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step process by first reacting a glycol with ethylene

oxide and an alkaline catalyst and thereafter converting

the polyoxyalkylene glycol to a polyoxyalkylene-

alpha,omega-dicarboxylic acid.

It is known from US patents Nos. 5,162,579;

5,166,422; 5,166,423; 5,179,218; 5,175,359; and 5,175,360

to use a stable free radical nitroxyl and a NOx-

generating compound (e.g., nitrous acid, nitric acid,

nitrosodisulphonate, etc.) and/or a chlorine-containing

oxidant (chlorine, hypochlorite) in the preparation of

alkoxyalkanoic acids from the corresponding alkoxy-

alkanols. Although yield and selectivity in the disclosed

processes are high, in addition to the desired alkoxy-

alkanoic acids, also esters; formates; and (due to

cleavage of the ether group) fatty acids have been found.

Such processes would therefore appear not suitable for

selective conversion of polyoxyalkylene glycols into the

corresponding polyoxyalkylene-alpha,omega-dicarboxylic

acids, as one would expect by-product formation



only part of the polyoxyalkylene glycols is converted
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the individual molecule) and n is an integer of from 0 to
5,000 which comprises reacting the corresponding
polyoxyalkylene glycol with a stable free radical
nitroxide having the formula:

R2 R3

| |
R1-C-N-C-Ry

(.

RgO Rpg

wherein (1) (a) each of R;, Rz, R3 and Rgq is an alkyl,
aryl or heteroatom substituted alkyl group having 1 to 15
carbon atoms, and (b) Rg and Rg (i) each is an alkyl
group having 1 to 15 carbon atoms provided that Rj-Rg,
are not all alkyl groups, or a substituted alkyl group
having 1 to 15 carbon atoms wherein the substituent is
hydrogen, cyano, -CONHp, -OCOCH, OCOCsHg, carbonyl,
alkenyl wherein the double bond is not conjugated with
the nitroxide moiety, or -COOR wherein R of the -COOR
group is alkyl or aryl, or (ii) together form part of a
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or (2) the R; - C - moiety and the

stable free radical nitroxidel and a NJerr]-generating conpound and
optionally, an oxidant and/orRé& solvent. This invention relates to a
process for the preparation of a pol yoxyal kyl ene-al pha, onega- di car boxylic
acid of the foBala: HJerr]CCH err]Q CH err]CHRlerr]O[err]CHerr]CJerr]H
wherein Rerr] lis hydrogen or nethyl or mxtures thereof (on the individual
mol ecul ) and € i Fah modedgerindivikdally o 5, 000 whi ch conprises reacting

t he correspondilng pol yoxyal kyl ene glycol with a stable free radical
nitroxide havi®pthe formula: Rerr] Rerr] | | Rerr]-CGCNCRerr] [err]
Rlerr] O Rerr] wherein (1) (a) each of Rerr], Rerr], Rerr] and Rerr] is
an al kyl, aryl or heteroatqom substituted alkyl group having 1 to 15 carbon
atons, and (IBFeREELadd® Mhe Bregencaaf ia HRET PG FeIPPd to 15
carbon at ons g \6ptdbridldAty Rt rdxiaitt land/fcxr notsdlverdt Kyat gioups, or a

S oo, SRR bl B TSP, bR, e
thereafter separating out the polyoxyalkylene-alpha, -
omega-dicarboxylic acid.

The present process converts polyoxyalkylene glycols
of the formula
HOCH2CH20 (CHoCHR' O) ,CH2CHoOH (1)
wherein R' is hydrogen or alkyl, preferably methyl, or
mixtures thereof (on the individual molecule) and n
represents the average number of oxyalkylene groups and
is an integer of from 0 to 5,000, preferably from 10 to
500, and more preferably 20 to 200, to the corresponding
polyoxyalkylene-alpha, omega-dicarboxylic acids of the
formula: _
HO2CCH20 (CH2CHR'0) ,CH2CO%H (II)
by contacting the polyoxyalkylene glycol with a stable
free radical nitroxide in the presence of a NOy-
generating compound and optionally, an oxidant and/or a
solvent, at a temperature in the range of from 0 °C to
100 °C and thereafter separating out the polyoxyalkylene-
alpha ,omega-dicarboxylic acid.
The polyoxyalkylene glycol reactant suitably
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use in preparing the polyoxyalkylene glycol reactant in
the present process. Specific glycols and glycol mixtures
which are suitable for use in preparing the alkoxyalkanol
reactant are well known and are commercially available.

The process of the instant invention is particularly
suited to alkoxylated glycols. In the case of pro-
poxylated or alkoxylated glycols, it is necessary to
further ethoxylate in order to obtain oxyalkylene-
alpha,omega-dicarboxylic acids. The R' groups on an
individual molecule can be hydrogen, methyl or mixtures
thereof. For example, straight ethoxylated, straight
propoxylated and mixed ethoxylated-propoxylated detergent
range glycols are commercially available.

The term "stable free radical nitroxide" as used
herein shall mean a free radical nitroxide that can be
prepared by conventional chemical methods and will exist
long enough to be used in a subsequent chemical reaction
or examined in a static system by normal methods of
spectroscopy. Generally, the stable free radical
nitroxides of the present invention have a half life of
at least one year. The term "stable free radical" shall
also be understood to include the precursor to a stable
free radical from which the stable free radical may be
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wherein each of Rj, Ry, R3 and Ry is an alkyl, aryl or
heteroatom substituted alkyl groups and no hydrogen is
bound to the remaining valences on the carbon atoms bound
to the nitrogen. As used herein, the term "alkyl"” is
meant to include cycloalkyl. The alkyl (or heterocatom
substituted) groups R;-R4 may be the same or different,
and preferably contain 1 to 15 carbon atoms. Preferable,
R1-R4 are methyl, ethyl, or propyl groups. In addition to
hydrogen, the heteroatom substituents may include,
halogen, oxygen, nitrogen and the like.

The remaining valences (Rs and Rg) in formula III
above may be satisfied by any atom or group except
hydrogen which can bond covalently to carbon, although
some groups may reduce the stabilising power of the
nitroxide and are undesirable. When Ri, Ry, R3 and Rgq are
each alkyl groups, however, at least one of Rp and Rg
must be an aryl group. Preferably, Rg and Rg are
substituted alkyl groups having 1 to 15 carbon atoms
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Rs

can individually be aryl, i.e.,

Examples of suitable compounds

R2
|
having the structure above in which the Ry - C -

Re
R3
|
and the - C - Ry
' [
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wlith the reaction.

herein shal |l nearmim 4 rprefechtédl enbbdodnene, tthé stabbe preparadibyl
conventional chem cal thoﬁg apd mﬁ#l.exist | ong enough to be used in a
subsequent cH%H?E%fIQ%a 27 o Br tBXAMAtd in a static system by nor mal

nmet hods of spectroscopy. Cenerally, the stable free radical nitroxides of
the present invention have a half life of at |east one year. The term
"stable free radical" shall also be und:rstood to include the precursor to
a stable free radical fromwhich the st@ble free radical may be - 5 -
Substitute sheet - 20 July 1999 pggdUCri in gitu. The stable free radical
nitroxides, as used in the present” pyOces are precursors to catalysts,

| .e., oxoamoniumsalts, active fﬁr he oxydgtion of glycols to 5 t he
correspondi ng di carboxylic acids."These cat alYysts are generated in situ by
the oxidation of a stable free radical W troxide to an oxoanmoni um sal t

wi th an oxygen- containing oxidant.pTh® Skable free radical nitroxide can
be obtained by the oxidation of secohbary &%ines or 10 hydr oxyl ani nes.

wherein each of R7, Rg, Rg and R1g is an alkyl, aryl or
heterocatom substituted alkyl group having 1 to 15 carbon
atoms and no hydrogen is bound to the remaining valences
on the carbon atoms bound to the nitrogen, and each of
Rj1 and Rjs is alkyl, hydrogen, aryl or a substituted
heteroatom. As used herein, the term "alkyl" is meant to
include cycloalkyl. The alkyl (or heterocatom substituted)
groups R7-Rjp may be the same or different, and
preferably contain 1 to 15 carbon atoms. Preferably, R7-
Rjg are methyl, ethyl, or propyl groups. In addition to
hydrogen, the heterocatom substituents may include,

halogen, oxygen, nitrogen and the like. Preferably, one
of Rj1 and Rj2 is hydrogen, with the other one being a
substituted heteroatom which does not interfere with the
reaction. Suitable substituted heterocatoms include

0 0

| | +
-OR, -0C-R, -NHC-R, -NMe3Cl-, -0-SO3H, -O-polymer and
the like.

In a particularly preferred embodiment, the nitroxide
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15 boundtégﬁggigfqguﬁyégbf@g@nces on the carbon atons bound to the
nitrogen. As used herein, the term"alkyl" is, meant to include cycl oal kyl .

The alkyl (or hetBAUNITNATIEINSHORPIML 17 rhe Bresent W%%S?héssane
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to 15 carbon o RFRHIGHVEN R generate NOy during the course

of the reaction and which does not interfere with the

reaction would be suitable. While not wishing to be bound

by any particular theory, it is believed that nitrogen

oxides (NOy) are generated in the reaction and are the

active species in the reaction.

The alkali metal nitrosodisulphonate suitable for use
as a NOy-generating compound can be any alkali metal
nitrosodisulphonate although potassium nitro-
sodisulphonate is preferred. As used herein, the term
"alkali metal" is used as a descriptor of the elements
Group IA of the Periodic Table of the Elements (Li, Na,
K, Rb, Cs, Fr). The alkali metal nitrosodisulphonate is
typically dissolved in water prior to being added to the
reaction mixture although it can be added as a solid
after all of the other reactants have been added.

As used herein, the term "nitric acid" refers to
nitric acid, fuming nitric acid or nitrous acid generated
by contacting a nitrate or nitrite salt such as, for
example, an alkali metal salt, a tetraalkylammonium salt,
an alkaline earth salt or a rare earth salt, with a
strong acid such as, for example, a mineral acid. The



range of from 5 mole percent to 1,000 mole percent, based
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whi ch the R[eEglchfgmeggllwgmounts of the NOy-generating compound and
nitroxide are used, an oxidant may not be needed. One
skilled in the art could readily determine by routine
experimentation whether or not an oxidant would be useful
in the reaction. The oxidants suitable for use in the
instant invention are those compounds which are capable,
in the presence of a NOyx-generating compound, of
oxidising the stable free radical nitroxide to the
oxocammonium salt. Suitable oxidants include oxygen-
containing gases such as pure oxygen and oxygen in air.
Whereas pure oxygen can is preferred to accomplish the
desired conversion, the oxygen can also be diluted with
an inert gas such as nitrogen, helium, argon, or other
similar gas. While air can be used as the oxidant, the
reaction rate is much slower. For purposes of increasing
the reaction rate, higher 02 pressures such as, for
example, 7000 kPa (1000 psig) can be utilised. In a
preferred embodiment, pure oxygen is used as the oxidant
and it is bubbled into the reaction solution.

The reaction is preferably carried out in the

presence of a solvent. When the molecular weight is such
that the alkoxyalkanol reactant is a solid or a viscous
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the reaction. Suitable solvents include dichioromethane,
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The amounts and concentrations of the reactants
utilised in the process of the instant invention can vary
within wide ranges. The amount of stable free radical
nitroxide is typically in the range of from 1 mole
percent to 500 mole percent, preferably from 5 mole
percent to 20 mole percent, based on the number of moles
starting polyoxyalkylene glycol. Generally, the amount of
NOyx-generating compound used is in the range of from 5
mole percent to 1000 mole percent, based on the number of
moles of polyoxyalkylene glycol.

The process of the present invention is typically
conducted under mild conditions, with good results being
obtained using a temperature in the range of from 0 °C to
100 °C, preferably 20 °C to 70 °C, and most preferably,

40 °C to 60 °C. Reaction pressures are not critical
although higher pressures can result in increased
reaction rates. Pressures in the range of from
atmospheric pressure up to about 7000 kPa (about
1000 psig) can be employed with good results.

The process of the instant invention can be carried
out either batchwise or continuously, using a stirrer
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6, 6- t et ramet ydsdperdfivifst e Whd S dktion product is a solid or
liquid at room temperature. If the product is solid at
room temperature, precipitation is typically used. If,
however, the product is a liquid at room temperature, an
extraction procedure is generally used. The reaction
product can be purified by a number of conventional means
such as high temperature water washing or catalytic
hydrogenation.

Depending upon process conditions and the nitroxide
used, the yields of polyoxyalkylene-alpha, omega-
dicarboxylic acid obtained by this invention can be
greater than 98% of starting material being converted.
The products produced by the instant process can be used
in a variety of detergent applications. For example,
corrosion inhibitors, detergent builders or emulsifying
agents.

The ranges and limitations provided in the instant
specification and claims are those which are believed to
particularly point out and distinctly claim the present
invention. It is, however, understood that other ranges
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been added. As used herein,, erm nitric acid" refers to nitric acid,
fum ng nitri ¢hdeughothdis migdurg @tgamhigndd pressure. The reaction

temperature was held at 35 °C over a 6-hour period. The
results are presented in Table I.
Example 2

100 Grams of poly(ethylene glycol) having a molecular
weight of 3400, 5 grams of 2,2,6,6-tetramethyl-
piperidine-l-oxyl, 200 millilitres of methylene chloride
and 5 grams of 70 percent nitric acid were charged to a
500 millilitre round bottomed flask. Air was bubbled
through this mixture at ambient pressure. The reaction
was held at reflux over a 8-hour period. The results are
presented in Table I.
Example 3

10.9 Grams of poly(ethylene glycol) having a
molecular weight of 3400, 1 gram of 2,2,6,6-tetramethyl-
piperidine-l-oxyl, 50 millilitres of acetonitrile and 1
gram of 70 percent nitric acid were charged to a
100 millilitre round bottomed flask. The reaction mixture
was held open to the atmosphere. The reaction temperature




molecular weight of 3400, 0.2 grams of 2,2,6,6-tetra~
by Clont afti ngleaamiﬂ-rﬁp%ﬁrdlﬁié-ri-t&ylﬂw tS(Bl!ﬁthk]ailsllﬁﬁs %ﬁmi)étjﬁhy:@éh@ kal i
metal salt, a.tetr i um sa al kal i .ne arI sa arare
earth salt, a‘fet %’r@ i % ﬁP(ﬁ %‘E&f}ﬁ)l %%%ﬁé\lw%‘?d The
-9 - Substi ttsmamyeeiatto a2(10111|ny1].119919.tmet et kb tstoneh| £14 sk . B wss a

NJ err] - genegfd it
concentration I n &e%@ofﬁ rom rcen[%m% !‘5 erc%?])t. ﬂ??erabl y 70

percent. Gend&e@idbioratempanatugie mas |1Le14t|ai: i3P t°h7e0fV@n“g@ ér-hfomm 5 nol e
percent to 14334 5! emRenetitPasrd eddtd®! 85 Bibd affing

pol yoxyal kyl W he nitric acid is typi cal | y added to

t he reaction 1 the other reactants have been added. In a

\%ef err edI enbodi nnnfpararu@é dm&n;ﬂse A wasadadias dutean EHItnaariri‘eﬂene&m ,
en cata ytlca err tin and nitroxide are

used, the ad Fit P of aﬁzf eg«%ﬁp%q:ﬁ}agrd q(/g\/r{é]&goguv#enw%ﬁ o‘l‘%‘ﬁ bmetric

amount s of tﬁ'élel\IQesnrl]tsgam axnem@mq:)mmd‘abida Mmdsroxide are used, an

oxidant may e AeMEeHPExMAe B

Comparative Example B was carried out in a manner

similar to Example 4 except that no nitric acid was used.
The results are presented in Table I.
Comparative Example C

Comparative Example C was carried out in a manner
similar to Example 4 except that no nitroxide was used.

The results are presented in Table I.

As can be seen in Table I, nitroxide and nitric acid
are necessary for the oxidation of the terminal diol to
proceed.



skilled in the art could readily determ ne by routy ilgigviatEas i on

whet her or not an oxi dant uld be.useful in the reaction. ,Lhe .oxidants
suitable for use in the iﬁ!@gﬂyeFﬁ§8ﬁtion are tho§59§ﬁﬁﬁ§¥%ﬁ§\ﬂﬁ are
capabl e, in tBsampdsedce of a>9Q9 err]-generating conpo®® of oxidising the
stable free radical nitroxide to the oxoamoni um salt. Suitable oxidants

i ncl ude oxygen- containing gases such as pure oxygen and oxygen in air.
Wher eas pure BXgBpAei 2 preferP@® to acconplish the desi*@ conversion, the
oxygen can al so be diluted with an inert gas such as nitrogen, helium
argon, or other simlar gas. @g | e air can be used as the oxidant, the
reaction rat eEX@MR:EN3s| over . r purposes of increasi }QJuareaction rate,
hi gher 02 pressures such as, for exanple, 7000 kPa (1000 psig) can be
utilised. In referrred enbodi_nment, pure oxygen is us as the oxidant and
it is bubeedEF%Fgaghé reacti%ﬁ sol ution. The reaction%ﬁg preferably
carried out in the presence of a solvent. Wen the nol ecul ar weight is such
t hat the aIko&gﬁbggggngeacta@t is a solid or a viscoug

Example A
Comparative - 0 0
Example B
Comparative 0 0

Example C



1. A process Ior the preparation o0f a polyoxXyalKylene-
- 10 - liqui dalphapbmegh-dicabbohylhe aeiddo@r theglibymulacous al koxyal kanol
reactant is solu t added | .abl.e solvents are thus those in
whi ch the alkoxy2$§%§§$2?g§%?§ﬂ§ ?§8E8¢§%ke and those which do not
i nterfere w twhéheineRtt isnhySuogeabl erswetbylsornuintivressctheremtt Hame,

triglyne, teFE*éf¥n899¥&u§iCﬂafé uﬁg?tﬁﬂgtﬁig§1 ﬁaﬁHEQgEEtB%CEEBhiﬁeto
m)noglyrre, di e, te[tlary arryF al conol an tﬁe | Ke, an ‘mxtures
thereof. In & pggﬁerwbﬂcbnﬁéﬁpﬁ%ﬁ?§ raackdngehhej sosspspeadingom t he group

consi sting ofpdlpbggapmyléﬁeeglyésloaithlhestABnél@fuebuhuhcahcohol and

m xtures therepf. wﬁlght LE%IO of sglvent to al koxyal kanol reactant is
typically in ?h@r?ﬁhgé aVing Fhe1fpEM41a40, and preferably in the range of
from1l:1 to 1:5. The anpunts and concentrations of the reactants utilised
in the process of the irngjarksinvention can vary within w de ranges. The
amount of stable free raflical nitroxide is typically in the range of froml1l
mol e percent to 500 ne{-ecse+CeRf, preferably from5 nole percent to 20 nole
percent, based on the nupbger|of noles starting pol yoxyal kyl ene gl ycol .
General |y, the amount dkgNQIRgr] - generating conpound used is in the range
of fromb5 .

wherein (1) (a) each of Rj, Rz, R3 and R4 is an alkyl,
aryl or heterocatom substituted alkyl group having 1 to 15
carbon atoms, and (b) Rg and Rg (i) each is an alkyl
group having 1 to 15 carbon atoms provided that Rj~Rg are
not all alkyl groups, or a substituted alkyl group having
1 to 15 carbon atoms wherein the substituent is hydrogen,
cyano, -CONHp, -OCOCH, OCOC2Hs, carbonyl, alkenyl wherein
the double bond is not conjugated with the nitroxide
moiety, or -COOR wherein R of the -COOR group is alkyl or
aryl, or (ii) together form part of a ring having at
least two carbon atoms and up to two heterocatoms of O or

N,
R2
[
or (2) the Ry - C - moiety and the THIS SHEET HAS BEEN
I REPLACED
Re

This Sheet Has Been Replaced




mol e percent 16 2586 lPéthe Egﬁfen§§s§§ 8, Mo Ishsrating cqmpound .
pol yoxyal kyl 8péd pr@éfllda'ﬁl‘ie ar @cé@@P@Ffatth@Gprléséﬁte inaRge i frem \hi°Cal |y

conduct ed unger 100 dccéﬂdlﬁhéﬁéaf%ﬁhsg?ééatﬁﬁ |bﬁtb€h89 pébiakged using a
tenperature I?&VEG range.of from Q err]C, preferably 20

Q
[err]C to 702 Fﬁe“é Bhay opegrsfdcay xyhéc[éFP to 60 [err]C. Reaction
pressureg are. notrherpirbcebsablfheughmhughﬁup&nss:he?s]}:emg Exeglet hl n
i ncreased reacti.on,r L JRressures.in .t nge o rom at nospheric
pressure up ?§d§§8&t%5338x%9§ ?éﬁo 1586%8§%g) can be enployed with good
results. The process of the instant inwention can be carried out either
bat chwi se or continuously, using a stiKrer out either batchw se or
continuously, using a stirrer equi ppedy eactor or other well known
contacting technique to achieve &d ng. Preferred reaction
conditions, e.g., tenperature, presdure ow rates, etc., vary sonewhat
dependi ng on the specific nitroxirg i 4@nd on the concentratlon of
the nitroxide. The process of the inska |nvent|on can be carried

wherein each of R7, Rg, Rg and Rjg is an alkyl, aryl or
hetercatom substituted alkyl group having 1 to 15 carbon
atoms and each of Rj; and Rj2 is alkyl, hydrogen, aryl or
a substituted heteroatom.

3. The process of claim 3 wherein the stable free
radical nitroxide is selected from the group consisting
of 2,2,6,6-tetramethyl-piperidine-1l-oxyl, 4-pivoylamido-
2,2,6,6-tetramethyl-piperidine~-l-oxyl, 4-alkoxy-2, 2,6,6-~
tetramethyl-piperidine-l-oxyl and mixtures thereof.

4. The process of any one of claims 1-3 wherein said
NOx-generating compound is nitric acid.

5. The process of any one of claims 1-4 wherein the
amount of NOx-generating compound is in the range of from
5 mole percent to 1,000 mole percent, based on the number
of moles polyoxyalkylene glycol.

6. The process of any one of claims 1-5 wherein said
polyoxyalkylene glycol is contacted with said stable free

THIS SHEET HAS BEEN
Sheet Has Been Replaced REPLACED
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PREPARATION OF POLYOXYALKYLENE-ALPHA,

out in a variety of ways. For OMEGARDICARBOXI2.IACIDS t he pol yoxyal kyl ene
gl ycol and 0.0064 noles of the nitroxide nmay be added to the reaction
vessel, followed by the addition of 0.011 noles of 70 percent nitric acid.
Fol | owi ng t he reaﬁ:tpmesmefqr ddlmtprml}amtmamﬁtiecpﬂmxymbkybenefon

m xture using % 1HY S5 fgg&&g §%§&H§i , r& QL+ £X3"Ph an extraction

procedure or a pre- |tat|on proocedur e articu rocedure utilised
depends on WHEtIH’eQSR #r&uﬁ%vawwem% glwl dﬂb‘#hwqﬁtabh? £B8M

Eerrperﬁlt ure. ::jéditdfael mm:.d?h:ﬁth@ed %Lt*é%é l%rf)eéav %e@é?&t%&at' on is
ypically use e product is | roo era ure
e extr ant | o RsRA A SRt Ty mb R idhnt BRI/ $rIRkEE Eans
purified by a riedperafumenvrenthensdngeasf fro GsChitgh 10OMSEr andr e vvater
washing or c 0 58— condi tions and
t he nitroxi dg:ttﬁégéad%%ydé&%@aazﬂ &poﬁ%oxyal‘%]fg&gy pbz ga- dicarboxylic
acid obta|namﬂnhaﬁpmeqadmnarbnxxinctnpgﬂeater t han 98@6of starting

mat eri al being converted. The products produced by the instant process can

be used in a variety of detergent applications. For exanple, corrosion
i nhibitors, detergent builders or emulsifying

C18/T2673FF



4o N PLOULCOO LUL  LULD MiEpAaLGLAVIA WA B pEaSSYaLEmeas s EmeeE

agents. The rangdBharRRegardigerRmy icobFid LT FRen&FMtaint speci fi cation
and cl ai ns are t hosegoydur;b (eH,erk@)@,ed.B 0 particularly point out and

di St inctlys clai ahaggirpr@sqglt ny@¥SgEd @B mégh'ls,om]gmwfes widﬁ're_stf?)wht Eat

ot her ranges - -.an imiations i ch. perfor Vi i he same
function in thetgﬁnbn‘b’rv’sqchj‘ﬁét ﬂﬂi?‘ﬁ’rjﬁ) Pﬁg réa’hi a%gﬁg%é%’%séﬁ}%?ﬁ !t)hteé sane or
substantial |y tBeO8@urevhisdukompr ssdsnireadbing dhse cREFRSPPRHEIscope of the
instant inventi g1 gsx@eiiyiadebyl fdta withaatstaei Freattadicqand clai ms. The
process of thisnLg¥g§géénhég¢J #ﬁ%fﬁ$+ﬂf .described by the foll ow ng

enbodi nents whi ch-are prOV|ée8 or 1llustration and are not to be construed

as limting the invention_ Il]lustrative Enbodi nents Exanple 1 10.9 G ans of

pol y(et hyl ene gl ycol) haviRﬁ_g 3nol ecul ar wei ght of 3400, 1.0 grans of

2,2,6,6-tetra- rrethyl-rﬂlgl[_i;rglffq-l-oxyl, 50 millilitres of acetonitrile
Rg O Rg

10 wherein (1) (a) each of Ry, Ry, R3 and Rq is an alkyl,
aryl or hetercatom substituted alkyl group having 1 to 15
carbon atoms, and (b) Rg and Rg (i) each is an alkyl.
group having 1 to 15 carbon atoms provided that Rj-Rg are
not all alkyl groups, or a substituted alkyl group having

15 1 to 15 carbon atoms wherein the substituent is hydrogen,
‘cyano, -CONHp, -OCOCH,, OCOC,H;, carbonyl, alkenyl wherein
the double bond is not conjugated with the nitroxide
moiety, or -COOR wherein R of the -COOR group is alkyl or
aryl, or (ii) together form part of a ring having at

20 least two carbon atoms and up to two heteroatoms of O or
Nr

R2
|
or (2) the Ry - C -~ moiety and the
!
Re
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and 1 gram of 70BPEENYE MAeScoL Rt vyl krkanfedlyeola 100 nillilitre
round bottoned flask. 02 was bubbled through this m xture at anbi ent
pressure. The reaction tenperature was held at 35 [err] C over a 6-hour
period. The results are presented in Table |I. Exanple 2 100 G ans of
pol y(et hyl ene glycol) having a nol ecul ar wei ght of 3400, 5 grans of

2,2,6,6-tetranet hyl - piperidine-1-oxyl, 200 mllilitres of nethyl ene
chloride and 5 granms of 70 percent nitric acid were charged to a 500
mllilitre round bottoned flask. Air was bubbled through this m xture at

anbi ent pressure. The reaction was held at reflux over a 8-hour period. The
"results are presented in Table |I. Exanple 3 10.9 G ans of poly(ethylene

gl ycol) having a nol ecul ar wei ght of 3400, 1 gramof 2,2,6, 6-tetranethyl -

pi peridine-1-oxyl, 50 mllilitres of acetonitrile and 1 gramof 70 percent
nitric acid were charged to a 100 mllilitre round bottoned flask. The
reaction m xture was held open to the atnosphere. The reaction tenperature

REPLACEMENT SHEET
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T ATTT - - = T/ = ST e e e =&

- 13 --mas(ﬁnglQFt§§cFePF]égﬁﬁﬁaE%Q?tﬁﬁﬁdtﬁﬁ?%ﬁ’ $hElesults are
presented in Tabl Rak. nEwaspkpr4smhg1y3hﬁnn(ﬁommdythahypehwogwycol) haV|ng

| | 0
ret byt pi ot Ef b7 8100 Sns el IRy B S fas R pe produced |
grans of Zﬂlﬁb¢§bnylﬁids|éndcHdtheh69hu§%kﬁpﬁkﬁkﬁl@® hY| BpLRgr @ round
bot t omed fétﬂa%le Cegee] ruaschubhliedokdidalHhd %I@-&}é&ﬁér&hﬂ&bl ent

pressure. reaction teEEeratgre was hel d at err 5- hour

period. TIOWRRMY saBdOBFIOBALLY | AOTARIGANE fatF VB8O 3 Fe A
Conpar ative Ew&ﬂ;enevmmmrréedtest tion aa proYeys o et o Exanple 1

h |t I l.
Conpar at | FEBRABHSE € Aol TosvaldiaeE s SN G B o rho sy Hrer
simlar t@adbdnpf etHe ekoepulabhat no nitric acid was used. The results are

presented in Wl&ﬁ.o tbyecheg‘ghe C Conparative Exanple C was
e e n-H2

carried out in
wherein R' is hydrogen or methyl or mixtures thereof (on

the individual molecule) and n is an integer of from 0 to
5,000 which comprises reacting the corresponding_
polyoxyalkylene glycol with a stable free radical
nitroxide having the formula:

R2 R3

| |
Rj-C-N-C-R4

P

RgO Rpg

wherein (1) (a) each of Rj, Rz, R3 and R4 is an alkyl,
aryl or heteroatom substituted alkyl group having 1 to 15
carbon atoms, and (b) Rg and Rg (i) each is an alkyl -
group having 1 to 15 carbon atoms provided that Rj-Rg,

are not all alkyl groups, or a substituted alkyl group
having 1 to 15 carbon atoms wherein the substituent is
hydrogen, cyano, -CONH,, -OCOCH;, OCOCHs, carbonyl,

alkenYl wherein the double bond is not conjugated with
the nitroxide moiety, or -COOR wherein R of the -COOR
group is alkyl or aryl, or (ii) together form part of a

REPLACEMENT SHEET
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generated in situ by the oxidation of a stable free
simlar to Ex | e 4 except, that no nitroxide was used. The results are

present ed &R + Pltggxégﬁ B S PXIAMBBR 2UR 5ﬁ#$r&%ﬁﬁa%ﬂuP¥W9?Pc acid
are necessaohtfHinihg exidahitan Tefe tdtaprs "tk dhalichd Pids@HEide can- 14

- Table | I datjion O Pol yoxyal ky] ene A ycols to
ol yoxyal ket Phed igbhe SXHBHIT O | TRCORSRF ¥ ARINSS OF %
Conuér si onhydroxylamimksar boxylic Acids Exanple 1 >99

>99 Exanple 2 . . >99 ample_3 .. >99
>99 Exanpl e 4 The sgégﬁe Free rad%cal n%trox%§%§£%h£$étggg su1Qf§ae
0 Exanpl e AoComsar diri vthe ingtant invention have the foEmadpl:e B

N

R2 Rj3
l !
R1~C-N-C-R4 (I1I)
P
Rg O Rg

wherein each of Ry, Ry, R3 and R4 is an alkyl, aryl or
heteroatom substituted alkyl groups and no hydrogen is

15 bound to the remaining valences on the carbon atoms bound
to the nitrogen. As used herein, the term "alkyl" is
meant to include cycloalkyl. The alkyl (or heteroatom
substituted) groups Rj-R4 may be the same or different,
and preferably contain 1 to 15 carbon atoms. Preferable,

20 Rj-Rq are methyl, ethyl, or propyl groups. In addition to
hydrogen, the heterocatom substituents may include,
halogen, oxygen, nitrogen and the like.

Preferably, R; and R, are substituted alkyl groups having
1 to 15 carbon atoms

REPLACEMENT SHEET
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- ring of at least two carbon atoms and up to two bst | "
nmpar at i stitute sheet -
24 Naroh YeeToRtons, |such 35 0107 ANy, BXEIPLSR 35S bARLS:  on of a

pol yoxyal Icplx@wndé ey irp geh eli serbokylrec above @ind him fwhiithaRg and

HJ err] e £r q_l@ ) [ %_r wherein
Rlerr] is oge rég {%é)?Lg ELSH%ﬁggb ﬁ %}f%mﬁQ?dua
nDIecule)PXWGQiMd;nmiﬂqukﬁH of fromO to 5,000, which conprises reacting
t he correspondi ng pol yoxyal kyl ene glycol with a stable free radical

nitroxide having the femla: Rerr] Rerr] I | Rerr]-CGCNCRerr] [err]
Rlerr] ORerr] 10 erein (1) (a) each of Rl, R2, R3 and R4 is an
al kyl, aryl oghgekﬁraaboulsubstituted al kyl group having 1 to 15
I
Rg
R3

!

and the - C - R4 moieties in formula III above
I
Rs

can individually be aryl, i.e.,

-5

— Examples of suitable compounds which can be oxidised into
compounds

R2
having the structure above in which the R; - é -
Re
R3
and the - é - Ry
rs
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car bon atons or? %rEfn?rF°3¥F§¥yﬁ¥yle%ﬁl%&%5?1 é?oup havi ng
1 to 15 carb@#kk d@ﬁtthﬁtaF&dRﬁsaﬁQH%ﬁakﬂ ¥ addsd geotips, a

substituted aiéaﬂtﬁxp%mngaﬁéer all1t 8 rlened e Al YASE §i Hab@e
substituent is hydrogen, cyano, -CONHerr], -OCOCH err], OCOCerr]]rbonyl,

al keny! wher BE8T; R l e bond is not conjugated with the nitroxide
noi ety, or - COORIwhes @jreffemfed imb&&ﬁé@tpuani oxddayit d's addo addédi)

Louet her ! BLPR e Boded "IN 2 Hnon, |ERRL B SANN 21 TR 0P
- 16- Subst i t NOg-gleaetrati2@y den;po]xﬁﬁi) #RjdrnitrogideRpeer }.usmdat ;thendl vidual l'y
S et RO s, B e el e, oo
separat i ng ostoigRipmiefaiye amqw@w@%mm gqeaagaftb@gquqsnmunn and
nitroxide are used, an oxidant may not be needed. One
skilled in the art could readily determine by routine
experimentation whether or not an oxidant would be useful
in the reaction. The oxidants suitable for use in the
instant invention are those compounds which are capable,
in the presence of a NOy-generating compound, of
oxidising the stable free radical nitroxide to the
oxoammonium salt. Suitable oxidants include oxygen-
containing gases such as pure oxygen and oxygen in air.
Whereas pure oxygen is preferred to accomplish the
desired conversion, the oxygen can also be diluted with
an inert gas such as nitrogen, helium, argon, or other
similar gas. While air can be used as the oxidant, the
reaction rate is much slower. For purposes of increasing
the reaction rate, higher 02 pressures such as, for -
example, 7000 kPa (1000 psig) can be utilised. In a
preferred embodiment, pure oxygen is used as the oxidant
and it is bubbled into the reaction solution.

The reaction is preferably carried out in the
presence of a solvent. When the molecular weight is such .
that the alkoxyalkanol reactant is a solid or a viscous

! REPLAGEMENT SHEET
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are aryl, in the presence or a NOyx—generating compound
2. The procesan@f agl @xidhntheiteia ﬁémpémhh:eefmethedmwgmidﬁ Badahe diakC t he

B kyl Caryt OFOnGDBr o0 SRS LRETFRELEn MRATAN I Gl The 1PPaYREYSS, hon
atons and eacblb?labeﬁanpaaddﬁbgﬂ-drc&thqﬂylhqdaogén aryl or a
substi t ut ed hfter og}ngnggge ‘%SdHefoBrQ m@ggﬁ?g %Q% stable free

radical nitroxide TS e group conS|s

2,2,6, 6-tetranedbgalpnpsrodide- Ixa@x;tlhe Aqrmyubda ani do- 2 2,6,
6-tetramnet hyl - pi peri di ne-1-oxyl, 4-alkoxy-2, 2,6, 6-
tetranet hyl - pi peridine-1-oxyl and m xturges thereof. 4. The process of any
one of clains 1-3 wherein said hKIerr]-o-neratlng conpound is nitric acid.
5~ The process of any one of cl ai R,N the armount of

NJ err]-generating compound is in S rang. of from5 nole percent to 1,000
nol e percent, based on the nunberR - o yoxyal kyl ene gl ycol . 6. The
process of any one of clains 1-5 where yai d 1Mol yoxyal kyl ene gl ycol is
contacted with said stable free REPLACEMENT SHEET

wherein each of Ry, Rg, Rg and Rjg is an alkyl, aryl or
heterocatom substituted alkyl group'having 1l to 15 carbon
atoms and each of Rj; and Rjs is alkyl, hydrogen, aryl or
a substituted heteroatom.

3. The process of claim 2 wherein the stable free
radical nitroxide is selected from the group consisting
of 2,2,6,6~tetramethyl-piperidine-1-oxyl, 4-pivoylamido-
2,2,6,6~-tetramethyl-piperidine-i-oxyl, 4-alkoxy-2, 2,6, 6-
tetramethyl-piperidine-l-oxyl and mixtures thereof.

4. The process of any one of claims 1-3 wherein said -
NOx~-generating compound is nitric acid.

5. The process of any one of claims 1-4 wherein the
amount of NOy-generating compound is in the range of from
5 mole percent to 1,000 mole percent, based on the number
of moles polyoxyalkylene glycol.

6. The process of any one of claims 1-5 wherein said
polyoxyalkylene.gly¢ol is contacted with said stable free

| REPLACEMENT SHEET
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) enerated in situ by the oxidation of a stable free '
Substitute shee? - ZaélaMarch 1(‘}998 - 17 - radical nILéOXJ e, foLI owed by the
addi tion t her et BAYFCAR P ERRFESS 159 8RePAR MY oM 58 &8 §*¥%FYant . 7.
The process of contaimdngfoxidants Thé shabls friekeradbealt rdftroxade ecdm ee

radi cal nitroxige dotdifetinBy re®x3dation Wt fse@Bhda PPl hikRiscept to 500 nol e
percent, %sedErcEn }or;gjlnunber of nol es of pol yoxyal kyl ene gl ycol.

REPLACEMENT SH amines.
The stable free radical nitroxides which are suitable

for use in the instant invention have the formula:
R2 R3
I I
R1-C-N-C-Rg . (III)

1
Rg O Rpg

wherein each of Rj, Ry, R3 and R4 is an alkyl, aryl or
heteroatom substituted alkyl groups and no hydrogen is
15 bound to the remaining valences on the carbon atoms bound
to the nitrogen. As used herein, the term "alkyl" is
meant to include cycloalkyl. The alkyl (or hetercatom
substituted) groups R;-R4 may be the same or different,
and preferably contain 1 to 15 carbon atoms. Preferable,
20 Rij-Rg are methyl, ethyl, or propyl groups. In addition to
hydrogen, the heterocatom substituents may include,
halogen, oxygen, nitrogen and the like.
When R,, R,, R, and R, are each alkyl groups, however, at
least one of R; and R, must be an aryl group. Preferably, R,

25 and R, are substituted alkyl groups having 1 to 15 carbon

atoms.
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