| MPROVED PROCESS FOR THE PREPARATI ON OF POLYALKYLPHENOXYAM NOALKANES FI ELD
. OF THE I NVENTI ON The present invention relates to an inproved process for
the preparation of 5 polyal kyl phenoxyam noal kanes. Mre particularly, 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-oxazolidinone or a derivative thereof in

t he 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 contr ol engi ne d U, Pat ent Nos. 5,669,939 and

f its, .
5,851,242 describes a Hﬁg QEB@B@%&ES%’ RH%E@E(P&%EMQFFM process
involves initially hydrOxylFﬁﬁi?ﬂLRYﬂ@'FﬂéXﬂ'ﬂﬂrﬁﬂ@i}AL‘@(Ar@an al kyl ene

carbonate in the presence of a catalytic anount of an alkali netal hydride
or hydroxide, or alkali 15 netal salt, to provide a polyal kyl phenoxyal kanol

whi ch is subsequently reacted V“I*IELW'OPWE’[N\VEN?IW ne to provide the
desi red pol yal kyl phenoxyam noal kane. 2-oxazoli di nones or derivatives

thereof are well described. For exanple, Martin E. Dyen and Daniel Swern,
-Chem stry Revieng P(e%%ﬁ? ihve M1k 1248 imp1Bved P%%s@f&’iﬁé |ré;5’dr996‘r?§f' n

detail. The use of 2-oxazol |l (_:Ii nones or derivatives 20 the_eof In the
am noet hyl dt i opelpdikypeersixyaininosianeknddereipartiduarty; this lventioratedates o a

der tvatives trRPere i Eif EPBHAIen U pONETARebeh S adlont® BHED il Res

t enper at ur es thepmoidustylhtidn f hpoRdiigipheast compoundwiti hanedoimaesor a
produced are an inportant class of mat e{]i als which are useful as

i nt er nedi at es 4ePVEEVE Hierepidudia P&sease phal AieeBak i cal s, phot ogr aphi ¢
chem cal s and ot her

BACKGROUND OF THE INVENTION

10 Polyalkyiphenoxyaminoalkanes 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



conpositions. Japanese Patent Publication No. JP 2592732 B2 di scl oses a

- met hod of produci ng phenoxyet hyl am nes by reacting, under base conditions,
| ow 5 nol ecul ar wei ght phenol s and 2-oxazol i di none. Phenoxyet hyl am nes are
important raw materials for pharmaceuticals and pesticides. Gernman Patent
‘Publication DE 19711004 Al discloses the use of 2-oxazolidinone to prepare
phenoxyam noal kanes from | ow nol ecul ar wei ght phenol s.

2- 4- (Phenoxyphenoxy) et hyl am ne and et hyl 10

e SRS B LR RS SR iy ¢

2- oxazol i di nongocrapagtions.nert at onsphere, foll owed by am dation of
2- 4- (phenoxyphenoxy) et hyl am ne wi th carbonate derivatives. U S. Patent No.
6, 384, 280 teaches the use of 2-oxazolidinone or a derivative 15 thereof in
am noet hyl at i oﬁﬂnan@ﬁeﬂatermﬁtmﬂieaﬁmwl&bvjm@wﬂmﬂ B ldiscidsas avaktiod of

pol yal kyl pheno |de heno oalkanes of t he type |
disclosed in ‘!H%g sem"%g Mégﬁeéﬁé}/gé ”QQQ QSHHADSH PWassi gned
copendi ng 8 S. mBRatcaﬁir w@igﬂtlpﬁ@hbl@%nﬁ%—bﬁézdﬁ@moﬁ@l%néﬁy%th thinlrRd ofdne 28,

2002, a process for the preparation of 20 pol yal kyl phenoxyam noal kanes
conpri si ng thé“’éﬂﬁ@ﬂéf%ﬂ‘é‘ﬁ?r@'ﬁfﬂrD&affbéq?%lcﬁk’ﬁl%}@ﬁﬁ“cﬂéﬁpound with 3-amino
al cohol and di al kyI carbonate, which process may contain an optional

al cohol . SU OF THE | NVENTI ON The Pr esent invention provides an

i mproved procé E"‘F%? Paieat fublicationiRin 187 1190 pbidjsslasps gheHex 9hni noal kanes
whi ch conpri Seﬁoké‘fbhﬁfﬁoﬂ?% ?Y%ﬁ%{r%‘ﬂﬂe%x;%n%n@é’lk?!ﬁéé‘ﬁ‘érﬁW&D%ol&&f@%@%h{ n the

presence of a basic cata
phenols. 2-4- (Phenoxyphenoxy)ethylamine and ethyl

10 2-(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.

U.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

The present invention provides an improved process for the preparation of

25  polyalkylphenoxyaminoalkanes which comprises the aminoethylation of a



2-oxazol idinone or a derivative thereof having the following fornula: 0 O
- NRL /R2 wherein R and R2 are independently hydrogen or |ower alkyl
having 1 to about 6 5 carbon atons and wherein the polyal kyl group of the
pol yal kyi phenol has an average 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 . The al cohol has the structure R3-CH wherein R3 is an al kyl group
having about 3 to 7 carbon atons. The nolar ratio of the al cohol to the
pol yal kyi phenal 1 ound is normally in the range of apo 0.2:1 to 5:1.
The™ ani noet hyl%quagW?‘ﬂ@Pr F%rHDBH’mé)WeNt%BrF}élg%efﬂceiﬁ@e‘?ﬂﬁ%ﬁﬁf"@ﬁg\"’ﬁ occurs using
a basic catalxskagmitinehedr brdaivhiie BeestT Qg thé faiBwiig Rrkald: metal | ower
al koxi des, alkali hydrides or alkali nmetal hydroxides 1 n the tenperature
range of about 100C to 250C, wherein the nolar ratio of 2-oxazolidinone or
a derivative 15 thereof to polyal kyi phen@l conpound is about 5:1 to 0.9:1
and wherein the nunber of equival ents off basic catal yst per equival ent of
pol yal kyi phenol is about 0.05:1 to 1:1 HAnong other things, the present
invention relates to an inproved pro s fog-the preparation of

pol yal kyl phenoxyam noal kanes in the pnesencf of an al cohol that 20

provi des i ncreased polyi sobutyl phenol tonv rshgn and reduced thernal
degradati on of 2-oxazolidinone in the process. “Moreover, the use of an

al cohol was found to mtigate the negative effect of sedinent in
unfiltered p i i ! I I HAVE tzed
al kyl ati on ca%??gﬁwé%cghg?%dwgﬁ E’%’H%@%?@S?&‘%@%‘L [&msobutg;fﬁ]éﬁéﬂt@
cont ai ni ngdal kegrken stermsaand yherein 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.

The alcohol has the structure R3-OH wherein Rj is an alkyl group having about 3
to 7 carbon atoms. The molar ratio of the alcohol to the polyalkylphenol

10 compound is normally in the range of about 0.2:1 to 5:1.

The aminoethylation reaction of the present invention readily occurs 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

15 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.

Among other things, the present invention refates to an improved process for the
preparation of polyalkylphenoxyaminoalkanes in the presence of an alcohol that

20  provides increased polyisobutylphenol conversion and reduced thermal
degradation of 2-oxazolidinone in the process. Moreover, the use of an alcohol
was found to mitigate the negative effect of sediment in unfiltered

polyisobutylphenol {still contains salts from the neutralized alkylation catalyst) on



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

- process econom cs. DETAI LED DESCRI PTI ON OF THE | NVENTION 5 As not ed above,
the present invention provides an inproved process for the preparation of
pol yal kyl phenoxyam noal kanes whi ch conpri ses an am noethyl ation of a

pol yal kyl phenol conpound in the presence of a basic catalyst with
2-oxazol i di none or a derivative thereof having the following fornula: 0 11
ONRL 11 R2 10 wherein RL and R2 are independently hydr ogen or | ower al kyl

having 1 to ahpy r I f the
pol yal kyl phen(tzﬁ? {11%1(2 cgﬁﬁ. g@%r@%yﬁoﬁ&? \I«g}%ﬁér{bl I'n tqgglkbér%gao agout 600
to 5,000 and wediraent is peefeped ovarfiliesed ar waelded)po!ylsnbuﬂybhpne!schm:@ mrbcass

al cohol. 4 Th & ﬁgﬁ’i on may be illustrated by the following: OH 1) Base 2)
R3-OH 0 Pol yal 3) 2-oxazolidinane or a derivative thereof O

DETAILED DESCRIPTION OF THE INVENTION

S  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 hydfogeﬁ 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.



R2 Pol yal kyl phenoxyar ni noal kane wherein R is a polyal kyl group having a

. nol ecul ar weight in the range of about 600 to 5,000, and R1l, R2 and R3 are
as herein described. 5 Definitions Prior to discussing the present
invention in detail, the following terns will have the follow ng nmeani ngs
unl ess expressly stated to the contrary. The term"alkyl" refers to both
strai ght- and branched-chain al kyl groups. The term"lower alkyl" refers to
al kyl groups having I to about 6 carbon atons 10 and includes primary,
secondary and f.ertiar. | kvl grqups..Typical |ower al kyl. groups include,
for exanpl e, qef'néﬂaf:{'é? ﬁ&ﬂyyben'ﬁ&&@g?ﬁj Py?(fg%ﬁ)j}gmﬂg; n-butyl, sec-butyl,
t-butyl, n-pentyl, n-hexyl and the like. The term "pol yal " reftR to an
al kyl group which o8 generally derived from polyolefi whi cly”are pol ynmers
or copol ynmers of -no-olefins,lgﬁrticularly 15 1-nono-dl efins,| such as

et hyl ene, propyl eng,_ butyl ene, ‘aftfthe like. Preferabl y,_ thergono-ol efin
enpl oyed w Il hawe abqut 2 to %gRQé bon atons, and np ef erabl y, about
3 to 12 carbon fatons. ||More prefertéd nono-olefins i HR1 propyl ene,
butyl ene, partijcul arly isobutylene, d-octene and 1- 1 Pol yol efins
prepared from such. mono-ol efi ngyinclfide pol ypropyl en pel ybut ene,

especi ally pol yi soput ene, and the pal yal phaol ef | ns produced from 1-octene
and 1-decene. 5 Polyal kyl phenoxy noal kanes may be prlepared by the
process of the pre®ent inventiorRwhi chi'corpri ses an afi noethyl ation of a
pol yal kyl phenol conpound wth 2-8§azoEidinone or a derivative thereof

havi ng t he folHobwikyphémt mul a: 0 Ra Polyalkylphenoxyaminoalkane

2-oxazohdinone or
a derivative thereof

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

5 Definitions

Prior to discussing the present invention in detail, the following 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-pentyi, n-hexyl and the like.

The term "polyalky!" 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



0 NN--R  "R2 wherein R, and R2 are defined herein, in the presence of a

- catalytic amount of an 10 al kali netal |ower al koxide, alkali hydride or

al kali metal hydroxi de. Polyal kyl phenols are well known naterials and are
typically prepared by the alkylation of phenol with the desired polyolefin
or chlorinated polyolefin. A further discussion of polyal kyl phenols can be
found, for exanple, in U S Patent Nos. 4,744,921 and 5,300, 701. 15
Accordi ngly, polyal kyl phenols nay be prepared fromthe corresponding

o s oY SIS BRSEAS EO5FERER) Sl Kol s ma be

prepared by r|a I'nor o ure'with phenol
in the pr esendéolmleﬁns prabk;elddi‘omguclamajmsmeﬁns mctusigyerdgiropgend, golyirotadaut

25C to 150C, d bout Cto.l
casentially i rieeBEly FofobyteRp s ik aReetis poduRshrafit plighe and
al kyl ati ng catelyednd.s boron trifluoride. Mlar ratios of reactants may be

used. Alternatively, nolar excesses of phenol can be enployed, i.e., about
2 to 3 equivalents of phenol for each equivalent of olefin wth unreacted

phenol recygcl erblydik@phaidxgamiioanenss ey He pﬁ@ama@ltﬂre/%@h@wa th@ Jreseml es
of inert solvents include heptane, benzene, toluene | or obenzene and 250

t hi nner whi ch INEtioRWhieh eorBprisasAmamivetiiiation ofa palalkyahenol @eawound
Ker osene-t ype Wi 2 fo%%oli'dﬁloﬂ@‘lﬁ RederRAAPlHrObf ﬁahv‘ﬁ';g[ m%tfsfiow%q?cgﬁﬁ@.a her

exanpl es inert solvents that are aromatic m Xtures I ncfude Exxon
Aromati c 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 efi ns ich are polyners or copolynmers of
nono- ol efins, particularly 1-nono-olefijgs, such as ethyl ene, propylene,

butyl ene, and o N—R,

Ry

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

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 phenol for each equivalent of olefin

with unreacted phenol recycled. The latter process maximizes monoalkylphenol.



the like. Preferably, the nono-olefin enployed will have about 2 to 24

. carbon 10 atons, and nore preferably, about 3 to 12 carbon atons. Mre
preferred nmono- ol efins include propyl ene, butylene, particularly

I sobutyl ene, 1l-octene and 1 -decene. Polyol efins prepared from such
nono- ol efins include pol ypropyl ene, polybutene, especially polyisobutene,
and t he pol yal phaol efi ns produced from 1-octene and 1-decene. 15 The
preferred pol yi sobutenes used to prepare the presently enpl oyed

| yal kyl ph ' i Lise. a t 20% of
Phe’ o et eace P e BRI AN R AR R Beb Aeltol 7 It RABBERAE 2006
aﬂd more pr efm@%@ltmé\%m&({h iiam:atxtﬂr_?‘;]éf afprnbtidy, pamﬂir}ﬁc asr&buaﬂﬂﬁ?nd:mclbu?e
t hose repare usli n C S . e e atl on SucC (6] I Soput enes
nowii o T he e e R hPRISH DaDR 2P LSt SRS RBIR A R a IS AT SR PYABSE ¢ he
total conposi tafGert Solveks Chatlee atdblicmiides M clNRS ExtbnlRoMRR: A5 Exxon |

4, 605, 808. Such pol yi sobutenes, known as "reactive" ‘EOl yi sobut enes, yield
hi gh nol ecd arA@aiaiigt159) Selvesso 100, Talctelvarex Byanddkellikgr oup is at or near
the end of the hydrocarbon chain. Exanples of suitable polyisobutenes
havi ng a hi gh al kyl vinylidene content 25 include Utravis 30, a

pol yi sobut ene Hi/Polyalkyaieween Mapelyaikviphenals amplpieghin theoinvapiét is1, 300 and

t hyl vi nyl i 494 . ' ' ut ene
having & nunbel v Ao i BB ihichite Hoh P Br EdhoifimeRO6HhSRS!
met hyl vi nyl i deviefire pidiculadiy 1aimond-oWdiis, fothnad ethyienk ypnopplehachulyledebsnd
British Petrqle i m | ol yi sobutenes are currentl. i l.able from
SASF. 7 chevr dnt iR Bretbily B doRerieit snpBied Wk o] Sord taroar
group on tfge pabyel Kyd mwélgref@@m 2 aBBLET Y BF ciBba Ritorhs. Mdie préraged Phoraiout
600 to 5,000, preferably about 600 to 3,000, nore preferably about 700 to

3,000, and nostefisdnelddpPorvirig: bobytenee partisalary Tsabubtena|fkgdtene and

1-decene. Polyolefins prepared from such mono-olefins include polypropylene,
polybutene, especially polyisobutene, and the polyalphaolefins produced from

1-octene and 1-decene.

15 The preferred polyisobutenes used to prepare the presently employed
polyalkyiphenols 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 hydroxyl 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
methylvinylidene content of about 76%, both formerly manufactured by British

Petroleum. Similar polyisobutenes are currently available from BASF,



5 group on the polyal kyl phenol may be in any position in the phenol ring.

- However, substitution at the para position is preferred. As noted above,

t he pol yal kyl phenol conpound is reacted with 2-oxazolidinone or a
derivative thereof having the formula illustrated herein above, wherein R
and R2 are independently hydrogen or |ower alkyl having 1 to about 6 carbon
10 atons. Preferably, one of R, and R2 is hydrogen or |ower alkyl of 1 to
about 4 carbon atons, and the other is hydrogen. Mrre preferably, one of

R and R2 is t.hvl [ h ng. the other is hydrogen. Still
nore prefer abl.%g&%ﬁgm%éﬁéé@{gsr%ﬁrﬁ%?mgcﬁ%et hyl, and R2 is hydrogen.
Most preferably, both R, and R2 are' hydrogen. Exanples of such conpounds

i ncl ude, but age.; i m i dii , s
S et hyl - 2- oxas 9P LA PO oo o yE BAFRHPRBRAS ha 2 wolscypy weight n
2-oxazo:ji di nonthe rﬁhgebfalaaxztcﬁ(]_Od}olrﬁ)@(ﬁ),qpefﬂmml I ylat;eum@mr&e@b. fle”djl@sm'efeiraiély
conpounds are readi c ci av e, For. ins e, 2-oxazolidi none
and - mt 1 ‘2?59%'?6' GO, Fpdym %%fﬁﬁﬂﬂgéeovtr%mhﬁ;%?&@h‘fg@ﬁ@@mwt_ |
npany. er the JoNRHG/HEFBPHRY HTR RN Do Hdh e 8l iggnventi ona
20 et hods appgmt toet he sKilled ar ?i s?a}n. n.?(r?\)e blasi c ca@gﬁ? ystrI grrpl oyed in
the process of HoWeveh syesfitutianalibe sarawositieeisqrafamed. be any of the wel |
known basic catal yst selected fromthe group of alkali netal | ower

al koxi des, al kali hydrides or alkali netal hydroxides. Typical alkali netal
| oner al koxi dedsinpéadekovepiite pplalkidphenatcem@orad iswactad with Rexpaelidinone

pot assi um 25 n@ltQBéi'i\gzﬂivestﬂéirieﬂm\ﬂiﬁkgﬁe%rmﬂﬁtiﬁl?sﬁ}dfga ﬁé%ﬁﬁ%gcgvsel, E\%%iréim&

propoxi de, potassium propoxi de, um 1 sopr opoxi de,
i sopropoxi de, ‘3wdiRg@rd indereddentlyyt ecginuon ibweoalkgehavigpl tedbout 6tdwebah kal i
met al | owey, al koxi d

carbon at ons. W&%ﬁ%@#‘%cﬁggéﬂﬂ@ﬁl"dﬁa 'é%%%%ﬂ@?‘ %%1‘5%%{‘?@3 i iot@gaﬁﬁﬁmm +
met hoxi de. Sodtatoh ebrhe eardintfle RAESS hydPolkA! Mifte Préfetath}, @3k of R; and R, is
hydrogen, methyl, or ethyl, and the other is hydrogen. Still more preferably, Ry is
hydrogen, methyl, or ethyl, and Rz is hydrogen. Most preferably, both R and R
are’hydrogen. Examples of such compounds include, but are not limited to, 2-
15 oxazolidinone, 3-methyi-2-oxazolidinone, 4-methyl-2-oxazolidinone, and 3-ethyi-
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
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 metatl lower alkoxides will contain 1 to

about 6, preferably 1 to about 4, carbon atoms. Preferably, the alkali metal lower



al kali hydrides. Exanples of alkali netal hydroxides include, but are not

. limted to, sodium hydroxide, |ithium hydroxide, or potassium hydroxide.
Sodi um hydr oxi de and pot assi um hydroxi de are preferred. 5 Typically, the
reaction tenperature for the am noethylation reaction will be in the range
of about 100C to 250C, and preferably in the range of about 130C to 210C
The reaction pressure wll generally be atnospheric or | ower. Lower
pressures may be used to facilitate the renoval of carbon dioxide. O her

carbon - di oxi Ay S8y RGRS G FinBRAE " BAANEhyAdL Anh!ddtales,ch RSafiga sl RldicaPUch

as, for 10 exanp magnesi um ox1 dé or cal CI um ox ower “a
are used, it iakaldkpdridege &xantplescefralipalionetal hpdmoeides irmiude) det arepnetsBnitezi f or

exanple up to 100 psig depending on the.alcohol, in order.to raj.se the
bor | Tng t ormer Bt aPRaERGe BT Srhvifhids. SF PR st Bidrdiide Silidior ' e
reaction. In tiydrodas and potEssiBangdokel e psfenbded to renove CO2 so that
15 carbonate salts are not forned in the reactor. This may be acconpli shed

by controlled boiling of the reaction m xture so that solvent vapors carry

the CO2 ower hegsicdlp! Beaegtionn@nipaadtufORE s edirvRthyiaRYCeastidM&ilTd manbt
while venting th i trogen sparging into the reaction mxture or

e C2. Ntro
pur gi ng of the@ngasf QPOUth@Qanﬁgé@ Gregndapreferally i e repaa o ahpyl B30°CHe sane
end while nai {opri t
2 oxazol | di more e o e G e L geiefep b Himod b LW it 1
normal |y in theressurge mey kebosrd ©: facitiat@thg remavatiofraben divixidewi Othebeaiton t he
range of about .Z:é to 1:1. In g%neral th1 'nu r hof egyi val ept s Pf t he
basic catalys [o§ ?Sga‘{ﬁf\ggrsewﬁ &€ P‘;'?% %/Iaﬁw B NG eI UGN @Se C?Iange of
about 0. 050l texandie Imignandnxrfeasraldidiurmnddee range of about 0.1:1 to 1:1.
The am noet hyl ati on reaction nmay be carried out neat or in the presence of
a solvent which is inert to the reaction of the polyal kyl phenol conpound

and the 2- 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 salts 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 polyaikylphenol

compound is normally in the range of about 5:1 to 0.9:1, and preferably will be in
the range of about 2:1 to 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 facilitate



oxazolidinone or a derivative thereof. An inert solvent is often used to

- facilitate 9 handling of the polyal kyl phenol and to pronote good contacting

of the reactants. \Wen enployed, exanples of inert solvents include

hept ane, benzene, toluene, chlorobenzene and 250 thinner which is a

m xture of aromatics, paraffins and naphthenes. Kerosene-type jet fuel is

anot her exanple of the latter mxture. 5 Qther exanples of inert solvents

that are aromatic m xtures include Exxon Aronatic 100, Exxon Aromatic 150,
d the Ot her . sol vents apparent to

Sol vesso 100, lLvare

Chose. oki i1 ed Nanding e halhy Bad dnddh Hemple a3t iR aeactants
et hers, aprot.wmmp@%&e@a@mm@s@ﬂ.ﬁ@h@bﬁ/eﬁ&yn&ha@ Ptan'ésﬁéhlierientélﬁ@ne
process of theaﬁ ent 1nvention. 10 I n accordance w t he present

i nventi on, SNZeRe BighRaY dinner witigh issaimigetangl @'prr@ti%rm@fé@s ande
al cohol has t hﬁa;ﬁﬁtﬁé‘ﬁé#r}@rﬁ%n%yﬁ‘%gét?u@ @gné}ﬁle?@xarﬁblléydf t5 RRr RvRe about

3 to 7 carbon atons, preferabl rbon” atons, nost préeferably
about 6 carfbonoﬁl%r%arr@@mf@@'t etbfvelytmtbatlaralamhetls miktosiveude Exepanol |

MR T T A T S B

1- Hexanol or hexansbiveataymraitdo thicdeaskiRd. in BXQERIresy Sko 6.TTRECIFYr
al cohol s avail abl e from ExxonMbbil Chenmical that are a nm x of several

i somers i ncl UBREMERRERMENYRBSLP eihershapptianalasselients qridiethaln Ry dlsvbel ) .

The molar rat i @sei ih ke Bloeabobe i@ driSeiahyetlisy! phenol compound i's normal |y
in the 20 range of about O. , preferably about 0.4:1 to 2:1, and

nost preferably about O. 5 1 to 1.5:1. The ami noethylation reaction wll

general |y fge cwadcgﬁhémé mﬁﬂhﬁthe%r&?én't Neﬁﬁo@béwélcot?olﬁé)e:%@ d&%y i the2nd

preferably over a period about hour s etiron of the
reaction, the %Wﬁ%‘%@ﬂﬁOWh@h@ﬁ@hﬂhm Mrférucwre&’raltleﬂwrem Rz 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-pentahol, 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 polyalkyphenoxyaminoalkane is isolated
25  using conventiona! technigues.

10



25 using conventional techniques. 10 EXAMPLES The invention will be further
-illustrated by the follow ng exanples, which set forth particularly

advant ageous process enbodi nents. Wile the Exanples are provided to
illustrate the present invention, they are not intended to limt it. This 5
application is intended to cover those various changes and substitutions
that my be nmade by those skilled in the art wthout departing fromthe
spirit and scope of the appended clains. 10 Exanple 1 |Inprovenent Using
1- Hexanol Preparation of Solution Cont ,§§®9L%§NH2 PI B (avg. nol ecul ar

wei ght -950) Potassi um hydroxi de (assa?é 3 grans) and a sol ution of
4-pol yi sobutyl phenol wherein the polyisobutyl group has an average

0S5, 300, 707 TR deysPEBY i8S Rigd e Fo@rng RO FREHE it Bl B RRE it
from the neutr phitizcelraladyarstbge@suscmpivatysemboipiehtadddmlettiie Exdmpldeget | on

flask equi pped wi t netic stirrer, Dean-Stark tra refl ux condensor,
nitrogen inletP QYHPW%UE&'Q'?@ @edﬁﬁﬁ”ﬁl"l“@t“t‘o"rﬁéeg§r%ﬂ?tdﬂ£‘6f19d40 eyt sty

phenol contai ”QSpI%ﬂHﬁ [s3|ate?1%b§% %Sw?e?%éé@vé’ﬁdi@%aﬁ SOLNE bt gggor{}a)‘ﬂgg

hydr oxyl nunber of . O+ g. The solution al s cont ai ne
unconvert ed poﬂ'@@tﬂdﬂﬁ?@ QMéhQﬁ? $i<l|l@dl iv dime aftvdbobhdepartimhiromethetspiit amidxt ur e

was heated at @%uéftﬂéggpgﬁéje%clg L essure of about 150-160 mm Hg until no

nor e

Example 1

improvement Using 1-Hexanol

10 Preparation of Solution Containing

/\/NHZ
O

PIB (avg. molecular weight ~850)

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



11 water cane overhead by azeotropic distillation with the aromatic
- solvent. The reactor contents were cool ed under nitrogen, a 25.6-gram
sanpl e was renoved and the remaining solution of dehydrated 4-polyisobutyl
phenol (2410.5 grans) was transferred to jars and stored in a dry box
until needed for the 5 am noethylation reaction. Dehydrated 4-polyi sobutyl
phenol solution (400.0 grans) from above and 1- hexanol (29.2 grans,
anhydrous from Aldrich), were added to a separate 1-L reactor equi pped

The reaction mnmxture was

with a total r X _condenser, and_nitrogen.purqge..

heated to abouw ah (?é"betO\éﬁrﬁ%ﬂ)ﬁ%FF%OtB?FngﬁP@aL{Wg’d@Fh e:aregetc soiveak gEhe Af t er
addi ng 2- oxazoteéatioraostdrid whrdteded upasaNitr888a, 4 29 Cafitble RR%aa

Chem cal s Ltd. % t he reagt{)r at atL)Iout 1|g0 ,ﬂthegtmeg:,n%@raturlg was ﬁfd('fed

i ncreased unti " WnAILRg spudipn oé dedydatest&polyiobabybabenct 624 1thd Igeamsl gi ng
wLh niLrogenwas (Bhsfehelqb ligrs RhAIA in BN ok BRAINARLAGNE! OnS er e

mai ntai ned _for four hours. The reactor S cool ed to about 850C and a
yi el ded 441 9 gmiestindationuesctign.oduct. After renoving a sanple, magnesium
silicate (10.1 grans Magnesol HWVR LS), filter aid (1.01 gramof Celite
HyFl o Super Cel), and deionized water (2.21 grans) were added to the
remai ni ng 414. Behydiatedst-pelyisabutyt pienal satution (€00, figrams efrarhiaboed ahdri-one

hour -at about r ixture.was 20 filtered wt

pressure fil te&ée%r?gq/%%é? é%%%é‘ﬂ%@&é%"&?"@?ﬁgrw%{S|36*IF’88?‘? ?lstePaf%ea‘alnd 27.3
grams of filtercactkequibpbtievi® stotaaeilanesoridynser aRehitiogsn plirdd1eThé Hdcabs-
After evaporating solvent fromthe filfrate in a vacuum oven at about 150C,

1H NWVR (CDC 35""&555 WRseatgd g%a'a?lfffvof’ﬁét@Bﬁ%wr@rpr@%%e HBHEN RIEBAEH |

phenol” andio t el agtet ¥HdMg 200 BFLRARLIY (2. ¢ OR Y tyl

gi ves a doubl Q?Jrgt 25 6.73 %pm for two pk ot oﬁg o%'oét@égpgrg?f’ﬁgrtoﬁgA%?\égwmhi |l e

converted 4- pdrgFessghuyemicals 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

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 (CDCl3) was used to quantify the conversion of 4-polyisobutyl phenol and
the selectivity to aminoethylate. Unconverted 4-polyisobutyl gives a doublet at
25 6.73 ppm for two protons 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



gives a doublet at 6.81 ppmfor the sane two protons. The am noet hyl ate was
-identified by 7.25 (ABq, 2H), 6.8 (ABq, 2H), 4.0 (t, 2H), 3.1 (t, 2H) as
described in the exanples of U S. Patent No. 6,384,280, and the nole
percent am noethylate 12 was cal cul ated based on the NVR data. The

am noet hyl ate content was converted to a wei ght percent solvent-free
sanpl e basis by conbining the NVR data (nole percent) with the percent

resi dual polyi sobutyl ene content and conponent nol ecul ar wei ghts

R

Conpar at i ve Exanvkfed\toiiveiyiftifenesait BMI'V@F\?fré@ka@fﬁbleVlbésYs wéoﬁﬁﬁmﬁg trd WR

unchanged (Table 2). The am noet hyl ate content of ol ymer was 72%
conpared to 62447 ﬁm@?fﬁfﬁﬁ%ﬂtﬂ with ey ppiceniyesitisl @OBZ!SQh neipgnteri@ndol or 10
(ASTM D1500) , ( '

filtrate inprove g@#ﬁ%re %ra@%grg%tg%%d EQ&W%?@%&L@M&BEF (gljtgh cont ent

of the fi ot r sadyisotuity phedok hat 2-oxazol i dinone utilization i rrproved as
well. Thus, there is a clear benefit in using 1-hexanol. 15 Exanple 2
| mprovenent Using M xed | somer Hexanol Preparation of Solution Containing
0 NH2 PI'S (avgihewiverdien ompgtnsobgaophmmaﬁﬁﬁ cérpared ®ODL%Yh phenol

?glgugl gpalrr!(e érﬁﬁ&rg??? ER?’@Q%SBI\@H?IE A‘lggetﬂylager qsgtlvé}y was eéesgn{lalyner hexanol
unchanged (Table 2). The aminoethylate content of the polymer was 72%
compared to 62% in Comparative Example A. Table 2 shows that the color
10 (ASTM D1500), basic nitrogen (ASTM D2896), and total nitrogen 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 ~950)

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



20 Chem cal Conpany, dried by distillation), were added to a separate 1-L
. reactor 13 equipped 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-oxazolidinone (25.1 grans, assay 99% from
Avocado Research Chemicals Ltd.) to the reactor at about 150C, the
tenperature was increased 5 until the m xture refluxed vigorously at about
175C while purging with nitrogen at atnospheric pressure. These reaction
hours. The reactor was cooled to about

conditions were nai n ur
850C and a yi ePHEHP] @"tg %P?iﬁe%‘\‘x candgBserAsHIEpIeIPHIge. ridereRRtion Mtk e,

magnesi um Si | i TE
of “Celite HyF Sﬁéﬁ‘séﬁe“éélf’?ﬁgﬁ%‘”‘?é??ﬁﬁ?ééﬂaﬁ@*% el MrcRlen futad ABEA™

the remai ning 239nglapazelidieprpieSet geares, %ﬁéyﬂﬁ% e Aveeadot Resasic or  one

h t about
hour at about B8l 01k A S S A LS Bt ss
filter caked Tabllléh@ rrsxtmweﬂmxi t/tgeroplsmmrabloas1?ﬁ°(l Wwhild plifgiref with hfro féhSat

| 1 d sh t hat
o oo B dshRrE Bhasstiten o e R AR e iR G wagonan P eshior £l

i soners by GO) h@m‘;ks just as well as 1-hexanol. This exanple also confirns
the benefit to 4-polyisobutyl phenol conversion and filtrate col or of
enploying a | ower alcohol (less than eight carbon atons). 14 Exanple 3

| nprovenent UsTig rdadiex@intodiserAatadit 85 ©bn&al yibiied 49010t Gbs cridi
product. After removing a sample, magnesium silicate (11.7 grams Magnesol
10 HMR.LS), filter aid (1.17 grams of Celite HyFlo Super Cel), and deionized water
(1.99 grams) were added to the remaining 415 grams of crude product and the
mixture stirred 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 resuits 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 also confirms the
benefit to 4-polyisobutyl phenol conversion and filtrate color of employing a lower

alcohol (less than eight carbon atoms).

14



P 1 B (avg. nolecular weight -950) 5 Potassium hydroxi de (assay 85% 12.3

- grans) and a solution of 4-polyisobutyl phenol wherein the polyisobutyl
group has an average nol ecul ar wei ght of about 950 (2523.4 grans, prepared
as in Exanmple 1 of U S. 5,300,701) were added to a 4-L reaction flask

equi pped with a magnetic stirrer, Dean-Stark trap, reflux condenser,
nitrogen inlet and tenperature controller. The solution of 4 10

pol yi sobutyl phenol contained about 26.1 % Total Solvarex 9 aromatic
solvent and had a hydroxyl nunmber of 4g 4 OH/ g. There was no sedi nent
fromthe neutralized alkylation cataly is solution. The solution

al so contained 4.8% unconverted polylsobutylene on a solvent-free basis.
The reaction mixture was heat edmarowtment )T 1 eirke h pressure of about
130- 140 mm Hg until no nore 15 water cane overhead by azeotropic
distillation with the aronatlcfﬁgé%%g6nOF§8”w5§§§hg¥nﬁgntents were cooled -
under nltrogen a 25-gram sanpl emai ni ng sol ution of
dehydr at ed 4-pol yi sobutyl phenol (2410.5 grans was transferred to jars
and stored in a dry box until needed #01h i noet hyl ati on reaction. 20
Dehydr at ed 4- pol yi sobutyl phenol sofution (400.0 gramnms) from above and 1-
hexanol (31.2 grams, anhydrous fronfAldrich), were added to a separate 1-L
react or equi pped with a total refl condenser and nitrogen purge. The
reaction 15 m xture was heated t@g abou; 150C at at nospheric pressure under
nitrogen purge. After adding 2-loxazol||di none (26.8 grans, assay 99% from
Avocado Research Chem cals Ltd. \J()tne reactor at about 150C, the
tenperature was increased until tRe-m xture refluxed vigorously at about
177C while purging with 5 nitrogen pt atnospheric pressure. These reaction
conditions were maintained for fo

rs. .
PIB r?gilél n?o[ecular weight ~950)

9  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 (25623.4 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 contained 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 untit no more

15 water came overhead by azeotropic distillation 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 transferred to jars and stored in a dry box untif needed for the

aminoethylation reaction.

20  Dehydrated 4-polyisobutyl phenol solution (400.0 grams) from above 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



The reactor was cooled to about 850C and a yielded 444.1 granms of crude
- product. After renoving a sanple, nagnesiumsilicate (7.16 grans Magneso
HVWR LS), filter aid (0.72 gramof Celite HyFl o Super Cel), and dei oni zed
water 10 (2.22 grans) were added to the remaining 418.4 grans of crude
product and the mxture stirred for one hour at about 85C. The crude
product m xture was filtered with a pressure filter and yi el ded 394. 4
grans of anber colored filtrate and 21.8 grans of filter cake. Table 2

sunmari zes the i he filirate. The conversion of 4-polyisobutyl
Shenol was 81 TG 884 5 9Bour {og st aSe GERETRRE vBtg T Both

anmi noet hyl at e pegectAfter bding2-8dAolidiRDAE €25 B @rarfd Yadsay Qoup arcat ilveckaanpl e E
(Tabl e 2). The_am noet hyl at%hopgtent of the polymer was 68% conpared to
66% i n Conpar atPvedER hsimicals L fodhe reggiokat qhestt 168G dha frmperetiirenvas ogen

content of thein@@asga%nmrmé@mmr&%m;%%&qigto%uﬁpm&hiw?° ﬂ@!pﬁrgﬁr@&itﬂe!l

as the 2-oxazolidinone utilization. Is again 20 shows there is enefit

in using 1-hex@ifegen abalgmapheae PressBeanpaseAeapiontatitisinsfvarpanaintamedf

Sol uti on Cont aﬂoph&g N P I B (avg. nolecul ar weight -950) 5 Dehydrated
4-pol yi sobutyl p encl).'l sol ution (366.0 granms) from Exanple 1 and ExxonMobi l
Aromatic 100 Solvent (11.8 grans) were added to a separate 1-L reactor

it Or o uas. henteair s oI EpR AR bR dnd A ORRT 4B S ambaR ohidk ogen
purge. After apididngt. Aftexaembiidyacsaeniile3maggesion, silkasaf?. 99 tpanis Magheesiado 10
Research Chem Galed & flidr 418 (0.95 or& 3 Br Ui HEPR Luper Tal), bnd defmiad watee 18S
10 (2.22 grams) were added to the remaining 418.4 grams of crude product and the
mixture stirred 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-polyisobutyl phenol was 81% compared to 76% in
15 Comparative Example E while aminoethylate selectivity was 87% compared to
91% in Comparative Example £ (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 content 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.
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i ncreased to about 180C. Nitrogen purgi ng was stopped and the pressure was
. lowered to about 700 mmHg in order to cause a vigorous reflux. The
tenperature was held at about 180C for four hours and the pressure
gradually lowered to about 656 mm Hg to maintain the refluxing. 15 The
reactor was cool ed to about 85C and a yielded 388.7 granms of crude
product. After renoving a sanple, nmagnesiumsilicate (9.2 grans Magneso
HVWRR LS), filter aid (0.91 grans of Celite HyFl o Super Cel), and deionized
water (1.94 grans) were added to the rempining 362 grans of crude product
and the mixture stirred for one h&gmBatyeLxa A The crude product
mxture was 20 filtered with a pressure filter and yiel ded 335.7 grans of
anber colored filtrate and 23.2 grans Qb Alédhoer cake. Table 2 sunmari zes
the properties of the filtrate. 17 The am noethyl ate content of the pol yner

was 62% The conversion of 4- I isqbut henol was, 71 % and t he
selectivity to aninoethyl ate eparak OMMUNMot gl nitrogen is
hi gher than the basic nitrogen because the product contains sone
byproducts. These include acyl ated i nternedi t hat has not yet
rearranged to formthe am noet hyl at a yproduct from further

reaction of the am noethylate, andjpossibly traces of other

ni trogen-containing inmpurities. The color was relatively dark at 5.5. The
nitrogen content of the filtrate Lp ated that about 87% of the
2-oxazolidinone was utilized in | pduct. 10 Conparative Exanple B
Slight Inprovenent Using 1-Cctanjof gparati on of Solution Containing O

PIB (avg. molecular weight ~950)

o Dghydrated 4-polyisobutyl phenol 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 15Q°C at atmospheric pressure under nitrogen
purge. After adding 2-oxazolidinone (23.0 grams, 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 HyFlo 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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NH2 PI B (avg. nol ecul ar wei ght --950) Dehydrated 4-polyisobutyl phenol

- solution like prepared in Exanple 1 (400.0 15 grans) and 1l-octanol (37.2
grans, anhydrous 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 addi ng 2-oxazolidinone (25.1 granms, assay 99% from Avocado
Research Chemicals Ltd.) to the reactor at 150C, the tenperature was 20

i ncreased to a ﬂ@%@‘ i ppe sure was

18 lowered to gﬁgrgt %%el%:‘ﬁ?eﬁﬂ&? ﬁge?ﬂ) ‘{)]gm\ggﬂ"ggt&/g) g%?ggg‘}e? glo FL?E% The

t enper at ur e waolfisbiltst prenolvad 80% érd tHeoseledtivity $o amthddtiey|gteassa9 €%

gradual | y V\@rzjge%o about 636 nm Hg to maintain vigorous refluxing. The
0

reactor was c o about 85C and a yiel ded 450.2 grans of crude 5
product. After renoving a sanple, magne5| umsilicate (11.7 granms Magnesol

HVR LS filte 17 of, Ce er Cel and dei oni zed
rater > (202 ornéldtalndderth 3iBhed hartiedasd o as Bota 5o thi Pircut Gagiaine
product and t fmnm@bypmﬁect%t IThiegd ﬁcSMd@é@yléI@dﬁntéFm@@Qtétthgﬁ% ndtigtcr ude
product mxture was filtered with aﬁressurefllter and yi el ded 394.9 grans

of anber col or’@é”}aﬂg?(ﬂﬁ@rmltbeéﬁﬁn% datgs arlfeapypioduet frerakertheraphetian of
summari zes t hehBrPRRSEthSRtLfank UL of ML . ve
Example A, this exanpl e?s ov%gI {bﬁég%’bif;tgct anogl glr\ﬁ/@s so%t%lﬂlngoﬂﬂ%e'ﬁ%é

4- pol yi sobutyl phenol conversion and am noethylate content in the polyner,
put does not rewdibdiot Had relafEhPliark dt 518 Phé Rligefcofteik BPInK! Rl indicated

i nprovenment in utilization of e nitrogen I n e D oxazol tdi hone OIS
exanpl e 15 shdiist abrut 8Fcohibe M&zohdﬂaonmaghmhzexj mrthie ppodcant
consideration. Preferred alcohols should have | ess than eight carbon

at ons. 10 Comparative Example B

Slight Improvement Using 1-Octanol

Preparation of Solution Containing

/\/NHZ
[®) .

PIB (avg. molecular weight ~950)

Dehydrated 4-polyisobutyt 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 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
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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Conpar ative Exanple C Slight Inprovenent Using 2"Ethyl hexanol Preparation
- of Solution Containing O NH2 20 P1B (avg. nol ecul ar wei ght -950) 19
Dehydr at ed 4- pol yi sobutyl phenol solution from Exanple 1 (400.0 grans) and
2- ethyl -1-hexanol (37.2 granms, 99.8% assay fromAldrich), 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 5 nitrogen purge. After adding 2-oxazolidinone (25.1 grans,

assay 99% fropyMe ] D i h or at 150C,
the tenperature was @ﬁ@?@g’ggﬁ?@@ﬂ‘gﬁ&?%@ﬁﬁ%ﬁ@g@ Sgﬁﬁ"éﬁﬁg‘%s st opped
and the pressutempeisture saerhett dbatzn UBOT3CorfouHgpurs and dies ptedsorg@duafiy ux.

The tenperatur el d about 180C.for four hoyrs, and the pressure
gradual ly | ome?’é‘)é!?‘?%%a%%%t%é%nml tRig ViRgraysireliusingor ous ref I uxi ng.

The reactor was cooled to about 850C and a yiel ded 450.6 granms of crude

product. After i I na Lum.sil.ica 0.1 granms Magnesol
PR LS, i1t e arered e SRR f SRR SR ¢8R A0 eyt et oni zec
water (2.25 gpedeit. Wefter racideingtaosdmsle! REhBSIN6 4Rht (BB gRim§ e§BPdUCt
and the 15 mxtN{e égl rred for _one hour at about 85C " The“ crude product
mxture was fiMEked fliet aid4 197 grameof GalitaHyRHadB upes Ceddand de®niperisatef
anber col ored {9 d2 fRings RIS Yinikh l4bgr : e k,Zes
the properti es(r of ?he. f)ivfét?gaalag?&'}gﬂlfs eﬁ%ﬂ%%i&\%@b&ojﬁ?‘g&eﬁé&ﬁg@@d h?at
are simlar tomngtwedtiaedver @ehpiratBbout 85 C. The crude product mixture was

filtered with a pressure filter and yielded 394.9 grams of amber colored filirate

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-polyisobuty! phenol conversion and aminoethylate
content in the polymer, but does not result in a lighter fiitrate color or a significant
improvement in utilization of the nitrogen in the 2-oxazolidinone. 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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usi ng 1-octanol. Wen conpared to Conparative Exanple A this exanple 20
- shows that 2-ethyl-I|-hexanol gives sone inprovenent in 4-polyisobutyl
phenol - conversion and am noet hylate content in the polynmer, but does not
result ina significantly lighter filtrate color or a significant

I mprovenent in utilization of the nitrogen in the 2-oxazolidinone. This
exanpl e confirns that al cohol nolecular weight is an inportant
consideration and that branched and straight chain C8 25 al cohols give

about the same f ' I PYRIES '
1-Decanol  Pr e%’gfr‘%‘fr?ﬁer? %P°’§’§F’B?‘.’V§%’“é’é§#§§@%§°@ Eﬁ@%g%sp AV, brr?oﬁée)cr%dazr'
wei ght -950) bSetbghi-tieaamd (37.pgrgnns B38Y agsagicim sdrich), werkidddedritepar ed i n
Exanple 1 (400,0 r )..and 1-decapol S, ans, .98.5% assay from

A arion) . wer SRS h et Al Wi 5 el R e neses A ogrbomge.
reflux condens®fie asttioh iRNwEY hegted td®oUERSHICEt AindsPherivBesBer @thdro
about 150C at at m)%ﬁ)herlcr&ressure under mtrogen purge. After adding

2- oxazol i dithond"PgeNt pukges fifter agding Hoxgzdfidisened Pl cH AN, FEWHOH, foem cal s
Ltd.) to the ragedden fschiienbiitalATBIIG UL Rl atl1BB/CAREThBARGML,AE0C
e pressur I to ou nm

Ni t rogen purgi ng was stopped and t e was owere

Hg in order tonewasedse abelyt 186fCulinegenThurgingespestapped and shépiadsate wbout

o o n vt or SHETL A S GERTH B8k E Gl Sl o AP e
Conpar ati ve Exatmgboas 1800 br Buiruguesahdthd hestoermbiedlydbwardasdedoueprow t h

the aromatj c sol vent and possi bly dehydration of the al cohol at theses
100 'mm Hg to maintain vigorous refluxing.

The reactor was cooled to about 85C 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 stirred 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 molecular
weight is an important consideration and that branched and straight chain C8

25  alcohols give about the same effect.
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conditions. The reactor was -cooled to about 85 C and a yi el ded 448.4 grans
- of crude product. After renoving a sanple, magnesiumsilicate (11.7 grans
Magnesol 20 HVR LS), filter aid (1.17 granms of Celite HyFl o Super Cel), and
dei oni zed water (2.06 grans) were added to the remaining 421.7 grans of
crude product and the 21 mi xture stirred for one hour at about 850C. The
crude product mxture was filtered with a pressure filter and yiel ded
392.9 grams of anber colored filtrate and 33 grans of filter cake. Table 2

summari zes the properties of the fchhiph&ive @l e shows that there is
no benefit, and in fact a detri rrenl—f&‘n‘qu@é‘d, 0 usi - ecanol conpared to none
in Conparative Exanple A. Conversion of 4 polyisobutyl phenol (Table 2) was
only 51 %conpared to 71 % in iedinpmvement Bgingpl-Bepandthe filtrate col or

was al so nuch darker than any other filtrate listed in Table 2. This

exanpl e again confirnms that al gghgk . B 8FdbRftioWIdhBlinkhy an i nportant
consi deration and that | ower tfﬁﬁQCBTFC_O‘?TO'E{S_(_S‘[‘Fa'I_gh'?-Chai n or 10
branched) are preferred. Conparative Exanple E No Al cohol, No Al kylation
Cat al yst Sedi ment Preparation of Sol ytion Aining NH 2 PIB (avg.

nol ecul ar wei ght -950) 15 Dehydr at Mutyl phenol solution from
Exanple 3 (353.0 grans) and ExxonMpbil Aromatic 100 Sol vent (47.0 grans)
were added to a separate 1-L react@r equipped with a total reflux
condenser and nitrogen purge. Th eastion mxture was heated to about

150C at atnospheric pressure under nitjogen purge. After adding
2- oxazol i di none (23.7 grans, asslay 99% from Avocado

P18 {avg. molecular weight ~950)

5  Dehydrated 4-polyisobutyl phenol 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-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 (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
lowered 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 én 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 HMR LS), 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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20 Research Chemcals Ltd.) to the reactor at 150C, the tenperature was

- increased to about 180C. Nitrogen purging was stopped and the pressure was
22 lowered to about 730 mm Hg in order to cause steady refluxing. The
tenperature was held at about 180C for four hours and the pressure

adj usted gradually to about 690 mMm Hg to mai ntain vigorous refluxing. The
reactor was cool ed to about 850C and a yielded 412.3 grans of crude 5
product. After renoving a sanple, magnesiumsilicate (6.32 grans Magneso

rarer > (2 06 iRt s oRRAE Mol et b Baldh: nfe SHBRpaiudpRle MBSO bt

and the mixt ymer@alw;meaiﬁfessmrmteh@ua Ty@d@bggzg Qnsﬂﬁgnﬁfeudglopému@te
m xture was flltgred Wi th a pressure |ter and yi el ded 366. 4 grams of

anber col ored PNY Bp4rams o filgrraks. :3'3@1'%3@”6!‘“@'?49%?9 pEdpertiesef tae filtrate.
summari zes the properties of the filtrate. The am noethyl ate content of the

pol ynmer was 66 The conversi on . of pol yi sobutg,nm%henol was 76% and the
sel ectivity to ﬁ%&ﬁ?ﬁ%@@%twe%”??%ﬁf@ ahd iniast @ deimetstomsing M+ ght

at L 2.0 (ASTMiES LomPBRAY Bthdn@ in EmsHralive/ Exdm mecéﬂvgrgﬁnrﬂftz{ ogen

content of the filtrate indicated that 'about 15 8 % of oxazol i di none
was utilized i Rolyisebpiybehero! (G} W@@@HMST%@OWd b Z)T%tumCs)nmapr&aa with

Co Ex f i zed
P RTae oo ot ETBLBIN TR Bbi YA IR SEHTHIn LAOAbPRuaRcEt =
detrinmental ef ineb;tblea zmméxm@blamin wffmls tn@trm@ﬂﬁﬂ ﬁT@Ie@ﬁﬂrWQﬁMk ahe

content of the and ht col or show how t he
hexanol miti ga'[”gp"gl Cﬂ%ﬂ‘é‘frﬁy%’géf‘ﬂ éfaﬁtéO%?rthﬁ@ %@Fﬂ%? $tﬁ3'@Hé:h§m or

pol yi sobuti pﬁl%'ﬂ@he@)far@?ﬁf@@ﬁéﬁ! ve Exanple A 23 Conparative Exanple F

Comparative Example E

No Alcohol, No Alkylation Catalyst Sediment

Preparation of Solution Containing

/\/NH?
0O

PIB (avg. molecular weight ~950)

15 Dehydrated 4-polyisobutyl phenol solution from Example 3 (353.0 grams) and
ExxonMobil Aromatic 100 Solvent (47.0 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-oxazolidinone (23.7 grams, assay 99%, from Avocado

20  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

22



No | nprovenent Using 2-Ethyl hexanol Preparation of Solution Containing O

- NH2 PIB (avg. nol ecul ar wei ght -950) 5 Dehydrated 4-polyisobutyl phenol
solution from Exanple 3 (400.0 grans) and 2- ethyl-1-hexanol (39.8 grans,
99. 8% assay from Al drich), were added to a separate 1-L reactor equipped
with a total reflux condenser and nitrogen purge. The reaction m xture was
heat ed to about 150C at atnospheric pressure under nitrogen purge. After
addi ng 2-oxazol idinone (26.8 grans, assay 99% from 10 Avocado Research

Chem cal s Ltd r_at  150C terrp reased to
about 1800 N st AR 70 mE e Bt Bre BB LRl RSt e eirathre o
about 740 nm Hgak hef stetboli018E@sRr f&frIHdurs Eﬁ@tﬁéﬁmgélﬁblﬁdﬁm@@gw@ny% 180C
for four hours and the ressurerg@raduall | owered to 662 nm Hg t mai nt ai n

vi gorous ref | uPoH B9PENTHEG fmgingrinwigorebmIellgXing. about 850C and a yi el ded
449. 4 grans of crude product. After renoving a sanple, magnesiumsilicate

7.16 I LS filt d ans_of Celite FI o Super
Coi ) . and et oMS ERCIRIAS CROBDIP FrasitEh wand sipides A2 rasameraticnidey 425 3

grams of craidepmiaet GAtdRembifig d¥arhMe Cmabhediaf diRiaiORead BlimehaRRUL 850C

The crude product m xture was I'tered®wth a pres er ~an
yi el ded 399 grEdMR b%), ditieraid (@68 geamsiof GediteeHgirid Supsr Ge{jrarmd;deifonfzeldt\mtecake

Tabl e 3 sunmar gﬂﬁ f the.f.il 24.Thi,s ex | e s

that the use o¢ g ¢ %Qﬁgﬁéé(‘gfo ea‘bqrglpgréﬁ?g(arm)o Cru88IWP§lE)%WIt Bhenol
conversi on andnaomrecmnbulf@tcms:mmmtabbﬂt g3ie. poleyerade peRerBdufcOwas
Conparative Exfa}{gp ée %h en no ?I cohol was used. The filtrate ]

red 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 the 4-

polyisobutyl phenol of Comparative Example A.
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color was also very dark conpared to the filtrate in Conparative Exanple E
-and 5 Exanple 3. Table 1 summarizes the key variables covered in the
exanples while Table 2 summarizes the results. Table 1. Summary of Key
Vari ables in Exanples Condition of Starting Exanple4-P olyi so butyl
phenol Al cohol Solution* 1Unfilteredl-Hexanol 2UnfilteredHexanol, M xed
| somer 3Filteredl-Hexanol Conparative AUnfilteredNone Conparative
BUnfilteredl-COctanol Conparative CUnfiltered2-Ethyl hexanol Conparative
DUnfilteredl- Decanol Conparative E%@Wr ative
FFi | t ered2- Et hyl hexanol *Unfiltered Solutl Ins sedi ment from
neutralized BF3 al kylation catalyst. 25 t-oin LLocou~+~coo rc tono

No Improvement Using 2-Ethylhexanol

Preparation of Solution Containing

/\/NHZ
0

PIB {avg. molecular weight ~350)

5  Dehydrated 4-polyisobutyl 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 reflux. 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 stirred 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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This example shows that the use of 2-ethyl-1-hexanol was detrimental to 4-
polyisobutyl phenol conversion and aminoethylate content in the polymer
compared to Comparative Example E when no alcohol was used. The filfrate
color was also very dark compared to the filtrate in Comparative Example E and

5 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 Unfiltered Hexanol, Mixed Isomer

3 Filtered 1-Hexanol
Comparative A Unfiltered None
Comparative B Unfiltered 1-Octancl
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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CLAIMS: 1. A process for the preparation of a polyal kyl phenoxyam noal kane

which conprises the am noethylation of a polyal kyl phenol conpound in the

presence of a basic catalyst with 2-oxazolidinone or a derivative thereof

5 having the follow ng formnul a:

10

15

CLAIMS:

A process 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

having the following formula:

wherein Ry and R, are independently hydrogen or lower alkyl haVing 1to

about 6 carbon atoms and wherein the polyalkyl group of said
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 having the following formula:
R3-OH
wherein Rjis an alkyl group having from about 3 to 7 carbon atoms.

The process according to Claim 1, wherein the polyalkyl group has a

molecular weight in the range of about 600 to 3,000.

The process according to Claim 1 or 2, wherein the polyalkyl group has a

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

The process according to Claim 1, 2 or 3, wherein the polyalkyl group has a

molecular weight in the range of about 900 to 2,500.
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0 NR R2 wherein R, and R2 are independently hydrogen or |ower al kyl 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
having from about 3 to 7 carbon atons. 2. The process according to Clain11,

wherein the gol YIEHeWJ)ce@E Q&H?Jr&]ﬁggtoaan bre gﬂhgﬁf’gc?&m%@ﬂa%t vlvhgrﬁtn;ﬁe Rﬁé&g‘f'n t he

about 600 to 3,000. 3. The process acc

pol yal kyl group He¥ 'adefmdél@m RAYRRRAVISHE, nqlvbpte@emmg@h@fphaueﬁn oligoMet of 3, 000.
4. The process acsdind did-deRefd.aiml, 2 or 3, wherein the polyal kyl group
has a nol ecular weight in the range of about 900 to 2,500. 27 5. The

process according to any one of the preceding clainms, wherein the polyalkyl

group is dergve A a Y& ph ol.efin

ol i goner of 6; gﬁ%ﬁg}(}gr@ %B@?Bbﬁh%%éaﬂﬁ ‘%fg@e‘%‘% Q@B&ggr%’pt'ﬁ 8‘"5‘?% 5,
wher ei n the poI yiedrkplolhydsabuferies derived 5 from pol yi sobutene. 7. The
process according to Caim6, wherein the polyisobutene contains at | east
about 20 wt % of a nethylvinylidene isoner. 8. The process according to

Caim1l, whefei nTl’mpfooésﬁcmdﬁn&Zo Chailnyinatgeaindhe pblywsbutdneydorbing st 0 about
4 carbon ators, 1858 tb t%mﬁq’ﬁ; ofsa rr]ﬁ/e(yjlﬁgmylldene isomer.

8. The process according to Claim 1, wherein one of R; and Ryis 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 Ry 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 metat lower alkoxide
is selected from the group consisting of sodium methoxide, potassium
20 methoxide, sodium ethoxide, potassium ethoxide, sodium propoxide,
potassium propoxide, sodium isopropoxide, potassium isopropoxide,

sodium butoxide, potassium butoxide.
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10 9. The process according to Claim1l or 8 wherein one of Rl and R2 is
hydr ogen, nethyl, or ethyl, and the other is hydrogen. 10. The process
according to Caiml, 8 or 9, wherein R is hydrogen, nethyl, or ethyl and
R2 is hydrogen. 11. The process according to Claim1l, 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 alkal
met al | ower al kbxilde pratkss dcchyding deClaim 1210k 48, wheesia thdglkHlionétaleowdr JlkoXide
process accordingiégo&L%HH%tZ wherein the al kali nmetal |ower al koxide is

co

sel ected fromthe gioup Pis('tdlehg of sodi um net hoxi de, potassi um 20

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

pot assi um pr opoxi ge, ' ' oxi. de,.,p ' ' opoxi de, .. sodi um
But oxi de. pot absi oS Ree08RG RCIAE P BhBRIN IR ARAFRARRY Biaeiit> or
13, wherein the alhydlide oepathssiomerydailkoxi de i s sodi um net hoxi de. 15. The
process according to Claim1l2, wherein the alkali hydride is sodium

hydri de or potassium hydride. 5 16. The process according to Caim 12,
wherein the al il iThegiratedsyabcordintptd Slairs dRewherkin thenalkblemgtal hydesuidd &t i ng
of sodi um hydr oxi d hi um hydr oxi de, . SSi droxide. 17. The

' , . hydr ¢
process accor di ngsg[?cgdtaff i épuy&onﬁﬁgpggf]Ec?cﬁ@mjm%@wé{%g@pnwm;@;@pge i's

sodi um hydr oxi de eF pprRisaafi mprbydeoxi de. 10 18.. The process according to
Claim1, wherein the am noethylation tenperature is in the range of about
100C to 250C. 19. The process according to Claim1l or 18, wherein the

am noet hyl ati ofY. The process according to Claim 12 or 16, wherein the alkali 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 amincethylation

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 to 0.9:1.

21. The process according to Claim 1 or 20, wherein the molar ratio of
2-oxazolidinone or a derivative thereof to polyalkylphenotl 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 polyalkylphenol is about 0.05:1 to 1:1.

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

basic catalyst 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 Claiml, wherein the nolar ratio of 15 2-oxazolidi none or a
derivative thereof to polyal kyl phenol conmpound is about 5:1 to 0.9:1. 21.
The process according to Claiml or 20, wherein the nolar ratio of
2-oxazolidinone or a derivative thereof to pol yal kyl phenol conmpound is
about 2:1 to 1:1. 20 22. The process.according to Caim1l, wherein the
nunber of equial deprotesstasbaiit@talitih RevherairiRyak @Rtaligh grip/edviyd phenol
is about 0.05:1 to 1:1. 23. The process according to Claim1l or 22, wherein
t he nunmber of eqU|a\?8PE$1f%76ﬁ‘rb015'a§P@5cat al yst per equival ent of

pol yal kyl phenol is about 0.1:1 to 1:1. 29 24. The process according to
Claim1, wherej is an al kyl gro havi n out 5 to 7 carbon atons. .
"5 " The "br octis 1BEERPEI PTG iotea, T4 ARG T %8 ALY GHOUR Ny Sgr oup
havi ng about 6 capbErs 4PBRatomgb. The process according to Caim 1
wherein the al cohol is hexanol, either branched, straight chain or

m xtures thereof. 27. The process according to Caim1l or 26, wherein the
nol ar ratig of2el gaBYProdeds d@;@bbﬂi@@-@%frﬁhﬁ”Whel'én #ROMEORbIZs Aekahor: énthl

The process according to Claiml 27, Wwhérein the nolar ratio of cohol
to 10 pol yi sobut PTBQWBﬁ@JStT@be‘thn . mixjures trereof. 29. The process accordi ng
to daim1, 27 or 28, wherein the nolar ratio of alcohol to

pol yi sobutyl phenol is about 0.5:1 to 1.5:1. 30
27. The process according to Claim 1 or 26, wherein the molar ratio of alcohol to

polyisobutylphenol is about-0.2:1 to 5: 1,

28. The process according to Claim 1 or 27, wherein the molar ratio of alcohol 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

polyisobutylpheno! is about 0.5:1 to 1.5:1.
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