WO 2007/ 087195 PCT/ US2007/001128 DI RECT ALKYLATI ON OF
N- ALKYL. - N' - PHENYL- p- PHENYLENEDI ANl | NE BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to al kyl ated

N- al kyl - N wBhemws718s phenyl enedi am nes.  Mre parti cul ar pgrgshenenegent
invention relates to a nethod for the ring al kylation of N-al kyl- N -phenyl

- p- phenyl enedi am nes. 2. Description of Related Art Aronmatic am nes are
useful in a broad range of applications. For exanple, they are antiknock
agents in gasoline used in spark ignited internal conbustion engi nes. They
are also valuabl-e internediates in the dye industry and are benefici al
when added to rubber, where they prevent degradation caused by ozone.

N- substituted-N -p-phenyl enedi am nes are al so known to be useful in the
production of drugs, agricultural products, and as dyes, antioxidants,

Bt 07 ondMERECEALKNHATION OF Nra LK NHENE o RN LIV EDIAMINI b o
Met hods of orthoal kyl ati ng aronati c am nes, such as aniline, are known.
Suitabl e nethods are diBACESGROUNDOF THEBRWYENTION 762, 845; U.S. Pat ent

No. 2,814,646; and U S. Patent No. 3,275,690. U S Patent No. 2,762, 845
di scl oskbs a Belboddhe &nveptiopr oducti on of al kyl ated aromatic ami nes by
reaction of aromatic amnes and ol efins, the procedure being characterized
in that al Uiepreseot ingbntivinmaiatealtd elfrglatediNalkyirdedhenyl-pathahyleredidmings. ky| at i on
reaction. 1 WD 2007/087195 1' CT/ US2007/ 001128
More particularly, the present invention relates to a method for the ring alkylation of N-alkyl-
N'-phenyl -p-phenylenediamines.
2. Description of Related Arxt
Aromatic amines are useful in a broad range of 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, anticzonants, 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.




U.S. Patent No. 2,814,646 discloses reacting aromatic amines, having at

| east one hydrogen on the ami no nitrogen and al so having at | east one
hydrogen on a nuclear carbon atomortho to the am no nitrogen group, wth
an organi cwooipigheds possessi ng one or nore units of capperst@yo@itzon
unsaturation in the presence of an alum num anilide-type catalyst. U S

Pat ent No. 3,275,690 discloses the nuclear al kylation of an aronmatic am ne
by reacting an olefin of the group aliphatic olefins and cycloolefins with
a aromatic amine at a tenperature of about 150-400C in the presence of a
Friedel -Crafts catalyst. U S. Patent No. 3,649,693 discloses the selective
ortho-al kyl ati on of aromatic am nes such as aniline with an olefin in the
presence of an al umi num ani'lide catal yst. The orthoal kyl ated product is
distilled fromthe reaction mxture without prior hydrolysis_and the

resi due remaPrt-AgicahNopeSibede fiselosss reaching 5‘["&1@'&“\"‘%‘1‘* havangt dersboge

ort hoal kyl ati on process. U S. Patent Nos._ 3,654,331 and 3, 923, 892 di scl ose
the sel Brdrpgae oy thp aminomitrgesnandgtiso havingat jsastamehydrogsy PR § Maclf at om
on at | east one nuclear carbon atomortho to an amne group (e.g.,

ani | i nejtomporthidp e aminatmiirggenerenmp with agforgariceraunouad pRFSSETTFRNE Jd°Such as
di ethyl alum numchloride to the aromatic am ne and then_heating the

r esul t awitsmifathoa-te-sarbghpnsatueiosyole presenve of pe sbminupangidedyrst afalysthe
process may al so be carried out in the added presence of an al um num

ani | i de. U. SU-SRetent NNo3,283,690 dizgoscd ithenusias aliyistior efan argmatia amilediyar at i on
of a N-substituted- N -phenyl -p-phenyl enedi am ne conprising reacting (a) a
m xt ur ereeftinglan Mefirnefij greupqlbivhatned plirrcand sitcleolefips P@r;g@(ﬁt%ﬁfml??&hﬁ? ne in a
nol e rati o of N-phenyl - p-qui nonei mne to p-hydrbxydi phenyl arnine of from
1.5:1 trpehstdent ebput B FOA0pTC irntby peasenve of o Frikdeldrre8enefelysf et hanol . 2

U.S. Patent No. 3,649,693 discloses the selective ortho-alkylation of aromatic amines

such as aniline with an olefin in the presence of an aluminum anilide catalyst. The
. orthoalkylated product is distilled from the reaction mixture without prior hydrolysis and the
residue remaining can be recycled as the catalyst for a subsequent orthoalkylation process.

UJ.S. Patent Nos. 3,654,331 and 3,923,892 disclose the selective ortho-alkylation of
aromatic amines having 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 100-300°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-
quinoneimine 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.




WO 2007/ 087195 PCT/ US2007/001128 The di scl osures of the foregoing are
i ncorporated herein by reference in their entirety. SUWMMARY OF TILE
| NVENTI ON The present invention is directed to the single step ring
al kyl ati onyghofogtisy! - N phenyl - phenyl enedi am nes by hegg/a82087460118ur e of
an N-al kyl -N -phenyl - phenyl enedi am ne and one or nore olefins, preferably
under pressure, in the presence of a catalytic anmount of an al kyl al um num
hal i de. More particularly, the present invention is directed to a
single-step process for the ring alkylation of at |east one
N-al kyl - N - phenyl - phenyl enedi am ne with at | east one olefin conprising
heating a m xture of the N-al kyl-N -phenyl phenyl enedi am ne(s) and
olefin(s) in the presence of a catalytic anount of at |east one al kyl
al um num hal i de at a tenperature of _from about 50 to about 350C in a
seal ed vessélherdisclaspenmod Bniforagring ase iseporaies rseindy refemsors prthei cajiretyE
PREFERRED EMBODI MENTS As noted above, the present invention is directed to
a singl e-step -process for SEUMMARY OBIHE INVENTHOMt | east one
N-al kyl - N - phenyl - phenyl enedi am ne with at |east one olefin conprising
heating a mYhewrescofiny¢rtioniafiregied I the biaghs|steprimg Aliedeifingef Nrelkal-Nand
olefin(s) in the presence of a catalytic anount of at |east one al kyl
al uni nukehgtihgaylsnediaminnpley beating aghixtire ofirali cilicy9¥-phendinberylgBg@nine g
seal ed vessel for from about one to about 30 hours. In a preferred
enbodi raedtone br trives Pebss prefemblyvnderpresshes, o tht pydsenye-of heniplyticphrongt efifadi
amne is of the structure: HIN\ / H R

alkyl alurninum halide.

More particularly, 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 ahirinum 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'-pheny]-pheny]enedi amine(s) and olefin(s) in
the presence of a catélytic 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

Iz




3-WD 2007/ 087195 PCT/ US2007/001128 wherein R is selected fromthe group
consisting pf alkyl, cycloalkyl, and radicals of the structural fornula:
rRe 2 R3'-~-0 CUH~, 0CSC H2R2 L n wherein R2 nay be the sane or
different @quéﬁsy?gependent ly selected fromthe group pefR§iedt/hiltksOf

hydr ogen an R3 is selected fromthe group consisting of alkyl of
froml to 12 carbon atons and n is an integer of fromO to 6. Wth respect
to the above phenyl enediam ne forrmula, preferably R is selected from the
group consisting of alkyls having froml to 50 carbon atons and cycl oal kyl s
having from 3 to 30 carbon atons. A nethod for preparing the

N-al kyl - N' - phenyl - phenyl enedi am nes enployed in the practice of the
present invention is described in U S. Patent No. 5,371,289, the disclosure
of which is |ncorporated herein by reference. These

N- al ky| wherejprR'riy selp¢tediiountbd eovpreensiging ofalksb cﬂéﬂplkﬂpam%tﬁdwlmfwﬁ means

known to those skilled in the art. The N-al kyl - N -phenyl - phenyl enedi am nes
t hat castrigbirdrfpinoyled i n t he practice of the present i nvention include, but
are not limted to, the followi ng: N nethyl-N -phenyl-p-phenyl enedi am ne,
_ I
Lo |
Ra/oq\C/H\O// \g/
. H2 l
\ R?

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 is an integer of from 0 to 6.

With respect to the above phenylenediamiﬁe 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-phenylencediamines 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—a-lkyl-N'—phenyI—phenylenediamin €S 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,




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

yl enedi am ne, 4 WD 2007/087195 PCT/ US2007/001128

N-i sopropyl - N - phenyl - p- phenyl enedi am ne,

N-n- but yl - Wo-e6@aRYyies P- phenyl enedi am ne, PCT/US2007/001128
N-see-butyl - N - phenyl - p- phenyl enedi am ne,

N- n- pentyl - N - phenyl - p- phenyl enedi am ne,

N- 1- net hyl but yl - N' - phenyl - p- phenyl enedi am ne,

N (1- net hyl heptyl ) - N - phenyl - p- phenyl enedi am ne,

N1, 2-di met hyl pr-opyl - N - phenyl - p- phenyl enedi am ne,

N- 2- met hyl but yl - N' - phenyl - p- phenyl enedi am ne,

N 3- net hyl but y4- N - phenyl - p- phenyl enedi am ne,

N 1- et hyl propyl - N - phenyl - p- phenyl enedi ami ne, N-n-hexyl-N -phenyl -p

pheny| enggé B AS-phbhll-piplidtylapedibinine]N - phenyl - p- phenyl enedi am ne,
N- 2- met hyl pentyl - N - phenyl - p- phenyl enedi am ne,

N- 3- met Ryd-Bet-Mi-piényR hylgndabemivé.enedi am ne,
N 4- et hyl pentyl - N - phenyl - p- phenyl enedi am ne,

N- 1, 2- diyoRE vl yhe 'l_pp{]ﬁﬂ en@tigmey| enedi am ne,
N- 1, 3-di net hyltylg-ut %/SI xﬁ* -p en%ﬂl - p- phenyl enedi am ne,

N-1-et hwlﬁﬂéﬁf#lzﬁj-ﬂﬁhw%h&m&ﬁa%hﬂﬁ@d! ani ne,

N 2- et hyl but yT - N - phenyl - p-phenyl enedi am ne,
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,
N—l-ethyl;_propyl—N'-pheny}-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-IN'-phenyl-p-phenylenediamine,
N-heptyl-N*-phenyl-p-phenylenediamine,
N-octyl-N'-phenyl-p-phenylenediamine,

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




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 wplreewtisspsphenyl enedi am ne, N-cyclo o PCT/US2007/001128

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

N- cycl ohexyl - N - phenyl - p- phenyl enedi am ne,

N- net hyl cycl ohexyl - N - phenyl - p- phenyl enedi am ne, and

N-cycl eoctyl - N - phenyl - p- phenyl enedi am ne. Preferably, the

N-al kyl - N - phenyl - phenyl enedi am ne is selected fromthe group consisting
of : N- (1, 3-di net hyl butyl)-Wphenyl - p- phenyl enedi am ne,

N sopropyl N - phenyl p phenyl enedi am ne,

N-(1-neth tyI ) - henyl p- phenyl enedi am ne, and

N-cycl off é;v@f "P}fﬂ‘i‘ Jﬁ?ﬂ? PER%di ami ne.

N- (1, 3-di net hyl butyl) - N phenyl phenyl enedi ani ne and

N-i sopr YpfyF QNCUbﬁIGHWQYb'P H%‘ﬁ%ﬂ?’l‘%ﬁ"éﬂp‘ém ne, which are comercially avail able
as Flexzone 7 and Fl exzone 3C, respectively, are especially preferred. The
st r uct uNaYClobeRtN-benyitReRbessienedipgmel 3 \ N HC-CH 3 C.-C

N-methylcyclohexyl-N'-phenyl-p-phenylenediamine, and
N-cyclooctyl-N'-phenyl-p-phenyienediamine.
Preferably, the N-alkyl-N'-phenyl-phenylenediamine is selected from the group
consisting of:
N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine,
N-1sopropyl-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-phenylenedi ar.nine and N-isopropyl-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:




Hz HsC 6 WO 2007/087195 PCTI US2007/ 001128 The structure of Flexzone 3C
ist HH \'/ NN jGCH3 H3C In the process of the present invention the
N-al kyl - N - phenyl - phenyl enediamne is reacted with at | east one ol efin.
The ol ef i myousm@foatios n t he process of the present inventpowuszoe7eizscritica
and include olefins which are both nono- or poly-unsaturated, cyclic or
acyclic, substituted or un- substituted, and both term nal and i nternal

ol efins. Exanples of acyclic nonool efins include, but are not limted to,
et hyl ene; propyl ene; butene-1; butene-2; isobutene; pentene-1; isopentene;
pent ene-2; hexene-1; hexene-2; 2- nethyl pentene- 1; 2-nethyl pentene-2;

n- decene-1; 2-ethyl octene-1; 2-ethyl octene-2; n-decene-2; dodecene-|;
2-ethyl decene-1;2-ethyl decene-2; dodecene-2; octadecene-1; octadecene-?2;
2-met hyl hept adecene-1; di-jsobutylene; eicosene-1; eicosene-2; 2-ethyl

oct adecErestmciugpebElereone foléosene- 2; triacontene-1; 2-ethyl octacosene-1;
tetracontene-2; pentacontene-1; and the |ike. Exanples of cyclic

nonool efins include, but are not |limted to, cyclopentene, cyclohexene,
cycl ooct ene, 1-methyl cycl ohexgne,

| cygl ohexene, 1-nethylcycl ooctene,
N
Ebmw—cu
3
H;/ ' ,

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.

E;camples 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-cthyl
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-methyloyclohexene, 1-butylcyclohexene, 1-methylcyclooctene,
and the like.

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




and the like. Useful acyclic polyenes include, but are not limted to, 1,3
but adi ene, 7 WO 2007/087195 PCT/ US2007/001128 2-net hyl -1, 3- but adi ene,

2, 3-di met hyl - 1. 3- but adi ene, 1, 4-pentadi ene, and the |ike. Useful cyclic
pol yenes iwol2oafes7iosit are not |imted to, cycl opentadi eReT/US2007/601128

di cycl opent adi ene, 1, 3-cycl ooct adi ene, 1, 3-cycl opent adi ene, 1, 4-out adi ene,
1,3,5- cyclooctatriene, and the |Iike. Non-hydrocarbon ol efins can be used,
al t hough these olefins are not preferred. They can have any substituents
that do not interfere with the reaction. Exanples of such substituents

i nclude, but are not limted to, hal ogens, al koxy groups, aryloxy groups,
aryl radicals, and the like. Illustrative exanples of such non-hydrocarbon
ol efins are 2-chloro-3- butadiene, vinyl chloride, allyl chloride, vinyl

brom de, ethyl vinyl ether, phenyl vinyl ether,  butyl vinyl ether, |auryl
acryl at%?‘eﬁ’égHTbué%]l“iﬂeaggjd“&ﬁ@y{]ﬁ'é ytacene; i?g'g}’«?ﬂ'@fhﬁP?’ aflﬂéi‘?%%ef preferred

ol efin reactants are the hydrocarpon acycg|ic ., nonool efins conprising from?2
to about 50'g§#Wdﬁm%&Bg¥?*§9@$? =Eﬁ%ﬂ?ﬂ@ﬁﬁﬁm%ﬁWs%ﬁbTFW8ﬂ¢3@to 10 car bon

atons, and aryl-substituted npnool efins conprising frgm8_to20 carbon

at ons. dﬁb@l%’?ﬁtﬁ‘ﬁtm&ﬂ%ﬂé‘ﬂ?‘i’ﬁ%%IxﬁﬂYFIQPS‘thdp‘E‘éepéﬁo‘?cﬁﬁh%ﬁﬁv%et her mono- or
di-alkylation is desired. In general, fromabout 0.5 nole equivalent to 8
nol e eduFiPariertgeomddhelikyy are added for each nole

of N- al kyl - N' - phenyl - phenyl| enedi ami ne. A nost useful range is from_ about

one nol e equiehedrecarbonplstins eagrheaisad)alihangh theseolnlnsgre eotarefarredr Thagych nol e
equi val ent of N-al kyl -N -phenyl - phenyl enedi am ne. The process proceeds
best atcasbavarstrubgitpentathat dg notantesterd vith thegeadtigns E@%ﬁlﬂ@é af swh
substituents include, but are not limited to, halogens, alkoxy groups, aryloxy groups, aryl
radicals, and the like. Hlustrative examples of such non-hydrocarbon olefins are 2-chloro-3-
butadiene, vinyl chloride, allyl chloride, vinyl bromide, ethyl vinyl ether, phenyl vinyl ether,
butyl vinyl ether, lauryl acrylate, meti&y] acrylate, and the like.
In general, the most preferred olefin reactanfs 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§ to20 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,




to about 350C. A preferred tenperature range is fromabout 100 C to about
300C, nore preferably fromabout 140 C to about 240C. The pressure under
which the reaction is conducted is not an independent variable, 8 WO
2007/ 0871980R@N/8826007/ 001128 and varies with the tenpepcaUsIe7/@Itksvapor
pressure of the reactants. Wth the nore volatile |ower olefins, such as
ethyl ene, the reaction pressure will be quite high, while with the higher
ol efins only noderate pressures will be observed. Dependi ng upon the
reactants and the tenperature, the pressure will normally range from about
10 to about 1800 psig, depending upon the olefin used. The al kyl al um num
hal i des enpl oyed as catal ysts in the practice of the present invention

i ncl ude any al um num conpound cont ai ni ng both an al kyl radical in which a

car bon aton1of { is bonded directly.to an al ym pum atom al so
contai g ‘Pgﬁ%wﬁ*ﬁfﬁwsaﬂﬂgﬁpomeéw ot o Seitiedt. AR IR BB e o

i ncl ude the di_al k al u nun1 hal i des, the al unj num di hal.i des, and
t he al k‘We%ﬂ’lﬁﬁf‘?a &ﬁ‘ﬂ% 168 P@égactls%nﬁeswawﬁﬂ Eg ‘1"‘6 glh with; q&%‘rer
alumrn1g$m|des re di nethyl alum num brom de, diethyl alum num bron de,
di et hy!° rﬁrﬂmo ﬁqatﬁnra%urea iwifl bg obtsyyeda RfReRding emrbﬁhiea@cw&rsl aagishg |

al um num i odide, diisoanyl alum num chloride, di-n-dodecyl alunlnum

chl or i dEMPERAtre;ths BrSsSPre Wall peralirmes Foseabony A0 dhoupl BQLPsE. dsPedngal uni num

di hal i des i nclude nethyl alum num dichloride, ethyl alum numdichloride,
et hyl dgrithreBrMFSki de, n-propyl al uminum dichloride, isobutyl aluninum
di brom de, n- hex%ﬂ]alunlnunldlbronlde sec-decyl al um num_di-i odi de,

n-dodecyl althf Hrhalyeinveyhadides employrdas catalystsdn the nrasHcgiob thsmrersnt Bot h t he

above di al kyl al um num halides and the al kyl alum num di halides are
invention include any aluminum compound containing both an alkyl radical in which a

carbon atom of the alkyl is bonded directly to an aluminum atom and also containing a
halogen atom bonded directly to the aluminam atom. These include the dialkyl aluminum
balides, the alkyl aluminum dihalides, and the alky! aluminum sesquihalides. Some examples
of suitable diaikyl aluminum halides 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 alunliﬁum dihalides include methyl aluminum
dichloride, ethyl alominum dichloride, ethyl aluminnum 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 atomn. Examples of useful alkyl aluminum




believed to exist in the formof diners and these, of course, are included
within the scope of the present invention. Al kyl alum num sesqui hali des
have the enpirical fornula R3A12X3, wherein R represents an al kyl group and
X a hal ogewoabmms7iexanpl es of useful al kyl al um num 9 WEr/28d /63¥395
PCTI US2007/ 001128 sesqui hal i des include methyl alum num sesqui chl ori de,
met hyl al um num sesqui brom de, ethyl al um num sesquichloride, ethyl
al um num sesqui brom de, ethyl al um num ses- quiiodide, n-propyl alum num
sesqui chl ori de, n-propyl alum num sesqui brom de, isobutyl alum num
sesqui chl oride, isobutyl alum num sesquiiodide, n-hexyl alum num
sesqui i odi de, n-decyl al um num sesquichl oride, n-dodecyl al um num
sesqui brom de, and sec-ei cosyl al um num sesqui chl oride. The above al kyl
al um num hal i des can be used individually or can be added to the aromatic
ani ne asejauihalifesinglude mgdod alumimim sesqWsblosidaunethygfalethiopin sdsquibromiidgal | de
added should be a catalytic anobunt. This neans it should be sufficient to
cause t ¢tydplafriinum gesguiohlaide, etheMiehinyin-skiquiiremide, pihwhathmiecs sexi ne  at a
satisfactory rate under the reaction conditions enpl oyed. At higher
t enper agyhedidamdpropy! dhiginem: sdsediciioddn oqmopid plumisumlsesmitoamidey fbbutg]
required. In general, good results are obtained if sufficient alkyl
al um nuplumEhidecsgichdoralt, isobuiybalamonmt sesquitidive, h-bepylatimEuanesgiirdidal om of
al um num for each 5-40 gram nol es of N-al kyl -N - phenyl - phenyl enedi anm ne,
al t hough-dwylelunimiressqwelioliée, nsddlecy) ahmtigun sedoptbresi D eidddcgeosANge 1S the
amount sufficient to provide one gram atom of alum numfor each 7-25 gram
nol es ofNmdhinylsedduigblhaidel - phenyl enedi am ne, and a nost preferred anount is
that which provides one gram atom of al um num per each 10-

The above alkyl aluminum hatides can be used individually or can be added to the

aromatic amine as mixtures with good results.

The amount of alky! aluminum halide added should be a catalytic amount. This means
it should be sufficient to cause the olefin to alkylate the N-alkyl-N'-phenyl-phenylenediamine
at a satisfactory rate nnder the reaction conditions employed. Athigher 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 eacl-; 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};r] 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




20 gram nol es of N-al kyl - N - phenyl - phenyl enedi am ne. The reaction tinme wl|
vary to sone extent with the reactants used. A greater influence is
exerted by the reaction tenperature and the anount of al kyl alum num halide
added. Thewproemssioshoul d be conducted until the desiredcdegrenenizs

al kylation is attained. The progress of the reaction can be nonitored by
periodically wthdrawi ng sanples and 10 WO 2007/ 087195 PCT/ US2007/ 001128
anal yzi ng them by vapor phase chronmat ography. Various features and aspects
of the present invention are illustrated fiu-ther in the exanples that
follow While these exanples are presented to show one skilled in the art
how to operate within 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 follow ng equation is provided to illustrate the features of the

pr oces sangtyzingdherg byyaper phipveshrroatlogrigl® decene is used as the olefin and

di ethyl aluminumchloride is used as the catalyst. H N/ \ +
CH3( CH2) 7 CH=rpousEiaturespd peperts offheruesent invention are illustrated further in the

examples that follow. While these examples are presented to show one skilled in the art how
to operate within the scope of the invention, they are not intended in any way to serve as a
Hmitation upon the scope of the invention.
EXAMPLES
The following equation is provided to illustrate the features of the process of the
present invention where decene is used as the olefin and diethy! aluminum chloride is used as

the catalyst.

Y

DEAC
+ CHy(CH,),CH=CH, —
cH,
N—CH
BN
cH,
C1GH21
H
H N C..H
+
o o
N—CH i N
NN CH,
CH,
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CIGH21 NNCOH21 CH3 NCH CH3 NCHHCH HCH3 3 11 WD 2007/087195

PCT/ US2007/ 001128 Dependi ng upon the physical properties (gas or |iquid)
of the olefins used, there are two different procedures that can be used.
1. Light olvefdommes¢®sg., ethyl ene, propyl ene, butanes) FerTasomeobiiiser

aut ocl ave, about 0.85 nole of N-al kyl -N -phenyl - phenyl ene diamne is first
| oaded into the autoclave. The autoclave is sealed and pressure tested with
300 psig of nitrogen before releasing the vessel to atnospheric pressure.
About 0.02-0. 2 nole of diethyl alum numchloride (DEAC) solution in
hexane (catalyst) is injected with a syringe through a ball valve to the
autocl ave while protected by nitrogen. Then, a certain anount of |ight
olefin, e.g, ethylene or propylene, is fed through an electric bottle. The
vessel is then heated to a_desired tenperature wth agitation, and kept at
thi s tenper atiRgrendiseg vaopEeinbysierl prenegiss égag or liqpid) af heglgfinsmsery [theys areh e
reaction is stopped by cooling the autoclave down and rel easing pressure

f r om t héwo difdespnt proedwysss dbat san bewsedaken for anal ysis. Sanples are al so
taken through a dip tube during the run to neasure its progress. Exanpl es
of i ghtt. ol eftiight eleinsstecguethyleng glyppyldne, bakrings)]

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 cooiing 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 Qlefin/ Time Percent Percent Yield®
Flexzone | (Hours) | [lexzone ) - A
Converion | i alkyl | Tri-alkyl | Tri-alkyl
A B

1 DEAC C,H, 3.8 16 88 47.2 33.2 4.9
2 DEAC C.H, 4.0 12 97 63.2 29.1 2.5
3 DEAC | CH, 6.4 16 93 g81° - -

a. Reactions with DEAC as catalyst were run\n a one liter hastelloy autoctave.
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Results of Direct Flexzone-7 Al kylation Exanple Catalyst Oefin Aefin/
Time Percent Percent Yield  Flexzone (Hours) Flexzone Convenon D -al kyl
Tri-alkyl Tri-alkyl A B 1 DEAC Q2H4 3.8 16 88 47.2 33.2 4.9 2 DEAC C2H4
4.0 12 97 ¥®.28072871852. 5 3 DEAL C3H6 6.4 16 93 81" -- - par/USe@ENIORS W th
DEAC as catalyst were run 'in a one liter hastelloy autoclave. 12 W
2007/ 087195 PCTI US2007/001128 Reactions were run at 180C for 15 hrs.
Vessel contained 223 grans of Flexzone-7, 80 nL of 1 M DEAC in hexane
(about 56 grams), and corresponding olefin. b. Yield of different products.
D -al kyl and tri-al kyl nean "dial kyl ation" and "tri- alkylation."

D -al kyl ati on has one al kyl group on each of the two aromatic rings.
Tri-alkyl A is three alkyl groups attached to Fl exzone with two al kyl
groups on the aromatic ring with one amno group and one al kyl 8roup on

t he ar dhseetiensrwerg riseat i8R dor 19dvrgr Yagssl coptai 3erapy ef Blekgangt e @d0mlexzone
about 7% Qefins used inliquid form In a one liter hastell oy autoclave,
cert ai fdrdUPESCoh hpkameKghiouhd6 groos)| andisemedpending @lefimi ne and ol efin are

| oaded before the autoclave is sealed and pressure tested. A catalyst,

such ash.DEACicH dfalifferentgrodidts Ehitalipl and wirdlkyinmehd bdialiiplatibh'Bad) "trii s i nj ect ed
through a syringe to the autoclave with nitrogen protection. Then, the

r eact oralkdativedlt Bil-atkylaioddms pegalkyl group on each of the two aromatic rings. Tri-alkyl A

is three alkyl groups attached to Flexzone with two alkyl groups on the aromatic ring with one
amino group and one alkyl group on the aromatic ring between amino groups.

C. Mono propyl alkylated Flexzone about 7%

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 iﬁ hexane or diisobutyl aluminum chloride (DIBAC), is injected through a
syringe to the autoclave with nitrogen protection. Then, the reactor is heaFed 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 dowln to room temperature. Samples can be
taken after or during the run to measure its yield or conversion. Examples of different liguid

olefins are listed in Tables 2 through 5.
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tenperature with agitation, and kept at this tenperature for a period of
tinme (e.g., 2-24 hrs). The reaction is stopped by cooling the reactor down
to roomtenperature. Sanples can be taken after or during the run to
nmeasur e i twopb@ld7ios conversi on. Exanpl es of different pCmuszmo7/@iteBi ns are
listed in Tables 2 through 5. 13 WD 2007/087195 PCT/ US2007/001128 Table 2
Results of Direct Flexzone 3C Alkylation to Make GBFEa Exanpl e Conditions %
% Sel . Monob % Sel. b Tenp. Tine DEAC. 3C. Decene Conv. Total GBFE' D (O
(Hours) (Mole ratio) 4 180 15 1:10:15 59 88 57 11 5 220 15 1:10:10 63 89
52 11 6 200 15 1:5:5 75 81 45 18 a. Al reactions were run in a one liter
hastel | oy vessel. Total volune is about the sanme for all reactions (around
350 mM ). Flexzone SC and decene are Ioaded f| rst DEAC is put in through

, ! b. %
Sel . ano and %Sel D| rrean %sel ec‘fabwm es to nono aI kyI ation and d
al kyl atji on pr oductBesufts peDirestayxzofie 3T MdkgktiarctoWIske0EBERFE i1s: H2
H3Q\ O grH(CHgCH3" -
Example Conditions % % Sel. Mono® % Sel.
. Conv. Di*
Temp. Time DEAC:3C:Decene Total GBFE®
("C) (Hours) (Mole ratio)
4 180 15 1:10:15 59 88 57 11
5 220 15 1:10:10 63 89 52 11
! 6 200 15 1:5:5 75 81 45 i8
a. All reactions were run in a one liter hastelloy vessel. Total volume is about the same

for all reactions (around 350 ml ). Flexzone 3C and decene are loaded first. 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:

(CH),CH,

y

Q
I
2]
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CHa aN GH H' 14 WO 2007/087195 PCTI US2007/ 001128 Tabl e 3 Further
Results of Direct Flexzone 3C Alkylation to Make GBFE Exanpl e Conditions %
Conv. % Sel. Mono % Sel. Tenp. DEAC. 3C. Decene Total GBFE DI (C) (Ml e
rati o) 7 1®02007087195 92 71 46 29 S 160 1:5:7.5 79 87 68ct@s2087/480%:s1: 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 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 hastelloy vessel. Total volune is approximtely the sane
for all reactions (350 nL). Flexzone 3C and decene are | oaded first. DEAC
s put in through a syringe after the vessel is seal ed, pressure tested,
and N. purged. Reactions were run for 15 hours at tenperature. Exanple 13
Exanpl e 10 was repeated except that DI BAC was substituted for the DEAC
enpl oyed _therein .The percent conversion was 58, the percents Sel. no

were 92.4 (total) and 63.5 (GBFE); gkt he percent Sel. D was 7.6.
Further Results of Direct Flexzone 3C Alkylation to Make GBFE®
Example Conditions % Conv. % Sel. Mono % S_el.
Temp. | DEAC:3C:Decene Total | GBFE bi
cO) (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 77.3 87.5 67.2 12.5
12 180 1:5:5 80.4 76.3 52.2 2.7
a. All reactions were Tan 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 Sél. Mono were 924 (total) and 63.5

(GBFE); and the percent Sel. Di was 7.6.
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15 WO 2007/087195 PCTI US2007/ 001128 Table 4 Results of Direct GGFE

Al kyl ation'tb Exanples Conditions % Conv. % Sel. Mno Tenp. (O

DEAC. GGFE: Decene Tinme (hrs.) (Mdle ratio) 14 180 1:10:10 5 22 79 15 220
1:5:5 4 73wnLoo71B7HK85 1:5:5 4 61 92 a. All reactions WePETUSIOT01E80NE
liter vessel. Total volune is about the sane for all reactions (around 300
m- ). GGFE and decene are | oaded first. DEAC is put in through a syringe
after the vessel is sealed, pressure tested, and N2 purged. b. GGFE is

N1, 3-di methyl butyl aniline. Table 5 Flexzone 7 Ring Alkylation with

Di cycl opent adi ene’ Exanpl e Fl exzone: ol efi n: DEAC Tenp. Tine % Conv. S-a (%b
Sb (Wb (Mle 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 -- --

Table 4
Results of Direct GGFE Alkylation®®
Examples Conditions % Conv. % Sel.
. Mono
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 Tun 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 (%6)°
(Mole ratio) (&) (hours)
17 10:5:1 150 16 464 33.6 66.4
18 10:5:1 150 20 47.3 33.7 66.3
i9 5:5:1 170 16 92.0 32.0 68.0
20 - 100100 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

16




21 10:10:1 135 5 5.0 32.3 67.7 22 10:5:2 1355 8.8 33.366.7 16 it WO
2007/ 087195 PCTI US2007/ 001128 a. Reaction was conducted in a one liter
hast el | oy autoclave. Flexzone 7 and dicycl opentadi ene were | oaded first.
DEAC was | Woeoe#a#7185t h syringe with nitrogen protecti orcaftisecn7ennzsc| ave
was seal ed and pressure tested. b. S-a is the conbination of selectivities
to the two isoners wwth the al kylation on the ring between am no groups.
S-b is the conmbination of selectivities to the isomers with alkylation on
the aromatice ring connecting only the one am no. These two isoners have

| onger retention time on gas chromatography (GC). The structure of

di cycl opentadiene is: Z Dicyclopentadi ene has four carbons that can
attach to an aromatic ring. Two of the four alkylation isonmers are

al kyl ated on_the aromatic ring betyeen t am n r s and the other two
are al k¥l at eBeastion §@s &?Wﬁddnﬁioﬁﬁ\ﬁ%ﬁhﬁs%fﬂyyauf%ga ng:ﬂg‘ﬁ?%’?@?‘gup In view
of the many changes and nodifications that %ﬁn,gﬁﬁnade w, t hout departing
from prfisrslepeatadigngarargloaged At REAL Ve srief syl Engd Wit ®RERade to t he

appended clains_ for an understandi ng of the scope of the protection to be
af f or deprofastion pRasruiasiave wes peged aydyriagure tested.

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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What is clainmed is: 1. A single-step process for the ring al kylation of at

| east one N-al kyl-N -phenyl - phenyl enedi am ne with at | east one olefin
selected fromthe group consisting of hydrocarbon acyclic nonool efins
conprising from2 to about 50 carbon atoms, cyclic olefins conprising from
5 to 10 carbon atons, and aryl-substituted nonool efins conprising from38
to 20 carbon atons; wherein said process conprises the single step of
heating a m xture of the N-al kyl-N - phenyl - phenyl enedi am ne(s) and
olefin(s) in the presence of a catalytic amount of at |east one al kyl

al umi num halide at a tenperature &LAMIM about 50 to about- 350C in a

seal ed vessel for from about one to about 30 hours. 2. The process of claim
1 wherein the N-al kyl -N -phenyl - phenyl enedi amine is of the structure: {
wher ei n Rlatiisclaph&ciked fromthe group consisting of alkyl, cycloal kyl, and
radicals of the structural formula: R2 | HZ R6 C-'C~C 1~ HZ 12 18
WO 2007/ 087195 PCT/ US2007/001128

1. A single-step process for the ring alkylation of at least one N-alkyl-N’-phenyl-
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 to 20 carbon atoms;

wherein said process comprises the single step of 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°Cina

sealed vessel for from about one to about 30 hours.

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

the structure:

ﬁ‘g‘,m N
24 /_._mﬁ ~\

»a--uwwwv‘

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

the structural formula:
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wherein RZ may be the sane or different and is i ndependently selected from
the group consisting of hydrogen and nethyl, R3 is selected fromthe group
consisting of alkyl of from1 to 12 carbon atons and n is an integer of
fromO to WOB7/MAWspr ocess of claim?2 wherein R is selpetiusdooioanest he
group consisting of alkyls of from1l to 50 carbon atons and cycl oal kyl s of
from3 to 30 carbon atons. 4. The process of claim| wherein the
N-al kyl - N - phenyl phenyl enediamne is selected fromthe group consisting
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-i sopropyl-N -phenyl - p- phenyl
enedi amine, N-n-butyl-N -phenyl -p-phenyl enedi anm ne,
ﬁ :‘]_eg elrol\fli!'g) gewl\i_izptﬁgﬁg¥ Eﬁgﬁﬁgﬁgﬁéﬁgﬁﬁ g%;?ﬁ:]é?gépmdenﬂy selected from the group
N 1- met hyl utyl - N - phenyl - p- ph enedi am_ne, ..
N-(1- ne‘f%#ﬂé%?%g‘ﬁ% 1 ) Rﬂ%@h}g; Jhlé ﬁglpgﬁggpwﬁg{oup consisting of alkyl of from 1
N1, 2-dj met hyl propyl - N - phenyl - p- phenyl enedi am ne,
N- 2- met Ryi2otRA Pmp rehy 1< P BiserRALdiE P dnbne,
N- 3- net hyl but yl - N - phenyl - p- phenyl enedi am ne, 19 WD 2007/ 087195
PCTI US2007/ 001128 N-1-ethyl prop yl-N -phenyl - p- phenyl enedi am ne,
N- n- hexgll -N - phenyl - p- phenyl enedi am ne o

. e 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—phenyl enediamine,
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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N 1- et hyl pentyl - N - phenyl - p- phenyl enedi am ne,

N- 2- met hyl pentyl - N - phenyl - p- phenyl enedi am ne,

N 3- net hyl pent yl - N - phenyl - p- phenyl enedi am ne,

N 4- met hy| p@oyinsiiosphenyl - p- phenyl enedi am ne, PCT/US2007/001128
N1, 2-di et hyl butyl - N - phenyl - p- phenyl enedi am ne,

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

N-i-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,
N-decyl - q%geny phenyl enedi am ne,
N-cycl oHclt' herp’ heheyYlersinmingne,

N- cycl ohexyl - N - phenyl - p- phenyl enedi am ne,
N- net hyNdybtlm}r&-@hewlpp?l@ﬁyﬁen‘?ﬂl%@ﬁyl enedi ani ne, and

N-cycl ooctyl - N -phenyl - p- phenyl enedi anine. 5. The process of claim!l
wher ei nNthmeﬂlyaiektwll‘Rthpmmhepﬂémﬂ@Wé&l amine is selected fromthe group
consisting of 20 la N-(1, 3-dinethyl butyl)-N -phenyl - p-phenyl enedi am ne,

N- i sopr Bgrmefivipsntiy’ @e%ﬁﬁmheehbmm&
N- (1-nethYt hept YI')- N - phenyl - P- PhenYl enedi am ne, and
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-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:
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N-cycl ohexyl - N - phenyl - p- phenyl enedi am ne. 6. The process of claiml
wherein the N-al kyl -N -phenyl - phenyl enedianmine is selected fromthe group
consisting of N (1, 3-dinethyl butyl)-N -phenyl -p- phenyl enedi am ne and

N-i sopropyl -N -phenyl - p- phenyl enedi am ne. 7. The process of claim1l wherein
fromabout 0.5 nole equivalent to 8 nole equivalents of olefin are added
for each nole of N-al kyl -N -phenyl - phenyl enedi am ne. 8. The process of

claim1l mqalgqhﬂlegﬂg,%@*mw @%ﬂﬁlﬂ]gjﬁ@ﬂypénbg@mlﬁe sel ected fromthe group

consi sting of di méthyl al um num brom de, di et hyl al um num bromi de, diethyl
al um nurNesupoenydeY’ -Iﬂlenrﬂ-mrpbgwle@dmmIMm chl ori de di i sobutyl al um num

i odi de, m di.i sqany al um num chl ori de,
di - n- dool\eIgHmé%?ﬂng%@w qen?ll Lenaflleel}eglgglﬁe aFum num broni de, net hyl

al um num@(@]bh@{ylme,p}@hyylb_pﬁé@[@ﬂaumm@b chl oride, ethyl alum num di brom de,
n- propyl um num di chl oride, isobutyl alum num di brom de, n-hexyl
al um num di brom de, sec- decyl al um num di - i odi de, n- dodecyl alum num

di chl ori i.chl oride,
met hyl 6fjum num %gggtﬁl%lr om dlf%lgﬁlt Eﬁqﬂgﬁﬁﬂlﬁﬁﬁq?gg% ﬁg ﬁﬁ%g %

al um nursekegqui ﬁbmm the, gohy!l oahslmn‘gurrbﬁeN-glu]‘s4dﬁfletﬁ3%1buljﬂ)|9Nbphd:nyﬂarlpum num
sesqui chl oride, n-p al um num sesqui brom de, i sobutyl al um num

sesqui cHIMGRY! gacd lam@s@ag W 1Saprﬁﬁ¥1n1ﬂnpg@5féf@rﬁf@avla%e 1HOWExy]  al umi num

sesqui i odi de, n-decyl alum num sesquichloride, n-dodecyl alum num

sesqui brom de, and sec-eicosyl alum num sesquichloride. 9. The process of
cl ai m 8 Mher €fhe ploecsal dydlaial Umvineroinhixbindebous Osselett eghifalam toh& mae oup

consi sti nglvaIen’(cjsl et Py le?ilnunérgumd% | Ortjode eg&d (rjriolleSOb?t *'I aﬂ(ly&]m —p'Tllen)(f:lhl ori de.

phenylenediamine.

8. 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 chloride, di-n-dodecyl aluminum
chloride, dieicosyl aluminum bromide, 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, n-eicosyl aluminum dibromide, methyl aluminum
sesquichloride, methyl aluminum sesquibromide, ethyl aluminum sesquichloride,
ethyl aluminum sesquibromide, ethyl aluminum ses-quiiodide, n-propyl aluminum
sesquichloride, n-propyl aluminum sesquibromide, isobutyl aluminum sesquichloride,
1sobutyl aluminum sesquiiodide, n-hexyl aluminum sesquiiodide, n-decyl aluminum
sesquichlonde, n—dodecyl aluminum sesquibromide, and sec-eicosyl aluminum

sesquichloride.

9. The process of claim 8 wherein the alkyl aluminum halide is selected from the

group consisting of diethyl aluminum chloride and diisobutyl aluminum chloride.

10. A single-step process for the ring alkylation of at least one N-alkyl-N’-phenyl-
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10. A single-step process for the ring alkylation of at |east one

N-al kyl - N - phenyl - 21 phenyl enedi am ne sel ected fromthe group consisting
of N-(1, 3-di nethyl butyl)-N - phenyl - p- phenyl enedi am ne and

N-i sopropyl -N -phenyl - p- phenyl enedi amine with at |east one olefin selected
fromthe group consisting of hydrocarbon acyclic nonoolefins conprising
from2 to about 50 carbon atons, cyclic olefins conprising from5 to 10

carbon aiHeRBlenédisinieydel @S frbinUihe der M @ehREtindSo L NN I-Sintgh fih@ym &'t 020
carbon atons, wherein fromabout 0.5 nole equivalent to 8 nole equivalents

of ol ef i phengr-phersdenetigming and MbisepepyNNaipkgnyltr-phsnaleprdipniney Wihedi am ne
it . A . $
conpri si lg%t ;"’ﬁ@é ﬁélgmy%kj?ﬁ%éd‘gﬂn?msih%g ﬁ,gé}iﬂ NSnBEREESK & H@%%xﬁgﬁ e?‘ﬁ%ﬁ‘g?g a

m xture phenyl enedi am ne(s n in the

pr esencem@hodefont @mprsthgafomm toibaait 50 eationiems,adyklid orfiugiconprisiag i de
selected_fromthe group consisting_of diethyl alumnum  ch|loride and
di i sobutf§ema) f@nliOn%%bfehqltamsd@ldaarylaﬂtbéwéﬁddpawl%ﬁmfqoamrﬁm&#ormAiotog% about

240C in c%{ Cazlt&ﬁs %ﬁ%vﬁiah a2k 3155@@-53@8%%3991&%@@%% é&i@ﬁéﬁt%g&%ﬁ The

process 0 alm’2 wherein froma nol e equivalent to nol e
equi val emrt addxfd fol eddhnmaicerfadie B -No+phemd iphenylenii anina lckylpriNng phernyh -

phenyl enedi amj ne. 12. The process of claim 2 wherein th yl. al um num
hal i de i'° SERECHERYOF HERTOtHR CHPBURFSIGAYRS f Pyt ot OgF‘W‘FeT‘#ﬂ_@‘fﬁ'ﬁtﬁheﬂﬂm br omi de,
di et hyl ﬁeﬁﬂb%ﬁ{rll?(@ lgfr‘d oleBheh !ﬂ)’!he?éé&%hw ac&lté?{/ﬁcgﬁnoﬁit'o?apl%%ﬁhe al umi num

chl oride, diisobut al um num “i odi di i sobutyl al um num chl ori de,
di i soamydlkdl almimwm divllide | shéscteadi fnond dlake @gpdup abnsstimgnoL idiabhyl dgpmitiven cosy |

o b T B0 95 B M BLIRLFLH hGnaPbfh rcho i sl ce

about 240°C in a sealed vessel for from about one to about 30 hours.

11.  The process of claim 2 wherein from about 0.5 mole equivalent to 8 mole
equivalents of olefin are added for each mole of N-alkyl-N’-phenyl-

phenylenediamine.

12.  The process of claim 2 wherein the alkyl alumimum halide is selected from
the group consisting of dimethyl aluminum bromide, diethyl aluminum bromide,
dicthyl aluminum chloride, di-n-propyl aluminum chloride, diisobutyl aluminum
iodide, diisobutyl aluminum chloride, diiscamyl aluminum chlonide, di-n-dodecyl
aluminum chloride, dieicosyl aluminum bromide, methyl alumnum dicloride, 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, n-eicosyl aluminum dibromide, methyl
aluminum sesquichloride, methyl aluminum sesquibromide, ethyl aluminum
sesquichloride, ethyl aluminum sesquibromide, ethyl aluminum ses-quiiodide, n-
propyl aluminum sesquichloride, n-propyl aluminum sesquibromide, isobutyl
aluminum sesquichloride, isobutyl aluminum sesquiiodide, n-hexyl aluminum
sesquiiodide, n-decyl aluminum sesquichloride, n-dodecyl aluminum sesquibromide,

and sec-eicosy! aluminum sesquichloride.
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i sobutyl alum num di brom de, n-hexyl al um num di brom de, sec-decyl al um num
di - iodide, n-dodecyl alum numdichloride, n-eicosyl alum num di brom de,

met hyl al um num sesqui chl ori de, nethyl al um num sesqui brom de, et hyl

al um num sesquichloride, ethyl alum num sesqui brom de, ethyl alum num
ses-quiiodide, n- propyl alum num sesquichloride, n-propyl alum num

sesqui brom de, isobutyl alum num sesquichloride, isobutyl alum num

sesqui i ogi de, TRe Peyekés &t BN UMwIRESHWhd AEVOSuminee BXldAlsWARD from _
sesqui chl ori de, n-dodecyl al um num sesqui brom de, and sec-ei cosyl al um num
sesqui chihgrerenp coppisting offfiethyl dueswmpthletidé mdidiisabeybalamitien ghlkyitle.al um num
halide is selected from the group consisting of diethyl alum num chloride
and diisobutyl alum num chloride. 23
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