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i nvention relates to al kyl at ed

N-al kyl - N - phenyl - p- phenyl enedi am nes. Mre

particularly, the present invention relates to a

nmet hod for the ring al kylation of N-alkyl- N -phenyl

- p- phenyl enedi am nes. 2. Description of Related Art

Aromatic am nes are useful in a broad range of

applications. For exanple, they are antiknock agents

in gasoline used in spark ignited internal conbustion
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dye industry and are beneficial when added to rubber,

where they pBACKGROUUNIUOF DTHECENWENTIVNZONE.

N- substitut ed- N - p-phenyl enedi am nes are al so known to

1.  PEielBS tle h¥edtidn Production of drugs, agricultural
products, and as dyes, antioxidants, antiozonants, gel
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N'-oh ang_gu. S. i Pat.ent No. 3,275,690. U S Patent No.
-phegylrg-oheprlepediamiess o procedure for production of
al kyl ated aromatic amnes by reaction of aromatic
2. DeseeiptionpidtedptedArt he procedure being characterized
in that alum num or alum num alloys can be_used to
cAtamaticeanpings aregef inohbioad sangsypf applications. For example, they are

antiknock agents in gasoline used in spark ignited internal combustion engines. They are also
valuable intermediates in the dye industry and are beneficial when added to rubber, where
they prevent degradation caused by ozone.

N-substituted-N'-p-phenylenediamines are also known to be useful in the production
of drugs, agricultural products, and as dyes, antioxidants, antiozonants, gel inhibitors, and
polymerization inhibitors for rubber.

Methods of orthoalkylating aromatic amines, such as aniline, are known. Suitable
methods are disclosed in U.S. Patent No. 2,762,845; U.S. Patent No. 2,814,646; and U.S.
Patent No. 3,275,690,

U.S. Patent No. 2,762,845 discloses a procedure for production of alkylated aromatic
amines by reaction of aromatic amines and olefins, the procedure being characterized in that

aluminum or aluminum alloys can be used to catalyze the alkylation reaction.
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2,814,646 discloses reacting aromatic am nes, having
wabtod7aastosone hydrogen on the ami no nitrogen ardTaiSs@7/001128

having at | east one hydrogen on a nucl ear carbon atom

ortho to the am no nitrogen group, with an organic

conpound possessing one or nore units of

carbon-to-carbon unsaturation in the presence of an

al um num ani |l i de-type catalyst. U S. Patent No.

3,275, 690 di scl oses the nucl ear al kylation of an

aromatic amne by reacting an olefin of the group

al i phatic olefins and cycloolefins with a aromatic

abih Paent No. 2 8ipshadischosef reabling ardHRti4 @O@gsphavieg at least one

presence of a Friedel-Crafts catalyst. U S. Patent No.
hydrogg&nthhé 9dikh sitlogsieand hiso hetiag bi Meestont hydaigky bataimnleaf carbon

aromatic amnes such as aniline with an olefin in the

atom detHROY6 @E@axﬁfno@ﬁtr@ééﬂ&érﬁuﬁﬂ vl hi G%aﬁﬁ't @nysdund PaSsessing one or more
ort hoal kyl ated product is distilled fromthe reaction

. units inc)ﬁb.léﬁ:ecow&ﬂ?)(ﬂl{%is%;ﬁfonﬁx g[e%rl’:&in%e 8P gh bRGHintBSInfIHR type catalyst.

remai ni ng can be recycled as the catalyst for a
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al um numchloride to the aromati ¢ am ne and t hen . .
h¥lat-iBatpot Ao P &4R16PA kischnsst theselestivapidhr-atkotntisp et ajopnatic amines
the presence of an olefin. The process may al so be
such ag anilinggvithuan ¢lefin fre thegudeedcppbaretleminim gnilidesaiatisn The
anilide. U S Patent No. 5,371,289 discloses a process
orthoallgrated praviuetpiadattilied fofm theesaipntrnixtire dvithout prior hydrolysis and the
N - phenyl - p- phenyl enedi anmi ne conprising reacting (a) a
residu@irethathigQfan b redYcldden)the gatalgsti foon eubseqecmbethoAkylation process.
p- hydr oxydi phenylam ne in a nole ratio of

Nepd grydint Becd U BONSE Maf® 3,008,802 Ilysdidex yisk syt arthoaligliation of
from1l.5:1 to 1:1.5 with (b) a primary amne in the

aromaft @8EM%Hha%dng a hydrogen atom on at least one nuclear carbon atom ortho to an

amine group (e.g., aniline) by adding a catalytic amount of an alkyl aluminum halide, such as
diethyl aluminum chloride to the aromatic amine and then heating the resultant mixture to
about 100-500°C in the presence of an olefin. The process may also be carried out in the
added presence of an aluminum anilide.

U.S. Patent No. 5,371,289 discloses a process for the preparation of a N-substituted-
N'-phenyl-p-phenylenediamine comprising reacting (a) a mixture of (1) N-phenyl-p-
guinoneimine and (2) p-hydroxydiphenylamine in a mole ratio of N-phenyl-p-quinoneimine
to p-hydroxydiphenylamine of from 1.5:1 to 1:1.5 with (b) a primary amine in the presence of

methanol.
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di scl osures of the foregoing are incorporated herein
woyorraBemence in their entirety. SUMWARY OF THECT/US2007/001128

| NVENTI ON The present invention is directed to the

single step ring al kylation of N-alkyl -

phenyl - phenyl enedi am nes by heating a m xture of an

N-al kyl - N - phenyl - phenyl enedi ami ne and one or nore

ol efins, preferably under pressure, in the presence of

a catalytic amount of an al kyl alum num halide. More

particularly, the present invention is directed to a

singl e-step process for the ring alkylation of at

| Baesdisdoeirds- af thy forbkoipp eryyincqpiperyyé¢dinedindyi mferemcehn tteir entirety.

| east one olefin conprising heating a m xture of the

N-al kyl - N - phers/MMARY OFRTHEEINVENTHON ol ef in(s) in

the presence of a .catalytic anmount of at |east one

alhe/prestnt IHvVRHAD M A diflRtedltto thd SAPE rsﬂ:?)lﬁr% 8kylafié 05T RRALH-N'-
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50 to about 350C in a seal ed vess for from about one

phenyl: E@IB%@HM@}QH{%@ %%eetgfégghﬁﬁlecﬁl’ N gﬂ@l %%Bﬁ enylenedlamme

| MENTS As not e present |nvent
and on(éi I0 %ftregle%%%,faprgltepﬁ) eguﬁée% srsgr%eﬁx the presgnce ofa cgatalytlc amount of an

phenyl - phenyl enedi am ne with at |east one
ﬂkyl%ﬁﬁﬂW#$1“%g fipri sing heating a mixture of the

N—aIkyI hepyl - phenyl enedi.agi ne( %)and oleflnégg i.n )
r‘bﬁ”é‘%&‘ﬂ%‘gy 5he areéaﬁtavxmﬂen ingiERebr Siinglestap s for the ring
aIk al um num hal i de at a ng@rature of from about
alkylatigg Q@t At enaN ool AN' apf@éﬁlrﬁef sdpming with ghleafoue ot
to about 30 hours. In a preferred enbodi nent of the
comprisitgshaating avaintironf theﬂé—aﬂ:yé{N{-phewhHhcpeﬂynediamine(s) and olefin(s) in
phenyl enedi amine is of the structure:
the presence of a catalytic amount of at least one alkyl ahiminum halide at a temperature of
from about 50 to about 350°C in a sealed vessel for from about one to about 30 hours.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
As noted above, the present invention is directed to a single-step process for the ring -
alkylation of at least one N-alkyl-N'-phenyl-phenylenediamine with at least one olefin
comprising heating a mixture of the N-alkyl—N'-phenyl-phenylenediamine(s) and olefin(s) in
the presence of a catalytic amount of at least one alkyl aluminum halide at a temperature of
from about 50 to about 350°C in a sealed vessel for from about one to about 30 hours.

In a preferred embodiment of the present invention, the N-alkyl-N'-phenyl-

phenylenediamine is of the structure:

H\N
/

R1
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HH R 3 W 2007/087195 PCT/ US2007/ 001128 wherein R
is selected fromthe group consisting of alkyl,
woyel7astieyl , and radicals of the structural fecwmisao7/001128

R2} H ROCHOC H2 n Rwherein Rz may be the sane
or different and is independently selected fromthe
group consisting of hydrogen and nethyl, R3 is
selected fromthe group consisting of alkyl of from1l
to 12 carbon atons and n is an integer of fromO to 6.
Wth respect to the above phenyl enedi am ne fornul a,
preferably R is selected from the group consisting
of alkyls having from1l to 50 carbon atons and

whereinyR'| io a¢lksted fivay thegréumpeonsBting o88lkyh cpdnalkyl asd raflicals of the
met hod for preparing the

structudldbiyhilaN - phenyl - phenyl enedi ani nes enpl oyed in the
practice of the present invention is described in U S.
Patent No. 5,371,289, the disclosure of whichis
i ncorporated herein by reference. These

N-al kyl - N - phenyl - phgnyl erTédi ani nes can
HZ
0 o c
Rs/ 4\C/H‘\O \8/
. H2 ‘
— n RZ

wherein R? may be the same or different and is independently selected from the group
consisting of hydrogen and methyl, R? is selected from the group consisting of alkyl of from 1
to 12 carbon atoms and n 1s an integer of from 0 to 6.

With respect to the above phenylenediamine formula, preferably R' is selected from
the group consisting of alkyls having from 1 to 50 carbon atoms and cycloalkyls having from
3 to 30 carbon atoms.

A method for preparing the N-alkyl-N'-phenyl-phenylenediamines employed in the
practice of the present invention is described in U.S. Patent No. 5,371,289, the disclosure of
which is incorporated herein by reference. These N—élkyl-N'—phenyl-phenylenediamines can
also be prepared by other means known to those skilled in the art. )

The N-alkyl-N'-phenyl-phenylenediamines that can be employed in the practice of the
present invention include, but are not limited to, the following:
N-methyl-N'-phenyl-p-phenylenediamine,

N-ethyl-N'-phenyl-p-phenylenediamine,

N-propyl-N'-phenyl-p-phenylenediamine,



al so be prepared by other nmeans known to those skilled

in the art. The N al kyl -N -phenyl - phenyl enedi am nes
woOhad7/082asbe enpl oyed in the practice of the pCEASR07/001128

i nvention include, but are not limted to, the

followi ng: N-nethyl-N -phenyl - p- phenyl enedi am ne,

N- et hyl - N - phenyl - p- phenyl enedi am ne, N propyl

N - phenyl - p- phenyl enedi ani ne, 4 WO 2007/ 087195
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N-isopropyl -N -phenyl - p- phenyl enedi am ne,
N-n- butyl - N - phenyl - p- phenyl enedi am ne,
N- sec- butyl - N - phenyl - p- phenyl enedi am ne,

i eiehyib-pRESMHeaRmBRENY | enedi ami ne,
N 180% :I%St%%ﬁyl %uqt))tl)l - N - phenyl - p- phenyl enedi am ne,

o 5 i) sd¥ampheny! - p- phenyl enedi am ne,
Nnb%&ﬁ&%%@@%&?fg%ﬁ{aﬂﬁ - phenyl - p- phenyl enedi amni ne,
2-net hyl Qut vl - N, - nvl - p- phenyl enedi am ne,
N-secﬁu@-ﬁfpﬂépﬂm-%?%@%ﬁgﬁ% Zp- phenyl enedi ani ne,
N RN RO TP RSBy | nod: am ne,
N- 1- et hyl pentyl - N - phenyl - p- phenyl enedi am ne,

N-1-mtipdbrtyih-pesirp-nienpiresditfepheny | enedi ani ne,

N- 3- et hyl pentyl - N - phenyl - p- phenyl enedi am ne, .
N-(1-methylheptyl)-N'-phenyl-p-phenylenediamine,

N-1,2-dimethylpropyl-N'-phenyl-p-phenylenediamine,
N-2-methylbutyl-N'-phenyl-p-phenylenediamine,
N-3-methylbutyl-N'-phenyl-p-phenylenediamine,
N-1-ethylpropyl-N'-phenyl-p-phenylenediamine,
N-n-hexyl-N'-phenyl-p-phenylenediamine,
N-1-methylpentyl-N'-phenyl-p-phenylenediamine,
N-2-methylpentyl-N'-phenyl-p-phenylenediamine,
N-3-methylpentyl-N'-phenyl-p-phenylenediamine,
N-4-methylpentyl-N'-phenyl-p-phenylenediamine,
N-1,2-dimethylbutyl-N'-phenyl-p-phenylenediamine,
N-1,3-dimethylbutyl-N'-phenyl-p-phenylenediamine,
N-1-ethylbutyl-N'-phenyl-p-phenylenediamine,
N-2-ethylbutyl-N'-phenyl-p-phenylenediamine,
N-heptyl-N'-phenyl-p-phenylenediamine,
N-octyl-N'-phenyl-p-phenylenediamine,

N-nonyl-N'-phenyl-p-phenylenediamine,



N- 4- met hyl pentyl - N - phenyl - p- phenyl enedi am ne,
N- 1, 2-di et hyl butyl - N - phenyl - p- phenyl enedi am ne,
woRd7878s et hyl but yl - N' - phenyl - p- phenyl enedi arCma;s2007/001128
N-1 -ethyl butyl -N -phenyl - p- phenyl enedi am ne,
N- 2- et hyl butyl - N - phenyl - p- phenyl enedi am ne,
N- heptyl - N - phenyl - p- phenyl enedi am ne,
N-octyl - N - phenyl - p- phenyl enedi am ne,
N-nonyl - N - phenyl - p- phenyl enedi am ne, 5 WD 2007/ 087195
PCT/ US2007/ 001128
N- decyl - N - phenyl - p- phenyl enedi am ne, N-cyclo
octyl - N - phenyl - p- phenyl enedi am ne,
N-dec-NYypheanlybpypheiylepddéauinep- phenyl enedi am ne,
N- et hyl cycl ohexyl - N - phenyl - p- phenyl enedi am ne, and
N-cyclbo€ e -phbhdplRAgliaphgd)enyl enedi am ne.
Y Pr e?/cw.gl yr?& ?ﬁ{()e N-B}al kyl - N - phenyl - phenyl enedi am ne is

_cycRBESANPhHR PP bhenIERdmiaeNsi sting of :
N-cyc ﬁ ﬁﬂ g’ © ?%Fbutygl) N lphenyl p- phenyl enedi am ne,

N—metﬁﬁd{i&%&{%ﬁ] W%}ﬁi ‘5’ %Eg 6§%%g%3{neﬂgdl am ne, and
N'Cycﬂof%'f@ogﬁéé{lﬁy’iﬁbeanyyﬁ‘%d‘ﬁ& %hhgﬂzl enegiﬁgnmyrgnedl am ne and
Nf’re%erglgl(})rP 1¥1|e bll\-ral@Dﬁn—phegyl-phenylenedlamme is selected from the group
consisting of:
N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine,
N-isopropyl-N'-phenyl-p-phenylenediamine,
N-(1-methylheptyl)-N'-phenyl-p-phenylenediamine, and
N-cyclohexyl-N'-phenyl-p-phenylenediamine.
N-(1,3 -dimethylbutyl)-N'-phenyl-p-phenylenediar'nine and N-1sopropyl-N'-phenyl-p-
phenylenediamine, which are commercially available as Flexzone 7 and Flexzone 3C,

respectively, are especially preferred. The structural formula of Flexzone 7 is:

z:
O\OE@
|z
o} % /O

;



phenyl enedi am ne, which are commercially avail able as

Fl exzone 7 and Fl exzone 3C, respectively, are
weoepemsalogsy preferred. The structural formula ®CT/US2007/001128

Fl exzone 7 is: H3 N\ / NHGCCHCC/ J H \ f H3C 6

WO 2007/ 087195 PCT/ US2007/001128 The structure of

Fl exzone 3Cis: HH NN HC C..H3 H3C In the process

of the present invention the

N- al kyl - N - phenyl - phenyl enedi amine is reacted with at

| east one olefin. The ol efins useful in the process of

the present invention are not critical and include

ol efins which are both nono- or poly-unsaturated,

The staigcairé of Blexaenc3Cds: substituted or und4 substituted,
and both term nal and internal ol efins. Exanples of
acyclic nonool efins include, but are not limted to,
et hyl ene; propylene; b 1; butene-2; isobutene;
pent ene-1; isopent éne; -2'“hexene-1; hexene- 2;
2- nmet hyl pentene- pentgne- 2; n- decene-1
2-ethyl octeng 2-eth t ene- Bc—reHjecene- 2;
dodecene- 1; decene- 1; 2-etﬁyl decene- 2;
dodecene- 2; &EtaQQrene-l; HC

In the process of the present invention the N-alkyl-N'-phenyl-phenylenediamine is
reacted with at least one olefin.

The olefins useful in the process of the present invention are not critical and include
olefins which are both mono- or poly-unsaturated, cyclic or acyclic, substituted or un-
substituted, and both terminal and internal olefins.

Examples of acyclic monoolefins include, but are not limited to, ethylene; propylene;
butene-1; butene-2; isobutene; pentene-1; isopentene; pentene-2; hexene-1; hexene-2; 2-
methyl pentene-1; 2-methyl pentene-2; n-decene-1; 2-ethyl octene-1; 2-ethyl octene-2;
n-decene-2; dodecene-1; 2-ethyl decene-1; 2-ethyl decene-2; dodecene-2; octadecene-1;
octadecene-2; 2-methyl heptadecene-1; di-isobutylene; eicosene-1; eicosene-2; 2-ethyl
octadecene-1; docosene-1; docosene-2; triacontene-1; 2-ethyl octacosene-1; tetracontene-2;
pentacontene-1; and the like.

Examples of cyclic monoolefins include, but are not limited to, cyclopentene,
cyclohexene, cyclooctene, 1-methylcyclohexene, 1-butylcyclohexene, 1-methylcyclooctene,
and the like.

Useful acyclic polyenes include, but are not limited to, 1,3-butadiene,



oct adecene-2; 2-nethyl heptadecene-1; di-isobutylene;
ei cosene-1; eicosene-2; 2-ethyl octadecene-1,;
woaergsn®s 1; docosene-2; triacontene-1; 2-ethyPCT/US2007/001128

octacosene-1; tetracontene-2; pentacontene-1; and the

l'i ke. Exanples of cyclic nonool efins include, but are

not limted to, cyclopentene, cyclohexene,

cycl ooct ene, 1-nmethyl cycl ohexene, 1-butyl cycl ohexene,

1-net hyl cycl ooctene, and the |ike. Useful acyclic

pol yenes include, but are not limted to,

1, 3-but adi ene, 7 WD 2007/087195 PCT/ US2007/001128

2-met hyl - 1, 3- but adi ene, 2, 3-di net hyl -1. 3- but adi ene,
2-methy] 4,3 penidicie 2S-dianahil He3 -butedienelSE#enaydiche candahy Ekes

i nclude, but are not limted to, cycl opentadi ene,

diyseftl QREDHaRkAREInclhdd Hi et liasitedNS, cyclopentadiene,
1, 3-cycl opent adi ene, 1, 4-octadi ene, 1, 3, 5-

dlcycl(ﬁf)éﬁka‘a%i{eai BLERBocAAENES JCSIJSI%FeMeKB’ qrosahieRe, 9l £6 ns

can be used, "al t hough these ol efins are not preéférred.

any substituents that do not interfere
cydoo\%laﬁenteh%mr@lggﬁfon Exanpl es of such substituents

ipcl not b W%
et ogppaRls g g ra“fl?%%* i ﬁ’feﬁeéfed They
IIlustrative e es.of such no dr ocar bon o
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chloride, vinyl brom de, ethyl vinyl ether, phenyl

substityemy inchidge put ars ae fimited 9, hé’(%é’r‘s al“é’@fb’ﬂo"é’éf oy groups, aryl

~ methyl acrylate, and the |ike. %Uneral t he nost

radicalgy ﬂéléteolléfsirntw@@cmpi@%omhmh grpcabanisdifingeye Richloro-3-
nonool efins conprising from2 to about 50 carbon

butadienep vyl chlotide, ablykthlosde onpylibsomilef etbph GnyleethdrOploanybeimyl ether,
atonms, and aryl-substjtuted nonool efins conpri sing

butyl \fmyareﬂﬁerl 1261 aayhes mdthytmcrylate, and the like.

In general, the most preferred olefin reactants are the hydrocarbon acyclic
monoolefins comprising from 2 to about 50 carbon atoms, cyclic olefins comprising from 5 to
10 carbon atoms, and aryl-substituted monoolefins comprising from 8 t020 carbon atoms.

The amount of olefin added will vary depending upon whether mono- or di-alkylation
is desired. In general, from about 0.5 mole equivalent to 8 mole equivalents of olefin are
added for each mole of N-alkyl-N'-phenyl-phenylenediamine. A most useful range is from
about one mole equivalent to about three mole equivalents of olefin for each mole equivalent
of N-alkyl-N'-phenyl-phenylenediamine.

The process proceeds best at elevated temperatures. A useful range is from about 50°
to about 350°C. A preferred temperature range is from about 100° C to about 300°C, more
preferably from about 140° C to about 240°C.

The pressure under which the reaction is conducted is not an independent variable,



The amount of olefin added will vary dependi ng upon
whet her nono- or di-alkylation is desired. In
woenevmbiosf rom about 0.5 nol e equival ent to 8 wolrAS2007/001128
equi valents of olefin are added for each nole of
N-al kyl - N - phenyl - phenyl enedi am ne. A nost usef ul
range is from about one nole equivalent to about
three nole equivalents of olefin for each nole
equi val ent of N-al kyl -N -phenyl - phenyl enedi am ne. The
process proceeds best at elevated tenperatures. A
useful range is fromabout 50 to about 350C. A
preferred tenperature range is fromabout 100 Cto
and vasilee with306 &mpupatere prdefapoaiieysufe oftha beastants! OWahtthe slooeivolatile
240C. The pressure under which the reaction is
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2007/ 087195 PCT/ US2007/ 001128 and varies with the
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the"nore volatile |ower olefins, such as ethyl ene,
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tempeffe) 8 pE Ao R AR inke SEPHE 101 oo D ph Sepending
upontﬁg?’)ﬁzrﬁ\ﬂe%éd Dependi ng upon the reactants and the

enperature, the pressure will normally range from
ut, 10 .t o. about.. 1800 psi g, dependi.n upon th
o8 ks Lty itors, Betide st an R BT B dae Bphes fhagresent
. catalysts in the practice of the present_ jnvention .
inventjopdngiyde apy 2larinih SRS b eI Rmetbeth pmglkybiadicah gy kigh 2
radical in which a carbon atomof the al kyl is bonded
carbongtpwcafithe alkyhis banded disentlate an aheniarwatemingiakiormgnipining a
hal ogen at om bonded directly to the al um num atom
halogeTiatem bondeédidizeatlydo diieadtimpinuah atpinn UThesh andladssthe tdirdkyd lakgyrhinum
al um num di hal i des, and the al kyl al um num
halides eBesilikhbdliiohisom Sirddes anpiheslky alwbintabdesquihalideg] Some examples
al um num hal i des are di net hyl al um num brom de,
of suitabletdmikylalltfintitihalides are dimethyl aluminum bromide, diethyl aluminum

bromide, diethyl aluminum chloride, di-n-propyl aluminum chloride, diisobutyl aluminum
iodide, diisoamyl aluminum chloride, di-n-dodecyl aluminum chloride, and dieicosyl
aluminum bromide. Examples of useful alkyl aluminum dihalides include methyl aluminum
dichloride, ethyl aluminum dichloride, ethyl aluminum dibromide, n-propyl aluminum
dichloride, isobutyl aluminum dibromide, n-hexyl aluminum dibromide, sec-decyl aluminum
di-iodide, n-dodecyl aluminum dichloride, and n-eicosyl aluminum dibromide.

Both the above diall;yl aluminum halides and the alkyl aluminum dihalides are
believed to exist in the form of dimers and these, of course, are included within the scope of
the present invention,

Alkyl aluminum sesquihalides have the empirical formula R,AL X, wherein

R represents an alkyl group and X a halogen atom. Examples of useful alkyl aluminum
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al um num chl oride, diisobutyl alum num i odide,
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chl oride, and dieicosyl alum num brom de. Exanples of

useful al kyl al um num di halides include nethyl

al um num dichloride, ethyl alum numdichloride, ethyl

al um num di brom de, n-propyl alum num dichloride,

i sobutyl al um num di brom de, n-hexyl al um num

di brom de, sec-decyl alum num di-iodide, n-dodecyl

al um num di chl ori de, and n-ei cosyl al um num di brom de.

Bot h the above dial kyl al um num hal i des and the al kyl

sesquéitialidefintludichadth dleguiiim S8bhieNMedde ety Biluminih Q%@rﬁ%mide,

of diners and these, of course, are included within
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i sobutyl al um num sesquiiodi de, n-hexyl alum num
s ddgabprelpllisl alumigiae fipliddsean e wsediodividudlyrdrden be added to the
n- dodecyl al um num sesqui brom de, and sec-ei cosyl
aromat{o aming @5 sEsgugscwitb goakbresite above al kyl al uni num
hal i des can be used individually or can be added to
t Mthe amtcoimn bt sikghalomimsn hblideddsd whaid 86 attaf2@31d drount NMBhis means

anmount of al kyl alum num hal i de added shoul d be a
it shoQRItEY Ui 6ieATD ¢Rbse hO bRefiXR8Akylate the N-alkyl-N'-phenyl-phenylenediamine
at a satisfactory rate under the reaction conditions employed. At higher temperatures and/or
higher olefin concentrations, less catalyst is required. In general, good results are obtained if
sufficient alkyl aluminum halide is added to the aromatic amine to provide one gram atom of
aluminum for each 5-40 gram moles of N-alkyl-N'-phenyl-phenylenediamine, although more
or less can be used. A more preferred operating range is the amount sufficient to provide one
gram atom of aluminum for each 7-;25 gram moles of N-alkyl-N'-phenyl-phenylenediamine,
and a most preferred amount is that which provides one gram atom of aluminum per each 10-
20 gram moles of N-alkyl-N'-phenyl-phenylenediamine.

The reaction time will vary to some extent with the reactants used. A greater

influence is exerted by the reaction temperature and the amount of alk)'rl aluminum halide

added. The process should be conducted until the desired degree of alkylation is attained.

The progress of the reaction can be monitored by periodically withdrawing samples and

10



it should be sufficient to cause the olefin to
al kyl ate the N-al kyl - N -phenyl - phenyl enedi ami ne at a
weabiTaBasory rate under the reaction conditi ORET/US2007/001128

enpl oyed. At hi gher tenperatures and/or higher olefin

concentrations, less catalyst is required. In general,

good results are obtained if sufficient alkyl

al um num halide is added to the aromatic amne to

provi de one gram atom of alum num for each 5-40 grain

nol es of N-al kyl - N -phenyl - phenyl enedi am ne, al t hough

nore or |ess can be used. A nore preferred operating

range is the anmount sufficient to provide one gram
analyzaigotieafbyalapti phise ichfonededraphy25 gr am nol es of

N-al kyl - N - phenyl - phenyl enedi am ne, and a nost

PUSfi&s RetuA¥MAtashsetd dTahe PR& ilFeRYbA Qe PRSrZEA MreHed A the

of al um num per each 10- 20 gram nol es of

examp'l\ésachﬁ%ﬂb\[vf RRRAY leRh e 0eMdE PdsBGed 18 $ndvEaRS si@fled ie art how
w il vary to sone extent wth the reactants used, A
reater .influe ' '
o opei Thfin e SN fe Y BIRL U B i BAF kL 88wy g gerve asa
. .. .added. The process. should be conducted until the
lnn“mH§§W¥§HmﬁéﬁgﬁﬁﬁﬁﬁegWﬁVW%%ion is attained. The
progress of the reaction_can be nonitored by
periodi cal 'y withdrawi n§XAMHEES and 10 WO 2007/ 087195
PCT/ US2007/ 001128 = anal zin% t hem by vapor phase
chhefrilondna pusatiopds pmssiyefiéfaﬂ instateh) featget pkthgprqgses of the
present invention are illustrated further in the
preseng xevepties whieet ddcond iswsed s the olefimsandadiethypl adaminuen chloride is used as
presented to show one skilled in the art how to
the catapast.ate W thin the scope of the invention, they are
not intended in any way to serve as a |imtation upon
the scope of the invention. EXAMPLES The foll ow ng

"ouatkpn is provided to illustrate the features of the
st of the

DEAC
+ CH,(CH,),CH=CH, - =
/CHB
N—CH
H o\
CH,
C10H21 )
H
H N C,.H
+
CH /CH"
N—c ; N—eH
H \ CH,
CH
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present invention where decene is used as the olefin
and diethyl alum numchloride is used as the
woabv@iogstys H N DEAC + CH3(CH2) 7CH=CH2 CH3 NpCiHuskbov/001128
CH3 CaH2a H N NCoHza CH3 0 CH3 NNCH HCH H CH
CH3 3 11 WD 2007/087195 PCT/ US2007/001128 Dependi ng
upon the physical properties (gas or liquid) of the
ol efins used, there are two different procedures that
can be used. 1. Light olefins (e.g., ethylene,
propyl ene, butanes)

Depending upon the physical properties (gas or liquid) of the olefins used, there are
two different procedures that can be used.

1. Light olefins (e.g., ethylene, propylene, butanes)

For a one liter autoclave, about 0.85 mole of N-alkyl-N’-phenyl-phenylene diamine is
first loaded into the autoclave. The autoclave is sealed and pressure tested with 300 psig of
nitrogen before releasing the vessel to atmospheric pressure. About 0.02-0. 2 mole of diethyl
aluminum chloride (DEAC) solution in hexane (catalyst) is injected with a syringe through a
ball valve to the autoclave while protected by nitrogen. Then, a certain amount of light
olefin, e.g, ethylene or propylene, is fed through an electric bottle. The vessel is then heated
to a desired temperature with agitation, and kept at this temperature for a period of time (e.g.,
2-24 hrs.). Finally, the reaction is stopped by cooling the autoclave down and releasing

pressure from the vessel. A sample is then taken for analysis. Samples are also taken through

a dip tube during the run to measure its progress. Examples of light olefins are shown in

Table 1.
Table 1
Results of Direct Flexzone-7 Alkylation®
Example | Catalyst Olefin Olefirn/ Time Percent Percent Yield®
Flexzone | (Hours) Flexzone
Cowverion | D alkyl | Tri-alkyl | Tri-alkyl
A B
1 DEAC C,H, 3.8 16 88 472 33.2 49
2 DEAC C,H, 4.0 12 97 63.2 29.1 2.5
3 DEAC C,H; 6.4 16 93 g1° - -
a. Reactions with DEAC as catalyst were runin a one liter hastelloy autoclave.

12




For a one liter autoclave, about 0.85 nole of
N-al kyl - N - phenyl - phenyl ene diamne is first |oaded
wonv@/ashesaut ocl ave. The autocl ave i s seal ed ardT/US2007/001128
pressure tested with 300 psig of nitrogen before
rel easing the vessel to atnospheric pressure. About
0.02-0. 2 nole of diethyl alum num chloride (DEAQC
solution in hexane (catalyst) is injected with a
syringe through a ball valve to the autoclave while
protected by nitrogen. Then, a certain anmpbunt of [ight
olefin, e.g, ethylene or propylene, is fed through an
el ectric bottle. The vessel is then heated to a

ReactiSiSké8Gud 8T alidf 85 Wil Vasdiicahiagied 220rkaPbS Blexkéties7, 80 mL
tenperature for a period of tine (e.g., 2-24 hrs.).

of 1 MDERL ¥ hokift (16861960 ins) ShPBRRELBNAIALBILHAT | N

aut ocl ave aS| ng pressure fromthe vessel.

b. ’/_\nggggttcﬁgfler 8%8:%’&11%@‘(19 ]%glra %ntﬁl AR lsmeé?n&%@la%foﬁ" Qlllds Qri-

urln run to" neas

I, S are s .
alkylaiggy] Biperabingas REST P B Pelpr Pedoghamic At "ri-alol A
AIkIatlonaExa | e Cat al stOeanefln/ Ti me h
is thropalkHogFOUPLALAGHEd 1 P EPeR VHBOPRS) O-ihe RygRic ring with one
Converion Di-al kyl Tri-alkyl Trl-alkyl A B 1 DEAC
amino grp BdPne@lisd srouporgthe aromagic ring batwEENGNTRIZIOUPD 12
97 63.2 29.1 2.5 DEAL C3H6 6.4 16 93 81- -- -- a.
c. Rdant pory] aikylatdddACxzmechoatl 46t were run in a one
liter hastell oy autoclave. 12
Olefins used in liquid form.

In a one liter hastelloy autoclave, certain amounts of N-alkyl-N’-phenyl-phenylene
diamine and olefin are loaded before the autoclave is sealed and pressure tested. A catalyst,
such as DEAC in hexane or diisobutyl aluminum chloride (DIBAC), is injected through a
syringe to the autoclave with nitrogen protection. Then, the reactor is heated to a desired
temperature with agitation, and kept at this temperature for a period of time (e.g., 2-24 hrs).
The reaction is stopped by cooling the reactor down to room temperature. Samples can be

taken after or during the run to measure its yield or conversion. Examples of different liquid

olefins are listed in Tables 2 through 5.

13
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durng—the Tumto mEasure 1 tS oyl et or CONversiorm.
Exanpl es of different liquid olefins are listed in

Tahles 2 through .5. 13 WD.2007/ 087195 .
8 RSSO0y NS4 P el VESgh Totploralurep isabgpbthe same
3C Alkylation to Make GBFE_Exanpl e Conditjaons % % ) ]
for all egactiong(rgppngh 9 ml ). Flexzone 3C and decene are loaded furst. DEAC is putin

through a syringe after the vessel is sealed, pressure tested, and N, purged.
b. % Sel. Mono and % Sel. Di mean % selectivities to mono alkylation and di alkylation

products respectively.

C. The structure of GBFE is:
H2
H.C c
TNET \\\KCH%CHS
H
N
CH,
~ ﬁ\
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b Tenp. Tinme DEAC. 3C. Decene Conv. Total GBFE D (O
(Hours) (Mole ratio) 4 180 15 1:10:15 59 88 57 11 5
w020071087th510: 10 63 89 52 11 6 200 15 1:5:5 75r81/142001801128
a. All reactions were run in a one liter hastell oy
vessel . Total volunme is about the sanme for all
reactions (around 350 m ). Flexzone 3C and decene are
| oaded first. DEAC is put in through a syringe after
the vessel is sealed, pressure tested, and NZ purged.
b. % Sel. Mno and % Sel. D nmean % selectivities to
nmono al kyl ation and di al kylation products
respectively. c. The structure of GBFE is: H2
H3CC(CH 6CH3 H N ~ H3 'il\aﬁ_e'f H 14 WO 2007/ 087195

PCT/ US2007/ 00112
Further Results gf Direct Flexzone 3C Alkylation to Make GBFE®

Example Conditions % Conv. % Sel. Mono % S_el.
Temp. DEAC:3C:Decene Total GBFE b
cC) (Mole ratio)
7 180 1:5:7.5 92 71 46 29
8 160 1:5:7.5 79 87 66 13
9 180 1:10:15 70.5 89.2 58.1 11.8
10 180 1:10:10 68.2 90.5 60.5 9.5
11 160 1:5:5 773 87.5 67.2 12.5
12 180 1:5:5 89.4 763 52.2 2.7
a. All reactions were run in a one liter hastelloy vessel. Total volume is approximately

the same for all reactions (350 mL). Flexzone 3C and decene are loaded first. DEAC is put
in through a syringe after the vessel is sealed, pressure tested, and N, purged. Reactions were
run for 15 hours at temperature.
Example 13
Example 10 was repeated except that DIBAC was substituted for the DEAC employed
therein. The percent conversion was 58; the percents Sel. Mono were 92.4 (total) and 63.5

(GBFE); and the percent Sel. Di was 7.6.
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Tabl e 3 Further

weeabo7/osbrs % Sel .

Results of Direct Flexzone
Al kyl ation to Make GBFE Exanpl e Conditions

Di

Tenp. DEAC. 3C. Decene

(C© (Mole ratio) 7 180 1:5:7.5 92 71 46 29

1:5:

7.5 79 87 66 13 9 180 1:10:15 70.5 89.

3C
% Conv.

%

Toral/uSBE001128

8 160
258.11

1.8

10 180 1:10:10 68.2 90.5 60.5 9.5 11 160 1:5:5 77.3
87.5 67.2 12.5 12 180 1:5:5 89.4 76.3 52.2 2.7 a. Al
reactions were run in a one liter

hastel | oy vessel.

Total volune is approxinmately the sanme for all
reactions (350 nL). Flexzone 3C and decene are | oaded
first. DEAC is put 1in through a syringe after the
vessel is sealed, pressure tested, and N2 purged.
Reactions were run for 15 hours at tenperature.
Exanpre I3 Exanple 10 was repeat ed except that DI BAC
was substituted for the ﬁgfg% therein. The
per cent COﬂVGfSR@W%%@Ctp@ ethel Sel. Mono were.
total) and 63 FE); and the pe;f l.] D
Exaﬂégs'(ﬁ JR)\ Qﬂn7f:15£§‘91(lt% D(*T/llQ')nnz/nP\w g‘péo‘%‘; ;‘/’Igi'
Temp. (°C) | DEAC:GGFE:Decene | Time (hrs.)
(Mole ratio)
14 180 1:10:10 5 22 79
15 220 1:5:5 4 73 74
16 195 1:5:5 4 61 92

a.

All reactions were run in a one liter vessel. Total volume is about the same for all

reactions (around 300 mL ). GGFE and decene are loaded first. DEAC is put in through a

syringe after the vessel is sealed, pressure tested, and N, purged.

b. GGFE is N-1,3-dimethyl butyl aniline.
Table 5
Flexzone 7 Ring Alkylation with Dicyclopentadiene®
Example | Flexzone:olefinDEAC Temp. Time | % Conv. | S-a(%)" | S-b (%)°
(Mole ratio) °C) (hours)
17 10:5:1 150 16 46.4 33.6 66.4
18 10:5:1 150 20 47.3 33.7 66.3
19 5:5:1 170 16 92.0 32.0 68.0
20 10:10:1 125 16 0 - -
21 10:10:1 135 5 5.0 323 67.7
22 10:5:2 135 5 8.8 333 66.7
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Table 4 Results of Direct GGE Al kyl ati ona, b Exanpl es
Conditions % Conv. % Sel. Tenp. (C DEAC. GGFE: Decene
woine/oghs. ) Mono (Mol e ratio) 14 180 1:10: 10p6TAR2009/001128

15 220 1:5:5 4 73 74 16 195 1:5:5 4 61 92 a. Al
reactions were run in a one liter vessel. Total volune
is about the sane for all reactions (around 300 niL ).
GGFE and decene are loaded first. DEACis put in
through a syringe after the vessel is sealed,
pressure tested, and N2 purged. b. GGFE i s
N1, 3-di nethyl butyl aniline. Table 5 Flexzone 7 R ng
Al kyl ation with Dicycl opentadi enea Exanpl e

a. Fkaaeﬁ@ﬁ &va8lcehduntddBAG drerirer HisrattoYraGmetave SFexiz8Hd7 Sad
(%9b (Mdle ratio) (C (hours) 17 10:5:1 150 16 46.4

{nj3ctdd wi dge ¥thito
syt B B ot i

prot_ecégltx %&%réat#;@av% washeded An8 prebsuré festdl. 0 2 135_ 1 5 8. 8

b. S-a is the combination of selectivities to the two isomers with the alkylation on the
ring between amino groups. S-b is the combination of selectivities to the isomers with
alkylation on the aromatice ring connecting only the one amino. These two isomers have
longer retention time on gas chromatography (GC).

The structure of dicyclopentadiene is:

Dicyclopentadiene has four carbons that can attach to an aromatic ring. Two of the four
alkylation isomers are alkylated on the aromatic ring between the amino groups and the other
two are alkylated on the aromatic ring with only the one amino group.

In view of the many changes and modifications that can be made without departing
from principles underlying the invention, reference should be made to the appended claims

for an understanding of the scope of the protection to be afforded the invention.
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16 WO 2007/087195 PCT/ US2007/001128 a. Reaction was
conducted in a one liter hastell oy autoclave. Flexzone
w0 20mhs7s cycl opent adi ene were | oaded first. DeA&T/USa®7/001128
injected with syringe with nitrogen protection after
aut ocl ave was seal ed and pressure tested. b. S-ais
the conbination of selectivities to the two isoners
with the alkylation on the ring between am no groups.
S-b is the conbination of selectivities to the isoners
with alkylation on the aromatice ring connecting only
the one am no. These two isonmers have | onger
retention time on gas chronmat ography (GC). The
structure of dicyclopent ge§ gfrs s: Jz- : D
Di cycl opent adi ene has four carbons that can attach to
What 211 35008 tic ring. Two of the four alkylation isoners
3 A Sfated on the aromatic rlng bet ween the am no

1. ﬁﬁé e?slggg Itzlrg%ﬁositjﬁr tglﬁl aﬁ%la“?uo% &yét %a@por%rN t I—N -Iphenyl-

one am no group. ew

of t he many changes a rmdlchat ons that can N
pheny e figminau il At [Hg one E%rbwwm AR EEAPHIEE Of ﬁl RGN

i nvention, reference shoul d be made to th Egﬁ %ofatleastone

phenyk ph¢nyienefigming(s) gnderleBn(slimrge sresenrs Ledp
protection to be afforded the inventiaon.

alkyl RGOS RETLDSREDTE 0bfFemeaboat AQ fErba, 550“(’51“& srlrdgessel for
is: 1. Asingle-step process for the ring al kyl ation

from dblouaibnd wadbbubd@hdbral kyl - N - phenyl -

2. The process of claim 1 wherein the the N-alkyl-N'-phenyl-phenylenediamine is of the

structure:

H

\
N
/

Iz

R1

wherein R is selected from the group consisting of alkyl, cycloalkyl, and radicals of the

structural formula:

N
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phenyl enedi ami ne with at | east one ol efin conprising
heating a m xture of the Nal kyl-N -
wpheoryis7pPienyl enedi am ne(s) and ol efin(s) in tkreT/US2007/001128
presence of a catalytic anount of at |east one alkyl
al um num halide at a tenperature of from about 50 to
about 350C in a seal ed vessel for fromabout one to
about 30 hours. 2. The process of claim 1l wherein the
the N-al kyl - N - phenyl - phenyl enedi am ne is of the
structure: H/N\ / " H 1 R wherein R is selected
fromthe group consisting of alkyl, cycloal kyl, and
radicals of the structural fornmula: RR { H2 C~ R30
wherei/ RI@n &y bé thelddnde or RifferedtGind RAIBFIBHIY Selected from the group
PCT/ US2007/ 001128 wherein R2 may be the same or
consisfihd bERRRbgdNhd hethfid RP @n@pittd dyir G s froep bRy tidpeo BB R f from 1

to 12 carbon atoms and n is an integer of from 0 to 6.

3. The process of claim 2 wherein R is selected from the group consisting of alkyls of

from 1 to 50 carbon atoms and cycloalkyls of from 3 to 30 carbon atoms.

4. The process of claim 1 wherein the N-alkyl-N'-phenyl-phenylenediamine is selected
from the group consisting of:
N-methyl-N'-phenyl-p-phenylenediamine,
N-ethyl-N'-phenyl-p-phenylenediamine,
N-propyl-N'-phenyl-p-phenylenediamine,
N-isopropyl-N'-phenyl-p-phenylenediamine,
N-n-butyl-N'-phenyl-p-phenylenediamine,
N-seé—butyl-N’—phenyl-p-phenylenediamine,
N-n-pentyl-N'-phenyl-p-phenylenediamine,
N-1-methylbutyl-N'-phenyl-p-phenylenediamine,
N-(1-methylheptyl)-N'-phenyl-p-phenylenediamine,
N-1,2-dimethylpropyl-N'-phenyl-p-phenylenediamine,
N-2-methylbutyl-N'-phenyl-p-phenylenediamine,

N-3-methylbutyl-N'-phenyl-p-phenylenediamine,
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consi sting of hydrogen and nethyl, R3 is selected from
the group consisting of alkyl of froml1l to 12 carbon
watoimsand n is an integer of fromO to 6. 3. PO®/US2007/001128

process of claim2 wherein R is selected fromthe
group consisting of alkyls of from1 to 50 carbon
atons and cycl oal kyls of from3 to 30 carbon atons. 4.
The process of claiml| wherein the N al kyl-N -phenyl
phenyl enedi am ne is selected fromthe group
consi sting of. N-nethyl-N -phenyl - p- phenyl enedi am ne,
N- et hyl - N - phenyl - p- phenyl enedi am ne,
N- propyl - N - phenyl - p- phenyl enedi am ne, N

N-1- etﬁgafwm'iﬂhe@ﬁqjlyﬂlengteﬁaedﬁﬂxyﬁe enedi am i ne,

phenyl - p- phenyl enedi am ne,

-n-hﬁﬁﬁgﬁgw P Y enedi am ne.

N1 Mﬁvﬂ%%aﬁﬂﬁﬁ N henyl ened ani ne,

N-2- ”ﬂ%lﬁre?ﬂbﬁ‘faﬁ% PRP s ey onoai am ne. N3

N3 rr?eret h%g%‘téglﬁm‘h[rmghen I-%{ghenyl e nedi am ne, 19 WO

N- 1- et hyl pr opyl - N - phenyl - p- phenyl enedi am ne,
N-4-mthylpraeyltN'NphepHeprphenpylensdiaptishedi ani ne,

N-1,2-dimethylbutyl-N'-phenyl-p-phenylenediamine,
N-1,3-dimethylbutyl-N'-phenyl-p-phenylenediamine,
N-1-ethylbutyl-N'-phenyl-p-phenylenediamine,
N-2-ethylbutyl-N'-phenyl-p-phenylenediamine,
N-heptyl-N'-phenyl-p-phenylenediamine,
N-octyl-N'-phenyl-p-phenylenediamine,
N-nonyl-N'-phenyl-p-phenylenediamine,
N-decyl-N'-phenyl-p-phenylenediamine,
N-cyclooctyl-N'-phenyl-p-phenylenediamine,
N-cyclohexyl-N'-phenyl-p-phenylenediamine,
N-methylcyclohexyl-N'-phenyl-p-phenylenediamine, and

N-cyclooctyl-N'-phenyl-p-phenylenediamine.

5. The process of claim 1 wherein the N-alkyl-N'-phenyl-phenylenediamine is selected

from the group consisting of:

20



N- 1- et hyl pentyl - N - phenyl - p- phenyl enedi am ne,

N- 2- et hyl pentyl - N - phenyl - p- phenyl enedi am ne,
woORBevmst Y| pent yl - N - phenyl - p- phenyl enedi ani ne pCT/US2007/001128

N- 4- met hyl pentyl - N - phenyl - p- phenyl enedi am ne,

N-1, 2-di met hyl butyl - N - phenyl - p- phenyl enedi am ne,

N- 1, 3-di met hyl butyl N -phenyl - p- phenyl enedi am ne, NI

-et hyl butyl - N - phenyl - p- phenyl enedi am ne,

N- 2- et hyl butyl - N - phenyl - p- phenyl enedi am ne,

N- heptyl - N - phenyl - p- phenyl enedi am ne,

N-octyl - N - phenyl - p- phenyl enedi am ne,

N- nonyl - N - phenyl - p- phenyl enedi am ne,

N-(1,3MNigeeiibutyD Nighyhylgp-phanjdnediadiizi ne,
N-cycl ooctyl - N - phenyl - p- phenyl enedi am ne,

N-isophby N 'ghesyllp-Dhedii@iiarfingheny | enedi am ne,
N- net hyl cycl ohexyl - N - phenyl - p- phenyl enedi am ne, and

N—(l-n%tﬁﬁllﬁlaﬂﬁIN'L;fﬂé’nylpl%l‘ﬁﬂé’Ayié}reBlb%m{é,G‘aﬁédi anmine. 5. The

process of claim1 whéerein the N-alkyl

-~ - phe - Rbe I.am is selected fromthe group
N °y°i§5‘ﬁ’§|ti§\? ﬁ#&gg%ﬁ‘\ét‘%%%{eggg&gﬁ%s?lgs PCT/ US2007/ 001128
N-( 1,3 -dinethyl butyl)-N -phenyl - p- phenyl enedi am ne,
N-isopropyl -N -phenyl - p- phenyl enedi am ne,

6. The process of claim 1 wherein the N-alkyl-N'-phenyl-phenylenediamine is selected
from the group consisting of N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine and N-

isopropyl-N'-phenyl-p-phenylenediamine.

7. The process of claim 1 wherein the olefin is selected from the group consisting of
hydrocarbon acyclic monoolefins comprising from 2 to about 50 carbon atoms, cyclic olefins
comprising from 5 to 10 carbon atoms, and aryl-substituted monoolefins comprising from 8

t020 carbon atoms.

8. The process of claim 1 wherein from about 0.5 mole equivalent to 8 mole equivalents

of olefin are added for each mole of N-alkyl-N'-phenyl-phenylenediamine.

9. The process of claim 1 wherein the alkyl aluminum halide is selected from the group
consisting of dimethyl aluminum bromide, diethyl aluminum bromide, diethyl aluminum
chloride, di-n-propyl aluminum chloride, diisobutyl aluminum iodide, diisobutyl aluminum

chloride, diisoamyl aluminum chleride, di-n-dodecyl aluminum chloride, dieicosyl aluminum
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N- (1- net hyl heptyl ) - N - phenyl - p- phenyl enedi am ne, and
N-cycl ohexyl - N - phenyl - p- phenyl enedi am ne. 6. The
wonrowass19sf claim 1l wherein the PCT/US2007/001128

N- al kyl - N - phenyl - phenyl enedi am ne is selected from

the group consisting

of N- (1, 3-di net hyl butyl ) - N- phenyl - p- phenyl enedi am ne

and N- isopropyl N -phenyl-p-phenyl enedi am ne. 7. The

process of claiml wherein the olefin is selected from

the group consisting of hydrocarbon acyclic

nmonool efins conprising from2 to about 50 carbon

atons, cyclic olefins conprising from5 to 10 carbon
bromidd, @ighylahtnini dishibste,tettiyd dluminoml dithlos de @iyl ialimmigum

from8 t020 carbon atonms. 8. The process of claim1

dibron¥E EpFdpyT ATARRK HidhidrideDiseb@glanmlifith ditomid® nchexyl aluminum
equi valents of olefin are added for each nole of

dibrong%fi@,! Sl ae1-d - Bhe ANk eNadial MemiSum HhI @S assicadll

aim1 wherein the alkyl alum numhalide is selected
fromthe.arq LSt I: ' : :
stominrd eyt Bét ST BBl AP i B Resguibromide,
hl oride, di-n-propyl, al um num chl ori.de, .diji
et gy e et B e P i 8 e A R ses-
.. diisoanyl alum num chl ori.ge, di-n-dodecyl al uni nu .
quiiodide, BraraRy! AfreinEBLSAe A AT i PP SR 8P R ot de, isobuty
PCT/ US2007/ 001128 brom de, nethyl alum num e a
aluminfirg Ressivi doridsy ipphutyl dlnminm a%mle‘#lﬂa»é}th@wx punainym; ssegiiodide,
di brom de, n-propyl al um num dichloride, isobutyl )
n-decyd lalimimum stisguiotiode, mddreyll alehinvnsasuidromisle; ard sec-eicosyl
sec-decyl al um num di-i odi de, n-dodecyl alum num
aluminlire késgpuidhdoride- ei cosyl  al um num di br om de, net hyl
al um num sesqui chl ori de, nethyl al um num
sesqui brom de, ethyl al um num sesqui chl ori de, ethyl
al um num sesqui brom de, ethyl al um num ses-
10. The process of claim 9 wherein the alkyl aluminum halide is selected from the group

consisting of diethyl aluminum chloride and diisobutyl aluminum chloride.

11. A single-step process for the ring alkylation of at least one N-alkyl-N'-phenyl-
phenylenediamine select.ed from the group consisting of N-(1,3-dimethylbutyl)-N'-phenyl-p-
phenylenediamine and N-isopropyl-N'-phenyl-p-phenylenediamine with at least one olefin
selected from the group consisting of hydrocarbon acyclic monoolefins comprising from 2 to
about 50 carbon atoms, cyclic olefins comprising from 5 to 10 carbon atoms, and aryl-
substituted monoolefins comprising from 8 t020 carbon atoms, wherein from about 0.5 mole
equivalent to 8 mole equivalents of olefin are added for each mole of N-alkyl-N'-phenyl-

phenylenediamine comprising heating a mixture of the N-alkyl-N'-phenyl-
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qui i odi de, n-propyl al um num sesqui chl oride, n-propyl
al um num sesqui brom de, isobutyl alum num
weeasapisehsor i de, i sobutyl al um num sesqui i odi deCT/us2007/001128

n- hexyl al um num sesqui i odi de, n-decyl al um num

sesqui chl ori de, n-dodecyl al um num sesqui brom de, and

sec-ei cosyl alum num sesqui chloride. 10. The process

of claim9 wherein the al kyl alum numhalide is

sel ected fromthe group consisting of diethyl

al um num chl ori de and diisobutyl al um num chl ori de.

11. A single-step process for the ring al kyl ati on of

at | east one N-al kyl -N - phenyl - phenyLenedianine
phenyleatdiain@(d) antholdfn(grio te weseice pf mgatalytic amount of at least one alkyl

of N- (1, 3-di met hyl butyl ) - N -phenyl - p- phenyl enedi am ne
alumirRR h i d SRR o theo Bony lcofsi gheryfl detbgli dmiimewwichloride and

| east one olefin selected fromthe group consisting

diisontgfl ngc[iﬁ&ﬁ [RRIHRGY § kdrfpdFRianb b Sbe@i P t8iabguf 2407Cn a sealed
t about 50 carbon atons, cyclic olefins conprising

from5 t car and aryl - substituted
Vﬁmdﬁ%%%% é#%ﬁégg%ﬁﬁgggﬁﬁéﬂ r%n18 t 020 carbon atons,

wherein fromabout 0.5 nole equivalent to 8 nole

equi valents of olefin are added for each nol e of

N-al kyl - N - phenyl - phenyl enedi am ne conpri sing heati ng

a m xture of the N-al kyl-N -phenyl 22 WO 2007/ 087195

PCT/ US2007/ 001128 phenyl enedi am ne(s) and ol efin(s)

in the presence of a catalytic anmobunt of at |east one

al kyl alum num hal i de sel ected fromthe group

consi sting of diethyl alum numchloride and

dii sobutyl alum num chloride at a tenperature of from

about 140 to about 240C in a sealed vessel for from

about one to about 30 hours. 23
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