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| MMROVED PROCESS FOR THE PREPARATI ON OF PCLYALKYLPHENOXYAM NOALKANES
FI ELD OF THE | NVENTI ON The present invention relates to an inproved process

‘for the preparation of 5 polyal kyl phenoxyani noal kanes. Mre particul arly,

this invention relates to a process for the preparation of

pol yal kyl phenoxyam noal kanes whi ch conprises the am noethylation of a

pol yal kyl phenol conpound wi th 2-oxazolidi none or a derivative thereof in
the presence of an al cohol. BACKGROUND OF THE | NVENTI ON 10 :

Pol yal kyl phenoxyam noal kanes are known fuel additives useful in the
prevention and control of engine deposits. U S. Patent Nos. 5,669,939 and

5,851,242 describes a pphASIREYEDPRBY argﬁlhﬂgﬁéﬂﬁﬁ?gﬂﬁﬁ khe process

involves initially hydroxylatlng a poly yl ene
carbonate in the presence oPOiWﬁﬂKNUPHEN@NMHMHW&AEWAHEBa|l metal hydride
or hydroxide, or alkali 15 netal salt, to provide a polyal kyl phenoxyal kanol
whi ch is subsequently reacted w th an appropriate amne to provide the
desi red pol yal kyl phenoxyani noal kaRELD DFORAEONVENTODRS or derivatives

t hereof are well described. For exanple, Martin E. Dyen and Dani el Swern,
Chenmistry Reviews (1967), pages 197-246 describes 2-oxazolidinones in

detail; The usdhsfpresentamentici refates t@landkaptdvédlpvmssl’&thb?fr@ﬁﬁrahdih bhe

t hyl th t. U S Patent No.
561, 401 drscl oﬁ’sg@[bﬁgﬁ?ivgbﬁv%‘aﬁkws?%”Smw?a&gwn%mvewﬁmié‘qeﬁm@d
deri vat | ves therawbsdodihe payEbich STBINAIRIHABR) Ahiy8aRaALs GhENUcftbrises

t enper at ur es t%l produce 1, 2-et hanedi am n ane I'am ne
produced are af'§ ApBcetmation£f e psyatgtphrenal sompowtd \alltle2matmlidmme or a

inyernmedi ates Yerivative thereof in the presence of an alcohol.
BACKGROUND OF THE INVENTION

10 Polyalkylphenoxyaminoalkanes are known fuel additives useful in the prevention
and control of engine deposits. U.S. Patent Nos. 5,669,939 and 5,851,242
describes a process for preparing these compounds. The process involves
initially hydroxylating a polyalkylphenol with an alkylene carbonate in the
presence of a catalytic amount of an alkali metél hydride or hydroxide, or alkali

15 metal salt, to provide a polyalkylphenoxyalkanol which is subsequently reacted

with an appropriate amine to provide the desired polyalkylphenoxyaminoalkane.

2-oxazolidinones or derivatives thereof are well described. For example,
Martin E. Dyen and Daniel Swern, Chemistry Reviews (1967), pages 197-246
describes 2-oxazolidinones in detail.. The use of 2-oxazolidinones or derivatives

20  thereof in the aminoethylation of phenols is well known in the art.

U.S. Patent No. 4,381,401 discloses the reaction of 2-oxazolidinone or
N-substituted derivatives thereof with aromatic amine hydrochlorides at elevated
temperatures to produce 1,2-ethanediamines. The 1,2-ethanediamines

produced are an important class of materials which are useful as intermediates




for the production of pharnmaceutical s, photographic chem cals and ot her
conposi tions. Japanese Patent Publication No. JP 2592732 B2 di scl oses a
met hod of produci ng phenoxyethyl am nes by reacting, under base conditions,
|l ow 5 nol ecul ar wei ght phenol s and 2-oxazol i di none. Phenoxyethyl ami nes are
| nportant raw materials for phar maceuti cal s and pesticides. Gernman Patent

Publ i cation DE 19711004 h
phenoxyan noal kAR PRGHETPFRI R SRl e oG FgeRical iy ncp prepare

2- 4- (Phenoxyphegenspositidhd. am ne and et hyl 10
2- (phenoxyphenoxy)ethylcarbanate are sequentially prepared in high yield
and selectivity by the am noethylati on of 4-phenoxyphenol wth

2- oxazol i di nonejapriese FafsrittPulioamptes eIP Podd Tasesn H;scmdatmelhodfof
2- 4- (phenoxyphenoxy) et h\él amine with carbonate deriyvatives, ﬁ Pat ent No.
6, 384, 280 t eachR®@dusBg P engweihsd&faw@ﬁumnrﬁaﬁ@%#ﬂ%efd&%ev%ﬁ“idv@“sagwt hereof in

am noet hyl atg Or}nb[e%l]%frWe@ﬁ olb 9'2’ ﬁ%ohﬂiﬂﬂnémbﬁ%b@et%rﬁﬁbs are

pol yal kyl phenol s to provide po phenoxyam noat kanes of the type

di scl osed in UrpoRantraw iNaeridls ﬁﬁQhQG@aMcsfswﬁ pesficidedmmonl y assi gned
copending U S. Patent Application Serial No. 10/185,469, filed June 28,
2002, a process for the preparation of 20 polyal kyl phenoxyam noal kanes
conprisi ng t he GermranePaighbPublicaibn HE pOT 1 HI4/A prlisaloses Hipwsmal wi t h (3 am no

| cohol d d bonat e, whi
gi gghgl an I?YO%‘—Z r O‘%@Eﬁfﬂp&?ﬁﬂergﬁ( ﬁﬁi@l%?&gﬁﬁvpgﬁ)&/&@é a process
fop the prepar @ihteﬂﬁisOf2-4-PPhé'ﬁd>&y¥5h@rWM?lmm@éibrk@@BﬁﬂV\/ﬂl ch conprises the

am -noet hyl at i on of
1 (phenoxyphenoxy)ethylcarbamate are sequentially prepared in high yield and

selectivity by the aminoethylation of 4-phenoxyphenol with 2-oxazolidinone under
inert atomsphere, followed by amidation of 2-4-(phenoxyphenoxy)ethylamine

with carbonate derivatives.

1J.S. Patent No. 6,384,280 teaches the use of 2-oxazolidinone or a derivative

15  thereof in aminoethylation transformations involving high molecular weight
polyalkylphenols to provide polyalkylphenoxyaminoalkanes of the type disclosed
in U.S Patent Nos. 5,669,939 and 5,851,242.

Commonly assigned copending U.S. Patent Application Serial No. 10/185,469,
~ filed June 28, 2002, a process for the preparation of
20  polyalkylphenoxyaminoalkanes comprising the aminoethylation of a
polyalkylphenol compound with B-amino alcohol and dialkyl carbonate, which

process may contain an optional alcohol.

SUMMARY OF THE INVENTION

In an aspect, there is provided a process for the preparation of
polyalkylphenoxyaminoalkanes which comprises the aminoethylation of a




2 pol yal kyi phenol conmpound in the presence of a basic catalyst with
2- oxazol i di none or a derivative thereof having the following fornula: O Rl
R2 wherein Rl and R2 are independently hydrogen or |ower alkyl having 1 to

about 6 carbon nd wherein the pol yal k group of 't
pol yal kyi phenolpﬁgg&glﬁﬁ &OEBPUHBI'%WW@S%?%%"P?P'gﬁ@tﬁhéﬁ(}j‘émof about 600
to 5,000 and V\#’@bﬁbfolld’t%neﬂér%@éﬁﬁ:a‘tﬁe ﬂi’érébﬁﬁja\f\i}ﬁthb%“d@ﬁn k&mRiige of an

al cohol having the follow ng formla: erein RS s an al kyl group
havi ng from about 3 to 7 carbon atons. The nolar ratio of the al cohol to

t he pol yal kyl phenol conpound is normally ©on the range of about 0.2:1 to 5:1
The am noet hyl ati on reaction nmay readily ¢ccur using a basic catal yst

sel ected fromthe group consisting of aIk |i metal |ower al koxides, alkal
hydrides or alkali metal hydroxides ing npek ature range of about  100C
to 250C, wherein the nolar ratio of 2- xazol dlnone or a derivative

t hereof to pol yal kyl phenol conpound is hbouy to 0.9:1 and wherein the
nunmber of equival ents of basic catal yst per equi?val ent of polyal kyl phenol

is about 0.05:1 to 1:1. Also disclosed herein is an inproved process for

al Gohol Tthat  muy et Y S RNRBG AR D BUORET ok i A oo Lo fput

~reduced ther nabaldi?@gr&tdmlmd udiereﬁrtbmpquaﬂkyl o ofthé pelyalkyintenol My sever,

the use of an ﬁ\lerg e m&ra c\,/ular wei%ﬁ1 in the range of about 600 to 5,000 and wherein the
process is carried out in the presence of an alcohol having the following
formuia: RsOH

wherein Rz is an alkyl group having from about 3 to 7 carbon atoms.

The molar ratio of the alcohol to the polyalkylphenol
compound is normally in the range of about 0.2:1 to 5:1

The aminoethylation reaction may readily occur using a

basic catalyst selected from the group consisting of alkali metal lower alkoxides,
alkali hydrides or alkali metal hydroxides in the temperature range of about

100°C to 250°C, wherein the molar ratio of 2-oxazolidinone or a derivative
thereof to polyalkylphenol compound is about 5:1 to 0.9:1 and wherein the
number of equivalents of basic catalyst per equivalent of polyalkylphenol is about
0.05:1 to 1:1.

Also disclosed herein is an improved procesé for the preparation of
polyalkylphenoxyaminoalkanes in the present of an alcohol that may provide
increased polyisobutylphenol conversion and reduced thermal degradation of
2-oxazolidinone in the process. Moreover, the use of an alcohol may mitigate
the negative effect of sediment in unfiltered polyisobutylphenol (still contains

salts from the neutralized alkylation catalyst) on




. the negative effect of sedinment in unfiltered polyi sobutyl phenol (stil

contains salts fromthe neutralized al kyl ation catal yst) on 3 product

color. The use of polyisobutyl phenol containing alkylation catal yst

sedinment is preferred over filtered or washed pol yi sobutyl phenol due to

process econom cs. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 As noted above,

the present invention provides an inproved process for the preparation of

pol yal kyl phenoxyam noal kanes whi ch conprises an am noethyl ation of a

pol yal kyl phenol conpound in the presence of a basic catalyst with

2- oxazol i di nonePTefluet apari Taeivse of pelysobutyiphiengl ¢dmaiﬁmglamianignfcaltmﬁta: i 0
al kyl

Rl R2 10 wherelity; i ndependent |y hydrogen or | r
having 1 to abgéue{a"gémggﬁ[)é;%”% §¥F§r}&ﬁge%re‘?’%?%dtﬁy‘%&%ﬂm&ﬂc’?éﬁ%&bpEﬁC@?ﬁe
pol yal kyl phenoledomsndgs. aver age nol ecul ar weight in the range of about 600

to 5,000 and wherein the process is carried out in the presence of an
al cohol. 4 The reaction may be illustrated by the followng: NHRL OH O 1)

Base R2 DETAILED DESCRIPTION OF THE INVENTION

.5 As noted above, the present invention provides an improved process for the
preparation of polyalkylphenoxyaminoalkanes which comprises an
aminoethylation of a polyalkylphenol compound in the presence of a basic

catalyst with 2-oxazolidinone or a derivative thereof having the following formula:

10 wherein Ry and R, are independently hydrbgeﬁ or lower alkyl having 1 to about 6
<carbon atoms and wherein the polyalkyl group of the polyalkylphenol has an
average molecular weight in the range of about 600 to 5,000 and wherein the
process is carried out in the presence of an alcohol.




1

2) R3-0HO H3) RONRI R Polyal kyl phenol L-LR2

Pol yaI kyl phenoxyam noal kane 2-oxazol i di none or a derivative thereof
wherein Ris a polyal kyl group having a nol ecul ar weight in the range of
about 600 to 5,000, and R1, R2 and R3 are as herein described. 5
Definitions Prior to di scussi ng the present invention in detail, the
followng terms wll have the follow ng neanings unl ess expressly stated
to the contrary. The term"alkyl" refers to both straight- and
branched-chai n al kyl groups. The term "l ower al kyI " refers to al kyl groups
having 1 to abotfhe@eacaiobmilasab@nﬁstfét@dﬁ Ghé Wlb s primary, secondary and
tertiary al kyl groups. Typical |ower kyI olps include, for exarrpl e,

methyl, ethyl, n-prapyl, isopropyl, n-butyl, sec but yl , tyL-MiRpent yI ,
n- hexyl and the |likg." The term "pol yal kyl " refers to ancblkyl roup which
is generally derived from polyahghlns which are polynmeris or cppol yners of
Qy| eneRz propyl ene,

wed wi | | have

jlo 12 carbon

yl ene,

nono- ol efi ns, par
but yl ene, and th

ewlarly 15 1-nono-ol efins, such as e

atons. More pref&rLed aono-olefins in¢lude 5 propyle e
particul arly i sobu 1-octéhe a 1- decene.

R O N—Ry R

/.

o 2-oxazolidinone or
L a derivative thereof

Polyalkylphenot 2 Polyalkylphenoxyaminoalkane

wherein R is a polyalkyl group having a molecular weight in the range of about
600 to 5,000, and R4, R, and Rj3 are as herein described,

5 Definitions

Prior to discussing the present invention in detall, the foliowing terms will have

the following meanings unless expressly stated to the contrary.
The term "alkyl" refers to both straight- and branched-chain alkyl groups.

The term "lower alkyl" refers to alkyl groups having 1 to about 6 carbon atoms

10 and includes primary, secondary and tertiary alkyl groups. Typical lower alkyl .
groups include, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
t-butyl, n-pentyt, n-hexyl and the like.

The term "polyalkyl" refers to an alkyl group which is generally derived from
polyolefins which are polymers or copolymers of mono-olefins, particularly

15 1-mono-olefins, such as ethylene, propylene, butylene, and the like. Preferably,
the mono-olefin employed will have about 2 to 24 carbon atoms, and more

preferably, about 3 to 12 carbon atoms. More preferred mono-olefins include




. Pol yol efins prepared from such nono-ol efins include pol ypropyl ene,
pol ybut ene, especially polyisobutene, and the pol yal phaol efi ns produced
-from 1-octene and 1-decene. 5 Polyal kyl phenoxyam noal kanes may be
prepared by the process of the present invention which conprises an

- am noet hyl ati on of a pol yal kyl phenol conpound w th 2-oxazolidinone or a
derivative thereof having the followwng formula: | -RL R2 wherein Rl and
R2 are defined herein, in the presence of a catalytic anount of an 10
al kali metal |ower al koxide, alkali hydride or alkali netal hydroxide.
Pol yal kyl pheno . Il Y Laal epared by the
al kyl ati on of %ﬁgﬂ%ﬁe&??weﬁﬂjﬂﬁggﬁ%ﬁﬂé%%ﬁvgﬂ%{?%8%®¥%hﬁgf%%gﬁ%d pol yol efin
A further di sBolysleims pfepaodd/fabdrk sliph eumosolefirs inelutie potyprdpyrenex poipbetenien
U. S. Patent No 4,744 92 nd 5 Q,701. 15 cordingl.y. | yal kyl phenol s
my be. pr opar eI PRYECBIPRE SR PR tor A ey es.
For exanpl e, poldeaéie/l phenol s nay be prepared by reacting the appropriate
olefin or olefin mxture with phenol in the presence of an alkylating
catal yst at a tenperature of from about 25C to 150C, and preferably about
30C to 100G ei péigalkyiphénd’yainihcalkaREs aidyl e piepafsf by Bl préfissalf el prSBher | C

20 pressure. A preferred al kylating catalyst is boron trifluoride. Mlar
ratios of redBYRHIS WiGH sempdsas anpmimopttyatieonyof awplyakishesstermpgunthenol

can be enpl oyggh 2Jox8rolid t - ‘%ﬂm q g HRRuGach
equi val ent of ol ef ioﬁ Z(\)Nll ?ﬁggrﬂréa%e?gghp e!ﬁ}cl)?df?‘gg@gl Fé%l@@he gI f%ttgl(rs' process
maxi m zes nonoal kyl phenol. 6 Exanples of inert solvents include heptane,

benzene, tol uene, chl orobenzene o)

. )J\

0 N——R;

/.,

wherein Ry and R, are defined herein, in the presence of a catalytic amount of an

2

10 alkali metal lower alkoxide, alkali hydride or alkali metal hydroxide.

Polyalkylphenols are well known materials and are typically prepared by the
alkylation of phenol with the desired polyolefin or chlorinated polyolefin. A further
discussion of polyalkylphenols can be found, for example, in U.S. Patent Nos.
4,744,921 and 5,300,701.

15 Accordingly, polyalkylphenols may be prepared from the corresponding olefins
by conventional procedures. For example, polyalkylphenols may be prepared by
reacting the appropriate olefin or olefin mixture with phenol in the presence of an
alkylating catalyst at a temperature of from about 25°C to 150°C, and preferably
about 30°C to 100°C either neat or in an essentially inert solvent at atmospheric

20  pressure. A preferred alkylating catalyst is boron trifluoride. Molar ratios of
reactants may be used. Alternatively, molar excesses of phenol can be
employed, i.e., about 2 to 3 equivalents of phenal for each equivalent of olefin

with unreacted phenol recycled. The latter process maximizes monoalkylphenol.




. and, 250 thinner which is a mxture of aromatics, paraffins and napht henes.
Ker osene-type jet fuel is another exanple of the latter m xture. O her
exanples of inert solvents that are aromatic m xtures include Exxon
Aromatic 100, Exxon 5 Aromatic 150, Sol vesso 100, Total Solvarex 9 and the
| i ke. The pol yal kyl group on the pol yal kyl phenol s enpl oyed in the invention
Is generally derived from pol yol efins which are polynmers or copol yners of
nono- ol efins, particularly 1-nono-olefins, such as ethyl ene, propylene,
butyl ene, and the like. Preferably, the nono-olefin enployed will have

about 2 to 24 cBErdropleddf mefsblveARANANNE hBpRHE! BdH2kne ABRIthe ScHirobénsdidon
atons. More pre%rgcijégéj nono- ol efins include propylene, butylene,
particularly is Hyipner whight iz Adnixie of awsrasice. paraiiipsiast inaphthespar ed from

such nono-ol efi Néro%@ﬁé-%@ljéﬁ{dl% Qﬁéét#x‘épgxamﬁlgw Btét i%ﬂgr mﬁ(itﬁgg@g‘l?k)ééﬂ@ples

pol yi sobut ene, and the "pol'yal phao I ns produce rom
1-decene. 15 Thef ipeéselvends tpdlaye swmatiemeixturiseihchde ExepaAeombtc POCITBRbAY

enpl oyed p@ly | I e p ' t enes i conprise at | east about
20% of the @m%%ﬁeag@ﬁ%@égwgﬁﬁ?l ﬁoynﬁfagéﬁg’af%%f’ggﬁ’ erably at |east
about 50% and nore preferably at |east about 70% Suitabl e polyisobutenes
i ncl ude those ' 3 catalysts. The preparation gf such

pol yi sobut enespfrﬁeogéll?égw gﬁdﬁ%’qﬁﬁt@% %"8@@9'5&?@?‘ ®ipyentierR sy high
percentage of tdenetallyalericahpordipoly@efing wites Sfd R¥er3 dfcBpolfRPebr MBfo-

4,152,499 and 4,@05,80%. Such polyi sgbutenes, =~ known as "reactive
pol yi sobut enes 2§/ I"& BRHFYADHIeene-elefing isyal aaleduirsies prapylanei batytene, aydir oxy |

0h ! sobut enes avii & Aol E R SRRk e bR 65 Sropl,i o °
30, a pol yil9ob@t@ns adunerg prefemtiyrabout 8 494 2 matenidtams Wi prefefred besHo-
1j 300 and a meb@ﬁngiiﬁ@fdc}ed;%%y[gl?&tb%%er?é. p%tr)t?c%arlmggbu?ﬁgngl fodehe and @
- 1-decene. Polyolefins prepared from such mono-olefins include polypropylene,
‘polybutene, especially polyisobutene, and the polyaiphaolefins produced from

1-octene and 1-decene.

15 The preferred polyisobutenes used to prepare the presently employed
polyalkylphenols are polyisobutenes which comprise at least about 20% of the
more reactive methylvinylidene isomer, preferably at least about 50% and more
preferably at least about 70%. Suitable polyisobutenes include those prepared

| using BF; catalysts. The preparation of such polyisobutenes in which the
) 20 methylvinylidene isomer comprises a high percentage of the total composition is
| described in U.S. Patent Nos. 4,152,499 and 4,605,808. Such polyisobutenes,
known as "reactive" polyisobutenes, yield high molecular weight alcohols in
which the hydroxyi group is at or near the end of the hydrocarbon chain.
Examples of suitable polyisobutenes having a high alkylvinylidene content
25 include Ultravis 30, a polyisobutene having a number average molecular weight
of about 1,300 and a methylvinylidene content of about 74%, and Ultravis 10, a
polyisobutene having a number average molecular weight of about 950 and a
methyivinylidene content of about 76%, both formerly manufactured by British
Petroleum. Similar polyisobutenes are currently available from BASF,




pol-yi sobut ene havi ng a nunber average nol ecul ar wei ght of about 950 and a
nmet hyl vi nyl i dene content of about 76% both fornmerly manufactured by
‘British Petroleum Simlar polyisobutenes are currently available from
BASF, 7 ChevronTexaco, and Texas Petrochem cals. Typically, the polyal kyl
group on. the pol yal kyl phenol has a nol ecul ar weight in the range of about -
600 to 5,000, preferably about 600 to 3,000, nore preferably about 700 to
3,000, and nost preferably about 900 to 2,500. The polyal kyl 5 group on the
pol yal kyl phenol may be in any position in the phenol ring. However,

substitution atCﬁé\@o@?éx%cBPaﬂéT%s?%ﬂ{cﬁtegﬁéa@' As noted above, the

pol yal kyl phenol conpound I's reacte oxazol idinone or a derivative
t hereof having the fornula illustrated herein above, wherein R, and R2 are

i ndependent | y W@?,ﬂn@rpo@wgrsg%g% tﬁéﬁb&gwmren@ﬁ%}a @Pre%na?we@)ggtfﬁ oms.

Preferably, one of R and rogen o to abou
carbon atons, dhe range fiabert G0 toy/2l068refavably apoef &llaiol 3,00 meorefprferabiy R2

i s hydrogen, Y. nd, t he ot her i dr coti | e
preferably, R %&Yk?{%%%@hﬁ' %Raq 'ﬁ)?gt pFSfG'E'P'wF’?”fZ%@‘ﬁf-g@&h)Tf ?BBQH@*/DN

pref erably, Sbotdrofp oatitk RAyaikylshénul hegess inRHYsRBN G tHUsher@PARGUNAS

i ncl ude, but ari_gq not limted to, 2 15 oxazol i di none,

3- et hyl - 2- oxaZWe¥ehcibstitytiopahtie para Rasiton is Mefesredand 3- et hyl -
2-oxazol i dinone. The 2-oxazolidi none conpound is preferred. These

conpounds are readily comerci al Ilgﬂavai | abl e. For instance, 2-oxazolidinone

and 3-net hyl - 2/5X448¢ ABRYRo e Relyals¥PRenal kagweuRd infearted; with Zeearelidinone
Conpany. Alter %@h'dé‘?iwtivetthén%%fﬁﬁgﬁﬁ't\‘ﬂéjﬁm%}é i%‘setr‘agéﬁ RERif g?J%V whERye R, i onal

20y met hods apparent to the ski artisan. asi ¢ catalyst enployed in
the process of and&xaredulependentiytiyonogdn or Igearalitylihaving 1 to about 6 carbon

10  atoms. Preferably, one of Ry and Ry is hydrogen or lower alkyl of 1 to about 4
carbon atoms, and the other is hydrogen. More preferably, one of Ry and R; is
hydrogen, methyt, or ethyl, and the other is hydrogen. Still more preferably, R is
hydrogen, methyl, or ethyl, and R, is hydrogen. Most preferably, both Ry and R,
are’hydrogen. Examples of such compounds include, but are not limited to, 2-

15 oxazolidinone, 3-methyl-2-oxazolidinone, 4-methyl-2-okazolidinone, and 3-ethyl-
2-oxazolidinone. The 2-oxazolidinone compound is preferred. These
compounds are readily commercially available. For instance, 2-oxazolidinone
and 3-methyl-2-oxazolidinone may be purchased from Aldrich Chemical
Company. Alternatively, these compounds may be synthesized by conventional

p) 20 methods apparent to the skilled artisan.

The basic catalyst employed in the process of the present invention will generally
~ be any of the well known basic catalyst selected from the group of alkali metal

lower alkoxides, alkali hydrides or alkali metal hydroxides. Typical alkali metal

| lower alkoxides include, but are not limited to, sodium methoxide, potassium

25 methoxide, sodium ethoxide, potassium ethoxide, sodium propoxide, potassium

propoxide, sodium isopropoxide, potassium isopropoxide, sodium butoxide,
potassium butoxide. Typically, the alkali metal lower alkoxides will contain 1 to
about 6, preferably 1 to about 4, carbon atoms. Preferably, the alkali metal lower




, be any of the well known basic catal yst selected fromthe group of alkal
nmetal | ower al koxides, alkali hydrides or alkali netal hydroxides. Typical
alkali nmetal |ower alkoxides include, but are not limted to, sodium

met hoxi de, potassi um 25 net hoxi de, sodi um et hoxi de, potassi um et hoxi de,
sodi um propoxi de, potassium propoxide, sodiumisopropoxi de, potassium

| sopropoxi de, sodi um but oxi de, potassium butoxide. Typically, the alkal
nmetal | ower al koxides will contain 1 to about 6, preferably 1 to about 4,
carbon atons. Preferably, the alkali nmetal |ower 8 al koxide is sodium

met hoxi de. Sodi eliokigdiis sediamdngthbdas. SudilwidivtiAge ane pbisRbmal hydtidkalr typical
hydri des. Exanpl droxi des include, but are not ITmted

Eﬁsa. fdacjkal' meﬁal h){ ) ¢ )
to, sodium hydr 8%PHAYd qEsh; ohallsl mefal Rysdraxdesiinchiger biiate nobtmitesn
hydr oxi de and p@J, a88iuHhyrei@i n ically, eaction
tenperature for the am n)kc%t h@%é‘?ﬁ‘é’ﬂ 'ﬁgg{)ﬁ%yaﬁaﬁ%@@ﬁ?@h@( ?Eé@g{%{ of about
100C to 250C, ahkﬂdrﬁ?ﬂéﬁé‘ﬂatﬂowsiswm hydroxidgareprefdroad. 130C to 210C. The
reaction pressure will generally be atnospheric or |ower. Lower pressures
may be usedvio facilitate the renoval of carbon dioxide. Oher carbon

di oxi de scavingbYRiCallyythedeasipndpegerasuiedor thetamivoethylatiemcddotion wallicd irathe f or

10 exanpl e, mag ) i 9, ' I de. en, | oner ohol e used,
it is advant age@ﬁgé'? (;'F‘a gg‘#tg@oo%tt&? ﬁ@qjgggﬁr%ﬁr@m%ﬂheﬁr@&%{ ,0“? ﬁoﬁghpl e
up to 100 psig d¥¥endihegeadtidnmreasirodi genaraly seatriasphaiis Br IdWee. Peivki Ng

t enper ature of m xture to the optimal level for the reaction.

he reactiaqn
In this case, s%ﬁ%s%%lﬁ?y%fs[fseﬁiéoﬁ@ﬁ?t@éﬁe‘{@“@@{ﬂféa@gﬂ dexideaPthes carbon
carbonat e sal t sdieie Bedveh@erBflay Do bitpidy2aGh Hoildidl the FRICHRA, Aff0APlyhed by

controlled boiling of the reaction mxture so ol vent' vapors cCarry the
over hdf8d is@EPle.deranesiurhaxide ondalnisiesosidel recycl es the sol vent while

venti ng

When lower alcohols are used, it is advantageous to carry out the reaction under
pressure, for example up to 100 psig depending on the alcohol, in order to raise
the boiling temperature of the reaction mixture to the optimal level for the
reaction. In this case, some means must be provided to remove CO; so that

15 carbonate saits are not formed in the reactor. This may be accomplished by
controlled boiling of the reaction mixture so that solvent vapors carry the CO,
overhead into a column that condenses and recycles the solvent while venting
the CO,. Nitrogen sparging into the reaction mixture or purging of the reactor
head space may also be used to accomplish the same end while maintaining

) 20 pressure on the reactor.

The molar ratio of 2-oxazolidinone or a derivative thereof to the polyalkylphenol

compound is normally in the range of about 5:1 to 0.9:1, and preferably will be in

the range of about 2:1to 1:1. In general, the number of equivalents of the basic

catalyst per equivalents of polyalkylphenol will be in the range of about 0.05:1 to
25 1:1, and preferably in the range of about 0.1:1 to 1:1.

The aminoethylation reaction may be carried out neat or in the presence of a
solvent which is inert to the reaction of the polyalkylphenol compound and the 2-
oxazolidinone or a derivative thereof. An inert solvent is often used to facititate




, the, CO2. Nitrogen sparging into the reaction m xture or purging of the
reactor head space nmay al so be used to acconplish the sane end while

mai ntai ning 20 pressure on the reactor. The nolar ratio of 2-oxazolidi none
or a derivative thereof to the polyal kyl phenol conpound is normally in the
range of about 5:1 to 0.9:1, and preferably will be in the range of about
2:1to 1:1. In general, the nunber of equivalents of the basic catalyst
per equival ents of polyal kyl phenol will be in the range of about 0.05:1 to
25 1:1, and preferably in the range of about 0.1:1 to 1:1. The

am noet hyl ati on Pé&@ﬂgmﬂ?nmpolbmmamnd?dn@% ARGt f
sol vent which i syer @ t he rea t|on of tﬁe pole%igou%(}h%@tl 8@@%&%@% n%nd
the 2- oxazoli di none or Yefh BXampiasof it %@Ventmﬂqfu@hemalbenzerm cbd')ltxeﬁle

used to facilitatklo®beansid s 260 mhﬁ]eli?q} pro od
cont acting of thﬁ%%lﬁ@m ants. Wen e I(%tg{ %Ierﬁgﬁg Ofg%atﬁér‘?a@
i ncl ude hept ane &FS: ?Eﬂsaeﬁéypejehﬂwf tst‘immﬂmexamﬂﬂé?&(lhé Mtﬁéﬁﬁilxt‘ﬁfﬁ Ch s

a mxture of fr og®ier ekampRS apht henes.. Kerosene-type jet fuel
i s anot her exanpl| e of thg IS{ftgrPlssowb?'ﬁer]anred’rﬁWt'@i‘é'ﬁb' ressinglpde fraxen

sol vents that ar@rogtaligd0cExicat Aroesatic nebUSelvEx :

Aromatic 150, Scﬁ) &ss &'ﬁg Tota lI var ex 5\9’ aﬁ@%?&%lﬁr%oganaﬁgyéﬁts
apparent to those si @Y aRp?rﬁg tzﬁ’r O$pagkibediv the anlgvay alBobe usedmploe, any

" nunber of et her@xaapn‘a)talnvnlﬂﬁibﬁoﬁ@t'hlé%“a rdilc &Yy Bjeﬁts”& (?%%?%be gseful i n

the process of the ent invention. I'n "accor dance

I nvention, an al'cs ng € PEPRAISE péthe m"esem ineanticoet hyl ati on process. The

al cohol has the structure R3-CH wherein R3 is an al kyl group having about
3.1b 7 car b%l aiﬂo ref erably about 5 to 7 carbon atons, nost preferably
about 6 carbon Weentelhie gresepsinvention, conaltshol is employed in the

ammoethylatlon process. The aicohol has the structure R3-OH wherein R3 is an
alkyl group having about 3 to 7 carbon atoms, preferably about 5 to 7 carbon
atoms, most preferably about 6 carbon atoms. Examples of typical alcohols
include n-propanol, n-butanol, 1-pentahoi. 1-hexanol, 1-heptanol, and mixed
15 isomers of each of the foregoing alcohols including branched- or straight-chain

alcohols. 1-Hexanol or hexanol isomers are preferred. Examples of commercial
alcohols available from ExxonMobil Chemical that are a mix of several isomers
include Exxal 6 (hexyl alcohol) and Exxal 7 (isoheptyl alcohol).

The molar ratio of the alcohol to the polyalkylphenol compound is normally in the

20  range of about 0.2:1 to 5:1, preferably about 0.4:1 to 2: 1, and most preferably
about 0.5:1 to 1.5:1.

~

The aminoethylation reaction will generally be carried out over a period of about
2 to 24 hours, and preferably over a period of about 3 to 20 hours. Upon

completion of the reaction, the desired polyaIkyphenoxyammoalkane Is isolated
25  using conventional techniques.

10




. i nclude n-propanol, n-butanol, 1-pentanol, 1-hexanol, 1-heptanol, and m xed
15 isoners of each of the foregoing al cohols including branched- or
straight-chain alcohols. 1-Hexanol or hexanol isoners are preferred.
Exanpl es of conmercial al cohols avail abl e from ExxonMbil Chem cal that
are a mx of several isonmers include Exxal 6 (hexyl alcohol) and Exxal 7
(i soheptyl alcohol). The nolar ratio of the al cohol to the polyal kyl phenol
conmpound is normally in the 20 range of about 0.2:1 to 5:1, preferably
about 0.4:1 to 2:1, and nost preferably .about 0.5:1 to 1.5:1. The

am noet hyl ati on reactlon wi Il general |y chenpg@fgged out over a period of
about 2 to 24 hours, and preferably over a périrod of about 3 to 20 hours.
Upon conpl etion of t he reaction, the desired polyal kyphenoxyam noal kane is

i solated 25 i t [
be tur ther 11| uare apenthidb 'P”F?ﬁ'ﬁ”%’“%@% bt ARl ExarblE, ANVt il
particul arly adR@Hcdgdnadvaptagooss pem&sdlelmmu@neMbJ Méhilehthe Bsampiesa@r e

Prore e Tni o 0YIsBHTo ISR BraskRl Bea R, sidare RoCionecdadnia tes and
substitutiorfs tamhcatlmylsh&eﬂ@étﬁtdbbvbhﬂﬁﬁe%hbu@&dﬂ@e& '&ﬁd%rubsﬂﬁjﬁ&%’{hat

departing fromthe spirjt, an scope of the appendéd cl ai ns
| npr ovenent Usi I[@éfrm[tho%SMI%%&Y@?l%hW@ﬂOUSéﬁml’ﬂB@lﬁ@Uhﬂ@lSﬂlﬂfiglnNHZ O

\/ scope of the appended claims.

Example 1

Improvement Using 1-Hexanol

10 Preparation of Solution Containing

/\/ NH,
O

PIB {avg. molecular weight ~950)

Potassium hydroxide (assay 85%, 17.3-grams) and a solution of 4-polyisobutyl
phenol wherein the polyisobutyl group has an average molecular weight of about
950 (2521.3 grams, prepared as in Example 1 of U.S. 5,300,701 except it was

15 not filtered or washed to remove the salts from the neutralized alkylation catalyst)
were added to a 4-L reaction flask equipped with a magnetic stirrer, Dean-Stark
trap, reflux condensor, nitrogen inlet and temperature controller. The solution of
4-polyisobutyl phenol contained about 32.7% Solvesso 100 aromatic solvent and
had a hydroxyl number of 38.8 mg KOH/g. The solution also contained 5.3%

20 unconverted polyisobutylene on a solvent-free basis. The reaction mixture was
heated at about 130°C under a pressure of about 150-160 mm Hg until no more

11




. PIG (avg. nol ecul ar wei ght -950) Potassi um hydroxi de (assay 85% 17.3
granms) and a solution of 4-polyisobutyl phenol wherein the polyisobutyl

group has an average nol ecul ar wei ght of about 950 (2521.3 grans, prepared
as in Exanple 1 of U. S. 5,300,701 except it was 15 not filtered or washed
to renove the salts fromthe neutralized al kylation catalyst) were added
to a 4-L reaction flask equipped with a magnetic stirrer, Dean-Stark trap,
refl ux condensor, nitrogen inlet and tenperature controller. The sol ution
of 4-polyisobutyl phenol contained about 32.7% Sol vesso 100 aronmatic

sol vent and hadvaeﬁt;m@é\)/érhg&ﬂggfézé&ro%% ﬁisﬁﬂ%tigﬁw&'th% Bfons Lc'"gd.! t.atl'ﬁg The

contai ned 5.3% 20 uynconverte yi sobutyl ene on a solvent-Tree bas
reaction mixt ur E23EY Conéatte wers cedierdiundsutirogrie a 26.fgess samplef wabramoved

150-160 mm Hg uahyl ; ver head zeo |
distillation with tthh@e@gﬁggﬁr@ isér'bg%gﬁ?ﬁ&{@g% "?%QE‘FB?M’&%PBH&@%Q%&%%P ed
under ni trogen, WasMsngtegiedite fasphe staed iregaviebox amtd nbbged RGO Ng sol uti on

of dehydr at 4. ' henol (2410.5 granms) was transferred to jars
and stored ﬁ aa@(r?r{y E@Q@%{eﬁ&?@eded for the 5 am noethyl ation reaction.

Dehydrat ed 4-pol yi sobutyl phenol solution (400.0 granms) from above and 1-
hexanol (29.2 ¢ /drous, from Aldrich), were added to a separate 1-L
react or equi ppe gﬁﬁrﬁégwg?lg'lso?gyll n@ﬁ?fl‘% 409{barams) fgavalavegand Fhe
reaction mixt uhexanab(29chirehs, anmRRsts A50CARkCR ' under
nitrogen 10 purR;gg. After addin %xazol I di nc;(r:I %%0 gércgtﬁsp‘%ge}gagétg 19 %

from Avocado : loF EHU'QH%W(@B!%@@ tfiuxtcontibesareadtrirogen mbgert ThEG&ctivhe

1760 whi e pur o e TN e IR e T8 BLid=Phefls SstivE UnsheslioBenct s on

condi t i ons Wer Puige.nAienadting 2-oxazolidinone (25.1 grams, assay 99%, from Avocado
Research Chemicals Ltd.) to the reactor at about 150°C, the temperature was
increased until the mixture refluxed vigorously at about 176°C while purging with
nitrogen at atmospheric pressure. These reaction conditions were maintained

for four hours.

15 The reactor was cooled to about 85°C and a yielded 441.9 grams of crude
~ product. After removing a sample, magnesium silicate (10.1 grams Magnesol
HMR LS), filter aid (1.01 gram of Celite HyFlo Super Cel), and deionized water
(2.21 grams) were added to the remaining 414.9 grams of crude product and the
: mixture stirred for one hour at about 85°C. The crude product mixture was
J 20 filtered with a pressure filter and yielded 388.4 grams of amber colored filtrate
and 27.3 grams of filter cake. Table 2 summarizes the properties of the filtrate,

After evaporating solvent from the filtrate in a vacuum oven at about 150°C, 'H
NMR (CDCl;) was used to quantify the conversion of 4-polyisobutyl phenot and
the selectivity to aminoethylate. Unconverted 4-polyisobutyl gives a doublet at
25 6.73 ppm for two profons on the aromatic ring, while converted 4-polyisobutyl
gives a doublet at 6.81 ppm for the same two protons. The aminoethylate was
identified by 7.25 (ABq, 2H), 6.8 (ABq, 2H), 4.0 (t, 2H), 3.1 (t, 2H) as described in
the examples of U.S. Patent No. 6,384,280, and the mole percent aminoethylate

12




. for four hours. 15 The reactor was cooled to about 850C and a yiel ded 441.9
granms of crude product. After renoving a sanple, magnesiumsilicate (10.1
grans Magnesol HWR LS), filter aid (1.01 gramof Celite HyFl o Super Cel),
and deioni zed water (2.21 grans) were added to the renmaining 414.9 grans
of crude product and the mxture stirred for one hour at about 850C. The
crude product m xture was 20 filtered with a pressure filter and yiel ded
388.4 granms of anber colored filtrate and 27.3 grans of filter cake. Table
2 summarizes the properties of the filtrate. After evaporating sol vent

fromthe filtr at&@s@ﬁlcﬁﬂ&t@@ﬂéﬁ@@dﬁ@te%l\ﬂﬁ%ﬁé gfﬁﬁgmlﬁe'etn]ﬂ%t({ﬁe It agias used

to quantify the conversion of 4-polyisobutyl select|V|ty to
am noet hyl at e. Eﬂ%‘fﬁﬂ?grP@d”elgme}’ﬁej'tbbowm-@eeesmaled:tasw le}ccattbtaﬁtg&h%&lmam

for two proton rted 0 e
a doubl elto at 6Sg§ﬁpp %@?ﬁ%@g%@@ﬁem‘éﬁt Hﬁr@%‘gﬂﬁ@o%'ﬁg IS F@n s grves
i dentified by 70@5P0w@qmtﬂe0ular6v@glété\ﬁqlcu%lt&d frénﬂhéhydl%k@l nu?’nﬁ'er(df th@hb as
descri bed |n‘5 tﬁ& § @Jr’@[@s oL U S. Patent No. 6, 384,280, and the nol

percent am noet YzP cal cul at ed based on the NVR data. The

am noet hyl ate content was converted to a weight percent solvent-free

sanpl e basis by a (nole percent) with the percent
resi dual pol yi so@%%@ﬁ%&cﬁ’ﬂ?é’mﬁs&ﬁﬁm BlpRR nast85Yp rempreed tadi1ghins
el 150 1r "o ooy tint syt AR el T
Conpar ati ve Exéfffﬂgéx 3)m'Htﬁaafhmloatta/laielcenmnt/oftme\pagzmwﬁ T2%! y

unchanged ( Tabl®ndared on ner was 72%
conpared to 62% |"ﬁa Corrpng?%?]l"?/e Etx%n%f"% % mﬁi IAeQ't? ﬁ?attth% cewIror
10 (ASTM D1500), basm nitrogen (ASTM D2896), and total mtrogen of the filtrate

improved compared to Comparative Example A. The nitrogen content of the

filtrate indicated that 2-oxazolidinone utilization improved as well. Thus, there is
a clear benefit in using 1-hexanol.

Example 2
15

Improvement Using Mixed |somer Hexanol

Preparation of Solution Containing

/\/NHZ
0

PIB (avg. molecular weight ~850)

Dehydrated 4-polyisobutyl phenol solution like prepared in Example 1 (400.0
grams} and mixed isomer hexanol (29.3 grams, Exxal 6 from ExxonMobil

20  Chemical Company, dried by distillation), were added to a separate 1-L reactor

13




. 10 (ASTM D1500), basic nitrogen (ASTM D2896), and total nitrogen of the
filtrate inproved conpared to Conparative Exanple A. The nitrogen content
of the filtrate indicated that 2-oxazolidinone utilization inproved as
well. Thus, there is a clear benefit in using 1-hexanol. Exanple 2 15
| mprovenent Using M xed | somer Hexanol  Preparation of Solution Containing
NH2 PIB (avg. nol ecul ar wei ght -950) Dehydrated 4-polyisobutyl phenol
solution like prepared in Exanple 1 (400.0 grans) and m xed isomer hexanol
(29.3 granms, Exxal 6 from ExxonMbil 20 Chemical Conpany, dried by

distillation), i t e

total refl ux) cobgelﬁg%?mﬁia tﬁtlaf‘ ?eg'ggﬁbgﬁ%%e&’? %ﬂ%é;%@tpuﬁ nf] @? Bé)aec?o gHéeat ed
to about 150C al”aﬁﬂ‘ﬁﬁ?ﬁﬁéﬁbeutp‘r%&ﬂwtmoslmermlpremmupdldérgﬂtro%ért Blirge2ddichd
2- oxazol i di none 99% from earc Chem cal s
Ltd.) to the reaé‘tﬁg a@é?@ﬁur}o%%g(g)é1 St@ﬁi?é'%fﬁqf ’V\gé’oP?ﬁ,‘? Bggeach unti |
the mxture refChemitald lgdr)dmﬂieyreabtoab@abo&ﬁ%@@hhb@erﬂﬂé&'tmg wWid iRcrd ('?E%cﬁ’ge”

at atnosphejic ';ﬁpgrbesur ese reaction conditions were maintaine
four hours.” The l{:"@gIV&PVP%S%BBQI?O*BHG@"%M@II@pyrwmgiwdhmm@ngmarrs

of crude produglinosphémt preGEmy] , ﬁL { [é{ 1.7 grans
Magnesol 10 HVR LS), fllter gﬁf%igém@gr%ﬁg@}gw@ea df—%@‘g ir rCel)
and dei oni zed VRAUWS- (1 99 grams) were added to the remaining 415 grans of
crude product and the mxture sti rred for one hour at about 850C. The

crude product mixture was
The reactor was cooled to about 85°C and a yielded 440.9 grams of crude

) product. After removing a sample, magnesium silicate (11.7 grams Magnesol .
10 HMRLS), filter aid (1.17 grams of Celite HyFlo Super Cel), and deionized water
(1.99 grams) were added to the remain ing 415 grams of crude product and the
mixture stired for one hour at about 85°C. The crude product mixture was
filtered with a pressure filter and yielded 386 grams of amber colored filtrate and
31.1 grams of filter cake. Table 2 summarizes the properties of the filtrate.

15 This example gives results very close to Example 1 and shows that a mixed-
isomer hexanol (about 62% branched-chain and about 38% straight-chain
isomers by GC) works just as well as 1-hexanol. This example atso confirms the
benefit to 4-polyisobutyl phenol conversion and filtrate color of employing a lower
alcohol (less than eight carbon atoms).

14




., filtered with a pressure filter and yiel ded 386 grans of anber col ored
filtrate and 31.1 grans of filter cake. Table 2 sumrarizes the properties
of the filtrate. 15 This exanple gives results very close to Exanple 1 and
shows that a m xed- isoner hexanol (about 62% branched-chain and about 38%
straight-chain isonmers by GC) works just as well as 1-hexanol. This
exanpl e also confirnms the benefit to 4-polyisobutyl phenol conversion and
filtrate color of enploying a | ower alcohol (less than ei ght carbon
atons). 14 Exanple 3 |nprovenent Usi nGxdmplex@nol Preparation of Solution
Containing NH2 PIB (avg. nol ecul ar wei ght -950) 5 Potassium hydroxi de
(assay 85% 12.3 grans) and a sg| 6@ stﬁ | yi sobutyl  phenol wherein

t he pol yi sobutyl group has an t of about 950

(2523.4 grans, prepared as in Exanple 1 of U. S. 5,300,701) were added to a

4-L reaction flask equi pped wPrépaatimyokSolatiot Con@inindean- St ark trap, '

refl ux condenser, nitrogen inlet and tenperature controller. The solution

of 4 10 polyi sobutyl phenol contained. about £6.1 % Total Solvarex 9

aromatic solvent and had a hydro n of 41.4 ng KOH g. There was no

sedinent fromthe neutralized alklylation catalyst in this solution. The

sol ution al so contained 4.8% ( unconverted pol yi sobutylene on a

solvent-free basis. The reactiopn ure was heated at about 130C under a

pressure of about 130-140 mm Hg no nore 15 water cane overhead by

azeotropic distillation with the aronptic solvent. The reactor contents
were cool ed under nitrogen, a 2 ym sanpl e was renoved

C

PIB (avg. molecular weight ~950)

5  Potassium hydroxide (assay 85%, 12.3 grams) and a solution of 4-polyisobutyl
phenol wherein the polyisobutyl group has an average molecular weight of about
950 (2523.4 grams, prepared as in Example 1 of U.S. 5,300,701) were added to
a 4-L. reaction flask equipped with a magnetic stirrer, Dean-Stark trap, reflux
condenser, nitrogen inlet and temperature controller. The solution of 4-

10 polyisobutyl phenol contained about 26.1% Total Solvarex 9 aromatic solvent
and had a hydroxyl number of 41.4 mg KOH/g. There was no sediment from the
neutralized alkylation catalyst in this solution. The solution also contaihed 4.8%

(" | unconverted polyisobutylene on a solvent-free basis. The reaction mixture was
heated at about 130°C under a pressure of about 130-140 mm Hg until no more

15 water came overhead by azeotropic distiltation with the aromatic solvent. The
reactor contents were cooled under nitrogen, a 25-gram sample was removed
and the remaining solution of dehydrated 4-polyisobutyl phenol (2410.5 grams)

was fransferred to jars and stored in a dry box until needed for the
aminoethylation reaction.

20 Dehydrated 4-polyisobutyt phenol solution (400.0 grams} from ébove and 1-
hexanol (31.2 grams, anhydrous from Aldrich), were added to a separate 1-L

reactor equipped with a total reflux condenser and nitrogen purge. The reaction

15




. and, the remai ni ng sol uti on of dehydrated 4-polyisobutyl phenol (2410.5
grans) was transferred to jars and stored in a dry box until needed for
the am noethylation reaction. 20 Dehydrated 4-polyi sobutyl phenol sol ution
(400.0 grans) from above and 1- hexanol (31.2 grans, anhydrous from

Al drich), were added to a separate 1-L reactor equipped with a total

refl ux condenser and nitrogen purge. The reaction 15 m xture was heated to
about 150C at atnospheric pressure under nitrogen purge. After adding

2- oxazol i di nofiextureswas heated to absuty! 59Qat fatroospiveicaessure sadechitréen cal s

d. h . th [ d il
the mxturo r R eBd e alonhif AT BE ik #Sa S0 MrArRCSn  r oger

at at nospher i Repearsh Whemiddle s &1y ©ank redct6OREHILO NSO t8e %%r%fd?@%a for
four hours. The reaa\t or. tWas cooled to about 85 C and a yi el'ded 44 f gr ans

of crude proBGtaaseAMNELthe sislire ipilyxed Mgoeushngiabaut v 21G whie puighdlitar ans
Magnesol  SHVRhikShen bt hfrdspRbAc AR e S8t 9 waper Qe ), and
dei oni zed vvaterg?o (2.22 Sgrﬁansg)%v?é%gga eS riaé:@ti ne%@&aﬁﬁn%i@égﬂ%&' ans of
crude productforfeurthegrs.ni xture stirred for one hour at about 850C. The
crude product mxture was filtered with a pressure filter and yi el ded
394.4 grans of anber colored filtrate —and 21.8 grams of filter cake. Table
2 sunmarizes [hrergactparvas enslest totabout BS10 aneba yiclde 44n¥ gramobf Ofude
4- pol yi sobut y, n 1 % co red to 76%in 15 _Conparative Exanple E
whi | e ani noeté@ﬁgﬁéqisﬂ&%%mswgﬁ s\ﬁggﬁ%'f@@%'b‘?ﬁﬂéméﬂ"’?@ (79¥0 grams MBaprsht i ve
Exanpl e E ( TahM® 23), filléreaia (. n2 grdn lod Clieomimpisupkr £ ZedRst88 %0
(corrpar ed1 0 62‘V i n Conpar a’ltmin ve@Exaan e E %’abl ersﬁghgméﬁgﬁ&%am éégnd
df-223ae) Were pded e hawempiningd 634 goampaoédrude product and the

total nitrog
mixture stired for one hour at about 85°C. The crude product mixture was

filtered with a pressure filter and yielded 394.4 grams of amber colored filtrate

.

and 21.8 grams of filter cak_e. Table 2 summarizes the properties of the filtrate.

The conversion of 4-polyisobutyt phenol was 81% compared to 76% in
15 Comparative Example E while aminoethylate selectivity was 87% compared to
91% in Comparative Example E (Table 2). The aminoethylate content of the
polymer was 68% compared to 66% in Comparative Example E. Table 2 shows
that basic and total nitrogen cbntent of the polymer improved compared to
Comparative Example E as well as the 2-oxazolidinone utilization. This again
20  shows there is a benefit in using 1-hexanol.

16




o

Conparative Exanple E as well as the 2-oxazolidinone utilization. This
again 20 shows there is a benefit in using 1 -hexanol. 16 Conparative
Exanple A No Al cohol Preparation of Solution Containing NHZ O \/ H PIB
(avg. nol ecul ar wei ght -950) 5 Dehydrated 4-polyisobutyl phenol solution
(366.0 grans) from Exanple 1 and ExxonMbil Aromatic 100 Sol vent (11.8
grans) were added to a separate 1 -L reactor equipped with a total reflux
condenser and nitrogen purge. The reaction m xture was heated to about

150C at at nospheric pressure U”deCoﬁigfaFélﬂ@rExa%&[Qﬁ- After adding
2- oxazol i di none (23.0 grans, assay g from Avocado 10 Research Chem cal s
Ltd.) to the reactor at about 150C, the tenperature was increased to about

180C.. Nitrogen purgi ng was stopped a hgt essure was | owered to about
700 mm Hg in order to cause a vigorous reflux. The tenperature was held at

about 180C for four hours andm%rgﬁﬁgpg@,ugé@%ﬁ{dimn%I owered to about 656
mm Hg to maintain the refl uxing. € reacto ol ed to about 850C
and a yielded 388.7 granms of crude product. After renoving a sanple,
magnesium silicate (9.2 granms Magnes HVRNHS), filter aid (0.91 grans of
Celite HyFl o Super Cel), and dei ompzed er (1.94 grans) were added to
the remai ning 362 grans of crude pyoduct and the mxture stirred for one
hour at about 850C. The crude product m xture was

PIB (avg. molecular weight ~950)

S Dehydrated 4-polyisobutyl phenot solution (366.0 grams) from Example 1 and
ExxonMobil Aromatic 100 Solvent (11.8 grams) were added to a separate 1-L
reactor equipped with a total reflux condenser and nitrogen purge. The reaction
mixture was heated to about 150°C at atmospheric pressure under nitrogen
purge. After adding 2—oxazofidir{one (23.0 gramss, assay 99%, from Avocado

10 Research Chemicals Ltd.) to the reactor at about 150°C, the temperature was
increased to about 180°C.. Nitrogen purging was stopped and the pressure was
lowered to about 700 mm Hg in order to cause a vigorous reflux. The
temperature was held at about 180°C for four hours and the pressure gradually

lowered to about 656 mm Hg to maintain the refluxing.

15 The reactor was cooled to about 85°C and a yielded 388.7 grams of crude
product. After removing a sample, magnesium silicate (9.2 grams Magnesol!
HMR LS), filter aid (0.91 grams of Celite HyFio Super Cel), and deionized water
(1.94 grams) were added to the remaining 362 grams of crude product and the
mixture stirred for one hour at about 85°C. The crude product mixture was

20_- filtered with a pressure filter and yielded 335.7 grams of amber colored filtrate

and 23.2 grams of filter cake. Table 2 summarizes the properties of the filtrate.
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20 filtered with a pressure filter and yielded 335.7 grans of anber col ored
filtrate and 23.2 grans of filter cake. Table 2 summarizes the properties
of the filtrate. 17 The am noethyl ate content of the polyner was 62% The
conversion of 4- polyisobutyl phenol was 71 % and the selectivity to

am noethylate was 91 % (Table 2). The total nitrogen is higher than the
basi ¢ nitrogen because the product contains 5 sone byproducts. These

i ncl ude acylated internediate that has not yet rearranged to formthe

am noet hyl at e 'hg agireethylatesontant iof the polymisewas 6284.i Bhe obnvdrsien of 4-

amnoethylate S othr nit encnalnln jpurities.
The col or was ?lgigg?lﬁg'jﬁ{éﬁgg‘fég%%?@é ?ﬁ:t't %Eﬂe%m&ﬂ?g eyfasHehiiltrate
i ndi cat ed t h&tabiebd)t 87% of the 2-oxazolidinone was utilized in the
product. 10 Conparative Exanple B Slight |nprovenment Using 1-Cctanol
Preparation of Solution Containing NH2 PIB (avg. nol ecul ar wei ght -950)

Dehydr at ed 4- bmgatmmms;an ip Ihégyher tiea m@m:d hilkSgeH s&&m@ thé @w&)h&nt&m 400. 0
f ﬁ we

15 grams) and t an 3 rans, anhydrous fromAldric re added to
‘a -separ ath 13 q_m?é 8?“"% Z[hﬁﬁg @ﬁcqute@mtema@ﬁ tb@trm?émiéryeland ni trogen

purge.  The resringas o e i, %R0 g PSR,

pressure under n|trog g ing 0xazo
assay 99% frihmamigert H@feRéQ @Oaﬁbmmesaifstharmtbogeu -ddmtainingdin@uritads, 150C,
the tenperature was 20 increased to about 180C. Nitrogen purging was

stopped and the pressure was 18
The color was relatively dark at 5.5. The nitrogen content of the filtrate indicated

that about 87% of the 2-oxazolidinone was utilized in the product.

10 Comparative Example B

Slight Improvement Using 1-Octanol

Preparation of Solution Containing

/\/NH?
o .

PIB (avg. molecular weight ~950)

Dehydrated 4-polyisobutyl phenol solution like prepared in Example 1 (400.0

15 grams) and 1-octanol (37.2 grams, anhydrous from Aldrich), were added to a
separate 1-L reactor eqyipped with a total reflux condenser and nitrogen purge.
The reaction mixture was heated to about 150°C at atmospheric pressure under
nitrogen purge. After adding 2-oxazolidinone (25.1 grams, assay 99%, from
Avocado Research Chemicals Ltd.} to the reactor at 150°C, the temperature was

20  increased to about 180°C. Nitrogen purging was stopped and the pressure was
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| owered to about 650 nmHg in order to cause a vigorous reflux. The
tenperature was held at about 180C for four hours and the pressure
gradually |owered to about 636 nmHg to maintain vigorous refluxing. The
reactor was cooled to about 85 *C and a yielded 450.2 grans of crude 5
product. After renoving a sanple, magnesiumsilicate (11.7 grans Magnesol
HWR LS), filter aid (1.17 grams of Celite HyFl o Super Cel), and deionized
water (2.02 ran%‘) were added to the remaining 424.7 grans of crude
product and t! \é(ef terahout 899 pna drigrig orderdolsause atvigasens redaxCThehe crude

product mi xt L{éﬁ]p\é?ﬁuré‘ wh ﬁé[%dat\é{bgﬂt gs@bgﬁggfug hblitd &id tﬁ@%r#s%g@gid?t%ﬂ;f ble 2

grans of anber colored filtrate gr ans

sunmari zes t Hewprasplerabiogb636 mrélgitolnnaiatain vighoess refiing.ed t o Conparati ve
Exanpl e A, this exanple shows that 1-octanol gives sore inprovement in
4-pol yi sobutyl phenol conversion and am noethylate content in the polyner,
but does not Vhasigactor was doolsist terabbut 85 & anccalyietdenr459.2 gmid btente

exerpl o 18 s iodbotn ATt hoBabls dPadeiie SMeak T didrra agnesal " °
consi der at i orHMRY LS )efitterchid ¢, w@ﬂdrﬁs éhgé'l'lté Hw@shﬁrscém%a & |z§r§"0vgf¥F
I n

atons. Conparative C gl npr ovenment hexano

Prepar at i on %&féﬁ%ﬁ%&ﬁ@%ﬁ%@ﬂbe regraining 4. bg@maobcruﬁ@pmwmanm@ ht
-950) 19 Dehusimé@ﬂnéu R CheRRELYapdt BB, The LIRS (40,0

grans) and 2- ethyl-1-hexanol rans say ri ch) wer e
added to a. filtered with a pressure filter and yielded 394.9 grams of amber colored filtrate

10 and 30.3 grams of filter cake. Table 2 summarizes the properties of the filtrate.

When compared to Comparative Example A, this example shows that 1-octanol
gives some improvement in 4-polyisobutyl phenol conversion and aminoethylate
content in the polymer, but does not result in a lighter filtrate color or a significant
improvement in utlhzatlon of the nitrogen in the 2- oxazol:dlnone This example

15 shows that alcohol molecular weight is an important consideration. Preferred
alcohols should have less than eight carbon atoms.

Comparative Example C

Slight Improvement Using 2-Ethylhexanol

Preparation of Solution Containing

/\/NHZ
O

20 PIB {avg. molecular weight ~950)
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separate 1-L reactor equipped with a total reflux condenser and nitrogen
purge., The reaction m xture was heated to about 150C at atnospheric
pressure under 5 nitrogen purge. After adding 2-oxazolidinone (25.1 grans,
assay 99% from Avocado Research Chemicals Ltd.) to the reactor at 1500C,
the tenperature was increased to about 180C. Nitrogen purging was stopped
and the pressure was |owered to about 730 mMmHg in order to cause refl ux.
The tenperature was held at about 180C for four hours and the pressure

gradual | y | oweebydratedabpolyiséBtyl dermsMsbiutiv® foRi ' i reflixing.
The reactor VB, Eﬁ-@l e tIgSflgomy ISB%OC and 'a yi el E%%}h@g‘g @ggﬁjéﬁ%‘“ﬁ) d(’:?r&u%e
product. After Ve \9?‘%{;0 safABS: T meassamiom Aldaick), wede addedtsaMagnesol
HVR LS), fil tespamated 1L rédetéH fifip ' cel ), ..and dei oni zed
water (2.25 rpar%? _vve:'e_ added téogdt\ﬁg{ ?té@#gr%:ﬁkgci'g%%ﬂﬁ&Hftrocge{l’d@'rﬁ‘?-oduct
and the 15 mﬁE%F clien Middrerwas beriet dombatt HE09GtatSHAGpHEIR g;s‘rés@lﬁemn%@HCt
8.8 f

m xture W&s ditrb§&H BGraW ure fi.lter yi el ded 3 rans o
anber col or ed fi?t rgtg ) %ﬁ&ﬁﬂgaﬁag%% oidineqe {< 1 graras, apsay 89%. diammar i zes
the properti edvasadoiiestaichrGhiemicalShits.) exmaeacet YE5 -"@5\%‘& o -@Q{u? 229) t hat
are simlar t; Crgggg@ggaéi Ve E@ﬁgpn%e B using 1-octanol. "Wen cDorrpa ed%o
Conpar ati ve Exanpre A, 49t & 098D PG wasatorpestand the-resanelwagi ves
sone i npr overenéredrto4bpol F3ERRVEHY in BRERS, [ nd amni noet h te
content in tg’ﬁ gol mer, but doeskjnot r es‘lﬂF?Gﬁ@[‘ismﬁ??mesfﬁwry W‘?%Jf‘ﬁa]@r
filtrate col Gtagpuixlad Qrfp'ffloéahﬁuﬁsrqmddhermeﬂsuir@gtﬂdiulaiIFQWeﬁéU & abd1 6701 L 0gen
in the 2419xazghitdh RPRS ' e.confirns that al cohol nolecul ar
(_Wei ght is an inportant '“é%ﬁ@g%{@hwggm t hat branched and strai ght chain
C8 25 alcohols give about the sane effect. 20 Conparative Exanple D
The reactor was cooled to about 85°C and a yielded 450.6 grams of crude
product. After removing a sample, magnesium silicate (10.1 grams Magnesol
HMR LS), filter aid (1.01 grams of Celite HyFlo Super Cel), and deionized water
(2.25 grams) were added to the remaining 424 grams of crude product and the
15 mixture stired for one hour at about 85°C. The crude product mixture was
filtered with a pressure filter and yielded 398.8 grams of amber colored filtrate

and 26.1 grams of filter cake. Table 2 summarizes the properties of the filtrate.

This example gives results (Table 2) that are similar to Comparative Example B
using 1-octanol. When compared to Comparative Example A, this example

20  shows that 2-ethyl-1-hexanol gives some improvement in 4-polyisobutyl phenol
conversion and aminoethylate content in the polymer, but does not result in a
significantly lighter filtrate color or a significant improvement in utilization of the
nitrogen in the 2-oxazolidinone. This example confirms that alcohol molecufar

weight is an important consideration and that branched and straight chain C8
25  alcohols give about the same effect.
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No | nprovenent Using 1-Decanol Preparation of Solution Containing /NH2 O
\/ PIB (avg. nol ecul ar wei ght-950) 5 Dehydrated 4-polyi sobutyl phenol
solution like prepared in Exanple 1 (400.0 grans) and 1-decanol (45.3
grans, 98.5% assay from Al drich), were added to a separate 1-L reactor

equi pped with a total reflux condenser and nitrogen purge. The reaction

m xture was heated to about 150C at atnospheric pressure under nitrogen
purge. After adding 2-oxazolidinoge §25.1 géans, gssay 99% from 10 Avocado
Research Chemicals Ltd.) to the r at ,b e tenperature was

i ncreased to about 180C. Nitrogen purgi ng was stopped and the pressure was
| owered to about 720 mm Hg i n Ng feprovemeatissingtieReyarogf | uxi ng. The
tenperature was held at about 180C for four hours and the pressure adjusted
to about 730 mm Hg to naintai .This pressure was

hi gher than 15 in Conpar ati ve—EBx&fE ' 9iRdt i ng the formation of
an azeotrope with the aromatic sol vent and p055|bly dehydration of the

al cohol at theses .conditions. The reactor cool ed to about 850C and a
yi el ded 448.4 grans of crude prod . Penovi ng a sanpl e, magnesi um
silicate (11.7 grans Magnesol 20 R LS), filter aid (1.17 granms of Celite
HyFl o Super Cel), and deionized water (2.06 grans) were added to the
remai ni ng 421.7 gramnms of crude product and the 21 mxture stirred for one
hour at about 850C. The crude groductfm xture was filtered with a pressure
filter and yielded 392.9 grans jof anbgr colored filtrate

PIB (avg. molecular weight ~350)

5  Dehydrated 4-polyisobutyl phenot solution like prepared in Example 1 (400.0
grams) and 1-decanol (45.3 grams, 98.5% assay from Aldrich), were added to a
separate 1-.. reactor equipped with a total reflux condenser and nitrogen purge.
The reaction mixture was heated to about 150°C at atmospheric pressure under
nitrogen purge. After adding 2-oxazolidinone (25.1 grams, assay 99%, from

10 Avocado Research Chemicals Ltd.) to the reactor at 150°C, the temperature was
increased to about 180°C. Nitrogen purging was stopped and the pressure was
towered to about 720 mm Hg in order to cause steady refluxing. The
temperature was held at about 180°C for four hours and the pressure adjusted to
about 730 mm Hg to maintain vigorous refluxing. This pressure was higher than

15 in Comparative Examples B and C suggesting the formation of an azeotrope with
the aromatic solvent and possibly dehydration of the alcohol at theses

conditions.

The reactor was cooled to about 85 C and a yielded 448.4 grams of crude
product. After removing a sample, magnesium silicate (11.7 grams Magnesol
20 HMRLS), filter aid (1.17 grams of Celite HyFlo Super Cel), and deionized water

(2.06 grams) were added to the _remaining 421.7 grams of crude product and the
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and 33 grans of filter cake. Table 2 summari zes the properties of the
filtrate. This exanple shows that there is no benefit, and in fact a
detrinment, to using 1 5 decanol conpared to none in Conparative Exanple A
Conver sion of 4- polyisobutyl phenol (Table 2) was only 51 % conpared to 71
%in Conparative Exanple A The filtrate color was al so nuch darker than
any other filtrate listed in Table 2. This exanple again confirns that

al cohol nol ecul ar weight is an { inportant consideration and that | ower

than C8 al cohmlstu(esshmcgfdronbmur 8t abol 88f@NFhe Gudy ﬁi’o@ﬁ&fgﬁiﬁﬁﬁgwas
Conparative E?cﬂ%p FbNO Al cohfo No Al kyl ati on Cat al
Preparati on of "GAWITHA PEesSHER meﬁ@nd/ﬂ@%e%:iw QEW&fgmbﬂ)belocﬂchﬂltmm ght

aramt) and BocannoniTERy Shenel TSR R Sumihesafe b R gkl y s 2
separate 1-L reactor equipped with a total reflux condenser and nitrogen

purge. The reahtgé)@mﬂlééhékﬁ@tﬁﬁ&é?@%r%lgéﬂeﬁ’tb H& lnlfgg%g%“@%@( gj%f;r{ggp ans.

pressure glder nitrogen purge. After I'ng’ 2-0xaz
assay 99%° f r Ha¢aNA) caUPa! Raanerit CoGiparatial Examﬂle)AtOohms[bﬁ@fuor at 150G,

the t t bout Nitr t d
bnd L heor osoPEiBBuY| BRARRTEMIS) GRS BhI P somaare b Bb ierorposatbee
st eady ref | uxExgmpiehk. Thaitraé goler wﬂ@%lé@&hdcﬁﬁaﬁ@?ﬁan@%tﬁ&r ﬂltfr?t\érlzs?é)d”s

and the pressur dj,u radual ly to_ about
vi gorous ref I ]equ 62! SIlhls exXample again confirms that alcohol molecu!ar weight is an

important consideration and that lower than C8 alcohols (straight-chain or
10 branched) are preferred.

Comparative Example E

No_Aicohol, No Alkylation Catalyst Sediment

Preparation of Solution Containing

/\/NHZ
0

PIB (avg. molecular weight ~950)

15 Dehydrated 4-polyisobutyl phenol solution from Example 3 (353.0 grams) and
ExxonMobil Aromatic 100 Solvent (47.0 gréms) were added to a separafe 1-L
reactor equipped with a total reflux condenser and nitrogen purge. The reaction
mixture was heated to about 150°C at atmospheric pressure under nitrogen

| purge. After adding 2-oxazolidinone (23.7 grams, assay 99%, from Avocado
20 Research Chemicals Ltd.) to the reactor at 150°C, the temperature was

in_creased to about 180°C. Nitrogen purging was stopped and the pressure was
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The reactor was cooled to about 85C and a yielded 412.3 grans of crude 5
product. After renoving a sanple, nmagnesiumsilicate (6.32 grans Magneso
HWR LS), filter aid (0.67 grams of Celite HyFl o Super Cel), and dei onized
water (2.06 grans) were added to the remaining 386 grans of crude product
and the mxture stirred for one hour at about 85C. The crude product
mxture was filtered with a pressure filter and yielded 366.4 grans of
anber colored filtrate 10 and 18.3 grans of filter cake. Table 2 sunmari zes

the properti elowered toealidut 788 nem Hlincordet ROGIURE st RIVGEMLER. r
was 66% The & | sobutyl phenol \X/as 7%"%)5 a‘ﬂfc?ﬁeﬁgjé?gﬂuyge

' 4- |
sel ectivity toggﬁgw?%t?ar%ﬁg?@u g>r &PSF%OU(S@M thexpresstiie adiisted grasiually to | i ght

at L 2.0 (ASTAbdtBO0)meHPR @dintAn \,@yp@,% e Exanpl e A. The nitrogen
content of the filtrat eqﬁgr?di cated that a %’ltuy@g' 87% of the 2-oxazolidi none

was utilized in the product. Conparison of the results of this exanple with

Conpar at i ve ERisermdagiok vidzawdled i - i mthe peutralized
al kyl at i o% cat algéstt in the seoltgﬁbgﬁ?ggf@%?%g%g%bﬂﬁ]y? g&é{ﬁﬁgﬁ'c a

~detrimental RPEREL JHtes rempving sinanytle phagoésiym ciicrier (61 32graams mﬁhéydrate
tent of t | i . 1-2. 20 sh th
ool | (St Mr 2011 i &8t B SRS ERpdclh v danacd vt
pol yi sobut yl (gH¥ngriams)) wecerpddeat lovthe F@amiy 486 8Rnf0omandd b@@ﬁﬂ@lﬂ‘f’e F No
ntal ni ng

| mpr ovenent ' 2-.Et hyl hexanol Preparation of Sol ution NHp O
\/ PIB (avg. L@[’,‘ﬂg‘é&f'g?d iogﬁﬁlouggbybout 85 C. The crude product mixture was

(,_ | filtered with a pressure filter and yielded 366.4 grams of amber colored filtrate
10 and 18.3 grams of filter cake. Table 2 summarizes the properties of the filtrate.

The aminoethylate content of the polymer was 66%. The conversion of 4-
polyisobutyl phenol was 76% and the selectivity to aminoethylate was 91%
(Table 2). The color was very light at L 2.0 (ASTM D1500) compared to

Comparative Example A. The nitrogen content of the filtrate indicated that about
15 87% of the 2-oxazolidinone was utilized in the product.

Comparison of the results of this example with Comparative Example A shows
that leaving the sediment from the neutralized alkylation catalyst in the solution
of 4-polyisobutyl phenol has a detrimental effect on 4-polyisobutyl phenol
conversion, aminoethylate content of the polymer, and light color. Examples 1-2

20 show how the hexanol mitigates the negative effects of the sediment in thé 4-
polyisobutyl phenol of Comparative Example A.
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5 Dehydrat ed 4-pol yi sobutyl phenol solution from Exanple 3 (400.0 grans)
and 2- ethyl-1-hexanol (39.8 grans, 99.8% assay fromAldrich), were added
to a separate 1-L reactor equipped with a total reflux condenser and
nitrogen purge. The reaction m xture was heated to about 150C at

at nospheric pressure under nitrogen purge. After addi ng 2-oxazoli di none
(26.8 granms, assay 99% from 10 Avocado Research Chem cals Ltd.) to the
reactor at 150C, the tenperature was increased to about 180C. N trogen
purgi ng was stopped and the press@ompgsativel Exeameld K 0o about 740 nm Hg in
order to cause reflux. The tenperature was held at 180C for four hours and
the pressure gradually | owergdt ‘ iptaip Vi gor ous
refluxing. 15 The reactor wa 00 ’ 4 a yielded 449. 4
grans of crude product. After renmoving a sanple, magnesiumsilicate (7.16
grams Magnesol HWR LS), filt drepdrdtiéoffolatiomSontaigialite HyFl o Super Cel),
and dei oni zed water (2.27 grans) were added to the remaining 422.3 grans
of crude product and the mxture stirred for one hour at about 850C. The
- crude product mxture was 20 filter {th-&Heressure filter and yiel ded
and ~18.1 grans of filter cake. Table 3
sumari zes the properties of the fliltrate. 24 This exanpl e shows that the
use of 2-ethyl-1-hexanol was detrixental to 4- polyisobutyl phenol
conversion and am noet hyl ate cgftent > n the polynmer conpared to
Conpar ati ve Exanpl e E when no 3 was used. The filtrate color was
also very dark conpared to the tLLtr. e in Conparative Exanple E and 5
(Exanple 3. Table 1 sumarizes thexkey variabl es covered in the exanpl es
while Table 2 sunmarizes the results.

PIB (avg. molecular weight ~950)

5  Dehydrated 4-polyisobutyi phenol solution from Example 3 (400.0 grams) and 2-
ethyl-1-hexanol (39.8 grams, 99.8% assay from Aldrich), were added to a
separate 1-L reactor equipped with a total reflux condenser and nitrogen purge.
The reaction mixture was heated to about 150°C at atmospheric pressure under
nitrogen purge. After adding 2-oxazolidinone (26.8 grams, assay 99%, from

10 Avocado Research Chemicals Ltd.) to the reactor at 150°C, the temperature was
increased to about 180°C. Nitrogen purging was stopped and the pressure was
lowered to about 740 mm Hg in order to cause refiux. The temperature was held

at 180°C for four hours and the pressure gradually lowered to 662 mm Hg to
maintain vigorous refluxing.

15 The reactor was cooled to about 85°C and a yielded 449.4 grams of crude
product. After removing a sample, magnesium silicate (7.16 grams Magnesol
HMR LS), filter aid (0.72 grams of Celite HyFlo Super Cel), and deionized water
(2.27 grams) were added to the remaining 422.3 grams of crude product and the
mixture stired for one hour at about 85°C. The crude product mixture was

20 filtered with a pressure filter and yielded 399 grams of amber colored filtrate and

18.1 grams of filter cake. Table 3 summarizes the properties of the filtrate.
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ry of Key Variables in Exanples Exanple Condition of
g?glr'?i ﬁg ilu(r:rgﬁo%/ 4- Polyw sobutyl phenol  Solution* 1 Unfiltered 1- Hexinol
2 Unfiltered Hexanol, M xed Isoner 3 Filtered 1-Hexanol Conparati \c/:e
Unfiltered None f Conparative B Unfiltered 1-Gctanol Conparative ve
Unfiltered 2-Ethyl hexanol Conparative D Unfiltered 1- chan_ol Corrpar? |ty ]
E Filtered None Conparative F Filtered 2-Ethyl hexanol *Unfiltered so UNI o]
contains sedigent fromneutralized BF3 al kyl ati on cat al yst-. 25 Mo WN Tm~
A'NNn N~ O Nis@@maleshowsthat theise df 2-Bithyl-1cheRabIVAd dbtGmeRtdNtdlaN m

N polyisobutyl phenol conversion and aminoethylate content in the polymer
compared to Comparative Example E when no alcohol was used. The filtrate
color was also very dark compared to the filtrate in Comparative Example E and

9 Example 3.

Table 1 summarizes the key variables covered in the examples while Table 2
summarizes the results.

Table 1. Summary of Key Variables in Examples

Example Condition of Starting Alcohol
4-Polyisobutylphenol
Solution*

1 Unfiltered 1-Hexanol

2 Unfiitered Hexanol, Mixed isomer

3 Filtered 1-Hexanol
Comparative A Unfiltered None
Comparative 8 Unfiltered 1-Octanol
Comparative C Unfiltered 2-Ethylhexanol
Comparative D Unfiltered 1-Decanol
Comparative E Filtered None
Comparative F Filtered 2-Ethylhexanol

*Unfiltered solution contains sediment from neutralized BF; alkylation catalyst.
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OO OOaaa awCO L>dddzZCYVL
8 F;dpd .OQ(DIli dQmd ZI11 26 CLAI M ah_Ahprocess forthge
étion of a pol yal kyl phenoxyam noal kane whi ch conpri ses | _
gg?ﬁg;thylation OP aypolyalkylphenol compound in the presence ofha basi c
catal yst with 2-oxazolidinone or a derivative thereof .5 having the
following formula: O

CLAIMS:

C ENOO
L FUvr T
m

1. Aprocess for the preparation of a polyalkylphenoxyaminoalkane which
comprises the aminoethylation of a polyalkylphenol compound in the
presence of a basic catalyst with 2-oxazolidinone or a derivative thereof

5 : héving the following formula:

Ra

wherein R; and R, are independently hydrogen or fower alkyl having 1 to
about 6 carbon atoms and wherein the polyalkyl group of said
polyalkylphenol has an average molecular weight in the range of about 600

10 to 5,000 and wherein the process is carried out in the presence of an -
alcohol having the following formula:

R3;-OH

wherein Rsis an alkyt group having from about 3 to 7 carbon atoms.

™

2. The process according to Claim 1, wherein the polyalkyl group has a
15 molecular weight in the range of about 600 to 3,000.

3. The process according to Claim 1 or 2, wherein the polyaliyl group has a-

molecular weight in the range of about 700 to 3,000.

4.  The process according to Claim 1, 2 or 3, wherein the polyaiky! group has a

molecular weight in the range of about 900 to 2,500.
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R2 wherein R and R2 are independently hydrogen or |ower alkyl having | to
- about 6 carbon atons and wherein the polyal kyl group of said ‘

pol yal kyl phenol has an average nol ecul ar weight in the range of about 600
10 to 5,000 and wherein the process is carried out in the presence of an -
al cohol having the followng fornula: R3-OH wherein R3 is an al kyl group
havi ng fromabout 3 to 7 carbon atons. 2. The process according to Caim
1, wherein the RrafgSpacerrding thary aae of Blermpéadingataime wgateir e pbFakpnge of
about 600 to 3,800 isHeriTRErdH 961 o, 4 0 iml or 2, "wherein the
pol yal kyl group, has a I ecuPaf?&a%i g fﬁ?%%r{ee’ ?%né%ya&?haﬁ[ﬁgﬁf’"gﬁ’mr% 3, 000.
4. The process accoraPhg9eEe ai m 1, 2 or 3, wherein the polyal kyl group
has a nol ecul ar weight in the range of about 900 to 2,500. 27 5. The
process accqarding to any one of the preceding clains, wherein the polyal kyl

group i s defi vele preesslapperding terGiainps) whelen®ie p@j]yaiﬂ(wpgﬂfd(@ i@%@{,@&i n

ol i gomergof 1- : -decene. 6. The process according to aimb5,
wherein the pol@a E{h%g‘grbéﬁ%'gq‘s derived 5 from polyisobutene. 7. The .

process according to Caim6, wherein the polyisobutene contains at | east
The process according to

about 20 wt 7% inylidene .i somer. 8. .
Claim1, wher e?{?%ﬂ%@%@k&oﬁl&gg&&?gg% d‘r’%’@w the polyispétitenieksantaifslatt o about
4 car bon at ons,leastchbione 201004 o'fén’ibtﬁl,ggiﬁ?imenégs&ne{rhe process according to
Claim1l.or 8, wherein one of R and i s hydrogen,.

8.  The process according to Claim 1, wherein one of Ry and R,is hydrogen or

lower alkyl of 1 to about 4 carbon atoms, and the other is hydrogen.

10 9.  The process according to Claim 1 or 8, wherein one of R, and R: is hydrogen,
methyl, or ethyl, and the other is hydrogen. ‘

10. The process according to Claim 1, 8 or 9, wherein Ry is hydrogen, methyl, or
ethyl and R; is hydrogen.

11. The process according to Claim 1, 8, 9 or 10, wherein both R, and R; are hydrogen.

15  12. The process according to Claim 1, wherein the basic catalyst is selected

from the group consisting of alkali metal lower alkoxide, alkali hydride or
alkali metal hydroxide.

13. The process according to Claim 12, wherein the alkali metal lower alkoxide
is selected from the group consisting of sodium methoxide, potassium
20 _ methoxide, sodium ethoxide, potaésium ethoxide, sodium propoxide,
potassium propoxide, sodium isopropoxide, potassium isopropoxide,
sodium butoxide, potassium butoxide.
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met hyl, or ethyl, and the other is hydrogen. 10. The process according to
Claiml, 8 or 9, wherein R is hydrogen, nethyl, or ethyl and R2 is
hydrogen. 11. The process according to Claim1, 8 9 or 10, wherein both R
and R2 are hydrogen. 15 12. The process according to Caim1l, wherein the
basic catalyst is selected fromthe group consisting of alkali netal |ower

al koxi de, al kali i kal, hydr oxi de. 13. The process
according to ?Jhéi méi%ltog\e\ﬁsﬂléejér%ﬁoﬁb'b ﬁetbglgjéﬂz %égaw Fredhe akdlignetadowsralkosidect ed
fromthe group cdasobdiummmetiioxiiedi um net hoxi de, potassi um 20 net hoxi de,

sodi um et hoxi de, potassi um et hoxi de, sodi um propoxi de, potassium

pr opoxi de, sodi um i sopropoxi de, potassi um i sopropoxide, sodium butoxide,
pot assi um but d%i dee @8cdss actoeding e SBmat; Whardid thidakhRhRidde R'soldmWher ein

the al kali netal lLh@v}gr al koxi.de lﬂl(éjs sodi um nmet hoxi de. 157 The process
according to d ai M19° CWRYPEFHM MErideKal i hydride is sodium hydride or

potassium hydride. 5 16. The process according to Caim12, wherein the
m_the group consisting of sodium

al kali metal droxide is selected fro S

hydr oxi de,5a i %u I aFoRi %89"06"89 ?%G{aé@ SruWhatgi the alkali metal hydrqxidecies s
accordi ng to C aiseletBdford the Eidnsish -i . OXI ﬂe I S .., sodium
hydr oxi de or potassi um _hydrox?@g?) 10518&.1 %#E@I%Tg@ggixﬂa%g@% G’tr?))("ﬁc'f'ai m 1,
wher ei n the ani nGEPAAESEk IV dreXiger ature is in the range of about 100C to
250C. 19. The process according to Claim1 or 18, wherein the

am noet hyl at i1o7n

i

The process according to Claim 12 or 16, wherein the aikali metal hydroxide is

( sodium hydroxide or potassium hydroxide.

10 18.. The process according to Claim 1, wherein the aminoethylation temperature
is in the range of about 100°C to 250°C.

19. The process according to Claim 1 or 18, wherein the aminoethylation

temperature is in the range of about 130°C to 210°C.

20. The process according to Claim 1, wherein the molar ratio of
15 2-oxazolidinone or a derivative thereof to polyalkylphenol compound is
about 5:1 t0 0.9:1.

21. The process according to Claim 1 or 20, wherein the molar ratio of

2-oxazolidinone or a derivative thereof to polyaikylphenol compound is
about 2:1 to 1:1.

20 22. The process according to Claim 1, wherein the number of equivalents of

basic catalyst per equivalent of polyalkyiphenol is about 0.05:1 to 1:1.

23. The process according to Claim 1 or 22, wherein the number of equivalents of

basic ;atalyst per equivalent of polyalkylphenol is about 0.1:1 to 1:1.
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tenperature is in the range of about 130C to 210C. 20. The process
according to Caim1l1, wherein the nolar ratio of 15 2-oxazolidinone or a
derivative thereof to polyal kyl phenol conmpound is about 5:1 to 0.9:1. 21.
The process according to Claim1l1 or 20, wherein the nolar ratio of

2-oxazol idinone or a derivative thereof to pol yal kyl phenol conmpound is
about 2:1 to %&1. 20 22. The rpcgsi}according_to Caim1, wherein the
number of equfial Bit ROGESS ASRArUIng 1p Lilgiay T ahergi Ry s amalkyareun havirgl phenol
is about 0.05:1 tgbolitb.to 2%arddieaneeess according to Caim1l or 22, wherein
t he nunber of equivalents of basic catalyst per equival ent of

pol yal kyl phenol is about 0.1:1 to 1:1. 29 24. The process according to
Claim1, whergbn TR process addeyding 1O Caifdy bings, ; Ofs.
25. The process accoﬁdin to CIa?&?gm%ﬁﬁ24, mﬁ@?gyﬁaﬁS%ﬁgmgﬁﬁgﬁﬁgrﬂgroup
havi ng about 6 é@PHbﬁcéaﬁﬁ%¥0@826. The process according to aim1l
wherein the al cohol is hexanol, either branched, straight chain or

m xtures ther 8f' 27. The process according to Claim1 or 26, wherein the
nol ar rati 0.al TOSHRSPCeSS agserding EbGlajimphe ndiereis thehaieohd. i héxarml either 28.
The process accongl O¢(L: 2l : jn.the nolar ratio of alcohol
to 10 polyi sobutbﬁd&ﬂlgﬁbft%@l'Hz;eboﬁrfg)b'%ﬁ(:ui}gggﬁ%e??‘ 29. The process accordi ng

to Jdaim1l, 27 or 28, wherein the nolar .ratio of al cohol to

pol yi sobut yl pf‘ﬁ”(ﬁhe'p?o@@s@étccgrd?ﬁgltc} latn c)lr'za?’\?vherein the molar ratio of alcoho! to
(‘ polyisobutylphenol is about 0.2:1 to 5:1. |

28. The process according to Claim 1 or 27, wherein the molar ratio of aicohol to
10 - polyisobutylphenol is about 0.4:1 to 2:1.

29. The process according to Claim 1, 27 or 28, wherein the molar ratio of alcohol to
polyisobutylphenol is about 0.5:1 to 1.5:1.
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