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METHOD FOR ANALYZI NG ACTI VATED POLYETHYLENE GLYCOL
COVPOUNDS BACKGROUND OF THE | NVENTI ON The i nst ant

WO powef9dseh rel ates to chem cal anal ysis net hodBCT/082006/007670
anal yzi ng pol yet hyl ene gl ycol conpounds. More
particularly, the instant invention relates to the
anal ysi s of polyethylene gl ycol conpounds by |iquid

cht ot r%&mw A TS PR e N Y 0

have been "activated" MBOUNRAt e cheni ca
nodi fi cati on of physiologically active materials,

i.C dified. ' are applicable, for exanple,
BAC%QﬁﬁﬂggEH@thﬂ*ﬁ@iﬁgﬁﬁﬁg Biolggically active ™
QHASIS iFRALBE A18Es W dHRnPQN ¥Ry HiktiRAs SorGaRlyRIngVi de

enhanced bl oconpatibility for the conpound, See, for
polyethydeng! gbycoUSRnpo3ids., ]X/Bﬁfe gat(oicul&:l’yﬁhi wta?mmvemumﬁiaéw tgfthe

t hi sub ect b al i n.Bi n ug Chem , ..
analygls of paly lgge vy ?)W W@ ﬁﬁ@h@ nﬁgt 0612 c%f
cond%i!aﬁf’b éﬁl{%‘&?@% 1?(!0@ cHfb &Hﬁl"s of tife 1ﬁﬁ£&htliﬁ@érﬁloﬂﬂhh{?e Been

ogli Cc e” compound (such as a drug, a
“activatal”’go faciltaeehemital orodidicatoz 9f11d)ystorbo gicadlyactiveimaterials, which

modlg@&%é?qn@fs&?é‘&ﬂwap{p%ﬁ%p tlﬁérga i3 Safeg

t
OB gtléﬁllgﬁ, tleﬁéé)‘f‘%oglﬂ QIR Bblybihlkyletes @as pdvide

C|rcu at | |nnunogen|C|t
enhaitaddybiddoydpatibiligy for dhe <(dﬁﬁf§)md,§®, for n&anplpoUﬁB >5yﬁ6k'&3l5 @nd USP

62505, b Aeney Py LR RY CA B WP gt Chepenifds s, piso-
165, %&%OWQ gr esgl Qhy 8F ﬁ%lb%ﬂ%l&oﬁﬁﬁlnbﬁe'ﬁéog@leﬁ% conjugate

ener y're by the fornula: "CH3

with ﬁfBEﬁogaﬂlyt@tlvacmmpalmﬂsuch asha drugragupteinya gep’ade o 40l enzyme) to

couple with a, group of, the bloI |caII i iﬁtf
prodmﬁaeqqnwgate/at@tmgdf@ao‘fﬂdét??%ﬂﬁe% 3§ Fmpal %e‘e%o iy by

&m Eis d lation ti

shardcishPl Fehieq b PR e ROy increaged ojrolation time
muh&&mnﬂlgmnmmgmﬁm@zblologlcalIy actlve material, as

di scussed by ter of, Bi.oco j at e

TeEahiPBueas Pog e Con &Lt RoBERTAIRde tBReiEa g ot B eids thercof

mthclﬁgﬁ{oggl é’rgu ongﬁg‘eh&%ug?ep‘?é’sgﬁt@&% $he ABhElal %F@mﬂzxcﬂ;@;n

generation 'ation chem stry has

‘Monbgethosig yelyethgline glycbb(lmlﬁiﬁ)np Igeneraﬂi)nrepre&eltpd bi therfornygla:

e
grouB of ttﬁéeoll)loﬁgﬂy adtfie BB Activated mPEG is generally represented by the
formula: CH3;0(CH,CH,0),A. For example, trichloro-s-triazine activated mPEG will
couple to an amine group of a biologically active material, as discussed by Henmanson in
Chapter 15 of Bioconjugate Techniques (1996). Di-activated linear PEGs are also useful in
formation of hydrogels.

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 PEG and to increase stability of the linker, see Roberts

et al., Advanced Drug Delivery Reviews 54 (2002) p459-4. United States Patent 6,455,639
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et al., Advanced Drug Delivery Reviews 54 (2002)
p459-4. United States Patent 6,455, 639described an

wo pwseasetl nol ecul ar wei ght nPEG havi ng nar r owpCT/US2006/007670
nol ecul ar wei ght distribution. Liquid chromatography

er.criti
e By SR RS I5E P Al AL Sl
distrib@igaunov et al., J. Chrom A, 955 (2002) 9- 17 Li quid
chr omat ogr aphy under critical conditions has been used

t &1@@d@mw$mhyemﬁ9n @tficalypqnsifions hasrberones@d mpogant method
B B, 0
R S e T

'quulé‘chx\&iat@a Hyindér éra@0dondaishs 'hEBEeenH&w t(ﬁdletertﬂiﬁe ﬂ@lgétﬁ}%lene

resolutlon of the polyethylene glycol an
elycopa BT (g 1t cxaples Boramet losh G o3 (P0G AFEe; ang

Kazalpéc}la% g% 0 gpgr c1enrcgf%§rgﬁgr\?ol(4 “Ro Fé gz&log), %§8§—|3 §5. However, the

degret T 888 1uRIBH AP ¢ pontetyldie! di &ﬂibn&ﬁﬂ’@l QRS idyBr Rbien BRAAolecular
grused to anal yzeﬁéactlvat edyrrPEG SUWARY Cﬂ—}ﬂﬁf)HE

weighthofETInPRGTR 8,000 graes pdrmeln pr mm Gsee ﬁig a iof thovieazpnsleiigt al.

ui unde tlcal L
roferqagf) Ao JaBio s AP puh s St BRaifPfab a8 s
analy¥@ 8GIVa¥AIRPEGEGs and PEGs with different degrees of

activation. For exanple, LCCC can be used to determ ne
the relative anmounts of non-activated nPEG al cohol and
' ] ed nPEG and PEG diol, and
SUMS’E%@%FE@% n activated nPEG even when the
MOHRCHb @At iWGdrtiBh e IR oVERF hat $iqRidABEorBt8SMpIREhind¥e Lhtical

or nore. Furthernore, derivatization of the activated
condi®ieGs aGCCheandmarsed b mmbtza@pamwchE@s &raesidial umwatefl FEGs

le,,.derivitizat of a no ac
and RS W iffrSene Sabrepiinalviias BROSaRRl LR e tectao
deterhﬁf{@f% irQ Rt FeR I dUEY SaRR-dcliQhted S{FEURICE841aRAPEG diol, mono-
resolution. In addition, derivatization of the

activatod cePEG andhPEG dmcFlE@dc@fﬂcawtﬁﬁ SE6i inastactivatedimPEQ eies|when the

cor di invention can fagijl. tate

molefia peightel e O ftiant BRLmSR & Hork s Bhshirife
derivaBPRI0AlF %ebééu@i’cé@%G%h@%&ase?ﬂ&not&@ﬁpm@&Is@ﬂl‘tlon Thus, for

invention in one enbodi nent is a chem cal analysis

exampid, Iubxivmcatmn afiargoipr-antivdtedgnREG soplaining disactizated EG asgording

5

B g

derivdiSBlonWtiid ﬁ@illo-ﬁ&ﬂﬂteﬁ' 1APEGLenfaalifs Bi-nivhRee PEE @bl ¥Rording to
amounts of PEGs having various degrees of activation

the ingtant revestioptan, facilitate ability to detect the PEGs after they have been separated

by chromatography.

Thus, the instant invention in one embodiment is a chemical analysis method
comprising providing a sample of a composition comprising PEGs activated with activating
group A and chromatographing the sample by liquid chromatograpy under critical
conditions to determine the relative amounts of PEGs having various degrees of activation
in the sample.

More specifically, the instant invention in one embodiment is a chemical analysis

method for the determination of RO(CH,CH,0),H, RO(C,H40),A, and AO(C,H40),A in a
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More specifically, the instant invention in one

enbodi nent is a chem cal analysis nethod for the
wa@ledoenmisedat i on OF RO CH2CH20) nH, RO C2H4AO) nA, apdI/US2006/007670

A C2H40) NA in am xture thereof, vvherei n R is hydrogen

Qr ..an r
mixeff P fre R Gy el oFpd MR EBREA H FRSlf grow fo
couplifit! with a|suﬁ'ﬁce€tﬂ adfidlegically awgive imdatal andn Btheﬁth&rg ofmiseagdn is an
greater than 10, conprising the step

of -
mtergsehgm@r ndOnForaprisinghp SEPSL: ph@mﬁt%renténw squpRjg pEthe mixture

T

RO((&Q@}B@)QZ HIGY @Y, O, AL, Rd MO(CHHS0), Arinaioiniietiree mbodi nent
the instant invention is a chem cal analysis netho
f dn apptberiembeodimaatithe ms@m@cfm @)qhmmqaée Aod for the

s SR RCLRCH By S RELGPAOCITEALAF b

therebQivheRiMPRI 188 hydlto erﬁoﬁdﬂlfafllasﬂ eréip, A Biadugiohal nguI&fdr ice@pling with

materi al or another thi ng of use and n is an interger
a surfgeean @bioldgeally@ctiveompietial aygnother tirgef use anté g)is an interger greater

un YR el 35 SRS IF SN B e v
denv&@ﬂﬁ%z% 23 B%@J&ﬁlvla@eahhlxm @rﬂﬂ@blﬁg\RO(@ECHQO)n
O nAD, wherein ADis the derivatized A

RO(@MOOMDMO(@&QMA@ whereinphle intherdgavatized \Aagrpmoﬂnd (b)

otk SRR 08 A Rl By uncer
crltlcg FAHRCH @ 6lmhinE e G AAGuNt2 6 ER DACHIEHAT), HARO(0,H,0),AD

he derivatized m xture. As an alternative enbodi nent
andExh@(Gg}ﬂa@x&Dmmedenﬂa@edmﬂway occur more than tw ce

e et AR bR of AR Ry S more than
twicd a[h‘d%ftdt QkaliSnsPotBiIeRiCAhGaRAl ofFEG BRiRd conpri si ng

provi ding a sanple conprising polyethylene glycol
c on;wu froanogfer embodiorent, itle m[st@(nommmyﬁ B]chemm%wlyrﬁls pethod

.a small nol ecul e or backh ane wi t

comgris R VRER oGRee Fsror R e EHe Peto bty i formula

M[OECLE,;0)1B] swhidppendent |y in each. occurrence an ‘
I nt eger of one or greater, preferably 5 or greater,

Mris esipalé frvleet]eyor Bpodymegrhaglcherie avith af 1¢ast 3 faspenspy linldag with
nore preferably | ess than 2000, and nore
the %&Zﬁg@@?@ $QERS: t han 1000 B is independently in each
@%QHﬂé;%ﬁ&&ﬂWﬂ RS cRrerfde aWh '@cé%érrbf Dnk Sr gRal@e ipkéfézdbly 5 or
above; and x is an integer of nore, preferabl
greater, nmye preferably 10 or greater and n is preferably less than 2500, more preferably
less than 2000, and more preferably less than 1000;
B is independently in each occurrence hydrogen or A, wherein A is as defined above; -
and
X is an integer of 2 or more, preferably 3 or more;
and chromatographing a sample of the mixture by liquid chromatography under critical
conditions to determine the relative amounts of the polyethylene glycols having various

degrees of activation with group A. As a variant of this, prior to the step of
chromatographing, the compounds may be derivatized with a group D.
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and chromat ographing a sanple of the mxture by liquid
chromat ography under critical conditions to determ ne

wo b@etedsat i ve anounts of the pol yethyl ene gl ycPCBHUS2006/007670
havi ng various degrees of activation with group A As

a I\IllaanI fﬁ%} eﬁE%&lH{eﬁt, tlﬁer llngt'ho& 8f {ﬂgsem%ﬁfhél%%y be usetd t(% an Cfllyze

hronma ograp eriva

mixtﬂ&ieé bf @t@ﬁ&d@o@ct@eﬁlmﬂi}ﬁfundﬂ%dn‘eﬁh@ hetiviating g@iup @ﬂb@fded asa
this invention may be used _to anal yze m xtures

pendaitarqun ledhe Belymen jeprrisi BB Un dduiicerdingdo dhis FWQP@‘H{?H" the
some Gt SORERE T s BGRAN: Ol AR CHRO)NOCHE )08,

whers@npl e conpri ses conpounds of the fornula: BJ (CH
2CH20 nM a1|‘(|;SOCI—IZCI—|2 pOB wherein Mis a small nolecul e
M fig2 sm@l estledbatiip attagbedioaavoalfeGnard baspapradant SRUR gomprising
cogprl sing B, Bis independently in each occurrence H
A, m n and p are independently integers greater

Biaaﬁue})endénlﬂgv iRsadiefccieshcallDyeA, As a variant of this,
the conpounds may be derizati zed with a group D. BRI EF
HDES@RIPﬁmdQDEmITHEIYDMWaFﬁTQ aml,is a reproduction

%}Soaﬁ Id%ﬁ (gat}%)’ g(rz_\a/g% %g%}vggp o @]?ﬁe ;tlh‘f’gtcg%lp?r@é%n mg% b@ﬁcﬁ%atlzed with a

spRupmal dehyde di acetal activated diol; Fig. 21is a

roductl on of a chromat ogram show ng t he separati on
EBIBTEINSIE TMRAN@I\&&SI vat ed nmPEG and mssyl at e

ted dio and, Fi C
f&iﬂ%@f@gﬁ@ﬁs fed piftomigstyd s EPhe M sp Al ofmprG,
propﬁﬂlﬁmeﬂyder apRen uttivedidaPBGand PropiahfdeiyBEGaaaal activated diol;
par a-ni trophenyl carbonate activated diol. DETAILED

DEBERP. 52 GiRrodvstion apoehramatagrase shavang thasepyratipr ofaPRERIcohol, -

the in vent y e represented by the

mesﬁatsaﬁﬁw AP AR R BTN )
? B4O) Fbﬁrocﬁi&ﬁoﬁ BY3 cirolatigidch B]lrb\Wﬁg rigd ephtatien bﬁﬁslPEGalcohol
ependently in each occurrence) a hydrogen or

para@_traphqyﬂrcammcgvas@;bm@@@md gﬂraxnﬁﬁmhymyl gridomte agtivated diol.

represents the average nunber of noles O C2H40 groups,

DETAILED DESCRIPTION
The compounds to be analyzed by one method of the instant invention are

represented by the formulas I, IT and II:
(D RO(CH40)uA;
(I AO(C,H40),A; and
(I RO(C,H40),H

wherein R represents (independently in each occurrence) a hydrogen or a C;.7 hydrocarbon
group (usually a methyl group), n represents the average number of moles of C;H4O groups,
e.g., from 10 to 2000 and A is the “activating” group. In many applications, the compound
of formula 1is the desired material. The compound of formula III is non-activated PEG
which is unreactive. The compound of formula II is diactivated PEG which is produced

from PEG diol impurity. Thus, the sample to be analyzed usually consists primarily of the
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e.g., from10 to 2000 and A is the "activating" group
m many applications, the conpound of formula | is the
waele®snad3dat eri al . The conpound of fornul a | H BCT/US2006/007670
non- acti vated PEG which is unreactive. The conpound of
| | ' ' ' rthfi@911 and 1T
comfeBhlT Al SR B9 PSR (RSt
in a mixtak) The eodstivetagnqumisnaithe yormpounde ob fopmuiedl, HfanfidH e detérmined
with relatively |lower |evels of the conpounds of ..
by clrgmaiegmphing asaeple-ph the ixiusg Ry kquid pRromalograRiy updel fitical
SR i HAR©(C,H,0),A, and
condiont IFaAAERRL L Rclve bOHAE ol ROLCHICH, OLETRO(CH IOy
AO(O¥HJO)gitithe iitwdé.ogr aphy under critical conditions to
determ ne the relative amounts O RO CH2CH O nH, @%%CP
Halbpkould he Endeeytead fhey the ipsiant frvesiion i its fulk scapgyine EG

, , . L £l
cono 55 5 S 1, b 2ELdRYREL gl ESELO v
polyikoelsolegp iHciidishtaoplintied ¢o [[Rddr, Branohedcontrahdastar topologies.
pol ymer topol ogy including but not |imted to |inear, .
br AREYRRE gwwg ay beraay fuessiopalgirewp koown tedis yegid ingpiivating

; . .
e A 9P ARSIV ot . o
limite@URainpies of sidhyRtiohtae gatpyineatie kslidegentfonatbiofeld. mdsilag),
_exanples of such activating groups include halides
isocypnpie® gaiess, areginese sRANEORYS, thiglscsarbrylis acidpy ssiess, carbonates (e.g.
h . . | 7 : :
e PSR BB ol SRR o). e
(e.g. PROpIS R debgddaurail s ketohbs) Rbpiicmaletmiile, pinglsudioat,dedyadethmide, and
. acetals (e.qg. propional dehyde acetal), ketones,
disultidesn(ess. pmqisgiwﬁ'@é,s} vinyl sul fone, iodoacetanide, and
di ' , ' £ i . l.d. .
© BAPAYSS bl fosPti b e bRl et

achiévedifuiEehrb@a@gihipay anddrQuitidalcdndinehg gHawbyer Lfteence to the
critical conditions., However, reference to t

he

literatpieeyilitdineet the persem pherdinaresiil in the agrofdiayidhergmatesraphy fp the

t t.of |jqud 0 . NQC
e s G510 SPHATCABAR of01 IG IACSE B 517
Critichtrdofitlifion 985teh &G 2pp4tatt polynidrs basad ofi Giedkddnpition dfehecknd groups

to separate polynmers based on the conposition of the
of the palygres apd isdin thgeryp sidgpendeaief the pelymetsaglegylar weight. For

I ndepen t L . i ah .
oS PRIER e D5 BRI 530, R gpmors i
hydiephdbiceld &omsh dahdeSepdrined fipal yotpmsrswritthhyureistdldiedd groups. The

end groups can be separated from pol ){rrers with )
LC(}@, pp@cmgc@woglp@t}aﬂyés%@@a&f? lgwed iy gradient operation.
il S BEAE i B, ARG SR AT 6 i

will 8RO Prdvi@ SontSproportiofidl deteRR@iadibh 0 thatvagiondfunt Oeiilized PEG in the
slightly off of critical will also provide sone
sampleopor ti onal determination of the various

EXAMBEEilonal ized PEGin the

0.1 gram of propionaldehyde diacetal activated 5,000 weight average molecular
weight mPEG is mixed with 3 milliliters of water to produce a sample for injection. 5
microliters of the sample for injection is injected into a mobile phase of 52%A and 48%B

(where A is 47% acetonitrile in water and B is 43% acetonitrile in water) at a mobile phase
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sanmple. EXAMPLE 1 0.1 gram of propional dehyde di acet al
activated 5,000 wei ght average nol ecul ar wei ght nPEG

WO 200609685 With 3 mlliliters of water to produP€I/ES2006/007670
sanple for injection. 5 mcroliters of the sanple for

i nij j 1S, LNi . i i . O/, - .
o 4B g R B AR O B, P 5 A0 Gt
SupelésSUCaLSicoetst phdse colnmusdtarcohahn tenpelitine afBasiesteesCelaius, the

of 0.75 milliliters per mnute and flI owe&Tg tgréggg.a 5
columy avingandntepat Riamptatiod fet willmetas anl 4 length of Imeters,

C .al 1 t .
A
Fig. 1M THel chedredtSgramcbfFig. dngiolvsaf peab @t atidut 3 Benhiantes férahPBGealpeak at

t%&arj evaporative |light scattering det ec}é or to produce
abouthe mimHe T thgragtyaieb iy BChand gpeak at ghput o winmiesdpategetivated

. i g. 1L.sh 3. '
T T e
respoR®AMKctef ofthe iaporfiveilight exittbeig détectact i vat ed diol . The

rel ative amounts of the varjous PEGs js_ determ ned
f bapetativplight seatiesing datectien saeglblkaen wdiqud ghromgtography, see,

evaporat i ve: I, ght sc [ etector. Evaporative
for examile Risigh L Siran Ry AR TS qui d
chr omat ogr aphy, see, for exanple, Rissler, J. Chrom

A, 742 (1996) 45. EXAMPLE 2 0.1 gram of nesyl ate
EXAMAILE/2it ed 5, 000 wei ght average nol ecul ar wei ght nPEG

is mxed,with 3 mdlid.it. . . )
0.1 iy B SO felivdefisnddo i CoBlact Hcibont R MESHHETG iy ryixed with
3 milliRieRCdf wdler 18 prdtiues hesimpleifor injetbiohi benipivdises of thb 3aApkiTdr

489B (where Is 47% acetonitrile in water and B is L
injecti@visdnjectoh inte p moblile phase pf SAbAanddSHE: (Whae & 18 1dve acgiaaitrile
. f 0,756 nik))liljters .per .nj D1 ‘
il R T PSP LRSI BSOS A
per nR@8 @né BbWEA tHRbugh £5 hiibldnictifpacidhy dRnwter peley LEBER reverse

Cel sius, the colum having an internal dianmeter of 4.6
phasq¢dlinmat eeelumndempératage pf 3 damepsifalsinsiicggolumn bpyipgapinternal

i 4 AR S LS SENENR s i
light E&ﬁteriﬁ% ahembr @ F&iﬂi@e qhe @ltehihtogrdin Bhovt @Fif @M. TiEBromatogram

peak at about 4.4 mnutes for the activated diol and a
of Figehshoas agsakiat abogt 38 muinates ferrmPRE, apeakvai ebept drEminufpsfor the
.. relative, amunts, of var i P i er 4 ol
acuv?tlegﬁ’ﬂl AEd 8% aglag%ut%%%}%@esr @)ﬁ' E%%%@?‘%@ or of ﬁ?‘%geijatwe
amoNPPOhaVacus PRI is eREhkd fint tleetlodrea ExdNMRlEspdnse factor of

the evaporative light scattering detector.

EXAMPLE 3

0.1 gram of para-nitro phenyl carbonate activated 20,000 weight average molecular
weight mPEG is mixed with 3 milliliters of water to produce a sample for injection. 5
microliters of the sample for injection is injected into a moblile phase of 52%A and 48%B
(where A is 47% acetonitrile in water and B is 43% acetonitrile in water) at a mobile phase
flow rate of 0.75 milliliters per minute and flowed through a 5 micrometer packing diameter

Jupiter C-18 reverse phase column at a column temperature of 29 degrees Celsius, the
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0.1 gram of para-nitro phenyl carbonate activated

20, 000 wei ght average nol ecul ar weight nPEG is m xed
wowak/o®ses | liliters of water to produce a sanpP@I/i/82006/007670

i nj ecti on. 5 mcroliters of the sanple for injection

o ST B RS, B PR i

follov%tﬁéyfuﬂ dvapbativaligitisestleriat datenbitd progheesthe thromatagramshown in
O.75 mlliliters m nute and flowed .thro

Fig. e REBHOBEOHG RIS Ch S & Dol at 10001 BB G pasgk o

a4 HIR B ULV ARSI B0 5ol 28 3o b

actlvd‘lféd dioeTiey 12lative aﬂ;oh@tﬁ @f theofaribbOPBGE s dedratised fiarh ltloaysedk area

an evaporative light scattering detector to produce
and therrésmm%fnﬁt% §F th SYARRIATY 1 ght §oatisring HeleeF-onmt ogr am of

Fig. 3 shows a peak at about 3 mnutes for nPEG a
peak at about 4.8 minutes for the activated nPEG and a

DERBAETIZEIRAKCTIV AGBDIIMPEG m nutes for activated diol.
The rel ative anobunts of the various PEGs is deterrgned
f rIn anether grebodimenrtathg estant dnveatips Hechemical angysis method for the

o AR A RS BB o

thePEG‘S%'ﬂi@ﬂeﬂu?at@mgm%Bﬂm| anal ysis nethod for the
determ nati on the above di scussed activated PEGs

c SFips; asicprlingsiojong empodiment @aeAngth@dJ EOMPiSeR Providing gisppple of

oISl W Sl et

R eRrith B&I%Hé@gméentaﬁ oA} G&Wh@)zé@tﬂvttu& comprising
mxture derlvatlzm the A rousof the m xture wth

RO((“aHz;CeHszdﬂ; BO(pth RAENAS AN W’Q@ﬁmrAQtI%ﬁhé derivatized

Q&&f@%ﬁﬁga%éa San&’lEDO ?%)#a ?Zr | va’t{ rzed 1}3(\1 gr oup;

chrorﬁﬁt@{gﬁbhpﬂﬁde@gﬁam |cBﬂ11ﬁoMe%n@fnettherdliz&f\de\aﬁiduﬁ%be
re by liquid chromato under critical
RO(GHAHO)HAR O RO AP AINE O GIPLODVAD 33 Bt levisized mixture,

s SR S RSP0 By 4 v

is hyd/dpBiNc] §idh a8 a @ERHTPodipridinaPRithe@tlimsitateanhdrbe, achldstaideng
group is hydrophilic, such_ as oup co )rising
malewiidg.crm amingior atliel mﬂé@%@@vaéﬂé Vﬂ%ﬁ%h ydrephilic o be difficult

to sepﬁ}ratleganw Pﬁ;éi%?%%boql be (IE%E ﬁ)?cfrb%sff lg?cﬁ.lg ngt%% @EPG :%lcohol is also

hydréptile. aHGﬂBﬂalr it B@sosvéﬁalgcb&réwmm{wmmu@teaﬁnnm i dRi@atized
al cohol is al so hgdrophlllc However, it has been

with a.dsuwmu@agenhwmc atiecties abydspghekic gromp tp ghegh gmmtqf hgjactivated

s} S S, SIS AR o
activeenped hlé@ﬁblact i vated nPEG can be nore readily

separated fromthe nonacti vated
Similarly, mPEGs activated with a hydrophilic group can be difficult to separate from PEG

diols activated with two hydrophilic groups, because the methyl group of the mPEG alcohol
is not very hydrophobic. However, it has been discovered that if the A groups of the
activated mPEG and the di-activated PEG are derivatized with a derivatizing agent which
attaches a hydrophobic group to the A groups on both the activated mPEG and the di-
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PEG al cohol. Simlarly, nPEGs activated with a

hydrophilic group can be difficult to separate from
WQPRIB6MY63BS activated with two hydrophilic groupST/US2006/007670

because the nethyl group of the nPEG al cohol is not

o BB B SRy

denvdﬂize@ﬂi-adtﬂb%d% are derivatized with a derivati zing
ent which attaches a_hydrophobi ¢ grou
gfba derivatizing agenhis thaseforea g@uﬁﬂ%@ha%ctf ﬁ'étﬁlah%%‘w@%\‘?%%f oup A

oS BB 0L FR SBpBt e

derivdtz&tion Reewtesibleaiack td e agviting Srdupek ﬁfayraésodaegiesmq:ﬂ whi ch
reacts with the activating group Ataq alter

Non-lipiingspamples ©f stjpblofsaiyBilang peets mﬁ]éldsq,lgq}}gls @jg)énqgf hydrazines

e {50 PR RGOS L ARIORY byt gt
whiclHiRaétwith PRGddhyiss 0. pﬁb@fdﬁhﬁl‘éhﬁe) %Bﬁa&bk@tones and ketals to form
derivati zing agents includeal cohols, amn

PEG hyh‘am@esm(@ogys thipls feig cnaphelens Grgk mwaﬁm%}ﬂ’#ﬁ%m

o T OO S st i

PEG &% fHed kS forheR 0 @ined)) dedifls, Mefonks) ldethﬂsnﬂ%ﬁﬁnﬁdeéy ﬁilplrmﬁ)mes

am nooxys, thiols (e.g, napht hal ene t hi ol

1odoap€amt®s;/\lﬂtsh1fF@E€5(¢T§I cbpmdabdﬁblfﬁsfmgaphw&é?ﬁ& %1}015 to form

e LA By S St

carbohﬁﬂe@'a%ndéﬁihﬁd par8agatey i nyl sul fones i odoacet am des,
di sul fides (e.g. dipyridyl dISU|fIde whi ch react wi t h
PEXhet deriyhiizing agant mqs'aa;efsayahm ynpaatsmeﬁqc&@és chagpefsrishs, e.g. ultra- -

. onat es.. i socyanat es

i e T T

mPE@% YW e RFiChtSledRLivAtEPPEG Se.8. lﬂpan t@bd @etected when it is eluted
aracteristic, e.g. ultra violet chromaphore or

from fhawitestBESyseDY pAnds t sherdd e ﬂln@%rﬁfpﬂé thap EY‘?W%HIIP E@Vaﬂng

EG al I
ol § 5D b ifit bR RIS o) YRGS B o
mond-hétivatedl (e |ng$’E$})QTBm ﬁﬁﬁ’ctwhfedi*ﬂ@irﬁhb entim‘d W]ﬂmﬂaﬁ)gaﬁn it may
even when the activating group S ) A has(

nevewtheflpssi terdesingtle topdrsivatizacthe ety mBEﬁénﬁ}]de agta‘faft?dcm‘eﬁ%ﬂlsmg a
(31‘1Vr ﬁ%lglg ?ltg?})g?léagglﬁggpl ?f‘[%t éé&%%%?taé% c%ﬁlé@fﬁ%cng)tb%g@reger%ted] when itis

cluteAMON A RUiticAE-CE Systerhe desirable to derivatize the
activated nPEG and di-activated PEG using a

derivatizing agent that inparts sufficient detectable

1. ristic to be detected when it is eluted from
CO}ﬁZﬁ@@fi cal LC system CONCLUSI ON

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
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.
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In conclusion, it should be readily apparent that
al t hough the invention has been descri bed above in
WO edoandass Wi th its preferred enbodi nents, it sPOUUS200€007670

understood that the instant invention is not limted
thereby but is intended to cover all alternatives,
nodi fi cati ons and equivalents that are included within

WHATE GCAREEDS ISt he i nvention as defined by the foll ow ng
clainms. WHAT | S CLAIMED I'S: 1. A chem cal anal ysjs
met hod 1f or A eheraicakanalysisinesthest fortiedpienpaytion of

oA G A0 A 56 g

alkyl ffupS AUPh ixEtohAl braus for tagstingiwith HEatmgioz albiologicallytive
material or other thing of use and n is an interger
materjaleaother thingofigse and ms PR intergergreaietthan 0, comprising the step of:

oo SRS SRRLRE uTLE S E SBaB e

df:i08s foededdrinife MERHRIPe &(Rﬂtﬂrﬂ%@mﬂ GBI RHOHA), Arghd
eon AICXSC2H40) nA i n thelm' xture. 2. The mezt hod of C ai r%] 1,

AO(GOiAninRhe orisiuge.s essentially of a methyl group. 3.
The nethod d aj,m.1 erei n. A cogpri
group. “4. Tﬂiherﬂélff%ﬂ of m’dﬁ“:'r ArhsTeiy ReGog ?ﬁ%{%te%e%nglfﬂgyg%%‘eﬁethyl

group.S Propional dehyde. 5. The nethod of O aim lwherein A
I's propional dehyde diacetal. 6. The nmethod of Claim1l
wher ei 8.A i sThesgthet of ClimThwhersichd gowprigysaanaldehyde group.

wherein A is._para-nitrophenyl .carbgnate. . The .

of daitn1 \Aﬂ%‘ method o g’ﬁaﬂ?{% g@eﬁelﬂ%eea[@ﬁhg ge bsr]%tg%lgﬁ%@&g'de'
The netfiod ofhGhRindd bETedisl NwherBIRI$ fopickaldehydeadiacetal.
group. 10. The nethod of Caim1 wherein A conprises a

thi ol of.oup. Thamethod oflldiogl wherginafis megifialeei n A

conprises a djthigl .ar . 12, The,net hqod. i
wher ei nt he ?%&Oﬁéﬁﬁg‘ ﬂrWPSfSH} Ars R%rlg%‘?(gpc?& ?lhéel}b]mate.
RO( C2HAE) NA TThe SeBRUSF AliiaN RheRth Alcdifprieey a fileletmidéIroup.
The method of Claim 12 wherein the weight average

nol ecul @r weThhmetfodtaf €18 THHAGIMA, dogIPgisesanedming ZFOUP.
10, 000 granms. per le..14. hem ¢al an j od
for t hep(g eterl ﬁ’ggg%’gr?féjr}al 8&5’5&&%)08 AP r%g%@?—%g (tr){‘ﬁ)
and AQ( {2H4O0rRéniethad JTiCtAi BwhbRiEATcomMiseed ditlRol roap
12. The method of Claim 1 wherein the weight average molecular weight

of the RO(C,H40),A is greater than 5,000 grams per mole.

13. The method of Claim 12 wherein the weight average molecular
weight of the RO(C,HsO)nA is greater than 10,000 grams per mole.

14. A chemical analysis method for the determination of
RO(CH,CH,0),H, RO(C,H40),A, and AO(CoH40),A in a mixture thereof, wherein R is an
alkyl group, A is a functional group for coupling with a surface or a biologically active
material or other thing of use and n is an interger greater than 10, comprising the steps of:
(a) derivatizing the A groups of the mixture with a derivatizing agent to form a derivatized
mixture comprising RO(CH,CH,0),H, RO(C,H40),AD, and DAO(C>H40),AD, wherein
AD is the derivatized A group; and (b) chromatographing a sample of the derivatized

mixture by liquid chromatography under critical conditions to determine the relative
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al kyl group, Ais a functional group for coupling wth
a surface or a biologically active material or other

w0 biagoesBs use and n is an interger greater thapCL0$2006/007670
conprising the steps of: (a) derivatizing the A groups

o GO O AE 8 TS ORER c Beteivzd

mixtdge C2H40) nAD, and DAO( C2H40) nAD, wherein ADis the

derivatized A group; chromat ogr aphi ng l e
of the deri vEag &@@oﬁpﬁﬁlﬁl@ whpﬁmacemlétﬁﬁf%g%lﬁm}% methyl

Ouunder critical conditions to determ ne the
8O- o] ati veanounts OF ROQ( CH2CH20) nH, RQ( C2H40) nAD, and

DAQ( C2H40) NADhé methbé ofl Cldimal4, sbdrein AtdobeprisdSa cakbenyl group.
met hod of O aim 14, wherein R consi sts essentially of
a met hyl7. gr otike method phE G 1o WhereIAHOmDrises %@ﬂ@Yﬁe Aroup.

Compri SRS 8 FRL R FEIR: 171gvhﬁe£g %maéhgfa e Yfoufli ™

16, mheréln nprirses an ‘af f ou

propioBilae,def C ai m 17 whrei n the aI dehyde group is
pr opi onal dehyde. 19 The nmet hod of Claim 16, wherein
t he deri%ati hﬁ@eﬁ@é@f Clajm16, wherein the denvatlzmg agent is 1-

draln ca i di ni umchl oride. 20. The
(hydﬁ(%‘ff‘ﬂ%aa o] 24 Q%F@Vmw&ﬂ%r%‘?‘%&t he derivatizing agent is
di ni t r ehenyhdindiiddion €laihll6, Wherdi tHeakdriohtiAh@igond #.dinitro
wherein Ais maleimde. 22. The method of O aim 21,

phenyligdiarinet he derivatizing agent is thionaphthal ene. 23.

The nethod o m,1 whe nr.i am ne.
24. Theﬂnet hia {h@fia?r(r%l fﬁh@F énrg]%[“%éﬁ agegfhﬂ@eg“ zi ng
agent i an FhofRtHE o@bﬂ@ﬁﬁ/ﬂl@ whebein THealetwhiang adenClsahio-
14, wherein A conprl ses a thiol group. 26. The net hod

naph8falegeai m 25 wherein the derivatizing agent is ortho

di pyri sul

wher ei g% 'he ié? BWEh g\?erc%lgl rg]ﬁ%éh? 1121% W pgr%a?%tﬂ%%g.
RO( C2HA£).nA The SHeBRIT Cldiain S Wil tar deriRetizii®hgent #%n
The nethod of C aim 27, wherein the wei ght average

aromati¢ aldghyde. wei ght  of t he RO(C2HAO) nA is greater than

10, 000 & amerhe me%d of Claim 14, wherein A comprises a thiol group.

26. The method of Claim 25, wherein the derivatizing agent is ortho
dipyridyny! disulfide. .

217. The method of Claim 14, wherein the weight average molecular
weight of the RO(C,H4O),A is greater than 5,000 grams per mole.

28. The method of Claim 27, wherein the weight average molecular
weight of the RO(C,H4O),A is greater than 10,000 grams per mole.

29. A chemical analysis method comprising providing a sample of a
composition comprising of PEGs activated with activating group A and chromatographing
the sample by liquid chromatograpy under critical conditions to determine the relative
amounts of PEGs having various degrees of activation in the sample.

30. The method of claim 29 wherein the sample comprises polyethylene glycol
compounds

of the formula M[O(CH,CH,0),B]x, wherein

10
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29. A chem cal analysis nmethod conprising providing a
sanpl e of a conposition conprising of PEGs activated
WOWak/02s83 vat i ng group A and chr omat ogr aphi ng PEEUS2006/007670
sanpl e by |iquid chromatograpy under critical
Nﬁl% r%,dsrﬁalllorﬂ8le51(i’le %?Bg){)g;r&?b Jk%ofl@ byith! oY a8 P14 FOnS ffoﬁﬁ@ng with
various de actrvation 1n the sanp
the o@@HZG'}Hg))HBtga@q)spf claim 29 V\,her e| n the sanpl e
conprl ses Jool yet hyI ene gl ycol unds of the fo da
ty fiBpach ogpEFeaCe AR iniesggr QRART O B Bas gidegendently in
WM at least x locations for |inking
eaChggctlu#gﬁ% 1%8%@912%%3@8 groups; n is independently in
xeﬁghmm‘g@ﬂbfgaﬁmow i nteger of one or greater, Bis
I ndependently in each occurrence 2¥drogen or
hy HB&& cntlcal

and ch@n@aﬁogrnplﬁgga synple of thepixgure By diqy

o b PP

degre®b of fivaaby ehithygr@ieAgl ycol s having various degrees of
activation with group A 31. The nethod of claim?29
wherei n the sanpl e conprlses pol yet hyl ene gl ycols

V"hf{/ e tfﬁ%ﬁgﬁfo}’i %% 'cﬂ%ﬁ é/'\l b &ﬁ&%ﬁs\%@&&&hﬂeﬂe glycols

S aRRdre t16OAtRivh YNe E)Sndailt frbm the potyhir chain.
BOQ (CH2CH20) n&@g@%w POB wherein Mis a snall

rm32ec ul Bhe mathOd@f alatraéh efdler%n theoapptscomprissagolymers of the
dan .group conprising B, B is independently in each
hce Hor A, m n, and p are independently
BO[ OEM]&@UHszROBlwhe‘}emS as defined above. 33.
od of any one of clains 29-32 further
M m)erm@l mglagale th@ttls gitased ieetwa Rff Geipndipasts pendant group comprising
degi vati zi ng agent prior to chromatographing the
| e.

B is independently in each occurrence H or A,

m, n, and p are independently integers greater than 1,
A is as defined above.
33. The method of any one of claims 29-32 further comprising derivatizing the A

group with a derivatizing agent prior to chromatographing the sample.
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