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H GH PURI TY, H GH MOLECULAR V\EI GHT
METHOXY- POLYETHYLENGLYCOLS ( MPEG) BACKGROUND OF THE

wOo DMERTS7@N 1. Field of the Invention The i nvene¢DNS1085/030518
directed toward novel high nol ecul ar weight and high
purity nPEG al cohol conpositions as well as a process
for obtai HIGH PQ]HITQQH’MBHW@EE(DMLMWEI@HFFEG diols

from the (e5H ior Art
The therapeut| C efPlechaﬁéTIgEq'b ta;:i:)'tlve nD E@g can be
i nproved by conjugating themw th poly(et hyI ene
glycol)(PEG. The PEGis often a |linear poly(ethylene
gl ycol) with one hydroxyl end group capped with a

nmet hyl group and the ot her hydroxyl group activated
for conjugation. An activated nPEG is made from nPEG

BACKOROUNMOFTHRINVENTIONt ypi cal | y made by initiating
ani oni ¢ pol ynerization of ethylene oxide w th nmethanol

l.or iHieldefihedavenriion | f there is any water in the

I fo I th. I .
0o T LFEbER s bk HLEBE T hal i e
al&ﬁﬁ?c&ﬁﬁdsi’tﬁin‘s A waN s 6 PRICEAok BBtafISa3d £ ﬁﬁltﬁ?ngg‘y removing PEG
al cohol’, it's presence in the nPEG al cohol

dieln flesi thamREG Tvehelrount of PEG di ol can be reduced by
decreasi.n thfe amount of water in the polynerization
2. reaM@-ﬁ%—&ﬁoﬂ . 6,455,639, discloses the
pr odpt
At th@BpQiic @ﬁﬁ@c?b?ﬁg%tv}%ﬁ&g&?ﬁe%k ngbv%ﬁ b?@onjugatmg

under very dry conditions wt Ights”u
thegn Mﬁﬂpoly(ahlyblnn ghyo)(PE8. e PHGW dfenel meaf pow(bﬂjylene glycol) with

t effo At tivel the PEG di ol can
o, B SV LA PPE Vb 8B PRI HYE Otheh BYaronliggouctivated
fozp&f aﬁSH RY aefdibPlPRE; i %Mdﬂ? f}fliE%j; E&lﬁ(njd‘lz' eh fh turn is typically

al cohol , pernethy atl ng gr oups
ma(dechyhnﬂmatmgl enibsio pylynidicZatiorto Ryl eticodlide ‘ar[tH Iﬁdﬁl&mlol car its equivalent.
removi ng the. b nzy group to give nPEG al cohol an
I oGl Y WBIREIR 06 o vgresiaples o ormms L By Ha @ik eroups on

both ends. Since the PEG diol undergoes the same activation and conjugation chemistry as

mPEG alcohol, it’s presence in the mPEG alcohol is undesirable.

The amount of PEG diol can be reduced by decreasing the amount of water in the
polymerization reactor. U.S. Patent No. 6,455,639, discloses the production of mPEG
alcohol by polymerization of EO under very dry conditions with molecular weights up to
20,861. Obtaining these very low levels of water requires great effort.

Alternatively, the PEG diol can be converted to its unreactive dimethyl ether. This is
performed by initiating polymerization of EO with benzyl alcohol, permethylating all the
hydroxyl groups (both on the benzyl PEG and PEG diol), and then removing the benzyl
group to give mPEG alcohol and dimethyl PEG (U.S. 6,448,369). The permethylation of
the PEG diol requires two additional chemistry steps, and the concentration of the desired
mPEG alcohol is reduced by the presence of the dimethyl PEG.
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the PEG diol requires two additional chem stry steps,
and the concentration of the desired nPEG al cohol is

wo edaozsi4dby t he presence of the dinethyl PEG |PCT/US2005/030518
addition to the processes descri bed above, a variety

o SR B phSa AR inab B Y R e B for
rerk@Pa@bﬁébEce@s &9BhAd Beerl §RMIb&PINVES liRshtadel ShbB® (B¥6k QSHatent

groups to |nethox¥tr|ty et hers, separated the
,2(9|8t4rlDI W949>E®errtgdra e hyelrospll groups i dlpgchdgytrrtygl\péheg% separated the

iR BRI B ST i 70 by P Bt RGNy ptaaph, nd then

rhGRIdGRE Eityll&BhS b RO EQ ¢ v@@ﬁPEGeL d
rernpatlbtgH%oliners 1gagggg?K%001? used apients (Lapienis an

Pendzek ak. Bwarcatve Competilpla Pofymez 16PES (2801 1) aaghul&nﬁltlywﬂs to purify

te li.ttl f
2 AR pffioneh et incicate b il 8 P ER Brigupd. Razansii
t
(Klé%‘%ls,ll?l?{al % glgﬁ%i ?Jdt;ftg:e F%P %J?Ef g @ffe ﬂogb):’)talsg%;&@ulﬁﬁﬁméﬁon to remove
impOddes( KA fi)ral @Sckuifbia st h]hEo]lyﬁrer @4, 103 Iof1 98Blbdefmiﬂms wheamarrowing of

wei ght_ distributjon of PEG by conpl exjng
thep@Pf‘Pa‘élﬁS/WPkghb‘élﬁfal bppomef PR |byg9f>m@ﬂexm& it mﬁh HOib@ﬁlEths @sid (PAA).
Clt Vit
¢ SRS N OTER el A5y I Hi O ARp BRI o HOA Sl weight of
5 Hmil@ﬁs: beksat Tiadbegevitg oPboactivg raaleesles\httdecheédie PR awidases with the
ht of the PEG Therefore, it is desirable to

eqWAraYaEht pPES B GoRBrsta. ks drieily wrushar e BPEG alcohols
w herﬁsfe 0 1Bk 1 SRR R, THE 1INVENTI ON The
Fhvent [ rec foward fovel hi gh nol ecul ar
wei ght and hi gh purity nPEG al cohol conpositions as
well as a Erocess for obtaining said conpositions by

SUMMARY QR THE INVENEKY ques to renove PEG diols from
t he 5%1%) %@a@l &Iélgte% Pgbﬂlgmgﬁufﬁ%@?n% high purity mPEG

Re THvent ! on ¢ ses a
ald@ﬁbb/c(oﬁiﬂb)éitﬁﬁe g4 welbh3 a Qfocasis fbﬁalﬁhmﬂfg’/éaﬁhmmitmnu by uying

by wei ght, having a p di spersity val ue of |ess than
sondratiaayigchiiaien g waser RS diol B b migCunt of from

10, 000 Dal tons to about 60,000 Daltons. Preferably,

t he nononet hoxy pol y(et hyl enegl ycol) of the invention

DEBAIEPDERGRIPEIGN OF VEE PREFERFESD BEMBODIMENTS

The invention comprises a monomethoxy poly(ethyleneglycol) of at least 95%

chemical purity by weight, having a polydispersity value of less than 1.1 and having a
defined molecular weight of from 10,000 Daltons to about 60,000 Daltons. Preferably, the
monomethoxy poly(ethyleneglycol) of the invention has a polydispersity value of less than
1.05. The invention further comprises a process for obtaining a monomethoxy
poly(ethyleneglycol) of at least 95% chemical purity by weight, having a polydispersity
value of less than 1.1 and having a defined molecular weight of at least 10,000 Daltons and
up to around 60,000 Daltons. The process comprises a first step of providing an impure
monomethoxy poly(ethyleneglycol) characterized as a monomethoxy poly(ethyleneglycol)
having one or more impurities including poly(ethyleneglycol) [hereinfter “PEG diol”] and

low molecular weight organic and inorganic molecules. The impure monomethoxy

-
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1.05. The invention further conprises a process for

obt ai ni ng a nononet hoxy pol y(et hyl enegl ycol) of at
WO ems289%90 cheni cal purity by weight, having aPCT/US2005/030518

SoLydlsperS|ty val ue of |ess than 1.1 and having a

ef i ned nol ecul ar wei ght of at 10, 000 Dal t ons
poltehsifseebosh S SULDUBAISIBHE W ahEIOYE PSERCEH I egiques as
des%%f’é({% f}&ﬁth {ei}go de?hgg%ct erf zgdg%ls a I%E%orna%&c(a)lxeymlc eSS,
Newoal'yrkem%benegl ycol ) having one or rmre impurities

| udi | t hyl |
and ﬁ@in?ngm? P REIET RO SRR S aNaS (WAL ANFEE By Teas of one
mol ec
o B B PR TSR 38815 o,
ultﬁaﬁﬁl‘uﬁoﬁUﬁﬁoﬁlﬁto@ﬁ%ﬁy’,lﬂi&ﬂpltaﬁmnB@lcmﬁlanb’glblﬁuf ok iotl ejote of the above.

(F.E. Bailey, and J.V. Kol eske, Acadenic Pr e?
ThN@Qpam&PE(igmé)and mmql,%} %W inorganic molecules are then

re (hvgggﬁ; ene@gé?’gh me oQg ﬁﬁ%&t@@ﬁ{{%ﬁe&ogs TkP% Pﬁ%ﬁg‘iﬁl ﬁ’ifay be either

of h[gH%ﬂ(ﬁ‘QJ)f | Swer RSy v(t‘elg!ﬁiﬂ@dmhb pufifles mbabmethoxy poly(ethyleneglycol)
rafiltration, chromatography, precipitation or
thegabylwibteanddons of one or nore of the above. The

ted P di,ol d |
e B e B AR S YA G e
adg?;%\ﬁﬁ‘i%eg%ﬁoﬂ Ofrié ﬁéllﬁfkﬁa 8@oysiinldesdipEioftptefetably comipribe treatment

her of "hi gher or | ower nol ecul ar wei ght than the
of ﬂmnnﬂpu@dnnﬁﬁaﬂmﬂnhbwyh p@pm@r lsghieineng sppertingipradast functional groups

ca@g&aqu{y BB’P{}G-]P%] &fétﬁgfa%%tﬁfr Oé%lg%rg eto{r%%\ﬁ% %PE%] achﬁ‘oei and/or PEG

didds Qﬁé)}%ﬂe%ﬁ/cg 8B 2 pRkic QBlvedih Profetpie 't]:leCpendant functional groups are
adsor pti on/ desor ption preferabl Iy_]a ri ses treatnent

seledted frem thp grosprePEds tal god KaD HaiSCh yrPet, W H QA Anch gH.

Pr%grgg tin %8 en ‘%ﬁgé R{,]S;ﬂc%{l N 02% R%Efeorglﬁ?;,gtgl% %gﬁ%ﬁg ?s];% PO n}g{é@boxylic
acil). Cpﬂ,@ﬂ profdfdEd, ¢ aﬁ%lﬁh@ﬂ is alcPoskiekeREREEBoB licacl) dsitc Preferably,

sol vent Prefér t he pendant functional groups are
thesmb’ac salderft insaleckel fgrmo die grows cempriging vaeoE1-Sdskol or a mixture

ref rabl y, the polyner is

theéie oNAE P&efj\lﬁ%%rrye%'@é&@r SQH?F ol ymer is a

pol yt4 9@%&%&1&&%@ Of thMi&%tenﬁbﬁ f’ﬁi’e%@bé&ahéﬂ‘féclﬁlﬁ? prives

a crosslinked poly(carboxylic acid) resin. Preferably
ultrafiltration. Ultrafiltration comprises contacting an impure mPEG alcohol solutlon with a
membrane of the appropriate pore size as to allow materials of lower molecular weight to
pass through the membrane and be removed.

The separation technique of chromatography comprises placing the polymer on one

end of a column packed with an active support, passing a suitable solvent through the

column, and collecting fractions at the other end of the column. The various components of

the impure alcohol are separated on the column and collected in separate fractions.



10

15

20

25

30

the protic solvent is selected fromthe group

conprising water, a Cl-3 alcohol or a m xture thereof.
wO/moe/0ps7es er abl y, the protic solvent is water.PCTUS2005/030518

second enbodi ment of the invention. The separation

Cormie G S RER R bbb Rt bilerebia
coa fl{;}lwﬁnaﬂpgg@@g @) s?dzﬁve FPRRAR 'uslﬁz 913@@9 $ ZSafkiilePal, Polymer

to pass
ScicheoSghAL i 586 (RO L apichibend E&mzcicd J. B'lbactﬂe&abaimpm Polymers,
t echni que of . chronmat ogr aphy conprij ses \E\Aam ng
16p416/REP ok tBitel emdition direBitogmpRaisvsefv nthlsaa@ph%%tmefor analytical

sepa%z?tpo%roff’th rgf orﬁ P%@]‘ &J?P Lse %%tglﬁfgn tzrﬂé 8?'?1% g%ﬂ&‘neé 18 1fndependent

ecting rac Ions at

of trivgectRir wiiizht, B iy ailly @fEncdRRPPEYIter ehd EiRps. MPpacifically in this case,
al cohol are seﬁar ated on the colum and collected in

thes@BEGaﬂné RRGdioj pnlgmrﬁaary derivagized with SPEdingEbpREryl chloride and

se Ct_:'E&j gt?{h? 5’1‘5? rllcga §rﬁ g gév%gs&nd P sregaiﬁnaﬁ/é&%l C%@JI?TI ?ngtg %\{ QBtection.

Kaz gmg ki arﬁion%chn‘? e TPirechita€ibh ComprisesAhe drcessRe precipitation of
(2000); IbLap| eni s aﬁid Penc(szﬁgk J. 1glpoactlve Bi ocorlr)patp

poBiey fensa sd@tlomb)ﬁa@@mmf a miscibleaonselyeat, by sentrolled cooling, or by

coufTRAR Aot SRR The noluhrsReftpilen  Bhaiet Roleeuppgeient
précﬁ;@[gﬁ@n time of the polyner is independent of

nol ecul ar weight, and is only a function of polyner
end g roupsa p&f@md ¢robddimentrofithg wverisn, therprogepefirdarincludes the

e o8 i S OB Sy B DL CesicAD gmapesifig from aqueous

soFaﬁbﬁ b%vh ah iQitidh té&l!mﬂ]_ll_lé QUIBELSE toRIRS Grotipdlonbikieal oszgtayrmymg,
det ecti on he separatlon technlque of

adqbutlen opa nan-solventoergraction inth e good sdweit \f@lcmeelcbymdqunmf a non-

soff e FRTRor s WaTED| VIR L g g PO /ET B e echniaue
co&‘ﬁﬁ@é&rsﬁﬁdy‘%ﬁylﬁ% §8b h’t%fi bf sﬁﬂ?dﬁ&ﬂg{ BRHp SBRpri¥BY ﬁfrh‘%ﬁg a%lhﬁon of polymer

hi gher “nol ecular wei g reci first.
intpraehemberdo dotno diopts, tlnff soﬂmt oﬁwhmh |1:owapmeedpn@dbms of hot air to
fur%&gp i,ncludes the step of isolating the pure
& pol y(et hyl enegl ycol ) conposition from
aqueous solution by an isolation technique sel ected
fromthe group consisting of spray drying,

Examples

Example 1 - Ultrafiltration

Removal of Low Molecular Weight Polymer from 30K mPEG

A 3.8 kg sample of crude mPEG (Mp 31,491, 5.0 mol% diol) was c'iissolved in about 75 kg
of DI water and loaded to the ultrafiltration feed tank. An Osmonics 2.5 m* 10K MWCO
membrane (model # PW2540F1080) was installed. The recirculation pump was turned on
at 28% output. The retentate and permeate back pressure valves were adjusted to achieve a
retentate flowrate of 15 Ipm with a 30 psi transmembrane pressure. The tank volume was

initially concentrated down to about 40 liters, at which time DI water was continuously

4-
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addi tion of a non-solvent, extraction into a good

sol vent followed by addition of a nonsolvent and
we@@poesss on of sol vent under vacuum The nor ePCT/US2005/030518

preferred i sol ation techni que conpri ses spray drying.

G R USRS R
coﬁ&lté@ﬁtan%ﬁfeﬁélgé e bisab%\ﬁ@@f@rlﬁrhe@}lj@arﬁl}ts socW onl}Rsit@bdmp1€ indicated

glve a wder . Exanpl es
the permahte chniainedrﬁ) R@W&PEGf 'IlhB\GME) pmﬁlldz of thepegitate was noticeably

Sk 3 Lhe e SRR AT R GiAn IR TR e fgd tank was
fuxltﬂ%ﬁ E&n%tr%&@?rg(; Al %k g@@%&(ﬁ%@%ﬁ%ﬁ%ﬁﬁx%ﬁ b é)azt fgﬁ{f‘oﬁ B&Ypropylene

nics
poRMPHUETF TH8Anal\dZ 9 kg sétanthiedamplecconednadClub At PIHG rbt;nﬁi’@VéZsS kg
turned on at 28% out put. The retentate and perneat

mifR) hwaistivas lpaierbis thefoed sk rad seriicylaachipe alou 15 minutes to rinse
o BLE08L 2o ML Lo i BB, 2308 Bl sppl pgineda

essure. S

addicioa#i6 RE efimBPE@) The APPBGtin 4 final ﬁdft&ltatatsambleabastlsdmecﬂ)hsmg a
wat er was conti nuous| yadded in order to maintain a

spigy Asteant he dipk corpentsetionan iy fpal dvolaeskpiogueiiwases himal%.
was col lected at an average rate of about 0.4 Ipm GPC
anal ysis of a conposite sanple indicated the perneate

Exafijilen nPdlacrylkoAdd (FRAG The GPC profile of the

perneate was noticeably skewed to the | ower nolecul ar
wei ght material. The retentate fractlon in the feed

t an . fu e oncentra I' r
RRAA B Mol unioRaaRY Bt ¢ BictE RilncF ik 6 ABR G
Crhdd 2BkDa MPEG Wa&lﬂls&'iv&i 1|f1931f\$it61ﬂﬁ)&hﬁ<e9aam &t oo silaticiest mPEG.

7.6% nPEG by GPC (2.5 kg nPEG . DI water was | oaded to

31788 orf thé%l sqlnfrm weig added focul -hiks nfrweraﬂﬂﬁhtﬁttré wﬁhrmméehampal stirrer.

whidSahd S JRTBE A o DSy Bl A LA BRUERS: I @leEfling 48 w

% l@itedy w&%@dedr hehdiRESEonvdshtirell BedSoCior B &bﬁrss aAHe r&sinve@s filtered.
i solated using a spray dryer. The diol concentration

GRGhanalysis 9fithe corsespending ﬁltrmmrhomé that thevgighanoiscains veeight
componen¥ &k ¥educecf‘ﬁ‘o ég) W 3 area %.

Removal of High Molecular component at higher temperature from 20K mPEG
Crude 20 kDa mPEG was dissolved in DI water to make a 1.19 wt % solution of mPEG.

571.2g of this solution were added to a 1-L round bottom flask fitted with a water
recirculation bath, mechanical stirrer, condenser, and N, purge. While stirring, 22.4 g of
Dowex MAC-3 PAA ion exchange resin (containing ~ 50 wt % water) and 0.083g of
hydroquinone were added. The reaction was stirred at 630C for 4.3 hours. The resin was
filtered. GPC analysis of the corresponding filtrate indicated that the high molecular weight

component was reduced from 9.2 to 0.6 area %.

Removal of High and Low Molecular components from 20K mPEG
8017.1g of 0.725% aqueous mPeg were added to a 12 litter round bottom flask equipped

with a mechanical stirrer, condenser, temperature controller, and N; purge. While stirring,

_5-



10

15

20

25

Renmoval of Hi gh Ml ecul ar conponent at anbi ent
tenperature from 20K nPEG Crude 20 kDa nPEG was
waele@sotsresl in DI water to nmake a 1.49 wt % sol BCT/08200$/030518
rTPEG 317.3g of this soI ution were added to a 1-L
Erl enmeyer flask fitted with a nechanical_ stirrer.

93gnf Pewst MACTPAA (EoRtan 0i0% wRFTH R0 O fpdroguiname pigre added.

HEAGRAERS SR ST RIS, Mo AU i cuir PG
com@sheht was sépatdtel Bfilt@ien &ﬁlﬁﬂly&réecbﬁ90(bg90ﬁiﬂtra’e$pmadnmg3 lgof
filtrate indicated that the hﬁf?h nmol ecul ar, wei g

mBFSpsreinlleisd apd Gl Ceamalysisshaved the t@glsma}eéalaweﬁéhf%wonem was
e I pcomponent  at hi gher tenperature from
re@ffé_%n%é\% 65 ?(Da nPEG was di ssolved in DI water
to rrakeal.19vvt % sol ution of nPEG 571.2g of this
solution were added to a 1-L round bottom flask fitted

Thefiltrate wag addedrbagk tcthe sgactos aloagnvith@bgeffrashiPAA (eneagh to complex
Wi
o SRRIENTRE: PR e bbb PRt BT b g oo, e

PAR Y& iredohtaihidlg QneQﬁﬁEGCbﬁash:)bﬂE@éﬂlbﬁ fifatioR afd addetate Th872g) was
reaction was stirred at 630C for 4.3 hours. The resin

disperded.illpgo€the Raa@r@snawwsalge (sonteiningwPEED SesrrivAged with deionized

filt d at.th
waigg Atk SR 6 B aisty i oo 2 0% fleolf lilhvagirn
(THF) hihg fﬂm@ﬂﬂle Laysdid g vkar fE:mRRNed tihe PRQMTEKfdREhich the mPEG
017. 1g of 0.725% aqueous nPeg wer e added to a 12

hadi now deen umyedovassepiraigd ifronytheppBEGwolubion bﬁéiéﬂﬁ%‘tmn@ad discarded.

GIR st g R A tons SR oBr PSR N5 oppgiE P pfuced from
4.07to 10Vt WadRehoVed i8nOhe FeH O tivd 1PBE MWHE waslieRtedBie

reaction was stirred at 560C for 39 hours. The resin
extantingitig filjratereith clgorafeinecul ar PEG conponent was
separated by filtration and di scarded. 790Qg of
filtrate containing 31g of nPEG were coll ected and GPC
Ex%@lé@i-gp?gfﬁnkhe hi gh nol ecul ar wei ght conponent
uc rom4.6 to 0.2 area% The filtrate was
added back to the reactor aI ong vvith 91g of fresh PAA
Q | e reate f .the nPEG . Th
A BEIRE Dot SR el €88 8 e PR o Bhinine g e

nitrogen flow was 700 L/h, inlet temperature was 95 °C, vacuum aspirator was 50% of the

maximum speed, and DI water was fed at 15% of the maximum rate. After the system was
equilibrated for 30 minutes, the outlet temperature was 36 °C. A 951-g aqueous solution
containing 3.0 wi% of mPEG (28.5 g) was loaded at 15% of the maximum rate. Over the
course of the 3 hour and 10 minute addition, the inlet temperature was adjusted to 97, then
99 °C. The outlet temperature ranged from 36 to 38 °C. A total of 9.5 g of mPEG was
collected as a fluffy white powder from the cyclone. The mPEG contained 0.31 wt% water
by Karl Fisher titration.



PAA resin containing the nPEG was col | ected by

filtration and the filtrate (7872g) was di scarded.
wa1®g/028743 he PAA resin wetcake (containi ng nPBER)T/vE2085/030518

washed with dei oni zed water and added back to the
reactor_alono mnth 237g of 30% aqueous tetrahydrofuran

i 4 - PAL safiltzation, and; Spray DIyingsoC f or 20 hours.

The PAA resin, fron1mh|ch t he nPEG had now been

renoved, was separated fromthe nmPEG sol uti on by
A dainlgle aithEGe(ﬂ\@ 2§ 15a08 Ganb] S PEGatiel) wab sremttd tith HAA s déseribed

showed the | ow nmol ecul ar wei ght conponent was reduced
abgvegmprovade &. @kwf AT RSOl BOBIATEBHO LA € T PO{FBRTe The solution

wa§ S@H%&%C? 0 u o or e @(hﬁp% 05 2 @Qm%c?fbkgﬁww pkﬂ%ﬂlfets!uhﬁﬁé faembrane

as BestABed\ibdive BpprayiddrayR2-kyaguésoes solntivh t:dihtmhﬁlgf 67.7 gof palymer. A
operating paraneters: nitrogen flow was 700 L/ h, inlet

portionod it asnueousagolg@on' By sERPRierkasi deagrihed whevestograide Ad g of

S PR B 29 A ML 2 b a8 or ot o or 0

m nutes, the outlet tenperature was 36 C. A 951-¢g
aqueous sol ution containing 3.0 wt % of nmPEG (28.5 @)
was | oaded at 15% of the maxi numrate. Over the course
of the 3 hour and 10 m nute addition, the inlet
tenperature was adjusted to 97, then 99 C. The outl et
tenperature ranged from36 to 38 C. Atotal of 9.5 ¢
of mMPEG was collected as a fluffy white powder from
the cycl one. The nPEG contained 0.3 1 wt % water by
Karl Fisher titration. Exanple 4 - PAA

Utrafiltration, and Spray Drying. A sanple of nPEG
(M 28164, 3.6 nol % PEG diol) was treated with PAA as
descri bed above to provide 15.2-kg of anaqueous
solution containing 92.7 g of polyner. The sol ution
was subjected to ultrafiltration using an Gsnonics 1K
MACO pol yet her sul f one nenbrane as descri bed above to
provi de a 3.2-kg aqueous solution containing 67.7 g of
polymer. A portion of the aqueous sol ution was spray
dried as described above to provide 9.1 g of nPEG

pol ynmer (Mp 29178) containing 1.3 nol % of PEG

di ol . WHAT | S CLAIMED | S:
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1. A nononet hoxy pol y(ethyl eneglycol) of at |east 95%
chem cal purity by weight, having a pol ydispersity
wo 200002885 | ess than 1.1 and having a defined nRCBUS1085/030518
wei ght of from 10,000 Daltons to about 60, 000 Daltons.
2. The nmononet hoxy pol y(et hyl eneglycol) of claim1l
WHAdr I8 GLAMERIPY di spersity value is | ess than 1.05. 3.
A process to obtain a nononet hoxy pol y(ethyl eneglycol)
conposition of at |east 95% chem cal purity by weight,
1. haviAngoaompeihyxy plgfesivishegBiold obit 1bass 95%vhemical parity by weight,

havi ng a_ defined nol ecul ar wei ght of fragm 10,()200 )
hayigg e pelydispersiiy yelug of trsthea 1t gl hayineadediwrd malecaiar yyeight of from

o kﬁb n i npure nononet hoxy
loérgﬁyﬁfaétgﬁiPea%}e"é%‘%‘? Ql?%%% purifying the inpure
nmononet hoxy pol y(et hyl enegl ycol) by neans of a

separation technique such as, but not limted to, . .
2. pol yike maenomehoxgorbiwtiEserghrcobre!f claimylawhereinghe pplydispersity value
. chromat agr aphy, precipitation and conbi nations
lsl%ﬁset?‘%%ﬁ‘fbgn. The process according to claim3, wherein
the step of purification conprises separation of PEG
diol fromthe inpure nononethoxy poly(ethylenegl ycol
3. wherepigcessdo abRmAngromethexit pcdyelethyéengslfya@ PPt least
than th urifie

i s . di f.f t .of t h .
oyt pRanay Goehy Tyt & bySabhrin: g8 RREnAT £ ang having
deff&Pmblebdlat Reighfdffrdin 10/000 Baltoh 1D HOREEROOPDalkGEIWhitH@omprises

conpri ses pol yneric adsorption/desorption and wherein

the stepspd] ymer cont ai ns repeati ng pendant functional
capabl e .of hydrogen, bondi

gr oyps i th .t he, et her
oxy SRS BrimpHE MO ERR e B lene ey P M cgl ycol )
and (B%arfiab thd iEhphP@mBﬁ@xﬁ_@tﬁ&gy Ply iyl HebEcs19 by @¥ans 6f a
The priocess according claim5, erein the repeating
seppaatthartectniquetsiicinad, byt i pignited tojnolyo¢rymadsortionsiesapie
fr t he group consi sti.ng of H . SO3H PO3H2, NH,
uligigiPight oo R e b B RO rERGors B Rt o,
wherein the polyner is a polyacid.
4. The process according to claim 3, wherein the step of purification comprises
separation of PEG diol from the impure monomethoxy poly(ethyleneglycol), wherein the
molecular weight of the separated PEG diol is different than that of the purified

monomethoxy poly(ethyleneglycol) thereby obtained.

5. The process according to claim 4, wherein the separation technique comprises
polymeric adsorption/desorption and wherein the polymer contains repeating pendant
functional groups capable of hydrogen bonding with the ether oxygen atoms of the

monomethoxy poly(ethyleneglycol) and PEG diol, in the presence of a protic solvent.

6. The process according claim 5, wherein the repeating pendant functional groups in
the polymer are selected from the group consisting of CO,H, SO;H, POsH,, NH, NH,, OH
or SH.
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8. The process according to claim7, wherein the

polynmer is a poly(carboxylic acid). 9. The process
wa@eweonelagyy to claim8, wherein the polymer i s BCT/US2005/030518

crosslinked pol y(carboxylic acid) resin. 10. The

process according to claim5, wherein the prqtic
7-soIWh%?ﬂ$§5§@%€€F§d°FPHH§tﬁgmﬁFﬂgﬁpegﬁﬁ?F%¥H§yﬁﬁ%er, a

Cl al cohol and m xtures thereof. 11. The process

according to claim10, wherein the protic solvent is _
8. Wat Fhe process Boeorfingae shiradc whdieirgtht polyineir i Bpolyfverbeikylic acid).

the technique of ultrafiltration conprises contacting

t he i mpure nononet hoxy pol y(ethyl enegl ycol) sol ution

with a r f - ARP [ ' ;
0. 21 1 ShF RREER ARG fe o BRLARE LROEHTRE pRARIR £ Godfinket

poliy(Wafbedtific 441€) reEibr ane and be renoved. 13. The process
according to claim3, further conprising the step of
i sol ating the desired nonomnet hoxy pol y(ethyl enegl ycol)

1029 2@3% Ip%)'é@{]s oafcéﬁ(?rgm%q# %Pafﬁ 55 QidfehPlhe lp;?‘]tlic s-gi\%npfs%gf‘eét%g é‘rom the

‘ac whHérern i so on IS achi ev

grdd¥ coRIpAYing WAtdtda ClPalchlibliaf® hilvmeeschasocal anal ysis
nmet hod for the determ nation of polyethylene glycol in
nonomnet hoxy pol y(et hyl enegl ycol), wherein a sanple to

b lyzed in ch b | qui -
11ch ARRPHGPa At OEap Cry o AEciety i Ao epcis patr o

i nprovenent conprises reacting the polyethylene glyco
and the nononet hoxy pol y(ethyleneglycol) wtha | )
12der Thapracesspcaomding toeldivrinvwderdiy teitocaidus|of sitrmfiligstion comprises
| ycol . and derivati zed nn t.ho . .
cofjaf e PRtiE 1aemefions PSRV EGPER gl sg uiRn g1ith & embpane of the
ap%ﬂgﬁﬁtg Gbiel difAs t6 AN ihAdtsals dBlowtholeulaptheipht {d wssthiought the
rein the derivatizing agent is a benzoyl chloride.

mehthrandandietthmdved. C ai m 16, wherein the benzoyl
chloride is dinitro benzoyl chloride.

13.  The process according to claim 3, further comprising the step of isolating the desired

monomethoxy poly(ethyleneglycol) composition from aqueous solution.
14.  The process according to claim 13, wherein isolation is achieved by spray drying.

15.  An improved chemical analysis method for the determination of polyethylene glycol
in monomethoxy poly(ethyleneglycol), wherein a sample to be analyzed in chromatographed
by liquid chromatography under critical conditions, wherein the improvement comprises
reacting the polyethylene glycol and the monomethoxy poly(ethyleneglycol) with a
derivatizing agent to form derivatized polyethylene glycol and derivatized monomethoys

poly(ethyleneglycol) followed by liquid chromatography under critical conditions.
16.  The method of Claim 15, wherein the derivatizing agent is a benzoyl chloride.

17.  The method of Claim 16, wherein the benzoyl chloride is dinitro benzoyl chloride.

9.



