9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 WATER- SOLUBLE POLYMER AlnKaiNAdoS
FI ELD OF THE | NVENTION This invention relates to particul ar al dehyde
derivatives of water-soluble polyners, and to nethods for preparing and
usi ng such polynmer al dehyde derivatives. 5 BACKGROUND OF THE I NVENTION I n
recent yeayga008®3pt her apeuti cs have expanded -past tradircTarsabosgnszi

mol ecul e drugs and into the real mof Hdiopharnmaceuticals. The discovery of
novel proteins and peptides has |led to the devel opnent of numerous protein
and pol ypepti de bi opharmaceuticals. Unfortunately, proteins and

pol ypeptides, when 10 utilized as therapeutics, often exhibit properties
that nake themextrenely difficult to fornmulate or adm nister, such as
short circulating half lives, imunogenicity, proteolytic degradation, and
| ow solubility. One approach for inproving the pharmacokinetic or

phar macodynam ¢ propert i BSADEREQIJBREERECHLY MER ALKANABS conjugation to
natural or synthetic polyners, such as pol yethylene glycol (PEG. 15 The
coval ent attachnment of PEGto a therapeutic protein can provide a nunber of
advant ages, such as (i) shi el gippgpadE TEBMNVERTIORES of the protein, thus
reducing its reticul oendothelial clearance and recognition by the imune
system (ii) redJhinigventogrratitesitopahigular alideloydetded vaiivey of wateansdlublei i )
reduci ng rena fiItrgtion. %u h effort has been ,spent o t$ devel opment of
pol ymer  der PORMISTANA 5y medp Eg?frﬁrFdetg(?" i“B‘Bﬁa';P?‘Fh@gﬁ?’le‘éapg ygjﬁch as peptides,
and in partigegialveson the devel opnent of polyner derivatives for coupling
to reactive am no groups of proteins. Such polyner derivatives are referred
éo as 'electrophilically activated', since they bear electrophilic groups

ui tabl e.for reaction with i iies. Exanpl es of such
PEG deri }5/ati ves include PEE%@?@W?ﬁ%Wr esyl ate, PEG
succi ni m dyl car anedenr yddr hetiah GRdthpditi SRR Dletex pantidd BrEe tragitt fomb Nnidl Y |

succi nate. Unfortunately, use of these particular reagents can result in
one or nor e roflegHie dfugs lapdimg thamsales pt ipphargiagruticalac The discetaeef rayvel r eact i on

9 MAR 2007 p\llg?e%g%%{i %@&%@ hlz?scydtl@ %t?eog’gvgl%%%%t]it 6f2numerous protein and

polypeptide biopharmaceuticals. Unfortunately, proteins and polypeptides, when

10 utilized as therapeutics, often exhibit properties that make them extremely difficuit
to formulate or admintster, such as short circulating half lives, immunogenicity,
proteolytic degradation, and [ow solubility. One approach for improving the
pharmacokinetic or pharmacodynamic properties of biopharmaceuticals is the
conjugation to natura! or synthetic polymers, such as polyethylene glycol (PEG).

15  The covalent attachment of PEG to a therapeutic protein can provide a number of

_ advantages, such as (i) shielding antigenic epitopes of the protein, thus reducing its
reticuloendothelial clearance and recognition by the immune system, (ii) reducing
degradation by proteolytic enzymes, and (iii) reducing renal filtration.

Much effort has been spent on the development of polymer derivatives for

20  coupling to biopharmaceuticals such as peptides, and in particular, on the
development of polymer derivatives for coupling 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

25  tresylate, PEG succinimidyl carbonate, PEG carbonylimidazole, and PEG
succinimidyl succinate. Unfortunately, useiof these particular reagents can result in

- - 0 r - .
one or more of the following: undesirable side reactions under the reaction



conditions necessary to effect coupling, |lack of selectivity, and/org{fAR 2007
formation of weak (i.e., unstable) |inkages between the biopharnmaceuti cal
and the PEG I n an effort to overcone sone of these problens, nmany new or

"second \Q@Q@(ﬁhh@ﬁ" el ectrophilically activated PEGs haygﬁmmﬁw{ oped,
such as PEG 5 propional dehyde and PEG aget al dehyde (see, for Exanple, U S

Patent Nos. 5,252,714 and 5,990, 237, respectively). Al dehyde derivatives are
particularly attractive reagents f or coupling to proteins and ot her

bi onol ecul es, since al dehydes react only with amnes (i.e,, are selective
in their aceadiRpmsiecessaniteefiogt coypng, daskialsaieativionsados Rsdereatgnel many

advant ages:, dpeye GuBR AR ERRL Blkolcin Ok Hod0- 106, BV Bl ERE poiG,PEG di ol

cont am natlon ar'e not to 'ow ecu A vvel EG formstable
am ne |i nkages U@Qlﬁleffﬁﬂlﬁd) bgcoran sbrag of thebesrobltns, ﬁdahblmug'mrt ‘ezondbove not ed
derivatives offer ¥ advant ages over_ first-generation PEG r% ents, the
Appl i cant s gﬁ%ﬁf@"%t‘?&f ré’Bh’é'Cﬂb}Hqu(Yﬁ'lcﬁrP Efishirya dieen devalensdesughdé g%é reagents,

maki ng ghe ifically, the
hopl | sant s PR dcole btEBECIaLeGRENRLE Ve RTple, O (RURNEREE T C2 L0t
t hat PEG acsezsamehyldé 999 ,288[ iespaesively).eAldehyde deriaitivys i pamidutariymedi a, and is

difficult to isolate due to excessive salt formati on resulti n%Ffrom
neut r al | za@fEISUSE reABRNS EACPYRIMEIPPEF S and oy biciuplesulespriacaakichydteny de i s

Y onay Rk B oifh SIS L RA IO e h il SARARAAAL A FEThe

propi onal d tter reagent 1n ter Its stability,
possesses sboee- dieﬁt&ﬂ\&dﬁt@ﬂ& ofiige niaay aﬂvﬂeageeache)om Hel]ﬁépzﬁahtoanmtd during

t t Ki ff It t bt th EG ' | dehyd -
pr oductD; n i BIROJHTIA £ oL BRI el POLRBRASAIP KSR ga. ¢ hat (
when prepa rb}?gp I f u al dyhyde
hydrate, produc 5&1 e g%@@@gglg%ggg f?‘iﬁ”’l‘ﬁr éﬁ%ﬂe sElcgt('sz:. )éggé%g@ﬁ%
elimnati omboeancbted)dedmwesdlfﬁmmg zaivamggesfmcearﬁﬁstfsgnnenadnn FEQ regaxst al

reagent. Alth h an inproved synt het c route for nt hesi s of PEG
pr opi onal déh?/gggk‘“alﬁtwveﬁﬁwegye@e partigu ar@raavtw&géoesicéﬁ 59@3} CrEEEPSon of

3- hydrOxyprﬁﬁhg_@ﬂeﬁﬁ@yﬁﬁdmﬁm'ceﬁaﬁt ﬁétarY&ef h PEG nesylate, the Applicants

have di scovere at this reaction route also |eads to an elim nation side
30 readti on t hatMpreapea&salby, gmAp;da:rahts&rmejr&csgmrze@EEﬁ;thmngAtemsﬁ\hework\m| chis

unst abl e roduces diff ve the r.ent d| PEG (al so
referred to g’éﬁ‘eFﬁE@ae‘?”&)‘ até@?}rj& ‘St‘f?éyii‘f‘g. ed’?’“"t“l"i‘fgr I%n is

general ly | gagiatdais &peet (%550?3[%5\3 ?@%cssive salt formation resuiting from

neutralization of the reaction mixture. In particular, PEG acetaidehyde is very
susceptible to dimerization via aldol condensation. PEG propionaldehyde, while a
20 much better reagent in terms of its stability, possesses some disadvantages due to
side reactions that can occur during its preparation, making it difficuit to obtain the O
PEG propionaldehyde product in high purity.
More specifically, the Applicants have found that when preparing PEG
propionaldehyde in situ from its precursor PEG aldyhyde hydrate, product yields
25  are generally only about 50%, due to an elimination reaction that consumes a
significant portion of the acetal reagent. Although an improved synthetic route for
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
30 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



WO 2004/ 022630 PCT/ US2003/ 028221 -3- to 90% Moreover, using either @ofi khB6o7
above- descri bed PEG propi onal dehyde syntheses requires hydrolysis of the
acetal internediate at very low pHs, e.g., at pHs of 2 or lower. Hydrolysis
at such low pHs is undesirable due to the |arge anounts of base necessary

t 0 neut r alweeotihe2a3eacti on m xture to pHs suitable for 5 pOnNpysmyaid8I21

Addi tionally, coupling PEG propional dehydg-to a protein at basic pHs can be
probl ematic due to formation of significant amounts of acrolein (resulting
froma retro-Mchael type side reaction), which is quite difficult to

ur 11 cati of 15 Siee REEHIRR i Bule e RSO P TRAGRLE, 1L 21 v

exi sts a neeyhtfiades teqnlrr&vlgdirﬁ&ﬁ%f mﬁhbéthblatdrMeaﬁtd atalepdiopopHisTRlg., ader i vat i ves
for conjugating to biologically active nol ecules and surfaces, particularly

pol yner der PH&OS ¥ €5 lawsat d;ola%a@e%tqw PHsiinundssirable dupla thgqua%m stry,
b
(i) can eax?l Sﬁéggg?égﬁsgésg{lyﬁg%ﬂ%n@g%e'Haa{){%‘@{rFu gﬁ[e uS’p Fﬁg@ i t! 1) are

st abl e over can be rea iv) can be
prepar eds i ncdsnjggmi@ur iAdditddnally, @uphﬁgJBBGmblbnahbmerqbﬁe@h ppaikiyinie basle pHy ed
inmpurities and side-products, and (v). .overcone at |east sone of the

dr awbacks ofkboRmdIsHIAREke Hefarpation elssignifiran amaupisf agedep (5adtiagove.

SUMARY OF B 4 MGV GRIAGpd e RLESED! whiRHSERLORAAN] fiSSpdyeini que fam 1y

of polymer al ri‘'sing at [east one al dehyde
functi onal i Fyrmaigpl cﬁdummulaiepmhuﬂade ps:emmniecmxmmeenmmmnfnmaomms| ng
carbon atons. The poly al kanal s of the invention are, for the nost part,
| ess reacti $htait %H‘PP"H‘PF%’(“C%r%m%ﬂ ef¥de derivatives and, thus, nore

fel ect Y& Furthaty,s ifge ROl Ereed for 1%&@5&%'33&{085“%3? YRt bo i rpr epar ed

in high yield, and certain structures can b are mastragtforward
one step pr(deﬁsa;wecéortcanjmgntﬂngﬂo@:qﬂogxymy aaiu&ehgldaﬂes glekarrfabes] herein are
nore stable at. bFSI c deriyvatives, and are

r n
Mo e o't Paatica e aePEaeeapaes oy St Selea Ve H e S RPN BRI ahaal Ly pe
reacti on g ARG e IVIREY CicsuhE PN FREGH KEBRLR) e Al Srunvent  on

are fornmed fromthe corresponding acetal precursors hydr ol ysi s under
mld acidic vadedinge OﬁgHSI(l\é can bedadil misohaté b 54) lvam bhpmpnd:ldon bcgfncblmltpns t han

requlr -egﬁs {?g%v rs1t?nr1tlallEyc?'.ll:)ast(gnettp(?)llyclj'gf:hry e%vgé 1r§§£’1t? I%Id%ln el pdrS(Iﬁ1 cts, an?l(lv h mld

condi ti
overcome at least some of the drawbacks of known polymer derivatives such as

those described above.

SUMMARY OF THE INVENTION

20 The present invention provides a unique family of polymer alkanals — i.e.,
polymers comprising at least one aldehyde functionality coupled to a polymer
segment by one or more interposing carbon atoms.

The polymer alkanals of the invention are, for the most part, less reactive

than prior art aldehyde derivatives and, thus, more selective. Further, the polymer

25  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 even detectable amounts of retro-
Michael type reaction side products. Moreover, the polymer alkanals of the

30  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 propionafdehyde. Such mild conditions allow



9 MAR 2007 WD 2004/022630 PCT/ US2003/ 023221 -4- direct in situ conjygalk B
of the polyner derivatives of the invention with proteins, peptides, or

ot her nol ecul ar targets without requiring an intervening isolation step.

The pol yngip Abkeigdes of the invention are also prepared igerhighysRYsdat Y.
making themparticularly advantageous fof coupling to drugs anc?

bi ophar maceuticals to 5 provi de pol ynmer conjugate conpositions having a
purity sufficient for admnistration to a manmali an subject. Mre
particularly, in one aspect, the present invention is directed to a water-
sol ubl e poldymetrinisiy cogughigorsof the patymer fer gativeep ity in@nQop witkoprateins 10 | n t he

above structur POLY represents a water-sol.uble | ymer. se nt: X is a
| i nker noi @F?t'géf‘ Oﬁ%h%{r{nﬁ%'élgépfﬁl%‘rﬁ“ OPtFERIB e a'ﬁ‘? © ?migr‘lsogag'??ﬁ S§®currence,
i's i ndeperg@iiol ymdd Mardly G ventiGthcalsoTReRedEH Higlo?nﬁ@,emgkia p consisting
of alkyl, 15 substituted al kyl, al kenyl, substituted al kenyl, alkynyl,
subst i t ut edherh lpprighlarlyragvantagebus Someupting sxdragy rnd bigh®@maceyiicalaéh
occurrence, is indlgprgndentlé H or _an organic raT%i C@l .seil ected fromthe
group consiREPYAGPRYMEF RYMUEAIGSATPPRIAl DKIE 2 PUTRSRIICM s i t ut ed al kenyl
al kynyl,  sufadihisithiRsh ol iiimaliah ¥hbje@nd substituted aryl. In sone instances,
the pol yner al kanals of the inventiion will possess certain 20 features. For
exanpl e, accor di Mgret pardeidadystin @nerasnech the presanpinegniiemis digeied op waters | i near :
(a) the tot a!ﬂ?nun%er o& Sarhon Is%lﬁ_e_xcl udi ng/ not counting the al dehyde
car bonyl car tlﬁp YOV mﬁ mer is O or 2 or greater except when X
conpri ses one or nore contiguous (-CH2CH CIEé or. (- CH2CH2NH-) segnents. \Wen
X conprises one or nore contiguous (-CH | )? or (-CH2CH2NH) 25 segnents;
then the total nunber of carbon)sbﬁyp.l;eg d Rolymer is 0, 1, 2, or L
greater. In yet another exanple, according a further enbodi nent, when X
is oxygen or conprises at |east one (-CH2 O) segnent and z' is from2 to
12, then z -

10 I

In the above structure, POLY represents a water-soluble polymer segment; X'is a
linker moiety; 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,
15  substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, and
substituted aryl; and 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.
In some instances, the polymer alkanals of the invention will possess certain @
20  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 polymeris 0 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-)
25  segments, then the total number of carbonyls present in the pelymeris 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 2z’ is from 2 to 12, then

| 2. : : .
at least onc of R” or R” in at least one occurrence is an organic radical as defined
r

r



at least one of R or R2 in at |east one occurrence is an organic ragiyaalzos
defined 9 MAR 2007 \VO 2004/022630 PCT/ US2003/ 028221 -5- above or the

pol ymer is heterobifunctional, where POLY conprises a reactive group at one
termnus that is not hydroxyl. The pol yner al kanals provi ded herein may
possess anyoabus@2musnber of overall geonetries or struct wcasS20as/ 28221
described in greater detail herein. Prefegably, 5 when POLY is branched,
then either (i) at least one of R or R2 In at | east one occurrence is an
organi ¢ radi cal as defined above or (ii) X includes -(CH2CH20) b- where b is
fromlto about 20 in the instance where PQOLY cg) rises a lysine residue.

Al t er nat i vetBpvegREis nadyrees is hetesptifupgrionsd Wesss BQLSscampgispdbt (Y Yer ms,  t hen
nei t her pol felagolel : the only heteroatomin the instance
10 where Pé@@g%ﬁ lges p%ﬁﬁi lsgﬁs%gsgrrogﬁléh poi nt. Generally speaking, the

pol ymer al kanal sThé pbllyener alkanils providezitessin anaygtossess amyeofurerreberbf fal | s wi t hin

one of the follow ng ranges: z' is fromabout 2 to(fl,, fromahout 3 to 12,
from about 8varall georRstries ofstaiciEes AR be descriped Gragediendetait hessin  RisERiAMENt of t he

i nventi , f . . : . I

poLyx a "G BYLATRr el Mgy Shel ) efeine B BB ikeasichely  cach re
and R3 are ascutehtnsdnalsgangc rddical hedefedpbewedi (XS inchctes (E€H,CH,OMdi cat es
t he al dehyde, carbonyl carbon; i ndi cates the rbon adj acent to or a

(al pha) to Wll?érecba‘rsgml t‘&éP‘b‘Hr?'ggP thy instgacq ‘f‘i?ﬁrﬁg@ﬁ?%‘?@_&?b "3t om once
removed frofsdie. CRRGAMNclSANRAPOLY iflblahendinlpBiRlscl R0 boighier AR, O4

i ndi cates the carbon atomi1n the y position. Polyner alka s having the

(F)(verall st theatrgiteergepyrotearbgonpiseapeygpare thal dnly hetbmaroatinttbe sraacn as
ol ymer pbutanal s 25 preferred variations of fornmula |I-A above, R

at t ached! t o ¥B8TS %OLJI;}WF‘?FP"Q%I éﬂ}f Brnypnchpoiding R2 variables are H.

Preferably, the IBendldi§Gpekid® the2pdiFmbPNREnA dithe invehidH faldsygl v, the

pol ymer al kanal corresponds to structure |I-A above, where the Rl
structure where z' falls within one of the following ranges: z’ is from about 2 to 21,

from about 3 to 12, from about 3 to 8, or from 3 to about 6.
In one particular embodiment of the invention, the polymer has the

15  structure:

R' R! R 0O
| | | [
C4—Cg—'02_—c1'—H
R2 Flaz R?

I-A

where POLY, X, each R}, each R? and R* are as defined above. In the

POLY—X

20 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 3 (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. In

25  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 C; is alkyl, and all other R and R? variables are H. In yet another
preferred embodiment, the polymer aIkanal';'E described by structure I-A where the

30 R!atached to C4is alkyl, and all other R' and R? variables are H.



attached to C3 is alkyl, and all other R and R2 variables are H | noYelr 2007
anot her preferred enbodi nent, the polyner al kanalis described by structure
| -A where the 30 R attached to ¢4 is alkyl, and all other Rl and R2

vari abl esyghgyddz2&o MAR 2007 WO 2004/ 022630 PCTI US2003/ Og@g¢da019028h5y Yet
anot her particular enbodi ment, a polyner.al kanal of the invention
corresponds to fornula |, and possesses an additional carbon atomin the

al kyl ene chain when conpared to structure I-A. In this enbodi nent (see
structure I-B herein), z' is 4, the R attached to C2 is alkyl, and all
other R and R2Inatianttherpagicul® esnbodimentnaplyaley alkenalied the igerqtiongt t ached to

C3 or A is alkyl, and all . other R and . variable - . et anot her

parti cul arc%ﬁ%é'?%éﬂ?‘"?‘h“}‘% } AR RPSSRYSRS f“bf‘%fﬁmﬁ,ﬁ&‘oniagorgl,ir?{rﬁea] ferC.t t ached t o

C2 is al kythaigheRbdbmpirb®io ucARE1-A2 MahisapiRUiMER (We(st@etusé I-Bcture |-C

herein). AlternatlveIK,Rﬂne of the R variables attached, to C3 or C4 or C5
©

i s al kyl, hdeinsm iad.|t aitached tnd, Ralkydrangtsleethenr R aad Rhwarisdles wes  al kanal
' d ith. f EW ' di ment li nk
i oty teoly | DM E St s R: ureRid B oSO abBi R R i T

M - C( O - KSy45dtldstire H. Where ¢ ranges fromzero to 8 Dis O, NH or S; e is
O or 1; f ranges fromzero to 8; p ranges fromzero to 8 Mis -NH or O K

is NH 15 or 0: & yelmgewher pasiqularrambagigentfaliing varhin éoramda baé s J.ibkeBéndent Iy 0

or 1. Specif] | nker al Li W thin tdu s . ralyfor re~described in
greater de?ﬁ?ﬁ%egg g%\)% aﬁ?&’ea"fiiaﬂ%’él?erﬁ i"“é'fix,iT n@?g@é? on%l(ﬁ%;? rglﬂjﬁg]lugedlgcan

ol i gONer i C heREHYE MitefrMivas PsHRATME: ROvAiTiBI Liitieiedrte C; (0L OrZidalker,
-(CH2CH2NH)a , where b and g are each independently Ito 20. Preferably, b(/ -

and g &@chanealdpteaRhandRT wtpblespemto0 about | to 10, and even nore s
preferably rang%‘hﬁ{p§mg%p?#énzéliﬁgcc%ﬁ? i Sih TBFRS1a 101 SRR d fibddiERES Provide

addi tional stabili ana vention, an SO provide

advant ages pbsketdee a $iyikériediby d¥pdriedPefernlly 6 (Y RP@GIaNg(CHE MI(DMmBYs, to be
described in nore detail below. Mre particularly, in certain_enbodinents,

X conpri s€s -{CHoyMnCER-FodGbsponbarag rarges fom gérgde &i B:is Cold.rapes ecHz) r P-
o ooy Mo V1 gt PR VS T SSESBE PR Y,
to abous 2@r4;Rq rangep€mini zeto e amidrRAl sake éach independently 0 or 1. Specific
linkers falling within this general formula are described in greater detail below.
The linker moiety may optionally include an oligomeric segment
corresponding to the structure -(CH2CH;O)y- or -(CH,CH,;NH),-, where b and g are
each independently I to 20. Preferably, b and g each independently range from
20 about 1 to 10, and even more preferably range from about 1 to about 6. These
oligomeric linkers provide additional stability to the alkanals of the invention, and em)
also provide advantages in the synthetic methodology for preparing the polymers, to
be described in more detail below.
More particularly, in certain embodiments, X’ comprises a moiety
25  corresponding to the structure:-(CH;).-D.-(CH,)-P- or -(CHy)p-M,-C(0)-K-(CH,),-
T-, where P and T are each independently -(CH,CH,O)y- 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 ).
sINH-C(O)- or -NHC(O)NH-(CH,),.sNH-C(0)-.
30 Preferably, the water-soluble polymer segment of a polymer alkanal of the
invention is a poly(alkylene oxide), a poly(vigyl pyrrolidone), a poly(vinyl alcohol),
a polyoxazoline, a poly(acryloylmorpholine), or a poly(oxyethylated polyol). In a



pol ynmer al kanal in accordance with fornula I, X conprises -Cxc»h&+g§k%%$m7
6NH-C(O - or -NHC(O NH (CH2)1-6NH-C(O -. 30 Preferabl y, the water-sol e

pol ymer segnent of a polyner al kanal of the invention is a poly(alkyl ene
oxi de), a poly(vi9yl pyrrolidone), a polyvinyl alcohol), a polyoxazoline, a
pol y(acr yiy hgl ine), or a poly(oxyethylated polyol) 2007
OV oo DVATRIRER |2 2026200 T breferred embodi neﬁ?lrﬂlsz“e”%’g%@%er
segnent is a poly(al kyl ene oxide), preferably poly(ethylene glycol).
According to one enbodi ment, the poly(ethylene glycol) segnment conprises

the structure: Z-(CH2CH20)0 or Z-(CH2CH20) 0o CH2CH2-, where n ranPes from5
about 10 t @refbEed cmbetimsnd e podyraessEment lé@r?&l}i'(ﬁikﬁbmﬁ ofidRb PrRRPYgr oup
selected f consi sting of hydroxy, am no, ester, carbonate,

al dehyde, J#ﬁﬂkypﬁngg@H&ﬂate nmet hacryl ate, acryl am de, sulfone t hi ol ,

carboxylic aci d,Adconiiygnaime, emboﬂﬁi\éﬂt%h@ﬂ@t(&hyll&ydg@zok’,ﬁeegrrm-ltebmpd&,s
vi nyl sul fone, dithiopyridine, vi n&f ridine, _iodoacetam de, alkoxy,
benzyl oxy, the playraLrey | Q I 196 &}’ Ry CHQe-Cil:Chhg WhsTs [ﬂﬂgé%ff@i“n

Al ternatsi Velpy,, Rﬂoﬁb?@tﬁ?t%g d&&‘ Frl}, 03hdiy yﬁcgﬁ&%ql ‘;g‘ﬂﬁng{}irﬁtf‘grt aARBtRY i ety

such as al koxy, subs KOXY, enyl oxy,

al kynyl oxy, fromuliesgrotpit @disahg ghlyydrsyy, anatinb,esier, cmﬂobrmwbslﬂeh)tdeedlkamm OXY.
Preferred end- capplng roups i ncl ude net hoxy, .ethoxy,  and benzyl oxy. 15
General |y, ¥eYlgtegedauyiie. scniomide sulioes. yel. r‘?ﬁ‘lbé‘éﬂll‘caﬁ‘c‘%é%‘:yf‘%‘}‘% ng wthin

one of the 8‘{1}95 00 .
dal t ons, fr%%hg%gﬁd&& h 00 Eal%%%?ltagw pogg %E)HB@#C{?%%?W }18?%% about
2,000 dal tlodsacbmrradimutkossl), H20dyldeay,tsdmse, hBrcEf;:)hosr;mdlnme Bouhaindmasses for POLY

{ ncl ude 250, daltons, 500 dal tons, 750 daltons, 1 kDa, 2 kDa, 5 kDa, 10 kDa,
15 kDa,'®0 ¥ACCEH 20 kDa, 40 kDa, and 50 kDa, or even greater. In yet

anot her par t i cul RIS, TRILY ) %ROKIRAy 816ea ol dhBe:abPYE R

conprises the structure:” 0 4R 0O
such as alkoxy, substituted alkoxy, alkenyloxy, substituted alkenyloxy, alkynyloxy,

substituted alkynyloxy, aryloxy, and substituted aryloxy. Preferred end-capping
groups include methoxy, ethoxy, and benzyloxy.

15 Generally, POLY possesses a nominal average molecular mass falling
within one of the following ranges: from about 100 daltons to about 100,000
daltons, from about 1,000 daltons to about 50,000 daltons, or from about 2,000
daltons to about 30,000 daltons. Preferred molecular masses for POLY include 250
daltons, 500 daltons, 750 daltons, 1 kDa, 2 kDa, 5 kDa, 10 kDa, 15 kDa, 20 kDa, 30

20  kDa, 40 kDa, and 50 kDa, or even greater.

In yet another particular embodiment, the polymer alkanal of the invention

comprises the structure:

2

R' R'
I | l
H—C cI: X'—POLY—X l-c C—H
y
R z

RL,
11
25 wherein POLY, each X', each (z), each R', each R?, and each R? are as

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

homobifunctional.



4'RI2r RI2r Il 25 wherein POLY, each X, each (z'), each R, eachsfiir xsd
each R3 are as previously defined. In a specific enbodinent, POLY is |inear
and the polyner is honobifunctional. r 9 MAR 2007 WD 2004/ 022630

PCT/ US20Q3 S9342k35 8- As stated above, the pol ymer segmegpdrwbdohisgbiie

pol yner al kanal may possess any of a nugber of geometries, such as linear,
branched, forked, multi- armed, or dendritic, to be described in greater
detail bel ow. Specific enbodi ments of the invention include polyner al kanal s
5 corresponding to the following structures: OR O 11 1

PEG ( CH2) , - C- NHAS gtediaboy e the polRmer segmant svithithepmdymiaralianalgnpy - ( CH2CH2NH) 9
-1 GH RZZ N 0 1n the above structyres, PEG i | ene
glycol), a 0&5%353%35&8?%‘%8%%%3‘%"}? ?)seﬁ‘éfg’n"isl 91'36" ’ tb Bangb?ds,g&?éé%ﬁ 4@)’6. For

gener al i zeghnfeld! siCdenbfisic b ®éiddeetieq if lBheater doGil ow.vari abl es correspond to
ranges/ val ues previ ousl )rovi ded unl’'ess otherwise noted. In a specific
embodi ment, a pswnfmerag%gmmqf the tuekigrcaclyde potymer alkanglyent i on

cor T esoNdg, 1.0 bl HE tiiGhinGhiru@uidsH H 0 11 1

Il
PEG—(CHa),——C-NH —{CH,CH,0),

z 1’
II-A [
Tl 7
il
PEG—(CH;);——C-NH —(CH,CHNH)y — [C—+—C—H
R2
zl
IV-A
10 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

15  invention corresponds to the structure: @

ii |
PEG —C-NH —(CH,CHo0)y —— Cy—Cy—Cp—Cy—H

1II-D

One particularly preferred polymer alkanal falling within the generalized

20  structure III-D possesses the structure:



11 PEG-CNH -(CH2ZCH20Ob -i4i 3- i 2-C,-H HHHIII-D One particykﬁqlgm7
preferred polyner al kanal falling within the generalized 20 structure RI -D
possesses the structure: 9 MAR 2007 WD 2004/ 022630 PCT/ US2003/ 025221 -9- 0
n CH3O (CH2CH201_C - NH (CH2)4 O CH3Q CH2CH20) 0 C- NH-CH

- C( O HN- ( bR G @hds36H2( CH2) 2- CHO 111 -E According to anotfefyaspaskzt he
invention is directed to a conposition 5Sgconprising a water-soluble polyner
having the structure: C POLY-X CC -H HO HZ VIl where the conposition
i s absent detectabl e anmounts of iodine-containing species or 10

retro-M chael type reaction products. This is particularly advantageous,
since iodine-containing species can | ead to degradation of poly(ethylene
glycol) chains due to chain cleavage, resulting in a polyner product having
a high pol ydi spersity WahquHq}gongLq@Ler than around 1.2. Preferably, a
pol ymer al kanal of the ihAvention- W1l possess a pol ydispersity val ue of

| ess than about 1.2, preferably |ess tHah2about 15 1.1, and even nore
preferably | ess than about 1.05. gzen re preferred are polyner al kanals
such as those describ ex.el h WA i K iyl of 1. 04,
1.03 or less. In accoﬁﬁﬁﬁggﬁﬁﬁfﬁ"ye?ﬁgﬁgﬁhé%°g§533$?h¥%é&?§€§%{?%% rel at es
to a conposition .E

According to another aspect, the invention is directed to a composition

5 comprising a water-soluble polymer having the structure:

1

I
VI

where the composition is absent detectable amounts of iodine-containing species or

O=0

_—
L

I—O—XI

10 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 polyrﬁer product having a high polydispersity
value, e.g., greater than around 1.2. Preferably, a polymer atkanal of the invention

(- will possess a polydispersity value of less than about 1.2, preferably less than about

15 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:

20

|
POLY—X' C C—H
H



conprising a water-soluble polymer having the structure: 20 4H 0 1 df1AR 2007
POLY-X CCHz S S 9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 - 10-
where POLY is a linear, termnally end-capped water-sol ubl e pol ymer segment
and thew@aRARhid;pn i s absent detectable amounts of di agtdﬁ{}%%g Rbyer
derivative. One aédltlonal feature of thﬁ pol ymer al kanal's o %e I'nvention
Is their stability, e.g., storage st abilPit I n conparison to other known
pol ynmer al dehyde 5 conpositions. For exanple provi ded herein is a pol yner
al kanal conposition that exhibits 10% or | ess degradati on of the polyner

al dehyde gwhe RMOEY isi Diee 1@imiAdlly éhd-Odppd wheetssoluitde pymensapettnbyndVR. I n a
preferred enbodi nent, . the conposition of the |nvent| n co rises a polyner

al kanal coﬁﬂ"teé@mﬂ?él‘ﬁ‘ﬁ@ I%QPS%MQCWHQPWW%SL ofudipldelyderp cnyagMe. poLy- X -
l4- i 3- 1 z-C n nbodi nent, in
accor dance W t hdsaf: ;lagc(l:!tH aﬁé% ME/R,TA&%PW%’%@&@@@% gﬁgﬁ Lsgﬁ ?Jdree

Z- ( CH2CH2 Gprabiliti? €hi2 -storadeestsbilityl, i dbmpurisamgesthef mmwmﬂmdymeﬂﬂdelwcbbout 4000,
and Z conprises a functional group, targeting, noiet or cappi ng
group, or FHEPPSIHRNS. KRbEHEIPledHPYEsd DYAINGE 2PREYMAT 'ﬁeﬂ?ﬁ}q 8¢ a pol ymer

in accor dagﬁ%bm‘f& 8&_@3 é)grrg'c?aft éfl ﬁf tl‘i]elpojlyr}lellal&e]'ilyd% glr(gp whErSStbreliat hoe

-0- (CH2CH2
C for 15 days, as determined by NMR.
In a preferred embodiment, the composition of the invention comprises a

polymer alkanal corresponding to the following structure: o
H H H 0 .

' | |
POLY—X' — C4 ?
H

3 2—Cy—H

.
|
10 H H

VII-A.

In an even more preferred embodiment, in accordance with structure VII-A,
15 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 group, targeting moiety,
reporter, capping group, or the like.

Another composition of the invention comprises a polymer in accordance

with the structure:

0 H H H H H H O
I I [ | I I l I
H—C c|: ? cl:—-c (CH2CHZ0)n-CH,CH— O— cl: ? Cl: C—H
20 H H H H H H
A4 H!
25 In yet another aspect of the invention, provided are hydrate or acetal forms

of the above-described polymer alkanals.
Acetals of the invention include dimethy! acetal, diethyl acetal, di-isopropyl
acetal, dibenzyl acetal, 2,2,2-trichloroethyl acetal bis(2-nitrobenzyl) acetal, S,S'-

dimethyl acetal, 5,S’-diethyl acetal, and dnoxolanes.



20HHHHHHMII 25 In yet another aspect of the invention, prov41q§ S
hydrate or acetal forns of the above-described pol yner al kanal s. Acetals of
the invention include dinmethyl acetal, diethyl acetal, di-isopropyl acetal,
dibenzyl acetal 2, 2 2-trichloroethyl acetal, bis(2- nitrobenzyl) acet al ,

S, S - dingy , S, S -diethyl acetal, and di oxol ane 7 WO
2004/ 022630 PCT 003/ 028221 -11- More p@rtl cularly, an g%gt%zsi%?ru%ggldrate
formof a polymer al kanal of the invention may be described generally by
the following structure: R WAR3 POLY-X O WR4 R2 Z, H5 I X where WA
and W are each independently O or S, and R3 and R4 are each independently
H, or an organi CMG!(dipﬂchuSﬁ]lyGﬂtmétzﬂlbﬁh}fdrhe fgnmof)aporysiestilhagakﬁflhmt hyl ,

et hyl, isopr ben 1,1, 1-tri th _and ni trobenzyl, or when
t aken togetl @%"O%P@y éﬂl%“i’ed&a“er%&-@ g‘ Oﬁ%‘P"rﬁgﬁH"%lt“Se or 6 membered ring
when considered 10 together with Wa, G, and Wb. The pol yner acetals are

useful precursors of the alkanals of the invention, and can be hydrolyzed
to yield a polyner alkanal. In one p Pl cuI\Hi‘R3enbod| ment, provided is a
wat er - sol ubl e pol yner having the strjuc ure[ 4H VR3 PO_Y-X' i G WR4 15
Hv HLX-A In structure |@y-t+he Cswhtr4having only nethyl ene or
-(CH2) - carbons separating the acet r aldehyde hydrate portion of the
nol ecule fromthe linker, X . 20 Furt r, he invention is directed to
conj ugates forned by reactl on of a bioldgically active agent with the
herein déscri bed pol ynmer al kanals, tH& r hydrates

where 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-trichoroethyi, and nitrobenzyl, or when taken
together, are -(CHy);- or -(CH,)s-, forming a 5 or 6 membered ring when considered
10 together with W*, C,, and WP. The polymer acetals are useful 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:

( 15
IX-A
In structure IX-A, the alkanal is one having only methylene or -(CH3)- carbons
separating the acetal or aldehyde hydrate portion of the molecule from the linker,
X'
20 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:



and/ or the correspondi ng al kanals. Preferably, the conjugate corresporis iga7
the follow ng structure: 9 MAR 2007 WD 2004/0226311 PCT/ US2003/ 028221 - 12-
RLH I POLY-X CC M-biol ogi cally active agent [k2j' z' where

" NH- bi ol qghsalshoy2636t 1 ve agent” represents a biol ogi cal | ypagphisy:aasnt
conprising an amno group. 5 Also form ng, part of the present Invention are
hydrogel s formed fromthe herein described polymer al kanals or their
precursors. In accordance with yet another aspect, the invention provides
protected al dehydes reagents. These protected al dehyde reagents are
particularly useful for forming the p | ymer al kanal s of the invention, and

correspond generally to the 10 foll structures: 4R1- WaR3 | G C G
VR4 R2 Z H Xl -A 4R WAR3 (CHCH2 5 =H Xl -BRL WR3
G (CH2CH2O b i G WbR4 RZPE.%(H go - ‘&Ev\g‘@g“ﬁ'cauy actiVe ageht

RZ

| z'

where “NH-biologically active agent” represents a biologically active agent
COmPprising an amino group.
5 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

10 following structures:

- O

|
15 -z H

R
I

G—(CH2CHO)y (IJ Cr—WwPR*4
R

20 XI-C



R O 200- 11022630 PCT/ US20031028221 - 13 where Gis a functional groupyafBgyr
the remai ning vari abl es have the values set forth above. In preferred
enbodi ments of structures XI-A, B, and C, Gis a leaving group such as

chl oride, brom de, para-tolylsulfonate ester, nethylsulfonyl ester, 5
trifluoroswRhomekewter, and trifluoroethyl sul fonyl esterPCAUSZINAISZVRI Y, G
is a functional group selected fromthe- bFoup consisting of - OH -NH2, -SH,
and protected fornms thereof. Another aspect of the invention is directed to
a nethod for preparing a water-soluble polyner al kanal, optionally in
protected fofm GPPE h%dc¥10nﬁl%$odsa5n@%e régral Oél,qyg‘ﬁz%lésm%vé Rr%%l&fs séﬁ@ﬁﬁ i ng a

wat er sol ubl'e polymer conprisi‘ng at |east e reactive group, Y,

pr ot ect ed abbamal reagent conprising fromabout 2 to 20 carbon atons and a
reactive group, uitable for gleplacenent by_or alt rna}lvely, reaction

with Y, under G RAR  R e pe b eh 1} &'PYRG #ETPal kanal
in protect ﬁgrmroﬁ%ébgr ﬂj:{n.t’zgor BATGEL AR CheliloiTBhyl dreroupl ed Lo a

reagent 15 bearing t fion o e fi pro uct, or a precursor
t hereto.5 Flnﬂhemaqunyldstue,anelanflumnmhslsubfbnyl@dtedut under an inert at nospher e.

In one specifi cdgnbodr Y-Y, | ﬁ egare i rect %ol rrerltzatl on.
The nethod may ?th"(‘? ((;Ielsta H“%f&d’ia gr@ apclepted f R “ﬁé“'ﬁr%
protected waherNIOL S| SdRRLLPRE féinkAR&kof.€- J- under acidic conditions, to
formthe 20 correspondi ng water soluble polymer alkanal. In a pref erred

enbodi nent, the :hwlhtﬂ @mcmgf ﬁ'msepvarmooar direztk dotgta rat:thad|5¢¢ wépaneg a ower than

about 3. Pr ot ecte &B thﬁ kanﬁ rea %‘I ﬂ)9| ]E_g out he net hod
i nclude ac¥t&i20¢ ERO E'edf‘lr}r‘é‘P yPPugatlx in p‘d’l °“ac opy!
écet al , 1 @i bgpRrMbs tﬁE@t%ﬁé of reﬁ’c'?_tm% a2w2reI= §dlﬁﬂh968@ﬁ&)&bn@%@ﬁﬁ'a{ léﬁhﬁo(ng ni trobenzyl)

acetal, S, S -dinethyl acetal, and S, S - diethyl acetal, cyclic acetals and
cyclic thi owedivalggoup. iy, y\eth aaprbLmtdderlkrelnbmdgmanpnhlegrfmnyﬂr@crutéll@(aﬁal thus
produced is rs(g:ove e the reacti

rai si ng tlge pI—&)o ! tl
about 6.0 t&" ’B"“O‘E%‘?%&i[“raﬁﬁj"‘i%fé? Ppot §iéd ICJP&%%PC?W’B r?fSﬁ‘aBPﬁ”e %or vent
and renoVi ngaéh with Yelfder 30ndiNom dFRti08 [LGranPesterBNtblepolyier ABLAAd, the
wat er sol ubl e pol yner corresponds to the structure, "POLY-Y", and the

prot ect ed alnkipErted &fenin this method, an activated polymer is coupled to a reaoent
15 bearing the alkanal portion of the final product, or a precursor thereto.

Preferably, the reaction is carmied out under an inert atmosphere.

In one specific embodiment, POLY-Y, is prepared by direct polymenzation.

The method may also include the additionul step of hydrolyzing the
protected water soluble polymer alkanal, e.g., under acidic conditions, to form the

20 comresponding water soluble polymer altkanal.
- 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 dimethy! acetal, diethyl acetal, di-isopropyl acetal, dibenzyl acetal,
25  2,2,2-trichloroethyl écetai, bis(2-nitrobenzyl) acetal, $,S’-dimethyl acetal, and §,S’-
diethy! 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.

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

I

corresponds to the structure:



corresponds to the structure: °~ 9 MAR 2007 WD 2004/ 022630 PCTI US2003p3830841
- 14- VAR3 Kt G | CF-WR4 Ki RZH Z X -D Preferably, POLY conprises
a poly(ethylene glycol) that may or nay not be termnally end-capped. 5 In
one partiywgyghaty@sdedi ment of the nethod, POLY-Y conpri sesci,lﬂ)gmg,wggclture
Z-(CH2CH20) " H, wherein n is from about.18§.to about 4000, and Z sel ected
fromthe group consisting of -OCH3, -OCH2CH3, and - OCH2( C6HS) . In a further
enbodi ment, POLY-Y conprises the structure Z-(CH2CH20 " CH2CH2O M+, where
PCOLY-Y is prepared by anionic ring-openi ng pol ymeri zati on of ethylene 10

oxi de onto an end-capped al cohol atfegspl uch as Z-CH2CH2O' M, prepared by
nmetallation of the term nal -OH gqoypt ol Z-CH2CH2OH with a strong base. M
represents a netal counterion s a —WERY Li', Cs', Rb'. POLY-Y thus
prepared is then suitable for rea tﬂ \.Mth a protected al kanal reagent as
descri bed above. 15 In yet a furt gaiti cularly preferred enbodi nent, the
recovered al kanal is absent detectabl® anmounts of unreacted POLY Y (e.g.,
Z-(CH2CH20O)" H) and retro- Mchael typgreaction products. In yet another
enbodi ment of the method, POLY-Y corresponds to PEG C) diol, that is to
say, POLY-Y posé’esfswlx,rP@Isngmpus@ HOyCHAGHRGLYC ) thahreprmAY RE bes £ r om
about 10 t abo B, %00 K |s sel ected fromthe group consisting of: OOOO
11 11 11 1feppnalyendggpped © o3's oF3 s cR3cZ- S

5 In one pa.mcular embodimem of the method, 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 —OCH3;, -OCH2CHj, and -OCH(C¢Hs). Ina ( E
further embodiment, POLY-Y comprises the structure Z-(CH,CH;0),CH,CH,O _

M", where POLY-Y is prepared by anionic ring-opening polymerization of ethylene

10  oxide onto an end-capped alcoholate salt such as Z-CH,CH;O M", prepared by
metallation of the terminal -OH group of Z-CH,CH,0H with a strong base. M"
represents a 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.

15 In yet a further particuiarly 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- O
diol, that is to say, POLY-Y possesses the structure HO-(CH,CH,0).H, wherein n

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

==
l
O
&
|
|
O
o
J
|

0 0 0 ¢
Cl, Br, CHa—Q_ . ﬁ o , CF3CH2——ﬁ..—
0

o .,

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

O
O

25 structure:

"



OOf0 Oand the nethod results in formation of a protected pol ynergghkape
having the 25 structure: 9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 15-
ORBRR Rr ORB1 o RAO-HC- O (CH2ZCHRO1ICH OR R R2z z' X1l 5 1n yet
anot her enbodi nent of the nmethod, PCOLY-Y conprises the structure

Z- (CH2CH2G)ORpomized3ein n i s from about 10 to about 4000, mIWUuZohzo2pIMt ect ed
hydroxyl. In this instance, a preferred ehbodi nent of the nethod includes
deprotecting the protected hydroxyl after the reacting step, optionally

foll owed by converting the term nal hydroxyl of the poly(ethylene glycol)
to a functional group 10 other than-hydroxyl. Exanpl ar unctl onal groups
include am no, ester, carbonate, grdeRylde, al kenyl, Iat OR®net hacryl at e,
acryl am de, sulfone, thiol, carbdxyllid lacid, i socyanat is th| ocC anat e,

ijo

g “ﬂmﬂ%?ﬁz@)ne ace and

mal ei mi de, vinylsul fone, diR
silane. Preferably, the function Up is selected fr the 15 group

consi sting of N hydroxysuccini mdyl leStky, benzotrlazol carbonate, am ne,
protected am ne, vinylsulfone, and nal ei'm de. In accordance with yet another
enbodi ment 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 am ne. Preferably, POLY-Y has been chroKHtographically 20 purified prior
to use in the reacting step. In one particular enbodi nent, POLY-Y is
purified prior to use by ion exchange chromat ography. Ideally, such

chr omat o§r aphi callhepandittiar ethbedlmenY of die makod, PQIE-Y eanprises tietsapctuse

embodi mont” dr (SR Glekbereiscy G abeHd oA st AR SREBHTI | abent
detectabl e RS 9 this instance, a preferred embodiment of the method includes
deprotecting the protected hydroxyl after the reacting step, optionally followed by
converting the terminal hydroxyl of the poly(ethylene glycol) to a functional group
{0 other than hydroxyl.

Examplary functional groups include amino, ester, carbonate, aldehyde,
alkenyl, acrylate, methacrylate, acrylamide, sulfone, thiol, carboxylic acid,
isocyanate, isothiocyanate, maleimide, vinylsulfone, dithiopyridine, vinylpyndine,
iodoacetamide, and silane. Preferably, the functional group is selected from the

L5  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 tonizable group or is a derivative of an ionizable group such as a carboxylic
acid, active ester, or amine. Preferably, POLY-Y has been chromatographicaily
20  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
25 PEG-diol or difunctional PEG impurities.
Alternatively, in practicing the method of the invention, the alkanal reagent

comprises the structure:

LY



25 PEG diol or difunctional PEG inpurities. Alternatively, in practiciagbdve
nmet hod of the invention, the al kanal reagent conprises the structure: e r
9 MAR 2007 WO 20041022630 PCT/ US2003/028221 -16- Rl WAR3 K- (CH2CH2NH) i C,
WRA  RZ\Zo 2bhfhsdsy, OF 5 R VAR3 K—(CHZCHZO)b C c WR4 "i’cilﬁizugﬂ)% 5;1G Wwhere
g and b each 1 ndependently range from alig Ito about 20. As an exanpl e,
a preferred al kanal reagent corresponds U0 the structure: R OR3 NHZ
(CHZCH20Ob C g OR4 RZHXI-HJ 15 and the product of the reacting step
possesses the generalized structure: RL OR3 O PEG C- NH (CH2CH2O b i G OR4
RZ H IX-B 20 In yet another fapp}oawtrPor prepari ng a polyner al kanal of the
i nvention, a polyner alkanal g@ de cribed herein is prepared by buil ding

the pol yner segpenicHICNINR) Cr--wt’R4
or
5
]! \|NaR3
—{CH,CH,O)p cI; Ci—WPR*4 -
2 |
R , H
XI-G

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

10  example, a preferred alkanal reagent corresponds to the structure:

NH,;—{CHzCHZ0)y ‘[‘

XI-H O

1

De—Cy—21

—OR*
2

15 and the product of the reacting step possesses the generalized structure:
R' cl’_RB
' it |
PEG — C—NH—(CH2CH;0)p ? C{—OR*
R2 I
» H
IX-B
20 In yet another approach for preparingZ polymer alkanal of the invention, a
&

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



WO 2004/ 022630 PCT/ US2003/ 023221 -17- directly onto an acetal precur§Qr 007
e.g., by direct polynerization. Mre specifically, this nmethod conprises
the steps of: (i) providing an acetal precursor conprising at |east one
active anionic site suitable for initiating polymerization, 5 (ii)

cont acti ngvo be4mmoomi ¢ site of the acetal precursor w thpaTnsaeionee21 nononer
capabl e of polynerizing, to thereby initildate polynerization of the reactive
nononer onto the acetal precursor, (iii) as a result of said contacting
step, adding additional reactive nononers to the acetal precursor to forma

pol ynmer chain O (1v).allow ng said.contacti,ng. L nty -] desired
| engt h of tﬁ'éea onédrr%r?rd%k]azli et 0?’5&%}3@’0‘? regrﬁaol( %f%?%{r:o% nl\gp l|ll!:‘r31s'8&|ét7ﬁ&ezlllrytéélacti onto
achi eve a pgliynaethodkembyists (i QEpH SOT of the invention. The resulting

pol yrmer aldehyde_grecunsor can be further hydrolyzed to the 15 .
correspondi ng al KapeVidiRg afeacetad praguesbooempising aidrast @ne pet S @iq9s $iecul ar

enbodi nent of. e - !}pd .t,ge reactive nononer is ethylene oxide and
the reacti véﬂc"g‘trl??eofr??@?[\é{%qi“g%% %88 wi thi n the acetal precursor is an

al koxi des ani on ( @ii)confacedemhahhjonacserayany fdiabyreanrsat Withia esdtiak or ot her
suitable 20 counterion. The al koxi de end group present in the acetal
precursor | SoRemeyeapaBle of palyairiaing wgthesbrimyate aPREETIZAHeN Bhthefeastiky | ene

oxide to fo the invention. The acetal precursor wll
general ly pgﬂsgggggpgﬁigﬁeu%eérgék%@%spondi ng too. R WR3 | X CCWR4 R2 H

25 =" where the (ifiqns abdsels opasd esimadting sva, wddingl eddindivd deaiioy enonwvintis t he
exception that X termnates in an oxygen anion, or 0" (e.g., inits
neutral for #Q thracetplpreeyrses to frp3 pRlY®ST Fhaily hydroxyl group or -OH, that 4n

(e preggnce of &\ FhiQARYeRATGonfaStinLQEGbGD A 236 &PIhERRRRY NG al koxi de
salt)' Suitable glc\)ﬁnt er| gns iﬁgﬁauﬁ%%?b%ﬁ&du a réPlehg
polymer chain is reached, and
(v) terminating the reaction to achieve a polymer aldehyde precursor of the
invention.

The resulting polymer aldehyde precursor can be further hydrolyzed to the

15 corresponding aikanal as set forth above, if desired.

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 anton (O-), preferably accompanied by an alkali metal or other suitable

20 counterion. The alkoxide end group present in the acetal precursor is active for
(, anionic nng opening polymerization of ethylene oxide to form a polymer alkanal of

the invention.

The acetal precursor will generally possess a structure corresponding to:

HI waR3
|
X ? C—wbR?
H2 I
25 z H

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™



9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 -18- K+, Li and Cs . The mAR 2007
termnating step generally conprises neutralizing the reaction, e.g., by
addition of acid. Optionally, the polyner segnent may be capped by addition

of an al kyhahjm@adgagent or other reagent suitable for ppreyh@hagndsRPN-
reactive termnus. 5 These and other objegcts and features of the invention

w Il becone nore fully apparent when read in conjunction with the follow ng
detail ed description. BRIEF DESCRIPTION OF THE FIGURE 10 FIG | is a general
reaction scherre for preparing a polymer al kanal of the invention by anionic
ring openi Kg. bl andeCs za"ti‘h@mmfnaenaylleermnmllﬂeon(neoyesmumlmag@@al precur sor

doscr i bi ngrPFGobEeht I TUENEt Bt RPOELPE e Ry o 5 EBETURACPS BB t hat
thi s i nvenby @ldiidn Phn hikfidiiad ré ehh@f cnaertﬂesgén@amwle/fmrpsoww@b ehi C
techni ques, " active agents, and | i ke as  such may vary. It is also to be

under st oodraagtive em@inuser i nol ogy used herein is for describing particul ar
enbodi rrgnts only, and is not intended to be limting. 20 It rrust be not ed
t hat , used in this specification, the singular fornms "a," "an," and "the"

i ncl ude plural rejees ea StheiNdtgsss hﬁtﬁfc@@ﬁésasftm@ lrRendion diiFbedoas r@@rhermw se. O
Thus, for exanple, reference to a "polyne includes a single polynmer as

wel | as twepmﬁfewf@ndwctlnéowﬁ@umwmhflfeefpléwquoicwlsdsiescn@ﬂ@r ence to a
"conjugate” refers to a single conjugate as well as two or nore of the sane
or different conjugates, 25 reference to an "excipient"” includes a single

exci pient as well as twoBRIEFODESCRIPIEON S EH®H FIGUREr ent exci pients, and
the like. In describing and claining the present invention, thefollovvlng o
ternindPogy wi [HIGhE isa senera) reaction aaharee (ar prenanas adiolymer akanabefdhe i bed {

ncl oat od. &R S50 oM Si o B AR SRS (R e Tean nos

acetal precursor having an anionic site.

DETAILED DESCRIPTION OF THE INVENTION

15 Before describing the present invention in detail, it is to be understood that
this invention is not limited to the particular polymers, synthetic techniques, active
agents, and the like as such may vary. It is also to be understood that the
terminology used heretn is for describing particular embodiments only, and is not
intended to be limiting,

20 It must be noted that, as used in this specification, the singular forms "a,"
“an,"” and “the" include plural referents unless the context clearly dictates otherwise. O
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 (o a
single conjugate as well as two or more of the same or different conjugates,

25 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.

30 DEFINITIONS

The following terms as used herein have the meanings indicated.

r



-19- As used in the specification, and in the appended clains, the sjpawRh7

forme "a", "an", "the", include plural referents unless the context clearly
dictates otherwi se. "PEG' or "poly(ethylene glycol)" as used herein, is
meant to enconpass any 5 water-soluble poly(ethylene oxide). Typically,
PEGS for use meuibesopresent invention will conprise one pET/Ubmolnms221
followi ng structures: "-(CH2CH20)"-" or . {d{CH2CH20) 0. 1CH2CH2-," dependi ng
upon whether or not the term nal oxygen(s) has been displaced, e.g., during
a synthetic transformation. The variable (n) is 3 to 3000, and the term nal

groups and architecture of the_ overall, PEG may vary.. Wien C 1 EG further
conprises a |inké W6t &t (e cperifigatigasnd ipdbe ?RPeQﬁiﬁg%i%‘F“Sd&Féiqgug‘éF‘)’d'W, t he

at oms Cconpr kg Mgyt Agheh i ifKGHe grﬁlr%li’n;,f‘é@@ﬁ's m&%hﬁ@weﬁrc%%ﬁg%%f%g a PEG segrnent,

do not result In’fornmation an oxygen- oxygen 0-, a peroxide
li nkage), othefwis. a nitrogen-oxygen bond (N-O, O-N). "PEG' means a pol yner

that contains a Qrity, at is to. say, greater. than 50% of subunits
that are - CH2CH2O'! bPEGSg‘?LIEEeBWeW?s?éy‘?%) t%é’sg%véﬁlf‘i Hﬁn?aﬁ'&}oﬂqémﬁﬁﬁéaﬂ\évi ng a

ari et f C [ : iy C r ' br anched,
variety of nphacilliie %\gz&mﬁgne &gcﬁéé. tfrﬁg%%}lg,krgf?&ft‘éghgé fSthé BreSent

| i near, forked PEGS, dritic, an e described in greater
det ai | bel ounvehtlan el soinpbisedne ofnthe tveo fdlumeng stofcterepdHHRCHAO)+ her ‘-nvent i on

2o bl o1 1 WGTarHEOSbPhE BT Brare nen wheE &1 the Hrtel Y0RFUS! o po yrrer
or segment Wak bedn @RI, @k, diRAgl SAMtic (RAToARIRND T LAY (Blis 3 &RSt about

95% of light, transmitted Dy the  sane solution after filtering. On a weight
basis, a wat3¥P0suidubt wrmiriay gmupsand swhiventtretofi gheewterall PEG pnayfvarnbWpebe at

[(east ahqut 9 wei ght oluble.in ter, ..more prefera a east
e 2B R Bl Sl AP Gl ST epohlR P sBERF BHEP oD AbEaD" 7006
(by wei ght) sathtdBpdidingBleainkep(i) Sthédd coi@lettlPhRichedd X PEGAEmestdd6 ( by

wei ght) soluble in water. It is nost preferred, however, that the water-

sol ubl e pol yreeresplt s Eygmaken io§ (ixbootyZBo%xylEsn breidyhP)Os elpsisixede linkagwer or

oot or oo BUUDh e Ry R 630 M e SRS R © "
end- cappi nNg @#jeHpy, it a8 shfalredOaian90%, bEaBuhys Hadat JOHeOR{D-L HEGs

transformati on under typical synthetic reaction conditions. An end capping
group i d5gerfer usd ip thinypptinryinghide BEGsdryingHieyasiery ¢fgnelgeular weights,

structures or geometries (e.g., branched, linear, forked PEGs, dendritic, and the
like), to be descrnibed in greater detail below.
“Water-soluble”, in the context of a polymer of the invention or a "water-
soluble polymer segment” is any segment or polymer that is soluble in water at
20 room temperature. Typically, a water-soluble polymer or segment will transmit at
(- least about 75%, more preferably at least about 95% of light, transmitted by the
same solution after filtering. On a weight basis, a water-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
25  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
30 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 gcneralfy an alkoxy group, -OR, where R is an



9 MAR 2007 WD 2004/022630 PCT/ US2003/ 023221 -20- organic radi cal coypniredh
of 1-20 carbons and is preferably | ower alkyl (e.g., nethyl, ethyl) or
benzyl. "R' may be saturated or unsaturated, and includes aryl, heteroaryl,

cycl o, he\t\,.%rzq)gyl .03 and substituted forms of any of the L@{Eg?jug)gzszgggS

I nstance, an end capped PEG w || typical ﬁ(y_ conprise the strucCture

(CH2CH20) "-", where R is as defined above. Alternatively, the end-capping
group can al so advantageously conprise a detectable |abel. Wen the pol yner
has an end-capping group conprising a detectable |abel, the anount or

| ocati on oforganes ragichherenprised/of - 20nwarbomis eng is(mregrablniawerallkag éng) to which the

| i | be det.ernined by usi itahl.e detector. Such

Pabors i ot GRvnGEPenad « B Foy et P Ul dlifeifiatue s >

noi eti es U%@Qrédﬁ{l,e@}?d&ﬁ)eg@rtgﬁﬂgﬂclﬂgﬂd§|§Hsﬂfdtéﬂ3fohh§ofﬁ?n)geﬁthe(ﬂdrégaingﬁﬂbﬁ| i ons,
|

radi oactive noieties, an ke. "Non-natural ly occurring” with respect
to a pol ymanstarfcet dneeridmapped BEGrwdingpicallypaimprise thstruciyrei'RO-entirety i s not

found ig n non-nat yr.al | ceurrin ol r ,of the invention may
however gcoﬁpgzﬁﬂ_é “ ok ‘%%ﬁ"ﬁéa ?Vesgﬂfgg“‘ftgvré&’ trfsengﬁ‘ift‘?ﬁ\“tg_s,gr?‘f?at are
naturall'y QafulsblaBnt8R2olsiNGoRpritdE dA¥QBEIL lateR! WIRE 1 pIGinef Kasian not  found
In nature. "Ml ecular mass”™ in the context of a water-soluble ﬁol ynmer of the

i nventi on eddelppisg BREUP qoaipsisng odatensatie belatheamequag er lasheernudfdhe mass of a

pol ymer, typicall term ned by size exclusi.on.chroemat ogr |i ght
et ter | ng Tobftrafisl TeBlel e, £ ackif BeGRtpdmiOR BN AT BRI, con

1, 2, 4-tri CljefetR@Nans: usiiea RAlayEdetectdr. Sheh labelsiNEladd, Mthauelimtpiien! | y
pol ydi sperse, possessing | ow polydispersity values of less \.J than about
1.20. TRe tflyaigscersoehemyhimigpscescmoicdiee usedim enzyiRedbeling eploometiow-8 th a (1

particul ar %g)ﬁtﬁeg@%e sgfa[%%?mhi?f&%{e%cé Und 1 eq%tional group that reacts

readily wt ctrop e or d nucleophile, typically present on

anot her nol ecul &Ndmnitodélly @oc@rihganshaedpaidon.polfihé dfshd ivemiin'@sinst 0 t hose
groups that require strong catalysts or  harsh reaction conditions in order
to react (i2@olymar thabinasgitirespts it founddnmatuge. ofgion-naiially 8eGwming ot ect ed” or

POt U B SAL PR Y Y L ke LRSSl of T O
particulsar subenitCiibl ate he@edilwechtingl soRak agthelvetall pol platettilcairelisden certain
found in nature.
"Molecular mass” in the context of a water-soluble polymer of the invention
such as PEG, refers to the nominal average molecular mass of a polymer, typically
determined by size exclusion chromatography, light scattering techniques, or
20 intrinsic velocity determination in 1,2,4-trichlorobenzene. The polymers of the
invention are typically polydisperse, possessing low polydispersity values of less O
than about 1.20.
The term "reactive” or "activated” when used in conjunction with a
particular functional group, refers to a functional group that reacts readily with an
25  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
30  of a particular chemically reactive functional group in a molecule under certain
reaction conditions. The protecting group whl vary depending upon the type of

- - . r . -
chemically reactive group being protected as well as the reaction conditions to be



reaction conditions. The protecting group will vary depending upon thg d/Res
of chemcally reactive group being protected as well as the reaction
conditions to be 9 MAR 2007 WD 2004/ 022630 PCT/ US2003/ 028221 -21 enpl oyed
and the presence of additional reactive or protecting groups in the

nol ecul e, WO zedn22®@0 ot ecti ng groups known in the art can PE/¥0Wd28211 G eene,
T.W, et al., PROTECTIVE GROUPS | N ORGAREC SYNTHESI S, 3rd ed., John Wley &
Sons, Inc., New York, NY (1999). 5 As used herein, the term"functi onal
group”™ or any synonymthereof is nmeant to enconpass protected forns
thereof . Then{s&yal ahd HeSires®RELENaddltDnMSEELIE L hIodQinkYhr&dpstif tan atom or a
collection of ° atons optionally used to link interconnecting noieties, such
as a pol ynmemaiespae ift anyaPaotesting grawgs knoWnen Herdcesanrhsi foundin Greentel. Wavent i on
may be hydrolytigal |y stable. 0. may.incl ude .a, physi.ol.ggi cal
hydr ol yzabl & e GRofe i ded P, g Edpfong Wy ddns,, |

cl eavabl e" gfic." Ry 29l(e9999r " degradabl e” bond is a relatively weak bond
that reacts with water (i.e., is hydrolyzed) under physiol ogi cal

condi ti ohs. ABnsed bergim dhe tem afupetenal grohp dendnysynphymaheseofns Feagdpend not
only on the gener al ié/cze fof Ihanage connecting two central atons but al so
on the 15 sUBsYTPH2R ?4 SRR LS

"t hese central atons. Appropri ate

hydrol ytically urmheadtne i@iker Myl is RkaRSeih 06 tefelaohitatdth @r Aebllddtidhbed to
carboxyl ate ester, phosphate ester, anhydrides, acetals, ketals,

acyl oxyal kylatenneptionplly Heed to dink rsespenestingmptatigasusias 2 pPivgeRsese®t i des. An
"enzymati cal a ] . L \.S: I o 20
degradati on abé ag%ggagrg' %’?ejlng%%g?@ﬂ%ﬁﬁé}w gfpégﬁ?@&cg@?%ﬁ&%iohkage or
tond refler s may mclbegiphsdiologiadily hydtpiyestit ¥r énzgmaab it ddponthblet lntdage. s

substantially stable in water, that Is to say, dges_ not undergo hydrolysis
under physi ol ogi chl PlsHiegsdlysisayablayomn hydetyzabice o&xfegradablg diongdds dxt ended

period of ti - [ S ' i e but
Bre not 11 mEa E Rk Bpnf el SN R e o e S st
chai ns), et hwhditicam Testendiney badsnd artd did @zd inkeaterGeitedepehy noteonly on

hydrol ytically stahle |jnkage is one that exhibits a rate_ of hydrolysis of

l'ess than alBHECATUGYRER kpSe CHABTINSHYSICEMEYiAMS YR IME. Hydr ol ysi s
rates of) s ennBSROLAL AYRhEPRThER! cehPIdfoms. Appropriate hydrolytically unstable or

weak linkages include but are not limited to carbox ylate ester, phosphate ester,

anhydrides, acetals, ketals, acyloxyalkyl ether, imines, orthoesters, peptides and
oligonucleotides.
An “enzymatically degradable linkage” means a linkage that is subject to
20 degradation by one or more enzymes.

( A "hydrolytically stable" linkage or bond refers to a chemical bond,
typically a covalent bond, that is substantially stable in water, that is to say, does
not undergo hydrolysis under physiological conditions to any appreciable extent
over an extended period of time. Examples of hydrolytically stable linkages

25 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.

30 “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(R')(Rz)- up to thelinker moiety connecting the alkanal



can be found in nost standard chem stry textbooks. 30 "Al kanal " refebmd007

t he al dehyde portion of a water sol uble polyner of the

I nvention (CHO,

i ncludi ng the carbonyl carbon and any additional nethylenes or substituted
met hyl enggq bk R2)- up to the linker noiety connectipgriRsodh¥apal 9 MAR
2007 vo SRSUARHED) PRLUIE

CT/ US2003/ 028221 - 22- portion of

e polynmer to the
pol ymer segnment. In nam ng an al kanal s nt, d corresponds to the

carbonyl carbon. The term "al kanal " as used herein is neant to enconpass
hydrate and protected fornms of the al dehyde group, as well as chal cogen

anal ogs. Opertipanf thelolyrher Biief sulyrer igateat! Brndminganfalkunabdegemat, Cdf t he
invention i1s 5 an acetal. "Total nunber of car ?,Qnyl s", in reference to
i

certai n pofSfFRsPoRdsita tha eranyi parbon.nvldgttean “alkan

groups con
carbon(s).

_ ! ! has ¥esAAerain FBFANGIO car bony |
EiRgRERe] BhatE SR RRY e JAERHOYDG: bER IR e of

pol ymer 1O0afabbgt Odepaptidufary prateriedprateotedforme op e yikanal'ohthesthventiobnanched

polymer_may ( 1

possess 2 polyner arns, 3 polynmer arns, 4 polynmer arnms, 6

pol ymer? ar A& acealno| yner arms or nmore. One particul ar type of highly branched

a  depgy ﬁdxﬁ%&‘?}tf%ﬁggggﬁ”,qﬁ?%iéﬁﬁé 10 éé}éxt(iﬁ é@?n%cpﬁlﬁh&ﬁé)&ﬁ:gté g]‘: ;he

polymer is
i nventi on,

i's considere ess a structure nct fromt

branched pédvgneen, is thd BotaBianisdn of oanbbi yir @bepsscdntaiaedinf the pallymen alkanals
one or. nore ons at which a polymer splits or branches from a
li near st r #etUBtinkths YE% CarBPR{(S)- addi ti onal pol ymer arms. A "dendrimer" is

a gl obul ar. i ZopeRRRHraRGERRnDElY WElechihelt)iof Buakh shaRdR: o ffer adi 2l |y

conpri sing

froma central focal point or core w

egul ar branc attern

20 and.

with répeatefensito polynet hedop 2comiore Ipotyena ‘armsic hA poinched pelgoher mays exhi bit
certain dendriti%c)mf't ate pro er[ies such, as core enc;F)qﬁul ation, making them

uni que C) PP6

¥meg eI AT s POKMISE PERY:

YRerAMsSsent i al | y"

neans near | : ' 0 eater of sone
Mlﬁﬁr%ﬁyo%o&om@eﬁﬂl@a{ %e of R d{f}g?lf'ﬁncl% oPrméliea

gi ven quantpl ty. 25 A "retro-Mchae

e pr

refers to a product

ari si ng frdendrite podyreesey deofinmeMtivh det the ppepaaddoft themmvesto.iipoonsilerdd hael
addition reaction (forwar

15

25

30

10 possess a'structure gistinct from that of a branched polymer.

“Branch point” refers to a bifurcation point comprising one or more atoms at
which a polymer splits or branches from a linear structure into one or more
additional polymer arms.

A “dendrimer” is a globular, size monodisperse polymer in which all bonds
emerge radially from a central focal point or core with a regular branching pattern
and with repeat units that each contribute a branch point. Dendrimers exhibit
certain dendritic state properties such as core encapsulation, making them unique
from other types of polymers.

“Substantially” or “essentially” means 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 typically 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

O

)



direction) refers to the addition of a nucleophilic carbon species t®maR 2007
el ectrophilic double bond. Typically, but not necessarily, the nucl eophile
is an enolate or an enam ne although the nucl eophile can al so be an

al koxi de or an am ne or other 30 species. The electrophile is typically an

al pha, bel¥O ¥H44RI6Ut ed ketone, ester, or nitrite, althdfgilBeRd2s221

el ectron-w t hdrawi ng groups can al so acti2date a carbon- carbon doubl e bond
to nucl eophilic attack A product arising fromthe reverse (or 9 MAR 2007 WO
2004/ 022630 PCT/ US2003/ 028221 -23- backwards direction) of a M chael-type

addi tion a%ag?ﬁg{qslaﬁgc g#},g%?a l\fj_ﬁ@ﬁ‘ﬁel Jes é;?dd? rbas @égcx‘;ﬂlJéchﬂbB@é et 1srt%a..§§ i on

resulting in 0SS a nuc eoph i'C carbon species (that may be but is
not necessa diynianti@nehaion resulemam the jodrd afnuckeaphidin cafboanpecads édir ophi | i ¢
doubl e bond such as an al pha, beta unsaturated ketone or the like as 5

descri bed aBaykepyt léaﬂts?e&s%SéaiYalwqucmemepeww BRYRIA 2"For exanpl e, a
retro- M Chéar?dtg[ Rfe d’o%ﬁgtﬂo?&ﬂ s8lp g(:; E@Ban’ e%s?ﬁ%g@kétgwﬁtﬁe like 4he

retro-M chae pe products acro el n CHO . "Al kyl"
refers tSo addsyubegicabobors anlnaudngedtay*piroalﬁcyaelam mdﬁq:to Moaboampld, atrotr@0  at ons

inlength. S drocarbon chains are rabI but not sarily 10
sat ur at ed awg&‘r?ﬁc E)’Er‘fﬂcﬁﬂ?:ﬂ@@ggjfﬂ gtfqpéﬁn@ﬁ{e%g Gf u SRS TR %ﬂ@a{m, strai ght
chain is pﬁ;%aeagqﬁpﬁdc}z@ﬁmhara&o?édfyd:ngé@ﬁasﬂmcl ude methyl, ethyl, propyl,
butyl, pentyl, 1- nethylbutyl, 1-ethylpropyl, " 3-nethyl pentyl and the Ilke.

As used herein, "ﬁlklyylreferamcdludie@cacl;mi ad‘mhrkyyplmmanamgérm abayt &tz 20 bon at oms
are referenced. " Lower al refers to an I Qup.containing froml to
6 carbon at JAES! te@vﬁhofﬁ?gi’yﬂ@cgﬁbpalcawséﬁa?rﬁ%(‘%?blg%Hh@%é‘ﬁcesé@l%xenpl ified by
et hyl , |8t hydturafbultint ¥hay be bristiheli or sorkighddhain Q}iﬁb@g’ﬂ pica 1|1y g&ﬁg}ﬁ chﬂg &

saturated or unsaturated cyclic hydro&arbon chain, "inc i ng bridged,
fused, or sptefmﬂﬂy(ﬁmmpécUWth@uppr@ﬂ@eabtlwhadeﬂ u:psomfl @itylopergdolt 12
carbon at ong er ab b 0 “Nonzinterferin "

substi t uent ?et@?%”%fi ?)seghyl?r(% t"ﬁeg?%p éh aBF‘i GRS }?‘13 {se et egluP"l are
typically nm&wdea@ydw;ﬂkw»wlibnqhh:erorfmmsth@aalat@ﬁ@mseemt@d ned wit hin t he
nmol ecul e. The term "substituted" as in, for exanple, "substituted al kyl,

refers to a noi skgweralkyl refprsap ry plkyt stayp contsening frost ! il @ parboreatems nor e
non-integter J‘%ay be straight chain or branched, as exemplified by methyl, ethyl, n-butyl, i-

butyl, t-butyl.

"Cycloalkyl” refers to a saturated or unsaturated cyclic hydrocarbon chain,
including bridged, fused, or spiro cyclic compounds, preferably made up of 3 to
about 12 carbon atoms, more preferably 3 to about 8.

20 “Non-interfering substituents™ are those groups that, when present in a
(__ molecule, are typically non-reactive with other functional groups contained within
the molecule.

The term "substituted” as in, for example, "substituted alkyl,” refers to a
moiety (e.g., an alkyl group) substituted with one or more non-interfering

25  substituents, such as, but not limited to: C3-Cjs 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 2 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,

30  preferably C(-Cyo alkyl (e.g., methoxy, ethoxy, propyloxy, benzyl, etc.), preferably
Ci-Cs. ’

T
r



25 substituents, such as, but not limted to: C3-C8 cycloal kyl, e.Qg.g¢mAR?2007
cycl opropyl, cyclobutyl, and the Iike; halo, e.g., fluoro, chloro, brono,
and i odo; cyano; al koxy, |ower phenyl; substituted phenyl; and the like.
For substwoubisanssson a phenyl ring, the substituents naychesivns/easy2i
orientation (i.e., ortho, neta, or para)yq. A koxy" refers to an -O R group,
wherein Ris alkyl or substituted alkyl, 30 preferably Cl-C20 al kyl (e.g.,
met hoxy, ethoxy, propyloxy, benzyl, etc.), preferably CI-C7 2 9 MAR 2007
VD 2004/ 022630  PCT/ US2003/ 023221 - 24- As’ used herein, " keqy refers to a
branched or unbPaNEHERFRPdr ke oﬁ:fc'@ DY Bfaﬁ?heF‘tQS upbrage ydpoga

cont ai ni ngg.%hﬁ_ogqstﬁ 19%&&%%9%{90@,9&5‘1&1%3 B f?ﬁst 3§E '88&‘1?413 bofld RLEPENY!

i sopr openyf, utenyl, 1sobut cenyl, tetradecenyl and the
like. 5 Thahéeylrm'baipleyyrlyisbpa:q:eugled Huesng, nsdbefeeySOtmnyi, tecaznglhed or unbr anched
hydr ocar bon group of 15 atoms in length, containing at |east one triple
bond, et hiftsdecedyly F“Efig}'ﬁal ke.i sopropynyl, n-butynyl, i sobutynyl, octynyl,

decynyl and so M. P Lh6rahidr@s, each of 5
or 6 cofre car bor?hgl?crbr{r?s alkyﬁg)‘ qﬁ?ﬂgﬁeﬁﬁ% &{nﬁ’%‘gl‘g{eg% ?rrangs that may be

fused, as hy\dmaqubbﬂngtouprofartbuﬁenbmam lrengthbaqntaemylgat lanstloneitnipjs bomg, al so be
fused or unfused with ope or clic hydrocarbon, heterqary], or

het er ocycl F@'YPVhﬁé’rO%yEéwrWl %rx)r lsg‘?%mﬁdé%ymr#e‘fe&mﬁr Vfg so
"Heteroarylksqis an aryl group cont ar ning fromone to four heteroatons, 15

preferably N, 0, or S, or a conbination thereof. Heteroaryl rings may al so
be fused wth ¢Aeyldmeans encycinooe rpohatc angn rachhafteordegart icarbommtdms. or

e o5 RS LRSS e i bEFGR noRIS R TR 1170

aromat i c C*Bﬁrr@ﬁprermnﬁng@mwgrso% fbﬁ@%truﬁﬂﬁe&{vﬂﬁ A ORI Eftlics not a carbon.
Preferred heteroatofs 1 nclude sulfur, 20 oxygen, and nrtrogen "Substituted

het cr oaryl 'hYdS)Ch@pe,rlwmfwlwha:mhngfweh@nngnrfbs pred-hereirer‘pel imgludys groups as
substit uenthereroaryi
“Heteroaryl” is an aryl group containing from one to four heteroatoms,
15  preferably N, O, or S, or a combination thereof. Heteroaryl rings may also be fused
with one or more cyclic hydrocarbon, heterocyclic, ary!, or heteroaryl rings.
"Heterocycle” or "heterocyclic” means one or more rings of 5-12 atoms,
preferably 5-7 atoms, with or without unsaturation or aromatic character and having
at least one ring atom which is not a carbon. Preferred heteroatoms include sulfur,
20  oxygen, and nitrogen.
"Substituted heteroaryl” is heteroaryl having one or more non-interfering O
groups as substituents,
"Substituted heterocycle” is a heterocycle having one or more side chains
formed from non-interfering substituents.
25 “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
30 center, and capable of reacting with an electrophile.
“Active agent” as used herein includes any agent, drug, compound,

e - - -’ -
composition of matter or mixture which provides some pharmacologic, often



"Substituted heterocycle" is a heterocycle having one or nore side CHRARS007
formed fromnnon-interfering substituents. 25 "El ectrophile” refers to an
ion, atom or collection of atons that may be ionic, having an

el ectrophilic center, i.e., a center that is electron seeking, capable of
reacti ng wwduzmimeesbeophi l e. "Nucl eophile"” refers to an i POTQG2EB/OTRON
collection of atons that may be ionic, haying a nucleophilic center, i.e.,

a center that is seeking an electrophilic 30 center, and capabl e of
reacting with an el ectrophile. "Active agent"” as used herein includes any

agent, drug, conpound conposition of matter or m xture which g@ow des sone
phar nacol og|bsneaflﬂleﬁffgctmczmbvdemwnmdzwwz@@" 23477 JSE’Q%)W}‘@Q% gs.. 25-

benef .ol al . 6lSGLpLNA SRR, IBIRONIGA el NaKliNg, Ghubddiod UidhinIhi

i ncl udes foo Ment'S, RULFIEnt S, nutriceutlca s rugs,

vacci nes, arﬁﬂdhﬁbhr&ﬁneﬁmbleugbm Asased lﬁﬁrhﬁrth%nerfm&:iuadheﬁmemﬁe anys used
her ei n, these ternms further include any éSIO|O ically or
phar macol ogi MS}%LO%%%IW\@ P%‘G’B%%CQPRS&“UM&?“‘&SH tenes t ‘I%@%Cﬁéé‘)c&kze@%yst emc

effect iy a PlfecthRar, F@&gutl cally acceptabl e excipient” or
" phar matceutlsg)il\t y accepl)t alg e carrier" refers to an excipient that can be

included in the ctiposidauocslyscceheble exnipintt’ on"ghratmbdeaticalbusesptale

si gni fi cant adverse t oxi col ogi caI ef f %et S tq%élt.he atient, " PE?H macol ogi cal |l y
effective antAIRE" ClpHPaNEreigicaLih Iaﬁ/caé?f dglpdrd | FRMPOSILANS B

"therapeuti Cﬁ'x'vleb{ncﬁlfin‘ﬁ%htvc%u&%%i iftafc #REHe WNIESIEHBNSERBIsYo B SikiBnd O MBAN

the amount of a PEG active agent conj ugat e presen%] in a pharneceuti cal
preparation that "Pmrmeedegiciily q:ffe(owdanaurﬂl,%plnmblbg\zailly difeciot bmeuaigent

nd/or C u in the dstreamor, in the tayget su The precise
A ot SRt e ot al, SRS Srpuay afedsed fytrehgipeatiy FerGh (o eabibf oo

agent. the C%B%%B?E@Qctﬂ@){@én@%nj & AEdeAl 1h%tﬂh%§nz%unc3a5pﬁ gaisceut | cal
preparation, intended patient population, patient considerations, and the

| i ke, and cais needatitb pravedededesired lewel Olﬁycttynegfsimhd/edcqnnugat@enahet based upon
evant |literature.

Nl 1 unct PR RaRerh el RreReRo e HRsiss dep oy e RV BT omeline &
pol ynmer backpeass Ravthdpdti@iiariRfife {d4AC tHeRBAbomBURY ﬁ?ﬂ&ﬁlcﬁﬂqctﬁﬁ'ﬁkﬁbﬂ, wher e
the 20 functional-. gr oups may be t he same of differen and are typically
present b&h t pbarmaceutical preparation, intended patient population, patient considerations, and
the like, and can readily be determined by one skilled in the art, based upon the
information provided herein and available in the relevant literature.
“Mutlti-functional” in the context of a polymer of the invention means a
polymer backbone having 3 or more functional groups contained therein, where the
20  functional groups may be the same or different, and are typically present on the
polymer 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.
25 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

30  comresponding salt forms thereof.



C polymer termini. Milti-functional polyners of the invention will typigally
contain from about 3-100 functional groups, or from 3-50 functional groups,
or from3-25 functional groups, or from 3-15 functional groups, or froms3
to 10 funRgdi@nah@houps, or will contain 3, 4, 5 6, 7,pS8ruS@soid2
functional groups within the polymer baeigbone. 25 A "difunctional” polyner
nmeans a pol yner having two functional groups contained therein, typically
at the polymer termni. Wen the functional groups are the sane, the
polymer is said to be honodi functional. Wen the functiopal groups are
different, the Ralyelefinicalcohpl refsrie aral WNBLTINPRLNDARPICAN Bakieeror aci di c

e RIS AL RS AE ik STt 3B

PCT/ US2003{0B8 31} me? 6ackbBat.y Ahekimplrppsigbleiinid ffsHos id ol wvipgl Algahol.conpr i si ng
an ol efin polyner backbone, such as polyethylene, having multiple pendant

hydr oxyl gr oupsAéﬂiﬁ%'Pf‘é@fn {rontprotgis yefsrs tBa?cDéﬂb‘ﬁéf b@&ﬁb‘é}@éﬁﬁﬁaﬁ%lb’ol yol efinic

| cohol
oyt balPooh et LAkARROHow el BEIIEHE Bay AL hEmpEELELD 10,8
pol ymer mapeptidellinéleged smd‘earalmrtbefep@ﬁt mmﬁemwnmxamssﬁﬁeadmpicong t he

repeat nononer subunits, such as, for examp no nore than about 1 peptide
| i nkage peF‘OM‘EuEhaB@b%HdPP@F'dﬁhpgge%a?@ééoﬁﬁia@?'ﬂer““ﬁ?drat e" refers to a
hydr at ed al dehy n to the

al dehyde group, g\%ﬁ%&ﬁ’%réhr gh dl}ﬁ?hré:‘?%glr[ 3?‘% télr%ﬁgﬁ #J{/&{/l\n th two

hydr oxyl geddifisn o4 dehyd&ﬁedu&ﬁmhheqlueﬂwd&rgrummmbht&peacesmeroaﬂqmlydl ng hydrate
n vvater The term "chal cogen anal og" refers to al dehyde. anal‘gl S wherein the

oxygenl0at SHRcHiNZIdp MABAY ONYHFPxahgToHEs - Aldedyde ASh elitem yidhe ur ()

sel enium aqp teallunby Thef.erm“patient,” refers to a living organism
suffering ?r%m%(lgé % g?.lratc a£1E condition that can be prevented or treated

by adm ni strati Ghe cﬁrrra“cmllcygmamfogf hrefers wwddehyda analygd whdrbin theibx ygen
necessarily in the form of a

nmer-active ag ate, and incl udes
both hunandOFhis TERiATRg) it ﬁ@ﬁb? rdisiproatg, s%nfﬁ@h s ?Fé‘l - Qriguryqe.

subsequently degqekdRf"patient,” refers to a living organism suffering from or prone to a
15  condition that can be prevented or treated by administration of a polymer of the
invention, typically but not necessarily in the form of a polymer-active agent
conjugate, and includes both humans and animals.
"Optional” or "optionally” means that the subsequently described
circumstance may or may not occur, so that the description includes instances

20  where the circumstance occurs and instances where it does not.

THE POLYMER
In a first aspect, the invention provides a water-soluble polymer having a

reactive aldehyde group. The polymers of the invention are unique in many

25  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

30  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



circunstance may or nmay not occur, so that the description includes g¢mar2007
i nstances 20 where the circunstance occurs and instances where it does not.
0O THE POLYMER In a first aspect, the invention provides a water-sol uble

pol ymer having a reactive al dehyde group. The polyners of the invention are
uni que i nweRlW4/@B63espects. They are prepared not only i ®RCATEGRG 2]  but
are al so storage stable due to the abse@Ze of deleterious reaction

si de-products that can | ead to polynmer chain degradation and poor pol yner
pol ydi spersity. The polyners in particular end- capped polyners, are

PEG di of 0 DL SRS eyl rinfescf Bepen RRE op o SRRAL © 350" °

particul ar |M01&6Vﬁmr6@el@u$erﬁlﬂfdnﬁélﬁpahe polymegh oMbk ervwendon weilegtstre@nde capped PEG
polymers, e.g., having a nol ecul ar wei ght of about 30 kDa or. greater, where
the anpuntthast otbercknave pqlymes ldshydes. M pgthem BPresdisiny8aleBEa can range from
about 9 VS R0 R:2004/ 082630 RO ISR 0RFREon, BLnate b ekt fo 30%
by wei ght or cat er ependi ng upon the®supplier Moreover, in certain
enbodi ment sworlkhep. polyrrers of the invention are |ess reactive than other
known pol ynmer al dehydes, making them nore discrimnatory in conjugation
reactions and nore stable during transformation, handling, and reaction 5

wor k- up. GE@E?&?! TRYCTRBAL R ENREARED ANP MG o PORTI ON General | y speaki ng,
t he pol yner of t §|nvent| onApossesses a polynmer segnent connected to from
about Ito about QGédnealiy spgakiasg, theph]yh&:meﬁtlmrinm]tmmhmsies&wecpohﬂnhyl enes
termnating in an aldtégde function (i t he, al kanal  portion) via an

i nt er posi ng>eBMyREFONRETEY {P from ﬂ\é‘r]aﬁoi ai’é’éftgl F%l&';‘PBS eSS i ng to  the

ol yTer of sy e Qlnds ALFE th B bREK AR FhEdH S tealBad  POLY-X

portion) via an interposing linker moiety. A generalized structure corresponding to

the polymer of the invention is provided below as Structure .

z Structure 1.
15

In reference to the description above when viewed in conjunction with

structure [, the polymer segment is represented by POLY, the linker moiety 18
represented by X°, and the contiguous methylenes (forming an alkylene chain) or

20 substituted methylenes (forming a substituted alkylene chain) are represented by -
C(R')(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.

25 R ineach 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 2 whole is meant to extend to the

30 corresponding aldehyde hydrates, aldehydes irn protected form, and chalcogen



In reference to the description above when viewed in conjunction W t§mar 2007
structure I, the polyner segnent is represented by POLY, the |linker noiety
is represented by X, and the contiguous nethylenes (form ng an al kyl ene

chai n) orwz)omggp%giot uted nmethyl enes (form ng a substitut egralskyd:Rpe2¢hai n)
are represente y - (R )(R2)-. More spegifically, in Structure I, PCLY is

a wat er-soluble polyner segnent; X is a linker noiety; and z' is an
integer fromlto about 21. R, in each occurrence, is independently H or an
organi ¢ radi cal such as al kyl, substituted al kyl, alkenyl, substituted

al kenyl , alaRglegues. wherstthe a%rganwwﬁw In gugfure Bﬁdeﬁlﬂ%itqyt%i"é@"’ar yl. 25 R2, in
each occurr, i 0 | ndependently H or an organic radical such as from
t he group égfr‘}gﬁ’é?’i°ﬁb°qi<5‘?‘%31'ky| , substituted al kyl, al kenyl, substituted

al kenyl , al kynylhe psedeat inveitesh pdokidey consideydble AagibHispstthtregad eathgl . Al t hough
many of the_ structures explicitly provided herein are al dehydes, it is to
be under st 6§ QfBg alkHerechain pannecieddp theddeliyde igrampe d PEFATDORVEANI on as |

ol Gy cas Enh CLGREUER dsind Afa) SbORIEPNA b TUAERY B IRES
PCT/ US2003/adRd%tomE §e.ggniad g @smbshef €s torapianpiryC@ YBEz i porsdarofct ure |

is replaced by a sulfur, selenium or tellurium Th?1 pr;sent dnvention
provi des cdR%PaYMERr eoneskng e qagpaRyl sarbemytythe f1gkern dhe gpben ghaiphe al kyl ene
chai n conn : ; I () . > Dyl i's

consi der edqgltéﬁﬁ F\Steggltacgﬁ%% g@%ﬁﬁgﬁfa%m%'?g’s&%cggmwg?n ?ﬁ%{g%‘ggni ng

car bon at orabou( E} carbort ftentsotimkefarenbero sfuctise Eage thisngeank ehdt 1@ Rlyg R2) | z°

AN R T A L
| Bbove, o Hy o S e e S e IT t RPRAREEL TR S 1o about
21, or nor eb,tlyBi 20l y1.fiZonT gisower. Mbw piderredvinee’ exipes inithe sangt fremvatae of 2z
13 "or g GGt 5368 ppin ke aelsrE porasr alGnsl BTV s PbtBeFo about
S. One partjgyharly preferred polynmer al kanal of the invention is one where
zis 3. 15 Inreferring to structure | above, certain types of al kanals are
particulsarly prbfrefereng tcSunisturodpboved sertaie | ypde obhtkanmidd e psndekclyi bed above
having at | per%?etne(ar] Such compounds include alkanals as described above having at least one

organic radical positioned on at least one “C” in the carbon chain. The organic

radical may be any of the organic radicals mentioned above, e.g., alkyl, substituted

alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, and substituted
20  aryl, with alkyl being preferred. Typically, the alkyl group is straight chain lower

alkyl or branched lower alkyl such as methyl, ethyl, propyl, isopropyi, n-butyl, O

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

25  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 R?

variables are H, with the exception that: (i) one of R! or R? positioned at C-2 is
30  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 aikyl; or (iv) one of R! ()l;R2 positioned at C-5 is alkyl, and so

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



organi c radical positioned on at |east one "C' in the carbon chain. JQ&gr 2007
organic radical may be any of the organic radicals nentioned above, e.g.,
al kyl, substituted alkyl, alkenyl, substituted al kenyl, al kynyl,
substituted al kynyl, aryl, and substituted 20 aryl, with al kyl being
preferred.whypphGabds, the alkyl group is straight chain | peggs2cabiighior
branched | ower al kyl such as nethyl, ethyR29-propyl, isopropyl, n-butyl,

i sobutyl, sec-butyl, pentyl, etc., with straight chain being generally
preferred. One particularly preferred alkyl substituent is nmethyl. Al though
t he al kanal [ f, the I r . rganic
radi cal posiagt?'be&]h %ﬁy]b%reprSBﬁnnyﬂ% S¥ sS'lg(a? rﬁgﬁlégg ‘?eicaﬁg})ﬁg@%sﬁééﬁao e of
preferred aldiamnal ofithe MRentich, MBEG-20mkthyihueyrildehyde, tsh&s@ﬂfeh@rlﬂE&hﬁpla is
substituted wth an organic radical and all other R and R2 are H For
exanpl e, regdrdl ess of the Iength of the al kylene chain, preferred are

al kanal s where al i i ception that:
(i) one of R or Ihé&%gls:gtmg tn té:gfh{agl‘l?érﬁ‘ﬁ?ﬁ?cgtr)&?}cl}';@gﬁé of R or R2
posi tione&d gireferrad h&aﬁdlkyrle,shov-m(tieldu). one of R, or R2 positioned at G4 is
al kyl; or (iv) one of RV or R2 positioned at G5 is alkyl, and so on. One
particularly preferred type of substituent in this regard is | ower alkyl
such 9 MAR 2007 WO 2004/022630 PCT/ US0034/02831 -29- as nethyl, ethyl, or
propyl. The synthesis of an illustrativp 2-fethy] suljstituted al kanal of
the invention, nPEG 2- net hyPOWN-y+aX dehytle—Cs—descr+begebrH n Exanple 17. In

focusing at present on the al kanal portl on d); thle2 pol ymer, certal n 5

preferred al kanal s are shown bel ow. Rt R RB°0 1 1 11 POLYSfuctpse
-C2-Cl-H RRgpyR2 R2 Structure C1-A 10 Structure [-Ais one where the
value of z' fromstructure | is 3. This structure, regardl ess of whether

any one or nore of C2, C3, or C4 is substituted with an al kyl or other
organi ¢ radical as described above, is referred to herein as

"but yr al HehySeuctere LA isprepyhess flervalys of 2 from siietysilyher B‘lﬁtSSFP%{PWehydes of

the regardless of whether any one or more of C2, C3, or C4 is substituted with an alkyl

or other organic radical as described above, is referred to herein as a
“butyraldehyde” or as a “butanal”. Illustrative polymer butyraldehydes of the
invention include those where the alkanal portion of the polymer is 2-

15  methylbutyraldehyde, 3-methylbutyraldehyde, or 4-methylbutyraldehyde, 2-
ethylbutyraldehyde, 3-ethylbutyraldehyde, or 4-ethylbutyraldehyde..

R! R! 0
I j [ | Il
POLY——X (I::: ?4 ?3 (l:z Ci—H
R2 R R? R2 Structure

20 I-B.

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 C35 is substituted
25  with an alkyl or other organic radical as described above, is referred to herein as a
“pentanal” or as a “valeraldehyde”. Tlustrative polymer pentanals of the invention
include those where the alkanal portion of the polymer is 2-methylpentanal, 3-

methylpentanal, 4-methylpentanal, or S-metﬁylpcntanal. Additional polymer



i nvention include those where the al kanal portion of the polynmer is 2naR2007
nmet hyl but yr al dehyde, 3-net hyl butyral dehyde, or 4-nethyl butyral dehyde, 2-

et hyl but yr al dehyde, 3-ethyl butyral dehyde, or 4-ethyl butyral dehyde.. Rl R1 R
R 0 1 IwhdoddrehOLY-X CS G4 _G3-C-d-HR2 R2 R2 R2 $E'TH,%§W3%28239 I-B
Structure I-B is one where the val ue of .dg.fromstructure | is 4. Thi
structure, regardl ess of whether any one or nore of C2, C3, C4, or CS IS
substituted 25 with an al kyl or other organic radical as described above,
is referred to herein as a "pentanal” or as a_"val eral dehyde”. Illustrative
pol ymer pePeRiaaals insluderfBoservyhare therplkanakpartien ohéseohHasrds Pﬁé’%ﬂ’%&?&l portion

of the pol I ent anal , 4-net hyl pentanal, or
5- et hyl pe?@hﬁ’gmﬁ’ ‘%%ﬁ”gﬁﬂ !"'5%5“{%1%687 NV O 2004/ 022630
PCT/ US20113/ 023221 -30- pent anal s i nclude those where the al kanal portion of

the polymer is 2-ethylpentanal, _3-ethyl pent anal A-ethyl pentanal, or
5-ethyl pentanal. R Rl |1111H O_YR' - CqC3C2CI HR R2

[
R2 R2 R2 Structure é‘? 3{ ereéhq_'val ue of z' in
structure | is 5. Thirdstru ure| Ere rd éss whét her any one or nore

of C2, G, C4, G5 or CGis substpg?ut h Ran Xyl or othegiQ&gani C
radi cal as described above, is referred to herein as a "hexanal"

Il lustratiJeCpol yner hexanal s of the invention include those where the
al kanal portion of the polyner is 2-nethyl hexanal, 3-nethyl hexanal, 4-
met hyl hexanal , 5- et hyl hexanal , 6-net hyl hexanal , 2-ethyl pentanal, 3 15
et hyl pentanal , 4-ethyl pentanal, or 5-ethyl pentanal. Additional al kanal
conponents of a polymer of the invention include heptanals, octanals,
nonanal s, and the |ike.

Structure I-C is one where the value of 2’ in structure I is 5. This structure,
10 regardless of whether any one or more of C2, C3, C4, C5 or C6 is substituted with
an alkyl or other organic radical as described above, is referred to herein as a
“hexanal”. Ilustrative polymer hexanals of the invention include those where the
alkanal portion of the polymer is 2-methylhexanal, 3-methylhexanal, 4-
methylhexanal, 5-methylhexanal, 6-methylhexanal, 2-ethylpentanal, 3-
15  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 O

20 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

25 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, where
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,0- counts as 3 atoms in length. Préferably, a linker will have a length of

30 about I to about 20 atoms, or from about 2 to about 15 atoms.



THE LINKER MO ETY C) 20 In turning now to the linker noiety, a |inkggar 007
noi ety or sinply "linker" of the invention is represented generally by the
variable, X . The linker noiety is the portion of the overall polyner that
| i nks the al kanal portion of the polyner with the polyner segnent (to be
descri bed Wi @headiesy detail below). A linker of the invepttgiBysha a
single atom such as an oxygen or a sul f_usrl,_ two atonms, or a 25 nunber of
atons. Alinker is typically but is not necessarily linear in nature. The
overall length of the linker will typically range between 1 to about 40
atonms, where by length is neant the nunber of atons in a single chain, not
counti ng substi t Wehuker of ey inverstoarsee be acidgle fupetinnal geoupsechaascih aiidey r espect

to overall Ilinker length, - CH2CH2O- counts 3 ato i

Preferably, o4 eﬁ%ﬁkae re&ﬁ“‘r h&VER°Y IB%E%"L{%IP r%%g%llﬁ%cu r?q’Feor aé (I)éui{'l'ggtzr%hpast ons, or
from about Z1shRinakotibr sk8e oft @B Bingle. functionat grou® MAEM3A0y, MO8 022630

PCTI US2003/ 028221 -31- A linker of the invention can be a_single functional

group such NN arembinatiemokiynetionahgrgrps tharean berthe sameer difercfay cont ai n
met hyl enge or, ot | ky:l en roups .. fl iLn i.ther,sid e single
functi on§| g"#‘g‘%ﬁ&“ﬁt %%Hg?ri%\;g}lwylt{w%'ulopﬁ%gﬁe ﬂgf}ﬁ(y!:eg Rt %lﬁﬁ’ t@hal I nation of

functional gbatipsing bA¢ oEMOrdIskyebieosamir sloni(f . eaeather & thiddihei)onal 1y, a
i nker of the invention can be an al kyl ene chain, optionally containing one
or nore oxydunfesied dipkensarethgsmsthat arehydrglytistliestable. ¥heget inthepr ef err ed

i nkers are &aseof Akt ?, IMAEOl b SR Wl L8R) Bre YPGB Gt e

context of structure n consi dered as part of the

veral |  polpotgner, doesnaredsuttds bn bvdrill tuchve cahtaindig alpérakede dond 6OROAY a
zeroxi de bond (-0-0-) 10 or an -N-O- or -0-N- bond. Illustrative |inkers,
X, are POnos¥ oM s porfeihPore either of the fol lowing structures:

- (CH2) cD<(CH, ) r - Riu frglgé%?lﬁem X%%Pg?&, éqg_elr%%&dinsg (#:;Stai!h@r 6!‘%@[’6110 né ot h.e

| i nker structures above, the va nge romzero to 8, “"D' is O
NH, or S; therueanesable "e" is 0 or 1; the variable 'F ranges fromzero to
8; the variable "p" ranges fromzero to 8 "M is -NHor 0; "K' is NH or O;
t he

-(CH,)-De-(CHy)r-  or ~(CH)p-M-C(O)-K;-(CHa)g--
15
In referring to the linker structures above, the variable “c” ranges from zero to 8;
“D” is O, NH, or S; the variable “e¢” is 0 or {; the variable “f" ranges from zero to §;

46 Y

the vanable “p” ranges from zero to 8; “M” is -NH or O; “K" is NH or O; the
variable “q” ranges from zero to 8, and the variables “r” and “s” are each

(- 20  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, 0-C(0)-NH, -C(S)-,
-CH,-, -CH;-CH,-, -CH,-CH,-CHj,-, -CH,-CH;-CH,-CH,-, -O-CH,-, -CH;-0-,

25 -0O-CH»-CH;-, -CH,-O-CHj;-, -CH;-CH,-0-, -O-CH,-CH,-CH,-,
-CH,-0-CH,-CHj;-, -CH,-CH,-0-CH;-, -CH,-CH,-CH,-0O-,
-0-CH,-CH;-CH;-CH;-, -CH,-0-CH,-CH,-CHj;-, -CH;-CH,-Q-CH,-CH,-,
-CH,-CH,-CH,-0-CH;-, -CH,-CH,-CH,-CH,-0O-, -C(0)-NH-CH;-,
-C(0)-NH-CH;-CH,-, -CH,-C(0)-NH-CH,-, -CH,-CH,-C(0)-NH-,

30 -C(O)-NH-CH;-CH,-CHj-, -CH,-C(0)-NH-CH;-CHj,-, -CH,-CH,-C(0)-NH-CH;-,
-CH;-CH;-CH,-C(O)-NH-, -C(0)-NH-CH,-€H,-CH,-CHy-,
-CH;-C(O)-NH-CH,-CH,-CH;-, —CH;-CHz-é(O)-NH—CHz-Cﬂz-,



variable "q" ranges fromzero to 8 and the variables "r" and "s" aremaxrcio?
20 i ndependently O or 1. In the context of structure |, a |inker of the

i nvention, X, nmay be any of the following: -0-, -NH, -5-, -C(O-

OO - NH, \Wrh6ihzdbh O GO -NH, -C(S)-, -CH-, -CH- C"'%GT/U%:@#ZHCHZ'

- CH2- CH2- CHzZ- CH2-, -0-CHz-, -CHzZ-O, 25 O CH2. CH2-, - CH2- O CH

_OH2-OH2-0-1 - O CHp- OHD- OHR-, - CH2- O GZ-Crp-, - OHB- Cro- OCHZ-

-CH2- CH2-CH2- O, -0 CH2- CH2- CH2- CH2-, -CHz- O CH2- CH2- CH2-,

- CH2- CH2- O CH2- CH2-, - CH2- CH2- CHZOCHZ- - CH2- CH2- CH2- CH2- 0-,

- O( O) - NH- CHEH,;-CH, @) C{0)- KH2C B2 - CH,-CHR- CHOG( QNI H, -CBR - CH2- C( O) - NH-, 30

e o oB1E o 88 M o B TR it

éggi;%%sgtbp&ulzc@m% ?221 2:3}?2 2@)(%22 MZ@EOI;IHN%(%?-}? hor WO
8:% CH2- Clrce}ZHﬁOBz -NHCOE)-CEHZ - -NH - -(CHRCELR - CHR-NOA Q@ (ONE T - Cﬁt&@ 80314 _2
S s i G B A e i S e g O

- CH2- NH-C( %N@'ﬂéﬂé tﬂ:*@o 21N}, G19)-- @ﬁ@tggmz szHZWZ-

- C(O) - NH- CH2 Ho- -0 80 “NH CHe-
- NH- CH2- CHZCHz-N}BEIEzNI-CHHEHz NH—QHG—ECNH-CHz -ClQy- Oﬂz@-ﬁz— - O) - CH2- CH2-

98 49 BhorgPH aBE 5 o BB GO oo 68 G2
- CH2- CH2- Cl2HCC@ %EQQ_@ I_{\UH%( .@mCH mqt cycl oal kyl group,

_N(R6)-, -CH2-CHZ 2- CH2-, -O- (O - NH .
[ CHZ] thOCFQHH@HrCHaﬁ(D)}NﬂrbChhtGHﬂM-bC(@m or more of any of the foregoi nbr

Select od f FoHFGHE %ﬁé&ﬁ%@k@-@ﬁrﬁ&ﬂ%ﬁﬁ Sl SRR & RP “ i keny!
subst I tut engt%en(\sz c@hl@/ﬂ)@(g) mp@{,t(gggﬁmkj(@mﬂ;;,-@m] -oncy(puhgt i t ut ed

aryl. OQher specific linkers have the structures: -C(O NH (CH2)

t. 6NH- C( O) {CHoh-(OGHCHp MHaidsmbinatiggief Gvg)or nagre of any of the foregoing,

wherein (h}is 0 to 6, (j) is 0 to 20, R%is Horan organic radical selected from the
15  group consisting of aikyl, substituted alkyl, atkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, aryl and substituted aryl. Other specific linkers have the
structures: ~C(O)NH-{CH;), ¢{NH-C(O)-, or -NHC(O)NH-(CH,),.(NH-C(O})- or -
OC(O)NH-(CH),.sNH-C(O)-, where the subscript values following each methylene
indicate the possible number of methylenes contained in the linker structure, e.g.,
20  (CHj),.¢ means that the linker may contain 1, 2, 3, 4, 5, or 6 methylenes.
For purposes of the present disclosure, however, a series of atoms is not O
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.
25  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,0-"
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;0- portions. For example, a linker may contain one or more (-
30 CH;CH;0-) subunits flanked on one or both sides by one or a combination of

illustrative linkers as provided above.

L3
>
r



OC(ONH (CH2)I .6NH-C(O) -, where the subscript values follow ng each ¢mMaR 2007
net hyl ene indicate the possible nunber of nethylenes contained in the

| i nker structure, e.g., 20 (CH2)1.6 neans that the |linker may contain 1, 2,
3, 4, 5 or 6 nethylenes. For purposes of the present disclosure, however, a
series of véramwgnt®3not O considered as a |linker noiety WEL2NE/03E2L es of
atons is inmedi ately adjacent to a pol ynBB-segnent, POLY, and the series of
atons is but anot her nononer such that the proposed |inker noiety would
represent a nere extension of the polyner chain. 25 For exanple, given the

partial structurgy, A 4 lin | Bh SIsoNRLAAE Sh bifoodRet kitgd as

" CH30( CH2CH20) 0 ﬁ?mFﬁ?g\gﬁg’in%'}ke\?n@?gigsfl%%?%ﬁ%t plsollAcEle s eipoier sl Coch a
defini tion ao(CH,CHEL Yo -€PHESHENHARA, \eldre bsindig eath tiideppudeytierangdratm i s not
to say, however, that_a linker of the invention cannaqt &oqszlsess one or nore

conti guous 1 E-BRepey. s prrkiqants paye ouadtha theinclugion,of such QERMers one or nore

30 CH2CH2O ). I f Ay ; j comnbi nati on
of 11 uor r ot Al o RS IS BAL AR e e 5030

PCT/ US20D 3 182&rRdg thad Sistdivateivezehahs aldehalel fumkimmahty ahdsnyirtred vagoups can al so

i nclude an oligoner. such .as -(CH2CH20) b- or -(CH2CH2NH)s , re b and g
each i ndepg?ﬂ%‘%f‘? W}Ig‘ﬁdg‘? Pslfﬁﬁ (Irl”P?)Wé‘bo‘ﬂf““?@‘.e_c'g"i%‘%ﬁﬁﬁ%ﬁﬁf"s%ﬁ@e‘?’ound t hat
the i nclusi QR4Rk (SHEtadd Q@H@Hﬁﬁn%@%‘aﬁt%ﬁ%nh irﬂbﬁ{;/eﬁg{&bhﬁf'gf ®E 3Blykdety to the

ultimate pol ymer al kanal product extending the di stance between the
al dehyde f unlkbnabpeaiductyy Brederably, theawtinbles braod gsangeomomiabedt WiotlRi or mhe | i nker.

In this way, intranolecul ar,interactiaons di sLavor d, ., leading to
i ncreased yFEFHS WP Hig" g%BﬁW&FF&ﬁO'ﬁﬁcfoiﬁﬁg?’W% Eﬁ'ﬁﬁﬁlq HYSEHIVEhe pol yner
| kanal or odyiginer k&l 8 hatih¥ fod@nkahdRbl @8, PHAN ugits ange Ihkam about 1to 10,

I.
or in certain instances, range befween about 1 to 6. The synthesis of an
i | lustrati vdestObgbinkraympd¢ Ranal havi ng four contiguous - (CH2CH2O - units in

the linker is desgribed in anple .5, .Addi tional ex I f specific

[ nker o cont ai ni QO oRRDRARE-0 Gpecii KB ERRP R | RO hient s ar e
shown bel ow(CHEHANDS, - bREdrbétRSse@ments arél Hdvesk1BY, theref201 helolididr istd - (CH2) ¢
Dr (CH2)r-P- or -(CHf)P ‘Tvr. C(O-K -(CH2)y--T-. In the illustrative
structures &bldves byrhefllomiagee each i ndependently - (CH2CH20) b- or

-(OR20g8H) 6, b and 9. gug)epcicigierengent! yoly,f, Ma2lrof R (ERS, T-

In the illustrative structures above, P and T are each independently -
{CH,CH,O)- or -(CH,CH>NH),, band g are each independently 1 to 20, and the
remaining variables are as defined above. Examples of preferred linkers of this sort

20 are -0-C(0)-NH-(CH>CH:0)p-, -C(0)-NH-(CHCH;O),-, -NH-C(O)-NH-
( (CH,CH0)p-, -O-C(O)-NH-(CH,CH,;NH),- -C(0O)-NH-(CH,CH,NH),- and -NH-
C(O)-NH-(CH,CH,NH),-.

In certain instances, for example, when POLY represents a linear polymer

segment, then preferably the total number of carbonyls present in the polymer

25  alkanal is 0 or 2 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 0, or 1, or 2, or 3, or greater.

Referring back to structure I, in another preferred embodiment of the

30 invention, when X is oxygen or includes at least one (-CH,CH,0-) segment, and 2’
ranges from 2 to 12, then at least one of R! ot R%in at least one occurrence is an

organic radical as defined above or alternatively, the polymer is heterobifunctional.



remai ni ng variables are as defined above. Exanples of preferred |inkemMar®oor
this sort 20 are -O C(O -NH (CH2CH20O) b-, -C(O -NH (CH2CH20) b-, -NH C( O - NH
(CH2CH2O) b-, -OC(O -NH (CH2CH2NH), - C(O-N H (CH2CH2NH) g and - NH

C( O - NH (H26d4aNkdss - In certain instances, for exanple, p#fe80n5h%221

represents a |1 near polyner segnent, t_hja‘p_ preferably the total nunber of
carbonyls present in the polyner 25 alkanal is O or 2 or greater, where the
total nunber of carbonyls does not include the al dehyde carbonyl (s).
However, when the linker, X includes one or nore contiguous (-CH2CH2O-)
segment s, Intsenh pn éfseareh Iwhert thetpsd yiherris blerobofunciéoriabnlyd polypeessameni.n t he

pol yner al Is O,.or 1 or 2, or 3 or qgreater. Referrin k to
structure {S,aﬂi?npﬁﬁﬁahg’rpoﬁﬁééﬁﬁsﬁ5’5“&%8?%51 eo‘f’"’f“ﬁgsg “isr%‘%?#‘f% " when X' is
oxygen or incl upggedbly!, ﬁﬁ:sﬂnl@i:‘%l'(gd HAHy-stabhE QB May cBA@irZone dran@es from 2
to 12, then at |east one of R (Sr In"at | east one occurrence i s an

or gani ¢ r adfi thalfolksvidegffimsbnabgreepsranaide cymbiansether, thivethgologHeee. i s

het er obj fupctional. . 9. MAR,2007 094/ 022630 PCI/ US2003/ 028221 -34- In

Stch ar | nUEMRUE. RiPLYERUS HeFrorine FaRitsr SRR RS CATROTRRAF- et ROCBIG nor

segnent,  EQrYonRéRice! AiNyMriROSARSS Qbetdl, kQAK biiYEnudicdtiBe, & pepteiel f1al1 NUS t hat

I's not hydroxy. Preferably, the linker is hydrol }{tlcall stable, and may
1

cont ai n onalsepe gmmsent ipfa lirtker pbihe amientjon Udeeiogivan linkeastipich a5/ efeS. a@ et hane,

ether, thigether. . or urea. 5 ver. Jvdrolytical | abl e |inkages,
such as caP‘B%'ﬁ@lf’%?’ gree%?%?’,asp éc_)g'ﬁ) 4 %dm%léﬁ]éro,]’%éﬂeﬁgeg%}gzrgzgﬂ%%ari de, inine,
acet al , ke(@{zcﬂmgpg@ggﬂnemgiagqescﬁbe@gm\iede, may al so be present in a linker
of the invention. Heteroatomlinkers such as 0 or S, are particularly (0

prefert@d, as are linkers containing oligoneric -(CH2CH2O) b- or -

' /
PREPARI NG A BaL TR AERHRAL R ER M e R TRISEPRVANGE uot ur o5 above, a

pol ynmer al kanal Aafshblv@ inithy/eRbirfiveGotairdisibaveyal gilyhel dibdnal glahymer segnent .
Representative POLYs include poly(al kylene glycols) such as pol y(ethyl ene

glycol ), pérppewEgMane 2 vatgsaihly belyprossgmensp Bepressniatyre FAQlaGs ene gl ycol
‘ng‘yE)L;g?’L)ﬁi&z?c%%mahkﬁ%ﬁ’éﬁ%oggsp&r?as Fhi5Q0RNdne RGNS YoRYPBYJIEM | done) .,

15 glycol) ("PPG"), copolymers of ethylene glycol and propylene glycol, poly(olefinic
alcohol), poly(vinylpyrrolidone), poly(hydroxyalkylmethacrylamide),
poly(hydroxyalkylmethacrylate), poly(saccharides), poly(c-hydroxy acid),
poly{(vinyl alcohol), polyphosphazene, polyoxazoline, poly(N-acryloylmorpholine).

POLY can be a homopolymer, an altemating copolymer, a random copolymer, a

20 block copolymer, an alternating tripolymer, a random tripolymer, or a block
tripolymer of any of the above. The water-soluble polymer segment is preferably, O
aithough not necessarily, a poly(ethylene glycol) or "PEG" or a derivative thereof.

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

25  oris 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

30 used to prepare a'pol ymer alkanal in accordance with the invention and the

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

only a single reactive terminus can be used, polymers bearing two, three, four, five,



pol y(hydr oxyal kyl met hacryl ate), poly(saccharides), poly(a-hydroxy acbhb@ar 2007
pol y(vi nyl al cohol), polyphosphazene, pol yoxazoli ne,

pol y(N-acryl oyl norpholine). POLY can be a honopol yner, an alternating

copol ymer, a random copol yner, a 20 bl ock copol yner, an alternating

tripol ynenyogoHaadem tri pol yner, or a block tripolynmer offCays20d3/éx1above.
The wat er-sol ubl e pol yner segnent is prefygrably, C) although not
necessarily, a poly(ethylene glycol) or "PEG' or a derivative thereof. The
pol ymer segnent can have any of a nunber of different geonetries, for

exanpl e, PCLY can be |inear, branched, or forked. Mbst, tg‘g‘l}aﬁ@u %d POLY is
linear 25 9% ¥ SIHHEES, ERyeleyghipelye of MAre st YFoleRi Ol t hough nuch
af Lhe i SCUsREARR! £hdlyirer ARAND EOsHPAh hércin2an BElubdd, YedVaflabduisBohs, the
di scussion and structurés presente erein can be readily exXtended to
enconpass atheg mfntehef hpdreryl malthebkeacpod yietics ox thent Berdpsd ymedsegmabove. Any

wat er - sol ubl e pol r having at_ | east one reactive term nus can be 30 used
to prepare H‘CBEE‘F%&% %"&%Fﬁé’? am'%@&&%@%&%ﬂfwgtaﬁéh‘iaﬁele&{w%wcemest he
i nventi on i SoRRkmitidddadthlddbrich §?ﬂeﬁﬂﬁ{ndoftﬁé Lmﬁt}&fhf\ggm&fﬁw'r@mﬁ%yms

bearing only a single reactive termnus can be us ynmers bearing two,
t hree, four mdigties as@civig 200 the WEe2@1)bl¢ 2412868 6cgrETit ISREII002BR2 80.- 35- S| X,
seven, eight { he en, eleven, twelve or nore reactive termni suitable

for converépo:;rh'f'ﬂdé pol yner al kanal as set forth herein can be used.

Advant ageously, as the nunber of hydroxyl or_ other ,reactiv? ieties on the
wat er - pol ymer seé‘?rﬁﬁﬂ‘“gi’}ﬁ’é‘f@égﬁgﬁepr@%%eﬁgf PEfx| inglyries nolygaylese

i pt roduci ng l; i . im.ti | f the upper
i of 1 nERaRAR ARTPY i R, RAAART EEmu NP Forls IDBARERD BB e wi (o
t he wat &0 - s ¥E@ Iferkpd P¥EE braebePEG) penld ot PERR Qund PEG cBdainind@ne 30moend 10. I n

turning now to t referred POLY, PEG "PEG'. includes y(ethyl ene

glycol) in QﬁgméﬁtﬁsfBg'%?serﬁéa?f,aﬂw@ﬁmﬂ&rsvﬁwwdapmqs?ﬁ@!wﬁm i ng

end- capped }QREG forked PEG branched PEG pendant PEG and PEG containing
one or nore degradabl e |inkage separating the nonomer subunits, to be nore
fully described Trepropare hpopyreqgartienal gfahy meentaink anatorofmonlyaisedPEGt i on, one

f gm;p 2;{ egs Sfartglgg?wd%%lgl[ {t,?/:ftr’]a% é%(éfﬂéi{%lar ;IJosl yrfng re t%rrﬁl%la cd%t Lzllcrt]l%?uri \-Pl 8\| I}/yqi?(gx yl

15  groups:

HO-CH,CH,O-(CH.CH,0),,-CH,CH,-OH.

The above polymer, alpha-,omega-dihydroxylpoly(ethylene glycol), can be
represented in brief form as HO-PEG-OH, and is also referred to herein as PEG-
(" diol, where “-PEG-" in “HO-PEG-OH” corresponds to:

20 -CH,CH,0-(CH,CH,0),.,~-CH;CH,-

and (n) typically ranges from about 3 to about 4,000, or from about 3 to about
3,000, 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,0-
(CH,CH0),.,-CH,CHj;-.

25 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 ,

£
r



15 groups: HO CH2CH2O (CH2CH20O) m - CH2CH2- OH. The above pol yner, 9 MAR 2007
al pha-, onega- di hydr oxyl pol y(et hyl ene glycol), can be represented in brief
formas HO PEG OH, and is also referred to herein as PEG diol, where

-PEG " | Rvo BB OH' corresponds to: 20 - CI—IZCI—IZO(CI—IZCI—IL’)(Q),QS,J,“WQQ—Q and
(n) typically ranges fromabout 3 to abog% 4,000, or from about 3 -to about
3,000, or nore preferably from about 20 about 1,000. In reference to
structure I, POLY may for exanple, be a hydroxy-term nated PEG such as
HO CH2CH2O (CH2CH2O) " - 1- CH2CH2-. 25 Anot her type of PEG useful for
preparing tilkopobysetel dienal, slkohylbky, substitertiabdenyoxgnakyapgped PEG where
PEG is term nall

h d- Pr ef. d
end- capped PSRN éﬂéﬂﬁyﬂb@éwki}éﬂogg %’E’gééq‘egnriﬁyleéiﬁpp FFSg”%{)?"&e?dége géu[)esuch as 9
MAR 2007 Vg"gﬁfﬁcgg%ﬁ%?ﬁ‘%% gg,%g,?ok 36- al koxy, substituted al koxy,

al kenyl oxy, tute ynyl'oxy, substituted al kynyl oxy,
aryl oxy, substi tRcfen‘ir@mI\xmowmau&fsdraer Anhroegidl-é‘aﬁﬂmg mgcmups such as

met hoxy,_ et hoxy, and nzyl ox Referring now t ructures,.|

t hr ough A - CCMpRYiIRpENts, Pty ROPE ST T, ) GTESPORARI ffes o

pol y(et hyl egg,cellrycol) corresponding to the structure: "Z-(CH2CH2O"- ~ or
"Z- (CH2CH2O), CH2CH2-", 10 where n ranges fromabout 3 to about 4000, or
from about 10 to about 4000, and Z ~- is or includes a functional group

such as hydroxy, tar car e al kenyl, acryl ate,
met hacryl at e, acr?&ﬂ?%z 3ul f%rne %H%FCHBQ}“@%&% > acid, isocyanate,
i sot hi ocyanate, hydrazide, naleimde,vinylsulfone, dithiopyridine,

vi nyl pyri di ne, iodoacetam de, al koxy, benzyloxy, silane, lipid, 15 (0
phosphol@ pi W hetgi nominges f@nmabdunartegbemtrﬂooﬂgm fromtaheutil0 v abouiAR0Gs endd Bhown -

e R SRRl MRS BRI BESARG, oo o e O
segnent i s aRERyHehAReny, fh@r)l?ﬂer%nﬁét%ddé QSrylAMRIEI AllRInY¥, BRAVQrbEYlicf or
exanpl e, correspond to

acid, isocyanate, isothiocyanate, hydrazide, maleimide, vinylsulfone,

dithiopyridine, vinylpyridine, iodoacetamide, alkoxy, benzyloxy, silane, lipid,

15  phospholipid, biotin, and fluorescein. Again, the POLY structures shown
immediately above may represent linear polymer segments, or may form part of a
branched or forked polymer segment. In an instance where the polymer segment is
branched, the POLY structures immediately above may, for example, comespond to
the polymer arms forming part ot the overall POLY structure. Alternatively, in an

20  instance where POLY possesses a forked structure, the above POLY structure may,
for example, correspond to the linear portion of the polymer segment pror 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

25  prepare the polymer alkanals of the invention may possess anywhere from 2 to 300
or 5o 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
|

R C—
=
PEG—Q



the polyner arnms formng part of the overall POLY structure. Alternadmu®laver
in an 20 instance where POLY possesses a forked structure, the above POLY
structure may, for exanple, correspond to the |inear portion of the polyner
segnent prior to the branch point. POLY may al so correspond to a branched
PEG nol ectM@2a&03208) 2 arns, 3 arns, 4 arns, 5 arns, 6 aP@FUsZu@nee21 8 arns
or nore. Branched pol yners used to 25 psepare the polyner al kanals of the

i nventi on may possess anywhere from2 to 300 or so reactive termni.
Preferred are branched pol yner segnents having 2 or 3 polynmer arms. An
illustrative branched POLY, as described in U S. Patent No. 5,932,462,
corresponds to the structure: PEG-P R 1- G 41 PEG Q9 MAR 2007 V.0

2004/ 022630 PCT/ US2003/ 028221 -37- In this representation, R' is a

nonr eact i ve noi dnyhis serreseattipn. Reistpnonggactive prGty.Sueh ps Bnmet)Yhee? nonr eact i ve

| nkages. | k@ MO SUGHROKITER  dhe (DI BIFHEG ERAALYTRE Seorent 1

nmet hoxy pol yl'ene yC ut ed Sinhe. Tn the above

particul ar brasdhed PECCEhgtifeincnis hétRoXy polsleat/ g plagt) disegtimnd possesses a
single reactive site extending fromthe "C' branch point for positioning of
the reacti vi¥siifkanal group via a |linker. Branched PEGs such as these C for

use in the present invention will typically have fewer than 4 PEG arns, and
10 nore pref er ablnyhe gidve pagtical? boancBedPE@ fegunaionSihetbranchad peldPEGs of fer t he

advantage of having a single reactive site, coupled.w,th a, |larger, nore
Gonao. Do yiREMen ROt TR els reoct P Sreding BReRs st bregn8SBEfFi cular type
of branchedf Rfand IGMA¢ readli VEARMM Srdup iDL lifkérU Briidhied PEGRQUEESS these

- X' -al kanal , where i equals 2 or 3, and Gis a lysine or other suitable 15
ino aci d fossiselmahe pggsent inpentiar Wik timeahlyhade poverean APESHamsofndt he

Inventipp hag & ;?rgfe%brlﬁ%iﬂrh%ve 5%9%]’-&? lalgrnV\é. Such branched PEGs offer the
advantage of having a single reactive site, coupled with a larger, more dense
polymer cloud than their linear PEG counterparts.

One particular type of branched PEG alkanal corresponds to the structure:
(MeO-PEG-)G-X"-alkanal, where i equals 2 or 3, and G is a lysine or other suitable
15  amino acid residue.
An illustrative branched polymer alkanal of the invention has the structure

shown below:

O

(. |

APEG,~— O— C— NH

(CH,),
H

H—(C——N ~—alkanal

MPEG,—(O——C—NH (

O Structure V-A.

In this instance, the linker corresponds to C(O)-NH, optionally containing
an oligomeric -(CH,CH,0),- 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



O (_Il nmPEG-OCNHHz)a H Il1-1-1i -N-alkanal nPEG-O (I -NHMRAR2007
Structure V-A. 20 In this instance, the linker corresponds to C(O) -NH,
optionally containing an oligomeric -(CH2CH20 b- or -(CH2CH2NH) g- segnent

posi tiongey BRYMERR the amide nitrogen and the al kanal parii@goAfsifie
polymer as shown in Structure V-B bel owg Exenplary oligoneric segnents will

possess b or g values ranging from9 MAR 2007 WD 2004/ 4) 22630
PCT/ US2003/ 023221 -38- about i to about 40, or fromabout 1 to about 30.

Preferably b or g possess values of around 20 or |ess. Pref erabl%, b or g
Wil have #utato aheutfd) pofipmgbouy Liwsabopt 3@ Preferably boor gposgess galugyy  of

greater. | | I r - ' : . sfgOM 2 to 6,
and mpEG, raoRRLeg LRt YeRe e s 5 RERRER of R BlolifE AR 2370 *,
(~Hz)a Cla}$,l6li7, 8, 9 Nof &eftedtieO)ln-aajakibnddr]y pisférpedrdnii(daliraeit 1b oS fAngty uct ur e
V-B. Certain enbodinents are preferred for polyner al kanals having a
branched Femuiaf -and mPEGxandnBEGe arethe spme of s dHewRbodi ment, for exanpl e
when POLY in 10 Structure lpis branched, then at |east one of R or R2 in at
| east one occurrence is an "

mPEG,——O—C—NH

(CH;),
H—C——N—(CH,CH,0),-alkanal

mPEG,—QO—-C~—NH Q -

5 : 0

Structure V-B,

Certain embodiments are preferred for polymer alkanals having a branched
structure. For example, in one partiéu}ar embodiment, for example when POLY in

10 Structure [ 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 exampie,
when POLY in Structure I is branched, then X’ inciudes -(CH,CH;O),- 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 @

15 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 reprcéenlcd more generally by the formula G(PEG),,
where G is a central or core molecule from which extends 2 or more PEG arms.

20  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

25 about 300). Branched PEGs such as these pr%ferably possess from 2 to about 25



organi c radi cal as defined above. In alternative preferred enbodi nenyymA®ing7
exanple, when POLY in Structure | is branched, then X includes
-(CH2CH20O) b- where b is from1l to about 20, in the instance where POLY
conprises a lysine residue. On occasions when POLY has 2 polyner arns, it

i s preferableeblaizehel t her pol ymer arm 15 conpri ses oxygepcavstdasomaty
heteroatomin the instance where POLY conggises "CH' as a branch point.
Branched PEGs for use in preparing a polyner al kanal of the invention
additionally include those represented nore generally by the formula

G PEGQ where Gis a central or core nolecule fromwhich extends 2 or nore
PEG arns. 2@olyreenssmisampee prefesi e Fem 3t sbounifhpriymer appcing 6480 Mier e each of

the pol yer gl ca0.] DCRSNAPOLLY P, S aRREd Bl AL HAALINGLY, POSsess

a reactive fRih group rmnus, suc an al kanal or ot her

reactive fungie@palyn@roHiving Bl 4% BEHoPE@MsSUCh as t hose represent ed
generally by the fornula, PEG, , , abovep%%ssess 2. polglmer arns to about
300 pol yner  ar ns Krefesred corg malgedles iobranched PESisas dgscribed ooy as BAISRISPEGs such

peTi Usoo0s) o2Epab CLBARAER GhAR ouichs BB, 18R ol ol 100

pol ymer ar nmsip 18 deosem grovpe, ingliging rediianefgl vusl, 21k ame did) alkld ghoblgrer arns or
fewer. Most preferred are multi- arned pol yners havin 4, 5, 6, 7 or 8

3
arms. Pref erdkyidene alkyh Aoty plal F)‘Flwl&?ﬁ'@msvﬁéﬁe%“@@g&q‘bed above are

polyols. 5 Je & [ Gl | j om.1 to 10
carbon at Omtﬁg@gd@%%@/l)}g@&’f&ﬂﬁ?@reb%l dé‘?%‘@géya@ﬁépﬁ'\é?ﬂgy% ﬁ{fF’ene gl ycol ,
-kane di ol strihgtioxlalyhyssohms] the dilkkyCyadeniphaddgydlyals alay alsalbeydmpiyedpal kane

iols, 1,5-decalindiol, 4,8- bis(hydroxynethyl)tricyclodecang,
cycl oal ki i dBRBdHIENRIEN Chyasdbpieditte SUts Ry avaX F5PRAMSECH 3hd the | ke.

Cyel oal | phat oo ARl Y QlebidTPbhofict Oc fifol SR AKRHlol, Afleitd1CAritlidiCersihiigi ot chai ned

or closed-ring sugars and sugar al co , Suc mannito sorbitol,
i nosi tol, xyhddan@tbl, dgleetoi, deduisé.aibose,rabinamk, xydwsablyxode, rreumtoke,ignbaktose,adoni t ol ,
dulcitol, facose, Fi bose %r abi nose, | ose, xose, rhamose, ga[ifgqct ose,

I aroes,

) X I

gl ucose, fr uBHERE: ITUEPROSBIDoRG ATEasE: B I“Hﬂs(?s%',"%%ﬁ’f Fo¥el 8tai%BY St ose,
pyranosi des, sucpaker ReRue, AAIRE SindTRE HRS AddAlal Nfpbhii&BolydeMdbgnal al i phatic
pol yol s include 15 derivatives of glyceral dehyde, gl Ucdse, ribose, mannose,
gal act os&y adetvatives efdglyceraldehyde, glucose, ribose, mannose, galactose, and retated

stereoisomers. Other core polyols that may be used include crown ether,

cyctodextrins, 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

( 20  include multi-arm PEGs available from Nektar, Huntsville, Alabama. In a preferred

embodiment, a muiti-armed polymer alkanal of the invention comresponds to the

following, where the specifics of the alkanal portion of the molecule are provided

elsewhere herein.

25

alkanal alkanal alkanai

PEG PEG PEG

alkanal-PEG-O-CH,-CH-CH,-0-(CH,CHCH;-0-),-CH,-CH-CH,-O-PEG-alkanal

n=0to 4 !:
Structufe XIII-A,



stereoi somers. Ot her core polyols that may be used include crown ethemar 2007
cycl odextrins, dextrins and ot her carbohydrates such as starches and

anyl ose. Preferred polyols include glycerol, pentaerythritol, sorbitol, and
trimethyl Qlo Pipeaps. Milti-armed PEGs for use in prepari pgraseflsi%sh; al kana
of the invention 20 include multi-arm P available from Nektar,
Huntsville, Alabama. In a preferred enbodinent, a nulti-arnmed polyner

al kanal of the invention corresponds to the follow ng, where the specifics
of the al kanal portion of the nolecule are provided elsewhere herein. 25

al kanal al kanal Adtematiakly, he@oPREGrrRii@nal may possess an overall forked structure.

al kanal - PEG O CH2- - 2 CHCH2 - "< CH2- CHR-.Q, P ,kanal n=0 to 4
Structuf e A PRGN RSP PES RaTeI9nEn gbS KR BT LRoSIS TG 38521 - 40-

Al ternative ')(lﬁ?}zﬂgﬂ&)gﬂvh@ﬂemﬁs ofIRS fffE APEDY @dselibed rkiadys§ruct ure.
An exanpl e of a forked PEG corresponds to the structure: PEG Y-CH (X -

[ (R ) (R2) Ja.linkgrgyroup.pefeabyEchydsokytigalby stable linkages and theptheteaorbloed herein,
Y is acglinkin rLou r.ef erab a,hydrol ytical | t apl,e |linkage, and the
ot her vari 58%%’%‘1@5&?3@68‘#87?{54%8 a{lﬁéallrﬁ%ﬁ%? ar&r‘?(ﬁ%?ﬁ%ecg?%é'ﬁ'al portion are as
defined above. AWifiiédaPNRistratt yeUsieAPEGE afk@hXis deiRiaval kapabsndigydhyat i ves
correspond to the following: PEGQCH[(CH )m Xo.t-C(O-Y-V-al kanal ]2 10
Structure XeHawinB: where PEG is any of the forns of PEG described herein. Q
is a hydrolytically stable Iinkage, such as oxygen, sulfur, or -C(O -NH;
ranges from1l to 10, (that 15 is, mcan equal 1, 2, 3, 4, 5, 6, 7, 8, 9, or
10) but is preferably m i PEG-QRCH(CH,)4XHE(GRY dpallanal, at om and when
present, is O or NN Yis NHor 0; and Vis an optional oligomeric segmant(- ,
such ad0- (CH2CH20) b- or (CH2CH2NH) g as described previ oS¥ngureallexenpl ary' -
branched PEG correspopding to "PEG' in the above

3

where PEG is any of the forms of PEG described herein. Q is a hydrolytically
stable linkage, such as oxygen, sulfur, or -C(O)-NH-; m ranges from 1 to 10, (that
15 is,mcanequall,2,3,4,5,6,7,8,9, or 10) but is preferably mis 1, 2,3, or 4, X is
an optional atom, and when present, is O or N; Y is NH or O; and V is an optional
oligomeric segment such as -(CH,CH;O),- or (CH2CH2NH),- as described
previously. An exemplary branched PEG corresponding to “PEG” in the above

formula is mPEG disubstituted lysine, where “PEG” corrcspohds to:

0 O
mPEG,— O— ll.'— NH
(CH,),
I—I-—u.—

mPEG,— O—C—NH

|
0

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

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



formula is nMPEG di substituted |ysine, where "PEG' corresponds to: 2098 AR 2007
Il mPEG O CNH (?H2)4 nPEGO-OCNH 1 0O Alternatively, the PEG pol yner
segnent for use in preparing a polynmer alkanal of the invention may be a
PEG nol e(pl e havi ng pendant reactive groups 25 along the Iength of the PEG
chai n rat heydolanisst the end(s), to yield a polymer 9 MARCZRRZ003ME3221

2004/ 022630 PCT/ US2003/ 028221 -41 al kapg} _having one or nore pendant

al kanal groups attached to the PEG chain by a |linker, X . Further, the

pol ymer segnment nay possess one or nore weak or degradable l'i nkages, such
as ester linkages that are subject to hydrol ysis (gr olytically 5
degr adabl e 4k%‘l@h@%@"&‘Pﬂ?torﬁ%@mWé“%h?‘é?ﬁ@c&r?wslﬁ@qheﬂﬁ@F’l?opeé &F“'HB dt%e, inmine,

phosphat e el?ﬁk%f yx-and hydrazone. Generally, the nom nal average nol ecul ar
mass of the water-sol uble polyner segrrent PO_Y will vary. The nom nal

Forl oot ngr angeturlie T HobrnscemRt Y mhest o chono Stk P PESafind 0%, out
500 dal t ons|ifl@géd)auth asfést@mnld%k_g fas arefsipfet @b Gytirolys) COthdah ydroBtitllyabout
50, 000 dal t ons; from about 00 daltons to about 25,000 daltons; from

about 5, 000degzMdabledinkagasbaitm@oboomtaingd isROL Esnchysietagbangie, HEINCaver age

nol ecul ar ol ubl e pol yner segnent PCLY i ncl ude about
1,000 dal t olfe P tégtershﬁb%g P8ns. about 10,000 dal tons, about 15 000

dal tons, 15 abou dal t.0 about 25, 000 da tons, a 30, 000
dal tons, and abodt™ A@PYG "%F‘?@W?“EW%@%&W%P Hsi vger ?58@% possess
ol ecul ar ”F@E@l%r& mRROPOIABQill vAYO ThéH8middl AeragdRBlechlar 2@ oAPOLENS.
REPRESENTATI V MER ALKANALS
typically falls in one or more of the following ranges: about 100 daltons to about
10 100,000 daitons; from about 500 daltons to about 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. Exemplary nominal average
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,
15  about 20,000 daitons, 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

( 20 Following the generat 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
25  ahomobifunctional or heterobifunctional structure according to structure II below.
A homobifunctional structure according to the structure below is one where both

termini are the same.

1T W T
H—C cI: X'——POLY~——X' = C——C—H
R2 g “f"J

zu F4 z.

Structure I1.




20 Fol l owi ng the general description above, the follow ng are sone 9MAR 2007
illustrative structures denonstating preferred polyner alkanals in
accordance with the invention. For exanple, the polyner al kanal of the

i nventi oRyoWhBR23dshear, may possess 25 a honobi functi ongdr/@§2003/028221

het er obi functional structure according tgostructure I bel ow.

honobi f uncti onal structure according to the structure below is one where
both termini are the samte. O Rt R 0 HCC X -POLY-X CCH Z R Z
4,,12 Structure H 9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 -42-
Preferred values for X and -CRIR2- are as set forth above. Particularly

T o R LR g0 by bty e P
-0 5 (O - Nrféred®Sethétdrbs in acChbfdhnddv{ikiFudidtd D are Bbse iNWHIEHPONHi§ CH2CH2O) b-

and z' ranges from2 to about 12, and is nore preferabl 5, or 6.

2, 3, 4,
More specipPlyéethylgne glypplasing: Kt isvO-GEPyNE:, L{RaM s 'UH’%@‘erﬁri on incl ude

Structute AT Obe s ORI R B S bR O, 'Ry
,and z’ ranges from 2 to about 12, and is more preferably 2, 3, 4, 5, or 6. More

specifically, representative polymer alkanals of the invention include the following:

1]
PEG—(CH,),—C-NH —(CH,CH,0),

D—0O—2
I
xI

10 z

R1

i ]
PEG —(CH,);——C-NH —(CH,CH,NH); —{C C—H

H2

Structure IV-A

O

LN e
I

W |
C—H

R
it ]

PEG—(CH3),- HN—C-NH —(CH,CH,0), (I:
R

15 z
Structure 1II-C

[}
PEG—(CH3),- HN—C-NH —(CH,CH,NH)

ID—0O—2
QO
|
I

wht

20 Structure IV-C,



Z. Structure IVVA. OR OPEG (CH2),-HN-CNH (CH2ZCH2O b i C -H R2 dfar 2007
Structure 111-C 0 Rr O11 PEG(CH2); HNC 11 -NH (CH2CH2NH)g i GH R2 z

r 20 Structure TV-C, 9 MAR 2007 WD 2004/022630 PCT/ US2003/ 023221 -43-
wherein PEG is poly(ethylene glycol), b and g are each independently O to
20, a is OVQaU02HAY the remaining variables are as defi f&d/PRUHBEEy.
Preferred are structures in which b and4§-range fromlto 8 or alternatively
range fromlto about 5 6. Although z' ranges fromlto about 21, preferred

are structures in which z'* ranges from2 to 6, e.g., is 3 or 4. Structural
representations of two pol yner al kanals where the variable "a" (as shown in
the structures imedi ately above) is zero are provided below O1I1' O 11 11

PEG - C-NH - ( CH2CWi&E FEG-i#HpolRetiylere Sycolythuand g drk eih indepe@idRlly O to
20, ais 0 to 6, and the remaining variables are as defined previously. Preferred are
structures in which b and g range from 1 to 8 or alternatively range from I to about

5 6. Although z’ ranges from 1 to about 21, preferred are structures in which z’
ranges from 2 to 6, e.g.,is 3 or 4.
Structural representations of two polymer alkanals where the variable “a”

(as shown in the structures immediately above) is zero are provided below.

Tl 9
il
PEG —C-NH —(CH5CH,0),, C~H+—C—H
I
RZ
10 Z
Structure I11-B.
or
R'l 0O
] | |
PEG —C-NH —(CH,CH,NH)s— C~+—C—H
|
RZ
. z'
(. {5 ~Structure [V-B.

An illustrative polymer butanal possesses the structure:

H
it | |
PEG —C-NH _(CHQCHZO)b ?4 Ca {I:Z C1—H
H
20 - Structure I11-D.

Particularly preferred PEGs corresponding to Structure III-D above include
Z—(CHQCHzo)n- or -



11 1 PEGCGNH (CHZCH2ZNH)9 i C-HRZ z 15 Structure IV-B. An illusimakizve
pol ymer butanal possesses the structure: OHHHO PEG-CNH-(CHZCH20 b

-C4-C3-C2- 1Cl-H HHHZ20 Structure 111-D. Particularly preferred PEGs
correspoih R@sloe ructure 111-D above include Z-(CH2CH¢D@s2063/0285219 MAR
2007 WD 2004/ 022630 PCT/ US2003/ 023221 _444- O u Z-(CH2CH2O)"-C - i NH

(CH)4 O11 1 Z-(CH2CH2O, CGNHCH Additional branched structures in
accordance with the invention are as follows, where b is typically 0 to 20,
sis typically 0 to 6, and isl 2o0or 3, 5R O PEG (CH);
0-NH (CH2CH20O) b L;- H 1A2 d Structure VI-A

Z-(CH,CH,0),-C — NH

(CHa),

|
Z-(CHgCHgO)n'C— NH—CH —

Additional branched structures in accordance with the invention are as

follows, where b is typically 0 to 20, s is typically Oto 6, and d is 1, 2 or 3,

1
. T
C-NH—(CH,CH,0), C C—H
I
R2
zl

d
Structure VI-A

PEG (CHZ)a

or

10

0
] Nl

PEG (CHz)s "NH‘C‘NH""(CHgCHzO)b Cc+4qC—H

}

R? :
7 O

Z

Structure VI-B

In Structures VI-A and B above, PEG can be linear or branched. Preferably,
15 R'andR?in each occurrence are H, and 2’ 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

L]



or 10 0 ~ OPEG (CH2)s -NHICGNH -(CH2CH2ZOb CC-Ha RZi d () Spushyse
VI-B In Structures VI-A and B above, PEG can be linear or branched.
Preferably, 15 R and R2 in each occurrence are H, and z' ranges from3 to
12, and is even nore preferably 3, 4, 5 or 6. As one exanple, a polynmer in
accor dancevaizé/@eeducture VI-B is one where r r r 9 MARCIO(S2003p9E321

2004/ 022630 PCT/ US2003/ 028221 -45- PEG co#Yesponds to the structure: 0 Il H
Z- (CH2CH2O), CGN-CH 5 where Z is an end-capping or functional group as
descri bed previously. Another illustrative polyner al kanal of the invention

possesses the St IHG] tiespSRANG thodittur:
NH- CH2- CH2- 0- CH2- CH2- O- } CH2- CH2- CH2-CIH 0 0 3

CH3. O CH2- CH2- O CH2- CH2- CH2-Cl -: " n O NH CH2- CH2- Of CH2- CH2- 04- CH2- CH2- CH2- CH
311 O 10

0
H H
Z-(CHoCH»0)o-C —N-CH -

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

Another illustrative polymer alkanal of the invention possesses the structure
_ shown below:
C 0
NH—CH2-CH2—0-{-CH2—CH2—O—}-CH2-CHZ—CHZ—CH
3
Q

cm-o{CHz—CHz-o}CHz—CHz-CHz-C——-NH
n

o]
NH—CHE—CHZ—-O'[-CHZ—'CHZ"—O'I—CHZ—CH?.-CHE—(]:lH
3

10
Structure X1V

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
( 15  structure contains, in the portions extending from the -CH-branch point, a linker

containing oligomeric -(CH;CH,0)- segments, where the number of such segments

in each portion is 3. The number of such oligomeric segments in the above

structure can be vaned in accordance with the generalized description provided

above.

20 Further exemplary polymer alkanal structures include the following, where

the variables have been previously defined:



Structure XIV In the above enbodi nent, the polyner al kanal al so has MAR 2007
forked structure and is suitable for covalent attachnment to two

bi ol ogically active agents. The above 15 structure contains, in the portions
ext endi ngyfg AW hbg 36 CH branch point, a linker containi ng,@img@myzgﬁ]
-(CH2CH20) - segnents, where the nunber ofigsuch segments in each portion is
3. The nunber of such oligoneric segnents in the above structure can be
varied in accordance with the generalized description provided above. 20
Furt her exenplary pol yner al kanal structures include the follow ng, where

t he vari abl es have been previously defined: r 9 MAR 2007 WD 2004/022630
PCTI US2003/ 028221 -46- POLY-X C IC HOLiHz Structure VI HHHO 1
1 (1 POY-K- is i 3- i z- -H SHFjS ucture II-AOHHHHHHO CI

I -0 (CH2CH20NMCH2CHz 0- é HHHHHH t0 Structure VIII.
Preferably, any one of the b‘éve Str res |s provided as a conposition
havi ng one or nore of the unlque co tion features described in greater

detail below 15 0 FEATURES OF THE C]_ R ALKANAL COVPCSI TI ONS FORVMED AND
METHODS OF Structure VII

Structure VII-A (--w ’;
0 H H H H H H 0
b o
H— G ——C ———C~——C —0——(CH,CH,0),-CH,CH;—— O— CI: T <|: C—H
P!'I P'I1 i!I H H H
10 Structure VIIL

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.

15 O
FEATURES OF THE POLYMER ALKANAL COMPOSITIONS FORMED AND METHODS OF
PREPARATION

The polymer alkanals of the invention possess several advantages over

20  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

25 denvatives (e.g., propionaldehydes, acetaldehydes), and are formed without
significant or even detectable amounts of ret,rg-MichaeI type reaction side products.

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



PREPARATI ON The pol yner al kanal s of the invention possess several adwakkages
over 20 previously prepared pol yner al dehydes. First, the pol yner al kanal s
are prepared in very high yields, in part due to the sinplicity of the

synt heti c approach enpl oyed, particularly for the al kanals having oxygen as
t he |inkeWbngo32630\br eover, in exam ning the stabiIityPSFﬂﬁﬁﬁmﬁ%Féhals of
the invention, it was discovered that t e~ types of al kanals are nore
stabl e at basic pHs than prior known pol yner al dehyde 25 derivatives (e.g.,
pr opi onal dehydes, acetal dehydes), and are fornmed w thout significant or

even det ect %Mﬁorﬁ[ﬂ%ﬂ?&éuﬁﬁqg&%thtM-M@EAeIE Seictidnl pRAuShdPBRCt s.  For
instance, as denonstiated in Exanple 3, under basic conditions, nPEG 9 MAR
2007 WO 206ud 022H30nRON usden3codga2n sigmficant agrwiiies defiy dé haudet goes a

retro-M chael e reaction roduci nd. t Iyminat i on product,
acrol ein, i ﬁoos"%‘ﬁ??"i‘%g’fﬁa“&}j&%?i 159E 4?2‘? {)@595%18% gong[ﬁh%éo]{rﬁdt enper ature and
pH 8, near| yieddiipatd}) A cBincaspAPEQbatdeldykiaiechadigniitanipaneditable andont r ast ,
nPEG but yral dehyde is significantly nore stable under 5 basic conditions,

denonst r at i gsie senditiong, FEMARSIALBR RYERNE ! YoIP drcommposition of thininst undgpthe

condi ti ons ayed er, the butanal polyner derivative of the
i nvention rgg}g lgéﬁse%n&ﬁp%c{r]i um in water with its correspondi ng hydrate at

about 50% hydr at @urthar, thednRsinal palymichderi vitive by thedibeerttipuirkadhed ¢quilebehindi t ed by
propi onal dehyde and t he 100% hydrate 10 exhi bited by acetal dehyde. The | ower
reactivity OR Waks Wit ismgyregeonding hydsate gt ahaws S07eRxsrite.dar loweniha & denced by
t he markedl Ll . A I t 1 i on under
basi ¢ condi ﬂogéng %gﬁ@@%ﬁé@%gﬁ%ﬁ%@gﬁ%aﬁ&gglepirl@ u@%lﬁgt:es observed
during cl@nj ugaibited by acealidengich Shederert bactvigelfyittepal emevddrivat sesaff thde
invention and proteins or other nolecules at basic pH._The | ower reactivity
of the 15 anaéfﬁveal% 3¢ gutlenre béﬂfh"c‘Hé“ﬁeﬂ\)’egﬁ??tﬁfrﬁ%'%ﬂjg’e%fttge HRPRUY R0l
derivatives idvagid [Wal¢ eaaly ' amny ' ive

dor  vat i ves, o B R e el P ci
Wi th speci f iis observed dyurimggsnjugatidn codtams pefkdeanhe adehydardenvatgresopthe on
proteins or peptides, as .og)pos d to, non-sel ectil¥e gr random. .reag ion with
any nunber oftY OH&“g)PER}f)'g 8het enmglestlss gt basisRi g ENFIRvEE fFastivity 0 ®many

appl i cat {PNS;id&heathviRives bemBHNRhtiéh HapRiE Mar tle ddiRaRAYT®Ee RI&IRANE 1S

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
20  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
25  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
30 promote decomposition of the polymer segment.
Due to the mildness of the synthetic gpproach employed, and further due to

the stable nature of the stuctures provided hefein, the polymer alkanals of the



C . preferred to better preserve protein conformation and bi ol ogi cal 9 MAR 2007
activity. Moreover, the polyner alkanals of the invention are fornmed from
t he correspondi ng acetal precursors by hydrolysis under mld acidic

condi t i oW® 2004/622630 Under nmuch | ess harsh aci di c conditi egg/ghensoceequi red for
ei ther PEG acet al dehyde 25 or PEG propugnal dehyde. |f desired, such mld
conditions allow direct in situ conjugation of the polyner derivatives of
the invention with proteins, peptides, or other nolecular targets w thout

D oL SO0 i P I My MBS
pr ovi ded ingichidlftyichitlon bl XPRANNG RAlirier ARMaPLIIES i RARGHSAaRY L hat can

30 pronote deconposition o pol ymer® segnent . the m | dness of the
synt het i ¢ hapgn ogcarécyddrby stdragantbieuexibitinguery bmitedhemsombifeinaf ure of the

stuctures ovi ded herei.n, the pol yner al kanal s..of the 2007 WO

30041 022638 ES<GE2BAG§0h 23 o0 FRarHPiE RER BR SHPUTKHMACPUFAF §/%br ovi ded as
conposkt i qfige the ol¢ffer EXKERIM bBthk YnRR8ER ek idudd b aHI6E est YRR ab&@ct | on
products. Thus, thé polymer al kanal conpositions provided herein are

parti cul arlOfe degmdgngifald polymehaldet ydegproep when stioteeldit 40U fard Sidayany of

pol ymer degaonposition. As an exanple, pased on stability data callected over
5 tinme, tﬁﬁ“f}ﬁ?‘ﬁﬁ‘ﬁr“e&’(ﬂl@aﬁﬁ%ﬂ wagdetemngd, léh*ﬁ‘T[Br?“ﬁ}é(F‘é- MGHé’“P@Yvé’%Pﬁ‘B?dc | ess

t han about ;09 | ; . al red at 40C
for 15 dayas“.3 me‘léﬁ??%p%ﬁ!@teyr??& é‘gggarn gﬁg)tf!aggnm\;\'gﬁsu@éﬁ gﬂrﬂ%{ngﬁue‘%{aggmm?%@%ﬁg?ysi S.

Addi t i onal doyresgmalin glBIG-dalkanal Giear a hd?Ebifiolcyioral PAkanairgy ofisinpérormvent i on
that are substantially free o e, corres di PEG-di.al kanal (i.e., a , -
hormb!al un FBFF&F"%I?@“%WN 9ff%éa$q’ﬂd"f‘|i‘eow&%%9?ﬂ‘éwp'%'§ﬁﬁ e of an anount df. !
PEG-di ol in the{REmihbw MérBBh&ificlily to ik ﬁWhBH@&'rH%%TQrRQIy%E?C' fically to
the nmethod for making a pol yne al kanal of the 1 nvention, “a pol yner al kanal
i s gener al digamat epthe exivenyion capalymgr alkuvad ér gersodllyigrepapsd yneeactngvd weteat | east
one reactive group, Y, with rotected al kan .[eagent containing a
eact | ve gPhife PRmethebea: o B Sl e By wih S ErRaa ORIy, 15
reaction weﬁgbnYcomam{gf&&aeﬂnte £08p &t feehblégol &sél@é’e‘?ﬂéﬂt VRbeEIGMRlye pol ymer
al kanal in protected Torm Generally, a protected al kanal reagent wl|
possesl® frigastidmoutth X', underabodition9eifentiveno furoms watkheolwblego! wodratiasalpol yner
al kanal in _protected form thus formed is then typicall drolyzed, for
exanpl e, URFpte tgfig?xgn céﬁ'&‘??'}"%r‘fg‘”{"&?deg aikanalhreagen}/euul(l" possgssrﬁlom aL&’m‘i
to about 20 carbon atoms. The water soluble polymer alkanal in protected form
thus formed is then typically hydrolyzed, for example, under acidic conditions to
form the desired water soluble polymer alkanal.
20 Typically, the coupling reaction (i.e., the coupling of the reactive polymer
and the protected alkanal reagent) is carmied out in an organic solvent such as O
* toluene, chloroform, methylene chloride, acetonitrile, acetone, dioxane, methanol,
and ethanol. The reaction is preferably carried out under an inert atmosphere, at
temperatures ranging from about 20°C to about 150°C. Hydrolysis to form the
25  desired alkanal is typically acid-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.
30 Most typically, the coupling of the polymer segment to the protected alkanal
reagent proceeds via a Williamson ether syntfiesis. More specifically, the reactive

group Y of the polymer is hydroxyl (which in the presence of a strong base is



formthe desired water soluble polyner al kanal. 20 Typically, the couhirBeo?
reaction (i.e., the coupling of the reactive polyner and the protected

al kanal reagent) is carried out in an organic solvent such as tol uene,

chl orof orm nethylene chloride, acetonitrile, acetone, dioxane, nethanol,
and et hanelQ 200lve2x8action is preferably carried out undePCHiVS2I98028221

at nosphere, at tenperatures ranging freapabout 20C to about 150C.
Hydrolysis to formthe 25 desired al kanal is typically acid-pronoted, and is
conducted at pHs below 7.0, with preferred pHs ranging fromabout 3 to

about 6.5. drol ysi.s can be .carried. out,. at H_of. aboyt 4 or 6,
Weh 1 oner HEEAIAEIG SRRsRatR it Sty ArrBand ndiiRlve Godi k3, ot et ¢
appoach out fht pesteABDMRar] €eapEM\HceRis oo edVit godp, sdch Bs a Rallllel7. 30 Most
typically, the coupling of the polynmer segnment to the protected al kanal

reagent pr o@efeErbly Gl- ar By or mesvn selfaie fa silfenasiester)vhrecanidiederdibal |y, the

Ctrong baseuiriResl b BByt St pdiRis R0 el Btwllse D RGRRACC 00 P
to its corrgenerdilingagis @hiethe linkddeqy) EcnnBltin Y he tHeelednalie group K on

the protected al kanal reagent acetal is a good |eaving group, such as a
hal i de (pref er abpNoveng agachmpeny iPORs HipiPrageied plkanal ishydralygedatadt er ), t hat

can be readjl.y.. i i iet 1 hg. pol yner
Corm nus. Thddie gt BRbAE B cifrehndiy a8 P BURG cBSH, by, s POL)
connecti ng Mmékd abeve! the atitakainaketals fuch lapbivagalatéacdrerhpdrotyae®CGhdér nitder pr ot ect ed

al kanal is hydrolyzed St an acidic pHto faormthe }C§0r1:; espondi ng al dehyde or
il. kanal fun€ndHes thadp CORESPORLNE FromIBULT ethpralAckalsa Foq esample. e, as

ut anal j@cepas 335 r ol Mr&ehi Y98 orhd HeEnttAd bk A% 4 PA of
correspondi %gsprcg(géna?’ or ethana aocet al s.émlzog]r exan%?%,l}zwﬁetn ?goz' is 3 or
greater, anabdutdrmald abeghet, paftiduetyi whenR| ond Ram diensipates hyeziéd AamomdpH of

As ot od_ i 1 BxumpPgai &he hitundlackal Sip dsccabst Poronis AR herei n | s
Functi bnal crse Rufr o DR SERERAM A0 (P SRCRAL Hnkub I AP foke 71 (7™
enabl es t hemihl gidic cositiats 1§ hévabEigabubedintat énabis ittonalsire ede pbthgmer for
con ugaLon 1.2, SuPLALELR o TeE: B obam call X sctie JRLSELS lg o e

active molecule following neutralization of the solution containing the polymer

alkanal to a suitable pH for conjugation (typically a pH of about 5 to about 10). In

contrast, linear polymer propionaldehydes require isolation prior to conjugation due

to the quantity of base required to neutralize the low pH solution and the
20 correspondingly greater amount of salts generated during such a neutralization step.

In the method employed, the protected alkanal reagent is typically an acetal

such as dimethyl acetal, diethyl acetal, di-isopropyl acetal, dibenzyl acetal, 2,2,2-

trichloroethyl acetal, bis(2-nitrobenzyl} acetal, S,S’-dimethyl acetal, and S,S’-

diethyl acetal. Alternatively, the acetal may be a cyclic acetal or a cyclic thioacetal.
25 More specifically, the protected alkanal will usually possess a structure as

follows:

wh

Structure XI-D.



al kanal to a suitable pH for conjugation (typically a pH of about 5 §mAgowt
10). In contrast, linear polyner propional dehydes require isolation prior
to conjugation due to the quantity of base required to neutralize the |ow

pH sol ut g Lahdbg 20 correspondingly greater anmount of psphksgenResat ed
during such a neutralization step. In ty§e nethod enployed, the protected
al kanal reagent is typically an acetal 'such as dinethyl acetal, diethyl
acetal, di-isopropyl acetal, dibenzyl acetal, 2,2,2- trichloroethyl acetal,
bi s(2-nitrobenzyl) acetal, S,S -dinmethyl acetal, and S, S - diethyl acetal.

Alternatively, the acetal may be a cyclic acetal or a cyclic thioacetal. 25

More specificall t he ,prot.ect ed_al kana il usual osse ructure as
fol | ows: V\Z 15 %@CR"F’ S 4y preggy, frpm )l 1o _Pﬁ\fc%luﬂgs Eﬂ”@p@ym@aﬁﬁgm

2004/ 0226 3@rdetddd s8R00 K 08B h oc@firent s it Ndep&idedAy W 65 anZorghriic afdidadt eger from
1 to about 21. As for the polyner al dehydes provided above, R, in each

occur r ence selegted frgapidiageoupl gpnkisong efalbylgsutisttutedialisyl alkgwylesbsttufedom t he
roup censi stin f al kyl.. su i tyted al kyl,, ..al kenyl , stituted 5
O Renyt 3" 5 s aRnB sl A, B oot RS T Sna o,

in each OGE&lf&RESs iﬂd%?érﬂﬁﬁﬂ’ Pl tnl ot gdni@ Fadddhl 9¢l8@Bd frofmatle gadupsel ected from
the group consistin al kyl, substituted al kyl, al ken%/(:x, gsubstl tuted
g

al kenyl , alcRysisting of t5ubslitaigd aliygralkenyhsybstituigd agpyk p d aryl. W and
Wb i | . d i tly H
an or gan o hRfSETARERL, Yoyl DBurteAPRaRT, SICaREWEISs SRR adgERRAYen ¥ 1 O

i sopropyl, ®engyind R’ ahd R*taré edehrindipsdentigri@lor M bregahienadital selectebiéron aken
together, are -(CH2)2- or -(CH2)3-, form n? a5 or 6 nenbered ring when ()
consi ddPed theg@unepnsisting afymetinyl, ethilisppropyt.deazvbl ¥, 1-tRcharogihyl, apd t he -

fol I ow ng rn?[?glgcin\fﬁ, gf QHEP faker}?ogghgr,gch(CHg)z— or -{(CH,)3-, forminga Sor 6
membered ring when considered together with W?, C,, and W".

Preferably, K is one of the following reactive groups:

15
o O 0 0
1l ] i 13
Cl, Bl’, CHg_'Q_ﬁ— , CH3‘—§_ CFg‘_'_ﬁ— CF3CH2—ﬁ...._
0 0 O o .
In this method, the polymer alkanal in protected form is typically formed in greater
than about 85% yield, and even more preferably in greater than about 90 t0 95% O
20 yield. '

Following hydrolysis to obtain the desired aldehyde-functionalized polymer,
the product may be isolated if desired by neutralizing the reaction mixture, e.g.,
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

25  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

30  values (less than about 1.5, preferably less than about 1.2, and typically
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this nethod, the polynmer al kanal in protected formis typically formed in
greater than about 85%yield, and even nore preferably in greater than
about 90 to 95% 20 vyi el d. Fol |l owi ng hydrolysis to obtain the desired

al dehyde-Worgt4gaadi zed pol ynmer, the product may be isol BEEUSINI/RSEIIr ed by
neutralizing the reaction mxture, e.g.,51+raising the pHto fromabout 6.0
to about 7.5, followed by extraction of the polyner alkanal into an organic
solvent, and renoving the solvent, e.g., by rotary 25 evaporati on,

| yophi lization, or.distillation. e [ iglty of this. approach that
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pol yner al dehydedn isalatedmeiywaersikanal pfche divepeers vily prderpblly lhake ¢ Pedy afhan about
1.5, preferably les n_about 1.2 and jcally 9 MAR 2007 WD
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1.08, 1.505, 1.04xandplesl #id 2 PRkivate e oarhnie ofAPEd gipahed dikaaisadn | ow as
1.03, 1.02 and 1.01 have been thus prepared. An_isol ated poIBérrer al kanal of
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subsequent Rretegisd pikang. thyg formed sshpynibyStpeiuyerdd-E balewect ed al kanal thus
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Structure XI-E.

The hydroxy terminus of the PEG can then, if desired, be converted to a
functional group to provide either a homobifunctional or a heterobifunctional
protected alkanal, Suitable functional groups include amino, ester, carbonate,

15 aldehyde, atkenyl, acrylate, methacrylate, acrylamide, sulfone, thiol, carboxylic
acid, isocyanate, hydrazide, isothiocyanate, maleimide, vinylsuifone,
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

20  propionate, succinimidyl butanoate, succinimidyl succinate, succinimidyl ester,

glycidyl ether, oxycarbonylimidazole, p-nitrophenyl carbonate, aldehyde,

orthopyridyl-disulfide, and acrylol.

Other representative alkanal reagents are described by the structures:

gt| W&R?
|
K— (CH?_CHZNH) (_I) Cl—wbei
HZ I
25 . . H

< Structure XI-F



10 Z Structure XlI-E. The hydroxy term nus of the PEG can then, if degihkedy7
be converted to a functional group to provide either a honobifunctional or
a heterobifunctional protected al kanal. Suitable functional groups include
am no, esy8hooGRkdanate, 15 al dehyde, al kenyl, acryl ate, pgefsassubabe,
acrylam de, sulfone, thiol, carboxylic .geid, isocyanate, hydrazide,

i sot hi ocyanate, naleimde, vinylsulfone, dithiopyridine, vinylpyridine,

i odoacet am de, and silane. Preferred are functional groups such as

N- hydr oxysucci ni m dyl ester, benzotriazolyl carbonate, am ne, vinylsulfone,
and mal ei m de, N-succini mdyl carbonate, hydrazide, succinimdyl 20

propi onate, succini mdyl butanoate, succinimdyl succinate, succinimdyl
ester, glycidyl ether, oxycarbonylim dazol e, p-nitrophenyl carbonate,

al dehyde, orthopyridyl-disulfide, and CRY ol w@her representative al kanal
reagents are described by the structureg: R3 K-(CH2CH2NH) C g WR4
12 1 25 R H Structure Xl {—9ChaR,200 Q296380 PCT/ US2003/ 023221
-52- R WAR3 K-(CH2CH2Ob i C, WR4 RZ|1{z HStructure XI-G 5 In yet
anot her approach, a pol yner al kanal of t/hg? nvgftlon i s advantageously
prepared froma chromatographical Iy puriti€d®POLY-Y. ISHUERIEXdy, pol ymer
inpurities, if present, and in particular difunctional inpurities arising (
i fromPEGdiol, are renoved to enable formation of an extrenely pure

pol yner 5al kanal Iﬁlyelthmthea&pprlb@cﬂ QqﬁilyndeﬂmﬂabeﬂtheTMauapm oach is
exenplified in Exanple 10 5. A summary of the overall ¥nthet|c approach
enpl oyed, .aﬁgarammlagé@arth fﬁomambr%a@mpwa{lb PEREed BRENY - JBtMbds

descri bed ?Iﬁb@g%gfagﬁgne%ﬁﬁw&gh { bfid BB FaClifurdcliSnd FABEAGRS SR T €0 OYt |

i s provide
from PEG-diol, are removed to enable formation of an extremely pure polymer

alkanal product as previously described. This approach is exemplified in Example
10 5. A summary of the overall synthetic approach employed, its advantages, 1its
applicability torthc general methods described herein, as weil as specific details of
the reactions carried out is provided in Example 5.
Although any chromatographic separation method may used, particularly
preferred is ion-exchange chromatography, where the Y in POLY-Y is an ionizable
15  group oris a dervative of an ionizable group such as a carboxylic acid, active ester,
amine or the like.
Illustrative polymer alkanal acetals of the invention may possess any of the

following structures, where the variables have been previously described: O

|
20 H Structure IX.

or

"y



Al t hough any chromat ographi ¢ separati on nethod may used, particul arl ymar 2007
preferred is ion-exchange chromatography, where the Y in POLY-Y is an
ionizable 15 group or is a derivative of an ionizable group such as a
carboxylic acid, active ester, amne or the |like. Illustrative polyner

al kanal ad¥ #0634 he i nvention may possess any of the PCATYBHISHg3221
structures, where the variables have bee®3previously described: R WAR3
POLY-X CC WR4 R2 1 20 =8 H Structure IX. or r 9 MAR 2007 WO

2004/ 022630 PCT/ US2003/ 023221 -53- H POLY-X i ¢ WPR4 H Z H Structure | X-A
In yet anot her approach for preparin polgop@r al kanal of the invention, a
5 pol yner al kanal can be prepared by | dijng t he pol yner segnent, PQLY,

directly onto an acet al prﬁggps.o.r.xr _d.lwsfgt pol yneri zation. Mre
specifically, in this nethod, an ac tja precursor having at |east one
active anionic site suitable for inijt4y pti pol ymeri zation is rst

provi ded. The anionic site of the acetal® précursor is tmcm{%& ed with a
reactive nononer capable of polynerizing, to thereby initiate 10

pol yneri zation of the reactive nononer onto the acetal precursor. As a
result of the contacting step, additional reactive nononers are added to

the acetal precugsor to forma, polyner chain. The contacting i.s allowed to
continue until affu&iaﬂgfgermﬁ%h faw&ea@wﬁém%ﬂéwm?t dBYREE™ ¥ ol | owed

by termaat| I i : r of the
g Réél?%ﬁpﬁlkaﬁﬁ%ﬁ eélp%@areram T tnebxgﬁ{er 8 SRIY dROPY eGH

i nvention. e resulting 'y yde precursor can be further
hydr ol yzed bmotanacetabpreegpamdigndyaliteanzd! ymeriseionf Marh spdvaiaallyi in thiesi r ed.

l;@st preferably,. the rel\active nmononey i s ethyl ene oxide ang t he reactive
i oni ¢ si t ECHd 39 AP RFIHISOT PRENG Akleast onpARRYGAGNIE SIGHEPIR A% de ani on

(0-), prefeidtiohAsApanRaies iPHrsBProridedl ThEBhRhiite of the acetal precursor is
then contacted with a reactive monomer capable of polymerizing, to thereby initiate

10 polymerization of the reactive monomer onto the acetal precursor. As a result of
the contacting step, additional reactive monomers are added to the acetal precursor
to form a polymer chain. The contacting is allowed to continue until a desired
length of the polymer chain is reached, followed by terminating the reaction to
achieve a polymer aldehyde precursor of the invention.

15 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

20 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:

A 3 ‘|N3R3
|
X (|3 C—WPR?
H2 I
25 » H
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ot her suitable counterion. The al koxi de end group present in the acesslar 2007
precursor is 20 active for anionic ring opening polynerization of ethylene
oxide to forma polymer alkanal of the invention. More particularly, the

acetal prasvsss@bwhl | generally possess a structure corg@Espaaiagdio; R
WR3 X -WR4 CCR2H 2571 9 MAR 20034 -WDO 2004/ 022630 PCT/ US2003/ 023221

-54- where the variabl es possess the val ues descri bed above, with the
exception that X term nates in an oxygen anion, or O (e.g., inits

neutral for a rou .or -Qd, that in
t he presenﬁg}arﬁﬁ’%vé} Eﬁﬁ ‘%%?é%‘ e"’é‘ ”eé B?‘EEP‘%/VS f‘l’fé t%‘%?’fcg @FE?& al koxi de
sal t). Sul {alifaesqH Bh %Hé&'ﬂsanld?:cbifj@e(e m5ls|ﬁeutr£4' formaﬂdt}@ﬁ:ail The term nating
step generally conprises neutralizin reaction, %y addi ti on of

aci d. Opti emalraes it laéwpmlxyhgmugegr@h‘ltthmy tb@p@app‘@d!f atsyoagida&m Bn of an

Cer i nus. FAMBHES e cormenaRB iR abE Y hebesbaRsn iy o' Ve
corresppndg*ig*; dtége smeueﬁ%@ng£1S&Qé¥lé?my"colﬁapmgfhahfm.amg&hérom about 10

to about 4000, and Zis ( ) selected fromthe group consisting of -QCHS,

- OCH2CH3, mm:om(m)tlonlﬁ agidi (Ppthvantl e dolyorer segatny-maycherqappgsbnds t o
the struct CH M., wher ared by anionic
ri ng- openi &ad‘fzi&}ig?/ﬂé?rf %lg%rliagng fﬁ‘aggftrwIogﬁéreti’%f:'&tesubﬁPngghpré’gﬁ’erEga?)B% al cohol at e
salt such gscdve pmadeCH20- M prepared by netallation of the termnal -OH
group of Z CH2CH2OH with a strong base. M represents a netal counterion
such as Na', K' [noug partigyar emppdimp@iofihe atioys npﬁ{b%rPﬁYsY egreaspenfsttabl e for

R, RS BN 9B T T 0 a2 gerer a7
selected from the group consisting of -OCHj, -OCH,;CH3, and -OCH3(C¢Hs). Ina
further embodiment, POLY-Y corresponds to the structure Z-
(CH,CH,0),CH,CH,O” M"*, where POLY-Y is prepared by anionic ring-opening
-;,:polymerization of ethylene oxide onto an end-capped alcoholate salt such as Z-
15 CH;CHzo' M, preparéd by metallation of the terminal -OH group of Z-
CH;CH,0H with a strong base. M* represents a 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 generalizéd scheme outlining this approach is provided herein as FIG. 1,

20  and the conditions for carrying out such a reaction or series of reactions are

provided in Example 15. O

STORAGE OF POLYMER ALKANAL REAGENTS
Preferably, the polymer alkanals of the invention are stored under an inert
25  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
30  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



20 and the conditions for carrying out such a reaction or series of ¢wmAR2007
reactions are provided in Exanple 15. CJ STORAGE OF POLYMER ALKANAL
REACGENTS Preferably, the polyner al kanals of the invention are stored under
an inert 25 atnosphere, such as under argon or under nitrogen, since the
al dehyde Mets@omabi ty can react with atnospheric oxyge®CTE 53008828221 t he
correspondi ng carboxylic acid. Due to th&-potential for reaction of the

al dehyde portion of the nolecule with water (e.g., by exposure to noisture
to formthe corresponding hydrate), it is also preferable to mnimze

exposure of the polyner, al kanal . i I to i hus,
preferred s?o&egﬁééldgé]wdtr?% %m?ir%d‘i‘c}ha@%}@dlrnyl\ﬁgt?é%e%q%qcr%ﬁ%t%rﬁ%%& ?r;rll;ert gas
at tenper at ¢f'tBs pbIghRYVaRBAAIGs PES, Be PEXDp@tONn BNt alko ¢anpectatowle withondi ti ons
reduces the rate of hydrolysis of the polyner al dehyde to the 9 MAR 2007 WD

2004102263000Etn sfrompeopedesialorpghe REErRosiiomaf thg mglasue-eFemiaten 8fidi ti onal |y,

in instance - e t p Fﬁﬂﬁﬁ 1S PEG the
PEG porti ona%w? %sgcaé{lﬁglﬁg eY)gge%d ?oe%g{?l ncg?“é’\c‘;‘k‘if tﬁﬁ lﬁ&leégﬁ%gﬂé 0 é relfrg]?tger oxi des

al ong the PHGhPPEG akari rdaldentndh eewl of th&-oiiovet itdnadifitiodlypréfdrad wan
ultimately lead to chain cleavage, thus increasing the polydispersity 5 of
the PEG al k&g the BEGerkanajspfyheinventionHa this@fk, it is additionally preferred
to store the PEG al kanal s of the invention in the dark. Bl OLOG CALLY ACTI VE
CONJUGATES 10 COUPLI NG CHEM STRY CONJUGATI ON TO PROTEI NS - RANDOM AND

N- TERM NAL BiUECitAEYy RemebQorseges | bed pol yner al kanal s are useful for
conjugation to biologically active agents or surfaces bearing at | east one

am no group available for reaction. Typically, a PEG al dehyde of the
i@]venti &% | SOVBUPGEREMESTRY ami no group 15 by reductive anination, resulting
i n formati oFODFUGATERE TR HBROVERNAT RANDOV AN -TEBMRGENSELEETIYE| yner segnent and

the surface or bi®logically.active agent. . In caenjugati.ng. a polyner al kanal
of the i nvention ThF oroGacesty R iliipfaiibrts Bg pdhl OPEUUPRB S et o
surface, theiddediviBracavkagdls bissurfaasbegking ithedshend amat grodd BarBRfbNY

nol ecule in a suitable solvent to formthe correspondi ng i m ne-1linked

i nt er medi at eeacpon.whyrieallys athiéhaldetige ofl theonventionds seurderi@ran amng graubPnkage
BEEWEEn l%he b??'(!:&lurm{'e glggnation, resulting in formation of a secondary amine linkage
between the polymer segment and the surface or biologically active agent. In
conjugating a poelymer alkanal of the invention with an amino-bearing biologically
active agent or surface, the polymer alkanal is reacted with the target amino-bearing
molecule in a suitable solvent to form the corresponding imine-linked intermediate,

20 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.

25 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

30  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 madified in a non-arrine-containing buffer (e.g., at a pH



Cthe biologically active agent or surface. Reduction of the imne tomasSo07
corresponding am ne is acconplished by addition of a reducing agent.
Exenpl ary reduci ng agents include sodi um cyanoborohydride, sodium

bor ohydr idsg200liobdasaim al um num hydri de, and the like. 25d&pusiabhx2it he

pol ynmer al dehydes of the invention can_.b3g used to selectively target the
nodi fication of the N-term nus under conditions that differentiate the
reactivity of the al pha amne at the Nterm nal am no acid. Certain polyner

al kanal s of the invention ap r tq denpnstrate reater selectivity than

pr evi ousl ;Fa“&‘?lgﬁ\ﬁ %’PHE‘MPO‘@OHE&SVE ferally {rm aP‘PstS,a“’%ri RS Bregﬂﬁﬁé{lﬁ‘f% for

applicati YRS I | rm al N 0N 1S desired.

React i on %I?igl t olﬁss?t?gfsﬁ’ @?%%%ﬁ%%‘%%ﬁ?ﬁﬁg?wd%%?;pgﬁjxﬂ;?ot ein or

pepti de i ndkarchéof ihg isNension,v(iiiy aflbeingthetpedtaincor peepde ael padyioer atbatialied in a

non- ani | ne-contai pi ng, buffer (e.g.,. at a pH 9 MAR 2007 WO 2004/ Q22630

PCT/ US20034P09453 54 fermghe fmyng sorplsH eabaner coRiigatgs e By (‘Hrf’é%lé‘r"&m f from

about 5 t Oreflucin tcpfcﬁlfnemé‘_ptl)&esyonain Q%&Hnﬁbﬁ%e%oﬁﬁeﬁ Shymefi i) adding to
%e I 0 grrer al’kanal of"t 8

the protein or tide solution pol I'nvention, (iii)
al | owi ng tdomjpgate. eiReaoviopapdittmsdndrapdbymetackankstrodila poi yomeredicanat ref or m t he

i m ne-coupl ed | yner. conjugate, follwed by (iv) addition of a.5 reducin
agent to PWW‘F“@@XW'F%QBMF%SWS%Y? “%llm(ﬁl?s)ef‘,ﬁ%‘Paah%m%ﬁﬂs conj ugatg'.J e.
Reacti on Cm\ma@ﬁfghﬁf){toB@BQ@&Es@&‘i@g}éﬁﬁPHﬂQﬁ pRiged! ymer al kanal are

essentially identical to those described above, with the exception that the
pH i s sonewhat Thifgpee N-(ermirve mibdificuiada pH grabaued tadkf as mobgirefaired To f avor

Nt ] .nodi ficati : f .ab 5t0 5.5 0. t f d 10 si
RO S N e R R I R A
di ff erencem the pKaivlue tiKanivia| déSuPbf MR- @FhiRQl ShiRYRcRS an@hdhhiion nal am no

acid and the am no group of lysines. Generally speaking, conditions favoring

N-t er mi nal gewpaeédysuiesy Gingolllycoepiinginsinditions faveding Polegming selegtivipwer t han

about 4. The st..f.avaor ab| H for promoting, N-termnal selectivity can be
det er ni ned"‘S%%rP&lssq?}/q\T Zd‘ml%n[%'ﬁglfl%\fl?aofgr Q’HB%\RP?H‘EdﬁbCe‘HHStj%?{S'{]ﬁg articul ar
protein tofdigromeiind BdemBhit RRcAvRYTALHS déefmine@BJ¥aéE skille€ RihU@al | on i ncl ude
sodi um{)hosphate, sodi um acetate, sodium carbonate, and phosphate buffered

sal i nelY PB®)d wity depsat upon theepapisiujareproigirkerisl mpdified.d udtablg bubfers for
protein- CO%l%urc]lilqgcén?tliéjattiiogri‘nc%deasrbd?%ipﬂgép%rate?gg s acc):zrata?et, s&ii%l ar
carbonate, and phosphate buffered saline (PBS). Typically, the polymer alkanal is
added to the protein-containing solution at an equimolar amount or at a molar
excess relative to target protein. The polymer alkanal is added to the target protein
20 at a molar ratio of about 1:1 {polymer alkanal:protein), 1.5:1, 2:1, 3:1, 4:1, 5:1, 6:1,
8:1, or 10:1. Molar excesses of PEG-alkanal relative to target protein are typically O
in the range of about 2 to 5. The reductive amination reaction 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
25 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
30  the progress of the reaction over time. Progress of the reaction is typically
monitored by withdrawing aliquots from the teaction mixture at various time points

and analyzing the reaction mixture by SDS-PAGE or MALDI-TOF mass



excess relative to target protein. The polyner al kanal is added to tgwar 2007
target protein 20 at a nolar ratio of about 1:1 (polyner al kanal: protein),
1.5:1, 2:1, 3:1, 4:1, 5:1, 6:1, 8:1, or 10:1. Ml ar excesses of PEG al kanal
relative to target protein are typically in the range of about 2 to 5. The
reducti ve VEag2pEtRyd0reaction is typically carried out atPQiEWpeeidrRsizes at or
bel ow about room tenperature (25C), althoigh tenperatures may range from
about -15 C to about 100 C, nore preferably from 25 about 4Cto 37 C, for
approximately one to twenty four hours. The reducing agent is also

tyDi cal |y aggedlohu 066 ERPottPBliabfe 481 AR miMod M PHIISufiRRgEAkibd oM about

2-fold to a excess relative to polyner-pro conj ugat e.
Preferred kenjugatedide further ebara¢tagzaiesing amal@ickDmtlods swh20MALRL Nl ar excess

relative to pgolyner-protei.n conjugate. The act reaction tine is

det er ni ned 5§P‘ﬁﬂ_ﬁf{Efeﬁfrpﬂﬁorg%s’tﬂ?ge%f%ﬂ?@%“%P“%ECWQ%WB_BVH ti me. Progress
of the reaction gk ¥pdslally ;d%gl&irﬁﬂd@d%%%&\&bﬁ%t%'t% foteih bPM the
reaction mixture at various tinme points nd anal yzing the reaction m xture
by SDS- PAGE peptidéih DhmbaFofnaferedt ApRoRMIOT maR¥OeaPpioyed2 268 ApPeidi6Ee0083/ 028221

-57- spectronetry or.any other, suitabl nal yt i met hod., The resulting
pogyl ated | CORPTLRREXEIAH GPPIGRTGE (% e S A SELE B G AR OAHoE Aot hods
such as NALDLsidueS @it hieAfa8d RCEEPRBOTRToRdudShcted RELEMPAPERAShde and/or
chromat ography. More specifically, to couple an al dehyde pol yner derivative

to a prot ei pepde Bughegstthere exampiarh bromdledilésf moeided beipwd ssdbipisalivangadied
enpl oyed. One .approach (i.e. . a. random peqgyl ati on approac IS .

val ently (h"fthzg olpRer ?‘8“’5‘29" HiEpysntisn ‘Fﬂé‘lgﬁé‘m'?eégc?rﬁﬁgg‘gﬁfg%r %{rr%ﬁ(gur face
ccessi hbe. pip %ﬁﬁaquﬁa@mgm&nra%am fN3. ANGH-AhfleRoftainiRERIffGareSsUCh as those

exenpl ary bionol ecul es provided below is typically reacted wth a polyner
al kanal of tpsefefred sined ba aminergraips amthecutfoncan enmpgtowith @rotein amiingl 10 pHs

general ly ranging f . ut 5 to 8. (Nop-amn ntai nin ffers are
orererr ey s e ol COmAERHh Bl Andt iR, AP AR R AP SodihioEL L orer
am no  groupsuffe®ls seRURHihaging Antapprdpelae FK faH tkededickd pAl @Hid RPLendudtingm ne

containing buffer is selected having an appropriate pK for the desired pH
range for coheleeyugagionchemishyj Jhscreplingeastiiangenergiy takse pryvwhgre Bemt i on

gencr a1 SHFREMUELENLATT 15 (YLD PV B PRSI R nc OIS o,

about 0.2 ansbuglifgidrashieced m&bérhﬂ)dulﬂ‘i)@arﬁiwmi@dto form the imine-coupled
conjugate. To the reaction mixture is then added any one of a number of suitable
reducing agents as described above (e.g., sodium cyanoborohydride). The resuliing
mixture 1s then generally allowed to react under low to ambient temperature

20  conditions, e.g., 4°C to 37° C for about one hour to 48 hrs. Preferably, the
reduction reaction is complete in less than about 24 hours. Random coupling is
favored at pHs around 7 to 7.5 or so, while coupling at the N-terminal is favored at
low pHs (e.g., around 5.5 or so).

To increase the degree of modification, that is, to promote an increase in the

25  number of 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

30  not necessarily purified to separate out excess reagents, unpegylated protein (or any

target molecule), multi-pegylated conjugate§, and free or unreacted PEG alkanal.

F



conjugate. To the reaction mxture is then added any one of a nunberyMAR 2007
suitabl e reducing agents as described above (e.g., sodium

cyanobor ohydride). The resulting mxture is then generally allowed to react
under | owyioooanimient tenperature 20 conditions, e.g., 4CeCODUIZiG3Mes220b0UL
one hour to 48 hrs. Preferably, the reddtion reaction is conplete in |ess
t han about 24 hours. Random coupling is favored at pHs around 7 to 7.5 or
so, while coupling at the N-termnal is favored at |ow pHs (e.g., around

5.5 or so). To i |f| %m”} pronote an
increase in the ﬁ%ggﬁoﬁ%gggylﬂ?%ﬁu% rowﬁﬁ%’é‘%wf'w&h# at avail abl e
sites on thad6arsietsclednvepsgytationdy llm&alﬁ)\Fe proteensab db:kmbadbnvﬁmﬂ:qﬂeﬁ bed

condi tions (e g., molar ratio of polynmer alkanal to protein or peptide,

terrperaturé0 1Beaction time, pH, etc.) can be increased, either

i ndependently or sinultaneously. Regardl ess of the nol ecul ar weight of the
PEG al kanal enpl oyed, the resulting product m xture is preferably but 30 not
necessasi | YCHARACTERZATIONICPRORAE SERARATICNESSPEGagers s, unpegyl ated protein
(or any target nolecule), nulti-pegyl ated conjugate and free or unreacted
PEG al kanal . r domreRaiygronjuseres poedugedByirapg 2B ﬂﬁW@Q?it €58- The random

egyl ati on Gheddh U3k £blo iR EL2aleh Beated d Bu@iATBLES derefind ©. Site
sel ective pegylation o proteins I's descri In Exanples 7 to
13. 5 G%ARA(E(EﬁhrZAprﬂTtbﬂﬁAhe@Wﬂe(ﬂkbmbBE@fm raplecudaak eight

conj ugat es Ipr duced by reacting a PEG al dehyde of  fhe |nver}t| on wth a
tt%arwﬁao

bi ol ogi cal | EE@R €82 e molsrdanyeighisdess st ¢ Kdedakioas, preteraplyniess
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m xture can be purified to obtain ,a distribution grou a_certain nunber of

PEGs per pr'BE BrofuRpIEeSan Pg PuBligdisn Qbtain ap @verag Qb AN YW NErq,frem@as e purifi ed
to obtain tein,
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typically an avera protein strategy for
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protein, the desired dosing regimen, and the residual activity and in vivo properties
of the individual conjugate(s) species.
If desired, PEG conjugates having different molecular weights can be

isolated using gel filtration chromatography. That is to say, gel filtration

20 chromatography is used to fractionate different PEG-mers (1-mer, 2-mer, 3-mer,
etc.) on the basis of their diffeing molecular weights (where the difference O
corresponds essentially to the average molecular weight of the PEG chains). For
example, in an exemplary reaction where a 100 kDa protein is randomly conjugated
to a PEG alkanal having a molecular weight of about 20 kDa, the resulting reaction

25  mixture will likely contain unmodified protein (MW 100 kDa), mono-pegylated
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

30  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

F



protein, the desired dosing reginen, and the residual activity and i9mxR2007
properties of the individual conjugate(s) species. If desired, PEG

conj ugat es having di fferent nol ecul ar wei ghts can be isolated using gel
filtration chromatography. That is to say, gel filtration 20 chronat ography
is used tovéreactizmiate different PEG nmers (1-nmer, 2-ner, PETHN200382822) on the
basis of their differing nol ecul ar wei ghtsy (where the difference C
corresponds essentially to the average nol ecul ar wei ght of the PEG chains).
For exanple, in an exenplary reaction where a 100 kDa protein is randomy
conjugated to a al kanal ving a nol ecul ar_wei ght, of about 20 kDa, the
resul ting ré%‘lai'bﬁgg%gmﬁﬁ?ﬁi?r‘g S\ﬁemgref“?tﬂ’élaffuﬁ%ﬁ’t'oé'ipﬁ(%%'ngainﬁr%s uﬁ’?ﬁt ein (MV
100 kDa), nmgﬁpg&yﬂra{eﬁg protein (MV 120 kDa), di-pegylated protein (MN 140
kDa), etc. Wiile this approach can be used to separate PEG conjugates

havi ng di f f er ent Gadlfidcatioarcolummisnitable fori carraimgrash #Hs 1ype gépeiasitiop i neffecti ve

for separating positional i r aving diffgreat l@tjon sites within
the protei n.m‘gB‘ﬁ)e SR e, a@‘gsg@]aﬁ?’? atcpgﬁ%ﬁvéﬂfbgggﬁogggg%ﬁsﬁg}@an be used to
separ at esf r @ipgagieet $8ctidhof dipagicfar Ebiemh-Will d&ependupdi the désifldr s, etc.,

al t hough each of the recovered PEG ner conpositions may 9 MAR 2007 WD

2004/ 022630 frcipusEnoanBXEsipad. - Eigtion isrgen¢rall prusied oubesiega ppn-gmifeer ent
reacti ve am,no gr S ) I ine resid . 1 A i I
TRy at T on RS h G sl phosphREELOR b E Te, Hhe R REREGNCLTY o6

i ncl ude SupehdgxddbandumbanEdeiddbhantbeds for\eampldl, €) ODog0 28RS form 5

Bi osci ences. Selection of a particular colum w !l depend upon the desired

Rr- act i onat | (Molelheratenasii) BEA mpigin alysis, gihiedinel tgstigfer BEGseptens(Sigs a
on- am b er 8 t cet i tk j .. The
col | ect 2@ f?%‘c '?%hgmrlfé@‘%lz%?Ja}#g)ﬁyg@g&%@gaﬁ)r?g Ogra?%&daig#iy ‘e(?‘?nd[)) 'Jrﬁrg?lﬁgds, for
exanpl e, (i )anFD&PAZHO g¢infollotved py elagiity wOAbanim ibdidg. BSA protein anal ysi s,
(iii) iodine testing for PEG content (Sins 10 G E C., ﬁt al., Anal.
Bi ochem 107, 60-3%Paratignef pogrion isepset’s ¢arigd op BY ry$rsE@Akteng an SDS PAGE

gel, foll Ov%r%atgtgﬁ:jpﬂy Ugng"ldﬁ RPORPL. '@IiS%illﬂ'ﬁré %@%@ﬁﬁ%iﬂﬂs&énc%’éﬂ tional

isoners is carried-out” b everse phase ¢ t ography using an RP-HPLC C18

col um (Amer¥jpdan) Br bg cinemcisige chroviyuesriphyrusing droienexchivaggeolomoengt, agr aphy

using an J ong exeRange, S Qi Soifnn aailable from Amersham Biosciences. Either
approach can be used to separate PEG-biomolecule isomers having the same

molecular weight (positional isomers).

STORAGE
( 20 Depending upon the intended use for the resulting PEG-conjugates,

following conjugation, and optionally additional separation steps, the conjugate
mixture may be concentrated, sterile filtered, and stored at low temperatures from
about -20 °C to about -80 °C. Alternatively, the conjugate may be lyophilized,
either with or without residual buffer and stored as a lyophilized powder. In some

25  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. Altenatively, a buffer
exchange step may be used using a formulation buffer, so that the lyophilized

30  conjugate is in a form suitable for reconstitution into a formulation buffer and

-

ultimately for administration to a mammal. -

£



15 SepharoseTM i on exchange col utm avail abl e from Anmer sham Bi osci en@®sAR 2007
Ei ther approach can be used to separate PEG bi onol ecul e i soners having the
same nol ecul ar weight (positional isoners). STORAGE 20 Depending upon the
i nt ended WoS {69[[ Hae resul ti ng PEG conjugates, follow ngcaargugasan, and
optional ly ag I onal separation steps, itfe-conjugate m xture may be
concentrated, sterile filtered, and stored at | ow tenperatures from about
_20 Cto about -80 C. AIternativer, t he conjugate may be |yophilized,
either with_or WlthOUt résidual buffer and stored as a |yophilized powder.
In some 25 PHEEMOLEC % OéﬁL']abI e to exchange a buffer used for

conj ugati on, sucfrhe%oaqglatwﬁ\ of TR @laBkanhPH[ the [N eatibh & RbihhR mdietale Qghamoni um
carbonate or anmoni um-acetate, that can be readily renmpved during

| yophi | i zat iapAmpReteti¢iaB nsh‘enﬂmgdnﬁmw q@rdw@ubf:d ia w@é@t b, ﬁBh@lﬁh

formul ation is.absent al ffer ternativ exchange
step may be ﬂeé:ésﬁ r%cnﬁacgnc} g??ﬁff’ﬁﬁ%ﬁ aﬁ‘iﬂrfl@g tog% 'ﬁ t/mto rygg lized 30

conj ugat ¢ i snddifidd. FDfpR Sy &éb.bﬁlufgﬂiorfﬁ%ﬂ&&dté&'hhﬁ@alsﬁgm rolbPéNBebsifi on buf f er
and ultimately for "adm nistration to a mamal MAR 2007 WD 20041022630

-60- PCT/ US ye@ 23R PalaiSigp (s vbiLEaier e OB mlld\r irﬁet@@bqqggéttpdﬁ -fold a
PEG al kanal of thelnv ntion to a s m)ecu Q n Bis
conduct ed géﬂoel?raelxlcf/ssas cfgmc?rlfl%)t e nc{mgﬁ'&‘ﬂﬁgélp‘ﬂ ﬁlﬁ L}ealﬁeﬁggglniog&rugéactl on
condi tions Winhg mePaNuABECEY GHeddn kRcdsfl@usias Lvhﬁﬁkmﬁ@-shﬁlﬂmﬁolécmdl fied.
Typically, the conjugation is conduct ed usi ng a slight nolar excess of PEG

reagent rel &pnwsdtf:cvr@rlmaresmﬂ@:@p@mnem@vem Fhpuether, while thesunregrtedhdiye a 5 to
10-fol d aﬁ‘n g;r%oquu(} some instances, depending upon the nolecule, theg |
smal | Ioecu rug may actual ly be used in excess, such as when the '
PEG smal | nol ecul e conjugate precipitates in the reacti on solvent, e.g.,
ether, while the unreacted drug 10 remains in solution. i / TARGET
MOLECULES ANDRSBREEECUHESANDAPRIAFES pol ymer al kanal s of the invention may be

attached, el ther Ttﬁc}‘éﬁ’én‘%féﬁa%rﬁerr ol E%V%ee@%é{no QHH&%dOJnhEPt' ties

including fil ns, em ca separa Ion an pur| | on surfaces, solid
supports, rr&toahl/enuby at nmo«tcdralcsltJyftacnemmhmmf easugnhcludmwtfamsumf:ntlamt al um
ni obi um aI um num steel, and th des, silicon r onol ecul es,

id ma
and smal ¥ mOFBUAN s andgisificAGRm peAces. ﬁ@l'ﬁé}’w{%ﬂ%“ﬁfa imgal oxide surtaces such

as gold, titanium, tantalum, niobium, aluminum, steel, and their oxides, silicon
oxide, macromotecules, and small molecules. Additionally, the polymers of the
invention may also be used in biochemical sensors, bioelectronic switches, and
gates. The polymer alkanais of the invention may also be employed as carriers for

20  peptide synthesis, for the preparation of polymer-coated surfaces and polymer
grafts, to prepare polymer-ligand conjugates for affinity partitioning, to prepare O
cross-linked or non-cross-linked hydrogels, and to prepare polymer-cofactor
adducts for bioreactors.

A biologically active agent for use in coupling to a polymer of the invention

25  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-inflammatories, antianxiety drugs {anxiolytics),
appetite suppressants, antimigraine agents, muscle contractants, anti-infectives

30 (antibiotics, antivirals, antifungals, vaccines) antiarthritics, antimalarials,
antiemetics, anepileptics, bronchodilators, c.»):_tokjnes, growth factors, anti-cancer

agents, antithrombotic agents, antihypertensivés, cardiovascular drugs,



i nvention may al so be used in biochem cal sensors, bioelectronic swiodmMAR2007
and gates. The polyner al kanals of the invention may al so be enpl oyed as
carriers for 20 peptide synthesis, for the preparation of polyner-coated
surfaces and polynmer grafts, to prepare polyner-1ligand conjugates for
affinity pebtosioorsdng, to prepare C) cross-linked or nomCTrusgsosfozsized
hydrogel s, and to prepare pol yner-cofact®ét -adducts for bioreactors. A
biologically active agent for use in coupling to a polymer of the invention
25 may be any one or nore of the follow ng. Suitable agents nay be sel ected

from for  examm fmiby RRGS s Atk SEHR AEHs maﬁ%hmr%gﬁteﬁrwmﬁﬁg,

tranquilizers, respiratory rugs, anticonvul sants, scle rel axants,
ant i par ki ns oontegeptives,(sgopatiiomeme s, digimaics sl reguinging agengs, antiandrogenic

anti-inflammatories, antianxjety drugs (.anxiolytics),. etite .
suppr essant §$e"é§11“1‘“ﬁ’ﬁ”§f|‘“a‘isn‘€“’£§%€’/ﬁl%",‘5'%‘ﬁgé‘l"‘%wé ‘Pﬁ?ﬁﬁéﬁﬁ‘t:%,%‘%gﬂgliy‘f‘?rﬂ’f:é’ct i ves 30

(anti bi ot i CHu3hiAgERS Snd ﬁ%g{]ng%g?owtﬁ%ﬁE%l@ﬁxéﬂts,%ftile%ﬁm hidnEs

antimalarials, antrenetics, ptics, bronchodil ators,  cytokines,

growt h f &ct eerceineandritiboding eliagnasferagentsamtd ¢antrastingtagentagent s,

anti hypertensi ves, cardi ovascul ar..drugs, 9 2007 WD 2004/ 022630

PCT/ US2003/ ozszziﬂqréfﬁﬁﬂlﬁﬁér B acg_g",’f Y F/aﬁﬁf‘&’a?ﬂesofa i 250 hma agent s,
hor monal  aggiigudanElhssdd, tluGAR bhBkR BiniA%o sYTRRIIAANEsTBlek&ably dhsdlié CS,

i pid regul ating agents, antiandrogenic agents, antiparasitics,

ant i coagul anms)! mudequless tpeptidesaprlyprediges prateiss, fo)yseedhaodes, sigroidniut ri ti onal

agents and suppl enent.s o) suppl e ts, .antienteritis nts, 5

Toee mean . RFBREIES iiuon B aldts SRR BN G, LI EMB i BRI o o

r@rt i culigr | Prefeh8lyaeh avtBreagemtion®@apliak ko 4 Pb@neﬂelkeﬁammwfaeénmfn structural
cl asses, including but not limted to small nolecul es (preferably insoluble

smal | npl ecwosssyses papt YLEBIno #A0 U, epalieraativehy, 6t @paisied HoFensaia @h Bastpas,
t . d , _ . : i | | i ) .
ol ectr of yt e d S e g0 A RABHTOE KRR o PRONIMF AN e i8ihion, 1 g 10 a

pol ymer al kanal petilie ckiruglns bbariivpagaassatbi foatovatend itRbingnhotpa O
alternatively, is nodified to contain at | east one reactive amno group
sui tabl e forPORERRTIOH HF invensiop anc) e bugiaraprtilingfed th @spAREEISs. AMAOSBYE] i ¢

i ol L T i S T A
(DAPD), ant icitgthrdpetzsipl (EPOY, IEPQ aganidio (6. fiSpeptidenfivinrabout a4 heirda aviddiifit i t ox,
length and compnsing a particular core sequence as described in WO 96/40749),
domase alpha, erythropoiesis stimulating protein (NESP), coagulation factors such
as Factor V, Factor VII, Factor Vila, Factor VIII, Factor TX, Factor X, Factor X1,
20 Factor XiIl, von Willebrand factor; ceredase, cerezyme, alpha-glucosidase,
collagen, cyclosporin, alpha defensins, beta defensins, exedin-4, granuiocyte colony
stimulating factor (GCSF), thrombopoietin (TPO), alpha-1i proteinase inhibitor,
elcatonin, granulocyte macrophage colony stimulating factor (GMCSF), fibrinogen,
filgrastim, growth hormones human growth hormone (hGH), growth hormone
25  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
30  omega, interferon tau, consensus interferon; interleukins and interleukin receptors

such as interleukin-1 receptor, interleukin-2jnterluekin-2 fusion proteins,

interleukin-1 receptor antagonist, interleukin-3, interleukin-4, interteukin-4



erythropoietin (EPO, EPO agonists (e.g., peptides from about 10-40 &vARQo07
acids in length and conprising a particular core sequence as described in
WO 96/ 40749), domase al pha, crythropoiesis stinulating protein (NESP),

coagul at i such as Factor V, Factor VII, Facto r vill,
Fact or 98?—' ?’E%j , Factor X1, 20 Fact& X1, von WI Fcilr ands}ﬁ %lor;
I

ceredase cerezyne, al pha-gl ucosi dase, | agen, cycl osporin, al pha
defensins, beta defensins, exedin-4, granul ocyte colony stinulating factor
(GCSF), thronmbopoietin (TPO, al pha-1 proteinase inhibitor, elcatonin,

gr anul ocyt eceptor, dieeeskind, onyrieakinB) iatdrlegkinall, @mte(lém‘ﬁﬁl-‘l)i rede'ptmr,i nogen,

filgrastim growh hormones hupman grow h hor hor none 25
rel easi ng HOFHRSHE:- { GFIR é Greeptordagio é‘?‘éa“@?@%@'ﬂ& ﬂg’éﬂg_gteﬁ&’u ABgeni ¢

G s sl MO PLARSASAL i RS Al E*P”ﬁrﬂﬂf)é“?q%%m"ﬁﬁféﬁi or.
CD 40 |'i ganeklatethéalin as déscnibad deUIBMPateatiNions S22 5 laelih AC- peptidght hepar in

(LMMH), interferons such as interferon al pha, interferagn ﬁ %0 i nterferon
gamma, 1 nt é?'?‘é‘Pﬁﬁ"BGOB’WB&&‘“W mplogs dcdding getredtide e YASaRISs PSSO N

I nterleuki ﬁﬂ@ln r%”(fsgi) BEECAA Vaccii GHs Afh-likd Ef h'kdc'ibrj(lcﬁle)cept or,

|nterleuk| fusion proteins, 1ntefleukin-1receptor
ant agoni st ;nsuhnmmaukxacrrop&gclcmcmrylsan'iulmng factot @VIFESEK), plasmnageR 2007 WO

2004/ 022630 PCT/ US &93/ ﬁl 6l% receéotI I nt erl euki n-.6, . interl eukin-8,
i nt er | euki ACYYRLOTS Sy PRSQITHBAGy THCP ase nHESP RS- lﬁ“‘Feé’@éErt or;

| act of erri cl.of I r 51 ng

nor mone. (LAEP e Reh ‘ﬁ‘,“*%é‘%% RATE v 6 [N S0 AR PSS

acyl at éd i denlédgras tidfseor] hesde Tgm»\tﬂh$act6ﬁt aatsfoiming g8RhdaGyr-1 amydular, -

C- pepti de, osta ostatin an | ogs, i n¢l udi ng octreotide,
vasopr essi ﬁ“d‘?tg?lﬂ grewt sfP?tHDﬁ%fl H'&'FWBH% ok eratinaq ks ?&"N/&ELOF ne,

insulin-1i ko )ogvxalﬂ Pcﬁ%%ct(oé @‘%m T AaVCBHHAP Cb mBRehRBARGS S QUMDY

stimulating factor m nogen activators such as- altepl ase,
ur oki nase, n:etoexplfaser (Té‘ﬂ?)eptoommslmmqmmcttaplpaele;n llmdotheb:hl@@whand
t enet epl aseg;

nerve ro facto ost oprot.egerin Iat |l et 10 derived
growt h fac?éﬁmrst?"gg V\ﬁgmo'fea{%?g{r\l gR“F? Ha gﬁom% HrRoPIN vascul ar
endot hgki aly) aqwm}'rlfl@s?ﬂ fbha h auie ighividk thrrhﬂﬁnfb@ﬁtw th)‘ﬁﬂfsﬁ{ bdppgyte growth
factor (KGF), gli‘al growth factor receptors, CD

nmol ecul es/ ahymgfenbetatﬁluﬂkpha Inangitoypsis, IﬁlalspbdeQSTNﬁ3Q (Rinomytpoucdse iYdat-#r act ant
protein-1, (egrg%tg%ln igen- g)r W;D 4 inhibitors, bisphosponates, respiratory syncytial virus
antibody, cystic fibrosis transmembrane regulator (CFTR) gene,
deoxyreibonuclease (Dnase), bactericidal/permeability increasing protein (BPI),
20  and anti-CMV antibody. Exemplary monoclonal antibodies include etanercept (a
dimeric fusion protein consisting of the extracellular ligand-binding portion of the O
hurnan 75 kD TNF receptor linked to the Fc portion of IgG1), abciximab,
afeliomomab, basiliximab, daclizumab, infliximab, ibritumomab tiuexetan,
mitumomab, muromonab-CD3, iodine 131 tositumomab conjugate, olizumab,
25  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,
aminochippurate sodium, aminoglutethimide, aminolevulinic acid, aminosalicylic
acid, amsacrine, anagrelide, anastrozole, asparaginase, anthracyclines, bexarotene,
30  bicalutamide, bleomycin, buserelin, busulfan, cabergoline, capecitabine,
carboplatin, carmustine, chlorambucin, cilastatin sodium, cisplatin, cladribine,

clodronate, cyclophosphamide, cyproterone, c;rtarabine, camptothecins, 13-cis



factors, parathyroid hornmone (PTH), glucagon-Ilike peptide, sonmatotr @NAR 2007
thymosin 15 alpha 1, thynosin alpha 1 Ilb/Il1la inhibitor, thynosin beta 10,
thynmosin beta 9, thynosin beta 4, alpha-I antitrypsin, phosphodi esterase
(PDE) conpounds, VLA-4 (very late antigen-4), VLA-4 inhibitors,

bi sphospomapesyuespi ratory syncytial virus antibody, cy8€TESHNEHEEIS
transmenbrane regul ator (CFTR) gene, deoxyBei bonucl ease (Dnase),
bactericidal/perneability increasing protein (BPI), 20 and anti-CW

anti body. Exenplary nonocl onal anti bodies include etanercept (a dineric

f usi on_pr ot ek GEASSH] Dehsikyih U oB! AERIHeAliodkingAREnbAAROAIIRY Li on of the

human 75 kD TNF recept or Fc portion of 1gG ), abciximb,

af el i onomab delﬁeasximmen@dx,anﬂ&mlsmmdmhqfemaﬁ tilcmymﬂibbeSlrbk dommcrhb ti uexet an,
m t unonab, nab- CD3,  iodine 131 tositupomab con at i zumab, 25
rituxi mab, %%Pﬁm%“( R HBINR) SLOPRRiFe FETTRFSAlGe fﬁgf%éeﬁo Wbl e for

coval ent at tReAMRRe mdﬂ)cgﬁgﬁﬂc?rﬂtﬁf-o&rﬁl’ﬁl FluBY $i4tO0né, TRkA#dide DibincRhBinAOt

linited to am fostine, am odarone, am nocaproic acid, am nohi ppurate
sodi um &ni repipaphstai Lildea, l'amrmqlueanuldamtucnacnfcsfaraxﬁewmmtz;yrlmqtecaac| d,
ansacrine, anagrelide, ase, . ant.hr aqyléﬁones

bexar ot ene, 'TBEPRFS] EﬂsﬁFﬁ? %ég%lg'r}\?‘é‘f %{’gg@é?ﬁspﬁ HuAd MR g0l i ne,

capeci t abi nesodgah Remusind) meSRIPRRATRE, medﬁbsay eitdrOne, Griclpastfal melpBAash, um
cisplatin, cladri bine, cl odronate, cycl ophospham de, cyproterone,

cyt ar abi ne, DeI¢pplopaLs, metaradinsil bntmmmmrexmeonz@gmm%ansx11etmc,

PCTTS2003/ 023221 -.63- tinoic a trans retin Ci car bazi ne,

gact nonyot o mRGIHE; mieErk R fiteie fonene oot MBhRiR” hlol e
iethyl sty | b@:@aulrpmun ﬁﬂﬁﬂ'&&?ﬁ&! entdQAPh Lﬂi’!cﬁmﬂcme@d}ﬂﬁmcvréﬂmﬁﬁkr anusti ne,

et oposi de, exenestane, fexof enad| ne, | udar abi ne, fludrocorti sone,

f1 uor our aci | PTOWTQ@QM@‘éﬂ@ﬁguﬁbmmﬁwong@mﬁt*&& Srtf@lmwse%ﬁieﬂ@@mlﬂ.ne

L-Dopa. 1y dr SR, kARTAR! Sty bERR AR ad IRELQI |11 not ecan,

i traconazol e, oseré etrozo CORGI TN, 1 évamsol e, i si nopril,
| ovot hyr oxi n&traﬁﬁlﬁbwﬁhaﬂnﬁﬂuS{alllﬂemxdéeﬂhbgfaﬂm&amuﬂe?a fopateQly,Aredig6int er one,
nmegestrol, | phal an nmer captopurine, netaramnol bitartrate, nethotrexate,

met ocl opr am walrubigin, yiablagiine. V‘ﬁF'f”éiWcV‘ﬁdeSmlq d!'iﬂ*i@lbmﬁi qodgesren.aniseHRNox one,
ni coti ne og\fr\%@r&eﬂuf?g}sfn?é);lé ?ohde nﬁcgazg R didn, AL RAARE.

pentosta |n oﬁe procar bazi ne,

prochl or per apod@hymmamﬁ aucledsidde ﬂhtvllﬂalseﬁfb@}l hﬁdrmidesmamasipn;epwmlld@s
such as erythromycin, oleandomycin, troleandomycin, roxithromycin,
clarithromycin, davercin, azithromycin, flurithromycin, dicithromycin, josamycin,
spiromycin, midecamycin, leucomycin, miocamycin, rokitamycin,

20  andazithromycin, and swinolide A; fluoroquinoiones such as ciprofloxacin,
ofloxacin, levofloxucin, trovafloxacin, alatrofioxacin, moxifloxicin, norfloxacin,
enoxacin, grepafloxacin, gatifloxacin, lomefloxacin, sparfloxacin, temafloxacin,
pefloxacin, amifloxacin, fleroxacin, tosufloxacin, prulifloxacin, irloxacin,
pazufloxacin, clinafloxacin, and sitafloxacin; aminoglycosides such as gentamicin,

25  netilmicin, paramecin, tobramycin, arnikacin, kanamycin, neomycin, and
streptomycin, vancomycin, teicoplanin, rampolanin, mideplanin, colistin,
daptomycin, gramicidin, colistimethate; polymixins such as polymixin B,
capreomycin, bacitracin, penems; penicillins including penicilinase-sensitive agents
like penicillin G, penicillin V; penicilinase-resistant agents like methicillin,

30  oxacillin, cloxacillin, dicloxacillin, floxacillin, nafcillin; gram negative
microorganism active agents like ampicillifi, amoxicillin, and hetacillin, cillin, and

galampicillin; antipseudomonal penicillins liKe carbenicillin, ticarcillin, azlocillin,



tacrolinus, tanmoxifen, tenozol om de, teniposide, testosterone, 9 MAR 2007
t et rahydr ocannabi nol, thalidom de, thioguanine, thiotepa, topotecan
tretinoin, wvalrubicin, vinblastine, vincristine, vindesine, vinorelbine,
dol asetronq, ni ron; 15 fornoterol, fluticasone, |eupge}i ' ol am
aIprazoIaS%ogﬁgﬁ%iébicin B, podophylotoxéfs, nucl eosi de §§¥F35?3F§?9§r0y|
hydrazones, sumatriptan; macrolides such”’as erythronycin, ol eandonycin,
trol eandonycin, roxithronycin. «clarithronycin, davercin, azithromnycin,
flurithronycin, dirithronycin, josanycin, spironycin, mdecanycin

| euconyci n, mezlcdhycind, piperkditlmyyephalosporsnidazict prdomiroe.reefprad . saithwbn.de A;

f 1 uor oqui nol ones such as ci cin, t ofloxqfin_ Ievgfloxacin,

rof | ox
trovaf | oxac _F‘?f,t'za’l“&_ier 6?&%5&63&,69?93%%%asa?fapmﬂ»HBP “IIW'é’gﬁeH, radg@ioxaci n,
grepat | oxac bérox R, LELANAGHIR, cckRBRE) é@éﬁﬂbﬂﬂnéP&Hdl&%@&ﬂn&rzoxH?Wﬁf | oxaci n,

pefl oxacin, am xacl n, fleroxacin, tosufloxacin, prulifloxacin, irloxacin,
pazuf | oxaci nephallogiwdihooeficrionimen nefosinide, cefoaxime, cafdinoigeyespbaatydesuch as

gent am cin, netil mci n,ﬁpar gﬂegg n, tobramycin, aﬁlj'kaci n, éan% cin,
neonyci ny  aftfePERs SEHBI Ot Eoioperaaone, SFiRISHTh FCIFai GFUtfi A me:

m depl ani n, 1&akdrbif, Bnd mdRREAMAC hdnoBUcAIFhE ikt Dhtre6RAth Sidd Bk bidlefemPQlhM Xi NS
such as polym xin B, capreonycin, bacitracin, penens; penicillins including
peni ci | i naseas gvipEn¢my encgEmes:, petkampkme sethiduateGribpendicsiulfpienlidgcaine,

peni cl | i nase-resi stanﬁ a}Pentbs i kei] net hi.cillin 30 ox%gi [lin ﬁl oxacillin,
di cl oxaci | | MPERPERER! P, BRglemethasone GPumatagattaenabes 36t 3iFs m act i ve
agents | i ke paagionidel dcéﬂom&nm&:i&sérld, Fbrzln‘l%ﬂuxlﬂ%&ﬁidcl, fdnis6lidd, 'cfbmtﬂ?ﬂl

galanpicillin; antipseudononal penicillins |ike carbenicillin, icarciIIiQ;1

azl oci | 19n, sodivARan@eEotAViIGE 2OUAED PRERE RCH 28)B0 03l I B8, ady- ezl ocil | i n-"
and pi peraci{l I hn't. cephal osporins |ike cefpodoxi me, cefprozil, ceftbuten,
ceftizoxi me,Y® ?% Mcxone, cephal ot hi n, cephapirin, cephal exin, cephradrine,

cefoxitin, cefamgméRi@d saRfiagabdules BEBORIPEISL pBIyni@fafahel of hefdnded |
cephal ogl yci n, cefuroxine, ceforanide, cefotaxing, cefatrizine,

cephacet ri | are hosehapngat lege bhx pmeno gretpnPrefaredonbigpeenmshsle cef ot et an,

cef net azol e, ceft.azi dgme . lora a([:?b.ef, and m?)xal actarrlé m).nob%ct ans |ike
aztreonam AMIPRUPBUBESHLIL AEIPholelicin B dQX ORI  ABRICERTOIS G ani di ne

i set hi oyat e,urhbVEIAL 28l iRin@salickHOEAH NRetardiBhaPbitir@ie e midtinhat e, _
becl onet hasone di prepionate, triancinolone acetam de, budesoni de acetonide,
f | ut i casone,disogiems Gynambitoitushyrprignisedinmg lisingpolsllgstatin sodium,

mexiletine, cephalexin, deferoxamine, and amifostine.
Preferred peptides or proteins for coupling to a polymer alkanal of the
invention include EPO, [FN-q, IFN-f, IFN-y, consensus [FN, Factor V1], Factor
20 VI, Factor IX, IL-2, remicade (infliximab), Rituxan (rituximab), Enbrel
(etanercept), Synagis (palivizumab), Reopro (abciximab), Herceptin (trastuzimab),
tPA, Cenzyme (imiglucerase), Hepatitus-B vaccine, rDNAse, alpha-1 proteinase
inhibitor, GCSF, GMCSF, hGH, insulin, FSH, and PTH.
The above exemplary biologically active agents are meant to encompass,
25  where applicable, analogues, agonists, antagonists, inhibitors, 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
30 encompass variants having one or more amino acids substituted, deleted, or the like,
as long as the resuliting variant protein possésses at least a certain degree of activity

s

of the parent (native) protein.



10 sodium and ergotamne tartrate; taxanes such as paclitaxel; SN 381AR2%7 L
tyrphostines. Preferred small nolecules for coupling to a polyner al kanal of
the invention are those having at |east one am no group. Preferred

mol ecul esWPrRONEr8630ani nohi ppur at e sodi um anphotericin BCHBXEPHHSEIN,

am nocaproic acid, 15 am nolevulinic aci@h-am nosalicylic acid, netaram nol
bitartrate, pam dronate disodium daunotubicin, |evothyroxine sodium
lisinopril, cilastatin sodium nmexiletine, cephal exin, deferoxam ne, and
am fostine. Preferred peptides or proteins for coupling to a pol yner al kanal
of the invention include EPO, IFN-a, IFN-O, IFNy, consensus |IFN, Factor

VI I, Fact orPHAMAAEUTICAEAIMIOSITIONT L- 2, rem cade (infliximb), Rituxan

i tuxi nab), E | t al ept), S i i vi b), R .(.abci xi nmab) ,
Fer copt 1 n Lt at TR BRI PVEIGD 450 PEPHE R T FOGRHAs AT T8 vacct ne.
r DNAse, al %g)}ue%feoﬁseﬁr@ﬂﬁ@d hér@ilﬂ!i@h%xﬁﬁinamith%a&%al 'eﬂ@i?le'nﬂ: FSH, and

PTH. The abov enplary biologically active agents are neant to enconpass,
25 wher é appénecabl, e aanpigogusslf val bniis & sqlidivradegi, stpsecipitdie o whathssani soner s,
and pharmgceuti.cal]y. acceptabl,e salt farns thereof. In reference to

pept i e are cmbre Yl S SREY BRPRre TrP LRt B ESEEE SR pet i ¢,
reconbi nantyqi@tdMe, 9l ycosyl ated, and non-glycosylated fornms, as well as
bi ol ogical 'y active fragnents thereof. The above biol ogically active
protei ns are addExdnepiadylepcipgatinglodgovidebhmitesondhgsgnelectaddionythene or nore
am no acids_substituted,. del.et or the liike, .as long as the resulting
vari ant pr0§I8P?1C%ésgggé’ggarg?h}ldz%gﬁ’ inprgac salis, @é‘d’i’lg@bbaﬁgﬁ%"??’vi ty of the
par ent jonat inRkidahQ! KirfactafBisMRfe2 Qiéids WRs&0dd Bcrabiattidifskhdsee003/ 028221 - 65-
PHARMACEUMCAI _ COVPOSI TI ONS The present invention also includes

phar maceut i cal phAepdhohydoesuehapt sudang des velrgduyattsual aproeldited herein in

conbi nat i Onalé“%ﬁih | . exc t he _conjugate

phar maceuyt i c ipient, 5 rally,
COoel 1w 11 alhtif a8 PUR IR L Lo arflS DS par i EREL B plesen M AR OML VIR L

Wi th a suiteRigienhapsanevibemldray ek@pehts ifdlade, ¢arexbmpldd nejnbRRth&flesd or
liquid form enpl ary excipients include, without limtation, those
sel ect ed fr8ightapdructose, maltose, galactose, glucose, D-mannose, sorbose, and the like;
15  disacchardes, such as lactose, sucrose, trehalose, cellobiose, and the like;
polysacchandes, such as raffinose, melezitose, maltodextrins, dextrans, starches,
and the like; and alditols, such as mannitol, xylitol, maltitol, lactitol, xylitol, sorbitol
(glucitol), pyranosyl sorbitol, myoinositol, and the like.
The excipient can also include an inorganic salt or buffer such as citric acid,
20  sodium chloride, potassium chloride, sodium sulfate, potassium nitrate, sodium
( phosphate monobasic, sodium phosphate dibasic, and combinations thereof.

The preparation may also include an antimicrobial agent for preventing or
deterring microbial growth. Nonlimiting examples of antimicrobial agents suitable
for the present invention include benzatkonium chlonde, benzethonium chlonde,

25  benzyl alcohol, cetylpyridinium chloride, chiorobutanol, phenol, phenylethyl
alcohol, phenylmercuric nitrate, thimersol, and combinations thereof.

An antioxidant can be present in the preparation as well. Anttoxidants are
used to prevent oxidation, thereby preventing the deterioration of the conjugate or
other components of the preparation. Suitable antioxidants for use in the present

30  invention include, for example, ascorbyl paimitate, butylated hydroxyanisole,

butylated hydroxytoluene, hypophosphorous acid, monothioglycerol, propyl gallate,

4



group consi sting of carbohydrates, inorganic salts, antimcrobial ageniR 20020
anti oxi dants, surfactants, buffers, acids, bases, and conbi nati ons thereof.

A car bOhY\%gﬁnf’/oﬂ(‘ﬁh as a sugar, a derivati zed sugar sucl"lp(f;\,sm% 8445401,
al donic acid, an esterified sugar, and/or. a sugar polynmer Be present as

an excipient. Specific carbohydrate ex 6p| ents include, for exarrpl e:

nonosacchari des, such as fructose, naltose, gal actose, glucose, D mannose,
sorbose, and the l|ike; 15 disaccharides, such as |actose, sucrose,

t r ehal ose, soziirh bbubise, sodnoh fdrmaldekede syfixyhas cbdinndestabssutfhie,aadr af f i nose,
nmel ezitose, nmaltodextrins, dextrans, starches, and the like; and alditols,
such as na?mptflﬁql"orb?)‘/}l'qr?‘?ﬂ maltitol, lactitol, xylitol, sorbitol

(glucitol), pyranasyl.sahly aﬁves@ai% AekLilen al@kjer}lpﬁr)uulfﬁmt g&en&é@e pi ent can

al so include an inorganic s as citric aci 20 sodi um
chloride, payasbitesysud or'iTeen 26U iaod’ 'EwbéraS(b" aqnbphnsmnmmhtas &b®andodi um

phosphat e pongbasi ¢,, sodi um hos hat ., -an 0 natjons.thereof. The
prepar at i of8 $rebptinplswhich arq gl awe R %ipgrl;b gﬁ%ﬂmgg’é"ﬁt &Fﬁr € &é‘i’f?’lt?fb or
deterring ?@t&gq igd, SHON Shos IRUMp: A8 bR ds REARTRI A d?ﬁer?%?ﬁnaﬁﬂﬂpﬁcﬁineégem S

sui tabl e e present invention include benzal ko hlorid
benzet honi pmnsplﬂtmyﬂmimnozﬁmbw@}&hoagfcmfﬂrablg abyingyrdsdimal fomme Hhtoy acnm

chl or obut ano henol n hyl, . al cq hol nmer cur i

t hi mer sol , %fjn@ g&ﬁﬁfsn%‘ﬂpoé‘ﬁ%g'fﬁe e%‘Plessﬁﬁ 49@?@5%9%5% %‘éﬁﬁ? Eb ' |n t he
preparati Oﬂnéénd\@!hlersﬁﬂtsh%ﬂlgéﬁﬁo%sare used to prevent oxidation, thereby
preventing the deterioration of the conjugate or other conponents of the

prepar ¥ i on SuAcuialoebam:‘-mthtawcsantmaru@e:lplnnttlhéh@m@smatiomo i nvention s
i ncl ude

) b hut L
bty et ed NoafeRaniies S abes R S Po et e e ML SR 890 opy
gal late, el bR 208 mggamleaaeéa REaL h@aomdsga&zczam Gl um

bi sul fite, sodium forml dehyde sul foxyl ate, sodium netabisulfite, and
conbi nat i omhc hadelottic Figfpfmistagt, trmaworb@cqmce’-gehmtas agid, pe(ehllpn@mrd Exenpl ary

f ¢l ud . 80," and
ol ur oni oo Rt s SAHE BE gl i o R e RPN B masr

Mount @i vef sd¥aBledREGaMIudS GliltiduaNnkGtie Baséd Riedted fBoifhagropposphol i pi ds
such as lecithin and ot her phosphatldylchollnes
consisting of sodium hydroxide, sodium acetate, ammonium hydroxide, potassium
hydroxide, ammonium acetate, potassium acetate, sodium phosphate, potassium
phosphate, sodium citrate, sodium formate, sodium sulfate, potassium sulfate,
potassium fumerate, and combinations thereof.

20 The pharmaceutical preparations encompass ail types of formulations and in
particular those that are suited for injection, e.g., powders that can be reconstituted O
as well as suspensions and solutions. The amount of the conjugate (i.c., the
conjugate formed between the active agent and the polymer described herein) in the
composition will vary depending on a number of factors, but will optimally be a

25  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
asyringe. 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.

30 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



phosphat i dyl et hanol am nes (al t hough preferably not in |iposomal formmakasiry
acids and fatty esters; steroids, such as cholesterol; and chelating
agents, such as EDTA, zinc and other such suitable cations. 10 Acids or
bases nmy ‘e fHégadH as an excipient in the preparation. PNBNFIH OIS
exanpl es of acids that can be used includ@’/those acids selected from the
group consisting of hydrochloric acid, acetic acid, phosphoric acid, citric
acid, malic acid, lactic acid, formc acid, trichloroacetic acid, nitric

aci d, pe_rchll.&[uiﬁg e? %ﬂnentmp.ggﬁg%rﬁﬁiﬁQg cSpbiIfibes @fmtfning wBBidL acid, and
conmbi nations thereof. Exanples 15 of suitable bases include, wthout
limtation, amases of diesodcigderft (anetngdrgn dow to bighsiesamignothestidiliyanmd dr oxi de,

sodi um acet at e, amoni um hydr oxi de, pot assi um_ hydroxide, a ni um acet at e,
Dot ass! um 8 CREAPEATEGH Gh FSSHTRITEn PR RS G En i R SR MR Tt r ace.
sodi um f or NG} ned WHhWE SH: i€ ad Re{ASHiN sul fate, potassium funerate, and
conbi nations thereof. 20 The pharmaceutical preparations enconpass all types

of fornubations &eially, paweviecuhagxaipissewilhbg prasent Futhe 6AMPERILIPH{NaEt i on,
e.g., powders that. can reco Liuted. as || su j nd
e AR b b e v Sty B RETFL Y

sol utions. ug onj'ugate forned between

the active 3gefit, ABE froRrid0) WERT atbas ¢5ioserb @ErRhnf the ekdifienGontposi tion wil |
vary dependi ng  on a nunber of factors, but will optimally be a 25

t her apeut i cabhgengshfienstlpssehaos@olyereightemesiippefsited.on is stored in a unit dose
container (e.g., vial). .1n addition, the . pharmaceutical pre tjon can be
housed in a syri]ﬂ'ﬁé‘? %Agat%'?-ﬁ%lbaé-{?f'f%ugllclﬁbex&mg%f Pk?ggc\ivét e&@%‘ﬁgﬁlg%gé?‘é m ned
exper i mgot aldeyerfitd i ERAAINGEHATHE Stiehta R Pc@de Jf FhasASyN I %rBau W Blighs t he
onjugate in order to determ ne which ampunt produces a clinically desired

endpoi nt . 36 Widliams (H9SdfthaiBhysiveins Besk Refessnse'aie” ied- Mediedbnposi tion wil |
vary dependi ng on.t I Wit i piren icul ds of the
conpositi on.qgc0 y’B%éa‘Pﬁ%QS’%[eh}e(“é%??g&n%&z%é%tR'o B %I%@&Bgﬁgi%f/?hﬁrgr}d%euﬁ@?gi ent is
det erm ned texeiighs, B MAR 89 0me N¥RAnPH0hA Q226301 REFotiS? OB D.c 6 7-
routi ne experinentation, i.e., by preparing conpositions containing varying
amount s of t3¥80exci pient (ranging fromlow to high), examning the stability

and otN3r par amehes AR HEADAREAIIRS B B JB8n! ANORI ALt fifdugpt | Ml
performance is a i ned W o0 ‘st gni ficant” adverse effec 8
although not necessarly, administered via injection and are therefore generally
liquid solutions or suspensions immediately prior to administration. The
pharrnaceutical preparation can also take other forms such as syrups, creams,
ointments, tablets, powders, and the like. Other modes of administration are also
20  included, such as pulmonary, rectal, transdermal, transmucosal, oral, intrathecal,
( subcutaneous, intra-arterial, and so forth.

As previously described, the conjugates can be administered injected
parenterally by intravenous injection, or less preferably by intramuscular or by
subcutaneous injection. Suitable formulation types for parenteral administration

25  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.

30 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



5 Cenerally, however, the excipient will be present in the conpositisyakbBo@n
anount of about 1% to about 99% by wei ght, preferably from about 5% 98% by
wei ght, nore preferably from about 15-95% by wei ght of the excipient, with
concent r'WO ¥AY1%635 t han 30% by wei ght nost preferred. Thé 2?“8!3’@8928? ng
pharmaceutical excipients along with ot Kér exci pients are 10 described in
"Rem ngton: The Science & Practice of Pharmacy", 191h ed., Wllians &
WIllians, (1995), the "Physician's Desk Reference", 52d ed., Medi cal

Econonmi cs, irddemeNelh cOWjugd@9%he metibdiobipeises/adrhinistdaing bgakradfy vehar naceut i cal
Excipients, 3 d Edition, American Pharmaceutical Assoclation, Washi ngton,
D.C., 200@jectignhdempaptinatseffcelare snepaphie sARIugHte (prafgsaldy mvidedventi on are

Dc. 2000 isfeats oLl relegitd iR dcven
her of or o 5afhet Y PPt RESGERA My RCHRRLT St ekl B bPD LT 2T,

admi ni st r afoitedt ad{PEondti®y thaCEtbeQaime fice pRpRyted baadmlmaraiak ef dicher forns
such as syrups, creans, ointnents, tablets, powders, and the |jke. O her
nodes of apRTHARISE eeyyaste. aFleosg 0§ grdrmry skillua &, arsirpiecaie pilvGhoipRdifions ect al |
transderma) . L - etk t ANER hOLfha-arterial,
and so for{ﬁpec@n%%&geﬁésqny&{ gé‘é‘?}%ﬁ%g@ 'It}ﬁgd@@gln??}gﬁgé can t‘(areé'itglxrlr1lﬁni stered
injected payeRpaidigon thy agd)ivetgirnodsentipbaindaion aithd afgecpasivell abl y by

i ntramuscul ar or by subcutaneous injection, Suit 8_‘%6[\] formul ati on types for
par ent er al th§@RYSTIt¥Of Hici GRABIHN bEE HERS erdeﬁ'ﬂyqué‘i“?“it Hfl tERH S¥Euti ons, dry

powder s foﬁrg‘?&MnQEFJ&(gP%ﬁ%%ﬁe Beiﬁghﬁz‘ﬁﬂﬁ?crl?&i PherhfeliRfily SHSRTB PR €ady for

I njection, dry 1nso conpositions for conbination wmth a vehicle prior
t 0 uselQ anarednmai totisosankilied guihd acomdémtareadessrilfenlrin tich pertineow rgfetence t 0 o
adni ni stration, ,rmng ot hers. 30 E/ETHOD,S OF ADM NI STERI NG The j nvention al'so
provi des alest HEditEBHe dHeRral v therapewisall Y gffact ve amoppioWillfapeHEP®i n to a

o o S BLTAED BT IS R TS iR 1o
conpri ses Ao piesirebly iy dogs femad 1) md/day torf0esg/don, a therapeutical l'y
phar maceut | cal | BPEHAIAPHERIT STRE G ERBUSUE CEdI RICEHEhD Ao LR Bebilsod
15  of a pharmaceutical preparation) can be administered in a variety of dosing
schedules depending on the judgment of the clinician, needs of the patient, and so
forth. The specific dosing schedule will be known by those of ordinary skill in the
art or can be determined experimentally using routine methods. Exeﬁplaw dosing
schedules include, without limitation, administration five times a day, four times a
20 day, three times a day, twice daily, once daily, three times weekly, twice weekly,
once weekly, twice monthly, once monthly, and any combination thereof. Once the o
clinical endpoint has been achieved, dosing of the composition is halted.
One advantage of administering the conjugates of the present invention is
that individual water-soluble polymer portions can be cleaved off. Such aresult is
25  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
30  water-soluble polymer portions) can be modulated by selecting the polymer
molecular size and the type functional group that would provide the destred

clearance properties. One of ordinary skill in the art can determine the proper



to treat any condition that can be renedi ed or prevented by adm ni steARQ007
of the 5 particular conjugate. Those of ordinary skill in the art appreciate
whi ch conditions a specific conjugate can effectively treat. The actual
dose to bewsnimizwared will vary depend upon the age, WBCHNE2003HEB2gkener al
condition of the subject as well as the-geverity of the condition being
treated, the judgnent of the health care professional, and conjugate being
adm ni stered. Therapeutically effecti ve anounts 10 are known to those
skilled in the Mo and/ e edlnth ent e ce texts
and |iteratuf 8'6% %‘?%Pﬁ{he ngy s ab"’&ﬁ Plggééﬁt{\}ggl ro‘ﬁé\t#(\%\nnll range
from about &ale, memoﬂc@ﬁ)armkﬂlpﬁm‘earrablsmtglr@mdmﬁpexﬁmmﬁbr%amg/ day to 75
ng/ day, and nore preferably in doses fromO0.10 ng/day to 50 ng/day. The
unit dosage %te@ﬁyegupm@rw?{ﬁcubﬁa@@e e%@@ﬁﬁvabbrf@ﬂ@t%l gioyp VildePTeRABEr t 15
of a pharnac C red, of dosing
schedul es de%g%ﬁdaﬂ Q&?Bﬁ';% ‘§’S‘)“°’S @ﬂhgﬁ{%@iﬂ@pl nlcg»%g Ht%%rgddésﬁg%fagieyhe patient,
and so fort funciiéreal gﬁﬂnplsfan@ thearsongnisg hisdelb @andel profile (ngQ\MTrobgh périsite of
ordinary skill in the art or can be determ ned experinentally usi ng routine
met hods. ExePP4ry uans saeplings R¥ admiass s thejeolyier H%‘fatavprw f Rpficsy, and

adm ni strati a day,

Fui co. dai 1y, e O o P e Bl

tw ce nonthl kl4ved3‘eeaohfmn1eldlfyg eaahdesa:ﬂyonﬂmghmrtatmmblddmm@afc cafbe eddnin€ied. 1
clinical endpoint been achi eved, d05| of, the co ion is halted.
One advant age of é\!lh]rﬂrHF &3, @PPhbpﬁ‘ﬁ%tsrR%ﬁ"ﬁB Etigps ‘i"’r’iiemg?é’é‘éh?m\oﬂ?/enti on is
that indjyi dkaémmtd%rémﬂ%@orgeﬂd?é rE’f&FéanWth%ﬁ%nhf%nEé eaved off. Such a
esult is 25 advantageous whe Yance from the body is potentially a
probl em because of the polyner size. Optimally, cleavage of each

wat er - sol ubl e pol yner portion is w-@a]f t hrough the use of
physi ol ogi cal | y cl eavabl e and/or en2€ y degradabl e |Iinkages such as
uret hane, am de, carbonate or ester-containing |inkages. In this way,

cl earance of the conjugate (via cleavage of individual 30 water-soluble

pol ymer portions) ltoar beurdsdudat bat wyilestbt eventien hhé)epmkiysmibed mol ecul ar si ze

dth f ti I de th I
o oper t1 4P enHagiog ity S Dprelies Abetife Ghpodiimint dfesk e ToweSintoper o wam
2007 WD 20044 R23689 PG WSBROZAABR2 %A (HRw A8 lReMicNo SikGaRfanliAg, Pol yner as

wel | as the cleavable functional group. For
limit the scope of the invention. Other aspects, advantages and modifications

within the scope of the invention will be apparent to those skilled in the art to which

the invention pertains.

20
( MATERIALS AND METHODS.
All PEG reagents referred to in the appended examptles are commercially
available unless otherwise indicated. All NMR data was generated by a 300 MHz
NMR spectrometer manufactured by Bruker.
25 Lysozyme was obtained from Sigma.

EXAMPLE |

SYNTHESIS OF MPEG (2K)-BUTYRALDEHYDE

LBu0-
CH;0-PEG;¢-OH + CI-CHy(CH,),-CH(OCH,CHy), ~——=CH;0-PEG-O-CHy(CH,),-CH(OCH,CH;y),
'BuOH
30



exanpl e, one of ordinary skill in the art, using routine experinmentabhXk007
can determ ne a proper nol ecul ar size and cl eavabl e functi onal group by
first pr r vari ety of polyner derivatives with d

wei ght s §¥QZB¢&”€3B|e 5 functional groups, and then obta %%ﬁ%%@%gﬁg% arance
profile (e.g., through periodic blood-dP-urine sanpling) by adm ni stering
the polyner derivative to a patient and taking periodic blood and/or urine
sanpling. Once a series of clearance profiles have been obtained for each

tested Conhu%&@mﬁmwiﬁmtgﬁgm mﬁelﬁﬁg@eiét%%eﬁan ed. All articles,
books, patents, patent publications an publications 10 referenced
hereln are incorporated by reference in their entireties. EXAMPLES It is to

be understood that while the inventii2BEs been described in 15 conjunction
wi t h cert aFHa@{Eet8HChkespreiHLt2@ipodi ment s t hereof, the foregoing

description as well as the exanpl es™otriCHol | ow are intended to illustrate
and not limt the scope of the invention. O her aspects, advantages and
nodi fications wthin the scope of the invention will be apparent to those

skilled in the ar | Q&1 305ml S AND
VETHODS. Al | PEG ‘?‘3‘3‘8‘8‘3’??@& D0 il ﬁg%ggp(ende gg’g%p%gﬁag%@

conmer ci al Hyed h)vdlstxhﬂngefﬁmluess umdehrecdmcsé pressiireatfbd driad ImINIR rdeleculams

ted b Q gt fiact 25 L
s obt ai nolighcriadaors. Ves bRtk AR e sy oy P RMARAL DEFVDE |
-BuO  CH3GxddaG Ko@t*so*lﬁihorﬁlﬁ cﬂdsm%t feH(SdebkibER erd-taklirel PRG; 6064 1Z( CH2)
- CH( OCH, CH3) Z ' BuCH 2007 WD 2004/ 022630 PCI/ US2003/ 028221 -70- A

Pr epar &8 i omaids) nﬁEGCbEK)UDewraIBahmeaildthetal (0.8tgh 010022 mwies) (AlfOCH2CH3 (O
Aesar). The mixture was stirred at 100-105° C overnight under an argon h
atmosphere. After cooling to room temperature, the mixture was filtered and added
to 150 ml ethyl ether at 0-5°C. The precipitated product was filtered off and dried
under reduced pressure. Yield: 1.6 g. The reaction proceeded in essentially a

15  quantitative yield. That is to say, essentially all of the mPEG starting material was
converted to the corresponding diethyl acetal, based upon the absence of hydroxyl
protons corresponding to mPEG-OH starting material according to 'H NMR.

NMR (d¢-DMSO): 1.09 ppm (t, CH;3-C-} 1.52 ppm (m, C-CH»-CH; -), 3.24 ppm (s,
-OCH3), 3.51 ppm (s, PEG backbone), 4.46 ppm (t, -CH, acetal).

20
B. Preparation of mPEG (2kD)-Butyraldehyde O
o RN
HOH, H* l
CH;0-PEG,-O-CHy(CHz),-CH(OCH,CH;); —3 CH,;0-PEG,-O-CH,(CH,),-C-H
25 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
30  dichloromethane (3 x 20 ml). The extract was dried with anhydrous magnesium
sulfate and the solvent was distiiled off under ieduced pressure to provide the

mPEG butyraldehyde product in isolated form. Yield: 0.72g.



CH30- (CH2CH20) 2k0- CH2CH2CH2CH IN, OCH2CH3 5 A nmixture of nPEG (2K Lahar 2007
(2.0g9) and toluene (30 nm.) was azeotropically dried by distilling off

t ol uene under reduced pressure. The dried nmPEG nol ecular weight, 2

ki | odal t onsg 2wad2déesol ved i n anhydrous toluene (15 m) tecwosmhioms2t added
a 1.0 Msolution of potassiumtert-butoxigie.in tent -butanol (4.0 nm, 0.004
10 nol es) and 4-chl orobut yral dehyde di ethyl acetal (0.5 g, 0.00277 nol es)
(Alfa Aesar). The mixture was stirred at 100-105C overni ght under an argon

at nosphere. After_cooling to roomtenperature, the mx(tjurg was filtered and

added to 150 m T@Fﬁwﬂe@ REceededan sesentlly pawistiftvEidd pTBIE 1o s il t ered
of f and dri n proceeded
in essenti a?%enw%q” %@ﬂ?%@é@%aﬁgdé@ﬁk@l agetgog?gg?ﬁveir%gﬁ% tlhg 1y all of
t he nPEG st amtrwpgnmagerdehydambssedamonehrd sdetce df hedooyt pependongspdneinpy |

acetal , based on _t he absence of hydrox to s correspondi ng to nPEG OH
starting mat“é?‘%%p %WHP%&‘“&W‘SWI‘\%&&S aKWR %)8? PIOPNH9 ppm (t, CH3-C)
1.52 ppns(%o&s‘ﬁb'%al gszhy;sac%{'alﬁg%r@ g to: ¥R, 3.51 ppm (s, PEG backbone),

4.46 ppm ( Preparati on of nPEG (2kD)-Butyral dehyde O
HOH, H* || W@Pmbldﬂ(;ﬂﬂ?g ZMMHGB)ZW(@EG&LOCH@(M)Z CH

25 A m xture of nPEG. (2 but |, d eth |l (1.0 g) fromA
above, dei oRPPES: \Xlgﬁé?r) {éga%ﬂ“)\s %‘%ﬁ bﬁﬁ‘%ﬁ‘g}aﬁt 6 r%}d gﬁgé%hori c acid to
adjust the pHto 3.0, was stirred for 3 hours at roomtenperature. To this
m xture was added sodiumchloride (1.0 g) and the pH was adjusted to 6.8 by
addition of 0.1 M sodium hydrOX| de. Mﬂ’_bduct nPEG (2kD) butyral dehyde,
was extracted with 30 di . gxtract was dried
th anﬁgdrous magnesi un—s < G stilled off under
reduced pressure to provide the nPEG butyr aI dehyde pr oduct in isolated

form Yield: 0.72g. 9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 -71
A. Preparation of mPEG (30K Da)-Butyraldehvde, diethyl acetal,

ITIPEG30K-O-CHQ(CHz)z-CH(OCHZCHg,)z
15
A mixture of mPEG (30 kD) (60% soiution in toluene, 3.30g), toluene (30

mi) and BHT (butylated hydroxytoluene, 0.004 g) was azeotropically dried by
distilling off the solvent under reduced pressure. The dried mPEG 30K was
dissoived in anhydrous toluene (15 ml), and to this solution was added 1.0 M
20  potassium tert-butoxide in tert —butano! (4.0 ml, 0.004 moles), 4-
chlorobutyraldehyde diethyl acetal (0.5 g, 0.00277 moies) (Alfa Aesar}, and
(' potassium bromide (0.05g). The resulting mixture was stirred overnight at 105°C
under argon atmosphere. The mixture was filtered, concentrated to dryness under
reduced pressure and the crude product was dissolved in 20 ml of dichloromethane.
25  This product-containing solution was added to ethyl ether (300 ml) at room
temperature to precipitate the product. The precipitated product was isolated by
filtration and dried under reduced pressure. Yield: 1.92 g.
"NMR (dg-DMSO): 1.09 ppm (t, CH;-C-) 1.52 ppm (m, C-CH,-CH; -), 3.24 ppm (s,
-OCH3), 3.51 ppm (s, PEG backbone), 4.46 (t, -CH, acetal).
30 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% s’ubstitution. The resulting product,

without requiring further purification, was produced in high purity, without



The reaction proceeded in essentially a quantitative yield. That is 4mArRaw?
essentially all of the nPEG butyral dehyde di ethyl acetal was converted to

t he corr, aldehyde based upon the absence of ons
correspongﬁﬁgﬁﬂz &nPEGO—I starting materisal as well as g%gfeﬁgﬂéhgﬁfszi dro
protons 5 corresponding to diethyl acetal according to 'H NMR NIVR
(de-DVMBO) : 1.75 ppm (p, -CHCH2-CHO ) 2.44 ppm(dt -CH-CHO, 3.24 ppm (s,
-OCH3), 3.51 ppm (s, PEG backbone), 9.66 ppm -CHO . EXAMPLE 2 10
SYNTHESI S @aemE@(cs(sth)f@urmAmst(meamede O&l i tpiesdlynihE@l kasallor

I d e CH CHB) 2
mxture of “ORETHBRO) VoBURR T BRTFEd BT S B Lene (30 ni)

and BHT (bk{.tp\l&ﬂltyeﬂlek&é@ﬁ'&i(éﬂk@ﬂld!%P@ucﬂls%eﬂﬂm\m@ﬁﬁﬂQ@inb@sﬁtl@iairﬂZMlél—fst ed by
distilling off the solvent under reduced pressure. The dried nPEG 30K was

di ssol ved BA%epwritdrwatsratdy aelsastG9% parjty. anddven mare Breéasphlyi vt last added 1.0
Nt 20 pﬁ §§?umtert butoxide in tert -butanol (4.0 m, 0.004 noles), 4-

chl orob o%lhyﬁe di et hyl acetal (0.5 g, 0.00277 nol es) (Alfa Aesar), and
C pot assi um brom de (0.05g). The resulting m xture was stirred overni ght at
105C under_ argon at rmsphere The mxture was filtered, concentrated to
dryness un&erPrepaaienal mPE 0K RayB Igshyde product was dissolved in 20 ni

of dichl orc,),t;@(I_~§|3<';a5 0. @52(@91 $,- @(@ﬂlpct cont ai ni ng solution was added to ethyl
et her (300—m+—ag——r-eem——t—eﬂcpeka4—ure to precipitate the product. The
precipitated pr nast ) ERideOfietyHacdfd) ¢F rgduced
pressure. Yiel dqmilﬁ%[él ) r'nPEba(@ D\%&u‘?{y‘r&lfdoly Sbﬁe?{}, y C'_B?léO%’i"if?c‘;Srg Agpm (m
C- CH2- @2 aboved dﬁl@npﬂpdw(zmr (20 @!IHS)md B ghowppef (%, plﬁEﬁhdn'adcbbma)iJusntMG (t

- CH, tal)., 30 B ds. and | th duct bstituti‘on
of the acePHl 10 TRGANTER I RGP T EPATHRLS. ofo IR i Heient

proceeded abgiamV&lyridd QM0 gLhhd @Heﬁﬁ@%as Bﬁfyﬁﬁteﬂﬁaégbﬁ%ﬁdlt@ﬁ of@3autially 100%
substitution. The resulting product, wthout requiring further
puri fi cati sodiumelydspxidec e pmdhpg\hawmm,d waiht hchlpronenyaRe 206720 M.

2004/ 022630, PCT/ US2003( 0282

h7y%_rous magnesium sulfate and the solvent was

15 removed by distillation. The wet product was dried under reduced pressure. Yield:
0.82 g.
NMR (d6-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%.

20 Conversion to the corresponding aldehyde proceeded in essentially

quantitative yield. (\)

EXAMPLE 3
COMPARATIVE STABRILITY OF MPEG-PROPIONALDEHYDE AND MPEG-

25 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
30 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
r

are provided below.



detectabl e or significant anobunts of unreacted nPEG OH Typically, tdnaAR 2007
al kanal or acetal polyners of the invention are produced in high
purities-that is to say, typically, the desired al kanal product is present
in the findP 20HP881%ion in at | east 85% purity, preferabffyUay @RI 90%
purity, and even nore preferably, in at téeast 5 95% purity. B. Preparation
of nMPEG (30K Da)-Butyral dehvde, nPEG30K-O CH2(CH2)2-C(OH A m xture of
nPEG (30K Da) butyral dehyde, diethyl acetal (1.0 g), fromA 10 above,

dei oni zed water (20 nmL), and an amount of 5% phosphoric acid to adjust the
pHto 3.0 was stirred for 3 hours at roomte perature. To this m xture was
added sodi 3 g6 mPEGY2 i keh g 5 sted to 6.8 by addition

of 0.1 M sodium T a r t hane
(3 x 20 m). mgg{}%?)e 5?“ e gtzr% ﬁﬁ-@r 09 ﬁ”&é?'&%&’g‘% ]?'a e and the
sol vent was rﬂJSSm@nE\&thy bdffért(lpH AB 0P Bnd mheeswtnngﬂmtwmanda fexd24thder

ie

reduced pressure 0.82 8 NVR (ck-DVSO): 1.75 ppm (p, -CH -CH2-CHO )
2. 44 ppm ( dtat recomempgrepre. INa ( éﬁh‘t’“@%addﬂ@@ll@)he @O%tﬂﬁﬁrﬂ‘@am@a@“backbone)

9.66 ppm (t, t 0 pondi ng
al dehyde pr 6?:%?8‘%5 F'ﬁgggés 3tn;£(I |1ta’1?rpii T%eu%r@af"tz‘g?su%\ﬁ% ‘eljf gﬁh@%ﬁ@% PARATI VE
STABI LI TY Ofsul¥hteGnBR6EPS DML BT 1| ANDH MRS re@ize BIgTeXRAE RERNTIE. AT BASI C PH

Met hoxy- PEG propi onal dehyde and nPEG butyral dehyde were each exposed to

hi gh pH condi t| orBased upph Ji SHYB Anplypis ghig Pepduet Wis Wh@tﬁ?ﬂaﬂéa&lﬁé‘) P ati ve
stability ofp %Bmg,akya%m.@qﬁq gaﬁ @&zggg&e@até@ SftefSn mg.xe el ow,

significant rnount propi ona react e under these cond| tions to
form 30 lﬂPEGfﬂrhamd:lelrﬁieabﬂslapf{@bemnoﬂsﬂue to a retro-M chael type reaction),
\,Qgi l e no loss of the PEG butyral dehyde conpound was detected. The details

of this experiment are provided below. 9 MAR 2007 \VO 2001/4022630
PCT/ US2( 103/9)2828}ity of }iPEG(SK Da)-Propionaldehvde at Basic pH

mPEG(5K Da)-Propionaldehyde (Shearwater Corporation, aldehyde
substitution 82%) (0.5g), was dissolved in 10 ml SmM phosphate buffer (pH = 8.0).

15 The resulting solution was stirred for 24h at room temperature. Gas
chromatography headspace analysis showed that the sofution contained acrolein
(CH,=CH-CHO), resulting from an elimination reaction under basic conditions
such as those typically employed for protein conjugation. NaCl (0.5g) was added
and the product was extracted with methylene chloride (3 x 10 m!). The extract was

20  dred 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 1s to say, 38% of the PEG-propanal had
decomposed) , and the product contained a substantial amount of mPEG-OH,

25  ansing from the loss of the C-3 segment corresponding to the propanal portion of

the PEG-propanal.



A Stability of nmPEG 2K Da) - Butyral dehvde at Basi c pH nPEQ 2K 9 MAR 2007
Da) - but yral dehyde (from Exanple 1) (0.59g) was dissolved in 10 nm 5m M
phosphat ¢, fer H = 8.0) and the resulting solution 'r or 24h
5 at roo&‘&g%’b@?é@ re. Nad (0.59g) was _agdded and the pr\(l)\%ﬁgﬁ%ﬁgfﬁgéract ed
with nethylene chloride (3 x 10 nm). The extract was dried with anhydrous
magnesi um sul fate and the solvent was distilled off under reduced pressure
at 25 C. Based upon 'H NMR anal ysis, the product was unchanged. That is to
say, no deconposition of the PEG butanal was detected, even after an
extended period 10 of tine under thessrpasic pH conditions. B. Stability of
nPEG 5K Da) - Propi onal dehvde at Basi© pH nPEG 5K Da) - Pr opi onal dehyde
(Shearwat er Corporation, al dePEGHATIOMSE LY SOZYNME 8299 (0.5g), was dissol ved
in 10 mM 5mM phosphate buffer (pH = 8.0). 15 The resulting solution was
stirred for 24h at roomtenperature. Gas chromat gr aphy headspace anal ysi s
showed that the solution contained acrolein E CH-CHO) resulting froman

elimnation rea r i di S 9§etyp|cally

enpl oyed for pr(ES¥ 2 g@ﬁ?’hﬁaéﬁé % @ﬁB(g)lfz\lj/l\k Iidded and the product was
extracted with net hyI ene 1ghbomhea&TH-& Ho-(TH M- CH, T BO #GCH; was 20 dried with
anhydrous rragne5| um sul fate and the solvent was distilled off under reduced

pressure af.: 8 n of nMPEQE 5K
Da) - pr op|{) iv ?gﬁ 6%8%%‘% I{OHng{fgﬂ ?P%Q%Xﬁﬁ "6‘%‘%@‘?&5‘3?}0’ h%bl(illﬁée) PEG- pr opanal
had deco écf’) SEFYP W'yduct cont ai ned a substantial anount of

nPEG OH, 25 ar|S| n fromthe | oss of the C-3 segnent corresponding to the

propanbﬂ porti of- gdEANNS THe Masisbe30

T S0 e 5 aE’E@E%?;%%%%%% R

coupling of an alkanal polymer of the invention to an tllustrative protem

Lysozyme contains six lysine residues as potential sites for pegylation.
Lysozyme (2.1 mg) was dissolved in 1 ml of 50 mM phosphate buffer (pH
IS  7.6)to which was added mPEG (2kD)-butyraldehyde (from Example 1, 1.5 mg).
To this solution was added the reducing agent, NaCNBHj; (sodium
cyanoborohydride), and the solution was stirred for 24 h at room temperature. The
resulting lysozyme conjugate possesses PEG chains coupled to lysozyme amino
groups by an invervening -(CHz)4-chain.
20 The reaction product was analyzed by Matnx Assisted Laser Desorption
Ionization Time-of-Flight (MALDI-TOF) mass spectrometry and displayed peaks ,
corresponding to three PEGylated species of lysozyme at 16208 Da, 18422 Da, and o
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
25  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
30  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



("Lysozynme-NH2" is neant to indicate the |ysozyne nol ecule wth one ofart2807
reactive am no groups shown). 10 A RANDOM PEGYLATI ON USI NG A 2 KD PEG
ALKANAL. The nodel protein, |lysozyne, an 129 ami no acid secretory enzyne,
was used twodemmnsieate coupling of an al kanal pol yner ofct/bszobnwsntii on to
an illustrative protein. Lysozyne contaifis six |lysine residues as potenti al
sites for pegylation. Lysozyne (2.1 ng) was dissolved in 1 m of 50 nM
phosphate buffer (pH 15 7.6) to which was added nPEG (2kD) - but yral dehyde
(fromExanple 1, 1.5 ng). To this solution was added the reduci ng agent,
NaCNBH3 ( so@PmmesiEgnavisbratosd e yeddymen doneh é-8e) uie BEChaslestleMaydef or 24 h at
roomtenper T r |t ] | s PEG chai ns
Coupl ed To ARBE il BterdnE R lmink 3B AR R KB I P RRRESAEC 2. 20 The
reacti on product was anal yzed by Matrix Assisted Laser Desorption

| oni zation Tine-of-Flight (MALD - TOF) maf, spectronetr nd di spl ayed peaks
corresponding to ?hreﬁ%ﬂ%@i@—mzw Da, 18422 Da,
and 20520 Da, differ MEFHYBBURRALBEHYRIr oxi mat el y 2000 Da (corresponding to
the size of the PEG butanal reagent), as well as unnodified protein. The

f 25 di f.i ed t] | MALDI.- TOF determined to b
Ta153 Thus. ¢ heCoatetpmel Bt TG, Blip Py st Cor BIGhOBRGy | ared:
protein, di tpaghicbed reddehl MIPEGRANG.-héthyBagyiiatibfieP 13584 yind B-MEyis 2- Mer and

3-mer). The above denonstrates random Fegyl ation of an i'llustrative protein
of the i nvaissplypd troappraxinnatel il sily ohedivem pagsppeigipuslesat ppidarrairg from desired,

t he reaghion,. 30 m xtyuce,can be. further ar at { sql at e i ndi vi dual
PEG conjﬁggat?‘_gg‘;lt ﬂg’tﬂﬁ‘sf«%”l%g g’%’?#%‘tdh“é%aﬁg&gﬁse@g&% %gé%et’ g???éﬂ’?g% t heret o,
I(ysozynme havhdigylbigrdieRsde,aé takked theaggbzlymcsbumnhmﬁ the résultas SBR@enat t ached.

Wthin each of the conjugate 9 MAR 2007 WD 20114/022630 PCT/ US20113/028221
-75- conposiii Plegest afes wiary da xeinda o me g reapt rgpomaemperpturg.hAfBEG nol ecul e

ol coul o B APBEARAT IR TP SEER U SRR SRR g =Y T
METHYLBUT YRAE 4L RXfo w £D1d] de@éihiied NA Bdudt ere Madeirawei af eirbus hiysoayrels ¢4s repeat ed

usi ng the al pha
J L5 h%urs, & hours, 12 hours, 16 hours, etc.) and the reaction progress is monitored by

SDS-PAGE and MALDI-TOF mass spectrometry.

Upon completion of the reaction, the resulting conjugate mixture 13
concentrated, sterile filtered, and stored under low temperature conditions (-20°C to

-80°C) until further use.

20
) EXAMPLE S
C PREPARATION OF BRANCHED PEG?2(40.3 KDA)- BUTYRALDEHYDE
The preparation of an exemplary polymer alkanal having a branched PEG
segment is provided below.
25 SUMMARY. The overall synthesis involved first the coupling of a

tetra(ethylene glycol) spacer to a reactive alkanal precursor, 4-chlorobutyraldehyde
diethy! acetal. The introduction of an oligomeric ethylene giycol 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
30 the linker moiety, X’, thereby minimizing the occurrence of potential side reactions

and improving yields.



branched PEG reagent, nPEG5ko-2-net hyl butyral dehyde. Lysozyne (3 nD)¢ M&R 2007
di ssolved in approximately 1 nL of sodi um phosphate buffer at a pH ranging

from 10 about 5.5 to 7.5. Atw to five-fold nolar excez% f %%PEG
reagent , VAPEENA3Y. et hyl but yral dehyde, is added to th F@?& 822b) uti on,

and the resulting solution is placed o 6a rotary m xer and all owed to react
at roomtenperature. After approximately 15 mnutes, a 20-fold nolar excess
of NaCNBH3 is added and the reaction allowed to continue. Aliquots are

Wi thdrawn at varpous driafeliboiery 8hatef, 4udibadetttidhyl8nd\@yed, ald?plooides, 16
hours, etc.) and the reaction progress is nonitored by SDS-PACE and
MALDI - TOF avigagivefunetianabenoyp, iggbis ievaisechydspxbthat gan bee@veest: ik he resul ting

' t 1 Xt ' t t ' I d |
Comer at ur oSttt (e GG vl Al i his Befh oSk g RS, SECE 'O
PREPARATI Ghriffed BRAMGED oG ¢ nfurt{RA s uciPATMEBLAEHIDECTOR, prepharidei on of an

exenpl ary pol ymer al kanal havi ngl‘ a branched PEG. segnent is provided bel ow.
25 SUMVARMR thisevayy srdgsired {uncHesilized pobimesis impugiies Hish ap BEGr-¢ialdshyds
tetra(ethyl ene. gl I acer it ' r

4-chl or obu filsru 31"%3%‘5,“3@)5 GZ?@@E?F tg%g%%ﬁé%%ég?ﬁrléggﬁ%??gﬁ&% glg or itogorreri o

et hyl ene gloyghhg &P@e atkapalgtedrsor tgpeRtide the uddirnhietpyoduot, theat¢raslubld ng pr oduct

by extending the chain | ength between the reactive al dehyde (or acetal)
group and RPlYmBsacalkeynal giapiFseansinllndsee 9é PeyMCAiCHB@UNHESS0 the |inker noiety,

Kot ovi ng yi ol abomiied® hebsE el Ea e G SRR FUSSRURBOMAR° /8" e
oacti Vo ahee ansl ot in thi o L hatane. hydr o that can ba convert .
if neces s‘ﬁ*rswd F&“O’c”g@ﬁ?ﬁ’fﬁd?‘i} Cé?“ﬁmi%f%ﬁ?w ‘g&iﬁ?ﬁia‘“?ﬁ%@d‘ﬁéé‘“%\%‘%‘ﬁi“g '

h . . it G as h
chr oma Ogrﬁgﬂgﬁg{%% %M}heﬁﬁi\éﬁ, z{_) ﬁfﬂggﬂfiﬁo?ﬂlayd@&kcuﬂ FRULHESheSUCh as

PEG di ol , E I s way, undesired functionalized

pol yneri ¢ differemices iesobibdity @6 aPEGHd @intpsingats in the reaction mixture allows for

the ready preparation of highly pure monoalkanal product, that is to say, having the

15  alkanal (acetal) function substituted on only one of the reactive hydroxy groups of
the tetra(ethylene glycol) molecule. (REACTION A.). The product from REACTION
A was then converted to the corresponding mesylate by reaction with
methanesulfonyl chlonde, i.e., the free hydroxy group of the tetra(ethylene glycol)
was converted first to the mesylate (REACTION B), followed by conversion of the

20 mesylate to a pnmary 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

25  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-

30  arm branched PEG (40KDa) butyraldehyde.



(resulting fromPEG diol) and the |like are renoved fromthe PEG segngmiar 2007
prior to coupling to the al kanal precursor to provide the ultimte product,
a water soluble polyner alkanal that is essentially free of polyneric

i mpuritiesWaaitap3®o the specific reaction bel ow, the corgiUseyondsizhe
tetra(ethylene 10 glycol) spacer to 4-chliGrobutyral dehyde di et hyl acetal

| eads to fornmation of the desired nono-al kanal product contam nat ed wth
di - al kanal product and starting tetra(ethylene glycol). However,

t ht f d f all
T b é%a?at o

of highly pube monscdkploaéd for pdlicher stdraents Batiog say of thawneregn ddveriddd al kanal
(acetal) function substituted on only one of the reactive hydroxy groups of
the tetra(et&RAENRESyl ycol ) nol ecul e. (REACTION A.). The product from
REACTION A was then converted to the correspondi ng nesylate by reaction
with nethanesul fonyl chloride, i.e., the free hydroxy group of the

tetra(et hyl ehevylagt oF)Overasl SONVEESIRd first to the nmesyl ate (REACTION B),
foll owed by conversion of the 20 nesylate to a primary am no group (REACTI ON
Q The reactive amno gr oup of the acetal reagent was then coupled to an
illustrative branched pol yner backbone rgw segnent having a reactive

car bonyl car b%%cgl?f{’coéfﬂl* £ %’E&FCW)é‘é%P?*&ﬂﬁwm HOFHGH G St Cigh- CHREH:860t al
reagent. The precursor to the PEG reactant, nPEG disubstituted Iysine, was
purified by ion exchange chromatogr aphycfgs“dz@r to 25 conversion to the
correspondi ng ACHTREH B -CHEEHak-CHECY:E Ry e ~pot-prer FESPMythEH9e SHy CHIFEMOCH,CHs)y
N--hydr oxysucci ni m dyl ester of nPEG di substht uted | ysine was then reacted
vWith an ani n%@do&@@ﬁlm&ﬁﬁi}@(buw),\@ﬂa}cﬁ%fw el gs a{h@mcﬂ%hl%ﬂﬂ&ﬂﬁﬁoé@émlt e
resulting branched PEG spacer-al kanal acetal. The acetal was then readlly
hydrol yzed in the acidfcatalyzed reaction to formthe correspondi ng

al kanal , and i fHp&Gr&bicar Mt he 2- 30 arm branched PEG (40KDa)

but yral dehyde. r 9 MAR ZOO%CHZ)V\D 2004/ 022 @30 cPCa{oJSAN0B),- 02822y, 7 7—Fhim-
synthetic approach, i.ce. i][s not limted to branched pol ynmer segnents but
may be enpl oy@d(dﬁmhzcmm—mnfefcnsecgﬁjemss havi ng any of the herein described
geonetries. 5 SUMVARY OF OVERALL SYNTHESI S:

{0
W
CH40-(CHZCH,0),-C — NH
{CHa)y
R | H* HOH
( CH30-(CH2CH0)q-C—NH—CH —-C(0) HN-(CH,CH,0),-CH3(CH,);-CH(OCH,CHy), — =
0
CH30-(CHCH50),-C — NH
(CHz)4
"
CH30-(CH,CHz0)p-C—~NH—CH ~-C(0) HN-(CH,CH,0),-CH3(CH,),-CHO
15

A. Tetra(ethylene glycol) mono-butyraldehvde, diethyl acetal,
HO—(CHZCH20)4CH2CH20—CH2(CH2)2-CH(OCHZCHZ)Z

r




' -BUO- HO (CH2CH2O) 4H + Ol - CH, ( CH2) 2- CH( OCHLCHB) 2 10 9 MAR 2007
HO- ( CH, CH2O) 4- CH2( CH2) 2- CH( OCH, CH3) 2~ BUOH CH3S02C1L

HO- ( CH, ) 2- CH{ OCHZCH3) 2 0

msmo%é@ﬁ%?&% ((OH2) 2- CH( OCH, CH3) 7 . NHACH PCT/US2003/028221
CH3SOR0- ( CH2CH2O) 4- CH2( CH2) 2- CH( OCH, CH3) 2 ON H2N- (CH, CH, O) y

CH2(CHR) 2- CH(OCH2CHB) 2 0 it CH-O (CH2CH2O)"-C - i H (CH2) 4 +

H2N- (GH, G20 4- QUh( GHZ) 2 CH(OCH CHB) 2 0,11 GHBO- (CHRCHRO) . N CH
-C(O)ONHS 10 OA mixwreld Gtiageihgianoplycd) (ONke, O moleg andtpluprg{20¢

Gioo. ( ol el BT P iy SRR

- (O HN-( - Qhe AEER }air leAdglhcolT elag dissdlhngd @n@hgdipaotofuene
nono- but yr al de d| et hyI aceta
HO- ( CH2CH2 @%@qﬁ QeI Ol O DSMECER bR gxide Ipprtspanol (120.0 mi,

5  0.120 moles) and 4-chlorobutyraldehyde diethy! acetal (18.1 g, 0.100 moles) (Alfa
Aesar) were added. The mixture was stirred at 95-100 °C overnight under argon
atmosphere. After cooling to room temperature, the mixture was filtered and the
solvents were distilled off under reduced pfessure. The crude product was dissolved
in 1000 mi deionized water and the resulting solution was filtered through active

10 carbon. Sodium chloride (10g} was added and the product was extracted with
dichloromethane (250, 200, and 150 ml). The extract was dried (over MgSQO,) and
the solvent was distilled off under reduced pressure (by rotary evaporation).

The crude product was dissolved in 300 ml 10% phosphate buffer (pH =
7.5) and impurities were extracted with ethyl acetate (2 x 50 ml). The product was

15  extracted with dichloromethane (200, 150, and 100 mi). The extract was dried (over
MgS0,) and the solvent was distilled off under reduced pressure (by rotary
evaporation).

Yield: 20.3 g. NMR (ds-DMSQ): 1.10 ppm (t, CH3-C-) 1.51 ppm (m, C-CH>-
CH; -), 3.49 ppm (bm, -OCH;CH,0-}, 4.46 ppm (1, -CH, acetal), 4.58 ppm (t, -OH).

20 Purity: ~100% (no signs of unreacted starting materials).

B. Tetra(ethvlene 2lycol)-o-mesylate-o-butyraldehyde. diethyl acetal,
CH;-5(0),-0-(CH,CH,0),CH,CH,0-CH,(CH,),-CH(OCH,CH,),

A mixture of tetra(ethylene glycol) mono-butyraidehyde, diethyl acetal
25  (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
ml of triethylamine (0.041 moles). Then 4.5g of methanesulfonyl chloride (0.039
30  moles) was added dropwise. The solution was stirred at room temperature under a

nitrogen atmosphere overnight. Next sodium carbonate (5 g) was added, the

&



WO 2004/ 022630 PCT/ US2003/ 028221 -78- A m xture of tetra(ethylene glywak)zonr
(97.1g, 0.500 noles) and toluene (200 m) was azeotropically dried by
distilling off toluene under reduced pressure (rotary evaporator). The

dri ed tetr&@tdybense gl ycol ) was dissol ved i n anhydr ous tetwasess(iger )
and 1.0 Msolution of potassiumtert-butoxgde in tert-butanol (120.0 m, 5
0.120 nol es) and 4-chl orobutyral dehyde diethyl acetal (18.1 g, 0.100 nol es)
(Alfa Aesar) were added. The mixture was stirred at 95-100 C overni ght

under argon at nospher.e. ter cpoli.ng to rpomtenperature, the.m xture was
filtered and™fge ‘?Slsf}gﬁ?if]vﬁl'eg Ig&r §91Fﬁ9ﬁ’réﬁa%$]ﬁer %%rgr)sotl‘ée&'g?c‘gﬁw r’sggl?ﬂrog The
crude produq;nd@@&dqg&p&le%ggg rbArylQQBotorflei oni zed water and the resulting
solution was filtered through active 10 carbon. Sodium chloride (10g) was

added and t hbl®ppuuttCHas-)dxt e ént, WrECH-Cil.chPdridpm tsakél¢ 250, 200, and 150
m ). The extract was dried (over S t | vent s distilled off
under reduceraeﬁP'éessgﬁP’éatf)bgA&c?Pg}9’%\7%&?&8&) 2'%9%§mcﬁjdg¥%r oduct was

di ssol ved i np3@@neshirddXe Phasphat @ Jog faeeralj)pH = 7.5) and inpurities were
extracted with ethf\;llﬁl acetate (2 x 50 m). The product was 15 extracted with

di chl or onet hBurgy(2088%.150, and 100 m ). The extract was dried (over MSO4)
and the solvent was distilled off under reduced pressure (by rotary
evaporation). Yield: 20.3 g. NWR (d6-DVBO): 1.10 ppm (t, CH3-C) 1.51 ppm

(m G CH2 CHZ2. Toira(éh$@n®BRoHN8-amAcH3 Bubiaeh viie AllethPadetal - CH, acetal ), 4.58
ppm (t, -OH). Purity: -100% (no signs_of unreacted starting materials).
B. Tetra(et hiEiEHGE Mﬂ&&%ﬁ@%&ﬂ%ﬂ&%e, di et hyl acetal,
CH3-S -0- (CH2CH20) ACH2CH, O- CH2( CH2) 2- CH 2CH 1 f

t(et r a( (et Ien(e gl dBV%UfFrBEE?-‘fB@‘W%ﬁ%%H%E?' %F%P%g%%ugj%%g 0. 037
mol es) and tme@gf‘a.é@?é’omhnﬂ@@aaﬁﬁﬂwn@ﬁy&@kiw(@5"01fﬁﬁTﬁag &hAtaldohbn@oof f

t ol uene under reduced pressure (rotary evaporator). dried tetra(ethyl ene
gl ycol ) nonombuwyy sirctdidzdest rderettérgperatwet. MNexwals valatgls otapethls weserthsytdledus
toluene (100.mM) To,the solutipon was added 20 m of ,an roys .

di chi o onet naandsrdedterd oiesiie Tk B Pafia pdialen i b m dfgwzar sg o

met hanesul f oQyler Gt QleigiEol @le 9519180 wWADL&RIedVBS] BIAR Y. 0NIOPYDH EThel BdSQ! Ut i ON
was stirred at roomtenperature under a nitrogen atnosphere overni ght. Next

sodi um cHr bowas ext¢Btag) winadichbderdethatee(3x 100 mi). The extract was dried (MgSO4)

and the solvent was distilled off under reduced pressure (rotary evaporator).
Yield 10.6g. NMR (D,0): 1.09 ppm (t, CH3-C-) 1.56 ppm (m, C-CH,-CH,; -), 2.69
ppm (t, CH,-N), 3.56 ppm (bm, -OCH,CH;0-}, 4.56 ppm (t, -CH, acetal). Purity:

~100%.
20
( D. Branched PEG2(40.3 KDa)-butyraldehvde, diethyl acetal
mPEG-0O-C(O)-NH
(CH,)4
mPEG-0-C(0)-NH- CH""'-C(O)—NH-(CH2CH20)4—CH2CH2CH2-CH(OCHZCHZ)Z
25

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

I3



9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 -79- m xture was stirredmakr 2007
Then the solution was filtered and solvents were distilled off under

reduced pressure_ (rotary evaporator). 1.10 ppm (t, CH3-C: . m(m
C- CH2- Gﬁi"gf?"%lzi‘gfoppm (s, CH3- net hane%lél fonate), 3.49 5%@?2@91”8?3221(
-OCH2CH2O- ), 4.30 ppm (m -CH2- 5 nethanésul fonate), 4.46 ppm (t, -CH,
acetal). Purity: -100% C. Tetra(ethylene glycol)-a-am no-w butyral dehvde,
di ethyl acetal H2N (CH2CH20) 4CH2CH2O- CH2( CH2) 2- CH( OCH2CH2)2 10 A mi xture
of tetra(ettoppenes purfidl by-ian srciahgt ehromblagysriiyd ehglde desgindediynt Uscet al
(14.0g), cgncentr ni um hydroxi de (650 m ), and ethyl al cohol (60
m) was st FV@Q&&?’?&";&?oom tenperature. Next all volatile materials were
distilled off ygdebiiRdétPEG2 @8KIH-N-TY8roxysste et ¢s.opemootigsol ved in
150 m deionized water and the pH of thé solution was adjusted to 12 with
1.0 M NaOHmolise ($heaoaser AFpovatiorhin meath denahlpride CHI0gRbnetra@HyIg® x 100 m).

Th t t dried S d,th I t i stoill f.f d
Feduced pr 856008 ¢ GRaPy URORURh R oS! Sretia0 208G OORGHR TEBD) P4 0" ppm (¢
CH8-C) 1. &uPPFnldeno.085 AR owEidadddd ardd $2 re R2BI%h ChixrfeEdrablssirréd 8ferRight (bm
-OCH2CH2O- ), 4.56 ppm (t, -CH, acetal). Purity: -100% 20 D. Branched

PEG2(40. 3 KOm@prblemprratute hydis andrgantpnosphetealThesPEGROYE( QjapqdIR) a |
nPEG O O.-NH CH O -NH (CH2CH 4- 2 CH2 CH2- ( 2CH2) 2 5 PEG2 (40
Rba) - N 1y EEA s ST TS e P E R ST G s LY e B o © y o1 ne
as descri beglotige khdprebpii@ell Wil isGprEd aft®Bol et proluct Ras dAkd undefhe

precursor PEG 2 lysine, a branched PEG having an ionizable carboxyl 9 MAR
2007 W 20chmcodpesreditldI2931023221

NMR (dg-DMSO): 1.10 ppm (t, CH3-C), 1.51 ppm (m, C-CH,-CH; -), 3.24 ppm (s, -
-OCHa;), 3.51 ppm (s, PEG backbone), 4.46 ppm (t, -CH-, acetal). Substitution:
~100%.

15  E. Branched PEG2(40.3 KDa)- butyraldehyde

mPEG-0O-C(0O)-NH

(CHy), il)

mPEG-0-C(0)-NH- CH——C(0)-NH-(CH,CH,0),-CH,CH,CH,-C-H

20 Branched PEG2(40.3 KDa)-butyraldehyde, diethyl acetal (4.8g) was O
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

25  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, -OCH,), 3.51 ppm (s, PEG backbone), 9.66 ppm (t, -CHO).
Substitution: ~100%.

30 r



-80- group, was purified by ion exchange chromatography, as al so deswihResh”
in US  Patent No. 5,932,462. To a solution of PE& (40

KDa) - N- hydr oxysucci ni m de (5.0g, 0.000125 noles) (Shearwater Corporation)

i n met hyl eneochborzizéd® (100 m ), tetra(ethylene 5 PCT/US2003/028221

gl ycol ) - u- am no- w but yr al dehyde, diethyl a&ktal (0.50g, 0.000148 nol es) and
triethylamne (0.035 mM) were added and the reaction mxture was stirred
overnight at roomtenperature under an argon atnosphere. The sol vent was
evaporated to dr yRe§5o Sy Rk @hothE&VaREdeA: of REInGEMER, Bicoduct was

di ssolved in nethylene chloride and precipitated with isopropyl alcohol.
The wet pr odpotpamaion df peebresedetive brangtrBEGRkanglirEhe apoee gﬂsq_iglsg_ate@ anNR

d6-DVSO): 1.1 ] t, CH3-C)., 1.51. C- - CH? - . 24 ,
L oom) % 51 FARRE brnelRirlion et I il e e et PP (°
Substi t uti oni)igoh@@%erobp, i thiBcadRs hedrem &l R dkRagrpodidtietadetahy de
MPEG O C(O) -NH 1 (CH3)4 1 11 nPEG O C(O) - NH

CH C( O - NP+ ( @pR@z bpakborp any Diezlignp egrBrhpkciie dngesi. 4hirther, this example
KDa) - but yr al dehyde. .di et hyl t al .8 ' d. | 0 t d
)Y E R o S AR B A e e B SR Bt D i

the pH of thé N was us phosp cid. The

sol ution was sgéH thaesich @blysndiQeiierican 8O Puti REPEY &irih’xeharfg@hhﬂ)mﬂo%rbyh)addi tion
of 0.5 M sodi um hydroxi de sufficient to adjust theeé%H of the solution to

about 7. The PEPpHUAUPIAS ebke pl@pddrcgial Feagenthieeshy celsrioval HEEMQHRE t he ext ract

dried 25 wit U - on iy e r
uL:jgr r ed\lljmc eg) OW&F%%Q ulrl%.nﬂ%ig%‘?@l Ojﬂbﬁgé ;e%{;}ﬁon( %@gﬁ%@&( ﬁﬂ%_m%ﬁ%eg Iﬁqﬁ%%‘%h‘?‘g °
- 8H2- CH2-10HOfprrdedt4 abgem {idlinctiofididol yriid) impliriZiés pyot dsShose @SEAE, frodn 51 ppm (s,

BEG backbone), 9.66 m(t, -CHO), Substitution: -100% 30 9 MAR 2007 WO
2004/ 022630 p@appggszgpol\%@Mm_r mPEG, or mono-pegylated lysine, or the like, that may

have been present in the mPEG2-1ysine precursor but were removed by

chromatography.

15 EXAMPLE 6

PREPARATION OF POLYMER-ALKANAL PROTEIN CONJUGATE

RANDOM PEGYLATION OF EPO

Recombinant EPO (preduced in £. coli, mammalian cells (e.g., CHO cells)
or another microbial source) 1s coupled to mPEG-butryaldehyde 30 kDa (prepared
20 as described in Example 2).
EPO (~2 mg) is dissolved in 1 ml of 50 mM phosphate buffer (pH 7.6) and
mPEG(30 kDa)-butyraldehyde is added at 5X the molar EPO concentration. A
reducing agent, NaCNBHj;, 1s added and the solution stirred for 24 h at room
temperature to couple the PEG-butanal reagent to the protein via an amine linkage.
25 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 Matnix Assisted Laser Desorption lonization Time-of-Flight (MALDI-TOF)
mass spectrometry. The displayed peaks for native and mono-PEGylated species
differ by approximately 30,000 Da. The resuiting reaction mixture contains a
30  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.



-81 The above illustrates yet another enbodi nent of the invention, #RMaRz2007
preparation of a representative branched PEG al kanal. The above al so

illustra enbodi nent of the invention wherein the | kanal

cont ai nsk‘géétﬁ'g/rﬂp(’ | igomeric group, in this case, a tet r@gét/%%{gﬁogsgﬁlycol

i nt erposed between the 5 pol yner backborf® -and t he al kanal segnent of the
nol ecul e. Further, this exanple illustrates the use of a precursor polyner
segnent containing an ionizable group such that such pol yner segnent can be
purified by i on T%GRaBoRighhhOBRLILOHARAYPEQQNalk PatRYPhdie@ldravei §1f o

al kanal -acetal reagent, thereby effectively removing polyneric inpurities
early on igreathethaeabeut A kshianers fprmatiansofimencaRRE ylatades ppriesd udpallen forned i s
absent difuncti.onal. Fi.C | ritie C -1 hos risi from
reactions '89%5&1@ ar F?#%&amsv%ﬁ%ﬂ ﬁ%%%y%]%@gééﬁ’%%%ﬁ% éré}r"p e like, that
may have fe@atidl -PEGyidted Bfic(’-unyist theseoaditios®r but were renoved by
chronat ogr aphy. 15 MPLE 6 PREPARATI ON OF POLYMER- ALKANAL PROTEI N
CONJUGATE  RANDGWiePBeve damenstrates rpmiqre pegiitiparl appygtigpyenwidn phthe, col i |

| s | a. ) i i al . i | ed
o npec bub iRy s SRR s peBuls PG brofble B B Wil COUP 20
(-2 ny) i smiktee@ay &6 firthel separstd bOisatahd pbosdiviatial iborhérens (@kriled) and

nPEGQ 30 kDa) - but yral dehyde is added at 5X the nolar EPO concentration. A
reduci ng a’@@‘h‘{”; NaCNBH3, is added and the solution stirred for 24 h at room

tenperature to |.e. T UEL : | {1@, an am ne
| i nkage. 25 Theﬁggggﬁugﬁéﬁ‘lﬁgﬁr}?ggl S atnrg@?}g@%t gé@@%@%@%ﬁgfﬂg& ééédt%r m ne the
degr eel(of gdPEByrhtadn dhfomaiopfaphpaThedifodreitREG egjegatef (1 Ry D atdroh met; ner, 2
nmers, etc. is done by Mtrix Assisted Laser Desorption |qgnization

Ti me- of - FI §ignere iaatiopdtedey thebases ofjasir dyfreentynol redgin{rdhipeaks for
native and Q- : ﬁpﬁj: LI:E i Rt 0 Da. The
resul ting \r”{e}g@f’lbgr%%o%ﬁ?tg con!t(glﬁ)rissggélggﬁnr?ib’x}/hteﬁs? {Ug%fb]{r:gtpi%tféng%d nonopegyl at ed
protei n. | ngngasérn) coluenr gsicon ofitaBEGor edemive sepavatpmodfgiroductsanelases t he

gfg'r N gf h&%‘%g@%e% It (r)arr]]’geto ?Ctl’\«’ﬁi:(i et.gc.), ;ggﬁeréquMEOOd’co lgrimcl)?Arcr)}fers%z_amrmr S, 3-mers,

15  Biosciences). The products are eluted with 10 ml acetate buffer at a flow rate of 1.5

{ )

mbi/min. The collected fractions (1 ml} are analysed by OD at 280 nm for protein
content and also using an iodine test for PEG content (Sims G. E. C,, et al., Anal.
Biochem, 107, 60-63, 1980). Altemnatively, the results are visualized by running an
SDS PAGE gel, followed by staining with barium iodide. Fractions corresponding

20 tothe eluted peaks are collected, concentrated by ultrafiltration using a 10-30 kD
cut-off membrane, and lyophilized. This method results in separation/purification O
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).

25 Separation of positional isomers is carried out by reverse phase
chromatograph‘y 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

30  eluted with a gradient of water/0.05% TFA (Eluent A) and acetonitrile/0.05% TFA
(Eluent B).



WD 2004/ 022630 PCT/ US2003/ 028221 -82- The use of high nol ecul ar wei ghtARE®?
al kanal s havi ng nol ecul ar wei ght greater than about 20 kDa favors formation
of nono- PEGyl at ed species. Smaller nolecular weight PEG al kanal s, when
coupl ed t Ve 202863, are nore prone to formation of pol BCPESIIHEBRIspeci es
under these conditions. 5 The above denon&i+ates random pegyl ati on of an
illustrative protein of the invention to yield a distribution of pegyl ated
EPO products. |If desired, the reaction mxture can be further separated to
i solate the indiwidual | [.S: ' ' s havi ng
different nol ec u?{:lé?&l\%f %%?%sgﬁ%ﬁg ﬁ(gﬁ'%gyﬁgaregﬁaggg%%%]iggcgésl Qéqr%tg ?gotei on

chr omat ogr apliyhinat® ecetbrdifrite emd TPEGGionjeddatreso(dl offesived tonisolatSthaer,  etc.)
are fractionated on the basis .of their different nolecular weights (in this
case, var yiingjvidpalaostioRphiE@iisemyskDa) . Specifical ly, the separation is
performed by wusing a serial colum systemsuitable for effective separation
of products in the nolecular weight range observed, e.g., a SuperdexTM00
col um (Amersham 15 Bi osci ences). ThExameditts are eluted with 10 ml acetate
buffer at a flowratg of 1. m/mn. The collected fractions (1 nm) are
anal ysed by OD at 288RERARAJIONOEPQLYMER-ALKANAL PROJEIN CONVGATS an i odi ne test
for PEG content (Sinms G E G ye@indk Pecahon oPEpENEM 107, 60-63, 1980).
Alternatively, the results are visualized by running an SDS PAGE gel,

foll owed by st ai Raergmbirtaht BROI (pmduocl ek, cBhanamomabarc orlisdsypdbndiHO 20t t o t he

el uted peaks are.cqllected, concentrated by ultrafil ion i 10- 30 kD
Ut~ of 1 monBIchHEMEG i0) O pORRET GO EhERandalep LS TRES Piryaldehydd 3B

separ at iign/ nisd fExaAbleon), of conjugates having the same nol ecul ar wei ghts but
oes not provide separation of conjugates having the sanme nol ecul ar wei ght

but different pegyP& (~@nmg) isedissolved.in 1 mlodit: roMedodiswagetasy (pI25) S8sbar at i on of
positional is i arri out . .b ever s hase, ¢ mat ogr y using an

RP- HPLC CLe ThrHi @ﬂe%ﬂéﬁéﬁgﬁ{‘g%@ﬁ%hfé&mgﬁ) BygEg af T AERPGEERY e T s

ef fective fions@patiah i P9rddabmbigem| RGONBH,SI9 AR MMAvhdhiuddifisSaned Rl ecul ar

wei ght (positional isonmers). The reverse-phase chromatography is carried

out using a R HPEC O1®upleapa PEG-arad reagrntdn chegooinuriedn witine knkgeadi ent  of
water/0.35% TFA (Bhyent A 00 ASeLoNL L 1) 8H8:FREE 1§ A te TBhY BBl of

PEGylation. Confirmation of the degree of PEGylation, 1-mer, 2-mers etc. is

L3 A A A

Prhoit £l 1) oAl

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 resuiting reaction
20 mixture primarily contains a mixture of native and monopegylated protein. The
( mono-PEGylated species are purified by column chromatography to remove free
EPQ 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
25  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
30 N-TERMINAL PEGYLATION OF GCSF

Recombinant GCSF (produced in E. coli, mammalian cells (such as CHO

cells) or other microbial source) 1s coupled to:mPEG-butryaldehyde, 30 kDa.



9 MAR 2007 WO 2004/022630 PCT/ US2003/ (123221 - 83 Fractions correspmadizog
to the eluted peaks are collected, evaporated to elimnate acetonitrile and

TFA, fol noval of solvent to isolate the indii '
PEG- i somka\(rys\ﬁﬂémékk LE 7 PREPARATI ON OF_ POLYMER- ALKANAL Pﬁﬁ%@LN%

i onal
UGATE

N- TERM NAL PEGYLATI ON OF EPO Reconbi nanf4EPO (produced in E. coli, mammalian

cells (such as CHO but not |limted to) or another m crobial source) is
coupl ed to nMPEG butryal dehyde, 30 10 kDa (Exanple 2). EPO (-2. ng) is
di ssolved in 1 @CSH (-Q. mMyMssdisholvedas etmlt & (. piivVbjodime ace®EGHET) and
kDa) - but yal dehyde (from Exanple 2) is added at 6 5X the | ar

concent r atMREC30 @d?%?rﬁb’eaﬁl@rﬁﬁo"r\ﬁmlﬁ,ﬁF%a%ijgﬂé&5§ﬁggf“ﬁ’§“ EE%E ion is

stirred fQqiy,. ratklo t ﬂfge%ierfgfmhemhﬁﬁﬁ%%&a%dEﬁsg@@;ontsanie goProtein

via an amne lin

age. €action mxture Is ana

det er m ne Idheaddr eecoable (REERGalbutamal rdagafit tonkd poreiovid dveardieg tiekagef

PEGyl ation, 1l-ner, 2-pers etc. is carried t trlx Assisted Laser
Desor pti on | oni z—rzi‘f:ir%“rﬁ‘ﬂ%grfé@cépnlf{“i"%? 18 Q(WQEEESE’T%/S%@ ORESTTEENPY . The

di spl ayed
appr oxi mat

dé%gsé%oof‘jri%cdl?&&w%cﬁm%ﬁﬁ of :BE@»S%@E ed PERRH RS dihdres mdys,

Da. The resulting reaction 20 mxture prinmarily

by SDS- PAGE to

cont ai ns ataiixtarried ofit nalViatrx Assistedbhasee Pekapudn perotation. Tifkeef-Hhigho- PEGy| at ed
Lfi b I h t t f EPO and hi gh
RRER I arss Sl PEH G URE e R RETAPEGHTRTSh 1o carri o

speci es ar
nmol ecul ar

out by peppg bk diffb
the degree %?ﬂgf%?éd?& ey

o ehalel$ 30,800 DO THRES IGn Preabddnn_iI ncr eases
ation. yiel'ding 25 poly-pegylated protein. The above

denonstdr at mixtpregyinzril p porddinam mikfurseimative ang msmnepeg yddted RESH. nillent i on t o

yield a pr

edom tly N-termnal_.sj.ngl eqyl ated protein. EXAMPLE
XL TERM NALMGPRCRIERA piafl sPyeiesase-Pasifisst by ?@H&“%@“?‘B%@Bﬁ%@dwm“& ol i |
mamal i an GekFant hiiher Adlectier weRdht SpecRs. CoRArMMtGT SNabmsaurce) is coupl ed
to nPEG but ryal dehyde, 30 kDa.

15

20

30

PEGylation 1s conducted by peptide mapping. Increasing the ratio of PEG to

protein increases the degree of PEGylation yielding poly-pegylated protein.

EXAMPLE 9

N-TERMINAL PEGYLATION OF INTERFERON ¢t

Recombinant [FN-a (produced in E. coli, mammalian cells (such as CHO
but not limited to) or other microbial source) is coupled to mPEG-butryaldehyde,
30 kDa.

Interferon -0t (~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, NaCNBH3;, is added and the solution stirred for
24 h a1 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

8 30

O



9 MAR 2007 WO 2004) 022630 PCTI US2003/ 028221 -84- CGCSF (-2. ng) is dimarbkyed
in 1 m of 0.1mMsodiumacetate (pH 5) and nPEE 30 kDa) - but yral dehyde
(from Exanple 2) is added at 5X the nolar GCSF concentration . The reducing
agent, NaCNBFHshsselded and the solution stirred for 24 plrrats:doz@821coupl e
t he PEG butanal reagent to the protein vigsan amne |inkage. 5 The resulting
reaction mxture is anal yzed by SDS-PACGE to determ ne the degree of

PEGyl ation. Confirnation of the degree of PEGyI ation, 1-mer, ners, etc.

is carried out by Mtrix Assisted Laser 3 tion |oni zathg; T|rre of - Fl i ght
(MALDI - TOF) PRE¥atgmisicondetsd 0y RHRAgmapPH\Pe dMPEAKES H5T2iAPT FECNd mono-

PEQ/ ated spapiehtindid{ /Dl ARPERETRLELY yRR: MPPolbegfliRaeRul L ng reaction

10 mixture primarily contains a m xture o native and” nonopegyl at ed GCSF.

The nono- PEG/I at e@osjugetii@sofahe protging hGH, BN-GohudriSHHp anethegillagtagiveo renove

free GCSF and hi gher nol ecul ar wei ght speci Confirmation of N-term nal
e 2D kD

PEGy| ati on | BEGweasat e Biy-2pusity duitrapsish 8SHGIOHEeSSERY2HY 3P PEG t o

protein iqcr r QEGy! ation yi el ding pol y-pegyl ated protein.
15 EXAI\/PLSJIF—ZI 9‘?@%@{%@%4 IOO\I OF | NTERFERON a Reconbi nant | FN-a
(produced in E. coli, mammalian cells (such as CHO but not limted to) or

ot her m crobial source) is coupled tg rrPEG Eéltryal dehyde, 20 30 kDa.
Interferon -cc (-2. ng) is dissolve of 0.1mM sodi um acetate (pH 5)

and MPEQ( 30 k%)-butyq\amqugéwm&xammm@mm 5X the nol ar I FN

concentration . A reducing agent, NaCNBH3,” Is added and the solution stirred
for 24 h at 4 C Recumtup:hm huhmmg&@:tbdtoananc fpeaye:nd mE tdle npmoundian oella an

am ne |inpkage. 25 reactj.on m xtu LS. ana ed by, SDS- P, term ne
tthe degr BBty R B RS! tdited ol oS AR HogrED Breomelegiad P 1 hor

2 mers etc. h%etﬁyﬁlﬂr&:fugﬁﬁid%debm Mahrix Assisted Laser Desorption |onization

Time-of -Flight (MALDI-T mass spectronetry. The di spl ayed peaks for

native and nono- PFEGphagemwvispecnas (R migns digscpgst oxi mhob0ymdd sghaomDa. The

resul L1 ng reael NP TLLPER PLIR bl -A0LB"%0 RO S Pl R YR 2N

hGH concentration. A 5 to 20-fold molar excess of the reducing agent, NaCNBH;,

15 is added and the solution is stirred for 24 h at 4° C to couple the PEG-a
methylbutanal 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 degree of PEGylation. Confirmation of the degree of
PEGylation, I-mer, 2 mers etc. is carried out by Matrix Assisted Laser Desorption

20  Tomzation Time-of-Flight (MALDI-TOF) mass spectrometry. The displayed peaks

Q | for native and mono-PEGylated and other species 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.

25 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.



Mono- PEGy| at ed species are purified by columm chromat ography to renovmakree
interferon a and hi gher nol ecul ar wei ght species. Confirmation of N-term nal
9 MAR 20Q/ 4/ 022630 PCT/ US2003/ 028221 -85- PEGYI ucted by
pepti de Sr‘a p%ﬁ)dgggncr easing the ratio of8 PEG to protei ?#12@?{3%@9&3

degree of PEGyl ation yielding poly-pegyl Rted | FN. Conj ugation of the
proteins hGH, IFN-(3, and FSH to another illustrative PEG al kanal,

ni PEG 2- met hyl butyral dehyde, 20 kDa is carried out essentially as 5

descri bed in the exanpl es above. EXgMAbEE 10 N- TERM NAL PEGYLATI ON OF HUVAN
GROAMTH HORMONE ~ Recombi nant  human growth hor none (produced in E. coli,

mammal i an cells 10 (suhTERMISABPEGH PN 'e-\ﬂm ? -tbr anot her microbi al

d to nPE 20 k wt h
bormom, (o PR ey o T (pa sy 2l gl s R 2 Cand
nPEG 2- met iyo anm ﬁh@l@@yc%r aR&hkﬂ%d@blﬂﬂgﬁ%e@ts &Bp Ielaﬁo RRPEG-2-h&hy1

concentration. nol ar excess of the redum ng agent,  NaCNBH3,
is addéd almdy!tallrbhs@da&k@ﬁw stirred for 24 h at 4 Cto couple the PEG a

Teaction |- anai P ReRresyP GremeReeio R D mee ey S Eomedry o ©
d f
PEGy |t ori" T REe £ eyl BGRB8, 2RO U B Rind POAIENGT o0 Laser

Desor pt i oncétiRemtedionatd Hro I0-fild ofiolkt ¢:gbis divid BiduditE hgemsNaGNBELriometry. The
di spl ayed peaks for native and mono-PEGyl ated and other species differ by

appr oxi mat %FlddeOd teoolutien igparedion 2ding 4 Edercrupie thsPEB piethydhutangl cont ai ns

a mxtye n protein. The nono- PEGyIl at ed speci es
are pufrtlfflr(e)‘:‘agér")I it E‘FLPrrm “c\ﬂg r?B gérgﬁlﬁag to remove free hGH and hi gher ()

nol ecul ar wei ghtProgeed sfhe ;?éicﬁomfsl dnaBize® By SDSNPAGB B M LBHGORtria i S
conducted by peptide mapping. |ncreasi r&gﬁt he ratio of PEG al dehyde to
protein i nelcsHemstry edetergtaethsrdeppeaf BEGatgn. danfimagonepiic degshobf

poly-pegy! BEegich! 1- e indlfe. iRe42ied0d Wﬁﬁ%& REHHP2RR S5k

Ionization Time-of-Flight (MALDI-TOF) mass spectrometry. The displayed peaks

15 for native and mono-PEGylated and other species 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 [IFN-} and higher molecular weight species.
Confirmation of N-terminal PEGylation is conducted by peptide mapping.

20 Increasing the ratio of PEG aldehyde to protein increases the degree of PEGylation

yielding a population of poly-pegylated IFN-. O

EXAMPLE 12
N-TERMINAL PEGYLATION OF FSH

25 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 ! ml of 0.1mM

sodium acetate (pH 5) and mPEG-Z-methyi butyraldehyde, 20 kDa is added at 5X

30 the molar FSH concentration. A 5 to 20-fold molar excess of the reducing agent,

Fa



-86- EXAMPLE 11 N-TERM NAL PEGYLATI ON OF | NTERFERON- 0 Recombi nant 9 MAR 2007
interferon-0 (produced in E. coli, manmalian cells (such as CHO but not
limted to) or another mcrobial source) is coupled to MPEG 2-nethyl 5
but yr al dehydegnsd@2dsa. Interferon-(3 (-2 ng) is dissol vededmudondio20210. 1niM
sodi um acetate (pH 5) and nPEG 2- net hyl. gut yr al dehyde, 20 kDa is added at
5X the nmolar IFN-G3 concentration. A5 to 20-fold nol ar excess of the
reduci ng agent, NaCNBH3, is added and the solution is stirred for 24 h at 4
C to couple the PEG t x net q\.:l but anal 10 reagent to t he pro ein_yvia an am ne

linkage. ( NaCPESLy ssadded 2ndhbesglgion dhstjreed ﬁé?%ébl“ PEAGE PEC-RALDI - TOF
mass spect fg@%}ﬁ%@@ﬂ&%@@e@@ﬁezﬁﬁa?en‘?%&fa%%%eP A ation. Confl rmation of the

degree of rs etc. is carried out by Matrix Assisted
Laser Desor ption Prhogrdsz af themeattiori0indfyzed bty S(MAE@GET@?MAWST@E&&M onetry.
The di spl ayed geaks 15 for natjve and mono- PEGyl ated and o eci es

r. s
di ffer by apRfcHRIBHYLP getonmposhe @f&rewfepﬁ%ﬂaqlw NP HEERIPBA ?’F‘F)E’F&‘r}g%%ri marily
cont ai nss a @f&a@;ﬁp@n% gl rsaesl Iﬁrmeegyﬁ hfﬁ%)m\g&ﬁé@i.as-gpﬁe QoPESY| at ed

speci es are pu ed by co tography to renove free FN-O and
hi gher nol emﬂxmnowélhgiatof@ght dALIUSHOFY nass spactodmetlr)t €Thu dagplaeBE@ehlast i on i s

ducted b )itid [ | t f. PE de t
brot el n i nofelebie ?ﬁ%n”ﬁﬁél@g?m%e” PET i A1 PRI 0RO
pol Y- pegyl aisd e hin ANl EimiurebrFERM Max‘ﬁ?@ﬁhﬁm@f&ftwg%& 25

Reconmbi nant follicle stl mul ati ng hornone (produced in E. coli, mamalian
cel | s ( such namo@iQlived pnmml ThﬂtrxemctEﬁGplntearsp@m@rampmnMlwcqémunce) is

coupl ed PEG- 2- net t% but gE{y & th oII Ie stinmulating
Hor none! SH‘{O"E’W&J? dF@QES g apd i ﬁ?ﬁ Betate (pH 5)
and nPEG 2- ifRhatiit WﬁJtQ%hMQQ?E(gﬂamls'@nm%epﬁ& magpinge nol ar FSH

concentration. A5 to 20-fold nolar excess of the reducing agent, 9 MAR 2007
WO 2004/ 022 6éa0eRaE 2003302182 2ideh@de to protein increases the degree of PEGylatton

yielding a population of poly-pegylated FSH.

15 EXAMPLE 13

N-TERMINAL PEGYLATION OF HUMAN GROWTH HORMONE

Recombinant hGH (produced in E. coli, mammalian cells (such as CHO but
not limited to) or another microbial source) is covalently attached to branched
PEG2(40.3 KDa)- butyraldehyde (Example SE).

20 Human growth hormone (-2 mg) is dissolved in 1 ml of 0.1mM sodium
( | acetate (pH 5) and branched PEG2(40.3 KDa)- butyraldehyde is added at 5X the
molar hGH concentration. A 5 to 20-fold molar excess of the reducing agent,
NaCNBH3, 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
25  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

30  displayed peaks for native and mono-PEGylated and other species differ by
approximately 40,000 Da. The resulting reaction mixture primarily contains a

F 4
mixture of native and monopegylated protein, in particular due to the size and



NaCNBH3, is added and the solution is stirred for 24 h at 4 C to couphgas fwe7
PEG a nethyl butanal reagent to the protein via an am ne |inkage. Progress

of the r t i.S..anal yzed by SDS-PAGE or MALDI - TOF mas ry to
determ ng‘%tghzlgf?gﬂefgﬂr%ge of PEGyl ati on. Conj%g.rrati on of the gggr%gg&g@%ig{

PEGyl ation, 1-ner, 2 ners etc. is carried out by Matrix Assisted Laser
Desorption lonization Tine-of-Flight (MALDI -TOF) mass spectronetry. The

di spl ayed peaks for native and nono- PEGyl at ed and ot her species differ by
appr oxi mat eegmety 0Dhe boenchathBEGedkang] regzereadhe gioneiB&Gylated sPergsi4'¢ cont ai ns

a mxture of .pative and .no ed_pr i - | ,af ed species
are purifi Bﬂnﬁﬁé %3F?}Hﬂ‘nlcé'r%rﬁgtggr%%%ﬁoaﬁﬁ&vg E%F gr%}ggﬁq F@ggrﬁgﬁ@g%l hi gher

nol ecul ar  WRIgH sp&RaC I Ghiirmeosd brmemﬁaquﬁcaylh@dsmsmahdm&ﬁfé jdlei S
conducted by peptide mapping. Increasing the ratio of PEG al dehyde to
protein i n&@AY¥Es t he degree of PEGyl ation vyielding a popul ation of

pol y- pegyl ated FSH. 15 EXAMPLE 13 N TERM NAL PEGYLATI ON OF HUMAN GROWH
HORMONE™ Reconbi nant hGH (produced in E. coli, mammalian cells (such as CHO
but not |limted to) or another m @wbirak Jdource) is covalently attached to

branched PEQ2(40.3 KbDa) - but{al dehyde éExa%I e 5E). 20 Human growth
hornone (-2 ng) is dissolve 11 ANP m acetate (pH 5) and
branched PER( 406 FPQ% t W i aﬁﬁ% tn BXsthsdifi r hGH
concentrati on. %‘ha%a 0 5@@%@0 Q?Mgg%delg’s %?eﬁe%nre’dam ndflgﬁg;ié t, NaCNBH3,

i s added amndadHigersof apbhyfmeralkahaltred for 24 h at 4 Cto couple the branched

PEG2( 40, 3 KDa) - butyral_dehé/de reageni to the protein via an amne 25
| i nkagd?® Progr esko dolutrn efamphosncis B ip deipniged Sraderppagddedi2 34018) - TOF mass o
spectronetr, ' 1l R REG AtdiQB; ISl t he -
degree of %‘E&?’gg%sgﬁ%qmﬁﬁtgﬁﬁgr}sdeﬁf a@yé)la}etlc. ,Ve??pgaltrri e Q%h&&f by Matri x
Assi st ed Laméfer atpd$ 6:5ptToothisi ronitrats aduded iaseluaba Bf NgiNEHAaDh 1 50B)10AAS S

AR R R R IR N TR
R oo e ks
15 mixture are withdrawn at various time intervals to monitor the progress of the
reaction by '"H NMR. Upon completion, the reaction mixture is further diluted by
addition of water, and NaCl is added to achieve saturation. The product is then
extracted with dichloromethane, and the combined organic extracts are dried over
anhydrous sodium sulfate, filtered to remove drying agent, and the solvent
20  evaporated by rotary evaporation. The product is then precipitated by addition of
diethyl ether, and dried under vacuum overnight. The recovered product is O
analyzed by gel permeation chromatography to determine the extent of conjugation. B
The crude product is punfied by cation exchange chromatography using
Poros 50 HS cation exchange resin (PerSeptive BioSystems, Framingham, MA).
25  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.
30 If necessary, the product is further purified by reverse phase HPLC

chromatography using a Betasil C18 column, Keystone Scientific).

Fa



-88- geonetry of the branched PEG al kanal reagent. The nono- PEGy| at ed MAR 2007
species are purified by colum chromatography to renove free hGH and hi gher
nol ecul ar wei ght species. Confirmation of N-termnal PEGylation is

conduct ed bypmptiteso mappi ng. 5 EXAVPLE 14 PEGYLATI ON OFrPANRIGINERGEN B
The ami no group of a small nol ecule, anphogericin B, is nodified by
attachnment of a polyner alkanal. 10 To a solution of anphotericin B.HC in
dei oni zed water is added a 2-fold nolar excess of nPEQK-butyral dehyde

(Exanmpl e 1) dissolved in 0.1 M phosp buffer at pH 6.5. To this m xture
is added a sol ution of NaCNBH3 (at alﬁ%—%iﬁo- fold nolar excess) in

phosphat e buff@kﬁ%ﬁﬂ%@oéwc@@obm)r@wbkbﬂg SHUHYRANDESTSHE B ¥ A8@n@t toom
tenperature overnig an ar gon at nospher €. rquots o € reaction 15
m xture are V\/IRI]thﬁEWI‘NGtPOILMKIEBTTONmE ETHYEENED SDE DIRRIILY ONTO A Cess of
the reaction by 'H NVR Upon corrpl etion, the reaction mxture is further
diluted by addition of water, and& HREC to achi eve saturation. The
product ig then extracted wi th di chl or onet hane, and the conbi ned organic
extracts are dried over anhydrous sodiumsulfate, filtered to renove drying

agent, and the solluemts e2@mpiv apoacataéprebyrsonlianng evitgpon@biedar infiingroguct i s
then precipitated by addition o i thy t.her dri ed u [_vacuum
over ni ght . iPé’eP’é'ééébyr“éﬁnﬂP%‘Hﬁb[[‘ %’ e o4} I?/?’éﬁ?a@@ éFa%'é\gr?ggﬁ?(?ﬁ _
chromat ogr aphyy iRy & e G &9@1 @ﬁh%th@fdx-ﬁ%hélgahg Re gmsl Ciugle vaiyogluct i s
purified by cation exchange chromatography usin or es HS cati on
exchange r esihrlq-peet@kistcoreerid 6y byénosyl- uerramawgm#ﬁl I\Z&)e hymﬁarqlmm ng
shi ng f the col um with I'N
3 o1 0 onindie B b R e inagk i o EPUE e, B M GRY
product is ediym&hREoWiof Bihdlesboide (EONaH thercbyeofth A3l m&QlkdnlaPn i S drl ed
over anhydrous sodiumsulfate, filtered, and the sol vent evaporated by
rotary evaporgiesusser. Tihe popsuariafkagal mmrwé@@tqib upoR hygrety sy isagarartasfoof
di et hyl et her e§951|f ngvcess AN the product is further purified by reverse
phase HPLC c F ORat using a Betasil C18 columm, Keystone Scientific).
9 MAR 2007 A generahzed scheme for this synthetic approach for preparing a polymer

15  alkanal of the invention 15 shown in FIG. 1.

A. Preparaticon of 2-(4 4-diethoxy-butoxviethanol (Compound 15A),
‘BuOK*

ClCHQCH2CHQCH(OCH20H3)Q + HO'CHchz-OH —r—e—— Y

HO-CH3CHy-0-CH,CHoCHoCH{OCH,CHa)p

( A mixture of anhydrous ethylene glycol (120 g, 1.93 moles), a 1.0M

20 solution of potassium tert-butoxide in tert-butanol (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

25  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 (¢, 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-

r



WO 2004/ 022630 PCT/ US2003/ 028221 -89- EXAVPLE 15 PREPARATI ON OF PEGQ 35@Q8R 2007
DA) - CC- HYDROXY- ( B- BUTYRALDEHYDE BY ANI ONI C RI NG OPENI NG POLYMERI ZATI ON OF
ETHYLENE OXI CTLY ONTO AN ANI ONI C ACETAL PRECURS '

exanpl e, bt zgcéé@ggﬁ_pr ecursor having a site suitable for O?ﬁ?éﬁﬁsg@ﬁ}ﬂgyz?‘. g-
openi ng pol ynerization with ethyl ene oxit is prepared by reacting 4-chl oro-
but yr al dehyde di ethyl acetal with the the di-al cohol, ethylene glycol. In
this way, a halo- acetal is converted to a hydroxyl-term nated acetal. The
hydroxyl gCeyEH,00 When.eopyar(gedCHICHRe419nr3. B ppditngICACKoLx i B, arsigon,
provides a site for initiatin pol ynmeri zati on of ethylene oxide (EOQ, to

t her eby fophma(hpgwl-éma‘hég PPt detils®)- The pol mer” al kanal precursor
(acetal ), upon hydrolysis, is converted to the desired polyner alkanal. A
generalized schene for this synthetic approach for preparing a polyner 15
al kanal of the invention is showmn in FIG 1. A Preparation of

2- (4, 4-di et hoxv- but oxv) et hanol nd 15A). ~BUG K+
Cl CH2 CH cHBCHIrewaispt A PEG (BIG08HDOR pibityegl debpvde degtbydragetab cH ( OCH2CHB) 2
A m xture of anhydrous ethylene glycol (120 g, 1.93 noles), a 1.OM C 20

sol ution of potassiumtert-butoxide in resunpwtbatied (70 nl, 0.07 noles), and
4- chl orobut yral dehyde di et hyl acetal (11E®,THE61 noles) is stirred

over ni ght &l0O-GHECHALD-GHdelGEhChkgoHGitns phere—I-t er cooling to room
tenperature, the reaction mxture is added to 600 m distilled water. The
pr oduct iSWWH@BMMz@MbﬂE@BHMQH%@ﬁ@Cleéﬁa)zand 125 m). The

conbi ned extracts are then dried wth 25 anhydrous magnesi um sul fate and the
solvent is distilled off under reduced pressure. Next the product is oo
subj ected to vacuumdi stillation (kugelrohr, t =90 - 110 C, 0.10 mm Hg). (!
Yield 5.5 g. NVRohehouhVBEK:(0.5.1 %] O0p02M{ tmol&sh)) THHE 266 npipsad patassfubh CH, 2H), 1. 64

m - 2CH, 21-1), 3.37 m(t, -0 CH2CH2 CH, 2H), 3.53 m(t,
a% E m naphthalide (0.3 mol?’L-telrahydPo@ura(n solution, 20 ml, 0.006 molcs)l_gre added to Fz)xp (

10 glass reactor and stirred for 3 minutes in an argon atmosphere. Ethylene oxide (8.8
g 0.20 moles) is added to this solution and the reaction mixture is stirred for 44 h at
room temperature. Next the mixture 1s purged with argon and 0.1M phosphate
butfer (pH = 8, 100 ml) is added. The THF layer is separated and discarded.
Naphthaiere 1s removed from the solution by ethyl ether extraction. The product is

15  extracted from the residue with dichloromethane (3 x 50 ml). The extract is dried
with anhydrous sodium sulfate and concentrated to about 30 ml. Next ethy] ether

(250 ml) is added and the mixture is stirred 15 min at 0 °C. The precipitated product

is filtered off and dried under reduced pressure. O
Yield 7.2 g.
20
NMR (dg-DMSQO): 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)-c-hydroxy-w-butyraldehyde
25 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



9 MAR 2007 WD 2004/022630 PCT/ US2003/ 028221 -90- CH2CH2O-, 2H), 3. 63 mpzoo7
(g, -CHCH3, 4H), 3.70 ppm (t, HO-CH -, 2H), 4.38 ppm(t, -CH acetal, 1H),
4.54 ppm (t, 1H, -OH). 5 B. Preparation of PEE 3, 500

Da) - a- hydr a%Q248d4#P al dehyde di et hyl acetal potassiwn nd§RHHEND-HRSRD, THE
HO- CH2CH2- O- CH2CH2CH2CH( OCH2CH3) 2 ) IN  HO-JICH2CH2O) " CH2CH2- O- C H2C H

2- O CH2CH2CH2C H (OC H2CH3) 2 Conpound 15A (0.51 g, 0.00247 nol es), THE 200
m , and potassium naphthalide (0.3 nol/L-tetrahydrofuran solution, 20 m,

0. 006 nol es) g t 3 i inutes in
an argon at rr%gf}ﬁ’é?‘gg‘%%? g?gr%gjrgl%i gg‘é?’é".}%@g dg{cﬁig&%o%&eﬂsy?&%g Iﬁaagg%%ur?o this

sol uti on andsilfige ahidicisolvent is tdistidled offs tTherved pfastucti4 dmat undegoeducedper at ur e.
Next the m xture iszLirgé% wi th argon and 0.1 M phosphate buffer (pH = 8,
100 m) is aBHsreTHESHRES2er is separated and di scarded. Naphthal ene is
removed from Iicen- v, gtiherye: (15 d s 15
extracted fromt ggr]jéﬂsdis%'ep\?ms ?hﬁd(i&)bﬁ%g}nlgﬁ%%g z(gng(prggtﬁmlg%% ‘tl't(r}];eo)léxt ract is
dried wiih arffiygmo(ss pslydienbackioha)t ¢ 53 pgrconEdht P&bepnt @, -6 30 m . Next
ethyl ether (250 m) is added and the m xture is stirred 15 mn at 0 T. The
precipitated product is filtered off and dried under reduced pressure.
Yield 7.2 g. 20 NVR (de-DMSO : 1. 09 gxpamtetE.16CH3-, 3H) 1.52 ppm (m
C-CH2-CH2 -, 4H), 3.51 ppm (s, polyner backbone), 4.46 ppm (t, -CH, acetal,
1H), 4.57 ppm (t - OFREPARATIOR OFPAETIR BES y g AMDEHYRE al dehyde 25 A

m xture of PEE 3, 300 -a- dr.oxy- N utyral Ad e ie | .acetal (1.0 @),
dei oni zed wat er (38“%‘?’33,"1 %ﬁe%gfésyﬁg:gweoﬁ’r%mg@rho&é' ’fﬁalaf/tﬂ% e F%%C?ﬂ(qe?o 3.01is
stirred 1for pEdINESal #ort QPEG 8IMAFAUbHRikaleXdcerapodi um chloride (1.0 g) is
added and the pH is adjusted to’6.8with 0.1 M sodi um hydroxi de. The

product is extracted with 9 MAR 2007 WD 2004/ 022630 PCT/ US2003/ 028221 -91
A. mPEG(3.500 Da)-butyraldehyde diethyl acetal

A mixture of PEG(3,500 Da)-a-hydroxy-w-butyraldehyde diethyl acetal
(3.5 g, 0.001 moles), toluene (50 mi), 1.OM solution of potassium tert-butoxide in
15  tert-butanol (5ml, 0.005 moles) and methyl p-toluene sulfonate (0.75 g, 0.004
moles) is stirred overnight at 45 °C. Next, the solvents are distilled off under
reduced pressure (rotoevaporator). The crude product is dissolved in
dichloromethane and added to cold ethyl ether. The precipitated product is filtered
off and dried under reduced pressure. Yield: 3.1 g.
20 NMR (dg-DMSOY): 1.09 ppm (t, CHj-, 3H) 1.52 ppm (m, C-CH,-CH; -, 4H), 3.24
(‘ ppm (s, CH30-, 3H), 3.51 ppm (s, polymer backbone}, 4.46 ppm (t, -CH, acetal,
LH).

B. mPEG(3,500 Da)-butyraldehyde
25 A mixture of mPEG(3,500)-butyraldehyde diethyl acetal (1.0 g), deiomzed

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

30  sulfate and the solvent is distilled off. The wet product is dried under reduced

pressure. Yield: 0.85g.



di chl oronethane (3 x 20 m ). The extract is dried with anhydrous nmagnasirireo7
sulfate and the solvent is distilled off. The wet product is dried under
reduced essure, Yield: 0.82 g. NVR (d6-DVBSO): 1.75 pp, 2- CHO)
2. 44 ppm‘?{ltZO(’*“EFPSOCHO) 5 3.51 ppm (s, . pol yner backbonlggl(faﬁzogg/#

-OH), 9.66 ppm(t, -CHO. EXAMPLE 16 PREPARATI ON OF NMETHOXY- PEQ 3500 DA)
BUTYRALDEHYDE Thi s exanpl e denonstrates the preparation of an illustrative
end- capped 10 PEG al kanal from a PEG a- hydroxy-w- al kanal acetal . A.

mPEQ 3, 500 1DefR (ddtrymgbjehyﬂppndi(ptJgﬂg-(alag@lOAzﬁ))@tm;q:mtdtPﬂg—(ﬂeo

Da) - a- hydr oxy- w- but yr al dehyde di et hyl aceta (bg 0.001 | es), toluene
(50 m), 21:&435,%4 apindr» -0CH 08 Hy S YR £ PRLYIRSKE %k‘wﬁe) D6 R (thut anol (5
0. 005 nol e )HGTI t hyl p-toluene sulfonate (0.75 g, 0.004 noles) is stirred
over ni ght at 45°T. Next, the solvents are distilled off under reduced
pressure (rotoevaporator). The crude product is dissolved in

di chl oronet hane and added to cold ethyl ether. The precipitated product is
filtered off and dried under redum%égure. Yield: 3.1 g. 20 NMR

(d4- DVBO) : e e 3.24 ppm
(s, CH3O, acet al ,
1H). B. r’rPEG(3 H@ﬁh&h)rnpﬂhjdéﬁt@ﬂ)&#&h@/@},&ltl%w@fmnxﬂmm&lu&é polymer 2

nPEQ 3, 500) - but yr al deh de diet hyl acet nized water (20 nm),
Tha 50 phoabE I R dlkapa i e Rem NPy BLh a8 PR EOREIIE hous s ot

room t enper r His

adj ust ed tgalgﬁga]vxl}l? ﬁé %haﬁp%pso Elrt#hd;dr g%ﬁ%bg#ﬁgﬁﬁgqﬁ%f @lﬁsgssggg??gct ed vmth
di chl on@netiralmd sGBstiud®imdhy C- Z'Ipesmmtract is dried WI t h anhydrous magnesi u
30 sulfate and t esolve;ﬁ| IS dlcf doff 1;’% t is dri ed under-
reduced pressure/ERYEY | "OPEESCLd ¥ ﬁaﬁ%ltlv

PCT/ USZOO?’/CQ%éal'l?gvallﬁlMBs(ﬂ@ﬁ%@hal 3. rﬁ&hgpmcﬁﬂxoblﬂﬂo‘a@gy% 2H) 2.44
ppm (dt, - 2H) , ppm (s, ppm (s, pol yner
backbone) r@h@ﬁlggqubgtapome carbon to the corresondmg alcohol followed by oxidation to

the butyraldehyde. The butyraldehyde was then protected as the corresponding
15 acetal to provide a protected acetal reagent for coupling to PEG. Following
coupling to PEG, the resulting polymer acetal was hydrolyzed in acid to provide the

desired polymer alkanal.

A. Preparation of 4-chloro-2-methylbutyraldehvde diethyl acetal

20 Preparation of 4-chloro-2-methylbutanol-1
A solution of 2-methyl 4-chlorobutanoate (TCI America) (22.0 g, 0146 O

moiles) 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

25  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 mi). The ether
extracts were combined, dried with anhydrous magnesium sulfate, and the solvent

30 was distilled under reduced pressure. Yield 18.6 g.

r



CHO, 1H). 5 EXAMPLE 17 PREPARATI ON OF METHOxY- PEG 2 KDA) 9 MAR 2007
2- I\/ETHYLBUTYRALDEHYDE Thi s exanpl e describes the synthesis of an
illustrative 2- al kyl substituted al kanal of the invention.

pol yner, raf¢ ‘?04 F\%‘i"possesm ng a straight alkylene chai® g@&a?‘&f‘izﬁﬁlthe

al dehyde carbon fromthe |inker, possessed3a 10 nethyl substituent in the
C-2 position. OVERVIEW The prot ected acetal reagent, 17-A, was prepared
froma commercially available starting material,

2-met hyl - 4- chat aub mtgg Wg%mif id, S@Hg rﬁﬂu‘?m%pﬁﬂ% b@H?ﬁHﬁtlelHﬁflbﬂm to the

corresondi ng al cohol, oxidation to the ral dehyde. The
but yr al dehy dgprnvém, t(th lyirf)ol éé‘tpedl @5 -CheCtloch a8 876ippg (ISQizé)ﬁaﬁH)o provi de a

protected ac e Foll owi ng coupling to PEG
the resul ti n%ESBPQ‘n@?’ g:h%{:gl" %‘ghyag’o(}'y?gg iH acid to provide the desired
pol ynmer al kanal. A. Preparation of 4-chloro-2-nethyl butyral dehyde di et hyl

acetal 20 Preparation of 4-chloro-2-nethyl butanol-1 A solution of 2-nethyl
4- chl or obut anoat eW@ 0146 nmoles) in ethyl ether (80 ni)

was added dropw s I i ir | uti.om of hi.um al um num
hydri de (4. 55pg, g '1%' Hﬂﬁqgéfmn%mé?%e f23s$ ﬁeé ?ﬁg%)(sﬁ?ﬁ 3dd§(il aﬁlﬁ"ly[ger argon
at nosphere. dgydd soRitanst 4-(hldront-mevmsbaaetadi 68 8P GE7velesfindahpdbuod of 30

mn and then ice-cold 2N HCl (420 nl’) was added dropw se over a 20 mnute
peri od. The iiléhl@mmﬁhﬁﬁl@(@ﬂﬁ)@wsé@etmﬁﬁﬁ&%émﬁ%o‘@%‘ébﬁaﬂ{é@@}‘%mmﬁﬁ?féﬁ and the

ifjg?:I Lﬁgfr %r?c%guct P%\gngatmo? i %cfgfer om%mggf glad [%lx ,ﬁQ E‘;S/ﬁ,q%(% her (3 x

2 0O m).dr hefcﬁQbGﬁmu&)SIﬁrﬁnhSn was élteredivn f&ﬁbve(ﬁxt&dof\bilﬁlz&@ngdﬁoﬂ’henagnesi um
Il fate, and the solvent 30 was distill ed under reduced _pressure. Yield 18.6
g 9 IVAR 200%0lutygy Yoo e oes throrebisrobunobledwith 489 sl RIqd. Md8bF: 0. 84 ppm

(d, - @t@%gﬁ (m -CH, 1H), 1.82
pm (m CHZ%H—( %t?&e%&g&g@g %%&%&Egjss%f—b%eld 68 ppm (m -CH2Cl, 2H),
4.50 ppm (t, NMRI(dAEMSG): 4-0ppon i, 2CHe 31y), b Tdyppad @he RZHCH,CI, 1H), 2.14
ppm (m, -CH,CH,CI, 1H), 2.56 ppm (m, -CH, tH), 3.69 ppm (m, -CH,Cl, 2H),

15 9.60 ppm (t, -CHO, tH).

4-Chloro-2-methylbutyraldehvde diethvyi acetal

A mixture of 4-chloro-2-methylbutyraldehyde (4.8 g, 0.040 moles), triethyl
orthoformate (6.48 g, 0.044 moles), ethyl alcohol (3.0 g), and p-toluenesulfonic
20 acid monohydrate (0.0144 g, 0.000757 moles) was stirred 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 {5 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
25  pure 4-chloro-2-methylbutyraldehyde diethyl acetal.
NMR (ds-DMSQ): 0.85 ppm (d, -CH3, 3H) 1.13 ppm (m, -CH,, 6H), 1.52 ppm (m,
-CH-, 1H), 1.87 ppm (m, -CH,CH,Cl , 2H), 3.35 - 3.75 ppm (bm, -OCH,>CHj, 4H,
and -CH,Cl, 2H), 4.22 ppm (d, -CH acetal, 1H).

30 B. mPEG (2K Da)-2-Methylbutyraldehvyde, 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



Pyridi nium chl orochromate (23.6 g, 0.110 g) was added gradually to a9MAR2007
stirred solution of 4-chloro-2-nethylbutanol -1 (8.80 g, 0.078 noles) in
anhydr ous thane (470 m ). The m xture was stik t at
roomterrp\eype:itugjr}léﬁ%%ger an argon at rmsphgae Dry et her (gggﬁjmsqgﬁ%\y/?ggﬁgdded
the m xture was stirred 10 for 20 m nute and then was filtered to renove
excess of oxidizing agent. The solution was then filtered through a colum
filled with 400 g of Florisil, and the solvents were distilled off under
reduced pr esBEGezKWaebidscﬂy@iigaanmood@hmvs(DJS mi) 08l b gdiutioTHB, 3H), 1.74

ppm (m -CH2CH2Cl, 1 p - CH2 1 2. o6 pbom (m -CH 1H),
3.69 ppm ( rRORBFHET ’“d"‘ T‘s‘eg gﬁ‘“ﬁb‘rﬁ"’ﬂﬁm%@é mPE‘%} artd £CnIESR:!
4- Chl or o- 2- rﬁ%?bﬂu%’%&lﬂé@d@%’fﬁ( db@t hwn @ﬁl%@' (06 giOG0R79 Rbles) were
4- chl or o- 2- et hyl but yr @l dehyde (4 g, 0.040 noles), triethyl orthoformate

(6.48 g, O. @derrbfless)uhmnmmdleé@ﬁélg) ¢3s ed@e)d angrible pnxt@rm'ermastu‘rerdcﬂm c 20 acid
nonohydr.ate (0, 144 0.,000757 ol es over ni ght under
o ar gort at HBSSHfken Siaiieer 3y ot Basrphie: ATieb ielperdmir BbSlitis (0. 40
g) was addgd r@aRehrd B8 Mtk bRd WaRdSb i150 8 ctidt edher 88 Ms°A hené paefpit@lad M xt ure
was filtered and ethyl alcohol and residual” triethyl orthoformate were
distilled ofrbdugiders fillethdodtiandpdresskunder refiiecd pressre 'sbibjgected to

fractional ion

4- chl or o- 2- mwm&j& @2%98@ (gl \Qlﬂ??ﬁgge@ mﬁﬁﬂ% BI%O} 24(31)%15 ppm (d,
8}20422? knﬂéﬁbcwpglmm T2 (rﬁ"PEC(}JO@{z%r(TEH) 3%pnﬂdﬂ)vO@I2‘I§C|731’Dp|T)(m4 -

- : m H, :

ppm (d,10- c+.at epai (s, Mmerjycg)owp@gqm@) Cﬂﬁ%tahy]lfﬂutyral dehyde, diethyl ;
acetal A so$+gshgnmgf {;6656 (2K Da) (2.0g, 0.001 noles) in toluene (30 nl) wés’
azeotropi ca rred by distilli ng off toluene under reduced pressure. The
dried 9 MAR 2007 WD 2004/ 022630 PCT/ US20031028221 -94- nPEG 2K was

di ssol ved in anh drou]s:) t ol uene (15 M) and 1.0 Msolution of potassium

tert - but oxi rpldghyden 004 nol es) and 4-chl or o- 2-
met hyl but yr al deh f S) were
added. Next, lithi ulr’ﬁ rgg%ﬁ/tg; Egg 8§G (?R%@ ?g‘%y@l &él%gy«%‘a %?%ge J%leﬁstl rred

at 5 106 C fhusrBabdve (1040 daoniasdyeatea{200ahardes % Ahbgphoeioakidg atijast oom
tenperature, the pH to 3.0 was stirred for 3 hours at room temperature. Next, sodium chloride
(1.0 g) was added and the pH was adjusted to 6.8 with 0.1 M sodium hydroxide.
The product was extracted with dichloromethane (3 x 20 ml). The extract was dried
with anhydrous magnesium sulfate and the solvent was distilled off under reduced
20  pressure. Yield: 0.83 g.
NMR (d¢-DMSO): 1.0l ppm (d, -CHj3, 3H) 1.56 ppm (m, -CH, 1H), 1.90 ppm (m, C‘)
PEG-O-CH,-CH»- , 1H), 2.45 ppm (m, PEG-O-CH,-CH,- , 1H), 3.24 ppm (s, -
OCHj;, 3H), 3.51 ppm (s, polymer backbone), 9.56 ppm (d, -CH aldehyde, 1H).
Substitution: ~100%.

25



the mxture was filtered and added to 150 m ethyl ether at 0-5C TheMAR2007
precipitated product was filtered off and dried under reduced pressure.
Yield: 1.5 g. NVR (d6-DVBO): 0.83 ppmPe&; -CH3, 3H) 1.10 ppm (m -CH3O, 6H),
1.24 ppm (m -CH, 113), 1.72 ppm(m PEG O CHZ-CA - , 2H), 3.24 ppm (s,

- OCH3, s, polymer backbone), 4.18 ppm (d, -CH acetal, 1H).
(1 Sug@hptﬁ& féhi}M%@gl}é C. nPEG (2K Da) - 2- Met hyl but yral dehyde A m xture
cont ai ni ng MPEG (2K Da) - 2- et hyl but yr al dehyde, diethyl acetal 15 fromB
above (1.0 g), deionized water (20 m ), and 5% phosphoric acid to adjust

the pHto 3.0 was stirred for 3 hours at roomtenperature. Next, sodium-
chloride (1.0 g) was added and the pH was adjusted to 6.8 with 0.1 M sodi um
hydroxidg. The, di chl oronet hane (3 x 20 m). The
extract \ﬁ'/as cf? %FQﬂHﬁhp&? ydr oE@qﬁrﬁgrﬁggF&um sul fate and the sol vent was
distilled off under reduced 20 pressure Yield: 0.83 g. NWVR (d6-DMSO): 1.01
ppm (d, -CH3, 3H) 1.56 ppm(m -CH, 1.90 ppm(m F -1 PEG O CHZ-CH, - ,
1H), 2.45 ppm (m PEGOCHZCH 324 ppm (s, OCH3, 3H), 3.51 ppm
(s, polyner backbone), 9. 56 ghyde, I'H. Substitution: -100%
25 9 MAR 2007 -95 WHAT IS AI IVE IS wat er sol ubl e pol yner having the
structure: Ru 0O 1 11 POLY-X G RZ wherein: POLY is a
wat er - sol ubl e pol ymer segnent; X is a Tnker m)r ety; z'

3to 12;

is an integer from

wherein;

POLY is a water-soluble polymer segment;

X' is a linker moiety;

Z' is an integer from 3 to 12;

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 alkenyl, alkynyl, substituted
alkynyl, aryl, and substituted ary],

and further wherein the following apply:

-when POLY is linear:

(a) the total number of carbonyls present in said polymer is 0 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, 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:



R, in each occurrence, is independently H or an organic radical sel estartio07
fromthe group consisting of alkyl, substituted al kyl, al kenyl, substituted
al kenyl , al kynyl, substituted al kynyl -96aryl, and substit ut ed aryl; R2, in
each occurrence, is independently H or an or gani c radical selected fromthe
group consisting of al kyl, substituted al kyl, al kenyl, substituted al kenyl,
al kynyl, substituted alkynyl, aryl, and substituted aryl, and further
wherein the following apply: -when POLY is linear: (a) the total nunber of
carbonyls present in said polynmer is O or 2 or greater except when X
conprises one or nore contiguous (-CH2CH2O-) segnents, (b) and further

wherein X is Oxy%@ltﬁl{r (ﬁ‘ﬂf‘]]&&s'té@esofqi‘&Raﬁiat%&emllm&%ﬁﬁ@ﬁﬁmlt hen at
| east one of Rl or In"at | east one occurrence is an organi Cc radical as

defi ned aboveﬁsdﬁﬁ@dﬁbp‘qs@ﬁméi ingjudes +EEEHEQcwhese hiis fremh & tealgt 30 wdkmpri ses a

reactive grqup., i hydroxy, and -when PCLY is
branched: 9 1%8;9&‘3% c?ﬁb?a ﬂaai&s}%%egig@e’least one of R or R2 in at

| east one occurr efdend §1rt§hnr whgemlsaldri’&lﬁclaﬂpabmtteﬁlimﬁetlleabdﬂmrmlyr(ltrimx

i ncl udes ' ! ce where
POLY corrpornlgpggésqggg galsrtl%gnr J!é?m'%ld? melcf&?lu@\g ot P\%ﬁ‘er elmﬁlfJ SR has 2

pol ynmer brangh, poiriten nei t her poI ymer arm conprises oxygen as the only

het eroatomin the instance where PCLY conprises "C-H' as a branch point. 2.
The polyner of claim1l, having a structure selected from R RL R O

(P,yO_\C(-SXCZ Clcii Céfp&@'#ﬁggggazlm% ha\lrifléa‘ a stctie seloeted frog: © © L 1 11 POLY-XT- Q-

o

P T T g
POLY—X' —C,—Cq—H
R2 R? 1|22
I-A

Cr Ty
POLY—Xt—— Cs— Cy——C3——C;——Cy—H

RZ R2 R2 R2

I-B
Iiﬂ R1 R1 T‘I ?1 o)
| ] I
POLY —x— flie— Cs— Cy4 ?3 Co——Cy—H
R2 2 R2 R2 AZ

I-C

wherein in each of the above structures, POLY, X', each R}, each R? and each R® are as
previously defined.



RLRRRLRE RO 11111 11 POLY-X~ Ca- Cs- C4-C3-C2-Cl-H R2 R2 RemR%: F87
| -C wherein in each of the above structures, POLY, X, each R, each R2 and
each R3 are as previously defined. 9-MAR 2007 -97 3. Any one of the

pol ymer structures of claim?2, wherein the R attached to C2 is alkyl, and
all other R and R2 variables are H 4. Any one of the polynmer structures of
claim3, wherein the R attached to C2 is lower alkyl. 5 Any one of the
polymers of claim2, wherein the R attached to C3 is alkyl, and all other
R and R2 variables are H 6. The polynmer of any one of clainms 1 to 5,
wherein X conprises a noiety corresponding to the structure:

- (CH2) . - De- ( @H%&ﬁy qn@rof fh@?ﬁ%s P M’&(u@ olf%laﬁw%}}fkrelmrl@'aﬂachﬁd {OSCZZlgs.lgrlt o8 D

is 0, NH or S els zero p IS zero t

Ki sNH, quaﬂgﬂiﬁrr%mnzl& variable areiid r and s are each |ndependently 0, 1. 7.
The polyner of any one of clains 1 to 6, wherein X conprises -(CH2CH20) b-
or - (CH2CH2NH)g-, and b and g are each independently 1 to 20. 8. The

pol ymer of cHaiAmytne oftbe polpmetstruviates efclagm b“dnmirgheazma'::hwapéhdselnwmy range
from eiaikt}?r | to 10 or | to 6. 9 MAR 2007

5. Any one of the polymers of claim 2, wherein the R! attached to Cj is alkyl, and all

other R! and R? variables are H.

6. The polymer of any one of claims 1 to 5, wherein X’ comprises a moiety

corresponding to the structure:
-(CHp)-D-(CHz)e o1 ~(CH3)p-M,-C(O)-K:~(CH3)q-

wherein:
¢ is zero to 8,
DisO,NH, or S,
eis0, 1
fis zero to §,
P is zero to 8,
Mis-NH, O
KisNH, O
q is from zero to 8, and

r and s are each independently 0, 1.

7. The polymer of any one of claims 1 to 6, wherein X’ comprises -(CH,CH,0)y- or -
(CHzCH:NH},-, and b and g are each independently 1 to 20.

8. The polymer of claim 7, wherein the values of b and g each independently range from
either 1to 10or 1 to 6.



-98 9. The polyner of claim6, wherein X conprises: -(CH2)c-De-(CHyiAR20@r
-(CH2)p M C(O-K,-(CH2)g-T- wherein: P and T are each independently
-(CH2CH20O) b- or -(CH2CH2NH)g, b and ¢8are each independently 1 to 20, and
the remaining variables are as defined in claim®6. 10, The polyner of any
one of clainms | to 5 wherein said X conprises -CCONH (CH2)1.6NHC(O - or
NHC(O NH (CH2)) 6NH-C(O -. 11. The polyner of any one of the above cl ains,
wherein POLY is selected fromthe group consisting of poly(al kyl ene oxide),
pol y(vinyl pyrrolidone), poly(vinyl alcohol), polyoxazoline,

pol y(acryl oyl mor phol i ne), and pol y(oxyet hyl ated polyol). 12. The pol yner of
claim1l, wherein POLY is a poly(al kylene oxide). 13. The polyner of claim
12, wherein POLY is a poly(ethylene glycol). 14. The pol yner of claim 13,
wher ei n t he poThy pilyméred elagh gowlicrein X' temprisesal | y capped with an end- cappi ng
noi ety selected fromthe group consisting al koxy, substituted al koxy,

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

aryl oxy, substit u{€H,)-BxyCHYyP- 1& TheCH-VIREXORK,-(CHi)HT14, wherein the
end-capping noiety is selected fromthe group consisting of nethoxy,

et hoxy, and benzyl oxy. 9 MAR 2007 -99 16. The polymer of any one of clains
13 to 15, whehaei:the poly(ethylene glycol) has a nom nal average nol ecul ar

nass selected fromt roup. consi.stjn f om a t daltons to about
100, 000 dal t ons, ?PB&&&?%%‘E?PEPW"%‘ t'&*gq}‘ré{)&b%%?gé?%%gﬂdal tons, and from
about 2,000 dal tpaf d4e edBiidepéhdoy dplzopons. 17. The pol ymer of any one of
clainms 13-16, wherein said, poly(ethylene g%g%k)ﬁahas a structure selected

fromthe group co¥éitss eAgingte varighissare pydefip % orked. 18. The pol ymer of

any one of clainms 1, and 6-13, conprising the structure: oIt I~ 11 HCZC
X-POLY-X CCH RZRZ 11
10, The polymer of any one of claims 1 to 5, wherein said X’ comprises —C(O)NH-

(CHy)1NH-C(O)- or -NHC(O)NH-(CH;);.eNH-C(O)-.

11. The polymer of any one of the above ¢laims, 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).

12. The polymer of claim 11, wherein POLY is a poly(alkylene oxide).

13. The polymer of claim 12, wherein POLY is a poly(ethylene glycol).

14. The polymer of claim 13, wherein the poly{ethylene glycol} is terminally capped
with an end-capping moiety selected from the group consisting alkoxy, substituted alkoxy,
alkenyloxy, substituted alkenyloxy, alkynyloxy, substituted alkynyloxy, aryloxy, substituted

aryloxy.

15, The polymer of claim 14, wherein the end-capping moiety is selected from the group

consisting of methoxy, ethoxy, and benzyloxy.



wherein POLY, each X, each (z'), and each R and each R2 are as prevmaH3by,
defined. 19. The polyner of claim 18, wherein said POLY is linear and the
pol ynmer is honobifunctional. 20. The-9bl yner of claim 13, wherein said

pol y(ethyl ene glycol) conprises the structure: Z-(CH2CH2O "-

Z- (CH2CH20), CH2CH2-, where n is from about 10 to about 4000, and Z
conprises a noiety selected fromthe group consisting of hydroxy, am no,
ester, carbonate, aldehyde, al kenyl, acrylate, nethacrylate, acrylam de,
sul fone, thiol, carboxylic acid, isocyanate, isothiocyanate, hydrazide,

mal ei m de, vinylsulfone, dithiopyridine, vinylpyridine, iodoacetam de,

2 KoK P2 B o PBEmy ohPhaimp 19 BBl bt eibyicRO gl o esce 1.

MAR 2007 aim1l avi ng ruct u cted from
the gr oapnmdrascrsgq mgle@ﬂar n@ass Rilecdiom t\he:sw}:a c@smng @?@@mzbg% 100 dzltops torz 7'

P ( oy OO s i1 OO ol bl 00 i o o g oy 305, ©

PEG ( CH2jltons--abow30000E&PAH) 9 i CHR2 z |V-C

17. The polymer of any one of claims 13-16, wherein said poly(ethylene glycol) hasa

structure selected from the group consisting of linear, branched and forked.

18. The polymer of any one of claims 1, and 6-13, comprising the structure:

R T Tl 4§
H—C C X'—POLY—X' C—H
2

wherein POLY, each X', each (2'), and each R and each R? are as previously defined.

19. The polymer of claim 18, wherein said POLY is linear and the polymer is
homobifunctional.

20. The polymer of claim 13, wherein said poly(ethylene glycol) comprises the structure:
Z-(CH:CH:O),,- or Z-(CH;CH;O),,-CHzCHz-,

where n is from about 10 to about 4000, and Z comprises a moiety selected from the
group consisting of hydroxy, amino, ester, carbonate, aldehyde, alkenyl, acrylate, methacrylate,
acrylamide, sulfone, thiol, carboxylic acid, isocyanate, isothiocyanate, hydrazide, maleimide,
vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide, alkoxy, benzyloxy, silane, lipid,

phospholipid, biotin, and fluorescein,



wherein PEG is poly(ethylene glycol), b and g are each i ndependent!| y Makaoo7
20, ais O0to 6, and the remaining variables are as defined in claiml. 22.
The polyner of claim 21, wherein PEG-h8& a structure that is linear,
branched, or forked. 9 MAR 2007 -101 23. The polyner of claim?2l1 or 22,
wherein the values for b, g, z', and a are each independently selected from
the group consisting of. (i) b and g each independently range from 1-8 or
from1-6, (ii) z' ranges from3 to 6, and (iii) ais 0 or 1. 24. The

pol ymer of claim 21, having the structure: 0O HHHO PEGGC NH(CH2CHODb -
14 1C312-di H HHHIII-D 25. The polyner of claim 24, V\,herein "PEG' has

a structure £0r %ﬁg—%@ C- NH
(CH2)4 O 11ﬁ1 fhgi?%%é lﬁl IC-hm V\ﬁlee:?tg?rli;mgl ?%&ggéﬁ&ggs@ ence is

i ndependently from about 10 to about 4000, and Z conprises a noiety
selected fromthe group consisting of roxy, ester, carbonate, al dehyde,
al kenyl, acrylate, net hacryl at e, acryl de suI fone thiol, carboxylic

aci d, isocyagde Cl%)MQE{;.Z@pJ(CH ef.d) e, mal ei mde, vinylsulfone,
i d

di t hi opyri di ne, V|ny pyridine, “io oace e, alkoxy,
II-A
Rr!

] |
PEG—(CH,)y~—C-NH —(CH,CH,NH); —|C C—H
R2

IV-A

2 T
1}
PEG—(CH3)g- HN—C~NH —(CHoCH,0)y clz C—H
R

1I-C

R
I |

PEG—{(CH)s~ HN—C-NH —(CH,CHNH)g tls C—H
R

Iv-C
wherein PEG is poly(ethylene glycol), b and g are each independently 0 t0 20, ais 0 to 6,

and the remaining variables are as defined in claim 1.

22. The polymer of claim 21, wherein PEG has a structure that is linear, branched, or
forked.



benzyl oxy, silane, phospholipid, biotin, and fluorescein. 26. The pod yviRRRo@f
claim?25, wherein Z is alkoxy, and n in each occurrence is the sane and
ranges from about 100 -600. 27. The pdlyner of claim 1, having the
structure: OJ ROPEG (CH2)e CNH (CHRCH20Ob i CGCHd VI-A or O PEG
(CH2) s-NH- G NH (CH2CH20) b JCCGCH R2 Z. d VI-B wherein: PEGis a

pol y(ethyl ene glycol) that is linear or branched, b is O0to 20, sis 0to
6, dis 1, 2 or 3, and the renmaining variables are as defined in claiml.
28. The polyrrer of claim 27, wherein d is 2 and PEG corresponds to the
structure: MAR 2007 -103 0 11 H Z-(CH2CH20),-C-N-CH wherein n is from

about 10 to g?Oﬁe Sifer of cRRATBT bSES wherBRIR! WS bR & sok faneryaw&cwroup
droxy, ester, carbonate, aldehyde, al enyI, acryl ate,

consi stin
met hacr yn%ﬁ)@l sy:leawd&@m the mopp pensistirg off | carboxylic acid, | socyanat e,

[ hi : hi di
i sot hi ocyanate, | g@oacetgga EM%%kémr%n hfﬂkgpﬂ@m 1- 62“ t hi opyri di ne,

vi nyl pyri di ne, oXY, yl oxy, silarde, lipid,

phosphol i pi d, bi GDizhrangesdroi JitrGeudi n, and t he remai ning vari ables are as
defined in clain1&q #9 oA hydrate or acetal formof the water-soluble

pol ymer of any of %%e preceding clains. 30. The acetal of claim29, wherein
said acetal is selected fromthe group consisting of

24. The polymer of claim 21, having the structure:

2 T
I}
PEG —C-NH —{CH,CH0)p, — CI4"""‘-|C3“"'"' Co—C4—H
H

m-D
25. The polymer of claim 24, wherein “PEG” has a structure corresponding to:

Z-(CH:CH20)y-

or

il
Z-(CHpCH,0),-C — NH

CHy)4
9
Z-(CHzc HzO)n-C ~NH—CH —

A\
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, carboxylic acid, isocyanate,



di nret hyl acetal, diethyl acetal, di-isopropyl acetal, dibenzyl aceta MAR2007
2,2,2-trichloroethyl acetal, bis(2-nitrobenzyl) acetal, S, S -dinethyl
acetal, and S, S -diethyl acetal, and-#89%xol anes.

isothiocyanate, maleimide, vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide, alkoxy,

benzyloxy, silane, phospholipid, biotin, and fluorescein.

26.  The polymer of claim 25, wherein Z is alkoxy, and n in each occurrence is the

same and ranges from about 100 -600.

27.  The polymer of claim 1, having the structure:

0 T‘
H
PEGH(CHy);~C-NH —(CH,CH,0), —| C
1.
Zl

0=0

——H

VI-A

or
] Nl
PEG1(CHz}, —NH-C-NH —(CH,CH,0), +C+HC—H
2
» ' d

VI-B

wherein;

PEG is a poly(ethylene glycol) that is linear or branched,
bis 0 to 20,

sis0to 6,

disl,2o0or3,

and the remaining variables are as defined in claim 1.

28. The polymer of claim 27, wherein d is 2 and PEG corresponds to the structure:



-103-

~
™~

n H
Z-(CH2CH20),-C —N-CH
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 27.

29, A hydrate or acetal form of the water-soluble polymer of any of the preceding

claims,

30. The acetal of claim 29, wherein said acetal is selected from the group consisting of
dimethyl acetal, diethyl acetal, di-isopropyl acetal, dibenzyl acetal, 2,2,2-trichloroethyl acetal,
bis(2-nitrobenzyl) acetal, S,8’-dimethyl acetal, and S,S’-diethyl acetal, and dioxolanes.
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