d& N BAGLKORKTLX  HE L MRE €3} akpNgato e wole, 20
hr 'and 5.2 h points, and were kept cold for later CC

mold@nad YskeSatIhe produtl Wasph&ollaingthehy per nidtrangtlybhemmonium
reaction mxture to cool to roomtenperature, which
brosplié di f ied trheuloivey shimalyy stasphasierent ata aggrkxinately 300
crystalline mass. The lighter col ored product
rpm and warmed under nitrogen to a target temperature of 140 °c,
upon which two phases began to form: a lower, low volume dark
catalyst phase, and a lighter organic phase. The second portion
of nonenes (145.25 g, 1.15 mole) was then added over 1.5 h. The
temperature was then raised to 145 °C and held there for 5.2 h.
5 ml aliquots of the reaction mixture were taken at the 2 hr and
5.2 h points, and were kept cold for later GC analysis.

The product was isolated by permitting the reaction mixture
to cool to room temperature, which solidified the lower catalyst
phase into a dark cryst;lline mass. The lighter colored product
phase was decanted off and the catalyst mass washed in the flask
with 100 ml n-heptane. The organic phases were combined in a 2-
1L separatory funnel, washed twice with 500 ml water and then
diluted ammonia (400 ml water, 100 ml conc. aq. ammonia) prior

to drying over anhydrous sodium sulfate. The sodium sulfate was

removed by suction filtration through 934 AH glass fiber filter

11
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15

phase was decanted off and the catal yst nass washed in
the flask with 100 m n-heptane . The organi ¢ phases

waowge/ooasbi ned in a 2- L separatory funnel, waBtETS2006/046067
twice with 500 Ml water and then diluted amonia (400
ml| water, 100 ml cone. agq. ammonia) prior to drying
over anhydrous sodium sulfate. The sodi um sul fate was
renmoved by suction filtration through 934 AK gl ass
fiber filterpaper and the filtrate condensed on a
rotary evaporator in vacuo (95 C, <5 mmfinal vacuum
. This procedure renoved nost of the residual nonenes
and the n-heptane. 180.91 g of yell ow brown vi scous
oi | was obtained, which conprised 0.5% unreacted

di phenyl am pne, 13. 2% cqnbi ned nonon_snyl .
oaD0F PGy 18T HELSZ 555 SAAPRGRG| B pheng Sh (FEEPRRATEr 165 vacuo
(95t BLNODY '%gﬁfﬁ‘ d am nes, .b.a§ggsonrg€§cih?rher QMBI QULAPBLE f the
anal ysi s. e I hventor current?y el1eve The ronre

res%b@%idnER¥n@%y5§?ka%d —Qﬁgﬁ§ﬁetn Sf@§gﬁpe tof yelgow—brown

at1ons npl e phase separation iIn Ichth

visP¥GE 0Ca) Pong 59l ubLeaf RAE! i AphRIOAUIn:S)scliS/ @682 unreacted
decanted / and thus separated from the denser '

dip8kHyl M hl aBi. de- basesd nleani fohokptiyh phagRenyienind,C 79.5%
liquid my then be used to catal yze anot her al kyl ati on

dinba@rdigherbyl drtiselsf ,amey 6 1%C otmhirmatyilol pehfl imbsds, based on
catal yst. CLAIMS W claim

gas chromatographic analysis.

The inventors currently believe the ionic liquid may be
recycled for use 1in subsequent alkylations by simple phase
separation in which the hydrocarbon-scoluble reaction product(s)
is/are decanted, and thus separated from, the denser aluminum
chloride-based 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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1 . A process for alkylating a phenyl ring of a
di phenyl am ne conpound, conprising reacting a
wale@hemeban ne conmpound with an al kyl ati ng agePCT/Us200é1e46067
presence of an ionic liquid conprising a Lews acid
and a quaternary cation, to produce an al kyl ated
di phenyl am ne conpound. 2 . The process of claim1l ,
wherei n sai d di phenyl am ne conmpound i s unsubstituted
di phenyl am ne. 3 . The process of claiml , wherein
sai d di phenyl am ne conpound has at |east one
substituent on at |east one phenyl ring. 4 . The
process of claiml1l , wherein said al kylating agent is
a substituted or unsubstituted linear, branched or
cyclic olefin or an aryl al kene. 5 . The process of
claim4 , wherein said olefinis a linear olefin
CLAiﬁgected fromthe group consisting of 1-hexene,
-honene, 1-decene and 1-dodecene.6 . The process of
We gi%i£q4 , Wherein said olefin is a branched olefin
selected fromthe group consisting of propylene
1. trANBEocRESPYLENG1 LGOI LAIRY , a PERBYY ENLiPENbANEI BRGenylamine
dii sobutylené . 7 . The process of claim4 , wherein
comBaimgd ol ebinprisimy cycht€id edi aiprterlad da otaifreirgl cujth an
consi sting of cycl ohexene, cycl opentene and
alkgystDed engent in the presence of an ionic liquid comprising a

Lewis acid and a quaternary cation, to produce an alkylated

diphenylamine compound.

2. The process of claim 1, wherein said diphenylamine compound

is unsubstituted diphenylamine.

3. The process of claim 1, wherein said diphenylamine compound

has at least one substituent on at least one phenyl ring.

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

or an arylalkene.

5. The process of claim 4, wherein said olefin is a linear
olefin selected from the group consisting of 1—héxene, l-nonene,

l-decene and l-dodecene.

13



8 . The process of claim4 wherein said olefin is an
aryl al kene sel ected fromthe group consisting of
wa@reoremnesds met hyl styrene, 3-phenyl propene and PCT/US2006/046067
2- phenyl - 2-butene. 9 . The process of claiml
wherein said Lewis acid is a netal halide sel ected
fromthe group consisting of alum num chl ori de,
al um num brom de, indiumtrichloride, gallium
trichloride, niobiumpentachloride, tantal um
pentachloride, titaniumtetrachl oride, boron
trifluoride, boron trichloride etherate, ferric
chl oride, and zirconiumchloride. 10. The process of
claiml1l , wherein said Lewis acid is an al kyl halide
sel ected fromthe group consisting of nethyl
chl ori de, et hyl bronide nmet hyl i odi de, ethyl

6. ch orld%bcgggy n}geQ e% r819dg$fa Ql@fﬂpyks a_ branched
ch N-Tro yF romde, n odi de,” i sopropyl
: or| 0 ylnar d tyl r,
ole%EF %?téé EE8§ %Pgngggﬂﬁ c%ﬁ%@é@?%%lgg b?gggaegg ¥lrime

pro%bh@ﬁé d@etfa?t%t}.m lélroQQQghgeperlt%Q&Lﬂ Yhal @gw&mtylene
ert-butyl chl oride, tert- butyl brom de, tert-butyl

i odi de, n-pentyl chloride, n-pentyl brom de, n-pentyl
i odi de, neopentyl brom de, neopentyl chloride,

7. newvpentitlockesdi deg, ocdint ¢hl ehedeinoshyll brlemide ianda cyclic
‘octyl iodide. 11. The process of claiml , wherein

olefand Behkstedi dfimwn grthe group consisting of cyclohexene,

cyclopentene and cycloctene.

8. The process of claim 4, wherein said olefin 1is an
arylalkene selected from the group consisting of styrene, methyl

styrene, 3-phenylpropene and 2-phenyl-2Z2-butene.

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

ferric chloride, and zirconium chloride,

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

halide selected from the group consisting of methyl chloride,

14



al kyl aryl halide selected fromthe group consisting of

benzyl brom de, benzyl chloride, benzyl iodide,
wa@2@hemebet hyl chl ori de, a-phenyl et hyl bron dePCT/US2006/046067

a- phenyl et hyl i odi de, b-phenylethyl chloride,

b- phenyl et hyl brom de and b-phenyl et hyl iodide. 12.

The process of claiml1l , wherein said Lewws acid is an

al kyl sulfonate ester. 13. The process of claim1

wherein said quaternary cation is selected froma

quat er nary ammoni um cation, an al kyl phosphoni um

cation, an al kylim dazoliumcation, an al kyltriazolium

cation and an al kyl pyri di nium cation.14. The process

of claim13, wherein said quaternary anmoni um cation

b I d. f th t
metagazﬁ‘iwﬁéefﬁxﬁﬁﬁxﬁom»éfﬁ@bu%%?f?‘?ai"” Simodefln bromice,
th t hyl thIt th
oGt A, T SRS S BB TR, n-propyn
lodldg:g%,g hy| g umsogreég,y' pE&hITRE hyH IR M; 44 e,

ylanonlun1 triet Iannon i um
n-‘bﬂtgﬁ;t ngMaueltJyl anImRaL Y pedead - t wbatpyt Y4 SR, UMs sobutyl
eptyl -trl-nbutylannonluw1 _
ch1Bz@aby! - t{doruriut yl spbRDdeM tifdohbutyN- progyide,-  tert-butyl
- undecyl ammoni um tetra-n-pentyl amoni um
chibrdasy! - reatt-phdiymet bybmasapni werandutyl iodide, n-pentyl
n-tetradecyl -triethyl anmoni um
chloride, n-pentyl bromide, n-pentyl iodide, neopentyl bromide,

neopentyl chloride, neopentyl iodide, octyl chloride, octyl

bromide and octyl ilodide.

11. 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,
a-phenylethyl bromide, a-phenylethyl iodide, Bb~-phenylethyl

chloride, B-phenylethyl bromide and B-~phenylethyl iodide.

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

sulfonate ester.

13. The process of claim 1, wherein said gquaternary cation is
selected from a gquaternary ammonium cation, an alkylphosphonium
cation, an Aalkylimidazolium cation, an alkyltriazolium cation

and an alkylpyridinium cation.
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15. The process of claim13, wherein said

al kyl imdazoliumcation is a nenber selected fromthe
w@emap7eensi sting of 1- nethyl - 3- net hyl -i m dazptT/Uus3006/046067

| -ethyl -3-nmet hyl -i mdazolium 1-

but yl - 3-met hyl i m dazol i um

| -dodecyl -5-m et hylimdazolium 1- (2,2, 2-trif

| uoroethyl) -3-nmethyl imda solium 1- (ethoxymnethyl)

-3- nethylimdazolium 3-ethyl-I-ethylimdazolium

3-ethyl-1-butylimdazolium |-ethyl-

3-dinethyl-imdazolium 1 ,2-diethyl-

nmet hyl i m dazolium |-ethyl-3, 5-dinmethyl-imidazolium

and 1/ 3- diethyl-5 -nmethyl imda zolium16. The

process of claim 13, wherein said al kyltriazolium

cation is a menber selected fromthe group consisting

e, Gty oF. 38 LIP EBLEPXL SRS yons
I
i et (st i el e o

benz§1{¥&ﬁé@hyihmm%niﬁmtr'aZO|'Un] | - n- prQ@V&If&fﬁﬂﬂﬂ?iﬁmmgnlum,
,4-triazolium 1- n-butyl-4-amno-1, 2 ,4-triazolium

metﬂ?ﬂtflékﬂywﬁﬁmv$i@mllnO |etﬁylérlﬁéﬁﬁymHMMMM1u&7. The tetra-n-
process of claiml1l , wherein said ionic liquid is

putfDamRchien f or nedniResyItrpheohyt® addi thoafiunf sai dn-heptyl-
al kyl ating agent. 18. The process of claim1 ,

tripetiiptamubraiume t enperatogitg Lot ringph Banmerd@@, C over nghexyl-
time period of from1 to 24 hours.

triethylamonium, n-heptyl—-triethylammonium, n—octyl-
triethylammonium, n~hexyl-tri-n-butylamoniumn, n-heptyl~-tri-n-
butylammonium, n-octyl-tri-n-butylammonium, tris-(n-propyl) -
undecylammonium, tetra-n-pentylammonium, n-decyl-n—octyli-

dimethylammonium and n-tetradecyl-triethylammonium.

15. The process of claim 13, 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-methylimidazolium, 1-
(2,2,2-trifluoroethyl)-3-methylimidazolium, 1-{ethoxymethyl)-3-
methylimidazolium, 3-ethyl-l~ethylimidazolium, 3-~ethyl-l-butyl-
imidazolium, l1-ethyl-2, 3-dimethyl~-imidazolium, 1l,2-diethyl-3-
methylimidazolium, l-ethyl-3, 5~dimethyl-imidazolium and 1,3~

diethyl—-5-methylimidazolium.
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19. The process of claiml1 , perforned under an inert

at nosphere selected fromthe group consisting of
wa@e@on7o2kel i um and nitrogen . 20. The process PET/TBZN06046067

1, performed with stirring at a stirring speed of

from 200 to 300 rpm

16. The process of claim 13, wherein said alkyltriazolium
cation ;s a member 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'~fluoroethyl{—3—'
n-decyl-1,2,4-triazolium, l—(1H,1H,2H,2H—perfluoro~n—hexyl)—3—n—
butyl-1l,2,4-triazolium, 1l1-n-propyl-4-amino-1,2,4~triazoliun, 1-
n-butyl-4-amino-1,2,4-triazolium and l-n-hexyl-4-amino-1,2,4-

triazolium.

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

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

18. 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.

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

20. The process of c¢laim 1, performed with stirring at a

stirring speed of from 200 to 300 rpm.
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