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WO 2006/028745 PCT/US2005/030518 HIGH PURITY, HIGH

MOLECULAR WEIGHT METHOXY- POLYETHYLENGLYC 1"7%3%{:9 G
WO HREREROUND OF THE INVENTION 5 1. Field of the Invéntion The

invention is dlrected toward novel hlgh molecular weight and high purity

mPEG al ?fl}lo %@Ereg\eﬁ;% nlng said
composmon

DescrlptKM é%?cﬁg &Et ﬁ? ctlve
molecules can be improved by conjugatlng them with poly(ethylene
glycol)(PEG). The PEG is often a linear poly(ethylene glycol) with one
hydroxyl end group capped with a methyl group and the other hydroxyl
group activated for conjugation. An activated mPEG is made from mPEG

alcohol, which in turn is typically made by initiating anionic polymerization
B A5 GRYENS SMUENTEINWEINANOMT its equivalent. 15 If there is any water

| in tﬁgl %lyme tgn it forms a linear PEG with hydroxyl groups on both
enﬁs_@lm%%&‘d. iol undergoes the same activation and conjugation
chéinistrycagomi EiEaiobholzitbipreseries indlveuiaP BE gitehdhigh purity mPEG
undesirable. The amg unt of PEG |oI n.be b ore the .
SR A SR ST R e A R
di.olsd‘nsnfoﬂﬂsmlﬁ’@@rﬂdum{bn of mMPEG 20 alcohol by polymerlzatlon of EO
nder ver}/I Iry condjt tLOh ith molecular weights up to 20,861. Obtaining

2 theseve er requires great effort. Alternatively, the PEG

di Orb?@ﬁlbﬁpmJMfﬁchtgr [+ bﬁmﬁeﬁw»ﬁdknetmbmhmiﬁpﬁsdsd ;bgréoﬂj\gdﬁng
T LT T AT T R
one lednehgribeden Zﬁbﬂédgﬁ@mtﬁlglh[ﬁl I@B%ﬁ&&mmﬂdk@mﬂeﬁwgﬁﬁ activated
for Cé%&%ﬁ?h‘%iﬁﬁr%%&?&%@ﬁggﬁrgla“ cen{r%ggg% ?f! qUI ty}ﬁﬁ%@s typically
mad@atgoholiis f@%@@d@yoﬁiymmmanﬁe)ﬂéthﬁ@mexm& Rfﬁﬁimethanol or its equivalent.
If there is any water in the polymerization, it forms a linear PEG with hydroxyl groups on
both ends. Since the PEG diol undergoes the same activation and conjugation chemisury 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 EQ 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 benzyt 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 dimethyt PEG.
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-1 WO 2006/028745 PCT/US2005/030518 In addition to the processes
described above, a variety of purification techniques for removal of

WO 2848 diol have been described in the literature. Snow (SRER/ USMERHIS18
5,298,410, 1994) converted all the hydroxyl groups to dimethoxytrityl

ethersldseRaraiad the.dikitvkREGamthe mathyhtitybREG oy feverstes for
phase chromat%graphy, and then 5 removed the tritél group from the
1

remoyb RSt Bedwighremiprabihidhiditcsidsis &icBatent

5,298i08ctiyeCompatible. P alyBRIR 48 :206,(20UMused WiaflRliontBarated the
__purify 2K mPEG, although analysis indicated that little if any PEG was
dltﬂtYé%@éﬁ%fKﬁmﬁwl(m%ﬁiét wYPEhRhRaStiE et sErPRY 4pid58sn
. iltrati IMpLLiti ket .
B e O (L Do e g o A g (s and
PenczplolécBianwieigRodistithltiEnlpfREGL by 2Enpléking ieditlipolyaciyti dcapidify
) All prior art purificati ite 2 P o} 'han .
e S e e g e R
(Kazandieculels Bitgolve Gt REGdncked2e S 86l H6 ) mble cutar witeiditraf theo remove

TP K HER el T o, 16 SONRTAI oo e marowing of
the mdNACEINTHQNHE igstrventeniPdicebiechioplardmovel dgio maledidacidgighiy).
igh purity mPEG alcohol iti | f .
e P R R R e it

5 kDR dialsitomEnedpRESG o 261 RilA I :DESGRICHION DGR eases with the

. PREFERRE ABODIMENTS The invention comprises a mo ethoxy
mi%}ﬁfﬁ%ﬁﬁ r?gé%?t:%%f PRBBS G HSHIBLT PUMS 5 WArHE Al et
with polydispersityMaleaofdass thanalidrand having a defined molecular

weight of from 10,000 Daltons to about 60,000 Daltons. Preferably, the 25

monomethoxy poly(ethyleneglycol) of the invention has a polydispersity
SUuMranEoUesSEHRAN VENTION

The invention is directed toward novel high molecular weight and high purity mPEG
alcobol compositions as well as a process for obtaining said compositions by using

separation techniques to remove PEG diols from the mPEG.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention comprises a monomethoxy poly(ethyleneplycol) 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 obtaiming 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

~2-
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1.05. The invention further comprises a process for obtaining a

n thoxy poly(ethyleneglycol) of at least 95% chemical purity by
Wﬂ&n\}é}%ﬁgﬁﬁving a polydispersity value of less than 1.1 and h%(\%;{g %%‘0(%/030 S18

defined molecular weight of at least 10,000 Daltons and up to around

poly6Q0EdHjtanscahie: placess samptisesafitstistep obplowiditg amimpuneues as

3 t ly(et I),ch teri th
s TSR BB e el 5 REVRALRStrs,

NewPpbrethylgneglycol) [hereinfter "PEG diol”] and low molecular weight
org(flnic_ and inorganic molecules. The impur mon,om%’hoxgz -7dvgo ¢
200603872 PE9DEsHHS iy %‘b?ﬁ%é? ShedRieaiPeaiip Bpmiaay ot one

or mBEEE @&%W@Hﬁg@&ﬂ@ﬂ)@ﬁ}%ﬁj@ﬁ@@fI\iﬁﬁ&hﬂiqpwlﬁlﬁeﬁewéquimﬂdesorption,
"Poly(Ethylene Oxide)" (F.E. Bailey, Jr. and J.V. Koleske, Academic

ultraf a5 onNeTOTSIR SRPPE) PIHEPHAPAREHEHBRIBRHORY YoltetiyReTEAlEabove-

The S SirgClyRRIEITRd BYIMRAASRIANE BRRMOeSRAM AN 6T IISIES&UER then

as, but not limited to, polymeric adsorption/desorption, ultrafiltration,

remawbfrrography fgfeapiemenontomEREtHSs Brete ortndebfiipkmay be cither
of higRAVE: oFRGRERASHED R @gl@f){t@ﬂ.'ﬂcmg"%ﬂdﬂ@&?H@ﬁ%@%%‘%ﬂ%@%ﬁenﬁglwob

ihorganic molecules are then removed from the purified monomethoxy
therqpulptdtgtaneglycol). The PEG diol may be either of higher or of lower

m%‘&%ﬂ@%ﬂ&&%ﬂ%@ﬁ%ﬁh&% puvified manomethaxnrolyathvensglvcedsdQmeric

thereby obtained. In one embodiment of the invention, the separation
adsotgthnidaerauimprisde polymeric aémﬁmmﬁméﬁﬁmﬁ@ﬁ&r@bﬁymﬂaeﬂ treatment
of thgdllgsff__)?r té: %ﬁioﬂggﬁ& Wﬁﬁ%iﬁ%@?‘@&ﬁ%fﬁ%@%@ﬂhg%@ﬁ%% Hetional groups
m alcohol with a polymer containing repeating pendant functional
capagloufsydagmnl @m&ﬁwm@@tbb@mﬁgmﬁrm@%ef W%@@BW%%WOT PEG
diol ”hptsg %'%thoé 8‘?9@65&%}%&9' rdAL 61D asepCsoh eROlGSANVEMos are
'Prefera ?y,?he pendant functional groups-are selected from the group

sciectah$istinthoBOR oSG FOPIH NID:NHD2:81H bbb SH.. Preridbl;

e A NI S o
acidpoli(eanpekylidbcity resin@risferabhglinked poly(carboxylic acid) resin. Preferably,
the protic solvent is selected from the group comprising water, a Cy.3 alcohol or a mixture
thereof. More preferably, the protic solvent i1s water.

In a second embodiment of the invention. The separation technique comprises
ultrafiltration. Ultrafittration comprises contacting an impure mPEG alcohol solution with a
membrane of the appropriate pore size as to allow matenals of lower molecular weight to
pass through the membrane and be removed.

The separation technique of chrorratography compnses 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.
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the protic solvent is selected from the group comprising water, a CI-3

alcohol or a mixture 20 thereof. More preferably, the protic solvent is
WORater2RT-8 second embodiment of the invention. The separationA@Qimaizess

comprises ultrafiltration. Ultrafiltration comprises contacting an impure

mMPEG olution-with a m % .of the appropriate pore. size.as

to allow &gt%?rli%%% %%%B?%%c%far Wei%ﬁ%{t%onﬁté%%%h r%tﬁﬁrﬂ%?é? by crifical
conigonbiidtie amad ey éthosidd 23 Thesepalation (eehajguepiskii ot al, Polymer

.chromatagr rises placing the polymer an one_end of a column
Sl o SO L pFC A SEHMD FELat e SO b SER e omers
16, cokufpno And eplecisgdiastions Ahtberephsriend-of thewlupichien for analytical
various companents of the impure alcohol are separated on the column

S LT CL BT A BIRIS 5 VAt S O0GIamBaktse poismer 1 ndependent
of nRfebHS 200503018 oARalysisabther ’gﬁﬁ@ep @M?BJ%E.P%C‘#@&@Q&?%S case,

is determined by critical condition HPLC analysis (Gorshkov; J. Chrom.
the BPE (9 4nd §56) dict paherprass, doN#iEPISEENE S Jir tmpzaEs ket and
sepdrRRIERISHRNG RENCHRH: o BIRICHNMG BIRcempAl FAVEIRIRn W0n? 0RAZ00 ).

Critical condition chromatography is useful in this application for analytlcaf)

5 sgﬁﬁfﬁi&ﬁﬁﬁﬂm@‘}ﬁp&l@ ﬁfzﬁrﬁpe@@m eEnhe Tetehtionctintelof thiecipitation of
polRRYMERS NYEeRSHCOk A MAULEHAL WRIONE2RH 5.0 %lécag%%&ﬁ'é%gcg{)&ng, or by

polymer end groups: Specifically in this case, the mP
confsplipeheverraidriofsclbdnkith iz Sadinitesenizeylchivitidsighd wepandtedveight
prec?ittgé ﬁligi{;al point on a reverseq phase anally_tica_ll column yvith W
etection. The separation technique of precipitation comprises the

successivéngr eeipitatio arobolonsolyrichfromeatsoiutionpbycaskdiiiohafiactudes the
miscihle:nonsolven controlled ling, or by, controlled evapagration of
s.olvent.ngﬁ) \glgrﬁé?grﬁgé%%ﬁ ﬁﬁiﬁg é?nrﬁ%¥ %%?Oﬁﬁaﬁ%l%ggé?gﬁg%wous
solufiest by an psefetiredteimbgdimelet sithoinventiomhepristegsfuher drying,

adaifgluges the f isolating the pure Qnpmet 0 eEh neglycol)
S T S o
solvigranthevoupiconsistiigof splayvdoying,. The more preferred isolation technique

comprises spray drying. The step of spray drying comprises spraying a solution of polymer

step

into a chamber to form droplets, the solvent of which is evaporated in a flow of hot air to

give a dry powder.

Examples

Example 1 - Ultrafiltration

Removal of Low Molecular Weight Pelymer from 30K mPEG

A 3.8 kg sample of crude mPEG (Mp 31,491, 5.0 mol% diol) was cﬁssolved 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

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

4.
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addition of a non-solvent, extraction into a good solvent followed by
WO 2%99@9_9{1:9“ a non- solyent and .evaporation_ of solvent under}, %'{[)1{35”}‘3518

more preferred isolation technique comprises spray drying. The step of

spray drying comprises spraying a solution of polymer into a chamber to
addefdmodiropletsatieiscivenstofimdhvislavapotatdd inf 2 $oleotinsraisats was

ve 3 dry powder, Examples, Examplert- lrafiitration, 25 Remayaliof gicared

eole BT H A B e e
the penfREG: (Mt hediXL7 9 ¢holDE ol iwaSRiis sobhidd i tibutmBake wak Dpticeably

water.and loaded. to the ultrafiltra io%e tank. A monics 2,5 m2.10
Sk RN (R EIP P SSHOr 1080) et et e PO s
furthcecratdatiatePumpbdavas idined-on 3Qati28fcoutputgi hé.fetentaterahybropylene

o PR e o sdhaedie s L O 5

mPE®QIuMewas vailihiconsentratadamvndaaboul #8difershatmichitiiesd rinse
water was continuously 4 WO 2006/028745 PCT! 82,0051030?18 adde

the MARRHEE P BIRIEH & EonSIARFBRIISITHESS thiat HF 803 R BIEHERS an

additiias] 68eetath M RG ayaradealeahainil G4k SRglanalysisiafed using a
composite sample indicated the permeate contained 0.7 kg of mPEG.

sprayrisaets PO el onerpEpmantha fae st kdah B ousvE o the W ter
molecular weight material. The retentate fraction in the feed tank was 5
further concentrated to about 33 liters and then drained through a 0.2
ke Bolyaapiie ACidoBdMiter. The final 32.9 kg retentate sample
contained 7.6% mPEG by GPC (2.5 kg mPEG). DI water was loaded to
the feed tank and recirculated for about 15 minutes to rinse the

RempyahrBigahiplpiiar ommesel &t 1rtistsdene g8 g ie me2dinplE &
Crudtonteined pr@dditianal Q8158 pf WREG. ThePEMindthe finaliientaten .

sample was isolated using a 10 spray dryer. The diol concentration in the_
317 Fhal 18B1atdutBrO AEE ReEeS tp ﬁqbﬁ/uﬁlenmeyerﬂask fitted with a mechanical stirrer.

While stirring, a total of 21g of Dowex MAC-3 PAA ion exchange resin (containing 48 wt

% water) were added. The reaction was stirred at 250C for 42 hours. The resin was filtered.
GPC analysis of the corresponding filtrate indicated that the high molecular weight
component was reduced from 8.6 to 0.3 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 (contatning ~ 50 wt % water) and 0.083g of
hvdrogquinone were added. The reaction was stirred at 630C for 4.3 hours. The resin was
filtered. GPC analysis of the corresponding filirate 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 hitter round bottom flask equipped

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

5.
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Example 2 - Polyacrylic Acid (PAA) Removal of High Molecular
component at ambient temperature from 20K mPEG 15 Crude 20 kDa

WO WpEEWas dissolved in DI water to make a 1.49 wt % solutfért SFHPEE0S18
317.3g of this solution were added to a 1-L Erlenmeyer flask fitted with a

930 CPERRANGALSHIEeEA Wil slifrnged, Rl 9Tah g .@fg%@wd%%ﬁg&%&mcm
exchange resin (containing 48 wt % water) were added. The reaction was

The wtigtéeh st 26T ¢drat 2 urer Tharesin Wes arsreeaome disalysismplp@ilar PEG

corre ing.fi indi d. f i j cos
com B B b inine 3 of
mPEM otecutatlcompond MR higheitehopardtbechidmmedic P Re b ogepgient was
d Clé%z%mP%? w%szdisscgj)/ed in DI water to make a 1.19 wt % solution of
U RPEE” f?zg' of thits %olution were added to a 1-L round bottom flask
fitted with a water recirculation bath, mechanical stirrer, condenser, and

2 purge. While stirring,.22.4 g of 25 Dowex MAGC-3 PAA jon exch e
T QLR A0 G50 W55 WA SREE  dr b comples
greategifhad. 7hhe seactigPmas Stk echod dalktordh@betiredihe tesimwas hours. The

filtered. GPC analysis of the corresponding filtrate indicated that igh
PAA RSB AR IGHE BB Ot 9@&?9@&&%@%&% @%o%@?g%%%e Q%%E% was
discaRR@avalgd Highrand taw MatekdlascempienentE R Ry 0Ky lREGy B8 kkibnized
of 0.725% aqueous mPeg were added to aé; litter round bottom flask

TR R S I Ry Sl

(THRNGNZpkge - W hilg,staring s-6 Q 2A06/0 28745 RCTAIS 200h/0BAF1He mPEG
93g of Dowex MAC-3 PAA (contain - 50% water) and

4 g of .
had e ksGOiFERRTRGNY Atfeara PR REALHD ﬂ*&&?ﬁ%ﬂ)&@é%&%%@nﬂéh?&md-
GPCTREESIB CORBINAG thehighinalkeuiallEE ‘epRenehbwWRESeRarateded from
by filtration and discarded. 7900g of filtrate containing 31 g of, mPE&-
4.0 t%}iﬁé’/«coﬁé@e\aaaﬁal@@ém% Slisieand ﬁi%@fﬁ%g&&m%% RRRRE by
exirabl pgntwWasy aledugeeirgm 4.6 to 0.2 area%. The filtrate was added
back to the reactor along with 91 g of fresh PAA (enough to complex

Example 3 - Sprav Drving

A Buchi B-191 Mini Spray dryer was set up with the following operating parameters:
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 1o 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 wi% water

by Kari Fisher titration.



greater than 75% of the mPEG). The reaction mixture was stirred at 61 oC
wf rz{ﬁ% p%urs. The PAA resin containing the mPEG was collected by
e aHOH HAY the filtrate (7872g) was 10 discarded.. 1159 of thRCFARZESIA0518
wetcake (containing mPEG) were washed with deionized water and
Eaoaen hagkaa tetaftiel iangniithe3y el 3% aqueous
tetrahydrofuran (THF). The mixture was stirred at 25C for 20 hours. The
PAA resin, from which the mPEG had now been removed, was separated

A bomihermPEG @afutionday filration anadiscarded  GRE Ana¥sia At the riveq

|

filtrate showed the low molecular weight component was reduced from 15
abavg {p IrorgsetAE-fmelramevefraphitienfatening 94 By viPEiGwasThe sotution

[ ing, the fi j form. le.3 -.Spr.
A B L R e e Rl memrane
as dpwradithebayanearessidniardgereitomanas sphttioth cinfet terp s ta e pwaymer. A
poRRIMACUIN ARPUAN AR T00) i MeXIUIT SPeRd AN DLNEIRT o of

was fed at 5% of the maximurt rate IKﬁlert e system was eéfuﬂ‘lﬁrate' g0
mBBEIPirete¥ptas Gidleptempemiufenvis 86 RE@ @51-g aqueous

solution containing 3.0 wt% of mMPEG (28.5 g) was loaded at 15% of the

maximum rate. Over the 25 course of the 3 hour and 10 minute addition,

the inlet temperature was adjusted to 97, then 99 V. The outlet

temperature ranged from 36 to 38 'C. A total of 9.5 g of mMPEG was

collected as a fluffy white powder from the cyclone. The mPEG contained

0.31 wt% water by Karl Fisher titration. -6 WO 2006/028745

PCT/US2005/030518 Example 4 - PAA, Ultrafiltration, and Spray Drying.

A sample of MPEG (Mp 28164, 3.6 mol% PEG diol) was treated with PAA

as described above to provide 15.2-kg of anaqueous solution containing

92.7 g of polymer. The solution 5 was subjected to ultrafiltration using an

Osmonics 10K MWCO polyethersulfone membrane as described above to

provide a 3.2-kg agueous solution containing 67.7 g of polymer. A portion

of the aqueous solution was spray dried as described above to provide 9.1

g of




MPEG polymer (Mp 29178) containing 1.3 mol% of PEG diol. -7 MCSLLP
CLAIMS: 1; A process to obtain a monomethoxy poly(ethyleneglycol)
composition of at least 95% chemical purity by weight, havinga
‘polydispersity value of less than 1.1 and having a defined moIecuIarMCS Lp
weight of from 10,000 Daltons to about 60,000 Daltons, which compriseé‘
the steps of. (a) providing an impure monomethoxy poly(ethyleneglycol);
Iﬁlﬁfifying the impure monomethoxy poly(ethyleneglycol) by subjecting
the impure monomethoxy. poly(ethylene glycol) to a separation technique

1such ag, etaet:dipyise gpxd%b/m@&i&@dgawwg%gryéa;c&Hﬁ&%&@m at
chromatography, precipitation and combinations thereof. Z. The process
1%%%&%@%@%@@%@@@&% epns poafidiferronyphseat less than 1.1

2BRANRRANG: AERELE HOIHaMmy HEi FRPHF &-HR10MB6Y B ons to about 60,%%0
[g%y(ethyleneglycol), wherein the molecular weight of the separated PEG

PRS daiFb RAPmERsRa Y $iPpafified monomethoxy poly(ethyleneglycol)
thereb@pﬁ@&mﬁg%ﬁﬁwema&@gég&a&m&g@@&ﬂp the

separation technique comprises polymeric adsorption/desorption and

wherefRXREEBIM B MepRas e P RakH ethyirnsehv el Jupubjecting the

w@ﬁ&f&a&m@m@é&g&%ﬁ% heh QXyaeR M Ra G uch as, but not
monaomethaxy paly(ethyleneglycol) and PEG diol, in the presence of a
Lmgte opahimerierpls B@é%%gg%@%ﬁg‘%m@%%?&ﬁ%%%ﬂng

pReiigianiddneticnahigratibsdmiiedrolymer are selected from the group
consisting of CO2H, SO3H, PO3H2, NH, NH2, OH or SH. 5. The process

according to claim 3, wherein the polymer is a polyacid. 6. The process

Accordihg peociainmadontiapais dkerpalymesndmipoiitgarbpmaiiicadielt bomprises. -
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 p'o}y(ethyleneglyt’:ol) thereby obtained.

3.  'The process according to claim 2, wherein the separation technique comprises
polymeric adsorption/desorption and wherein the polymer contains repeating pendant
fanctionat 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.

4.  The process according claim 3, wherein the repeating pendant functional
-groups in the polymer are selected from the group consisting of CO,H, SOsH, PO;Hs,
NH, NH;, OH or SH.

5.  The process according to claim 3, wherein the polymer is a polyacid.

6.  The process according to claim 5, wherein the polymer is a poly(carboxylic
acid).

7.  'The process according to claim 6, wherein the polymer is a crosslinked

poly(carboxylic acid) resin.



7. The process according to claim 6, wherein the polymer is a crosslinked
poly(carboxylic acid) resin. 8 MCSLLP 8. The process according to claim

3, wherein the protic solvent is selected from the group comprising Wateh | p
a C1_3 alcohol and mixtures thereof. 9. The process according to claim 8
wherein the protic solvent is water. 10. The process according to claim

£ wherd i ROt AACRRBEIRrafFafon hesrifpiised ebntatriens thedlvpadeiiomn
menaagibempaabaiaviencalycal slution yilhRemembane of the

appropriate pore size as to allow materials of lower molecular weight to
pass throught the membrane and be removed. 11. The process according

. claimThe fhrdbeys cotpiizi g bt sie obiaelatingdhe o 88 S8Rt is water.
monomethoxy poly(ethyleneglycol) composition from aqueous solution.

12. The process according to claim 11, wherein isolation is achieved by

splay dnengodeksAbcrpryareamicaliaraly sis metiath s ifraniration
determination of lpol%/ethylene glycol in monomethoxy

BOTRAIRA SRS s R AR apR e perahdhaienselycol) solution with a
lemibhateosephedbilisie S0 N8 RIIGWIHEEHCBF(ORdIiaN R cuiar

Wh.%[’ﬁiﬂ the improvement comprises reacting the polyethylene glycol and

Ve SHO FOPRETABRRY b xRS apd brasa atizing agent to form

derivatized polyethylene glycol and derivatized monomethoys
Pfly(et leneglycol) followed by liquid chromatography under critical

conditions PIACPFRATHHBE 5 Sl Sphsscarprisigebananphisotatiog the
debived aybebtesiblexy Holfaehmeioor edISbaimpbdi v ersin 156888204 ion.

chloride is dinitro benzoyl chloride. -9

12, The process according to claim 11, wherein isolation is achieved by spray

drying.

13.  Animproved chemical analysis method for the determination of polyethylene
glycol in monomethoxy poly(ethyleneglycol), wherein a sémple to be analyzed m
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 liguid

chromatography under critical conditions.
14.  The method of Claim 13, wherein the derivatizing agent is a benzoyl chloride.

15, The method of Claim 14, wherein the benzoyl chloride is dinitro benzoyl

chloride,



