WO 2006/036825 PCT/US2005/034251 POLYETHYLENE GLYCOL COMPOUNDS AND PROCESS
FOR MAKING BACKGROUND The instant invention relates to polyethylene glycol compounds and a
process for 5 making such compounds. More patrticularly, the instant invention relates to high
molecular wevghtpwlyasdaiene glycol compounds having narrow molecularweigtodsatsidastion and a
process for making such compounds. The polyethylene glycol compounds of the instant invention are

useful for chemicalyppdfisaionatphysielasicetamtvabetaaiserbishsediiatratesals are

applicable, for example, in drug delivery systems. 10 Biologically active compounds conjugated with
polyoxyalkylenes can provide enhanced biocompatibility for the compound, See, for example, USP
5,366,735 anBNSRGBOBP45. A review of this subject by Zalipsky, in Bioconjugate Chem., 1995, 6,

p150- 165, identifiedrpelyRtivienealivealasane Rijbeest Bigssvnaiblaaolydepsdeaopitigate with

a biologically active compound (such as a drug, a protein, a peptide or an enzyme) to is_produce a

conjugaté ha R REHSDEOBRIpEATe MR R AL RS AR LA BRI Rrelptes st oxicity,

improved surfgegaaRaRRtIRHENe gtepsadfHicdiminmimaranddadudeshial i aRgaRiaE - dmalyethylene
glycol (PEG) is a linear polyoxyalkylene terminated at the ends tB’er of with h drF(])xyI groups and
generally repﬁQ@?ﬁ%@Pﬁ?ﬂ%‘Wﬂ%l&?‘P@WZéh@@yﬂp@W i€ B&}d\é@ Hefs8Tin chapter

et G, i
represented by the formula; , "H, is _usually used to prepare a polyethylene glyco
conjugate witaBISO GRS AR SRR REa! ARl W@F‘é‘a ouphitreaction between an

amine grup of the IBagicalily astive conpnedpdoankasdmthsBeaptile dasivativer¢sideh as
trichloro-s-triazine activated mP 25 formed via the remaining terminal h ro the
monomethoxfﬂﬁ%ﬁﬂﬁ@ﬁ@@?@%ﬁ%@éﬁ%&%ﬂﬁﬁﬁg’ gﬁﬁe’%’r‘ é%‘&‘?&?’g@% %ﬁé%rxy%%é%@tg n
chemistry hasslpseydevelapashiof taisexaiogiey RilikzeipBiblensgheChdmpuaos captedoination of
MPEG, to increase the_mplecular weight of the mP d to.increase stability of the conjugate, see
Roberts ot al AN AR BT Ul L bSO G SEAMEE BtaTBEte s, 030
(herein fully ing@tpobastgioyl reterbrasntiesaiiesthasinchiegse goteiecagpiide ghtmeRiy@Bd)aving
narrow molecular, W?cl\i/%ht distribytion. However, the highest @olecular .\Q/}%i%t Isglosed in the "639

patent WED Zd’gﬁjf? %ﬁ%&%&%’%&%@ﬂﬁ?‘i é%’ﬁ Grweuld be: gafttljr t

er agv%ce in the art if even
higher moleculasramigisticnarsdue st cdeaitsy imeighed distiibeitiompatitii@yvierecaisd cusrdatiatoigavith a
processes to ra)url%drlé Ecg ?r%x%urﬂgég&%lty.
Polyethylene glycol (PEG) is a linear polyoxyalkylene terminated at the ends thereof
with hydroxyl groups and generally represented by the formula: HO(CH,CH20),H. As
20  discussed by Henmanson in Chapter 15 of Bioconjugate Techniques (1996), monomethoxy
polyethylene glycol (mPEG) generally represented by the formula: CH;O(CH2CH;0),H, is
usually used to prepare a polyethylene glycol conjugate with a biologically active compound
typically by way of a coupiing reaction between an amine group of the biologically active
compound and an amine receptive derivative (such as trichloro-s-triazine activated mPEG)
25  formed via the remaining terminal hydroxyl group of the monomethoxy polyethylene glycol.
More recently, so called “second generation” PEGylation chemistry has been
developed to, for example, minimize problems of diol impurity contamination of mPEG, to
increase the molecular weight of the mPEG and to increase stability of the conjugate, see
Roberts et al., Advanced Drug Delivery Reviews 54 (2002) p459-4. United States Patent
30 6,455,639 (herein fully incorporated by reference) described an increased molecular weight
mPEG having narrow molecular weight distribution. However, the highest molecular
weight disclosed in the ‘639 patent was 20,861 (weight average molecular weight). It would

be a further advance in the art if even higher molecular weight, narrow molecular weight

distribution mPEG were discovered along with a processes to produce such a material.



WO 2006/036825 PCT/1JS2005/034251 2 SUMMARY OF THE INVENTION The instant invention is
a substituted polyethylene glycol compound having higher molecular weight than has previously been
obtained (for example, MPEG molecular weights 5 in excess of 40,000) together with narrow
molecular weigylt migpexsizn and low diol impurity contamination. The instamptinsmisnisalso a
process for making such materials. More specifically, the instant invention is a substituted
polyethylene glycol compound having the formula RO(C2H40)nH 10 wherein R represents a C1.7
hydrocarbon group and n represents the average number of moles of C2H40 groups, ranging from
500 to 2000, $ieMiybsRNIOd pEEIRYIENG N0l compound having a ratio of weight average molecular

weight to a number 3\5%5%9&%@8&@{%%&é&@@ﬁ@f}g&%ﬂ@gy@%ﬂp&&m 9y Ryrage
molecular weight an e

the number average molecular weight of the substituted polyethylene glycol

compound beingjeBlaewsigtihtabheg orpdeustatiom chivnnkGgrgRanie anBh(e maspvaesighihe

instant inyention, | XA, I§ | lyethylena; aungand
polyethyléne g ;Eé(c?le,%t e?(‘sigb@t? uﬁ%%&gg%mﬁlggg%l}g&%@ompo%d h%;\)/éi(r\r%)ﬁ?gaffgrmula RO(C2H40)nH

20 wherein R irepreitespstangnatory drbe irsient iFoemsioans Pspeppeeesitsitsangbiavaspchmserlsr moles
of C2HA0 groups added, fm@%&méﬁg@ﬁ%%%%tﬁ%@&ﬁ%ﬁtig%%%%%@mpahgiyﬁ&gg%mp0und

having a ratio of weight average molecular weight to number average molecular weight as determined
by gel permesgomerndhriograsiymute range of from 1 to 1.1, the weight average molecular weight
and the number average molecular weight of the 25 substituted polyethylene glycol compound being

determined by gel p romatography, the amount of polyethylene glycol being less than ten

mole percent of the tgtal moles of pol emﬁlje e glycol n(a hle ng%uagd 91] t %{tﬁ grgkycol
com pourlia, th& "Eoheentration of ?ﬁ%‘ﬁ)é?i/e cya/ng%% %R/u&)c} %e}llnge 5 etermingcj1 %ﬂ%w c%romatography
under critical mokditibAsH30 groyes,annghey eonbdrte2A0th thinstbstitired mobrstieyteps gtveod for the
preparation of 4, subsiicd polueviens sy soLSRUIRRNOA RAVAERS M RIE2H40)- Y WO
0061036825 SLPRIE BOERPE I YRR ikh et

molecular weight in the range of from 1 to 1.1, the weight average molecular weight and the

number average molecular weight of the substituted polyethylene glycol compound being

15  determined by gel permeation chromatography. ' ’
In another embodiment, the instant invention is a mixture comprising a substituted

polyethylene glycol compound and polyethylene glycol, the substituted polyethylene glycol

compound having the formula
RO(C,H40),H

20  wherein R represents a Ci.7 hydrocarbon group; and n represents the average number of
moles of C,H4O groups added, ranging from 500 to 2000, the substituted polyethylene
glycol compound having a ratio of weight average molecular weight to number average
molecular weight as determined by gel permeation chromatography in the range of from 1 to
1.1, the weight average molecular weight and the number average molecular weight of the

25  substituted polyethylene glycol compound being determined by gel permeation
chromatography, the amount of polyethylene glycol being less than ten mole percent of the
total moles of polyethylene glycol and the substituted polyethylene glycol compound, the
concentration of the polyethylene glycol being determined by liquid chromatography under
critical conditions.

30 In yet another embodiment, the instant invention is a process for the preparation of a

substituted polyethylene glycol compound having the formula

RO(C;H40),Y



3 wherein R represents a C1_'i hydrocarbon group, n represents the average number of moles of
C2H40 groups, ranging from 500 to 2000 and Y represents hydrogen or an alkali metal, the
substituted polyethylene glycol compound having a ratio of weight average molecular weight to
number average mai@asias weight in the range of from 1 to 1.1, the weight scavesagssmseiecular weight
and the number average molecular weight of the sdbstituted polyethylene glycol compound being

determined by gel pegmeslon oYeMA0BiARNkn SO S AGAE AISHS £ (A BMIRGA segclin

mixture comprising an a represented by the formula R(OCH2CH2)0-200H, where R represents

a C1_7 hydrdc#ia0rgmunsptanging ko080 ftenedafcambl dapressip rydeogemersahidaml tretsbdbtion
mixture being.af a.10. %ig}@@l E%B%\?MW HiBbarhanhlsdsdegmasGelsius, the
e

water concentration of}%hg reaction mixture being less than ten parts per million by weight, the mole
ratio of the alkesidié tofpabstcviseise Miesrlanbrisbing theraga g Inildm labdhe 3eighto about 100;

(b) Comagtinga%?aéﬁ?ﬁ&ﬁ@&@%%ﬁ@b‘f@ﬂﬁﬁ%ﬂﬁ%&’ﬁ@&a?& thatlethe:ethylane rexidasaastatherein to

form the substituted polyethylene glycol compound. 15 In another embodiment, the instant invention is

also a proceseolgetindeprauelrmmapund bpna deserpse Y AshBgRRBICOTRBIHAZER Yy the formula
RO(CZH4O)1%;5§%{§%&%@@§%§%@&£& RyRiReArRomerasBpikiRpHaSARtE IR BYesage nUMber

of moles of C21 from 100 to 2000 and Y represents hydrogen or an alkali metal,

groups, rangin
the 20 substithéb%’@W@tH‘ﬁéﬁ@ﬁg@ﬁ?@gr%@%&’b%f\?iﬁg“ﬁ"i‘“‘asﬁ@%?\ﬁé@wdﬂ%é‘ AdfEctfar weight to
number average,malegular veightinthe £5aae siifumide, knb ihenvaishinavarage awlecular weight

and the number average molecular weight of the substituted polyethylene glycol compound being

determinéd biegacrERsda i Terse ATATOgTAPAY: SEAARRREHI e Sters (st BRI a reaction

mixture compgisipghaaAicenal aaepanadi® byibedanminacR (GHhCHiRion 290t ghene R
represents a C1.7 hydrocarbon group, an alkoxide of the alcohgl and a polyether. solvent, ;(pmreaction
Pl

mixture beingtBels TR AR AR OTHIR 8T hTFicoRA JrRbdlcrls) B5aB L RE4a1SE e water

concentration;gf tagt 1eacten-atdtiadeinglessthanties parstpgemvilidbeay weighe diglsnele ratio of
the alkoxide of the alcohol to the alcohol beinE%Pirn the {an of g%mfglbout 0.0] to about 100; 30 (b)
Bty

contacting thePFctraRihiReigHa (R PrRHRASHBSH RS BSLHS f&BRMGEFeacts therein to form
the substituted polygthieneaitIeesRomus dndie 2603 G8ASRGIJLES2ANTH P atibn of

a substituted polyethylene glycol compound having the formula
RO(CH40), Y

wherein R represents a Cy.; hydrocarbon group, n represents the average number of moles of
C,H;0 groups, ranging from 100 to 2000 and Y represents hydrogen or an alkali metal, the

20  substituted polyethylene glycol compound having a ratio of weight average molecular
weight to number average molecular weight in the range of from 1 to 1.1, the weight
average molecular weight and the number average molecular weight of the substituted
polyethylene glycol compound being determined by gel permeation chromatography,
comprising the steps of:  (a) forming a reaction mixture compﬁsing an alcohol represented

25 by the formula RQOCH,CHa)o200H, where R represents a Cy7 hydrocarbon group, an
alkoxide of the alcohol and a polyether solvent, the reaction mixture being at a temperature
in the range of from about 80 to about 140 degrees Celsius, the water concentration of the
reaction mixture being less than ten parts per million by weight, the mole ratio of the
alkoxide of the alcohol to the alcohol being in the range of from about 0.01 to about 100;

30  (b) contacting the reaction mixture with ethylene oxide so that the ethylene oxide reacts

therein to form the substituted polyethylene glycol compound.



DETAILED DESCRIPTION OF THE INVENTION The instant invention is a substituted polyethylene
glycol compound having the formula RO(C2H40)"H 5 wherein R represents a C1_7 hydrocarbon
group and n represents the average number of moles of C2H40 groups, ranging from 500 to 2000,

the substitutegl palytiydere glycol compound having a ratio of weight avepageygmisaulasiveight to a
number average molecular weight in the range of 'rom 1 to 1.1, the weight average molecular weight

and the nun%m@gg%ﬁw@@p Hﬁ@‘ﬁﬁyﬁf@d polyethylene glycol compound being 10

determined by ion chromatography. It should be understood that the above weight and
number average mdléeutatanvcighisiareite esitdadraseloteat PoRahermialas itrvhe Eiromatogram
and not a sel (%tr%d gortion thereof. When R is methyl, then the compound is mPEG. Preferably, nis in
the range of rom%1 0 to 2000. More preferably, n is in the range of from 700 to 1000. 15 In another
embodiment, the in ' tign is a mixture comprising a substituted polyethylene glycol compound
and polyethylene glycol, the substituted polyethylene glycol compound having the formula

RO(C2HEO) "Whavkiarrireptaepresants y@acaftydrorarhahrgraugscatsdie mpregentsitive afverage

number of 20 moles 40 groups.added, rangin 500 to. 2000, the substituted polyethylene
glycol com poﬁ’rﬁ’nleﬁgggééﬁ(ﬁ ugls’\ﬁﬁ‘é}ﬂga%g%a%é%%oo?gféﬁgb%\ﬁ%ﬁﬁ%ﬁ%%geetrﬁ %E?agggconﬂolecular
weight as detesmjpeeddiagiiorertieatoveghtovabegnaplyihtiveighige offioberiateragd , the amount of
polyethylene glycol being.less than ten m ercent of the total moles of thylen gl}ﬁ and the
substituted p (f?ﬁ %W@%@igf %grﬁaﬁlﬁ?r?(ﬂfﬁ%ggﬁgéﬁt%?igﬁl t%ea ep%@g%ﬁ%lre%)éa E%t/co ﬁelz?ng
determined bydiguid shuampataisadmywaider «iiticalibgitditio pslyatinnit siieelldobepovribbstogd that the
above weight and numbper average molegular weights | '
chromatjoogra eéeﬁH‘HlS a}ééf\égfé-%l e%é? |&$ﬁ?\%%g§.g§hégf2{r%§§,§%{%%\%t %%%%%@%tﬁr%%% to 2000.
More preferalsigighisuid rtvelraruyeregénonlsr0 Rt ovaigh 6. 30 dRtefmintrhbases amalinelomso ks /iene
glycol is less than.five mole percent of { | mol Iyg@,?w[ tﬁ%%p&;g&{' tgd
polyethylene é fc/((:;o %Igfgr?o S@&ﬁ%ﬁéaﬁre 8%’31 yﬁﬁle? glr%%%%t 0 po%]e?tshy),ééﬁr%l’g%%lol being’less than
two and one hathRife Pertemlyoioinde/cege2s RoTOsRITEIQ 3MET mribehbal hsldhcof

polyethylene %&Q&@%@g@%ﬁ%@d polyethylene glycol compound.

15 In another embodiment, the instant invenﬁon is a mixture comprising a
substituted polyethylene glycol compound and polyethylene glycol, the substituted
polyethylene glycol compound having the formula

RO(C,H,0),H

wherein R represents a Cy.7 hydrocarbon group; and n represents the average number of

20  moles of C;H;O groups added, ranging from 500 to 2000, the substituted polyethylene
glycol compound having a ratio of weight average molecular weight to number average
molecular weight as determined by gel permeation chromatography in the range of from 1 to
1.1, the amount of polyethylene glycol being less than ten mole percent of the total moles of
polyethylene glycol and the substituted polyethylene glycol compound, the concentration of

25 the polyethylene glycol being determined by liquid chromatography under critical
conditions. Again, it should be understood that the above weight and number average
molecular weights are determined based on the entire chromatogram and not a selected
portion thereof. Preferably, n is in the range of from 600 to 2000. More preferably, n is in
the range of from 700 to 1000.

30 Preferably, the amount of polyethylene glycol is less than five mole percent of the
total moles of polyethylene glycol and the substituted polyethylene glycol compound. More
preferably, the amount of polyethylene glycol being less than two and one half mole percent



A specific critical condition liquid chromatography method for the determination of polyethylene glycol
is outlined below. The process of the instant invention in one embodiment is a process for the 5
preparation of a substituted polyethylene glycol compound having the formula RO(C2H40)"Y wherein
R represents w&boddmadsecarbon group, n represents the average number ef males©§3432H40 groups,
ranging from 500 to 2000 and Y represents hydrog&n or an alkali metal, the substituted polyethylene

glycol compoyi IR E210 QI AR YRIaYE AAIRCHBN L AN BIL R K IRAVSERUR RO CCU e

weight in the range of from 1 to t e weig t average molecular weight and the number average
molecular wefy hpmﬁ@@mm@tRmﬁl%dmﬁm@qw%rwﬁ%ﬁ(f%émgdé@@%ﬁ@a ) gel

permeation CEB o SR TRiisG hgssteps of. (a) forming a reaction mixture comprising an
alcohol represented byt e formula R(OCH2CH2)0-200H, where R represents a C1-7 hydrocarbon
group, an 15 alkoxidehepirecascdiibe Wﬁﬂ%‘fﬁiﬁt@ﬁ%%emﬁ@ iR adBrER SR being at a

temperatyre ig, ?grgagggfoj sk S0:19,20RuIIdA daspeasdbalsisiHbmalRr concentration of

the reaction mixture being less than ten parts per million by weight, the mole ratio of the alkoxide of
the alcohol to the algah@t pEDgIN the range of from about 0.01 to about 100; (b) contacting the
reaction mixture with ethylene oxide so that the ethylene 20 oxide reacts therein to form the
substituted pol&aethiytléheagigmlts:@mpohwdjod'dnbOprglmssmfe@reSmﬁéh@ avesegionben etiveelesfiodiment

s process ord preRstatin.of Uiy AGhEITY s Aol SarmpBLRAISY e ol

RO(C2H40)" Wﬁer%n S ydrocarbon’group, n'represents the averagé number of
moles of 25 @Risdigiqpsstwhginglficiceopewndiosiand wiepletests mairggarPlsclatalkali metal,

the subgfituted, P%y%t;ﬁé?%/agﬁ%c BeauBhavine-aeln ol yeiahi ayeiaacidlesylar weight to

number average e range of om 1to 1.1, the weight average molecular weight

and the numbe«emm?g@mlﬂewlgbﬁ/@@@ﬂleofmhb%@E@Iﬂmé@lﬂpﬁthWPéheoél%‘(ﬂ%ﬁﬁ%énd being
determined b¥ I%:t@gf %c%oi%lrepr g&e ARPEARIN AP Fglg Oﬂéﬁaér&ﬁﬁl%r(ﬁ‘ﬁa{ﬂféfﬂﬂﬁya reaction

mixture compris nted by the formula CH2CH2)o-200H where R represents
a C1-7 hyd rommmgmths sepsaiRoXpiduming amh%%ﬁarﬁugsemneﬁ%%ﬁ%whelﬁ@a%%ﬂt?ﬁ.xture

being at a te %%%ﬁn\&{%@%@éﬁ%%ﬁ/ %99@9@&&%& i, hay@peswdfwayakaut 80 to about
140 degrees eIS|us the water concentration of the
15. alkoxide of the alcohol and an aprotic polar solvent, the reaction mixture being at a

temperature in the range of from about 80 to about 140 degrees Celsius, the water
concentration of the reaction mixture being less than ten parts per million by weight, the
mole ratio of the alkoxide of the alcohol to the alcohol being in the range of from about 0.01
to about 100; (b) contacting the reaction mixture with ethylene oxide so that the ethylene
20  oxide reacts therein to form the substituted polyethylene glycol compound.
The process of the instant invention in another embodiment is process for the

preparation of a substituted polyethylene glycol compound having the formula
RO(CH4O), Y

wherein R represents a Cy.7 hydrocarbon group, n represents the average number of moles of

25 CH4O groups, ranging from 100 to 2000 and Y represents hydrogen or an alkali metal, the
substituted polyethylene glycol compound having a ratio of weight average molecular
weight to number average molecular weight in the range of from 1 to 1.1, the weight
average molecular weight and the number average molecular weight of the substituted
polyethylene glycol compound being determined by gel permeation chromatography,

30  comprising the steps of:  (a) forming a reaction mixture comprising an alcohol represented
by the formula R(OCH;CHz).200H, where R represents a C17 hydrocarbon group, an

alkoxide of the alcohol and a polyether solvent, the reaction mixture being at a temperature



reaction mixture being less than ten parts per million by weight, the mole ratio of the alkoxide of the
alcohol to the alcohol being in the range of from about 0.01 to about 100; (b) contacting the reaction
mixture with ethylene oxide so that the ethylene oxide reacts 5 therein to form the substituted
polyethylene giralw@dsgziund By definition herein an aprotic polar solvent I amsgonstiggsivent having
a dielectric constant of greater than about 8. Prefefably the aprotic polar solvent is a polyether solvent

such as bis(2;gthexyethyhsthencRr elriisihesslaakiebisCrivies esthes eharaiamianer @iycol. A

particularly suitable alcohol in the instant invention is diethyleneglycol methyl 10 ether. Preferably, the

temperature GEEHOREHTHITABGHE 15T 1HoB TR RIS RCTHB AR RYoVFigH 5 SR 86 B 110 degrees
Celsius (and gipsgiRseferabiyc-ehotb R Aegiesicelsing) rakgetarabiy dhauetiylapaspddeos; contacted

with the reaction mixture as a gas under pressure in the range of froggﬁab% t two tp about ten

atmospheres.(PrEfBRAEHE IS CoRHARPBICO HhE BB, Hoivak BB RS nd in the

reaction mixtuiRatihe ford pksendbxdbpsijeiyetanyesfdsampoahout 20 to about 80 weight percent of
the reaction mixture. Mare preferably the concentration of the substituted polyethylene.glycal
compound in the reactiGREPHRORAFETARE g s(%[;veﬁ {ﬁg‘}gﬂﬁ’&%ﬁ#fm’%ﬁ lﬁgfogfglg%tgﬁt 60

weight perceniopktiheorastien mixibes BhepreResion thrixpieiaptie soldaft ssepiydhdikaelivtatcontain
polyethylene glycol. 20 However, it iS preferable in the process of the instant inventiop that the
reaction mixtLﬁ’é"%ﬁsthg@ﬁ&%ﬁ%@ﬁ&@%@?ﬁaﬁﬁfﬁr@é‘?ﬁ%?Cilé: %‘%ﬁ %Pg%gin%%ﬁlir%ﬁ%lne%y 8¢ than ten
mole percentg{dbe Wisdrholespiyolyethlisne iglyieoirmnditieaubstiivtdedipdtyetiytehmetyol
compound. More preferably, such concentration of.polyethylene glycol is less than five e percent
of the totd m&@‘%ﬁﬂ@?f@iﬁ%éﬁé&%ﬁ?&% qﬁge%céxggt%ﬁé%%%q@gt )Vleer%i%o%s é?3§8Ir88 eﬁq(})ﬁ%lo - Most
preferably, sugbogonoentisdiarn bi pelyeih@idrnasghmebhisrioge frablytelmant)odegnel$ Crdsaupercent of the
total moles of polyethylene ol and the substituted. palyethylene glycal compound. Again, the
polyethylene é%%éf%%ﬁé%ﬁ#gé%ﬁ % elrsfncl%neélcf E%a;\ﬁgﬁ)%%cﬁ%xr{ﬁ% onglr}g%ﬁ%aﬁ Ader gﬁ%%%}%:gﬁt&%ons. As
discussed abauehearthgeerfdiofstdpibiof ppraves sethatinsshrtrasy dntiferatile, 1B sulostittatézh pdlyethylene
glycol compouynd has the formula RO(C2H40)" Y where Y is_hydrogen lkalim I,should be
understood tht eﬁ@f&%ﬂ%f%ﬁ%ﬁﬁnéﬁ% ﬁ?ca#’ I%)r%ﬁ?ef,nt &ty gtgongbélg m?%%t;ﬁegﬂ ﬁ)‘/)grggé enand an
alkali metal arislithttewdrese ¥f o abitealioreshbth € Corigo rudcamp Dibalissvtiatedtwo Mge/036825

PC /USZOOS/%%gtze?ajbl; the concentration of the substituted polyethylene glycol compound in the reaction

mixture at the end of step (b), in the range of from about 40 to about 60 weight percent of
the reaction mixture.
The reaction mixture at the end of siep (b) is likely to contain polyethylene glycol.
20 However, it is preferable in the process of the instant invention that the reaction mixture at
| the end of step (b) contain polyethylene glycol at a concentration of less than ten mole
percent of the total moles of polyethylene glycol and the substituted polyethylene glycol
compound. More preferably, such concentration of polyethylene glycol is less than five
mole percent of the total moles of polyethylene glycol and the substituted polyethylene
25 glycol compound. Most preferably, such concentration of polyethylene glycol is less than
two and one half mole percent of the total moles of polyethylene glycol and the substituted
polyethylene glycol compound. Again, the polyethylene glycol concentration is determined
by liquid chromatography under critical conditions.
As discussed above, a the end of step (b) of process the instant invention the
30  substituted polyethylene glycol compound has the formula RO(C;H40),Y where Y is
hydrogen or an alkali metal. It should be understood that RO(C,H40),Y is an empirical
formula, that Y can be a mixture of hydrogen and an alkali metal and that when Y is an

alkali metal the compound may be dissociated.



It is theorized (although it should be understood that applicants are not to be held to such theory) that
the use of the preferred polyether aprotic polar solvents (such as bis(2- methoxyethyl) ether) and/or
the use of the preferred polyether alcohols (such as diethyleneglycol methyl ether) promote
dissociation oivineoasookgdsalkoxide into its s respective ions because suchsoivestssost mcohols tend
to complex the alkali metal of the alcohol alkoxide”An additional benefit of the use of the preferred

polyether aprotic polgt, salyant (AhARAl GARRIBRRBANIBRYIREABEIA 1RSI Be R 18 the like

nature of the solvent in relation to the growing polymer chain, thereby further promoting the obtention

of higher molssii sreaminireptiiyurerofibe/rriamesbpalysthes ot ROE prlupus HerBrasbistheorized

(although aga{ﬂem&efﬁgbb&ﬂw)dﬁmemeé @p@l@ﬁﬁ@f&é@pﬁc}t&ﬁe@%sﬁmmgheow) that by
an m

using such solvents alcohals in anionic ethylene oxide polymerizations, the rate of initiation

becomes fastéieitiyieregiyeet terthel %@bpmkﬁfwimﬁﬁgﬁw@mléﬂ@m%@ HSs very small
with respect to.thetafe ghorepagalion WiNaRisalamoRicsihy easEdslaiIng Ralizatien, the rate

of initiation is slower that the rate of propagation, and the molecular weight distribution is expected to

broaden. Howd¢erodkors dprehm B Ekottgats of e peisacdqolsthsn araofspei#er alcohol
in the process;of ths ifatapbiiveRierds teairriialpHaass 45@%&%@1@@%%%{%@@%@ to the

rate of propagation and thus promote a narrower molecular weight distribution of the substituted

polyethylene §RI¥SHAD F5HEB I SreSoay iR ATBRE By ARG FRDY] iBFPEetine dimhehicrien of

polyethylene gb%ﬁg{ RORAURGISHeIRaddOr the above discussed PEGylation applications. Since
water initiates ethylene oxide polymerization to form polyethylene glycol %"diol") and since dial is

undesirekPin the subNHBEEBERRMY R eisEESistHEHRePottdsdbTosEa irltEretiR beneficial to

minimize the yaigrapnerRiAsQNBRIAS IRASHONIABY B RaldWiAGISIBBALY) Blaths Rragessef the
instant invention. When water is present at the beginning of the reaction, the mqglecular weight of the

PEG will be aPSUPRFGHALCRPLRL ARIRBIT BHAYIRA QX iHS PRISHFIAAMRS shE St R d P ei8thy lene

compound. Theeeaee BeNelinripatialosny ieesBhvaptentioedinBaywatenis diesaiventnaloalpl and
ethylene oxide; water entering the reactgr from outside the reactor, hydroaij{d in the base; and water

generated by SSEUSRIRASREH i HEiF-thPRoRAZHATL B s BP HE ORI ERY 56 19°88R ent may be
dried by 1for eyamplgizateitiomr ehacivatesicndetiar dieves. rike Sirupsaatiepmavesiyl ditiation

e e o a0 el ot Aol o onaly
cations, a polyether solvent and a polyether alcohol in the process of the instant invention 1s
theorized to increase the rate of initiation with respect to the rate of propagation and thus
promote a narrower molecular weight distribution of the substituted polyethylene glycol

20 compound. A narrow molecular weight distribution of the substituted polyethylene glycol
compound is desired for the above discussed PEGylation applications.
Since water initiates ethylene oxide polymerization to form polyethylene glycol
(“dio]”) and since diol is undesired in the substituted polyethylene glycol compound of the
instant invention, it is beneficial to minimize the water concentration of the reaction mixture
25  during step (b) of the process of the instant invention. When water is present at the
beginning of the reaction, the molecular weight of the PEG will be about two times greater
than the molecular weight of the substituted polyethylene compound. There are several
potential sources of water, including water in the solvent, alcohol and ethylene oxide; water
entering the reactor from outside the reactor, hydroxide in the base; and water generated by
30  dehydration of a polyethylene glycol alcohol.
The polymerization solvent may be dried by, for example, addition of activated
molecular sieves. The sieves are removed by filtration before the solvent is added to the

polymerization reactor. Alternatively or additionally, the polymerization solvent may be



8 passed through a column of activated alumina to remove water and other protic impurities. An
additional column of activated molecular sieves may also be used. By definition herein, the number of
moles of akoxide used is the same as the number of moles of base (such as alkali metal or alkali
metal hydrideywgsgddospseduce the alkoxide. The use of potassium s hydrige tuganeiatiedhe alkoxide
is preferred. Ethylene oxide is commercially availalsle having a water content of less than 5 ppm by

weight Any nieaediesiacio s seacionsduRigiablY dis R deunpaift olises iiaRat00 C

using, for exahipie. a Drierite gas rying system. Additions to the reactor s ‘made in a manner
that excludes AomtititioetonlbpnaefesprecitmedisnleesiTrrs paralsobsystdmBy detiteebd9sibarrying

out a reaction and, JIRA NG I FRELLAIC s 7RSS 1156 MY PRNRRLIERMAYE e reaction

product of suc atc e reactor system is sealed in preparation for the next batch. The

temperature cikilgmsets ¢hplkaih metathiiddds) et taimsedwo teeabeutidaolbe aseloppstasbly from about
90 to aboyt 1%&&@@@5@5@‘&&3@&&% %Iﬁ}é@&eﬁ preferably 1s potassium. Reactor pressure is

chosen to suit the pressure rating of the reactor, but is generally from about 15 to less than 100 psia.

The molar ratio of etRilislsacoxite i earamerriatl aIRBXMRIRVEMDR SRS proteeldese Kiaret BRthe

desired moleqylay welghtn [, SReCHGAICPRANSCRASER IRdrEpidaiiic desined iesminalgroup, which
is typically a mionomethyl group. The, alcohol preferabl¥ contains ethylene glycol units, such as 20

|
diethyleneglydbtiméffyieusme Duwassrom Prgia YFF?@D&%@@H&N@&PQG%&W), which,
as discussed ghoyg DAY RIAMHRIRS: fﬁ&@&%iﬁﬁ@%ﬁmﬁh&ﬁ@%@ﬁiﬁ@é@ﬂeﬁ@ﬁfd}&ﬁﬁ&hpﬁ@n from inert

aprotic polar solvents that are preferably easily purified. Glycol ether solvents such as diglyme

(bis(2-methoxsraionBiFeR) inheshrsfediatcarrang ABuMtearighat dissadng e et B8iehntrol the

polymerization 4 WaGos NI By RRVEHINS Fanse- D PrdEpRIMSibiadRENe hivianaglycol
compound containing 20 to 80 wt% solvent, but typically 40 to 60 wt% solvent. Higher molecular

weight substittR&HY SKAI AL FRRIGH EbPEORBM S BrechesiRisht invention generally produce a higher

viscosity solution for-apy:givep.eae cRRtatien ibheiselvenicABLRH6teRUS)t JoadeBsioMORRIULRIiS
mixed with, for example, a precipitating 30 solvent such as a heptane or hexane to precipitate the

product in a sﬁﬁﬁfwm%?ﬁ%@t%a%ﬁwﬂgﬁgat@?§8T%|?Ee hoddhe alkarss SAuRteRen is
preferably, alsg agdagiomsasinifiBsard B Wiatar esliat MV OrB006/ 036825 B TeAdR20AR 34251

generally from about 15 to less than 100 psia. The molar ratio of ethylene oxide to alkali
metal alkoxide is chosen to produce a polymer of the desired molecular weight. The
specific alcohol is chosen to provide the desired terminal group, which is typically a
monomethyl group. The alcohol preferably contains ethylene glycol units, such as

20  diethyleneglycol methyl ether (Dowanol DM Trade Name from The Dow Chemical
Company), which, as discussed above, may promote the rate of initiation.

The polymerization solvent is chosen from inert aprotic polar solvents that are
preferably easily purified. Glycol ether solvents such as diglyme (bis(2-methoxyethyl)ether)
are preferred. The amount of solvent used is adjusted to control the polymerization

25  viscosity, and may be in the range to provide a substituted polyethylene glycol compound
containing 20 to 80 wt% solvent, but typically 40 to 60 wi% solvent. Higher molecular
weight substituted polyethylene glycol compounds of the instant invention generally
produce a higher viscosity solution for any given concentration in the solvent.

After step (b), the reaction mixture is mixed with, for example, a precipitating

30  solvent such as a heptane or hexane to precipitate the product in a solid form and remove the
polymerization solvent. An acid such as acetic acid is preferably also added to precipitate a

neutral product.



9 Liquid chromatography under critical conditions has been used to determine polyethylene glycol in
MPEG (see, for example, Kazanskii et al., Polymer Science, Series A, Vol 42, No. 6 (2000),
p585-595. However, the degree of resolution of the polyethylene glycol and mPEG peaks is usually

poor (see Figwbhobtheisezanskii et al. reference). The 5 degree of resolutipg-pitheopaiuethylene glycol
and mPEG peaks in liquid chromatography under gritical conditions can be significantly improved by

derivatizing the polye( e Geel ane HREC, il G5 YARPIG, Y ehenzaualopiarce. The

amount of polyethylene glyco ant invention is determined by the following procedure: (a) 0.1

gram of the cpmmbyimmwdmmﬁ%ésﬁw ihirexemte. Xozeskohitritb, SohYaleigieBe mrideduivalents
of 4-dimethy\aginepx(iie 000 B SOt et eIt FRNIAINADA L BisteRgHalents of

dinitrobenzoyol chldride, which “mixture is heated at 100 ggees Celsius for 15 minutes, and then

quenched witlispdendmiifie reasintsuaproducseiad slelhsfiazansion et 8l sofsrersherEhsf the
sample fqr in&%ﬁ%&@@&m Biiene oRRlisIPRAsE B él%?/ﬂm %ﬁ%%%ﬂ%}ﬁo&%&@éﬁﬁﬁftoni””e
e

15 in water and 43% acetonitrile In watér) at a' mobile phase flow rate of 0.75 milliliters per minute

and flowed theadghcaitBshraedifiany srderiieaifsatbrizemysdtmnferisy e teervirdenshase column
at a column t@@g&rgﬁur&ﬁé%@@gfgp&%ﬁp%m%g% iRavdg@an internal diameter of 4.6

millimeters and’a length of 150 millimeters, followed by a UV detector (absorbance at 230

manometers) to prodieEBBHYGHaSFECRe)eireobH G MEGRL A R iR doicpBinedbyR BBt 2.5
minutes (primgyifywalaigddaigxsess 6indranenzny eheiplatifad Airgakial &hoMiifindnérdies for the

derivatized substituted polyethylene compound of the instant invention and a well resolved peak at

about 9.5°mineAiemEFilneodEivne LY mitRametetsof drisilpamensndingand ore gEHERE amount
of polyethylengrglycRbehitht.tatalmaies 96 Ralrsthvienentlyliantbtes sybstiwadoinrthylene glycol

compound of 25 the instant invention is defined herein as; one half the area of the derivatized

polyethylene BieFrieARRd e demes nelsis iy ha i staand i Gsneatt &b BKRSthylene glycol
peak and the aremiel:the Reak fobibeuden vatizadisrbstittted @oly attyianercomposshef the instant

invention, multiplied by 100. It should be understood that the ab rocedure relgtes to a specific
reverse phasd™ 6B SR ATRARIIE PER OL 88%1%8 SP‘é' Frenads 4 18 WEIPRABEN in the
art of liqujd chiamaiagiaBhy 45wdekektiaallcanditions i wilbirohaklyfevnerastans wilkisimnine the

citcal condiions for anotey specic syeteo, which crtca)congitions wil probabhy R W
reverse phase column at a column temperature of 32 degrees Celsius, the column having an
internal diameter of 4.6 millimeters and a length of 150 millimeters, followed by a UV
detector (absorbance at 230 nanometers) to produce a chromatogram; (c) the chromatogram

20  having a peak at about 2.5 minutes (primarily related to excess dinitrobenzoyol chloride), a
peak at about 4.5 minutes for the derivatized substituted polyethylene compound of the
instant invention and a well resolved peak at about 9.5 minutes for the derivatized
polyethylene glycol (derivatized diol). The mole percent amount of polyethylene glycol of
the total moles of polyethylene glycol and the substituted polyethylene glycol compound of

25  the instant invention is defined herein as: one half the area of the derivatized polyethylene
glycol peak divided by the sum of one half the area of the derivatized polyethylene glycol
peak and the area of the peak for the derivatized substituted polyethylene compound of the
instant invention, multiplied by 100.

1t should be understood that the above procedure relates to a specific reverse phase

30  column operated under specific critical conditions and that, as is well known in the art of

liquid chrbmatography under critical conditions, it will probably be necessary to determine

the critical conditions for another specific system, which critical conditions will probably be



10 at a variance with the above conditions but which critical conditions can be determined by
reasonable experimentation. EXAMPLE 5 A 5-gallon stainless steel reactor, rinsed twice with 10 Kg of
diglyme following the previous batch, is loaded with 28.02 g (0.233 mol) of anhydrous di(ethylene
glycol)methyl veghaodlosmnol DM, stored over 4 A molecular sieves), 3.21q{d82¢bsmalraf 30%
potassium hydride, and 7.32 Kg of diglyme. The diglyme is transferred to the reactor through a 2" x

367 column o aeUyalGA AWTIRR IRHoVed a2 b i dplmBPLd 4R Mesh danasliam,activated

molecular sieves at a rate of about 0.08 Kg/min. The reactor is heated to 100 C. The water
concentrationredsrabletisnimarieiiets determined to be 6.3 ppm. Following a pressure test of the
ethylene oxide (EO) direct feed (DF) tank, the DF tank is loaded with 7.480 Kg (170 mol) of EO (water
content <5 ppm). The 5-gallon reactor is vented to less than about 35 psia, and the EO addition is
started. The BEEXAMBBEd 15 at a rate to maintain a pressure of less than 100 psia at a temperature of

100 C, and continues fos,3e¥ep htsssiéditashe-ERRAdiRE iitormster thayeaenldwiagalrd to 70 C

and a vacuum is applied. The pressure is adjusted to 1-2 psia by addition ofbnitrogE:,n through a dip

pipe. The purgEeleshntied iordoitiatualA h@oRafwrhydiousidiElbglene slysadnettyis
pressurized tQ.aRPHHFRRSIHRN kiR RRRAUCA eRpRiiad thiangh the 20 botiomorpbesivp a 5-gallon

stainless steel can. The reactor is rinsed twice with 10 Kg_portions of diB%Iyme. After the second rinse,

the empty reapetrsiuseBrdade 120 B ke af Aidggen it ghebunsisHansttth V4 sPine vent valve
on the top of thexeaciorfoseRRIRNMAte RN R RAk9RIs sealedansheaaied for a

subsequent reaction. A 5.0 Kg. portion of the mPEG reactor product is loaded into a 12-L jacketed 25

bottom-drin GRESR 3 @BEHTYBSRIBIRER FLvRErer cs AT HS RS RRAFA 4 Eredmitt ShF fiersioT e

temperature indhedli-tolieek IsHpaistaibastaiiRitn Using RIQRICHIRING Wakaehaitd The sansfer line
to the 50-L vessel is heated to approximatelﬁa?o C using hgaé t@ge, The 50-L vess Ii}%ﬁ%ded with
¥

17.3 Kg 'of hepiiRe ERIP Y1887 Sresslirdestiof thR&WARRS (EHiesHh T8t &RE e 50-L flask
over 63 minutgsifey aiugExwiiite4s ek (tete nddIEc3 B (e nassicdbse:H the i), VEssEIdatsgases from

fittation. The FEIEAI TGO AR TP T A BN By 3P Ech heftRhe. The
wetcake s transfemed ta-ndno beysurnst thiethat 300@simaer wamemmute e ¢00S@rndeight over 44
wo 2006/036?021%5%;' 4’(L)Jrssez:\(r)ecr)1 /ggr%.z%ﬁer the EO addition is complete, the reactor is cooled to 70 °C
and a vacuum is applied. The pressure is adjusted to 1-2 psia by addition of nitrogen
through a dip pipe. The purge is continued for one hour and then the vacuum valve is
closed. The reactor is pressurized to about 35 psia, and the product emptied through the
20  bottom valve into a 5-gallon stainless steel can. The reactor is rinsed twice with 10 Kg
portions of diglyme. After the second rinse, the empty reactor is heated to 140° C with a
nitrogen purge out of the bottom valve and the vent valve on the top of the reactor for
épproximately 15 minutes. The reactor is sealed and cooled for a subsequent reaction.
A 5.0 Kg portion of the mPEG reactor product is loaded into a 12-L jacketed
25  bottom-drain glass vessel positioned above a 50-L glass bottom-drain round-bottom flask.
The temperature in the 12-L flask is maintained at 65 °C using a recirculating water bath.
The transfer line to the 50-L vessel is heated to approximately 70 °C using heat tape. The
50-L vessel is loaded with 17.3 Kg of heptane and 1.3 g of acetic acid. The warm mPEG
solution is transferred to the 50-L flask over 63 minutes, forming a white precipitate. The
30  temperature in the 50-L vessel increases from ambient to 36°C during the addition. The
shurry is stirred overnight, then the solid is isolated by vacuum filtration. The filtercake is
collected in 3-L fritted funnels and rinsed with 8.5 Kg of fresh heptane. The wetcake is

transferred to drying trays, and dried at 30 °C under vacuum to a constant weight over 44



11 hours. The resulting mPEG product is characterized by GPC analysis to determine the polymer
characteristics such as molecular weight and polydispersity (D). The peak molecular weight (Mp) is
28,613. The number average molecular weight (Mn)is 28,176. The weight average molecular weight
(Mw) is 28,910 meansiexsular weight dispersion 5 (Mw/Mn) is 1.026. PEG/iolcsmtsnsigsdetermined
by liquid chromatography under critical conditions! ADDITIONAL EXAMPLES The following Table 1
lists various fﬁaﬁwﬁrh%%@ﬁlﬁgmﬂh?wﬁe%%wa@@ﬂae%y Hrehayr gxanpleBatanA046 is the

above example) The foIIowmg Table 2 lists the analysis results for the varlousgg atches of Table 1.

TABLE 1 DovP2hBRSORRRISRIRTFICERoh 3R mlreslar Tialieemd Y RspAsitiion BAERFHt g Wt g Eq Wt
g Wt g Wt% HestesRatedath (Bpses 0, S5 8rhe Akh &0 Pelh d 800 A0ROWRAA Gl 28369 40.10
6.70 0.15 4820 7000 59.3 5.1 1.37 3181 80. 00(8? 0 0,15 2400 343%59 32, 35%.% 4006 40.05 4.52
0.10 4800 6860SEBLPLTFGEIRRIECEEOYAEH T’S f@@gé%l@hfénf’ WD BILAOHSPIBIR 4.45 0.10
4800 6869 S&RHHMGLYi69. BB PR AR KBl RTINS KGui DA Orddo4RPByAA d:tf:0.10
4800 7110 59.8 5.8 1.24 4019 27.03 3.00 0.10 8120 7095 46.7 6.5 1.09 4024 15.01 1.68 0.10 9780
5060 34.2 55841995 25 01 2.79 0.10 7500 6565 46.8 7.5 0.88 4028 18.04 2.01 0.10 8110 6760
45.510.0 0.68 4029 13.30 1.50 0.10 4840 5200 51.8 8.0 0.65 4034 80.02 8.91 0.10 2420 3490 59.5
4.50.78 403620422§ % 7549.6 9.0 0.88 4039 40.02 4.54 0.10 4800 7120 59.8 8.0
0.89 4041 4002 A EPH AL 59.7 7.0 1.02 4042 20.01 2.35 0.11 8020 7875 49.6 12.0 0.66
The following Table 1 lists various reaction recipies using the system outlined in the

10  above example (Baich 4046 is the above example). The following Table 2 lists the analysis

results for the various batches of Table 1.

TABLE 1
Dowanol  30% Diglyme EO  Polymer Rxn Time EO
DM KH Addition
Batch Wtg Wtg Eq Witg Wtg Wit% Hours Rate kg/h
Base : (h)

3178 40.00 6.80  0.15 4800 7005 594 6.0 1.17
3179 40.10 6.70  0.15 4820 7000 593 5.1 1.37
3181 80.00 13.50  0.15 2400 3435 59.3 2.3 1.49
4006 40.05 4,52  0.10 4800 6860  58.9 7.4 0.92
4008 26.99 3.00 0.10 8100 6810  45.7 11.0 0.62
4012 40.01 4.45 0.10 4800 6860  58.9 10.0 0.69
4013 40.00 446  0.10 4800 7100  59.8 10.0 0.71
4018 40.01 446  0.10 4800 7110  59.8 5.8 1.24
4019 27.03 3.00 0.10 8120 7095  46.7 6.5 1.09
4024 15.01 1.68 0.10 9780 5060  34.2 55 0.92
4025 25.01 2.79  0.10 7500 6565  46.8 7.5 0.88
4028 18.04 2.01 0.10 8110 6760  45.5 10.0 0.68
4029 13.30 1.50 0.10 4840 5200  S51.8 8.0 0.65
4034 80.02 8.91 0.10 2420 3490 595 4.5 0.78
4036 20.42 234  0.10 8020 7875  49.6 9.0 0.88
4039 40.02 454 010 4800 7120  59.8 8.0 0.89
4041 40.02 457 010 4820 7125  59.7 7.0 1.02
4042 20.01 235  0.11 8020 7875  49.6 12.0 0.66
4046 28.02 3.21 0.10 7320 7480  50.6 7.0 1.07

4047 20.00 235 011 8020 7870  49.6 9.5 0.83



4046 28.02 3.21 0.10 7320 7480 50.6 7.0 1.07 4047 20.00 2.35 0.11 8020 7870 49.6 9.5 0.83 WO
2006/036825 PCT/1S2005/034251 12 TABLE 2 Batch Theor Mn Mw Mp D Mol% Total ppm MW Diol
water g water 3181 5273 4619 4769 4739 1.032 0.54 0.065 10.9 4034 5354 4729 4884 4837 1.033
0.63 0.076 12wo04000 23654 18735 19283 18852 1.029 2.89 0.174 14.9 4p3 2283896 20389
20095 1.025 2.02 0.121 10.3 3179 21068 20125 20829 20515 1.035 2.44 0.147 12.4 3178 21135
16513 17350 16394 1.11 19.9 1.19 100.5 4013 24436} £3479 20098 19763 1.032 1.88 0.113 9.46
4018 21445 23827 24501 24116 1.028 3.88 0.233 19.5 4039 21469 20551 21127 20748 1.028 2.54
0.152 12.7 4041 21484 1966520046 20048 1.019 1.62 0.097 8.09 4008 30398 28870 29903 29373
1.036 2.95 0.Back 97 Thgey 3161‘6128118\@8976 @&707 1.031 3. 1;M91%26 81237ta14025 melg 32227
33151 32837.1.029 3.6t :
40573 31945 32586 32469 1.02 3 37 0.076 5. 12 4028 45087 38713 39678 39586 1. 025 3.84 0.104
6.99 4036 46398139572248802 4@396 1.@3495.13103959 9198240204403 7 IS 40240L89711 1.032
4.04 0.081 8.04)34047 43340 4199043664842 756133040 314338.100%25 404274 /346140083 42457
41818 1.036 4.36 0.131 8.23 In the above tables, wt is weight; g is grams; KH is potassium hydride;
Eq is equivaleatogO is@hylene gride; R¥pgBima ggseactinnzime; Regis kilogrems; Thepp MW is
theoretical s mgjegularnysight; Mpgsgrumbegaverages molegakar weight; Mvwispweightjgverage
molecular weightioMp is1pggk molgeular wetght; Ddsmolegulas weighidistriution ratiq ey Mw divided
by Mn; Mol% igmgple pereent; and4pm ispais pessmillion pyweighty i conglysgion, iyggoyld be readily
apparent that glfhoughythe inventipndias heel degsgiped alggye in fejation wifhits preferged
embodiments, hgpould g sindessiond ALHe 24116 1028 388 0233 195

4039 21469 20551 21127 20748 1.028  2.54 . 0.152 12.7

4041 21484 19665 20046 20048  1.019 1.62 0.097 8.09

4008 30398 28870 29903 29373 1.036 2.95 0.119 7.97
4019 31618 28118 28976 28707 1.031 3.11 0.126 8.27
4025 31619 32227 33151 32837 1.029 3.60 0.134 °  9.51
4046 32154 28176 28910 28613 1.026  2.23 0.094 6.32
4024 40573 31945 32586 32469 1.02 3.37 0.076 5.12

4028 45087 38713 39678 39586 1.025 3.84 0.104 6.99
4036 46398 39574 40802 40506  1.031 5.19 0.159 9.99
4029 47037 39015 40244 39711 1.032 4.04 0.081 8.06
4047 47340 41996 43669 42756  1.040 3.42 0.103 6.45
4042 47346 40983 42457 41818 1.036 4.36 0.131 8.23

In the above tables, wt is weight; g is grams; KH is potassium hydride; Eq is equivalent; EO
is ethylene oxide; Rxn Time is reaction time; kg is kilograms; Theor MW is theoretical

5  molecular weight; Mn is number average molecular weight; Mw is weight average
molecular weight; Mp is peak molecular weight; D is molecular weight distribution ratio or

Mw divided by Mn; Mol% is mole percent; and ppm is parts per million by weight.

In conclusion, it should be readily apparent that although the invention has been
described above in relation with its preferred embodiments, it should be understood that the
10  instant invention is not limited thereby but is intended to cover all alternatives,
modifications and equivalents that are included within the scope of the invention as defined

by the following claims.



lo instant invention is not limited thereby but is intended to cover all alternatives, modifications and
equivalents that are included within the scope of the invention as defined by the following claims. 13
MCSLLP CLAIMS What is claimed is: 5 1. A process for the preparation of a substituted polyethylene
glycol compound having the formula RO(C2H40)"Y wherein R represents a CI-7 h%%: on group,
n represents the average number of moles of C2H40 droups, ranging from 600 to 2 C?g;d Y
represents hydrogen or an alkali metal, 10 the substituted polyethylene glycol compound having a ratio
of weight averagiﬁq!&b%ular weight to number average molecular weight in the range of from | to 1.1,
the weight average molecular weight and the number average molecular weight of the substituted
polyethylene gl)(%gtcgraglouer}pisbeing determined by gel permeation chromatography, comprising the
steps of (a) forming a reaction mixture comprising an alcohol represented 15 by the formula
R(OCf12CH2)0.200H, where R represents a CI-7 hydrocarbon group, an alkoxide of the alcohol and
a polyether Solvent, ACHBALKLIBTHHBASING Q%é‘sﬂ%ﬁﬂﬁ{@&%@yéﬁhy?‘ég@%lg&%é FO.MAGHL i 10 about
140 degrees Celsius, the water concentration of the reaction mixture being less than ten parts per
million by Weigﬁﬁetﬁé‘ﬁﬁtlﬂe ratio of the alkoxide of the alcohol to the alcohol being in the range of from
about 0.01 to about 100; 20 (b) contagiingihe)reaction mixture with ethylene oxide so that the ethylene
oxide reacts therein to form the substituteﬁj polyethylene glycol compound. 2. The process of claim 1,
wherein the polY/ e JoRBHR 58 G met E%@éﬂ&}ﬁé%ﬁl PR B DR BRI £ WhERd the
alcohol is diethyieagglycalomsnameityiretheno 4 Tt® prdce sspodselainh 2irodeareinihdalcobell is
diethyleneglycol monomethyl ether. 25 5. The process of claim 4, wherein. the temperature of the
reacton M e e S s B RS e e L RS o
claim 4, whereiwtighcorenbationradtmeosbstitwaghp ol ethytare fdtyooll dorhpotmedyisighte reaction
mixture at the end,of stem(bliis 0D ARARAN A0 abauL 2050 AR A SAlt RRiGERLET the

reaction mixture. MCSLLP 14 7. The process of claim 4, wherein the concentration of the substituted
polyethylene polyethylene glycol compound being determined by gel permeation chromatography,

comprising the steps of: (a) forming a reaction mixture comprising an alcohol represented
15 by the formula R(OCH,CH,)0.00H, where R represents a C;.; hydrocarbon group, an

alkoxide of the alcohol and a polyether solvent, the reactidn mixture being at a temperature

in the range of from about 80 to about 140 degrees Celsius, the water concentration of the

reaction mixture being less than ten parts per million by weight, the mole ratio of the

alkoxide of the alcohol to the alcohol being in the range of from about 0.01 to about 100;
20 (b) contacting the reaction mixture with ethylene oxide so that the ethylene oxide reacts

therein to form the substituted polyethylene glycol compound.

2. The process of claim 1, wherein the polyether solvent is bis(2-methoxyethyl)ether.

3. The process of claim 1, wherein the alcohol is diethyleneglycol monomethyl ether.
4, The process of claim 2, wherein the alcohol is diethyleneglycol monomethyl ether.
25 S, The process of claim 4, wherein the temperature of the reaction mixture is in the

range of from about 90 to about 110 degrees Celsius.

6. The process of claim 4, wherein the concentration of the substituted polyethylene
glycol compound in the reaction mixture at the end of step (b) is in the range of from about

20 to about 80 weight percent of the reaction mixture.



glycol compound in the reaction mixture at the end of step (b) is in the range of from about 40 to about
60 weight percent of the reaction mixture. 8. The process of claim 4, wherein the reaction mixture at
the end of step (b) also 5 contains polyethylene glycol, the amount of polyethylene glycoljlospgHess
than ten mole percent of the total moles of polyethylene glycol and the substituted polyethylene glycol
compound, the amount of the polyethylene glycol beind‘bletermined by liquid chromatography under
critical conditions. 9. The process of claim 4, wherein the reaction mixture at the end of step (b) also

10 contains polyethyleheRiREST ThelaimdurtsiEfbile e YigRA BRIy TeLU BLRCHAMENS percent
of the total molegyob palygihylere thlycakaod ihiensehstitatad poktephiierengiycalngooipoundydhe
amount of the pglyethyle lycal being determined. by liquid chromatography under critical
conditions. 10. )éeoé%é‘é@%%‘ q(;l‘l} ea(fg\]fv %E[el%rﬁ'?g }%%c %éﬁlrreﬁixture at the end of step (b) also 15
contains polyethylene glycol, the amount of polyethylene glycol being less than two and one half mole

percent of the t§tal mBEPBEEHVEHPIBIS YihesImihg s dubBtiitEIHoR ety EFeRfPtEFe ompound,
the amountsof thenpahkeibiylanel glycolheing:datenmipesh By diavid shramaingraghnhunderssiical

conditions. 11. The process of claim 1, further comprising the step after step (b) of adding an acid to

20 the reaction FISEIE SRHSE P B RRBTY AN e 30 T O i BRI

comprising the steppartet, steprio)iof ofitkinpolliethsdactighoiikting dathrainehpplansdlvent to precipitate

the substituted agj(ylgggg[%?%%gl}/&gr ‘C‘H{@Qf)&%it% .SThe process of claim 1, further comprising the step
Sy thars . .

after step (b) of mixin reaction mixture with a mixture comprising a honpolar solvent and an
acid to precipitate the substituted polyethylene glycol compound wherein Y is essentially hydrogen.

14. The process-of clAlPECGerE TS ‘atTRHSI700 5 i The Broeedstat endif FRmErAtR alcohol is a
polyether alcohedntains polyethylene glycol, the amount of polyethylene glycol being less than five mole

percent of the total moles of polyethylene glycol and the substituted polyethylene glycol
compound, the amount of the polyethylene glycol being determined by liquid

chromatography under critical conditions.

10.  The process of claim 4, wherein the reaction mixture at the end of step (b) also

15 contains polyethylene glycol, the amount of polyethylene glycol being less than two and
one half mole percent of the total moles of polyethylene glycol and the substituted
polyethylene glycol compound, the amount of the polyethylene glycol being determined by

liquid chromatography under critical conditions.

11.  The process of claim 1, further comprising the step after step (b) of adding an acid to

20 the reaction mixture so that Y is essentially hydrogen.

12.  The process of claim 1, further comprising the step after step (b) of mixing the
reaction mixture with a nonpolar solvent to precipitate the substituted polyethylene glycol

compound.

13.  The process of claim 1, further comprising the step after step (b) of mixing the
25  reaction mixture with a mixture comprising a nonpolar solvent and an acid to precipitate the

substituted polyethylene glycol compound wherein Y is essentially hydrogen.
14.  The process of claim 1, wherein n is at least 700.

15.  The process of claim 1 where the alcohol is a polyether alcohol.





