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WD 2004/ 022630 PCT/ US2003/ 028221 WATER- SOLUBLE
POLYMER ALKANALS FI ELD OF THE | NVENTI ON Thi s invention

wo zloaves3t o particul ar al dehyde deri vatives ofPCT/US2003/028221

wat er - sol ubl e polyners, and to nethods for preparing
and using such polyner al dehyde derivatives. 5
BACKGROUND OF THE I NVENTION I n recent years, human
t herapeuti cs have expanded past traditional smnal
nol ecul e drugs and into the real m of
bi ophar maceuti cal s. The di scovery of novel proteins
and peptides has led to the devel opnment of nunerous
protein and BOIERePPI-HBLE; Ry ¥ Mide ALKANALS
Unfortunately, proteins and pol ypeptides, when 10
utilized as therapeutics, often exhibit properties
that neke them extFEmE QFAHE INVENTION f or mJI ate or
adm nister, such as short circulating half |ives
i mun B Mvention relatesjo particulag a@é@dg&spw%vesgﬁwar%wpluble
I |
o IR U L aldetye
ddropheesoaceuticals is the conjugation to natural or
synthetic polynmers, such as pol yethyl ene glycol (PEG.
15 The coval ent attachnment of PEG to a therapeutic
protein can pr eWcieGROUNIDSF PAE INWEANTRIES, such as
(i) shielding antigenic epitopes of the protein, thus
r educhnrrgednt years, dwiman therapbutieechdvalexpanslad past éraditignal small

n ste

T N T L

proteals dndlpeptadds Bias 16 theadehelbpmbsofReRrGRGRSteRhnkine

devel opnment of pol yner derivatives for 20 coupling to

Eﬂlﬂiﬂﬁ’ﬁﬂﬁﬁ@éb@m@ﬁ%@bc eré@’ttp@;ﬂly dseteing gad pelypeptides, when
o rivatijyes

RIS e AU ORI iy AT 5L

Iﬁlfohntﬂmdey)nadmdester\/ aidh\% Sh(af eireudtivigiadl lhves aﬁlmunogemclty,

el ectrophilically activated since they bear
@P@Ef g rﬁiﬁgliap?:t‘(ﬁ‘r S%QWSQHIQ%W e Po% apnserchifehimgreying the

%Héﬂlvat | vegg%lrﬁcl udgédgE%ﬂdqﬁPor otri a&?nne a%g&@ajg}:s%e

Qomggytlam t®, naREd @LﬂwnihnilmcﬂymemaSMmaq)elyefP&Gne glycol (PEG).
rbon e, PEG succinimd Succl nat e,
Shelpbdlarfhe soéP%-’bdm@eraaamc. REVIFHTCoP GO § e of
AR I ind
§M|ages SuchQ9€) ShieR Larfilgertip @}t)lrt%ir?k \9/%’[}1‘%8)64# 2@1%’1% Béfﬂkl?lg its
PEYesrlote)iglxdarance apd recognition by the immune system, (ii) reducing

degradation by proteolytic enzymes, and (iii) reducing renal filtration.

i)

Much effort has been spent on the development of polymer derivatives for
coupling to biopharmaceuticals such as peptides, and in particular, on the
development of polymer derivatives for coupliﬁg to reactive amino groups of
proteins. Such polymer derivatives are referred to as ‘electrophilically activated’,
since they bear electrophilic groups suitable for reaction with nucleophiles such as
amines. Examples of such PEG derivatives include PEG dichlorotriazine, PEG
tresylate, PEG succinimidyl carbonate, PEG carbonylimidazole, and PEG
succinimidyl succinate. Unfortunately, use of these particular reagents can result in

one or more of the following: undesirable side reactions under the reaction
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condi ti ons necessary to effect coupling, |ack of
selectivity, and/or the formation of weak (i.e
| i nkages between t he bi ophar maceut i pel/uszod3/028221
the PEG In an effort to overQone sone of these

probl enms, many new or "second generation”

el ectrophilically activated PEGs have been devel oped,

SR 5B PR P AE Lo AR PR, 3582 AT Rion o
‘5"&9@ e2 ddstablesipfapésetyen u% B@byﬂmadamcupmd\ms PEGe

particularly attractive reagents for coupling
pr ot el effedt eroneicoBeSABP OF Hicaa problemse manyBeNY P65 Ksecond

%e%@ﬁltt oft ALK %102{]}' 'él?%r gréiﬁl @G%ﬁzfv% BRE 8Gelo é) d! dich Q@PEG

{tachment c ove- menti oned Treagents
mbpmnaldainydeadd EGoape tldehhidy/ (sea HoEx g dd. sdPatenta\mL d

3 &5h P TP DRl revardi e TR tohotees bR Ctlagy o
ﬁﬂh&ﬁ/e réf%ﬁﬂ@Q& éleBﬂn RHRbieNE an@BEheR bRNTHLEES! Yfce aldehydes -

Al t hou above ot ed derivatives offer many
mdo:xamrﬂ)ageb agymes (F.¢.r &t s¢jectivean therr at’la@lmeagbﬂnstry) t'Hee
ave n sone particul ar drawbacks .of .
e iated Rt Bt R sl S: b PR BE DR Fhaypia
ihB pestléras Bf PEG dal eestamiratidh fe Aivaeitfitieakd bw mbRcular weight
Qg‘%l i cants have recogni zed, in their extensive work

& fmvéabl@ aginetlinkages apoPEEIRling; anldrshyelective. Vidihpugh the

45 OB BB ) R ARRE POl Psc R rgpens
the Slﬁp\hb:ngs ﬁzt\@motdd&bhfeqiarti’omar dravackd6f thesaeldebfde reagents,
m xture. {)artl cul ar, PEG acetal dehyde is very

%‘6%’6&&‘1“51%5 n ifleabini CEHRINARSIYICSS-al dol ~ condensat i on.

PEG ) i
tor novRyt AREEEFY S alflcafts haerillzo i BEint SRAGIE wok
itk these reagetes, tka PECastaddehlyde Brvepcenstabil) parigulatls in basic

r t.i k|n it difficult t obtalnth PEG
e 0P Qs 'O Fes Che Fe etV altiformatiop restlting from
S0 ARl df Yhe eRGioARRKiEE MnSpa@N farf PEOG étQﬁEh%’&query

prepari ng PEG propional dehyde in situ rom [
psesplibledo daBEGizakidy viaddddl gdndenegtiopr dR(E propicahllishyd@Swhile a

bout %
R0l et B B S bR b b Perse
AdeteattidTR AR hn oddul B 1o ep RS Behkpt Bigfid i loQbtEn the
for the synthesis of G propi onal dehyde can be

%‘ﬁﬁlpé%@ml chyde prpductimbighqarisy.yzed reacti OR of
3 t th PEG
ooy WO Riepc AREHCRYAR s Tl bouBE B ot blhar'ii G

prepivhaldehydeuk sinafrem itsgretirdod PEG AlyHyideaydate, ?tdﬂi@ct%@elds

reaction that produces significant anounts o
aFe ggeranenly amﬂtéﬂ% dug, fpsinglingnatignreagtion i sonsumes a

S?%l{lflb&“ hBlt‘tfgﬂ e(l)g BIELal Eﬁgaﬁ.r g%ogémyﬂmgvﬁ%?n&@ i fdute for

erre
the synthesis of PEG propionaldehyde can be employed, i.e., via base-catalyzed

reaction of 3-hydroxypropionaldehyde diethyl acetal with PEG mesylate, the
Applicants have discovered that this reaction route also leads to an elimination side
reaction that produces significant amounts of PEG vinyl ether, which is unstable
and produces difficult-to-remove the parent dihydroxy PEG (also referred to as

PEG diol). Consequently, the yield of this reaction is generally less than about 85
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PEG diol). Consequently, the yield of this reaction is
generally | ess than about 85 WD 2004/ 022630

WEOAOSB03/ 028221 -3 to 90% Mreover, usi ngPET/URBIN3/028221

of the above-descri bed PEG pr@8pi onal dehyde syntheses
requires hydrolysis of the acetal internediate at very
| ow pHs, e.g., at pHs of 2 or |lower. Hydrolysis at
I [ S
A R e R G T L
dyathebs reqmteabiyarcﬂysis of&he:m;ah rareinudiatd\atdicky lwowapliy, e.g., at
couplin PEG ropi onal dehyde to a protein at basic JJHS
REOlh%0 drokysis e SYCH 1o W DkEstis ypdesrallp eﬂm%}ﬁrg
el
IR e 2%%?432%% e G Ract SR8 b HiERACtor
comjupagon. Additi@halby cadpling @IEGmebpmnalalbhydesto deprqnemdlu basc pHs
nej%esmtates xtegswe ur|f| at ion to ?%b ?
PERREpG fiegod ol & signi g camrunts gl @iy figputing

f'i‘&ﬁcit E@6- 1\*11'695&‘()@;53 sileQ€4ction)) '\»thélﬁls |qld1té‘8§fﬁ&ﬂi Rdemple/mer

derivatives conjugatin bi ol ogically active
Fyagon e§ whdmdcmlfahbesie pr s mb@rtatys exsenaneer purification to
qﬁl\éa vesct{1 a%ﬁ sel ective in their coupling

%‘Hms&??““t‘ ?%lggp f)trepared in high yields and in
few remp iHefe &GRPS nedd foi Improveddledtophi¢ally activiledHolymer
range of pHs, (iv) can be readily isolated, (iv) can

dsaivgt egsdprepTweaing ko biglogicplly active rolecwemandzsutineds) v
R
(ki OMb@pﬂ'chﬁl’Eﬂ inlRigh wieldsvand is o raastion ftopse (il pae stabRbver a

above. RY OF THE | NVENTI ON 20 The present
Vidgdmnge % (¥ hes by readilyusolatedi(y) cen bweyﬁvési irghigh pyrity

ety
s YSBEXRREASION ol OE R AE B )
mrcmmmatécq{sommrgofahc tawbatlerd kndwe pphimerderi edtivanaich asf
41 ntlagn are, for the nost part, |ess reactive
eﬁ?‘i‘ PY¥®-al dehyde derivatives and, thus, nore
sel ective. Further, the polyner 25 al kanal s of the

i nvention are prepared in high yield, and certain
structures can b¥UMMAR e@FTHEaH%VEHﬂ“Mforward one

t Cert f, th
deser TisceRE g dPutediet LiniBfe i seb e onds - e
#O1y10Ers léﬁﬂiﬁﬂs@?@ﬂéﬁﬁ%ne dRleh MRt fuN@fonaRtyEodpled L4 PBIYmer

vvlthout signiticant or even detectable anmounts o
segmepL by\pneranore yjerppeing £4rben 81oFs- pr oduct s.  Mor eover

the poﬂ‘%rﬂ‘ao'iyrﬂém%laﬁ oﬂhe 1n96nt10n are, for the most part, less reactive

than prior art aldehyde derivatives and, thus, more selective. Further, the polymer
alkanals of the invention are prepared in high yield, and certain structures can be
prepared in a straightforward one step process. Certain of the polymer aldehydes
described herein are more stable at basic pHs than prior known aldehyde
derivatives, and are formed without significant or evén detectable amounts of retro-
Michael type reaction side products. Moreover, the polymer alkanals of the
invention are formed from the corresponding acetal precursors by hydrolysis under
mild acidic conditions, i.e., under much less harsh acidic conditions than required

for either PEG acetaldehyde or PEG propionaldehyde. Such mild conditions allow
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conditions than required for4either PEG acetal dehyde
or PEG propi onal dehyde. Such mld conditions allow WO
2004/ 022630 PCT/ US2003/ 028221 -4 di rect in situ

.0 alon of .t he er.i atlv of the . .
SR HE Pt 20 B 5 BF e YRR 1P BhvabeiShmich ereips
bephic&d, or thf‘ﬁhkﬂecﬁﬁﬂ tbk%(dtmlt&fht lrétfuﬁing&(ﬁ iAgriéngikblation step.
step The ymer al kanals of the invention are al so

]Bheemiyr@qr alharmlmf the:iniveytionnaak lag Prepawehip hiehi Ruaita making
L

@gmg%h?%g@é'ﬁc{vgré ge(}lﬁg fi SF é)l% ggt s?aﬁg rblo ha armace%ltlcals to

pronjae polynrTofjaygats @oﬁhp@diﬁdﬂs)l‘lasinfgfal puirien ﬁufflelént for

adm nistration to a manmmual i an subj ect. Mre

ahmipisgration fo,2 mammakan subjectt  the present invention is

direc I

st e peb At Zhon ot e sy cHYh ik o apyoter
sihdble peltymec havieg tHeGtrdctuepr esent s a wat er - sol ubl e

pol ymer segnent; X is a |inker iety; z' is an
integer from1 to about 21; ,Ri1jn ®@ach occurrence, is

i ndependently H or an_organic rh i clhl selected from
the group consi sti ngP@EYarky supstituted al kyl

al kenyl , substituted al kenyl, ynyl, substituted
alkynyl, aryl, and substitut ryl; and R2, in each
occurrence, is independently H or an organic radica

'sel ected fromthe group consi sti ng of -al kyl,

|tut | k al kenvyl .. ..
ﬁ]ILtEy Ayl s o B@ iy ?’uthgﬁrequggrgs f, walts ;?Pi‘ﬁ’g %‘B%rssteﬁ%ﬁ?t g isa
Hiikek mohaysp iean iRGaNRes.1 tb Iaeom Q1 YRElin 8idnaahisent, & he
invention will possess certain 20 features. For

adensprentlyld o5 pey prggnicdadipd selgeted figanthe grouptrenpiniingefi abky),
?@oﬁ %alkye 'e%i(]é%rfgges% 1tl§t al‘kg\ﬁi X gﬁ{yllf g%%glrétﬁg 8lekynyl, aryl, and

mmmw;dl arglaafabR]j, 11péz&$&mturrdmcé Heindepenideritly H & aflorganiy

QOEE] Slrstrd e AbRaDeR Jorsiourt ef Bl Ry e dkenstnen

%&P%ﬂzg%h%ﬁ?l’ ARSN P, st funkOMbynH AW, Lrid IdBSetaRearyi"

In some instances, the polymer alkanals of the invention will possess certain
features. For example, according to one embodiment of the invention, when POLY
is linear: (a) the total number of carbonyls (excluding/not counting the aldehyde
carbonyl carbon) present in the polymer is O or 2 or greater except when X’
comprises one or more contiguous (-CH,CH,0-) or (-CH,CH,NH-) segments.
When X’ comprises one or more contiguous (-CH,CH,0-) or (-CH,CH,NH-)
segments, then the total number of carbonyls present in the polymeris 0, 1, 2, or
greater.

In yet another example, according to a further embodiment, when X’ is
oxygen or comprises at least one (-CH,CH,0-) segment and z’ is from 2 to 12, then

1 2. , . . ,
at least one of R™ or R” in at least one occurrence is an organic radical as defined
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25 segnents, then the total nunber of carbonyls
present in the polyner is O, 1, 2, or greater. In yet

when X s oxygen or conprises at |east one
(-CH2CH2O- ) segnment and z' is from2 to 12, then at
| east one of RL or R2 in at | east one occurrence i s an

organl c radical as defined V\Dﬁ i) 630
beYe oo 08)re spheterobifusbonalowherg 0%? §orBpriges a reactive
% %p&fetaﬂﬁﬁams\dlsnwd%@m conprises a reactive

at one termnus that “i's not hydroxyl. The
pol ynEhe mlkamadllsamtscprowideh hereiainmaypopsgse aseaesa mnybayfof a
r of .overal tries.or.structure to he
BB faetonich o SRt dBa P RPLiT e BFLfR b, Theferably,
m&{‘P(ﬁg{Ys bﬁn@rﬁe@n%ﬁ ‘éuhérl'(f:)r!lt RiabtAE of R} 0AR? if@Y¢asPRe Of

R1 or in at east one occurrence i s an organl C
¢cadrrc,rme ingn okghnigaedied ay éefajred(abpye og (i) X8 Ilmni@@s ~(CH,CH,0)s-

FREF R B tBB sl R bt BORY i Hoie

wbides. NallierRkiyely\MyBén POLY ik Sraatigsdcdndpossessed @56 pSEaRr b,
ynmer arnms, then neither polynmer arm conprises

5?'9/ geitheaBolymer amn GOTHRRLSS GAYES S the kY hetgroatas imipe jirstanee
%Xﬁ@éérﬁgéseécc'ﬁ ess?graﬁ&fﬂém point. Generally

speaki ng, ana of the invention
poss eGSneaall}eipealohgmﬁe pblgmer alkarfatd dfsheninvbntioropssess at he
followng r z' IS 0 bout 2 to 21, from
%%mre yhrg 2 palspigp 8869{ the fpvane ginees o7r2n1%frf”6‘ Bk t0 21,
BoRP1oRAY FbfrideBl PIEPEW: R 3 & alife i nvent i on, the
Ifnymar has t 15 st ructure: POLY X' i
4- i I3-one partiCilaremBRdiRENRAf the mvemmmr ehdq»:alymemas tieach
Rl, each R2 and R3 are as defined above. In the 20
%ing structure, Cl indicates the al dehyde
carbonyl carbon; C2 indicates the carbon adjacent to
or a (alpha) to the carbonyl carbon or d; C3
i ndicates the carbon Pdto oncE rerfpved fromthe

car bonyl c&g _in (b t_)_ osj,tion; and C4

i ndi cat es the car on om *h thfé y position. Polynmer
al kanal s having the oagr algz R2

[-A
where POLY, X', each R', each R? and R? are as defined above. In the

preceding structure, C; indicates the aldehyde carbonyl carbon; C, indicates the
carbon adjacent to or o (alpha) to the carbonyl carbon or C;; C; indicates the carbon
atom once removed from the carbonyl carbon or in the B (beta) position; and C4
indicates the carbon atom in the y position. Polymer alkanals having the overall
structure depicted by I-A are generally referred to herein as polymer butanals. Iﬁ
preferred variations of formula I-A above, R! attached to C, is alkyl, and all other
R' and R? variables are H. Preferably, the R! attached to C; is lower alkyl.
Alternatively, the polymer alkanal corresponds to structure I-A above, where the R’
attached to Cj is alkyl, and all other R! and R? variables are H. In yet another
preferred embodiment, the polymer alkanal is described by structure I-A where the

R! attached to C, is alkyl, and all other R! and R? variables are H.

according to a further enmbodP@EDE2003/028221
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w@toofiozassed a | - A above,

structure depicted by I-A are generally referred to
herein as polynmer butanals. In 25 preferred variations
Rl attached to C2 is al Rgl/USHNE028221
all other Rl and R2 variableg-are H Preferably, the
Rl attached to C2 is lower alkyl. Alternatively, the
pol yner al kanal corresponds to structure |-A above,
where th attached to..C3 js alkyl,..an L) ot

1 ol YR dher RepBaias pobRaiment japhvitts Rl o shs Bidlen
QRO$HndE B forfnliR 1P d/piREesddskanaliitiofaldafsoniabanl ibthe alkylene
structure |-A where the 30 Rl attached to C4 is al kyl,
chaih when eommaredro staeturd-Aaln Hiy embegimeny (septructure I-B

R0 S2R ETRETR  Blh B e e

HNVeRtdatnelyCatheetp Ridsadtedto Oyot €, Is allyichndediseads aad R*
addi tional carbon atomin the al kyl ene chain when
kfa¥ Ho structure 1-A In this enbodi nent (see

struc - ' Jin : 6t fedR!
s al pyfcEatof g8l bmbfdiniche Aoty (AhAED S 5
aMatkeedtatGiehikyl, end deothehR' id R vaibled atedd Gee otrucidrei IsC

al kyl, and all othe and R2 variabl es e H .|l

Fat bR Nsbi ONE B 4 R FBOE MRS PCaGT s Oha s Tkl
drarMbeRer'R! 2hd R*SarabitdGel attached to C2 is al kyl,
and all other R and R2 variables are H (see structure

| - C THermilymer alkangl mcccardhnce vattefoohulaeinRertgiarengivdigents,

ttached.to C3. C4 .or, C5 | | kyl 1 I
R TG i acbubla sihendly By ooty RECH:-Py LRS-
GCQOHIRMECO}-R-{OHMY, ¥htre d rangR Fioh Per8 iPOADHROL NH, or S; ¢
possesses a | inker noiety described generally by the

if Qranlp b rangeskpnczers tq Spipngesdrom garpizg By Mris -NH or O; K is NH

GO g HB o, 1l VAR IERRILO B Qb
lirekegefallingavitide this gemefhil fddmuda arblidesaiib8d inkgresteNigtdibbelowO;

g ranges. fromzero to 8, and r and s_are each
i ndepgl?fdyﬂaer oty may opkpratlyrinddudg angligogerig segragntwi t hi n

: | . . : .
okeSpdiffy Blind BRGNS RTACHEOR’ bOICH CHINARL SindEbThY 5 are
@kh jgaleperidente g ne2d. Peferas pdnatidgedch indepersdentlg range from
SERHb DB o AT §+eD TPEREETcTP BT BRSO BodoGbRc These
SINPSEREBIAREL YroviRORIdE N $obif g&hle]amags%fttﬁegﬂth {g)gnéand

more preferably range from abou to abou
a$a prowde iadvdnitagee imsthp synthetis racttipdal ogyafor ptephiing the potymédrs, to

Sbanieedl mar GBS Rihet o met hadol oby 1 or pr epari
gy for preparing

the p®latePhrdiculafly, in certain embodiments, X’ comprises a moiety
corresponding to the structure:-(CH;).-D.-(CH;)sP- or -(CH2)p-M;-C(O)-K-(CHy)¢-
T-, where P and T are each independently -(CH,CH,0)s- or -(CH,CH,NH),, and b
and g each independently range from 1 to about 20. In a specific embodiment of a
polymer alkanal in accordance with formula I, X’ comprises -C(O)NH-(CH,),.
«NH-C(O)- or -NHC(O)NH-(CH3); {NH-C(O)-.

Preferably, the water-soluble polymer segment of a polymer alkanal of the
invention is a poly(alkylene oxide), a poly(vinyl pyrrolidone), a poly(vinyl alcohol),

a polyoxazoline, a poly(acryloylmorpholine), or a poly(oxyethylated polyol). In a
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be described in nore detail below Mre particularly,
in certain enbodi nents, X conprises a noiety 25

wa@oeomezwendi ng to the structure: -(CH2)c-De (CQLYyUST03/028221

r -(CH2)p-MC(O-KS-(CH2)qg- -T--, where P and T are
each independently -(CH2CH20) b- or -(CH2CH2NH)g; and b
and g each independently range from 1l to about 20. In

ég%gr?g g&dggdm%éﬁ%ﬁn&f ie@n&ﬁﬁs%@ﬁy(ﬂkgﬂﬂébmhg) preferably

pd@Hykéne@HRPD. 6NH-C(O) - or
-NHC(ONH- (CH2) 1 6NH-C(O) -. 30, Preferably,

wat er ASKHIHBE & PR gARdIBER A PObcthY gRe §Er) %ﬂ%&?ﬂ&?f’“&?“ses
thb @m% &Iﬁerﬁ S(ﬁ@zdﬁ’zd’}n %sz(c[%bﬁmec%cﬁg) whereﬁpllaxge@fwh
pyrrolidone a pol’'y(vi nyl “al cohol) a pol yoxazol i ne,
abopo 1§ {caaboyt 4300rmmd Zhis laim@gty compaisinglayfpnotiopalhgrbep sadected

BRRHEL b B R0, E LI 288

a@ M{eaﬁxléma@@?hté”ﬁbﬁfﬁa}md@ rserf&ﬁ@hhm cﬁﬁbyy}(lf%tdéid R0Eyanate,
@q{ Accor I Ng to one enbod |rrent
igethiacy

M‘*,W @N¢@d9@$1?1®dgmﬁlsﬁmrdlwe@yndh@ vmylp\mdme
OB i Bephlie o i LB PR T ot ang " °

fi@dredcyinconpri sing a functional group selected from

P/ am no, ester,
car boﬁﬁ?@atl‘éﬂlﬂmmaalbﬁéﬂwﬂal ya£appedawih apgndiganpjnengiety
RERL, HRLRE subitin @l ols] aenyIBR(, 8K o Akcfiiony gliymyloxy,
substytheed| aﬂkymgloxgh aryliocnp,wnkidubmmtvd ayylgxyt iPdeferred end-capping

d t I I I d,
BRBEDACI D OBy AR, SEOTB PR dor escar m.
Al t er gahdriif), POTRCho%s Y p&ﬁ%ﬂ;ﬂd&ﬁi L:mg@o%ﬁlﬁ%ae@ Fdhin

end- cappi nd noi et such as al koxy, stituted
witkioyope of tHednllowing rangeks frpmuatbedt hﬂG(@hphsambout 100,000

AT s YRR B R LG5 B 00

dAMohy eeabdat FRB00 diohe Xl%efe@ﬁ:d M@&N&r@fiﬂéses]fér FONgT atlude 250
PCLY possesses a nom nal average nol ecul ar nmass

dadtons. 390 dalterts AQodkatons, k ke, DDV kg, 16KBestS KpoR0 kDa, 30

about 100, 000 daltons, from
@%3@@%6$%@§n0§%¥0 %ﬁ% Gt 50, 000 daltons, or from
about In2yed BibthétPattiRiBr bMbadigiént, 3b g1k Habof the invention
Preferred mol ecul ar masses for P i ncl ude 250

GPRMRIiSASthesSHBCHEY t ons, 750 daltons, 1 kDa, 2 kDa, 5
kDa, 10 kDa, 15 20 kDa, 30 [ 1
RI 0

II
wherein POLY, each X', each (z'), each Rl, each Rz, and each R? are as

previously defined. In a specific embodiment, POLY is linear and the polymer is

homobifunctional.
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20 kDa, 40 kDa, and 50 kDa, or even greater. In yet
anot her particul ar enbodi nent, the pol yner al kanal of

WO b@4iomeant i on  conprises the structure: H C Xi/AUPOLY028221

XCCH L_ |J R Z RZ 11 -3 wherein POLY, each X,
each (z'), each R1, each R2, and each R3 are as
previously defined. In a speci fi c errbodi ment , PC]_Y IS

[ nea nd .t ctl nal .

b004, 525454 Bovd BeimeseR ot Mg Dea PRty abobmay e
pokaseBAY SELHBRberVdflgBbmetiBS, sBeH ymeaalbk@ﬁaéd Seked, multi-
possess any of a nunber of geonetrles such as Ilnear

med coredendrite, ke e deagribed ingreaser, degnil edOMr i t i c, to be

embodt BT FRAE bk TrisnSh BnaE OB it anai s
Sorfespardisoiodhd hllovidd@nicalrésoWi ng structures: O [Ru O

n 1l IPEGCH)aNH (CH2ZCH2Ob i R2 z'_ III-AORO 11 1
11 PEG (CH2)a-CG\H - (CH2CH2NH) g |-R'C CoH R2 z' | V-A
10 In the ﬁove giructures, PEG ol yi( et hyl ene

gl ycofP§G 2o~z Ny C2EH b enffentiy 0 to 20,
alsOt06 For generalized str [ [
this section, variables corresp 0 ranges/val ues
previously provided unless otherwise noted. In a
specific enbodiypat, a pol yner al kanal in accordance
with the

t
PEG—(CH,),;——C-NH —(CH,CH,NH); —|C —H

IV-A
In the above structures, PEG is poly(ethylene glycol), and b and g are each
independently 0 to 20, ais O to 6. For generalized structures provided in this
section, variables correspond to ranges/values previously provided unless otherwise
noted.
In a specific embodiment, a polymer alkanal in accordance with the

invention corresponds to the structure:

il |
PEG —C-NH —(CH2CH0), cl;4 Ca—Cp—Cy—H
III-D

One particularly preferred polymer alkanal falling within the generalized

structure III-D possesses the structure:
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15 invention corresponds to the structure: O HHHO

PEG -C-NH - (CH2CH20 b - &4 C3-C2 1CG-H HHHIII-D
w@e@4022680 cul arly preferred pol ymer al kanal faP¢T/n§2003/028221
within the generalized 20 stOucture Ill-D possesses

the structure: WO 2004/022630 PCT/ US2003/028221 -9- 0
CH30- (CH2CH20)n-C - NH (CH2)4 O
CH3O ( CH2CH20) n- C- NH CH ‘
-C(O HN- (CH2CH20O) 4- CH2(CH2) 2-CHO I11-E According to
anot her aspect, the invéhtion is directed to a
conposi ti on ch,@@HRCH D) F—aNwat er - sol ubl e pol yrer
having the structure: HO RALY X CICGH | HZ VI
where the conposition is abjeft detectable amounts of
i odi ne- cont ai ni ng spe&i es o 10 retro-M chael type
reacti on pcrydHCHECHPHCS NHS—Pid r—+ €U CH,CHeM)a P HAGE P EHO
since iodine-containing species can lead to
degradati on of pol y(gi.pyl ene glycol) chains due to
chain cleavage, resulting in a polynmer product having
a hi gAcpudingits perthdrtagpecy, ahaiayengiog.is digeated tora comgposition
around 1.2. Preferab yer al kanal of the
e o ru g 2ol e BBE S BHETS val ue of 1 ess
than about 1.2, preferably less than about 15 1.1,
and even nore preferably | ess than about 1.05. Even
nore preferred are pol ynmerydl kgnal s such as those
descri bed herein charactef|edlby a pol ydi spersity of
1.04, 1.03 or |BRQEY—X [?J C—

z

H

VII

where the composition is absent detectable amounts of iodine-cbntaining species or
retro-Michael type reaction products. This is particularly advantageous, since
iodine-containing species can lead to degradation of poly(ethylene glycol) chains
due to chain cleavage, resulting in a polylﬁer product having a high polydispersity
value, e.g., greater than around 1.2. Preferably, a polymer alkanal of the invention
will possess a polydispersity value of less than about 1.2, preferably less than about
1.1, and even more preferably less than about 1.05. Even more preferred are
polymer alkanals such as those described herein characterized by a polydispersity
of 1.04, 1.03 or less.

In accordance with yet another aspect; the invention relates to a composition

comprising a water-soluble polymer having the structure:




10

15

20

25

In accordance with yet another aspect, the invention
relates to a conposition conprising a water-soluble
w@odgnexedhavi ng the structure: 20 HO POLY X PeUS2001/028221
-H1 HZ WO 2004/ 022630 PCT[ p2003/ 028221 -10 where
POLY is a linear, termnally end-capped water-sol uble
pol ymer segnment and the conposition is absent
det ect abl e anpunts of di al dehyde pol yner derivative.
where X X isghiinear, sarmipallygmdiqappeshw yiaitolullk Balymer sgemeant and
th8 %Sﬁhlﬁﬁ{?od & bhGt ﬁetﬁ&tgﬂh lahdo¥ints 3 gialdeﬁg&r dl?cﬂﬁnéxt @Rivhiite/
I'n conparison to other known pol yner al dehyde 5
conpo®n¢ addisonaFfaatuex afyhe @ol ymepallcieas bétheiimvengomis their

|y | kanal i tion.that ibits .10% I
Gial Bk ol e SaNgan SHEP I AR UE" SPOULDUNER SHhER
&mpRitidas [ Por ckampry ?rovﬁi%ddﬁ?e@ﬁ W \eflyRyr MRal dinposition that

preferred enbodi nent, the conposition of the invention
ounlptsi 96 onlesgdsigratetiombkiha ablyoer nidehydeciroup when $tered at 40°
é%lli)ﬁng'st uctura‘: HHHOI I Il POY X - 4 i
Tenlxdayy asgstepmipedibyYMR- | h an even nore preferred
e”t’OdIn%l%ferﬂeH cADBENERAN GRe &Iﬁﬂ%nsﬁidnt&ttlk’e’ BvefltionRomphses a
PCLY possesses the structure Z-(CH2CH20) n CH2CH2-,
palgmer dkanal corrasperdingto the foHoabugistructure:o about 4000,
and Z conprises a fungtiopal ggoupg targeting noiety,
reporter, capping grojyip, dr the |liKe. Another
conposi t i oPOfF—tHe—+n@ent-Comc@mr-iCsedd a pol yner in
accordance with the $trudturel 11 11111111 HC
i i 1-O(CH2CH20 ~,-CGlecH - U1 1 1 CH

VII-A.

In an even more preferred embodiment, in accordance with structure VII-A,
POLY possesses the structure Z-(CH,CH,0),-CH,CHj;-, where X is O, n ranges
from about 10 to about 4000, and Z comprises a functional groub, targeting moiety,
reporter, capping group, or the like.

Another composition of the invention comprises a polymer in accordance

with the structure:

O H H H H H H 0O
I I I I I I I I
H—C c|: cI: (IJ—O—(CHZCHgo)n-CchHz— o— ? cl: cls C—H
H H H H H H

VIII

In yet another aspect of the invention, provided are hydrate or acetal forms
of the above-described polymer alkanals.

Acetals of the invention include dimethyl acetal, diethyl acetal, di-isopropyl
acetal, dibenzyl acetal, 2,2,2-trichloroethyl acetal, bis(2-rﬁtrobenzyl) acetal, S,S’-

dimethyl acetall, S,S’-diethyl acetal, and dioxolanes.
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20HHHHHHMII 25 In yet another aspect of the
i nvention, provided are hydrate or acetal fornms of

wo b@4abwse- descri bed pol ynmer al kanal s. Acet al sPOf/US1903/028221

i nvention include dinmethyl acefal, diethyl acetal,
di -i sopropyl acetal, dibenzyl acetal,
2,2,2-trichloroethyl acetal, bis(2-nitrobenzyl)

acetal, S, S - dineth acet al S, S hyl acet al

ond Morshaieus e ol i Bogisl Bev b zola RS5O they
iNDERioRGhdy Mé&ﬁ%d @He@ﬁf%ékh%llb&ﬁ(g%ﬁc&% m of a

pol ymer al kanal ention nmay be descri bed
generally by the follomrng structure Rl WVAR3 POLY X
CCl WRa R Z. H 5 IX we d W are each

i ndependently 0 or S, and are each

i ndependent |y H or an or adl sel ected from
the group consi B¢ ng ot hyI », i sopropyl,
benzyl, 1,1, 1- trlchoroet 4 anﬁ nltrobenzyl or when
taken together, are - 2 ol - (CH2)3-, forming a 5
or 6 nenbered ring mhen E§¢S|dered 10 together with
Wa, Cl, and Wb. The poly acetal s are useful
WREE UWS ahé Ward Beh imd @m:hﬁ o ot ©1&nd RYaRd ROBre cacdl can

be hydrolyzed to yi el gmﬂ ynmer al kanal . I n one
@denqné@ntbfrHeqmmrmm radjga qul fram he,groep casisistipg ef

Iﬁg h&l‘?fhﬁi‘ ?%dp{ﬂfg@'l ttEISZ)ﬁX{ ,X,(it-tﬁ r Vl?%ri)’de HIFQU%IZ§ o?w%elw)aken
eE&heabrel SCHDQ‘» draydHg;- pfdnmn"gat mﬂ Gﬁﬁnibéred(rﬂgli'hen considered
car bons gpar at i r\r}gbthe acetal or_ al deh de hydr at e

tﬁsrtbrro\ﬁlﬂbw t fre 38 Y c uThe ralwReragetalsi arkusetul precursors of the

alkanals of the invention, and can be hydrolyzed to yield a polymer alkanal.

In one particular embodiment, provided is a water-soluble polymer having

" the structure:

3
vl WR
| , ,
POLY—X' C Ci—WbR4

4Lk

IX-A

In structure IX-A, the alkanal is one having only methylene or -(CHj)- carbons
separating the acetal or aldehyde hydrate portion of the molecule from the linker,
X,

Further, the invention is directed to conjugates formed by reaction of a
biologically active agent with the herein described polymer alkanals, their hydrates
and/or the corresponding alkanals.

Preferably, the conjugate corresponds to the following structure:



20 Further, the invention is directed to conjugates
fornmed by reaction of a biologically active agent
wowdonordeso her ei n descri bed pol ynmer al kanal s, tPel/US2003/028221
hydrates and/or the correspoming al kanal s.
Preferably, the conjugate corresponds to the follow ng
structure: WD 2004/ 022630 PCT/ US2003/028221 -12 R1 H
I POLY X C C NHDbiol ogjcakly active agent R2 HL -1
Z, where "NH biologicallypadtygve agent" represents a
bi ol ogically active agent | dqofrpri sing an am no group.
5 Al so form ng pant—efxthe Hr eseNH-biolgidall9act@vecagent
hydrogel s fornmed fromthg; Hetein descri bed pol ymer
al kanal s or their precur séﬂvs.Hl n accordance wth yet
anot her aspect, the invepttqn, provi des protected
al dehydes reagents. Thes€ prétected al dehyde reagents
are particularly useful for formng the polyner
al kanal s of the invention, and correspond generally to
vhese I H-biolagigatly astiyargent aepresents\galrglogcalty aptivammgnt R2

%ﬂ@sﬁg-ﬁ%n&ggﬁp.(}(WGﬂNm CCl WR4 15z, R H

Also forming part of the present invention are hydrogels formed from the

herein described polymer alkanals or their precursors.

In accordance with yet another aspect, the invention provides protected
aldehydes reagents. These protected aldehyde reagents are particularly useful for
forming the polymer alkanals of the invention, and correspond generally to the

following structures:

H
XI-A
R 1 WaR3
|
G—(CH2CH,NH) ? Cr—WPR?
R2 |
» H
XI-B

R
I

G— (CHCHo0)y C|3 Cr—W?PR*
R

XI-C
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30

G (CH2CH20b i G WR4 RRZ'H 20 XI-C WD 2004/ 022630
PCT/ US2003/ 028221 -13 where Gis a functional group,

wa@ar@4ks30 enai ni ng vari abl es have the val ues setT/U820051028221

above. In preferred enbodi nenl3-of structures Xl -A B,
and C, Gis a leaving group such as chloride,
brom de, para-tolylsulfonate ester, nethylsulfonyl

?ﬁér?lr(a g?oliélfnﬁgcinﬂpé@ﬁﬁ,yz{nﬁ%{% &ﬁ{aﬁ{ﬁ% %Hjables haye the C\galues set forth

ernatively
fbhavet i onal group sel ected fromthe group conS| sting of
and giné)t ected fqr t her eaf , Anot her

- OH . -NH2, ]
aspech MFF%% embodimentyofistruiures Xy B.aingd Gl icdeq'dng group
AIBRALHIBE AR br&ﬂfo%r pae |tMPis§lf&9Jté’é§?€r ﬁl:ﬂﬁ?ﬁ@ifonﬁ ragﬂepna' ly

In protected form Brie e neth 10 i"ncl
trifblosctsekfen)déstareaut mlﬁlgomemsslfosyilestbt e poI ymer
conpr i gact i ve

o e Gt nRRoter Bi SFierh O MPim e atispiboBsistipe of -

dPr, -NH; hSH, idpbteaitd farrhe@elecble group, K, suitable for
di spl acement by or alternatively, reaction with'Y,

under Aaethen aspeitof drerinventipa i dirdcinditp 4 methed fos @rqmn@g a
ng{ely g@[lblglp%g)?x?er alléalgalp Bgtgoﬁ% lg gl} é)rg{emreél afgrélﬁl ?B% etaer mﬁ%}oﬁ

inckidad tha @&bs porehtting maﬁehﬁ)lﬁbla poblypie® d@tﬁpmmﬂg atfeast one
precur sor theret o. Preferably, the reaction is

FeAFt VeeIOW Y » (¥ithed Pratectedakanak igageph eoraprising fam abguic 1020
@JTP&gétgﬁgtand P %Xfl%%foﬁg{’%gsglﬁﬁﬁg f&ydlgill et nt ‘%y (t)r alternatively,

ynmerization may al's
mddnctri witialY, sthdep cofiditigily effegtiverw fohe a vmtﬁtsehiblicboAﬂhafalkanal

| ubl | al k , €e.qg. di
@89{5&6%936 b 15 it o 6 Bk 0D 6 Rl aorass o
gHe zﬁkaﬁﬁﬂ?&»moh Bf thePirfal Hroled, &Jﬂoﬁ@éd}?&%e&é&e

hydrol yzing step is carried out at ‘a | ower
t han Hlf@fmlabls, th@r@@t@@t saafredrost wider he nwlrﬂmmakphemagent

for l ude tal s such as

i et A Bl embpEpt 2ot 35 1 ionEE Ry g Beedpation.
di bentiyd mamet %{a alsddinélude ﬁretaﬂdl@lhhﬂrsﬁé%td'ﬂhlydﬂﬂ i the

bi s(2- nltrobenzyl) acetal, S, S -dinmethyl "acet aI and

mowctedi watersolublsepalymeralkanab C&ﬁ:étﬂdblsacaild cenditions, to form the
EJHe%fil&l%ﬁr?é water soluble polymer alkanal.

In a preferred embodiment, the hydrolyzing step is carried out at a pH of no
lower than about 3.

Protected forms of the alkanal reagent for carrying out the method include
acetals such as dimethyl acetal, diethyl acetal, di-isopropyl acetal, dibenzyl acetal,
2,2,2-trichloroethyl écetal, bis(2-nitrobenzyl) acetal, S,S’-dimethyl acetal, and S,S’-
diethyl acetal, cyclic acetals and cyclic thioacetals.

In yet a further embodiment, the polymer alkanal thus produced is recovered
by raising the pH of the reaction mixture to from about 6.0 to 7.5, extracting the
polymer alkanal into an organic solvent, and removing the solvent.

In a preferred embodiment of the method, the water soluble polymer
corresponds to the structure, “POLY-Y”, and the protected alkanal reagent

corresponds to the structure:
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In yet a further enbodi ment, the pol yner al kanal thus
produced is recovered by raising the pH of the

WO e@aen2ws0 m xture to fromabout 6.0 to 7.5, exeCEHUS$I0NF028221

the polymer al kanal into an-dtgani c sol vent, and
renoving the solvent. 30 In a, preferred enbodi nent of
the nmet hod, the water soluble pol ynmer corresponds to

the structure, "POLY-Y" 33 prot ected al kanal
reagent corresponds t tructure WD 2004/ 022630
PCT/ US2003/ 028221 - 14- ﬁ Cl-WR4 R2 H

hp b?és a pol y(ethyl ene

z' Xl -D Preferabl yI,<
gl ycol) that may or term nal ly end-capped.

5 1n one particular e of the nmethod, POLY-Y
conprises the structure Z CH2CH20) nH, vvherein nis
from about 10 to about 4OKI} and Z is selected from

t he g{,ﬁg{%@o,%ﬁg Wﬁeﬁpoéﬁg‘&%%gzﬁg%ﬁ B éfé@%y or may not be

@ﬁﬁn{a\;eﬁdtmeatructure Z- (CH2CH20) nCH2CH2OG- M+, where
PCOLY-Y is prepared by anionic ring-o

pol ynByoneziartisylasembegimeat ef the mstlilczﬂePE%Iﬁn I anﬁﬁ’“ﬁlli’éescthﬁ)ped

rrel"{%g"f}? Z?@&%%g*@ %té %{hee ?eﬁnn ﬁa&gﬁﬁg r toil}ﬂ togl? 8‘%%(@@%@ S

WIédnechrsxhrtmgobpsmsthg of e()C(HsemGHﬁfmgshmi -@OH(Cgi)01n a

e Smbaiments POLISY ompEisthe W‘E‘l%r\ﬁ(_zpf‘égﬁi TR

M:-’aQ/ﬁEFe PO FI8515 dlﬁbé?l‘(&uc fing e p@yfdfib RN of ethylene
SR et Py EE Ve

particularly pr enbodi ne cover
oXikdensto ammdabm@dtal@hbkatn sl seclaamZJ-m}bCHzOuW gprepaed by

metalietoph Sl il Gt il G ERErHED B o b o

reptdiests a%Y ch&@ﬁé@%ﬁ%@Na‘* KPES, cdf ®b*, POALY-ySthh®
say, POLY-Y possesses the structure HO (CH2CH20) nH,
pigpared ks then suitable for reaction with a protected alkanal reagent as described

above.

In yet a further particularly preferred embodiment, the recovered alkanal is
absent detectable amounts of unreacted POLY Y (e.g., Z-(CH,CH;0),H) and retro-
Michael type reaction products.

In yet another embodiment of the method, POLY-Y corresponds to PEG-
diol, that is to say, POLY-Y possesses the structure HO-(CH,CH,0),H, wherein n

is from about 10 to about 4000, K is selected from the group consisting of:

0O O o) o)

1] 1] 1] ]
Cl, Br, CH3_©-|S|;— , CHS_ISI_ CFg—ﬁ_ CF3CH2_ﬁ‘—

o) ) o) )

and the method results in formation of a protected polymer alkanal having the

3

structure:
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20 is fromabout 10 to about 4000, K is selected from
the group consisting of: OOOO 11 11 11 11 d, Br,

w@EkB4822630 CH3 S- CF3 S- CF3CH3S- 11 11 11 O Cea/0S20a31028221

the method results in formattbh-of a protected pol yner
al kanal having the 25 structure: W) 2004/ 022630
PCT/ US2003/028221 -151 OR3 i RBRI  RL4 R40 _Hi-

O (CHRCH20Nn i HOR R2 z' z2 Xl 5 Inyst

anot her enbodi mrent oforheRhet hod, POLY-Y c i s@8%t he
structure Z-(CI—QCHZC%o,l erein nis fro out|_1_0 4
to about 4000, BHI—Z G pkofe@ed(CHagte@xyT.§ TIn At s OR
instance, a preferred e ég ment of the met

i ncludes deprotecting t votected hydro giter

the reacting step, optionally followed by converting
the term nal hydroxyl of the poly(ethylene glycol) to
a functional group 10 other Lgﬁn hydr oxyl . Exanpl ary
functional groups include am n®,~ ester, carbonate,

al dehyde, al kenyl, acrylate, nethacryl ate,

acryl am de, sulfone, thiol, carboxylic acid,

| socyhryet euqthgmtﬁwb?qm af the mathed, rHéHeY -Yoéamyprisas fh@g@ucture
GEREEROLER Bhessit M R pbnliin s 45 660,34 258 pRf ey

hydeax il hein Hiis eHsiPe, aGféfefrbd BRAbOdininhyCthe xiéHoaGhdladdsdy |
ester, benzotriazolyl carbonate, am ne, protected
daprefecting thg petgctesHiydranydiafierithe reaeléng step, gpiertadiydeldowd: by

é’o%t\'e%%ttﬁee{enﬁfm%m of Ihetp%fy(iatﬂyl%ﬂé %8'901) to'a fdn@tig)rgl'gfoup

other than hydroxyl.

Examplary functional groups include amino, ester, carbonate, aldehyde,
alkenyl, acrylate, methacrylate, acrylamide, sulfone, thiol, carboxylic acid,
isocyanate, isothiocyanate, maleimide, vinylsulfone, dithiopyridine, vinylpyridine,
iodoacetamide, and silane. Preferably, the functional group is selected from the
group consisting of N-hydroxysuccinimidyl ester, benzotriazolyl carbonate, amine,
protected amine, vinylsulfone, and maleimide.

In accordance with yet another embodiment of the invention, “Y” in POLY-
Y is an ionizable group or is a derivative of an ionizable group such as a carboxylic
acid, active ester, or amine. Preferably, POLY-Y has been chromatographically
purified prior to use in the reacting step. In one particular embodiment, POLY-Y is
purified prior to use by ion exchange chromatography. Ideally, such
chromatographically purified POLY-Y for use in the reacting step is essentially
absent detectable amounts of polymeric impurities. In one such embodiment of this
method, POLY-Y is end-capped, and is essentially absent detectable amounts of
PEG-diol or difunctional PEG impurities.

Alternatively, in practicing the method of the invention, the alkanal reagent

comprises the structure:
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Y is an ionizable group or is a derivative of an
i oni zabl e group such as a carboxylic acid, active

w@30e/022660 am ne. Preferably, POLY-Y has been PCT/US2003/028221

chromat ographically 20 purifiggl-prior to use in the
reacting step. In one particul ar enbodi nent, POLY-Y is
purified prior to use by ion exchange chronmat ography.

I deal Iy, such chr graphjcally purified POLY-Y for
use in the reacting gtep éRessentlaIIy absent

det ect abl e amounts|ofl pol ymeric |npur|t|es In one
such KeretzGHaN) B WeB* POLY-Y is end-capped,
and is essentially aé§ nt |detect abl e anpbunts of 25
PEG di ol or difunc . HEG i npurities.

Al ternatively, in pract|C|ng t he nmethod of the

i nvention, the al kan®&l-Freagent conprises the
structure: WO 2004/ 022630 PCT/ US2003/028221 -16 R1
WAR3 K- (CH2CH2NH) C G WR4 R2 , HZ XI-For 5 Rl
WAR3 oK- (CH2ZCH20) b C G WR4 1 R2 ZH Xl -G where g and
b each independently range from about 1 to about 20.
As an 10 exanple, a preferred al kanal reagent
corresponds to the t1 ctww§3 Rl OR3 NH2-(CH2CH2O b C
G R4 R Z HX nd the product of the

rea%ﬂgcﬁta_pot))oss S% t |1§_&ﬁ,ﬁgr alized structure: O
R2 H

z'

XI-G

where g and b each independently range from about 1 to about 20. As an

example, a preferred alkanal reagent corresponds to the structure:

R1
|
NH,— (CH2CH20), C C OR*4

XI-H
and the product of the reacting step possesses the generalized structure:

R! (|)R3
: it |
PEG — C—NH— (CH2CHz0);, <|: Cr—OR*
2 |
R H

IX-B

In yet another approach for preparing a polymer alkanal of the invention, a

polymer alkanal as described herein is prepared by building the polymer segment



PEG - CNH (CH2CH2ZOb CGCG OR4 R2 Z, HIX-B 20 In
yet anot her approach for preparing a pol yner al kanal
wmbooshzednventi on, a polynmer al kanal as descrpPdBEUS2003/028221
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herein is prepared by buildi nfi7the pol yner segnment WO
2004/ 022630 PCT/ US2003/ 028221 -17 directly onto an
acetal precursor, by direct polynerization. Mire

al e.g., Mot
BRS edte  l 1 SOUBE R Ao g By

fhis meBodoomapiises shet epssofi t abl e for initiating

pol ynerization, 5 (ii) contacting th? anioni ¢ site of,

t he adbRBVAEANACEH PIFHEOLCoOMPESng AL lCasiG RS RV HPaHF site
: | B i B ol thereby initiate polymerization of

%téigfr%efgcltlive E%%R%T%grglg%t’o the acetal precursor, (iii)

as a (ipsuohtactofg tbannionwrsitaof thegestblgpecuasiaiwith addetiveonal

reactive nopers t.o the acetal.precyrsor to forma .
BGromerCABRAF AT PAgmETiGne o RGN LI PR TAon g i reactive
FRAbMBUht& Hel deetd] ple&irs&d | ength of the polyner chain
is reached, and (Vv) termnating the reaction to

achi e(i) as qrsbylivelrsatd ehotaeting pepddingradditionplereactive monomers
jnyention. The resultin ol yner al dehyde precursor

%:oaﬁe B%CIq'ql?ﬁCHésror Loygpglaﬁogﬂg?ro%?lﬂe 15 correspondi ng

al kangl) zﬂﬁm&%sdﬁ@béd’ta@ﬁl \t@coﬂtfnudGﬁﬂilﬁﬁ&bsir&dﬂle@%ﬂl of the
parti cul ar enbodi ment of the above nethod, the

pelymer chaimisaeasbpd.iadd et hyl ene oxi de and the reactive
ani on : .

an ol RO ARAbEL B RIS BB picRbr bihe
alvkation. net al or ot her suitable 20 counterion. The

al koxj de end group present in the acetal precursor is
act i vehg @f»ul_nag Pahymer ﬁldﬁ'gyd‘swé?ﬁua:@r 581 Y YBpivRd to the
E8Rbften PR hOsch R boROliY BRired) kanal of - the

I nvehtion. The acetal precursor wll generally possess
a structure corresponding to: Rl WAR3 X C C-VWbR4

In one particular embodiment of the above method, the reactive monomer is

ethylene oxide and the reactive anionic site contained within the acetal precursor is
an alkoxide anion (O-), preferably accompanied by an alkali metal or other suitable
counterion. The alkoxide end group present in the acetal precursor is active for
anionic ring opening polymerization of ethylene oxide to form a polymer alkanal of

the invention.

The acetal precursor will generally possess a structure corresponding to:

ql] WR?
I
X <|: C—Ww?°R*
I
R? H

Zl
where the variables possess the values described above, with the exception that X’
terminates in an oxygen anion, or O”(e.g., in its neutral form, X’ typically
terminates in a hydroxyl group or -OH, that in the presence of a strong base, is

converted to the corresponding alkoxide salt). Suitable counterions include Na*™
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1 RR H25 z where the variabl es possess the val ues
descri bed above, with the exception that X
W@ eoorioeeas@®s i n an oxygen anion, or O (e.g., iPCI/US2003/028221

neutral form X typically tgmnates in a hydroxyl
group or -OH, that in the presence of a strong base,
' converted to the corresponding al koxi de salt).

[ tabl erions. inc " WO 2004/ 0
1?“ DB 65 08 Srinei gl leb EEnaraly fimEtsgs ngigzing the

fe@étiinNak, nag aaalaon gensd. abbuomyprhe poByne ;d&grﬁédlt llrhd}lgate:]daﬁped
acCl | ONna y e

reaction . addition o

osiion afegadintatingycagent oiibe retggnbssibiedar pviding a hon-
r@L&yJeg&rﬂgusreagent or other reagent suitable for
providing a non- reactive termnus. 5 These and ot her
obj ects and features of the invention will beconme nore
fully apparent when reﬁréln conjunction with the

f ol | ohGs§ 2B OHRT eliecinard fepures ot thspnkgntiop geatkbeqerapymere fully
f
sl AP0 unda gty RIGIGYnk RSHLA SRR T
ani oni c ring opening polynerization of ethylene oxide

(EO on an a ' Lonic site.
DETAI LED %S%ﬁ%&ﬁgﬂﬁqm@wq fore
descryles. 19s b lyendPA198RAbn sENERY fof Prephvifles ﬁolklmef Elkhﬁal Bf)the
be understood that this invention is not limted
mhentmrbyr anifnag mpg;ogmmspolﬁymmvn of etbylené gxide ,(E@):on me
ngdrirhls dlb fuch may vary. It is also to
Bt &SP%S?Y ad'"{ghaéltanf%lec Sr i nol ogy used herein is for

descri bing particular enbodi ments only, and is not

i ntended to bellmtln 20 It nust be notedthat as
used n thE TAJLED PESERURTION OFTHG INYENTIORG o "

o B Pq&e%&?sm%ﬁr%' e b Blon iR BERETE B 0Bk 6 Gk o

| Ct es ot

th)samadrm,on nseﬁ(aﬂmﬂted td chegpartilar Ppelymers) Q&Mﬂa& t@clﬁilqi@ls active
as two or. nore of the sane or

[
&ef‘ eﬁ“'@n‘ﬁs \Q{EWE mayfapy- el sealiodoberundersiogd that theef er s
tkﬁnﬁo]o?&grgéclehe(rélﬂh%?H@scﬁﬁm??ahw@ﬁar%ﬁﬁo@ﬁnm gfanhhsenot
t reference t

same fferent conjuga
iheendediogmtlimitingl udes a single excipient as well as two

or m)ft ?nu%I bé rrl]oeted that, as used in this specification, the singular forms "a,"
“an," and "the" include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to a "polymer"” includes a single polymer as well as
two or more of the same or different polymers, reference to a "conjugate” refers to a
single conjugate as well as two or more of the same or different conjugates,
reference to an "excipient” includes a single excipient as well as two or more of the
same or different excipients, and the like.

In describing and claiming the present invention, the following terminology

will be used in accordance with the definitions described below.

DEFINITIONS

The following terms as used herein have the meanings indicated.
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same or different excipients, and the like. In

describing and claimng the present invention, the
wo edohonieBy term nology wll be used in accor dpaTeswos/hes221

the definitions described belpw 30 DEFIN TIONS The

following ternms as used herein have the neani ngs

i ndi cated. WD 2004/ 022630 PCT/ US2003/ 028221 -19 As

used in t eci fi.cation t he ended. ¢

U hed AR i TR PeiiCRign? B e hehdSa ARBRORE Sipffht fotms
1 eneMifie Y HARR plitel oMM inlEdsqRE Eohtékt Cledfl $Bictates

ot herw se. " PEG' or "pol y(et hyl ene glycol)" as used

otherNise. is nmeant to encorrpass any 5 water-soluble

pol y( eIJE!HI %Cgﬂﬁf%ﬁﬁznq éqygolg‘,p S .u ed lge%éi:%bﬂf; %{leﬁelstt% Qor%Ea%s any

present

Watet-eiblg pd f‘(étﬁyluﬁcﬁ@mde') (I@bQ:ﬁli‘?,@HGs foﬂ hse m the present
(CH2CH2Q) n " dependi ng upon wh
Wﬁ@ttoér il FRmpEite Q@h‘{fsts‘e i follgwang ﬁﬂ@{ﬂfﬁ% dCHe Iij)n

or"-
QTG SHIEL Rk AR oS YR

lods bbhn_edxspleceail k. gEgﬁrﬁmm S\yathystl% mgl;esﬁorhghgrBEGI‘ha wiﬁvexrleegxt) is3to
S05md e |t§wr'lantgﬁwps awﬁ#éhli%sﬂw Pgﬁﬁ@vmﬁeﬁ% Ray Ve ﬁVhen
P@G%W%bﬁlﬁhkéﬁ aaﬁﬁk@f:ﬁ%%t)g Qo Be BELriBES atexdd%talﬂ%low) the

result in formation of an oxygen-oxygen
gtods Qompmsipg thedindker (X’ mweigaa)covalomtl)( atiached to a PEG scgment do

PSSR S E5E oP i, diNesh-oikdh bond -G Pejp BB BrliEe),
Sh@n a alfegeRfox FEAHNHINLD 20- N EPEGH2HROa polyied ¢ tlﬂa@ccﬁr@zﬁms a

use in the invention include PEGs havi ng a variety of

TAJosEN Ithat 13,@9. shigseaterghan 3%y af subynitg ébﬂ’f@rer 1%%09 PEGs
II%I aﬁj 1%%?6 1 Ieﬁ? glglgcr:lltjgt{ gﬁ EE %e%\? Vet 3 1%:8{]‘16 wel g%ts

stwatms@rcgeublbeles @.8, bﬂaﬁcfﬁﬂnﬁ@at f@ifked PEQ}S}/H@fanE dnld€he
i.nvention or a "water- sol uble pol yrrer segnent” is any

lfkearterbe dsscribsd yneseatendatail Belaw| ubl e’ in water at 20 room
t e”Pe“\%ééf ??luﬂ_l)ép'lﬁ ald c¥>n ekt Wa@%ly&gou s hg g&?l\%ﬁgr Olwater-

segnent fransmt a

mhﬁﬂepeﬂbfmr sdgmead'st ampseigined680 pzﬂyﬂqexghit is olabis i tvareaby
the sane sol,:lnlo after fllug ring. On a wei ght basis,
RO BRI EPIBH Yy Rrdfategrso Yff‘ert‘HéF%‘B?“Wlllltransmlt at

RELLB6RDSY, %r@bréf&aﬁy PR LhRYGSEDYE 11\, P&%gxﬁ%'d‘b@rl the
in water, nore prefefably at |east about 50% (by
Sﬂmegmlytms@lftabflleenng @it @weight basis, awvater-soluble polymer or
segment thereof will preferably be at least about 35% (by weight) soluble in water,
more preferably at least about 50% (by weight) soluble in water, still more
preferably about 70% (by weight) soluble in water, and still more preferably about
85% (by weight) soluble in water. It is most preferred, however, that the water-
soluble polymer or segment is about 95% (by weight) soluble in water or
completely soluble in water.

An “end-capping” or “end-capped” group is an inert group present on a
terminus of a polymer such as PEG. An end-capping group is one that does not

readily undergo chemical transformation under typical synthetic reaction

conditions. An end capping group is generally an alkoxy group, -OR, where R is an
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25 preferably about 70% (by weight) soluble in water,
and still nore preferably about 85% (by wei ght)

waoedbobm3o n water. It is nost preferred, howeveeT/UStvas/028221

the water- sol uble polyner of2Gegnent is about 95% (by
wei ght) soluble in mater or conpletely soluble in
wat er . "“end- cappi ng" or "end-capped" group is an

J)%%LE ra% %‘)rgklﬁg‘ g Bt 193 @arbo?hQ ahd {sg]rgf‘éﬁab%t lo@vhep?fkgnggg. not

capping groug I's o
medhgl, bt}hyl)mﬂ degoyl cHRM Iﬁ@} bel satupsted onmadsaminated) ded incfydes atyl,

synthetic reactlon conditions. An en group is
lgeéﬁe%ral - cyclgrhetereysjo.gnd sppstitutsd fomépg ?fgk%gprwmg For

cal
P R T A T G e
I-RZ}Z]HZOQ,, 4.whereBtihgd defaeti ybgveo rAltEmmin].y, thR'endeypeg group

t ur ated t urated, i ncl |
Giliabiogay preEscph Gomnaser gt ek Shetinesabupentas ma
&Td &wmgfgr&tp%cfn%@mg DktedtMle 1abOStHRAGRUNBSY 1@@&&%@@?@

ically conprise the structure "RO

mmmorme mplety €. dotiveaganditp wduchathe pelymer is COUpled can

Iy T AT K -

N@drysters, fisni Ritin€stersCmpRtiBgud dYgnzyaiEabetin ?gccﬁonmetnc (e.g.,
detectabl e | abel, the anpbunt or | ocation o

iih@ﬁ?yr;mala?ﬂﬂ ediqapdverppistiss, @ad te likgct i ve agent) to
| Chaffien Bﬁéagp%kgsrﬁegfwﬁh ?%B%‘ﬁ@agk}ﬁn%%ﬁ h%‘dﬂ@e%@é( means

using a suit or |nc

apolgmiet thit imiitsanticaty ishibt fdundrireastares A abie: rraﬂuwnymeememg
|et|es used in enzyne | abeling, colori ric
¥ygr o fithe mventigpmay W%‘@EPW@“&BF& meEe s I{EHB“% Wesegﬁnﬁéts of

subaRit bt dr& hhdr %Eﬁﬂn‘ﬂ so%ﬁ asrtﬁé ee&an ﬁ:&syﬁw?gﬂrw&re i9hot

the invention nme ol yne entirety iIs
foond fronatarei n nature A non- naturally occurrlng

pol ymn; the ipvention na homeve ontain o

ot & Gt SRR RH SN ARG BOD by Oihg Mvention
eh 4§ REGY ré2616 %6 tHetOmiSa) ab&rage ASlebMBr AU G d pddth%TBically
structure is not found in nature. Nblecular mass” in

daterminnek bexsizagxchusigat ahworngpgriapley, hight/seatterisfg te¢hmiques, or

SRR R TRgORR | rdi e RolsBebetfs Tk PRy 6
isivaion aed %io@ﬂy bmmpéx@grpa@daysmg ool $dispdraty Viues of less
t echni ques, O intrinsic velocity determnation in

tixargalzgultﬁ@@m orobenzene The polyners of the invention

are Uy eah l'%a&wﬁy oy S'H:%rvﬁt?d" wherrdsa IlegOIljl?IYthon with a
pol ydi spersity va

particular functional group, refers to a functional group that reacts readily with an
electrophile or a nucleophile, typically present on another molecule, to undergo a
transformation. This is in contrast to those groups that require strong catalysts or
harsh reaction conditions in order to react (i.e., a "nonreactive" or "inert" group).
The term “protected” or “protecting group” or “protective group” refers to
the presence of a moiety (i.e., the protecting group) that prevents or blocks reaction
of a particular chemically reactive functional group in a molecule under certain
reaction conditions. The protecting group will vary depending upon the type of

chemically reactive group being protected as well as the reaction conditions to be
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than about 1.20. The term "reactive" or "activated"
when used in conjunction with a particular functional

w@emup2268f ers to a functional group that reacPcT/US2003/028221

readily with an 25 el ectroph#fe or a nucl eophile,
typically present on another nolecule, to undergo a
transforrmti on. This is in contrast to those groups
g;foy&ﬁﬁw the p ?e*s«s&e%f GAdiAbYaR fachive ol HORBLALBOUHOM the
ditions der to react (i.e., a "nonhfeactive" or
mohaeule if gnyou]at)otectﬁig Eraups Knovoi u’ttbgalé@an be foundan Eseenagl- W.,

& o Puetfcrp PGS N DGRBS o e SO RERE A Soty

RlcQMNew Y6ACNYO1998f) of a particular chemcally
reactive functlonal group in anol ecul e under certain

As asad herein.ghel fermofenctippgd awn ‘@& anhgyngnymgheep] is yagant to
chemically reactive group
%$ ﬁgg%ro %Hd&ggt&% as the reaction conditions to

be VDFE@@AhO‘BH]&&GncR&W’ SRE BéRNAB 2dfer to2in fomnlodedlleudn of
the presence of additional reactive or protecting
gemsostionallymsed todfnkdnieconpéctingymoigsics; Bichiapg P@k\/@%@gment

SRR Dy s RPURANGUA TRy govle o
thai lincheeypl&sﬁmmally lhiydro] yziiehes oYenZy,mdﬂt‘alQ)lé@adab& lixgkage.
used her

SynontPPHegroR: el BE 2R e S aBadiley tropse
e  weakRnk MalreadctsWig wﬂi@f gleY'is hy?dré’l?'%h) hea& ﬂhy&@logwal

refer 'to an atomor a coll ection of ons optlona Yy

ewelitians. [The kendencyraf @rboad to hngirnlwzaam water wilbdepgsd not only on
and an.al kanal eties

{8 oG SO Miae BShr R SN R o s b g 16

SbytituBmb dlachad P sedeaghlGadhy, nyﬂbghyté ih?hl%lﬁfcally unstable or

enzynatlcalg% degr adabl e | i nkage. ysiologically

weekalizkgges inglude hyipre F‘?tzlamtfél tO@mboa»@teem%l Rhosphwiteiestes, a
%ﬂﬁhp&%&g&’tﬁgta@ Q% kargg ?@g %m‘%e%g)r&l%és%rs (ﬂﬁqﬁdes dnd

bliguhecleytidek. a bond to hydrol yze |n water will depend
not only on the general type of |inkage connecting

two cORt FrAYMatioHly ¢ngradsbledinkage” HéeaPS adipkagq tbarelﬁﬁ@bject to
ygg%hsﬁbggp Bﬁﬁ%r&&%&&@é atoms. Appropriate

rolyti y unstabfe or weak |inkages include but
ar e nAt"hydmolytieally stalda’t iokage at borelatfers topheieptiead] dordt er,

ORGSR e PEA b 5 Bpe g

not undergo hydrolysis under physiological conditions to any appreciable extent

over an extended period of time. Examples of hydrolytically stable linkages
include but are not limited to the following: carbon-carbon bonds (e.g., in aliphatic
chains), ethers, amides, urethanes, and the like. Generally, a hydrolytically stable
linkage is one that exhibits a rate of hydrolysis of less than about 1-2% per day

under physiological conditions. Hydrolysis rates of representative chemical bonds

. can be found in most standard chemistry textbooks.

“Alkanal” refers to the aldehyde portion of a water soluble polymer of the
invention (CHO), including the carbonyl carbon and any additional methylenes or

substituted methylenes (-C(Rl)(Rz)- up to the linker moiety connecting the alkanal
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An "enzymatical |y degradabl e |inkage" neans a |inkage
that is subject to 20 degradation by one or nore

wepapnex30 A "hydrol ytically stable" |inkage orpoDod2003/028221

refers to a chem cal bond, typically a covalent bond,
that is substantially stable in water, that is to say,
does not undergo hydrol ysis under physi ol ogi cal
conditions to any appreciable extent . over_an extende&

preromal e pelymer tithg pelysrer segmgHy &t pamiag ap plkapalisegment,

: ; LT b o
SRR o7 e AR afn, *Tf G R, SR hORin i meant 0
@ricampsgs, hydtdesrs] praretdd Sormyr aftthaaldehydagdouphas welk as chalcogen
Cenerally, a hydrolytically stable .linkage s one . .
FRIAE o bR RGu o DT Riplhci o obn Mat pf e Taatien i
A m¥eqper day under physiol ogical conditions.

Hydrol ysis rates of representative chem cal bonds can
be f olirdalinumbesof carlonybs’ dinghferdnse to/cerait pdyiker. alkals of the

"t A | " f t | dehyd ti f t
PR ot i oSy oSSRy RPN St n e USRSk
R icbeiitlg théhldellydnrgrbang).addi ti onal net hyl enes or
substituted nethylenes (-C(R )(R2)- up to the linker

noi et YBraaedc in metprense tayfhegeametnpop ovsnld stpgdgre of a polymer

el KT AR or el b fther, 2P bR o Y

Pi3Edse 2pohdaertadms,Bepat anéadiits, £ polymer arhiye 6 pelymer atkgsal "
as used herein is nmeant to enco,n‘gass hydr at e and
RRIPDELATEY OF Sioie Bne pHEcHRGRY aEhighly isancagd pelymegis a
SHRHEE B LR RIS b SRR RS BEAEA,  copigres
@eebsss a Sifatare distinttfrom tthat af bbrankkdd palymeref er ence to

t aj I , k lLs. of the . invention, is the
ot ot HHARSLIOTEH rEera0 AN FoGFAg T Boioh RrARHLE §1F QrRote atoms a
WRICH T80l BhdiaPRds or bRAREh&THIH h NidedRBustuaeiiiSe RmRRE(S) -

"Branched" in reference to the geonetry or overall
ditiamalipaelymer armpol ynmer 10 refers to pol yner having 2

or noge. polyner."arns". A branched pol yner .nmay. .
o5 e BRI is £ FRuar, S8 pRSRbefoRdter B high al bonas
&héTBe rflidB/ fydRa cefittd fodhl poiat ¥i®ire Hith rOful AMrachiNEpattern
particular type of highly branched polyner is a

aerivith tepeatyity that cagh copiriduierabrangihpgint ddendrimepraxhiites
S e o SRR by AR B s
fré@naittedn types of polysesrs to a bifurcation point

comp r‘I‘SSuIth%nt(i)arh%/”%rr “ggén%a?lty’(’) rr;l%ax?st nearly totally or completely, for
instance, 95% or greater of some given quantity.

A “retro-Michael type product” refers to a product arising from the reverse
of a Michael-type addition reaction. A Michael addition reaction (forward
direction) refers to the addition of a nucleophilic carbon species to an electrophilic
double bond. Typically, but not necessarily, the nucleophile is an enolate or an
enamine although the nucleophile can also be an alkoxide or an amine or other
species. The electrophile is typicall); an alpha, beta-unsaturated ketone, ester, or
nitrile, although other electron-withdrawing groups can also activate a carbon-

carbon double bond to nucleophilic attack A product arising from the reverse (or
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whi ch a polyner splits or branches froma |inear

structure into one or nore additional polyner arns. A
woO deadeiener” is a gl obul ar, size nonodi sperse POT/YARBI03/028221

in which all bonds energe ragfally froma central

focal point or core with a regular branching pattern

20 and with repeat units that each contribute a branch

BeBice detint il a0ERHeEboR 6B4AD & AERROHLMRE Bhdhio sov
andlianifatidr @AdtRIesuldngIa hdlosPst yiRldophilicWatton Rpédds (hat
or "essentially" neans nearly totally or conpletely,

hay be E)wg'ﬁ aplcEceyFIky @p egeléﬁtcmen@nir@bmd fprmationefzan i ty .
R e B R

degatbddamovdishbasidatd aedid-Mithaeedpé padudtl Honaxdnple, a retro-
direction) refers to the addition of_ a nucleophilic

' WYB%E?@F%@ ?fdngﬁGd}r%PF%%yﬂF gesulipinghe fqﬁ.@an(.:hael type
%ﬁ@;&@m@@ﬁ aﬁ@&cr&@ﬁle(ﬁ—f‘z&bh.ﬂﬁﬂme nucl eophile is an

ate or an enam ne al t"houg e nucl eophil e can
al so kgl refefsan iadhydmcarhon almdingypicalby taeging@rompeldue § to 20

Bons i E8h St Rydrdeai Sinsird rsferdhly bpt not necgssibygh

Qhged ﬁh&ﬁiaz BB b rcheH @ hgé}%‘i‘rﬁ%ltﬁétignh?t:)fﬁigalﬁc§t¥a\f§{t%hﬁn is
carbon- carbon double bond to nucleophilic attack A

pefsaedt Eaemplaryalkylgroupsancledesmesidyl, ethylWpromdduogd 2paayl, 1-

PCT/ US2003/ 028221 . - 23 backwar dg . ditect]on f a., "
R RO ARG EVE AR o RO AL e Borcy gl
ifchides @RIRIKyINVABH tHEE draasreic@fboh Afdths drbgeferenédie | 0ss of
a nuc) eophi |ic carbon species (that nmay be but is not
necesdawer plkyh refesy taraa ag\?yl EraRi coBtai g TP higt§ ensbas atams,

o R R S
moylst-dewyed a retro-M chael type product. For exanple,

a retro- Mchael -type reaction of nPEG propional dehyde
r esul teioplkyherefess Vooasmﬂarﬁtaé or ipsagirated gylicthydragprhon chain,

. r M e . [1] [1] t

RONARELARE TR EE AL, ERIEAE U uror o

dgbout B2 carborn atomsgote. prdecblynd/araboar &on chai ns are
prefegably but not necessarily 10 satyrated and nay be
br anchoa™ e YRHIFIS rire tosh mpRs thypiiep pgesent h a

Hbledilstre &/padally indn-r&ichl & Wit SthEreERbAEr&ps ¥bn@IreH RAthin
i nclude nmethyl; ethyl, propyl, butyl, pentyl, 1-

themoldoble yl , 1-et hyl propyl, 3-nethyl pentyl, and the
like. ThAéS teyrr% essjubrs]t(letrugaidm hs i"n?l‘okryelx;mple, "substituted alkyl," refers to a
moiety (e.g., an alkyl group) substituted with one or more non-interfering
substituents, such as, but not limited to: C3-Cg cycloalkyl, e.g., cyclopropyl,
cyclobutyl, and the like; halo, e.g., fluoro, chloro, bromo, and iodo; cyano; alkoxy,
lower phenyl; substituted phenyl; and the like. For substitutions on a phenyl ring,
the substituents may be in any orientation (i.e., ortho, meta, or para). _
"Alkoxy" refers to an -O-R group, wherein R is alkyl or substituted alkyl,
preferably C;-Cy alkyl (e.g., methoxy, ethoxy, propyloxy, benzyl, etc.), preferably

Ci-Cs.
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i ncl udes cycl oal kyl when three or nore carbon atons
are referenced. "Lower alkyl" refers to an al kyl group

w@omiazzdng from1l to 6 carbon atonms, 15 and PelyUB®03/028221

strai ght chain or branched, agexenplified by nethyl,

ethyl, n-butyl, i- butyl, t-butyl. "Cycloal kyl" refers
to a saturated or unsaturated cyclic hydrocarbon
chain udi n,

d, fu
conpoﬁﬁﬂsfg%ﬁ?eé‘? egg‘ﬁ{l;ﬁ}d g“gﬁ‘)é t‘i’.lﬁ }ff’d{‘br "%l ﬁ ‘@kydc%ﬁaﬁbé)ﬂ
SbeHef 1 f@ff—‘atﬁﬁlﬂ@feﬂgi}ﬂ/c&t&ﬁlngl&@léfast%ne%Quble bond, such as

Non-interfering substituents" are those groups that,
ethenyl,pr-propertyl, isopaopemyl, achutenyl.dsabuteppl, oatehyl, decenyl,

nsreac tiVv h ot her functional groups contained
\ﬁﬁf“ﬁcﬁ“y ’ta}ﬁ’éﬁh%q %cul e. The term "substituted” as in,

for exigeh®  alk$nishd dset et fe¥drs to 4 Blafthediop uabrafighedt y
(e.g., an alkyl group) substituted with one or nore

yskiogarhargrann ol 5l saipms in lepgthscontaining akleag gne ganle bond,

éthi‘? mpPmi R REH PNty Soflm /o B ARyl md o

and i odo; cyano; al koxy, |ower phenyl;
substltu} phenyl ; and the |ike. r sub itutions on
a pherfy! rmggs ong REMOIHEPMALC APES, ﬁ%ﬁ?“ﬁ ‘i’r ¢y carbon atoms.

Rf}’l%ﬁtll?cfek Ruifiple Sryl riflbd {has m Bé‘fuseéi R AphthyNok @¥dised, as in
oyl g it Y Rt

refers to an erein Ris a
biphstyl.t Atyddingd my also31© fpsedfoe mahisgd ®ith 6RO oainloyd c;(ch‘c g.,

e N O T ORI

lﬁlﬁéxﬁh@'l ‘al kenyl" refers to a branched or unbranched
hydrocarbon group of 1 to 15 atoms in |ength,
cont aulmtwgarad is @naryl greuproniining fram, onsiie lﬁogéletemaﬁ@ngu

y | ro
BT Be ek S A bl Bt HasroRRLMRey dsapg fused
with Bné of yreydycli@Bydis €abit helefock el byl & hatdsapiched. or
unbranched hydrocarbon group of 2 to 15 atons in
| engt Hetergnycds’ rrnjetgrocyeics imegngone ernercsings of Sdany,

@rgﬂe"ryﬁo??’ 5y datorh§ %E}P&V\D%out ﬂpﬁwrﬁﬁbﬂ,%dﬁrﬁ%@ Hi¥doter and d having

ecyn and so neans one
adeamt amemrg atomrwhigls is moaaloaibbn SPrferfeddrictomtamb inthalke guKur,
10 Aryl .includes nmultiple aryl rings that nmay be

PRISEL, angéutfqgeﬂapht hyl or unfused, as in
"Substituted heteroaryl” is heteroaryl having one or more non-interfering

groups as substituents.

"Substituted heterocycle” is a heterocycle having one or more side chains
formed from non-interfering substituents.

“Electrophile” refers to an ion, atom, or collection of atoms that may be
ionic, having an electrophilic center, i.e., a center that is electron seeking, capable
of reacting with a nucleophile.

“Nucleophile” refers to an ion or atom or collection of atoms that may be
ionic, having a nucleophilic center, i.e., a center that is seeking an electrophilic
center, and capable of reacting with an electrophile.

“Active agent” as used herein includes any agent, drug, compound,

composition of matter or mixture which provides some pharmacologic, often
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bi phenyl. Aryl rings may al so be fused or unfused wth
one or nore cyclic hydrocarbon, heteroaryl, or

whedognewyel i c rings. As used herein, "aryl" inedTUS®03/028221

heteroaryl. "Heteroaryl" is apsaryl group containing
fromone to four heteroatons, 15 preferably N, 0, or

S, or a conbination thereof. Heteroaryl rings may also
be fused w th one or nore cyclic hydrocarbon,

braetifiak ¢Hpgtahat gay pe dgmonsiraeddmpipp of ihyigro. This includes foods,
fadg 6 ﬁ[ﬁg@ﬂgﬁtg é\u‘fﬁentg1 bl Yc%isbﬁru g‘:{@&ﬁn&n %t%odf@gr\ﬁtannns

rings prefera atoms, Wth
amd ditb&ttbeneﬁmalwgamso As asedalieneraf mmectbmlsafurtber 1acidddnawy| ng

t h i t
Dhisicls e pora ROl itk sSbitiice thet B dies localized or

Ws¥e&99€ﬂect1§§|§§ﬁérﬁm ed heteroaryl" is heteroaryl
Raving one or nore non-interfering groups as

subst |Hhaem®utwa$\ym§c¢ntahl@@mmm ot:maenaqegtlcaally acceptable

het.er,ocycl.e havi.n ne, or ains . for

PR AR B PR PRAGRE, o P ot ¥ o Defilsiio Bt e
neémidh dnd tikdl chids ndsipfificalt &9kis€ fixicdlogddal EFEETS td ﬂh@fpatlent
may be ionic, having an electrophilic center, i.e

cent erPhermscolegiealyefieshvesasaninng "plwaw&zﬁl@ally@ﬁ‘feﬁ@mmwt "
Xq& Qh&aﬂéﬂﬁ{czﬁgp{ffécﬁve ?§H§Ate&B{l{n&fmtér&{aggéah‘lfh%n 8 tnedh $he

om or Ion O 1oni C

amout bEOPBGHcave sgehetonjugae. presantcie lbﬁﬁmtabatucalsms;aedﬁoﬁ that
an electrophjlic . 30 c? é and capabl e of reacting
irinesded fo proxideaslspiraddevel apactiye agenbandror geniygale s ei n

blBSJisWé’ﬁﬁ of"ﬂwyth@ %& s%uqme Emmam mggfraﬁa hg@{wﬁemus

matter or mxturg which |des some p
G toes) e YOURGOXIORR 6&0/elﬁgé'dt,UBQ O@BpdmRAR 2d4d phyfcal charactenstlcs of

enef|C| aI ef f ect tg%‘g can be denonstrated i.n-vivo or
peeptical prrparafion, ipfareed PURIE POPUA4I0R, R?&ﬁ’ﬂfl COpsifi¢rations, and

iPlch'kb @Al San RU&I(Y Gecatidrled ’by@hé‘ B8Hed A% £€Based upon the
anti bodi es, vitamns, and other beneficial agents. As

wéerthatien piovided hersio and availablerin ﬂ@rrelr:mﬂt ligeatemy

physi Ql-.0gi cal | harnacolo aII ctive.substance

bhat viateaoal’ in ol g a behme LE ivsritmess 4,

p(ﬂ%mel’fﬁackbdﬁb R VTRE 8 W hfoad fuyict%ﬁle@b@ﬁlc@n@m@u Brlefdih, wiRke the
armaceutical |y acceptable carrier" refers t'o an

@weﬁl%iabﬁpumm@y beathe semg orcditferent, and arevpicelly prebant o theof
f)&l?mer termini. Multi-functional polymers of the invention will typically contain

from about 3-100 functional groups, or from 3-50 functional groups, or from 3-25
functional groups, or from 3-15 functional groups, or from 3 to 10 functional groups,
or will contain 3, 4, 5, 6, 7, 8, 9 or 10 functional groups within the polymer backbone.

A “difunctional” polymer means a polymer having two functional groups
contained therein, typically at the polymer termini. When the functional groups are
the same, the polymer is said to be homodifunctional. When the functional groups are
different, the polymer is said to be heterobifunctional

A basic or acidic reactant described herein includes neutral, charged, and any

corresponding salt forms thereof.
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wO Rwanamweol ogi cal |y effective anmount,

i nvention and that causes no significant adverse
toxi col ogi cal effects to the patient.

" physi oPOTUSZ05/928221
effective anount,” 10 and "tdgrapeutically effective
anount"” are used interchangeably herein to nean the
anount of a PEG actlve agent conjugate present in a

h d t
B e Liplp e ARAETA RS ' bilmes ipBFTa fp TR BT
E&ﬁb&{eomta@?a wne HavengliBdilgiple pendsid *Bydr'BR?l g;m@psl a‘il@ched

epen

amount w | | upon nunerous factors

toahe pelimar backbines Ageremplanpobipifivotieaal mpo}},xwgyl@éqohol
chara tics .of u t
't et gsed Teht "SoBL “@??3‘%@%%%&?‘["8%%&?? en;%ashB%{%rglally

ﬂéwoﬂ;ﬁpum KekagagidHewever ahel pblymee nde titylideneslindy nember of

skilled in the art, based upon the information

EﬁP&WP liakease spacad alens HW&PP%P’@“PWC’E $Hbupiss, syclas, for example,

xt of a

fny%eét?ﬂ%?b t : lwk%deenlﬁkg%é h%gﬁéutajd}nf)y ner Q'@Eatgk bone

haV| ngs ﬁsdnlrhermn Ehlyduat’irefiees to gﬂqdmedmmm(da edultiing feim,
ere t 20 f nctlonal e the sanme or

%\fﬁtfc& rﬁwatswao Fale g he qil fger@g%n\vhlemretp es he Icyrhepyl

RFe Rl Hth o E%%&#lwpfﬁ%liﬁﬁ?s R b e

gnnmpmuhmghWhaﬁmSW&& functional groups, or from 3-25

functional 0 fr.o f rou or

t 1 om 5% B GoiEn Bl Gl © I gy et iokso it R the Syeen

somfs replacBd withQinoter Adtetohiof) @bnedAIOHRF uM skithitind, e tellurium.

pol ymer backbone. 25 A’ "di f uncti onal " ol ymer nmeans a
pol ynEhe teai ﬁ@}leﬂlﬁnrqf‘tméq a bviag ogganisps suftesing dfonear prone to a

#ol?]%{t nr}ha c\ﬁg 'bg v¥nt§3 ort {ll?e] tg&ba%e rmtnhs?ram) of a i\)Nllyréler gfetae

onal are

melbﬁ)nhq:pudug uncﬁdtae@dssan\r% #tht fiernt mﬁdly&ﬁéﬂ-a@fv@ dpéntar e
different, the erer is said to be
m%%@mmd@hw Rumass endgnimalsdi ¢ r eact ant

descri i

30 corPana dE EpUhy et ik R RS 0050
@ﬁﬁhisl&ﬁ@é) Ha§ 28 AidY not &fsut, Roltlya ktef des¢riptmndndiodes insdmrees

tp a nmer conprising.an olefin polynmer backbone,
\gE%rﬁt Eﬁ'ﬂf‘}?@l’"ﬁﬁ/ EHE anfARitnseniheredt 08 @Abant hydr oxyl
groups attached to the polynmer backbone. An exenplary
pol yol ef i ni ¢ al cohol is pol yvi nyl al cohol. As used
RHERGLYMIR- peptidic" refers to a pol yner backbone

he. P BBt e PR CaRonPRVIdGS o AABSPIBRE PR i o
ﬂehﬁk@%@@@g@dp ARGl yifers 6PHRtnVERAGHEE UBiAUM hiany

such as or exanpl e,
respects. They are prepared not only in high yield, but are also storage stable due to

the absence of deleterious reaction side-products that can lead to polymer chain
degradation and poor polymer polydispersity. The polymers, in particular end-
capped polymers, are additionally prepared in high purity, e.g., absent detectable
amounts of PEG-diol derived and other polymeric impurities. This feature is
particularly advantageous for preparing high molecular weight end-capped PEG
polymers, e.g., having a molecular weight of about 30 kDa or greater, where the

amount of PEG diol impurity in raw material such as mPEG can range from about
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no nore than about 1 peptide |inkage per about 50
mononer units. As used herein, "hydrate" refers to a

whyanatwao al dehyde resulting from addition of Pa@rns10e3/028221

nol ecul e to the al dehyde group7-which replaces the
carbonyl 10 functionality with two hydroxyl groups.
Al dehydes reach equilibriumw th the corresponding

rate r. The term"chal co iy ers to
N R e A R g
Motddva) it fgfailehBsRMEME) the OISR Of thdliniveritionSed Bos teagtive
or tellurium The term"patient," refers to a living

bey athes oyt palymargaldehydes makingthemanere diSCHBMBATY ok

e S R S s

wedkesgsarily in the formof a polyner-active agent

conj ugate, and includes both humans and ani mal s.

"Optional™ or "optionally"” neans that the subsequently
S G PR F RIS NIPALIOINATBYR BN OCCUT, SO that

téﬁe e???P%ﬁ%n I ncl udes i nst ancesR 20 where the

ci r cu@enexsibespeeking, shapol yimes ofithe asventi@r posis¢sseicepol proer.

THE PCOLYMER fi t t,~the.i ti id
e e e R R R T e el
dibStitRted h&h Pehes"REfindfing fitan NIYHE AthcBHE (11N ith I kA

many 25 respects. They are prepared not only in high
partipe), vip an inderposing bnker oraigy. b gencsaligd strectureigerrespoadiog to

86 PR B LRRvaERRF L Rk BB S Ghape can Tead to

egr adati on and poor pol yrier
pol ydi spersity. The polyners, in particul ar end-
capped polymers, are additionally prepared in high

purity, e.g., absent detectablert!lanpunts of PEG di ol
derived and other polyneric ipplrlitlfles. This feature
is 30 particularly adVia : CprHpari ng high
nol ecul ar wei ght end-capped P G|2 pol yners, e.g.,
havi ng a nol ecul ar wei ght of t; 30 kDa or @fealeh.
where the anount of PEG diol inpurity in raw materi al
such as nPEG can range from about WO 2004/ 022630
PCT/ US2003/ 028221 -27 2% by wei ght to 30% by wei ght
Or  gr Rirefirence €p e We Sl pbA Abd VeewISdAPREW&T in colfRin@@%EWith | N
certain enbodi nents, the polyners of the invention are
staisture babe pelgmer spgmept isgeprrseaiod ydIQLr¥sthe lidkaryaiiety is

| , DI riomn [\ n i.on .
BB 87 . RS, LR BBkl R PR e o o
fubstidutedgnetAylends&fiininda substituted alkylene chain) are represented by -

O

C(Rl)(RZ)-. More specifically, in Structure I, POLY is a water-soluble polymer
segment; X' is a linker moiety; and z'is an integer from 1 to about 21. R', in each
occurrence, is independently H or an organic radical such as alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, and substituted aryl.
Rz, in each occurrence, is also independently H or an organic radical such as from
the group consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, and substituted aryl. Although many of the
structures explicitly provided herein are aldehydes, it is to be understood that these
same structures and indeed the invention as a whole is meant to extend to the

corresponding aldehyde hydrates, aldehydes in protected form, and chalcogen
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5 wor k- up. GENERAL STRUCTURAL FEATURES AND ALKANAL
PORTI ON General |l y speaking, the polyner of the

WO nyveLicem possesses a pol ymer segnent connecP@miUSZ03/028221

fromabout 1 to about 21 coni28wuous nethyl enes or 10
substit ut ed rret hyl enes term nating in an al dehyde

function (i.e., the alkanal portion) via an
AGLBOSIA: b PSLRTOChon 1n R ENRIAL 14RO USHGE
memvurdecdt&lﬁjrmm as Structure |. Rl 0 POLY X C -Cll
-H R L J Z Structure | reference to t

descr i IPTSWHEBU%‘WHV@F%@GIdFWbE’cﬂﬁXQMEEY with wg@ﬁi to the
%%{ gﬁhg Emene Eﬁ‘.ﬁn POneARE t&ﬁﬁ'ﬁ’d&h gr Eﬁ@%’ﬁ&a%t

noiety is repr
leogthiigycrmssleredtas yheecagisonyl oerrhomngalpltal tkg/ hemberaifantagvening

S A e R BBF S i RETR A poen o
ﬁle%b&ﬁe@)al:b%ecuﬁg t%tercuﬁioﬁyle;a%bonmh\é lirke® Wé&rrboﬁpéuam e

Seg nent is a linker rmlety and z' is an
Eng%gsetypfcaﬂyrﬁ 10 al@pwﬁ B3 ¢arbpn atomys, of mommcalacﬁma@nc@ to
di c such

Al P ERERCRPInG et S5l B s FEERER e vatue

ol %W&ally&h@é@)ﬂom 3 'ttb&lidut o1 et nﬂirKV}@Ydally&fcﬂlh abaud to 12.
substituted aryl. 25 R2, in each occurrence, is also

Metreprhigithys thg valus of anlsan@sampecaﬂa@n%af the feliowsiags domn3, 4, 5,
, |
6,P€ 896 QaP1 £9BS)S %ﬂtezggr Moég é’\é%erreﬁldﬁes 'Jameggrb@ F%(Alﬁe frpm 210

al kehyl’,” subst it nyl

aﬁduy&ybne payiculadp prefeddad pdl yihexdalkanil of Ak ienidh Ry whikre
the_, structures explicitly provided herein are
%I‘Héhydes it is to be understood that these sane

ST UCEUERSf Y stISGROT ddaGe,| AMERT ?ﬁlkan%lg gxlhj)éxhﬁzularly

meant to extend to the 30 corres |ng
lblyﬁmaﬁe§ucfa¢qjmmudé31ncfudp atkasads esjdefsombﬂd aoosle bimdhg atgeast one

R T T AN
Bichliay b 8l yes¥ tldérbrg]@ﬁlc]tcrlﬁdlell):(alﬂg Ii'dlélfﬁtlon-E\tll\ll%th{'ére gegnaﬁaék}? \és%%titﬁtréd
apllr()(/)lvldl?(gl?yl Cs?ﬂr;stlltgtia %Jkeiyl alkynyl, subst¥tuted alkynylg aryl, and substituted
aryl, with alkyl being preferred. Typically, the alkyl group is straight chain lower
alkyl or branched lower alkyl such as methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, pentyl, etc., with straight chain being generally preferred. One
particularly preferred alkyl substituent is methyl.

Although the alkanal portion of the polymer may possess more than one
organic radical positioned on one or more “C”’s in the carbon chain, one type of
preferred alkanal is one in which only one “C” in the carbon chain is substituted
with an organic radical and all other R! and R? are H. For example, regardless of
the length of the alkylene chain, preferred are alkanals where all the R' and R2
variables are H, with the exception that: (i) one of R! or R? positioned at C-2 is
alkyl, or (ii) one of R or R* positioned at C-3 is alkyl; or (iii) one of R" or R?
positioned at C-4 is alkyl; or (iv) one of R' or R? positioned at C-5 is alkyl, and so

on. One particularly preferred type of substituent in this regard is lower alkyl such



10

15

20

25

w@ 200b0RgB0 car bon (Cl) plus the nunber of

size of the al kyl ene chain connected to the al dehyde
group. The carbon chain 5 length is considered as the
| Nt er METUSY03/028221
carbon atons, (e.g., the totaP9number of Cs conprising
t he [-C(Rl)(RQ)]z portion of the polyner),

connecting the carbonyl carbon to the linker. The

£5nBYAYI, eﬂn§1 RBr }o%pgtfhe @n&ﬁém efhi mu&rat;veaio&ethy%b@%&@n

at ons; nDret ypi cal I'y from about to about
ek %w dmesntiom mEE@f%mc@ytb@t)sald@lmdane descaibed in E)sammsle
ans that the value 10 of z' typically ranges from 2
o about 21, or nore typically fromabout 3 to 12.
More Bxfatusind dpreseitConviab dikafdl poitionSof MRS pol e, Gardiy one
of the follow n 1, 2, 3, 4, 5, 678910 11,
preferese affanals are showatbelef erred are z' val ues in the
range from2 to about 8. One particularly preferred
pol ynmer al kanal of the invention is one where z' is
3. 15 In referring to struéﬂuréﬂl Ebve Ocertain types
of al kanal s areg&artlcul arIC:/i pPefe red. |l Such
compounds inclu dhals s cr i‘l’BT%boUe havi ng
at | east one organic radi itikened on at le
one "C' in the carbon chaln. The organlc radlcala§&uCture
ba.any of the organic radicals nentioned above, e.g.
al kyl, substituted alkyl, alkenyl, substituted
al kenyl , al kynyl, substituted al kynyl, aryl, and
§h‘@&ﬁﬂet1% f"sdor%Qvtﬁ:Ei he VAukidf 3! f¥in sﬁ%bt‘ﬁ% 319 %f qrhﬁﬁe ructure,
Typically, the alkyl group is straight chain
mlgklydllessof Wwhethertuag dnewe moad édfyC2, ﬂﬁc br é:g mmbbtytlutedetntiyhn alkyl

ro sec-butyl,
BrSioreipRatl b3 ddembabhbve s D BSE |
PRy rﬁfd@l@ﬂie” P& a ﬂﬁftﬁﬂa‘? ul Iﬂﬁéti/atll% %B@He? @u@lremféhydes of the
substituent is nethyl. hough t he al kanal portion of

tnwentml inetade thase wg@s élsfsalhmabpcvrham obihe poRAnesigyzni c
R BBl oS AP S b et o,

anywuqrwde}gde l?ﬁethfﬂl@u@@dlb&fyd@ TiarethpibotyRaddniyaé.ed Wit h
an organic radical and all other Rl and R2 are H. For
exanpl e, regardless of the length of the al kyl ene
chain, preferred are al kanals where all the Rl and R2
variables are H with the exception that: (i) one of
Rl or R2 positioned aB'C-R'isR30 a'kylp or (ii) one of
Rl or R2 positioned al C 8 |s|alky|, ofl (iii) one of

R or Rz PeYTiofen of |%3al —6&—H v) one of
R1 or R2 positioned ag2C 5 istlal kyl, "and so Cgl ‘
particularly preferred type of substituent in th| ructure
regarBBi s | ower al kyl such WO 2004/ 022630

PCT/ US2003/ 028221 -29

Structure I-B is one where the value of z’ from structure I is 4. This
structure, regardless of whether any one or more of C2, C3, C4, or C5 is substituted
with an alkyl or other organic radical as described above, is referred to herein as a
“pentanal” or as a “valeraldehyde”. Illustrative polymer pentanals of the invention
include those where the alkanal portion of the polymer is 2-methylpentanal, 3-

methylpentanal, 4-methylpentanal, or S-methylpentanal. Additional polymer
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as nethyl, ethyl, or propyl. The synthesis of an
illustrative 2-nethyl substituted alkanal of the

WO pweforicen, MPEG 2- met hyl but yral dehyde, s deseei/bsmos/oes221
Exanple 17. In focusing at p3®sent on the al kanal
portion of the polynmner, certain 5 preferred al kanal s

are shown below. R1L R1 R1 0O | POLY X is C3 2
S e RISl AP o,

Bbthypentagal, 4-ethyipediansls ood-eilylehahalany one or nore of
C2, C3, or 4 is substituted with an al kyl or other

organi ¢ radi cal as described above is referred to
herein as a "butyr alﬁiehyﬁge"cfg Hut agal "
I'l'lustrative pol ymer putyyral |ehydes of| the|| invention

i ncl ude t hpgler-where—tGye—ad 5k-arml——po§+|—@3—e-f-cr—hel pol ymer
is 2 15 met hyl butyral |d2ehy|de 13- med hy! Hut yr al dehyde, or

4- et hyl but yr al dehyde?® 2-Ré%t 7 buRr aRdehyde, = Structure

%Eet hyl but yr al dehyde, or 4-ethyl butyral dehyde.. Rl Rl
"RLOI I I I Il POY XL s- A CG3 C Cl-Hi R R

R2 R2 Structure 20 |-B. Structure |I-B is one where

the value of z' fromstructure | is 4. This

structure, regardl ess of whether any one or nore of

C2, C3, C4, or C5 is substituted 25 with an al kyl or
ot her organic radical as described above, is referred

t o heStenaturag- (his"qne mthareathé value afz’ain suradteredl il 6h Tt structure,

Il yst ta f th ti
reitrovor whdabany oge phEom: Q&%r&p&“t Esarth HJZ’S%‘ fegtgth
agl_sal}%){l'mtomélr B%ﬁﬁr}@ﬁlcal%s d%‘h'aé!& RESVedR@k ferred to herein as a

entanal , or 5-methyl pentanal. Additi onal
‘ﬁmkgmé’ ’r \Amsmmxrr: @Q@ﬁ@ﬂhmﬁalwﬁ 0e3nensRA includéGhose where the

AR R e PSR 10 Z I, SktRherdRl N ©f
-methylhexanal, 5- methylhexanal, 6-methylhexanal, 2-ethylpentanal, 3-
ethylpentanal, 4-ethylpentanal, or 5-ethylpentanal.

Additional alkanal components of a polymer of the invention include

heptanals, octanals, nonanals, and the like.

THE LINKER MOIETY

In turning now to the linker moiety, a linker moiety or simply “linker” of the
invention is represented generally by the variable, X’. The linker moiety is the
portion of the overall polymer that links the alkanal portion of the polymer with the
polymer segment (to be described in greater detail below). A linker of the
invention may be a single atom, such as an oxygen or a sulfur, two atoms, or a
number of atoms. A linker is typically but is not necessarily linear in nature. The
overall length of the linker will typically range between 1 to about 40 atoms, whére
by length is meant the number of atoms in a single chain, not counting substituents.
For instance, -CH»- counts as one atom with respect to overall linker length, -
CH,CH,O- counts as 3 atoms in length. Preferably, a linker will have a length of

about 1 to about 20 atoms, or from about 2 to about 15 atoms.
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w@3e0@a2636 H Rl2 R2 R2 R2 R2 Structure

3-ethyl pentanal, 4-e

t hyl pentanal , or 5-ethyl pentanal .
RLRILRRRLRLO 1111

111 POLY XL- G- G 4

|-Cis one where the value of3g! in structure | is 5.
This structure, 10 regardl ess of whether any one or
nore of C2, C3, C4, CS or C6 is substituted with an

al kyl qr . othe ni ¢ radi cal descri bed ahove, i
ot b pkeptie BETRD g BRasaiels RnChoa, SRPg SRS an antde,
aqpésyaezr ufRB%A0 Y 8 upda, Bbﬁna¥ Géfrﬂﬁh'xﬁ’éihyleﬁé StA8hd A Feneheb s

the al kanal 'portion of polynmer is

Qanmtgwtﬁee sideaf the smgbtfnmtmﬂbgraup Altermati vgly feditdgamay

5-nmeth | hexa ent

ik AYpREHRRR bt RRCEi IR RRan bt Yarp g Rene >,
Ad@ihbhm}ah linkdDTahe i6 OeRGARAH Be af athIéﬂé ¥REH, cs;ﬁxohdnaf

i nvention include heptanals, octanals nonanals and
qamEaining ene PHmOTe QUYESN MUY atpms|(he ¢ Y ﬁhergorﬁblﬂﬁtbér)t h e

et I r.
gt RS ke (B0 NSHE UL ¥ e PP When iR
aomitdxa bt struckire I, dlénKet i3loae thavwdiey cossiddned agysirt ofahe oferdlhe
overal | polyner_ that |inks the al kanal portian g%(t
RRIY IRk AOgY gk Tesuls in PRl S%&H@ﬁt’m@‘t"&‘&?epﬂ%éﬂ’ -Pr0-)
%-ra%a'i\?b gFt@N veghow . A linker of the invention nmay

a single atom such as an oxygen or a sulfur, two
at onslllustratave2nkersnXg rareothosdt comespohdingtk &lthctsofttl)qafod:lawmg
but is not necessarily linear in nature. The overal
TBIGHYES of the linker will typically range between 1 to
about 40 atons, where by length is neant the nunber
of atons in a single chain, not counting substituents.

For i nst and€H)EHACHpunt or as or{€Hal,dvh-W(@rKe-€SHagt to

overall linker length, CH2CH2O counts as 3 atons in
|l ength. Preferably, a linker will have a length of 30
mAefdridg toxhé RAkEr s#ictated ABovedthevaf ibla PO Utandest feord Reratto 85
at ons. 2004/ 022630 PCT/ US2003/ 028221 -31 A |inker

d?” s NHyvemt:itemvasiablens” & Gomljitke yaripble ‘dh sanges Gop zstscte 8
@g v aatﬁgn ngt ﬁmigeasrh(ﬁﬁ E&ro’ % %e& 3 or 9; “%”lfg R or% H2Y

con ene or ot fer &l yl'ene groups

variable “q” ranges from zero to 8, and the variables “r” and “s” are each

independently O or 1.

In the context of structure I, a linker of the invention, X’, may be any of the
following: —O-, -NH-, -S-, -C(0)-, C(0)-NH, NH-C(0)-NH, O-C(O)-NH, -C(S)-,
-CH,-, -CH,-CH,-, -CH,-CH,-CH-, -CH,-CH,-CH,-CH,-, -O-CH,-, -CH,-O-,
-0-CH,-CH;-, -CH,-O-CH;-, -CH,-CH,-O-, -O-CH,-CH,-CH,-,
-CH,-0O-CH,-CH;-, -CH,-CH,-0-CH,-, -CH,-CH,-CH,-O-,
-0-CH,-CH;-CH,-CH,-, -CH,-O-CH,-CH,-CHj,-, -CH,-CH,-O-CH,-CH,-,
-CH,-CH,-CH;-0-CH;-, -CH,-CH,-CH,-CH,-O-, -C(0)-NH-CH,-,
-C(O)-NH-CH,-CHj;-, -CH,-C(O)-NH-CH,-, -CH,-CH,-C(O)-NH-,
-C(O)-NH-CH,-CH,-CH;-, -CH,-C(0O)-NH-CH,-CH,-, -CH,-CH,-C(0O)-NH-CH,-,
-CH,-CH,-CH,-C(0)-NH-, -C(0)-NH-CH,-CH,-CH,-CH,-,
-CH,-C(0)-NH-CH,-CH;-CHj;-, -CH,-CH,-C(0)-NH-CH,-CH,-,

5 | - C. BtT/US1003/628221
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flanking either side of the single functional group.
Alternatively, a linker may contain a conbination of

wo ovabewe@l groups that can be the sanme or di f PET/®82003/628221

Additionally, a |inker of thesjnvention can be an

al kyl ene chai n, optionally contai ning one or nore
oxygen or sulfur atons (i.e., an ether or thioether)
Preferred |inkers are those that are droI ically

é?éb@g 2-OlRh A Qi Dk AR - - GHipeC Eﬁﬁbé%p) Hyutthre 1) a
S 00, LG NIIC R @R LT ?éﬁg%aﬁfjl?v oy .OFt Ch
C(OOtCH e, cO)aD+CHgCH,HeNEXTE@®- (Eﬁﬁd -CHANDEC(OROHe, an

N e R T e MLt R e e B e TR

?gﬁ%ﬁmﬂm Céof @H%)C@? -Clereni-caL-, ﬂ(%m -a¥,-6H0), - KS

nreferring to the |inker structures
Ab6(Q)-Nth€HearO«il-NF*ClHagles -WHdrH zeMHiGHBCH D' i s

RO Cionne iR R e oKy Clop cri RaRYaT 20! ©
fOINTEBYOHL-0- (&iz EM,-C(©)-CYl- OCI-QrCHJ{C(('D)SCM-l(HIIZ-O; t he
variable "q" es fromzero to and the varlables

qHz GHerC(©), T 6 o1 Bl (%@He@aeﬁﬂzm or 1. In the

f th tion, X,
QR gl SN nrdieg, O .”ch,” o,
308 i e o S cn B A4S v e B
[(ﬁl f- : ; Jc-),:a’nd c:og)_ﬂgcn;?lg?@:gf: tgﬁz%:r 51_(&?5'?5% e g?@g'oing,
wiBsRinQth DD 16162 G THAD to 20CRS isTipr Bn GiganiClddical selected from the
gr%%yc%gﬁi%% glkq_@%}ﬁ%%%z@%ﬂ C%_éﬁ@(idkem alpnyl,
m@k@u%ﬂ@ha %‘hnd &9)8&@&@ ar%_lz(ﬁﬁ@r‘ s?é@ﬁ@'ﬂ%kers have the
stqulrcs—lz-Q(:QQNB((@HzNHNH Q:@ZB) ON-NHLQ@M-(CHZ)]MI—C(O) or —

%@ﬁ?ﬁ%ﬁﬁ%@jﬁﬁﬁg hﬁfcggf%%%sq)ollowmg each methylene

m@id3te ChpSskiBidAbeNDf Biddrylenes contained in the linker structure, e.g.,
(C?—I_Sl 6CIn_1lgan(sj;l|12at %(ecf)mk’c\:lﬁ m?):%orgaﬁ 1,2,3,4,5, or 6 methylenes.

For purposes of the present disclosure, however, a series of atoms is not
considered as a linker moiety when the series of atoms is immediately adjacent to a
polymer segment, POLY, and the series of atoms is but another monomer such that
the proposed linker moiety would represent a mere extension of the polymer chain.
For example, given the partial structure "POLY-X"-," where POLY in this instance
is defined as "CH30(CH,CH,0),-", the linker moiety would not be "-CH,CH,0O-"
since such a definition would merely represent an extension of the polymer. That is
not to say, however, that a linker of the invention cannot possess one or more
contiguous -CH,CH,O- portions. For example, a linker may contain one or more (-

CH,CH,0-) subunits flanked on one or both sides by one or a combination of

illustrative linkers as provided above.
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- CH2- CH2- CH2- CH2- C(O) - NH-, - ( O) - O CH2-
-CH2-C(0)- O CH2-, -CH2-CH2- C(O) - O CH2-,

WO G{0@p2268CH2- CH2-, - NH C(O) - CH2-, - CH2- NH C( O PCBS2003/028221

- CH2- CH2- NH C(O) - CH2-, - NH {8 - CH2- CH2-
- CH2- NH C( O) - CH2- CH2, 5 - CH2- CH2- NH C( O) - CH2- CH2,
-C(O) - NH CH2-, -C(O)-NH CH2-CH2-, - O C(O) - NH CH2-,

-O C(ﬁ%it %% %{‘g‘e%&%ﬁ%ﬁbov%%‘% de an oligomer such

asC(@)Iz@'IK)){,}& -(CH;CHENI) Owhelddb and Wh%ﬂbp@(l@ﬁ]@rﬂ‘rgc from
1 %0% &Ig) X wéwqbﬂﬁq’zfoérbctlﬁam%@gs%ﬂ of such oligomers

wgﬂ% tg%n%arqe%l s%hglz% t%ftfﬂ'f&t%%mer alkanal P{/Oélugtnl%y

wmm thy disganoe petweeiN(HRGldehyde functionality and any reactive groups

A T e

anQ Eo ffﬁ@feﬁse@ ey dlﬂing}:\%‘@ pr A AAMdEhprovel 8faBility 61"9he'p§1}9ner
to 20 is Hor an organic radical

dbinst p@@um ol?nefeliiéﬂwhg qublqs&mdgrnah@e omailbkyq 1 to 10, or in

ST bt o ooy B R0 178 eyl B b

1|ner Akhnl h@»@@gfdulr @oﬂtigﬂlﬁﬁi f(CH@@Hz@jﬂ &inits i the link&Ss
C( o) NH- CH2)1 6NH-C(O -, or
d e@)lm eoP® 6NH- C(O) - or -

oC( O

foll o&ﬁl%g%%)g%a{ﬁﬁﬁgfg Crﬁc\m %Igg%@%nﬁ%b @ Z?’{tﬁxfj}lhurrber

THGH NH)g redigonerit acgnechts a:re tslmmh belswy whéne aCtincladesards ,
neans that the linker may contain 1, 2, 3,

‘ie%“%?f’lz e(_if6HE‘t"ngl enes. For purposes of the present

di scl osure, ﬁg}/\qy erl.es of T

consi dered(gs a I?EI?@%?D&&W M(}gﬁ&)og gg?)lngss IfIZ)%\;rorrs

is immediately adjacent to a polymer segnent, P(lY

and t es.of atons t her oner s

e T R S P e e

(LB E RS L@HOH,NEB, R Fire s:t&ahﬁuepaéde%gp 1852 n%the
glventh{ﬁm%artlal structure "POLY-X -," whére P

renagning ¥areables arg a5 dedingdalpvgs Exemat@é @F@@m@)ddmk%smf ehls sort

Jié?«?ﬁ(:f @3 v%q/\gﬁlgbg?tc(@preﬁlﬁ%ﬁ%%Xtm%g@Wt he

(CHAOHO0),- B C (O3 NHHCHICHANTY), - {OG9Nai-(CHhEH, 9 H) - Ak@ LNH-
of the invention cannot possess one or nore contlguous
CELHAGH: Eé’hmﬂs For exanple, a |linker may contain
one jrt

pot h o R fstantd, SHPEHREOL WUPOIN ook APSE il
deignient, thea preferabl ydael t(ahiommbek/‘ﬁ OEbhyBAR st in the polymer

PCT/ US2003/ 028221
alkanal1 2O or greater, where the total number of carbonyls does not include

the aldehyde carbonyl(s). However, when the linker, X’ includes one or more
contiguous (-CH,CH,0-) segments, then preferably the total number of carbonyls
present in the polymer alkanal is O, or 1, or 2, or 3, or greater.

Referring back to structure I, in another preferred embodiment of the
invention, when X’ is oxygen or includes at least one (-CH,CH,O-) segment, and z’
ranges from 2 to 12, then at least one of R' or R? in at least one occurrence is an

organic radical as defined above or alternatively, the polymer is heterobifunctional.
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-33 That is to say, a linker as described above can
al so include an oligonmer such as -(CH2CH20O) b- or
WO Q@HBCI2NH) g-, where b and g each i ndependent PET/USIIg®028221

from 1 to about 20. The applig4ants have found that
the inclusion of such oligomers wthin the |inker can
lend stability to the ultimte pol ynmer al kanal product

ext endi ng the di tance bet n the al dehyde
RS TS i b BEOS POEr B pionet e BT seament
MOL Y prefepsbll bBisBEses h ReabtiveSgramy at driltEMIRGLLGE i8 hot hydroxy.
interactions are disfavored, | eadi ng to increased

yi el d%re&mblyxghﬂ@lmnaahyd@ﬂm@lyusmbimaedjnw&bnuamtqne@r more
ofgﬁe é@' %fug aorgarl] 10o] gr o? ! gIFt-:n g thg{n ﬁ}%r eraéttﬁgrr, or urea.

H@Wém rhyldﬁﬁ 1&de faaﬁlge likledges; s nctalnetirbok ylate &terT sphate
nthesis of an i I ustrati ve 10 pol yner al kanal havi ng
@rs OrEI9Rt P ARfuiride arpitgpegtel. kefaly ghgqnufﬁethiq, QK B¢Ptids, may

g&s&r él@&q rﬂkﬁ?ﬂ?eqm” ﬁleﬁnvdﬁqgﬁ t%%w&g}%heﬁlcﬂfas OorS, are

speci ers containing
HeBHACHANM fpriel) apcare tinkers egit@ning oligemsio WCHEHa®),- vher e

def the foll 15
ok b2 eperkps STERRS (oS 22 P 1o

In the illustrative structures above, P and T are each
i ndependently - (CH2CH2O) b- or -(CH2CH2NH)g, b and ¢
B%P@Q@JER' SREVERTROMYERS FORIRREPARING ACPOLKHMER Aemmm ng

G PR R T BB
intdridon Yo da ARG E)- fluble fﬁ@@e%ﬂlént (Rép26daR(Aive POLYs
NH) g, and - NH

-0-¢(O- lgdjﬁgcrlzmzN g,
iggloyle pply(atirenaoalygals) sheh a;sa}qlae(mhyleng gbﬁ@@spoly(@rowlene

BYQITR Peoy S odliodrs S RIGRAR B i WRRIER PEL pobwalsfinic
W(ﬂ@ﬁﬂpoly(’vlﬁﬁpyr@@icwﬁ'ef p@l@(l@idkﬁ@alk?drﬁetﬂadﬁylaﬁldw
greater, where the total nunber car bonyl s does not

H%ﬂhm@@xyalhﬂw@éww pelyseesharidgs), p%w@@wl@fdrowm)t he

B ey R poRer BT DO S Etoatmrhgtipe)
E(DLY&ab bélyﬂhSmopt’)B'&QﬁtanlalItefnh&n PodpolfEtierdh kemdam dopolymesa
reater. Referring back to structure

trlocki Wpalv@@qﬁe%n iﬂe@? B &GP B P AdoNbiripokymes or a block

tk‘lﬂwpag})’mﬂe SoveS Tﬂém&'}‘ sBlubl 151 %Ssegl%ehte@;%efﬁﬁgx,

segnent, and rang

atholiglamsdt rxemssm‘ilyRﬂ.pmiy(eR@ldnB ghycol)eaSPEGH er adetivation teeréct.
an The polymer segment can have any of a number of different geometries, for
example, POLY can be linear, branched, or forked. Most typically, POLY is linear
or is branched, for example, having 2 polymer arms. Although much of the
discussion herein is focused upon PEG as an illustrative POLY, the discussion and
structures presented herein can be readily extended to encompass any of the water-
soluble polymer segments described above.

Any water-soluble polymer having at least one reactive terminus can be
used to prepare a polymer alkanal in accordance with the invention and the

invention is not limited in this regard. Although water-soluble polymers bearing

only a single reactive terminus can be used, polymers bearing two, three, four, five,
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organi c radical as defined above or alternatively, the
pol ynmer is heterobifunctional. WO 2004/ 022630

w03/ 028221 -34 In such an i nstance whepePRUse3/028221

pol ymer is heterobifunctional3sthe polymer segnent,
PCLY, preferably possesses a reactive group at one
termnus that is not hydroxy. Preferably, the |inker
is hydrolytically stable, and nmay contain one or _npre
%> SV, £IGIE Gicn i80F elavan; BYRlYe o BoisTeackivg dminisuitabinior

: Vv 0
SnEsionsP s TR slhalds S torn HEME Gl oe IEH. M ankBeblly, o
thbasmpbed & hydsdxgt or athérdrosive lrnomrelsy)dlth&mater-pbllymer segment
acetal , ketal oI|g nucl eoti de, e al so
iggregies<bn PUmMRerOf avalkable ges 1f<PfénﬁrwﬁJéH% lka}qé giobRingFRaSes:

NomiRitife e iﬂﬂ 188 ofth@u %r 1€ of @hbinbet @Hﬁ&(ﬁ&@m@wwe
as are ﬁl Ps®Contar ing ol i goneric - or -
1 Qe GHdhlbdi gred st watas-soleble polymutr abguent iddiudeHo0, 100, 80,
&%NE% 1%C—]VEl\lT/ POLYERS FOR PREPARI NG A POLYMER

) KANAYC shown in the illustrative structures above,

vt or NGBS S A GREFTBHRL Y. PG e@%ﬂ{%‘p e paiyiytene
inchyiee 7&@9 R

ycol), “pol y(propyl ene gl ycol) copol rs

PEG eforliddd?iG girgrobbd BRE, prmdpmi REG, @dm comaihingaine bi moce

%ﬁ%ﬁ%%ﬁ%ﬁv iaﬁé!g ﬁ‘ééﬁ%oﬁﬁggg units, to be more fully described

by ( hydr oxyal kyl net hacryl at e), poI y(sacchari des),
pol y( ( X- hydr oxy aci d), (vi nyl al cohol),
pol yp ma@mlyrpm ]gmagqﬂ tﬁﬁmvention one commonly used PEG

Fﬁ%‘lﬁéé 8}65/ ay 180%#‘%@ 8:,)1l I neécay@s%prad agegcgﬁ:&g lWlth hydroxyl

-ynmer, a 20 bl ock copolynmer, an alternating
trlpolyner a randomtripolyner, or a bl ock
tripol ymer of an of t he above The wat er - soluble
pol ymer segmedt S I20)miGHSFpHOH
necessarily, a poI yget hyl ene ycol ZF@ PEG or a
der i vBig shove pelyast, am@eom@gy hi(etbpiendr ghyeolaropn be

BTG T1o AT P ) e 19

dlyplmadréy,PB?;lYmHoLPE@a:rH” e?cﬁre@poﬂds tor anched, for
exanpl e, having 2 polymer arms. Al though much of the
di scussi on herei |s f cused upon PEG as an
illustrative POCY (EePdr-@HeCHest r uct ures
presented herein can be readlly extended to enconpass

ﬁ{(‘ly(npfypwﬁﬁy WaioRE frofCibBR ProRbU 006 89 FBR SHodes &S ARae

3 OOO or more preferably from about 20 to about 1,000. In reference to structure I,
POLY may for example, be a hydroxy-terminated PEG such as HO-CH,CH,O-
(CH,CH;0),.1-CH,CH,-.

Another type of PEG useful for preparing the polymer alkanals of the
invention is end-capped PEG, where PEG is terminally capped with an inert end-
capping group. Preferred end-capped PEGs are those having as an end-capping

moiety a group such as
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Any wat er - sol ubl e pol yner having at |east one reactive
term nus can be 30 used to prepare a pol yner al kanal

w0 nooaoews@ance with the i nvention and the i nvPOL/USIN03/628221

not limted in this regard. Ak¢hough water-sol uble
pol yners bearing only a single reactive term nus can
be used, polyners bearing two, three, four, five,
2004/ 022630 PCT/U82003/028221 seven, ht
Hkove, sebsftuted alkexy, akkgRylgwy. hb Sﬁ%tft%g ?@%wtl?% a‘cké(P)ﬁlPﬁ?

?ﬁ.\gﬁr ttﬂ@d%lléﬂgloxgoﬁ\éﬁ)&i s‘ﬁBsﬁtQt et gﬂ%ﬁ/ I refalkaaa/ enﬁscaﬁﬁihg

her sed. usly, as
gmnpxesucbfas mgthoayydthaxy, endienzyleagt i ve noi eti es on the

wat er ner se msnt | ncr,

avai I%gf(lgg}/’glr’toé”s Grctupgs T 83%3“%%@%% g‘l"&ﬁﬁam
EMSSBASAS; eitherNQ "(‘)L‘ behf)hM a SRnOEIyEOS coPRBbndihgd the
of the nunber of hydroxyl "arid/ of reactive nDieties

giswbu¢:ated with the water-sol ubl e pol ynmer segnent
i ncl ude 500, 100, 80, 40, 20, and 10. In turning now
to the preferred POLY, PEG "PEG' includes

pol y (- (GHEI,O0) Yyl ) “Z23(GHyCHD)-CH,CHpear , branched
or multi-armfornms, including end-capped 10 PEG

forked PEG branched PEG, pendant PEG and PEG

%ﬁ%’e%ﬁh fRORF lﬁﬁrt ?‘&5 Q?ou‘? ﬁ@é@%??ﬂo&uﬁoﬂkgggcr E@J&fb’o Mz

r su uni 0 be nrore
Ber owludeo a p”um:panzﬂ geoypodughves hpdrsey) akmmf ebtbe carboaate] on,

d G ial is.f PE
oy RecHRsl gt anoshacay 2{? '%&'391@%3  Shbngi il bt
54 G5 RRte HOUBBEHAL | Auflnf32 G The above

pol’yne al pha-, onega- |hydroxylpoly ne glycol)
dldnom@dmee pmelsxyntlem jododmetagfidé, @iknxasbeHZylaEﬁsﬂhne alnpnﬁ i's

|3 olﬁgfgﬁ%bﬁo%% Pq%@ﬁ%ﬁ%gm? Zégagrg the #8LY structru?es sB(F))v%nG In
nﬁh@&ﬁ@ Aot 1
from ab?ut 3 lﬁg?abﬂg%s%ngﬁg%g& g?e??égﬁn%gigzﬁ Iﬁgil Pgng%ﬂgtﬁ@a
Brangded osforkest polpmer sagmishy Inraorinsiansatwhe the palyoer segment is

cture |
ﬂl’aggx%fi,ethe gb‘iYeﬁgg:ruor)e(sy f?rergl&ilgt f aé’av‘f::@@' nggﬁxag}ﬁie correspond to
s foaiR g pae) of thd o¥SrRCPRLY stcAROt AREmbY RSy, @ an

PEG useful for prepari ng t he pol yner al kanal s of the
instance where POLY possesses a forked structure the above POLY structure may,
for example, correspond to the linear portion of the polymer segment prior to the
branch point. |

POLY may also correspond to a branched PEG molecule having 2 arms, 3
arms, 4 arms, 5 arms, 6 arms, 7 arms, 8 arms or more. Branched polymers used to
prepare the polymer alkanals of the invention may possess anywhere from 2 to 300
or so reactive termini. Preferred are branched polymer segments having 2 or 3

polymer arms. An illustrative branched POLY, as described in U.S. Patent No.
5,932,462, corresponds to the structure:

PEG —FP
I

R— C—
I
PEG—Q



invention is end-capped PEG where PEGis termnally

capped with an inert end- capping group. Preferred
wepe+o2gsped PEGs are those having as an end- cappi/ng2003/028221

nmoi ety a group such as WO 20044 022630

PCT/ US2003/ 028221 -36 al koxy, substituted al koxy,

al kenyl oxy, substituted al kenyl oxy, al kynyl oxy,

substituted al kynyl oxy, aryl oxy, substituted aryl oxy.

Preferred are end-capping groups such as nethoxy,

et hoxi‘/.lA and benzyl o&/ Referring now to structures |

and | htsrwmg@htaltmm ‘PB1anonfagciive maiety, sudnasddi methylor a

¢h I 5 %n @r}r ahve fi frrllpa%f\,% E@t a%%ﬁ?r‘éﬁ%@ﬁ%@ﬂem, the

branélﬁﬁ@@@@n me-}%@hﬁént fonidhoMyaioy(athy RAE @BchN @li@ubhﬁul‘ed 3
to about 4000, or from about 10 to about 4000, and Z

lysingr i ncludes a functional group such as hydroxy,
am no, ester, carbonate, aldehyde, alkenyl, acrylate,

rret hablrtizc abave pasioplas ﬂ?reméhedsmnﬁ@n@tlom,nh@bran@lmdhmkymrc

H)c%gg %sn%a{/ﬁ%l irc?acﬁve sfc%’ex? A Igyfmﬁgl né‘ éj Franch point for
yd;sﬁtydrmyg' d)ﬂihélfé,acmﬁdama}ﬁl pridup @ia aath@xyBrdneumy such as these
si | ane, pid, 15 Phos phol i pid, biotin, and
far yes ’@§B%PWSC%§&1€H iop wall Qm_chlxbm‘cf@web@ag A&RE arms, and

n
L ALY, LA, T8 358 B3E" Subl BARCY B

ablayieee ofleqyinegd smgln reattive siteq bopledheitke aﬂhgerpnioyemkmse
br anched, e PCLY structures immedi ately

t
g‘ggg‘g{]ﬁﬁk}‘? hfaBltheérxléﬂFﬁw‘ gﬁaé:BP’i“@’é’ﬁﬁﬁd to the polyner

arms Hag &n&@{ ¢ Of bfaH&meﬁ\P@@hlkarP@eéfrr bhd td'tfe structure:
Alternatively, rn an 20 1 nstance where POLY possesses

eMeQrBESd)St Xirelkemad, whire i epalse? B1Q. ¥ind G is atlysine omgther stigable
exanpl e rrespond to the linear portion of the
FBIngASH ey a'r‘ﬁsnt prior to the branch point. POLY may

al so gann@sRensblafcirdpo aﬂ(aﬁ’ﬂ@fmﬂé BeeHtRnMAY 'tﬂwsn%cture
arms, 3 arns, 4 arms, ar ms, arnms, 7 arms, ar ms

ghowrohedowBr anched polyners used to 25 prepare the

pol ymer al kanal s of the invention may possess anywhere
from2 to 300 or so reactive termni. Preferred are
branched pol yner segnentsChaving 2 or 3 polyner arns.
An illustrative branched ROLY, as described in U S.
Patent No. 5, 93¢sdb2,0cC0 ds to the structure:

(CHy),4

H
H——C——-N —alkanal

mPEG,—(Q—C—NH !

O Structure V-A.

In this instance, the linker corresponds to C(O)-NH, optionally containing
an oligomeric -(CH,CH>O),- or -(CH,CH,;NH),- segment positioned between the
amide nitrogen and the alkanal portion of the polymer as shown in Structure V-B

below. Exemplary oligomeric segments will possess b or g values ranging from
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PEGP R'- C- PEGQ WO 2004/022630 PCT/ US2003/ 028221
-37 In this representation, R' is a nonreactive

woreioenedsuch as H, nethyl or a PEG and P aneCTQUs2003/028221

nonreactive linkages. In a pr88erred enbodi nent, the
branched PEG pol ynmer segnment is nethoxy pol y(ethyl ene
glycol) disubstituted 5 lysine. In the above

rii onfi i,@N anc
gtgq& 1 &4 é‘%uéQ cl){tctjpor% adout é et(g ldﬂacﬂ.ét i3§ réf?rglgp eghﬁcgsfess values

emem@h 2Woif ll’eWnHrBIQrabCy' blor grifl moe bhe blrhe fgIRWihg Oaludry 2, 3,
of the reactive al kanal group via a |jnker. Branched

PGS, Lufbl9, AQ, argeapter. g purdeularly prefetfrdanahndimenteh oy HFanges
] - d 10 nore
g?léjfze{rog Ia?/&HﬂEIC%1 aaxlave ‘o aré géggéegrﬁ %se.adlggrg H?Br anc hgg

PEGs offer the vant age of having a single reactive
site, coupled witlp a | arger, nore dense polyner cloud
than t heks,+HopearCRERgounterparts. One particul ar
type of branched PEG|al kanal corresponds to the
structure: (MO PECY HS} X -al kanal, where i equals 2
or 3, and Gis a lys r otltier sui tabl e 15 am no

acid residue. An ill I aI kanal
of the |nvent| on ha he truct u?&fﬁf‘&ﬁ%@%% ow 0 11
f PEGa Qprpl Il CN -al kanal |

t Q ure V-A

nPEGh- O C— " O

Structure V-B.

Certain embodiments are preferred for polymer alkanals having a branched
structure. For example, in one particular embodiment, for example when POLY in
Structure I is branched, then at least one of R! or R? in at least one occurrence is an
organic radical as defined above. In alternative preferred embodiment, for example,
when POLY in Structure I is branched, then X’ includes -(CH,CH,0),- where b is
from 1 to about 20, in the instance where POLY comprises a lysine residue. On
occasions when POLY has 2 polymer arms, it is preferable that neither polymer arm
comprises oxygen as the only heteroatom in the instance where POLY comprises
“C-H” as a branch point.

Branched PEGs for use in preparing a polymer alkanal of the invention
additionally include those repreéented more generally by the formula G(PEG),,
where G is a central or core molecule from which extends 2 or more PEG arms.

The variable n represents the number of PEG arms, where each of the polymer arms
can independently be end-capped or alternatively, possess a reactive functional
group at its terminus, such as an alkanal or other reactive functional group.
Branched PEGs such as those represented generally by the formula, G(PEG),,
above possess 2 polymer arms to about 300 polymer arms (i.e., n ranges from 2 to

about 300). Branched PEGs such as these preferably possess from 2 to about 25
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20 In this instance, the |inker corresponds to
C(O-NH, optionally containing an oligoneric

WO f@HBEX3O) b- or - (CH2CH2NH) g segnent posi ti onedT/US2003/028221

between the am de nitrogen aggl_the al kanal portion of
the pol ynmer as shown in Structure V-B bel ow

Exenpl ary ol igoneric segnents will possess b or .

val ues ranging from WD 2004/ 022630 PCT/ US2003/028221
pojgmswms mofepraisEARly frem 2o a0puiCapplymperiarms, apgsyen Bore

f&f‘eﬁ'ﬁ{l er a(g bodt E?gocﬁﬁ%r é’rﬁls‘b??ew&f M’és‘i’#ﬂ:@?{?& € multi-

ess have one
iirniequmlymyers'hhu&g3 2567or48ar5156 7, 8, 9, 10, or

R e T

%&gﬁepg?}‘ol@fn%ldabfafoﬁﬁzﬁigtplo?g)}]saﬂahngr}?(ﬁﬁ%l é(_) é&) cQ‘boN"tdms"@nH‘frdﬂl 1

st kO0uhydeoxy! groBps,deeluding edpisoelighenal, glkaneedlp}se aléivlr éaﬂaﬂ@r

BRIRE R T SR BB ARseind Gt 4
M@y didihhethy ) tdd)cloide¢imt WyelohlkyE déneaticlb alhydrbyaliaines,

| east one o Rl or R2 in at | east one occurrence i s an
wihydioxyalkansiscand the like {Gyslogliphasig @olyofs rapy alse he pygloyed,

Bl PRSI clont PEip RNy B sulliEflo T s .
mherieol soktsitol fmosinol, Aytitoh pebraeitol | threlitol; atabitbheoehritbEr e

(]_Y conpris SI ne residue, ccasi ons when
hggﬁéobgq"wﬁaﬁ QfemArabinpsg, éyw&&% rgamﬂ%ﬁe, BRlaGieRey

ggwswmasg@ 3ot G RiahidEe & TRE aftfost N6|0RE (YeifdRL, TyRRbEIRs,

he | nst ance where P ri ses
mcmscﬂacptosm maltBsfa landhehfb liRE&ddluonaJl sbphaticpobply inolyda

AT 5o A SPh PogfS RBS i AL
$ete6mers. Other core polyols that may be used include crown ether,
cyclodextrins, dextrins and other carbohydrates such as starches and amylose.
Preferred polyols include glycerol, pentaerythritol, sorbitol, and trimethylolpropane.
Multi-armed PEGs for use in preparing a polymer alkanal of the invention
include multi-arm PEGs available from Nektar, Huntsville, Alabama. In a preferred
embodiment, a multi-armed polymer alkanal of the invention corresponds to the
following, where the specifics of the alkanal portion of the molecule are provided

elsewhere herein.

alkanal alkanal alkanal

PEG PEG PEG

alkanal-PEG-O-CH,-CH-CH,-O-(CH,CHCH,-O-),-CH,-CH-CH,-O-PEG-alkanal

n=0to 4
Structure XIII-A.



where Gis a central or core nol ecule from which
extends 2 or nore PEG arns. 20 The variable n

WO epresrBt S t he nunber of PEG arns, where eachrof/usive3/028221
pol ymer arnms can i ndependent4y- be end-capped or
alternatively, possess a reactive functional group at
its termnus, such as an al kanal or other reactive

f t I B d. PEGs h

repr cA Bt i e ST R PR ang(v,g,@g%ﬁs@dgmm.

RR %ﬁ@rﬁﬁe %f RErKEEPEG COhredfonadRithe SPEtuRe! DPRGIY

(i n ranges from?2 to 25 about 300 Br anched PEGB

w&hms)]zt-ﬁé@z,pvr@r@wa@ug/arpo@sbggms@ﬁP Grdsserihsdtheresn, Wis
4/ 022630 PCT/ 0

zbﬁglf.lgg g{ﬂuy grpfggqb gycgrgg}'%tc Zlébst%lgf ?m P yé‘%r th&% n:%t v:H:PabFes

arrrs

5  dBeSpondire ©tiablinket bMhe all@nalifionl e I@@Hmﬁw aBO VS or
fewer. Most preferred are nulti- arned polynmers havi ng

3, 4, Aédltlenalﬂll@ﬁraevqﬁonlse Rﬁ@ﬁwﬁ%ﬁd@v/@évm@@w@ tp the
? ed PEGs as described above are polyols. 5 Such
yo i nclude aliphatic polyols having from1 to 10
carbon atons and from1 to 10 hydroxyl groups,

i ncl udi ng et hyl I I | kan [ | K
glycols, al kylﬁg@?@cﬁﬁ(wzgﬁgﬁé%@)%&%@@aﬁél kane

10 diols, 1,5-decalindiol, 4,8- S XTII-
bi s( hydr oxynet hyl )tri cycl odecane, cycloalkyIiJgﬁgne
di ol s, di hBdr oxyal kanes, -trihydroxyal kanes, and the
i ke. Cycloaliphatic polyols my also be enployed, 10
i ncluding straight chained or closed-ring sugars and
@H&@'PE@ i%%?bﬁthe%h‘h'ib SFPECTBERb& herélﬁr Isgl hydhﬂﬁt an9|

xylitol, quebrachitol, threitol, arabitol, érythritol

sehniinkdge, shoh 65 oxygens adfuser -€(@eNH:; rarrameﬁfmm 1 tcyl(bﬁtéat

5 LFRARsITRORS: 5 K7 8F 0y MRS 55 oy

Ay opivasi des, andSMIﬁ‘anfr@sen{ HORs &; YRINSLO; andiVtifen bptichal
Addi tional aliphatic s oIs i ncl ude 15 derlvatlves of

@Ig%r&qwswnwéuc?g? LCHQpoard CHEHROSD),- tpedesen

a ¢ !
T e R
fdextilalisn mPBEdiedhatutablykiab ywiiczaé CBEGU ed)’i'r@§or$dsabc hes and
anyl ose. Preferred polyols include glycerol,
pentaerythritol, sorbitol, and trimethyl ol propane.
Mul ti-armed PEGs for use in prgparing a polyner
al kanal of the invention 20 Iﬂflude mul ti -arm PEGs
avai | abl e from Nekt ar nE$V| abama. In a
preferred enbodlneﬁP,G t -arHE@jpolyner al kanal
of the invention corresponds to the follow ng, where
the specifics of the al kanal portiGH2bf the nol ecul e
are provi ded T

mPEG,—Q——C—NH

0,

mq

20

Alternatively, the PEG polymer segment for use in preparing a polymer
alkanal of the invention may be a PEG molecule having pendant reactive groups

25  along the length of the PEG chain rather than at the end(s), to yield a polymer
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PIGPi G P G

wa@bdanzd63PEG O CH2- CH CH2- O ( CH2CHCH2- O ) n- CH2PCHuS1d83/@28221

-PEG al kanal n=0 to 4 Structare XI1I-A W
2004/ 022630 PCT/ US2003/ 028221 -40 Alternatively, the
pol yner al kanal may possess an overall forked

ru An exa a forked
iEbiVi el R RRodin? i BtBS pBsf  BBRPE i
Iffer,i3e. any of the forms of PEG descrl bed herein, Y is
a linking group, preferably a hydrolytically stable

|'i nkagghep Rtk ﬁ&]gmef ge%he\ﬁaﬁqhﬁ bbREssdnk OF AP RRsl Hddafadable
the l'inker and the alkanal portion are as defined

lindages, suchd |est|eohraitagﬁ$ thasvp auhjees té bydrelysiPEQthdriteydedlgically

SR an o T ey et P R A caonte it o
plldsphatesteth@idenydiizohs. any of the forns of PEG
descri bed herein. Qis a hydrolytically ,stable

I'i nkaggnerallie the%nﬁﬁéﬂgﬁeragé H{oﬁééﬁlar Hass (g(t@ witér-soltble
ranges from 1 0, (th i's, mcan equal 1,

polymer $gment, POLSY wgl vayy. Tb§ nmmnal svemwflmla@ﬂg'r massof IOLY

icgy Pl 92 "R o B R RirG A en il TR ot

200, VR tbfis; SRETESHut SOC Baltshs td SBIAERE, 0V dalds (fedid GbddH) @O0
as descri bed (s)reV| ously. An exe Iary branched PEG

derons Syt HOUAIOESTro abors 2490 elonsde b 35PN
h AL 4 SPIhHS Bout 660 diRER. ERAAENMnh Urerdle O

molecular masses for the water-soluble polymer segment POLY include about
1,000 daltons, about 5,000 daltons, about 10,000 daltons, about 15,000 daltons,
about 20,000 daltons, about 25,000 daltons, about 30,000 daltons, and about 40,000
daltons. Low molecular weight POLYs possess molecular masses of about 250,
500, 750, 1000, 2000, or 5000 daltons.

REPRESENTATIVE POLYMER ALKANALS
Following the general description above, the following are some illustrative
structures demonstating preferred polymer alkanals in accordance with the

invention.

For example, the polymer alkanal of the invention, when linear, may possess
a homobifunctional or heterobifunctional structure according to structure II below.
A homobifunctional structure according to the structure below is one where both

termini are the same.

-k KE:
H—-C C X'—POLY—X'—+C—~—C—H
L5

Structure II.



H2)4 nmPEGb-O-CNH Il 0 Alternatively, the PEG
pol ynmer segnment for use in preparing a polyner alkanal
w@boothzeBnvent i on nay be a PEG nol ecul e havi ngP@ETSZHNS/ 028221
reactive groups 25 along the4pRength of the PEG chain
rather than at the end(s), to yield a polynmer WO
2004/ 022630 PCT/ US2003/ 028221 -41 al kanal havi ng one
or nore pendant al kanal groups attached to the PEG
chain by a linker, X . Further, the polyner segnent
may pPRSasal ks d6r X0am] \GRAR afre degit sstetbive | Pakiogedy
such as ester |inkages that are subject to hydrolysis.
pickaredsiyeyreptin e@ﬂqrgancs wifh giraetars 18 arq thesege swmmoxfrx

gﬁX@Wﬁ"r@g‘%‘W aﬁ(g%%{ ydr ggﬁgﬁr ?5362&@? P Iﬁhqﬁe )nom ‘nal

ave)- N@B(mi@iﬂ)m (E(EBS\IHf(CHa@H\éﬁ)berorsNHb@(@) NHO(IQHIéfl |H20)b‘
se r ver age_ nol ecul ar
61‘“3!5 r?m{l!"‘ @&F ié// af’;FSI 1§°’ierPf%fa Eabgf 285 @r 6y More

§Rkl FRWING: ;@&9@& B 1Qn4abt @RSnVeRtiaR

1%8 OOO{']de tons; w??owetr)outn%o dal rtlg'nsl tgﬁalgi%%efouowmg
80, 000 daltons; from about 1,000 daltons to about

50, 000 daltons; from about 2,000 daltons to about

25,000 daltons; from about 5,000 daltons to about

20, 000 daltons. Exenplary nom nal f e nol ecul ar

masses for the er - sol ubl e pol ment POLY
i ncl up;l@cg,:;\Jagg[:at2 dadH, gngg iflal tons,
about 10, 000 aitons abdut al tons, 15 about
20, 000 dal t ons, about_ 25, 000 dalt , about 30, 000
dal t ons, and about 40, 000 daltons.~ Eow nol,ecul ar
wei ght POLYs possess nol ecul ar masses of about 250,
500, 750, 1000, 2000, or 5000 daltons. RESEEENEAY VE
POLYMER ALKANALS 20 Foll owi ng the general description
above, the following are sone illustrative structures
denonstati ng preferred pol yner al al ¢ i n accordance
with the inventijpn. For exanple, |[fhe fol ymer al kanal
of thBEGmf@HQ)amTC'\NITBﬁ(OHgﬁH@NH)Q |

R2

VA

Structure IV-A

R'| O
@ L]
PEG—(CH3);- HN—C-NH — (CH,CH,0),, C+—C—
L,
Zl

Structure ITI-C

R1
I |
PEG—(CHp),- HN—C-NH —(CH,CH,NH)— C C—H

F"z

Structure IV-C,
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according to structure Il below. A honobifunctional

W@ oodoL268® according to the structure bel ow i SPONES2003/028221

where both termni are the sagge. O 1?hl Nil OHCC
-X-POLY-X- CCGH 1R Z R Z Structure H WO
2004/ 022630 PCT/ US2003/ 028221 -42 Preferred val ues
for X and -CR R2- are as set forth above.
Particularly preferred structures in accordance with

St r UCHérBinl FEQ§Spdl ethSleh® gvylabghb E’ﬂ%ateseacmmdyﬁeﬁlubmlﬁ@ﬁ)

lycol), and X is -O-C(O)-
g(NH-l © 6.Ng1d the (o;ngur@(lg)yarmlqle(sgm gd prev1ously Preferred are
H- gIHZ h- %‘142 ,
stgc%%sge g}&l} e (P % raﬂgg ?rogn EIEE %p%lte%n(v rg_g QF(grrnalbtP%Bgm

€., ABhouh 2 rarfies GromVbtceaboSIPEK; iptdferddd e streqi@s @nvhich ve
ol yner al kanal s of the invention include the

lraeg%cfwm& 106 ®B- & hortk || PEG (CH2) a- G- NH - (CH2CH20) b
’\%af f‘éﬁ; érﬁat@:ﬁ P‘W(Qﬁgs,mgr ét% ? r;llja(l:st \gﬁt(é%e ¢ @_%)rﬁ %@i‘ %IIH

@s E]E@/r( {6HB atridir€s hnedi@EB DG s GerGlare probided below.

R! 0]
i | I
PEG —C-NH —(CH,CH,0), C+—C—H
|
R2
Z'
Structure ITI-B.
or
R! 0
il | [
PEG —C~-NH —(CH,CH,NH)4— C~—C—H
1,

Structure IV-B.

An illustrative polymer butanal possesses the structure:

i
PEG —C-NH —(CH,CH,0), Cy Cs Co Ci—H
Structure I1I-D.

Particularly preferred PEGs corresponding to Structure ITII-D above include
Z-(CH2CH20)n- or



15 z' Structure 111-C O [R 0 PEG (CH2)a HN-C- NH
-(CH2CH2NH)9 CICGH I R2 z' 20 Structure IV-C, WD
wQeMh82630 PCT/ US2003/ 028221 -43 wherei n PEEET/BS2003/028221
pol y(ethyl ene glycol), b and-g4are each i ndependently
Oto 20, ais O0to 6, and the remmining variables are
as defined previously. Preferred are structures in
which b and g range from1l to 8 or alternatively range
from1l to about 6. Although z' ranges from1l to
about 2% Cb'z@f"é?m@d—a'f'é structures in which z' ranges
from2 to 6, e.g., isyy 4. Structural
representations of t po yner al kanal s where the
variable "a" (js shown in the structures inmediately
abov e}-(CH,CrgD)R-CarHPrOMi ¢ed below. OR O 11 1 PEG
-CNH -(CH2CH20Ob CIGHR2 10 z Structure I11-B. or
ORLO 11 1 PEG-CNH-(CH2CH2ZNH)g CICGCHR2 15

g e S B A S S

folos] wii¢teiB GHIPickally 01tel 20,3 i PypidallfO to 6, and d is 1, 2 or 3,

5
1
2 T
PEG+(CH;),——C-NH —(CH,CH,0), C c—
1,
Zl
Structure VI-A
or
10
o)
Il RO
PEG-(CHz)s =NH-C-NH —(CH,CH,0);, C C H
R2
2 d

Structure VI-B

In Structures VI-A and B above, PEG can be linear or branched. Preferably,
15 R!and R?in each occurrence are H, and z’ ranges from 3 to 12, and is even more
preferably 3, 4, 5, or 6. As one example, a polymer in accordance with Structure

VI-B is one where
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HHH20 Structure 111-D. Particularly preferred PEGs
corresponding to Structure HI -D above include

WQ 2026 0) n or WO 2004/ 022630 PCT/ US2003/ 028221/US20431028221

Ou Z-(CH2CH20),-C - i NH (&)4 O 11 1
Z- (CH2CH20) n- C-NH- CH Addi tional branched structures
in accordance with the invention are as foll ows,

wher e [ ' (RYES 0, sis typically 0 to 6,
and dplﬁg °§frg%’%lc‘a‘§?!§,m%9[6&%“%0 PEG (CH2)a- G- NH - |
(CH2CH20b CGCHR2 z d Structure VI-A or 101 11 URL
0 PEG (CH2)s -J\H-CNH -(CH2CH2OQb CC-H R2 Z d

H H
Z-(CH,CH,0)n-C —N-CH -

where Z is an end-capping or functional group as described previously.

Another illustrative polymer alkanal of the invention possesses the structure

shown below:

NH—CH2—CH2—-O—[—CHZ—CHZ—-O-}'CHZ—CH2—CH2—CH

o © 3

CH3-O{'CH2-CH2-O]—CH2—CH2-CHZ—C—-—NH
n

o]
NH—CHZ—CHZ'—O'[-CH2—CH2—O']—CH2—CH2—CH2—CH
3

Structure XIV

In the above embodiment, the polymer alkanal also has a forked structure

and is suitable for covalent attachment to two biologically active agents. The above

structure contains, in the portions extending from the -CH-branch point, a linker
containing oligomeric -(CH,CH,O)- segments, where the number of such segments
in each portion is 3. The number of such oligomeric segments in the above
structure can be varied in accordance with the generalized description provided
above.

Further exemplary polymer alkanal structures include the following, where

the variables have been previously defined:
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w0 moeazds3dccurrence are H and z'

Structure VI-B In Structures VI-A and B above, PEG
can be linear or branched. Preferably, 15 R and R2

and is even nore preferably 3464, 5 or 6. As one
exanpl e, a polynmer in accordance with Structure VI-B
is one where WD 2004/ 022630 PCT/ USZOOS/ 028221 -45-
PEG corresponds to the structure: H

Z- (CH2CH20)r,-C -N-CH 5 where Zis an end cappi ng or

functional group as descrjb reviously. Another
the i nvention
possesses the spoOW CbeHow 0 NH CH2-CH2-0O

illustrative polyner alk n

CH2- CH2- O - CH2- CH2- CH2- I H| O O 311 CH3-Of
CH2- CH2- G CH2- CH2- CH2- C-
NH CH2- CH2- 0- ~CH2- CH2- 0~ CHQ CHQ CH2-CH 3 O 10
Structure XIV In the above enbodi nétfcturedl pol ymer

al kanal al so has a forked structure and is suitable
for covalent attachnent to two biologically active
agents. The above 15 tru uré*con |ns in the
portions e&%eF n1t - p0|nt a |inker
cont ai ni ng b go r|c (CI nts where the
nunber of such segmenfys n e h portlon is 3. The

nunber of such oligoneric segnents | n the_abave
Structure VII-A

Pl g
Il
H—C cI: (I: (ID—O—(CHgCHzo)n-CHQCHz— o—<|: cI: cI: C
H H H H H H
Structure VIII.

Preferably, any one of the above structures is provided as a composition
having one or more of the unique composition features described in greater detail

below.

FEATURES OF THE POLYMER ALKANAL COMPOSITIONS FORMED AND METHODS OF
PREPARATION

The polymer alkanals of the invention possess several advantages over
previously prepared polymer aldehydes. First, the polymer alkanals are prepared in
very high yields, in part due to the simplicity of the synthetic approach employed,
particularly for the alkanals having oxygen as the linker moiety. Moreover, in
examining the stability of the butanals of the invention, it was discovered that these
types of alkanals are more stable at basic pHs than prior known polymer aldehyde
derivatives (e.g., propionaldehydes, acetaldehydes), and are formed without
significant or even detectable amounts of retro-Michael type reaction side products.

For instance, as demonstrated in Example 3, under basic conditions, mPEG

ranges from BCT/oS283/028221
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wex@aptmsy pol yner al kanal

structure can be varied in accordance with the
general i zed description provided above. 20 Further
structures include p¢EBUS2003/028221
foll owi ng, where the variabl-eéd -have been previously
defined: WD 2004/ 022630 PCT/ US2003/028221 -46 H O
POLY X CICGr-1 HZ Structure VI HHHO1 111l

P ' i 43 = Hy 1 . - ]
PrapIgrRlacpyif uhqafedes <o Michael g ssblitdfsiiee Ppo of
@ndHthetdlirhihhtidnHprd@ucBtactd¢ingie significanPyehatiedafter Ahhyounnat

f th b t [ [ a Qsjtion
e AGBRE G AL boteat k0 R Qe EC ORI EIGHRE B s
R e Rt L A SR g el U
PREP oSN, Teraopstiatingessentially alb sleedmpasisianrpf éhits isom under (;he

d t 20 previously prepare

%gﬁéﬁéﬁ?s éﬁﬁ%@gﬁgde: vginrggfest g\éerool yngr al kanal s are

pr eparraethér) thevitshahpdlpmyt @ridasived oF théirvesiiéh fecHel 8quilibrium
sinplicity of the synthetic a%proach enpl oyed,

praPaies WitgrifsycorgppaniingdyRestratabah A0y hydggetar ayver lml_@n the
oA B pb SRR o BropfeAEERI M BEPhV

s of I SCove
ekhkibittdbyg ecetdlyginee oThaloken edasti wtyeofthe olyineblerivativenstithe

I?nl_\llsen%i(r)]rzxa 1ns a sroI é)vrideﬁggci/\gy g‘lg ln%/arrrllceerdl)zla !gr%gtrg gt?lbility of the derivatives of
the invention under basic conditions (see Example 3 below). No acrolein byproduct
is observed during conjugation reactions between the aldehyde derivatives of the
invention and proteins or other molecules at basic pH. The lower reactivity of the
aldehyde derivatives of the invention suggests that the derivatives of the invention
are more selective, meaning the inventive derivatives are capable of reacting with
greater selectivity or specificity with specific amino groups, particularly N-terminal
amino groups, on proteins or peptides, as opposed to non-selective or random
reaction with any number of amino groups on a protein or peptide molecule. In
many applications, selective N-terminal attachment of the polymer backbone is
preferred to better preserve protein conformation and biological activity.

Moreover, the polymer alkanals of the invention are formed from the
corresponding acetal precursors by hydrolysis under mild acidic conditions, i.e.,
under much less harsh acidic conditions than required for either PEG acetaldehyde
or PEG propionaldehyde. If desired, such mild conditions allow direct in situ
conjugation of the polymer derivatives of the invention with proteins, peptides, or
other molecular targets without requiring an intervening isolation step. Further, due
to the synthetic approaches employed, the polymer alkanals of the invention are
also provided in high purity, often absent iodine-containing species or that can
promote decomposition of the polymer segment.

Due to the mildness of the synthetic approach employed, and further due to

the stable nature of the stuctures provided herein, the polymer alkanals of the
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acet al dehydes), and are fornmed without significant or
wewea/oerBect abl e anounts of retro-M chael typePCRES2008/M28221

side products. For instance;4&s denonstrated in

Exanpl e 3, under basic conditions, nmPEG WD 2004/ 022630

PCT/ US2003/ 028221 - 47 propi onal dehyde undergoes a

A o8P TR il P o

MlicHat) ttyp@ﬁeaétaéri dicds. TDhuIsStha tpol ynie® Al KagdTROmpb it Bn o vidkl
8, nearly 40% olfﬁbt he PEG propi onal dehyde E?g

kraein ppropatiyulan yisterage stable, Cxiiting very diatitedpmpaintsdf any of
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AR SR 8454 SILTALS G B3I SRR e
saef the polgmet hld:analmﬁ:ﬂae iresti@npeeyothd tﬁwkhihﬁrlesstthzm about
but anal poly derivative of the invention reach

Hya .dpgresi@tm ot tl?@ RRly@er aldehyde groupoyheasisediat) qfer bi days.

o 00 B Sl YOI A e

:h‘y' dimeztrenB]EI}epmmn’mrtaHdnhy ofathetlm\?edﬁbly tat arﬂsebdtgmﬁlly free of the
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proteins, pep
desired alkanal is typlcally a01d promoted and is conducted at pHs below 7.0, with

preferred pHs ranging from about 3 to about 6.5. Hydrolysis can be carried out at a
pH of about 3, 4, 5, or 6, with lower pHs around 3 being preferred.
Detailed examples of the synthetic appoach outlined above are provided in
Examples 1, 2, 5, and 17.
. Most typically, the coupling of the polymer segment to the protected alkanal
reagent proceeds via a Williamson ether synthesis. More specifically, the reactive

group Y of the polymer is hydroxyl (which in the presence of a strong base is
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More specifically, the protected alkanal will usually possess a structure as

follows:

]! WaR3
|| |

K— C— Cr—W"YR*
|

Structure XI-D.
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tenperatures rangi ng from about 20C to about 150C
Hydrolysis to formthe 25 desired al kanal is typically

wacidopresorot ed, and i s conducted at pHs bel ow FCDUSW08/028221

preferred pHs ranging fromabsot 3 to about 6.5.
Hydrol ysis can be carried out at a pH of about 3, 4,
5 or 6, with lower pHs around 3 being preferred.
Det ai | ed exanpl es of the synthetic appoach outlined
above are provided in Exanples 1, 2, 5, and 17. 30

Mosis sionBiuf k! i¥ an (li6ges GtoRd 1 RatRlut 2 h eAP BdriREpol RSB ydEs
the protected al kanal reagent proceeds via a

piovided above, Bt Haeadyenchaencs, is nadeperdsatly # ern ofganigeadical

(S5 48 1L S YoRsslr BV Gl e RN kel

R USTIE3A, QﬁBéleted alal@nylowe lahe dutismutécsargn raﬁ@m%qn eadmg

ani onic or. al koxy form), and the_reactive_group

PIFHITERGS: @dﬂé@eaﬁméi OF wheraaic sadiqal el F@ecbfr@@dae g@apl ng
a or

RrBiine SERRYE Supultliq 4y, JROBLALBI el eyt

subatﬂuutejd allcbms/plaayiemcbpbsmeted apderv QacoW" pceséach md:edemkntly

i REind RER 8o5h indelipenil§ ofdh vaBbie i et from

th@ Srétlpkdnsikting (’ﬁ%étﬁw Eﬂhyﬁﬁs‘oﬁ 2Beniy?, 1 Q}Yncﬂd?@eth){l and
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For exanple, when 10 z' is 3 or greater, an al kana

acetal of the invention can be hydrolyzed at a pH of
about 3 or 4 or higher, particularly when RL and R2 in
all instances are H As noted in Exanples 2 and 4

t he but anal talcbroup desd?lbed ther@ nis
6i;diBo) md—@ba t—3 hmws—@t—a IO ;-6+S3— Tb
to formthis an{q functlongl group u der

acidic conditions i's advant agéous si nce |t enables ?he
in situ use of the 15 al dehyde-functionalized pol ymer
for con| Patlon to a protein or other biological

hcthisvecthesf. shapdymer alkanahi nretgeted formnisitypicalty forred in greater
Bt o BSS00L O bRl 0RY FRAROZ bRt 4 35°
§i6d. In contrast, |inear polyner proplonaldehydes

requi isolatio

prior to conjugatijon due to the
quant ?ely)"ﬂf‘g g@rgpy,sgda oPBH the dFr‘éI?gla!ﬂ‘:PZ@e -funetipnaljzes-polymer,

@.el P duema) fe tsdete%ﬂf BRifA SO0 Rk g) e e &L 66n aﬁsgufg, el

sal ts generated during suc neut I'zation ste
raising the pH to from about 6.0 to about 7.5 followed by extraction of the polymer

alkanal into an organic solvent, and removing the solvent, e.g., by rotary
evaporation, lyophilization, or distillation.

Due to the simplicity (;f this approach that uses neither direct oxidative
methods nor iodine-containing species to provide the desired aldehyde function, the
products thus formed are highly pure, demonstrate enhanced storage stability in
comparision to other known polymer aldehydes, and possess low polydispersity

values (less than about 1.5, preferably less than about 1.2, and typically
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In the nethod enpl oyed, the protected al kanal reagent
is typically an acetal such as dinethyl acetal,

2,2,2- trichloroethyl acetal, spis(2-nitrobenzyl)
acetal, S, S -dinethyl acetal, and S, S - diethyl
acetal. Alternatively, the acetal nmay be a cyclic
acetal ar, ¢, t hiQacet al 5 Mor |f| cal l
PH¥ 159%%188%81669/ éﬁrkamtlww%ls% 19 BBy pLLatsPolvmer b inge
Qﬁydlgﬁgrilﬁé!‘ssas 16WaR3 03 162 1andt 0Y%EGe béenlthi %repa?&'i ucture

I =D. 2004/ 022630 PCT/aUSZOOBI 028221 O1lnthis
st r ucAors®lated pmlsrranalkanadagénheﬁm@mmn wall preferablg haveds pinity of

the pal des rovi ded above, R1, in each
%}g%ﬁfwngg% HX’ H‘Hg RERS CORYPIMANSH gani ¢ radi cal
sel ecEfinpleQ Mahd iI0isGHR tEOfRdMatkomEeF MPES! JeYymer alkanals In
substituted al kyl, al kenyl, substituted 5 ‘al ke

aptpesplin whighsthe pelyawr sthitipgynaterial y§ PEGreiols ossoefi th@JPEG
ﬁarc%l)yﬁyl gpoq%)m Cge%n%r&ﬁ?%?ote&?& gnor ?gactloﬁ w1tﬂ ﬁep ﬁrrc])gecPetdlaYkanal

rom
eagait Sfbllﬁ@ed)f)y aéﬂwiecu@wmbﬁdqhuﬂit&d calllpﬁiﬂg, Aﬂl Kl@@t)‘itlve polymer
substltuted al kenyl , al kyn substituted al kynyl,

projacted alpnal hus fortped is %apvn y\&ruaﬂlae Wb-Edhedoweach

i ndependently O or S, d,R3 and R4 are each

i ndependently H or an or n C?Radl cal selected from 10
the group ggnsiski thyls_ethyd , isopropyl,
benzyl, 1, |:g|L81 t(él?c'-gog’et hyl ahd aﬁ]’?‘trobenzyl, or when
takentogether are -( L or -(CH2)3-, formng a 5
or 6 nenbered ring when ccnzél dered t oge§dgiurdXitE. V.,
Cl, and Wb. Preferably, Kis one of the follow ng
reactive groups: 150000 11 11 - , CH3 S- CF3 S-

CF3Cl_lighesrl)grOX)B{ermﬁ|ﬁ|§ oftht PEQ cah t%«gh, I c}e%ired, be converted to a

functional group to provide either a homobifunctional or a heterobifunctional

protected alkanal. Suitable functional groups include amino, ester, carbonate,
aldehyde, alkenyl, acrylate, methacrylate, acrylamide, sulfone, thiol, carboxylic
acid, isocyanate, hydrazide, isothiocyanate, maleimide, vinylsulfone,
dithiopyridine, vinylpyridine, iodoacetamide, and silane. Preferred are functional
groups such as N-hydroxysuccinimidyl ester, benzotriazolyl carbonate, amine,
vinylsulfone, and maleimide, N-succinimidyl carbonate, hydrazide, succinimidyl
propionate, succinimidyl butanoate, suécinimidyl succinate, succinimidyl ester,
glycidyl ether, oxycarbonylimidazole, p-nitrophenyl carbonate, aldehyde,
orthopyridyl-disulfide, and acrylol.

Other representative alkanal reagents are described by the structures:

1
K—(CH2CHoNH)e——C
I
R

Structure XI-F

di -i sopropyl acetal, dibenzylPeresan3/ 028221
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OOOO In this nmethod, the polymer alkanal in
protected formis typically fornmed in greater than
and even nore preferably in PCRPESEN3/028221
than about 90 to 95% 20 yielf-Follow ng hydrol ysis
to obtain the desired al dehyde-functionalized pol yner,
the product may be isolated if desired by neutralizing
the reaction mxture, e.g., raising the pHto from
about 6.0 to about 7.5, followed by extraction of the
pol yner al kanal into an organic solvent, and renoving

the solvent, e.g., by rotary 25 _eva 9r3ation,
| yophi li zation, or distillatiloft Du‘%”@o the sinplicity
of this approach that uses nei{her ¢irect oxidative

t he

met hods nor i odkmdClzti=8m ? r@s—WORfr ovi de t he
desired al dehyde functi on, 5 roglucts thus forned
are highly pure, denonstrate nCHd st or :
stability in conparision to other known pggéﬁ%F’“‘i
al dehydes, and possess | ow pol ydi spersity 30 val ues
(l ess_than about 1.5, preferably | ess than about 1.2,

and t \piet anqther\appiogein pPpeHEny apEnal iibpmvestipns 51

i it . 1 s , .
RS A s s POy 2.1
Wwayy patynierGRpurlti€32if natedt, Orid ingpaetiduder mifuhetmonpl iepairitids adsing
i sol . pol yner al kanal . of the invention wll
P REHG A w TBhoydp {F FpIlormalfon SR EREY rysspolimee.
ARSI P@g?gf%t@ E&MIWS&%&S Thes h @Sexbnipified in Example

illus e formation of nPEG pol yner al'kanals. In
-ndtsumerssy phtheteverall syiethetis 3ppeeach emplayed, itreadyantagesi is

PEG- di.Ql., f the PEG. hy l. [ Ll
B0 o R B o i ol e SPRRE B
the2gefibns dadliddome & fryvide@irERGHPION. subsequent to
coupling. Al illustrative polyner protected al kanal

t hus ABRoKER any chiosatogsyPhi: saperatipn methad may eied, wRRlicubrety
. 0 E. .Th
b PEHRR e o BBt OBl AL 5 P e

grony er isedetivative dflanddnigabdd gdup wiicht 43 quacboxghc il wiivaester,
honnbifuqﬁgional or a heterobifunctiona
amine or the like.

Ilustrative polymer alkanal acetals of the invention may possess any of the

following structures, where the variables have been previously described:

[R1 WaR3
I
POLY—X' c|: Ci—WPR?
)
z H Structure IX.

or
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protected al kanal . Suitable functional groups include
am no, ester, carbonate, 15 al dehyde, al kenyl,

wa@eoogloztea) net hacryl ate, acrylam de, sul fone, Ppdi/vE2003/028221

carboxylic acid, isocyanate;S5Shydrazide,

i sot hi ocyanate, mal ei m de, vinyl sulfone,

di t hi opyri dine, vinylpyridine, iodoacetam de, and
silane. Preferred are fungti onadvaRgroups such as

N- hydr oxysucci ni m dyl estF)}J bepzotri azol yl carbonat e,
am ne, vinyl su&é e, and ' d&,b N succi ni m dyl
carbonate, hydra li'de, ucEggi m GyT Yo B pr opi onat e,

succi ni m dyl butanoate, s i ni ;M dyl succinate,

succi ni m dyl ester, glycrdyF ether, Structure IX-A
oxycar bonyl i m dazol e, p-nitrophenyl carbonate,

al dehyde, orthopyridyl-disulfide, and acrylol. O her
representative al kanal reagents are described by the
structures: Rl WVWR3 K-(CH2CH2NH) C Cl1 WR4 1 R2 H

25 z, Insyet arathereprrcach {go ppergang 2 pebimepatkans xd ¢ty orgres, 2

- - 1 R 7'
S o KE parbd et HE PP polyd Bechdne FOL Y ity
autl anatetalf préduesor /g Nby difect polyaryiantiong ddorel spedifieqiby, Bckhis
froma chromatographically purified POLY-Y. In this
Mathod 20 3rgit PeRSPs having at ?fqastmr@ééme, aryeRIC Site HHtabledar ar

fi’lﬁtféﬂﬁggrb%zh i fsifffrét oR8dS I TR anfdnRRiRESFR Yletal BFRursor is
r enov t'o enabl e forrmation of an extrenely pure
theh yomactechivith nataqive thembmascapableiod pelymediesgy idtbeebi hiitate

h. i |ified in Exanple 10 5. A su r f
SREEGeionior BiTER0P SpBRE R B ey BEFeufipg Ao 8 dsuftof
&d ¢onta tep, baditiBRR kLAt mohdméR atdR1d8& RS IHRlacsBE Recltsor
descri bed herein, as well as specific details of " the

todfan iapebymsachiiad Therontectingdy hldeeed ta cBRtmys| untiba desired
BhERAE AMmENGATRE RECRRD Feic e H, AR TR BE%TBn o

achieve a polymer aldehyde precursor of the invention.

| ei

The resulting polymer aldehyde precursor can be further hydrolyzed to the
corresponding alkanal as set forth above, if desired. Most preferably, the reactive
monomer is ethylene oxide and the reactive anionic site contained within the acetal
precursor is an alkoxide anion (O-), preferably accompanied by an alkali metal or
other suitable counterion. The alkoxide end group present in the acetal precursor is
active for anionic ring opening polymerization of ethylene oxide to form a polymer

alkanal of the invention.

More particularly, the acetal precursor will generally possess a structure

corresponding to:
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preferred is ion-exchange chromatography, where the Y
in POLY-Y is an ionizable 15 group or is a derivative

w@booan23eemi zabl e group such as a carboxyl i c acPdr/us2003/028221

active ester, amine or the t+p4e. I|llustrative pol yner
al kanal acetals of the invention nmay possess any of
the follow ng structures, where the variabl es have

0 a3 bss S RBEK ac i iRIBond, e Srcshif o X
fefaminkieR DO 63828 hnion p&-O'le. EOINYitndlit@l M4 X Hyplically H
Structure | X-A In yet another a}%proach for preparing
ISTREREREE 2 BYdary sreiP e, thal in thspresgncesof ftiprg pase, 1s
&lnoaRa toGRE c&l?esg&?d?ﬁ% foRYe B! Quish1E BEuRH oM %l clude Na*
segnment, PCLY, directly onto an acetal precursor,

K!,d.i?, apg G8f.r de tgroliyatimgiseptgenerall Woorapsee aedtrdeingthe i n
this et hbod, an a et.al .eCLlJ]lr’S r havi ng at Ieastb one 4
LAS Qe EnPEAAITED PLAG ORfipmathyofhe RORyTRT3eae! may be Cappe
PR Sfedni MKy1hteng lehigent B QMérdeskent iftaBRI f_@f‘?]l%vﬁﬁﬂgea fdn-
the acetal precursor is then contacted with a
reagiorite@upghoner capabl e of pol yneri zing, to thereby
initigte 1 ization.of 1he r [ onmer

ont o PrigesafarSFbfesFor Gt bOEbERG L PRECRponas to
the Rirac tite! 70 (CHEPH,GY)JH] Whersialn ik é@ed aboait 10 RPABRIUS4@002 and Z is
added to the acetal precursor to form acgffléé/mer

tilrsted from shecgrrvp eensisying of 2P CHue®@ Gl (dman H{Cells)aIn

gﬁ?ﬁﬁk{ é?ﬂbdodti)ﬁg&t, ?OE“Y-Y'&%nQ%o}{H?{o 10 &kl Z-eached,
ol 'owed by

termnating the reactiron to achieve a

(CHATFRO0 )T HTHADE M, ebiresROLBTY ishrepaneceby ardonic HngTipening

3ﬂr sul tin I r al dehyde precursor can_be further
- ez En o sthyfrae Stk bt RadrigPRtdalFano s saltuch af Zh

@Hgyﬁzow,%édaf‘e%# B arRin S Rl tinal 1 GRAGIT 2
nmononer 1s ethyl efle oxide and the reactive anionic
S€Hr@HQHtvdtmestraigttasey M ecpaiesentala metal counterion such as Na*, K¥,
Li*, Cs*, Rb*. POLY-Y thus prepared is then suitable for reaction with a protected
alkanal reagent as described above.

A generaliied scheme outlining this approach is provided herein as FIG. 1,
and the conditions for carrying out such a reaction or series of reactions are

provided in Example 15.

STORAGE OF POLYMER ALKANAL REAGENTS

Preferably, the polymer alkanals of the invention are stored under an inert
atmosphere, such as under argon or under nitrogen, since the aldehyde functionality
can react with atmospheric oxygen to produce the corresponding carboxylic acid.
Due to the potential for reaction of the aldehyde portion of the molecule with water
(e.g., by exposure to moisture to form the corresponding hydrate), it is also
preferable to minimize exposure of the polymer alkanals of the invention to
moisture. Thus, preferred storage conditions are under dry argon or another dry
inert gas at temperatures below about -15 °C. Storage under low temperature

conditions reduces the rate of hydrolysis of the polymer aldehyde to the
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precursor is an al koxide anion (0-), preferably
acconpani ed by an alkali netal or other suitable

wa@omanzsB®n. The al koxi de end group present i nP¢H®es2003/028221

acetal precursor is 20 activesfor anionic ring opening
pol yneri zation of ethylene oxide to forma pol yner
al kanal of the invention. Mre particularly, the

acetal pre sor. W I ene aIJ osses tr ctu
GO YRGALE GOy @ ipsloiRs Whess the pelymygeement
&Qﬂéb&ﬁgﬁ? Qlkﬁ’lg[/léﬁ@@%é @%&izl?oltlon ofthe Wkah& chh €eact slowly with

vari abl es possess the val ues described above, with the
@sygeptd onmtperaxides alangthe BEG@@rtim of ihomplpsnlea Aoonatiasrof

ero:&,lﬁna agsulurﬁatgrc' Q%i" ttorc%I in c ea% exthutszfﬁrge%shn glthe Roltyg1spers1ty

SRS BEGQ]]anaBreﬁFérﬁn o haﬁ'ébf theSaboOQﬁVS rad@idioh &1y pteferred to
correspondi ng al koxi de salt). Suitable counterions

stpre|thriREqplkanglsjef the inventigndn the-darkrhe t er mi nat i ng st ep
generally conprises neutralizing the reaction, e.g.,
by addition of acid. Optionally, the polynmer segnent
Bmy.obrEAcap pedvElgomtdiartEon of an al kyl ati ng reagent or
ot her reagent suitable for providing a non- reactive
tern1nus In one particul ar enbodi nent of the above
GRVHSNC CBEMIBTRY cor r esponds to 10 the structure
(ZOIFKQ%@%@QW-ROW €RANPOM AN NoFRRABN 4L SELEQTBVEabout

4000, R fhe itserih 561l CHAIL IR BLALRSARBEAING O

siotogitially ﬁétlveF%@ef(ts or Gmﬁce§md§ at Radtlode atrﬁrw:gﬂdﬁp aVZallable for
where POLY-Y is prepared

f(éﬁ‘Fthr d ypiqab]yoqagﬁﬁ@@dehps%q 9frthe InVgRt QIS spuxé@ (9 WIBR BERUD
A BB fin a0 R SRR ot B d scbbificheimfre ke

bdDvear thel pokyinez ségiﬁﬁt-lﬁﬁll-lt}w stitface m‘ttnmingchitgsa:tlvh/lagent In
represent s erion. such as Na+,

(Sojugappg a p f? H%l E‘?eelﬁ&?wn.‘@t mm@ehem?eblpmwaﬂy

5&1@6 bbaR oi‘\’hﬁrﬁic@ tRE PbERlce glkaﬁ‘dl KeRalted %ﬂ%# tafget aml beanng
descri bed above. A" géneralized schenme out ng t

mplecwadinha switahlesdl vend tohformitie ergreFpa@ding imine- lmked 1ntermed1ate,
which is then reduced to form a secondary amine linkage between the polymer and
the biologically active agent or surface. Reduction of the imine to the
corresponding amine is accomplished by addition of a reducing agent. Exemplary
reducing agents include sodium cyanoborohydride, sodium borohydride, lithium
aluminum hydride, and the like. _

Generally, the polymer aldehydes of the invention can be used to selectively
target the modification of the N-terminus under conditions that differentiate the
reactivity of the alpha amine at the N-terminal amino acid. Certain polymer
alkanals of the invention appear to demonstrate a greater selectivity than previously
known aldehyde derivatives and, thus, are more suitable for applications where
selective N-terminus protein modification is desired. Reaction conditions for
preparing an N-terminally modified protein or peptide include (i) dissolving the

protein or peptide to be modified in a non-amine-containing buffer (e.g., at a pH
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20 and the conditions for carrying out such a reaction
or series of reactions are provided in Exanple 15.
WETORALIE3OF POLYMER ALKANAL REAGENTS Pr ef er abl BCT/UB®03/028221
pol ynmer al kanal s of the invenfé on are stored under an

inert 25 atnosphere, such as under argon or under
nitrogen, since the al dehyde functionality can react

Wit h spher.i en C r '
bR RRLE SR e el BB EReh oS R BRI Ay
pHef adahe 5yl 8. 5Pt} addingdfo théprotih € péridaisblntivmb §olymer
ée. g., by exposure to noisture to formthe

kanabefyha invientien ol ajowing thesprgieanor RepHdeandpymer alkanal
BB RO RHRE cAipitd Bobiy Etfulor IR ) blMdidon of a
redudng agens teafioem tirderredpyndargenomaiaramoink epupled poliymer t

as at tenperatures. below apout -15 C. _Storage under

BB KBGO GBIRGT [0 SHOOPMATIERToRiAS apanagrkanal are
él)!éiftﬁil%?’de%ti@z{l 16 HsPQLyABEd HoVeWidetHe @xEdpBio¥hat the pH is
2004/ 022630 PCT/ US2003/ 028221 -55 correspondi ng

soyabwhiathigbentto bddiseussadan |gyeatérdefaidelovdes where the

oL VS £ GRS b R T LAR0E) 173 T e

MNTER HeReVed TR0 selest v Agmiihg MEGfipaIdnl dve 16 tiffehéhces
nol ecul e. Formation of peroxides can ultinately |ead

inghe p&a Malee ebihg gaiing gigyp of an Nal§pigal aing aridding tha gning

. G ent_ ;. i . .
st g BFinkE TRLSANG yoda R Rnainlghs KB Nt Ryl
intludd pHs belent 7, and typidalle ndardkver Bla@labhit@ALIThE rAésT IfMforable pH
CONJUGATES. 10. COUPLI NG CHEM STRY CONJUGATI T

ON TO
forer s s N-eamisal S ARES VALY FRRIF RRETREER PRASkiiid in the art,
ﬁféﬂ%m'd!:??roﬁn ﬁébg%ﬁpo 4BRbr @{o@%‘ b2 R6&fiEE e'siltal1@ bufers for

conj uga ogi c active agents or surfaces
dvednting @hjugetist inolude sodimn phposphatea vaditiralakbetate psodium

reaction. . Typical a, PEG e.of the ipventjon .
GoEBuiso pisPABp e bltere e g BSE Bipicati BE moler ahna i
A8 8 1he Protéidbhiaimfg sdlufiG ABhieqRintflainf RGPS YmAR ne

| i nkage between the pol yner segment and the surface or
dxcessagiating toytarget proteimgElm polymer alkarjaligaddedytoghe tirgatprotein

| kanal _of e i nventjon w,th.an am no:beari
Biad O3 relp o] Moul 1 @0 Ly s kP BRp PR ST B0 i 5. 6,
Sl kan@k 1.1 Blol# 8kdeSsts \of PRG dIRarlaR Fedftivead tdget BRsEINGe typically
mol ecule in a suitable solvent to formthe

iadhe wape abiRheyt 2 A heThe reduetivernnainatan raacsion is typically carried
out at temperatures at or below about room temperature (25°C), although
temperatures may range from about -15° C to about 100° C, more preferably from
about 4°C to 37° C, for approximately one to twenty four hours. The reducing
agent is also typically added in excess, that is to say, in amounts ranging from about
a 2-fold to a 30-fold molar excess relative to polymer-protein conjugate. Preferred
is to add the reducing agent in a 10-fold to 20-fold molar excess relative to
polymer-protein conjugate. The exact reaction time is determined by monitoring
the progress of the reaction over time. Progress of the reaction is typically
monitored by withdrawing aliquots from the reaction mixture at various time points

and analyzing the reaction mixture by SDS-PAGE or MALDI-TOF mass
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20 which is then reduced to forma secondary am ne
I i nkage between the polyner and the biologically

waewsveeayent or surface. Reduction of the i mper/uszobiie2s221

correspondi ng anine is acconpf?shed by addition of a
reduci ng agent. Exenplary reducing agents include
sodi um cyanobor ohydri de, sodi um bor ohydride, lithium

al um n an e.lik rall.

OB SRt oG, Bylob e e TE hilblitp gt ffeced
& Batds a8 farthéredhgRicteriaed o@alg hnat@idabmethibdé fihNs MADDRUS
under conditions that differentiate the reactivity of

¢apdlagy pleetrenhoresisagel ehrstraphasesis. apd/onghramategraphy Cer t ai n

p0| y @Cglﬁgg }$ EOLIPIT;?I{ @%ﬁ@r{}’d&%@ @r%?aglﬁ\é%Q’e to flyrotem or

denD er sele
ﬂa’d’pﬂ‘dﬂ, aahnlﬁey dfedlcﬂmenw approscheanay be Iemployad e O approach (i.e., a

sui.tabl e for appli catl ons er ective
RnIIP pPPAYRLIP PPERATIHE &9 £9 raﬂamtt?‘gl %@J;, 9 &y nymaberof bysine
014 th@Fe filtface QE&@QBI' ”Q“o%nﬁh& StdR aﬂ%hét%n?ﬁ ngtélﬁ‘ dr

protein or peptide include (1) dissolving protein
mptlﬂe fruickl es thoseb@(enuxliarfy ibexmélecudesrpavided b@ewbmttmmalhgeacted

} t 2004/ 022630 PCT/.US2 028
Vi bl 3}1%&%‘3&5 Iy 0% Amane A BRE B ot FRK
gm;@nem afy frﬂﬁﬁéboﬁ{ 8. alon-#hind comtbin®ig SRE are t O

(i) ad ing to the protein or peptlde solution a
psfoyied rsmcalthceaimnmgfoqphen the\baffer ean, comipete) wigh proigingminee

BB TP YT LA ity
bufter iaglictdddavilg an agpfc(pﬁu&l pRfor @i desired f)Hfrﬁlﬁgeffﬁr conducting
n

correspondi ng seco am ne coupl ed

%ﬁpwga%t@n qhérabssryo he 6ﬁlélﬁ’ltﬂgdﬁ%°t11°6 rgeveahlgnbt#ai anyhggerfrom
&Emﬁ’esﬁ S A1 h@gﬁﬁgggv g%'fr?S {xﬁﬁl?tﬁﬁto' Aot {§ &%ﬂé‘]ﬁg{%? hf? aveHage

ose descri be e exception
capling iseachizvedbeiveen fhont 02 atd dcomesetd form gieemtmcaﬂlpteal

bel. o o favor. N-term . nuys icatio H of .
W2°5 ’E‘bths regctign %’é‘t‘redF g?"‘@raflg?jj anypng; éé‘u ef @f suitable
R:@hélﬁg’ ebntCas’ REdrldeliabSveS@! 2 Ghlith %B@%d%l&*@dc) The re?ultm g

modi fTcation due to differences val ue o
mivgurgns then gemengdyodllcawvedNb reacthimdel lcewnriomntrentderapetatube

ElRes $ PN RERupafoREhSisa aBBRS HrgRiabhe e
Rt reatibn idtin lé’t@ li€ Rlsé dthafl @boudt 20 outsh al@arﬁfé%o@lmg he

nost favorable J? for pronoting N-termn nal
kapied at pis grosed/ te7 §er so.nvitedcduplinget thk NHeoinahis favered at

R ot ot T 8RS bt Tors for " conducting ¢
conj upaincedase theldegiee 90 HiodiTicahiexs PRALE to HrofokArEetcadesn the
x?t?n?ll)el# rgf PEGs that are covalently attached at available sites on the target
molecule, any one or more of the above described conditions (e.g., molar ratio of
polymer alkanal to protein or peptide, temperature, reaction time, pH, etc.) can be
increased, either independently or simultaneously. Regardless of the molecular
weight of the PEG alkanal employed, the resulting product mixture is preferably but
not necessarily purified to separate out excess reagents, unpegylated protein (or any

target molecule), multi-pegylated conjugates, and free or unreacted PEG alkanal.
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carbonate, and phosphate buffered saline (PBS).
Typically, the polynmer alkanal is added to the

w@r@udes3cont ai ni ng sol ution at an equi nol ar aPOYUE2008/028221

at a nolar excess relative tB8target protein. The
pol yner al kanal is added to the target protein 20 at a
nmol ar ratio of about 1:1 (polyner al kanal: protein),

1.5:1 :
oiccos Lasriomzeich oftitburdd proindis sPbd hE Mg o,
andod. cSiltd selectime pégylatngd ilbfstratbeprofeinsas Hesciﬁbed mdehaatplase/
amjnation reaction is typically carried out at
eratures at or bel ow about roomtenperature (25C),
al t hough tenperatures may range from about -15 Cto
about 100 C, nore preferably from 25 about 40 Cto 37
C[{ARMTEQWFFU)N/@HI'I@N)}L SERARAGTON®HPEGIMERS hours. The

ducj t typjcally ad ,
that PEedePnivend mited bE ot PER Afhsiie e
%vén&idiﬁ with 2 bflodi®ll§ 0BV RigeRK S8 fspﬁnflédi & dbtRntiddlate different
ynmer-protein conjugate. Preferred is to add the

PRHisiadgpecies A emasivalg, i prefesabiy or eotea madscuise reight
?g{gg: | a{\@n#erggfeglgg{ wh I%Rtts Ff%ss tha%nflbggtta%(fllu}]o;c_igg eX‘r’lc%erab]y less

e of eqi&l of aboel0 kidsdaltors, Wroddcﬁﬁnxtﬁfdl@ih%&%uﬁﬁed tveobtain
reaction is typically nonitored by wthdraw ngF
afisgibotion proyRi eicertai AembeoREG e PAteipangletide. t Forgxample,

G R G R R S

fi&/PEQe ptrr proeetir, yypicallyray aaedager ofatiouad PEGapat prrto'teximl The
nmet ho The resul at ed nj ugat es
BT BHEICAEPE P DB BT i eyt BaT it MO dCheag oo

AL of f4adt L HRMoleb @&t AR & Soly 19@11 employed, the particular
el ectrophoresi s, and/or chromatogr ap y. II)\/D¥

protedn, ftheddsirgd do&mg:mgph@n amd thiedediguid agtolityrand inl@ivio\padpevtges
LO ag_gﬁote1 ¢ tide, a nunber of di ffer ent
of 1By Bihyidua ﬁﬁ@lu%e(@ﬁfﬂ%ﬂ%d One approach (i . a

r andodesignd, BEGUdn ﬁx?,ﬂlre@ﬁ&hhg HiFferéht SRNE&UER WeYg h@§ tADR
PEG to any nunber o | ysine” residues that are surface

iselatedgisingegel fiiration ghiomatagrapha. Thatisitosay, gelfilatiom or

BB SRy 1) 8314 DRSS PL SR SR Gt A

¢t oh thechlsis@f ther diffeding ABIe0EtaE wetgammerehué tifferéticem | d
10 pHs general |y rangi ng from about ._(Non-am ne
%%Wtsa? GEFeRU %Yépéhea%\@raasmlwgdve;gm@é theh%E chains). For

SR 9 RS i g
®ui REG labkanarhagimgraemalecilar weipiy of kabélitezo KD, sl reqiltig reaction
Bt ST uaRRIoRBin Sihodified protein v 106 £Baf honorpieylaied
protein (MW 120 kDa), di-pegylated protein (MW 140 kDa), etc. While this
approach can be used to separate PEG conjugates having different molecular
weights, this approach is generally ineffective for separating positional isomers
having different pegylation sites within the protein. For example, gel filtration

chromatography can be used to separate from each other mixtures of PEG 1-mers,

2-mers, 3-mers, etc., although each of the recovered PEG-mer compositions may
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the conjugation chem stry. The coupling reaction
general ly takes anywhere from 15 m nutes to severa
from5 mnutes to 24 hours or norE)USANI028221
on average, coupling is achigged between about 0.2
and 4 hours to formthe imne-coupled conjugate. To

t he reacti on mxture is then added any one of a nunber
of sui reduci ent.s as, descri bed bove

R B MBS IR T oo e MO D IS E St e Ued)
Wﬁtﬁﬁtﬂ@?&{téh.' y allowed to react under |ow to anbient
tenperature 20 conditions, e.g., 4 Cto 37 C for about
one hGel filtratidg colugns Buitdbierfabtarryingeut thisdypstdfeeparation

Jess _than t 24 hours.
5 S nEBer R T BbFedsny £ B RBR Sthri AR 5 or
Bfosciéhiddse SeRbid 6h FHrtié& Dhin® Willdépehd upéty B desifdd
| ow pHs (e.g., around 5.5 or so To increase the

fragsionatios ransellesitedt ESHiontinganerally cagiegrasibsing amon-amine
' ' f | ent |
SRELBHRG: o o KRRl SRR Mol ATy oo

amfysed &y amumibee obdiffefeat mbhvds, desexamipis] (i 0Dt A801n for
o of polyner _alkanal to protein or

I
é@fﬁl? a@ﬂr{gﬁt%ﬁ@% pokein a@amﬁ &) iqdige tegfing f@f BEG cepigniySims
{
GhEr €a§?&t faf Im&ﬂe;hd FOF @g?ﬂ h%(ghorsilt?}i{ E@Hg&éﬁa% runm

Regardl ess o mofl ecu Kanare
MDSMEghlefcrlkmﬂdthyrsgpnpng)Mnhtbarrumtmdlelej s preferably
but Sg? not ne essarily purified to separate out excess

r eagenTRTAORA é’)‘?Fle’%"d ST G5 A O4hDY rvarsg hase

Embﬁﬁtﬂg@aghl\é'ﬁbhlng lan RGFIMPRLRTH SCQINIHE g&ﬁérshﬁﬁ%lf)k%cé’é’ or
unr eact EG al kanal . WD 2004/ 022630

Bdia)ep by Synaghange chagnarpmaphynson quegy kactiange oflumn, e.g., a

t
SRS E AL {od Sl BB RIS 5 A b R Siseest ter
bhfpro®h Chh be dsddo Bxparit PEGIbiofdletdle iSomers havm;frvtéle same
CHARACTERI ZATI QN OPTI ONAL SEPARATI ON CF PEG RS

opleculaneight mesitigaaliisamestloduced by reacting a PEG

al dehyde of the invention with a biologically active
agent are purified to obtain/isolate different
S’Em@lcm: ed species. Alter nat [ veI y, and nore preferably
for nol ecul ar wei g .,__having

nol ecﬁ F%ﬁ“d% upendhg ‘é‘é%‘d?%'éﬁ? fab%treszﬁmg. RE@"&P‘@JB&@CS

PIFABIFSH R SIS BN LR e g
bttanenna)d)echcmtcnttamd stari Erfotend, and:abtealanldww‘ﬁqreramﬁre%
fioit oE o B0 i AbeuRebt dssoaivedehasges bpphiized,
ameiahor WilBLLREdhA buffer and stored as a lyophilized powder. In some
instances, it is preferable to exchange a buffer used for conjugation, such as sodium
acetate, for a volatile buffer such as ammonium carbonate or ammonium acetate,
that can be readily removed during lyophilization, so that the lyophilized protein
conjugate powder formulation is absent residual buffer. Alternatively, a buffer
exchange step may be used using a formulation buffer, so that the lyophilized
conjugate is in a form suitable for reconstitution into a formulation buffer and

ultimately for administration to a mammal.
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five PEGs per protein, typically an average of about 3
PEGs per protein. The strategy for purification of

wo bw4f22830 conjugate reaction mxture will deperemUsIo3028221

a 15 nunber of factors - the flecul ar weight of the

pol yner enpl oyed, the particular protein, the desired
dosi ng regi nen, and the residual activity and in vivo
wepeMoguLPEoNRRsATis Vi dual conj ugate(s) species. |f
desi red, PEG conjugates having different nol ecul ar

wei ghtEhe@@musetlon ofal Iéﬁ@ﬁlkasalr[g tiigeinvéntionrtataisanll molecule such

Tha sto sa rati on 20
BREbSEE AR condfled refi R prdhedindramapiong. athough
%m&t(oﬁ-cﬁﬁdltxor?s-mrvar adli%fdm% @tﬁe 3man n{dq&uﬁaﬁéu% of
their differing nolecular weigh where the

dneditied nkwpicallyy the springaticads mduauedyasmg atShghtanellaaq&ess of
PHE e BRI ool Mo e BB 015, G Aap g S to' 18-fold

an exe reac eré

maglgkoaxicyssc dnjsuglatlﬁsﬂancé@ dapdﬁﬁﬁgalﬂéﬁ 2d mBR¥AIBIhE small molecule
npl ecul ar %Fnt?g 3f about 20 kDa, the resulting
ARy ACEElYRedsed n Gicess. pudkas yvhen ek B wmalidnsleade

Iéb Bt Y gt WAt
ﬁ?l S E‘Pfég}%t%f}g tlrggﬁ)é?agtﬁgfl?%olyﬁsvég g@ffa) hil t%Ee ur{)/'\ﬁz}cfebz Tug
trm@nsmm@ml@oh can be used to separate PEG conjugates
having di fferent nol ecular weights, this approach is
generally ineffective for separating positional

T3QOET oL@ ERANDISUREA@RL pegylation sites within the
protein. For exanple, gel filtration 30 chronatography
can bdhg watlmpcwpatraik@afsrqmmwntmhmy ivd attadhed; eftfier

h h of
Ehanertf¥al Son:sollel e o' S of pBitios egjudhes Bom cospisab
BY¥PhL dtISA A3 pOZBEAZdN suBes,aBlia 'sﬁbﬂ%ﬁ@ﬁn@tﬁf/ﬁ@ﬁiagmﬁg surfaces such
dlffgrent reactive am no groups (e.g., lysine

A9l Jégl}lummmltﬁnm@lpmoal@murmeﬂteel jand i axidesosilicons

t hj of .. separation
5 SRl oo 680 s ORaP S BB R e SRER S g e
fmomohmaﬁhimrbéuﬁdon‘» bioehﬁﬁﬁzal soRi RS, hileclonR sRaichéC HhAr
gag wi || depend upon the desi red fractionation

9l ymer alkanglsiob the; iavesision meay ajsocaerernpldyests oasrlemgfor
?elﬂlqe Sﬁﬁh&% fdt Qﬁc?ﬁreP LGl céf @op‘gh%ﬁéoa%'& Su a%eté%hg fare} y%[?etég

or the ke. The co ect e i ons  nmay
&pfts tp mﬂpere polyrakirfligané aonj uytésofds affingesy panﬂimh% td prepded

f t BSA t
an aS|2y5| o (‘f% Fsdp? ga\%ﬁﬁ ey f Sndng %Lﬁr%x@@ E@gﬁrnghg(l)f?dgpns

ddaiuasf&bl&eactglts al ., Anal. Biochem 107, 60-63, 1980),

or alternatively, (iv) by running
A biologically active agent for use in coupling to a polymer of the invention

may be any one or more of the following. Suitable agents may be selected from, for
example, hypnotics and sedatives, psychic energizers, tranquilizers, respiratory
drugs, anticonvulsants, muscle relaxants, antiparkinson agents (dopamine
antagnonists), analgesics, anti-inﬂammatoriés, antianxiety drugs (anxiolytics),
appetite suppressants, antimigraine agents, muscle contractants, anti-infectives
(antibiotics, antivirals, antifungals, vaccines) antiarthritics, antimalarials,
antiemetics, anepileptics, bronchodilators, cytokines, growth factors, anti-cancer

agents, antithrombotic agents, antihypertensives, cardiovascular drugs,
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an SDS PAGE gel, followed by staining with barium
i odi de. Separation of positional isoners is carried

wo@oeio4lo268ver se phase chromat ography usi ng anP@Pus#ongn2s221

C18 col um (Anmer sham Bi osci enéks or Vydac) or by ion
exchange chr omat ogr aphy using an i on exchange col um,
a 15 SepharoseTM i on exchange colum avail abl e

£r¥tfe%?h S S E' J[f}&g hoﬂm{a?egéatsqﬂeluaﬁg

0 separate |onD e i somers faving t
sanmmaceptives syﬂngathmrgdsttcs( ¢10&:t1ts dipad regwlatiny sgentsSADRAGBEEnic
20 De ndln upon the intended use for he resulgﬁ)ﬁg}r
gaealse 5?1(}&5533{ ks anuﬁeﬂaumweqp fl&sga?ﬁ"zfﬁp aghics SiniSss

Riznit SUppldmunksy s Hﬁ?
ﬁ&s/ihb{éﬂ% nnéintra gle gft%egrlgmh letbl%tered ggtﬁlegltest gr '

V@mrlearqnabedlm d@gﬁm&blmagabalmdcgmra@mg)amt - 80 C

6i 1 ho PRt PRUady ThCHEF agri i tah el Rente dffResas

soneplbhll d12se6k, RRWdRg but RoSRMRed R Iniil Molefles (prefefbly insoluble
preferabl e fo exchangwpéa buf fer used for conjugation,

sgmalhmalecylgs), pentidgs dohipeptidesy prateins, pelysascharides steseidy as

AR LRI oA 955 by T

thblm aredttipe agent for 000151_[n&atanDﬁﬂﬁ%lkaﬁ@lrdﬂlhéﬁnlvelﬁhdnS
absent resjdual buffer. Alternatively, a buffer

BQBFSIRRNAIVE GIiRg 2198 A e pativRly.ds fr@flmﬂdéP COMamH feapt one
RActh ﬁlpggdu}')‘ggﬁéﬂlé f&%oéﬂnfgqmaggg&ger afk Qlcﬁtfl@{)%?tlon

sui t ab econstitution™nt or mu at| on
and Spdacifivadxainpldsaf actile agests saitabdanfor oovalem attadhmenOio a
028221 60- SMVALL . MOLECULE

2004/ 022630 PCT/ US20 )
Ef%a@e@ﬁtgawﬂ%%l&ﬁiuga QN 93f, nQjlimyigske aspagLginase. Gmdox avir

(IXEDS, 'aﬁﬁdé @e@ap%hd carelt@{ﬁﬁi ,@yaéfktin, aém?émﬂmlﬁ{tb;e' n B
I S conduct ed&%enera y as descri bed'in Exanple 14,

@IIYthﬂ@Mgﬁm i EBOragenists ¢ g.c pepdides from ahiohd 10440 ymmo acids in

ROgR mppﬂageemqﬁa%f BBk Sidbefer i iertbelan O Souar4n,

mh@de aﬁﬁﬁe&‘y&@(ﬁpox&ﬁﬁtinﬂﬂﬂﬂ{gtprbﬁlm)t&agﬂlﬁﬁén factors such

nol ecul e, .g., about 1.2 1.5, to about a 5t

aEFcHIrd, E@ﬁ‘loéVUe ¥eetes Vilp Fastary/ Wi Eeciordds Fa@tepéin Haqiigr X1,
HRAG XA VIR WA g e B as LRI UG anftatfludiRdase,

act ua USEd I n €xcess, suc
oailagen) Icgcloqmnugaipﬁa fefensin, béeth défehsing, RRediRAC EiaBlllocyte colony

sst?rlu}ﬁgtm g factor (GCSF) throm\lla\ﬁgp(lletm (hl%o%nzrllgl?zﬁtl %rdotg;lgsge inhibitor,
elcatonin, granulocyte macrophage colony stimulating factor (GMCSF), fibrinogen,
filgrastim, growth hormones human growth hormone (hGH), growth hormone
releasing hormone (GHRH), GRO-beta, GRO-beta antibody, bone morphogenic
proteins such as bone morphogenic protein-2, bone morphogenic protein-6, OP-1;
acidic fibroblast growth factor, basic fibroblast growth factor, CD-40 ligand,
heparin, human serum albumin, low molecular weight heparin (LMWH),
interferons such as interferon alpha, interferon beta, interferon gamma, interferon
omega, interferon tau, consensus interferon; interleukins and interleukin receptors

such as interleukin-1 receptor, interleukin-2, interluekin-2 fusion proteins,

interleukin-1 receptor antagonist, interleukin-3, interleukin-4, interleukin-4
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10 remains in solution. TARGET MOLECULES AND SURFACES
The reactive polyner al kanals of the invention may be

wa@tdoaokwsa) eit her coval ently or non-coval ent | pCT/U82083/028221

nunber of entities including-é2lnms, chem cal 15
separation and purification surfaces, solid supports,
nmet al / metal oxi de surfaces such as gold, titanium

(5P o terghidret. Tee Peitireo R iedk RStz Bl iRLS sEhge™
NEtFletkiARY deYoptdr BicRENMARAE 1R{ofé MR fradgfieant! Iutdiniiyg hdkone

be used in bi ochemn cal sensors, bioelectronic

@wasleg dermened LHRd e insulith @rpdisyher inghlimmanaleguss (e gemono-
acg afféH dlélg% é:gcrgo%dgﬁ lﬁ]wgPéé?ng?g 8’75)b§1§iy1119 'c- Ef%tlde

@mhatmtm; @@hadstsw irad®s iR016ding bMPﬁﬂtlde,QXaéélirSSSJIi, ollicle
prepare polynmer-|igand conjugates for_ affin ty
ﬁsawlﬁtmgobﬁrﬁ@ne @F& gplyprza Ve eige- nsubaiKeggrowth factor (IGF)

1rﬁ1ro ﬁ‘ls dcfdgy d‘ﬁﬂsﬁwatﬁ%‘gﬁég?re tor gepl’&smmogen

é:ntlwhmgs smah lay a]mpiasv,elrelgaaﬂe femplass,estneptokmapé ipamiteplasge,
ventlon one or

BRoPE 8t IehSicnlive Boive Repyiha e N busP o Rbert bl b

dved QXAMR tSotod) VBNHE tghﬁ’ﬁth Fdos ealstorReng FOWA €tor-1, vascular
energizers, tranquilizers, respi ratory drugs,

q\dptlmbnlvgrbwdnfast;or rerskeinga milamfastor,dmatmacj«e gsovth factor

: Bt AR aftor BOERT R B B CRIRelstargigpns, umor

BRARIS fabtos UFIVFE ffonbéyie clﬂﬁhﬁda&t@taﬁ:& orEgan EﬁdotliBlh%Déﬁwth
contractants, anti-infectives 30 (anti bi ot i CS,

taptors, prrathyroid hormensgRITE), glueagpprdiky papiideasarmatpropis, thymosin
%P%An gﬁh@ﬁbﬁ{l ﬁlrpga %qfﬂ{ﬁ{}ﬁh@sﬁﬁm ﬁ'@l%?dn l?etté g@ Sthymosm beta 9,

thpinosiadeces, al;&g&rﬁlﬁuryp:ﬁhIﬁH@E}ﬂ‘lﬁdiHste@asagEIDE‘,Bcompounds VLA-4
ant i h pertensives, cardiovascul ar drugs, WO

(zsty gen-pildssanribivers dsphosppnags respirppphTMeyial virus
cﬁ/@tﬂ,t Rbro@ tran @Rt En SR gﬁ‘lﬁﬁrrlg BRFRPBHe, a0ent s
| nc ud i

contraceptives, i C8§,
@bwy&tbmplehde;{Daiase&,@abmncMgl/lmgmnatshtyaMreasmmg potin (BPT),

ent s ar asi anticqa ts, neoplastics

oM e fbReR” s alyE B edom aitiadeDRab IS apreept G
@fférie lfﬁ’ﬁ&?ﬁi“éfgﬁ corBisBng B SRR r&‘é@ﬁﬁfa? 11 Y- bl‘ﬁﬁfng gohio?l of the
agents, 5 vaccines, antibodies, diag ostl c a

lypan AxkP ﬁ@‘lﬁg:ecntgr lirtkod ¢o ti‘arﬂr:lp@l:tlicm ¢ofgG habeigimabe
er, of structural

A A A R L S N
fRuRbaBPhMrontmab D ¥ iodine 131 tositumomab conjugate, olizumab,

rituximab, and trastuzumab (herceptin).

Additional agents suitable for covalent attachment to a polymer of the
invention include but are not limited to amifostine, amiodarone, aminocaproic acid,
aminohippurate sodium, aminoglutethimide, aminolevulinic acid, aminosalicylic
acid, amsacrine, anagrelide, anastrozole, asparaginase, anthracyclines, bexarotene,
bicalutamide, bleomycin, buserelin, busulfan, cabergoline, capecitabine,
carboplatin, carmustine, chlorambucin, cilastatin sodium, cisplatin, cladribine,

clodronate, cyclophosphamide, cyproterone, cytarabine, camptothecins, 13-cis
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smal | nol ecul es), peptides, pol ypeptides, proteins,
pol ysacchari des, steroids, nucleotides,

w@badogorasad eot i des, pol ynucl eoti des, fats, el ecreDU§100%028221

and the like. 10 Preferably, -&h-active agent for
coupling to a polyner al kanal of the invention
possesses a native amno group, or alternatively, is
PoAbici 4 atigl @agh fpup
sui ta‘fbﬁ fh %@F’%@%‘tﬁg éPiﬁg ltd osgc%b @%bcrlarcgﬁﬁh#{ﬁ ?&%b&
defermnamore, dSpectifasoneg dizinferes, méthglstllbcstr@gmvemxelul tabl e

f or caval ent .attachnent r of the jinvention
G ST inE cioRos B ATeS e JXO eIV 1
ﬂl@dafr%ﬁ’@)ﬂud?&bh@@ne tfﬁl%ﬁﬂr&‘ﬂ”’flﬁ@xﬁﬁésfér&&nﬂﬂénude gelélg(t)e)lbme

cyanovirin, denil eukin diftitox, erythrop0|et|n (
IRt Goa Isﬂ)ﬁpe,ellyglroxyp@@t iddnbidin,Gfastande, imatiib, moteoan,

t C r|S|n anti.cul ar.
Bk rtebl. s SRR RGP at e Brie)S. 1EihsRtLdiprapine
sodyiihy lopmikersd, meshlorstanting) gnélfr@l@hﬁ'%/ét%ﬁcﬁ@) me&ERaeH nfipHaln,
factors such as Factor V, Factor Factor VI a,

PSEGBIOPAIRG, Metaamsio] bisartrpige mathosexate dpaspclogramidez mexiletine,
E)?t%f'rgr&nx}rﬁtlo an Orﬂlt /ol SRE %nggﬁec %Fcrotmg %rllﬁga%}]gé og}reohde

cere ucosi dase,

anﬁpmldepamslrmte paitostati, gﬂsanms;,m ep)@ﬁ‘dh ngnedglrsaxﬁu,ll ocyte
CO|on stl E)tln factor (GCSF), thronpopoietin
Preedy ?’ 185 BA IB?T B¢, oRdanseiien. salfigexed, el Ehe pleptozocin,

%em%uecmh@xff@rp &éiﬂ&’i‘ﬂﬁnﬁ@' ©fiposilid, Al T act or

fibrinogen, I'grastim’ growt h hornones

humdrgc’ranmmnﬁoﬂlabdm@h Ghijogugnmnettiotepa, opueecan, tretinoin,
ta anti body

rel easin or iggo) H) e

Bag'ﬁl 1Cr‘r‘br @%‘HF V‘"%PBP%lvﬁ%d(gg’gﬁ’hV%%ml@b‘}?e ﬁﬂ?eﬁ‘iﬁ’Bg%fﬁpléetron
RHAbRd]; HutidadiR, R‘Eﬁ?ll%'l’iﬁ&,Qi‘iﬂd‘z?tzdléirﬁtzﬁi)l'ﬁzglamcymﬂrhotel?&tl1 gl C

fi br obl ast grovvt h factor, basic fibroblast” grow

mmbylot@mmmlql@ogmh@nuvm@p aroyh hydnanenes sematniptiny undcnolides

AN R Bl Skin, s or R RE b B ity oty dbon. **"

¢ aritheom ydi, erammnaﬁﬂlr@ﬂ?@ﬂ, flirlih®hiye ) Birftiremye A FRBSYSIn,
interferon; interleukins and interleukin receptors

POYSE, MHdesaAmyEiR; leuqom i gnigramygin.aekiamyom, 2,
At Sk b& 1:19 gndfs% 9{ ogﬁ&%ﬁ?mo om: Julcl?gbclnpro]ﬂorxg&gpt of

ant agoni st, i nter
oﬂdmcﬂnelekoﬂe@chﬂrﬁ%&ix@ﬂﬁ %&r&ﬁiﬁﬂﬁ?ﬂ@ﬁﬂ@iﬁﬁﬂ horftdiR4cin,
receptor, terl euki.n-6, |nterleuk|n 8

A Peﬁfﬁ? loxacin,; gapiflpxacifkil anqu))qagl@emagﬁloxacm temafloxacin,
;béﬂo%&xﬁ UithifoddCinf, SRR tos @86 .QERT Elllue MifBReid, JEORUEL 1 N

ments, |uteinizing hornone asi ng 'hor noné
L(az acin, nhnﬂﬂonacxp,rmd|snaﬂ|d>xamn ammmlglycoadesl sughias géreargicin,

- . No.
IR isirh PltaRieE, {opaycih, 35Kagan, kanamycim, neomycin. nd

streptomycin, vancomycin, teicoplanin, rampolanin, mideplanin, colistin,
daptomycin, gramicidin, colistimethate; polymixins such as polymixin B,
capreomycin, bacitracin, penems; penicillins including penicllinase-sensitive agents
like penicillin G, penicillin V; penicllinase-resistant agents like methicillin,
oxacillin, cloxacillin, dicloxacillin, floxacillin, nafcillin; gram negative
microorganism active agents like ampicillin, amoxicillin, and hetacillin, cillin, and

galampicillin; antipseudomonal penicillins like carbenicillin, ticarcillin, azlocillin,
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5 somatostatin, somatostatin anal ogs including
octreotide, vasopressin, follicle stinulating hornone

w@ E®kp2268f | uenza vacci ne, insulin-Iike grow hP¢BUSN3/028221

(1GF), insulintropin, macropbage col ony stinulating
factor (M CSF), plasm nogen activators such as
al t epl ase, urokinase, retepl ase, strept oki nase,

. t epl d.. t
PG 258w R b3St WSS EE e B Botuen
Mﬁzo&@ﬂe,gdeﬁ\fﬁahorfeaeéﬁhﬁlotﬂlh &ﬁgﬁa[ﬂtﬁ@% d1&Gh Vephradrine,
transform ng %r ow h factor vascu endot hel i al

eRTONItiA. gefamandole, eﬁwhnacqnhmondmen@efaca@m efadroxil,
t
%ﬁéégggo'gﬂgﬁv t u&{rngg% *btegdr'i‘gﬁlé?{jﬁefoﬁ?: & cggtﬁhp‘g rc%ﬁﬁile{ 3 Or

cefepiosi e.afb(amé o:refc(an\B:)qefdmmonyd ecfoleeam aéﬂiﬂea&bwﬁt:eftazmlme
ﬁ)r o%&ﬁg end t hel i al grovvt h.  factors, parathyroid
aP Tigxa aﬁFaHbé‘b‘BW fqtaras b’é"p@%“&@“%a%‘t%ﬁ%ﬁ?%s such
S aha, a /
| nh | te(i;hr ]Tﬁ?%bnoy #eg%ﬁﬁ'&iﬁéis@thﬁéuﬁ%sfﬂ%u{)h? asu&{it@, lidocaine,
mhgamtrrnn(ﬂ@tlﬁatd,, be&lqmlrt‘ahakommptelp;qnatentnamcmolone acetamide,

R o i, O B (R B, Cromolyn

SoRISUTh | AR dotSiihe Yhrtrade; VaxaHSs sudR bt PRINaxeEWN-BE, flgbr osi s
transmenbrane regul ator (CFFR) gene,

Wﬁ&@?ﬁ”@;ﬂsbonucl ease (Dnase), bactericidal/perneability

nd i - ti.hody. .
Eonpl S reoRR Tl bt eunl B Myt kel ot B yegtion
ztfe ltl’mrse hafitig hokag oAt emihoc@osp. SPrcfgredmdlBR &4 hélage! | ul ar
gand- bi ndi ng portion of the human 75 kD TNF
%@eelaltPBPran W@éﬂmta@ﬁhﬁ@ﬂp@ B, sloxpricin, m@gapr%@m. mab,
ﬁ'{l}ﬁblegmQudbé’xﬁfnlokefﬁc?ﬁpam{ii E}ﬁéthxzaﬁ{mﬁ bltlaRIf'altel, Hﬁbnate

ritunomab tiuexetan
digatliva, dBhotubsdin, Uerantyroxion pmd;ﬁthﬁhmﬁtbprﬂ,%hbtatui Sodium,
r|t xi mab, gnd tﬁsegst uzumab herg gtl n). Additional
e Gephalpyin. dedsroxyyiae amitosiifrent to a pol ymer
Of t hﬁefdrﬁu%@bﬂl&é@ or BEUAS R Lbuptin® 15 gtpo!?’ngErtaﬁ&nIﬂ%f the
am fostine, am odar one, am nocaprol C :

lammwhumjudeaEEOsIﬁN anIFMB] G, Woatdnstd IRN, Factor VII, Factor
i ni nosalicylic acid, ansacrine,

| L d,
ngré‘%%%/gglﬂgfr&gﬁ%%?ghlx%@r %@vms(atuxam@w Kabwel i nes,
(Eﬁﬁé‘xrc@[st? "S%ma%@ (lpdlﬁ?ﬂuﬁﬂaﬁ)nﬂ% g&%brf H& %}%{ e(kﬂaﬂuamab)
usul fan ergol I ne, cape I ne car
tEéi; Qeszyme (imigihearaseh HkpatitusiB mct:mta; 1DNASH, Lalpha 1 proteinase

RSORS00 O

2004/ The2£b30e BxehpiRdMislofieAlBdetive alchts &8I & AEbdlpass,
all trans retinoic acid; dacarbazine, dactinonycin,
wheie aPRliskle nanalogues, agomsts antagonists, 1nh1b1tors isomers, and

pharmaceutically acceptable salt forms thereof. In reference to peptides and
proteins, the invention is intended to encompass synthetic, recombinant, native,
glycosylated, and non-glycosylated forms, as well as biologically active fragments
thereof. The above biologically active proteins are additionally meant to
encompass variants having one or more amino acids substituted, deleted, or the like,
as long as the resulting variant protein possesses at least a certain degree of activity

of the parent (native) protein.



10

15

20

25

30

def er oxan ne, dexanet hasone, dicl of enac,
di ethyl stil bestrol, docetaxel, doxorubicin,

we@pionkesd n, estramusti ne, etoposide, exenest aPEr/US2003/028221

f exof enadi ne, fl udarabi ne, fksdrocorti sone,

fluorouracil, fluoxynesterone, flutam de, gentitabine,
5 epi nephrine, L-Dopa, hydroxyurea, idarubicin,
i fosfam de, imatinib, irinotecan, itraconazole,

goserelin, letrozole, |eucovorin, |evam sole,
PhskMARHUTICAL ©ybdRTIONs Ne  sodi um | onusti ne,
mechl or et ham ne, medr oxyprogesterone, mnmegestrol,
mel phBhepresentinveaienise mqbldemaamaeﬁwﬁéal psepagationa cemprising
I
ggélg?%artgﬁ(sa%gylgggh r:égmn@ Pno)t(lgﬁ?(t'hnaﬁé:ﬂo aceumal %leglent
Geherhlaymlchecongngtafeawelfd;all blaGn a%salhd nirmt(ejg a@ﬁeﬂlpitmatvmch can
ent ost a i | canycin, porfinmer, prednisone
ff 6%?15 Vb agBF%J@%‘&Q‘B’@F%&W#@“MH@éF%‘PP in either solid or
illkdexed, sirolinus, streptozocin, tacrolinus,
noxi fen, tenozol om de, t eni posi de, testosterone,
tetr aEWn[dala/rﬁxauﬁm include, wittenut Himjtation, mlgmalsélaﬁed from the
t hi ot epa tretinoin, valr

EHB e ins O Sr R rorgin s Bl g,
sl R eRhfsOfurfadfadidl BEtrs, r111<:1d3:;5oas&r ARl 8dRbinaddridihérastone,
| euproli de, nidazol am al prazol am anphotericin B,
podopA)ﬁIathObXdrﬁtf; suplye$ @ oudatia denivatidedahgar sacrogd an alditol,

EMQ@ ??i(glﬁy i enstc’erlqaeg gﬁgégn%q/%a C{ug%rl p&mg@g ?]e present as an

émpléﬂlr Spycifid carbShydiratt Bk QPKAts InclGRY Bir€kBmple: monosaccharides,
azithromycin, flurithronycin, di r|thronyC| n,

TL@Q &ﬁfﬂ@?tﬁse makiose gplertese, r&ltu:@eeaﬁ%rmannosreemwcand the like;
BRI ek AR ltore Ro BT MR A B s 1,

pdlysaxctairides, Isechods| raffmosd) mdl¢ztosd, hQXtade)nnns dextrans, starches
noxi f1 oxi ci n, norfloxaC|n enoxa

al atrof | ox
aihef [‘%i‘& |ai4nt05awcmaa%pﬁol xBHiek mpliel, fctitol, xylitol, sorbitol
@RI O 1§&m61'19§&%amluaps§l}. opgci n, ani floxacin,

oxaC|n osuf oxa oxacin, irloxacin
paz ulem@@lmentebm alad irmhatclan Jinarpahis saladd lffee such as citric acid,

no si des .such.as, gent am 25 netil mcin,
O R R R R e e
FHYEphatd MBRGKUINAC §dliud PABPIUE! dibasicChfPRInMh&ions thereof.
ranpol anin, n1dep anin, colistin, daptomycin,

gr ami Ehecpreparatisin may alse ineluste ap@hgtmcxoblal agaothfoapreventing or

SELHTLFiefe 0 RNl R BsRERGER g i

flor ke ppesehCinbérition Gncl BdbedizhlkbiiuM; chloride, benzethonium chloride,
peni cl | i nase-resi stant agents |ike methicillin, 30

laf%é)sh alqohal, cetylpyaidinivm shlogide, dblasebutanal, phienoly phniyletiy]
@ih%! Ihéffyl cﬁﬁb RESR tleﬁ'r s'& Gha gglglﬁ E%nﬁqﬁ{:rlﬁgfe Clafgjlelntns

| n, anoxi Ci
and @mhmqmant Eimbe pi’eidnpﬁlethd prepaatiopenivell] AnfisxidatSare
carbenicillin, .ticarcillin, azlocillin,

used to prevent oxidation, thereby preventing the deterioration of the conjugate or
other components of the preparation. Suitable antioxidants for use in the present
invention include, for example, ascorbyl palmitate, butylated hydroxyanisole,

butylated hydroxytoluene, hypophosphorous acid, monothioglycerol, propyl gallate,
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WO 2004/ 022630 PCT/ US2003/ 028221 -64 nezlocillin, and
pi peracillin; cephal osporins |ike cefpodoxine,

wa@edopozodd , ceftbuten, ceftizoxine, ceftriaxomer/us2003/028221

cephal ot hin, cephapirin, cepbgkexin, cephradrine,

cefoxitin, cefamandol e, cefazolin, cephaloridine,

cefaclor, cefadroxil, cephal oglycin, cefuroxine,

ceforanl e, f ot cefatrizine, cephacetri

m It eépﬁsamr%ﬂnewﬁmecﬁuﬁoxﬂétfosﬁém aw&ablsulijlte and
Pg&@ﬁih&@gpnetazole ceftazidinme, I|oracarbef, and

noxa actam nonobactans |i ke aztreonant and

carb aAeiua‘matastunay beapresanit pearecrcipiento fiaemplarpanfaetantiingude:

[ t JHut " hi li,d | ne,.
navsbBrerae duerary” S oM aaBH e PP pebAs FES and
188 BJueh BOVRICE aRCAaANBIE rom BAYPSOBLAOMEE NeW Resey); sorbitan
fluti casone, |pratr0|umbromde f1uni soli de,

e&t@prdlgxds m:hsasdqhgmho ipigls euc@msdmlth@l anskathentphosphasidyliekolines,

axel hpsti ne
Bl Pl s i ar P R gy fapy acics
ﬂrhd<ﬂ[t§l|est61fs §tb@idsnyviehtas @Roletérel; tah@ Skeliting 4pgn8] sucRas EDTA,
one am no group. Preferred mol ecul es i ncl ude

@ﬁ?ﬁ@ﬁpﬁﬁb$ﬁhéu§%¥ﬁ?ﬁﬂonénphoter|C|n B, doxor ubi cin,

am no I

2 noncts Ot € ity BB WMok Broparation.
Nanimiltmgadxempﬁ:s of deidsnhateanrberused inchide tleoseabiyds seleqied from

odium lisinopr.il, | astatin sodju X|Iet|ne
g@;ﬁ’i%ﬁa‘%&“ﬁ‘sm&ﬁ’eg@i y aci acetisiac s l%‘?ﬁ@ T @iy Gilgig acid,
HﬁHE h@l@sla&{c RiPle6ings a&arm%%péaca% 4, %nﬁel glwpe@ﬁlhﬁa alid,

i nvention I nclude EPO | FN a,
plrmpbwmwd Eulfurﬁcamm«b,rfummc acﬁdmxdrconmmbhs thefeatt Bxanhp{¢s

d Li Xi
Bhaple GBS AT, Mol FEAcon ise SHestAebi™ Reebie
Cagstin g GR&Ddiutidk RRIdeNsddiurA Sédie NikhoniufHydrdxedd, mv;smm
(imglucerase), Fbpatltus B vacci ne, rDNAsSe, al pha
Bydsesidecamemoninmi dsptatss PotaERn acgmstodhmhqsnlsaje,u m)tasmsm
| i
BSRAE B0 QAT e, LAY R oS S

pﬁtﬁésﬁﬁﬂﬁﬁnerﬁ@@ﬁhcﬁdcﬁnblﬂdﬁo@lﬂﬁt@ifs i nhibitors, isomers,
and Ehar maceutically acceptable salt forns thereof
In reflB¢ eb%@afedltlsélmrﬁm@twaﬁancomfr@%@lh@ypeq pleformylehensomd in

h%’tlf:@gleﬂﬂggeﬁ{}%tgasrg Fﬁg%ﬁg@ﬁﬁﬁgﬁ O, e 2. rf/owocfg%ctﬂ?@égﬂ %@treconstltuted
wewell assuspoisogs aad bylutatsi Theamagmestitse cdnjegaeo(i.c., The

above bj ol ogjcally active protej re additjonally
FRIypgatg rmeg i)etweeX the active agent an tﬂe pglymer escribed herem) in the

“composition will vary depending on a number of factors, but will optimally be a

therapeutically effective dose when the composition is stored in a unit dose
container (e.g., a vial). In addition, the pharmaceutical preparation can be housed in
a syringe. A therapeutically effective dose can be determined experimentally by
repeated administration of increasing amounts of the conjugate in order to
determine which amount produces a clinically desired endpoint.

The amount of any individual excipient in the composition will vary
depending on the activity of the excipient and particular needs of the composition.

Typically, the optimal amount of any individual excipient is determined through
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30 enconpass variants having one or nore am no acids
substituted, deleted, or the |like, as long as the

WO e®uhriedy variant protein possesses at | east BCTES1083/028221

degree of activity of the paéent (native) protein. WO
2004/ 022630 PCT/ US2003/ 028221 -65- PHARMACEUTI CAL
COMPCSI TI ONS The present invention also includes

s T e S L L i
£X6Ur 6fthe e;&nﬁeme(migmg fréfh¢ow whigg)at:mmm@ the wiabilityoend
inasolid form precipitate), whic

C be .
BB ARIHES ¢ wdath%,ruﬁift%%fml@ms b RS HYRch O%WEQFHC%EPF“%‘WSW
quid form Exenplary
%)%2? %%IEI?QC?%Ig@%%@%gm&sﬁgﬁ?&% imtation, those selected
f r om Gemeralty, bowevwnthe sxéipignowilcl prezteyndmahesqmpmmcgamao

| |
Stpriof airs TcarPefo 8 BY yeien aedBiab BB b8
{vBgheHore ﬁre?&ﬁlh? IRl e $5195 %’ﬁy ReigHOG the BxFEAtY dithze d

sugar such as an alditol al donic -acid, an esterified

mngamtrat@nsﬂessr than §0%ery \p@gbtrmﬁstmaf;felb@ present as an

exci pi Specifijc car drate exc

f or eJ'x"g (e ?%B%B@%{E{?ﬁ% C‘P‘?ﬁ%‘?ﬁ %§ tpd’@}eégéc‘l"em’s are
fmbﬁl@&ﬁn "B8 aff,&&serheg;lciéﬁ@@& , PriX:tioR oA PR&mas 9T, D08 ed., #iliams
the |ike; sacchari des, such as |acto0se, sucrose,

&r‘éfﬂamg,e(w%éi the bPkysicians BeskReferanes”, Sp0kds Medieat i des,
EonTen, MUHAE NS 155 414 RiEBe. T8 RAREOOL B pharmacesical

Bscipient] 3’?)Ed1tmu,| Amehcanl’miat‘mh@htlca{la(skcbdiaiqn Washinglon, D.C.,

sorbitol (glucitol), pyranosyl sorbitol, myoinositol,
‘the |like. The excipient can also include an

i nor gapl %agx?%%éﬁfzalgﬁ‘é aFtions'b h@?lré('}kﬁtrl &6h dre ﬁgal

sodi um ¢ ssium c um su

gdtoagls nutmenessaxahyeadrmmﬁtancd vipligeqttomtand mnenuhbaﬁo?re gemaﬂw m
hosphat.e di basi c,. and cophi hatj ons hereof The

BrG e B Rl aapeniots SBrhaeD Hroem FmBrsaaton Difent

l%mﬁée%\ﬁ@&ltﬁréiﬁrﬁfon cHE hRE tAKBDHEr §50R sBbh & MY, creams,
nlimting exanples of antim crobial agents suitable

eintmartis tahlels @owdersyand the tike.nOthed mddem«zfaadnumsumcn are also
benzet honi um 5 benz al.c

BRSO BRD e B R (B oo el

aiveah&ulyihtra-att€@4104nd 8IT8ANI Mercuric nitr at e,
thi nersol, and conbi nati ons thereof. An anti oxi dant

can bAs presinahy deperitied, the cpringatesvands agatinistered injected
ﬁ?&ﬁt&%i@%%rﬁra@%ﬁous injection, or less preferably by intramuscular or by

subcutaneous injection. Suitable formulation types for parenteral administration
include ready-for-injection solutions, dry powders for combination with a solvent
prior to use, suspensions ready for injection, dry insoluble compositions for
combination with a vehicle prior to use, and emulsions and liquid concentrates for

dilution prior to administration, among others.

METHODS OF ADMINISTERING
The invention also provides a method for administering a conjugate as

provided herein to a patient suffering from a condition that is responsive to
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used to prevent oxidation, thereby preventing the
deterioration of the conjugate or other conponents of

wo bm4prxpar at i on. Sui tabl e anti oxi dants for useCT/IIS100&028221

present 30 invention include-68er exanple, ascorbyl
pal mtate, butylated hydroxyani sole, butylated
hydr oxyt ol uene, hypophosphorous acid,

e T L T A T
frgeanieh ceihgepestidall 9 xftatve anfaeli mm:gbgaw{p‘réf%&blﬂﬁdwded
conbi nati ons thereof. A surfactant nma present as

ahPastef ppharmaceniieshprenajation)- £ e mpthed m{eclrum@tenng may be used
GRS 2 SR b TR & O D R g e

partichlaidonjdgatem BRSEof dhﬁmary SRill Mﬁt,he thWpﬂter:ﬁ&y»)/hlch condltlons
sorbltl an esters,; as p osphol i pi ds such

6 qpn%ted;[aﬂ gﬂ’legthv& Wﬁ%%tu E’W atit] quéesto be administered w1ll

f 8RG
Phg siepad hioh a0 fghn a’d gé}{ehh QHﬂJﬂuBﬁ 6F B ABbj¥ct 1 wells
| i posomal form, fatty aci and fatty est erJ

Besewirdy of @Q@hnqhgon; h@lhg teated|the pdgmehtedfahé h@lthg:enet s,

i B sonia e i PElestt “ThePdhh G5 sfiBhe ounts
b &npwa PE.thdké Slled MNARE hrrafd/BPare ¥edtRibeS irtthe @%i%nttré‘t%l;ence
can be used include those acids selected from

igxAnd disaranues. | Grpesrllyhy thesprtinally effebteve aemmt wﬂé_cangq: from
%%?6'@? lrn% 801'06 m0§ P, éfér% h%bses %m g éﬁ‘ gﬁq ﬁ%-cfél Ig%/fiﬁy’ and

acid rlc oroacetl

merecrtferdbty ﬁxcdd:ies frofasithagiday as5@megdaly f ur ic acid,
fumarjc acid, and combi nations thereo anmpl es 15 of

u. t abPeumadsass plcanygavengonpigaie (quw’tpé?fﬁﬁlﬁly Pravidsd as part
f
rOXI g%efu'ilg gﬁ'{}ﬁu&gfoﬂr&n Bl s teRE i ﬂy Jlr%gglyg):f’dosmg

m acet ate, anmoni um
Sp,‘btddes depending Dmxhecjedgmcmmﬁ theroliaivginghesds O thRSitienT and so

B8 TnF opdiiat oM EEahEIHTS bR Bowwbl thoba o) edinary skl in the

RO B BetdtniRld@x pertf
conbi nati ons t her ent. élﬁﬁ %%?Bng%gﬁﬁoggd]zxemplm dosing

whegdesdntlode velﬂmtrbmtstum Iadmypsisatloﬁ five timek atdagfountivdes a
ection,

00 L KSR P e G Shedd i S
MSWBIWMC@ﬁﬁnﬂ@} WntOMdnth Jhﬁndiﬂw&ﬁmlﬂﬁaﬂd?ﬁh&@@ﬂ USiRlShe

e., the conjugate formed between the active agent
fd%‘aﬂ erdpegIt e becacashieresk dosing ef thy composition xsdmmu t | on

o O e SREP MBSy kB et
mhtenqulnalswhueﬂsblulsle@b@he:d pbitiods b be €l@SRd off. Such a result is
advantageous when clearance from the body is potentially a problem because of the
polymer size. Optimally, cleavage of each water-soluble polymer portion is
facilitated through the use of physiologically cleavable and/or enzymatically
degradable linkages such as urethane, amide, carbonate or ester-containing
linkages. In this way, clearance of the conjugate (via cleavage of individual
water-soluble polymer portions) can be modulated by selecting the polymer
molecular size and the type functional group that would provide the desired

clearance properties. One of ordinary skill in the art can determine the proper
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container (e.g., avial). In addition, the
phar maceuti cal preparation can be housed in a
wayomgps30 A t herapeutically effective dose canP@BUS2003/028221
determ ned experinmentally by_goepeated adm nistration
of increasing amounts of the conjugate in order to
det erm ne whi ch anount produces a clinically desired

nt The, anount ny .i ndj vi_ dual exci pi
RS i sise A 1N ol e 25 el) as BERleIANG oM ToRd . ooy
efanbpl€, % Of Bt Eidry §ﬁﬂ 1ﬁ’ﬁ{etdrf3 Hklﬂ% r&ﬁﬁl@%x Erich&iation, can

conposition. Typically, the opti nal unt of any
fleteinyingl a gropsx oiofscalar size amtbctleawbhefdmtmnau@bum first preparing
[ US2003/ |

Ve SEReE e RS g Gl o pP el iighs e

ametienadighapy; SMithih obIBiB kife Qéarhlt® pRXfleRé.8Nthrbi i bkiddic
fromlowto hig exam ning the stability and ~ ot her

blapﬁﬁév@v%sanm%@gg h)éﬁdf@l@tséqﬂﬁgﬁhmgolv’ﬁ@r fleriigévato mt@nt and

I n nific an
e S
el bebre optaed fidr dadh tesed G:Oiijpgae td suitable cafjugaBRhibe 1@entified.

about 1%t q Fb)(ﬁ% 99% by wei g referably from about
5% 98% FYHCIGR PYPIS; PHENE PaFe@f E‘de'ﬁﬁ ITSraaﬁhogﬁéml lipatioftso,

F%)fer@ﬁd.egméré?ﬁ atell &ﬁ&ht@ﬂ %gtref M]Eé]lél tﬁ%ﬁ Qﬁtﬂ%{l@st ions | ess

than 30% by wei g t nost erre ese foregoing
phar maceuti cal ex0| pients along wth other excipients

are 10 described in "Rerd '« The Science &
Practi ce of Pharmacy", mﬂ@g‘%SWIlia% & WIIlians,
(1995), the "Physician's Desk Reference", 52nd ed.,

I\/ledl cal Econom cs, Mntvale, N (1998), and Ki bbe,
A. H. , Itigiecheguidersfoomtibat ndle thd ipaentioBxss pc@ncmcn&ddn

Gl G b PRSEU  logh R B g roreing

gasepipiaat aswal & thé Bfanipl@sBia foll oW QRS in@hdad & llustk#hd dnot
al t hough not necessarily, admnistered via injection

ket the Eopp ef ednentencPHler gsperts cadventegdsuand orndifgrations
SERSRELAPE ot PTG KR Mgy AL B3R o

mameaaonspemmm creans, ointnments, tablets, powders,
and the like. Oher rmdes of admnistration are al so
20 included, such as pul nonary, rectal, transdermal,

MAmggﬁglMEﬁmg i ntrathecal, subcutaneous,
intra-arterial, and so forth. As previ ously descrl bed,

t he cAH JBEg'ateagerrtsmfdaEdad m the sppereldd exgrepleeate commercially
available unless otherwise indicated. All NMR data was generated by a 300 MHz
NMR spectrometer manufactured by Bruker.

Lysozyme was obtained from Sigma.

EXAMPLE 1
SYNTHESIS OF MPEG (2K)-BUTYRALDEHYDE
L. Bu0-

CH;O-PEGy-OH + CI-CHy(CH,),-CH(OCH,CHa), ——=CH;0-PEGyg-O-CHy(CH,),-CH(OCH,CHj),

'BuOH
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parenterally by intravenous injection, or |ess
preferably by intranuscul ar or by subcutaneous

WO pgoaoricem. Suitable fornulation types for paredr/@sz03/028221

adm ni stration 25 include reafy-for-injection

solutions, dry powders for combination with a sol vent

prior to use, suspensions ready for injection, dry

| nsoI ubI e co 05|t| ons for corrbl natl on with a vehicle
fiparat AAH(2Kn)sButysaldg qieihy agetabent r at es

for d| | ution pri or to adm ni stration, anong others.

30 METHODS OF ADM NI STERIdp,Bpg | nvention al so

QLR i8R IIREHEAH, @p’m nistéring a conjugate as
proovi déd ﬁer |ntoapa 8&g¢‘gjferlngfroma
condition that is responsi WD 2004/ 022630

PCT/ US2003/ 028221 -68 t reat ment with conj ugat e. The
nmet hod conpr i dm ni stering, generally v

i nj ecfl\.naﬁtureaoftrngﬁﬁdé&%éﬁpg) %deft@B‘FPQ/@Odﬁ%hW?s gieotrpgically
SRR QU2 ot QYo PabL, R BPEG, moece
welght) 2 &iledaltogs,meas dissolved dh arthydtaus MIuemﬂﬁ odjlict whinh whaat

P T L o el Sk owsbieB 6T ek 2 ) O
Rbles ARRILE]a0Sutthdhy 80 Bty Ak%al (.55P00DETTmbRE) (AR ©

can effectively'treaf. The actual dose t
Adsann |Eteemadlrwla$ stlmfalrz;t IQ@ﬂéﬁde @p@nmg.hh en@g @n apgeinght

%n d éﬁ"%?{;‘ r #terc 2 n h)o Do tcm jeéraﬁl IS Ct S emv’f%%kllf‘e&:digquﬁflded

1of150he dagalettor §0-6°@ m{eep‘;am ¥@adctﬁmjfu@%d%mahm&1ed
adm ni stered. Therapeuti cal ective anpunts 10

wdsr raduogdl pressuigo Saekdkill g édTh%re@ﬁ@rwrpcwﬂe# Byesggnaially a
ﬁ{algtpcg 1&:5(11 éféﬁ?lsq? ls{ifyL %@%bhglgf agfe(glit}flg ﬁéﬁ?@ggﬁu{}%nal was
cmmeméd tWIthd: coreaspendingoditthgbavetal, babiilupol theatiseflcendaf,hydroxyl

preferably in doses fromO0.01 ng/day to 75 ng/day, and
PROFABS sPEespPading ta mPHGSQH startipg ma@@aﬁgﬁcar@na ©

U {
M QDS 000 BT EHLC) 3 il B %ﬁ“&%ﬁ%??ﬁﬁﬂv .
1$©0Edar 161 ppih (s HEGbacktione)] $4€ppu (i, ACH, aatalpt y of
dosi ng schedul es dependi ng on the judgnent of the
clinician, needs of the patient, and so forth. The
B P ®edphtafiof 88 MPEG QRO H RyWidehydde known by those of
ordinary skilT Tn the art or can be detern ned
experinmentally using routine mstlg Exenpl ary dosi ng

P M L T

day, twi ce daily, once da| I y, three times weekly,
tw ce weekly,
A mixture of mPEG (2K Da) butyraldehyde, diethyl acetal (1.0 g) from A.

above, deionized water (20 ml), and an amount of 5% phosphoric acid to adjust the
pH to 3.0, was stirred for 3 hours at room temperature. To this mixture was added
sodium chloride (1.0 g) and the pH was adjusted to 6.8 by addition of 0.1 M
sodium hydroxide. The product, mPEG (2kD) butyraldehyde, was extracted with
dichloromethane (3 x 20 ml). The extract was dried with anhydrous magnesium
sulfate and the solvent was distilled off under reduced pressure to provide the

mPEG butyraldehyde product in isolated form. Yield: 0.72g.
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once weekly, tw ce nonthly, once nonthly, and any
conbi nation thereof. Once the clinical endpoint has

whemn/ozsbo eved, dosing of the conposition is het1/e82003/028221

One advantage of adm nisteringthe conjugates of the
present invention is that individual water-soluble
pol yner portions can be cleaved off. Such a result is
25 advant ageous when cl earance fromthe body js .
pot enthedepgrion prpessredinssseatially dAuanEatvg yrglde Thafiis o say,

i Ly, - u
B o B B o S 2B W cIcHER o the
qimespaiding ad¢hyde Hasaigivnghaalsénre of hygdroaty] pratdng corresponding

de e | inkages ,such.as urethape, . am de, carbonate
(B A St ARG o inlES bR Of RS ProteRaar ance
QrresPéhdin o Wkth 1 ac¥hPacebRipag e HayMRNdi vi dual 30

wat er - sol ubl e Sgl ymer porti on%gocan be nodul at ed by

N i Y SCel orpdp, G G HO-S 244 Pami iy GEO). 24
{
oG SRCR Tyl B R MRl G O e art

can determ ne the proper WO 2004/ 022630

PCT/ US2003/ 028221 -69 npl ecul ar size of the pol ynmer
as wel| as the cleavabl eEKAMBEEDnal group. For

exampl e, oneolmail ARRpEAIIDL i Bk 19

routi ne experTmen , oper
nol ecul ar size and cl eavabl e functional group by first
preparing a variety of polyner derjvatives wth

ity (UK 1) Hdenyde, gy a6ela,n et j onal
groups, and then obtaining the clearance profile

MPEG o -O0CRYEILPECHAOCH, Cllgod or urine sanpling) by
adm ni stering the pol ymér dérivative to a patient and

sor i o8 Rt b FRREASH D (6@ sShtfEiniaime otneralies co
liagcdﬂdtmr eshefare UgddoRytofuehd!iCLGUY & WwRNESIRIpFcafFArBE by

dentified. Al articles, books, patents, patént
@stblling affitemspl eand uoder sedused piessaré. ohle dricdl mBEGr3dKcwas

i n.are incor.porat reference in thei
B0 Al PR BBEAL A5 Y LS IR i b aibides 40 M
phradsint RE-butxeaé inaBre LBEaREEN.0dET 0100 eﬁbljes?,_ 45
conjunction with certain g(rgeferred specific

dhleroRpiEAichy o diethy] acea) 0. & R4 HomolsexXiaphesen, and
e

Gtdeeargas pmodspherad The hrggas: veasdiloset, tonehiraes to ddyhbdsunder

t he scope of e inyention wil| be apparent to those
@E*ﬂqeﬂé’a Sﬁwetaﬂéﬂmm PRt wvas disgolved wdl hofdighlgromgthane.

This product-containing solution was added to ethyl ether (300 ml) at room

dld
(R

temperature to precipitate the product. The precipitated product was isolated by

filtration and dried under reduced pressure. Yield: 1.92 g.

NMR (ds-DMSO): 1.09 ppm (t, CH3-C-) 1.52 ppm (m, C-CH,-CH; -), 3.24 ppm (s,

-OCHz), 3.51 ppm (s, PEG backbone), 4.46 (t, -CH, acetal).

Based upon yields and analysis of the product, substitution of the acetal
reagent at the hydroxy-terminus of the mPEG-OH reagent proceeded at a very high
efficiency, that is to say, at essentially 100% substitution. The resulting product,

without requiring further purification, was produced in high purity, without
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20 MATERI ALS AND METHODS. All PEG reagents referred to
in the appended exanples are commercially available

waioesnest her wi se i ndi cated. All NVR data was PENEsmbEes221

by a 300 MHz NMR spectronete¥2manuf actured by Bruker.
25 Lysozynme was obtained from Sigma. EXAMPLE 1
SYNTHESI S OF MPEG ( 2K) - BUTYRALDEHYDE t - BuO

SRl o Dy Amaprtsef yrsestamBEG RE, TS 2zl o

£CACHB]y ther Boflht in3entn 20 Qﬁdﬁeﬁamlﬁ@ddm@mﬁﬂﬁ&ﬁgl
- G (2K Da) - But | deh
tdgigflﬁ%tﬁéggs?rrgg taI %HMS p(resent m)the tu na)f r(:gmp<?51%/ ion in at least

o R PR g D ot e PP Eferghif e
2%%ourigpi cally dried by distilling off tol uene under
reduced pressure. The dried nPEG nol ecular weight, 2
kilodaltons, was di ssolved i n anhydrous toluene (15
glggra%h@hnm (M@Eg-aut&ra@déﬁl(yaal ution of potassium
0 e ut ano .0 m, 0.004 10
Wgéé‘qu é éhﬂ(%wat:gém yraI dehyde di et hyI acetal (0.5

g, 0.00277 noles) (Al Aesar) . The X{ure_ was
stirr@doixfurg ebmi’i@? @meuaﬁ@ldem@sfmsthybacg% (1.0 g), from A.

oI £ed ‘?ét{’tere anﬁ%ﬁdﬁg‘ﬁﬂ‘??ﬁ,gﬂ@% W G dttB%ﬁ]ust the

m xture was et h
el t®3.9QvasFhered fard pourastedomp tamparatureasld thist mmarrke ofak adddl

SRt prffe b Q Efine e e Puned L8 by adaflon P51
30dflrd hydlBRide! The Brodys wRSXE @ With ddHloRheltife r(?ﬁ@O ml).

startlng material was converted to the correspondi ng
‘Bhecgxtmart waedrigd with sehyydoque maghesiurh selfiate and theysdhvertwas

Ryl IS)% éls 1{1 S(E}o R]&anget prod{rlgtEv%s%esdtuanrdterl rrc]egucn%tpressure Yield:

accord
0.82¢g.

NMR (ds-DMSO): 1.75 ppm (p, -CH,-CH,-CHO-) 2.44 ppm (dt, -CH, -CHO), 3.24
ppm (s, -OCH3), 3.51 ppm (s, PEG backbone), 9.66 ppm (t, -CHO).
Substitution: ~100%.

Conversion to the corresponding aldehyde proceeded in essentially

quantitative yield.

EXAMPLE 3

COMPARATIVE STABILITY OF MPEG-PROPIONALDEHYDE AND MPEG-

BUTYRALDEHYDE AT BASIC PH
Methoxy-PEG-propionaldehyde and mPEG-butyraldehyde were each _
exposed to high pH conditions for prolonged periods of time to compare the relative
stability of each polymer under basic pH conditions. As indicated below,
significant amounts of propionaldehyde PEG reacted under these conditions to form
mPEG-OH and release acrolein (due to a retro-Michael type reaction), while no loss
of the PEG butyraldehyde compound was detected. The details of this experiment

are provided below.
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NVR (d6-DVSO): 1.09 ppm (t, CH3-C ) 1.52 ppm(m
CCH2-CH2 -), 3.24 ppm (s, -0OCH3), 3.51 ppm (s, PEG

whaokiozase) , 4.46 ppm (t, -CH, acetal). 20 B. PCT/US2003/028221

Preparati on of nmPEG M\ Butyraldleh 0 HOH, H+ 11
CH3O PE&K- O CH2( CH2) 2- CH( OCH2CH3) 2 W

CH3O PE&RK- O CH2(CH2) 2-C-H 25 A mixture of nmPEG (2K
Da) butyral dehyde, diethyl acetal (1.0 g) fromA
above, deionized water (20 nl), and an anount of 5%

AhSsabiity iof ndREGI2KOD adBwtsitaldehede ;_tHBatsm @ 0, was st i r r ed

for 3 hours at roomtenperature IS mxtur

addedMPEGHZR AR Hubraldehyds (@OI@)EX&Hﬂ’kt ’n)e(%a) Was dlaiaqlt@( iado
i Ty
8Gookhct¢rhmralmm heatE (03gxwadaddeyl anér te mrduchetas \nmacobrdl \enih
h hyd | f at dth sal vent was
(PP EOBRF T P B iR st BeSarfid Sy e rats Magium
mﬁ%@ ANt 19N dREABHSH uhfer redlcal gﬁks&% ) 23*”@' d:
0.72g9. WO 2004/ 022630 PCT/ US2003/ 028 -71 The

r eact Bawsdppore J3 dBdRianalysis ghe peqdluyt \aasthangeét Tha is to say,

sse of t
i 5Pl pn o et Peand NS el Gt St period
autrﬁesm@hd@gbadudpnwdﬁditibmed upon the absence of
hydr oxyl protons corresponding to nmPEG OH starting

material as well as absence of hydroxyl protons 5
SOSERROBE MO SR RiBkgl SEBRICLAD 19 TH R

) 2.44 ppm
( dt , mPBG(§KiDa)-P3oRdénaldhyid @heax@ﬁlt&)Corﬁ%rﬁﬂ%mggc\ePradgsrgG

kb EXANPLE 1

SESUBEC) PR e toHaEE 10 AT SRS PUfer (PG £.0)
S PR O IR o B R s, % o e
¢lBomRprapBy Wealspaceiapalysin shovadehat, th8s@0gYn canedi negieer(1&a

ErlsPHL R, (S uhibh Bea R Gl undet BabicBonREms

such as those typically employed for protein conjugation. NaCl (0.5g) was added

and the product was extracted with methylene chloride (3 x 10 ml). The extract was
dried with anhydrous magnesium sulfate and the solvent was distilled off under
reduced pressure at 25° C.

Based upon '"H NMR analysis, the substitution of mPEG(5K Da)-
propionaldehyde dropped to 62% (that is to say, 38% of the PEG-propanal had
decomposed) , and the product contained a substantial amount of mPEG-OH,
arising from the loss of the C-3 segment corresponding to the propanal portion of

the PEG-propanal.
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distilling off the solvent under reduced pressure. The
dried nPEG 30K was dissolved in anhydrous toluene (15

workgo4/02a860 t 0 t his sol uti on was added 1.0 M 20 pPOL/ASBN3I0MS221

tert-butoxide in tert -butanof4{4.0 m, 0.004 noles),
4- chl orobutyral dehyde di ethyl acetal (0.5 g, 0.00277
nmol es) (Alfa Aesar), and potassium brom de (0.05g).
The resulting m xture was stirred overni ght at 105C
under argon atnosphere. The mixture was filtered,
concentrated to dryness BKAMPLE4 educed pressure and
the crude- product YQA %&)%JSOEY m  of .

di chl or orret hane. Zg&iﬁrsi%4oé%g%ftuﬁgalnlng sol ution
was added to ethyl ether (300 nml) at room tenperature
to precipitate the product. The preci @ tated product
was isolated by filtration and drled|hnderHreduced

pr es sluysezymyé-dity: + THD-FEGHIR-CHB(CINBOC-H1 —6-9—ypm (t,

CH3- C—) 1.52 p m

; 351 pEm e e Tt O e O,

acet aI) 30 Based upon yields and anal ysis of the
(GEpwayme-NES9s meant tg indieate fhe 1ysoayme molesalsewith gre ofgs
legadiverapinegioiipushopfn)t he nPEG OH reagent proceeded at a
very high efficiency, that is to say, at essentially
100% A uBSINDOMIEEGIYLATION USRS h i K1Y PEGOA KAINAL. Vit Meddel
requiring further purification, was produced in high
mfmem YYSORY6 30t 2ZQBmeagid senselof YSOT YIS 65 S0 tppdemonstrate

f.
SERRERP o it GORL IR © AINHEREPRREn. ¢ o
Itysezymc/ecmtammsmﬂﬁnmmsidnmchs|p0tdnt1glmt|es1fdrq)|egﬁam¢mt is to
say, i cal | the d si red .al kan rodyct is
pr gs e dtyz‘igj ylf 'Pﬁ%ﬂ"a% %tlf‘ i} (ﬁl SQp phaggbptfer (pH
P8 ﬂot»Vhlcl’P{EvﬁI sRA |1M>@(§‘ (i fn/@fééﬁyﬂé (fém Ei‘:Qn;ﬁE §N1./AhE.
0

preferably, in at |east purity. B. Preparation
be thw@t(@%s@dﬁe&dleyc@cmg‘ggdet, NaCNBHj; (sodium

AR B e LR das QirFedifoR 25 3 pdfihfeptpengere: The
RO 1861ya doRflger! issch 8 FEQ ch@%%oagleawmbzﬁﬁe Sffno

phosphoric acid to ad ust the pHto 0 was stirred
gr@\dp@munxera@mng)dﬁﬂz Mature. To this mixture was

added S .
adj us tT(}e]g Q?JcHé% éxtbggééavg% E{rall Qecg%y Bﬁfwsﬁstgd_t%r Desorption
Toyiitatior Tiene-dtHBight QMDMGFthS@pE&EbrWtf}fhnd displayed peaks
dlchloronethane The extract was dri g

GRrEeAPRdH\EdP Hirse &ﬂbé@dlﬁwglm pllygozype af h@%%elﬁfn%@g and
20520 Da, differing in mass by approximately 2000 Da (corresponding to the size

of the PEG butanal reagent), as well as unmodified protein. The mass of
unmodified (native) lysozyme by MALDI-TOF was determined to be 14153. Thus,
the conjugate formed was really a mixture of monopegylated protein, di-pegylated
protein, and tri-pegylated protein (1-mer, 2-mer and 3-mer).

The above demonstrates random pegylation of an illustrative protein of the
invention to yield a distribution of pegylated products. If desired, the reaction
mixture can be further separated to isolate the individual PEG conjugates, that is,
lysozyme having one PEG molecule attached thereto, lysozyme having two PEGs

attached, and lysozyme having three PEGs attached. Within each of the conjugate
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15 renoved by distillation. The wet product was dried
under reduced pressure. Yield: 0.829. NWVR (d6-DVSO):

wd. 2008/0peB0 (p, - CH2- CH2- CHO-) 2. 44 ppm (dt, - CHET1ZH003/028221

3.24 ppm (s, -OCH3), 3.51 pp#x(s, PEG backbone), 9.66
ppm (t, -CHO . Substitution: -100% 20 Conversion to
the correspondi ng al dehyde proceeded in essentially
quant itative yield. EXAMPLE 3 COVPARATI VE STABILITY OF
o HeseribesErbee (RisTvbmer meBUheRECDmolgekie may be

%@E& BRI PRl %%éﬁ*”?%ﬁ%%ﬁ%%% § malecul.

condi tions for prol onged perlods of tine to conpare
the r at|¥§ stab| , 5 basi ¢ pH
condi t-ons—EREATH] F=anmunt s
of propi onMEHBHPE Y DE
to form 30 nPEG—OH and rel ease acrolein (due to a

PEG bt IaRen PHEE AAREE b Al P BepeiR astls Al gha
bifanéHed PBEX papgenBNPEGAL2- picthyl tieytaldeh yis, m@)@cﬂwmag)ago
PCT/ US2003/ 028221 -73 A Stability of nPE

2K
disgalysdkip ppPrguHyAeY 4tmBo§ sediymy phpsnbatsibufter ateé pH ranging from

t g : 2-
PSS JE(OR LA LALLM PS8 i ypppso-
methyttueyraldshyde| isgtddeﬂi mtthekysvamssd]utfoadaﬁMe Z@'Ehltir@ satution

enper at ur e. s added a

| e
lﬁrpg%fﬁ pnMgta@g(lp}xgEfx aljgwed t%@aﬁ%terﬂgméﬁpg?rﬁ@ée (A 10
Eﬂp)rexﬂﬁ%lﬁ X3 ﬁﬁﬁftes"‘@?OQBldergol\M éﬁe@rﬂTMMH?ﬁ%@& 43 the

fate and the solvent was distilled off under
re@mmweailoweég@ mrémat: ABqmts Beeswithdrpom at vrigVRtimedhtesiats, (4

he oduc u a
s RO 12 105 T BSR4y HehetohPbisenl manjigred by
sDSevA@EaﬁdtvﬁmBﬂTwmm spddiropfetdyl e _under these basic
pH conditions. B. Stability of EQ( 5K

Da) - prl&q PlRtipCRE the regéy%t}ﬁ@qgﬁg@(mugate mixture is

Stk 0P A o B0 SEERORR e
BoesphiitiFuidrugs. (pH =

EXAMPLE 5
PREPARATION OF BRANCHED PEG2(40.3 KDA)- BUTYRALDEHYDE

The preparation of an exemplary polymer alkanal having a branched PEG
segment is provided below.

SUMMARY. The overall synthesis involved first the coupling of a
tetra(ethylene glycol) spacer to a reactive alkanal precursor, 4-chlorobutyraldehyde
diethyl acetal. The introduction of an oligomeric ethylene glycol spacer provides
greater stability to the resulting product by extending the chain length between the
reactive aldehyde (or acetal) group and a reactive group that may be contained in
the linker moiety, X’, thereby minimizing the occurrence of potential side reactions

and improving yields.



10

15

20

25

30

15 The resulting solution was stirred for 24h at room
tenperature. Gas chromat ography headspace anal ysis

we himwezbesthat t he sol uti on contai ned acrol ei n  PCT/US2003/028221

(CH2=CH CHO), resulting fromagp-elimnation reaction
under basic conditions such as those typically
enpl oyed for protein conjugation. NaCd (0.5g) was

added., and the product was extracted wth t hyl ene .
chl or TBEUELLAN PHERINFIC SHIETo RIS At Ex g cal g Bfovides
AP EVORH cHFHAD Nnghik itcanydidx§, Gal dabe coRderted, if
distill edcoff gﬁggr reduced gﬁesdsxgre at 25 C. Based

mwamfmuah@e g EOlymﬁeSCSmbBlt thatitap SeerothrerpEiegmphicel) y

PR BT ATy AL ER ok s SR PGl e ol th e

Gohisav 4 dn@es&ﬂ@ S\Irﬁﬂbma’iﬂze@ﬁ&yﬁien@imﬁiﬁﬁﬁs Ghth 2PEGdRlddyde
fromthe | gss of the C- 3 segnment corresponding to the
Fesinglrop &EG dighend tl@qwl&eFﬂEer GRQysd degm thaBELH spemendprier to

(LR A pleeur Gl SOV W R Ol B sl
potymENBara) oyl e G )| fmEliRindp Ptk - OCHG

ol G DN EITg PiheiREGE FiEtion Belanh 1A oRRMERHG e(cylene
%?KA 3y ac&Qo&clﬁ%WQ@iMa‘?&@‘fh@&'eW] bk dNGea0s fo #nbESA of the

L. The node protéin, lysozynme, an 129 am no
dasirad gwopeikangl mndl}qmontmma:ﬁxlewth di- dkmhptodattemd starting

coupl.i of a kanal RP. of th entji.on to an
AR D, BTV, oRDais e hed o hE U5 i st
aleferesﬂc@m 361uBRite Bf Alabf the t8MPORIntIAANS RhétRIH mixYFO ENEWs for
2.1 ng) was dissolved in 1 nl of 50 nM phosphate

af¢ady preparatipg of highly wrwm@ﬁakka@al erigt, HREG to say, having the

o this
SR YR BRI it O TR Bt e rbechiy by BB
thy aevolterh byl gliyekd ) moboedlet mREmhom A0 THRroduct Frosh RicTZeN
h at roomtenperature. The resulting |ysozyne

Lovasiben @nﬁ%%@gé%cmﬁ@m&@e%% b¥geacton y’§bz yme
ABhAResulbMHRAIORYIe ATk RV Y Ryt B8y gl(oGEl%} f}leqaﬁi(&hylene glycol)

was converted first to the mesylate (REACTION B), followed by conversion of the

mesylate to a primary amino group (REACTION C). The reactive amino group of the
acetal reagent was then coupled to an illustrative branched polymer backbone
segment having a reactive carbonyl carbon suitable for reaction with the amino
group of the acetal reagent. The precursor to the PEG reactant, mPEG-
disubstituted lysine, was purified by ion exchange chromatography prior to
conversion to the corresponding activated ester to remove polymeric impurities.
The N-hydroxysuccinimidyl ester of mPEG-disubstituted lysine was then reacted
with an amino-alkanal acetal, via formation of an amide bond, to form the resulting
branched PEG-spacer-alkanal acetal. The acetal was then readily hydrolyzed in the
acid-catalyzed reaction to form the corresponding alkanal, and in particular, the 2-
arm branched PEG (40KDa) butyraldehyde.



20 The reaction product was anal yzed by Matrix
Assi sted Laser Desorption |lonization Tinme-of-Flight

W@ MdLDL26300F) nass spectronmetry and di spl ayed peek®S2003/028221
corresponding to three PEGyl aTed species of |ysozyne
at 16208 Da, 18422 Da, and 20520 Da, differing in
mass by approxi mately 2000 Da (corresponding to the
size ..of the PEG butanal .reagent),, as wel S
anmodPis sBisampibache- ik a5tk Hantfiod pdlimer wemeny
but $9AVERnipl o P £Bt pﬁ%eﬂ@%nﬁﬂts&faﬂin@%dr fof tHeehetedd Gescribed
Thus, the conjugate forned was really a m xture of
gromsessy| at ed protein, di-pegylated protein, and
tri-pegylated protein (1-mer, 2-nmer and 3-ner). The
above denonstrates random pegyl ati on of an
$udmaky ek iOv@ErRRLOBeNTHESfS: t he invention to yield a
di stribution of pegylated products. If desired, the
reaction 30 m xture can be further separated to
i solate the individual PEG cgpjugates, that is,
| B GHTHO R ARG BT gl abi? &t 8t FbCHAHOCHCH),
| ysozyme having two PEGs attached, and |ysozyne
havi ng three PEGs attachedcu¥éthi n each of the
c o P YR ROMBIIHRAFHIFEID2 PCFHHS80 0 THE2RROH,CH07 5 Hy(CHy)y-CH(OCH,CH;),
conposi tions descri bed aboveNH( 1H-mer, 2-nmer, 3-ner),
tdmigs oG IRJof Gt €, )7 RM 0B cH, B tAthigd t (On-Ebird ) S0 (CHy),-CH(OCH,CH;),
reactive amno sites within the |ysozyne mol ecul e. B.
PEGYLATI ON @SING A 5 KD PEG ALKANAL, MPEG 2- 5
I\/EJH::P(!EB(%‘PRAI:DQ‘_‘HYDE. Conj ugation of the nodel protein,
| ysozyne, is repgated usi ng HReHalHEhCHOHAOB0EH,CRRG —
reagent, @PEGEKD- 2- et hyl butyral dehyde. Lysozyne (3
Y9 -(cHEHoflicsstee d-cdponappr oxi mately 1 nL of sodi um
phosphate buffer at a pH ranging from 10 about 5.5 to
7.5. Atwo to five-fold nolar excess of the PEG
reagent, nPEGBKD-2- net hyl butyral dehyde, is added to
the | ysozynme solution, and the resulting solution is
pl aced on a rotary m xer and allowed to react at room
tenperature. Alter approximately 15 nminutes, a
20-cHgd-ccHyoh A -exc®@8s of NaCNBH3 i s added and the
reaction all owed LICQ' )conti nue. Aliquots are w thdrawn
at various time ihté&fvals (4 15 hours, 8 hours, 12
hours, 16 h§urs, @tc.) and the reaction progress is H" HOH
ORYOI-CESBEOJHE —NBDSCRACECaHN- (CBHCE),0)T O (THYs- CH(OCH,CH);  — >
spectronmetry. Upon conpletion of the reaction, the
resulting conjugate m xture is concentrated, sterile
filtered, and stored under | ow tenperature conditions
(-20C to o)

1]
CH30-(CH,CH,0),-C — NH
(CHa)4

2 |

CH30~(CH2CHZ0),-C—NH—CH —C(0) HN-(CH,CH,0),-CH,(CH,),-CHO

A. Tetra(ethylene glycol) mono-butyraldehyde, diethyl acetal,
HO-(CH2CH20)4CHZCHZO-CH2(CH2)2-CH(OCH2CH2)2
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wobkooammwzenpl ary pol yner al kanal

-80C) until further use. 20 EXAMPLE 5 PREPARATI ON OF
BRANCHED PE&2(40. 3 KDA)- BUTYRALDEHYDE The preparation
havi ng a br anet/rdSiRE228221
segnent is provided bel ow. 2578UMVARY. The overal |
synthesis involved first the coupling of a
tetra(et hyI ene glycol) spacer to a reactive al kanal

R e LT B

mﬂ)ONasCaeotr(gxlcmﬂy elried by ldlsltlﬂlmg dfptolueme nederl rédhﬂtgd presslue {rotary
chanlenth bet t he ctiv

b d
%\ryaant e)g ff???dr&gg?%q@th&eaag S8 “@Sn@a@ww 9@1.*1@5 ug fplyene
Ry, nlase af PN eaqubmoﬁ&tséaﬁnﬁ teRKToXTRE fht txn_estanotl eI,

mnim zi ng t he occurrence of Ot enti al de reactions
@20 mwﬁnsmmd@cmpmws/xalmme (dlb/tlQﬂ 2634 (nm/g,moo DS PAIEa

-76 Th .

AEPPLECR GRS TeyeBtrd s st bl 3300 °§ Peabe ppder argon
htetoRphepd aA ft&H RElng tdrobhi t%m'p@n’iﬁfi‘@ GRe mM@fe%s filtened an@léme
be converted, if "necessary, for coupling to a polyner

ségemwene Mlllhégffb@éﬁ r@ﬁm@qusgurapmeccavdwpmgmtwfas ddssolaed

BP0 o afs TR e G i B e g

mbmbdmm dRdstidet (168) \samida@ altEthe Pradudewydiétracted with
éresulu ng fromPEG diol) and the Iike are renpved

ichlpramhine €230 gRBanddS0 gal) e eégafmwaﬁginteé (& MgSQwnand
fﬁ@%gf’gfnzt%ast stﬂlrcee\éaﬂﬁn Pﬂ%dft‘f(lheh'p?@stsgre% ?rg’evgp 'io%r)

solu pol yner 'S ess
pol ynEhé cuderprodudtives diskulvad ng3(l(bmt Hﬁ%wemhﬁtemuﬁe&lqm en

th | f th th 1 l ycol
250,60 s S EOKPis O Hatted MG cHphBSRAte (g PO e e Do vas
EQrabRE R cﬁéhl@xforﬁe'ﬂ?ane ‘éﬁﬁj rl%j anBneo "ﬁm( aglexRAQ %‘%tdmed (over

contami nated wth di-al kanal’ product” and start

MegbPa) ardhe¢ sriecnyiwas disyilledioffemder, reduced pedsgie (lay m@argd
wor k- B that utilizes the differences in solubility
%‘fapaﬁaf %)r the conponents in the reaction m xture

T3¢ rmﬁgm%)pr e ppat(d, @H,af-) hi Ahpmn BHI €-CH,-
nonoal kanal product, that I's to say, having the 15

&Hz 2h 3149 (paveibal, YOEHCHOn, éé@ppmt(ut GH, mctajthSmmn tf -OH).
I € ' r the .tietra(ethyl ene

E%be@%%ecLﬁf‘g."??@@#%@lfg)mﬁ% )pr oduct from

REACTI ON

B. Tetra(ethylene glycol)-o-mesylate-w-butyraldehvde, diethyl acetal,
CH;-5(0),-0-(CH,CH,0)4CH,CH,0-CH,(CH,),-CH(OCH,CH,),

A mixture of tetra(ethylene glycol) mono-butyraldehyde, diethyl acetal
(12.5g, 0.037 moles) and toluene (120 ml) was azeotropically dried by distilling off
toluene under reduced pressure (rotary evaporator). The dried tetra(ethylene
glycol) mono-butyraldehyde, diethyl acetal was dissolved in anhydrous toluene
(100 ml) To the solution was added 20 ml of anhydrous dichloromethane and 5.7
mli of triethylamine (0.041 moles). Then 4.5g of methanesulfonyl chloride (0.039
moles) was added dropwise. The solution was stirred at room temperature under a

nitrogen atmosphere overnight. Next sodium carbonate (5 g) was added, the
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A was then converted to the correspondi ng nesyl ate by
reaction with nethanesul fonyl chloride, i.e., the

wo e@a/0k36a0 oxy group of the tetra(ethyl ene gl ycpC)/USmwa 028221
converted first to the nesyl ate- (REACTI ON B), foll owed
by conversion of the 20 nesylate to a primary am no
group (REACTIC]\I Q The reactive am no group of the

taI S t upI e s rati .

BOTiRinuts SRS her Tbm RESM AR kel sply 4Rl ik R ged o
GRlebfdite ggfé Fothityedvhporh@F). reaction with the am no
l%jrou of t acetal reagent. The precursor to the PEG

eQopauit, CHUP@G leﬁlsmmg(mt G- s r)né 17\am SueHs ed by

| nveysi on to
R ES0O8, £A0 BRI GH, PCH-ELRAD. 420 lnifh G nor <
mepunidsulfesate), 746 pbhf(ydcmkyteeﬂaml ni m dyl ester of
nPEG dj substituted |ysine was then reacted wth an
B0 H¥%anal acetal, via formation of an anide bond,
to formthe resulting branched PEG spacer-al kanal
acetal. The acetal was then readily hydrolyzed in the
acTerateth deye gdcolpacimian-d-bufyeaidehyde diahyleseahdi ng

RS RPRCRP R GRD B acbigosRaRah™ """

PCT/ U i SIS, i
P! RSP Ehe B S AP S R 906l g
&retad (PI.0p) pconteritraned atﬂiﬁbnlaﬁgrselmpﬁdd‘lmo ), ARY eyl hlbehol (60
herein descri bed geonetries, 5 SUMVARY OF OVERALL

ry)Nyagsarred 42 hgy @onp.mm@qz@y)gpﬁll.,yolaule materials were distilled
B il o e
willelP 4rcHRy PHOARRC @) WasGjusted to 12 with 1.0 M NaOH. The product

e

Tl m@g zsIMiR((szcmg gpm (t, CH3-C ) 1.56 ppm (m C- CH2—CH2 -), 2.69
ppm (t, CH,-N), 3.56 ppm (bm, -OCH,CH,0-), 4.56 ppm (t, -CH, acetal). Purity:

~100%.

D. Branched PEG2(40.3 KDa)-butyraldehvde, diethyl acetal

mPEG-0-C(O)-NH

(CHy),

mPEG-0-C(0)-NH- CH——C(0)-NH-(CH,CH,0),-CH,CH,CH,-CH(OCH,CH,),

PEG2 (40 KDa)-N-hydroxysuccinimide was prepared from the
corresponding PEG2-lysine as described in U.S. Patent No. 5,932,462 (Harris, J., et
al.). The precursor PEG-2 lysine, a branched PEG having an ionizable carboxyl



10

15

20

25

30

0 ~ CH3O (CH2CH20),; G-NHCH -C(OONHS 10 O | |
CH3O (CH2CH20)n-C - NH (CH2)4 0 H+ HOH

W@RB@0¢ 1652 CH2O) n- C- NH- CH PCT/US2003/028221

- C( O) H\- ( CH2CH20) 4- CH2( CH2) 2- 88 OCH2CH3)2 0 I |
CH3O (CH2CH20)n-C - NH (CH2)4 0
CHSO(CHZCHZO)n C NH CH

%r{;&yp\t%& et t b aﬁw}&%ﬁg)ﬁ@fy A aﬁshés%%&%l@@e

]P{tEtMQEB CH20CH2CH22CH(I:H2CH2)2V‘D

e b s
ﬁl@iemem&r ord¥h) ﬂ?l%efh&%b ‘éﬁioh)de drdoss) btXtra(e:t tylenc

di s ling off toluene undef reduced pressure ( ary
gyap b oemaind-o-bhtyradahyde, tdiith d (aeethl(05g, @DQ@:](BHS)mMaS and

S R T A e
4t¥3&n@erﬁﬂ>erat§reourih39amg§§ ltnﬁigghél'e Cfﬂe%%i’l{ WhSVABEMEA to

di et hyl ‘acetal (18.1 nol es) fa Aesar)
dwyness asinga. rotmee\mpmacmeTlvmuéct prodect veas m@lye@ irOmethylene

UG B pur 0 s R BonRolTREIRL ey Brodi i B ncer

RahoedPréssu! Ficld 88id. | ed of f under reduced pressure
The crude product was dissolved in 1000 dei oni zed

NARe fdsIPMShel 1@ gpmt(t, @135‘61 a3l pryas, @ﬂHze@léd X h%aglzl (s,
mﬂ%ﬁ)égggﬁvggs ex? r ac? ,(@fbhgh{,&g ﬁ?‘g’ro gﬁ%ﬁﬁ]ﬁ@g

200%.and 150 m ). The extract was dried (over MgSH)
and the solvent was distilled off under reduced
pressure (by rotary evaporation).

E. Branched PEG2(40.3 KDa)- butyraldehvyde

mPEG-0O-C(O)-NH

(CH,), h)

mPEG-0-C(0)-NH- CH——C(0)-NH-(CH,CH,0),-CH,CH,CH,-C-H

Branched PEG2(40.3 KDa)-butyraldehyde, diethyl acetal (4.8g) was
dissolved in 100 ml water and the pH of the solution was adjusted to 3 with diluted
phosphoric acid. The solution was stirred for 3 hours at room temperature, followed
by addition of 0.5 M sodium hydroxide sufficient to adjust the pH of the solution to
about 7. The product was extracted with methylene chloride, and the extract dried
with anhydrous magnesium sulfate. The solvent was distilled off under reduced
pressure.

Yield 4.2 g. NMR (dg-DMSO): 1.75 ppm (p, -CH,-CH,-CHO-) 2.44 ppm (dt, -CH,
-CHO), 3.24 ppm (s, -OCH3), 3.51 ppm (s, PEG backbone), 9.66 ppm (t, -CHO).
Substitution: ~100%.
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The crude product was dissolved in 300 M 10%
phosphate buffer (pH = 7.5) and inpurities were

wezxdanaziced Wi th ethyl acetate §2 X 50 m ). Ther@r/us200$/028221

was 15 extracted with di chl o¥bmet hane (200, 150, and
100 mM). The extract was dried (over MgSO4) and the

sol vent was distilled off under reduced pressure (by
r1°t ar”P'he efb @99 rht@g‘}ct a\ﬁbﬁltafj%nrlng&rlnl%eﬁt of %n@gﬁloq‘@@)
At of aoepmmv)e brnciey PBGhafkanal. ciﬂne shoet aallsc) uluatrass an

BRIt b i A i O BRI S gt
iz @J}ﬁé‘ﬁ@ |g}0L([9( 1r['@§syda§é Q-tetrackileneydoll Blidr6sed et divIthe

acet al

c(lmeldna(ckjp@@m@)tmlihm @g@m( of-hy matgquiscHiughey, shinexample

Bhbeg o 414 ALY B gl BRI B RS Sr
(bR hark)chssyragaement caalbk yusfiedbly dstblsdrigb chrognaedgkaphy
t ol uene under reduced pressure (hym ar aporator).

PIHY tel epuRiing do fhe(adliangl-agetal repegrtothpreby § cﬁ ¥ BmevHIgd e,

e
PG50 EH R B o R kEor FHERS B ap Bt progc
fd)'rmhdi mrabsmit difnectandl folymend ingfurities alch)als dase anixﬁg 66
n.4.5 t hanesul f on chloride (0,039

Serih egﬁgéa@%ag@%%&fgbwog% pesHSed by ehthﬁieggstb?tr%va
mverbe%&m% e WHEE LR ne Predlirdor @g@we@trgmgmf
overni Next sodi um'carbonate (5 g) was add
m:z@t(ogra@mﬁso PCT/ US2003/ 028221 -79 m xture was
stirred I h. Then the solution was filtered and
solvents were distilled off wunder reduced pressure
(rotary evaporator). 1. 1@xppmgs, CH3-C) 1.51 ppm(m
C CH2-CH2 -), 3 17 ppm (s G:B nmet hanesul fonat e),
3. 49 ppmiRERARAKTONO (MER- AL RANALHE
met hanesul f onat e) 4 ( cetal). Purity:
100% C. Tetra( et%’éﬁ%@éﬁg&hw%ﬁ
gl y c ORgcommbiudnd EPQ- (produced iel) y-oR, mﬁhhﬁiahmi caB€t.gl, CHO cells)
H2N- ( CH2CH20) 4CH2CH20O- CH2( rn)P (OCCH2CH2)2 10 A
oF z;ppmeéméqroblé{ qoal(@t) Fﬁyl}Oélﬁ]@d to mPEG-butryaldehyde 30 kDa (prepared

-w but yr al dehyde, diethyl acetal

%g%*%edq%gﬁgﬁé trated ammoni um hydroxi de (650 nl), and

et hy| ERQ Gi20dg) 6 @issolved i ms bf 50 ﬁrM@Hodphab bufferipH 7.6) and

g&am )ebutyrai(cfeh%e is agcke%ltat 5?( trn%rlz:llr Psb E:A(I)enrceentration. A

reducing agent, NaCNBH3, is added and the solution stirred for 24 h at room

temperature to couple the PEG-butanal reagent to the protein via an amine linkage.
The reaction mixture is analyzed by SDS-PAGE to determine the degree of
PEGylation. Confirmation of the degree of PEGylation, 1-mer, 2 mers, etc. is done
by Matrix Assisted Laser Desorption Ionization Time-of-Flight (MALDI-TOF)
mass spectrometry. The displayed peaks for native and mono-PEGylated species
differ by approximately 30,000 Da. The resulting reaction mixture contains a
mixture of native and monopegylated protein. Increasing the ratio of PEG reagent
to protein increases the degree of polyPEGylation, that is to say, the formation of 2-

mers, 3-mers, etc.
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of f under reduced pressure. The crude product was
di ssolved in 150 mM deionized water and the pH of the

we odu2wB0 was adj usted to 12 with 1.0 M NaCH H¢EUS2003/028221

product 15 was extracted w thggichl oronet hane (3 x 100
m). The extract was dried (MJSO4) and the sol vent
was distilled off under reduced pressure (rotary
evapor at or Yield 10,6 NVR (D20 .09 t, ,
CHSpC- )helxs% lpgmr{q]ﬁcu@r g@;qggl’@ﬁgg} e}lka)mg vi%Sﬁ?Teéqlar weight

R hon Tyl 2D Y Lt b £ B s e
Dk ulbrvyight EE(BylH@analsl,i \elndmouakcd @k proVEGrOMOfCproNgitd

é{%‘?‘)“?{w IEEE%%‘&%%HE%EE@% I BREIBEPF2 25 PER (40

KDa) - &H@%ﬁéw&%ﬁﬁ%mdﬁﬁo%‘ééﬂﬁﬁ&%ﬁ iliagrativB Protein of the
correspondi ng PEGR-|ysine as describ in U S Patent

iNgent®nag yiekb2 d:(smdwunps of pegylaétcd ERBO produttse Ipdesirad.gbe reaction

WY ShiTohauBben s bR EEs b0 S Berises,

waswpuri fied by ion exchange chromatography, as al so
described in U S. Patent No. 5,932,462. To a solution
of PECEG canjugaey baving diffsteps molechianmvaightssire hen geprygad By

%@S@?ﬁ%kéﬂ@aﬁ@rgﬁmlﬁg&ﬁ RPEG LRRENY AGet BLAL S5ner,

¢ty arel faciomaiedon thetbatiy bathdirtdifferentdheledylhr weights (in this case,
acetal (0.50g s)..and triethylam pe
(YH85Y %Pyrwaéelag‘gg@in%?esﬁ@ahl%é@ %eaﬁraﬂpweéf%ed by
gétu%£ §iaPYALRK Q%tem%[utélﬁ@ f’Br‘e%&WeasEPz{rgt oé‘ﬁbt@fngﬁé‘

sphere. The sol vent was evapora yness
uslenglanweightiaygesispord; ©g., a $hperdc)d d’éO(pctddnnnt(Awwssham

FlBSPhST RSB SRS L SO T 1
ﬁxﬁ?nﬂl? teﬂh%{_cgl?%%ﬂ @rfct\sfdirﬁ:o(g rr#l% %egmal&élzd %_8@6«11 DR fo% Bﬁb@em
¢antent and also usmé an iodine test for PEG content (Sims G E. C et al., Anal.
Biochem, 107, 60-63, 1980). Alternatively, the results are visualized by running an
SDS PAGE gel, followed by staining with barium iodide. Fractions corresponding
to the eluted peaks are collected, concentrated by ultrafiltration using a 10-30 kD
cut-off membrane, and lyophilized. This method results in separation/purification
of conjugates having the same molecular weights but does not provide separation of
conjugates having the same molecular weight but different pegylation sites (i.e.,
positional isomers).

Separation of positional isomers is carried out by reverse phase
chromatography using an RP-HPLC C18 column (Amersham Biosciences or
Vydac). This procedure is effective for separating PEG-biomolecule isomers having
the same molecular weight (positional isomers). The reverse-phase
chromatography is carried out using a RP-HPLC C18 preparative column and
eluted with a gradient of water/0.05% TFA (Eluent A) and acetonitrile/0.05% TFA
(Eluent B).
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-OCH3), 3.51 ppm (s, PEG backbone), 4.46 ppm (t, -CH,
acetal). Substitution: -100% 15 E. Branched

wRB202083B8 KDa) - butyral deb_yde nPEG O C( O - NPCTLUS2003/028221

(CH2)4 H2)4 1l nPEGOC(O-=-88+ CH
C(O - NH ( CH2CH20O) 4- CH2CH2CH2- C-H 20 Branched PEG2(40. 3
KDa) - but yr al dehyde di et hyI acetal (4. 89) vvas

di ssoL.ved in 100 t nd,the pH o sol ut i
was aJE'ﬁ E:‘é‘?ﬂé&o’tfﬁspﬁn%"mﬁ tedipegkR 0 F?tﬁ & F‘%"ra“f‘g ©
SithinbieQBetoRis18 ahd TEA, f(ﬂfovx%dm?%x%oaﬁl of SEIREALRH RO the e,
foI | owed by addition of 0.5 M sodi um hydr oxi de
mdfvﬂdittai peritiqng! BEGtsemerhe pH of the solution to about
7. The product was extracted with nethyl ene chlori de,
and the extract dried 25 wi th anhydrous magnesi um

sul fate. The sol vent wasgdgiastigted of f under reduced
pressure Y| eId 4. 2 g. NI\/R (d6 DI\/BO) 1 75 p(p,
HREP) 3 QLY MER A e

-0cHB), 3.51 PP S .' :
-CHO.  Substituttol 5589 022630
PCT/ UB2Q0Si A28 EPO (prcﬁﬂlc&'hm Blvolieminmalia edlBSsyehtas CHO but

t her enbodi nent of t |nvent|o th par
Bqtqamﬁeé‘ﬁ%%r OIRET THSTRRiAkRONERS) PrEeuRle aﬁ%ECrprfa %%3?@36 30
b8 CEAdnigisty ates an  enbodi ment of the i nvention

wherei n the pol ymer al kanal contains a short
ol i gorlHO ¢~2gmeg) s, dissolvediis 1aalsd 0. EnMesodaue hr;dtawép}gﬁymnll

AP EEH AT RGO REHAER o el ) PORORER X eanelfeRRg e

¢drlckisitdtidh €A tdiRciAS Agt, RaONBEY!i§ aadda%mﬁe"sosﬁwmagmed for
contai hi ng an ionizabl e group such that such pol ymer

2ehrehtC caeruple the PESr@naw rqagentds dwangtelrbw emamdngrlinkiage.

{J Le:)[ek;l;h%e HB{‘ u§r/eolrsté1ﬁ§1 Izaelrﬁfg(barﬁ:) gpgﬂ?rﬁ{le[ glg degree of

PBGlMtiom CanﬁxhﬁtmﬁactnemgﬁeebepﬁGylamoh hl—‘fnet rustnafmG i§ he
product 10 formed i s absent difunctional tyrrerl c

rarpet PutityMatti i saistedsser Resemtioy Ippigation Time-of-Flight
(MALDI-TOF) mass spectrometry. The displayed peaks for native and mono-

PEGylated species differ by approximately 30,000 Da. The resulting reaction
mixture primarily contains a mixture of native and monopegylated protein. The
mono-PEGylated species are purified by column chromatography to remove free
EPO and higher molecular weight species.

Confirmation of N-terminal PEGylation is carried out by peptide mapping,.
Increasing the ratio of PEG to protein increases the degree of PEGylation. yielding
poly-pegylated protein.

The above demonstrates pegylation of an illustrative protein of the

invention to yield a predominantly N-terminal single pegylated protein.

EXAMPLE 8
N-TERMINAL PEGYLATION OF GCSF

Recombinant GCSF (produced in E. coli, mammalian cells (such as CHO

cells) or other microbial source) is coupled to mPEG-butryaldehyde, 30 kDa.
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reacti ons of PEG diol, or nPEG or nono-pegyl ated
lysine, or the like, that may have been present in

WO b@40PIe@P- | ysi ne precursor but were renpved bRCT/US2003/028221

chr omat ogr aphy. 15 EXAMPLE 6. REPARATI ON OF
POLYMER- ALKANAL PROTEI N CONJUGATE RANDOM PEGYLATI ON
OF EPO Reconbi nant EPO (produced in E. coli, mammalian

s Colir VAo M BN f igﬂfﬁbﬂ%wﬁ?eéru%&%' ¢ it Sidpe
ﬁ?E@?ﬁFlEIDBe&htyﬁldéﬁ RDmeExanpie2f rs%daaa at' X mesﬁ&hr\@QSF
in 1 m of 50" MM phosphate buffer ( 6)

pH
GRG0 OR Dél)hekrgqlqpmg apehty N@CNé?'H(dt&@dd%d atEb(hc h@lum stirred for

C ntra n reduci n NaCNBH3, i s
P B Ble B B oo RO o AR R i inkage
t enpermiewEslting eadtidneniktige BﬁﬁatyuécﬁWSDsqa%E&o tigedntifie the

25 The reaction m xture

roteln via an am ne |inka
degrosrpf REKBMatis. $i50fiPmation of the deared slcPlGHatienlcBciop mers,

e? g(?é/ l:ﬁ'hb&’ But bSPM‘ r[mgslls?‘glo zIsext %@soﬁéﬁfn%n%mgnsﬁ%dﬁaéfa@&ht

(IMAD.D;N[IOE) rhasg isgationietryi The dfsp]ﬁlw(gbﬁtaké Kdrlativel &k monms s
éﬁﬁctromatry The di spl ayed, peaks for _native and

blaiﬁé@wca?secaffgrp@emgom@mye% R0 Dap T resaitigg yeagtiomoo
mturzg> Ldrdeiids 5 CluteSF nqhﬁ S%Beggﬂéd%@@F The

m xtu at Ive an nonopeg pro
rlomr%ylatgdtspm&saam purifiedPyGohany elmomato:grzmhgtte remove free

GESE SR By afeEar Befob St Clnfnadion of Meeqgpnal ©
mﬂﬁ?@r?@%@nﬁ’@éd@é%ﬁ@ﬂ@ 8&3?111 g i&gea-gfh% tH@ ?atl‘éfof MRG0

nol ecul ar wei | kanal s havi ng | ecul ar wei ght
RPein wereasns rﬁhedﬂgme @@E@b&atfcmv)oﬂdlrfgmlmpcgmatgd protein.
mono- PEGy| at ed species. Smaller nolecular weight PEG
al kanal s, when coupled to a protein, are nore prone to

formation of poly-PEGy| agegveipegi es under these
conditions. 5 The above denonstrates random pegyl ati on
of an ill ustrMMWWRmmn to yield

di i b t PO d
e RS DRSS S0 PSP BB rah s Tho
bt AbBliRitkd R) oP dingt HikdbbihISVIREFis2dupied ¢ PEd-biRf)aR¥hyde,
30 kDa.

Interferon -o (~2. mg) is dissolved in 1 ml of 0.1mM sodium acetate (pH 5)
and mPEG(30 kDa)-butyraldehyde (from Example 2) is added at 5X the molar IFN
concentration . A reducing agent, NaCNBHj; is added and the solution stirred for
24 h at 4° C to couple the PEG-butanal reagent to the protein via an amine linkage.

The reaction mixture is analyzed by SDS-PAGE to determine the degree of
PEGylation. Confirmation of the degree of PEGylation, 1-mer, 2 mers etc. is
carried out by Matrix Assisted Laser Desorption Ionization Time-of-Flight
(MALDI-TOF) mass spectrometry. The displayed peaks for native and mono-
PEGylated species differ by approximately 30,000 Da. The resulting reaction
mixture primarily contains a mixture of native and monopegylated protein. The
Mono-PEGylated species are purified by column chromatography to remove free

interferon o and higher molecular weight species. Confirmation of N-terminal
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PEG conj ugates having different nol ecul ar weights are
then separated by 10 gel filtration chronmatography.
w(ab@w4defeBer ent PEG conj ugates (1-ner, 2-ner, 3POEUS2003/028221
etc.) are fractionated on thegpasis of their different

nol ecul ar weights (in this case, varying by
approximately 30 kDa). Specifically, the separation is

PEGYBHPE b 0peu i orbi B mspipto s etng s SRR ar
y@{eahtncfe@th@b@g%e/@fohEcgmion el oliepddEaed gy um

(Amersham 15 Bi osci ence The products are eluted
wi t h 1Conjugatiat eftthe protdimrhGH, BN-Boandr E]RE tapdnothes illustrative

in. Th Il ec fractio m ) are anal ysed, b

Ry mRe oo b HGEREREA0 DAY i G R GRS
AQEH BRI ih @Rd exdapipld3Eboeontent (Sins G E. C, et al.,

Anal . Biochem 107, 60-63, 1980). Alternatively, the

results are visualized by running an SDS PAGE gel,
foll owed by staining w t%r gﬁg Wy i odide. Fractions
corresponding 20 to the aks are col |l ected,
concent r aNerERMINAIL PEGYTIATIONGGE IUMAIS GROWEH HORBIONK D

cut-of f nmenbrane, and IKophi lized. This method results
i n seResombinant puman geoxtth barmegre (Pdperskinds cabyvnagmelign cells

GREIPasTCHOM Rbr M ETIoS o oS Ecrdplal BN HEe SRR EniFHG-
Zindetleyl bntyrgddehyldet200kDsi tes (i.e., positional

[ . 25 S ti f Lt [, [ .

car v A S Byaius Cohmeb S dispBRainramg KHigdiam
SR H S8 dGAPEOT-nAIET BRMRBHIRE 20XERSs lded WY 98Ghe molar

This procedure is effeCtive for separating
ek doneemiriations| A 5 to@fefiokl thelat exyess ¢fehes saadpcing lagou) MaCNBH;3,

wei,gh sitional isongers). Thg.reverse-

SRS GR Iy EoTes stithd B 2t S g Smp PR e
REGRDuRhYRa g Wike PRAeiR Qi LintRie Wnkipea oradi ent of
wat ér/ 0. 05% TFA (Eluent A) and acetonitrile/0.05% TFA

( El uetro@pss afheadicis 660y7e0Hy 2083/ 829A LDISBOF mass

Fractions, correspondi.ng to el.ute aks, ar
PSP o RBEARRE dodtet SRRl Colifiion of we dsgree of
FEGylafion,| 108H 2iers RDMarrRU cuPby ®rix Aséisted EhrDRSorption

i ndi vi dual positional PEGisonmers. 5 EXAMPLE 7

TorEzaAenTinmpo CFli ght) (YWVHFD AT QENmi2s FReEp e tOONDhyGhigayed peaks
£ AR ml’rnglﬁ@(ﬁé‘}llag& agd: oglgpspecies differ by approximately 20,000

Da. The resulting reaction mixture primarily contains a mixture of native and

monopegylated protein. The mono-PEGylated species are purified by column
chromatography to remove free hGH and higher molecular weight species.
Confirmation of N-terminal PEGylation is conducted by peptide mapping.
Increasing the ratio of PEG aldehyde to protein increases the degree of PEGylation
yielding a population of poly-pegylated hGH.
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Reconbi nant EPO (produced in E. coli, mammalian cells
(such as CHO but not limted to) or another m crobial

WG omr 023630 s coupl ed to nMPEG butryal dehyde, 30 pdDuUkida3/028221

(Exanple 2). EPO (-2. ng) is-ggssolved in 1 m of
0. 1nM sodi um acetate (pH 5) and nPEE 30
kDa) - but yr al dehyde (from Exanple 2) is added at 5X the

nol ar EPO concentration,, A redqucing agent, NaCNBH3,
is added and the sol uti&#ﬁ%ﬁi—rred for 24 hat 4 C

to couple theN%ﬁUA@]ﬁﬁéyﬂAQﬁﬂ%ﬁnﬁ@Rﬁéﬂ%NEﬁ otein via
an am ne |inkage. 15 The reaction mxture is anal yzed
by SOSedeABmanointafeeomPripradheeddads eeali,ohammeliy alls ¢such as
Confirmatjon of the degree of PEGylation, 1-mer
SHREh ngt imitedsto) eppnqthe migrobEY stk coupledsio b EGdamethy!
%Zﬁfd@ﬁ&%@) L,zation Tine-of-Flight (MALD -TOF) nass
ctrometry. The displayed peaks for native and nono-
PEGy| dhtetfempdt(~-@smg) ik dassoloyd mppmbsf Oriund yoBOmGoetategpH 5)
The resulting reaction 20 m xture prinarily contains a

andmBEC-methxt bwralded yde 7858 s added appXtthe molar JEN-P
- PEGy| at ' r i i ! .
SRPSHESH; AED TR FRIRFoRLb hFtubiheigbRacNE R, is
adlee ahd fe svRtih s SPRAIfes24 Katf°iC tedoupk thé PRGLE histadbutanal
PEGyl ation is carried out by peptide mapping.
epgané tstiha grateia viaan amioe likk@®et o protein i ncreases the
degre ation. .yi | R  Pegwhal e
or ot croer R Eisat o Bl ficy SERPROE BHRABEROR mass
dpettushétay iovdRtepmiriethe dedred BEPEG fldeod. | Otnfirthayioe belthe degree of
redom nantly N-term nal single &e@gyl ated protein.
FASTS)

iplien. d e, RIMERRIENALCAPEGPUATY M rd Rawes Rssoratien
e P S (A L T ORI e AR, Tl peok

foP & \eutndyadrebelPldplate8@in& Beher Voci2 Aidfdd DYGPProximately 20,000

CT/ US2003/ 028221 -84 GCSF (-2. m s di lved in 1
B SH G Re S i S o) Sha e Rstve and
ﬂﬁ@ﬁ&pe@%é&%&@ﬁy %e&ﬁémﬁes@%h%geaies! a3e PUGEL B cotdmh he

nol ar concentration. The reduci ng agent,
die@NBie8raphy tatdete fivel IFINE @l higheo madd¢dutar eckigho spec@es. h

t 4 Cto couple t G.but anal reagent to the
g?‘bff@}aﬂop of AR Gy Al .cosdur:r‘»réﬁ}gye%e@rle? F3PPBgct i on
Herhbih € theSra@S 8t YEC A1 RNy RS protehn iheredRl BleefelFPEGylation
yielding a population of poly-pegylated IFN-f.

EXAMPLE 12
N-TERMINAL PEGYLATION OF FSH
Recombinant follicle stimulating hormone (produced in E. coli, mammalian
cells (such as CHO but not limited to) or another microbial source) is coupled to
mPEG-2-methyl butyraldehyde, 20 kDa.
Follicle stimulating hormone, FSH (~2 mg) is dissolved in 1 ml of 0.1mM
sodium acetate (pH 5) and mPEG-2-methyi butyraldehyde, 20 kDa is added at 5X

the molar FSH concentration. A 5 to 20-fold molar excess of the reducing agent,



degree of PEGyl ation. Confirmation of the degree of

PEGyl ation, 1-mer, 2 ners, etc. is carried out by
wokoniox686si sted Laser Desorption lonization PCT/US2003/028221

Tinme-of -Flight (MALDI -TOF) ngps spectronetry. The

di spl ayed peaks for native and nono- PEGy| ated species

differ by approxi mat el y 30,000 Da. The resulting

NaCNbEnacunnon disrdind Temebed Brot hab aocEgitie 1§ PEG-o
hy t
ﬁg‘ﬁ'@%’@%‘?’é‘%ﬁ%ﬁ:@ e SRR ABROST oy Lo
Conf i Aragresrofofie Irs!ad;tmnns adlyzeRBE@SRS - PAGE ar MaddIeT@H nimgs
ti de mappin crea n r.ati PEG t
%e&rs'gpﬂrx it B 0o PERb Gitaliais, Fomtirgionn of e dgeree of

vilLRted xﬂé’r@%@' 3-carred OB Matdx NsdiGEM bR D t
G%LA?’IIQO\l OF | NTERFERON & Recorbi nant | EN: a prc?é%rgé?jn

Ionlzatlorc&me Of’fﬁhgial(l\/h‘\rﬂéb'll"%) {rescepeeisor@Hey. Phe dipplayed peaks

b A S Qe Tt s oo S baaBp R Y& gy
Ds. ThefalNiag réadtidn ixtafe fHnldAvy sonthines acivfuad 6f apive and
and mPEG 30 kDa) - butyral dehyde (from Exanple 2) is

maneReeylatashprotgia. @C%OHOFNEGE]GW&@BW%%Y%ﬂunf&@dr‘@d%i“ﬁg

SRR ER T ROTERL AR il R BEE, 10

Qonfirenation ioaNamrrmmahEEGylakagﬁ coﬁ&lchtleby EEpaite mappimgt ure

| s anal zedb to determnethe egre

persprige | Wau@ggﬁ%? ﬁ fie ©rprotEl igersasse ﬂ@r fé’%%auon
%aser Dé%‘%‘?&“%f’?lg' fé@erdrpsqpl out by Matrix ASSI st ed

ption t|on Ti me- of - Fl i ght
(MALDI - TOF) mass spectronetry. The di spl ayed peaks for

native and nono- PEGyI atéad s;_)em;es differ by

approxi mat el y 30,000 Da. Iting reaction 30
m xture pRLARMItAM B Alrt & FIMAN ROV THRRRMOREAN

nonopegyl at ed protern. The Wbno- PEG/Tated species are
pur i fRernniyntm@ Gﬂrh(pmduoeémo@ rcafinammatienoslls (sucheas CHO but

‘E% ﬁa?f an8 %If\glltl%? al s ur uslé%%ﬂ Fb@g%ﬁgf o bianched

PEGQMSZ{)HBAP%&%&éldehﬂE (E’E:@x;blaSEpn i s conducted by
pepti de mappi ngb Increasing the ratio of PEGto
pr ot eiffmacgreydeBormone ey mgdisshissphvegiml mdof P lanispdium

RRlaYe P2Y) Autfalchb PEG2(40.3 KDa)- butyraldehyde is added at 5X the

molar hGH concentration. A 5 to 20-fold molar excess of the reducing agent,

NaCNBHj, is added and the solution is stirred for 24 h at 4° C to couple the

branched PEG2(40.3 KDa)- butyraldehyde reagent to the protein via an amine
linkage.

Progress of the reaction is analyzed by SDS-PAGE or MALDI-TOF mass
spectrometry to determine the extent of PEGylation. Confirmation of the degree of
PEGylation, 1-mer, 2 mers (if any) etc., is carried out by Matrix Assisted Laser
Desorption Ionization Time-of-Flight (MALDI-TOF) mass spectrometry. The
displayed peaks for native and mono-PEGylated and other species differ by
approximately 40,000 Da. The resulting reaction mixture primarily contains a

mixture of native and monopegylated protein, in particular due to the size and
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Conj ugation of the proteins hGHd, IFN- (3, and FSH to
another illustrative PEG al kanal, nPEG 2-net hyl
wheignzdesehyde, 20 kDa is carried out essenti ab¢HUSR03/628221
described in the exanpl es abo®-: EXAVPLE 10 N TERM NAL
PEGYLATI ON OF HUVAN GROMH HORMONE Reconbi nant hunman
grow h hornone (produced in E. coli, mamualian cells

OB R R el P kane) bl 1 g HRY1Ea species are
ﬂlmﬁmd&lydﬁhﬂﬂechraﬂnato@mphylwrmmagecﬁmIhG}Darthghc(r-rﬁcg?gﬂari S
dissolved in 1 0 1mM sodi u acetate an
ek SPeqies hQPnftrmayPaP&Erfyla@nalzltﬁﬁgﬁatl%lsgam?%byaa@pflg%
Ig?ép?ﬁ hGH concentration. A5 to 20-fold nplar excess
e reduci ng agent, NaCNBH3, 15 is added and the
solution is stirred for 24 h at 4 Cto couple the

PEG a nethyl butanal reagent t 4t he protein via an

am ne |inkage. Progress %M%ieacti on is analyzed by
SDS- PAGE or MNALDIpetSrAfeNDE AWefTeRigt By to determ ne
the degree of PEGyTation. Confirmation of the degree

of pﬂa/aramp@mouplofrae&mallznwemde gmphotesicingB ris epdifiad tyy
al¥p ﬁ S| mr'@Ts_er] Desorption 20 |onization

m%‘f p e( B TOF) mass spectronetry. The
di spl wseomaa:k of arﬁﬂ{otﬁﬁ:ﬁﬁ BalI@INd denfelhiydrad adlleand-fold

ot her species differ lé%— a&prom mately 20,000 Da. The
melap exgenyol BREGhdbhtysaldehyds (xpmale; 1) issekyedin@ 1 M phosphate

Bl ‘d@@fs A Y EmARGe 1@&21‘88%%@ BEGENB(%N@'H”‘ (a5 to 10-

nono- [fated species are purified by co urm

f@tn” mrrhat exgreaphiy phosphemﬁfe]f atpdl S-hmintle Rasghiag soltie isl stitred
cies. 25 Confirmation of N-term nal

%EQ,%H‘ Aqmr%ﬁatpge AR UBEETAR 45890 FLEROSPREHD Aliguots of the reaction
G683 \Qﬁh%ﬁ@a ra?bé&xﬁ%n?eﬁﬁeﬁa@sed&ﬁ'&lfo?t 195&1‘65& of the

|ncreases t egree of PEGylation i e
aqigndtyi BhNMR. pUbyn paygplcatre mdﬁttlmﬁﬁﬁdimﬁﬁﬁﬁhluted by

[ US O /028 MPLE 11 N-TER
%9? qzﬁﬁ%hﬁé&éﬁ%.x@ AEREYIHHARMD: eé?ff’%%i‘? then

dxiprae@H Qﬁﬂll diPhl6ronse@hdne, ARSI ABINERIginit S¥ELL 188 dEPover
but not limted to%‘h;r anot her m crobial source) is

anbigtons seciumpaltate. fikqred 1o remopeidrying agishly ded theGolkveat,

evaporated by rotary evaporation. The product is then precipitated by addition of

diethyl ether, and dried under vacuum overnight. The recovered product is
analyzed by gel permeation chromatography to determine the extent of conjugation.

The crude product is purified by cation exchange chromatography using
Poros 50 HS cation exchange resin (PerSeptive BioSystems, Framingham, MA).
Following washing of the column with deionized water, the product is eluted with
IN NaCl solution. The conjugate containing extracts are combined, and the product
is extracted with dichloromethane. The organic solution is dried over anhydrous
sodium sulfate, filtered, and the solvent evaporated by rotary evaporation. The
purified conjugate is purified by addition of diethyl ether.

If necessary, the product is further purified by reverse phase HPLC

chromatography using a Betasil C18 column, Keystone Scientific).
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Interferon-(3 (-2 ng) is dissolved in 1 m of 0.1nM
sodi um acetate (pH 5) and nPEG 2- net hyl

woordnadedehyde, 20 kDa is added at 5X t he nol apCT/B800Z028221

concentration. A 5 to 20-fol dggml ar excess of the
reduci ng agent, NaCNBH3, is added and the solution is
stirred for 24 h at 4 Cto couple the PEG a

met hyl butanal 10 reagent_to the protein via an amne
| i nkage. Progress of thm is analyzed by
SPREPAG N oMPER)3 TIPS $rypRBRY L BTRYR XS Rpe AR

t he degree of PEGylatiton. Confirmation of the degree
ORINGRPEWING HODIY MER IZAETON (F BTHN BENF GXIDE BIREATL.Y ONTO UK ANJONIC
Matri x Assisted Laser Desoertl on lonization

Ti me- of - Fl i ght (MALDI & ctronetry. The

di spl ayed peaks 15 for native and nono- PEGyl at ed and

ot her species differ by approxinmately 20,000 Da. The

r esul Inithig elxemptei, mnaqc‘tz»ktpmcerspr haveng 4 sitecwitable fier iaitiating ring-

T T L S L
m?@mhsw @BIRYI AcRtd] YiMAVEe the /e alcEhbl0etBiidnd ggb@r In this way, a
ecul ar wei ght species. Confirmation of Nterm nal

hmt@ﬁcatal isreonvertedrid @dydwxpltepainaied acetal phhedrydmexyl group,
reasin I e ro
VT 3508 s 3o hn R ALY SN St Gl P4 niviain
Polprakigdtion o@%th@lﬂny oRgYEO}), a6 tHekd¥ydrm E3AIYdr allkinal
N- TERM NAL PEGYLATI ON OF FSH 25 Reconbinant follicle
Erﬁ?qféﬂ’ratThﬁg’OHB?frﬁyf?é‘a]( eGSR dacetal), ppor Bydrol ygignigsppvgred to
I but not limted to) or another
Sdkéf)&j# sourc I's coupled to nPEG 2- net hyl
but yr Algdaérylized seBerkfor tiobyrititdtie approach &dripaepatiag apolymer
?%é% s dis olvedi 1 mM of 0.1mM sodium
ajanal pithe fyesfion 5 HWE@E hyl butyral dehyde, 20 kDa
is added at 5X 30 the nolar FSH concentration. A5 to
20- foI d rml ar excess of the redu0| ng agent 5V\tD
R A d AOV_R O O\% . A

L

and the solutlon |s-st|rred for 24 ;ﬁi 47C to couple
proteln via an

PEG; hyl but anal reagent to
gihﬁﬁ@“?@"?ﬁ?!&'g&&'m&r et s Yl @ActTon ™ anal yzed by
@-‘ét—Péﬁf—OOCH @H JI-%C &spect ronmetry to determ ne

t he egree 0 | ation. nfirmati on of the degree
of SARE®GUrabf mhydmunethyleﬂe ghicel @20 g, 1.93 males) el .OMt by

sMilutlon ofA% asgitugldtell’f %%?orm ein erP E)utanol (70 ml, 0.07 moles), and 4-
chlorobutyraldehyde diethyl acetal (11 g, 0.061 moles) is stirred overnight at 100
°C under an argon atmosphere. After cooling to room temperature, the reaction
mixture is added to 600 ml distilled water. The product is extracted with
dichloromethane (150, 125, and 125 ml). The combined extracts are then dried with
anhydrous magnesium sulfate and the solvent is distilled off under reduced
pressure. Next the product is subjected to vacuum distillation (kugelrohr, t = 90 -
110 °C, 0.10 mm Hg). Yield 5.5 g.

NMR (ds-DMSO): 1.11 ppm (t, 6H), 1.53 ppm (m, -CH,CH, 2H), 1.64 ppm (m, -
CH,CHCH, 2H), 3.37 ppm (t, -O-CH,CH2CH,CH, 2H), 3.53 ppm (t, HO-
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I oni zation Tine-of-Flight (MALDI-TCF) mass

spectronetry. The displayed peaks for native and
woea/Pi@y | at ed and ot her species differ by  PCT/US2003/028221

approxi mately 20,000 Da. Theggesulting reaction

m xture primarily contains a m xture of native and

nmonopegyl ated protein. The nono- PEGyl ated species are

B A2 7o b -SB hD cpaY ped. . BN o o8

ﬁ%m t@ﬁg&g@gl 14 3;1;{1?])2& g Qﬁ@puct ed by peptide

I'ntredsin rati o of PEG al dehyde to

pr ot e| n i ncreases the degree of PEGylation vyielding a
popul ati on of poly-pegylated FSH 15 EXAMPLE 13

N- TERM NAL PEGYLATI ON OF HUMAN GROWMH HORMONE

e pRiThi I D a6&hIl S
R0 P DB S P TR el S
source) is coval ently attach]ggss;u,q tapnehed PEG2(40. 3
KDa) - butyral dehyde (Exanpl e Human growt h

hetdm) @ﬁb@@c im1 of 0.1nmM sodi um
acet atez(pH an%lC braﬁgdf"}eangEGZMO 5 KDa) -

A RN T T

reduci ng agent, NaCNBH3, is added and the solution is
stirred for 24 h at 4 Cto couple the branched

PEG2( \% t ein
vi a aéglgﬁ‘uodﬂaal)jﬁwlné(% 6@'3%?:20&% 'SS o?o¢ ﬁ% Jrhg al(g%)lﬁhll S

raphthalidel (003 mODE-tevdHy desfutdhlsBlutidf20mak 9.008 prsles) mztcrdyd to a
to determ ne the extent of PEGylation. Confirpation
glfes TaRepTend sHirrean minulss in 40 gigen apnqsphere(Ethylgpg pxide (8 8

G0, t
§020:mdies) 694 ddet t B scliciinttiae Al R il d N iged for a4
Bpaclbgmgturq/ D(Ijeru dl;&ﬁlxmrs i purget wﬂlél -l(ﬁ()ﬁ and 0dM pkosphate
0- an th es .di er .
B shit 2t 300 B Geae b he TG lagf tamappiecbing dissarded.
th{tw@nqu Hfﬁf\}eh)frdﬁ?me%bﬁﬁoﬁ yraﬁsﬁ Bth8r Htrabbil. e PRGuct is
nonopegyl at ed protein, icular due to the size

mcswfmomﬁ@@mwmwbmmahmmso mB8Teorteict i dokd
t hed .PEG t. Th - PEQy| at
8 PGS el R ob G AR 1n PE LD Gy S S
280eMpisfddeed ffdiha RdxfkORfirrs® I £ i 70 °QVaihghpre &ﬁlﬁﬁédﬁﬁoduct

Confirmation of N-term nal PEGylation is conduct ed by
isdidteredeoff and dried under reduced pressure.

Yield 7.2 g.

NMR (ds-DMSO): 1.09 ppm (t, CH3-, 3H) 1.52 ppm (m, C-CH,-CH; -, 4H), 3.51
ppm (s, polymer backbone), 4.46 ppm (t, -CH, acetal, 1H), 4.57 ppm (t -OH, 1H).

C. PEG(3,500 Da)-a-hydroxy-m-butyraldehyde

A mixture of PEG(3,500)-a-hydroxy-w-butyraldehyde diethyl acetal (1.0 g),
deionized water (20 ml), and 5% phosphoric acid to adjust the pH to 3.0 is stirred
for 3 hours at room temperature. Next, sodium chloride (1.0 g) is added and the pH

is adjusted to 6.8 with 0.1 M sodium hydroxide. The product is extracted with
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mappi ng. 5 EXAMPLE 14 PEGYLATTON OF AMPHOTERI CIN B
The amino group of a small nol ecul e, anphotericin B,

wo soomoehieBo ed by attachnent of a pol yner al kanetT/US®0¥aes221

a solution of anphotericin B.¢Cl in deionized water is
added a 2-fold nolar excess of nPEG&k-butyral dehyde
(Exanple 1) di ssol ved in 0.1 M phosphate buf f er at pH
o this u S added n NaCN
isflorpricthane 3 3620 Y o e s sty Hh iERysIBRED St
Qitfafeeindabe RVt 55 dlﬁﬂlédtolﬂﬁ T&&%ttp‘r&ﬁlcﬁﬁkﬁifeti QRdérSeduced
stirred at toomtenperature overni ght under an argon
pessusphéiell: 083 guots of the reaction 15 mixture are

Spu et Y35 i iR EP o R e R0

3 be pf)@le(ﬁtpdpy‘}néﬁl?ﬁbkﬂ(ﬁte) 2. 57U é)ﬁ'rh@! -Qi), 9166 hphy/(t, @HtD)tl on

wat er, and is added to achi eve saturation. The
product i's then extract ed with dichl oronet hane, and
t he conbi ned organic eXtéﬁéﬁFaﬁe dri ed over
anhydr ous sodi um sul f at d to renove drying

agent, PrREPARMIGOONEETHEDY-PEGIBTONRA) }BWTYIUIL@EYD
evaporation. The product is then itated

reci
addi t TBis eo#mplg |d€tnﬁwtfaé°tsﬁ'é? pregatiat picit il HefEAi Ve 5e‘iamped
] r t anal yzed by gel
g%?ﬁ%@?fofﬁo%%rq)cgn(gt od%&ﬂ' &aﬂgﬂ gt%?%’ ne the extent of
conj ugation. The crude pr oduct is purified by cation
exchane chr ormat ography usi nq Poros 50 HS cation
08)a3-bupyralgehyde diethwl gectal ong | Fr ani ngham

del oni ﬁﬁlaﬂ%tﬁiff@?w@fﬁ@ 81900 SEAHIBEAL By e
€08 ©10.001. miﬁlae) &ﬂﬁuneqam fl); QoM kslutign eﬁqidt@s@hm RFtebutoxide in
conbi ned, roduct 1 s extracted

et ﬁ%?thHQS mﬂlfé) angymsthyl By 6‘P1H?flec§HlfP§at€i .(Q &1 2E04
Ay irs%HﬁedE gm aulsfoat yext ithd &fl@é?]h s f8 glstlhgd §§|u¥18&1
e purifie

evapor at ed tary evapordtion
mdngadqae&sunes(rqmpwapomd)rbﬂ‘hadr.hde |p0crtluof isdissolvgd iret her. 30

s BF SR o eSO PR 5B ey

HTE

- 6@ aHiBried @y} %aece%pp@me‘ "Pl):}d it 5004/ 022630

PCT/ US2003/ 028221 -89
NMR (dg-DMSO): 1.09 ppm (t, CH3- 3H) 1. 52 ppm (m, C-CH;-CH; -, 4H), 3.24

ppm (s, CH;0-, 3H), 3.51 ppm (s, polymer backbone), 4.46 ppm (t, -CH, acetal,
1H).

B. mPEG(3.500 Da)-butyraldehyde
A mixture of mPEG(3,500)-butyraldehyde diethyl acetal (1.0 g), deionized

water (20 mL), and 5% phosphoric acid to adjust the pH to 3.0 is stirred for 3 hours
at room temperature. Next, sodium chloride (1.0 g) is added and the pH is adjusted
to 6.8 with 0.1 M sodium hydroxide. The product is extracted with
dichloromethane (3 x 20 ml). The extract is dried with anhydrous magnesium
sulfate and the solvent is distilled off. The wet product is dried under reduced

pressure. Yield: 0.85 g.
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PREPARATI ON OF PEQ 3500 DA) - U- HYDROXY- ( 0- BUTYRALDEHYDE
BY ANIONI C  RI NG OPENI NG POLYMERI ZATI ON OF ETHYLENE

WOXoD2BRECTLY ONTO AN ANIONIC - ACETAL  PRECURBCRUS20031028221

this exanple, an acetal precugzor having a site
suitable for initiating ring- opening polynerization
Wi th ethylene oxide is prepared by reacting 4-chl oro-

Mm&]ﬂf@?@kﬂsﬂ it mm "8, 6 2 Lt (& £ %o,

mwezmtﬁ% $0- @cﬁy @;}gxylst beR, wﬁﬂeﬁfa@k&ine) s ppm (t, -

hydr oxyl group when converted to the correspondlng
@HexHie ani on, prOV|des a site for initiating

pol ymeri zati on of ethylene oxide (EOQ, to thereby form
a polyner al kanal precursor. The pol ner al kana
precursor (acetal), Uporg @l1ysis, is converted to

t he de red polyner alkanal2 A oenerallzed schene for

P epal it ?%an‘*‘@? dﬁ&}@@ b0yt %ﬂg’x}stﬁ" ?ﬁgé'ﬂyF‘%r >
gIodsdstitudedlARgnal of e @rvéntiorCl THiR PolRGidp ChihEXIHACHBgsessing a

IR AL £ I HORRS 5 opiop ToTbRegince. ossesss a

ﬁgdh?lsgubs@mgmthg@2sf;ys%hon of potassiumtert-butoxide
in tert-butanol (70 m, 0.07 noles), and 4-

chl or @MER\XIIEWt déeypdieteated adeyal r@gentalﬂm Wag prépatt@dfromhes)

ht at 10 .
nRes iy S vE O e Faedian o Pl Feenfio Sidhate, by grs
fe@@Gihg B bubndhielclrbofi 16 8eEritnalfg dlohdi s&mdw&pbyf@é&a&mn to

The product is extracted with dichl oronet hane
the butysaidehyde. rfihe butyreldelesivas dhemareteeted asths qorrewoaidmed

el BB e TR el a8l BT BUT rRAVEE '°

Wupﬁug to ]PEGStlhbJr@QItﬁx@ pobyn¥s QUgLAD \dassﬂydlrél?iddcm a01d to provide the
kugelrohr, t =90 - 110 C, 0.10 mm Hg Yield 5.5 g.

ﬁswe‘éa eypesadkanal. 11 ppm (t, 6H), 1.53 ppm (m - CH2CH,
2H), 1.64 ppm(m - CH2CH2CH, 2H), 3.37 ppm (t,

- O CH2CH2CH2CH, 2H), 3 53 ppm (t, HO WD 2004/ 022630

K.C-II;/reLIJ)%ga 1%3/ 9 %?oro 2- methvlbutvraldehvde diethyl acetal

Preparation of 4-chloro-2-methylbutanol-1

A solution of 2-methyl 4-chlorobutanoate (TCI America) (22.0 g, 0146

moles) in ethyl ether (80 ml) was added dropwise during 30 min to a stirred
solution of lithium aluminum hydride (4.55 g, 0.12 moles) in ethyl ether (360 ml) at
0°C under argon atmosphere. Next methanol (12 ml) was added dropwise over a
period of 30 min and then ice-cold 2N HCI (420 ml) was added dropwise over a 20
minute period. The reaction mixture was transferred to a separatory funnel and the
ether layer, containing 4-chloro-2-methylbutanol -1, was separated. Additional
product was extracted from the water layer with ethyl ether (3 x 200 ml). The ether
extracts were combined, dried with anhydrous magnesium sulfate, and the solvent

was distilled under reduced pressure. Yield 18.6 g.
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CH2CH2O-, 2H), 3.62 ppm (q, -CH2CH3, 4H), 3.70 ppm (t,

HO CH2-, 2H), 4.38 ppm(t, -CH acetal, 1H), 4.54 ppm
wQ 2904024636 OH) . 5 B. Preparation of PEQ 3,500 PCT/US2003/028221

Da) - a- hydr oxy w- but yral dehydegsli et hyl ‘acet al

pot assi um napht hal i de EO, THE HO CH2CH2- O CH2CH2CH2CH

(OCH2CH3) 2

S ?ﬂé%?rﬁ%%%%@%%) fee

Bth dasicm, lmphgjlglhhgﬁ ‘I‘%HE@I/ H) R @H 2H),

sol uti on, ar e adde g ass
3.66,ppor(ma RHsEl, PHadH- f’!Q)lenS(tm(th Bd.in an ar gon

at nosphere. Ethylene oxide (8.8 g 0.20 noles) is
added to this solution and the reaction m xture is

stirredhicb-2ethyButyrilagipdeenper at ure. Next the
mxture I s pur ed with argon and 0, 1M phosphat e

buf f ePyridipjum @ orpglgomate (23.6£68d40 grwas qrqlqb_:d| gagdually &o a
h I d
SRR T A aretnadRal 00 b RETRN Bl s
mshlemamedwo mih, ﬂ“he mixaieduss stirret oslerdiygho amsetrhamger(a&lre
Xx 50 mM). The e is dried_ wth anh%/drous sodi um

&Y 80 R ATReRBER e ke BB B RE A BRE VEHA il
Rt b6 '?mmgtg§ QnH‘tl‘)en' wasGfIRRY 8PEmbEexL Sl Qldflﬁflé 5%%1'&

m n at preci pl tated product f
mhdlqmrwasdhunﬂhcred tuaeghch gless fitled theflOO g?olegmsﬂ ﬁmd fieR

%?quw‘%—ﬁ)f di ijﬂl&aﬁ)&p‘@dé red Cl—lﬁ]p( @Su% %foé? Blg: kgac k b one),

t :
X! P% 166' ﬁQﬁ-@H3,§lIT|)1741»® ldgh_gggggl 1) 2.14

ox - W but ray

PR {10y Q@CPEE?@(E!{)'@@@)S% ye -GRly 1), tiﬁ%/pmn 6eh3(‘déz(31 2H),
a L.£1.0 g), del oni zed water (20 m ), and
%bﬁgﬁ%éﬁhgr?@la |d to adjust the pHto 3.0 is stirred
for 3 hours at roomtenperature. Next, sodium chloride

(1.0 ) |s added and t he pH I s adj usted to 6.8 wth
4-58 giald sthydaestali s extracted with

V\D 20 ' R . >
S0 SR 1y B
asrﬂgxﬁmmam% 48.4,f0e4e raolds)) erhylsaddohen(3.0 g), dhé pnblh@ﬁbsﬁlffénic

a01 monoh)Pcll;zg)tg L(& 61414 g,%rdo%%’yrr;l%leers) \rvgg gtfn?e% at 45 °C overnight under

an argon atmosphere. Next, after cooling to room temperature, Na,CO; (0.40 g) was

added and the mixture was stirred for 15 min. The reaction mixture was filtered and
ethyl alcohol and residual triethyl orthoformate were distilled off under reduced
pressure. The residue was subjected to fractional vacuum distillation giving 3.2 g of
pure 4-chloro-2-methylbutyraldehyde diethyl acetal.

NMR (ds-DMSO): 0.85 ppm (d, -CH3, 3H) 1.13 ppm (m, -CH3, 6H), 1.52 ppm (m,
-CH-, 1H), 1.87 ppm (m, -CH,CH,Cl , 2H), 3.35 - 3.75 ppm (bm, -OCH,CHj3, 4H,
and -CH,Cl, 2H), 4.22 ppm (d, -CH acetal, 1H).

B. mPEG (2K Da)-2-Methylbutyraldehyde, diethyl acetal
A solution of mPEG (2K Da) (2.0g, 0.001 moles) in toluene (30 ml) was

azeotropically dried by distilling off toluene under reduced pressure. The dried
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pressure. Yield: 0.82 g. NVR (d6-DVMSO): 1.75 ppm (p,
-CHZ- CH2-CHO- ) 2.44 ppm (dt, -CH2 -CHO, 5 3.51 ppm

w@ sq04pzdegorer backbone), 4.57 ppm (t, -OH), 9. 6BCPPS20(3/028221

-CHO) . EXAMPLE 16 PREPARATI Obj OF METHOXY- PEG 3500 DA)
BUTYRALDEHYDE Thi s exanpl e denonstrates the
preparation of an illustrative end-capped 10

FABEG 2 356 dissg B iy vy e LD s M KRS o
PraiRRla %rﬁﬁﬁo@aé nﬁem@ﬁaﬁm gmmr nro@hdl%w%%né uec,thlmfb 2-

acetal (3 , 001 nol es ol uene
B@tmbu@fm]déh}fgbtdm&ylmtﬁbﬁrombﬁ,l@medQS|gnO 00377 moles) were

il Rt € P hors 2R B3 e BpE8aRdRg Rt b R

800 4SoverniPiindet 4iLar56n H@TYsPheré. eAﬁeﬁéddhhg@o fiom fature,

reduced pressure (rotoevaporator). The cr udeap
the raixise Mewhilterad ard addled to keQ mhadlyhether19eHC: h@mrwpltated

Snetcy P erod PRl SRkl B She, Wil " £ R

EMRWBLTMSOJ) gﬁ milgﬂ(gl4 CHSHSH% 139');)9111(52 QTBHO(GH) 1.24 ppm
- CH2- CH2. -, , 3. m (s
(9, "Chit (e TR RO BBl 0P, 434 bbb DT By

f
§51§5%§ "Burt[%?%a%%&? kg gﬁ ?ﬁacet al r1eOog),
Svd»sotutmedd(}(\)% er (20 nL), and 5% phosphoric acid to

adjust the pHto 3.0 is stirred for 3 hours at room
tenperature. Next, sodiumchloride (1.0 g) is added

@n%ﬁﬂ@éﬂﬂﬂaEZMEtHgﬁaﬁ&ralH&l)@es with 0.1 Msodium
ydroxi de e product Ts extracted with
d| c hl Srroixgtre, mal(lelgxnleG@K Dﬂﬂeme&w}bamraldshwh didthy} adetal
esl um 30 s vent
PR HRE PR Gt et PuPeigh® 89571 S BeniT il
e @FBiare0 wit airekd f0r 8hodrs aWBo%Q@Pd %ﬁﬁSONext sod1um chloride
PCT/ USZOOS/ 028221 -92 NWMR (d6- DI\/SO 1.75 ppm (

1) wapaddegand @ﬂplhwamacbmq 19t6.8 with. L M{gdlunz h|ydr031d24
Eﬂe%&ﬁuct tra%{%wnﬁ ﬂir’c]nl&gﬁe&lﬁne Bo)l %TE{I) bﬁ’x%keg(?xggt)vvas dried
with anhydrous magneswm sulfate and the solvent was distilled off under reduced
pressure. Yield: 0.83 g. |
NMR (ds-DMSO): 1.01 ppm (d, -CH3, 3H) 1.56 ppm (m, -CH, 1H), 1.90 ppm (m,
PEG-O-CH;-CH,- , 1H), 2.45 ppm (m, PEG-O-CH,-CH,- , 1H), 3.24 ppm (s, -
OCHz, 3H), 3.51 ppm (s, polymer backbone), 9.56 ppm (d, -CH aldehyde, 1H).
Substitution: ~100%.
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5 EXAVPLE 17 PREPARATI ON OF METHOXY- PEGE 2 KDA)
2- METHYLBUTYRALDEHYDE Thi s exanpl e describes the

waynthzsses of an illustrative pol yner 2- PCT/US2003/028221

al kyl substituted al kanal of té®-invention. This
pol ymer, rather than possessing a straight alkylene
chai n separating the al dehyde carbon fromthe |inker,
possesses a 10 nethyl substituent in the C2

[ tion, FRVI EW The protected acetal reagent,
%{Jﬁ% f¥d froma comerciall y avail abl e
starting material, 2-nethyl-4-chlorobutanoate, by
firsty redpygj . t he

| - :

corresondlﬁévag%cgg o|¢&@%§&@%pg§?‘ggﬁeu on to the

but yr al dehyde. The butyral dehyde was then protected as
the corresponding 15 acetal to provide a protected

acetal reagent for coupling t G oFol | owi ng
coupling to PEG the resultin | ylirer acetal was
hydrol yzed in acid tRPpfoviX @esHred pol yner
al kanal . A. Preparation of 4- ro-2-meth ly
but yr al dehyde di et hyl acet al Breparati on of

4-chl oro- 2- met hyl butanol -1 A sol ution of 2-nethyl

4-chl orobut anoate (TCl Anericap (22.0 g, 0146 noles)
in etPplret her (80 nl) was added dropwi se during 30
mnto a stirred solution of lithium alum num hydride

(4.55 g, nolgisﬁ%in hyl, ether (360 m) at OC
under ar gg%éé?(rlr%g eféspl@%(g(’l%?rhsgﬁﬁ’%’mMZ nm) was
added dropmisalmke;rmaieg& period of 30 mn and then

ice-cold 2N HC1 (420 m) was added dropw se over a 20
m nut e per? &wAn migges Bawt]i topbaitdlur e was transferred to

; . _ | Pr s
3-ohlor o- 2 i PFSlep @Rk, G indEbAend PHTHr an SPR RLSH,
pr Ed umescmrcgn t%eagrbeg}%(ﬁlfsﬁmﬁg bealkglt substiauyet alloylt hll;g;yny 1‘.1
et her X : e ether extracts were conbined,
dri edS‘-\i?nS‘E‘H‘eéﬁﬁSFﬂVea Ak YRRy sbstityRdabkmt @ryladnd suhgtituted aryl;
| t 3 ISl i ef d
16,600 w2005 BIsRyEe T IR RGRPHEEE A R R gl
gedisteONVBD) the(grédp pmsis(idg of Akigl, sutsituted BRylpgker(yly substituted
- a, . 1H),.. 1. 2H) , .- ,. 1H), 1.82
?Jg‘?n%%@éﬂ*ﬁ@%ﬁ?g%hyn@ aryl, BB‘E??@Q““—“%}I@: 62) ppm (m
- CH2CL, 2Hind tfthQ wHRIRif tthe foffblvink Apply:

-when POLY is linear:

() the total number of carbonyls present in said polymer is O or 2 or
greater except when X’ comprises one or more contiguous (-CH,CH,0-)
segments,

(b) and further wherein X’ is oxygen or comprises at least one (-
CH,CH;0-) segment and z’ is from 2 to 12, then at least one of R' orR%in
at least one occurrence is an organic radical as defined above or said
polymer is heterobifunctional, where POLY comprises a reactive group at

one terminus that is not hydroxy, and
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5 4-Chl or o- 2- net hyl but yr al dehyde Pyri di ni um
chl orochromate (23.6 g, 0.110 g) was added gradual ly

WO 200a/02280 r red sol uti on of 4-chl oro-2- net hyl bupemus2003028221

(8.80 g, 0.078 nol es) in anhygy ous dichl oronet hane
(470 mM). The m xture was stirred overnight at room
tenperature under an argon atnosphere. Dry ether (820

m) was added; the m xture was stirred 10 for 20

i nut‘églené)ﬂYHSJHa df j | tered to renove excess of

oxi di zi ng @yeider (i; REleast Bhe'bl RNoMRSBint et el REGtence is an
through a colum filled wth 400 of Florisil, and

t he orghniendadicalas defitiedtabdveeat (07 K unetides r(@HRECEHO),- where b

ure. Yield . NVR (d6- 1. 06 . d
e 8 5m 118 98pub e bR TRy compuf Hiline
- CH2Gigdighe, 1H), 2.56 ppm (m -CH, 1H), 3.69 ppm (m

-CH2C1, 2H), 15 9.60 ppm (t, -CHO, 1H). ,
4- Chl or o- 2direndifurthepwhereinl sahb@k Y diag 2ipplymeas arms, then neither

] of 4-ch - 2- mpi.h ral dehyde. (4.8
Y ot Shf e RO Seindk hers PoLY
JoheRgs “@©iHyds sbramdhqloirt3. 0 g), and p-tol uenesul fonic
20 aci d nonohydrate (0.0144 g, 0.000757 nol es) was
stirred at 45 C overni ght under an argon atnosphere.
Next , 2-aThepolymer ofridaimol, mdwrsin enyseges foem 2 tN2008 (0. 40
g) was added and the m xture was stirred for 15 mn.
The r&athe polymexofimiamigsvierdih et mdgesftom 8tthyR. al cohol
and residual triethyl orthoformate were distilled off
under4.r RS ImePSRISH E haVing thedsihitife:Was subjected to
fractional vacuumdistillation giving 3.2 g of 25 pure
4-chl or o- 2- et hyl but yr al dehyde di et hyl acetal. NWR
(d6-DVBO): 0.85 ppm (d, -CH3, 3H) 1.13 ppm (m -CH3,
6H), 1.52 ppm(m - 1), 187(5)pm(m - CH2CcH2d
2H), 3.35 - 3.75 ppm |pm CH3,| 4H, and - CH2Cl,
2H), 4.22 pomg-dx-—CHReste)— El)-_ Q-8 nPEG (2K
Da) - 2- Met hyl but yr al deHyde, | di efhyl acetal A solution
of mMPEG (2K Da) (2.0gR2%0.0%1 nBfes) in toluene (30 m)
was. azeotropically dried by distilling off toluene
under reduced pressure. Th#& dried WO 2004/ 022630
PCT/ US2003/ 028221 -94 nPEG 2K was di ssolved in
anhy dwisetsintROLIESE, édch R dacarRt ahd R3Mre ) préviomsl plefined.
potassiumtert-butoxide in tert -butanol (4.0 m,
0. 004 nol es) and 4-chl oro-2- nethyl butyral dehyde

| \C/jvie ftefwl TREFSI Fhef SIURiM AR FreR Grteabh 36 € ifRKGISdnd an

other R' and R? variables are H.
6. The polymer of claim 5, wherein the R' attached to C, is lower alkyl.

7. The polymer of claim 6, wherein the R! attached to C, is selected from

the group consisting of methyl, ethyl and propyl.

8. The polymer of claim 4, wherein the R attached to C; is alkyl, and all

other R! and R? variables are H.
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added. Next, lithiumbromde (0.05 g) was added and
the m xture was stirred at 5 100 C overni ght under an

wa@e@an2wmsmosphere. After cooling to room tenperPet/usmp3/028221

the m xture was filtered and_.ggdded to 150 m et hyl
ether at 0-5C. The precipitated product was filtered
of f and dried under reduced pressure. Yield: 1.5 g

VR dG"EI%\/g)Cl);mgqofsrfggm i{n péhermﬁ H)ttaclled—,t%%gggfn OPEF alkyl
PEG—OCHZCH , 3.24 ppm (s, -OCH3, 3H), 10
3.51 ppm (s, pol ymer backbone) 4. 18 ppm (d, -CH

acet al0. Tihe) pol Bubrsificlaimidowhere DORER ' @ttactiRE® C2s alkyl, and all
Dg%{%% Ibu raI hyde A mi xture contai ni ng nPEG

' ‘al dehyde, diethyl acetal 15 from
B above (1.0 g) del oni zed water (20 rH) and 5%
phosphoric acid to adjust the pHto 3.0 was stirred
for 3! lhdThespadymerofiplaimnife whersinsthe Reattached o Gaisdawer allgd.
(1.0 g) was added and the pH was adjusted to 6.8 with
0.1 M sodi um hydroxi de. The product was extracted

Wit h . ciReopodyraéduiReaimnd , Kavifg He)strudtuge:ext ract was
dried wth anhydrous magnesn um sul fate and the

sol vent was dlstllled of f under reduced 20 pressure.
Yield: 0.83 g. (6DHSO) rl. 0f ppm (d, -CH3, 3H)
1.56 ppm (m -CH 190 ppm(rm PEG O CH2-CH, - ,

1H), Bol CyH), 3.24 ppm (s, -
OCH3, 3H), 3.51 E)m ds dol ynbr backbone) 9.56 ppm
(d, -CH al dehydef BAbstR% ution: -100% 25 WD

2004/ 022630 PCT/ USZOpﬁ/ 028221 -95- WHAT IS CLAIMED I S

: 1. A water-soluble polyner having the structure: 5
| R1 owhereinVPOLY X, aiglidach R apgd egch R are as previously defined.

13. The polymer of claim 12, wherein the R! attached to C, is alkyl, and all

other R! and R? variables are H.

14. The polymer of claim 12, wherein either the R! attached to C; or C is
alkyl, and all other R' and R? variables are H.

15. The polymer of claim 1, having the structure:

I-C
wherein POLY, X', and each R! and each R? are as previously defined.

16. The polymer of claim 15, wherein the R! attached to C, is alkyl, and all

other R! and R? variables are H.
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10 wherein: POLY is a water-soluble polyner segnent;
X is alinker noiety; z' is an integer from1l to

w@baun2%3) 15 R1, in each occurrence, is indepeem®s100$028221

H or an organic radical selee8ed fromthe group

consi sting of al kyl, substituted al kyl, al kenyl,
substituted al kenyl, al kynyl, substituted al kynyl,
aryl, and substituted aryl; R2, in each occurrence, is
i ndependently H or an organic radical selected from

t he QIDUMeGlgh&tdfRthiff 15aWikitein Giestithd Rt @diadlds ttached to C;
al kenyl, substituted 20 al kenyl, alkynyl, substituted

efl GayonyTs is alkyl, andipl othgpBi jandi Ry aeipBles argdl f ur t her
wherein the follow ng apply: -when PCLY is linear:

(a) the total nunber of carbonyls present in said

pol ynEs. Tl blpherdbfeiaim?y whetsid X ceniprgils awhisistyXorresponding
conpri ses one or nore contiguous (-CH2CH2O )
todBFEAHCe( b) and further wherein X is oxygen or
conprises at |east one (- CH2CH2O-) segnent and z' is
from2 to 12, then at |least one of RL or R2 in at

| east one -GCHuxIRACH:):s aor or gar(Ctly),adi-C4D)-Ks-(AHf)-ned
above or said 30 polyner is heterobifunctional, where
POLY conprises a reactive group at one term nus that
I S nolh&¥@r oxy, and WO 2004/ 022630 PCT/ US2003/ 028221
-96- -when POLY is branched: (c) either (i) at | east
one of R oiszR®tol,at | east one occurrence is an

or gani ¢ ragi.cal defined above or (ii) X includes

- (CH2CH20) -lthlg?Iéobg’is from1l to about 20 in the

i nstance whre1POLY conprises a |lysine 5 residue, (d)
and further wherein said POLY has 2 polymer arns, then
nei t her poPy¢MOrtodr m conpri ses oxygen as the only
het er oat om, j i nst ance where POLY - conprises "G H'
as a br an%isgglwnlt%.g’lo 2. The polymer of claim1,
wherein z'Miapy@g§drom 2 to 21.

KisNH, O
q is from zero to 8, and

r and s are each independently O, 1
19. The polymer of claim 1, wherein X’ includes a moiety corresponding to
the structure -(CH,CH,0)yp- or -(CH,CH,;NH),-, and b and g are each independently

1 to 20.

20. The polymer of claim 19, wherein b and g are each independently 1 to
10.

21. The polymer of claim 20, wherein b and g are each independently 1 to
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3. The polyner of claim1, wherein z' ranges from3 to
12. 4. The polyner of claim1, having the structure:

waddornkioRL 0 1 ( 1 11 POLY X 4 i 3-i2 Cledi/BR0R2028221

R2 20 I-A wherein POLY, X ,9¢ach Rl, each R2 and R3
are as previously defined. 5. The pol ynmer of claim 4,
wherein the Rl attached to C2 is alkyl, and all 25
other R _and R2 va%rlabl es are H. 6. The pol yner of

cl ai m?% ThnRs Eer QIR ISEIL Y FomPESes & m%mrcogﬁwdmg
& thd Bgudt@byner of claim6, wherein the R attached to
82 I's selected from 30 the group consisting of

net hyl, ethyl and propyl. 8. The polyner of claim4,

Rl and R0 SeoudeliheP oo o35 bieeRcCI "

PCT/ US2003/ 028221 -97 9. The pol yner of claim8,
wherein the R attached to C3 is lower alkyl. 10. The
pol ynwhergin: cl ai m 4, wherein the R attached to C4 is

o g R el R GBI, Attt

is lower abkyd g areledch Mepd@ﬂlamrser trfo,cl ai m 1, having

‘the structure;: RL RL Rl1 RL O 111111 PCLY X' -

Cam C4 Caandrherempinipgrarigplesgre podefined in glagpdfn POLY,
X, and each R and each R2 are as previously defined.
13. The polymer of claim12, wherein the R attached
to C223.sThd polymeworfctlai 1, wherein said X* comprises ~C(O)NH-(CHy);.

«NH-C(O)- or -NHC(O)NH-(CH3),.sNH-C(O)-.

24. The polymer of claim 1, wherein POLY is selected from the group
consisting of poly(alkylene oxide), poly(vinyl pyrrolidone), poly(vinyl alcohol),
polyoxazoline, poly(acryloylmorpholine), and poly(oxyethylated polyol).

25. The polymer of claim 1, wherein POLY is a poly(alkylene oxide).
26. The polymer of claim 25, wherein POLY is a poly(ethylene glycol).

27. The polymer of claim 26, wherein the poly(ethylene glycol) is

terminally capped with an end-capping moiety.

28. The polymer of claim 27, wherein the end-capping moiety is
independently selected from the group consisting alkoxy, substituted alkoxy,
alkenyloxy, substituted alkenyloxy, alkynyloxy, substituted alkynyloxy, aryloxy,

substituted aryloxy.

29. The polymer of claim 28, wherein the end-capping moiety is selected

from the group consisting of methoxy, ethoxy, and benzyloxy.
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15 other R and R2 variables are H 14. The pol ynmer of
claim1l2, wherein either the R attached to C3 or C4

w0 2004mbiegd , and all other RL and R2 vari abl es peEUBR002028221

15. The polynmer of claim1l, _hgging the structure: Rl
RLRLRLRLO POLY-X-- Cs- C5- 4 C3 C2 Cl-HR2 R2 R2
R2 R2 1-C 25 wherei n PC]_Y X, and each R and each
R2 are as previous|

cl ai mOtsTheprayraeTPHch ?rawhtga PPG?%‘?YF)‘F%‘?/ gy ?&D hasa?nd
RrhinalQvBRize Roldithr Basy 8¢ fr&ﬁlaﬁ&telro@ dﬁ'ltoNéQo%QQﬁV 1@@%@60
PCTTUSI60657 028221 -98 17. The pol ymer of claim 15,

ddieengi n one of the R varlabl es attached to C3 or 4
or C5 is alkyl, and all other Rl and R2 variables are
H 5 18. The polyner of claim1, wherein X conprises

a ‘noi gt yr&%dlﬁﬁ&%’f@lm 261 Whéﬂéﬂx tgngrywnﬁene $15¢8) Raslee
wherein: c is

(CH2)f- or - u%ﬁ Céﬁ
nagnipakayemge qu1® s ofofirorg, abo'e,iu Ig 0 daltpns tp abenipS4.QP0%,
(%%Dgés zeroto8, Mis -NH 0O Kis NH 0 qis from
Zzero'to 8, and r and s are each independently 0, 1 20
19. The polynmer of claim1, wherein X |ncludes a
nnlet correspondln to the structure -

i) RplymeriRf cganar?é Yheten @a@ﬁlyﬁaﬂﬁ%&lml} E}as a

nommal average molecular mass of from about 2,000 daltons to about 30,000

daltons.

33. The polymer of claim 1, comprising the structure:

R1
Il |
H—C (I') X'—POLY X
R l

II
wherein POLY, each X', each (z'), and each R' and each R? are as

previously defined.

34. The polymer of claim 33, wherein said POLY is linear and the polymer

is homobifunctional.

35. The polymer of claim 26, wherein said poly(ethylene glycol) has a

structure selected from the group consisting of linear, branched and forked.

36. The polymer of claim 26, wherein said poly(ethylene glycol) comprises

the structure:
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1 to 20. 25 20. The polyner of claim19, wherein b and
g are each independently 1 to 10. 21. The polyner of

webaumeB89 wherein b and g are each i ndependenp¢yus2008028221

6. 30 WD 2004/022630 PCT/ US2Q@3/.028221 -99 22. The

pol ynmer of claim 18, wherein X conprises a noiety

corresponding to the structure (CHQ)eDe (CH2)f-P- or
-(CH2) p-M C(O) - KS—(}(I}!é 5 wherein: PandTare
each |ndependen¥1(9H2(€ @5 b- deH-ZFHP-@ M@Z

and g are each independently 1 to 20, and the

remai ni ng vari ables are as defined in claim18. 10

23. TwWeerpaliyfrem abbuclGaiorabbut 4006 @idriZ sarnpirisés acuoiptyisslested

e R FABSIPE GNP A, estef, sarbanaildlydey iyl

derylWaemRinAcy de! ab@lasﬁh@%hﬁsnef £128), tABoRYIRURId, &sdcyanate,
consi sting of poly(al kyl ene oxi de), pon(V|nyI

1p9thmlyard@1 (b)’drapldb )hﬂ(l?ﬂﬂlm}lﬁe,adlmwope dl@@gy@y{lmovlgm]@yndme,
B ERMIYL TR ARNLRE kg foR BTt E g, | ¢ 4

mm&yﬁgﬁﬁylene oxide). 20 26. The polynmer of claim 25,
wherein PCLY is a poly(ethylene glycol). 27. The
pol ymer of clain126 wherein the pol y(ethyl ene glycol)
|s t t ls ] .

T T Rotufaggetutt  Radhe ERHGAARR RGN e oy
mn&shygos |ndependently sel ected fromthe group
consi sting al koxy, substituted al koxy, al kenyl oxy,
substi tuted al kenyl oxy, alkynyloxy substi tuted

al kynyl oxy, aryloxy, substitut yl oxy. 30 29. The
pol ymer of claan28 wherein the -C pplng noiety is

sel eChEE—(CH,),— G-NH—(CHoCH,0)y

1
0 R 0O

R
i |

PEG—(CH3),- HN—C-NH — (CH,CH,0),, <|: C—H
R
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fromthe group consisting of methoxy, ethoxy, and
benzyl oxy. WD 2004/ 022630 PCT/ US2003/ 028221 100 30.

wab@4pedegorer of cl aim 26, wherein the pol y(ethptEn82003/028221

glycol) has a nom nal averaggpnool ecul ar mass of from
about 100 daltons to about 100,000 daltons. 5 31. The
pol ymer of claim 26, wherein the poly(ethylene glycol)
has a nom nal average nol ecul ar of from about
1,000 daltons to ahout 50,000 dal{em$. g2. The
pol ymer of clai m2§, wherein the polly{etfyl ene gl ycol)
has aPEG-6(GEEmhriN—BviH ag6HsGH A
2,000 daltons to about 30,000 dal : :
pol ynmer of claim1, conprising the ucture: 15 HC
CX-POLY X CCH L _JR Z R Z 1% wherein POLY,
each X', each (z'), png each Rl and each R2 are as
previ ously defined. 20 34. The pol yner of claim 33
wher ewhereiai REG@Lpply(sthylene alycabd ankeg pislepekeindepandently 0 to
htuncti.ona 9 I r e , Wherein
ARG oo emaing SRPR 2 R aefaed |PABER,
selected fromthe group consisting of linear, branched
and forked. 36. The_ polynmer of claim 26, wherein said
pol y (& hiepdymenfclaimtppayingthe SrUeues  yct ure: WO
2004/ 022630 PCT/ US2003/ 028221 -101 zZ-(CHCH20O) "- or
Z- (CH2CH2O) n CH2CH2-, where n is fromabout 10 to
about 4000, and Z conpriseg_q nqiety selected from
t he group ﬁonsisting of hy qo y4|an1no, ester,

car borat o-C a0} eay br—c—H

R2
)
II1-B
or
o Tl §
PEG —C~-NH —(CH,CH,NH); CI: C—H
R2

IV-B

wherein the variables are as defined as in claim 37.

39. The polymer of claim 37, wherein PEG has a structure selected from the

group consisting of linear, branched, and forked.

40. The polymer of claim 37, wherein b and g each independently are from
1-8.

41. The polymer of claim 37, wherein b and g each independently are from
1to 6.



5 acrylate, nethacrylate, acrylam de, sulfone, thiol,
carboxylic acid, isocyanate, isothiocyanate,

whyanazicse, mal ei m de, vinyl sul fone, dithiopyrPdi/ng2003/028221
vi nyl pyridi ne, iodoacetam dgg3al koxy, benzyl oxy,
silane, lipid, phospholipid, biotin, and fluorescein..
10 37. The polyner of claim1l, having a structure

sel ected fromthe group,. consisting of; ORL On 1 Il
PEG (%—Q?@-I@Tmf-%fgéﬁ-&@@o)" eIy iRIoN2199..A 15 0 RL 0
nlll PEG(CH)a-CNH-(CH2CH2ZNH)g - i GH R2 z'
IVVAO 111 0 PEG(CH2)a HNVCNH - (CH2CH20O b | R2 Z'
and 43.1Tie ROy felalin(372 8B6reCT 1852003/ 028221 - 102
ORL O PEG (CH2)a HN-C- NH (CH2CH2NH)g CIC -H R2 z'

5 44. The polymer of claim 37, wherein ais O or 1.

45. The polymer of claim 37, having the structure:

H
1 | L L
PEG —C-NH —(CH,CH,0), — C, c|:3 (|32 C,—H
H H H
10
II-D _
46. The polymer of claim 45, wherein “PEG” is a poly(ethylene glycol)
having a structure corresponding to:
15 Z'(CHZCHZO)H' ’
or
J]
Z-(CHQCHgo)n-C — NH
(CHp)y
]
Z-(CH2CH20),-C—NH—CH —
20

v
wherein n in each occurrence is independently from about 10 to about 4000,
and Z comprises a moiety selected from the group consisting of hydroxy, ester,
carbonate, aldehyde, alkenyl, acrylate, methacrylate, acrylamide, sulfone, thiol,
25  carboxylic acid, isocyanate, isothiocyanate, maleimide, vinylsulfone,
dithiopyridine, vinylpyridine, iodoacetamide, alkoxy, benzyloxy, silane,

phospholipid, biotin, and fluorescein.
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| V-C wherein PEG is poly(ethylene glycol), b and g are
each independently 0 to 20, ais 0 to 6, and the

WO eomaiopdeB@ vari abl es are as defined in clai m1pCBUSB03/028221

The pol yner of claim37, havijpg_the structure: 1?hl 11
111 PEG-CMNH-(CH2CH2Ob i H R2 111-B 10 or 11 1
Il PEG-CNH-(CH2ZCH2NH)g i GH R2 [|V-B wherein the
vari ables are as defined as in claim37. 15 39. The
pol ymer of claim 37, wherein PEG has a structure

sel ecjed f '

o anchid, Py iR iR ARNRERE) 2 Bloty. Bfdhin sopn
adoerrende 1bthen;dmg aed edngenffemerbdentd0y-680.e from 20 1-8.
41. The polymer of claim 37, wherein b and g each

i ndependently are from 1 to 6. W) 2004/ 022630

PCT/ U0 Afpator 4031 #dving ik iokiser of cl aim 37,
wherein z s"from 2 . . The polymer of claim
37, wherein z' is 3. 5 44. The polymer of claim 37,
wherein ais 0 or 1. 45. The pol r of cl.aim 37,
having th structqire: 011 11 |=|t1l (l?

l
PEG+(CH;),——C-NH—(CH,CH,0), C C—H

R2
Zl
d
VI-A
or
I "R
PEG(CHz)s =NH-C-NH —(CH,CH,0), c c —-H
R2
z d
VI-B

wherein:

PEG is poly(ethylene glycol),
b is 0 to 20,

sis0to 6,

dis 1,2 or 3,

and the remaining variables are as defined in claim 1.

49. The polymer of claim 48, wherein PEG is linear or branched.

50. The polymer of claim 48, wherein R' and R? in each occurrence are H.

51. The polymer of claim 48, wherein z’ ranges from 3 to 12.
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PEG -C-NH - (CH2CH20O)b - isi s 12 -H HHHI10
I[11-D 46. The polynmer of claim45, wherein "PEG' is a

w@odoypedehy| ene gl ycol) having a structure PCT/US2003/028221

corresponding to: 15 Z-(CH2CHg®.n-, or 0 11
Z-(CH2CH20)n-C - i NH (CH2)4 0 11 1

Z- (CH2CH20) "-CG-NH-CH - 20 V wherein n in each
occurrence is independently from about 10 to about
4000, 32 ahhe polysernfickdd 48, Woesinz dePect ed from the
group consisting of hydroxy, ester, carbonate,

al dehyde, al kenyl, acrylate, nethacrylate, acrylam de,
sul f offe, ThdpadymerdB ctamiASx whewirad is® aridsRIe§ aoaesponds to the
i sot hi ocyanate, mal ei m de, vinylsulfone,

WSpyri di ne, vinyl pyridine, iodoacetamn de, al koxy,
benzyl oxy, silane, phospholipid, biotin, and
fluorescein. WO 2004/ 022630 PCT/ US2003/ 028221 - 104
47. The pol ymsr‘,,) ofy claim 46, wherein Z is al koxy, and
nin E&D—@CHQ@)Q;LU-FQ@E/i?the same and ranges from
about 100 -600. 5 48.%he pol ymer of claim 1, having
the structure: ORL O (CH2CH20O b C CH PEG
(CH2)a-C-NH - |

wherein n is from about 10 to about 4000, Z comprises a moiety selected

from the group consisting of hydroxy, ester, carbonate, aldehyde, alkenyl, acrylate,

methacrylate, acrylamide, sulfone, thiol, carboxylic acid, isocyanate,

-isothiocyanate, maleimide, hydrazide, vinylsulfone, dithiopyridine, vinylpyridine,

iodoacetamide, alkoxy, benzyloxy, silane, lipid, phospholipid, biotin, and

fluorescein, and the remaining variables are as defined in claim 48.

54. The polymer of claim 53, wherein Z is alkoxy or benzyloxy, n ranges

from about 200 to about 1500, and b is from 1 to 8.

55. A composition comprising a water-soluble polymer having the
structure:

VII

wherein:

POLY is a water-soluble polymer segment;
X'is a linker moiety, and

z'is an integer from 1 to about 21,
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{A2 z' d VI-Aor 10 ORL Il 1 u PEG (CH)s
“NHCNH - (CH2CH2Ob CC-H R2 2 d VI-B wherein:

w@BiB4ion26po| y( et hyl ene glycol), 15 bisOt o020, sPCISBHN3/028221

di s1,20r3, and the remai ni ngogari abl es are as defi ned
inclaiml. 20 49. The pol ynmer of claim 48, wherein
PEG is |linear or branched 50 The pol yner of cIaim
48, wherein nce are

The pot y ey Seseingh iR bRl Cordhria
12, 26on¥ehiAQORRI %% W PR8I A2 roduct3 05 52
The polyner of claim48, wherein z' is 3. 53. The

pol ymer of claim 48, wherein d is 2 and PEG

corresggpon d}‘i CLR‘IPEQEOH 551{15851‘1@ § IWa?er-goluHe ﬂglymer having the

structure:

VII

wherein:

POLY is a linear, terminally end-capped water-soluble
polymer segment;

X'is a linker moiety,

z'is an integer from 1 to about 21,

and said composition is absent detectable amounts of

dialdehyde polymer derivative.

57. The composition of claim 55 or 56, wherein z’ ranges from 2 to 21.

58. The composition of claim 55 or 56, wherein z’ ranges from 3 to 12.

59. The composition of claim 55 or 56, wherein z’ ranges from 3 to 8.

60. The composition of claim 55 or 56, wherein POLY is selected from the
group consisting of a poly(alkylene oxide), poly(vinyl pyrrolidone),
poly(vinyl alcohol), polyoxazoline, poly(acryloylmorpholine), and

poly(oxyethylated polyol).

61. The composition of claim S5, wherein POLY is a poly(alkylene oxide).
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Z- (CH2CH20)"-C -N-CH wherein n is fromabout 10 to
about 4000, Z conprises a noiety selected fromthe

w@eowp2268nsi sti ng of hydroxy, ester, carbonat epCT/US2003/028221

al dehyde, al kenyl, acryl ate, 19%Q nethacryl ate,
acryl am de, sulfone, thiol, carboxylic acid,

i socyanate, -isothiocyanate, nalei mde, hydrazide,
vi nyl sul fone, dithiopyridine, vinylpyridine,

i 0doa®%t Hird empogities,of claba flyWastpin Péflz‘ém%@ pelysithylene glycol).
phosphol i pid, biotin, and fluorescein, and the
remai ni ng vari ables are as defined in claim48. 15 54.
The pe68.yTRS conipositidinrof DRim b ewkérsinPOLSY ad & paly(adylene oxide).
benzyl oxy, n ranges from about 200 to about 1500, and
bis from1l to 8. 55. A conposition conprising a

o PO  hn OCYS KRy

wat er - sol ubl e pol ynmer segnent; Xis a |linker noiety,

and z__i.s an integer .from.1 to about,K 21, WO .

20041 853 BSHOBRERS (89 96 140D S22 her P B pRyoe pmprises the
GRIFARSI tion is absent detectable anpbunts of iodine-
contai ni ng species or retro-M chael type reaction
products. 56. A conposition conprising a water-soluble
pol ymer having the 5pystrycturg: Hf POLY X CICGH

| N
POLY——X'— (|:4 ?3 ?2 C1—H

H H H
VII-A
66. The composition of claim 65, wherein POLY is a poly(ethylene glycol).

67. The composition of claim 56, wherein said polymer comprises the

structure:

T
POLY—X' — (IJ (i) C|3 C—H
H H H

68. The composition of claim 67, wherein POLY is a poly(ethylene glycol).

69. The composition of claim 65, wherein X’ comprises a moiety

corresponding to the structure:

“(CH2)e-De-(CHa)¢-  or -(CH2)p-M-C(0)-K-(CHz)g-

wherein:

cis zeroto 8,
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HZ VIl wherein: 10 POLY is a linear, termnally
end- capped wat er-sol uble polyner segnent; Xis a

WO 2ok@e26B®i ety, z' is an integer from1l to aboPtT/R$2001/628221

and said conposition is abserii08det ect abl e anobunts of
di al dehyde pol yner derivative. 57. The conposition of
claimb55 or 56, wherein z' ranges from2 to 21. 20
58. The c 0 iM_angf claim55 or 56, wherein z'
ranges fro 310712 > 59. The conposition of claim55
or 56, whegpiopl1z' ranges from3 to 8. 60. The

conposi tion of claimb55 or 56, wherein PCLY is

sel ect ed fFis@emorHe 8, 25 group consisting of a

pol y( al kylﬁﬁeze lbde) . poly(vinyl pyrrolidone),
pol y(vi nyl* al'cohol), pol yoxazoline,

pol y(acr yl ®lyik piNHH DI | ne), and pol y(oxyet hyl at ed

pol yol ). 6%.. The conposition of claimb55, wherein POLY
is a poly( I‘?(V%gﬁ)e oxide). 30 WD 2004/022630

PCT/ US20034 Q2848 eroto 804nd 62. The conposition of claim
61, wherein POLY 1s a poly(ethylene glycol). 63. The
conposi t i onandfs ar¢ edaimiddspendentlyiOn LPOLY is a

pol y(al kyl ene oxide). 5 64. The conposition of claim
63, wherein POLY is a poly(ethylene glycol). 65. The
CONPOR), t TR coMpositidh B 2Rim W EWRrBin S ¢ h?&b}’ﬂﬁﬁll stable.
conprises the structure: HHHO | | 11 PQYYX' -
A4-C3 C2 Cl-H10 HHH MVII-A

71. The composition of claim 65, wherein POLY corresponds to the

structure:

Z-(CHaCH0)y-CHoCHp —

X is O,

n is from about 10 to about 4000, and

Z comprises a moiety selected from the group consisting of hydroxy,
ester, carbonate, aldehyde, alkenyl, acrylate, methacrylate, acrylamide, sulfone,
thiol, carboxylic acid, isocyanate, isothiocyanate, maleimide, vinylsulfone,
dithiopyridine, vinylpyridine, iodoacetamide, alkoxy, benzyloxy, silane,

phospholipid, biotin, and fluorescein.

72. The composition of claim 71, wherein Z is C1 to C20 alkoxy or

benzyloxy.

73. The composition of claim 71, wherein said polymer comprises the

structure:
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66. The conposition of claim65, wherein POLY is a

pol y(ethyl ene glycol). 67. The conposition of claim
woB04020882i N sai d pol yner conprises the 15 strecr/usm®o3/ed8221

HHO POY X - CCCOdC -H1lod-HH 20 68. The

conposition of claim67, wherein POLY is a

pol y( et hyl ene gI ycol). 69. The conposition of claim

65, O\/\,her in X rises a noiety correspqpding toy 0o

the“stru turq 2 -(CH2)c-De-(CH2)f- or -(CH )P{M | Il

[OCKs- Cb@bq——xmeoa—wmecm)ze@cmze-%ﬂ% C—0C—=¢C

2004/ 02230 RCT/ US2003/ 028221 -108- Dis ol NH or s,

eis 0 Hf H zétoto 8 pis zeroto 8 H5 Miis H

-NH, 0O Kis NH 0 qis fromzeroto 8 and r and s are

each independently 0, 1. Y®I70. The conposition of

claim65, wherein X is hydrolytically stable. 71.

The conposiwherem iohs défaiedibblaimiIér ei n POLY corresponds

to the structure: 15 Z-(CH2CH20O)n-CH2CH2 - , X is

O nis fromabout 10 to about 4000, and Z conprises a

moi et y4.S?h@sargposhrmftcmngfzowe&m isthétgxpf hydroxy,

20 ester, carbonate dehyde, al kenyl, acryl ate,

nmet hacryl ate, acrylam de, sulfone, thiol, carboxylic

aci d, 7% Sﬂ)‘hg/@cﬂﬁ;tc&itidn&ﬂtcmim@ﬁawhélein guid lﬁilmedfy,lene glycol) has a

Vi nyI sul fon
structure selected from the group consisting of linear, branched and forked.

76. The composition of claim 66, wherein X’ includes an oligomeric moiety
corresponding to the structure -(CH,CH;O)yp- or -(CH,CH,NH),-, and b and g are
each independently 1 to 20.

77. The composition of claim 76, wherein b and g are each independently 1
to 10.

78. The composition of claim 20, wherein b and g are each independently 1

to 6.

79. The composition of claim 76, wherein said oligomeric moiety is

covalently attached to the C4 methylene.

80. The composition of claim 79, wherein said X’ further comprises an

amide or a urethane.

81. The composition of claim 80, wherein X’ comprises a moiety selected
from the group consisting of -C(O)NH-(CH,CH,0)y-, -OC(O)NH-(CH,CH,0)p-, -
C(O)NH-(CH,CH;NH),-, -OC(O)NH-(CH,CH,NH),-, and b and g are as defined in

claim 76 above.



di t hi opyridine, vinylpyridine, iodoacetam de, al koxy,
benzyl oxy, silane, phospholipid, biotin, and

wo bawaexseei n. 25 72. The conposition of clai mFdT/US2003/028221
wherein Z is O to C20 al koxyiigr- benzyl oxy. 73. The
conposi tion of claim71, wherein said polyner
conprises the structure: 30 WD 2004/ 022630

PCT/ 28221 9 [l I .

75 ( Fb AU Ciseipblonpof ecwpsbsolyble pplyprer o il iy 1
HWVIII mhere n IS as deflned inclaim71. 74. The
conpOSItlon of claim72, wherein Z is nethoxy. 10 75.
The c¥hpbddiydiagnoraicew] foirmm of Ghe Wter-gdlublg gokymer of claim 55.
pol y(ethyl ene glycol) has a structure selected from
the group consisting of linear, branched and forked.

5 76. Toe Tky@esil bf €1Rin082,GViekdih 68d avhialriebdleoted froml e £%up
an ollgonerlc noi ety _ corregﬁondlng to the structure

congispieg-picfipethyl acqtadigi dlamrQPYéﬁ%P“@] ¢ipenzybacstadh
0 i s

Q/ZQQ\NEQ@E&M}X a&etg blgéér nel?ré%eéﬁpﬁ a rﬁftlr‘lagthgf ac(é af‘ gh S,S’-

d@6thyBacetdhe corrpOSI tion of claim 20 \/\,her einb and g

are each independently 1 to 6. 79. The conposition of

claim 76, wherein said oligoneric noiety is

10 coval gnt Ay, adt s@%&?ﬁ)‘ﬁlgm&m SmE bR éheas %ﬁr tﬂane-rhe

conposi tion of wher ei n" sal
conprlses an am de or a urethane. 81. The conposition

wh t | ected
O BN S BB T L B o
- OC( O NH (CH2CH20) b-, -

l'R i \ivvaRB
I
POLY X C

| Ci—WbPR?
I
[RZJ H

z'

15 IX
wherein:

POLY is a water-soluble polymer segment;
X' is a linker moiety
z'is an integer from 1 to about 21;

20 R', in each occurrence, is independently H or an organic radical
selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, and substituted aryl;

R?, in each occurrence, is independently H or an organic radical
selected from the group consisting of alkyl, substituted alkyl, alkenyl, substituted

25  alkenyl, alkynyl, substituted alkynyl, aryl, and substituted aryl,

W? and WP are each independently O or S, and
R?and R* are each independently H, or an organic radical selected

from the group consisting of methyl, ethyl, isopropyl, benzyl, 1,1,1-trichoroethyl,
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C(ONH (CH2CH2NH) g , -OC(O NH (CH2CH2NH)g , and b and
g are as defined in claim76 above. WO 2004/ 022630
110 82. A hydrate or acetrptT/U62008/028221
of the water-soluble polyner 1gf _claim1l. 83. A
hydrate or acetal form of the water-sol uble polynmer of
claim55. 5 84. The acetal of claim82, wherei n said

acetal is selected fromthe gro ﬁ conS| stl n
aﬂdrmtrqatgqnz»)c et when @ken 19gethers atea(CHylp- qrs 0@6&@ or6

Ig Pé}@f !nn ﬂ'copilgearéde ﬁgf;&kﬁ%ﬂ rwae nda\ﬁEt aI

ni t Fobenzy acet aI and
S, S - diethyl acet aI 10 85. A vvater soI ubl e poI ymer

of clgjm,1l, protect a_ di ox 86. A pol yner
conpr si%ﬂ’ ¥NER Of “E} » Whfre &S?Q%W@Wﬂyl C VR4

L _1 R Z vj,-ll,e;@dl&lsvmﬁﬁlel n: POLY is a water-soluble
pol yner segnent; Xis a |inker noiety z' is an integer

from1l to @hthen tlElt;otatoumqr af rabeoils poasamtrie said polysner is 0 or

I ndep, ndentl H or ,r anic radical selected

the o1 BugeRstercent iR PRyfet §insEinorseButaioRs (b0
al kenydeg meﬁtgbst ituted al kenyl, al kynyl, substituted

al kynyl , [, and substituted aryl ; R2, in each
occurrenc e(b jand ﬁm@pwh@ém?i(yls AXBEENAT COmpRAgScat nlealgii gl (-

22 RGO RE S R A Moy
al kynatlleass oesédclitieed 1ﬁhﬂ<@ﬂg}ﬁuc radisdl as défdleﬂlabstd dirUJaﬁﬂ

aryl, V\a and W are each_ independently O or S, and R3
and FRPlmer isheterobiyasiianab mheie I%PLchoawné%gaawa@weﬁ@la»am

" Sopr oy BERST R U oBR IS aPhyl . "0 2004/ 023630
PCT/ US2003M328 PZILY is branched:,

(c) then either at least one of R' or R? in at least one occurrence is an
organic radical as defined above or X’ includes -(CH,CH,0),- where b is
from 1 to about 20, | '

and further in the instance where POLY comprises a lysine residue,
(d) and has 2 polymer arms, then neither polymer arm comprises

oxygen as the only heteroatom in the instance where POLY comprises “C-H” as a

branch point.

88. A water-soluble polymer having the structure:

] W2R3

H
i
POLY—X' CI: Cr—WPR?
M
r4

wherein;

POLY is a water-soluble polymer segment;
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25

- 111 and nitrobenzyl, or when taken together, are
-(CH2)2- or -(CH2)3-, formng a 5 or 6 nenbered ring

wob@a/oewssi dered together with Wa, Cl, and W. PETUSIh®028221
pol ynmer of claim 83, whereiniihe follow ng apply: 5
-when POLY is linear: (a) then the total nunber of
carbonyls present in said polymer is O or 2 or

greater exge en X' conprises one or nore

conti guoux)% géi—l\ggﬂz‘@) Begnents, (b) and further
wher ei n X'lessalppﬁ;@glnfr@,h cemBbiisas at |east one ( 10
CH2CH20O ) segnent, and z' is from2 to 12, then at

| east one WF amd WorargeadhrindependentlytO on® avdcur r ence i s

an organi c,¥ adi def i ne sai d

2 hedar on r R s BRen adoPRcesy B B oFhE raPuldRhisg
G6@URe Bloup OMsistidR B Mesh il fealiyl] Soptopylhehizo) ¥,1, Bitthowaeiy],
PCLY is branched:, 15 (c) then either at | east one of
e pirolazylnopwhenstaken gether ater-eHoe ars(Gi)s-ofogamega S or 6

BREDERY iR VIR f Rl Sy R R Ter 1 the

i nstance where POLY corrprl ses a IyS| ne reS| due, (d)
and has 2 msr ar s, n nei t‘E r arm
etlefg

I
conpr 82 e pisn ;rycgféalplla)sSSo w exsHI $7! S dpigesable
LRSIRNSEi e BlcBniafiniz GRERS blsl%&o Niichel Qsﬁ)@reaai@i%aducts

poi nt. 88. A water-soluble polyne
structure: 25 WAR3 H POLY X CC— b4| 1W Z H

LS R S g P oy Becohab s by o achok KA wih the

polymer of claim 1.

91. A conjugate formed by reaction of a biologically active agent with the

composition of claim 55.

92. A conjugate formed by reaction of a biologically active agent with the

composition of claim 56.

93. A conjugate comprising the following structure:

R!| H
POLY—X'— C + (IJ— NH-biologically active agent

I H
R2
L .J VA

wherein:
POLY is a water-soluble polymer segment;
X' is a linker moiety;

z' is an integer from 1 to about 21;
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-112- Xis a linker noiety, z' is an integer from1l to
about 21, Wa and Wb are each independently 0 or S, and

waRRoanzke¥ are each i ndependently H, or an or geeim/vs2003/028221

radi cal selected 5 fromthejggoup consisting of
nmet hyl , ethyl, isopropyl, benzyl, 1,1,1-trichoroethyl,
and ni trobenzyl, or when taken together, are -(CHz2) 2-

or -(CH2) for n a 5 qr red ring when .
consi der eit’b‘b%‘t‘: é%c Wrenge \}‘&md@ien% WE’ ﬁlﬁ’r aBQgg&PWeradlcal
POl y NRfecR ﬂ?drﬁt n% mefsﬁh Pofake, AsHiRdd diRyI2AREIN,
det ect abl e |od|ne cont ai ni ng speci és or
retr osubktdihaélalkeynple alkeaylt strbntxwteddﬂiml agy), antl S@lbmtu@étae/l

formed by geaction of a bi.ol ctive ent Wt
the " pol yribr. bpachiospipreheeig rgbeiRendy AT N riagityl, "
deRREd fRSn e g’io@;b @d)r@&'tlﬁ% bf Mk Eibé@rudaRNkyIValkéhyl NRbstituted
conmposition of claimb 92. A conjugate f or red by

¢llseronl.iallgynat, sab%uuaﬁdaglﬂqmll gryhend substigéadkaryli t h t he

conposi tion ” ri.si.ng
the 7ol | o Ny bEIGER e pasdil sfnE Sl PbfoeRaly atie

ddnbéovhimpedn amiao tgroup, agent [p2] HZ X 25 wherein:
POLY is a water-sol uble segnent; Xis a linker
noi ety; z'andfugher Weesej arthq ﬁﬁw&a@pbybout 21; WO

2004/ 022630 PCT/ USZOOS/ 028221 -113 R1, in each
occurrence, is independently H or an organic radical
sel eciwdetnfPQLIY itlénegr:oup consi sting of al kyl,
substitut e&) ﬁtlektthal m?r{lgeerr(])}f Icz’irbonyls present in said polymer is 0 or 2 or
greater except when X’ comprises one or more contiguous (-CH,CH,0-)
segments,

(b) and X’ is oxygen or comprises at least one (-CH,CH,0-)
segment and z’ is from 2 to 12, then at least one of R! or R?in at least one
occurrence is an organic radical as defined above or said polymer is
heterobifunctional where POLY comprises a reactive group at one terminus

that is not hydroxy, and

-when POLY is branched:
(c) then either at least one of R' or R? in at least one occurrence is an
organic radical as defined above or X’ includes -(CH,CH,O),- where b is
from 1 to about 20,
and further in the instance where POLY comprises a lysine residue,
(d) and has 2 polymer arms, then neither polymer arm comprises
oxygen as the only heteroatom in the instance where POLY comprises “C-H” as a

branch point.
94. A hydrogel formed using the water soluble polymer of claim 1.

95. A hydrogel formed using the composition of claim 55.



substituted al kenyl, al kynyl, substituted al kynyl,

aryl, and substituted aryl; R2, in each occurrence, is
wOo paepzassdent |y H or an organi c radi cal 5 sel ecperiufzoosn28221

the group consisting of al kylll4substituted al kyl,

al kenyl , substituted al kenyl, alkynyl, substituted

al kynyl, aryl, and substituted aryl,

o 3 A RS Mg KBS0k S S B s

ndisfin bfrer wherein the follow ng apply: 10 vvhen
POLY is linear: (a) the total nunber of carbonyls
present in said polyner is O or 2 or greater except
when X conprises one or nore contiguous (-CH2CH2O )
segnents, 15 (b) and X 1is oxygen or conprises at
| east one (-CH2CH2 1| segArht and z' is from2 to 12,
then at | east one f| o‘ R2 in at | east one
occurrence is ag 8 ¢adippgl as defined above or
sai d polyner is heté¢rpbifuncti onal where POLY
conprises a reactiJeRfgroug at one termnus that is
5 not hydr oxy, and 20 -wifen POLY is branched: (c) then
either at |least one X[-AR1L or R2 in at |east one
occurrence is an organi-c radi cal as defined above or
X includes -(CH2CH20) b- wheterb i WRYom 1 to about
20, 25 and further in the ingténce hhere POLY
conpri ses a | ysGrdChzaihit n? WSR3 pol ymer
arms, then neither polynmer apmgonpjises oxygen as
the onIy heteroatomin the insfanceHwhere POLY
conprises "C-H' as a branch point. 30 94. A hydroge
fornmed using the water sol uble polynmer of claiml.
95. A hydrogel for _#sing the conposition of claim
55. WD 2004/ 022630 US2003/ 028221 - 114 96. A
protected al dehyde conprisin stywapdure sel ected

fromthe group T
G—(CH2CH0)y (|3 Cr—WPR*
R2 I
10 » H
XI-C
wherein :
15 z'is an integer from 1 to about 21,

R', in each occurrence, is independently H or an organic radical
selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, and substituted aryl;

R?, in each occurrence, is independently H or an organic radical

20  selected from the group consisting of alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl, and substituted aryl,

W? and WP are each independently O or S, and

R*and R* are each independently H, or an organic radical selected

from the group consisting of methyl, ethyl, isopropyl, benzyl, 1,1,1-trichoroethyl,
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consisting of : RL WaR3 1 Ci WR4 GC2 5 RZH

XI-ARLWR3 G (CH2CH2NH) C G WR4 2 722 H XI-BRL
WOER3/020630 (CH2CH2O)b C G WR4 R2 Z H 10 Xl - CCis2003/028221

15 z' is an integer from1l tqgjighout 21; R, in each

occurrence, is independently H or an organic radica

sel ected fromthe group consisting of alkyl,

ST 2 ol R e o bt oro

ﬁé%'bér_eﬁz%ngiv{heﬁ%Jibi&ciédlfdgéﬂh@?with wi adeparwently H or an
organic radical 20 seléected fromthe group consisting

of al kyl, bedskg areieachiindepandentdy kem30, angubst i t ut ed

al kenyl , al.kynyl , .substituted al kynyl, aryl, and
substituteéli?yPFu 23§ﬁwpmb are each independently 0
or S, and R3 and R4 are each independently H or an
organi c radical selected fromthe group consisting of
nmet hyl , ethyl, isopropyl, benzyl, 1,1,1-trichoroethyl,

WO 20% / ﬂ?@ﬁﬁ&t‘é’ﬂf&é}?’?&oﬁ 095%2976:,[ wherein G is a leaving group.

98. The protected aldehyde of claim 97, wherein G is selected from the
group consisting of Cl, Br, para-tolylsulfonate ester, methylsulfonyl ester,

trifluorosulfonylester, and trifluoroethylsulfonyl ester.

99. The protected aldehyde of claim 96, wherein G is a functional group
selected from the group consisting of -OH, -NH,, -SH, and protected forms thereof.

100. The protected aldehyde of claim 96, wherein z’ is ranges from 2 to 12.
101. The protected aldehyde of claim 96, wherein R' in any one position
selected from the group consisting of C; (ar), C3 (B), and Cy4 (Y), is alkyl, and all

other R! and R? variables are H.

102. The protected aldehyde of claim 96, wherein b and g are each
independently 1 to 8.

103. The protected aldehyde of claim 96, wherein b and g are each
independently 1 to 6.

104. The protected aldehyde of claim 96, wherein b and g each equal 4.

105. A method of forming a water-soluble polymer alkanal, optionally in

protected form, said method comprising the steps of:
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-115 and nitrobenzyl, or when taken together, are
-(CH2)2- or -(CH2)3-, formng a 5 or 6 nenbered ring

wobken/oewssi dered together with W, Cl, and W. POT/aazh0g028221

are each independently 1 to-2d6-and G is a functional
group. 5 97. The protected al dehyde of clai m 96,
wherein Gis a |leaving group. 98. The protected

al defydiffa Ghit BidHe Px@ﬁ{eﬁg&nﬁl ﬁ?%?%?Fsu‘i RERD i, Y,

10 group consisting o onate
wih aproteaedylkandl frtmgymt oempesx,ngtfrurrﬁ hbmut 6301 20 oarpbe stoers,and a

and. trifl uoroet u yl er. 99. The protecte
e G e A R L S
SRl LES R s QLR 181T0HPa GARS k&hbﬁ% mer@kanal'Yildrotecakdl
and protected forns thereof. 00. The protected

fardehyde of claim 96, wherein z' is ranges from2 to
12.  101. The protected al dehyde of claim 96, wherein
Rl in any one position selected fromthe group

consi Bj6. MtheGhethdd 6B91ain B0, Wheredshidfeatiing stépisdalkied out in
and all 20 other R1L and R2 variables are H 102. The

Brgeane selvetdehyde of claim 96, wherein b and g are
each independently 1 to 8. 25 103. The protected

al dehyde of claim96, wherein b and g are each

I ndepH)vderttel ethod of Aaind 086, whersipsaid ergarid salvéﬁhy daeaéd

| ai m 96, wherej nog nd g each equal 4. 30 10
s g%gr&flpfe%%twg toiagngr chleyofasme rr&&rxlwrchénqégn%ﬂetommle

é?:@fdn@rkﬁbka)ﬁe' RethBhQl Sd &haopr m sai d met hod conpri sing
he steps of: WD 2004/ 022630 PCT/US2003/ 028221 - 116

reactl ng a water sol uble polyner corrprl sing at | east

" eagel ciaprPnr o dh el 0 Hac s Ben spundsgar

iAert hBASSHhae. group, K, suitable for di spl acenent by or
alternatively, reaction with Y, under conditions
effective to forma water soluble polyner al kanal in

prot efd9e dl“he m&[l(r)]a of claim 105, wherein said reacting is carried out at

temperatures ranging from about 20°C to about 150°C.

110. The method of claim 105, further comprising hydrolyzing said water
soluble polymer alkanal in protected form under acidic conditions to thereby form

the corresponding water soluble polymer alkanal.

111. The method of claim 110, wherein said hydrolyzing is carried out in

aqueous solvent,

112. The method of claim 111, wherein said alkanal reagent comprises 4 or

more carbon atoms.

113. The method of claim 112, wherein said hydrolyzing is carried out at a

pH of no lower than about 3.



10

15

20

25

106. The nethod of claim105, wherein said reacting
step is carried out in an organic solvent. 10 107.

wab@4oetebod of claim 106, wherein said organi CPEDUSENS/028221

is selected fromthe group cyrsi sting of tol uene,
chl orof orm nethylene chloride, acetonitrile,
acet one, di oxane, nethanol, and ethanol. 108. The

out " ubber TaRedBid P T i i SBGharFohseRt RetfY o

&{ﬁkﬁn;OS wherein said reacting is carried out at
tenperatures rangi ng fromabout 20C to about 150C 20
110. The nethod of claim 105, further conprising
hydr o

oY ot bt aliitsF A SEH I 1 B it PR dRE SRl b ans 1,
£1d@p eondigmpen dimdhylaketl, awthgkp |a@etﬁlohﬂi§6¢1r09§/1ka@&§1 , dibkAdyl

The met hod of claim 110, wherein said zin

sl L& 2aieh prvethybaefleid-riphssa) aceia, S e mmastioueisl
e conprises 4 or
ST Aty MRSy S i BRAEM. 0T i 112
wherei n said hydrol yzing is carried out at a pH of no
| ower an_abo V\D 2004/ 022630  PCT/ US2003/ 028221
ﬁtﬂ %E?qf %@

117 fcrlygm 15, heregssaidyyates sejullg pglymer
b il Tl R A g

ftrugtare.he 5 group consi sting of di nethyl acetal,
di et hyl acetal, di-isopropyl acetal, dibenzyl acetal,
2,2, 2- trichooroethyl acetal, bis(2-nitrobenzyl)
acetal, S, S - t*ﬂk3acetal and S, S -di et hyl
acet al , cI|cRa s and cyclic t hi oacetal s. 116.
The nethod of @Qagenherein said water sol uble
pol ymer 10 c the structure, POLY-Y, and said
protected al ana agent conprises the structure,

I

XI-D
wherein:

z'is an integer from 1 to about 21;

R', in each occurrence, is independently H or an organic radical
selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, and substituted aryl;

R2, in each occurrence, is independently H or an organic radical

selected from the group consisting of alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl, and substituted aryl,

W? and W" are each independently O or S, and

R’ and R* are each independently H or an organic radical selected

from the group consisting of methyl, ethyl, isopropyl, benzyl, 1,1,1-trichoroethyl,
and nitrobenzyl, or when taken together, are -(CH3),- or -(CH,)3-, forminga 5 or6

membered ring when considered together with W?, C;, and WP,



CF- WR4 K A2] Hz' XI-D 15 wherein: z' is an

integer from1l to about 21; R1l, in each occurrence, is
wo pbepzesent |y H or an organi c radical sel ectedri/iismn/ 028221

the group consisting of al kylilgubstituted al kyl,

al kenyl, substituted al kenyl, al kynyl, substituted

al kynyl, aryl, and substituted aryl; 20 R2, in each

0eur § pRCemt RS AR IR, g'?rglh F8) PO Fed 6 % group

sel ected f rou
am'@tmg of @@o@l(d‘lkjflen@d»li@é)ybol Yﬁbﬂﬁﬁe) %Mﬂ)ﬁkll alcohol),
al kynyl, substituted al ky and substituted

aplypxazgline pal raloalwhphmhép@nqldmyythalmd ®lyalhd R3
and R4 are each independently H or an organic radica
sel ected 25 fromthe group consisting of mnethyl,

5 et hyl 118.sDipr mpthbd obelaiziy 117, whkrein lPDIQhQrmﬂi(}éihylenang/col)
ni trobenzyl, or when taken together, are -(CH2)2-
- (CH2) 3-, fornlng abor 6 nenbered ring when

consi ggy h
2004/ ozzgg%é P%}%’%%gﬁl\c%' cl)%%\g’zhf% i 123% 1M§thy)§ﬁe glyeoR sy o

terminally tappedivétheamen@datapping nseétgct ed from t he group
consi sting of a poly(al kyl ene oxide), poly(vinyl
pyrrolidone), poly(vinyl alcohol), polyoxazoline,

10 pol y( 220. yT1yihBmba BoLiane ) 19, 3HdrdR th(AUNEh Y mg?ﬁo%i% is seleted
Frgl yol ). 5 118. The nethod of claim 117, erel

mzhe) groyp spnsjstingealigixyec mb}tltuteg@gcoxyh@kmm@d Sldjstlt:dte;i m

e OB RS 5L LSSt s LA RAL

of claim 119, wherein the end-capping noiety is
selected fromthe %rou consi sting al koxy,
subst t3lut Eie metked of € alnk 2 vheiein theisaicappiag moiety is selected

15 ﬁbmnygl%g cpRidtRdr Rotho3 ARG JhEBaitR]Y| XY,

aryl ox st ary bxy A&t hod of claim
120, wherein the end-capping noiety is selected 15

benzyl By heDonSdRECIAg: R WERGEal m 116, whor of n:
POLY-Y comprises the structure Z-(CH,CH,0),H, wherein n is
from about 10 to about 4000, and Z is selected from the group consisting of ~-OCHj,
20 -OCH,CHs;, -OCH,(CgHs),

and K is selected from the group consisting of:

¢ ¢ 7 ?
Cl, Br, CH3—©—ﬁ— s CHS_ISI— CF3_|S|— CF3CH2_g—
) ’ I

25 o) o) 0 0]

wherein:

R' and R? are each independently H or lower alkyl, and
W? and W? are each O.

30 123. The method of claim 122, wherein z’ ranges from 4 to about 12.
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POLY-Y conprises the structure Z-(CH2CH20) nH, wherein
nis fromabout 10 to about 4000, and Z is sel ected

wo p@aio1se0 gr oup consi sting of -OCH3, 20 - OCCH2BEBUS2003/028221

-OCH2(C6H5), and K is sel ecteldof-rom t he group
consisting of: OO0O0 d, Br, CH3 S- , CH3 S- CF3 S-
CF3CH2 S- 25 0011 ? 09 11 0 wherein: Rl and R2 are
each i ndependently H or |ower alkyl, and Wand W are
each 0. 30 123. The nethod of claim 122, wherein z'

r anges24, r'od iethed abelbiin 122, Wiere2® P4aRZed G2 4 to about 8.
PCT/ US2003/ 028221 -119 124. The nethod of claim 122,

wherein z' ranges from4 to about 8. 125. The nethod

occur FoncaengBBEbEilts Yhelsh R EnP GetohMIrEie P

eccuatmde. sol ubl e pol yner al kanal in protected formis
formed in greater than about 85%yield. 10 127. The
met hod of claim 126, wherein said water soluble

pol yneye. afteaféthod chlﬂhpifﬁﬁﬁ.greilg%emi %%vafté?rsﬂﬁlglgiﬂggyné T

greater than about 95%yie he net

dlRanal fruprotested dommpsi feimey inygiieatd nthamapos a8 5o wixtld:r

sol ubl e pol yner al kanal in protected formunder acidic
conditions to thereby form 15 the correspondi ng water

sol ubl®. PRieyBho@biaRA 126) whefefRdid MAtelsNLble Polyhee? alkanal
The nmethod of claim 128, wherein said hydrolyzi'ng is

iaareteetgd form is formegiie grestes thapaabout %% y@Bl. The net hod of
claim 126, further conprising the step of isolating
said alkanal fromthe reaction m xture. 131. The

et hotR80fTHel réthod 80clainh E228 Futttea t6mpsah@h {diel ye RERAIASSfer
raisi ngl t he [la(H of the reaction m xture to from about
wlgple polymsr alkamal i proteeted igrmp Hades agigiratongitions tntheiehy form

O Y& pon@AE water soluble polymer alkanal in a reaction mixture.

129. The method of claim 128, wherein said hydrolyzing is carried out in

aqueous solvent.

130. The method of claim 126, further comprising the step of isolating said

alkanal from the reaction mixture.

131. The method of claim 130, wherein said isolating comprises:
raising the pH of the reaction mixture to from about 6.0 to 7.5,
extracting the alkanal into an organic solvent, and

removing the solvent.

132. The method of claim 131, wherein said isolated alkanal is absent

detectable amounts of Z-(CH,CH,0),H and retro-Michael type reaction products.

133. The method of claim 132, wherein said isolated alkanal has a purity of

at least about 95%, based upon polymeric contaminants.
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wa@emdnrs3of Z- (CH2CH20) nH and retro- M chael

removi ng the solvent. 132. The nethod of claim 131,
wherein said isolated al kanal is absent detectable

reacti on products. 30 133. Tim® iret hod of claim 132,
wherein said isolated al kanal has a purity of at

| east about 95% based upon pol yneric contam nants. WD
2004/ 022630 PCT/ US2003/ 028221 - 120 134. The net hod
of claim 118, wherein: PCLY-Y conprises the structure

HO- ( CHZACHEKY mbthodd€ ERim 118,iveherdinf r om about 10 to about
4000, and Kis selected fromthe group consisting of:
0000 11 12 11 11 d, Br, CH3 S- , CH3 S- CF3 &

e PRy St OGRS B Ghein

ﬁpntz{boﬁommoazrboaﬂmm in protected formhaving the
structure: 15 ORB R Rhn OR3 R4O-Hi - 0- (CH2CH20O) n
i H OR4 R2 2z z' X 20 135. The nethod of claim

118, wher €] R\ I ure
7- (CFIZCI—QO?IEHHK ChelecleRORIBCEDU BNnlOFLT ® e

4000, and Z is protected hydroxyl, and Kis selected
fromthe group consisting of:

¢ ¢ 7 ¢
C], Br, CH3—©-ﬁ— , CHS—ﬁ— CFa—ﬁ‘— CFch SI—
o) o o) o

wherein:
R' and R? are each independently H or lower alkyl, and

W? and W? are each O, to form an alkanal in protected form having

the structure;

iy T 5
R4o—ﬁ C |— 0— (CHxCH,0),— C+—C— OR*
I .| H
R? R®
z' z'
X1I

135.  The method of claim 118, wherein:

POLY-Y comprises the structure Z-(CH,CH,0),H, wherein n is
from about 10 to about 4000, and Z is protected hydroxyl,

and K is selected from the group consisting of:

t YPET/US2003/028221
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WD 2004/ 022630 PCT/ US2003/028221 -121 0 0 0 0O 11 11
11 - , CHB8 S- CFR3-S- CR3CH2 S A, Br, CH3 S I 11 1l f

wo 200®022680 0 wherein: 5 Rl and R2 are each PCT/US2003/028221

i ndependently H or |ower al kvi2]l -and Wand W are each
0. 136. The nethod of claim 135, further conprising
after said reacting step, deprotecting said protected
hydroxyl to form 10 FRL OR3 HO (CH2CH20), C H OR4
R2 zI , and XI-E converting said termnal -OH on the
pol yet hyl ene glycol) to a functional group other than
hydroxyl. 15 137. The nethod of claim 136, wherein
said functi grgqup is selgeted fromythe group ,(,)
€bnBir.stGHag i §,—est@1la : on&fFe—8HdehQk€H—S—
al kenyl , acrYyFdte, ('3 nmet hacrylzte,’ acryl gni de, sul fo&e,
thiol, carboxylic acid, isocyanate, i sothiocyanate,
mal ei mi de, WIS sul f one, di t hi opyri di ne,

Vi nyl pyri dgpn 0, . ] e 8. The
met hod of %I %dﬁlﬁggﬁﬁggﬁﬂhgﬁyﬁpﬁhﬁ%gﬁ} ag]lérioup is
sel ect ed W"’andwbeargemlnrﬂ.consi sting of

N- hydr oxysucci ni mi dyl ester, benzotriazolyl

carbonate, am ne, protected am ne, vinylsulfone, and

mel ei Malerhednethbd 804D 228 2R Torpr RS ARG G aRNreacting step,

deprotecting said protected hydroxyl to form

T1 OR3
HO— (CH,CH,0),, (IJ G— OR*
RZ

z , and
XI-E
converting said terminal —OH on the poly(ethylene glycol) to a

functional group other than hydroxyl.

137. The method of claim 136, wherein said functional group is selected
from the group consisting of amino, ester, carbonate, aldehyde, alkenyl, acrylate,
methacrylate, acrylamide, sulfone, thiol, carboxylic acid, isocyanate,
isothiocyanate, maleimidé, vinylsulfone, dithiopyridine, vinylpyridine,

iodoacetamide, and silane.

138. The method of claim 137, wherein said functional group is selected
from the group consisting of N-hydroxysuccinimidyl ester, benzotriazolyl

carbonate, amine, protected amine, vinylsulfone, and maleimide.
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w@edognoes3al kanal

- 122 139. The nethod of claim 136, further
conprising the step of hydrolyzing said water sol uble
in protected form under aci di BCT/US2003/028221
conditions to thereby formiip® correspondi ng water
sol ubl e pol yner al kanal. 5 140. The nethod of claim
118, wherein Y in said POLY-Y is an ionizable group

or is rivative.of. an,ionizable gr.oup. 141..The. .
et hod% T oY §o iR dp At oot B e tityorhfuyeine
6410 Water 6610Ble $ol yiger @l ka@iall i xotkdted AzindindaCAdidie c68dibnsand
am ne. 10 142. The nethod of claim 141, wherein said
therepy Yorm theeaaspopding vsterge bt RAymer alkanal.i ed prior to
use in said reacting step. 143. The nethod of claim
142, wherein said POLY-Y has been purified by 15 ion
exchaige TEhermehbddgf clpiny 118 4vhercih & imshidROLY - ¥ iszinodi42ble
wherein said POLY-Y for lise in said reacting step is
GOUB R 13 Jefivaleeofrandepigable B1%Panount s of pol yneri ¢
inmpurities. 20 145. The nethod of claim 142, wherein
said POLY-Y for use in said reacting step is

end- c ¥phethe mettiod of esine h40, aHeyeimNsie stlected &otrathe group
ampunt s Pf PEG:. di.%l or difunctional PEG inpurities.
AR O TP R 4P de A veIELANdAIRINE 1 sai d

pol y(ethyl ene glycol) has a 25 structure sel ected

fromthe _&rpoup consisting of linear, branched, and
f or ke#d2. TWhe mathed aieelhion 16k, wieriimsaid POLM T leis theerai d

e e S b A Ry

K-(CH2ZCH2NH) C C1 WbR4 1 R2 . Hz or X -F Rl WAR3
143. The method of claim 142, wherein said POLY-Y has been purified by

ion exchange chromatography.

144. The method of claim 142, wherein said POLY-Y for use in said

reacting step is essentially absent detectable amounts of polymeric impurities.

145. The method of claim 142, wherein said POLY-Y for use in said
reacting step is end-capped, and is essentially absent detectable amounts of PEG-

diol or difunctional PEG impurities.

146. The method of claim 142, wherein said poly(ethylene glycol) has a

structure selected from the group consisting of linear, branched, and forked.

147. The method of claim 142, wherein said alkanal reagent comprises the

structure:



10

15

20

K-(CH2CH20)b i C1 WbR4 R2 Z HXI-G 5 wherein g and b
each independently range from about 1 to about 20.

wd2md4/07%680 net hod of claim 147, wherein R and POr/asm®03/028221

each independently H or |owgnsal kyl, and W and W
are each O 10 149. The nethod of claim 147, wherein K
is a noiety conprising a group selected fromthe
group consisting of_ car box Iéc acid, active ester,

am ne, active car ona e, WaRd i socyanate. 150. The

met hod of claim 14 éln sai d al kanal reagent
conprKsdSHpGteeN C CemWRR'OR3  NH2- (CH2CH20)b C
CLOR4 1R, HZ *L H 30 and the product of said
reacting step conpru yakstructyge: WD 2004/ 022630
PCT/ US2003/ 028221 -124 0 1Rl OR3 PEG -

CNH (CHR2CH20O) bXI-FCG OR4 R2 Z HIX-B 5 151. The

met hod of claim 147, further,conprising the step of
hydrol yzi ng said Rel s %Ie pol ymer al kanal in
protected form unddr |agi diic conditions to formthe
cor r eépdRte®eQhm Ce—M0R/ner al kanal in greater
than 50% vyield. 157. e rfethod of claim 151, wherein
said hydrol yzing st B s éffective to 10 formsaid
wat er sol ubl e pol yner al kanal in greater than about
90% vyi el d. 153. X¥&e nethod of claim 110, further

conpr e ubl e
pol yri PR A 5 LR Rler Gt Pl trond Bl 4 ot 3
conprising an ami no group.

148. The method of claim 147, wherein R' and R? are each independently H
or lower alkyl, and W* and W? are each O.

149. The method of claim 147, wherein K is a moiety comprising a group
selected from the group consisting of carboxylic acid, active ester, amine, active

carbonate, and isocyanate.

150. The method of claim 148, wherein said alkanal reagent comprises the

structure:

R! (|)R3
I

NH,— (CH2CH0), <|3 Cr—OR*
R

2| |
z' H
XI-H

and the product of said reacting step comprises a structure:



15 154. The nmethod of claim 147, wherein said reacting

step is carried out at anbient tenperature.

WO 2004/022630 PCT/US2003/028221
-124 -

1 OR?

2 1] ]

PEG — C—NH— (CH2CH,0)p ? Ci—OR*
2|
] H
IX-B
5 151. The method of claim 147, further comprising the step of hydrolyzing

said water soluble polymer alkanal in protected form under acidic conditions to

form the corresponding water soluble polymer alkanal in greater than 50% yield.

152. The method of claim 151, wherein said hydrolyzing step is effective to

10 form said water soluble polymer alkanal in greater than about 90% yield.

153. The method of claim 110, further comprising the step of conjugating

said water soluble polymer alkanal with a biologically active agent comprising an

amino group.

15

154. The method of claim 147, wherein said reacting step is carried out at

ambient temperature.



